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ɸʅʆʊɸʎɯʗ 

 

ʉʪʘʨʠʡ ɸ.ʈ.  ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 131 ï ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ. ï ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ,  ʍʤʝʣʴʥʠʮʴʢʠʡ, 2022. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ 

ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʪʘ ʩʪʚʦʨʝʥʥʶ ʤʝʪʦʜʠʢʠ ʾʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ, 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʘʰʠʥʠ, ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ. 

ʋ ʚʩʪʫʧʽ ʥʘʚʝʜʝʥʘ ʟʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʙʦʪʠ, ʦʙʛʨʫʥʪʦʚʘʥʦ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʢʨʠʪʠʡ ʟʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʪʘ ʪʝʤʘʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ, ʟʘʚʜʘʥʥʷ, ʦʙôʻʢʪ ʪʘ 

ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʢʘʟʘʥʘ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʟʥʘʯʝʥʠʡ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʥʘʚʝʜʝʥʽ ʜʘʥʽ 

ʧʨʦ ʘʧʨʦʙʘʮʽʶ, ʧʫʙʣʽʢʘʮʽʾ, ʩʪʨʫʢʪʫʨʫ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. 

ɻʦʣʦʚʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʢʠ ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʪʠʧʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʠ ʨʝʤʦʥʪʽ ʤʘʰʠʥ ʩʪʘʥʦʚʠʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʜʫ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʦʩʥʦʚʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ, ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʨʦʙʦʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʤʽʨ ʨʦʙʦʯʠʭ ʪʽʣ (ʢʫʣʴʦʢ, ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ) 

ʾʭʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ, ʢʫʪ ʘʪʘʢʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ 



3 
 

ʯʘʩʪʦʢ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʠʭ 

ʤʘʰʠʥʠ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʚʝʣʠʯʠʥ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥʠ ʚ 

ʫʤʦʚʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ. 

ɺʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʟʜʽʡʩʥʝʥʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʤʝʪʦʜʽʚ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʩʠʣʴʥʦ ʪʘ ʩʣʘʙʦ ʟʚôʷʟʘʥʠʭ 

ʟ ʧʦʚʝʨʭʥʝʶ, ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ  ̔ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʧʦʢʘʟʘʚ, ʱʦ ʦʩʪʘʥʥʽʡ ʯʘʩ ʟʥʘʭʦʜʠʪʴ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʠʡʢʘ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ ʟʘʥʫʨʝʥʠʤʠ ʧʦʪʦʢʘʤʠ 

ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ ʦʯʠʩʪʢʘ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ ʧʦʪʦʢʦʤ 

ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽ ʻ ʜʦʮʽʣʴʥʽʩʪʴ ʥʝ ʣʠʰʝ ʫ ʧʦʛʣʠʙʣʝʥʦʤʫ ʚʠʚʯʝʥʥʽ 

ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʟʘʥʫʨʝʥʠʤʠ 

ʜʚʦʭʬʘʟʥʠʤʠ ʧʦʪʦʢʘʤʠ ʨʽʜʠʥʠ, ʘ ʽ ʫ ʥʘʧʨʷʤʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʰʠʥ ʜʣʷ 

ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ, ʧʦʢʘʟʘʚ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ ʪʘ ʦʙʛʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʧʨʠʚʦʜʫ 

ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ.  

 ɿ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʻ 

ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʈmax ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʪʘ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʪʘ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʟʘʙʨʫʜʥʝʥʥʽ ʪʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ. 
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ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʧʘʪʝʥʪʥʦʛʦ ʦʛʣʷʜʫ ʜʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʝʪʫ ʪʘ ʟʘʜʘʯʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʤʠʡʢʠ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ 

ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ ʫ ʧʨʦʮʝʩʽ  ʦʯʠʩʪʢʠ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ 

ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

ʇʦʙʫʜʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʦʫʜʘʨʫ ʪʘ ʧʦʙʫʜʦʚʘʥʦ 

ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʡʦʛʦ ʘʤʧʣʽʪʫʜʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʙʫʜʦʚʘʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ  ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ 

ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʧʦʧʘʜʘʶʪʴ ʟʘ ʮʠʢʣ ʫ ʧʫʣʴʩʫʶʯʠʡ 

ʩʪʨʫʤʽʥʴ ʫ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʤʽʥʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʧʫʣʴʩʫʶʯʦʤʫ ʟʘʥʫʨʝʥʦʤʫ ʩʪʨʫʤʝʥʽ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ɿ ʘʥʘʣʽʟʫ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʽ ʩʪʨʫʤʝʥʝʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʯʠʩʪʢʠ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʧʦʙʫʜʦʚʘʥʘ 

ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʫ 

ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ. 

ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʆʪʨʠʤʘʥʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ, ʱʦ ʦʧʠʩʫʻ ʡʦʛʦ 

ʜʠʥʘʤʽʢʫ ʪʘ ʦʪʨʠʤʘʥʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʽʥʝʤʘʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ; 

2. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ  ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ 
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ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ɺʨʘʭʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ; 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʘ ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ 

ʫ ʨʦʙʦʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜ ̔ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ. ʋ ʧʨʦʮʝʩʽ  ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ  ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʧʨʦʭʦʜʷʪʴ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ, 

ʦʨʠʛʽʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʜʘʪʯʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʽ ʟʘʩʪʦʩʦʚʘʥʦ ʩʫʯʘʩʥʫ ʚʠʤʽʨʶʚʘʣʴʥʫ ʙʘʟʫ.  

ʅʘʚʝʜʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʦʢ ʪʘ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ: 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʜʣʷ ʤʠʡʢʠ ʚʽʜ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ; ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ 

ʦʯʠʱʝʥʥʷ ʽ ʤʠʡʢʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ 

ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʠ; ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʫ Cosmos Works; 

ʦʙʨʦʙʢʠ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  ʜʘʥʠʭ  ʪʘ  ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ  

ʨʝʟʫʣʴʪʘʪʽʚ. 

 ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʫʟʣʽʚ ʪʘ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʥʠʢʥʝʥʥʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʽ ʫ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʞʝ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʯʘʩʪʦʪʘʭ ʢʦʣʠʚʘʥʴ ʚʽʜ 8 ɻʮ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʨʦʩʪʫ ʪʘ ʩʧʣʝʩʢʫʚʘʥʥʷ ʧʫʭʠʨʮʽʚ ʫ ʢʘʤʝʨʽ 

ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʚʠʢʠʜʘʥʥʷ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʟʘʥʫʨʝʥʦʤʫ 

ʩʪʨʫʤʝʥʽ ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʫʟʣʽʚ 
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ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ.  

ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʽ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʾʾ ʧʨʠʚʦʜʫ ʤʦʜʫʣʷ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ: ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ  f  

ʚʽʜ 16 ʜʦ 18 ɻʮ; ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ɸ = 2 ʤʤ ʧʨʠ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ 

ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ  D/d =10, ʘ ʜʣʷ ʤʦʜʫʣʷ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ: 

ɸ = 2 ʤʤ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ  f ʚʽʜ 13 ʜʦ 14 ɻʮ; ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ɸ = 2 ʤʤ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ D/d =10. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʦʢʘʟʘʣʠ 

ʟʙʽʛʘʥʥʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʝʨʝʜʙʘʯʝʥʥʷʤʠ ʧʨʦ ʤʝʭʘʥʽʟʤ ʟʥʷʪʪʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟʘʥʫʨʝʥʠʤ 

ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʧʫʭʠʨʮʷʤʠ ʧʽʜʪʚʝʨʜʠʣʠ ʤʝʭʘʥʽʟʤ ʟʥʷʪʪʷ 

ʚôʷʟʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʜʽʾ ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʤʦʜʝʣʴʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʘʪʘʢʠ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʟ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ ʚʽʜ 90
0
 ʜʦ 125

0
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ (ʧʦʯʠʥʘʶʪʴ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʽʞ 

ʢʫʣʴʢʦʶ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʡʦʛʦ ʙʽʣʴʰ ʘʢʪʠʚʥʦʛʦ ʟʨʠʚʘʥʥʷ). 

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʚʝʜʝ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʙʨʦʙʢʠ (ʧʦʯʠʥʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʢʫʣʴʢʦʶ 

ʪʘ ʟʘʙʨʫʜʥʝʥʥʷʤ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ 
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ʟôʻʜʥʫʻ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʟ ʚʘʥʥʦʶ ʜʣʷ ʦʯʠʩʪʢʠ, ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʝʣʠʯʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟʘʚʜʷʢʠ 

ʟʤʝʥʰʝʥʥʶ ʦʙôʻʤʫ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʧʨʠ ʚʪʷʛʫʚʘʥʥʽ ʫ 

ʥʝʾ ʨʽʜʠʥʠ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʫ ʫ ʜʚʘ ʨʘʟʠ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʽʜ16 ʜʦ 18 ɻʮ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʘ ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ  ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʦʜʫʣʽʚ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʩʥʦʚʥʠʭ ʾʾ ʚʫʟʣʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʽ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʜʦʨʦʛʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʪʪʷ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʤʝʪʦʜʠʢʘ ʾʾ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʝ 

ʢʦʨʠʩʥʘ ʽʥʞʝʥʝʨʘʤ ʪʘ ʥʘʫʢʦʚʮʷʤ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʤʘʪʠʤʫʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʝʢʦʥʦʤʽʯʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʪʘ 

ʥʘʜʽʡʥʽ ʟʨʘʟʢʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʨʘʮʽʦʥʘʣʴʥʽ 

ʯʘʩʪʦʪʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ, ʦʯʠʱʝʥʥʷ ʟʘʪʦʧʣʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ 

ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʤʠʡʢʘ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ 

ʧʫʭʠʨʮʷʤʠ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʾ: 

ʉʪʘʪʪʽ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ: 

1. Staryi A. R., Hordeev A. I. Research the impact on productivity of parameters 

and operating modes of the vibration machine drive for cleaning and washing 

contamination by submerget stream jet with sold particles. East European science 

journal. 2021. Vol.1, ˉ4(68). pp. 46ï52. https://doi.org/10.31618/ESSA.2782-

1994.2021.1.68.13. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʽʜʝʷ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʘ 
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ʦʯʠʩʪʢʠ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ.    

ʉʪʘʪʪʽ ʫ ʞʫʨʥʘʣʘʭ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ: 

 2. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ. ʊʝʭʥʦʣʦʛʽʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠ ʨʝʤʦʥʪʽ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʢʘʤʠ ʪʘ ʚʽʙʨʘʮʽʡʥʘ 

ʤʘʰʠʥʘ ʜʣʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2019. ˉ4, ʪ.2.  ʉ. 7ï14. DOI 10.31891/2307-5732-2019-275-4-7-

14.ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ 

ʪʘ ʤʠʡʢʠ, ʩʪʚʦʨʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʘʣʫʟʽ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʚʠʜʽʚ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʙôʻʢʪʫ 

ʜʦʩʣʽʜʞʝʥʴ. 

 3. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ 

ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2020. ˉ6. ʉ. 84ï92. DOI 10.31891/2307-5732-

2020-291-6-84-92.ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʦʙʫʜʦʚʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ, ʱʦ ʦʧʠʩʫʻ ʡʦʛʦ ʜʠʥʘʤʽʢʫ ʪʘ ʦʪʨʠʤʘʥʦ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʽ ʪʘ 

ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ. 

 4. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ.  ɸʥʘʣʽʟ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʽ ʦʯʠʩʪʢʠ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ. ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2021. ˉ4. ʉ. 77ï83. DOI 

10.31891/2307-5732-2021-299-4-77-83. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʟʫ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ, ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ. 

 5. ʉʪʘʨʠʡ ɸ. ʈ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʽ ʦʯʠʩʪʢʠ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ 

ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʽʩʥʠʢ 
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ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. 2021. ̄ 5. ʉ. 52ï58. 

DOI 10.31891/2307-5732-2021-301-5-52-58. 

ʇʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʋʢʨʘʾʥʠ: 

 6. ɺʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ 

ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ: ʧʘʪ. 132837 ʋʢʨʘʾʥʘ : ʄʇʂ B08B 3/10. 

u2018 10344 ; ʟʘʷʚʣ. 19.10.18; ʦʧʫʙʣ. 11.03.19, ɹʶʣ. ˉ5. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʽʜʝʷ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʦʧʠʩ ʾʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ, ʯʘʩʪʢʘ ʢʦʞʥʦʛʦ ʟ ʘʚʪʦʨʽʚ ʻ ʨʽʚʥʦʶ. 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

 7. ʉʪʘʨʠʡ ɸ., ɻʦʨʜʻʻʚ ɸ. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ 

ʨʝʤʦʥʪʽ. ɺʽʙʨʘʮʽʾ ʚ ʪʝʭʥʽʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭ: 2018 ʨʽʢ : ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ XVII 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ., 11 ï 12 ʞʦʚʪ.  2018 ʨ. ɼʨʦʛʦʙʠʯ : ʇʦʩʚʽʪ, 2018.  

ʉ. 62ï63. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ:  ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ, ʦʧʠʩ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ. 

 8. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ. ɸʥʘʣʽʟ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʨʽʜʠʥʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʝʡ ʧʨʠ ʤʠʡʮʽ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʧʦʢʨʠʪʪʽʚ. 

ʇʨʦʙʣʝʤʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʢʨʠʪʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ: 2018 ʨʽʢ : ʪʝʟʠ 

ʜʦʧʦʚʽʜʝʡ VI  ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ., 13 ï 15 ʚʝʨʝʩ. 2018 ʨ. ɺʽʥʥʠʮʷ : 

ɺʅʊʋ, 2018. ʉ. 14ï15. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʝʡ. 

 9. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ 

ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. VIII  ʋʢʨʘʾʥʩʴʢʦ-ʇʦʣʴʩʴʢʽ ʅʘʫʢʦʚʽ 

ɼ̔ ʘʣʦʛʠ: 2019 ʨʽʢ : ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ VIII ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ., 16 ï 19 

ʞʦʚʪ. 2019 ʨ.  ʍʤʝʣʴʥʠʮʴʢʠʡ : ʍʅʋ, 2019. ʉ. 83ï84. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʯʠʩʪʢʠ  ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ. 

 10. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ., ɻʦʨʜʻʻʚ ʆ. ɸ. ɺʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʜʣʷ 

ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ. Science and ʩivilization  ï 2020: 2020 ʨʽʢ :  materials of the XVI 

International scientific and practical Conference. 30 January ï 07 February, 2020. 
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Sheffield : Science and education LTD, 2020. ʉ. 67ï71. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʽʜʝʷ ʚʚʝʜʝʥʥʷ ʫ ʢʦʥʩʪʨʫʢʮʽ ʁ ʤʦʜʫʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ, ʦʧʠʩ ʧʨʠʥʮʠʧʫ ʾʾ ʨʦʙʦʪʠ. 

 11. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ.,  ʉʽʣʽʥ ɯ. ʈ. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʤʠʡʢʠ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

Europejska XXI powieka ï 2021: 2021:  materially XVII Miedzynarodowej nauk.-

prakt. konf., 07 ï 15 maja, 2021 roku. Przemysl : Nauka I studia, 2021. C. 71ï76. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʪʨʠʤʘʥʥʷ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʬʦʨʤʣʝʥʥʷ ʛʨʘʬʽʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ.  

 12. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ. 

IX ʋʢʨʘʾʥʩʴʢʦ-ʇʦʣʴʩʴʢʽ ʅʘʫʢʦʚʽ ɼʽʘʣʦʛʠ: 2021 ʨʽʢ : ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ IX 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ., 20 ï 23 ʞʦʚʪ. 2021 ʨ. ʍʤʝʣʴʥʠʮʴʢʠʡ : ʍʅʋ, 

2021. ʉ. 153ï155. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʠʡʢʠ ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʦʙʨʦʙʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 13. ʉʪʘʨʠʡ ɸ. ʈ., ɻʦʨʜʻʻʚ ɸ. ɯ. ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʘ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʫ Cosmos Works. Proceedings of the 9th International Scientific 

and Practical Conference çInternational Forum: Problems and Scientific Solutionsè. 

February 6-8, 2022. Melbourne, Australia: CSIRO Publishing House, 2022.  C.465-

470. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʘ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʫ Cosmos 

Works. 

SUMMARY  

 Staryy A. R. Substantiation of parameters of the vibrating machine for cleaning 

and washing of details at repair ï Qualifying scientific work on the rights of the 

manuscript. 
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 The dissertation on competition of a scientific degree of the doctor of 

philosophy on a specialty 131 ï Applied mechanics. ï Khmelnytskyi National 

University,  Khmelnytskyi, 2022. 

 The dissertation is devoted to the solution of scientific and technical problem 

of creation of new designs of vibrating machines for cleaning and washing of details 

at repair with substantiation of their constructive parameters and rational modes of 

operation of the drive and creation of a technique of their calculations. 

 The object of research is the process of cleaning and washing contaminants of 

machine parts by an immersed pulsating jet of liquid in a vibrating machine. 

 The subject of research is the design and technological parameters of the 

vibrating machine with a pulsating immersed jet of detergent, the dynamic 

characteristics of the working body of the machine, the rational modes of operation of 

the vibrating drive. 

 The introduction presents the general characteristics of the work, substantiates 

the relevance of the research topic, reveals the relationship with scientific programs, 

plans and topics, formulates the purpose, objectives, object and subject of research, 

indicates the scientific novelty and practical significance of the results, determined 

the personal contribution of the applicant, data on approbation, publications, structure 

and scope of work are given. 

 The main interest in the practice of creating vibrating machines for cleaning 

and washing contaminants in small series and single type of production during 

machine repair is to establish the relationship between the main technological 

parameters, such as dynamic pressure of the working medium, size of working bodies 

(balls, abrasive grains, gas bubbles) their speed, concentration, angle of attack, 

physical and mechanical properties particles and design parameters and modes of 

operation of the vibrating machine drive. This necessitates the optimal choice of 

values of technological parameters, modes of operation of the vibrating machine 

drive in terms of a particular type of contamination of the surface of the parts. 

Solving the scientific and technical problem, namely the creation of a vibrating 

machine for cleaning and washing parts during equipment repair and substantiation of 
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its design parameters and determining the modes of operation of the drive is an 

urgent scientific and technical task. 

 The first section provides a systematic analysis of the nature of contamination 

on the surface of machine parts, analysis and classification of methods of washing 

and cleaning contaminants of machine parts strongly and weakly associated with the 

surface, modern designs of machines and equipment for washing and cleaning. 

 The analysis of the state of scientific research on the use of vibration 

technologies in cleaning and washing processes has shown that recently the washing 

of surface contaminants by immersed liquid streams with cavitation bubbles and 

cleaning of surface contaminants by liquid flow with solid particles is widely used. 

possibilities of washing and cleaning by the immersed two-phase streams of liquid, 

and also in the direction of creation of new designs of vibrating cars. Analysis of 

modern designs of equipment and machines for washing and cleaning, showed the 

advantages and disadvantages of different designs. The analysis of vibration drives is 

given and the choice of eccentric drive for the offered vibrating machine is 

substantiated. 

 From the analysis of the results of theoretical and experimental studies of 

various authors of the washing and cleaning process it was found that the main 

parameters influencing the intensity of the washing and cleaning process are 

increasing the maximum pressure Pmax of the immersed pulsating fluid jet and its 

velocity in pollution and in turn increases the productivity of the process. 

 The results of the analysis of literature sources and patent review made it 

possible to formulate goals and objectives to achieve this goal. The second section 

identifies the main physical factors that affect the contamination in the process of 

washing with a pulsating immersed jet of liquid with gas bubbles and in the process 

of cleaning with a pulsating immersed jet of liquid with solid particles. 

 An analytical model of the movement of liquid in the nozzle of the vibrating 

machine for washing contaminants taking into account the water hammer is built and 

an analytical model of the movement of liquid in the nozzle of the vibrating machine 

for cleaning contaminants with determining its amplitude-frequency characteristics. 
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An analytical model of ejector nozzle operation is constructed and analyzed with 

substantiation of its design parameters with determination of the maximum number of 

solid particles that fall into the pulsating jet in the working body of the vibrating 

machine per cycle. 

 The change of kinematic parameters of solid particles in the pulsating 

immersed jet coming out of the ejector nozzle depending on the distance to the 

surface of the part is analyzed. 

 From the analysis of previous studies to determine the productivity of the 

surface cleaning process with a jet of solid particles, the influence of different 

parameters of the vibrating machine on the productivity of pulsating jet cleaning of 

solids and the analytical dependence of productivity on the parameters of the cleaning 

process in a vibrating machine. 

 The following scientific results were obtained: 

 1. Further development of a mathematical model of the working fluid in the 

nozzle of the pulsation chamber vibrating machine, which describes its dynamics and 

obtained amplitude-frequency characteristics from which to determine the kinematic 

and dynamic parameters of the immersed pulsating jet; 

 2. Received further development of analytical determination of the productivity 

of the vibrating machine for cleaning and washing with a pulsating immersed jet of 

liquid with solid particles. The peculiarities of the design parameters of the machine 

and modes of operation of the vibrating drive are taken into account; 

 The third section describes the general methodology of research conducted in 

the work, based on a systematic approach to solving the scientific and technical 

problem. 

 In the process of dissertation research developed: experimental setup for 

modeling physical processes in a vibrating machine for cleaning and washing 

contaminants, the original design of the sensor for measuring the pulsating pressure 

of the submerged jet and used a modern measuring base. 

 Designs of installations and methods for carrying out: multifactor experiment 

on definition of dynamic characteristics of a working body for a sink from its 
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constructive parameters and operating modes of the drive are resulted; conducting 

comparative studies of different methods of cleaning and washing and determining 

the productivity of cleaning and washing of dirt in the vibrating machine; 

determination of parameters of structural elements of the vibrating machine drive and 

features of their calculation in Cosmos Works; processing of experimental data and 

evaluation of the accuracy of the obtained results. 

 The fourth section presents the results of experimental studies to substantiate 

the design parameters of components and modes of operation of the vibrating 

machine drive for cleaning and washing parts. 

 Experimental studies of visualization of the process of pulsating immersed jet 

of liquid in the working body of the vibrating machine showed that even at low 

oscillation frequencies of 8 Hz the effect of cavitation growth and bubbling in the 

pulsation chamber of the vibrating machine and ejection in the pulsating immersed jet 

gas. Researches on definition of change of size of pressure of a pulsating stream on a 

surface from constructive parameters of knots are carried out vibrating machine and 

the amplitude and oscillation frequency of the vibrating machine drive. 

 The results of a multifactor experimental study to determine the dynamic 

parameters of the pulsating submerged jet depending on the design parameters and 

modes of operation of the vibrating machine drive.  The following scientific 

results were obtained: experimentally determined the optimal, to obtain maximum 

performance, the ratio of design parameters of the vibrating machine and rational 

modes of operation of its drive module for cleaning contaminants: oscillation 

frequency  f  from 16 to 18 Hz; amplitude of oscillations A = 2 mm at the ratio of the 

diameter of the pulsation chamber to the diameter of the nozzle D/d = 10, and for the 

module for washing contaminants: A = 2 mm; oscillation frequency f from 13 to 14 

Hz; oscillation amplitude A = 2 mm at the ratio of the diameter of the pulsation 

chamber to the diameter of the nozzle D/d = 10. Experimental studies of the 

process of cleaning the surfaces of parts by submerged pulsating jet of liquid with 

solid particles showed coincidence with theoretical predictions about the mechanism 

of removal of contamination, and experimental studies of the process of cleaning 
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surfaces of parts by submerged pulsating jet of fluid with bubbles confirmed effects 

of gas-liquid mixture on pollution. 

 As a result of the study of model contamination cleaning productivity, it was 

found that increasing the angle of attack of a pulsating submerged jet with metal balls 

from 90
0
 to 125

0
 leads to an increase in cleaning productivity (tangential stresses 

between the ball and dirt Further increase in the angle leads to a slight increase in 

processing productivity (begins to reduce the impact of normal stresses between the 

ball and the contamination). Experimental studies have shown that the use of a 

diaphragm check valve, which connects the pulsation chamber with the cleaning bath, 

allows to increase the maximum pressure of the immersed pulsating fluid jet by 

reducing the volume of cavitation bubbles in the pulsation chamber when retracted in 

her fluid. This, in turn, allows to increase the maximum pressure of the liquid jet 

from the nozzle twice at frequencies from 16 to 18 Hz and increase the cleaning 

performance of the vibrating machine. 

 The fifth section presents the general method of designing the modules of the 

vibrating machine for cleaning and washing and substantiation of the design 

parameters of its main components to determine the power of the drive. 

The practical significance of the obtained results for mechanical engineering lies in 

the created methods of designing inexpensive vibrating machines for cleaning and 

washing parts during repairs in small-scale and single production. 

 The developed concept of construction of a vibrating machine for cleaning and 

washing of parts from contaminants and the method of its engineering calculations 

will be useful to engineers and scientists working in this field, will be able to 

implement cost-effective and reliable models of vibrating machines. 

 Key words: vibrating machine, design parameters, rational frequency modes of 

drive operation, cleaning by flooded pulsating jet with solid particles, washing by 

pulsating jet of liquid with cavitation bubbles, mathematical modeling, design. 

 Scientific works in which the main scientific results of the dissertation are 

published: 

 Articles in foreign scientific periodicals: 
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 1. Staryi A. R., Hordieiev A. I. Research the impact on productivity of 
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1994.2021.1.68. Personal contribution of the applicant: the idea of developing the 
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Applicant's personal contribution: analysis of existing cleaning and washing methods, 
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 4. Staryy A. R., Hordieiev A. I. Analysis of analytical models of the vibrating 
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ɺʉʊʋʇ 

 

ʋʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʶʪʴ ʫʩʧʽʰʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʦʟʜʦʙʣʶʚʘʣʴʥʦ-ʟʘʯʠʩʥʫ  ʪʘ ʟʤʽʮʥʶʚʘʣʴʥʫ ʦʧʝʨʘʮʽʾ, ʘʣʝ ʽ 

ʪʘʢʽ ʦʧʝʨʘʮʽʾ, ʷʢ ʦʯʠʩʪʢʘ ʪʘ ʤʠʡʢʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʩʝʧʘʨʘʮʽʷ, ʧʝʨʝʤʽʰʫʚʘʥʥʷ, 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘ ʚʘʞʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ, ʛʦʤʦʛʝʥʽʟʘʮʽʶ, 

ʬʽʣʴʪʨʫʚʘʥʥʷ, ʩʫʰʽʥʥʷ, ʥʘʩʠʯʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʧʝʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, 

ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ ʬʽʥʽʰʥʫ ʦʙʨʦʙʢʫ  ʧʦʚʝʨʭʦʥʴ ʪʘ ʨʷʜ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ.  

ʋ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʥʘʭʦʜʷʪʴ ʚʽʙʨʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʙʘʛʘʪʦʬʘʟʥʽ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʣʘʚʠ ʤʝʪʘʣʽʚ, ʩʢʣʘ ʡ ʧʦʣʽʤʝʨʽʚ, 

ʩʫʩʧʝʥʟʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʽ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ ʫ ʨʽʜʠʥʽ, ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʩʫʩʧʝʥʟʽʾ 

ʢʨʘʧʝʣʴ ʫ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʯʠ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʽ ʪ.ʧ. 

ɻʦʣʦʚʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʢʠ ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʪʠʧʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʘ ʨʝʤʦʥʪʫ ʤʘʰʠʥ ʩʪʘʥʦʚʠʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʜʫ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʦʩʥʦʚʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ, ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʨʦʙʦʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʤʽʨ ʨʦʙʦʯʠʭ ʪʽʣ (ʢʫʣʴʦʢ, ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ) 

ʾʭʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ, ʢʫʪ ʘʪʘʢʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ 

ʯʘʩʪʦʢ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʠʭ 

ʤʘʰʠʥʠ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʚʝʣʠʯʠʥ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥʠ ʚ 

ʫʤʦʚʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ. 

ʅʘʫʢʦʚʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʣʝʥʥʶ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʜʣʷ ʦʯʠʩʪʢʠ 

ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ. 

  ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʋ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʫ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ, ʚʠʢʣʠʢʘʶʪʴ ʧʝʨʝʜʯʘʩʥʝ ʟʥʦʰʫʚʘʥʥʷ 

ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ, ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʣʘʜʽʚ, ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʮʽʣʠʭ ʘʛʨʝʛʘʪʽʚ 
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ʪʘ ʩʠʩʪʝʤ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʧʘʜʽʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ, ʟʨʦʩʪʘʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʨʝʤʦʥʪʥʠʭ ʚʠʪʨʘʪ. ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʯʠʩʪʦʪʠ 

ʤʘʰʠʥ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʝʩʫʨʩʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʜʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʚʠʜʽʚ ʟʘʙʨʫʜʥʝʥʴ ʽʟ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʦʯʠʱʝʥʥʷ. 

ʂʦʞʥʠʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ, ʷʢ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʷʭ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʦʯʠʱʝʥʥʷ ʘʙʦ ʤʠʡʢʠ, ʪʘʢ ʽ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʷʪʠ, ʾʭ ʟʚôʷʟʢʫ ʟ ʧʦʚʝʨʭʥʝʶ ʥʘ 

ʚʠʨʦʙʘʭ ʪʘ ʤʽʩʮʷʭ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ 

ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʧʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʝʪʘʣʝʡ 

ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ ʩʣʽʜ ʨʝʪʝʣʴʥʦ ʟʚʘʞʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʧʦʩʦʙʫ ʪʘ ʤʘʰʠʥʠ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. 

ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʽ ʤʘʰʠʥ 

ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʦʜʠʥʠʯʥʦʤʫ ʪʘ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʙʨʫ ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʧʨʠ ʥʝʟʥʘʯʥʠʭ 

ʚʠʪʨʘʪʘʭ, ʥʘʙʫʚʘʶʪʴ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

 ɺʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ ʩʪʚʦʨʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʽʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʝʨʞʘʚʥʠʭ ʽ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʛʨʘʤ ʟʘ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʪʘ 

ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʞʝʥʥʷʤ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ 

ʥʘʧʨʷʤʠ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽè ʚʽʜ 08.09. 2011ʨ. ˉ 3715-VI ʪʘ  

ʧʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 28.12.2016 ʨ. ˉ1056 çɼʝʷʢʽ ʧʠʪʘʥʥʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʛʘʣʫʟʝʚʦʛʦ ʨʽʚʥʷ ʥʘ 2017-2021 ʨʨ.è.  
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ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʝʤʘʪʠʮʽ ʜʝʨʞʙʶʜʞʝʪʥʦʾ 

ʪʝʤʠ  çʆʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽè (ˉ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0121U110967) ʫ ʷʢʦʩʪʽ ʚʠʢʦʥʘʚʮʷ, ʘ ʪʘʢʦʞ ʚ ʨʘʤʢʘʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʍʤʝʣʴʥʠʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʄʝʪʘ  ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʨʦʟʨʦʙʣʝʥʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ  ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ. 

ʇʦʩʪʘʚʣʝʥʫ ʤʝʪʫ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ  ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ:       

- ʨʦʟʨʦʙʠʪʠ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʩʪʨʫʤʠʥʥʦʛʦ ʪʠʧʫ 

ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʷʚ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʨʽʟʥʽ ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʴ; 

- ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʽʟ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʘ; 

- ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ  ʩʪʨʫʤʠʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜ ʨʝʞʠʤʽʚ 

ʧʨʠʚʦʜʫ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ; 

- ʩʬʦʨʤʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʾ ʧʨʠʚʦʜʫ ʽ ʚʠʟʥʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʻʩʪʨʫʶʯʠ ʘʧʘʨʘʪʫʨʫ ʽ ʜʘʪʯʠʢʠ; 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦ-ʬʽʢʩʘʮʽʾ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ;  
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- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ; 

- ʤʝʪʦʜʦʤ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʟʘʪʦʧʣʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʶ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʜʣʷ 

ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ; 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ ʟʘʪʦʧʣʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ 

ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ; 

- ʩʬʦʨʤʫʚʘʪʠ ʧʨʠʢʣʘʜʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʽ 

ʤʠʡʢʠ ʟʘʪʦʧʣʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʧʝʨʝʜʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʝʭʥʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʧʨʦʤʠʩʣʦʚʫ ʤʦʜʝʣʴ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï  ʧʨʦʮʝʩ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ. 

 ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï  ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ, 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʘʰʠʥʠ, ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ. 

ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʨʽʜʠʥʠ ʫ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʰʣʷʭʦʤ  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʥʘ ʦʩʥʦʚʽ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʝʦʨʽʾ ʜʠʥʘʤʽʢʠ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, 

ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʌʦʨʤʫʚʘʥʥʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 
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ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʘ ʫʤʦʚʠ, 

ʱʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʨʦʡʰʣʠ ʽ ʨʫʭ ʫʩʪʘʣʝʥʠʡ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ  ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʟʘʩʦʙʽʚ 

ʨʝʻʩʪʨʫʚʘʥʥʷ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ ʦʧʨʘʮʶʚʘʥʥʷ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʠʥʥʦ-ʧʫʣʴʩʫʶʯʠʤ 

ʧʦʪʦʢʦʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ 

ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ.   

ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ʆʪʨʠʤʘʥʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ, ʱʦ ʦʧʠʩʫʻ ʡʦʛʦ 

ʜʠʥʘʤʽʢʫ ʪʘ ʦʪʨʠʤʘʥʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʽʥʝʤʘʪʠʯʥʽ  ̔ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ; 

2. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ  ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ 

ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ɺʨʘʭʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʠ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ; 

3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʾʾ ʧʨʠʚʦʜʫ ʤʦʜʫʣʷ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʙʨʫʜʥʝʥʴ: ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ  f  ʚʽʜ 16 ʜʦ 18 ɻʮ; ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ɸ = 2 ʤʤ 

ʧʨʠ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ  D/d =10, ʘ 

ʜʣʷ ʤʦʜʫʣʷ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ: ɸ = 2 ʤʤ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ  f ʚʽʜ 13 ʜʦ 14 ɻʮ; 

ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ɸ = 2 ʤʤ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ 

ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ D/d =10.  
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʽ ʤʝʪʦʜʠʢʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʜʦʨʦʛʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʪʪʷ ʜʝʪʘʣʝʡ 

ʧʨʠ ʨʝʤʦʥʪʽ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʈʝʟʫʣʴʪʘʪʠ  ʚʠʢʦʥʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʥʦʚʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʨʽʰʝʥʥʽ ï ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ 

ʧʫʭʠʨʮʷʤʠ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʭʠʱʝʥʦ ʧʘʪʝʥʪʦʤ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ 

ʋʢʨʘʾʥʠ ˉ132837.  

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʧʦʙʫʜʦʚʠ ʪʘ ʤʝʪʦʜʠʢʫ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʤʦʜʫʣʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ, 

ʟʘʚʜʷʢʠ ʷʢʠʤ ʽʥʞʝʥʝʨʠ ʪʘ ʥʘʫʢʦʚʮʽ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʤʘʪʠʤʫʪʴ 

ʤʦʞʣʠʚʽʩʪʴ  ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʪʘ ʥʘʜʽʡʥʽ ʟʨʘʟʢʠ 

ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʢʨʝʤʽ ʪʝʦʨʝʪʠʯʥʽ 

ʧʦʣʦʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ  ʊʆɺ çʈʦʣʘʜʘè, ʊɼɺ 

çɺʣʘʩʪʘè (ʤ. ʃʴʚʽʚ). 

ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ 

ʜʠʩʮʠʧʣʽʥʠ çʊʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚè ʪʘ ʚʧʨʦʚʘʜʞʝʥʽ 

ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʮʠʢʣʦʚʦʾ ʢʦʤʽʩʽʾ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ɺʉʇ 

ʃʴʚʽʚʩʴʢʦʛʦ ʬʘʭʦʚʦʛʦ ʢʦʣʝʜʞʫ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʭʥʦʣʦʛʽʡ  ʪʘ ʜʠʟʘʡʥʫ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ: çʊʝʭʥʦʣʦʛʽʷ 

ʨʝʤʦʥʪʫ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠè, çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ,  ʱʦ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʥʘʣʝʞʘʪʴ ʦʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʫ. ʇʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ.  ɸʚʪʦʨʫ ʥʘʣʝʞʘʪʴ ʦʩʥʦʚʥʽ 



29 
 

ʽʜʝʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʤʘʰʠʥʽ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ 

ʟʘʙʨʫʜʥʝʥʴ. 

 ɺ ʦʜʥʦʦʩʽʙʥʽʡ ʧʫʙʣʽʢʘʮʽʾ [5] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʽʜʝʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟʚʦʨʦʪʥʦʛʦ 

ʢʣʘʧʘʥʘ, ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

 ʋ ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ: [1] ï ʽʜʝʷ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʫʟʣʘ ʦʯʠʩʪʢʠ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ; [2] ï ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ, ʩʪʚʦʨʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʽʚ ʪʘ ʚʠʜʽʚ ʟʘʙʨʫʜʥʝʥʴ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʴ; [3] ï ʧʦʙʫʜʦʚʘ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ, ʱʦ ʦʧʠʩʫʻ ʡʦʛʦ 

ʜʠʥʘʤʽʢʫ ʪʘ ʦʪʨʠʤʘʥʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʽʥʝʤʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ; [4] ï 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ; [5] ï 

ʧʨʦʧʦʟʠʮʽʷ ʧʦ ʢʦʥʩʪʨʫʢʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʚʠʟʥʘʯʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; [6] ï ʽʜʝʷ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʚʫʟʣʽʚ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʪʘ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ; [7] ï ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʦʧʠʩ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ; [8] ï ʘʥʘʣʽʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ 

ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʝʡ; [9] ï ʘʥʘʣʽʟ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ  ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ; 

[10] ʽʜʝʷ ʚʚʝʜʝʥʥʷ ʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʜʫʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟʚʦʨʦʪʥʦʛʦ 

ʢʣʘʧʘʥʘ; [11] ï ʧʨʦʚʝʜʝʥʥʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ, ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʬʦʨʤʣʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ; 

[12] ï ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʠʡʢʠ ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʦʙʨʦʙʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. [13] ï ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚʫʟʣʘ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʫ Cosmos Works.  
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 ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʦʙʛʦʚʦʨʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ 

ʧʦ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʣʠʩʷ ʩʫʤʽʩʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʽ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ: 

ï VI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʢʨʠʪʪʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡè, ʤ. ɺʽʥʥʠʮʷ (13-15 

ʚʝʨʝʩʥʷ. 2018 ʨ); 

ï XVII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɺʽʙʨʘʮʽʾ ʚ 

ʪʝʭʥʽʮʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷʭè, ʤ. ʃʴʚʽʚ (11-12 ʞʦʚʪʥʷ 2018 ʨ); 

ï VIII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʋʢʨʘʾʥʦ-

ʇʦʣʴʩʴʢʽ ʥʘʫʢʦʚʽ ʜʽʘʣʦʛʠè, ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ, (16-19  ʞʦʚʪʥʷ 2019 ʨ); 

ï Materials of  the XVI International scientific and practical çConference 

Science and ʩivilization ï 2020è,  Sheffield.  (30 January - 07 February, 2020 roku); 

ï Materialy XVII Miňdzynarodowej naukowi-praktycznej konferencji 

çEuropejska nauka XXI powiekŃ ï 2021è, PrzemyŜl, (07-15 maja 2021 roku, 2021); 

ï Iʍ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʋʢʨʘʾʥʦ-ʇʦʣʴʩʴʢʽ 

ʥʘʫʢʦʚʽ ʜʽʘʣʦʛʠè, ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ, (21-23  ʞʦʚʪʥʷ 2021 ʨ). 

ï   IX ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çInternational 

forum: problems and scientific solutionsè, ʤ. ʄʝʣʴʙʫʨʥ, ɸʚʩʪʨʘʣʽʷ, (6-8 ʣʶʪʦʛʦ 

2022 ʨ). 

 ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 13 ʨʦʙʽʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʜʥʘ 

ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʽʥʦʟʝʤʥʦʤʫ ʚʠʜʘʥʥʽ, 4 ʩʪʘʪʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʧʝʨʝʣʽʢʫ ʄʆʅ 

ʋʢʨʘʾʥʠ, ʦʜʠʥ ʧʘʪʝʥʪ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʋʢʨʘʾʥʠ,  7 ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ 

ʪʝʟ ʜʦʧʦʚʽʜʝʡ. 

 ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ, 

ʟʤʽʩʪʫ, ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 210 ʩʪʦʨʽʥʦʢ ʜʨʫʢʦʚʘʥʦʛʦ 

ʪʝʢʩʪʫ, ʟ ʥʠʭ ʘʥʦʪʘʮʽʷ ï ʥʘ 17 ʩʪʦʨ., ʟʤʽʩʪ ï ʥʘ 4 ʩʪʦʨ., ʦʩʥʦʚʥʠʡ ʪʝʢʩʪ ï ʥʘ 160 

ʩʪʦʨ., ʩʧʠʩʦʢ ʽʟ 135 ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ï ʥʘ 14 ʩʪʦʨ., ʜʦʜʘʪʢʠ ï ʥʘ 16 ʩʪʦʨ. 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 83 ʨʠʩʫʥʢʘ ʪʘ 7 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ɿɸʉʊʆʉʋɺɸʅʅʗ ɺɯɹʈɸʎɯʁʅʀʍ 

ʇʈʆʎɽʉɯɺ  ʋ ʊɽʍʅʆʃʆɻɯʗʍ ɯ ʊɽʍʅɯʎɯ ɼʃʗ ʆʏʀʉʊʂʀ ʊɸ ʄʀʁʂʀ 

ɿɸɹʈʋɼʅɽʅʔ ʇʈʀ ɺʀɻʆʊʆɺʃɽʅɯ ɼɽʊɸʃɽʁ ɯ ʈɽʄʆʅʊɯ 

ʆɹʃɸɼʅɸʅʅʗ 

 

1.1. ɸʥʘʣʽʟ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʪʘ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ  

  

ʗʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʚʽʜʨʝʤʦʥʪʦʚʘʥʠʭ ʤʘʰʠʥ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʦʩʢʦʥʘʣʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʙʠʨʘʥʥʷ, ʦʯʠʱʝʥʥʷ, ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʥʽ ʽ ʩʢʣʘʜʘʥʥʷ. ʋʩʢʣʘʜʥʝʥʥʷ ʚʠʨʦʙʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʦʯʠʱʝʥʥʷ ʽ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ. ʇʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʨʝʤʦʥʪʫ ʧʦʣʷʛʘʻ ʫ 

ʚʠʜʘʣʝʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʚʝʨʜʦʛʦ, ʨʽʜʢʦʛʦ ʯʠ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʩʽʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʟʘʙʨʫʜʥʝʥʴ. ʊʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 7 ʜʦ 9 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʨʝʤʦʥʪʫ. 

ʉʫʯʘʩʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʦʩʥʘʱʝʥʽ ʜʦʨʦʛʠʤ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ, 

ʤʘʰʠʥʘʤʠ, ʫʩʪʘʥʦʚʢʘʤʠ, ʨʦʙʦʪʠʟʦʚʘʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʡ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ. ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚʦʥʠ ʚʪʨʘʯʘʶʪʴ 

ʩʚʦʾ ʨʦʙʦʯʽ ʷʢʦʩʪʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʟʥʦʰʫʚʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʜʝʪʘʣʝʡ, ʪʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ, ʧʦʪʫʞʥʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʥʦʨ-

ʤʘʣʴʥʦʤʫ ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ ʧʦʪʨʽʙʥʽ ʩʠʩʪʝʤʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ. 

ʉʧʨʘʮʶʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʝʨʘʮʽʦʥʘʣʴʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʩʪʦʾʚ ʫ ʨʝʤʦʥʪʽ, ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʟʨʦʩʪʘʥʥʷ ʙʨʘʢʫ, ʘ ʪʘʢʦʞ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʨʝʤʦʥʪ. ʇʨʦ ʟʥʘʯʝʥʥʷ ʧʦʢʨʘʱʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ 



32 
 

ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʫʩʪʘʪʢʫʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ: ʨʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʨʝʤʦʥʪ ʽ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʪʘʥʦʚʣʷʪʴ 

ʚʽʜ 10 ʜʦ 25 % ʡʦʛʦ ʧʝʨʚʽʩʥʦʾ ʚʘʨʪʦʩʪʽ, ʘ ʾʭʥʷ ʯʘʩʪʢʘ ʚ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ʩʷʛʘʻ ʚʽʜ 6 ʜʦ 8%. ʂʽʣʴʢʽʩʪʴ ʨʝʤʦʥʪʥʠʢʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʫ ʤʝʞʘʭ ʚʽʜ 20 ʜʦ 30 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪʥʠʢʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʨʝʤʦʥʪʥʦʾ ʩʣʫʞʙʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ: 

- ʟʙʝʨʝʞʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʧʨʘʮʝʟʜʘʪʥʦʤʫ, ʪʝʭʥʽʯʥʦ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʙʦʪʫ; 

- ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʽ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʚʩʽ ʚʠʜʠ ʨʝʤʦʥʪʽʚ. 

ɺʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʚʠʤʘʛʘʻ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʚʠʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʩʚʦʻʯʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʤʦʥʪʫ, ʘ ʪʘʢʦʞ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʚʠʜʽʚ ʨʦʙʽʪ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʫʩʪʘʪʢʫʚʘʥʥʷ ʡ ʽʥʰʠʭ ʚʠʜʽʚ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʪʚʦʨʶʶʪʴʩʷ ʨʝʤʦʥʪʥʽ ʩʣʫʞʙʠ, ʾʭʥʷ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: ʪʠʧʫ ʪʘ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʡʦʛʦ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʨʦʟʚʠʪʢʫ ʢʦʦʧʝʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʩʠʩʪʝʤʠ 

ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʪʦʱʦ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʨʝʤʦʥʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʻ: 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʟʘʜʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ; 

- ʦʨʛʘʥʽʟʘʮʽʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʡʦʛʦ ʚ ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ; 

- ʧʽʜʚʠʱʝʥʥʷ ʢʫʣʴʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ 

ʧʨʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʡʦʛʦ ʩʣʫʞʙʠ, ʟʙʽʣʴʰʝʥʥʷ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ 

ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʫ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ; 

- ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʽ ʩʦʙʽʚʘʨʪʦʩʪʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭ ʷʢʦʩʪʽ; 

- ʤʦʜʝʨʥʽʟʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ. 
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ʆʯʠʱʝʥʥʶ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʧʨʦʤʠʚʘʥʥʶ ʧʽʜʣʷʛʘʶʪʴ ʜʝʪʘʣʽ ʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʤʘʰʠʥʠ ʟʘ ʽʥʩʪʨʫʢʮʽʷʤʠ ʟʘʚʦʜʽʚ ʚʠʨʦʙʥʠʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʧʨʦʤʠʚʘʥʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʙʠʨʘʥʥʷ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ, 

ʦʯʠʱʝʥʥʷ ʨʦʟʽʙʨʘʥʠʭ ʚʫʟʣʽʚ ʚʽʜ ʩʪʨʫʞʢʠ ʪʘ ʧʠʣʫ, ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʟʘʤʽʥʶʶʪʴʩʷ ʟʘʧʦʙʽʞʥʽ ʧʨʦʢʣʘʜʢʠ, ʧʨʦʤʠʚʘʶʪʴʩʷ ʽ ʧʨʦʯʠʱʘʶʪʴʩʷ 

ʟʘʧʦʙʽʞʥʽ ʬʽʣʴʪʨʠ, ʤʘʩʪʠʣʴʥʽ ʦʪʚʦʨʠ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ. 

ɺʘʛʦʤʠʤ ʚʥʝʩʢʦʤ ʫ ʩʪʚʦʨʝʥʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʘʰʠʥ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʱʝʥʥʷ ʧʦ ʧʨʘʚʫ ʥʘʣʝʞʠʪʴ 

ʧʨʦʚʽʜʥʠʤ ʥʘʫʢʦʚʮʷʤ: ʅ.ʌ. ʊʝʣʴʥʦʚʫ, ɹ.ɹ. ʅʝʬʝʜʦʚʫ, ɸ.ʇ. ʉʘʜʦʚʩʢʦʤʫ,  ɸ.ʌ. 

ʊʝʣʴʥʦʚʫ, ɺ.ɯ. ʉʘʚʯʝʥʢʦ, ɽ.ɹ. ʂʨʫʪʦʫʩʫ,  ɸ.ʅ. ʅʝʢʨʠʯʫ., ʖ.ʉ. ʂʦʟʣʦʚʫ, ɺ.ɯ. 

ʋʰʤʘʨʽʥʫ, ʅ.ʇ. ɹʝʣʷʥʽʥʫ, ɯ.ɺ. ʌʘʜʻʻʚʫ, ɼ.ʇ. ɻʝʛʝʨʩʫ ʪʘ ʽʥ. [1-27]. ɿʘʚʜʷʢʠ 

ʚʝʣʠʢʽʡ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʨʦʙʦʪʽ ʚʯʝʥʠʭ ʙʘʛʘʪʦ ʧʠʪʘʥʴ ʦʯʠʱʝʥʥʷ ʦʪʨʠʤʘʣʠ 

ʪʝʦʨʝʪʠʯʥʝ ʦʙʛʨʫʥʪʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢʝ ʚʜʘʣʦʩʷ ʚʠʨʽʰʠʪʠ ʨʷʜ 

ʩʢʣʘʜʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʚ ʛʘʣʫʟʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ɺʠʩʦʢʦ ʦʮʽʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʨʦʙʦʪʘʭ 

ʚʠʱʝʥʘʟʚʘʥʠʭ ʘʚʪʦʨʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʥʠʭ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʥʘʩʠʯʝʥʦʩʪʽ ʚʦʜʷʥʠʭ ʟʘʪʦʧʣʝʥʠʭ 

ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʪʨʫʤʝʥʽʚ ʙʝʟ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʪʠʩʢʫ ʚ ʧʨʦʮʝʩʽ ʤʠʡʢʠ. 

ʇʨʦʚʽʜʥʠʤʠ ʋʢʨʘʾʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ  ɸ.ɸ. ɸʥʜʠʣʘʭʘʻʤ, ʆ.ɺ. ɻʦʨʠʢʦʤ, 

ɸ.ɽ. ʇʨʦʚʦʣʦʮʢʠʤ, ɿ.ɸ. ʉʪʦʮʴʢʦ,  ɸ.ɹ. ʎʠʛʘʥʦʚʩʢʠʤ, ʌ.ɺ. ʅʦʚʽʢʦʚʠʤ, ɻ.ɸ. 

ʐʫʣʷʥʩʴʢʠʤ, ʆ.ʄ. ɹʨʠʢʫʥʦʤ, ʈ.ɯ. ʉʽʣʽʥʠʤ, ɸ.ɯ. ɻʦʨʜʻʻʚʠʤ ʫ ʩʚʦʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ [28-44] ʟʘʢʣʘʜʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʙʘʛʘʪʦʬʘʟʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ʪʘ 

ʦʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʯʠʩʥʦʛʦ ʪʘ ʤʠʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʥʝʚʝʣʠʢʠʤ ʨʦʟʤʽʨʘʤ ʤʠʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʥʘʯʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʝʢʦʥʦʤʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ ʽ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ. ʄʘʰʠʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʤʠʶʯʽ 

ʩʢʣʘʜʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʇɸʈ ʽ ʟʜʽʡʩʥʠʪʠ ʥʘʛʨʽʚ ʨʦʟʯʠʥʽʚ ʽ ʜʝʪʘʣʝʡ ʜʦ 
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ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ 80Áʉ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʠʤ ʦʯʠʱʘʪʠ ʜʝʪʘʣʽ ʩʢʣʘʜʥʠʭ ʬʦʨʤ. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʩʪʢʠ 

ʜʚʦʭʬʘʟʥʠʤ ʩʪʨʫʤʠʥʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ ʟʨʦʙʠʣʠ ʽʥʦʟʝʤʥʽ ʥʘʫʢʦʚʮʽ ʪʘʢʽ ʷʢ Spring C., Chen J.,  

Desai D., Helland E., Occelli E., Ciampini D., Spelt J.K. ʪʘ ʽʥ.  [45-53]. 

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʜʝʪʘʣʷʭ ʫʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ ʟʘʙʨʫʜʥʝʥʥʷ. ɸ ʧʨʠ 

ʨʫʡʥʫʚʘʥʥʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʩʠʣʶʶʪʴʩʷ ʱʝ ʡ ʧʨʦʮʝʩʠ ʢʦʨʦʟʽʡʥʦʛʦ 

ʫʨʘʞʝʥʥʷ, ʷʢʽ ʯʘʩʪʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʽʜ ʰʘʨʦʤ ʟʨʫʡʥʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʤʦʞʥʘ ʚʠʜʘʣʷʪʠ ʤʝʭʘʥʽʯʥʠʤʠ, ʬʽʟʠʯʥʠʤʠ, ʭʽʤʽʯʥʠʤʠ, ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ, ʭʽʤʽʢʦ- ʪʝʨʤʽʯʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʻ ʚʘʞʣʠʚʦʶ 

ʧʝʨʝʜʫʤʦʚʦʶ ʷʢʽʩʥʦʛʦ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʬʦʨʤʠ ʪʘ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ, ʝʢʦʣʦʛʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ. 

ʇʨʘʢʪʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʢʣʠʢʘʶʪʴ 

ʧʝʨʝʜʯʘʩʥʝ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʘʛʨʝʛʘʪʽʚ ʽ ʩʠʩʪʝʤ, ʧʦʨʫʰʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥ, ʘ ʪʘʢʦʞ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʽʟʢʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

ɿʘʙʨʫʜʥʝʥʥʷ ï ʮʝ  ʪʚʝʨʜʽ  ʽ ʨʽʜʢʽ ʧʣʽʚʢʠ, ʪʚʝʨʜʽ ʦʩʘʜʞʝʥʥʷ, ʧʨʦʜʫʢʪʠ 

ʢʦʨʦʟʽʾ, ʘʙʦ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʽʚ ʘʙʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʠʭ ʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʩʢʣʘʜʘʥʥʷ, ʚʠʧʨʦʙʫʚʘʥʴ, 

ʟʙʝʨʝʞʝʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʍʘʨʘʢʪʝʨ ʟʘʙʨʫʜʥʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ, ʨʽʚʥʝʤ ʢʫʣʴʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ  ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʟʙʝʨʝʞʝʥʥʷ ʽ ʪ.ʧ. 

ɸʚʪʦʨʠ [54] ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʴ ʨʦʟʙʠʚʘʶʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʠʭ ʚʠʜʠ: 

1. ʅʝʦʨʛʘʥʽʯʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʤʝʭʘʥʽʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ: 

ʟʘʙʨʫʜʥʝʥʥʷ, ʩʣʘʙʢʦ ʟʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ (ʧʠʣʶʢʘ, ʦʰʫʨʢʠ, ʩʪʨʫʞʢʘ 

ʤʝʪʘʣʝʚʦʛʦ ʽ ʥʝʤʝʪʘʣʝʚʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʩʘʞʘ, ʧʽʩʦʢ, ʛʣʠʥʘ ʽ ʪ.ʧ.); ʟʘʙʨʫʜʥʝʥʥʷ, 

ʤʝʭʘʥʽʯʥʦ ʰʘʨʞʦʚʘʥʽ ʚ ʧʦʚʝʨʭʥʶ (ʟʝʨʥʘ ʘʙʨʘʟʠʚʽʚ, ʤʽʥʝʨʘʣʴʥʽ ʘʙʦ ʤʝʪʘʣʝʚʽ 

ʯʘʩʪʢʠ); ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʦʩʽʣʦ ʥʘ ʧʦʚʝʨʭʥʶ (ʩʦʣʴʦʚʽ ʰʢʽʨʢʠ ʧʽʩʣʷ 
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ʦʧʨʘʮʶʚʘʥʥʷ ʚ ʩʦʣʴʦʚʠʭ ʚʘʥʥʠʭ, ʥʘʢʠʧ ʽ ʪ.ʧ.); ʟʘʙʨʫʜʥʝʥʥʷ, ʩʧʣʘʚʣʝʥʦ ʟ 

ʧʦʚʝʨʭʥʝʶ ʘʙʦ ʷʢʝ ʦʪʚʝʨʜʽʣʦ ʟ ʨʦʟʧʣʘʚʫ (ʬʣʶʩʠ, ʟʚʘʨʶʚʘʣʴʥʠʡ ʰʣʘʢ, ʣʠʚʘʨʥʠʡ 

ʧʨʠʛʘʨ, ʢʝʨʘʤʽʯʥʽ ʦʙʤʘʟʢʠ ʧʽʩʣʷ ʩʧʽʢʘʥʥʷ ʩʢʣʘ ʽ ʪ.ʧ.). 

2. ɿʘʙʨʫʜʥʝʥʥʷ ʽ ʧʦʢʨʠʪʪʷ ʦʨʛʘʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʘʙʦ ʥʘ ʦʨʛʘʥʽʯʥʠʭ 

ʟʚôʷʟʢʘʭ,  ʤʝʭʘʥʽʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ: ʟʘʙʨʫʜʥʝʥʥʷ, ʩʣʘʙʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʦʚʝʨʭʥʝʶ (ʧʠʣʶʢʘ, ʦʰʫʨʢʠ ʽ ʩʪʨʫʞʢʘ ʧʣʘʩʪʤʘʩʦʚʘ, ʜʝʨʝʚʥʘ ʽ ʪ.ʧ., ʩʘʞʘ, 

ʚʫʛʽʣʣʷ, ʢʦʢʩ); ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʥʝʚʝʣʠʯʢʽʡ ʘʜʛʝʟʽʾ ʜʦ ʧʦʚʝʨʭʥʽ (ʞʠʨʦʚʽ ʽ 

ʤʘʩʣʷʥʽ ʧʣʽʚʢʠ ʽ ʤʘʩʪʠʣʘ, ʰʣʽʬʫʚʘʣʴʥʽ, ʧʦʣʽʨʫʚʘʣʴʥʽ ʽ ʧʨʠʪʠʨʘʣʴʥʽ ʧʘʩʪʠ); 

ʟʘʙʨʫʜʥʝʥʥʷ, ʤʽʮʥʦ ʟʯʝʧʣʝʥʽ ʟ ʧʦʚʝʨʭʥʝʶ (ʣʘʢʠ, ʩʤʦʣʠ, ʢʣʝʾ, ʬʘʨʙʠ ʽ ʝʤʘʣʽ, 

ʟʘʤʘʟʢʠ ʽ ʛʝʨʤʝʪʠʢʠ). 

3. ɿʘʙʨʫʜʥʝʥʥʷ ʽ ʧʣʽʚʢʠ, ʭʽʤʽʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ: ʦʢʠʩʣʠ ʽ ʛʽʜʨʘʪʠ 

ʦʢʠʩʣʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠʨʦʜʥʽ ʦʢʠʩʣʠ ʘʙʦ ʛʽʜʨʦʦʢʠʩʥʽ ʧʣʽʚʢʠ ʥʘ ʯʦʨʥʠʭ (ʽʨʞʘ) ʽ 

ʢʦʣʴʦʨʦʚʠʭ (ʧʨʠʨʦʜʥʽ ʧʣʽʚʢʠ, ʦʢʠʩʣʠ ʽ ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ) ʤʝʪʘʣʘʭ, ʦʢʠʩʣʠ, ʱʦ 

ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʘʙʦ ʛʘʨʷʯʽʡ ʦʙʨʦʙʮʽ ʪʠʩʢʦʤ, ʦʢʠʩʥʽ ʧʦʢʨʠʪʪʷ 

(ʧʣʽʚʢʠ ʚʦʨʦʥʫʚʘʥʥʷ ʥʘ ʯʦʨʥʠʭ ʤʝʪʘʣʘʭ, ʧʣʽʚʢʠ ʘʥʦʜʫʚʘʥʥʷ ʘʙʦ ʯʦʨʥʽ ʧʣʽʚʢʠ ʥʘ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʘʭ); ʩʦʣʽ ʽ ʩʦʣʝʧʦʜʽʙʥʽ ʟôʻʜʥʘʥʥʷ (ʢʘʨʙʦʥʘʪʠ ʽ ʦʩʥʦʚʥʽ ʩʦʣʽ ʥʘ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʘʭ, ʩʫʣʴʬʽʜʠ ʥʘ ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʘʭ, ʬʦʩʬʘʪʠ ʥʘ 

ʯʦʨʥʠʭ ʽ ʭʨʦʤʘʪʠ ʥʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʘʭ, ʩʠʣʽʢʘʪʠ). 

ɺ ʧʨʘʢʪʠʮʽ ʟʚʠʯʘʡʥʦ ʤʘʶʪʴ ʩʧʨʘʚʫ ʽʟ ʩʫʢʫʧʥʽʩʪʶ ʟʘʙʨʫʜʥʝʥʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʧʦʧʝʨʝʜʥʽʭ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʘʙʦ ʚʠʨʦʙʽʚ, ʟʙʝʨʝʞʝʥʥʷʤ ʽ ʪ.ʧ. ɺ ʦʩʥʦʚʥʦʤʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʧʝʨʝʜʥʽʭ ʦʧʝʨʘʮʽʡ, ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʛʨʫʧʠ: 

1) ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ (ʤʝʪʘʣʝʚʽ ʪʘ ʥʝʤʝʪʘʣʝʚʽ ʦʰʫʨʢʠ ʪʘ 

ʩʪʨʫʞʢʠ, ʚʝʨʩʪʘʪʥʽ ʝʤʫʣʴʩʽʾ ʪʘ ʤʘʩʪʠʣʘ), ʯʠʩʪʦʚʦʾ ʪʘ ʦʧʦʨʷʜʞʫʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ, 

ʧʨʠʪʠʨʘʥʥʷ ʪʘ ʜʦʚʦʜʢʠ (ʘʙʨʘʟʠʚʥʠʡ ʧʠʣ ʪʘ ʟʝʨʥʘ, ʧʘʩʪʠ, ʤʘʩʣʘ, ʤʘʩʪʠʣʘ, 

ʝʤʫʣʴʩʽʾ, ʢʣʝʶʯʽ ʩʤʦʣʠ); 

2) ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʾ ʭʦʣʦʜʥʦʾ ʪʘ ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ, ʰʪʘʤʧʫʚʘʥʥʷ, 

ʢʫʚʘʥʥʷ, ʧʨʦʢʘʪʫʚʘʥʥʷ (ʤʘʩʣʘ, ʤʘʩʪʠʣʘ, ʛʨʘʬʽʪ, ʪʘʣʴʢ, ʧʨʦʜʫʢʪʠ ʦʩʤʦʣʝʥʥʷ, 

ʦʢʘʣʠʥʘ);  
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3) ʧʽʩʣʷ ʣʠʪʪʷ ʪʘ ʪʝʨʤʦʦʙʨʦʙʢʠ (ʦʢʘʣʠʥʘ, ʦʢʠʩʥʽ ʧʣʽʚʢʠ, ʩʘʞʘ, ʢʦʢʩ, 

ʥʘʛʘʨ); 

4) ʧʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ (ʦʢʘʣʠʥʘ, ʦʢʠʩʣʠ, ʟʚʘʨʶʚʘʣʴʥʠʡ ʰʣʘʢ, ʟʘʣʠʰʢʠ 

ʦʙʤʘʟʦʢ ʪʘ ʬʣʶʩʽʚ); 

5) ʧʽʩʣʷ ʧʘʡʢʠ (ʦʢʠʩʣʠ, ʟʘʣʠʰʢʠ ʬʣʶʩʽʚ); 

6) ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʪʘ ʬʘʨʙʫʚʘʥʥʷ (ʣʘʢʠ, ʬʘʨʙʠ); 

7) ʧʽʩʣʷ ʩʢʣʘʜʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ (ʤʘʩʣʘ, ʝʤʫʣʴʩʽʾ, ʤʝʭʘʥʽʯʥʽ ʯʘʩʪʢʠ, ʩʣʽʜʠ 

ʨʫʢ ʪʘ ʪ.ʧ.); 

8) ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʢʦʥʪʨʦʣʴʥʠʭ ʩʢʣʘʜʘʥʴ ʪʘ ʨʦʟʢʣʘʜʘʥʴ (ʤʘʩʣʘ, 

ʝʤʫʣʴʩʽʾ, ʤʝʭʘʥʽʯʥʽ ʯʘʩʪʢʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʚʠʨʦʙʥʠʯʠʭ ʟʘʙʨʫʜʥʝʥʴ); 

9) ʧʽʩʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (ʧʦʢʨʠʪʪʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʭʠʩʥʽ ʣʘʢʠ ʪʘ ʬʘʨʙʠ, ʤʘʩʪʠʣʘ ʜʣʷ ʢʦʥʩʝʨʚʘʮʽʾ, ʧʘʩʠʚʫʶʯʽ 

ʨʦʟʯʠʥʥʽ ʩʦʣʽ ʪʘ ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʧʨʠ ʟʙʝʨʽʛʘʥʥʷ); 

10) ʧʽʩʣʷ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʤʘʩʣʘ, ʤʘʩʪʠʣʘ, ʧʠʣ, ʚʦʨʩ, 

ʤʝʭʘʥʽʯʥʽ ʯʘʩʪʢʠ, ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ). 

ɺʠʙʽʨ ʩʧʦʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʟʘʙʨʫʜʥʝʥʴ, ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʝʪʘʣʝʡ ʽ ʤʽʩʮʴ ʚʽʜʢʣʘʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ [54,55]. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʫ ʚʠʙʦʨʽ ʩʧʦʩʦʙʫ ʦʯʠʱʝʥʥʷ ʻ ʚʠʜ ʟʘʙʨʫʜʥʝʥʴ. ɸʥʘʣʽʟ 

ʜʞʝʨʝʣ ʧʦʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʧʦʩʦʙʽʚ 

ʯʠʩʪʢʠ ʽ ʤʠʡʢʠ,  ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʨʝʘʣʽʟʫʻ ʮʽ ʩʧʦʩʦʙʠ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʣʠʢʝ ʾʭ 

ʨʽʟʥʦʤʘʥʽʪʪʷ [12,14]. ʋʩʽ ʚʦʥʠ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɺʠʙʽʨ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʫ ʤʠʡʢʠ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʙʨʫʜʥʝʥʴ, ʚʽʜ ʚʠʤʦʛ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ ʱʦʜʦ ʯʠʩʪʦʪʠ ʚʠʨʦʙʽʚ, ʫʤʦʚ 

ʪʘ ʪʠʧʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ.  

 ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʦʙôʻʢʪʽʚ, ʟʛʽʜʥʦ 

ʥʘʣʝʞʥʦʩʪʽ ʤʘʰʠʥ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʧʝʚʥʦʛʦ ʚʠʜʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʴ, ʽʟ ʧʦʜʽʣʦʤ 

ʾʭ ʥʘ ʩʣʘʙʦ ʟʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ ʪʘ ʩʠʣʴʥʦ ʟʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ [55]. ʇʨʦʚʝʜʝʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.1. 
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ʆʯʠʩʪʢʘ ʪʘ ʤʠʡʢʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ ʚʫʟʣʽʚ, 

ʘʛʨʝʛʘʪʽʚ ʽ ʩʠʩʪʝʤ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʡ 

ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʠʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʤʽʨʫ ʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʤʠʡʢʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʱʦ ʦʯʠʱʘʶʪʴʩʷ ʪʘ ʘʛʨʝʛʘʪʽʚ ʽ 

ʩʠʩʪʝʤ. ɺʠʜ ʽ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʟʘʣʠʰʠʣʦʩʷ ʧʽʩʣʷ ʤʠʡʢʠ ʧʦʚʝʨʭʥʽ, 

ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʩʧʦʩʦʙʫ ʤʠʡʢʠ ʪʘ ʪʠʧʫ ʤʠʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʪʘʢʽ ʩʧʦʩʦʙʠ ʤʠʪʪʷ ʡ ʦʯʠʱʝʥʥʷ: ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʡ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ, ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ, ʪʝʨʤʽʯʥʠʡ ʽ ʤʝʭʘʥʽʯʥʠʡ: ʦʯʠʱʝʥʥʷ 

ʱʽʪʢʘʤʠ, ʧʥʝʚʤʦʘʙʨʘʟʠʚʥʠʤʠ ʪʘ ʛʽʜʨʦʘʙʨʘʟʠʚʥʠʤʠ ʩʪʨʫʤʠʥʘʤʠ, 

ʚʽʙʨʦʘʙʨʘʟʠʚʥʠʡ [16-20,54].  

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ [61] (ʩʪʨʫʤʠʥʥʠʡ  ʫ ʚʘʥʥʘʭ) ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʚʠʜʘʣʷʶʪʴ ʩʪʨʫʤʠʥʘʤʠ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʨʽʟʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʫʤʦʚʘʭ (ʨʝʞʠʤʘʭ). ʆʩʥʦʚʥʽ ʫʤʦʚʠ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʚʦʜʥʠʤʠ ʨʦʟʯʠʥʘʤʠ: ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʶʯʦʛʦ ʭʽʤʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜ 75 ʜʦ 

95Áʉ, ʚʽʙʨʫʶʯʠʡ ʧʦʪʽʢ ʘʙʦ ʩʪʨʫʤʝʥʽ ʧʨʠ ʟʥʘʯʥʦʤʫ ʪʠʩʢʫ ʪʘ ʝʬʝʢʪʠʚʥʽ ʤʠʶʯʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝʡ ʩʧʦʩʽʙ ʥʘʙʫʚ ʥʘʡʰʠʨʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʨʝʤʦʥʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʯʠʱʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʘʙʦ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ. ʏʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʩʪʽʡʥʠʡ 

ʩʪʨʫʤ. ʇʨʦʮʝʩ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ ʚʽʜ 3 ʜʦ10 ɸ/ʜʤ
2
 ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʯʠʱʫʻʪʴʩʷ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʨʦʮʝʩ ʟʥʝʞʠʨʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʟʨʦʩʪʘʻ. ʄʝʪʦʜ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʜʝʪʘʣʝʡ ʜʦ ʛʘʣʴʚʘʥʽʯʥʠʭ, ʧʦʣʽʤʝʨʥʠʭ ʽ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʚʽʜ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʫʣʴʪʨʘʟʚʫʢʫ ʯʝʨʝʟ ʨʽʜʢʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʯʠʱʫʻʪʴʩʷ. ʂʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʦʶ ʚʽʜ 20 ʜʦ 25 ʢɻʮ ʩʪʚʦʨʶʶʪʴ ʚʝʣʠʢʽ 

ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʩʧʨʠʯʠʥʶʶʪʴ ʧʦʷʚʫ ʚ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʨʽʙʥʠʭ ʧʫʭʠʨʮʽʚ, ʧʨʠ 
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ʨʦʟʨʠʚʘʥʥʽ ʷʢʠʭ ʫ ʤʽʢʨʦʦʙôʻʤʘʭ ʚʠʥʠʢʘʶʪʴ ʛʽʜʨʘʚʣʽʯʥʽ ʫʜʘʨʠ ʚʝʣʠʢʦʾ ʩʠʣʠ, ʱʦ 

ʨʫʡʥʫʶʪʴ ʚʫʛʣʝʮʝʚʽ ʚʽʜʢʣʘʜʝʥʥʷ ʧʨʦʪʷʛʦʤ  ʚʽʜ 2 ʜʦ ɿ ʭʚ., ʘ ʤʘʩʣʷʥʽ ʧʣʽʚʢʠ ʚʽʜ 

30 ʜʦ 40 ʩ. ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ (ʜʝʪʘʣʽ ʢʘʨʙʶʨʘʪʦʨʽʚ, ʧʘʣʠʚʥʠʭ ʥʘʩʦʩʽʚ, 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʽ ʪ. ʧ.). 

ʊʝʨʤʽʯʥʠʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʥʘʡʙʽʣʴʰ 

ʩʪʽʡʢʠʭ ʚʫʛʣʝʮʝʚʠʭ ʚʽʜʢʣʘʜʝʥʴ (ʥʘʛʘʨʫ, ʘʩʬʘʣʴʪʝʥʽʚ ʪʦʱʦ). ɼʝʪʘʣʴ ʚʤʽʱʫʶʪʴ ʫ 

ʪʝʨʤʽʯʥʫ ʧʽʯ, ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 600 ʜʦ 700Áʉ, ʚʠʪʨʠʤʫʶʪʴ ʚʽʜ 2 ʜʦ 

ɿ ʛʦʜʠʥ, ʧʦʪʽʤ ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʫʶʪʴ ʨʘʟʦʤ ʟ ʧʽʯʯʶ. ʗʢʱʦ ʚ ʜʝʪʘʣʷʭ ʥʝ 

ʚʠʷʚʣʝʥʦ ʢʦʨʦʙʣʝʥʥʷ, ʪʦ ʥʘʛʘʨ ʤʦʞʥʘ ʚʠʜʘʣʠʪʠ, ʚʠʧʘʣʶʶʯʠ ʡʦʛʦ ʛʘʟʦʚʠʤ 

ʧʦʣʫʤôʷʤ. 

ʄʝʭʘʥʽʯʥʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʚ ʦʯʠʱʝʥʥʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʨʫʯʥʫ ʩʢʨʝʙʢʘʤʠ, 

ʱʽʪʢʘʤʠ ʪʦʱʦ ʘʙʦ ʤʝʭʘʥʽʟʦʚʘʥʦ-ʢʽʩʪʦʯʢʦʚʠʤ ʜʨʽʙʥʷʢʦʤ, ʘʙʨʘʟʠʚʥʠʤʠ ʪʘ 

ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʨʘʟʦʤ ʟ ʧʦʚʽʪʨʷʤ, ʚʦʜʦʶ ʘʙʦ ʤʠʶʯʠʤ 

ʨʦʟʯʠʥʦʤ [56]. 

ɺʩʽ ʚʽʜʦʤʽ ʩʧʦʩʦʙʠ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʧʽʜʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʚʝʣʠʢʽ 

ʛʨʫʧʠ ï ʤʝʭʘʥʽʯʥʽ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʽ ʩʧʦʣʫʯʝʥʽ (ʦʯʠʩʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʩʧʦʣʫʯʘʻ ʚ 

ʩʦʙʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʫ  ʘʢʪʠʚʥʽʩʪʴ ʦʯʠʩʥʠʭ ʟʘʩʦʙʽʚ ʽʟ ʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ). ɹʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ 

[2,12,13,19] ʚʚʘʞʘʶʪʴ ʧʨʦʮʝʩ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʨʽʜʠʥʠ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʦʜʥʦʶ 

ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ, ʘ ʦʩʥʦʚʥʽ 

ʯʠʥʥʠʢʠ ï ʮʝ  ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦʪʦʢʫ ʟ ʯʘʩʪʠʥʢʘʤʠ ʽ ʜʦʪʠʯʥʽ ʩʢʣʘʜʦʚʽ 

ʩʠʣʠ ʪʝʨʪʷ ʦʯʠʩʥʦʛʦ ʘʙʦ ʤʠʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.    

 

1.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʜʣʷ ʦʯʠʱʝʥʥʷ ʽ ʤʠʡʢʠ 

  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʙʨʫʜʥʝʥʴ: ʾʭ ʬʽʟʠʯʥʠʡ ʩʪʘʥ (ʪʚʝʨʜʠʡ ʘʙʦ ʨʽʜʠʥʥʠʡ, ʚôʷʟʢʽʩʪʴ 

ʨʽʜʠʥʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʪʚʝʨʜʠʭ ʟʘʙʨʫʜʥʝʥʴ); ʟʚôʷʟʦʢ  ʟʘʙʨʫʜʥʝʥʴ ʟ 



40 
 

ʧʦʚʝʨʭʥʝʶ ʚʠʨʦʙʫ (ʧʦʣʷʨʥʠʡ ʘʙʦ ʥʝʧʦʣʷʨʥʠʡ); ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʨʦʙʦʪʽ ʚʠʨʦʙʽʚ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚ 

ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ, ʧʨʠ ʛʘʨʷʯʦʤʫ ʰʪʘʤʧʫʚʘʥʥʽ, ʢʫʚʘʥʥʽ ʪʘ ʽʥ.); 

ʧʨʠʩʫʪʥʽʩʪʴ ʪʚʝʨʜʠʭ ʪʘ ʤôʷʢʠʭ ʯʘʩʪʦʢ, ʱʦ ʟʘʧʦʚʥʶʶʪʴ ʧʘʟʠ, ʛʣʫʭʽ ʪʘ ʥʘʩʢʨʽʟʥʽ 

ʦʪʚʦʨʠ; ʢʦʥʛʣʦʤʝʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʽ ʦʢʠʩʣʝʥʥʷ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤʠ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʚʠʨʦʙʥʠʮʪʚ ʤʘʩʣʷʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʢʦʤʙʽʥʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʤʘʩʣʷʥʽʡ ʦʩʥʦʚʽ, ʧʦʣʽʨʫʚʘʣʴʥʽ ʧʘʩʪʠ, 

ʥʝʦʨʛʘʥʽʯʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʪʠʧʫ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʢ ʪʘ ʧʠʣʫ, ʧʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ, 

ʦʢʠʩʣʠ, ʦʢʠʩʥʽ ʧʣʽʚʢʠ [15,20]. 

ʄʘʩʣʷʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʽʥʝʨʘʣʴʥʽ (ʤʘʰʠʥʥʝ, ʚʝʨʝʪʝʥʥʝ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʝ ʪʘ ʽʥʰʽ ʤʘʩʣʘ), ʨʦʩʣʠʥʥʽ ʪʘ ʪʚʘʨʠʥʥʽ ʤʘʩʣʘ, ʩʫʣʴʬʦʬʨʝʟʦʣ ʽ 

ʝʤʫʣʴʩʽʷ ʯʘʩʪʦ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʚ ʚʠʛʣʷʜʽ ʧʠʣʫ, ʘʙʨʘʟʠʚʫ, ʦʰʫʨʦʢ, ʩʪʨʫʞʢʠ ʪʘ ʽʥ., 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ, ʢʦʥʩʝʨʚʘʮʽʾ, 

ʦʧʝʨʘʮʽʷʤ ʩʢʣʘʜʘʥʥʷ, ʨʦʟʢʣʘʜʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʯʠʱʝʥʥʷ ʚʽʜ ʤʘʩʣʷʥʦ 

ʞʠʨʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʫʞʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʦʪʽʢʘʻ ʟʘ ʨʘʭʫʥʦʢ 

ʝʤʫʣʴʛʫʚʘʥʥʷ ʪʘ ʦʤʠʣʶʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ (ʜʣʷ ʞʠʨʽʚ ʪʘ ʤʘʩʝʣ ʨʦʩʣʠʥʥʦʛʦ ʪʘ 

ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ), ʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʦʨʛʘʥʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ï ʟʘ  

ʨʘʭʫʥʦʢ ʨʦʟʯʠʥʝʥʥʷ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʚ ʚʠʛʣʷʜʽ ʰʣʽʬʫʚʘʣʴʥʠʭ, ʧʦʣʽʨʫʚʘʣʴʥʠʭ ʪʘ ʧʨʠʪʠʨʘʣʴʥʠʭ 

ʧʘʩʪ ʷʚʣʷʶʪʴ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʦʯʠʱʝʥʥʽ.  ʇʘʩʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʙʨʘʟʠʚʥʠʭ 

ʤʽʢʨʦʧʦʨʦʰʢʽʚ ʪʘ ʨʝʯʦʚʠʥ, ʱʦ ʟʚôʷʟʫʶʪʴ. ɸʙʨʘʟʠʚʥʽ ʧʦʨʦʰʢʠ, ʜʦ ʷʢʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʦʢʠʩ ʘʣʶʤʽʥʽʶ, ʦʢʠʩ ʭʨʦʤʫ, ʩʠʥʪʝʪʠʯʥʽ ʘʣʤʘʟʠ, ʝʣʝʢʪʨʦʢʦʨʫʥʜ, 

ʢʘʨʙʽʜ ʙʦʨʘ ʽ ʪ.ʧ., ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʽ. ɺ ʷʢʦʩʪʽ ʨʝʯʦʚʠʥ, ʱʦ ʟʚôʷʟʫʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ, ʪʚʘʨʠʥʥʽ ʞʠʨʠ, ʧʘʨʘʬʽʥ, ʩʪʝʘʨʠʥ, ʘʚʽʘʮʽʡʥʽ 

ʤʘʩʣʘ. 

ʆʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ, ʭʣʦʨʦʬʦʨʤʽ, 

ʙʝʥʟʠʥʦʚʽ ʪʘ ʜʝʷʢʠʭ ʜʨʫʛʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. ʆʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ ʚ ʚʦʜʽ ʥʝ 

ʨʦʟʯʠʥʷʶʪʴʩʷ, ʘ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʙʤʠʣʶʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʫ, 

ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʚʦʜʽ, ʪʘʢ  ʟʚʘʥʦʛʦ ʦʣʝʾʥʦʚʦʛʦ ʤʠʣʘ. ʊʚʘʨʠʥʥʽ ʞʠʨʠ ʪʘ  ʤʘʩʣʘ 

ʦʙʤʠʣʶʶʪʴʩʷ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ 
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ʚ ʚʦʜʽ (ʛʣʽʮʝʨʠʥ, ʤʠʣʦ), ʘ ʤʽʥʝʨʘʣʴʥʽ ʤʘʩʣʘ ʟ ʢʠʩʣʦʪʘʤʠ ʪʘ ʣʫʛʘʤʠ ʥʝ 

ʚʟʘʻʤʦʜʽʶʪʴ ʽ ʫ ʚʦʜʽ ʥʝ ʨʦʟʯʠʥʷʶʪʴʩʷ. ɺʢʘʟʘʥʽ ʞʠʨʠ ʪʘ ʤʘʩʣʘ ʜʦʙʨʝ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʜʠʭʣʦʨʝʪʘʥʽ, ʛʘʩʽ, ʙʝʥʟʠʥʦʚʽ ʪʘ ʜʝʷʢʠʭ ʽʥʰʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ. 

ʅʝʦʨʛʘʥʽʯʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʪʠʧʫ ʯʘʩʪʦʢ ʪʘ ʧʠʣʫ ʤʝʭʘʥʽʯʥʦ ʩʣʘʙʦ ʟʚôʷʟʘʥʽ ʟ 

ʧʦʚʝʨʭʥʝʶ. ɺʦʥʠ ʟʘʜʦʚʽʣʴʥʦ ʚʠʜʘʣʷʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ʚʠʤʦʛ ʷʢʦʩʪʽ 

ʦʯʠʱʝʥʥʷ ʚ ʟʚʠʯʘʡʥʽʡ, ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʘʙʦ ʜʝʽʦʥʽʟʦʚʘʥʦ ʾʚʦʜʽ. 

ʇʨʦʜʫʢʪʠ ʢʦʨʦʟʽʾ, ʦʢʠʩʣʠ ʪʘ ʦʢʠʩʥʽ ʧʣʽʚʢʠ ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʝ ʤʽʩʮʝ ʩʝʨʝʜ 

ʤʽʮʥʦ ʟʚôʷʟʘʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. ɰʭ ʧʦʷʚʘ ʚʠʢʣʠʢʘʥʘ ʭʽʤʽʯʥʠʤʠ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ.  

ɿʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʚôʷʟʢʫ ʟʘʙʨʫʜʥʝʥʴ ʟ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ.  ʻ 

ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʠʙʦʨʽ ʘʙʦ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʯʠʱʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʯʠʩʪʦʪʠ 

ʚʠʨʦʙʽʚ. 

ʉʪʫʧʽʥʴ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʦʯʠʩʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʻ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ. ɺʽʨʥʠʡ ʧʽʜʙʽʨ ʦʯʠʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ [19,20]. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʯʠʩʥʘ ʨʽʜʠʥʘ ʧʦʚʠʥʥʘ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʥʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʘʪʝʨʽʘʣʦʤ, ʟ ʷʢʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʦ ʦʯʠʩʥʠʡ ʦʙôʻʢʪ. ʗʢʱʦ ʞ ʪʘʢʘ ʚʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʪʦ ʚʦʥʘ 

ʧʦʚʠʥʥʘ ʧʨʦʪʽʢʘʪʠ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ ʟʘ ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʥʝ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ ʟʤʽʥʦʶ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ  ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚʠʨʦʙʫ 

ʪʘ ʧʦʨʫʰʝʥʥʷʤ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʪ.ʧ. 

ɺʩʽ ʦʯʠʩʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʚ ʜʚʽ ʛʨʫʧʠ  [54]: 

1 ʦʨʛʘʥʽʯʥʽ ʨʦʟʯʠʥʥʠʢʠ ʪʘ ʝʤʫʣʴʩʽʡʥʽ ʧʨʝʧʘʨʘʪʠ; 

2 ʣʫʞʥʽ ʨʦʟʯʠʥʠ ʪʘ ʩʠʥʪʝʪʠʯʥʽ ʦʯʠʩʥʽ ʩʝʨʝʜʦʚʠʱʘ. 

ʆʨʛʘʥʽʯʥʽ  ʨʦʟʯʠʥʥʠʢʠ ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʟʘʢʦʨʜʦʥʥʦʤʫ ʪʘ 

ʚʽʪʯʠʟʥʷʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʚʠʜʘʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ, ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʙʝʟ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʜʽʾ, 

ʢʦʨʦʟʽʡʥʦʶ ʽʥʝʨʪʥʽʩʪʶ ʜʦ ʜʝʪʘʣʝʡ ʟ ʯʦʨʥʠʭ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ. 
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ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʻ ʛʨʘʥʠʯʥʽ, ʘʨʦʤʘʪʠʯʥʽ ʪʘ 

ʭʣʦʨʦʚʘʥʽ ʚʫʛʣʝʚʦʜʥʽ. 

ɸʨʦʤʘʪʠʯʥʽ ʪʘ ʭʣʦʨʦʚʘʥʽ ʚʫʛʣʝʚʦʜʥʽ ï ʜʦʙʨʽ ʨʦʟʯʠʥʥʠʢʠ ʤʽʥʝʨʘʣʴʥʠʭ 

ʤʘʩʝʣ, ʩʪʘʨʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʴ. ʆʜʥʘʢ ʾʤ ʚʣʘʩʪʠʚʘ ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ, ʘ 

ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ ʜʦ ʪʦʛʦ ʞ  ʚʠʙʫʭʦ ï  ʪʘ ʧʦʞʝʞʦʥʝʙʝʟʧʝʯʥʽ. ʊʦʤʫ ʜʘʥʥʽ 

ʨʦʟʯʠʥʥʠʢʠ ʥʝ ʟʥʘʡʰʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦ 

ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ: 

ʜʠʟʝʣʴʥʝ ʧʘʣʴʥʝ, ʢʝʨʦʩʠʥ, ʙʝʥʟʠʥ ʪʘ ʫʘʡʪʩʧʽʨʠʪ. ʎʝ ʜʝʰʝʚʽ ʪʘ ʧʦʨʽʚʥʷʥʦ 

ʤʘʣʦʪʦʢʩʠʯʥʽ ʨʦʟʯʠʥʥʠʢʠ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʚʝʨʭʦʥʴ ʤʘʩʣʷʥʠʭ ʢʘʥʘʣʽʚ, ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ, 

ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʟʥʷʪʪʷ ʩʪʘʨʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʴ. 

ɽʤʫʣʴʩʽʡʥʽ ʧʨʝʧʘʨʘʪʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʢʦʤʧʦʟʠʮʽʶ ʘʙʦ ʩʠʩʪʝʤʫ, ʱʦ 

ʚʤʽʱʫʻ ʢʨʽʤ ʨʦʟʯʠʥʥʠʢʽʚ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ) ʪʘ ʚʦʜʫ. 

ɽʤʫʣʴʩʽʡʥʝ ʦʯʠʱʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʽʥʰʽ 

ʚʠʜʠ ʦʯʠʱʝʥʥʷ ʥʘʜʪʦ ʪʨʠʚʘʣʽ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʽ. ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ 

ʨʦʟʰʠʨʝʥʥʷ ʝʤʫʣʴʩʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʩʣʽʜ ʚʚʘʞʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʦʯʠʩʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʜʝʰʝʚʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ï ʢʩʠʣʦʣʫ  ʪʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ ʧʽʜʙʦʨʦʤ 

ʝʬʝʢʪʠʚʥʠʭ ʝʤʫʣʴʛʘʪʦʨʽʚ ʪʘ ʇɸʈ, ʱʦ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʥʠʭ. 

ʃʫʞʥʽ ʨʦʟʯʠʥʠ ʟʥʘʡʰʣʠ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʮʽ 

ʦʯʠʱʝʥʥʷ [54]. ʇʝʨʝʚʘʛʘʤʠ ʮʠʭ ʨʦʟʯʠʥʽʚ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʻ ʧʦʨʽʚʥʷʥʦ ʜʝʰʝʚʽ, 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʦʯʠʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʥʘʡʰʣʠ ʩʠʥʪʝʪʠʯʥʽ ʤʠʶʯʽ ʟʘʩʦʙʠ (ʉʄɿ) ʟ ʚʤʽʩʪʦʤ ʇɸʈ ʪʘ 

ʘʢʪʠʚʥʠʭ ʜʦʤʽʰʦʢ. ɺ ʩʫʯʘʩʥʠʭ ʤʠʶʯʠʭ ʟʘʩʦʙʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ  ʘʥʽʦʥʦʘʢʪʠʚʥʽ 

ʇɸʈ ʽ ʥʝ ʤʦʥʦʛʝʥʥ̔  ʇɸʈ. ʄʦʣʝʢʫʣʠ ʘʥʽʦʥʦʘʢʪʠʚʥʠʭ ʇɸʈ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ  

ʜʠʩʦʮʽʶʶʪʴ ʥʘ ʥʝʘʢʪʠʚʥʽ ʢʘʪʽʦʥʠ (ʤʝʪʘʣ ʘʙʦ ʚʦʜʝʥʴ) ʪʘ ʥʘ ʘʥʽʦʥʠ (ʚʫʛʣʝʚʦʜʥʽ 

ʣʘʥʮʶʛʠ), ʷʢʽ ʚʠʷʚʣʷʶʪ ɹʧʦʚʝʨʭʥʝʚʫ ʘʢʪʠʚʥʽʩʪʴ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʇɸʈ ʚʽʜʥʦʩʷʪʴʩʷ 

ʞʠʨʦʚʽ ʤʘʩʣʘ, ʩʦʣʽ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʠʨʪʽʚ, ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʪʘ ʽʥʰʽ 

ʟôʻʜʥʘʥʥʷ. 
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ɺ ʷʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʜʦʤʽʰʦʢ ʜʦ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʬʦʩʬʘʪʠ, ʢʘʨʙʦʥʘʪʠ ʪʘ ʩʠʣʽʢʘʪʠ ʥʘʪʨʽʶ, ʱʦ ʧʽʜʩʠʣʶʶʪʴ ʜʽʶ ʇɸʈ ʪʘ ʦʜʠʥ 

ʦʜʥʦʛʦ ʚ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ [54]. ʌʦʩʬʘʪʠ ʤʘʶʪʴ ʩʠʣʴʥʽ ʧʝʧʪʠʟʫʶʯʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʨʦʟʜʨʽʙʥʶʶʪʴ ʢʨʫʧʥʽ ʯʘʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʚ ʙʽʣʴʰ ʤʽʣʢʽ, ʽʥʦʜʽ ʜʦ 

ʢʦʣʦʾʜʥʠʭ ʨʦʟʤʽʨʽʚ. ʂʘʨʙʦʥʘʪʠ ʻ ʥʘʡʙʽʣʴʰ ʜʝʰʝʚʠʤʠ ʝʣʝʢʪʨʦʣʽʪʘʤʠ ʪʘ 

ʫʪʚʦʨʶʶʪʴ ʣʫʞʥʠʡ ʨʝʟʝʨʚ ʚ ʦʯʠʩʥʦʤʫ ʨʦʟʯʠʥʽ. 

ʉʠʣʽʢʘʪʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʧʨʠ ʛʽʜʨʦʣʽʟʽ ʜʘʶʪʴ ʢʨʝʤʥʽʻʚʫ ʢʠʩʣʦʪʫ ʚ 

ʢʦʣʦʾʜʥʦʤʫ ʩʪʘʥʽ. ɿʜʘʪʥʽʩʪʴ ʢʨʝʤʥʽʻʚʦʾ ʢʠʩʣʦʪʠ, ʷʢʘ ʜʠʩʧʝʨʛʫ ̒ʪʚʝʨʜʽ ʪʘ ʞʠʨʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʩʧʨʠʷʻ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ ʨʦʣʴ ʚ 

ʧʦʧʝʨʝʜʞʝʥʥʽ ʧʦʚʪʦʨʥʦʛʦ ʦʩʽʜʘʥʥʷ ʚʽʜʤʠʪʠʭ ʟʘʙʨʫʜʥʝʥʴ. ʇʨʠʩʫʪʥʽʩʪʴ ʩʠʣʽʢʘʪʽʚ 

ʚʽʜʽʛʨʘʻ ʧʨʦʪʠʢʦʨʦʟʽʡʥʫ ʜʽʶ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʥʪʝʪʠʯʥʽ ʤʠʶʯʽ ʟʘʩʦʙʠ  ʟ ʚʤʽʩʪʦʤ ʇɸʈ ʪʘ 

ʽʥʛʽʙʽʪʦʨʘʤʠ ʢʦʨʦʟʽʾ. 

 

1.3. ɸʥʘʣʽʟ ʦʩʥʦʚ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʦʯʠʩʪʢʠ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ 

 

ʆʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʥʘʭʦʜʠʪʴ ʚʩʝ ʰʠʨʰʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʆʩʥʦʚʠ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʫ ʨʦʙʦʪʘʭ ʇʨʦʚʦʣʦʮʢɹʦʛʦ ɸ. ɽ. 

ɸʥʜʠʣʘʭʘʷ ɸ. ɸ. ʎʠʛʘʥʦʚʩʢʦʛʦ ɸ. ɹ., ɹʨʠʢʫʥʘ ʆ. ʄ., ʂʠʨʽʣʽʥʘ ʆ. ɺ. [56-68]. 

ɿʦʢʨʝʤʘ, ʮʝ ʪʘʢʽ ʧʨʦʮʝʩʠ: ʜʨʦʙʦʩʪʨʫʤʠʥʥʝ ʥʘʢʣʝʧʫʚʘʥʥʷ, ʩʪʨʫʤʠʥʥʦ-ʘʙʨʘʟʠʚʥʘ 

ʦʙʨʦʙʢʘ, ʧʥʝʚʤʦʩʪʨʫʤʠʥʥʝ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʦʙʣʦʶ ʧʣʘʩʪʤʘʩʦʚʠʭ 

ʘʨʤʦʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʫʣʴʩʫʶʯʠʤʠ ʩʪʨʫʤʝʥʷʤʠ 

ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ [57-70].   

ʇʨʠ ʟʘʛʘʣʴʥʽʡ ʦʮʽʥʮʽ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ 

ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʦ-ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʷʚʠʱ, ʱʦ ʨʦʙʣʷʪʴ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʥ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʘ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʽ 

ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʤʽʢʨʦʨʽʟʘʥʥʷ ʽ ʧʨʫʞʥʦʛʦ 



44 
 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦʶ ʜʽʻʶ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ ʨʷʜʫ 

ʬʘʢʪʦʨʽʚ, ʽ ʥʘʷʚʥʽʩʪʶ ʨʦʙʦʯʦʾ ʩʝʨʝʜʦʚʠʱʘ ʧʝʚʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʦʟʰʠʨʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʨʦʙʥʦ-ʟʘʯʠʩʥʽʡ ʦʯʠʩʪʢʠ ʤʦʞʝ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʦ 

ʧʦ ʰʣʷʭʫ ʩʪʚʦʨʝʥʥʷ ʾʾ ʥʦʚʠʭ ʨʽʟʥʦʚʠʜʽʚ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʢʦʤʙʽʥʫʚʘʥʥʽ ʨʽʟʥʠʭ ʩʭʝʤ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʽ ʜʝʪʘʣʽ [59]. 

ɻʦʣʦʚʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʦʯʠʩʪʢʠ ʧʨʝʜʩʪʘʚʣʷʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʜʫ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ, ʷʢ ʨʦʟʤʽʨ 

ʨʦʙʦʯʠʭ ʪʽʣ (ʢʫʣʴʦʢ, ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ), ʾʭʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʪʠʩʢ ʨʦʙʦʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ, ʢʫʪ ʘʪʘʢʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ 

ʯʘʩʪʠʥʦʢ ʽ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ (ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʽ 

ʚʝʣʠʯʠʥʘ ʥʘʢʣʝʧʫ ʧʦʚʝʨʭʥʽ ʪʘ ʟʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ). ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʚʝʣʠʯʠʥ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʚ ʫʤʦʚʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ [59]. 

ʊʘʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʛʨʝʩʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʚʫʟʴʢʠʤʠ ʤʝʞʘʤʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʜʦʚʛʦʪʨʠʚʘʣʠʤʠ 

ʫʤʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ɹʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʻ ʧʽʜʭʽʜ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ  

ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʽʡ ʧʽʜʭʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʚʪʦʨʦʤ [57,58] ʜʣʷ ʩʪʨʫʤʠʥʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ. ʈʝʘʣʽʟʘʮʽʷ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠʧʫʩʢʘʻ ʧʦʙʫʜʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙ'ʻʢʪʘ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘʤʠ [57,58] ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʩʪʨʫʤʠʥʥʦʾ ʦʙʨʦʙʢʠ: 

ʚʝʣʠʯʠʥʠ ʨʦʟʤʽʨʽʚ ʨʦʙʦʯʠʭ ʯʘʩʪʦʢ, ʰʚʠʜʢʦʩʪʽ  ʯʘʩʪʦʢ, ʚʝʣʠʯʠʥ ʢʫʪʘ ʘʪʘʢʠ, 

ʚʝʣʠʯʠʥʠ ʩʠʣʠ ʢʦʥʪʘʢʪʥʦʾ ʜʽʾ. ʇʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʨʠ ʦʯʠʱʝʥʥʽ. ʗʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʦ ʚʝʣʠʯʠʥʫ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʧʣʦʱʽ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʤʠʡʢʠ ʪʘ ʦʯʠʱʝʥʥʷ,  ʘʙʦ ʚʝʣʠʯʠʥʫ ʥʘʢʣʝʧʫ  ʧʨʠ 

ʜʨʦʙʦʩʪʨʫʤʠʥʥʦʤʫ ʦʙʨʦʙʣʝʥʥʽ, ʘ ʚʝʣʠʯʠʥʘ ʰʦʨʩʪʢʦʩʪʽ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ 

ʤʦʜʝʣʽ ʚʠʩʪʫʧʘʻ ʷʢ ʦʙʤʝʞʝʥʥʷ.  

ʆʩʦʙʣʠʚʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʩʪʨʫʤʠʥʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʥʘʣʝʞʠʪʴ ʧʨʦʬʝʩʦʨʫ ʇʨʦʚʦʣʦʮʴʢʦʤʫ ʆ. ɭ. [57,58]  ʆʜʥʘʢ, ʜʘʥʠʡ ʤʝʪʦʜ 

ʤʘʻ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ, ʧʦʚ'ʷʟʘʥʠʤ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʟʥʦʰʫʚʘʥʥʷʤ ʩʦʧʝʣ, ʯʝʨʝʟ ʷʢʽ 

ʧʨʦʢʘʯʫʻʪʴʩʷ ʘʙʨʘʟʠʚʥʘ ʩʫʩʧʝʥʟʽʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʜʽʘʤʝʪʨ ʩʦʧʣʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʡ ʘʙʨʘʟʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʘ ʙʝʟʧʝʨʝʨʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʩʦʧʣʦʚʦʛʦ ʦʪʚʦʨʫ ʻ ʧʨʠʯʠʥʦʶ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʟʤʽʥʠ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʡ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʦʯʠʱʝʥʥʷ. 

ɸʚʪʦʨʦʤ [59] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʢʘʨʜʠʥʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ 

ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʘ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʩʪʨʫʤʠʥʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʘʪʦʧʣʝʥʠʤʠ 

ʩʪʨʫʤʝʥʷʤʠ. ɼʘʥʠʡ ʤʝʪʦʜ ʻ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʩʪʨʫʤʠʥʥʦ-ʘʙʨʘʟʠʚʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʡ ʚʠʢʣʶʯʘʻ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʩʪʨʫʤʠʥʥʦ-ʘʙʨʘʟʠʚʥʠʭ 

ʫʩʪʘʥʦʚʦʢ - ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʢʘʥʘʣʽʚ ʩʦʧʝʣ ʘʙʦ ʝʞʝʢʮʽʡʥʠʭ ʥʘʩʘʜʦʢ, 

ʪʦʤʫ ʱʦ ʘʙʨʘʟʠʚʥʽ ʟʝʨʥʘ ʧʨʠʻʜʥʫʁʪʴʩʷ ʜʦ ʩʪʨʫʤʝʥʽʚ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ 

ʾʭʥʽʤʠ ʤʝʞʘʤʠ. ɽʬʝʢʪ ʦʙʨʦʙʢʠ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ 

ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʦʞʝ ʙʫʪʠ ʚʪʨʘʯʝʥʘ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ 

ʧʨʦʧʦʨʮʽʡ (ʙʘʣʘʥʩʫ) ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

ʜʝʪʘʣʝʡ ʽ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʟʥʠʢʘʻ ʽʩʪʦʪʥʘ ʨʽʟʥʠʮʷ 

ʰʚʠʜʢʦʩʪʝʡ ʤʽʞ ʘʙʨʘʟʠʚʥʠʤʠ ʟʝʨʥʘʤʠ ʡ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʜʝʪʘʣʷʤʠ.  

ɸʚʪʦʨ [59-63] ʟʘʧʨʦʧʦʥʫʚʘʚ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʤʝʪʦʜʫ 

ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʘʪʦʧʣʝʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ, ʷʢ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʷʢʦʩʪʽ ʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʦʟʜʦʙʣʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʨʽʙʥʠʭ ʪʦʯʥʠʭ ʜʝʪʘʣʝʡ ʤʘʣʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 
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ɸʚʪʦʨ [59] ʚʽʜʟʥʘʯʘʻ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʩʪʨʫʤʠʥʥʦ- 

ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ, ʜʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʚʨʽʟʘʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʚ ʦʙʨʦ-

ʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ, ʱʦ ʚʥʦʩʠʪʴ ʧʨʠʥʮʠʧʦʚʽ ʟʤʽʥʠ ʚ ʟʘʢʦ-

ʥʦʤʽʨʥʦʩʪʽ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʡ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝ-

ʪʘʣʝʡ. ɸʥʘʣʽʪʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʢʫʪʘ ʚʭʦʜʫ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʚ 

ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʇʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʚʠʟʥʘʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ʟʘʪʦʧʣʝʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʧʠʩʘʪʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʡ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʥʽʤʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [59,60] ʨʦʟʨʦʙʣʝʥʦ 

ʫʟʘʛʘʣʴʥʶʶʯʽ ʝʤʧʽʨʠʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʘʨʘʤʝʪʨʽʚ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʟʘʪʦʧʣʝʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʦʪʨʠʤʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʜʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʮʝʩʫ ʡ ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʥʘʡʤʝʥʰʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ 

ʥʘʡʙʽʣʴʰʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ʡ 

ʚʠʢʦʥʘʪʠ ʚʠʙʽʨ ʢʽʣʴʢʦʩʪʽ ʡ ʨʦʟʤʽʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʾʭ 

ʧʨʦʝʢʪʫʚʘʥʥʽ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [59], ʘ ʪʘʢʦʞ 

ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚʠʟʥʘʯʝʥʦ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʜʽʡʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʪʦʜʫ ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʘʪʦʧʣʝʥʠʤʠ 

ʩʪʨʫʤʝʥʷʤʠ. ɼʦ ʾʭ ʯʠʩʣʘ ʚʭʦʜʷʪʴ: ʢʫʪ ʘʪʘʢʠ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʝʣʝʤʝʥʪʠ ʜʝʪʘʣʝʡ, ʥʘ ʷʢʠʭ 

ʩʣʽʜ ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ (ʢʨʦʤʢʠ, ʧʣʦʱʠʥʠ, ʟʘʜʠʨʢʠ, ʚʝʨʰʠʥʠ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ), ʟʙʝʨʝʞʝʥʥʷ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ ʩʫʩʧʝʥʟʽʾ ʪʘ ʾʾ ʨʽʜʢʦʾ ʩʢʣʘʜʦʚʦʾ, 

ʝʬʝʢʪʠʚʥʘ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʜʘʯʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʧʘʩʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʥʘʡʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ) ʢʦʥʩʪʨʫʢʮʽʷ ʩʦʧʣʘ ʜʣʷ ʧʦʜʘʯʽ 
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ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʡʦʛʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʚʠʪʨʘʪʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʽʘʤʝʪʨʦʤ, ʢʽʣʴʢʽʩʪʶ ʩʦʧʝʣ ʽ ʪʠʩʢʦʤ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɸʥʘʣʽʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ [59,64-66], ʱʦ ʚ ʧʨʦʮʝʩʽ 

ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʟʘʪʦʧʣʝʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʚʠʥʠʢʘʶʪʴ ʩʪʠʩʢʘʶʯʽ ʥʘʧʨʫʞʝʥʥʷ (ʤʘʻ ʤʽʩʮʝ ʥʘʢʣʝʧ).  

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʞʝʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʽʜ 20 ʜʦ 25 

ʭʚʠʣʠʥ ʦʙʨʦʙʢʠ, ʘ ʧʦʪʽʤ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ ʽʟ ʯʘʩʦʤ 

ʦʙʨʦʙʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ (ʧʦ ɺʽʢʝʨʩʫ) ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʜʝʪʘʣʝʡ ʟ ʘʣʶʤʽʥʽʶ ɸɼ, ʣʘʪʫʥʽ ʃʉ59.1, ʣʘʪʫʥʽ ʃ63, ʩʪʘʣʽ ʉʪ3, ʩʪʘʣʽ 65ɻ. 

 ʏʝʨʝʟ 20-25 ʭʚʠʣʠʥ ʦʙʨʦʙʢʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ ʟʘʣʝʞʥʦ ʚʽʜ ʩʭʠʣʴʥʦʩʪʽ ʤʝʪʘʣʽʚ ʜʦ ʥʘʢʣʝʧʫ. ʋ ʨʦʙʦʪʽ [67], ʷʢʘ 

ʧʨʠʩʚʷʯʝʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʜʨʦʙʦʩʪʨʫʤʠʥʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʢʦʨʧʫʩʥʠʭ ʚʠʨʦʙʽʚ, ʰʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʫʜʘʨʥʦʾ ʜʽʾ ʜʨʦʙʫ ʥʘ 

ʩʪʘʥ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ ʽ 

ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ. 

ɸʚʪʦʨʦʤ [67] ʧʦʙʫʜʦʚʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʦʚʽ ʥʘʫʢʦʚʽ ʧʽʜʭʦʜʠ ʜʦ 

ʦʧʠʩʘʥʥʷ ʫʜʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʦʾ ʩʬʝʨʠʯʥʦʾ ʜʨʦʙʠʥʢʠ ʟ 

ʧʣʦʱʠʥʦʶ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʟʥʘʯʝʥʦ, ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʥʠʭ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʫ ʩʣʽʜʫ ʟʽʪʢʥʝʥʥʷ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʣʽʜʢʦʚʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʾ ʜʨʦʙʦʩʪʨʫʤʠʥʥʦʛʦ 

ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʽʚ ʽʟ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ. 

 ʋ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʽʡ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʘʥʥʷ ʩʠʣʠ ʦʧʦʨʫ ʘʪʘʢʦʚʘʥʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘʧʨʦʚʘʜʞʝʥʦ ʦʜʠʥ ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʣʝʛʢʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʤ 

ʰʣʷʭʦʤ, ʘ ʫ ʧʨʫʞʥʦ-ʚôʷʟʢʽʡ ʤʦʜʝʣʽ - ʜʚʘ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʫʞʥʠʭ ʽ ʚôʷʟʢʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʪʦʚʽʨʥʽʰʝ 

ʚʨʘʭʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʠʨʦʙʫ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ ʚʠʭʽʜʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʥʝʭʪʫʚʘʥʥʷ ʫ ʧʝʚʥʠʭ 

ʚʠʧʘʜʢʘʭ ʧʨʫʞʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ [71]. 
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1.4. ɯʩʥʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʦʢ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʪʦʧʣʝʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

 

ɻʽʜʨʦʘʙʨʘʟʠʚʥʽ ʫʩʪʘʥʦʚʢʠ ʟʘ ʩʧʦʩʦʙʦʤ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ ʜʦ ʩʪʨʫʤʠʥʥʦʛʦ 

ʘʧʘʨʘʪʫ ʽ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʟʘʛʦʪʦʚʢʫ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʫʩʪʘʥʦʚʢʠ: ʟ ʝʞʝʢʮʽʶ 

ʩʫʩʧʝʥʟʽʾ ʚ ʩʪʨʫʤʠʥʥʠʡ ʘʧʘʨʘʪ ʽ ʧʦʜʘʣʴʰʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʾʾ ʛʘʟʦʤ ʘʙʦ ʚʦʜʦʶ; 

ʫʩʪʘʥʦʚʢʠ ʟ ʥʘʛʥʽʪʘʥʥʷʤ ʩʫʩʧʝʥʟʽʾ ʛʘʟʦʤ, ʚʦʜʦʶ ʘʙʦ ʥʘʩʦʩʦʤ ʽ ʧʦʜʘʣʴʰʦʶ 

ʧʦʜʘʯʝʶ ʾʾ ʯʝʨʝʟ ʩʦʧʣʦ; ʫʩʪʘʥʦʚʢʠ ʟ ʥʘʛʥʽʪʘʥʥʷʤ ʩʫʩʧʝʥʟʽʾ ʛʘʟʦʤ, ʚʦʜʦʶ ʘʙʦ 

ʥʘʩʦʩʦʤ ʽ ʧʦʜʘʣʴʰʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʾʾ ʣʦʧʘʪʷʤʠ ʨʦʪʦʨʘ ʘʙʦ ʽʤʧʫʣʴʩʥʠʤ 

ʨʦʟʨʷʜʦʤ [40]. 

ɺʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʯʠʩʪʢʠ ʚʽʜ ʦʢʘʣʠʥʠ 

ʪʘ ʛʽʜʨʦʜʨʦʙʦʟʤʽʮʥʝʥʥʷ ʚʠʨʦʙʽʚ. ɻʽʜʨʦʜʨʦʙʦʫʜʘʨʥʝ ʦʯʠʱʝʥʥʷ ʪʘ ʟʤʽʮʥʝʥʥʷ 

ʧʨʦʚʦʜʷʪʴ ʥʘ ʛʽʜʨʘʚʣʽʯʥʠʭ ʜʨʦʙʦʫʜʘʨʥʠʭ ʧʨʠʩʪʨʦʷʭ ʝʞʝʢʪʦʨʥʦʛʦ ʪʠʧʫ 

ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ:  ʦʜʥʦʬʦʨʩʫʥʢʦʚʠʭ [68] (ʨʠʩ.1.2) ʘʙʦ ʟ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤʠ 

ʬʦʨʩʫʥʢʘʤʠ. 

 

ʈʠʩ. 1.2 ï ʆʙʣʘʜʥʘʥʥʷ  ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʛʽʜʨʦʜʨʦʙʦʟʤʽʮʥʝʥʥʷ ʩʪʨʫʤʠʥʥʝ: 

1 ï ʜʝʪʘʣʴ; 2 ï ʢʘʤʝʨʘ; 3 ï ʩʽʪʢʘ; 4 ï ʩʦʧʣʦ; 5 ï ʥʘʩʦʩ; 6 ï ʟʣʠʚ; 7 ï ʙʘʢ; 

8 ï ʬʽʣʴʪʨ 

 

ɼʝʪʘʣʴ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ 1 ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʰʧʠʥʜʝʣʽ ʚ ʢʘʤʝʨʽ 2, ʷʢʘ 

ʨʦʟʜʽʣʝʥʘ ʩʽʪʢʦʶ 3 ʥʘ ʜʚʽ ʧʦʨʦʞʥʠʥʠ ɸ ʽ ɹ. ʅʘ ʩʽʪʮʽ 3 ʨʦʟʤʽʱʝʥʦ ʜʨʽʙ, ʚ 
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ʧʦʨʦʞʥʠʥʽ ɹ ï ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ ʨʽʜʠʥʘ. ɺ ʧʦʨʦʞʥʠʥʽ ɸ ʚʩʪʘʥʦʚʣʝʥʦ 

ʩʦʧʣʦ-ʝʞʝʢʪʦʨ 4. ɺ ʥʴʦʛʦ ʥʘʩʦʩʦʤ 5 ʧʦʜʘʻʪʴʩʷ ʩʪʨʫʤʽʥʴ ʤʘʩʪʠʣʴʥʦ-

ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ, ʷʢʘ ʧʽʜʭʦʧʣʶʻ ʜʨʽʙ ʽ ʥʘʧʨʷʤʣʷ̒  ʾʾ ʥʘ ʜʝʪʘʣʴ, 

ʩʪʚʦʨʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʦʙʨʦʙʢʫ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ. ɺʽʜʦʢʨʝʤʣʝʥʘ ʚʽʜ ʜʨʦʙʫ ʩʽʪʢʦʶ 

3 ʨʽʜʠʥʘ ʟʣʠʚʘʻʪʴʩʷ ʧʦ ʧʘʪʨʫʙʢʫ 6 ʚ ʙʘʢ 7. ʌʽʣʴʪʨ 8, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʙʘʢʫ 7, 

ʚʽʜʦʢʨʝʤʣʶʻ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʚʽʜʰʘʨʦʚʫʚʘʥʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʽ ʟʥʦʰʝʥʽ ʜʨʦʙʠʥʢʠ, ʷʢʽ ʧʨʦʡʰʣʠ ʢʨʽʟʴ 

ʩʽʪʢʫ 3. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʝʨʝʜ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʩʪʨʫʤʠʥʥʦ-

ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʻ ʩʧʦʩʽʙ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʟʘʪʦʧʣʝʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ 

(ɻʆɿʉ) [38,64]. ʉʫʪʴ ʤʝʪʦʜʫ ʜʝʤʦʥʩʪʨʫʻ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ.1.3.  

 

ʈʠʩ.1.3 ï ʉʭʝʤʘ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦ ʾʫʩʪʘʥʦʚʢʠ: 1 ï ʙʘʨʙʦʪʝʨʠ; 2 ï ʝʞʝʢʮʽʡʥʝ 

ʩʦʧʣʦ; 3 ï ʟʘʛʦʪʦʚʢʘ; 4 ï ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʘ ʩʫʩʧʝʥʟʽʷ; 5 ï ʨʝʟʝʨʚʫʘʨ 

 

ʋ ʨʝʟʝʨʚʫʘʨ 5, ʟʘʧʦʚʥʝʥʠʡ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦʶ ʩʫʩʧʝʥʟʽʻʶ 4, ʧʦʤʽʱʘʶʪʴ 

ʟʘʢʨʽʧʣʝʥʫ ʟʘʛʦʪʦʚʢʫ 3. ʋ ʨʝʟʝʨʚʫʘʨʽ 5, ʥʠʞʯʝ ʨʽʚʥʷ ʩʫʩʧʝʥʟʽʾ, ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʦʨʽʻʥʪʦʚʘʥʝ ʱʦʜʦ ʟʘʛʦʪʦʚʢʠ ʝʞʝʢʮʽʡʥʝ ʩʦʧʣʦ 2 (ʩʪʨʫʤʠʥʥʠʡ ʘʧʘʨʘʪ). ʆʙʨʦʙʢʘ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʧʨʷʤʦʚʘʥʠʤ ʩʪʨʫʤʝʥʝʤ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦ ʾ

ʩʫʩʧʝʥʟʽʾ, ʱʦ ʚʠʢʠʜʘʻʪʴʩʷ ʟ ʩʪʨʫʤʠʥʥʦʛʦ ʘʧʘʨʘʪʫ. 

ʆʜʥʽʻʶ ʟ ʨʽʟʥʦʚʠʜʽʚ ɻʆɿʉ ʻ ʩʧʦʩʽʙ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦʾ ʩʪʨʫʡʥʦʚʽʜʮʝʥʪʨʦʚʦʾ 

ʦʙʨʦʙʢʠ (ɻʉʎʆ) [38], ʱʦ ʜʦʟʚʦʣʷʻ ʤʝʭʘʥʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʘʯʠʩʪʢʠ ʽ ʦʙʨʦʙʢʠ 
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ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʪʦʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʉʫʪʴ ʩʧʦʩʦʙʫ ɻʉʎʆ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʚʧʣʠʚ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʚʽʣʴʥʦ ʨʦʟʤʽʱʝʥʠʭ ʚ ʛʽʜʨʦ-

ʘʙʨʘʟʠʚʥʽʡ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʢʨʠʪʽʡ ʻʤʥʦʩʪʽ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʩʪʨʫʤʝʥʷʤʠ ʪʘʢʦʾ ʞ ʩʫʩʧʝʥʟʽʾ, ʷʢʘ ʧʽʜ ʪʠʩʢʦʤ  ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʫ ʩʝʨʝʜʠʥʫ 

ʻʤʥʦʩʪʽ. ʉʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.4. ɼʝʪʘʣʽ ʡ ʛʽʜʨʦʘʙʨʘʟʠʚʥʘ 

ʩʫʩʧʝʥʟʽʷ ʧʽʜ ʜʽʻʶ ʮʠʭ ʩʪʨʫʤʝʥʽʚ ʥʘʙʫʚʘʶʪʴ ʨʫʭ, ʥʘʧʨʷʤʦʢ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʬʦʨʤʦʶ ʢʘʤʝʨʠ ʽ ʥʘʧʨʷʤʢʦʤ ʜʽʾ ʩʪʨʫʤʝʥʽʚ. 

 

ʈʠʩ.1.4 ï ʉʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦʾ ʩʪʨʫʡʥʦʚʽʜʮʝʥʪʨʦʚʦʾ 

ʦʙʨʦʙʢʠ: 1 ï ʨʦʙʦʯʘ ʢʘʤʝʨʘ; 2 ï ʩʪʨʫʤʝʥʝʚʽ ʘʧʘʨʘʪʠ; 3 ï ʻʤʥʽʩʪʴ; 4 ï ʛʦʨʣʦʚʠʥʘ 

 

ʆʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʯʝʨʝʟ ʛʦʨʣʦʚʠʥʫ 4 ʚ ʨʦʙʦʯʫ ʢʘʤʝʨʫ 

1, ʚʠʢʦʥʘʥʫ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʯʘʰ, ʟ'ʻʜʥʘʥʠʭ ʙʽʣʴʰʠʤʠ ʧʽʜʩʪʘʚʘʤʠ, ʧʨʠ ʮʴʦʤʫ 

ʥʠʞʥʷ ʯʘʰʘ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ, ʘ ʚʝʨʭʥʷ ï ʫ ʚʠʛʣʷʜʽ 

ʥʝʧʦʚʥʦʛʦ ʪʦʨʘ. ʈʦʙʦʯʘ ʢʘʤʝʨʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʻʤʥʦʩʪʽ 3, ʟʘʧʦʚʥʝʥʦʶ ʛʽʜʨʦ-

ʘʙʨʘʟʠʚʥʦʶ ʩʫʩʧʝʥʟʽʻʶ. ʋ ʢʘʤʝʨʽ 1 ʨʦʟʤʽʱʝʥʽ ʝʞʝʢʮʽʡʥʽ ʩʪʨʫʤʝʥʝʚʽ ʘʧʘʨʘʪʠ 2, ʫ 

ʷʢʠʭ ʚʠʭʽʜʥʘ ʯʘʩʪʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ 1, ʘ ʟʘʩʤʦʢʪʫʻ 

ʩʫʩʧʝʥʟʽʶ ʧʦʟʘ ʥʝʶ. ʉʪʨʫʤʝʥʝʚʽ ʘʧʘʨʘʪʠ 2 ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʢʘʤʝʨʽ 1 

ʪʘʥʛʝʥʮʽʘʣʴʥʦ ʜʦ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ. ɼʦ ʬʦʨʩʫʥʦʢ ʩʪʨʫʤʠʥʥʠʭ ʘʧʘʨʘʪʽʚ 2 

ʧʽʜʚʦʜʠʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ. ʎʠʨʢʫʣʷʮʽʷ ʩʫʩʧʝʥʟʽʾ ʤʽʞ ʢʘʤʝʨʦʶ 1 ʽ ̒ʤʥʽʩʪʶ 3 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʦʪʚʦʨʠ ʥʘ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʛʦʨʣʦʚʠʥʠ 4.  

ʉʧʦʩʽʙ ɻʉʎʆ ʻ ʧʨʘʢʪʠʯʥʦ ʩʠʥʪʝʟʦʤ ʚʽʜʮʝʥʪʨʦʚʦ-ʨʦʪʘʮʽʡʥʦʛʦ ʽ ʛʽʜʨʦ-

ʘʙʨʘʟʠʚʥʦʛʦ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ ʚʽʜ ʚʽʜʮʝʥʪʨʦʚʦ-ʨʦʪʘʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʾ ʦʙʨʦʙʢʠ ʧʘʨʪʽʡ ʜʝʪʘʣʝʡ ʚ 
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ʥʝʟʘʢʨʽʧʣʝʥʦʤʫ ʩʪʘʥʽ, ʘ ʚʽʜ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦʛʦ ï ʤʦʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦʾ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʇʨʠʢʣʘʜʦʤ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻ ʫʩʪʘʥʦʚʢʘ ɻʉʎʋ-10 [38], 

ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʾ ʽ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.1.5. 

 

 

ʈʠʩ.1.5 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ɻʉʎʋ-10: 1 ï ʤʘʛʽʩʪʨʘʣʴ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ; 

2 ï ʦʪʚʦʨʠ; 3 ï ʨʦʟʧʦʜʽʣʴʥʠʢ; 4 ï ʚʦʜʦʧʨʦʚʽʜ; 5 ï ʛʦʨʣʦʚʠʥʘ;  

6 ï  ʧʥʝʚʤʦʮʠʣʽʥʜʨ; 7 ï ʧʝʨʬʦʨʦʚʘʥʠʡ ʩʪʘʢʘʥ; 8 ï ʙʘʢ; 9 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʝ 

ʚʽʢʥʦ; 10 ï ʨʦʙʦʯʘ ʢʘʤʝʨʘ; 11 ï ʙʘʨʙʦʪʘʞʥʘ ʩʠʩʪʝʤʘ; 12 ï ʢʦʥʫʩʥʘ ʧʨʦʙʢʘ;  

13 ï ʩʪʨʫʤʝʥʝʚʽ ʘʧʘʨʘʪʠ; 14 ï ʚʽʜʩʪʽʡʥʠʢ; 15 ï ʟʘʧʦʙʽʞʥʘ ʩʽʪʢʘ 

 

ʋʩʪʘʥʦʚʢʘ ɻʉʎʋ-10 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ 10, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʯʘʰ, ʥʠʞʥʷ ʟ ʷʢʠʭ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ, ʘ ʚʝʨʭʥʷ ï ʫ ʬʦʨʤʽ 

ʥʝʧʦʚʥʦʛʦ ʪʦʨʘ, ʙʘʢʘ 8 ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʩʫʩʧʝʥʟʽʾ ʽ ʚʽʜʩʪʽʡʥʠʢʘ 

14. ʅʘ ʜʥʽ ʙʘʢʘ 8 ʨʦʟʤʽʱʝʥʘ ʙʘʨʙʦʪʘʞʥʘ ʩʠʩʪʝʤʘ 11, ʱʦ ʩʣʫʛʫʻ ʜʣʷ ʟʚʘʞʫʚʘʥʥʷ 

ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʫ ʚ ʚʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ. ʅʘ ʙʽʯʥʽʡ 

ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ 10 ʪʘʥʛʝʥʮʽʘʣʴʥʦ ʜʦ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽ ʟ 

ʥʘʭʠʣʦʤ ʚʥʠʟ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʥʘ ʢʫʪ 7Á ʨʦʟʤʽʱʝʥʽ 

ʝʞʝʢʮʽʡʥʽ ʩʪʨʫʤʝʥʝʚʽ ʘʧʘʨʘʪʠ 13. ʂʽʣʴʢʽʩʪʴ ʩʪʨʫʤʠʥʥʠʭ ʘʧʘʨʘʪʽʚ ʜʚʘʥʘʜʮʷʪʴ. 

ʌʦʨʩʫʥʢʠ ʩʪʨʫʤʠʥʥʠʭ ʘʧʘʨʘʪʽʚ 13 ʟ'ʻʜʥʘʥʽ ʟ ʤʘʛʽʩʪʨʘʣʣʶ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ 1 ʽ 

ʚʦʜʦʧʨʦʚʦʜʦʤ 4 ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʴʥʠʢʘ 3. ʋ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʘʤʝʨʠ 10 ʻ 

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʪʚʽʨ, ʱʦ ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʢʦʥʫʩʥʦʾ ʧʨʦʙʢʦʶ 12. ʋ ʚʝʨʭʥʽʡ 
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ʯʘʩʪʠʥʽ ʢʘʤʝʨʠ 10 ʟʤʦʥʪʦʚʘʥʘ ʛʦʨʣʦʚʠʥʘ 5, ʚ ʷʢʽʡ ʻ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʝ ʚʽʢʥʦ 9 ʽ 

ʦʪʚʦʨʠ 2 ʜʣʷ ʟʣʠʚʫ ʥʘʜʣʠʰʢʫ ʩʫʩʧʝʥʟʽʾ ʟ ʢʘʤʝʨʠ 10 ʚ ʙʘʢ 8. ʇʣʘʩʪʠʥʘ ʫ ʚʝʨʭʥʽʡ 

ʯʘʰʽ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ 10 , ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ, ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʟʘʧʦʙʽʞʥʦʾ ʩʽʪʢʦʶ 15 

ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʜʝʪʘʣʝʡ ʚ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʛʦʨʣʦʚʠʥʫ 5. 

ʆʧʫʩʢʘʥʥʷ ʚ ʙʘʢ 8 ʽ ʧʽʜʡʦʤ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ 10 ʥʘ ʧʦʯʘʪʢʫ ʽ ʚ ʢʽʥʮʽ ʮʠʢʣʫ 

ʦʙʨʦʙʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʤʥʝʚʤʦʮʠʣʽʥʜʨʦʤ 6. ʇʝʨʬʦʨʦʚʘʥʠʡ ʩʪʘʢʘʥ 7 

ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʧʽʜ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʪʚʽʨ 

ʢʘʤʝʨʠ 10 ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʦʙʨʦʙʢʠ. ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʜʦ ʬʦʨʩʫʥʦʢ 

ʩʪʨʫʤʠʥʥʠʭ ʘʧʘʨʘʪʽʚ 13 ʧʦʜʘʻʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ, ʘ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʦʙʨʦʙʢʠ 

- ʚʦʜʘ. ɿʘʚʜʷʢʠ ʥʘʭʠʣʫ ʦʩʝʡ ʩʪʨʫʤʠʥʥʠʭ ʘʧʘʨʘʪʽʚ ʫʥʠʟ ʮʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ ʚ ʧʝʨʬʦʨʦʚʘʥʠʡ ʩʪʘʢʘʥ 7 ʽ ʧʨʦʤʠʚʘʪʠ ʾʭ. 

ʄʦʞʣʠʚʽʩʪʴ ʧʽʜʚʝʜʝʥʥʷ ʜʦ ʩʪʨʫʤʠʥʥʠʭ ʘʧʘʨʘʪʽʚ ʚʦʜʠ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʨʽʚʝʥʴ ʩʫʩʧʝʥʟʽʾ ʚ ʙʘʢʫ 8 ʽ ʚʠʜʘʣʷʪʠ ʚ ʚʽʜʩʪʽʡʥʠʢ 

ʚʽʜʭʦʜʠ ʦʙʨʦʙʢʠ. 

ɸʚʪʦʨʦʤ [38,64-66] ʪʝʦʨʝʪʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʫ ʤʘʩʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʝʣʠʯʠʥʫ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʟʥʷʪʪʷ ʤʝʪʘʣʫ ʟ ʜʝʪʘʣʝʡ. 

ʈʦʟʛʣʷʥʫʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʦʢ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʯʠʩʪʢʠ ʤʽʣʢʠʭ ʜʝʪʘʣʝʡ, 

ʷʢʽ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʥʘʚʘʣʦʤ ʚ ʫʩʪʘʥʦʚʢʫ. ʄʦʞʣʠʚʽʩʪʴ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ 

ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ ʥʝ ʤʦʞʣʠʚʘ. 

 

1.5. ɸʥʘʣʽʟ ʦʩʥʦʚ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʛʘʟʦʨʽʜʠʥʥʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ 

 

ʄʠʡʢʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, ʚʥʫʪʨʽʰʥʽʭ ʧʦʨʦʞʥʠʥ ʚʫʟʣʽʚ, 

ʘʛʨʝʛʘʪʽʚ ʽ ʩʠʩʪʝʤ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʠʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʤʽʨʫ ʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʤʠʡʢʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʱʦ ʦʯʠʱʘʶʪʴʩʷ. ɺʠʜ ʡ ʩʪʫʧʽʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʟʘʣʠʰʠʣʦʩʷ ʧʽʩʣʷ ʤʠʡʢʠ ʧʦʚʝʨʭʥʽ, ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ 

ʩʧʦʩʦʙʫ ʤʠʡʢʠ ʽ ʪʠʧʫ ʤʠʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [69]. 
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ʆʩʢʽʣʴʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʷʚʣʷʻ ʩʦʙʦʶ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʩʫʤʽʰ ʪʚʝʨʜʠʭ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ, ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʡ ʦʢʠʩʣʶʚʘʥʥʷ ʟ 

ʧʦʣʽʤʝʨʠʟʦʚʘʥʠʤʠ ʟʘʣʠʰʢʘʤʠ ʦʣʽʡ, ʟʤʘʱʝʥʴ, ʞʠʨʽʚ ʽ ʪ.ʧ., ʪʦʙʪʦ ʾʾ ʚʠʜʘʣʝʥʥʷ 

ʚʠʤʘʛʘʻ ʥʝʨʽʜʢʦ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ ʽ ʚʠʢʦʥʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ɼʣʷ 

ʧʦʣʝʛʰʝʥʥʷ ʚʠʜʘʣʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʘʛʦʪʦʚʦʢ ʽ ʜʝʪʘʣʝʡ ʫ ʧʦʣʽʤʝʨʠʟʦʚʘʥʦʤʫ ʰʘʨʽ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʙʠʪʠ 

ʚʽʜʤʦʯʫʚʘʥʥʷ  ʫ ʨʽʜʠʥʘʭ ʽʟ ʚʠʩʦʢʦʶ ʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʤʠʡʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʙʠʪʠ ʥʝʟʘʙʘʨʦʤ ʧʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ [69]. 

ʈʝʞʠʤ ʤʠʡʢʠ ʤʝʪʘʣʝʚʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʦʪʦʢʦʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ 

(ʦʧʪʠʤʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ) ʚʠʟʥʘʯʘʶʪʴ, ʚʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʯʘʩʪʢʘʤʠ ʟʘʙʨʫʜʥʝʥʴ, ʘ ʪʘʢʦʞ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʮʴʦʤʫ ʟʚ'ʷʟʢʫ ʨʦʟʛʣʷʥʝʤʦ ʤʝʭʘʥʽʟʤ 

ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ. ʅʝ ʧʨʠʤʝʥʰʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʦʙʫʤʦʚʣʝʥʠʭ ʘʢʪʠʚʥʽʩʪʶ ʤʠʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɹʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ [1-9,41-44] ʩʭʠʣʴʥʽ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʦʮʝʩ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʨʽʜʠʥʠ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʠʡʢʠ. 

ʇʨʦʮʝʩ ʤʠʡʢʠ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʥʘʩʪʫʧʥʽ ʟʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʝʣʝʤʝʥʪʘʨʥʽ ʧʨʦʮʝʩʠ: ʚʽʜʨʠʚ ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ, ʟʨʽʚʥʦʚʘʞʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʜʦ ʬʽʣʴʪʨʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ. ʈʘʟʦʤ ʽʟ ʪʠʤ ʯʘʩʪʢʠ, 

ʱʦ ʚʽʜʽʨʚʘʣʠʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʰʚʠʜʢʦ ʚʠʣʫʯʝʥʽ, ʜʣʷ ʯʦʛʦ ʧʦʪʽʢ 

ʨʽʜʠʥʠ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʟʜʘʪʥʽʩʪʴ  ʜʣʷ ʟʨʽʚʥʦʚʘʞʫʚʘʥʥʷ ʡ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʇʽʜ ʟʜʘʪʥʽʩʪʶ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʨʽʚʥʦʚʘʞʫʻ, 

ʨʦʟʫʤʽʶʪʴ ʾʾ ʟʜʘʪʥʽʩʪʴ ʫʪʨʠʤʫʚʘʪʠ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʧʝʚʥʠʭ 

ʨʦʟʤʽʨʽʚ. ɿ ʪʝʦʨʽʾ ʛʽʜʨʦʪʨʘʥʩʧʦʨʪʫ ʚʽʜʦʤʦ, ʱʦ ʟʜʘʪʥʽʩʪʴ, ʟʨʽʚʥʦʚʘʞʫʚʘʪʠ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʚʘʞʫʻ, ʽ ʾʾ ʤʽʮʥʦʩʪʽ. ɿʜʘʪʥʽʩʪʴ 

ʟʨʽʚʥʦʚʘʞʫʚʘʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʦʶ ʡ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʟʚʘʞʫʻʪʴʩʷ. ɿʜʘʪʥʽʩʪʴ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʚʘʞʫʻ, ʟʚʠʯʘʡʥʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤ (ʢʨʠʪʠʯʥʠʤ) ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ ʽ ʾʭʥʴʦʶ ʢʽʣʴʢʽʩʪʶ, 



54 
 

ʱʦ ʤʦʞʫʪʴ ʩʪʽʡʢʦ ʫʪʨʠʤʫʚʘʪʠʩʷ ʜʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, ʱʦ ʩʪʽʡʢʠʡ ʧʝʨʝʥʦʩ ʨʽʜʠʥʦʶ ʚʘʞʢʠʭ ʯʘʩʪʦʢ ʫ 

ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʚ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʘʭ ʨʽʜʠʥʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩʠ ʚʽʜʨʠʚʫ, ʟʨʽʚʥʦʚʘʞʫʚʘʥʥʷ ʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʯʘʩʪʦʢ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʚ ʩʫʢʫʧʥʦʩʪʽ, ʷʢʽ ʦʧʠʩʘʥʽ ɹʦʨʦʜʽʥʠʤ ʉ. ʇ., 

ɹʝʣʷʥʽʥʠʤ ʇ. ʄ., ɼʘʥʠʣʦʚʠʤ ɺ. ʄ. [20]. 

ʅʘ ʯʘʩʪʢʫ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ, ʜʽʶʪʴ ʥʘʩʪʫʧʥʽ ʩʠʣʠ 

(ʨʠʩ.1,6) [20]: ʩʠʣʘ ʚʘʛʠ ʯʘʩʪʢʠ ʚ ʨʽʜʠʥʽ G ; ʩʠʣʘ ʘʜʛʝʟʽʾ ʯʘʩʪʢʠ ʜʦ ʧʦʚʝʨʭʥʽ.ʘʜF ; 

ʧ̔ ʜʥʽʤʘʣʴʥʘ  ʩʠʣʘ ʫW , ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʛʦʣʦʚʥʦʛʦ  

ʚʝʢʪʦʨʘ  ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʜʽʾ ʨʽʜʠʥʠ ʥʘ ʯʘʩʪʢʫ; ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫXW , ʱʦ  ʻ 

ʩʢʣʘʜʦʚʦʶ  ʛʦʣʦʚʥʦʛʦ ʚʝʢʪʦʨʘ  ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʨʽʜʠʥʠ ʥʘ ʯʘʩʪʢʫ, ʱʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ʆʩʢʽʣʴʢʠ ʜʝʷʢʽ ʨʦʟʤʽʨʠ 

ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ    ʧʽʜʣʷʛʘʶʪʴ    ʚʠʜʘʣʝʥʥʶ, ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 0,5 ʤʢʤ 

ʜʦ 100 ʤʢʤ,  ʪʦ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʾʭʥʻ ʯʠʩʣʦ ʚʠʷʚʣʷʻʪʴʩʷ  ʧʨʠ ʦʯʠʱʝʥʥʽ  ʩʭʦʚʘʥʠʤ 

ʫ ʪʦʚʱʠʥʽ     ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ    ʨʽʜʠʥʠ, ʱʦ    ʧʨʝʜʩʪʘʚʣʷʻ     ʩʦʙʦʶ    ʰʘʨ    

ʨʽʜʠʥʠ, ʟʘʛʘʣʴʤʦʚʘʥʠʡ   ʫ    ʧʦʚʝʨʭʥʽ      ʧʽʜ     ʜʽʻʶ    ʩʠʣ    ʚ'ʷʟʢʦʩʪʽ 

ʇʨʠʢʦʨʜʦʥʥʠʡ    ʰʘʨ     ʧʝʨʝʰʢʦʜʞʘʻ     ʢʦʥʪʘʢʪʫ    ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ    ʽʟ    

ʩʫʩʽʜʥʽʤʠ  ʰʘʨʘʤʠ ʨʽʜʠʥʠ, ʱʦ  ʽʥʪʝʥʩʠʚʥʦ    ʨʫʭʘʶʪʴʩʷ ʪʘ ʫʪʨʫʜʥʶʻ ʚʠʜʘʣʝʥʥʷ 

ʧʨʠʣʠʧʣʠʭ ʯʘʩʪʦʢ ʟ ʧʦʚʝʨʭʥʽ.  

 

ʈʠʩ. 1.6 ï ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʯʘʩʪʢʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ, ʧʽʜ ʜʽʻʶ ʧʦʪʦʢʫ ʨʽʜʠʥʠ: Wx  ï ʩʠʣʘ, ʱʦ ʟʨʫʰʫʻ ʯʘʩʪʢʫ ʟʘʙʨʫʜʥʝʥʥʷ; 

 Wy ï ʧʽʜʥʽʤʘʣʴʥʘ ʩʠʣʘ; G ï ʩʠʣʘ ʚʘʛʠ; Fʘʜʛ. ï ʩʠʣʘ ʘʜʛʝʟʽʾ ʯʘʩʪʢʠ ʜʦ ʧʦʚʝʨʭʥʽ 
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ʆʜʠʥʦʯʥʘ ʯʘʩʪʠʥʢʘ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ,  ʚʠʩʪʫʧʘʻ ʽʟ 

ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ  ʯʠ ʥʘʚʢʦʣʠʰʥʽʭ ʾʾ ʯʘʩʪʦʢ, ʟʘʟʥʘʻ ʟ ʙʦʢʫ ʧʦʪʦʢʫ ʤʠʶʯʦʾ ʨʽʜʠʥʠ 

ʩʠʣʦʚʠʡ ʚʧʣʠʚ, ʧʨʠʯʠʥʦʶ ʷʢʦʛʦ ʻ ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʯʘʩʪʢʠ xW . ʇʽʜ ʜʽʻʶ 

ʩʠʣʠ  xW   ʯʘʩʪʢʘ ʟʨʫʰʫʻʪʴʩʷ ʱʦʜʦ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ, ʧʨʠ ʮʴʦʤʫ ʩʠʣʘ  xW   ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʯʘʩʪʢʠ ʟʤʫʰʫʻ ʾʾ  ʢʦʪʠʪʠʩʷ ʯʠ ʩʢʦʚʟʘʪʠ ʧʦ ʧʦʚʝʨʭʥʽ. ʏʠʤ 

ʙʽʣʴʰʝ ʬʦʨʤʘ ʯʘʩʪʢʠ ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ ʢʫʣʴʢʠ, ʪʠʤ ʽʤʦʚʽʨʥʽʰʝ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ 

ʢʦʯʝʥʥʷʤ. ʇʣʦʩʢʽ ʡ ʜʦʚʛʽ ʯʘʩʪʢʠ ʧʦ ʧʦʚʝʨʭʥʽ ʘʙʦ ʢʦʣʦ ʧʦʚʝʨʭʥʽ ʧʝʨʝʤʽʱʘʶʪʴʩʷ 

ʢʦʚʟʘʥʥʷʤ. 

ʆʯʝʚʠʜʥʦ, ʚʽʜʨʠʚ ʯʘʩʪʠʥʢʠ ʚʽʜ ʧʦʚʝʨʭʥʽ ʤʦʞʣʠʚʠʡ, ʷʢʱʦ ʩʫʤʘ ʩʠʣ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʨʽʜʠʥʠ ʥʘ ʯʘʩʪʢʫ ʚ ʥʘʧʨʷʤʢʫ ʧʦʪʦʢʫ ʧʝʨʝʚʠʱʠʪʴ ʩʠʣʫ 

ʪʝʨʪʷ ʯʘʩʪʢʠ ʦʙ ʧʦʚʝʨʭʥʶ [20]. ʎʷ ʫʤʦʚʘ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʥʝʨʽʚʥʽʩʪʶ: 

 

xW > )( ʘʜʫ FWGf +- ,                                                 (1.1) 

ʜʝ f ï  ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʯʘʩʪʢʠ ʦʙ ʧʦʚʝʨʭʥʶ. 

  

ɺʝʣʠʯʠʥʘ ʩʠʣʠ ʪʝʨʪʷ ʯʘʩʪʢʠ ʦʙ ʧʦʚʝʨʭʥʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʣʠ ʾʾ ʟʯʝʧʣʝʥʥʷ ʟ 

ʧʦʚʝʨʭʥʝʶ, ʦʙʫʤʦʚʣʝʥʦʾ ʩʠʣʦʶ ʚʘʛʠ ʯʘʩʪʢʠ G  ʽ ʩʠʣʦʶ ʘʜʛʝʟʽʾ ʘʜF . 

ʉʠʣʫ ʚʘʛʠ ʯʘʩʪʢʠ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʱʦ ʚʽʜʦʤʽ ʾʾ ʨʦʟʤʽʨʠ ʡ ʤʘʪʝʨʽʘʣ. 

ʊʚʝʨʜʽ ʯʘʩʪʢʠ ʨʦʟʤʽʨʦʤ ʤʝʥʰ 100 ʤʢʤ, ʱʦ ʤʘʶʪʴ ʚʝʣʠʢʫ ʩʫʤʘʨʥʫ ʧʣʦʱʠʥʫ 

ʧʦʚʝʨʭʥʽ, ʟʜʘʪʥʽ ʩʠʣʴʥʦ ʟʯʽʧʣʶʚʘʪʠʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʟ ʧʦʚʝʨʭʥʝʶ ʦʩʘʜʞʝʥʥʷ 

ʯʘʩʪʢʠ. ʊʘʢʽ ʯʘʩʪʢʠ, ʟʜʘʪʥʽ ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʘʜʩʦʨʙʫʚʘʪʠ ʥʘ ʩʚʦʻʾ ʧʦʚʝʨʭʥʽ 

ʤʘʩʣʷʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʙʽʣʴʰʫʻ ʩʠʣʫ ʟʯʝʧʣʝʥʥʷ ʯʘʩʪʢʠ ʟ  ʧʦʚʝʨʭʥʝʶ, ʱʦ 

ʦʯʠʱʫʻʪʴʩʷ. 

ʉʠʣʘ ʘʜʛʝʟʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʦʶ ʢʦʥʪʘʢʪʫʶʯʠʭ ʪʽʣ, 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʤʠ ʡ ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ, ʘ ʪʘʢʦʞ ʢʘʧʽʣʷʨʥʠʤ ʝʬʝʢʪʦʤ ʽ 

ʽʥʰʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʉʠʣʘ ʘʜʛʝʟʽʾ ʯʘʩʪʦʢ ʟʨʦʩʪʘʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʭʥʴʦʛʦ ʨʦʟʤʽʨʫ, 

ʘ ʪʘʢʦʞ ʫʥʘʩʣʽʜʦʢ ʟʚʦʣʦʞʝʥʥʷ ʢʦʥʪʘʢʪʫʶʯʦʾ ʧʦʚʝʨʭʥʽ. ɺʝʣʠʯʠʥʫ ʩʠʣʠ ʘʜʛʝʟʽʾ, 

ʱʦ ʫʪʨʠʤʫʻ ʫ ʚʦʜʽ ʩʢʣʷʥʽ ʢʫʣʴʢʠ ʢʦʣʦ ʩʪʘʣʝʚʦʾ ʧʦʚʝʨʭʥʽ, ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ [70]: 
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                                              ʰʘʜ kdF = ,                                               (1.2) 

ʜʝ k  ï ʝʤʧʽʨʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʘʜʛʝʟʽʾ, 1Ŀ10
-5
 

ʅ/ʤʢʤ; 

 
ʰd  ï ʜʽʘʤʝʪʨ ʢʫʣʴʢʠ, ʤʢʤ. 

  

ɼʣʷ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʴ ʩʠʣʘ ʘʜʛʝʟʽʾ ʤʦʞʝ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʩʠʣʫ ʚʘʛʠ ʽ ʻ, ʪʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʦʶ ʩʠʣʦʶ, ʱʦ ʫʪʨʠʤʫʻ ʯʘʩʪʢʫ 

ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ. 

ɺʽʜʨʠʚʫ ʯʘʩʪʢʠ ʩʧʨʠʷʻ ʧʽʜʥʽʤʘʣʴʥʘ ʩʠʣʘ  yW , ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ 

ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʯʘʩʪʢʠ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. ʇʨʠ ʪʘʢʦʤʫ 

ʦʙʪʽʢʘʥʥʽ ʪʠʩʢ ʨʽʜʠʥʠ ʧʽʜ ʯʘʩʪʢʦʶ ʧʝʨʝʚʠʱʫʻ ʪʠʩʢ ʨʽʜʠʥʠ ʥʘʜ ʥʝʶ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʬʦʨʤʫʣʠ ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ [20] ʩʠʣʘ ʯʦʣʦʚʦʛʦ ʦʧʦʨʫ ʯʘʩʪʢʠ ʩʬʝʨʠʯʥʦʾ 

ʬʦʨʤʠ: 

yW = 0,2
22

Udʯrp ,                                           (1.3) 

ʜʝ ʯd  ï ʜʽʘʤʝʪʨ ʯʘʩʪʢʠ, ʤ;  

r ï ʱʽʣʴʥʽʩʪʴ ʨʽʜʠʥʠ, ʢʛ/ʤ
3
;  

U ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʱʦʜʦ ʯʘʩʪʢʠ, ʤ/ʩ. 

  

ɿʘʣʝʞʥʽʩʪʴ (1.3) ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʤʠʡʢʠ ʪʫʨʙʫʣʝʥʪʥʠʤ ʧʦʪʦʢʦʤ (Re = 2Ŀ 

10
3
ï10

4
), ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʢʠ ʩʭ = const = 0,4. ɿ ʬʦʨʤʫʣʠ 

(1.3) ʚʠʜʥʦ ʪʘʢʦʞ, ʱʦ ʜʣʷ ʚʽʜʨʠʚʫ ʯʘʩʪʢʠ, ʚʠʟʥʘʯʘʣʴʥʦʶ ʻ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ. ʗʢʱʦ ʯʘʩʪʢʘ ʤʘʣʘ ʯʠ ʥʝʟʥʘʯʥʦ ʚʠʩʪʫʧʘʻ ʽʟ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʽʥʰʠʭ ʦʩʽʣʠʭ 

ʥʘ ʧʦʚʝʨʭʥʶ ʯʘʩʪʦʢ, ʩʠʣʘ ʯʦʣʦʚʦʛʦ  ʦʧʦʨʫ ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ ʚ ʧʝʨʰʦʤʫ ʩʪʫʧʝʥʽ; ʷʢʱʦ ʞ ʯʘʩʪʢʘ ʚʝʣʠʢʘ ʽ, ʟʥʘʯʥʦ ʚʠʩʪʫʧʘʻ ʟ 

ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ, ʪʦ ʩʠʣʘ ʯʦʣʦʚʦʛʦ ʦʧʦʨʫ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ 

ʧʨʦʧʦʨʮʽʡʥʦʾ ʢʚʘʜʨʘʪʫ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʫ ʷʢʦʩʪʽ ʷʢʦʾ ʟʚʠʯʘʡʥʦ, 

ʧʨʠʡʤʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʤʽʩʮʝʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʥʘ ʨʽʚʥʽ ʮʝʥʪʨʘ ʚʘʛʠ 

ʤʽʜʝʣʝʚʦʛʦ ʧʝʨʝʪʠʥʫ ʯʘʩʪʢʠ. 
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ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʽʜʨʠʚʫ ʯʘʩʪʦʢ, ʟʨʦʩʪʘʻ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʾʭʥʴʦʛʦ ʨʦʟʤʽʨʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʩʠʣʦʚʠʡ ʚʧʣʠʚ ʥʘ ʤʘʣʽ 

ʯʘʩʪʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʦʚʱʽ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ, ʜʝ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʽʜʠʥʠ 

ʤʘʣʽ, ʪʘʢʦʞ ʜʫʞʝ ʥʝʟʥʘʯʥʠʡ. 

ɹ.ɺ. ɿʫʙʢʽʚ,  ɾ.ʉ. ʏʝʨʥʝʥʢʦ [71]  ʥʘ ʧʽʜʩʪʘʚʽ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʦʜʝʨʞʘʣʠ ʥʘʩʪʫʧʥʫ ʝʤʧʽʨʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʨʠʚʫ ʯʘʩʪʦʢ, ʚʽʜ ʾʭʥʴʦʛʦ ʨʦʟʤʽʨʫ: 

ʚ
ʯʘdU =0 .                                                (1.4)    

 ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘ ̔ ʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʚʠʱʫʶʯʦʾ  1,30U  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʩʦʚʠʡ ʚʽʜʨʠʚ 

ʯʘʩʪʦʢ ʽ ʩʪʚʦʨʶʶʪʴʩʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʾʭ ʟʨʽʚʥʦʚʘʞʫʚʘʥʥʷ ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ 

ʟʘ ʨʘʭʫʥʦʢ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʯʘʩʪʦʢ ʧʦʪʦʢʦʤ ʽ ʫʪʚʦʨʝʥʥʷ ʟʘ ʥʠʤʠ ʟʦʥ 

ʚʽʜʨʠʚʫ ʧʦʪʦʢʫ, ʫ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʪʫʨʙʫʣʝʥʪʥʽ ʚʠʭʨʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʭʘʥʽʯʥʫ ʜʽʶ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʷʢʠʡ ʥʘʪʽʢʘʻ ʥʘ ʟʘʙʨʫʜʥʝʥʫ 

ʧʦʚʝʨʭʥʶ. ʄʽʞ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʩʠʣʠ 

ʟʯʝʧʣʝʥʥʷ, ʷʢʽ ʫʪʨʠʤʫʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ [20].  ɺʝʣʠʯʠʥʘ ʩʠʣ 

ʟʯʝʧʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʘʙʨʫʜʥʝʥʥʷ. ʈʦʙʦʪʘ ʧʦ ʚʠʜʘʣʝʥʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʜʽʾ ʦʯʠʩʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ (ʨʦʟʯʠʥʝʥʥʷ).  

ʇʦʪʽʢ ʦʯʠʩʥʦʾ ʨʽʜʠʥʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʨʦʟʧʣʶʱʫʻʪʴʩʷ ʪʘ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʩʪʦʨʦʥʠ ʚʽʜ ʮʝʥʪʨʫ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʝʶ. ʇʨʠ 

ʮʴʦʤʫ ʥʘ ʧʦʚʝʨʭʥʶ ʟ ʙʦʢʫ ʧʦʪʦʢʫ ʜʽʶʪʴ ʩʠʣʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ (ʩʠʣʠ 

ʪʠʩʢʫ ʨʽʜʠʥʠ), ʱʦ ʩʪʚʦʨʶʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ʥʘ ʧʦʚʝʨʭʥʶ ʪʘ ʩʠʣʠ ʰʚʠʜʢʽʩʥʦʾ 

ʜʽʾ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʷʢʠʡ ʨʦʟʪʽʢʘʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ, ʮʽ ʩʠʣʠ ʩʪʚʦʨʶʶʪʴ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ.  

ʉʠʣʘ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʦʪʦʢʫ, ʱʦ ʜʽʻ ʥʘ ʧʦʚʝʨʭʥʶ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ɼ. ɹʝʨʥʫʣʣʽ [72]: 

b
g

sin2SU
g

P=   ,                                          (1.5) 



58 
 

ʜʝ       gï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ
3
; 

   g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ
2
; 

   S ï ʧʣʦʘɦ ʧʝʨʝʨʽʟʫ ʧʦʪʦʢʫ, ʤ
2
; 

   U ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʙʽʣʷ ʥʘʩʘʜʢʘ, ʤ/ʩ; 

  b ï ʢʫʪ ʥʘʭʠʣʫ ʧʣʦʱʠʥʠ ʧʝʨʝʰʢʦʜʠ ʜʦ ʣʽʥʽʾ ʜʽʾ ʧʦʪʦʢʫ, 
ʦ
. 

  

ɼʽʡʩʥʝ ʟʥʘʯʝʥʥʷ P  ʚʽʜʧʦʚʽʜʥʦ ʜʝʱʦ ʤʝʥʰʝ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʝ [12] : 

                     ( ) b
g

sin96,0...92,0 2SU
g

P= .                                       (1.6) 

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʨʽʜʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʫʞʝ ʝʥʝʨʛʽʡʥʝ 

ʭʘʦʪʠʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ. ʊʫʨʙʫʣʝʥʪʥʽ ʧʫʣʴʩʘʮʽʾ ʧʝʨʝʥʦʩʷʪʴ ʽʤʧʫʣʴʩ 

ʨʽʜʠʥʠ ʜʦ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʱʦ ʦʙʪʽʢʘʻʪʴʩʷ ʨʽʜʠʥʦʶ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʩʝʨʝʜʥʴʦʛʦ ʧʦʪʦʢʫ ʽʤʧʫʣʴʩʫ ʜʦ ʧʦʚʝʨʭʥʽ [73]. ʅʘʷʚʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ 

ʧʦʪʦʢʫ ʽʤʧʫʣʴʩʫ ʜʦ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʜʘʥʫ ʧʦʚʝʨʭʥʶ ʜʽʻ ʩʠʣʘ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʝʨʪʷ. ʇʝʨʝʥʝʩʝʥʥʷ ʽʤʧʫʣʴʩʫ ʚ ʨʽʜʠʥʽ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʪʫʨʙʫʣʝʥʪʥʦʶ ʚôʷʟʢʽʩʪʶ [74]. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʩʝʨʝʜʥʝʥʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʦʪʽʢ ʦʜʥʦʯʘʩʥʦ ʤʘʻ 

ʤʦʣʝʢʫʣʷʨʥʫ ʡ ʪʫʨʙʫʣʝʥʪʥʫ ʚ'ʷʟʢʽʩʪʴ. ʊʦʤʫ ʧʦʚʥʝ ʩʫʤʘʨʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ 

ʪʝʨʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [75]: 

( )
dy

ud
A+=mt   ,                                                 (1.7) 

ʜʝ       m ï ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚ'ʷʟʢʦʩʪʽ ʥʝʩʫʯʦʾ ʬʘʟʠ; 

   A  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʽʥʫ; 

         
dy

ud
 ï ʛʨʘʜʽʻʥʪ ʰʚʠʜʢʦʩʪʽ. 

 ɼʣʷ ʜʚʦʬʘʟʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʨʽʜʠʥʘ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʛʘʟʦʚʠʭ 

ʧʫʭʠʨʮʽʚ) ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʘʻ ʧʦʧʨʘʚʢʘ ɽʡʥʰʪʝʡʥʘ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʩʫʯʦʾ ʬʘʟʠ. ʇʦʧʨʘʚʣʝʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʫʯʦʾ ʬʘʟʠ 

ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: 

 m ï ʜʣʷ ʯʠʩʪʦʾ ʥʝʩʫʯʦʾ ʬʘʟʠ; 

 *mï ʜʣʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʜʦʤʽʰʦʢ ʽʟ ʩʬʝʨʠʯʥʦʶ ʬʦʨʤʦʶ ʯʘʩʪʦʢ. 

  

ɻʘʟʦʚʽ ʧʫʭʠʨʮʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʨʽʜʠʥʠ ʯʝʨʝʟ ʥʘʩʘʜʦʢ  ʽʟ  

ʛʦʩʪʨʠʤʠ  ʢʨʘʡʢʘʤʠ  ʥʘ  ʚʭʦʜʽ  ʤʘʶʪʴ ʨʦʟʤʽʨʠ ʚʽʜ 0,1 ʤʤ ʜʦ 0,4 ʤʤ ʚ ʜʽʘʤʝʪʨʽ ʪʘ 

ʚʚʘʞʘʶʪʴʩʷ [76,77] çʪʚʝʨʜʠʤʠè ʜʦʤʽʰʢʘʤʠ ʪʦʤʫ, ʱʦ ʪʠʩʢ ʚʩʝʨʝʜʠʥʽ ʛʘʟʦʚʠʭ 

ʧʫʭʠʨʮʽʚ ʧʝʨʝʚʠʱʫʻ ʪʠʩʢ ʚ ʨʽʜʠʥʽ. ʊʦʤʫ ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚ'ʷʟʢʦʩʪʽ 

ʥʝʩʫʯʦʾ ʬʘʟʠ ʧʨʠʡʤʝ ʚʠʛʣʷʜ : 

ö
÷

õ
æ
ç

å
+=* amm

2

5
1   ,                                              (1.8) 

 ʜʝ     aï ʦʙ'ʻʤʥʘ ʜʦʣʷ ʜʦʤʽʰʦʢ. 

  

ʊʦʜʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʦʩʝʨʝʜʥʝʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ 

ʙʫʜʫʪʴ ʨʽʚʥʽ: 

dy

ud
Aù
ú

ø
é
ê

è
+ö
÷

õ
æ
ç

å
+= amt

2

5
1   .                                      (1.9) 

ɻʘʟʦʨʽʜʠʥʥʘ ʩʫʤʽʰ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʫʩʪʘʪʢʫʚʘʥʥʽ [78-80], ʟʘʚʜʷʢʠ 

ʥʘʷʚʥʦʩʪʽ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ, ʨʫʡʥʫʻ ʛʨʘʥʠʯʥʠʡ ʰʘʨ (ʚôʷʟʢʠʡ 

ʧʽʜʰʘʨ), ʷʢʠʡ ʽʩʥʫʻ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʧʦʚʝʨʭʥʽ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʦʪʦʮʽ, ʪʠʤ 

ʩʘʤʠʤ ʟʙʽʣʴʰʫʶʯʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʨʦʟʯʠʥʶʶʯʦʾ ʨʽʜʠʥʠ ʜʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʽʟ 

ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʪʠʭ ʞʝ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ 

ʝʥʝʨʛʦʚʠʪʨʘʪ. 

ʇʠʪʘʥʥʶ ʚʠʚʯʝʥʥʷ ʩʠʣ ʪʝʨʪʷ ʛʘʟʦʨʽʜʠʥʥʠʭ ʩʠʩʪʝʤ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ 

ʨʦʙʽʪ. ɼʦ ʯʠʩʣʘ ʥʘʡʙʽʣʴʰ ʜʦʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ 

ʨʦʙʦʪʠ [81,82], ʜʝ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʦʢʘʣʴʥʦʛʦ ʛʘʟʦʟʤʽʩʪʫ ʡ ʰʚʠʜʢʦʩʪʝʡ 

ʨʽʜʠʥʠ ʡ ʛʘʟʫ, ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʫʣʴʩʘʮʽʡ ʰʚʠʜʢʦʩʪʝʡ. ʇʨʦʪʷʛʦʤ ʨʷʜʫ 
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ʨʦʢʽʚ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʂʫʪʘʪʝʣʘʜʟʝ ɿ. ʉ., ɹʫʨʜʫʢʦʚʘ ɸ. ʀ., ʂʘʰʠʥʩʢʦʛʦ ʆ. ʅ. ʽ 

ʽʥ. ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʙʦʪʠ ʟ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʘʟʦʨʽʜʠʥʥʠʭ ʧʦʪʦʢʽʚ [83]. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʪʷ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ 

ʜʦʟʚʦʣʷʶʪʴ ʛʦʚʦʨʠʪʠ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʷʢ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʘ ʧʨʦʮʝʩʫ 

ʧʨʦʤʠʚʢʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʛʘʟʦʟʤʽʩʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʥʘʧʨʫʛʠ ʪʝʨʪʷ ʙʝʟ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʡ ʥʘʧʦʨʫ ʨʽʜʠʥʠ, ʷʢ ʮʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʠʩʪʦʾ ʤʠʶʯʦʾ ʨʽʜʠʥʠ. 

ʉʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʩʠʩʪʝʤ ʛʘʟ-ʨʽʜʠʥʘ, ʧʘʨʘ-ʨ̔ ʜʠʥʘ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ ʚʽʜʦʤʽ ʟ ʙʘʛʘʪʴʦʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [84]. ʋ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʮʝʩ ʙʘʨʙʦʪʫʚʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʛʘʟ ʧʨʦʜʫʚʘʻʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʯʝʨʝʟ 

ʩʧʝʮʽʘʣʴʥʽ ʥʘʩʘʜʢʠ ʚ ʨʽʜʠʥʫ ʽ ʧʝʨʝʤʽʰʫʻ ʾʾ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʥʘʯʥʦʶ ʚʠʪʨʘʪʦʶ ʛʘʟʦʚʦʾ ʬʘʟʠ. ʇʨʦʮʝʩ ʙʘʨʙʦʪʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʡ ʫ ʧʨʦʮʝʩʘʭ ʧʨʦʤʠʚʘʥʥʷ ʚʠʨʦʙʽʚ  [85]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʫʣʴʩʫʶʯʠʭ ʩʪʨʫʤʝʥʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʯʠʱʝʥʥʷ. ɸʣʝ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʟʘʪʦʧʣʝʥʠʭ ʩʪʨʫʤʝʥʽʚ 

ʨʦʟʩʽʶʻʪʴʩʷ ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ 

 ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʩʧʦʩʦʙʽʚ ʻ ʩʧʦʩʽʙ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚʦʨʦʪʥʦ ï 

ʧʦʩʪʫʧʘʣʴʥʠʡ  ʨʫʭ ʨʽʜʠʥʠ ʯʝʨʝʟ ʥʘʩʘʜʦʢ ʽʟ ʛʦʩʪʨʠʤʠ ʢʨʘʡʢʘʤʠ ʥʘ ʚʭʦʜʽ ʚ 

ʥʘʩʘʜʦʢ [44,86]. ʎʝʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʻ ʨʽʟʥʦʚʠʜʦʤ  ʩʪʨʫʤʠʥʦ-ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʧʦʩʦʙʫ ʦʯʠʱʝʥʥʷ, ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ 

ʨʽʜʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʬʝʢʪ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʫʜʘʨʫ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʨʽʜʠʥʠ, ʘ ʚʽʜʪʘʢ ʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʯʝʨʝʟ ʤʽʩʮʝʚʠʡ ʦʧʽʨ ï ʥʘʩʘʜʦʢ. 

 ʅʘʢʣʘʜʘʥʥʷ ʢʦʣʠʚʘʥʴ ʥʘ ʨʽʜʠʥʫ ʚ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʯʝʨʝʟ ʛʥʫʯʢʫ 

ʤʝʤʙʨʘʥʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʘʮʽʡʥʦʛʦ  ʧʨʠʚʦʜʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʫʣʴʩʘʮʽʡ 

ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʫ ʥʘʩʘʜʢʫ, ʪʫʨʙʫʣʽʟʘʮʽʾ ʩʪʨʫʤʝʥʷ, 
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ʱʦ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʨʦʟʚʠʥʫʪʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʽʥʫ 

ʤʽʞ ʰʘʨʘʤʠ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʷʢʘ ʜʽʻ ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ. 

 ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʯʝʨʝʟ ʥʘʩʘʜʦʢ 

ʽʟ ʛʦʩʪʨʠʤʠ ʢʨʘʡʢʘʤʠ ʥʘ ʚʭʦʜʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ, ʨʦʟʯʠʥʝʥʦʛʦ ʫ 

ʨʽʜʠʥʽ ʫ ʚʠʛʣʷʜʽ ʧʫʭʠʨʮʽʚ ʽ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʦʪʨʠʤʫʻʪʴʩʷ ʛʘʟʦʨʽʜʠʥʥʘ ʩʫʤʽʰ. 

ɻʘʟʦʚʽ ʧʫʭʠʨʮʽ ʤʘʶʪʴ ʜʦʩʠʪʴ ʤʘʣʽ ʨʦʟʤʽʨʠ ʽ ʚʝʜʫʪʴ ʩʝʙʝ, ʷʢ ñʪʚʝʨʜʽ ʜʦʤʽʰʢʠò, 

ʧʦʩʠʣʶʶʯʠ ʦʯʠʩʥʫ ʜʽʶ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʧʨʠ ʡʦʛʦ ʨʦʟʪʽʢʘʥʥʽ ʧʦ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ [87]. 

 

 1.6. ɯʩʥʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʦʢ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʠʡʢʠ 

ʛʘʟʦʨʽʜʠʥʥʠʤ ʧʦʪʦʢʦʤ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ ʤʠʡʢʠ ʟʥʘʡʣhʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ 

ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʯʠʩʪʢʠ, ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ, ʩʪʨʫʤʝʥʝʚʽ ʟ 

ʚʽʣʴʥʠʤ ʪʘ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ, ʩʪʨʫʤʠʥʥʦ-ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ 

ʩʪʨʫʤʝʥʝʤ, ʛʘʟʦʨʽʜʠʥʥʽ, ʩʪʨʫʤʝʥʝʚʽ ʽʟ ʢʘʚʽʪʘʮʽʡʥʠʤ ʧʫʭʠʨʮʷʤʠ [44]. ɸʥʘʣʽʟ 

ʩʧʦʩʦʙʽʚ ʤʠʡʢʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʨʝʘʣʽʟʫʻ ʮʽ ʩʧʦʩʦʙʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʣʠʢʝ ʾʭ 

ʨʽʟʥʦʤʘʥʽʪʪʷ. ʋʩʽ ʩʧʦʩʦʙʠ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ 

ʩʧʦʩʦʙʫ ʦʯʠʱʝʥʥʷ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʘʙʨʫʜʥʝʥʴ, ʚʽʜ ʚʠʤʦʛ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ ʱʦʜʦ ʯʠʩʪʦʪʠ ʚʠʨʦʙʽʚ, ʫʤʦʚ ʪʘ ʪʠʧʫ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. 

ʋ ʧʨʘʢʪʠʮʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ 

ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʘʣʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʥʝʨʝʛʫʣʷʨʥʝ ʧʦʣʝ ʟ 

ʨʦʟʨʠʚʦʤ ʩʫʮʽʣʴʥʦʩʪʽ ʦʯʠʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [88,89]. ʇʨʠ ʜʽʾ ʫʣʴʪʨʘʟʚʫʢʫ ʥʘ 

ʨʽʜʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʚʠʧʨʦʤʽʥʶʚʘʯ-ʨʽʜʠʥʘ  ʚʠʥʠʢʘʶʪʴ ʢʘʚʽʪʘʮʽʡʥʽ ʷʚʠʱʘ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʠʤ ʤʽʩʮʝʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʠʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝʟʚʦʨʦʪʥʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʚʠʥʠʢʘʶʪʴ ʘʢʫʩʪʠʯʥʽ ʪʝʯʽʾ 

ʨʽʜʠʥʠ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʝʨʝʥʦʩʽ  ʟʚʘʞʝʥʠʭ ʚ ʨʽʜʠʥʽ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʯʘʩʪʦʢ. 
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ʈʠʩ. 1.7 ï ʂʦʥʩʪʨʫʢʮʽʾ  ʚʘʥʥʠ  ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʤʠʡʢʠ: ʘ- ʟ ʧ'ʻʟʦʢʚʘʨʮʝʚʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ:  1 ï ʜʽʘʬʨʘʛʤʘ; 2 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘ ʦʣʽʷ; 3 ï ʥʘʛʨʽʚʘʯ;  

4 ï ʻʤʥʽʩʪʴ ʽʟ ʤʠʶʯʠʤ ʨʦʟʯʠʥʦʤ; 5 ï ʧ'ʟ̒ʦʢʚʘʨʮʝʚʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ;  

 ʙ ï ʟ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ: 1 ï ʤʠʶʯʠʡ ʨʦʟʯʠʥ;  

2 ï ʧʝʨʝʪʚʦʨʶʚʘʯ; 3 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ; 

 4 ï ʦʙʤʦʪʢʘ  

 

ʎʽ ʷʚʠʱʘ ʚʠʢʣʠʢʘʶʪʴ ʦʩʥʦʚʥʠʡ ʬʽʟʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ, ʚʦʥʠ ʞ ʧʦʩʠʣʶʶʪʴ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʦʯʠʩʥʦʾ 

ʨʽʜʠʥʠ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʦʣʽʚ [90], ʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʽʩʥʦʾ ʢʽʥʦʟʡʦʤʢʠ, 

ʧʦʢʘʟʘʣʠ, ʱʦ ʢʘʚʽʪʘʮʽʡʥʽ ʧʫʭʠʨʮʽ ʻ ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʨʫʡʥʫʻ ʧʦʚʝʨʭʥʝʚʽ 

ʧʣʽʚʢʠ ʟʘʙʨʫʜʥʝʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʥʘ ʪʝʧʝʨʽʰʥʽʡ 

ʯʘʩ ʦʙʤʝʞʫʻʪʴʩʷ ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ. ʅʘ ʜʫʤʢʫ ʩʧʝʮʽʘʣʽʩʪʽʚ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʾ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦ ʪʽʣʴʢʠ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʪʘ 

ʜʣʷ ʧʨʝʮʠʟʽʡʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ [91].  

ɼʦ ʯʠʩʣʘ ʥʝʜʦʣʽʢʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʤʠʡʢʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʦʙʤʝʞʝʥʽʩʪʴ 

ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ, ʱʦ ʦʯʠʱʫʶʪʴʩʷ, ʪʨʫʜʥʦʱʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʽʜʚʦʜʫ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʝʥʝʨʛʽʾ ʜʦ  ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʴ (ʛʣʫʭʽ ʦʪʚʦʨʠ ʪʦʱʦ), ʪʨʫʜʥʦʱʽ 
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ʚʽʜʚʦʜʫ ʟʘʙʨʫʜʥʝʥʴ ʟ ʟʦʥʠ ʦʯʠʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʢʘʚʽʪʘʮʽʡʥʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʜʝʪʘʣʝʡ ʧʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ.  

ɺʽʙʨʘʮʽʡʥʠʡ ʩʧʦʩʽʙ ʤʠʡʢʠ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʽ ʘʢʫʩʪʠʯʥʠʭ ʪʝʯʽʡ 

ʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ ʪʘ ʟʥʘʯʥʦʾ ʘʤʧʣʽʪʫʜʠ ʥʘʚʢʦʣʦ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʦʤʠʚʘʶʪʴʩʷ, ʘ 

ʪʘʢʦʞ  ʚʧʣʠʚʫ ʫʜʘʨʥʦʾ ʜʽʾ ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʽʟ ʷʢʠʭ 

ʩʢʣʘʜʘʶʪʴʩʷ ʚʽʙʨʘʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ ʻ ʚʘʥʥʘ ʜʣʷ ʚʠʨʦʙʽʚ, ʱʦ ʦʯʠʱʘʶʪʴʩʷ, ʨʦʙʦʯʘ 

ʨʽʜʠʥʘ ʽ ʚʽʙʨʘʪʦʨ. ʄʦʞʣʠʚʽ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʽʜʚʦʜʫ ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʫ ʚʘʥʥʫ. 

ɺʚʝʜʝʥʥʷ ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʥʦʛʦ ʜʥʘ 

ʘʙʦ ʤʝʤʙʨʘʥʠ, ʜʠʩʢʘʤʠ ʙʝʟ ʦʪʚʦʨʽʚ ʪʘ  ʟ ʦʪʚʦʨʘʤʠ. ɺʽʜʦʤʘ ʫʩʪʘʥʦʚʢʘ ʨʠʩ.1.8 ʜʣʷ 

ʤʠʡʢʠ [92,93].  

 

ʈʠʩ. 1.8 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʤʠʡʢʠ: 1 ï ʮʠʣʽʥʜʨʠʯʥʘ ʚʘʥʥʘ; 2 ï ʜʠʩʢ-

ʘʢʪʠʚʘʪʦʨ; 3 ï ʜʝʪʘʣʽ, ʱʦ ʧʨʦʤʠʚʘʶʪʴʩʷ; 4 ï ʨʦʙʦʯʘ ʟʦʥʘ ; 5 ï ʚʽʙʨʘʮʽʡʥʠʡ 

ʧʨʠʚʦʜ;  6 ï ʜʚʠʛʫʥ  

 

ʂʦʣʠʚʘʥʥʷ ʚʚʦʜʷʪʴʩʷ ʜʠʩʢʦʤ ʟʽ ʰʪʦʢʦʤ ʯʝʨʝʟ ʦʪʚʽʨ ʫ ʜʥʽ ʚʘʥʥʠ, ʷʢʠʡ 

ʟʚôʷʟʘʥʠʡ ʟ ʚʽʙʨʘʮʽʡʥʠʤ ʧʨʠʚʦʜʦʤ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ  

ʧʝʨʝʤʽʱʝʥʥʷ ʨʠʩ.1.8 [92,93]. ɺʘʜʦʶ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʪʝ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʱʽʣʴʥʝʥʥʷ ʰʪʦʢʘ ʥʘ ʜʥʽ ʚʘʥʥʠ, ʘ ʥʘʡʙʽʣʴʰʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʷ ʜʽʘʬʨʘʛʤʠ ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʝʾ ʜʦ ʜʝʪʘʣʝʡ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʛʘʩʘʥʥʷ ʢʦʣʠʚʘʥʴ ʦʯʠʩʥʦʾ ʨʽʜʠʥʠ, ʱʦ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ. 

ɿʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʚ ʩʪʨʫʤʠʥʥʠʡ ʩʧʦʩʽʙ ʤʠʡʢʠ. ʇʨʠʯʠʥʦʶ 

ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʪʨʫʤʠʥʥʦʛʦ ʩʧʦʩʦʙʫ ʦʯʠʱʝʥʥʷ ʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʩʪʨʫʤʝʥʽʚ ʥʘ ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ.  

ɼʦ ʧʝʨʝʚʘʛ ʩʪʨʫʤʠʥʥʦʛʦ ʩʧʦʩʦʙʫ ʤʠʡʢʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ 

ʚʘʨʪʽʩʪʴ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ, ʪʦʤʫ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ ʩʪʨʫʤʝʥʽʚ ʢʦʤʧʝʥʩʫʻ ʚʘʜʠ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ. ɺʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʩʪʨʫʤʠʥʥʦʾ 

ʤʠʡʢʠ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʫ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʜʝʪʘʣʝʡ.  ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʮʠʭ ʤʘʰʠʥ ʻ ʧʨʦʩʪʦʪʘ ʤʦʥʪʫʚʘʥʥʷ ʾʭ ʚ ʧʦʪʦʯʥʽ 

ʣʽʥʽʾ ʽ ʾʭʥʶ ʧʨʠʩʪʦʩʦʚʫʚʘʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦ ʜʦ ʚʩʽʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʜʝʪʘʣʝʡ. 

ʉʪʨʫʤʝʥʝʚʽ ʫʩʪʘʥʦʚʢʠ ʟʚʠʯʘʡʥʦ ʤʽʩʪʷʪʴ ʦʯʠʩʥʫ ʢʘʤʝʨʫ ʽʟ 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʚʽʢʥʦʤ, ʫʪʨʠʤʫʚʘʯ ʚʠʨʦʙʽʚ, ʢʦʣʝʢʪʦʨʠ ʟ ʬʦʨʩʫʥʢʘʤʠ, 

ʨʦʟʤʽʱʝʥʽ ʚ ʦʯʠʩʥʽʡ ʢʘʤʝʨʽ, ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ  ʤʠʶʯʦʾ ʨʽʜʠʥʠ, ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

[94,95]. 

ɼʝʷʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʚʠʨʦʙʽʚ, ʱʦ ʦʯʠʱʫʶʪʴʩʷ. ʋʩʪʘʥʦʚʢʘ [96] ʤʘʻ ʢʦʥʚʝʻʨ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʨʦʙʽʚ, 

ʥʘ ʷʢʦʤʫ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʤʽʱʝʥʽ ʥʘ ʧʦʚʦʨʦʪʥʠʭ ʦʩʷʭ ʧʣʦʱʘʜʢʠ, ʟʘʢʨʽʧʣʝʥʽ ʥʘ 

ʦʩʷʭ ʦʜʥʦʧʣʝʯʽ ʚʘʞʝʣʽ, ʧʨʠʚʽʜ ʧʦʚʦʨʦʪʫ ʧʣʦʱʘʜʦʢ ʫ ʚʠʛʣʷʜʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ, ʱʦ ʥʝʩʝ ʫʧʦʨʠ, ʫʩʪʘʥʦʚʣʝʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʩʣʽʜʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʚʽʣʴʥʠʤʠ ʢʽʥʮʷʤʠ ʚʘʞʝʣʽʚ. ɯʥʰʘ ʫʩʪʘʥʦʚʢʘ ʤʘʻ ʪʨʘʥʩʧʦʨʪʝʨ ʜʝʪʘʣʝʡ, ʚʠʢʦʥʘʥʠʡ 

ʽʟ ʭʨʝʩʪʦʧʦʜʽʙʥʠʭ ʧʦʚʦʨʦʪʥʠʭ ˇʨʘʪʯʘʩʪʠʭ ʧʣʦʱʘʜʦʢ, ʥʘʙʨʘʥʠʭ ʥʘ ʧʘʨʘʣʝʣʴʥʠʭ 

ʚʘʣʘʭ. ʄʝʭʘʥʽʟʤ ʧʦʯʝʨʛʦʚʦʛʦ ʧʦʚʦʨʦʪʫ ʮʠʭ ʚʘʣʽʚ ʤʘʻ ʯʦʪʠʨʴʦʭ ʩʝʢʪʦʨʥʽ 

ʤʘʣʴʪʽʡʩʴʢʽ ʭʨʝʩʪʠ, ʩʝʢʪʦʨʠ ʷʢʠʭ ʤʽʞ ʧʘʟʘʤʠ ʚʠʢʦʥʘʥʽ ʟ ʫʚʽʛʥʫʪʦʶ ʩʝʛʤʝʥʪʥʦʶ 

ʚʠʙʽʨʢʦʶ, ʪʘ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʧʨʠʚʦʜʥʠʤʠ ʚʘʣʘʤʠ ʜʦʜʘʪʢʦʚʽ ʚʘʣʠ ʤʘʶʪʴ ʜʠʩʢ 

ʜʣʷ ʬʽʢʩʘʮʽʾ ʤʘʣʴʪʽʡʩʴʢʦʛʦ ʭʨʝʩʪʘ. 
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ʈʠʩ. 1.9 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʤʠʡʢʠ ʩʪʨʫʤʝʥʷʤʠ  ʢʦʥʚʝʻʨʥʦʛʦ ʪʠʧʫ 

 

ɼʦ ʚʘʜ ʦʯʠʩʥʠʭ ʤʘʰʠʥ ʪʘʢʦʛʦ ʪʠʧʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʷ ʩʪʨʫʤʝʥʽʚ ʜʦ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ 

ʤʘʶʪʴ ʛʣʠʙʦʢʽ ʢʠʰʝʥʽ, ʛʣʫʭʽ ʦʪʚʦʨʠ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʝʢʨʘʥʽʟʘʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʩʪʨʫʤʝʥʽʚ ʤʠʡʥʦʾ ʨʽʜʠʥʠ; ʚʠʩʦʢʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʛʥʽʪʘʣʴʥʦʛʦ 

ʥʘʩʦʩʘ; ʥʝ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʪʠʧʽ 

ʚʠʨʦʙʥʠʮʪʚʘ.  

ʈʦʟʨʦʙʣʝʥʽ ʩʪʝʥʜʠ ʜʣʷ ʛʘʟʦʨʽʜʠʥʥʦʾ ʧʨʦʤʠʚʢʠ ʚʠʨʦʙʽʚ ʟ ʧʦʨʦʞʥʠʥʘʤʠ 

[97]. ʇʦʜʘʯʘ ʛʘʟʫ ʽʤʧʫʣʴʩʥʝ ʫ ʧʦʪʽʢ ʨʽʜʠʥʠ ʩʪʚʦʨʶʻ ʜʚʦʬʘʟʥʠʡ ʛʘʟʦʨʽʜʠʥʥʠʡ 

ʧʦʪʽʢ, ʷʢʠʡ ʤʘʻ ʨʫʭ ʢʦʣʠʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʄʽʢʨʦʧʫʭʠʨʴʮʽ ʛʘʟʫ ʧʦʧʘʜʘʶʪʴ ʫ 

ʪʦʚʱʫ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʪʘ ʚʠʟʠʚʘʶʪʴ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ 

ʩʪʝʥʜʫ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʛʘʟʦʨʽʜʠʥʥʠʤ ʧʦʪʦʢʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 

1.10.  

 

ʈʠʩ. 1.10 ï ʉʭʝʤʘ ʩʪʝʥʜʫ ʜʣʷ ʧʨʦʤʠʚʢʠ ʚʠʨʦʙʽʚ ʟ ʧʦʨʦʞʥʠʥʘʤʠ 

ʛʘʟʦʨʽʜʠʥʥʠʤ ʧʦʪʦʢʦʤ: 1 ï ʥʘʩʦʩ; 2 ï ʙʘʢ;  3,6 ï ʬʽʣʴʪʨʠ;  7 ï ʪʨʽʡʥʠʢ; 8 ï 

ʨʝʜʫʢʪʦʨ; 9 ï ʙʘʣʦʥ  ʟ ʛʘʟʦʤ 
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ɺʠʙʠʨʘʶʯʠ ʧʝʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʟʫ ʪʘ ʨʽʜʠʥʠ 

ʦʪʨʠʤʘʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʦʮʝʩʫ ʧʨʦʤʠʚʢʠ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʙʦʣʦʪʷʥʦ-ʞʠʨʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʨʫʤʠʥʥʠʡ ʩʧʦʩʽʙ ʤʠʡʢʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ. ʇʨʠ 

ʮʴʦʤʫ  ʤʘʻʤʦ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

ʨʦʟʪʽʢʘʥʥʽ ʨʽʜʠʥʠ ʧʦ ʧʦʚʝʨʭʥʽ.  

ʂʘʚʽʪʘʮʽʷ ʻ ʜʠʥʘʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʧʨʠ ʷʢʦʤʫ ʚ ʨʽʜʠʥʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʘʚʽʪʘʮʽʡʥʽ ʙʫʣʴʙʘʰʢʠ ʘʙʦ ʢʘʚʝʨʥʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʣʦʢʘʣʴʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʨʽʜʠʥʽ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʫʣʴʩʘʮʽʾ (ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʢʘʚʽʪʘʮʽʷ), ʘʙʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ 

ʚʝʣʠʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ʥʘʧʽʚʧʝʨʽʦʜʫ ʨʦʟʨʽʜʞʝʥʥʷ (ʘʢʫʩʪʠʯʥʘ 

ʢʘʚʽʪʘʮʽʷ). ʇʝʨʝʤʽʱʘʶʯʠʩʴ ʟ ʧʦʪʦʢʦʤ ʚ ʟʦʥʫ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʧʽʜ ʯʘʩ 

ʥʘʧʽʚʧʝʨʽʦʜʫ ʩʪʠʩʥʝʥʥʷ, ʢʘʚʽʪʘʮʽʡʥʘ ʙʫʣʴʙʘʰʢʘ ʧʨʠ ʟʫʩʪʨʽʯʽ ʟ ʧʦʚʝʨʭʥʝʶ, ʱʦ 

ʦʯʠʱʘʻʪʴʩʷ, ʩʧʣʝʩʢʫʻʪʴʩʷ ʽ ʚʠʧʨʦʤʽʥʶʻ ʫʜʘʨʥʫ ʭʚʠʣʶ, ʱʦ ʽ ʦʯʠʱʘʻ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʧʨʦʤʠʚʘʶʪʴʩʷ. ʅʘ ʨʠʩ.1.11 ʪʘ 1.12 ʧʦʢʘʟʘʥʦ ʩʭʝʤʠ: ʩʪʝʥʜʫ ʜʣʷ ʧʨʦʤʠʚʢʠ 

ʜʝʪʘʣʝʡ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʶ 

ʢʘʚʽʪʘʮʽʡʥʦʾ ʬʦʨʩʫʥʢʠ [98]. 

 

ʈʠʩ. 1.11 ï ʉʭʝʤʘ ʩʪʝʥʜʫ ʜʣʷ ʧʨʦʤʠʚʢʠ ʜʝʪʘʣʝʡ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ 

ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ: 1 ,2 ï ʩʪʨʫʤʝʥʝʚʽ-ʢʘʚʽʪʘʮʽʡʥʽ ʛʦʣʦʚʢʠ; 3 ï ʜʝʪʘʣʴ, ʱʦ 

ʧʨʦʤʠʚʘʻʪʴʩʷ;  4 ï ʩʦʧʣʘ;  5 ï ʢʘʚʽʪʘʪʦʨ 
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ʈʠʩ.1.12 ï ʉʭʝʤʘ ʢʘʚʽʪʘʮʽʡʥʦʾ ʬʦʨʩʫʥʢʠ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʧʦʪʦʢʫ ʤʠʶʯʦʾ ʨʽʜʠʥʠ: (ʘ) 1 ï ʢʦʨʧʫʩ; 2 ï ʢʘʤʝʨʘ ʟʘʢʨʫʪʢʠ ʩʪʨʫʤʝʥʶ; 3 ï ʢʘʤʝʨʘ 

ʃʘʚʘʣʷ; 4 ï ʩʦʧʣʦ; (ʙ) ï ʦʮʽʥʢʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ ʤʠʶʯʦʾ 

ʨʽʜʠʥʠ 

 

ʊʘʢʦʞ ʚʽʜʦʤʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ [99] ʜʣʷ ʛʽʜʨʦʢʘʚʽʪʘʮʽʡʥʦʾ ʤʠʡʢʠ 

ʜʝʪʘʣʝʡ ʨʠʩ.1.13. ʄʠʡʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʥʫʨʝʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʨʽʜʠʥʠ ʟ 

ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʠʨʽʙ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʫ ʚʘʥʥʽ. 

 

 

ʈʠʩ.1.13 ï  ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʛʽʜʨʦʢʘʚʽʪʘʮʽʡʥʦʾ ʤʠʡʢʠ ʜʝʪʘʣʝʡ:  

1 ï ʚʘʥʥʘ; 2 ï ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ; 3 ï ʪʝʨʤʦʩʪʘʪ; 4 ï ʥʘʩʦʩ;  

5 ï ʤʘʛʽʩʪʨʘʣʴ; 6 ï ʙʣʦʢ ʟʙʫʨʝʥʥʷ ʢʘʚʽʪʘʮʽʾ; 7 ï ʢʘʚʽʪʘʪʦʨʠ; 8 ï ʤʝʭʘʥʽʟʤ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʢʘʚʽʪʘʪʦʨʽʚ; 9 ï ʜʝʪʘʣʴ; 10 ï ʚʽʩʴ; 11 ï ʜʚʠʛʫʥ; 12 ï ʚʽʜʩʪʽʡʥʠʢ; 

13 ï ʬʽʣʴʪʨ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ; 14 ï ʬʽʣʴʪʨ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ; 15 ï ʚʝʥʪʠʣʴ; 16 ï ʙʘʢ; 

17 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ; 18 ï ʟʘʥʫʨʝʥʽ ʩʪʨʫʤʝʥʽ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ 
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ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ [92-103] ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʤʠʚʘʥʥʷ 

ʜʝʪʘʣʝʡ ʧʨʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʢʘʚʽʪʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʧʨʦʜʫʢʪʠʚʥʽʰʝ ʚʽʜʦʤʠʭ ʽʥʰʠʭ 

ʩʧʦʩʦʙʽʚ ʤʠʪʪʷ, ʘʣʝ ʽ ʜʦʟʚʦʣʷʻ ʦʯʠʱʘʪʠ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ 

ʚʥʫʪʨʽʰʥʽʤʠ ʧʦʨʦʞʥʠʥʘʤʠ ʽ ʛʣʫʭʠʤʠ ʢʘʥʘʣʘʤʠ, ʫʩʧʽʰʥʦ ʚʠʜʘʣʷʶʪʴ ʪʚʝʨʜʽ 

ʘʙʨʘʟʠʚʥʽ ʯʘʩʪʠʥʢʠ, ʰʘʨʞʦʚʘʥʽ ʚ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʽʥ. 

 

1.7. ɸʥʘʣʽʟ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ 

 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ ʚʠʜʽʚ ʨʦʙʽʪ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʫʩʪʘʪʢʫʚʘʥʥʷ ʡ ʽʥʰʠʭ ʚʠʜʽʚ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʪʚʦʨʶʶʪʴʩʷ ʨʝʤʦʥʪʥʽ ʩʣʫʞʙʠ, ʾʭʥʷ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ: ʪʠʧʫ ʪʘ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʡʦʛʦ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʨʦʟʚʠʪʢʫ ʢʦʦʧʝʨʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ.  

ʇʨʦʤʠʚʘʥʥʶ ʧʽʜʣʷʛʘʻ ʜʝʪʘʣʽ ʪʘ ʚʫʟʣʠ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʽʥʩʪʨʫʢʮʽʷʤʠ 

ʟʘʚʦʜʽʚ-ʚʠʨʦʙʥʠʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʦʯʠʩʪʮʽ ʪʘ 

ʧʨʦʤʠʚʘʥʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʙʠʨʘʥʥʷ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ, ʦʯʠʱʝʥʥʷ ʨʦʟʽʙʨʘʥʠʭ 

ʚʫʟʣʽʚ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʧʠʣʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʤʽʥʶʶʪʴʩʷ ʟʘʧʦʙʽʞʥʽ ʧʨʦʢʣʘʜʢʠ, 

ʧʨʦʤʠʚʘʶʪʴʩʷ ʽ ʧʨʦʯʠʱʘʶʪʴʩʷ ʟʘʧʦʙʽʞʥʽ ʬʽʣʴʪʨʠ, ʤʘʩʪʠʣʴʥʽ ʦʪʚʦʨʠ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ 

ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʪʠʧʫ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʦʙʣʘʜʥʘʥʥʷ ʚʪʨʘʯʘʻ ʩʚʦʾ ʨʦʙʦʯʽ ʷʢʦʩʪʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʟʘʙʨʫʜʥʝʥʥʷ 

ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ ʽ ʾʭ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʾ, ʟʨʦʩʪʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʚʥʽ ʚʫʟʣʠ, ʪʘ ʟôʷʚʣʷʻʪʴʩʷ ʙʨʘʢ. ɼʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ ʧʦʪʨʽʙʥʽ ʩʠʩʪʝʤʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ 

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ.  

ʗʢ ʧʨʠʢʣʘʜ, ʫ ʪʘʙʣ.1.1 ʥʘʚʝʜʝʥʦ ʨʽʯʥʫ  ʚʽʜʦʤʽʩʪʴ ʤʘʰʠʥ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʨʝʤʦʥʪʫ ʥʘ ʊʆɺ çʈʦʣʘʜʘè, ʤ. ʃʴʚʽʚ. 
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ʊʘʙʣʠʮʷ 1.1 

 ɺʽʜʦʤʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʤʘʰʠʥ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʨʝʤʦʥʪʫ ʟ ʦʯʠʩʪʢʦʶ ʪʘ 

ʧʨʦʤʠʚʢʦʶ ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ 

 

ʗʢ ʧʨʠʢʣʘʜ ʦʙôʻʢʪʽʚ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʧʨʦʮʝʩʘʤ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʥʘʚʝʜʝʥʦ 

ʜʝʪʘʣʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʟ ʯʘʩʦʤ ʨʦʙʦʪʠ 

ʦʙʣʘʜʥʘʥʥʷ ʧʦʢʨʠʚʘʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. ɺʘʣʠ ʰʚʝʡʥʦʾ 

ʤʘʰʠʥʠ (ʨʠʩ.1.14, ʨʠʩ.1.15), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ, ʟ ʯʘʩʦʤ ʨʦʙʦʪʠ 

ʧʦʢʨʠʚʘʶʪʴʩʷ, ʤʝʭʘʥʽʯʥʦ ʧʦʚôʷʟʘʥʠʤ ʟ ʧʦʚʝʨʭʥʝʶ, ʟʘʙʨʫʜʥʝʥʥʷʤ ʞʠʨʦʚʠʭ ʽ 

ʤʘʩʣʷʥʠʭ ʧʣʽʚʦʢ ʤʘʩʪʠʣʘ ʟ ʧʠʣʦʤ ʽ ʚʦʣʦʢʥʘʤʠ ʪʢʘʥʠʥ. ʇʣʽʚʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʢʨʘʷʭ ʢʦʨʽʥʥʠʭ ʰʠʡʢʘʭ ʪʘ ʟʘʚʘʞʘʶʪʴ ʚʽʣʴʥʦʤʫ ʦʙʝʨʪʘʥʥʶ ʚʘʣʘ, ʟʙʽʣʴʰʫʶʪʴ 

 

 ̄

ʧ. 

 

ʄʦʜʝʣʴ 

ʦʙʣʘʜʥʘʥʥʷ, 

ʤʘʰʠʥʠ 

 

ɺʠʜ ʨʝʤʦʥʪʫ 

ʅʘʟʚʘ ʚʫʟʣʽʚ ʪʘ 

ʜʝʪʘʣʝʡ, ʷʢʽ 

ʧʽʜʣʷʛʘʶʪʴ ʦʯʠʩʪʮʽ ʪʘ 

ʤʠʡʢʠ 

 

ʂʽʣʴʢʽʩʪʴ  

ʤʘʰʠʥ 

1 

1 

ʆʚʝʨʣʦʢ  Juki 

MO-6714DA-

BE6-40ʅ  

 

ʩʝʨʝʜʥʽʡ 

 

ʐʘʨʦʚʽ ʮʘʧʬʠ 

 

3 ʰʪ 

2 

2 

ʆʚʝʨʣʦʢ 

TYPICAL 

GN 793 

 

 

ʢʘʧʽʪʘʣʴʥʠʡ 

ʄʝʭʘʥʽʟʤ ʧʝʪʣʷʯʽʚ, 

ʚʫʟʣʠ ʧʝʨʝʜʘʯʽ 

ʢʦʣʠʚʥʠʭ ʨʫʭʽʚ, 

ʰʘʨʦʚʽ ʮʘʧʬʠ 

 

4 ʰʪ 

3 

3 

ʋʥʽʚʝʨʩʘʣʴʥʘ 

TYPICAL GC 

6150HD 

 

 

ʩʝʨʝʜʥʽʡ 

ʄʝʭʘʥʽʟʤ ʯʦʚʥʠʢʘ. 

ɺʫʟʦʣ ʯʦʚʥʠʢʦʚʦʛʦ 

ʚʘʣʫ 

 

2 ʰʪ 

4 

 

4 

ʋʥʽʚʝʨʩʘʣʴʥʘ 

TYPICAL GC 

6160B 

 

 

ʩʝʨʝʜʥʽʡ 

ʄʝʭʘʥʽʟʤ ʛʦʣʢʠ. 

ɺʫʟʦʣ ʢʨʠʚʦʰʠʧʘ 

 

2 ʰʪ 

5 

5 

ʈʦʟʧʦʰʠʚʘʣʢʘ 

TYPICAL  

Gʂ 32500-11 

 

 
̨̝̋́̐̓́̌̎̉̊ 

ʄʝʭʘʥʽʟʤ 

ʧʝʨʝʤʽʱʝʥʥʷ. 

ɺʫʟʦʣ ʝʢʩʮʝʥʪʨʠʢʽʚ 

 

2 ʰʪ 

6 

6 

ʈʦʟʧʦʰʠʚʘʣʢʘ 

TYPICAL  

Gʂ 1500D-

02BB 

 

ʢʘʧʽʪʘʣʴʥʠʡ 

ʄʝʭʘʥʽʟʤ ʧʝʪʣʷʯʽʚ. 

ɺʫʟʦʣ ʧʝʨʝʜʘʯʽ 

ʢʦʣʠʚʥʠʭ ʨʫʭʽʚ 

 

2 ʰʪ 

https://www.sewing.kiev.ua/ua/product/promyshlennaja-shvejnaja-mashina-typical-gc-6160b/
https://www.sewing.kiev.ua/ua/product/promyshlennaja-shvejnaja-mashina-typical-gc-6160b/
https://www.sewing.kiev.ua/ua/product/promyshlennaja-shvejnaja-mashina-typical-gc-6160b/
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ʩʠʣʠ ʪʝʨʪʷ ʽ ʥʘʛʨʽʚʘʶʪʴ ʧʽʜʰʠʧʥʠʢ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʧʦʪʨʝʙʫ ʫ ʧʦʪʫʞʥʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ. ʊʘʢʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʧʦʣʽʤʝʨʠʟʫʚʘʣʦʩʷ, ʧʽʜʣʷʛʘʻ ʦʯʠʩʪʮʽ ʽʟ 

ʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʜʣʷ ʚôʷʟʢʠʭ ʧʦʣʽʤʝʨʠʟʦʚʘʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʦʯʠʩʪʢʫ ʧʦʚʝʨʭʦʥʴ ʪʚʝʨʜʠʤʠ ʯʘʩʪʢʘʤʠ ʘʙʦ 

ʜʨʽʙʥʠʤʠ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ. 

 

  

 

ʈʠʩ. 1.14  ï ɺʘʣʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤʠ ʫ 

ʚʫʟʣʘʭ ʢʦʚʟʘʥʥʷ ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ 26 

ɸ 79916 82ʢʣ. 

        

ʈʠʩ. 1.15 ï  ɺʠʛʣʷʜ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʘʣʫ ʰʚʝʡʥʦʾ ʤʘʰʠʥʠ 26 ɸ 79916 

82ʢʣ. 

 

ʅʘ ʨʠʩ.1.16 ʪʘ 1.17 ʧʦʢʘʟʘʥʦ ʟʚʦʨʦʪʥʫ ʧʨʫʞʠʥʫ ʪʘ ʚʽʜʢʨʠʪʠʡ ʧʽʜʰʠʧʥʠʢ, 

ʷʢʽ ʧʨʘʮʶʚʘʣʠ ʜʦʚʛʠʡ ʯʘʩ ʚ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʟʘʙʨʫʜʥʝʥʽ ʟʘʛʫʩʣʦʶ ʟʤʘʟʢʦʶ ʟ 

ʩʫʤʽʰʰʶ ʧʠʣʫ ʪʘ ʚʦʣʦʢʦʥ ʪʢʘʥʠʥ. ʊʘʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʜʘʣʝʥʦ 

ʝʬʝʢʪʠʚʥʦ ʤʠʡʢʦʶ ʩʪʨʫʤʝʥʷʤʠ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ.  

 

 

 

 

 

ʈʠʩ. 1.16 ï ʌʦʪʦʛʨʘʬʽʷ ʟʚʦʨʦʪʥʦʾ 

ʧʨʫʞʠʥʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤʠ 

 

ʈʠʩ. 1.17 ï ʌʦʪʦʛʨʘʬʽʷ ʚʽʜʢʨʠʪʦʛʦ 

ʧʽʜʰʠʧʥʠʢʘ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤʠ 
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ʗʢ ʚʠʜʥʦ, ʱʦ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʡʦʛʦ ʨʫʭʦʤʽ ʜʝʪʘʣʽ ʟ ʧʝʚʥʠʤ 

ʯʘʩʦʤ ʧʦʢʨʠʚʘʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʷʢʽ 

ʧʦʧʘʜʘʶʪʴ ʧʠʣ, ʚʦʣʦʢʥʘ ʪʢʘʥʠʥ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʾʜʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʚʫʟʣʽʚ 

ʢʦʯʝʥʥʷ ʪʘ ʢʦʚʟʘʥʥʷ, ʘ ʜʘʣʽ ʮʝ ʚʝʜʝ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʟʥʠʞʝʥʥʷʤ ʷʢʦʩʪʽ ʚʠʨʦʙʫ.  

ɼʣʷ ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʩʠʣʴʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʤʠʥʥʦ-ʧʫʣʴʩʫʶʯʠʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ 

ʫ ʚʘʥʥʽ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʘʙʦ ʜʨʽʙʥʠʤʠ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ, ʷʢʽ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʶʪʴ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʟʜʽʡʩʥʶʶʪʴ ʟʩʫʚ ʚôʷʟʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ.  

ɼʣʷ ʤʠʡʢʠ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʨʦʞʥʠʥ ʚʠʨʦʙʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ 

ʩʪʨʫʤʠʥʥʦ-ʧʫʣʴʩʫʶʯʠʡ  ʩʧʦʩʽʙ ʟ ʧʦʪʦʢʦʤ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ, ʘ ʜʣʷ ʧʨʦʮʝʩʫ  

ʦʯʠʱʝʥʥʷ ʩʪʨʫʤʠʥʥʦ-ʧʫʣʴʩʫʶʯʠʡ  ʩʧʦʩʽʙ ʟ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʫ ʫʜʘʨʥʫ ʜʽʶ ʧʦʪʦʢʫ ʥʘ ʯʘʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ. ʊʫʨʙʫʣʽʟʘʮʽʷ 

ʧʦʪʦʢʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʧʠʣʫ, ʤʘʩʝʣ, 

ʤʘʩʪʠʣ, ʧʨʦʜʫʢʪʽʚ ʾʭ ʨʦʟʧʘʜʫ ʪʘ ʩʪʨʫʞʢʠ, ʱʦ ʧʨʠʩʫʪʥʽ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ  ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʨʦʞʥʠʥ ʪʘ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ. 

 

1.8. ɺʠʙʽʨ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʤʘʰʠʥʠ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

 

ɺ ʪʝʭʥʽʮʽ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʧʦ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʜʫ ʟʘʩʪʦʩʦʚʘʥʦʾ ʝʥʝʨʛʽʾ ʚʽʙʨʘʮʽʡʥʽ ʧʨʠʚʦʜʠ, ʘ ʩʘʤʝ ʤʝʭʘʥʽʯʥʽ, 

ʛʽʜʨʘʚʣʽʯʥʽ, ʧʥʝʚʤʘʪʠʯʥʽ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, ʽʥʝʨʮʽʡʥʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʠʚʦʜʽʚ [44] ʜʣʷ ʤʘʰʠʥ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ ʧʦʢʘʟʫʻ, ʱʦ ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ ʚʠʜʫ ʧʨʠʚʦʜʫ ʻ ʧʦʩʪʽʡʥʽʩʪʴ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ. ʊʘʢʠʤ ʚʠʤʦʛʘʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʝʢʩʮʝʥʪʨʠʢʦʚʽ ʪʘ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʽ ʧʨʠʚʦʜʘ. ɺʦʥʠ 

ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ. 
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1.9. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1. ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʩʧʦʩʦʙʽʚ  ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʮʝʩ 

ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʘ 

ʧʨʦʮʝʩ ʤʠʡʢʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʥʫʨʝʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ 

ʢʘʚʽʪʘʮʽʡʥʦʾ ʜʽʾ ʥʘ ʤʠʶʯʠʡ ʚʦʜʥʠʡ ʩʢʣʘʜ ʽ ʧʦʩʪʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʮʽ ʧʝʨʝʚʘʛʠ. 

2. ɸʥʘʣʽʟ ʧʨʠʨʦʜʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʦʙʣʘʜʥʘʥʥʷ  ʧʦʢʘʟʘʚ, ʱʦ 

ʾʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʩʠʣʴʥʦ ʟʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ ʪʘ ʩʣʘʙʦ ʟʚôʷʟʘʥʽ ʟ 

ʧʦʚʝʨʭʥʝʶ. ɼʣʷ ʧʝʨʰʠʭ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʦʯʠʱʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʟʥʘʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʘ ʜʣʷ ʜʨʫʛʠʭ ʧʨʦʤʠʚʘʥʥʷ ʟ ʤʝʥʰʠʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ  ʚʠʪʨʘʪʘʤʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠʨʦʜʥʽ ʪʘ ʩʠʥʪʝʪʠʯʥʽ ʚʦʜʥʽ 

ʨʦʟʯʠʥʥʠʢʠ.  

3. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʶ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʽʜ ʩʪʨʫʤʝʥʷ ʜʽʶʪʴ ʩʠʣʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ʥʘ ʧʦʚʝʨʭʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʩʠʣʠ ʰʚʠʜʢʽʩʥʦʾ ʜʽʾ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʷʢʠʡ ʧʨʠ ʨʦʟʪʽʢʘʥʥʽ ʧʦ 

ʧʦʚʝʨʭʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʚʦʨʶʻ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ, ʱʦ ʽʥʽʮʽʶʶʪʴ ʧʨʦʮʝʩ 

ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ. 

 4. ɿ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ, ʻ 

ʚʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. 

 5. ɸʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʰʠʥ ʜʣʷ 

ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʢʘʟʘʚ ʤʦʞʣʠʚʦʩʪʽ, ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʨʽʟʥʠʭ 

ʩʧʦʩʦʙʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʫʣʴʩʫʶʯʠʡ 

ʟʘʥʫʨʝʥʠʡ ʩʪʨʫʤʽʥʴ ʨʽʜʠʥʠ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ  ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʙʨʘʮʽʡʥʦʛʦ 
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ʧʨʠʚʦʜʫ ʟ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʫ ʚʠʛʣʷʜʽ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʟ 

ʥʘʩʘʜʢʦʤ. 

6. ɼʣʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʩʠʣʴʥʦ ʟʚôʷʟʘʥʽ ʟ ʧʦʚʝʨʭʥʝʶ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʥʫʨʝʥʠʡ ʧʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʘʙʦ ʜʨʽʙʥʠʤʠ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ, ʷʢʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ 

ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʜʽʡʩʥʶʶʪʴ ʟʩʫʚ 

ʚôʷʟʢʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɼʣʷ ʤʠʡʢʠ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʨʦʞʥʠʥ ʚʠʨʦʙʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʥʫʨʝʥʠʡ ʧʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ. 

8. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ 

ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʪʠʧʫ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ 

ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʷʢʠʡ ʚʠʥʠʢʘʻ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʢʘʟʘʥʦʾ ʤʝʪʠ ʫ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʽ ʪʘ ʚʠʨʽʰʫʚʘʣʠʩʴ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ 

ʨʽʜʠʥʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ 

ʦʜʠʥʠʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ. 

ɼʦʩʷʛʥʝʥʥʷ ʩʬʦʨʤʦʚʘʥʦʾ ʤʝʪʠ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

- ʨʦʟʨʦʙʠʪʠ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʩʪʨʫʤʠʥʥʦʛʦ ʪʠʧʫ 

ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʷʚ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʨʽʟʥʽ ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʴ; 

- ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʽʟ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʘ; 

- ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ  ʩʪʨʫʤʠʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜ ʨʝʞʠʤʽʚ 

ʧʨʠʚʦʜʫ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ; 
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- ʩʬʦʨʤʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʾ ʧʨʠʚʦʜʫ ʽ ʚʠʟʥʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʦʟʨʦʙʠʪʠ ʨʝʻʩʪʨʫʶʯʠ ʘʧʘʨʘʪʫʨʫ ʽ ʜʘʪʯʠʢʠ; 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦ-ʬʽʢʩʘʮʽʾ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ;  

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ; 

- ʤʝʪʦʜʦʤ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʟʘʪʦʧʣʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʶ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʜʣʷ 

ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ; 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ ʟʘʪʦʧʣʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ 

ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ; 

- ʩʬʦʨʤʫʚʘʪʠ ʧʨʠʢʣʘʜʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʽ 

ʤʠʡʢʠ ʟʘʪʦʧʣʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʪʘ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ; 

- ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʧʝʨʝʜʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʝʭʥʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʧʨʦʤʠʩʣʦʚʫ ʤʦʜʝʣʴ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʜʣʷ ʦʯʠʩʪʢʠ ʽ ʤʠʡʢʠ. 
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ʈʆɿɼɯʃ 2 

ʇʆɹʋɼʆɺɸ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ ʈʋʍʋ ɹɸɻɸʊʆʌɸɿʅʆɻʆ 

ʉɽʈɽɼʆɺʀʑɸ ʋ ʈʆɹʆʏʆʄʋ  ʆʈɻɸʅɯ  ɺɯɹʈɸʎɯʁʅʆɰ  ʄɸʐʀʅʀ ʊɸ 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɯ ʈɽɾʀʄɯɺ 

ʈʆɹʆʊʀ ʇʈʀɺʆɼʋ  

 

 2.1. ʂʦʥʩʪʨʫʢʮʽʷ ʤʦʜʫʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ 

ʦʙʣʘʜʥʘʥʥʷ 

 

 ʂʦʥʩʪʨʫʢʮʽʷ ʚ̔ ʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ 

ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ [104,105] 

ʧʦʷʩʥʶʻʪʴʩʷ ʢʨʝʩʣʝʥʠʢʘʤʠ, ʥʘ ʷʢʠʭ ʟʦʙʨʘʞʝʥʦ: ʥʘ ʨʠʩ.2.1 ï ʛʦʣʦʚʥʠʡ ʚʠʜ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; ʥʘ ʨʠʩ.2.2 ï ʧʨʦʝʢʮʽʷ ʚʠʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; ʟ 

ʧʝʨʝʪʠʥʦʤ ʟʘ ɸ-ɸ. 

 

 

 

ʈʠʩ.2.1 ï ʉʭʝʤʘ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ ʤʦʜʫʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ 
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ʈʠʩ.2.2 ï ʇʨʦʝʢʮʽʷ ʟ ʧʝʨʝʪʠʥʦʤ ɸ-ɸ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ 

 

 ɺʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ 

ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ [104,105] (ʨʠʩ.2.1, ʨʠʩ.2.2) ʤʽʩʪʠʪʴ 

ʦʩʥʦʚʫ 1, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʙʨʦʧʨʠʚʽʜ 2, ʥʘ ʩʪʽʡʢʘʭ 3 ʽ ʨʦʟʤʽʱʝʥʦ ʚʘʥʥʫ 

ʤʦʜʫʣʷ 4 ï ʜʣʷ ʦʯʠʱʝʥʥʷ ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʪʘ ʧʦʣʽʩʪʠʨʦʣʦʚʠʤʠ ʢʫʣʴʢʘʤʠ, ʚʘʥʥʫ 

ʤʦʜʫʣʷ  5 ï ʜʣʷ ʤʠʡʢʠ ʧʫʣʴʩʫʶʯʠʤ  ʧʦʪʦʢʦʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ; ʥʘ ʜʥʽ ʚʘʥʥ 4 ʪʘ 5 

ʟʘʢʨʽʧʣʝʥʦ ʢʦʨʧʫʩ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 6 ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʘʜʢʘ 7 (ʜʽʘʤʝʪʨʦʤ Dʥ) ʪʘ 

ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʘ 6 (ʜʽʘʤʝʪʨʦʤ Dʢ) ʟʘʢʨʠʪʘ  ʤʝʤʙʨʘʥʦʶ ʟ ʜʠʩʢʘʤʠ 8, ʷʢʘ 

ʟʘʢʨʽʧʣʝʥʘ ʜʦ ʰʪʦʢʘ  9 ʚʽʙʨʦʧʨʠʚʦʜʫ 2, ʘ ʧʦʨʦʞʥʠʥʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 6 

ʟôʻʜʥʘʥʦ ʤʝʤʙʨʘʥʥʠʤ ʢʣʘʧʘʥʦʤ 10  ʪʘ ʟʘʙʽʨʥʦʶ ʪʨʫʙʢʦʶ 11 ʟ ʧʦʨʦʞʥʠʥʦʶ 

ʚʘʥʥʠ 4 ʫ  ʷʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʥʪʝʡʥʝʨ 12 ʟ ʙʦʢʦʚʠʤʠ ʩʽʪʢʘʤʠ 13 ʪʘ ʩʽʪʢʦʶ 14, 

ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʩʦʧʣʦʤ 7, ʫ ʢʦʨʦʙʽ 12 ʨʦʟʤʽʱʝʥʦ ʩʦʧʣʦ 15, ʚʘʥʥʠ 4 ʪʘ 5 

ʟʘʢʨʠʪʽ ʢʨʠʰʢʦʶ 16 ʷʢʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʘʪʠʩʷ ʧʦ ʥʘʧʨʷʤʥʠʤ 17 ʥʘ ʨʦʣʠʢʘʭ 

18 ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʦʩʷʭ 19, ʥʘ ʢʨʠʮʽ 16 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʪʥʠʢʽʚ 20 

ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ 21 ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʬʪʠ 22 ʟôʻʜʥʘʥʦ ʽʟ 
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ʟʘʪʠʩʢʘʯʝʤ 23 ʜʣʷ ʜʝʪʘʣʽ 24, ʫ ʢʦʨʦʙ 12 ʟʘʩʠʧʘʥʦ ʪʚʝʨʜʽ ʯʘʩʪʢʠ (ʧʦʣʽʩʪʠʨʦʣʦʚʽ 

ʢʫʣʴʢʠ ʘʙʦ ʤʝʪʘʣʝʚʽ ʢʫʣʴʢʠ) 25, ʘ ʫ ʚʘʥʥʠ 4 ʪʘ 5 ʟʘʣʠʪʘ ʤʠʶʯʘ ʨʽʜʠʥʘ 26, ʷʢʫ 

ʧʽʩʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʤʦʞʥʘ ʟʣʠʪʠ ʢʨʽʟʴ ʢʨʘʥ 27. 

ʇʨʘʮʶʻ ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʫ ʚʘʥʥʠ 4,5 ʟʘʣʠʚʘʶʪʴ 

ʤʠʶʯʫ ʨʽʜʠʥʫ 26 ʪʘ ʟʘʩʠʧʘʶʪʴ ʫ ʢʦʥʪʝʡʥʝʨ 12 ʪʚʝʨʜʽ ʯʘʩʪʢʠ (ʧʦʣʽʩʪʠʨʦʣʦʚʘ 

ʢʨʠʭʪʘ ʘʙʦ ʤʝʪʘʣʝʚʽ ʢʫʣʴʢʠ) 25, ʜʝʪʘʣʴ 24, ʷʢʘ ʧʽʜʣʷʛʘʻ ʦʯʠʱʝʥʥʶ, ʟʘʢʨʽʧʣʶʶʪʴ 

ʫ ʟʘʪʠʩʢʘʯʽ 23 ʪʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʢʨʠʰʢʫ 16 ʫ ʥʘʧʨʷʤʥʽ 17. ɺʢʣʶʯʘʻʪʴʩʷ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨ 21, ʷʢʠʡ ʦʙʝʨʪʘʻ ʜʝʪʘʣʴ 24 ʪʘ ʚʽʙʨʦʧʨʠʚʽʜ 2, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʢʦʣʠʚʘʥʥʷ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 8 ʽ ʫ ʥʘʩʘʜʢʫ 7 ʚʠʥʠʢʘʻ ʧʫʣʴʩʫʶʯʽʡ ʩʪʨʫʤʽʥʴ 

ʨʽʜʠʥʠ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʩʽʪʢʫ 14 ʪʘ ʟʘʭʚʘʪʫʻ ʪʚʝʨʜʽ ʯʘʩʪʢʠ 25, ʚʜʘʨʷʻ ʥʠʤʠ 

ʧʦ ʟʘʙʨʫʜʥʝʥʥʶ ʪʘ ʟʨʠʚʘʻ ʡʦʛʦ ʥʝ ʧʦʨʫʰʫʶʯʠ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ. ʇʨʠ ʨʫʩʽ 

ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 8 ʫʥʠʟ ʤʠʶʯʘ ʨʽʜʠʥʘ 26 ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʦʪʚʽʨ ʫ ʥʘʩʘʜʢʫ 7 

ʪʘ ʟʘʙʽʨʥʫ ʪʨʫʙʢʫ 11 ʽ ʚʽʜʢʨʠʪʠʡ  ʢʣʘʧʘʥ 10 ʽʟ ʤʝʥʰʠʤ ʟʫʩʠʣʣʷʤ ʪʷʛʠ ʧʨʠʚʦʜʫ 

ʪʘ ʚʠʪʨʘʪʦʶ ʝʥʝʨʛʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ. ʇʨʠ ʨʫʩʽ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 8 ʟ 

ʫʚʝʨʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʪʽʢʘʥʥʷ ʤʠʶʯʦʾ ʨʽʜʠʥʠ 26 ʢʨʽʟʴ ʥʘʩʘʜʦʢ 7, ʘ ʢʣʘʧʘʥ 10 

ʟʘʢʨʠʚʘʻʪʴʩʷ. ɼʝʪʘʣʴ 24 ʦʙʝʨʪʘʻʪʴʩʷ, ʘ ʢʨʠʰʮʽ 16 ʚʨʫʯʥʫ ʥʘʜʘʻʪʴʩʷ ʧʦʟʜʦʚʞʥʴʦ-

ʧʦʩʪʫʧʥʠʡ ʨʫʭ ʽ ʦʯʠʩʪʢʘ ʜʝʪʘʣʽ 24 ʧʨʦʚʦʜʠʪʴʩʷ ʟʽ ʚʩʽʭ ʩʪʦʨʽʥ ʥʘ ʥʝʦʙʭʽʜʥʽʡ 

ʜʦʚʞʠʥʽ.  

ʇʽʩʣʷ ʦʯʠʱʝʥʥʷ ʢʨʠʰʢʘ 16 ʧʽʜʥʽʤʘʻʪʴʩʷ ʪʘ ʜʝʪʘʣʴ 24 ʧʝʨʝʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʯʠʱʝʥʥʷ ʟ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʜʝʪʘʣʽ 24. ʇʽʩʣʷ ʧʽʜʥʷʪʪʷ ʢʨʠʰʢʠ 16 

ʦʯʠʱʝʥʘ ʜʝʪʘʣʴ 24 ʟʥʽʤʘʻʪʴʩʷ ʪʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʟʘʪʠʩʢʘʯ 23 ʫ ʚʘʥʥʽ 5 ʜʣʷ 

ʤʠʡʢʠ, ʘ ʟʘʙʨʫʜʥʝʥʘ ʜʝʪʘʣʴ 24 ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʟʘʪʠʩʢʘʯ 23 ʫ ʚʘʥʥʽ 4 ʜʣʷ 

ʦʯʠʩʪʢʠ. ʂʨʠʰʢʘ 16 ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʥʘʧʨʷʤʥʽ 17 ʪʘ ʚʢʣʶʯʘʻʪʴʩʷ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨ 21 ʪʘ ʚʽʙʨʦʧʨʠʚʽʜ 2. ʋ ʚʘʥʥʽ 4 ʧʨʦʚʦʜʠʪʴʩʷ ʦʯʠʩʪʢʘ ʜʝʪʘʣʽ 24, ʘ ʫ ʚʘʥʥʽ 

5 ʧʨʦʚʦʜʠʪʴʩʷ ʤʠʡʢʘ ʜʝʪʘʣʽ 24 ʧʽʩʣʷ ʾʾ ʦʯʠʱʝʥʥʷ. ʄʠʡʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʷʢʽ 

ʫʪʚʦʨʠʣʠʩʷ ʫ ʩʪʨʫʤʝʥʽ ʟ ʥʘʩʘʜʢʘ ʧʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ. ʇʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʤʠʡʢʠ ʫ ʚʘʥʥʽ 5 ʜʝʪʘʣʽ 24 ʪʘ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʽ 24 ʫ ʚʘʥʥʽ 4  ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨ 21 ʪʘ ʚʽʙʨʦʧʨʠʚʽʜ 2 ʚʠʢʣʶʯʘʶʪʴʩʷ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʾʤʢʘ ʜʝʪʘʣʽ 24 ʟ 
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ʚʘʥʥʠ 4, ʘ ʥʘ ʾʾ ʤʽʩʮʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʪʘʣʴ 24 ʟ ʚʘʥʥʠ 5 ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ. ʇʨʠ 

ʩʧʨʘʮʶʚʘʥʥʽ ʤʠʶʯʦʾ ʨʽʜʠʥʠ 26 (ʟʘʙʨʫʜʥʝʥʥʶ) ʾʾ ʟʣʠʚʘʶʪʴ ʢʨʽʟʴ ʢʨʘʥ 21. 

  ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʧʫʣʴʩʫʶʯʠʭ ʟʘʪʦʧʣʝʥʠʭ ʩʪʨʫʤʝʥʷʭ ʨʽʜʠʥʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ  ʫ ʚʽʙʨʘʮʽʡʥʽʡ 

ʤʘʰʠʥʽ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʚ ʦʧʪʠʤʘʣʴʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʇʦʻʜʥʘʥʥʷ ʜʚʦʭ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʽ ʾʭ ʯʝʨʛʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚ ʻʜʠʥʽʡ 

ʤʘʰʠʥʽ ʥʦʚʠʡ ʩʫʢʫʧʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʟʥʷʪʪʶ ʟʘʙʨʫʜʥʝʥʴ ʟ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. 

 

2.2. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʫ  

ʧʨʦʮʝʩʽ ʤʠʡʢʠ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ 

ʧʫʭʠʨʮʷʤʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʨʦʟʪʽʢʘʥʥʷ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ 

ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʧʨʠ ʫʜʘʨʽ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 2.3), ʷʢʠʡ ʚʠʪʽʢʘʻ ʟ 

ʥʘʩʘʜʢʘ Dʥ ʟʘ ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ [105,106].  

 

 

ʈʠʩ.2.3 ï ʉʭʝʤʘ ʨʦʟʪʽʢʘʥʥʷ  ʩʪʨʫʤʝʥʷ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʧʦ  

ʟʘʙʨʫʜʥʝʥʽʡ ʧʦʚʝʨʭʥʽ: Dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ;   Rʘ ï ʨʘʜʽʫʩ ʟʦʥʠ ɸ; Rʙ  ï ʨʘʜʽʫʩ 

ʟʦʥʠ ɹ; Fʪ ï ʩʠʣʠ ʪʝʨʪʷ ʧʦʪʦʢʫ; Vʘ ï ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʷ ʚ ʟʦʥʽ ɸ;  

Vʙ ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ɹ; Lʪʫʨʙ  ï ʛʣʠʙʠʥʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ;  

N ï ʩʠʣʘ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ, ʷʢʠʡ ʜʽʻ ʥʦʨʤʘʣʴʥʦ ʜʦ ʧʦʚʝʨʭʥʽ 
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ʈʦʟʜʽʣʠʤʦ ʩʪʨʫʤʽʥʴ, ʱʦ ʨʦʟʪʽʢʘʻʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ, ʥʘ ʜʚʽ ʟʦʥʠ ï  ɸ ʪʘ ɹ. 

ɿʦʥʘ ɸ ʟ ʨʘʜʽʫʩʦʤ aR  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʥʽʡ ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʝʡ 

ʨʽʜʠʥʠ Vʩʪʨ. ʥʘʧʨʘʚʣʝʥʽ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ʜʦ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʫ ʜʽʶʪʴ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ N ʚ ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʪʠʩʢʫ ʪʘ ʜʦʪʠʯʥʽ ʩʠʣʠ ʪʝʨʪʷ 

Fʪ ʧʽʜ ʜʽʻʶ ʧʦʪʦʢʫ, ʱʦ ʨʦʟʪʽʢʘʻʪʴʩʷ.  

ʈʦʟʤʽʨʠ ʟʦʥʠ ɸ (ʨʠʩ.2.4) ʦʙʤʝʞʫʶʪʴʩʷ ʩʪʠʩʥʫʪʠʤ ʧʝʨʝʨʽʟʦʤ  I-I  

ʛʣʠʙʠʥʦʶ Lʪʫʨʙ, ʷʢʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʫʤʦʚʥʦ ʥʘ ʦʩʥʦʚʥʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ ʧʦʪʽʢ 

ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʥʘ ʰʘʨʠ: dï ʜʠʬʫʟʽʡʥʠʡ ʧʽʜʰʘʨ; 1d  ï 

ʚôʷʟʢʠʡ ʧʽʜʰʘʨ 2dï ʪʫʨʙʫʣʝʥʪʥʠʡ ʛʨʘʥʠʯʥʠʡ ʧʽʜʰʘʨ. 

 

 

ʈʠʩ. 2.4 ï ɺʟʘʻʤʦʜʽʷ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʚ ʟʦʥʽ ɸ:  dï ʜʠʬʫʟʽʡʥʠʡ ʧʽʜʰʘʨ; 1dï ʚôʷʟʢʠʡ ʧʽʜʰʘʨ;  

2dï ʪʫʨʙʫʣʝʥʪʥʠʡ ʛʨʘʥʠʯʥʠʡ ʧʽʜʰʘʨ; Vʩʪʨ. ï ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʷ;  

N ï ʥʦʨʤʘʣʴʥʽ ʟʫʩʠʣʣʷ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʛʘʟʦʚʽ ʧʫʭʠʨʮʽ ʫ ʩʪʨʫʤʝʥʽ ʨʽʜʠʥʠ 

 

ɻʘʟʦʚʽ ʧʫʭʠʨʮʽ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʟʘʚʜʷʢʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʥʘʪʷʛʫ ʤʘʶʪʴ 

ʚʩʝʨʝʜʠʥʽ ʟʥʘʯʥʠʡ ʪʠʩʢ ʪʘ ʚʠʩʪʫʧʘʶʪʴ, ʷʢ çʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠè ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ʜʦʜʘʪʢʦʚʦ ʩʪʚʦʨʶʶʪʴ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʟʘʙʨʫʜʥʝʥʥʷ.  

ɿʦʥʘ ɺ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʝʡ ʫ ʤʝʞʘʭ ʧʝʨʝʨʽʟʽʚ 

I-I ʪʘ II-II . ʅʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ʫ ʮʽʡ ʟʦʥʽ ʚʽʜʩʫʪʥʽʡ. ɺʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʝʡ ʦʩʥʦʚʥʦʾ 

ʪʝʯʽʾ ʧʘʨʘʣʝʣʴʥʽ ʧʦʚʝʨʭʥʽ, ʘ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʽʶʪʴ ʜʦʪʠʯʥʽ ʩʠʣʠ ʪʝʨʪʷ 

Fʪ  ʚ ʥʘʧʨʷʤʢʫ ʦʩʥʦʚʥʦʾ ʪʝʯʽʾ. ʐʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷ 
a

V  ʜʦ 

ʟʥʘʯʝʥʥʷ 
b

V . ɺ ʧʝʨʝʨʽʟʽ II -II   ʥʘ ʚʽʜʩʪʘʥʽ bR  ʚʽʜ ʮʝʥʪʨʫ ʢʦʥʪʘʢʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
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ʚʘʣʦʢ ʨʽʜʠʥʠ (ʜʠʚ. ʨʠʩ. 2.3). ɺ ʧʝʨʝʨʽʟʽ II -II  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʘhʨʫ ʨʽʜʠʥʠ, ʱʦ ʚʽʜʦʤʝ ʚ ʛʽʜʨʘʚʣʽʮʽ ʧʽʜ ʥʘʟʚʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʩʪʨʠʙʢʘ (ʜʠʚ. ʨʠʩ. 

2.3). 

ɻʘʟʦʚʽ ʧʫʭʠʨʮʽ ʚ ʟʦʥʽ ɹ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʫʨʙʫʣʽʟʘʮʽʾ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ ʧʦʨʫʰʫʶʯʠ ʫʤʦʚʥʽ ʛʨʘʥʠʮʽ ʧʽʜʰʘʨʽʚ ʪʠʤ ʩʘʤʠʤ ʧʦʢʨʘʱʫʶʪʴ ʫʤʦʚʠ 

ʧʝʨʝʥʝʩʝʥʥʷ ʯʘʩʪʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʫ ʙʽʣʴʰ ʪʫʨʙʫʣʝʥʪʥʽ ʰʘʨʠ 

ʪʠʤ ʯʠʥʦʤ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʧʨʦʮʝʩ ʤʠʡʢʠ ʨʦʟʯʠʥʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʨʠʩ.2.5.  

 

 

ʈʠʩ. 2.5 ï ɺʟʘʻʤʦʜʽʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʚ ʟʦʥʽ ɹ:d ï ʜʠʬʫʟʽʡʥʠʡ ʧʽʜʰʘʨ; 1d  ï ʚôʷʟʢʠʡ ʧʽʜʰʘʨ; 

 2d  ï ʪʫʨʙʫʣʝʥʪʥʠʡ ʛʨʘʥʠʯʥʠʡ ʧʽʜʰʘʨ; Vʙ ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ɹ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ 

ʤʘʻ ʟʥʘʯʥʫ ʪʫʨʙʫʣʝʥʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [107]. ʇʦʪʽʢ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʫ 

ʧʫʣʴʩʫʶʯʦʤʫ ʩʪʨʫʤʝʥʽ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʨʦʟʧʣʶʱʫʻʪʴʩʷ ʪʘ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʩʪʦʨʦʥʠ ʚʽʜ ʮʝʥʪʨʫ ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʝʶ 

(ʜʠʚ. ʨʠʩ. 2.3). ʇʨʠ ʮʴʦʤʫ, ʥʘ ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ ʟ ʙʦʢʫ ʧʦʪʦʢʫ ʟ ʛʘʟʦʚʠʤʠ 

ʧʫʭʠʨʮʷʤʠ,  ʜʽʻ ʦʩʝʨʝʜʥʝʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʥʘʪʠʩʢ ʩʪʨʫʤʝʥʶ ʪʘ ʛʘʟʦʚʠʭ 

ʧʫʭʠʨʮʽʚ, ʚʠʥʠʢʘʶʪʴ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʙʨʫʜʥʝʥʥʷ (ʜʠʚ. 

ʨʦʟʜʽʣ 1, ʧ.ʧ. 1.5). 

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʧʦʚʟʜʦʚʞ 

ʧʦʚʝʨʭʥʽ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʥʝʨʛʽʡʥʝ ʭʘʦʪʠʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʰʘʨʽʚ ʨʽʜʠʥʠ ʪʘ ʚʠʥʠʢʘʶʪʴ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʱʦ  

ʨʦʟʪʽʢʘʻʪʴʩʷ ʚʟʜʦʚʞ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʦʧʠʩʘʥʦ ʫ ʨʦʟʜʽʣʽ 1. 
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ʆʧʠʩʘʥʽ ʬʽʟʠʯʥʽ ʷʚʠʱʘ ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʻ: ʤʘʢʩʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʡʦʛʦ 

ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ; ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʧʦʪʦʢʫ. 

 

2.3. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 

ʧʨʦʮʝʩʽ ʦʯʠʩʪʢʠ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʬʽʟʠʯʥʽ ʦʩʥʦʚʠ ʚʟʘʻʤʦʜʽʾ ʧʫʣʴʩʫʶʯʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ 

ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ.  

ʇʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʨʦʟʧʣʶʱʫʻʪʴʩʷ ʪʘ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʩʪʦʨʦʥʠ ʚʽʜ ʮʝʥʪʨʫ 

ʢʦʥʪʘʢʪʫ ʟ ʧʦʚʝʨʭʥʝʶ (ʨʠʩ.2.6).  

 

 

 

ʈʠʩ. 2.6 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽʟ 

ʟʘʙʨʫʜʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ: ʧV
 ï  ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ;tï  ʩʠʣʘ ʪʝʨʪʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʯʘʩʪʠʥʢʘʤʠ;  ɝ ï  ʢʫʪ ʥʘʭʠʣʫ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ; ʨV  ï  ʰʚʠʜʢʽʩʪʴ ʨʦʟʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʧʦ 

ʧʦʚʝʨʭʥʽ [108] 
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 ʇʨʠ ʮʴʦʤʫ, ʥʘ ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ ʟ ʩʪʦʨʦʥʠ ʧʫʣʴʩʫʶʯʦʛʦ ʧʦʪʦʢʫ ʽʟ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʜʽʻ ʦʩʝʨʝʜʥʝʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʜʚʦʬʘʟʥʦʛʦ 

ʧʦʪʦʢʫ ʟ ʯʘʩʪʠʥʢʘʤʠ (ʥʦʨʤʘʣʴʥʠʡ), ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ ʜʣʷ ʦʜʥʽʻʾ 

ʯʘʩʪʠʥʢʠ: 

,sin
2

2
..

. x
r ʯʩʯc

ʯʩ

V
P

Ö
=                                               (2.1) 

ʜʝ ʯʩP .  ï ʦʩʝʨʝʜʥʝʥʠʡ ʪʠʩʢ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʪʘ ʯʘʩʪʠʥʢʠ;  

     ʯʩ.r  ï ʦʩʝʨʝʜʥʝʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʪʘ ʤʘʪʝʨʽʘʣʫ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ;  

    ʯʩV .   ï ʦʩʝʨʝʜʥʝʥʘ ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ ʪʘ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ;  

     ɝ  ï  ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ʜʦ ʦʩʽ ʩʪʨʫʤʝʥʷ. 

 

 ʇʨʠ ʨʫʭʫ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʯʘʩʪʠʥʢʘʤʠ ʜʦ ʧʦʚʝʨʭʥʽ, ʘ ʧʦʪʽʤ ʧʦʚʟʜʦʚʞ 

ʧʦʚʝʨʭʥʽ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʜʘʨ ʯʘʩʪʠʥʢʠ ʧʦ 

ʟʘʙʨʫʜʥʝʥʥʶ, ʚʜʘʚʣʶʚʘʥʥʷ ʾʾ ʫ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʤʠʥʘʥʥʷ (ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʨʽʟʘʥʥʷ) ʯʘʩʪʠʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦʪʦʢʫ ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʯʠʱʘʻʪʴʩʷ. 

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʥʝʩʫʯʦʾ ʬʘʟʠ ʟ 

ʚʢʣʶʯʝʥʥʷʤʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʯʠʤ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʙʝʟ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙ'ʻʤʥʦʾ ʜʦʣʽ ʾʭ ʜʦʤʽʰʦʢ (ʨʦʟʜʽʣ 1). 

   

 2.4. ʇʦʙʫʜʦʚʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʽʜʨʦʫʜʘʨʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ 

  

 ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʨʽʜʠʥʠ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʧʫʣʴʩʫʶʯʠʤ ʟʘʪʦʧʣʝʥʠʤ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ [109], ʷʢʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʩʭʝʤʽ ʨʠʩ. 2.7. 
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 ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʷ, (ʨʦʟʜʽʣ 1) ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʧʨʠ ʧʝʚʥʠʭ 

ʫʤʦʚʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʢʘʚʽʪʘʮʽʡʥʽ ʧʫʭʠʨʮʽ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ, ʱʦ ʫ ʩʪʨʫʤʝʥʽ 

ʨʽʜʠʥʠ ʧʦʧʘʜʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ, ʢʦʪʨʘ ʦʯʠʱʫʻʪʴʩʷ ʪʘ ʚʦʥʠ ʟʙʽʣʴʰʫʶʪʴ 

ʥʦʨʤʘʣʴʥʽ ʪʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʰʘʨʽ ʟʘʙʨʫʜʥʝʥʥʷ. 

 

 

 

ʈʠʩ. 2.7 ï ʉʭʝʤʘ ʤʦʜʝʣʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ:  

1 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 2 ï ʤʫʬʪʘ; 3 ï ʩʪʽʡʢʘ; 4 ï ʦʙʦʡʤʘ 

ʝʢʩʮʝʥʪʨʠʢʘ ʟ ʧʽʜʰʠʧʥʠʢʦʤ; 5 ï ʚʽʩʴ; 6 ï ʧʨʫʞʥʘ ʤʝʤʙʨʘʥʘ ʟ ʜʠʩʢʘʤʠ;  

7 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ; 8 ï ʥʘʩʘʜʦʢ; 9 ï ʨʽʜʠʥʘ; 10 ï ʧʦʚʝʨʭʥʷ, ʱʦ ʧʨʦʤʠʚʘʻʪʴʩʷ; 

dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; D ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; h ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ 

ʥʘʩʘʜʢʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʦʤʠʚʘʻʪʴʩʷ; A, f  ï ʘʤʧʣʽʪʫʜʘ ʪʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; ɝ  ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ 

  

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʨʦʙʦʪʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

(ʜʠʚ. ʨʠʩ.2.7) ʪʘ ʝʪʘʧʠ ʨʫʭʫ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʠ ʨʫʭʫ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ ʫʚʝʨʭ 6 ʩʪʚʦʨʶʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ 

ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ 7. ʇʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ ʟʘʥʫʨʝʥʦʾ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ 8 ʩʪʚʦʨʶʻʪʴʩʷ 
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ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʫ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 6, ʷʢʽ ʧʨʠʻʜʥʘʥʦ ʰʪʦʢʦʤ ʜʦ ʚʽʙʨʦʧʨʠʚʦʜʫ 

4. ʇʨʠ ʭʦʜʽ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 3 ʫʥʠʟ ʨʽʜʠʥʘ 9 ʚʪʷʛʫʻʪʴʩʷ ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ 

7. ʇʨʠ ʭʦʜʽ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 3 ʫʚʝʨʭ ʨʽʜʠʥʘ 9 ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʟ ʥʘʩʘʜʢʘ 4 ʫ 

ʷʢʦʤʫ ʚʠʥʠʢʘʻ ʢʘʚʽʪʘʮʽʡʥʘ ʢʽʣʴʮʝʚʘ ʧʦʨʦʞʥʠʥʘ ʟʘʧʦʚʥʝʥʘ ʢʘʚʽʪʘʮʽʡʥʠʤʠ 

ʧʫʭʠʨʮʷʤʠ. ʇʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʮʷ ʧʦʨʦʞʥʠʥʘ ʨʫʡʥʫʻʪʴʩʷ ʪʘ 

ʧʫʭʠʨʮʽ ʚʠʢʠʜʘʶʪʴʩʷ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʩʪʨʫʤʝʥʽ ʨʽʜʠʥʠ ʥʘ ʧʦʚʝʨʭʥʶ 10, ʱʦ 

ʦʯʠʱʘʻʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʨʽʜʠʥʠ ʫ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʩʪʨʫʤʝʥʽ ʜʦʨʽʚʥʶʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ 

ʩʘʤʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʨʽʜʠʥʠ ʟʘ ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʫ ʢʘʤʝʨʽ 

ʧʫʣʴʩʘʮʽʾ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷ ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ ʥʘʩʘʜʢʘ 

[107,111]: 

,
2

2

max

max hg
V

P ÖÖ-
Ö

= r
r

                                       (2.2) 

ʜʝ r ï  ʛʫʩʪʠʥʘ ʚʦʜʠ, 
3/1000 ʤʢʛ=r ;  

  maxV ï  ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ; 

  h  ï  ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʥʘʩʘʜʢʘ. 

 

ʋ ʟʚôʷʟʢʫ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ 

ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʪʘ ʥʘʩʘʜʢʫ ʧʨʠ ʽʤʧʫʣʴʩʥʦʤʫ ʧʨʦʭʦʜʞʝʥʥʽ ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʴʦʛʦ, 

ʧʨʠ ʧʦʙʫʜʦʚʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʫʣʴʩʫʶʯʦʛʦ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʢʨʽʟʴ 

ʥʘʩʘʜʦʢ ʟʘʩʪʦʩʫʻʤʦ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

- ʨʫʭ ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʥʘʩʣʽʜʦʢ ʨʫʭʫ ʧʣʘʩʢʦʾ 

ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʟ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʧʨʠ ʨʫʩʽ ʤʝʤʙʨʘʥʠ ʫʚʝʨʭ (ʩʪʠʩʥʝʥʥʷ ʨʽʜʠʥʠ 

ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ); 

 - ʤʝʭʘʥʽʟʤ ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʧʨʠ ʨʫʩʽ 

ʾʾ ʫ ʥʠʟ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ (ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ  
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ʥʠʞʯʝ ʚʽʜ ʘʪʤʦʩʬʝʨʥʦʛʦ). 

ʇʨʦʚʝʜʝʤʦ ʧʦʙʫʜʦʚʫ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʫ 

ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʥʠʢʥʝʥʥʷ ʛʽʜʨʦʫʜʘʨʫ ʚ ʩʠʩʪʝʤʽ.  

ʇʨʠ ʨʦʙʦʪʽ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ,  ʟʘ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʥʷ ʤʝʤʙʨʘʥʠ ʫʚʝʨʭ ʚ 

ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ, ʫ ʨʽʜʠʥʽ, ʷʢʘ ʚʠʭʦʜʠʪʴ ʟ ʥʘʩʘʜʢʫ, ʚʠʥʠʢʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ 

ʟʘʚʜʷʢʠ ʛʽʜʨʦʫʜʘʨʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [109]:  

 

,maxmax CVP ÖÖ=r                                               (2.3) 

ʜʝ maxP ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ ʩʪʨʫʤʝʥʽ;  

    rï ʱʽʣʴʥʽʩʪʴ ʨʽʜʠʥʠ (998 ʢʛ/ʤ
3 )

;  

    C  ï ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ (1350 ʤ/ʩ.). 

 

 ɼʣʷ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʫ ʥʘʩʘʜʢʫ 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʪʘ  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʯʠʥʠ ʡʦʛʦ ʟʘʛʣʠʙʣʝʥʥʷ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

 

,max hgCfAP ʥ ÖÖ-ÖÖÖ= rr                                     (2.4) 

ʜʝ f ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʚʦʜʫ; 

ʥA  ï  ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ, 2

2

ʥ

ʢʢ
ʥ

d

ɸD
ɸ= ;  

 Dʢ ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ;  

dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ;  

ɸʢ ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ; 

h ï ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʥʘʩʘʜʢʫ. 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ, ʤʘʢʩʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʫ ʥʴʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ [109]: 
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,
2

2

max

ʥ

ʢʢ

d

fɸD
V

ÖÖÖ
=
x

                                                                

(2.5) 

 ʜʝ x = 0,39 ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʫ ʥʘʩʘʜʢʫ.   

 

  ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (2.5) ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʟʘ ʬʦʨʤʫʣʦʶ (2.2) ʥʘ 

ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʷʢ 

ʟʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʨʝʞʠʤʽ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʣʠʙʠʥʠ ʟʘʥʫʨʝʥʥʷ [109]: 

.
2

2

max hgC
d

fɸD
P

ʥ

ʢ ÖÖ-
ÖÖÖ

= r
x
r                                      (2.6)                                        

 ɿʛʽʜʥʦ ʬ.(2.6) ʧʨʦʚʝʜʝʥʦ ʧʽʜʩʪʘʥʦʚʢʫ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʩʪʨʫʤʝʥʷ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʚʦʜʫ (ʨʠʩ.2.8).  

 

 

 
 

ʈʠʩ.2.8 ï ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ 

ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠ: ɸ = 0,002 ʤ; D = 0,1ʤ; d = 0,01 ʤ 

 

 ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʫ ʨʽʜʠʥʽ ʧʨʠʩʫʪʥʻ ʨʦʟʯʠʥʝʥʝ ʧʦʚʽʪʨʷ ʪʘ ʛʘʟʠ ʽ ʧʨʠ 

ʨʦʙʦʪʽ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʢʘʚʽʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, 

ʚʝʣʠʯʠʥʘ ʨʝʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥʰʘ.  

 ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ 

ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʜʘʣʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. 
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2.5.  ʇʦʙʫʜʦʚʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʡʦʛʦ 

ʘʤʧʣʽʪʫʜʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

  

 ɼʣʷ ʧʦʙʫʜʦʚʠ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʫʭʫ ʨʽʜʠʥʠ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʧʫʣʴʩʫʶʯʠʤ ʟʘʪʦʧʣʝʥʠʤ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

(ʙʘʛʘʪʦʬʘʟʥʠʤ ʧʦʪʦʢʦʤ), ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʩʭʝʤʽ ʨʠʩ. 2.9.  

 

 

ʈʠʩ.2.9 ï ʉʭʝʤʘ ʤʦʜʝʣʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ: 1 ï ʢʦʨʧʫʩ ʚʘʥʥʠ; 2 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ; 

 3 ï ʤʝʤʙʨʘʥʘ ʟ ʜʠʩʢʘʤʠ; 4 ï ʚʽʙʨʦʧʨʠʚʽʜ; 5 ï ʥʘʩʘʜʦʢ; 6 ï ʩʽʪʢʘ; 7 ï ʢʦʨʦʙ ʜʣʷ 

ʟʙʦʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ; 8 ï ʩʦʧʣʦ; 9 ï ʩʽʪʢʘ; 10 ï ʤʠʶʯʘ ʨʽʜʠʥʘ; 11 ï ʪʚʝʨʜʽ 

ʯʘʩʪʠʥʢʠ; 12 ï ʧʦʚʝʨʭʥʷ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ; ʅ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʦʯʠʱʫʻʪʴʩʷ; ʅʩ ï ʚʠʩʦʪʘ ʩʦʧʣʘ; h ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʘʩʘʜʢʘ ʜʦ ʩʽʪʢʠ;  

h1 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʽʪʢʠ ʜʦ ʩʦʧʣʘ; dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; Dʢ ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ 

ʧʫʣʴʩʘʮʽʾ; Dʩ  ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ; f ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʚʦʜʫ; 

 ɸ ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʚʦʜʫ  

 

 ʅʝʩʫʱʦʶ ʬʘʟʦʶ ʧʦʪʦʢʫ ʻ ʨʽʜʠʥʘ, ʷʢʘ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʚʠʭʦʜʠʪʴ ʟ 

ʥʘʩʘʜʢʘ, ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʩʽʪʢʫ ʥʘ ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʦ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʘʙʦ 
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ʤʝʪʘʣʝʚʽ ʢʫʣʴʢʠ. ʅʘʜʘʣʽ ʚʦʥʠ ʝʞʝʢʪʫʶʪʴʩʷ ʫ ʧʦʪʽʢ ʽ ʫ ʚʠʛʣʷʜʽ ʜʚʦʬʘʟʥʦʛʦ 

ʧʦʪʦʢʫ ʢʨʽʟʴ ʩʦʧʣʦ ʧʦʧʘʜʘʶʪʴ ʥʘ ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ [108]. 

 ɻʦʣʦʚʥʠʡ ʬʘʢʪʦʨ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʻ 

ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʫʩʠʣʣʷ ʫʜʘʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʢʠ ʘʙʦ ʤʝʪʘʣʝʚʠʭ ʢʫʣʴʦʢ, ʘ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʘʙʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʥʘ ʧʦʚʝʨʭʥʶ. 

ɿʘʚʜʷʢʠ ʮʠʢʣʽʯʥʦʾ ʧʦʜʘʯʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʢʠ ʘʙʦ ʤʝʪʘʣʝʚʠʭ ʢʫʣʴʦʢ ʥʘ ʩʽʪʢʫ 

ʧʝʨʝʜ ʟʨʽʟʦʤ ʥʘʩʘʜʢʘ ʚʦʥʠ ʚʠʢʠʜʘʶʪʴʩʷ ʧʦʨʮʽʷʤʠ ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʥʘ 

ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʥʝ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʫ ʧʦʪʦʮʽ ʩʪʨʫʤʝʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʙʫʜʦʚʫ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʨʫʭʫ ʨʽʜʠʥʠ ʫ 

ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʜʣʷ ʦʯʠʩʪʢʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʫ ʚʠʛʣʷʜʽ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʘʚʽʪʘʮʽʾ ʪʘ ʛʽʜʨʦʫʜʘʨʫ. 

ɺʚʝʜʝʤʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʪʦʮʽ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. 

 ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ, ʷʢʘ ʦʧʠʩʫʻ 

ʢʦʣʠʚʘʥʥʷ ʾʾ ʫ ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ (ʨʠʩ.2.9) ʤʘʻ ʚʠʛʣʷʜ: 
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=++
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###
                                                (2.7)

 

ʜʝ Fï ʩʠʣʘ, ʷʢʘ ʜʽʻ ʥʘ ʤʝʤʙʨʘʥʫ ʟ ʜʠʩʢʘʤʠ,  
4

)(max
2 wp PD

F ʤÖÖ
= ;  

mï ʤʘʩʘ ʨʽʜʠʥʠ, ʷʢʘ ʦʪʨʠʤʫʻ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ;  

 ʥS  ï ʧʣʦʱʘ  ʥʘʩʘʜʢʘ;  

ʤS ï ʧʣʦʱʘ ʤʝʤʙʨʘʥʠ;  

maxP ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ;  

ʉï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʦʾ ʤʝʤʙʨʘʥʠ;  

k  ï ʜʝʤʧʬʽʨʫʶʯʘ ʟʜʘʪʥʽʩʪʴ. 
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ɼʝʤʧʬʽʨʫʶʯʫ ʟʜʘʪʥʽʩʪʴ k  ʨʽʜʠʥʠ ʟʥʘʡʜʝʤʦ ʟʘ ʬʦʨʤʫʣʦʶ [111]:
  

 

, 0113,0
8

2

4

=Ö
ÖÖ

= l
d

D
k

ʥ

ʤm
p

                                            (2.8) 

ʜʝm ï ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʱʽʣʴʥʦʩʪʽ, m = 8,94Ö10
-4
 ʇʘÖ ʩ;  

         l  ï ʜʦʚʞʠʥʘ ʦʪʚʦʨʫ, l = 0,045ʤ;    

ɼʣʷ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʚ ʥʘʩʘʜʢʫ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʫ ʧʦʙʫʜʫʻʤʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ 

ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʝʜʝʤʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.7) ʧʦʜʽʣʠʚʰʠ ʡʦʛʦ ʣʽʚʫ ʪʘ ʧʨʘʚʫ 

ʯʘʩʪʠʥʫ ʥʘ  ʉ ʪʘ ʧʨʦʚʽʚʰʠ ʟʘʤʽʥʠ. 
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 ɼʨʫʛʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.7), ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘ ʃʘʧʣʘʩʦʤ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ: 
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 ʇʝʨʝʜʘʪʦʯʥʘ ʬʫʥʢʮʽʷ ʜʣʷ ʨʽʚʥʷʥʥʷ (2.10) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 
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ʇʽʜʩʪʘʚʠʚʰʠ ʟʘʤʽʥʫ wjp=  ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 
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 ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟ ʨʽʚʥʷʥʥʷ (2.12) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

.
)2()1(

)(
2

1
222

2

1

wxw
w

TT

k
A

ÖÖ+-
=                             (2.13) 

 

ɺʠʟʥʘʯʠʤʦ ʥʝʦʙʭʽʜʥʽ ʜʘʥʥʽ  ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ: ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ 100 ʤʤ; 

ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ; ʤʘʩʘ ʨʽʜʠʥʠ, ʱʦ ʢʦʣʠʚʘʻʪʴʩʷ ;01,0 ʢʛm=  ʞʦʨʩʪʢʽʩʪʴ 

ʛʫʤʦʚʦʾ ʤʝʤʙʨʘʥʠ ʄʇʘC 6,0=  [110];   

;0113,0 cʇʘk Ö=   

);(0785,0 max wPF Ö=    

5,0=x  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʧʨʠ 

ʧʝʨʝʪʽʢʘʥʥʽ ʾʾ ʟ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʥʘʩʘʜʢʘ; 
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ɿʘʩʪʦʩʫʚʘʚʰʠ ʜʦʩʣʽʜʥʫ ʫʩʪʘʥʦʚʢʫ (ʨʠʩ.3.6), ʜʘʪʯʠʢ ʪʠʩʢʫ ʄʈʄ489 ʪʘ 

USB ʦʩʮʠʣʦʛʨʘʬ ɺʄ8020, ʷʢʠʡ ʟôʻʜʥʘʥʦ ʟ  ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧôʶʪʝʨʦʤ ʯʝʨʝʟ 

ʧʦʨʪ USB ʠ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ çDiScoè, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʽʜ 

ʯʘʩʪʦʪʠ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʈ ʤʘʭ ʚʽʜ ʯʘʩʪʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʨʘʬʽʢʫ 

ʨʠʩ. 2.10 ʽ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘ ʬʦʨʤʫʣʦʶ 2.13 
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ʈʠʩ.2.10 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ 

ʜʽʘʤʝʪʨʦʤ 100 ʤʤ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʧʨʠ 

ʘʤʧʣʽʪʫʜʽ 2 ʤʤ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.2.11.  

 

ʈʠʩ.2.11 ï ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ 

ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

 

ɿʥʘʶʯʠ ʚʝʣʠʯʠʥʫ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʤʝʥʷ ʫ ʥʘʩʘʜʢʫ ʧʨʠ ʭʦʜʽ 

ʤʝʤʙʨʘʥʠ ʫʚʝʨʭ (ʩʪʠʩʥʝʥʥʷ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ʨʽʜʠʥʠ ʩʪʨʫʤʝʥʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʟʘ 

ʬʦʨʤʫʣʦʶ [111]: 

,2max gHV m=                                            (2.14) 

ʜʝ j ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ,97,0=j ; 

 g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ;  

Hï ʛʝʦʤʝʪʨʠʯʥʠʡ ʥʘʪʠʩʢ ʨʽʜʠʥʠ, .AH =  
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 ɼʘʣʽ ʟ ʦʪʨʠʤʘʥʦʾ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ.2.11), ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʤʽʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ ʩʪʨʫʤʝʥʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʟʘ 

ʬʦʨʤʫʣʦʶ [111]: 

,
2

2
max hg

V
P ÖÖ-

Ö
=D r
r

                                     (2.15) 

ʜʝ j ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ,97,0=j ;  

maxV ï ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ, .max AV =  ʟ ʨʠʩ 2.11. 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʤʽʥʠ ʪʠʩʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʽʢʫ ʨʠʩ.2.12. 

 

 

ʈʠʩ.2.12 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ ʧʫʣʴʩʫʶʯʦʛʦ 

ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ  

 

ʇʨʦʚʝʜʝʤʦ ʛʨʘʬʽʯʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʤʝʤʙʨʘʥʠ ʟʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ ʧʨʝʜʩʪʘʚʠʤʦ ʾʭ ʛʨʘʬʽʢʦʤ 2.13. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʦ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ 

ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ, ʪʦʤʫ ʥʘʜʘʣʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʬʘʢʪʠʯʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ. 
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ʈʠʩ.2.13 ï ʇʦʨʽʚʥʷʣʴʥʽ ʛʨʘʬʽʢʠ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ ʩʪʨʫʤʝʥʷ ʥʘ ʚʠʭʦʜʽ ʟ 

ʥʘʩʘʜʢʘ ʟʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ 1 ï ʟʘ ʪʝʦʨʽʻʶ ʛʽʜʨʦʫʜʘʨʫ; 

2 ï ʟʘ ʤʦʜʝʣʣʶ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ [109] 

 

2.6. ʇʦʙʫʜʦʚʘ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʟ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʮʠʢʣ ʫ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

 

ɼʣʷ ʦʧʠʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʢʨʽʟʴ ʩʦʧʣʦ-ʝʞʝʢʪʦʨ 

ʟʘʩʪʦʩʫʻʤʦ ʧʨʠʥʮʠʧ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʦʩʪʽ 

ʤʘʩʦʚʠʭ ʚʠʪʦʢʽʚ ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʚʠʭʦʜʫ ʟ ʩʦʧʣʘ. ʋʤʦʚʠ 

ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ [112]: 

 

,)1( QSVC =ÖÖ-Ör                             

 ,ʯʯʯ QSVC =ÖÖÖr                                           (2.16) 

ʜʝr ï ʱʽʣʴʥʽʩʪʴ ʨʽʜʠʥʠ;   

Cï ʦʙôʻʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʨʽʜʠʥʠ;   

Vï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ; 

S ï ʧʣʦʱʘ ʧʦʧʝʯʝʥʦʛʦ ʩʽʯʝʥʥʷ ʩʦʧʣʘ;  

Q  ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ;  

ʯr
 ï ʱʽʣʴʥʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ;  

ʯV   ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ; 
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 ʯQ  ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ;               

 

ʋ ʷʢʦʩʪʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʩʫʤʽʰʽ ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ: 

 

,2/2/)1( 2

2

2

2 consthHgzgʈVʉVC cʩʩ =ÖÖÖ+ÖÖ++Ö+ÖÖ- rrrr       (2.17) 

,2

cʩ

ʯʯ

Q

Q
C

Ö

Ö
=
r

r  

,)1( .... ʯʢʦʯʯʢʦc ʉC Ö+-Ö= rrr         

,..

c

ʯ

ʯʢʦ
Q

Q
C =  

ʜʝ 2C  ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ  ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʤʘʩʦʚʠʭ 

ʚʠʪʨʘʪ ʩʫʤʽʰʽ;   

ʯQ  ï ʦʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ;  

cQ  ï ʦʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʩʫʤʽʰʽ;  

ʯʢʦC .. ï ʦʙôʻʤʥʘ ʚʠʪʨʘʪʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ;  

cr
 ï ʚʠʪʨʘʪʥʘ ʱʽʣʴʥʽʩʪʴ ʩʫʤʽʰʽ;  

P  ï ʪʠʩʢ ʫ ʩʫʤʽʰʽ;  

h  ï ʚʪʨʘʪʘ ʥʘʧʦʨʫ ʥʘ ʦʧʽʨ;  

z  ï ʨʦʟʤʽʨ ʜʦʚʞʠʥʠ ʩʦʧʣʘ;  

g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ.  

 

ɺʪʨʘʪʠ ʪʠʩʢʫ ʫ ʩʦʧʣʽ ʜʣʷ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʩʫʤʽʰʽ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʟʘʣʝʞʥʦʩʪʷʤʠ: 

,LghgP ÖÖ+ÖÖ=D rr                                            (2.18)    

ʜʝ 

cDg

H
h

ÖÖ

Ö
=
r

t 24
 ï ʧ'ʻʟʦʤʝʪʨʠʯʥʠʡ ʥʘʪʠʩʢ; 

24

2

.. cʩʝɦ Vrl
t Ö=  ï ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʩʪʽʥʮʽ ʩʦʧʣʘ; 
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,
)1(

)1(
2

2

3

..

2

2

3

..

..
ʉ

ʉ

ʉ

ʉ ʯʢʦ

ʯ

ʯʢʦ

ʩʝɦ rrr +
-

-
=  ï ʝʬʝʢʪʠʚʥʘ ʱʽʣʴʥʽʩʪʴ ʩʫʤʽʰʽ; 

Dʩ ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ; 

ʅ2 ï ʜʦʚʞʠʥʘ ʩʦʧʣʘ; 

L ï ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʥʘʩʘʜʢʘ.  

 

ʇʦʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ.2.14. 

 

 

 

ʈʠʩ.2.14 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʩʦʧʣʘ ʟ ʝʞʝʢʪʦʨʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟʘʪʦʧʣʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ:  

ʅ1 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʜʦ ʝʞʝʢʪʦʨʘ;  ʅ2 ï ʜʦʚʞʠʥʘ ʩʦʧʣʘ; ʅ3 ï ʚʠʩʦʪʘ 

ʝʞʝʢʪʦʨʘ; ʅ4 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʩʽʪʢʠ; De ï ʜʽʘʤʝʪʨ ʝʞʝʢʪʦʨʘ;  

Dc ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ; Dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ;  L ï ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʥʘʩʘʜʢʘ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴʦʢ ʫ ʧʫʣʴʩʫʶʯʦʤʫ 

ʩʪʨʫʤʝʥʽ ʧʨʠʡʤʘʻʤʦ ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ ʪʘ ʜʽʘʤʝʪʨ ʩʦʧʣʘ 10 ʤʤ. ɼʦʚʞʠʥʘ 

ʩʦʧʣʘ ʅ2 = 15 ʤʤ. ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴʦʢ ʚ ʧʫʣʴʩʫʶʯʦʤʫ 

ʩʪʨʫʤʝʥʽ ʟʘ ʦʜʠʥ ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʪʝʦʨʝʪʠʯʥʦ ʤʘʶʪʴ ʟʤʦʛʫ ʨʦʟʤʽʩʪʠʪʠʩʷ ʚ 

ʝʞʝʢʪʦʨʽ ʟʘ ʩʭʝʤʦʶ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʢʫʣʴʢʦʶ ʨʠʩ. 2 15.  
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ʈʠʩ.2.15 ï ʉʭʝʤʘ ʫʢʣʘʜʢʠ ʢʫʣʴʦʢ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʢʫʣʴʢʦʶ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʢʫʣʴʦʢ ʫ ʰʝʩʪʠʢʫʪʥʠʢʠ 

 

ɼʣʷ ʩʭʝʤʠ ʫʢʣʘʜʢʠ ʢʫʣʴʦʢ (ʨʠʩ.2.15) ʚ ʝʞʝʢʪʦʨʽ, ʢʦʣʠ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʟʘʧʦʚʥʝʥʥʷ ʰʘʨʫ ʤʦʞʝ ʙʫʪʠ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʢʫʣʴʢʦʶ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʫʣʴʦʢ 

ʫ ʰʝʩʪʠʢʫʪʥʠʢʠ, ʢʽʣʴʢʽʩʪʴ ʢʫʣʴʦʢ ʰʘʨʫ ʤʦʞʥʘ ʟʥʘʡʪʠ  ʟʘʣʝʞʥʦ ʚʽʜ ʥʦʤʝʨʘ k -ʛʦ 

ʰʝʩʪʠʢʫʪʥʠʢʘ. 

                                           .191643133 2 =++Ö=++= kknk                           (2.19) 

ɼʽʘʤʝʪʨ ʝʞʝʢʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

 

( ) .9,8)11242(2112 2 ʤʤkkdDʩ =++-=++-=      (2.20) 

ɿʚʽʜʩʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʰʘʨʫ: 

 

( )
.954,0

9,19

19

112

133
2

2

2

==

++-

++
=

kk

kk
K                           (2.21) 

 ʇʨʦʚʝʜʝʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʦʧʣʘ ʟ ʝʞʝʢʪʦʨʦʤ 

ʪʘ ʨʦʟʨʘʭʫʻʤʦ ʚʪʨʘʪʠ ʪʠʩʢʫ ʫ ʩʦʧʣʽ ʜʣʷ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʩʫʤʽʰʽ ʫ ʚʽʙʨʘʮʽʡʥʽʡ 

ʤʘʰʠʥʽ ʟʘ ʬʦʨʤʫʣʦʶ 2.16. 

 ɼʣʷ ʧʨʠʢʣʘʜʫ ʧʨʠʡʤʝʤʦ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʩʦʧʣʘ ʝʞʝʢʪʦʨʘ ʟ ʨʠʩ.2.14: 

ʜʽʘʤʝʪʨ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ 2 ʤʤ; ʜʽʘʤʝʪʨ ʩʦʧʣʘ Dc  = 10 ʤʤ; ʜʽʘʤʝʪʨ ʝʞʝʢʪʦʨʘ  

De = 10 ʤʤ;  ʜʦʚʞʠʥʘ ʩʦʧʣʘ  ʅ2 =15 ʤʤ; ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ Dʥ; ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ 

ʜʦ ʝʞʝʢʪʦʨʘ ʅ1 = 3ʤʤ;  ʅ3 ï ʚʠʩʦʪʘ ʝʞʝʢʪʦʨʘ ʅ3 = 2,5 ʤʤ ʟ ʤʝʪʦʶ, ʱʦ ʫʢʣʘʜʢʘ 
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ʯʘʩʪʠʥʦʢ ʙʫʜʝ ʚ ʦʜʠʥ ʰʘʨ; ʅ4 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʩʽʪʢʠ ʅ4 = 2 ʤʤ ʟ 

ʤʝʪʦʶ, ʱʦʙ ʨʽʜʠʥʘ ʚʪʷʛʫʚʘʣʘʩʷ ʟ ʚʘʥʥʠ; ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ 2 ʤʤ; 

ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ Dʢ = 100 ʤʤ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ f = 10ɻʮ. 

 ʆʙôʻʤ ʢʫʣʴʢʠ: 

 .  1,4
6

214,3

6

3
33

ʤʤ
D

Vʢ =
Ö

==
p     

 ʆʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʩʫʤʽʰʽ ʟʘ ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ ʫ ʩʦʧʣʽ: 

 

.   4710151014,3 32

2

2 ʤʤHRQc =ÖÖ=ÖÖ=p  

 ʆʙôʻʤʥʘ ʚʠʪʨʘʪʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ:  
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ  ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʤʘʩʦʚʠʭ ʚʠʪʨʘʪ ʩʫʤʽʰʽ:  
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 ɽʬʝʢʪʠʚʥʘ ʱʽʣʴʥʽʩʪʴ ʩʫʤʽʰʽ: 
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 ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʩʪʽʥʮʽ ʩʦʧʣʘ: 
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 ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʩʫʤʽʰʽ ʟ ʥʘʩʘʜʢʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ:  
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 ʇ'ʻʟʦʤʝʪʨʠʯʥʠʡ ʥʘʪʠʩʢ: 

 

.  22,0
01,08,91

015,036,044 2 ʇʘ
Dg

H
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=
ÖÖ
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=
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t  

 

 ɺʪʨʘʪʠ ʪʠʩʢʫ ʫ ʩʦʧʣʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʩʫʤʽʰʽ 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

.  1,64,08,9122,08,91 ʇʘLghgP =ÖÖ+ÖÖ=ÖÖ+ÖÖ=D rr  

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʪʨʘʪʠ ʪʠʩʢʫ ʫ 

ʩʦʧʣʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʩʢʦʤ 

ʩʪʨʫʤʝʥʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ, ʪʦʤʫ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʾʭ ʤʦʞʥʘ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ. 

 

2.7.  ɺʠʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʥʘʧʨʘʚʣʝʥʦ ʟ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʥʘ 

ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ 

 

ʇʨʦʚʝʜʝʤʦ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʫ 

ʧʫʣʴʩʫʶʯʦʤʫ ʩʪʨʫʤʝʥʽ ʟ ʥʘʩʘʜʢʫ ʟʘ ʚʽʜʦʤʦʶ ʩʭʝʤʦʶ ʚʠʪʽʢʘʥʥʷ ʟʘʥʫʨʝʥʦʛʦ 

ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʦʪʚʦʨʫ ʫ ʨʽʜʠʥʫ [111,113]. 

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʨʠʩ.2.16 ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ ʧʫʣʴʩʫʶʯʠʡ ʧʦʪʽʢ 

ʨʽʜʠʥʠ ʟ ʯʘʩʪʠʥʢʘʤʠ ʟ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷʤʠ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʧʨʠʚʦʜʫ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʟ ʥʘʩʘʜʢʦʤ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ V0 

ʟʘʪʦʧʣʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,0 fAV ʥÖ=                                                     (2.22) 

ʜʝ ʥɸï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ;   
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f ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ.  

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫʥʥkk SASA Ö=Ö

 
ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ, 0V  ʟʘʧʠʰʝʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ [108]: 

  

       ,
2

2

0

ʥ

kʢ

d

fɸD
V

ÖÖÖ
=
e

                                             (2.23) 

ʜʝ e ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʫ ʥʘʩʘʜʢʫ; 

 
ʢD  ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ;

  

 ʥd ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ. 

 

 

ʈʠʩ.2.16 ï ʉʭʝʤʘ ʨʫʭʫ ʨʽʜʠʥʠ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʩʦʧʣʘ-

ʝʞʝʢʪʦʨʘ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ: ɸ-ɹ ï ʜʽʣʴʥʠʮʷ ʟʨʽʟʫ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ;  

Dc-ʝ ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ; Dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; ʅc ï ʚʽʜʩʪʘʥʴ 

ʩʪʨʫʤʝʥʷ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ 
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 ɿʨʦʙʠʚʰʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʰʚʠʜʢʽʩʪʴ  ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʦʜʥʘʢʦʚʘ ʪʘ ʥʝʟʤʽʥʥʘ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʪʘ ʚʨʘʭʫʚʘʚʰʠ ʛʘʩʽʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʶ ʟ ʥʘʩʘʜʢʘ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʽʪʢʠ ʢʦʝʬʽʮʽʻʥʪʦʤ ʂʩ = 0,9 

ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ [108]: 

 

,
2

2

0.

ʥ

kʢc

ʯ
d

fɸDk
V

ÖÖÖÖ
=
e

                                          (2.24) 

 ɺʠʟʥʘʯʠʤʦ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʨʽʟʫ 

ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʦʤʠʚʘʻʪʴʩʷ ʘʙʦ ʦʯʠʱʘʻʪʴʩʷ. ʅʘ ʚʽʜʨʽʟʢʫ ʅʩ 

ʚʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʷ ʟ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 

ɸʙʨʘʤʦʚʠʯʘ: 
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=                                                 (2.25) 

ʜʝ0.ʯV  ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʪʘ ʯʘʩʪʠʥʦʢ ʟ ʩʦʧʣʘ; 

  cD ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ;   

 ʅʩ ï ʚʽʜʩʪʘʥʴ ʩʪʨʫʤʝʥʷ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ; 

  aï ʢʫʪ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʪʨʫʤʝʥʶ ʟ ʩʦʧʣʘ, a= 12
0 
40

/
.   

  

 ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ (2.25) ʦʪʨʠʤʘʻʤʦ [108]: 
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=                                                         (2.26) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ (2.26) ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʫ 

ʧʫʣʴʩʫʶʯʦʤʫ ʩʪʨʫʤʝʥʽ ʟ ʥʘʩʘʜʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʪʘ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʫ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ: ʜʽʘʤʝʪʨʫ ʢʘʤʝʨʠ, 

ʜʽʘʤʝʪʨʫ ʥʘʩʘʜʢʘ, ʜʽʘʤʝʪʨʘ ʩʦʧʣʘ, ʚʽʜʩʪʘʥʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ ʘʙʦ 

ʧʨʦʤʠʚʘʻʪʴʩʷ [109]. 
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2.8. ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʯʠʩʪʢʠ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʘ 

ʧʦʙʫʜʦʚʘ ʘʥʘʣʽʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʟʥʷʪʪʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʪʘ ʧʨʦʘʥʘʣʽʟʫʻʤʦ 

ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʠʭʦʜʷʯʠ ʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘ [64,114,115] ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʘʣʝ ʜʦʤʽʥʫʶʯʠʤ ʻ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ɺʝʣʠʯʠʥʘ ʟʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ SG  ʟ ʯʘʩʦʤ ʦʙʨʦʙʢʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 
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brrap
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ʜʝ k  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʜ ʟʥʦʰʫʚʘʥʥʷ; 

121,0=Vk ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ; 

ʂʩ ï ʢʦʝʬʽʮʽʻʥʪ ʛʘʩʽʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʶ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʽʪʢʠ; 

 a ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʧʨʦʩʪʽʨ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ; 

 Q  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʩʫʩʧʝʥʟʽʾ;  

21,rr  ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʠʥʦʢ ʽ ʜʝʪʘʣʽ;  

D  ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ;  

ʯV  ï ʰʚʠʜʢʽʩʪʴ ʫʜʘʨʫ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʚʝʨʭʥʽ;  

L  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ;  

..ʤʪʚH  ï ʜʠʥʘʤʽʯʥʘ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘ ʄʘʡʻʨʦʤ;  

b ï ʢʫʪ, ʥʘʭʠʣʫ ʟʦʚʥʽʰʥʽʭ ʛʨʘʥʠʮʴ ʩʪʨʫʤʝʥʶ ʜʦ ʾʾ ʦʩʽ; 

 t  ï ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ.
 

 

ɸʚʪʦʨ [115], ʚʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ (2.27), ʥʘʚʦʜʠʪʴ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ G  ʯʘʩʪʠʥʢʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ 



102 
 

ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʷ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ. 
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ʜʝ 0k ï ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ;
  

mï ʤʘʩʘ ʯʘʩʪʠʥʢʠ;
  

ʯV ï ʰʚʠʜʢʽʩʪʴ ʫʜʘʨʫ ʯʘʩʪʠʥʢʠ ʧʦ ʧʦʚʝʨʭʥʽ;
  

s ï ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ) 

[115];
  

Hï  ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ. 

 

ɼʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʦʯʠʩʪʢʠ ʪʘ ʤʠʪʪʷ ʟʘʙʨʫʜʥʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʷ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚʠʨʘʟ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ ʫ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ [116] :    
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ɿ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʝʡ (2.28) ʪʘ (2.29) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʫ ʩʪʨʫʤʝʥʽ ʧʨʠ ʥʘʡʤʝʥʰʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ 

ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʥʘʡʤʝʥʰʠʭ ʥʘʧʨʫʞʝʥʴ ʨʽʟʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ.  

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʻ 

ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʢʠ, ʷʢʘ ʤʘʻ ʫ ʬʦʨʤʫʣʘʭ (2.28) ʪʘ (2.29) ʪʨʝʪʶ ʩʪʫʧʽʥʴ ʽ 

ʥʝʚʝʣʠʢʘ ʾʾ ʟʤʽʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ɺʚʝʜʝʤʦ ʫ ʬ.2.29 ʟʘʤʽʩʪʴ ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ  ᷂, ʷʢʝ 

ʘʚʪʦʨ [116] ʥʝ ʧʦʷʩʥʶʻ ʯʦʤʫ ʚʦʥʦ ʜʦʨʽʚʥʶʻ, ʤʦʜʫʣʴ ʟʩʫʚʫ ɛ.
 



103 
 

ɺʨʘʭʦʚʫʶʯʠ ʟʤʽʥʫ ʧʦʯʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʚʠʭʦʜʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟ ʩʦʧʣʘ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ, ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ [117-118]: 
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(2.30) 

ʜʝ  0k ï ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ;
  

kʩ ï ʢʦʝʬʽʮʽʻʥʪ ʛʘʩʽʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʶ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʽʪʢʠ; 

mï ʤʘʩʘ ʯʘʩʪʠʥʢʠ;
  

Hï  ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ. 

e ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʫ ʥʘʩʘʜʢʫ; 

ɸ  ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ;   

f  ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ; 

ʢD   ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 

cD  ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ;   

ʥd   ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; 

a- ʢʫʪ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʪʨʫʤʝʥʶ ʟ ʩʦʧʣʘ 

m ï ʤʦʜʫʣʴ ʟʩʫʚʫ 

t  ï ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ.
 

 

ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʘ ʦʪʨʠʤʘʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ (2.30) ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʥʝʾ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ.  
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ʗʢ ʧʨʠʢʣʘʜ, ʧʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʦʯʠʱʝʥʥʷ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʦʜʥʽʻʾ ʤʝʪʘʣʝʚʦʾ ʢʫʣʴʢʠ ʜʽʘʤʝʪʨʦʤ 2 ʤʤ ʚʽʜ ʯʘʩʪʦʪʠ 

ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʨʽʟʥʠʤ ʤʦʜʫʣʝʤ 

ʟʩʫʚʫm. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʘʭ:  
. 10 ʰʪk =  ï 

ʢʽʣʴʢʽʩʪʴ ʢʫʣʴʦʢ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ; kc = 0,9; m = 0.00033 

ʢʛ. ï ʤʘʩʘ ʢʫʣʴʢʠ; H  = 30 ʤʤ. ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʙʨʦʙʣʶʻʪʴʩʷ; 5,0=e   ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʫ ʥʘʩʘʜʢʫ; ʢD  = 100 ʤʤ ï 

ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; ʥd  = 10 ʤʤ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; cD = 10 ʤʤ ï ʜʽʘʤʝʪʨ 

ʩʦʧʣʘ;  a- ʢʫʪ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʪʨʫʤʝʥʶ ʟ ʩʦʧʣʘ, a= 12
0 

40
/
. 

 ɿʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ ɸ 1,2,3 ʤʤ ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ 

ʧʫʣʴʩʘʮʽʾ;  f = 5, 10, 15, 20, ɻʮ ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ; mï 
 

ʤʦʜʫʣʴ ʟʩʫʚʫ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʪʠʧʫ ʩʠʨʦʾ ʛʫʤʠʄʇʘ6,0=m , ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʪʠʧʫ ʧʦʣʽʤʝʨʠʟʦʚʘʥʠʭ ʧʣʽʚʦʢ ʄʇʘ2=m ,  

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ MathCad ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ 

ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.2.17 ï 

2.18., ʘ ʧʨʠʢʣʘʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʫ ʧʨʦʜʫʢʪʽ MathCad ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ 

ʉ. 

 

 

ʈʠʩ.2.17 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ 

ʧʦʣʽʤʝʨʠʟʦʚʘʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʢʫʣʴʢʘʤʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ 

ʤʘʰʠʥʽ ʟʘ ʦʜʥʫ ʭʚʠʣʠʥʫ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ:  

1 ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 3 ʤʤ; 2 ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 2 ʤʤ; 3 ï ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ 1 ʤʤ;  ʄʇʘ2=m   
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ʈʠʩ.2.18 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʦʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ 

ʚôʷʟʢʠʭ ʟʘʙʨʫʜʥʝʥʴ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʢʫʣʴʢʘʤʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʟʘ ʦʜʥʫ 

ʭʚʠʣʠʥʫ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ: 1 ï ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ 3 ʤʤ; 2 ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 2 ʤʤ; 3 ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 1 ʤʤ; 

ʄʇʘ6,0=m    

 

ɿ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (2.29) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʯʠʱʝʥʥʷ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʧʨʠ ʥʝʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʚʧʣʠʚʘʶʪʴ, ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʰʠʥʠ  (ʨʦʟʤʽʨʠ ʢʘʤʝʨʠ 

ʧʫʣʴʩʘʮʽʾ ʪʘ ʥʘʩʘʜʢʫ, ʜʽʘʤʝʪʨ ʩʦʧʣʘ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʩʪʨʫʤʝʥʶ ʜʦ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ) ʪʘʢ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʚʽʙʨʦʧʨʠʚʦʜʫ (ʯʘʩʪʦʪʘ ʪʘ ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ).  

 

  2.9.  ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʫ  

ʧʨʦʮʝʩʽ ʤʠʡʢʠ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ 

ʪʘ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʦʯʠʩʪʢʠ 

ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

2. ʇʦʙʫʜʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʫʜʘʨʫ ʪʘ ʥʘ ʦʩʥʦʚʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ 

ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ.  
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3. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʟʤʽʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʫ ʥʘʩʘʜʢʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʾʾ ʧʨʠʚʦʜʫ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʽʟʫ ʩʪʘʣʠ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

ɺʠʷʚʣʝʥʦ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʬʘʢʪʠʯʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ. 

4. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʪʨʘʪʠ ʪʠʩʢʫ ʫ ʩʦʧʣʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ 

ʾʭ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʥʘ ʢʽʥʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʣʴʩʫʶʯʦʛʦ 

ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʥʘʧʨʘʚʣʝʥʦ ʟ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ 

ʥʘ ʟʘʙʨʫʜʥʝʥʫ ʧʦʚʝʨʭʥʶ. 

5. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʽ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ. 
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ʈʆɿɼɯʃ 3  

 ʇʈʆɻʈɸʄɸ, ʄɽʊʆɼʀʂɸ ʊɸ ʋʉʊɸʅʆɺʂʀ ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ  

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ      

        

3.1.  ʇʨʦʛʨʘʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɿʛʽʜʥʦ ʟ ʤʝʪʦʶ ʨʦʙʦʪʠ, ʧʦʩʪʘʚʣʝʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʪʘ  ʧʨʦʚʝʜʝʥʠʤʠ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʪʘ ʤʝʪʦʜʠʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ ʟʛʽʜʥʦ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ: 

-     ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʚʠʛʦʪʦʚʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʽ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ 

ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

          - ʚʠʟʥʘʯʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ:  

ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ, ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʪʘ ʩʦʧʣʘ ʝʞʝʢʪʦʨʘ, ʧʘʨʘʤʝʪʨʠ 

ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ; 

- ʧʨʦʚʝʩʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ  ʽʟ ʚʠʚʝʜʝʥʥʷʤ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʤʠʪʪʻʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ: ʘʤʧʣʽʪʫʜʠ ʪʘ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʜʦ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; 

  - ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ 

ʟʨʘʟʢʽʚ. 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 
 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ 

ʜʦʩʣʽʜʞʝʥʥʷ - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ʨʠʩ.3.1. ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ 

ʘʢʪʠʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʫʩʪʘʥʦʚʮʽ ʙʫʣʘ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ 
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ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʪʘ ʦʙôʻʢʪʠʚʥʘ ʢʽʣʴʢʽʩʥʘ 

ʨʝʩ̒ʪʨʘʮʽʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ. 

 ʆʛʣʷʜ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ 

ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʻ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʙʦ ʪʠʩʢ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ. ɼʘʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʝʞʘʪʴ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʫ  

ʥʘʩʘʜʢʘ, ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ - ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ [44]. 

   

3.2.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ 

ʪʘ ʤʠʡʢʠ  ʟʘʙʨʫʜʥʝʥʴ 

        

  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ 

ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ (ʨʠʩ.3.1) [104,105] ʤʽʩʪʠʪʴ ʦʩʥʦʚʫ 1, ʥʘ ʷʢʽʡ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʙʨʦʧʨʠʚʽʜ 2 ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 3. ʅʘ ʩʪʽʡʢʘʭ 

ʨʦʟʤʽʱʝʥʦ ʚʘʥʥʫ 7.  

ʅʘ ʜʥʽ ʚʘʥʥʠ 7 ʯʝʨʝʟ ʨʽʟʴʙʦʚʠʡ ʦʪʚʽʨ ʟʘʢʨʽʧʣʝʥʦ ʢʦʨʧʫʩ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 

ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ (ʨʠʩ.3.2) ʪʘ ʥʘʛʚʠʥʯʝʥʦ ʥʘʩʘʜʦʢ 4, ʘ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʘ 

ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʟʘʢʨʠʪʘ ʤʝʤʙʨʘʥʦʶ ʟ ʜʠʩʢʘʤʠ, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʜʦ ʰʪʦʢʘ 

ʚʽʙʨʦʧʨʠʚʦʜʫ 2. ʇʦʨʦʞʥʠʥʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʤʦʞʝ ʟôʻʜʥʫʚʘʪʠʩʴ ʽʟ ʤʝʤʙʨʘʥʥʠʤ 

ʢʣʘʧʘʥʦʤ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʫ ʚʘʥʥʫ 7.  

 ʋ ʧʦʨʦʞʥʠʥʫ ʚʘʥʥʠ 7 ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʥʪʝʡʥʝʨ 6 ʟ ʙʦʢʦʚʠʤʠ ʩʽʪʢʘʤʠ  ʪʘ 

ʩʽʪʢʦʶ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʥʘʩʘʜʢʦʤ 4, ʫ ʢʦʥʪʝʡʥʝʨʽ 6 ʨʦʟʤʽʱʝʥʦ ʩʦʧʣʦ. ʋ 

ʢʦʥʪʝʡʥʝʨ 6  ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʠʧʘʪʠ ʪʚʝʨʜʽ ʯʘʩʪʢʠ (ʧʦʣʽʩʪʠʨʦʣʦʚʽ ʢʫʣʴʢʠ) ʘʙʦ 

ʤʝʪʘʣʝʚʽ ʢʫʣʴʢʠ. ʋ ʚʘʥʥʫ 7 ʟʘʣʠʚʘʻʪʴʩʷ ʨʽʜʠʥʘ, ʷʢʫ ʧʽʩʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʤʦʞʥʘ 

ʟʣʠʪʠ ʢʨʽʟʴ ʢʨʘʥ.  

ʅʘ ʩʪʽʡʢʘʭ ʚʩʪʘʥʦʚʣʝʥʦ ʛʚʠʥʪʦʚʠʡ ʤʝʭʘʥʽʟʤ ʨʫʭʫ 8, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ ʘʙʦ ʟʨʘʟʢʘ, ʷʢʠʡ ʦʙʨʦʙʣʶʻʪʴʩʷ, ʧʝʨʝʤʽʱʘʪʠ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʘʭ. 
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ʈʠʩ.3.1 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ 

ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ: 1 ï ʦʩʥʦʚʘ; 2 ï ʚʽʙʨʦʧʨʠʚʽʜ; 

 3 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 4 ï ʥʘʩʘʜʦʢ; 5 ï ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʫʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ; 6 ï ʢʦʥʪʝʡʥʝʨ; 7 ï ʚʘʥʥʘ; 8 ï ʤʝʭʘʥʽʟʤ ʨʫʭʫ 

 

 

ʈʠʩ.3.2 ï  3-D ʤʦʜʝʣʴ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ: 1 ï ʨʽʟʴʙʦʚʠʡ ʬʣʘʥʝʮʴ; 

 2 ï ʢʦʨʧʫʩ; 3 ï ʤʝʤʙʨʘʥʘ ʟ ʜʠʩʢʘʤʠ; 4 ï ʰʪʦʢ [117,118] 
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ʅʘ ʰʪʘʥʟʽ ʤʝʭʘʥʽʟʤʫ ʨʫʭʫ 8 ʟʘʢʨʽʧʣʝʥʦ ʧʨʠʩʪʨʽʡ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ 5, 

ʱʦ ʦʯʠʱʘʶʪʴʩʷ ʘʙʦ ʧʨʦʤʠʚʘʶʪʴʩʷ. ɽʣʝʢʪʨʦʜʚʠʛʫʥ   ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 4ʇ 11,  

n = 1500ʦʙ/ʭʚ. ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʃɸʊʈ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʚʽʙʨʦʧʨʠʚʦʜʫ ʚʽʜ 0 ʜʦ 25 

ɻʮ. ɸʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʤʽʥʠ ʛʘ ʧʨʠʚʦʜʥʦʤʫ ʚʘʣʫ 

ʝʢʩʮʝʥʪʨʠʢʦʚʠʭ ʢʽʣʝʮʴ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ  1; 2; 3 ʤʤ. 

ʇʨʘʮʶʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

ʚʢʣʶʯʘʻʪʴʩʷ ʚʽʙʨʦʧʨʠʚʽʜ 2 (ʨʠʩ.3.1), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʠʚʘʥʥʷ ʤʝʤʙʨʘʥʠ ʟ 

ʜʠʩʢʘʤʠ 3 (ʨʠʩ.3.2) ʽ ʫ ʥʘʩʘʜʢʫ 4 ʚʠʥʠʢʘʻ ʧʫʣʴʩʫʶʯʽʡ ʩʪʨʫʤʽʥʴ ʨʽʜʠʥʠ, ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʩʽʪʢʫ  ʪʘ ʟʘʭʚʘʪʫʻ ʪʚʝʨʜʽ ʯʘʩʪʢʠ (ʧʦʣʽʩʪʠʨʦʣʦʚʫ ʢʨʠʭʪʫ ʘʙʦ 

ʤʝʪʘʣʝʚʽ ʢʫʣʴʢʠ), ʚʜʘʨʷʻ ʥʠʤʠ ʧʦ ʟʘʙʨʫʜʥʝʥʥʶ. ʇʨʠ ʨʫʩʽ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 3 

(ʨʠʩ.3.2)  ʫʥʠʟ ʤʠʶʯʘ ʨʽʜʠʥʘ  ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʦʪʚʽʨ ʫ ʥʘʩʘʜʢʫ 4  (ʨʠʩ.3.1), ʪʘ 

ʟʘʙʽʨʥʫ ʪʨʫʙʢʫ  ʽ ʚʽʜʢʨʠʪʠʡ  ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ. ʇʨʠ ʨʫʩʽ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ 3 

ʫʚʝʨʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʪʽʢʘʥʥʷ ʤʠʶʯʦʾ ʨʽʜʠʥʠ  ʢʨʽʟʴ ʥʘʩʘʜʦʢ 4, ʘ ʟʚʦʨʦʪʥʠʡ 

ʢʣʘʧʘʥ  ʟʘʢʨʠʚʘʻʪʴʩʷ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʪʘ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʨʦʟʨʦʙʣʝʥʦ 

ʢʦʥʪʝʡʥʝʨ (ʨʠʩ.3.3) ʫ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʩʽʪʢʫ ʧʽʜ ʝʞʝʢʮʽʡʥʠʤ ʩʦʧʣʦʤ 4 ʪʘ ʜʚʽ 

ʩʽʪʢʠ 3 ʥʘ ʙʦʢʦʚʠʭ ʧʦʭʠʣʠʭ ʧʦʚʝʨʭʥʷʤ ʢʦʥʪʝʡʥʝʨʘ. ʊʦʨʮʝʚʽ ʩʪʽʥʢʠ ʢʦʥʪʝʡʥʝʨʘ 

ʚʠʢʦʥʘʥʽ ʧʨʦʟʦʨʠʤʠ, ʟ ʤʝʪʦʶ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʪʘ ʨʫʭʫ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ. 

 

ʈʠʩ.3.3 ï ʌʦʪʦʛʨʘʬʽʷ ʧʨʦʟʦʨʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʽʚ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ: 1 ï ʦʩʥʦʚʘ;  

2 ï ʧʨʦʟʦʨʘ ʩʪʽʥʢʘ; 3 ï ʩʽʪʢʘ; 4 ï ʝʞʝʢʮʽʡʥʝ ʩʦʧʣʦ  



111 
 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʥʩʪʨʫʢʮʽʶ ʤʝʤʙʨʘʥʥʦʛʦ ʢʣʘʧʘʥʘ [109], ʷʢʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.4. 

 

 

ʈʠʩ.3.4 ï ʂʦʥʩʪʨʫʢʮʽʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ 

ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ: 1 ï ʰʪʦʢ; 2 ï ʧʨʫʞʠʥʘ; 3 ï ʢʨʠʰʢʘ; 4 ï ʛʫʤʦʚʠʡ 

ʧʝʣʶʩʪʢʦʚʠʡ ʢʣʘʧʘʥ; 5 ï ʢʦʨʧʫʩ; 6 ï ʰʪʫʮʝʨ  

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ (ʨʠʩ.3.4) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ 

ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʪʘ ʟʙʽʣʴʰʠʪʠ ʦʙôʻʤ 

ʨʽʜʠʥʠ, ʱʦ ʚʠʢʠʜʘʻʪʴʩʷ ʟʘ ʮʠʢʣ ʭʦʜʫ ʤʝʤʙʨʘʥʠ ʟ ʜʠʩʢʘʤʠ ʫʚʝʨʭ. ʅʘ ʨʠʩ.3.5. 

ʩʭʝʤʘ ʟôʻʜʥʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ 1 ʟ ʢʘʤʝʨʦʶ ʧʫʣʴʩʘʮʽʾ 5 ʪʘ ʚʘʥʥʦʶ. 

 

 

ʈʠʩ.3.5 ï  ʉʭʝʤʘ ʟ ʻʜʥʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʟ ʢʘʤʝʨʦʶ ʧʫʣʴʩʘʮʽʾ:  

1 ï ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ; 2 ï ʪʨʫʙʦʧʨʦʚʽʜ; 3 ï ʰʪʦʢ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ; 

 4 ï ʧʨʫʞʥʘ ʤʝʤʙʨʘʥʘ ʟ ʜʠʩʢʘʤʠ; 5 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ; 6 ï ʥʘʩʘʜʦʢ [109] 



112 
 

3.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ  ʜʣʷ   ʜʦʩʣʽʜʞʝʥʥʷ  ʟʤʽʥʠ ʤʠʪʪʻʚʦʛʦ 

ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʚʽʙʨʦʧʨʠʚʦʜʫ 

 

ʗʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʟʦʨʫ ʨʽʟʥʠʭ ʜʞʝʨʝʣ (ʨʦʟʜʽʣ1), 

ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ 

ʪʘ ʤʠʡʢʠ ʻ ʚʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʶ ʟ ʥʘʩʘʜʢʘ ʪʝʭʥʽʯʥʦ 

ʟʨʫʯʥʦ ʧʝʨʝʡʪʠ ʚʽʜ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʜʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʡʦʛʦ ʧʦʯʘʪʢʦʚʽʡ 

ʜʽʣʷʥʮʽ ʧʨʠ ʚʠʭʦʜʽ ʽʟ ʥʘʩʘʜʢʘ. 

ʇʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʢʦʣʠʚʘʥʥʷʤ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ, ʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʦʨʝʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 

 

,. fAV ʥʪʤ Ö=                                                (3.1)                                                     

ʜʝ ʥA ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ;   

f ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ. 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʫ ʥʘʩʘʜʢʫ ʟʘ ʨʘʭʫʥʦʢ ʟʚʫʞʝʥʥʷ 

ʧʦʪʦʢʫ (ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 

 

,. fAV ʥʪʤ ÖÖ=e                                              (3.2) 

ʪʤV .  ï ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʦʨʝʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ; 

x ï  ʢʦʝʬʽʮʽʻʥʪ ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ;  

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ, ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʪʨʫʤʝʥʷ, ʤʦʞʥʘ 

ʧʝʨʝʨʘʭʫʚʘʪʠ ʫ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʥʘ ʧʦʯʘʪʢʦʚʽʡ 

ʜʽʣʷʥʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʟʘ ʬʦʨʤʫʣʦʶ: 
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,
2

2
.

max hg
V

P mʤ ÖÖ-
Ö

= r
r

                                         (3.3) 

ʜʝ r ï  ʛʫʩʪʠʥʘ ʚʦʜʠ, 
3/1000 ʤʢʛ=r .  

   h  ï  ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʥʘʩʘʜʢʘ. 

 

ʇʦʰʫʢ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʧʨʦʚʦʜʠʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʫʩʪʘʥʦʚʮʽ (ʨʠʩ.3.6) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʪʯʠʢʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 7.  

 

 

 

ʈʠʩ.3.6 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ: 1 ï ʦʩʥʦʚʘ;  

2 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 3 ï ʚʽʙʨʦʧʨʠʚʽʜ;  4 ï ʟʣʠʚʥʠʡ ʢʨʘʥ;  

5 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ; 6 ï ʥʘʩʘʜʦʢ; 7 ï ʜʘʪʯʠʢ; 8 ï ʻʤʥʽʩʪʴ; 9 ï ʤʝʭʘʥʽʟʤ 

ʧʝʨʝʤʽʱʝʥʥʷ ʜʘʪʯʠʢʘ 

 

 ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʘ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ 

ʧʨʠʚʦʜʫ.  ʅʘ ʨʠʩ.3.7 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ  ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ [109]. 
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 ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʦʪʚʦʨʫ ʥʘʩʘʜʢʘ ʟʘʩʪʦʩʦʚʘʥʦ ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ 

ʜʘʪʯʠʢ  ʪʠʩʢʫ ʄʈʄ489 ʽ USB ʦʩʮʠʣʦʛʨʘʬ ɺʄ8020, ʷʢʠʡ ʟ'ʻʜʥʘʥʠʡ ʟ 

ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧ'ʶʪʝʨʦʤ ʯʝʨʝʟ ʧʦʨʪ USB ʽ ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ 

ʧʨʦʜʫʢʪʦʤ çDiScoè [119]. 

 

 

 

ʈʠʩ.3.7 ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʦʛʦ 

ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ 

 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʟʘʩʪʦʩʦʚʘʥʦ, 

ʧʦʧʝʨʝʜʥʴʦ ʪʘʨʦʚʘʥʠʡ, ʤʝʤʙʨʘʥʥʠʡ ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʜʘʪʯʠʢ ʪʠʩʢʫ ʄʈʄ489, 

ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʜ ʥʘʩʘʜʢʦʤ ʥʘ ʚʽʜʩʪʘʥʽ 20-30 ʤʤ ʫ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ 

ʟʘʪʦʧʣʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ.  
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  ʋ ʧ'ʻʟʦʨʝʟʠʩʪʠʚʥʦʤʫ ʜʘʪʯʠʢʫ ʪʠʩʢʫ 1 (ʨʠʩ.3.8) ʤʝʤʙʨʘʥʘ  ʚʠʛʦʪʦʚʣʝʥʘ ʟ 

ʩʪʘʣʽ 316L, ʨʘʟʦʤ ʟ ʝʣʝʢʪʨʦʥʽʢʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʢʦʨʧʫʩʽ ʟ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʽʟ ʨʽʟʴʙʦʶ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʜʘʪʯʠʢʫ ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʩʢʣʘʜʘʣʘ ʫ 

ʚʩʪʘʥʦʚʣʝʥʽ ʡʦʛʦ ʫ ʢʦʨʧʫʩ ʟʘʧʦʚʥʝʥʠʡ ʨʽʜʠʥʦʶ 2, ʷʢʠʡ ʟʘʢʨʠʪʦ ʛʫʤʦʚʦʶ 

ʤʝʤʙʨʘʥʦʶ 3 ʪʘ ʾʾ ʟʘʢʨʽʧʣʝʥʦ ʜʦ ʢʦʨʧʫʩʫ 2 ʢʨʠʰʢʦʶ 4 [109]. 

 

 

 

ʈʠʩ.3.8 ï ʌʦʪʦʛʨʘʬʽʷ ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ: 1 ï  ʜʘʪʯʠʢ ʄʈʄ489; 2 ï ʢʦʨʧʫʩ ʟ ʨʽʜʠʥʦʶ;  

3 ï ʤʝʤʙʨʘʥʘ; 4 ï  ʢʨʠʰʢʘ 

 

 ʆʩʮʠʣʦʛʨʘʬ ɺʄ8020, ʷʢ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʘʚʪʦʤʘʪʠʯʥʦ ʪʝʩʪʫʻ ʩʪʘʥ ʜʘʪʯʠʢʘ 

ʄʈʄ489, ʢʦʤʧʝʥʩʫʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʚʠʜʘʻ ʩʪʘʥʜʘʨʪʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ. 

 ɼʘʪʯʠʢ ʪʠʩʢʫ ʄʈʄ489 ʧʦʧʝʨʝʜʥʴʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘʨʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫ ʛʝʨʤʝʪʠʯʥʽʡ ʢʘʤʝʨʽ ʪʘ ʬʽʢʩʘʮʽʻʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʫ.  

  ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʨʠ ʚʢʣʶʯʝʥʥʽ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ, ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʪʘʪʠʯʥʦʛʦ 

ʪʠʩʢʫ ʧʨʠ ʟʘʧʠʩʫ ʦʩʮʠʣʦʛʨʘʤʠ, çʥʫʣʴʦʚʘè ʣʽʥʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʚʦʜʠʣʘʩʷ ʥʘ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ çʰʫʤʫè ʽ ʪʦʜʽ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʤʠʢʘʚʩʷ ʧʨʠʚʦʜ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʚʠʚʦʜʠʚʩʷ ʥʘ ʧʝʚʥʫ ʯʘʩʪʦʪʫ ï 
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ʧʨʦʚʦʜʠʣʘʩʴ ʬʽʢʩʘʮʽʷ ʦʩʮʠʣʦʛʨʘʤʠ ʢʥʦʧʢʦʶ çPrint Screenè. ʇʦʪʽʤ ʧʨʦʚʦʜʠʣʘʩʴ 

ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʟʛʽʜʥʦ ʪʘʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʽ ʚʠʟʥʘʯʘʣʠʩʴ 

ʚʝʣʠʯʠʥʠ ʨʝʘʣʴʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʧʦʩʪʽʡʥʠʭ ʪʘ ʟʤʽʥʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ: ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 100 ʤʤ; ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʟʤʽʥʶʚʘʚʩʷ: 6, 8, 

10 ʤʤ; ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʟʤʽʥʶʚʘʣʘʩʷ: 1, 2, 3 ʤʤ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 

ʟʤʽʥʶʚʘʣʘʩʷ: 5, 10, 15, 20 ɻʮ. 

 

3.4.  ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ 

ʦʯʠʱʝʥʥʷ ʽ ʤʠʡʢʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʥʷʪʪʷ ʟʘʙʨʫʜʥʝʥʴ ʫ 

ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ʽ 

ʤʠʡʢʠ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʧʣʘʩʢʽ ʟʨʘʟʢʠ ʨʦʟʤʽʨʦʤ 40ʭ40 ʤʤ ʥʘ ʷʢʽ ʥʘʥʦʩʠʣʦʩʴ 

ʤʦʜʝʣʴʥʝ ʟʘʙʨʫʜʥʝʥʥʷ. 

 ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʧʫʣʴʩʫʶʯʦʛʦ 

ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʜʣʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʙʫʣʦ ʚʟʷʪʦ ʫ ʷʢʦʩʪʽ 

ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʦʣʽʨʫʚʘʣʴʥʫ ʧʘʩʪʫ, ʷʢʘ ʩʣʘʙʦ ʟʚôʷʟʘʥʘ ʟ ʧʦʚʝʨʭʥʝʶ ʘ 

ʜʣʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʽʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʩʠʣʴʥʦ ʟʚôʷʟʘʥʠʭ ʟ ʧʦʚʝʨʭʥʝʶ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʧʦʣʽʤʝʨʠʟʦʚʘʥʽ ʧʣʽʚʢʠ, 

ʙʽʣʴʰ ʚôʷʟʢʠʡ ʟʘʙʨʫʜʥʶʚʘʯ ï  ʧʣʘʩʪʠʣʽʥ. ɺʦʥʠ ʥʘʥʦʩʠʣʠʩʷ ʨʽʚʥʠʤ ʰʘʨʦʤ ʥʘ 

ʧʣʘʩʢʫ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ (ʨʠʩ.3.9).  

ɿʨʘʟʦʢ ʟʘʢʨʽʧʣʶʚʘʚʩʷ ʫ ʪʨʠʤʘʯʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʘ ʪʘ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ 

ʥʘʚʧʨʦʪʠ ʥʘʩʘʜʢʘ ʘʙʦ ʩʦʧʣʘ ʥʘ ʚʽʜʩʪʘʥʽ 20-30 ʤʤ. ʇʽʩʣʷ ʚʢʣʶʯʝʥʥʷ 

ʚʽʙʨʦʧʨʠʚʦʜʫ ʤʘʰʠʥʠ ʥʘ ʧʝʚʥʠʡ ʯʘʩ ʪʘ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʘʙʦ 

ʦʯʠʩʪʢʠ ʟʨʘʟʢʠ ʟʥʽʤʘʣʠʩʷ ʪʘ ʧʨʦʚʦʜʠʣʦʩʷ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʅʘ 

ʨʠʩ.3.9 ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʽʷ ʟʨʘʟʢʘ ʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʷʢʠʡ ʱʝ ʥʝ 

ʧʽʜʣʷʛʘʚ ʦʯʠʱʝʥʥʶ [119,120].  
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ʈʠʩ.3.9 ï  ʌʦʪʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʫ ʪʨʠʤʘʯʫ ʽʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ: 

1 ï  ʟʨʘʟʦʢ ʽʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ; 2 ï ʛʚʠʥʪʦʚʠʡ ʪʨʠʤʘʯ ʟʨʘʟʢʽʚ 

  

 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʪʘ ʦʯʠʱʝʥʥʷ ʤʦʜʝʣʴʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʟʘʩʪʦʩʦʚʘʥʦ ʤʘʩʦʚʠʡ ʤʝʪʦʜ. ɿʨʘʟʢʠ ʦʙʨʦʙʣʷʣʠʩʴ ʧʝʚʥʠʡ ʯʘʩ, ʧʦʪʽʤ 

ʧʨʦʩʫʰʫʚʘʣʠʩʴ ʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʟʚʘʞʫʚʘʥʥʷ ʟʨʘʟʢʘ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʨʝʟʘʭ ʽ 

ʚʠʟʥʘʯʘʣʦʩʴ ʚʽʜʥʦʩʥʝ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʟʨʘʟʢʘ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ. 

 

 3.5.  ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʽʜʝʦ-ʬʽʢʩʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫ ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

 

 ɿ  ʤʝʪʦʶ  ʟôʷʩʫʚʘʥʥʷ, ʷʢ ʚʧʣʠʚʘʶʪʴ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʥʘ ʧʨʦʮʝʩʠ ʨʫʭʫ ʨʽʜʠʥʠ  (ʚʦʜʘ ʧʨʠ 20Áʉ) ʧʨʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʤʫ 

ʨʫʭʫ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʟʦʨʠʡ ʤʘʢʝʪ ʥʘʩʘʜʢʘ ʪʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ, ʥʘ ʷʢʦʤʫ ʤʦʞʣʠʚʦ 

ʜʦʩʣʽʜʠʪʠ ʧʦʚʝʜʽʥʢʫ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʪʘ 

ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʟʤʽʥʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

  ʈʫʭ ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʬʽʢʩʫʚʘʚʩʷ ʮʠʬʨʦʚʦʶ ʚʽʜʝʦʢʘʤʝʨʦʶ ʟ 

ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧôʶʪʝʨʥʠʡ ʬʘʡʣ. 

  ʅʘ ʨʠʩ.3.10 ʧʦʢʘʟʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ  ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʰʚʠʜʢʽʩʥʦʾ ʚʽʜʝʦ ʟʡʦʤʢʠ ʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʢʘʨʪʠʥʠ ʨʫʭʫ ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʘʩʘʜʦʢ 

ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʧʨʠ ʨʫʩʽ ʤʝʤʙʨʘʥʠ ʫʚʝʨʭ ʪʘ ʫʥʠʟ 

[118]. ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ  ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʦʪʘʭ 
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ʢʦʣʠʚʘʥʴ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʫʪʚʦʨʶʻʪʴʩʷ ʛʘʟʦʚʘ ʬʘʟʘ ʪʘ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʚʠʭʦʜʠʪʴ 

ʧʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʨʽʜʠʥʠ ʽʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ. 

 ɿʡʦʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʥʘʩʪʫʧʥʠʭ  ʫʤʦʚʘʭ: ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ, 

ʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ D ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ d  D/d = 10, ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ ɸ = 2ʤʤ, ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ f  ʟʙʽʣʴʰʫʚʘʣʠ ʧʦʩʪʫʧʦʚʦ ʚʽʜ ʥʫʣʷ ʜʦ 25 

ɻʮ.  

 ʆʪʨʠʤʘʥʠʡ ʚʽʜʝʦ ʬʘʡʣ ʚʚʦʜʠʚʩʷ ʫ ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ çDaum PotPlayerè ʧʨʦʚʦʜʠʚʩʷ ʾʭ ʧʦ ʢʘʜʨʦʚʠʡ 

ʘʥʘʣʽʟ ʟʘ ʯʘʩʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ. 

  

 

ʈʠʩ. 3.10 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʨʦʭʦʜʞʝʥʥʷ  ʨʽʜʠʥʠ ʢʨʽʟʴ 

ʥʘʩʘʜʦʢ ʪʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ: 1 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; 2 ï ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʽʙʨʘʪʦʨ;  3 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ;  

4 ï ʧʨʦʟʦʨʠʡ ʥʘʩʘʜʦʢ; 5 ï ʻʤʢʽʩʪʴ ʜʣʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ 
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3.6. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʜʣʷ ʤʠʡʢʠ ʚʽʜ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

 

ɺ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʠʡʢʠ ʚʧʣʠʚʘʻ 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʶ 

ʨʽʜʠʥʠ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʾʾ ʧʨʠʚʦʜʘ ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʷʚʠʱʘ ʚʠʥʠʢʥʝʥʥʷ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʱʦ ʥʘ ʪʠʩʢ ʩʪʨʫʤʝʥʷ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ  ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʤʦʜʫʣʷ ʤʠʡʢʠ. ɿʛʽʜʥʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʰʫʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʙʦʨʫ ʜʽʘʧʘʟʦʥʫ ʛʨʘʥʠʮʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ. ɿʘʚʜʷʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ [121-124] ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʽʾ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʬʘʢʪʦʨʽʚ, ʨʽʚʥʽ 

ʬʘʢʪʦʨʽʚ ʧʨʠʡʥʷʪʦ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʯʠʩʣʦ ʜʦʩʣʽʜʽʚ ʟʚʝʜʝʥʦ ʜʦ 

ʤʽʥʽʤʫʤʫ. 

ʇʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ [121,122]: ʢʦʜʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ; ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ - ʤʘʪʨʠʮʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ;  ʨʘʥʜʦʤʽʟʘʮʽʷ ʜʦʩʣʽʜʽʚ;   ʨʝʘʣʽʟʘʮʽʷ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ; ʦʮʽʥʢʘ 

ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ;  ʧʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ 

ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʫ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʟʤʽʥʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʣʠ ʥʘ ʡʦʛʦ 

ʚʝʣʠʯʠʥʫ:  

 1x  ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ 

( ʥʢ dD / ) ; 

 2x  ï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ; 
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 3x   ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ. 

 

ʇʨʦʚʝʜʝʥʦ ʢʦʜʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʾʭ ʫ ʙʝʟʨʦʟʤʽʨʥʽ 

ʚʝʣʠʯʠʥʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʣʘʥʫ-ʤʘʪʨʠʮʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʆʙʨʦʙʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠ ʟʘ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʡ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʫ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʝʤʧʽʨʠʯʥʠʭ 

ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ [117-118]. 

ʇʨʦʚʝʜʝʥʽ ʧʦʧʝʨʝʜʥʽ ʦʜʥʦ ʬʘʢʪʦʨʥ ̔ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ ʥʝʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ ʟ ʥʘʩʘʜʢʘ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʫ, ʟʘʚʜʷʢʠ ʚʠʥʠʢʥʝʥʥʶ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ.  

ʊʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʪʦʙʪʦ: ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ ʟ ʥʘʩʘʜʢʘ ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʥʢ dD / , ʯʘʩʪʦʪʠ 

ʧʫʣʴʩʘʮʽʡ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ f, ʪʘ ʘʤʧʣʽʪʫʜʠ ʧʫʣʴʩʘʮʽʡ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ 

A, ʙʫʣʦ ʚʠʙʨʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ ʫʤʦʚʥʠʡ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʮʝʥʪʨʘʣʴʥʝ 

ʢʦʤʧʦʟʠʮʽʡʥʝ ʨʦʪʦʪʘʙʝʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ʆʩʢʽʣʴʢʠ, ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʤʽʥʥʽ ʥʝʟʘʣʝʞʥʽ ʬʘʢʪʦʨʠ  

ʥʝʦʜʥʦʨʽʜʥʽ ʪʘ ʤʘʶʪʴ ʨʽʟʥʠʡ ʚʧʣʠʚ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ 

ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ, ʪʦ ʾʭ ʧʨʠʚʦʜʠʣʠ ʜʦ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʘʭʫʥʢʽʚ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ 

ʚʽʜ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ ʜʦ ʢʦʜʦʚʘʥʠʭ. 

ɿʚ'ʷʟʦʢ ʤʽʞ ʢʦʜʦʚʘʥʠʤʠ ʍ̔ ʪʘ ʥʘʪʫʨʘʣʴʥʠʤʠ ʍ̔ ʟʤʽʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ [121,122]: 

,0
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ii
i

X

XX
x

D

-
=                                                             (3.4) 

ʜʝ ʍ̔ 0  ï  ʥʘʪʫʨʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽ - ʛʦ ʬʘʢʪʦʨʫ ʥʘ ʥʫʣʴʦʚʦʤʫ ʨʽʚʥʽ; 

  Dʍ̔  ï  ̔ ʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ ʽ - ʛʦ ʬʘʢʪʦʨʫ. 

 



121 
 

ɹʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥʦ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ ʚʘʨʽʶʚʘʥʥʷ 

ʬʘʢʪʦʨʘʤʠ. ʅʫʣʴʦʚʠʡ ʨʽʚʝʥʴ ʘʙʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʬʘʢʪʦʨʫ, 

ʚʠʟʥʘʯʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

2

minmax
0

ii
i

XX
X

+
= ,                                                      (3.5) 

ʜʝ  ʍʦi ï ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʚʭʽʜʥʦʛʦ ʬʘʢʪʦʨʫ; 

     maxiX  ï ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʚʭʽʜʥʦʛʦ ʬʘʢʪʦʨʫ; 

     miniX  ï ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʚʭʽʜʥʦʛʦ ʬʘʢʪʦʨʫ. 

ɯʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ ʬʘʢʪʦʨʘʤʠ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 

 

     .
2

minmax ii
i

XX
X

-
=D                                                  (3.6) 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʣʘʥ-ʤʘʪʨʠʮʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʚʝʜʝʥʦ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ 

ʚʝʨʭʥʴʦʛʦ, ʥʠʞʥʴʦʛʦ ʪʘ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʽʚ ʚʘʨʽʶʚʘʥʥʷ ʬʘʢʪʦʨʽʚ, ʚʽʜʧʦʚʽʜʥʦ +1, -1, 

0.  

ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʠʡ (ʥʫʣʴʦʚʠʡ) ʨʽʚʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʫ: 

- ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ  ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ 

ʥʘʩʘʜʢʘʥʢ dD / ; 

             ,11
2
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           -   ʜʣʷ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ; 

                        ),(13
2

620
02 ɻʮX =
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           -   ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ: 
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ɯʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ ʪʘ ʢʦʜʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʚʠʙʨʘʥʠʭ ʬʘʢʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʨʽʚʥʶʶʪʴ: 
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ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ (ʛʣʘʚʘ 2, ʨʠʩ. 2.12) ʧʦʢʘʟʘʚ, ʱʦ 

ʟʘʣʝʞʥʽʩʪʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʥʝ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʣʽʥʽʡʥʦʶ ʤʦʜʝʣʣʶ, ʦʩʢʽʣʴʢʠ ʚ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʧʝʨʝʚʘʞʘʶʪʴ 

ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʢʚʘʜʨʘʪʠʯʥʽ ʬʦʨʤʠ.  

ʑʦʙ ʦʧʠʩʘʪʠ ʪʘʢʫ ʦʙʣʘʩʪʴ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʣʘʥʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, 

ʚ ʷʢʠʭ ʢʦʞʥʘ ʟʤʽʥʥʘ ʤʘʻ ʚʘʨʽʶʚʘʪʠʩʷ ʤʽʥʽʤʫʤ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ. ʋ ʚʠʧʘʜʢʫ ʜʣʷ 

ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ ʤʦʜʝʣʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʦʶ ʨʝʛʨʝʩʽʡʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ [121,124]: 

 

 
.2

333
2
222

2
111

3223311321123322110

xbxbxb

xxbxxbxxbxbxbxbby

+++

+++++++=
                      (3.7) 

 ʜʝ ʫ ï ʬʫʥʢʮʽʷ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ; 

3322112313123210 ,,,,,,,, bbbbbbbbbb   ï ʚʠʙʽʨʢʦʚʽ   ʢʦʝʬʽʮʽʻʥʪʠ   ʨʽʚʥʷʥʥʷ 

ʨʝʛʨʝʩʽʾ; 

 321 ,, xxx  ï ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ. 

 

ɺʠʙʽʨʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʴ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʧʣʘʥʫ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʴ ʪʠʧʫ (3.7), ʷʢʘ ʟ ʦʜʥʘʢʦʚʦʶ ʪʦʯʥʽʩʪʶ ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ 

ʨʦʪʘʪʘʙʝʣʴʥʠʡ ʧʣʘʥ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʩʫʢʫʧʥʦʩʪʽ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ (k = 3).  

ʈʽʚʥʽ ʪʘ ʽʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʘ ʪʘʢʦʞ ʨʦʙʦʯʘ 

ʤʘʪʨʠʮʷ ʧʣʘʥʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 3.1. 
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 ʊʘʙʣʠʮʷ 3.1 

ʌʘʢʪʦʨʠ ʪʘ ʨʽʚʥʽ ʾʭ ʚʘʨʽʶʚʘʥʥʷ 

 

ʈʽʚʥʽ 

ʚʘʨʽʶʚʘʥʥʷ 
ʜʦʩʣʽʜʞʫʚʘʥʠʭ 
ʬʘʢʪʦʨʽʚ 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʬʘʢʪʦʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ 
ʜʦ ʜʽʘʤʝʪʨʘ 
ʥʘʩʘʜʢʘ ʥʢ dD /  

ʯʘʩʪʦʪʘ 
ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ 

f , ɻʮ 

ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʫ ɸ, ʤʤ 

 x1 x1 x2 ʭ2 x3 ʭ3 

ɿʦʨʷʥʘ ʪʦʯʢʘ +ʘ  +1,682  +1,682  +1,682 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ 

maxiX  

   16 +1 20 +1 3 +1 

ʅʫʣʴʦʚʠʡ 
ʨʽʚʝʥʴ ʍʆ1 

   10 0 13 0 2 0 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ 

miniX  

   6 -1 6 -1 1 -1 

ɿʦʨʷʥʘ ʪʦʯʢʘ -ʘ  -1,682  -1,682  -1,682 

ɯʥʪʝʨʚʘʣʠ 

ʚʘʨʽʶʚʘʥʥʷ Dʍɯ 

   5 1 3,5 1 1 1 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ ʥʘ ʪʨʴʦʭ ʨʽʚʥʷʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʤʦʜʝʣʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʪʦʙʪʦ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʯʘʩʫ ʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʊʦʤʫ, ʱʦʙ ʩʢʦʨʦʪʠʪʠ ʮʽ ʚʠʪʨʘʪʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ, ʷʢʠʡ 

ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʜʦ ʜʦʩʣʽʜʽʚ ʧʣʘʥʽʚ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 2k 

ʟʽʨʢʦʚʠʭ ʽ ʥʫʣʴʦʚʠʭ ʪʦʯʦʢ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ: 

,0)( nnnnN aʷ ++Ö=                                                        (3.8)   

   

   ʜʝ N ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ; 

           ʧ ï ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʶʚʘʥʴ ʚ ʦʜʥʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ; 

           ʧ̫ ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ ʚ ʷʜʨʽ ʧʣʘʥʫ; 

           ʧʘ ï ʢʽʣʴʢʽʩʪʴ ʟʦʨʷʥʠʭ ʪʦʯʦʢ; 

           ʧ0  ï ʢʽʣʴʢʽʩʪʴ ʥʫʣʴʦʚʠʭ ʪʦʯʦʢ. 
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ɼʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʪʘʪʘʙʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʣʘʥʫ ʜʣʷ ʪʨʴʦʭ 

ʬʘʢʪʦʨʽʚ ʚʘʨʽʶʚʘʥʥʷ ʤʘʻʤʦ: ʧ̫= 8;  ʧʘ = 6; ʧʦ= 6.  ʂʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʶʚʘʥʴ ʚ 

ʦʜʥʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʠʡʤʝʤʦ ʨʽʚʥʦʶ ʜʚʦʤ, ʪʦʜʽ   N = 34. ɿʦʨʷʥʝ ʧʣʝʯʝ 

682,1°=a  [121,124]. 

ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʦʮʽʥʢʫ ʚʽʣʴʥʦʛʦ ʯʣʝʥʘ 

I
0b  ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʫ 

ʮʝʥʪʨʽ ʧʣʘʥʫ: 

                          ;
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           ʜʝ ʫʠ ï ʩʝʨʝʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚ ʠ- ʤʫ ʨʷʜʢʫ; 

        ʫ0 ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʫ ʮʝʥʪʨʽ ʧʣʘʥʫ; 

        ʫ0ɯ ï ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʫ ʮʝʥʪʨʽ ʧʣʘʥʫ. 

 

ɼʠʩʧʝʨʩʽʷ    ʧʦʤʠʣʦʢ    ʩʧʦʩʪʝʨʝʞʝʥʥʷ    ʚʠʟʥʘʯʝʥʘ    ʟʘ   ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʘʨʘʣʝʣʴʥʠʭ ʜʦʩʣʽʜʽʚ ʚ ʮʝʥʪʨʽ ʧʣʘʥʫ: 
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ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʠʩʧʝʨʩʽʾ: 

.100 -=nfn                                                         (3.11) 

ʇʨʠ ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ ʘ = 0,05 ʽ  fno = 5 ʟʥʘʭʦʜʠʤʦ ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ  tʊ 

ʢʨʠʪʝʨʽʶ  ʉʪʴʶʜʝʥʪʘ  tʊ =2,571 [121,124]. 

ɺʠʟʥʘʯʘʻʤʦ ʟʥʘʯʫʱʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʟʘʚʙʘʯʝʥʠʤ (bʦ) ʽ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʤ (ʫ0) ʟʥʘʯʝʥʥʷʤʠ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ʚ ʮʝʥʪʨʽ ʧʣʘʥʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ: 
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ÖÖ²-                                      (3.12) 

ʗʢʱʦ ʫʤʦʚʘ (3.9) ʚʠʢʦʥʫʻʪʴʩʷ, ʚʽʜʤʽʥʥʽʩʪʴ ʚʚʘʞʘʻʪʴʩʷ ʟʥʘʯʫʱʦʶ. ʎʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʬʫʥʢʮʽʶ ʚʽʜʛʫʢʫ ʝʬʝʢʪʽʚ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʠʭ 
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ʯʣʝʥʘʭ ʽ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʽʚ, ʱʦʙ ʜʽʩʪʘʪʠ 

ʢʚʘʜʨʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʨʦʟʛʣʷʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫʤʦʚʘ (3.12) 

ʚʠʢʦʥʫʚʘʣʘʩʴ, ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʜʦʩʣʽʜʠ ʚ ʟʦʨʷʥʠʭ ʪʦʯʢʘʭ. 

ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 3.2. 

ʊʘʙʣʠʮʷ 3.2. 

          ʇʣʘʥ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

1 ̄  

 

ˉ  

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ  

yu1 

 

yu2 

 

yu  

x0 

 

x1 

 

x2 

 

x3 

 

x
2
1 

 

 

x
2
2 

 

 

x
2
3 

1
x 2

 

x 1
x 3

 

x 2
x 3

 

1 +1 -1 -1 -1 
+1 +1 +1 +1 +1 +1 

y11 y12 y1 

2 
+1 

+1 -1 
-1 +1 +1 +1 -1 

-1 
+1 y21 y22 y2 

3 
+1 

-1 
+1 -1 +1 +1 +1 -1 

+1 
-1 y31 y32 y3 

4 
+1 

+1 
+1 -1 +1 +1 +1 +1 -1 -1 y41 y42 y4 

5 
+1 

-1 
-1 +1 +1 +1 +1 +1 -1 -1 y51 y52 y5 

6 
+1 

+1 
-1 +1 +1 +1 +1 -1 

+1 
-1 y61 y62 y6 

7 
+1 

-1 +1 
+1 +1 +1 +1 -1 

-1 +1 
y71 y72 y7 

8 
+1 

+1 
+1 +1 +1 +1 +1 +1 +1 +1 y81 y82 y8 

9 
+1 

+1,682 
0 0 

2,828 
0 0 0 0 0 y91 y92 y9 

10 
+1 

-1,682 
0 0 

2,828 0 
0 0 0 0 y101 y102 y10 

11 
+1 

0 +1,682 
0 0 2,828 0 0 0 0 y111 y112 y11 

12 
+1 0 

-1,682 
0 0 2,828 

0 
0 0 0 y121 y122 y12 

13 
+1 0 0 

+1,682 
0 0 2,828 0 0 0 y131 y132 y13 

14 
+1 0 0 

-1,682 
0 0 2,828 0 0 0 y141 y142 y14 

15 
+1 0 0 0 0 0 0 0 0 0 y151 y152 y15 

16 
+1 0 0 0 0 0 0 0 0 0 y161 y162 y16 

17 
+1 0 0 0 0 0 0 0 0 0 y171 y172 y17 

18 
+1 0 0 0 0 0 0 0 0 0 y181 y182 y18 

19 
+1 0 0 0 0 0 0 0 0 0 y191 y192 y19 

20 
+1 0 0 0 0 0 0 0 0 0 y 201 y202 y20 
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ʂʦʝʬʽʮʽʻʥʪʠ ʤʦʜʝʣʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (3.4) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

[121,124]: 

.056791,0006889,00625,0

;1250,0

;073224,0

;056791,0166338,0
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 (3.13) 

ʜʝ   ʭ̔ʠ   ï   ʟʥʘʯʝʥʥʷ   ʢʦʜʦʚʘʥʦʾ   ʟʤʽʥʥʦʾ   ʫ   ʚʽʜʧʦʚʽʜʥʦʤʫ  ʩʪʦʚʧʮʽ  ʧʣʘʥʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ; 

                 ʫʠ ï ʩʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ ʠ -ʛʦ ʜʦʩʣʽʜʫ; 

                 ʠ ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʦʩʣʽʜʫ; 

                  ̔  ï ʥʦʤʝʨ ʬʘʢʪʦʨʫ; 

                  j, k ï ʥʦʤʝʨ ʬʘʢʪʦʨʫ, ʚʽʜʤʽʥʥʦʛʦ ʚʽʜ i -ʛʦ; 

                 N ï ʢʽʣʴʢʽʩʪʴ ʩʝʨʽʡ ʜʦʩʣʽʜʽʚ. 

ʑʦʙ ʧʝʨʝʚʽʨʠʪʠ ʟʥʘʯʫʱʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʚʠʟʥʘʯʘʻʤʦ ʾʭ ʜʠʩʧʝʨʩʽʾ ʟʘ 

ʬʦʨʤʫʣʘʤʠ:  

;2
8

2
nbo

SaS Ö=            ;2
9

2
nbi

SaS Ö=                                     (3.14) 

                             ;2
10

2
nby

SaS Ö=           ,2
11

2
nbu

SaS Ö=          

ʜʝ 2nS  ï ʜʠʩʧʝʨʩʽʷ ʧʦʤʠʣʢʠ ʜʦʩʣʽʜʫ; 

               ʘ8, ʘ9, ʘ10, ʘ11, ï ʜʦʧʦʤʽʞʥʽ ʢʦʥʩʪʘʥʪʠ, ʥʘʚʝʜʝʥʽ ʫ ʣʽʪʝʨʘʪʫʨʽ  [121,124].  

 

 ɼʠʩʧʝʨʩʽʶ ʧʦʤʠʣʢʠ ʜʦʩʣʽʜʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ 2uS  ï ʜʠʩʧʝʨʩʽʷ ʧʦʤʠʣʢʠ ʫ ʨʷʜʢʘʭ ʧʣʘʥʫ. 

ɼʠʩʧʝʨʩʽʶ ʧʦʤʠʣʢʠ ʫ ʨʷʜʢʘʭ ʧʣʘʥʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

   ,
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u                                                   (3.16) 

ʜʝ ʫʠ ̔ï ʧʘʨʘʣʝʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʠ -ʛʦ ʜʦʩʣʽʜʫ. 

 

ʊʘʢʦʞ ʚʠʟʥʘʯʘʻʤʦ ʥʘʜʽʡʥʽ ʽʥʪʝʨʚʘʣʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

 

;00 bT Stb Ö=D    ;biTi Stb Ö=D    ;byTy Stb Ö=D     ,buTu Stb Ö=D                               

ʜʝ ̔T ï ʟʥʘʯʝʥʥʷ  t - ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ, ʷʢʝ ʚʠʙʠʨʘʻʪʴʩʷ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʨʽʚʥʽ ʟʥʘʯʫʱʦʩʪʽ ʘ ̔ ʯʠʩʣʽ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ  fn . 

ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ |bi| ibD²  , ʪʦ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʚʚʘʞʘʶʪʴʩʷ 

ʟʥʘʯʫʱʠʤʠ,  ʪʦʙʪʦ  ʾʭ  ʚʧʣʠʚ   ʥʘ  ʬʫʥʢʮʽʶ   ʚʽʜʛʫʢʫ   ʧʝʨʝʚʠʱʫʻ  ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ [121,124]. 

ɻʽʧʦʪʝʟʫ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ 

ʧʝʨʝʚʽʨʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ [121,124]: 

,
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2

n

ʥ

S

S
F =                                                          (3.17) 

ʜʝ 2ʥS  ï ʜʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪʽ. 

 

ɼʠʩʧʝʨʩʽʶ ʘʜʝʢʚʘʪʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ʫʠ ï ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚ ʠ-ʤʫ ʨʷʜʢʫ, ʦʙʯʠʩʣʝʥʝ ʟʘ ʟʥʘʡʜʝʥʦʶ 

ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ; 

     k ï ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʫʱʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 
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ʗʢʱʦ ʦʪʨʠʤʘʥʠʡ ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ ʤʝʥʰʝ ʪʘʙʣʠʯʥʦʛʦ F < Fʊ, ʚʠʙʨʘʥʦʛʦ 

ʧʨʠ ʟʥʘʡʜʝʥʦʤʫ ʟʥʘʯʝʥʥʽ ʥʘʜʽʡʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʘ ̔ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ  fʅ,  fn,   

ʪʦ ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʚʚʘʞʘʻʪʴʩʷ ʘʜʝʢʚʘʪʥʦʶ, ʾʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʮʝʩʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʛʨʘʤ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦ ʇʂ, ʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʜʚʦʤʽʨʥʠʡ ʧʝʨʝʨʽʟ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʜʣʷ ʥʘʦʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʣʝʞʥʽʩʪʴ 

ʧʘʨʘʤʝʪʨʘ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ  ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʫ  ʚʽʜ 

ʟʤʽʥʠ ʦʜʥʦʛʦ ʚʭʽʜʥʦʛʦ ʬʘʢʪʦʨʘ ʟʘ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ "ʄʘthʉʘd 15". 

ɸʧʨʦʢʩʠʤʘʮʽʶ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʣʽʥʽʡ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʟʘ ʚʽʜʦʤʠʤʠ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʟʘ ʩʧʦʩʦʙʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ. 

 

3.7. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʫ SOLIDWORKS 

Simulation 

 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʤʽʮʥʽʩʪʴ ʪʘ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʢʽʣʴʢʠ ʯʠʤ ʙʽʣʴʰʝ ʤʘʩʠ ʜʝʪʘʣʝʡ, ʪʠʤ ʙʽʣʴʰʝ ʽ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. ʊʘʢ, ʷʢ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʧʨʠ 

ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʪʦ ʮʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʠʩʢʦʨʝʥʥʷ ʾʭʥʴʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʻʤʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ 

SOLIDWORKS Simulation ʢʦʤʧʘʥʽʾ Structural Research & Analysis Corporation. 
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SOLIDWORKS - ʮʝ ʩʠʩʪʝʤʘ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʘ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʚʠʟʥʘʯʘʻ 

ʥʘʧʨʫʞʝʥʽ ʜʽʣʷʥʢʠ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʧʦʚʪʦʨʽʚ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʪʘ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʘ ʜʣʷ ʟʘʜʘʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ.    

ʋ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʠʤ ʧʦʥʷʪʪʷʤ ʻ ʧʦʥʷʪʪʷ ʧʨʦ 

ʩʢʽʥʯʝʥʠʡ ʝʣʝʤʝʥʪ. ʂʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʨʦʟʫʤʽʪʠ, ʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʣʘʜʝʥʽ ʫ 

ʩʢʽʥʯʝʥʽ ʝʣʝʤʝʥʪʠ, ʱʦʙ ʟ ʥʠʭ ʟʽʙʨʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ 

ʧʨʠʢʣʘʜʝʥʠʭ ʩʠʣ ʪʽʣʦ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʽ ʮʷ ʜʝʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʣʷ ʧʝʨʝʤʽʱʝʥʴ: )r(uu = . ɿʥʘʡʪʠ ʨʽʚʥʦʚʘʞʥʝ ʧʦʣʝ ʧʝʨʝʤʽʱʝʥʴ 

)r(uu =  - ʦʩʴ ʟʘʚʜʘʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʽʣʦ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʩʫʢʫʧʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʭ 

ʧʽʜ-ʦʙʣʘʩʪʝʡ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʢʽʥʯʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɺ ʤʝʞʘʭ ʢʦʞʥʦʛʦ 

ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʫ ʧʦʣʝ ʧʝʨʝʤʽʱʝʥʴ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ʬʦʨʤʠ ʧʦ ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ ʧʝʨʝʤʽʱʝʥʴ ʫ ʚʫʟʣʘʭ ʝʣʝʤʝʥʪʘ n...,,2,1r),r(u = , 

(n - ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ). 

ʇʨʦʛʨʘʤʘ SOLIDWORKS ʜʫʞʝ ʟʨʫʯʥʘ ʧʨʠ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʦʤʫ ʘʥʘʣʽʟʽ, 

ʦʩʢʽʣʴʢʠ ʽʟ ʟʤʽʥʘʤʠ ʛʝʦʤʝʪʨʽʾ ʚʠʨʦʙʫ ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʣʶʶʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʝʦʤʝʪʨʽʷ ʥʘ ʷʢʫ ʧʦʩʠʣʘʶʪʴʩʷ. ɼʦʩʪʘʪʥʴʦ 

ʧʝʨʝʙʫʜʫʚʘʪʠ ʩʽʪʢʫ ʪʘ ʟʥʦʚʫ ʟʘʧʫʩʪʠʪʠ ʤʦʜʫʣʴ. 

ʂʦʨʠʩʪʫʚʘʯ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ - ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 

ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʫ ʪʘ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʟʦʥʠ ʟ ʙʽʣʴʰ ʤʽʣʢʦʶ ʩʽʪʢʦʶ. ʂʨʽʤ 

ʪʦʛʦ, ʤʦʞʣʠʚʦ ʜʦʟʚʦʣʠʪʠ ʩʠʩʪʝʤʽ ʩʘʤʦʩʪʽʡʥʦ ʢʝʨʫʚʘʪʠ ʨʦʟʤʽʨʘʤʠ ʢʦʤʽʨʦʢ ʫ 

ʟʦʥʘʭ ʟ ʨʽʟʢʦʶ ʟʤʽʥʦʶ ʛʝʦʤʝʪʨʽʾ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ SOLIDWORKS 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ:  

- ʚʠʢʨʝʩʣʠʪʠ ʤʦʜʝʣʽ ʜʝʪʘʣʝʡ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ SOLIDWORKS; 

- ʥʘʢʣʘʩʪʠ ʥʘ ʤʦʜʝʣʴ ʚʩʽ ʦʙʤʝʞʝʥʥʷ; 
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- ʥʘʢʣʘʩʪʠ ʥʘ ʤʦʜʝʣʴ ʚʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʠʣʠ, ʪʠʩʢʠ ʨʽʚʥʦʨʦʟʧʦʜʽʣʝʥʽ 

ʟʫʩʠʣʣʷ...) ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʤʽʨʽʚ; 

- ʚʠʟʥʘʯʠʪʠ ʤʘʪʝʨʽʘʣ, ʟ ʷʢʦʾ ʚʠʛʦʪʦʚʣʝʥʘ ʤʦʜʝʣʴ (ʚʽʜʧʦʚʽʜʥʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ); 

- ʨʦʟʙʠʪʠ ʤʦʜʝʣʴ ʥʘ ʩʫʢʫʧʥʽʩʪʴ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʥʘʢʣʘʩʪʠ ʩʽʪʢʫ ʟ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ); 

- ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʥʝʦʙʭʽʜʥʠʭ ʚʝʣʠʯʠʥ. 

 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʢʣʘʜʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʠʪʝʨʽʾ ʤʽʮʥʦʩʪʽ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʘʧʨʫʞʝʥʦʛʦ ʪʘ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʫ. ʎʽ ʢʨʠʪʝʨʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʥʝʩʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ ʧʦ 

ʨʫʡʥʫʚʘʥʥʶ ʟʨʘʟʢʽʚ ʧʨʠ ʧʨʦʩʪʠʭ ʥʘʧʨʫʞʝʥʠʭ ʩʪʘʥʘʭ ʥʘ ʚʠʧʘʜʦʢ ʩʢʣʘʜʥʠʭ 

ʥʘʧʨʫʞʝʥʠʭ ʩʪʘʥʽʚ. ɺʦʥʠ ʪʘʢʦʞ ʤʘʶʪʴ ʥʘʟʚʫ ʪʝʦʨʽʾ ʘʙʦ ʛʽʧʦʪʝʟʠ ʤʽʮʥʦʩʪʽ. 

ʋʤʦʚʫ ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʟʨʫʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

Ó10321ÖÛÓ ,...),,,,(f sllssss == ,    (3.19) 

ʜʝ ůʝʢʚ - ʝʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ; ů1, ů2, ů3 - ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʧʨʠʯʦʤʫ ů1 > ů2 > ů3; 

   ɚ0, ɚ1 ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ; 

   ůʚ ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʦʜʥʦʦʩʥʦʤʫ ʥʘʧʨʫʞʝʥʥʽ. 

 ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʩʢʣʘʜʥʠʤ 

ʥʘʧʨʫʞʝʥʠʤ ʩʪʘʥʦʤ ʪʘ ʦʜʥʦʦʩʥʠʤ ʨʦʟʪʷʛʦʤ. 

 ʗʢʱʦ ʫ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʽʡ ʪʦʯʮʽ ʜʝʪʘʣʽ: 

 

ÓÖÛÓ ss < ,      (3.20) 

ʪʦ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʚʚʘʞʘʶʪʴ ʚʠʢʦʥʘʥʦʶ. ʇʨʠ ÓÖÛÓ ss ²  ʥʘʩʪʘʻ ʨʫʡʥʫʚʘʥʥʷ ʫ 

ʥʝʙʝʟʧʝʯʥʽʡ ʪʦʯʮʽ. ʋʤʦʚʘ (320)  ʻ ʛʨʘʥʠʯʥʦʶ ʜʣʷ ʩʪʘʥʫ ʤʽʮʥʦʩʪʽ ʪʘ ʨʫʡʥʫʚʘʥʥʷ.  
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ɼʣʷ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ ʪʘ ʧʨʠ ʩʪʠʩʢʘʥʥʽ 

ʩʧʽʚʧʘʜʘʶʪʴ. ʈʫʡʥʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʦʪʠʯʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʨʫʡʥʫʚʘʥʥʷ ʻ ʢʨʠʪʝʨʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʨʘʞʘʻ çʩʝʨʝʜʥʻè ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʪʦʯʮʽ, ʪʘ ʢʨʠʪʝʨʽʡ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. 

ʂʨʠʪʝʨʽʾ ʤʽʮʥʦʩʪʽ: 

1. ʂʨʠʪʝʨʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʢʨʠʪʝʨʽʡ ɻʫʙʝʨʘ - ʄʽʟʝʩʘ). 

2. ʂʨʠʪʝʨʽʡ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʜʠʥʘʤʽʯʥʠʡ, ʪʦ ʚ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʫ CosmosWorks ʙʫʜʝʤʦ ʦʙʤʝʞʫʚʘʪʠʩʴ ʛʨʘʥʠʮʝʶ ʤʽʮʥʦʩʪʽ ʧʨʠ 

ʩʠʤʝʪʨʠʯʥʦʤʫ ʮʠʢʣʽ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʩʪʘʣʽ, ʧʨʠ ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʘʥʥʶ: 

 

ʚp ss Ö=- 35,01 ,           (3.22)  

ʜʝ sʚ ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ, ʜʣʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʘʣʽ 45 sʚ = 640 ʄʇʘ, 

22464035,01 =Ö=-ps  ʄʇʘ.   

 

3.8. ʆʙʨʦʙʢʘ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ  ʜʘʥʠʭ  ʪʘ  ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ  ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʤʠʣʦʢ ʧʨʦʚʦʜʠʣʠ ʢʦʥʪʨʦʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʤʠʣʦʢ ʫʩʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʙʫʣʠ ʧʦʚʽʨʝʥʽ ʪʘ ʪʘʨʦʚʘʥʽ.  

ʆʩʥʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʷʢ ʦʜʥʦ ʬʘʢʪʦʨʥʽ, 

ʪʦʙʪʦ ʟʤʽʥʶʚʘʚʩʷ ʦʜʠʥ ʬʘʢʪʦʨ ʧʨʠ ʩʪʘʣʦʩʪʽ ʚʩʽʭ ʽʥʰʠʭ. ʂʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ 

ʜʦʩʣʽʜʽʚ ʚʠʙʠʨʘʣʦʩʷ ʥʝ ʤʝʥʰʝ ʧôʷʪʠ ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [125,126], ʘ ʤʽʩʮʷ 

ʧʝʨʝʛʠʥʫ ʢʨʠʚʠʭ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʜʦʜʘʪʢʦʚʦ ʧôʷʪʴʤʘ ʜʦʩʣʽʜʘʤʠ. 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. ɺʠʟʥʘʯʘʣʦʩʴ ʩʝʨʝʜʥʻ ʤʘʪʝʤʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ:  
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X                                                                  (3.23) 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ; 

xk,i   ï ʨʝʟʫʣʴʪʘʪ i-ʛʦ ʚʠʤʽʨʫ k-ʾ ʩʝʨʽʾ ʚʠʤʽʨʽʚ. 

 

ʇʝʨʝʜʙʘʯʝʥʦ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʻ ʦʮʽʥʢʘ ʩʧʨʘʚʞʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʢʠ, ʢʦʤʧʝʥʩʫʶʪʴ ʦʜʥʘ ʦʜʥʫ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʽʚ ʧʨʦʚʝʜʝʥʘ, ʪʠʤ ʪʦʯʥʽʰʝ ʮʝ 

ʧʨʠʧʫʱʝʥʥʷ. 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

., kiki XXX -=D                                         (3.24) 

 

ʉʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ï ʮʝ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʛʦ ʩʪʫʧʝʥʷ ʚʽʜʭʠʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʽʜ ʩʧʨʘʚʞʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʦʥʦ 

ʦʙʫʤʦʚʣʝʥʝ ʥʘʷʚʥʽʩʪʶ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 
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S                                            (3.25) 

 

ɼʣʷ ʚʩʽʭ k ʩʝʨʽʡ ʚʠʤʽʨʽʚ ʧʦʚʥʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʟʘ  

ʬʦʨʤʫʣʦʶ: 
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                                     (3.26) 

ɻʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʝʣʠʯʠʥ ʙʫʜʫʚʘʣʠ ʧʦ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʽʡ ʜʦʩʣʽʜʞʝʥʴ. 
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ʈʆɿɼɯʃ 4 

ʈɽɿʋʃʔʊɸʊʀ  ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʊɸ ʈɽɾʀʄɯɺ 

ʈʆɹʆʊʀ ʇʈʀɺʆɼʋ ɺɯɹʈɸʎɯʁʅʆɰ ʄɸʐʀʅʀ ɼʃʗ ʆʏʀʉʊʂʀ ʊɸ 

ʄʀʁʂʀ ɼɽʊɸʃɽʁ  

 

4.1.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʥʠʢʥʝʥʥʷ 

ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʽ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʢʦʥʩʪʨʫʢʮʽʷ 

ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʫ ʨʦʟʜʽʣʽ 3. ʈʠʩ.3.10. ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [118] ʧʦ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʢʦʣʠʚʘʥʥʷ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʦʧʠʩʘʥʦʶ ʫ ʨʦʟʜʽʣʽ 3 ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʠ ʢʦʣʠʚʘʣʴʥʦʤʫ ʭʦʜʽ ʤʝʤʙʨʘʥʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʫʚʝʨʭ ʫ ʥʘʩʘʜʢʫ ʚʠʥʠʢʘʻ 

ʟʘʥʫʨʝʥʠʡ ʧʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʨʽʜʠʥʠ, ʘ  ʧʨʠ ʧʝʚʥʠʭ ʯʘʩʪʦʪʘʭ ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʚʠʥʠʢʘʻ ʧʫʣʴʩʫʶʯʠʡ ʟʘʥʫʨʝʥʠʡ ʩʪʨʫʤʽʥʴ ʫ 

ʥʘʩʘʜʢʫ ʽʟ ʚʢʣʶʯʝʥʥʷʤ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ (ʨʠʩ.4.1). ʇʨʠ ʚʠʪʽʢʘʥʥʽ ʨʽʜʠʥʠ 

ʯʝʨʝʟ ʢʨʫʛʣʠʡ ʦʪʚʽʨ ʽʟ ʛʦʩʪʨʠʤʠ ʢʨʘʡʢʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʠʩʢʘʥʥʷ ʩʪʨʫʤʝʥʷ ʚ 

ʥʘʩʣʽʜʦʢ ʦʧʦʨʫ, ʚʠʛʠʥʫ ʦʢʨʝʤʠʭ ʩʪʨʫʤʢʽʚ ʨʽʜʠʥʠ ʥʘ ʚʭʦʜʽ ʚ ʦʪʚʽʨ, ʘ ʪʘʢʦʞ 

ʟʚʫʞʝʥʥʷ ʩʪʨʫʤʝʥʷ, ʘʣʝ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ  ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ, ʡʜʝ ʟʨʠʚ 

ʡʦʛʦ ʧʦʪʦʢʫ. 

ɺʽʜʦʤʦ [127], ʱʦ ʧʨʠ ʧʝʚʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʨʽʜʠʥʠ ʢʨʽʟʴ 

ʥʘʩʘʜʦʢ ʚʠʥʠʢʘʻ ʢʽʣʴʮʝʚʘ ʽʟʦʣʴʦʚʘʥʘ ʢʘʚʽʪʘʮʽʡʥʘ ʧʦʨʦʞʥʠʥʘ, ʥʘʧʦʚʥʝʥʘ 

ʛʘʟʦʚʠʤʠ ʪʘ ʧʘʨʦʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʚʪʽʢʘʥʥʷ ʟ 

ʥʘʩʘʜʢʫ ʮʷ ʧʦʨʦʞʥʠʥʘ ʨʫʡʥʫʻʪʴʩʷ ʪʘ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʟʘʥʫʨʝʥʦʤʫ ʩʪʨʫʤʝʥʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʘʟʦʨʽʜʠʥʥʘ ʩʫʤʽʰ ʨʠʩ.4.1. ʊʘʢʝ ʷʚʠʱʝ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʜʣʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʪʦʤʫ, ʱʦ 

ʛʘʟʦʨʽʜʠʥʥʠʡ ʧʦʪʽʢ ʤʘʻ ʙʽʣʴʰ ʟʥʘʯʥʽ ʩʠʣʠ ʪʝʨʪʷ ʧʦ ʧʦʚʝʨʭʥʽ [128], ʱʦ 
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ʧʨʦʤʠʚʘʻʪʴʩʷ ʪʘ ʟʙʽʣʴʰʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʨʦʤʠʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʥʘ 

ʜʝʪʘʣʷʭ.  

 

ʈʠʩ.4.1 ï ʌʦʪʦʛʨʘʬʽʷ ʧʨʦʟʦʨʦʛʦ ʩʪʝʥʜʫ ʪʘ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʟ ʚʢʣʶʯʝʥʥʷʤ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ: 1 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ;  

2 ï ʥʘʩʘʜʦʢ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʚʽʪʘʮʽʡʥʦʾ ʧʦʨʦʞʥʠʥʠ; 3 ï ʧʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʟ 

ʥʘʩʘʜʢʘ ʽʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 14 ɻʮ; ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʠʚʘʥʴ ɸ =2  ʤʤ; ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ; ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 100 ʤʤ 

 

ʇʨʠ ʭʦʜʽ ʤʝʤʙʨʘʥʠ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʫʥʠʟ ʚ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʠʥʠʢʘʻ ʪʠʩʢ 

ʥʠʞʯʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʽ ʚ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ  ʨʽʜʠʥʘ ʚʪʷʛʫʻʪʴʩʷ ʢʨʽʟ ɹʥʘʩʘʜʦʢ, ʟ 

ʷʢʦʾ ʧʦʯʠʥʘʶʪʴ ʟôʷʚʣʷʪʠʩ ̫ʧʫʭʠʨʮʽ ʧʦʚʽʪʨʷ, ʨʦʟʯʠʥʝʥʦʛʦ ʫ ʨʽʜʠʥʠ ʨʠʩ. 4.2. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʨʽʜʠʥʠ, ʷʢʘ ʤʦʛʣʘ ʙʠ ʧʦʧʘʩʪʠ ʫ 

ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ, ʘ ʥʘʜʘʣʽ ʧʨʠ ʭʦʜʽ ʤʝʤʙʨʘʥʠ ʫ ʚʚʝʨʭ ʟʤʝʥʰʝʥʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ 

ʚʠʢʠʜʘʻʪʴʩʷ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʟ ʤʝʥʰʠʤ ʪʠʩʢʦʤ, ʪʦʤʫ ʱʦ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʟʘ ʮʠʢʣ ʩʪʠʩʥʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ ʽ ʚʦʥʠ ʧʦʪʽʤ ʨʘʟʦʤ ʟ ʨʽʜʠʥʦʶ ʚʠʢʠʜʘʶʪʴʩʷ ʟ ʢʘʤʝʨʠ 

ʧʫʣʴʩʘʮʽʾ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʩʪʨʫʤʝʥʽ ʟ ʥʘʩʘʜʢʘ.  

ʊʘʢʦʞ ʮʝ ʷʚʠʱʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟʘ ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ ʘʙʦ ʧʨʦʤʠʚʘʻʪʴʩʷ.  
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ʈʠʩ.4.2 ï ʌʦʪʦʛʨʘʬʽʷ ʧʨʦʟʦʨʦʛʦ ʩʪʝʥʜʫ ʟ ʢʘʤʝʨʦʶ ʧʫʣʴʩʘʮʽʾ ʫ ʤʦʤʝʥʪ ʨʫʭʫ 

ʨʽʜʠʥʠ ʚ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʪʘ ʚʠʛʣʷʜ ʢʘʚʽʪʘʮʽʡʥʦʾ ʧʦʨʦʞʥʠʥʠ  ʟ ʚʢʣʶʯʝʥʥʷʤ 

ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ: 1 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ; 2 ï ʢʘʚʽʪʘʮʽʡʥʘ ʢʘʚʝʨʥʘ ʥʘ ʚʭʦʜʽ  ʫ 

ʥʘʩʘʜʦʢ; 3 ï ʚʠʛʣʷʜ ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ; ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ  

14 ɻʮ; ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ɸ = 2 ʤʤ; ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ; ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ 

ʧʫʣʴʩʘʮʽʾ 100 ʤʤ 

 

ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʟʫʘʣʴʥʠʭ ʷʚʠʱ ʫ ʥʘʩʘʜʢʫ 

ʪʘ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʬʝʢʪ 

ʩʪʚʦʨʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʱʦ ʥʝ ʩʧʣʝʩʥʫʣʠʩʷ, ʘ 

ʜʣʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʚʠʢʦʨʠʩʪʘʪʠ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ, ʷʢʠʡ ʟôʻʜʥʫʻ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʪʘ ʚʘʥʥʫ ʜʣʷ 

ʦʯʠʩʪʢʠ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʧʦʧʘʜʘʥʥʷ ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ 

ʪʠʤ ʩʘʤʝ ʟʤʝʥʰʠʪʠ ʝʬʝʢʪ ʜʝʤʧʬʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʽ ʟʙʽʣʴʰʠʪʠ ʩʠʣʠ ʫʜʘʨʫ 

ʨʽʜʠʥʠ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʦ ʧʦʚʝʨʭʥʽ [109]. 

 

 

4.2. ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʘ ʘʤʧʣʽʪʫʜʠ ʽ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ: ʚʠʟʥʘʯʝʥʥʷ  

ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ 

ʥʘʩʘʜʢʘ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ, ʘ ʩʘʤʝ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, 
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ʚʟʘʻʤʦʟʚôʷʟʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʜʦ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ. 

ɼʣʷ  ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʧʦʰʫʢ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʟ ʥʘʩʘʜʢʘ ʚʽʜ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʧʨʦʚʦʜʠʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʘ ʟʘ 

ʮʠʢʣ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ  ʜʘʪʯʠʢ  

ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʄʈʄ489, ʧʦʧʝʨʝʜʥʴʦ ʪʘʨʦʚʘʥʠʡ ʥʘ ʪʠʩʢ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʜ 

ʩʦʧʣʦʤ ʥʘ ʚʽʜʩʪʘʥʽ 10 ʤʤ ʫ ʧʦʯʘʪʢʦʚʽ ʜʽʣʷʥʮʽ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ 

ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ ʨʠʩ.3.6. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʠʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʟʘʩʪʦʩʦʚʘʥʦ USB ʦʩʮʠʣʦʛʨʘʬ 

ɺʄ8020, ʷʢʠʡ ʟ'ʻʜʥʘʥʠʡ ʟ ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧ'ʶʪʝʨʦʤ ʯʝʨʝʟ ʧʦʨʪ USB ʽ 

ʦʙʩʣʫʛʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʧʨʦʜʫʢʪʦʤ çDiScoè.  

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʦʜʠʣʘʩʴ ʬʽʢʩʘʮʽʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚʘʭ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ 20
0
, ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ ɸ = 0,002 ʤ; ʜʽʘʤʝʪʨ 

ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ Dʢ = 0,1 ʤ, ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ dʥ = 0,01 ʤ, ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʥʷ f 

ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 0 ʜʦ 20 ɻʮ.  ɺʠʛʣʷʜ ʦʩʮʠʣʦʛʨʘʤʠ, 

ʷʢʫ ʦʪʨʠʤʘʥʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.3. 

 

 

 

ʈʠʩ.4.3 ï ɺʠʛʣʷʜ ʩʢʨʽʥʰʦʪʫ ʦʩʮʠʣʦʛʨʘʤʠ ʬʽʢʩʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 
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ʇʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʦʩʮʠʣʦʛʨʘʤ, ʦʪʨʠʤʘʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʛʽʜʥʦ ʪʘʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʫ, ʧʨʠ ʧʨʠʡʥʷʪʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʟʘ ʟʤʽʥʦʶ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ, ʧʦʙʫʜʦʚʘʥʦ 

ʛʨʘʬʽʢ (ʨʠʩ.4.4) ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟ ʥʘʩʘʜʢʫ, ʷʢʠʡ ʥʘʥʝʩʝʥʦ ʥʘ ʩʽʪʢʫ 

ʛʨʘʬʽʢʘ, ʦʪʨʠʤʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ [109]. 

 

 

ʈʠʩ.4.4 ï ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʥʘʩʘʜʢʘ ʥʘ ʚʽʜʩʪʘʥʽ 10 ʤʤ ʚʽʜ 

ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ: 1 ï ʘʥʘʣʽʪʠʯʥʘ ʢʨʠʚʘ ʟʘ ʧʝʨʰʦʶ ʤʦʜʝʣʣʶ;  

2 ï ʘʥʘʣʽʪʠʯʥʘ ʢʨʠʚʘ ʟʘ ʜʨʫʛʦʶ ʤʦʜʝʣʣʶ; 3 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ;  

ɸ ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ;  Dʢ ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ; dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ;  

ʅ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʜʘʪʯʠʢʘ 

 

ɿ ʛʨʘʬʽʢʘ ʨʠʩ.4.4 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʘ ʚʽʜ ʯʘʩʪʦʪʠ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ 13 ɻʮ ʜʦ 14 ɻʮ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʟʘʚʜʷʢʠ ʚʠʥʠʢʥʝʥʥʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʫʜʘʨʫ, ʯʠʤ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦ 

ʜʝ ʷʚʠʱʝ ʛʽʜʨʦʫʜʘʨʫ ʥʝ ʚʨʘʭʦʚʫʚʘʣʦʩʷ. ʇʦʯʠʥʘʶʯʠ ʟ ʯʘʩʪʦʪʠ 15 ɻʮ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟʥʠʞʫʻʪʴʩʷ ï ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʠʥʠʢʥʝʥʥʷʤ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ, ʷʢʽ 

ʚʽʜʛʨʘʶʪʴ ʨʦʣʴ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ. 
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ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʯʘʩʪʦʪ ʚʽʜ 

13 ʜʦ 14 ɻʮ, ʪʦʤʫ ʽ ʧʫʣʴʩʫʶʯʠʡ ʩʪʨʫʤʽʥʴ ʟ ʥʘʩʘʜʢʫ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʫ ʮʠʭ ʤʝʞʘʭ, ʘ ʪʘʢʦʞ ʽ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʠ ʪʘ ʤʠʡʢʠ. 

ɼʣʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʟ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ, ʷʢʠʡ ʟʘʭʚʘʪʫʻ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʚ ʝʞʝʢʪʦʨʽ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ, ʷʢʠʡ ʟôʻʜʥʫʻ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ 

ʪʘ ʚʘʥʥʫ ʜʣʷ ʦʯʠʩʪʢʠ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʧʦʧʘʜʘʥʥʷ ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʛʘʟʦʚʠʭ 

ʧʫʭʠʨʮʽʚ ʧʨʠ ʚʪʷʛʫʚʘʥʥʽ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ. ɺʠʛʣʷʜ ʦʩʮʠʣʦʛʨʘʤʠ, ʷʢʫ 

ʦʪʨʠʤʘʥʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʪʠʩʢʫ 

ʩʪʨʫʤʝʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.5. 

 

 

 

ʈʠʩ.4.5 ï ɺʠʛʣʷʜ ʩʢʨʽʥʰʦʪʫ ʦʩʮʠʣʦʛʨʘʤʠ ʬʽʢʩʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʚʦʨʦʪʥʠʤ ʢʣʘʧʘʥʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʪʘ ʟʤʽʥʠ ʜʽʘʤʝʪʨʫ ʥʘʩʘʜʢʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʦʩʮʠʣʦʛʨʘʤ ʟʛʽʜʥʦ ʪʘʨʫʚʘʣʴʥʦʛʦ 

ʛʨʘʬʽʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ.4.6 ʪʘ ʨʠʩ.4.7. 
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ʈʠʩ. 4.6 ï ɻʨʘʬʽʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʠ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ: 1 ï ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ 

ʢʣʘʧʘʥʘ; 2 ï ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ 

 

 

ʈʠʩ. 4.7 ï ɻʨʘʬʽʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʠ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ: 1 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 6 ʤʤ; 2 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 8 ʤʤ;  

 3 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ;  4 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 12 ʤʤ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ.4.6) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʥʘ ʯʘʩʪʦʪʘʭ 

ʚʽʜ 16 ʜʦ 18 ɻʮ ʪʘ ʫʥʠʢʥʫʪʠ ʟʥʘʯʥʦʛʦ ʨʦʩʪʫ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʨʠ ʚʪʷʛʫʚʘʥʥʽ ʨʽʜʠʥʠ 

ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʥʘ ʦʧʝʨʘʮʽʾ ʦʯʠʩʪʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ.4.7), ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 
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ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʨʦʟʤʽʨʽ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʟʨʦʩʪʘʻ ʘʣʝ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʥʘʩʘʜʢʘ ʜʦ 12 ʤʤ ʥʝ ʜʘʻ ʟʥʘʯʥʦʛʦ 

ʨʦʩʪʫ ʟʥʘʯʝʥʴ ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ.  

ʊʦʤʫ ʜʣʷ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʧʦ 

ʩʪʚʦʨʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʻ ʥʘʩʘʜʦʢ 

ʜʽʘʤʝʪʨʦʤ 10 ʤʤ. ʈʘʮʽʦʥʘʣʴʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʤʝʤʙʨʘʥʠ 

ʧʨʠʚʦʜʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ, ʟ 

ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ.4.7) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜ 16  ʜʦ 18 ɻʮ. 

ʊʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʧʦʩʪʽʡʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʧʨʦʤʠʚʘʻʪʴʩʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʥʘ ʤʘʣʠʭ 

ʯʘʩʪʦʪʘʭ ʜʘʻ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʘ ʧʨʠ ʯʘʩʪʦʪʘʭ ʙʽʣʴʰʝ 

14 ɻʮ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.4.8 ʪʘ ʨʠʩ.4.9.  

 

               

ʈʠʩ.4.8 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ 6ɻʮ  ʟʽ ʟʤʽʥʦʶ  ʜʽʘʤʝʪʨʫ ʥʘʩʘʜʢʘ: 1 ï ʜʽʘʤʝʪʨ 

ʥʘʩʘʜʢʘ 10 ʤʤ; 2 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 8 ʤʤ; 3 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 6 ʤʤ 
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ʈʠʩ.4.9 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ 14ɻʮ  ʟʽ ʟʤʽʥʦʶ  ʜʽʘʤʝʪʨʫ ʥʘʩʘʜʢʘ: 1 ï ʜʽʘʤʝʪʨ 

ʥʘʩʘʜʢʘ 10 ʤʤ; 2 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 8 ʤʤ; 3 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 6 ʤʤ 

 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʣʠʚʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ 

ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʽ ʜʘʪʯʠʢʘ 

ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʥʘʩʘʜʢʽʚ (ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʜʦ ʜʘʪʯʠʢʘ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʶ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ.4.10) ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʤʽʥʦʶ 

ʜʽʘʤʝʪʨʫ ʥʘʩʘʜʢʘ.  

 

ʈʠʩ. 4.10 ï ɻʨʘʬʽʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʠ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʜʦ ʜʘʪʯʠʢʘ ʅ ʧʨʠ ʟʤʽʥʽ 

ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ: 1 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ; 2 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 8 ʤʤ;  

3 ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 6 ʤʤ 
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ 

ʤʠʡʢʠ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʧʦʙʫʜʦʚʘʥʠʭ ʟ ʨʽʟʥʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ, ʨʝʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ. 

 

 

 

 

ʈʠʩ.4.11 ï ʇʦʨʽʚʥʷʣʴʥʽ ʛʨʘʬʽʢʠ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ ʩʪʨʫʤʝʥʷ ʥʘ 

ʚʠʭʦʜʽ ʟ ʥʘʩʘʜʢʘ ʟʘ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ:  

1 ï ʟʘ ʪʝʦʨʽʻʶ ʛʽʜʨʦʫʜʘʨʫ; 2 ï ʟʘ ʤʦʜʝʣʣʶ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; 3 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʟ ʟʚʦʨʦʪʥʠʤ ʢʣʘʧʘʥʦʤ; 

4 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ 

 

 

 ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʰʫ ʘʥʘʣʽʪʠʯʥʫ 

ʤʦʜʝʣʴ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ. ɿ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʽʚ 1 ʪʘ 4 

ʨʠʩ.4.11 ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʩʪʨʫʤʝʥʝʤ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ 

ʧʫʭʠʨʮʷʤʠ ʚʚʝʜʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʛʫʚʘʥʥʷ k ʟʤʽʥʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʠʩʢʫ ʫ 

ʬʦʨʤʫʣʫ (2.6), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʝʶ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 
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ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʫ ʥʘʩʘʜʢʫ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ (38,0=k  ʚ ʤʝʞʘʭ ʚʽʜ 10 ʜʦ 14 ɻʮ). ʊʦʜʽ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ (2.6) ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ 

ʤʠʡʢʠ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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r                                     (4.1)

 

 ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʩʪʨʫʤʝʥʝʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ [11], ʫ 

ʷʢʽʡ ʟʤʽʥʘ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʡʦʛʦ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʽʚ 2 ʪʘ 3 ʨʠʩ.4.11 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʛʫʚʘʥʥʷ 1k  ʟʤʽʥʠ ʜʽʡʩʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʚʠʟʥʘʯʝʥʦ, ʷʢ k1 = 0,74 ʚ ʤʝʞʘʭ ʚʽʜ 14 ʜʦ 18 ɻʮ. ʊʦʜʽ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ (2.15) ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʪʦʜʠʮʽ 

ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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                                      (4.2) 

  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʱʝʥʥʷ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʪʘ 

ʚʠʙʦʨʫ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʤʦʞʣʠʚʦ ʽʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʢʦʨʠʛʫʚʘʥʥʷ,  ʷʢʽ ʦʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʦʤʫ ʱʦ ʜʫʞʝ ʩʢʣʘʜʥʦ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ ʧʨʦʮʝʩ 

ʟʘʨʦʜʞʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʾ ʧʦʨʦʞʥʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʤʦʞʣʠʚʦ ʧʨʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʘ ʦʩʪʘʪʦʯʥʽ ʟʥʘʯʝʥʥʷ 
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ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʧʨʠ ʥʘʣʘʛʦʜʞʫʚʘʥʥʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ 

ʰʣʷʭʦʤ ʢʦʨʝʛʫʚʘʥʥʷ ʯʘʩʪʦʪʠ ʘʙʦ ʘʤʧʣʽʪʫʜʠ ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʤʝʞʘʭ. 

 

 4.3.  ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ 

 

ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ (ʨʦʟʜʽʣ 3) ʧʣʘʥʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʩʪʘʥʦʚʣʝʥʥʶ 

ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʟ 

ʥʘʩʘʜʢʫ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ, ʘ ʩʘʤʝ: ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ  ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ 

ʥʘʩʘʜʢʫ ʥʢ dD / , ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ f, ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ A 

ʧʨʠ ʚʽʜʩʪʘʥʽ ʜʘʪʯʠʢʘ ʜʦ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʅ = 0,005ʤ. 

 ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʥʘʩʘʜʢʫ ʜʽʘʤʝʪʨʦʤ 10 ʤʤ 

ʚʠʟʥʘʯʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, 

ʦʧʠʩʘʥʦʾ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.3. ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʤʽʥʶʚʘʣʠ 

ʨʦʟʤʽʨʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʣʘʯʢʽʚ ʟ 

ʨʽʟʥʠʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʟʤʽʥʶʚʘʣʠ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ, ʘ ʟʤʽʥʦʶ ʥʘʧʨʫʛʠ, ʷʢʘ 

ʧʦʜʘʚʘʣʘʩʴ ʥʘ ʜʚʠʛʫʥ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʟʤʽʥʶʚʘʣʠ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ. 

 ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʥʝʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʚʦʜʠʣʠ ʬʽʢʩʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʚ 

ʪʨʠʢʨʘʪʥʽʡ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ, ʘ ʚ ʥʫʣʴʦʚʽʡ ʪʦʯʮʽ ʬʽʢʩʫʚʘʣʠ ʟʥʘʯʝʥʥʷ 6 ʨʘʟʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ [125,126]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʦʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʠʪʪʻʚʦʛʦ 

ʪʠʩʢʫ ʟ ʩʢʨʽʥʰʦʪʽʚ ʦʪʨʠʤʘʥʠʭ ʦʩʮʠʣʦʛʨʘʤ.  ɼʣ̫ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ 

ʫʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʩʢʣʘʜʝʥʦ ʪʘʙʣʠʮʶ 4.1. ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ. 
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ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʦʣʽʥʦʤʘ (3.7) ʟʘ 

ʬʦʨʤʫʣʘʤʠ (3.13), ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʪʘ ʾʭ ʥʘʜʽʡʥʽ 

ʽʥʪʝʨʚʘʣʠ. ɺʠʢʦʥʘʚʰʠ ʢʦʜʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ, ʧʨʦʚʦʜʠʣʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ 

ʨʦʙʦʯʽʡ ʤʘʪʨʠʮʽ (ʪʘʙʣ.3.2). ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʩʪʨʫʤʝʥʷ ʟʘʥʦʩʠʣʠʩʴ 

ʫ ʪʘʙʣ. 4.1.  

ʊʘʙʣʠʮʷ  4.1.  

 ʋʤʦʚʠ  ʪʘ ʨʝʟʫʣʴʪʘʪʠ  ʜʦʩʣʽʜʽʚ ʧʦ ʧʣʘʥʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ  ʜʣʷ  k = 3 

  ̄ x1 x2 x3 y 

 1 60 13,5 1 0,065 

 2 140 13,5 1 0,410 

ʇʦʚʥʠʡ 3 60 21,5 1 0,08 

ʬʘʢʪʦʨʥʠʡ 4 140 21,5 1 0,38 

ʝʢʩʧʝʨʠʤʝʥʪ 5 60 13,5 3 0,056 

 6 140 13,5 3 0,125 

 7 60 21,5 3 0,096 

 8 140 21,5 3 0,075 

 9 30 17,5 2 0,156 

ɼʦʩʣʽʜʠ 10 180 17,5 2 0,294 

ʚ  ʟʽʨʢʦʚʠʭ 11 100 11 2 0,210 

ʪʦʯʢʘʭ 12 100 24 2 0,195 

 13 100 17,5 0.32 0,304 

 14 100 17,5 3.68 0,223 

 15 100 17,5 2 0,270 

ɼʦʩʣʽʜʠ   ʚ 16 100 17,5 2 0,265 

ʥʫʣʴʦʚʽʡ 17 100 17,5 2 0,270 

ʪʦʯʮʽ 18 100 17,5 2 0,275 

 19 100 17,5 2 0,275 

 20 100 17,5 2 0,265 
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ʇʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ 

ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ, ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʧʨʠʚʦʜʫ, ʘʤʧʣʽʪʫʜʠ ʧʫʣʴʩʘʮʽʡ ʧʨʠʚʦʜʫ ʫ 

ʢʦʜʦʚʘʥʠʭ ʚʝʣʠʯʠʥʘʭ ʤʘʻ ʚʠʛʣʷʜ: 

 

. 0203,000225,00339,00007,0

0756,00156,0052,00091,0067,02728,0

2

3

2

2

2

132

3121321

xxxxx

xxxxxxxy

----
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(4.3) 

 

ʜʝ 1x  ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ 

( ʥʢ dD / ) ; 

 2x  ï ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʡ ʧʨʠʚʦʜʫ; 

 3x   ï ʘʤʧʣʽʪʫʜʘ ʧʫʣʴʩʘʮʽʡ ʧʨʠʚʦʜʫ. 

 

ʆʮʽʥʢʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʪʘ 

ʧʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ (ʚʽʜʧʦʚʽʜʥʦʩʪʽ) ʦʪʨʠʤʘʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (4.3) ʜʦ ʨʝʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʫ ʨʦʟʜʽʣʽ 3. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ 

ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ 23b   ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʡʦʛʦ ʟʥʘʯʫʱʦʩʪʽ, ʪʦʙʪʦ ʡʦʛʦ ʚʝʣʠʯʠʥʘ 

ʙʫʣʘ ʤʝʥʰʘ ʟʘ ʥʘʜʽʡʥʽ ʽʥʪʝʨʚʘʣʠ. 

ʊʦʜʽ ʢʽʥʮʝʚʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʫ 

ʢʦʜʦʚʘʥʠʭ ʚʝʣʠʯʠʥʘʭ ʤʘʻ ʚʠʛʣʷʜ [97]: 

 

. 0203,000225,00339,0

0756,00156,0052,00091,0067,02728,0

2

3

2

2

2
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(4.4) 

 

ʇʦʪʽʤ ʧʨʦʚʦʜʠʣʘʩʴ ʧʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʧʦ ʢʨʠʪʝʨʽʶ 

ʌʽʰʝʨʘ. ʄʦʜʝʣʴ ʘʜʝʢʚʘʪʥʘ, ʷʢʱʦ: 

                                              
{}

( )sa

ʘʜ ffQF
ʫS

S
F ;;

2

2

<=    ,                                   (4.5) 
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ʜʝ   2
ʘʜS  ï ʜʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪʽ; 

         {}yS2  ï ʜʠʩʧʝʨʩʽʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ; 

       ( )sa ffQF ;;  ï ʢʚʘʥʪʠʣʴ ʨʦʟʧʦʜʽʣʫ ʌʽʰʝʨʘ, ʟʥʘʭʦʜʠʪʴʩʷ ʟʛʽʜʥʦ [102] 

  

( )sa ffQF ;;  = 4,735.                                            (4.6) 

 

 ɼʠʩʧʝʨʩʽʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 3.18. ɿʥʘʯʝʥʥʷ 

ʜʠʩʧʝʨʩʽʾ ʘʜʝʢʚʘʪʥʦʩʪʽ ʧʨʠ ag= 10,5; sg= 5; 52 1004,9 -Ö=ʘʜS . ʊʦʜʽ 52,4=F , 

ʪʦʙʪʦ 4,52<4,735 ï ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʘ. 

ɺʠʟʥʘʯʠʤʦ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 321 ,, zzz , ʧʨʦʚʽʚʰʠ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʧʦ ʧʘʨʘʤʝʪʨʘʤ, ʧʨʠʨʽʚʥʷʚʰʠ ʦʪʨʠʤʘʥʥʽ 

ʨʽʚʥʷʥʥʷ ʜʦ ʥʫʣʷ. 

 

               

01,406,02,751,5

04458,04,151,9

04,672,754,1565
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                                 (4.8) 

 

ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʘʻ ʢʦʨʝʥʽ 1z = 0,38; 2z = 0,34; 3z = 1,16. 

ɺʠʟʥʘʯʠʤʦ ʥʘʪʫʨʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 321 ,, zzz , ʨʦʟʢʦʜʫʚʘʚʰʠ ʾʭ. ʎʝ 

ʚʽʜʧʦʚʽʜʥʦ: ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʢʘʤʝʨʠ ʜʦ ʥʘʩʘʜʢʘ ʛʽʜʨʦʧʫʣʴʩʘʪʦʨʘ 

10=
d

D , ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 14=f ɻʮ, ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 002,0=ɸ ʤ [111]. 

 

ɺʽʜʧʦʚʽʜʥʦ ʫ ʥʘʪʫʨʘʣʴʥʠʭ ʚʝʣʠʯʠʥʘʭ (ʢʦʦʨʜʠʥʘʪʘʭ) ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

(4.2) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʩʧʨʦʱʝʥʥʷ ʚʠʨʘʟʽʚ ʧʨʠʡʤʝ ʦʩʪʘʪʦʯʥʠʡ ʢʽʥʮʝʚʠʡ ʚʠʛʣʷʜ: 

 

222

max

02,000146,00000094,0

00126,0000065,018,0006,0007,091,0

AfD

DADfAfDP

---

---+++=
          (4.9) 
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ʆʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (4.7) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʫ ʥʘʩʘʜʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ  

ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʜʦ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ, ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʧʨʠʚʦʜʫ, ʘʤʧʣʽʪʫʜʠ 

ʧʫʣʴʩʘʮʽʡ ʧʨʠʚʦʜʫ ʫ ʪʘʢʠʭ ʤʝʞʘʭ ʟʤʽʥʠ ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ [111]: 

 

60 Ò (ʥʢ dD / ) Ò 120;      6  Ò  f Ò 20(ɻʮ);           1 Ò ɸ Ò 3 (ʤʤ). 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ) 

ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʦʙʪʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʫ 

ʥʘʩʘʜʢʫ  ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʧʨʠ ʜʽʘʤʝʪʨʽ ʥʘʩʘʜʢʘ 10 ʤʤ, 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ "ʄʘthʉʘd 14" ʜʣʷ ʇʂ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʴʦʛʦ ʧʦʙʫʜʫʚʘʣʠ ʛʨʘʬʽʯʥʝ 

ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʟʘʛʘʣʴʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʠʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚʽʜʛʫʢʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʫ 

ʥʘʩʘʜʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʛʨʘʬʽʯʥʽʡ ʬʦʨʤʽ ʥʘ ʨʠʩ. 4.12 - 4.13. ɻʨʘʬʽʢʠ ʧʦʙʫʜʦʚʘʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ çʄʘthʉʘd 14è [111]. 

 

 

 

ʈʠʩ. 4.12.  ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʫ 

ʥʘʩʘʜʢʫ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʜʣʷ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ D =100 ʤʤ,  

dʥ =10 ʤʤ 
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 ʈʠʩ. 4.13.  ɼʚʦʤʽʨʥʠʡ ʧʝʨʝʨʽʟ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ  

ʤʠʪʪʻʚʦʛʦ ʪʠʩʢʫ ʫ ʥʘʩʘʜʢʫ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʜʣʷ ʢʘʤʝʨʠ 

ʧʫʣʴʩʘʮʽʾ D = 100 ʤʤ, dʥ =10 ʤʤ 

 

ʅʘ ʨʠʩ. 4.14 ʟʦʙʨʘʞʝʥʘ ʧʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʪʘ ʜʚʦʤʽʨʥʠʡ ʧʝʨʝʨʽʟ ʧʦʚʝʨʭʥʽ 

ʚʽʜʛʫʢʫ (ʨʠʩ.4.12), ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʚʧʣʠʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʟ ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ 

ʧʫʣʴʩʘʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʜʽʘʤʝʪʨʽ ʥʘʩʘʜʢʘ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʝʜʝ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ ʪʠʩʢʫ [117,118]. 

 

 

ʈʠʩ. 4.14.  ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ 

ʩʪʨʫʤʝʥʷ  ʚʽʜ  ʯʘʩʪʦʪʠ  ʧʫʣʴʩʘʮʽʡ ʧʨʠ ʟʤʽʥʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ: P(F1) ï A = 1 

ʤʤ; P(F2) ï A = 2 ʤʤ;  P(F3) ï A = 3 ʤʤ ʧʨʠ D = 100 ʤʤ, dʥ =10 ʤʤ 



150 
 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʤʠʪʪʻʚʠʡ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ ʥʘʩʘʜʢʫ ʥʝ ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ ʧʦ ʧʨʠʯʠʥʽ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʮʝʚʦʾ ʧʦʨʦʞʥʠʥʠ 

ʫ ʥʴʦʤʫ, ʱʦ ʟʤʝʥʰʫʻ ʧʨʦʭʽʜʥʠʡ ʧʝʨʝʨʽʟ ʥʘʩʘʜʢʘ. ɿʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʜʦ 3 ʤʤ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʘʨʘʟʠʪʥʠʭ 

ʢʦʣʠʚʘʥʴ ʩʘʤʦʾ ʤʘʰʠʥʠ. 

 

 4.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʧʫʭʠʨʮʷʤʠ 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠʨʦʜʠ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʪʘ ʤʝʭʘʥʽʟʤʫ 

ʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ ʽʟ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʤʠʡʢʠ. 

ɼʦʩʣʽʜʞʫʚʘʣʠʩʴ ʩʪʨʫʤʠʥʥʠʡ (ʚʽʣʴʥʠʤ ʩʪʨʫʤʝʥʝʤ ʫ ʧʦʚʽʪʨʽ) ʪʘ ʩʪʨʫʤʠʥʦ-

ʧʫʣʴʩʫʶʯʠʡ ʛʘʟʦʨʽʜʠʥʥʠʡ (ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʫ ʨʽʜʠʥʽ)  ʩʧʦʩʦʙʠ 

ʧʨʦʤʠʚʘʥʥʷ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩ ʤʠʪʪʷ ʚ ʷʢʦʩʪʽ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʚʦʜʦʧʨʦʚʽʜʥʘ  ʚʦʜʘ   ʧʨʠ  ʊ = 20
0 
ʉ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʤʠʡʢʠ ʚʽʣʴʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʪʘ ʜʣʷ ʤʠʡʢʠ ʟʘʥʫʨʝʥʠʤ 

ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʜʣʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʘʩʘʜʦʢ ʜʽʘʤʝʪʨʦʤ 10 ʤʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʤʠʡʢʠ 

ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʟʘʩʪʦʩʦʚʘʥʦ ʩʪʝʥʜ  (ʜʠʚ. ʨʠʩ.3.1) ʜʝ ʟʘʤʽʩʪʴ ʜʘʪʯʠʢʘ 

ʢʨʽʧʠʚʩʷ ʪʨʠʤʘʯ ʜʣʷ ʟʨʘʟʢʽʚ (ʨʠʩ.3.9). ɿʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ ʙʫʚ ʚʠʢʣʶʯʝʥʠʡ ʟ 

ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ, ʷʢʽ ʥʝ ʩʧʣʝʩʥʫʣʠʩʴ ʫ ʧʫʣʴʩʫʶʯʦʤʫ 

ʟʘʥʫʨʝʥʦʤʫ ʩʪʨʫʤʝʥʽ ʨʽʜʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʩʪʫʧʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ: ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ 14ɻʮ, ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 2 

ʤʤ, ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ ʧʨʠ ʜʽʘʤʝʪʨʽ ʢʘʤʝʨʠ 100 ʤʤ, ʚʽʜʩʪʘʥʴ ʜʦ ʟʨʽʟʫ 

ʥʘʩʘʜʢʘ 30 ʤʤ. 

ʅʘ ʨʠʩ.4.15 ʧʦʢʘʟʘʥʦ ʬʦʪʦʛʨʘʬʽʶ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ  ʽʟ  ʟʘʣʠʰʢʘʤʠ ʚôʷʟʢʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ( ʘʣʤʘʟʥʘ ʧʘʩʪʘ), ʷʢʠʡ ʧʨʦʤʠʚʘʣʠʩʷ ʥʝ ʧʫʣʴʩʫʶʯʠʤ ʥʝ ʟʘʥʫʨʝʥʠʤ 
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ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ. ʅʘ ʟʨʘʟʢʫ ʜʦʙʨʝ ʨʦʟʨʽʟʥʷʻʪʴʩʷ ʟʦʥʘ ʜʽʾ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʨʽʜʠʥʠ (ʪʝʤʥʘ ʫ ʮʝʥʪʨʽ) ʪʘ ʟʦʥʘ ʜʽʾ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʝʨʪʷ ʨʽʜʠʥʠ 

(ʚʽʜʮʝʥʪʨʦʚʽ ʢʘʥʘʚʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʽʾ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦʪʦʢʫ). ʅʘ ʨʠʩ.4.16,ʘ 

ʪʘ ʨʠʩ.4.16,ʙ ʧʦʢʘʟʘʥʦ ʬʦʪʦʛʨʘʬʽʾ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ, ʷʢʽ ʧʨʦʤʠʚʘʣʠʩʷ 

ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʽʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʥʘ ʧʦʯʘʪʢʫ ʪʘ 

ʫ ʩʝʨʝʜʠʥʽ ʧʨʦʮʝʩʫ ʦʙʨʦʙʣʝʥʥʷ.  

 

 

ʈʠʩ. 4.15 ï ʌʦʪʦʛʨʘʬʽʾ ʨʘʟʢʘ ʽʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʨʠ ʧʨʦʤʠʚʘʥʥʽ ʥʘ 

ʧʦʚʽʪʨʽ ʚʽʣʴʥʠʤ ʥʝ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʥʘʩʘʜʢʘ Ï10 ʤʤ 

 

  

ʘ                                                                   ʙ 

ʈʠʩ. 4.16 ï ʌʦʪʦʛʨʘʬʽʾ ʨʘʟʢʽʚ ʽʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ (ʘʣʤʘʟʥʘ ʧʘʩʪʘ) ʧʨʠ: 

ʘ ï ʧʨʠ ʧʨʦʤʠʚʘʥʥʽ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʽʟ ʛʘʟʦʚʠʤʠ 

ʧʫʭʠʨʮʷʤʠ ʥʘ ʧʦʯʘʪʢʫ ʦʙʨʦʙʣʝʥʥʷ ʟ ʥʘʩʘʜʢʘ Ï10 ʤʤ;  ʙ ï ʧʨʠ ʧʨʦʤʠʚʘʥʥʽ 

ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʽʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʫ ʩʝʨʝʜʠʥʽ  

ʧʨʦʮʫʩʫ ʦʙʨʦʙʣʝʥʥʷ ʟ ʥʘʩʘʜʢʘ Ï10 ʤʤ 
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 ʇʨʦʤʠʚʘʥʥʷ ʧʣʦʱʠʥʠ ʟʨʘʟʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʘʢʠʤ ʤʝʭʘʥʽʟʤʦʤ. ʅʘ 

ʧʦʯʘʪʢʫ ʧʨʦʤʠʚʘʥʥʷ ʟʨʘʟʢʘ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʚʽʜʤʠʚʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʘ  

ʧʣʦʱʠʥʘ ʚ ʟʦʥʽ ʜʽʾ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʫ (ʨʠʩ.4.16, ʘ). 

ɸʣʝ ʥʘʧʨʠʢʽʥʮʽ ʧʨʦʤʠʚʘʥʥʷ ʟʨʘʟʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʚʠʜʘʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦ ʧʝʨʠʬʝʨʽʾ ʧʦʪʦʢʫ, ʱʦ ʨʦʟʪʽʢʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ (ʨʠʩ.4.16,ʙ), ʘ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʤʝʥʰʘ  ʟʘʚʜʷʢʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ. 

ʎʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʦʪʦʢʫ ʤʘʻ ʤʝʥʰʠʡ ʚʤʽʩʪ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ ʪʘ ʙʽʣʴʰʫ 

ʫʜʘʨʥʫ ʜʽʶ ʩʪʨʫʤʝʥʷ (ʨʠʩ.4.16,ʙ), ʟʘʪʝ ʧʝʨʠʬʝʨʽʡʥʘ ʯʘʩʪʠʥʘ ʧʦʪʦʢʫ, ʜʝ ʚʝʣʠʢʠʡ 

ʚʤʽʩʪ ʛʘʟʦʚʠʭ ʧʫʭʠʨʮʽʚ, ʤʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʩʠʣʠ ʪʝʨʪʷ 

ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʠʪʪʷ ʟʘʙʨʫʜʥʝʥʥʷ. 

 ɼʣʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʨʦʤʠʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʧʨʦʤʠʚʘʻʪʴʩʷ, ʦʙʝʨʪʘʥʥʷʤ ʯʠ ʧʦʚʟʜʦʚʞʥʽʤ ʧʝʨʝʤʽʱʝʥʥʷʤ, ʱʦ ʽ ʨʝʘʣʽʟʦʚʘʥʦ 

ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʢʠ [104,135]. 

ʇʦʚʝʨʭʥʷ ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ çʣʫʩʢʦʧʦʜʽʙʥʠʭè ʣʫʥʦʢ ʽʟ 

ʟʤʽʱʝʥʥʷʤ ʚʽʜ ʮʝʥʪʨʫ ʟʨʘʟʢʘ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʚʜʘʚʣʶʚʘʥʥʷ ʪʘ ʟʨʫʰʝʥʥʷ 

ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʱʦ ʥʝ ʩʧʣʝʩʥʫʣʠʩʷ. 

ʇʫʭʠʨʮʽ, ʨʦʟʤʽʨʘʤʠ ʚʽʜ 0,1 ʜʦ 0,2 ʤʤ, ʟʘʚʜʷʢʠ ʧʦʚʝʨʭʥʝʚʦʤʫ ʥʘʪʷʛʫ ʤʘʶʪʴ ʫ 

ʩʝʨʝʜʠʥʽ ʟʥʘʯʥʠʡ ʪʠʩʢ ʽ ʧʨʘʮʶʶʪʴ ʽʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʷʢ çʪʚʝʨʜʽè 

ʯʘʩʪʠʥʢʠ, ʘ ʧʨʠ ʨʦʟʪʽʢʘʥʥʽ ʩʪʨʫʤʝʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ 

ʟʙʽʣʴʰʫʶʪʴ ʜʦʪʠʯʥʽ ʩʠʣʠ ʪʝʨʪʷ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʠʡʢʠ ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʟʘ ʯʘʩʦʤ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʠʡʢʠ ʚʠʟʥʘʯʘʣʦʩʴ ʫ ʧʨʦʮʝʥʪʥʦʤʫ ʟʘʣʠʰʢʫ 

ʧʣʦʱʽ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʟʨʘʟʢʘ ʟʘ 0,5 ʭʚʠʣʠʥʠ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʤʝʥʰʝʥʥʷʤ ʧʣʦʱʽ ʟʘʙʨʫʜʥʝʥʥʷ ʟʨʘʟʢʽʚ ʟʘ  ʬʦʨʤʫʣʦʶ: 

 

%,/ Ö=D ʟʨʟSSS                                    (4.10) 

ʜʝ ʟS  ï ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ  ʟʨʘʟʢʘ;   
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ʟʨS  ï ʚʘʛʘ  ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʨʘʟʢʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʤʠʡʮʽ ʟʨʘʟʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʛʨʘʬʽʢʫ ʨʠʩ.4 17. 

 

ʈʠʩ. 4.17 ï ɻʨʘʬʽʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʠʡʢʠ ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ 

ʯʘʩʦʤ  

 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠʡʢʠ ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ 

ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʨʠʧʫʱʝʥʥʷ [4,12,128] ʧʦ ʤʝʭʘʥʽʯʥʽʡ ʧʨʠʨʦʜʽ ʚʟʘʻʤʦʜʽʾ 

ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʧʦʩʦʙʫ ʤʠʡʢʠ ʽʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʧʨʦʮʝʩʫ ʤʠʡʢʠ. 

 ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʩʪʨʫʤʝʥʷ ʚ ʷʢʦʩʪʽ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʘ 

ʧʨʦʮʝʩʫ ʤʠʡʢʠ  ʚôʷʟʢʠʭ ʨʦʟʯʠʥʥʠʭ ʟʘʙʨʫʜʥʝʥʴ.  

 

 4.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʦʥʴ 

ʜʝʪʘʣʝʡ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʤʦʜʝʣʴʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʩʪʝʥʜʽ (ʨʠʩ.3.1) ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

  ʋ ʷʢʦʩʪʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ: ʧʦʣʽʩʪʠʨʦʣʦʚʘ ʢʨʠʭʪʘ (ʇʉ) ʪʘ 

ʤʝʪʘʣʝʚʽ ʢʫʣʴʢʠ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ. ʋ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ 

ʚôʷʟʢʫ ʩʫʤʽʰ ʧʠʣʫ ʥʘ ʦʩʥʦʚʽ ʧʣʘʩʪʠʣʽʥʫ, ʷʢʫ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ʩʪʘʣʝʚʦʛʦ 
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ʟʨʘʟʢʘ ʨʦʟʤʽʨʦʤ 40ʭ40 ʤʤ. ɺʠʛʣʷʜ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʇʉ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.18.  

 

 

ʈʠʩ.4.18 ï ʌʦʪʦʛʨʘʬʽʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʇʉ: 1 ï ʪʨʠʤʘʯ ʟʨʘʟʢʽʚ; 2 ï ʩʦʧʣʦ; 3 ï ʥʘʩʘʜʦʢ; 4 ï ʪʚʝʨʜʘ ʢʨʠʭʪʘ ʇʉ 

 

 ɼʣʷ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥ ʙʫʣʠ ʚʠʙʨʘʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ 

ʦʙʨʦʙʣʝʥʥʷ: ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ 18 ɻʮ, ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 

2 ʤʤ, ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ 10 ʤʤ ʧʨʠ ʜʽʘʤʝʪʨʽ ʢʘʤʝʨʠ 100 ʤʤ, ʚʽʜʩʪʘʥʴ ʜʦ ʟʨʽʟʫ 

ʥʘʩʘʜʢʘ 30 ʤʤ ʪʘ ʟʘʩʪʦʩʦʚʘʥʦ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ, ʷʢʠʡ ʟôʻʜʥʫʶ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ 

ʪʘ ʚʘʥʥʫ ʜʣʷ ʦʯʠʩʪʢʠ.  

 ʂʫʪ ʘʪʘʢʠ ʩʪʨʫʤʝʥʷ 90Á. ʅʘ ʨʠʩ.4.19 ʧʦʢʘʟʘʥʦ ʬʦʪʦʛʨʘʬʽʶ ʟʨʘʟʢʘ ʟ 

ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ 

ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʦʣʽʩʪʠʨʦʣʦʚʦʾ ʢʨʠʭʪʠ (ʇʉ). ʇʦʚʝʨʭʥʷ ʤʘʻ 

ʰʘʨʞʦʚʘʥʠʡ ʚʠʛʣʷʜ ʪʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʚʨʽʟʘʥʥʷ ʪʘ ʟʨʫʰʝʥʥʷ ʯʘʩʪʢʠ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʇʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʟʘ ʯʘʩʦʤ ʤʦʞʥʘ ʧʨʠʩʢʦʨʠʪʠ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ 

ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʝʪʘʣʝʚʽ ʢʫʣʴʢʠ. 

 ʅʘ ʨʠʩ.4.20 ʪʘ ʨʠʩ.4.21 ʧʦʢʘʟʘʥʦ ʬʦʪʦʛʨʘʬʽʶ ʟʨʘʟʢʘ ʟ ʤʦʜʝʣʴʥʠʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ ʧʫʣʴʩʫʶʯʠʤ ʟʘʥʫʨʝʥʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ 

ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ 1 ʤʤ.  

ʅʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʫ ʚʜʘʚʣʶʚʘʥʥʷ 

ʢʫʣʴʢʠ ʫ ʚôʷʟʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʥʘʩʪʫʧʥʝ ʟʨʫʰʝʥʥʷ ʯʘʩʪʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ 

ʜʦʪʠʯʥʦʤʫ ʨʫʭʫ ʢʫʣʴʢʠ ʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʧʦ ʧʦʚʝʨʭʥʽ ʟʘʙʨʫʜʥʝʥʥʷ. 
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ʈʠʩ. 4.19 ï ʌʦʪʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʽʩʣʷ 

ʚʟʘʻʤʦʜʽʾ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (ʇC), 90
0 

 

 

ʈʠʩ. 4.20 ï ʌʦʪʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʽʩʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ, ʢʫʪ 90
0 

 

 

 

ʈʠʩ. 4.21 ï ʌʦʪʦʛʨʘʬʽʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟ ʤʦʜʝʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʽʩʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ, ʢʫʪ 125
0 
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ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʤʦʜʝʣʴʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ ʟʘ 

ʯʘʩʦʤ ʽʟ ʟʤʽʥʦʶ ʢʫʪʘ ʘʪʘʢʠ ʩʪʨʫʤʝʥʷ [119,120]. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʯʠʱʝʥʥʷ ʚʠʟʥʘʯʘʣʦʩʴ ʟʘ ʩʝʨʝʜʥʽʤ ʚʽʜʥʦʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚʘʛʠ ʟʨʘʟʢʘ. 

ɿʤʝʥʰʝʥʥʷ ʚʘʛʠ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʽʟʥʠʮʝʶ ʚʘʛʠ ʜʦ ʪʘ ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

ʧʨʦʪʷʛʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʯʘʩʫ (2 ʭʚ.) ʟʘ ʬʦʨʤʫʣʦʶ: 

,21 mmm -=D                                    (4.10) 

ʜʝ ʪ1 ï ʚʘʛʘ  ʟʨʘʟʢʘ ʜʦ ʦʯʠʱʝʥʥʷ;   

 ʪ2 ï ʚʘʛʘ  ʟʨʘʟʢʘ ʧʽʩʣʷ ʦʯʠ ʝɦʥʥʷ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʘʣʝʞʥʽʩʪʶ: 

),,( tFmG D=                                           (4.11) 

              ʜʝ mD  ï ʟʤʽʥʘ ʚʘʛʠ ʟʨʘʟʢʘ;  

             ),( tF  ï ʬʫʥʢʮʽʷ ʟʤʽʥʠ ʚʘʛʠ ʟʘ ʯʘʩʦʤ. 

 

ʅʘ ʨʠʩ.4.22 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʘ ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʯʘʩʦʤ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʟʽ ʟʤʽʥʦʶ ʢʫʪʘ ʘʪʘʢʠ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ (ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ) 

ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ [119,120]. 

 

  

ʈʠʩ. 4.22 ï ɻʨʘʬʽʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ 

ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʯʘʩʦʤ ʧʨʠ ʨʽʟʥʠʭ ʢʫʪʘʭ ʟʘʪʦʧʣʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʟ 

ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʩʪʨʫʤʝʥʷ ʜʦ ʧʦʚʝʨʭʥʽ: 1 ï ʢʫʪ 90
0
;  

2 ï ʢʫʪ 125
0
; 3 ï ʢʫʪ 135

0
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ʄʘʩʦʚʝ ʟʥʦʰʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʫʣʴʦʢ ʪʘ ʟʤʽʥʘ ʰʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ ʟʨʘʟʢʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʟʘʚʜʷʢʠ ʚʠʥʠʢʥʝʥʥʶ ʥʘ ʧʦʚʝʨʭʥʽ ʥʝʟʥʘʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʨʫʞʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ 

ʤʦʜʝʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʘʪʘʢʠ ʧʫʣʴʩʫʶʯʦʛʦ 

ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ ʚʽʜ 90
0
 ʜʦ 125

0
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ (ʧʦʯʠʥʘʶʪʴ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʤʽʞ ʢʫʣʴʢʦʶ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʡʦʛʦ ʙʽʣʴʰ 

ʘʢʪʠʚʥʦʛʦ ʟʨʠʚʘʥʥʷ). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʚʝʜʝ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ (ʧʦʯʠʥʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʤʽʞ ʢʫʣʴʢʦʶ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷʤ).                                                     

 

4.6. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʽ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʯʘʩʪʦʪʘʭ ʙʽʣʴʰʝ 15ɻʮ ʨʫʭʫ ʫʥʠʟ 

ʤʝʤʙʨʘʥʠ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʠʥʠʢʘʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ ʫ 

ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʩʪʠʩʥʝʥʥʽ ʽ ʚʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʜʝʤʧʬʝʨʘ ʽ 

ʟʤʝʥʰʫʶʪʴ ʦʙôʻʤ ʨʽʜʠʥʠ, ʷʢʠʡ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʪʘ ʟʥʠʞʫʶʪʴ ʪʠʩʢ 

ʫ ʥʴʦʤʫ. ɼʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ, 

ʷʢʠʡ ʧʨʠ ʚʪʷʛʫʚʘʥʥʽ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʟʙʽʣʴʰʫʻ ʧʨʦʭʽʜʥʝ ʩʽʯʝʥʥʷ ʽ 

ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʯʘʩʪʦʪʘʭ ʙʽʣʴʰʝ 18 ɻʮ ʽ 

ʧʨʠ ʮʴʦʤʫ  ʪʠʩʢ ʫ ʥʘʩʘʜʢʫ ʟʨʦʩʪʘʻ. 

2. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʥʘʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʚʝʣʠʯʠʥʫ  

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʛʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʙʫʜʫʚʘʣʠʩʷ ʟ ʧʝʚʥʠʤʠ 

ʧʨʠʧʫʱʝʥʥʷʤʠ ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʜʦʩʪʘʪʥʴʦ ʢʦʨʝʢʪʥʦ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ 

ʢʘʚʽʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ.   
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3. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʫ ʧʨʠʚʦʜʽ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʥʘ 0,045ʄʇʘ ʧʨʠ ʯʘʩʪʦʪʘʭ ʢʦʣʠʚʘʥʥʷ 

ʧʨʠʚʦʜʘ ʚʽʜ 16 ʜʦ 18ɻʮ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ. 

4. ɺʩʪʘʥʦʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʥʷ 

ʧʨʠʚʦʜʫ ʤʦʜʫʣʷ ʜʣʷ ʤʠʡʢʠ 14ɻʮ ʪʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʥʷ 2ʤʤ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʜʦ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ 1:10, ʘ ʜʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʚʽʜ 16 ʜʦ 18ɻʮ ʪʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʥʷ 

2 ʤʤ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʜʦ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ 1:10. 

5. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠʡʢʠ ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ 

ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʨʠʧʫʱʝʥʥʷ ʧʦ ʤʝʭʘʥʽʯʥʽʡ ʧʨʠʨʦʜʽ ʚʟʘʻʤʦʜʽʾ ʤʠʶʯʦʾ ʨʽʜʠʥʠ 

ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʩʦʙʫ ʤʠʡʢʠ ʽʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ 

ʧʫʭʠʨʮʷʤʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ  ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʧʦʩʦʙʫ ʦʯʠʩʪʢʠ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʘʙʦ 

ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

6. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʜ ʚʽʜʩʪʘʥʽ ʟʨʽʟʫ ʩʦʧʣʘ 

ʜʦ ʧʦʚʝʨʭʥʽ ʜʘʪʯʠʢʘ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʧʨʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʘʭ ʥʘʩʘʜʢʽʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ ʜʦ ʜʘʪʯʠʢʘ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʤʽʥʦʶ ʜʽʘʤʝʪʨʫ ʥʘʩʘʜʢʘ 

ʫ ʤʝʰʫ ʩʪʦʨʦʥʫ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʦʯʠʩʪʢʠ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʩʦʧʣʘ ʚ ʤʝʞʘʭ ʚʽʜ 30 ʜʦ 60 ʤʤ ʪʘ ʧʨʠ ʜʽʘʤʝʪʨʽ 10 ʤʤ. 

7. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʫʪʘ ʘʪʘʢʠ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚôʷʟʢʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʟʨʦʩʪʘʻ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʟʘʙʨʫʜʥʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʢʫʪʽʚ ʘʪʘʢʠ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ 

ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʦ ʧʦʚʝʨʭʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 125
0
-130

0
. 
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ʈʆɿɼɯʃ 5 

ʄɽʊʆɼʀʂɸ  ʇʈʆɽʂʊʋɺɸʅʅʗ ʄʆɼʋʃɯɺ ʆʏʀʉʊʂʀ ʊɸ ʄʀʁʂʀ 

ɺɯɹʈɸʎɯʁʅʆɰ ʄɸʐʀʅʀ ɯ ʆɹɻʈʋʅʊʋɺɸʅʗ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ 

ʇɸʈɸʄɽʊʈɯɺ ɰɰ ɺʋɿʃɯɺ 

 

 5.1.  ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ ʤʠʡʢʠ ʪʘ ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʡʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ 

 

 ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ ʤʦʜʫʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟʘʥʫʨʝʥʠʤ 

ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʫʟʣʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ  

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʡʦʛʦ ʧʨʠʚʦʜʫ. 

 ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʫʟʣʘ ʤʠʡʢʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

 1. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʙʠʨʘʻʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʤʽʨʠ 

ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ Dʢ ʚʽʜ 100 ʜʦ 120 ʤʤ ʪʘ ʜʽʘʤʝʪʨ ʜʠʩʢʫ ʤʝʤʙʨʘʥʠ Dʜ = 0,9 Dʢ, 

ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʫ ʥʘʩʘʜʢʫ dʅ ʚʽʜ 9 ʜʦ 10 ʤʤ. ɼʦʚʞʠʥʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʅʢ.ʧ. 

ʧʨʠʡʤʘʻʤʦ ʅʢ.ʧ. = 30 ʤʤ. (ʨʠʩ.5.1). ɺʽʜʩʪʘʥʴ h ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʜʝʪʘʣʽ 

ʧʨʠʡʤʘʻʤʦ ʟʛʽʜʥʦ ʛʨʘʬʽʢʫ 4.10 h =20é30 ʤʤ. 

 2. ɿʘ ʨʽʚʥʷʥʥʷʤ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ (4.1) ʟʥʘʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ 

ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ  

f = 14 ɻʮ ʪʘ ʘʤʧʣʽʪʫʜʽ ɸ = 0,002 ʤ. 

 3. ɿʘ ʜʦʧʦʤʦʛʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (4.9) ʚʠʟʥʘʯʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʫʪʦʯʥʶʻʤʦ ʚʝʣʠʯʠʥʫ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʧʨʠ ʚʠʟʥʘʯʝʥʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʠʩʢʫ. 

 4. ɿʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ f = 14 ɻʮ ʚʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ 

ʦʙʝʨʪʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ ʭʚʠʣʠʥʫ. ʇʨʦʚʦʜʠʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ ʬʦʨʤʫʣʘʤʠ ʧʽʜʨʦʟʜʽʣʫ 5.5. 
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 5. ɺʠʟʥʘʯʘʻʤʦ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʘ 

ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Cosmos 

Works ʟʘ ʤʝʪʦʜʠʢʦ ʪʘ ʧʨʠʢʣʘʜʦʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʧʽʜʨʦʟʜʽʣʽ 5.4. 

 6. ʉʪʚʦʨʶʻʤʦ ɿ-D ʤʦʜʝʣʴ ʚʫʟʣʘ ʤʠʡʢʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks, ʟ ʷʢʦʾ ʟʨʫʯʥʦ ʦʪʨʠʤʘʪʠ ʨʦʙʦʯʽ ʢʨʝʩʣʝʥʥʷ 

ʜʝʪʘʣʝʡ.  

 

 

 

ʈʠʩ. 5.1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʤʦʜʫʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʧʫʭʠʨʮʷʤʠ: 

1 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 2 ï ʤʫʬʪʘ; 3 ï ʢʦʨʧʫʩ ʟ ʧʽʜʰʠʧʥʠʢʦʤ; 4 ï ʦʙʦʡʤʘ 

ʝʢʩʮʝʥʪʨʠʢʘ ʟ ʧʽʜʰʠʧʥʠʢʦʤ; 5 ï ʚʽʩʴ; 6 ï ʧʨʫʞʥʘ ʤʝʤʙʨʘʥʘ ʟ ʜʠʩʢʘʤʠ;  

7 ï ʢʘʤʝʨʘ ʧʫʣʴʩʘʮʽʾ; 8 ï ʥʘʩʘʜʦʢ; 9 ï ʨʽʜʠʥʘ; 10 ï ʧʦʚʝʨʭʥʷ, ʱʦ ʧʨʦʤʠʚʘʻʪʴʩʷ; 

dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; Dʢ ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; Dʜ ï ʜʽʘʤʝʪʨ ʜʠʩʢʘ;  

h ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʦʤʠʚʘʻʪʴʩʷ; A, f  ï ʘʤʧʣʽʪʫʜʘ ʪʘ 

ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; ʅʢ.ʧ. ï ʚʠʩʦʪʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; 

Lʥ ï ʜʦʚʞʠʥʘ ʥʘʩʘʜʢʘ 
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 5.2.  ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʡʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ 

 

 ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʧʨʠʚʦʜʫ ʤʦʜʫʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟʘʥʫʨʝʥʠʤ 

ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʤʠʶʯʦʾ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʫʟʣʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ  

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʡʦʛʦ ʧʨʠʚʦʜʫ. 

 ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʫʟʣʘ ʦʯʠʩʪʢʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

1. ʅʘ ʧʦʯʘʪʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʙʠʨʘʻʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʤʽʨʠ ʝʞʝʢʪʦʨʘ 

ʪʘ ʩʦʧʣʘ (ʨʠʩ.5.2) ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ: De =1,2 Dʥ; ʅ3 = 0,8 dʢ; ʅ1 = 1,5 dʢ; ʅ2 = 15 

ʤʤ; Dʩ =1,3 Dʝ; ʅ4 = 2..3 ʤʤ; 

 2. ɺʠʙʠʨʘʻʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʤʽʨʠ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ Dʢ ʚʽʜ 100 ʜʦ 120 

ʤʤ ʪʘ ʜʽʘʤʝʪʨ ʜʠʩʢʫ ʤʝʤʙʨʘʥʠ Dʜ = 0,9 Dʢ, ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʫ ʥʘʩʘʜʢʫ Dʅ  ʚʽʜ 9 

ʜʦ 10 ʤʤ. ɼʦʚʞʠʥʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʅʢ.ʧ. ʧʨʠʡʤʘʻʤʦ ʅʢ.ʧ. = 30 ʤʤ. (ʨʠʩ.5.2). 

ɺʽʜʩʪʘʥʴ L ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʜʝʪʘʣʽ ʧʨʠʡʤʘʻʤʦ ʟʛʽʜʥʦ ʛʨʘʬʽʢʫ 4.10 h =20é30 

ʤʤ. ʈʦʟʨʘʭʦʚʫʻʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʢʫʣʴʦʢ ʫ ʝʞʝʢʪʦʨʽ ʟʘ ʬ. 2.19. ʈʦʟʤʽʨ 

ʤʝʪʘʣʝʚʠʭ ʢʫʣʴʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʫ ʤʝʞʘʭ ʚʽʜ 0,8 ʜʦ 1 ʤʤ . 

 3. ɿʛʽʜʥʦ ʛʨʘʬʽʢʘ ʨʠʩ.4.6.ʪʘ 4.11, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʢʣʘʧʘʥʫ, ʚʠʙʠʨʘʻʤʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʜ 16 ʜʦ 

18 ɻʮ. ʪʘ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ʤʝʤʙʨʘʥʠ ɸ = 0,002 ʤ. ɿʘ ʨʽʚʥʷʥʥʷʤ ʘʥʘʣʽʪʠʯʥʦʾ 

ʤʦʜʝʣʽ (4.2) ʪʘ (2.14) ʟʥʘʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʟʘʥʫʨʝʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʥʷ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ  f = 18 ɻʮ ʧʨʠ Dk/dʥ = 10. 

 4. ɿʘ ʜʦʧʦʤʦʛʦ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (4.9) ʚʽʜʥʦʩʥʦ ʘʤʧʣʽʪʫʜʠ 

ʢʦʣʠʚʘʥʴ ʫʪʦʯʥʶʻʤʦ ʚʝʣʠʯʠʥʫ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʧʨʠ ʚʠʟʥʘʯʝʥʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʠʩʢʫ. 

  5. ʇʨʦʚʦʜʠʤʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʚʦʨʦʪʥʦʛʦ 

ʢʣʘʧʘʥʫ ʜʣʷ ʚʫʟʣʘ ʫʪʚʦʨʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧʽʜʨʦʟʜʽʣʫ 5.3. 
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ʈʠʩ. 5.2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʤʦʜʫʣʷ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ:  

1 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 2 ï ʤʫʬʪʘ; 3 ï ʢʦʨʧʫʩ ʟ ʧʽʜʰʠʧʥʠʢʦʤ; 4 ï ʦʙʦʡʤʘ 

ʝʢʩʮʝʥʪʨʠʢʘ ʟ ʧʽʜʰʠʧʥʠʢʦʤ; ʅ ï ʚʠʩʦʪʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; De ï ʜʽʘʤʝʪʨ 

ʝʞʝʢʪʦʨʘ; Dʩ ï ʜʽʘʤʝʪʨ ʩʦʧʣʘ; ʅ1 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʜʦ ʝʞʝʢʪʦʨʘ; 

 ʅ2 ï ʜʦʚʞʠʥʘ ʩʦʧʣʘ; ʅ3 ï ʚʠʩʦʪʘ ʢʘʨʤʘʥʘ ʝʞʝʢʪʦʨʘ; ʅ4 ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ 

ʥʘʩʘʜʢʘ ʜʦ ʩʽʪʢʠ ʝʞʝʢʪʦʨʘ Dʥ ï ʜʽʘʤʝʪʨ ʥʘʩʘʜʢʘ; Dʢ ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; 

Dʜ ï ʜʽʘʤʝʪʨ ʜʠʩʢʘ; h ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʥʘʩʘʜʢʘ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʦʤʠʚʘʻʪʴʩʷ; 

A, f  ï ʘʤʧʣʽʪʫʜʘ ʪʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ʧʨʠʚʦʜʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ; ʅʢ.ʧ. ï ʚʠʩʦʪʘ 

ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; Lʥ ï ʜʦʚʞʠʥʘ ʥʘʩʘʜʢʘ 

 

 6. ɿʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ ʚʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ ʦʙʝʨʪʽʚ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ ʭʚʠʣʠʥʫ. ʇʨʦʚʦʜʠʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ ʬʦʨʤʫʣʘʤʠ ʧʽʜʨʦʟʜʽʣʫ 5.5. 
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 7. ɺʠʟʥʘʯʘʻʤʦ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʘ 

ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Cosmos 

Works ʟʘ ʤʝʪʦʜʠʢʦʶ ʪʘ ʧʨʠʢʣʘʜʦʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʧʽʜʨʦʟʜʽʣʽ 5.4.  

 8. ʉʪʚʦʨʶʻʤʦ ɿ-D ʤʦʜʝʣʴ ʚʫʟʣʘ ʦʯʠʩʪʢʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ SolidWorks, ʟ ʷʢʦʾ ʟʨʫʯʥʦ ʦʪʨʠʤʘʪʠ ʨʦʙʦʯʽ ʢʨʝʩʣʝʥʥʷ 

ʜʝʪʘʣʝʡ.  

 

 5.3. ʊʝʭʥʽʢʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʤʝʪʦʜʠʢʘ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʜʣʷ ʚʫʟʣʘ ʫʪʚʦʨʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ 

 

 ɿ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʪʠʩʢʫ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʫ ʚʫʟʣʽ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ, ʷʢʠʡ ʟôʻʜʥʫʻ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʟ 

ʚʘʥʥʦʶ ʜʣʷ ʤʠʶʯʦʾ ʨʽʜʠʥʠ [109]. 

 ʅʘ ʨʠʩʫʥʢʫ 5.3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʙʫʜʦʚʠ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ.  

 

ʈʠʩ. 5.3 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ ʧʦʪʦʢʦʤ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ: 1 ï ʢʦʨʧʫʩ; 2 ï ʰʪʦʢ; 3 ï ʧʨʫʞʥʘ ʤʝʤʙʨʘʥʘ; 4 ï ʧʨʫʞʠʥʘ;  

5 ï ʰʘʡʙʘ; 6 ï ʩʪʘʢʘʥ; 7 ï ʛʘʡʢʘ ʨʝʛʫʣʶʚʘʣʴʥʘ; 8 ï ʢʨʠʰʢʘ; 9 ï ʰʪʫʮʝʨ 
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 ʈʽʜʠʥʘ ʚʩʤʦʢʪʫʻʪʴʩʷ ʢʨʽʟʴ ʦʪʚʦʨʠ ʫ ʢʦʨʧʫʩʽ 1 ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʈ2 ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʧʝʣʶʩʪʢʠ ʛʫʤʦʚʦʛʦ ʢʣʘʧʘʥʫ, ʷʢʘ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʚʭʽʜʥʠʭ ʦʪʚʦʨʽʚ 

ʰʪʦʢʦʤ 2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʠʥʠ 4. 

 ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʫʭʠʨʮʽʚ 

ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʜʣʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʚʘʞʣʠʚʦ ʨʦʟʨʘʭʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʩʫʤʘʨʥʫ ʧʣʦʱʫ ʦʪʚʦʨʽʚ ʪʘ ʾʭ ʢʽʣʴʢʽʩʪʴ, ʚʠʭʦʜʷʯʠ ʟ ʦʙôʻʤʥʦʛʦ ʚʠʪʦʢʫ ʨʽʜʠʥʠ 

ʢʨʽʟʴ ʥʴʦʛʦ ʟʘ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʥʷ. 

 ʄʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ, ʷʢʠʡ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʝ ʧʦʧʘʩʪʠ ʫ ʢʘʤʝʨʫ 

ʧʫʣʴʩʘʮʽʾ ʢʨʽʟʴ ʢʣʘʧʘʥ ʟʘ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʥʷ, ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʪʷʛʫʚʘʥʥʷ ʨʽʜʠʥʠ 

ʢʨʽʟʴ ʥʘʩʘʜʦʢ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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                                          (5.3) 

ʜʝ   ɸ ï  ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ;   

 Dʢ ï ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ. 

 

ʆʙôʻʤʥʠʡ ʚʠʪʦʢ ʨʽʜʠʥʠ ʢʣV  ʢʨʽʟʴ ʢʣʘʧʘʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʨʽʜʠʥʠ, ʱʦ ʥʝ 

ʩʪʠʩʢʫʶʪʴʩʷ, ʟʘ ʬʦʨʤʫʣʦʶ [129]: 
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ʜʝ r ï  ʛʫʩʪʠʥʘ ʚʦʜʠ, 
3/1000 ʤʢʛ=r ;  

 ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʦʢʫ, ɛ = 0,9;  

ɆSoï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʦʪʚʦʨʽʚ ʫ ʢʣʘʧʘʥʽ;  

ȹʈ ï ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʘ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ȹʈ = 0,005ʄʇʘ. 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ ..ʧʢV  ʜʦʨʽʚʥʶʻ ʦʙôʻʤʥʦʤʫ 

ʚʠʪʦʢʫ ʢʨʽʟʴ ʢʣʘʧʘʥ ʢʣQ  ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʦʙôʻʤʫ ʨʽʜʠʥʠ, ʱʦ ʤʦʞʝ ʚʪʷʛʫʚʘʪʠʩʷ 

ʢʨʽʟʴ ʥʘʩʘʜʦʢ. 
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ɿʚʽʜʢʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʚʭʽʜʥʠʭ ʦʪʚʦʨʽʚ ʢʣʘʧʘʥʘ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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=S                                                   (5.6) 

 

ʇʨʦʚʝʜʝʤʦ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʬʦʨʤʫʣʦʶ (5.6) ʧʨʠ ʥʘʩʪʫʧʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ: ʜʽʘʤʝʪʨ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ Dk = 0,1 ʤ; ʘʤʧʣʽʪʫʜʘ ɸ = 0,002 ʤ; 

3/1000 ʤʢʛ=r ;  ɛ = 0,9; ʧʝʨʝʧʘʜ ʪʠʩʢʫ ȹʈ = 0,05ʄʇʘ. 
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ʇʨʠʡʤʝʤʦ ʜʽʘʤʝʪʨ ʦʪʚʦʨʽʚ d = 0,01ʤ ʪʘ ʢʽʣʴʢʽʩʪʴ 10 ʰʪʫʢ. ɺʠʟʥʘʯʠʤʦ ʾʭ 

ʩʫʤʘʨʥʫ ʧʣʦʱʫ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʇʦʨʽʚʥʷʚʰʠ ʩʫʤʘʨʥʫ ʪʝʦʨʝʪʠʯʥʫ ʧʣʦʱʫ ʦʪʚʦʨʽʚ ʟ ʧʨʠʡʥʷʪʦʶ ʬʘʢʪʠʯʥʦʶ 

ʩʫʤʘʨʥʦʶ ʧʣʦʱʝʶ ʦʪʚʦʨʽʚ ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʙôʻʤʥʠʡ ʚʠʪʦʢ ʢʨʽʟʴ ʢʣʘʧʘʥ 

ʬʘʢʪʠʯʥʦ ʙʫʜʝ ʤʝʥʰʠʤ, ʟʘ ʨʘʭʫʥʦʢ ʚʪʷʛʫʚʘʥʥʷ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʫ ʧʫʣʴʩʘʮʽʾ ʢʨʽʟʴ 

ʥʘʩʘʜʦʢ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʘʢʪʠʯʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʦʟʤʽʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ. 

 ɺʠʢʦʥʘʻʤʦ ʧʝʨʝʚʽʨʢʫ ʟʘ ʯʘʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʧʨʘʮʶʚʘʥʥʷ 

ʢʣʘʧʘʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 
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 ʏʘʩ ʩʧʨʘʮʶʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

[130,131]: 

,
)(

2

21 RSPP

hm
t

-DÖ-

ÖÖ
=                                                 (5.7) 

 

ʜʝ m ï ʤʘʩʘ ʢʣʘʧʘʥʘ ʟ ʰʪʦʢʦʤ, 0,02 ʢʛ; 

h ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʭʽʜ ʤʝʤʙʨʘʥʠ, 0,1ʩʤ; 

ɆS  ï ʧʣʦʱʘ ʧʨʦʭʽʜʥʦʛʦ ʩʽʯʝʥʥʷ ʢʣʘʧʘʥʫ, 34,8 ʩʤ
2
; 

R ï ʩʫʤʘʨʥʘ ʩʠʣʘ ʦʧʦʨʫ ʨʫʭʫ ʤʝʤʙʨʘʥʠ ʢʣʘʧʘʥʘ ʟ ʰʪʦʢʦʤ, 0,5 ʢʛʩ; 

 ʈ1 ï ʪʠʩʢ ʚʭʽʜʥʠʡ, ʟʦʚʥʽʰʥʽʡ, 1 ʢʛ/ʩʤ
2
; 

P2  ï ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ ʟ ʢʣʘʧʘʥʫ, 0,5 ʢʛ/ʩʤ
2
; 

  

 ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ, ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘ 

ʬʦʨʤʫʣʦʶ (5.7):  

,014,0
5,08,34)5,01(

1,002,02
ct =

-Ö-

ÖÖ
=   

 

 ɺʠʟʥʘʯʝʥʠʡ ʯʘʩ ʩʧʨʘʮʶʚʘʥʥʷ ʢʣʘʧʘʥʫ 0,014ʩ. ʛʦʚʦʨʠʪʴ, ʱʦ ʡʦʛʦ 

ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʽʜ 0 ʜʦ 70 ɻʎ ʢʦʣʠʚʘʥʴ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ. 

 ʊʦʤʫ ʧʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʯʘʩʪʦʪʘʭ ʡʦʛʦ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʟʘʙʝʟʧʝʯʝʥʘ. 

 ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ 

ʢʣʘʧʘʥʫ. ʇʨʫʞʠʥʘ ʢʣʘʧʘʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʙʦʪʠ ʚ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʫ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʨʦʙʦʯʠʤʠ ʪʠʩʢʘʤʠ: ʧʦʯʘʪʢʦʚʠʤ ʈmin = 0,01ʄʇʘ ʽ 

ʢʽʥʮʝʚʠʤ ʈmax = 0,05 ʄʇʘ.  

 ɼʽʘʧʘʟʦʥ ʨʦʙʦʪʠ ʧʨʫʞʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʫʤʦʚʘʤʠ:  

 1) ʇʝʨʝʚʠʱʝʥʥʷ ʪʠʩʢʫ ʥʘʜ ʨʦʙʦʯʠʤ ʧʨʠ ʚʽʜʢʨʠʪʪʽ ʢʣʘʧʘʥʘ ʥʘ 

ʨʦʟʨʘʭʫʥʢʦʚʫ ʚʝʣʠʯʠʥʫ h0 ʤʘʻ ʙʫʪʠ ʨPP 1,0¢D  ʪʦʙʪʦ ʨʧʨ FF 1,0¢D ʘʙʦ 9,0²h ;  ;  
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 2) ʇʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʪʠʩʢʫ)(5,0 maxmin PPPʥ +=  ʜʣʷ 

ʢʣʘʧʘʥʘ ʤʘʻ ʙʫʪʠ ʥFF )07,0...06,0(=D  ʘʙʦ )93,0...94,0(=h  (ʜʝ ï Fʥ ʥʦʤʽʥʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ);  

 3) ʄʘʢʩʠʤʘʣʴʥʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʣʠʚʦ ʙʫʪʠ ʚ 1,5 ʨʘʟʠ 

ʙʽʣʴʰʝ ʥʦʤʽʥʘʣʴʥʦʾ, ʪʦʙʪʦ ʥFF 5,1max= . 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʧʨʫʞʠʥʠ 

ʜʘʻ ʢʦʝʬʽʮʽʻʥʪ ʜʽʘʧʘʟʦʥʫ ʧʨʫʞʠʥʠ: 
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F
y  

 

ɺʠʟʥʘʯʠʤʦ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʫʞʠʥʠ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ [132]. 

ʇʨʠʡʤʝʤʦ ʜʣʷ ʧʨʫʞʠʥʠ ʤʘʪʝʨʽʘʣ, ʟ ʷʢʦʾ ʚʦʥʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ, ʉʪʘʣʴ 60ʉ2. 

ɼʽʘʤʝʪʨ ʰʪʦʢʘ ʢʣʘʧʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʠʡʥʷʪʦ dʰʪ = 10 ʤʤ. 

ɼʽʘʤʝʪʨ ʜʨʦʪʫ ʧʨʫʞʠʥʠ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ:  

 

,1166,0
5,075014,3

127,12,188
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DkF

d
ʩʝʨ
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ÖÖ

ÖÖÖ
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pt
             (5.8)  

ʜʝ  Dʩʝʨ ï ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʨʫʞʠʥʠ, ʷʢʠʡ ʧʨʠʡʤʘʻʤʦ, ʚʠʭʦʜʷʯʠ ʽʟ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʦʟʤʽʨʽʚ ʢʣʘʧʘʥʘ, Dʩʝʨ = 12 ʤʤ;  

 k ï ʢʦʝʬʽʮʽʻʥʪ ʢʨʠʚʠʟʥʠ ʚʠʪʢʽʚ, ʷʢʠʡ ʧʨʠʡʤʘʻʤʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʽʥʜʝʢʩʫ 

ʧʨʫʞʠʥʠ; ʷʢʱʦ  ̔> 8, ʪʦ k = 1,1é1,2;  

  Ű ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʢʨʫʯʝʥʥʷ, ʷʢʝ ʧʨʠʡʤʘʶʪʴ ʽʟ 

ʤʽʨʢʫʚʘʥʴ Ű = (0,5é0,8)[ Űʢ], ʜʝ  [Űʢ] ï ʜʦʧʫʩʪʠʤʽ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʧʨʫʞʠʥ ʽʟ ʩʪʘʣʽ 

60ʉ2,  [Űʢ] = 750ʄʇʘ;  

F2  ï ʩʠʣʘ ʩʪʠʩʥʝʥʥʷ ʧʨʫʞʠʥʠ ʧʨʠ ʨʦʙʦʯʽʡ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʠʩʢʫ ʥʘ ʧʣʦʱʫ ʤʝʤʙʨʘʥʠ.
 

.7,15000034,0max2 HPSF o =Ö=ÖS=  
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ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʨʫʞʠʥʠ (ʨʠʩ.4.24) ʚʠʟʥʘʯʘʻʤʦ ʷʢ: 

 

,13112 ʤʤdDD ʩʝʨʟʦʚ =+=+=                              (5.9)   

ʜʝ d ï ʜʽʘʤʝʪʨ ʜʨʦʪʫ ʧʨʫʞʠʥʠ;  Dʩʝʨ ï ʩʝʨʝʜʥʽʡ ʾʾ ʜʽʘʤʝʪʨ. 

 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʨʫʞʠʥʠ ʚʠʟʥʘʯʘʻʤʦ ʷʢ:    

  

.11112 ʤʤdDD ʩʝʨʚʥ =-=-=                               (5.10) 

 

ʄʘʢʩʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʩʪʠʩʥʝʥʥʷ ʧʨʫʞʠʥʠ ʧʨʠ ʟʙʠʨʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʣʘʧʘʥʘ ʍk ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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Ö
=                                   (5.11)  

ʜʝ ʍ ï ʭʽʜ ʧʨʫʞʠʥʠ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ, ʍ = 1 ʤʤ;   

F2 ï ʩʠʣʘ ʧʨʫʞʠʥʠ ʧʨʠ ʨʦʙʦʯʽʡ ʜʝʬʦʨʤʘʮʽʾ, F2 = 1,7ʅ;  

 F1 ï ʩʠʣʘ ʧʨʫʞʠʥʠ ʧʨʠ ʧʦʧʝʨʝʜʥʽʡ ʜʝʬʦʨʤʘʮʽʾ, F1 = 0,5Ŀ F2 = 0,5Ŀ1,7 = 

0,85ʅ. 

ʊʦʜʽ ʯʠʩʣʦ ʨʦʙʦʯʠʭ ʚʠʪʢʽʚ:  
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(5.12)  

ʜʝ  G ï ʤʦʜʫʣʴ ʟʩʫʚʫ ʜʣʷ ʧʨʫʞʠʥʥʦʾ ʩʪʘʣʽ 60ʉ2, ʧʨʠʡʥʷʪʦ 

ʄʇʘG 41085,7 Ö= .  

ʇʦʚʥʝ ʯʠʩʣʦ ʚʠʪʢʽʚ ʧʨʫʞʠʥʠ:   

 

                 ,1521321 =+=+= nnn                                  (5.13)  

ʜʝ n ï ʯʠʩʣʦ ʨʦʙʦʯʠʭ ʚʠʪʢʽʚ; 

    n2 ï ʯʠʩʣʦ ʦʧʦʨʥʠʭ ʚʠʪʢʽʚ, ʱʦ ʜʦʧʦʚʥʶʶʪʴ ʧʨʠʡʤʘʻʤʦ n2 = 2. 
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5.4. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʘ 

ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʫ SOLIDWORKS  

 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʫʤʦʚʠ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʫ ʾʾ ʚʫʟʣʘʭ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʜʝʪʘʣʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʮʠʢʣʽʯʥʠʤ ʚʧʣʠʚʘʤ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʧʨʠ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʨʦʟʤʽʨʘʭ [135]. 

ɺ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʘ ʫʪʚʦʨʝʥʥʷ ʟʘʥʫʨʝʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ (ʨʠʩ.5.4) ʧʨʠʡʤʘʻʤʦ ʜʝʪʘʣʽ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʧʽʜʣʷʛʘʶʪʴ 

ʮʠʢʣʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: ʜʠʩʢ 3, ʱʦ ʷʚʣʷʻʪʴʩʷ ʝʣʝʤʝʥʪʦʤ ʤʝʤʙʨʘʥʠ ʪʘ 

ʢʦʨʧʫʩ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 2 ʫ ʷʢʦʤʫ ʧʝʨʽʦʜʠʯʥʦ ʟʨʦʩʪʘʻ ʪʠʩʢ ʨʽʜʠʥʠ ʘʙʦ 

ʟʥʠʞʫʻʪʴʩʷ ʥʠʞʯʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʘ ʥʘ ʷʢʠʡ ʜʽʻ ʮʠʢʣʽʯʥʝ ʟʫʩʠʣʣʷ ʚʽʜ ʰʪʦʢʫ. 

 

 

ʈʠʩ. 5.4 - ʉʭʝʤʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʟ ʝʣʝʤʝʥʪʦʤ ʧʨʠʚʦʜʫ:  

1 ï ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʫʟʦʣ; 2 ï ʢʦʨʧʫʩ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; 3 ï ʜʠʩʢ ʤʝʤʙʨʘʥʠ 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʻʤʦ, ʷʢʽ ʟʫʩʠʣʣʷ ʜʽʶʪʴ ʥʘ ʝʣʝʤʝʥʪʠ ʢʘʤʝʨʠ ʪʘ 

ʜʠʩʢʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʻʤʦ ʧʨʠʚʝʜʝʥʫ ʩʠʣʫ, ʱʦ ʜʽʻ ʥʘ ʰʪʦʢ ʫ ʚʫʟʣʽ ʧʫʣʴʩʘʮʽʾ. 

ʇʨʠʚʝʜʝʥʫ ʩʠʣʫ ʥʘ ʰʪʦʢʦʚʽ ʧʨF  ʚʠʟʥʘʯʘʻʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ʽʥʧʨ FFF += 1 ,     (5.14) 
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ʜʝ Fʽʥ - ʩʠʣʘ ʽʥʝʨʮʽʾ, Fʽʥ = 0,4ÖF1, ʅ. 

ʉʠʣʫ F1 ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

p
D

F Ö
Ö

=
4

2

1

p
,     (5.15) 

ʜʝ D - ʜʽʘʤʝʪʨ ʧʦʨʦʞʥʠʥʠ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ; 

   p - ʨʦʙʦʯʠʡ ʪʠʩʢ ʚ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʄʇʘ. 

 

ɿʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ (ʨʦʟʜʽʣ3) ʫ SOLIDWORKS [133] ʧʨʦʚʝʜʝʤʦ 

ʥʝʦʙʭʽʜʥʽ ʝʪʘʧʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʦʟʤʽʨʽʚ ʚʠʙʨʘʥʠʭ ʜʝʪʘʣʝʡ. ɽʪʘʧʠ ʘʥʘʣʽʟʫ ʪʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʝʤʦ ʫ ʪʘʙʣʠʮʽ 

5.1 ʪʘ 5.2. 

ʊʘʙʣʠʮʷ 5.1 

ɽʪʘʧʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʧʨʦʛʨʘʤʦʶ SOLIDWORKS ʜʝʪʘʣʽ ʜʠʩʢ 

1 2 

 
 

 

ʈʠʩ. 5.5 - ɽʣʝʤʝʥʪ ʤʝʤʙʨʘʥʠ 

ʛʽʜʨʦʧʫʣʴʩʘʪʦʨʘ ʜʠʩʢ 

ʈʠʩ. 5.6 - ʉʭʝʤʘ ʟʫʩʠʣʴ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʜʠʩʢ  

 

  
ʈʠʩ.5.7 - ʉʭʝʤʘ ʩʽʪʢʠ ʨʦʟʙʠʪʪʷ ʜʠʩʢʫ 

ʥʘ ʩʢʽʥʯʝʥʽ ʝʣʝʤʝʥʪʠ 

 

ʈʠʩ. 5.8 - ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʚ ʩʪʨʫʢʪʫʨʽ ʜʠʩʢʫ 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.1 
 

 

1 2 

  

ʈʠʩ. 5.9 - ʉʭʝʤʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʜʠʩʢʫ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ 

ʈʠʩ. 5.10 - ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʛʠʥʫ ʜʠʩʢʘ 

ȹʍ ʚʽʜ ʡʦʛʦ ʪʦʚʱʠʥʠ t 

 

ɼʠʩʢ 3 (ʨʠʩ. 5.5) ʷʚʣʷʻʪʴʩʷ ʝʣʝʤʝʥʪʦʤ ʤʝʤʙʨʘʥʠ ʪʘ ʧʨʘʮʶʻ ʚ ʪʘʢʠʭ 

ʫʤʦʚʘʭ: ʧʨʠ ʨʫʭʦʚʽ ʝʢʩʮʝʥʪʨʠʢʘ 1 ʚʛʦʨʫ, ʰʪʦʢ ʪʠʩʥʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʠʩʢ 3 

ʟʥʠʟʫ, ʘ ʟʚʝʨʭʫ ʥʘ ʜʠʩʢ 3 ʜʽʻ ʛʫʤʦʚʘ ʤʝʤʙʨʘʥʘ ʪʘ ʪʠʩʢ ʨʽʜʠʥʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ.  

ʇʨʝʜʩʪʘʚʠʤʦ ʮʝ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ, ʜʠʩʢ 3 ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʦʣʦʞʝʥʥʽ 

ʟʘʱʝʤʣʝʥʥʷ ʧʦ ʢʦʣʫ ʜʽʘʤʝʪʨʦʤ, ʱʦ ʨʽʚʥʠʡ ʜʽʘʤʝʪʨʫ ʟʦʚʥʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʰʪʦʢʫ, 

ʘ ʟʚʝʨʭʫ ʥʘ ʧʦʚʝʨʭʥʶ ʜʠʩʢʘ ʜʽʻ ʨʽʚʥʦʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ.5.6).  

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʟʫʩʠʣʴ ʫ ʜʠʩʢʘ 3 ʙʫʜʝ 

ʮʝʥʪʨʘʣʴʥʠʡ ʦʪʚʽʨ, ʪʘ ʜʽʣʷʥʢʘ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʢʦʥʪʘʢʪʫʻ ʟ ʪʦʨʮʝʤ ʰʪʦʢʫ, ʩʘʤʝ ʚ 

ʮʠʭ ʟʦʥʘʭ ʟʘʜʘʻʤʦ ʨʦʟʤʽʨ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʥʰʠʤ ʟʘ ʩʝʨʝʜʥʽʡ. ʉʭʝʤʫ ʩʽʪʢʠ 

ʨʦʟʙʠʪʪʷ ʜʠʩʢʫ 3 ʥʘ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 5.7 ʪʘʙʣ.5.1.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ SOLIDWORKS [135] ʧʦʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʫ ʩʪʨʫʢʪʫʨʽ ʜʝʪʘʣʽ ʜʠʩʢ 3 ʪʘ ʜʽʘʛʨʘʤʠ ʧʝʨʝʤʽʱʝʥʴ ʝʣʝʤʝʥʪʽʚ ʜʝʪʘʣʽ 

ʜʠʩʢ 3  ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ (ʨʠʩ.5.8 ʪʘ ʨʠʩ.5.9). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʛʠʥʫ 

ʢʨʘʶ ʜʠʩʢʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.5.10. 

ʂʦʨʧʫʩ 2 ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ (ʨʠʩ.5.11) ʫ ʚʽʙʨʘʮʽʡʥʽʡ ʤʘʰʠʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʟʘʢʨʽʧʣʝʥʦ ʯʦʪʠʨʤʘ ʙʦʣʪʘʤʠ ʢʨʽʟʴ ʦʪʚʦʨʠ ʧʦ ʧʦʚʝʨʭʥʽ ʢʦʣʘ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʶ ʟ 

ʨʽʟʴʙʦʶ ʚ ʦʪʚʦʨʽ.  

ɸʥʘʣʽʟʫʶʯʠ ʫʤʦʚʠ ʨʦʙʦʪʠ ʜʝʪʘʣʽ ʢʦʨʧʫʩ 2 ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʫʞʝʥʴ ʙʫʜʝ ʨʽʟʴʙʦʚʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʦʪʚʽʨ ʪʘ ʢʨʽʧʠʣʴʥʽ 
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ʦʪʚʦʨʠ. ʇʨʦʚʦʜʠʤʦ ʧʨʠʢʣʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ.5.12). 

ɺʽʜʧʦʚʽʜʥʦ ʚ ʮʠʭ ʟʦʥʘʭ ʟʘʜʘʻʤʦ ʨʦʟʤʽʨ ʢʦʤʽʨʢʠ ʤʝʥʰʠʤ (ʨʠʩ.5.13). 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ SOLIDWORKS ʧʦʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ 

ʩʪʨʫʢʪʫʨʽ ʜʝʪʘʣʽ ʢʦʨʧʫʩ 2 ʪʘ ʜʽʘʛʨʘʤʠ ʧʝʨʝʤʽʱʝʥʴ ʝʣʝʤʝʥʪʽʚ ʜʝʪʘʣʽ ʢʦʨʧʫʩ 2 ʧʨʠ 

ʜʝʬʦʨʤʘʮʽʾ (ʨʠʩ. 5.14 ʪʘ ʨʠʩ. 5.15).  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʛʠʥʫ ʢʨʘʶ ʜʠʩʢʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.5.16 [135]. 

 

ʊʘʙʣʠʮʷ 5.2 

ɽʪʘʧʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʧʨʦʛʨʘʤʦʶ SOLIDWORKS ʜʝʪʘʣʽ ʢʦʨʧʫʩ ʢʘʤʝʨʠ 

ʧʫʣʴʩʘʮʽʾ 

1 2 

 

 

 

ʈʠʩ.5.11 - ʂʦʨʧʫʩ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʈʠʩ. 5.12 - ʉʭʝʤʘ ʟʫʩʠʣʴ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʦʨʧʫʩ. 

 

 
 

 

 

ʈʠʩ. 5.13 - ʉʭʝʤʘ ʩʽʪʢʠ ʨʦʟʙʠʪʪʷ 

ʢʦʨʧʫʩʫ ʥʘ ʩʢʽʥʯʝʥʽ ʝʣʝʤʝʥʪʠ 

 

ʈʠʩ. 5.14 - ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʚ ʩʪʨʫʢʪʫʨʽ ʢʦʨʧʫʩʘ 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣ. 5.2 
 

1 2 

 

 

   

 

 

ʈʠʩ. 5.15 - ʉʭʝʤʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʢʦʨʧʫʩʘ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ 

ʈʠʩ. 5.16 - ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʛʠʥʫ 

ʧʣʦʱʠʥʠ ʢʦʨʧʫʩʘ ȹʍ ʚʽʜ ʾʾ ʪʦʚʱʠʥʠ t 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [135] ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʛʠʥʫ 

ʧʦʚʝʨʭʦʥʴ ʜʠʩʢʘ ʨʠʩ.5.10 ʪʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ  ʨʠʩ.5.16 ʚʽʜ ʾʭ ʪʦʚʱʠʥʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʢʨʠʪʝʨʽʶ ʟʥʠʞʝʥʥʷ ʽʥʝʨʮʽʡʥʦʩʪʽ ʜʠʩʢʫ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʡʦʛʦ 

ʧʨʦʛʠʥʫ ʧʦ ʢʨʘʶ 0,21 ʤʤ ʧʨʠʡʤʘʻʤʦ ʪʦʚʱʠʥʫ ʜʠʩʢʫ 3 ʤʤ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʝʦʙʭʽʜʥʠʭ ʚʠʪʢʽʚ ʨʽʟʴʙʠ ʢʨʽʧʣʝʥʥʷ ʢʘʤʝʨʠ ʧʨʠʡʤʘʻʤʦ ʪʦʚʱʠʥʫ ʧʣʦʱʠʥʠ 

ʢʦʨʧʫʩʘ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 12 ʤʤ ʧʨʠ ʾʾ ʧʨʦʛʠʥʫ ʥʘ 0,0021 ʤʤ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʾʾ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʫ ʚʫʟʣʽ ʧʫʣʴʩʘʮʽʾ.  

 

 5.5. ɺʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ  

 

ɼʣʷ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʡʦʛʦ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʫ 

ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ (ʨʠʩ.2.10) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʤʝʤʙʨʘʥʠ ʜʣʷ 

ʤʠʡʢʠ ʪʘ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʤʝʤʙʨʘʥʠ ʜʣʷ ʦʯʠʩʪʢʠ (ʜʠʚ. ʨʦʟʜʽʣ 4) f = 14 ɻʮ, (840 

ʦʙ/ʭʚ.) ʪʘ  f = 18 ɻʮ (1080 ʦʙ/ʭʚ.).   

ʈʦʟʨʘʭʫʥʦʢ ʩʠʣʠ ʥʘ ʰʪʦʢʦʚʽ ʚʝʜʝʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

,
4

2

1 P
D

F ʤÖ=
p

                                                (5.16) 
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ʜʝ 
2
ʤD

 
ï ʜʽʘʤʝʪʨ ʤʝʤʙʨʘʥʠ,ʤʤ;  

     P  ï ʪʠʩʢ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ, ʄʇʘ ʄʇʘP 18,0=  (ʚʠʙʠʨʘʻʤʦ ʟ ʨʠʩ.2.10). 

 ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʥʘ ʰʪʦʢʦʚʽ ʜʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ: 

.141318,0
4

10014,3 2

1 HF =Ö
Ö

=  

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ
 
ʟʫʩʠʣʣʷ ʥʘ ʰʪʦʢʦʚʽ ʜʣʷ ʤʦʜʫʣʷ ʤʠʡʢʠ: 

 

.7851,0
4

10014,3 2

1 HF =Ö
Ö

=  

ʈʦʟʨʘʭʫʥʦʢ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʘʣʫ ʝʢʩʮʝʥʪʨʠʢʘ ʚʝʜʝʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

,,1 ʤHAFMʢʨ ÖÖ=
                                               

(5.17)
 

ʜʝ 1F  ï ʩʠʣʘ ʥʘ ʰʪʦʢʦʚʽ ʤʝʤʙʨʘʥʠ;  

   A  ï ʧʣʝʯʝ, ʥʘ ʷʢʝ ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ ʚʽʜ ʰʪʦʢʘ, ʜʦʨʽʚʥʶʻ ʘʤʧʣʽʪʫʜʽ 

ʢʦʣʠʚʘʥʴ (ʚʝʣʠʯʠʥʽ ʝʢʩʮʝʪʨʠʪʝʪʫ),   ɸ = 0,002 ʤ.  

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ: 

 

,83,2002,01413 ʤHMʢʨ Ö=Ö=
 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʤʦʜʫʣʷ ʤʠʡʢʠ: 

 

,57,1002,0785 ʤHMʢʨ Ö=Ö=  

ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

.
9549

ʢɺʪ
nM

N
ʢʨÖ

=
                                                   

(5.18)
 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʜʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ: 

.32,0
9549

108083,2
ʢɺʪN =

Ö
=

 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʜʣʷ ʤʦʜʫʣʷ ʤʠʡʢʠ: 
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.14,0
9549

84057,1
ʢɺʪN =

Ö
=

 

 ʇʨʠʡʤʘʻʤʦ ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ɸʀʈ 63 ɸ6  ʜʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ 

ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ N = 0,37 ʢɺʪ; n = 1100 oʙ/ʭʚ.,  ʘ ʜʣʷ ʤʦʜʫʣʷ ʤʠʡʢʠ 

ʘʩʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ MS 712-6 0.25KW. N = 0,25 ʢɺʪ; n = 900 oʙ/ʭʚ.  

 

 

 5.6.  ʇʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ 

ʪʘ ʦʯʠʩʪʢʠ ʟ ʘʥʘʣʦʛʘʤʠ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʜʫʣʴʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʪʘ ʤʠʡʢʠ ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʜʝʪʘʣʷʭ, ʣʝʛʢʦ ʪʘ ʩʠʣʴʥʦ ʟʚôʷʟʘʥʠʭ ʟ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʝʡ, ʧʨʠ ʾʭ ʨʝʤʦʥʪʽ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ ʪʘ ʦʜʠʥʠʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʉʪʚʦʨʝʥʦ ʪʝʭʥʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʧʨʦʤʠʩʣʦʚʫ 

ʤʦʜʝʣʴ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʜʝʪʘʣʝʡ, ʷʢʘ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʝ 

ʚʝʣʠʢʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʪʘ ʥʝʦʙʭʽʜʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʾ. ʆʮʽʥʢʫ 

ʨʽʚʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʚʠʢʦʥʘʥʦ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ ʪʘ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 5.3. 

ʊʘʙʣʠʮʷ 5.3 

ʇʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʰʠʥʠ ʟ ʘʥʘʣʦʛʘʤʠ 

 

 ̄

 

ɺʠʜ ʩʪʨʫʤʠʥʥʦʾ ʤʘʰʠʥʠ 

 

ɸʤʧʣʽʪʫʜʘ 

ʂʦʣʠʚʘʥʴ, 

ʤʤ 

 

ʏʘʩʪʦʪʘ 

ʂʦʣʠʚʘʥʴ, 

ɻʮ 

 

ʇʦʪʫʞ 

ʥʽʩʪʴ, 

ʢɺʪ 

 

ʏʘʩ 

ʦʙʨʦʙʣ

ʝʥʥʷ, 

ʭʚ 

 

ʎʽʥʘ, 

ʪʠʩ. 

ʛʨʥ 

1 2 3 4 

 

 

 

 

 

1 

ɸʥʘʣʦʛ 

ʤʘʰʠʥʘ ʜʣʷ ʤʠʡʢʠ 

PYM-650 

  

 
 

 

 

- 

 

 

- 

 

 

ɼʚʠʛʫʥʘ 

ʥʘʩʦʩʘ 

1 

ɺ 

ʟʘʣʝʞʥ

ʦʩʪʽ 

ʚʠʜʫ 

ʟʘʙʨʫʜ

ʥʝʥʥʷ 

4-6  

 

 

 

21,5 
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ɿʘʢʽʥʯʝʥʥʷ ʪʘʙʣʠʮʽ 5.3 

 

1 2 3 4 

 

 

 

 

 

2 

ɸʥʘʣʦʛ 

ʤʘʰʠʥʘ ʜʣʷ ʤʠʡʢʠ 

PERKUTE Clean-o-mat 

RC 68 

  

 

 

- 

 

- 

 

ɼʚʠʛʫʥʘ 

ʥʘʩʦʩʘ 

0,75  

 

ɺ 

ʟʘʣʝʞʥ

ʦʩʪʽ 

ʚʠʜʫ 

ʟʘʙʨʫʜ

ʥʝʥʥʷ 

4-6 

 

 

 

 

18,6 

 

 

 

3 

Cʧʨʦʻʢʪʦʚʘʥʘ 

ʚʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ 

  

 

 

ɺʽʙʨʘʮʽʡʥʘ ʤʘʰʠʥʘ 

ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ 

ʟʘʥʫʨʝʥʠʤ ʧʫʣʴʩʫʶʯʠʤ 

ʩʪʨʫʤʝʥʝʤ 

 

 

 

ʄʠʡʢʘ 2  

 

ʆʯʠʩʪʢʘ 2 

 

 

 

ʄʠʡʢʘ 

14 ɻʮ 

ʆʯʠʩʪʢʘ 

18 ɻʮ 

 

 

0,25 

 

0,37 

 

ɺ 

ʟʘʣʝʞʥ

ʦʩʪʽ 

ʚʠʜʫ 

ʟʘʙʨʫʜ

ʥʝʥʥʷ 

2-5  

 

 

 

8,2 

 

 

5.7.  ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 5 

 

1. ɿʘʚʜʷʢʠ ʪʝʦʨʝʪʠʯʥʠʤ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʫʟʣʽʚ ʽ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ ʤʦʜʫʣʽʚ ʦʯʠʩʪʢʠ ʪʘ ʤʠʡʢʠ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ 

ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ.  

2. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʜʣʷ ʚʫʟʣʘ ʫʪʚʦʨʝʥʥʷ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʫ ʤʦʜʫʣʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʣʷ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ. 

3. ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʪʘ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʦʟʤʽʨʽʚ ʦʩʥʦʚʥʠʭ, ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʜʝʪʘʣʝʡ ʧʨʠʚʦʜʫ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
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ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ ʫʩʪʘʥʦʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

SOLIDWORKS. 

4. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʫ ʩʧʽʚʚʩʪʘʚʣʝʥʽ ʟ ʘʥʘʣʦʛʘʤʠ, ʘ ʩʘʤʝ ʧʦʨʽʚʥʷʥʦ 

ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʘʥʘʣʦʛʽʚ ʤʘʰʠʥ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 
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ɿɸɻɸʃʔʅɯ ɺʀʉʅʆɺʂʀ 

 
 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʘ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʟʘʜʘʯʘ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʷʢʘ ʤʘʻ ʚʘʞʣʠʚʝ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ 

ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ 

ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʽ ʟ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʪʘ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʾʭ ʨʦʟʨʘʭʫʥʢʽʚ.

 ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʠʩʥʦʚʢʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʩʧʦʩʦʙʽʚ  ʫ ʧʨʦʮʝʩʘʭ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʮʝʩ 

ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʘ 

ʧʨʦʮʝʩ ʤʠʡʢʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʥʫʨʝʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʛʘʟʦʚʠʤʠ ʧʫʭʠʨʮʷʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ 

ʢʘʚʽʪʘʮʽʡʥʦʾ ʜʽʾ ʥʘ ʤʠʶʯʠʡ ʚʦʜʥʠʡ ʩʢʣʘʜ ʽ ʧʦʩʪʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʮʽ ʧʝʨʝʚʘʛʠ. 

2. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʪʘ ʤʠʡʢʠ 

ʟʘʙʨʫʜʥʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʶ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʽʜ ʩʪʨʫʤʝʥʷ ʜʽʶʪʴ ʩʠʣʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ʥʘ ʧʦʚʝʨʭʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʩʠʣʠ ʰʚʠʜʢʽʩʥʦʾ ʜʽʾ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʷʢʠʡ ʧʨʠ ʨʦʟʪʽʢʘʥʥʽ ʧʦ 

ʧʦʚʝʨʭʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʚʦʨʶʻ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ, ʱʦ ʽʥʽʮʽʶʶʪʴ ʧʨʦʮʝʩ 

ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ. 

 3. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʦʩʦʙʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʟʘʙʨʫʜʥʝʥʴ 

ʧʫʣʴʩʫʶʯʠʡ ʟʘʥʫʨʝʥʠʡ ʩʪʨʫʤʽʥʴ ʨʽʜʠʥʠ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ  ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ ʟ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʫ ʚʠʛʣʷʜʽ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ 

ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʟ ʥʘʩʘʜʢʦʤ. 

4. ʇʦʙʫʜʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʪʠʩʢʫ ʧʫʣʴʩʫʶʯʦʛʦ 

ʩʪʨʫʤʝʥʷ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʫ ʥʘʩʘʜʢʫ ʢʘʤʝʨʠ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʟ 



179 
 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʫʜʘʨʫ ʪʘ ʥʘ ʦʩʥʦʚʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ 

ʨʽʜʠʥʠ ʢʨʽʟʴ ʥʘʩʘʜʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʪʘ ʧʨʦʚʝʜʝʥʦ ʾʭ ʘʥʘʣʽʟ. 

 5. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʩʦʧʣʘ-ʝʞʝʢʪʦʨʘ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʪʨʘʪʠ ʪʠʩʢʫ ʫ ʩʦʧʣʽ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ 

ʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʾʭ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ.  

 6. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʽ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

7. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʥʘʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʚʝʣʠʯʠʥʫ  

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʛʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʙʫʜʫʚʘʣʠʩʷ ʟ ʧʝʚʥʠʤʠ 

ʧʨʠʧʫʱʝʥʥʷʤʠ ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʜʦʩʪʘʪʥʴʦ ʢʦʨʝʢʪʥʦ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ 

ʢʘʚʽʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ.   

8. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ ʫ ʤʦʜʫʣʽ ʜʣʷ ʦʯʠʩʪʢʠ 

ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʟʘʥʫʨʝʥʦʛʦ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʥʘ 0,045ʄʇʘ ʧʨʠ ʯʘʩʪʦʪʘʭ ʢʦʣʠʚʘʥʥʷ 

ʧʨʠʚʦʜʘ ʚʽʜ 16 ʜʦ 18ɻʮ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʯʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ. 

9. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʥʷ 

ʧʨʠʚʦʜʫ ʤʦʜʫʣʷ ʜʣʷ ʤʠʡʢʠ ʚʽʜ 13 ʜʦ14ɻʮ ʪʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʥʷ 2ʤʤ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʜʦ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ 1:10, ʘ ʜʣʷ ʤʦʜʫʣʷ ʦʯʠʩʪʢʠ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʥʷ ʚʽʜ 16 ʜʦ 18ɻʮ ʪʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʥʷ 

2ʤʤ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʥʘʩʘʜʢʘ ʜʦ ʜʽʘʤʝʪʨʘ ʢʘʤʝʨʠ 1:10. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʦʯʠʩʪʢʠ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʦʧʣʘ ʚ ʤʝʞʘʭ ʚʽʜ 30 

ʜʦ 60ʤʤ ʪʘ ʧʨʠ ʜʽʘʤʝʪʨʽ 10ʤʤ. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʢʫʪʽʚ ʘʪʘʢʠ ʟʘʥʫʨʝʥʦʛʦ 

ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʦ ʧʦʚʝʨʭʥʽ ʟʥʘʭʦʜʠʪʴʩʷ 
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10. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠʡʢʠ ʤʦʜʝʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ 

ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʨʠʧʫʱʝʥʥʷ ʧʦ ʤʝʭʘʥʽʯʥʽʡ ʧʨʠʨʦʜʽ ʚʟʘʻʤʦʜʽʾ ʤʠʶʯʦʾ ʨʽʜʠʥʠ 

ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʩʦʙʫ ʤʠʡʢʠ ʽʟ ʢʘʚʽʪʘʮʽʡʥʠʤʠ 

ʧʫʭʠʨʮʷʤʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʩʦʙʫ ʦʯʠʩʪʢʠ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ ʟ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʘʙʦ ʤʝʪʘʣʝʚʠʤʠ ʢʫʣʴʢʘʤʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ 

ʢʣʘʧʘʥʘ ʫ ʢʘʤʝʨʽ ʧʫʣʴʩʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ. 

11. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʽʚ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʫ ʧʨʦʻʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʜʣʷ ʚʫʟʣʘ ʫʪʚʦʨʝʥʥʷ ʧʫʣʴʩʫʶʯʦʛʦ ʩʪʨʫʤʝʥʷ. 

12. ʅʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʙʨʘʮʽʡʥʦʾ 

ʤʘʰʠʥʠ ʜʣʷ ʤʠʡʢʠ ʪʘ ʦʯʠʩʪʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʘʤʠ, ʩʘʤʝ ʩʧʦʞʠʚʘʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʽ ʥʘʚʝʜʝʥʦ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʥʘʣʦʛʽʚ ʤʘʰʠʥ ʜʣʷ ʤʠʡʢʠ ʪʘ 

ʦʯʠʩʪʢʠ. 
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