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ɸʅʆʊɸʎɯʗ 

 

ʈʫʙʘʥ ɼ. ʇ. ʅʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʽ ʦʩʥʦʚʠ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.22.02 çɸʚʪʦʤʦʙʽʣʽ ʪʘ ʪʨʘʢʪʦʨʠè. ï ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ʃʴʚʽʚ, 2024.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ.  

ʂʫʟʦʚ ʘʚʪʦʙʫʩʘ, ʷʢ ʚʠʟʥʘʯʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ ʪʘ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘʟʥʘʻ ʟʤʽʥ ʪʘ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʢʦʥʦʜʘʚʯʠʭ, ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʚʠʤʦʛ ʱʦʜʦ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ (ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 52, 66, 107). ɼʘʥʽ ʯʠʥʥʠʢʠ ʻ 

ʚʠʨʽʰʘʣʴʥʠʤʠ ʫ ʧʨʘʢʪʠʮʽ ʢʨʘʾʥ ɭʉ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʦʚôʷʟʢʦʚʠʭ ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʪʨʦʣʽʚ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʘʣʝ ʱʦ ʧʨʠʥʘʡʤʥʽ ʧʦʢʠ ʱʝ ʻ 

ʚʽʜʩʫʪʥʽʤʠ ʫ ʚʽʜʥʦʚʣʝʥʽʡ ʥʦʨʤʘʪʠʚʥʽʡ ʙʘʟʽ ʋʢʨʘʾʥʠ (ɼʉʊʋ 3649: 2010) ʪʘ ʡ 

ʽʥʰʠʭ ʧʦʩʪʨʘʜʷʥʩʴʢʠʭ ʢʨʘʾʥʘʭ. 

ʋ ʨʘʤʢʘʭ ʧʨʠʻʜʥʘʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʢʨʘʾʥ-ʫʯʘʩʥʠʮʴ ɾʝʥʝʚʩʴʢʦʾ ʫʛʦʜʠ 

1958 ʨ. (ɿʘʢʦʥ ʋʢʨʘʾʥʠ ˉ 8048-ɯV ʚʽʜ 20.02.2000 ʨ.) ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʽ ʥʘʩʪʫʧʥʘ ʦʮʽʥʢʘ (ʩʝʨʪʠʬʽʢʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ) ʚʞʝ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʟʛʽʜʥʦ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ (ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ 

ʜʝʬʦʨʤʘʮʽʾ ʢʫʟʦʚʘ ʧʨʠ ʧʝʨʝʢʠʜʘʥʥʽ ʥʘ ʙʽʢ ï ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 66 ʪʘ ˉ 107, 

ʯʠ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʜʘʭ ï ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʢʘʪʝʛʦʨʽʾ ʄ2 ʇʨʘʚʠʣ 

ɭɽʂ ʆʆʅ ˉ 52). ʆʜʥʘʢ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ (ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʛʠ ʪʘ 

ʧʘʩʘʞʠʨʦʥʘʚʘʥʪʘʞʝʥʦʩʪʽ/ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ) ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʮʽʣʦʤʫ  ʟʘʟʥʘʶʪʴ ʟʥʘʯʥʠʭ ʟʤʽʥ (ʫ ʩʪʦʨʦʥʫ ʧʦʛʽʨʰʝʥʥʷ), 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʯʝʨʝʟ ʧʝʚʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʫʟʦʚ ʫʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 
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ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʽ ʧʦʪʨʝʙʫʻ ʚʠʙʨʘʢʫʚʘʥʥʷ ʯʠ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʮʝ ʦʙʫʤʦʚʣʶʻ ʜʚʘ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ: 

ï ʦʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʽʚ ʢʫʟʦʚʽʚ ʚʮʽʣʦʤʫ ʟ ʫʤʦʚ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʘʚʪʦʙʫʩʽʚ; 

ï ʦʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ (ʷʢ ʫʤʦʚʠ ʜʦʧʫʩʢʫ ʜʦ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʩʠʩʪʝʤʽ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ). 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʦʙʫʤʦʚʣʝʥʘ ʽ ʫʤʦʚʘʤʠ ʧʨʠʻʜʥʘʥʥʷ ʋʢʨʘʾʥʠ ʜʦ 

ɻʘʘʟʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʜʦʨʦʞʥʽʡ ʨʫʭ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʦʙʦʚôʷʟʢʦʚʦʛʦ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʘʚʪʦʤʦʙʽʣʽʚ/ʘʚʪʦʙʫʩʽʚ, ʷʢ ʫʤʦʚʠ ʜʦʧʫʩʢʫ ʜʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʥʘʩʪʫʧʥʠʡ ʣʽʤʽʪʦʚʘʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʇʦʩʪʨʘʜʷʥʩʴʢʘ ʟʘʢʦʥʦʜʘʚʯʘ 

ʙʘʟʘ ʫ ʮʽʡ ʩʬʝʨʽ (ɼʉʊʋ 3649:2010 ʽ ʽʥʰʽ) ʧʦʢʠ ʱʦ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʯʽʪʢʠʭ 

ʪʝʭʥʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʢʽʣʴʢʽʩʥʦʾ, ʧʦʨʦʛʦʚʦʾ ʦʮʽʥʢʠ ʟʥʘʯʠʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʫʟʦʚʘ ʷʢ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʧʫʩʢʫ ʜʦ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʥʘ ʝʪʘʧʽ ʧʨʦʢ̒ʪʥʠʭ ʨʦʙʽʪ ʧʽʜ ʧʝʚʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʢʦʥʦʜʘʚʯʽʡ ʥʦʨʤʘʪʠʚʥʽʡ ʙʘʟʽ ʱʦʜʦ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʦʮʽʥʢʠ ʙʝʟʧʝʯʥʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʘ ʟ ʫʤʦʚ ʢʦʨʦʟʽʾ ʪʘ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ, ʚ ʨʘʤʢʘʭ ʷʢʦʾ: 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ [47, 90, 97, 99];  

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʪʨʦʣʽʚ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦʧʦʚʥʝʥʥʷ-ʟʤʽʥʠ ʜʦ 
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ɼʉʊʋ 3649: 2010 (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ) [99, 156, 157, 

159]; 

ï ʦʧʨʘʮʴʦʚʘʥʦ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʚ ʘʩʧʝʢʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʢʫʟʦʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʝʚʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝʦʙʭʽʜʥʠʤ 

ʙʝʟʧʝʯʥʠʤ ʨʝʩʫʨʩʦʤ ʢʫʟʦʚʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 

ʢʘʨʢʘʩʫ [125, 131, 138];  

ï ʜʘʥʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʠʧʫ ʽ ʩʪʘʥʫ ʘʚʪʦʜʦʨʽʛ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʘʚʪʦʙʫʩʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ [88, 90, 91, 99]; 

ï ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʫʟʦʚʘ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ̔ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʪʘ ʦʮʽʥʢʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ [86, 99]; 

ï ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʛʽʨʰʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʮʽʥʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ - ʨʦʟʨʘʭʫʥʢʫ [54, 100, 106];  

ï ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ [130];  

ï ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʘʩʣʽʜʢʠ ʚʚʝʜʝʥʥʷ   ʧʣʦʱʘʜʦʢ   ʥʠʟʴʢʦʛʦ ʚʭʦʜʫ çlow-

entryè ʫ ʩʪʨʫʢʪʫʨʫ ʥʝʩʽʚʥʦʛʦ ʢʫʟʦʚʘ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʨʝʩʫʨʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʚʪʦʙʫʩʽʚ  [8]; 

ï ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʪʘ ʦʧʨʘʮʴʦʚʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʦ ʚʠʪʨʘʪʘʭ ʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʪʝʨʤʽʥʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ [16, 77];  

ï ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʩʠʪʫʘʮʽʾ ʚ ʋʢʨʘʾʥʽ ʱʦʜʦ ʚʧʣʠʚʫ ʪʨʠʚʘʣʠʭ ʪʝʨʤʽʥʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʙʝʟʧʝʯʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ [55];  

ï ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ ʘʚʪʦʙʫʩʽʚ, ʱʦ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʽʚ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ   [55, 59, 60]; 
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ï ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʘʩʣʽʜʢʠ ʥʝʩʚʦʻʯʘʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ ʘʚʪʦʙʫʩʘ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʡʦʛʦ ʢʫʟʦʚʘ [162]. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʨʦʙʦʪʘʤʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʨʫʙʽʞʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʠʭ: 

ʃ. ɺ. ʂʨʘʡʥʠʢ, ʆ. ɿ. ɻʦʨʙʘʡ, ʇ. ʇ. ʄʝʣʴʥʠʯʫʢ, P. A. ɸʢʦʧʷʥ, ɯ. ɯ. ʂʝʣʴʤʘʥ, 

ʇ. ɸ. ʌʦʤʠʯʦʚ, ʂ. ɽ. ɻʦʣʝʥʢʦ, ɺ. ʄ. ʍʨʫʥʴ, ɺ. ɭ. ʂʘʥʘʨʯʫʢ, ɺ. ʉ. ʃʫʢʽʥʩʴʢʠʡ, 

ʄ. ɯ. ɺʽʨʴʦʚʢʽʥ, ʅ. ʉ. ɿʘʡʥʠʜʜʽʥʦʚ, ɼ. ʉ. ʃʴʚʦʚ, ʖ. ɸ. ɿʠʢʦʚ, ɺ. ɯ. ʇʦʭʤʫʨʩʴʢʠʡ, 

M. Kepka, M. Kepka Jr., J. Dzugan, P. Konopik, J. V§clav²k, J. Chvojan, Y. Boutar, 

B. V. Farahania ʪʘ ʽʥ. ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ̔ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʽʜʩʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ  ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʟ ʥʝʩʽʚʥʠʤ ʢʫʟʦʚʦʤ ʪʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʧʦʻʜʥʫʚʘʣʠ ʙ ʚʘʛʦʤʽ 

ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ: ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ (ʤʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʦʛʠ), 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʪʘ ʢʦʨʦʟʽʶ. 

ɺʽʜʦʤʦ, ʱʦ ʘʚʪʦʙʫʩʥʠʡ ʧʘʨʢ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ ʟʘ 

ʩʝʨʝʜʥʽʤ ʩʪʨʦʢʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʻ ʥʘʡʩʪʘʨʽʰʠʤ ʫ ɭʚʨʦʧʽ ʽ ʟʘ ʮʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʧʝʨʝʚʠʱʫʻ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʨʝʛʣʘʤʝʥʪʠ ʌʈʅ, ʌʨʘʥʮʽʾ, ʢʨʘʾʥ 

ʉʢʘʥʜʠʥʘʚʽʾ ʱʦʜʦ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʨʝʛʫʣʷʨʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʤʘʨʰʨʫʪʘʭ. ɼʦʩʠʪʴ ʥʝʚʝʣʠʢʘ ʯʘʩʪʢʘ ʘʚʪʦʙʫʩʽʚ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʪʝʨʤʽʥʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 5ï10 ʨʦʢʽʚ. ʆʜʥʘʢ ʽ ʧʨʠ ʪʘʢʠʭ ʪʝʨʤʽʥʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʠ 

ʤʦʞʫʪʴ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʇʨʘʚʠʣ ˉ 66 ʪʘ ˉ 107 ɭɽʂ ʆʆʅ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʜʝʛʨʘʜʘʮʽʻʶ ʤʘʪʝʨʽʘʣʫ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. ʇʨʠ ʪʝʨʤʽʥʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜ ʧôʷʪʠ ʨʦʢʽʚ ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʘʚʪʦʙʫʩʽʚ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʫ ʤʽʩʪʘʭ - ʤʽʣʴʡʦʥʥʠʢʘʭ, ʚʞʝ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʨʝʤʦʥʪʽʚ. ʊʘʢʽ ʨʝʤʦʥʪʠ ʚ ʦʩʥʦʚʥʦʤʫ ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠʩʴ ʙʝʟ ʜʦʪʨʠʤʘʥʥʷ 

ʟʘʚʦʜʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʦʩʥʘʱʝʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʇʨʘʚʠʣʘʤ     

ˉ 66 ʪʘ ˉ 107 ɭɽʂ ʆʆʅ. 
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ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʜʠʥʘʤʽʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ, 

ʷʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʧʦʯʠʥʘʶʪʴ ʟʨʦʩʪʘʪʠ ʧʽʩʣʷ ʜʚʦʭ ʨʦʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʧʨʠ ʧʨʦʙʽʛʘʭ ʚʽʜ 100 ʪʠʩ. ʢʤ). ɺʠʪʨʘʪʠ ʨʽʟʢʦ ʟʨʦʩʪʘʶʪʴ ʧʨʠ 

ʪʝʨʤʽʥʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʥʘʜ ʚʽʩʽʤ ʨʦʢʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, 

ʱʦ ʩʧʨʠʯʠʥʷʻ ʚʠʪʨʘʪʠ, ʻ ʜʝʬʝʢʪʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ. ʇʨʠ ʪʝʨʤʽʥʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʽʜ ʧôʷʪʠ ʜʦ ʜʝʚôʷʪʠ ʨʦʢʽʚ ʘʚʪʦʙʫʩ ʧʦʪʨʝʙʫʻ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ, 

ʦʩʢʽʣʴʢʠ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʦʰʢʦʜʞʝʥʽ ʧʽʜ ʜʽʻʶ ʩʪʨʫʢʪʫʨʥʦʾ ʢʦʨʦʟʽʾ ʪʘ 

ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ɺʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʨʝʤʦʥʪ ʢʫʟʦʚʘ ʪʨʠʚʘʻ ʙʣʠʟʴʢʦ 

ʪʨʠʜʮʷʪʠ ʜʥʽʚ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʩʧʨʠʯʠʥʷʶ ʟʙʠʪʢʠ ʚʽʜ ʧʨʦʩʪʦʶ (ʝʢʚʽʚʘʣʝʥʪʥʦ 75ï

170 ʜʦʣʘʨʽʚ ʉʐɸ ʟʘ ʜʝʥʴ).  

ʆʧʨʘʮʴʦʚʘʥʦ ʜʘʥʽ ʟ ʨʝʘʣʴʥʦʾ ʧʨʘʢʪʠʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʧʦ ʽʩʥʫʶʯʽʡ 

ʩʠʩʪʝʤʽ ʧʦʪʦʯʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ ʘʚʪʦʙʫʩʠ ʨʝʤʦʥʪʫʶʪʴʩʷ ʩʠʣʘʤʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ (ʮʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʨʝʤʦʥʪ), ʘʙʦ ʥʘ ʩʪʦʨʦʥʥʽʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʷʢʽ ʧʨʦʚʦʜʷʪʴ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʝʤʦʥʪʠ ʢʫʟʦʚʽʚ ʙʝʟ ʜʦʪʨʠʤʘʥʥʷ ʟʘʚʦʜʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʨʝʤʦʥʪʽʚ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠʩʴ ʣʠʰʝ ʥʘ 2ï3 ʨʦʢʠ, ʱʦ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʝʪʘʧʽ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ 

ʪʘ ʩʚʦʻʯʘʩʥʠʤ ʦʥʦʚʣʝʥʥʷʤ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʨʠʪʠʯʥʠʭ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʘʚʪʦʙʫʩʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʱʦ ʦʙʤʝʞʫʻ 

ʨʝʩʫʨʩ ʘʚʪʦʙʫʩʘ, ʻ ʡʦʛʦ ʢʫʟʦʚ, ʥʝʩʧʨʘʚʥʽʩʪʴ ʷʢʦʛʦ (ʧʦʣʦʤʢʠ, ʪʨʽʱʠʥʠ, 

ʩʪʨʫʢʪʫʨʥʘ ʢʦʨʦʟʽʷ) ʧʦʪʨʝʙʫʻ ʥʝʛʘʡʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʨʝʤʦʥʪ. 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʚʪʦʙʫʩʠ ʙʝʟ ʚʽʟʫʘʣʴʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʧʨʦʜʦʚʞʫʶʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʢʘʨʢʘʩʫ ʚ 

ʧʨʦʮʝʩʽ ʜʝʛʨʘʜʘʮʽʾ ʚʞʝ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʫ ʤʽʮʥʽʩʪʴ ʢʫʟʦʚʘ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʯʥʠʭ ʟʘʩʘʜ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʜʦʚʝʜʝʥʦ, ʱʦ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ 

ʚʣʘʩʥʠʤʠ ʩʠʣʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʙʦ ʘʥʘʣʦʛʽʯʥʠʭ ʨʝʤʦʥʪʥʠʭ 



    7 

ʦʨʛʘʥʽʟʘʮʽʡ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚʠʤʦʛʘʤ ʱʦʜʦ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ˉ 66 ɭɽʂ ʆʆʅ 

ʧʦ ʧʨʠʯʠʥʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʥʝ ʤʘʶʪʴ ʚʽʟʫʘʣʴʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ. ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʾʭ ʧʨʦʚʦʜʠʪʠ ʚ ʟʘʚʦʜʩʴʢʠʭ ʫʤʦʚʘʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʣʝʞʥʠʤ 

ʯʠʥʦʤ ʧʨʦʚʝʜʝʥʦʾ ʜʝʬʝʢʪʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʫʯʘʩʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ ʢʦʥʪʨʦʣʽʚ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʷʻ ʜʦʧʦʚʥʠʪʠ ɼʉʊʋ 3649: 2010 ʧʫʥʢʪʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʢʦʥʪʨʦʣʽʚ ʚʠʷʚʠʪʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʜʦ ʇʨʘʚʠʣ 

 ̄66 ɭɽʂ ʆʆʅ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʝʪʦʜʽʚ 

ʜʽʘʛʥʦʩʪʠʢʠ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ 

ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʨʝʩʫʨʩʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʥʝʩʽʚʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ. ɼʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʨʝʘʣʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʝʨʝʜʘʯʫ ʥʘ ʢʫʟʦʚ ʘʚʪʦʙʫʩʘ 

ʧʦʰʪʦʚʭʽʚ ʚʽʜ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʯʝʨʝʟ ʜʝʤʧʬʫʶʯʽ ʪʘ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ 

ʧʽʜʚʽʩʦʢ ʪʘ ʰʠʥ. ʋ ʤʦʜʝʣʽ ʪʘʢʦʞ ʚʨʘʭʦʚʘʥʦ ʧʨʦʙʦʾ ʧʽʜʚʽʩʦʢ, ʟʘʣʝʞʥʦʩʪʽ ʢʦʨʦʟʽʾ 

ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʙʫʩʘ.  

ʈʦʟʨʦʙʣʝʥʫ ʤʦʜʝʣʴ ʙʫʣʦ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʩʧʽʚʩʪʘʚʣʝʥʥʷʤ ʽʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʝʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʘʭ. ɺʽʜʧʦʚʽʜʥʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʚʧʣʠʚʫ 

ʥʘ ʨʝʩʫʨʩ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ  ̔ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʨʠ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʝʘʣʴʥʠʤ ʤʘʨʰʨʫʪʘʤ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʚ ʦʙʨʘʥʠʭ 

ʫʤʦʚʘʭ ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʧʨʦʙʦʾ 
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ʧʽʜʚʽʩʦʢ ʘʚʪʦʙʫʩʘ, ʧʨʠ ʩʧʨʘʚʥʽʡ ʧʽʜʚʽʩʮʽ ʪʘ ʧʨʠ ʨʫʩʽ ʧʦ ʜʦʨʦʛʘʭ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʪʘ 

ʧʦʩʪʽʡʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ. ʄʽʥʽʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʣʦʥʞʝʨʦʥʽʚ 

ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʩʢʣʘʚ 57523 ʢʤ ʧʨʠ ʧʽʚʪʦʨʘʢʨʘʪʥʦʤʫ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʧʘʩʘʞʠʨʘʤʠ ʪʘ ʨʫʩʽ ʘʚʪʦʙʫʩʘ ʧʦ ʙʨʫʢʽʚʮʽ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʩʢʣʘʚ 1289315 ʢʤ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʪʽʣʴʢʠ ʧʘʩʘʞʠʨʽʚ, ʱʦ ʩʠʜʷʪʴ, ʪʘ ʨʫʩʽ 

ʘʚʪʦʙʫʩʘ ʧʦ ʜʦʨʦʟʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ.  

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʘ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 

ʚʽʜ 5 ʜʦ 11 ʨʦʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʨʘʭʦʚʘʥʦ 

ʪʘʢʽ ʬʘʢʪʦʨʠ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ, ʤʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʦʛʠ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʘʚʪʦʙʫʩʘ, ʢʦʨʦʟʽʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʤʘ ʤʘʻ ʫ 1,5ï1,8 ʨʘʟʠ ʙʽʣʴʰʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʥʽʞ ʩʘʤ ʢʘʨʢʘʩ ʢʫʟʦʚʘ. ʇʨʦʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʰʦʯʝʨʛʦʚʝ ʧʦʣʽʧʰʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ, ʱʦʙ ʥʘʙʣʠʟʠʪʠ ʡʦʛʦ ʨʝʩʫʨʩ ʜʦ ʨʝʩʫʨʩʫ ʨʘʤʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ, 

ʚʠʛʦʪʦʚʣʝʥʦ ʪʘ ʚʽʜʢʘʣʽʙʨʦʚʘʥʦ ʟʘʚʘʜʦʩʪʽʡʢʫ ʘʚʪʦʥʦʤʥʫ ʪʝʥʟʦʤʝʪʨʠʯʥʫ ʩʪʘʥʮʽʶ 

ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʥʟʦʤʝʪʨʫ ɻʫʛʝʥʙʝʨʛʝʨʘ. ʇʝʨʝʚʽʨʢʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ ʧʨʦʚʝʜʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʥʟʦʤʝʪʨʘ ɻʫʛʝʥʙʝʨʛʝʨʘ ʥʘ ʟʨʘʟʢʘʭ ʪʨʫʙ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥè, 

ʚʟʷʪʠʭ ʟ ʧʨʦʛʨʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʫʞʝʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʨʠ 

ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ ʥʘ ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʙʫʩʘ ʪʘ ʚʠʟʥʘʯʝʥʦ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʝʨʝʨʽʟʽ ʘʚʪʦʙʫʩʘ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʫʭʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʛʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʤʦʜʝʣʝʡ ʪʘ ʘʜʝʢʚʘʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʥʘ ʨʽʚʥʦʤʽʮʥʽʩʪʴ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟ ʚʦʩʴʤʠʨʽʯʥʠʤ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ 
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ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʟʨʘʟʢʽʚ ʙʝʟ ʧʦʤʽʪʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʰʢʦʜʞʝʥʴ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʩʫʪʪʻʚʝ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʜʦʟʚʦʣʠʣʠ  ʚʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʫʟʦʚʘ ʥʘ ʙʘʟʽ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 

ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʪʘ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ 

ʙʝʟʧʝʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʢʫʟʦʚʘ ʚʦʩʴʤʠʨʽʯʥʦʛʦ ʘʚʪʦʙʫʩʘ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʫʤʦʚʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʟʛʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 ʤʝʪʦʜʘʤʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʬʦʨʤʘʮʽʷ ʩʪʽʡʦʢ ʧʝʨʝʚʠʱʫʻ 

ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʚ 2,21ï3,81 ʨʘʟʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʧʨʠʧʫʩʪʠʤʽʩʪʴ ʡʦʛʦ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʚ ʘʩʧʝʢʪʽ ʢʦʨʦʟʽʾ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʣʝʶʯʠʭ ʩʫʤʽʰʝʡ. 

ʇʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʣʝʶʯʠʭ ʩʫʤʽʰʝʡ ʟ̔ ʧʦʚʝʨʭʥʷʤʠ ʧʨʠʢʣʝʶʚʘʥʥʷ ʱʦʜʦ 

ʾʭ ʘʜˇʝʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʦʜʘʣʴʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʟ ʫʤʦʚʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʩʪʘʨʽʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʧʨʫʞʝʥʽ ʛʨʘʬʽʢʠ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʈʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʦʮʽʥʢʫ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʛʨʘʤ ʦʥʦʚʣʝʥʥʷ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʦʥʦʚʣʝʥʥʷ ʧʘʨʢʫ 

ʟ ʫʤʦʚ ʙʝʟʧʝʢʠ ʨʫʭʫ ʽ ʝʢʦʣʦʛʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 
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ʫʧʝʨʰʝ: 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʘʩʠʚʥʫ ʙʝʟʧʝʢʫ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ;  

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʪʨʦʣʽʚ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦʧʦʚʥʝʥʥʷ-ʟʤʽʥʠ ʜʦ 

ɼʉʊʋ 3649: 2010 (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ);  

ï ʦʧʨʘʮʴʦʚʘʥʦ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʚ ʘʩʧʝʢʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʢʫʟʦʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʝʚʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝʦʙʭʽʜʥʠʤ 

ʙʝʟʧʝʯʥʠʤ ʨʝʩʫʨʩʦʤ ʢʫʟʦʚʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 

ʢʘʨʢʘʩʫ;  

ï ʜʘʥʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʠʧʫ ʽ ʩʪʘʥʫ ʘʚʪʦʜʦʨʽʛ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʘʚʪʦʙʫʩʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʙʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ ʜʦ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ (ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ  ̄66); 

ʥʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ:  

ï ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʢʫʟʦʚʘ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʪʘ ʦʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʘʶʪʴ: 

ï ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ; 
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ï ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʚ ʘʩʧʝʢʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʢʫʟʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʝʚʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝʦʙʭʽʜʥʠʤ ʙʝʟʧʝʯʥʠʤ 

ʨʝʩʫʨʩʦʤ ʢʫʟʦʚʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ; 

ï ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʠʧʫ ʽ ʩʪʘʥʫ ʘʚʪʦʜʦʨʽʛ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʘʚʪʦʙʫʩʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʙʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66; 

ï ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ ʢʦʥʪʨʦʣʽʚ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦʧʦʚʥʝʥʥʷ-ʟʤʽʥʠ ʜʦ ɼʉʊʋ 3649: 2010; 

ï ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʢʫʟʦʚʘ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʪʘ ʦʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ; 

ï ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

 ï ʪʝʭʥʦʣʦʛʽʷ ʦʥʦʚʣʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ.  

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦʾ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʘʪʠʢʠ ʢʘʬʝʜʨʠ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʪʨʘʢʪʦʨʽʚ ʃʴʚʽʚʩʴʢʦʛʦ  ʥʘʮʽʦʥʘʣʴʥʦʛʦ   ʫʥʽʚʝʨʩʠʪʝʪʫ  

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ  çʈʦʟʨʦʙʢʘ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ, ʧʨʦʻʢʪʥʦ-

ʢʝʨʦʚʘʥʠʭ, ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʡʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷè,  

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0121U109289, ʚʽʜ 04.03.2021 ʪʘ ʪʝʤʘʪʠʢʠ ʜʦʩʣʽʜʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ ɺɸʊ çʋʢʨʘʾʥʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʘʚʪʦʙʫʩʦ-ʪʨʦʣʝʡʙʫʩʦʙʫʜʫʚʘʥʥʷè (ʤ. ʃʴʚʽʚ). ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʧʨʠʡʥʷʪʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ɺɸʊ çʋʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʘʚʪʦʙʫʩʦ-

ʪʨʦʣʝʡʙʫʩʦʙʫʜʫʚʘʥʥʷè, ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè, ʇʨɸʊ çɯʩʫʟʫ-ɸʪʘʤʘʥ 

ʋʢʨʘʾʥʘè, ʊʆɺ çʇʝʨʝʩʫʚʥʘ ʤʝʭʘʥʽʟʦʚʘʥʘ ʢʦʣʦʥʘ ˉ 92è.  
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ʄʘʪʝʨʽʘʣʠ ʨʦʙʦʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʃʴʚʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʙʘʢʘʣʘʚʨʽʚ ʽ 

ʤʘʛʽʩʪʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 274 ï ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ 

ʜʠʩʮʠʧʣʽʥ: çɸʚʪʦʤʦʙʽʣʽè, çʊʝʭʥʽʯʥʘ, ʢʦʤʧôʶʪʝʨʥʘ ʪʘ ʜʠʩʪʘʥʮʽʡʥʘ ʜʽʘʛʥʦʩʪʠʢʘ 

ʘʚʪʦʤʦʙʽʣʽʚè, çɺʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚè, çʅʘʜʽʡʥʽʩʪʴ ʤʘʰʠʥ ʽ ʩʠʩʪʝʤè.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʙʫʩ, ʢʫʟʦʚ ʘʚʪʦʙʫʩʘ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʦʮʽʥʢʘ ʨʝʩʫʨʩʫ, 

ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʨʝʩʫʨʩʫ, ʘʥʪʠʢʦʨʦʟʽʡʥʠʡ ʟʘʭʠʩʪ, ʧʘʩʠʚʥʘ 

ʙʝʟʧʝʢʘ, ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ. 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ: 

1. Ruban, D., Kraynyk, L., Ruban, H., Sosyk, A., Shcherbyna, A., 

Dudarenko, O., Artyukh, A. (2021). Forecasting the durability of public transport bus 

bodies depending on operating conditions. Eastern-European Journal of Enterprise 

Technologies, 4 (1 (112)), 26ï33. Scopus. 

2. Ruban, D., Kraynyk, L., Ruban, H., Zakharova, M., Burmistrov, S., 

Khotunov, V., Metelap, V. (2022). Development of bus body technologies in terms of 

corrosion and durability. Eastern-European Journal of Enterprise Technologies, 

3 (1 (117)), 67ï75. Scopus. 

3. Ruban, D., Kraynyk, L., Ruban, H., Hrubel, M., Duzhyi, R., & Babaryha, A. 

(2022). Development of technological principles of technical control of bus bodies 

during operation based on passive safety conditions. Eastern-European Journal of 

Enterprise Technologies, 6(1 (120), 91ï100. Scopus. 

4. Ruban, D., Kraynyk, L., Ruban, H., Zakharova, M., Metelap, V., 

Khotunov, V., Mykhaylyuta, S. (2023). Devising an approach to assessing the 

durability of bus body on a frame chassis. Eastern-European Journal of Enterprise 

Technologies, 2 (1 (122)), 32ï39. Scopus. 

5. Verbitsky V., Shcherbyna A., Artyukh ʆ., Dudarenko O., Kuzmin V., 

Ruban D., Fasoliak A.  (2023).  Mathematical modeling of change of the steering 

wheel toe-in angles when the vehicle moves in a curved direction.  International 
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Journal on çTechnical and Physical Problems of Engineeringè (IJTPE), Issue 57, 

Volume 15, Number 4, 344ï350. Scopus. 

6. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʽʥʪʝʛʨʘʮʽʾ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ / ʆʛʽʡ ʆ. ɺ., ʈʫʙʘʥ ɼ. ʇ., 

ɻʦʣʫʙʦʚ ʆ. ʉ., ʇʽʜʛʦʨʥʠʡ ʄ. ɺ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʽ ʨʝʟʝʨʚʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʍʘʨʢʽʚ, 2015. ˉ 5/3(25). ʉ. 51ï54. 

 7. ʈʫʙʘʥ ɼ. ʇ., ʇʽʜʛʦʨʥʠʡ ʄ. ɺ., ʈʫʙʘʥ ɻ. ʗ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ ʦʙʩʪʝʞʝʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʥʘ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ɺʝʩʪʥʠʢ ʍʅɸɼʋ. ʍʘʨʴʢʦʚ, 2016. ˉ 74. ʉ. 17ï20. 

 8. ʈʫʙʘʥ ɼ. ʇ., ʈʫʙʘʥ ɻ. ʗ. ʉʪʨʫʢʪʫʨʘ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʪʘ ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʾ. ʅʘʫʢʦʚʽ ʥʦʪʘʪʢʠ : ʤʽʞʚʫʟ. ʟʙ. ʃʫʮʴʢ, 

2016. ˉ 55. ʉ. 338ï340. 

 9. ʇʠʣʠʧʝʥʢʦ ʆ. ʄ., ʈʫʙʘʥ ɼ. ʇ., ʈʫʙʘʥ ɻ. ʗ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʥʦʚʣʝʥʥʷ ʘʚʪʦʙʫʩʥʦʛʦ ʧʘʨʢʫ ʤ. ʏʝʨʢʘʩʠ. ɺʽʩʥʠʢ ʏɼʊʋ : ʟʙ. 

ʥʘʫʢ. ʧʨ. ʫ ʛʘʣʫʟʽ ʪʝʭʥ. ʥʘʫʢ.  ʏʝʨʢʘʩʠ, 2016. ˉ 1. ʉ. 35ï40. 

 10. ʈʫʙʘʥ ɼ. ʇ., ʈʫʙʘʥ ɻ. ʗ. ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ. ɺʽʩʥʠʢ ɺʽʥʥʠʮʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. ɺʽʥʥʠʮʷ, 

2016. ˉ 5(128). ʉ. 105ï109. 

 11. ʂʨʘʡʥʠʢ ʃ. ɺ., ʈʫʙʘʥ ɼ. ʇ., ʈʫʙʘʥ ɻ. ʗ. ʆʮʽʥʢʘ ʟʤʽʥʠ ʬʽʟʠʢʦ-
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Relevance of the topic. 

The body of the bus, as a determining element of the structure, during 

operation due to corrosion and fatigue strength undergoes changes and is decisive in 

terms of legislative, regulated requirements for passive safety (UNECE Rules ˉ 52, 

66, 107). These factors are decisive in the practice of the EU countries during 

conducting mandatory technical controls of public transport buses, but which at least 

are still absent in the restored regulatory framework of Ukraine (State Standard of 

Ukraine 3649: 2010) and other post-soviet countries. 

Within the framework of Ukraine's accession to the countries participating in 

the Geneva Agreement of 1958. (Law of Ukraine ˉ 8048-ɯV of 20.02.2000) design 

of bus bodies and subsequent assessment (certification tests) are already carried out 

in accordance with the conditions of compliance with passive safety requirements 

(the permissible level of body deformation during tipping over to the side ï UNECE 

Rules ˉ 66 and ˉ 107, or static load on the roof ï for buses of category M2 of 

UNECE Rules ˉ 52). However, during operation, due to corrosion and fatigue 

strength of the metal (under the influence of various characteristics of road 

irregularities and passenger load/passenger traffic) the physical and mechanical 

properties of the metal of the body frame as a whole undergo significant changes (in 

the direction of deterioration), as a result of which after a certain period of operation 

the body no longer meets the regulatory requirements of passive safety and needs 

culling or repair. Accordingly, this causes two main directions of research: 
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ï elaboration of methods for ensuring the required level of strength 

characteristics of body frames in general under the conditions of corrosion and 

fatigue strength during operation at the stage of design and production of buses; 

ï elaboration of technical control methods of the body's compliance during 

operation with regulatory requirements of passive safety (as a condition for admission 

to further operation in the public transport system). 

The relevance of the latter is also due to the conditions of Ukraine's accession 

to the Hague Convention on Road Traffic and the deployment of a system of 

mandatory periodic technical control of cars/buses, as a condition for admission to 

operation for the next limited period of time. The post-soviet legislative framework in 

this area (State Standard of Ukraine 3649: 2010 and others) does not yet provide for 

clear technical criteria for quantitative, threshold assessment of significant body 

characteristics as a condition of conformity and prediction of admission to further 

operation. Thus, the development of theoretical foundations for calculating the 

resource of the bus body at the stage of design work under certain operating 

conditions under the conditions of compliance with the legislative regulatory 

framework for the passive safety of the structure, as well as the corresponding 

improvement of production technology is an relevent scientific and applied problem. 

In the dissertation work the methodology for assessing the safety of operation 

of bus bodies under corrosion and fatigue strength conditions is substantiated within 

which: 

ï proposed method of predictive calculation of the bus body life during 

operation taking into account the conditions of movement and the effects of corrosion 

and fatigue strength [47, 90, 97, 99]; 

ï proposed methodology for assessing the compliance of the body structure 

with the regulatory requirements of passive safety during regular technical controls 

during operation and relevant proposals for addition-changes to State Standard of 

Ukraine 3649: 2010 (similar to the common European practice) [99, 156, 157, 159]; 

ï practical recommendations were developed on the design of bus bodies in the 

aspect of structural materials and body production technologies in connection with 
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certain operating conditions and the necessary safe body life, taking into account the 

corrosion processes and fatigue strength of the frame [125, 131, 138];  

ï a quantitative assessment of the influence of the type and condition of roads 

for different classes of buses and the formation of fatigue strength of the body frame 

was given [88, 90, 91, 99]; 

ï improved the method of modeling-calculation of the stress-strain state of the 

body on the basis of the finite elements method, taking into account the effects of 

corrosion and fatigue strength of the metal frame and assessing compliance with 

regulatory requirements of passive safety [86, 99]; 

ï conducted reasearches confirming the deterioration of the body frame 

material during operation, and assessing the adequacy of the simulation results - 

calculation [54, 100, 106]; 

ï developed recommendations to increase the durability of bus bodies during 

operation [130];  

ï the consequences of the introduction of low-entry platforms into the structure 

of the carring body and their impact on the resource characteristics of buses are 

substantiated [8]; 

ï conducted analysis of research on the definition of rational service life of 

buses and worked out statistical data on costs in relation to the service life of city 

buses [16, 77]; 

ï applied a systematic approach to the analysis of the structure of the public 

transport bus fleet and the situation in Ukraine regarding the impact of long operating 

times on the safety of passenger transportation [55];  

ï applied a systematic approach to the formation of passenger traffic and the 

corresponding passenger capacity of buses, which is an integral part of the formation 

of the resource of buses during operation [55, 59, 60]; 

ï the consequences of untimely adjustment of the angles of installation of the 

steered wheels of the bus on the durability of its body are substantiated [162]. 

The most important works in this direction are the researches of foreign and 

domestic scientists, among which it is worth highlighting the following: 



    22 

L. V. Kraynyk, O. Z. Gorbay, P. P. Melnychuk, P. A. Akopyan, I. I. Kelman, 

P. A. Fomichov, K. E. Golenko, V. M. Khrun, V. E. Kanarchuk, V. S. Lukinsky, 

M. I. Virevkin, N. S. Zainiddinov, D. S. Lvov, Y. A. Zykov, V. I. Grimsky, 

M. Kepka, M. Kepka Jr., J. Dzugan, P. Konopik, J. V§clav²k, J. Chvojan, Y. Boutar, 

B. V. Farahania and others. After analyzing existing researches to determine the 

durability and rational life of buses, it was found that there are no researches on 

determining the resource of public transport buses with a carring body and on a frame 

chassis, which would simultaneously combine significant factors of influence: the 

properties of the road surface (microprofile of the road), passenger loading, bus speed 

and corrosion. 

It is known that the bus park of public transport in Ukraine in terms of the 

average service life of buses is the oldest in Europe and by this indicator exceeds the 

recommendations of Germany, France, scandinavian countries on the service life on 

regular passenger routes. A fairly small proportion of buses in Ukraine has a service 

life of 5ï10 years. However, even with such service life, buses may not meet the 

requirements of UNECE Rules ˉ 66 and ˉ 107, which is explained by the 

degradation of the material of the body frame elements and is accompanied by a 

constant increase in operating costs. With a service life from five years, a significant 

proportion of buses, especially those operated in cities with a population of one 

million, already need restoration repairs. Such repairs can mainly be carried out 

without compliance with factory manufacturing technologies and without the use of 

special equipment, which negatively affects the provision of compliance with 

UNECE Rules ˉ 66 and ˉ 107. 

The work determined the dynamics of operating costs in the function of time, 

which shows that operating costs begin to increase after two years of operation (with 

runs from 100 thousand km). Costs increase dramatically with service life of more 

than eight years. It was established that the main factor causing costs are defects in 

the bus body. With a service life from  five to nine years, the bus needs restoration 

repairs, because the elements of the body frame are damaged by structural corrosion 
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and fatigue destruction. Refurbishment of the body lasts about thirty days, which 

additionally causes damage from downtime (equivalent to 75ï170 $ per day). 

Data on the real practice of operating buses according to the existing system of 

current and restoration repairs of public transport buses are processed. It was 

established that buses are mainly repaired by motor transport enterprises (this reduces 

the cost of repairs), or on third-party organizations that carry out restoration repairs of 

bodies without observing factory technologies and without using special equipment. 

As a result of such repairs, the durability of the bus can increase only by 2ï3 years, 

which could be implemented at the design stage when developing progressive 

technical solutions and timely updating of corrosion protection during operation. 

During forming critical service life of buses on the basis of data from operating 

organizations, it was established that the main component limiting the life of the bus 

is its body, the malfunction of which (breakdowns, cracks, structural corrosion) 

requires immediate repair. It was also established that buses continue to operate 

without visual damage, despite the fact that the characteristics of the frame material 

in the process of degradation no longer provide proper body strength. 

During development of methodological principles of restoration repairs of bus 

bodies, it was proved that the classical methods of carrying out restoration repairs on 

their own by a motor transport enterprise or similar repair organizations do not allow 

to ensure proper durability and compliance of the bus body with the requirements for 

passive safety in accordance with UNECE Rules ˉ 66 due to the lack of methods for 

controlling elements that do not have visual damage. Therefore, to increase the 

efficiency of repairs, it is proposed to carry them out in the factory based on the 

results of properly identifying defects in the use of the latest technologies and modern 

materials. 

The method of assessing the compliance of the body structure with the 

regulatory requirements of passive safety during regular technical controls during 

operation allows us to supplement State Standard of Ukraine 3649: 2010 with points 

that meet the requirements of European practice. This will allow, during regular 

technical controls, to identify non-compliance with the requirements for UNECE 
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Rules ˉ 66 using special measuring instruments and diagnostic methods. The 

developed method of predictive calculation of the bus body life during operation, 

taking into account the driving conditions and the effects of corrosion and fatigue 

strength, allows to calculate the life of bus bodies of carring structure and on the 

frame chassis. The model was developed to fully take into account the realities of 

operation. This model describes the transfer of jolts to the bus body from the 

microprofile of the road through damping and elastic elements of suspensions and 

tires. The model also takes into account suspension breakdowns, corrosion 

dependence on operating conditions, passenger loading and bus speed. The developed 

model was tested for adequacy by comparison with the results obtained during the 

operation of buses on real routes. Accordingly, the developed model satisfactorily 

describes the processes of impact on the life of bus bodies of carring structure and on 

the frame chassis and allows to determine the bus body life under operating 

conditions corresponding to real routes during transporting passengers. Simulation of 

the parameters of durability of the bus in the selected conditions was carried out and 

it was established that the breakdown of the bus suspension is significantly affected 

bus body resourse, with a serviceable suspension and during driving on low-quality 

roads and constant overloads. The minimum mileage before the destruction of the bus 

body frame spars was 57523 km with one and a half times overload by passengers 

and the movement of the bus on the pavement of poor quality. The maximum mileage 

to the destruction of the bus body frame spars was 1289315 km during transporting 

only sitting passengers and the movement of the bus on a high quality road with 

asphalt pavement. 

The durability of the bus body on the frame chassis was assessed using 

simulation computer modeling, which is in the range from 5 to 11 years, depending 

on the operating conditions. The research took into account the following factors: 

passenger occupancy, microprofile of the road, bus speed, corrosion. It was 

established that the frame has 1.5ï1.8 times greater durability than the body frame. 

The results of the research indicate a primary improvement in the corrosion 

protection of the body frame in order to bring its resource closer to the frame 
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resource. To research the stresses in the elements of the body frame, a noise-resistant 

autonomous strain gauge station using the Gugenberger tensiometer was developed, 

manufactured and calibrated. The test of the performance of the strain gauge station 

was carried out in the laboratory using the Gugenberger tensiometer on samples of 

pipes of "Ataman" bus body frame, taken from the production program at JSC 

"Cherkasy Bus", which confirmed the ability to reliably determine the stresses in the 

elements of the body frame during transporting passengers on real routes. 

Road tests of the bus were carried out and the tension in the researched section 

of the bus under different modes of movement was determined, which made it 

possible to compare with the results of simulation modeling and obtain limiting 

values of stresses to clarify the models and adequate calculations of the body frame 

for equal strength. The research of the physical and mechanical properties of the 

elements of the the bus body frame with an eight-year service life was carried out. As 

a result of research, it was found that in samples without noticeable external damage, 

a significant deterioration in physical and mechanical properties was determined. The 

obtained data on the characteristics of the body frame elements made it possible to 

improve the method of modeling-calculating the stress-strain state of the body based 

on the finite elements method, taking into account the effects of corrosion and fatigue 

strength of the metal frame and assessing compliance with regulatory requirements 

for passive safety. The body of an eight-year-old bus was checked for compliance 

with passive safety conditions in accordance with the requirements of 

UNECE Rules ˉ 66 by simulation methods and it was found that the deformation of 

the racks exceeds the permissible value by 2.21ï3.81 times, which indicates the 

inadmissibility of its further operation. Three possible options for improving the 

technology of manufacturing bus bodies in the aspect of corrosion and durability, 

using modern progressive materials and adhesives are proposed. Adhesive mixtures 

with gluing surfaces were tested relative to their adhesive properties, which allowed 

further introduction into production, under the condition of reliability and durability 

in the aging process. 
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Taking into account the busy schedules of public transport buses, 

recommendations were developed to increase the durability of the bus body during 

operation. 

Theoretical foundations for the formation of a rational service life from the 

conditions of minimizing total costs were developed. This made it possible to assess 

the necessary programs for updating the park of public transport buses, on the basis 

of which state regulation of the renewal of the park on traffic safety conditions and 

ecology is carried out. 

Scientific novelty of the results. 

As a result of the dissertation work, the following main scientific results were 

obtained: 

ï the method of predictive calculation of the bus body life during operation is 

proposed, taking into account the driving conditions and the effects of corrosion and 

fatigue strength in compliance with the regulatory requirements of passive safety, 

which allows at the stage of design and formation of production technologies to 

implement appropriate structures and ensure passive safety of passenger traffic; 

ï proposed methodology for assessing the compliance of the body structure 

with the regulatory requirements of passive safety during regular technical controls 

during operation and corresponding proposals for addition-changes to State Standard 

of Ukraine 3649: 2010 (similar to the European practice); 

ï practical recommendations on the design of bus bodies in the aspect of 

structural materials and body production technologies in connection with certain 

operating conditions and the necessary safe body life, taking into account the 

corrosion processes and fatigue strength of the frame, were worked out; 

ï a quantitative assessment of the impact of the type and condition of roads for 

different classes of buses and the formation of fatigue strength of the body frame and, 

accordingly, a safe resource in accordance with the requirements of the regulatory 

framework, was given (UNECE Rules ˉ 66 and ˉ 107). 

The method of modeling-calculation of the stress-strain state of the body based 

on the finite element method was further developed, taking into account the effects of 
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corrosion and fatigue strength of the metal frame and assessing compliance with 

regulatory requirements for passive safety. 

The practical significance of the obtained research results are: 

ï the method of predictive calculation of the bus body life during operation, 

taking into account the conditions of movement and the effects of corrosion and 

fatigue strength in compliance with the regulatory requirements of passive safety, 

which allows even at the stage of design and formation of production technologies to 

implement appropriate structures and confirm the safety of passenger traffic; 

ï recommendations for the design of bus bodies in the aspect of structural 

materials and body production technologies in connection with certain operating 

conditions and the necessary safe body resource, taking into account the processes of 

corrosion and fatigue strength of the frame; 

ï quantitative assessment of the impact of the type and condition of roads for 

different classes of buses and the formation of fatigue strength of the body frame and, 

accordingly, a safe resource in accordance with the requirements of 

UNECE Rules  ̄66; 

ï methodology for assessing the compliance of the body structure with the 

regulatory requirements of passive safety during regular technical controls during 

operation and the corresponding proposals for addition-changes to State Standard of 

Ukraine 3649: 2010; 

ï method of modeling-calculation of stress-strain state of the body based on the 

method of finite elements, taking into account the effects of corrosion and fatigue 

strength of the metal frame and assessing compliance with regulatory requirements of 

passive safety; 

ï recommendations for increasing the durability of bus bodies during 

operation; 

 ï technology of updating anti-corrosion protection of bus bodies using modern 

progressive methods and means of processing. 

The practical significance of the obtained results of the dissertation is confirmed by 

their use in the implementation of scientific state budget topics of the Department of 
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Automobiles and Tractors of Lviv National Environmental University "Development of 

innovation and information, design-managed, resource-saving systems, technologies and 

technical means for agro-industrial production and its energy supply", ˉ state registration 

0121U109289, from 04.03.2021 and topics of research and development works and 

production program of OJSC "Ukravtobusprom" (Lviv). The results of the dissertation 

were accepted for use in OJSC "Ukravtobusprom", JSC "Cherkassy Bus", ʈJSC "Isuzu-

Ataman Ukraine", LLʉ "Mobile Mechanized Column ̄  92".  The materials of the work 

are used in the educational process of Lviv National Environmental University in the 

preparation of bachelors and masters in the specialties 274 ï Road transport in the 

teaching of disciplines: "Cars", "Technical, computer and remote diagnostics of cars", 

"Car testing", "Reliability of machines and systems". 
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ɸɿ ï ʘʥʪʠʢʦʨʦʟʽʡʥʠʡ ʟʘʭʠʩʪ; 

ɸʊʇ ï ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ; 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʂʫʟʦʚ ʘʚʪʦʙʫʩʘ, ʷʢ ʚʠʟʥʘʯʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ ʪʘ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘʟʥʘʻ 

ʟʤʽʥ ʪʘ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʢʦʥʦʜʘʚʯʠʭ, ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʚʠʤʦʛ 

ʱʦʜʦ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ (ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 52, 66, 107). ɼʘʥʽ ʯʠʥʥʠʢʠ ʻ 

ʚʠʨʽʰʘʣʴʥʠʤʠ ʫ ʧʨʘʢʪʠʮʽ ʢʨʘʾʥ ɭʉ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʝʩʫʨʩʥʠʭ ʦʙʦʚôʷʟʢʦʚʠʭ 

ʪʝʭʥʽʯʥʠʭ ʢʦʥʪʨʦʣʽʚ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʧʦʢʠ 

ʱʝ ʻ ʚʽʜʩʫʪʥʽʤʠ ʫ ʚʽʜʥʦʚʣʝʥʽʡ ʥʦʨʤʘʪʠʚʥʽʡ ʙʘʟʽ ʋʢʨʘʾʥʠ (ɼʉʊʋ 3649: 2010) ʽ 

ʽʥʰʠʭ ʧʦʩʪʨʘʜʷʥʩʴʢʠʭ ʢʨʘʾʥʘʭ. 

ʋ ʨʘʤʢʘʭ ʧʨʠʻʜʥʘʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʢʨʘʾʥ-ʫʯʘʩʥʠʮʴ ɾʝʥʝʚʩʴʢʦʾ ʫʛʦʜʠ 

1958 ʨ. (ɿʘʢʦʥ ʋʢʨʘʾʥʠ ˉ 8048-ɯV ʚʽʜ 20.02.2000 ʨ.) ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʽ ʥʘʩʪʫʧʥʘ ʦʮʽʥʢʘ (ʩʝʨʪʠʬʽʢʘʮʽʡʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ) ʚʞʝ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ 

ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ (ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʜʝʬʦʨʤʘʮʽʾ 

ʢʫʟʦʚʘ ʧʨʠ ʧʝʨʝʢʠʜʘʥʥʽ ʥʘ ʙʽʢ ï ʧʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 66 ʯʠ ʩʪʘʪʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʥʘ ʜʘʭ ï ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʢʘʪʝʛʦʨʽʾ ʄ2 ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 52). 

ʆʜʥʘʢ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ (ʧʽʜ 

ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʛʠ ʪʘ ʧʘʩʘʞʠʨʦʥʘʚʘʥʪʘʞʝʥʦʩʪʽ / 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ) ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʮʽʣʦʤʫ 

ʟʘʟʥʘʶʪʴ ʟʥʘʯʥʠʭ ʟʤʽʥ (ʫ ʩʪʦʨʦʥʫ ʧʦʛʽʨʰʝʥʥʷ), ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʯʝʨʝʟ ʧʝʚʥʠʡ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʫʟʦʚ ʫʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ 

ʙʝʟʧʝʢʠ ʽ ʧʦʪʨʝʙʫʻ ʚʠʙʨʘʢʫʚʘʥʥʷ ʯʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʮʝ ʦʙʫʤʦʚʣʶʻ ʜʚʘ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ: 

ï ʦʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʽʚ ʢʫʟʦʚʽʚ ʚʮʽʣʦʤʫ ʟ ʫʤʦʚ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʘʚʪʦʙʫʩʽʚ; 

ï ʦʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʘʤʠ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ (ʷʢ ʫʤʦʚʠ ʜʦʧʫʩʢʫ ʜʦ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʩʠʩʪʝʤʽ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ). 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʦʙʫʤʦʚʣʝʥʘ ʽ ʫʤʦʚʘʤʠ ʧʨʠʻʜʥʘʥʥʷ ʋʢʨʘʾʥʠ ʜʦ 

ɻʘʘʟʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʜʦʨʦʞʥʽʡ ʨʫʭ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʦʙʦʚôʷʟʢʦʚʦʛʦ 
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ʧʝʨʽʦʜʠʯʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʘʚʪʦʤʦʙʽʣʽʚ/ʘʚʪʦʙʫʩʽʚ, ʷʢ ʫʤʦʚʠ ʜʦʧʫʩʢʫ ʜʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʥʘʩʪʫʧʥʠʡ ʣʽʤʽʪʦʚʘʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʇʦʩʪʨʘʜʷʥʩʴʢʘ ʟʘʢʦʥʦʜʘʚʯʘ 

ʙʘʟʘ ʫ ʮʽʡ ʩʬʝʨʽ (ɼʉʊʋ 3649:2010 ʽ ʽʥʰʽ) ʧʦʢʠ ʱʦ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʯʽʪʢʠʭ 

ʪʝʭʥʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʢʽʣʴʢʽʩʥʦʾ ʧʦʨʦʛʦʚʦʾ ʦʮʽʥʢʠ ʟʥʘʯʠʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʫʟʦʚʘ, ʷʢ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʧʫʩʢʫ ʜʦ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʚʠʢʦʥʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʫʢʦʚʦʾ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʘʪʠʢʠ 

ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʪʨʘʢʪʦʨʽʚ ʃʴʚʽʚʩʴʢʦʛʦ  ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ çʈʦʟʨʦʙʢʘ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ, ʧʨʦʻʢʪʥʦ-

ʢʝʨʦʚʘʥʠʭ, ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʡʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷè, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0121U109289, ʚʽʜ 04.03.2021 ʨ. ʪʘ ʪʝʤʘʪʠʢʠ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʪʘ 

ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ ɺɸʊ çʋʢʨʘʚʪʦʙʫʩʧʨʦʤè (ʤ. ʃʴʚʽʚ).  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʥʠʭ 

ʨʦʙʽʪ ʧʽʜ ʧʝʚʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʢʦʥʦʜʘʚʯʽʡ 

ʥʦʨʤʘʪʠʚʥʽʡ ʙʘʟʽ ʱʦʜʦ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʢʘʟʘʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʘʚʘʥʪʘʞʝʥʴ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʫʧʨʦʜʦʚʞ 5ï15 ʨʦʢʽʚ;  

ï ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʤʝʪʘʣʫ 

ʥʘʩʘʤʧʝʨʝʜ ʥʝʩʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʥʘ ʟʤʽʥʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙ ʽ ʟôʻʜʥʘʥʴ ʢʘʨʢʘʩʫ;  

ï ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʝʬʝʢʪʫ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʚʧʨʦʜʦʚʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʧʘʩʠʚʥʫ 

ʙʝʟʧʝʢʫ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ;  

ï ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʪʘ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʥʘ ʧʘʩʠʚʥʫ ʙʝʟʧʝʢʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʪʘ ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʦʛʦ 
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ʧʦʨʦʛʦʚʦʛʦ ʨʽʚʥʷ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʦʧʨʦʢʘʪʫ 

ʢʘʨʢʘʩʫ ʟ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʢʦʥʦʜʘʚʯʽʡ ʥʦʨʤʘʪʠʚʥʠʡ ʙʘʟʽ 

(ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66, ˉ 107);  

ï ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ-

ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʙʽʛʫ ʽ ʯʘʩʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʨʽʟʥʽ ʪʠʧʦʚʽ ʫʤʦʚʠ ï ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʙʫʩʽʚ;  

ï ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʦʨʪʘʤʝʥʪʽʚ ʧʨʦʢʘʪʫ ʽ ʤʘʨʦʢ ʩʪʘʣʽ ʥʘ ʟʤʽʥʫ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʟ ʫʤʦʚ ʜʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ 

ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ;  

ï ʨʦʟʨʦʙʢʘ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʩʠʥʪʝʟʫ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʽ ʩʬʝʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ï ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ;  

ï ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʥʦʚʣʝʥʥʷ ɼʉʊʋ 3649: 2010 ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ ʚʠʙʨʘʢʫʚʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʧʨʠ 

ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʧʦʛʽʨʰʝʥʥʽ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ ʪʘ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ. 

 ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʪʘ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʩʪʘʨʽʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʧʨʦʻʢʪʥʠʭ ʨʦʙʽʪ ʟ ʢʫʟʦʚʦʙʫʜʫʚʘʥʥʷ ʟʛʽʜʥʦ ʫʤʦʚ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ ʨʝʩʫʨʩʫ 

ʢʫʟʦʚʘ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʟʛʽʜʥʦ ʫʤʦʚ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʾ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʧʨʦʛʥʦʩʪʠʯʥʽʡ ʦʮʽʥʮʽ ʨʝʩʫʨʩʫ 

ʢʫʟʦʚʘ ʟʛʽʜʥʦ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʦʚʠʭ ʩʬʝʨ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʙʫʩʽʚ, ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʩʧʝʢʪʨʘʣʴʥʦʾ ʪʝʦʨʽʾ ʧʽʜʨʝʩʦʨʶʚʘʥʥʷ 
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ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ. ʋ ʧʨʦʮʝʩʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʨʝʩʫʨʩʫ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ 

ʜʦʧʫʩʪʠʤʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʧʨʠ ʧʝʨʝʢʠʜʘʥʥʽ (ɭɽʂ ʆʆʅ ˉ 66). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʚʧʝʨʰʝ:  

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʙʝʟʧʝʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ;  

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʪʨʦʣʽʚ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦʧʦʚʥʝʥʥʷ-ʟʤʽʥʠ ʜʦ 

ɼʉʊʋ 3649: 2010 (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ);  

ï ʦʧʨʘʮʴʦʚʘʥʦ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʚ ʘʩʧʝʢʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʢʫʟʦʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʝʚʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝʦʙʭʽʜʥʠʤ 

ʙʝʟʧʝʯʥʠʤ ʨʝʩʫʨʩʦʤ ʢʫʟʦʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 

ʢʘʨʢʘʩʫ;  

ï ʜʘʥʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʠʧʫ ʽ ʩʪʘʥʫ ʘʚʪʦʜʦʨʽʛ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʘʚʪʦʙʫʩʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʙʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ 

(ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ  ̄66); 

ʥʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ:  

ï ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʢʫʟʦʚʘ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʪʘ ʦʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʘʶʪʴ:  
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ς ʤʝʪʦʜ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʙʝʟʧʝʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ; 

ï ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʚ ʘʩʧʝʢʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʢʫʟʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʝʚʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝʦʙʭʽʜʥʠʤ ʙʝʟʧʝʯʥʠʤ 

ʨʝʩʫʨʩʦʤ ʢʫʟʦʚʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ; 

ï ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʠʧʫ ʽ ʩʪʘʥʫ ʘʚʪʦʜʦʨʽʛ ʜʣʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ʘʚʪʦʙʫʩʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʙʝʟʧʝʯʥʠʡ ʨʝʩʫʨʩ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66; 

ï ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʥʦʨʤʘʪʠʚʥʠʤ 

ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ ʢʦʥʪʨʦʣʽʚ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦʧʦʚʥʝʥʥʷ-ʟʤʽʥʠ ʜʦ ɼʉʊʋ 3649: 2010; 

ï ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʢʫʟʦʚʘ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʪʘ ʦʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ; 

ς ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ς ʪʝʭʥʦʣʦʛʽʷ ʦʥʦʚʣʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ. 

ʈʦʙʦʪʘ ʤʘʻ ʪʝʦʨʝʪʠʯʥʝ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʧʦʚʥʶʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʪʘ ʟʜʦʙʫʣʠ ʚʽʜʧʦʚʽʜʥʫ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʫ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʥʠʭ 

ʨʦʙʽʪ ʫ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè ʪʘ ɺɸʊ çʋʢʨʘʚʪʦʙʫʩʧʨʦʤè. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦʾ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʘʪʠʢʠ ʢʘʬʝʜʨʠ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʪʨʘʢʪʦʨʽʚ ʃʴʚʽʚʩʴʢʦʛʦ  ʥʘʮʽʦʥʘʣʴʥʦʛʦ   ʫʥʽʚʝʨʩʠʪʝʪʫ  
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ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ  çʈʦʟʨʦʙʢʘ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ, ʧʨʦʻʢʪʥʦ-

ʢʝʨʦʚʘʥʠʭ, ʨʝʩʫʨʩʦʦʱʘʜʥʠʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʽʡ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʡʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷè,  

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0121U109289, ʚʽʜ 04.03.2021 ʨ. ʪʘ ʪʝʤʘʪʠʢʠ ʜʦʩʣʽʜʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ ɺɸʊ çʋʢʨʘʚʪʦʙʫʩʧʨʦʤè 

(ʤ. ʃʴʚʽʚ).  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʡʥʷʪʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ɺɸʊ çʋʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʘʚʪʦʙʫʩʦ-ʪʨʦʣʝʡʙʫʩʦʙʫʜʫʚʘʥʥʷè, ɸʊ çʏʝʨʢʘʩʴʢʠʡ 

ʘʚʪʦʙʫʩè, ʇʨɸʊ çɯʉʋɿʋ-ɸʊɸʄɸʅ ʋʂʈɸɰʅɸè, ʊʆɺ çʇʝʨʝʩʫʚʥʘ ʤʝʭʘʥʽʟʦʚʘʥʘ 

ʢʦʣʦʥʘ ˉ 92è. ʄʘʪʝʨʽʘʣʠ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʙʘʢʘʣʘʚʨʽʚ ʽ ʤʘʛʽʩʪʨʽʚ ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 274 ï ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠ 

ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ: çɸʚʪʦʤʦʙʽʣʽè, çʊʝʭʥʽʯʥʘ, ʢʦʤʧôʶʪʝʨʥʘ ʪʘ ʜʠʩʪʘʥʮʽʡʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ ʘʚʪʦʤʦʙʽʣʽʚè, çɺʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚè, çʅʘʜʽʡʥʽʩʪʴ ʤʘʰʠʥ ʽ 

ʩʠʩʪʝʤè.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʫʚʽʡʰʣʠ ʜʦ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʪʘ ʚʠʢʣʘʜʝʥʦ ʚ 

ʨʦʙʦʪʘʭ [89, 102, 108, 113]. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʜʠʩʝʨʪʘʥʪʘ ʚ ʢʦʣʝʢʪʠʚʥʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ: ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʩʪʠʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ 

ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ [47, 88, 90, 97],  ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ 

ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʝʛʫʣʷʨʥʠʭ ʪʝʭʥʽʯʥʠʭ ʢʦʥʪʨʦʣʽʚ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦʧʦʚʥʝʥʥʷ-ʟʤʽʥʠ ʜʦ ɼʉʊʋ 3649: 2010 

(ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ) [99, 152, 156], ʦʧʨʘʮʴʦʚʘʥʦ 

ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʚ ʘʩʧʝʢʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʢʫʟʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʧʝʚʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝʦʙʭʽʜʥʠʤ ʙʝʟʧʝʯʥʠʤ 

ʨʝʩʫʨʩʦʤ ʢʫʟʦʚʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʢʦʨʦʟʽʾ ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ 

[125, 131, 138], ʜʘʥʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʪʠʧʫ ʽ ʩʪʘʥʫ ʘʚʪʦʜʦʨʽʛ ʜʣʷ ʨʽʟʥʠʭ 
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ʢʣʘʩʽʚ ʘʚʪʦʙʫʩʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ [66, 88, 90, 99], 

ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʢʫʟʦʚʘ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ 

ʽ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʢʘʨʢʘʩʫ ʪʘ ʦʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ 

ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ [86, 99], ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʧʦʛʽʨʰʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ [54, 100, 106], 

ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ [130], ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʘʩʣʽʜʢʠ ʚʚʝʜʝʥʥʷ ʧʣʦʱʘʜʦʢ ʥʠʟʴʢʦʛʦ 

ʚʭʦʜʫ çlow-entryè ʚ ʩʪʨʫʢʪʫʨʫ ʥʝʩʽʚʥʦʛʦ ʢʫʟʦʚʘ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʨʝʩʫʨʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʙʫʩʽʚ  [8, 79], ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʟ̔ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʪʘ ʦʧʨʘʮʴʦʚʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʦ ʚʠʪʨʘʪʘʭ ʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʪʝʨʤʽʥʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ [16, 77], ʟʘʩʪʦʩʦʚʘʥʦ 

ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʩʠʪʫʘʮʽʾ ʚ ʋʢʨʘʾʥʠ ʱʦʜʦ ʚʧʣʠʚʫ ʪʨʠʚʘʣʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽ ʾ

ʥʘ ʙʝʟʧʝʯʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ [55], ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʟ̔ ʤʝʪʦʶ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʫ ʤʝʞʘʭ 

ʜʦʧʫʩʪʠʤʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ ʘʚʪʦʙʫʩʽʚ, ʱʦ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʬʦʨʤʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʽʚ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ   [55, 58, 59, 60]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʷ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ: 

ɯɯ, ɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʚʪʦʙʫʩʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚ ʋʢʨʘʾʥʽè (ʤ. ʃʴʚʽʚ 2016, 2018 ʨ.) [68, 159]; 

IV ʤʞ̔ʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ɯʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè (ʤ. ɺʽʥʥʠʮʷ 2016 ʨ.) [53]; ʍ, 

ʍɯV ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè (ʤ. ɺʽʥʥʠʮʷ 2017, 2021 ʨʨ.) 

[107, 161]; V, Vɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ɯʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè (ʤ. ɺʽʥʥʠʮʷ  

2017, 2018 ʨʨ.) [83, 104]; ɯʍ, ʍ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ɯʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè 
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(ʤ. ɺʽʥʥʠʮʷ  2021, 2022 ʨʨ.) [101, 102]; ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʤʦʥʪʫ ʽ ʩʝʨʚʽʩʫ 

ʘʚʪʦʤʦʙʽʣʽʚè (ʤ. ʄʠʢʦʣʘʾʚ, 2016, 2017, 2018 ʨʨ.) [93, 144, 150]; ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʪʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʠʩʚʷʯʝʥʦʾ 85-ʨʽʯʯʶ 

ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 100-ʨʽʯʯʶ ʟ ɼʥʷ ʥʘʨʦʜʞʝʥʥʷ ʧʨʦʬʝʩʦʨʘ 

ɸ. ɹ. ɻʨʝʜʝʩʢʫʣʘ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚè (ʤ. ʍʘʨʢʽʚ, 20ï21 ʞʦʚʪʥʷ 2016 ʨ.) [142]; ɯɯ ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʽ 

ʥʘʧʨʷʤʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷè (ʤ. ʃʴʚʽʚ, 16ï18 ʙʝʨʝʟʥʷ 2017 ʨ.) [78]; 13-ʤʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ ʫʢʨʘʾʥʩʴʢʠʭ ʽʥʞʝʥʝʨʽʚ-ʤʝʭʘʥʽʢʽʚ ʫ ʃʴʚʦʚʽ  (ʤ. ʃʴʚʽʚ  

2017 ʨ.) [66]; ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʚʪʦʤʦʙʽʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʽ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ. ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʤʝʪʦʜʠ ʧʽʜʛʦʪʦʚʢʠ 

ʬʘʭʽʚʮʽʚè (ʤ. ʍʘʨʢʽʚ, 19ï20 ʞʦʚʪʥʷ 2017 ʨ.) [81]; ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫè (ʤ. ʍʘʨʢʽʚ, 16ï19 ʞʦʚʪʥʷ 2018 ʨ.) [79]; ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʤʫ ʩʝʤʽʥʘʨʽ çɿʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ 

ʪʘ ʪʨʘʢʪʦʨʽʚè (ʤ. ʍʘʨʢʽʚ, 22 ʪʨʘʚʥʷ 2019 ʨ.) [125]; ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʚʠʪʢʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤè 

(ʤ. ʈʽʚʥʝ 28ï29 ʣʠʩʪʦʧʘʜʘ 2019 ʨ.) [86]; ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ on-

line ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ,  ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʩʚʷʯʝʥʦʾ ɼʥʶ 

ʥʘʫʢʠ (ʤ. ɾʠʪʦʤʠʨ, 11ï15 ʪʨʘʚʥʷ 2020 ʨ.) [84]; ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʠʩʚʷʯʝʥʦʾ 90-ʨʽʯʯʶ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚè (ʤ. ʍʘʨʢʽʚ, 27ï29 ʞʦʚʪʥʷ 2021 ʨ.) [91]; ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɽʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʘ ʧʦʣʽʪʠʢʘ ʚ ʫʤʦʚʘʭ 

ʩʚʽʪʦʚʦʾ ʢʨʠʟʠ: ʧʨʦʙʣʝʤʠ ʽ ʰʣʷʭʠ ʧʦʜʦʣʘʥʥʷè (ʤ. ʏʝʨʢʘʩʠ, 25 ʣʠʩʪʦʧʘʜʘ 

2021 ʨ.) [157]; ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʠʭ 

ʤʽʞʛʘʣʫʟʝʚʠʭ ʜʦʩʣʽʜʞʝʥʴè (ʤ. ɺʽʥʥʠʮʷ, 26ï27 ʣʠʩʪʦʧʘʜʘ 2021 ʨ.) [152]. 
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ʇʫʙʣʽʢʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʩʚʽʪʣʝʥʽ ʫ 46 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 1 ʤʦʥʦʛʨʘʬʽʷ (ʫ ʟʘʢʦʨʜʦʥʥʦʤʫ 

ʚʠʜʘʥʥʽ), 22 ʧʫʙʣʽʢʘʮʽʾ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʜʝʨʞʘʚ 

(ʟ ʥʠʭ 11 ʧʫʙʣʽʢʘʮʽʡ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ 5 ʧʫʙʣʽʢʘʮʽʡ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʽʥʜʝʢʩʫʻʪʴʩʷ ʫ Scopus); 23 ʪʝʟʠ ʫ ʟʙʽʨʥʠʢʘʭ 

ʜʦʧʦʚʽʜʝʡ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 6 ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 

ʩʪʘʥʦʚʠʪʴ 355   ʩʪʦʨʽʥʦʢ, 103 ʨʠʩʫʥʢʠ, 25 ʪʘʙʣʠʮʴ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

ʥʘ 20 ʩʪʦʨʽʥʢʘʭ. 

ɿʜʦʙʫʚʘʯ ʚʠʩʣʦʚʣʶʻ ʧʦʜʷʢʫ ʧʨʦʚʽʜʥʦʤʫ ʚʯʝʥʦʤʫ ʚ ʛʘʣʫʟʽ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʂʨʘʡʥʠʢʫ ʃʶʙʦʤʠʨʫ ɺʘʩʠʣʴʦʚʠʯʫ, ʜʦʢʪʦʨʫ ʪʝʭʥʽʯʥʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʦʨʫ, ʛʦʣʦʚʽ ʧʨʘʚʣʽʥʥʷ ɺɸʊ çʋʢʨʘʾʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʘʚʪʦʙʫʩʦ-

ʪʨʦʣʝʡʙʫʩʦʙʫʜʫʚʘʥʥʷè, ʧʨʦʬʝʩʦʨʫ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʪʨʘʢʪʦʨʽʚ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘ ʢʦʥʩʫʣʴʪʫʚʘʥʥʷ ʪʘ 

ʚʩʝʙʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʜʠʩʝʨʪʘʮʽʾ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ɯ ɸʅɸʃɯɿ ɯʉʅʋʖʏʀʍ ɼʆʉʃɯɼɾɽʅʔ ɯ ʉʀʊʋɸʎɯɰ ɿ 

ɸɺʊʆɹʋʉʅʀʄ ʇɸʈʂʆʄ. ʇʆʉʊɸʅʆɺʂɸ ʇʈʆɹʃɽʄʀ  

 

   1.1 ɯʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ 

  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ çʊʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫè 

[1] ʚ ʋʢʨʘʾʥʽ ʟʘʧʣʘʥʦʚʘʥʽ ʧʦʩʪʫʧʦʚʝ ʦʥʦʚʣʝʥʥʷ ʘʚʪʦʙʫʩʥʦʛʦ ʧʘʨʢʫ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ  ʧʝʨʝʚʝʟʝʥʴ. ʆʜʥʘʢ ʧʝʨʝʚʽʟʥʠʢʠ ʥʝ ʟʘʚʞʜʠ ʡʜʫʪʴ ʥʘ ʟʘʢʫʧʽʚʣʶ 

ʥʦʚʠʭ ʘʚʪʦʙʫʩʽʚ, ʧʦʷʩʥʶʶʯʠ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʪʘ ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʦʢʫʧʥʦʩʪʽ 

(ʙʣʠʟʴʢʦ 5 ʨʦʢʽʚ, ʘ ʪʦ ʽ ʙʽʣʴʰʝ). ʂʨʽʤ ʪʦʛʦ ʪʝʨʤʽʥ ʜʽʾ ʦʪʨʠʤʘʥʠʭ ʪʝʥʜʝʨʽʚ ʥʘ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʨʦʢʽʚ. ɯ ʷʢ ʨʝʟʫʣʴʪʘʪ ʘʚʪʦʙʫʩʥʠʡ ʧʘʨʢ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʦʥʦʚʣʶʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʜʦʚʞʫʻ ʩʪʘʨʽʪʠ ʪʘ ʘʚʪʦʙʫʩʠ ʩʪʘʶʪʴ 

ʦʙôʻʢʪʦʤ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ ʷʢ ʜʣʷ ʧʘʩʘʞʠʨʽʚ, ʪʘʢ ʽ ʜʣʷ ʚʩʴʦʛʦ ʦʪʦʯʝʥʥʷ. ɿʘ 

ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [2] ʚ ʋʢʨʘʾʥ ̔ʪʽʣʴʢʠ 44% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʙʫʩʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʽʤ ʥʦʨʤʘʤ ʙʝʟʧʝʢʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ 

ʧʘʩʘʞʠʨʽʚ, ʜʘʥʽ ʷʢʦʛʦ ʙʘʟʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʚʽʟʫʘʣʴʥʠʭ ʤʝʪʦʜʘʭ ʢʦʥʪʨʦʣʶ. 

ʇʨʠ ʧʝʨʝʢʠʜʘʥʥʽ ʘʚʪʦʙʫʩʘ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 [3] ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʜʦ ʚʠʤʦʛ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ (ʇɹ). ʆʜʥʘʢ ʥʘ ʝʪʘʧʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ (ɽʇ) ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ɯʄ), 

ʱʦ ʟʥʘʯʥʦ ʜʝʰʝʚʰʝ ʨʫʡʥʫʚʘʥʥʷ ʥʦʚʦʛʦ ʘʚʪʦʙʫʩʘ. ɺ ʨʦʙʦʪʽ [4] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʥʘʣʝʞʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʛʦʪʨʠʚʘʣʫ ʽ 

ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʘʚʪʦʙʫʩʘ ʚʮʽʣʦʤʫ. ʆʜʥʘʢ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʝ ʚʢʘʟʘʥʦ, ʱʦ 

ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʢʦʨʦʟʽʾ ʪʘ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ (ʈʂɸ). ʏʝʨʝʟ 5ï9 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʙʫʩʽʚ ʩʪʨʫʢʪʫʨʥʘ ʢʦʨʦʟʽʷ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʜʘʣʴʰʫ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʪʦʤʫ ʪʘʢʽ 

ʘʚʪʦʙʫʩʠ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ (ɺʈ). ʋ ʨʦʙʦʪʽ [5] ʜʦʚʝʜʝʥʦ, 

ʱʦ ʟʙʠʪʢʠ ʚʽʜ ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʚʪʦʙʫʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʊʦʤʫ ʧʽʜ ʯʘʩ ɯʄ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ 
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ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ.  

ɸʚʪʦʨʘʤʠ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʘʚʪʦʙʫʩʽʚ, ʱʦ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ ʟʙʽʣʴʰʫʻ ʚʘʛʫ ʘʚʪʦʙʫʩʽʚ ʪʘ ʾʭ ʚʘʨʪʽʩʪʴ. ʋ ʨʦʙʦʪʽ [7] 

ʧʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʧʦʟʜʦʚʞʥʽʭ ʙʘʣʦʢ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʨʘʤ 

ʧʽʜ ʯʘʩ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥ ̔ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ. 

ɺ ʨʦʙʦʪʽ [8] ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʘʚʪʦʙʫʩʽʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤʠ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʜʯʘʩʥʠʭ ʧʦʰʢʦʜʞʝʥʴ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʽʩʦʢ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ 

ʧʘʩʘʞʠʨʽʚ ʫ ʘʚʪʦʙʫʩʘʭ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʠʧʫ low-entry. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʠʱʝ ʚʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘʚʪʦʙʫʩʠ ʪʘʢʦʛʦ ʪʠʧʫ 

ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʟʨʫʯʥʽ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [9, 10]. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʩʫʪʪʻʚʦʾ ʯʘʩʪʢʠ 

ʧʝʨʝʚʽʟʥʠʢʽʚ ʪʘ ʟʘʚʦʜʽʚ-ʚʠʨʦʙʥʠʢʽʚ. ɯʩʥʫʻ ʪʘʢʦʞ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʙʫʩʽʚ ʧʘʩʘʞʠʨʘʤʠ [11], ʦʜʥʘʢ ʚʦʥʘ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦ ʜʦ ʨʝʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʦʞʝʣʝʜʠʮʝʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʦʣʷʥʦ-ʧʽʩʯʘʥʽ ʩʫʤʽʰʽ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʟʘʩʦʙʠ ʥʘ ʦʩʥʦʚʽ ʭʣʦʨʠʜʫ ʤʘʛʥʽʶ, ʱʦ ʩʪʚʦʨʶʶʪʴ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʢʦʨʦʟʽʾ [12]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʢʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʚʦʻʯʘʩʥʝ ʨʝʛʫʣʷʨʥʝ ʤʠʪʪʷ ʘʚʪʦʙʫʩʽʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʞʝ ʟʤʝʥʰʫʻ ʘʛʨʝʩʠʚʥʠʡ 

ʚʧʣʠʚ ʩʦʣʷʥʦ-ʧʽʩʯʘʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʢʫʟʦʚ [13]. ʋ ʨʦʙʦʪʽ [14] ʦʧʠʩʘʥʦ ʟʘʭʦʜʠ ʧʦ 

ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ ʢʫʟʦʚʠ ʘʚʪʦʤʦʙʽʣʽʚ. ʎʽ ʟʘʭʦʜʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɺ ʨʦʙʦʪʽ [15] ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʰʢʽʣʴʥʠʭ ʘʚʪʦʙʫʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ɯʄ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʜʦʟʚʦʣʠʪʴ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʢʦʨʦʟʽʾ. ɺ ʨʦʙʦʪʽ [16] 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʩʫʨʩ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʛʦʥʽʚ, ʚʦʜʥʦʛʦ ʪʘ 

ʧʦʚʽʪʨʷʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɺ ʨʦʙʦʪʘʭ [17ï21] ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʶʚʘʥʥʷ 
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ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʦʨʦʟʽʾ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʨʦʙʦʪʽ [22] 

ʦʧʠʩʘʥʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʘʞʝʣʷ ʧʽʜʚʽʩʢʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʘʢʪʫʘʣʴʥʠʤ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ. ʆʜʥʘʢ ʚ ʮʽʡ ʤʦʜʝʣʽ [22] ʪʘʢʦʞ ʥʝ ʚʨʘʭʦʚʘʥʝ ʢʦʨʦʟʽʡʥʝ 

ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʝʪʘʣʽ. ʅʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʥʘ ʤʽʮʥʽʩʪʴ 

ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʨʦʚʦʜʷʪʴʩʷ [23ï25], ʦʜʥʘʢ ʪʘʢʠʡ ʩʧʦʩʽʙ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

ʋ ʨʦʙʦʪʽ [26] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʨʠʡʥʷʪʪʷ ʢʦʤʬʦʨʪʫ ʧʘʩʘʞʠʨʽʚ ʘʚʪʦʙʫʩʘ 

ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʪʘ ʯʘʩʫ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ. ʆʜʥʘʢ ʫ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʝ ʚʨʘʭʦʚʘʥʦ ʬʘʢʪʦʨ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʛʽʨʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʽʜ ʯʘʩ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʢʪʫʘʣʴʥʠʤ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʚʪʦʨʘʤʠ [27]. ʋ ʩʪʘʪʪ̔  

[28] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʮʽʥʢʘ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʛʝʥʝʨʫʚʘʥʥʽ ʚʽʙʨʘʮʽʾ 

ʚʽʜ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʢʫʟʦʚ ʘʚʪʦʤʦʙʽʣʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʧʽʜʭʽʜ [28] ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ (ʇʈʂɸ) ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʇɹ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  ɺ 

ʨʦʙʦʪʽ [29] ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʝʟʧʝʮʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ 

ʤʽʩʪʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʦʻʜʥʘʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʠʥʥʠʢʽʚ ʪʘ [29] 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʘʨʽʡʥʠʭ ʯʘʩʪʦʪ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ 

ʜʦʧʦʚʥʠʪʠ ʡ ʯʠʥʥʠʢʘʤʠ ʚʧʣʠʚʫ ʥʘ ʇɹ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʫ ʤʽʩʪʽ. ʇʨʠ 

ʚʠʙʨʘʢʦʚʫʚʘʥʥʽ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʥʝ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ʇɹ, ʚʘʞʣʠʚʠʤ ʙʫʜʝ ʧʣʘʥʫʚʘʥʥʷ ʟʘʢʫʧʽʚʝʣʴ ʘʚʪʦʙʫʩʽʚ ʘʥʘʣʦʛʽʯʥʦ 

ʧʨʦʧʦʟʠʮʽʷʤ ʘʚʪʦʨʽʚ [30]. ɺʨʘʭʦʚʫʶʯʠ ʪʝ ʱʦ ʥʘ ʘʚʪʦʙʫʩʘʭ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʽ ʧʽʜʚʽʩʢʠ, ʪʦ 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʽʩʢʠ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʘʚʪʦʙʫʩʘ. 

ʊʘʢʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʚʪʦʨʘʤʠ [31] ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʙʦʪʠ ʧʥʝʚʤʘʪʠʯʥʦʾ ʧʽʜʚʽʩʢʠ ʝʣʝʢʪʨʦʥʥʠʤ ʢʫʨʫʚʘʥʥʷʤ. ʊʘʢʘ ʦʧʪʠʤʽʟʘʮʽʷ [31] 

ʧʨʠʟʚʝʜʝ ʜʦ ʤʝʥʰʠʭ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʫʟʦʚ ʘʚʪʦʙʫʩʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʡʦʛʦ 

ʙʽʣʴʰʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʠʪʴ ʙʽʣʴʰ ʜʦʚʛʦʪʨʠʚʘʣʫ 
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ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʚʠʤʦʛʘʤ ʇɹ [3]. ʋ ʨʦʙʦʪʽ [32] ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ʊʘʢʽ ʤʝʪʦʜʠ [32] ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʈʂɸ. ʗʢʽʩʪʴ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ 

(ʤʽʢʨʦʧʨʦʬʽʣʴ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʈʂɸ ʪʘ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ 

ʇɹ [3]. ʇʠʪʘʥʥʷ ʱʦʜʦ ʇɹ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʽ ʧʦ 

ʽʥʰʦʤʫ ï ʟʘʧʦʙʽʛʘʪʠ ʡʦʛʦ ʧʝʨʝʢʠʜʘʥʥʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ [33] ʧʨʠ ʨʫʩʽ ʚʘʥʪʘʞʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʚ ʤʽʩʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʤʦʥʪʦʚʘʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʜʥʘʢ ʇɹ ʪʘ ʾʾ ʧʦʩʪʽʡʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʽʜ ʯʘʩ ʚʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʙʫʩʘ  ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠʩʴ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ [34]. ɸʚʪʦʨʘʤʠ [35] 

ʧʦʩʪʘʚʣʝʥʦ ʧʠʪʘʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʇɹ ʘʚʪʦʙʫʩʽʚ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʟʘʤʽʩʪʴ ʥʘʪʫʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ɯʄ. ɸʚʪʦʨʠ [35] ʩʚʦʾʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʘʚʦ ʥʘ ʽʩʥʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʄ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʚʪʦʙʫʩʽʚ ʥʘ ʾʭ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʇʨʘʚʠʣʘʤ [3]. 

ʆʜʥʘʢ ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ [35] ʩʪʦʩʫʻʪʴʩʷ ʪʽʣʴʢʠ ʥʦʚʠʭ ʘʚʪʦʙʫʩʽʚ ʪʘ ʥʝ ʚʨʘʭʦʚʫʻ 

ʜʝʛʨʘʜʘʮʽʶ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʨʦʙʦʪʽ [36] ʱʝ ʚ 2010 ʨʦʮʽ ʙʫʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʽ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʇɹ ʽ ʤʽʮʥʦʩʪʽ ʘʚʪʦʙʫʩʥʠʭ 

ʢʫʟʦʚʽʚ ʥʘ ɽʇ. ʋ ʨʦʙʦʪʽ [36] ʪʘʢʦʞ ʥʝ ʨʦʟʛʣʷʜʘʣʦʩʴ ʧʠʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʇɹ 

ʘʚʪʦʙʫʩʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɺ ʨʦʙʦʪʘʭ [37, 38, 39] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʴ ʥʘʧʨʫʞʝʥʴ ʫ ʨʘʤʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʨʘʥʘ ʪʘ ʩʤʽʪʪʻʚʦʟʘ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʨʘʭʦʚʘʥʦ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ. 

ɺ ʨʦʙʦʪʽ [40] ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ 

ʘʜˇʝʟʠʚʥʠʭ ʟôʻʜʥʘʥʴ ʜʣʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʢʣʘʜʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʘʚʪʦʙʫʩʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʊʫʪ [40] ʚʽʜʩʫʪʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ. ɺ ʨʦʙʦʪʽ 

[41] ʧʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʚʪʦʤʥʦʛʦ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʮʽʾ ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʦʛʦ 

ʘʚʪʦʙʫʩʘ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʨʠ ʧʨʠʩʢʦʨʝʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ. ɺ ʜʘʥʽʡ 
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ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʦʩʢʽʣʴʢʠ 

ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʽ ʘʚʪʦʙʫʩʠ ʤʘʶʪʴ ʥʝʩʽʚʥʫ ʪʘ ʙʝʟʨʘʤʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʢʫʟʦʚʘ. ʋ 

ʨʦʙʦʪʽ [42] ʥʘʚʝʜʝʥʦ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʜʣʷ ʦʮʽʥʢʠ ʚʪʦʤʥʦʛʦ ʨʝʩʫʨʩʫ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʽ ʪʨʦʣʝʡʙʫʩʽʚ. ʊʘʢʦʞ [42] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʚʘʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʠʰʝ ʥʝʩʽʚʥʦʛʦ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

[42] ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʥʘʪʫʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥ ɹʨʘʤʠ ʘʚʪʦʙʫʩʘ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɺ ʨʦʙʦʪʽ [43] ʦʧʠʩʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʪʽʣʴʢʠ ʽʟ ʥʝʩʽʚʥʠʤ ʢʫʟʦʚʦʤ ʥʘ ʜʦʨʦʛʘʭ ʽʟ 

ʩʧʝʮʽʘʣʴʥʠʤ ʧʦʢʨʠʪʪʷʤ. ɼʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ [43] ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʻ ʜʦʩʠʪʴ ʚʠʪʨʘʪʥʠʤ. ʄʝʪʦʜʦʣʦʛʽʯʥʦ ʨʦʙʦʪʘ [43] 

ʤʦʞʝ ʧʽʜʽʡʪʠ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʘ ʽ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ. 

ʇʨʦʙʣʝʤʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ (ʨʝʩʫʨʩʫ) ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʧʦʧʨʠ ʦʢʨʝʤʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʱʝ ʫ ʯʘʩʠ ʉʈʉʈ ʧʨʦʬ. ʈ. ɸ. ɸʢʦʧʷʥʘ [44, 45], ʢ.ʪ.ʥ. 

ɺ. ʄ. ʍʨʫʥʷ [45], ʢ.ʪ.ʥ. ɯ. ɯ. ʂʝʣʴʤʘʥʘ [46] ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ï ʢ.ʪ.ʥ. 

ɺ. ʉ. ʃʫʢʽʥʩʴʢʦʛʦ ʪʘ ʢ.ʪ.ʥ. ʄ. ɯ. ɺʻʨʴʦʚʢʽʥʘ [47] ʧʨʘʢʪʠʯʥʦ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 

25 ʨʦʢʽʚ ʚ ʋʢʨʘʾʥʽ ʥʝ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ. ʈʦʟʚʠʪʦʢ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʨʦʙʦʪʠ ʧʦ ʤʦʜʝʣʶʚʘʥʥʶ-ʨʦʟʨʘʭʫʥʢʫ ʢʫʟʦʚʘ ʟ ʫʤʦʚ ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʽ ʇɹ [48] 

ʜʦʟʚʦʣʷʶʪʴ ʥʘ ʷʢʽʩʥʦ ʥʦʚʦʤʫ ʨʽʚʥʽ ʩʬʦʨʤʫʚʘʪʠ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥ ɹ ʽ 

ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ [16] ɸʨʽʥʽʥ ɯ. ɯ. ʟʘʧʨʦʧʦʥʫʚʘʚ ʩʪʨʘʪʝʛʽʾ ʩʧʠʩʘʥʥʷ 

ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ 

ʨʽʚʥʷʥʥʷ ɹʝʣʣʤʘʥʘ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʽ ʘʙʦ ʧʨʠʙʫʪʦʢ 

ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ, ʘʙʦ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.   

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʽʚ ʟʘʨʫʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ 

ʚʞʝ ʟ ʜʝʷʢʠʤ ʧʨʦʙʽʛʦʤ ʧʦʯʘʣʠ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ɯʛʦʣʢʽʥʠʤ ɸ. ʄ. [16]. ɺ ʮʽʡ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʨʝʩʫʨʩ ʤʽʩʴʢʠʭ 

ʘʚʪʦʙʫʩʽʚ ʫ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʠʡ ʢʨʠʪʝʨʽʡ 

ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʡʦʛʦ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʦʙʣʝʥʝ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʚʠʟʥʘʯʝʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

 

.0
)()()(

>ʅCDP
LʫʜLʫʜLʫʜ
--=                                       (1.1) 

 

ʜʝ )(LʫʜP ï ʯʠʩʪʠʡ ʧʠʪʦʤʠʡ ʧʨʠʙʫʪʦʢ ʦʪʨʠʤʘʥʠʡ ʧʘʩʘʞʠʨʩʴʢʠʤ ɸʊʇ ʟʘ ʧʝʚʥʠʡ 

ʯʘʩ; 

)(Lʫʜ
D ï ʜʦʭʽʜ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʣʫʛ ʧʦ ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ; 

)(Lʫʜ
C ï ʧʠʪʦʤʽ ʧʦʪʦʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ (ɸʊʇ); 

ʅ ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʩʪʷʛʫʚʘʥʥʷʤ ʧʦʜʘʪʢʽʚ. 

ʗʢʫʥʽʥ ʉ. ʄ. [16] ʨʦʟʛʣʷʜʘʻ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʪʘʢʩʦʤʦʪʦʨʥʦʤʫ ʧʘʨʢʫ ʷʢ 

ʥʦʚʠʭ, ʪʘʢ ʽ ʚʞʠʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʽʚ ʘʚʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ï ʚʽʜʦʤʠʡ 

ʧʦʢʘʟʥʠʢ ʚʠʪʨʘʪ q ʥʘ ʦʜʠʥʠʮʶ ʪʨʘʥʩʧʦʨʪʥʦʾ ʨʦʙʦʪʠ, ʢʦʪʨʠʡ ʧʨʠ ʚʠʙʦʨʽ 

ʘʚʪʦʤʦʙʽʣʷ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʽʜʥʦʩʥʠʡ ʧʦʢʘʟʥʠʢ 

ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ 
ʦʵ
ʇ  ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ. 

 

[ ]

)/(}

1{

.
1

.

)()(

ʊLʊʎLNɿ
L

ʊLɿ

ʊɿeʝʎq

ʛʦʜʪʛʦʜʨʪʘʚʘʨʝʤ

n

ʽ
ʊʆʽ

ʛʦʜʊʆʽ

ʛʦʜʧʦʩʪ

LbaTLaʊa

ʥ

ʛʦʜʢʫʧʽʚʣʷʢʫʧʽʚʣʷ

DD++
D

+

+D+-Ö=

ä
=

Ö+ÖD-Ö+Ö-

              (1.2) 

 

ʜʝ ʥʎï ʚʘʨʪʽʩʪʴ ʥʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ; 

ʢʫʧʽʚʣʷ
T ï ʚʽʢ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʤʦʤʝʥʪ ʢʫʧʽʚʣʽ; 

ʢʫʧʽʚʣʷ
L ï ʧʨʦʙʽʛ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʤʦʤʝʥʪ ʢʫʧʽʚʣʽ; 

ʊD ï ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʫ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ çʘʚʪʦʤʦʙʽʣʴ-

ʚʣʘʩʥʠʢè; 

ʛʦʜL  ï ʩʝʨʝʜʥʽʡ ʨʽʯʥʠʡ ʧʨʦʙʽʛ ʘʚʪʦʤʦʙʽʣʷ; 
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ʛʦʜʧʦʩʪɿ .
ï ʧʦʩʪʽʡʥʽ ʨʽʯʥʽ ʚʠʪʨʘʪʠ ʧʦ ʜʦʧʫʩʢʫ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʨʦʛʠ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; 

ʊʆʽɿ  ï ʟʘʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ -̔ʪʦʛʦ ʚʠʜʫ;  

ʨʪN  ï ʥʦʨʤʘ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʝʤ; 

ʊʆʽL  ï ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ -̔ʪʦʛʦ ʚʠʜʫ; 

ʘʚʘʨʝʤɿ .
ï ʟʘʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʽʣʷ ʚ ʤʝʞʘʭ ʩʠʩʪʝʤʠ çʘʚʪʦʤʦʙʽʣʴ-ʚʣʘʩʥʠʢè; 

ʪʎ ï ʚʘʨʪʽʩʪʴ ʧʘʣʴʥʦʛʦ. 
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ʜʝ ʪʦʨɿ ï ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʽʣʽʚ; 

1t ï ʚʽʢ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʟʘʢʫʧʦʚʫʻʪʴʩʷ; 

ʵt ï ʚʽʢ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʨʦʜʘʻʪʴʩʷ; 

ʎD ï ʟʤʽʥʘ ʚʘʨʪʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ [16] ʧʦʢʘʟʘʥʦ, ʱʦ ʌʘʜʻʻʚʠʤ ɯ. ɺ. ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʚʝʨʥʝʥʦ ʥʘ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʫʟʦʚʽʚ. ɿʘʟʥʘʯʝʥʦ, ʱʦ ʚʪʨʘʪʠ ʚʽʜ ʢʦʨʦʟʽʾ 

ʢʫʟʦʚʽʚ ʟʘ 6ï7 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʩʢʣʘʜʘʶʪʴ 35ï40% ʾʭ 

ʚʘʨʪʦʩʪʽ, ʘ ʚʽʜ ʢʦʨʦʟʽʾ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʽ ʪʦʛʦ ʙʽʣʴʰʝ ï 60%. ʇʨʠ ʮʴʦʤʫ 

ʭʘʨʘʢʪʝʨ ʟʥʦʩʫ 60ï70% ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʽʚ ʚʽʜ ʥʘʧʨʘʮʶʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ 

ʜʥʠʱʘ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʨʝʛʨʝʩʽʾ 

 

aLyy
ʥ
+= .                                                         (1.4) 

 

ʆʜʥʘʢ ʨʽʚʥʷʥʥʷ (1.4) ʥʝ ʚʨʘʭʦʚʫʻ ʢʦʨʦʟʽʶ ʜʝʪʘʣʝʡ, ʪʦʤʫ ʌʘʜʻʻʚʠʤ ɯ. ɺ.  

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʦʧʦʚʥʝʥʦ ʨʽʚʥʷʥʥʷʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʢʦʨʦʟʽʡʥʝ ʟʥʦʰʫʚʘʥʥʷ 
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ʜʝ a ,
1a , b ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ; 

L ï ʧʨʦʙʽʛ ʘʚʪʦʤʦʙʽʣʷ. 

ɯ ʷʢ ʨʝʟʫʣʴʪʘʪ ʽʟ ʩʫʤʠ ʨʽʚʥʷʥʴ (1.4) ʽ (1.5) ʦʪʨʠʤʘʥʦ ʟʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ  

 

b

ʢʦʙʱ
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1
++= .                                         (1.6) 

 

ʇʠʪʦʤʝ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʧʝʨʰʘ ʧʦʭʽʜʥʘ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʦʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ 

1

1

-+= bbLaa
dt

dy
.                                                    (1.7) 

 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʘʚʪʦʙʫʩʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʧʘʩʘʞʠʨʘʤʠ ʪʘ 

ʧʨʠ ʥʠʟʴʢʽʡ ʷʢʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʨʽʛ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʪʦʤʫ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʨʦʙʦʪʫ ɿʠʨʷʥʦʚʘ ʄ. ɺ. [16]. 

ɿʠʨʷʥʦʚʠʤ ʄ. ɺ. ʩʢʘʟʘʥʦ, ʱʦ ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʭʦʜʫ ʽʟ ʣʘʜʫ ʥʝʩʽʚʥʠʭ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʽ ʰʠʥ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ. ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʮʠʭ 

ʩʢʣʘʜʦʚʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ, ʜʝ ʦʩʥʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʝʣʠʯʠʥʘ ʥʘʚʘʥʪʘʞʝʥʴ 

(ʥʘʧʨʫʞʝʥʴ) ʽ ʯʠʩʣʦ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʴ. ʎʠʢʣʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʭʘʨʘʢʪʝʨʥʘ ʪʘʢʦʞ 

ʜʣʷ ʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɺ ʷʢʦʩʪʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ D, ʷʢʘ 

ʧʨʦʧʦʨʮʽʡʥʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

ND m

iäs= ,                                               (1.8) 

 

ʜʝ isï ʚʝʣʠʯʠʥʘ -̔ʪʦʛʦ ʥʘʧʨʫʞʝʥʥʷ; 

Nï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ -̔ʪʦʛʦ ʥʘʧʨʫʞʝʥʥʷ; 

mï ʧʘʨʘʤʝʪʨ ʢʨʠʚʦʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʢʫʪ ʥʘʭʠʣʫ. 



    57 

ʂʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʽ ʥʘʧʨʫʞʝʥʴ ʚʠʟʥʘʯʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ 

ʥʘʚʝʜʝʥʦʾ ʚ ʩʪʘʪʪʽ [16] ʤʝʪʦʜʦʤ çʜʦʱʫè ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʘʢʝʪʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʚ ʨʦʙʦʪʽ [16] ʥʘʚʝʜʝʥʦ ʥʝʜʦʣʽʢʠ ʪʘ 

ʩʢʘʟʘʥʦ ɽʧʽʬʘʥʦʚʠʤ ʉ. ɺ. ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʝʪʦʜʫ çʜʦʱʫè. 

ɸʥʘʣʦʛʽʶ ʧʦ ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʨʝʩʫʨʩʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʽʟ 

ʚʘʛʦʥʘʤʠ ʪʨʘʥʩʧʦʨʪʝʨʘʤʠ, ʥʘʚʝʜʝʥʫ ɺʘʩʠʣʴʚ̒ʠʤ ɸ. ɺ., ʱʦ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ 

[16]. ɿʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʪʨʘʥʩʧʦʨʪʝʨʘ 
ʢT , ʱʦ ʧʽʜʣʷʛʘʻ ʜʽʾ 

ʢʦʨʦʟʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʘʣʝʞʥʦʩʪʽ 
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 ʜʝ ʬS ï ʬʘʢʪʠʯʥʘ ʤʽʥʽʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʝʣʝʤʝʥʪʘ; 

ʨS ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʝʣʝʤʝʥʪʘ; 

aï ʰʚʠʜʢʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦʾ ʢʦʨʦʟʽʾ. 

ɺʝʣʠʯʠʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʦʢʘʭ 
ʢT ʧʦ ʢʨʠʪʝʨʽʶ 

ʙʘʛʘʪʦʮʠʢʣʽʯʥʦʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ ʚʠʟʥʘʯʘʣʘʩʴ ʽʟ ʟʘʣʝʞʥʦʩʪʽ [16] 
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ʜʝ Na,s ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʟʦʥʠ ʪʨʘʥʩʧʦʨʪʝʨʘ  

ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ ʮʠʢʣʽ ʽ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʨʝʞʠʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʙʘʟʦʚʦʤʫ 

ʯʠʩʣʽ ʮʠʢʣʽʚ; 

][n  ï ʜʦʧʫʩʪʠʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʦʧʦʨʫ ʚʪʦʤʣʶʚʘʥʦʩʪʽ; 

m  ï ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʶ ʚ ʨʽʚʥʷʥʥʽ ʢʨʠʚʦʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ; 

0N  ï ʙʘʟʦʚʝ ʯʠʩʣʦ ʮʠʢʣʽʚ; 
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3,2,1cN  ï ʯʠʩʣʦ ʮʠʢʣʽʚ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʘʛʦʥ ʯʝʨʝʟ ʟʯʽʧʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʚʽʜ ʢʦʣʠʚʘʥʴ ʥʘ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ (ʟʘʚʘʥʪʘʞʝʥʥʷ-

ʨʦʟʚʘʥʪʘʞʝʥʥʷ) ʪʦʱʦ; 

),,( nkjiai =s  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʝʣʠʯʠʥʘ ʘʤʧʣʽʪʫʜʠ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʫʤʦʚʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʮʠʢʣʫ, ʧʨʠʚʝʜʝʥʘ ʜʦ ʙʘʟʦʚʦʛʦ ʯʠʩʣʘ ʮʠʢʣʽʚ, 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʦʰʢʦʜʞʫʶʯʽʡ ʜʽʾ ʨʝʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

I

ajs ï ʘʤʧʣʽʪʫʜʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ j ʜʽʘʧʘʟʦʥʘʭ ʫʜʘʨʥʠʭ ʧʦʚʟʜʦʚʞʥʽʭ ʩʠʣ; 

II

aks ï ʘʤʧʣʽʪʫʜʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ k ʜʽʘʧʘʟʦʥʘʭ ʚʽʜ ʢʦʣʠʚʘʥʴ ʥʘ ʨʝʩʦʨʥʠʭ 

ʧʽʜʚʽʩʢʘʭ; 

III

ans ï ʘʤʧʣʽʪʫʜʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ n ʜʽʘʧʘʟʦʥʘʭ ʚʽʜ ʮʠʢʣʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ-

ʨʦʟʚʘʥʪʘʞʝʥʥʷ; 

i

nkjP ,, ï ʚʠʥʠʢʥʝʥʥʷ ʘʤʧʣʽʪʫʜ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʜʝ ʽ=ɯ, ɯɯ, ɯɯɯ). 

ɿʘʡʥʠʜʜʽʥʦʚ ʅ. ʉ., ʤʝʪʦʜʠʢʘ ʷʢʦʛʦ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ [16], ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʽ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʚʪʦʤʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʈʝʘʣʽʟʘʮʽʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ 

ɿʘʡʥʠʜʜʽʥʦʚʠʤ ʅ. ʉ. ʧʨʦʚʦʜʠʣʘʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʂɽ) ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʤʝʭʘʥʽʯʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʇʦʙʫʜʦʚʘ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʾ 

ʤʦʜʝʣʽ ʪʘ ɯʄ ʨʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ Solid Works.  

ɺ ʨʦʙʦʪʽ [16] ʧʦʢʘʟʘʥʦ, ʷʢʠʤ ʯʠʥʦʤ ɸʨʭʠʧʦʚʠʤ ɺ. ɸ. ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʦʙʢʫ 

ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘ ʝʪʘʧʽ ʾʭ ʨʝʤʦʥʪʫ ʽʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʜʥʽʭ ʤʦʩʪʽʚ. ɺʠʷʚʣʝʥʽ 

ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʟʘʜʥʽʭ ʤʦʩʪʽʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʾʭ ʨʝʤʦʥʪʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʘ ʤʦʜʝʣʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʨʝʩʫʨʩʫ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ ʚʽʜ 

ʤʦʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʝʷʢʽ ʤʦʜʝʣʽ ʤʽʩʴʢʠʭ 

ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ʧʦʪʝʨʧʘʶʪʴ ʧʝʨʝʜʯʘʩʥʠʤ ʚʠʭʦʜʦʤ ʽʟ ʣʘʜʫ ʛʦʣʦʚʥʠʭ 
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ʧʝʨʝʜʘʯ.  ʊʦʤʫ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʨʝʩʫʨʩʫ ʽ ʟʘʜʥʽʭ ʤʦʩʪʽʚ ʘʚʪʦʙʫʩʽʚ. 

ɹʦʨʠʩʦʚ ʉ. ɺ. ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʘʥʘʣʦʛʽʯʥʦ ʽʟ ɺʘʩʠʣʴʻʚʠʤ ɸ. ɺ. [16], 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʦʞ ʟʘʣʝʞʥʦʩʪʽ (1.9) ʽ (1.10), ʧʨʦʚʦʜʠʣʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʛʦʥʽʚ 

ʤʝʪʨʦʧʦʣʽʪʝʥʫ. ʇʨʠ ʮʴʦʤʫ ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʚʦʜʠʣʘʩʴ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʦʛʦ ʽʟ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʩʪʘʪʠʢʠ 

 

[]{} {}***
FqK =Ö ,                                              (1.11) 

 

ʜʝ []*K , {}*q  ʪʘ {}*F  ï ʚʽʜʧʦʚʽʜʥʦ ʛʣʦʙʘʣʴʥʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ, ʛʣʦʙʘʣʴʥʠʡ 

ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʛʣʦʙʘʣʴʥʠʡ ʚʝʢʪʦʨ ʟʫʩʠʣʴ. 

   ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʙʦʪʠ ɺʘʩʠʣʴʻʚʘ ɸ. ɺ. ɹʦʨʠʩʦʚ ʉ. ɺ. [16] ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʢʨʠʪʝʨʽʡ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

[ ]11 ss¢KK ,                                              (1.12) 

 

ʜʝ 1sK  ï ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ; 

[ ]1sK  ï ʜʦʧʫʩʪʠʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. 

   ɸʬʘʥʘʩʴʚ̒ʠʤ ɸ. ʂ. [16] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʞʝʥʝʨʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ  ʤʝʭʘʥʽʟʤʽʚ ʜʦ ɺʈ, ʱʦ ʪʘʢʦʞ ʻ ʮʽʢʘʚʠʤ ʜʣʷ ʇʈʂɸ. ʇʨʠ ʯʦʤʫ 

ʚʠʷʚʣʝʥʦ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʢʦʪʨʽ  ʚʠʟʥʘʯʘʶʪʴ ʨʝʩʫʨʩ ʤʝʭʘʥʽʟʤʽʚ ʜʦ ɺʈ. ʎʝʡ 

ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʢʝʨʫʶʪʴ 

ʧʘʨʘʤʝʪʨʘʤʠ im ʪʘ  in  ʪʘ ʨʘʥʛʘʤʠ ʟʘʪʨʘʪ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ -̔ʪʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʘʢʦʥʽ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ɽʨʣʘʥʛʘ, ʱʽʣʴʥʽʩʪʴ ʷʢʦʛʦ 
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ʜʝ n  ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ; 

m ï ʧʘʨʘʤʝʪʨ ʧʦʣʦʞʝʥʥʷ. 

   ʅʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʢʦʥʮʝʧʮʽʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ɸʥʦʩʦʚʠʤ ɸ. ʇ. [16] ʢʨʠʪʝʨʽʾ  

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʩʪʘʣʝʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʜʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʘ ʤʝʪʦʜʠʢʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʮʽʥʢʠ ʚʪʦʤʥʦʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʚʫʟʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʾʭ 

ʨʝʩʫʨʩʫ. ʑʦ ʪʘʢʦʞ ʤʦʞʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʽʥʪʝʨʝʩ ʧʨʠ ʇʈʂɸ. 

   ʋ ʨʦʙʦʪʽ [16] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ɹʘʞʝʥʦʚʘ ʖ. ɺ. ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʤʦʙʽʣʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ɽʇ, ʢʦʣʠ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʨʝʩʫʨʩ ʫʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ 

ʩʪʚʦʨʶʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʦʜʥʽʻʾ ʤʦʜʝʣʽ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʠʢʦʥʫʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʾʭ 

ʘʛʨʝʛʘʪʽʚ ʽ ʚʫʟʣʽʚ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ 

ʘʥʘʣʽʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʟʤʽʥʫ ʚʠʙʨʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙôʻʢʪʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʦʙôʻʢʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷʤ ʧʦʪʦʯʥʠʭ 

ʥʘ ʤʦʤʝʥʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʾʭ ʛʨʘʥʠʯʥʠʤʠ 

ʘʙʦ ʜʦʧʫʩʪʠʤʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ. ʄʝʪʦʜʠʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʩʫʨʩʫ  ʮʠʣʽʥʜʨʦʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʦʤʫ ʚʦʥʘ ʥʝ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʝʩʫʨʩ ʘʚʪʦʤʦʙʽʣʷ ʚʮʽʣʦʤʫ. 

   ʅ. ɺ. ʇʦʞʠʚʠʣʦʚ [16] ʧʨʦʧʦʥʫʻ ʤʝʪʦʜʠʢʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʘʚʪʦʙʫʩʘ ʦʩʦʙʣʠʚʦ ʤʘʣʦʛʦ ʢʣʘʩʫ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ 

ʚ ʣʽʟʠʥʛ, ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʨʝʛʫʣʷʨʥʠʤʠ ʧʘʩʘʞʠʨʩʴʢʠʤʠ 

ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʚ ʫʤʦʚʘʭ ʤʝʛʘʧʦʣʽʩʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʩʭʦʜʞʝʥʥʷ ʟ 

ʤʘʨʰʨʫʪʫ ʽ ʧʨʦʩʪʦʾʚ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʽ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʫ ʥʘ ɸʊʇ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʪ̒ʴʩʷ 

ʬʽʥʘʥʩʦʚʘ ʩʪʦʨʦʥʘ ʧʠʪʘʥʥʷ, ʦʜʥʘʢ ʥʽʭʪʦ ʥʝ ʚʨʘʭʦʚʫʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʫʟʦʚʘ ʪʘ 

ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ. 
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   ʋ ʩʪʘʪʪʽ [16] ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʤʝʪʦʜʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʽʥʰʠʭ ʤʘʰʠʥ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʫʢʦʚʠʭ 

ʨʦʙʦʪʘʭ ʆ. ɺ. ɺʘʩʠʣʴʻʚʘ, ʈ. ʄ. ʇʻʪʫʭʦʚʘ, ɸ. ɯ. ʉʝʣʠʚʘʥʦʚʘ, ɸ. ʄ. ʊʨʠʢʦʚʘ, 

ʄ. ʌ. ʌʨʦʣʦʚʘ, ɸ. ʉ. ɻʘʣʴʧʝʨʠʥʘ, ʉ. ɽ. ʂʘʥʪʦʨʝʨʘ, ʅ. ʉ. ʉʘʯʢʦ, 

ɺ. ɺ. ʅʦʚʦʞʠʣʦʚʘ, ɺ. ʄ. ʈʦʛʦʞʢʠʥʘ ʪʘ ʽʥ. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʚʠʙʦʨʦʤ ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʽ ʧʨʠʥʮʠʧʘʤʠ, ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʧʨʠ ʨʽʰʝʥʥʽ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ. ʊʫʪ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ, 

ʘʥʘʣʽʪʠʯʥʽ, ʛʨʘʬʽʯʥʽ, ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʽ ʪʘ ʽʥʰʽ ʤʝʪʦʜʠ. 

   ɻʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʞʝʥʝʨʦʤ ʆ. ɺ. ɺʘʩʠʣʴʻʚʠʤ [16]. 

ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʢʠ ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ 

ʚʧʣʠʚʫ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʚʝʣʠʯʠʥʫ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ, ʘ ʪʘʢʦʞ 

ʥʘ ʚʝʣʠʯʠʥʫ ʚʠʪʨʘʪ ʥʘ ʧʦʪʦʯʥʠʡ ʽ ɺʈ. 

   ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʤʘʪʝʨʽʘʣʴʥʦʤʫ 

ʟʥʦʩʫ ʨʦʟʨʦʙʠʚ ɸ. ɯ. ʉʝʣʠʚʘʥʦʚ. ʅʠʤ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʫʥʽʚʝʨʩʘʣʴʥʘ ʘʥʘʣʽʪʠʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʨʦʛʨʝʩʠʚʥʦ ʟʨʦʩʪʘʶʯʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ 

ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ [16]. 

   ʋ ʤʝʪʦʜʽ ɺ. ɺ. ʅʦʚʦʞʠʣʦʚʘ [16], ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ,  ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ. ɿʛʽʜʥʦ ʜʦ 

ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʦʧʪʠʤʘʣʴʥʠʡ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʟʽʩʪʘʚʣʷʶʪʴʩʷ ʚʠʪʨʘʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟ 

ʘʤʦʨʪʠʟʘʮʽʾ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʮʽʻʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʩʪʘʨʠʭ ʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʥʦʚʠʭ ʟʘʩʦʙʘʭ ʧʨʘʮʽ 
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-¢                                               (1.14) 

 

ʜʝ  C , 
ʅ

C  ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʘʤʦʨʪʠʟʘʮʽʾ ʧʨʠ 

ʧʝʨʝʚʝʟʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʨʦʾ ʪʘ ʥʦʚʦʾ ʪʝʭʥʽʢʠ; 

ʅ
ʂ  ï ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʚ ʥʦʚʫ ʪʝʭʥʽʢʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʮʶ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ; 
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r  ï ʥʦʨʤʘʪʠʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. 

  ʆʧʪʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʟʘʤʽʥʠ ʩʪʘʨʦʾ ʦʜʠʥʠʮʽ ʪʝʭʥʽʢʠ ʥʘ ʥʦʚʫ ʥʘʩʪʘʻ ʪʦʜʽ, 

ʢʦʣʠ ʥʝʨʽʚʥʽʩʪʴ (1.14) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽʩʪʴ  

 

,rʂCC
ʅʅ

-=                                               (1.15) 

  

   ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʪʝʭʥʽʢʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʥʦʰʝʥʘ 

ʪʝʭʥʽʢʘ ʙʽʣʴʰʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ɿʥʦʰʝʥʘ ʪʝʭʥʽʢʘ ʧʦ ʦʜʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ 

ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʽʥʰʠʭ ʮʽʣʝʡ. 

   ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ P. M. ʇʻʪʫʭʦʚʠʤ, 

ʦʧʠʩʘʥʠʡ ʫ ʩʪʘʪʪʽ [16], ʧʦʣʷʛʘʻ ʚ ʧʨʦʧʦʟʠʮʽʾ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʪʘʢʽ ʪʝʨʤʽʥʠ 

ʩʣʫʞʙʠ ʤʘʰʠʥ, ʧʨʠ ʷʢʠʭ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘ ʮʝʡ 

ʧʣʘʥʦʚʠʡ ʧʝʨʽʦʜ ʫ ʧʦʩʣʫʛʘʭ ʤʘʰʠʥ ʮʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ ʙ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪʘʭ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥʠʮʶ ʚʠʢʦʥʘʥʦʾ 

ʨʦʙʦʪʠ ʘʙʦ ʧʨʦʜʫʢʮʽʾ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʟʘʜʘʶʪʴʩʷ ʨʽʟʥʽ 

ʪʝʨʤʽʥʠ ʩʣʫʞʙʠ ʤʘʰʠʥ ʽ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʦʙʫʤʦʚʣʝʥʠʤ ʢʨʠʪʝʨʽʻʤ 

(ʤʽʥʽʤʫʤ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ) ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʽ ʪʝʨʤʽʥʠ ʥʘ 

ʦʢʨʝʤʠʭ ʝʪʘʧʘʭ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ. ʊʘʢʠʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʨʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʠʭ ʤʘʰʠʥ ʽ 

ʧʦʪʨʝʙʠ ʚ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥʘʭ; ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʪʨʝʙʠ ʚ ɺʈ; ʨʦʟʨʘʭʫʥʢʘʭ 

ʬʘʢʪʠʯʥʠʭ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ ʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʟʘ ʨʽʢ; ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʽʢʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ ʫ ʧʦʪʦʯʥʦʤʫ ʨʦʮʽ ʧʣʘʥʦʚʦʛʦ ʧʝʨʽʦʜʫ. 

   ʇʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʨʘʤʢʘʭ ʧʨʦʤʠʩʣʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ɼ. ʉ. ʃʴʚʦʚʠʤ ʽ ʖ. ɸ. ɿʠʢʦʚʠʤ [16]. ɹʫʜʴ-ʷʢʘ 

ʩʠʩʪʝʤʘ, ʱʦ ʦʧʪʠʤʽʟʫʻʪʴʩʷ, ʱʦ ʤʦʜʝʣʶʻ ʝʢʦʥʦʤʽʯʥʠʡ ʧʨʦʮʝʩ ʧʦʚʠʥʥʽ 

ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʦʙʣʽʢʫ ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ: ʦʙʤʝʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, 

ʯʠʥʥʠʢ ʯʘʩʫ, ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʜʣʷ 

ʙʫʜʴ-ʷʢʠʭ ʚʘʨʽʘʥʪʽʚ ʟʥʘʡʜʝʪʴʩʷ ʪʘʢʠʡ ʚʝʣʠʢʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʟʘ ʤʝʞʘʤʠ ʷʢʦʛʦ 

ʚʦʥʠ ʜʣʷ ʥʘʩ ʥʝʧʦʤʽʪʥʽ ʧʦ ʩʚʦʾʭ ʧʦʜʘʣʴʰʠʭ ʥʘʩʣʽʜʢʘʭ, ʽ, ʦʪʞʝ, ʚʠʙʽʨ ʦʜʥʦʛʦ ʟ 
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ʥʠʭ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʮʝʡ ʢʽʥʮʝʚʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʫʤʦʚʥʦ ʥʘʟʚʘʥʠʡ 

ʦʧʪʠʤʘʣʴʥʠʤ ʪʝʨʤʽʥʦʤ ʧʣʘʥʫʚʘʥʥʷ.  

   ʅʘʡʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʂʦʣʝʛʘʻʚʘ ʈ. ʄ. ʪʘ ʈʦʩʩʦʣʦʚʘ ɸ. ɯ., ʧʨʠ 

ʷʢʦʤʫ ʷʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʽʥʽʤʫʤ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʦʜʠʥʠʮʽ ʥʘʧʨʘʮʶʚʘʥʥʷ (ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʨʦʙʦʪʠ) [16]. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʘʰʠʥʠ ʧʠʪʦʤʘ ʚʝʣʠʯʠʥʘ 

ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ, ʷʢʽ ʜʦʚʦʜʷʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ ʾʾ ʥʘʧʨʘʮʶʚʘʥʥʷ, 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠʚʝʜʝʥʠʡ ʤʝʪʦʜ ʤʘʻ ʥʝʜʦʣʽʢʠ, ʩʝʨʝʜ ʷʢʠʭ ʛʦʣʦʚʥʠʤ ʻ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʤʽʥʽʤʫʤʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʜʠʥʠʮʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ʊʝʨʤʽʥ ʩʣʫʞʙʠ ʚʠʟʥʘʯʘʶʪʴ, ʚʨʘʭʦʚʫʶʯʠ ʪʽʣʴʢʠ 

ʤʘʪʝʨʽʘʣʴʥʝ ʟʥʦʰʫʚʘʥʥʷ, ʽ ʡʦʛʦ ʧʨʠʡʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʤ. ɿʘʤʽʥʘ 

ʤʘʰʠʥʠ ʜʦ ʚʠʪʽʢʘʥʥʷ ʪʝʨʤʽʥʫ ʚʠʤʘʛʘʻ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʽ ʚʠʢʣʠʢʘʻ ʟʨʦʩʪʘʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʜʠʥʠʮʽ ʥʘʧʨʘʮʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʤʝʞʘ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥʠ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʝʬʝʢʪʫ 

 

( ) ( ) ,1
1 iHʽ

PBVFCCɽ D---yÖ-=D                                       (1.16) 

  

ʜʝ ɽD ï ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ; 

ʽ
CC ,

1
 ï ʚʽʜʧʦʚʽʜʥʦ ʩʝʨʝʜʥʴʦʨʽʯʥʽ ʩʫʤʘʨʥʽ ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤʫ ʪʝʨʤʽʥʽ ʩʣʫʞʙʠ, ʨʽʚʥʦʤʫ i ʨʦʢʽʚ;  

yï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʜʽʶ ʯʠʥʥʠʢʘ ʯʘʩʫ; 

H
F  ï ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʢʫʧʥʦʩʪʽ ʜʣʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

V ï ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʚʠʨʦʙʫ;  

ɺ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʠʨʦʙʫ; 

PD ï ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʽ ʟʘʧʘʩʥʽ ʯʘʩʪʠʥʠ. 

  ʅʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʤʦʨʘʣʴʥʦʛʦ ʟʥʦʩʫ ʥʘ ʪʝʨʤʽʥʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʽ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʂʦʣʝʛʘʻʚʘ ʈ. ʄ. ʪʘ ʈʘʩʩʦʣʦʚʘ ɸ. ɯ., ˇʨʫʥʪʦʚʘʥʠʡ ʥʘ 
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ʚʠʟʥʘʯʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʰʠʥʠ. ɿʘ ʮʠʤ 

ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʘʰʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʽ ʤʦʨʘʣʴʥʦʛʦ ʟʥʦʩʫ ʧʝʨʰʦʾ ʬʦʨʤʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʨʽʚʥʶʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʯʘʪʢʫ ʚʽʜ ʦʜʥʦʛʦ ʨʦʢʫ ʜʦ ʜʚʦʭ ʨʦʢʽʚ, ʧʦʪʽʤ ï ʚʽʜ ʦʜʥʦʛʦ ʨʦʢʫ ʜʦ 

ʪʨʴʦʭ ʨʦʢʽʚ ʽ ʪ. ʜ. 

  ʇʦʢʘʟʥʠʢʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (2, 3, 4, 5é ʨʦʢʽʚ) ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʙʘʟʦʚʦʛʦ 

ʦʜʥʦʨʽʯʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

  ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜ ʦʜʥʦʛʦ ʨʦʢʫ ʜʦ t ʨʦʢʽʚ (t = 2, 3, 4...) 
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ʜʝ CD  ï ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʝʢʦʥʦʤʽʷ ʥʘ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪʘʭ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʥʰ ʜʦʚʛʦʚʽʯʥʦʾ ʪʝʭʥʽʢʠ; 

V ï ʚʘʨʪʽʩʪʴ ʪʝʭʥʽʢʠ ʚ ʧʝʨʰʠʡ ʨʽʢ ʾʾ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

i
Y  ï ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʯʝʨʛʦʚʦʛʦ ʨʝʤʦʥʪʫ. 

  ʊʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʽʩʣʷ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʫ, ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʨʘʣʴʥʦʛʦ ʟʥʦʩʫ ʧʝʨʰʦʾ ʬʦʨʤʠ. 

  ʅʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʩʫʧʫʪʥʽʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ 

ʜʦ ʚʠʨʦʙʥʠʯʠʭ ʬʦʥʜʽʚ ʨʝʤʦʥʪʥʦʾ ʩʣʫʞʙʠ ʽ ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʫʤʦʚʠ, ʱʦ ʩʝʨʝʜʥʴʦʨʽʯʥʝ ʥʘʧʨʘʮʶʚʘʥʥʷ ʤʘʰʠʥʠ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʘ ʚʝʣʠʯʠʥʘ ʱʦʨʽʯʥʦʛʦ ʧʨʠʨʦʩʪʫ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʤʘʰʠʥʠ (CD ) ʧʦʩʪʽʡʥʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ.  

  ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʢʪʦʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [25]. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ [25] ʜʦʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʻ 
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ʥʦʚʠʡ ʪʨʘʢʪʦʨ, ʚʽʢ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ t0. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʘʢʠʡ ʚʽʢ t1> t0, ʧʨʠ 

ʷʢʦʤʫ ʪʨʘʢʪʦʨ ʩʣʽʜ ʟʘʤʽʥʠʪʠ ʥʦʚʠʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʫʤ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ 

ʟʘ t1 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʰʦʛʦ ʪʨʘʢʪʦʨʘ ʽ ʟʘ ʨʝʰʪʫ ʊʇ ï t1 ʨʦʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʪʨʘʢʪʦʨʽʚ (ʊʇ ï ʧʨʠʡʥʷʪʘ ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ). 

ʅʝʜʦʣʽʢʦʤ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʻ ʪʝ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʦʢʫ ʚ ʧʣʘʥʦʚʦʤʫ ʧʝʨʽʦʜʽ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʟʘʣʠʰʢʦʚʫ ʚʘʨʪʽʩʪʴ ʪʨʘʢʪʦʨʘ.  

  ʄʝʪʦʜ ʊʦʢʘʨʻʚʘ ʊ. ɻ. ʟ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʥʦʩʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ 

ʪʠʤ, ʱʦ ʚ ʥʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʜʦ ʾʭ 

ʧʦʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ [16]. 

  ʆʧʪʠʤʘʣʴʥʠʤ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʤʘʪʝʨʽʘʣʴʥʦʤʫ ʟʥʦʰʫʚʘʥʥʽ 

ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʠʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ, ʧʨʠ ʷʢʦʤʫ ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ 

ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʤʽʥʽʤʘʣʴʥʽ.  

  ʇʠʪʦʤʘ ʚʝʣʠʯʠʥʘ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ K ï ʚʘʨʪʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʫ ʥʘ ʤʦʤʝʥʪ ʚʠʛʦʪʦʚʣʝʥʥʷ;  

S
C ï ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘ ʚʝʩʴ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʧʘʣʴʥʝ, ʟʘʨʦʙʽʪʥʫ 

ʧʣʘʪʫ ʚʦʜʽʾʚ); 

ɿ
P  ï ʚʠʪʨʘʪʠ ʥʘ ʫʩʽ ʚʠʜʠ ʨʝʤʦʥʪʽʚ ʽ ʤʽʞʨʝʤʦʥʪʥʠʭ ʦʛʣʷʜʽʚ ʟʘ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʨ
ʆ  ï ʧʝʨʝʜʙʘʯʫʚʘʥʘ ʮʽʥʘ ʨʝʘʣʽʟʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

ʘ
ʅï ʥʦʨʤʘ ʘʤʦʨʪʠʟʘʮʽʾ ʥʘ ʨʝʥʦʚʘʮʽʶ; 

1
t  ï ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ, ʜʣʷ ʷʢʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ; 

ʅ
ɽ  ï ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ; 
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2

t  ï ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ  

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʮʽʡ ʩʬʝʨʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ; 

 ɺ ï ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʚʠʢʦʥʘʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʨʦʙʦʪʠ ʥʘ ʮʴʦʤʫ ʘʚʪʦʤʦʙʽʣʽ ʟʘ 

ʫʚʝʩʴ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

   ʅʝʜʦʣʽʢ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʽʶʯʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

   ʄʦʥʛʫʰʦʤ ʉ. ʏ. ʚ ʨʦʙʦʪʽ [16] ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʘʛʨʝʛʘʪʥʦ-ʚʫʟʣʦʚʦʤʫ ʤʝʪʦʜʽ ʨʝʤʦʥʪʫ. ɿʛʽʜʥʦ ʮʽʻʾ 

ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʝ ʜʦ ʥʘʩʪʘʥʥʷ ʧʦʪʨʝʙʠ ʚ ɺʈ 

ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʘʛʨʝʛʘʪʫ ʘʙʦ ʚʫʟʣʘ. ʆʧʪʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʨʘʪʥʠʡ ʮʽʣʦʤʫ ʯʠʩʣʫ ʧʝʨʽʦʜʽʚ ʤʽʞ ɺʈ ʦʜʥʦʛʦ ʟ ʘʛʨʝʛʘʪʽʚ ʘʙʦ ʚʫʟʣʽʚ, ʱʦ 

ʩʪʘʥʦʚʣʷʪʴ ʤʘʰʠʥʫ. ʇʨʠ ʘʛʨʝʛʘʪʥʦ-ʚʫʟʣʦʚʦʤʫ ʤʝʪʦʜʽ ʨʝʤʦʥʪʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʠʭ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʚʘʨʽʘʥʪʫ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʤʦʤʝʥʪʦʤ ʚʠʥʠʢʥʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʧʨʦʚʝʜʝʥʥʽ ɺʈ 

ʦʢʨʝʤʦʛʦ ʘʛʨʝʛʘʪʫ ʘʙʦ ʚʫʟʣʘ ʤʘʰʠʥʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʯʠʩʣʘ 

ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

   ʋ ʨʦʙʦʪʘʭ [49, 50] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʠʩʪʘʥʮʽʡʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ 

ʟʘʩʦʙʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ.   

   ɺ ʨʦʙʦʪʽ [51] ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʽʣʴʮʝʚʠʭ ʟʚʘʨʥʠʭ 

ʟôʻʜʥʘʥʴ ʦʙʦʣʦʥʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʪʘʢʦʞ ʤʦʞʝ 

ʙʫʪʠ ʚʨʘʭʦʚʘʥʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʚʘʨʥʠʭ ʟô̒ ʜʥʘʥʴ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ.  

   ɺ ʨʦʙʦʪʽ [52] ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ, ʷʢʽ ʻ 

ʪʘʢʦʞ ʥʝʚʽʜʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʚʪʦʙʫʩʽʚ. 

ʇʨʠ ʦʮʽʥʮʽ ʨʝʩʫʨʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʙʫʩʽʚ ʚʘʛʦʤʠʤ ʻ ʜʦʩʚʽʜ, ʱʦ 

ʩʪʦʩʫʻʪʴʩʷ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɸʥʜʨʠʘʥʦʚʠʤ ʖ. ɺ., ʧʨʦ ʱʦ 

ʩʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ [53], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 
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ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ ʚʽʜ ʧʨʦʙʽʛʫ ʟ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʪʘʙʣ. 1.1). 

 

ʊʘʙʣʠʮʷ 1.1 ï ɿʘʣʝʞʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ 

ʚʽʜ ʧʨʦʙʽʛʫ ʟ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ [16] ʫ % ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʦʙʽʛʫ 

ʇʦʢʘʟʥʠʢ ʇʨʦʙʽʛ, ʪʠʩ. ʢʤ 

0ï100 100ï200 200ï 

300 

300ï

400 

400ï

500 

ʅʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʜ̔ʤʦʚʫ 100 87 47 38 34 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ 100 189 345 578 820 

ɺʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ 100 205 320 456 598 

ʇʨʦʩʪʦʾ ʚ ʨʝʤʦʥʪʽ ʽ ʊʆ 100 122 176 250 297 

 

   ʗʢ ʧʦʢʘʟʫʶʪʴ ʜʘʥʽ ʚ ʪʘʙʣ. 1.1, ʨʝʩʫʨʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʨʦʙʽʛʫ ʧʦʛʽʨʰʫʶʪʴʩʷ. ʇʨʠ ʧʨʦʙʽʛʫ ʚ ʽʥʪʝʨʚʘʣʽ 400ï500 ʪʠʩ. ʢʤ ʧʨʠʙʣʠʟʥʦ ʚ ʪʨʠ 

ʨʘʟʠ  ʟʤʝʥʰʠʣʦʩʴ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ, ʧʨʠʙʣʠʟʥʦ ʚ ʰʽʩʪʴ ʨʘʟʽʚ ʟʨʦʩʣʠ 

ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʪʘ ʤʘʡʞʝ ʚ ʪʨʠ ʨʘʟʠ ʟʨʦʩʣʠ ʚʠʪʨʘʪʠ ʚʽʜ ʧʨʦʩʪʦʾʚ ʫ ʨʝʤʦʥʪʽ ʪʘ 

ʊʆ. ʆʪʞʝ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʜʠʥʘʤʽʢʘ 

ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʚʮʽʣʦʤʫ. ʎʽ ʜʘʥʽ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʝ, ʱʦ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʚʪʦʙʫʩʽʚ ʧʦʩʪʽʡʥʦ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʦʾʚ, 

ʧʦʛʽʨʰʫʪʁʴʩʷ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʽ ʥʘ ʇɹ. ʊʦʞ ʟ 

ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ ʥʘʩʪʫʧʥʝ. ʇʦ-ʧʝʨʰʝ, ʤʦʞʝ ʥʘʩʪʫʧʠʪʠ ʪʘʢʠʡ ʤʦʤʝʥʪ, 

ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʘʚʪʦʙʫʩʘ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʪʘ ʟʙʠʪʢʠ ʚʽʜ 

ʧʨʦʩʪʦʾʚ, ʙʫʜʝ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʦʶ. ʇʦ-ʜʨʫʛʝ, ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ 

ʧʦʛʽʨʰʝʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ [54] ʥʘʩʪʫʧʠʪʴ ʤʦʤʝʥʪ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʱʦʜʦ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʇɹ 

ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66. 
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  1.2 ʉʪʨʫʢʪʫʨʘ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʽ 

ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʾ 

  ɺʽʜʧʦʚʽʜʥʦ ʜʦ çʊʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫè 

[1] ʋʢʨʘʾʥʘ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʻʪʴʩʷ ʫ ʩʚʽʪʦʚʽ ʩʫʩʧʽʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʧʨʠʻʜʥʘʣʘʩʷ ʜʦ ʉʚʽʪʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʦʨʛʽʚʣʽ, ʧʨʠ ʯʦʤʫ ʩʪʨʘʪʝʛʽʯʥʦʶ ʤʝʪʦʶ 

ʚʠʟʥʘʥʦ ʦʪʨʠʤʘʥʥʷ ʘʩʦʮʽʡʦʚʘʥʦʛʦ ʯʣʝʥʩʪʚʘ ʫ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ. ʊʨʘʥʩʧʦʨʪ, 

ʷʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʘ ʛʘʣʫʟʴ, ʤʘʻ ʨʦʟʚʠʚʘʪʠʩʷ ʚʠʧʝʨʝʜʞʘʣʴʥʠʤʠ ʪʝʤʧʘʤʠ ʟ ʤʝʪʦʶ 

ʩʧʨʠʷʥʥʷ ʰʚʠʜʢʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʽ ʩʦʮʽʘʣʴʥʦʤʫ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ ʪʘ ʾʾ ʫʯʘʩʪʽ ʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʧʦʜʽʣʽ ʧʨʘʮʽ. ʉʫʯʘʩʥʝ ʨʝʬʦʨʤʫʚʘʥʥʷ ʨʠʥʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʧʨʠʟʚʝʣʦ ʜʦ ʥʝʦʜʥʦʟʥʘʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʫ 

ʧʝʨʝʚʽʟʥʠʢʽʚ ʟôʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʬʦʨʤʫʚʘʪʠ ʪʘ ʧʨʦʧʦʥʫʚʘʪʠ 

ʢʣʽʻʥʪʘʤ ʚʽʜʧʦʚʽʜʥʽ ʧʦʩʣʫʛʠ, ʧʣʘʥʫʚʘʪʠ ʟʘʭʦʜʠ ʽ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʷʤʦʢ 

ʽʥʚʝʩʪʠʮʽʡ. ɿ ʜʨʫʛʦʛʦ ï ʫ ʙʘʛʘʪʴʦʭ ʟ ʥʠʭ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʤʘʶʪʴ ʟʥʘʯʥʝ ʟʥʦhʫʚʘʥʥʷ, ʥʘ ʜʝʷʢʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʪʘʨʠʬʠ ʨʝʛʫʣʶʶʪʴʩʷ ʥʝʨʠʥʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʢʨʝʤʽ ʢʘʪʝʛʦʨʽʾ 

ʧʘʩʘʞʠʨʽʚ ʤʘʶʪʴ ʧʨʘʚʦ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʣʴʛʠ ʧʨʠ ʦʧʣʘʪʽ ʧʨʦʾʟʜʫ. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʮʝ, ʨʠʥʦʢ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʥʠʥʽʰʥʽʭ ʫʤʦʚʘʭ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, 

ʭʦʯʘ ʧʦʪʨʽʙʥʦ ʧʨʦʡʪʠ ʱʝ ʧʝʚʥʽ ʝʪʘʧʠ ʨʝʬʦʨʤʫʚʘʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ, ʩʴʦʛʦʜʥʽ 

ʢʦʞʥʠʡ ʧʦʪʝʥʮʽʡʥʠʡ ʧʘʩʘʞʠʨ ʩʘʤʦʩʪʽʡʥʦ ʦʙʠʨʘʻ ʧʦʪʨʽʙʥʫ ʡʦʤʫ ʧʦʩʣʫʛʫ, 

ʚʠʭʦʜʷʯʠ ʟʽ ʩʚʦʾʭ ʬʽʥʘʥʩʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʮʽʥʠ ʜʦ 

ʷʢʦʩʪʽ ʧʦʩʣʫʛʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʟ ʤʽʩʴʢʠʤʠ ʧʘʩʘʞʠʨʩʴʢʠʤʠ 

ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʥʘʙʫʣʦ ʥʝʘʙʠʷʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ [55]. ɼʦ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʣʫʯʘʶʪʴʩʷ ʚʽʜʦʤʽ ʥʘʫʢʦʚʽ ʰʢʦʣʠ, ʟʦʢʨʝʤʘ, ʫ ʤʽʩʪʘʭ: ʃʴʚʽʚ, ɺʽʥʥʠʮʷ, 

ʂʨʝʤʝʥʯʫʢ [56, 57], ʤ. ʏʝʨʢʘʩʠ ʪʘ ʽʥʰʠʭ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ. ʋʩʽ ʮʽ ʪʘ ʽʥʰʽ 

ʧʨʦʙʣʝʤʠ ʽ ʟʘʜʘʯʽ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʤʽʩʪ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʤʽʩʴʢʦʶ ʚʣʘʜʦʶ ʟʘ ʧʽʜʪʨʠʤʢʠ ʛʨʦʤʘʜ, ʤʽʩʮʝʚʦʛʦ 

ʪʘ ʜʝʨʞʘʚʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ ʫ ʤ. ʏʝʨʢʘʩʠ [58] ʥʘ ʟʘʤʦʚʣʝʥʥʷ 

ɼʝʧʘʨʪʘʤʝʥʪʫ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʏʝʨʢʘʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ ʥʘ ʪʝʤʫ: çɺʠʛʦʪʦʚʣʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʭʦʤʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ 
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ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʟ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤ. ʏʝʨʢʘʩʠ ʥʘ 2011ï2015 ʨʨ.è. ʈʦʙʦʪʫ 

ʚʠʢʦʥʫʚʘʣʠ ʥʘʫʢʦʚʮʽ ʅʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʢʘʬʝʜʨʠ çʊʨʘʥʩʧʦʨʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾè ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʪʫʜʝʥʪʽʚ ʥʘʧʨʷʤʫ ʧʽʜʛʦʪʦʚʢʠ 6.070106  ï 

çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè ʏʝʨʢʘʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʫʥ̔ʚʝʨʩʠʪʝʪʫ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʠʪʘʥʥʷ ʱʦʜʦ ʽʥʪʝʛʨʘʮʽʾ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ [59]. 

ʆʜʥʘʢ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʜʦʩʽ ʥʝ ʨʝʘʣʽʟʦʚʘʥʽ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʞʝ ʜʝʱʦ ʟʘʩʪʘʨʽʣʠʤʠ, ʘʜʞʝ ʧʦʨʽʚʥʷʥʦ ʟ 2012 ʨʦʢʦʤ, ʢʦʣʠ 

ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ, ʟʤʽʥʠʣʘʩʴ ʨʫʭʣʠʚʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, 

ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ, ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʣʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ [60]. 

ɺ ʋʢʨʘʾʥʽ  ʥʘʣʽʯʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʟʥʠʢʽʚ ʧʘʩʘʞʠʨʽʚ. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠ ʮʴʦʤʫ ʚʽʜʽʛʨʘʻ ʩʫʪʪʻʚʫ ʨʦʣʴ. ɿʦʢʨʝʤʘ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʽʩʴʢʽ ʘʚʪʦʙʫʩʥʽ 

ʧʝʨʝʚʝʟʝʥʥʷ [61]. ʋ 1990ï2014 ʨʨ. ʚʽʜʩʦʪʦʢ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʩʢʣʘʚ 27ï52% ʽ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ʅʘʧʨʠʢʣʘʜ, ʫ 2014 ʨʦʮʽ ʤʝʪʨʦʧʦʣʽʪʝʥʽʚʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʧʝʨʝʚʝʟʝʥʦ 726 ʤʣʥ ʧʘʩʘʞʠʨʽʚ (15%), ʪʨʘʤʚʘʡʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ï 770 ʤʣʥ 

ʧʘʩʘʞʠʨʽʚ (16%), ʪʨʦʣʝʡʙʫʩʘʤʠ ï 1097 ʤʣʥ ʧʘʩʘʞʠʨʽʚ (23%) ʪʘ ʘʚʪʦʙʫʩʘʤʠ  ï  

2244 ʤʣʥ ʧʘʩʘʞʠʨʽʚ (46%). ʊʦʤʫ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʘʚʪʦʙʫʩʽʚ ʪʘ ʩʪʨʫʢʪʫʨʘ 

ʘʚʪʦʙʫʩʥʦʛʦ ʧʘʨʢʫ ʋʢʨʘʾʥʠ ʟʘʩʣʫʛʦʚʫʻ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ.                                                                                                                            

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ [61, 62] ʟ 2000 ʧʦ 2011 ʨʽʢ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ 

ʟʨʦʩʣʘ ʟ 140,2 ʪʠʩ. ʜʦ 175,3 ʪʠʩ. ʦʜʠʥʠʮʴ (ʨʠʩ. 1.1). ɺ ʪʦʤʫ ʯʠʩʣʽ ʟ 2000 ʧʦ 

2011 ʨʽʢ ʟʨʦʩʣʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʫ ʦʩʦʙʠʩʪʽʡ ʚʣʘʩʥʦʩʪʽ ʟ 46,1 ʪʠʩ. ʜʦ 

120,7 ʪʠʩ. ʦʜʠʥʠʮʴ.  
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ʗʢ ʩʚʽʜʯʘʪʴ ʦʬʽʮʽʡʥʽ ʜʘʥʽ [63], ʙʽʣʴʰʘ ʧʦʣʦʚʠʥʘ ʘʚʪʦʙʫʩʽʚ ʚ ʋʢʨʘʾʥʽ 

ʧʦʪʨʝʙʫʻ ʦʥʦʚʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ 44% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʙʫʩʽʚ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʤ ʙʝʟʧʝʢʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ. 

ɿʘ ʜʘʥʠʤʠ 2013 ʨʦʢʫ [63] ʚ ʋʢʨʘʾʥʽ ʧʨʦʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 20300 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʤʘʶʪʴ 85,7 ʪʠʩ. ʦʜʠʥʠʮʴ  ʣʝʛʘʣʽʟʦʚʘʥʠʭ ʘʚʪʦʙʫʩʽʚ. ɿ 

ʥʠʭ ʢʨʠʪʠʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʜʦʩʷʛʣʠ 200 ʘʚʪʦʙʫʩʽʚ (ʨʠʩ. 1.2), ʷʢʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʙʽʣʴʰʝ 34 ʨʦʢʽʚ, 1200 ï ʚʽʜ 29 ʜʦ 33 ʨʦʢʽʚ, 3600 ï ʚʽʜ 24 ʜʦ 29 

ʨʦʢʽʚ, 7900 ï ʚʽʜ 19 ʜʦ 24 ʨʦʢʽʚ. ʉʝʨʝʜʥʻ ʟʥʦʰʫʚʘʥʥʷ ï 16100 ʘʚʪʦʙʫʩʽʚ ʚʽʜ 14 

ʜʦ 19 ʨʦʢʽʚ. ʏʘʩʪʢʦʚʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʤ ʙʝʟʧʝʢʠ 19000 ʘʚʪʦʙʫʩʽʚ ï ʮʝ 

ʘʚʪʦʙʫʩʠ ʚʽʜ 8 ʜʦ 13 ʨʦʢʽʚ. ʇʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʤ ʣʠʰʝ 37700 

ʘʚʪʦʙʫʩʽʚ, ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ ʜʦ 8 ʨʦʢʽʚ. 
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ʇʨʠ ʮʴʦʤʫ, ʟʘ ʦʮʽʥʢʘʤʠ ʝʢʩʧʝʨʪʽʚ [63], ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ, ʢʦʪʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʥʘʣʝʞʥʠʭ 

ʜʦʟʚʽʣʴʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʙʽʣʴʰʝ 160 ʪʠʩ. ʊʘʢʽ çʥʝʣʝʛʘʣʴʥʽè 

ʧʝʨʝʚʽʟʥʠʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʢʦʤʬʦʨʪʫ ʪʘ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ 

ʚʩʝ ʯʘʩʪʽʰʝ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʠʛʦʜʠ ʚʽʜ ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ 

ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʥʝʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʩʪʦʩʦʚʥʦ ʫʤʦʚ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ. ʅʘʚʽʪʴ ʧʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤ. 

ʇʦʯʠʥʘʶʯʠ ʟ 80-ʭ ʨʦʢʽʚ ʩʪʨʫʢʪʫʨʘ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʟʘʟʥʘʣʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ [64]. ɿʘ ʯʘʩʽʚ ʉʈʉʈ (ʨʠʩ. 1.3) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʟ 26,3% ʜʦ18% ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ (ʄʂ) 

ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ (ʉʂ) ʟ 29,7% ʜʦ 15%. ɯ ʥʘʚʧʘʢʠ ʟʨʦʩʣʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ 

ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ (ɺʂ) ʟ 37,7% ʜʦ 48% ʪʘ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ (ʆɺʂ) ʽʟ 4,3% 

ʜʦ 12%. ɺʽʜʧʦʚʽʜʥʦ ʟʘ ʯʘʩʠ ʉʈʉʈ ʜʦʤʽʥʫʶʯʫ ʯʘʩʪʢʫ ʟʘʡʤʘʣʠ ʘʚʪʦʙʫʩʠ ɺʂ ʪʘ 

ʉʂ. ʆʜʥʘʢ, ʫ ʧʦʩʪʨʘʜʷʥʩʴʢʠʡ ʯʘʩ ʢʘʨʪʠʥʘ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʠʣʘʩʴ. ɿ 1990 ʨʦʢʫ ʧʦ 

2012 ʨʽʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʠʡ ʩʧʘʜ ʢʽʣʴʢʦʩʪʽ ʷʢ ʘʚʪʦʙʫʩʽʚ ɺʂ ʽʟ 48% ʜʦ 4%, 

ʪʘʢ ʽ ʘʚʪʦʙʫʩʽʚ ʆɺʂ ʽʟ 12% ʜʦ 0,9%. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ 
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ʘʚʪʦʙʫʩʽʚ ʦʩʦʙʣʠʚʦ ʤʘʣʦʛʦ ʢʣʘʩʫ (ʆʄʂ) ʪʘ ʚ ʧʦʩʪʨʘʜʷʥʩʴʢʠʡ ʯʘʩ ʟʨʦʩʪʘʻ ʯʘʩʪʢʘ 

ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ (ʄʂ). ɯ ʷʢ ʨʝʟʫʣʴʪʘʪ ʘʚʪʦʙʫʩʠ ʆʄʂ ʪʘ ʄʂ ʟʘʡʤʘʶʪʴ 

ʜʦʤʽʥʫʶʯʝ ʧʦʣʦʞʝʥʥʷ.  ɺ 2012 ʨʦʮʽ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʆʄʂ ʪʘ ʄʂ 

ʩʢʣʘʣʘ 71%.  

ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ: 

ï ʧʦ-ʧʝʨʰʝ, ʥʘʷʚʥʽʩʪʶ ʫʢʨʘʾʥʩʴʢʠʭ ʟʘʚʦʜʽʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ ʘʚʪʦʙʫʩʠ ʄʂ 

(ɺɸʊ çʋʢʨʘʚʪʦʙʫʩʧʨʦʤè, ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè, ʇɸʊ çɹʦʨʠʩʧʽʣʴʩʴʢʠʡ 

ʘʚʪʦʟʘʚʦʜè ʽ ʪ. ʜ.); 

ï ʧʦ-ʜʨʫʛʝ, ʧʦʨʽʚʥʷʥʦ ʥʠʞʯʦʶ ʚʘʨʪʽʩʪʶ ʘʚʪʦʙʫʩʽʚ ʆʄʂ ʪʘ ʄʂ ʟʘ 

ʘʚʪʦʙʫʩʠ ʉʂ, ɺʂ ʪʘ ʆɺʂ; 

ï ʧʦ-ʪʨʝʪʻ, ʚ ʋʢʨʘʾʥʽ ʩʫʪʪʻʚʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʟʥʠʢʽʚ (ʙʽʣʴʰʝ 20 ʪʠʩ.) [63] ʽ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʢʨʘʾʥʘʤʠ ɭʉ ʫ 20ï100 ʨʘʟʽʚ ʙʽʣʴʰʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ [64]. 

ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʚʪʦʙʫʩʽʚ ʆʄʂ ʪʘ ʄʂ ʥʠʞʯʝ, ʥʽʞ ʘʚʪʦʙʫʩʽʚ 

ʙʽʣʴʰʦʾ ʤʽʩʪʢʦʩʪʽ. ʅʘ ʮʝ ʧʦʢʘʟʫʶʪʴ ʧʦʨʽʚʥʷʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʾ ʧʨʠʚʝʜʝʥʽ ʜʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʦʙʩʷʛʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʤʣʥ ʧʘʩ.-ʢʤ. ɼʣʷ ʘʚʪʦʙʫʩʽʚ 

ʆʄʂ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʣʽʥʽʡʥʠʭ ʚʠʪʨʘʪ ʧʘʣʠʚʘ (ʫ ʣ/100 ʢʤ) ʚ 2,8ï3,2 

ʨʘʟʠ ʪʘ ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʄʂ ʽʩʥʫʶʯʦʛʦ ʪʠʧʘʞʫ (çɹʦʛʜʘʥè, çɸʪʘʤʘʥè, çɽʪʘʣʦʥè, 

ɿɸɿ) ï ʫ 1,7 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʧʦʚʠʤʠ ʘʚʪʦʙʫʩʘʤʠ ɺʂ (ʃɸɿ ɸ183 ʪʘ 
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çɹʦʛʜʘʥè ɸ701). ʂʨʽʤ ʪʦʛʦ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʆʄʂ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ɺʂ ï ʦʨʽʻʥʪʦʚʥʦ 

ʙʽʣʴʰʘ ʫ 6,0ï6,3 ʨʘʟʠ ʪʘ ʘʚʪʦʙʫʩʽʚ ʄʂ ï ʫ 2,7 ʨʘʟʽʚ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʜʦʜʘʪʢʦʚʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ï ʟʘʡʥʷʪʽʩʪʴ ʩʤʫʛʠ ʨʫʭʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʘʚʪʦʙʫʩʽʚ. ʆʄʂ ʟʨʦʩʪʘʻ 

ʦʨʽʻʥʪʦʚʥʦ ʫ ʪʨʠ ʨʘʟʠ ʪʘ ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʄʂ ʚʽʜʧʦʚʽʜʥʦ ʫ 1,6ï1,8 ʨʘʟʽʚ [64]. ʋ 

ʟʚôʷʟʢʫ ʟ ʪʘʢʦʶ ʩʠʪʫʘʮʽʻʶ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ çʝʬʝʢʪʠʚʥʦʩʪʽè ʨʦʙʦʪʠ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʟʘʢʫʧʦʚʫʶʪʴʩʷ 10ï15 ʨʽʯʥʽ ʘʚʪʦʙʫʩʠ 

ɺʂ ʽʟ ʢʨʘʾʥ ɭʉ. ɸʣʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʱʝ ʜʦ ʙʽʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʽʢʫ 

ʘʚʪʦʙʫʩʽʚ. ɯ ʥʘ ʩʴʦʛʦʜʥʽ ʪʽʣʴʢʠ 22ï24% ʟʘʛʘʣʴʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʫ ɭʉ ʜʦʧʫʩʪʠʤʠʤ ʪʝʨʤʽʥʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 

ʨʝʛʫʣʷʨʥʠʭ ʤʘʨʰʨʫʪʘʭ [64].                                                                                                            

   

1.3 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ  

ɺ ʫʤʦʚʘʭ ʧʝʨʝʭʦʜʫ ʚʽʜ ʟʚʠʯʥʦʾ ʫ ʯʘʩʠ ʉʈʉʈ ʩʠʩʪʝʤʠ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ, 

ʥʝʟʥʘʯʥʦʛʦ ʟʘ ʩʫʯʘʩʥʠʤʠ ʤʽʨʢʘʤʠ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ ʜʦ ɺʈ ʫ 6ï7  

ʨʦʢʽʚ (9 ʨʦʢʽʚ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʫʚʘʛʠ ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʱʦʜʦ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ (ɸɿ) ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ) ʜʦ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ ʪʝʨʤʽʥʫ ʽ ʧʨʘʢʪʠʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʧʦʥʘʜ 10ï15 ʨʦʢʽʚ 

ʙʝʟ ɺʈ ʢʫʟʦʚʘ ʦʯʝʚʠʜʥʘ ʦʙôʻʢʪʠʚʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ/ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʫʞʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʥʠʭ ʨʦʙʽʪ. ʈʝʘʣʽʟʘʮʽʾ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ ʩʠʩʪʝʤʠ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʦʮʽʥʢʦʶ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʫ ʥʝʩʽʚʥʦʾ ʯʘʩʪʠʥʠ ʢʫʟʦʚʘ ʫʤʦʚʘʤ ʇɹ ʨʫʭʫ ʦʙʫʤʦʚʣʶʻ ʽ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʘʣʽʾ ʘʢʮʝʥʪʫ ʥʘ ʜʘʥʫ ʧʨʦʙʣʝʤʫ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʙʫʩʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʛʘʣʫʟʽ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʽʥʬʦʨʤʘʮʽʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. ɺ ʦʩʥʦʚʥʦʤʫ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʛʦʥʽʚ, ʚʦʜʥʦʛʦ ʪʘ 

ʧʦʚʽʪʨʷʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [16]. ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ [17ï21] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʧʨʦʚʦʜʠʣʦʩʴ, ʦʜʥʘʢ ʧʨʠ 
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ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʢʦʨʦʟʽʷ ʪʘ ʨʝʘʣʴʥʽ ʜʦʨʦʞʥʽ ʫʤʦʚʠ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʫʤʦʚʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʞʠʤʘʤ ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʩʪʝʥʜʽ. ɸʣʝ ʪʘʢʽ ʧʨʠʩʢʦʨʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʦʜʥʦʯʘʩʥʠʡ ʚʧʣʠʚ ʢʦʨʦʟʽʡʥʦʛʦ ʪʘ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. 

ʇʨʦʚʽʚʰʠ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ [26ï36] ʧʦ ʪʝʭʥʽʯʥʦʤʫ ʢʦʥʪʨʦʣʶ ʘʚʪʦʙʫʩʥʠʭ 

ʢʫʟʦʚʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʇɹ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʟʛʽʜʥʦ ʇʨʘʚʠʣ [3] ʥʝ ʧʨʦʚʦʜʷʪʴʩʷ. ʅʝ ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢʦʞ ɯʄ, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʚʠʤʦʛʘʤ ʱʦʜʦ ʇɹ [3] ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ ʮʝ 

ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʦʮʽʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʦʛʦ 

ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʘʚʪʦʙʫʩʥʠʭ ʢʫʟʦʚʽʚ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʇɹ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ [40ï43] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʶʪʴ 

ʚʘʨʽʘʥʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ. ʊʫʪ [40ï43] ʚʽʜʩʫʪʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ. 

ʊʘʢʦʞ ʚʽʜʩʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʚʘʣʠ ʙ ʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʢʫʟʦʚʘ. ʊʦʤʫ 

ʮʝ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʦʮʽʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʨʠʩʚʷʯʝʥʦʛʦ ʦʮʽʥʮʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʽ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ ʪʘ 

ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʨʦʟʽʾ. ɺʩʝ ʮʝ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʦʮʽʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʦʛʦ 

ʧʨʦʛʥʦʩʪʠʯʥʽʡ ʦʮʽʥʮʽ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʄ. 

ɺʘʞʣʠʚʠʤ ʻ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ 

ʦʙʤʝʞʫʻʪʴʩʷ ʨʝʩʫʨʩʦʤ ʢʫʟʦʚʘ.  ʅʘ ʟʤʝʥʰʝʥʥʷ ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʥʠʭ ʢʫʟʦʚʽʚ 

ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ: ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ; ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʪʨʽʻʚʦ-ʭʣʦʨʠʜʥʠʭ ʧʽʱʘʥʠʭ ʩʫʤʽʰʝʡ, ʷʢʠʤʠ ʧʦʩʠʧʘʶʪʴʩʷ ʜʦʨʦʛʠ ʚʟʠʤʢʫ; 

ʥʝʥʘʣʝʞʥʠʡ ɸɿ ʪʘ ʥʝʩʚʦʻʯʘʩʥʝ ʡʦʛʦ ʦʥʦʚʣʝʥʥʷ; ʟʙʝʨʽʛʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʧʽʜ 

ʚʽʜʢʨʠʪʠʤ ʥʝʙʦʤ; ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ 

ʨʝʤʦʥʪʽʚ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʅʽʤʝʯʯʠʥʽ ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ 50704 ʦʜʠʥʠʮʴ 

ʘʚʪʦʙʫʩʽʚ (ʚʽʢ ʘʚʪʦʙʫʩʽʚ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʜʚʘʜʮʷʪʠ ʨʦʢʽʚ) ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʢʫʟʦʚʘ (ʥʘʜʤʽʨʥʘ ʢʦʨʦʟʽʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʚʫʟʣʘ, 
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ʥʝʥʘʜʽʡʥʽʩʪʴ ʧʣʘʩʪʠʥ ʘʙʦ ʢʨʽʧʣʝʥʴ, ʪʨʽʱʠʥʘ ʘʙʦ ʜʝʬʦʨʤʘʮʽʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʘʙʦ ʧʦʧʝʨʝʯʥʦʛʦ ʝʣʝʤʝʥʪʘ) ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʣʦ 1,2% [65ï67].  

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʝʛʘʪʠʚʥʽ ʯʠʥʥʠʢʠ ʟʚʝʜʝʥʽ ʜʦ ʤʽʥʽʤʫʤʫ. ʃʽʥʽʡʥʝ 

ʟʨʦʩʪʘʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ (ʧʦʰʢʦʜʞʝʥʴ) ʢʫʟʦʚʘ ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʩʣʷ ʚʦʩʴʤʠ ʨʦʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʪʝʨʤʽʥʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 19ï20 ʨ. ʢʽʣʢɹʽʩʪʴ ʚʽʜʤʦʚ ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 6%, ʱʦ ʻ ʥʝʜʦʩʷʞʥʠʤ ʜʣʷ ʘʚʪʦʙʫʩʽʚ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʁ ʪʴʩʷ ʚ ʥʘʰʽʡ 

ʜʝʨʞʘʚʽ. ɺʨʘʭʦʚʫʶʯʠ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʘʰʦʾ ʜʝʨʞʘʚʠ [8] ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʧʦʢʠ ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʨʽʚʥʶ. 

ɺ ʋʢʨʘʾʥʽ ʝʢʩʧʣʫʘʪʫʻʪʩɹʷ ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʘʚʪʦʙʫʩʽʚ (44%) [55] ʪʝʨʤʽʥʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʠʭ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʘʪʠʚʠ, ʟʦʢʨʝʤʘ ʱʝ ʨʦʟʨʦʙʣʝʥʽ  ʟʘ ʯʘʩʽʚ 

ʉʈʉʈ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ɸʊʇ ʪʘʢʽ ʘʚʪʦʙʫʩʠ ʩʪʘʚʣʷʪʴ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʰʦʛʦ ɺʈ 

ʧʨʠ ʧʨʦʙʽʛʫ 800 ʪʠʩ. ï 1 ʤʣʥ ʢʤ ʪʘ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ 9ï11 ʨʦʢʽʚ. ʇʽʜ ʯʘʩ 

ʪʘʢʦʛʦ ɺʈ ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʤʦʥʪ, ʘʙʦ ʟʘʤʽʥʘ ʘʛʨʝʛʘʪʽʚ ʪʘ çɺʈè ʩʘʤʦʛʦ ʢʫʟʦʚʘ.  

  ʋ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ ʘʚʪʦʙʫʩʘʤʠ ʧʝʨʝʚʦʟʠʪʴʩʷ ʙʣʠʟʴʢʦ 46% ʧʘʩʘʞʠʨʽʚ [68]. 

ʆʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʘʚʪʦʙʫʩʽʚ (ʥʝ ʤʝʥʰʝ 50%) ʩʢʣʘʜʘʶʪʴ ʘʚʪʦʙʫʩʠ ʤʘʣʦʛʦ ʢʣʘʩʫ: 

çɹʦʛʜʘʥè ʪʘ çɽʪʘʣʦʥè [69]. ʆʪʞʝ ʮʝʡ ʪʨʘʥʩʧʦʨʪ ʤʘʻ ʚʘʛʦʤʠʡ ʚʢʣʘʜ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʤʽʩʪ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʫ 

ʚʘʞʣʠʚʦ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʅʘʞʘʣʴ ʨʝʩʫʨʩʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʮʠʭ ʘʚʪʦʙʫʩʽʚ ʥʝ ʧʨʦʚʦʜʷʪʴʩʷ ʽ ʮʝ ʫʩʢʣʘʜʥʶʻ ʦʪʨʠʤʘʥʥʷ 

ʦʙô̒ʢʪʠʚʥʠʭ ʚʠʪʨʘʪ. ɸʣʝ ʚʩʝ ʞ ʪʘʢʠ ʘʚʪʦʙʫʩʠ çɹʦʛʜʘʥè, çɸʪʘʤʘʥè (ʦʥʦʚʣʝʥʘ 

ʥʘʟʚʘ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè [70]) ʪʘ çɽʪʘʣʦʥè ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʥʘʜ ʜʝʩʷʪʴ ʨʦʢʽʚ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʟʘ ʜʘʥʠʤʠ ɸʊʇ ʚʠʷʚʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʦʮʽʥʠʪʠ 

ʨʝʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ ʦʜʥʦʛʦ ʙʦʢʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʘʨʽʣʘ ʧʨʠ ʦʮʽʥʮʽ ʨʝʩʫʨʩʫ ʥʦʚʠʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʨʦʙʦʪʽ [8] ʦʧʠʩʘʥʦ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʚʽʜʤʦʚʠ ʜʝʪʘʣʝʡ ʪʘ ʾʭ ʚʘʨʪʽʩʪʴ) 

ʧʦʰʠʨʝʥʠʭ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ʪʘ çɽʪʘʣʦʥè. ʎʝ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʜʥʘʢ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʧʦ ʚʠʪʨʘʪʘʭ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʟʘʛʘʣʴʥʠʤ ʚʠʪʨʘʪʘʤ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ɺʈ. ʂʨʽʤ ʪʦʛʦ ʟʘʪʨʘʪʠ ʥʘʚʝʜʝʥʽ ʚ 
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ʥʦʨʤʘʪʠʚʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʯʘʩʽʚ ʉʈʉʈ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʨʝʘʣʴʥʦʩʪʽ. 

ʗʢ ʧʦʢʘʟʫʻ ʙʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʚʪʦʙʫʩʽʚ 

ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ: ʢʦʥʩʪʨʫʢʮʽʡʥʽ (ʤʘʪʝʨʽʘʣʠ, ʟ ʷʢʠʭ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʘʚʪʦʙʫʩ; ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʫʟʦʚʘ ʫʤʦʚʘʤ ʨʽʚʥʦʤʽʮʥʦʩʪʽ), 

ʪʝʭʥʦʣʦʛʽʯʥʽ (ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ); 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ (ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ, ʷʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʷʢʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʘʥʪʠʢʦʨʦʟʽʡʥʘ ʦʙʨʦʙʢʘ ʽ, 

ʷʢ ʨʝʟʫʣʴʪʘʪ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʾ). ɿʥʘʶʯʠ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ, ʚʘʞʣʠʚʦ ʱʝ ʥʘ 

ɽʇ ʦʮʽʥʠʪʠ ʨʝʩʫʨʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʙʫʩʘ. ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʘʚʪʦʙʫʩʘ, 

ʱʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʦʙʤʝʞʫʻ ʡʦʛʦ ʨʝʩʫʨʩ ʪʘ ʻ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ 

(VIN),  ̒ ʢʫʟʦʚ ʘʚʪʦʙʫʩʘ [48]. ʊʦʤʫ ʚʘʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʇʈʂɸ. ʆʜʥʠʤ ʽʟ 

ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʦ ʚʠʨʽʰʝʥʥʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʻ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʩʦʙʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ɯʄ [71ï75]. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ 

ʤʘʨʰʨʫʪʘʭ ʘʚʪʦʙʫʩʠ ʚ ʛʦʜʠʥʠ ʧʽʢ ʧʨʘʮʶʶʪʴ ʟ ʧʦʩʪʽʡʥʠʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ. 

ʂʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʚʝʟʝʥʠʭ ʧʘʩʘʞʠʨʽʚ ʚ ʛʦʜʠʥʠ ʧʽʢ ʜʦʩʷʛʘʻ ʚʽʩʽʤʜʝʩʷʪʠ 

ʧʨʠ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ 52 ʧʘʩʘʞʠʨʠ [8].  

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚ ʤʽʩʪʽ ʦʙʤʝʞʝʥʘ ʽ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 50 ʢʤ/ʛʦʜ 

[76]. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʘʣʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʥʝ ʚʠʢʣʶʯʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʝʨʝʚʠʱʝʥʴ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʙʫʩʘ.   

ʇʘʨʘʤʝʪʨʠ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʽʛ ʚʠʟʥʘʯʝʥʽ ʪʘ ʦʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ  ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ [46], ʷʢʽ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ 

ʨʦʙ̔ʪ ʉʠʣʘʚ̒ʘ ɸ. ɸ. ʪʘ ʍʘʯʘʪʫʨʦʚʘ ɸ. ɸ.  

ʂʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, 

ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʇʦʭʤʫʨʩʴʢʠʤ ɺ. ɯ., ʧʨʦ ʷʢʽ ʩʢʘʟʘʥʦ ʫ ʨʦʙʦʪʽ [47].  

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʠʭ ʦʩʥʦʚ 

ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ, ʱʦ ʙ ʜʦʟʚʦʣʠʣʦ ʬʦʨʤʫʚʘʪʠ ʾʭ 

ʨʝʩʫʨʩ ʱʝ ʥʘ ɽʇ. 
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1.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1  

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʚʪʦʙʫʩʠ ʧʨʠ ʪʝʨʤʽʥʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 5ï10 ʨʦʢʽʚ 

ʤʦʞʫʪʴ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʜʝʛʨʘʜʘʮʽʻʶ ʤʘʪʝʨʽʘʣʫ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

2. ʄʦʞʥʘ ʙʫʣʦ ʙ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ 5ï10-ʪʠ ʨʽʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʝʨʝʜʙʘʯʠʪʠ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʥʦʚʠʭ ʘʥʘʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ ʘʚʪʦʙʫʩʽʚ. ʆʜʥʘʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ 

ʤʦʜʝʣʝʡ ʘʚʪʦʙʫʩʽʚ, ʘʙʦ ʨʝʩʪʘʡʣʽʥʛʫ ʽʩʥʫʶʯʠʭ ʥʝʤʠʥʫʯʝ ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ 

ʥʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʥʦʚʽʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʦʤʫ ʨʝʩʫʨʩ ʮʠʭ ʘʚʪʦʙʫʩʽʚ ʚʞʝ ʥʝ 

ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʤʝʞʘʭ, ʦʪʨʠʤʘʥʠʭ ʧʦʧʝʨʝʜʥʽʤ ʜʦʩʚʽʜʦʤ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʩʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥ ̫ʨʝʩʫʨʩʫ ʘʚʪʦʙʫʩʽʚ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʥʝʩʽʚʥʠʤ ʢʫʟʦʚʦʤ ʪʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ 

ʧʦʻʜʥʫʚʘʣʠ ʙ ʚʘʛʦʤʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ: ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ 

(ʤʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʦʛʠ), ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʪʘ 

ʢʦʨʦʟʽʶ. 

4. ɸʢʪʫʘʣʴʥʠʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ 

ʤʝʪʘʣʫ ʥʘʩʘʤʧʝʨʝʜ ʥʝʩʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʥʘ ʟʤʽʥʫ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙ ʽ ʟôʻʜʥʘʥʴ ʢʘʨʢʘʩʫ.  

5. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʫʟʘʛʘʣʴʥʝʥʥʽ ʪʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʝʬʝʢʪʫ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʚʧʨʦʜʦʚʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʤʽʮʥʽʩʪʴ ʽ 

ʇɹ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ. 

6. ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ  ̔ʚʧʣʠʚʫ 

ʢʦʨʦʟʽʾ, ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʥʘ ʧʘʩʠʚʥʫ ʙʝʟʧʝʢʫ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʪʘ 

ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʢʘʨʢʘʩʫ ʟ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʢʦʥʦʜʘʚʯʽʡ 

ʥʦʨʤʘʪʠʚʥʠʡ ʙʘʟʽ (ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 66, ˉ 107).  

7. ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʩʦʢʦʚʘʨʪʽʩʥʽ ʥʘʪʫʨʥʽ 

ʜʦʚʛʦʪʨʠʚʘʣʽ ʨʝʩʫʨʩʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʙʫʩʽʚ, ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʫ ʨʦʟʨʦʙʮʽ 
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ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʥʠ 

ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʙʽʛʫ ʽ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ 

ʨʽʟʥʽ ʪʠʧʦʚʽ ʫʤʦʚʠ ï ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʙʫʩʽʚ. 

8. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʦʨʪʘʤʝʥʪʫ ʧʨʦʢʘʪʫ ʽ 

ʤʘʨʦʢ ʩʪʘʣʽ ʥʘ ʟʤʽʥʫ ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʟ ʫʤʦʚ ʜʦʪʨʠʤʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ. 

9. ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʟ ʧʽʜʚʠʱʝʥʥ ̫

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ, ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʩʠʥʪʝʟʫ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʪʘ ʩʬʝʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ï ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ 

ʙʝʟʧʝʢʠ. 

10. ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʘʚʪʦʙʫʩʽʚ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ  ʨʦʟʨʦʙʮʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʦʥʦʚʣʝʥʥʷ ɼʉʊʋ 3649: 2010 ʰʣʷʭʦʤ ʫʚʝʜʝʥʥʷ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʘʢʪʠʢʠ 

ʚʠʙʨʘʢʫʚʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʧʨʠ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʧʦʛʽʨʰʝʥʥʽ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ 

ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ ʪʘ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ.  
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ʈʆɿɼɯʃ 2 

ʆʎɯʅʂɸ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ɺʀʊʈɸʊ  

ʋ ɺɿɸɭʄʆɿɺôʗɿʂʋ ɿ ʊɽʈʄɯʅʆʄ ʉʃʋɾɹʀ  

 

2.1 ɼʠʥʘʤʽʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ 

ʂʫʟʦʚ ʘʚʪʦʙʫʩʘ ï ʥʘʡʜʦʨʦʞʯʘ ʩʢʣʘʜʦʚʘ ʽ ʟʘʩʣʫʛʦʚʫʻ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ. ʇʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè (ʥʘ ʩʴʦʛʦʜʥʽ çɸʪʘʤʘʥè) ʢʦʥʩʪʨʫʢʪʦʨʠ ʪʘ 

ʪʝʭʥʦʣʦʛʠ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè ʧʦʩʪʽʡʥʦ ʧʨʘʛʥʫʪʴ ʧʽʜʚʠʱʠʪʠ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʪʘ ʈʂɸ. ʆʜʥʘʢ ʫ ʥʘʧʨʫʞʝʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʟʘʚʦʜʩʴʢʠʡ 

ʟʘʭʠʩʪ ʢʫʟʦʚʘ ʥʝ ʚʠʪʨʠʤʫʻ (ʦʩʦʙʣʠʚʦ ʚʟʠʤʢʫ ʧʨʠ ʙʦʤʙʘʨʜʫʚʘʥʥʽ ʢʫʟʦʚʘ 

ʩʦʣʷʥʠʤʠ ʟʘʩʦʙʘʤʠ ʧʨʦʪʠ ʦʙʤʝʨʟʘʥʥʷ ʜʦʨʽʛ).  ʂʨʽʤ ʪʦʛʦ ʚ ʛʦʥʮʽ ʧʝʨʝʚʽʟʥʠʢʽʚ ʟʘ 

ʧʨʠʙʫʪʢʦʤ ʫ ʛʦʜʠʥʠ ʧʽʢ ʘʚʪʦʙʫʩʠ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʧʦʥʘʜ ʪʝʭʥʽʯʥʦ ʜʦʧʫʩʪʠʤʦʾ 

ʥʦʨʤʠ. ʊʦʤʫ ʙʽʯʥʽ ʤʝʪʘʣʝʚʽ ʧʘʥʝʣʽ ʢʫʟʦʚʘ (ʨʠʩ. 2.1) ʪʘ ʜʥʠʱʝ ʧʦʯʠʥʘʶʪʴ 

ʨʞʘʚʽʪʠ ʚʞʝ ʯʝʨʝʟ 3ï3,5 ʨʦʢʽʚ ʱʦʜʝʥʥʦʾ ʨʦʙʦʪʠ [8, 77].  

 

 
 

ʈʠʩʫʥʦʢ 2.1 ï ʂʦʨʦʟʽʷ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 

 

ʅʘ ʜʝʷʢʠʭ ʣʠʮʴʦʚʠʭ ʧʘʥʝʣʷʭ ʢʫʟʦʚʘ ʬʘʨʙʘ ʧʨʦʩʪʦ ʚʽʜʧʘʜʘʻ ʢʣʘʧʪʷʤʠ, ʧʽʜ 

ʷʢʠʤʠ ʤʽʩʮʷʤʠ ʥʘʚʽʪʴ ʚʽʜʩʫʪʥʽʡ ˇʨʫʥʪ [77]. ɺʽʜ ʪʦʯʦʢ ʪʘ ʣʽʥʽʡ ʟʚʘʨʢʠ (ʦʩʦʙʣʠʚʦ 

ʥʘ ʜʚʝʨʷʭ ʽ ʥʘʚʢʦʣʦ ʥʠʭ) ʚʽʜʧʘʜʘʻ ʰʧʘʢʣʽʚʢʘ. ɸ ʤʽʩʮʷʤʠ (ʥʘʚʽʪʴ ʥʝ ʙʽʣʷ ʟʚʘʨʥʠʭ 

ʰʚʽʚ) ʢʫʟʦʚ ʧʨʦʩʪʦ ʪʨʽʩʢʘʻʪʴʩʷ. ʉʪʨʫʢʪʫʨʥʘ ʢʦʨʦʟʽʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʫʟʦʚʘ ʚʮʽʣʦʤʫ, ʱʦ ʟʥʠʞʫʻ  ʙʝʟʧʝʯʥʽʩʪʴ 
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ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʥʝʜʦʧʫʩʪʠʤʦ ʽ ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʩʪʘʪʥʶ ʷʢʽʩʪʴ ɸɿ ʢʫʟʦʚʽʚ 

ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ʜʣʷ ʥʘʰʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʠ. ʅʘ ʧʽʚʜʥʽ ʋʢʨʘʾʥʠ ʢʫʟʦʚ 

ʧʽʜʣʷʛʘʻ ʤʝʥʰʠʤ ʧʨʦʷʚʘʤ ʢʦʨʦʟʽʾ (ʢʨʽʤ ʧʨʠʤʦʨʩʴʢʠʭ ʟʦʥ), ʘ ʚ ʧʽʚʥʽʯʥʠʭ, 

ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʟʘʭʽʜʥʠʭ ʦʙʣʘʩʪʷʭ ʢʦʨʦʟʽʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦ. 

ɿʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥ ʢʫʟʦʚʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ 

ʪʘ ʚʽʜʢʣʝʶʚʘʥʥʷ ʩʢʣʦʧʣʘʩʪʠʢʦʚʠʭ ʧʘʥʝʣʝʡ. ʇʝʨʝʜʥʷ ʪʘ ʟʘʜʥʷ ʩʢʣʦʧʣʘʩʪʠʢʦʚʽ 

ʧʘʥʝʣʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʚ ʨʝʤʦʥʪʽ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʩʫʪʪʻʚʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ (ʚ 

ɸʊʇ ʚʽʜʩʫʪʥʽ ʬʘʭʽʚʮʽ, ʪʝʭʥʦʣʦʛʽʾ, ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʤʘʪʝʨʽʘʣʠ). 

ɻʫʤʦʚʽ ʫʱʽʣʴʥʶʚʘʯʽ ʜʚʝʨʝʡ ʟʘ 2ï3 ʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʭʦʜʷʪʴ ʽʟ ʣʘʜʫ ʪʘ 

ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʧʦ ʚʩʴʦʤʫ ʧʝʨʠʤʝʪʨʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʪʨʘʧʣʷʥʥʷ ʙʨʫʜʫ ʡ ʚʦʣʦʛʠ ʚ ʩʘʣʦʥ ʪʘ ʩʧʨʠʷʥʥʶ ʨʦʟʚʠʪʢʫ ʢʦʨʦʟʽʾ, 

ʦʩʢʽʣʴʢʠ ʘʥʪʠʢʦʨʦʟʽʡʥʘ ʦʙʨʦʙʢʘ ʢʫʟʦʚʘ ʟʩʝʨʝʜʠʥʠ ʚʟʘʛʘʣʽ ʚʠʢʦʥʘʥʘ ʥʝʥʘʣʝʞʥʠʤ 

ʯʠʥʦʤ. ʊʘʢʦʞ 2ï3 ʨʦʢʠ ʩʣʫʞʠʪʴ ʧʦʢʨʠʪʪʷ ʧʽʜʣʦʛʠ. ʇʦʪʽʤ ʚʦʥʦ ʨʦʟʪʨʽʩʢʫʻʪʴʩʷ, 

ʨʚʝʪʴʩʷ ʪʘ ʚʽʜʢʨʠʚʘʻ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʚʦʣʦʛʠ ʪʘ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʦʟʚʠʪʢʫ 

ʢʦʨʦʟʽʾ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥ.  

ɾʦʨʩʪʢʽʩʪʴ ʢʫʟʦʚʘ (ʥʘʚʽʪʴ ʙʝʟ ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ), ʷʢ ʧʦʢʘʟʫʻ ʝʢʩʧʣʫʘʪʘʮʽʷ, 

ʥʝ ʥʘ ʜʦʩʪʘʪʥʴʦʤʫ ʨʽʚʥʽ. ɺʦʜʽʾ ʧʦʤʽʯʘʶʪʴ, ʱʦ ʷʢ ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ 

ʧʝʨʝʚʠʱʫʻ 30 ʦʩʽʙ, ʧʨʠ ʧʦʧʘʜʘʥʥʽ ʫ ʚʠʙʦʾʥʠ ʪʘ ʧʝʨʝʾʟʜʽ çʣʝʞʘʯʠʭ 

ʧʦʣʽʮʝʡʩʴʢʠʭè ʣʶʢʠ ʧʦ ʙʦʢʘʭ ʘʚʪʦʙʫʩʘ ʧʦʯʠʥʘʶʪʴ ʩʘʤʦʩʪʽʡʥʦ ʚʽʜʢʨʠʚʘʪʠʩʴ. 

ʈʫʡʥʫʶʪʴʩʷ ʫʱʽʣʴʥʶʚʘʯʽ ʤʽʞ ʢʫʟʦʚʥʠʤʠ ʧʘʥʝʣʷʤʠ, ʪʨʽʩʢʘʶʪʴʩʷ ʣʦʙʦʚʽ ʩʪʝʢʣʘ 

ʪʘ ʩʪʝʢʣʘ ʬʘʨ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʜʦʚʛʦʚʽʯʥʽʰʠʤʠ ʜʝʪʘʣʷʤʠ ʩʘʣʦʥʫ ʚʠʷʚʣʷʶʪʴʩʷ 

ʧʘʥʝʣʽ ʙʦʢʦʚʠʥ ʪʘ ʜʘʭʫ. ʊʘʢʦʞ ʧʨʦʙʣʝʤʥʠʤʠ ʤʽʩʮʷʤʠ ʻ ʧʨʘʚʽ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ 

ʢʫʪʠ ʢʫʟʦʚʘ. ʆʩʢʽʣʴʢʠ ʥʠʞʥʷ ʶʙʢʘ ʢʫʟʦʚʘ ʟʘʥʘʜʪʦ ʥʠʟʴʢʘ, ʪʦ ʧʨʠ ʧʨʠʩʧʫʱʝʥʠʭ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʙʘʣʦʥʘʭ ʧʽʜʚʽʩʢʠ, ʥʠʟʴʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʤʦʨʪʠʟʘʪʦʨʽʚ ʪʘ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ, ʧʨʠ ʧʽʜôʾʟʜʞʘʥʥʽ  ʜʦ 

ʪʨʦʪʫʘʨʫ ʮʽ ʢʫʪʠ ʙôʶʪʴʩʷ ʦʙ ʙʦʨʜʶʨʠ.  

ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʢʫʟʦʚʘ, ʧʦʪʨʽʙʥʦ ʧʝʨʽʦʜʠʯʥʦ ʧʨʦʚʦʜʠʪʠ 

ʢʦʥʪʨʦʣʴ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ, ʩʚʦʻʯʘʩʥʦ ʾʭ ʫʩʫʚʘʪʠ ʪʘ ʧʦʥʦʚʣʶʚʘʪʠ 

ʘʥʪʠʢʦʨʦʟʽʡʥʝ ʧʦʢʨʠʪʪʷ. ɺʠʪʨʘʯʝʥʽ ʢʦʰʪʠ ʥʘ ʫʩʫʥʝʥʥʷ ʥʝʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ 
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(ʩʢʦʣʠ ʬʘʨʙʠ, ʧʦʜʨʷʧʠʥʠ, ʧʦʯʘʪʢʦʚʽ ʦʩʝʨʝʜʢʠ ʢʦʨʦʟʽʾ) ʪʘ ʨʝʛʣʘʤʝʥʪʥʫ 

ʘʥʪʠʢʦʨʦʟʽʡʥʫ ʦʙʨʦʙʢʫ ʧʽʜʚʠʱʘʪʴ  ʈʂɸ. ɯ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʘʪʴ ʧʦʜʘʣʴʰʽ 

ʚʠʪʨʘʪʠ ʥʘ ʧʦʪʦʯʥʠʡ ʘʙʦ ʡ ɺʈ  ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʩʪʨʫʢʪʫʨʥʦʾ ʢʦʨʦʟʽʾ ʪʘ 

ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ.  

ʈʦʟʚʠʪʢʫ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ ʩʧʨʠʷʶʪʴ ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ 

ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʘʚʪʦʙʫʩʘ ʧʘʩʘʞʠʨʘʤʠ 

ʧʦʥʘʜ ʥʦʨʤʠ. ɸʣʝ ʢʨʽʤ ʢʫʟʦʚʘ ʩʪʨʘʞʜʘʶʪʴ ʡ ʽʥʰʽ ʩʢʣʘʜʦʚʽ. ɿʦʢʨʝʤʘ ʧʝʨʝʜʥʽ 

ʘʤʦʨʪʠʟʘʪʦʨʠ ʚʠʭʦʜʷʪʴ ʽʟ ʣʘʜʫ ʯʝʨʝʟ 1ï1,5 ʨʦʢʠ (ʘ ʪʦ ʽ ʨʘʥʽʰʝ) ʘ ʨʝʩʫʨʩ ʟʘʜʥʽʭ 

2ï2,5 ʨʦʢʠ [77]. ɿ ʪʘʢʦʶ ʥʝʩʧʨʘʚʥʽʩʪʶ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʜʦʩʠʪʴ ʯʘʩʪʦ 

ʘʚʪʦʙʫʩʠ ʧʨʦʜʦʚʞʫʶʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʴ ʽ ʟʘʤʽʥʘ ʘʤʦʨʪʠʟʘʪʦʨʽʚ ʚʽʜʪʷʛʫʻʪʴʩʷ ʥʘ 

ʦʩʪʘʥʥʽʡ ʧʣʘʥ. ʎʝ ʱʝ ʧʽʜʚʠʱʫʻ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʘʚʪʦʙʫʩʘ.  

ʊʘʢʦʞ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ʚʠʷʚʣʝʥʦ ʨʷʜ ʚʽʜʤʦʚ 

ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʽʦʜʠʯʥʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ.  ʎʝ ʥʠʟʴʢʠʡ ʨʝʩʫʨʩ ʛʦʣʦʚʥʦʛʦ, ʨʦʙʦʯʠʭ ʛʘʣʴʤʽʚʥʠʭ ʪʘ 

ʛʦʣʦʚʥʦʛʦ ʮʠʣʽʥʜʨʘ ʟʯʝʧʣʝʥʥʷ, ʷʢʠʡ ʩʢʣʘʜʘʻ 150ï250 ʪʠʩ. ʢʤ [77]. ʈʝʩʫʨʩ 

ʧʝʨʝʜʥʽʭ ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 23ï25 ʪʠʩ. ʢʤ, ʟʘʜʥʽʭ ï  30ï35 ʪʠʩ.  

ʢʤ [77]. 

ʈʝʩʫʨʩ ʟʯʝʧʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʦʜʽʾʚ. ʅʘ 

ʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ ʦʜʥʦʜʠʩʢʦʚʝ ʟʯʝʧʣʝʥʥʷ ʩʣʫʞʠʪʴ ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ ʨʘʟʠ 

ʤʝʥʰʝ, ʥʽʞ ʥʘ ʤʽʞʤʽʩʴʢʠʭ ï ʙʣʠʟʴʢʦ 50ï60 ʪʠʩ. ʢʤ [77]. 

ʋ ʙʘʛʘʪʴʦʭ ʘʚʪʦʙʫʩʘʭ çɹʦʛʜʘʥè ɸ092, ʧʦʯʠʥʘʶʯʠ ʟ ʧʨʦʙʽʛʫ 2500 ʢʤ, 

ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʨʝʜʫʢʪʦʨʠ ʩʢʣʦʦʯʠʩʥʠʢʽʚ [77]. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʝʣʠʢʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʙʽʣʴʰʦʶ ʜʦʚʞʠʥʦʶ ʱʽʪʦʢ ʩʢʣʦʦʯʠʩʥʠʢʽʚ ʥʘ 

ʨʦʙʦʪʫ, ʟ ʷʢʠʤʠ ʥʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʨʝʜʫʢʪʦʨ. ʊʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʢʣʦʦʯʠʩʥʠʢʽʚ 

ʤʝʥʰʦʾ ʜʦʚʞʠʥʠ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʭʘʥʽʟʤʠ ʩʢʣʦʦʯʠʩʥʠʢʽʚ  ʪʘ 

ʧʽʜʚʠʱʫʻ ʾʭ ʨʝʩʫʨʩ. 

 ʅʝʷʢʽʩʥʽ ʧʘʪʨʫʙʢʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʦʪʨʝʙʫʶʪʴ ʟʘʤʽʥʠ ʨʘʟʦʤ ʽʟ ʨʝʛʣʘʤʝʥʪʥʦʶ ʟʘʤʽʥʦʶ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ [70]. 

 ʊʘʢʦʞ ʩʣʘʙʢʠʤ ʤʽʩʮʝʤ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʻ ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ, 

ʨʝʩʫʨʩ ʷʢʦʛʦ ʥʠʞʯʠʡ, ʥʽʞ ʫ ɿʀʃ-130 [77]. ʐʚʠʜʢʦ ʟʥʦʰʫʶʪʴʩʷ ʢʽʣʴʮʷ, ʤʘʩʣʦ 
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ʧʦʪʨʘʧʣʷʻ ʫ ʧʥʝʚʤʦʩʠʩʪʝʤʫ ʽ ʚʽʜ ʮʴʦʛʦ ʚʠʭʦʜʷʪʴ ʽʟ ʣʘʜʫ ʛʫʤʦʚʽ ʫʱʽʣʴʥʝʥʥʷ 

ʜʚʝʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ (ʨʝʤʦʥʪʥʠʡ ʢʦʤʧʣʝʢʪ ʢʦʰʪʫʻ ʧʦʥʘʜ 200 ʜʦʣʘʨʽʚ ʉʐɸ). 

ʂʦʤʧʨʝʩʦʨ ʨʦʟʤʽʱʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʨʚʝʪʴʩʷ ʤʘʩʣʷʥʠʡ ʰʣʘʥʛ ʫ ʩʠʩʪʝʤʽ 

ʟʤʘʱʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʫ ʢʦʨʦʜʫʻ ʥʘʩʢʨʽʟʴ ʤʘʩʣʷʥʠʡ 

ʧʽʜʜʦʥ ʢʦʤʧʨʝʩʦʨʘ. ʄʘʩʣʦ ʚʠʣʠʚʘʻʪʴʩʷ ʥʘ ʜʦʨʦʛʫ ʪʘ ʚʪʨʘʪʘ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ 

ʤʘʱʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʧʣʘʚʣʷʥʥʷ ʰʘʪʫʥʥʠʭ ʚʢʣʘʜʠʰʽʚ ʜʚʠʛʫʥʘ.  

  ʈʝʩʫʨʩ ʷʧʦʥʩʴʢʠʭ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ (Isuzu 4HG1-Tʉ, 4HE1-XS, 4ʅʂ1) 

ʟʘʷʚʣʝʥʠʡ ʚʠʨʦʙʥʠʢʦʤ ï 1 ʤʣʥ ʢʤ. ʆʜʥʘʢ ʨʝʘʣʴʥʠʡ ʨʝʩʫʨʩ ʜʦ ɺʈ ʩʢʣʘʜʘʻ 600ï 

800 ʪʠʩ. ʢʤ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʷʢʽʩʪʴ ɺʈ ʚʧʣʠʚʘʶʪʴ ʷʢʽʩʪʴ 

ʟʘʧʯʘʩʪʠʥ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʠʛʽʥʘʣʴʥʠʭ ʷʧʦʥʩʴʢʠʭ ʟʘʧʯʘʩʪʠʥ ʟʥʘʯʥʦ ʩʢʦʨʦʪʷʪʴ 

ʧʦʜʘʣʴʰʽ ʟʘʪʨʘʪʠ) ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʨʝʤʦʥʪʥʠʢʽʚ (ʩʧʝʮʽʘʣʽʩʪʽʚ ʚ ʋʢʨʘʾʥʽ ʜʫʞʝ 

ʤʘʣʦ). ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʚʝʜʝʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ɺʈ ʫ ʚʠʩʪʘʯʘʻ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 110 ʪʠʩ. ʢʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ, 

ʨʝʩʫʨʩ ʷʢʦʛʦ ʷʧʦʥʩʴʢʠʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʟʘʢʣʘʜʝʥʦ ʚ ʤʝʞʘʭ 1 ʤʣʥ ʢʤ. ʊʦʤʫ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʠʡ ʨʝʩʫʨʩ (ʙʣʠʟʴʢʦ 400 ʪʠʩ. ʢʤ) ʧʽʜ ʯʘʩ ɺʈ ʜʚʠʛʫʥʘ 4ʅʂ1, 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʦʚʠʡ ʢʦʣʽʥʯʘʩʪʠʡ ʚʘʣ ʪʫʨʝʮʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ɺʈ. 

 ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ ʪʘ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʜʦʩʚʽʜ ʯʝʨʢʘʩʴʢʠʭ ɸʊʇ, 

ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʧʝʨʰʽ 100 ʪʠʩ. ʢʤ ʧʨʦʙʽʛʫ 

ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ 6000 ʛʨʥ (ʨʠʩ. 2.2). 

 ʇʦʪʽʤ, ʧʨʠʙʣʠʟʥʦ ʜʦ ʧʨʦʙʽʛʫ 350 ʪʠʩ. ʢʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʪʨʘʪʘʤʠ ʥʘ ʫʩʫʥʝʥʥʷ ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ ʪʘ 

ʟʘʚʦʜʩʴʢʠʭ ʥʝʜʦʣʽʢʽʚ. ɼʘʣʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʩʪʫ ʚʠʪʨʘʪ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ 

ʩʪʘʙʽʣʴʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʜʦ 18000 ʛʨʥ (ʧʨʦʙʽʛ 850 ʪʠʩ. ʢʤ ʪʘ ʧʨʠʙʣʠʟʥʦ 8,5 ʨʦʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ). ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʪʨʘʪʠ ʨʽʟʢʦ ʟʨʦʩʪʘʶʪʴ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʨʦʷʚʘʤʠ 

ʩʪʨʫʢʪʫʨʥʦʾ ʢʦʨʦʟʽʾ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʜʝʩʷʪʠʣʽʪʥʴʦʛʦ ʪʝʨʤʽʥʫ 

ʘʚʪʦʙʫʩ ʟʤʫʰʝʥʽ ʩʪʘʚʠʪʠ ʥʘ ɺʈ. 
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ʈʠʩʫʥʦʢ 2.2 ï ʉʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʽ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ 

ʪʘ ʊʆ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥ ɸ-092è ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʙʽʛʫ [78] 

 

 ɺ ʪʘʙʣ. 2.1 ʥʘʚʝʜʝʥʦ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʪʘ ʊʆ 

ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092.  

 

ʊʘʙʣʠʮʷ 2.1 ï ʉʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʪʘ ʊʆ ʘʚʪʦʙʫʩʘ 

çɹʦʛʜʘʥè ɸ092 

ʅʘʟʚʘ ʚʠʪʨʘʪ ʉʫʤʘ ʚʠʪʨʘʪ, ʛʨʥ 

1 2 

ʉʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ʪʘ ʊʆ 

ʊʆ-1(2)+ʇʈ 6000 -18000 

ʊʆ-2+ʇʈ 6000 -18000 

ɺʠʪʨʘʪʠ ʥʘ ɺʈ  

ɺʈ ʢʫʟʦʚʘ 55000 

- ʪʨʫʙʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʨʦʬʽʣʶ 12000 

- ʩʪʘʣʴʥʽ ʣʠʩʪʠ 9000 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.1 

1 2 

- ʥʝʤʝʪʘʣʝʚʽ ʤʘʪʝʨʽʘʣʠ 16000 

- ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ 8000 

- ʜʦʜʘʪʢʦʚʽ ʤʘʪʝʨʽʘʣʠ 10000 

ɺʈ ʢʘʨʜʘʥʥʦʾ ʧʝʨʝʜʘʯʽ 10000 

ɺʈ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ 20000 

ɺʈ ʛʦʣʦʚʥʦʾ ʧʝʨʝʜʘʯʽ 20000 

ɺʠʪʨʘʪʠ ʥʘ ʟʘʤʽʥʫ, ʨʝʤʦʥʪ ʽʥʰʠʭ ʜʝʪʘʣʝʡ ʪʘ 

ʦʧʣʘʪʫ ʧʨʘʮʽ ʨʦʙʽʪʥʠʢʽʚ ɸʊʇ 

130000 

ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ɺʈ 200000 

  

 ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ ɺʈ ʟʘʤʽʥʶʶʪʴʩʷ ʪʽʣʴʢʠ ʷʚʥʦ ʧʦʰʢʦʜʞʝʥʽ 

ʢʦʨʦʟʽʻʶ (ʚʪʦʤʥʠʤʠ ʪʨʽʱʠʥʘʤʠ) ʝʣʝʤʝʥʪʠ ʢʫʟʦʚʘ. ʊʦʤʫ ʚʠʪʨʘʪʠ ʥʘ ɺʈ 

ʩʢʣʘʜʘʶʪʴ  ʣʠʰʝ 55 ʪʠʩ. ʛʨʥ, ʘʣʝ ʚʩʝ ʞ ʪʘʢʠ ʤʘʢʩʠʤʘʣʴʥʽ (ʪʘʙʣ. 2.1). 

 ʂʨʽʤ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʪʨʘʪ ʫ ʨʝʘʣʴʥʽʡ ʧʨʘʢʪʠʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʟʤʽʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʙʫʩʽʚ [8]. ɺ 

ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ ʟ ʧʨʠʯʠʥʠ ʝʢʦʥʦʤʽʾ ʯʘʩʫ ʪʘ ʢʦʰʪʽʚ ʥʦʚʦʚʚʝʜʝʥʥʷ ʽʥʢʦʣʠ  

ʚʧʨʦʚʘʜʞʫʶʪʩɹʷ ʚ ʢʦʨʦʪʢʽ ʩʪʨʦʢʠ ʪʘ ʥʝ ʟʘʚʞʜʠ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʚʥʦʮʽʥʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʄʂɽ [48]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʧʨʠ 

ʽʥʪʝʛʨʘʮʽʾ ʽʟ ʻʚʨʦʧʝʡʩʢɹʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʙʘʟʘʤʠ ʪʘ ʚʚʝʜʝʥʥʷʤ ʽʥʩʧʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [65]. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʘʙʦ ʟʤʽʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʢʫʟʦʚʽʚ ʚʘʞʣʠʚʠʤ ʻ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʪʘʢʠʭ ʟʤʽʥ. ʇʨʠ ʮʴʦʤʫ ʜʦʮʽʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʟʘʚʦʜʽʚ-ʚʠʨʦʙʥʠʢʽʚ, ʢʦʪʨʽ ʚʞʝ ʚʧʨʦʚʘʜʠʣʠ ʪʽ ʯʠ ʽʥʰʽ 

ʥʦʚʦʚʚʝʜʝʥʥʷ.  

ɸʚʪʦʙʫʩ ʟʽ ʟʤʽʥʝʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʙʝʟ ʧʦʚʥʦʮʽʥʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʨʦʭʦʜʠʪʴ ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚ ʧʨʦʮʝʩʽ ʷʢʠʭ ʚʠʷʚʣʷʶʪʴʩʷ ʩʣʘʙʢʽ ʤʽʩʮʷ ʪʘ 

ʫʩʫʚʘʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʰʣʷʭʦʤ ʦʧʨʘʮʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ. ʇʨʦʙʣʝʤʠ ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʴ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʥʦʚʠʭ ʘʚʪʦʙʫʩʽʚ ʥʘ ʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʧʦʣʦʤʦʢ (ʪʨʽʱʠʥ) ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ 

ʛʘʨʘʥʪʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʚʪʦʙʫʩ ʧʽʜʣʷʛʘʻ ʨʝʤʦʥʪʫ 

ʧʦ ʛʘʨʘʥʪʽʾ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʧʨʦʩʪʦʶ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʟʘʚʦʜ-ʚʠʨʦʙʥʠʢ ʪʘ ɸʊʇ 

ʥʝʩʫʪʴ ʟʙʠʪʢʠ. ɿʦʢʨʝʤʘ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʘʚʪʦʙʫʩʘ ɸ092ʅ6 ʟ̔ ʟʘʙʫʜʦʚʦʶ 

ʧʣʦʱʘʜʢʠ çlow-entryè ʫ ʟʘʜʥʴʦʤʫ ʟʚʠʩʽ ʧʨʠ ʧʨʦʙʽʛʫ ʙʣʠʟʴʢʦ 50 ʪʠʩ. ʢʤ 

ʫʪʚʦʨʶʶʪʴʩʷ ʪʨʽʱʠʥʠ ʜʘʭʫ ʥʘʚʧʨʦʪʠ ʧʝʨʝʜʥʽʭ (ʨʠʩ. 2.3) ʪʘ ʟʘʜʥʽʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʜʚʝʨʝʡ (ʨʠʩ. 2.4). 

 

 

  

ʈʠʩʫʥʦʢ 2.3 ï ʊʨʽʱʠʥʘ ʜʘʭʫ ʥʘʜ ʧʝʨʝʜʥʽʤʠ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʜʚʝʨʠʤʘ 

    

                                                       ʘ)                                                    ʙ) 

 

ʈʠʩʫʥʦʢ 2.4 ï ʊʨʽʱʠʥʘ ʜʘʭʫ ʥʘʜ ʟʘʜʥʽʤʠ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʜʚʝʨʠʤʘ: ʘ) ï 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ; ʙ) ï ʤʽʩʮʝ ʪʨʽʱʠʥʠ (ʟʙʽʣʴʰʝʥʦ) 

  

  ʊʘʢʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʩʣʘʙʣʝʥʥʷʤ ʧʨʘʚʦʾ ʙʦʢʦʚʠʥʠ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʘʩʘʞʠʨʽʚ ʧʦʙʣʠʟʫ ʜʚʝʨʝʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʟʘʜʥʴʦʛʦ ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ ʥʘ ʥʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʚ ʛʦʜʠʥʫ ʧʽʢ ʜʦ 44 
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ʦʩʽʙ. ʇʨʠ ʪʦʤʫ, ʱʦ ʟʘʛʘʣʴʥʘ ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʘʚʪʦʙʫʩʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 52 

ʦʩʦʙʠ. ʊʘʢʽ ʥʘʢʦʧʠʯʫʚʘʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ 

ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʘʚʪʦʙʫʩʘ ʜʦ 100 ʧʘʩʘʞʠʨʽʚ, ʱʦ ʧʝʨʝʚʠʱʫʻ 

ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ, ʧʝʨʝʜʙʘʯʝʥʫ ʟʘʚʦʜʦʤ-ʚʠʨʦʙʥʠʢʦʤ ʫ 2 ʨʘʟʠ. ʅʘʚʽʪʴ ʧʨʠ 

ʧʦʚʥʦʮʽʥʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʂɽ ʟʘʢʣʘʜʫ̒ ʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 1,5ï1,7, ʯʦʛʦ ʚʞʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʝʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ 

ʧʝʨʝʛʦʥʘʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʟʘ ʧʨʠʙʫʪʢʦʤ. 

ʅʘ ʜʦʜʘʯʫ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʽ ʜʦʨʦʛʠ ʥʠʟʴʢʦʾ 

ʷʢʦʩʪʽ: ʥʝʷʢʽʩʥʦ ʧʨʦʢʣʘʜʝʥʘ ʙʨʫʢʽʚʢʘ, ʚʠʙʦʾʥʠ, ʛʦʨʙʠ ʪʦɦ ʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ (ʨʠʩ. 2.5). 

 

 

ʈʠʩʫʥʦʢ 2.5 ï  ʇʦʰʢʦʜʞʝʥʥʷ ʧʦʧʝʨʝʯʠʥʠ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ 

 

ʇʨʠ ʪʘʢʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʭʦʜʷʪʴ ʟ̔ ʣʘʜʫ ʝʣʝʤʝʥʪʠ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ: 

ʣʘʤʘʶʪʴʩʷ ʨʝʩʦʨʠ (ʨʠʩ. 2.6), ʦʙʨʠʚʘʶʪʴʩʷ ʰʪʦʢʠ ʘʤʦʨʪʠʟʘʪʦʨʽʚ (ʨʠʩ. 2.7)  ʪʘ 

ʦʙʣʘʤʫʶʪʴʩʷ ʫʧʦʨʠ ʧʥʝʚʤʦʨʝʩʦʨ (ʨʠʩ. 2.8). 

 

 

 

ʈʠʩʫʥʦʢ 2.6 ï  ʆʙʣʘʤʫʚʘʥʥʷ ʟʘʜʥʽʭ ʨʝʩʦʨ 
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ʈʠʩʫʥʦʢ 2.7 ï  ʆʙʽʨʚʘʥʠʡ  ʰʪʦʢ ʘʤʦʨʪʠʟʘʪʦʨʘ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ 

 

 

 

ʈʠʩʫʥʦʢ 2.8 ï  ʆʙʣʘʤʘʥʠʡ ʫʧʦʨ ʧʥʝʚʤʦʨʝʩʦʨʠ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ [79] 

 

ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʚ ʛʦʜʠʥʠ ʧʽʢ ʪʘ ʧʘʩʘʞʠʨʦʦʙʦʨʦʪ ̔ ʥʝ 

ʤʝʥʰʝ ʪʠʩʷʯʽ ʧʘʩʘʞʠʨʽʚ ʫ ʜʝʥʴ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʤʽʩʪ ʟ ʢʽʣʴʢʽʩʪʶ 

ʥʘʩʝʣʝʥʥʷ ʧʦʥʘʜ 1 ʤʣʥ ʞʠʪʝʣʽʚ (ʥʘʧʨʠʢʣʘʜ ʫ ʤ. ʂʠʾʚ), ʥʝʤʠʥʫʯʘ ʧʦʷʚʘ ʪʨʽʱʠʥ 

ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʫ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ (ʨʠʩ. 2.9). 

 

 
 

ʈʠʩʫʥʦʢ 2.9 ï  ɺʪʦʤʥʘ ʪʨʽʱʠʥʘ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ 
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ʊʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʧʝʨʝʜʥʴʦʶ ʯʘʩʪʠʥʦʶ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʧʨʦʙʽʛʫ ʙʣʠʟʴʢʦ 60 ʪʠʩ. ʢʤ ʫʪʚʦʨʶʶʪʴʩʷ ʪʨʽʱʠʥʠ 

ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ. ʇʦʢhʦʜʞʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʚʟʜʦʚʞʥʽ ʣʦʥʞʝʨʦʥʠ ʧʝʨʝʨʽʟʦʤ 

140Ĭ60Ĭ3 ʤʤ (ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʧʨʘʚʦʛʦ ʣʦʥʞʝʨʦʥʘ) (ʨʠʩ. 2.10).  

 

 

 

ʈʠʩʫʥʦʢ 2.10 ï  ʊʨʽʱʠʥʠ ʧʨʘʚʦʛʦ ʣʦʥʞʝʨʦʥʘ ʧʝʨʝʨʽʟʦʤ 140Ĭ60Ĭ3 ʤʤ 

 

ʊʘʢʦʞ ʨʦʟʪʨʽʩʢʫʶʪʴʩʷ ʪʨʫʙʠ, ʱʦ ʟôʻʜʥʫʶʪʴ ʮʝʡ ʣʦʥʞʝʨʦʥ ʽʟ ʧʨʘʚʦʶ 

ʙʦʢʦʚʠʥʦʶ (ʨʠʩ. 2.11). ʇʦʰʢʦʜʞʝʥʥʷ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʧʨʘʚʫ ʩʪʦʨʦʥʫ ʘʚʪʦʙʫʩʘ, ʨʫʭʦʤ ʧʦ ʫʟʙʽʯʯʶ, ʫʜʘʨʘʤʠ ʚ 

ʙʦʨʜʶʨʠ ʪʦɦ ʦ. 

 

 

 

ʈʠʩʫʥʦʢ 2.11 ï  ʊʨʽʱʠʥʘ ʪʨʫʙʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʚ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ 
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ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʘʣʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʘʚʪʦʙʫʩʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʧʣʦʱʽ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʥʘ ʧʣʦʱʘʜʢʘʭ ʪʠʧʫ 

çlow-entryè ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʝʘʣʽʷʤʠ ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ ʩʪʘʥʫ ʜʦʨʽʛ  ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʦʣʦʤʦʢ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ ʛʘʨʘʥʪʽʡʥʠʡ ʧʝʨʽʦʜ ʧʨʠ ʧʨʦʙʽʛʘʭ ʜʦ 100 ʪʠʩ. ʢʤ ʪʘ 

ʪʝʨʤʽʥʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʥʰʝ ʜʚʦʭ ʨʦʢʽʚ. ʎʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʦʙʫʤʦʚʣʶʻ ʽ 

ʜʦʮʽʣʴʥʽʩʪʴ ʧʝʨʝʛʣʷʜʫ-ʫʪʦʯʥʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʄʂɽ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʩʪʦʷʯʠʭ ʧʘʩʘʞʠʨʽʚ ʧʦ 

ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ ʢʫʟʦʚʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʦʨʪʘʤʝʥʪʫ 

ʪʨʫʙ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ɺ ʨʦʙʦʪʽ [80] ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʜʝʬʝʢʪʽʚ 

ʢʫʟʦʚʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʚʪʦʙʫʩʘ, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʦʛʦ ʤʘʶʪʴ ʨʷʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ɺʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʚʪʦʙʫʩʽʚ çɽʪʘʣʦʥè ʧʦʜʽʙʥʽ ʜʦ ʨʦʟʛʣʷʥʫʪʠʭ, ʘʣʝ 

ʤʘʶʪʴ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʩʪʘʪʪʽ [77]. ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 

ʥʘʢʦʧʠʯʝʥʽ ʧʦ ʜʘʥʠʤ ʊʆɺ çɹʨʦʚʘʨʠʘʚʪʦʧʘʩè ʜʝ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʘʚʪʦʙʫʩʠ 

çɽʪʘʣʦʥè ʤʦʜʝʣʝʡ ɸ079.04 ʽ ɸ079.14, ʧʨʦʙʽʛ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 500 ʜʦ 

600 ʪʠʩ. ʢʤ [77]. ʇʨʦʙʽʛ ʙʘʛʘʪʴʦʭ ʪʫʨʠʩʪʠʯʥʠʭ ʽ ʤʽʞʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʮʽʻʾ ʤʘʨʢʠ 

ʚʞʝ ʜʘʚʥʦ ʧʝʨʝʚʠʱʠʚ ʤʽʣʴʡʦʥ ʢʽʣʦʤʝʪʨʽʚ. ʗʢʱʦ ʧʦʨʽʚʥʶʚʘʪʠ ʩʪʘʥ ʘʚʪʦʙʫʩʽʚ, 

ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʤʽʞʤʽʩʴʢʽ ʪʘ ʤʽʩʴʢʽ ʤʘʨʰʨʫʪʠ, ʪʦ ʩʪʘʥ ʤʽʞʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ 

ʙʫʜʝ ʢʨʘʱʠʡ. ʄʽʞʤʽʩʴʢʽ ʘʚʪʦʙʫʩʠ ʧʨʘʮʶʶʪʴ ʥʘ ʤʘʨʰʨʫʪʘʭ ʽʟ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʪʘ ʢʨʘʱʠʭ ʜʦʨʦʛʘʭ. ɸʚʪʦʙʫʩʠ ʥʘ ʤʽʩʴʢʠʭ ʘʙʦ ʧʨʠʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ 

ʧʨʘʮʶʶʪʴ ʟ̔ ʧʦʩʪʽʡʥʠʤʠ ʟʫʧʠʥʢʘʤʠ ʽ ʚʝʣʠʢʠʤʠ ʧʽʢʦʚʠʤʠ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʘʤʠ. ʇʨʠ ʪʘʢʠʭ ʧʨʦʙʽʛʘʭ ʧʨʦʙʣʝʤ ʽʟ ʜʚʠʛʫʥʘʤʠ ʥʝ ʙʫʣʦ (ʨʝʩʫʨʩ 

ʜʚʠʛʫʥʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 700 ʪʠʩ. ʢʤ). ʂʦʤʧʨʝʩʦʨʠ ʧʦʚʽʪʨʷʥʦʾ ʩʠʩʪʝʤʠ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʘʚʪʦʙʫʩʽʚ ʤʘʨʢʠ çɹʦʛʜʘʥè, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʧʨʦʙʽʛ, 

ʧʨʦʜʦʚʞʫʶʪʴ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʥʘʨʽʢʘʥʴ. ʇʨʠ ʯʦʤʫ ʧʨʠ ʟʣʠʚʘʥʥʽ 

ʢʦʥʜʝʥʩʘʪʫ ʽʟ ʧʦʚʽʪʨʷʥʠʭ ʨʝʩʠʚʝʨʽʚ ʤʘʩʪʠʣʦ ʚʽʜʩʫʪʥʻ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʦʨʤʘʣʴʥʫ 

ʨʦʙʦʪʫ ʢʦʤʧʨʝʩʦʨʽʚ. ʆʩʢʽʣʴʢʠ ʚ ʧʥʝʚʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʥʝ ʧʦʪʨʘʧʣʷʻ ʤʘʩʪʠʣʦ, 

ʚʩʷ ʧʥʝʚʤʘʪʠʢʘ ʘʚʪʦʙʫʩʘ ʧʨʘʮʶʻ ʙʝʟʚʽʜʤʦʚʥʦ. ʋ ʪʦʤʫ ʯʠʩʣʽ ʜʦ ʧʥʝʚʤʘʪʠʢʠ 

ʜʚʝʨʝʡ ʧʨʝʪʝʥʟʽʡ ʥʝʤʘʻ, ʭʦʯʘ ʾʭ ʧʨʠʚʽʜ ʩʚʦʛʦ ʯʘʩʫ ʙʫʚ ʥʝʜʦʩʪʘʪʥʴʦ ʥʘʜʽʡʥʠʤ ï 

ʚʝʨʭʥʽʡ ʯʘʚʫʥʥʠʡ ʚʘʞʽʣʴ ʤʘʚ ʥʝʜʦʩʪʘʪʥʽʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʪʘ ʯʘʩʪʦ 
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ʨʫʡʥʫʚʘʚʩʷ. ʇʽʩʣʷ ʨʝʢʣʘʤʘʮʽʡ ʥʘ ʟʘʚʦʜ-ʚʠʨʦʙʥʠʢ ʮʝʡ ʜʝʬʝʢʪ ʫʞʝ ʫʩʫʥʝʥʠʡ 

ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʥʘ ʚʘʞʝʣʽ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʂʦʨʦʙʢʠ ʧʝʨʝʢʣʶʯʝʥʥʷ 

ʧʝʨʝʜʘʯ ʧʨʘʮʶʶʪʴ ʧʨʘʢʪʠʯʥʦ ʙʝʟʚʽʜʤʦʚʥʦ. ɿʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʥʘ ʦʜʥʽʡ ʟ̔ 

ʜʚʘʥʘʜʮʷʪʠ ʤʘʰʠʥ,  ʙʫʚ ʟʘʤʽʥʝʥʠʡ ʦʜʠʥ ʟ̔ ʜʚʦʭ ʧʽʜʰʠʧʥʠʢʽʚ ʧʝʨʚʠʥʥʦʛʦ ʚʘʣʫ. 

ɼʦ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ ʪʘʢʦʞ ʧʨʝʪʝʥʟʽʡ ʥʝʤʘʻ ʧʨʠ ʪʘʢʦʤʫ ʧʨʦʙʽʛʫ. ʍʽʙʘ 

ʱʦ ʯʝʨʝʟ ʪʨʠ ʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʦʰʫʚʘʥʥʷ ʚʪʫʣʦʢ ʽ ʧʘʣʴʮʽʚ 

ʧʽʜʚʽʩʢʠ. ʈʝʩʦʨʠ ʪʘʢʦʞ ʙʝʟ ʧʨʦʙʣʝʤ ʚʠʪʨʠʤʫʶʪʴ ʪʨʠ ʨʦʢʠ ʽ ʧʽʩʣʷ ʮʴʦʛʦ ʥʘ 

ʜʝʷʢʠʭ ʘʚʪʦʙʫʩʘʭ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʧʦ ʤʘʨʰʨʫʪʘʭ ʟ̔ ʥʠʟʴʢʦʶ ʷʢʽʩʪʶ ʜʦʨʽʛ, 

ʧʦʯʠʥʘʶʪʴ ʨʫʡʥʫʚʘʪʠʩʷ ʢʦʨʝʥʝʚʽ ʽ ʧʽʜʢʦʨʝʥʝʚʽ ʣʠʩʪʠ. ʈʽʜʰʝ ʨʫʡʥʫʻʪʴʩʷ ʪʦʚʩʪʠʡ 

ʥʠʞʥʽʡ ʣʠʩʪ ʨʝʩʦʨʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʣʠʩʪʽʚ ʨʝʩʦʨ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʯʝʨʝʟ ʥʝʧʨʠʙʨʘʥʽ ʜʦʨʦʛʠ. 

ʂʝʨʤʦʚʠʡ ʤʝʭʘʥʽʟʤ ʜʦ ʧôʷʪʠ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʧʦʪʨʝʙʫʻ ʥʽʷʢʦʛʦ 

ʚʪʨʫʯʘʥʥʷ. ʇʽʩʣʷ ʧôʷʪʠʨʽʯʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʢʦʣʠ ʤʘʥʞʝʪʠ ʧʦʯʠʥʘʶʪʴ 

ʧʨʦʧʫʩʢʘʪʠ ʤʘʩʪʠʣʦ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʟʘʤʽʥʠ.  ɿʘʚʦʜʩʴʢʽ ʰʘʨʥʽʨʠ ʢʝʨʤʦʚʦʾ 

ʪʨʘʧʝʮʽʾ ʤʘʶʪʴ ʨʝʩʫʨʩ ʫ ʤʝʞʘʭ 100ï150 ʪʠʩ. ʢʤ ʧʨʦʙʽʛʫ. ɸ ʚ ʢʝʨʤʦʚʠʭ 

ʰʘʨʥʽʨʘʭ, ʷʢʽ ʡʜʫʪʴ ʫ ʟʘʧʯʘʩʪʠʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʨʝʩʫʨʩ ʤʝʥʰʝ 100ï150 ʪʠʩ. ʢʤ.  

ɻʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ ʥʝ ʚʠʢʣʠʢʘʻ ʥʽʷʢʠʭ ʥʘʨʽʢʘʥʴ. ʇʨʠ ʜʦʙʦʚʦʤʫ ʧʨʦʙʽʛʫ 

ʙʣʠʟʴʢʦ 400 ʢʤ ʢʦʣʦʜʦʢ ʚʠʩʪʘʯʘʻ ʧʨʠʙʣʠʟʥʦ ʥʘ ʪʨʠ ʤʽʩʷʮʽ, ʘʙʦ 30 ʪʠʩ. ʢʤ 

ʧʨʦʙʽʛʫ. ɭʜʠʥʝ, ʱʦ ʚʠʤʘʛʘʻ ʚʪʨʫʯʘʥʥʷ ï ʮʝ ʜʽʘʬʨʘʛʤʘ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɸʣʝ ʪʘʢʝ ʪʨʘʧʣʷʻʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ ï ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʘʚʪʦʙʫʩʽ ʧʨʦʪʷʛʦʤ 

ʧôʷʪʠ ʨʦʢʽʚ ʟʘʤʽʥʶʚʘʣʠ ʧʦ ʦʜʥʽʡ ʜʽʘʬʨʘʛʤʽ ʛʘʣʴʤʽʚʥʦʾ ʢʘʤʝʨʠ. 

ɯʟ ʢʫʟʦʚʦʤ ʘʚʪʦʙʫʩʽʚ çɽʪʘʣʦʥè ʢʨʠʪʠʯʥʠʭ ʧʦʣʦʤʦʢ ʥʝ ʚʠʥʠʢʘʻ, ʭʦʯʘ ʾʭ 

ʢʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʥʝ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. 

ɺ ʘʚʪʦʙʫʩʽ çɽʪʘʣʦʥè ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʣʝʤ ʚʠʥʠʢʘʻ ʟ ʝʣʝʢʪʨʠʢʦʶ, 

ʭʦʯʘ ʩʝʨʡʦʟʥʠʤʠ ʾʭ ʪʝʞ ʥʘʟʚʘʪʠ ʩʢʣʘʜʥʦ. ɼʨʦʪʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʠʡ ʧʝʨʝʨʽʟ, ʘ ʪʽ 

ʜʨʦʪʠ, ʱʦ ʡʜʫʪʴ ʧʦ ʜʥʠʱʫ, ʚʟʠʤʢʫ ʦʙʨʦʩʪʘʶʪʴ ʢʨʠʛʦʶ ʽ ʾʭ (ʦʩʦʙʣʠʚʦ ʥʘ ʟʘʜʥʽʭ 

ʣʽʭʪʘʨʷʭ) ʯʘʩʪʦ ʧʨʦʩʪʦ ʚʽʜʨʠʚʘʶʪʴ. ʇʦʜʽʙʥʝ ʨʘʥʽʰʝ ʚʽʜʙʫʚʘʣʦʩʷ ʽ ʟ ʣʽʭʪʘʨʷʤʠ 

ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ, ʜʫʞʝ ʪʦʥʢʽ ʜʨʦʪʠ ʷʢʠʭ, ʧʽʜ ʜʽʻʶ ʙʨʫʜʫ ʜʦʩʠʪʴ ʰʚʠʜʢʦ 

ʨʫʡʥʫʶʪʴʩʷ. 
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ɺ ʽʥʰʦʤʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚ ʘʚʪʦʙʫʩʽ çɽʪʘʣʦʥè ʜʦʩʠʪʴ ʥʘʜʽʡʥʝ, ʭʦʯʘ 

ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʝ  ʟ ʨʷʜʦʤ ʥʝʟʨʫʯʥʦʩʪʝʡ. ɻʝʥʝʨʘʪʦʨʠ ʽ 

ʩʪʘʨʪʝʨʠ ʩʣʫʞʘʪʴ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʧʨʦʙʣʝʤ ï ʟʘ ʧôʷʪʴ ʨʦʢʽʚ ʥʘ ʜʚʘʥʘʜʮʷʪʠ 

ʘʚʪʦʙʫʩʘʭ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʟʘʤʽʥʽ ʚʠʥʠʢʣʘ ʪʽʣʴʢʠ ʜʣʷ ʜʚʦʭ ʩʪʘʨʪʝʨʽʚ. ʍʦʯʘ ʙʝʟ ʾʭ 

ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ (ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʤʽʥʠ ʚʪʫʣʦʢ ʽ ʨʝʣʝ ʚʪʷʛʫʚʘʥʥʷ) ʥʝ 

ʦʙʽʡʪʠʩʷ.  

ɽʣʝʢʪʨʦʜʚʠʛʫʥʠ ʦʙʜʫʚʘʥʥʷ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ 

ʦʙʽʛʨʽʚʘʯʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʫ ʩʘʣʦʥʽ, ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʠʭʦʜʷʪʴ ʽʟ ʣʘʜʫ. ʇʨʠ ʮʴʦʤʫ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʩʢʣʦʦʯʠʩʥʠʢʽʚ ʜʦʩʠʪʴ ʥʘʜʽʡʥʽ, ʟʘ ʧôʷʪʴ ʨʦʢʽʚ ʾʭ ʜʦʚʝʣʦʩʷ 

ʢʫʧʠʪʠ ʚʩʴʦʛʦ ʜʚʘ ʽʟ ʜʚʘʥʘʜʮʷʪʠ. ɸ ʦʩʴ ʧʣʘʩʪʠʢʦʚʽ ʰʝʩʪʝʨʥʽ ʩʢʣʦʦʯʠʩʥʠʢʽʚ, 

ʜʦʚʦʜʠʪʴʩʷ ʤʽʥʷʪʠ ʧʨʠʙʣʠʟʥʦ ʨʘʟ ʫ ʨʽʢ.  

ɼʣʷ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʠʪʨʘʪʠ ʥʘ ʥʘʡʯʘʩʪʽʰʝ ʟʘʪʨʝʙʫʚʘʥʽ ʟʘʧʘʩʥʽ ʟʘʧʯʘʩʪʠʥʠ 

ʘʚʪʦʙʫʩʘ  çɽʪʘʣʦʥè ɸ079 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʚ ʪʘʙʣ. 2.2. 

 

ʊʘʙʣʠʮʷ 2.2 ï ɺʘʨʪʽʩʪʴ ʥʘʡʯʘʩʪʽʰʝ ʟʘʪʨʝʙʫʚʘʥʠʭ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʜʣʷ ʘʚʪʦʙʫʩʽʚ 

çɽʪʘʣʦʥè ɸ079 [77] 

ʅʘʡʤʝʥʫʚʘʥʥʷ ɺʘʨʪʽʩʪʴ, ʛʨʥ 

 ʃʠʩʪ ʨʝʩʦʨʠ 1100 

 ʅʘʢʦʥʝʯʥʠʢ ʢʝʨʤʦʚʦʾ ʪʷʛʠ 740 

 ʇʘʣʝʮʴ ʧʦʟʜʦʚʞʥʴʦʾ ʪʷʛʠ 650 

 ʅʘʢʣʘʜʢʠ ʛʘʣʴʤʽʚʥʽ (ʥʘ ʚʽʩʴ) 440ï630 

 ʈʝʤʽʥʴ ʧʨʠʚʽʜʥʠʡ 180ï260 

 ʌʽʣʴʪʨ ʤʘʩʣʷʥʠʡ/ʧʦʚʽʪʨʷʥʠʡ 180ï260 

 ʌʽʣʴʪʨ ʧʘʣʠʚʥʠʡ 90 

 ʐʝʩʪʝʨʥʽ ʩʢʣʦʦʯʠʩʥʠʢʘ 550 
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2.2 ʉʠʩʪʝʤʘ ʧʦʪʦʯʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ 

ʅʘ ʫʢʨʘʾʥʩʴʢʦʤʫ ʨʠʥʢʫ ʦʜʥʝ ʽʟ ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʟʘʡʤʘʶʪʴ ʘʚʪʦʙʫʩʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè. ʊʦʤʫ ʜʘʣʽ ʙʫʜʝ ʥʘʚʝʜʝʥʘ ʩʠʩʪʝʤʘ 

ʧʦʪʦʯʥʠʭ ʪʘ ɺʈ ʥʘ ʧʨʠʢʣʘʜʽ ʘʚʪʦʙʫʩʽʚ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʜʘʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ.  

ʉʪʘʥʦʤ ʥʘ 2023 ʨ. ʟʘʚʦʜ ʚʠʧʫʩʢʘʻ ʘʚʪʦʙʫʩʠ ʤʦʜʝʣʝʡ: ɸ092ʅ6, ɸ09216, 

D093S2/S4. ɻʘʨʘʥʪʽʡʥʠʡ ʪʝʨʤʽʥ ʩʢʣʘʜʘʻ 2 ʨʦʢʠ, ʘʙʦ 100 ʪʠʩ. ʢʤ ʧʨʦʙʽʛʫ (ʱʦ 

ʥʘʩʪʫʧʠʪʴ ʨʘʥʽʰʝ) [81]. ɺ ʋʢʨʘʾʥʽ ʻ 23 ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʉʊʆ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʛʘʨʘʥʪʽʡʥʝ ʪʘ ʧʽʩʣʷʛʘʨʘʥʪʽʡʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʠʭ ʘʚʪʦʙʫʩʽʚ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʘʚʪʦʙʫʩ ʚ ʥʘʣʝʞʥʦʤʫ ʩʪʘʥʽ, ʥʝʦʙʭʽʜʥʦ 

ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʠ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ [82]. 

ʊʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʪʘʢʽ ʝʪʘʧʠ: 

1. ʑʦʜʝʥʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

2. ʊʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ  ï ʯʝʨʝʟ 

1000 ʢʤ, 5000 ʢʤ ʧʨʦʙʽʛʫ, ʘ ʧʦʪʽʤ ʯʝʨʝʟ ʢʦʞʥʽ 10000 ʢʤ. 

 ɿʛʽʜʥʦ ʥʘʩʪʘʥʦʚʠ [82] ʧʦʜʘʣʴʰʝ ʊʆ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʞʥʽ 10000 ʢʤ, ʘʙʦ 1 

ʨʘʟ ʫ ʨʽʢ, ʪʦʙʪʦ ʱʦ ʥʘʩʪʫʧʠʪʴ ʨʘʥʽʰʝ. ɸʣʝ, ʚʨʘʭʦʚʫʶʯʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘ 1 ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʦʙʽʛ ʘʚʪʦʙʫʩʘ ʤʦʞʝ 

ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ 100000 ʢʤ, ʪʦʤʫ ʧʦʩʣʽʜʫʶʯʽ ʊʆ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʙʽʛʫ 

ʯʝʨʝʟ ʢʦʞʥʽ 10000 ʢʤ. 

 ʋ ʪʘʙʣ. 2.3 ʥʘʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʧʦʪʦʯʥʠʭ ʪʘ ɺʈ ʚ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ɸ092 

 

ʊʘʙʣʠʮʷ 2.3 ï ʉʠʩʪʝʤʘ ʧʦʪʦʯʥʠʭ ʪʘ ɺʈ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ɸ092 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʂʽʣʴʢʽʩʪʴ 

ɺʈ 

ʈʝʩʫʨʩ ɺʈ ʂ-ʪʴ 

ʜʥʽʚ 

ʧʨʦ-

ʩʪʦʶ ʟʘ 

1 ɺʈ 

ʢʤ ʨʦʢʠ ʊʨʫʜʦʚʠʪʨʘʪʠ, 

ʣʶʜ.-ʛʦʜ. 

ɺʘʨʪʽʩʪʴ 

ʦʜʥʦʛʦ 

ɺʈ, ʛʨʥ 

1 2 3 4 5 6 7 

ɼʚʠʛʫʥ 1-ʡ 

2-ʡ 

1005000 

110000 

10 

1 

73 65000 6 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.3 

1 2 3 4 5 6 7 

ʂʇʇ 6 500000 

80000 

5 

0,8 

12 25000 2 

ʂʘʨʜʘʥʥʘ 

ʧʝʨʝʜʘʯʘ 

11 100000 1 3 2500 1 

ɻʦʣʦʚʥʘ 

ʧʝʨʝʜʘʯʘ 

5 600000 

100000 

6 

1 

5 7500 2 

ʇʝʨʝʜʥʷ 

ʧʽʜʚʽʩʢʘ 

 20000 0,2 18 10500 1 

ɿʘʜʥʷ ʧʽʜʚʽʩʢʘ  20000 0.2 6 9500 1 

ʂʫʟʦʚ 1 850000 8,5  55000 30 

ɿʯʝʧʣʝʥʥʷ 8 120000 1,2 3,5 2500 0,5 

   

 ʗʢ ʚʠʜʥʦ ʽʟ ʪʘʙʣ. 2.3, ʧʽʜ ʯʘʩ ɺʈ ʢʫʟʦʚʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʱʝ 

ʙʫʜʝ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʧʨʦʩʪʦʶ. ʊʘʢʦʞ ʽʩʥʫʻ ʚʝʣʠʢʘ ʙʘʟʘ ʜʘʥʠʭ ʽʟ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʘʚʪʦʙʫʩʽʚ ʚ ʛʘʨʘʥʪʽʡʥʠʡ ʧʝʨʽʦʜ, ʷʢʽ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʚʠʪʨʘʪ 

ʝʢʩʧʣʫʘʪʫʶʯʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (ʨʠʩ. 2.2), ʦʩʢʽʣʴʢʠ  ̒ʛʘʨʘʥʪʽʡʥʠʤʠ ʚʠʧʘʜʢʘʤʠ. ɼʣʷ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʠʩʪʝʤʫ ʚʽʜʤʦʚ ʫ ʛʘʨʘʥʪʽʡʥʠʡ ʧʝʨʽʦʜ ʫ ʪʘʙʣ. 2.4 ʥʘʚʝʜʝʥʦ ʦʢʨʝʤʽ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ ʫ ʟʘ 2005ï2017 ʨʨ. 

 

ʊʘʙʣʠʮʷ 2.4 ï ʆʢʨʝʤʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ 2005ï2017 ʨʨ. ʚʠʧʫʩʢʫ ʫ 

ʛʘʨʘʥʪʽʡʥʠʡ ʧʝʨʽʦʜ 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʂʽʣʴʢʽʩʪʴ 

ʚʠʧʘʜʢʽʚ 

ʄʘʨʢʘ 

ʘʚʪʦʙʫʩʘ 

ʈʽʢ 

ʚʠʧʫʩʢʫ 

ʇʨʦʙʽʛ, 

ʢʤ 

1 2 3 4 5 

ʅʝʩʧʨʘʚʥʦʩʪʽ ɼɺɿ ʪʘ ʩʠʩʪʝʤ 

ʇʘʜʽʥʥʷ ʢʦʤʧʨʝʩʽʾ ɼɺɿ 

(ʥʝʛʝʨʤʝʪʠʯʥʽʩʪʴ ʢʣʘʧʘʥʽʚ) 

1 ɸ-081 2005 5000 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ʅʝʛʝʨʤʝʪʠʯʥʽʩʪʴ ʧʨʦʢʣʘʜʢʠ 

ʛʦʣʦʚʢʠ ʙʣʦʢʘ ɼɺɿ 

1 ɸ-081 2005 42000  

ɼɺɿ ʥʝ ʨʦʟʚʠʚʘʻ ʧʦʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (ʨʽʟʢʽ ʧʦʩʪʨʽʣʠ ʟ 

ʢʦʞʫʭʘ ʧʦʚʽʪʨʷʥʦʛʦ 

ʬʽʣʴʪʨʘ) 

1 ɸ-092 2005 16062 

ʇʽʜʚʠʱʝʥʘ ʜʠʤʥʽʩʪʴ ɼɺɿ  ɸ-231 2005 - 

ɿʦʥʠʞʝʥʥʷ ʢʦʤʧʨʝʩʽʾ ʫ 

ʪʨʝʪʴʦʤʫ ʮʠʣʽʥʜʨʽ ɼɺɿ 

1 ɸ-092 2005 900 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʧʽʜʰʠʧʥʠʢʽʚ 

ʥʘʪʷʞʥʦʛʦ ʨʦʣʠʢʘ ʧʨʠʚʦʜʫ 

ʢʦʤʧʨʝʩʦʨʘ 

5 ɸ-091 2005 5000, 

25500 

ɼɺɿ ʧʦʪʨʝʙʫʻ ʨʝʤʦʥʪʫ 1 ɸ-091 2005 70000 

ʇʦʣʦʤʢʘ ʰʝʩʪʝʨʝʥʴ 

ʧʨʠʚʦʜʫ ʇʅɺʊ  

1 ɸ-092 2005 26743 

ɿʘʢʣʠʥʠʣʘ ʨʝʡʢʘ ʇʅɺʊ 1 ɸ-067 2005 - 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʇʅɺʊ 1 ɸ-144 2005 2100 

ʋʜʘʨ ʚʠʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ 1-

ʛʦ ʮʠʣʽʥʜʨʘ ʦʙ ʧʦʨʰʝʥʴ 

(ʟʽʛʥʫʪʠʡ ʚʠʧʫʩʢʥʠʡ ʢʣʘʧʘʥ, 

ʪʨʽʩʥʫʣʘ ʥʘʧʨʘʚʣʷʶʯʘ 

ʢʣʘʧʘʥʘ, ʧʦʰʢʦʜʞʝʥʠʡ 

ʤʘʩʣʦʚʽʜʰʪʦʚʭʫʚʘʯ).  

1 ɸ-092 2005 1500 

ʇʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʤʘʩʣʘ 

ɼɺɿ (ʙʣʠʟʴʢʦ 0,5 ʣ ʥʘ 100 

ʢʤ) 

 

1 ɸ-092 2005 8000 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʨʘʜʽʘʪʦʨʘ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

1 ɸ-231 2005 12889 

1 ɸ-144 10753 

ʇʦʜʚʽʡʥʠʡ ʨʽʚʝʥʴ ʤʘʩʣʘ ʚ 

ʢʘʨʪʝʨʽ ɼɺɿ 

1 ɸ-081 2005 12236 

ʇʦʧʘʜʘʥʥʷ ʚʦʜʠ ʚ ʮʠʣʽʥʜʨʠ 

(ʛʽʜʨʦʫʜʘʨ) 

2 ɸ-092 2005 - 

ʄʘʩʣʦ ʧʨʦʥʠʢʘʻ ʟ ʩʠʩʪʝʤʠ 

ʤʘʱʝʥʥʷ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʘ ʚ 

ʚʠʧʫʩʢʥʠʡ ʪʘ  ʚʧʫʩʢʥʠʡ 

ʢʦʣʝʢʪʦʨʠ 

1 ɸ-092 2005 20205 

ʇʨʦʪʽʢʘʥʥʷ ʘʥʪʠʬʨʠʟʫ ʯʝʨʝʟ 

ʚʠʧʫʩʢʥʫ ʪʨʫʙʫ Webasto 

1 ɸ-092 2005 1850 

ʅʝʩʧʨʘʚʥʽ ʧʝʨʝʜʥʽ ʧʦʜʫʰʢʠ 

ʢʨʽʧʣʝʥʥʷ ɼɺɿ 

2 ɸ-144 2005 4835 

ʇʨʦʪʽʢʘʥʥʷ ʤʘʩʣʘ ʯʝʨʝʟ 

ʧʨʦʢʣʘʜʢʫ ʧʽʜʜʦʥʘ ʢʘʨʪʝʨʘ 

1 ɸ-092 2005 - 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʂʇʇ 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʂʇʇ 3 ɸ-081 2004, 

2005 

8381, 

8000, 

45098 

8 ɸ-144  

 

2005 44365, 

20000, 

35120, 

36862,  

3 ɸ-092 2005 65850, 

21108, 

3980 



    96 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.3 

1 2 3 4 5 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʪʨʦʩʘ ʂʇʇ 4 ɸ-081 2005 650, 8381, 

35000, 

40000 

ʅʝ ʚʢʣʶʯʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ 

ʟʘʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʟ ʢʘʙʽʥʠ 

ʚʦʜʽʷ 

1 ɸ-144 2005 2100 

ɺʽʙʨʘʮʽʷ ʂʇʇ 1 ɸ-145 2005 - 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʟʯʝʧʣʝʥʥ ̫

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʚʠʪʠʩʢʥʦʛʦ 

ʧʽʜʰʠʧʥʠʢʘ 

3 ɸ-081 2005 8286, 

32000 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʚʝʜʝʥʦʛʦ 

ʜʠʩʢʘ  

4 ɸ-081 2005 8286, 

35000, 

32000 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʥʘʞʠʤʥʦʛʦ 

ʜʠʩʢʘ 

2 ɸ-081 2005 8286 

ʆʙʨʠʚ ʢʨʦʥʰʪʝʡʥʘ 

ʢʨʽʧʣʝʥʥʷ 

ʧʥʝʚʤʦʧʽʜʩʠʣʶʚʘʯʘ 

ʟʯʝʧʣʝʥʥʷ 

1 ɸ-081 2005 8286 

ʅʝʛʝʨʤʝʪʠʯʥʽʩʪʴ ʨʦʙʦʯʦʛʦ 

ʮʠʣʽʥʜʨʘ ʟʯʝʧʣʝʥʥʷ  

2 ɸ-081 2005 - 

ʅʝʛʝʨʤʝʪʠʯʥʽʩʪʴ ʰʣʘʥʛʘ 

ʟʯʝʧʣʝʥʥʷ 

1 ɸ-081 2005 - 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʧʦʣʦʤʢʠ ʢʫʟʦʚʘ 

ɺʽʜʽʨʚʘʥʠʡ ʣʦʥʞʝʨʦʥ 

ʟʘʜʥʴʦʾ ʧʨʘʚʦʾ ʨʝʩʦʨʠ 

 

1 ɸ-081 2005 8286 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ʊʨʽʱʠʥʘ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ 7 ɸ-092 2005 2200, 

30000, 

17750, 

1695, 

2100, 

27500, 

18500 

ʅʝʧʨʘʚʠʣʴʥʘ ʛʝʦʤʝʪʨʽʷ 

ʧʨʦʡʤʠ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ 

1 ɸ-092 2005 55315 

ʇʦʰʢʦʜʞʝʥʥʷ ʬʽʢʩʘʪʦʨʽʚ 

ʢʨʽʧʣʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ  

1 ɸ-145 2005 4300 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʤʝʭʘʥʟ̔ʤʫ  

ʚʽʜʢʨʠʪʪʷ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʜʚʝʨʝʡ 

1 ɸ-067 2005 1613 

ʇʦʣʦʤʢʘ ʚʝʨʭʥʴʦʛʦ 

ʢʨʦʥʰʪʝʡʥʘ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʜʚʝʨʝʡ 

1 ɸ-081 2005 9440 

ʊʨʽʱʠʥʘ ʧʝʨʝʜʥʴʦʾ 

ʧʦʧʝʨʝʯʠʥʠ ʨʘʤʠ  

1 ɸ-081 2005 48992 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʾ 

ʦʙʙʠʚʢʠ ʜʘʭʫ 

3 ɸ-081 2005 4267, 

12236, 

27500 

1 ɸ-092 20000 

ʈʫʡʥʫʚʘʥʥʷ ʢʘʨʢʘʩʫ ʩʧʠʥʢʠ 

ʩʠʜʽʥʥ ̫

 

2 ɸ-092 2005 1350, 6910 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ʇʝʨʝʢʽʩ ʟʘʜʥʴʦʛʦ ʤʦʩʪʫ 

(ʢʨʦʥʰʪʝʡʥ ʢʨʽʧʣʝʥʥʷ 

ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʟʘʜʥʴʦʾ 

ʧʨʘʚʦʾ ʨʝʩʦʨʠ ʟʤʽʱʝʥʠʡ) 

1 ɸ-092 2005 4900 

ʆʙʨʠʚ ʢʨʦʥʰʪʝʡʥʘ 

ʢʨʽʧʣʝʥʥʷ ʘʤʦʨʪʠʟʘʪʦʨʘ 

2 ɸ-081 2005 39000 

ɺʽʜʢʣʝʶʚʘʥʥʷ ʧʝʨʝʜʥʴʦʾ 

ʤʘʩʢʠ ʥʘʜ ʚʝʨʭʥʴʦʶ 

ʧʨʦʡʤʦʶ ʜʚʝʨʝʡ ʚʦʜʽʷ ʪʘ 

ʙʽʯʥʠʭ ʩʪʝʢʦʣ 

1 ɸ-092 2005 3400 

ʇʦʰʢʦʜʞʝʥʥʷ ʟʚʘʨʥʠʭ 

ʟôʻʜʥʘʥʴ ʙʘʣʢʠ ʢʨʽʧʣʝʥʥʷ 

ʨʝʘʢʪʠʚʥʠʭ ʪʷʛ 

1 ɸ-144 2005 - 

ɺʽʜʢʣʝʶʚʘʥʥʷ ʙʽʯʥʠʭ ʩʪʝʢʦʣ 2 ɸ-145 2005 4000 

ʇʨʦʪʽʢʘʥʥʷ ʜʘʭʫ 2 ɸ-145 2005 - 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʘʤʦʨʪʠʟʘʪʦʨʽʚ 

ʢʘʧʦʪʘ 

1 ɸ-145 2005 - 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʚʘʢʫʫʤʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʛʘʣʴʤ 

1 ɸ-091 2005 813 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʤʝʭʘʥʽʟʤʫ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʚʝʜʝʥʥʷ 

ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ  

1 ɸ-092 2005 71000 

ʅʝʩʧʨʘʚʥʽʩʪʴ ABS 1 ɸ-145 2005 4300 

ʈʫʡʥʫʚʘʥʥʷ ʩʪʷʞʥʦʾ 

ʧʨʫʞʠʥʠ ʛʘʣʴʤʽʚʥʠʭ 

ʢʦʣʦʜʦʢ 

2 ɸ-231,  

ɸ-081 

2005 740, 39000 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ʈʫʡʥʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʾ 

ʧʨʫʞʠʥʠ ʧʥʝʚʤʦʢʘʤʝʨʠ 

ʧʨʠʚʦʜʫ ʟʘʩʣʽʥʢʠ ʛʽʨʩʴʢʦʛʦ 

ʛʘʣʴʤʘ  

1 ɸ-092 2005 66251 

ɺʽʜʤʦʚʘ ʜʘʪʯʠʢʘ ʛʽʨʩʴʢʦʛʦ 

ʛʘʣʴʤʘ 

1 ɸ-092 2005 19945 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʢʝʨʤʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʢʝʨʤʦʚʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ 

1 ɸ-231 2005 - 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʾ 

ʢʝʨʤʦʚʦʚʦʾ ʪʷʛʠ  

2 ɸ-081 2005 86031 

ʅʝʩʧʨʘʚʥʽʩʪʴ 

ʛʽʜʨʦʧʽʜʩʠʣʶʚʘʯʘ 

2 ɸ-144 2005 11665 

ɺʽʜʢʨʫʯʫʚʘʥʥʷ ʙʦʣʪʽʚ 

ʢʨʽʧʣʝʥʥʷ ʢʝʨʤʦʚʦʛʦ 

ʤʝʭʘʥʽʟʤʫ 

2 ɸ-144 2005 - 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʧʽʜʚʽʩʢʠ 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʘʤʦʨʪʠʟʘʪʦʨʽʚ 15 ɸ-092 2005 720, 

2500, 

2800, 

2100, 

27500, 

4060, 

9450, 498, 

1250, 390, 

1920 

1 ɸ-231 7010 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʨʝʘʢʪʠʚʥʠʭ 

ʪʷʛ 

1 ɸ-144 2005 31514 

1 ɸ-145 15000 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ 

ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

3 ɸ-067 2005 - 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʩʪʘʨʪʝʨʘ 1 ɸ-092 2005 26743 

3 ɸ-081 53900, 

53900, 

31918 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʧʨʠʚʦʜʫ 

ʦʯʠʩʥʠʢʘ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ 

2 ɸ-067 2005 

 

18754 

1 ɸ-092 4950 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʪʘʭʦʤʝʪʨʘ 1 ɸ-145 2005 4300 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʩʧʽʜʦʤʝʪʨʘ  2 ɸ-145 2005 4300, 4000 

ɺʽʜʤʦʚʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʚʽʜʢʨʠʚʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʜʚʝʨʝʡ 

2 ɸ-067 2005 12787 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʧʦʢʘʞʯʠʢʘ 

ʨʽʚʥʷ ʧʘʣʠʚʘ 

1 ɸ-231 2005 - 

ʇʝʨʝʛʦʨʘʥʥʷ ʣʘʤʧʠ 

ʧʨʦʪʠʪʫʤʘʥʥʦʾ ʬʘʨʠ 

1 ɸ-092 2005 2133 

ʊʨʽʱʠʥʘ ʧʨʦʪʠʪʫʤʘʥʥʦʾ 

ʬʘʨʠ 

1 ɸ-092 2005 1350 

ʅʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʩʪʦʧ-

ʩʠʛʥʘʣ 

1 ɸ-145 2005 4000 

ɺʽʜʤʦʚʘ ʢʥʦʧʢʠ ʟʫʧʠʥʢʠ 

ʜʚʠʛʫʥʘ ʥʘ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ  

1 ɸ-092 2005 - 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ɺʽʜʤʦʚʘ ʢʥʦʧʢʠ ʚʢʣʶʯʝʥʥʷ 

ʧʽʜʚʠʱʝʥʠʭ/ʧʦʥʠʞʝʥʠʭ 

ʧʝʨʝʜʘʯ ʧʽʜ ʧʝʜʘʣʣʶ 

ʟʯʝʧʣʝʥʥʷ 

1 ɸ-144 2005 - 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ 

ʇʦʣʦʤʢʘ ʧʽʚʚʽʩʽ 1 ɸ-081 2005 35000 

ʂʦʣʝʩʘ, ʰʠʥʠ 

ʇʽʜʚʠʱʝʥʠʡ ʟʥʦʩ ʰʠʥ  6 081 2005 35000 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʽʥʰʠʭ ʩʠʩʪʝʤ 

ʇʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʚ 

ʤʝʭʘʥʠʟʤʽ ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʣʦʞʝʥʥʷ ʢʫʟʦʚʘ  

6 ɸ-091, 

ɸ-092 

2005 5000, 

25500, 

4000 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʘ 3 ɸ-092 2005 752, 

14000, 

20000 

ʅʝʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʽʜʚʝʜʝʥʥʷ 

ʤʘʩʪʠʣʘ ʜʦ ʢʦʤʧʨʝʩʦʨʘ 

5 ɸ-091 2005 5000, 

25500, 

1 ɸ-092 3980 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʢʨʦʥʰʪʝʡʥʘ 

ʢʨʽʧʣʝʥʥʷ ʢʦʤʧʨʝʩʦʨʘ 

ʢʦʥʜʠʮʽʦʥʝʨʘ 

1 ɸ-091 2005 1000 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʢʦʥʜʠʮʽʦʥʝʨʘ 4 ɸ-092 2004, 

2005 

7000, 

38650, 

3158 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʟʘʧʦʙʽʞʥʦʛʦ 

ʢʣʘʧʘʥʘ ʨʝʩʠʚʝʨʘ 

 

1 ɸ-092 2005 4850 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.4 

1 2 3 4 5 

ʅʝʜʦʩʪʘʪʥʽʡ ʪʠʩʢ ʫ 

ʧʥʝʚʤʦʩʠʩʪʝʤʽ  

1 ɸ-092 2005 4944 

ʅʝʛʝʨʤʝʪʠʯʥʽʩʪʴ 

ʚʦʣʦʛʦʤʘʩʣʦʚʽʜʜʽʣʶʚʘʯʘ 

1 ɸ-092 2005 1100 

ʊʨʽʱʠʥʠ ʧʘʪʨʫʙʢʘ ʨʘʜʽʘʪʦʨʘ 

ʦʧʘʣʝʥʥʷ ʩʘʣʦʥʫ 

7 ɸ-092 2005 250 

ɺʽʙʨʘʮʽʷ ʧʦ ʢʫʟʦʚʫ 1 ɸ-145 2005 4000 

ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʣʝʙʽʜʢʠ 

ʟʘʧʘʩʥʦʛʦ ʢʦʣʝʩʘ 

1 ɸ-091 2004 40000 

 

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 

ʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ, ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʽ ʯʠ ʽʥʰʽ ʧʦʣʦʤʢʠ. ʅʝʩʧʨʘʚʥʦʩʪʽ 

ʙʫʚʘʶʪʴ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʤʦʞʫʪʴ ʧʽʜʣʷʛʘʪʠ ʛʘʨʘʥʪʽʡʥʦʤʫ ʨʝʤʦʥʪʫ. 

ʅʝʩʧʨʘʚʥʦʩʪʽ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʥʝʧʨʘʚʠʣʴʥʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʪʘ ʥʝʩʚʦʻʯʘʩʥʠʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ, ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʛʘʨʘʥʪʽʡʥʦʤʫ ʨʝʤʦʥʪʫ. 

ʗʢ ʧʦʢʘʟʫʻ  ʧʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ɸ092, ʟʘ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʴ ʨʦʢʽʚ ʟʘʚʜʷʢʠ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ, ʧʦʣʦʤʢʠ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʚ ʛʘʨʘʥʪʽʡʥʠʡ ʧʝʨʽʦʜ ʩʪʘʣʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʠʤʠ. ʆʜʥʘʢ ʚ ʘʚʪʦʙʫʩʘʭ 

ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʦʢʨʝʤʘ, çɸʪʘʤʘʥè ɸ09620, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʷʢʽ ʧʦʣʦʤʢʠ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ɯʥʞʝʥʝʨʠ ʟʘʚʦʜʫ ʪʝʨʤʽʥʦʚʦ ʚʠʨʽʰʫʶʪʴ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʽʜʩʠʣʝʥʷ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʣʘʙʢʠʭ ʤʽʩʮʴ. ɿʘʩʪʦʩʦʚʫʶʪʴ ʥʦʚʦʚʚʝʜʝʥʥʷ ʧʨʠ ʛʘʨʘʥʪʽʡʥʦʤʫ 

ʨʝʤʦʥʪʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ ʘʚʪʦʙʫʩʽʚ. ɺʠʭʽʜ ʟ̔ ʣʘʜʫ ʽʥʰʠʭ ʜʝʪʘʣʝʡ ʯʠ ʘʛʨʝʛʘʪʽʚ, ʱʦ 

ʥʝ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè (ʧʦʣʦʤʢʘ ʢʦʤʧʨʝʩʦʨʘ, 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ, ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʚʽʢʦʥʥʦʛʦ ʛʫʤʦʚʦʛʦ ʧʨʦʬʽʣʶ, 

ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʨʘʜʽʘʪʦʨʘ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 

ʦʙʜʫʚʫ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ, ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʜʘʪʯʠʢʽʚ ABS ʪʦʱʦ) ʧʦʷʩʥʶʶʪʴʩʷ 

ʥʝʷʢʽʩʥʠʤ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʮʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ. ʅʘʜ ʮʽʻʶ ʧʨʦʙʣʝʤʦʶ ʬʘʭʽʚʮʽ 

ʟʘʚʦʜʫ ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʶʪʴ, ʚʠʩʫʚʘʶʪʴ ʨʝʢʣʘʤʘʮʽʾ ʚʠʨʦʙʥʠʢʘʤ ʢʦʤʧʣʝʢʪʫʶʯʠʭ, 
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ʘʙʦ ʚʟʘʛʘʣʽ ʟʤʽʥʶʶʪʴ ʧʦʩʪʘʯʘʣʴʥʠʢʘ. ʂʨʽʤ ʪʦʛʦ ʥʘ ʦʥʦʚʣʝʥʠʭ ʘʚʪʦʙʫʩʘʭ 

çɸʪʘʤʘʥè ɸ092ʅ6 ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʫʟʛʦʜʞʝʥʥʷ ʥʦʚʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʽʟ 

ʢʫʟʦʚʦʤ. ɿʦʢʨʝʤʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʥʦʚʣʝʥʦʾ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʢʨʽʧʣʝʥʴ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʝʘʣʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʜʦʨʦʛʘʭ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʟ 

ʧʨʦʙʽʛʦʤ ʟʘ 40000 ʢʤ ʧʘʥʝʣʴ ʧʨʠʣʘʜʽʚ ʧʽʜ ʜʽʻʶ ʚʽʙʨʘʮʽʾ ʧʦʯʠʥʘʻ ʨʦʟʭʠʪʫʚʘʪʠʩʴ 

ʪʘ ʩʢʨʠʧʽʪʠ. ʊʦʤʫ ʽʥʞʝʥʝʨʠ-ʢʦʥʩʪʨʫʢʪʦʨʠ ʧʽʜʚʠʱʫʶʪʴ ʞʦʨʩʪʢʽʩʪʴ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʚ ʤʽʩʮʽ ʢʨʽʧʣʝʥʥʷ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ. ʊʘʢʽ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʧʦʜʘʣʴʰʝ ʚʠʨʦʙʥʠʮʪʚʦ. ɸʥʘʣʦʛʽʯʥʦ ʫʩʫʚʘʶʪʴʩʷ ʡ ʽʥʰʽ 

ʥʝʜʦʣʽʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʙʫʩʘ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʧʽʜ ʯʘʩ ʛʘʨʘʥʪʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʧʨʠʯʠʥʠ ʧʦʣʦʤʦʢ: 

ï ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ; 

ï ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʙʫʩʘ, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜ ʦʙʢʘʪʢʠ; 

ï ʥʝʷʢʽʩʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʷʢʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ; 

ï ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʥʦʚʠʭ ʤʘʰʠʥʦʢʦʤʧʣʝʢʪʽʚ ʽʟ ʢʘʨʢʘʩʦʤ ʢʫʟʦʚʘ; 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʪʨʠʚʘʣʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦ ʜʦʚʝʜʝʥʥ ʁʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʙʫʩʽʚ 

ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʫ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ ʧʨʠ ʛʘʨʘʥʪʽʡʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʚ ʫʤʦʚʘʭ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʨʝʞʠʤʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʈʝʘʣʴʥʽ ʨʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʚʦʜʩʴʢʠʤ ʪʝʭʥʽʯʥʠʤ 

ʚʠʤʦʛʘʤ ʪʘ ʪʝʭʥʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʚʪʦʙʫʩʽʚ. ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʨʦʙʦʪʦʶ 

ʧʝʨʝʚʽʟʥʠʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʝʦʙʢʘʪʘʥʽ ʘʚʪʦʙʫʩʠ ʟʘʚʘʥʪʘʞʫʪʁʴʩʷ ʫ ʧʝʨʰʽ ʜʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʥʘʜ ʥʦʨʤʫ, ʘ  ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʧʽʜʚʠʱʫʻ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʷ ʧʦʣʦʤʦʢ.   

ʊʦʤʫ ʚʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  [48], ʦʙʠʨʘʶʯʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʙʨʘʮʽʡ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʴ. ʊʘʢʦʞ ʜʦʮʽʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʙʨʘʮʽʾ (ʘʤʧʣʽʪʫʜʠ, ʯʘʩʪʦʪʠ) ʧʨʠ 

ʚʠʙʦʨʽ ʥʘʚʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ. 
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ʑʦʜʦ ʧʝʨʝʚʽʟʥʠʢʽʚ, ʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʦʙʢʘʪʢʠ, ʘʚʪʦʙʫʩʠ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʤʘʨʰʨʫʪʘʭ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʟʚʝʩʪʠ ʜʦ 

ʤʽʥʽʤʫʤʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʛʦʜʠʥʠ ʧʽʢ.          

 

2.3  ʌʦʨʤʫʚʘʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʢʫʟʦʚʽʚ ʪʘ ʘʚʪʦʙʫʩʽʚ 

 ɼʦʪʨʠʤʘʥʥʷ ʩʚʦʻʯʘʩʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [82], ʧʝʨʽʦʜʠʯʥʦʛʦ 

ɸɿ, ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʤʽʩʮʴ ʪʘ ʩʚʦʻʯʘʩʥʝ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʚʮʽʣʦʤʫ ʪʘ ʟʤʝʥʰʠʪʠ 

ʯʘʩ ʧʨʦʩʪʦʶ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ. ɿʘ ʜʘʥʠʤʠ 

ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʚ ʋʢʨʘʾʥʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʥʴ ʧʨʦʩʪʦʶ ʘʚʪʦʙʫʩʘ 

ʢʦʣʠʚʘʻʪʴʩʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʨʰʨʫʪʫ ʪʘ ʯʘʩʫ ʨʦʙʦʪʠ, ʚ ʤʝʞʘʭ 75ï170 ʜʦʣʘʨʽʚ 

ʉʐɸ.  

 ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤʥʠʭ ʤʽʩʮʴ ʘʚʪʦʙʫʩʽʚ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʚʽʜʜʽʣʫ ʟʘʚʦʜʫ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʙʫʩʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʆʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʡ ʘʚʪʦʙʫʩʽʚ, ʻ ʢʦʨʦʟʽʡʥʽ ʨʫʡʥʫʚʘʥʥʷ ʥʝʩʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ. ʂʫʟʦʚʠ ʘʚʪʦʙʫʩʽʚ ʙʫʚʘʶʪʴ ʨʘʤʥʦʾ ʘʙʦ ʮʽʣʴʥʦʾ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ 

çʤʦʥʦʢʦʢè.  ʅʘ ʩʴʦʛʦʜʥʽ ʘʚʪʦʙʫʩʠ ʽʟ ʢʫʟʦʚʘʤʠ ʪʠʧʫ çʤʦʥʦʢʦʢè (ʨʠʩ. 2.12) 

ʥʘʙʫʣʠ ʥʘʡʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʚôʷʟʢʫ ʽʟ ʥʠʞʯʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʪʘ ʤʘʩʦʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʚʪʦʙʫʩʘʤʠ, ʢʫʟʦʚ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʨʘʤʫ [83].   

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ [48] ʪʘ ʩʫʯʘʩʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʽʮʥʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʪʠʧʫ çʤʦʥʦʢʦʢè ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ (ʟʘ ʫʤʦʚ 

ʜʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʮʥʦʩʪʽ), ʘ ʪʦ ʽ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʨʘʤʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ ʪʘ ʾʾ ʚʧʣʠʚʫ ʥʘ ʤʽʮʥʽʩʪʴ ʢʫʟʦʚʘ 

ʨʦʟʛʣʷʥʫʪʦ ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʦʰʠʨʝʥʦʛʦ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè 

ʚʠʨʦʙʥʠʮʪʚʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè (ʥʘ ʩʴʦʛʦʜʥʽ ʥʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ 

ʘʚʪʦʙʫʩè ʮʝ ʤʘʨʢʘ çɸʪʘʤʘʥè). 
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ʈʠʩʫʥʦʢ 2.12 ï ʂʘʨʢʘʩ ʢʫʟʦʚʘ (ʂʂ) ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥè ɸ09306  

  

ʂʂ ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥè ɸ09306 (ʨʠʩ. 2.12) ʮʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ 

çʤʦʥʦʢʦʢè ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟʽ ʩʪʘʣʝʚʠʭ ʧʨʦʬʽʣʽʚ ʟʘʤʢʥʫʪʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ (140Ĭ60Ĭ3, 60Ĭ40Ĭ3, 40Ĭ40Ĭ2, 40Ĭ28Ĭ1,5, 28Ĭ25Ĭ1,5 ʤʤ), ʟôʻʜʥʘʥʠʭ 

ʤʽʞ ʩʦʙʦʶ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʟʚʘʨʶʚʘʥʥʷʤ. ʂʂ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ 

(ʨʠʩ. 2.13), ʢʘʨʢʘʩʽʚ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʙʦʢʦʚʠʥ, ʢʘʨʢʘʩʫ ʜʘʭʫ, ʘ ʪʘʢʦʞ ʢʘʨʢʘʩʽʚ 

ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ. ʄʘʪʝʨʽʘʣ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ï ʉʪʘʣʴ 20, ʘ 

ʚʩʽʭ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ï ʉʪʘʣʴ 10. 

ʂʘʨʢʘʩ ʦʩʥʦʚʠ ï ʮʝ ʦʩʥʦʚʥʠʡ ʥʝʩʽʚʥʠʡ ʝʣʝʤʝʥʪ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʚʽʜ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʷʢʦʛʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʢʫʟʦʚʘ 

ʚʮʽʣʦʤʫ. ʂʘʨʢʘʩ ʦʩʥʦʚʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʣʦʥʞʝʨʦʥʽʚ, 

ʚʠʢʦʥʘʥʠʭ ʽʟ ʧʨʦʬʽʣʶ 140Ĭ60Ĭ3 ʤʤ.   ʃʦʥʞʝʨʦʥʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 720 ʤʤ  

ʪʘ ʦʙôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʯʠʥ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʟʚʘʨʶʚʘʥʥʷʤ. 

ɺʝʨʭʥʷ ʧʣʦʱʠʥʘ ʣʦʥʞʝʨʦʥʽʚ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

140 ʤʤ ʥʠʞʯʝ ʧʣʦʱʠʥʠ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ 

ʚʠʩʦʪʫ ʧʽʜʣʦʛʠ ʪʘ ʮʝʥʪʨ ʤʘʩʠ ʘʚʪʦʙʫʩʘ.  
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ʈʠʩʫʥʦʢ 2.13 ï ʂʘʨʢʘʩ ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥè ɸ09306 

   

ɼʦ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟ ʦʙʦʭ ʙʦʢʽʚ ʧʨʠʚʘʨʝʥʽ ʧʦʧʝʨʝʯʠʥʠ, ʷʢʽ 

ʩʣʫʛʫʶʪʴ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʢʘʨʢʘʩʽʚ ʙʦʢʦʚʠʥ, ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥ. ɺ 

ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʘʨʦʢ (ʨʠʩ. 2.14, ʙ) ʟ ʦʙʦʭ ʙʦʢʽʚ ʣʦʥʞʝʨʦʥʽʚ ʢʨʽʧʣʷʪʴʩʷ ʦʧʦʨʠ 

ʧʥʝʚʤʦʨʝʩʦʨ, ʢʨʦʥʰʪʝʡʥʠ ʘʤʦʨʪʠʟʘʪʦʨʽʚ, ʣʠʩʪʦʚʠʭ ʨʝʩʦʨ, ʘ ʪʘʢʦʞ ʩʢʦʙʠ ʜʣʷ 

ʢʨʽʧʣʝʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʘʚʪʦʙʫʩʘ. ɼʦ ʟʘʜʥʴʦʾ 

ʧʦʧʝʨʝʯʠʥʠ ʦʩʥʦʚʠ ʧʨʠʚʘʨʝʥʦ ʙʫʢʩʠʨʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ. ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, 

ʚ ʧʝʨʰʽ 1ï2 ʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʦʥʞʝʨʦʥʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟʦʚʥʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʤʘʶʪʴ ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʟʘʚʦʜʩʴʢʦʛʦ ʟʘʭʠʩʪʫ. 

ʆʜʥʘʢ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʦʚʥʽʰʥʻ ʘʥʪʠʢʦʨʦʟʽʡʥʝ ʧʦʢʨʠʪʪʷ ʟʥʦʰʫʻʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʥʝʛʘʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ. ɸɿ ʣʦʥʞʝʨʦʥʽʚ ʨʫʡʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʙʦʤʙʘʨʜʫʚʘʥʥʷ 

ʜʥʠʱʘ ʘʚʪʦʙʫʩʘ ʧʽʩʢʦʤ, ʧʨʦʜʫʢʪʘʤʠ ʟʥʦʰʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ (ʛʨʘʚʽʡ, 

ʱʝʙʽʥʴ, ʫʣʘʤʢʠ ʘʩʬʘʣʴʪʫ) ʪʘ ʽʥʰʠʤ ʙʨʫʜʦʤ. ʅʘ ʨʠʩ. 2.14, ʘ ʟʦʙʨʘʞʝʥʠʡ 

ʬʨʘʛʤʝʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʣʦʥʞʝʨʦʥʘ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 (ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 9 ʨʦʢʽʚ), ʟ ʧʨʦʙʽʛʦʤ 950 ʪʠʩ. ʢʤ, ʱʦ ʝʢʩʧʣʫʘʪʫʚʘʚʩʷ ʮʽʣʦʨʽʯʥʦ ʧʨʠ 

ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ ʫ ʤ. ʏʝʨʢʘʩʠ. 
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                                 ʘ)                                                             ʙ) 

ʈʠʩʫʥʦʢ 2.14 ï ʇʦʨʽʚʥʷʥʥʷ  ʬʨʘʛʤʝʥʪʽʚ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ 

ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʚ ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʘʨʦʢ: ʘ) ï ʫʨʘʞʝʥʠʡ ʢʦʨʦʟʽʻʶ ʪʘ 

ʧʽʜʣʷʛʘʻ ʟʘʤʽʥʽ (ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ 9 ʨʦʢʽʚ); ʙ) ï ʥʦʚʠʡ   

 

ʇʨʠ ʮʴʦʤʫ ʣʦʥʞʝʨʦʥ ʤʘʻ ʥʘʩʢʨʽʟʥʫ ʢʦʨʦʟʽʶ (ʨʠʩ. 2.15). ʅʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ 

ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʣʦʥʞʝʨʦʥʽʚ ʧʨʦʬʽʣʝʤ 140Ĭ60Ĭ3 ʤʤ (ʨʠʩ. 2.15, ʘ) ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʣʠʧʘʥʥʷʤ ʙʨʫʜʫ ʚ ʩʫʤʽʰʽ ʽʟ ʟʘʩʦʙʘʤʠ ʧʨʦʪʠ ʦʙʤʝʨʟʘʥʥʷ ʜʦʨʽʛ  ʪʘ ʧʦʩʪʽʡʥʦʶ 

ʥʘʷʚʥʽʩʪʶ ʚʦʣʦʛʠ.  

 

  

                             ʘ)                                                      ʙ) 

ʈʠʩʫʥʦʢ 2.15 ï ʅʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʘ 

çɹʦʛʜʘʥè ɸ092 (ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ 9 ʨʦʢʽʚ) ʚ ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʘʨʦʢ: ʘ) ï ʚʝʨʭʥʷ 

ʯʘʩʪʠʥʘ ʣʦʥʞʝʨʦʥʘ ʧʨʦʬʽʣʝʤ 140Ĭ60Ĭ3 ʤʤ; ʙ) ï ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʣʦʥʞʝʨʦʥʘ 

ʧʨʦʬʽʣʝʤ 140Ĭ60Ĭ3 ʤʤ 
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ʉʚʦʻʯʘʩʥʘ ʪʘ ʨʝʛʫʣʷʨʥʘ ʤʠʡʢʘ ʜʥʠʱʘ ʢʫʟʦʚʘ, ʢʦʥʪʨʦʣʴ ʮʽʣʽʩʥʦʩʪʽ 

ʟʘʭʠʩʥʦʛʦ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʪʘʢʠʭ ʫʰʢʦʜʞʝʥʴ. 

ʆʜʥʘʢ ʧʨʠ ʥʘʧʨʫʞʝʥʠʭ ʛʨʘʬʽʢʘʭ ʨʦʙʦʪʠ (ʟ 6.00  ʜʦ 23.00 ʛʦʜʠʥʠ)  ʚ ʨʝʘʣʴʥʽʡ 

ʧʨʘʢʪʠʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʧʣʦʛʦ 

ʤʽʩʮʷ ʜʣʷ ʤʠʡʢʠ ʘʚʪʦʙʫʩʽʚ ʪʘʢʽ ʟʘʭʦʜʠ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ. ʅʘʩʢʨʽʟʥʘ ʢʦʨʦʟʽʷ ʫ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʣʦʥʞʝʨʦʥʽʚ ʧʨʦʬʽʣʝʤ 140Ĭ60Ĭ3 ʤʤ (ʨʠʩ. 2.15, ʙ) ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʦʣʦʛʠ ʽʟ ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʣʦʥʞʝʨʦʥʽʚ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷʤ ɸɿ 

ʟʦʚʥʽʰʥʴʦʾ ʯʘʩʪʠʥʠ. 

ʅʘ ʨʠʩ. 2.16 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʧʨʦʷʚʫ ʟʦʚʥʽʰʥʴʦʾ ʢʦʨʦʟʽʾ  (ʨʠʩ. 2.16, ʘ) 

ʬʨʘʛʤʝʥʪʫ ʣʦʥʞʝʨʦʥʘ ʧʨʦʬʽʣʝʤ 140Ĭ60Ĭ3 ʤʤ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 (ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʩʷʪʴ ʨʦʢʽʚ) ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʮʴʦʛʦ ʣʦʥʞʝʨʦʥʘ ʟ 3,0 

ʜʦ 0,8 ʤʤ (ʨʠʩ. 2.16, ʙ). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.16, ʙ ʢʦʨʦʟʽʷ ʣʦʥʞʝʨʦʥʘ ʧʨʦʪʽʢʘʻ ʧʦ 

ʚʝʨʭʥʽʡ ʟʦʚʥʽʰʥʽʡ ʯʘʩʪʠʥʽ (ʥʘ ʨʠʩ. 2.16, ʙ ʟ ʣʽʚʦʛʦ ʙʦʢʫ) ʪʘ ʧʦ ʥʠʞʥʽʡ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʨʦʞʥʠʥʽ (ʥʘ ʨʠʩ. 2.16, ʙ ʟ ʧʨʘʚʦʛʦ ʙʦʢʫ).  

ʈʫʡʥʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʨʦʞʥʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʚʦʣʦʛʠ 

(ʦʩʦʙʣʠʚʦ ʚʥʠʟʫ) ʽ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ ʟʘʚʦʜʩʴʢʦʛʦ ʟʘʭʠʩʪʫ, ʡʦʛʦ 

ʚʽʜʩʫʪʥʽʩʪʶ ʪʘ ʥʝ ʦʥʦʚʣʝʥʥʷʤ ʝʢʩʧʣʫʘʪʫʶʯʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ. ɺʦʣʦʛʘ ʧʨʦʥʠʢʘʻ 

ʟʟʦʚʥʽ ʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʥʜʝʥʩʘʪ. ʅʘʣʠʧʘʥʥʷ ʙʨʫʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʢʨʠʪʪʷ 

ʜʨʝʥʘʞʥʠʭ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʦʪʚʦʨʽʚ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʢʦʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ [84].  

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʧʦʩʣʘʙʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ  ʢʦʨʦʟʽʡʥʝ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʣʦʥʞʝʨʦʥʽʚ ʫ ʩʣʘʙʢʠʭ ʪʘ 

ʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʤʽʩʮʷʭ (ʨʠʩ. 2.17). ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʝʤʠʥʫʯʠʡ ʦʙʨʠʚ ʢʨʽʧʣʝʥʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʽʩʢʠ ʷʢ ʨʝʩʦʨ ʪʘ ʘʤʦʨʪʠʟʘʪʦʨʽʚ, 

ʱʦ ʽ ʟʤʫʰʫʻ ʪʘʢʠʡ ʘʚʪʦʙʫʩ ʩʪʘʚʠʪʠ ʥʘ ʨʝʤʦʥʪ.  
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                            ʘ)                                                              ʙ) 

ʈʠʩʫʥʦʢ 2.16 ï ɿʦʚʥʽʰʥʷ ʪʘ ʚʥʫʪʨʽʰʥʷ ʢʦʨʦʟʽʷ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ 

ʧʨʦʬʽʣʝʤ 140Ĭ60Ĭ3 ʤʤ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʚ ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʘʨʦʢ:  

ʘ) ï ʟʦʚʥʽʰʥʷ ʢʦʨʦʟʽʷ ʬʨʘʛʤʝʥʪʫ ʣʦʥʞʝʨʦʥʘ; ʙ) ï ʨʦʟʨʽʟ, ʱʦ ʧʦʢʘʟʫʻ ʟʤʝʥʰʝʥʥʷ 

ʪʦʚʱʠʥʠ  ʩʪʽʥʦʢ ʣʦʥʞʝʨʦʥʘ 

 

      

                                                                        ʘ)                                                               ʙ) 

ʈʠʩʫʥʦʢ 2.17 ï ʇʦʷʚʠ ʪʨʽʱʠʥʠ ʣʦʥʞʝʨʦʥʘ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʧʨʦʬʽʣʝʤ 

140Ĭ60Ĭ3 ʤʤ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʥʝʧʦʜʘʣʽʢ ʧʣʦʱʘʜʢʠ ʧʥʝʚʤʦʨʝʩʦʨʠ:  

ʘ) ï ʬʨʘʛʤʝʥʪ ʪʨʫʙʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟ ʪʨʽʱʠʥʦʶ; ʙ) ï ʤʽʩʮʝ ʪʨʽʱʠʥʠ 

(ʟʙʽʣʴʰʝʥʦ) 

  

ʅʘ ʘʚʪʦʙʫʩʘʭ çɽʪʘʣʦʥè ɸ079 ʯʝʨʝʟ ʩʽʤ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʤʠʥʫʯʽ 

ʧʨʦʷʚʠ ʩʪʨʫʢʪʫʨʥʦʾ ʢʦʨʦʟʽʾ ʦʩʥʦʚʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ  (ʨʠʩ. 2.18).  
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                               ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 2.18 ï ʂʦʨʦʟʽʷ ʢʘʨʢʘʩʫ ʘʚʪʦʙʫʩʘ çɽʪʘʣʦʥè ɸ079 ʧʽʩʣʷ ʩʝʤʠ ʨʦʢʽʚ  

ʝʢʩʧʣʫʘʪʘʮʽʾ: ʘ) ï ʟʘʜʥʷ ʯʘʩʪʠʥʘ ʘʚʪʦʙʫʩʘ ʙ) ï ʧʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʘʚʪʦʙʫʩʘ 

 

ʇʨʠ ʮʴʦʤʫ ʪʘʢʽ ʝʣʝʤʝʥʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʪʘ ʇɹ, ʧʽʜʣʷʛʘʶʪʴ 

ʟʘʤʽʥʽ. ʂʘʨʢʘʩʠ ʙʦʢʦʚʠʥ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʩʪʽʡʦʢ, ʷʢ̔ 

ʟôʻʜʥʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʜʦʚʞʥʽʭ ʝʣʝʤʝʥʪʽʚ. ʇʦʚʟʜʦʚʞʥʽ 

ʝʣʝʤʝʥʪʠ ʫʪʚʦʨʶʶʪʴ ʥʘʜʚʽʢʦʥʥʠʡ ʪʘ ʧʽʜʚʽʢʦʥʥʠʡ ʙʨʫʩʠ, ʘ ʪʘʢʦʞ ʚʫʟʣʠ 

ʥʠʞʥʴʦʛʦ ʧʦʷʩʫ. ʂʘʨʢʘʩʠ ʙʦʢʦʚʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ 

ʟôʻʜʥʫʶʪʴʩʷ ʟ ʧʦʧʝʨʝʯʠʥʘʤʠ ʦʩʥʦʚʠ ʽ ʢʘʨʢʘʩʦʤ ʜʘʭʫ. ɺ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ 

ʯʝʨʝʟ ʧʽʜʩʠʣʶʚʘʯ, ʟʘʢʨʽʧʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʢʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʜʦ ʢʘʨʢʘʩʫ 

ʦʩʥʦʚʠ, ʟ ʦʙʦʭ ʙʦʢʽʚ ʧʨʠʻʜʥʫʻʪʴʩʷ ʬʝʨʤʘ, ʷʢʘ ʧʽʜʩʠʣʶʻ ʧʝʨʝʜʥʶ ʯʘʩʪʠʥʫ 

ʢʫʟʦʚʘ, ʧʽʜʚʠʱʫʻ ʽʽ ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ. ɽʣʝʤʝʥʪʘʤʠ ʢʘʨʢʘʩʫ ʙʦʢʦʚʠʥ ʚʪʦʤʫ 

ʯʠʩʣʽ ʻ ʜʚʝʨʥʽ ʩʪʽʡʢʠ, ʚʠʢʦʥʘʥʽ ʟ ʧʨʦʬʽʣʶ 40Ĭ40Ĭ2 ʤʤ ʪʘ 40Ĭ28Ĭ1,5 ʤʤ. ɼʦʩʚʽʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʢʦʨʦʟʽʾ ʧʽʜʣʷʛʘʶʪʴ ʙʦʢʦʚʠʥʠ 

ʥʠʞʯʝ ʚʽʢʦʥʥʦʛʦ ʙʨʫʩʘ. ʅʘ ʨʠʩ. 2.19 ʟʦʙʨʘʞʝʥʦ ʘʚʪʦʙʫʩ (ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ 9 

ʨʦʢʽʚ), ʚ ʧʨʘʚʫ ʙʦʢʦʚʠʥʫ ʷʢʦʛʦ ʚʞʝ ʚʚʘʨʝʥʽ ʥʦʚʽ ʨʝʤʦʥʪʥʽ ʪʨʫʙʠ, ʚʢʣʶʯʘʶʯʠ 

ʧʽʜʚʽʢʦʥʥʠʡ ʙʨʫʩ.  ʊʘʢʦʞ ʟ̔ ʨʠʩ. 2.19 ʚʠʜʥʦ ʢʦʨʦʟʽʡʥʽ ʨʫʡʥʫʚʘʥʥʷ ʧʦʙʣʠʟʫ 
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ʩʭʦʜʠʥʢʠ ʧʝʨʝʜʥʽʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʜʚʝʨʝʡ. ɺʫʟʣʠ ʥʠʞʥʴʦʛʦ ʧʦʷʩʫ, ʙʣʠʟʴʢʦ 

ʢʦʣʽʩʥʠʭ ʘʨʦʢ, ʚʟʘʛʘʣʽ ʟʛʥʠʚʘʶʪʴ ʽ ʧʦʯʠʥʘʶʪʴ ʚʠʩʠʧʘʪʠʩʴ. 

  

 

 

ʈʠʩʫʥʦʢ 2.19 ï ʂʦʨʦʟʽʷ ʢʘʨʢʘʩʫ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092, ʥʘ ʷʢʦʤʫ 

ʯʘʩʪʢʦʚʦ ʚʽʜʨʝʤʦʥʪʦʚʘʥʘ ʧʨʘʚʘ ʙʦʢʦʚʠʥʘ (ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ 9 ʨʦʢʽʚ) 

 

ʅʘ ʨʠʩ. 2.20 ʧʦʢʘʟʘʥʽ ʢʦʨʦʟʽʡʥʽ ʨʫʡʥʫʚʘʥʥʷ ʧʨʘʚʠʭ ʙʦʢʦʚʠʥ ʘʚʪʦʙʫʩʽʚ 

çɹʦʛʜʘʥ ɸ-092è, ʧʨʠ ʯʦʤʫ ʦʜʠʥ ʧʽʩʣʷ ʜʝʩʷʪʠʣʽʪʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʤ. ʏʝʨʢʘʩʠ 

(ʨʠʩ 2.20, ʘ), ʘ ʽʥʰʠʡ ʧʽʩʣʷ ʧôʷʪʠ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʤ. ʂʠʾʚ (ʨʠʩ. 2.20, ʙ). 

ʅʘ ʨʠʩ. 2.21 ʟʦʙʨʘʞʝʥʽ ʢʦʨʦʟʽʡʥʽ ʨʫʡʥʫʚʘʥʥʷ ʣʽʚʠʭ ʙʦʢʦʚʠʥ ʘʚʪʦʙʫʩʽʚ 

çɹʦʛʜʘʥè ɸ092 ʧʽʩʣʷ 9ï10 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɸʢʫʤʫʣʷʪʦʨʥʠʡ ʚʽʜʩʽʢ ʨʫʡʥʫʻʪʴʩʷ 

ʢʦʨʦʟʽʻʶ ʫ ʧʝʨʰʫ ʯʝʨʛʫ (ʨʠʩ. 2.21, ʙ). 
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                              ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 2.20 ï ʂʦʨʦʟʽʷ ʧʨʘʚʦʾ ʙʦʢʦʚʠʥʠ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ɸ092 ʙʽʣʷ 

ʧʝʨʝʜʥʴʦʛʦ ʢʦʣʝʩʘ: ʘ) ï ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʩʷʪʴ ʨʦʢʽʚ; ʙ) ï ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧôʷʪʴ ʨʦʢʽʚ 

 

  

                            ʘ)                                                               ʙ) 

ʈʠʩʫʥʦʢ 2.21 ï ʂʦʨʦʟʽʷ ʣʽʚʦʾ ʙʦʢʦʚʠʥʠ ʘʚʪʦʙʫʩʽʚ çɹʦʛʜʘʥè ɸ092:  

ʘ) ï ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʩʷʪʴ ʨʦʢʽʚ; ʙ) ï ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʚôʷʪʴ ʨʦʢʽʚ 

(ʢʦʨʦʟʽʷ ʘʢʫʤʫʣʷʪʦʨʥʦʛʦ ʚʽʜʩʽʢʫ) 

  

ʂʘʨʢʘʩ ʜʘʭʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧôʷʪʠ ʧʦʚʟʜʦʚʞʥʽʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʦʩʴʤʠ 

ʧʦʧʝʨʝʯʠʥ. ʇʦʧʝʨʝʯʠʥʠ ʩʫʮʽʣʴʥʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʧʨʦʬʽʣʶ 40Ĭ40Ĭ2 ʤʤ ʪʘ 

40Ĭ28Ĭ1,5 ʤʤ. ʇʦʚʟʜʦʚʞʥʽ ʝʣʝʤʝʥʪʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʧʨʦʬʽʣʶ 40Ĭ28Ĭ1,5 ʤʤ, 

ʧʨʠʚʘʨʝʥʽ ʜʦ ʧʦʧʝʨʝʯʠʥ. ʇʦʧʝʨʝʯʥʽ ʝʣʝʤʝʥʪʠ ʜʘʭʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ 

ʟʽ ʩʪʽʡʢʘʤʠ ʙʦʢʦʚʠʥ ʪʘ ʧʦʧʝʨʝʯʠʥʘʤʠ ʦʩʥʦʚʠ ʽ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʫʪʠʡ 
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ʢʦʥʪʫʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʽʩʪʴ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʮʽʣʦʤʫ. ʂʦʨʦʟʽʷ ʢʘʨʢʘʩʫ ʜʘʭʫ 

ʤʽʥʽʤʘʣʴʥʘ (ʨʠʩ. 2.22), ʪʦʤʫ ʝʣʝʤʝʥʪʠ ʜʘʭʫ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʟʘʤʽʥʽ ʥʘʚʽʪʴ ʯʝʨʝʟ 

ʜʝʩʷʪʴ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʝʤʦʥʪ ʢʘʨʢʘʩʫ ʜʘʭʫ ʧʦʣʷʛʘʻ ʪʽʣʴʢʠ ʚ ʦʯʠʱʝʥʥʽ ʚʽʜ 

ʥʝʟʥʘʯʥʠʭ ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ, ʧʽʜʛʦʪʦʚʮʽ ʪʘ ʥʘʥʝʩʝʥʥʶ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ʇʨʘʢʪʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʨʦʟʽʾ ʥʘ ʢʘʨʢʘʩʽ ʜʘʭʫ ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦʶ 

ʚʝʥʪʠʣʷʮʽʻʶ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʣʦʛʠ ʟʟʦʚʥʽ.    

ʂʘʨʢʘʩ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ ʜʫʛ, ʢʦʪʨʽ 

ʟôʻʜʥʫʶʪʴʩʷ ʽʟ ʙʦʢʦʚʠʥʘʤʠ ʪʘ ʧʨʦʜʦʚʞʫʶʪʴ ʾʭ ʧʦʚʟʜʦʚʞʥʽ ʝʣʝʤʝʥʪʠ. ɺʝʨʭʥʷ ʽ 

ʩʝʨʝʜʥʷ ʜʫʛʠ ʬʦʨʤʫʶʪʴ ʧʨʦʡʤʫ ʟʘʜʥʴʦʛʦ ʚʽʢʥʘ. ʅʘ ʚʝʨʭʥʽʡ ʜʫʟʽ ʟʥʘʭʦʜʷʪʴʩʷ ʪʨʠ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʟôʻʜʥʫʶʪʴ ʢʘʨʢʘʩ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ ʟ ʢʘʨʢʘʩʦʤ ʜʘʭʫ. ʅʘ 

ʨʠʩ. 2.22 ʧʦʢʘʟʘʥʦ ʢʘʨʢʘʩ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ ʟ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʝʚôʷʪʴ ʨʦʢʽʚ ʫ ʧʨʦʮʝʩʽ ʨʝʤʦʥʪʫ. ɿ ʨʠʩ. 2.22 ʚʠʜʥʦ, ʱʦ ʥʠʞʯʝ ʟʘʜʥʴʦʛʦ ʚʽʢʥʘ 

ʟʘʤʽʥʝʥʽ ʚʩʽ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ, ʷʢʽ ʙʫʣʠ ʟʨʫʡʥʦʚʘʥʽ ʢʦʨʦʟʽʻʶ.  

 

 

 

ʈʠʩʫʥʦʢ 2.22 ï ɸʚʪʦʙʫʩ çɹʦʛʜʘʥè ɸ092 ʧʽʩʣʷ ʜʝʚôʷʪʠ ʨʦʢʽʚ  ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʽʜ ʯʘʩ ʨʝʤʦʥʪʫ (ʟʘʤʽʥʘ ʧʦʰʢʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ) 
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ʂʘʨʢʘʩ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ ʫʪʚʦʨʶʻʪʴʩʷ ʜʚʦʤʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ 

ʩʪʽʡʢʘʤʠ ʪʘ ʯʦʪʠʨʤʘ ʧʦʷʩʘʤʠ-ʜʫʛʘʤʠ, ʢʦʪʨʽ ʬʦʨʤʫʶʪʴ ʧʨʦʡʤʫ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ ʪʘ 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ ʩʢʣʦʦʯʠʩʥʠʢʽʚ ʪʘ ʧʨʠʣʘʜʽʚ 

ʦʩʚʽʪʣʝʥʥʷ. ɿôʻʜʥʘʥʥʷ ʢʘʨʢʘʩʫ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʧʨʦʭʦʜʠʪʴ ʧʦ ʣʽʥʽʷʭ, ʦɦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ ʧʦʟʜʦʚʞʥʽʭ ʝʣʝʤʝʥʪʽʚ ʙʦʢʦʚʠʥ ʪʘ ʜʘʭʫ. ʅʘ 

ʨʠʩ. 2.23 ʧʦʢʘʟʘʥʦ ʥʝʟʥʘʯʥʽ ʧʨʦʷʚʠ ʢʦʨʦʟʽʾ ʢʘʨʢʘʩʫ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ 

çɹʦʛʜʘʥè ɸ092 ʧʽʩʣʷ ʜʝʚôʷʪʠ (ʨʠʩ 2.23 ʘ) ʪʘ ʧôʷʪʠ (ʨʠʩ 2.23 ʙ) ʨʦʢʽʚ  

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɽʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʟʘʤʽʥʽ ʪʘ ʫ ʤʽʩʮʷʭ ʥʝʟʥʘʯʥʠʭ 

ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ ʦʯʠʱʫʶʪʴʩʷ ʚʽʜ ʽʨʞʽ, ʧʽʜʛʦʪʦʚʣʶʶʪʴʩʷ ʪʘ ʧʦʢʨʠʚʘʶʪʴʩʷ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

 

      

                                 ʘ)                                                        ʙ) 

ʈʠʩʫʥʦʢ 2.23 ï ʅʝʟʥʘʯʥʽ ʧʨʦʷʚʠ ʢʦʨʦʟʽʾ ʢʘʨʢʘʩʫ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ 

ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092: ʘ) ï ʧʽʩʣʷ ʜʝʚôʷʪʠ ʨʦʢʽʚ  ʝʢʩʧʣʫʘʪʘʮʽʾ; ʙ) ï ʧʽʩʣʷ ʧôʷʪʠ 

ʨʦʢʽʚ  ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ɿ ʧʨʘʚʦʛʦ ʙʦʢʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʜʦ ʧʦʧʝʨʝʯʠʥʠ ʦʩʥʦʚʠ ʧʨʠʚʘʨʝʥʽ ʢʘʨʢʘʩʠ 

ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʩʭʦʜʠʥʦʢ. ʅʘ ʨʠʩ. 2.24 ʟʦʙʨʘʞʝʥʦ ʧʨʦʷʚʠ ʢʦʨʦʟʽʾ ʢʘʨʢʘʩʫ 

ʧʝʨʝʜʥʴʦʾ ʧʘʩʘʞʠʨʩʴʢʦʾ ʩʭʦʜʠʥʢʠ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʧʽʩʣʷ ʜʝʚôʷʪʠ ʨʦʢʽʚ  

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʘʨʢʘʩ ʧʝʨʝʜʥʴʦʾ ʩʭʦʜʠʥʢʠ ʦʯʠʱʫʶʪʴʩʷ ʚʽʜ ʽʨʞʽ, 

ʧʽʜʛʦʪʦʚʣʶʶʪʴʩʷ ʪʘ ʧʦʢʨʠʚʘʶʪʴʩʷ ʘʥʪʠʢʦʨʦʟʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʂʘʨʢʘʩ ʟʘʜʥʴʦʾ 

ʩʭʦʜʠʥʢʠ ʧʽʜʣʷʛʘʻ ʟʘʤʽʥʽ. 
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ʈʠʩʫʥʦʢ 2.24 ï ʂʦʨʦʟʽʷ ʢʘʨʢʘʩʫ ʧʝʨʝʜʥʴʦʾ ʧʘʩʘʞʠʨʩʴʢʦʾ ʩʭʦʜʠʥʢʠ 

ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʧʽʩʣʷ ʜʝʚôʷʪʠ ʨʦʢʽʚ  ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ɺ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ ʟʦʥʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʧʨʠʚʘʨʝʥʠʡ 

ʜʦ ʢʘʨʢʘʩʫ ʙʦʢʦʚʠʥ ʢʘʨʢʘʩ ʤʦʪʦʨʥʦʛʦ ʚʽʜʩʽʢʫ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʽʟ ʧʨʦʬʽʣʽʚ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 40Ĭ40Ĭ2 ʤʤ ʪʘ 40Ĭ28Ĭ1,5 ʤʤ. ʂʘʨʢʘʩ ʤʦʪʦʨʥʦʛʦ ʚʽʜʩʽʢʫ 

ʬʦʨʤʫʻ ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʛʦʨʦʜʢʠ, ʱʦ ʚʽʜʜʽʣʷʻ ʩʠʣʦʚʠʡ ʘʛʨʝʛʘʪ ʚʽʜ ʩʘʣʦʥʫ ʪʘ 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʧʨʦʡʤʠ ʣʶʢʽʚ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʘʨʢʘʩ ʤʦʪʦʨʥʦʛʦ ʚʽʜʩʽʢʫ 

(ʨʠʩ. 2.25) ʟʘ ʧôʷʪʴ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʨʘʞʝʥʠʡ ʢʦʨʦʟʽʻʶ ʙʝʟ ʧʦʨʫʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ, ʪʦʤʫ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʚʽʜ ʢʦʨʦʟʽʾ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʧʦʢʨʠʚʘʻʪʴʩʷ 

ʟʘʭʠʩʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʋ ʟʦʥʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʘʣʦʥʫ ʧʦ ʧʨʘʚʦʤʫ ʪʘ ʣʽʚʦʤʫ ʙʦʨʪʘʭ ʧʨʠʚʘʨʝʥʽ 

ʧʽʜʩʪʘʚʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʚʠʩʦʪʠ ʨʦʟʤʽʱʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ. ʂʘʨʢʘʩʠ ʧʽʜʩʪʘʚʦʢ ʚʠʢʦʥʘʥʽ ʽʟ ʧʨʦʬʽʣʽʚ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

28Ĭ25Ĭ1,5 ʤʤ, ʢʦʪʨʽ ʪʘʢʦʞ ʚʨʘʞʘʶʪʴʩʷ ʢʦʨʦʟʽʻʶ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ 

ʧʽʜʣʷʛʘʶʪʴ ʟʘʤʽʥʽ. 

ʂʂ ʤʘʻ ʟʦʚʥʽʰʥʻ ʦʙʣʠʮʶʚʘʥʥʷ, ʱʦ ʩʪʚʦʨʶʻ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ, ʟʘʜʘʻ ʟʘʛʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʜʠʟʘʡʥʫ ʝʢʩʪʝʨôʻʨʫ ʘʚʪʦʙʫʩʘ. ʂʨʽʤ ʪʦʛʦ 

ʟʦʚʥʽʰʥʻ ʦʙʣʠʮʶʚʘʥʥʷ ʯʘʩʪʢʦʚʦ ʩʧʨʠʡʤʘʻ ʟʫʩʠʣʣʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʝʩʽʚʥʦʾ 
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ʩʠʩʪʝʤʠ ʘʚʪʦʙʫʩʘ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʘ ʘʚʪʦʙʫʩʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè ʜʘʭ ʪʘ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʙʦʢʦʚʠʥ ʩʧʦʯʘʪʢʫ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʦʮʠʥʢʦʚʘʥʦʾ ʩʪʘʣʽ, ʘ ʪʝʧʝʨ ʚʟʘʛʘʣʽ ʚʩʽ ʩʪʘʣʝʚ̔ ʣʠʩʪʠ 

ʦʙʣʠʮʶʚʘʥʥʷ ʧʦʢʨʠʪʽ ʮʠʥʢʦʤ. ʊʘʢʦʞ ʧʝʨʝʜʥʷ ʪʘ ʟʘʜʥʷ ʯʘʩʪʠʥʘ ʦʙʣʠʮʶʚʘʥʥʷ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽʟ ʩʢʣʦʧʣʘʩʪʠʢʫ. 

 

     

 

ʈʠʩʫʥʦʢ 2.25 ï ʂʦʨʦʟʽʷ ʢʘʨʢʘʩʫ ʤʦʪʦʨʥʦʛʦ ʚʽʜʩʽʢʫ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè 

ɸ092 ʧʽʩʣʷ ʧôʷʪʠ ʨʦʢʽʚ  ʝʢʩʧʣʫʘʪʘʮʽʾ 

  

ʆʜʥʘʢ ʟʦʚʥʽʰʥʻ ʦʙʣʠʮʶʚʘʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʜʝʚôʷʪʠ ʨʦʢʽʚ ʤʘʻ 

ʧʨʦʷʚʠ ʥʘʩʢʨʽʟʥʦʾ ʢʦʨʦʟʽʾ (ʨʠʩ. 2.26). 

 

 

 

ʈʠʩʫʥʦʢ 2.26 ï ʂʦʨʦʟʽʷ ʦʙʣʠʮʶʚʘʥʥʷ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʧʽʩʣʷ 

ʜʝʚôʷʪʠ ʨʦʢʽʚ  ʝʢʩʧʣʫʘʪʘʮʽʾ [84] 
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ʉʪʦʩʦʚʥʦ ʦʙʣʠʮʶʚʘʥʥʷ, ʥʘ ʘʚʪʦʙʫʩʘʭ çɽʪʘʣʦʥè ʦʜʥʝ ʽʟ ʤʽʩʮʴ, ʱʦ ʩʭʠʣʴʥʝ 

ʜʦ ʢʦʨʦʟʽʾ ï ʮʝ ʬʘʨʪʫʭ ʥʘʜ ʟʘʜʥʽʤ ʙʘʤʧʝʨʦʤ ʚʠʩʦʪʦʶ ʙʣʠʟʴʢʦ 15 ʩʤ (ʨʠʩ. 2.27).  

   

  

 

ʈʠʩʫʥʦʢ 2.27 ï ʂʦʨʦʟʽʷ   ʧʘʥʝʣʽ   ʘʚʪʦʙʫʩʘ   çɽʪʘʣʦʥè ʥʘʜ  ʟʘʜʥʽʤ 

ʙʘʤʧʝʨʦʤ [77] 

 

ɺʟʠʤʢʫ ʪʘʤ ʥʘʙʠʚʘʻʪʴʩʷ ʩʥʽʛ ʫ ʩʫʤʽʰʽ ʽʟ ʩʦʣʷʥʦ-ʧʽʩʯʘʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʧʨʦʪʠ ʦʙʤʝʨʟʘʥʥʷ ʜʦʨʽʛ, ʚʣʽʪʢʫ ï ʙʨʫʜ, ʽ ʚ ʮʴʦʤʫ ʤʽʩʮʽ ʧʦʯʠʥʘʻ ʘʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʪʠʩʷ ʢʦʨʦʟʽʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʝʡ ʝʣʝʤʝʥʪ ʦʙʣʠʮʶʚʘʥʥʷ ʜʦʚʦʜʠʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʪʠ. ʇʦʧʝʨʝʜʠʪʠ ʪʘʢʽ ʢʦʨʦʟʽʡʥʽ ʨʫʡʥʫʚʘʥʥʷ 

ʤʦʞʥʘ ʜʦʜʘʪʢʦʚʠʤ ɸɿ, ʦʜʥʘʢ ʝʢʩʧʣʫʘʪʫʶʯʽ ʦʨʛʘʥʽʟʘʮʽʾ ʮʠʤ ʥʝʭʪʫʶʪʴ. 

ɿʛʦʜʦʤ ʢʨʠʰʢʠ ʙʘʛʘʞʥʠʭ ʚʽʜʜʽʣʝʥʴ ʽ ʜʚʝʨʽ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʢʦʨʦʟʽʾ, ʧʝʨʰ 

ʟʘ ʚʩʝ, ʚ ʪʠʭ ʤʽʩʮʷʭ, ʚ ʷʢʠʭ ʧʨʠ ʚʽʜʢʨʠʚʘʥʥʽ ʚʦʥʠ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʫʱʽʣʴʥʶʚʘʯʽ, ʟ 

ʷʢʠʭ ʩʧʦʯʘʪʢʫ ʩʪʠʨʘʻʪʴʩʷ ʬʘʨʙʘ, ʘ ʧʦʪʽʤ ʽ ʛʘʣʴʚʘʥʽʯʥʝ ʧʦʢʨʠʪʪʷ (ʨʠʩ. 2.28). 
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ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ, ʢʦʨʦʟʽʷ ʚʠʱʝʥʘʟʚʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʨʦʭʦʜʠʪʴ ʟ̔ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ʅʘ ʜʝʷʢʽ ʥʝʟʥʘʯʥʽ 

ʧʨʦʷʚʠ ʢʦʨʦʟʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʢʠ ʥʝ ʟʚʝʨʪʘʶʪʴ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ. ʆʜʥʘʢ ʧʨʠ 

ʩʫʪʪʻʚʠʭ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʥʷʭ ʘʚʪʦʙʫʩ ʧʽʜʣʷʛʘʻ ʯʘʩʪʢʦʚʦʤʫ, ʘ ʪʦ ʽ ɺʈ, ʱʦ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʩʪʦʶ ʪʘ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ. 

 

 

 

ʈʠʩʫʥʦʢ 2.28 ï ʂʦʨʦʟʽʷ ʦʙʣʠʮʶʚʘʥʥʷ ʟʘʜʥʽʭ ʜʚʝʨʝʡ ʘʚʪʦʙʫʩʘ 

çɽʪʘʣʦʥè [77] 

   

ʇ̔ ʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʢʦʨʦʟʽʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ (ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʚʤʽʩʪ ʩʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʽ, ʢʽʣʴʢʽʩʪʴ 

ʦʧʘʜʽʚ, ʧʝʨʝʧʘʜʠ ʪʝʤʧʝʨʘʪʫʨʠ). ʊʘʢʦʞ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʨʦʟʽʾ ʩʧʨʠʷʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʣʷʥʠʭ ʩʫʤʽʰʝʡ ʧʨʦʪʠ ʦʙʤʝʨʟʘʥʥʷ ʜʦʨʽʛ, ʱʦ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ. ʋ ʤʽʩʪʘʭ ʽʟ ʥʘʩʝʣʝʥʥʷʤ ʧʦʥʘʜ 1 ʤʣʥ ʞʠʪʝʣʽʚ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʾ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʘ, ʱʦ ʘʚʪʦʙʫʩ ʩʪʘʻ ʥʘ ɺʈ ʢʫʟʦʚʘ ʚʞʝ ʯʝʨʝʟ 
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4ï5 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʙʽʛ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 400ï500 ʪʠʩ. ʢʤ, ʘ 

ʨʝʩʫʨʩ ʜʚʠʛʫʥʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 800ï

900 ʪʠʩ. ʢʤ (ʧʨʠ ʜʙʘʣʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʨʦʙʽʛʠ ʜʚʠʛʫʥʘ ʜʦ ɺʈ ʜʦʩʷʛʘʶʪʴ 1,2ï

1,4 ʤʣʥ ʢʤ). ʋ ʤʽʩʪʘʭ ʽʟ ʥʘʩʝʣʝʥʥʷʤ ʜʦ 1 ʤʣʥ  ʞʠʪʝʣʽʚ ɺʈ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʯʝʨʝʟ 7ï9 ʨʦʢʽʚ ʧʨʠ ʧʨʦʙʽʛʫ 0,7ï0,9 ʤʣʥ ʢʤ.  ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʥʠʤ 

ʫʨʘʞʝʥʥʷʤ ʢʦʨʦʟʽʻʶ ʧʽʜʣʷʛʘʶʪʴ ʧʦʚʟʜʦʚʞʥʽ ʣʦʥʞʝʨʦʥʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʚ 

ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʘʨʦʢ.   

ɿʤʝʥʰʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʨʦʟʽʾ ʩʧʨʠʷʻ ʨʝʛʣʘʤʝʥʪʥʘ ʦʙʨʦʙʢʘ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ ʣʦʥʞʝʨʦʥʽʚ ʘʥʪʠʢʦʨʦʟʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ (çʄʦʚʽʣʴè, 

çʈʝʟʠʩʪʠʥè) ʪʘ ʩʚʦʻʯʘʩʥʝ ʫʩʫʥʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʪʨʫʙ 

ʢʘʨʢʘʩʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [54] ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʛʽʨʰʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʜʽʻʶ ʢʦʨʦʟʽʾ 

ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ [54] 

ʫ ʚʩʽʭ ʟʨʘʟʢʘʭ, ʚʠʨʽʟʘʥʠʭ ʽʟ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʩʣʷ ʜʝʩʷʪʠ  

ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï 

ʟʤʝʥʰʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ůʚ  ʥʘ 7ï68%. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʢʫʟʦʚʘ ʟ ʪʘʢʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʜʦʧʫʩʪʠʤʘ, ʦʩʢʽʣʴʢʠ 

ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʫʟʦʚʫ  ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʇɹ ʟʛʽʜʥʦ 

ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66. 

ɺʨʘʭʦʚʫʶʯʠ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʮʽʣʦʨʽʯʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʧʨʦʙʽʛ ʟʘ 1 ʨʽʢ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 100 ʪʠʩ. ʢʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʜʝʩʷʪʠ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ (ʨʠʩ. 2.29). 

ʊʘʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʷʜ ʟʥʘʯʝʥʴ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʝʣʝʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ ʾʭ ʤʦʞʣʠʚʦ ʥʘʜʘʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ. 
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ʈʠʩʫʥʦʢ 2.29 ï ʉʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʦʚʱʠʥʠ ʣʦʥʞʝʨʦʥʽʚ 

ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʘ ʚʽʜ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʙʽʛʫ ʧʽʜ ʚʧʣʠʚʦʤ 

ʢʦʨʦʟʽʾ: 1 ï ʫ ʤʽʩʪʘʭ ʽʟ ʯʠʩʝʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʜʦ 1 ʤʣʥ ʞʠʪʝʣʽʚ; 2 ï ʫ ʤʽʩʪʘʭ ʟ̔ 

ʯʠʩʝʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʧʦʥʘʜ 1 ʤʣʥ ʞʠʪʝʣʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.29 ʫ ʧʝʨʰʽ ʜʚʘ ʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʨʦʟʽʷ ʣʦʥʞʝʨʦʥʽʚ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʥʠʢʘʻ, ʦʩʢʽʣʴʢʠ ʱʝ ʥʝ ʟʥʦʰʝʥʠʡ ʟʘʚʦʜʩʴʢʠʡ ɸɿ. ʇʦʪʽʤ ʧʽʩʣʷ 

ʜʨʫʛʦʛʦ ʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʾ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʪʘ ʪʦʚʱʠʥʘ 

ʤʝʪʘʣʫ ʣʦʥʞʝʨʦʥʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʢʦʞʝʥ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʣʽʥʽʡʥʽʡ 

ʟʘʣʝʞʥʦʩʪʽ. ɿ ʨʠʩ. 2.29 ʚʠʜʥʦ, ʱʦ ʟʘ ʧôʷʪʴ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʤʽʩʪʘʭ ʽʟ 

ʯʠʩʝʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʧʦʥʘʜ 1 ʤʣʥ ʞʠʪʝʣʽʚ ʪʦʚʱʠʥʘ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ 

ʦʩʥʦʚʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 3,0 ʜʦ 1,0 ʤʤ, ʘ ʫ ʤʽʩʪʘʭ ʽʟ ʯʠʩʝʣʴʥʽʩʪʶ 

ʥʘʩʝʣʝʥʥʷ ʜʦ 1 ʤʣʥ ʞʠʪʝʣʽʚ ʘʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʽʣʴʢʠ ʯʝʨʝʟ 

ʜʝʚôʷʪʴ ʨʦʢʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 2.29) ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʢʦʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ 

ʧʨʠʙʣʠʟʥʠʡ ʧʨʦʙʽʛ ʘʚʪʦʙʫʩʘ ʜʦ ɺʈ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʦʚʱʠʥʠ 

ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʘ ʚʽʜ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʙʽʛʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʢʦʨʦʟʽʾ (ʨʠʩ. 2.29)  ̔ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʫ ʨʦʙʦʪʽ [54] ʜʦʟʚʦʣʠʪʴ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʚʩʪʘʥʦʚʠʪʠ ʛʨʘʥʠʯʥʽ ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʷʢ ʧʨʠ 

ʨʫʡʥʫʚʘʥʥʽ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ, ʪʘʢ ʽ ʥʘ ʦʩʥʦʚʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʇʨʘʚʠʣʘʤ ɭɽʂ ʆʆʅ ˉ 66. 

  

2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

1. ʅʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʝʢʩʧʣʫʘʪʫʶʯʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʚʪʦʙʫʩʽʚ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʟʘ ʚʠʥʷʪʢʦʤ ʛʘʨʘʥʪʽʡʥʦʛʦ ʧʝʨʽʦʜʫ (ʧʝʨʰʽ 

100 ʪʠʩ. ʢʤ), ʫ ʟʚô̫ ʟʢʫ ʟ̔ ʟʨʦʩʪʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ.    

2. ʆʩʥʦʚʥʝ ʚ ʘʚʪʦʙʫʩʽ, ʱʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ï ʮʝ ʜʚʠʛʫʥ (ʨʝʩʫʨʩ 

ʙʣʠʟʴʢʦ 1 ʤʣʥ ʢʤ) ʪʘ ʢʫʟʦʚ  (5ï8 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠ ʨʽʯʥʦʤʫ ʧʨʦʙʽʛʫ 

ʙʣʠʟʴʢʦ 100 ʪʠʩ. ʢʤ). ʄʝʥʰʽ ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʶʪʴ ʘʚʪʦʙʫʩʠ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʫ ʤʽʩʪʘʭ-ʤʽʣʴʡʦʥʥʠʢʘʭ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʪʘ 

ʧʽʜʚʠʱʝʥʦʶ ʢʦʨʦʟʽʻʶ ʚʽʜ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʨʝʘʛʝʥʪʽʚ ʧʨʦʪʠ ʦʙʤʝʨʟʘʥʥʷ ʜʦʨʽʛ. 

3. ʇʽʜ ʯʘʩ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʩʠʣʘʤʠ 

ʝʢʩʧʣʫʘʪʫʶʯʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʨʪʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʪʘ ʢʫʟʦʚʘ ʧʨʘʢʪʠʯʥʦ 

ʦʜʥʘʢʦʚʘ, ʦʜʥʘʢ ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʧʨʦʩʪʦʶ ʧʽʜ ʯʘʩ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ 

ʢʫʟʦʚʘ ʚ ʧô̫ ʪʴ ʨʘʟʽʚ ʚʠʱʝ ʽ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʥʽʚ ʧʨʦʩʪʦʶ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʘʚʪʦʙʫʩʘ ʪʘ ʩʫʤʘʨʥʠʡ ʟʙʠʪʦʢ ʩʪʘʥʦʚʠʪʴ 2250ï

5100 ʜʦʣʘʨʽʚ ʉʐɸ.  

4. ɺʽʜʥʦʚʣʶʚʘʣʴʥʠʡ ʨʝʤʦʥʪ ʢʫʟʦʚʘ ʚʣʘʩʥʠʤʠ ʩʠʣʘʤʠ ʝʢʩʧʣʫʘʪʫʶʯʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ ʣʠʰʝ ʥʘ 3ï4 ʨʦʢʠ, ʫ ʟʚôʷʟʢʫ 

ʟ ʯʘʩʪʢʦʚʦʶ ʟʘʤʽʥʦʶ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ, ʱʦ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʧʦʰʢʦʜʞʝʥʥʷ. 

5. ɺ ʦʩʥʦʚʥʦʤʫ ʝʢʩʧʣʫʘʪʫʶʯʽ ʦʨʛʘʥʽʟʘʮʽʾ ʥʝ ʧʨʦʚʦʜʷʪʴ ʜʦʜʘʪʢʦʚʠʡ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʡ ʟʘʭʠʩʪ ʢʫʟʦʚʘ, ʪʦʤʫ ʢʫʟʦʚ ʧʦʯʠʥʘʻ ʽʥʪʝʥʩʠʚʥʦ ʢʦʨʦʜʫʚʘʪʠ ʧʽʩʣʷ 

ʩʧʨʘʮʶʚʘʥʥʷ ʟʘʚʦʜʩʴʢʦʛʦ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ ʜʚʘ ʨʦʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʽʜʚʠʱʠʪʠ ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʤʦʞʥʘ ʩʚʦʻʯʘʩʥʠʤ ʦʥʦʚʣʝʥʥʷʤ 
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ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʘʙʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʱʝ ʥʘ ʝʪʘʧʽ ʡʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ.  

6. ɼʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʱʝ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʻʢʪʫʚʘʥʥʷ.  

7. ɺʨʘʭʦʚʫʶʯʠ ʩʫʪʪʻʚʽ ʧʦʰʢʦʜʞʝʥʥʷ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʧʽʜ ʜʽʻʶ ʢʦʨʦʟʽʾ ʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʦʞʝ ʥʘʩʪʫʧʠʪʠ 

ʤʦʤʝʥʪ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʱʦʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66. ʊʦʤʫ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʧʦ ʧʝʨʝʚʽʨʮʽ ʘʚʪʦʙʫʩʘ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʧʨʘʚʠʣʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ɭɽʂ ʆʆʅ ˉ 66 ʧʽʜ ʯʘʩ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʈʆɿɼɯʃ 3 

ʇʈʆɻʅʆʉʊʀʏʅɸ ʆʎɯʅʂɸ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʂʋɿʆɺɯɺ ʄɽʊʆɼɸʄʀ 

ʂʆʄʇôʖʊɽʈʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

3.1 ʉʪʨʫʢʪʫʨʘ ʽ ʘʣʛʦʨʠʪʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʢʫʟʦʚʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

3.1.1 ʄʝʪʦʜʦʣʦʛʽʷ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʘʚʪʦʙʫʩʽʚ 

ɺʠʟʥʘʯʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʙʫʩʽʚ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʡʦʛʦ 

ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʪʘ ʽʜʝʥʪʠʬʽʢʫʻ ʚʣʘʩʥʝ ʢʦʥʢʨʝʪʥʠʡ ʘʚʪʦʙʫʩ (ʪʘʢ ʟʚʘʥʠʡ 

VIN-ʢʦʜ) ʻ ʢʫʟʦʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʙʫʜʦʚʠ ʥʘ ʢʦʣʽʩʥʦʤʫ ʰʘʩʽ ʯʠ ʥʝʩʽʚʥʦʛʦ ʪʠʧʫ 

(ʪʘʢ ʟʚʘʥʠʡ ʤʦʥʦʢʦʢ). ɼʚʠʛʫʥ ʪʘ ʽʥʰʽ ʘʛʨʝʛʘʪʠ ʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʟʘʤʽʥʶʚʘʪʠʩʴ 

(ʧʨʠʨʦʜʥʦ ʥʘ ʦʜʥʦʪʠʧʥʽ, ʟʛʽʜʥʦ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʚʠʨʦʙʥʠʢʘ) ʽ ʧʽʜʜʘʚʘʪʠʩʴ 

ʨʝʤʦʥʪʫ ʙʝʟ ʚʧʣʠʚʫ ʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʢʦʥʢʨʝʪʥʦʛʦ ʘʚʪʦʙʫʩʘ ʷʢ ʫʯʘʩʥʠʢʘ ʨʫʭʫ ï 

ʦʙôʻʢʪʫ  ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʆʯʝʚʠʜʥʘ ʤʘʡʙʫʪʥʷ ʛʘʨʤʦʥʽʟʘʮʽʷ 

ʥʦʨʤʘʪʠʚʥʦʾ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ 

ʚʽʜʧʦʚʽʜʥʦʶ ʙʘʟʦʶ ɭʉ ʦʙʫʤʦʚʠʪʴ ʜʦʢʦʨʽʥʥʽ ʟʤʽʥʠ ʚ ʽʩʥʫʶʯʦʤʫ ʨʝʛʣʘʤʝʥʪʽ 

ʦʙʦʚôʷʟʢʦʚʦʛʦ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʘʚʪʦʙʫʩʽʚ [1] ʟ ʫʚʝʜʝʥʥʷʤ 

ʟʚʠʯʥʦʾ ʜʣʷ ɭʉ ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ (ʪʨʽʱʠʥ) ʥʝʩʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ, 

ʷʢ ʦʜʥʦʛʦ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʇɹ ʘʚʪʦʙʫʩʘ [65] ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʚʝʜʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʘʙʦ ʩʧʠʩʘʥʥʷ/ʫʪʠʣʽʟʘʮʽʾ ʘʚʪʦʙʫʩʘ, ʟʘʙʦʨʦʥʠ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʜʦʨʦʛʘʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʫʞʝ ʥʘ ɽʇ 

ʘʢʪʫʘʣʴʥʦʶ ʩʪʘʻ ʽ ʦʮʽʥʢʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ (ʨʝʩʫʨʩʫ) ʢʫʟʦʚʘ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ 

ʚʪʦʤʥʦʶ ʤʽʮʥʽʩʪʶ ʤʝʪʘʣʫ ʥʝʩʽʚʥʦʛʦ ʢʘʨʢʘʩʫ/ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʧʽʜ ʚʧʣʠʚʦʤ 

ʘʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʥʝʨʽʚʥʦʩʪʝʡ (ʤʽʢʨʦʧʨʦʬʽʣʶ) ʜʦʨʦʛʠ  (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʬʫʥʢʮʽʾ ʟʙʫʨʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʚʽʩʢʠ ʪʘ ʰʠʥ) ʪʘ 

ʚʧʣʠʚʫ ʫ ʯʘʩʽ ʢʦʨʦʟʽʾ (ʥʘʩʘʤʧʝʨʝʜ ʽʟ-ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʣʷʥʠʭ ʩʫʤʽʰʝʡ ʫ ʟʠʤʦʚʫ 

ʧʦʨʫ ʨʦʢʫ) ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʫ 

ʪʨʫʙ ʥʝʩʽʚʥʦʾ ʦʩʥʦʚʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ.  
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ʆʯʝʚʠʜʥʦ, ʱʦ ʢʨʽʤ ʧʦʪʝʥʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʫʟʦʚʘ, ʟʘʢʣʘʜʝʥʠʭ ʥʘ ɽʇ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ (ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʘʜʝʢʚʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ  

ʫʤʦʚʘʤ ʨʽʚʥʦʤʽʮʥʦʩʪʽ), ʚʠʟʥʘʯʘʣʴʥʠʤ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ 

ʨʝʩʫʨʩʫ (ʜʦʚʛʦʚʽʯʥʦʩʪʽ) ʢʫʟʦʚʘ ʻ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʠʩ. 3.1).  

 

ʇʨʦʩʪ̔ ʫʤʦʚʠ ʨʫʭʫ  ̔
ʥʦʤ̔ʥʘʣɹʥʘ ʧʘʩʘʞʠʨʦʤ̔ʩʪʢ̔ʩʪɹ 

ʌʦʨʤʫʚʘʥʥ̫ ʧʝʨʝʜʘʚʘʣɹʥʠʭ 
ʬʫʥʢʮ̔ʡ ʧ̔ʜʚ̔ʩʢʠ  ̔ ʠhʥ  

ʌʦʨʤʫʚʘʥʥ̫ ʨ̔ʚʥʦʤ̔ʮʥʦʩʪ̔ 
ʢʘʨʢʘʩʫ ʄʉɽ ʜʣ̫ ʟʘʛʘʣɹʥʠʭ 
ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥ̫

ʂʦʥʩʪʨʫʢʮ̔ʡʥ̔ ʤʘʪʝʨ̔ʘʣʠ ʽ
 ʘʥʪʠʢʦʨʦʟ̔ʡʥʠʡ ʟʘʭʠʩʪ

ʇʨʦʝʢʪʥʠʡ ʝʪʘʧ

ʇʦʪʝʥʮ̔ʡʥ̔ ʚʣʘʩʪʠʚʦʩʪ̔

ʅʦʤ̔ʥʘʣɹʥ̔ ʬ̔ʟʠʢʦ-ʤʝʭʘʥ̔ʯʥ̔
ʚʣʘʩʪʠʚʦʩʪ̔ ʢʦʥʩʪʨʫʢʮ̔ʡʥʠʭ ʤʘʪʝʨ̔ʘʣ̔ʚ

ɽʪʘʧ ʝʢʩʧʣʫʘʪʘʮ̔ʾ

ɽʢʩʧʣʫʘʪʘʮ̔ʡʥ̔ ʚʣʘʩʪʠʚʦʩʪ̔

ʈʝʘʣɹʥ̔ ʤ̔ʢʨʦʧʨʦʬ̔ʣ̔ ʜʦʨ̔ʛ
ɯ, ɯɯ, ɯɯɯ ʢʘʪʝʛʦʨ̔ʡ

ʇ̔ʢʦʚ̔ ʧʝʨʝʚʘʥʪʘʞʝʥʥ̫
 ʥʦʤ̔ʥʘʣɹʥʦʾ ʧʘʩʘʞʠʨʦʤ̔ʩʪʢʦʩʪ̔  

ɸʪʤʦʩʬʝʨʥʦ-ʢʣ̔ʤʘʪʠʯʥʘ ʢʦʨʦʟ̫̔
  

ʂʦʨʦʟ̫̔ ʚ̔ʜ ʩʦʣʝ-ʧ̔ʩʯʘʥʠʭ ʩʫʤ̔ ʝhʡ
 ʪʘ ʚʦʜʠ ʥʘ ʜʦʨʦʛʘʭ 

ɼʝʛʨʘʜʘʮ̫̔  ʬ̔ʟʠʢʦ-ʤʝʭʘʥ̔ʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʢʦʥʩʪʨʫʢʮ̔ʡʥʠʭ ʤʘʪʝʨ̔ʘʣ̔ʚ

ʇʨʦʩʪ̔ ʫʤʦʚʠ ʨʫʭʫ  ̔
ʥʦʤ̔ʥʘʣɹʥʘ ʧʘʩʘʞʠʨʦʤ̔ʩʪʢ̔ʩʪɹ 

ʌʦʨʤʫʚʘʥʥ̫ ʧʝʨʝʜʘʚʘʣɹʥʠʭ 
ʬʫʥʢʮ̔ʡ ʧ̔ʜʚ̔ʩʢʠ  ̔ ʠhʥ  

ʂʦʥʩʪʨʫʢʮ̔ʡʥ̔ ʤʘʪʝʨ̔ʘʣʠ ʽ
 ʘʥʪʠʢʦʨʦʟ̔ʡʥʠʡ ʟʘʭʠʩʪ

ʇʨʦʝʢʪʥʠʡ ʝʪʘʧ

ʇʦʪʝʥʮ̔ʡʥ̔ ʚʣʘʩʪʠʚʦʩʪ̔

ʅʦʤ̔ʥʘʣɹʥ̔ ʬ̔ʟʠʢʦ-ʤʝʭʘʥ̔ʯʥ̔
ʚʣʘʩʪʠʚʦʩʪ̔ ʢʦʥʩʪʨʫʢʮ̔ʡʥʠʭ ʤʘʪʝʨ̔ʘʣ̔ʚ

ɽʪʘʧ ʝʢʩʧʣʫʘʪʘʮ̔ʾ

ɽʢʩʧʣʫʘʪʘʮ̔ʡʥ̔ ʚʣʘʩʪʠʚʦʩʪ̔

ʈʝʘʣɹʥ̔ ʤ̔ʢʨʦʧʨʦʬ̔ʣ̔ ʜʦʨ̔ʛ
ɯ, ɯɯ, ɯɯɯ ʢʘʪʝʛʦʨ̔ʡ

ʇ̔ʢʦʚ̔ ʧʝʨʝʚʘʥʪʘʞʝʥʥ̫
 ʥʦʤ̔ʥʘʣɹʥʦʾ ʧʘʩʘʞʠʨʦʤ̔ʩʪʢʦʩʪ̔  

ɸʪʤʦʩʬʝʨʥʦ-ʢʣ̔ʤʘʪʠʯʥʘ ʢʦʨʦʟ̫̔
  

ʂʦʨʦʟ̫̔ ʚ̔ʜ ʩʦʣʝ-ʧ̔ʩʯʘʥʠʭ ʩʫʤ̔ ʝhʡ
 ʪʘ ʚʦʜʠ ʥʘ ʜʦʨʦʛʘʭ 

ɼʝʛʨʘʜʘʮ̫̔  ʬ̔ʟʠʢʦ-ʤʝʭʘʥ̔ʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʢʦʥʩʪʨʫʢʮ̔ʡʥʠʭ ʤʘʪʝʨ̔ʘʣ̔ʚ

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ 

 

ʆʩʪʘʥʥʽ ʬʦʨʤʫʶʪʴʩʷ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʟʘʣʠʰʢʦʚʫ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ ʥʝʩʽʚʥʦʾ ʦʩʥʦʚʠ ʢʘʨʢʘʩʫ (ʘ, 

ʚʽʜʧʦʚʽʜʥʦ ʽ ʥʘ ʇɹ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʛʘʣʦʤ) (ʨʠʩ. 3.1) [66]: 

ï ʧʽʢʦʚʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʽ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʤʽʥʘʣʴʥʫ 

ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʘʚʪʦʙʫʩʘ), ʱʦ ʱʝ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 

ʋʢʨʘʾʥʽ ʪʘ ʉʅɼ; 

ï ʘʥʘʣʦʛʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ (ʜʝʤʧʬʫʶʯʠʭ ʪʘ ʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʥ ʽ ʧʽʜʚʽʩʢʠ ʽ, 

ʚʣʘʩʥʝ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʽʛ (ʚʢʣʶʯʥʦ ʽ ʚʠʙʦʾʥʠ), ʘ ʥʝ ʪʽʣʴʢʠ ʽʜʝʘʣʽʟʦʚʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʨʦʛʠ ɯ ʢʘʪʝʛʦʨʽʾ ʟʛʽʜʥʦ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ [85], ʧʽʜ ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʜ̔ʝ ʧʨʦʻʢʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʽ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʮʽʾ); 
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ï ʧʦʛʽʨʰʝʥʥʷ, ʟʥʠʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʪʨʫʙ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ ʧʽʜ ʚʧʣʠʚʦʤ ʷʢ ʟʚʠʯʥʦʾ çʘʪʤʦʩʬʝʨʥʦʾè ʢʦʨʦʟʽʾ (ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʢʦʥʜʝʥʩʘʪʫ ʫ ʪʦʯʮʽ ʨʦʩʠ), ʪʘʢ ʽ, ʦʩʦʙʣʠʚʦ, ʫ ʟʠʤʦʚʽ ʧʝʨʽʦʜʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʨʦʞʥʽʤʠ ʩʣʫʞʙʘʤʠ ʧʽʱʘʥʦ-ʩʦʣʷʥʠʭ ʩʫʤʽʰʝʡ (ʟ̔ 

ʚʽʜʯʫʪʥʦʶ ʨʽʟʥʠʮʝʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ). 

ɼʣʷ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ï ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʥʝʩʽʚʥʦʾ ʦʩʥʦʚʠ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʤʝʪʦʜʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ 

ʜʦʩʪʘʪʥʴʦ ʦʙʤʝʞʠʪʠʩʴ ʜʚʦʤʽʨʥʦʶ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 3.2) ʟ ʫʤʦʚ 

ʧʝʚʥʦʾ ʩʠʤʝʪʨʽʾ ʧʨʦʮʝʩʽʚ ʫ ʧʦʧʝʨʝʯʥʽʡ ʧʣʦʱʠʥʽ, ʦʜʥʘʢ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʧʨʘʚʫ 

ʙʦʢʦʚʠʥʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʷʢ ʙʽʣʴʰ ʢʨʠʪʠʯʥʦʾ ʟ ʫʤʦʚ [86]: 

ï ʤʝʥʰʦʛʦ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʟ-ʟʘ ʜʚʝʨʥʠʭ ʧʨʦʡʤ ʽ ʜʝʱʦ ʙʽʣʴʰʦʛʦ 

ʧʘʩʘʞʠʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʘʚʪʦʙʫʩʽʚ 1 ʽ 2 ʢʣʘʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ 

ʩʪʦʷʯʠʭ ʧʘʩʘʞʠʨʽʚ ʫ ʧʨʦʭʦʜʘʭ ʫ ʩʘʣʦʥ ʫ ʛʦʜʠʥʠ ʧʽʢ; 

ï ʷʢ ʧʨʘʚʠʣʦ ʛʽʨʰʦʛʦ ʩʪʘʥʫ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʙʣʠʞʯʝ ʜʦ ʦʙʦʯʠʥ ʽ 

ʯʘʩʪʽʰʦʛʦ ʟʘʾʟʜʫ ʧʨʘʚʦʶ ʩʪʦʨʦʥʦʶ ʘʚʪʦʙʫʩʘ ʥʘ ʦʙʦʯʠʥʠ, ʥʘʩʘʤʧʝʨʝʜ ʥʘ 

ʤʘʨʰʨʫʪʘʭ ʤʽʩʮʝʚʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. 

ʇʨʠʨʦʜʥʦ, ʱʦ ʢʦʥʢʨʝʪʥʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʤʦʜʝʣʴ ʘʚʪʦʙʫʩʘ ʚʽʜʯʫʪʥʦ 

ʚʠʨʽʟʥʷʪʠʤʝʪʴʩʷ ʷʢ ʜʣʷ ʢʫʟʦʚʽʚ, ʟʘʙʫʜʦʚʘʥʠʭ ʥʘ ʨʘʤʥʠʭ ʰʘʩʽ, ʪʘʢ ʽ ʜʣʷ ʥʝʩʽʚʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʆʩʪʘʥʥʽ ʪʝʞ ʩʣʽʜ ʨʦʟʜʽʣʠʪʠ ʟ ʫʤʦʚ ʧʨʠʡʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʴ 

ʢʘʨʢʘʩʦʤ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ: 

ï ʢʣʘʩʠʯʥʠʡ (ʪʠʧʠ kombi, highdecker) ʟ ʨʦʟʚʠʥʫʪʦʶ ʧʨʦʩʪʦʨʦʚʦʶ  

ʥʝʩʽʚʥʦʶ ʥʠʞʥʴʦʶ ʬʝʨʤʦʶ, ʱʦ ʬʘʢʪʠʯʥʦ ʩʧʨʠʡʤʘʻ ʜʦʤʽʥʫʶʯʫ ʯʘʩʪʠʥʫ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʜʦʨʦʛʠ ʽ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ; 

ï ʥʠʟʴʢʦʧʽʜʣʦʛʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çlow-floorè, ʜʝ ʚʽʜʯʫʪʥʘ ʯʘʩʪʠʥʘ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʝʨʝʜʘʻʪʴʩʷ ʽ ʥʘ ʥʝʩʽʚʥʫ ʚʝʨʭʥʶ ʬʝʨʤʫ (ʢʘʨʢʘʩ ʜʘʭʫ) ʪʘ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘʚʘʥʪʘʞʝʥʽ ʚʝʨʪʠʢʘʣʴʥʽ ʟʚôʷʟʫʶʯʽ ʩʪʽʡʢʠ ʢʘʨʢʘʩʫ; 

ï ʢʫʟʦʚʠ ʪʠʧʫ çlow-entryè ʟ  ʢʦʤʙʽʥʦʚʘʥʦ ʁ ʩʪʨʫʢʪʫʨʦʶ ʢʘʨʢʘʩʫ ï 

ʯʘʩʪʠʥʦʶ ʩʘʣʦʥʫ ʟ ʥʠʟʴʢʦʶ ʧʽʜʣʦʛʦʶ ʪʘ ʬʨʘʛʤʝʥʪʦʤ ʢʣʘʩʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʘʨʢʘʩʫ (ʩʶʜʠ ʞ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʩʭʝʤʠ ʢʘʨʢʘʩʫ ʟ ʥʠʟʴʢʦʶ ʧʣʦʱʘʜʢʦʶ ʫ ʟʘʜʥʴʦʤʫ 
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ʟʚʠʩʽ ʪʘ ʢʘʨʢʘʩʫ ʪʠʧʫ kombi ʟ ʧʦʥʠʞʝʥʠʤ ʨʽʚʥʝʤ ʧʽʜʣʦʛʠ ʩʘʣʦʥʫ ʧʨʠ 

ʧʝʨʝʜʥʴʦʤʦʪʦʨʥʽʡ ʢʦʤʧʦʥʦʚʮʽ ï ʪʠʧʫ çɸʪʘʤʘʥè ɸ092ʅ6 ʪʘ ʽʥʰʽ). 

 

ké
Âé

kÑ
Âà

m
ʉʧʝʢʪʨʘʣɹʥʘ ʛʫʩʪʠʥʘ ʤ̔ʢʨʦʧʨʦʬ̔ʣʁ  ʜʦʨʦʛʠ
ʂʦʨʝʣ̫ʮ̔ʡʥʘ ʬʫʥʢʮ̫̔  ʥʘʚʘʥʪʘʞʝʥɹ ʚ̔ʜ ʜʦʨʦʛʠ  

ʇʝʨʝʜʘʚʘʣɹʥ̔ ʬʫʥʢʮ̔ʾ ʧ̔ʜʚ̔ʩʢʠ  ̔ ʠhʥ
ʌʦʨʤʫʚʘʥʥ̫ ʥʘʚʘʥʪʘʞʝʥɹ ʫ ʚʫʟʣʘʭ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ  

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʤ̔ʮʥ̔ʩʪɹ ʚʫʟʣ̔ʚ
ʥʝʩ̔ʚʥʦʾ ʦʩʥʦʚʠ ʢʘʨʢʘʩʫ / ʨʘʤʠ

ʈʝʛʨʝʩ̔ʡʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʬ̔ʟʠʢʦ-ʤʝʭʘʥ̔ʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙ ʢʘʨʢʘʩʫ

 ʟ̔-ʟʘ ʢʦʨʦʟ̔ʾ (ʫ ʬʫʥʢʮ̔ʾ ʯʘʩʫ)  

2
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ʉʧʝʢʪʨʘʣɹʥʘ ʛʫʩʪʠʥʘ ʤ̔ʢʨʦʧʨʦʬ̔ʣʁ  ʜʦʨʦʛʠ
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ʇʝʨʝʜʘʚʘʣɹʥ̔ ʬʫʥʢʮ̔ʾ ʧ̔ʜʚ̔ʩʢʠ  ̔ ʠhʥ
ʌʦʨʤʫʚʘʥʥ̫ ʥʘʚʘʥʪʘʞʝʥɹ ʫ ʚʫʟʣʘʭ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ  

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʤ̔ʮʥ̔ʩʪɹ ʚʫʟʣ̔ʚ
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ʈʠʩʫʥʦʢ 3.2 ï ʉʭʝʤʘ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

 

ɺ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ-ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʣʘʜʝʥʦ 

ʩʫʤʽʱʝʥʥ ̫ʥʘʚʘʥʪʘʞʝʥʴ ʥʘʩʘʤʧʝʨʝʜ ʫ ʢʨʠʪʠʯʥʠʭ ʚʫʟʣʘʭ ʥʝʩʽʚʥʦʾ ʬʝʨʤʠ/ʦʩʥʦʚʠ 

ʢʫʟʦʚʘ (ʷʢ ʧʨʘʚʠʣʦ ʫ ʟʦʥʘʭ ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʦʢ) ʚʽʜ ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʛʠ, 

ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʧʘʩʘʞʠʨʦʥʘʧʦʚʥʝʥʥʷʤ ʩʘʣʦʥʫ (ʦʯʝʚʠʜʥʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʡʤʦʚʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʦʙʦʭ ʯʠʥʥʠʢʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ) ʟ ʜʨʫʛʦʛʦ (ʨʠʩ. 

3.3), ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ, ʧʦʩʣʽʜʦʚʥʦʤʫ ʚ ʯʘʩʽ (ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʧʨʦʙʽʛʫ) 

ʧʦʛʽʨʰʝʥʥʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʪʨʫʙ ʢʘʨʢʘʩʫ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʨʦʟʽʾ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʙʽʥʘʮʽʾ (ʩʫʤʽʱʝʥʥʽ) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʧʨʫʞʝʥʴ ʫ ʢʨʠʪʠʯʥʠʭ ʚʫʟʣʘʭ ʦʩʥʦʚʠ [48] ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ 

ʥʝʨʽʚʥʦʩʪʝʡ ʜʦʨʦʛʠ ʯʝʨʝʟ ʧʝʨʝʜʘʪʥʽ ʬʫʥʢʮʽʾ ʰʠʥ/ʧʽʜʚʽʩʢʠ ʥʘ ʙʘʟʽ ʤʝʪʦʜʽʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʉʠʣʘʻʚʠʤ ɸ. ɸ. [47, 87] ʽ ʜʨʝʡʬʦʤ ʫ 

ʯʘʩʽ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʫʟʣʦʚʠʭ ʟôʻʜʥʘʥʴ ʽ ʪʨʫʙ 

(ʣʦʥʞʝʨʦʥʽʚ) ʦʩʥʦʚʠ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʨʦʟʽʾ  [54]. 
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ʈʠʩʫʥʦʢ 3.3 ï ʉʭʝʤʘ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʩʫʨʩʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʟʦʥʘʭ ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʦʢ  

 

ʄʝʪʦʜʦʣʦʛʽʷ ʧʨʠʚʝʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ï 

ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʚʠʩʦʪ ʥʝʨʽʚʥʦʩʪʝʡ ʦʧʠʩʘʥʘ ʍʘʯʘʪʫʨʦʚʠʤ ɸ. ɸ. [47] 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʞʝ ʦʧʨʘʮʴʦʚʘʥʠʭ ʤʝʪʦʜʘʭ ʩʪʦʩʦʚʥʦ ʢʦʣʠʚʘʥʴ ʽ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ [70] ʪʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʽ Matlab 2017b [73ï75]. ʇʦʩʪʫʧʦʚʘ 

ʟʤʽʥʘ-ʜʨʝʡʬ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʽʮʥʦʩʪʽ) ʪʨʫʙ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ 

ʧʨʠʚôʷʟʘʥʘ ʜʦ ʪʨʠʚʘʣʦʩʪʽ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʥʘ ʦʩʥʦʚʽ ʝʤʧʽʨʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʟ̔ ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [47, 54]). ʇʨʠʨʦʜʥʦ, ʱʦ ʩʫʤʘʨʥʠʡ ʧʨʦʙʽʛ ʽ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ ʻ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʟ ʚʠʟʥʘʯʘʣʴʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ. ʊʝʭʥʽʯʥʦ ʢʦʨʝʢʪʥʽʰʝ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʨʘʪʠ ʧʨʦʙʽʛ, 

ʦʜʥʘʢ ʬʘʢʪʠʯʥʦ ʥʘ 3ï7 ʨʦʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʩʪʘʥʦʚʠʪʠ ʬʘʢʪʠʯʥʠʡ ʧʨʦʙʽʛ ʘʚʪʦʙʫʩʘ 

ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʞʝ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ, ʥʘʩʘʤʧʝʨʝʜ ʚ ʫʤʦʚʘʭ ʧʨʠʚʘʪʥʠʭ 

ʧʝʨʝʚʽʟʥʠʢʽʚ, ʤʦʞʥʘ ʪʽʣʴʢʠ ʦʪʨʠʤʘʪʠ ʦʨʽʻʥʪʦʚʥʫ, ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ 

ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʙʽʛʫ ʟʘ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʱʦ ʧʨʠʨʦʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦ ʤʽʨʽ 

ʩʪʘʨʽʥʥʷ ʘʚʪʦʙʫʩʘ ʟ-ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦʾʚ ʫ ʧʦʪʦʯʥʦʤʫ ʨʝʤʦʥʪʽ). ʆʢʨʽʤ 

ʮʴʦʛʦ ʽ ʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʧʘʜʽʥʥʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʩʪʘʣʝʚʦʛʦ 

ʧʨʦʢʘʪʫ ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʨʦʟʽʾ [47, 54] ʧʨʠʚôʷʟʘʥʽ ʜʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʩʣʽʜ ʢʦʥʩʪʘʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʚʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʩʪʫʧʝʥʷ 
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ʢʦʨʝʣʷʮʽʾ ʨʝʩʫʨʩʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʫʟʦʚʘ ʧʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʝʟʫʣʴʪʫʶʯʦʤʫ 

ʧʨʦʙʽʛʫ ʘʚʪʦʙʫʩʘ, ʱʦ ʪʝʞ ʧʽʜʣʷʛʘʶʪʴ ʨʽʟʥʽʡ ʢʚʘʥʪʠʬʽʢʘʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʢʣʘʩʫ 

ʧʨʠʟʥʘʯʝʥʥʷ (interʩity ï ʤʽʞʤʽʩʴʢʽ, local ï ʤʽʩʮʝʚʽ ʽ city ï ʤʽʩʴʢʽ ʤʘʨʰʨʫʪʠ) ʪʘ 

ʜʦʤʽʥʫʶʯʦʛʦ ʩʪʘʥʫ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʱʘʥʦ-

ʩʦʣ̫ʥʠʭ ʩʫʤʽʰʝʡ ʧʨʦʪʠ ʦʙʤʝʨʟʘʥʥʷ ʜʦʨʽʛ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʤ. ʂʠʻʚʽ ʟ ʧʘʜʽʥʥʷʤ ʨʽʚʥʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘ 

ʧʨʦʚʽʥʮʽʡʥʠʭ ʤʽʩʮʝʚʠʭ ʤʘʨʰʨʫʪʘʭ). 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ ʙʫʜʫʪʴ 

ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ (ʨʠʩ. 3.4), ʷʢʽ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʜʣʷ 

ʢʫʟʦʚʘ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ [88]. 
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ʈʠʩʫʥʦʢ 3.4 ï ʉʭʝʤʘ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ 

ʰʘʩʽ 

 

ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʢʫʟʦʚʘ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ [89], ʚʨʘʭʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʙʫʩʘ ʥʘ 

ʨʘʤʥʦʤʫ ʰʘʩʽ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʷʢ ʩʘʤʦʾ 

ʨʘʤʠ, ʪʘʢ ʽ ʢʫʟʦʚʘ, ʱʦ ʢʨʽʧʠʪʴʩʷ ʜʦ ʨʘʤʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʠʨʘʻʪʴʩʷ ʦʜʠʥ ʽʟ 

ʧʝʨʝʨʽʟʽʚ ʨʘʤʠ, ʷʢʠʡ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʙʫʜʝ ʨʫʡʥʫʚʘʪʠʩʴ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʘʥʽʰʝ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ [90], ʜʝ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʧʝʨʝʨʽʟ ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 
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ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ, ʜʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʽʟ ʜʚʦʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʨʠʩ. 3.5).  

 

1

2

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʝʨʽʟ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ: 

1ï ʨʘʤʘ; 2 ï ʝʣʝʤʝʥʪ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ  

 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʝʨʽʟ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨʘʤʠ 1, ʷʢʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ 

ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʪʘ ʤʘʻ ʚʽʜʢʨʠʪʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʙʫʩʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʫʙ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʨʘʤʘ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʤʘʻ ʚʠʱʫ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʚ 1,5ï1,7 ʨʘʟʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʝʛʦʚʘʥʦʾ 

ʩʪʘʣʽ ʪʘ ʚʽʜʢʨʠʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʤʠ, ʱʦ ʢʨʘʱʝ ʚʝʥʪʠʣʶʻʪʴʩʷ ʪʘ ʥʝ ʜʦʟʚʦʣʷʻ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʢʦʥʜʝʥʩʘʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʝʨʽʟ ʧʽʜ ʯʘʩ ɯʄ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʘ ʝʣʝʤʝʥʪʠ: ʧʝʨʝʨʽʟ ʨʘʤʠ 1 ʪʘ ʧʝʨʝʨʽʟ ʢʘʨʢʘʩʫ 2. ʗʢ ʧʦʢʘʟʫʻ 

ʨʝʘʣʴʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ, ʩʧʦʯʘʪʢʫ ʧʦʚʠʥʝʥ ʟʨʫʡʥʫʚʘʪʠʩʴ ʝʣʝʤʝʥʪ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, 

ʘ ʧʦʪʽʤ ʯʝʨʝʟ ʜʝʷʢʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʫʡʥʫʻʪʴʩʷ ʨʘʤʘ. ɺʽʜʧʦʚʽʜʥʦ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʤʝʥʪʠ 1 ʽ 2 (ʨʠʩ. 3.5) ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʦʜʥʝ 

ʮʽʣʝ. ʇʦʪʽʤ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʫ 2 ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʜʦʚʞʠʪʴʩʷ ʪʽʣʴʢʠ ʟ ʝʣʝʤʝʥʪʦʤ 1. 
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3.1.2 ʇʝʨʝʜʘʪʦʯʥ ̔ʬʫʥʢʮʽʾ ʚʽʜ ʜʦʨʦʛʠ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ 

3.1.2.1 ɺʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʘʚʪʦʙʫʩʘ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʽʜʨʝʩʦʨʝʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʦʧʠʩʘʥʝ ʉʠʣʘʝʚʠʤ ɸ. ɸ. ʪʘ 

ʥʘʚʝʜʝʥʠʤ ʫ ʨʦʙʦʪʽ [89]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʜʘʥʫ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ, ʢʨʽʤ 

ʟʙʫʨʶʶʯʠʭ ʽ ʧʦʪʝʥʮʽʡʥʠʭ ʩʠʣ, ʜʽʶʪʴ ʽ ʩʠʣʠ ʦʧʦʨʫ, ʪʦʤʫ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ 

ʥʘʙʫʜʫʪʴ ʚʠʜʫ 
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ʜʝ k = 1, 2, é, n; 

n ï ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ; 

ʊ ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ; 

ʇ ï ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ; 

ʌ ï ʬʫʥʢʮʽʷ ʨʦʟʩʽʶʚʘʥʥʷ (ʬʫʥʢʮʽʷ ʈʝʣʝʷ); 

k
q  ï k-ʪʘ ʫʟʘʛʘʣʴʥʝʥʘ ʢʦʦʨʜʠʥʘʪʘ. 

ʎʷ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʪʽʣʴʢʠ ʜʚʘ ʩʪʫʧʝʥ ̔ʩʚʦʙʦʜʠ, ʽ ʾʾ ʧʦʣʦʞʝʥʥʷ ʚ 

ʧʨʦʩʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ  xq =
1

 ʪʘ zq =
2

. 

ʈʦʟʛʣʷʥʝʤʦ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ ʘʚʪʦʙʫʩʘ 
ʇ
ʄ ʪʘ 

ʥʝʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ 
1

mʪʘ 
2

m  ʚʽʜʥʦʩʥʦ ʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 
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ɺʩʽ ʪʨʠ ʬʫʥʢʮʽʾ (3.2) ʻ ʟʥʘʢʦʟʤʽʥʥʠʤʠ ʜʦʜʘʪʥʠʤʠ ʢʚʘʜʨʘʪʠʯʥʠʤʠ 

ʬʦʨʤʘʤʠ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʢʦʦʨʜʠʥʘʪ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʦʣʽʩ ʘʚʪʦʙʫʩʘ  ̔

ʮʝʥʪʨʫ ʤʘʩ ʢʫʟʦʚʘ. ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʨʽʚʥʷʥʥʷ (3.2), ʦʪʨʠʤʘʻʤʦ 
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ʇʽʜʩʪʘʚʣʷʻʤʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ (3.3) ï (3.9) ʫ ʨʽʚʥʷʥʥʷ 

ʃʘʛʨʘʥʞʘ (3.1) 
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              (3.10) 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ɯʄ ʫ Matlab Simulink ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3.10) ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʚʠʛʣʷʜ 
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      (3.11) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚ Matlab Simulink ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ (3.11) ʥʘ ʦʩʥʦʚʽ ʙʣʦʢʽʚ ʜʘʥʦʾ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ (ʨʠʩ. 3.6).  
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ʈʠʩʫʥʦʢ 3.6 ï ʈʝʘʣʽʟʘʮʽʷ ʚ Matlab Simulink ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ (3.11)  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʧʽʜʨʝʩʦʨʝʥʦʾ ʪʘ ʥʝ ʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ 

ʧʦʚôʷʟʘʥʽ. ɼʘʣʽ ʚʠʢʦʥʘʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ (3.11) ʧʦ ʃʘʧʣʘʩʫ  
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                          (3.12) 

 

ʜʝ )(
1

sx , )(
2

sx , )(sz , )(
1

sy , )(
2

sy   ï ʣʘʧʣʘʩʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʢʦʦʨʜʠʥʘʪ 

1
x , 

2
x , z, 

1
y , 

2
y ; 

w+s= is  ï ʢʦʤʧʣʝʢʩʥʘ ʯʘʩʪʦʪʘ; 

w ï ʢʦʣʦʚʘ ʯʘʩʪʦʪʘ, ʩ
-1
. 

ɯʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.12) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʜʘʪʦʯʥʽ ʬʫʥʢʮʽʾ ʚʽʜ 

ʜʦʨʦʛʠ ʜʦ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ (ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ). 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʚʠʚʝʜʝʥʥʷ ʧʝʨʝʜʘʪʦʯʥʠʭ ʬʫʥʢʮʽʡ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʈʦʪʝʥʙʝʨʛʦʤ ʈ. ɺ. [46], ʤʽʞ 

ʚʧʣʠʚʦʤ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʥʘ ʧʝʨʝʜʥʽ ʪʘ ʟʘʜʥʽ ʢʦʣʝʩʘ 

 

)()( 12 ʟtyty t-= ,                                                (3.13) 

 

ʜʝ 
ʘ

ʟ
V

L
=t  ï ʯʘʩ ʟʩʫʚʫ ʜʽʾ ʤʽʢʨʦʧʨʦʬʽʣʶ ʤʽʞ ʧʝʨʝʜʥʴʦʶ ʪʘ ʟʘʜʥʴʦʶ ʦʩʷʤʠ. 

ʘV  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʙʫʩʘ, ʤ/ʩ; 

L  ï ʢʦʣʽʩʥʘ ʙʘʟʘ ʘʚʪʦʙʫʩʘ, ʤ. 

ʊʦʜʽ, ʧʽʜʩʪʘʚʠʚʰʠ ʫ ʜʨʫʛʝ ʪʘ ʪʨʝʪʻ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (3.12) 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.13), ʧʨʦʚʝʜʝʤʦ ʦʙʯʠʩʣʝʥʥʷ 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ F, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ 

ʢʫʟʦʚʘ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ 
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zʇ ##=                                                             (3.19) 

 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʻ ʥʘʧʨʫʞʝʥʥʷ s, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

,
ʇʇ

S

F
=s                                                             (3.20) 

 

ʜʝ 
ʇʇ

S  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 
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2
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʠʤʦ ʟ ʬʦʨʤʫʣ (3.19) ï (3.20) ʥʘʧʨʫʞʝʥʥʷ s ʫ 
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ʇ               (3.22) 

 

ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ (3.22) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʧʝʢʪʨʘʣʴʥʽ ʛʫʩʪʠʥʠ ʪʘ 

ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʥʘʧʨʫʞʝʥɹ s ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʥʝʨʽʚʥʦʩʪʽ ʜʦʨʽʛ (ʤʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʽʛ) ʫ ʮʝʥʪʨʽ 

ʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ 
ʇ
ʄ .  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʥʘʧʨʫʞʝʥʴ 
i
s ʚ ʙʫʜʴ-ʷʢʠʭ ʟʘʜʘʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʨʠʚʝʜʝʥʥʷ ʤʘʩʠ ʪʘ ʩʘʤʦʾ ʧʝʨʝʜʘʪʦʯʥʦʾ 

ʬʫʥʢʮʽʾ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʤʘʩ 
ʇ
ʄ .  
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3.1.2.2 ɺʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ  ʧʦʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʠʤʠ  

ʢʦʣʠʚʘʥʥʷʤʠ ʘʚʪʦʙʫʩʘ 

ɺ ʧʽʜʨʦʟʜʽʣʽ 3.1.2.1 ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʘʚʪʦʙʫʩʘ, ʱʦ 

ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ  ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʙʫʩʘ 

ʪʘ ʚʠʟʥʘʯʘʪʠ ʟʫʩʠʣʣʷ ʚ ʮʝʥʪʨʽ ʤʘʩ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʥʴ, ʟʫʩʠʣʴ ʪʘ 

ʥʘʧʨʫʞʝʥʴ ʚ ʙʫʜʴ-ʷʢʠʭ ʪʦʯʢʘʭ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʟʜʦʚʞʥʴʦ-

ʢʫʪʦʚʽ  ʢʦʣʠʚʘʥʥʷ.        

ʈʦʟʛʣʷʥʝʤʦ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ  ʧʦʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʽ  ʢʦʣʠʚʘʥʥʷ ʧʽʜʨʝʩʦʨʝʥʠʭ 

ʤʘʩ ʘʚʪʦʙʫʩʘ 
ʇ
ʄ  ʪʘ ʥʝʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ 

1
mʪʘ 

2
m  ʚʽʜʥʦʩʥʦ ʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 
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       (3.23) 

 

ʜʝ 
1
l  ʪʘ 

2
l  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʙʫʩʘ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʦʩʽ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ ʚʽʜʧʦʚʽʜʥʦ; 
21

llL += ; 

y
J ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʽʜʨʝʩʦʨʝʥʦ ʾ ʤʘʩʠ ʘʚʪʦʙʫʩʘ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʦʟʜʦʚʞʥʴʦ-

ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ; 

Q ï ʢʫʪ, ʥʘ ʷʢʠʡ ʚʽʜʭʠʣʷʻʪʴʩʷ ʘʚʪʦʙʫʩ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ ʧʽʜ ʯʘʩ 

ʧʦʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ. 

ʋʩʽ ʪʨʠ ʬʫʥʢʮʽʾ (3.23) ʻ ʟʥʘʢʦʟʤʽʥʥʠʤʠ ʜʦʜʘʪʥʠʤʠ ʢʚʘʜʨʘʪʠʯʥʠʤʠ 

ʬʦʨʤʘʤʠ ʰʚʠʜʢʦʩʪʝʡ, ʢʦʦʨʜʠʥʘʪ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʦʣʽʩ ʘʚʪʦʙʫʩʘ, 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ  ʪʘ  ʧʦʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʠʭ  ʢʦʣʠʚʘʥʴ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ.  

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʨʽʚʥʷʥʥʷ (3.23), ʦʪʨʠʤʘʻʤʦ 
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ʇʽʜʩʪʘʚʣʷʻʤʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ (3.24) ï (3.33) ʫ ʨʽʚʥʷʥʥʷ 

ʃʘʛʨʘʥʞʘ (3.1) 
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚ Matlab Simulink ʧʨʠʚʝʜʝʤʦ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ (3.34) ʜʦ ʚʠʜʫ 
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  (3.35) 

 

3.1.2.3 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʙʦ ʁʧʽʜʚʽʩʦʢ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ  

ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʷʢʽʩʪʴ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʥʝʤʠʥʫʯʝ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʦʾ ʧʽʜʚʽʩʦʢ ʘʚʪʦʙʫʩʘ. ʇʨʦʙʽʡ ʧʽʜʚʽʩʢʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʦʥʪʘʢʪʦʤ ʚʽʜʙʽʡʥʠʢʽʚ ʟ̔ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʽʜʚʽʩʢʠ. 

ɿʦʢʨʝʤʘ, ʫ ʘʚʪʦʙʫʩʘʭ çɸʪʘʤʘʥè ɸ092ʅ6 ʧʨʦʙʽʡ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʦʥʪʘʢʪʦʤ ʟ̔ ʚʽʜʙʽʡʥʠʢʦʤ, ʘ ʟʘʜʥʷ ʧʽʜʚʽʩʢʘ ʧʨʦʙʠʚʘʻ ʧʨʠ 

ʢʦʥʪʘʢʪʽ ʙʫʬʝʨʽʚ ʚʽʜʙʦʶ ʚʩʝʨʝʜʠʥʽ ʧʥʝʚʤʦʙʘʣʦʥʫ.  ʇʨʠ ʧʨʦʙʦʾ ʧʽʜʚʽʩʢʠ ʚʦʥʘ 

ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʷʢ ʦʜʥʝ ʮʽʣʝ ʽʟ  ʧʽʜʨʝʩʦʨʝʥʦʶ ʤʘʩʦʶ ʢʫʟʦʚʘ ʪʘ ʥʝ ʚʠʢʦʥʫʻ 

ʩʚʦʶ ʬʫʥʢʮʽʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʽʢʨʦʧʨʦʬʽʣʶ 

ʜʦʨʦʛʠ ʙʫʜʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʴ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʽʣʴʢʠ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʰʠʥʘʤʠ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ. ʂʦʣʠ ʧʽʜʚʽʩʢʘ 

(ʥʝʧʽʜʨʝʩʦʨʝʥʘ ʤʘʩʘ) ʧʨʘʮʶʻ ʷʢ ʦʜʥʝ ʮʽʣʝ ʽʟ ʢʫʟʦʚʦʤ (ʧʽʜʨʝʩʦʨʝʥʦʶ ʤʘʩʦʶ), 

ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ 
iʇ

c   ʥʘʙʫʚʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʧʨʷʤʫʻ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ [90]. 

ɼʣʷ ʧʨʦʙʦʶ ʧʽʜʚʽʩʢʠ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʜʦʙʫʪʦʢ ʧʨʠʩʢʦʨʝʥʥʷ 

ʥʝʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ ʥʘ ʩʘʤʫ ʥʝʧʽʜʨʝʩʦʨʝʥʫ ʤʘʩʫ (ʟʫʩʠʣʣʷ ʚ ʥʘʧʨʷʤʢʫ ʢʫʟʦʚʘ, 
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ʩʧʨʠʯʠʥʝʥʝ ʥʝʨʽʚʥʦʩʪʷʤʠ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ) ʚ ʩʫʤʽ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ ʥʘ ʜʘʥʫ ʥʝʧʽʜʨʝʩʦʨʝʥʫ ʤʘʩʫ (ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ ʘʚʪʦʙʫʩʘ ʟ ʧʘʩʘʞʠʨʘʤʠ, ʱʦ ʩʪʠʩʢʘʻ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ 

ʧʽʜʚʽʩʢʠ) ʙʫʚ ʨʽʚʥʠʤ ʘʙʦ ʙʽʣʴʰʠʤ ʟʘ ʩʠʣʫ ʧʨʫʞʥʦʩʪʽ ʧʽʜʚʽʩʢʠ (ʜʦʙʫʪʦʢ 

ʢʦʝʬʽʮʽʻʥʪʘ ʞʦʨʩʪʢʦʩʪʽ 
iʇ

c    ̔ʧʝʨʝʤʽʱʝʥʥʷ ʜʦ ʧʨʦʙʦʶ ʧʽʜʚʽʩʢʠ). 

ʇʨʦʙʽʡ ʧʽʜʚʽʩʢʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 

ʟʘ ʫʤʦʚʠ  
ʽʇPiʇii

Fʄxm ²+## ,       ¤­=
ii ʇʇpʇ

cc ;                           (3.36) 

        ʟʘ ʫʤʦʚʠ  
ʽʇPiʇii

F<ʄxm +## ,        
ii ʇʇ

cc = , 

 

ʜʝ 
ii

xm## ï ʟʫʩʠʣʣʷ ʚ ʥʘʧʨʷʤʢʫ ʢʫʟʦʚʘ, ʩʧʨʠʯʠʥʝʥʝ ʥʝʨʽʚʥʦʩʪʷʤʠ ʤʽʢʨʦʧʨʦʬʽʣʶ 

ʜʦʨʦʛʠ ʯʝʨʝʟ i -ʪʫ ʧʽʜʚʽʩʢʫ; 

iʇ
ʄ  ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ ʘʚʪʦʙʫʩʘ ʟ ʧʘʩʘʞʠʨʘʤʠ, ʱʦ ʩʪʠʩʢʘʻ 

ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ i -ʪʦʾ ʧʽʜʚʽʩʢʠ; (
ʇ
ʄ =

1ʇ
ʄ +

2ʇ
ʄ ); 

ʽʇP
F  ï ʩʠʣʘ ʧʨʫʞʥʦʩʪʽ i -ʪʦʾ ʧʽʜʚʽʩʢʠ; 

ʽiʽ ʇʇʇP
xcF = ; 

111 ʇʇʇP
xcF = ï ʩʠʣʘ ʧʨʫʞʥʦʩʪʽ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ; 

ʇɹʘʣʇʇʈʝʩʇP
FxcF +=

22
ï ʩʠʣʘ ʧʨʫʞʥʦʩʪʽ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ (ʟ ʨʝʩʦʨʘʤʠ ʪʘ 

ʧʥʝʚʤʦʙʘʣʦʥʘʤʠ); 

ʇʈʝʩ
c ï ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ ʟʘʜʥʽʭ ʨʝʩʦʨ; 

ʇɹʘʣ
F ï ʤʘʢʩʠʤʘʣʴʥʘ ʩʠʣʘ ʧʨʫʞʥʦʩʪʽ ʧʥʝʚʤʦʙʘʣʦʥʘ; 

ʇɹʘʣ
F = 35 ʢʅ (ʜʣʷ ʘʚʪʦʙʫʩʘ 

çɸʪʘʤʘʥè ɸ092ʅ6); 

iʇʇp
c  ï ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ i -ʪʦʾ ʧʽʜʚʽʩʢʠ ʧʨʠ ʧʨʦʙʦʾ; 

ʇ̔
x ï ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʚʽʩʢʠ ʜʦ ʧʨʦʙʦʶ; 65

1
=

ʇ
x ʤʤ ï ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ (ʜʣʷ 

ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥè ɸ092ʅ6);  

80
2
=

ʇ
x ʤʤ ï ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ (ʜʣʷ ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥè ɸ092ʅ6). 
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ʋʤʦʚʘ (3.36) ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʉʪʚʦʨʶʻʪʴʩʷ ʧʽʜʩʠʩʪʝʤʘ (Subsystem) ʪʘ ʫ ʥʽʡ ʥʘ ʦʩʥʦʚʽ 

ʙʣʦʢʽʚ ʙʽʙʣʽʦʪʝʢʠ Simulink ʨʦʟʚôʷʟʫʻʪʴʩʷ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ. ɺʩʽ ʧʦʪʨʽʙʥʽ ʟʤʽʥʥʽ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʧʠʩʫʶʪʴʩʷ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ Matlab ʘ ʪʘʢʦʞ ʙʝʨʫʪʴʩʷ ʟ 

ʨʦʟʨʘʭʫʥʢʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.35). ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘ ʨʠʩ. 3.7 ʟʦʙʨʘʞʝʥʦ 

ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʧʨʦʙʦʶ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ. 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʧʨʦʙʦʶ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink 

 

ʅʘ çɺʭʽʜè (ʨʠʩ. 3.7) ʥʘʜʭʦʜʪ̫ʴ ʨʦʟʨʘʭʦʚʘʥʽ ʟʫʩʠʣʣʷ ʚ ʥʘʧʨʷʤʢʫ ʢʫʟʦʚʘ, 

ʩʧʨʠʯʠʥʝʥʽ ʥʝʨʽʚʥʦʩʪʷʤʠ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʯʝʨʝʟ ʧʝʨʝʜʥʶ ʧʽʜʚʽʩʢʫ 
ii

xm##. ɿ 

çɺʠʭʦʜʫè ʚʠʭʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʚʽʩʢʠ ʜʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʽʚʥʷʥʴ (3.35), ʱʦ ʽ ʨʝʘʣʽʟʫʻ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʧʽʜʚʽʩʢʠ (ʧʨʠ 

ʧʦʜʘʯʽ 
ii ʇʇ

cc = ) ʯʠ ʧʨʦʙʦʾ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʧʦ ʜʦʨʦʛʘʭ 

ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ (ʧʨʠ ʧʦʜʘʯʽ ¤­=
ii ʇʇpʇ

cc ). 

 

3.1.3 ʉʧʝʢʪʨʘʣʴʥ̔ ʛʫʩʪʠʥʠ ʪʘ ʢʦʨʝʣʷʮʽʡʥ ̔ ʬʫʥʢʮʽ ʾ ʤʽʢʨʦʧʨʦʬʽʣʶ 

ʜʦʨʽʛ  

ɺʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ  ʥʘʧʨʫʞʝʥʴ ʫ ʝʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʻ ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʽʛ  
1

x  ʪʘ 2x  [91]. ʎʽ ʧʘʨʘʤʝʪʨʠ 
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ʟʘʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʦʨʜʠʥʘʪ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʛʫʩʪʠʥʠ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʣʷ ʨʷʜʫ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʪʦʪ. ɺʽʜʧʦʚʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʩʠʚ ʟʥʘʯʝʥʴ ʧʦʧʝʨʝʜʥʴʦ ʦʙʯʠʩʣʝʥʠʭ ʬʫʥʢʮʽʡ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʛʫʩʪʠʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʦʨʽʛ ʘʙʦ ʧʨʦʚʦʜʠʪʴʩʷ ʾʭ ʨʦʟʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [92]. 

ʇʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʘʣʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʜʦʨʦʛʘʭ ʙʫʜʴ-ʷʢʦʾ ʷʢʦʩʪʽ. ɸ ʩʘʤʝ: ʜʦʨʦʛʠ ʽʟ ʮʝʤʝʥʪʥʦ-ʙʝʪʦʥʥʠʤ 

ʧʦʢʨʠʪʪʷʤ, ʘʩʬʘʣʴʪʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʙʨʫʢʽʚʢʦʶ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʪʘ ʙʨʫʢʽʚʢʦʶ 

ʽʟ ʚʧʘʜʠʥʘʤʠ ʪʘ ʛʦʨʙʘʤʠ. 

ʈʷʜ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʧʽʜʚʽʩʢʠ ʬʘʭʽʚʮʷʤʠ ʅɸʄɯ 

ʇʝʚʟʥʝʨʦʤ ʗ. ʄ. ʪʘ ʊʠʭʦʥʦʚʠʤ A. A. ʧʦ ʚʠʤʽʨʶʚʘʥʥ ʁʤʽʢʨʦʧʨʦʬʽʣʶ  ʦʩʥʦʚʥʠʭ 

ʪʠʧʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟ ʨʽʟʥʠʤ ʧʦʢʨʠʪʪʷʤ [90]. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ 

ʤʝʪʫ ʚʩʪʘʥʦʚʠʪʠ ʤʝʞʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʠʚʘʥʴ ʘʚʪʦʤʦʙʽʣʷ. ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ  

ʨʦʟʨʦʙʣʝʥʘ ʇʝʚʟʥʝʨʦʤ ʗ. ʄ. ʪʘ ʊʠʭʦʥʦʚʠʤ A. A., ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ 

ʨʦʙʦʪʽ [90]. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʜʦʨʦʞʥʴʦʛʦ 

ʤʽʢʨʦʧʨʦʬʽʣʶ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʚʠʨʘʟʘʤʠ ʚʠʜʫ [90] 

 

lʩoseɸeɸl
ll

Öb+=r
a-a-

121

21)( ;                                          (3.37) 

  

l
el
a-

=r )( ,                                                              (3.38) 

 

ʜʝ )(lr  ï ʥʦʨʤʦʚʘʥʘ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʤʽʢʨʦʧʨʦʬʽʣʶ, ʜʣʷ ʥʝʾ 1
21
=+ɸɸ ; 

a̔  ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʪʫʭʘʥʥʷ; 

1
b ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʣʠʚʘʣʴʥʠʡ ʧʨʦʮʝʩ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʜʦʨʦʞʥʴʦʛʦ ʤʽʢʨʦʧʨʦʬʽʣʶ 

ʬʘʭʽʚʮʷʤʠ ʅɸʄɯ ʦʪʨʠʤʘʥʦ ʫʩʝʨʝʜʥʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ 
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ʥʦʨʤʦʚʘʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʤʽʢʨʦʧʨʦʬʽʣʽʚ ʜʦʩʣʽʜʞʝʥʠʭ ʪʠʧʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ʪʘʙʣ. 3.1). 

 

ʊʘʙʣʠʮʷ 3.1 ï ʅʦʨʤʦʚʘʥ ̔ʢʦʨʝʣʷʮʽʡʥ ̔ʬʫʥʢʮʽʡ ʤʽʢʨʦʧʨʦʬʽʣʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʜʦʨʽʛ [90] 

ʊʠʧ ʜʦʨʦʞʥʦɹʛʦ ʧʦʢʨʠʪʪʷ ʈʦʟʨʘʭʫʥʢʦʚʝ ʨʽʚʥʷʥʥʷ 

ʎʝʤʝʥʪʥʦ-ʙʝʪʦʥʥʝ ʧʦʢʨʠʪʪʷ  l
el

15,0
)(

-
=r  

ɸʩʬʘʣʴʪʥʝ ʧʦʢʨʠʪʪʷ lʩoseel
ll

6,015,085,0)(
05,02,0 --

+=r  

ɹʨʫʢʽʚʢʘ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ  l
el

45,0
)(

-
=r  

ɹʨʫʢʽʚʢʘ ʽʟ ʚʧʘʜʠʥʘʤʠ ʪʘ ʛʦʨʙʘʤʠ lʩoseel
ll

215,085,0)(
2,05,0 --

+=r  

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ  ʛʫʩʪʠʥʠ ʚʧʣʠʚʫ )(wS , ʱʦ ʻ ʚʭʽʜʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʜʦ ʧʝʨʝʜʘʪʦʯʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜ ʜʦʨʦʛʠ ʜʦ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʡʪʠ ʚʽʜ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʤʽʢʨʦʧʨʦʬʽʣʶ )(lr  ʜʦ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʚʧʣʠʚʫ ʤʽʢʨʦʧʨʦʬʽʣʶ ʥʘ ʘʚʪʦʙʫʩ (ʚʧʣʠʚ ʥʘ ʰʠʥʠ ʘʚʪʦʙʫʩʘ) )(tr .  

ɺʽʜʧʦʚʽʜʥʦ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʧʣʠʚʫ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʥʘ ʘʚʪʦʙʫʩ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

ʘ
V

l
=t  ,                                                            (3.39) 

 

ʜʝ  l  ï ʚʽʜʨʽʟʦʢ ʰʣʷʭʫ, ʤ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʚʽʜ ʘʨʛʫʤʝʥʪʫ l  ʜʦ ʘʨʛʫʤʝʥʪʫ t. ʇʨʠ 

ʰʚʠʜʢʦʩʪʽ 1=
ʘ

V  ʤ/ʩ ʢʦʝʬʽʮʽʻʥʪʠ a̔ ʪʘ 
1
b ʫ ʚʠʨʘʟʘʭ (3.37), (3.38) ʟʘʣʠʰʘʶʪʴʩʷ 

ʙʝʟ ʟʤʽʥ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʷʥʥʷʭ ʥʦʨʤʦʚʘʥʦʾ ʢʦʨʝʣʷʮʽʡʥʦ ʾ ʬʫʥʢʮʽʾ ʜʽʾ 

ʤʽʢʨʦʧʨʦʬʽʣʶ ʥʘ ʘʚʪʦʙʫʩ.  

ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʰʚʠʜʢʦʩʪʽ 1̧
ʘ

V ʤ/ʩ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ 
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;
1 ʘ
Va=a  

 

;
2 ʘ
Va=a¡  

 

;
ʘ

Va=a¡¡  

 

.
1 ʘ
Vb=b  

 

ɺʽʜʧʦʚʽʜʥʦ ʚʠʨʘʟʠ ʥʦʨʤʦʚʘʥʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʜʽʾ ʤʽʢʨʦʧʨʦʬʽʣʶ 

ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʽʚ (3.37), (3.38) ʥʘʙʫʜʫʪʴ ʚʠʛʣʷʜʫ 

 

tÖb+=tr
ta¡-ta-
ʩoseɸeɸ

21
)( ;                                          (3.40) 

  

ta¡¡-
=tr e)( .                                                              (3.41) 

 

ɿʚ'ʷʟʦʢ ʤʽʞ ʢʦʨʝʣʷʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʶ ʛʫʩʪʠʥʦʶ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʩʠʥʫʩ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨô̒ 

 

ñ
¤

ttÖwtr
p
=w

0

* cos)(
1

)( dS ,                                       (3.42) 

 

ʜʝ 
x

D

S
S

)(
)(* w
=w  ï ʥʦʨʤʦʚʘʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ )(* wS , ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʦʨʤʫʣʘʤ (3.37), (3.38) 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.1, ʘ ʪʘʢʦʞ 

ʬʦʨʤʫʣʠ (3.40) ï (3.44), ʦʪʨʠʤʘʥ ̔ ʇʝʚʟʥʝʨʦʤ ʗ. ʄ. ʪʘ ʊʠʭʦʥʦʚʠʤ A. A. 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʽʚʥʷʥʥʷ ʥʦʨʤʦʚʘʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʛʫʩʪʠʥ ʜʽʾ ʤʽʢʨʦʧʨʦʬʽʣʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ [90], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʪʘʙʣ. 3.2). 

 

ʊʘʙʣʠʮʷ 3.2 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʨʽʚʥʷʥʥʷ ʥʦʨʤʦʚʘʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʛʫʩʪʠʥ ʜʽʾ 

ʤʽʢʨʦʧʨʦʬʽʣʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ [91] 

ʊʠʧ ʜʦʨʦʞʥʦɹʛʦ ʧʦʢʨʠʪʪʷ ʈʦʟʨʘʭʫʥʢʦʚʝ ʨʽʚʥʷʥʥʷ 

ʎʝʤʝʥʪʥʦ-ʙʝʪʦʥʥʝ ʧʦʢʨʠʪʪʷ  
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʤʽʥʥʠʭ ʫ ʯʘʩʽ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʤʽʢʨʦʧʨʦʬʽʣʶ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟʘ ʚʽʜʦʤʠʤʠ ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʯʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʛʫʩʪʠʥʘʤʠ ʽʩʥʫʻ ʨʷʜ ʤʝʪʦʜʽʚ. ʋ ʨʦʙʦʪʽ ʐʘʣʠʛʘʥʘ ɸ. ʉ. ʪʘ ʇʘʣʘʛʽʥʘ ʖ. ɯ. ʦʧʠʩʘʥʽ 

ʧʨʠʢʣʘʜʥʽ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʨʦʙʦʪʽ [90], ʜʝ 

ʦʧʠʩʘʥʠʡ ʤʝʪʦʜ ʬʦʨʤʫʶʯʦʛʦ ʬʽʣʴʪʨʘ. ʌʦʨʤʫʶʯʠʡ ʬʽʣʴʪʨ ï ʮʝ ʜʠʥʘʤʽʯʥʘ 

ʩʠʩʪʝʤʘ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʚʠʜʫ ʙʽʣʦʛʦ ʰʫʤʫ ʫ ʚʠʧʘʜʢʦʚʠʡ 

ʧʨʦʮʝʩ ʽʟ ʟʘʜʘʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢʠʡ ʤʝʪʦʜ ʥʝʩʢʣʘʜʥʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠ ɯʄ ʚ Matlab Simulink. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ɹʝʣʝʮʴʢʦʛʦ ɸ. ɺ., ʜʝ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ  ʬʦʨʤʫʶʯʦʛʦ ʬʽʣʴʪʨʘ, ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Delphi Pascal ʪʘ ʦʪʨʠʤʘʥʦ ʘʜʝʢʚʘʪʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [90]. ʊʘʢʠʡ ʤʝʪʦʜ ʬʦʨʤʫʶʯʦʛʦ ʬʽʣʴʪʨʘ ʙʫʣʦ 
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ʚʠʢʦʨʠʩʪʘʥʦ ɹʨʦʚʮʠʥʠʤ ɺ. ʅ.  ʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʽʢʨʦʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ ʧʦʣʽʚ 

ʪʘ ʜʦʨʽʛ ʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink, ʱʦ ʜʘʣʦ ʨʝʟʫʣʴʪʘʪʠ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ 

[90]. 

ɿʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʪʦʯʥʽ ʚʠʧʘʜʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʪʘ ʦʪʨʠʤʘʥʘ ʤʝʪʦʜʦʤ ʬʦʨʤʫʶʯʦʛʦ ʬʽʣʴʪʨʘ 

ɹʨʦʚʮʠʥʠʤ ɺ. ʅ., ʤʘʻ ʚʠʛʣʷʜ [90] 
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ʜʝ   )(tz   ï ʜʠʩʢʨʝʪʥʠʡ ʙʽʣʠʡ ʰʫʤ; 

h ï ʢʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ; 

s ï ʦʧʝʨʘʪʦʨ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. 

ɺ ʪʘʙʣ. 3.3 ʥʘʚʝʜʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʥʠʢʘʤʠ: ʇʝʚʟʥʝʨʦʤ ʗ. ʄ., 

ʊʠʭʦʥʦʚʠʤ A. A., ɹʨʦʚʮʠʥʠʤ ɺ. ʅ., ɹʝʣʝʮʴʢʠʤ ɸ. ɺ.  ʧʦ ʷʢʠʭ ʤʦʞʫʪʴ ʨʫʭʘʪʠʩʴ 

ʘʚʪʦʙʫʩʠ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ [90]. 

 

ʊʘʙʣʠʮʷ 3.3 ï ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʧʦ ʷʢʠʤ ʤʦʞʫʪʴ ʨʫʭʘʪʠʩʴ ʘʚʪʦʙʫʩʠ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ 

ʧʘʩʘʞʠʨʽʚ [90] 

ʊʠʧ ʜʦʨʦʞʥʦɹʛʦ ʧʦʢʨʠʪʪʷ 
x
s, ʩʤ 

1
ɸ, 

1/ʤ 

2
ɸ, 

1/ʤ 

1
a, 

1/ʤ 

2
a, 

1/ʤ 

b, 

1/ʤ 

ʎʝʤʝʥʪʥʦ-ʙʝʪʦʥʥʝ ʧʦʢʨʠʪʪʷ  0,5-1,24 - - -0,15 - - 

ɸʩʬʘʣʴʪʥʝ ʧʦʢʨʠʪʪʷ 0,8-1,26 0,85 0,15 -0,2 -0,05 0,6 

ɹʨʫʢʽʚʢʘ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ  1,35-3,28 - - 0,45 - - 

ɹʨʫʢʽʚʢʘ ʽʟ ʚʧʘʜʠʥʘʤʠ ʪʘ ʛʦʨʙʘʤʠ 1,35-3,28 0,85 0,15 -0,5 -0,2 1 
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ɿʘʣʝʞʥʽʩʪʴ (3.45) ʜʦʩʠʪʴ ʟʨʫʯʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫ Matlab Simulink. ʏʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʪʘʙʣ. 3.3) ʟʘʧʠʩʫʶʪʴʩʷ ʜʦ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ 

Matlab, ʘ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʠ ɯʄ  Simulink. ɼʠʩʢʨʝʪʥʠʡ ʙʽʣʠʡ ʰʫʤ 

ʟʘʜʘʻʪʴʩʷ ʙʣʦʢʦʤ ʛʝʥʝʨʘʮʽʾ ʙʽʣʦʛʦ ʰʫʤʫ ʽʟ ʙʽʙʣʽʦʪʝʢʠ Matlab Simulink.  

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʟʘʣʝʞʥʽʩʪʴ (3.45), ʚ Matlab Simulink ʨʝʘʣʽʟʦʚʘʥʦ ʥʘʩʪʫʧʥʫ 

ʧʽʜʩʠʩʪʝʤʫ [93] (ʨʠʩ. 3.8). 

  

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʇʽʜʩʠʩʪʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʟʘ 

ʬʫʥʢʮʽʻʶ ʯʘʩʫ [90] 

 

ʂʨʽʤ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʦʙʨʦʙʢʫ ʢʦʥʢʨʝʪʥʠʭ ʯʠʩʣʦʚʠʭ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ. ʊʘʢʽ 

ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʚʥʝʩʪʠ ʜʦ ʨʦʙʦʯʦʾ ʦʙʣʘʩʪʽ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ ʚʠʢʣʠʢʫ ʧʦʜʘʪʠ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʧʨʦʬʽʣʶ 

ʜʦʨʦʛʠ. 

ʆʧʝʨʘʪʦʨ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʣʦʢʦʤ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʽʟ 

ʙʽʙʣʽʦʪʝʢʠ Matlab Simulink. 
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3.1.4 ʅʘʢʦʧʠʯʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

  

3.1.4.1 ʈʦʟʨʘʭʫʥʦʢ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ ʥʘʧʨʫʞʝʥʴ ʟʘ ʤʝʪʦʜʦʤ 

ʤʘʢʩʠʤʫʤʽʚ 

ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʘʻ 

ʤʝʪʦʜ ʧʦʚʥʠʭ ʮʠʢʣʽʚ [94, 95]. ʆʜʥʘʢ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʥʘʧʨʠʢʣʘʜ ʥʘ ɽʇ, ʢʦʣʠ 

ʚʽʜʩʫʪʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʚʽʜʦʤʘ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʽ 

ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʴ. ʊʘʢʠʡ ʚʘʨʽʘʥʪ 

ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʡ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʥʘ ɽʇ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʦʢ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʘʤʧʣʽʪʫʜ 

ʥʘʧʨʫʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʧʦ ʤʝʪʦʜʫ ʤʘʢʩʠʤʫʤʽʚ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʨʤʫʣʠ ʈʘʡʩʘ ʉ.  ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʤʘʢʩʠʤʫʤʽʚ ʥʦʨʤʘʣʴʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ [96]. 

ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ ʈʘʡʩʘ ʉ. ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʧʝʨʝʪʠʥʽʚ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ 
0

N  ʪʘ 

ʩʝʨʝʜʥʻ ʯʠʩʣʦ ʤʘʢʩʠʤʫʤʽʚ 
1

N  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 
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1
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= IN ;                                                               (3.46) 
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ʆʩʢʽʣʴʢʠ ʂʂ ʘʚʪʦʙʫʩʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟʽ ʉʪʘʣʽ 10, ʘ ʢʘʨʢʘʩ ʦʩʥʦʚʠ ʟʽ 

ʉʪʘʣʽ 20 ʪʦ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʦʨʫ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʮʠʭ ʤʝʪʘʣʽʚ 

ʟʘ ʜʦʚʽʜʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ [94] ʚ ʪʘʙʣ. 3.4. 

 

ʊʘʙʣʠʮʷ 3.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʦʨʫ ʚʪʦʤʣʶʚʘʥʦʩʪʽ ʉʪʘʣʽ 10 ʪʘ ʉʪʘʣʽ 20 

[94]  

ʄʘʪʝʨʽʘʣ f , ɻʮ s
R  ,

m
s ,

m
t  

ʄʇʘ 

,
ʙ

N ʮʠʢʣ ,
R
s ,

R
t  ʄʇʘ 

G
N , 

ʮʠʢʣ 

N
m  

ʉʪʘʣʴ 10 50 -1 0 810
 169 6105Ö  14,2 

ʉʪʘʣʴ 20 50 -1 0 710  210 6103Ö  12,2 

 

ɺʽʜʧʦʚʽʜʥʦ ʚ ʪʘʙʣ. 3.4: 

f  ï ʯʘʩʪʦʪʘ ʮʠʢʣʽʚ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ (ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ ʮʠʢʣʽʚ ʥʘʧʨʫʞʝʥʴ 

ʜʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʾʭ ʜʽʾ); 

s
R  ï ʢʦʝʬʽʮʽʻʥʪ ʘʩʠʤʝʪʨʽʾ ʮʠʢʣʫ ʥʘʧʨʫʞʝʥʴ (ʚʽʜʥʦʰʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʮʠʢʣʫ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ) 

 

max

min

s

s
=

s
R ;                                                     (3.50) 

 

,
m
s

m
t ï ʩʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ ʮʠʢʣʫ (ʧʦʩʪʽʡʥʘ (ʜʦʜʘʪʥʘ ʘʙʦ ʚʽʜôʻʤʥʘ) 

ʩʢʣʘʜʦʚʘ ʮʠʢʣʫ ʥʘʧʨʫʞʝʥʴ) 

2

maxmin
s+s

=s
m

;                                                     (3.51) 

 

2

maxmin
t+t

=t
m

,                                                     (3.52) 

 

ʜʝ
ʙ

N  ï ʙʘʟʦʚʝ ʯʠʩʣʦ ʮʠʢʣʽʚ (ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ 

ʦʙʤʝʞʫʶʪ ɹʪʨʠʚʘʣʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ); 
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,
R
s

R
t ï ʤʝʞʘ ʚʠʪʨʠʚʘʣʦʩʪʽ (ʤʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ ʥʘʧʨʫʞʝʥʴ, ʧʨʠ ʷʢʽʡ ʱʝ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ ʜʦ ʙʘʟʠ ʚʠʧʨʦʙʫʚʘʥʴ); 

G
N  ï ʘʙʩʮʠʩʘ ʪʦʯʢʠ ʧʝʨʝʣʦʤʫ ʢʨʠʚʦʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ (ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʧʝʨʝʣʦʤʫ ʢʨʠʚʦʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʜʚʦʤʘ ʧʨʷʤʠʤʠ 

ʣʽʥʽʷʤʠ); 

N
m  ï ʧʦʢʘʟʥʠʢ ʥʘʭʠʣʫ ʢʨʠʚʦʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ (ʷʢʱʦ ʢʨʠʚʘ ʚʪʦʤʣʶʚʘʥʦʩʪʽ 

ʧʦʙʫʜʦʚʘʥʘ ʚ ʧʦʜʚʽʡʥʠʭ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) 

 

12

21

lglg

lglg

s-s

-
=a=

NN
ctgm

N
.                                       (3.53) 

 

ʊʫʪ  (
1
s, 1N ) ʪʘ  (

2
s, 2N ) ʚʠʟʥʘʯʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʜʚʦʭ ʪʦʯʦʢ ʥʘ ʣʽʚʽʡ ʛʽʣʮʽ 

ʢʨʠʚʦʾ ʚʪʦʤʣʶʚʘʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʉʪʘʣʽ 10 ʪʘ ʉʪʘʣʽ 20 ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʢʨʠʚʽ 

ʚʪʦʤʣʶʚʘʥʦʩʪʽ ʚ ʙʘʛʘʪʦʮʠʢʣʦʚʽʡ ʦʙʣʘʩʪʽ ʚ ʧʦʜʚʽʡʥʠʭ ʣʦʛʘʨʠʬʤʽʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ (ʨʠʩ. 3.9). 
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ʈʠʩʫʥʦʢ 3.9 ï ʂʨʠʚʽ ʚʪʦʤʣʶʚʘʥʦʩʪʽ ʚ ʙʘʛʘʪʦʮʠʢʣʦʚʽʡ ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʘʥʽ ʚ 

ʧʦʜʚʽʡʥʠʭ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ ʉʪʘʣʽ 10 ʪʘ ʉʪʘʣʽ 20 
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ɿʛʽʜʥʦ [94] ʮʠʢʣʽʯʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ (ʯʠʩʣʦ ʮʠʢʣʽʚ ʥʘʧʨʫʞʝʥʴ, ʚʠʪʨʠʤʘʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʠʤ ʝʣʝʤʝʥʪʦʤ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ ʘʙʦ ʜʦ 

ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

î
í

î
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ss¤
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<
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N N
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,

,
  ,                                                          (3.54) 

 

ʜʝ s ï ʥʘʧʨʫʞʝʥʥʷ (ʧʨʠʡʤʘʻʪʴʩʷ  
a
s ʘʙʦ 

max
s ); 

a
s ï ʘʤʧʣʽʪʫʜʘ ʥʘʧʨʫʞʝʥʥʷ ʮʠʢʣʫ (ʥʘʡʙʽʣʴʰʝ ʯʠʩʣʦʚʝ ʜʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ 

ʟʤʥ̔ʥʦʾ ʩʢʣʘʜʦʚʦʾ ʮʠʢʣʫ ʥʘʧʨʫʞʝʥʴ) 

 

.
2

minmax
s-s

=s
a

                                                           (3.55) 

  

ʊʘʢʦʞ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʷʢʘ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ 

ɻʦʣʴʜʘ ɹ. ɺ., ʆʙʦʣʝʥʩʴʢʦʛʦ ɽ. ʇ., ʉʪʝʬʘʥʦʚʠʯʘ ʖ. ɻ. ʪʘ ʊʨʦʬʽʤʦʚʘ ʆ. ʌ. [94]. 

ɸʚʪʦʨʘʤʠ [94] ʩʢʘʟʘʥʦ: ʷʢʱʦ  ʧʨʠʡʥʷʪʠ ʟʘʧʘʩ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ, 

ʪʦ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʚʩʽʭ ʥʘʧʨʫʞʝʥʴ Su  ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 

ñ tt

t
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                                                        (3.56) 

 

ʆʜʥʘʢ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʧʽʜʣʷʛʘʶʪʴ ʩʢʣʘʜʥʠʤ ʨʝʞʠʤʘʤ ʥʘʚʘʥʪʘʞʝʥʥʷ,  ʢʦʣʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʥʘʯʝʥʴ 

ʘʤʧʣʽʪʫʜ ʽ ʩʝʨʝʜʥʽʭ ʥʘʧʨʫʞʝʥʴ ʮʠʢʣʫ ʟʤʽʥʶʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ 

(ʚʠʧʘʜʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ). ʊʦʤʫ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ  ʧʨʠ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 
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3.1.4.2 ʈʦʟʨʘʭʫʥʦʢ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʽ 

ʇʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʽ ʩʫʤʘʨʥʝ ʯʠʩʣʦ ʮʠʢʣʽʚ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ:  

ï ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ; 

ï ʚʽʜʩʦʪʦʢ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʩʫʤʘʨʥʽʡ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ 

ʥʘʚʘʥʪʘʞʝʥʴ; 

ï ʩʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ ʮʠʢʣʫ; 

ï ʯʘʩʪʦʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʩʦʢʠʭ ʪʘ ʥʠʟʴʢʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʊʘʢʽ ʫʤʦʚʠ ʚʠʢʣʠʢʘʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʚʠʪʨʠʚʘʣʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʽʟ 

ʚʽʜʪʚʦʨʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʧʘʜʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ [94]. ʊʘʢʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠ ʨʝʛʫʣʷʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʪʘʙʣ. 3.4), (ʨʠʩ. 3.9) ʦʮʽʥʶʚʘʪʠ 

ʤʽʮʥʽʩʪʴ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ.  

ɼʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʈʘʡʭʝʨʦʤ ɺ. ʃ. 

ʛʽʧʦʪʝʟʫ ʜʦʜʘʚʘʥʥʷ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʜʘʚʘʥʥʽ ʝʥʝʨʛʽʡ ʢʦʣʠʚʘʥʴ ʥʘ ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʈʂɸ [90]. 

ɿʛʽʜʥʦ ʛʽʧʦʪʝʟʠ ʈʘʡʭʝʨʘ ɺ. ʃ., ʚʠʢʦʨʠʩʪʘʥʦʾ ʫ ʨʦʙʦʪʽ [90], ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚ 

ʦʜʠʥʠʮʷʭ ʯʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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                           (3.57) 

 

ʜʝ D=D  ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʞʝʥʴ; 

D  ï ʜʠʩʧʝʨʩʽʷ; 
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D

S
S

)(
)(

0

w
=w  ï ʧʨʠʚʝʜʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ; 

ö
÷

õ
æ
ç

å +

2

2m
ɻ  ï ʛʘʤʤʘ-ʬʫʥʢʮʽʷ; 

A ʽ 
N

m  ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʚʦʾ ʚʠʪʨʠʚʘʣʦʩʪʽ (Nm

a
NA s= ). 

 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʚ ʦʜʠʥʠʮʷʭ ʧʨʦʙʽʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

tVS
a

=  .                                                    (3.58) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʯʘʪʢʦʤ ʨʫʡʥʫʚʘʥʥʷ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʘ ʫ ʧʨʦʙʣʝʤʥʠʭ ʤʽʩʮʷʭ.  

ʇʨʦʙʣʝʤʥʽ ʤʽʩʮʷ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ, 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʽʜ ʯʘʩ ʜʦʨʦʞʥʽʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʱʝ ʥʘ ɽʇ. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ (ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʫ ʨʦʟʜʽʣʽ 4) 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ 

çɸʪʘʤʘʥè ɸ092ʅ6 ʧʦ ʜʦʨʦʛʘʭ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ (ʙʨʫʢʽʚʢʘ ʽʟ ʚʧʘʜʠʥʘʤʠ ʪʘ ʛʦʨʙʘʤʠ) 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽʡ ʰʚʠʜʢʦʩʪʽ 50 ʢʤ/ʛʦʜ [76], ʧʨʠ ʧʦʚʥʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ (ʚ ʨʝʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚ ʛʦʜʠʥʠ ʧʽʢ, ʧʝʨʝʚʦʟʠʣʦʩʴ ʜʦ 80 

ʧʘʩʘʞʠʨʽʚ) [89]. ʅʘ ʘʚʪʦʙʫʩʘʭ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ, ʚʪʦʤʥʽ 

ʪʨʽʱʠʥʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʨʦʙʽʛʘʭ ʫ ʤʝʞʘʭ ʚʽʜ 190 ʜʦ 220 ʪʠʩ. 

ʢʤ  (ʥʘ ʨʠʩ. 3.3, ʧ. 2 ʧʦʢʘʟʘʥʦ ʤʽʩʮʝ ʫʪʚʦʨʝʥʥʷ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ). ʅʘʧʨʠʢʣʘʜ: ʥʘ 

ʦʜʥʦʤʫ ʽʟ ʘʚʪʦʙʫʩʽʚ çɸʪʘʤʘʥè ɸ092ʅ6, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʤ. ʂʠʾʚ, ʚʪʦʤʥʘ 

ʪʨʽʱʠʥʘ ʫʪʚʦʨʠʣʘʩʴ ʧʨʠ ʧʨʦʙʽʛʫ 210039 ʢʤ. ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʙʽʛ ʩʢʣʘʚ 218523 ʢʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ. ɼʘʥʘ ʤʦʜʝʣʴ ʧʨʘʮʝʟʜʘʪʥʘ ʽ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʛʽʜʥʦ ʛʽʧʦʪʝʟʠ 

ʈʘʡʭʝʨʘ ɺ. ʃ. [90] ʫ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3.35) ʧʨʠ ɯʄ ʚ 



    163 

Matlab Simulink ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ z ʮʝʥʪʨʫ ʧʽʜʨʝʩʦʨʝʥʠʭ 

ʤʘʩ ʘʚʪʦʙʫʩʘ 
ʇ
ʄ  [93]. ʊʘʢʦʞ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʧʦʣʦʞʝʥʥʷ 

ʢʫʟʦʚʘ ʧʨʠ ʧʦʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʥʷʭ Q.   

ʇʦʪʽʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʨʽʟʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ  

 

Q+=
S

sin
i

lzz ,                                                    (3.59) 

 

ʜʝ il  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʤʘʩ ʘʚʪʦʙʫʩʘ ʜʦ ʧʝʨʝʨʽʟʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

ɿʥʘʡʰʦʚʰʠ ʧʦʭʽʜʥʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚʽʜ ʚʠʨʘʟʫ (3.59) ʚ Matlab Simulink 

ʦʪʨʠʤʘʻʤʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʝʨʽʟʫ 
S

z##. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ F, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ 

ʢʫʟʦʚʘ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʝʨʝʨʽʟʽ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ 

 

.
S

= zʄF
iʇi
##                                                             (3.60) 

 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʻ ʥʘʧʨʫʞʝʥʥʷ 
i
s, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

,

iʇʇ

i

i
S

F
=s                                                             (3.61) 

 

ʜʝ 
iʇʇ

S  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʩʽ 
iʇ

ʄ , ʤ
2
. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʥʘʧʨʫʞʝʥʴ 
i
s ʫ ʙʫʜʴ-ʷʢʠʭ ʟʘʜʘʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʨʠʚʝʜʝʥʥʷ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ 
ʇ
ʄ  

ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʤʘʩ ʜʦ ʚʝʣʠʯʠʥʠ ʤʘʩʠ ʚ ʧʝʨʝʨʽʟʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 
iʇ

ʄ .  

ʇʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 
iʇʇ

S  ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʦʥʞʝʨʦʥʽʚ ʙʫʜʝ 

ʟʤʝʥʰʫʚʘʪʠʩʴ ʧʽʜ ʜʽʻʶ ʢʦʨʦʟʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ. 
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3.1.5 ʇʨʦʪʽʢʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦ-ʢʣʽʤʘʪʠʯʥʦʾ ʢʦʨʦʟʽʾ 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʢʦʨʦʟʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ ʦʧʽʨ ʚʪʦʤʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ ʨʽʟʢʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ ʮʠʢʣʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚ ʢʦʨʦʟʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʧʦʚʝʨʭʥʷ ʤʝʪʘʣʫ ʚʢʨʠʚʘʻʪʴʩʷ ʩʽʪʢʦʶ ʪʨʽʱʠʥ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʙʽʨʢʦʚʦʾ 

ʢʦʨʦʟʽʾ ʧʦ ʤʽʩʮʷʭ ʨʽʟʥʠʭ ʚʢʣʶʯʝʥʴ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʢʦʨʦʟʽʡʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ [94]. ɸʚʪʦʨʘʤʠ: ɻʦʣʴʜʦʤ ɹ. ɺ., ʆʙʦʣʝʥʩʴʢʠʤ ɽ. ʇ., 

ʉʪʝʬʘʥʦʚʠʯʦʤ ʖ. ɻ. ʪʘ ʊʨʦʬʽʤʦʚʠʤ ʆ. ʌ., ʩʢʘʟʘʥʦ, ʱʦ  ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ 

ʢʦʨʦʟʽʻʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʨʽʟʢʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʦʟʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʢʣʝʧʫ 

[94]. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.29. ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʾ ʚʧʣʠʚʘʻ ʤʽʩʪʦ, ʜʝ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʘʚʪʦʙʫʩʠ. ʋ ʤʽʩʪʘʭ ʽʟ ʯʠʩʝʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʧʦʥʘʜ 1 ʤʣʥ  

ʞʠʪʝʣʽʚ (ʥʘʧʨʠʢʣʘʜ ʤ. ʂʠʾʚ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʾ ʧʨʦʪʽʢʘʻ ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ 

ʨʘʟʠ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʤʽʩʪʘʭ ʟ ʯʠʩʝʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʜʦ 1 ʤʣʥ ʞʠʪʝʣʽʚ 

(ʥʘʧʨʠʢʣʘʜ ʤ. ʏʝʨʢʘʩʠ). 

ʅʘ ʦʩʥʦʚʽ  ʨʠʩ. 2.29 ʦʪʨʠʤʘʻʤʦ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʪʦʚʱʠʥʠ 

ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʘ ʚʽʜ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʙʽʛʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʢʦʨʦʟʽʾ 

 

ʥʦʚI
SS =   ʧʨʠ 100¢L  ʪʠʩ. ʢʤ ʘʙʦ  2¢N  ʨʦʢʠ;                         (3.62) 

 

ii LLII
bLkS +=  ʘʙʦ  

ii NNII
bNkS +=                                    (3.63) 

 

ʧʨʠ 100>L  ʪʠʩ. ʢʤ ʘʙʦ  2>N  ʨʦʢʽʚ, 

  

ʜʝ ʥʦʚS ï ʧʦʯʘʪʢʦʚʘ ʪʦʚʱʠʥʘ ʪʨʫʙ ʢʘʨʢʘʩʫ; ʜʣʷ ʪʨʫʙ 140Ĭ60Ĭ3 ʤʤ ʣʦʥʞʝʨʦʥʽʚ 

ʦʩʥʦʚʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʥʦʚS =3 ʤʤ; 

Lï ʧʨʦʙʽʛ ʘʚʪʦʙʫʩʘ, ʢʤ; 

Nï ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ, ʨʦʢʽʚ; 
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iLk , 
iLb ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʦʚʱʠʥʠ ʪʨʫʙ ʢʘʨʢʘʩʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʦʙʽʛʫ;  

iNk , 
iNb ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʦʚʱʠʥʠ ʪʨʫʙ ʢʘʨʢʘʩʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

iï ʽʥʜʝʢʩ, ʱʦ ʦʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʫ ʤʽʩʪʽ; 1 ï ʜʦ 1 ʤʣʥ ʞʠʪʝʣʽʚ; 2 ï 

ʧʦʥʘʜ 1 ʤʣʥ ʞʠʪʝʣʽʚ. 

ɺ ʪʘʙʣ. 3.5 ʥʘʚʝʜʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʝʞʥʦʩʪʽ  (3.63). 

 

ʊʘʙʣʠʮʷ 3.5 ï ʂʦʝʬʽʮʽʻʥʪʠ ʟʘʣʝʞʥʦʩʪʽ  (3.63) 

ʂ-ʪʴ 

ʥʘʩʝʣʝʥʥʷ 

ɼʦ 1 ʤʣʥ ʞʠʪʝʣʽʚ ɹʽʣʴʰʝ 1 ʤʣʥ ʞʠʪʝʣʽʚ 

ʇʦʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ 

1Lk  
1Lb  

1Nk  
1Nb  

2Lk  
2Lb  

2Nk  
2Nb  

ʏʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ 

-2,856Ĭ 

Ĭ10
-6

 

3,57 -0,2856 3,57 -6,662Ĭ 

Ĭ10
-6

 

4,33 -0,6662 4,33 

 

ɺ ʪʘʙʣ. 3.5 ʥʘʚʝʜʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʪʨʫʙ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ, 

(ʥʘʩʣʽʜʢʠ ʚʽʜ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ ʧʽʜ ʜʽʻʶ ʢʦʨʦʟʽʾ ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 2.16).  

  

3.2 ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

3.2.1 ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ 

ʘʚʪʦʙʫʩʘ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʦʤ ʫ ʧʨʦʙʣʝʤʥʠʭ ʤʽʩʮʷʭ 

ʂʂ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʣʷʛʘʻ ʧʦʩʪʽʡʥʠʤ ʟʥʘʢʦʟʤʽʥʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʇʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ ʢʫʟʦʚʘ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʘʩʠ ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 1,7. ʆʜʥʘʢ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʜʦʨʦʛʘʭ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʟ ʧʦʩʪʽʡʥʠʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤʠ (ʚ 
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ʛʦʜʠʥʫ ʧʽʢ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ ʩʷʛʘʻ ʚʦʩʴʤʠʜʝʩʷʪʠ, ʧʨʠ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ 52 

ʧʘʩʘʞʠʨʠ) ʪʘ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦ ʮʠʭ ʜʦʨʦʛʘʭ ʥʝʤʠʥʫʯʘ ʧʦʷʚʘ 

ʪʨʽʱʠʥ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʩʘʤʠʭ ʤʽʩʮʷʭ. ʅʘ 

ʨʠʩ. 3.10 ʟʦʙʨʘʞʝʥʽ ʤʽʩʮʷ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʚ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴʩʷ 

ʪʨʽʱʠʥʠ ʧʽʜ ʯʘʩ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʟ ʥʝʜʦʪʨʠʤʘʥʥʷʤ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʄʽʩʮʷ ʧʦʰʢʦʜʞʝʥʥʷ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ                                                                                                                                                                            

 

ʅʘ ʨʠʩ. 3.10 (ʪ.1) ʧʦʢʘʟʘʥʝ ʤʽʩʮʝ ʪʨʽʱʠʥʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʧʦʙʣʠʟʫ ʦʧʦʨʥʦʾ 

ʧʣʦʱʘʜʢʠ ʧʥʝʚʤʦʨʝʩʦʨʠ.  ʅʘ ʨʠʩ. 2.17 ʟʦʙʨʘʞʝʥʦ ʬʨʘʛʤʝʥʪ ʪʨʫʙʠ ʢʘʨʢʘʩʫ 

ʦʩʥʦʚʠ ʧʝʨʝʨʽʟʦʤ 140Ĭ60Ĭ3,6 ʤʤ, ʥʘ ʷʢʦʤʫ ʫʪʚʦʨʠʣʘʩʴ ʚʪʦʤʥʘ ʪʨʽʱʠʥʘ 

(ʨʠʩ. 3.10, ʪ.1) ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʩʪʨʫʢʪʫʨʥʦʶ ʢʦʨʦʟʽʻʶ ʧʨʠ ʧʨʦʙʽʛʫ ʙʣʠʟʴʢʦ 

700 ʪʠʩ. ʢʤ ʪʘ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʚʦʩʴʤʠ ʨʦʢʽʚ.  

ʊʘʢʽ ʪʨʽʱʠʥʠ (ʨʠʩ. 2.17) ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʝʨʤʽʥʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 5ï9 ʨʦʢʽʚ, ʧʨʠ ʧʨʦʙʽʛʘʭ 500ï900 ʪʠʩ. ʢʤ ʥʘʚʽʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʽ ʚʪʦʤʥʽ ʪʨʽʱʠʥʠ ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ 

ʩʪʨʫʢʪʫʨʥʦʶ ʢʦʨʦʟʽʻʶ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʥʝʦʜʥʦʨʘʟʦʚʽ ʨʦʟʪʠʥʠ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʨʦʞʥʠʥʠ ʪʨʫʙʠ ʫ ʤʽʩʮʽ ʪʨʽʱʠʥʠ ʨʦʟʚʠʪʦʢ ʢʦʨʦʟʽʾ ʩʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʥʘʚʢʦʣʦ 
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ʪʨʽʱʠʥʠ, ʥʘ ʚʽʜʩʪʘʥʽ 5ï10 ʤʤ. ɼʘʣʽ ʧʦʟʘ ʧôʷʪʠ ï ʜʝʩʷʪʠ ʤʽʣʽʤʝʪʨʦʚʦʶ ʟʦʥʦʶ 

ʧʨʦʷʚʠ ʢʦʨʦʟʽʾ ʤʝʥʰ ʚʠʨʘʞʝʥʽ.  

ʅʘ ʨʠʩ. 3.11 ʟʦʙʨʘʞʝʥʦ ʚʪʦʤʥʫ ʪʨʽʱʠʥʫ ʧʽʜ ʜʽʻʶ ʩʠʩʪʝʤʘʪʠʯʥʠʭ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʨʫʭʫ ʧʦ ʜʦʨʦʛʘʭ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ (ʨʠʩ. 3.10, ʪ.2), ʧʨʠ ʧʨʦʙʽʛʫ 

210 ʪʠʩ. ʢʤ ʪʘ ʙʣʠʟʴʢʦ ʜʚʦʭ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɺʪʦʤʥʘ ʪʨʽʱʠʥʘ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟʘ ʦʧʦʨʥʦʶ ʧʣʦʱʘʜʢʦʶ 

ʧʥʝʚʤʦʨʝʩʦʨʠ 

 

ʊʨʽʱʠʥʘ (ʨʠʩ. 3.11) ʫʪʚʦʨʝʥʘ ʪʽʣʴʢʠ ʧʽʜ ʜʽʻʶ ʟʥʘʢʦʟʤʽʥʥʠʭ ʮʠʢʣʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʜʦ ʜʚʦʭ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʱʝ ʜʽʻ ʟʘʚʦʜʩʴʢʠʡ ɸɿ 

ʟʘʢʨʠʪʠʭ ʧʦʨʦʞʥʠʥ ʽ ʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʟʚʝʜʝʥʽ ʜʦ ʤʽʥʽʤʫʤʫ.  

ʂʘʨʢʘʩ ʧʨʘʚʦʾ ʙʦʢʦʚʠʥʠ ʧʦʩʣʘʙʣʝʥʠʡ ʧʨʦʡʤʘʤʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʜʚʝʨʝʡ, 

ʪʦʤʫ ʧʨʠ ʯʘʩʪʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ, ʨʫʩʽ ʧʦ ʙʨʫʢʽʚʮʽ  ʥʝʤʠʥʫʯʘ ʧʦʷʚʘ ʪʨʽʱʠʥ 

ʜʘʭʫ. ʄʽʩʮʷ ʪʨʽʱʠʥ ʜʘʭʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.10 ʪ. 3 ʪʘ ʪ. 4. ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʠʡ 

ʜʝʬʝʢʪ ʜʘʭʫ (ʪʨʽʱʠʥʘ) ʥʘʚʧʨʦʪʠ ʧʨʦʡʤʠ ʟʘʜʥʽʭ ʜʚʝʨʝʡ. ʅʘ ʨʠʩ. 2.4 ï  ʜʝʬʝʢʪ 

ʜʘʭʫ (ʪʨʽʱʠʥʘ) ʥʘʚʧʨʦʪʠ ʧʨʦʡʤʠ ʧʝʨʝʜʥʽʭ ʜʚʝʨʝʡ. ʊʘʢ̔ ʪʨʽʱʠʥʠ (ʨʠʩ. 2.3, 2.4) 

ʪʘʢʦʞ ʧʦʚôʷʟʘʥʽ ʟ ʫʚʝʜʝʥʥʷʤ ʧʽʜʣʦʛʠ ʥʠʟʴʢʦʛʦ ʚʭʦʜʫ ʚ ʟʘʜʥʴʦʤʫ ʟʚʠʩʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʠʭ ʧʨʦʡʤ ʧʘʩʘʞʠʨʩʴʢʠʭ ʜʚʝʨʝʡ. ʊʦʤʫ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʥʘ ʧʽʜʩʠʣʝʥʥʷ ʢʘʨʢʘʩʫ ʜʘʭʫ, ʱʦ ʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʫ ʚʽʜʜʽʣʽ 

ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè.  
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ʅʘ ʨʠʩ. 3.10 (ʪ. 5) ʧʦʢʘʟʘʥʝ ʤʽʩʮʝ ʜʝʬʝʢʪʫ ʟôʻʜʥʘʥʥʷ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟ 

ʧʨʘʚʦʶ ʙʦʢʦʚʠʥʦʶ (ʨʠʩ. 3.12). 

  

     

                                       ʘ)                                                              ʙ) 

 

ʈʠʩʫʥʦʢ 3.12 ï  ʄʽʩʮʝ ʨʫʡʥʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟ ʧʨʘʚʦʶ 

ʙʦʢʦʚʠʥʦʶ ʧʽʜ ʜʽʻʶ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ ʪʘ ʢʦʨʦʟʽʾ: ʘ) ï  ʟʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ; ʙ) ï  ʤʽʩʮʝ ʪʨʽʱʠʥʠ (ʟʙʽʣʴʰʝʥʦ) 

 

ʈʦʟʛʣʷʥʫʪʽ ʜʝʬʝʢʪʠ ʥʘ ʨʠʩ. 2.3, 2.4, 2.17, 3.10ï3.12 ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 

ʜʦʨʦʛʘʭ ɯïɯɯɯ ʢʘʪʝʛʦʨʽʡ, ʙʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʝ ʚʠʥʠʢʘʶʪʴ. ɼʝʬʝʢʪ (ʨʠʩ. 2.17) 

ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʯʠʤ ʛʽʨʰʽ ʫʤʦʚʠ, ʪʠʤ 

ʜʝʬʝʢʪ ʥʘʩʪʫʧʠʪʴ ʨʘʥʽʰʝ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʚ ʦʙʣʘʩʪʽ 

ʢʨʽʧʣʝʥʥʷ ʧʥʝʚʤʦʨʝʩʦʨʠ (ʨʠʩ. 2.17) ʪʘ ʤʽʩʮʝ ʟôʻʜʥʘʥʥʷ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟ ʧʨʘʚʦʶ 

ʙʦʢʦʚʠʥʦʶ (ʨʠʩ. 3.12), ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʦʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʫ 

ʩʝʨʝʜʦʚʠʱʽ SolidWorks  2018 [71, 97]. ʊʨʫʙʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʧʝʨʝʨʽʟʦʤ 

140Ĭ60Ĭ3,6 ʤʤ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʽ ʉʪʘʣʽ S355J2G3 (ʮʝ ʘʥʘʣʦʛ ʉʪʘʣʽ 20) 

ʽʥʦʟʝʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʘʨʘʤʝʪʨʠ ʮʽʻʾ ʩʪʘʣʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʜʘʥʽ ʜʣʷ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ, ʤʽʩʪʷʪʴʩʷ ʚ ʙʽʙʣʽʦʪʝʮʽ SolidWorks.  ʇʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʟʘʜʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʡ ʮʠʢʣ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʚʽʜʥʫʣʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʣʠʯʠʥʦʶ 5000 ʅ ʥʘ ʚʽʜʩʪʘʥʽ 500 ʤʤ ʚʽʜ ʢʨʘʶ 

ʧʣʦʱʘʜʢʠ ʧʥʝʚʤʦʨʝʩʦʨʠ (ʨʠʩ. 3.13). 

 

 

  

ʈʠʩʫʥʦʢ 3.13 ï ɽʣʝʤʝʥʪ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʚ ʦʙʣʘʩʪʽ ʢʨʽʧʣʝʥʥʷ 

ʧʥʝʚʤʦʨʝʩʦʨʠ, ʱʦ ʚʟʷʪʠʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʯʘʪʦʢ 

ʫʪʚʦʨʝʥʥʷ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ ʥʘʩʪʘ ̒ʧʨʠ 59 ʮʠʢʣʘʭ ʦʜʥʽʻʾ ʩʝʨʽʾ ʚʽʜʥʫʣʴʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ  ̔ ʚʽʜʧʦʚʽʜʘʻ ʙʣʠʟʴʢʦ 200 ʪʠʩ. ʢʤ ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 5000 ʅ. ʅʘ ʨʠʩ. 3.13 ʚʠʜʥʦ, ʷʢʠʤ ʯʠʥʦʤ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʦʩʝʨʝʜʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ. ʈʦʟʛʣʷʥʫʚʰʠ ʦʩʝʨʝʜʢʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʚʠʜʥʦ, ʱʦ ʽʟ ʩʝʨʝʜʠʥʠ ʪʨʫʙʠ ʢʘʨʢʘʩʫ 

ʦʩʥʦʚʠ, ʥʘʚʧʨʦʪʠ ʢʨʦʤʢʠ ʧʣʦʱʘʜʢʠ ʧʥʝʚʤʦʨʝʩʦʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʴʰʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʥʽʞ ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ. ʇʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ ʪʘʢʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʙʫʜʫʪʴ 

ʧʨʦʚʦʢʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʩʪʨʫʢʪʫʨʥʦʾ ʢʦʨʦʟʽʾ.  ʇʨʠ ʧʦʜʘʣʴʰʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʝ 

ʚʟʘʻʤʦʚʧʣʠʚ ʫʪʚʦʨʝʥʥ ̫ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ  ̔ʢʦʨʦʟʽʾ. ʎʝ ʧʦʷʩʥʶʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʫ 

ʢʦʨʦʟʽʶ ʧʦʙʣʠʟʫ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ ʪʘ ʪʝ, ʱʦ ʢʦʨʦʟʽʷ ʫ ʚʝʨʰʠʥʽ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ 

ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 
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ʅʘ ʨʠʩ. 3.14 ʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʘʨʢʘʩʫ 

ʦʩʥʦʚʠ ʫ ʤʽʩʮʽ ʟôʻʜʥʘʥʥʷ ʟ ʧʨʘʚʦʶ ʙʦʢʦʚʠʥʦʶ. ʂʘʨʢʘʩ ʦʩʥʦʚʠ ʟôʻʜʥʫʻʪʴʩʷ 

ʟʚʘʨʶʚʘʥʥʷʤ ʟ̔ ʢʘʨʢʘʩʦʤ ʙʦʢʦʚʠʥʠ ʯʝʨʝʟ ʪʨʫʙʫ ʧʝʨʝʨʽʟʦʤ 40Ĭ40Ĭ2 ʤʤ ʪʘ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟʽ ʉʪʘʣʽ 10. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʟʘʜʘʥʦ 1 ʤʣʥ ʮʠʢʣʽʚ ʽʟ 

ʟʫʩʠʣʣʷʤ 1000 ʅ ʥʘ ʚʽʜʩʪʘʥʽ 500 ʤʤ ʚʽʜ ʤʽʩʮʷ ʧʨʠʚʘʨʶʚʘʥʥʷ ʜʦ ʪʨʫʙʠ ʧʝʨʝʨʽʟʦʤ 

140Ĭ60Ĭ3,6 ʤʤ. 

 

 

ʈʠʩʫʥʦʢ 3.14 ï  ɽʣʝʤʝʥʪ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ (ʟôʻʜʥʘʥʥʷ ʪʨʫʙ ʧʝʨʝʨʽʟʦʤ 

140Ĭ60Ĭ3,6 ʤʤ ʪʘ 40Ĭ40Ĭ2 ʤʤ), ʱʦ ʚʟʷʪʠʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 3.14) ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʷʚʫ ʤʽʢʨʦʪʨʽʱʠʥ ʪʘ 

ʨʦʟʚʠʪʦʢ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 3.12. ʋʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ 479 ʮʠʢʣʘʭ ʩʠʤʝʪʨʠʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʙʽʛʫ 30ï40 ʪʠʩ. ʢʤ ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ 1000 ʅ. ɺʝʣʠʯʠʥʠ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʙʨʘʥʦ ʩʧʽʚʨʦʟʤʽʨʥʠʤʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʚʝʣʠʯʠʥʘʤ ʟʛʽʜʥʦ ʤʝʪʦʜʦʣʦʛʽʾ [48] ʟ ʧʦʜʚʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʤʫ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ. 

ɺ ʪʘʙʣ. 3.6 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʨʦʙʽʛʘʤʠ 

ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʠ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʊʘʙʣʠʮʷ 3.6 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʨʦʙʽʛʘʤʠ ʘʚʪʦʙʫʩʽʚ ʥʘ 

ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʠ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʄʽʩʮʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ 

ʧʦʰʢʦʜʞʝʥʴ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ  

ʟʛʽʜʥʦ ʨʠʩ. 3.10 

ɽʢʩʧʣʫʘʪʘʮʽʷ 

ʘʚʪʦʙʫʩʽʚ ʥʘ 

ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ 

ʄʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʽ 

SolidWorks  2018 

ʉʝʨʝʜʥʽʡ ʧʨʦʙʽʛ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʢʤ 

ʅʘʚʘʥʪʘʞʝʥʥʷ, 

ʅ 

ʂʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 

ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʊʦʯʢʘ 5 30000ï40000 1000 479 

ʊʦʯʢʘ 1 190000ï210000 5000 59 

 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʟʠʯʥʦ ʥʝ ʤʦʞʫʪʴ ʪʨʠʚʘʪʠ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʯʘʩʫ. ɿʦʢʨʝʤʘ ʚ ʛʦʜʠʥʠ ʧʽʢ ʮʝ ʙʫʜʫʪʴ ʜʽʡʩʥʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʘ ʫ ʤʽʞʧʽʢʦʚʽ ʧʝʨʽʦʜʠ ʘʚʪʦʙʫʩʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʥʝ ʚʠʢʣʶʯʝʥʽ ʡ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʙʫʩʽʚ.   ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʛʘʣʴʥʠʡ ʧʨʦʙʽʛ ʘʚʪʦʙʫʩʘ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʽʟ ʦʢʨʝʤʠʭ ʢʦʥʢʨʝʪʥʠʭ 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʛʽʜʥʦ ʟʘʣʝʞʥʦʩʪʽ [97] 
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Sï ʤʦʞʣʠʚʠʡ ʧʨʦʙʽʛ ʘʚʪʦʙʫʩʘ ʜʦ ʧʦʷʚʠ ʪʨʽʱʠʥʠ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; 

i
a ï  ʯʘʩ  ʨʦʙʦʪʠ ʘʚʪʦʙʫʩʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ %. 

ʊʘʢʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ ʙʫʜʴ-

ʷʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ ʥʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʦʙʩʪʝʞʝʥʥʷʭ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʯʠ  ʧʨʦʚʽʚʰʠ ʥʦʚʽ 

ʦʙʩʪʝʞʝʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʘʩ ʨʦʙʦʪʠ ʘʚʪʦʙʫʩʘ ʧʨʠ ʪʠʭ ʯʠ 

ʽʥʰʠʭ ʩʪʫʧʝʥʷʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʘʢʦʞ ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ 
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ʝʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʽʜ ʜʽʻʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʙʫʩʽʚ, ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʘ 

ʷʢʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʻ ʪʝʥʟʦʤʝʪʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ 

ʧʨʦʙʣʝʤʥʠʭ ʤʽʩʮʷʭ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ SolidWorks  2018 ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʠ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʪʞʝ, ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ʘʚʪʦʙʫʩʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʥʦʨʤʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʩʧʨʠʯʠʥʷʶʪʴ 

ʧʽʜʩʠʣʝʥʥʷ ʢʦʨʦʟʽʾ ʧʽʜ ʜʽʻʶ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʽ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥ.ɹ ʇʨʠʯʠʥʦʶ ʨʦʟʚʠʪʢʫ ʩʪʨʫʢʪʫʨʥʦʾ ʢʦʨʦʟʽʾ 

ʻ ʧʦʻʜʥʘʥʥʷ ʪʘ ʚʧʣʠʚ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ: ʩʦʣ̫ ʥʠʭ ʩʫʤʽʰʝʡ ʧʨʦʪʠ ʦʙʤʝʨʟʘʥʥʷ ʜʦʨʽʛ, 

ʽʛʥʦʨʫʚʘʥʥʷ ʤʠʪʪʷ ʘʚʪʦʙʫʩʽʚ ʧʽʩʣʷ ʪʘʢʠʭ ʧʦʾʟʜʦʢ, ʥʝʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʪʘ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʪʘ/ʘʙʦ 

ʽʛʥʦʨʫʚʘʥʥʷ ʦʙʨʦʙʢʠ ʟʘʢʨʠʪʠʭ ʧʦʨʦʞʥʠʥ ʘʥʪʠʢʦʨʦʟʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʊʦʤʫ 

ʝʢʩʧʣʫʘʪʫʶʯʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʜʦʮʽʣʴʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʚʦʻʯʘʩʥʝ ʧʝʨʽʦʜʠʯʥʝ 

ʦʥʦʚʣʝʥʥʷ ɸɿ ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ ʪʘ ʙʝʟʚʽʜʢʣʘʜʥʦ ʫʩʫʚʘʪʠ ʟʦʚʥʽʰʥʽ ʢʦʨʦʟʽʡʥʽ 

ʧʦhʢʦʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʣʠʚ ʢʦʨʦʟʽʾ ʥʘ ʨʦʟʚʠʪʦʢ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʙʝʟʘʚʘʨʽʡʥʫ ʨʦʙʦʪʫ ʢʘʨʢʘʩʽʚ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ, ʱʦ ʧʦʨʽʚʥʷʥʽ ʟ ʨʝʘʣʴʥʠʤʠ 

ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʟʚʦʣʝʥʠʡ ʝʬʝʢʪʠʚʥʠʡ ʧʨʦʙʽʛ ʜʦ ʧʦʷʚʠ 

ʪʨʽʱʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʣʘʜʘʻ 200 ʪʠʩ. ʢʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʫʤʦʚʥʠʤ 59 ʮʠʢʣʘʤ ʦʜʥʽʻʾ ʩʝʨʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

5000 ʅ. ʅʘʫʢʦʚʮʷʤ ʩʣʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʧʨʦʛʨʘʤʥʽ 

ʧʨʦʜʫʢʪʠ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʩʫʤʽʱʝʥʥʷʤ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ ʨʫʡʥʫʚʘʥʥʷ: ʮʠʢʣʽʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʣʝʤʝʥʪʠ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʨʠ ʟʤʽʥʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʪʘ ʧʨʦʪʽʢʘʥʥ ̔

ʘʪʤʦʩʬʝʨʥʦʾ ʽ ʩʦʣʷʥʦʾ ʢʦʨʦʟʽʾ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʨʝʩʫʨʩ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʨʠ ʬʘʢʪʦʨʘʭ, ʱʦ ʙʫʜʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʘʙʣʠʞʝʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ.  
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ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʘ 

ʝʢʩʧʨʝʩ-ʤʝʪʦʜʦʤ ʚ ʧʨʦʙʣʝʤʥʠʭ ʤʽʩʮʷʭ ʜʦʟʚʦʣʷʻ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʠʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʨʦʙʽʛʘʭ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʨʫʡʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʙʫʜʝ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʢʫʟʦʚ ʩʪʘʥʫ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʽʛ), ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ, 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʨʦʟʽʻʶ. ʇʨʠ ʯʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʱʦ ʟʘʢʣʘʜʘʻʪʴʩʷ ʱʝ ʥʘ ɽʇ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

3.2.2 ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ 

3.2.2.1 ʆʮʽʥʢʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ɯʄ ʟʽ ʟʤʽʥʦʶ ʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʚ ʦʙʨʘʥʠʭ ʫʤʦʚʘʭ; 

ï ʦʪʨʠʤʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʦʙʽʛʫ ʘʚʪʦʙʫʩʘ ʜʦ 

ʥʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡʦʛʦ ʢʫʟʦʚʘ ʟʛʽʜʥʦ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʇʈʂɸ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʦʣʦʛʽʾ ʥʘʚʝʜʝʥʦʾ ʫ 

ʧʽʜʨʦʟʜʽʣʽ 3.1.1 ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʜʘʪʦʯʥʦ ʾ ʬʫʥʢʮʽʾ ʚʽʜ ʜʦʨʦʛʠ ʜʦ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ (ʧʽʜʨʦʟʜʽʣ 3.1.2). ʇʨʠ ʯʦʤʫ ʙʫʣʦ 

ʚʨʘʭʦʚʘʥʦ ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ  ʧʦʟʜʦʚʞʥʴʦ-ʢʫʪʦʚʠʤʠ  

ʢʦʣʠʚʘʥʥʷʤʠ ʘʚʪʦʙʫʩʘ (ʧʽʜʨʦʟʜʽʣ 3.1.2.2).  

ʉʧʝʢʪʨʘʣʴʥʽ ʛʫʩʪʠʥʠ ʪʘ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʜʽʾ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʽʛ 
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ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ, ʱʦ ʦʧʠʩʘʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1.3. ʈʦʟʨʘʭʫʥʦʢ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʧʨʦʚʦʜʠʚʩʷ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʽ (ʧʽʜʨʦʟʜʽʣ 3.1.4.2) ʫ 

ʧʦʻʜʥʘʥʥʽ ʽʟ ʩʦʣʷʥʦ-ʢʣʽʤʘʪʠʯʥʦʶ ʢʦʨʦʟʽʻʶ, ʧʨʦʮʝʩ ʷʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦ ʦʧʠʩʘʥʠʡ 

ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1.5. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʦʙʨʘʥʦ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ Matlab 2017 b, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʦʜʠʪʠ ɯʄ. ɼʦʜʘʪʦʢ Simulink (ʉʐɸ) ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, 

ʱʦ ʦʧʠʩʫʶʪʴ ʘʚʪʦʙʫʩ ʷʢ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ. ɺ ʪʘʙʣ. 3.7 ʥʘʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠ 

ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ, ʱʦ ʻ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink. 

  

ʊʘʙʣʠʮʷ 3.7 ï ʇʘʨʘʤʝʪʨʠ ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ (ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ) 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

1 2 

ɹʘʟʘ ʘʚʪʦʙʫʩʘ L, ʤʤ 4395 

ʅʝʧʽʜʨʝʩʦʨʝʥʘ ʤʘʩʘ ʧʝʨʝʜʥʴʦʾ ʦʩʽ m1, ʢʛ 328 

ʄʘʩʘ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ ʚʟʙʦʨʽ, ʢʛ 280 

ʄʘʩʘ ʧʝʨʝʜʥʴʦʾ ʨʝʩʦʨʠ, ʢʛ 35 

ʄʘʩʘ ʧʝʨʝʜʥʴʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ, ʢʛ 4 

ʅʝʧʽʜʨʝʩʦʨʝʥʘ ʤʘʩʘ ʟʘʜʥʴʦʾ ʦʩʽ m2, ʢʛ 554 

ʄʘʩʘ ʟʘʜʥʴʦʛʦ ʤʦʩʪʫ ʚʟʙʦʨʽ, ʢʛ 410 

ʄʘʩʘ ʟʘʜʥʴʦʾ ʨʝʩʦʨʠ, ʢʛ 35 

ʄʘʩʘ ʟʘʜʥʴʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ, ʢʛ 7 

ʄʘʩʘ ʢʦʣʝʩʘ ʚʟʙʦʨʽ, ʢʛ 42 

ʄʘʩʘ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʫ, ʢʛ 31 

ʇʘʨʘʤʝʪʨʠ ʘʚʪʦʙʫʩʘ ʚ ʩʧʦʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ 

ʉʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʘʚʪʦʙʫʩʘ, ʢʛ 5240 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ, ʢʛ 2340 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.7 

1 2 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʜʥʶ ʚʽʩʴ, ʢʛ 2900 

ʈ1 ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʪʠʩʥʝ ʥʘ ʜʠʥʘʤʦʤʝʪʨ ʧʽʜ ʧʝʨʝʜʥʽʤ 

ʣʽʚʠʤ ʢʦʣʝʩʦʤ, ʢʛ  

1187 

ʈ2 ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʪʠʩʥʝ ʥʘ ʜʠʥʘʤʦʤʝʪʨ ʧʽʜ ʧʝʨʝʜʥʽʤ 

ʧʨʘʚʠʤ ʢʦʣʝʩʦʤ, ʢʛ 

1153 

ʈ3 ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʪʠʩʥʝ ʥʘ ʜʠʥʘʤʦʤʝʪʨ ʧʽʜ ʟʘʜʥʽʤʠ 

ʣʽʚʠʤʠ ʢʦʣʝʩʘʤʠ, ʢʛ 

1480 

ʈ4 ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʪʠʩʥʝ ʥʘ ʜʠʥʘʤʦʤʝʪʨ ʧʽʜ ʟʘʜʥʽʤʠ 

ʧʨʘʚʠʤʠ ʢʦʣʝʩʘʤʠ, ʢʛ 

1420 

ɺʽʜʩʪʘʥʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʚʽʜ ʮʝʥʪʨʘ ʚʘʛʠ ʜʦ ʧʝʨʝʜʥʴʦʾ ʦʩʽ l1, ʤʤ 2432 

ɺʽʜʩʪʘʥʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʚʽʜ ʮʝʥʪʨʘ ʚʘʛʠ ʜʦ ʟʘʜʥʴʦʾ ʦʩʽ l2, ʤʤ 1963 

ʇʽʜʨʝʩʦʨʝʥʘ ʤʘʩʘ, ʄʧ, ʢʛ 4358 

ʇʘʨʘʤʝʪʨʠ ʘʚʪʦʙʫʩʘ ʧʨʠ ʧʦʚʥʽʡ ʤʘʩʽ 

ʇʦʚʥʘ ʤʘʩʘ ʘʚʪʦʙʫʩʘ, ʢʛ 8776 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʝʜʥʶ ʚʽʩʴ, ʢʛ 3028 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʜʥʶ ʚʽʩʴ, ʢʛ 5748 

ʂʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʫ ʚʘʛʠ: 

- ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʧʝʨʝʜʥʽʭ ʢʦʣʽʩ ʜʦ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʮʝʥʪʨʫ ʚʘʛʠ l1, ʤʤ 

2879 

- ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʟʘʜʥʽʭ ʢʦʣʽʩ ʜʦ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʮʝʥʪʨʫ ʚʘʛʠ l2, ʤʤ 

1516 

ʇʽʜʨʝʩʦʨʝʥʘ ʤʘʩʘ ʄʧ, ʢʛ 7894 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ J, ʢʛĿʤ
2
 10720 

ʇʘʨʘʤʝʪʨʠ ʞʦʨʩʪʢʦʩʪʽ 

 

ʇʝʨʝʜʥʽʭ ʨʝʩʦʨ ʉ1, ʅ/ʤ 450000 

ɿʘʜʥʽʭ ʨʝʩʦʨ ʉ2, ʅ/ʤ 372000 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.7 

1 2 

ʇʥʝʚʤʦʨʝʩʦʨ ʉʧʨ,  ʅ/ʤ 137340ï235440 

ʆʜʥʽʻʾ ʰʠʥʠ ʉh ,  ʅ/ʤ 235000 

ʇʘʨʘʤʝʪʨʠ ʜʝʤʧʬʫʚʘʥʥʷ 

ɿʘʜʥʽʭ ʘʤʦʨʪʠʟʘʪʦʨʽʚ kʘ2, ʅĿʩ/ʤ 24000 

ʇʝʨʝʜʥʽʭ ʘʤʦʨʪʠʟʘʪʦʨʽʚ kʘ1, ʅĿʩ/ʤ 12000 

ʆʜʥʽʻʾ ʰʠʥʠ k ,h ʅĿʩ/ʤ 13500 

ɿʤʽʱʝʥʥʷ ʦʩʽ ʧʝʨʝʜʥʴʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʣʝʩʘ 

ʘ1, ʤʤ 

110 

ɿʤʽʱʝʥʥʷ ʦʩʽ ʟʘʜʥʴʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʢʦʣʝʩʘ 

ʘ2, ʤʤ 

420 

ɿʤʽɦʝʥʥʷ ʦʩʽ ʧʥʝʚʤʦʨʝʩʦʨʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʟʘʜʥʴʦʛʦ ʢʦʣʝʩʘ 

ʨ2, ʤʤ 

260 

ʄʘʩʘ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ, ʢʛ 480 

ʄʘʩʘ ʦʜʥʽʻʾ ʛʘʡʢʠ ʢʨʽʧʣʝʥʥʷ ʢʦʣʝʩʘ, ʢʛ 0,188 

ʄʘʩʘ ʢʦʤʧʣʝʢʪʫ ʚʠʧʫʩʢʥʠʭ ʪʨʫʙ, ʢʛ 20 

ʄʘʩʘ ʛʣʫʰʥʠʢʘ, ʢʛ 20 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ 52 

ʄʘʩʘ ʦʜʥʦʛʦ ʧʘʩʘʞʠʨʘ, ʢʛ 68 

  

3.2.2.1.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʘʪʨʠʮʽ ʧʨʦʚʝʜʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʝʤʧʽʨʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʧʣʠʚʫ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ (ʍ1) ʪʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ (ʍ2) ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ (Y̔) ʧʨʦʚʝʜʝʥʦ ʧʦʚʥʠʡ 

ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ (ʇʌɽ 2
2
) ʥʘʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʽ ɸʜʣʝʨʘ ʖ. ʇ., 

ʄʘʨʢʦʚʘ ɽ. ɺ. ʪʘ ɻʨʘʥʦʚʩʴʢʦʛʦ ʖ. ɺ. [90]. ɺ ʪʘʙʣ. 3.8 ʥʘʜʘʥʦ ʦʙʨʘʥʽ ʬʘʢʪʦʨʠ ʪʘ 

ʾʭ ʨʽʚʥʽ (ʚʝʨʭʥʽʡ: +1; ʥʠʞʥʽʡ: ï1; ʦʩʥʦʚʥʠʡ: 0). 
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ʊʘʙʣʠʮʷ 3.8 ï ɿʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʾʭ ʨʽʚʥʽ 

ʌʘʢʪʦʨ ʆʩʥʦʚʥʠʡ 

ʨʽʚʝʥʴ (0) 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ (-1) ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ 

(+1) 

ʄʽʢʨʦʧʨʦʬʽʣʴ 

ʜʦʨʦʛʠ, ʤʤ 

ʍ1 ʄʽʢʨʦʧʨʦʬʽʣʴ 

ʨʽʚʥʦʟʘʤʦʱʝʥʦʾ 

ʙʨʫʢʽʚʢʠ 

ʄʽʢʨʦʧʨʦʬʽʣʴ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ 

ʧʦʢʨʠʪʪʷ 

ʄʽʢʨʦʧʨʦʬʽʣʴ 

ʙʨʫʢʽʚʢʠ ʥʠʟʴʢʦʾ 

ʷʢʦʩʪʽ 

30 10 50 

ɿʘʚʘʥʪʘʞʝʥʥʷ 

ʧʘʩʘʞʠʨʘʤʠ, 

ʯʦʣ 

ʍ2 52 21 83 

 

ʂʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: N = 2
2 

= 4. ʄʘʪʨʠʮʷ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3. 9. 

 

ʊʘʙʣʠʮʷ 3.9 ï ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʅʦʤʝʨ ʜʦʩʣʽʜʫ ʍ1 ʍ2 Y̔ 

1 ï1 ï1 Y1 

2 +1 ï1 Y2 

3 ï1 +1 Y3 

4 +1 +1 Y4 

10 0 0 Y01 

20 0 0 Y02 

30 0 0 Y03 

 

Y̔ ï ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ï ʮʝ ʧʨʦʙʽʛ L (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(3.57) ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʢʤ) ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʠʯʥʦʤʫ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʈʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʙʫʜʝ ʤʘʪʠ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ 
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.
~~~~

211222110
XXbXbXbbY +++=     (3.65) 

 

ɼʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʘʪʫʨʘʣʴʥʦʛʦ ʜʦ ʥʦʨʤʦʚʘʥʦʛʦ ʤʘʩʰʪʘʙʫ ʚʠʢʦʥʘʻʤʦ 

ʢʦʜʫʚʘʥʥʷ ʟʥʘʯʝʥʴ X1, X2 ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

 

~ ~

0

~
,i i

i

i

ʍ ʍ
ʍ

X

-
=

D                                        (3.66) 

 

ʜʝ iʍ ï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ (ʫ ʥʦʨʤʦʚʘʥʦʤʫ ʤʘʩʰʪʘʙʽ); 

-̔ʡ ʥʦʤʝʨ ʬʘʢʪʦʨʫ; 

~

i
ʍ ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ (ʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ); 

~

0i
ʍ ï ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ ʥʘ ʦʩʥʦʚʥʦʤʫ ʨʽʚʥʽ (ʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ); 

~

i
XD ï ʽʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ ʬʘʢʪʦʨʫ (ʫ ʥʘʪʫʨʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ), ʱʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

~ ~

~
max min

2

i i

i

ʍ ʍ
X

-
D =

                        (3.67) 

 

ʜʝ 
~

maxiʍ  ï ʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʬʘʢʪʦʨʫ; 

~

miniʍ  ï ʟʥʘʯʝʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʬʘʢʪʦʨʫ. 

ʈʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫ ʥʦʨʤʦʚʘʥʦʤʫ ʤʘʩʰʪʘʙʽ ʙʫʜʝ ʤʘʪʠ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ 

 

Y
Ø

 = bʦ + b1X1 + b2ʍ2 + b12ʍ1ʍ2.                         (3.68) 

 

ʇʨʠ ʮʴʦʤʫ ʬʘʢʪʦʨʠ ʤʘʶʪʴ ʙʝʟʨʦʟʤʽʨʥʠʡ ʚʠʛʣʷʜ, ʘ ʾʭ ʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʽ 

(+1) ï ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ, (ï1) ï ʥʠʞʥʽʡ ʨʽʚʝʥʴ ʽ (0) ï ʩʝʨʝʜʥʽʡ (ʦʩʥʦʚʥʠʡ) ʨʽʚʝʥʴ. 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ (ʄʅʂ). ʋʤʦʚʘ ʄʅʂ ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 

ä
=

==
N

i
i minU

1

2x                 (3.69) 

 

ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʪʘʢʦʤʫ 

ʚʠʛʣʷʜʽ 

 

ä
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=
N

i
iy

N
b

1
0

1
;  ä

=

=
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i
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1

1
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=
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i
jiuiiuj XXy

N
b

1

1
,              (3.70) 

 

ʜʝ N ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʜʦʩʣʽʜʽʚ; 

y  ̔ï ʧʘʨʘʤʝʪʨ ʚʽʜʛʫʢʫ ʚ -̔ʪʽʡ ʪʦʯʮʽ;  

ʍ ï ʢʦʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʫ;  

 ̔ï ʥʦʤʝʨ ʜʦʩʣʽʜʫ (ʨʷʜʢʘ ʫ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ);  

j=u=0, 1, 2, é, k ï ʥʦʤʝʨʘ ʬʘʢʪʦʨʽʚ. 

ɼʠʩʧʝʨʩʽʶ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʜʦʩʣʽʜʽʚ ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 
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S ,     (3.71) 

 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʶʚʘʥʠʭ ʜʦʩʣʽʜʽʚ;  

yq ï ʧʘʨʘʤʝʪʨ ʚʽʜʛʫʢʫ;  

y  ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʽʜʛʫʢʫ 

 

ä
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=
n

q
qy

n
y

1

1
 ,                             (3.72) 

 

ʜʝ q = 1, 2, é, n ï ʥʦʤʝʨ ʧʘʨʘʣʝʣʴʥʦʛʦ ʜʦʩʣʽʜʫ. 
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ʇʝʨʝʚʽʨʢʫ ʟʥʘʯʠʤʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʚʠʢʦʥʘʥʦ, ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʟʥʘʯʠʚʰʠ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʢʦʝʬʽʮʽʻʥʪʽʚ. ɼʣʷ ʚʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ 

ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ 

 

N

S
tbj

2

0°=D ,     (3.73) 

 

ʜʝ t ï ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ a 

ʪʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʯʠʩʣʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. ʈʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ ʧʨʠʡʤʘʚʩʷ a = 5% 

[90]. 

ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʚʠʟʥʘʯʝʥʦ ʟʘ 

ʬʦʨʤʫʣʦ ʁ

 

1
1
-=nf ,      (3.74) 

 

ʜʝ n ï ʯʠʩʣʦ ʧʦʚʪʦʨʥʠʭ ʜʦʩʣʽʜʽʚ;  

1 ï ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʜʣʷ ʧʘʨʘʤʝʪʨʫ ʚʽʜʛʫʢʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ ʟʥʘʯʠʤʠʡ, ʷʢʱʦ ʡʦʛʦ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʙʽʣʴʰʘ, ʥʽʞ 

ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ. 

ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ F- ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ 
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F ʘʜ= ,      (3.75) 
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S  ï ʜʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪʽ; 
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= ,                                   (3.76) 

 

ʜʝ f2 ï ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʘʜʝʢʚʘʪʥʦʩʪʽ, ʨʽʚʥʝ ʯʠʩʣʫ ʨʽʟʥʠʭ 

ʜʦʩʣʽʜʽʚ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʾ, ʤʽʥʫʩ ʯʠʩʣʦ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ; 

 

( )12 +-= kNf ,     (3.77) 

 

ʜʝ N ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʜʦʩʣʽʜʽʚ;  

k ï ʯʠʩʣʦ ʬʘʢʪʦʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʈʽʚʝʥʴ ʟʥʘʯʠʤʦʩʪʽ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠʡʤʘʻʤʦ a=5%. 

ʄʦʜʝʣʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʜʝʢʚʘʪʥʦʶ, ʷʢʱʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ F-ʢʨʠʪʝʨʽʶ 

ʌʽʰʝʨʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

3.2.2.1.2 ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʚ 

ʦʙʨʘʥʠʭ ʫʤʦʚʘʭ 

ɿʛʽʜʥʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʪʘ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.10. 

 

ʊʘʙʣʠʮʷ 3.10 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʛʽʜʥʦ ʤʘʪʨʠʮʽ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʅʦʤʝʨ ʜʦʩʣʽʜʫ ʍ1 ʍ2 Y̔ 

1 2 3 4 

1 ʄʽʢʨʦʧʨʦʬʽʣʴ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ 

21 ʧʘʩʘʞʠʨ 1289315 ʢʤ 

2 ʄʽʢʨʦʧʨʦʬʽʣʴ ʙʨʫʢʽʚʢʠ 

ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ 

21 ʧʘʩʘʞʠʨ 457232 ʢʤ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.10 

3 ʄʽʢʨʦʧʨʦʬʽʣʴ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ 

83 ʧʘʩʘʞʠʨʠ 756321 ʢʤ 

4 ʄʽʢʨʦʧʨʦʬʽʣʴ ʙʨʫʢʽʚʢʠ 

ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ 

83 ʧʘʩʘʞʠʨʠ 57523 ʢʤ 

5 ʄʢ̔ʨʦʧʨʦʬʽʣʴ ʨʽʚʥʦʟʘʤʦʱʝʥʦʾ 

ʙʨʫʢʽʚʢʠ 

52 ʧʘʩʘʞʠʨʠ 640635 ʢʤ 

6 ʄʽʢʨʦʧʨʦʬʽʣʴ ʨʽʚʥʦʟʘʤʦʱʝʥʦʾ 

ʙʨʫʢʽʚʢʠ 

52 ʧʘʩʘʞʠʨʠ 670738 ʢʤ 

7 ʄʽʢʨʦʧʨʦʬʽʣʴ ʨʽʚʥʦʟʘʤʦʱʝʥʦʾ 

ʙʨʫʢʽʚʢʠ 

52 ʧʘʩʘʞʠʨʠ 680737 ʢʤ 

 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ (ʪʘʙʣ. 3.10) ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʘ. 

ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʜʣʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ 

ʥʦʨʤʦʚʘʥʦʤʫ ʽ ʥʘʪʫʨʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʘʭ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʨʢʠ ʥʘ 

ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽʥʪʝʨʬʝʡʩʫ 

ʧʨʦʛʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3.15. ʇʨʦʛʨʘʤʘ ʨʦʟʨʦʙʣʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Microsoft Excel.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʧʦʣʽʥʦʤ 

 

Y
Ø

 = 640097,8 ï382720,25X1 ï233175,75ʍ2+33321,25 ʍ1ʍ2 .           (3.78) 

 

ɿʥʘʯʠʤʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʚʠʟʥʘʯʝʥʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʯʠʥʠ 

ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ Dbj. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʧʨʠ Dbj=40165,8 ʟʥʘʯʠʤʠʤʠ  ̒ʚʩʽ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ, ʢʨʽʤ b12. 
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ʈʠʩʫʥʦʢ 3.15 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʪʘ ʧʝʨʝʚʽʨʢʠ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ   

 

ʆʪʨʠʤʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʻ ʘʜʝʢʚʘʪʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ F-ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ ʩʪʘʥʦʚʣʷʪʴ Fʨ = 5,096, ʱʦ ʟʥʘʯʥʦ 

ʤʝʥʰʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ Fʪ = 19 [90]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʦʪʨʠʤʘʥʦ ʛʨʘʥʠʯʥʽ ʧʨʦʙʽʛʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʱʦ ʦʙʤʝʞʫʶʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʗʢ ʧʦʢʘʟʫʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʪʘʙʣ. 3.10), ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʫʜʝ 

ʧʨʠ ʧʽʚʪʦʨʘʢʨʘʪʥʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ (83 ʧʘʩʘʞʠʨʠ) ʪʘ ʧʨʠ ʨʫʩʽ ʧʦ ʜʦʨʦʟʽ 

ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ (ʤʽʢʨʦʧʨʦʬʽʣʴ ʙʨʫʢʽʚʢʠ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ) ʽ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 57523 ʢʤ 

ʧʨʦʙʽʛʫ. ʊʘʢʠʡ ʤʘʣʠʡ ʨʝʩʫʨʩ ʘʚʪʦʙʫʩʘ (ʜʦʚʛʦʚʽʯʥʽʩʪʴ) ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʜʤʽʨʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʽʜ ʜʦʨʦʛʠ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ ʪʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ ï ʟ ʽʥʰʦʛʦ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ 
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ʩʧʽʚʨʦʟʤʽʨʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ ʧʦ ʜʦʨʦʛʘʭ 

ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʙʣʠʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʨʝʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʨʘʭʫʚʘʥʥʷʤ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʟ ʧʨʦʙʦʷʤʠ 

ʧʽʜʚʽʩʦʢ. ɿ ʪʘʙʣ. 3.10 ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʽʚʪʦʨʘʢʨʘʪʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ 

ʘʚʪʦʙʫʩʘ (83 ʧʘʩʘʞʠʨʠ) ʪʘ ʨʫʩʽ ʧʦ ʜʦʨʦʟʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʈʂɸ ʩʢʣʘʜʘʻ 756321 ʢʤ. 

ɸ ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʫ (ʟʘʚʦʜ-ʚʠʨʦʙʥʠʢ ʘʛʨʝʛʘʪʥʦʾ ʙʘʟʠ ʟʘʷʚʣʷʻ ʨʝʩʫʨʩ ʙʣʠʟʴʢʦ 1 ʤʣʥ ʢʤ). 

ʊʘʢʝ ʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ (756321 ʢʤ) ʧʨʠ ʧʽʚʪʦʨʘʢʨʘʪʥʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ 

ʧʦʷʩʥʶʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʢʣʘʜʝʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʢʫʟʦʚʘ, 

ʷʢʠʡ ʩʢʣʘʜʘʻ 1,75. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦ ʦʮʽʥʠʪʠ 

ʈʂɸ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ [16], ʜʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʮʽʥʢʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ 

ʚʘʛʦʥʽʚ, ʥʝ ʚʨʘʭʦʚʘʥʦ ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ. 

ʆʩʢʽʣʴʢʠ ʢʦʣʝʩʘ ʚʘʛʦʥʽʚ ʢʦʪʷʪʴʩʷ ʧʦ ʩʪʘʣʝʚʠʭ ʢʦʣʽʷʭ, ʜʝ ʚʨʘʭʫʚʘʥʥʷ 

ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. ʋ ʨʦʙʦʪʘʭ [17ï21], ʚ ʷʢʠʭ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ, ʜʝ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʢʦʨʦʟʽʷ ʢʫʟʦʚʘ, 

ʨʝʟʫʣʴʪʘʪʠ ʜʝʱʦ ʽʜʝʘʣʽʟʦʚʘʥʽ. ʊʦʤʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ [17ï21], ʥʘʙʣʠʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʫʭʦʤ ʧʦ ʜʦʨʦʛʘʭ ʨʽʟʥʦʾ ʷʢʦʩʪʽ ʪʘ ʨʽʟʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ 

ʧʘʩʘʞʠʨʘʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ [23ï25] ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʨʝʘʣʽʟʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʫ ʥʘʡʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ ʚʠʟʥʘʯʠʪʠ ʈʂɸ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʨʽʟʥʦʾ ʷʢʦʩʪʽ (ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʶʯʠ ʧʨʦʙʦʾ ʧʽʜʚʽʩʦʢ), ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ ʫ 

ʧʦʻʜʥʘʥʥʽ ʽʟ ʢʦʨʦʟʽʻʶ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ,  ʘ ʪʘʢʦʞ ʟ̔ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʘʥʽʰʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʘʚʪʦʙʫʩʽʚ. 

ʆʙʤʝʞʝʥʥʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ. ɼʘʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʝʟ ʟʤʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ ɸ092ʅ6 çɸʪʘʤʘʥè ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʜʘʥʫ ʤʦʜʝʣʴ ʽ ʥʘ ʽʥʰʽ ʘʚʪʦʙʫʩʠ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʪʽʣʴʢʠ ʧʨʠ ʚʥʝʩʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʙʫʩʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʜʦʩʣʽʜʞʝʥʥʶ ʟ̔ ʧʦʩʣʽʜʫʶʯʦʶ ʧʝʨʝʚʽʨʢʦʶ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ. ʅʘ ʘʚʪʦʙʫʩʘʭ ʥʝ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʘʥʘ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʙʝʟ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʥʝ 

ʤʦʞʝ. 

ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʩʪʘʣʽʡ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ 40 ʢʤ/ʛʦʜ ʪʘ ʢʦʥʢʨʝʪʥʠʭ ʬʽʢʩʦʚʘʥʠʭ ʤʽʢʨʦʧʨʦʬʽʣʷʭ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ɺ ʨʝʘʣʴʥʽʡ ʧʨʘʢʪʠʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩ ʥʘ ʦʜʥʦʤʫ 

ʤʘʨʰʨʫʪʽ ʤʦʞʝ ʨʫʭʘʪʠʩʴ ʧʦ ʜʦʨʦʛʘʭ ʟ̔ ʜʽʣʷʥʢʘʤʠ ʨʽʟʥʦʛʦ ʪʠʧʫ ʤʽʢʨʦʧʨʦʬʽʣʽʚ: 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʝ ʧʦʢʨʠʪʪʷ, ʙʨʫʢʽʚʢʘ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ, ʙʨʫʢʽʚʢʘ ʽʟ ʚʧʘʜʠʥʘʤʠ ʽ 

ʛʦʨʙʘʤʠ, ʘ ʫ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʨʫʭ ʪʽʣʴʢʠ ʧʦ ʜʦʨʦʟʽ ʟ ʦʜʥʦʪʠʧʥʠʤ 

ʧʦʢʨʠʪʪʷʤ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʮʽʣʴʥʠʤ ʙʫʜʝ, ʧʨʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʩʦʪʦʢ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʧʦ ʜʦʨʦʛʘʭ ʨʽʟʥʦʾ ʷʢʦʩʪʽ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʙʫʜʝ ʙʽʣʴʰ ʥʘʙʣʠʞʝʥʝ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʠʥʠʢʥʝ ʧʠʪʘʥʥʷ ʫ ʝʢʩʧʣʫʘʪʫʶʯʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʫ ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʛʠ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʤʘʩʠʚʫ ʜʘʥʠʭ. ɺʥʝʩʝʥʥʷ 

ʤʘʩʠʚʫ ʚʞʝ ʧʝʨʝʜʙʘʯʝʥʦ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʤʦʜʝʣʽ. 

ʇʨʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʦʞʣʠʚʝ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʥʟʦʤʝʪʨʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ 

ʤʘʩʠʚ ʜʘʥʠʭ, ʱʦ ʤʦʞʥʘ ʚʥʝʩʪʠ ʜʦ ʤʦʜʝʣʽ ʥʘ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʚ 

ʝʣʝʤʝʥʪʘʭ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʪʘ ʚʨʘʭʫʚʘʪʠ ʨʝʘʣʴʥʠʡ ʤʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʦʛʠ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ ʪʘ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ.  

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʥʘ ʈʂɸ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ ʱʝ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʥʦʩʷʯʠ ʟʤʽʥʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ  ʪʘ ʩʧʽʚʩʪʘʚʣʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ ʘʚʪʦʙʫʩʘʤʠ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ, 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʽ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ.  
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3.2.2.2 ʆʮʽʥʢʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ 

ʰʘʩʽ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʈʂɸ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ ʱʝ ʥʘ ʩʪʘʜʽʾ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʚʥʦʩʷʯʠ ʟʤʽʥʠ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ï ʚʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ [90] ʧʦ ʚʠʟʥʘʯʝʥʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ 

ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʙʫʩʽʚ ʥʘ 

ʨʘʤʥʦʤʫ ʰʘʩʽ;  

ï ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ.  

ɺʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ ʥʘʚʝʜʝʥʘ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1.1. 

ɿʛʽʜʥʦ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ɯʄ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ, 

ʷʢʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.11 

  

ʊʘʙʣʠʮʷ 3.11 ï ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ 

ʰʘʩʽ 

ʄʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʦʛʠ ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ, ʢʤ 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʨʘʤʠ, 

ʢʤ 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʥʝ 

ʧʦʢʨʠʪʪʷ 

1376970 2478532 

ʈʽʚʥʦʟʘʤʦʱʝʥʘ ʙʨʫʢʽʚʢʘ 907653 1452406 

ɹʨʫʢʽʚʢʘ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ 493452 838870 

 

ɺ ʪʘʙʣ. 3.11 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ 40 ʢʤ/ʛʦʜ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʧʘʩʘʞʠʨʘʤʠ (40 ʧʘʩʘʞʠʨʽʚ). 

ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʨʽʰʝʥʥʷ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʙʫʩʽʚ ʥʝ ʪʽʣʴʢʠ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʽ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʈʂɸ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ 
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ʧʨʠ ʨʽʟʥʠʭ ʪʠʧʘʭ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ɿ ʪʘʙʣ. 3.11 ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʫʜʫʪʴ ʫ ʨʘʤʠ ʘʚʪʦʙʫʩʘ ʪʘ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʢʫʟʦʚʘ ʫ 1,5ï1,8 ʨʘʟʽʚ. ʋ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʩʚʽʜ 

ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʠʧʫʱʝʥʥʷ, 

ʱʦ ʨʘʤʘ ʽʟ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʪʘ ʚʽʜʢʨʠʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ ʢʨʘʱʦʶ ʚʝʥʪʠʣʷʮʽʻʶ 

ʤʘʪʠʤʝ ʙʽʣʴʰʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɯ ʥʘʚʧʘʢʠ, ʂʂ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʩʪʘʣʝʚʠʭ ʪʨʫʙ 

ʟʘʢʨʠʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʝ ʽʥʪʝʥʩʠʚʥʽʰʝ ʢʦʨʦʜʫʚʘʪʠ ʧʦ ʧʨʠʯʠʥʽ ʢʦʥʜʝʥʩʫʚʘʥʥʷ 

ʚʦʣʦʛʠ ʚ ʟʘʢʨʠʪʠʭ ʧʦʨʦʞʥʠʥʘʭ. ʊʘʢʦʞ ʤʘʶʪʴ ʣʦʛʽʯʥʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʠ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʽ ʨʘʤʠ ʧʨʠ ʧʦʣʽʧʰʝʥʥʽ ʷʢʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ. ʏʠʤ ʚʠʱʘ ʷʢʽʩʪʴ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʪʠʤ ʤʝʥʰʽ ʚʽʜʭʠʣʝʥʥʷ ʙʫʜʫʪʴ 

ʚʽʜ ʡʦʛʦ ʤʽʢʨʦʧʨʦʬʽʣʶ ʪʘ ʤʝʥʰʽ ʧʦʰʪʦʚʭʠ ʧʝʨʝʜʘʚʘʪʠʤʫʪʴʩʷ ʯʝʨʝʟ ʧʽʜʨʝʩʦʨʝʥʽ 

ʤʘʩʠ m1 ʪʘ m2 ʜʦ ʨʘʤʠ ʪʘ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ [90], ʜʝ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʽʣʴʢʠ 

ʘʚʪʦʙʫʩʽʚ ʥʝʩʽʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʨʘʤʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥ ʁʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʙʫʩʽʚ ʥʘ ʨʘʤʥʦʤʫ 

ʰʘʩʽ. ʇʨʠ ʪʘʢʦʤʫ ʜʦʩʣʽʜʞʝʥʥ ̔ʚʨʘʭʦʚʘʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʧʝʨʝʨʽʟʽʚ ʨʘʤʠ, ʾʾ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʢʦʨʦʟʽʾ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʨʠ ʢʦʨʦʟʽʡʥʦʤʫ ʪʘ ʚʪʦʤʥʦʤʫ ʨʫʡʥʫʚʘʥʥʽ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʪʦʤʥʠʭ ʨʫʡʥʫʚʘʥʴ ʨʘʤʠ ʟʨʦʩʪʘʻ. 

ɺʜʦʩʢʦʥʘʣʝʥʘ ʤʝʪʦʜʠʢʘ ʪʘ ʦʪʨʠʤʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ, ʱʦ ʽʤʽʪʫʻ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʜʣʷ ʝʢʩʧʣʫʘʪʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ 

ʧʨʦʚʦʜʠʪʠ ʧʣʘʥʦʚʽ ɺʈ. ʊʘʢʦʞ ʥʘ ɽʇ ʤʦʞʥʘ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ 

ʧʦ ʧʦʣʽʧʰʝʥʥʶ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʷʢʦʛʦ ʚ 1,5ï

1,8 ʧʦʢʠ ʱʦ ʤʝʥʰʘ ʟʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʘʤʠ. ʈʘʮʽʦʥʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʙʫʣʘ ʙ ʪʘʢʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʷʢʦʾ ʙʫʣʘ ʙ ʨʽʚʥʦʶ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʢʫʟʦʚʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʣʽʧʰʝʥʥʷ ʤʝʪʦʜʽʚ ɸɿ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʥʘ ɽʇ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʪʫ ʡʦʛʦ ʟʘʢʨʠʪʠʭ ʧʦʨʦʞʥʠʥ 

ʜʦʟʚʦʣʠʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʜʦʚʝʩʪʠ ʜʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʘʤʠ.  
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ʆʙʤʝʞʝʥʥʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʨʦʟʽʾ ʢʘʨʢʘʩʫ ʪʨʫʙ ʢʫʟʦʚʘ ʟ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʧʨʠ ʽʥʰʠʭ ʤʝʪʦʜʘʭ ɸɿ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʨʘʤ, ʱʦ ʤʦʞʫʪʴ ʧʦʩʪʘʚʣʷʪʠʩʷ ʟ 

ʥʦʚʠʤʠ ʤʘʰʠʥʦʢʦʤʧʣʝʢʪʘʤʠ ʽʥʦʟʝʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢʦʞ ʤʦʞʣʠʚʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦ ʢʦʨʦʟʽʡʥʠʭ ʨʫʡʥʫʚʘʥʥʷʭ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ.  

ʈʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʫ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ̔ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʨʝʩʫʨʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʽʚ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʥʘʢʦʧʠʯʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ 

ʜʘʥʽ ʱʦʜʦ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ ʧʨʠ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷʭ ɸɿ. ɼʦʮʽʣʴʥʠʤ ʪʘʢʦʞ ʙʫʜʝ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʨʦʟʽʾ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʥʝʩʝʥʥʷ ʜʦ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. ʄʦʞʣʠʚʠʡ 

ʚʘʨʽʘʥʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʦʪʨʠʤʫʻʪʴʩʷ ʤʘʩʠʚ ʜʘʥʠʭ ʚʽʜʥʦʩʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʤʘʨʰʨʫʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʨʪʘʪʠʚʥʠʭ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ. 

  

3.3 ɺʠʟʥʘʯʝʥʥʷ  ʛʨʘʥʠʯʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʧʘʩʠʚʥʦʾ 

ʙʝʟʧʝʢʠ 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ  ʛʨʘʥʠʯʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ 

ʇɹ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʫʟʦʚʘ ʚʠʤʦʛʘʤ ʇɹ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ. 

ɼʣ̫ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʤʝʪʦʜʘʤʠ ɯʄ 

ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʻ ʥʝʨʫʡʥʽʚʥʠʡ ʢʦʥʪʨʦʣʴ;  

ï ʧʨʦʚʝʩʪʠ ɯʄ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ ʫʤʦʚʘʤ ʇɹ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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3.3.1 ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʇɹ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɯʄ ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS R 19.0 

(ʉʐɸ) ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 [3]. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ɯʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ANSYS R 19.0 (ʉʐɸ) ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʚ 

ʨʦʙʦʪʘʭ [36, 48, 98]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʙʽʪ [36, 48, 98], ʜʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʦʛʦ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʮʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʛʽʜʥʦ 

ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʛʨʘʜʘʮʽʾ ʤʝʪʘʣʫ ʩʢʣʘʜʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ 

(ʨʠʩ. 3.16). 

ɸʥʘʣʦʛʽʯʥʦ ʽʟ ʤʝʪʦʜʦʣʦʛʽʻʶ [36, 48, 98] ʂʂ ʘʚʪʦʙʫʩʘ ʧʦʜʘʥʦ ʪʨʠʚʠʤʽʨʥʦʶ 

ʩʪʨʠʞʥʝʚʦʶ ʤʦʜʝʣʣʶ, ʷʢʘ ʤʽʩʪʠʪʴ ʪʘʢʽ ʪʠʧʠ ʝʣʝʤʝʥʪʽʚ: ʩʪʨʠʞʝʥʴ, ʙʘʣʢʘ 

(ʨʦʟʪʷʛʫʚʘʥʥʷ/ʩʪʠʩʥʝʥʥʷ, ʟʛʠʥ, ʢʨʫʯʝʥʥʷ), ʬʝʨʤʘ (ʨʦʟʪʷʛʫʚʘʥʥʷ/ʩʪʠʩʥʝʥʥʷ), 4-

ʢʫʪʦʚʘ ʧʣʘʩʪʠʥʘ, 3-ʢʫʪʦʚʘ ʧʣʘʩʪʠʥʘ, 8-ʚʫʟʣʦʚʠʡ ʦʢʪʘʝʜʨ, 6-ʚʫʟʣʦʚʘ ʪʨʠʢʫʪʥʘ 

ʧʨʠʟʤʘ, 4-ʚʫʟʣʦʚʠʡ ʪʝʪʨʘʝʜʨ [99]. ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʚʣʘʩʥʫ 

ʣʦʢʘʣʴʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʩʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

ʧʨʘʚʦʩʪʦʨʦʥʥʽ. ʋ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʶʪʴʩʷ ʪʘʢʽ ʘʪʨʠʙʫʪʠ ʚʫʟʣʘ: 

ʟʘʢʨʽʧʣʝʥʥʷ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʧʨʫʞʥʽ ʟʘʢʨʽʧʣʝʥʥʷ, ʰʘʨʥʽʨʠ, ʧʝʨʝʤʽʱʝʥʥʷ ʫ 

ʥʘʧʨʷʤʫ ʬʽʢʩʦʚʘʥʠʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʪʨʠʞʥʷ ʦʨʽʻʥʪʦʚʘʥʘ 

ʟʘʚʞʜʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʽʩʴ X ʥʘʧʨʘʚʣʝʥʘ ʚʟʜʦʚʞ ʡʦʛʦ ʦʩʽ. ʆʨʽʻʥʪʘʮʽʷ 

ʧʝʨʝʪʠʥʫ ʩʪʨʠʞʥʷ ʞʦʨʩʪʢʦ ʧʨʠʚôʷʟʘʥʘ ʜʦ ʡʦʛʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʠʞʝʥʴ ʪʘʢʦʞ ʟʘʜʘʶʪʴʩʷ ʚ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʩʪʨʠʞʥʷ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʧʣʘʩʪʠʥʠ ʦʨʽʻʥʪʦʚʘʥʘ ʪʘʢ, ʱʦ ʚʽʩʴ Z ʩʧʨʷʤʦʚʘʥʘ ʟʘ 

ʥʦʨʤʘʣʣʶ ʜʦ ʧʣʦʱʠʥʠ ʧʣʘʩʪʠʥʠ, ʚʽʩʴ X ʧʘʨʘʣʝʣʴʥʘ ʦʜʥʽʡ ʽʟ ʩʪʦʨʽʥ ʧʣʘʩʪʠʥʠ, ʘ 

ʚʽʩʴ Y ʜʦʧʦʚʥʶʻ ʩʠʩʪʝʤʫ ʚʝʢʪʦʨʽʚ ʜʦ ʧʨʘʚʦʩʪʦʨʦʥʥʴʦʾ.  
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ɸʥʘʣ̔ʟ ʢʨʝʩʣʝʥʥɹ ʪʘ ʩʧʝʮʠʬ̔ʢʘʮ̔ʾ

ʉʪʚʦʨʝʥʥ̫ ʦʙ̀ ʤ̒ʥʦ-ʩʪʨʠʞʥʝʚʦʾ ʤʦʜʝʣ̔

ɺʥʝʩʝʥʥ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨ̔ʘʣʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟ ʧʨʦʙ̔ʛʦʤ 

ʇʨʠʢʣʘʜʝʥʥ̫ ʥʘʚʘʥʪʘʞʝʥɹ ʜʦ ʚʫʟʣ̔ʚ

ʇʝʨʝʚ̔ʨʢʘ ʥʘ ʚ̔ʜʧʦʚ̔ʜʥ̔ʩʪɹ ʩʫʤʠ 
ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʟʣ̔ʚ ʨʦʟʨʘʭʦʚʘʥʠʤ

ʊʘʢ

ʇʨʠʩʚʦ̒ʥʥ̫ ʧʝʨʝʨ̔ʟ̔ʚ ʩʪʨʠʞʥ̫ʤ 
ʟ ʙ̔ʙʣ̔ʦʪʝʢʠ ʩʦʨʪʘʤʝʥʪʫ

ɼʝʬʦʨʤʘʮ̔ʡʥʠʡ

ʈʦʟʨʘʭʫʥʦʢ

ʇʦʨʫh ʝʥʦ ʟʘʣʠh ʢʦʚʠʡ ʧʨʦʩʪ̔ʨ 
ʩʘʣʦʥʫ ʟʛ̔ʜʥʦ ʇʨʘʚʠʣ ˉ 66 ɭɽʂ ʆʆʅ? 

 ʇʝʨʝʚ̔ʨʢʘ ʟʚ̫̀ ʟʢ̔ʚ ʫ ʚʫʟʣʘʭ ʤʦʜʝʣ̔

 ʇʨʠʢʣʘʜʝʥʥ̫ ʚ̫̀ ʟʝʡ ʜʦ ʚʫʟʣ̔ʚ

ʉʪʘʪʠʯʥʠʡ ʅʝʣ̔ʥ̔ʡʥʠʡ ʂ̔ʣɹʢ̔ʩʪɹ ʦʧʝʨʘʮ̔ʡ

ʅ̔ 

ɸʚʪʦʙʫʩ ʜʦʧʫɦ ʝʥʠʡ ʜʦ 
ʧʝʨʝʚʝʟʝʥʥ̫ ʧʘʩʘʞʠʨ̔ʚ

ʊʘʢ 

ɸʚʪʦʙʫʩ ʥʝ ʜʦʧʫɦ ʝʥʠʡ ʜʦ 
ʧʝʨʝʚʝʟʝʥʥ̫ ʧʘʩʘʞʠʨ̔ʚ

ɼʦʩ̫ʛʥʝʥʘ ʪʦʯʥ̔ʩʪɹ?

ʊʘʢ 

ʅ̔ 

ʇʝʨʝʚ̔ʨʢʘ ʥʘʢʣʘʜʘʥʥ̫,
 ʘʙʦ ʜʫʙʣʁ ʚʘʥʥ̫ ʚʫʟʣ̔ʚ

ɺʥʝʩʝʥʥ̫ ʟʤ̔ʥ ʫ 
ʥʘʚʘʥʪʘʞʝʥʥ̫ ʤʦʜʝʣ̔

ʅ̔ 

ʅʘʢʣʘʜʘʥʥ̫ ʞʦʨʩʪʢʦʛʦ 
ʟʘɦ ʝʤʣʝʥʥ̫

ɼʦʜʘʚʘʥʥ̫ ʚ̔ʜʩʫʪʥ̔ʭ ʧʝʨʝʨ̔ʟ̔ʚ

ɺʠʙ̔ʨ ʤʝʪʦʜʫ ʄʂɽ-ʨʦʟʨʘʭʫʥʢʫ 

ɸʚʪʦʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ
ʚ̔ʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨ̔ʟ̔ʚ

ɸʥʘʣ̔ʟ ʢʨʝʩʣʝʥʥɹ ʪʘ ʩʧʝʮʠʬ̔ʢʘʮ̔ʾ

ʉʪʚʦʨʝʥʥ̫ ʦʙ̀ ʤ̒ʥʦ-ʩʪʨʠʞʥʝʚʦʾ ʤʦʜʝʣ̔

ɺʥʝʩʝʥʥ̫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨ̔ʘʣʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟ ʧʨʦʙ̔ʛʦʤ 

ʇʨʠʢʣʘʜʝʥʥ̫ ʥʘʚʘʥʪʘʞʝʥɹ ʜʦ ʚʫʟʣ̔ʚ

ʇʝʨʝʚ̔ʨʢʘ ʥʘ ʚ̔ʜʧʦʚ̔ʜʥ̔ʩʪɹ ʩʫʤʠ 
ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʟʣ̔ʚ ʨʦʟʨʘʭʦʚʘʥʠʤ

ʊʘʢ

ʇʨʠʩʚʦ̒ʥʥ̫ ʧʝʨʝʨ̔ʟ̔ʚ ʩʪʨʠʞʥ̫ʤ 
ʟ ʙ̔ʙʣ̔ʦʪʝʢʠ ʩʦʨʪʘʤʝʥʪʫ

ɼʝʬʦʨʤʘʮ̔ʡʥʠʡ

ʈʦʟʨʘʭʫʥʦʢ

ʇʦʨʫh ʝʥʦ ʟʘʣʠh ʢʦʚʠʡ ʧʨʦʩʪ̔ʨ 
ʩʘʣʦʥʫ ʟʛ̔ʜʥʦ ʇʨʘʚʠʣ ˉ 66 ɭɽʂ ʆʆʅ? 

 ʇʝʨʝʚ̔ʨʢʘ ʟʚ̫̀ ʟʢ̔ʚ ʫ ʚʫʟʣʘʭ ʤʦʜʝʣ̔

 ʇʨʠʢʣʘʜʝʥʥ̫ ʚ̫̀ ʟʝʡ ʜʦ ʚʫʟʣ̔ʚ

ʉʪʘʪʠʯʥʠʡ ʅʝʣ̔ʥ̔ʡʥʠʡ ʂ̔ʣɹʢ̔ʩʪɹ ʦʧʝʨʘʮ̔ʡ

ʅ̔ 

ɸʚʪʦʙʫʩ ʜʦʧʫɦ ʝʥʠʡ ʜʦ 
ʧʝʨʝʚʝʟʝʥʥ̫ ʧʘʩʘʞʠʨ̔ʚ

ʊʘʢ 

ɸʚʪʦʙʫʩ ʥʝ ʜʦʧʫɦ ʝʥʠʡ ʜʦ 
ʧʝʨʝʚʝʟʝʥʥ̫ ʧʘʩʘʞʠʨ̔ʚ

ɼʦʩ̫ʛʥʝʥʘ ʪʦʯʥ̔ʩʪɹ?

ʊʘʢ 

ʅ̔ 

ʇʝʨʝʚ̔ʨʢʘ ʥʘʢʣʘʜʘʥʥ̫,
 ʘʙʦ ʜʫʙʣʁ ʚʘʥʥ̫ ʚʫʟʣ̔ʚ

ɺʥʝʩʝʥʥ̫ ʟʤ̔ʥ ʫ 
ʥʘʚʘʥʪʘʞʝʥʥ̫ ʤʦʜʝʣ̔

ʅ̔ 

ʅʘʢʣʘʜʘʥʥ̫ ʞʦʨʩʪʢʦʛʦ 
ʟʘɦ ʝʤʣʝʥʥ̫

ɼʦʜʘʚʘʥʥ̫ ʚ̔ʜʩʫʪʥ̔ʭ ʧʝʨʝʨ̔ʟ̔ʚ

ɺʠʙ̔ʨ ʤʝʪʦʜʫ ʄʂɽ-ʨʦʟʨʘʭʫʥʢʫ 

 

 

ʈʠʩʫʥʦʢ 3.16 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʮʥʦʩʪʽ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ 

ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 [99] 
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ʋ ʣʦʢʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʪʘʢʦʞ ʟʘʜʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʝ ʨʦʟʧʦʜʽʣʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʣʘʩʪʠʥʫ. 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʙôʻʤʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʛʣʦʙʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ. ʉʪʫʧʝʥʽ ʩʚʦʙʦʜʠ: ʚʫʟʦʣ ʤʘʻ ʰʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, 

ʩʪʨʠʞʝʥʴ ï 12, ʧʣʘʩʪʠʥʘ ï 18 ʘʙʦ 24. ʆʙô̒ ʤʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ 12, 18 ʘʙʦ 24 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʧʦ ʪʨʠ (ʣʽʥʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ) ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ. ɿʛʽʜʥʦ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʘʚʪʦʙʫʩ ʫ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʪʽ ʪʘʢʽ ʧʨʦʬʽʣʽ 

ʩʪʨʠʞʥʽʚ: 63Ĭ32Ĭ2.5, 63Ĭ45Ĭ3, 80Ĭ40Ĭ3, 100Ĭ54Ĭ4. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʙʽʪ [35, 36, 48, 98], ʜʦ ʤʦʜʝʣʽ ʚʥʦʩʷʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʱʦ ʚʞʝ ʙʫʚ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ 

ůʪ=37 ʄʇʘ, ʥʘʧʨʫʞʝʥʥʷ ʚʠʪʨʠʚʘʣʦʩʪʽ ůʚ=299 ʄʇʘ, ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ 

ŭ=16%, ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ [100]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʟ ʧʨʦʙʽʛʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʧʨʠ ɺʈ ʢʫʟʦʚʘ ʚ 

ʢʦʥʢʨʝʪʠʟʦʚʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʠ ʟʘʜʘʥʠʭ ʪʝʨʤʽʥʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʮʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 ʧʦʚʠʥʥʦ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʚʥʠʤ 

ʫʤʦʚʘʤ. ʇʝʨʰʘ ʫʤʦʚʘ: ʢʦʞʥʘ ʩʝʢʮʽʷ ʢʫʟʦʚʘ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ʤʽʮʥʦ ʽ ʥʘʜʽʡʥʦ 

ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʦʨʩʪʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʘʚʢʦʣʦ ʪʦʯʦʢ ʢʨʽʧʣʝʥʥʷ ʥʝ ʧʦʚʠʥʥʦ ʚʠʥʠʢʘʪʠ ʤʽʩʮʝʚʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

ɼʨʫʛʘ ʫʤʦʚʘ: ʤʽʩʮʝ ʽ ʤʝʪʦʜ ʢʨʽʧʣʝʥʥʷ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʰʢʦʜʞʘʪʠ ʬʦʨʤʫʚʘʥʥʶ 

ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʦʥ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʦʙʦʪʽ ʧʣʘʩʪʠʯʥʠʭ ʰʘʨʥʽʨʽʚ. 

ɼʣʷ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʩʝʢʮʽʾ ʢʫʟʦʚʘ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʇʨʘʚʠʣ ˉ 66 ɭɽʂ ʆʆʅ, ʙʫʣʠ ʟʘʙʝʟʧʝʯʝʥʽ ʜʚʽ ʚʠʤʦʛʠ. ʇʝʨʰʘ ʚʠʤʦʛʘ ï 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʚʝʨʭʥʽʡ ʦʙʚôʷʟʮʽ ʯʝʨʝʟ ʞʦʨʩʪʢʠʡ 

ʙʨʫʩ. ɼʦʚʞʠʥʘ ʙʨʫʩʘ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʚʝʨʭʥʽʡ ʦʙʚôʷʟʮʽ ʜʣʷ ʽʤʽʪʘʮʽʾ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ 

ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʧʝʨʝʢʠʜʘʥʥʷ. ɼʨʫʛʘ ʚʠʤʦʛʘ ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ 

ʙʨʫʩʘ ʚ ʮʝʥʪʨʽ ʚʘʛʠ ʩʝʢʮʽʾ ʢʫʟʦʚʘ. ʎʝʥʪʨ ʚʘʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʤʘʩʘʭ, ʱʦ ʚʭʦʜʷʪʴ 

ʜʦ ʩʝʢʮʽʡ ʩʠʣʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʟôʻʜʥʫʶʪʴ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ.  

ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʝʪʘʧʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 
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1. ɿʛʽʜʥʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʘʚʪʦʙʫʩ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʩʢʣʘʜʝʥʦ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ (ʨʠʩ. 3.17) ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʟʚʝʜʝʥʦʛʦ 

ʮʝʥʪʨʘ ʚʘʛʠ ʆ ʥʘ ʦʩʥʦʚʽ ʧʦʣʦʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʦʾ ʤʘʩʠ ʪʘ ʾʾ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʘʢʠʭ 

ʩʢʣʘʜʦʚʠʭ: ʚʦʜʽʡ, ʜʚʠʛʫʥ ʽʟ ʥʘʚʽʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʪʨʘʥʩʤʽʩʽʷ, ʜʦʜʘʪʢʦʚʝ 

ʦʩʥʘʱʝʥʥʷ (ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʘ ʛʘʣʴʤ, ʧʘʣʠʚʥʠʡ ʙʘʢ, ʟʘʧʘʩʥʝ ʢʦʣʝʩʦ, 

ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ, ʨʝʰʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʽʚ ʪʘ ʘʛʨʝʛʘʪʽʚ), ʂʂ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʙʣʠʮʶʚʘʥʥʷ, ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʰʠʚʢʠ ʪʘ ʰʘʩʽ ʟ ʥʘʚʽʩʥʠʤʠ 

ʘʛʨʝʛʘʪʘʤʠ.  
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ʈʠʩʫʥʦʢ 3.17 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʪʨʘʻʢʪʦʨʽʾ ʧʘʜʽʥʥʷ ʘʚʪʦʙʫʩʘ ʜʦ 

ʤʦʤʝʥʪʫ ʫʜʘʨʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʇʨʘʚʠʣ ˉ 66 ɭʚʨʦʧʝʡʩʴʢʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʢʦʤʽʩʽʾ 

ʆʨʛʘʥʽʟʘʮʽʾ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ 

   

ʆʪʨʠʤʘʥʦ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʚʘʛʠ ʘʚʪʦʙʫʩʘ: ʚʠʩʦʪʘ ʧʦʣʦʞʝʥʥʷ lk=0,77 ʤ; 

ʟʤʽʱʝʥʥʷ ʩʪʦʩʦʚʥʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʩʠʤʝʪʨʽʾ ʰʘʩʽ ʚʽʜʩʫʪʥʻ; ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʢʦʣʽʩ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʮʝʥʪʨʘ ʚʘʛʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʢʦʨʦʪʰʘ ʥʘ 3% ʚʽʜ ʩʧʨʘʚʞʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʦʙʯʠʩʣʝʥʦʛʦ ʟʘ ʨʝʘʢʮʽʷʤʠ ʢʦʣʽʩ ʥʘ 

ʦʩʥʦʚʽ ʨʝʘʣʴʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ (2349 ʤʤ). 

2. ɿʛʽʜʥʦ ʟ ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʨʽʚʥʦʟʤʽʥʥʦʛʦ ʦʙʝʨʪʘʣʴʥʦʛʦ 

ʨʫʭʫ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʽʥʮʝʚʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʘ 
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ʤʦʤʝʥʪ ʫʜʘʨʫ ʢʘʨʢʘʩʘ ʢʫʟʦʚʘ ʟ ʫʜʘʨʥʦʶ ʧʦʚʝʨʭʥʝʶ: ɤ = 2,59 ʨʘʜ/ʩ. ʆʩʢʽʣʴʢʠ 

ʇʨʘʚʠʣʘ ɭɽʂ ʆʆʅ ˉ 66 ʚʠʤʘʛʘʶʪʴ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʧʝʨʝʢʠʜʘʥʥʷ, ʦʢʨʽʤ ʜʽʾ ʩʠʣʠ ʚʘʛʠ, ʪʦ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʟʘ ʥʫʣʴ.  

3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʦʙʦʯʠʭ 

ʢʨʝʩʣʝʥʴ ʘʚʪʦʙʫʩʘ ʤʦʜʝʣʽ ɹɸɿ ï ɸ079.23 ʟʘʤʽʨʷʥʦ ʨʝʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʨʘʜʽʫʩʘ 

ʦʙʝʨʪʘʥʥʷ ʮʝʥʪʨʘ ʚʘʛʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʾʡ ʢʫʪ ʦʙʝʨʪʘʥʥʷ: r = 1,22 ʤ; ű = 0,28ˊ. 

ɺʠʨʘʟʠʚʰʠ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ Ů ʯʝʨʝʟ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ɤ, ʚʠʟʥʘʯʝʥʦ ʯʘʩ, 

ʟʘʪʨʘʯʝʥʠʡ ʥʘ ʧʝʨʝʢʠʜʘʥʥʷ ʘʚʪʦʙʫʩʘ: t = 0,68 ʩ. 

4. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʝʨʪʦʚʝ ʪʘ 

ʜʦʮʝʥʪʨʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʩʪʘʥʦʚʠʪʴ: ʘʦʙ = 4,65 ʤ/ʩ
2
, aʜʦʮ = 8,18 ʤ/ʩ

2
. ɯʤʽʪʘʮʽʷ 

ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ  ̄66 ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʜʙʘʯʘʻ ʚʨʘʭʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʘʨʝʟ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ 

ʧʦʛʣʠʥʘʥʥʷ ʫʜʘʨʫ ɽ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʴ ʪʘ ʝʥʝʨʛʽʾ ʘʙʩʦʨʙʮʽʾ ʫʜʘʨʫ 

ʩʪʦʩʫʶʪʴʩʷ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ.  

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʽʤʽʪʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʇʨʘʚʠʣʘʤ ɭɽʂ ʆʆʅ ˉ 66 ʧʨʠʢʣʘʜʝʥʥʷ ʚôʷʟʝʡ ʦʙʤʝʞʝʥʥʷ ʨʫʭʫ 

ʚʠʢʦʥʘʥʦ ʫ ʚʫʟʣʘʭ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʥʘʡʤʝʥʰ ʧʽʜʜʘʪʣʠʚʠʭ 

ʜʝʬʦʨʤʘʮʽʷʤ ʫʜʘʨʫ: ʧʦʪʫʞʥʘ ʬʝʨʤʘ ʰʘʩʽ ʘʚʪʦʙʫʩʘ ʪʘ ʥʠʞʥʽ ʧʦʨʦʛʠ ʣʽʚʦʾ 

ʙʦʢʦʚʠʥʠ. 

ʅʘ ʨʠʩ. 3.18 ʥʘʚʝʜʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʇʨʘʚʠʣ  ̄66 ɭɽʂ ʆʆʅ ʧʨʠ ʽʤʽʪʘʮʽʾ ʧʝʨʝʢʠʜʘʥʥʷ ʘʚʪʦʙʫʩʘ.  

ʇʽʩʣʷ ʧʝʨʝʢʠʜʘʥʥʷ ʘʚʪʦʙʫʩʘ ʥʘʙʽʢ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 

ʜʝʬʦʨʤʘʮʽʾ ʩʪʽʡʦʢ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦʙ ʥʝ ʧʝʨʝʢʨʠʚʘʣʠ ʙʝʟʧʝʯʥʠʡ 

ʟʘʣʠʰʢʦʚʠʡ ʧʨʦʩʪʽʨ ʫ ʚʠʛʣʷʜʽ ʟʘʰʪʨʠʭʦʚʘʥʦʾ ʪʨʘʧʝʮʽʾ, ʟʦʙʨʘʞʝʥʦʶ ʥʘ ʨʠʩ. 3.18. 
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                          ʘ)                                                      ʙ) 

 

ʈʠʩʫʥʦʢ 3.18 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ˉ 66 ɭʚʨʦʧʝʡʩʴʢʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʢʦʤʽʩʽʾ 

ʆʨʛʘʥʽʟʘʮʽʾ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ: ʘ) ï ʚʠʜ ʟʟʘʜʫ; ʙ) ï ʚʠʜ ʟʚʝʨʭʫ 

  

ʋ ʚʠʧʘʜʢʫ ʚʠʭʦʜʫ ʟʘ ʤʝʞʽ ʜʦʧʫʩʢʫ ʪʘʢʠʡ ʢʫʟʦʚ ʚʠʙʨʘʢʦʚʫʻʪʴʩʷ ʪʘ ʥʝ 

ʧʽʜʣʷʛʘʻ ʚʽʜʥʦʚʣʝʥʥʶ [101].  

 

3.3.2 ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʫʤʦʚʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ 

ɯʄ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʫʤʦʚʘʤ ʇɹ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʪʝʨʽʘʣʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʱʦ ʙʫʚ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ɯʄ ʦʙʨʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ (ʟʨʘʟʦʢ ˉ 5): ůʪ=37 ʄʇʘ, ůʚ=299 ʄʇʘ, ŭ=16%. ʅʘ ʨʠʩ. 3.19 

ʧʦʢʘʟʘʥʦ ʘʚʪʦʙʫʩ ʧʽʜ ʯʘʩ ɯʄ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66.  
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                           ʘ)                                                                   ʙ) 

 

ʈʠʩʫʥʦʢ 3.19 ï ɸʚʪʦʙʫʩ ʧʽʜ ʯʘʩ ɯʄ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭʚʨʦʧʝʡʩʴʢʦʾ 

ʝʢʦʥʦʤʽʯʥʦʾ ʢʦʤʽʩʽʾ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ ˉ 66: ʘ) ï ʜʦ ʧʝʨʝʢʠʜʘʥʥʷ; 

ʙ) ï ʧʽʩʣʷ ʧʝʨʝʢʠʜʘʥʥʷ 

  

ɺ ʪʘʙʣ. 3.12 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʦʚʦʛʦ 

ʘʚʪʦʙʫʩʘ [36, 48] ʪʘ ʘʚʪʦʙʫʩʘ ʽʟ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʩʽʤ ʨʦʢʽʚ. 

  

ʊʘʙʣʠʮʷ 3.12 ï ʇʦʨʽʚʥʷʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʩʪʽʡʦʢ ʥʦʚʦʛʦ ʪʘ ʚʦʩʴʤʠʨʽʯʥʦʛʦ ʘʚʪʦʙʫʩʘ 

ɼʝʬʦʨʤʘʮʽʷ ʩʪʽʡʦʢ ʘʚʪʦʙʫʩʘ ȹʝ, ʤʤ 
ʅʦʤʝʨ ʩʪʽʡʢʠ 

1 2 3 

ʅʦʚʠʡ [36, 48] 178 135 74 

ɺʦʩʴʤʠʨʽʯʥʠʡ 393 344 282 

 

ʈʝʟʫʣʴʪʘʪʠ ɯʄ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʘʚʪʦʙʫʩ ʧʽʩʣʷ ʚʦʩʴʤʠ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʞʝ ʥʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ɯʄ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭʚʨʦʧʝʡʩʴʢʦʾ ʝʢʦʥʦʤʽʯʥʦʾ 

ʢʦʤʽʩʽʾ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ ˉ 66 (ʪʘʙʣ. 3.12) ʚʠʜʥʦ, ʱʦ ʧʨʠ 

ʧʦʛʽʨʰʝʥʥʽ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʚ 1,14 ʨʘʟʽʚ ʪʘ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʚ 6,35 ʨʘʟʠ, 

ʜʝʬʦʨʤʘʮʽʷ ʩʪʽʡʦʢ ʚʦʩʴʤʠʨʽʯʥʦʛʦ ʘʚʪʦʙʫʩʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2,21ï3,81 ʨʘʟʠ. ʊʦʤʫ 

ʪʘʢʠʡ ʘʚʪʦʙʫʩ ʚʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʇʨʘʚʠʣʘʤ ɭɽʂ ʆʆʅ ˉ 66. ʇʨʠ ʩʧʽʨʥʠʭ 

ʩʠʪʫʘʮʽʷʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʜʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 
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ʚʠʥʠʢʥʝ ʧʦʪʨʝʙʘ ʫ ʜʦʜʘʪʢʦʚʦʤʫ ʚʠʨʽʟʘʥʥʽ ʟʨʘʟʢʘ ʽʟ ʦʜʥʽʻʾ ʟ ʩʪʽʡʦʢ ʘʚʪʦʙʫʩʘ. 

ʊʘʢʝ ʨʽʰʝʥʥʷ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʪʽʣʴʢʠ ʫ ʢʨʘʡʥʴʦʤʫ ʚʠʧʘʜʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʦʚʥʦʮʽʥʥʠʡ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʘʚʪʦʙʫʩʥʠʭ ʢʫʟʦʚʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ 

ʫʤʦʚ ʇɹ ʤʦʞʣʠʚʠʡ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʚʩʽʭ ʪʨʴʦʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ [26] ʚʨʘʭʦʚʫʶʪʴ ʇɹ ʧʝʨʝʚʝʟʝʥʥʷ 

ʧʘʩʘʞʠʨʽʚ, ʱʦ ʟ ʪʨʠʚʘʣʠʤʠ ʪʝʨʤʽʥʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʧʣʠʥʝ ʽ ʥʘ ʢʦʤʬʦʨʪ ʾʭ 

ʧʝʨʝʚʝʟʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʧʦʩʣʘʙʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʧʨʠʟʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʦʰʪʦʚʭʽʚ ʚʽʜ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ ʜʦ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ [27] ʤʦʞʥʘ ʙʫʣʦ ʙ ʫ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʦʧʦʚʥʠʪʠ ʪʝʥʟʦʤʝʪʨʫʚʘʥʥʷʤ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʙ 

ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʟʙʽʣʴʰʝʥʥʷ ʷʢʠʭ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʛʝʥʝʨʫʚʘʥʥʽ ʚʽʙʨʘʮʽʾ ʚʽʜ 

ʤʽʢʨʦʧʨʦʬʽʣʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʢʫʟʦʚ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʥʘ ɽʇ [8], ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʚ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʤʝʪʦʜʘʤʠ [32] ʜʦʟʚʦʣʠʣʦ ʙ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʘ ʥʘʩʪʘʥʥʷ ʤʦʤʝʥʪʫ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʇʨʘʚʠʣ [3].  

ʇʣʘʥʫʚʘʥʥʷ ʟʘʢʫʧʽʚʝʣʴ ʘʚʪʦʙʫʩʽʚ [30] ʩʪʘʥʝ ʙʽʣʴʰ ʢʦʨʝʢʪʥʠʤ, ʢʦʣʠ 

ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʟʘʤʽʥʠ ʘʚʪʦʙʫʩʘ ʙʫʜʝ ʡʦʛʦ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʇʨʘʚʠʣ 

ɭɽʂ ʆʆʅ ˉ 66 ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ɺʈ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ [35, 36, 48], ʜʝ ʧʨʦʚʦʜʠʪʴʩʷ ɯʄ ʧʝʨʝʢʠʜʘʥʥʷ ʪʽʣʴʢʠ ʥʦʚʦʛʦ 

ʘʚʪʦʙʫʩʘ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66, ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʪʘʢʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʜʝʛʨʘʜʘʮʽʶ ʤʝʪʘʣʫ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʨʽʟʘʶʪʴʩʷ ʟ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʽʜ ʯʘʩ ɺʈ [102]. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʛʨʘʜʦʚʘʥʦʛʦ ʤʝʪʘʣʫ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʥʦʩʷʪʴʩʷ ʚ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ, ʱʦ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʫʤʦʚʘʤ ʇɹ ʧʽʜ ʯʘʩ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʇʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʫ ʨʝʘʣʴʥʫ ʧʨʘʢʪʠʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ. ʂʦʥʪʨʦʣʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ ʩʪʦʩʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʘʚʪʦʙʫʩʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʇɹ ʷʢʠʭ 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ 

ʜʝʛʨʘʜʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʢʦʥʪʨʦʣʴ ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʟʫʘʣʴʥʠʤ 

ʢʦʥʪʨʦʣʝʤ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ ʟʘʩʦʙʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʤʝʪʘʣʫ.  

ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʟʙʽʣʴʰʝʥʥʷ ʥʦʨʤ ʯʘʩʫ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤ ʚʽʟʫʘʣʴʥʠʤ 

ʢʦʥʪʨʦʣʝʤ. ʗʢ ʨʝʟʫʣʴʪʘʪ ʮʝ ʩʧʨʠʯʠʥʷʻ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. 

ʈʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʧʦʣʷʛʘʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʨʠ ʨʽʟʥʠʭ ʪʝʨʤʽʥʘʭ ʪʘ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʽʚ. 

ʅʘʢʦʧʠʯʝʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ɯʄ ʧʨʠ 

ʧʝʨʝʚʽʨʮʽ ʇɹ ʘʚʪʦʙʫʩʘ ʟʛʽʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66, ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

3.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

1. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ-

ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʙʽʛʫ ʽ ʯʘʩʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜ ʨʽʟʥʽ ʪʠʧʦʚʽ ʫʤʦʚʠ ï ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʙʫʩʽʚ.  

2. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʦʨʪʘʤʝʥʪʽʚ ʧʨʦʢʘʪʫ ʽ ʤʘʨʦʢ ʩʪʘʣʽ ʥʘ ʟʤʽʥʫ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʟ ʫʤʦʚ ʜʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʤ 

ʚʠʤʦʛʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ. 

3. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʘ ʚ ʦʙʨʘʥʠʭ 

ʫʤʦʚʘʭ ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʧʨʦʙʦʾ 

ʧʽʜʚʽʩʦʢ ʘʚʪʦʙʫʩʘ, ʧʨʠ ʩʧʨʘʚʥʽʡ ʧʽʜʚʽʩʮʽ ʪʘ ʧʨʠ ʨʫʩʽ ʧʦ ʜʦʨʦʛʘʭ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʪʘ 

ʧʦʩʪʽʡʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ. ʇʨʠʯʦʤʫ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʙʦʾʚ ʧʽʜʚʽʩʦʢ ʘʚʪʦʙʫʩʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʟʠʣʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦ ʨʝʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʄʽʥʽʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ 

ʩʢʣʘʚ 57523 ʢʤ, ʧʨʠ ʧʽʚʪʦʨʘʢʨʘʪʥʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʧʘʩʘʞʠʨʘʤʠ ʪʘ ʨʫʩʽ 

ʘʚʪʦʙʫʩʘ ʧʦ ʙʨʫʢʽʚʮʽ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʩʢʣʘʚ 1289315 ʢʤ, ʧʨʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʪʽʣʴʢʠ ʧʘʩʘʞʠʨʽʚ, ʱʦ ʩʠʜʷʪʴ, ʪʘ ʨʫʩʽ ʘʚʪʦʙʫʩʘ ʧʦ ʜʦʨʦʟʽ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ. ʊʦʤʫ ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʧʨʠ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 57523ï

1289315 ʢʤ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʶʶʯʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʢʫʟʦʚʘ, ʤʦʞʥʘ ʚʧʣʠʥʫʪʠ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʱʝ ʥʘ ʝʪʘʧʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʦʪʨʠʤʫʶʯʠ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ.  

4. ʆʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫ ʥʦʨʤʦʚʘʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʙʝʟʘʚʘʨʽʡʥʫ ʨʦʙʦʪʫ ʢʘʨʢʘʩʽʚ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ, ʱʦ 

ʧʦʨʽʚʥʷʥʽ ʟ ʨʝʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʪʴ 

ʥʘʫʢʦʚʮʷʤ ʪʘ ʽʥʞʝʥʝʨʘʤ-ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʚʠʢʦʥʫʚʘʪʠ ʧʦʛʣʠʙʣʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʩʫʤʽʱʝʥʥʷʤ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʨʫʡʥʫʚʘʥʥʷ: ʮʠʢʣʽʯʥʠʭ 

ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʨʠ ʟʤʽʥʥʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʨʫʭʫ ʘʚʪʦʙʫʩʘ ʪʘ ʧʨʦʪʽʢʘʥʥʷʤ ʘʪʤʦʩʬʝʨʥʦʾ ʽ ʩʦʣʷʥʦʾ ʢʦʨʦʟʽʾ. ɸʜʝʢʚʘʪʥʽʩʪʴ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ (FP<Fʪ). ɸʙʩʦʣʶʪʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ b1, ʪʦʤʫ ʬʘʢʪʦʨ ʍ1 (ʤʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʦʛʠ) ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʨʝʩʫʨʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʢʫʟʦʚʘ 

ʚ ʜʦʩʣʽʜʽ ʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ 83 ʧʘʩʘʞʠʨʘʤʠ 

(ʜʦʚʛʦʚʽʯʥʽʩʪʴ 756321 ʢʤ), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʩʣʽʜʦʤ ʟ ʨʽʚʥʦʟʘʤʦʱʝʥʦʶ 

ʙʨʫʢʽʚʢʦʶ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ 52 ʧʘʩʘʞʠʨʘʤʠ (ʜʦʚʛʦʚʽʯʥʽʩʪʴ 640635 ʢʤ). 

5. ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʨʘʤʥʦʤʫ ʰʘʩʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʘ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 

ʚʽʜ 5 ʜʦ 11 ʨʦʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʨʘʭʦʚʘʥʦ 

ʪʘʢʽ ʬʘʢʪʦʨʠ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʘʤʠ, ʤʽʢʨʦʧʨʦʬʽʣʴ ʜʦʨʦʛʠ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʘʚʪʦʙʫʩʘ, ʢʦʨʦʟʽʷ. ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʘʚʪʦʙʫʩʘ ʟʘʣʝʞʠʪʴ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʘʤʠ ʪʘ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʆʩʢʽʣʴʢʠ ʨʘʤʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʽʟ 

ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʪʘ ʪʝʨʤʦʦʙʨʦʙʣʝʥʘ, ʧʨʠ ʫʪʚʦʨʝʥʥʷʭ ʪʨʽʱʠʥ ʨʘʤʠ ʚʦʥʘ ʥʝ 
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ʨʝʤʦʥʪʫʻʪʴʩʷ, ʘ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʥʦʚʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʘʤʘ ʤʘʻ ʚ 1,5ï1,8 ʨʘʟʠ 

ʙʽʣʴʰʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʥʽʞ ʩʘʤ ʢʘʨʢʘʩ ʢʫʟʦʚʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʘʤʘ 

ʚʠʛʦʪʦʚʣʝʥʘ ʽʟ ʣʝʛʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʘʻ ʚʽʜʢʨʠʪʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʾʾ ʚʝʥʪʠʣʷʮʽʶ. ʇʨʦʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ 

ʧʝʨʰʦʯʝʨʛʦʚʝ ʧʦʣʽʧʰʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʱʦʙ 

ʥʘʙʣʠʟʠʪʠ ʡʦʛʦ ʨʝʩʫʨʩ ʜʦ ʨʝʩʫʨʩʫ ʨʘʤʠ. 

6. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʤʝʪʦʜʘʤʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʫʤʦʚ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʟʛʽʜʥʦ 

ʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʨʫʡʥʽʚʥʠʭ 

ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ. ʅʝʨʫʡʥʽʚʥʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʝʨʝʚʽʨʢʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟ ʫʤʦʚ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʟʛʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ ɭɽʂ 

ʆʆʅ ˉ 66 ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʨʘʥʽʰʝ ʥʝ ʙʫʣʦ ʤʦʞʣʠʚʠʤ. ʅʘ ʦʩʥʦʚʽ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʫʤʦʚʘʤ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ ʟʛʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 ʤʝʪʦʜʘʤʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʝʬʦʨʤʘʮʽʷ ʩʪʽʡʦʢ ʚʦʩʴʤʠʨʽʯʥʦʛʦ ʘʚʪʦʙʫʩʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 2,21ï3,81 ʨʘʟʠ. ʎʝ 

ʚʢʘʟʫʻ ʥʘ ʥʝʧʨʠʧʫʩʪʠʤʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ. 
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ʈʆɿɼɯʃ 4 

ʅɸʊʋʈʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʆʎɯʅʂʀ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʊɸ 

ʅɸɼɯʁʅʆʉʊɯ ɸɺʊʆɹʋʉɯɺ ʋ ʈɽɸʃʔʅɯʁ ɽʂʉʇʃʋɸʊɸʎɯɰ  

 

  4.1 ɺʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʪʨʫʙ ʢʘʨʢʘʩʫ ʫ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

  4.1.1 ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ  

  ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟ ʧʨʦʙʽʛʦʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʚʠʨʽʟʘʥʽ ʝʣʝʤʝʥʪʠ ʢʫʟʦʚʘ [54], ʷʢʽ, ʫ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʩʣʘʙʣʶʶʪʴ ʢʘʨʢʘʩ ʪʘ ʧʽʜʣʷʛʘʶʪʴ ʟʘʤʽʥʽ. 

ʌʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʟʨʘʟʢʽʚ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ [103], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʽʜ 

ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 4.1. 
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ʈʠʩʫʥʦʢ 4.1 ï ʌʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʟʨʘʟʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʴ 

 

ʅʘ ʨʠʩ. 4.2 ʟʦʙʨʘʞʝʥʦ  ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 

2006 ʨ. ʚʠʧʫʩʢʫ, ʟ ʷʢʠʭ ʚʠʨʽʟʘʥʦ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ. 

1. ʇʦʚʟʜʦʚʞʥʽʡ ʣʦʥʞʝʨʦʥ ʽʟ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ (ʙʽʣʷ ʤʽʩʮʴ ʢʨʽʧʣʝʥʥʷ 

ʧʥʝʚʤʦʨʝʩʦʨ) ʪʨʫʙʠ ʧʨʦʬʽʣʝʤ 140Ĭ60Ĭ3 ʤʤ (ˉ 1). 
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2. ɽʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʙʽʯʥʠʭ ʯʘʩʪʠʥ ʪʘ ʜʚʝʨʥʠʭ ʩʪʽʡʦʢ ʪʨʫʙʠ ʧʨʦʬʽʣʝʤ 

40Ĭ40Ĭ2 ʤʤ    (ˉ 2, ˉ 3, ˉ 7). 

3. ɽʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʙʽʯʥʠʭ ʯʘʩʪʠʥ, ʱʦ ʬʦʨʤʫʶʪʴ ʘʨʢʫ ʟʘʜʥʽʭ ʢʦʣʽʩ ʪʨʫʙʠ 

ʧʨʦʬʽʣʝʤ 60Ĭ40Ĭ3 ʤʤ (ˉ 4, ˉ 5). 

4. ʐʚʝʣʝʨ ʧʝʨʝʨʽʟʦʤ 100Ĭ40Ĭ3 ʤʤ ʫ ʨʘʡʦʥʽ ʢʨʽʧʣʝʥʥʷ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ 

ʧʝʨʝʨʽʟʦʤ 100Ĭ40Ĭ3 ʤʤ (ˉ 6). 

ɿʨʘʟʦʢ ˉ 1 ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʽ ʉʪʘʣʽ 20, ʘ ʽʥʰʽ ï ʟʽ ʉʪʘʣʽ 10. 

  

 

 

ʈʠʩʫʥʦʢ 4.2 ï ɽʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 2006 ʨ. 

ʚʠʧʫʩʢʫ, ʟ ʷʢʠʭ ʚʠʨʽʟʘʥʦ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ 

 

ʗʢ ʚʠʜʥʦ (ʨʠʩ. 4.3) ʟ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʽʜʧʦʚʽʜʥʦ ʚʠʨʽʟʘʥʽ 

ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʨʦʟʤʽʨʦʤ 200Ĭ20 ʤʤ (ʨʠʩ. 4.3, ʘ). ɿʨʘʟʢʠ ʚʠʨʽʟʘʥʽ ʟ ʯʘʩʪʠʥ 
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ʦʙʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʩʪʫʧʝʥʝʤ ʢʦʨʦʟʽʾ ʪʘ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ. 

 

  

                                 ʘ)                                                       ʙ) 

  

ʈʠʩʫʥʦʢ 4.3 ï ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ: ʘ) ï ʜʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʨʠʚ; ʙ) ï ʧʽʩʣʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʨʠʚ 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʈ-5 ʟʛʽʜʥʦ 

ʚʽʜʦʤʦʾ ʤʝʪʦʜʠʢʠ [103], ʧʨʠ ʷʢʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ.  

ɿʘ ʜʘʥʠʤʠ ʜʽʘʛʨʘʤ ʨʦʟʪʷʛʫ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ: ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ůʪ, ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʪʨʠʚʘʣʦʩʪʽ ůʚ ʪʘ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ŭ. 

ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

,
0

F

ʈ
ʊ

ʊ
=s                                     (4.1) 

 

ʜʝ F0 ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ; 

ʈʪ ï ʟʫʩʠʣʣʷ ʨʦʟʪʷʛʫ ʟʨʘʟʢʘ ʧʨʠ ʪʝʢʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʅʘʧʨʫʞʝʥʥʷ ʚʠʪʨʠʚʘʣʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  
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,
0

max

F

ʈ
ʚ
=s                                                  (4.2) 

 

ʜʝ ʈmax ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ ʧʨʠ ʨʦʟʪʷʛʫ ʟʨʘʟʢʘ. 

ɺʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ ʧʦ ʦʩʽ ʚʠʜʦʚʞʝʥʥʷ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʫʩʠʣʣʶ  ʈmax. 

ɺʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

%,100Ö
D
=d

L

l
                            (4.3) 

 

ʜʝ ȹl ï ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʧʨʠ ʨʦʟʪʷʛʫ ʧʦ ʦʩʽ ʚʠʜʦʚʞʝʥʥʷ; 

L ï ʜʦʚʞʠʥʘ ʟʨʘʟʢʘ ʜʦ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ ʧʦʨʽʚʥʶʶʪʴʩʷ ʽʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟ 

ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ [104]. ʇʨʠ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʜʘʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʚʠʨʽʟʘʶʪʴʩʷ ʪʘ ʟʘʤʽʥʶʶʪʴʩʷ ʧʦʚʥʽʩʪʶ.  

 

4.1.2 ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʨʫʙ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʆʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʪʨʫʙ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʘʮʽʦʥʘʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʧʽʜ ʯʘʩ ɺʈ ʘʚʪʦʙʫʩʽʚ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʨʽʟʘʥʽ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʟʛʽʜʥʦ (ʨʠʩ. 4.1). 

ɺʠʨʽʟʘʥʥʷ ʟʨʘʟʢʽʚ ʽʟ ʨʘʤʠ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʩʩʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷʩ ʟʨʘʟʢʽʚ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʈ-5 ʟʛʽʜʥʦ 

ISO 6892 - 1:2019. ʅʘ ʨʠʩ. 4.4 ʟʦʙʨʘʞʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʜʥʦʛʦ ʽʟ ʬʨʘʛʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚʦʩʴʤʠʨʽʯʥʦʛʦ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ɸ092 ʧʨʠ ʧʨʦʙʽʛʫ 850 ʪʠʩ. ʢʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʨʽʟʘʥʦ ʩʽʤ ʟʨʘʟʢʽʚ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. 
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ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʷʢ ʧʦʢʘʟʫʻ ʨʝʤʦʥʪʥʘ ʧʨʘʢʪʠʢʘ, ʥʝ ʟʘʤʽʥʶʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ɺʈ ʢʫʟʦʚʘ. 

 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʥʘ 

ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʈ-5 ʟʛʽʜʥʦ ISO 6892-1:2019 

  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʫʩʠʣʴ ʥʘ 

ʨʦʟʨʠʚ, ʩʘʤʦʧʠʩʮʝʤ ʧʦʙʫʜʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ (ʨʠʩ. 4.5) ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʨʽʟʥʠʮʶ ʜʦʚʞʠʥ ʟʨʘʟʢʽʚ ʜʦ ʽ ʧʽʩʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ.  
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ʈʠʩʫʥʦʢ 4.5 ï ʉʫʤʽʱʝʥʘ ʜʽʘʛʨʘʤʘ ʨʦʟʪʷʛʫ 
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ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʜʽʘʛʨʘʤ (ʨʠʩ. 4.5) ʟʘ ʬʦʨʤʫʣʘʤʠ (4.1) ï (4.3) 

ʨʦʟʨʘʭʦʚʘʥʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ (ʪʘʙʣ. 4.1).  

 

ʊʘʙʣʠʮʷ 4.1 ï ʇʦʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʘʨʢʘʩʫ ʪʨʫʙ ʥʦʚʦʛʦ ʪʘ ʚʦʩʴʤʠʨʽʯʥʦʛʦ 

ʘʚʪʦʙʫʩʘ 

ʇʦʢʘʟʥʠʢʠ ɺʣʘʩʪʠʚʦʩʪʽ ʥʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ [54] 

ɺʣʘʩʪʠʚʦʩʪʽ ʩʪʘʨʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ 

ˉ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 

ʩʪʘʣʴ 10 ʩʪʘʣʴ 20 1 2 3 4 5 6 7 

ůʪ, ʄʇʘ 206 245 293 - - - - 37 143 

ůʚ, ʄʇʘ 321 412 373 191 102 175 249 299 294 

ŭ, % 31 25 15 2 1 5 13 16 6 

  

ɺ ʪʘʙʣ. 4.1 ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʤʘʨʢʠ ʩʪʘʣʽ, ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ 

ʢʘʨʢʘʩ ʢʫʟʦʚʘ (ʉʪʘʣʴ 10 ʪʘ ʉʪʘʣʴ 20) ʪʘ ʾʾ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ɺʈ ʪʘʢʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʜʦʟʚʦʣʷʪʴ ʦʪʨʠʤʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʦ ʚʪʨʘʪʽ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʙʽʛʫ. 

ʋ ʚʩʽʭ ʟʨʘʟʢʘʭ (ʪʘʙʣ. 4.1) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʽʣʴʢʠ ʫ ʟʨʘʟʢʘ ˉ 1 ʥʘ 20% ʟʨʦʩʣʘ ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ ůʪ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʣʝʧʫ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʮʠʢʣʽʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɿʤʝʥʰʝʥʥʷ ʤʝʞ̔ ʤʽʮʥʦʩʪʽ ůʚ ʚʩʽʭ ʟʨʘʟʢʽʚ ʥʘ 7ï8% ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ 

ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ ʪʘ ʦʩʝʨʝʜʢʽʚ ʧʽʪʪʽʥʛʦʚʦʾ ʢʦʨʦʟʽʾ. ʂʨʽʤ ʪʦʛʦ, ʫ ʟʨʘʟʢʽʚ ˉ 2 ï ˉ 5 

ʥʝʤʦʞʣʠʚʦ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʤʝʞʫ ʪʝʢʫʯʦʩʪʽ,  ʧʨʦ ʱʦ ʽ ʩʚʽʜʯʠʪʴ ʟʤʝʥʰʝʥʥʷ 

ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ŭ ʚ 1,7ï31 ʨʘʟʽʚ. 

ʆʪʞʝ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʢʫʟʦʚʘ ʟ ʧʦʛʽʨʰʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʝʜʦʧʫʩʪʠʤʘ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʫʟʦʚʫ  ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʠʤʦʛʘʤ ʇɹ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 (107). 

ʈʝʤʦʥʪ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʽʟ ʟʘʤʽʥʦʶ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ (ʽʟ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʧʦʰʢʦʜʞʝʥʥʷʤʠ) ʥʝ ʚʽʜʥʦʚʠʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʨʢʘʩʫ, ʪʦʤʫ 
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ʜʦʮʽʣʴʥʦʶ ʙʫʜʝ ʟʘʤʽʥʘ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ ʥʠʞʯʝ ʧʽʜʚʽʢʦʥʥʠʭ ʙʨʫʩʽʚ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɸɿ ʪʘ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʘ ʟʘʤʽʥʘ 

ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʷʢʽ ʦʢʫʧʣʷʪʴʩʷ ʙʽʣʴʰʠʤʠ ʪʝʨʤʽʥʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ çʣʘʪʢʦʚʠʤè ʨʝʤʦʥʪʦʤ.  

ʇʨʠ ʟʨʽʟʘʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʙʣʠʮʶʚʘʥʥʷ ʢʫʟʦʚʘ ʪʘ ʟʥʷʪʪʽ ʽʥʰʠʭ ʧʘʥʝʣʝʡ 

ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʽ ʧʣʦʱʽ ʜʝʪʘʣʝʡ ʢʫʟʦʚʘ ʙʝʟ ɸɿ, ʪʦʤʫ ʩʚʦʻʯʘʩʥʘ ʘʥʪʠʢʦʨʦʟʽʡʥʘ 

ʦʙʨʦʙʢʘ ʢʫʟʦʚʘ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʘ ʦʙʨʦʙʢʘ ʢʫʟʦʚʘ ʥʦʚʦʛʦ ʘʚʪʦʙʫʩʘ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ. 

 

4.1.3 ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʷʢʽ 

ʥʝ ʤʘʶʪʴ ʟʦʚʥʽʰʥʽʭ ʦʟʥʘʢ ʨʫʡʥʫʚʘʥʥʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ ʤʘʨʢʠ ʄʄʈ-2ʈ (ʨʠʩ. 4.6), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʦ ʚ [105]. 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʄʄʈ-2ʈ ʟ 

ʜʦʧʦʤʽʞʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  

 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʽʢʨʦʩʢʦʧʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʝʨʝʛʣʷʜ 

ʟʨʘʟʢʽʚ ʯʝʨʝʟ ʦʛʣʷʜʦʚʠʡ ʦʢʫʣʷʨ. ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʥʽ ʧʦʣʦʞʝʥʥʷ ʢʘʨʪʠʥʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʚʦʜʠʪʩɹʷ ʥʘ ʝʢʨʘʥ ʇʂ  Lenovo Z580, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʩʧʝʮʽʘʣʴʥʝ ʣʽʮʝʥʟʽʡʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦ ʇʂ ʩʠʛʥʘʣ ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ ʤʘʨʢʠ  Sven IIC-960 (2 ʄegapicsel). 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ  [105] ʙʝʟ 

ʪʨʘʚʣʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʛʣʷʜ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʧʨʠ 80-ʪʠ ʪʘ 300-ʢʨʘʪʥʦʤʫ 

ʟʙ̔ʣʴʰʝʥʥʽ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʨʘʟʦʢ ʧʨʦʪʨʘʚʣʝʥʦ 4% ʨʦʟʯʠʥʦʤ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ 

ʟʛʽʜʥʦ [105].  

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʘʚʪʦʙʫʩʠ ʤʘʣʦʛʦ ʢʣʘʩʫ çɹʦʛʜʘʥè ʟʘʡʤʘʶʪʴ ʥʘ ʨʠʥʢʫ 

ʋʢʨʘʾʥʠ ʙʣʠʟʴʢʦ 50% [55], ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʙʨʘʥʦ ʤʽʩʴʢʠʡ ʘʚʪʦʙʫʩ çɹʦʛʜʘʥè ɸ092 2006 ʨ. ʚʠʧʫʩʢʫ ʪʘ ʧʨʦʙʽʛʦʤ 950 ʪʠʩ. ʢʤ.  

ʆʩʥʦʚʘ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʩʧʨʠʡʤʘʻ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʻ 

ʦʜʥʽʻʶ ʽʟ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʫʟʦʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʘʚʪʦʙʫʩʘ ʚ ʮʽʣʦʤʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʨʽʟʘʥʦ ʟʨʘʟʦʢ ʚ ʦʙʣʘʩʪʽ 

ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ ʽʟ ʣʦʥʞʝʨʦʥʘ ʦʩʥʦʚʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʦʙʣʠʟʫ ʧʥʝʚʤʦʨʝʩʦʨʠ 

ʟʘʜʥʴʦʾ ʧʽʜʚʩ̔ʢʠ (ʨʠʩ. 4.7).  

 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ʏʘʩʪʠʥʘ ʣʦʥʞʝʨʦʥʘ ʦʩʥʦʚʠ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʦʙʨʘʥʦʛʦ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ  

 

ɺ ʮʴʦʤʫ ʤʽʩʮʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʙʫʩʘ ʧʦʩʪʽʡʥʦ ʚʠʥʠʢʘʶʪʴ 

ʟʥʘʢʦʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ ʪʘ 

ʢʦʨʦʟʽʡʥʦʛʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ. ɿʨʘʟʦʢ ʚʠʨʽʟʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʤʦʞʥʘ ʦʛʣʷʜʘʪʠ  

ʫʪʚʦʨʝʥʫ ʚʪʦʤʥʫ ʪʨʽʱʠʥʫ ʪʘ ʯʘʩʪʠʥʫ ʤʘʪʝʨʽʘʣʫ, ʢʦʪʨʠʡ ʚʽʟʫʘʣʴʥʦ ʚʟʘʛʘʣʽ 

ʥʝʧʦh ʢʦʜʞʝʥʠʡ. 

ʅʘ ʨʠʩ. 4.8 ʧʦʢʘʟʘʥʦ ʤʽʩʮʝ, ʟʚʽʜʢʠ ʚʠʨʽʟʘʥʦ ʟʨʘʟʦʢ ʫ ʟʙʽʣʴʰʝʥʦʤʫ ʚʠʛʣʷʜʽ.  
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ʈʠʩʫʥʦʢ 4.8 ï ʄʽʩʮʝ ʥʘ ʣʦʥʞʝʨʦʥʽ, ʟʚʽʜʢʠ ʚʠʨʽʟʘʥʠʡ ʟʨʘʟʦʢ (ʫ 

ʟʙʽʣʴʰʝʥʦʤʫ ʚʠʛʣʜ̫ʽ)  

 

ʊʘʢʠʡ ʟʨʘʟʦʢ ʟʛʽʜʥʦ ʜʦ ʚʠʤʦʛ [105] ʙʫʣʦ ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʦ ʧʝʨʰʦʾ ʩʝʨʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (ʦʯʠʱʝʥʠʡ ʚʽʜ ʽʨʞʽ, ʧʨʦʰʣʽʬʦʚʘʥʠʡ ʽ ʚʽʜʧʦʣʨ̔ʦʚʘʥʠʡ) 

(ʨʠʩ. 4.9, ʘ). ʇʽʩʣʷ ʧʝʨʰʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʨʘʟʦʢ ʙʫʣʦ ʧʨʦʪʨʘʚʣʝʥʦ ʟʛʽʜʥʦ ʜʦ 

ʚʠʤʦʛ [105] (ʨʠʩ. 4.9, ʙ). 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʦʛʣʷʥʫʪʦ ʚʩʶ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʨʦʟʤʽʨʘʤʠ 60Ĭ50Ĭ3 ʤʤ. ʇʨʠ ʮʴʦʤʫ ʟʨʦʙʣʝʥʦ ʧʦʥʘʜ 100 

ʬʦʪʦʟʥʽʤʢʽʚ. 

 

  

ʈʠʩʫʥʦʢ 4.9 ï ʇʽʜʛʦʪʦʚʣʝʥʠʡ ʟʨʘʟʦʢ: ʘ) ï ʜʦ ʧʝʨʰʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ 

(ʙʝʟ ʪʨʘʚʣʝʥʥʷ); ʙ) ï ʜʦ ʜʨʫʛʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʧʨʦʪʨʘʚʣʝʥʠʡ) 

 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [106] ʧʨʠ ʦʛʣʷʜʽ 

ʥʝʧʨʦʪʨʘʚʣʝʥʦʛʦ ʟʨʘʟʢʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ. 
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1. ʇʦʙʣʠʟʫ ʚʠʜʠʤʦʾ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʧʦʤʽʪʥʽ 

ʥʝʦʟʙʨʦʥ̒ʠʤ ʦʢʦʤ ʨʦʟʛʘʣʫʞʝʥʥʷ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ (ʨʠʩ. 4.10). 

 

  

 

ʈʠʩʫʥʦʢ 4.10 ï ɿʥʽʤʢʠ ʟʨʘʟʢʘ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ (ʟʙʽʣʴʰʝʥʦ ʫ 80 ʨʘʟʽʚ ʪʘ 

ʚʠʷʚʣʝʥʦ ʨʦʟʛʘʣʫʞʝʥʥʷ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ, ʱʦ ʚʽʟʫʘʣʴʥʦ ʥʝʧʦʤʽʪʥʽ) 

 

2. ʅʘ ʧʦʚʝʨʭʥʽ, ʜʝ ʚʽʟʫʘʣʴʥʦ ʚʽʜʩʫʪʥʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʦʩʝʨʝʜʢʠ ʫʪʚʦʨʝʥʥʷ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʦʚʪʦʨʶʚʘʥʥʷ ʦʩʝʨʝʜʢʽʚ ʜʦ ʚʠʜʠʤʦʾ 

ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ (ʨʠʩ. 4.11). 

  

  

 

ʈʠʩʫʥʦʢ 4.11 ï ɿʥʽʤʢʠ ʟʨʘʟʢʘ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ (ʟʙʽʣʴʰʝʥʦ ʫ 80 ʨʘʟʽʚ ʪʘ 

ʚʠʷʚʣʝʥʦ ʦʩʝʨʝʜʢʠ ʫʪʚʦʨʝʥʥʷ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ, ʱʦ ʚʽʟʫʘʣʴʥʦ ʥʝʧʦʤʽʪʥʽ) 

 

3. ɺʽʟʫʘʣʴʥʦ ʥʝʧʦʤʽʪʥʝ ʧʨʦʜʦʚʞʝʥʥʷ ʪʨʽʱʠʥʠ ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

80-ʢʨʘʪʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʜʥʦ, ʱʦ ʚʦʥʘ ʟ ʦʜʥʽʻʾ ʨʦʟʛʘʣʫʞʫʻʪʴʩʷ ʚ 

ʜʝʢʽʣʴʢʘ (ʨʠʩ. 4.12). 
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ʈʠʩʫʥʦʢ 4.12 ï ɿʥʽʤʢʠ ʟʨʘʟʢʘ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ (ʟʙʽʣʴʰʝʥʦ ʫ 80 ʨʘʟʽʚ ʪʘ 

ʚʠʷʚʣʝʥʦ ʧʨʦʜʦʚʞʝʥʥʷ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ, ʷʢʝ ʥʝʧʦʤʽʪʥʝ ʙʝʟ ʤʽʢʨʦʩʢʦʧʘ) 

 

ʇʽʩʣʷ ʧʨʦʪʨʘʚʣʝʥʥʷ ʟʨʘʟʢʘ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʩʧʦʩʪʝʨʽʛʘʪʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ. 

1. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʝ ʟʤʠʥʘʥʥʷ ʚʢʣʶʯʝʥʴ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 4.13). 

 

  

 

ʈʠʩʫʥʦʢ 4.13 ï ɿʥʽʤʢʠ ʟʨʘʟʢʘ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ (ʟʙʽʣʴʰʝʥʦ ʫ 300 ʨʘʟʽʚ ʪʘ 

ʚʠʷʚʣʝʥʦ ʟʤʠʥʘʥʥʷ ʚʢʣʯʁʝʥʴ ʤʘʪʝʨʽʘʣʫ) 

 

2. ʇʦʚʪʦʨʶʚʘʥʽʩʪʴ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʙʣʠʟʫ ʫʪʚʦʨʝʥʥʷ ʚʪʦʤʥʦʾ ʪʨʽʱʠʥʠ. 

3. ʉʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʜʦʟʚʦʣʷʻ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʪʘ 

ʧʦʜʘʣʴh ʠʡ ʨʦʟʚʠʪʦʢ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ. 

ʊʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 

ʧʦʩ̫ʥʶʶʪʴ ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʦ ʥʝʧʦʤʽʪʥʠʭ ʦʩʝʨʝʜʢʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʨʦʟʽʡʥʦʛʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ, ʪʘʢʠʡ çɺʈè ʥʝ ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʚʥʦʮʽʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʮʥʦʩʪʽ 
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ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʪʘʢʠʡ ʘʚʪʦʙʫʩ ʥʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʥʦʨʤʘʤ ʇɹ 

ʟʛ̔ʜʥʦ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 66 ʪʘ ˉ 107. ɼʦʮʽʣʴʥʦʶ ʙʫʜʝ ʟʘʤʽʥʘ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ 

ʢʫʟʦʚʘ ʥʠʞʯʝ ʧʽʜʚʽʢʦʥʥʠʭ ʙʨʫʩʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɸɿ ʪʘ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [107]. ʊʘʢʘ ʟʘʤʽʥʘ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, 

ʷʢʽ ʦʢʫʧʣʷʪʴʩʷ ʙʽʣʴʰʠʤʠ ʪʝʨʤʥ̔ʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ çʣʘʪʢʦʚʠʤè 

ʨʝʤʦʥʪʦʤ, ʘ ʪʘʢʦʞ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʦʨʤʘʤ ʇɹ. 

  

4.2 ʆʮʽʥʢʘ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʟ ʫʤʦʚ ʧʘʩʠʚʥʦʾ ʙʝʟʧʝʢʠ 

ʽ ʤʽʮʥʦʩʪʽ 

ɼʣʷ ʦʮʽʥʢʠ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʚʪʦʙʫʩʽʚ, 

ʨʝʘʣʽʟʦʚʘʥʦ ʾʾ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink (ʨʦʟʜʽʣ 3). ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʘʚʪʦʙʫʩʘ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʙʫʩʘ ʪʘ 

ʧʝʨʝʚʽʨʢʘ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʧʨʦʚʝʩʪʠ ʧʽʜʛʦʪʦʚʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʨʦʞʥʽʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʙʫʩʘ; 

ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʚʝʩʪʠ ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʘʚʪʦʙʫʩʘ ʪʘ ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʫ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʚ ʦʙʨʘʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʧʨʠ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʨʫʭʫ; 

ï ʧʝʨʝʚʽʨʠʪʠ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Matlab Simulink ʚʽʜʧʦʚʽʜʥʦ ʨʝʘʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʙʫʩʘ. 

 

4.2.1 ʇʽʜʛʦʪʦʚʢʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʙʫʩʘ 

4.2.1.1 ʈʦʟʨʦʙʢʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ 



    212 

ʇʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʘʚʪʦʙʫʩʘ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ, ʚʠʛʦʪʦʚʠʪʠ, ʚʽʜʪʘʨʫʚʘʪʠ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʡ ʘʚʪʦʥʦʤʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʅʘ ʰʣʷʭʫ ʧʦʪʨʽʙʥʦʾ 

ʨʦʟʨʦʙʢʠ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʩʪʘʻ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ 

ʪʝʭʥʽʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʟʘʩʦʙʠ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʴ 

ʜʦʨʦʞʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʩʭʝʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧʦʥʫʚʘʪʠ 

ʧʨʠʣʘʜʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʩʧʝʢʪʨʦʤ ʟʘʜʘʯ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʫʯʘʩʥʽ ʟʘʩʦʙʠ 

ʝʣʝʢʪʨʦʥʽʢʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʧʨʠʣʘʜʠ ʥʦʚʦʾ ʤʦʙʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʦʧʦʨʫ. ɯʩʥʫʶʯʽ ʧʨʠʣʘʜʠ  ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ 

[108] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʩʪʦʚʫ ʩʭʝʤʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ.  ʇʨʠʣʘʜʠ 

ʦʧʠʩʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ [108], ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʚʦʻʾ ʩʫʯʘʩʥʦʩʪʽ. ʆʜʥʘʢ ʥʘ ʩʴʦʛʦʜʥʽ ʮʝ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘʩʪʘʨʽʣʝ ʽ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ: ʛʨʦʤʽʟʜʢʽʩʪʴ, ʥʝʜʦʩʪʘʪʥʷ ʚʽʙʨʦʟʘʭʠʱʝʥʽʩʪʴ, ʱʦ ʥʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʘ ʰʚʠʜʢʦʜʽʷ, 

ʚʠʩʦʢʘ ʤʘʩʘ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʫʯʥʦʤʫ ʙʘʣʘʥʩʫʚʘʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʤʦʩʪʫ. ʆʜʠʥ ʽʟ ʚʽʜʦʤʠʭ ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʽʚ  ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ Zetlab 

[108] ʧʦʟʙʘʚʣʝʥʠʡ ʥʝʜʦʣʽʢʽʚ ʟʘʩʪʘʨʽʣʠʭ ʧʨʠʣʘʜʽʚ [108], ʦʜʥʘʢ ʤʘʻ ʧʦʨʽʚʥʷʥʦ 

ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʝʥʝʨʛʦʻʤʥʽʩʪʴ (ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 220 ʘʙʦ 

12 ɺ) ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ ʜʘʥʠʡ ʧʨʠʣʘʜ ʫʞʝ ʥʘ ʩʴʦʛʦʜʥʽʰʥʴʦʤʫ 

ʝʪʘʧʽ ʤʘʻ ʜʦʩʠʪʴ ʥʠʟʴʢʫ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʫ (ʜʦ 20000 ɻʮ), ʱʦ ʤʦʞʝ ʥʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʚʠʩʦʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʪʘ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ 

ʟʤʽʥʥʦʛʦ ʧʨʦʬʽʣʶ (ʙʨʫʢʽʚʢʘ, ʜʦʨʦʛʠ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ). ʉʫʯʘʩʥʽ ʙʣʦʯʥʽ ʟʘʩʦʙʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʢ̔ʠ [109] ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʦʜʽʶ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦʤʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʽ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʙʣʦʢʽʚ ʨʝʘʣʽʟʦʚʘʥʦ 

ʩʪʘʮʽʦʥʘʨʥʽ ʚʘʛʠ ʟ ʚʠʚʝʜʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʤʦʥʽʪʦʨ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ (ʇʂ), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʧʽʜʩʠʣʶʚʘʯʘ (ʢʦʝʬʽʮʽʻʥʪ 
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ʧʽʜʩʠʣʝʥʥʷ 128), ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ɸʎʇ) ʙʝʟ ʟʘʭʠʩʥʦʛʦ 

ʝʢʨʘʥʫ ʪʘ ʟ ʪʝʥʟʦʜʘʪʯʠʢʦʤ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ 

ʥʦʤʽʥʘʣʦʤ 1 ʢʆʤ, ʟôʻʜʥʘʥʽ ʟʘ ʤʦʩʪʦʚʦʶ ʩʭʝʤʦʶ. ʆʜʥʘʢ ʜʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ 

ʥʠʟʴʢʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʪʘ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʽʟ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ ʽʥʰʠʭ ʥʦʤʽʥʘʣʽʚ 

(ʜʣʷ ʪʝʥʟʦʤʝʪʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʝʟʠʩʪʦʨʠ 

ʦʧʦʨʦʤ 200 ʆʤ) [108], ʱʦ ʥʝ ʟʘʙʝʟʧʝʯʠʪʴ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʧʨʠ ʜʦʨʦʞʥʽʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ.   ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʙʣʦʯʥʠʭ 

ʩʭʝʤ ʨʦʟʰʠʨʶʻʪʴʩʷ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ ʚ 

ʩʫʯʘʩʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Java, ʉ++ ʪʦʱʦ [110]. ɺʨʘʭʦʚʫʶʯʠ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʙʣʦʯʥʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʩʭʝʤ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʤʦʞʣʠʚʝ ʩʪʚʦʨʝʥʥʷ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ, ʚʠʥʠʢʣʠ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʩʪʚʦʨʠʪʠ ʪʘʢʠʡ ʢʦʤʧʣʝʢʩ, ʚ ʦʩʥʦʚʽ 

ʷʢʦʛʦ ʙʫʜʝ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʘʚʪʦʙʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʦʧʦʨʫ. ʇʨʠʣʘʜ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʜʦʩʪʫʧʥʠʤ, ʤʘʪʠ ʥʠʟʴʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʫ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʘʚʪʦʙʫʩ ʻ ʧʽʜʚʠʱʝʥʠʤ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʟʘʚʘʜ ʪʘ 

ʚʽʙʨʘʮʽʡ, ʩʪʚʦʨʶʚʘʥʠʡ ʧʨʠʣʘʜ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʩʦʢʫ ʚʽʙʨʦ- ʪʘ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ. 

ʇʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ  Arduino Mega 2560 ʪʘ ɸʎʇ ʟ 

ʧʽʜʩʠʣʶʚʘʯʝʤ ʥʘ ʤʽʢʨʦʩʭʝʤʽ HX711 ʽʟ ʟʘʭʠʩʥʠʤ ʟʘʚʘʜʦʧʦʛʣʠʥʘʶʯʠʤ ʤʝʪʘʣʝʚʠʤ 

ʝʢʨʘʥʦʤ. ʂʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʜʘʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ  ʩʢʣʘʜʘʶʪʴ 32, 64 ʪʘ 128. 

ʎʽ ʟʥʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʰʣʷʭʦʤ ʪʘ ʧʦʜʘʯʝʶ ʩʠʛʥʘʣʫ ʟ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʥʘ ʧʦʪʨʽʙʥʠʡ ʚʭʽʜ. ɼʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ ʧʽʜʽʙʨʘʥʦ ʢʦʝʬʽʮʽ̒ ʥʪ ʧʽʜʩʠʣʝʥʥʷ 32.  

ʉʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʚʁʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 4.14. ʇʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʤʽʩʪʠʪʴ ʇʂ ʪʠʧʫ Notebook 1, 

ʟôʻʜʥʫʚʘʣʴʥʠʡ USB ʢʘʙʝʣʴ 2, ʧʣʘʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ  Arduino Mega 2560 3, 

ɸʎʇ ʟ ʤʽʢʨʦʩʭʝʤʦʶ HX711 4, ʩʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ ʥʘ 3,3 ɺ ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ 

AMS1117 5, ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʨʝʟʠʩʪʦʨʠ ʤʦʩʪʦʚʦʾ ʚʠʤʨ̔ʶʚʘʣʴʥʦʾ ʩʭʝʤʠ 6, ʚʦʣʦʛʦ-
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ʚʽʙʨʦʟʘʭʠʱʝʥʠʡ ʨʦʟôʻʤ 7, ʝʢʨʘʥʦʚʘʥʽ ʟôʻʜʥʫʚʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ 8, ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ 9, ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʥʠʡ ʝʢʨʘʥ 10 ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ɸʎʇ ʟ ʧʽʜʩʠʣʶʚʘʯʝʤ, ʝʢʨʘʥʦʚʘʥʠʡ ʢʦʨʧʫʩ 11, 

ʚʽʙʨʦʦʧʦʨʠ 12, ʟôʻʜʥʫʚʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ 13. 

 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ 

ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ  

 

ɼʣʷ ʨʦʙʦʪʠ ʧʨʠʣʘʜʫ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʉ++ ʪʘ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʧʣʘʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʅʘ ʨʠʩ. 4.15 ʟʦʙʨʘʞʝʥʦ 

ʦʩʥʦʚʥʠʡ ʙʣʦʢ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ 

ʙʝʟ ʚʝʨʭʥʴʦʾ ʢʨʠʢhʠ. 

 

 

   

  ʈʠʩʫʥʦʢ 4.15 ï ʇʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʦʧʦʨʫ  
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  ɺʩʽ ʝʣʝʤʝʥʪʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʤʽʱʝʥʦ ʚ ʢʦʨʧʫʩ ʽʟ ʝʢʨʘʥʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ ʧʣʘʩʪʠʢʫ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʘʣʶʤʽʥʽʻʚʠʤ 

ʧʦʢʨʠʪʪʷʤ. ɺʩʽ ʤʽʥʫʩʦʚʽ ʩʢʣʘʜʦʚʽ ʙʣʦʢʽʚ ʟʘʟʝʤʣʝʥʽ ʥʘ ʢʦʨʧʫʩ ʽ ʟôʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʪʘ ʝʢʨʘʥʦʤ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ.  

ʈʦʙʦʪʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. ʇʨʠ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʫ ʽʟ ʟʘʪʨʠʤʢʦʶ 2000 ʤʩ ʜʣʷ 

ʧʨʦʛʨʽʚʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ. ɺʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʦʜʠʥʠʮʷʭ 

ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (ʦʚʜ). 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʢʣʝʶʁ ʪʴʩʷ ʪʝʥʟʦʜʘʪʯʠʢʠ ʫ ʤʽʩʮʷʭ, ʱʦ 

ʧʽʜʣʷʛʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʶ, ʧʨʠʧʘʶʶʪʴʩʷ ʜʦ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, 

ʽʟʦʣʶʶʪʴʩʷ,  ʛʝʨʤʝʪʠʟʫʶʪʴʩʷ ʪʘ ʜʘʻʪʴʩʷ ʚʠʪʨʠʤʢʘ ʯʘʩʫ ʜʣʷ ʧʦʚʥʦʛʦ ʚʠʩʠʭʘʥʥʷ. 

ʊʝʥʟʦʨʝʟʠʩʪʦʨʠ ʥʘʢʣʝʶʶʪʴʩʷ ʢʣʝʻʤ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʚʟʫʯʦʩʪʽ [108] 

(ʥʘʧʨʠʢʣʘʜ Loctite 4208). ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʇʂ 1 ʯʝʨʝʟ 

ʢʘʙʝʣʴ 2. ɽʢʨʘʥʦʚʘʥʠʡ ʧʨʦʚʽʜʥʠʢ 8 ʟôʻʜʥʫʻʪʴʩʷ ʟ ʨʦʟôʻʤʦʤ 7. ʂʦʨʧʫʩ ʧʨʠʣʘʜʫ ï 

ʟ ʤʘʩʦʶ ʘʚʪʦʙʫʩʘ. ʇʦʪʽʤ ʚʢʣʶʯʘʻʪʴʩʷ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ çʥʫʣʷè ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ. ʊʽʣʴʢʠ ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʚ çʥʫʣʴè ʧʦʪʨʽʙʥʦ ʟʘʚʘʥʪʘʞʠʪʠ 

ʙʘʣʘʩʪ ʚ ʘʚʪʦʙʫʩ (ʚʝʣʠʯʠʥʘ ʙʘʣʘʩʪʫ ʚʠʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʦʜʠʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ). ɾʠʚʣʝʥʥʷ ʧʨʠʣʘʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʧʦʨʪ USB ʇʂ 1 ʪʘ ʥʝ 

ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʫ ʥʘʜʭʦʜʠʪʴ 

ʥʘʧʨʫʛʘ ʜʦ ʧʽʜʩʠʣʶʚʘʯʘ ʪʘ ɸʎʇ 4, ʘ ʜʘʣʽ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʮʠʬʨʦʚʠʭ ʚʭʦʜʽʚ ʧʣʘʪʠ 3. ɿ ʧʣʘʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 3 ʩʠʛʥʘʣ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʢʘʙʝʣʴ 2 ʥʘ ʧʦʨʪ USB ʇʂ 1. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩ ʟʘʢʨʠʚʘʻʪʴʩʷ ʪʘ  ʚʽʜʢʣʶʯʘʻʪʴʩʷ 

ʚʠʤʽʨʶʚʘʣʥɹʠʡ ʧʨʠʣʘʜ ʚʽʜ ʇʂ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʦʜʽʶ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʟ ʯʘʩʪʦʪʦʶ ʜʦ 15 ʄɻʮ,  
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ʚʠʩʦʢʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʪʘ ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ, ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʩʦʙ̔ʚʘʨʪʽʩʪʴ. 

 

4.2.1.2 ʊʘʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ 

ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ 

ʊʘʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʟ ʛʚʠʥʪʦʚʠʤ ʧʨʝʩʦʤ (ʨʠʩ. 4.16). 

 

 

  

ʈʠʩʫʥʦʢ 4.16 ï ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʦʧʦʨʫ 

 

ʊʝʥʟʦʨʝʟʠʩʪʦʨʠ ʥʘʢʣʝʶʶʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʚʠʛʦʪʦʚʣʝʥʫ ʧʨʫʞʥʫ ʙʘʣʢʫ, ʟ 

ʨʦʟʤʽʨʘʤʠ 500Ĭ40Ĭ10 ʤʤ. ʄʘʪʝʨʽʘʣ ʙʘʣʢʠ ï ʉʪʘʣʴ 65ɻ. ɺʠʚʦʜʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ 

ʟôʻʜʥʫʶʪʴʩʷ ʟʘ ʤʦʩʪʦʚʦʶ ʩʭʝʤʦʶ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʟʠʩʪʦʨʽʚ ʨʦʟʤʽʱʝʥʠʭ ʚ 

ʢʦʨʧʫʩʽ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ ʧʨʠʣʘʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʨʘʥʦʚʘʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. 

ʊʘʨʫʚʘʣʴʥʘ ʙʘʣʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʜʚʦʭ ʦʧʦʨʘʭ ʧʦ ʮʝʥʪʨʫ ʧʽʜ ʛʚʠʥʪʦʤ ʧʨʝʩʫ  
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(ʨʠʩ. 4.16). ɼʦ ʙʘʣʢʠ ʥʘʚʧʨʦʪʠ ʥʘʢʣʝʻʥʠʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʢʨʽʧʠʪʴʩʷ ʤʝʭʘʥʽʯʥʠʡ 

ʪʝʥʟʦʤʝʪʨ ɻʫʛʝʥʙʝʨʛʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʩʪʨʫʙʮʠʥʠ. ɹʘʟʘ ʪʝʥʟʦʤʝʪʨʘ 

ʨʚ̔ʥʘ ʙʘʟʽ ʥʘʢʣʝʻʥʠʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʽ ʜʦʨʽʚʥʶʻ 20 ʤʤ. ʊʦʤʫ ʪʝʥʟʦʤʝʪʨ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʙʘʟʠ ʪʝʥʟʦʤʝʪʨʘ ʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʯʽʪʢʦ ʩʧʽʚʧʘʜʘʣʠ. 

ʇʦʭʠʙʢʘ ʤʝʭʘʥʽʯʥʦʛʦ ʪʝʥʟʦʤʝʪʨʘ ʩʢʣʘʜʘʻ 15 ʦʚʜ.  

ɿʤʽʥʘ ʩʪʫʧʝʥʶ ʜʝʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʯʝʨʛʫʚʘʥʥʷʤ ʯʝʨʝʟ ʢʦʞʥʽ 

50 ʦʚʜ, ʚʽʜ 0 ʜʦ 3000  ʦʚʜ. ʆʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʪʘʨʫʚʘʥʥʷ ʧʦʢʘʟʠ ʪʝʥʟʦʤʝʪʨʘ 

ɻʫʛʝʥʙʝʨʛʝʨʘ ʪʘ ʧʦʢʘʟʠ ʥʘ ʤʦʥʽʪʦʨʽ  ʚʥʦʩʷʪʴʩʷ ʜʦ ʪʘʙʣʠʮʽ. ʅʘ ʦʩʥʦʚʽ ʪʘʙʣʠʯʥʠʭ 

ʜʘʥʠʭ ʦʪʨʠʤʘʥʦ ʪʘʨʫʚʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʘ ʚʥʝʩʝʥʽ ʜʦ ʧʨʦʛʨʘʤʠ, ʱʦ ʟʘʧʠʩʘʥʘ ʚ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ.  

  ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʚʘʣʦʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ  ʚʠʜʦʚʞʝʥʥʷ 

ȹl ʟʤʽʥʶʚʘʣʦʩʴ ʚʽʜ 0,001 ʤʤ ʜʦ 0,05 ʤʤ ʽʟ ʢʨʦʢʦʤ 0,001 ʤʤ. ɺʽʜʧʦʚʽʜʥʦ 

ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʜʘʥʽ ʥʘ ʤʦʥʽʪʦʨʽ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ (ʇʂ) ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ Ů ʚ ʦʜʠʥʠʮʷʭ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ                                                                                                

 

Ů = ȹl / l ,                                                          (4.4) 

 

ʜʝ ȹl ï ʣʽʥʽʡʥʝ ʚʠʜʦʚʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʤʤ; 

l ï ʙʘʟʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʤʤ; l = 20 ʤʤ (ʜʣʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʪʘ ʪʝʥʟʦʤʝʪʨʘ 

ɻʫʛʝʥʙʝʨʛʝʨʘ ʦʜʥʘʢʦʚʘ). 

  ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʙʫʣʦ ʚʽʜʩʣʽʜʢʦʚʘʥʦ ʣʽʥʽʡʥʽʩʪʴ ʚʽʜʭʠʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚ 

ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʚʥʝʩʝʥʦ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʦ ʧʨʦʛʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ. 

  ʇʽʩʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʡ ʜʦʩʣʽʜ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ ʪʨʴʦʤʘ ʧʦʚʪʦʨʝʥʥʷʤʠ 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ (ʪʘʙʣ. 4.2) ʽʟ ʚʠʜʦʚʞʝʥʥʷʤ ʚʽʜ 0 ʜʦ 

0,032 ʤʤ.  

  ɼʘʥʽ ʦʪʨʠʤʘʥʽ ʚ ʪʘʙʣ. 4.2 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ 

ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʦʧʦʨʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʥʘʣʝʞʥʦʶ ʪʦʯʥʽʩʪʶ. 
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ʊʘʙʣʠʮʷ 4.2 ï ʇʦʨʽʚʥʷʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ 

ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʦʧʦʨʫ 

ʇʦʢʘʟʠ 

ʪʝʥʟʦʤʝʪʨʘ 

ɻʫʛʝʥʙʝʨʛʝʨʘ 

ȹl, ʤʤ 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ 

ʟʘ ʜʘʥʠʤʠ ʪʝʥʟʦʤʝʪʨʘ 

ɻʫʛʝʥʙʝʨʛʝʨʘ Ů, ʦʚʜ 

ʇʦʢʘʟʠ ʚʠʚʝʜʝʥʽ ʥʘ 

ʤʦʥʽʪʦʨ ʇʂ Ů, ʦʚʜ 

 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ, 

ʦʚʜ 

ˉ 1 ˉ 2 ˉ 3 

0,001 50 68 52 51 16 

0,002 100 117 103 104 17 

0,003 150 177 149 156 27 

0,004 200 224 195 197 24 

0,005 250 268 241 247 18 

0,006 300 317 300 301 17 

0,007 350 364 330 337 14 

0,008 400 416 415 406 16 

0,009 450 470 460 449 20 

0,01 500 512 490 488 12 

0,011 550 571 555 545 21 

0,012 600 620 605 592 20 

0,013 650 682 653 648 32 

0,014 700 721 717 697 21 

0,015 750 774 720 750 30 

0,016 800 810 796 801 10 

0,017 850 840 873 856 23 

0,020 1000 1033 1016 999 33 

0,025 1250 1237 1229 1276 26 

0,026 1300 1308 1324 1318 24 

0,030 1500 1536 1534 1529 34 

0,032 1600 1605 1616 1618 18 
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4.2.1.3 ʇʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ 

ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ 

ʇʦʪʽʤ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʪʨʫʙ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʚʟʷʪʦ ʟʨʘʟʢʠ ʪʠʭ ʩʘʤʠʭ ʪʨʫʙ, ʟ ʷʢʠʭ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʢʘʨʢʘʩ ʢʫʟʦʚʘ ʥʘ ɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè ʨʦʟʤʽʨʘʤʠ: 

40Ĭ40Ĭ2,0 ʤʤ, 60Ĭ40Ĭ3,0 ʪʘ 140Ĭ60Ĭ3,6 ʤʤ. ʅʘ ʮʽ ʪʨʫʙʠ ʧʨʠʢʣʝ̒ ʥʽ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʨʫʚʘʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʜʝʬʦʨʤʘʮʽʡ ʢʫʟʦʚʘ ï 

ʧʦ ʦʜʥʦʤʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʫ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʧʨʦʬʽʣʶ ʪʨʫʙʠ ʥʘʚʧʨʦʪʠ 

ʦʜʠʥ ʦʜʥʦʛʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʣʘʙʦʨʘʪʦʨʽʾ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʏʝʨʢʘʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ɼʝʬʦʨʤʘʮʽʷ ʟʨʘʟʢʽʚ ʪʨʫʙ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʘ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ 2ʇɻ-125 [111], ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

125 ʪ, ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ (ʨʠʩ. 4.17). 

   

 

    

  ʈʠʩʫʥʦʢ 4.17 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʨʝʩʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 2ʇɻ-125  


