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ɸʅʆʊɸʎɯʗ 

 

ɹʫʜʘʨ ʄʦʭʘʤʝʜ ʈ.ʌ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.03.01 çʇʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʝʨʩʪʘʪʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʠè. ï ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 2021.  

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ, 

ʦʙôʻʢʪ, ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʟʘʜʘʯʽ, ʷʢʽ ʘʚʪʦʨ ʨʦʟʚôʷʟʫʻ ʚ ʨʦʙʦʪʽ. ʅʘʚʝʜʝʥʦ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʧʠʪʘʥʥʷ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʆʢʨʝʩʣʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʦʜʘʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ, ʧʫʙʣʽʢʘʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. ɿʘʟʥʘʯʝʥʦ ʧʨʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʤʘʟʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʥʦʚʽʪʥʽʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ, 

ʢʘʨʙʦʥʦʚʦʾ ʛʨʫʧʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʜʦʤʽ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʨʫʙʽʞʥʽ ʥʘʫʢʦʚʽ 

ʰʢʦʣʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʅʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʨʠ 

ʦʙʨʦʙʮʽ ʚʠʨʦʙʽʚ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʩʢʣʘʜʫ, ʘʥʽʟʦʪʨʦʧʽʾ ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʙʦʪʘ 

ʘʣʤʘʟʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ ʢʦʥʪʘʢʪʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʜʝʬʝʢʪʠ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʟʥʠʞʫʚʘʪʠʤʝʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʨʦʙʦʯʠʭ ʢʨʘʡʦʢ ʘʣʤʘʟʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʧʽʜˇʨʫʥʪʷ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚʽʜʦʤʠʤʠ ʚʯʝʥʠʤʠ ʫ ʛʘʣʫʟʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʬʫʥʢʮʽʡ ʨʦʙʦʯʽ ʢʨʘʡʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʶʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʠʤʠ ʜʦ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʫ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʚʧʨʦʜʦʚʞ ʦʙʨʦʙʥʦʛʦ ʮʠʢʣʫ, ʪʘ 

ʙʘʟʫʶʯʠʩʴ ʥʘ ʧʨʠʥʮʠʧʽ ʧʦʜʽʣʫ ʧʦʚʝʨʭʦʥʴ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ, ʘ ʪʘʢʦʞ ʟʚʘʞʘʶʯʠ 

ʥʘ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʫ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʦʚʝʨʭʦʥʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ 

ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʪʘʣʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʢʣʘʩʪʝʨʽʚ.  

ɺʠʢʦʥʫʶʯʠ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ, 

ʚʠʩʫʥʫʪʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʪʦʯʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʧʝʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ (ʫ ʪʦʤʫ ʯʠʩʣʽ, 

ʨʽʟʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ). 

ʅʘ ʦʩʥʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʣʘʟʝʨʥʝ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʝ ʩʧʽʢʘʥʥʷ 

(ʃʊɼʉ) ʻ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʽʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʠʭ 

ʟʘʜʘʯ. 

ʋʥʘʩʣʽʜʦʢ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʙʨʘʥʦ ʧʨʝʜʤʝʪ ʽ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʚʠʟʥʘʯʝʥʦ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʚʠʢʣʘʜʝʥʥʶ ʤʝʪʦʜʠʢʠ ʬʦʨʤʫʚʘʥʥʷ 

ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʰʘʨʫ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ. ʆʩʢʽʣʴʢʠ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʻ ʜʽʻʚʠʤ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʩʪʚʦʨʝʥʥʷ ʦʙʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʢʽʥʮʝʚʠʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷʤ ʚʠʨʦʙʽʚ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʞʦʨʩʪʢʦʛʦ, ʧʨʫʞʥʦʛʦ ʪʘ 

ʛʥʫʯʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʤʧʦʟʠʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʟʥʘʯʝʥʦ ʧʨʠʥʮʠʧʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʤʽʥʥʽʩʪʴ ʫʤʦʚ, ʚ ʷʢʠʭ ʚʦʥʠ ʧʨʘʮʶʶʪʴ. ɼʦʚʝʜʝʥʦ, 

ʱʦ ʟʤʝʥʰʝʥʥʷ ʧʨʫʞʥʦʩʪʽ ʪʘ ʜʝʬʦʨʤʦʚʘʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʥʠʞʫʻ ʚʽʜʤʽʥʥʽʩʪʴ 

ʫʤʦʚ ʨʦʙʦʪʠ ʧʦ ʣʦʢʘʣʽʟʘʮʽʾ, ʦʜʥʘʢ ʟʙʽʣʴʰʫʻ ʪʘʢʫ ʚʽʜʤʽʥʥʽʩʪʴ ʟʘ ʯʘʩʦʤ. 
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ʇʨʠʯʠʥʦʶ ʻ ʟʤʽʥʘ ʨʽʟʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʥʘʩʣʽʜʦʢ ʘʢʪʠʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʰʣʘʤʫ, ʽ, ʫ ʧʦʜʘʣʴʰʦʤʫ, ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʩʭʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʦʚʝʨʭʥʽ ʥʘ ʦʢʨʝʤʽ ʟʦʥʠ (ʢʣʘʩʪʝʨʠ) ʜʦʟʚʦʣʷʻ 

ʦʧʠʩʘʪʠ ʟʤʽʥʫ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʬʫʥʢʮʽʶ, ʦʪʨʠʤʘʥʫ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʪʠʥʫ 

ʩʽʯʥʦʶ ʧʣʦʱʠʥʦʶ ʧʝʚʥʦʾ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʩʥʦʚʘ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʊʘʢʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʦʧʠʩ ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʠʪʠ ʫʤʦʚʠ 

ʩʧʦʣʫʯʝʥʥʷ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʝʨʝʡʪʠ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʙʫʤʦʚʣʝʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʘʭ ʩʪʚʦʨʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ.  

ɿ ʮʽʻʶ ʤʝʪʦʶ ʚʠʢʦʥʘʥʦ ʘʜʘʧʪʘʮʽʶ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʾʚ ʬʫʥʢʮʽʡ ʜʦ ʟʘʜʘʯ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʘʣʤʘʟʥʠʤ 

ʰʘʨʦʤ, ʧʨʠʯʦʤʫ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʥʦʩʽʚ ʬʫʥʢʮʽʡ ï ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ ʘʥʘʣʽʟʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ 

ʧʠʪʦʤʦʾ ʚʘʨʪʦʩʪʽ ʢʦʨʠʩʥʦʾ ʬʫʥʢʮʽʾ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʫ (ʽʟ ʘʣʤʘʟʥʠʤ 

ʰʘʨʦʤ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʽʥʮʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʫ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ.  

ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʦʚʝʨʭʦʥʴ, ʟʦʢʨʝʤʘ: ʩʫʤʽʩʥʽ ʧʦʚʝʨʭʥʽ 

ʤʘʶʪʴ ʜʦʧʫʩʢʘʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʩʬʦʨʤʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨʘʭ; ʩʫʤʽʩʥʽ ʧʦʚʝʨʭʥʽ ʥʝ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʨʽʟʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ, ʂʃʊʈ, sʘ ʪʘ ʽʥ., ʱʦ 

ʜʦʟʚʦʣʷʻ ʽʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʨʤʫʚʘʪʠ ʩʫʮʽʣʴʥʫ ʧʦʚʝʨʭʥʶ ʨʽʟʘʥʥʷ; 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʫʤʽʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʘʻ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʦʛʠʥʘʶʯʦʾ ʟʘʜʘʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʷ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ; ʩʫʤʽʩʥʽ ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʨʦʟʨʠʚʽʚ ʫ ʩʪʨʫʢʪʫʨʽ; ʨʷʜ ʩʫʤʽʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʦʢʨʝʤʠʡ 

ʢʣʘʩʪʝʨ ʽʟ ʩʭʦʞʠʤʠ ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʟʘʩʦʙʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʣʘʟʝʨʥʦïʜʝʬʦʨʤʘʮʽʡʥʠʡ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 
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ʰʘʨʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʧʝʚʥʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʥʽ ʘʙʦ ʾʭ ʢʣʘʩʪʝʨʽʚ. 

ʅʘʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʦʯʽʢʫʚʘʥʦʾ ʟʦʥʠ ʣʦʢʘʣʽʟʘʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʫʤʦʚʠ 

ʥʘʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ 

ʧʦʥʘʜ 750 0ʉ, ʜʽʘʤʝʪʨ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʧʣʷʤʠ ʧʨʠ ʥʝʨʫʭʦʤʦʤʫ ʧʨʦʤʝʥʽ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0,32 ʤʤ ʜʦ 0,4 ʤʤ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʤʦʜʝʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʭʝʤ ʨʝʘʣʽʟʘʮʽʾ ʃʊɼʉ ʨʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʣʘʟʝʨʥʦïʩʪʨʫʤʠʥʥʠʡ ʢʦʤʧʣʝʢʩ ʃʉʂ-400-5, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʨʦʙʣʝʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ 

ʢʣʘʩʪʝʨʫ ʧʦʚʝʨʭʥʽ, ʚʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʨʦʟʬʦʢʫʩʦʚʘʥʠʤ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ, ʷʚʠʱ ʛʘʟʦʚʦʾ ʧʦʜʘʯʽ ʯʘʩʪʠʥʦʢ 

ʧʨʠʩʘʜʢʦʚʦʛʦ ʤʝʪʘʣʫ ʪʘ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ, ʘ ʪʘʢʦʞ ʽʟ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ  ʦʨʽʻʥʪʘʮʽʾ ʢʦʨʧʫʩʫ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʅʘʚʦʜʠʪʴʩʷ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʝʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʫ ʈɽʄ-106-ʀ, 

ʤʝʪʦʜʠʢʘ ʧʽʜʛʦʪʦʚʢʠ ʧʨʝʧʘʨʘʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʝʥʦʛʦ 

ʟʨʘʟʢʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʢʦʥʪʨʘʩʪʫ ʪʘ 

ʧʦʙʫʜʦʚʠ 3ïD ʟʦʙʨʘʞʝʥʴ ʧʦʚʝʨʭʦʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʝʣʝʢʪʨʦʥʥʠʭ ʚʠʤʽʨʽʚ ʤʽʢʨʦʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ.  

ʇʨʠʚʝʜʝʥʦ ʦʧʠʩ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʧʝʨʝʚʽʨʢʠ ʩʪʚʦʨʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʟʦʢʨʝʤʘ, ʧʠʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʽʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʘʩʠʥʭʨʦʥʥʠʤ ʧʨʠʚʦʜʦʤ ʪʘ ʩʚʝʨʜʣʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʤʦʜ. JETï

12). 

ʇʦʜʘʥʘ ʟʘʛʘʣʴʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʚʝʜʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ 

ʧʦʣʦʞʝʥʴ. 
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ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʫ ʪʝʦʨʝʪʠʢʦï

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʪʘ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʊʘʢ, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʞʦʨʩʪʢʦʛʦ, ʧʨʫʞʥʦʛʦ ʪʘ ʛʥʫʯʢʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʥʝʱʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʢʦʤʧʦʟʠʪʫ ʚʠʢʦʥʘʥʘ ʩʠʤʫʣʷʮʽʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʽ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʨʠ ʨʦʙʦʪʽ ʘʣʤʘʟʥʦʛʦ ʩʚʝʨʜʣʘ, ʧʠʣʢʠ 

ʨʝʥʦʚʘʪʦʨʘ, ʘʣʤʘʟʥʦʾ ʥʠʪʢʠ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʠʧʫ ʂɯʄʌ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʯʘʩʪʠʥ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, ʽ 

ʚʽʜʧʦʚʽʜʥʦ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʣʘʩʪʝʨʽʚ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʟʘ ʷʢʠʤʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʘʣʤʘʟʦʥʦʩʥʦʛʦ 

ʰʘʨʫ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʪʘʢʦʞ ʜʦʚʝʩʪʠ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ, ʧʦʜʘʥʠʤʠ ʫ 

ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʽʚ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʚʠʜʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʘ 

ʪʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ 

ʧʘʨʘʤʝʪʨʽʚ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ, ʚʠʢʦʥʘʥʘ ʧʝʨʝʚʽʨʢʘ ʮʠʭ ʚʠʤʦʛ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʤʦʞʣʠʚʦʩʪʷʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʫ ʪʘ ʩʧʦʣʫʯʝʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ, ʪʘ 

ʩʬʦʨʤʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʧʨʦʮʝʩʫ ʃʊɼʉ.  

ʇʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʃʊɼʉ ʥʘ ʧʨʝʜʤʝʪ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʜʽʡʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʢʣʘʩʪʝʨʽʚ ʤʽʥʽʤʘʣʴʥʦ ʧʦʪʨʽʙʥʦʛʦ ʨʦʟʤʽʨʫ 

(ʱʦ ʜʦʚʝʣʦ ʪʨʝʪʻ ʥʘʫʢʦʚʝ ʧʦʣʦʞʝʥʥʷ), ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʟʘ 

ʧʨʦʛʥʦʟʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʴʥʦʛʦ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ.  

ɿʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ ʂɯʄʌ 

ʩʪʚʦʨʝʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ʇʨʠ ʮʴʦʤʫ ʟʜʽʡʩʥʝʥʘ ʧʝʨʝʚʽʨʢʘ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ 

ʘʣʤʘʟʥʦʛʦ ʤʽʢʨʦʨʽʟʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʘʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʱʦʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʟʦʥʠ ʨʽʟʘʥʥʷ ʷʢ ʥʘʩʣʽʜʢʫ 

ʩʫʢʫʧʥʦʩʪʽ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʢʣʘʩʪʝʨʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʭʠʙʢʠ ʩʠʤʫʣʷʮʽʾ ʪʘ ʦʪʨʠʤʘʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 5ï7%, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʩʪʚʦʨʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, ʚʠʱʘ ʥʘ 20ï25% ʜʣʷ ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʣ, ʥʘ 40ï50% 
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ʜʣʷ ʛʥʫʯʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʘʣʤʘʟʥʠʭ ʩʪʨʫʥ) ʪʘ ʥʘ 15ï20% ʜʣʷ ʧʨʫʞʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ (ʧʠʣʦʢ ʨʝʥʦʚʘʪʦʨʫ). 

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʠʚʝʜʝʥʝ ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘ ʽʥʞʝʥʝʨʥʘ ʤʝʪʦʜʠʢʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ 

ʚʠʤʦʛʠ ʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ 

ʂɯʄʌ, ʨʦʟʨʦʙʣʝʥʦ, ʚʠʛʦʪʦʚʣʝʥʦ ʽ ʘʧʨʦʙʦʚʘʥʦ ʨʷʜ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʥʘʥʝʩʝʥʠʤ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ, ʟʦʢʨʝʤʘ, ʨʽʟʘʣʴʥʠʭ ʩʪʨʫʥ, 

ʟʘʥʫʨʶʚʘʥʠʭ ʧʠʣʦʢ ʨʝʥʦʚʘʪʦʨʫ ʪʘ ʩʚʝʨʜʣ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʞʦʨʩʪʢʠʭ (ʩʚʝʨʜʣ), ʧʨʫʞʥʠʭ (ʧʠʣʴʥʽ ʧʦʣʦʪʥʘ ʨʝʥʦʚʘʪʦʨʫ) ʪʘ ʛʥʫʯʢʠʭ 

(ʩʪʨʫʥʠ) ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʘʨʤʦʚʘʥʠʭ 

ʩʢʣʷʥʠʤʠ ʪʘ ʚʫʛʣʝʮʝʚʠʤʠ ʚʦʣʦʢʥʘʤʠ. 

ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʨʦʙʽʚ ʽʟ ʘʣʤʘʟʦʚʤʽʩʥʠʤʠ ʰʘʨʘʤʠ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ ʨʽʟʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʧʨʫʞʥʦʛʦ ʥʝʞʦʨʩʪʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ ʟ ʧʦʨʦʞʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʢʦʤʧʦʟʠʪʫ, ʪʘ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʮʷ ʚʟʘʻʤʦʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʟʘ ʣʦʢʘʣʽʟʘʮʽʻʶ 

ʪʘ ʯʘʩʦʤ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʧʨʦʮʝʜʫʨ ʦʧʠʩʫ ʫʤʦʚ 

ʨʦʙʦʪʠ ʢʣʘʩʪʝʨʽʚ ʪʘ ʟʽʩʪʘʚʣʝʥʥʷ ʽʟ ʟʘʩʦʙʘʤʠ ï ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ï ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʤʽʥʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʣʘʩʪʝʨʽʚ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʘʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ 

ʜʦʟʚʦʣʷʻ ʘʢʪʠʚʽʟʫʚʘʪʠ ʽʥʪʝʥʩʠʬʽʢʫʶʯʽ ʪʘ ʧʨʠʛʥʽʪʠʪʠ ʩʪʨʠʤʫʶʯʽ ʯʠʥʥʠʢʠ 

ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ. 
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3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 

ʃʊɼʉ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ ʚ ʟʦʥʽ 

ʦʙʨʦʙʢʠ, ʘʣʝ ʡ ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʫ. 

4. ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʷ ʘʣʤʘʟʥʦʛʦ ʤʽʢʨʦʨʽʟʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʘʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʫ 

ʟʦʥʽ ʨʽʟʘʥʥʷ ʷʢ ʥʘʩʣʽʜʢʫ ʩʫʢʫʧʥʦʩʪʽ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʢʣʘʩʪʝʨʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʻ ʨʽʟʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʢʨʦʢ 

ʨʦʟʤʽʱʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʥʘ ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʢʨʦʢʫ ʘʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʜʞʛʫʪʘʤʠ ʚʦʣʦʢʦʥ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʽʟʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʠʧʫ ʂɯʄʌ, ʨʦʟʨʦʙʣʝʥʦ ʡ ʘʧʨʦʙʦʚʘʥʦ 

ʥʠʟʢʫ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʥʘʥʝʩʝʥʠʤ 

ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ, ʟʦʢʨʝʤʘ ʘʣʤʘʟʥʠʭ ʩʪʨʫʥ, ʧʦʣʦʪʝʥ ʨʝʥʦʚʘʪʦʨʘ ʪʘ ʢʽʣʴʮʝʚʠʭ 

ʩʚʝʨʜʝʣ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʞʦʨʩʪʢʠʭ (ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʝʣ), ʧʨʫʞʥʠʭ (ʧʦʣʦʪʝʥ ʨʝʥʦʚʘʪʦʨʘ) ʪʘ ʛʥʫʯʢʠʭ 

(ʘʣʤʘʟʥʠʭ ʩʪʨʫʥ) ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, 

ʘʨʤʦʚʘʥʠʭ ʩʢʣʷʥʠʤʠ ʪʘ ʚʫʛʣʝʮʝʚʠʤʠ ʚʦʣʦʢʥʘʤʠ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʃʊɼʉ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʣʘʩʪʝʨʽʚ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʦʧʦʥʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

4. ʅʘʚʝʜʝʥʦ ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦï

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

5. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʨʽʟʘʥʥʷ ʘʣʤʘʟʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʘ ʧʨʠʥʮʠʧʠ ʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʧʝʨʝʜʘʥʦ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʊʆɺ çʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʟʘʚʦʜ çʃʝʟʦèò. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʤʝʪʦʜʠʢʠ ʪʘ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʜʣʷ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥ çʊʝʭʥʦʣʦʛʽʷ ʬʽʟʠʢʦïʪʝʭʥʽʯʥʦʾ 
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ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚè ʽ çʊʝʭʥʦʣʦʛʽʷ ʽ ʦʙʣʘʜʥʘʥʥʷ ʬʽʟʠʢʦïʪʝʭʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʚʠʩʦʢʦʤʽʮʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ, ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʣʘʟʝʨʥʝ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʝ ʩʧʽʢʘʥʥʷ, ʢʣʘʩʪʝʨ ʧʦʚʝʨʭʥʽ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

 

ɸBSTRACT 

 

Budar Mohamed R.F. Improving the efficiency of diamond-abrasive tools 

for processing high-strength composite materials. ï Qualifying scientific work as 

manuscript. 

Dissertation for the degree of a candidate of technical sciences on the 

specialty 05.03.01 "Processes of machining, machines and tools". ï Central 

Ukrainian National Technical University, Kropyvnytskyi, 2021. 

The introduction substantiates the relevance of the work, formulates the 

purpose, object, subject of research and tasks that the author solves in the paper. 

The information is provided to confirm the importance of the issue under 

consideration. The scientific novelty and practical significance of the obtained 

results are outlined. Information on approbation, publications and structure of the 

dissertation is given. The personal contribution of the applicant is indicated. 

The first section analyzes the use conditions of diamond tools in the 

processing of new composite materials, in particular, the carbon group. Well-

known domestic and foreign scientific schools on creation of the diamond tool are 

analyzed, the analysis of its work is carried out. Information on the peculiarities of 

surfaces formation in the products processing from composite materials, taking 

into account their structure and composition, anisotropy of physical and 

mechanical properties; it is shown that work with the diamond tool occurs at 

change of conditions of contact therefore defects of various character can arise, 

processing productivity will decrease. The conclusion on expediency of application 

of the functional approach to creation of working edges of the diamond tool is 

made, the methodological basis offered by known scientists in the field of the 
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functional approach is analyzed in detail. 

Whereas, from the point of view of rational provision of functions, the 

working edges of the tool must be adapted to the peculiarities of work in different 

work areas during the machining cycle, and based on the principle of separation of 

surfaces at different levels, and taking into account previous research , the 

conclusion is made about the possibility of decomposition of the tool surfaces and 

the transition to the creation of separate functional areas in the form of functionally 

stable surface clusters. 

Performing further analysis of the possibility of forming such clusters, the 

assumption is made about the prospect of using hybrid point processes that allow 

to form certain surface parameters (including the cutting properties of the surface 

layer). 

Based on the regularities of diamond layer formation by different methods, it 

is concluded that laser thermodeformation sintering is the most expedient from the 

point of view of application for certain tasks. 

As a result, the subject and object of research are selected, the purpose is 

formulated and the tasks of research are defined. 

The second section is devoted to the method of forming a diamond-

containing layer based on a functional approach. Since it was found that the 

functional-oriented approach is an effective highly efficient method of creating 

machining processes, especially those associated with the final formation of 

products from composite materials, considered the basic principles of rigid, elastic 

and flexible tools functioning for processing composites. Based on the analysis of 

the tool structures, the principles of decomposition of working surfaces are 

determined, the difference of conditions in which they work is established. It is 

proved that the decrease in the elasticity and deformation of the tool reduces the 

difference in working conditions for localization, but increases this difference in 

time. The reason is the change in cutting properties due to the active allocation of 

sludge, and, subsequently, the increase in temperature on the working surfaces. 

The scheme of processing quality indicators formation is substantiated and it 

is shown that the decomposition of the surface into separate zones (clusters) allows 

to describe the change of their properties as a function obtained due to the 
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intersection of the cutting plane of a certain surface model used as a tool base. This 

functional description allows to agree on the conditions of individual clusters 

connection, to ensure the desired difference in their functional properties, to move 

to the functional conditionality of clusters formation on certain technological 

modes of tool creation.  

For this purpose, the method of finding rational material carriers of functions 

to the problems of improving products with a diamond layer was adapted, and to 

find optimal carriers of functions - new technical solutions of analyzed products, it 

was proposed to use the method of calculating the unit cost of useful function 

taking into account the possibility of discretization of the main functional surfaces 

of the product (with a diamond layer), which allow to ensure the final properties of 

the product through a system of quality indicators with minimal material costs. 

The basic requirements to surfaces are formulated, in particular: compatible 

surfaces should allow differences in the formed structures; compatible surfaces 

should not have different mechanical characteristics, in particular, CLTE, sʘ, etc., 

which allows such elements to form a continuous cutting surface; the sequence of 

compatible surfaces should approach the curve of a given geometric profile of the 

product as a whole; compatible surfaces must not have gaps in the structure; a 

number of compatible surfaces can form a separate cluster with similar physical 

and mechanical characteristics. 

It is concluded that the most appropriate means of providing properties is a 

laser-deformation method of surface layer formation, which requires certain 

improvements to obtain patterns of the process control of forming surface elements 

or their clusters. The calculation of the expected localization zone showed that 

under the condition of surface heating for the implementation of the subsequent 

deformation compaction over 750ÁC, the diameter of the localized spot with a 

fixed beam is from 0.32 mm to 0.4 mm. 

The third section provides a detailed description of the equipment used, as 

well as methods of experimental and model research. On the basis of the analysis 

of schemes of realization of laser thermodeformation sintering original designs of 

the auxiliary devices established on the universal laser-jet complex LSK-400-5 

which was used for experimental researches are developed. A dynamic model of 



12 

 

surface cluster formation is developed based on the peculiarities of surface heating 

by defocused laser beam, gas supply phenomena of filler metal particles and 

diamond grains, as well as on dynamic properties of electromechanical tool body 

orientation system. 

The method of using the means of electron microscopic examination using a 

microscope REM-106-I, the method of speciments preparation to determine the 

degradation of the tool surface, as well as topographic examination of the surface 

of the treated sample is given. Equations for estimating topographic contrast and 

construction of 3D images of surfaces, and also for calibration of means of 

electronic measurements of microgeometric surface parameters are offered. 

A description of the test equipment for experimental verification of the 

created tool (in particular, a saw machine with adjustable asynchronous drive and a 

drilling machine model JET-12) is given. 

The general sequence of proof of the formulated scientific positions is given. 

The fourth section presents the results of a set of theoretical and 

experimental studies of application. Thus, using the developed generalized 

mathematical model, which takes into account the interaction of rigid, elastic and 

flexible tools with a loose composite structure, a simulation was performed to 

determine the conditions and differences in the operation of a diamond drill, 

renovator saw, diamond thread when cutting KIMF material. Regularities of parts 

loadings change of a working surface, and accordingly, functional features of 

working surfaces clusters of the tool on which requirements to parameters of a 

diamond-bearing layer are formulated are established. This also made it possible to 

prove the assertion of the possibility of describing functional differences by 

mathematical regularities presented in the form of polynomials of the second and 

third degree of the form. 

Based on the results of modeling and using graph theory, as well as on the 

basis of the obtained laws, the requirements to the diamond layer parameters are 

formulated, these requirements are checked for compliance with the minimum 

cluster size and interconnection, and requirements for laser thermodeformation 

sintering are formed. 

The results of researches of the process of laser thermodeformation sintering 
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for the formation of reliable surface clusters of the minimum required size (which 

proved the third scientific position), the properties of which change according to 

the forecast dependences, are given. A comparison of model and experimental 

results on surface properties is performed.  

The focus is on the features of processing materials such as KIMF by the 

created tool. At the same time, the provision of the theory of diamond microcutting 

of composite reinforced materials was verified by the need to take into account the 

dynamic phenomena of the cutting zone as a consequence of the work totality of 

individual surface clusters.  

It is shown that the errors of the simulation and the obtained regression 

models do not exceed 5-7%, and the use of the tool created on the basis of the 

functional approach is higher by 20-25% for ring drills, 40-50% for flexible tools 

(diamond strings) and 15-20% for the elastic tool (pollen of the renovator). 

The fifth section provides an economic justification of the proposed 

technical solutions and engineering methods of their use. The requirements to the 

tools used for KIMF type materials cutting are formulated, a number of new 

technical solutions of tools with the put diamond layer, in particular, cutting 

strings, the immersed saws of the renovator and drills are developed, made and 

tested. 

The technique of definition of functional features of rigid (drills), elastic 

(saw blades of the renovator) and flexible (strings) tools intended for the materials 

processing reinforced with glass and carbon fibers is developed. 

Examples and prospects of application of the approach at use of products 

with diamond-containing layers in mechanical engineering are resulted, the 

conclusion concerning economic expediency of use of the offered approach is 

made. 

Scientific novelty of the obtained results. 

1. Based on the analysis of diamond-abrasive cutting process of composite 

materials, a mathematical model was proposed for the first time, which takes into 

account the interaction of elastic non-rigid tool with additional degrees of freedom 

with the hollow structure of the composite, and proved that this interaction is 

characterized by differences in location and time. The conclusion about expediency 
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of formation of working surfaces of the tool in the form of separate clusters is 

made. 

2. The functionally-oriented approach to the creation of a diamond-abrasive 

tool has been improved by involving procedures for describing the working 

conditions of clusters and comparing them with the means - material carriers - of 

their formation. It is shown that the difference in the functional features of clusters 

is described by second-order polynomials; taking into account the differences 

allows to activate the intensifying and to suppress restraining factors of the 

interaction process. 

3. The mathematical model of clusters formation of diamond layer LTDS 

surface which considers not only thermal processes and the phenomena in a 

processing zone, but also dynamics of movement of working bodies is improved; 

dependencies for cluster size are proposed. 

4. The theory of diamond microcutting of composite reinforced materials by 

taking into account the dynamic phenomena in the cutting zone as a consequence 

of the totality of the work of individual surface clusters has been further developed. 

It is shown that the cutting tool is more stable and efficient, the step of placing 

clusters on which corresponds to the step of reinforcing the material with bundles 

of fibers. 

The practical significance of the obtained results. 

1. The requirements to the tools used for cutting of high-strength composites 

of KIMF type are formulated, a number of new technical decisions concerning 

production of tools with applied diamond layer, in particular diamond strings, 

cloths of the renovator and ring drills are developed and tested. 

2. The technique of functional features definition of rigid (ring drills), elastic 

(cloths of the renovator) and flexible (diamond strings) tools intended for 

processing of the materials reinforced by glass and carbon fibers is developed. 

3. Empirical dependencies for determination of LTDS modes at formation of 

working surfaces clusters of the offered tools are offered. 

4. The economic substantiation of the functionally-oriented approach 

application to creation of the diamond-containing tool is resulted. 

5. The developed recommendations for diamond cutting operations and the 
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principles of machining have been transferred to the LLC "Kirovohrad Tool 

Factory "Lezo" for implementation. The obtained work results, methods and 

models are used in the educational process of the Central Ukrainian National 

Technical University for teaching disciplines "Technology of physical and 

technical processing of materials" and "Technology and equipment of physical and 

technical processing of materials". 

Keywords: diamondïabrasive tool, high-strength composite material, 

functionallyïoriented approach, laser thermodeformation sintering, diamondï

containing cluster, processing efficiency. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ůa ï ʤʽʮʥʽʩʪʴ ʘʜʛʝʟʽʾ ʰʘʨʽʚ, ʄʇʘ; 

ŭ ï ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ; 

h ï ʪʦʚʱʠʥʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʤ; 

s ï ʰʚʠʜʢʽʩʪʴ ʢʦʥʪʫʨʥʦʾ ʧʦʜʘʯʽ, ʤʤ/ʭʚ; 

Ra ï ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʤʢʤ; 

ʊʚ ï ʛʣʠʙʠʥʘ ʜʝʬʝʢʪʥʦʛʦ ʰʘʨʫ, ʤʤ; 

s0max ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʄʇʘ; 

l ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʤʤ; 

ʂs ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ; 

ʂRa ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʨʽʚʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʩʪʨʫʤʠʥʥʦʛʦ 

ʚʧʣʠʚʫ; 

h ï ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ; 

mʩ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʫ ʩʦʧʣʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʬʽʣʶ ʢʘʥʘʣʫ, ʷʢʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʨʽʚʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʫ ʢʘʥʘʣʽ; 

fcmax ï ʘʢʪʠʚʥʘ ʧʣʦʱʘ ʩʦʧʣʘ, ʤʤ
2; 

Par ï ʧʘʨʘʤʝʪʨ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʪʨʫʤʠʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʚʝʨʭʥʶ; 

ɸ ï ʨʽʚʝʥʴ ʟʘʣʠʰʢʫ ʙʨʫʜʫ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ, %; 

j ï ʢʫʪ ʨʦʟʭʦʜʞʝʥʥʷ ʩʪʨʫʤʝʥʷ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʫ; 

ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʄʇʘ; 

ʘ ï ʨʦʙʦʪʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʦʜʠʥʠʮʽ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ; 

mm ï ʤʘʩʘ ʚʠʜʘʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʛ; 

Ű ï ʯʘʩ ʨʽʟʘʥʥʷ, ʩ; 

bp ï ʰʠʨʠʥʘ ʧʝʨʝʨʽʟʫ, ʤʤ; 

N ï ʧʦʪʫʞʥʽʩʪʴ ʩʪʨʫʤʝʥʷ, ʦʙʫʤʦʚʣʝʥʘ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʚʠʪʽʢʘʥʥʷ, ɺʪ; 

v1 ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʠʥʢʠ, ʟ ʷʢʦʶ ʦʩʪʘʥʥʷ ʥʘʪʽʢʘʻ ʥʘ ʧʝʨʝʧʦʥʫ, ʤ/ʩ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʻʤʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦ ʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ï ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ, ʞʘʨʦʪʨʠʚʢʠʭ, ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʽʥ., 

ʦʙʨʦʙʢʘ ʷʢʠʭ, ʟʦʢʨʝʤʘ ʘʣʤʘʟʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʚôʷʟʘʥʘ ʟ ʥʠʟʢʦʶ ʧʨʦʙʣʝʤ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʩʢʣʦï ʪʘ ʚʫʛʣʝʧʣʘʩʪʠʢʽʚ, ʢʘʨʙʦʥï

ʢʘʨʙʦʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʫʤʦʚʣʶʻ ʪʨʫʜʥʦʱʽ, ʧʦʚôʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʚ ʩʪʨʫʢʪʫʨʽ 

ʢʦʤʧʦʟʠʪʫ ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʨʤʫʚʘʣʴʥʠʭ ʚʦʣʦʢʦʥ (ʚʫʛʣʝʮʝʚʠʭ ʘʙʦ 

ʚʠʩʦʢʦʤʦʜʫʣʴʥʠʭ ʩʢʣʷʥʠʭ), ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʩʧʨʦʤʦʞʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ 

ʢʝʨʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʦʥʫ ʦʙʨʦʙʢʠ. ʆʩʦʙʣʠʚʦ ʚʘʞʢʠʤʠ ʻ ʨʦʟʜʽʣʦʚʽ ʦʧʝʨʘʮʽʾ, 

ʧʽʜ ʯʘʩ ʷʢʠʭ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʯʘʩʪʠʥʠ ʟʘʛʦʪʦʚʢʠ, ʟʥʘʯʥʽ ʟʘ ʨʦʟʤʽʨʦʤ 

(ʥʘʧʨʠʢʣʘʜ, ʨʦʟʨʽʟʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʪʠʧʫ ʂɯʄʌ ʥʘ ʧʣʘʩʪʠʥʠ). ʆʩʢʽʣʴʢʠ ʪʘʢʘ 

ʦʙʨʦʙʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʜʦʩʪʘʪʥʴʦ ʪʨʠʚʘʣʦʶ, ʪʦ ʘʣʤʘʟʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʚʥʘʩʣʽʜʦʢ ʜʝʛʨʘʜʘʮʽʾ ʟʤʽʥʶʻ ʨʽʟʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʘʢʘ ʜʝʛʨʘʜʘʮʽʷ ʥʝ ʻ 

ʦʜʥʦʨʽʜʥʦʶ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʟʦʥʘʭ, ʜʝ ʫʤʦʚʠ ʦʙʨʦʙʢʠ ʜʦʩʠʪʴ 

ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʫʤʦʚ ʫʩʪʘʣʝʥʦʛʦ ʨʽʟʘʥʥʷ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʥʘʡʙʽʣʴʰ 

ʧʦʚʥʦ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʥʝʞʦʨʩʪʢʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ (ʷʢ ʽʥʩʪʨʫʤʝʥʪʘʭ ʽʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ) ï ʧʦʣʦʪʥʘʭ ʨʝʥʦʚʘʪʦʨʽʚ ʪʘ ʘʣʤʘʟʥʠʭ 

ʩʪʨʫʥʘʭ. 

ʂʝʨʫʶʯʠʩʴ ʧʨʠʥʮʠʧʘʤʠ ʪʘ ʟʘʩʘʜʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʰʣʷʭʦʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʘʡʦʢ ʽʥʩʪʨʫʤʝʥʪʫ ʦʩʦʙʣʠʚʦʩʪʷʤ 

ʧʨʦʮʝʩʫ ʽ ʢʦʥʢʨʝʪʥʦʤʫ ʪʠʧʫ ʢʦʤʧʦʟʠʪʫ ʻ ʜʽʻʚʠʤ ʩʧʦʩʦʙʦʤ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ 

ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ, ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʩʠʚʫ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʽʦʜʫ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʤʝʥʰʦʛʦ ʚʽʜʭʦʜʫ 

ʤʘʪʝʨʽʘʣʫ ʚ ʰʣʘʤ. ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʠʥʽ ʚʽʜʩʫʪʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ʧʨʠʥʮʠʧʽʚ ʪʘ ʤʝʪʦʜʠʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʘʜʘʧʪʘʮʽʷ 

ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ (ʃʊɼʉ) 

ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʨʦʟʚôʷʟʘʪʠ ʚʘʞʣʠʚʫ ʥʘʨʦʜʥʦïʛʦʩʧʦʜʘʨʩʴʢʫ ʟʘʜʘʯʫ 

ʩʫʯʘʩʥʦʛʦ ʥʘʫʢʦʻʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ï ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʧʨʠ ʦʙʨʦʙʮʽ 

ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʆʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʩʪʽ ʨʽʟʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʚʘʥʥʷ 

ʱʽʣʴʥʦʩʪʽ, ʬʨʘʢʮʽʡʥʦʩʪʽ ʪʘ ʫʤʦʚ ʚʠʢʣʘʜʘʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʰʘʨʫ ʨʽʟʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʣʷ 

ʷʢʠʭ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʻ, ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʫ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʫʢʦʚʦʾ ʪʝʤʘʪʠʢʠ ʢʘʬʝʜʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ 

ʤʘʰʠʥ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ 

ʧʦʚôʷʟʘʥʘ ʟ ʪʝʤʘʪʠʢʦʶ ʥʘʫʢʦʚʦïʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʢʘʬʝʜʨʠ çʇʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ ʨʽʟʘʥʥʷ ʢʘʨʙʦʥʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ˉ0120U104288). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʨʽʟʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ, ʬʨʘʢʮʽʡʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʰʘʨʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʩʦʙʘʤʠ 

ʃʊɼʉ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ 

ʚʽʣʴʥʦʩʪʽ ʟ ʚʠʩʦʢʦʤʽʮʥʠʤ ʘʨʤʦʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʝʭʘʥʽʟʤ 
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ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʟ ʧʦʨʦʞʥʠʩʪʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ; 

ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʤʽʩʮʝʤ ʪʘ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʦʙʨʦʙʥʦʛʦ ʘʣʤʘʟʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ (ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʝʣ, ʧʦʣʦʪʝʥ ʨʝʥʦʚʘʥʦʨʘ, ʘʣʤʘʟʥʠʭ ʩʪʨʫʥ), 

ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

3. ɿʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʽʥʩʪʨʫʤʝʥʪʫ. ɿʘʩʪʦʩʫʚʘʚʰʠ ʧʦʥʷʪʪʷ ʢʣʘʩʪʝʨʫ, ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʜʽʣʷʥʦʢ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫʤʦʚʘʤʠ ʨʽʟʘʥʥʷ. ɺʩʪʘʥʦʚʠʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ. 

4. ɺʠʷʚʠʪʠ ʫʤʦʚʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʩʧʦʣʫʯʝʥʴ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ ʤʽʞ 

ʩʦʙʦʶ ʟ ʤʝʪʦʶ ʫʪʚʦʨʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʽʟʘʣʴʥʦʛʦ ʰʘʨʫ ʚ ʮʽʣʦʤʫ.  

5. ɸʜʘʧʪʫʚʘʪʠ ʤʝʪʦʜ ʃʊɼʉ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʫ ʚʠʛʣʷʜʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʢʣʘʩʪʝʨʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʢʣʘʩʪʝʨʽʚ. 

6. ʇʨʦʚʝʩʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫ ʜʽʶʯʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʈʦʟʚôʷʟʦʢ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʪʠʤʝ ʥʝ ʪʽʣʴʢʠ 

ʜʦʩʷʛʥʝʥʥʶ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʘ ʡ ʜʦʚʝʜʝ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ 

ʦʙʨʦʙʢʫ ʧʝʚʥʦʾ ʤʘʨʢʠ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʢʘʨʙʦʥïʢʘʨʙʦʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, 

ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʘʮʽʾ ʩʬʦʨʤʦʚʘʥʠʭ ʃʊɼʉ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 

ʜʦ ʫʤʦʚ ʾʭ ʨʦʙʦʪʠ ʧʨʠ ʨʽʟʘʥʥʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʠʧʫ ʂɯʄʌ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ, ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʧʨʫʞʥʦʛʦ ʪʽʣʘ, ʪʝʦʨʽʾ 

ʪʝʧʣʦï ʪʘ ʤʘʩʦʦʙʤʽʥʫ, ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʌʦʨʤʫʣʶʚʘʥʥʷ 
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ʧʨʠʥʮʠʧʽʚ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʪʘ 

ʪʝʦʨʽʾ ʢʦʤʙʽʥʘʪʦʨʠʢʠ. ɿʘʣʫʯʝʥʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʝʨʭʦʥʴ ʪʚʝʨʜʠʭ ʪʽʣ: ʝʣʝʢʪʨʦʥʥʫ ʨʘʩʪʨʦʚʫ ʤʽʢʨʦʩʢʦʧʽʶ ʪʘ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʤʽʢʨʦʘʥʘʣʽʟ ʧʦʚʝʨʭʥʽ, ʟʘʩʦʙʠ ʚʽʜʪʚʦʨʝʥʥʷ 

ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ. ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʠʢʦʥʘʥʦ 

ʤʝʪʦʜʦʤ ʈʫʥʛʝïʂʫʪʪʘ, ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʙʽʨʦʢ ʟʘʩʪʦʩʦʚʘʥʦ 

ʨʝʛʨʝʩʽʡʥʠʡ ʪʘ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟʠ, ʩʧʝʮʽʘʣʴʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʨʦʛʨʘʤʥʽ 

ʧʘʢʝʪʠ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʩʠʣʦʢ, ʨʦʟʨʦʙʦʢ, ʢʦʥʩʪʨʫʢʮʽʡ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʪʚʝʨʜʞʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʇʝʨʝʚʽʨʢʫ ʧʨʘʮʝʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʚʦʨʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʜʽʡʩʥʝʥʦ ʧʨʠ ʦʙʨʦʙʮʽ 

ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ ʂɯʄʌ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ ʨʽʟʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʧʨʫʞʥʦʛʦ ʥʝʞʦʨʩʪʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ ʟ ʧʦʨʦʞʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʢʦʤʧʦʟʠʪʫ, ʪʘ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʮʷ ʚʟʘʻʤʦʜʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʟʘ ʣʦʢʘʣʽʟʘʮʽʻʶ 

ʪʘ ʯʘʩʦʤ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʧʨʦʮʝʜʫʨ ʦʧʠʩʫ ʫʤʦʚ 

ʨʦʙʦʪʠ ʢʣʘʩʪʝʨʽʚ ʪʘ ʟʽʩʪʘʚʣʝʥʥʷ ʽʟ ʟʘʩʦʙʘʤʠ ï ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ï ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʤʽʥʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʣʘʩʪʝʨʽʚ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʘʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ; ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ 

ʜʦʟʚʦʣʷʻ ʘʢʪʠʚʽʟʫʚʘʪʠ ʽʥʪʝʥʩʠʬʽʢʫʶʯʽ ʪʘ ʧʨʠʛʥʽʪʠʪʠ ʩʪʨʠʤʫʶʯʽ ʯʠʥʥʠʢʠ 

ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 
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ʃʊɼʉ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ ʚ ʟʦʥʽ 

ʦʙʨʦʙʢʠ, ʘʣʝ ʡ ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ; ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʫ. 

4. ʅʘʙʫʣʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʷ ʘʣʤʘʟʥʦʛʦ ʤʽʢʨʦʨʽʟʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʘʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʫ 

ʟʦʥʽ ʨʽʟʘʥʥʷ ʷʢ ʥʘʩʣʽʜʢʫ ʩʫʢʫʧʥʦʩʪʽ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʢʣʘʩʪʝʨʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʻ ʨʽʟʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʢʨʦʢ 

ʨʦʟʤʽʱʝʥʥʷ ʢʣʘʩʪʝʨʽʚ ʥʘ ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʢʨʦʢʫ ʘʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʜʞʛʫʪʘʤʠ ʚʦʣʦʢʦʥ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʽʟʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʠʧʫ ʂɯʄʌ, ʨʦʟʨʦʙʣʝʥʦ, ʚʠʛʦʪʦʚʣʝʥʦ ʽ 

ʘʧʨʦʙʦʚʘʥʦ ʨʷʜ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʥʘʥʝʩʝʥʠʤ ʘʣʤʘʟʥʠʤ 

ʰʘʨʦʤ, ʟʦʢʨʝʤʘ, ʘʣʤʘʟʥʠʭ ʩʪʨʫʥ, ʧʦʣʦʪʝʥ ʨʝʥʦʚʘʪʦʨʫ ʪʘ ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʣ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʞʦʨʩʪʢʠʭ (ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʣ), ʧʨʫʞʥʠʭ (ʧʦʣʦʪʝʥ ʨʝʥʦʚʘʪʦʨʫ) ʪʘ ʛʥʫʯʢʠʭ 

(ʘʣʤʘʟʥʠʭ ʩʪʨʫʥ) ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, 

ʘʨʤʦʚʘʥʠʭ ʩʢʣʷʥʠʤʠ ʪʘ ʚʫʛʣʝʮʝʚʠʤʠ ʚʦʣʦʢʥʘʤʠ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʃʊɼʉ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʦʧʦʥʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

4. ʅʘʚʝʜʝʥʦ ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦï

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

5. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʨʽʟʘʥʥʷ ʘʣʤʘʟʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʘ ʧʨʠʥʮʠʧʠ ʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʧʝʨʝʜʘʥʦ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʊʆɺ çʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʟʘʚʦʜ çʃʝʟʦè. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʤʝʪʦʜʠʢʠ ʪʘ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʜʣʷ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥ çʊʝʭʥʦʣʦʛʽʷ ʬʽʟʠʢʦïʪʝʭʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚè ʽ çʊʝʭʥʦʣʦʛʽʷ ʽ ʦʙʣʘʜʥʘʥʥʷ ʬʽʟʠʢʦïʪʝʭʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚè. 



26 

 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʘʚʪʦʨʦʤ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʝʞʦʨʩʪʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʪʠʧʫ ʂɯʄʌ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ, ʥʠʟʢʫ ʨʝʛʨʝʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʟʘ ʣʦʢʘʮʽʻʶ ʪʘ ʯʘʩʦʤ, ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʨʽʟʘʣʴʥʦʛʦ ʰʘʨʫ 

ʽʥʩʪʨʫʤʝʥʪʫ. ɸʚʪʦʨʦʤ ʜʦʚʝʜʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʨʦʙʦʯʠʭ ʢʨʘʡʦʢ ʥʘ 

ʦʢʨʝʤʽ ʢʣʘʩʪʝʨʠ, ʨʦʟʤʽʨ ʷʢʠʭ ʟʫʤʦʚʣʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʢʣʘʩʪʝʨʽʚ ʤʝʪʦʜʦʤ 

ʃʊɼʉ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʨʘʟʦʤ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʋ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ, ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ ʪʘʢʠʡ: [1] ï ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʡʤʦʚʽʨʥʽʩʥʽ ʤʦʜʝʣʽ 

ʥʘʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʚʽʜʤʦʚʠ ʨʦʙʦʪʠ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ; [2] ï 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʦʙʨʦʙʮʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; [3] ï ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʷʚʠʱ ʧʠʣʦï ʪʘ 

ʰʣʘʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʘʙʨʘʟʠʚʥʽʡ ʦʙʨʦʙʮʽ ʢʘʨʙʦʥʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ; [4] ï 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʚʝʨʜʣʽʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʘʨʙʦʥʦʚʦʾ 

ʛʨʫʧʠ; [5] ï ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʟʦʥʠ ʨʽʟʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; [6] ï ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʝʣ, ʩʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ; [7] ï 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʫ ʧʨʠ ʜʠʥʘʤʽʯʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ: International Scientific 

Conference UNITEXï19 (Gabrovo, Bulgaria, 2019); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦï

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çɸʢʪʫʘʣʴʥʽ 
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ʧʨʦʙʣʝʤʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘè (ʤ. ʂʨʝʤʝʥʯʫʢ, 24ï24 ʢʚʽʪʥʷ 2019 ʨ.); 

XX ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʛʨʝʩʠʚʥʘ ʪʝʭʥʽʢʘ, 

ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʦʩʚʽʪʘè (ʤ. ʍʝʨʩʦʥ, 10ï13 ʚʝʨʝʩʥʷ 2019 ʨ.); ʍ 

ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ 

çʇʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʝʨʩʪʘʪʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪè (ʤ. ɾʠʪʦʤʠʨ, 06ï09 

ʣʠʩʪʦʧʘʜʘ 2019 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦïʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʥʷ. Increase of Machine and Equipment 

Reliabilityè (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 15ï17 ʢʚʽʪʥʷ 2020 ʨ.); XIII ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ (ʤ. ʄʽʥʩʴʢ, ɹʽʣʦʨʫʩʽʷ, 15ï17 

ʢʚʽʪʥʷ 2020 ʨ.); ɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦïʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʚʽʘʮʽʷ, 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʩʫʩʧʽʣʴʩʪʚʦè (ʤ. ʂʨʝʤʝʥʯʫʢ, 14 ʪʨʘʚʥʷ 2020 ʨ.); XX 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʀʥʞʝʥʝʨʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʨʝʥʦʚʘʮʠʷ ʠʟʜʝʣʠʡè (ʤ. ʂʠʾʚ, 01ï05 ʯʝʨʚʥʷ 2020 ʨ.); ʥʘʫʢʦʚʦïʪʝʭʥʽʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ ʚʠʢʣʘʜʘʯʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, 2015ï2020 ʨ.). ʋ 

ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʜʦʧʦʚʽʜʘʣʘʩʷ ʥʘ ʨʦʟʰʠʨʝʥʦʤʫ ʟʘʩʽʜʘʥʥʽ 

ʥʘʫʢʦʚʦʛʦ ʩʝʤʽʥʘʨʫ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʤ. 

ʂʨʦʧʠʚʥʠʮʴʢʠʡ). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʽʟ ʥʠʭ 3 ʩʪʘʪʪʽ ï ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 4 ï ʫ ʟʘʢʦʨʜʦʥʥʠʭ 

ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ, 5 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, 

ʦʪʨʠʤʘʥʦ 2 ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧôʷʪʠ 

ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʠ ʟʽ 158 ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ ʥʘ 

10 ʩʪʦʨʽʥʢʘʭ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 208 ʩʪʦʨʽʥʦʢ, ʽʟ ʷʢʠʭ 142 

ʩʪʦʨʽʥʢʠ ï ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 82 ʨʠʩʫʥʢʠ ʪʘ 14 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ʈʆɿʈʆɹʂɸ ʆɹʈʆɹʅʀʍ ʇʈʆʎɽʉɯɺ ɼʃʗ ʌʆʈʄʋɺɸʅʅʗ  

ʂʆʄʇʃɽʂʉʋ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʆɺɽʈʍʅɽɺʀʍ ʐɸʈɯɺ ɺʀʈʆɹɯɺ 

ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

 

1.1. ʌʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʜʝʪʘʣʷʭ ʽʟ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʘʣʽʚ 

 

ʉʫʯʘʩʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʟʨʦʩʪʘʥʥʷʤ 

ʦʙʩʷʛʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʟʘʜʘʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʧʨʦʤʦʞʥʽ ʧʨʘʮʶʚʘʪʠ ʚ 

ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʽ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʟʥʘʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, 

ʩʧʨʠʡʤʘʪʠ ʜʽʶ ʤʘʛʥʽʪʥʠʭ ʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʧʦʣʽʚ ʪʦʱʦ [1]. 

ʂʦʤʧʦʟʠʪʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʣʽʪʘʢʽʚ, ʩʫʜʝʥ, ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ. ɹʽʣʴʰ ʜʝʰʝʚʽ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʧʘʢʫʚʘʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʪʦʚʘʨʽʚ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ. 

ɸʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧʦʟʠʪʠ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʧʨʠʯʦʤʫ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥ (ʝʣʝʤʝʥʪʽʚ), ʘ ʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʦʩʥʦʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʘʙʨʘʟʠʚʦʚʤʽʩʥʠʭ (ʘʣʤʘʟʦʚʤʽʩʥʠʭ) 

ʽʥʩʪʨʫʤʝʥʪʽʚ [2]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʞʝ ʥʠʥʽ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʩʣʦʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩ. 1.1,ʘ), ʧʦʰʫʢ ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʩʧʦʣʫʯʝʥʴ ʘʢʪʠʚʥʦ ʧʨʦʜʦʚʞʫʻʪʴʩʷ [3ï5]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʦʣʦʚʥʽ ʟʫʩʠʣʣʷ 

ʜʦʩʣʽʜʥʠʢʽʚ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ, ʩʧʨʦʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʦʪʨʠʤʘʥʥʷ ʪʘ ʜʦʚʝʜʝʥʥʷ ʜʦ ʛʦʪʦʚʦʛʦ 

ʚʠʛʣʷʜʫ [6], ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘ ʨʘʭʫʥʦʢ 

ʨʝʮʠʢʣʽʥʛʦʚʠʭ ʧʨʦʮʝʩʽʚ [7], [8]. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʦʶ ʤʘʩʦʶ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʻ ʘʨʤʦʚʘʥʽ ʜʦʚʛʠʤʠ ʘʙʦ ʢʦʨʦʪʢʠʤʠ ʩʢʣʷʥʠʤʠ, ʚʫʛʣʝʮʝʚʠʤʠ ʘʙʦ ʦʨʛʘʥʽʯʥʠʤʠ 

ʚʦʣʦʢʥʘʤʠ ʧʦʣʽʤʝʨʥʽ ʤʘʪʨʠʮʽ, ʨʠʩ. 1.1,ʙ [9]. 
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ʘ) 

 

ʙ) 

 

ʚ) 

ʈʠʩ.1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʦʤʧʦʟʠʪʽʚ (ʘ), ʪʠʧʠ ʚʦʣʦʢʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʙ) 

ʪʘ ʾʭ ʧʨʦʤʠʩʣʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʚ) (ʟʘ [9], [14])  
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ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʚʽʜʤʽʥʥʽʩʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʝ ʪʽʣʴʢʠ ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʫ ʮʘʨʠʥʽ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ [10], ʘ ʽ ʦʙʫʤʦʚʣʶʶʪʴ 

ʘʢʪʠʚʥʠʡ ʧʦʰʫʢ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ [11ï14], 

ʬʦʨʤʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʱʦ ʦʙʫʤʦʚʣʶʚʘʪʠʤʝ 

ʧʨʘʮʝʩʧʨʦʤʦʞʥʽʩʪʴ ʚʠʨʦʙʫ ʧʨʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɿʘʟʚʠʯʘʡ ʚʠʨʦʙʥʠʮʪʚʦ ʘʨʤʦʚʘʥʠʭ ʩʢʣʦï ʪʘ ʚʫʛʣʝʚʦʣʦʢʥʘʤʠ ʤʘʪʝʨʽʘʣʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʣʘʜʝʥʥʷ ʧʨʝʧʨʝʛʽʚ ʥʘ ʦʩʥʦʚʫ (ʷʢʘ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʩʪʘʻ ʩʚʦʻʨʽʜʥʠʤʠ ʢʦʧʽʶʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ), ʟ ʥʘʩʪʫʧʥʠʤ ʥʘʥʝʩʝʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʤʘʪʨʠʮʽ, ʘʙʦ ʰʣʷʭʦʤ ʫʢʣʘʜʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʢʦʤʧʦʟʠʪʫ ʚ ʧʦʪʨʽʙʥʫ ʬʦʨʤʫ (ʤʘʪʨʠʮʶ), ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʢʽʥʮʝʚʽʡ ʦʙʨʦʙʮʽ 

ʽʩʥʫʻ [15]. ʇʨʠ ʮʴʦʤʫ ʥʘʤʘʛʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ ʬʦʨʤʫ 

ʚʠʨʦʙʫ, ʘ ʡ ʩʪʚʦʨʠʪʠ ʪʘʢʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʷʢʦʤʫ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ 

ʙʫʜʫʪʴ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [16ï18]. ɻʦʣʦʚʥʫ ʫʚʘʛʫ 

ʟʦʩʝʨʝʜʞʫʶʪʴ ʥʘ: 

- ʩʪʚʦʨʝʥʥʽ ʧʨʦʛʨʝʩʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ; 

- ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʝʨʘʤʽʢʠ ʪʘ 

ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ;  

- ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʢʪʠʚʽʟʘʪʦʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ/ʤʽʢʨʦʨʽʟʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʩʪʘʥʫ ʟʦʥʠ ʦʙʨʦʙʢʠ; 

- ʧʨʦʚʝʜʝʥʥʽ ʟʘʭʦʜʽʚ ʽʟ çʢʦʥʩʪʨʫʶʚʘʥʥʷè ʥʝ ʪʽʣʴʢʠ ʚʠʨʦʙʫ, ʘ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʜʘʣʴʰʦʾ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ; 

- ʨʦʟʨʦʙʮʽ ʡ ʚʧʨʦʚʘʜʞʝʥʥʽ ʛʽʙʨʠʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʧʨʦʤʦʞʥʠʭ ʟʤʽʥʶʚʘʪʠ 

ʫʤʦʚʠ ʽ ʚʠʜʠ ʢʝʨʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʟʘʛʦʪʦʚʢʠ.  

ʗʢʱʦ ʧʝʨʰʽ ʥʘʧʨʷʤʢʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ 

ʻ ʚʽʜʦʤʠʤʠ ʽ ʜʦʩʪʘʪʥʴʦ ʧʦʰʠʨʝʥʠʤʠ (ʚʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʧʨʘʮʷʭ ʥʘʫʢʦʚʮʽʚ ʍʘʨʢʽʚʩʴʢʦʾ ʪʘ ʂʠʾʚʩʴʢʦʾ ʰʢʽʣ ʨʽʟʘʥʥʷ, ʟʦʢʨʝʤʘ, ʄ.ʌ. 

ʉʝʤʢʘ, ɻ.ɺ. ʐʘʙʘʣʠʥʘ, ʇ.ʉ. ʈʝʜʴʢʘ, ɽ.ʄ. ʃʝʚʝʥʙʝʨʛʘ, ɸ.ʀ. ɻʨʘʙʯʝʥʢʘ, ɺ.ʃ. 
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ɼʦʙʨʦʩʢʦʢʘ, ɺ.ɸ. ʌʝʜʦʨʦʚʠʯʘ, ɹ.ɸ. ʇʝʨʝʧʝʣʠʮʽ ʪʘ ʽʥ. [19] ï [21]), ʪʦ ʦʩʪʘʥʥʽ 

ʪʨʠ ʥʘʧʨʷʤʠ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʯʠʥʘʶʪʴ ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʪʠʩʷ.  

ɺ ʦʢʨʝʤʠʭ ʨʦʙʦʪʘʭ Charles W. Bytheway, ɭ.ɯ. ɻʦʣʽʙʘʨʜʦʚʘ, ɸ.ʄ. 

ʂʫʟʴʤʽʥʘ, ʆ.ʌ. ʉʘʣʝʥʢʘ, ʉ.ɸ. ʂʣʠʤʝʥʢʘ, ʖ.ʄ. ʂʫʟʥʻʮʦʚʘ ([22] ï [24]),  ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʛʽʙʨʠʜʠʟʘʮʽʷ ʪʘ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʦʞʝ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʙʨʦʙʣʷʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʤʘʪʝʨʽʘʣʠ. 

ɺ ʨʷʜʽ ʨʦʙʽʪ ɺ.ʄ.ʆʨʣʘ, ʆ.ʆ.ʏʝʥʯʝʚʦʾ, ɭ.ɭ.ʃʘʰʢʘ (ʟʦʢʨʝʤʘ [25], [26]) 

ʧʦʢʘʟʘʥʦ, ʱʦ ʟʤʽʥʘ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʦʥʠ ʨʽʟʘʥʥʷ, ʟʤʽʥʘ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʚ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʽʟ ʨʽʟʘʣʴʥʠʤ ʘʙʦ ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʦʧʽʨ ʨʫʡʥʫʚʘʥʥʶ ʤʘʪʝʨʽʘʣʫ. 

ɿʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʫ ʢʦʥʪʫʨʥʽʡ ʦʙʨʦʙʮʽ ʦʙʦʣʦʥʢʦʚʠʭ ʚʠʨʦʙʽʚ ʤʘʻ ʽ 

ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʧʦʪʫʞʥʠʤ ʨʽʜʠʥʥʠʤ ʩʪʨʫʤʝʥʝʤ. ɻʽʜʨʦʘʙʨʘʟʠʚʥʝ ʨʽʟʘʥʥʷ ʽʟ 

ʢʦʤʧʝʥʩʘʮʽʻʶ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ (ʘʚʪʦʨ ï ʉ.ɺ.ʂʦʚʘʣʝʥʢʦ, [27]) ʪʘ 

ʧʦʧʝʨʝʜʥʴʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʛʽʜʨʦʨʽʟʥʦʾ ʩʠʩʪʝʤʠ (ʆ.ɺ.ʌʦʤʦʚʩʴʢʘ [28]) 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʠʭ ʨʽʟ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʢʘʨʙʦʥïʧʦʣʽʤʝʨʥʦʾ ʪʘʢ ʽ 

ʢʘʨʙʦʥïʢʘʨʙʦʥʦʚʦʾ ʛʨʫʧ. ʆʜʥʘʢ ʘʚʪʦʨʠ ʥʝ ʟʦʩʝʨʝʜʞʫʚʘʣʠ ʫʚʘʛʠ ʥʘ ʧʝʨʝʚʽʨʮʽ 

ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʽ ʦʧʝʨʫʚʘʣʠ ʣʠʰʝ 

ʪʝʨʤʽʥʦʤ ʜʝʩʪʨʫʢʮʽʾ ʧʦʚʝʨʭʥʽ ʚʽʜ ʜʽʾ ʨʽʟʘʣʴʥʦʛʦ ʢʣʠʥʘ (ʢʣʠʥʽʚ ʧʨʠ ʘʙʨʘʟʠʚʥʽʡ 

ʦʙʨʦʙʮʽ) ʘʙʦ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʯʠ ʪʝʧʣʦʚʦʛʦ ʪʦʯʢʦʚʦʛʦ ʚʧʣʠʚʫ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ, 

ʥʘʧʨʠʢʣʘʜ, ʚ [29].  

ʌʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʚʠʨʦʙʽʚ ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʜʽʙʥʦ ʜʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʨʽʟʘʥʥʽ ʤʝʪʘʣʽʚ. ɿʛʽʜʥʦ [29] ʽʩʥʫʻ ʢʽʣʴʢʘ ʛʨʫʧ 

ʨʫʭʽʚ, ʰʚʠʜʢʽʩʪʴ ʷʢʠʭ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ, ʪʘʢ ʽ ʥʘ ʩʪʘʥ ʧʦʚʝʨʭʥʽ 

ʧ̔ ʩʣʷ ʦʙʨʦʙʢʠ:  

I ʛʨʫʧʘ ï ʦʜʠʥ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ (ʩʪʨʫʛʘʥʥʷ). ɺʽʥ ʤʦʞʝ ʙʫʪʠ 

ʚʝʨʪʠʢʘʣʴʥʠʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʘʙʦ ʧʦʭʠʣʠʤ. ʈʫʭʘʻʪʴʩʷ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪ, ʘʙʦ 

ʟʘʛʦʪʦʚʢʘ. ʊʦʤʫ ʥʘʚʽʪʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʧʨʦʩʪʦʾ ʩʭʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʽʟʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪ.  

II ʛʨʫʧʘ ï ʜʚʘ ʧʦʩʪʫʧʘʣʴʥʽ ʨʫʭʠ (ʧʠʣʢʠ).  

III ʛʨʫʧʘ ï ʦʜʠʥ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ (ʧʨʦʪʷʛʫʚʘʥʥʷ ʩʝʛʤʝʥʪʽʚ ʥʘ ʩʪʦʣʽ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ). ʅʝ ʤʘʻ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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IV ʛʨʫʧʘ ï ʧʦʩʪʫʧʘʣʴʥʠʡ ʽ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭʠ (ʪʦʯʽʥʥʷ, ʩʚʝʨʜʣʝʥʥʷ, 

ʬʨʝʟʝʨʫʚʘʥʥʷ, ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʽ). 

V ʛʨʫʧʘ ï ʜʚʘ ʦʙʝʨʪʘʣʴʥʽ ʨʫʭʠ (ʟʦʚʥʽʰʥʻ ʧʨʦʪʷʛʫʚʘʥʥʷ. ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʪʽʣ ʦʙʝʨʪʘʥʥʷ, ʬʨʝʟʝʨʫʚʘʥʥʷ ʯʝʨʚ'ʷʯʥʠʤʠ ʬʨʝʟʘʤʠ ʯʝʨʚ'ʷʯʥʠʭ ʢʦʣʽʩ). 

VI ʛʨʫʧʘ ï ʜʚʘ ʧʦʩʪʫʧʘʣʴʥʽ ʪʘ ʦʜʠʥ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭʠ (ʟʘʪʠʣʫʚʘʥʥʷ). 

VII ʛʨʫʧʘ ï ʜʚʘ ʦʙʝʨʪʘʣʴʥʠʭ ʽ ʦʜʠʥ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭʠ (ʬʨʝʟʝʨʫʚʘʥʥʷ 

ʛʚʠʥʪʦʚʠʭ ʢʘʥʘʚʦʢ). 

VIII ʛʨʫʧʘ ï ʪʨʠ ʦʙʝʨʪʘʣʴʥʽ ʨʫʭʠ (ʥʘʨʽʟʫʚʘʥʥʷ ʢʦʥʽʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʨʽʟʮʝʚʠʤʠ ʛʦʣʦʚʢʘʤʠ). 

ʆʜʥʘʢ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʨʫʭʠ ɯɯ (ʩʪʨʫʤʠʥʥʽ ʤʝʪʦʜʠ 

ʦʙʨʦʙʢʠ, ʨʽʜʢʦ ï ʤʝʭʘʥʽʯʥʝ ʨʦʟʧʠʣʫʚʘʥʥʷ) ʪʘ IV ʛʨʫʧ (ʤʝʭʘʥʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ). 

ɿʽ ʩʭʝʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ (ʟʘ ʇ.ʈ.ʈʦʜʽʥʠʤ, [30]), ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ 

ʧʝʨʰʠʡ (ʩʪʨʫʤʠʥʥʽ ʤʝʪʦʜʠ) ʪʘ ʜʨʫʛʠʡ (ʩʚʝʨʜʣʫʚʘʥʥʷ, ʬʨʝʟʝʨʫʚʘʥʥʷ) ʢʣʘʩʠ. 

ɼʣʷ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʤʝʥʷ ʣʘʟʝʨʫ ʘʙʦ 

ʰʚʠʜʢʦʧʣʠʥʥʦʛʦ ʩʪʨʫʤʝʥʷ ʨʽʜʠʥʠ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʟʘʜʘʯʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʟʥʘʯʥʦ ʩʧʨʦʱʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʮʽ ʟʘʩʦʙʠ ʧʦʩʪʘʶʪʴ ʽʜʝʘʣʽʟʦʚʘʥʠʤ 

ʮʠʣʽʥʜʨʠʯʥʦïʪʦʯʢʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽʟ ʧʨʘʚʠʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʝʨʝʭʽʜ ʜʦ ʥʘʥʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʟʘʜʘʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʨʦʟʪʘʰʫʚʘʥʴ ʧʦʚʝʨʭʦʥʴ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʫʩʽʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ [31], [32] 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ, ʥʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʽ ʛʝʦʤʝʪʨʠʯʥʦ 

ʧʨʘʚʠʣʴʥʠʤʠ, ʥʽ ʩʪʘʣʠʤʠ. 

ʄʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʨʽʟʘʣʴʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʠ ʦʙʨʦʙʮʽ 

ʢʦʤʧʦʟʠʪʽʚ ʧʦʜʽʙʥʘ ʜʦ ʤʦʜʝʣʝʡ, ʦʧʠʩʘʥʠʭ ʚ [33]. ʆʩʢʽʣʴʢʠ ʨʫʭ ʪʚʽʨʥʦʾ ʧʦ 

ʥʘʧʨʷʤʥʽʡ ʩʪʚʦʨʶʻ ʧʦʚʝʨʭʥʶ ʦʙʨʦʙʣʝʥʥʷ,  ʦʩʪʘʥʥʶ ʚʠʟʥʘʯʘʶʪʴ ʜʚʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ï ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʊ ʽ ʅ (ʨʠʩ.1.2). ʊʦʜʽ ʚ 

ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

( ),R R T H= , 

ʜʝ R ï ʨʘʜʽʫʩïʚʝʢʪʦʨ, ʟ ʧʦʯʘʪʢʦʤ ʫ ʪʦʯʮʽ ʆ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

xyz.  



33 
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ɺʠʟʥʘʯʝʥʘ ʧʦʚʝʨʭʥʷ ʤʘʻ ʜʚʽ ʩʪʦʨʦʥʠ ï ʟʘʢʨʠʪʫ ʽ ʚʽʜʢʨʠʪʫ, ʽ ʦʙʤʝʞʫʻ 

ʧʨʝʜʤʝʪ. ɿʘʢʨʠʪʘ ʩʪʦʨʦʥʘ ʧʨʠʤʠʢʘʻ ʜʦ ʤʘʪʝʨʽʘʣʫ ʧʨʝʜʤʝʪʫ, ʘ ʚʽʜʢʨʠʪʘ ʤʦʞʝ 

ʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ʽʥʰʠʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʟʦʢʨʝʤʘ ʽʟ ʪʽʣʦʤ ʦʙʨʦʙʣʷʶʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. ɿ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʦʶ ʜʣʷ ʦʙʨʦʙʢʠ 

ʢʦʤʧʦʟʠʪʽʚ ʻ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʧʫʩʢʘʶʪʴ ʨʫʭ "ʩʘʤʠʭ ʧʦ ʩʦʙʽ" ʧʦ ʥʘʧʨʷʤʥʽʡ ʽ 

ʪʚʽʨʥʽʡ ʊ*ʅ*,  (ʨʠʩ.1.3), ʘʙʦ ʪʽʣʴʢʠ ʧʦ ʥʘʧʨʷʤʥʽʡ ʊʅ* (ʨʠʩ. 1.4).   

ɿ [31] ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʧʦʚʝʨʭʥʽ ʨʽʟʘʣʴʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʝʤʠʥʫʯʽ ʧʦʭʠʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʪʦʤʫ ʥʦʤʽʥʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʊ ʽ ʅ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʥʫʶʪʴ ʟ ʜʦʧʫʩʢʘʤʠ, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʥʝʦʜʥʦʟʥʘʯʥʠʤʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʚʚʦʜʷʪʴ ʪʘʢ ʟʚʘʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʧʦʚʝʨʭʥʶ (ʊʨ, ʅʨ), ʷʢʘ ʣʝʞʠʪʴ ʫ 

ʧʦʣʽ ʜʦʧʫʩʢʫ ʥʘ ʧʦʚʝʨʭʥʶ (ʊ, ʅ). ʆʜʥʘʢ ʚ ʨʦʙʦʪʽ [28] ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʨʽʟʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʜʤʽʥʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʰʘʨʫ, ʚʽʜʩʫʪʥʴʦʛʦ ʥʘ ʤʝʪʘʣʝʚʠʭ ʟʘʛʦʪʦʚʢʘʭ, ʪʦʚʱʠʥʘ ʷʢʦʛʦ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʫʤʦʚʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʣʦʞʝʥʴ ʤʝʭʘʥʽʢʠ ʢʚʘʟʽʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ.  

  ʊʘʢ, ʚ ʨʦʙʦʪʘʭ [34], [35] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʤʝʭʘʥʽʯʥʦʛʦ ʨʽʟʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʷʪʪʷ ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ 

ʤʽʢʨʦʪʨʽʱʠʥ, ʷʢʽ ʧʽʜ ʜʽʻʶ ʨʽʟʘʣʴʥʦʛʦ ʢʣʠʥʘ ʙʽʬʫʨʮʠʨʫʶʪʴ ʪʘ ʟʣʠʚʘʶʪʴʩʷ ʫ 

ʪʨʽʱʠʥʠ ʤʘʛʽʩʪʨʘʣʴʥʽ, ʥʘʧʨʘʚʣʝʥʽ ʧʽʜ ʧʝʚʥʠʤʠ ʢʫʪʘʤʠ ʜʦ ʣʽʥʽʾ ʜʽʾ ʩʠʣʠ 

ʨʽʟʘʥʥʷ. ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚʦʣʦʢʥʠʩʪʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʤʘʻ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʠʡ ʮʠʢʣʽʯʥʠʡ ʫʜʘʨʥʦïʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʄʝʭʘʥʽʟʤ ʦʜʥʦʛʦ ʮʠʢʣʫ 

ʥʘʩʪʫʧʥʠʡ: ʧʽʜ ʜʽʻʶ ʧʨʠʢʣʘʜʝʥʠʭ ʨʽʞʫʯʠʤ ʢʣʠʥʦʤ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʢʦʤʧʦʟʠʪʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘʨʦʜʞʝʥʥʷ, ʟʨʦʩʪʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʷ ʩʫʙʤʽʢʨʦʪʨʽʱʠʥ ʪʘ 

ʤʽʢʨʦʪʨʽʱʠʥ. ʂʦʣʠ ʥʘʧʨʫʞʝʥʥʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʜʦʩʷʛʥʫʪʴ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʨʪ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ, ʘʙʦ ʩʪʘʨʪ ʪʘ ʨʦʟʛʘʣʫʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʪʨʽʱʠʥ. ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ 

ʩʠʩʪʝʤʠ ʪʨʽʱʠʥ ʚ ʦʙôʻʤʽ ʰʘʨʫ, ʷʢʠʡ ʟʥʽʤʘʻʪʴʩʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʘʜʽʥʥʷʤ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʚʽʜʜʽʣʝʥʥʷʤ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ. ɼʘʣʽ ʽʜʝ ʥʦʚʠʡ ʮʠʢʣ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʩʠʣʘ ʨʽʟʘʥʥʷ ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ. 
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ʊʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʨʫʡʥʫʚʘʥʥʷ, ʡʦʛʦ ʘʤʧʣʽʪʫʜʘ, ʯʘʩʪʦʪʘ ʮʠʢʣʽʚ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʪʦʚʱʠʥʠ ʟʨʽʟʫ, ʤʘʨʢʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʥʘʧʨʘʚʣʝʥʥʷ ʚʝʢʪʦʨʘ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʨʽʟʘʥʥʷ ʚʽʜʥʦʩʥʦ ʥʘʧʨʘʚʣʝʥʥʷ 

ʘʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚʦʣʦʢʥʠʩʪʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʻ ʜʠʥʘʤʽʯʥʠʤ, ʪʘʢ ʷʢ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʨʪ ʤʘʢʨʦʪʨʽʱʠʥʠ (ʘʙʦ ʩʠʩʪʝʤʠ ʪʨʽʱʠʥ) ʪʘ ʾʭ 

ʧʦʜʘʣʴʰʠʡ ʟʘʢʨʠʪʠʯʥʠʡ ʨʦʟʚʠʪʦʢ ʻ ʬʫʥʢʮʽʷʤʠ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʪʘ ʯʘʩʫ 

ʢʦʥʪʘʢʪʫ. 

ɺʦʣʦʢʥʠʩʪʽ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʪʠ ʪʠʧʫ ʩʢʣʦʧʣʘʩʪʠʢʽʚ, ʦʨʛʘʥʦʧʣʘʩʪʠʢʽʚ, 

ʩʢʣʦʦʨʛʘʥʦʧʣʘʩʪʠʢʽʚ ʤʘʶʪʴ ʜʦʤʽʥʫʶʯʽ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿ ʧʦʟʠʮʽʡ 

ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʾʭ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽʜʝʘʣʴʥʦ ʢʨʠʭʢʠʤʠ ʟ ʥʝʭʪʫʚʘʥʦ 

ʤʘʣʦʶ ʦʙʣʘʩʪʶ ʪʝʢʫʯʦʩʪʽ ʫ ʚʝʨʰʠʥʽ ʪʨʽʱʠʥʠ. ɹʽʣʴʰ ʪʦʛʦ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ 

ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ (ʢʨʠʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʛ 

ʩʪʘʨʪʫ ʪʨʽʱʠʥʠ) ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʦʟʥʘʯʘʻ ʟʤʝʥʰʝʥʥʷ ʚôʷʟʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʝʨʝʜ ʧʨʫʞʥʠʤʠ, ʪʦʙʪʦ ʦʢʨʠʭʯʝʥʥʷ, ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥʠ ʰʚʠʜʢʦʩʪʽ 

V º 0,13ʉ2, ʜʝ ʉ2 ï ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʴ ʈʝʣʝʷ. 

ɼʦʩʣʽʜʥʠʢʘʤʠ [36] ʜʦʚʝʜʝʥʦ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ (ʘʨʤʦʚʘʥʦʛʦ 

ʩʢʣʷʥʠʤʠ ʚʦʣʦʢʥʘʤʠ ʧʦʣʽʤʝʨʫ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʣʽʥʽʾ ʨʦʟʜʽʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʨʽʞʫʯʠʤ ʢʣʠʥʦʤ, ʜʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ) ʜʣʷ ʮʠʭ ʫʤʦʚ, 

ʧʨʠʯʦʤʫ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʨʽʟʘʥʥʷ ʙʽʣʷ 20 ʤ/ʩ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʪʨʽʱʠʥʠ ʜʦʩʷʛʘʻ ʩʚʦʾʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ (ʚʠʱʝ 700 ʤ/ʩ). 

ʌʦʨʤʫʚʘʥʥʷ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ 

ʪʨʽʱʠʥ, ʷʢʽ ʥʝ ʜʦʩʷʛʣʠ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʥʝ ʧʝʨʝʪʚʦʨʠʣʠʩʷ ʥʘ 

ʤʘʛʽʩʪʨʘʣʴʥʽ. ɿʘʟʚʠʯʘʡ ʜʝʬʝʢʪʥʽʩʪʴ ʰʘʨʫ ʚʠʨʘʞʝʥʘ ʩʣʘʙʢʦ, ʘ ʪʦʚʱʠʥʘ 

ʜʝʩʪʨʫʢʪʦʚʘʥʦʾ ʜʽʣʷʥʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,03ï0,09 ʤʤ. ɯʥʢʦʣʠ ʨʦʟʰʘʨʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʙʫʪʠ ʽʩʪʦʪʥʠʤ (ʨʠʩ. 1.5,ʘ). 



36 

 

 

 

         ʘ) 

ʙ) 

ʈʠʩ.1.5. ʌʦʪʦ ʪʦʨʮʽʚ ʚʠʨʦʙʽʚ ʽʟ ʚʫʛʣʝʮʝʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʧʨʠ 

ʩʚʝʨʜʣʫʚʘʥʥʽ (ʘ) ʛʽʜʨʦʩʪʨʫʤʠʥʘ ʦʙʨʦʙʢʠ ʩʢʣʦʪʝʢʩʪʦʣʽʪʫ (ʙ), ʚ ʷʢʦʤʫ ʚʠʢʦʥʘʥʦ 

ʪʘʢʦʞ ʢʽʣʴʢʘ ʦʪʚʦʨʽʚ ʟ ʥʝʧʦʚʥʠʤ ʧʨʦʨʽʟʘʥʥʷʤ 
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʭʘʥʽʯʥʦʛʦ, ʨʽʟʘʥʥʷ ʪʦʥʢʠʤ ʥʘʜʟʚʫʢʦʚʠʤ ʩʪʨʫʤʝʥʝʤ 

ʨʽʜʠʥʠ ʤʘʣʦʛʦ (ʙʽʣʷ 0,1ï0,25 ʤʤ) ʜʽʘʤʝʪʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʷʢʦʤʫ ʣʦʢʘʣʴʥʽ ʜʝʬʝʢʪʠ 

ʨʦʟʧʦʯʠʥʘʶʪʴ ʰʚʠʜʢʦ ʟʣʠʚʘʪʠʩʷ, ʟʨʦʩʪʘʪʠ ʪʘ ʩʷʛʘʪʠ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʧʽʩʣʷ 

ʯʦʛʦ ʚʽʜʙʫʚʘʝʪʩʷ ʧʦʯʘʪʢʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ [37]. ʎʝʡ ʧʨʦʮʝʩ ʡʜʝ ʫ ʜʚʘ 

ʝʪʘʧʠ ï ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʫʞʥʦʛʦ ʚʪʠʩʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʜʝʬʝʢʪʽʚ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʽ ʤʽʢʨʦʪʨʽʱʠʥ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ɯ. 

ʇʻʪʢʦ, ʈ. ʊʠʭʦʤʽʨʦʚ, ʄ. ɻʫʻʥʢʦ, ʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʤʝʭʘʥʽʢʘ ʧʨʦʮʝʩʫ 

ʛʽʜʨʦʨʽʟʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʷʢ ʦʨʪʦʪʨʦʧʥʠʭ ʰʘʨʫʚʘʪʠʭ ʧʣʘʩʪʠʥ) 

ʧʦʜʘʥʦ ʚ ʨʦʙʦʪʘʭ [38] ï [40].  

ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʙʦʨʦʟʝʥʢʠ ʨʽʟʠ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʻ ʥʘʩʣʽʜʢʦʤ ʜʠʩʧʝʨʛʘʮʽʾ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙʩʷʛʽʚ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʾʾ ʧʦʩʪʫʧʦʚʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʚʽʜʥʦʩʥʦ 

ʰʚʠʜʢʦʧʣʠʥʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʨʦʜʞʝʥʥʷ, ʟʨʦʩʪʘʥʥʷ ʪʘ 

ʨʦʟʛʘʣʫʞʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʽʜ ʡʤʦʚʽʨʥʠʤʠ ʢʫʪʘʤʠ ʚʽʜʥʦʩʥʦ 

ʦʩʽ ʰʚʠʜʢʦʧʣʠʥʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʾʭ ʥʘʩʪʫʧʥʦʛʦ ʟʣʠʪʪʷ ʟ ʘʢʪʠʚʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ 

ʫ ʮʝʥʪʨʽ ʧʨʠʢʣʘʜʘʥʥʷ ʛʽʜʨʦʚʧʣʠʚʫ ʽ ʚʠʥʦʩʦʤ ʰʣʘʤʫ, ʪʘ ʢʽʥʮʝʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʧʝʨʠʬʝʨʽʡʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʨʫʤʝʥʷ ʽ ʩʪʽʯʥʠʤ ʧʦʪʦʢʦʤ 

ʨʽʜʠʥʠ, ʥʘʩʠʯʝʥʠʤ ʧʨʦʜʫʢʪʘʤʠ ʨʫʡʥʫʚʘʥʥʷ. 

ʆʙʨʦʙʣʶʚʘʥʽ ʚʦʣʦʢʥʠʩʪʽ ʥʝʤʝʪʘʣʠ ʧʨʠ ʛʽʜʨʦʨʽʟʘʥʥʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʢʨʠʭʢʠʤʠ, ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʨʠʭʢʦʩʪʽ ʧʨʠ ʟʥʠʞʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʠʢʣʘʜʘʥʥʷ 

ʩʪʨʫʤʠʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʦʥʽ ʚʠʭʦʜʫ ʩʪʨʫʤʝʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʢʽʥʮʝʚʝ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʙʦʨʦʟʝʥʢʠ ʨʽʟʠ ʷʢ ʥʘʩʣʽʜʦʢ ʧʨʫʞʥʦïʧʣʘʩʪʠʯʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʚʠʩʪʫʧʽʚ ʪʘ ʙʘʛʘʪʦʮʠʢʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʧʦʚʝʨʭʥʽ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʪʨʽʱʠʥ, ʽʭ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʟʦʥʠ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ, ʫʪʚʦʨʝʥʦʶ ʥʘ ʤʝʞʽ ʩʪʠʩʢʫʶʯʠʭ 

ʪʘ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ, ʩʧʽʚʧʘʜʘʶʯʠʭ ʟ ʦʙʦʣʦʥʢʦʶ ʩʪʨʫʤʝʥʷ, ʪʘ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʥʝʩʝʥʥʷ ʛʽʜʨʦʚʧʣʠʚʫ ʫʟʜʦʚʞ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ.    

ʇʨʦʮʝʩ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʥʘʩʣʽʜʢʦʤ ʷʢʦʛʦ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʝ 

ʛʽʜʨʦʨʫʡʥʫʚʘʥʥʷ ʤʽʢʨʦʦʙʩʷʛʽʚ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ, ʚʠʟʥʘʯʘʻ ʪʦʚʱʠʥʫ 
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ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʰʘʨʫ ʪʘ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʨʽʟʘʥʥʷ, ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ 

ʦʙʫʤʦʚʣʶʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʦʙʨʦʙʢʠ ʽ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʨʦʟʜʽʣʫ. 

ɼʝʩʪʨʫʢʪʠʚʥʠʡ ʰʘʨ ʤʦʞʝ ʩʷʛʘʪʠ ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʥʘʩʢʨʽʟʥʝ ʧʨʦʨʽʟʘʥʥʷ ʚʽʜʩʫʪʥʻ, ʘ ʩʪʽʯʥʠʡ ʧʦʪʽʢ ʧʨʷʤʫʻ ʥʘʟʫʩʪʨʽʯ ʩʪʨʫʤʝʥʶ 

(ʨʠʩ. 1.5,ʙ).  

ʇʦʰʫʢʦʚʘ ʪʦʚʱʠʥʘ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʰʘʨʫ ʥʘ ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ 

ʙʦʨʦʟʝʥʢʠ ʨʽʟʠ ʩʪʘʥʦʚʠʪʠʤʝ:   
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¡ , ʜʝ b' ï ʛʣʠʙʠʥʘ ʪʨʽʱʠʥʠ; lc ï ʢʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ; 

E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; tt ï ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ; kt = 0.3...1.5, ʱʦ  

ʫʥʝʤʦʞʣʠʚʠʪʴ ʦʙʨʦʙʢʫ ʚ ʮʽʣʦʤʫ. 

ʆʪʞʝ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʢʽʥʮʝʚʝ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ 

ʽʟ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʪʨʝʙʫʻ ʨʷʜʫ ʟʘʭʦʜʽʚ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʩʪʘʥʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʫʪʚʦʨʝʥʦʛʦ ʧʽʩʣʷ 

ʦʙʨʦʙʣʝʥʥʷ, ʧʦʰʫʢʫ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʽ ʤʝʪʦʜʽʚ ʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ ʦʜʥʦʯʘʩʥʦ ʟ 

ʧʨʦʮʝʩʦʤ ʧʽʜʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʩʘʤʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  
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1.2 . ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʦʙʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ 

 

ʉʚʽʡ ʧʦʯʘʪʦʢ ʟʘʟʥʘʯʝʥʠʡ ʧʽʜʭʽʜ ʙʝʨʝ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʚʘʨʪʽʩʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʧʦʰʠʨʝʥʦʛʦ ʩʝʨʝʜ ʧʝʨʝʜʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ ʫʩʝʨʝʜʠʥʽ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ. ʇʝʨʰʽ ʨʦʙʦʪʠ ɻʦʣʽʙʘʨʜʦʚʘ [41] ɻ. ɸʣʴʪʰʫʣʣʻʨʘ [42] ʫʟʘʛʘʣʴʥʠʣʠ 

ʥʘʢʦʧʠʯʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʩʪʦʩʦʚʥʦ ʨʦʟʚʷʟʢʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʘ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʜʦʚʽʚʰʠ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʫʤʦʚʘʭ ʤʘʩʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʟʘʩʦʙʫ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚ 

ʮʽʣʦʤʫ.  

ʌʘʭʽʚʮʽ ʫ [40] ʟʘʟʥʘʯʘʣʠ, ʱʦ ʬʫʥʢʮʽʾ, ʟʘʨʘʜʠ ʷʢʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʦʙôʻʢʪ, ʽ 

ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ʦʙôʻʢʪʽ ʚ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ, ʜʣʷ ʩʧʦʞʠʚʘʯʘ ʻ ʮʽʢʘʚʠʤʠ 

ʜʠʬʝʨʝʥʮʽʡʥʦ: ʚʘʞʣʠʚʠʤʠ ʻ ʚʠʢʣʶʯʥʦ ʬʫʥʢʮʽʾ ʢʦʨʠʩʥʽ, ʘ ʥʝ ʰʢʽʜʣʠʚʽ, ʟ 

ʷʢʠʤʠ ʩʣʽʜ ʙʦʨʦʪʠʩʷ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʚʽʜ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʦʛʦ ʦʙôʻʢʪʘ ʚʠʭʦʜʷʪʴ ʩʘʤʝ ʽʟ ʪʠʭ ʢʦʨʠʩʥʠʭ 

ʬʫʥʢʮʽʡ, ʥʘ ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʚʦʨʶʚʘʥʠʡ ʦʙôʻʢʪ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʪʝʨʽʘʣʴʥʽ ʥʦʩʽʾ ʬʫʥʢʮʽʡ ʦʙʠʨʘʶʪʴʩʷ ʪʘʢ, ʱʦʙ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʪʨʘʪʘʤʠ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʝ ʚʠʢʦʥʘʥʥʷ ʢʦʨʠʩʥʠʭ ʬʫʥʢʮʽʡ ʽ ʟʤʝʥʰʠʪʠ, ʘʙʦ ʚ 

ʽʜʝʘʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ ʫʥʝʤʦʞʣʠʚʠʪʠ ʧʦʷʚʫ ʬʫʥʢʮʽʡ ʰʢʽʜʣʠʚʠʭ ʪʘ ʥʝʡʪʨʘʣʴʥʠʭ.  

ɿʛʦʜʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʙʫʣʦ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʘʥʦ ʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʦʙʨʦʙʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʘʨʘʟʽ ʧʨʦʚʽʜʥʠʤʠ ʬʘʭʽʚʮʷʤʠ ʫ ʛʘʣʫʟʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʝʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʨʽʚʝʥʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʟʘʩʘʜ. ʊʨʘʥʩʬʦʨʤʫʶʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʥʘ ʦʙʨʦʙʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʘʚʪʦʨ 

[43] ʟʚʝʨʥʫʚ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʧʝʚʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʜʽʡ, 

ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʥʘʜʘʥʥʷ ʦʙʨʦʙʣʶʚʘʥʽʡ ʟʘʛʦʪʦʚʮʽ ʧʦʪʨʽʙʥʦʾ ʬʦʨʤʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʯʦʤʫ ʟʘʟʥʘʯʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʥʘʚʽʪʴ ʫ 

ʤʝʞʘʭ ʦʜʥʽʻʾ ʧʦʚʝʨʭʥʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʜʠʮʽʡʥʠʭ, ʢʦʣʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʫ ʟʘʢʣʘʜʘʶʪʴʩʷ ʫ ʤʝʞʘʭ ʩʬʦʨʤʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʧʝʚʥʦʾ 
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ʢʽʣʴʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʜʠʬʝʨʝʥʮʽʘʮʽʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʦʜʥʽʡ 

ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʧʝʨʘʮʽʾ (ʘʙʦ ʧʝʨʝʭʦʜʽ) ʩʘʤʝ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʦʟʥʘʢʦʶ. 

ʆʧʠʩʫʶʯʠ ʦʙ'ʻʢʪ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʚʜʘʥʥʷʤ ʡʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ  ʷʢ 

ʩʫʢʫʧʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʦʨʤʫ ʡ ʨʦʟʤʽʨʠ ʟʘʛʦʪʦʚʢʠ, 

ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʢʽʥʮʝʚʠʡ ʩʪʘʥ  ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʥʷ 

ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ, ʪʦʯʥʦʩʪʽ, ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʱʦ, ʬʫʥʢʮʽʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 0j  ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʪʦʢʫ ʜʝʪʘʣʝʡ ʟ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ï ʟʘʛʦʪʦʚʢʠ 

ï ʚ ʢʽʥʮʝʚʠʡ ʩʪʘʥ ï ʚʠʨʽʙ ï ʘʚʪʦʨ [44] ʧʨʦʧʦʥʫʻ ʧʦʜʘʚʘʪʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

(1.1) 

ʜʝ  ï ʬʫʥʢʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʝʜʤʝʪʘ 

ʦʙʨʦʙʢʠ; 

 ï r -ʝ ʝʣʝʤʝʥʪʘʨʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʛʦʪʦʚʢʠ; 

 ï t -e ʝʣʝʤʝʥʪʘʨʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʨʦʙʫ; 

 ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʛʦʪʦʚʢʠ; 

 ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ. 

ɹʫʜʴï̫ ʢʠʡ ʥʦʚʠʡ ʧʨʠʥʮʠʧ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚʽʜ ʧʝʨʝʪʠʥʫ ʜʝʷʢʦʾ ʧʽʜʤʥʦʞʠʥʠ ʨ1 ʚʽʜʦʤʠʭ ʧʨʠʥʮʠʧʽʚ: 

,      (1.2) 

ʜʝ Rnj ï ʧʦʣʝ ʫʪʚʦʨʝʥʴ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʩʪʚʦʨʶʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

Rsi ï i-ʪʘ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʦʤʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ; 

ɟi ï ʧʦʪʫʞʥʽʩʪʴ ʧʽʜʤʥʦʞʠʥʠ ʚʽʜʦʤʠʭ ʧʨʠʥʮʠʧʽʚ. 

ɹʫʜʴï̫ ʢʘ ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʽʥʩʪʨʫʤʝʥʪ ʘʙʦ ʤʘʰʠʥʘ, ʩʪʚʦʨʶʚʘʥʘ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʦʤ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʨʽʟʥʠʭ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʩʢʣʘʜʦʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʚʦʥʘ 

ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʽʟ ʩʫʢʫʧʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʽʜʩʠʩʪʝʤ ʪʘ ʝʣʝʤʝʥʪʽʚ, 

ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʜʝʪʘʣʝʡ (ʚʠʨʦʙʽʚ). 
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ʊʨʘʜʠʮʽʡʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ 

(ʜʝʪʘʣʽ) ʧʨʠʡʥʷʪʦ ʡʦʛʦ ʨʦʟʛʣʷʜʘʪʠ ʩʫʢʫʧʥʽʩʪʶ ʚʠʢʦʥʘʚʯʠʭ ʧʦʚʝʨʭʦʥʴ ʘʙʦ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʥʘʚʯʽ ʡ ʩʧʦʣʫʯʥʽ ʧʦʚʝʨʭʥʽ. ʊʦʜʽ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʩʣʽʜʦʚʥʦ ʚʠʨʽʰʫʶʪʴʩʷ ʧʠʪʘʥʥʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʚʠʨʦʙʫ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʦʜʽʙʥʠʡ ʨʦʟʛʣʷʜ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʝʮʝʥʟʽʡʥʦ ʪʦʯʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʧʣʠʚʠ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʧʣʠʚʠ ʦʨʽʻʥʪʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʩʽʻʾ 

ʧʦʚʝʨʭʥʽ ʚ ʮʽʣʦʤʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ. 

ʊʘʢʦʞ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʧʦʚʥʦʾ ʘʜʘʧʪʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʨʦʙʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [43] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʚʝʩʪʠ ʜʝʪʘʣʽʟʘʮʽʶ ʚʠʨʦʙʫ  ʟʘ 

ʢʽʣʴʢʦʤʘ ʨʽʚʥʷʤʠ, ʘ ʩʘʤʝ: 

 1ïʡ ʨʽʚʝʥʴ ʧʦʜʽʣʫ ï ʨʽʚʝʥʴ ʚʠʨʦʙʽʚ, 

 2ïʡ ʨʽʚʝʥʴ ʧʦʜʽʣʫ ï ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʘʩʪʠʥ, 

 3ïʡ ʨʽʚʝʥʴ ʧʦʜʽʣʫ ï ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ, 

 4ïʡ ʨʽʚʝʥʴ ʧʦʜʽʣʫ ï ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ, 

 5ïʡ ʨʽʚʝʥʴ ʧʦʜʽʣʫ ï ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʢʨʦʟʦʥ, 

 6ïʡ ʨʽʚʝʥʴ ʧʦʜʽʣʫ ï ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʽʢʨʦʟʦʥ, 

 7ïʡ ʨʽʚʝʥʴ ʧʦʜʽʣʫ ï ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʥʦʟʦʥ. 

 ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʧʦʜʽʣʫ ʻ ʽʻʨʘʨʭʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʪʦʙʪʦ ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ ʧʦʜʽʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʽʣ ʚʠʨʦʙʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʜʘʥʦʛʦ 

ʨʽʚʥʷ ʧʦʜʽʣʫ. 

ɼʣʷ ʢʦʤʧʦʟʠʪʽʚ ʧʦʜʽʣ ʟ 4 ʨʽʚʥʷ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʨʦʟʤʽʨʠ ʘʨʤʫʚʘʣʴʥʠʢʽʚ ʤʦʞʫʪʴ ʚʞʝ ʧʦʨʽʚʥʶʚʘʪʠʩʷ ʽʟ ʨʽʚʥʝʤ ʧʦʜʽʣʫ  

 ʇʨʠ ʨʦʟʨʦʙʮʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʥʘ ʨʽʟʥʠʭ ʡʦʛʦ 

ʝʪʘʧʘʭ ʤʦʞʫʪʴ ʨʦʟʨʦʙʣʷʪʠʩʷ ʧʨʦʮʝʩʠ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʧʦʜʽʣʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘ 

ʝʪʘʧʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝ ʨʦʟʨʦʙʣʷʪʠʩʷ ʧʨʦʮʝʩ ʪʽʣʴʢʠ ʜʣʷ ʧʝʨʰʦʛʦ 
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ʨʽʚʥʷ ʧʦʜʽʣʫ, ʘ ʜʣʷ ʝʪʘʧʫ ʦʟʜʦʙʣʶʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚʠʨʦʙʫ ï ʜʣʷ ʯʝʪʚʝʨʪʦʛʦ 

ʨʽʚʥʷ ʨʦʟʧʦʜʽʣʫ, ʽ ʪʘʢ ʜʘʣʽ. 

 ʅʘ ʨʠʩ. 1.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʥʦʞʠʥʠ ʚʠʨʦʙʽʚ. ʊʫʪ ʧʦʢʘʟʘʥʦ: V ï ʚʭʽʜ 

ʚʠʨʦʙʽʚ; W ï ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʡ; ʌɽ ï ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ; 

ʊɺ ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʧʣʠʚʠ; 1 ï ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʽ ʜʦʩʣʽʜʞʝʥʴ ˉ1 (ɸ & ʀ ˉ1), 

ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʽʣʝʥʥʷ ʢʦʞʥʦʛʦ ʚʠʨʦʙʫ ʥʘ ʌɽ ʟʘ 

ʨʽʚʥʷʤʠ ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ; 2 ï ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʽ ʜʦʩʣʽʜʞʝʥʴ ˉ2 (ɸ & ʀ ˉ1), 

ʷʢʠʡ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʌɽ ʢʦʞʥʦʛʦ ʙʝʟʣʽʯʽ ʚ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʧʽʜʤʥʦʞʠʥ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʽʚ ʦʙ'ʻʜʥʘʥʥʷ. 

 ʋ ʜʘʥʽʡ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʥʘ ʚʭʦʜʽ ʚ ʩʠʩʪʝʤʫ V ʧʦʢʘʟʘʥʦ ʥʘʜʭʦʜʞʝʥʥʷ 

ʤʥʦʞʠʥʠ ʚʠʨʦʙʽʚ V = {1,2,3,...,ʄ} . ʇʨʠ ʮʴʦʤʫ ʧʽʩʣʷ ʘʥʘʣʽʟʫ ʽ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʨʦʙʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ (ʜʝʢʦʤʧʦʟʠʮʽʷ) ʢʦʞʥʦʛʦ ʚʠʨʦʙʫ ʥʘ ʌɽ ʟʘ 

ʨʽʚʥʷʤʠ ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʢʣʘʜʘʥʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʥʦʞʠʥ ʌɽ 

ʟʘ ʨʽʚʥʷʤʠ ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ: 

,    (1.3) 

ʜʝ ʪ1,ʪ2,ʪ3,...,ʪ7ï ʤʥʦʞʠʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʨʽʚʥʷʤʠ 

ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ; fjɖïɖ-ʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ j-ʛʦ ʨʽʚʥʷ ʛʣʠʙʠʥʠ 

ʪʝʭʥʦʣʦʛʽʾ, v1,v2,v3,...,v7ï ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʧʦʨʷʜʢʠ ʤʥʦʞʠʥ ʪ1,ʪ2,ʪ3,...,ʪ7. 

ʇʦʨʷʜʦʢ ʤʥʦʞʠʥ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

,    (1.4) 

ʜʝ ʄ ï ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ ʪ1 ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʽʚ (ʜʝʪʘʣʝʡ) ʚ 

ʘʥʘʣʽʟʦʚʘʥʽʡ ʧʘʨʪʽʾ; Vjkj ï ʧʦʨʷʜʦʢ kj-ʾ ʧʽʜʤʥʦʞʠʥʠ j-ʛʦ ʨʽʚʥʷ ʛʣʠʙʠʥʠ 

ʪʝʭʥʦʣʦʛʽʾ; j ï ʥʦʤʝʨ ʨʽʚʥʷ ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ. 
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ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʜʝʢʦʤʧʦʟʠʮʽʾ ʢʦʞʥʦʛʦ ʚʠʨʦʙʫ ʥʘ ʌɽ ʟʘ 

ʨʽʚʥʷʤʠ ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ ʟʥʦʚʫ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʨʦʙʽʚ ʽ 

ʦʙ'ʻʜʥʘʥʥʷ (ʢʦʤʧʦʟʠʮʽʾ) ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʾ ʤʥʦʞʠʥʠ ʚ 

ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʧʽʜʤʥʦʞʠʥ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʽʚ ʦʙ'ʻʜʥʘʥʥʷ (10 ʨʽʚʥʽʚ 

ʦʙ'ʻʜʥʘʥʥʷ): 

,    (1.5) 

ʜʝ k1,k2,k3,...,k10 ï ʩʫʢʫʧʥʽʩʪʴ ʧʽʜʤʥʦʞʠʥ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʦʙ'ʻʜʥʘʥʠʭ ʟʘ ʨʽʚʥʷʤʠ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ; p•ɝ ï ɝ-ʘ ʧʽʜʤʥʦʞʠʥʘ ű-ʛʦ ʨʽʚʥʷ 

ʦʙ'ʻʜʥʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ; u1,u2,u3,...,u10ï ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʧʦʨʷʜʢʠ 

ʤʥʦʞʠʥ k1,k2,k3,...,k10. 

 ʇʨʦʮʝʩ ʦʙ'ʻʜʥʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʽʜʤʥʦʞʠʥʠ ʪʘ ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʨʽʚʥʷʤʠ ʦʙ'ʻʜʥʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦïʪʝʭʥʦʣʦʛʽʯʥʦʾ ʬʦʨʤʠ ʪʝʭʥʦʣʦʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʾ 

ʧʽʜʤʥʦʞʠʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʦʨʽʻʥʪʘʮʽʷ ʟʘʜʘʥʦʾ 

ʤʥʦʞʠʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʙʘʟʽ ʦʩʦʙʣʠʚʠʭ ʧʨʠʥʮʠʧʽʚ 

ʦʨʽʻʥʪʘʮʽʾ. ʅʘ ʚʠʭʦʜʽ W ʤʘʻʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʫ ʪʝʭʥʦʣʦʛʽʶ.  

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʧʣʠʚʠ ʟʥʘʨʷʜʴ ʽ ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ ʥʘ ʚʠʨʦʙʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʤʽʩʮʝʚʠʭ ʨʽʚʥʷʭ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʦʨʽʻʥʪʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ, ʧʦʧʝʨʝʜʥʴʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʽʣ ʚʠʨʦʙʫ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʽʻʨʘʨʭʽʯʥʠʤʠ ʨʽʚʥʷʤʠ (ʨʠʩ. 1.7.): 

1) ʨʽʚʝʥʴ ʚʩʽʻʾ ʜʝʪʘʣʽ (ʌʀ); 

 2) ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʘʩʪʠʥ (ʌʏ); 

 3) ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʌʉ); 

 4) ʨʽʚʝʥʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ (ʌɿ); 
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ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʨʽʚʥʷʤʠ ʜʽʣʝʥʥʷ ʜʣʷ 

ʤʥʦʞʠʥʠ ʚʠʨʦʙʽʚ ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 1.8. ʅʘ 1ïʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, ʤʥʦʞʠʥʘ 

ʚʠʨʦʙʽʚ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʤʥʦʞʠʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʨʦʙʽʚ (ʌʀ) ʪ1 

={ f11,f12,f13,...,f1v1} , ʚ ʷʢʽ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʙʫʜʴï̫ ʢʽ ʢʣʘʩʠ ʜʝʪʘʣʝʡ. 

ʊʫʪ: f1s1 ï ʙʫʜʴï̫ ʢʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ (ʚʠʨʽʙ) 1ïʛʦ ʨʽʚʥʷ 

ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʫ,v1 ï ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ ʪ1 1ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ 

(v1=ʄ). ʗʢʱʦ ʧʨʦʮʝʩ ʧʦʜʽʣʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ 

ʦʜʥʦʛʦ ʚʠʨʦʙʫ, ʪʦ v1= 1. 

 
 

ʈʠʩ. 1.8. ʉʭʝʤʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ 

ʬʫʥʢʮʽʡ: 

ʘ ï ʩʭʝʤʘ ʜʝʢʦʤʧʦʟʠʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ j-ʛʦ ʨʽʚʥʷ ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ ʥʘ 

ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (j +1)-ʛʦ ʨʽʚʥʷ;  

ʙ ï ʩʭʝʤʘ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʢʣʘʜʥʦʾ ʬʫʥʢʮʽʾ j-ʛʦ ʨʽʚʥʷ ʛʣʠʙʠʥʠ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʤʥʦʞʠʥʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (j +1)-ʛʦ ʨʽʚʥʷ; 

ʚ ï ʩʭʝʤʘ ʩʠʥʪʝʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʨʦʙʫ ʥʘ ʙʘʟʽ ʩʢʣʘʜʥʦʾ ʬʫʥʢʮʽʾ. 
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ʅʘ 2ïʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ ʧʦʜʽʣʫ, ʢʦʞʥʠʡ ʚʠʨʽʙ ʜʽʣʠʪʴʩʷ ʥʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʯʘʩʪʠʥʠ (ʌʏ), ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʤʥʦʞʠʥʠ ʚʠʨʦʙʽʚ ʩʢʣʘʜʘʻʪʴʩʷ 

ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʘʩʪʠʥ ʪ2 ={ f21,f22,f23,...,f2v2} ,ʜʝ f2v2 ï ʙʫʜʴï̫ ʢʠʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 2ïʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʫ, v2 ï 

ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ ʪ2 2ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

 ʗʢ ʧʨʠʢʣʘʜ ʥʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʠʡ ʧʨʦʮʝʩ ʜʝʢʦʤʧʦʟʠʮʽʾ ʦʜʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʫ ʥʘ ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʘʩʪʠʥ. 

 ʅʘ ʥʘʩʪʫʧʥʦʤʫ, 3ïʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʯʘʩʪʠʥʠ 

ʜʽʣʷʪʴʩʷ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʩʢʣʘʜʦʚʽ (ʌʉ), ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʤʥʦʞʠʥʫ 

ʪ3={ f31,f32,f33,...,f3v3}, ʜʝ f3v3ï ʙʫʜʴï̫ ʢʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 3ïʛʦ ʨʽʚʥʷ 

ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʫ, v3 ï ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ ʪ3 3-ʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

ʅʘ ʨʠʩ. 1.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʝʢʦʤʧʦʟʠʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʌʏ 3 

ʥʘ ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʌʏ 3 = {ʌʉ 3.1; ʌʉ 3.2; ʌʉ 3.3;...; ʌʉ ɿ.z3;...; ʌʉ ɿ.Z3}.  

ʌʫʥʢʮʽʦʥʘʣʴʥʽ (ʚʠʢʦʥʘʚʯʽ) ʩʢʣʘʜʦʚʽ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʝʤʠ ʚʠʜʽʚ: 

 1) ʧʦʚʝʨʭʥʝʚʽ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʽ ʧʦʚʝʨʭʥʽ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, 

ʨʦʟʤʽʨʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ; 

 2) ʦʙ'ʻʤʥʽ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʽ ʦʙʩʷʛʠ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, ʨʦʟʤʽʨʠ 

ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ; 

 3) ʧʦʚʝʨʭʥʝʚʽ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʰʠʨʠʥʠ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, 

ʰʠʨʠʥʘ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ; 

 4) ʦʙ'ʻʤʥʽ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʟ ʧʝʨʝʪʠʥʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʦʟʤʽʨʽʚ 3ïʛʦ ʨʽʚʥʷ 

ʧʦʜʽʣʫ, ʨʦʟʤʽʨʠ ʧʝʨʝʪʠʥʫ ʷʢʠʭ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʨʦʙʠ; 

 5) ʧʦʚʝʨʭʥʽ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ; 

 6) ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, ʪʦʚʱʠʥʘ ʰʘʨʽʚ ʷʢʠʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ; 

 7) ʦʙʩʷʛʠ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 
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ʈʠʩ. 1.9. ɼʝʢʦʤʧʦʟʠʮʽʷ ʚʠʨʦʙʫ ʥʘ ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʘʩʪʠʥ 

 

ʇʨʦʩʪʦʨʦʚʘ ʬʦʨʤʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʨʦʙʫ ʤʦʞʝ ʤʘʪʠ 

ʤʥʦʞʠʥʫ ʚʘʨʽʘʥʪʽʚ, ʷʢʽ ʚʽʜʦʤʽ ʟ ʘʥʘʣʽʪʠʯʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʘʙʦ 

ʽʩʥʫʶʪʴ ʥʘ ʧʨʘʢʪʠʮʽ. ʅʘ ʨʠʩ. 1.10 ʜʘʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʠʜʽʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ (ʚʠʢʦʥʘʚʯʠʭ) ʩʢʣʘʜʦʚʠʭ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

 ɺʽʜʟʥʘʯʠʤʦ, ʱʦ 4ïʡ ʽʻʨʘʨʭʽʯʥʠʡ ʨʽʚʝʥʴ ʩʢʣʘʜʘʻʪʴʩʷ ʤʥʦʞʠʥʦʶ                    

ʪ4={ f41,f42,f43,...,f4v4}  ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ (ʌɿ), ʜʝ f4v4 ï ʙʫʜʴï̫ ʢʠʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʝʣʝʤʝʥʪ 4ïʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʫ, v4 ï 

ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ ʪ4 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

 ʌʫʥʢʮʽʦʥʘʣʴʥʽ (ʚʠʢʦʥʘʚʯʽ) ʟʦʥʠ 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʝʤʠ ʚʠʜʽʚ, ʪʘʢ ʷʢ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʟʦʥʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ 

3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʚʠʨʦʙʠ: 

 1. ɿʦʥʘ 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʧʦʚʝʨʭʥʝʚʦʾ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʦʚʝʨʭʥʽ 

3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, ʨʦʟʤʽʨʠ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʨʦʙʠ. ʎʷ ʟʦʥʘ ʻ ʯʘʩʪʠʥʦʶ ʧʦʚʝʨʭʥʝʚʦʾ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʦʾ ʧʦʚʝʨʭʥʽ 3ï

ʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

2. ɿʦʥʘ 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʦʙ'ʻʤʥʦʾ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ 3ïʛʦ 

ʨʽʚʥʷ ʧʦʜʽʣʫ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʨʦʙʠ. ʎʷ ʟʦʥʘ ʻ ʯʘʩʪʠʥʦʶ ʦʙ'ʻʤʥʦʾ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ 3ïʛʦ 

ʨʽʚʥʷ ʧʦʜʽʣʫ. 
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ʈʠʩ. 1.10. ɻʝʦʤʝʪʨʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʠʜʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

(ʚʠʢʦʥʫʚʘʣʴʥʠʭ) ʩʢʣʘʜʦʚʠʭ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ: 

ʘ) ʧʦʚʝʨʭʥʝʚʽ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʽ ʧʦʚʝʨʭʥʽ; ʙ) ʦʙ'ʻʤʥʽ ʪʦʯʢʠ ʘʙʦ ʝʣʝʤʝʥʪʘʨʥʽ 

ʦʙʩʷʛʠ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʨʦʙʠ; ʚ) ʧʦʚʝʨʭʥʝʚʽ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʰʠʨʠʥʠ; ʛ) ʦʙ'ʻʤʥʽ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʟ 

ʧʝʨʝʪʠʥʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʦʟʤʽʨʽʚ; ʜ) ʧʦʚʝʨʭʥʽ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ; ʝ) ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ 3ïʛʦ 

ʨʽʚʥʷ ʧʦʜʽʣʫ, ʪʦʚʱʠʥʘ ʰʘʨʽʚ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ; 

ʞ) ʦʙôʻʤʫ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ 
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 3. ɿʦʥʘ 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʧʦʚʝʨʭʥʝʚʦʾ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʰʠʨʠʥʠ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, ʰʠʨʠʥʘ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ. ʎʷ ʟʦʥʘ ʻ ʯʘʩʪʠʥʦʶ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʰʠʨʠʥʠ 

3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʚ ʥʘʧʨʷʤʢʫ ʾʾ ʜʦʚʞʠʥʠ. 

 4. ɿʦʥʘ 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʦʙ'ʻʤʥʦʾ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʟ ʧʝʨʝʪʠʥʦʤ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʦʟʤʽʨʽʚ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, ʨʦʟʤʽʨʠ ʧʝʨʝʪʠʥʫ ʷʢʦʾ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ. ʎʷ ʟʦʥʘ ʻ ʯʘʩʪʠʥʦʶ 

ʦʙ'ʻʤʥʦʾ ʣʽʥʽʾ ʘʙʦ ʣʽʥʽʾ ʟ ʧʝʨʝʪʠʥʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʦʟʤʽʨʽʚ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ 

ʚ ʥʘʧʨʷʤʢʫ ʾʾ ʜʦʚʞʠʥʠ. 

5. ɿʦʥʘ 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʧʦʚʝʨʭʥʽ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. ʎʷ ʟʦʥʘ ʻ 

ʯʘʩʪʠʥʦʶ ʧʦʚʝʨʭʥʽ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

 6. ɿʦʥʘ 4ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ, 

ʪʦʚʱʠʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʠ. ʎʷ ʟʦʥʘ 

ʻ ʯʘʩʪʠʥʦʶ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ ʧʦ ʧʦʚʝʨʭʥʽ. 

 7. ɿʦʥʘ 4ïʛʦ ʨʽʚʥʷ ʜʽʣʝʥʥʷ ʦʙôʻʤʫ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. ʎʷ ʟʦʥʘ ʻ ʯʘʩʪʠʥʦʶ 

ʦʙʩʷʛʫ 3ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

 ʅʘ 5ïʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʪ5={ f51,f52,f53,...,f5v5}  

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʢʨʦʟʦʥ (ʌɿʄ), ʜʝ f5v5 ï ʙʫʜʴ-ʷʢʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʝʣʝʤʝʥʪ 5ïʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʫ; v5 ï ʧʦʪʫʞʥʽʩʪʴ ʤʥʦʞʠʥʠ ʪ5 

5ïʛʦ ʨʽʚʥʷ ʧʦʜʽʣʫ. 

ʇʨʠʚʝʜʝʥʽ ʤʽʨʢʫʚʘʥʥʷ ʤʦʞʥʘ ʘʥʘʣʦʛʽʯʥʦ ʧʦʰʠʨʠʪʠ ʥʘ ʨʽʚʥʽ ʤʽʢʨʦï ʪʘ 

ʥʘʥʦʟʦʥ ʚʠʨʦʙʫ. ʆʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʧʣʽʚʢʦʚʠʭ ʧʦʢʨʠʪʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʘʣʤʘʟʥʠʭ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʜʦʙʨʝ ʚʽʜʚʦʜʠʪʠ ʪʝʧʣʦ ʽʟ ʟʦʥʠ ʨʽʟʘʥʥʷ, ʜʝʤʧʬʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʚʠʧʘʜʢʦʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʨʭʽʚʢʠ ʨʽʟʮʷ, ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʘʜʛʝʟʽʡʥʦʛʦ 

ʟʯʝʧʣʝʥʥʷ ʟʽ ʩʪʨʫʞʢʦʶ, ʱʦ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʠ ʨʽʟʘʥʥʽ 

ʩʫʯʘʩʥʠʭ ʥʝʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʤʧʦʟʠʪʽʚ. ʄʘʻʤʦ ʟʤʦʛʫ 

ʪʘʢʦʞ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʢʣʘʩʪʝʨʽʟʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʧʦʪʨʽʙʥʦʾ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʧʝʚʥʠʭ ʦʙʨʦʙʥʠʭ ʦʧʝʨʘʮʽʡ. 
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ɸʚʪʦʨ ʨʦʙʦʪʠ [45] ʨʦʟʛʣʷʜʘʚ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʦʧʝʨʘʮʽʡ , ʢʦʞʥʘ ʟ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʥʘ ʦʢʨʝʤʠʭ ʧʝʨʝʭʦʜʘʭ , ʧʦʩʣʽʜʦʚʥʝ ʾʭ ʚʠʢʦʥʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘ ʟʘʛʦʪʦʚʮʽ ʨʷʜʫ ʵʣʝʤʝʥʪʽʚ  (ʨʠʩ.1.11, ʘ) ʪʘ ʥʘʙʫʪʪʷ ʥʝʶ  ʚʠʛʣʷʜʫ, 

ʚʠʨʘʞʝʥʦʛʦ ʷʢʽʩʥʠʤʠ ʪʘ ʢʽʣʴʢʽʩʥʠʤʠ ʦʟʥʘʢʘʤʠ ʬʫʥʢʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʽʟʘʮʽʷ 

ʦʢʨʝʤʠʭ ʧʝʨʝʭʦʜʽʚ () ʚʝʜʝ ʜʦ ʧʦʷʚʠ ʷʢ ʢʦʨʠʩʥʠʭ, ʪʘʢ ʽ ʥʝʡʪʨʘʣʴʥʠʭ ʪʘ 

ʰʢʽʜʣʠʚʠʭ ʬʫʥʢʮʽʡ, ʩʪʚʦʨʝʥʠʤʠ ʦʙʨʦʙʣʶʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʷʢ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʥʦʩʽʷʤʠ (ʨʠʩ.1.11, ʙ). 

 

 

 

 

 

 

 

 

 

 

ʘ)                                                                                         ʙ) 

ʈʠʩ.1.11. ɽʣʝʤʝʥʪʠ ʚʠʨʦʙʫ, ʦʪʨʠʤʫʚʘʥʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ (ʘ) ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʦʧʝʨʘʮʽʷʤʠ (ʙ) 

 

ʇʦʜʘʥʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʧʦʩʪʫʣʶʚʘʪʠ ʛʨʘʬ ʦʙʫʤʦʚʣʝʥʦʩʪʽ ʬʫʥʢʮʽʡ ʷʢ 

ʝʣʝʤʝʥʪʘʤʠ ʚʠʨʦʙʫ, ʪʘʢ ʽ ʧʝʨʝʭʦʜʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʚʥʘʩʣʽʜʦʢ 

ʷʢʠʭ ʮʽ ʝʣʝʤʝʥʪʠ ʬʦʨʤʫʶʪʴʩʷ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʷʢ ʨʝʟʫʣʴʪʘʪ ʬʦʨʤʫʚʘʥʥʷ 

ʧʝʚʥʠʭ ʬʫʥʢʮʽʡ ʚʠʨʦʙʫ, ʚʠʨʘʞʝʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ (IT), ʜʝʬʝʢʪʥʦʩʪʽ (Td) ʪʘ ʰʦʨʩʪʢʦʩʪʽ (Ra) 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʞʥʘ ʫʷʚʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ, ʧʦʜʘʥʦʾ ʥʘ ʨʠʩ. 

1.10. 
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ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠʭʽʜʥʽ ʦʟʥʘʢʠ ʬʦʨʤʫʶʪʴ ʤʘʩʠʚ ʟʥʘʯʝʥʴ ɺ. ʇʦʜʽʣʠʤʦ 

ʦʟʥʘʢʠ  ʥʘ ʨʷʜ ʝʣʝʤʝʥʪʽʚ , ʫʪʚʦʨʝʥʠʭ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʥʘ ʟʘʛʦʪʦʚʮʽ, ʷʢʽ ʫ 

ʩʫʢʫʧʥʦʩʪʽ ʤʥʦʞʠʥʠ ʙʫʜʫʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʪʠ ʦʟʥʘʢʠ  ʦʙʨʦʙʣʶʚʘʥʦʾ   

ʜʝʪʘʣʽ. 

ʇʦʟʥʘʯʠʤʦ ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ , ʥʝʡʪʨʘʣʴʥʽ ï ,  ʰʢʽʜʣʠʚʽ ï . 

ʊʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ [43], ʟ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʣʠʚʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʦʙʨʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʢʨʘʱʠʤ ʻ ʪʦʡ, ʷʢʠʡ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʚʠʥʠʢʥʝʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ, ʘʙʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʻ 

ʚʽʜʙʫʚʘʪʠʩʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʘ ʰʢʽʜʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʶʪʴ ʙʫʪʠ ʚʠʣʫʯʝʥʽ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʭʦʜʘʭ, ʟʘ ʤʦʞʣʠʚʽʩʪʶ, ʩʧʦʣʫʯʝʥʠʭ ʽʟ 

ʧʝʨʝʭʦʜʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʚʠʨʦʙʫ. 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʚʠʟʥʘʯʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʥʦʩʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ʚʜʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ 

ʨʦʙʦʯʽʡ ʟʦʥʽ.  ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [46] ʘʚʪʦʨʢʦʶ ʟʚʝʨʥʫʪʦ ʫʚʘʛʫ ʥʘ ʪʝ, 

ʱʦ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʤʧʦʟʠʪʽʚ, ʦʩʦʙʣʠʚʦ ʢʘʨʙʦʥï

ʢʘʨʙʦʥʦʚʦʾ ʛʨʫʧʠ, ʻ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ. ʇʨʠʯʠʥʦʶ ʻ ʚʠʩʦʢʘ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʪʘ ʧʦʚʝʨʭʥʝʚʦïʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʤʽʩʮʽ 

ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʤʘʪʝʨʽʘʣʦʤ ʚʠʜʽʣʷʻʪʴʩʷ ʪʝʧʣʦʪʘ fpvq= , ʜʝ f ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; p ï ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ; v ï ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ. ʎʝ ʪʘʢʦʞ 

ʟʘʟʥʘʯʝʥʦ ʽ ʚ ʨʦʙʦʪʽ [47]. 

ʋʪʚʦʨʝʥʝ ʦʜʥʦʤʽʨʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʦʪʨʠʤʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʨʽʰʝʥʥʷ 
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ʉʘʤʝ ʪʦʤʫ ʚ ʨʦʙʦʪʽ ʆ.ʆ.ʏʝʥʯʝʚʦʾ [46] ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʙʨʦʙʢʫ 

ʢʦʤʧʦʟʠʪʽʚ ʚʠʢʦʥʫʚʘʪʠ ʚʠʢʣʶʯʥʦ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦïʧʝʨʽʦʜʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʥʝ ʪʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʫʞʝʥʥʷ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ʘ ʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʢʪʠʚʥʝ ʚʽʜʚʝʜʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʫʡʥʫʚʘʥʥʷ. ʊʘʢʽ ʫʤʦʚʠ ʤʦʞʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʷʢ ʰʣʷʭʦʤ ʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʥʘ ʽʥʩʪʨʫʤʝʥʪ, ʪʘʢ ʽ ʧʽʜʚʝʜʝʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ ʫ ʟʦʥʫ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ.  

ɺ.ʄ. ʆʨʝʣ [48] ʧʨʦʧʦʥʫʻ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʦʥʽ 

ʨʽʟʘʥʥʷ, ʥʘ ʷʢʫ ʚʧʣʠʚʘʻ ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ (ʪʝʧʝʨ ï ʚʦʜʦʘʙʨʘʟʠʚʥʠʡ 

ʩʪʨʫʤʽʥʴ), ʷʢʝ ʚʠʢʣʠʢʘʪʠʤʝ ʧʦʷʚʫ ʨʦʟʪʷʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʧʣʦʱʠʥʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʩʽ ʜʽʾ ʨʽʟʘʣʴʥʦʾ ʩʠʣʠ.  

ʋʪʚʦʨʝʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʨʫʤʠʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʢʨʦʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ ʪʘ ʚʽʜ ʨʽʚʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʦʥʠ ʨʽʟʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʧʨʠʢʣʘʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʫʩʠʣʴ ʈ 

ʜʦ ʪʦʨʮʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʣʠʩʪʦʚʦʾ ʟʘʛʦʪʦʚʢʠ ʨʦʟʤʽʨʘʤʠ bxlxh, ʟʘ ʫʤʦʚʠ 

ʧʦʯʘʪʢʦʚʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʪʨʽʱʠʥ, ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ ʩʪʘʥʦʚʠʪʠʤʫʪʴ 
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ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʫ; a0 ï ʧʦʯʘʪʢʦʚʝ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ; r ï ʛʫʩʪʠʥʘ 

ʤʘʪʝʨʽʘʣʫ; n,̀ c ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ; sk ï ʰʚʠʜʢʽʩʪʴ ʢʦʥʪʫʨʥʦʾ ʧʦʜʘʯʽ; Qm ï 

ʚʠʪʨʘʪʘ ʘʙʨʘʟʠʚʫ; m ï ʩʝʨʝʜʥʷ ʤʘʩʘ ʦʜʥʽʻʾ ʘʙʨʘʟʠʚʥʦʾ ʯʘʩʪʠʥʢʠ, dc ï ʜʽʘʤʝʪʨ 

ʩʪʨʫʤʝʥʷ, s ï ʩʪʚʦʨʶʚʘʥʽ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʥʘʧʨʫʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʷ 

ʛʽʜʨʦʘʙʨʘʟʠʚʥʦʤʫ ʨʽʟʘʥʥʶ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʷʢ ʚʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ 



54 

 

ʤʘʪʝʨʽʘʣʫ ʊ, ʊ=ksm, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʷʥʥʶ ,
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ʜʝ ʨ ï ʪʠʩʢ ʚʠʪʽʢʘʥʥʷ, ʄʇʘ; cd  ï ʜʽʘʤʝʪʨ ʩʪʨʫʤʠʥʥʦʾ ʥʘʩʘʜʢʠ, ʤʤ; h  ï 

ʪʦʚʱʠʥʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʤ; 'T  ï ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, )( apkT ss -=¡ , 

ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʷʚʠʱ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʟʘ ʷʢʠʤʠ dN
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ʧʨʠʯʦʤʫ dN ʻ ʬʫʥʢʮʽʻʶ ʯʘʩʫ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ.   

ɿʤʽʥʘ ʯʘʩʪʦʪʠ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ N ʚ ʜʽʘʧʘʟʦʥʽ 5ï50 ɻʮ 

ʧʦʢʘʟʘʣʘ ʥʘʩʪʫʧʥʝ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʪʦʪʠ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʫʩʝʨʝʜʥʝʥʘ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʪʨʽʱʠʥ ʟʘ ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʮʠʢʣ ʨʽʟʢʦ 

ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʩʽʪʢʠ ʪʨʽʱʠʥ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʪʨʽʱʠʥʠ ʙʽʬʫʨʢʫʶʪʴ, ʧʦʰʠʨʶʶʯʠʩʴ ʫ ʨʽʟʥʽ ʥʘʧʨʷʤʠ ʚʽʜʥʦʩʥʦ ʣʽʥʽʾ ʜʽʾ 

ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɺ ʨʦʙʦʪʽ [49] ʥʘʚʦʜʷʪʴʩʷ ʪʘʢʦʞ ʚʽʜʦʤʦʩʪʽ ʩʪʦʩʦʚʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʟʦʢʨʝʤʘ, 

ʪʝʭʥʦʣʦʛʽʷʭ FDMïʜʨʫʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ 

ʨʘʮʽʦʥʘʣʴʥʽ ʩʧʦʩʦʙʠ ʚʠʢʣʘʜʝʥʥʷ ʬʽʣʘʤʝʥʪʫ, ʬʦʨʤʫʚʘʪʠ ʧʝʚʥʽ ʢʣʘʩʪʝʨʠ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʤʘʛʥʽʪʥʠʤʠ ʘʙʦ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ 

ʧʽʜʭʽʜ ʻ ʜʽʻʚʠʤ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʩʪʚʦʨʝʥʥʷ ʦʙʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʢʽʥʮʝʚʠʤ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷʤ ʚʠʨʦʙʽʚ ʽʟ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.   

ʊʝ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ 

ʘʣʤʘʟʦʚʤʽʩʥʠʭ ʰʘʨʽʚ ʚ ʽʥʩʪʨʫʤʝʥʪʘʭ ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʘʙʦ ʧʣʘʩʪʠʥʘʭ ʘʜʛʝʟʽʡʥʦʛʦ ʟʯʝʧʣʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 3ïD ʜʨʫʢʫ.  
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1.3. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʙʽʥʫʚʘʥʥʷ ʪʘ 

ʛʽʙʨʠʜʠʟʘʮʽʾ ʦʙʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ 

 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʥʠʥʽ ʘʣʤʘʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʠʟʥʘʯʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ 

ʦʙʨʦʙʢʠ ʰʠʨʦʢʦʾ ʛʘʤʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʝʨʘʤʽʢʠ, ʛʨʘʥʽʪʫ ʪʦʱʦ. 

ʄʘʶʯʠ ʜʦʩʠʪʴ ʪʦʥʢʠʡ ʰʘʨ ʘʣʤʘʟʽʚ, ʽʥʩʪʨʫʤʝʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʝ 

ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʦʧʝʨʘʮʽʷʭ ʨʦʟʨʽʟʘʥʥʷ, ʰʣʽʬʫʚʘʥʥʷ, ʚʠʙʽʨʢʠ ʧʘʟʽʚ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʤʘʰʠʥʥʠʡ ʯʘʩ ʥʝ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʩʝʢʫʥʜ. ʊʨʠʚʘʣʽ ʦʧʝʨʘʮʽʾ 

ʧʨʠ ʦʙʨʦʙʮʽ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʚʦʜʷʥʦʛʦ ʘʙʦ ʨʽʜʠʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʨʦʟʨʽʟʘʥʥʽ ʚʫʛʣʝʮʴïʚʫʛʣʝʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ ʱʽʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ) 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʘʣʤʘʟʦʚʤʽʩʥʠʡ ʰʘʨ ʘʢʪʠʚʥʦ ʟʘʩʘʣʶʻʪʴʩʷ, ʘ ʧʦʚʝʨʭʥʷ 

ʨʽʟʘʥʥʷ ʜʝʩʪʨʫʢʪʫʻ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʦʥʘ ʨʽʟʘʥʥʷ ʨʽʟʢʦ ʨʦʟʽʛʨʽʚʘʻʪʴʩʷ (ʧʨʦ ʮʝ 

ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʙʦʪʘʭ ʄʝʪʘʢ ɸʣʴ ɯʙʨʘʭʽʤʽ [50], [51]) ʽ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʤʦʞʝ 

ʧʨʠʧʠʥʠʪʠʩʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʚʦʜʠʪʴ, 

ʱʦ ʧʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʘʣʤʘʟʽʚ ʨʽʟʢʦ ʩʢʦʨʦʯʫʻʪʴʩʷ, ʘ ʩʘʤʘ ʧʦʚʝʨʭʥʷ 

ʚʢʨʠʚʘʻʪʴʩʷ ʰʘʨʦʤ ʘʜʛʝʟʽʡʥʦʛʦ ʰʣʘʤʫ (ʨʠʩ. 1.12).  

ɺ ʮʽʣʦʤʫ ʧʨʦʮʝʩ ʚʪʨʘʪʠ ʧʨʘʮʝʩʧʨʦʤʦʞʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ (ʘʣʤʘʟʥʦʛʦ 

ʢʨʫʛʫ) ʚʠʛʣʷʜʘʻ, ʷʢ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1.13 ï 1.14.  

 

     

ʈʠʩ. 1.12. ʂʨʫʛ ʽʟ ʚʪʨʘʯʝʥʠʤʠ ʘʣʤʘʟʥʠʤʠ ʟʝʨʥʘʤʠ ʪʘ ʟʘʩʘʣʝʥʘ ʧʦʚʝʨʭʥʷ 

ʢʨʫʛʫ  
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ʈʠʩ. 1.13. ʉʭʝʤʘ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʘʣʤʘʟʦʚʤʽʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

 

 

 

ʈʠʩ. 1.14. ɿʤʽʥʘ ʨʽʟʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ  
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ɯʟ ʥʘʚʝʜʝʥʠʭ ʜʽʘʛʨʘʤ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʧʨʦʮʝʩʠ ʟʘʩʘʣʶʚʘʥʥʷ ʪʘ 

ʜʝʛʨʘʜʘʮʽʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʫ ʻ ʚʟʘʻʤʦʜʦʧʦʚʥʽʶʯʠʤʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʝʷʢʽ 

ʦʧʝʨʘʮʽʾ ʨʦʟʢʨʦʶ (ʟʦʢʨʝʤʘ ʢʘʨʙʦʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ) ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʠʤ 

ʚʠʜʽʣʝʥʥʷʤ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ, ʟʥʠʞʝʥʥʷʤ ʷʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ 

ʦʙʨʦʙʢʠ, ʟʨʦʩʪʘʥʥʷʤ ʪʦʚʱʠʥʠ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʰʘʨʫ. ʊʝ ʩʘʤʝ ʤʦʞʥʘ 

ʟʘʟʥʘʯʠʪʠ ʽ ʧʨʦ ʨʦʟʜʽʣʦʚʽ ʦʧʝʨʘʮʽʾ ʧʦʯʘʪʢʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʩʧʝʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʽ ʧʝʨʝʪʠʥʠ ʨʽʟʫ (ʜʦ 350ï400 ʤʤ) ʽ ʜʣʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʜʨʦʪʫ ʻ ʪʘʢʦʞ ʫʩʢʣʘʜʥʝʥʠʤ.  

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʥʠʥʽ ʘʣʤʘʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʠʟʥʘʯʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ 

ʦʙʨʦʙʢʠ ʰʠʨʦʢʦʾ ʛʘʤʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʝʨʘʤʽʢʠ, ʛʨʘʥʽʪʫ ʪʦʱʦ. ɰʭ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʟʘʡʤʘʣʠʩʷ, ʟʦʢʨʝʤʘ, G. Mittal, K.Y. Rhee, A.S. Yuanyushkin, 

D.A. Rychkov, D.V. Lobanov, ʄ.ʌ. ʉʝʤʢʦ, ɻ.ɺ. ʐʘʙʘʣʽʥ, ʇ.ʉ. ʈʝʜʴʢʦ, ɽ.ʄ. 

ʃʝʚʝʥʙʝʨʛ, ɸ.ʀ. ɻʨʘʙʯʝʥʢʦ, ɺ.ʃ. ɼʦʙʨʦʩʢʦʢ, ɺ.ɸ. ʌʝʜʦʨʦʚʠʯ, ɹ.ɸ. 

ʇʝʨʝʧʝʣʠʮʷ, ɺ.ɯ. ʃʘʚʨʽʥʝʥʢʦ ʪʘ ʽʥ.  ([52]-[56]).  ʊʨʠʚʘʣʽ ʦʧʝʨʘʮʽʾ ʧʨʠ ʦʙʨʦʙʮʽ 

ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʚʦʜʷʥʦʛʦ ʘʙʦ ʨʽʜʠʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʨʦʟʨʽʟʘʥʥʽ ʚʫʛʣʝʮʴïʚʫʛʣʝʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ ʪʠʧʫ ʂɯʄʌ) ʧʨʠʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʘʣʤʘʟʦʚʤʽʩʥʠʡ ʰʘʨ ʘʢʪʠʚʥʦ ʟʘʩʘʣʶʻʪʴʩʷ, ʘ ʧʦʚʝʨʭʥʷ ʨʽʟʘʥʥʷ ʜʝʩʪʨʫʢʪʫʻ; 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʣʘʤʦʫʪʚʦʨʝʥʥʷ. 

ɸʥʘʣʽʟ ʨʦʙʽʪ [54, 55, 56] ʜʦʚʦʜʠʪʴ, ʱʦ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʽʤʥʠ ʫʤʦʚ ʦʙʨʦʙʢʠ. ʆʜʥʘʢ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʝ ʨʽʰʝʥʥʷ 

ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʙʦ ʛʽʙʨʠʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ [57].  

ɸʚʪʦʨʠ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ  ʬʦʨʤʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʧʨʠ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʥʘ ʘʙʦ ʯʘʩʪʢʦʚʘ ʟʤʽʥʘ ʧʦʯʘʪʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ (ʟʘʛʦʪʦʚʢʠ). 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʫ ʚʠʨʽʙ ʟʜʽʡʩʥʶʶʪʴʩʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʶ 

ʩʫʢʫʧʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚʽ Wij(tk) ʤʘʪʝʨʽʘʣʴʥʦʛʦ So(tk),  So(tk)ÍRnjÆMnj,  

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ɽo(tk) ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ I0(tʢ) ʪʠʧʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʧʠʩʘʪʠ:  
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Wij (tk)=So(tk)ÇE0(tk)ÇIo(tk). 

ʗʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʧʣʠʚʠ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʚʠʨʽʙ 

ʤʘʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʢʽʣʴʢʦʭ ʨʽʚʥʷʭ ʦʜʥʦʯʘʩʥʦ, ʪʦ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʤʘʪʨʠʮʝʶ ʚʠʜʫ:  
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A =

, 

ʜʝ , , ...; , , ...; , , ...; 

, , ...; ... ï ʚʘʨʽʘʥʪʠ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʩʷʤʠ s, t ʪʘ v ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ s, t, v; , , ...; , , 

...;. , , ...; , , ...; , , ...; , , ... ï ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʩʷʤʠ s, t ʪʘ v ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ s, t ʠ v;  , , ...; , , ...; ï ʚʘʨʽʘʥʪʠ ʨʘʟʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʧʣʠʚʽʚ.  

ʊʦʞ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʽʥʪʝʛʨʦʚʘʥʦʾ ʜʽʾ (ʦʙʨʦʙʢʘ ʛʽʙʨʠʜʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ) ʘʙʦ, 

ʥʘʚʧʘʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʜʽʾ (ʢʦʣʠ ʦʜʠʥ ʌɽ 

ʬʦʨʤʫʻʪʴʩʷ ʢʽʣʴʢʦʤʘ ʜʽʷʤʠ), ʨʠʩ. 1.15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.15. ʇʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʘʙʦ ʽʥʪʝʛʨʦʚʘʥʠʤ ʩʧʦʩʦʙʘʤʠ 

ʆ1 ʆ2 ʆk-1 ʆk 

Wij(tk)=So(tk)UE0(tk)UIo(tk) 

Ig Ë , , ...; , , ...; 

, , ...; , , .... 

I2Ë , , ...; , 

, ...; , , ...; ...   
I1Ë , , ...; , 

, ...; , , ...; ...   
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ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʌɽ ʚʠʨʦʙʫ ɽm ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ  ʽ  ʽʟ ʦʜʥʦʯʘʩʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ k ʽʥʩʪʨʫʤʝʥʪʽʚ, ʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʛʦ (ʛʽʙʨʠʜʥʦʛʦ) 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜʧʦʚʽʜʘʪʠʤʝ  , ʜʝ Rnj ï ʧʦʣʝ ʫʪʚʦʨʝʥʠʭ ʥʦʚʠʭ 

ʚʠʜʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ; Rsi ï i-ʷ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʦʤʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ; ɟi ï 

ʚʘʛʦʤʽʩʪʴ ʧʽʜʤʥʦʞʠʥʠ ʚʽʜʦʤʠʭ ʨʽʰʝʥʴ. ɯ ʥʘʚʧʘʢʠ, ʬʦʨʤʫʚʘʥʥʷ ʌɽ ʢʽʣʴʢʦʤʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʧʣʠʚʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ , ʜʝ Mnj ï ʧʦʣʝ 

ʫʪʚʦʨʝʥʠʭ ʥʦʚʠʭ ʚʠʜʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ.  

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ ʨʦʟʛʣʷʥʫʪʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʘ  ʨʦʟʤʽʨʘʤʠ bĬlĬh ʟ ʢʫʙʽʯʥʦʾ ʟʘʛʦʪʦʚʢʠ  ʨʦʟʤʽʨʘʤʠ BĬLĬH, ʧʨʠʯʦʤʫ 

ʟʨʘʟʦʢ ʤʘʻ ʢʨʠʚʦʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ ʟ ʨʘʜʽʫʩʘʤʠ r i.  

ʇʦʟʥʘʯʠʚʰʠ R1 ï ʬʨʝʟʝʨʫʚʘʥʥʷ; R2 ï ʦʙʨʦʙʢʫ ʘʙʨʘʟʠʚʥʠʤ ʢʨʫʛʦʤ; R3 ï 

ʦʙʨʦʙʢʫ ʟʘʩʦʙʘʤʠ ʟʚʦʨʦʪʥʦïʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ (ʨʝʥʦʚʘʪʦʨ); R4 ï 

ʩʚʝʨʜʣʫʚʘʥʥʷ; R5 ï ʛʽʜʨʦʘʙʨʘʟʠʚʥʝ ʨʽʟʘʥʥʷ, ʘʚʪʦʨʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʪʘʢʽ 

ʤʦʞʣʠʚʽ ʦʧʝʨʘʮʽʾ: (R2)ï(R1); (R2)ï(R5); (R2)ï(R4)ï(R5). ʇʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʡ 

ʚʘʨʽʘʥʪ (R2)ï(R4)ï(R5), ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.16.  

 

 

ʈʠʩʫʥʦʢ 1.16. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʤʘʪʝʨʽʘʣʫ ʂɯʄʌ 
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ʊʘʢʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ ʧʝʨʝʚʘʛʠ ʛʽʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʨʽʟʘʥʥʷ (ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʦʙʨʦʙʢʠ) ʽ ʫʥʠʢʥʫʪʠ ʜʝʩʪʨʫʢʮʽʾ ʤʘʪʝʨʽʘʣʫ ʚ ʤʦʤʝʥʪ ʧʨʦʙʦʶ ʩʪʨʫʤʝʥʝʤ. 

ʆʜʥʘʢ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʙʨʫʩʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʧʦʜʽʣʷʪʠʩʷ ʥʘ 

ʧʣʘʩʪʠʥʠ, ʟ ʷʢʠʭ ʫ ʧʦʜʘʣʴʰʦʤʫ ʦʪʨʠʤʫʶʪʴ ʟʘʛʦʪʦʚʢʠ ʟʘʜʘʥʦʾ ʬʦʨʤʠ 

ʪʦʚʱʠʥʦʶ h, ʱʦ ʜʦʨʽʚʥʶʻ ʪʦʚʱʠʥʽ ʧʣʘʩʪʠʥ.  

ɺʠʢʦʥʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʥʪʫʨʫ ʜʣʷ ʟʘʛʦʪʦʚʦʢ ʟʥʘʯʥʦʾ ʪʦʚʱʠʥʠ 

ʚʠʤʘʛʘʻ ʧʦʧʝʨʝʜʥʴʦʛʦ  ʩʚʝʨʜʣʫʚʘʥʥʷ; ʫ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʦʪʨʠʤʫʚʘʪʠ ʦʪʚʽʨ ʥʝʤʘʻ, ʘ ʨʽʟʘʥʥʷ ʨʦʟʧʦʯʠʥʘʶʪʴ ʽʟ ʚʽʣʴʥʦʛʦ ʪʦʨʮʷ.  

 

1.4. ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʠʭ ʰʘʨʽʚ ʥʘ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʥʷʭ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʢʦʤʙʽʥʫʚʘʥʥʷ  

 

ʈʘʥʽʰʝ ʥʘʤʠ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʛʽʙʨʠʜʠʟʘʮʽʷ ʪʘ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʤʦʞʝ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ 

ʦʙʨʦʙʣʷʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ.  

ʆʯʝʚʠʜʥʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʽ ʜʣʷ ʘʙʨʘʟʠʚʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ (ʢʨʫʛʽʚ, ʧʠʣʦʢ ʨʝʥʦʚʘʪʦʨʘ, ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʝʣ). ʇʨʠ ʮʴʦʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, ʧʦʜʽʣ ʾʾ ʥʘ ʟʦʥʠ ʨʽʟʥʦʛʦ 

ʩʠʣʦʚʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ 

ʩʢʦʨʦʪʠʪʠ ʚʪʨʘʪʫ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 1.13), 

ʘ ʡ ʧʽʜʚʠʱʠʪʠ ʯʘʩ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʦʙʨʦʙʮʽ ʩʧʝʮʽʘʣʴʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʦʚʽ ʧʨʦʮʝʩʠ ʥʘʥʝʩʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. ɺʽʜʦʤʽ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʨʠʩ. 

1.17) [58]. ʅʘʚʝʜʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʦʙʘʤʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʨʽʞʫʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʧʦʩʦʙʘʤʠ ʟʘʢʨʽʧʣʝʥʥʷ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ, ʚʠʜʘʤʠ 

ʤʘʪʝʨʽʘʣʽʚ ʟʚ'ʷʟʦʢ. ɹʫʜʴ-ʷʢʠʡ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ, ʦʙʣʘʩʪʽ ʜʦʮʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʘʣʤʘʟʥʦʛʦ 
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ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʟʚ'ʷʟʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʚ ʷʢʦʩʪʽ 

ʦʩʥʦʚʠ ʪʽʣʴʢʠ ʣʝʛʢʦʧʣʘʚʢʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ ʥʝ ʚʠʱʝ 700 Áʉ. 

ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʣʤʘʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʪʨʠ ʚʠʜʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ: ʛʘʣʴʚʘʥʽʯʥʝ 

ʟʘʢʨʽʧʣʝʥʥʷ ʘʣʤʘʟʽʚ; ʤʝʪʦʜʠ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ (ʛʘʨʷʯʝ ʧʨʝʩʫʚʘʥʥʷ ʽ 

ʙʨʠʢʝʪʫʚʘʥʥʷ); ʤʝʪʦʜʠ ʚʘʢʫʫʤʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʜʠʬʫʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ 

ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ) [59].  

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʦʢʨʝʤʘ, 

ʧʦʰʘʨʦʚʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʽ ʥʘʜʟʚʫʢʦʚʝ ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ ʘʣʤʘʟʥʦʛʦ 

ʧʦʢʨʠʪʪʷ.  

 

ʉʧʦʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥ̫ ̔ʥʩʪʨʫʤʝʥʪ̔ʚ ʟ 

ʢʦʤʧʦʟʠʪ̔ʚ, ʦɦ ʤ̔ʩʪ̫ʪɹ ʉʊʄ

ʇʨʝʩʫʚʘʥʥ̫ ʘʣʤʘʟʦʚʤ̔ʩʥʦʾ hʠʭʪʠ ʟ 

ʧʦʜʘʣɹ ʠhʤ ʩʧ̔ʢʘʥʥ̫ʤ ̔ ʜʦʧʨʝʩʦʚʢʦʁ

ʇʨʝʩʫʚʘʥʥ̫ hʠʭʪʠ ʟ ʧʦʜʘʣɹ ʦhʁ  

ʧʨʦʩʦʯʝʥʥ̫ʤ ʧʦʨʠʩʪʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ 

ʙʨʠʢʝʪʫ ʨʦʟʧʣʘʚʣʝʥʠʤ ʤʝʪʘʣʦʤ

ʇʨʦʧʠʪʢʘ ʘʣʤʘʟʦʚʤ̔ʩʥʦʾ hʠʭʪʠ ʟ 

ʧʦʜʘʣɹ ʠhʤ ʩʧ̔ʢʘʥʥ̫ʤ

ʉʧ̔ʢʘʥʥ̫ ʘʣʤʘʟʦʚʤ̔ʩʥʦʛʦ ʢʦʤʧʦʟʠʪʫ 

ʧ̔ʜ ʪʠʩʢʦʤ

ʉʧ̔ʢʘʥʥ̫ ʧ̔ʜ ʪʠʩʢʦʤ ʧʨ̫ʤʠʤ 

ʧʨʦʧʫʩʢʘʥʥ̫ʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ

ɺʘʢʫʫʤʥʝ ʩʧ̔ʢʘʥʥ̫ʐ
ʘʨ
ʞ
ʫ
ʚ
ʘʥ
ʥ̫
 ʘ
ʣ
ʤ
ʘʟ
ʥ
ʠ
ʤ
ʠ
 ʟ
ʝʨ
ʥ
ʘʤ
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ʦ
ʙ
ʦ
ʯ
ʠ
ʭ
 ʧ
ʦ
ʚ
ʝʨ
ʭ
ʦ
ʥɹ
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ʥ
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ʨ
ʫ
ʤ
ʝʥ
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ʄ
ʝʭ
ʘʥ̔
ʯ
ʥ
ʝ 
ʟʘ
ʚ
ʘʣɹ
ʮʁ
ʚ
ʘʥ
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ʣ
ʤ
ʘʟ
ʥ
ʠ
ʭ
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ʚ
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ʝʥ
ʠ
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ʘʭ
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ʈʠʩ. 1.17. ʉʧʦʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 
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ɿʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʘʣʤʘʟʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʦʪʨʠʤʘʚ 

ʤʝʪʦʜ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʨʝʩʫʚʘʥʥʽ, ʩʧʽʢʘʥʥʽ ʛʘʨʷʯʦʛʦ 

ʜʦʧʨʝʩʫʚʘʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʾ ʩʫʤʽʰʽ.  

ɯʥʩʪʨʫʤʝʥʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ 

ʤʝʪʘʣʝʚʽʡ ʟʚ'ʷʟʮʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚ'ʷʟʢʘ ʤʽʜʽ ʟ ʦʣʦʚʦʤ (ʄ1), 

ʷʢʘ ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʟ ʧʦʨʦʰʢʦʤ ʘʣʤʘʟʫ. ɼʘʣʽ ʮʶ ʩʫʤʽʰ ʟʘʩʠʧʘʶʪʴ ʫ 

ʤʝʪʘʣʝʚʫ ʧʨʝʩïʬʦʨʤʫ, ʧʨʝʩʫʶʪʴ ʽ ʦʜʥʦʯʘʩʥʦ ʩʧʽʢʘʶʪʴ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 680ï700 Áʉ. ʇʨʠ ʜʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʭʦʜʠʪʴ ʢʦʤʧʦʟʠʪ ʟ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʟʘʧʨʝʩʦʚʘʥʠʤʠ ʘʣʤʘʟʥʠʤʠ ʟʝʨʥʘʤʠ ʧʦ ʚʩʽʡ 

ʤʝʪʘʣʝʚʽʡ ʟʚ'ʷʟʮʽ. ɿʚ'ʷʟʢʘ M1 ʫʪʨʠʤʫʻ ʟʝʨʥʘ ʜʦ ʾʭ ʟʘʪʫʧʣʝʥʥʷ, ʘ ʧʦʪʽʤ ʚʦʥʠ 

ʚʠʨʠʚʘʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʽ ʧʨʠ ʧʝʨʰʦʤʫ ʧʝʨʽʦʜʽ ʟʥʦʩʫ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʩʚʝʨʜʝʣ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʟʫʩʠʣʣʷ ʚʠʨʠʚʘʥʥʷ ʟʝʨʥʘ ʟʚ'ʷʟʢʠ ʻ 

ʥʝʚʝʣʠʢʠʤ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʨʦʛʨʝʩʠʚʥʠʡ ʣʘʚʠʥʦʧʦʜʽʙʥʠʡ ʟʥʦʩ. 

ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʘ ʪʦʚʱʠʥʘ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʽ ʧʽʜʚʠʱʫʻ ʚʠʪʨʘʪʫ ʘʣʤʘʟʽʚ [60]. 

ʉʚʝʨʜʣʘ, ʚʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ, ʤʘʶʪʴ ʭʦʨʦʰʫ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʘʣʝ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ (1500 ï 2000 ʦʪʚʦʨʽʚ ʚ ʩʢʣʽ 

ʪʦʚʱʠʥʦʶ 5 ʤʤ) ʽ ʢʨʘʡʢʦʩʪʽʡʢʽʩʪʴ, ʪʘʢ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʤʘʟʫ 

ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 5ï6%. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʤʝʞʝʥʘ  ʤʦʞʣʠʚʦʩʪʶ  

ʚʠʥʠʢʥʝʥʥʷ ʣʘʚʠʥʦʧʦʜʽʙʥʦʛʦ ʟʥʦʩʫ ʧʨʠ ʬʦʨʩʫʚʘʥʥʽ ʨʝʞʠʤʽʚ ʩʚʝʨʜʣʽʥʥʷ. 

ʉʧʨʦʙʠ ʧʽʜʚʠʱʠʪʠ ʘʜʛʝʟʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʟʚ'ʷʟʢʠ ʄ1, ʪʦʙʪʦ ʩʠʣʫ ʫʪʨʠʤʘʥʥʷ 

ʟʝʨʥʘ ʟʘ ʨʘʭʫʥʦʢ ʤʝʪʘʣʽʟʘʮʽʾ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʜʣʷ ʩʚʝʨʜʝʣ ʤʘʣʠʭ ʜʽʘʤʝʪʨʽʚ ʥʝ 

ʧʨʠʥʝʩʣʠ ʽʩʪʦʪʥʠʭ ʫʩʧʽʭʽʚ. 

ʇʨʠʯʠʥʘʤʠ ʥʠʟʴʢʦʾ ʩʪʽʡʢʦʩʪʽ ʽ ʢʨʦʤʢʦʩʪʽʡʢʦʩʪʽ ʩʚʝʨʜʝʣ ʥʘ ʟʚ'ʷʟʮʽ ʄ1 ʻ 

ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʘ ʛʨʘʥʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ (ʥʝ ʙʽʣʴʰʝ 150%) 

ʧʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʩʠʣʽ ʾʭ ʫʪʨʠʤʘʥʥʷ ʚ ʤʘʪʨʠʮʽ ʽʥʩʪʨʫʤʝʥʪʫ. 
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ʇʝʨʝʚʘʛʠ ʧʦʨʦʰʢʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʣʷʛʘʶʪʴ ʫ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʟʥʦʩʽ ʽʥʩʪʨʫʤʝʥʪʫ; ʡʦʛʦ ʚʽʜʥʦʩʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʤ'ʷʢʦʩʪʽ 

ʰʣʽʬʫʚʘʥʥʷ, ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚʽʜʩʪʘʥʽ ʤʽʞ ʟʝʨʥʘʤʠ ʩʧʨʠʷʶʪʴ ʚʠʭʦʜʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʨʦʙʦʯʦʾ ʟʦʥʠ. ʅʝʜʦʣʽʢʠ ʧʦʨʦʰʢʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ: ʥʝʜʦʩʪʘʪʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʟʘ 

ʦʙʩʷʛʦʤ ʟʤʝʥʰʫʻ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʛʘʣʴʚʘʥʽʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ; ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʷ ʚʘʢʫʫʤʥʦ-ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ.  

ʎʽ ʩʚʝʨʜʣʘ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʤʝʪʦʜʦʤ ʧʨʦʩʦʯʝʥʥʷ ʚ ʥʝʤʝʪʘʣʝʚʠʭ ʧʨʝʩï

ʬʦʨʤʘʭ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʟ'ʻʜʥʘʥʥʽ ʧʦʧʝʨʝʜʥʴʦ ʤʝʪʘʣʽʟʦʚʘʥʠʭ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ 

ʨʦʟʧʣʘʚʦʤ ʟʚ'ʷʟʢʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʥʘʜ 1000Áʉ ʫ ʚʘʢʫʫʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ'ʻʜʥʘʥʥʷ ʤʝʪʘʣʽʟʦʚʘʥʠʭ ʟʝʨʝʥ ʟ ʤʝʪʘʣʝʚʦʶ ʟʚ'ʷʟʢʦʶ. 

ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʟ'ʻʜʥʘʥʥʽ ʤʝʪʘʣʽʟʦʚʘʥʠʭ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ 

ʨʦʟʧʣʘʚʦʤ ʟʚ'ʷʟʢʠ. ɸʣʤʘʟʥʽ ʟʝʨʥʘ ʧʦʧʝʨʝʜʥʴʦ ʤʝʪʘʣʽʟʫʶʪʴʩʷ ʥʽʢʝʣʝʤ, 

ʪʠʪʘʥʦʤ ʘʙʦ ʤʦʣʽʙʜʝʥʦʤ. ɺʽʜʦʤʦ [61], ʱʦ ʪʠʪʘʥ ʽ ʤʦʣʽʙʜʝʥ ʚʦʣʦʜʽʶʪʴ 

ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʘʣʤʘʟʫ ʽ ʾʭ ʟ'ʻʜʥʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʽʜʽʚ. ɼʘʣʽ ʮʽ ʧʦʢʨʠʪʪʷ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʝʣʝʤʝʥʪʘʤʠ ʟʚ'ʷʟʢʠ: 

ʤʽʜʜʶ, ʤʘʨʛʘʥʮʝʤ, ʥʽʢʝʣʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʬʘʟ ʥʘ ʢʦʥʪʘʢʪʥʠʭ ʤʝʞʘʭ ʽ ʩʧʨʠʷʻ ʽʩʪʦʪʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʌʦʨʤʘ ʽʟ ʟʘʩʠʧʘʥʠʤʠ ʘʣʤʘʟʘʤʠ ʧʦʤʽʱʘʻʪʴʩʷ ʚ ʚʘʢʫʫʤʥʫ ʧʽʯ, ʜʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʥʘʜ 1000 Áʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʦʚʥʝʥʥʷ ʟʘʣʠʰʢʫ ʚʽʣʴʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʩʧʣʘʚʦʤ ʽ ʜʠʬʫʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʽʟʦʚʘʥʠʭ ʟʝʨʝʥ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʫ ʚʘʢʫʫʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʙʣʠʟʴʢʦ 1000 Áʉ ʤʽʞ ʟʝʨʥʘʤʠ ʽ ʟʚ'ʷʟʢʦʶ ʚʠʥʠʢʘʶʪʴ ʭʦʨʦʰʽ ʘʜʛʝʟʽʡʥʽ ʟʚ'ʷʟʢʠ, 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʚʝʨʰʠʥ ʟʝʨʝʥ ʽ ʧʨʠʣʝʛʣʠʭ ʜʽʣʷʥʦʢ 

ʟʚ'ʷʟʢʠ. ʉʘʤʝ ʮʠʤ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʽ 
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ʢʨʦʤʢʦʩʪʽʡʢʽʩʪʴ ʥʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɻʨʘʥʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦ 250 % ʽ 

ʤʦʥʦʣʽʪʥʘ ʫʧʘʢʦʚʢʘ ʘʣʤʘʟʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠ 

ʽʥʩʪʨʫʤʝʥʪ ʙʫʜʴï̫ ʢʦʾ ʬʦʨʤʠ ʟ ʨʦʟʤʽʨʘʤʠ ʚʽʜ 1 ʤʤ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʘʢʦʚʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦ ʚʩʴʦʤʫ ʦʙ'ʻʤʫ ʨʽʞʫʯʦʾ 

ʯʘʩʪʠʥʠ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʽ ʜʘʥʽ 

ʧʨʦ ʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʮʽʷʭ "ʤʝʪʘʣʝʚʘ ʟʚ'ʷʟʢʘïʘʣʤʘʟ". 

ʉʪʚʦʨʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʘʣʤʘʟʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʥʝ ʪʽʣʴʢʠ 

ʭʦʨʦʰʽ ʨʽʞʫʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʧʨʝʩʦʚʘʥʦʛʦ, ʘʣʝ ʽ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: 

- ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ (ʥʘʧʨʠʢʣʘʜ, ʩʚʝʨʜʣʦ ʜʽʘʤʝʪʨʦʤ 6 ʤʤ 

ʟʘʙʝʟʧʝʯʫʻ ʦʙʨʦʙʢʫ ʥʝ ʤʝʥʰʝ 6000 ʦʪʚʦʨʽʚ ʚ ʩʢʣʽ ʪʦʚʱʠʥʦʶ 5 ʤʤ); 

- ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʽʞʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 

ʧʦʥʦʚʣʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʟʝʨʝʥ ʘʣʤʘʟʫ ï ʟ ʫʩʽʭ ʩʧʦʩʦʙʽʚ 

ʟʘʢʨʽʧʣʝʥʥʷ ʘʣʤʘʟʽʚ ʪʝʭʥʦʣʦʛʽʷ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʟʝʨʝʥ ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʦʩʪʦʶ ʽ ʜʝʰʝʚʦʶ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʣʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥ. ʄʘʪʝʨʽʘʣ, ʥʘ ʷʢʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʘʣʤʘʟʥʠʡ ʰʘʨ 

ʟʘʥʫʨʶʶʪʴ ʫ ʨʦʟʯʠʥ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʘʣʤʘʟʥʦʾ ʩʫʤʽʰʰʶ, ʧʦʪʽʤ ʯʝʨʝʟ ʝʣʝʢʪʨʦʣʽʪ 

ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʽ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʘʣʤʘʟʥʠʡ ʰʘʨ 0,3 ʤʤ ʚʽʜ ʡʦʛʦ ʪʦʚʱʠʥʠ [62].  

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʻ ʩʧʦʩʽʙ ʧʦʰʘʨʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʧʽʢʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

ʗʢ ʜʞʝʨʝʣʦ ʥʘʛʨʽʚʫ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʻ ʨʷʜ ʟʥʘʯʥʠʭ ʧʝʨʝʚʘʛ. 

ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ 

ʚ ʤʘʪʝʨʽʘʣ ʽ ʾʾ ʧʨʝʮʠʟʽʡʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʜʰʚʠʜʢʽʩʥʝ ʥʘʛʨʽʚʘʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ, ʧʦïʧʝʨʰʝ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʩʧʽʢʘʥʥʽ ʟʥʘʯʥʦ ʙʽʣʴʰ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʟʚ'ʷʟʦʢ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʘʢʠʭ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʽʚʘʥʥʷ, 

ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʛʨʘʥʠʯʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʧʦʚʽʜʥʽ ʧʦʯʘʪʢʫ ʦʢʠʩʣʝʥʥʷ 

ʘʣʤʘʟʽʚ, ʧʦïʜʨʫʛʝ, ʟʘʙʝʟʧʝʯʠʪʠ ʤʝʪʘʣʫʨʛʽʡʥʫ ʟʚ'ʷʟʢʫ ʤʽʞ ʘʣʤʘʟʦʚʤʽʩʥʠʤ 
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ʰʘʨʦʤ ʽ ʩʪʘʣʝʚʠʤ ʢʦʨʧʫʩʦʤ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʤʽʮʥʦʩʪʽ. ɺʠʩʦʢʘ ʣʦʢʘʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʷʻ ʧʦʰʘʨʦʚʦ ʬʦʨʤʫʚʘʪʠ ʦʜʥʦ ï 

ʘʙʦ ʙʘʛʘʪʦʨʷʜʥʽ ʘʣʤʘʟʦʚʤʽʩʥʽ ʨʦʙʦʯʽ ʝʣʝʤʝʥʪʠ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʚʘʪʠ 

ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʜʦʩʠʪʴ ʣʝʛʢʦ ʢʝʨʫʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʟʜʽʡʩʥʶʚʘʪʠ ʪʝʨʤʽʯʥʝ ʟʤʽʮʥʝʥʥʷ 

ʟʚ'ʷʟʢʠ, ʦʪʨʠʤʫʚʘʪʠ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʜʠʩʧʝʨʩʥʽʩʪʴ. 

ʄʝʪʦʜʠʯʥʦ ʜʘʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʷ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ ï ʧʨʷʤʠʤ 

ʦʧʨʦʤʽʥʝʥʥʷʤ ʟʝʨʝʥ ʘʣʤʘʟʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʛʨʘʬʽʪʦʚʽʡ ʧʽʜʢʣʘʜʮʽ (ʨʠʩ. 

1.18, ʘ), ʽ ʥʝʧʨʷʤʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʘʣʤʘʟʽʚ ʧʨʠ ʣʘʟʝʨʥʦʤʫ ʦʧʣʘʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʦʪʦʯʫʶʪʴ ʽ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʥʠʤʠ (ʨʠʩ. 1.18, ʙ, ʚ). 

ʇʽʩʣʷ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ ʘʣʤʘʟʠ ʚʠʧʨʦʙʦʚʫʚʘʣʠ ʥʘ ʩʪʘʪʠʯʥʫ ʤʽʮʥʽʩʪʴ ʟʘ 

ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

 

 

ʈʠʩ. 1.18. ʉʭʝʤʠ ʦʧʨʦʤʽʥʝʥʥʷ ʘʣʤʘʟʽʚ: 

ʘ ï ʧʨʷʤʝ ʦʧʨʦʤʽʥʝʥʥʷ; ʙ, ʚ ï ʨʦʟʧʣʘʚʣʝʥʥʷ ʟʚ'ʷʟʢʠ ʟ ʘʣʤʘʟʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 

ʨʽʟʥʦʤʫ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ ʽ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʱʦʜʦ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ: 1 ï ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ; 

2 ï ʣʽʥʟʘ; 3, 4 ï ʚʽʜʧʦʚʽʜʥʦ ʘʣʤʘʟʠ ʪʘ ʜʽʘʤʘʥʪʠ, ʟʘʥʫʨʝʥʽ ʚ ʟʚ'ʷʟʢʫ; 5, 6 ï ʚʽʜʧʦʚʽʜʥʦ 

ʛʨʘʬʽʪʦʚʘ ʽ ʩʪʘʣʝʚʘ ʧʽʜʢʣʘʜʢʘ; 7 ï ʟʚ'ʷʟʢʘ 

 

ʇʨʦʧʦʥʫʶʪʴʩʷ ʜʚʽ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʩʧʽʢʘʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʟʦʢʨʝʤʘ, ʥʘ ʪʦʥʢʠʭ ʚʽʜʨʽʟʥʠʭ ʢʦʣʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.19. 

ʉʭʝʤʘ ʦʩʴʦʚʦʛʦ ʧʦʰʘʨʦʚʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʢʦʤʧʦʟʠʪʫ 
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(ʨʠʩ. 1.19, ʘ) ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʚ 

ʩʧʝʮʽʘʣʴʥʫ ʧʦʣʫʧʨʝʩïʬʦʨʤʫ ʟ ʨʦʟʤʽʱʝʥʠʤ ʚ ʥʽʡ ʢʦʨʧʫʩʦʤ ʚʽʜʨʽʟʥʦʛʦ ʢʨʫʛʘ ʽ 

ʧʦʨʦʰʢʦʚʦʾ ʟʚ'ʷʟʢʠ ʟ ʘʣʤʘʟʘʤʠ. ʆʜʥʦʯʘʩʥʦ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ, ʩʢʘʥʫʶʯʠʡ ʚ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʟ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʘʣʤʘʟʦʥʦʩʥʦʛʦ 

ʰʘʨʫ, ʨʦʟʧʣʘʚʣʶʻ ʢʨʘʡʢʫ ʢʦʨʧʫʩʫ ʢʦʣʘ ʽ ʤʝʪʘʣʝʚʫ ʟʚ'ʷʟʢʫ. 

ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʩʢʘʥʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʢʚʘʟʽʥʝʧʝʨʝʨʚʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʛʦ ʜʦʩʪʘʪʥʷ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʟʚ'ʷʟʢʠ. 

 

 

ʈʠʩ. 1.19. ʆʩʴʦʚʝ (ʘ) ʽ ʨʘʜʽʘʣʴʥʝ (ʙ) ʧʦʰʘʨʦʚʝ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʝ 

ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʥʘ ʚʽʜʨʽʟʥʠʭ ʢʨʫʛʘʭ 

 

ɿʘʢʨʠʩʪʘʣʽʟʦʚʘʥʘ, ʘʣʝ ʱʝ ʧʣʘʩʪʠʯʥʘ ʟʚ'ʷʟʢʘ ʟ ʘʣʤʘʟʘʤʠ ʧʦ ʤʽʨʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʝʩïʬʦʨʤʠ ʫʱʽʣʴʥʶʻʪʴʩʷ ʜʝʬʦʨʤʫʶʯʠʤ ʨʦʣʠʢʦʤ, ʬʦʨʤʫʶʯʠ 

ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ ʽ ʧʨʦʬʽʣʴ. ɼʘʥʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʡ ʽʥʰʽ ʚʘʨʽʘʥʪʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ. 

ʉʭʝʤʘ ʨʘʜʽʘʣʴʥʦʛʦ ʧʦʰʘʨʦʚʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ (ʨʠʩ. 1.19, ʙ) ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʦʜʥʦʨʷʜʥʠʭ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʘʣʤʘʟʦʚʤʽʩʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ. ɺʦʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʚ ʟʦʥʫ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ, 

ʱʦ ʧʝʨʝʤʽʱʫ̒ ʪʴʩʷ ʤʽʞ ʥʝʨʫʭʦʤʠʤʠ ʤʘʪʨʠʮʷʤʠ, ʬʦʨʤʫʻ ʢʦʨʧʫʩ ʢʦʣʘ 

ʧʦʨʦʰʢʦʚʦʾ ʟʚ'ʷʟʢʠ ʽ ʘʣʤʘʟʽʚ. ʈʦʟʧʣʘʚʣʝʥʘ ʽ ʟʘʢʨʠʩʪʘʣʽʟʦʚʘʥʘ ʟʚ'ʷʟʢʘ 

ʫʱʽʣʴʥʶʻʪʴʩʷ ʜʝʬʦʨʤʫʶʯʠʤ ʝʣʝʤʝʥʪʦʤ. ʌʦʨʤʫʚʘʣʴʥʘ ʤʘʪʨʠʮʷ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʥʘʧʽʚʤʘʪʨʠʮʴ, ʤʘʻ ʩʢʣʘʜʥʽ ʧʨʦʬʽʣʽ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠ ʩʚʦʻʤʫ ʧʦʚʦʨʦʪʽ ʨʝʛʫʣʶʚʘʪʠ ʚʠʩʦʪʫ ʩʧʽʢʘʥʥʷ ʰʘʨʫ. 

ɺʠʢʦʥʫʶʯʠ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʟʦʥ ʧʦʚʝʨʭʥʽ, ʥʘ 
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ʦʩʥʦʚʽ ʨʦʙʽʪ P. M. Harrison, M. Henry, M. Brownell, Shin T., Lee D., Suzuki H., 

Moriwaki T., Yamamoto Y., Goto Y. Hong S, Akasishi M., Kanda H., Osawa T., 

Yamaoka S., Sibailly O.D., Wagner F.R., Mayor L., Richerzhagen B.  ʚʠʩʫʥʫʪʝ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʧʝʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ (ʫ ʪʦʤʫ ʯʠʩʣʽ, ʨʽʟʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ). ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʚʠʩʦʢʦʾ ʢʝʨʦʚʘʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʫʤʦʚ ʩʧʽʢʘʥʥʷ ʪʘ 

ʜʦʟʫʚʘʥʥʷ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ, ʘ ʪʘʢʦʞ ʣʦʢʘʣʴʥʦʩʪʽ ʚʧʣʠʚʫ (ʣʦʢʘʣʽʟʘʮʽʷ ʤʦʞʝ 

ʩʷʛʘʪʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ) ʤʦʞʝ ʙʫʪʠ ʚʟʷʪʠʡ ʟʘ 

ʦʩʥʦʚʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʧʝʚʥʠʭ ʚʠʜʽʚ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 

1.5. ɺʠʩʥʦʚʢʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʚʽʚ, ʱʦ ʩʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʤʘʛʘʻ 

ʚʩʝ ʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʡ, ʞʘʨʦʪʨʠʚʢʠʭ, ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʽʥ., ʦʙʨʦʙʣʝʥʥʷ 

ʷʢʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʘʣʤʘʟʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʚôʷʟʘʥʘ ʟ ʥʠʟʢʦʶ ʧʨʦʙʣʝʤ.  

ʆʩʪʘʥʥʽ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʩʪʨʫʢʪʫʨʽ ʢʦʤʧʦʟʠʪʫ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʘʨʤʫʚʘʣʴʥʠʭ ʚʦʣʦʢʦʥ (ʚʫʛʣʝʮʝʚʠʭ ʘʙʦ ʚʠʩʦʢʦ ʤʦʜʫʣʴʥʠʭ 

ʩʢʣʷʥʠʭ), ʱʦ ʧʦʛʽʨʰʫʶʪʴ ʩʧʨʦʤʦʞʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ ʢʝʨʦʚʘʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʟʦʥʫ ʦʙʨʦʙʢʠ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ, 

ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʚʠʨʦʙʽʚ, ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦ, ʟ ʫʩʧʽʭʦʤ ʧʝʨʝʥʝʩʝʥʦ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ 

ʦʙʨʦʙʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʷʚʣʷʪʠ ʛʦʪʦʚʠʡ ʚʠʨʽʙ ʷʢ ʩʫʢʫʧʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ, ʧʦʻʜʥʘʥʠʭ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ.  
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ʇʨʦʚʦʜʷʯʠ ʘʥʘʣʦʛʽʶ ʟ ʧʨʦʮʝʩʘʤʠ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʘʥʥʷʤ, ʦʢʨʝʤʽ 

ʜʦʩʣʽʜʥʠʢʠ ʜʦʚʝʣʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʜʦ 

ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ, ʩʪʨʫʤʠʥʥʦʛʦ ʨʽʟʘʥʥʷ, ʦʙʨʦʙʢʠ ʣʘʟʝʨʦʤ ʪʘ ʽʥ. ʇʨʠ 

ʮʴʦʤʫ ʟʘʢʦʥʦʤʽʨʥʠʤ ʚʠʭʦʜʦʤ ʪʘʢʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ ʻ ʧʦʷʚʘ ʛʽʙʨʠʜʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʟʜʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʙʨʦʙʣʶʚʘʥʝ ʪʽʣʦ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘʤʠ ʥʝ ʚʠʷʚʣʝʥʦ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʤʙʽʥʦʚʘʥʦʾ ʘʙʦ ʽʥʪʝʛʨʘʣʴʥʦʾ ʜʽʾ, ʱʦ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʠʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʘʣʤʘʟʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʚʥʘʩʣʽʜʦʢ 

ʜʝʛʨʘʜʘʮʽʾ ʟʤʽʥʶʻ ʩʪʘʥ ʪʘ ʨʽʟʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦï

ʪʝʭʥʽʯʥʦʶ ʟʘʜʘʯʝʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʩʪʽ ʨʽʟʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʝʨʦʚʘʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ, ʬʨʘʢʮʽʡʥʦʩʪʽ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʰʘʨʫ ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʚʟʘʻʤʦʜʽʾ ʟʝʨʝʥ ʦʢʨʝʤʠʭ ʨʽʟʘʣʴʥʠʭ 

ʜʽʣʷʥʦʢ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʦʜʷʯʠ ʽʟ 

ʧʨʠʥʮʠʧʽʚ ʪʘ ʦʩʥʦʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʢʘ ʫʤʦʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʪʚʦʨʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʠʚôʷʟʢʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʢʦʥʢʨʝʪʥʠʡ ʚʠʜ ʢʦʤʧʦʟʠʪʘ ʻ ʜʽʻʚʠʤ ʟʘʩʦʙʦʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʤʦʚ ʚʠʢʣʘʜʝʥʥʷ ʟʝʨʝʥ ʘʣʤʘʟʫ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʣʘʟʝʨʥʦïʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚ ʥʘ ʨʽʚʥʽ ʧʝʚʥʠʭ ʢʣʘʩʪʝʨʽʚ ʨʽʟʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʤʘʟʥʦï

ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʨʽʟʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʦʩʪʽ, ʬʨʘʢʮʽʡʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʰʘʨʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʩʦʙʘʤʠ 

ʃʊɼʉ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 
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1. ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ 

ʚʽʣʴʥʦʩʪʽ ʟ ʚʠʩʦʢʦʤʽʮʥʠʤ ʘʨʤʦʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʝʭʘʥʽʟʤ 

ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʟ ʧʦʨʦʞʥʠʩʪʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ; 

ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʚʽʜʤʽʥʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʤʽʩʮʝʤ ʪʘ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦïʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʦʙʨʦʙʥʦʛʦ ʘʣʤʘʟʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ (ʢʽʣʴʮʝʚʠʭ ʩʚʝʨʜʝʣ, ʧʦʣʦʪʝʥ ʨʝʥʦʚʘʥʦʨʘ, ʘʣʤʘʟʥʠʭ ʩʪʨʫʥ), 

ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

3. ɿʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʽʥʩʪʨʫʤʝʥʪʫ. ɿʘʩʪʦʩʫʚʘʚʰʠ ʧʦʥʷʪʪʷ ʢʣʘʩʪʝʨʫ, ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʜʽʣʷʥʦʢ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫʤʦʚʘʤʠ ʨʽʟʘʥʥʷ. ɺʩʪʘʥʦʚʠʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ. 

4. ɺʠʷʚʠʪʠ ʫʤʦʚʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʩʧʦʣʫʯʝʥʴ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ ʤʽʞ 

ʩʦʙʦʶ ʟ ʤʝʪʦʶ ʫʪʚʦʨʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʽʟʘʣʴʥʦʛʦ ʰʘʨʫ ʚ ʮʽʣʦʤʫ.  

5. ɸʜʘʧʪʫʚʘʪʠ ʤʝʪʦʜ ʃʊɼʉ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʫ ʚʠʛʣʷʜʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʢʣʘʩʪʝʨʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʢʣʘʩʪʝʨʽʚ. 

6. ʇʨʦʚʝʩʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ, ʘ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫ ʜʽʶʯʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʈʦʟʚôʷʟʦʢ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦʩʷʛʪʠ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʘ ʽ ʜʦʚʝʩʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʽʥʩʪʨʫʤʝʥʪʫ, ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ 

ʦʙʨʦʙʢʫ ʧʝʚʥʦʾ ʤʘʨʢʠ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʢʘʨʙʦʥïʢʘʨʙʦʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʘʣʤʘʟʥʦïʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, 

ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʘʜʘʧʪʘʮʽʾ ʩʬʦʨʤʦʚʘʥʠʭ ʃʊɼʉ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 

ʜʦ ʫʤʦʚ ʾʭ ʨʦʙʦʪʠ ʧʨʠ ʨʽʟʘʥʥʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʠʧʫ ʂɯʄʌ. 
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ʇʈʆʎɽʉʋ ʌʆʈʄʋɺɸʅʅʗ  

ɸʃʄɸɿʅʆɻʆ ʐɸʈʋ ʅɸ ʆʉʅʆɺɯ ʌʋʅʂʎɯʆʅɸʃʔʅʆɻʆ ʇɯɼʍʆɼʋ 

 

2.1. ʊʠʧʦʚʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʚʠʨʦʙʽʚ ʽʟ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ 

 

ɺʠʨʦʙʠ ʟ ʘʣʤʘʟʦʚʤʽʩʥʠʤ ʰʘʨʦʤ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʝʜ ʫʩʽʤ ʽʥʩʪʨʫʤʝʥʪʠ 

[67,68]. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʝʮʽʘʣʴʥʽ ʜʝʪʘʣʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ, ʥʘʧʨʠʢʣʘʜ, ʫ ʷʢʦʩʪʽ ʥʘʢʣʘʜʦʢ, ʧʨʦʩʪʘʚʦʢ, ʚʩʪʘʚʦʢ [69]. 

ɸʚʪʦʨʘʤʠ ʨʦʙʽʪ [70] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʩʪʠʥʢʠ ʽʟ ʘʣʤʘʟʥʠʤ 

ʧʦʢʨʠʪʪʷʤ ʜʣʷ ʩʪʦʣʽʚ 3-ʜ ʧʨʠʥʪʝʨʽʚ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʨʦʙʽʚ ʽʟ ʘʣʤʘʟʥʠʤʠ 

ʰʘʨʘʤʠ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʘʥʝ ʥʘ ʨʠʩ. 2.1. ʇʨʠ ʮʴʦʤʫ ʧʦʟʥʘʯʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʚʠʛʣʷʜʽ ʍ1ʍ200ʍ3, ʚʟʷʪʠʤʠ ʟʘ ʟʘʟʥʘʯʝʥʠʤʠ ʥʘ ʨʠʩ. 2.1, ʜʘʻ 

ʦʜʥʦʟʥʘʯʥʫ ʫʷʚʫ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʥʘʩʪʫʧʥʽ ʯʠʩʣʦʚʽ 

ʧʦʟʥʘʯʢʠ ʫʪʦʯʥʶʶʪʴ ʧʦʩʘʜʢʦʚʠʡ ʜʽʘʤʝʪʨ, ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ, ʪʦʚʱʠʥʫ ʪʘ 

ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʉʠʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʧʨʠ ʨʦʙʦʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʭʝʤʦʶ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟ 

ʦʙʨʦʙʣʶʚʘʥʦʶ ʟʘʛʦʪʦʚʢʦʶ (ʨʠʩ. 2.2) [71]. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʥʝʤʝʪʘʣʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʚʠʨʘʞʝʥʦʶ 

ʘʥʽʟʦʪʨʦʧʽʻʶ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʦʨʦʞʥʠʩʪʽʩʪʶ, ʥʘʷʚʥʽʩʪʶ ʫ ʩʢʣʘʜʽ ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʚʦʣʦʢʦʥ.  ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ (ʨʠʩ.2.2,ʘ) ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʦʢ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʨʽʟʘʣʴʥʽ ʢʣʠʥʠ, ʩʪʚʦʨʶʶʪʴ ʩʠʣʫ ʨʽʟʘʥʥʷ R, ʚʝʣʠʯʠʥʘ ʽ ʥʘʧʨʷʤʦʢ 

ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʩʥʠʤ ʨʫʭʦʤ ʢʣʠʥʫ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʪʠʥʦʤ ʩʪʨʫʞʢʠ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ. ʆʩʪʘʥʥʽʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ f. ɿʘʣʝʞʥʦ ʚʽʜ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʙʽʣʴʰʘ ʘʙʦ ʤʝʥʰʘ ʧʣʦʱʘ 

ʧʝʨʝʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʩʧʨʠʡʤʘʪʠʤʝ ʩʠʣʦʚʝ (ʽ ʚʽʜʧʦʚʽʜʥʦ, ʪʝʧʣʦʚʝ) ʥʘʚʘʥʪʘʞʝʥʥʷ 

ï ʜʽʣʷʥʢʠ 1p,2p,3p; ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʜʘʯʽ ʪʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʣʘʩʪʠʥʢʠ 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ (ʚʥʘʩʣʽʜʦʢ ʧʨʫʞʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʩʣʷ ʜʽʾ ʨʽʟʘʣʴʥʦʛʦ ʢʣʠʥʫ -  1z,2z,3z.). 

ɿʤʽʥʶʚʘʪʠʤʫʪʴʩʷ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʽ ʚʧʨʦʜʦʚʞ ʧʝʨʽʦʜʫ ʩʪʽʡʢʦʩʪʽ ʊm, ʟʤʽʥʠ 

ʦʙʫʤʦʚʣʶʚʘʪʠʤʫʪʴʩʷ ʷʚʠʱʘʤʠ ʟʥʦʰʫʚʘʥʥʷ. 
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ʈʠʩ. 2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʣʤʘʟʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʉʝʨʽʷ 

ʽʥʩʪʨʫʤʝʥʪʫ 

               ʍ1  

ʂʣʘʩ ʽʥʩʪʨʫʤʝʥʪʫ 

            (ʍ2) 

ɸʙʨʘʟʠʚʥʽʩʪʴ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ   

          (ʍ3) 

Turbo                

(T) 

ʪʫʨʙʦʢʨʫʛ 

Profi               (P) 

ɺʠʩʦʢʦʷʢʽʩʥʠʡ 

ʪʨʠʚʘʣʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʅʠʟʴʢʦʘʙʨʘʟʠʚʥʽ 

(5ï35) 

ʈʫʯʥʽ ʢʫʪʦʚʽ 

ʚʽʜʨʽʟʥʽ ʤʘʰʠʥʠ, 

ʨʝʥʦʚʘʪʦʨʠ     (ʅ) 

Rim                   

(R) 

ʂʨʫʛ ʟʚʠʯʘʡʥʦʡ 

 

ʅʘʩʪʽʣʴʥʽ 

ʚʝʨʩʪʘʪʠ          (ʊ) 

Segment            

(S) 

ʂʨʫʛ ʩʝʛʤʝʥʪʥʠʡ 

 

ʐʚʦʨʽʟʥʽ ʤʘʰʠʥʠ  

                         (F) 

Laser                 

(L) 

ʂʨʫʛ ʽʟ ʣʘʟʝʨʥʠʤ 

ʩʧʽʢʘʥʥʷʤ 

Standart          (S) 

ʉʪʘʥʜʘʨʪʥʠʡ, ʟ 

ʣʽʤʽʪʦʚʘʥʠʤ 

ʯʘʩʦʤ ʩʪʽʡʢʦʩʪʽ 

ʉʝʨʝʜʥʴʦʘʙʨʘʟʠʚʥʽ  

(40ï75) 

ʈʽʟʘʥʥʷ ʩʪʽʥ    

(W) 

CUP                  

(C)  

ʌʨʝʟʘ ʮʽʣʴʥʘ    

ʂʘʤʝʥʝʦʙʨʦʙ-

ʣʶʚʘʥʥʷ          (S) 

Grinder             

(G) 

ʌʨʝʟʘ ʩʝʛʤʝʥʪʥʘ 

ʉʚʝʨʜʣʫʚʘʣʴʥʽ 

ʤʘʰʠʥʠ ʪʘ ʜʨʠʣʽ 

                         (D) 

Hole                  

(H) 

ʉʚʝʨʜʣʦ ʢʽʣʴʮʝʚʝ 

 

Eco                 (E) 

ʉʧʨʦʱʝʥʠʡ, ʟ 

ʣʝʛʢʠʤʠ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ɺʠʩʦʢʦʘʙʨʘʟʠʚʥʽ 

(80ï100) 

ʇʦʣʽʨʫʚʘʣʴʥʦ-

ʰʣʽʬʫʚʘʣʴʥʽ 

ʤʘʰʠʥʠ           (N) 

Drill                  

(D) 

ʉʚʝʨʜʣʦ ʢʽʣʴʮʝʚʝ 

ʩʝʛʤʝʥʪʥʝ  

 

String                

(S) 

ʉʪʨʫʥʘ ʘʣʤʘʟʥʘ 

 

Renovator         

(B) 

ɼʠʩʢ ʧʠʣʴʥʠʡ 
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ʈʠʩ. 2.2. ʉʭʝʤʠ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘ [71], [72] 
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ʈʠʩ. 2.2. ʧʨʦʜʦʚʞʝʥʥʷ [73] 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʘ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʷʢ ʥʘʩʣʽʜʦʢ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ, ʪʘʢ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ ʟʥʦʰʫʚʘʥʥʷ. ɼʣʷ 

ʬʨʝʟʝʨʫʚʘʥʥʷ (ʨʠʩ.2.1, ʘ) ʜʣʷ ʧʝʨʝʜʥʴʦʾ P ʽ ʟʘʜʥʴʦʾ Z ʧʦʚʝʨʭʦʥʴ, ʱʦ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʧʣʦʱʠʥʠ ʨʽʟʘʣʴʥʦʛʦ ʢʣʠʥʫ, ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʦʧʠʩʫʚʘʪʠʤʫʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ: 

    Rx, Ry, Rz = f(R0),  

 

 

 

 

,  

ʊʦʙʪʦ, ʦʢʨʽʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚ ʤʦʤʝʥʪ ʚʭʦʜʫ 

ʧʣʘʩʪʠʥʢʠ ʚ ʦʙʨʦʙʣʶʚʘʥʫ ʟʘʛʦʪʦʚʢʫ ʽ ʜʦ ʾʾ ʚʠʭʦʜʫ), ʟʤʽʥʘ ʛʝʦʤʝʪʨʽʾ ʧʣʘʩʪʠʥʢʠ 

ʚʝʜʝ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʽʶʯʠʭ ʚ ʩʠʩʪʝʤʽ ʩʠʣ. ɯʩʪʦʪʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʫ ʩʠʩʪʝʤʽ ʉʇɯɿ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʨʝʟʝʨʫʚʘʥʥʷ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʨʽʟʥʠʤʠ ʢʨʫʛʘʤʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʦʶ ʟʤʽʥʦʶ ʩʭʝʤʠ ʚʟʘʻʤʦʜʽʾ  (ʨʠʩ. 2.2,ʙ). ʎʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʨʠ ʚʽʜʨʽʟʘʥʥʽ ʪʨʫʙʯʘʪʠʭ ʟʘʛʦʪʦʚʦʢ, ʧʨʠ 

ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ɸɺED ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʤʦʤʝʥʪʫ ʚʨʽʟʘʥʥʷ ʽ ʜʦ 

ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʤʝʞʽ ʟʘʛʦʪʦʚʢʠ. ʉʠʣʠ ʨʽʟʘʥʥʷ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʟʘ [72], ʽ ʩʪʘʥʦʚʠʪʠʤʫʪʴ  

 

 

 

ʧʨʠʯʦʤʫ ,  ï ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʥʫʨʝʥʥʷʤ ʢʨʫʛʫ ʚ ʪʽʣʦ 

ʟʘʛʦʪʦʚʢʠ ʚʧʨʦʜʦʚʞ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. ʆʜʥʘʢ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʪʝʧʣʦ, 
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ʚʠʜʽʣʝʥʝ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ [74] ʪʘ [75] ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʜʝʬʦʨʤʘʮʽʾ ʩʘʤʦʛʦ ʢʨʫʛʫ ʽ ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʥʘ ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ. 

ʊʘʢ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ [75] ʩʢʣʘʜʝ  

  ,  

ʜʝ f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (ʜʣʷ ʢʘʨʙʦʥʫ ʟʘ ʫʤʦʚʠ ʣʽʥʝʘʨʠʟʘʮʽʾ ʥʘ ʚʝʣʠʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ f=0,18); p ï ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ; v ï ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ.  

ʂʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʠʣʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (F) ʜʦ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʫ (sk). ʇʨʠ ʜʽʾ ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʠ ʫ ʤʽʩʮʽ 

ʢʦʥʪʘʢʪʫ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

ɻʝʨʮʘ, ʷʢʽ ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʥʪʘʢʪʫ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ (ʫʷʚʣʝʥʦʛʦ ʫ ʚʠʛʣʷʜʽ 

ʩʬʝʨʠ ʨʘʜʽʫʩʦʤ r1) ʪʘ ʜʞʛʫʪʘ ʚʦʣʦʢʦʥ ʨʘʜʽʫʩʦʤ r2 ʩʪʘʥʦʚʠʪʠʤʝ 3/2
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ʜʝ R2 ï ʨʘʜʽʫʩ ʥʘʛʨʽʚʫ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɺʠʥʠʢʘʶʯʽ ʥʘ ʧʝʨʠʬʝʨʽʾ ʥʘʧʨʫʞʝʥʥʷ ʚʝʜʫʪʴ ʜʦ ʧʦʷʚʠ ʨʘʜʽʘʣʴʥʠʭ ʪʘ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʧʨʠʯʦʤʫ ʦʩʪʘʥʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 

T
E

r amsse tt +-= )(
1

, ʱʦ ʟʘ ʫʤʦʚʠ ʥʝʜʦʩʪʘʪʥʴʦ ʥʘʛʨʽʪʦʛʦ ʮʝʥʪʨʘ ʜʠʩʢʫ 

ʚʠʢʣʠʯʝ ʡʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ ʥʘ ʩʪʦʨʦʥʫ ʥʘ ʚʝʣʠʯʠʥʫ  1)1( 2-+= tr epd . 

ɼʣʷ ʧʨʦʛʠʥʫ d ʟʫʩʠʣʣʷ F  ɹʩʢʣʘʜʝ , ʪʦʙʪʦ
 
 

                                                 (2.2) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʠʩʢ ʧʦ ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʩʪʘʥʦʚʠʪʠʤʝ  

                                 (2.3) 

ʊʠʩʢ ʧʝʨʠʬʝʨʽʻʶ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʪʘʢ: 

                                                     (2.4) 

ʉʪʨʽʯʢʦʚʠʡ ʘʙʦ ʩʪʨʫʥʥʠʡ ʽʥʩʪʨʫʤʝʥʪ (ʨʠʩ. 2,ʚïʜ) ʥʘʣʝʞʠʪʴ ʜʦ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʥʝʞʦʨʩʪʢʦʶ ʦʩʥʦʚʦʶ ʪʘ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ 

ʚʽʣʴʥʦʩʪʷʤʠ; ʚʽʥ ʧʨʘʮʶʻ ʷʢ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʦʪʽʢ ʯʝʨʛʫʶʯʠʭ ʨʽʟʘʣʴʥʠʭ 

ʤʽʢʨʦʢʣʠʥʽʚ ʤʽʞ ʷʢʠʤʠ ʽʩʥʫʶʪʴ ʧʨʫʞʥʽ ʟʚôʷʟʢʠ. ʊʫʪ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʚôʷʟʘʥʘ ʽʟ ʦʢʨʝʤʠʤ ʟʝʨʥʦʤ, ʻ ʨʫʭʦʤʦʶ ʚʽʜʥʦʩʥʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʚôʷʟʘʥʦʶ ʽʟ ʢʦʨʧʫʩʦʤ ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ ʟ ʚʠʭʽʜʥʠʤ ʦʨʛʘʥʦʤ ʧʨʠʚʦʜʫ   

ʈʽʟʥʦʚʠʜʦʤ ʧʦʜʽʙʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʧʣʘʩʪʠʥʠ (ʣʝʟʘ), ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʦʩʮʠʣʶʶʯʦʤʫ ʨʝʞʠʤʽ (ʨʠʩ. 2.2, ʜ). ʎʝ ʪʘʢ ʟʚʘʥʽ ʧʦʣʦʪʥʘ ʨʝʥʦʚʘʥʦʨʽʚ [76]. 

ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʨʫʞʥʫ ʜʝʬʦʨʤʽʚʥʽʩʪʴ ʦʩʥʦʚʠ, ʾʭ 

ʪʘʢʦʞ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ.  

 ʆʪʞʝ, ʩʠʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʧʨʠ ʨʦʙʦʪʽ ʽʥʩʪʨʫʤʝʥʪʫ 

ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʭʝʤʦʶ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟ 

ʦʙʨʦʙʣʶʚʘʥʦʶ ʟʘʛʦʪʦʚʢʦʶ. ʊʦʙʪʦ ʤʘʻʤʦ ʟʤʽʥʠ ʷʢ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, 

ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʧʨʦʷʚʫ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʘʙʣ. 2.1.  
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ʇʦʨʦʞʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʚʠʩʦʢʦʤʽʮʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ 

ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʪʘ ʥʘ ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ 

ʥʝʞʦʨʩʪʢʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ɿʘʟʚʠʯʘʡ ʚʠʩʦʢʦʤʽʮʥʠʡ ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʢʘʨʙʦʥï

ʢʘʨʙʦʥʦʚʠʡ ʤʘʪʝʨʽʘʣ 3ïD ʩʪʨʫʢʪʫʨʠ ʤʘʻ ʧʦʨʦʞʥʠʩʪʽʩʪʴ 3ï7%; ʘ ʟʘ ʪʨʴʦʤʘ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʚʦʣʦʢʥʘ ʩʧʦʣʫʯʝʥʽ ʫ ʜʞʛʫʪʠ, ʜʽʘʤʝʪʨ ʢʦʞʥʦʛʦ 

ʩʪʘʥʦʚʠʪʴ 1,25ï1,8 ʤʤ; ʩʧʦʣʫʯʝʥʥʷ ʜʞʛʫʪʽʚ ʪʘ ʚʦʣʦʢʦʥ ʫ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʨʦʚʫʛʣʝʮʝʤ, ʦʪʨʠʤʫʚʘʥʠʤ ʛʘʨʷʯʠʤ ʦʩʘʜʞʝʥʥʷʤ. ʊʦʜʽ ʜʣʷ 

ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʘʣʤʘʟʥʦʶ ʩʪʨʫʥʦʶ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʨʠʩ.2.3.  

 

 
ʈʠʩ. 2.3. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʨʽʟʘʣʴʥʦʤʫ 

ʧʦʣʦʪʥʽ, ʟ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ 

 

ʅʝʞʦʨʩʪʢʘ ʩʪʨʫʥʘ ʜʦʚʞʠʥʦʶ l1 ʧʽʜ ʜʽʻʶ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ Qn ʪʘ 

ʩʠʣ ʢʦʨʠʩʥʦʛʦ ʦʧʦʨʫ i

rtF  ʚʠʛʠʥʘʻʪʴʩʷ ʟ ʢʫʪʦʤ j.  

ʉʧʨʠʡʥʷʪʪʷ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʩʭʝʤʘʤ 

ʨʠʩ. 2.4,ʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪʫ ʯʘʩʫ ʽ ʧʨʠ ʟʘʥʫʨʝʥʥʽ (ʨʠʩ. 2.4,ʙ).  



79 

 

        

ʘ)                                                   ʙ) 

ʈʠʩ. 2.4. ʉʭʝʤʘ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʠʣʴʥʦʾ ʩʪʨʽʯʢʠ: ʥʘ ʧʦʯʘʪʢʫ 

ʢʦʥʪʘʢʪʫ (ʘ)  ʪʘ ʧʨʠ ʟʘʥʫʨʝʥʥʽ (ʙ)  

 

ʇʨʠ ʮʴʦʤʫ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʩʪʘʥʦʚʠʪʴ  

, 

ʜʣʷ ʟʦʩʝʨʝʜʞʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʥʽ (ʧʨʠ ʟʘʥʫʨʝʥʥʽ) 

 ,                  (2.4) 

ʜʝ ʈ ʪʘ q ï ʧʦʧʝʨʝʯʥʽ ʟʦʩʝʨʝʜʞʝʥʝ ʪʘ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʩʠʣ 

ʨʽʟʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʪʷʛʫ ʧʠʣʴʥʦʛʦ ʧʦʣʦʪʘ.  

ɼʣʷ ʩʪʨʫʥʠ, ʦʧʽʨ ʷʢʦʾ ʥʘ ʟʛʠʥ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ, ʥʘʪʷʛ ʤʽʞ 

ʢʨʽʧʣʝʥʥʷʤʠ ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ [73], [77]  , f ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʛʠʥ ʧʨʠ 

ʧʨʠʢʣʘʜʘʥʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʟʝʨʥʘ ʘʣʤʘʟʽʚ mi ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʩʪʨʫʥʽ, ʷʢʘ ʤʘʻ ʟʥʘʯʥʫ ʧʨʫʞʥʫ 

ʜʝʬʦʨʤʽʚʥʽʩʪʴ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʤʽʞ ʥʝʨʫʭʦʤʦʶ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ XYZ ʪʘ 

ʨʫʭʦʤʦʶ, ʩʧʦʣʫʯʝʥʦʶ ʽʟ ʮʝʥʪʨʦʤ ʤʘʩ ʟʝʨʝʥ, ʽʩʥʫʻ ʧʨʫʞʥʠʡ ʟʚ'ʷʟʦʢ ʟ 

ʧʘʨʘʤʝʪʨʦʤ ʉ̔. 

ʇʠʣʴʥʝ ʧʦʣʦʪʥʦ, ʷʢ ʽ ʩʪʨʫʥʘ ʟ ʥʘʥʝʩʝʥʠʤ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ, ʩʭʠʣʴʥʝ ʜʦ 

ʚʧʘʜʘʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ. ɺʠʚʯʘʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ 

ʧʠʣʴʥʦʛʦ ʧʦʣʦʪʥʘ, ʱʦ ʩʭʦʜʠʪʴ ʽʟ ʥʘʧʨʷʤʥʠʭ ʨʦʣʠʢʽʚ,  ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʠʤʫʰʝʥʽ ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʧʠʣʴʥʦʛʦ ʧʦʣʦʪʥʘ, ʷʢʝ ʥʝʚʘʞʢʦ ʫʷʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʨʫʭʦʤʦʛʦ ʥʝʞʦʨʩʪʢʦʛʦ ʙʨʫʩʫ ʽʟ ʧʦʩʪʽʡʥʠʤ ʧʝʨʝʪʠʥʦʤ, ʟʘʜʦʚʽʣʴʥʦ 

ʦʧʠʩʫʶʪʴʩʷ ʫ ʟʤʽʥʥʠʭ ɽʡʣʝʨʘ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʫ ʯʘʩʪʠʥʥʠʭ 

ʧʦʭʽʜʥʠʭ  
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,            (2.5) 

ʜʝ u(x,t) ï ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʦʪʥʘ ʩʪʨʽʯʢʦʚʦʾ ʧʠʣʢʠ 

ʢʦʦʨʜʠʥʘʪʦʶ ʭ ʫ ʧʣʠʥʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; e ï ʧʘʨʘʤʝʪʨ ʤʘʣʦʾ ʟʙʫʨʶʶʯʦʾ ʩʠʣʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʠʣʦʶ ʜʽʾ ; m ï ʤʘʩʘ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ ʧʠʣʴʥʦʛʦ ʧʦʣʦʪʥʘ; 

ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ;  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʪʠʥʫ ʧʦʣʦʪʥʘ 

ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ; B, s ï ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ ʧʝʨʝʪʠʥʫ ʧʠʣʴʥʦʛʦ 

ʧʦʣʦʪʥʘ; N(t) ï ʟʤʽʥʥʘ ʩʠʣʘ ʥʘʪʷʛʫ ʧʠʣʢʠ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʨʽʟʘʥʥʷ.  

ɼʣʷ ʧʠʣʢʠ, ʷʢ ʽ ʜʣʷ  ʩʪʨʫʥʠ, ʨʽʰʝʥʥʷ ʧʦʜʘʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʱʦ ʤʘʶʪʴ 

ʚʠʛʣʷʜ:   l ï ʜʦʚʞʠʥʘ ʩʝʢʮʽʾ, 

ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

ɿʙʫʨʝʥʥʷ ʫʤʦʚʘʤʠ ʨʫʭʫ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʥʝʱʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʛʘʨʤʦʥʽʡʥʦʤʫ ʟʘʢʦʥʫ  

, 

ʜʝ H,  ï ʘʤʧʣʽʪʫʜʘ ʪʘ ʯʘʩʪʦʪʘ ʟʙʫʨʝʥʴ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʤʽʥʥʘ ʩʠʣʘ ʥʘʪʷʛʫ ʧʦʣʦʪʥʘ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ 

ʢʦʨʠʩʥʦʛʦ ʦʧʦʨʫ ʧʨʠ ʟʚʦʨʦʪʥʦïʧʦʩʪʫʧʘʣʴʥʦʤʫ ʨʫʩʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦʶ ʷʢ  

,                                    (2.6) 

ʜʝ N1 ʪʘ Õ ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʧʠʣʴʥʦʛʦ 

ʧʦʣʦʪʥʘ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʚʟʘʻʤʦʜʽʾ ʦʢʨʝʤʦʛʦ ʟʫʙʮʷ ʽʟ ʧʦʚʝʨʭʥʝʶ (ʘʙʦ 

ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʫʙʮʽʚ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ), ʘ ʪʘʢʦʞ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʠʣʢʠ. ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʙʘʟʦʚʽ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʘʮʽʡ, ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ:  

 

 

(2.7) 



81 

 

ʈʦʟʚôʷʟʦʢ ʧʨʠʚʝʜʝʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥʠ ʨʫʭʫ 

ʝʣʝʤʝʥʪʽʚ ʧʠʣʴʥʦʛʦ ʧʦʣʦʪʥʘ ʫ ʢʫʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʫʤʦʚʠ 

ʥʘʩʪʘʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʷʚʠʱ. ʆʢʨʽʤ ʪʦʛʦ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʦʥʠ ʢʦʥʪʘʢʪʫ, ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʠ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʚʝʨʭʽʚʦʢ ʨʽʟʘʣʴʥʠʭ ʢʣʠʥʽʚ (ʜʣʷ ʧʠʣʴʥʦʛʦ ʧʦʣʦʪʥʘ) ʪʘ ʟʝʨʝʥ ʘʣʤʘʟʫ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʾ ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ 

ʘʣʤʘʟʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ ʽʟ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ ʂɯʄʌ ʚʦʣʦʜʽʻ 

ʢʽʥʮʝʚʦʶ ʞʦʨʩʪʢʽʩʪʶ, ʘ ʧʨʫʞʥʝ ʟʤʽʱʝʥʥʷ ʟʝʨʝʥ ʘʣʟʤʘʟʫ ʧʨʠ ʦʙʨʦʙʮʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʚ ʧʣʦʱʠʥʽ ʜʽʾ ʩʠʣʠ ʧʦʜʘʯʽ (ʚʝʨʪʠʢʘʣʴʥʘ ʧʣʦʱʠʥʘ ʥʘ ʨʠʩ. 

2.5). ʊʦʜʽ ʧʦʨʦʞʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ʤʘʪʠʤʝ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʫʤʦʚʠ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʥʘ ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ. ʇʨʠ ʨʽʟʘʥʥʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʢʘʨʙʦʥïʢʘʨʙʦʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 3ïD ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2.6) 

ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʥʘʩʪʫʧʥʝ [78]: 

- ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʽʘʣʫ ʧʦʨʦʞʥʠʩʪʘ, ʽʟ ʧʦʨʦʞʥʠʩʪʽʩʪʶ 3ï7%; 

- ʟʘ ʪʨʴʦʤʘ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʚʦʣʦʢʥʘ ʩʧʦʣʫʯʝʥʽ ʫ 

ʜʞʛʫʪʠ, ʜʽʘʤʝʪʨ ʢʦʞʥʦʛʦ ʩʪʘʥʦʚʠʪʴ 1,25ï1,8 ʤʤ; 

- ʩʧʦʣʫʯʝʥʥʷ ʜʞʛʫʪʽʚ ʪʘ ʚʦʣʦʢʦʥ ʫ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʽʨʦʚʫʛʣʝʮʝʤ, ʦʪʨʠʤʫʚʘʥʠʤ ʛʘʨʷʯʠʤ ʦʩʘʜʞʝʥʥʷʤ. 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʜʘʥʽ ʚ ʪʘʙʣ.2.2. 

ʊʦʜʽ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʜʦʜʘʢʪʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ 

ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ.2.5; ʢʦʥʪʘʢʪ ï ʣʽʥʽʡʥʠʡ. 
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ʈʠʩ. 2.5. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʪʘ ʯʘʩʪʠʥʦʢ ʰʣʘʤʫ ʽʟ 

ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ  

 

ʈʠʩ. 2.6. ʄʦʜʝʣʴ ʤʘʪʝʨʽʘʣʫ ʪʘ ʬʦʪʦ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ 
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ʊʘʙʣʠʮʷ 2.2 ï ʆʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʽ 

ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʛʫʪʘ ʚʦʣʦʢʦʥ [78] 

Characteristic 

Carbon Fibers based on 

polyacrylonitrile 
Carbon 

Fibers based 

liquid crystal 

pitch 
high 

strength 

high 

elongation 

highly 

modular 

Fiber diameter, nm (7-9) 103 (6-7) 103 (6-9) 103 1*105 

Tensile modulus, GPa 239-241 230-256 357-458 384-693 

Tensile stress, GPa 3,0-3,5 4,0-4,5 2,0-2,5 2,1-2,4 

Elongation at Tension,% 1,3-1,4 1,7-1,8 0,5-0,6  

Density, g / cm3 1,74-1,78 1,74-1,78 1,78-1,84 2,00 

Specific strength, m 173-196 230-252 112-146 105-120 

Linear Density (for CC CM) 350°50 (400°40) teks 

Breaking load, H, not less 45  

Bending strength in plastic, MPa, not less than 1078  

Modulus of elasticity in bending in plastic, MPa, not 

less 

127,4  

Dynamic modulus of elasticity, GPa, not less 225  

Effective processing temperature of the tow 0C, not 

less 

1900  

Bulk density, g/cm3, not less 1,68  

Type of dressing epoxy compatible 

Twist, no more 15 m-1 

Linear density ʪʝʢʩ 

 

ʇʠʣɹʥʝ ʦʩʮʠʣʶʶʯʝ ʣʝʟʦ ʧʨʘʮʶʻ ʟʘ ʨʘʭʫʥʦʢ ʢʦʣʠʚʘʣʴʥʠʭ ʧʦʟʜʦʚʞʥʽʭ 

ʨʫʭʽʚ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʥʦʩʥʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʜʥʘʢ ʨʦʟʚôʷʟʦʢ 

ʦʩʪʘʥʥʽʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ 

ʢʦʨʠʛʫʚʘʥʥʷʤ ʅ2 ʪʘ ʅ3.  

ʇʨʦʮʝʩ ʩʚʝʨʜʣʫʚʘʥʥʷ ʘʣʤʘʟʥʠʤʠ ʪʨʫʙʯʘʩʪʠʤʠ ʩʚʝʨʜʣʘʤʠ ʫ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʧʦʜʽʙʥʠʡ ʜʦ ʚʽʜʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʘʣʤʘʟʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʨʠʩ. 

2.7). ʆʜʥʘʢ ʜʦʜʘʪʢʦʚʽ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ ʚ ʥʴʦʤʫ ʚʽʜʩʫʪʥʽ, ʦʩʢʽʣʴʢʠ ʦʧʨʘʚʢʘ, ʥʘ 

ʷʢʫ ʥʘʥʝʩʝʥʦ ʘʣʤʘʟʥʠʡ ʰʘʨ, ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʜʝʬʦʨʤʽʚʥʦʶ. 

ʗʢʱʦ ʚʚʘʞʘʪʠ [79], ʱʦ ʰʘʨ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ ʬʦʨʤʫʻʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʦʶ 

ʜʽʻʶ ʩʫʢʫʧʥʦʩʪʽ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ ɿ̔, ʢʦʪʨʽ ʟʜʽʡʩʥʶʶʪʴ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ 

ʨʘʟʦʤ ʽʟ ʦʩʥʦʚʦʶ (ʪʨʫʙʢʦʶ), ʥʘ ʷʢʽʡ ʚʦʥʠ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ (ʨʠʩ. 2.4), ʪʦ 
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ʦʜʥʦʯʘʩʥʠʡ ʦʙʝʨʪʦʚʠʡ ʨʫʭ (1ʈ) ʽ ʨʫʭ ʧʦʜʘʯʽ (2ʈ) ʧʨʠʤʫʰʫʻ ʟʝʨʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʨʽʟʢʠ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

Y

Z

X

Pz

S

G
 N

ᵝΞᵻᶁ

0 h1 hr1

r2

Pz

Py

tp

 ᴦ

                              ʘ)                                                         ʙ) 

ʈʠʩ. 2.7. ʈʫʭ ʟʝʨʥʘ (ʘ) ʪʘ ʩʭʝʤʘ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ (ʙ) ʽʟ ʦʙʨʦʙʣʶʚʘʥʦʶ 

ʧʦʚʝʨʭʥʝʶ 

ʊʦʙʪʦ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʟʝʨʥʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ  

sin

cos

x r

y r

s
z

n

j

j

j

=

=

=

,  

ʜʝ r  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʩʚʝʨʜʣʘ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʟʝʨʥʘ (ʤʤ); jï ʢʫʪ 

ʧʦʚʦʨʦʪʫ ʩʚʝʨʜʣʘ; S ï ʧʦʜʘʯʘ (ʤʤ/ʭʚ); n  ï ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ ʩʚʝʨʜʣʘ ʚ ʭʚ; 

, ,x y zï ʢʦʦʨʜʠʥʘʪʠ ʟʝʨʥʘ. 

ɺʧʣʠʚʘʶʯʠ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʟʘʛʦʪʦʚʢʫ, ʯʘʩʪʠʥʢʠ ʚʠʢʣʠʢʘʶʪʴ ʾʾ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʩʢʣʘʜʦʚʽ ʷʢʦʛʦ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ U(t) ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʘʭ H(t) ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʽ 

ʜʝʬʦʨʤʘʮʽʾ: 
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. ɼʣʷ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʢʽʣʴʮʝʤ ʜʣʷ U(t) ʽ H(t) ʤʘʪʠʤʝʤʦ: 
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ʜʝ G ï ʤʦʜʫʣʴ ʟʩʫʚʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; ɛ ï ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ; Ů ï ʦʙ'ʻʤʥʘ ʜʝʬʦʨʤʘʮʽʷ;  

ʇʨʠ ʮʴʦʤʫ ʥʦʨʤʘʣʴʥʘ ʽ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʩʚʝʨʜʣʦ, ʟʘ [80], 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ:  

 

 ,                            (2.9) 

ʜʝ ʘ3 ï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʟʝʨʥʦʤ; ɓ ï ʢʫʪ ʤʽʞ ʨʝʟʫʣʴʪʫʶʯʦʶ ʩʠʣʦʶ 

ʨʽʟʘʥʥʷ ʽ ʚʝʢʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ; ɓ1 ï ʢʫʪ ʥʘʭʠʣʫ; t3 ï ʩʝʨʝʜʥʻ 
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ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚ ʧʣʦʱʠʥʽ ʟʩʫʚʫ; Õ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; b(z) ï ʰʠʨʠʥʘ 

ʧʣʦʱʠʥʠ ʢʦʥʪʘʢʪʫ. 

ɺ ʨʦʙʦʪʽ [69] ʘʚʪʦʨ ʟʘʟʥʘʯʘʻ, ʱʦ ʟʝʨʥʘ ʟ ʯʘʩʦʤ ʟʤʽʥʶʶʪʴ ʬʦʨʤʫ, ʽ ʮʝ 

ʚʧʣʠʚʘʻ ʥʘ ʨʽʟʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʮʽʣʦʤʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ 

ʬʘʢʪʦʨʫ ʰʠʨʠʥʘ ʨʽʟʘ ʩʪʘʥʦʚʠʪʠʤʝ , ʜʝ  ʽ 

m ï ʢʦʝʬʽʮʽʻʥʪʠ ʬʦʨʤʘ ʟʝʨʥʘ; rʟ ï ʨʘʜʽʫʩ ʦʢʨʫʛʣʝʥʥʷ ʚʝʨʰʠʥʠ ʟʝʨʥʘ; ht ï 

ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʨʦʬʽʣʶ ʟʝʨʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʦʩʫ; tf ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʛʣʠʙʠʥʘ ʤʽʢʨʦʨʽʟʘʥʥʷ; h3 ï ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʚʝʢʪʦʨʫ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʥʘʧʨʷʤʢʫ, ʚʠʟʥʘʯʝʥʦʛʦ ʷʢ , ʜʝ z ï 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ; Dh ï ʚʝʣʠʯʠʥʘ ʚʠʜʘʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʜʣʷ ʥʝʞʦʨʩʪʢʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʷʢ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʧʨʫʞʥʦʛʦ ʥʝʞʦʨʩʪʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

ʧʦʨʦʞʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʢʦʤʧʦʟʠʪʫ. ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʮʷ ʚʟʘʻʤʦʜʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʤʽʥʥʽʩʪʶ ʧʦ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʟʘ ʯʘʩʦʤ. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʚʠʛʣʷʜʽ 

ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ. 

 

2.2. ʆʙʫʤʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʰʘʨʫ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʫ 

 

ʅʝʭʘʡ ʧʦʚʝʨʭʥʷ ʈ ʜʝʪʘʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨʷʜʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ Zij, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ Vij
f ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ 

FRk. ɺʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʾ ʽʟ ʟʦʥ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ: ʩʠʣʦʚʠʤ Rij
xy 

ʪʘ ʪʝʧʣʦʚʠʤ Tij
xy ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʧʨʦʪʽʢʘʥʥʷʤ ʷʚʠʱ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ Hij

a, 

ʤʝʭʘʥʽʟʤʘʤʠ ʧʦʰʢʦʜʞʝʥʴ Dij. ʆʩʢʽʣʴʢʠ ʫʩʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʦʜʥʽʻʾ ʧʦʚʝʨʭʥʽ (ʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ï ʜʦ ʦʙʩʷʛʫ ʦʙôʻʢʪʘ, ʱʦ 
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ʨʦʟʛʣʷʜʘʻʪʴʩʷ),  ʪʦʙʪʦ  ZijÍʈ, ʘ ʧʦʚʝʨʭʥʷ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ , ʱʦ 

ʤʘʻ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ R, ʧʨʠʯʦʤʫ  , ʤʘʻʤʦ:  

 

ʘʙʦ ʜʣʷ ʚʠʧʘʜʢʫ ʦʩʝʩʠʤʝʪʨʠʯʥʦʛʦ ʪʽʣʘ  

 

ʊʦʜʽ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘ ʦʩʥʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʙʫʤʦʚʣʝʥʦʩʪʽ  

                                     (2.10) 

ʽ ʜʣʷ ʙʫʜʴï̫ ʢʦʾ ʧʦʚʝʨʭʥʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ  ʪʘ ʧʨʠ 

ʧʝʨʝʪʠʥʽ ʧʣʦʱʠʥʦʶ ʜʘʻ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚʠʜʫ  

 

ʘ ʚ ʧʨʦʝʢʮʽʾ ʥʘ ʚʠʙʨʘʥʫ ʚʽʩʴ ʚ ʤʝʞʘʭ (x1, y1); (x2,y2) ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʘ ʜʦ 

ʚʠʛʣʷʜʫ  

; 

; 

;               (2.11) 

. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʫʻʤʦ ʩʽʤʝʡʩʪʚʦ ʙʝʟʧʝʨʝʨʚʥʠʭ ʢʨʠʚʠʭ, ʷʢʽ ʥʘʣʝʞʘʪʴ 

ʜʦ ʧʣʦʱʠʥ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ ʪʽʣʦ ʧʽʜ ʧʝʚʥʠʤʠ ʢʫʪʘʤʠ ʪʘ ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʚʠʙʨʘʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ (ʨʠʩ. 2.8). 
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ʈʠʩ. 2.8. ɿʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ ʧʨʠ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ ʫ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʚʠʙʨʘʥʦʾ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ 

 

ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ ʭʽʜ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʣʝʥʥʷ, ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2.9.  

ɺʽʜʤʽʥʥʽʩʪʴ ʫʤʦʚ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʥʝʱʽʣʴʥʠʤ ʤʽʮʥʠʤ 

ʢʦʤʧʦʟʠʪʦʤ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʥʩʪʨʫʤʝʥʪ ʚ ʮʽʣʦʤʫ ʩʣʽʜ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʦʢʨʝʤʠʭ ʤʽʢʨʦʬʨʘʛʤʝʥʪʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ.  

ʂʦʞʝʥ ʪʘʢʠʡ ʬʨʘʛʤʝʥʪ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʤʥʦʞʠʥʦʶ ʢʦʨʠʩʥʠʭ ʦʟʥʘʢ 

(ʬʫʥʢʮʽʡ)  Fp, ʩʫʢʫʧʥʽʩʪʴ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʝʢʩʪʨʝʤʫʤʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ; 

ʫ ʚʠʧʘʜʢʫ ʽʟ ʥʝʞʦʨʩʪʢʠʤ ʘʣʤʘʟʦʚʤʽʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ï ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ q ʪʘ ʥʘʜʽʡʥʦʩʪʽ F(t) ʨʦʙʦʪʠ. 
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ʈʠʩ. 2.9. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ 

ɺʠʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ  

ʌʫʥʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ  FRk. 

ʉʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ  f(FRk) =SVij
f 

ɺʣʘʩʪʠʚʦʩʪʽ Vij
f  

ɺʣʘʩʪʠʚʦʩʪʽ 

ʦʩʥʦʚʠ ʪʘ 

ʘʣʤʘʟʥʠʭ 

ʟʝʨʝʥ  zi 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʚʧʣʠʚ Tij
xy  

ʇʨʦʮʝʩ   

ʄʘʰʠʥʘ    

ó 

ʉʠʣʦʚʠʡ 

ʚʧʣʠʚ Rij
xy 

ʉʪʘʪʠʯʥʠʡ    

ɼʠʥʘʤʽʯʥʠʡ     

ɺ
ʠ
ʧ
ʘ
ʜ
ʢ
ʦ
ʚ
ʠ
ʡ
 
 
 
 

 

ʍʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ 

Hij
a 

ʇʦʰʢʦʜʞʝʥʥʷ  Dij. 
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ʆʩʢʽʣʴʢʠ ʬʨʘʛʤʝʥʪʠ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʾʭ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʣʘʩʪʝʨʘʤʠ ʂ̔, ʩʫʢʫʧʥʽʩʪʴ ʷʢʠʭ ʫʪʚʦʨʶʻ ʘʣʤʘʟʥʠʡ ʰʘʨ. ʊʦʜʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʡʦʛʦ ʫʷʚʘ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʢʣʘʩʪʝʨʽʚ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ. 2.10. 

 

 

ʈʠʩ. 2.10. ʂʣʘʩʪʝʨʠ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ 

 

ʂʣʘʩʪʝʨʠ ʂ̔ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʜʽʣʝʥʽ ʪʘʢ: ʂ1 ï ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʽ 

ʧʝʚʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʽʟ ʟʝʨʥʘʤʠ ʨʦʟʤʽʨʘʤʠ z2 (ʝʣʝʤʝʥʪʠ ɽ3, ɽ5);  ʂ2 ï 

ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʽ ʧʝʚʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʽʟ ʟʝʨʥʘʤʠ ʨʦʟʤʽʨʘʤʠ z1 (ʝʣʝʤʝʥʪ ɽ1);  

ʂ3 ï ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʽ ʱʦ ʦʭʦʧʣʶʻ ʢʣʘʩʪʝʨʠ  ʂ1 ʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ 

ʝʣʝʤʝʥʪʽʚ ɽ3, ɽ5, é;  ʂ4 ï ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʽ ʱʦ ʦʭʦʧʣʶʻ ʢʣʘʩʪʝʨʠ  ʂ1 ʪʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ɽ2, ɽ4, é;  ʂ5 ï ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʦʭʦʧʣʶʻ ʢʣʘʩʪʝʨʠ  ʂ1 ʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ɽ1-ɽ5-é;  ʂ6 ï 

ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʽ ʧʝʚʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʽʟ ʟʝʨʥʘʤʠ ʨʦʟʤʽʨʘʤʠ z3. 

ʊʦʜʽ   SVij
f ­f(FRk),  ʽ (2.11) ʧʦʩʪʘʻ ʙʝʟʧʝʨʝʨʚʥʦʶ ʬʫʥʢʮʽʻʶ ʟʤʽʥʠ 

ʨʽʟʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 
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2.3. ɸʜʘʧʪʘʮʽʷ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʾʚ 

ʬʫʥʢʮʽʡ ʜʦ ʟʘʜʘʯ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ 

 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ 

ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ (ʧʝʨʰ ʟʘ ʚʩʝ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ). ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʘʧʘʨʘʪʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʚʘʨʪʽʩʥʦʛʦ ʘʥʘʣʽʟʫ (Activity Based 

Costing). ʆʩʪʘʥʥʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [81] ï ʮʝ ʤʝʪʦʜʦʣʦʛʽʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ 

ʚʠʨʦʙʽʚ, ʟʘʪʨʘʪ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ ʪʦʱʦ (ʪʦʙʪʦ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʚʠʪʨʘʪ). 

ɺ ʦʩʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ʌɺɸ ʧʦʢʣʘʜʝʥʘ ʧʝʨʝʜʫʤʦʚʘ ʧʨʦ ʪʝ, ʱʦ 

ʩʧʦʞʠʚʘʶʪʴʩʷ ʽ ʤʘʶʪʴ ʩʧʦʞʠʚʯʫ ʚʘʨʪʽʩʪʴ ʬʫʥʢʮʽʾ ʧʨʝʜʤʝʪʫ, ʘ ʥʝ ʩʘʤ 

ʧʨʝʜʤʝʪ, ʧʨʠʯʦʤʫ ʮʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʧʝʚʥʦʶ ʩʫʢʫʧʥʽʩʪʶ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʾʚ. ʆʪʞʝ, ʩʧʦʞʠʚʯʘ ʚʘʨʪʽʩʪʴ ʬʫʥʢʮʽʾ ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʘʪʠ 

ʚʘʨʪʽʩʪʴ ʾʾ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʥʦʩʽʷ ʷʢ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʦʨʽʚ ʚʠʪʨʘʪ.  

ʌʘʢʪʦʨ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʚʠʪʨʘʪ, ʻ ʥʦʩʽʻʤ ʚʠʪʨʘʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʥʦʩʽʷ ʚʠʪʨʘʪ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠʯʠʥʥʦïʥʘʩʣʽʜʢʦʚʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʬʫʥʢʮʽʻʶ, ʧʦʥʝʩʝʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʘ ʦʙôʻʢʪʘʤʠ ʦʙʣʽʢʫ 

ʚʠʪʨʘʪ (ʚʠʜʘʤʠ ʧʨʦʜʫʢʮʽʾ). ʇʨʠ ʮʴʦʤʫ ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʾʚ ʬʫʥʢʮʽʾ ʤʘʻ 

ʚʽʜʙʫʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʫʢʫʧʥʘ ʚʘʨʪʽʩʪʴ ʙʫʣʘ ʷʢʦʤʦʛʘ ʤʝʥʰʦʶ.  

ɿʘ [82] ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʫʜʴï̫ ʢʦʛʦ ʚʠʨʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʢʦʨʠʩʥʦʾ 

ʬʫʥʢʮʽʾ Fp ʧʦʚôʷʟʘʥʦ ʟ ʧʦʷʚʦʶ ʥʝʡʪʨʘʣʴʥʠʭ Fn ʽ ʰʢʽʜʣʠʚʠʭ Fv ʬʫʥʢʮʽʡ. 

ɯʜʝʘʣʴʥʠʡ ʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʙ ʤʘʻ ʟʘʜʦʚʽʣʴʥʷʪʠ ʫʤʦʚʘʤ: 

Fp= Fpz, Fv=0, Fn­min,                                     (2.12) 

ʜʝ Fpz  ï ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʫ. 

ɼʣʷ ʩʪʚʦʨʶʚʘʥʦʛʦ ʚʠʨʦʙʫ ʽʟ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ ʩʫʢʫʧʥʽʩʪʴ ʬʽʟʠʢʦï

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʱʦ 

ʚʽʜʦʙʨʘʞʘʪʠʤʝʪʴʩʷ ʪʘʢ: 

.                          (2.13) 
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ʆʩʪʘʥʥʽʡ ʚʠʨʘʟ ʻ ʨʽʚʥʷʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʦʰʫʢ 

ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʥʦʩʽʾʚ ʬʫʥʢʮʽʡ ʽ ʤʝʪʦʜʽʚ ʾʭʥʴʦʛʦ 

ʦʪʨʠʤʘʥʥʷ.  

ʆʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʽʻʾ ʬʫʥʢʮʽʾ ʥʝ ʟʘʚʞʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʥʦʩʽʷ ʩʘʤʝ ʮʽʻʾ ʬʫʥʢʮʽʾ, 

ʤʘʻʤʦ: 

Fv=pFp, Fn=qFp. 

ʇʨʠʡʤʝʤʦ ʜʦ ʫʚʘʛʠ, ʱʦ ʢʦʞʥʫ ʢʦʥʢʨʝʪʥʫ ʬʫʥʢʮʽʶ ʬʦʨʤʫʻ ʧʝʚʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʘʙʦ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʥʘʷʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʦ (2.12) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʠʩʘʪʠ ʚʠʨʘʟ (2.13) ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 

.                 (2.14) 

ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʥʘʜʘʥʥʷ ʡʦʤʫ ʰʢʽʜʣʠʚʠʭ ʬʫʥʢʮʽʾ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʤʽʥʽʤʽʟʘʮʽʷ ʟʘʡʚʠʭ ʬʫʥʢʮʽʾ (ʚʣʘʩʪʠʚʦʩʪʝʡ), ʧʝʨʰ ʟʘ ʚʩʝ, ʚʠʢʣʶʯʝʥʥʷ 

ʰʢʽʜʣʠʚʠʭ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʠʩʘʪʠ ʚʠʨʘʟ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʥʘʙʣʠʞʝʥʽʩʪʴ 

ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʫ ʜʦ ʽʜʝʘʣʴʥʦʛʦ ʯʝʨʝʟ ʩʫʢʫʧʥʽʩʪʴ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʤʠ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʫ ʟ ʩʫʢʫʧʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ (2.12) ʜʦ ʽʜʝʘʣʴʥʦʛʦ 

ʧʝʨʝʜʙʘʯʘʻ ʦʙʝʨʥʝʥʥʷ ʜʦʜʘʪʢʽʚ  ʽ  ʫ ʥʫʣʴ, ʱʦ ʤʦʞʣʠʚʦ ʟʘ ʫʤʦʚʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʢʦʨʠʩʥʠʤʠ ʽ ʰʢʽʜʣʠʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʨʦʙʫ ʘʙʦ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʠʭ 

ʧʨʠʡʥʷʪʠʤ ʤʘʪʝʨʽʘʣʴʥʠʤ ʥʦʩʽʻʤ ʦʜʥʦʯʘʩʥʦ ʻ ʽʥʚʝʨʩʥʠʤ ʜʦ ʚʠʥʠʢʘʶʯʠʭ 

ʰʢʽʜʣʠʚʠʭ ʬʫʥʢʮʽʡ. 

ʅʘʷʚʥʽʩʪʴ ʽ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʚʠʨʘʟ (2.14) ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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.                    (2.15) 

ʆʪʨʠʤʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʫ ʟʘʚʞʜʠ ʻ ʟʘʜʘʯʝʶ ʽʥʚʘʨʽʘʥʪʥʦʶ, ʽʟ 

ʧʝʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʊʦʞ ʟʘʣʝʞʥʽʩʪʴ (2.12) 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʧʦʚʥʝʥʘ ʢʽʣʴʢʽʩʥʠʤʠ ʦʟʥʘʢʘʤʠ ʢʦʞʥʦʾ ʟ ʬʫʥʢʮʽʡ (ʷʢ 

ʢʦʨʠʩʥʠʭ, ʪʘʢ ʽ ʰʢʽʜʣʠʚʠʭ) ï ʚʩʽʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʚʠʨʦʙʫ ɯ. ʊʦʜʽ (2.15) ʜʦʟʚʦʣʷʻ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ 

,                  (2.16) 

ʟʘ ʫʤʦʚʠ , ʱʦ . ʊʫʪ   ï ʚʽʜʧʦʚʽʜʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʞʥʦʾ ʟ 

ʢʦʨʠʩʥʠʭ ʬʫʥʢʮʽʡ;  ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʞʥʦʾ ʰʢʽʜʣʠʚʦʾ ʬʫʥʢʮʽʾ (ʱʦ 

ʚʽʜʥʽʤʘʻʪʴʩʷ ʩʢʣʘʜʦʚʘ);  ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʟʘʻʤʦʜʽʾ ʥʝʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʚʠʷʚʣʷʶʪʴ ʨʝʟʝʨʚʠ ʚ ʧʽʜʚʠʱʝʥʥʽ ʚʠʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ.  

ɼʣʷ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʠ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʨʦʙʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʚʘʨʪʽʩʥʫ ʤʦʜʝʣʴ (ʌɺʄ) ʩʠʩʪʝʤʠ, ʷʢʘ 

ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʧʦʪʨʽʙʥʠʭ ʬʫʥʢʮʽʡ ʽ ʝʣʝʤʝʥʪʽʚ (ʥʝʧʦʪʨʽʙʥʠʭ ʽ 

ʰʢʽʜʣʠʚʠʭ); ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʦʩʪʘʪʥʦʩʪʽ ʪʘ ʢʦʨʠʩʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʦʙôʻʢʪʘ; ʨʦʟʧʦʜʽʣʫ ʚʠʪʨʘʪ ʟʘ ʬʫʥʢʮʽʷʤʠ; ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ; 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ ʚ ʦʙôʻʢʪʽ; ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦïʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʠ. ʇʦʙʫʜʦʚʘ ʌɺʄ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʌʄ ʽ ʈʄ ʦʙôʻʢʪʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ.2.9 ʪʘ ʷʢʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣ. 2.3.  

ʆʮʽʥʢʘ ʟʥʘʯʫʱʦʩʪʽ ʬʫʥʢʮʽʾ ʚʝʜʝʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʨʽʚʥʷʭ ʌʄ (ʟʚʝʨʭʫ 

ʚʥʠʟ), ʧʦʯʠʥʘʶʯʠ ʟ ʧʝʨʰʦʛʦ ʨʽʚʥʷ. ɼʣʷ ʛʦʣʦʚʥʦʾ ʽ ʜʨʫʛʦʨʷʜʥʦʾ, ʪʦʙʪʦ ʜʣʷ 

ʟʦʚʥʽʰʥʽʭ ʬʫʥʢʮʽʡ ʦʙôʻʢʪʫ, ʧʨʠ ʦʮʽʥʮʽ ʾʭ ʟʥʘʯʫʱʦʩʪʽ ʧʦʯʘʪʢʦʚʠʤ ʻ ʨʦʟʧʦʜʽʣ 

ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ (ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʧʘʨʘʤʝʪʨʽʚ, ʚʣʘʩʪʠʚʦʩʪʝʡ) ʟʘ 

ʟʥʘʯʠʤʽʩʪʶ (ʚʘʞʣʠʚʦʩʪʽ). 
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ʊʘʙʣʠʮʷ 2.3 ï ʇʨʠʢʣʘʜ ʩʢʣʘʜʦʚʠʭ ʜʣʷ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-

ʚʘʨʪʽʩʥʦʾ ʤʦʜʝʣʽ 
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1 2 3 4 5 6 7 8 9 

1 

é 

n 

m1 

é 

mj 

F1 

é 

Fk 

r11 

é 

Rij  

R11 

é 

Rij 

ʈ11 

é 

ʈjv 

Q1 

é 

Qv 

  

   ä =1r  ä Ö=1ʦʩʥ    ä Ö=1ʘʙʩS  ä Ö=1ʚʽʜʥS  

 

ʅʦʨʤʫʶʯʦʶ ʫʤʦʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʬʫʥʢʮʽʾ ʻ ʥʘʩʪʫʧʥʘ 

ʫʤʦʚʘ: 

ä
=

=
n

j

ijr

1

1 , 

ʜʝ r ij ï ʟʥʘʯʫʱʽʩʪʴ j-ʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʥʘʣʝʞʠʪʴ ʮʴʦʤʫ 1-ʫ ʨ̔ʚʥʶ ʌʄ 

(ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ); 

j=1, 2,...,n, 

ʧ ï ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʌʄ ʽ ʥʘʣʝʞʘʪʴ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ ʚʠʱʦʛʦ ʨʽʚʥʷ. 

ɼʣʷ ʚʥʫʪʨʽʰʥʽʭ ʬʫʥʢʮʽʡ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʚʝʜʝʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʾʭ 

ʨʦʣʽ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʬʫʥʢʮʽʡ ʚʠʱʦʛʦ ʨʽʚʥʷ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʌʄ, ʨʘʟʦʤ ʟ ʦʮʽʥʢʦʶ 

ʟʥʘʯʫʱʦʩʪʽ ʬʫʥʢʮʽʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʡʙʣʠʞʯʦʾ ʚʠʱʦʾ ʬʫʥʢʮʽʾ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʬʫʥʢʮʽʾ ʙʫʜʴ-ʷʢʦʛʦ -̔ʛʦ ʨʽʚʥʷ Rij 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ: 
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( )( )11

1

--

-

³== jiij

G

i
ij rrʇR  ,                                (2.17) 

ʜʝ G ï ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʌʄ. 

ʋ ʨʘʟʽ, ʷʢʱʦ ʦʜʥʘ ʬʫʥʢʮʽʷ ʙʝʨʝ ʫʯʘʩʪʴ ʦʜʥʦʯʘʩʥʦ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʜʝʢʽʣʴʢʦʭ ʬʫʥʢʮʽʡ ʚʠʱʦʛʦ ʨʽʚʥʷ ʌʄ, ʾʾ ʟʥʘʯʫʱʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʥʠʭ ʦʢʨʝʤʦ, ʘ ʚʽʜʥʦʩʥʘ ʚʘʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʾ ʜʣʷ ʦʙôʻʢʪʫ ʚ ʮʽʣʦʤʫ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʫʤʘ ʟʥʘʯʝʥʴ Rij ʧʦ ʢʦʞʥʽʡ ʛʽʣʮʽ ʌʄ (ʚʽʜ 1-ʛʦ ʨʽʚʥʷ ʜʦ 

ʧʝʨʰʦʛʦ), ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʶ ʬʫʥʢʮʽʶ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ (ʢʦʤʧʣʝʢʩʥʠʡ) ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʚʘʨʽʘʥʪʫ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

ä
=

³=

n

j

jvjv PRQ

1

,                                         (2.18) 

ʜʝ Ri ï ʚʽʜʥʦʩʥʘ ʟʥʘʯʫʱʽʩʪʴ j-ʦʾ ʬʫʥʢʮʽʾ; ʈjv ï ʤʽʨʘ ʟʘʜʦʚʦʣʝʥʥʷ 

(ʚʠʢʦʥʘʥʥʷ) j-ʦʾ ʬʫʥʢʮʽʾ ʫ v-ʦʤʫ ʚʘʨʽʘʥʪʽ;  ʧ ï ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ. 

ʄʽʨʘ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ (ʈ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ ʚ 

ʧʨʦʮʝʥʪʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʧʝʨʝʨʘʭʦʚʘʥʦʤʫ ʚ ʜʦʣʽ (ʚʽʜ 0 ʜʦ 1, ʜʝ 1 ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʤʽʨʘ ʟʘʜʦʚʦʣʝʥʥʷ). 

ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽ ʚʠʪʨʘʪʠ ï ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʚʠʪʨʘʪʠ ʥʘ 

ʨʝʘʣʽʟʘʮʽʶ ʢʦʤʧʣʝʢʩʫ ʬʫʥʢʮʽʡ ʦʙôʻʢʪʫ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʟʘʜʘʥʠʭ ʚʠʤʦʛ 

ʩʧʦʞʠʚʘʯʽʚ (ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ) ʚ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

(ʝʢʩʧʣʫʘʪʘʮʽʾ), ʦʨʛʘʥʽʟʘʮʽʡʥʦïʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ 

ʩʢʣʘʜʥʦʩʪʽ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʦʙôʻʢʪʫ. 

ɸʙʩʦʣʶʪʥʘ ʚʘʨʪʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ (Sʘʙʩ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ:    

ʽʝʥʪʨʝʢʩʧʚʠʛʘʙʩ SSSSSS ++++= ,                         (2.19) 

ʜʝ Sʚʠʛ ï ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʩʪʚʦʨʝʥʥʷʤ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʻʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʫ; Sʝʢʩʧ ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ; Sʪʨï ʚʠʪʨʘʪʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ;  Sʝʥï ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ 

ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʾ; S̔ ï ʽʥʰʽ ʚʠʪʨʘʪʠ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʾ. ɺʽʜʥʦʩʥʘ 

ʚʘʨʪʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ Sʚʽʜʥ: 
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ij

1

,                                                 (2.20) 

ʜʝ Sʘʙʩ ï ʩʫʤʘʨʥʘ ʘʙʩʦʣʶʪʥʘ ʚʘʨʪʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʫ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʘʙʩʦʣʶʪʥʠʭ ʚʘʨʪʦʩʪʝʡ 

ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ (ʩʪʦʚʧʝʮʴ 8 ʚ ʪʘʙʣ. 2.3). ʅʘ ʧʽʜʩʪʘʚʽ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ 

ʜʽʘʛʨʘʤ ʚ ʙʘʟʦʚʦʤʫ ʽ ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʚʘʨʽʘʥʪʘʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʤʽʨʫ ʢʦʨʠʩʥʦʩʪʽ ʽ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ.  

ʄʝʪʦʜʠʢʘ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ɼʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʥʦʩʽʚ ʬʫʥʢʮʽʡ  ï ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʘʥʘʣʽʟʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ï 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʚʘʨʪʦʩʪʽ ʢʦʨʠʩʥʦʾ ʬʫʥʢʮʽʾ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʫ (ʽʟ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʽʥʮʝʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʫ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʛʘʣʴʥʽ ʧʨʷʤʽ 

ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʪʠʭ ʝʣʝʤʝʥʪʽʚ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ, ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʘʥʫ ʬʫʥʢʮʽʶ ʚʠʟʥʘʯʘʶʪʴ. ɺʘʨʪʽʩʪʴ ʬʫʥʢʮʽʾ ï ʮʝ ʧʨʠʚʝʜʝʥʘ 

ʚʘʨʪʽʩʪʴ ʧʨʠʡʦʤʽʚ ʨʦʙʦʪʠ (ʇ̔), ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ (ʊj), ʯʘʩʦʚʠʭ (ʄk) 

ʪʘ ʣʶʜʩʴʢʠʭ ʚʠʪʨʘʪ (ʈl), ʷʢʽ ʚʠʪʨʘʯʘʶʪʴʩʷ ʥʘ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ 

ʥʘ ʤʘʢʨʦï, ʤʝʟʦï, ʤʽʥʽï ʘʙʦ ʥʘʥʦʨʽʚʥʷʭ. 

ʗʢʽʩʥʫ ʦʮʽʥʢʫ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʦʟʩʪʘʚʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ [83]. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʚʠʦʢʨʝʤʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʽʰʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʘʪʠ ʢʦʨʠʩʥʫ ʬʫʥʢʮʽʶ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

 ɼʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʘʨʥʝ ʧʦʨʽʚʥʷʥʥʷ ʫʩʽʻʾ ʚʠʙʽʨʢʠ ʚʘʨʽʘʥʪʽʚ. 

ɿʘʟʚʠʯʘʡ ʾʭ ʧʦʟʥʘʯʘʶʪʴ ʉ1, ʉ2, ʉ3é 

ʆʪʞʝ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʧʨʠ m ʚʘʨʽʘʥʪʘʭ ʩʪʘʥʦʚʠʪʴ  

2

)1( -
=

mm
M . 
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ʇʦʚʥʠʡ ʛʨʘʬ ñʪʫʨʥʽʨʫò ʚʘʨʽʘʥʪʽʚ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 2.11.  

ʈʝʟʫʣʴʪʘʪ ʧʦʧʘʨʥʦʛʦ  ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʉi ʪʘ ʉj ʚʽʜʦʙʨʘʞʝʥʦ 

ʫʤʦʚʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʦʞʝʥʴ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʖ.ʄ. ʂʫʟʥʻʮʦʚʠʤ: iüj; i>j  

Ci ­ Cj;   i@j; i=j    Ci ª Cj;iìj; i<j    Ci « Cj.  

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.11. ñʊʫʨʥʽʨò ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ  ʨʽʰʝʥʴ [70] 

 

 ʇʨʠʡʤʝʤʦ ʪʘʢʫ ʩʠʩʪʝʤʫ ʢʽʣʴʢʽʩʥʠʭ ʚʽʜʥʦʰʝʥʴ: 

ji

ji

ji

aa

aaa

aa

<

==

>

0

1

2

 

ʉʢʣʘʜʝʥʘ ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʷʢʽʩʥʠʭ ʚʽʜʥʦʰʝʥʴ (ʧʨʠʢʣʘʜ ʷʢʦʾ ï ʪʘʙʣ. 

2.4) ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʦʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʥʘʜ ʽʥʰʠʤ.  

 

ʊʘʙʣʠʮʷ 2.4 ï ʄʘʪʨʠʮʷ ʷʢʽʩʥʠʭ ʚʽʜʥʦʰʝʥʴ (ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ) 

 

i                             
j 

C3 C1 C2 C4 C5 

C3 = > < = < 

C1 < = < < < 

C2 > > = > < 

C4 = > < = ì 

C5 > > > ü = 

 

ʉ2 

ʉ3 

ʉ1 

ʉ4 ʉ5 
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ɺʽʜʧʦʚʽʜʥʽ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʈ̔(1), ʈ̔(2), ʈb(̔2) ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʟʘʣʝʞʥʦʩʪʷʤʠ: 

2
)1(

m

a
P

i

i

ä
= ;         

  

 

 

 

 

                                                 (2.21) 

ʆʮʽʥʢʫ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʨʘʥʛʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʬʘʢʪʦʨʫ, ʱʦ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ, ʧʨʠʩʚʦʶʶʪʴ ʨʘʥʛ 

aij=1, ʥʘʩʪʫʧʥʠʤ ï ʚʽʜʧʦʚʽʜʥʦ ʨʘʥʛʠ 2, 3 ʽ ʪ.ʜ. ʆʜʥʘʢʦʚʦ  ʚʧʣʠʚʦʚʽ ʬʘʢʪʦʨʠ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʨʘʥʛʠ. 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʫ Sij   ʢʦʞʥʦʛʦ 

ʬʘʢʪʦʨʫ: 

S aij ij
i

m

=
=

ä
1

, 

ʧʽʩʣʷ ʯʦʛʦ ʙʫʜʫʻʪʴʩʷ ʨʘʥʛʦʚʘʥʠʡ ʨʷʜ Qij, ï ʢʦʞʥʽʡ ʩʫʤʽ Sij ʧʨʠʩʚʦʶʶʪʴ 

ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʾʾ ʤʽʩʮʶ ʫ ʨʘʥʛʦʚʘʥʦʤʫ ʨʷʜʽ ʮʠʭ ʩʫʤ. ʗʢʱʦ 

ʫ ʨʷʜʽ ʩʫʤ ʤʘʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʦʜʥʘʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦ ʾʤ ʧʨʠʩʚʦʶʶʪʴ ʨʘʥʛʠ, 

ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʶ ʩʫʤʠ ʤʽʩʮʴ, ʟʘʡʥʷʪʠʭ ʮʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʘʥʛʫʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʧʦʨʽʚʥʷʥʥʷ ʩʫʤʠ ʨʘʥʛʽʚ ʽʟ 

ʩʫʤʦʶ k ʯʣʝʥʽʚ ʨʷʜʘ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ Sk: 
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ʇʦʨʫʰʝʥʥʷ ʫʤʦʚʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʜʥʘʢʦʚʽʩʪʴ  ʨʘʥʛʽʚ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ, 

ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʦʨʤʫʚʘʥʥʷ ʨʷʜʫ. ʁʦʛʦ ʚʠʢʦʥʫʶʪʴ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [84]. 

ɼʘʣʽ ʦʙʯʠʩʣʶʶʪʴ ʩʫʤʠ ʨʘʥʛʽʚ ʧʦ ʢʦʞʥʦʤʫ ʬʘʢʪʦʨʫ:    

S aij ij
i

m

=
=

ä
1

 

ʪʘ ʧʝʨʝʚʽʨʷʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʥʦʨʤʦʚʘʥʠʭ ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʦʮʽʥʢʠ 

ʩʪʫʧʝʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ Q2j ʪʘ ʧʦʯʘʪʢʦʚʠʤʠ Q1j ʨʷʜʘʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ.  

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙôʻʜʥʘʥʠʭ ʨʘʥʛʽʚ ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 

r

Q Q

k kb

j j
j

k

= -

-
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=

ä
1

6 1 2

2

1

3

( )

( )
, 

ʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ï ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

])[(])[(2

)(12])[(])[(
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3

1
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3

1
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r

k
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=

ä
=

, 

ʜʝ Q1j, Q2j ï ʨʘʥʛʠ ʨʷʜʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ; k ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

ʨʷʜʫ; ʊ1 ʪʘ ʊ2 ï ʧʦʧʨʘʚʢʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʦʻʜʥʘʥʽ ʨʘʥʛʠ ʫ ʨʷʜʘʭ, ʷʢʽ 

ʧʦʨʽʚʥʶʶʪʴʩʷ:T t ti i
i

n

1 1

3

1
1

1

= -
=

ä( ) T t ti i
i

n

2 2

3

2
1

2

= -
=

ä( )  n1, n2 ï ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ ʦʜʥʘʢʦʚʠʭ 

ʨʘʥʛʽʚ; t1i ,  t2i ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ i-ʪʦʾ ʛʨʫʧʠ ʦʜʥʘʢʦʚʠʭ ʨʘʥʛʽʚ 

ʚʽʜʧʦʚʽʜʥʦ Q1j ̔  Q2j.  

ʗʢʱʦ rb=1, ʤʽʞ ʨʷʜʘʤʠ ʽʩʥʫʻ ʧʦʚʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʷʢʱʦ rb = -1 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʚʥʽʩʪʶ ʟʚʦʨʦʪʥʘ, ʧʨʠ  rb =0 ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʨʷʜʘʤʠ ʚʽʜʩʫʪʥʷ.  

ɿʥʘʯʠʤʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ t-

ʢʨʠʪʝʨʽʷ (ʟʘ ʫʤʦʚʠ, ʱʦ k²10): 

t r k r tb b kr= - - ²( ) )2 1 2
 

ʚʠʙʨʘʥʦʛʦ ʧʨʠ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ a (ʥʘʧʨʠʢʣʘʜ, a=0.05) ʪʘ ʯʠʩʣʽ ʩʪʫʧʝʥʽʚ 

ʚʽʣʴʥʦʩʪʽ f=k-2. ɼʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʚʘʛʦʤʦʩʪʽ ʬʫʥʢʮʽʡ 
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ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʙʦ ʩʧʨʦʩʪʦʚʫʶʪʴ ʰʣʷʭʦʤ ʧʝʨʝʚʽʨʢʠ ʜʽʡʩʥʦʩʪʽ ʛʽʧʦʪʝʟʠ ʱʦʜʦ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ c2-ʢʨʠʪʝʨʽʷ ʇʽʨʩʦʥʘ: 

cj i
n

p p p2 2= -ä( ) / , 

ʜʝ ʨi ï ʬʘʢʪʠʯʥʘ ʯʘʩʪʦʪʘ ʧʦʧʘʜʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʬʘʢʪʦʨʫ ʫ i-ʪʠʡ 

ʽʥʪʝʨʚʘʣ;ʨ̀ ï ʪʝʦʨʝʪʠʯʥʘ ʯʘʩʪʦʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:p
m

ni = , m 

ï ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʪʽʚ; n ï ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ, ʷʢʫ ʦʪʨʠʤʘʥʦ ʧʨʠ ʟʘʦʢʨʫʛʣʝʥʥʽ 

ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʮʽʣʦʛʦ ʢʽʣʴʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʦʙʯʠʩʣʝʥʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

l N N

l N

= + ¢

= >

ë
ì
í

1 1443 100

2171 100

. ln( ),

. ,
 

ʇʨʠ ʮʴʦʤʫ ʰʠʨʠʥʫ ʽʥʪʝʨʚʘʣʫ h ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

h
k

n
= , 

ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʋʤʦʚʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ï  c2 ²c2
ʪʘʙʣ, ʚʠʙʨʘʥʦʛʦ ʧʨʠ 

ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ a ʪʘ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ f=n-1, ʜʣʷ jïʪʦʛʦ ʬʘʢʪʦʨʘ. 

ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʪʘʢʦʞ ʽ ʩʪʫʧʽʥʴ ʟʚôʷʟʢʫ ʤʽʞ ʢʽʣʴʢʦʤʘ ʨʘʥʛʦʚʘʥʠʤʠ 

ʨʷʜʘʤʠ, ʢʦʪʨʘ ʦʮʽʥʶʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʢʦʨʜʘʮʽʾ W ʂʝʥʜʘʣʣʘ: 

ï ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʻʜʥʘʥʠʭ ʨʘʥʛʽʚ: 

W
S S

m k k

j

j

k

=
-

-=

ä12
2 2

2

2 3
1

( )

( )
 

ï ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʻʜʥʘʥʠʭ ʨʘʥʛʽʚ: 

W
S S

m k k m T

j

i

i

m
j

k

=
-

- -
è

ê
é

ø

ú
ù

=

= ä
ä12

2 2

2

2 3

1

1

( )

( )

, 

ʜʝ S2j ï ʩʫʤʘ ʨʘʥʛʽʚ ʧʦ ʢʦʞʥʦʤʫ j-ʤʫ ʬʘʢʪʦʨʫ; S2 ï ʟʘʛʘʣʴʥʝ ʩʝʨʝʜʥʻ 

ʩʫʤʠ ʨʘʥʛʽʚ:S S kj
j

k

2 2
1

=
=

ä / ʊi ï ʚʝʣʠʯʠʥʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʧʦʻʜʥʘʥʠʭ 
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ʨʘʥʛʽʚ  ʫ i-ʪʦʤ ʨʷʜʫ ï T t ti q q
q

ni

= -
=

ä( )3

1

, ʜʝ tq ï ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

q-ʶ ʛʨʫʧʠ ʦʜʥʘʢʦʚʠʭ ʨʘʥʛʽʚ i-ʛʦ ʨʘʥʛʦʚʘʥʦʛʦ ʨʷʜʫ; k ï ʯʠʩʣʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ;  m ï ʯʠʩʣʦ ʦʧʠʪʘʥʠʭ ʝʢʩʧʝʨʪʽʚ. 

ʉʧʽʚʧʘʜʽʥʥʷ ʜʫʤʦʢ ʚʽʜʧʦʚʽʜʘʻ W=1, ʧʨʠ W=0 ʟʚôʷʟʦʢ ʤʽʞ ʨʘʥʛʦʚʢʘʤʠ 

ʚʽʜʩʫʪʥʽʡ. ʋ ʚʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʟʥʘʯʠʤʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʦʮʽʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ c2 ï ʢʨʠʪʝʨʽʶ c2 1= -m k W( ) . ɿʥʘʯʠʤʽʩʪʴ W ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ c2 ²c2
ʪʘʙʣ, ʚʠʙʨʘʥʦʛʦ ʧʨʠ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ a ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ f = n-1. 

ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ ʘʙʦ ʧʨʦʮʝʩ 

ʦʮʽʥʶʻʪʴʩʷ ̫ʢ: 

- ʩʫʤʫ ʨʘʥʛʽʚ, ʧʨʠʩʚʦʻʥʫ j-ʤʫ ʬʘʢʪʦʨʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʘʙʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʚʘʣʽʬʽʢʘʮʽʾ ʝʢʩʧʝʨʪʽʚ S bj ij
i

m

2
1

=
=

ä ; 

- ʩʝʨʝʜʥʽʡ ʨʘʥʛ j-ʛʦ  ʬʘʢʪʦʨʘ S S mj j2 2= / ; 

- ʢʦʝʬʽʮʽʻʥʪ ʚʘʛʦʤʦʩʪʽ j-ʛʦ ʬʘʢʪʦʨʘ M
S

S
j

j

j
j

k2

2

2
1

=

=

ä
. 

ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʠʤ ʩʠʣʴʥʽʰʠʡ ʚʧʣʠʚ ʜʘʥʦʛʦ 

ʬʘʢʪʦʨʘ. ʊʦʤʫ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦʮʽʣʴʥʦ 

ʧʦʙʫʜʫʚʘʪʠ ʘʧʨʽʦʨʥʽ ʜʽʘʛʨʘʤʠ ʨʘʥʛʽʚ. 

ɺʣʘʩʥʝ ʮʝ ʧʦʨʽʚʥʷʥʥʷ ʩʠʣʠ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ, ʚʽʜʢʣʘʜʝʥʠʭ ʧʦ ʦʩʽ 

ʦʨʜʠʥʘʪ, ʽʟ ʾʭ ʚʽʜʥʦʩʥʦʶ ʚʘʨʪʽʩʪʶ, ʢʦʣʠ ʬʘʢʪʦʨʠ ʚʽʜʢʣʘʜʝʥʽ ʧʦ ʦʩʽ ʘʙʩʮʠʩ 

(ʨʠʩ. 2.12).  

ɺʠʭʦʜʷʯʠ ʽʟ ʪʦʛʦ, ʱʦ ʬʘʢʪʦʨʠ ʨʘʥʛʦʚʘʥʽ (ʪʦʙʪʦ ʥʘʚʝʜʝʥʽ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ ʚʧʣʠʚʫ), ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ ʜʘʥʦʛʦ ʯʠʥʥʠʢʫ ʤʘʻ 

ʚʽʜʧʦʚʽʜʘʪʠ ʪʝʥʜʝʥʮʽʾ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʘʤʦʛʦ ʬʘʢʪʦʨʫ. 

 

 



102 

 

 

 

 

 

        F1    F2    F3    F4   F5 ..................         ʌʫʥʢʮʽʾ  

 

 

 

                    

ʈʠʩ. 2.12. ʇʨʠʢʣʘʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦïʚʘʨʪʽʩʥʦʾ ʜʽʘʛʨʘʤʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʧʦʙʫʜʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦï

ʚʘʨʪʽʩʥʠʭ ʜʽʘʛʨʘʤ ʜʣʷ ʧʝʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʧʦʨʽʚʥʷʥʫ ʧʠʪʦʤʫ ʚʘʨʪʽʩʪʴ  ʬʫʥʢʮʽʡ F1éF  ̔ ʫ ʚʠʛʣʷʜʽ 

                                                (2.23) 

ʪʘ ʦʙʨʘʪʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʦʡ ʚʘʨʽʘʥʪ, ʜʣʷ ʷʢʦʛʦ  Wk  ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ. ʉʘʤʘ 

ʬʫʥʢʮʽʷ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʩʪʘʻ ʷʢ ʤʽʨʘ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʩʪʚʦʨʶʚʘʥʦʛʦ ʦʙôʻʢʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ, ʷʢʠʡ 

ʜʘʥʠʡ ʦʙôʻʢʪ ʨʝʘʣʽʟʫʻ.  

ɿ ʮʽʻʾ ʧʦʟʠʮʽʾ ʨʝʟʫʣʴʪʘʪʠ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʫ 

ʧʦʜʘʶʪʴʩʷ ʫ ʪʘʙʣ. 2.5 ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦï

ʚʘʨʪʽʩʥʠʭ ʜʽʘʛʨʘʤ. ʇʨʠ ʮʴʦʤʫ ʛʦʣʦʚʥʫ ʫʚʘʛʫ ʟʦʩʝʨʝʜʞʫʶʪʴ ʥʘ ʬʫʥʢʮʽʷʭ 

ʢʦʨʠʩʥʠʭ. 

 

 

ɿʦʥʘ ʫʪʚʦʨʝʥʥʷ 

ʥʘʜʣʠʰʢʦʚʠʭ 
ʚʠʪʨʘʪ 
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2.4. ʋʤʦʚʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʚ  ʟʘʜʘʯʘʭ 

ʬʦʨʤʫʚʘʥʥʷ ʘʣʤʘʟʦʚʤʽʩʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

 

ɸʥʘʣʽʟʦʚʘʥʽ ʚʠʨʦʙʠ ʽʟ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʦʙʨʦʙʢʠ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʝʨʝʚʘʞʥʦ ʽʟ ʧʽʨʦʚʫʛʣʝʮʝʚʦʶ 

ʤʘʪʨʠʮʝʶ) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʨʽʟʘʥʥʷ, ʚʽʜʨʽʟʘʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ, ʚʠʙʽʨʢʠ ʧʘʟʽʚ, ʥʝʥʘʩʢʨʽʟʥʦʛʦ ʪʘ 

ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʨʽʟʘʥʥʷ. 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧ. 2.2, ʫʤʦʚʠ ʨʦʙʦʪʠ ʟʘʟʥʘʯʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴʩʷ ʷʢ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ, ʪʘʢ ʽ ʧʨʠ ʟʤʽʥʽ ʩʭʝʤʠ 

ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ. ʊʘʢʘ ʟʤʽʥʘ ʚʠʤʘʛʘʻ ʚʠʙʦʨʫ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʷʚ ʣʦʢʘʣʽʟʫʚʘʪʠ ʜʽʻʚʠʡ ʚʧʣʠʚ 

ʥʘ ʤʘʣʠʭ ʧʦʚʝʨʭʥʷʭ ʈij.  ʊʦʜʽ ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʙʫʜʫʪʴ 

ʥʘʩʪʫʧʥʽ:  

1) ʩʫʤʽʩʥʽ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʜʦʧʫʩʢʘʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʩʬʦʨʤʦʚʘʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ; 

2) ʩʫʤʽʩʥʽ ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʚʠʥʥʽ ʤʘʪʠ ʨʽʟʥʽ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ, ʂʃʊʈ, sʘ ʪʘ ʽʥ., ʱʦ ʜʦʟʚʦʣʷʻ ʽʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ 

ʬʦʨʤʫʚʘʪʠ ʩʫʮʽʣʴʥʫ ʧʦʚʝʨʭʥʶ ʨʽʟʘʥʥʷ; 

3) ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʫʤʽʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʘʻ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ 

ʦʛʠʥʘʶʯʦʾ ʟʘʜʘʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʷ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ; 

4) ʩʫʤʽʩʥʽ ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʚʠʥʥʽ ʤʘʪʠ ʨʦʟʨʠʚʽʚ ʫ ʩʪʨʫʢʪʫʨʽ; 

5) ʨʷʜ ʩʫʤʽʩʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʩʝʢʪʦʨ ʟʽ 

ʩʭʦʞʠʤʠ ʬʽʟʠʢʦïʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʝʭʘʡ ʥʘʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʮʠʣʽʥʜʨʠʯʥʠʡ ʚʠʨʽʙ ï ʩʪʨʫʥʘ ʽʟ ʥʘʥʝʩʝʥʠʤ 

ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʜʽʣʫ 

ʟʘʛʦʪʦʚʢʠ ʥʘ ʧʣʘʩʪʠʥʠ. 

ɼʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʜʦʚʛʦʛʦ ʥʝʞʦʨʩʪʢʦʛʦ ʚʠʨʦʙʫ (ʨʠʩ.2.13) ʜʦ ʦʢʨʝʤʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚʠʩʫʚʘʪʠʤʫʪʴʩʷ ʚʠʤʦʛʠ, ʧʦʜʘʥʽ ʫ ʪʘʙʣ.2.5 ʨʠʩ. 2.14. ʂʦʞʥʫ ʽʟ 

ʧʦʚʝʨʭʦʥʴ ʜʦʜʘʪʢʦʚʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʟʦʥʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫʤʦʚʘʤʠ 

ʨʦʙʦʪʠ, ʪʘʙʣ. 2.6, ʧʨʠʯʦʤʫ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʛʨʘʬʫ ʨʠʩ. 2.14. 
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ʊʘʙʣʠʮʷ 2.6 ï ʇʦʜʽʣ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʦʥʴ ʥʘ ʟʦʥʠ ʤʽʢʨʦʨʽʚʥʷ  

 

ʂʣʘʩʪʝʨ 

ɺʣʘʩʪʠʚʦʩʪʽ 
ʉʢʣʘʜʦʚʽ 

ʢʣʘʩʪʝʨʫ 
ɻʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ 

ʇʦʚʝʨʭʥʝʚʠʡ 

ʰʘʨ 

ʇʨʠʧʦʚʝʨʭʥʝʚʘ 

ʜʽʣʷʥʢʘ 

ʂ1 l1, d1, b1 z1
A;  Nz1 sk1 E5 

ʂ2 l2, d2, b1 z2A;  Nz2 sk2 E1 

ʂ3 Tk3  ɹʘʟʦʚʘ sk1 ɽ3Æɽ5 

ʂ4 Tk4  ɹʘʟʦʚʘ sk6 ɽ2Æɽ4 

ʂ5 Tk5  ɹʘʟʦʚʘ  sk2 ɽ3Æɽ5 Æɽ2Æɽ4... 

ʂ6 l6, d6, b6 z6
A;  Nz6 sk6 E2 

 

 

ʈʠʩ. 2.14. ɿʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʡ ʦʢʨʝʤʠʤʠ ʟʦʥʘʤʠ ʤʽʢʨʦʨʽʚʥʷ 

 

ʃʦʢʘʣʽʟʘʮʽʷ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʽʣʫ ʧʦʚʝʨʭʦʥʴ ʥʘ ʤʽʢʨʦʟʦʥʠ ʜʦʚʦʜʠʪʴ, ʱʦ 

ʥʠʞʥʽʤ ʨʽʚʥʝʤ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʬʫʥʢʮʽʡ ʻ ʤʽʢʨʦʨʽʚʝʥʴ. ʄʘʢʨʦʨʽʚʝʥʴ 

ʧʝʨʝʜʙʘʯʘʻ ʥʘʥʝʩʝʥʥʷ ʛʨʫʧʠ ʟʝʨʝʥ ʚ ʤʝʞʘʭ ʤʘʢʨʦʧʣʦʱʠʥʠ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʠʩ. 2.10) ʆʜʥʘʢ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧ. 2.1 ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʟʪʘʰʫʚʘʥʴ ʦʢʨʝʤʠ ʟʦʥ ʦʩʪʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʻʜʥʘʥʽ ʫ ʢʣʘʩʪʝʨʠ, ʦʜʥʘʢ 

ʚʠʤʦʛʠ ʪʘʙʣ. 2.6 ʟʙʝʨʽʛʘʪʠʤʫʪʴʩʷ ʽ ʜʣʷ ʥʠʭ.  
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ʌʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʫ ʷʢ ʧʨʦʮʝʩ ʘʜʘʧʪʘʮʽʾ 

ʬʫʥʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦ ʣʦʢʘʣʴʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ ʽʣʶʩʪʨʫʻ ʨʠʩ. 2.15.  

ʊʫʪ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʠ ʟʘʛʦʪʦʚʢʠ ʧʦʟʥʘʯʝʥʦ ʯʝʨʝʟ ʾʾ ʜʽʘʤʝʪʨ Å, 

ʜʦʚʞʠʥʫ l , ʤʽʮʥʽʩʪʴ ʰʘʨʫ ʚʦʣʦʢʦʥ sv, ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ Dd, dv, ʘ 

ʫʤʦʚʠ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ï ʷʢ ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʨʽʟʘ  ʧʨʦʪʷʛʦʤ ʯʘʩʫ 

ʦʙʨʦʙʢʠ t, L0=f(t), ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʊ, T=f(t), ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ vp ʪʘ 

ʫʤʦʤ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ R. ʇʘʨʘʤʝʪʨʠ ʩʬʦʨʤʦʚʘʥʠʭ ʢʣʘʩʪʝʨʽʚ - l1, 

d1, b1. 

ɿ [85] ʚʽʜʦʤʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʫ ʛʦʪʦʚʠʡ ʚʠʨʽʙ 

ʻ ʥʘʩʣʽʜʢʦʤ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ Wij(tk) ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

So(tk), ʝʥʝʨʛʝʪʠʯʥʦʛʦ ɽo(tk) ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ I0(tʢ) ʪʠʧʽʚ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ.1.4). 

ɼʣʷ ʢʣʘʩʪʝʨʠʟʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʙʫʜʝ 

ʚʠʛʣʷʜʫ:  

Wm
ij (tk)=SSi

o(tk)ÇEj
0(tk)ÇIk o(tk).                         (2.24) 

ʊʦʜʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʢʣʘʩʪʝʨʽʚ, ʧʦʩʣʽʜʦʚʥʘ ʩʫʢʫʧʥʽʩʪʴ ʚʧʣʠʚʽʚ ʫ ʤʝʞʘʭ ʣʦʢʘʣʴʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ɽm ʧʦʪʨʝʙʫʻ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ  é ,  

ʎʽ ʜʽʾ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʧʦʪʫʞʥʽʩʪʶ ʣʘʟʝʨʫ ʈ ʪʘ ʪʨʠʚʘʣʽʩʪʶ ʽʤʧʫʣʴʩʫ z, 

ʩʧʨʦʤʦʞʥʦʛʦ ʥʘʛʨʽʚʘʪʠ ʦʩʥʦʚʫ  ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʊkr, ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ vmax ʪʘ ʽʥ.  

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʘʮʽʦʥʘʣʴʥʽ ʪʝʨʤʦʙʘʨʠʯʥʽ ʫʤʦʚʠ ʧʨʦʮʝʩʫ  T=f(t), 

ʈ=f(t) ʦʙʫʤʦʚʣʶʚʘʪʠʤʫʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤʠ ʣʽʥʽʡʥʠʤʠ OX, OY, OZ ʘʙʦ 

ʦʙʝʨʪʦʚʠʤʠ x, z ʨʫʭʘʤʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʝʨʩʪʘʪʘ. ʇʦʰʫʢ ʟʘʢʦʥʽʚ ʨʫʭʫ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʢʣʘʩʪʝʨʽʚ, ʻ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ 

ʘʜʘʧʪʘʮʽʾ ʧʨʦʮʝʩʫ ʜʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʦʜʽ ʥʘ 

ʥ̔ʩʪʨʫʤʝʥʪʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʢʣʘʩʪʝʨʠʟʦʚʘʥʫ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ, ʽ ʦʪʨʠʤʘʥʠʡ ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʙʦʨʫ ʟ ʦʙ'ʻʜʥʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʙʫʜʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ m ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʷʢʠʭ ʫʤʦʚʘ m<k+j  ʧʦʚʥʽʩʪʶ 

ʚʠʪʨʠʤʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʢʣʘʩʪʝʨʠ ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʨʽʟʘʥʥʷ, 

ʨʝʘʣʽʟʫʶʯʠ ʣʠʰʝ ʜʽʾ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʫʤʦʚ ʨʽʟʘʥʥʷ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʜʽʣʷʥʢʘʭ 

ʧʦʚʝʨʭʥʽ. 
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2.5. ʃʘʟʝʨʥʝ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʝ ʩʧʽʢʘʥʥʷ ʷʢ ʟʘʩʽʙ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʢʣʘʩʪʝʨʽʚ  

 

ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 2.16. ʇʦʨʦʰʦʢ ʟʚôʷʟʢʠ ʨʘʟʦʤ 

ʽʟ ʘʣʤʘʟʥʠʤʠ ʟʝʨʥʘʤʠ ʜʦʟʦʚʘʥʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʘʥʥʫ ʨʦʟʧʣʘʚʫ, ʩʬʦʨʤʦʚʘʥʫ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʪʢʦʚʦ 

ʧʨʠʢʘʪʫʶʪʩʷ ʨʦʣʠʢʦʤ ʽʟ ʧʝʚʥʠʤ ʟʫʩʠʣʣʷʤ R. 

 

 

ʈʠʩ. 2.16. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʦʰʘʨʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʘʟʤʘʟʦʚʤʽʩʥʦʛʦ ʢʦʤʧʦʟʠʪʫ ʚ ʨʘʜʽʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ (ʟʘ [63]) 

ʎʝʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʢʝʨʦʚʘʥʦ ʟʘʢʨʽʧʣʶʚʘʪʠ ʘʣʤʘʟʥʽ ʟʝʨʥʘ ʧʦʦʜʠʥʮʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝ ʪʽʣʴʢʠ ʧʦʪʨʽʙʥʫ ʤʽʮʥʽʩʪʴ ʢʨʽʧʣʝʥʥʷ, ʘ ʽ ʥʘʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ 

ʬʦʨʤʫʚʘʪʠ ʧʦʪʨʽʙʥʫ ʧʦʚʝʨʭʥʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʣʦʢʘʣʽʟʘʮʽʾ d ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʰʘʨʫ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʪʝʧʣʦʚʽ ʷʚʠʱʘ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ. ʅʝʭʘʡ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʜʽʻ ʥʘ 

ʧʦʚʝʨʭʥʶ ʥʘʧʽʚʙʝʩʢʽʥʝʯʥʦʛʦ ʪʽʣʘ (ʨʠʩ.2.17).  
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ʈʠʩ. 2.17. ʉʭʝʤʘ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʫ ʪʦʯʢʫ ʧʝʚʥʦʛʦ ʪʽʣʘ ʪʘ ʥʘ ʧʦʚʝʨʭʥʶ 

ʥʘʧʽʚʩʢʽʥʯʝʥʥʦʛʦ ʪʽʣʘ  
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ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʷʢʝ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʢʦʥʚʝʢʮʽʾ ʘʙʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʘʻ ʚʠʛʣʷʜ 

                                        (2.26) 

ʊʦʙʪʦ ʜʣʷ ʧʝʚʥʦʛʦ ʪʽʣʘ ʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ   

 

ɼʣʷ ʪʦʯʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y, z) ʟʘ ʯʘʩ t ʫ ʨʘʟʽ, ʷʢʱʦ ʪʝʧʣʦ  ʤʠʪʪʻʚʦ 

ʥʘʜʽʡʜʝ ʜʦ ʪʦʯʢʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ (x ', y', z ') ʽ ʯʘʩ t';  C ï 

ʪʝʧʣʦʻʤʥʽʩʪʴ,  ï ʜʠʬʫʟʽʡʥʽʩʪʴ,  ï ʱʽʣʴʥʽʩʪʴ, K ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 

ɺ ʥʘʧʽʚʩʢʽʥʯʝʥʦʤʫ ʪʽʣʽ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʜʝʱʦ ʽʥʰʠʤ 

ʯʠʥʦʤ: 

 

ɼʣʷ ʨʫʭʦʤʦʛʦ ʜʞʝʨʝʣʘ ʨʽʚʥʷʥʥʷ ʥʘʙʫʜʝ ʟʤʽʥ ʽ ʧʨʠ  z '= 0,  ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ: 

 

ʊʦʞ ʤʘʻʤʦ, ʷʢʱʦ ʪʝʧʣʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ dQ = Pdt 'ʚʽʜ t = t' ʜʦ t = t 

'+ dt' ʫ ʪʦʯʮʽ (x', y' z'), ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠ (x, y, z) ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʟʥʘʭʦʜʠʤʦ, 

ʽʥʪʝʛʨʫʶʯʠ ʚʠʱʝ ʨʽʚʥʷʥʥʷ: 

 

ʊʝʧʝʨ, ʷʢʱʦ ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʚʽʜ ʯʘʩʫ t '=  0 ʜʦ t' = t ʙʝʟʧʝʨʝʨʚʥʝ, ʚʦʥʦ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʝ ʷʢ 
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ʜʝ Q ʫ ɺʪ.  

ʂʦʣʠ t Ÿ Ð, ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʟʘʜʘʥʠʡ ʬʦʨʤʫʣʦʶ 

 

ʊʘʢʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʽʤʧʫʣʴʩʥʦʾ ʜʽʾ ʜʞʝʨʝʣʘ 

ʪʝʧʣʘ.  

ʆʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʣʘʟʝʨ ʻ ʽʤʧʫʣʴʩʥʠʤ, ʘ ʚ ʟʦʥʫ ʣʘʟʝʨʥʦʛʦ 

ʚʧʣʠʚʫ ʧʦʪʨʘʧʣʷʶʪʴ ʽ ʜʦʜʘʪʢʦʚʽ ʯʘʩʪʠʥʢʠ ʤʘʪʝʨʽʘʣʫ (ʘʣʤʘʟʥʽ ʟʝʨʥʘ, 

ʧʨʠʩʘʜʢʦʚʠʡ ʤʝʪʘʣ), ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʣʘʟʝʨʫ. ʅʘʩʧʨʘʚʜʽ ʪʘʢʘ ʩʭʝʤʘ ʚʣʘʩʪʠʚʘ ʫʤʦʚʽ, ʢʦʣʠ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʽ 

ʦʢʨʝʤʠʭ ʤʽʢʨʦʟʦʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, ʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʘʩʪʝʨʫ 

ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʨʝʞʠʤʘʤʠ ʧʨʦʮʝʩʫ.   

ʗʢʱʦ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫʟʜʦʚʞ ʧʝʚʥʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʦʧʠʩ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʥʫʚʘʪʠʤʝʪʴʩʷ ʚʠʭʦʜʷʯʠ ʽʟ ʥʘʩʪʫʧʥʦʛʦ (ʨʠʩ. 2.18): 

1) ʨʫʭʦʤʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʥʘʩʧʨʘʚʜʽ ʻ ʙʝʟʧʝʨʝʨʚʥʠʤ ʥʝʨʫʭʦʤʠʤ ʜʞʝʨʝʣʦʤ ʚ 

ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ; 2) ʥʘʩʪʫʧʥʠʡ ʢʨʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʪʦʯʢʦʚʠʭ ʨʽʰʝʥʴ ʫ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ 

ʚʽʜʣʽʢʫ.  

ʇʝʨʝʤʽʱʝʥʥʷ ʜʞʝʨʝʣʘ ʣʘʟʝʨʘ ʚʟʜʦʚʞ ʦʩʽ X ʫ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʦʤʫ ʪʽʣʽ 

ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʝ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʫ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ: 

 

- ʫ ʥʝʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ: 
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ʈʠʩ. 2.18. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ ʥʘʛʨʽʚʫ ʚ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ  

 

ʊʝʧʝʨ, ʷʢʱʦ ʪʦʯʢʦʚʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ P ʽʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʝʧʣʦʧʽʜʚʝʜʝʥʥʷ 

dQ = Pdt ', ʨʫʭʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ v ʫʟʜʦʚʞ ʧʦʚʝʨʭʥʽ  ʥʘʧʽʚʩʢʽʥʯʝʥʦʛʦ ʪʽʣʘ 

ʚʽʜ ʯʘʩʫ t '= 0 ʜʦ t' = t, ʤʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʪʦʯʮʽ (x, y, z): 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜʢʦʨʷʻʪʴʩʷ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʩʘ, ʪʦʙʪʦ  

                                      (2.30) 

ʫ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʝ 

ʨʽʚʥʷʥʥʷʤ 

 

ʇʦʯʘʪʢʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʘʟʝʨʘ (x ', y', z ') ʷʢ ʫ 

ʥʝʨʫʭʦʤʽʡ, ʪʘʢ ʽ ʚ ʨʫʭʦʤʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

 

ʋ ʯʘʩʽ t ', ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʘʟʝʨʘ ʫ ʥʝʨʫʭʦʤʽʡ  

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ(x '+ vt', y ', z') 

ʽ ʚ ʨʫʭʦʤʡʡ ʩʠʩʪʝʤʽ (x ', y', z) 

 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʚ ʤʦʤʝʥʪ t ' 
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ʊʦʜʽ ʫ ʬʽʢʩʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʚʽʜʧʦʚʽʜʥʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʟ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

(2.31) 

ʆʪʞʝ, ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʪʽʣʘ ʢʨʫʛʦʚʠʤ ʜʞʝʨʝʣʦʤ 

(ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʪʷʞʮʽ ʢʘʫʩʪʠʢʠ ʫ ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ), ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʠʡ ʪʘʢʠʤ ʨʽʚʥʷʥʥʷʤ: 

Ĭ 

                       (2.32) 

ʂʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʚʽʜ 0 ʜʦ t. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩ ʥʘʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʪʚʝʨʜʦʪʽʣʴʥʠʤ ʣʘʟʝʨʦʤ, ʱʦ 

ʧʘʜʘʻ ʥʘ ʧʦʚʝʨʭʥʶ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ ʽ ʩʪʚʦʨʶʻ ʣʦʢʘʣʴʥʠʡ ʥʘʛʨʽʚ ʟʦʥʠ 

ʦʧʨʦʤʽʥʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ, ʷʢʘ ʙʫʜʝ ʧʦʛʣʠʥʝʥʘ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ [71]: 

() ( ),exp
22 /

0

rxqxq
-

=                                      (2.33)  

ʜʝ 0q  ï ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʮʝʥʪʨʽ ʧʣʷʤʠ 

ʬʦʢʫʩʫʚʘʥʥʷ; r ï ʨʘʜʽʫʩ ʧʨʦʤʝʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɻʘʫʩʘ. 

ʈʦʟʧʦʜʽʣ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʛʣʠʥʘʥʥʷ ʨʘʜʽʫʩʦʤ r, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʨʦʰʠʚʘʥʥʽ ʦʪʚʦʨʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ:  
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ʜʝ qmax ï ʤʘʢʩʠʤʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʮʝʥʪʨʽ ʧʣʷʤʠ; ʭ ï ʨʘʜʽʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ; 

() () max/P t q t q= ,  

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʙʝʟʤʝʞʥʦʛʦ ʪʽʣʘ ʚ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʭ, y, 

z), ʟʘ ʫʤʦʚʠ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ v, 

ʪʘ ʟʘ ʫʤʦʚʠ ʥʝʭʪʫʚʘʥʥʷ ʚʪʨʘʪʘʤʠ ʪʝʧʣʘ ʟ ʧʦʚʝʨʭʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

( )( ) ( )
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ʜʝ ;/16 0PATKrT p= ;2/ aruu= ;
r

x
x =¡  ;

r

y
y =¡  ;

r

z
z =¡  ;

r

c
c =¡  

;
r

b
b =¡  ;2 cbr =  ɸ0 ï ʚʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ; ʈ ï ʧʦʪʫʞʥʽʩʪʴ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; b, c ï ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ 

ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʟʘ ʟʘʢʦʥʦʤ ɻʘʫʩʘ). 

ʇʨʦʮʝʩ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʦʙôʻʤʽ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ, ʷʢʫ ʦʙʤʝʞʝʥʦ 

ʦʙʣʘʩʪʶ ɋ, ʟ ʧʦʚʝʨʭʥʝʶ Öɋ, ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ: 

- ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʠ: 

T = T(P,t), 

- ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʧʦʪʦʢʫ ʪʝʧʣʘ: 

q = q(P,t),  P ={(x,y, z)}Íɋ, 

- ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʟ ʧʠʪʦʤʦʶ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ: 

ʝ = ʝ(ʊ). 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʧʨʠ t > 0  
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,     (2.35) 

ʜʝ n ï ʥʦʨʤʘʣʴ ʜʦ ʧʦʚʝʨʭʥʽ; qr ï ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ; a ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ; ɻ1 ï ʧʦʚʝʨʭʥʷ, ʱʦ ʦʧʨʦʤʽʥʶʻʪʴʩʷ , ɻ2 ï ʧʦʚʝʨʭʥʷ ʦʩʴʦʚʦʾ 

ʩʠʤʝʪʨʽʾ, ɻ3 ï ʧʦʚʝʨʭʥʽ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ɻ4 ï 

ʛʨʘʥʠʮʷ ʢʦʥʪʘʢʪʫ ʟʚôʷʟʥʠʢʘ ʽ ʤʘʪʨʠʮʽ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʜʣʷ ʨʦʟʚôʷʟʢʫ ʪʝʧʣʦʚʠʭ ʟʘʜʘʯ ʬʦʨʤʫʚʘʥʥʷ 

ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.19.  

ʇʨʠ ʛʨʘʥʠʯʥʦʤʫ ʨʝʞʠʤʽ ʨʦʟʧʣʘʚʫ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʨʦʟʤʽʨ 

ʧʦʨʦʞʥʠʥʠ [78], ʱʦ ʫʪʚʦʨʠʣʘʩʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘʛʦʪʦʚʢʠ.  

ʇʨʠ ʮʴʦʤʫ ʚʟʷʪʦ ʜʦ ʫʚʘʛʠ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʟ ʥʘʛʨʽʚʘʥʥʷʤ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʜʝʷʢʝ ʧʝʨʝʥʝʩʝʥʥʷ ʝʥʝʨʛʽʾ ʚʛʣʠʙ ʟʘʛʦʪʦʚʢʠ, ʷʢʝ ʦʙʫʤʦʚʣʝʥʦ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʾʾ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʷʚʠʱʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʬʽʟʠʢʦï

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚ ʜʝʷʢʦʤʫ ʦʙôʻʤʽ. 
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ʘ) 

 

    ʙ) 

 

 ʚ) 

 

ʈʠʩ. 2.19. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʥʘʛʨʽʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʦʥʴ ʪʠʧʦʚʠʭ 

ʚʠʨʦʙʽʚ: ʘ) ʘʣʤʘʟʥʦʾ ʩʪʨʫʥʠ; ʙ) ʢʽʣʴʮʝʚʦʛʦ ʩʚʝʨʜʣʘ; ʚ) ʪʦʨʮʷ ʢʨʫʛʫ 
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ɿʘʚʜʘʥʥʷ ʨʫʭʫ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ ʬʘʟ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʪʝʧʣʦ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ, ʥʘ ʦʩʥʦʚʽ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ: 

,                                             (2.36) 

ʜʝ  D=K/(ɟc) ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ; K ï ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ; Ʌ ï ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ; ʩ ï 

ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ. 

ɹʝʟʨʦʟʤʽʨʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʤʝʞʽ ʟʤʽʥʠ ʬʘʟ ʟʘʣʝʞʥʦ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ 

ʯʘʩʫ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ T(z,t) ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʨʫʭʦʤʽʡ ʛʨʘʥʠʮʽ z=l(t) ʽ 

ʥʘ ʟʚʦʨʦʪʥʽʡ ʩʪʦʨʦʥʽ ʟʘʛʦʪʦʚʢʠ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

. 

ɼʣʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 2.18. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʝʦʨʝʪʠʯʥʽ 

ʨʦʟʤʽʨʠ ʧʣʷʤʠ ʷʢ   ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʥʦʚʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʘʣʤʘʟʽʚ 

                           (2.37) 

ɼʠʥʘʤʽʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʷʢʘ, ʦʢʨʽʤ ʷʚʠʱ ʪʝʧʣʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ, 

ʚʨʘʭʦʚʫʻ ʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ ʨʫʭʫ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ ʢʘʥʘʣʘʤʠ ʧʽʜʚʝʜʝʥʥʷ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʥʘʥʝʩʝʥʥʷ ʪʘ ʽʥ., ʧʦʪʨʝʙʫʻ 

ʚʨʘʭʫʚʘʥʥʷ ʪʦʛʦ, ʱʦ ʨʦʟʤʽʨʠ ʩʬʦʨʤʦʚʘʥʦʛʦ ʢʣʘʩʪʝʨʫ, ʷʢʠʡ ʚʦʣʦʜʽʻ 

ʩʫʢʫʧʥʽʩʪʶ ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʦʢʨʝʤʦ ʚʽʜ 

ʜʨʫʛʠʭ, ʚʠʟʥʘʯʘʻʪʴʩʷ: 1) ʧʨʦʮʝʩʘʤʠ ʥʘʛʨʽʚʘʥʥʷ, ʧʣʘʚʣʝʥʥʷ ʪʘ ʥʘʩʪʫʧʥʦʾ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʦʥʠ ʽʟ ʚʚʝʜʝʥʠʤ ʫ ʚʘʥʥʫ ʨʦʟʧʣʘʚʫ ʢʦʤʧʦʟʠʪʦʤ ʪʘ ʘʣʤʘʟʥʠʤʠ 

ʟʝʨʥʘʤʠ; 2) ʜʠʥʘʤʽʯʥʠʤʠ ʷʚʠʱʘʤʠ ʧʽʜʚʝʜʝʥʥʷ ʯʘʩʪʠʥʦʢ ʢʦʤʧʦʟʠʪʫ ʪʘ 

ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ ʩʠʩʪʝʤʦʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (ʛʘʟʦʧʦʚʽʪʨʷʥʦʶ); 3) 

ʜʠʥʘʤʽʯʥʠʤʠ ʷʚʠʱʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʥʦʚʠ ʚʠʨʦʙʫ ʧʽʜ ʥʘʩʪʫʧʥʝ ʥʘʛʨʽʚʘʥʥʷ, 

ʨʠʩ. 2.20.  
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ʉʠʩʪʝʤʘ ʧʦʜʘʯʽ ʢʦʤʧʦʟʠʪʫ ʧʨʘʮʶʻ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʢʘʥʘʣʽ 

ʧʦʜʘʯʽ ʩʫʤʽʰʽ. ɸʣʤʘʟʥʽ ʟʝʨʥʘ ʚʥʦʩʷʪʴʩʷ ʜʦʟʘʪʦʨʦʤ ʫ ʧʦʪʽʢ, ʽ ʧʨʷʤʫʶʪʴ ʜʦ 

ʪʦʯʢʠ ʨʦʟʧʣʘʚʫ. ʉʫʤʽʰ ʧʦʜʘʻʪʴʩʷ ʷʢ ʧʨʠʤʫʩʦʚʦ, ʪʘʢ ʽ ʟʘ ʨʘʭʫʥʦʢ ʝʞʝʢʮʽʾ ʧʨʠ 

ʟʤʽʰʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʛʘʟʫ ʚ ʧʝʨʝʜʩʦʧʣʦʚʽʡ ʢʘʤʝʨʽ. 

 

 

 

ʈʠʩ. 2.20. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ʧʦʚʝʨʭʥʽ ʷʢ ʥʘʩʣʽʜʢʫ ʷʚʠʱ 

ʥʘʛʨʽʚʫ, ʧʦʜʘʯʽ ʩʫʤʽʰʽ ʢʦʤʧʦʟʠʪʫ ʪʘ ʘʣʤʘʟʥʠʭ ʟʝʨʝʥ, ʦʨʽʻʥʪʘʮʽʾ ʦʩʥʦʚʠ 

ʚʽʜʥʦʩʥʦ ʜʞʝʨʝʣʘ ʥʘʛʨʽʚʫ  

 

ʈʫʭ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʫ ʟʦʚʥʽʰʥʽʭ ʩʠʣ 

ʥʘ ʜʽʣʷʥʮʽ ȹl ʚʽʜ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 ,                  (2.38) 

ʜʝ F ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ ʧʽʜʚʝʜʝʥʥʷ ʯʘʩʪʠʥʦʢ 

ʧʨʠʩʘʜʢʦʚʦʛʦ ʤʝʪʘʣʫ ʪʘ ʘʣʤʘʟʽʚ.  

ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʘʩʠ ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʜʽʣʷʥʮʽ æl 

ʩʢʣʘʜʝ 

,            (2.39) 
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ʜʝ ɟʊ, ɟɺ   ï  ɦ ʽʣʴʥʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʽ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦ; Ů 

ï ʦʙ'ʻʤʥʘ ʯʘʩʪʢʘ  ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʚ ʘʝʨʦʩʫʤʽʰʽ;  1-Ů ï ʦʙ'ʻʤʥʘ ʯʘʩʪʢʘ ʧʦʚʽʪʨʷ ʚ 

ʘʝʨʦʩʫʤʽʰʽ;  ï ʱʽʣʴʥʽʩʪʴ ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ;  uʫʜ ï 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ ʚ ʜʚʦʬʘʟʥʦʤʫ ʧʦʪʦʮʽ.  

ʅʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʄʝʥʜʻʣʻʻʚʘïʂʣʘʧʝʡʨʦʥʘ  ʚʠʪʨʘʪʘ ʘʙʨʘʟʠʚʥʠʭ 

ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʙʩʷʛʽʚ ʞʠʢʣʝʨʫ ʧʦʜʘʯʽ ʩʪʠʩʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʪʘ ʚʣʘʩʥʝ ʟʤʽʰʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ ʟʘ ʫʤʦʚʠ ʽʟʦʪʝʨʤʽʯʥʦʩʪʽ ʧʨʦʮʝʩʫ 

, ʜʝ pj ï ʪʠʩʢ ʫ ʞʠʢʣʝʨʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʪʨʘʪʫ ʧʦʚʽʪʨʷʥʦï

ʪʚʝʨʜʦʬʘʟʥʦʾ ʩʫʤʽʱʽ ʫ ʬʫʥʢʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ 

ʯʘʩʪʠʥʦʢ ʫ ʟʦʥʫ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢ: 

  ,                          (2.40) 

ʜʝ dc, dj, dk ï ʜʽʘʤʝʪʨʠ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ, ʦʪʚʦʨʫ ʞʠʢʣʝʨʫ ʪʘ 

ʟʤʽʰʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ ʚʽʜʧʦʚʽʜʥʦ; ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪʠ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ; ɟʘ, 

ɟr ï ʛʫʩʪʠʥʘ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʨʽʜʠʥʠ ʚʽʜʧʦʚʽʜʥʦ; l j, lk ï ʜʦʚʞʠʥʘ 

ʞʠʢʣʝʨʫ ʪʘ ʟʤʽʰʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ ʚʽʜʧʦʚʽʜʥʦ; ʭ ï ʤʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ 

ʬʘʟʠ, %. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʨʦʙʦʯʠʭ ʧʝʨʝʤʽʱʝʥʴ ʦʩʥʦʚʠ ʽʥʩʪʨʫʤʝʥʪʫ 

ʢʨʦʢʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ ʚʨʘʭʦʚʫʻʤʦ ʥʘʩʪʫʧʥʝ.  

ɼʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ ʧʦʜʽʙʥʘ ʜʦ ʩʭʝʤʠ, ʨʦʟʛʣʷʥʫʪʦʾ ʚ 

[86] ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʨʠʩ. 2.21. 

ʉʢʣʘʜʦʚʘ ʛʝʦʤʝʪʨʠʯʥʘ ʧʦʤʠʣʢʘ ʚʽʜʪʚʦʨʝʥʥʷ ʢʦʥʪʫʨʫ  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

   ,              (2.41) 

ʧʨʠʯʦʤʫ  ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ ʜʨʫʛʦʾ ʤʘʩʠ. 
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ʈʠʩ. 2.21. ʌʦʨʤʫʚʘʥʥʷ ʧʦʭʠʙʦʢ ʧʨʠʚʦʜʘʤʠ 

 

ʊʫʪ  dx ï ʧʦʭʠʙʢʘ ʧʨʠʚʦʜʫ ʧʦ ʢʦʦʨʜʠʥʘʪʽ ʍ; dj ï ʧʦʭʠʙʢʘ ʧʨʠʚʦʜʫ ʧʦ 

ʢʫʪʦʚʽʡ ʢʦʦʨʜʠʥʘʪʽ j22; u ï ʧʦʭʠʙʢʘ ʚʽʜ ʜʽʾ ʜʦʧʦʤʽʞʥʦʛʦ ʧʨʠʩʪʨʦʶ; dc ï 

ʜʽʘʤʝʪʨ ʧʣʷʤʠ ʨʦʟʧʣʘʚʫ; k ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʙʽʣʴʰʝʥʥʷ ʜʽʣʷʥʢʠ 

ʨʦʟʽʛʨʽʚʫ ʜʦ ʧʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ ʜʽʾ ʣʘʟʝʨʫ. 

ʇʦʭʠʙʢʠ dx ʪʘ dj, ʷʢ ʽ ʜʠʥʘʤʽʯʥʽ ʢʦʣʠʚʘʥʥʷ Dix, Diy ʙʫʜʫʪʴ ʟʤʽʥʥʠʤʠ ʚ 

ʯʘʩʽ ʪʘ ʟʘʣʝʞʘʪʠʤʫʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ, ʚʽʜ ʪʠʧʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʧʨʠʚʦʜʫ ʧʦʜʘʯʽ, ʰʚʠʜʢʦʩʪʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, ʩʠʣ ʪʝʨʪʷ ʫ 

ʥʘʧʨʘʚʣʷʶʯʠʭ, ʤʘʩʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʽʚʢʠ (ʷʢʱʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʩʘʤʝ 

ʚʦʥʘ), ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʜʦʚʽʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʨʷʤʠʭ ʘʙʦ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʚʽʜʨʽʟʢʽʚ. ʆʜʥʘʢ, ʥʘʡʙʽʣʴʰʦʶ 

ʧʦʭʠʙʢʘ ʙʫʜʝ ʫ ʨʘʟʽ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʽʟ ʦʜʥʦʯʘʩʥʦʶ ʨʦʙʦʪʦʶ ʦʙʦʭ 

ʧʨʠʚʦʜʽʚ. ɿʥʘʯʝʥʥʷ dx,dj, Dix ʪʘ Diy ʦʪʨʠʤʫʻʤʦ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʧʨʠʚʦʜʽʚ ʧʦʜʘʯ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʻʤʦ 

ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 
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ï ʨʽʚʥʦʚʘʛʘ ʧʝʨʰʦʾ ʟʦʩʝʨʝʜʞʝʥʦʾ ʤʘʩʠ   ; 

ï ʨʽʚʥʦʚʘʛʘ ʜʨʫʛʦʾ ʟʦʩʝʨʝʜʞʝʥʦʾ ʤʘʩʠ 

(2.44) 

ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʥʘ ʜʨʫʛʽʡ ʤʘʩʽ , 

ʜʝ ʄt ï ʤʦʤʝʥʪ ʪʝʨʪʷ ʫ ʦʧʦʨʘʭ ʧʦʚʟʜʦʚʞʥʴʦʾ  ʢʽʥʝʤʘʪʠʯʥʦʾ ʣʘʥʢʠ, ʱʦ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʙʫʜʝ ʷʚʣʷʪʠ ʩʦʙʦʶ ʥʝʣʽʥʽʡʥʽʩʪʴ M sign Mt t= w2 . 

ʇʦʩʪʫʧʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʪʦʣʫ v ʧʦʚôʷʟʘʥʘ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʦʙʝʨʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʭʦʜʦʚʦʛʦ ʛʚʠʥʪʘ w ʪʘʢ:v
t

z =w
p

2
2
. ʈʽʚʥʦʚʘʛʘ ʧʦʟʜʦʚʞʥʴʦ 

ʨʫʭʦʤʦʛʦ ʩʪʦʣʘ ʚʠʟʥʘʯʠʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 ,               (2.45) 

ʜʝ mp ï ʤʘʩʘ ʩʪʦʣʫ; Ftz ï ʥʝʣʽʥʽʡʥʘ ʩʠʣʘ ʪʝʨʪʷ ʚ ʥʘʧʨʘʚʣʷʶʯʠʭ 

ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ; xp, vp ï ʢʦʦʨʜʠʥʘʪʘ ʽ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʩʪʦʣʫ; xz, vz ï 

ʢʦʦʨʜʠʥʘʪʘ ʽ ʰʚʠʜʢʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʭʦʜʦʚʦʛʦ ʛʚʠʥʪʘ.  

ɼʨʫʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʤʘʩʘ ʟʜʽʡʩʥʶʻ ʦʙʝʨʪʦʚʠʡ ʨʫʭ. ʆʪʞʝ   ; 

ʨʽʚʥʦʚʘʛʘ ʜʨʫʛʦʾ ʟʦʩʝʨʝʜʞʝʥʦʾ ʤʘʩʠ 

(2.46) 

,   

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʤʝʥʪʽʚ ʜʽʶʯʠʭ ʥʘ ʨʦʪʦʨ: 

                                   (2.47) 

ʜʝ J J JS S S= +  ï ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʘʣʫ ʨʦʪʦʨʘ; ʨ ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʽʚ; 
d

dt

q
w=  ï ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ; c ʥ ʪ ʧM M M M= + +  ï ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʜʚʠʛʫʥʘ; ʥM  ï 

ʤʦʤʝʥʪ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪ
d

M D
dt

q
= Ö  ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ (ʜʝ 

D ï ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʛʦ ʪʝʨʪʷ), ʧM  ï ʤʦʤʝʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʫ ʙʫʜʝ ʥʘʩʪʫʧʥʦʶ (ʨʠʩ. 2.22). 

ʄʘʻʤʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ  ʩʪʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʜʠʥʘʤʽʯʥʘ ʟʘʜʘʯʘ ʚʨʘʭʦʚʫʻ  

ʧʦʭʠʙʢʠ, ʧʦʚôʷʟʘʥʽ ʽʟ  ʨʫʭʦʤ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʯʠ ʟʘʛʦʪʦʚʢʠ,  ʦʪʞʝ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ (2.37)  ʨʦʟʤʽʨ ʢʣʘʩʪʝʨʫ (ʘʙʦ ʡʦʛʦ ʝʣʝʤʝʥʪʫ) ʩʪʘʥʦʚʠʪ ɹ

 .                                         (2.48) 

ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʯʽʢʫʚʘʥʠʡ ʨʦʟʤʽʨ  

ʝʣʝʤʝʥʪʽʚ ʢʣʘʩʪʝʨʫ (ʨʠʩ.2.13), l1él i, Tk1éTkj , ʪʘ ʙʽʣʴʰ ʪʦʯʥʦ ʦʙʠʨʘʪʠ 

ʤʘʪʝʨʽʘʣʴʥʽ ʥʦʩʽʾ ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ 

ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ ʃʊɼʉ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʪʝʧʣʦʚʽ 

ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ ʫ ʟʦʥʽ ʦʙʨʦʙʢʠ, ʘ ʽ ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʫ. 

 

2.6. ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ʈʦʟʛʣʷʥʫʪʦ  ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʥʝʞʦʨʩʪʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ 

ʧʦʨʦʞʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʘʣʤʘʟʥʦï

ʘʙʨʘʟʠʚʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʛʥʫʯʢʽ (ʽʥʩʪʨʫʤʝʥʪʠ ʽʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ) ï ʪʠʧʫ ʧʠʣʴʥʠʭ ʩʪʨʫʥ ʘʙʦ ʧʦʣʦʪʝʥ; ʧʨʫʞʥʽ 

(ʪʠʧʫ ʧʠʣʴʥʠʭ ʧʦʛʨʫʞʥʠʭ ʧʦʣʦʪʝʥ ʨʝʥʦʚʘʪʦʨʫ), ʫ ʪʦʤʫ ʯʠʩʣʽ, ʢʨʫʛʠ,  ʩʚʝʨʜʣʘ 

ʤʘʣʠʭ ʜʽʘʤʝʪʨʽʚ, ʪʘ ʞʦʨʩʪʢʽ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʛʥʫʯʢʠʭ ʪʘ ʧʨʫʞʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʮʽʣʴʥʝ 

ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʷʢ ʥʘʩʣʽʜʢʫ ʚʟʘʻʤʦʜʽʾ ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʽʟ 

ʧʦʨʦʞʥʠʩʪʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʠʧʫ ʂɯʄʌ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʙʩʷʛʠ ʚʠʣʫʯʝʥʥʷ ʰʣʘʤʫ ʪʘ ʦʧʠʩʘʪʠ 

ʧʨʦʮʝʩ ʟʘʪʫʭʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʽʟʘʥʥʷ. ɿʘʟʥʘʯʝʥʘ ʚʟʘʻʤʦʜʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʤʽʥʥʽʩʪʶ ʧʦ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʟʘ ʯʘʩʦʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʢʣʘʩʪʝʨʽʚ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦïʚʘʨʪʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʚʠʨʦʙʽʚ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʥʦʩʽʾ 

ʬʫʥʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʰʘʨʫ.  

ɺʠʩʫʥʫʪʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʯʽʪʢʦ ʘʜʘʧʪʫʚʘʪʠ ʚʽʜʤʽʥʥʽ ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ 

(ʦʢʨʝʤʠʤʠ ʜʽʣʷʥʢʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ) ʜʦ ʫʤʦʚ ʚʟʘʻʤʦʜʽʾ. ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʘ 

ʪʘʢʘ ʘʜʘʧʪʘʮʽʷ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʜʦʜʘʪʢʦʚʠʤʠ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ ï 

ʛʥʫʯʢʠʤʠ ʥʝʞʦʨʩʪʢʠʤʠ ʦʧʨʘʚʢʘʤʠ, ʟʜʘʪʥʠʤʠ ʫʧʨʦʜʦʚʞ ʧʨʦʮʝʩʫ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʚʘʪʠ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʟʝʨʝʥ ʽʟ ʤʘʪʝʨʽʘʣʦʤ. 

ʇʦʜʽʙʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʽ ʦʩʦʙʣʠʚʽʩʪʴ 

ʙʫʜʦʚʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʢʦʤʧʦʟʠʪʫ, ʡʦʛʦ ʘʥʽʟʦʪʨʦʧʽʶ ʪʘ ʩʪʨʫʢʪʫʨʫ (ʫ ʪʦʤʫ 

ʯʠʩʣʽ, ʧʦʨʦʞʥʠʩʪʽʩʪʴ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʫʤʦʚʠ ʜʝʬʦʨʤʘʮʽʡ 

ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʚʦʣʦʢʦʥ ʘʨʤʫʚʘʣʴʥʠʢʘ ʪʘ ʽʥ.). ʊʦʞ ʢʣʘʩʪʝʨʽʟʘʮʽʷ ʧʦʩʪʘʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʜʘʧʪʘʮʽʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ 

ʜʦ ʫʤʦʚ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʅʘʚʝʜʝʥʦ ʛʨʘʬʠ ʦʙʫʤʦʚʣʝʥʦʩʪʽ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʫ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʥʦʩʽʷʤʠ ï ʟʘʩʦʙʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʟʘʩʦʙʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʣʘʟʝʨʥʦï

ʜʝʬʦʨʤʘʮʽʡʥʠʡ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 

ʧʝʚʥʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʚʝʨʭʥʽ ʘʙʦ ʾʭ ʢʣʘʩʪʝʨʽʚ.  

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 

ʃʊɼʉ ʘʣʤʘʟʥʦʛʦ ʰʘʨʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʥʝ ʪʽʣʴʢʠ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ ʫ ʟʦʥʽ 

ʦʙʨʦʙʢʠ, ʘ ʽ ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʢʣʘʩʪʝʨʫ, ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʥʘ 

ʦʧʨʘʚʢʘʭ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʣʘʩʪʝʨʫ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ ʪʘ ʜʠʥʘʤʽʯʥʽʡ ʧʦʩʪʘʥʦʚʢʘʭ. 
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ʈʆɿɼɯʃ 3 

ɺʀʂʆʈʀʉʊʆɺʋɺɸʅɽ ʆɹʃɸɼʅɸʅʅʗ, ɿɸʉʆɹʀ ʌʆʈʄʋɺɸʅʅʗ 

ɸʃʄɸɿʅʆɻʆ ʐɸʈʋ ʅɸ ʆʉʅʆɺɯ ʌʋʅʂʎɯʆʅɸʃʔʅʆɻʆ ʇɯɼʍʆɼʋ ʊɸ 

ʇʆʈʗɼʆʂ ʇʈʆɺɽɼɽʅʅʗ ɼʆʉʃɯɼɾɽʅʔ 

 

3.1. ɺʠʤʦʛʠ ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʦʩʥʘʱʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʧʨʦʮʝʩʠ ʣʘʟʝʨʥʦʛʦ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʦʥʴ  

 

ʇʨʦʮʝʩ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʻ ʩʢʣʘʜʥʠʤ ʪʘ 

ʝʪʘʧʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʜʘʯʽ ʫ ʚʘʥʥʫ ʨʦʟʧʣʘʚʫ, 

ʩʬʦʨʤʦʚʘʥʫ ʧʫʯʢʦʤ ʣʘʟʝʨʫ,  ʯʘʩʪʠʥʦʢ ʘʙʨʘʟʠʚʫ, ʟ ʥʘʩʪʫʧʥʠʤ ʫʱʽʣʴʥʝʥʥʷʤ 

ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʪʠʩʢʘʥʥʷʤ. ɼʦʜʘʪʢʦʚʦ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʧʦʜʘʻʪʴʩʷ ʧʨʠʩʘʜʢʦʚʠʡ 

ʤʘʪʝʨʽʘʣ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ, ʷʢʠʡ ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ ʽ ʫʪʚʦʨʶʻ ʧʦʚʝʨʭʥʝʚʠʡ 

ʚʘʣʠʢ [88], [89]. 

ʊʘʢʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʟ 

ʧʦʨʦʰʢʦʚʦʶ ʩʫʤʽʰʰʶ ʟʚôʷʟʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʘʣʤʘʟʽʚ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʫʤʦʚʘʭ ʦʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʫʪʚʦʨʝʥʠʡ ʚʘʣʠʢ (ʨʠʩ.3.1), ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ (ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʥʘ ʤʽʮʥʽʩʪʴ ʘʣʤʘʟʽʚ, ʤʽʮʥʝ 

ʫʪʨʠʤʘʥʥʷ ʘʣʤʘʟʽʚ ʟʚôʷʟʢʦʶ). ɻʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘʢʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʜʽʣʷʥʢʠ ʻ ʢʦʨʦʪʢʦʯʘʩʥʝ (0,3 ï 0,4ʩ) ʽ ʨʽʚʥʦʤʽʨʥʝ 

ʥʘʛʨʽʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʩʫʤʽʰ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ. ʂʝʨʫʚʘʥʥʷʤ ʧʨʦʮʝʩʘʤʠ ʥʘʛʨʽʚʘʥʥʷ, ʧʦʜʘʯʽ ʧʨʠʩʘʜʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʘʣʤʘʟʽʚ ʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʚʘʣʠʢʫ, ʡʦʛʦ 

ʨʽʟʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʚʘʣʠʢʫ ʧʦʜʘʥʘ ʥʘ 

ʨʠʩ. 3.2. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [88] ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʽʞʫʯʠʡ ʯʘʩʪʠʥʽ ʨʝʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʡʦʤʫ 

ʪʨʝʙʘ ʥʘʜʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ. ʂʨʽʤ ʪʦʛʦ, ʢʦʤʧʦʟʠʪ ʧʦʚʠʥʝʥ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʤʘʟʽʚ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ ʚ ʥʴʦʤʫ ʪʦʱʦ. 
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ʈʠʩ. 3.1. ʍʘʨʘʢʪʝʨʥʽ ʚʘʣʠʢʠ ʘʣʤʘʟʚʤʽʱʫʶʯʦʛʦ ʢʦʤʧʦʟʠʪʫ, ʦʜʝʨʞʘʥʽ 

ʣʘʟʝʨʥʠʤ ʩʧʽʢʘʥʥʷʤ (ʟʘ [88]) 

 

 

ʈʠʩ. 3.2. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʽʟ ʘʣʤʘʟʥʠʤ ʰʘʨʦʤ, 

ʩʪʚʦʨʝʥʠʤ ʣʘʟʝʨʥʠʤ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʠʤ ʩʧʽʢʘʥʥʷʤ  
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʦʤʧʦʟʠʪ ʤʘʚ ʚʠʟʥʘʯʝʥʫ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ, ʪʨʝʙʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʤʝʪʘʣʝʚʫ ʤʘʪʨʠʮʶ, ʚ ʷʢʽʡ ʙʫʜʝ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʴ 

ʨʦʟʧʣʘʚʣʝʥʘ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʩʫʤʽʰ ʽ ʦʧʣʘʚʣʝʥʠʡ ʢʨʘʡ ʢʦʨʧʫʩʫ 

ʽʥʩʪʨʫʤʝʥʪʘ, ʜʦ ʷʢʦʛʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʨʽʞʫʯʘ ʯʘʩʪʠʥʘ. ʆʩʢʽʣʴʢʠ ʤʘʪʨʠʮʷ ʥʝ 

ʙʫʜʝ ʤʘʪʠ ʬʦʨʤʫʶʯʦʾ ʧʦʚʝʨʭʥʽ ʟ ʙʦʢʫ ʜʽʾ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ, ʮʶ ʦʧʝʨʘʮʽʶ 

ʚʠʢʦʥʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʱʝ ʛʘʨʷʯʦʛʦ ʢʦʤʧʦʟʠʪʫ, 

ʥʘʧʨʠʢʣʘʜ, ʦʙʢʘʪʢʦʶ ʨʦʣʠʢʦʤ. ʎʝ ʜʦʟʚʦʣʠʪʴ, ʢʨʽʤ ʥʘʜʘʥʥʷ ʰʘʨʫ ʢʦʤʧʦʟʠʪʘ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ, ʜʦʜʘʪʢʦʚʦ ʚʠʨʽʰʠʪʠ ʱʝ ʨʷʜ ʧʠʪʘʥʴ: ʫʱʽʣʴʥʠʪʠ ʽ 

ʟʤʽʮʥʠʪʠ ʢʦʤʧʦʟʠʪ, ʦʜʝʨʞʘʪʠ ʥʝʦʙʭʽʜʥʫ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʧʽʜʛʦʪʫʚʘʪʠ 

ʧʦʚʝʨʭʥʶ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʰʘʨʫ. ʌʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 

ʽʥʩʪʨʫʤʝʥʪʫ ʰʣʷʭʦʤ ʧʦʰʘʨʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʧʨʷʤʢʘʤʠ ʥʘʨʦʱʫʚʘʥʥʷ ï 

ʨʘʜʽʘʣʴʥʠʤ ʽ ʦʩʴʦʚʠʤ (ʨʠʩ. 3.3).  

ʗʢ ʚʠʜʥʦ ʽʟ ʥʘʚʝʜʝʥʠʭ ʩʭʝʤ, ʧʨʠ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘʨʦʱʫʚʘʥʥʷ 

ʜʽʘʤʝʪʨ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʶ ʚ ʧʣʦʱʠʥʽ ʬʦʢʫʩʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ 

ʰʠʨʠʥʽ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʫ. ɿʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨ ʧʣʷʤʠ ʬʦʢʫʩʫʚʘʥʥʷ 

ʤʦʞʥʘ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʜʝʬʦʢʫʩʫʚʘʥʥʷ ʧʨʦʤʝʥʶ (ʨʠʩ.3.4,ʘ), ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʻ ʥʝ ʜʦʧʫʩʪʠʤʠʤ.  

ɿʙʽʣʴʰʠʪʠ ʰʠʨʠʥʫ ʟʦʥʠ ʥʘʛʨʽʚʘʥʥʷ, ʱʦ ʚʘʞʣʠʚʦ ʟ ʧʦʛʣʷʜʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʧʦʩʦʙʫ ʽ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʚʰʠ ʜʣʷ ʦʙʨʦʙʢʠ ʩʢʘʥʫʶʯʠʡ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ (ʨʠʩ.3.4,ʙ). 

ʊʘʢʠʡ ʧʨʦʤʽʥʴ, ʤʘʶʯʠ ʥʘʚʽʪʴ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʫʯʢʫ, 

ʢʦʣʠʚʘʶʯʠʩʴ ʟ ʚʠʟʥʘʯʝʥʦʶ ʯʘʩʪʦʪʦʶ ʽ ʘʤʧʣʽʪʫʜʦʶ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʬʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʡ ʦʜʥʦʨʽʜʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ. 
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ʈʠʩ. 3.3. ʉʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʫ ʰʣʷʭʦʤ 

ʧʦʰʘʨʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʫ 

 

 

                                           ʘ)                                         ʙ) 

ʈʠʩ. 3.4. ʉʭʝʤʠ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʦʟʬʦʢʫʩʦʚʘʥʠʤ (ʘ) ʪʘ ʩʢʘʥʫʶʯʠʤ  (ʙ) ʧʨʦʤʝʥʝʤ 
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ʎʽ ʩʧʦʩʦʙʠ ʤʘʶʪʴ ʷʢ ʩʧʽʣʴʥʽ ʨʠʩʠ, ʪʘʢ ʽ ʧʨʠʥʮʠʧʦʚʽ ʨʦʟʙʽʞʥʦʩʪʽ. 

ʂʦʞʝʥ ʟ ʥʠʭ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʦʛʦ ʢʦʣʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʟʘʜʘʯ. ɺʦʥʠ ʥʝ ʚʠʢʣʶʯʘʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʘ ʚʟʘʻʤʥʦ ʜʦʧʦʚʥʶʶʪʴ, ʯʠʤ 

ʨʦʟʰʠʨʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʝʪʦʜʫ. ʅʘ ʨʠʩ.3.4 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʘʣʤʘʟʦʚʤʽʱʫʶʯʦʛʦ 

ʢʦʤʧʦʟʠʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʘʥʫʶʯʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʮʽʻʶ ʩʭʝʤʦʶ ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ, ʱʦ ʩʢʘʥʫʻ ʫ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʘʣʤʘʟʚʤʽʱʫʶʯʦʛʦ 

ʰʘʨʫ, ʨʦʟʧʣʘʚʣʶʻ  ʢʨʦʤʢʫ ʢʦʨʧʫʩʫ ʢʨʫʛʘ ʽ ʤʝʪʘʣʝʚʫ ʟʚôʷʟʢʫ. ɿʚôʷʟʢʘ ʧʨʠ 

ʮʴʦʤʫ ʙʝʟʧʝʨʝʨʚʥʦ ʨʘʟʦʤ  ʟ ʘʣʤʘʟʘʤʠ ʧʦʜʘʻʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʫ ʧʦʣʫ ʧʨʝʩï

ʬʦʨʤʫ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. 

ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʩʢʘʥʫʚʘʥʥʷ ʣʘʟʝʨʥʦʾ ʧʣʷʤʠ ʟʘʙʝʟʧʝʯʫʻ 

ʢʚʘʟʽʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʝʦʙʭʽʜʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʣʷ 

ʨʦʟʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʫ. ɿʘʢʨʠʩʪʘʣʽʟʦʚʘʥʘ, ʘʣʝ ʱʝ ʧʣʘʩʪʠʯʥʘ ʟʚôʷʟʢʘ ʨʘʟʦʤ ʟ 

ʘʣʤʘʟʘʤʠ ʧʦ ʤʽʨʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʝʩïʬʦʨʤʠ ʫʱʽʣʴʥʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ 

ʜʝʬʦʨʤʫʶʯʠʤ ʨʦʣʠʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ ʽ 

ʧʨʦʬʽʣʴ ʘʣʤʘʟʚʤʽʱʫʶʯʦʛʦ ʰʘʨʫ ʥʘ ʢʦʨʧʫʩʽ ʽʥʩʪʨʫʤʝʥʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʽ ʽʥʰʽ ʚʘʨʽʘʥʪʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʩʧʽʢʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʟʬʦʨʤʦʚʘʥʥʦʛʦ ʥʘ ʢʦʨʧʫʩʽ ʽʥʩʪʨʫʤʝʥʪʫ 

ʘʣʤʘʟʚʤʽʱʫʶʯʦʛʦ ʨʦʙʦʯʦʛʦ ʰʘʨʫ.  

ʅʘ ʨʠʩ.3.5. ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʦʰʘʨʦʚʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʘʣʤʘʟʦʚʤʽʱʫʶʯʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚ 

ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɼʣʷ  ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʧʨʠʚʝʜʝʥʽ ʩʧʦʩʦʙʠ 

ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʘʣʤʘʟʦʚʤʽʱʫʶʯʠʭ ʢʦʤʧʦʟʠʪʽʚ, 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʢʦʤʧʦʟʠʪʽ, ʫ ʢʦʨʧʫʩʽ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘ ʬʦʨʤʫʶʯʠʭ ʧʦʚʝʨʭʥʷʭ ʤʘʪʨʠʮʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʜʝʬʦʨʤʫʶʯʦʛʦ ʟʫʩʠʣʣʷ ʪʘ ʢʦʦʨʜʠʥʘʪ ʟʦʥʠ  ʡʦʛʦ ʧʨʠʢʣʘʜʘʥʥʷ ʟʘʟʚʠʯʘʡ 

ʚʠʨʽʰʫʶʪʴ ʪʝʧʣʦʚʫ ʟʘʜʘʯʫ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʪʨʴʦʭïʢʦʤʧʦʥʝʥʪʥʦʾ 

ʩʠʩʪʝʤʠ çʤʘʪʨʠʮʷ ï ʢʦʨʧʫʩ ï ʢʦʤʧʦʟʠʪè.  
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ʈʠʩ. 3.5. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʦʩʴʦʚʦʛʦ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ 

ʘʣʤʘʟʚʤʽʱʫʶʯʦʛʦ ʢʦʤʧʦʟʠʪʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʘʥʫʶʯʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʷ (ʟʘ [90]) 

 

ʎʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʷʢ ʥʘ ʝʪʘʧʽ ʣʘʟʝʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ, 

ʪʘʢ ʽ ʥʘ ʝʪʘʧʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʨʘʚʠʣʴʥʦ ʚʠʙʠʨʘʪʠ ʤʘʪʝʨʽʘʣ 

ʤʘʪʨʠʮʽ, ʦʮʽʥʶʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʤʫʩʦʚʦʛʦ ʾʾ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʚʠʟʥʘʯʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠʢʣʘʜʘʥʥʷ ʜʝʬʦʨʤʫʶʯʦʛʦ ʟʫʩʠʣʣʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʟʘʛʦʪʦʚʮʽ ʥʘʜʘʚʘʪʠ 

ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʚʽʩʽ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʯʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʦʜʥʦʯʘʩʥʦ ʟʜʽʡʩʥʶʶʯʠ ʧʦʩʪʫʧʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʨʫʭʽʚ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ 

ʧʨʠʚʦʜʽʚ ï ʦʙʝʨʪʘʣʴʥʦʛʦ ʪʘ ʨʘʜʽʘʣʴʥʦʛʦ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʦʙôʻʜʥʘʥʽ ʫ ʻʜʠʥʫ 

ʩʠʩʪʝʤʫ ʽ ʢʝʨʫʚʘʪʠʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 
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3.2. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʧʽʢʘʥʥʷ ʢʣʘʩʪʝʨʽʚ ʧʦʚʝʨʭʥʽ 

ʪʘ ʜʦʧʦʤʽʞʥʽ ʧʨʠʩʪʨʦʾ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʧʨʦʮʝʩʫ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʧʽʢʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʣʘʟʝʨʥʦïʩʪʨʫʤʠʥʥʠʡ ʢʦʤʧʣʝʢʩ  

ʃʉʂ 400ï5 (ʨʠʩ. 3.6), ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʧʦʤʽʞʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʤʦʜʫʣʶ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ  ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʫ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ. 

ɿʘʟʥʘʯʝʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʤʘʻ ʜʚʘ ʦʢʨʝʤʠʭ ʤʦʜʫʣʷ ï ʤʦʜʫʣʴ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʝʭʘʥʽʟʤʫ ʽʟ ʜʚʦʤʘ ʢʨʫʛʣʠʤʠ ʥʘʧʨʷʤʥʠʤʠ ʪʘ 

ʢʫʣʴʢʦʚʦïʛʚʠʥʪʦʚʦʶ ʧʝʨʝʜʘʯʝʶ, ʧʨʠʚʦʜ ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʚʠʣʝʚʦʛʦ ʤʦʪʦʨïʨʝʜʫʢʪʦʨʘ, ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʫ ʽʟ 

ʤʝʭʘʥʽʟʤʦʤ ʚʠʙʦʨʫ ʟʘʟʦʨʽʚ ʪʘ ʯʝʨʚôʷʯʥʦʛʦ ʧʨʠʚʦʜʫ. 

ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʣʘʟʝʨʥʦïʩʪʨʫʤʠʥʥʠʡ ʢʦʤʧʣʝʢʩ ʃʉʂï400ï5 ʦʩʥʘʱʝʥʠʡ 

ʪʚʝʨʜʦʪʽʣʴʥʠʤ Nd:YaG ʣʘʟʝʨʦʤ ʧʦʪʫʞʥʽʩʪʶ 0,5 ʢɺʪ, ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 1069 

ʥʤ, ʟ ʯʘʩʪʦʪʦʶ ʩʣʽʜʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ 50-750 ɻʮ (ʨʠʩ. 3.6). 

ʃʘʟʝʨ ʤʘʻ ʬʦʢʫʩʫʶʯʠ ʩʠʩʪʝʤʫ ʪʘ ʩʠʩʪʝʤʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʨʦʤʝʥʷ ʫ 

ʚʠʛʣʷʜʽ çʣʝʪʶʯʦʾ ʦʧʪʠʢʠè, ʽʟ ʟʘʩʦʙʘʤʠ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʦʤʝʥʷ, ʘ ʪʘʢʦʞ ʨʷʜʫ 

ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʫʤʠʥʥʦï

ʣʘʟʝʨʥʦʾ, ʢʨʽʦʛʝʥʥʦʾ ʪʘ ʛʽʜʨʦʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʨʦʙʦʯʠʡ ʩʪʽʣ 

ʢʦʤʧʣʝʢʩʫ ʃʉʂï400ï5 ʚʠʢʦʥʘʥʠʡ ʥʝʨʫʭʦʤʠʤ; ʧʝʨʝʤʽʱʝʥʥʷ ʟʜʽʡʩʥʶʻ 

ʩʪʨʫʤʠʥʥʘ ʛʦʣʦʚʢʘ, ʷʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʨʘʚʝʨʩʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʢʦʦʨʜʠʥʘʪʽ Z, ʱʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʠ ʍ ʧʦ 

ʥʘʧʨʷʤʥʠʤ ʩʪʦʣʫ. ʇʝʨʝʤʽʱʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʚʦʤʘ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʤʠ 

ʧʨʠʚʦʜʘʤʠ ʧʦʜʘʯ, ʧʦ ʦʜʥʦʤʫ ʥʘ ʢʦʞʥʽʡ ʙʘʣʮʽ, ʟ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʟʘ ʢʫʪʦʤ 

ʧʦʚʦʨʦʪʫ ʚʘʣʽʚ ʧʨʠʚʦʜʥʠʭ ʜʚʠʛʫʥʽʚ. ʉʘʤʘ ʛʦʣʦʚʢʘ ʥʘ ʜʦʜʘʪʢʦʚʽʡ ʢʘʨʝʪʮʽ 

ʧʨʷʤʫʻ ʥʘʧʨʷʤʥʠʤʠ ʪʨʘʚʝʨʩʠ ʟʘ ʢʦʦʨʜʠʥʘʪʦʶ Y.  
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1 ï ʥʝʩʫʯʘ ʩʠʩʪʝʤʘ; 2, 3 ï ʙʘʣʢʠ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ (Y-

ʢʦʦʨʜʠʥʘʪʠ); 4 ï ʙʘʣʢʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ (ʍ-

ʢʦʦʨʜʠʥʘʪʠ); 5 ï ʙʘʣʢʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ (Z-

ʢʦʦʨʜʠʥʘʪʠ); 6 ï ʚʦʜʦʧʨʠʡʤʘʯ; 

7 ï ʩʠʩʪʝʤʘ çʣʝʪʶʯʦʾ ʦʧʪʠʢʠè 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʣʘʟʝʨʫ; 8 ï 

ʢʘʨʝʪʢʘ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʫ; 9, 

10, 11 ï ʢʦʞʫʭʠ ʧʨʠʚʦʜʽʚ; 12 ï 

ʚʠʧʨʦʤʽʥʶʚʘʯ ʣʘʟʝʨʫ; 13, 14, 

16 ï ʚʫʟʣʠ ʧʦʚʦʨʦʪʫ ʧʨʦʤʝʥʷ; 

15 ï ʦʙʝʨʪʦʚʘ ʛʦʣʦʚʢʘ (ʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʦʙʝʨʪʦʚʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ɺ ʪʘ ʉ) 

 

ʈʠʩ. 3.6. ɺʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ ʣʽʥʽʡʥʦʛʦ ʪʘ ʧʦʚʦʨʦʪʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʨʦʙʦʯʦʤʫ ʩʪʦʣʽ ʢʦʤʧʣʝʢʩʫ ʃʉʂ 400ï5 
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ɼʦʜʘʪʢʦʚʦ ʥʘ ʚʠʭʽʜʥʽʡ ʣʘʥʮʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʘ 

ʦʙʝʨʪʦʚʠʭ ʧʨʠʚʦʜʘ ï ʜʦʚʢʦʣʘ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʩ ʪʘ ʦʩʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʘ. ʇʨʠʚʦʜʠ ʧʦʜʘʯ ï ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ, ʦʩʥʘʱʝʥʽ 

ʢʫʣʴʢʦʚʦïʛʚʠʥʪʦʚʦʶ ʧʝʨʝʜʘʯʝʶ, ʽʟ ʢʨʦʢʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ ʪʠʧʫ ʐɼï5ʄ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʥʘʧʨʷʤʥʽ ʨʦʟʚʘʥʪʘʞʫʶʪʴʩʷ ʩʪʠʩʥʝʥʠʤ 

ʧʦʚʽʪʨʷʤ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʫ ʚʽʜʧʦʚʽʜʘʻ ʬʦʨʤʫʣʽ ɿʭʫOXYZʘʩPz [91]. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ  ʫ ʪʘʙʣ. 3.1. 

ʊʘʙʣʠʮʷ 3.1 ï ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʃʉʂï400-5 

ˉ ʟ/ʧ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʦʟʤ. ʇʘʨʘʤʝʪʨ 

1 ʇʦʪʫʞʥʽʩʪʴ ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʢɺʪ 40 

2 ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʄʇʘ 380 

3 ʈʦʟʤ. ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ ʤʤ 1500Ĭ2000 

4 ʊʦʯʥʽʩʪʴ ʚʽʜʧʨ. ʧʝʨʝʤʽʱʝʥʴ ʤʤ °0,05 

5 ʌʨʘʢʮʽʡʥʽʩʪʴ ʘʙʨʘʟʠʚʫ ʤʤ 0,05é0,22 

6 ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ ʩʤ3/ʭʚ 45 

7 
ɼʽʘʤʝʪʨʠ ʩʦʧʣʘ dc ʪʘ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ 
ʪʨʫʙʢʠ Dk 

ʤʤ 
dc = 0,1é0,65 

Dk = 0,8é1,35 

8 ʊʠʧ ʣʘʟʝʨʫ ʪʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʧʨʦʤʝʥʷ ʥʤ Yag:Nd, 1062 

9 ʇʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʩʝʨʝʜʥʷ ɺʪ 410 

10 ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ɻʮ 50ï1000 

11 
ɽʥʝʨʛʝʪʠʯʥʘ ʨʦʟʭʦʜʞʝʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦ ʨʽʚʥʶ 0,9 
ʧʦʪʫʞʥʦʩʪʝʡ, ʥʝ ʙʽʣʴʰʝ 

ʤʨʘʜ 
8 

 

12 
ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʧʨʦʜʦʚʞ 4 ʛʦʜ 
ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ, ʥʝ ʙʽʣʴʰʝ 

%, 5 

13 ʂʣʘʩ ʣʘʟʝʨʥʦʾ ʥʝʙʝʟʧʝʢʠ  ɯɯɯ 

14 ʂʦʦʨʜʠʥʘʪʠ  X, Y, Z, c, b 

11 ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ  ʏʇʂ çɻʨʘʬʽʢʘ 3+è 

12 ʂʽʣʴʢʽʩʪʴ ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ  5 

13 
ʂʽʣʴʢʽʩʪʴ ʽʥʪʝʨʧʦʣʷʪʦʨʽʚ / ʦʜʥʦʯʘʩʥʦ 
ʢʝʨʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪ 

 2/3 

14 ʄʘʩʘ ʢʦʤʧʣʝʢʩʫ ʢʛ 1850 
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ɼʣʷ ʚʚʝʜʝʥʥʷ ʘʣʤʘʟʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʨʦʙʦʯʦʾ ʟʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʛʘʟʦʚʦïʜʨʦʩʝʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʈʦʙʦʯʫ ʛʦʣʦʚʢʫ (ʨʠʩ. 3.7) 

ʚʠʢʦʥʫʚʘʣʠ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: ʽʟ ʙʦʢʦʚʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʧʨʠʩʘʜʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʘʣʤʘʟʽʚ ʪʘ ʽʟ ʢʦʘʢʩʽʘʣʴʥʠʤ, ʪʦʙʪʦ ʧʦʜʘʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʘʣʤʘʟʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʢʨʽʟʴ ʨʝʛʫʣʴʦʚʘʥʝ ʢʽʣʴʮʝʚʝ ʩʦʧʣʦ, ʚ ʷʢʦʤʫ 

ʩʬʦʢʫʩʦʚʘʥʠʡ ʧʨʦʤʽʥʴ ʣʘʟʝʨʫ ʧʨʷʤʫʻ ʫʟʜʦʚʞ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ.  ɼʦʜʘʪʢʦʚʦ ʫ 

ʟʦʥʫ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʽ ʧʨʠʩʘʜʢʦʚʠʡ ʧʦʨʦʰʢʦʚʠʡ ʤʘʪʝʨʽʘʣ (ʥʘ ʦʩʥʦʚʽ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʫ Ni). 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʩʫʤʽʰ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠ ʧʨʦʜʫʚʘʥʥʽ ʟʘʭʠʩʥʠʤ ʛʘʟʦʤ ʩʫʤʽʰ ʝʞʝʢʪʫʻʪʴʩʷ ʪʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʨʫʙʢʫ ʧʽʜʚʝʜʝʥʥʷ (6), ʟʛʽʥ (8), ʧʦʪʨʘʧʣʷʻ ʜʦ ʬʽʪʠʥʛʘ 

ʢʫʪʦʚʦʛʦ (10) ï ʧʦʪʽʢ ʟʤʽʥʶʻ ʥʘʭʠʣ, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʛʽʥ ʽ ʩʦʧʣʦ, ʚʠʭʦʜʠʪʴ 

ʥʘʟʦʚʥʽ. ʋ ʩʪʚʦʨʝʥʠʡ ʧʦʪʽʢ ʚʚʦʜʠʪʴʩʷ ʧʨʦʤʽʥʴ ʣʘʟʝʨʘ. 

ʋ ʟʤʦʥʪʦʚʘʥʦʤʫ ʩʪʘʥʽ ʫ ʢʽʣʴʮʝ (1) ʟʘʛʚʠʥʯʫʶʪʴ ʯʦʪʠʨʠ ʤʽʢʨʦʤʝʪʨʠʯʥʽ 

ʛʚʠʥʪʠ (2) ʫ ʢʦʞʥʝ ʟ ʜʚʦʭ ʢʽʣʝʮʴ. ʆʨʽʻʥʪʫʶʯʠʩʴ ʧʦ ʧʦʜʽʣʢʘʤ ʥʘ ʛʚʠʥʪʘʭ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʫ ʩʠʣʫ ʟʘʪʠʩʢʫ ʪʨʫʙʢʠ ʧʽʜʚʝʜʝʥʥʷ ʩʫʤʽʰʽ (6).  

ɻʦʣʦʚʢʘ ʣʘʟʝʨʥʘ (7) ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʜʚʦʤʘ ʢʽʣʴʮʷʤʠ (6), ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʟʽʙʨʘʥʽ 

ʟ ʢʽʣʴʮʷʤʠ (1) ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʠʞʥʷ ʟôʻʜʥʫʚʘʣʴʥʦʛʦ (3). ɹʝʟʧʦʩʝʨʝʜʥʷ 

ʬʽʢʩʘʮʽʷ ʛʦʣʦʚʢʠ ʣʘʟʝʨʥʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷʤ ʨʫʯʦʢ ʟʘʪʠʩʢʥʠʭ (5), ʷʢʽ 

ʟʘʪʷʛʫʶʪʴ ʙʦʣʪʠ ʟʘʪʠʩʢʥʽ (4). ʇʝʨʝʜ ʤʦʥʪʫʚʘʥʥʷʤ ʟʤʽʰʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʟʜʽʡʩʥʶʚʘʣʠ ʩʢʣʘʜʘʥʥʷ ʪʨʫʙʢʠ ʧʽʜʚʝʜʝʥʥʷ (8) ʟ ʨʝʰʪʦʶ ʜʝʪʘʣʝʡ. ɼʣʷ ʮʴʦʛʦ ʫ 

ʪʨʫʙʢʫ ʟʘʢʨʫʯʫʻʪʴʩʷ ʟʛʦʥ (10), ʥʘ ʷʢʦʤʫ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʤʽʱʝʥʽ ʰʘʡʙʽ 

ʫʱʽʣʴʥʶʚʘʣʴʥʽ (9). ʅʘ ʚʽʣʴʥʠʡ ʢʽʥʝʮʴ ʟʛʦʥʫ ʥʘʢʨʫʯʫʻʪʴʩʷ ʬʽʪʠʥʛ ʢʫʪʦʚʠʡ 

(11), ʫ ʷʢʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʦʨʮʝʚʠʡ ʦʪʚʽʨ ʟʘʢʨʠʪʠʡ ʟʘʛʣʫʰʢʦʶ (12) ʽʟ 

ʰʘʡʙʦʶ ʫʱʽʣʴʥʶʚʘʣʴʥʦʶ. ɺ ʽʥʰʠʡ ʢʫʪʦʚʠʡ ʦʪʚʽʨ ʟʘʢʨʫʯʫʻʪʴʩʷ ʟʛʽʥ ʟ 

ʫʱʽʣʴʥʶʚʘʣʴʥʠʤʠ ʰʘʡʙʘʤʠ, ʚʩʪʘʚʣʷʻʪʴʩʷ ʩʦʧʣʦ (13) ʽ ʧʨʠʞʠʤʘʻʪʴʩʷ ʛʘʡʢʦʶ 

ʥʘʪʠʩʢʥʦʶ (14). ʅʝʦʙʭʽʜʥʫ ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʽʡ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚʚʝʜʝʥʥʷ 

ʧʨʦʤʝʥʷ ʣʘʟʝʨʫ ʫ ʧʦʪʽʢ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʨʠ ʤʦʥʪʫʚʘʥʥʽ. ʌʦʪʦ ʦʙʣʘʜʥʘʥʥʷ 

ʃʉʂï400ï5 ʪʘ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 3.8.  
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1 ï ʢʽʣʴʮʝ; 

2 ï ʛʚʠʥʪ ʤʽʢʨʦʤʝʪʨʠʯʥʠʡ; 

3 ï ʩʪʨʠʞʝʥʴ ʟôʻʜʥʫʚʘʣʴʥʠʡ; 

4 ï ʙʦʣʪ ʟʘʪʠʩʢʥʠʡ;  
5 ï ʨʫʯʢʘ ʟʘʪʠʩʢʥʘ; 

6 ï ʢʽʣʴʮʝ ʟʘʪʠʩʢʥʝ; 

7 ï ʛʦʣʦʚʢʘ ʣʘʟʝʨʥʘ; 

8 ï ʪʨʫʙʢʘ ʛʽʜʨʦʧʽʜʚʦʜʫ; 

9 ï ʰʘʡʙʘ ʫʱʽʣʴʥʶʚʘʣʴʥʘ; 

10 ï ʟʛʽʥ; 

11 ï ʬʽʪʠʥʛ ʢʫʪʦʚʠʡ; 

12 ï ʟʘʛʣʫʰʢʘ; 

13 ï ʩʦʧʣʦ; 

14 ï ʛʘʡʢʘ ʥʘʪʠʩʢʥʘ. 

 

 

 

 

ʈʠʩ. 3.7. ɻʦʣʦʚʢʠ ʧʽʜʚʝʜʝʥʥʷ ʯʘʩʪʠʥʦʢ ʘʙʨʘʟʠʚʫ ʪʘ ʧʨʠʩʘʜʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʫ ʟʦʥʫ ʦʙʨʦʙʢʠ  

 

 

 


