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ɸʅʆʊɸʎɯʗ 

ʄʘʯʫʣʷʥʩʴʢʠʡ ʆ.ɺ. ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʟ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.27.01 ï çʪʚʝʨʜʦʪʽʣʴʥʘ ʝʣʝʢʪʨʦʥʽʢʘè. ï ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ, 2020. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʽ ʨʦʟʨʦʙʮʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʾʭ 

ʦʩʥʦʚʽ. ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʦʣʦʛʽʯʥʝ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʦʚʝʜʝʥʽ ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʤʧʣʝʢʩʥʦ ʟʘʙʝʟʧʝʯʝʥʦ 

ʨʦʟʚôʷʟʦʢ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʜʣʷ ʦʮʽʥʢʠ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʤʽʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʤʘʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ  ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ  

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʆʜʝʨʞʘʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ῐ ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ. 

ῐ ʈʦʟʚʠʥʫʪʦ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣ ̔ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʦʾ ʪʘ 

ʪʨʴʦʭʤʽʨʥʦʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʽ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʄʦʜʝʣʽ 
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ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚôʷʟʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʪʘ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ 

ʚʽʜʛʫʢʦʤ ʩʠʩʪʝʤʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʟʙʫʨʝʥʥʷ. 

ῐ ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʚʢʣʶʯʝʥʴ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʧʦ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʪʘ ʩʪʨʫʢʪʫʨʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʨʠʚʠʤʽʨʥʠʭ ʦʜʥʦʰʘʨʦʚʠʭ 

ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤ. 

ῐ ɺʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ, ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ) ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʤʽʜʽ, ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʟ ʨʦʟʤʽʨʦʤ ʚʽʜ 1 ʥʤ ʜʦ 10 ʥʤ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʙʣʠʞʥʴʦʤʫ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʤʫ, ʚʠʜʠʤʦʤʫ, 

ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ. 

ῐ ɺʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʘʩʠʤʧʪʦʪʠʯʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʽ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʪʘ ʢʦʤʧʣʝʢʩʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,2 ʜʦ 1,1 ʤʢʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ῐ ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ, 

ʤʽʜʽ  ʽ ʭʨʦʤʫ ʟ ʨʦʟʤʽʨʦʤ ʜʦ 10 ʥʤ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ, ʧʘʨʘʤʝʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʚʦʜʥʦʯʘʩ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʾʭ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʜʦ ʜʚʦʭ 

ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʪʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ. 

ῐ ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʢʘʭ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʝʪʘʣʽʚ ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ, ʧʦʛʣʠʥʘʥʥʷ ʚ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 
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ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʦʙʫʤʦʚʣʝʥʝ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʝʣʝʢʪʨʦʥʽʚ 

ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʟʥʘʯʥʦ ʧʦʩʣʘʙʣʝʥʝ. 

ῐ ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ, ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʟ 

ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 10 ʥʤ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ ʚʠʢʣʶʯʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʦʨʽʡ ʢʣʘʩʠʯʥʦʛʦ ʘʙʦ ʢʚʘʥʪʦʚʦʛʦ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʚ ʜʠʧʦʣʴʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ. 

ῐ ʇʽʜʪʚʝʨʜʞʝʥʦ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʟ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 10 ʥʤ ʧʦʚʝʨʭʥʝʚʠʡ ʧʣʘʟʤʦʚʠʡ ʜʠʧʦʣʴʥʠʡ 

ʨʝʟʦʥʘʥʩ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ ʨʦʟʤʽʨʥʽ ʟʤʽʥʠ ʌʫʨôʻ-

ʢʦʤʧʦʥʝʥʪ ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ. 

ῐ ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʧʨʦʢʩʠʤʘʮʽʡʥʫ ʤʦʜʝʣʴ ʦʧʪʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʧʠʪʦʤʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʟʘ ʦʙʣʘʩʪʶ ʾʭ ʤʽʞʟʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʬʦʥʦʥʥʽ ʩʪʘʥʠ ʚ ʥʽʡ. 

ῐ ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʥʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʤʝʪʘʣʽʚ ʚ ʰʘʨʫʚʘʪʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʪʦʯʫʶʯʠʭ ʰʘʨʽʚ ʪʘ ʧʨʦʤʽʞʥʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʰʘʨʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ  ʩʠʩʪʝʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ῐ ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ῐ ʈʦʟʚʠʥʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʜʥʦʰʘʨʦʚʠʭ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʠʣʠ ʦʜʝʨʞʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ ʽ ʨʦʟʨʦʙʠʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʝʣʝʢʪʠʚʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ 

ʩʠʩʪʝʤʠ. ɸ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ, 
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ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʬʽʟʠʯʥʘ ʦʧʪʠʢʘ ʽ ʧʨʠʢʣʘʜʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʘ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʽ ʧʦʢʨʠʪʪʽʚ. 

ῐ ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʦʾ ʚ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ ʪʘ ʾʭ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʪʠʤʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. ʈʦʟʨʦʙʣʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʤʘʣʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʙʘʟʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʋɺʄ-15 ʧʦ ʥʘʥʝʩʝʥʥʶ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʥʘʥʦʨʦʟʤʽʨʥʦʶ ʤʝʪʘʣʝʚʦʶ ʬʘʟʦʶ ʥʘ ʦʙôʻʤʥʽ ʽ 

ʧʣʦʩʢʽ ʚʠʨʦʙʠ ʚʝʣʠʢʦʾ ʧʣʦʱʽ. 

ῐ ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʢʦʤʧʦʟʠʪʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʤʝʪʘʣʽʚ. ʉʬʦʨʤʦʚʘʥʦ 

ʩʝʣʝʢʪʠʚʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤʠ, ʝʢʨʘʥʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ῐ ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʽʰʝʥʥʷ ʷʚʣʷʶʪʴʩʷ ʙʘʟʦʶ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʘʥʘʣʽʪʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ 

ʧʨʦʚʦʜʠʪʠ ʜʦʩʪʦʚʽʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ, ʘʣʝ ʽ 

ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʘ 

ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ῐ ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ, ʟʦʢʨʝʤʘ ʚ ɯʥʩʪʠʪʫʪʽ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʟʚôʷʟʢʫ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ, ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ñʀʈʀò (ʤ. ʂʘʟʘʥʴ) ʪʘ ʫ 

ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ 

ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò ʢʘʬʝʜʨʘ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ. ʊʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʣʝʢʮʽʡʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʪʷʭ ʟ ʜʠʩʮʠʧʣʽʥ çʊʚʝʨʜʦʪʽʣʴʥʘ ʝʣʝʢʪʨʦʥʽʢʘè, 

çɼʽʝʣʝʢʪʨʠʯʥʽ ʧʨʠʣʘʜʠ ʽ ʧʨʠʩʪʨʦʾè, çʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʥʽʢʠè, 

çʊʝʭʥʦʣʦʛʽʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤè, çɽʣʝʤʝʥʪʥʠʡ 
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ʽ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟè, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ 

ʩʪʫʜʝʥʪʽʚ (ʤʘʛʽʩʪʨʽʚ, PhD) ʢʘʬʝʜʨʠ. ʅʦʚʽ ʨʽʰʝʥʥʷ ʟʘʭʠʱʝʥʽ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ 

 ̄108530, ˉ 97514. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʣʘʜʝʥʦ ʤʝʪʫ ʪʘ 

ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ, ʦʟʥʘʯʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ, ʧʦʢʘʟʘʥʦ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʢʘʟʘʥʠʡ ʟʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ, ʪʝʤʘʤʠ. ʅʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʪʘ ʧʫʙʣʽʢʘʮʽʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 

ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʜʦ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʦʙôʻʤʽ ʪʘ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʜʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ ʨʽʟʥʦʛʦ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʨʷʜʫ ʧʨʦʙʣʝʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ, ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʪʘ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʚʩʪʘʥʦʚʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʢʨʠʪʝʨʽʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟʘ ʾʭ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ. ɿ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʚʠʥʫʪʦ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʟ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʨʝʘʣʴʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ 

ʤʦʨʬʦʣʦʛʽʾ. ʅʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ. ʆʙˇʨʫʥʪʦʚʘʥʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 
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ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʦ ʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ, ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 0,2 ï 1,1 ʤʢʤ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʚʠʨʘʟʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʥʘ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʰʘʨʫʚʘʪʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʰʘʨʽʚ ʪʘ ʧʨʦʤʽʞʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʇôʷʪʠʡ ʨʦʟʜʽʣ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʧʝʮʠʬʽʢʠ ʬʦʪʦʧʦʛʣʠʥʘʥʥʷ, 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʤʽʜʽ, ʥʽʢʝʣʶ, ʭʨʦʤʫ. 

ɺ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʦʙʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʥʦʨʦʟʤʽʨʥʽ ʯʘʩʪʠʥʢʠ, ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ, 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ, ʝʣʝʢʪʨʠʯʥʘ 

ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ, ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʝʢʨʘʥʫʶʯʽ ʧʦʢʨʠʪʪʷ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 
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ANNOTATION  

Machulianskyi O.V. Nanostructured metal-dielectric systems with predicted 

electromagnetic characteristics. ï Qualifying scientific work on the rights of 

manuscripts. 

Dissertation for obtaining a scientific degree of Doctor of Technical Sciences in 

specialty 05.27.01 ï solid state electronics ï National Technical University of Ukraine 

ñIgor Sikorsky Kyiv Polytechnic Instituteò, Kyiv, 2020. 

The thesis for doctoral degree is devoted to the issues of development and 

production of nanostructured composite metal-dielectric systems and creation of 

functional devices based on them. The research developed methodological, algorithmic 

support for evaluation and analysis of electromagnetic characteristics of nanostructural 

systems. Complex research of metal-dielectric systems based on nanoscale structures of 

metals has been carried out. This has provided a comprehensive solution to an important 

scientific and applied problem of the development of functional devices with 

predictable dynamic electromagnetic characteristics based on nanostructured metal-

dielectric systems with taking into account reliable information about the specifics of 

the electromagnetic properties of nanoscale components. 

The main scientific results that were obtained and summarized in this research are 

the following: 

ῐ The experimental-analytical approach to determination of experimental values 

of electromagnetic parameters of nanoscale particles in metal-dielectric nanostructural 

systems with different structure and morphology has been further developed. 

ῐ The theoretical models of electromagnetic response of two-dimensional and 

three-dimensional metal-dielectric nanostructured systems with statistically 

inhomogeneous structure have been developed and improved by taking into account the 

statistical analysis of the nanoscale particle distribution function in the system by size. 

The models establish connection of electromagnetic characteristics of nanoscale 

components of the system and their microstructural morphological parameters with 

system response for electromagnetic perturbation. 
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ῐ Experimental and analytical methods for determining the values of 

electromagnetic characteristics of nanosized particles in the systems with statistically 

inhomogeneous structure by the spectroscopic and structural studies of three-

dimensional single-layer and multi-layer systems have been developed. 

ῐ The experimental values of electromagnetic parameters (complex specific 

electric polarizability, complex dielectric permittivity, refraction and absorption index) 

of copper, nickel and chromium nanosized particles with the size from 1 nm to 10 nm 

are determined in systems with a statistically inhomogeneous structure in the near 

ultraviolet, visible, near infrared ranges of the spectrum. 

ῐ The analytical asymptotic spectral and dimensional dependences of complex 

specific electric polarizability and complex dielectric permittivity of nanosized particles 

of the studied materials in the spectral range from 0.2 to 1.1 ɛm are established, which 

confirms the experimentally established features of their optical properties. 

The increasing values of real and imaginary parts of complex specific 

polarizability, absorption parameters were experimentally established for copper, nickel 

and chromium nanosized particles with size less than 10 nm in systems with a 

statistically inhomogeneous structure. At the same time the reducing values of complex 

dielectric permittivity, electrical conductivity of such particles to two orders of 

magnitude with reduction of particle size and in comparison with values of 

corresponding metals in macroscopic volumes were established. 

ῐ It has been revealed that in the investigated nanoscale particles, in contrast to 

metals in macroscopic volumes, absorption in the near infrared range of the spectrum 

are caused by intra-zone transitions of electrons conduction and is significantly 

weakened. 

ῐ It has been established that the experimental dimensional dependences of the 

electromagnetic parameters of nanosized copper, nickel and chromium particles with 

the size of less than 10 nm cannot be conditioned solely by the use of theories of 

classical or quantum size effects in dipole approximation. 
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ῐ It is confirmed on the basis of the analysis of theoretical and experimentally 

established electromagnetic characteristics that the surface plasma dipole resonance is 

not fulfilled for nanosized copper particles with a size less than 10 nm. 

ῐ The approximation model of optical conductivity and specific absorption in the 

range of their interband absorption is proposed taking into account the influence of 

particle size on the electronic and phonon states in it. 

ῐ The influence on the optical properties of nanoscale metal layers in layered 

metal-dielectric systems, the morphological microstructures of the surrounding layers 

and the intermediate nanocomposite layers that appear in the formation of MD systems 

is experimentally shown. 

ῐ New metal-dielectric composite systems based on aluminum oxynitride with 

nanoscale metal inclusions have been developed. Selective structures with energy-

saving, shielding properties and improved performance have been formed. 

The practical significance of the obtained results. 

ῐ The results are theoretical and experimental basis for the development of new 

metal-dielectric structures with specified properties. 

ῐ The electromagnetic parameters determination methods of single-layer and multi-

layer coatings developed in the dissertation allowed to obtain the experimental values of 

the electromagnetic characteristics of nanosized metal particles and to develop selective 

metal-dielectric systems based on them. They can also contribute to the development of 

the new areas of research, such as physical optics and applied electrodynamics of 

nanomaterials and coatings. 

ῐ On the basis of the experimental information, obtained in the research, about the 

dependencies between the optical characteristics of metal-dielectric layers and their 

structural parameters, the technological process of synthesis of energy-efficient coatings 

with specified properties made with the method of magnetron sputtering on direct 

current is optimized. The technological process for small-scale production based on 

modernized technological vacuum equipment EVM-15 for deposition of metal-
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dielectric coatings with nanosized metal phase on bulk and flat products with a large 

area is developed. 

ῐ The solutions proposed and developed in the dissertation serve as a basis of new 

technologies for analytical and technological complexes which allow not only to carry 

out reliable researches of nanostructured composite systems, but also to quickly predict 

their electromagnetic and electrophysical parameters, as well as to carry out testing of 

technological equipment in the production process. 

ῐ The results of the research were implemented, in particular at the Institute of 

Electronics and Communications of the National Academy of Sciences of Ukraine, at 

the enterprise "IRI" (Kazan) and in the educational process of the National Technical 

University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" of the Department of 

Microelectronics. The theoretical and practical results of the work research are used in 

lectures and practical classes of the disciplines "Solid state electronics", "Dielectric 

devices", "Technological bases of electronics", "Technology of semiconductor devices 

and integrated circuits", "Elemental and structural analysis". And also during 

preparation of studentsô qualification works (masters, PhD) of the department. New 

solutions are protected by the patents of Ukraine ˉ 108530, ˉ 97514. 

The introduction substantiates the relevance of the dissertation topic, formulates the 

purpose and main tasks of the research, defines the scientific novelty, shows the 

practical significance of the results obtained and indicates the connection of the research 

with scientific programs, topics. The information on approbation and publication of the 

research results on the topic of dissertation is given. 

The first chapter presents the results of the analysis of modern approaches and basic 

provisions for the description of the electromagnetic properties of materials in 

macroscopic volume and metal nanosized particles as well as in nanostructured systems 

based on them. It is established that the complexity of development and optimization of 

metal-dielectric nanostructured systems with specified properties for use in functional 

devices of various applications is due to the presence of a number of problems of 

fundamental, methodological and applied nature. 
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The second chapter sets out the classification and the criteria for the systematization 

of nanostructured systems by their structure and morphology. For further development 

of the experimental-analytical approach to the determination of the experimental values 

of electromagnetic parameters of nanoscale components in nanostructured systems, the 

theoretical models of electromagnetic response of nanodispersed systems with 

statistically inhomogeneous structure have been developed and improved by taking into 

account their real microstructure and morphology. On the basis of advanced models, 

experimental and analytical methods of determining the experimental values of the 

electromagnetic characteristics of nanoscale components in metal-dielectric 

nanostructured systems with different structure and morphology have been developed. 

The validity of the obtained results by the proposed experimental and analytical 

methods is substantiated. 

In the third chapter, the techniques of technological processes of forming metal-

dielectric nanostructured systems and nanoscale components and the results of their 

complex studies are presented. 

In the fourth chapter, using developed experimental-analytical methods, spectral and 

dimensional dependencies of complex specific electric polarizability, complex dielectric 

permittivity, refraction and absorption index of nanosized components based on copper, 

nickel and chromium in metal-dielectric systems with statistically inhomogeneous 

structure in the spectral range 0.2 ï 1.1 ɛm at room temperature are studied. 

Approximate expressions which determine experimentally established features of the 

electromagnetic properties of nanosized particles of the studied materials are 

determined. The influence on the optical properties of layered metal-dielectric systems 

with the morphological microstructure of layers and intermediate nanocomposite 

structures is shown. 

The fifth chapter contains the results of the studies on the specificity of photovoltaic 

absorption, high-frequency conductivity and the electrical properties of nanosized 

copper, nickel, and chromium particles. 
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The sixth chapter discusses the practical aspects of the application of metal-dielectric 

nanostructured systems. The results of development and research on their basis of 

functional elements are presented. 

Key words: nanosized particles, metal-dielectric systems, inhomogeneous 

experimental-analytical method, electric polarizability, dielectric permittivity, shielding 

coatings, energy efficiency. 
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ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʫ ʪ.ʯ. ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ ʽʥʦʟʝʤʥʠʭ 

ʜʝʨʞʘʚ ʘʙʦ ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ 

ʙʘʟ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʷʢʽʩʥʦ 

ʥʦʚʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʜʣʷ  ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʷʚʥʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʢʨʠʚʘʶʪʴ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʢʦʤʧʦʟʠʪʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ. ʊʘʢʽ ʢʦʤʧʦʟʠʪʥʽ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʶʪʴ ʜʽʝʣʝʢʪʨʠʯʥʫ 

ʢʦʤʧʦʥʝʥʪʫ ʪʘ ʤʝʪʘʣʝʚʫ ʚ ʥʘʥʦʨʦʟʤʽʨʥʦʤʫ ʦʙ'̒ ʤʽ. ʄʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʩʠʩʪʝʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʘ, ʽʥʬʦʨʤʘʪʠʢʘ, ʨʘʜʽʦʪʝʭʥʽʢʘ, ʝʥʝʨʛʝʪʠʢʘ, 

ʘʨʭʽʪʝʢʪʫʨʥʘ ʦʧʪʠʢʘ ʪʘ ʽʥʰʽ. ʅʘ ʾʭ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʨʦʟʨʦʙʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʯʘʩʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘʢʠʭ ʷʢ: 

ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ; ʤʦʜʫʣʷʪʦʨʠ; ʦʧʪʠʯʥʽ ʧʝʨʝʤʠʢʘʯʽ; ʬʦʪʦʯʫʪʣʠʚʽ 

ʤʘʪʝʨʽʘʣʠ; ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʷ, ʟʘʭʠʩʪʫ ʪʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; ʩʝʣʝʢʪʠʚʥʽ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʧʣʽʚʢʦʚʽ 

ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ; ʟʘʭʠʩʥʽ 

ʝʢʨʘʥʫʶʯʽ ʽ ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʽ ʧʦʢʨʠʪʪʷ (ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ). ʆʪʞʝ, ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʟʠʪʥʠʭ 

ʩʠʩʪʝʤ, ʱʦ ʤʽʩʪʷʪʴ ʥʘʥʦʨʦʟʤʽʨʥʽ ʝʣʝʤʝʥʪʠ, ʻ ʚʘʞʣʠʚʠʤ, ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ 

ʥʘʫʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯ. 

ɺ ʨʦʙʦʪʘʭ ɺʠʥʦʛʨʘʜʦʚʘ ɸ.ʇ., ɹʦʥʜʘʨʴ ɽ.ɸ., ɼʤʠʪʨʫʢ ʄ.ʃ., ʅʝʧʽʡʢʦ ʉ., 

ʂʫʣʶʧʽʥʘ ʖ.ɸ., ʇʝʪʨʦʚʘ ʖ.ɯ., ʄʦʨʦʭʦʚʘ ɯ.ɼ, ʐʧʘʢʘ ɸ.ʇ., Kreibiq U, Marton 

J, Grangvist C, Kawabata. A ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʠ ʪʝʦʨʽʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʪʝʨʦʛʝʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ. 

ʇʨʦʪʝ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʥʦʩʠʪʴ ʬʨʘʛʤʝʥʪʘʨʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʥʝʫʟʘʛʘʣʴʥʝʥʠʡ ʽ ʥʝʩʬʦʨʤʦʚʘʥʠʡ ʷʢ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʥʘʧʨʷʤʦʢ 

ʨʦʟʨʦʙʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʟʘʜʘʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ 
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ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʥʦʛʦ ʬʘʢʪʦʨʫ. ʗʢ ʚʽʜʦʤʦ, ʚ 

ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ ʤʝʥʰʝ 100 ʥʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʻ ʨʦʟʤʽʨʥʦ-ʟʘʣʝʞʥʠʤʠ. ʂʨʽʤ ʪʦʛʦ, 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʩʠʣʴʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦʩʦʙʽʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʽ ʟʘʟʚʠʯʘʡ ʘʧʨʽʦʨʽ ʥʝʚʠʟʥʘʯʝʥʽ. ʇʨʠ 

ʮʴʦʤʫ, ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʫʚʘʪʠʭ ʩʠʩʪʝʤ ʚ ʥʠʭ 

ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʨʦʤʽʞʥʽ ʰʘʨʠ, ʷʢʽ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ɸʣʝ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʠʩʧʝʨʩʽʡʥʽ ʽ 

ʨʦʟʤʽʨʥʽ ʟʤʽʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ ʰʘʨʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ 

ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ ʚʠʢʣʠʢʘʻ ʩʝʨʡʦʟʥʽ ʩʫʤʥʽʚʠ. ʊʘʢ ʷʢ ʾʭ ʦʮʽʥʶʶʪʴ 

ʙʝʟ ʪʦʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʘʙʦ ʟʘ ʛʨʫʙʠʤʠ ʤʝʪʦʜʠʢʘʤʠ 

ʘʥʘʣʽʟʫ ʾʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʦʢʨʝʤʘ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʽ ʨʦʟʤʽʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʦʮʽʥʶʶʪʴʩʷ ʬʦʨʤʘʣʴʥʦ ʟʘ 

ʫʤʦʚʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʮʽʣʢʦʤ 

ʦʙʛʨʫʥʪʦʚʘʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʣʝ ʤʘʻ 

ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʘ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʘ ʩʪʨʫʢʪʫʨʘ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʥʝ ʜʦʟʚʦʣʷʻ ʜʦʩʪʦʚʽʨʥʦ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽ 

ʧʨʦʚʦʜʠʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʚʞʝ ʚʽʜʦʤʠʭ. ɺʩʝ ʮʝ ʥʘʜʘʻ ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ 

ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʙô̒ ʤʽʚ ʤʘʪʝʨʽʘʣʽʚ.  
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ʂʨʽʤ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ, ʽʥʪʝʨʝʩ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʩʪʠʤʫʣʴʦʚʘʥʠʡ ʧʦʪʨʝʙʦʶ ʚ ʨʦʟʨʦʙʮʽ ʧʨʠʡʥʷʪʥʠʭ ʜʣʷ 

ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʽ 

ʟʘʚʜʘʥʥʷ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʦʣʷʛʘʶʪʴ ʚ ʟʥʠʞʝʥʥʽ ʾʭ ʚʘʨʪʦʩʪʽ (ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ) ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ 

ʧʨʦʤʽʞʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʘ ʪʘʢʦʞ ʫ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʎʽ ʟʘʚʜʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʽʟʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʫʤʦʚʘʭ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʩʪʽ ʾʭ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽ ʾʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʜʣʷ ʦʮʽʥʢʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʤʽʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʤʘʭ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʪʘ 

ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʛʘʣʴʥʦ-ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʙʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ ʙʘʛʘʪʦʧʣʘʥʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʟʥʘʯʝʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʦʙʫʤʦʚʠʣʠ ʧʦʩʪʘʥʦʚʢʫ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʚʢʘʟʘʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ.  

 ɿʚô̫ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʩʥʦʚʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʢʘʬʝʜʨʠ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò ʪʘ ʜʦ ʜʝʨʞʘʚʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʛʨʘʤ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʚ ʨʘʤʢʘʭ 

ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ: 
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ῐ "ʅʘʥʦʤʘʪʝʨʽʘʣʠ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʚʠʩʦʢʦʾ ʽʥʪʝʛʨʘʮʽʾ", 

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0109U005499 ʥʘ ʦʩʥʦʚʽ ʅʘʢʘʟʫ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ ʚʽʜ 02.04.2009 ʨ. ˉ 301; 

ῐ "ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʣʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʬʘʟʠ ʚ ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʷʭ", 

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 01860002305 ɯʥʩʪʠʪʫʪʫ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ; 

ῐ "ʈʦʟʨʦʙʢʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʝʪʦʜʠʢ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʢʨʠʪʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʪʝʨʤʽʯʥʠʤ ʪʘ ʛʘʟʦʬʘʟʥʠʤ ʦʩʘʜʞʝʥʥʷʤ", 

 ̄ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 02870034949 ʉʂʊɹ ɺʍʇ; 

ῐ "ɿʘʭʠʩʪ ʯʫʪʣʠʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʟʘʚʘʜ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʤʠ," ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0109U004190 ʥʘ ʧʽʜʩʪʘʚʽ ʅʘʢʘʟʫ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 18.02.909 ˉ139; 

ῐ "ʅʘʥʦʩʪʨʫʢʪʫʨʥʽ ʧʣʽʚʢʦʚʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ", ʜʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ˉ 0113U005498; 

ῐ "ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʪʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ", 

ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ˉ 0116U008156; 

ῐ "ɽʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʝʣʝʤʝʥʪʠ ʩʠʤʝʪʨʽʾ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣ", 

ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ˉ 0118U001522. 

ῐ ʏʘʩʪʠʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʘʣ-

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʦʙʦʪʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʧʽʜʪʨʠʤʢʠ 

ʏʝʩʴʢʦʛʦ ʅʘʫʢʦʚʦʛʦ ʬʦʥʜʫ (ʧʨʦʝʢʪ P204/12/0232), ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʠ ASCR, 

ʇʨʘʛʘ. 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ - ʨʦʟʨʦʙʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʥʘʣʽʟʫ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽ ʾʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: 
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ï ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʘʥʘʣʽʪʠʯʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʩʥʦʚ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ, ʘ 

ʪʘʢʦʞ ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ. 

ï ɺʠʟʥʘʯʠʪʠ ʩʠʩʪʝʤʥʽ ʧʽʜʭʦʜʠ, ʩʧʦʩʦʙʠ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ, ʤʦʨʬʦʣʦʛʽʻʶ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ï ʈʦʟʚʠʥʫʪʠ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʠʭ (ʤʦʥʦʰʘʨʽʚ) ʪʘ 

ʪʨʴʦʭʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʢʦʤʧʦʥʝʥʪʠ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ï ʈʦʟʨʦʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʽ ʯʘʩʪʠʥʦʢ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽʾ ʾʭ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ï ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʤʝʥʰʠʤʠ 10 ʥʤ, ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʾʭ 

ʢʦʤʧʣʝʢʩʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ, 

ʦʧʪʠʯʥʠʭ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ï ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ, ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, ʩʢʣʘʜ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨ. 

ï ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʤʽʨʥʠʭ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ʙʣʠʞʥʴʦʤʫ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʤʫ, ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʩʧʝʢʪʨʫ. 
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ï ʈʦʟʨʦʙʠʪʠ ʢʦʤʧʦʟʠʪʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʟʘʻʤʦʜʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ  

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʤʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï  ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ, ʟʦʢʨʝʤʘ ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʝʥʠʡ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʾʭ ʧʨʠʢʣʘʜʥʦʛʦ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʦʜʝʨʞʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʘʢʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ: ʧʨʦʩʚʽʯʫʚʘʣʴʥʦʾ, 

ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʨʝʥʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʆʞʝ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʦʧʪʠʯʥʦʾ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ, ʝʣʽʧʩʦʤʝʪʨʽʾ. ɸʥʘʣʽʟ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ, ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʘ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʦʙʫʤʦʚʣʝʥʘ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ, ʢʦʤʧʣʝʢʩʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʢʦʨʝʣʷʮʽʻʶ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʘ 

ʪʘʢʦʞ ʫʟʛʦʜʞʝʥʥʷʤ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʬʦʨʤʫʶʪʴ 

ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʨʦʙʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ 

ʜʠʥʘʤʽʯʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʪʨʫʢʪʫʨʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ 

ʨʦʟʤʽʨʥʦʛʦ ʬʘʢʪʦʨʫ. 
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ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʪʘʢʽ ʥʘʫʢʦʚʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

ῐ ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ ʧʦ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ ʪʘ 

ʩʪʨʫʢʪʫʨʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʨʠʚʠʤʽʨʥʠʭ ʦʜʥʦʰʘʨʦʚʠʭ ʪʘ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʽʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʝʦʨʽʾ ɹʨʫʛʛʝʤʘʥʘ ʪʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʫʚʘʪʠ ʤʦʨʬʦʣʦʛʽʶ, ʩʪʨʫʢʪʫʨʫ ʨʝʘʣʴʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʩʠʩʪʝʤ, ʩʪʘʪʠʩʪʠʢʫ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤʘʭ. 

ῐ ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʜʚʦʚʠʤʽʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ, ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʦ 30 

ʚʽʜʩʦʪʢʽʚ ʦʮʽʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ.  

ῐ ɺʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʽ, ʢʦʤʧʣʝʢʩʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ) 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʟ ʨʦʟʤʽʨʦʤ ʚʽʜ 1 ʥʤ ʜʦ 

10 ʥʤ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤ ʩʪʨʫʢʪʫʨʦʶ ʚ 

ʙʣʠʞʥʴʦʤʫ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʤʫ, ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʫ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. 

ῐ ɺʩʪʘʥʦʚʣʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʘʩʠʤʧʪʦʪʠʯʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʽ ʨʦʟʤʽʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʪʘ 
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ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0.2 ʜʦ 1.1 ʤʢʤ, 

ʱʦ ʧʦʩʚʽʜʯʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ῐ ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʟ 

ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ 10 ʥʤ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʧʠʪʦʤʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ, ʧʘʨʘʤʝʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʚʦʜʥʦʯʘʩ 

ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʾʭ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʜʦ ʜʚʦʭ ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʪʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ ʫ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʢʘʭ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʘʣʽʚ ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ 

ʦʙôʻʤʘʭ ʧʦʛʣʠʥʘʥʥʷ ʚ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʟʥʘʯʥʦ 

ʧʦʩʣʘʙʣʝʥʝ ʪʘ ʦʙʫʤʦʚʣʝʥʝ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʝʣʝʢʪʨʦʥʽʚ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʚʨʘʭʦʚʘʥʦ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ.  

ῐ ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʟ ʨʦʟʤʽʨʦʤ 

ʤʝʥʰʝ 10 ʥʤ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ ʚʠʢʣʶʯʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʦʨʽʡ ʢʣʘʩʠʯʥʦʛʦ ʘʙʦ ʢʚʘʥʪʦʚʦʛʦ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʚ ʜʠʧʦʣʴʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦ ʨʦʟʤʽʨʥʽ ʟʤʽʥʠ ʌʫʨ'ʻ-

ʢʦʤʧʦʥʝʥʪ ʧʩʝʚʜʦʧʦʪʝʥʮʽʘʣʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ. 

ῐ ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʦʧʪʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʧʠʪʦʤʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʟʘ ʦʙʣʘʩʪʶ ʾʭ ʤʽʞʟʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʬʦʥʦʥʥʽ ʩʪʘʥʠ ʚ ʥʽʡ. 

ῐ ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʥʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ 

ʰʘʨʫʚʘʪʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʤʽʞʥʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʰʘʨʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʱʦ 
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ʚʘʞʣʠʚʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽʟ 

ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. 

ʈʦʟʚʠʥʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʜʥʦʰʘʨʦʚʠʭ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʠʣʠ ʦʜʝʨʞʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ ʽ ʨʦʟʨʦʙʠʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʝʣʝʢʪʠʚʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ 

ʩʠʩʪʝʤʠ. ɸ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʬʽʟʠʯʥʘ ʦʧʪʠʢʘ ʽ ʧʨʠʢʣʘʜʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʘ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʽ ʧʦʢʨʠʪʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʤʦʞʝ ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ  ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. ɿʥʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽ ʾʭ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʥʦʛʦ ʬʘʢʪʦʨʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʦʾ ʚ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ ʽ ʾʭ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʪʠʤʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. ʈʦʟʨʦʙʣʝʥʦ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʤʘʣʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʙʘʟʽ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʋɺʄ-15 ʧʦ 

ʥʘʥʝʩʝʥʥʶ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʥʘʥʦʨʦʟʤʽʨʥʦʶ ʤʝʪʘʣʝʚʦʶ 

ʬʘʟʦʶ ʥʘ ʦʙ'ʻʤʥʽ ʽ ʧʣʦʩʢʽ ʚʠʨʦʙʠ ʚʝʣʠʢʦʾ ʧʣʦʱʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʢʦʤʧʦʟʠʪʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʤʝʪʘʣʽʚ ʪʘ 

ʩʬʦʨʤʦʚʘʥʦ ʩʝʣʝʢʪʠʚʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤʠ, ʝʢʨʘʥʫʶʯʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʽʰʝʥʥʷ ʷʚʣʷʶʪʴʩʷ ʙʘʟʦʶ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʘʥʘʣʽʪʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ 

ʣʠʰʝ ʧʨʦʚʦʜʠʪʠ ʜʦʩʪʦʚʽʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʩʠʩʪʝʤ, ʘʣʝ ʽ ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʩʢʣʘʜʘʶʪʴ 

ʥʘʫʢʦʚʫ ʦʩʥʦʚʫ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚ ʝʣʝʢʪʨʦʥʽʮʽ, ʦʧʪʠʮʽ, 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò ʢʘʬʝʜʨʠ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ. ʊʝʦʨʝʪʠʯʥʽ ʽ 

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʣʝʢʮʽʡʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʥʷʪʪʷʭ ʟ ʜʠʩʮʠʧʣʽʥ ñʊʚʝʨʜʦʪʽʣʴʥʘ ʝʣʝʢʪʨʦʥʽʢʘò, çɼʽʝʣʝʢʪʨʠʯʥʽ ʧʨʠʣʘʜʠ ʽ 

ʧʨʠʩʪʨʦʾè, çʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʥʽʢʠè, çʊʝʭʥʦʣʦʛʽʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤè, çɽʣʝʤʝʥʪʥʠʡ ʽ 

ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟè, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ 

ʩʪʫʜʝʥʪʽʚ (ʤʘʛʽʩʪʨʽʚ, PhD) ʢʘʬʝʜʨʠ. ʅʦʚʽ ʨʽʰʝʥʥʷ ʟʘʭʠʱʝʥʽ ʧʘʪʝʥʪʘʤʠ 

ʋʢʨʘʾʥʠ ˉ 108530, ˉ 97514. 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʫʟʘʛʘʣʴʥʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʠʢʦʥʘʥʠʭ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʚ ʨʦʙʦʪʘʭ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ,  ʧʦʣʷʛʘʻ ʚ ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʽ 

ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯ, ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʤʦʜʝʣʝʡ, ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʧʽʜʛʦʪʦʚʮʽ ʡ 

ʥʘʧʠʩʘʥʥʽ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ. ɿʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʘʭ [13, 21, 23, 29 - 31, 33, 

46 - 48, 56, 59, 63, 66, 70, 76] (ʩʧʠʩʦʢ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʾ) ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʘʥʘʣʽʟ ʡ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʘʭ [4, 43, 77, 80] ʟʜʦʙʫʚʘʯʝʤ ʦʙʛʨʫʥʪʦʚʘʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ 

ʦʮʽʥʢʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ. ʋ ʨʦʙʦʪʘʭ 

[3, 6, 36 - 40, 62] ʧʽʜʛʦʪʦʚʣʝʥʽ ʪʝʩʪʦʚʽ ʟʨʘʟʢʠ ʪʘ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ, 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [7, 44, 73] ʟʜʦʙʫʚʘʯʝʤ 

ʚʠʛʦʪʦʚʣʝʥʦ ʪʝʩʪʦʚʽ ʟʨʘʟʢʠ ʧʣʽʚʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʝʢʨʘʥʫʶʯʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʨʦʟʦʨʠʭ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ 

ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʘʭ [8, 27, 60, 71, 74, 75] ʟʜʦʙʫʚʘʯʝʤ ʚʜʦʩʢʦʥʘʣʝʥʦ 

ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʟ ʫʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʨʦʙʦʪʘʭ [11, 15, 17, 18, 35, 57] 

ʟʜʦʙʫʚʘʯʝʤ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʝʢʨʘʥʫʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ʋ ʨʦʙʦʪʘʭ [58, 65, 72] ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ, ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [14, 16, 19, 

32, 41, 45, 49 - 54] ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʩʪʦʚʠʭ ʟʨʘʟʢʽʚ, ʘʥʘʣʽʟ ʡ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʘʭ [10, 24, 26, 55, 61] ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ 
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ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʘʭ [9, 12, 22, 34, 42, 64, 67 - 69, 

79] ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʦʧʪʠʯʥʠʭ ʬʽʣʴʪʨʽʚ 

ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤ. ʋ ʨʦʙʦʪʘʭ [25, 81] 

ʟʜʦʙʫʚʘʯʝʤ ʦʙʛʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʩʝʣʝʢʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʨʦʤʽʞʥʠʭ ʰʘʨʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ 46 ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ, ʩʠʤʧʦʟʽʫʤʘʭ ʽ ʩʝʤʽʥʘʨʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ: XXVII ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʥʠʢʠò (ʤ. ʂʠʾʚ, 2007 ʨ.); 

XII, XIII, XIV, XV, XVI ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʉʠʣʦʚʘ 

ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴò (ʤ. ɸʣʫʰʪʘ, 2006, 2007, 2008, 2009, 2010 

ʨʨ.); XII  ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ SAIT 2010ò (ʤ. ʂʠʾʚ, 2010 ʨ.); ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠò (ʤ. ʂʠʾʚ, 

2006, 2010, 2011 ʨʨ.); 20th International Symposium EMC Europe 2010 

(Wroclaw, Poland, 2010); XX, XX I, XXII , XXIII  ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʂʨʳʤʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ñʉɺʏ-ʪʝʭʥʠʢʘ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠò (ʤ. 

ʉʝʚʘʩʪʦʧʦʣʴ, 2010, 2011, 2012, 2013 ʨʨ.); VI, VII  ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè 

(ʩʤʪ. ʃʽʚʘʜʽʷ, 2010, 2011 ʨʨ.); IV ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʘʟʘ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ" (ʩʤʪ. ʂʘʮʽʚʝʣʽ, 2011); VIII , IX  

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ "ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʘʟʘ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ" 

(ʤ. ʆʜʝʩʘ, 2015, 2017 ʨʨ.); VIII  ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

"ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ" (ʤ. ʂʠʾʚ, 2014 ʨ.); IV  

ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ "ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʘʩʦʙʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʥʘʥʦ- ʪʘ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ" (ʏʝʨʥʽʚʮʽ, 2014 ʨ.); V ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 
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ʢʦʥʬʝʨʝʥʮʽʷ "ʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ" (ʤ. ʏʝʨʥʽʚʮʽ, 2016ʨ.) 

VI ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ɯ ʄʽʞʥʘʨʦʜʥʠʡ ʩʠʤʧʦʟʽʫʤ 

ñʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʷʭò 

(ʤ. ʏʝʨʥʽʚʮʽ, 2017 ʨ.); VII ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñʌʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭò (ʤ. ʏʝʨʥʽʚʮʽ, 2018 ʨ.); V 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʬʦʪʦʚʦʣʴʪʘʾʢʘò, (ʤ. ʂʨʝʤʝʥʯʫʢ, 2018); XVII , 

XVIII , XIV  ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʤ. 

ʍʝʨʩʦʥ, 2016, 2017, 2018, 2019 ʨʨ.); 32nd International Spring Seminar on 

Electronics Technology (ISSE 2009) ñTechnology Integration, the path to New 

Solutions in the Modern Electronicsò (Brno, Czech, 2009); 33rd International 

Spring Seminar on Electronics Technology (ISSE 2010), (Warsaw, Poland, 2010); 

34rd International Spring Seminar on Electronics Technology (ISSE 2011 High 

Tatras), (Tatras, Slovakia, 2011); X, XI, XII, XIII, XI V ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñElectronics and applied physicsò (ʤ. ʂʠʾʚ, 2014, 2015, 

2016, 2017, 2018 ʨʨ.); 20th International Conference on Composite Materials 

(Copenhagen, Denmark, 2015); IEEE Progress in Electromagnetics Research 

Symposium (Stockholm, Sweden, 2013); 35th International Spring Seminar on 

Electronics Technology (Bad Aussee, Austria, 2012); 29th, 30th, 31st, 32nd, 33rd, 

34th, 35th, 36th, 37th, 38th, 39th ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñElectronics and Nanotechnology (ELNANO)ò (ʤ. ʂʠʾʚ, 2009, 2010, 2011, 2012, 

2013, 2014, 2015, 2016, 2017, 2018, 2019 ʨʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 

81 ʥʘʫʢʦʚʽʡ ʧʨʘʮʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ 32 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 

3 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, 22 ʫ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʢʣʶʯʝʥʽ 

ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ), 1 ʩʪʘʪʪʷ ʚ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, 2 
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ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʪʘ 46 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚ ʟʙʽʨʥʠʢʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ.  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, ʰʝʩʪʠ ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʜʞʝʨʝʣ 

ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 107 ʽʣʶʩʪʨʘʮʽʡ, 20 

ʪʘʙʣʠʮʴ, ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 452 ʥʘʡʤʝʥʫʚʘʥʴ 

ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʟʘʨʫʙʽʞʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, 3 ʜʦʜʘʪʢʽʚ ʜʦʧʦʚʥʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʘ ʥʘ 296 ʩʪʦʨʽʥʢʘʭ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 395 ʩʪʦʨʽʥʦʢ. 
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ʈʆɿɼɯʃ 1 

ʉʇɽʎʀʌɯʂɸ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ʄɽʊɸʃʆɼɯɽʃɽʂʊʈʀʏʅʀʍ ʅɸʅʆʉʊʈʋʂʊʋʈʅʀʍ ʉʀʉʊɽʄ ʊɸ 

ʅɸʅɸʈʆɿʄɯʈʅʀʍ ʄɽʊɸʃɽɺʀʍ ʏɸʉʊʀʅʆʂ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 

ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʜʦ ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʦʙôʻʤʽ ʪʘ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʆʙʛʦʚʦʨʶʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʜʠʧʦʣʴʥʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʽʜʛʫʢʫ ʯʘʩʪʠʥʦʢ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʦʛʣʷʜ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʦʙʽʪ, ʧʨʠʩʚô̫ ʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʶ ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʠʥʦʢ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʰʠʨʦʢʦʚʽʜʦʤʠʭ ʪʝʦʨʽʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʚʦʚʠʤʽʨʥʠʭ 

(ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ) ʽ ʪʨʠʚʠʤʽʨʥʠʭ (ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʢʦʤʧʦʟʠʪʥʽ ʩʪʨʫʢʪʫʨʠ) 

ʩʠʩʪʝʤ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɽʄ ʪʝʦʨʽʡ ʜʠʩʧʝʨʩʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʜʦ ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʜʣʷ ʚʠʧʘʜʢʫ 

ʜʚʦʤʽʨʥʠʭ ʩʠʩʪʝʤ (ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ). ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʦʛʦ ʘʥʘʣʽʟʫ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. 
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1.1. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʦʧʠʩʫ 

ʄʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʣʝʚʠʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ [1.1-1.8]. ɿʨʦʩʪʘʶʯʘ ʧʦʪʨʝʙʘ ʚ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʜʣʷ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʝʥʝʨʛʝʪʠʢʘ, ʦʧʪʠʢʘ, ʩʝʥʩʦʨʠʢʘ, 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʽʥ.) ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʅʠʥʽ ʥʘʢʦʧʠʯʝʥʠʡ ʟʥʘʯʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʤʘʪʝʨʽʘʣ ʧʦ ʬʽʟʠʮʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʦʤʫ 

ʧʨʠʩʚʷʯʝʥʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʥʦʛʨʘʬʽʡ, ʦʛʣʷʜʽʚ ʽ ʩʪʘʪʝʡ [1.2-1.6, 1.10-1.27]. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʦʥʦʛʨʘʬʽʾ [1.10-1.14], ʚ ʷʢʠʭ 

ʚʠʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ. ɺ ʤʦʥʦʛʨʘʬʽʷʭ 

[1.16-1.19] ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʨʠʪʠʯʥʠʡ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʨʦʙʽʪ, ʧʨʠʩʚô̫ ʯʝʥʠʭ 

ʬʽʟʠʯʥʠʤ ʦʩʥʦʚʘʤ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʘʩʪʝʨʽʚ ʪʘ ʯʘʩʪʠʥʦʢ ʧʝʨʝʚʘʞʥʦ 

ʤʝʪʘʣʽʚ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʜʦ ʩʝʨʝʜʠʥʠ 90-ʭ ʨʦʢʽʚ XX ʩʪʦʣʽʪʪʷ. ʈʦʟʚʠʪʦʢ ʮʠʭ 

ʧʠʪʘʥʴ ʽ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [1.2-1.5, 1.21-1.27]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʩʠʩʪʝʤ ʦʙʫʤʦʚʣʝʥʽ, ʷʢ ʢʦʣʝʢʪʠʚʥʠʤ ʟʙʫʜʞʝʥʥʷʤ ʚʟʘʻʤʦʜʽʶʯʠʭ ʯʘʩʪʠʥʦʢ, ʪʘʢ 

ʽ ʟʘʣʝʞʥʽʩʪʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʷʚʠʱ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ 

ʪʘ ʢʦʤʧʦʟʠʪʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ, ʷʢʽ ʧʨʠʩʚô̫ ʯʝʥʽ ʩʫʯʘʩʥʠʤ ʧʽʜʭʦʜʘʤ ʪʘ ʦʩʥʦʚʥʠʤ 

ʧʦʣʦʞʝʥʥʷʤ ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʽʚ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ 

ʦʙôʻʤʽ, ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʩʠʩʪʝʤ. 

1.1.1. ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʚ ʤʦʜʝʣʽ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ 

ɺ ʦʛʣʷʜʦʚʠʭ ʨʦʙʦʪʘʭ [1.16, 1.29-1.35] ʥʘʚʝʜʝʥʦ ʨʦʟʚʠʪʦʢ ʧʦʣʦʞʝʥʴ 

ʢʣʘʩʠʯʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʦʨʽʾ ʨʝʯʦʚʠʥʠ ʪʘ ʾʾ ʤʦʜʠʬʽʢʘʮʽʾ ʚ ʦʧʪʠʯʥʦʤʫ 
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ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ, ʨʦʟʨʦʙʣʝʥʦʾ ɼʨʫʜʝ, ɿʽʥʝʨʦʤ, ʃʦʨʝʥʮʦʤ, ʂʨʦʥʽʛʦʤ ʪʘ ʽʥ. ɺ 

ʢʣʘʩʠʯʥʽʡ ʤʦʜʝʣʽ ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʠ 

ʥʘʩʪʫʧʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ [1.30]: 

- ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʟ ʟʘʨʷʜʦʤ e ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ n0, ʨʫʭʘʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ (ʚʽʣʴʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ); 

- ʩʝʨʝʜʦʚʠʱʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʦʩʮʠʣʷʪʦʨʽʚ ʃʦʨʝʥʮʘ, ʟ 

ʤʘʩʦʶ mj, ʟʘʨʷʜʦʤ e, ʢʦʥʮʝʥʪʨʘʮʽʻʶ n  ᷉ʦʩʮʠʣʷʪʦʨʽʚ -᷉ʪʠʧʫ, ʚʣʘʩʥʦʶ ʯʘʩʪʦʪʦʶ 

ɤj ʪʘ ʯʘʩʦʤ ʨʝʣʘʢʩʘʮʽʾ gt 1=  (ɔ  ʯʘʩʪʦʪʘ ʟʽʪʢʥʝʥʴ ʝʣʝʢʪʨʦʥʽʚ); 

- ʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ; 

- ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʚʟʘʻʤʦʜʽʾ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʧʦʪʝʥʮʽʘʣʫ ˇʨʘʪʢʠ; 

- ʚʧʣʠʚ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ˇʨʘʪʢʠ ʥʘ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʟʦʥʥʽʡ 

ʪʝʦʨʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʝʣʝʢʪʨʦʥʫ m* (ʤʦʜʝʣʴ 

ʢʚʘʟʽʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ); 

- ʚʨʘʭʦʚʫʻʪʴʩʷ ʣʠʰʝ ʨʫʭ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʥʝʭʪʫʶʪʴʩʷ 

ʤʽʞʟʦʥʥʽ ʧʝʨʝʭʦʜʠ. 

ɿ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

(ʤʦʥʦʭʨʦʤʘʪʠʯʥʘ ʭʚʠʣʷ) () ( )tiEtE w-= exp0  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʤʘʨʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʨʝʜʦʚʠʱʘ ʢʦʤʧʣʝʢʩʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʝʪʘʣʫ ʤʘʻ ʚʠʛʣʷʜ [ʣ1.16]: 

ä
+-

+
-

-=+=
j jj

jjp

i

meN

i
ʽ

twww

p

tww

w
eee

22

2

0
2

2

21

4
1~  (1.1) 

ʜʝ ɤp  ʧʣʘʟʤʦʚʘ ʯʘʩʪʦʪʘ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

( )21

0
2

04 epw *= menp  (1.2) 

ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʡ ʦʧʠʩ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʜʘʻ ʚʠʨʘʟ ʘʥʘʣʦʛʽʯʥʠʡ 

(1.1) [1.36]. 
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ɺ ʤʦʜʝʣʽ ɼʨʫʜʝ-ʃʦʨʝʥʮʘ ʚ ʥʘʙʣʠʞʝʥʥʽ ʣʠʰʝ ʚʢʣʘʜʫ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʚ ʨʽʚʥʷʥʥʽ (1.1) ʚʽʜʧʦʚʽʜʥʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʣʝʥ ʟ  ᷉= 0 (ɤ0 = 0). ʇʨʠ ʮʴʦʤʫ 

ʜʽʡʩʥʘ ʪʘ ʫʷʚʥʘ ʯʘʩʪʠʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʘʶʪʴ ʚʠʛʣʷʜ [1.37]: 
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 (1.3) 

ʋ [1.16] ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʥʝʤʘʛʥʽʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ɛ = 1) 

ʚʽʜʧʦʚʽʜʥʦ ʨʽʚʥʷʥʥʷʤ ʄʘʢʩʚʝʣʣʘ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʪʨʠ ʚʠʜʠ ʭʚʠʣʴ: ʧʦʧʝʨʝʯʥʽ, 

ʧʦʚʟʜʦʚʞʥʽ, ʧʦʚʝʨʭʥʝʚʽ. 

ʏʘʩʪʦʪʫ ʧʦʚʟʜʦʚʞʥʽʭ ʧʣʘʟʤʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧw  ʜʣʷ ʤʦʜʝʣʽ ɼʨʫʜʝ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟ ʚʠʨʘʟʫ (1.1) ʟʛʽʜʥʦ ʫʤʦʚʠ rot E = 0 ʽ () 0~ =we  [1.18]. ɺ [1.37] 

ʚʽʜʤʽʯʝʥʦ, ʱʦ ʜʣʷ ʦʙôʻʤʥʠʭ ʤʝʪʘʣʽʚ, ʫ ʷʢʠʭ ʚ ʦʙʣʘʩʪʽ ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ 

ʜʽʡʩʥʘ ʯʘʩʪʠʥʘ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ ʫʷʚʥʫ, 

ʚʝʣʠʯʠʥʦʶ Ů2 ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʤʽʩʪʴ ʫʤʦʚʠ () 0~ =we  

ʜʦʧʫʩʪʠʤʦ ʧʨʠʡʥʷʪʠ () 01 =we , ʚʽʜʧʦʚʽʜʥʦ ʦʜʝʨʞʠʤʦ ʨʧ ww º . ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʣʘʟʤʦʚʠʡ ʨʝʟʦʥʘʥʩ ʚ ʮʴʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʣʘʟʤʦʚʽʡ ʯʘʩʪʦʪʽ 

ʚʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ, ʱʦ ʷʢ ʧʨʘʚʠʣʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. 

ʇʨʦʪʝ ʚ [1.16] ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚ ʦʙʣʘʩʪʽ ʨw  ʧʦʛʣʠʥʘʥʥʷ 

ʩʚʽʪʣʘ ʦʙʫʤʦʚʣʝʥʦ ʷʢ ʧʝʨʝʭʦʜʘʤʠ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʩʝʨʝʜʠʥʽ ʟʦʥʠ ʪʘʢ ʽ 

ʤʽʞʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚʽʣʴʥʠʭ ʪʘ ʟʚôʷʟʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ (ʫʷʚʥʦʶ ʯʘʩʪʠʥʦʶ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ Ů2 ʥʝʭʪʫʚʘʪʠ ʥʝ ʤʦʞʥʘ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʚʽ 

ʧʣʘʟʤʦʚʽ ʯʘʩʪʦʪʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ 

ʚ ʨʦʙʦʪʽ [1.38] ʚʢʘʟʘʥʦ, ʱʦ ʮʽ ʩʤʫʛʠ ʥʦʩʷʪʴ ʛʽʙʨʠʜʥʠʡ ʭʘʨʘʢʪʝʨ. ʏʘʩʪʦʪʠ 

ʧʦʚʟʜʦʚʞʥʽʭ ʧʣʘʟʤʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ 

ʧʽʢʘʤ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ( )w>L . 

ʂʨʽʤ ʦʙôʻʤʥʠʭ ʧʣʘʟʤʦʥʽʚ (ʧʦʧʝʨʝʯʥʽ, ʧʦʟʜʦʚʞʥʽ ʢʦʣʠʚʘʥʥʷ), ʤʘʶʪʴ 

ʤʽʩʮʝ ʽ ʧʦʚʝʨʭʥʝʚʽ ʧʣʘʟʤʦʥʠ [1.17,1.19]. 
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ʇʣʘʟʤʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘ ʫʤʦʚʠ [1.17]: 

div E = rot ɽ = 0, (1.3) 

ʜʝ E ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʘʟʤʦʥʽʚ ɤs ʤʝʪʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ: 

( )21
1 mps eww +=  (1.4) 

ɸʥʘʣ̔ʟ ʙʘʛʘʪʦʯʠʩʣʝʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʟʦʢʨʝʤʘ, ʜʣʷ 

ʩʨʽʙʣʘ, ʤʽʜʽ [1.30-1.40] ʪʘ ʽʥ.) ʩʚʽʜʯʠʪʴ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ɤs ʻ 

ʤʝʥʰʠʤʠ ʟʘ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʚʠʨʘʟʦʤ (1.4). ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʯʘʩʪʦʪʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʧʣʘʟʤʦʥʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʜʦʙʨʝ 

ʧʦʛʦʜʞʫʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ [1.41]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ɼʨʫʜʝ-ʃʦʨʝʥʮʘ ʜʣʷ ʣʫʞʥʠʭ 

ʤʝʪʘʣʽʚ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʜʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. ʊʦʜʽ ʷʢ ʜʣʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʤʽʞʟʦʥʥʠʭ 

ʧʝʨʝʭʦʜʽʚ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʦʙʤʝʞʫʶʪʴ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʚʝʨʭʥʝʚʠʡ ʧʣʘʟʤʦʥʥʠʡ ʨʝʟʦʥʘʥʩ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ, ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ, ʩʪʨʫʢʪʫʨʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [1.42]. 

1.1.2. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʽʚ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ɿʘʟʚʠʯʘʡ ʚʽʜʧʦʚʽʜʥʦ [1.18, 1.43] ʦʙôʻʤʠ ʤʘʪʝʨʽʘʣʫ ʚ ʷʢʦʤʫ ʟʦʩʝʨʝʜʞʝʥʦ 

ʩʫʢʫʧʥʽʩʪʴ ʚʽʜ ʜʚʦʭ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʘʪʦʤʽʚ, ʥʘʟʠʚʘʶʪʴ ʢʣʘʩʪʝʨʘʤʠ, ʘ 

ʙʽʣʴʰʽ ʢʨʫʧʥʽ ʦʙôʻʤʠ ʟ ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 1 ʥʤ ï ʯʘʩʪʠʥʢʘʤʠ. ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʛʣʷʜʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ ʦʧʪʠʯʥʠʭ 

(ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ) ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʤʽʚ ʤʝʪʘʣʫ ʟ ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ 20 ʥʤ, 

ʷʢʽ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʷʢ ʥʘʥʦʨʦʟʤʽʨʥʽ ʯʘʩʪʠʥʢʠ (ʅʏ). ɼʣʷ ʚʠʧʘʜʢʫ ʅʏ ʾʭ 
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ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʩʧʽʚʨʦʟʤʽʨʥʽ ʟ ʜʝʷʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʜʦʚʞʠʥʘʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʜʦʚʞʠʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ (ɽʄ) ʭʚʠʣʽ, ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʥʽʚ, ʛʣʠʙʠʥʘ ʩʢʽʥ-ʰʘʨʫ ʽ ʪ. ʧ.), ʘʣʝ ʽʩʪʦʪʥʦ ʙʽʣʴʰʽ, ʥʽʞ ʧʦʩʪʽʡʥʘ 

ˇʨʘʪʢʠ, ʜʦʚʞʠʥʘ ʝʢʨʘʥʫʚʘʥʥʷ ʊʦʤʘʩʘ-ʌʝʨʤʽ ʽ ʪ. ʜ. [1.12-1.19]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʦʯʽʢʫʶʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʅʏ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʝʯʦʚʠʥʠ ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1.14-1.19, 1.37- 1.42]. ɿʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʨʦʟʤʽʨʽʚ ʚ 

ʦʜʥʦʤʫ, ʜʚʦʭ ʘʙʦ ʪʨʴʦʭ ʚʠʤʽʨʘʭ (ʅʏ) ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ [1.1, 

1.16-1.22]. 

ʋ ʤʝʪʘʣʝʚʠʭ ʅʏ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʣʴʥʽ 

ʝʣʝʢʪʨʦʥʠ ʟʤʽʱʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ʇʨʠ ʨʦʟʤʽʨʘʭ ʯʘʩʪʠʥʦʢ 

ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʜʦʚʞʠʥʠ ɽʄ ʭʚʠʣʽ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʘ ʷʢ ʜʠʧʦʣʴ. 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʦʩʮʠʣʷʪʦʨ ʟ ʚʣʘʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʢʦʣʠʚʘʥʴ, ʘ 

ʢʦʣʝʢʪʠʚʥʽ ʢʦʣʠʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʧʦʚʝʨʭʥʝʚʠʡ 

ʧʣʘʟʤʦʥ. ʋ ʚʠʧʘʜʢʫ ʤʝʪʘʣʝʚʠʭ ʅʏ, ʟʙʫʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʥʫ ʥʘ 

ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ ʟʦʚʥʽʰʥʽʤ ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʦʙʤʝʞʝʥʝ ʨʦʟʤʽʨʘʤʠ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘʟʠʚʘʶʪʴ ʣʦʢʘʣʽʟʦʚʘʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʧʣʘʟʤʦʥʥʠʤ 

ʨʝʟʦʥʘʥʩʦʤ (ʃʇʇʈ) [1.44]. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʷʢ ʚʽʜʟʥʘʯʝʥʦ ʚ ʦʛʣʷʜʘʭ [1.44, 

1.45] ʫ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʻ ʯʽʪʢʝ, ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʝ ʚʠʟʥʘʯʝʥʥʷ ʃʇʇʈ ʚ 

ʤʝʪʘʣʝʚʠʭ ʅʏ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʧʠʩʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚ 

ʤʝʪʘʣʝʚʠʭ ʅʏ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʪʘ ʤʘʶʪʴ ʤʽʩʮʝ 

ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʪʝʨʤʽʥʦʣʦʛʽʾ [1.46-1.48]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʅʏ ʤʝʪʘʣʽʚ ʫ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ, ʚ ʷʢʦʤʫ 

ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʚʞʠʥʠ ɽʄ ʭʚʠʣʽ R << ɚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʧʦʣʴʥʝ (ʨʝʣʝʻʚʩʴʢʝ) ʥʘʙʣʠʞʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʝ ʚ ʨʦʙʦʪʘʭ 

ʈʝʣʝʷ [1.10, 1.11] ʪʘ ʜʣʷ ʚʠʧʘʜʢʫ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʚʠʥʫʪʦ ʚ ʪʝʦʨʽʾ ʄʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʄʽ 

[1.49] ʚʠʟʥʘʯʠʚ ʧʝʨʝʨʽʟʠ ʧʦʛʣʠʥʘʥʥʷ (ʂʧʦʛ) ʽ ʨʦʟʩʽʶʚʘʥʥʷ (ʂʨʦʟ) ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ (ʂʝʢʩ) (ʝʢʩʪʠʥʢʮʽʾ) ʧʣʦʩʢʦʾ ɽʄ ʭʚʠʣʽ ʩʬʝʨʠʯʥʦʶ ʯʘʩʪʢʦʶ (ʪʝʦʨʽʷ 
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ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʤʝʪʘʣʝʚʠʤʠ ʩʬʝʨʠʯʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ). ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʚ ʚʠʧʘʜʢʫ ʦʧʠʩʫ ʚʽʜʛʫʢʫ ʅʏ ʥʘ ʟʦʚʥʽʰʥʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʜʽʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʥʷʪʪʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (ʷʢʘ ʚʭʦʜʠʪʴ ʚ ʢʣʘʩʠʯʥʽ 

ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ) ʚ ʩʠʣʫ ʾʾ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʛʦ ʩʝʥʩʫ 

ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ [1.17]. ʊʦʤʫ ʯʘʩʪʦ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ a, ʧʨʦ ʷʢʝ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ 

ʩʪʦʩʦʚʥʦ ʥʘʚʽʪʴ ʦʢʨʝʤʦʛʦ ʘʪʦʤʘ. 
E

Pe=a , ʜʝ Pe ï ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ. 

ɿʛʽʜʥʦ ʢʣʘʩʠʯʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʪʝʦʨʽʾ [1.10-1.12, 1.16,] ʜʠʥʘʤʽʯʥʘ 

ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʫ ʜʠʧʦʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ (R0<<l) ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

m

mi

mi

f

V

e

ee

ee

p
a

-
+

-
Ö=

1
4

, 
(1.5) 

ʜʝ f ï ʬʘʢʪʦʨ ʬʦʨʤʠ; V ï ʦʙôʻʤ ʯʘʩʪʠʥʢʠ; 

   ei, em ï ʚʽʜʧʦʚʽʜʥʦ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʯʘʩʪʠʥʢʠ ʪʘ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.5) ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʽʚ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙô̒ ʤʘʭ. ɼʣʷ ʯʘʩʪʦʢ ʟ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʧʨʠ ʷʢʠʭ 

ʟô̫ʚʣʷʶʪʴʩʷ ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʨʘʟʫ (1.5) ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ [1.16, 1.17] ʧʦʢʘʟʘʥʦ, ʱʦ ʟ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʃʘʧʣʘʩʘ (1.3) 

ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ R0<<l, ʨʦʟʤʽʱʝʥʽʡ (ʦʪʦʯʝʥʽʡ) ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ Ңm ʫ ʥʘʙʣʠʞʝʥʥʽ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʪʘ 

ʥʝʭʪʫʶʯʠ ʟʘʛʘʩʘʥʥʷʤʠ ʦʩʮʠʣʷʪʦʨʽʚ ʩʣʽʜʫʻ ʚʠʨʘʟ (ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʥʦʨʤʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʥʝʥʪ ʩʬʝʨʠ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʦʩʪʷʤʠ) 

( ) ml
l

l
ewe

1+
-= . (1.6) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.1) ʪʘ (1.6) ʜʘʶʪʴ ʯʘʩʪʦʪʠ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʣʠʚʘʥʴ 

ʟʘʨʷʜʽʚ ʚ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʢʘʭ [1.16] 
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(1.7) 

ʜʝ ‐ὦ ï ʚʢʣʘʜ ʤʽʞʟʦʥʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ. 

ɯʟ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (1.7) ʚ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʢʘʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʦʙôʻʤʥʠʭ ʤʝʪʘʣʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʦʚʽ ʤʦʜʠ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʟʘʪʫʭʘʶʪʴ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʪʠʤ ʩʠʣʴʥʽʰʝ, ʯʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ l [1.17]. ʏʘʩʪʦʪʘ ʦʩʥʦʚʥʦʾ ʤʦʜʠ 

)1( =l  ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʥʘ ʚ ʯʘʩʪʠʥʮʽ ʧʨʠ ʫʤʦʚʽ Ңm = 1 ʚ3  ʨʘʟ ʤʝʥʰʝ 

ʧʣʘʟʤʦʚʦʾ ʯʘʩʪʦʪʠ, ʪʦʙʪʦ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʽ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙôʻʤʥʦʛʦ 

ʧʣʘʟʤʦʥʘ ʽ ʚʽʜ ʯʘʩʪʦʪʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʥʘ. ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ 

ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʯʣʝʥʽʚ ʦʙôʻʤʥʠʡ ʧʣʘʟʤʦʥ ʟʘʪʫʭʘʻ [1.44]. ɺ ʛʨʘʥʠʯʥʦʤʫ 

ʚʠʧʘʜʢʫ l Ÿ Ð ʯʘʩʪʦʪʘ ɤl ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (1.4). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʪʘʣʝʚʠʭ ʅʏ ʻ ʪʝ, ʱʦ ʾʭ 

ʧʦʚʝʨʭʥʝʚʽ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʤʝʥʰʝ ʧʣʘʟʤʦʚʦʾ ʯʘʩʪʦʪʠ ɤp ʪʘ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʬʦʨʤʠ, ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʠʥʢʠ ʽ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ [1.18]. ʗʢ ʩʣʽʜʫʻ ʟ ʪʝʦʨʽʾ ʄʽ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʤʘʻ ʟʥʘʯʥʠʡ 

ʨʝʟʦʥʘʥʩ (ʤʘʢʩʠʤʫʤ) ʟʘ ʫʤʦʚʠ 

() mewe 21 -=  (1.8) 

ʉʣʽʜ ʪʘʢʦʞ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʝ ʥʘʙʣʠʞʝʥʥʷ ʤʦʜʝʣʽ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʯʘʩʪʠʥʮʽ ʥʘʜʘʻ ʣʠʰʝ ʷʢʽʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʅʏ. ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʚʟʘʻʤʦʜʽʶ ʧʣʘʟʤʦʚʠʭ ʢʦʣʠʚʘʥʴ ʩʫʩʽʜʥʽʭ ʅʏ ʧʨʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʥʷʭ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘʢ ʽ ʬʦʨʤʫ ʅʏ, ʨʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʦʤ 

ʪʘ ʽʥ. ʊʘʢ ʚ [1.5, 1.44, 1.50, 1.51] ʨʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʧʣʘʟʤʦʚʠʭ 

ʢʦʣʠʚʘʥʴ ʩʫʩʽʜʥʽʭ ʯʘʩʪʠʥʦʢ, ʚ ʨʦʙʦʪʘʭ [1.45, 1.47] ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʥʦ ʚʧʣʠʚ 

ʢʦʣʝʢʪʠʚʥʠʭ ʟʙʫʨʝʥʴ ʚ ʩʠʩʪʝʤʽ ʜʚʦʭ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʩʬʝʨʠʯʥʠʭ 

ʯʘʩʪʠʥʦʢ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʽʜʛʫʢ ʅʏ ʨʽʟʥʦʾ ʬʦʨʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚ 

ʙʘʛʘʪʦʯʠʩʣʝʥʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ (ʥʘʧʨʠʢʣʘʜ [1.43, 1.53, 1.54]). 
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ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʜʝʣʽ ʚʽʣʴʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʅʏ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.6) ʷʚʥʦ ʥʝ ʚʠʨʘʞʝʥʘ ʨʦʟʤʽʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʪʦʪʠ ʧʣʘʟʤʦʚʠʭ ʢʦʣʠʚʘʥʴ ʯʘʩʪʠʥʢʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʷʢ ʩʚʽʜʯʘʪʴ 

ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʅʏ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ [1.19, 1.55, 1.56], ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʾʭ ʘʥʦʤʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʚʽʜ ʨʦʟʤʽʨʫ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʜʣʷ ʦʧʠʩʫ 

ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʅʏ ʽʩʥʫʻ ʨʷʜ ʪʝʦʨʽʡ [1.19, 1.57-1.69], ʚ 

ʷʢʠʭ ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʧʽʜʭʦʜʽʚ: ʥʘ ʢʣʘʩʠʯʥʦʤʫ ʽ 

ʢʚʘʥʪʦʚʦʤʫ ʨʽʚʥʽ. ʋ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʛʦ ʨʦʟʤʽʨʥʦʛʦ ʧʽʜʭʦʜʫ ʣʝʞʠʪʴ 

ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʜʠʬʫʟʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʧʦʚʝʨʭʥʝʶ 

ʯʘʩʪʠʥʢʠ ʪʘ ʢʚʘʟʽʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʝʣʝʢʪʨʦʥʽʚ 

ʧʨʦʚʽʜʥʦʩʪʽ [1.19, 1.57-1.61]. ʇʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʢʠ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʦʙʤʝʞʝʥʥʽ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ ʜʦʚʞʠʥʠ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʢʠ. ɿʛʽʜʥʦ ʟ ʢʚʘʥʪʦʚʠʤ ʨʦʟʤʽʨʥʠʤ 

ʝʬʝʢʪʦʤ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʱʝʧʣʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʝʣʝʢʪʨʦʥʽʚ ʚ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʜʠʩʢʨʝʪʥʽ ʩʪʘʥʠ 

[1.20, 1.62-1.67]. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʚʩʽʭ ʮʠʭ ʪʝʦʨʽʡ ʭʘʨʘʢʪʝʨʥʽ ʽ ʟʘʛʘʣʴʥʽ 

ʧʨʠʧʫʱʝʥʥʷ: 

- ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʜʠʩʧʝʨʩʽʶ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʥʦʩʷʪʴ 

ʢʦʣʝʢʪʠʚʥʽ ʟʙʫʨʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ; 

- ʜʠʩʧʝʨʩʽʷ ʦʜʥʦʯʘʩʪʠʥʥʠʭ ʟʙʫʨʝʥʴ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ; 

- ʤʝʭʘʥʽʟʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʥʝ ʟʘʣʝʞʘʪʴ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ ʪʘ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʯʘʩʪʠʥʢʠ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʮʽ ʦʙʤʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʪʝʦʨʽʡ ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʠ 

ʮʴʦʤʫ ʥʝʭʪʫʚʘʥʥʷ ʟʤʽʰʫʚʘʥʥʷ ʦʜʥʦʯʘʩʪʠʥʥʠʭ ʪʘ ʢʦʣʝʢʪʠʚʥʠʭ ʟʙʫʨʝʥʴ 

ʝʣʝʢʪʨʦʥʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʚʠʧʨʘʚʜʘʥʠʤ ʫ ʚʠʧʘʜʢʫ ʅʏ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ 

(ʛʽʙʨʠʜʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʛʣʠʥʘʥʥʷ) ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [1.70] ʧʨʦʚʝʜʝʥʠʡ 
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ʘʥʘʣʽʟ ʨʦʟʜʽʣʝʥʥʷ ʚʥʝʩʢʽʚ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʚʽʣʴʥʠʭ ʽ ʟʚôʷʟʘʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ ʪʘ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʤʽʞʟʦʥʥʽ ʧʝʨʝʭʦʜʠ ʤʘʶʪʴ 

ʚʥʝʩʦʢ ʚ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʤʽʨʘʤʠ ʜʦ 1 ʥʤ. 

ʂʦʥʮʝʧʮʽʷ ʢʣʘʩʠʯʥʦʛʦ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʙʫʣʘ ʟʘʢʣʘʜʝʥʘ ʚ ʨʦʙʦʪʘʭ 

[1.71, 1.72] ʫ ʷʢʠʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʨʘʟʽ ʅʏ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ 

ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʶ 

ʜʦʚʞʠʥʦʶ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ lʝʬ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ: 

1

0

11 --- += Rll
bʝʬ , (1.9)  

ʜʝ lb  ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ ʤʝʪʘʣʽʚ (ʤʘʩʠʚʥʦʛʦ ʤʝʪʘʣʫ). 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʘʚʦʤʽʨʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʯʘʩʪʠʥʮʽ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʨʦʟʤʽʨʽʚ: 

0

11

R

F

bʝʬ

n
tt += --

, 
 

(1.10) 

ʜʝ 
F

b

b
v

l
=t  ï ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʚ ʤʘʩʠʚʥʦʤʫ ʤʝʪʘʣʽ; nF ï ʰʚʠʜʢʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʌʝʨʤʽ. 

ʋ ʨʦʙʦʪʘʭ [1.58, 1.59] ʨʦʟʚʠʥʝʥʘ ʢʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʽʾ ʤʝʪʘʣʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ɼʨʫʜʝ [1.30] ʽ ʫʷʚʣʝʥʴ ʧʨʦ ʢʣʘʩʠʯʥʠʡ ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ ʚ ʤʝʪʘʣʝʚʽʡ ʯʘʩʪʠʥʮʽ. 

ʋ ʮʽʡ ʪʝʦʨʽʾ ʟʛʘʩʘʥʥʷ ʧʣʘʟʤʦʚʠʭ ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʦʥʽʚ ʦʙʫʤʦʚʣʝʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ ʧʦʚʝʨʭʥʝʶ (ʚʠʨʘʟ (1.7), ʘ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚʨʘʭʦʚʫʶʪʴ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʧʦʧʨʘʚʢʠ ʚ 

ñʜʨʫʜʽʚʩʴʢʫò ʯʘʩʪʠʥʫ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʘʯʝʥʥʷ |e2| 

ʯʘʩʪʠʥʦʢ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ R0, ʘ |e1| ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ R0 [1,19]. 

ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʦʙʦʪʘʭ [1.73] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʽ 
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ʟʥʘʯʝʥʥʷ e2 ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʧʘʜʘʶʪʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭ ʨʦʟʤʽʨʫ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ǩɤ = 1,5 -3,9 ʝɺ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʪʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʦʛʦ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʚʢʨʘʡ 

ʩʫʧʝʨʝʯʣʠʚʽ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʘʥʘʣʽʟʫ ʽ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʨʦʙʦʪʘʭ [1.16-1.18] ʥʘʚʝʜʝʥʠʡ ʦʛʣʷʜ ʧʫʙʣʽʢʘʮʽʡ, ʚ ʷʢʠʭ ʜʣʷ ʦʧʠʩʫ 

ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʦʥʽʚ ʚ ʅʏ ʚʠʢʦʨʠʩʪʘʥʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʥʘʙʣʠʞʝʥʥʷ. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ ʧʦʚʠʥʥʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʟʥʠʞʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʧʣʘʟʤʦʥʽʚ. ɺ [1.17] ʩʪʘʚʠʪʴʩʷ 

ʧʽʜ ʩʫʤʥʽʚ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʅʏ, 

ʪʘʢ ʷʢ ʚʦʥʦ ʚʠʧʨʘʚʜʘʥʝ ʚ ʨʘʟʽ, ʷʢʱʦ ʜʦʚʞʠʥʘ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ ʤʝʥʰʝ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʢʠ (ʱʦ ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ). 

ʆʜʥʘ ʟ ʧʝʨʰʠʭ ʢʚʘʥʪʦʚʠʭ ʪʝʦʨʽʡ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʠʭ ʅʏ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʂʘʚʘʙʘʪʦ ʽ ʂʫʙʦ [1.62], ʚ ʷʢʽʡ 

ʚʨʘʭʦʚʘʥʦ ʧʝʨʝʙʫʜʦʚʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʝʣʝʢʪʨʦʥʽʚ ʤʝʪʘʣʫ ʪʘ ʦʜʝʨʞʘʥʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ e2(w, R0) 

ʩʬʝʨʠʯʥʦʾ ʅʏ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʨʦʟʤʽʨʫ. ʈʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [1.60, 1.63, 1.64]. ʗʢ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʚ [1.74] 

ʟʘʣʝʞʥʦʩʪʽ e2(w, R0) ʦʪʨʠʤʘʥʽ ʚ [1.62], ʘ ʪʘʢʦʞ ʚ ʢʚʘʥʪʦʚʠʭ ʪʝʦʨʽʷʭ [1.60, 1.63, 

1.64] ʝʢʚʽʚʘʣʝʥʪʥʽ ʦʜʠʥ ʦʜʥʦʤʫ, ʭʦʯʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʯʠʩʝʣʴʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ɿʛʽʜʥʦ ʟ ʮʠʤʠ ʪʝʦʨʽʷʤʠ e2(w, R0) ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʽ ʜʣʷ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʠʩ 

ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʤʝʪʘʣʝʚʠʭ ʅʏ ʢʚʘʥʪʦʚʦʶ ʪʝʦʨʽʻʶ [1.60, 1.62-1.64] ʽ 

ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ [1.59] ʷʢʽʩʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ. 

ʋ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʾ ʤʦʜʝʣʽ ɺʫʜʘ ʽ ɸʰʢʨʦʬʪʘ [1.68] ʧʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ 

ʢʚʘʥʪʦʚʠʡ ʨʦʟʤʽʨʥʠʡ ʝʬʝʢʪ ʧʦʚʠʥʝʥ ʧʨʦʷʚʣʷʪʠʩʷ, ʢʦʣʠ ʚ ʯʘʩʪʠʥʮʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ (ʅʏ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ ʤʝʪʘʣʝʚʦʾ ʚ 

ʜʽʝʣʝʢʪʨʠʯʥʫ) ʟʘ ʫʤʦʚʠ, ʱʦ ʯʘʩʪʦʪʘ ʟʽʪʢʥʝʥʴ ʝʣʝʢʪʨʦʥʘ ʟ ʧʦʚʝʨʭʥʝʶ ʯʘʩʪʠʥʢʠ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʦʪʫ ʡʦʛʦ ʟʽʪʢʥʝʥʴ ʚ ʤʘʩʠʚʥʦʤʫ ʤʝʪʘʣʽ. ɿʛʽʜʥʦ ʮʽʻʾ 

ʤʦʜʝʣʽ ʟʙʽʣʴʰʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʝʪʘʣʝʚʠʤʠ 
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ʯʘʩʪʠʥʢʘʤʠ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʟʥʘʯʝʥʴ ʩʪʘʪʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʾʭ ʨʦʟʤʽʨʫ. ʇʨʦʪʝ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝ ʜʘʣʠ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʄʦʜʝʣʴ ɺʫʜʘ ʽ ɸʰʢʨʦʬʪʘ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ 

ʷʚʠʱʝ ʟʤʽʱʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʢʫ ʧʦʛʣʠʥʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʥʠʞʯʠʭ ʯʘʩʪʦʪ (ʯʝʨʚʦʥʝ ʟʤʽʱʝʥʥʷ) ʧʦ ʤʽʨ ̔ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʫ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʦʨʽʡ [1.60, 1.62-1.64, 1.68], ʜʝ ʚ ʷʢʦʩʪʽ ʚʝʣʠʯʠʥʠ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʛʫʢ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʢʠ ʥʘ ʚʧʣʠʚ ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚ ʨʷʜʽ ʪʝʦʨʽʡ [1.65-1.67] ʚʠʙʨʘʥʦ 

ʧʦʣ̫ʨʠʟʦʚʘʥʽʩʪʴ. ʋ ʢʚʘʥʪʦʚʽʡ ʪʝʦʨʽʾ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʤʝʪʘʣʝʚʠʭ 

ʯʘʩʪʠʥʦʢ ʃʫʰʥʽʢʦʚʘ ʪʘ ʉʽʤʦʥʦʚʘ [1.20, 1.66] ʨʦʟʛʣʷʥʫʪʘ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ 

ʯʘʩʪʠʥʢʫ ʧʨʝʜʩʪʘʚʣʷʣʠ ʫ ʚʠʛʣʷʜʽ ʥʝʡʪʨʘʣʴʥʦʾ ʩʬʝʨʠ ʟ ʷʜʨʦʤ ʽ ʤʝʪʘʣʝʚʦʶ 

ʦʙʦʣʦʥʢʦʶ. ʋ ʧʨʠʧʫʱʝʥʥʽ ʧʦʚʥʦʛʦ ʝʢʨʘʥʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʟʽʪʢʥʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʚʠʨʘʟʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʪʘ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʯʘʩʪʠʥʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ ʾʭ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʦʪʝ ʚ ʮʽʡ ʪʝʦʨʽʾ ʯʘʩʪʦʪʘ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚ ʯʘʩʪʠʥʮʽ ʧʨʠʡʤʘʣʘʩʷ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʾʾ 

ʨʦʟʤʽʨʫ. ɸʚʪʦʨʘʤʠ ʨʦʙʽʪ [1.20, 1.66] ʥʝ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʽ ʩʘʤʽ ʨʦʟʨʘʭʫʥʢʠ 

ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʅʏ. ɺ ʨʦʙʦʪʽ [1.65] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʟʥʘʯʝʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʅʏ ʧʘʜʘʶʪʴ ʟ ʟʤʝʥʰʝʥʥʷʤ ʾʭ 

ʨʦʟʤʽʨʫ, ʧʨʠ ʫʤʦʚʽ ʝʢʨʘʥʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɹʦʥʜʘʨ 

ʆ.ʆ., ʂʫʣʶʧʽʥ ʖ.ʆ. ʪʘ ʽʥʰʽ ʚ [1.75] ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʽʾ ʃʫʰʥʽʢʦʚʘ ʽ ʉʽʤʦʥʦʚʘ 

ʨʦʟʨʘʭʫʚʘʣʠ ʜʠʩʧʝʨʩʽʡʥʽ ʪʘ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ 

ʜʣʷ ʤʘʣʠʭ ʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʽ ʧʨʦʚʝʣʠ ʘʥʘʣʽʟ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ʄʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʤʘʣʠ ʤʽʩʮʝ ʟʥʘʯʥʽ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ 

ʨʦʟʙʽʞʥʦʩʪʽ. ʊʘʢ, ʷʢʱʦ ʟʛʽʜʥʦ ʪʝʦʨʽʾ [1.66] ʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʧʦʚʠʥʥʽ 

ʧʘʜʘʪʠ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦ ʟʛʽʜʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʦʥʠ ʨʦʩʪʫʪʴ. ʂʨʽʤ ʪʦʛʦ ʚ ʪʝʦʨʝʪʠʯʥʠʭ ʜʠʩʧʝʨʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ ʙʫʣʠ ʚʽʜʩʫʪʥʽ ʩʤʫʛʠ, ʷʢʽ ʤʘʣʠ ʤʽʩʮʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʫ ʢʚʘʥʪʦʚʽʡ ʪʝʦʨʽʾ ɻʦʨʴʢʦʚʘ-ʕʣʽʘʰʙʝʨʛʘ [1.67] ʫ 

ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʧʦʚʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ 

ʯʘʩʪʠʥʢʫ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʝʢʨʘʥʫʚʘʥʥʷ) ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʤʝʪʘʣʝʚʠʭ ʅʏ ʧʦʚʠʥʥʽ 

ʟʨʦʩʪʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʾ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʰʪʫʯʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ ʟ ʚʝʣʠʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʷʢʫ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʨʝʛʫʣʶʶʯʠ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ. ʇʨʦʪʝ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʽʾ ɻʦʨʴʢʦʚʘ-ʕʣʽʘʰʙʝʨʛʘ ʧʨʦʪʠʣʝʞʥʽ ʜʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʽʾ [1.66] ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʽ ʥʝ ʙʫʣʠ [1.76], ʱʦ 

ʤʦʞʣʠʚʦ ʟʚôʷʟʘʥʦ ʟ ʨʦʟʤʽʨʦʤ ʅʏ  ʙʽʣʴʰʝ 20 ʥʤ. ʋ ʨʦʙʦʪʽ [1.77] ʧʦʢʘʟʘʥʦ 

ʚʧʣʠʚ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʢʚʘʥʪʦʚʦʾ ʧʨʠʨʦʜʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʧʣʘʟʤʦʚʦʾ ʯʘʩʪʦʪʠ ʅʏ. ʉʫʧʝʨʝʯʣʠʚʽ ʨʝʟʫʣʴʪʘʪʠ ʢʚʘʥʪʦʚʠʭ ʪʝʦʨʽʡ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʅʏ, ʷʢ ʥʘʛʦʣʦʰʝʥʦ ʚ ʨʦʙʦʪʽ [1.11], ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ 

ʪʠʤ, ʱʦ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʢʦʣʝʢʪʠʚʥʠʭ ʟʙʫʨʝʥʴ ʨʦʟʤʽʨ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʢʠ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʙʽʣʴʰʝ 1 ʥʤ. ʈʘʟʦʤ ʟ ʪʠʤ ʧʨʠ ʪʘʢʠʭ ʨʦʟʤʽʨʘʭ ʢʚʘʥʪʫʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ, ʪʘʢ ʷʢ ʜʦʚʞʠʥʘ ʜʝʙʨʦʡʣʽʚʩʴʢʦʾ ʭʚʠʣʽ 

ʝʣʝʢʪʨʦʥʽʚ ʧʦʨʷʜʢʫ 0,1 ʥʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʨʘʭʦʚʘʥʽ ʪʝʦʨʽʾ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʢʣʘʩʠʯʥʠʭ ʪʘ ʢʚʘʥʪʦʚʠʭ ʧʽʜʭʦʜʽʚ ʥʝ ʤʦʞʫʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʘʪʠ ʨʦʟʤʽʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ (e, a) ʅʏ. ʅʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʧʨʠʧʫʱʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʮʠʭ ʪʝʦʨʽʷʭ ʽʜʝʘʣʽʟʫʶʪʴ 

ʨʝʘʣʴʥʫ ʢʘʨʪʠʥʫ ʚʟʘʻʤʦʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʯʘʩʪʠʥʢʦʶ 

ʪʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʷ ʦʜʥʦʯʘʩʪʢʦʚʠʭ ʽ ʢʦʣʝʢʪʠʚʥʠʭ 

ʟʙʫʨʝʥʴ ʝʣʝʢʪʨʦʥʽʚ [1.17]. ʆʜʥʘʢ ʮʽ ʥʘʙʣʠʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʽʜʩʪʘʚʥʠʤʠ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʝʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ [1.77] ʜʫʞʝ ʚʘʞʣʠʚʦ 
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ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʟʤʽʰʫʚʘʥʥʷ ʚʢʣʘʜʽʚ ʢʦʣʝʢʪʠʚʥʠʭ ʟʙʫʜʞʝʥʴ ʚʽʣʴʥʠʭ ʽ 

ʟʚôʷʟʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʪʘʢ ʽ ʟʘʪʫʭʘʥʥʷ ʮʠʭ ʢʦʣʠʚʘʥʴ. ʉʘʤʝ ʝʬʝʢʪʦʤ 

ʟʤʽʰʫʚʘʥʥʷ ʚ ʨʦʙʦʪʘʭ [1.73, 1.75, 1.79] ʧʦʷʩʥʶʻʪʴʩʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʟʩʫʚ 

ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚ ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʩʨʽʙʣʘ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʙʦʪʘʭ [1.80, 1.81] ʪʘʢʦʞ ʜʦʚʦʜʠʪʴʩʷ, ʱʦ ʚ ʤʘʣʠʭ 

ʤʝʪʘʣʝʚʠʭ ʩʬʝʨʘʭ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʰʫʚʘʥʥʷ 

ʦʜʥʦʯʘʩʪʢʦʚʠʭ ʽ ʢʦʣʝʢʪʠʚʥʠʭ ʟʙʫʜʞʝʥʴ ʝʣʝʢʪʨʦʥʽʚ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ 

ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʩʢʽʣʴʢʠ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ 

ʧʽʜʭʦʜʠ ʜʦ ʦʧʠʩʫ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʚ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʅʏ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʩʫʧʝʨʝʯʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ, ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʾʭ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʏʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʪʦʩʦʚʥʦ ʦʧʪʠʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʯʘʩʪʦʪʠ ʧʣʘʟʤʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʅʏ ʥʘʚʝʜʝʥʽ ʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ʽ ʦʛʣʷʜʦʚʠʭ ʨʦʙʦʪʘʭ [1.14-1.19, 1.73-1.89]. 

ɿʦʢʨʝʤʘ, ʚ [1.16, 1.90,1.91] ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ 

ʦʩʥʦʚʽ ʪʝʦʨʽʡ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʧʽʚʰʠʨʠʥʠ ʧʽʢʘ ʧʦʛʣʠʥʘʥʥʷ ʅʏ ʩʨʽʙʣʘ ʟʦʩʝʨʝʜʞʝʥʠʭ ʚ ʤʘʪʨʠʮʽ ʟʽ ʩʢʣʘ ʚʽʜ 

ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ. ʇʨʠʢʣʘʜʠ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.1. ʪʘ ʨʠʩ. 

1.2. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʥʝ ʤʦʞʫʪʴ ʧʦʷʩʥʠʪʠ 

ʟʤʽʱʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʧʽʢʘ ʩʤʫʛʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʾʾ ʧʽʚʰʠʨʠʥʠ 

ʅʏ ʤʝʪʘʣʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʽ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʟʦʢʨʝʤʘ ʦʙʫʤʦʚʣʝʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʦʨʽʾ ʄʽ ʪʘ ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ, ʷʢʽ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʚ 

ʧʨʠʧʫʱʝʥʥʽ ʥʝʚʝʣʠʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʅʏ ʚ ʤʘʪʨʠʮʽ. ɿʘ ʮʽʻʾ ʫʤʦʚʠ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ ʜʠʧʦʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʘʟʘʥʠʭ ʪʝʦʨʽʡ ʚʠʧʨʘʚʜʘʥʝ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʧʝʨʝʚʠʱʫʻ ʾʭ ʨʦʟʤʽʨʠ. ʇʨʦʪʝ ʮʷ ʫʤʦʚʘ ʚ ʨʝʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʝ ʟʘʚʞʜʠ [1.19]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʦʟʤʽʨʥʠʭ ʽ ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʅʏ ʤʝʪʘʣʽʚ ʻ ʧʨʠʥʮʠʧʦʚʽ ʧʨʦʪʠʨʽʯʯʷ, ʷʢʽ ʪʘʢʦʞ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ ʩʧʝʮʠʬʽʢʦʶ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ 

ʩʠʩʪʝʤ. ɺʠʨʽʰʠʪʠ ʮʽ ʧʨʦʪʠʨʽʯʯʷ ʤʦʞʫʪʴ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʨʦʟʤʽʨʥʠʭ ʟʤʽʥ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ. 

 

ʘ)        ʙ) 

ʈʠʩ. 1.1. ʈʦʟʤʽʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ (ʘ), (ʙ), ʅʏ 

ʩʨʽʙʣʘ ʚ ʩʢʣʽ [1.16]: ʘ) 1ⱷ ʪʝʦʨʽʷ ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʣʘʩʠʯʥʦʛʦ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ [1.90], 2 ⱷ ʪʝʦʨʽʷ ʃʫʰʥʠʢʦʚʘ ʽ ʉʠʤʦʥʦʚʘ 

[1.66], 3 ⱷ ʜʦʚʞʠʥʘ ʝʢʨʘʥʫʚʘʥʥʷ ʊʦʤʘʩʘ-ʌʝʨʤʠ 0,12 ʥʤ; ʙ) 1 ⱷ ʪʝʦʨʽʷ ʄʽ 

ʨʦʟʨʘʭʫʥʢʠ [1.91], 2 ⱷ ʪʝʦʨʽʷ ʂʘʚʘʙʘʪʠ-ʂʫʙʦ [1.62], 3 ⱷ ʝʢʩʧʝʨʠʤʝʥʪ [1.91]; 

4 ʝʢʩʧʝʨʠʤʝʥʪ [1.85]  

ʇʨʠʥʮʠʧʦʚʦ ʽʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ʬʦʪʦʧʦʛʣʠʥʘʥʥʷ ʯʘʩʪʠʥʢʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʦʶ ʪʘ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʶ ʪʝʦʨʽʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʚ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʣʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ɹʦʥʜʘʨ ʆ.ʆ. ʚ ʨʦʙʦʪʘʭ [1.79, 1.92]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 

ʧʽʜʭʦʜʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ ʥʘ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʯʘʩʪʠʥʦʢ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʯʘʩʪʦʪʦʶ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʝʤʧʽʨʠʯʥʠʤ ʧʨʘʚʠʣʦʤ 
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ʋʨʙʘʭʘ ʽ ʚʠʩʫʚʘʻʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʝʢʩʠʪʦʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʦʛʣʠʥʘʥʥʷ ʟʘ ʦʙʣʘʩʪʶ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚ ʯʘʩʪʠʥʮʽ. ɹʫʣʦ ʪʘʢʦʞ 

ʚʨʘʭʦʚʘʥʦ ʦʙʤʝʞʫʶʯʠʡ ʚʧʣʠʚ ʢʚʘʟʽʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʫʞʥʦʾ ʩʬʝʨʠʯʥʦʾ 

ʯʘʩʪʠʥʢʠ ʥʘ ʾʾ ʬʦʥʦʥʥʠʡ ʩʧʝʢʪʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ɼʝʙʘʷ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʾʾ ʨʦʟʤʽʨʫ [1.16]. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ [1.79], ʧʦʢʘʟʘʣʠ, ʱʦ 

ʦʙʯʠʩʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʭʦʜʫ ɹʦʥʜʘʨ ʆ.ʆ. ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ b ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʚʽʜ ǩw ʽ D0 ʢʦʨʝʣʶʶʪʴ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʨʘʱʝ, ʥʽʞ ʚ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʪʝʦʨʽʷʭ. 

 

ʈʠʩ. 1.2. ʈʦʟʤʽʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʽʚʰʠʨʠʥʠ ʧʽʢʘ ʧʦʛʣʠʥʘʥʥʷ ʅʏ ʩʨʽʙʣʘ ʚ ʩʢʣʽ 

[1.24]: 1 ⱷ ʝʢʩʧʝʨʠʤʝʥʪ [1.91], 2 ⱷ ʪʝʦʨʽʷ ʢʣʘʩʠʯʥʦʛʦ ʨʦʟʤʽʨʥʦʛʦ ʝʬʝʢʪʫ 

[1.90], 3 ⱷ ʢʚʘʥʪʦʚʘ ʪʝʦʨʽʷ [1.62] 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʚʢʘʟʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʥʝʦʙʭʽʜʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʨʦʟʤʽʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦʾ ʨʝʘʣʴʥʦʾ ʅʏ. ʇʨʦʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʟʥʘʯʝʥʥʶ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ 

ʚʢʨʘʡ ʥʝʜʦʩʪʘʪʥʴʦ [1.73, 1.75, 1.93, 1.94]. ʇʦʚôʷʟʘʥʦ ʮʝ ʟ ʪʠʤ, ʱʦ ʦʧʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʥʝʜʦʩʪʫʧʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʤʽʨʫ, ʘ 

ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʷʢ ʧʨʘʚʠʣʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʛʫʢʫ ʩʠʩʪʝʤʠ 
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(ʘʥʩʘʤʙʣʶ) ʅʏ ʥʘ ʟʦʚʥʽʰʥʽʡ ɽʄ ʚʧʣʠʚ. ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʟʠʪʠ, ʛʨʘʥʫʣʴʦʚʘʥʽ ʧʣʽʚʢʠ (ʥʘʧʨʠʢʣʘʜ, 

ʅʏ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʦʙôʻʤʥʽʡ ʬʘʟʽ  ʤʘʪʨʠʮʽ) [1.45, 1.64, 1.82-1.86], ʘʙʦ 

ʦʩʪʨʽʚʮʝʚʽ ʤʝʪʘʣʝʚʽ ʧʣʽʚʢʠ (ʤʦʥʦʰʘʨʠ ʅʏ ʥʘ ʧʽʜʢʣʘʜʮʽ) [1.14, 1.73, 1.75, 1.87-

1.95]. ɺʽʜʦʤʽ ʥʘʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʨʦʟʤʽʨʥʠʭ 

ʪʘ ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ɽʄ ʧʘʨʘʤʝʪʨʽʚ (a, e, ů) ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ ʟ 

ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ 100 ʥʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [1.14, 1,73, 1.79, 1.83, 

1.93, 1.100]. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʨʦʙʽʪ ʧʦ ʚʠʚʯʝʥʥʶ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʅʏ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ (ʩʨʽʙʣʦ, 

ʟʦʣʦʪʦ). 

ʊʘʢ ʫ ʨʦʙʦʪʘʭ [1.73, 1.75, 1.93, 1.100] ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ 

ʩʨʽʙʣʘ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ï ʦʩʪʨʽʚʮʽʚ ʧʦ 

ʨʦʟʤʽʨʘʭ ʪʘ ʥʘ ʧʽʜʩʪʘʚʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ 

ʈʦʟʝʥʙʝʨʛʘ [1.14] ʚʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʅʏ ʩʨʽʙʣʘ. ʇʨʠʢʣʘʜ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʩʘʤʝ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ɽʄ ʭʚʠʣʽ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 

ʤʝʥʰʝ 20 ʥʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.3. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ ʟʨʦʩʪʘʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭ ʨʦʟʤʽʨʫ. ɺ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʢʨʠʚʠʭ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʩʤʫʛʠ, ʷʢʽ ʤʘʶʪʴ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ 

[1.73, 1.79, 1.100]. ɿʦʢʨʝʤʘ, ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ ɚ =0,35 - 0,37 ʤʢʤ ʟʚôʷʟʘʥʠʡ 

ʟ ʟʙʫʨʝʥʥʷʤ ʧʣʘʟʤʦʚʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʠʡ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʙʽʣʴʰ ʢʦʨʦʪʢʠʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. ɯʥʰʽ ʩʤʫʛʠ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠʩʷ 

ʷʢ ʩʤʫʛʠ ʙʨʝʛʽʚʩʴʢʦʛʦ ʤʽʞʟʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʩʤʫʛʠ ʤʽʞʟʦʥʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜʥʦʩʥʦ ʧʣʘʟʤʦʚʦʛʦ ʧʽʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʭ ʟʤʽʱʝʥʥʷ ʚ ʙʽʢ ʢʦʨʦʪʢʠʭ ʯʠ ʜʦʚʛʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʧʨʠ ʟʤʽʥʽ 

ʨʦʟʤʽʨʫ ʅʏ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʣʠʚʦʩʪʽ ʨʽʟʢʦ ʧʘʜʘʶʪʴ [1.73] ʚ ʫʩʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ, ʘ ʬʘʢʪʦʨ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʟʨʦʩʪʘʚ 
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[1.93] ʫ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʦʙôʻʤʫ 

ʯʘʩʪʠʥʦʢ. 

 

a)        ʙ) 

ʈʠʩ. 1.3. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʅʏ ʩʨʽʙʣʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʨʘʜʽʫʩʘ ʯʘʩʪʠʥʦʢ: 1 ï 2,5 ʥʤ; 2 ï 4 ʥʤ; 3 ï 5 ʥʤ; 4 ï 3 ʥʤ; 5 ï 5 ʥʤ; 6 ï ʅʏ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʩʠʚʥʦʛʦ ʩʨʽʙʣʘ. 1-3 ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʢʚʘʨʮʫ, 4-5 ʥʘ ʧʽʜʢʣʘʜʮʽ 

ʟʽ ʩʢʣʘ ʚ [1.100] 

ɸʚʪʦʨʘʤʠ ʨʦʙʽʪ [1.94, 1.101], ʦʜʝʨʞʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʚʦʤʽʨʥʠʭ ʩʠʩʪʝʤ (ʤʦʥʦʰʘʨʠ ʯʘʩʪʠʥʦʢ ʥʘ ʧʽʜʢʣʘʜʮʽ) 

[1.14].  ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʙʫʚ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ ʚ ʩʠʩʪʝʤʽ 

ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʦʶ [1.101], ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʪʝʨʘʮʽʡʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʦ 10% [1.93]. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʚʢʘʟʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʥʘ ʩʢʣʷʥʽʡ ʧʽʜʢʣʘʜʮʽ 

(ʚʽʜʽʙʨʘʥʠʭ ʧʦ ʢʨʠʪʝʨʽʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ) ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʜʽʡʩʥʦʾ a1 ʽ ʫʷʚʥʦʾ a2 ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʟʽ 
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ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʨʦʟʤʽʨʫ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ɚ = 0,4 õ 1,1 ʤʢʤ [1.94]. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʦʙʦʪʘʭ [1.73, 1.94, 1.100] ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʦʩʪʨʽʚʮʝʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʦʮʽʥʶʶʪʴʩʷ ʬʦʨʤʘʣʴʥʦ ʟʘ ʫʤʦʚʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʮʽʣʢʦʤ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ ʜʦ 1 ʥʤ ʪʘ ʥʠʟʴʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʥʦʦʩʪʨʽʚʮʽʚ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʽʜʢʣʘʜʢʠ [1.100, 1.102, 

1.103]. ɼʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʷʢ ʧʨʘʚʠʣʦ 

ʭʘʨʘʢʪʝʨʥʘ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʦʩʪʨʽʚʮʝʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ [1.104] 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʧʦʭʠʙʢʠ [1.105]. 

ʋ ʨʦʙʦʪʘʭ [1.97-1.99] ʚʠʷʚʣʝʥʦ, ʱʦ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

ʫʣʴʪʨʘʬʽʦʣʝʪʫ ʜʦ ʨʘʜʽʦʭʚʠʣʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʧʘʜʽʥʥʷ ʟʥʘʯʝʥʴ ʦʧʪʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ (ů) ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭ ʨʦʟʤʽʨʫ ʪʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʩʪʘʪʠʩʪʠʯʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ů0 ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʽʚ ʤʝʪʘʣʫ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʨʦʙʦʪʘʤʠ [1.83, 1.96, 1.106]. ɺ [1.96] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʰʣʷʭʦʤ ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʤʽʢʨʦʪʝʦʨʽʾ ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ [1.14, 

1.106], ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ ǩw = 0,5 · 6 ʝɺ ʚ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʢʘʭ ʥʽʢʝʣʶ 

ʟʥʘʯʝʥʥʷ ů (ʽ, ʚʽʜʧʦʚʽʜʥʦ, e2) ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ-ʦʩʪʨʽʚʢʘ ʧʘʜʘʶʪʴ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʾʾ ʜʽʘʤʝʪʨʫ D (ʧʦʯʠʥʘʶʯʠ ʟ D < 250 ¡). ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚ [1.96] 

ʚʝʣʠʯʠʥʠ D ʦʮʽʥʶʚʘʣʠʩʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʦ ʚʘʛʦʚʽʡ ʪʦʚʱʠʥʽ ʧʣʽʚʦʢ, ʘ ů ʜʘʥʽ 

ʚ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ. 

ɺ [1.83, 1.106] ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʢʘʭ ʽʥʜʽʶ ʪʘ 

ʘʣʶʤʽʥʽʶ ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ů ʚ ʢʚʘʟʽʩʪʘʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ n (ʚʽʜ 10 ʜʦ 

100 ʩʤ
-1
) ʧʘʜʘʶʪʴ ʥʘ 8 ʧʦʨʷʜʢʽʚ ʚʝʣʠʯʠʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ů ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ 

ʦʙôʻʤʘʭ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʘʜʽʫʩʘ R0 ʯʘʩʪʠʥʦʢ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʫ ʧʨʠʨʦʜʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʯʘʩʪʠʥʦʢ [1.99] ʘʙʦ 
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ʧʨʦ ʨʦʟʤʽʨʥʦ-ʩʪʠʤʫʣʴʦʚʘʥʠʡ ʧʝʨʝʭʽʜ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ [1.97, 1.106] ʚ 

ʯʘʩʪʠʥʮʽ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ [1.83], ʱʦ ʩʧʘʜ ʢʚʘʟʽʩʪʘʪʠʯʥʦʾ ů ʟʽ ʟʤʝʥʰʝʥʥʷʤ R0 ʻ 

ʪʠʧʦʚʠʤ ʜʣʷ ʤʘʣʠʭ ʦʙôʻʤʽʚ ʤʝʪʘʣʽʚ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ (ʟ D0 = 1 · 1000 ʥʤ). 

ʇʨʠ ʮʴʦʤʫ ʜʘʥʦʤʫ ʝʬʝʢʪʫ ʭʘʨʘʢʪʝʨʥʽ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

¶ ʟʤʽʥʠ ů ʚʽʜ D0 ʥʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ (ʧʦʯʠʥʘʶʯʠ ʚʽʜ 

w < 1,8Ö10
13

 c
-1
) ʜʣʷ ʩʬʝʨʠʯʥʠʭ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʷʢʽʩʥʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʚʠʜʫ ů ~ R0
3w [1.83, 1.97, 1.106, 1.108]; 

¶ ʧʦʚʝʜʽʥʢʘ ů ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʦʪʠʨʽʯʯʽ ʟ ʤʝʪʘʣʝʚʠʤ (ʜʨʫʜʽʚʩʢɹʠʤ) 

ʚʠʜʦʤ ʜʠʩʧʝʨʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʚʽʜʥʦʩʪʽ, ʦʧʠʩʫʚʘʥʦʾ ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ 

ʤʝʞʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ů ~ w1/2
 [1.30]; 

¶ ʧʘʜʽʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʟʥʘʯʝʥʴ ů ʟʽ ʟʤʝʥʰʝʥʥʷʤ D0 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʤ ʬʦʪʦʧʦʛʣʠʥʘʥʥʷ ʚ ʯʘʩʪʠʥʢʘʭ ʚ 

ʜʘʣʝʢʦʤʫ ɯʏ ʽʥʪʝʨʚʘʣʽ ʯʘʩʪʦʪ [1.106]; 

¶ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ů ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʦʙôʻʤʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʯʘʩʪʠʥʦʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʱʝʥʥʷʤ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ 

ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʫ (ʙʣʘʢʠʪʥʠʡ ʟʩʫʚ) ʩʤʫʛ ʤʽʞʟʦʥʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʨʦʟʤʽʨʥʽ, ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʟ 

ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ 20 ʥʤ ʚʢʨʘʡ ʦʙʤʝʞʝʥʘ ʘʙʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ ʚʠʧʘʜʢʫ ʨʷʜʫ 

ʧʨʠʧʫʱʝʥʴ ʧʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʅʏ ʟʘ ʨʦʟʤʽʨʘʤʠ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʽ ʢʽʣʴʢʽʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʅʏ ʤʝʪʘʣʽʚ (ʟʦʢʨʝʤʘ ʥʽʢʝʣʶ, ʤʽʜʽ, ʭʨʦʤʫ ʪʘ ʽʥ.) ʚ ʨʝʘʣʴʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ (ʟ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ) ʫ 

ʚʽʜʦʤʠʭ ʥʘʤ ʧʫʙʣʽʢʘʮʽʷʭ ʥʝ ʚʠʷʚʣʝʥʦ. ʊʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʢʣʘʜʥʽ ʪʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʪʚʦʨʝʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ, 

ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʫʤʦʚʠ ʪʦʪʦʞʥʦʩʪʽ Ů ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʢʠ 

ʜʝ̔ʣʝʢʪʨʠʯʥʽʡ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ 

[1.109]. ʄʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʪʘʢʠʤ ʯʠʥʦʤ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʦʧʪʠʯʥʠʤʠ 
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ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʻ ʟʥʘʯʥʽ ʨʦʟʙʽʞʥʦʩʪʽ, ʱʦ ʩʪʘʚʠʪʴ 

ʧʽʜ ʩʫʤʥʽʚ ʧʠʪʘʥʥʷ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʾʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [1.94]. 

1.2 ʊʝʦʨʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ 

ɼʦ ʢʦʤʧʦʟʠʪʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚʽʜʥʦʩʷʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʽ 

ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʙôʻʤʥʠʭ ʘʥʩʘʤʙʣʽʚ ʚʢʣʶʯʝʥʴ (ʯʘʩʪʠʥʦʢ) ʚ ʙʫʜʴ-

ʷʢʽʡ ʤʘʪʨʠʮʽ (ʛʨʘʥʫʣʴʦʚʘʥʽ ʧʣʽʚʢʠ, ʩʫʩʧʝʥʟʽʾ, ʢʝʨʤʝʪʠ, ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ), 

ʘʙʦ ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ (ʤʦʥʦʰʘʨʠ ʯʘʩʪʠʥʦʢ, ʟʦʩʝʨʝʜʞʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʮʽ). ʇʨʠ 

ʚʠʚʯʝʥʥʽ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ 

ʤʦʨʬʦʣʦʛʽʶ, ʨʦʟʤʽʨ, ʬʦʨʤʫ ʯʘʩʪʠʥʦʢ, ʝʬʝʢʪʠ, ʟʫʤʦʚʣʝʥʽ ʚʟʘʻʤʦʜʽʻʶ 

ʯʘʩʪʠʥʦʢ, ʚʧʣʠʚʦʤ ʥʘ ʥʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘ 

ʽʥʰʽ ʦʩʦʙʣʠʚʦʩʪʽ [1.1, 1.43, 1.54]. ʊʦʤʫ ʜʣʷ ʦʧʠʩʫ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʝʦʨʽʾ, ʷʢʽ ʚ ʪʽʡ ʯʠ 

ʽʥʰʽʡ ʤʽʨʽ ʚʨʘʭʦʚʫʶʪʴ ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʤʦʥʦʛʨʘʬʽʡ, ʦʛʣʷʜʘʭ ʪʘ ʧʫʙʣʽʢʘʮʽʡ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [1.14, 1.16, 1.19, 1.24, 

1.110-1.116]). ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʝʦʨʽʡ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ɽʄ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʢʘʟʘʚ, ʱʦ 

ʩʫʪʪʻʚʦ ʜʦʩʪʦʚʽʨʥʠʤʠ ʻ ʧʽʜʭʦʜʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ 

[1.14, 1.15,1.103]. ʇʦ-ʧʝʨʰʝ, ʚʨʘʭʦʚʘʥʽ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʢʦʤʧʦʥʝʥʪʠ (ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʟʥʘʯʝʥʴ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʤ ʤʘʪʝʨʽʘʣʘʤ). ʇʦ-ʜʨʫʛʝ, ʚʨʘʭʦʚʘʥʘ ʨʝʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ (ʨʦʟʤʽʨ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʷ, 

ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ) ʪʘ ʝʬʝʢʪʠʚʥʝ ʧʦʣʝ ʚ ʥʽʡ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʟʦʩʝʨʝʜʠʤʦ 

ʫʚʘʛʫ ʥʘ ʨʦʟʛʣʷʜʽ ʧʠʪʘʥʥʷ, ʷʢʽ ʚ ʥʝʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʚʠʩʚʽʪʣʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʪʘ 

ʧʦʚôʷʟʘʥʽ ʟ ʢʦʨʝʢʪʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ɽʄ ʪʝʦʨʽʡ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʦ 

ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʤʽʨʥʠʭ ʩʠʩʪʝʤ 

(ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ). ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʧʠʩ ɽʄ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʽʟʥʠʭ ʧʦ ʩʚʦʾʡ ʧʨʦʩʪʦʨʦʚʽʡ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ 
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ʩʠʩʪʝʤ ʻ ʩʢʣʘʜʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʊʦʤʫ ɽʄ ʪʝʦʨʽʾ ʜʠʩʧʝʨʩʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʷʜʽ ʧʨʠʧʫʱʝʥʴ [1.14, 1.24]. ʇʦ-ʧʝʨʰʝ, ʜʠʧʦʣʴʥʝ 

ʥʘʙʣʠʞʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʽ . ʇʦ-ʜʨʫʛʝ, ʚʠʙʽʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ  

ʭʘʦʪʠʯʥʠʡ ʘʙʦ ʚʧʦʨʷʜʢʦʚʘʥʠʡ (ʥʘʧʨʠʢʣʘʜ, ʧʦ ʚʫʟʣʘʭ ʧʝʚʥʦʛʦ ʚʠʜʫ ʨʝʰʽʪʢʠ). 

ɺʽʜʦʤʽ ʪʝʦʨʽʾ ʤʦʞʥʘ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ: 

1) ʟʚôʷʟʢʦʤ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦʾ ʅʏ ʟ ʚʽʜʛʫʢʦʤ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʟʦʚʥʽʰʥʻ ɽʄ ʧʦʣʝ; 2) ʚʠʙʦʨʦʤ ʧʘʨʘʤʝʪʨʫ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽʄ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʅʏ; 3) ʟʘ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʨʘʭʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ (ʚʟʘʻʤʦʜʽʷ ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʽ, ʾʭ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʽʥʰ.). ɿ ʮʠʭ ʧʦʟʠʮʽʡ ʨʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʄʽ ʜʣʷ 

ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʥʝʚʟʘʻʤʦʜʽʶʯʠʭ ʯʘʩʪʠʥʦʢ [1.49]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʪʝʦʨʽʾ, ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʧʦʚʝʨʭʥʽ ʩʬʝʨʠ, ʚʠʟʥʘʯʝʥʦ ʬʘʢʪʦʨ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ (Ⱦʧ) ʪʘ ʨʦʟʩʽʶʚʘʥʥʷ (Ⱦʨ) ʦʢʨʝʤʦʾ ʅʏ ʚ ʥʘʙʣʠʞʝʥʥʽ, 

ʱʦ ʨʦʟʤʽʨ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʙʘʛʘʪʦ ʤʝʥʰʝ ʜʦʚʞʠʥʠ ɽʄ ʭʚʠʣʽ ʚ ʜʘʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʊʝʦʨʽʷ ʄʽ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʨʦʟʚʝʜʝʥʠʭ ʟʦʣʽʚ ʦʢʨʝʤʠʭ ʅʏ, ʢʦʣʠ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʥʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʯʘʩʪʠʥʢʘʤʠ [1.10 ï 1.13]. 

ʇʨʦʪʝ ʥʝ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʘʣʴʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

ʩʪʨʫʢʪʫʨʠ, ʩʢʣʘʜʫ, ʬʦʨʤʠ ʯʘʩʪʠʥʢʠ; ʥʘʷʚʥʽʩʪʴ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ; ʟʤʽʥ ɽʄ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʢʠ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʾ ʨʦʟʤʽʨʽʚ; ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ. ʋ 

ʩʫʯʘʩʥʠʭ ʧʨʘʮʷʭ, ʷʢʽ ʫʟʘʛʘʣʴʥʶʶʪʴ ʪʝʦʨʽʶ ʄʽ, ʨʦʟʛʣʷʜʘʶʪʴ ʯʘʩʪʠʥʢʠ ʟ 

ʧʦʢʨʠʪʪʷʤ [1.117], ʟ ʘʥʽʟʦʪʨʦʧʥʦʶ ʦʙʦʣʦʥʢʦʶ [1.118], ʙʘʛʘʪʦʰʘʨʦʚʽ ʤʦʜʝʣʽ 

[1.119], ʯʘʩʪʠʥʢʠ ʬʦʨʤʠ ʩʬʝʨʦʾʜʘ [1.120], ʟ ʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

[1.121] ʪʘ ʽʥʰʽ [1.24], ʱʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʦʾ ʪʝʦʨʽʾ. ɿ ʘʥʘʣʽʟʫ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʄʽ ʩʣʽʜʫʻ, ʱʦ ʾʾ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʦʙôʻʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ 

ʤʘʣʘ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʻ ʾʭ ʨʦʟʤʽʨʠ (ʩʠʩʪʝʤʘ 
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ʥʝʚʟʘʻʤʦʜʽʶʯʠʭ ʯʘʩʪʠʥʦʢ) [1.43]. ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʪʘʢʝ 

ʧʨʠʧʫʱʝʥʥʷ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ [1.14]. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʽʩʪʦʪʥʦ 

ʤʘʻ ʤʽʩʮʝ ʚʟʘʻʤʥʝ ʦʧʨʦʤʽʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʄʽ 

ʥʝʚʠʧʨʘʚʜʘʥʝ. 

ʊʝʦʨʽʾ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ (ʚʟʘʻʤʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʯʘʩʪʠʥʦʢ), ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚ ʜʚʽ 

ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʥʘʣʝʞʘʪʴ ʪʝʦʨʽʾ, ʚ ʷʢʠʭ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʛʫʢʫ 

ʨʝʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʟʦʚʥʽʰʥʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʝʬʝʢʪʠʚʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ Ůʝʬ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪ. ɿʚôʷʟʦʢ Ůʝʬ 

ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʷʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʧʫʩʢʘʥʥʷ ʊ 

ʪʘ ʚʽʜʙʠʚʘʥʥʷ R ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ 

[1.122,1.123]. ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʚ ʡʦʛʦ ʨʘʤʢʘʭ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʟʘʻʤʦʜʽʾ ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʢʦʤʧʦʟʠʪʥʠʤ ʜʠʩʧʝʨʩʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʨʽʰʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʪʝʦʨʽʾ, ʚ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ 

ʟʚôʷʟʫʶʪʴ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʯʘʩʪʠʥʢʠ (ʥʘʧʨʠʢʣʘʜ, ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ) ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʜʦʩʪʫʧʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʶ 

ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (T, R) ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ 

ʚʽʜʥʦʩʠʪʴʩʷ ʦʜʥʘ ʟ ʩʘʤʠʭ ʨʘʥʥʽʭ, ʘʣʝ, ʧʨʦʪʝ, ʰʠʨʦʢʦ ʚʞʠʚʘʥʠʭ ʪʝʦʨʽʷ 

ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ [1.107] ʪʘ ʾʾ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ [1.24, 1.112,]. ɺ ʪʝʦʨʽʾ 

ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ ʙʽʥʘʨʥʘ ʜʠʩʧʝʨʩʥʘ ʩʠʩʪʝʤʘ ʤʦʜʝʣʶʻʪʴʩʷ ʜʝʷʢʠʤ 

ʦʜʥʦʨʽʜʥʠʤ ñʝʬʝʢʪʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤò ʟ Ůʝʬ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ ʦʢʨʝʤʦʾ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ei ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ 

ʤʘʪʨʠʮʽ, ʚ ʷʢʽʡ ʨʦʟʧʦʜʽʣʝʥʽ ʯʘʩʪʠʥʢʠ em ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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ʜʝ q  ʬʘʢʪʦʨ ʟʘʧʦʚʥʝʥʥʷ (ʚʠʟʥʘʯʘʻ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʯʘʩʪʠʥʦʢ ʚ ʜʠʩʧʝʨʩʥʽʡ 

ʩʠʩʪʝʤʽ). 

ɺʠʨʘʟ (1.11) ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ ʤʘʪʨʠʯʥʠʭ ʩʠʩʪʝʤ (ʢʦʤʧʦʥʝʥʪʠ ʤʘʪʨʠʮʽ 

ʪʘ ʚʢʣʶʯʝʥʴ ʥʝʨʽʚʥʦʮʽʥʥʽ [1.24]) ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ: ʩʬʝʨʠʯʥʽ 

ʽʟʦʣʴʦʚʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʯʘʩʪʠʥʢʠ ʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʭʘʦʪʠʯʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ 

ʦʙôʻʤʫ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʤʘʪʨʠʮʽ); ʚʽʜʩʪʘʥʴ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʙʘʛʘʪʦ ʙʽʣʴʰʝ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʘ ʦʩʪʘʥʥʽ ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ ʜʦʚʞʠʥʠ ɽʄ ʭʚʠʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʧʨʘʚʢʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʃʦʨʝʥʪʮʘ [1.14, 1.116]. ɼʦ ʥʝʜʦʣʽʢʽʚ 

ʪʝʦʨʽʾ ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʧʨʠ ʤʘʣʠʭ ʦʙôʻʤʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʯʘʩʪʠʥʦʢ [1.112] ʽ ʥʝ ʜʦʩʠʪʴ 

ʧʦʚʥʦ ʚʨʘʭʦʚʫʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ ʮʴʦʤʫ 

ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʽʣʴʢʠ ʬʘʢʪʦʨʦʤ ʦʙôʻʤʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʽ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʦʢ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ. ɯʥʰʠʡ ʧʽʜʭʽʜ 

ʜʦ ʦʧʠʩʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʩʠʩʪʝʤ [1.113] ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɹʨʫʛʛʝʤʘʥʦʤ ʫ 

ʚʠʛʣʷʜʽ ʩʘʤʦʫʟʛʦʜʞʝʥʦʾ ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʊɽʉ) [134]. ʋ ʮʽʡ 

ʪʝʦʨʽʾ ʜʠʩʧʝʨʩʥʽ ʚʢʣʶʯʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʨʽʚʥʦʮʽʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʚʽʜʟʥʘʯʝʥʦ 

ʚ [1.15, 1.111-1.113] ʜʦ ʟʥʘʯʝʥʴ ʬʘʢʪʦʨʫ ʟʘʧʦʚʥʝʥʥʷ 0.67 ʽ ʙʽʣʴʰʝ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʊɽʉ ɹʨʫʛʛʝʤʘʥʘ ʥʝ ʚʨʘʭʦʚʫʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ 

ʪʘ ʙʣʠʟʴʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʚ ʥʽʡ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʬʘʢʪʦʨʘ q [1.24]. ʊʘʢʦʞ ʚʘʨʽʘʥʪʦʤ ʩʠʤʝʪʨʠʯʥʦʾ ʊɽʉ ʻ ʤʦʜʝʣʴ 

ʃʽʭʪʥʝʢʝʨʘ, ʘʥʘʣʽʟ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʦʙʦʪʽ [1.125]. ʇʦʜʘʣʴʰʝ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʣʘʩʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʽʟʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʷʭ ʥʘʚʝʜʝʥʦ ʚ ʯʠʩʣʝʥʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ [1.24, 1.110-1.116]. ʊʘʢ, 

ʘʚʪʦʨʠ ʨʦʙʦʪʠ [1.126] ʚʨʘʭʫʚʘʣʠ ʘʥʽʟʦʪʨʦʧʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʘ ɹʝʨʛʤʘʥ [1.127], 

ʄʽʣʪʦʥ [1.38,1.39]  ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʣʝʢʩʥʽ 

ʟʥʘʯʝʥʥʷ ʾʾ ʢʦʤʧʦʥʝʥʪ. ɺ ʽʥʰʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʨʦʟʩʽʶʚʘʥʥʷ 
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ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ [1.40, 1.132], ʘ ʚ [1.133-1.136]  ʦʙôʻʤʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʬʦʨʤʘ. ʈʦʟʚʠʪʦʢ ʊɽʉ ɹʨʫʛʛʝʤʘʥʘ ʥʘ ʜʦʚʽʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪ ʚ ʜʠʩʧʝʨʩʥʽʡ ʩʠʩʪʝʤʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [1.137]. 

ʗʢ ʩʚʽʜʯʠʪʴ ʯʠʩʣʝʥʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ 

ʦʛʣʷʜʘʭ ʪʘ ʩʪʘʪʪʷʭ ʧʽʜʭʽʜ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʮʽ, ʷʢ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ (ʩʫʩʧʝʥʟʽʾ, ʢʝʨʤʝʪʠ) ʪʘʢ ʽ ʜʚʦʚʠʤʽʨʥʠʭ 

(ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ) [1.16, 1.19, 1.134-1.147]. ɿ ʤʝʪʦʶ ʢʨʘʱʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʊɽʉ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʧʨʦʧʦʥʫʶʪʴʩʷ ʾʾ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ 

ʜʚʦʚʠʤʽʨʥʠʭ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʧʣʽʚʦʢ. ɺ ʦʜʥʠʭ ʤʦʜʝʣʷʭ ʧʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ 

ʦʩʪʨʽʚʮʽ ʤʘʶʪʴ ʬʦʨʤʫ ʝʣʽʧʩʦʾʜʽʚ ʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʫʟʣʘʭ ʢʚʘʜʨʘʪʥʦʾ ʨʝʰʽʪʢʠ 

[1.133, 1.144], ʘ ʚ ʽʥʰʠʭ  ʭʘʦʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʦʩʪʨʽʚʢʽʚ ʧʦ ʧʽʜʢʣʘʜʮʽ [1.14]. ɺ 

[1.145] ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ʚ ʧʣʽʚʮʽ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʝʬʝʢʪʠ ʟʘʧʽʟʥʶʚʘʥʥʷ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʩʪʨʽʚʢʘʤʠ, ʘ ʚ [1.144] ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʪʘʢʦʞ ʘʥʽʟʦʪʨʦʧʥʽʩʪʴ ʪʘ 

ʜʚʦʚʠʤʽʨʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʦʩʪʨʽʚʢʦʚʦʾ ʧʣʽʚʢʠ. ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʪʨʽʚʢʽʚ ʚ 

ʨʦʙʦʪʘʭ [1.146] ʧʝʨʝʜʙʘʯʘʣʠʩʷ ʽʜʝʥʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤ ʤʘʩʠʚʥʦʛʦ ʤʝʪʘʣʫ, 

ʘ ʚ [1.133, 1.143, 1.147] ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʢʣʘʩʠʯʥʠʤ ʨʦʟʤʽʨʥʠʤ ʝʬʝʢʪʦʤ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʊɽʉ ʪʘ ʾʾ ʤʦʜʠʬʽʢʘʮʽʡ ʜʣʷ ʟʚôʷʟʢʫ Ůʝʬ ʦʩʪʨʽʚʮʝʚʦʾ ʤʝʪʘʣʝʚʦʾ 

ʧʣʽʚʢʠ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʚʘʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʣʽʚʢʠ 

(ʥʘʧʨʠʢʣʘʜ, ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʚʘʥʥʷ ʪʘ ʧʨʦʧʫʩʢʘʥʥʷ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʪʝʦʨʽʶ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ ʧʣʽʚʦʢ [1.122, 1.123]. 

ʆʜʥʘʢ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʠʡ. ʅʘ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʪʘ ʧʦʥʷʪʪʷ Ůʝʬ ʫ ʚʠʧʘʜʢʫ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ 

ʚʢʘʟʫʶʪʴ ʈʦʟʝʥʙʝʨʛ [1.14], ʗʤʘʛʫʯʽ [1.148, 1.149], ɹʝʜʦʢʩ [1.150], ɹʦʥʜʘʨ 

[1.100, 1.103] ʪʘ ʽʥ. ɰʭ ʟʘʧʝʨʝʯʝʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʦʩʪʨʽʚʮʝʚʽ ʤʝʪʘʣʝʚʽ 

ʧʣʽʚʢʠ ʻ ʘʥʽʟʦʪʨʦʧʥʠʤʠ ʜʚʦʤʽʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʪʝʦʨʽʷ ʪʘ 

ʧʦʥʷʪʪʷ Ůʝʬ ʜʦ ʥʠʭ ʥʝ ʟʘʩʪʦʩʦʚʥʽ, ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʟʤʽʨʠ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʪʘʣʽʚ (ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ 

ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ, ʧʦʩʪʽʡʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʽ ʪ.ʜ.), ʘ ʤʘʢʨʦʩʢʦʧʽʯʥʽ 
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ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʽ ʟʚʠʯʘʡʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʥʘ ʷʢʠʭ ʟʘʩʥʦʚʘʥʝ ʚʠʚʝʜʝʥʥʷ 

ʚʠʨʘʟʽʚ ʮʽʻʾ ʪʝʦʨʽʾ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ 

ʨʦʟʤʽʨʘʤʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [1.14]. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ 

ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʧʦʥʷʪʪʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʚʪʨʘʯʘʻ ʩʚʽʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʢʦʨʝʢʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʾʾ ʤʦʜʠʬʽʢʘʮʽʡ ʜʣʷ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʘʢʠʤʠ 

ʧʨʠʯʠʥʘʤʠ: 

1) ɺʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʨʝʘʣʴʥʦʾ ʦʩʪʨʽʚʮʝʚʦʾ ʧʣʽʚʢʠ ʤʦʜʝʣʽ ʦʜʥʦʨʽʜʥʦʛʦ 

ñʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘò. 

2) ɺ ʮʠʭ ʪʝʦʨʽʷʭ ʩʪʨʫʢʪʫʨʘ ʦʩʪʨʽʚʮʝʚʦʾ ʧʣʽʚʢʠ ʦʧʠʩʫʻʪʴʩʷ ʣʠʰʝ ʬʘʢʪʦʨʦʤ 

ʟʘʧʦʚʥʝʥʥʷ, ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʚʽʜʦʙʨʘʞʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʴʥʦʾ 

ʧʣʽʚʢʠ. 

3) ʅʝʩʧʨʦʤʦʞʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʜʚʦʚʠʤʽʨʥʦʾ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʧʨʘʚʢʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʃʦʨʝʥʮʘ. ʎʷ ʧʦʧʨʘʚʢʘ ʩʧʨʘʚʝʜʣʠʚʘ 

ʪʽʣʴʢʠ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʘ, ʥʽʞ ʚʽʜʩʪʘʥʴ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʝʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨ ʦʩʪʨʽʚʮʝʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ 

[1.102, 1.103] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʩʧʽʚʨʦʟʤʽʨʥʘ ʟ ʾʭ 

ʨʦʟʤʽʨʘʤʠ. 

ɸʥʘʣʽʟ ʪʝʦʨʽʡ ʧʝʨʰʦʾ ʛʨʫʧʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʦʜʝʣʴ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʠʚʠʤʽʨʥʠʭ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ (ʱʦ ʤʽʩʪʷʪʴ ʫ ʚʩʽʭ ʪʨʴʦʭ 

ʚʠʤʽʨʘʭ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ). ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʘ ʥʝʢʦʨʝʢʪʥʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʦʩʪʨʽʚʮʝʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʦʨʽʾ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʪʝʦʨʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʨʦʙʦʪʘʭ [1.14, 1.148-1.151]. ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ʪʝʦʨʽʡ ʭʘʨʘʢʪʝʨʥʽ ʥʘʩʪʫʧʥʽ 

ʟʘʛʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 
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1) ɺ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ 

ʚʠʙʠʨʘʻʪʴʩʷ ʾʾ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ a, ʘ ʥʝ ʝʬʝʢʪʠʚʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ, ʱʦ ʥʘʜʘʻ ʙʽʣʴʰʦʾ ʢʦʨʝʢʪʥʦʩʪʽ ʤʦʜʝʣʷʤ ʜʠʩʧʝʨʩʥʠʭ 

ʩʠʩʪʝʤ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʝʣʷʤʠ, ʚ ʷʢʠʭ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ, ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʥʝ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ [1.14, 1.17, 1.152]. 

2) ʉʪʨʫʢʪʫʨʘ ʧʣʽʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʥʝ ʧʘʨʘʤʝʪʨʦʤ q, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʦʙôʻʤʥʫ ʜʦʣʶ ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʪʝʦʨʽʡ ʧʝʨʰʦʾ ʛʨʫʧʠ. 

3) ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʶ ʯʘʩʪʠʥʢʠ, 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʠ ʧʣʽʚʢʠ (ʢʦʥʮʝʥʪʨʘʮʽʷ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ), 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʨʦʟʦʨʦʩʪʽ, ʚʽʜʙʠʚʘʥʥʷ ʽ ʬʘʟʦʚʠʤʠ 

ʟʩʫʚʘʤʠ ʧʨʠ ʚʽʜʙʠʚʘʥʥʽ ʪʘ ʧʨʦʭʦʜʞʝʥʥʽ ʩʚʽʪʣʘ ʯʝʨʝʟ ʰʘʨ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʧʝʨʝʨʘʭʦʚʘʥʝ, ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʪʝʦʨʽʾ ʜʨʫʛʦʾ ʛʨʫʧʠ. ʋ 

ʟʘʛʘʣʴʥʽʰʦʤʫ ʚʠʛʣʷʜʽ ʪʝʦʨʽʷ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ ʚ ʨʦʟʩʽʶʚʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

ʙʫʣʘ ʨʦʟʚʠʥʝʥʘ ɻ. ɺ. ʈʦʟʝʥʙʝʨʛʦʤ [1.14, 1.151], ʚ ʷʢʽʡ ʤʦʜʝʣʴ ʜʠʩʧʝʨʩʥʦʾ 

ʩʠʩʪʝʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ: 

1) ʧʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʪʘʢ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʥʠʤʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʜʦʚʞʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. 

2) ʏʘʩʪʠʥʢʠ ʤʘʶʪʴ ʬʦʨʤʫ ʩʬʝʨʠ ʪʘ ʤʦʥʦʰʘʨʦʤ ʭʘʦʪʠʯʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ 

ʧʦʚʝʨʭʥʽ. ʆʨʽʻʥʪʘʮʽʷ ʾʭ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ  ʜʦʚʽʣʴʥʘ. 

3) ɽʬʝʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʣʷ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʪʘ ʭʚʠʣʽ ʨʦʟʩʽʷʥʦʾ ʫʩʽʤʘ ʯʘʩʪʠʥʢʘʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʽʣʝʥʥʷ ʭʚʠʣʽ, ʱʦ ʨʦʟʩʽʷʥʘ ʰʘʨʦʤ, ʥʘ ʭʚʠʣʶ ʧʨʷʤʫ ʽ ʟʚʦʨʦʪʥʫ. 

ɺ ʪʝʦʨʽʾ ʗʤʘʛʫʯʽ [1.148, 1.149] ʜʠʩʧʝʨʩʥʘ ʩʠʩʪʝʤʘ ʤʦʜʝʣʶʻʪʴʩʷ 

ʢʚʘʜʨʘʪʥʦʶ ʨʝʰʽʪʢʦʶ, ʫ ʚʫʟʣʘʭ ʷʢʦʾ ʨʦʟʤʽʱʝʥʽ ʯʘʩʪʠʥʢʠ, ʱʦ ʤʘʶʪʴ ʬʦʨʤʫ 

ʝʣʽʧʩʦʾʜʘ ʟ ʦʩʷʤʠ ʦʙʝʨʪʘʥʥʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ. ɺ ʜʘʥʽʡ 

ʤʦʜʝʣʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʭʚʠʣʽ 
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ʨʦʟʩʽʷʥʦʾ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʛʨʫʙʦʾ ʦʮʽʥʢʠ ʚʽʜʛʫʢʫ 

ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ɽʄ ʚʧʣʠʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʦʨʽʻʶ 

ʈʦʟʝʥʙʝʨʛʘ. ɿ ʦʛʣʷʜʫ ʥʘ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʦʩʪʨʽʚʢʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ [1.102, 1.103], ʷʢʽ 

ʧʦʢʘʟʫʶʪʴ ʭʘʦʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʦʩʪʨʽʚʮʽʚ ʥʘ ʧʽʜʢʣʘʜʮʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʪʝʦʨʽʷ ʗʤʘʛʫʯʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʦʨʽʻʶ ʈʦʟʝʥʙʝʨʛʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʘʣʴʥʦʾ ʦʩʪʨʽʚʢʦʚʦʾ ʧʣʽʚʢʠ ʚʽʜʦʙʨʘʞʘʻ ʥʝ ʧʦʚʥʦ. 

ɺ ʪʝʦʨʽʾ, ʦʧʠʩʘʥʽʡ ʚ [1.150] ʙʫʣʘ ʟʨʦʙʣʝʥʘ ʩʧʨʦʙʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʦʨʽʡ 

ʈʦʟʝʥʙʝʨʛʘ ʪʘ ʗʤʘʛʫʯʽ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʚʨʘʭʫʚʘʪʠ 

ʢʦʨʝʣʷʮʽʶ ʚ ʨʦʟʪʘʰʫʚʘʥʥʽ ʯʘʩʪʠʥʦʢ ʥʘ ʧʽʜʢʣʘʜʮʽ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ 

ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʘ ʬʦʨʤʽ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʨʝʘʣʴʥʠʭ ʦʩʪʨʽʚʮʝʚʠʭ ʩʪʨʫʢʪʫʨʘʭ 

[1.153]. ʎʷ ʪʝʦʨʽʷ ʥʝ ʜʦʚʝʜʝʥʘ ʜʦ ʟʘʚʝʨʰʝʥʥʷ, ʱʦ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʪʝʦʨʽʡ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʦʢʘʟʘʚ, ʱʦ 

ʚʽʜʩʫʪʥʽ ʪʝʦʨʽʾ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʦʚʥʦʪʫ ʚʨʘʭʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʚ ʥʽʡ ʜʣʷ ʦʧʠʩʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ɽʄ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ ʨʽʟʥʠʤʠ ʧʦ 

ʩʚʦʾʡ ʧʨʦʩʪʦʨʦʚʽʡ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʽʩʥʫʶʯʽ ʪʝʦʨʽʾ 

ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʩʣʽʜ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʢʘʟʘʥʠʭ ʘʩʧʝʢʪʽʚ. ʊʘʢ ʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʪʨʠʚʠʤʽʨʥʠʭ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ (ʛʨʘʥʫʣʴʦʚʘʥʽ ʧʣʽʚʢʠ, ʢʝʨʤʝʪʠ, ʩʫʩʧʝʥʟʽʾ) ʜʦʮʽʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʦʨʽʾ ʧʝʨʰʦʾ ʛʨʫʧʠ, ʘ ʜʣʷ ʜʚʦʤʽʨʥʠʭ (ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ) 

ʪʝʦʨʽʾ ʜʨʫʛʦʾ ʛʨʫʧʠ. ɿʦʢʨʝʤʘ, ʘʥʘʣʽʟ ʪʝʦʨʽʡ ʜʨʫʛʦʾ ʛʨʫʧʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʙʽʣʴʰ ʧʦʚʥʦ ʚʽʜʧʦʚʽʜʘʻ ʚʢʘʟʘʥʠʤ ʚʠʤʦʛʘʤ ʪʝʦʨʽʷ ʈʦʟʝʥʙʝʨʛʘ. 

ʎʝ ʪʘʢʦʞ ʟʥʘʡʰʣʦ ʩʚʦʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʽ ʚ ʨʦʙʦʪʘʭ [1.100, 1.103], ʚ ʷʢʠʭ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʪʨʽʚʢʦʚʠʭ ʧʣʽʚʦʢ 

ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʪʘ ʧʦʥʷʪʪʷ 

ʝʬʝʢʪʠʚʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽ ʱʦ ʜʦʮʽʣʴʥʦ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʝʦʨʽʻʶ ʈʦʟʝʥʙʝʨʛʘ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ɽʄ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʦʩʪʦʚʽʨʥʦ ʧʦʚʥʦ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʨʝʘʣʴʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʮʠʭ ʤʦʜʝʣʝʡ ʥʘʩʘʤʧʝʨʝʜ ʾʭ ʨʦʟʚʠʪʦʢ ʟ ʚʨʘʭʫʚʘʥʥʷ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

1.3. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʽʚ 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʤʽʨʥʽ, ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʅʏ ʪʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʽʚ ʤʝʪʘʣʽʚ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ, ʤʦʜʝʣʶʚʘʥʥʷ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʗʢ ʚʽʜʟʥʘʯʝʥʦ ʚ 

ʨʦʟʜʽʣʽ 1.1 ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ɽʄ ʧʘʨʘʤʝʪʨʠ (ʢʦʤʧʣʝʢʩʥʘ 

ʧʠʪʦʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ Ŭ = Ŭ1 ῐ iŬ2, ʢʦʤʧʣʝʢʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ Ů = Ů1 ῐ iŮ2 ʪʘ ʽʥʰʽ) ʅʏ ʤʝʪʘʣʽʚ ʚ ʣʽʪʝʨʘʪʫʨʽ ʦʙʤʝʞʝʥʘ [1.73, 1.75, 

1.93, 1.94]. ʉʢʣʘʜʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ ʅʏ, ʥʝʜʦʩʪʫʧʥʽ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʚʠʤʽʨʘʤ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʦʭʦʧʣʶʶʪʴ ʧʽʜʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʣʫʯʘʪʠ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʨʽʟʥʽ ʪʝʦʨʽʾ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʥʘʥʦʜʠʩʧʝʨʩʥʽ ʩʠʩʪʝʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʤʦʨʬʦʣʦʛʽʾ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥ. 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʽ ʛʨʫʧʠ ʟʘʜʘʯ [1.14, 1.154]. ʇʝʨʰʘ ʛʨʫʧʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʦʙôʻʢʪʽʚ, ʱʦ 

ʚʠʚʯʘʶʪʴʩʷ. ɼʦ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʦʢʨʝʤʘ, ʧʨʠ ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʮʝ 

ʬʦʪʦʤʝʪʨʠʯʥʽ, ʧʦʣʷʨʠʤʝʪʨʠʯʥʽ (ʝʣʽʧʩʦʤʝʪʨʠʯʥʽ), ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ [1.123, 1.154]. 
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ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʦʙʨʦʙʢʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʷʤʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʪʠʭ 

ʯʠ ʽʥʰʠʭ ʪʝʦʨʽʡ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ [1.101, 

1.155-1.157]. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ 

ʩʠʩʪʝʤ ʙʘʟʫʶʪʴʩʷ ʥʘ ʽʩʥʫʶʯʠʭ ʪʝʦʨʽʷʭ ʾʭ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ 

ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1.2. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʚʟʘʻʤʦʜʽʾ ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʩʫʪʪʻʚʦ ʜʦʩʪʦʚʽʨʥʠʤʠ ʻ ʤʦʜʝʣʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʨʷʜ ʬʘʢʪʦʨʽʚ [1.14, 

1.15,1.103]: 

1) ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

(ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʟʥʘʯʝʥʴ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤ ʤʘʪʝʨʽʘʣʘʤ); 

2) ʨʝʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ (ʨʦʟʤʽʨ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ); 

3) ʝʬʝʢʪʠʚʥʝ ʧʦʣʝ ʚ ʥʽʡ.  

ʇʨʠ ʮʴʦʤʫ ʚ ʦʜʥʠʭ ʤʦʜʝʣʷʭ ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ɽʄ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ) ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʩʪʨʫʢʪʫʨʠ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʜʦʩʪʫʧʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ (ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʧʫʩʢʘʥʥʷ ʊ ʪʘ 

ʚʽʜʙʠʚʘʥʥʷ R ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ, ʚ ʽʥʰʠʭ ʪʽʣʴʢʠ ʟ 

ʝʬʝʢʪʠʚʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʩʪʘʥʥʽʭ ʜʣʷ ʟʚôʷʟʢʫ Ůʝʬ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʷʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ T, R 

ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʧʨʘʚʠʣʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʫ ʪʝʦʨʽʶ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ [1.122, 1.123]. 

ɿʦʢʨʝʤʘ, ʝʬʝʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʣʽʚʢʠ (ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ nʝʬ, 

ʧʦʢʘʟʥʠʢ ʧʦʛʣʠʥʘʥʥʷ ʢʝʬ, ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ d) ʧʦʚôʷʟʘʥʽ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʦʧʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʊ, R ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ 

ʪʝʦʨʽʾ [1.14, 1.123], ʷʢʽ ʚ ʬʦʨʤʽ ʦʧʝʨʘʪʦʨʽʚ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ʜʝ R  ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʟ ʙʦʢʫ ʧʣʽʚʢʠ, R'  ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʟ ʙʦʢʫ 

ʧʽʜʢʣʘʜʢʠ, FT, FR, FR'  ʦʧʝʨʘʪʦʨʠ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ T, R ʽ R' ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʧʽʜʩʪʘʚʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1.12) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.6) 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʷʤʦʶ ʟʘʜʘʯʝʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ ʜʠʩʧʝʨʩʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦ 

ʚʠʤʽʨʷʥʠʤ ʟʥʘʯʝʥʥʷʤ ʊ, R, R' ï ʟʚʦʨʦʪʥʦʶ ʟʘʜʘʯʝʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʤʽʨʥʦʾ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ 

(ʤʦʥʦʰʘʨʠ ʘʙʦ ʦʩʪʨʦʚʮʝʚʽ ʧʣʽʚʢʠ), ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 1.2, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʪʠʥʢʠ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʦʨʽʶ 

ʈʦʟʝʥʙʝʨʛʘ [1.14, 1.151]. ɺ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ ʚ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʢʠ ʚʠʙʨʘʥʦ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ a ʽ b. ɿʚôʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ 

a ʽ b ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʪʨʽʚʢʦʚʦʾ ʧʣʽʚʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʝʬʝʢʪʠʚʥʫ ʢʦʤʧʣʝʢʩʥʫ ʧʦʣʷʨʠʟʘʮʽʶ ʧʣʽʚʢʠ P = P1 + iP2. 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʚʠʨʘʟʠ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ ʚ ʬʦʨʤʽ ʦʧʝʨʘʪʦʨʽʚ ʤʘʶʪʴ 

ʚʠʛʣʷʜ: 
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    (1.14), 

ʜʝ R0, N0  ʨʘʜʽʫʩ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʅʏ ʚʽʜʧʦʚʽʜʥʦ, F'T, F'R, F'R', Fʈ1, Fʈ2  

ʦʧʝʨʘʪʦʨʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʈʦʟʝʥʙʝʨʛʘ 

[1.14, 1.75]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʦʨʦʪʥʦɹʾ ʟʘʜʘʯʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ (1.21) ʚ ʪʝʦʨʽʾ 

ʈʦʟʝʥʙʝʨʛʘ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʜʚʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1.22) ʽ (1.23). ʈʽʰʝʥʥʷ 

ʧʨʷʤʦʾ ʟʘʜʘʯʽ, ʷʢ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ, ʪʘʢ ʽ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʠʥʮʠʧʦʚʠʭ ʪʨʫʜʥʦʱʽʚ ʽ ʻ ʦʜʥʦʟʥʘʯʥʠʤ. ɺ ʩʠʣʫ 
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ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʩʪʽ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ (1.12) ʚʠʨʽʰʠʪʠ ʾʭ ʘʥʘʣʽʪʠʯʥʦ ʱʦʜʦ nʝʬ ʽ 

ʢʝʬ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʨʦʟʚôʷʟʦʢ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ 

ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʟʽ, ʢʦʣʠ 
l

d
 << 1 [1.75]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʽ ʪʘʢʠʭ ʟʚʦʨʦʪʥʽʭ ʟʘʜʘʯ, ʘ ʩʘʤʝ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʰʘʨʽʚ ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʊ, R, R' ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ [1.14, 1.75, 1.93-1.95, 1.100, 1.101, 1.157-1.159]: 

- ʘʥʘʣʽʪʠʯʥʽ,  

- ʥʘʙʣʠʞʝʥʽ ʛʨʘʬʽʯʥʽ, 

- ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʽʭ ʟʘʜʘʯ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʥʜʘʨʪʥʠʡ ʯʠʩʝʣʴʥʠʡ ʤʝʪʦʜ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʅʴʶʪʦʥʘ-

ʈʘʧʩʦʥʘ [1.160 1.161]   

( )
ʝʨʝʨʝʨ

YYYYYYF
33221121

, -+-+-=ee      (1.15), 

ʜʝ Y1ʨ, Y2ʨ, Y3ʨ ï ʨʦʟʨʘʭʦʚʘʥʽ ʧʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1.12) ʊ, R, R', Y1ʝ, Y2ʝ, Y3ʝ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʊ, R, R'. 

ʅʝʜʦʣʽʢʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʅʲʶʪʦʥʘ-ʈʘʧʩʦʥʘ ʻ ʡʦʛʦ ʚʠʩʦʢʘ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʤʘʣʦʾ ʧʦʭʠʙʢʠ ʫ ʚʠʤʽʨʘʭ ʊ ʪʘ R, ʘ ʫ ʚʠʧʘʜʢʫ 
l

d
 < 0.05 

ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʚʟʘʛʘʣʽ ʥʝ ʚʜʘʻʪʴʩʷ [1.156, 1.75]. ɺ [1.156] 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 
l

d
 ­ 0 ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ ʜʝʪʝʨʤʽʥʘʥʪʦʤ, ʨʽʚʥʠʤ ʥʫʣʶ. ʊʘʢʽ ʨʽʚʥʷʥʥʷ ʻ 

ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʠʤʠ [1.157, 1.158]. ʊʦʤʫ ʚʥʘʩʣʽʜʦʢ ʩʠʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ 

ʦʧʝʨʘʪʦʨʘ ʚʽʜʦʙʨʘʞʝʥʥʷ FT, FR, FR' ʙʝʟʣʽʯʽ ʊ, R, R' ʥʘ ʙʝʟʣʽʯ nʝʬ, ʢʝʬ ʜʦ 

ʥʝʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʽʚ ʊ, R ʘʙʦ R' ʜʝʪʝʨʤʽʥʘʥʪ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʧʨʠ 

l

d
 < 0.05 ʙʫʜʝ ʙʣʠʟʴʢʠʡ ʜʦ ʥʫʣʷ, ʱʦ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʪʽʡʢʦʩʪʽ ʟʚʦʨʦʪʥʦʾ 

ʟʘʜʘʯʽ. ɺ [1.75] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʩʪʽʡʢʦʩʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ 
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(1.12) ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʊ, R ~ 10
-6
, ʱʦ ʥʝʤʦʞʣʠʚʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ.  

ʋ ʨʦʙʦʪʘʭ [1.103], ʟʘʩʪʦʩʦʚʫʶʯʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʜʦ ʧʣʽʚʦʢ 

ʩʨʽʙʣʘ ʟʘ ʫʤʦʚʠ R0 << l, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʚʦʨʦʪʥʷ ʟʘʜʘʯʘ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ 

ʩʪʘʻ ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʦʶ ʜʣʷ ʚʠʧʘʜʢʫ 
l

0R
 < 0.01. ʇʨʠʯʠʥʠ 

ʥʝʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʦʾ ʟʚʦʨʦʪʥʦɹʾ ʟʘʜʘʯʽ ʧʨʠ 
l

0R
 ­ 0 ʪʽ ʞ, ʱʦ ʽ ʜʣʷ 

ʟʚʦʨʦʪʥʦɹʾ ʟʘʜʘʯʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʽ ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʤʘʣʽʡ 

ʧʦʭʠʙʮʽ ʚʠʤʽʨʶʚʘʥʴ ʊ, R, R', 
l

0R
 = 0 ʽ ʜʝʪʝʨʤʽʥʘʥʪ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1.13), 

(1.14) ʩʪʘʻ ʨʽʚʥʠʤ ʥʫʣʶ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʝʢʦʨʝʢʪʥʠʭ ʟʘʜʘʯ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ 

ʨʝʛʫʣʷʨʠʟʘʮʽʾ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʤʽʥʽ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʽʥʰʦʶ 

ʩʠʩʪʝʤʦʶ, ʱʦ ʤʘʻ ʩʪʽʡʢʽʩʪʴ ʨʽʰʝʥʥʷ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʨʝʛʫʣʷʨʠʟʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʜʘʯʽ [1.160, 1.161]. ʇʨʠ 

ʚʠʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʪʘ ʪʝʦʨʽʾ 

ʈʦʟʝʥʙʝʨʛʘ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʤʝʪʦʜ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʫʩʢʫ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ 

ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ [1.75, 1.95, 1.100, 1.103, 1.156, 1.159]. ʉʫʪʴ ʤʝʪʦʜʫ 

[1.73-1.75] ʜʣʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ 
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    (1.16) 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʽʰʝʥʥʷ ʦʜʝʨʞʫʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ 

() ()2xFxu = ʟʘ ʩʠʩʪʝʤʦʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʫʩʢʫ 
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(1.17) 

ʜʝ 
dt

dxi   ʪʨʘʻʢʪʦʨʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʫʩʢʫ ʜʦ ʤʽʥʽʤʫʤʫ V(x1, é, xn), t ï ʢʨʦʢ 

ʽʪʝʨʘʮʽʾ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʩʨʽʙʣʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʨʽʰʝʥʥʷ ʚ ʦʙʣʘʩʪʽ 
l

0R
 < 0.01 [1.75, 1.100]. 

ʋ ʨʦʙʦʪʽ [1.101] ʥʘʤʠ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʚʦʨʦʪʥʦɹʾ 

ʟʘʜʘʯʽ ʩʠʩʪʝʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ. ʅʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʠʡ ʽ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ a1 ʪʘ ʫʷʚʥʦʾ a2 ʯʘʩʪʠʥ ʢʦʤʧʣʝʢʩʥʦʾ 

ʧʠʪʦʤʦʾ (ʙʝʟʨʦʟʤʽʨʥʦʾ) ʜʠʥʘʤʽʯʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʦʢʨʝʤʦʾ 

ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʬʝʨʠʯʥʦʾ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʢʠ ʚ ʩʠʩʪʝʤʽ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦ 

ʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʘʥʠʡ ʤʝʪʦʜ ʚʩʪʘʥʦʚʣʶʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 

ʚʽʜʛʫʢʦʤ ʜʚʦʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʧʣʠʚ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ (ʢʦʥʮʝʥʪʨʘʮʽʷ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ) ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʯʘʩʪʠʥʢʠ (ʝʣʝʢʪʨʠʯʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ). ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝ ʧʦʪʨʝʙʫʻ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 

ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʤʦʜʝʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʽʜʛʫʢ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʢʠ [1.162, 1.163]. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʦ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ 

ʥʘ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʚʽʜʽʙʨʘʥʠʭ ʧʦ 

ʢʨʠʪʝʨʽʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ) ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ 

Ŭ1, Ŭ2 ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʦʢ ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ɚ = 0,4 õ 1,1 ʤʢʤ [1.94, 1.165]. ʂʽʣʴʢʽʩʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ a1, a2 ʦʜʝʨʞʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ (ʜʠʚ. [1.101]) ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ (ʜʠʚ. [1.100]) ʩʢʣʘʜʘʣʠ 10% [1.93]. ʅʝʦʙʭʽʜʥʦ 



81 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʦʙʦʪʘʭ [1.93, 1.94] ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ 

ʪʘ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʦʮʽʥʶʚʘʣʘʩʴ ʬʦʨʤʘʣʴʥʦ ʟʘ ʫʤʦʚʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʮʽʣʢʦʤ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ʟʽ 

ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʟ 

ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ ʜʦ 1 ʥʤ ʪʘ ʥʠʟʴʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʥʦʦʩʪʨʽʚʮʽʚ [1.102]. 

ʋ ʨʦʙʦʪʽ [1.179] ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʅʏ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ 

ʧʦʭʠʙʢʠ. ʊʦʤʫ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʅʏ, ʷʢʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʅʏ ʟʘ ʨʦʟʤʽʨʦʤ ʤʦʞʥʘ ʢʦʨʝʢʪʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ. ɺʽʜʦʤʦ [1.14-1.19, 1.102], 

ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʴʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʮʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʷʢ ʧʨʘʚʠʣʦ ʭʘʨʘʢʪʝʨʥʘ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʘ ʩʪʨʫʢʪʫʨʘ. ʋ ʚʽʜʦʤʠʭ ʥʘʤ ʧʫʙʣʽʢʘʮʽʷʭ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ ʥʝ ʚʠʷʚʣʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʅʏ ʚ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʽʡ ʜʚʦʤʽʨʥʽʡ ʥʘʥʦʜʠʩʧʝʨʩʥʽʡ ʩʠʩʪʝʤʽ. ʊʦʤʫ ʦʜʥʠʤ ʽʟ 

ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʟ ʜʦʚʽʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʅʏ ʟʘ ʨʦʟʤʽʨʦʤ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʪʨʠʤʽʨʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ɽʄ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʥʦʚʘʥʽ ʚ ʥʘʙʣʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʰʘʨʫ) ʥʘ 

ʧʽʜʩʪʘʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʪʝʦʨʽʡ, ʨʦʟʚʠʥʝʥʠʭ ʄʽ, ʄʘʢʩʚʝʣʣʦʤ-

ɻʘʨʥʝʪʪʦʤ, ɹʨʫʛʛʝʤʘʥʦʤ, ʃʽʭʪʥʝʢʝʨʦʤ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ (ʜʠʚ. ʨʦʟʜʽʣ 1.2). 

ʇʨʠ ʮʴʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʧʫʙʣʽʢʘʮʽʡ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʚʦʨʦʪʥʽ ʟʘʜʘʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ɽʄ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʨʠʚʠʤʽʨʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʘʩʧʝʢʪʽ ʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʽ ʥʝ ʙʫʣʠ [1.130-1.151, 1.166]. 

ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʨʽʟʥʠʭ ʪʝʦʨʽʡ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ (ʪʦʚʱʠʥʘ, ʨʦʟʤʽʨ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ, ʬʦʨʤʘ ʅʏ ʽ ʽʥʰ.) ʪʘ ʾʭ ʜʦʩʣʽʜʞʝʥʥʶ ʚ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 
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ʜʽʘʧʘʟʦʥʽ [1.15-1.19]. ʊʘʢʦʞ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ 

ʣʠʰʝ ʚʠʟʥʘʯʝʥʥʶ ʝʬʝʢʪʠʚʥʠʭ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ [1.14-1.21, 1.133-1.142, 

1.167, 1.168]. ɺʠʩʥʦʚʦʢ, ʷʢʠʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟ ʾʭ ʘʥʘʣʽʟʫ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʮʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʽʩʪʦʪʥʦ ʚʘʨʽʶʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʨʘʟʢʽʚ, ʾʭ ʤʦʨʬʦʣʦʛʽʾ, ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʚʽʜ ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʘʣʦ ʽʥʬʦʨʤʘʪʠʚʥʽ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʠʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʽ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʾʭ ʚ ʨʝʘʣʴʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ [1.165, 1.169,1.170]. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʟʥʘʯʝʥʥʷ ɽʄ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʽʚ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʜʠʩʧʝʨʩʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʩʪʨʫʢʪʫʨʽ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʩʪʨʫʢʪʫʨʠ ʤʘʶʪʴ ʤʽʩʮʝ ʚ 

ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʟʘʭʠʩʥʠʭ ʰʘʨʽʚ ʚ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʯʫʪʣʠʚʠʭ ʜʦ ʚʧʣʠʚʫ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1.169-1.173]. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʥʘʷʚʥʽʩʪʴ ʦʢʩʠʜʥʠʭ ʰʘʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʽʚʦʢ ʚʥʦʩʷʪʴ ʟʤʽʥʠ ʚ ʜʘʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʪʘ ʥʝ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ɽʄ 

ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠ. ɺ ʚʽʜʦʤʠʭ ʥʘʤ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʧʦʛʣʠʥʘʶʯʠʭ ʰʘʨʽʚ ʫ 

ʩʢʣʘʜʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʽ, ʘ ʜʣʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʩʠʩʪʝʤʽ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʥʝ ʽʩʥʫʻ. 

ɿʦʢʨʝʤʘ ʚ ʨʦʙʦʪʘʭ [1.174-1.176] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʜʥʦʨʽʜʥʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ ʚ ʜʚʦʰʘʨʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʧʩʦʥʘ. ʋ ʨʦʙʦʪʽ [1.176] 

ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʽʚ ʜʚʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʥʷʭ ʪʦʚʱʠʥʠ ʾʾ 

ʰʘʨʽʚ. ʇʨʦʪʝ ʩʘʤʽ ʘʚʪʦʨʠ ʚʽʜʤʽʯʘʶʪʴ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʝ ʜʦʟʚʦʣʷʻ 
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ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʫ ʨʘʟʽ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ 

ʙʽʣʴʰʝ 0,9. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ, ʨʦʟʤʽʨʫ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʬʦʨʤʠ ʅʏ ʪʘ ʽʥʰ.). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʽ (ʦʧʪʠʯʥʽ) ʤʝʪʦʜʠ. ʅʘʡʙʽʣʴʰ ʥʘʜʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [1.177, 1.178]. ʇʨʦʪʝ ʟ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʘʞʣʠʚʠʤʠ ʻ ʪʘʢʦʞ 

ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ (ʧʝʨʝʚʘʞʥʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ) [1.4, 

1.179,1.180]. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ (ʨʦʟʤʽʨ ʅʏ) ʟ ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʝʦʨʽʶ ʄʽ [1.37, 1.49, 1.181-1.186]. ʆʜʥʘʢ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʽ ʪʝʦʨʽʾ ʥʘ 

ʷʢʠʭ ʚʦʥʠ ʟʘʩʥʦʚʘʥʽ, ʤʘʶʪʴ ʨʷʜ ʦʙʤʝʞʝʥʴ, ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ (ʜʠʚ. ʨʦʟʜʽʣ 1.2). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʥʘʥʦʨʦʟʤʽʨʥʦʾ 

ʧʣʽʚʢʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ [1.161], ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʦʧʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ɿʦʢʨʝʤʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʦʣʦʞʝʥʥʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʽ 

ʤʽʥʽʤʫʤʽʚ ʚ ʩʧʝʢʪʨʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ ʧʣʽʚʦʢ ʚ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʾʭ 

ʩʣʘʙʢʦʛʦ ʧʦʛʣʠʥʘʥʥʷ [1.187]. ɺ ʚʠʧʘʜʢʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʝʢʩʪʨʝʤʫʤʠ ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ T, R ʽ R' 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʭʠʣʝʥʴ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ T, R ʽ R' ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʚʠʨʘʟʘʤʠ 

(1.12) ʘʙʦ ɼʘʚʠʜʘ-ɺʦʣʴʪʝʨʘ [1.188, 1.189]. ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʫʜʴ-ʷʢʫ ʢʦʤʙʽʥʘʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ T, R ʽ R'. ʋ ʨʦʙʦʪʽ [1.190] 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ 

ʥʘʥʦʤʝʪʨʦʚʦʾ ʪʦʚʱʠʥʠ ʧʦ ʚʠʤʽʨʷʥʠʭ ʩʧʝʢʪʨʘʭ R ʽ T ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʤʘʪʨʠʮʴ ʧʝʨʝʥʦʩʫ (ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʤʘʪʨʠʮʴ). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ ʚ ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʦʛʦ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʚ 

ʨʝʘʣʴʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʜʦʩʪʫʧʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʚʠʤʽʨʘʤ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʪʦʜʠ, ʷʢʽ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʦ ʚʨʘʭʦʚʫʶʪʴ ʨʝʘʣʴʥʫ 

ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ. 

ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʚ ʨʝʘʣʴʥʠʭ ʦʜʥʦʰʘʨʦʚʠʭ 

ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʅʏ ʚ ʩʠʩʪʝʤʽ ʟʘ 

ʨʦʟʤʽʨʘʤʠ. ʎʝ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʨʦʟʨʦʙʢʫ ʟʨʫʯʥʠʭ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚ 

ʦʜʥʦʰʘʨʦʚʠʭ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ. 

1.4. ɸʥʘʣʽʟ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ɿʘʚʜʘʥʥʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʧʦʣʷʛʘʻ ʚ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ (ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʟʘʜʘʥʦʾ 

ʚʝʣʠʯʠʥʠ) ʟʥʘʯʝʥʴ ʡʦʛʦ ʚʽʜʛʫʢʫ ʥʘ ʟʦʚʥʽʰʥʶ ɽʄ ʜʽʶ ʚ ʥʝʦʙʭʽʜʥʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ ʪʘ ʟʘ 

ʚʽʜʦʤʠʤʠ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ. ʌʦʨʤʫʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʧʨʦʮʝʩʠ [1.191]. 

ʅʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʧʦʢʨʠʪʪʷ ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʥʩʪʨʫʢʮʽʷ (ʯʠʩʣʦ ʪʘ ʧʦʨʷʜʦʢ ʯʝʨʛʫʚʘʥʥʷ ʰʘʨʽʚ, ʾʭ ʪʦʚʱʠʥʘ) ʪʘ 
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ɽʄ ʧʘʨʘʤʝʪʨʠ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʦʧʪʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʽ ʚʽʜʙʠʚʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʢʨʠʪʪʷ ʚ ʟʘʜʘʥʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʨʫʛʠʡ ʝʪʘʧ ʧʦʣʷʛʘʻ ʚ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʦʢʨʠʪʪʷ ʪʘ ʢʦʨʝʢʮʽʾ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʤʦʨʬʦʣʦʛʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʢʨʠʪʪʷ ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʦʩʦʙʣʠʚʦ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʽ 

ʘʩʧʝʢʪʠ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʘʥʘʣʽʟʫ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. 

ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ. ʇʦ-ʧʝʨʰʝ ʟʘʜʘʯʫ ʘʥʘʣʽʟʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʟʥʘʭʦʜʞʝʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽʄ ʚʽʜʛʫʢʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʾʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ɽʄ ʧʘʨʘʤʝʪʨʘʤ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʫ ʜʦʚʞʠʥ ʭʚʠʣʴ [1.192, 1.193]. ʇʨʦʪʝ ʜʣʷ ʧʨʘʢʪʠʢʠ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʻ ʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʦɹʾ ʟʘʜʘʯʽ, ʘʙʦ ʟʘʜʘʯʽ ʩʠʥʪʝʟʫ, ʘ ʩʘʤʝ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʨʠʪʪʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʩʧʝʢʪʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʷ ʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʧʨʠ ʨʷʜʽ ʦʙʤʝʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʰʘʨʽʚ [1.191-1.199]. ɿʘʜʘʯʘʤ ʩʠʥʪʝʟʫ ʭʘʨʘʢʪʝʨʥʽ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠʪʘʤʘʥʥʽ ʜʣʷ 

ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ, ʘʥʘʣʽʟ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1.3 ʪʘ ʟʚʦʜʷʪʴʩʷ ʜʦ ʟʘʜʘʯ 

ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʙʤʝʞʝʥʽʡ 

ʤʥʦʞʠʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [1.193-1.197] ɿʦʢʨʝʤʘ, ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʙʫʜʦʚʦʶ ʘʜʝʢʚʘʪʥʦʾ 

ʬʫʥʢʮʽʾ ʷʢʦʩʪʽ, ʚʠʙʦʨʦʤ ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʫ ʪʘ ʦʮʽʥʢʦʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʠʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ, ʛʨʘʜʽʻʥʪʥʠʭ ʩʪʨʫʢʪʫʨ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ: ʤʝʪʦʜ ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʟʘʥʫʨʝʥʥʷ [1.200, 1.201], ʤʝʪʦʜ 
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ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ [1.202], ʤʝʪʦʜ ʻʜʠʥʦʛʦ ʚʠʨʘʟʫ [1.203, 1.204], 

ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʤʘʪʨʠʮʽ [1.205-1.206] ʪʘ ʽʥ. ɰʭ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʭ ʤʦʥʦʛʨʘʬʽʷʭ [1.14, 1.192-1.198] ʪʘ 

ʧʫʙʣʽʢʘʮʽʷʭ [1.200-1.210]. ʆʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʽʣʝʥʽ ʚ ʜʚʽ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ, ʱʦ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʢʫʨʝʥʪʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ T, R ʰʘʨʫʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʨʘʭʫʚʘʥʥʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʦʤʝʥʝʚʠʤ ʤʝʪʦʜʦʤ. 

[1.195]. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʤʝʪʦʜʠ, ˇʨʫʥʪʦʚʘʥʽ ʥʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʤʘʪʨʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʤʘʪʨʠʮʽ ʄʶʣʣʝʨʘ, 

ɼʞʦʥʩʘ ʪʘ ʽʥʰ.) [1.205-1.208]. ʇʨʘʚʦʯʠʥʥʽʩʪʴ ʤʘʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʧʠʩʫ 

ɽʄ ʚʽʜʛʫʢʫ ʰʘʨʫʚʘʪʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʣʽʥʽʡʥʽʩʪʶ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʣʘ. 

ʋ ʤʦʥʦʛʨʘʬʽʾ ʈʦʟʝʥʙʝʨʛʘ [1.14] ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʛʣʷʜ ʽ ʘʥʘʣʽʟ ʮʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʨʝʢʫʨʝʥʪʥʠʭ ʽ ʤʘʪʨʠʯʥʠʭ ʤʝʪʦʜʘʭ ʝʢʚʽʚʘʣʝʥʪʥʽ ʤʽʞ ʩʦʙʦʶ. ʊʘʢʦʞ ʚʽʜʤʽʯʝʥʦ, 

ʱʦ ʤʝʪʦʜʠ ʧʝʨʰʦʾ ʛʨʫʧʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʰʘʨʽʚ, 

ʧʨʦʪʝ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʯʠʩʣʘ ʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʤʘʣʦʝʬʝʢʪʠʚʥʽ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʾʭ ʩʪʨʫʢʪʫʨ 

(ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʩʠʥʪʝʟʫ). ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʦʪʨʠʤʘʣʦ ʰʠʨʰʝ ʧʦʰʠʨʝʥʥʷ ʯʝʨʝʟ 

ʧʨʦʩʪʦʪʫ ʽ ʥʘʦʯʥʦʩʪʴ ʧʨʦʮʝʩʫ ʢʦʥʩʪʨʫʶʚʘʥʥʷ [1.193, 1.198]. ʅʘ ʦʩʥʦʚʽ 

ʤʘʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʩʭʝʤʠ: 

- ʉʭʝʤʘ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʨʠʨʦʩʪʫ ʟʥʘʯʝʥʴ 

ʪʦʚʱʠʥʠ ʧʣʽʚʦʢ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʥʝʦʙʭʽʜʥʠʭ 

ʟʥʘʯʝʥʴ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ (ʯʘʩʪʢʦʚʠʭ) ʧʦʭʽʜʥʠʭ ʧʦ ʦʢʨʝʤʠʭ 

ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦ ʪʦʚʱʠʥʘʤ ʦʢʨʝʤʠʭ ʧʣʽʚʦʢ 

ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ [1.197]. 
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- ʉʭʝʤʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʞ, ʢʦʣʠ ʦʪʨʠʤʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʮʴʦʛʦ 

ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʞ ʫʩʝʨʝʜʠʥʽ ʧʦʢʨʠʪʪʷ [1.211]. 

- ʉʭʝʤʘ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʰʘʨʽʚ, ʢʦʣʠ ʙʘʛʘʪʦʰʘʨʦʚʝ ʧʦʢʨʠʪʪʷ 

ʨʦʟʙʠʚʘʶʪʴ ʥʘ ʛʨʫʧʠ (ʢʦʤʙʽʥʘʮʽʾ) ʧʣʽʚʦʢ, ʚʠʟʥʘʯʘʶʪʴ ʾʭ 

ʝʢʚʽʚʘʣʝʥʪʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʧʨʦʚʦʜʷʪʴ ʫʟʛʦʜʞʝʥʥʷ ʮʠʭ ʩʠʤʝʪʨʠʯʥʠʭ 

ʢʦʤʙʽʥʘʮʽʡ ʧʣʽʚʦʢ [1.192, 1.198]. 

ʋ ʨʦʙʦʪʘʭ [1.210] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʻʜʠʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʦʚʱʠʥʠ ʰʘʨʽʚ 

ʷʢʠʭ ʩʧʽʚʨʦʟʤʽʨʥʽ ʟ ʜʦʚʞʠʥʦʶ ɽʄ ʭʚʠʣʽ. ʆʩʥʦʚʦʶ ʤʝʪʦʜʫ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ ʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʫ ʚʠʛʣʷʜʽ 

ʻʜʠʥʦʛʦ ʚʠʨʘʟʫ, ʘ ʥʝ ʫ ʚʠʛʣʷʜʽ ʟʫʩʪʨʽʯʥʠʭ ʭʚʠʣʴ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʜʘʥʥʷ ʬʦʨʤʠ ʭʚʠʣʽ ʚ ʢʦʞʥʦʤʫ ʰʘʨʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʧʨʦʱʫʻ 

ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ [1.212]. ɼʣʷ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʷʢ ʪʦʥʢʽ ʽ ʥʘʧʽʚʧʨʦʟʦʨʽ 

ʝʢʨʘʥʠ (ʩʠʩʪʝʤʠ ʽʟ ʩʢʣʘʜʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʩʽʷʥʥʷ ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) 

ʝʬʝʢʪʠʚʥʠʤ ʚʠʜʘʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʃʠʪʚʠʥʝʥʢʦ ʃ. ʅ. ʽ ʽʥʰ. 

[1.213]. ʋ ʦʩʥʦʚʽ ʡʦʛʦ ʣʝʞʠʪʴ ʫʟʘʛʘʣʴʥʝʥʠʡ ʦʧʝʨʘʪʦʨ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜ 

ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʦʾ ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʩʠʤʝʪʨʽʶ ʪʨʘʥʩʣʷʮʽʾ ʩʪʨʫʢʪʫʨʠ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʙʤʝʞʝʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [1.214]. 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ ʦʧʠʩʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʮʠʭ 

ʤʝʪʦʜʽʚ ʫʩʢʣʘʜʥʶʻ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɹʽʣʴʰʝ ʪʦʛʦ, ʫʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʥʠʥʽ ʤʝʪʦʜʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʣʫʛʦʚʫʻ ʫʚʘʛʠ ʩʭʝʤʘ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʰʘʨʽʚ, ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʤʘʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚʠʥʝʥʠʭ ʚ ʨʦʙʦʪʘʭ [1.14, 1.193, 1.198, 1.203] ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʩʪʨʦʾʚ. ʋ ʦʩʥʦʚʽ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʣʝʞʠʪʴ ʨʦʟʚʠʥʝʥʘ 

ɸʙʝʣʝʩʦʤ [1.215] ʪʝʦʨʽʷ ʧʦʰʠʨʝʥʥʷ ʧʣʦʩʢʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚ 

ʰʘʨʫʚʘʪʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʚʝʜʝʥʥʽ ʤʘʪʨʠʮʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ 
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ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʦʧʠʩʘʪʠ ʙʫʜʴ-ʷʢʫ ʰʘʨʫʚʘʪʫ ʩʠʩʪʝʤʫ. ʉʫʪʴ ʩʭʝʤʠ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʰʘʨʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʨʠʪʪʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʩʭʝʤʽ "ʚʽʜ ʥʠʟʫ ʜʦ ʚʝʨʭʫ", ʘ ʩʘʤʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʰʘʨʽ ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʥʘ ʧʽʜʢʣʘʜʮʽ, ʘ ʧʦʪʽʤ ʫ 

ʨʦʟʤʽʱʝʥʦʤʫ ʚʠʱʝ. ʅʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʥʘʨʦʱʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʩʫʢʫʧʥʽʩʪʴ 

ʰʘʨʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ, ʽ ʧʽʜʢʣʘʜʢʠ ʚʚʘʞʘʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʦʜʥʦʤʫ 

ʰʘʨʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʘʤʠ T, R ʥʘ ʡʦʛʦ ʚʝʨʭʥʽʡ ʤʝʞʽ. 

ʇʝʨʝʚʘʛʘʤʠ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʰʘʨʽʚ ʧʝʨʝʜ 

ʽʥʰʠʤʠ ʻ [1.14]: 

¶ ʤʘʪʨʠʮʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʰʘʨʫ ʚ ʩʠʩʪʝʤʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʽʣʴʢʠ ʩʘʤʦʛʦ ʰʘʨʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʧʝʨʝʜʥʽʭ ʰʘʨʽʚ; 

¶ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʯʠʩʣʦ ʰʘʨʽʚ ʪʘ ʧʦʨʷʜʢʫ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ; 

¶ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʧʝʨʝʜʥʽ ʤʦʜʝʣʴʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʭʘʨʘʢʪʝʨ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʢʦʞʥʦʛʦ ʰʘʨʫ; 

¶ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʰʠʨʦʢʽʡ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ɽʄ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʫ ʙʘʛʘʪʴʦʭ ʩʭʝʤʘʭ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʘʣʴʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʰʘʨʽʚ ʚ ʰʘʨʫʚʘʪʽʡ ʩʠʩʪʝʤʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʨʽʜʥʦʾ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʦʾ ʽʟʦʪʨʦʧʥʦʾ ʧʣʘʩʪʠʥʠ ʟ ʝʬʝʢʪʠʚʥʦʶ 

ʢʦʤʧʣʝʢʩʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ [1.193, 1.215]. ʇʨʠ ʮʴʦʤʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ (ʪʦʯʥʽʩʪʴ) ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ʧʦʢʨʠʪʪʷ ʨʝʘʣʴʥʠʤ. ʋ ʨʦʙʦʪʘʭ 

[1.14, 1.216] ʧʦʢʘʟʘʥʦ, ʱʦ ɽʄ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʰʘʨʽʚ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʽʚ ʤʝʪʘʣʫ ʪʘ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ (ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʜʢʣʘʜʢʠ, 



89 

ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʽ ʽʥʰ.) ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ. ʗʢ ʩʚʽʜʯʘʪʴ ʯʠʩʣʝʥʥʽ ʧʫʙʣʽʢʘʮʽʾ ʥʘ ʧʨʘʢʪʠʮʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʯʽ 

ʨʦʟʨʘʭʫʥʢʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʫʤʦʚʠ ʪʦʪʦʞʥʦʩʪʽ ʟʥʘʯʝʥʴ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʰʘʨʽʚ ʟʥʘʯʝʥʥʷʤ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʭʘʨʘʢʪʝʨʥʠʤ ʤʝʪʘʣʘʤ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʤ ʦʙ'ʻʤʘʭ [1.217]. ʄʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʪʘʢʠʤ ʯʠʥʦʤ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ɽʄ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʻ 

ʟʥʘʯʥʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ ʧʠʪʘʥʥʷ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʾʭ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʚʠʢʦʥʘʥʽ ʚ ʨʦʙʦʪʽ [1.218] ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʩʨʽʙʣʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʩʧʝʢʪʨʘʤʠ T, R ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʧʣʽʚʦʢ ʩʨʽʙʣʘ (ʤʝʥʰʝ 20 ʥʤ). ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ɽʄ ʚʽʜʛʫʢʫ ʨʝʘʣʴʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʟ ʤʝʪʦʶ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʟʘʣʫʯʘʶʪʴ 

ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1.219-1.221]. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [1.219] 

ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʰʘʨ ʟʦʣʦʪʘ (ʪʦʚʱʠʥʘ ʜʦ 15ʥʤ ʟ ʛʨʘʥʫʣʷʨʥʦ ʧʝʨʝʨʚʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ) ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʙʫʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʡ ʢʦʤʧʦʟʠʪ (ʧʦʚʽʪʨʷ, ʟʦʣʦʪʦ). ɺʘʨʪʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʥʝ 

ʚʠʧʨʘʚʜʘʥʝ. ɺ ʨʦʙʦʪʽ [1.221], ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʠʡ ʭʘʨʘʢʪʝʨ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʚ ʢʦʤʧʦʟʠʪʥʽʡ ʧʣʽʚʮʽ, ʚʦʥʘ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʝʣʴʥʦʶ ʙʘʛʘʪʦʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʇʨʦʪʝ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʟʘʙʝʟʧʝʯʠʚ 

ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʷʛʥʫʪʠ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽ ʤʦʜʝʣʴʥʠʤʠ 

ʩʧʝʢʪʨʘʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ T, R. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʽʜʦʤʠʭ ʥʘʤ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʚʽʜʩʫʪʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʪʦʜʠʢʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʦʟʚʦʣʷʣʠ ʜʦʩʪʦʚʽʨʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʘʣʴʥʽ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ. ʊʦʤʫ ʦʯʝʚʠʜʥʦʶ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʥʘ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʢʦʨʝʢʮʽʾ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʽ ʢʦʤʧʦʥʝʥʪ (ʅʏ) ʚ ʪʦʤʫ ʯʠʩʣʽ, ʷʢʽ ʷʚʣʷʶʪʴʩʷ 

ʝʣʝʤʝʥʪʘʤʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ. ɺʣʘʩʥʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʤʦʨʬʦʣʦʛʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

1.5. ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ  

ʤʘʪʝʨʽʘʣʘʭ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʄʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ 

ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚʽʜʢʨʠʚʘʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʷʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ, ʪʘʢʠʭ ʷʢ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʘ, ʽʥʬʦʨʤʘʪʠʢʘ, ʨʘʜʽʦʪʝʭʥʽʢʘ, 

ʝʥʝʨʛʝʪʠʢʘ, ʘʨʭʽʪʝʢʪʫʨʥʘ ʦʧʪʠʢʘ ʪʘ ʽʥʰʽ [1.223]. ʅʘ ʾʭ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʦʟʨʦʙʢʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʯʘʩʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʟʦʢʨʝʤʘ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʬʽʣʴʪʨʠ, ʤʦʜʫʣʷʪʦʨʠ, ʦʧʪʠʯʥʽ ʧʝʨʝʤʠʢʘʯʽ, 

ʬʦʪʦʯʫʪʣʠʚʽ ʤʘʪʝʨʽʘʣʠ, ʩʝʣʝʢʪʠʚʥʽ ʧʣʽʚʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʦʧʪʠʯʥʦʛʦ ʟʘʧʠʩʫ 

ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʭʠʩʥʽ, ʧʦʛʣʠʥʘʶʯʽ, ʧʨʦʩʚʽʪʣʷʶʯʠ ʪʘ 

ʪʝʨʤʦʨʝʛʫʣʶʶʯʽ ʧʦʢʨʠʪʪʷ. 

ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʚ ʩʬʝʨʘʭ, ʷʢʠʤ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʫʚʘʛʘ. ɸ ʩʘʤʝ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ [1.224-1.228]; ʟʘʭʠʩʥʽ ʝʢʨʘʥʫʶʯʽ ʪʘ 

ʨʘʜʽʦʧʦʛʣʠʥʘʶʯʽ ʧʦʢʨʠʪʪʷ (ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ) [1.229-1.237]; ʝʥʝʨʛʝʪʠʯʥʦ ʝʬʝʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ ʚ ʦʧʪʠʯʥʦʤʫ 
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ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ 

ʧʨʦʩʚʽʪʣʶʶʯʽ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [1.238-1.240]. 

ʉʫʪʪʻʚʝ ʤʽʩʮʝ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ, ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʧʨʦʤʠʩʣʦʚʠʡ ʽ ʧʦʙʫʪʦʚʠʡ ʢʦʤʧʣʝʢʩʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʡʤʘʻ 

ʨʦʟʨʦʙʢʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʦʧʪʠʯʥʦ ʩʝʣʝʢʪʠʚʥʽ ʩʪʨʫʢʪʫʨʠ, ʘʙʦ ʪʝʧʣʦʚʽ ʬʽʣʴʪʨʠ 

[1.241, 1.242]. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ 

ʧʦʛʣʠʥʘʶʯʽ ʪʝʧʣʦʚʽ ʬʽʣʴʪʨʠ ʽ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʽ ʪʝʧʣʦʚʽ ʬʽʣʴʪʨʠ. 

ʇʦʛʣʠʥʘʶʯʽ ʪʝʧʣʦʚʽ ʬʽʣʴʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʬʦʪʦʪʝʨʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ 

ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʦʚʠʥʥʘ ʚʦʣʦʜʽʪʠ ʥʘʡʙʽʣʴʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʩʦʥʷʯʥʦʛʦ ʩʧʝʢʪʨʫ (0,3 - 2,0 ʤʢʤ) Ac ʪʘ ʥʘʡʤʝʥʰʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʥʠʡ 

ʚʣʘʩʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʥʥʶ (2 - 30 ʤʢʤ) ɽ. ʉʫʧʝʨʝʯʣʠʚʘ 

ʚʠʤʦʛʘ ʩʪʚʦʨʠʪʠ ʭʦʨʦʰʠʡ ʧʦʛʣʠʥʘʯ, ʷʢʠʡ ʙʫʚ ʙʠ ʦʜʥʦʯʘʩʥʦ ʩʣʘʙʢʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʚʝʨʭʥʽ, ʷʢʘ 

ʚʦʣʦʜʽʻ ʦʧʪʠʯʥʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ. ʇʦʚʝʨʭʥʷ ʟ ʽʜʝʘʣʴʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʶ 

ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʝʨʝʭʽʜ ʤʽʞ ʦʙʣʘʩʪʷʤʠ ʟ ʥʠʟʴʢʦʶ ʽ ʚʠʩʦʢʦʶ 

ʚʽʜʙʠʚʥʠʤʠ ʟʜʽʙʥʦʩʪʷʤʠ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ lʨ = 2 ʤʢʤ [1.243, 1.244]. 

ɹʽʣʴʰʽʩʪʴ ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʛʣʠʥʘʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʬʦʪʦʪʝʨʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʤʝʪʘʣʝʚʽʡ ʦʩʥʦʚʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʫ 

ʬʦʪʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʦʙʫʤʦʚʣʝʥʦ ʾʭ ʚʠʩʦʢʦʶ 

ʚʽʜʙʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʠʡ 

ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ. ʊʘʢʽ ʚʠʩʦʢʦʧʨʦʚʽʜʥʽ ʤʝʪʘʣʠ, ʷʢ Cu, Al, Ag, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 300 Áʉ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʯʦʨʥʦʪʠ ʚ ʽʥʪʝʨʚʘʣʽ 0,02 -

 0,04 [1.241, 1.245]. 
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ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʪʘʣʽʚ ʚ ʦʙʣʘʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʩʧʝʢʪʨʫ ʥʘ ʥʠʭ ʥʝʦʙʭʽʜʥʦ ʥʘʥʝʩʪʠ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʩʠʣʴʥʦ ʧʦʛʣʠʥʘʻ ʩʦʥʷʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʠʩʦʢʦʧʨʦʟʦʨʝ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ. 

ʇʨʦʟʦʨʠʡ ʪʝʧʣʦʚʦʾ ʬʽʣʴʪʨ ʽʟ ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʤʠ, ʘʙʦ ʨʝʬʣʝʢʪʦʨʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʰʘʨʫʚʘʪʫ ʩʠʩʪʝʤʫ. 

ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʢʣʘʜʢʠ, ʧʦʚʝʨʭ ʷʢʦʾ ʨʽʟʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʘʙʦ ʭʽʤʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ [1.246, 1.247] ʥʘʥʦʩʷʪʴ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 

ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ. 

ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʚʠʜʠʤʫ ʧʨʦʟʦʨʽʩʪʴ ʬʽʣʴʪʨʽʚ ʧʨʠ 

ʚʠʩʦʢʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʚʽʜʙʠʚʘʥʥʽ ʚʜʘʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ 

ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʽʜʭʦʜʽʚ [1.241, 1.245], ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʠʬʽʯʥʠʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʥʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʩʠʣʴʥʦʣʝʛʦʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʙʦ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʧʦʯʝʨʛʦʚʠʤʠ ʰʘʨʘʤʠ ʤʝʪʘʣʽʚ ʽ 

ʜʽʝʣʝʢʪʨʠʢʽʚ. 

ʋ ʨʘʟʽ ʬʽʣʴʪʨʘ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʚʠʩʦʢʘ ʧʨʦʟʦʨʽʩʪʴ ʫ ʚʠʜʠʤʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ ʽ ʚʠʩʦʢʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʣʽʚʦʢ ʰʠʨʦʢʦʟʦʥʥʠʭ (ʟ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʧʦʥʘʜ 3 ʝɺ) 

ʩʠʣʴʥʦʣʝʛʦʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ [1.241, 1.245-1.249] ʧʦʢʘʟʫʻ, ʱʦ ʚ 

ʮʽʣʦʤʫ ʦʜʥʦʰʘʨʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʦʢʨʠʪʪʷ ʩʫʪʪʻʚʦ (ʥʘ 20%) 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʽʥʰʦʤʫ ʪʠʧʫ ʬʽʣʴʪʨʽʚ (ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤ 

ʧʦʢʨʠʪʪʷʤ) ʟʘ ʨʽʚʥʝʤ ʜʦʩʷʛʥʫʪʦʾ ʧʨʦʟʦʨʦʩʪʽ ʫ ʚʠʜʠʤʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ ʪʘ 

ʤʘʶʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʙʽʣʴʰ ʚʠʩʦʢʽ (ʚ 1,5 - 3 ʨʘʟʠ), ʥʽʞ ʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʬʽʣʴʪʨʽʚ, ʟʥʘʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ e. ʇʨʠ 

ʮʴʦʤʫ ʥʘʚʽʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʤʫ ʩʪʫʧʝʥʽ ʣʝʛʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʣʽʚʦʢ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʨʽʟʢʦʛʦ ʩʧʘʜʫ ʊ ʽ 

ʧʽʜʡʦʤʫ R, ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʽʚ ʟ lʨ = 1 ʤʢʤ. 
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ɯʥʰʠʤ ʥʝʜʦʣʽʢʦʤ ʦʜʥʦʰʘʨʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʚ 

ʥʠʭ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. ʈʘʟʦʤ ʟ ʪʠʤ ʚ ʨʦʙʦʪʘʭ [1.245, 1.249] ʚ 

ʷʢʦʩʪʽ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʣʽʚʦʢ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʦ ʚʧʣʠʚʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʤʠ ʧʣʽʚʢʘʤʠ. 

ɹʘʛʘʪʦʰʘʨʦʚʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʧʦʢʨʠʪʪʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʧʨʦʟʦʨʠʭ ʪʝʧʣʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʯʝʨʛʦʚʦ ʨʦʟʤʽʱʝʥʠʭ ʪʦʥʢʠʭ 

ʰʘʨʽʚ ʚʠʩʦʢʦʧʨʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ ʽ ʧʨʦʟʦʨʠʭ ʜʣʷ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʟʴʢʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (l = 0,8 - 2,5 ʤʢʤ) ʜʽʝʣʝʢʪʨʠʢʽʚ. ʇʨʠʟʥʘʯʝʥʥʷ 

ʤʝʪʘʣʽʚ: ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʝ ʚʽʜʙʠʚʘʥʥʷ ʬʽʣʴʪʨʫ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ 

ʩʧʝʢʪʨʫ, ʘ ʜʽʝʣʝʢʪʨʠʢʽʚ ï ʟʤʝʥʰʠʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʝ ʚʽʜʙʠʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫ 

ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ. ɿʘ ʨʘʭʫʥʦʢ ʦʩʪʘʥʥʴʦʛʦ ʝʬʝʢʪʫ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʧʽʜʚʠʱʠʪʠ ʩʚʽʪʣʦʚʝ ʧʨʦʧʫʩʢʘʥʥʷ ʬʽʣʴʪʨʫ. 

ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ [1.241, 1.249-1.251], ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʬʽʣʴʪʨʽʚ ʚ ʥʘʰ ʯʘʩ ʚ ʷʢʦʩʪʽ 

ʚʽʜʙʠʚʘʯʽʚ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʟʦʨʽ 

ʜʣʷ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʥʘʥʦʨʦʟʤʽʨʥʽ ʧʣʽʚʢʠ ʤʝʪʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ: 

ʤ̔ ʜʴ, ʟʦʣʦʪʦ, ʩʨʽʙʣʦ ʪʘ ʾʭ ʩʧʣʘʚʽʚ, ʥʘʧʨʠʢʣʘʜ ʩʨʽʙʣʘ ʟ ʥʽʢʝʣʝʤ.  

ʅʘ ʧʨʘʢʪʠʮʽ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʶʪʴ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ, ʟʦʢʨʝʤʘ ʩʨʽʙʣʦ ʽ 

ʟʦʣʦʪʦ, ʟʘʚʜʷʢʠ ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʙʣʠʟʴʢʠʤ ʜʦ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʘʣʽʚ ʻ ʤʽʜʴ [1.250]. 

ʇʨʠ ʮʴʦʤʫ ʤʽʜʴ ʪʝʭʥʦʣʦʛʽʯʥʦ ʩʫʤʽʩʥʘ ʟ ʧʨʦʮʝʩʘʤʠ ʟʘʩʪʦʩʦʚʫʚʘʥʠʤʠ ʚ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʥʘ 

ʢʨʝʤʥʽʻʚʽʡ ʪʝʭʥʦʣʦʛʽʾ. ʊʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʜʽ ʟʘʤʽʩʪʴ ʟʦʣʦʪʘ ʘʙʦ 

ʩʨʽʙʣʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʪʚʦʨʶʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʽʜʴ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʤʘʩʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʩʪʨʦʾʚ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. ʆʜʥʘʢ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʤʽʜʽ ʻ ʥʝʜʦʩʪʘʪʥʷ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ. ɺ 
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ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʚʝʜʝ ʜʦ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʽʚʢʠ [1.246, 1.251]. ʎʶ 

ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤʘʭ 

ʭʽʤʽʯʥʦ ʩʪʽʡʢʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʥʘʧʨʠʢʣʘʜ ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ, 

ʦʢʩʠʥʽʪʨʠʜ ʘʣʶʤʽʥʽʶ [1.239, 1.244, 1.246]. ɺ ʨʦʙʦʪ ̔[1.14] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʮʴʦʤʫ ʪʘʢʦʞ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʯʥʦʾ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʇʨʦʩʚʽʪʣʶʶʯʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʰʘʨʠ, ʚ ʧʨʠʥʮʠʧʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ 

ʟ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʦʙʣʘʩʪʴ ʧʨʦʟʦʨʦʩʪʽ ʷʢʠʭ 

ʧʨʠʧʘʜʘʻ ʥʘ ʚʠʜʠʤʫ ʽ ʙʣʠʞʥʶ ʽʥʬʨʘʯʝʨʚʦʥʫ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ): ʦʢʩʠʜʽʚ, 

ʥʽʪʨʠʜʽʚ, ʩʫʣʴʬʽʜʽʚ ʤʝʪʘʣʽʚ. ɿʦʢʨʝʤʘ, ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ SiO2, 

ʦʢʩʠʜ ʢʨʝʤʥʽʶ SiO, ʦʢʩʠʜ ʭʨʦʤʫ Cr2O3, ʦʢʩʠʜ ʽʥʜʽʶ In2O3, ʦʢʩʠʜ ʮʠʥʢʫ ZnO, 

ʦʢʩʠʜ ʮʠʨʢʦʥʽʶ ZrO, ʦʢʩʠʜ ʮʝʨʽʶ CeO2, ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ Al2O3, ʜʽʦʢʩʠʜ 

ʪʠʪʘʥʫ TiO2, ʦʢʩʠʜ ʥʽʦʙʽʶ NbO3, ʦʢʩʠʜ ʛʘʬʥʽʶ HfO3, ʦʢʩʠʜ ʚʽʩʤʫʪʫ Bi2O3, 

ʥʽʪʨʠʜ ʢʨʝʤʥʽʶ SiN, ʩʫʣʴʬʽʜ ʮʠʥʢʫ ZnS, ʬʣʶʦʨʠʜ ʤʘʛʥʽʶ MgF2. ʂʨʽʤ ʮʴʦʛʦ, 

ʚʽʜʦʤʽ ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʦʩʚʽʪʣʶʶʯʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ 

ʢʦʤʧʦʟʠʪʥʠʭ ʧʣʽʚʦʢ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʽʚ ʚ ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʤʘʪʨʠʮʽ, ʥʘʧʨʠʢʣʘʜ ʩʠʩʪʝʤʠ: ʟʦʣʦʪʦ/ʦʢʩʠʜ ʢʨʝʤʥʽʶ 

ʪʘ ʩʨʽʙʣʦ/ʦʢʩʠʜ ʢʨʝʤʥʽʶ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʚ 

ʷʢʦʩʪʽ ʧʨʦʩʚʽʪʣʶʶʯʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ ʚ ʧʨʦʟʦʨʠʭ ʪʝʧʣʦʚʠʭ ʬʽʣʴʪʨʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʠʰʝ ʩʫʮʽʣʴʥʽ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ ʜʽʝʣʝʢʪʨʠʯʥʽ ʧʣʽʚʢʠ, 

ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʥʘʥʦʢʦʤʧʦʟʠʪʠ. 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʩʥʫʶʯʠʭ ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʤʝʪʦʜʽʚ 

ʾʭ ʦʪʨʠʤʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʦʛʣʷʜʦʚʠʭ ʨʦʙʦʪʘʭ [1.239-1.249]. ʉʝʣʝʢʪʠʚʥʽ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʢʨʽʤ ʩʝʣʝʢʪʠʚʥʦ-ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʚʠʩʦʢʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʦʚʛʦʚʽʯʥʽʩʪʶ, ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ. ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ 

ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʠʭ ʚʠʤʦʛ. ɼʣʷ ʧʦʢʨʠʪʪʽʚ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
E
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ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘʟʚʠʯʘʡ ʧʨʠ 300 Áʉ ʟʥʘʯʝʥʥʷ 
E

Ac
 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ 2 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʡʦʛʦ ʟʥʘʯʝʥʥʷʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ [1.245-1.302, 1.252]. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʭʘʨʘʢʪʝʨʥʽ ʽ ʽʥʰʽ ʥʝʜʦʣʽʢʠ: ʚʦʥʠ ʥʝ ʚʦʣʦʜʽʶʪʴ ʜʦʩʪʘʪʥʴʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ 

ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ; ʜʝʛʨʘʜʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʚ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʘʩʣʽʜʦʢ ʜʠʬʫʟʽʾ ʤʽʞ ʰʘʨʘʤʠ; ʟʘʣʝʞʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸ ʪʘʢʦʞ, ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʧʦʢʨʠʪʪʷʭ ʥʘ ʦʩʥʦʚʽ ʩʨʽʙʣʘ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʩʢʣʘʜʥʽ ʬʦʪʦʭʽʤʽʯʥʽ ʪʘ ʧʨʦʩʪʦ 

ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ñʮʚʽʪʽʥʥʷò (ʫʪʚʦʨʝʥʥʷ ʪʝʤʥʦ-ʩʽʨʠʭ ʘʙʦ 

ʨʫʜʠʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʧʣʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʽʚ), ʟʤʝʥʰʝʥʥʷ 

ʧʨʦʟʦʨʦʩʪʽ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʘʛʨʝʩʠʚʥʠʭ ʛʘʟʦʚʠʭ ʪʘ ʚʦʣʦʛʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʘʪʤʦʩʬʝʨʠ. 

ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʧʦʢʨʠʪʪʷ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘʙʦ 

ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ ʤʝʪʘʣʽʚ [1.238-1.241, 1.245]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ, ʟ ʷʢʠʭ ʚʦʥʠ ʫʪʚʦʨʝʥʽ. ɹʘʛʘʪʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʦʙʫʤʦʚʣʝʥʽ ʚʟʘʻʤʦʜʽʻʶ ʪʘ ʢʦʣʝʢʪʠʚʥʦʶ ʧʦʚʝʜʽʥʢʦʶ 

ʯʘʩʪʠʥʦʢ ʚ ʘʥʩʘʤʙʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʥʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʩʪʘʥʠ ʟ ʘʥʦʤʘʣʴʥʦ ʩʠʣʴʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ, 

ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʩʧʝʮʠʬʽʯʥʦ ʩʠʣʴʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʾʭ ʝʥʝʨʛʽʾ. ʋ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ 

ʧʦʻʜʥʫʶʪʴʩʷ ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ ʚ ʦʢʨʝʤʽʡ ʯʘʩʪʠʥʮʽ ʪʘ ʢʦʣʝʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʥʩʘʤʙʣʶ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʢʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʾʭ ʦʧʪʠʯʥʠʭ, 

ʪʝʧʣʦʚʠʭ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [1.14-1.19]. 

ʊʘʢʽ ʥʘʥʦʜʠʩʧʝʨʩʥʽ ʩʠʩʪʝʤʠ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʠʤʠ ʧʽʢʘʤʠ ʧʦʛʣʠʥʘʥʥʷ, 

ʷʢʽ ʤʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʚʠʜʠʤʦʾ ʜʦ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʦʙʣʘʩʪʽ 

ʜʦʚʞʠʥ ʭʚʠʣʴ [1.16-1.18, 1.100]. ʇʦʣʦʞʝʥʥʷ ʧʽʢʫ ʮʴʦʛʦ ʧʦʛʣʠʥʘʥʥʷ (ɚ') ʜʣʷ 

ʦʢʨʝʤʦʛʦ ʤʝʪʘʣʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʠ ʟʤʽʥʽ ʩʪʫʧʝʥʷ ʜʠʩʧʝʨʩʥʦʩʪʽ 
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(ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ) ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ [1.307] ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

( )( )[ ]2
1

1/1 qqp -+º¡ll  (1.26) 

ʜʝ lp ï ʧʣʘʟʤʦʚʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ. ɿ ʨʽʚʥʷʥʥʷ (1.26) 

ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʣʠ ʬʘʢʪʦʨ ʟʘʧʦʚʥʝʥʥʷ q ­ 1, ɚ' ʟʤʽʱʫʻʪʴʩʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʫ 

ʦʙʣʘʩʪʴ. ʂʦʣʠ q = 0, ɚ' ʧʨʘʛʥʝ ʜʦ lp, ʷʢʘ ʟʘʟʚʠʯʘʡ ʣʝʞʠʪʴ ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʨʽʶʶʯʠ q (ʟʤʽʥʶʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʨʦʟʤʽʨ) ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʤʝʪʘʣʫ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ɚ'. ʆʪʞʝ, ʨʝʛʫʣʶʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʨʦʟʤʽʨ 

ʯʘʩʪʦʢ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʾʭ ʦʧʪʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʽ ʚʠʙʠʨʘʶʯʠ ʤʘʪʝʨʽʘʣ 

ʜʽʝʣʝʢʪʨʠʢʘ, ʚ ʷʢʦʤʫ ʚʦʥʠ ʨʦʟʧʦʜʽʣʝʥʽ, ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ɚ' ʪʘʢ, ʱʦʙ ʚʦʥʘ 

ʚʠʷʚʣʷʣʘʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚʽʜʧʦʚʽʜʥʦʤʫ ʤʘʢʩʠʤʫʤʫ ʩʦʥʷʯʥʦʛʦ 

ʩʧʝʢʪʨʫ [1.241]. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʌʝʨʤʽ ʝʣʝʢʪʨʦʥʽʚ ʚ ʤʝʪʘʣʝʚʠʭ 

ʯʘʩʪʠʥʢʘʭ ʟʘʟʚʠʯʘʡ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʝʨʰʫʻ ʪʝʤʧʝʨʘʪʫʨʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʧʦʚʝʨʭʥʽ ʬʦʪʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʘ ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʥʘ ʦʙʤʝʞʫʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ, ʪʦ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʪʞʝ, ʧʘʨʘʤʝʪʨʠ 

ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʪʘʢʦʞ ʥʝ 

ʟʘʣʝʞʘʪʠʤʫʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [1.245, 1.254]. ʅʝʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʣʘʛʦʨʦʜʥʽ ʤʝʪʘʣʠ, ʣʝʛʦʚʘʥʽ ʯʘʩʪʠʥʢʘʤʠ ʥʽʢʝʣʶ 

ʤʘʶʪʴ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʚ 6 - 10 ʨʘʟʽʚ ʙʽʣʴʰʫ ʚ ʭʽʤʽʯʥʦ ʯʠʩʪʦʤʫ ʩʪʘʥʽ, ʘ 

ʣʝʛʫʚʘʥʥʷ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʭʨʦʤʦʤ, ʥʽʢʝʣʝʤ ʨʽʟʢʦ ʟʙʽʣʴʰʫʻ ʩʪʽʡʢʽʩʪʴ ʾʭ 

ʜʦ ʩʪʠʨʘʥʥʷ [1.309]. ʋ ʨʦʙʦʪʘʭ [1.256, 1.257] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʠʪʠ 

ʤʝʭʘʥʽʯʥʫ ʪʘ ʭʽʤʽʯʥʫ ʤʽʮʥʽʩʪʴ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʨʽʙʣʘ 

ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʟʘʭʠʩʪʫ ʡʦʛʦ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʩʫʩʽʜʥʽʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 
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ʰʘʨʽʚ ʪʦʥʢʠʤʠ ʦʩʪʨʽʚʢʦʚʠʤʠ ʧʣʽʚʢʘʤʠ ʪʠʪʘʥʫ ʘʙʦ ʭʨʦʤʫ. ʇʨʦʙʣʝʤʘ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 

ʧʦʢʠ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʧʽʜʥʽʤʘʣʘʩʷ, ʘ ʤʝʭʘʥʽʟʤʠ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ (ñʮʚʽʪʽʥʥʷò), ʥʝ ʚʠʚʯʘʣʠʩʴ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩʠ ʚʠʥʠʢʥʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ 

ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʚ ʤʘʪʝʨʽʘʣʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʩʨʽʙʣʦ (ʩʨʽʙʥʠʭ 

ʬʦʪʦʝʤʫʣʴʩʽʷʭ, ʛʘʣʦʾʜʥʦ-ʩʨʽʙʥʠʭ ʬʦʪʦʭʨʦʤʥʠʭ ʩʪʝʢʣʘʭ ʽ ʨʦʟʛʣʷʥʫʪʠʭ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʷʭ), ʧʦʜʽʙʥʽ. ɿʦʢʨʝʤʘ, ʨʝʟʫʣʴʪʘʪʠ ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʜʞʝʨʝʣ ʬʦʪʦʜʝʛʨʘʜʘʮʽʾ (ñʮʝʥʪʨʽʚ 

ʟʘʙʘʨʚʣʝʥʥʷò) ʚ ʩʨʽʙʥʠʭ ʬʦʪʦʤʘʪʝʨʽʘʣʘʭ ʪʘ ʛʘʣʦʾʜʥʦ-ʩʨʽʙʥʠʭ ʬʦʪʦʭʨʦʤʥʠʭ 

ʩʪʝʢʣʘʭ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʮʽ ʧʨʦʮʝʩʠ ʩʪʠʤʫʣʶʶʪʴʩʷ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʙʣʘʩʪʴ ʚʣʘʩʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʩʨʽʙʣʽ ʟ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ l, ʤʝʥʰʠʤʠ 0,38 ʤʢʤ [1.251]. ɺ 

ʨʦʙʦʪʽ [1.312] ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʨʽʙʥʠʭ ʪʘ ʤʽʜʥʠʭ ʬʦʪʦʤʘʪʝʨʽʘʣʽʚ ʜʦ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ, ʧʦʢʨʠʚʰʠ ʩʨʽʙʥʽ ʪʘ 

ʤʽʜʥʽ ʘʛʣʦʤʝʨʘʪʠ ʚ ʥʠʭ ʤʦʥʦʰʘʨʘʤʠ ʥʽʢʝʣʶ, ʭʨʦʤʫ. ʄʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ 

ʪʘʢʠʡ ʞʝ ʝʬʝʢʪ ʤʘʪʠʤʝ ʤʽʩʮʝ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʭʠʩʥʠʭ ʤʦʥʦʰʘʨʽʚ ʽ 

ʦʩʪʨʽʚʢʦʚʠʭ ʧʣʽʚʦʢ ʚʠʱʝʚʢʘʟʘʥʠʭ ʤʝʪʘʣʽʚ ʚ ʩʝʣʝʢʪʠʚʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʦʢʨʠʪʪʷʭ. 

ɺ ʨʦʙʦʪʽ [1.258] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʬʽʣʴʪʨʠ ʥʘ ʦʩʥʦʚʽ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʮʠʥʢʫ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʨʦʩʚʽʪʣʶʶʯʠʭ ʰʘʨʽʚ. ɸʚʪʦʨʠ ʩʪʚʝʨʜʞʫʶʪʴ, 

ʱʦ ʩʚʽʪʣʦʚʫ ʩʪʽʡʢʽʩʪʴ ʪʨʴʦʭʰʘʨʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʦʢʩʠʜʫ ʮʠʥʢʫ 

ʪʘ ʩʨʽʙʣʘ (ʩʠʩʪʝʤʘ ZnO/Ag/ZnO), ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʧʦʣʽʧʰʠʪʠ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʥʘ 

ʚʝʨʭʥʽʡ (ʟʦʚʥʽʰʥʽʡ) ʰʘʨ ʦʢʩʠʜʫ ʭʨʦʤʫ CrxOy (x ¢ 2; y < 5). ʊʦʚʱʠʥʘ ʪʘʢʠʭ 

ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʭʨʦʤʫ ʩʪʘʥʦʚʠʪʴ 2 ʥʤ. 

ɺ ʨʦʙʦʪʽ [1.256] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʬʽʣʴʪʨʽʚ 

ʜʦ ʩʪʠʨʘʥʥʷ ʤʦʞʥʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʷʢʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʰʘʨʽʚ (ʤʽʞ 

ʦʩʥʦʚʥʠʤʠ ʩʫʮʽʣʴʥʠʤʠ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʽ ʤʝʪʘʣʝʚʠʤʠ 

ʰʘʨʘʤʠ) ʜʫʞʝ ʪʦʥʢʽ ʦʩʪʨʽʚʢʦʚʽ ʧʣʽʚʢʠ ʪʠʪʘʥʫ ʘʙʦ ʭʨʦʤʫ ʟ ʪʦʚʱʠʥʦʶ, 



98 

ʤʝʥʰʦʶ 1 ʥʤ, ʷʢʽ ʥʝ ʚʧʣʠʚʘʶʪʴ, ʦʜʥʘʢ, ʥʘ ʦʧʪʠʯʥʫ ʷʢʽʩʪʴ ʬʽʣʴʪʨʽʚ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʮʠʭ ʦʩʪʨʽʚʢʦʚʠʭ ʰʘʨʽʚ ʧʦʣʷʛʘʻ ʪʘʢʦʞ ʚ ʟʘʧʦʙʽʛʘʥʥʽ ʰʘʨʽʚ 

ʤʝʪʘʣʫ ʚʽʜ ʦʢʩʠʜʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʥʘʥʝʩʝʥʥʷ ʜʽʝʣʝʢʪʨʠʢʘ. 

ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ ʤʝʪʘʣʝʚʽ ʯʘʩʪʠʥʢʠ ʪʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʦʣʦʜʽʶʪʴ ʨʷʜʦʤ ʥʝʣʽʥʽʡʥʠʭ 

ʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʧʨʠʢʣʘʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʩʚʽʪʣʦʤ ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ, 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ [1.223-1.226]. ɿʦʢʨʝʤʘ, ʚ ʥʘʩʣʽʜʦʢ ʧʨʦʙʣʝʤ ʟ 

ʪʝʧʣʦʚʽʜʚʦʜʦʤ, ʯʘʩʪʦʪʘ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʦʭ 

ʛʽʛʘʛʝʨʮ, ʱʦ ʦʙʫʤʦʚʠʣʦ ʧʝʨʝʭʽʜ ʥʘ ʙʘʛʘʪʦʷʜʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʟʙʽʣʴʰʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ 

ʾʭ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ. ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʢʦʤʫʥʽʢʘʮʽʡ ʤʽʞ ʷʜʨʘʤʠ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʠʟʥʘʯʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʤʽʞʟôʻʜʥʘʥʴ ʥʘ ʢʨʠʩʪʘʣʽ, ʷʢʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ, ʚʠʩʦʢʫ ʤʽʨʫ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʇʨʦʪʝ ʝʣʝʢʪʨʠʯʥʽ ʤʽʞʟôʻʜʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʤʝʞʽ ʩʚʦʻʾ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ, ʱʦ ʪʠʤ ʥʝʤʝʥʰʝ, ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʦʾ 

ʙʘʛʘʪʦʷʜʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ [1.259]. ɺʽʜʧʦʚʽʜʥʦ ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʫʥʽʢʘʮʽʾ ʥʘ ʢʨʠʩʪʘʣʽ, ʱʦ ʙ ʟʘʜʦʚʦʣʴʥʷʣʦ ʨʷʜʫ ʚʠʤʦʛ, 

ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʪʘ ʧʣʘʥʘʨʥʽʩʪʴ.  

ɽʬʝʢʪʠʚʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʤʽʞʟôʻʜʥʘʥʴ ʥʘ ʚʝʨʭʥʽʭ ʨʽʚʥʷʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ [1.260]. ʇʨʠ ʮʴʦʤʫ ʚ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʰʘʨ̔ ʬʦʨʤʫʶʪʴʩʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʽ ʧʨʠʡʤʘʯʽ ʽ 

ʚʠʧʨʦʤʽʥʶʚʘʯʽ, ʱʦ ʢʦʥʚʝʨʪʫʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʚ ʩʚʽʪʣʦʚʽ. ʊʘʢʽ 

ʽʥʪʝʛʨʦʚʘʥʽ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʩʢʦʨʠʪʠ ʧʝʨʝʜʘʯʫ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʽ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ [1.261, 1.262]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʻ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʚʢʣʯʁʝʥʴ. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʧʣʘʟʤʦʥʥʠʭ ʭʚʠʣʝʚʦʜʽʚ ʧʦʢʘʟʘʚ, 
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ʱʦ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʽʩʥʫʶʯʽ 

ʚʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ: ʜʽʝʣʝʢʪʨʠʢ-ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ ʭʚʠʣʝʚʦʜʠ [1.263], ʤʝʪʘʣ-

ʜʽʝʣʝʢʪʨʠʢ-ʤʝʪʘʣ ʭʚʠʣʝʚʦʜʠ [1.264], ʥʘʚʘʥʪʘʞʝʥʽ ʜʽʝʣʝʢʪʨʠʢʦʤ ʧʣʘʟʤʦʥʥʽ 

ʭʚʠʣʝʚʦʜʠ [1.265], ʢʘʥʘʣʴʥʽ ʧʣʘʟʤʦʥʥʽ ʭʚʠʣʝʚʦʜʠ [1.266], ʛʽʙʨʠʜʥʽ ʦʧʪʠʯʥʽ 

ʭʚʠʣʝʚʦʜʠ [1.267], ʣʘʥʮʶʞʢʠ ʤʝʪʘʣʝʚʠʭ ʥʘʥʦʯʘʩʪʦʢ [1.268]. 

ʋ ʨʷʜʽ ʨʦʙʽʪ ʧʦ ʧʦʰʠʨʝʥʥʶ ʧʣʘʟʤʦʥʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ, ʱʦ 

ʩʢʣʘʜʘ̒ ʪʴʩʷ ʟ ʣʘʥʮʶʞʢʘ ʩʨʽʙʥʠʭ ʘʙʦ ʟʦʣʦʪʠʭ ʥʘʥʦʯʘʩʪʦʢ, ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 

100 ʥʤ [1.268, 1.269]. ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʪʝ, ʱʦ ʚ ʥʘʥʦʯʘʩʪʠʥʢʘʭ 

ʥʘ ʧʝʚʥʠʭ ʯʘʩʪʦʪʘʭ ʧʦʣʝ ʜʦʩʠʪʴ ʜʦʙʨʝ ʣʦʢʘʣʽʟʦʚʘʥʝ. ɼʦ ʦʩʥʦʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʚʠʩʦʢʫ ʜʠʩʧʝʨʩʽʶ ʪʘ ʜʠʩʧʝʨʩʽʶ 

ʛʨʫʧʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʥʘʩʣʽʜʦʢ ʾʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ, ʜʦʚʞʠʥʘ ʧʨʦʙʽʛʫ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʣʘʟʤʦʥʫ ʤʝʥʰʝ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʩʚʽʪʣʘ ʘʙʦ ʧʦʨʽʚʥʷʥʥʘ ʟ ʥʝʶ 

[1.268]. ɻʽʙʨʠʜʥʠʡ ʦʧʪʠʯʥʠʡ ʭʚʠʣʝʚʽʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʥʦʜʨʦʪʫ ʟ ʚʠʩʦʢʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ, ʚʽʜʦʢʨʝʤʣʝʥʦʛʦ ʚʽʜ ʤʝʪʘʣʝʚʦʾ ʧʦʚʝʨʭʥʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʧʨʦʤʽʞʢʦʤ ʟ ʤʘʣʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ ʷʚʣʷʻʪʴʩʷ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʧʨʦʤʽʞʦʢ: 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʟ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʟʘʣʦʤʣʝʥʥʷ ʽ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʧʨʦʤʽʞʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʤʝʥʰʠʭ ʚʪʨʘʪ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʭʚʠʣʝʚʦʜʽʚ [1.267, 1.270]. 

ʇʣʘʟʤʦʥʥʽ ʭʚʠʣʝʚʦʜʠ ʪʠʧʫ ʜʽʝʣʝʢʪʨʠʢ-ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ ʪʘ ʤʝʪʘʣ-

ʜʽʝʣʝʢʪʨʠʢ-ʤʝʪʘʣ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʥʘʧʨʠʢʣʘʜ 

Ag/SiO2/Ag [1.271]. ʍʚʠʣʝʚʦʜʠ ʤʝʪʘʣ-ʜʽʝʣʝʢʪʨʠʢ-ʤʝʪʘʣ ʥʘ ʦʧʪʠʯʥʠʭ ʯʘʩʪʦʪʘʭ 

ʤʘʶʪʴ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʤʝʪʘʣ ʚʩʴʦʛʦ 20-

25 ʥʤ, ʪʦʙʪʦ ʨʦʟʤʽʨ ʤʦʜʠ ʧʦ ʦʜʥʦʤʫ ʚʠʤʽʨʫ ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʧʨʘʢʪʠʯʥʦ ʜʦ 

ʨʦʟʤʽʨʫ ʩʘʤʦʛʦ ʭʚʠʣʝʚʦʜʫ [1.264]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʪʘʣʦʜʝ̔ʣʝʢʪʨʠʯʥʽ ̔ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟʥʘʭʦʜʷʪʴ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʾʭ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ. ɺʢʨʘʡ ʦʙʤʝʞʝʥʘ ʜʦʩʪʦʚʽʨʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 
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ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ, ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʦʙʢʫ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʦʧʪʠʤʽʟʘʮʽʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʽ ʾʭ ʩʠʥʪʝʟʫ.  

ʊʦʤʫ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʽʚ (ʟʦʢʨʝʤʘ, ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ) ʚ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ ʪʘ ʨʦʟʨʦʙʮʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ 

ʟ ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

1.6. ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʯʘʩʪʠʥʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʨʦʙʢʫ ʪʘ ʰʠʨʦʢʝ ʧʨʠʢʣʘʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʩʪʨʠʤʫʻ ʥʘʷʚʥʽʩʪʴ ʨʷʜʫ ʧʨʠʥʮʠʧʦʚʠʭ ʧʨʦʙʣʝʤ. ʆʩʥʦʚʥʽ ʟ ʥʠʭ, ʙʝʟ 

ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʥʝʤʦʞʣʠʚʠʡ ʨʦʟʚôʷʟʦʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚ ʪʨʠ ʛʨʫʧʠ. 

1 ʄʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɽʄ ʧʘʨʘʤʝʪʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʥʝʜʦʩʪʫʧʥʽ ʚʠʤʽʨʘʤ ʧʨʷʤʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʠʭ 

ʟʘʜʘʯ ʪʝʦʨʽʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʥʩʘʤʙʣʶ ʯʘʩʪʠʥʦʢ. ʊʘʢʽ ʟʘʜʘʯʽ ʜʣʷ ʚʠʧʘʜʢʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʻ ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ, ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ 

ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʦʶ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ (ʽʪʝʨʘʮʽʡʥʽ 

ʤʝʪʦʜʠ), ʩʢʣʘʜʥʽʩʪʶ (ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʨʝʟʫʣʴʪʘʪ) ʘʙʦ 

ʧʨʠʙʣʠʟʥʦʶ ʦʮʽʥʢʦʶ ʜʘʥʠʭ (ʦʙʯʠʩʣʶʚʘʣʴʥʦ-ʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ). ʂʨʽʤ ʪʦʛʦ 

ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʦ ʚʨʘʭʦʚʫʶʪʴ ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʩʪʨʫʢʪʫʨʫ 

ʚ ʨʝʘʣʴʥʠʭ ʦʜʥʦʰʘʨʦʚʠʭ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʽ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʽ ʟʘ ʨʦʟʤʽʨʘʤʠ). 
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2 ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʨʦʟʤʽʨʥʽ ʽ 

ʯʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʥʝʦʜʥʦʟʥʘʯʥʽ ʪʘ ʦʙʤʝʞʝʥʽ, ʷʢ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʯʘʩʪʠʥʦʢ ʪʘʢ ʽ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʫ. ɼʦʩʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʠʥʪʝʟʫ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʥʦʩʠʪʴ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʦʤʽ 

ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʚʢʨʘʡ 

ʩʫʧʝʨʝʯʣʠʚʽ ʽ ʥʝʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʫʶʪʴ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

3 ʇʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʝ ʜʦʟʚʦʣʷʻ 

ʜʦʩʪʦʚʽʨʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘ ʧʨʦʚʦʜʠʪʠ ʦʧʪʠʤʽʟʘʮʽʶ 

ʚʞʝ ʚʽʜʦʤʠʭ. ʅʝ ʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʝʨʤʽʥʫ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʚʠʚʯʝʥʠʡ ʘʩʧʝʢʪ ʚʧʣʠʚʫ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ, ʥʘ ʾʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʘʩʧʝʢʪʠ (ʥʝʚʠʨʽʰʝʥʽ ʟʘʚʜʘʥʥʷ) ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ, ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʾʾ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ.  ɸ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ ʘʢʪʫʘʣʴʥʫ ʪʘ ʚʘʞʣʠʚʫ 

ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ (ʪʚʝʨʜʦʪʽʣʴʥʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ)  ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʜʣʷ ʦʮʽʥʢʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟʫ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʤʽʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʦʙôʻʤʘʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ  ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ  ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʩʪʘʚʣʝʥʦ ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 
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ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ, ʘʥʘʣʽʪʠʯʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ: 

ï ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʘʥʘʣʽʪʠʯʥʦ-

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʩʥʦʚ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ, ʘ 

ʪʘʢʦʞ ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ. 

ï ʈʦʟʨʦʙʠʪʠ ʧʽʜʭʦʜʠ, ʩʧʦʩʦʙʠ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. 

ï ʈʦʟʚʠʥʫʪʠ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʠʭ (ʤʦʥʦʰʘʨʽʚ) ʪʘ 

ʪʨʴʦʭʤʽʨʥʠʭ ʄɼʅʉ ʩʠʩʪʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ 

ʥʘʥʦʢʦʤʧʦʥʝʥʪʠ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ï ʈʦʟʨʦʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽʾ ʾʭ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ï ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ ʤʝʥʰʠʤʠ 10 ʥʤ, ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʘ ʘʣʶʤʽʥʽʶ, ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʧʨʦʚʝʩʪʠ ʾʭ 

ʢʦʤʧʣʝʢʩʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ, 

ʦʧʪʠʯʥʠʭ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ï ɺʠʚʯʠʪʠ ʚʧʣʠʚ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ, 

(ʩʪʘʪʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ), ʩʢʣʘʜ, 
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ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ. 

ï ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʤʽʨʥʠʭ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʙʣʠʞʥʴʦʤʫ ʋʌ, ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ɯʏ ʜʽʘʧʘʟʦʥʽ 

ʩʧʝʢʪʨʫ. 

ï ʈʦʟʨʦʙʠʪʠ ʢʦʤʧʦʟʠʪʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʈʆɿɼɯʃ 2. ʆʉʅʆɺʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆ-ɸʅɸʃɯʊʀʏʅʆɻʆ 

ʇɯɼʍʆɼʋ ɼʆ ɸʅɸʃɯɿʋ ʊɸ ʌʆʈʄʋɺɸʅʅʗ 

ʄɽʊɸʃʆɼɯɽʃɽʂʊʈʀʏʅʀʍ ʅɸʅʆʉʊʈʋʂʊʋʈʅʀʍ ʉʀʉʊɽʄ. 

ʄʆɼɽʃɯ, ɸʃɻʆʈʀʊʄʀ, ʄɽʊʆɼʀ 

ɼʘʥʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʦʧʠʩʫ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʚʨʘʭʫʚʘʥʥʷ 

ʨʝʘʣʴʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʪʘ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʅʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟʘ ʾʭ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʤʦʨʬʦʣʦʛʽʻʶ. 

ɿʘʜʘʯʘʤʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʻ: ʨʦʟʚʠʪʦʢ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʤʦʨʬʦʣʦʛʽʻʶ; ʨʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ; ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʦʾ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ.  

2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ 

ʆʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʯʘʩʪʠʥʦʢ (ʜʠʚ. ʨʦʟʜʽʣ 1) ʧʦʢʘʟʘʚ, ʱʦ ʟʥʘʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʚ ʨʦʟʨʦʙʮʽ ʽ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʨʽʟʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʦʮʽʥʢʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʪʨʫʢʪʫʨ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʥʝʜʦʩʪʫʧʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʤʽʨʫ, ʘ ʦʮʽʥʶʶʪʴ ʾʭ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʛʫʢʫ ʩʠʩʪʝʤʠ (ʘʥʩʘʤʙʣʶ ʯʘʩʪʠʥʦʢ) ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʧʣʠʚ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʪʦʜʠ, ʷʢʽ ʬʽʟʠʯʥʦ ʢʦʨʝʢʪʥʦ ʚʨʘʭʦʚʫʶʪʴ ʨʝʘʣʴʥʫ 

ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ. 

ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʨʝʘʣʴʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. ʎʝ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʝ ʚʨʘʭʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʣʘʩʥʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ 

ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʽ ʦʙʨʦʙʢʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʢʫ ʧʨʷʤʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ 

ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ʆʪʞʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʦʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʚʩʪʘʥʦʚʣʶʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧʦʥʝʥʪʽʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ.  

ɿ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʥʫʪʠ 

ʪʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ, ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʨʝʘʣʴʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ 

ʤʦʨʬʦʣʦʛʽʾ. ʅʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ. ɿʘʛʘʣʴʥʘ 

ʙʣʦʢ-ʩʭʝʤʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1. 

 

 

ʈʠʩ. 2.1. ɿʘʛʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʟʚôʷʟʢʫ ʟ ʩʠʣʴʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʽʜʛʫʢʫ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʜʦ ʾʾ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʪʦʚʱʠʥʘ 

ʪʘ ʤʦʨʬʦʣʦʛʽʷ ʟʨʘʟʢʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ, ʪʠʧ ʤʘʪʝʨʽʘʣʫ ʽʥ.) ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʩʧʝʢʪʨʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʟʨʘʟʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘ ʚʽʜʧʦʚʽʜʥʽ 
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ʪʝʦʨʽʾ ʾʭ ʦʧʠʩʫ. ʅʘ ʨʠʩ. 2.2 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ.  

    

ʘ)    ʙ)   ʚ)   ʛ) 

ʈʠʩ. 2.2. ɺʠʜʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ: ʘ) ʜʚʦʤʽʨʥʘ; 

ʙ)  ʪʨʴʦʭʤʽʨʥʘ ʦʜʥʦʰʘʨʦʚʘ; ʚ), ʛ) ʪʨʴʦʭʤʽʨʥʘ ʙʘʛʘʪʦʰʘʨʦʚʘ  

2.2. ʂʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ 

ʩʢʣʘʜʥʫ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʫ ʩʪʨʫʢʪʫʨʫ (ʨʽʟʥʷʪʴʩʷ ʪʦʧʦʣʦʛʽʻʶ, ʤʦʨʬʦʣʦʛʽʻʶ, 

ʰʘʨʫʚʘʪʽʩʪʶ) ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʢʨʠʪʝʨʽʾ ʜʣʷ ʾʭ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ: 

ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪ (ʤʘʪʝʨʽʘʣʽʚ), ʷʢʽ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʘ 

(ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʘ, ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʘ); 

ï ʢʽʣʴʢʽʩʪʴ ʢʦʦʨʜʠʥʘʪ, ʚ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪ (ʯʘʩʪʠʥʦʢ, ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ) (ʜʚʦʤʽʨʥʽ, ʪʨʴʦʭʤʽʨʥʽ); 

ï ʰʘʨʫʚʘʪʽʩʪʴ ʩʠʩʪʝʤʠ (ʦʜʥʦʰʘʨʦʚʽ, ʙʘʛʘʪʦʰʘʨʦʚʽ). 

ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʢʨʠʪʝʨʽʾ ʨʝʘʣʴʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ 

ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: ʦʜʥʦʤʽʨʥʽ, ʜʚʦʤʽʨʥʽ, ʪʨʴʦʭʤʽʨʥʽ. 

ʆʜʥʦʤʽʨʥʽ ʩʠʩʪʝʤʠ ï ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʝʚʽ ʢʦʤʧʦʥʝʥʪʠ (ʯʘʩʪʠʥʢʠ) ʧʦ ʦʜʥʽʡ 

ʢʦʦʨʜʠʥʘʪʽ ʚ ʧʨʦʩʪʦʨʽ (ʚ ʚʠʛʣʷʜʽ çʣʘʥʮʶʛʘè) ʨʦʟʤʽʱʝʥʽ ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɼʚʦʤʽʨʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʨʽʟʥʦʚʠʜʠ: ʦʢʨʝʤʽ ʯʘʩʪʠʥʢʠ ʚ ʚʽʣʴʥʦʤʫ 

ʧʨʦʩʪʦʨʽ; ʙʘʛʘʪʦʰʘʨʦʚʽ, ʥʘʧʨʠʢʣʘʜ ï ʤʦʥʦʰʘʨ ʯʘʩʪʠʥʦʢ ʨʝʯʦʚʠʥʠ ʥʘ 

ʧʽʜʢʣʘʜʮʽ (ʦʩʪʨʽʚʮʝʚʘ ʧʣʽʚʢʘ ʨʠʩ. 2.2 ʘ). ʊʨʴʦʭʤʽʨʥʽ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ: 

ʦʜʥʦʰʘʨʦʚʽ (ʨʠʩ. 2.2 ʙ) ï ʦʜʥʘ, ʘʙʦ ʙʽʣʴʰʝ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʠ, ʷʢʽ 
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ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʪʨʴʦʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫ ʚʽʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʙʘʛʘʪʦʨʷʜʥʝ 

ʨʦʟʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʦ ʪʦʚʱʠʥʽ ʟʨʘʟʢʘ); ʙʘʛʘʪʦʰʘʨʦʚʽ (ʨʠʩ. 2.2 ʚ, ʛ) ï 

ʰʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʚʢʣʶʯʘʻ ʥʘʙʽʨ ʦʜʥʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʚ ʪ.ʯ. 

ʧʽʜʢʣʘʜʢʫ. 

 

ʈʠʩ. 2.3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʜʽʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʯʝʚʠʜʥʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʟʦʢʨʝʤʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ, ʤʦʜʝʣʝʡ, ʟʨʫʯʥʠʭ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʤʦʨʬʦʣʦʛʽʻʶ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʟʚʦʣʠʪʴ ʜʦʩʪʦʚʽʨʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʘʣʴʥʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ. ɸ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʝʪʘʧʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʨʦʟʨʦʙʢʠ ʚʠʟʥʘʯʠʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʽ 

ʢʦʤʧʦʥʝʥʪ (ʚ ʪʦʤʫ ʯʠʩʣʽ, ʷʢʽ ʻ ʝʣʝʤʝʥʪʘʤʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ) ʪʘ 

ʧʨʦʚʦʜʠʪʠ ʢʦʨʝʢʮʽʶ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 
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ʩʪʨʫʢʪʫʨ. ɺʣʘʩʥʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʤʦʨʬʦʣʦʛʽʾ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʚ ʧʨʦʮʝʩʫ ʾʭ ʬʦʨʤʫʚʘʥʥʷ.  

2.3. ʄʦʜʝʣʽ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ɺʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ, ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʝʬʝʢʪʘʤʠ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ ʨʦʟʤʽʨʦʤ, 

ʬʦʨʤʦʶ, ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʾʭ ʚʟʘʻʤʦʜʽʻʶ, ʚʧʣʠʚʦʤ 

ʥʘ ʥʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʽʥʰʠʤ [1.1, 1.43, 

1.54]. ɸʥʘʣʽʟ ʤʦʜʝʣʝʡ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʜʠʚ. ʨʦʟʜʽʣ 1) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʚ 

ʧʦʚʥʽʡ ʤʽʨʽ ʚʨʘʭʦʚʫʶʪʴ ʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ, ʟʦʢʨʝʤʘ ʨʦʟʤʽʨʥʽ ʝʬʝʢʪʠ, ʚʣʘʩʪʠʚʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʩʪʨʫʢʪʫʨʘʤ  ʪʘ ʩʪʘʪʠʩʪʠʢʫ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʯʘʩʪʦʢ ʟʘ 

ʨʦʟʤʽʨʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʨʝʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ [1.14-1.19, 1.100]. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚʨʘʭʦʚʫʶʯʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ ʨʽʟʥʽ ʟʘ 

ʩʪʨʫʢʪʫʨʦʶ ʟʨʘʟʢʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ. ɺʦʜʥʦʯʘʩ ʮʽ ʟʨʘʟʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʜʥʦʟʥʘʯʥʦ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʥʽ ʣʠʰʝ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʦʜʝʣʷʤʠ ʾʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʟʨʘʟʢʽʚ ʪʘ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʚʢʘʟʘʥʠʭ ʘʩʧʝʢʪʽʚ ʚ ʤʦʜʝʣʷʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. 
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2.3.1. ʄʦʜʝʣʴ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʦʾ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʄʦʜʝʣʴ ʦʧʠʩʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʽʜʛʫʢ ʜʚʦʚʠʤʽʨʥʦʾ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʽʜʢʣʘʜʢʫ, ʥʘ 

ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʥʘʥʝʩʝʥʦ ʤʦʥʦʰʘʨ ʟ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʽʟʦʣʴʦʚʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ. ʉʭʝʤʘ ʤʦʜʝʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʚʦʤʽʨʥʦʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 2.3. ʘ. ʄʦʜʝʣʴ ʚʩʪʘʥʦʚʣʶʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʊ, 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʟʽ ʩʪʦʨʦʥʠ ʧʣʽʚʢʠ R ʽ ʧʽʜʢʣʘʜʢʠ R'), ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʟ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʦʶ ʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʥʘʥʦʯʘʩʪʠʥʢʠ (ʧʠʪʦʤʦʶ ʢʦʤʧʣʝʢʩʥʦʶ 

ʝʣʝʢʪʨʠʯʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʶ Ŭ = Ŭ1 - iŬ2). ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʈʦʟʝʥʙʝʨʛʘ, ʷʢʘ ʨʦʟʚʠʥʫʪʘ ʜʣʷ 

ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʚʦʤʽʨʥʠʭ ʤʦʥʦʰʘʨʽʚ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ 

(ʦʜʥʦʨʽʜʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ) ʥʘ ʧʨʦʟʦʨʽʡ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ 

ʜʽʝʣʝʢʪʨʠʯʥʽʡ ʧʽʜʢʣʘʜʮʽ.  

ʄʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ: 

¶ ʥʦʨʤʘʣʴʥʠʡ ʢʫʪ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʥʘ ʧʦʚʝʨʭʥʶ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ; 

¶ ʧʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ N0 ʜʦʩʠʪʴ ʚʝʣʠʢʘ, ʪʘʢ ʱʦ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʥʠʤʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʜʦʚʞʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ; 

¶ ʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʬʦʨʤʫ ʩʬʝʨʠ ʟ ʨʘʜʽʫʩʦʤ R0 (ʜʽʘʤʝʪʨʦʤ D), ʭʘʦʪʠʯʥʦ 

ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ; 

¶ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ ʤʝʥʰʠʡ ʜʦʚʞʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ; 

¶ ʦʨʽʻʥʪʘʮʽʷ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʪʠʥʦʢ ï ʜʦʚʽʣʴʥʘ; 

¶ ʝʬʝʢʪʠʚʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʧʣʽʚʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʣʷ ʧʘʜʘʶʯʦʾ ʭʚʠʣʽ ʪʘ ʭʚʠʣʽ ʨʦʟʩʽʷʥʦʾ ʫʩʽʤʘ ʯʘʩʪʠʥʢʘʤʠ; 
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¶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʨʝʤʦʾ ʯʘʩʪʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʝʨʝʜʥʴʦʶ 

ʦʙôʻʤʥʦʶ ʝʣʝʢʪʨʠʯʥʦʶ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʶ ʯʘʩʪʠʥʢʠ a, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʚʦʤʘ ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ a ʽ b [1.14]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʠʯʥʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʪʝʦʨʽʾ ʩʝʨʝʜʥʷ ʦʙôʻʤʥʘ 

ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʯʘʩʪʠʥʢʠ ʘʙʦ ʧʠʪʦʤʘ ʜʠʥʘʤʽʯʥʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʫ 

ʜʠʧʦʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [1.10 ï 1.12]: 
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'
 ï ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʯʘʩʪʠʥʢʠ. 

ɺ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ a ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʙʝʟʨʦʟʤʽʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ a 

ʽ b. ɼʣʷ ʚʠʧʘʜʢʫ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʤʽʞ ʥʠʤʠ ʤʘʻ ʤʽʩʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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n0 ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʧʽʜʢʣʘʜʢʠ. 

ɺ ʤʦʜʝʣʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʧʦʚʝʨʭʥʝʚʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ. ʋ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʠ ʟ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʾʾ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʈʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ 

ʨʦʟʤʽʨʦʤ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻ  ʁʨʦʟʧʦʜʽʣʫ f(D). ɸʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ 

ʫʟʛʦʜʞʝʥʥʷ ʇʽʨʩʦʥʘ (c2
) [2.1]. ʘ˭ʧʨʦʧʦʥʦʚʘʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ 

ʦʮʽʥʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤ ʟ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʫʟʛʦʜʞʝʥʥʷ 

ʇʽʨʩʦʥʘ ʪʘ ʧʨʠʢʣʘʜʠ ʨʝʘʣʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ. 

2.3.2. ʄʦʜʝʣʴ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʪʨʴʦʭʤʽʨʥʦʾ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʄʦʜʝʣʴ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʰʘʨʫʚʘʪʠʭ 

ʩʠʩʪʝʤ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʥʽ ʢʦʤʧʦʟʠʪʥʽ ʪʨʴʦʭʤʽʨʥʽ ʰʘʨʠ 

(ʥʘʥʦʨʦʟʤʽʨʥʽ ʚʢʣʶʯʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʪʨʴʦʭ ʢʦʦʨʜʠʥʘʪʘʭ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʰʘʨʫ), ʧʨʠʢʣʘʜʠ ʤʦʜʝʣʴʥʠʭ ʩʭʝʤ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.2 ʙ, ʚ, ʛ. ʄʦʜʝʣʴ 
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ʚʩʪʘʥʦʚʣʶʻ ʟʚôʷʟʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪ ʪʨʴʦʭʤʽʨʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ 

ʚʽʜʛʫʢʦʤ ʩʠʩʪʝʤʠ (ʊ, R, R') ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʟʙʫʨʝʥʥʷ. ɿʦʢʨʝʤʘ, ʫ ʚʠʧʘʜʢʫ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ 

ʚʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʊ, R, R' ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʯʘʩʪʠʥʢʠ (Ů̔), ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʚʦʥʠ ʟʦʩʝʨʝʜʞʝʥʽ (Ům), 

ʨʦʟʤʽʨʦʤ (D0) ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (NV) ʯʘʩʪʠʥʦʢ ʪʘ ʪʦʚʱʠʥʦʶ ʰʘʨʽʚ (di). 

ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʽʚ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʦʮʽʥʶʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʨʴʦʭʤʽʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʘʙʣʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʜʣʷ ʨʦʟʛʣʷʜʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ʨʝʘʣʴʥʦʾ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʢʦʤʧʦʟʠʪʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʟʦʚʥʽʰʥʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ 

ʧʦʣʝ ʚʦʥʘ ʤʦʜʝʣʶʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤ "ʝʬʝʢʪʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ" (ʚ ʦʢʨʝʤʦʤʫ 

ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʠʤ ʽʟʦʪʨʦʧʥʠʤ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʠʤ ʰʘʨʦʤ [1.14, 1.103, 

1.112]) ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʝʬʝʢʪʠʚʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ Ңʝʬ. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʽʟʥʦʚʠʜʥʦʩʪʝʡ ʪʝʦʨʽʡ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘʚʝʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 1. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʴʦʭʤʽʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ (ʙʽʥʘʨʥʠʭ) ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʟʘʩʪʦʩʦʚʘʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʫ ʪʝʦʨʽʶ ɹʨʫʛʛʝʤʘʥʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʝʬʝʢʪʠʚʥʘ ʢʦʤʧʣʝʢʩʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ Ůʝʬ = Ůʝʬ1 - ʽŮʝʬ2 ʜʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [2.2, 2.3]: 
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ʜʝ q ï ʬʘʢʪʦʨ ʟʘʧʦʚʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, Ңh, z ï ʩʪʨʫʢʪʫʨʥʠʡ ʧʘʨʘʤʝʪʨ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, Ů̔ = Ů̔1 ï Ů̔2 ï ʢʦʤʧʣʝʢʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʢʠ; Ңʜ ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʨʠʮʽ. ʉʣʽʜ 
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ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʪʝʦʨʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʬʘʢʪʦʨʦʤ ʦʙôʻʤʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʦʢ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ. ʊʦʤʫ ʜʣʷ ʦʧʠʩʫ ʨʦʟʤʽʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʜʦʮʽʣʴʥʦ ʚ ʤʦʜʝʣʴ ʝʬʝʢʪʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟʘʤʽʩʪʴ ʬʘʢʪʦʨʘ q ʚʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʠʡ ʧʘʨʘʤʝʪʨ w, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʨʦʟʤʽʨʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɿʦʢʨʝʤʘ, w2 ʜʣʷ ʜʚʦʤʽʨʥʠʭ ʩʠʩʪʝʤ ʪʘ w3 ʜʣʷ 

ʪʨʴʦʭʤʽʨʥʠʭ ʩʠʩʪʝʤ ɺ ʟʘʛʘʣʴʥʦʤʫ w ʦʧʠʩʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ:  

0

2

02
78,0 NDw = ,     (2.5) 

0

3

03
52,0 NDw = .       

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.4) ʚ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʽʜʦʤʠʭ ʚʠʨʘʟʽʚ ʪʝʦʨʽʾ ʄʘʢʩʚʝʣʣʘ-

ɻʘʨʥʝʪʪʘ ʪʘ ʪʝʦʨʽʾ ɹʨʫʛʛʝʤʘʥʘ. ɿʦʢʨʝʤʘ, ʚ ʚʠʧʘʜʢʫ Ңh = Ңʜ, z = 0 ʩʪʨʫʢʪʫʨʘ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʷʻ ʽʟʦʣʴʦʚʘʥʽ ʤʝʪʘʣʝʚʽ ʯʘʩʪʠʥʢʠ 

ʭʘʦʪʠʯʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʤʦʜʝʣʶʻʪʴʩʷ ʚʠʨʘʟʦʤ 

(1.11) ʪʝʦʨʽʾ ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ. ʋ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, Ңh = Ң̔, z = 1 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʨʝʨʚʥʦʶ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʪʘ 

ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʝʦʨʽʾ ɹʨʫʛʛʝʤʘʥʘ [1.124]: 
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ee

ee
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʠʬʽʢʦʚʘʥʘ ʪʝʦʨʽʷ ɹʨʫʛʛʝʤʘʥʘ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʚ ʨʝʘʣʴʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ. ɺʣʘʩʥʝ ʦʜʥʦʨʽʜʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦ ʨʦʟʤʽʨʘʭ ʧʨʝʜʩʪʘʚʣʷʻ ʙʽʣʴʰʠʡ 

ʽʥʪʝʨʝʩ ʧʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʪʦʜʽ ʷʢ ʚ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʨʝʘʣʴʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʘ ʥʝʦʜʥʦʨʽʜʥʘ 

ʩʪʨʫʢʪʫʨʘ ʧʦ ʨʦʟʤʽʨʘʭ ʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ.  
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ʆʩʢʽʣʴʢʠ ʚ ʪʝʦʨʽʷʭ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʦʪʨʠʤʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʊ, R, R' ʟ 

Ůʝʬ, ʪʦʤʫ ʜʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʠʨʘʟʠ (1.12) ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ ʧʣʽʚʦʢ [2.4]. ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ 

ʻ ʪʝ, ʱʦ ʚ ʡʦʛʦ ʨʘʤʢʘʭ ʜʣʷ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʢʦʤʧʦʟʠʪʥʠʤ ʜʠʩʧʝʨʩʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʥʝʤʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʨʽʰʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ. ɼʣʷ 

ʚʠʧʘʜʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʥʘ ʧʦʚʝʨʭʥʶ 

ʧʦʛʣʠʥʘʶʯʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʰʘʨʫ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʢʦʣʠ ʧʦʛʣʠʥʘʶʯʠʡ ʰʘʨ 

ʪʦʚʱʠʥʦʶ d ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʦʜʥʦʨʽʜʥʠʤʠ ʽʟʦʪʨʦʧʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ 

ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʣʦʤʣʝʥʥʷ n1 ʽ n2 ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ, 

ʱʦ ʟʚ'ʷʟʫʶʪʴ n ʽ ʢ (ʝʬʝʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ) ʰʘʨʫ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʨʦʧʫʩʢʘʥʥʷ 

IT , ʚʽʜʙʠʚʘʥʥʷ ʟ ʙʦʢʫ ʰʘʨʫ IR ʽ ʧʽʜʢʣʘʜʢʠ IR' ʤʘʶʪʴ ʚʠʛʣʷʜ [2.5]: 
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n1, n2 ï ʚʽʜʧʦʚʽʜʥʦ ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʧʽʜʢʣʘʜʢʠ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʢʽʥʮʝʚʽ ʨʦʟʤʽʨʠ ʧʽʜʢʣʘʜʢʠ ʽ ʙʘʛʘʪʦʨʘʟʦʚʝ 

ʚʽʜʙʠʚʘʥʥʷ ʚ ʥʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʚôʷʟʫʶʪʴ IT, IR, IR' ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʊ, R, R' [2.6]: 
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ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ n ʪʘ ʧʦʛʣʠʥʘʥʥʷ k ʧʦʚ'ʷʟʘʥʽ ʟ ʾʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʽʩʪʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [1.30]: 
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ɼʣʷ ʚʠʧʘʜʢʫ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʧʠʩʫ ʊ, R, R' ʟʘ 

ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʽʚ ʪʘ ʾʭ ʪʦʚʱʠʥʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʟʦʢʨʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ 

ʰʘʨʽʚ [1.11, 1.14, 1.193, 1.215, 2.7]. ɿʘʜʘʶʯʠ ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ ʽ ʧʝʨʝʭʦʜʷʯʠ 

ʧʦʩʣʽʜʦʚʥʦ ʚʽʜ ʦʜʥʦʛʦ ʰʘʨʫ ʜʦ ʽʥʰʦʛʦ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʫʶʯʫ 

ʤʘʪʨʠʮʶ ʧʝʨʝʜʘʯʽ ʜʣʷ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ: 

Ô
=

=
N

j
j

MM
1

,     (2.9) 



117 

ʜʝ j  ʥʦʤʝʨ ʰʘʨʫ ʚ ʰʘʨʫʚʘʪʦʾ ʩʠʩʪʝʤʽ. ɿʦʢʨʝʤʘ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʽʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʧʦʚʥʫ 

ʤʘʪʨʠʮʶ W ʩʠʩʪʝʤʠ, ʤʘʻ ʚʠʛʣʷʜ [1.14, 2.8]: 
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ʊʫʪ ʄ11, ʄ12, ʄ21, ʄ22  ʝʣʝʤʝʥʪʠ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ; r, rô,  t   ʤʦʥʦʭʨʦʤʘʪʠʯʥʽ 

ʬʨʝʥʝʣʽʚʩʴʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʚʘʥʥʷ ʟ ʙʦʢʫ ʧʦʢʨʠʪʪʷ ʽ ʧʽʜʢʣʘʜʢʠ ʪʘ 

ʧʨʦʧʫʩʢʘʥʥʷ; nj ʽ dj  ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʽ ʪʦʚʱʠʥʘ ʢʦʞʥʦʛʦ ʰʘʨʫ; n1 ʽ n2  

ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʝʞʫʶʪʴ ʟ ʰʘʨʫʚʘʪʦʶ ʩʠʩʪʝʤʦʶ. ʊʦʜʽ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʊ, R ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚʠʨʘʟʘʤʠ: 
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T= ; 

2

11

21

M

M
R= .    (2.12) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʘʙʣʠʞʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ ʘʙʦ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ. ʉʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. 

ʄʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ:  

- ʙʘʛʘʪʦʰʘʨʦʚʘ ʩʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʻ  N ʽʟʦʪʨʦʧʥʠʭ, ʦʜʥʦʨʽʜʥʠʭ, 

ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʭ ʰʘʨʽʚ;  

- ʢʦʞʝʥ ʰʘʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (nj, Ң, Õ), ʝʬʝʢʪʠʚʥʦʶ ʪʦʚʱʠʥʦʶ (dj, j  

ʽʥʜʝʢʩ ʰʘʨʫ); 
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- ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʤʽʞ ʜʚʦʤʘ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʥʠʤʠ ʦʜʥʦʨʽʜʥʠʤʠ ʪʘ ʽʟʦʪʨʦʧʥʠʤʠ 

ʩʝʨʝʜʦʚʠʱʘʤʠ. 

 

ʈʠʩ. 2.4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʪʨʴʦʭʤʽʨʥʦ ʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ  

ʇʝʨʝʚʘʛʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʦʜʝʣʽ  ̒ʪʝ, ʱʦ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʽʜʛʫʢ 

ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʟʙʫʨʝʥʥʷ ʦʜʥʦʰʘʨʦʚʠʭ ʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʪʨʴʦʭʤʽʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ, ʷʢ ʫ ʚʠʧʘʜʢʫ 

ʚʽʣʴʥʠʭ ʚʽʜ ʧʽʜʢʣʘʜʢʠ ʰʘʨʽʚ (ʢʣʘʩʠʯʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ 

ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ), ʪʘʢ ʽ ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʧʽʜʢʣʘʜʮʽ (ʤʘʪʨʠʯʥʠʡ ʤʝʪʦʜ). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʽʜʛʫʢ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʚʝʜʝʥʘ ʤʦʜʝʣʴ ʚ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʥʝ ʥʘʢʣʘʜʘ ʷʢʠʭ-ʥʝʙʫʜʴ ʦʙʤʝʞʝʥʴ ʥʘ 
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ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʨʦʟʜʽʣʝʥʥʷ ʾʾ ʥʘ ʦʢʨʝʤʽ ʰʘʨʠ ʪʘ 

ʦʧʠʩʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʰʘʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ ʤʘʪʨʠʮʝʶ. ʋ ʚʠʧʘʜʢʫ 

ʰʘʨʫʚʘʪʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʢʣʶʯʘʻ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʥʘʥʦʜʠʩʧʝʨʩʥʽ ʰʘʨʠ ʟ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘʢʠʭ ʰʘʨʽʚ 

ʦʮʽʥʶʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ 

(ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʫʟʛʦʜʞʝʥʥʷ ʇʽʨʩʦʥʘ). 

2.4. ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʅʘ ʧʨʘʢʪʠʮʽ ʜʦʩʪʦʚʽʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʽʚ ʚ ʰʘʨʫʚʘʪʽʡ ʩʠʩʪʝʤʽ ʪʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʨʝʯʦʚʠʥʠ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʨʦʙʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘ ʚʠʨʽʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ  ʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ [1.1-1.7]. ʇʦʚ'ʷʟʘʥʦ ʮʝ ʟ ʪʠʤ, ʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʚʽʜʦʤʦ [1.14-1.17], ʩʠʣʴʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦʩʦʙʽʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʽ ʟʘʟʚʠʯʘʡ ʘʧʨʽʦʨʽ ʥʝʚʠʟʥʘʯʝʥʽ. ʂʨʽʤ 

ʪʦʛʦ, ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʫʚʘʪʠʭ ʩʠʩʪʝʤ ʚ ʥʠʭ 

ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʨʦʤʽʞʥʽ ʰʘʨʠ, ʷʢʽ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ɸʣʝ, ʷʢ ʚʠʜʥʦ ʟ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ (ʜʠʚ. ʨʦʟʜ. 1.3), ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʥʘʷʚʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʜʠʩʧʝʨʩʽʡʥʽ ʪʘ ʨʦʟʤʽʨʥʽ ʟʤʽʥʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ ʰʘʨʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ ʚʠʢʣʠʢʘʻ ʩʝʨʡʦʟʥʽ ʩʫʤʥʽʚʠ. ʊʘʢ ʷʢ ʚʦʥʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʙʝʟ 

ʪʦʯʥʦʛʦ ʦʙʣʽʢʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʘʙʦ ʟʘ ʛʨʫʙʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʘʥʘʣʽʟʫ 

ʾʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ, ʚ ʨʦʙʦʪʘʭ [1.14, 1.19, 

1.100] ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʽ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ 

ʦʮʽʥʶʶʪʴʩʷ ʬʦʨʤʘʣʴʥʦ ʟʘ ʫʤʦʚʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ 

ʨʦʟʤʽʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʮʽʣʢʦʤ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ 
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ʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʣʝ ʤʘʻ ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʧʨʘʢʪʠʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ɼʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʷʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʘ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʾʭ ʘʥʘʣʽʟʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʨʘʤʢʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʙʣʦʢʽʚ. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.5. 

 

 

ʈʠʩ.2.5. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤʘʭ 
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ɹʣʦʢ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʪʘʥʜʘʨʪʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, 

ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ ʚʢʘʟʘʥʽ ʥʘ ʙʣʦʢ-ʩʭʝʤʽ. ɸʥʘʣʽʪʠʯʥʠʡ ʙʣʦʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʨʽʰʝʥʥʽ ʟʚʦʨʦʪʥʽʭ ʟʘʜʘʯ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ, ʟʘʢʣʘʜʝʥʠʭ ʫ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʽʜʛʫʢ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʪʝʩʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. ɿʥʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʩʧʝʮʠʬʽʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ʾʭ ʬʦʨʤʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʊʦʤʫ ʦʯʝʚʠʜʥʦʶ ʟʘʜʘʯʝʶ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ 

ʷʢʠʭ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʢʦʨʝʢʮʽʾ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʝʪʘʧʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʦʟʨʦʙʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʜʦʩʪʦʚʽʨʥʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʠʩʧʝʨʩʽʡʥʽ ʽ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʣʴʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʽ ʢʦʤʧʦʥʝʥʪ ʚ 

ʪʦʤʫ ʯʠʩʣʽ, ʷʢʽ ʷʚʣʷʶʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ. 

2.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ  

ɺ ʜʘʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ ʦʧʠʩʘʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʪʘ ʯʘʩʪʠʥʦʢ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʢʠ ʾʭ 

ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʨʦʟʜʽʣ 2.1.1. 
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ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ. ɸ ʩʘʤʝ:  

- ʨʽʟʥʽ ʟʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ 

ʦʜʥʠʤ ʘʥʘʣʽʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ (ʤʦʜʝʣʣʶ);  

- ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʣʫʯʘʪʠ ʨʽʟʥʽ ʟʨʘʟʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʪʦʤʫ ʱʦ ʜʣʷ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʽʥʰʽ. 

2.5.1. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʚʦʤʽʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʚʢʣʶʯʝʥʴ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʦʩʥʦʚʘʥʦ ʥʘ 

ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʘʭ 

ʥʘ ʜʚʦʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʦʾ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʜʠʚ. ʨʦʟʜʽʣ 2.2.1). ɹʣʦʢ-ʩʭʝʤʘ 

ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.6. 

ɺ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʊ, R ʽ R' ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʚʦʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ. 

ɿʦʢʨʝʤʘ, ʧʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 
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ʩʪʘʪʠʩʪʠʢʠ ʾʭ ʨʦʟʧʦʜʽʣʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʫʟʛʦʜʞʝʥʥʷ ʇʽʨʩʦʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ T, R ʽ R' ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʧʨʷʤʘ ʟʘʜʘʯʘ) ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ (1.13), (1.14), 

(2.3) ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʠʥʮʠʧʦʚʠʭ ʪʨʫʜʥʦʱʽʚ ʽ ʻ ʦʜʥʦʟʥʘʯʥʠʤ. ʇʨʦʪʝ, ʷʢ ʙʫʣʦ 

ʚʽʜʟʥʘʯʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ, ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʊ, R, R', ʜʣʷ ʚʠʧʘʜʢʫ 

l
0R

 < 0.01 ʻ ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʦʶ.  

 

 

ʈʠʩ. 2.6. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʚʦʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ʋ [1.101] ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ 

ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ [1.14], ʷʢʘ ʙʫʣʘ ʨʦʟʚʠʥʫʪʘ ʜʣʷ ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʥʦʰʘʨʫ ʦʜʥʦʨʽʜʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʪʘ 
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ʦʜʝʨʞʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʾʭ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ 

ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ ʨʦʟʨʦʙʣʝʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ 

ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [2.18]. ɹʣʦʢ-ʩʭʝʤʘ 

ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʦʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʟʦʣʴʦʚʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.7. ʅʝʦʙʭʽʜʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʢʽʣʴʢʠ Ŭ ʫ ʨʘʟʽ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʠʥʢʠ ʻ ʢʦʤʧʣʝʢʩʥʦʶ 

ʚʝʣʠʯʠʥʦʶ a=a1 ï ia2, ʪʦ ʜʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʘʪʠ ʙʫʜʴ ʷʢʠʭ 

ʜʚʘ ʟ ʪʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʊ, R, R '. 

ɺʠʙʽʨ ʟ ʜʚʦʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʢʦʨʝʥʽʚ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1.13), 

(1.14, (2.3), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʤʫ ʟʤʽʩʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʧʨʠʥʮʠʧʫ (ʫʤʦʚʠ ʘʥʦʤʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʝʬʝʢʪʠʚʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʦʙʣʠʟʫ ʩʤʫʛʠ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚ ʦʢʨʝʤʽʡ 

ʯʘʩʪʠʥʮʽ) [1.18, 5.9]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [1.16] Ů1ʝʬ > 0, Ů2ʝʬ > 0 ʚ ʦʙʣʘʩʪʽ ɚ> ɚR ʽ 

Ů1ʝʬ < 0, Ů2ʝʬ > 0 ʜʣʷ ɚ< ɚR, ɚR  ʨʝʟʦʥʘʥʩʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʫʤʦʚʠ ʘʥʦʤʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʈ1, ʈ2 ʧʦʙʣʠʟʫ ɚR ʜʦʮʽʣʴʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʚ [1.14] ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ Ůʝʬ ʽ ʈ. 
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ɿ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʩʧʝʨʩʽʾ Ůʝʬ ʧʦʙʣʠʟʫ ɚR ʚʠʪʽʢʘʻ, ʱʦ ʚ ʦʙʣʘʩʪʽ l ¢ lR 

ʬʽʟʠʯʥʠʡ ʩʝʥʩ ʤʘʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʢʦʨʽʥʴ ʟʽ ʟʥʘʯʝʥʥʷʤʠ P1 < 0, P2 > 0, ʘ ʚ 

ʜʽʘʧʘʟʦʥʽ l > lR ʢʦʨʽʥʴ P1 < 0, P2 < 0 (lR  ʪʦʯʢʘ ʟʰʠʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʨʽʰʝʥʴ). ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʈʦʟʝʥʙʝʨʛʘ ʧʦʥʷʪʪʷ Ůʝʬ ʜʣʷ ʜʚʦʤʽʨʥʠʭ ʩʠʩʪʝʤ ʥʝ ʚʚʦʜʠʪʴʩʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ, 

ʟʽʩʪʘʚʣʷʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [1.14, 1.93, 1.94] ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʨʴʦʭ- ʽ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʪʨʠʤʘʥʽ ʫʤʦʚʠ 
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ʘʥʦʤʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʈ1 ʽ ʈ2 ʧʦʙʣʠʟʫ ɚR, ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʫ ʨʘʟʽ ʜʚʦʚʠʤʽʨʥʠʭ 

ʩʠʩʪʝʤ. 

 

 

ʈʠʩ.2.7. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ 

ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʦʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽʟʦʣʴʦʚʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ 

ʈʝʟʦʥʘʥʩʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚ [1.18]: 

aR ele 2)(1 -= ,  0)(2 =Rle ,    (2.14) 
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ʜʝ Ůʘ  ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʗʢ ʧʨʘʚʠʣʦ 

[1.18], ʧʨʠ ʦʮʽʥʮʽ ɚR ʟʘ ʚʠʨʘʟʘʤʠ (2.5) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʧʨʦʢʩʠʤʘʮʽʷ Ů = Ůʤ. 

ɿʥʘʯʝʥʥʷ Ůʤ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ n ʽ 

ʧʦʛʣʠʥʘʥʥʷ k ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ 

(2.7), (2.8). 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ 

ʚʽʜʙʠʚʘʥʥʷ ʤʦʥʦʰʘʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʚ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ (ʥʝʧʦʛʣʠʥʘʶʯʘ, 

ʧʨʦʟʦʨʘ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʦʙʤʝʞʝʥʦ 

ʽʥʪʝʨʚʘʣʦʤ ʩʧʝʢʪʨʫ ɚ=0,2-1,1 ʤʢʤ. 

2.5.2. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʨʴʦʭʤʽʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ  

ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʨʴʦʭʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥʦ ʥʘ ʥʘʙʣʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʽʚ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.8. 

ɺ ʥʘʙʣʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʦʥʦ ʤʦʜʝʣʶʻʪʴʩʷ ʽʟʦʪʨʦʧʥʦʶ 

ʦʜʥʦʨʽʜʥʦʶ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʦʶ ʧʣʘʩʪʠʥʢʦʶ ʟ ʝʬʝʢʪʠʚʥʠʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʤʧʣʝʢʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ  Ңʝʬ ʪʘ 

ʢʦʤʧʣʝʢʩʥʘ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ  Õʝʬ). ɺ ʨʦʟʜʽʣʽ 1 ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʚ 
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ʥʘʙʣʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʢʦʤʧʦʟʠʪʥʦʾ 

ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚʽʜʥʦʩʥʦʶ ʜʦʣʝʶ ʦʙôʻʤʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʽ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ. ɼʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʚʝʜʝʤʦ ʚ ʤʦʜʝʣʴ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.5), ʷʢʝ ʚʢʣʶʯʘʻ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʤʧʦʥʝʥʪ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʨʦʟʤʽʨ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ. ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʣʠ ʥʘ 

ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ (ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʫʟʛʦʜʞʝʥʥʷ 

ʇʽʨʩʦʥʘ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʤʦʜʝʣʝʡ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʦʜʝʨʞʘʥʦ ʾʭ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ. ɿʦʢʨʝʤʘ 

ʘʣʛʦʨʠʪʤ ʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ɹʨʫʛʛʝʤʘʥʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ 

ʚʠʛʣʷʜʽ:  
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʧʝʢʪʨʠ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʚʠʤʽʨʶʶʪʴʩʷ ʤʝʪʦʜʦʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʪʘ ʤʘʛʥʽʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʇʨʠʢʣʘʜ ʤʦʜʝʣʴʥʦʾ ʩʭʝʤʠ ʢʦʤʧʦʟʠʪʥʠʭ ʩʪʨʫʢʪʫʨ 

ʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.2 ʙ. ɺʠʤʦʛʠ ʪʘ 

ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʦʙʫʤʦʚʣʝʥʽ ʬʽʟʠʯʥʠʤʠ 

ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʧʨʦʪʦʢʦʣʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚ ʧʝʚʥʠʭ ʯʘʩʪʦʪʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʤʝʪʦʜʘʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʧʨʠʢʣʘʜʠ 

ʚʠʤʦʛ ʜʦ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 3). 
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ʈʠʩ. 2.8. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʫ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʨʴʦʭʤʽʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ  

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʚ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

2.5.3. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʜʥʦʰʘʨʦʚʠʭ ʪʨʴʦʭʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʦʜʥʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʨʠʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 
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ʩʠʩʪʝʤ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʪʝʦʨʽʾ ɹʨʫʛʛʝʤʘʥʘ. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.9. ʊʝʦʨʽʷ ɹʨʫʛʛʝʤʘʥʘ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 2.4) ʚʩʪʘʥʦʚʣʶʻ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʣʠʰʝ ʤʽʞ ʝʬʝʢʪʠʚʥʦʶ ʢʦʤʧʣʝʢʩʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʣʝʢʩʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʾʾ 

ʢʦʤʧʦʥʝʥʪ ʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʦʤʫ ʽʩʪʦʪʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʦʢʨʽʤ ʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ɹʨʫʛʛʝʤʘʥʘ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʱʝ ʟʚʦʨʦʪʥʫ ʟʘʜʘʯʫ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ ʧʣʽʚʦʢ. ʆʩʪʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʣʘʩʠʯʥʠʭ ʬʦʨʤʫʣʘʭ 

ʌʨʝʥʝʣʷ ʜʣʷ ʘʤʧʣʽʪʫʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʚʽʜʙʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʶ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʚʽ ʩʭʝʤʠ 

ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʯʥʦʾ ʽ ʥʘʙʣʠʞʝʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʾ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ. ɼʣʷ ʚʠʧʘʜʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʽʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʡ ʨʽʚʥʷʥʴ (2.6) 

ʪʘ (2.7)ʜʦʟʚʦʣʷʶʪʴ ʟʚ'ʷʟʘʪʠ ʚʽʜʦʤʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʨʦʧʫʩʢʘʥʥʷ ʊ ʽ ʚʽʜʙʠʚʘʥʥʷ R ʧʦʛʣʠʥʘʶʯʦʾ ʧʣʽʚʢʠ ʟ ʾʾ ʝʬʝʢʪʠʚʥʦʶ 

ʢʦʤʧʣʝʢʩʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. ʗʢ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʚ ʨʦʟʜʽʣʽ 1.3, 

ʨʽʰʝʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʚ ʩʠʣʫ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʩʪʽ 

ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ (2.6) ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ. ʇʨʦʪʝ ʜʣʷ ʜʦʩʠʪʴ ʪʦʥʢʠʭ 

ʧʣʽʚʦʢ ( l<<
ʵʬʬ

d ) ʚ ʦʙʣʘʩʪʽ ʧʨʦʟʦʨʦʩʪʽ ʤʘʪʨʠʮʽ (ʧʽʜʢʣʘʜʢʠ) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʶʪʴʩʷ [2.19]. 

ɺ ʩʠʣʫ ʮʴʦʛʦ, ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ, ʧʽʜ ʷʢʦʶ 
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ʈʠʩ. 2.9. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʦʜʥʦʰʘʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʪʨʠʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ʊʦʯʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʚ 

ʚʠʧʘʜʢʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʻ ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʦʶ. ʎʝ ʚʠʨʘʞʘʻʪʴʩʷ 

ʚ ʢʨʘʡʥʽʡ ʥʝʩʪʽʡʢʦʩʪʽ (ʯʫʪʣʠʚʦʩʪʽ) ʨʝʟʫʣʴʪʘʪʽʚ ʾʾ ʨʽʰʝʥʥʷ ʜʦ ʥʝʚʝʣʠʢʠʭ (ʘʣʝ 

ʥʝʤʠʥʫʯʠʭ) ʧʦʭʠʙʦʢ ʚʠʤʽʨʽʚ ʊ ʽ R ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚ ʥʝʤʦʞʣʠʚʦʩʪʽ ʨʽʰʝʥʥʷ 

ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟʚʠʯʘʡʥʠʤʠ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʷʢʦʩʪʽ 

ʨʝʛʫʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʾʾ ʨʦʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʫʩʢʫ, ʷʢʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʘʧʨʦʙʦʚʘʥʦ 

ʜʣʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʫ ʨʦʙʦʪʘʭ [1.157, 1.158, 2.9]. ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʧʦʯʘʪʢʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʥʝʢʦʨʝʢʪʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.7) 
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ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʾʡ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʫʩʢʫ 

[1.75]: 
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, (2.17) 

iʝiʨi
YYf -= , (  ̔= 1, 2, 3 )    

ʜʝ Y1ʝ, Y2ʝ, Y3ʝ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʟ ʚʘʨʽʘʮʽʡ ʊ, R, R'; 

Y1ʨ, Y2ʨ, Y3ʨ ï ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʟ ʚʘʨʽʘʮʽʡ ʊ, R, R', ʧʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

(2.7.ʘ) ʪʘ (2.7), n ʽ k ï ʝʬʝʢʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʟʘʣʦʤʣʝʥʥʷ ʽ ʧʦʛʣʠʥʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʰʘʨʫ; dn/dt ʽ dk/dt  ʪʨʘʻʢʪʦʨʽʾ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʫʩʢʫ ʜʦ ʤʽʥʽʤʫʤʽʚ ʬʫʥʢʮʽʡ  ̊fʽ ̊ 
2
; t  ʢʨʦʢ 

ʽʪʝʨʘʮʽʾ. 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.8) ʚʠʨʽʰʫʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ 

[2.21]. 

2.5.4. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʪʨʴʦʭʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʫʚʘʪʠʭ ʄɼʅʉ 

ʩʠʩʪʝʤʘʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ ï ʤʘʪʝʨʽʘʣʫ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʤʝʪʦʜʽʚ ʽ ʨʝʞʠʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʽʚ, ʚʽʜ ʾʭ ʪʦʚʱʠʥʠ ʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʜʢʣʘʜʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʫʚʘʪʠʭ 

ʩʠʩʪʝʤ ʤʽʞ ʨʽʟʥʠʤʠ ʰʘʨʘʤʠ ʚ ʥʽʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʜʽʾ 

ʘʪʤʦʩʬʝʨʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʙʘʨ'ʻʨʥʽ ʘʙʦ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ, 
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ʱʦ ʟʤʽʥʶʶʪʴ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʥʘʥʥʷ ʨʝʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʰʘʨʽʚ ʚ ʰʘʨʫʚʘʪʠʭ 

ʩʠʩʪʝʤʘʭ ʜʦʟʚʦʣʷʻ ʘʜʝʢʚʘʪʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ 

ʰʘʨʽʚ ʚ ʩʢʣʘʜʽ ʰʘʨʫʚʘʪʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ 

ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʘʤʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ n, ʧʦʛʣʠʥʘʥʥʷ k ʪʘ ʪʦʚʱʠʥʠ d 

ʧʦʛʣʠʥʘʶʯʦʾ ʧʣʽʚʢʠ ʚ ʩʢʣʘʜʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʪʦʥʢʦʧʣʽʚʢʦʚʦʾ ʩʠʩʪʝʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʪʠʧʫ ʜʽʝʣʝʢʪʨʠʢ/ʤʝʪʘʣ/ʜʽʝʣʝʢʪʨʠʢ) ʪʘ ʦʢʨʝʤʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʥʽʡ ʧʦ ʚʠʤʽʨʷʥʠʤ ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʥʷ T ʽ ʚʽʜʙʠʚʘʥʥʷ R (ʟ ʙʦʢʫ 

ʧʦʢʨʠʪʪʷ), RӾ (ʟ ʙʦʢʫ ʧʽʜʢʣʘʜʢʠ) ʰʘʨʫʚʘʪʦʾ ʩʠʩʪʝʤʠ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʨʽʰʝʥʥʽ ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʤʦʜʝʣʽ ʝʬʝʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʘʪʨʠʯʥʠʭ 

ʨʽʚʥʷʥʴ ʜʣʷ ʰʘʨʫʚʘʪʦʾ ʩʠʩʪʝʤʠ. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.10. 

 

ʈʠʩ. 2.10. ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʰʘʨʫʚʘʪʠʭ ʪʨʠʤʽʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ 
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʟʚʦʨʦʪʥʦɹʾ 

ʟʘʜʘʯʽ ʪʝʦʨʽʾ ɹʨʫʛʛʝʤʘʥʘ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 2.6) ʪʘ ʨʽʚʥʷʥʴ ʤʘʪʨʠʮʴ ʧʝʨʝʥʦʩʫ. 

ɹʘʛʘʪʦʰʘʨʦʚʫ ʪʦʥʢʦʧʣʽʚʢʦʚʫ ʩʠʩʪʝʤʫ ʟʨʫʯʥʦ ʦʧʠʩʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʘʪʨʠʯʥʦʾ ʦʧʪʠʢʠ ʰʘʨʫʚʘʪʠʭ ʩʝʨʝʜʦʚʠʱ [2.22]. ʈʦʟʨʘʭʫʥʦʢ 

ʩʧʝʢʪʨʽʚ ʧʨʦʧʫʩʢʘʥʥʷ (T) ʽ ʚʽʜʙʠʚʘʥʥʷ (R, RӾ) ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘ ʚʽʜʦʤʠʤʠ 

ʦʧʪʠʯʥʠʤʠ ʧʦʩʪʽʡʥʠʤʠ ʩʢʣʘʜʦʚʠʭ ʰʘʨʽʚ ʪʘ ʾʭ ʪʦʚʱʠʥʠ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʨʷʤʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ 

ʤʘʪʨʠʯʥʦʾ ʦʧʪʠʢʠ ʰʘʨʫʚʘʪʠʭ ʩʝʨʝʜʦʚʠʱ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʤʘʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʧʠʩʘʥʽ ʪʘʢ, ʱʦ ʚʠʨʘʞʘʶʪʴ 

T ʽ R, RӾ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ n, k ʪʘ d ʢʦʞʥʦʛʦ ʰʘʨʫ. ʈʽʰʝʥʥʷ ʧʨʷʤʦʾ ʟʘʜʘʯʽ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʘʪʨʠʯʥʠʭ ʩʭʝʤ, ʥʘʡʙʽʣʴʰ 

ʟʨʫʯʥʦʶ ʟ ʷʢʠʭ ʻ ʩʭʝʤʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʰʘʨʽʚ [1.14]. ɺ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʚʦʨʦʪʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ ʤʘʪʨʠʯʥʦʾ ʦʧʪʠʢʠ 

 ʟʥʘʭʦʜʞʝʥʥʷ n ʪʘ k ʚʩʽʭ ʰʘʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʰʘʨʫʚʘʪʫ ʩʠʩʪʝʤʫ ʧʦ ʚʽʜʦʤʠʤ 

ʜʣʷ ʥʝʾ T ʽ R, ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʨʦʟʚôʷʟʥʘ. ɺʠʙʽʨʢʦʚʘ ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ 

ʚʠʟʥʘʯʝʥʥʷ n ʪʘ k ʦʜʥʦʛʦ ʧʦʛʣʠʥʘʶʯʦʛʦ ʰʘʨʫ ʚ ʩʢʣʘʜʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʧʦ ʚʠʤʽʨʷʥʠʤ ʜʣʷ ʥʝʾ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʚʽʜʙʠʚʘʥʥʷ, ʚ 

ʧʨʠʥʮʠʧʽ, ʜʦʧʫʩʢʘʻ ʯʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʜʦʤʽ ʪʦʚʱʠʥʘ ʮʴʦʛʦ 

ʰʘʨʫ, ʘ ʪʘʢʦʞ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʪʦʚʱʠʥʠ ʽʥʰʠʭ ʰʘʨʽʚ. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʦʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʙʽʨʢʦʚʦʾ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʪʘʢʦʞ ʟʨʫʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʨʠʯʥʫ ʩʭʝʤʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʰʘʨʽʚ. ɼʽʡʩʥʦ, 

ʚ ʥʽʡ ʧʦʚʥʘ ʤʘʪʨʠʮʷ ʰʘʨʫʚʘʪʦʾ ʩʠʩʪʝʤʠ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʜʦʙʫʪʦʢ ʤʘʪʨʠʮʴ 

ʢʦʞʥʦʛʦ ʰʘʨʫ, ʘ ʤʘʪʨʠʮʷ ʦʢʨʝʤʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(n, k, d) ʩʘʤʦʛʦ ʰʘʨʫ. ʎʝ ʩʫʪʪʻʚʦ ʧʦʣʝʛʰʫʻ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʚʠʙʽʨʢʦʚʦʾ 

ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʭ ʯʠ ʽʥʰʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʪʝʨʘʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ ʷʢ ʽ ʚ ʚʠʧʘʜʢʫ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʻ ʤʘʪʝʤʘʪʠʯʥʦ 

ʥʝʢʦʨʝʢʪʥʦʶ. ʇʦ ʘʥʘʣʦʛʽʾ ʟ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʬʝʥʦʤʝʣʦʛʽʯʥʦʾ ʪʝʦʨʽʾ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʜʠʚ. ʨʦʟʜʽʣ 2.4.3) ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ 
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ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ ʚ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʾʾ ʨʽʰʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʫʩʢʫ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʦʾ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʧʝʨʝʭʽʜ ʚʽʜ ʥʘʧʽʚʥʝʦʙʤʝʞʝʥʦʾ 

ʧʽʜʢʣʘʜʢʠ ʜʦ ʧʽʜʢʣʘʜʢʠ ʢʽʥʮʝʚʦʾ ʪʦʚʱʠʥʠ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʚ [2.19] ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʚʽʜʙʠʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʙʘʛʘʪʦʨʘʟʦʚʽ ʚʽʜʙʠʚʘʥʥʷ ʚ 

ʧʽʜʢʣʘʜʮʽ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ Y1ʨ, Y2ʨ, Y3ʨ ʫ ʬʫʥʢʮʽʷʭ (2.8) 1f   ̔

2f  ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ 
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     (2.18) 

ʜʝ T ʽ R ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.3), ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʧʫʩʢʘʥʥʷ ʽ 

ʚʽʜʙʠʪʪʷ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ "ʚʽʣʴʥʘ" ʧʽʜʢʣʘʜʢʘ-ʧʦʚʽʪʨʷ, R'  ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʙʠʚʘʥʥʷ ʥʘ ʤʝʞʽ ʧʣʽʚʢʘ-ʧʽʜʢʣʘʜʢʘ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʊ0 ʽ R0 ʦʧʠʩʫʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [8]: 
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    (2.19) 

ʇʨʠ ʮʴʦʤʫ ʟ (2.2) ʩʣʽʜʫʻ: 
11

12

M

M
R =¡   

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ T, R, RӾ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ 

ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ (2.1) ʟʨʫʯʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ.  

2.6. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʰʘʨʽʚ ʪʘ ʾʭ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ 

ʰʘʨʽʚ ʪʘ ʾʭ ʦʩʥʦʚʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-
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ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ [1.220, 2.22-

2.24]:  

- ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʱʦ ʤʦʜʝʣʶʻ ʧʦʷʚʫ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ Ŭ; 

- ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʨʝʘʣʴʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʽʡ 

ʥʘʥʦʜʠʩʧʝʨʩʥʽʡ ʩʠʩʪʝʤʽ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ; 

 - ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʜʛʫʢʫ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. 

ʆʮʽʥʠʤʦ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ 

ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ (ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʚ ʨʦʟʜʽʣʽ 2.4.1) ʽ ʧʦʨʽʚʥʷʻʤʦ ʾʾ ʟ ʪʦʯʥʽʩʪʶ 

ʦʙʯʠʩʣʝʥʴ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ 

ʟʘʩʥʦʚʘʥʦʤʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʫʩʢʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ Ŭ, ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʷʚʠ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʴ. ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ R0 = 2,0 ʥʤ, N0 = 5 Ŀ 10
11

 ʩʤ
-2
, n0 = 1.52 ʽ 

aɯʊ , ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʪʝʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʫʩʢʫ. "ʊʦʯʥʽ" ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʧʪʠʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ TT, RT, RT ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʷʤʦʾ ʟʘʜʘʯʽ ʜʣʷ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ "ʪʦʯʥʽ" 

ʟʥʘʯʝʥʥʷ TT, RT, RT  ʪʘʢ ʽ ʟʙʫʨʝʥʽ ("ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ") ʟʥʘʯʝʥʥʷ Tʝʢʩ, Rʝʢʩ, Rʝʢʩ, 

ʦʪʨʠʤʘʥʽ ʟ ʪʦʯʥʠʭ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʥʠʭ ʧʦʷʚʠ ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʟ 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʨʝʘʣʴʥʦ ʜʦʩʷʞʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʊ 

(1%) ʽ R, RӾ (2%). 

ʈʽʰʝʥʥʷ ʧʨʷʤʦʾ ʪʘ ʟʚʦʨʦʪʥʦʾ (ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʨʠʩ. 2.4) ʟʘʜʘʯʽ ʜʣʷ ʮʽʻʾ 

ʤʦʜʝʣʴʥʦʾ ʧʣʽʚʢʠ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʢʦʨʝʥʷ ʈ1 < 0; 

ʈ2 < 0 ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʡʦʤʫ ʢʦʨʝʥʷ a=a1 ï ia2  (ʤʘʻ ʬʽʟʠʯʥʠʡ ʩʝʥʩ ʜʣʷ 

ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʩʨʽʙʣʘ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ) 
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ʽʣʶʩʪʨʫʻʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 2.1. ɿ ʪʘʙʣʠʮʽ 2.1 ʚʠʧʣʠʚʘʻ, ʱʦ ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ a1
ɯʊ

 ʽ 

a2
ɯʊ

 , ʽ ʦʙʯʠʩʣʝʥʽ ʧʦ TT, RT, RT ʪʘ ʚʠʨʘʟʽʚ (2.1) ʽ ʧʨʘʢʪʠʯʥʦ (ʚ ʤʝʞʘʭ ʥʝʤʠʥʫʯʦʾ 

ʪʦʯʥʦʩʪʽ ʟʘʦʢʨʫʛʣʝʥʴ ʯʠʩʝʣ ʧʨʠ ʧʨʦʤʽʞʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʧʝʨʘʮʽʷʭ ~ 1%) 

ʟʙʽʛʘʶʪʴʩʷ. ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ T, R ʾʭ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ (TT, 

RT, RT ) ʢʦʨʝʢʪʫʚʘʣʠ ʥʘ ʤʦʞʣʠʚʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ 1% ʜʣʷ ʊ ʽ 2% ʜʣʷ R. 

"ʟʙʫʨʝʥʽ" ʟʥʘʯʝʥʥʷʟʙ

1
a , ʟʙ

2
a  ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʚʠʭʽʜʥʠʭ a1

ɯʊ
 ʠ a2

ɯʊ
 ʥʘ 3%. 

ʇʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʾ ʜʠʥʘʤʽʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʾ ʯʘʩʪʢʠ (ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʤʦʜʝʣʴʥʦʾ ʩʠʩʪʝʤʠ) ʦʪʨʠʤʘʥʝ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ ʦʙʝʨʥʝʥʦʾ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ 

ʈʦʟʝʥʙʝʨʛʘ ʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ 

ʽʪʝʨʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʫʩʢʫ, ʧʦʢʘʟʘʣʦ, ʱʦ 

ʢʽʣʴʢʽʩʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ, ʩʢʣʘʜʘʶʪʴ ʜʦ 10%. 

ʊʘʙʣʠʮʷ 2.1 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʤʦʜʝʣʶʻ ʧʦʷʚʘ ʧʦʷʚʫ 

ʚʠʧʘʜʢʦʚʦʾ ʧʦʤʠʣʢʠ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ Ŭ 

 

 

l, 
ʤʢʤ 

 

ɺʠʭʽʜʥʽ 

ʜʘʥʽ a ] 

 

ʈʦʟʚôʷʟʦʢ 

ʧʨʷʤʦʾ 

ʟʘʜʘʯʽ ʟ 

ʟʥʘʯʝʥʥʷʤʠ 

a
ɯʊ

 

ɿʙʫʨʝʥʥʽ 

ʟʥʘʯʝʥʥʷ (ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʧʘʜʢʦʚʦʾ 

ʧʦʭʠʙʢʠ) 

ʈʦʟʚôʷʟʦʢ 

ʟʚʦʨʦʪʥʦʾ 

ʟʘʜʘʯʽ ʟ 

ʟʥʘʯʝʥʥʷʤʠ 

TT, RT 

ʈʦʟʚôʷʟʦʢ 

ʟʚʦʨʦʪʥʦʾ 

ʟʘʜʘʯʽ ʟ 

ñʟʙʫʨʝʥʠʤʠò 

ʟʥʘʯʝʥʥʷʤʠ 

Tʚ, Rʚ 

ʈʦʟʚôʷʟʦʢ 

ʟʚʦʨʦʪʥʦʾ 

ʟʘʜʘʯʽ ʟ 

ʟʥʘʯʝʥʥʷʤʠ 

Tʝʢʩʧ, Rʝʢʩʧ  

ʚʠʭ

1
a  

ʚʠʭ

2
a  ʊʊ Rʊ ʊʟʙ Rʟʙ a1

ʊ a2
ʊ a1

ʟʙ
 a2

ʟʙ
 a1

ɸʅ
 a2

ɸʅ
 

0.4 54.43 44.58 0.749 0.094 0.756 0.096 54.43 44.58 56.06 45.92 58.85 48.59 

0.6 73.90 54.59 0.745 0.090 0.752 0.092 73.89 54.64 75.37 55.73 67.84 50.38 

0.8 77.20 56.70 0.781 0.082 0.789 0.084 77.20 56.73 78.74 58.86 82.44 61.16 

1.0 80.80 60.65 0.807 0.074 0.815 0.075 80.79 60.93 82.40 62.6 87.67 65.02 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʈʦʟʝʥʙʝʨʛʘ ʜʦʟʚʦʣʠʚ 
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ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ a 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʠʙʢʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʘʣʴʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʽʡ ʥʘʥʦʜʠʩʧʝʨʩʥʽʡ ʩʠʩʪʝʤʽ ʥʘ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʦʚʝʜʝʥʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʚʘʚ ʨʽʟʥʽ ʛʽʧʦʪʝʟʠ ʚʠʜʫ ʬʫʥʢʮʽʡ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʨʝʘʣʴʥʠʭ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʅʘ ʨʠʩ. 2.11, ʨʠʩ. 2.13 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʦʮʽʥʢʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ 

ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ Ŭ1 ʽ Ŭ2 ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʝʪʘʣʽʚ (ʟʦʢʨʝʤʘ, ʥʽʢʝʣʶ ʪʘ ʤʽʜʽ) ʚʠʟʥʘʯʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʛʽʧʦʪʝʟʘʭ ʚʠʜʫ 

ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽ 

ʧʦʢʘʟʘʥʠʡ ʤʦʞʣʠʚʠʡ ʽʥʪʝʨʚʘʣ ʨʦʟʢʠʜʫ ʟʥʘʯʝʥʴ Ŭ, ʚʠʟʥʘʯʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ 

ʛʽʧʦʪʝʟʘʭ ʚʠʜʫ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ.  

 

ʈʠʩ. 2.11. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ ʧʠʪʦʤʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʅʈʏ ʤʽʜʽ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʦʟʤʽʨʫ D0 

ʅʈʏ D0=5,6 ʥʤ;ʟ ʨʽʟʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘ ʨʦʟʤʽʨʘʤʠ 
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ʈʠʩ. 2.12. ʈʦʟʢʠʜ ʟʥʘʯʝʥʴ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ ʧʠʪʦʤʦʾ 

ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʯʘʩʪʦʢ ʥʽʢʝʣʶ ʥʘ ʾʭ ʨʦʟʤʽʨʥʠʭ 

ʟʘʣʝʞʥʦʩʪʷʭ ʚʠʟʥʘʯʝʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʛʽʧʦʪʝʟʘʭ ʚʠʜʫ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ = 0,4 ʤʢʤ  

 

ʈʠʩ. 2.13 ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ (T) 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ CrⱷSiO2: 1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ; 2 

ï ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ 

ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʛʽʧʦʪʝʟʦʶ ʣʦʛʘʨʠʬʤʽʯʥʦ-ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ; 3 ï ʟʘ 

ʛʽʧʦʪʝʟʦʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʢʫ ʨʦʟʧʦʜʽʣʫ 
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ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʥʘʥʦʜʠʩʧʝʨʩʥʽʡ ʩʠʩʪʝʤʽ ʜʦʟʚʦʣʠʣʦ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʜʦ 30% ʦʜʝʨʞʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʽʡ ʩʠʩʪʝʤʽ. 

ɿ ʤʝʪʦʶ ʟ'ʷʩʫʚʘʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʦʾ 

ʯʘʩʪʠʥʢʠ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʷʥʠʭ ʩʧʝʢʪʨʽʚ ʧʨʦʧʫʩʢʘʥʥʷ 

ʢʝʨʤʝʪʥʽ ʩʠʩʪʝʤʠ Cr-Cr2O3 ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʊ(l) ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ Ŭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ ʽ ʊ (l) ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʭʨʦʤʫ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙ'ʻʤʘʭ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʩʪʨʫʢʪʫʨʠ  ʧʨʦʟʦʨʘ ʧʽʜʢʣʘʜʢʘ ʧʣʽʚʢʘ Cr-Cr2O3 ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ: q = 0.009, d = 8 ʤʢʤ, R0 = 2,5 ʥʤ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʧʣʽʚʢʦʶ, 

ʦʪʨʠʤʘʥʦʾ ʚ [1.145] ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤ ʨʦʟʧʠʣʝʥʥʷʤ ʭʨʦʤʫ ʚ ʘʪʤʦʩʬʝʨʽ 

ʘʨʛʦʥʧʦʚʽʪʨʷ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 2.14. 

 

ʈʠʩ. 2.14 ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

C ï Cr2O3 ʥʘ ʧʨʦʟʦʨʽʡ ʧʽʜʢʣʘʜʮʽ: 1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ; 2 ï ʨʦʟʨʘʭʫʥʦʢ 

ʧʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ; 3 ï 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʦ ʟʥʘʯʝʥʥʷʤ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʨʦʤʫ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ 
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ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʊ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ (ʢʨʠʚʘ 3, ʨʠʩ. 2.1) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʥʘʯʝʥʴ n ʽ k ʭʨʦʤʫ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙʩʷʛʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʤʽʞ ʥʠʤʠ ʻ ʟʥʘʯʥʽ 

ʨʦʟʙʽʞʥʦʩʪʽ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ɚ, ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʽ 

ʨʦʟʨʘʭʦʚʘʥʦʶ ʥʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ Ŭ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ ʟ R0 = 2,5 ʥʤ. ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʙʣʽʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʽ 

ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʨʝʘʣʴʥʠʭ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

2.7. ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 2 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʦʾ (ʤʦʥʦʰʘʨʠ ʅʈʏ) ʪʘ ʪʨʴʦʭʤʽʨʥʦʾ ʄɼʅʉ ʟ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʅʈʏ ʚ ʩʠʩʪʝʤʽ ʟʘ ʨʦʟʤʽʨʦʤ, ʱʦ ʧʽʜʚʠʱʠʣʦ ʫʟʛʦʜʞʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʤʦʜʝʣʝʡ 

ʇʦʙʫʜʦʚʘʥʽ ʤʦʜʝʣʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚôʷʟʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʤʧʦʥʝʥʪ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʟ ʾʾ 

ʚʽʜʛʫʢʦʤ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʟʙʫʨʝʥʥʷ.  

ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽʡ ʥʘʥʦʜʠʩʧʝʨʩʥʽʡ ʩʠʩʪʝʤʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 
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ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʧʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʚʠʤʽʨʘʭ 

ʥʘ ʪʨʴʦʭʤʽʨʥʠʭ ʦʜʥʦʰʘʨʦʚʠʭ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʫ 

ʟʚʦʨʦʪʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʩʠʩʪʝʤ 

(ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʦʾ, ʤʘʪʨʠʮʴ ʧʝʨʝʥʦʩʫ, ʤʦʜʠʬʽʢʦʚʘʥʘ ɹʨʫʛʛʝʤʘʥʘ, ʄʽ). 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʜʦʩʪʦʚʽʨʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʩʢʣʘʜʽ ʨʽʟʥʠʭ ʄɼʅʉ ʩʠʩʪʝʤ. ʈʦʟʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʢʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʘʧʘʨʘʪ ʤʝʪʦʜʽʚ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʚʠʤʽʨʘʭ ʥʘ ʜʚʦʚʠʤʽʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʩʠʩʪʝʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ 

ʈʦʟʝʥʙʝʨʛʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ.  

ʆʙˇʨʫʥʪʦʚʘʥʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ 

ʰʘʨʽʚ ʪʘ ʾʭ ʦʩʥʦʚʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʇʦʢʘʟʘʥʘ ʧʨʝʨʦʛʘʪʠʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʩʧʝʢʪʨʦʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʦʨʽʾ 

ʈʦʟʝʥʙʝʨʛʘ ʽ ʚʠʤʽʨʘʭ ʥʘ ʦʩʪʨʽʚʢʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʢʘʭ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʚ ʩʠʩʪʝʤʘʭ ʟʽ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʜʦ 30 ʚʽʜʩʦʪʢʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ , ʘʚʪʦʨʦʤ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʦʙʦʪʠ [1.105, 1.220,1.239, 2.4, 2.7-2.18, 2.22-2.26]. 
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ʈʆɿɼɯʃ 3. 

ʄɽʊʆɼʀʂɸ ɽʂʉʇɽʈʀʄɽʅʊʋ 

ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʦʜʠʢʠ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʦʙʫʤʦʚʣʝʥʽ 

ʧʨʠʢʣʘʜʥʠʤʠ ʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚ ʨʦʟʜʽʣʽ 1, ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ 

ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʨʤʦʨʝʛʫʣʶʚʘʣʴʥʠʭ 

ʟʘʭʠʩʥʠʭ ʪʘ ʝʢʨʘʥʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. ɸ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ, ʟʙʝʨʽʛʘʥʥʷ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɿʥʘʯʥʘ 

ʫʚʘʛʘ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʨʦʙʮʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʦʧʪʠʯʥʠʭ 

ʬʽʣʴʪʨʽʚ ʜʣʷ ʬʦʪʦʪʝʨʤʽʯʥʠʭ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. 

ʋ ʪʘʢʠʭ ʧʨʠʩʪʨʦʷʭ ʚ ʷʢʦʩʪʽ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʤʝʪʘʣʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʷʚʣʷʻʪʴʩʷ ʟʦʣʦʪʦ, 

ʩʨʽʙʣʦ, ʤʽʜʴ, ʥʽʢʝʣʴ, ʭʨʦʤ (ʜʠʚ. ʨʦʟʜ.1). ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʝʥʘ ʟ ʦʛʣʷʜʫ ʥʘ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʙʽʨ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ, ʦʙʫʤʦʚʣʝʥʠʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ 

ʷʢʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʜʣʷ ʩʪʘʙʽʣʽʟʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʟʦʢʨʝʤʘ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʷʭ 

[1.241, 1.245]. 

ɿʦʢʨʝʤʘ ʜʣʷ ʤʽʜʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʜʝʥʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʷʤ ʟʦʣʦʪʘ ʽ 

ʩʨʽʙʣʘ [3.1, 3.2]. ʇʨʠ ʮʴʦʤʫ ʤʽʜʴ ʪʝʭʥʦʣʦʛʽʯʥʦ ʩʫʤʽʩʥʘ ʟ ʧʨʦʮʝʩʘʤʠ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʤʠ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʦʧʪʠʯʥʽ ʧʨʠʩʪʨʦʾ ʥʘ ʢʨʝʤʥʽʻʚʦʤʫ ʯʽʧʽ.  ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʜʽ ʚʟʘʤʽʥ 

ʩʨʽʙʣʘ ʘʙʦ ʟʦʣʦʪʘ  ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʧʨʠʩʪʨʦʾʚ. ʊʦʤʫ ʟ ʜʘʥʦʾ 

ʧʦʟʠʮʽʾ, ʤʽʜʴ ʻ ʚʘʞʣʠʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʘʩʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʆʜʥʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʜʽ ʦʙʤʝʞʝʥʝ ʥʝʜʦʩʪʘʪʥʴʦʶ ʭʽʤʽʯʥʦʶ 

ʩʪʽʡʢʽʩʪʶ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʾʾ ʦʢʠʩʣʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʽʚʢʠ [3.3, 3.4]. ʎʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ, ʨʦʟʤʽʩʪʠʚʰʠ ʜʠʩʧʝʨʛʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʤʽʜʽ ʚ ʭʽʤʽʯʥʦ ʩʪʽʡʢʦʤʫ 

ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘʙʦ ʥʘʥʝʩʝʥʥʷʤ ʥʘ ʥʘʥʦʨʦʟʤʽʨʥʽ ʰʘʨʠ ʤʽʜʽ 
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ʟʘʭʠʩʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ [1.19]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʟʨʦʩʪʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʯʥʦʾ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʾʭ ʦʩʥʦʚʽ [3.5]. ɿʘʙʝʟʧʝʯʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʟʨʦʙʢʠ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʠʩʪʝʤ. ʋ ʨʦʙʦʪʘʭ [3.6] ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘʢʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

(ʤʘʪʨʠʮʽ). ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʟʘʚʜʷʢʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʷʤ ʥʘʧʨʠʢʣʘʜ, ʦʢʩʠʥʽʪʨʠʜ 

ʘʣʶʤʽʥʽʶ [3.7, 3.8], ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ ʪʘ ʽʥʰʽ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ 

ʦʟʥʘʯʝʥʠʭ ʤʝʪʘʣʽʚ (ʤʽʜʽ, ʥʽʢʝʣʶ, ʭʨʦʤʫ) ʽ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʾʭ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʪʘ ʦʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɸ ʪʘʢʦʞ 

ʩʬʦʨʤʦʚʘʥʦ ʪʘ ʢʦʤʧʣʝʢʩʥʦ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ  ʤʝʪʘʣ-

ʧʦʣʽʤʝʨ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ. 

3.1. ʆʜʝʨʞʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʪʘ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʨʘʤʢʘʭ ʙʣʦʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʛʦʪʦʚʣʝʥʽ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ 

ʧʨʦʚʝʜʝʥʽ ʾʭ ʩʧʝʢʪʨʘʣʴʥʦ-ʬʦʪʦʤʝʪʨʠʯʥʽ ʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

3.1.1. ʄʝʪʦʜʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ 

ɺʘʢʫʫʤʥʝ ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʢʦʥʜʝʥʩʘʪʽʚ ʤʝʪʘʣʽʚ 

ʗʢ ʚʽʜʟʥʘʯʘʣʦʩʷ ʚ ʨʦʙʦʪʘʭ [3.9-3.12], ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʠʩʪʝʤ ʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʾʭ ʦʪʨʠʤʘʥʥʷ. ʊʦʤʫ ʦʜʥʠʤ ʟ 

ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʻ ʚʠʙʽʨ ʤʝʪʦʜʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ, 
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ʧʨʠʜʘʪʥʠʡ ʷʢ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢ ʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʊʘʢʠʡ ʤʝʪʦʜ ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ:  

- ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ;  

- ʜʦʟʚʦʣʷʪʠ ʦʪʨʠʤʫʚʘʪʠ ʥʘʥʦʨʦʟʤʽʨʥʽ ʩʠʩʪʝʤʠ ʟ ʨʽʟʥʦʶ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ ʽ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ;  

- ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʧʣʽʚʢʠ ʩʪʘʙʽʣʴʥʽ ʧʦ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʫ; 

- ʙʫʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʩʫʤʽʩʥʠʤ ʟ ʧʨʦʮʝʩʘʤʠ ʟʘʩʪʦʩʦʚʫʚʘʥʠʤʠ ʚ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʦʣʦʛʽʾ; 

- ʙʫʪʠ ʧʨʠʜʘʪʥʠʤ ʜʦ ʫʤʦʚ ʩʝʨʽʡʥʦʛʦ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʩʪʨʦʾʚ 

ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ (ʜʠʚ. ʨʦʟʜ.1). 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʽʚ, ʟʦʢʨʝʤʘ ʦʩʪʨʽʚʮʝʚʠʭ 

ʩʪʨʫʢʪʫʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠ [3.13]. ʇʝʨʰʠʡ ʧʦʣʷʛʘʻ ʚ ʧʦʩʪʽʡʥʦʤʫ ʢʦʥʪʨʦʣʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʯʘʩʦʤ 

ʦʩʘʜʞʝʥʥʷ ʧʘʨʽʚ ʤʝʪʘʣʫ ʥʘ ʧʽʜʢʣʘʜʢʫ. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʨʠʜʫʰʝʥʥʽ ʧʨʦʮʝʩʽʚ ʢʦʘʣʽʩʮʝʥʮʽʾ ʽ ʟʨʦʱʝʥʥʷ ʯʘʩʪʠʥʦʢ-ʦʩʪʨʽʚʮʽʚ; ʘ ʪʘʢʦʞ 

ʦʩʘʜʞʝʥʥʽ ʧʘʨʽʚ ʤʝʪʘʣʫ ʟ ʛʨʘʥʠʯʥʦ ʥʠʟʴʢʠʤ ʧʝʨʝʩʠʯʝʥʥʷʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚʘʢʫʫʤʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

ʢʦʥʜʝʥʩʘʪʽʚ ʤʝʪʘʣʽʚ, ʘ ʩʘʤʝ ʤʝʪʦʜʫ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ. ʇʨʠ ʽʦʥʥʦʤʫ 

ʨʦʟʧʠʣʝʥʥʽ ʟʘʨʦʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʤʘʣʠʭ ʧʝʨʝʩʠʯʝʥʥʷʭ 

ʦʩʘʜʞʫʚʘʥʠʭ ʧʘʨʽʚ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ [3.12]. 

ɺ ʧʨʦʮʝʩʽ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʟʘ 

ʯʘʩʦʤ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʫ ʤʝʪʘʣʫ ʽ ʪʦʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʱʫʚʘʥʦʾ 

ʧʣʚ̔ʢʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʝʪʨʦʥʘ ʪʘ ʩʢʣʘʜʫ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʚ 

ʢʘʤʝʨʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʤʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʧʽʜʢʣʘʜʦʢ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʦʣʽʤʝʨʥʽ 

(ʛʥʫʯʢʽ) ʧʽʜʢʣʘʜʢʠ, ʱʦ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ [3.14]. ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ 
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ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʣʽʚʦʢ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʚʘʪʠ 

ʧʣʽʚʢʠ ʩʪʘʙʽʣʴʥʽ ʧʦ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʫ. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʥʠʥʽ ʜʣʷ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʫʩʪʘʥʦʚʢʠ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʜʠʩʢʨʝʪʥʦʾ ʽ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʜʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʥʦʩʠʪʠ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʦʱʝʶ ʚ ʜʝʢʽʣʴʢʘ ʢʚ. ʤ ʽ 

ʩʢʣʘʜʥʽ ʦʙ'ʻʤʥʽ ʚʠʨʦʙʠ. ʊʘʢʽ ʫʩʪʘʥʦʚʢʠ ʦʜʥʦʯʘʩʥʦ ʦʩʥʘʱʫʶʪʴʩʷ ʜʞʝʨʝʣʘʤʠ 

ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʨʦʟʧʠʣʝʥʥʷ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʦʜʥʦʤʫ ʚʘʢʫʫʤʥʦʤʫ ʮʠʢʣʽ ʥʘʥʦʩʠʪʠ ʧʦʢʨʠʪʪʷ ʟ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʤʝʪʘʣʠ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʽ ʜʽʝʣʝʢʪʨʠʢʠ) ʽ ʩʠʥʪʝʟʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʢʪʫʨʠ. 

ʋ ʨʷʜʽ ʨʦʙʽʪ [3.9, 3.10] ʧʦʢʘʟʘʥʦ, ʱʦ ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʝʪʘʣʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ (ʪʦʚʱʠʥʠ 

ʧʣʽʚʢʠ, ʤʦʨʬʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʠ, ʨʦʟʤʽʨʫ ʪʘ ʬʦʨʤʠ ʟʝʨʥʘ ʪʘ ʽʥ.), ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. 

ʌʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʤʽʜʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʟ ʧʣʦʩʢʦʶ ʤʽʰʝʥʥʶ. ɺ 

ʷʢʦʩʪʽ ʤʽʰʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʽʜʴ ʤʘʨʢʠ çʤ.ʚ.è. ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʪʠʩʢʽʚ 

ʧʽʩʣʷ ʥʘʧʫʩʢʫ ʘʨʛʦʥʫ ʩʪʘʥʦʚʠʚ 0,6 ʇʘ ï 15 ʇʘ. ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʰʘʨʽʚ ʤʽʜʽ ʚʠʟʥʘʯʘʚʩʷ ʚʘʨʽʶʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʽʜʢʣʘʜʢʠ, ʚʽʜʩʪʘʥʥʶ çʤʽʰʝʥʴ ï 

ʧʽʜʢʣʘʜʢʘè, ʪʠʩʢʦʤ ʨʦʙʦʯʦʛʦ ʛʘʟʫ, ʧʦʪʫʞʥʽʩʪʶ ʤʘʛʥʝʪʨʦʥʘ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫ ʚʘʢʫʫʤʥʽʡ 

ʢʘʤʝʨʽ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʪʦʚʱʠʥʘ ʧʣʽʚʦʢ ʽ ʰʚʠʜʢʦʩʪʽ ʾʭ ʦʩʘʜʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʧʦʥʷʪʪʷ "ʪʦʚʱʠʥʘ" ʩʪʦʩʦʚʥʦ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʧʣʽʚʦʢ ʚʪʨʘʯʘʻ ʩʚʽʡ ʬʽʟʠʯʥʠʡ 

ʩʝʥʩ, ʪʦ ʥʘʜʘʣʽ ʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ "ʝʬʝʢʪʠʚʥʦʾ" ʘʙʦ ʚʘʛʦʚʦʾ 

ʪʦʚʱʠʥʠ tʚ. ɺʘʛʦʚʘ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ; ʮʝ ʜʝʷʢʘ ʫʤʦʚʥʘ ʪʦʚʱʠʥʘ, ʷʢʫ ʙ ʤʘʣʘ 

ʧʣʽʚʢʘ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʜʝʥʩʘʪʫ ʧʦ ʫʩʽʡ ʧʦʚʝʨʭʥʽ 

ʧʽʜʢʣʘʜʢʠ ʟ ʱʽʣʴʥʽʩʪʶ, ʨʽʚʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ [1.14, 3.15]. 

ɺʘʛʦʚʘ ʪʦʚʱʠʥʘ ʧʣʽʚʦʢ ʽ ʰʚʠʜʢʽʩʪʴ ʾʭ ʦʩʘʜʞʝʥʥʷ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʤʝʪʦʜʦʤ 
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ʢʚʘʨʮʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ) [3.12, 3.15]. ʏʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻ 2Ö10
-6
 ʛ/ʩʤ

2
, ʘ 

ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ  5%.  

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʚ ʦʪʨʠʤʘʥʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʻ ʚʠʙʽʨ 

ʧʽʜʢʣʘʜʢʠ. ʗʢ ʤʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: ʧʦʢʨʠʚʥʝ ʩʢʣʦ, 

ʧʣʘʚʣʝʥʠʡ ʢʚʘʨʮ, ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ ʽ ʧʦʣʽʨʦʚʘʥʽ ʤʽʜʥʽ ʧʣʘʩʪʠʥʠ. 

ɺʠʙʽʨ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʢʣʘʜʦʢ ʚʠʟʥʘʯʘʚʩʷ ʚʠʤʦʛʘʤʠ ʜʦ ʾʭ ʧʨʦʟʦʨʦʩʪʽ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʦʣʽʨʦʚʘʥʽ ʤʽʜʥʽ ʧʽʜʢʣʘʜʢʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʥʜʝʥʩʘʪʽʚ ʤʝʪʘʣʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭ ʷʢ ʩʝʣʝʢʪʠʚʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʬʦʪʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʇʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʧʣʽʚʦʢ 

ʧʽʜʢʣʘʜʢʠ ʧʽʜʜʘʚʘʣʠʩʷ ʩʪʘʥʜʘʨʪʥʽʡ ʭʽʤʽʯʥʽʡ ʽ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʦʨʬʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʧʣʽʚʦʢ ʯʘʩʪʠʥʘ ʟʨʘʟʢʽʚ ʧʽʜʜʘʚʘʣʘʩʷ ʜʦʜʘʪʢʦʚʽʡ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʧʨʠ 300Á ʉ ʫ 

ʚʘʢʫʫʤʽ ʧʨʠ ʪʠʩʢʫ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ 10
-4
 ʇʘ ʧʨʦʪʷʛʦʤ 90 ʭʚʠʣʠʥ.  

ʌʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʷ ʪʘ ʭʨʦʤʫ 

ʆʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ ʭʨʦʤʫ ʽ ʥʽʢʝʣʶ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ d~0.3·2.0 ʥʤ 

ʦʪʨʠʤʫʚʘʣʠ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʯʠʩʪʦʪʦʶ 99.99%, ʧʨʠ ʪʠʩʢʫ 

ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ (3·7)³10
-4
 ʇʘ ʚ ʤʦʜʝʨʥʽʟʦʚʘʥʽʡ ʫʩʪʘʥʦʚʮʽ ʥʘ ʙʘʟʽ ʋɺʄ-15. 

ʆʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʧʨʦʚʦʜʠʣʦʩʷ ʧʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʊʧ,, 

ʷʢʘ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʜʠʩʢʨʝʪʥʦ ʚ ʤʝʞʘʭ 300·780 ʂ. ʇʽʩʣʷ ʜʦʜʘʪʢʦʚʦʾ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ 350 Áʉ ʚ ʚʘʢʫʫʤʽ ʧʨʠ ʪʠʩʢʫ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ 10
-4
 ʇʘ ʽ 

ʦʭʦʣʦʜʞʝʥʥʽ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʘʟʢʠ ʚʠʥʦʩʠʣʠʩʷ ʥʘ ʧʦʚʽʪʨʷ. ʅʘʛʨʽʚ ʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʚʘʢʫʫʤʽ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 5 Áʉ/ʭʚ. ʇʽʩʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʢʘʭ, ʱʦ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʠʭ ʚ [3.16]. 

ʇʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʠ 

ʚʠʥʦʩʠʣʠ ʟ ʢʘʤʝʨʠ ʥʘ ʧʦʚʽʪʨʷ. 

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʧʣʽʚʦʢ ʭʨʦʤʫ ʽ ʥʽʢʝʣʶ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʨʘʭʫʚʘʪʠ ʾʭ 

ʦʩʦʙʣʠʚʦʩʪʽ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʝʪʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʣʘʚʣʝʥʥʷ. ɼʣʷ ʭʨʦʤʫ ʮʝ 1900 Áʉ, ʘ ʜʣʷ ʥʽʢʝʣʶ 1450 Áʉ [3.17]. ʇʨʦʪʝ, ʧʨʠ 
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ʭʦʨʦʰʦʤʫ ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʤʽʞ ʚʠʧʘʨʥʠʢʦʤ (ʢʦʥʽʯʥʘ ʚʦʣʴʬʨʘʤʦʚʘ 

ʩʧʽʨʘʣʴ) ʽ ʭʨʦʤʦʤ, ʩʫʙʣʽʤʘʮʽʷ ʭʨʦʤʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~ 1200 
0
ʉ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʭʨʦʤ ʥʝ ʫ ʚʠʛʣʷʜʽ 

ʮʽʣʽʩʥʦʛʦ ʟʨʘʟʢʘ, ʘ ʫ ʚʠʛʣʷʜʽ ʜʠʩʧʝʨʩʥʠʭ ʥʘʚʽʩʦʢ ʥʝʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ, ʱʦ 

ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻ ʧʣʦʱʫ ʟʽʪʢʥʝʥʥʷ ʥʘʚʽʩʢʠ ʪʘ ʚʠʧʘʨʥʠʢʘ. ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ 

ʤʽʞ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʥʘʚʽʰʫʚʘʥʥʷ ʻ ʧʨʦʤʽʞʢʠ, ʾʭ ʥʘʛʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʽʣʴʥʽʰʝ ʥʽʞ ʥʘʚʽʩʢʠ ʫ ʚʠʛʣʷʜʽ ʮʽʣʽʩʥʦʛʦ ʟʨʘʟʢʘ. ʎʝ ʜʦʟʚʦʣʷʻ, ʤʽʥʷʶʯʠ 

ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʘʨʥʠʢʘ, ʨʝʛʫʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʫ ʭʨʦʤʫ. 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʽʚ ʭʨʦʤʫ ʤʦʞʥʘ ʙʫʣʦ ʟʤʽʥʶʚʘʪʠ ʚ ʤʝʞʘʭ 0,1-

0,5 ʥʤ/ʩ. ʋ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʭʨʦʤʫ ʚʠʧʘʨ ʥʽʢʝʣʶ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʟ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʚʠʧʘʨʥʠʢʘ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʪʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʴ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʧʘʨʦʚʫʚʘʣʠ ʥʘ ʟʘʩʣʽʥʢʫ, ʘ ʜʦʩʷʛʰʠ ʨʝʞʠʤʫ, ʱʦ ʚʩʪʘʥʦʚʠʚʩʷ, 

ʚʠʧʘʨʦʚʫʚʘʥʠʡ ʧʦʪʽʢ ʥʘʧʨʘʚʣʷʣʠ ʥʘ ʧʽʜʢʣʘʜʢʫ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʣʽʚʢʦʶ 

ʥʝʦʙʭʽʜʥʦʾ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʧʦʪʽʢ ʧʝʨʝʢʨʠʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʣʽʥʢʠ. 

ʇʝʨʝʜ ʫʩʪʘʥʦʚʢʦʶ ʫ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ ʧʨʦʚʦʜʠʣʠ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʚʠʧʘʨʥʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʚ 20% ʨʦʟʯʠʥʽ 

ʛʽʜʨʦʦʢʠʩʫ ʥʘʪʨʽʶ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʚʠʧʘʨʥʠʢ ʨʝʪʝʣʴʥʦ ʧʨʦʤʠʚʘʣʠ ʚ 

ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ.  

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʋɺʄ-15 ʜʦʜʘʪʢʦʚʦ ʦʢʨʽʤ 

ʩʠʩʪʝʤʠ ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʦʩʥʘʱʝʥʘ ʤʘʛʥʝʪʨʦʥʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ (ʄʈʉ), ʱʦ ʜʦʟʚʦʣʷʣʦ ʥʘʥʦʩʠʪʠ ʥʘʥʦʨʦʟʤʽʨʥʽ ʧʣʽʚʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʝʪʘʣʽʚ ʷʢ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ, ʪʘʢ ʽ ʪʝʨʤʽʯʥʦʛʦ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʪʨʫʢʪʫʨ. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʈʉ ʜʦʟʚʦʣʷʣʦ ʚ ʦʜʥʦʤʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʩʠʥʪʝʟʫʚʘʪʠ ʜʽʝʣʝʢʪʨʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ [3.18] ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʚʢʣʶʯʝʥʴ ʤʝʪʘʣʫ. 

ʇʨʠʢʣʘʜ ʧʘʨʘʤʝʪʨʽʚ ʟʨʘʟʢʽʚ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʜʣʷ 

ʚʘʨʽʘʥʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʫʤʦʚ ʾʭ ʦʩʘʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʥʘʣʽʟ 
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ʨʝʞʠʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʜʝʨʞʘʥʠʭ 

ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʟʤʽʥʶʶʯʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʪʠʩʢ ʟʘʣʠʰʢʦʚʠʭ 

ʛʘʟʽʚ, ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʫ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʢʣʘʜʢʠ) ʦʜʝʨʞʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʨʘʟʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʟ ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʘʙʣʠʮʷ 3.1  

ʇʘʨʘʤʝʪʨʠ ʪʘ ʫʤʦʚʠ ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ, ʭʨʦʤʫ  

ʄʘʪʝʨʽʘʣ 
ɺʘʛʦʚʘ ʪʦʚʱʠʥʘ 

ʧʣʽʚʢʠ dʚ, ʥʤ 

ʋʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ 

ʊʠʩʢ ʟʘʣʠʰʢʦʚʠʭ 

ʛʘʟʽʚ, ʇʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʢʣʘʜʢʠ ʊʧ, K 

ʐʚʠʜʢʽʩʪʴ 

ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʢʠ, 

ʥʤ/ʩ 

ʅʽʢʝʣʴ 

0.3 7 10
-4 

335 0.3 

0.5 8 10
-4
 325 0.2 

0.7 5 10
-4
 330 0.3 

0.9 6 10
-4
 335 0.3 

1.2 5 10
-4
 370 0.5 

1.5 3 10
-4
 480 0.3 

2.0 3 10
-4
 485 0.5 

ʍʨʦʤ 

0.5 8 10
-4
 490 0.5 

0.6 7 10
-4
 255 0.2 

0.8 7 10
-4
 595 0.4 

1.0 5 10
-4
 645 0.2 

1.2 5 10
-4
 680 0.4 

1.7 5 10
-4
 675 0.2 

ʇʽʩʣʷ ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʨʘʟʢʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʝʪʘʣʽʚ ʚʠʥʦʩʠʣʠʩʷ ʟ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʽ ʦʧʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

3.1.2. ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ 

ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʝʪʘʣʽʚ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʦʶ. ʊʦʤʫ ʧʨʠ ʚʠʚʯʝʥʥʽ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʷʚʣʷʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ ʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ 
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(ʨʦʟʤʽʨʫ, ʬʦʨʤʠ, ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʠʥʦʢ), ʧʨʦʚʦʜʠʣʦʩʷ ʤʝʪʦʜʦʤ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʦʨʬʦʣʦʛʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʽ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʢʦʥʜʝʥʩʘʪʽʚ ʤʝʪʘʣʽʚ ʚʠʚʯʘʣʠʩʷ 

ʤʝʪʦʜʦʤ ʧʨʦʩʚʽʯʫʶʯʦʾ ʪʘ ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʘ ʪʘʢʦʞ 

ʜʠʬʨʘʢʮʽʾ ʝʣʝʢʪʨʦʥʽʚ. ʉʢʣʘʜʥʽʩʪʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʦʢʨʝʤʘ ʥʽʢʝʣʶ, ʭʨʦʤʫ ʪʘ ʤʽʜʽ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʙʠʨʘʪʠ ʩʚʦʶ ʤʝʪʦʜʠʢʫ ʧʨʝʧʘʨʫʚʘʥʥʷ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ 

ʧʣʽʚʢʠ. ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʨʝʧʣʽʢ [3.19, 3.20]. ʄʝʪʦʜ ʧʦʣʷʛʘʚ ʚ 

ʪʦʤʫ, ʱʦ ʥʘ ʥʘʥʦʨʦʟʤʽʨʥʫ ʧʣʽʚʢʫ ʤʝʪʘʣʫ ʥʘʥʦʩʠʣʘʩʷ ʧʣʽʚʢʘ ʚʫʛʣʝʮʶ 

ʟʘʚʪʦʚʰʢʠ 20-30 ʥʤ, ʷʢʘ ʧʨʦʟʦʨʘ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 80-100 ʂʵɺ. ʎʷ 

ʚʫʛʣʝʮʝʚʘ ʧʣʽʚʢʘ ʨʦʟʨʽʟʘʥʘ ʥʘ ʢʚʘʜʨʘʪʠ ʨʦʟʤʽʨʦʤ ʚ ʜʝʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ ʽ 

ʚʽʜʜʽʣʷʣʘʩʷ ʚʽʜ ʩʢʣʷʥʦʾ ʧʽʜʢʣʘʜʢʠ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʫ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ. 

ɺʫʛʣʝʮʝʚʘ ʧʣʽʚʢʘ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʤʝʪʘʣʫ ʚʠʣʦʚʣʶʚʘʣʘʩʷ ʟ 

ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʥʘ ʩʪʘʥʜʘʨʪʥʽ ʦʙ'ʻʢʪʥʽ ʩʽʪʢʠ. ɯʟ-ʟʘ ʚʝʣʠʢʦʾ ʘʜʛʝʟʽʾ ʭʨʦʤʫ [3.21], 

ʥʝ ʟʘʚʞʜʠ ʚʜʘʚʘʣʦʩʷ ʚʽʜʦʢʨʝʤʠʪʠ ʧʣʽʚʢʠ ʚʽʜ ʧʽʜʢʣʘʜʢʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʦʜʥʦʯʘʩʥʝ ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ ʭʨʦʤʫ, ʷʢ ʥʘ 

ʧʨʝʜʤʝʪʥʽ ʧʽʜʢʣʘʜʢʠ, ʪʘʢ ʽ ʥʘ ʩʪʘʥʜʘʨʪʥʽ ʦʙ'ʻʢʪʥʽ ʩʽʪʦʯʢʠ ʟ ʚʫʛʽʣʴʥʠʤ 

ʧʦʢʨʠʪʪʷʤ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʣʽʚʢʠ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ, 

ʱʦ ʧʝʨʝʚʠʱʫʻ 0,5 ʥʤ, ʱʦʙ ʚ ʧʨʦʮʝʩʽ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʝʧʣʽʢ ʥʝ ʚʽʜʙʫʚʘʣʘʩʷ 

ʯʘʩʪʢʦʚʘ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʣʽʚʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʦʢ ʤʽʜʽ, ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ, ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʣʽʚʢʠ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ ʜʦ 18 ʥʤ ʤʘʶʪʴ ʛʨʘʥʫʣʴʦʚʘʥʫ 

(ʧʝʨʝʨʚʥʫ) ʩʪʨʫʢʪʫʨʫ, ʘ ʧʨʠ ʪʦʚʱʠʥʽ ʤʝʥʰʝ 4 ʥʤ  ʦʩʪʨʽʚʮʝʚʫ ʩʪʨʫʢʪʫʨʫ. ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʚ ʧʣʽʚʢʘʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʩʫʮʽʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʢʦʨʝʣʶʶʪʴ ʟ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʽ [3.22]. 

ʅʘ ʨʠʩ. 3.1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʟʥʽʤʢʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʘ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʦʩʪʨʽʚʢʦʚʦʾ ʧʣʽʚʢʠ ʤʽʜʽ. ʊʠʧʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ, 
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ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.2 ʪʘ ʨʠʩ. 3.3. 

ɸʥʘʣʽʟ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʥʽʤʢʽʚ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ 

ʢʦʥʜʝʥʩʘʪʽʚ ʤʽʜʽ ʟ ʚʘʛʦʚʠʤʠ ʪʦʚʱʠʥʘʤʠ ʙʽʣʴʰʝ 20 ʥʤ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʚʽʜ 15 ʇʘ ʜʦ 0,6 ʇʘ ʰʦʨʩʪʢʽʩʪʴ ʰʘʨʽʚ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʣʽʚʢʠ ʟ 

ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ 60 ʥʤ, ʩʬʦʨʤʦʚʘʥʽ ʧʨʠ ʨʦʙʦʯʦʤʫ ʪʠʩʢʫ 5,3 ʇʘ, ʤʘʣʠ 

ʟʝʨʥʦ ʟ ʚʠʜʠʤʠʤ ʢʦʥʪʫʨʦʤ ʽ ʨʦʟʤʽʨʦʤ 30-50 ʥʤ. ʂʨʽʤ ʪʦʛʦ, ʧʣʽʚʢʠ ʦʩʘʜʞʝʥʽ 

ʧʨʠ 0,6 ʇʘ ʙʫʣʠ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʽ. 

 

ʈʠʩ.3.1. ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʟʨʘʟʢʘ ʦʩʪʨʽʚʢʦʚʦʾ ʧʣʽʚʢʠ ʤʽʜʽ ʥʘ 

ʢʚʘʨʮʦʚʽʡ ʧʽʜʢʣʘʜʮʽ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ 1,5 ʥʤ 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʨʠ ʚʩʽʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʪʫʞʥʦʩʪʷʭ ʨʦʟʧʠʣʝʥʥʷ 

ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʤʽʜʽ ʣʽʥʽʡʥʦ ʟʘʣʝʞʘʣʘ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʤʘʛʥʝʪʨʦʥʘ. ʇʨʠ ʮʴʦʤʫ ʟʨʘʟʢʠ, ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʤʘʣʠʭ ʧʦʪʫʞʥʦʩʪʷʭ 

ʨʦʟʧʠʣʝʥʥʷ, ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʛʣʘʜʢʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʤʘʣʦʶ 

ʨʫʭʣʠʚʽʩʪʶ ʦʩʘʜʞʫʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ. ʇʦʜʽʙʥʘ ʪʝʥʜʝʥʮʽʷ 

ʤʘʣʘ ʤʽʩʮʝ ʧʨʠ ʤʘʛʥʝʪʨʦʥʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʤʝʪʘʣʫ ʥʘ ʤʘʣʠʭ ʧʦʪʫʞʥʦʩʪʷʭ ʽ ʧʨʠ 

ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʙʦʪʽ [3.23].  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʦʨʬʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʧʣʽʚʦʢ ʤʽʜʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 100 ʜʦ 300 Áʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʟʝʨʥʘ. ɸ ʧʽʩʣʷ 

ʜʦʜʘʪʢʦʚʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ 300 Áʉ ʫ ʚʘʢʫʫʤʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʫʧʘʢʦʚʢʠ ʟʝʨʝʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʘʣ ʟʨʘʟʢʽʚ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʱʽʣʴʥʫ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʧʦʚʝʨʭʥʝʚʫ ʩʪʨʫʢʪʫʨʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 
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ʰʘʨʽʚ ʤʽʜʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʙʠʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚ ʙʣʠʞʥʽʡ 

ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʠʷʚʠʚ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʤʽʜʽ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ (ʧʽʜʢʣʘʜʢʠ). ʇʝʨʰ ʟʘ ʚʩʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ 

ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ ʤʽʜʽ ʥʘ ʢʚʘʨʮʦʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʤʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ. 

 

a

ʘ) 

 

b

ʙ) 

 

c

ʚ) 

ʈʠʩ. 3.2 ɿʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ 

ʤʽʜʽ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ 65 ʥʤ, ʩʬʦʨʤʦʚʘʥʠʭ ʧʨʠ ʧʠʪʦʤʽʡ ʧʦʪʫʞʥʦʩʪʽ 

ʨʦʟʧʠʣʝʥʥʷ 4,8 ɺʪ / ʩʤ
2
 ʽ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʪʠʩʢʘʭ: (a) - 0,6 ʇʘ; (ʙ) - 5,3 ʇʘ; (C 

ʚ) - 13 ʇʘ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʘ ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ 
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ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʨʦʟʤʽʨ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ). ʗʢ ʧʨʘʚʠʣʦ, ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʮʽʥʶʶʪʴʩʷ ʬʦʨʤʘʣʴʥʦ ʟʘ ʚʽʜʦʤʦʶ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ 

ʦʩʪʨʽʚʮʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʨʦʙʦʪʠ [1.14, 1.94, 1.95, 1.100]. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʻ ʮʽʣʢʦʤ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʜʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ. ɼʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʝʣʠʢʦʾ ʧʦʭʠʙʢʠ [2.22, 2.23]. ʊʦʤʫ ʜʦʩʪʦʚʽʨʥʫ ʦʮʽʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʩʪʨʽʚʢʦʚʠʭ ʧʣʽʚʦʢ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.3 ɿʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ ʟ 

ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ 50 ʥʤ, ʩʬʦʨʤʦʚʘʥʠʭ ʧʨʠ ʪʠʩʢʫ 2,6 ʇʘ, 4,8 ɺʪ / ʩʤ
2
 ʽ 

ʨʽʟʥʽʡ ʧʠʪʦʤʽʡ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʧʠʣʝʥʥʷ: (a) ï 4,2 ɺʪ/ʩʤ
2
; (ʙ)  ï 5,6 ɺʪ/ʩʤ

2
; 

(ʚ) ï 6,3 ɺʪ/ʩʤ
2
.  

 

a) 

 

ʙ) 

 

ʚ) 
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ʇʨʠʢʣʘʜʠ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ-ʦʩʪʨʽʚʮʽʚ ʤʽʜʽ ʥʘ 

ʢʚʘʨʮʦʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʽ ʭʘʨʘʢʪʝʨ ʾʭ ʟʤʽʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ 

ʧʣʽʚʢʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.4.  

  

ʘ)     ʙ) 

 

ʚ)     ʩ) 

ʈʠʩ. 3.4 ʈʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʜʣʷ ʦʩʪʨʽʚʢʦʚʠʭ ʧʣʽʚʦʢ ʥʘ 

ʢʚʘʨʮʦʚʽʡ ʧʽʜʢʣʘʜʮʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ: ʘ) - 1,0ʥʤ; ʙ) - 

1,5ʥʤ: ʚ) - 1,7ʥʤ; ʩ) - 2,0ʥʤ 

ʅʘʚʝʜʝʥʽ ʛʽʩʪʦʛʨʘʤʠ ʤʘʶʪʴ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʫʧʦʣʦʧʦʜʽʙʥʫ ʬʦʨʤʫ 

ʟ ʘʩʠʤʝʪʨʽʻʶ ʚ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʘʙʦ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ. ʅʘ ʦʪʨʠʤʘʥʠʭ 

ʛʽʩʪʦʛʨʘʤʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʪʝʥʜʝʥʮʽʾ. ɼʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ 

ʤʽʜʽ ʪʦʚʱʠʥʦʶ ʜʦ 1 ʥʤ ʻ ʘʩʠʤʝʪʨʽʷ ʟ çʭʚʦʩʪʦʤè ʟ ʙʦʢʫ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ. ɼʣʷ 

ʟʨʘʟʢʽʚ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʙʽʣʴʰʝ 1,0 ʥʤ ʥʘ ʛʽʩʪʦʛʨʘʤʘʭ ʩʧʦʩʪʝʨʽʛʘʚʩʷ çʭʚʽʩʪè 

ʚ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʜ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʚʠʨʦʱʫʚʘʥʥʷ  ʧʣʽʚʢʠ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ. 
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ʗʢ ʚʽʜʦʤʦ [1.14, 3.12, 3.16] ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʨʽʚʮʝʚʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ 

ʧʨʦʭʦʜʠʪʴ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʉʧʦʯʘʪʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʟʘʨʦʜʢʠ. ʅʘʜʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʮʠʭ ʟʘʨʦʜʢʽʚ ʟʘ ʜʚʦʤʘ ʤʝʭʘʥʽʟʤʘʤʠ. 

ʇʝʨʰʠʡ  ʮʝ ʧʨʠʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʴ ʘʙʦ 

ʧʦʚʝʨʭʥʝʚʦʾ ʜʠʬʫʟʽʾ, ʜʨʫʛʠʡ  ʢʦʘʣʽʩʮʝʥʮʽʷ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚ [1.14], ʨʦʟʧʦʜʽʣ 

ʯʘʩʪʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʢʘʭ ʻ ʥʘʢʣʘʜʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʟʨʦʩʪʘʥʥʽ ʧʣʽʚʢʠ. ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ [3.24], 

ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʚʠʱʝʤ ʢʦʘʣʽʩʮʝʥʮʽʾ. ʋ ʪʦʡ 

ʞʝ ʯʘʩ, ʜʣʷ ʜʝʷʢʠʭ ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʷʢʠʡ 

ʥʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʛʽʧʦʪʝʟʘʤʠ (ʤʘʻ ʭʘʨʘʢʪʝʨ ʧʨʦʤʽʞʥʦʛʦ ʪʠʧʫ). 

ʇʦʷʩʥʝʥʥʷ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʩʣʽʜ ʰʫʢʘʪʠ ʚ 

ʤʝʭʘʥʽʟʤʘʭ ʬʦʨʤʫʚʘʥʥʷ ʧʣʽʚʦʢ. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʜʽʾ 

ʨʦʩʪʫ ʧʣʽʚʢʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʧʝʨʝʚʘʞʥʠʡ 

ʚʥʝʩʦʢ ʫ ʧʨʦʮʝʩ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʙʫʜʝ ʚʥʦʩʠʪʠ ʦʜʠʥ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ 

ʤʝʭʘʥʽʟʤʽʚ. 

ɸʥʘʣʽʟ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ-ʦʩʪʨʽʚʮʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʣʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʤʽʜʽ ʥʘ ʢʚʘʨʮʦʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʧʦʢʘʟʘʚ, ʱʦ 

ʚʦʥʠ ʤʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʟʽ ʟʥʘʯʥʦʶ ʬʣʫʢʪʫʘʮʽʻʶ 

ʨʦʟʤʽʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʪʠʩʪʠʯʥʦ ʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʤʘʣʠ ʪʽʣʴʢʠ ʦʩʪʨʽʚʮʝʚʽ 

ʧʣʽʚʢʠ ʤʽʜʽ ʥʘ ʩʢʣʷʥʽʡ ʧʽʜʢʣʘʜʮʽ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ ʜʦ 1 ʥʤ ʽ ʥʠʟʴʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʥʦʦʩʪʨʦʚʮʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʚʥʝʩʦʢ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ-ʦʩʪʨʽʚʮʽʚ ʟʘ ʚʠʜʦʤ ʬʫʥʢʮʽʡ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʦʩʘʜʞʝʥʥʷ 

ʦʩʪʨʽʚʢʦʚʠʭ ʧʣʽʚʦʢ ʤʽʜʽ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʘʛʦʚʦʾ 

ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʤʽʜʽ ʥʘ ʢʚʘʨʮʦʚʽʡ ʽ ʩʢʣʷʥʽʡ ʧʽʜʢʣʘʜʮʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.2 

ɺʠʜʥʦ, ʱʦ ʜʣʷ ʧʣʽʚʦʢ ʪʦʚʱʠʥʦʶ ʜʦ 1 ʥʤ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʠʤ ʻ 

ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʣʦʛʘʨʠʬʤʽʯʥʦ 

ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʘʣʝʩʮʝʥʮʽʻʶ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʮʝʡ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ ʧʣʽʚʦʢ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ ʚʘʛʦʚʠʭ ʪʦʚʱʠʥʠ ʜʦ 1 ʥʤ. 
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ʅʘ ʛʽʩʪʦʛʨʘʤʘʭ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʙʽʣʴʰʝ 1 ʥʤ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʘʩʠʤʝʪʨʽʷ ʚ ʨʦʟʧʦʜʽʣʽ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʟ ʙʦʢʫ ʤʘʣʠʭ 

ʨʦʟʤʽʨʽʚ. ʊʘʢʠʡ ʪʠʧ ʨʦʟʧʦʜʽʣʽʚ ʚ ʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ ʤʦʞʥʘ ʫʷʚʠʪʠ ʷʢ 

ʥʘʢʣʘʜʘʥʥʷ ʜʚʦʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ, ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʧʦʦʜʠʥʦʢʠʭ 

ʘʪʦʤʽʚ, ʪʘʢ ʽ ʢʦʘʣʝʩʮʝʥʮʽʾ. 

ʊʘʙʣʠʮʷ 3.2  

ʏʘʩʪʠʥʘ ʣʦʛʘʨʠʬʤʽʯʥʦ-ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʤʽʜʽ ʥʘ ʨʽʟʥʠʭ ʧʽʜʢʣʘʜʢʘʭ  
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ʄʘʪʝʨʽʘʣ ʧʽʜʢʣʘʜʢʠ 

ʢʚʘʨʮ ʩʢʣʦ 

ʊʦʚʱʠʥʘ ʧʣʽʚʢʠ ʊʦʚʱʠʥʘ ʧʣʽʚʢʠ 

ʄʝʥʰʝ 

1.0 ʥʤ 

ɹʽʣʴʰʝ 

1.0 ʥʤ 

ʄʝʥʰʝ 

1.0 ʥʤ 

ɹʽʣʴʰʝ 

1.0 ʥʤ 

0.95 0.71 0.9 0.26 0.55 

0.99 0.8 0.92 0.3 0.4 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʟʨʘʟʢʽʚ ʧʣʽʚʦʢ ʥʘ ʩʢʣʷʥʽʡ ʧʽʜʢʣʘʜʮʽ ʟ ʪʦʚʱʠʥʦʶ 

ʤʝʥʰʝ ~ 1 ʥʤ ʭʘʨʘʢʪʝʨʥʠʡ ʥʦʨʤʘʣʴʥʠʡ ʘʙʦ ʧʨʦʤʽʞʥʠʡ ʨʦʟʧʦʜʽʣ. ɿ ʮʴʦʛʦ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʦʚʱʠʥ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ ʧʣʽʚʦʢ ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʘʣʝʩʮʝʥʮʽʾ ʥʝʩʫʪʪʻʚʠʡ, ʘ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʡʜʝ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʻʜʥʘʥʥʷ ʯʘʩʪʠʥʦʢ ʧʦʦʜʠʥʦʢʠʭ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ. ʆʜʥʘʢ, ʜʣʷ 

ʧʣʽʚʦʢ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʢʚʘʨʮʫ ʟ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ ~ 1 ʥʤ ʧʝʨʝʚʘʞʘʻ 

ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʤʽʜʽ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʢʘʭ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 

ʩʪʘʜʽʷʭ ʨʦʩʪʫ ʧʝʨʝʚʘʞʘʶʪʴ ʧʨʦʮʝʩʠ ʧʨʠʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ-ʦʩʪʨʽʚʮʽʚ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʦʚʱʠʥʠ ʧʣʽʚʦʢ ʜʦ ~1 ʥʤ, ʷʢ ʥʘ ʩʢʣʷʥʽʡ, ʪʘʢ ʽ ʥʘ 

ʢʚʘʨʮʦʚʽʡ ʧʽʜʢʣʘʜʮʽ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʡʜʝ ʟʘ ʜʦʤʽʥʫʶʯʠʤ ʚʧʣʠʚʦʤ ʧʨʦʮʝʩʫ 

ʢʦʘʣʽʩʮʝʥʮʽʾ, ʽ ʧʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʦʜʽʣʽʚ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʤʘʻ 
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ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ. ɼʣʷ ʧʣʽʚʦʢ ʟ ʪʦʚʱʠʥʦʶ ʙʽʣʴʰʝ 1 ʥʤ ʚʥʝʩʦʢ 

ʧʨʦʮʝʩʫ ʢʦʘʣʽʩʮʝʥʮʽʾ ʚ ʾʭ ʟʨʦʩʪʘʥʥʷ ʧʨʠʛʥʽʯʝʥʠʡ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ 

ʦʩʪʨʽʚʢʦʚʽʡ ʧʣʽʚʮʽ ʤʽʜʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʩʠʣʠʪʠ ʧʨʦʮʝʩ ʢʦʘʣʽʩʮʝʥʮʽʽ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʨʝʛʫʣʶʚʘʪʠ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ: 

¶ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʢʠ ʥʘ ʥʘʛʨʽʪʫ ʧʽʜʢʣʘʜʢʫ; 

¶ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʽʜʢʣʘʜʢʦʶ ʽ ʤʽʰʝʥʥʶ; 

¶ ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʰʣʷʭʦʤ ʥʘʧʫʩʢʫ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ; 

¶ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʨʷʜʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ 

ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ 

ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʦʢ ʥʽʢʝʣʶ 

ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ BS - 613. ɽʣʝʢʪʨʦʥʥʦ-

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʥʽʤʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ ʧʣʽʚʢʠ ʥʽʢʝʣʶ ʤʘʶʪʴ 

ʦʩʪʨʽʚʮʝʚʫ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʬʦʨʤʘ ʦʩʪʨʽʚʮʽʚ ʙʣʠʟʴʢʘ ʜʦ 

ʩʬʝʨʠʯʥʦʾ. 

ʇʘʨʘʤʝʪʨʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ  ʬʫʥʢʮʽʷ 

ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʧʦ ʨʦʟʤʽʨʘʭ, ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ (ʩʝʨʝʜʥʽʡ) ʨʦʟʤʽʨ D0 

ʯʘʩʪʠʥʦʢ-ʦʩʪʨʽʚʮʽʚ, ʩʝʨʝʜʥʷ ʧʦʚʝʨʭʥʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ N0 ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ ʟʘ 

ʨʦʟʤʽʨʘʤʠ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʪʦʚʱʠʥʠ ʟʨʘʟʢʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ 

ʟʥʘʯʝʥʥʷ D0 ʨʦʩʣʠ ʚʽʜ 2,5 ʥʤ ʜʦ 7 ʥʤ, a N0 ʧʘʜʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʝʞʘʭ 

ʽʥʪʝʨʚʘʣʫ 0,8 õ 2,0 10
12

 ʩʤ
-2
. 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ 

ʧʣʽʚʢʠ ʭʨʦʤʫ ʤʘʶʪʴ ʦʩʪʨʽʚʮʝʚʫ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʬʦʨʤʘ 

ʯʘʩʪʠʥʦʢ-ʦʩʪʨʽʚʮʽʚ ʙʣʠʟʴʢʘ ʜʦ ʩʬʝʨʠʯʥʦʾ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ 

ʯʘʩʪʠʥʢʠ ʭʨʦʤʫ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ ʜʽʘʤʝʪʨ D0 = 2,5 õ 6,5 ʥʤ ʪʘ 

ʧʦʚʝʨʭʥʝʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ N0 = (1 õ 4,6) Ŀ 10
12

 ʩʤ
-2
. 

ʅʘ ʨʠʩ. 3.5. ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʪʠʧʦʚʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʟʥʽʤʢʽʚ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ. ɿʥʽʤʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ 
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ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʣʽʚʢʠ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʤʘʶʪʴ ʦʩʪʨʽʚʮʝʚʫ ʩʪʨʫʢʪʫʨʫ. ʋ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʢʘʭ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʜʣʷ ʽʥʪʝʨʚʘʣʫ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ 0,3-

2,0 ʥʤ, ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʯʘʩʪʠʥʦʢ ʙʣʠʟʴʢʘ ʜʦ ʩʬʝʨʠ. ʏʘʩʪʠʥʢʠ ʥʽʢʝʣʶ 

ʨʦʟʤʽʨʦʤ ʙʽʣʴʰʝ 7,0 ʥʤ ʽ ʭʨʦʤʫ  ʙʽʣʴʰʝ 6,0 ʥʤ ʟʘ ʬʦʨʤʦʶ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ 

ʩʬʝʨʠʯʥʦʾ. ʊʦʤʫ ʛʦʚʦʨʷʯʠ ʧʨʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʢʠ ʤʘʻʤʦ ʥʘ ʫʚʘʟʽ ʜʽʘʤʝʪʨ ʩʬʝʨʠ. 

ɸʥʘʣʽʟ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʥʽʤʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʣʽʚʢʠ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ 

ʩʪʘʶʪʴ ʩʫʮʽʣʴʥʠʤʠ ʧʨʠ ʚʘʛʦʚʽʡ ʪʦʚʱʠʥʽ ʙʽʣʴʰʝ 3,0 ʥʤ.  

 

ʈʠʩ. 3.5  ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʧʣʽʚʢʠ ʥʽʢʝʣʶ ʟ ʚʘʛʦʚʦʶ 

ʪʦʚʱʠʥʦʶ 1,2 ʥʤ 

ʊʠʧʦʚʽ ʜʘʥʽ ʧʨʦ N0, R0, ʩʝʨʝʜʥʴʦʤʫ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʚʽʜʭʠʣʝʥʥʽ s  ( as   

ʘʨʠʬʤʝʪʠʯʥʝ, 
gs   ʛʝʦʤʝʪʨʠʯʥʝ), ʚʠʜ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʜʣʷ 

ʧʣʽʚʦʢ ʤʽʜʽ, ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ tʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.3. 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʦʜʠʪʴ, ʱʦ ʜʣʷ ʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ ʧʨʠ ʟʤʽʥʽ ʚʘʛʦʚʦʾ 

ʪʦʚʱʠʥʠ ʚʽʜ 0,3 ʥʤ ʜʦ 2,0 ʥʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʯʘʩʪʠʥʦʢ N0 ʟ 3.5³10
12

 ʩʤ
-2
 ʜʦ 2.0³10

12
 ʩʤ

-2
, ʘ ʜʣʷ ʯʘʩʪʦʢ ʭʨʦʤʫ ʧʨʠ ʟʤʽʥʽ 

ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʚʽʜ 0,5 ʥʤ ʜʦ 1,7 ʥʤ, N0 ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 4.8³10
12

 ʩʤ
-2
 ʜʦ 

3.6 ³ 10
12 
ʩʤ

2
.  

ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʽʩʪʦʛʨʘʤ. 

ʅʘ ʨʠʩ. 3.6 ʪʘ ʨʠʩ. 3.7 ʧʦʢʘʟʘʥʽ ʧʨʠʢʣʘʜʠ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʧʦ ʨʦʟʤʽʨʘʭ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʽ ʭʘʨʘʢʪʝʨ ʾʭ ʟʤʽʥʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ.  
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ʈʠʩ. 3.6 ʈʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ ʜʣʷ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʘ 

ʢʚʘʨʮʦʚʽʡ ʧʽʜʢʣʘʜʮʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ: ʘ) - 0,4 ʥʤ; ʙ) - 0,8 

ʥʤ: ʚ) - 1 ʥʤ; ʩ) - 1,8 ʥʤ 

ɺʠʜ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ, ʷʢ ʽ ʚ ʚʠʧʘʜʢʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʽ ʚʽʜ ʚʢʣʘʜʫ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ. ʂʨʽʤ ʪʦʛʦ, ʱʦʙ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʾʭ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ, ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʮʽʥʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʪʞʝ, ʘʥʘʣʽʟ 

ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʧʦ ʨʦʟʤʽʨʘʭ ʚ ʧʨʦʮʝʩʽ ʾʭ ʟʨʦʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʯʘʩʪʠʥʦʢ ʟ ʥʝʦʙʭʽʜʥʠʤ ʨʦʟʤʽʨʦʤ ʽ ʾʭ ʩʪʘʪʠʩʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ. 
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ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʣʘ, ʱʦ ʚʘʞʣʠʚʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʟ ʘʥʘʣʽʟʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ 

ʜʣʷ ʪʠʧʦʚʠʭ ʟʨʘʟʢʽʚ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʥʘʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣ. 3.3. ɺʠʜʥʦ, ʱʦ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʦ 

ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʘ ʦʪʞʝ, ʧʝʨʝʚʘʞʘʶʯʠʡ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ ʧʨʦʮʝʩ 

ʢʦʘʣʝʩʮʝʥʮʽʾ. ʆʮʽʥʠʤʦ ʢʽʣʴʢʽʩʪʴ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʘ ʦʪʞʝ ʚʥʝʩʦʢ ʤʝʭʘʥʽʟʤʫ ʢʦʘʣʽʩʮʝʥʮʽʾ ʚ ʧʨʦʮʝʩ ʨʦʩʪʫ 

ʯʘʩʪʠʥʦʢ. 
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ʈʠʩ. 3.7 ʈʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ ʜʣʷ ʦʩʪʨʽʚʢʦʚʠʭ ʧʣʽʚʦʢ ʥʘ 

ʢʚʘʨʮʦʚʽʡ ʧʽʜʢʣʘʜʮʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ: ʘ) - 0,5 ʥʤ; ʙ) - 0,7 

ʥʤ: ʚ) - 0,9 ʥʤ; ʩ) - 2 ʥʤ 
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ʊʘʙʣʠʮʷ 3.3  

ʇʘʨʘʤʝʪʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ (ʦʩʪʨʽʚʮʝʚʠʭ) ʧʣʽʚʦʢ ʥʽʢʝʣʶ, ʭʨʦʤʫ ʪʘ ʤʽʜʽ 

ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

 

ʇʨʠʤʽʪʢʠ.  ʇʈ ï ʨʦʟʧʦʜʽʣ ʧʨʦʤʽʞʥʦʛʦ ʪʠʧʫ; 

 ʅʈ ï ʟʘʢʦʥ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ; 

ʃʅʈ ï ʟʘʢʦʥ ʣʦʛʘʨʠʬʤʽʯʥʦ-ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʾ ʦʮʽʥʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.4. ɺʠʜʥʦ, ʱʦ ʜʣʷ ʯʘʩʪʠʥʦʢ 

ʥʽʢʝʣʶ D0 = 4,0 ʥʤ, ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʠʤ ʻ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ, ʜʣʷ ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ ʟ D0 > 4,0 ʥʤ ʧʝʨʝʚʘʞʘʻ ʥʦʨʤʘʣʴʥʝ ʽ ʧʨʦʤʽʞʥʝ 

ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʣʦʛʘʨʠʬʤʽʯʥʦ 

ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʘʣʽʩʮʝʥʮʽʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 
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ʉʝʨʝʜʥʷ 

ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʇʽʨʩʦʥʘ c2
 

sa, ʥʤ sʜ 

ʧʨʠ ʛʽʧʦʪʝʟʽ 

ʂʨʠʪʠʯʥʽ 

ʧʨʠ ʨʽʚʥʽ 

ʚʘʞʣʠʚʦʩʪʽ 

ʅʈ ʃʅʈ 
a = 

0.01 

a = 

0.05 

ʅʽʢʝʣʴ 

0.2 1.8 2.6 ʇʈ 0.4 ï 5.1 18.4 12.7 11.5 

0.4 1.6 3.4 ʃʅʈ ï 1.32 45.6 9.8 14.1 12.1 

0.7 1.5 4.0 ʇʈ ï 1.35 29.2 5.2 16.3 11.4 

0.8 1.2 5.0 ʃʅʈ ï 1.4 38.1 11.7 17.5 14.5 

1.0 0.9 5.6 ʃʅʈ ï 1,27 7.4 28.6 15.6 13.7 

1.7 0.82 7.0 ʃʅʈ ï 1.36 38.3 10.1 14.4 12.8 

ʄʽʜʴ 

0.4 0.94 3.2 ʅʈ 0.4 
 

5.8 21.7 14.1 11.8 

0.6 0.9 4.0 ʃʅʈ - 1.35 19.2 8.1 14.5 13.3 

0.8 0.82 4.8 ʃʅʈ - 1.34 26.3 11.5 15.3 14.8 

1.2 0.74 5.6 ʃʅʈ - 1.36 38.1 9.2 14.8 12.5 

1.5 0.6 8.0 ʃʅʈ - 1.38 29.6 12.6 15.5 14.7 

1.7 0.45 12.0 ʃʅʈ - 1.42 17.9 6.5 13.7 11.7 

ʍʨʦʤ 

0.3 4.6 2.4 ʅʈ 0.3 ï 8.7 26.4 14.3 10.6 

0.6 4.3 3.0 ʇʈ 0.2 1.20 22.9 16.4 13.3 9.5 

0.9 4.0 4.0 ʃʅʈ ï 1.29 42.9 8.6 14.1 12.3 

1.1 2.2 6.0 ʃʅʈ ï 1.23 33.4 10.5 15.7 13.8 

1.8 1.1 6.6 ʃʅʈ ï 1,31 6.1 14.7 14.5 9.0 
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ʱʦ ʮʝʡ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ ʟʨʘʟʢʽʚ ʟ D0¢4.0 ʥʤ. ɼʣʷ 

ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ ʟ D0> 4,0 ʥʤ ʚʥʝʩʦʢ ʤʝʭʘʥʽʟʤʫ ʢʦʘʣʽʩʮʝʥʮʽʾ ʚ ʧʨʦʮʝʩ ʨʦʩʪʫ 

ʯʘʩʪʠʥʦʢ ʧʨʠʛʥʽʯʝʥʠʡ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ 

ʯʘʩʪʠʥʦʢ D0 << 2 ʥʤ ʭʘʨʘʢʪʝʨʥʦ ʥʦʨʤʘʣʴʥʠʡ ʘʙʦ ʧʨʦʤʽʞʥʠʡ ʨʦʟʧʦʜʽʣ. ʆʪʞʝ, 

ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʡʜʝ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ, ʘ ʤʝʭʘʥʽʟʤ ʢʦʘʣʝʩʮʝʥʮʽʾ 

ʥʝʩʫʪʪʻʚʠʡ. ɿ ʪʘʙʣʠʮʽ 3.4 ʚʠʧʣʠʚʘʻ, ʱʦ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ ʜʣʷ ʧʣʽʚʦʢ ʥʽʢʝʣʶ, ʥʽʞ ʜʣʷ ʧʣʽʚʦʢ ʭʨʦʤʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʧʨʦʮʝʩ ʢʦʘʣʝʩʮʝʥʮʽʾ ʚ ʧʣʽʚʢʘʭ ʥʽʢʝʣʶ ʚʥʦʩʠʪʴ ʙʽʣʴʰ ʽʩʪʦʪʥʠʡ ʚʥʝʩʦʢ ʚ 

ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ. ʊʘʢʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʪʠʤ, ʱʦ ʜʣʷ ʭʨʦʤʫ ʭʘʨʘʢʪʝʨʥʘ ʙʽʣʴʰ ʩʠʣʴʥʽʰʘ ʘʜʛʝʟʽʶ ʜʦ ʧʽʜʢʣʘʜʢʠ, ʥʽʞ ʚ 

ʥʽʢʝʣʶ [3.15, 3.23]. ʅʘ ʨʠʩ.3.8 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ sg ʽ ʩʝʨʝʜʥʽʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʜʽʘʤʝʪʨʘ ʜʣʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ ʭʨʦʤʫ ʽ ʥʽʢʝʣʶ. ɼʣʷ 

ʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ sg ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 1,32 · 1,39, ʘ ʜʣʷ ʯʘʩʪʠʥʦʢ ʭʨʦʤʫ 1,20 · 

1,26. ʅʘʡʙʽʣʴʰ ʚʫʟʴʢʠʤʠ ʙʫʣʠ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚ ʟʨʘʟʢʘʭ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 

D0~2,0 ʥʤ ʽ D0> 5,0 ʥʤ, ʪʦʙʪʦ ʚ ʷʢʠʭ ʚ ʧʨʦʮʝʩʽ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ ʢʦʘʣʝʩʮʝʥʮʽʷ 

ʙʫʣʘ ʧʨʠʛʥʽʯʝʥʘ. ʋ ʟʨʘʟʢʘʭ, ʚ ʷʢʠʭ ʚ ʧʨʦʮʝʩʽ ʨʦʩʪʫ ʯʘʩʪʠʥʦʢ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ 

ʚʥʦʩʠʪʴ ʢʦʘʣʝʩʮʝʥʮʽʷ, ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʤʘʣʘ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʚʠʜ. 

ʊʘʙʣʠʮʷ 3.4. 

ʏʘʩʪʠʥʘ ʣʦʛʘʨʠʬʤʽʯʥʦ-ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʽ 

ʭʨʦʤʫ. 

ʜʦʚʽʨʯʘ 

ʽʤʦʚʽʨʥʽʩʪʴ, 

r 

ʄʘʪʝʨʽʘʣ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʧʣʽʚʢʠ 

ʅʽʢʝʣʴ ʍʨʦʤ 

D¢ 4.0 ʥʤ D  > 4.0 ʥʤ D ¢ 4.0 ʥʤ D > 4.0 ʥʤ 

0.95 0.50 0.60 0.40 0.10 

0.99 0.60 0.65 0.45 0.15 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ 

- ʜʣʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ʚʘʢʫʫʤʥʦʛʦ ʦʩʘʜʞʝʥʥʷ, ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʨʦʩʪʫ, ʧʝʨʝʚʘʞʘʶʪʴ ʧʨʦʮʝʩʠ 

ʧʨʠʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʘʪʦʤʽʚ, ʯʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʠʡ ʽ ʧʨʦʤʽʞʥʠʡ ʚʠʜ 

ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ; 

- ʚ ʜʽʘʧʘʟʦʥʽ ʨʦʟʤʽʨʽʚ D0 ʜʦ 4,0 ʥʤ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʡʜʝ ʟʘ 

ʜʦʤʽʥʫʶʯʦʾ ʨʦʣʽ ʧʨʦʮʝʩʫ ʢʦʘʣʝʩʮʝʥʮʽʾ ʽ ʧʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʦʜʽʣʽʚ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ; 

- ʜʣʷ ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʤʽʨʘʤʠ D0 > 4,0 ʥʤ ʚʥʝʩʦʢ ʧʨʦʮʝʩʫ ʢʦʘʣʽʩʮʝʥʮʽʽ ʚ ʾʭ 

ʟʨʦʩʪʘʥʥʷ ʧʨʠʛʥʽʯʝʥʠʡ. 

 

ʈʠʩ. 3.8 ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʜʽʘʤʝʪʨʫ ʽ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʧʨʠ ʣʦʛʘʨʠʬʤʽʯʥʦ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ 

ʭʨʦʤʫ ʽ ʥʽʢʝʣʶ  

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʚ ʥʘʥʦʜʠʩʧʝʨʩʥʽʡ ʧʣʽʚʮʽ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʟ ʟʥʘʯʝʥʥʷʤʠ d0> 

4,0 ʥʤ ʥʝʦʙʭʽʜʥʦ ʩʪʠʤʫʣʶʚʘʪʠ ʤʝʭʘʥʽʟʤ ʢʦʘʣʽʩʮʝʥʮʽʽ, ʱʦ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ: 

1) ʧʽʜʽʛʨʽʚʦʤ ʧʽʜʢʣʘʜʢʠ; 2) ʟʤʽʥʦʶ ʪʠʩʢʫ ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʰʣʷʭʦʤ ʥʘʧʫʩʢʫ 

ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ; 3) ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʽʜʢʣʘʜʢʦʶ ʽ ʚʠʧʘʨʥʠʢʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʧʨʦʮʝʩʽ ʾʭ 

ʟʨʦʩʪʘʥʥʷ ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ ʤʝʭʘʥʽʟʤʠ ʾʭ ʫʪʚʦʨʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʩʪʫ ʽ 
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ʩʧʦʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

3.1.3. ʆʧʪʠʯʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ  

ʉʧʝʢʪʨʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ, ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ 

ʥʘ ʧʽʜʢʣʘʜʢʘʭ ʟʽ ʢʚʘʨʮʫ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0,2 · 1,1 ʥʤ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉʌ - 16. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʨʠʩʪʘʚʢʘ ʜʟʝʨʢʘʣʴʥʦʛʦ ʚʽʜʙʠʚʘʥʥʷ ʇ30 - 1 ʧʨʠ ʢʫʪʽ 

ʧʘʜʽʥʥʷ ʩʚʽʪʣʘ ʙʣʠʟʴʢʦʤʫ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. ʉʧʝʢʪʨʠ ʚʽʜʙʠʚʘʥʥʷ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 0.8 -

 2.5 ʤʢʤ ʚʠʤʽʨʶʚʘʣʠʩʷ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ɯʂʉ - 14, ʘ ʚ ʜʽʘʧʘʟʦʥʽ 

2.5·25 ʤʢʤ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ "SPECORD - 75IR" ʧʨʠ ʢʫʪʽ ʧʘʜʽʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʣʠʟʴʢʦʤʫ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ. 

ɺʽʜʭʠʣʝʥʥʷ ʦʢʨʝʤʠʭ ʚʠʤʽʨʶʚʘʥʴ R, R¡, T ʜʣʷ ʧʘʨʪʽʡ ʟʨʘʟʢʽʚ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ D0 ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ 5%. ʇʦʭʠʙʢʘ ʦʢʨʝʤʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʊ ʩʪʘʥʦʚʠʣʠ 1%, ʘ R, R¡  2%. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʟ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ r = 0.95 ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʯʦʪʠʨʴʦʭ 

ʚʠʤʽʨʽʚ.  

ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʩʧʝʨʩʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʧʽʜʢʣʘʜʢʠ n, ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ n ʙʫʣʠ 

ʚʠʤʽʨʷʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʽʜʢʣʘʜʦʢ ʊ0 ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʢʫʪʽ ʧʘʜʽʥʥʷ 

ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʊʘʢ ʷʢ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʪʦʚʱʠʥʘ ʧʽʜʢʣʘʜʢʠ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʣʘ ɚ, ʪʦ ʮʷ ʦʙʩʪʘʚʠʥʘ ʜʦʟʚʦʣʠʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʦʮʽʥʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [3.28]: 

1

2
2

2
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n

n
T .     (3.1) 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ [3.12, 3.15, 3.24] ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʦʢ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʧʽʩʣʷ ʾʭ ʦʪʨʠʤʘʥʥʷ. ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʧʣʽʚʢʠ ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʢʽʣʴʢʘ ʛʦʜʠʥ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʧʽʩʣʷ ʾʭ 
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ʦʪʨʠʤʘʥʥʷ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʽʚʦʢ ʦʮʽʥʶʚʘʣʠʩʷ ʧʦ ʟʤʽʥʽ 

ʟʥʘʯʝʥʴ ʦʧʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ R, R¡, T ʚ ʯʘʩʽ. 

ɺʠʤʽʨʶʚʘʥʥʷ R, R¡, T ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 4 ʛʦʜʠʥʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ, ʧʦʪʽʤ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʩʝʤʠ ʜʥʽʚ ʽ ʪʨʴʦʭ ʤʽʩʷʮʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʟʥʘʯʝʥʥʷ R, R¡, T ʥʝ 

ʟʤʽʥʶʚʘʣʠʩʷ ʟ ʯʘʩʦʤ. ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʝʨʽʷʤʠ ʚʠʤʽʨʶʚʘʥʴ ʟʥʘʭʦʜʠʣʠʩʷ ʚ 

ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʦʢʨʝʤʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʠʢʣʘʜʠ ʪʠʧʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ R, R¡, T ʜʣʷ ʨʽʟʥʠʭ ʚʘʛʦʚʠʭ ʪʦʚʱʠʥʠ ʧʣʽʚʦʢ 

ʥʽʢʝʣʶ, ʤʽʜʽ ʪʘ ʭʨʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.9 ʽ 3.12. 

 

    ʘ)     ʙ) 

ʈʠʩ. 3.9. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ T (ʘ), R (ʙ) ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ ʟ 

ʨʽʟʥʠʤʠ ʚʘʛʦʚʠʤʠ ʪʦʚʱʠʥʘʤʠ tʚ: 1 - 0,5 ʥʤ, 2 - 0,9 ʥʤ 1 - 2,0 ʥʤ, 

 

    ʘ)     ʙ) 

ʈʠʩ. 3.10. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ T (ʘ), R (ʙ) ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʭʨʦʤʫ ʟ 

ʨʽʟʥʠʤʠ ʚʘʛʦʚʠʤʠ ʪʦʚʱʠʥʘʤʠ tʚ: 1 ï 0,6 ʥʤ, 2 -1,2 ʥʤ 1 - 1,7 ʥʤ 
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ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ (ʨʠʩ. 3.7, ʨʠʩ. 3.8) ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʘʛʦʚʦʾ 

ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʚʘʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʤʝʞʘʭ ʨʦʟʛʣʷʥʫʪʦʾ 

ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʦʥʦʪʦʥʥʠʡ ʭʽʜ ʜʠʩʧʝʨʩʽʡʥʠʭ ʟʤʽʥ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʜʠʩʧʝʨʩʥʠʭ ʧʣʽʚʦʢ ʭʨʦʤʫ ʪʘ 

ʥʽʢʝʣʶ  ʟ ʚʘʛʦʚʠʤʠ ʪʦʚʱʠʥʘʤʠ ʚʽʜ 0,5 ʜʦ 2,0 ʥʤ. 

 

   ʘ)       ʙ) 

ʈʠʩ. 3.11. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ (ʘ) ʽ ʚʽʜʙʠʪʪʷ 

(ʙ) ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ ʥʘ ʢʚʘʨʮʝʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ: 

1 - 1 ʥʤ; 2 - 1,5 ʥʤ; 3 -1,7 ʥʤ; 4 - 2 ʥʤ 

 

   ʘ)       ʙ) 

ʈʠʩ. 3.12. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ (ʘ) ʽ ʚʽʜʙʠʪʪʷ 

(ʙ) ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ ʥʘ ʢʚʘʨʮʝʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ: 

1 - 3 ʥʤ; 2 - 11 ʥʤ; 3 - 18ʥʤ; 4 28 ʥʤ ;; 5 - 65 ʥʤ 
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ʇʨʦʪʝ ʜʣʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ (ʨʠʩ. 3.11, ʨʠʩ. 3.12) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷ R, T ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. ʅʘ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʧʫʩʢʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ 

ʤʽʥʽʤʫʤ, ʷʢʠʡ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʤʽʜʽ ʚʽʜ 18 ʥʤ ʜʦ 1 ʥʤ 

ʟʤʽʱʫʻʪʴʩʷ ʧʦʙʣʠʟʫ ʽʥʪʝʨʚʘʣʫ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 0,7 ʤʢʤ ʜʦ 0,62 ʤʢʤ. 

ɿʘʟʥʘʯʝʥʠʡ ʤʽʥʽʤʫʤ ʥʝ ʚʠʨʘʞʝʥʠʡ ʜʣʷ ʧʣʽʚʦʢ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ ʧʦʥʘʜ 

20 ʥʤ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ (ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ) ʚ ʧʣʽʚʢʘʭ ʟ ʚʘʛʦʚʦʶ ʪʦʚʱʠʥʦʶ ʧʦʥʘʜ 

20 ʥʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʘ (ʩʫʮʽʣʴʥʘ) ʩʪʨʫʢʪʫʨʘ. ʊʘʢʦʞ ʜʣʷ ʚʩʽʭ 

ʟʨʘʟʢʽʚ ʚ ʙʣʠʞʥʽʡ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʭʘʨʘʢʪʝʨʥʘ ʩʤʫʛʘ 

ʧʦʙʣʠʟʫ 0,25 ʤʢʤ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʤʘʶʪʴ ʤʽʩʮʝ ʩʣʘʙʢʽ ʩʤʫʛʠ ʧʦʙʣʠʟʫ ʜʦʚʞʠʥ 

ʭʚʠʣʴ 0,32 ʤʢʤ ʽ 0,48 ʤʢʤ. 

ʅʘ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ ʧʦʙʣʠʟʫ ʜʦʚʞʠʥ ʭʚʠʣʴ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʩʧʝʢʪʨʽʚ ʧʨʦʧʫʩʢʘʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ (ʦʩʦʙʣʠʚʦ ʦʩʪʨʽʚʮʝʚʠʭ ʰʘʨʽʚ) 

ʩʤʫʛʠ ʥʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʩʪʘʶʪʴ ʤʝʥʰ ʚʠʨʘʞʝʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʧʦʙʣʠʟʫ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ 0,7 ʤʢʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʊ, R, Rô 

ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

3.2. ʉʠʥʪʝʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʣʽʚʦʢ 

ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚʽ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 

ʪʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʥʝ ʨʦʟʛʣʷʥʫʪʦ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ 

ʤʽʞ ʜʝʷʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʨʝʞʠʤʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ [3.29, 3.30]. ɺʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ, ʦʧʪʠʯʥʠʭ, ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʽʥ.) ʧʣʽʚʦʢ ʪʠʧʫ ʥʽʪʨʠʜʫ 
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ʘʣʶʤʽʥʽʶ ʩʠʩʪʝʤʥʦ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ. ɺʽʜʦʤʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʜʘʥʽ [3.31, 3.32] 

ʧʝʨʝʚʘʞʥʦ ʩʪʦʩʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʪʨʠʤʘʥʥʷ ʢʦʥʜʝʥʩʘʪʽʚ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰʫ ʚʝʣʠʯʠʥʫ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ (ʥʝ ʤʝʥʰʝ 10
12

 ʆʤϊʩʤ). ʇʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʢʣʘʜ, 

ʩʪʨʫʢʪʫʨʫ ʦʜʝʨʞʫʚʘʥʠʭ ʧʣʽʚʦʢ ʥʝ ʻ ʤʦʞʣʠʚʠʤ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʦʩʪʦʚʽʨʥʠʭ ʦʮʽʥʦʢ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʨʝʘʢʪʦʨʽ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʛʥʦʟʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ 

ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʟʨʘʟʢʽʚ ʥʘ ʧʽʜʢʣʘʜʮʽ. ʊʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʤʝʪʦʜʠ ʦʞʝ ʽ ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʘ ʪʘʢʦʞ ʝʣʽʧʩʦʤʝʪʨʽʷ ʽ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʷ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʢʫ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʘʥʽ 

ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʮʽʥʢʠ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

1. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʘ ʘʣʶʤʽʥʽʶ ʚʠʟʥʘʯʘʣʠʩʷ 

ʤʝʪʦʜʘʤʠ ʦʞʝ ʽ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʆʞʝ-

ʤʽʢʨʦʟʦʥʜʘ ɼʞʘʤʧ-10ʩ ʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Specord-75 IR, ʘ ʪʘʢʦʞ ʤʝʪʦʜʫ 

ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʾ ʽ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ɯʥʬʨʘʯʝʨʚʦʥʽ ʪʘ ʆʞʝ-ʩʧʝʢʪʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʧʽʜʢʣʘʜʮʽ ʢʨʝʤʥʽʻʚʠʭ ʧʣʘʩʪʠʥ, ʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʠ ʦʪʨʠʤʫʚʘʣʠ ʚʽʜ ʧʣʽʚʦʢ AlN, 

ʥʘʧʠʣʝʥʠʭ ʥʘ ʩʦʣʷʥʽ ʧʣʘʩʪʠʥʠ NaCl ʽ ʧʦʪʽʤ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʚʽʜ ʥʠʭ. 

2. ʊʦʚʱʠʥʘ ʧʣʽʚʦʢ ʽ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʦʮʽʥʶʚʘʣʠʩʷ ʤʝʪʦʜʦʤ 

ʝʣʽʧʩʦʤʝʪʨʽʾ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʥʘ ʙʘʟʽ ʛʦʥʽʦʤʝʪʨʘ ɻʉ-5 ʟ ʛʝʣʽʡ-

ʥʝʦʥʦʚʠʤ ʣʘʟʝʨʦʤ (6328 ¡). 

3. ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʠʪʦʤʠʡ ʦʧʽʨ ɟv, ʧʨʦʙʠʚʥʘ ʥʘʧʨʫʛʘ ɽʧʨ, 

ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺɸʍ) ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʥʘ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʘʭ, 

ʚʠʢʦʥʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʚʘʨʘʢʪʦʨʽʚ AI-AlN-Si ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʥʘ 

ʟʦʥʜʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ɽʄ-617.  
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4. ɿʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʦʮʽʥʶʚʘʣʠʩʷ ʟʘ ʜʘʥʠʤʠ ʾʭ 

ʰʚʠʜʢʦʩʪʝʡ ʪʨʘʚʣʝʥʥʷ (ʥʤ/ʩʝʢ) ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʜʣʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ 

ʪʨʘʚʥʠʢʘʭ: 

- ʢʦʥʮʝʥʪʨʦʚʘʥʽ ʩʽʨʯʘʥʘ H2SO4 ̔  ʘʟʦʪʥʘ HNO3 ʢʠʩʣʦʪʠ; 

- ʩʫʤʽʰ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʽ ʧʝʨʛʽʜʨʦʣʶ ʫ ʚʽʜʥʦʰʝʥʥʽ 3:1; 

- ʪʨʘʚʥʠʢ ʘʣʶʤʽʥʽʶ (CH3COOH: H3PO4: HNO3 = 75: 600: 24: 33); 

- ʦʢʠʩʥʠʡ ʪʨʘʚʥʠʢ (NH4F: HF: H2O = 10: 3: 20); 

- ʧʨʦʷʚʥʠʢ PH-7 (ʂʆʅ: Na3PO4: H2O = 8: 1: 48). 

7. ʉʪʽʡʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʜʦ ʚʧʣʠʚʽʚ ʦʢʠʩʣʶʚʘʯʽʚ ʘʪʤʦʩʬʝʨʠ ʽ 

ʧʘʨʽʚ ʚʦʜʠ ʚʠʚʯʘʣʘʩʷ ʧʦ ʜʝʛʨʘʜʘʮʽʾ ɯʏ ʩʧʝʢʪʨʽʚ ʧʽʩʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʜʧʘʣʫ 

ʟʨʘʟʢʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1045 ÁC ʚ ʧʘʨʘʭ ʚʦʜʠ ʽ ʩʫʭʦʾ ʢʘʤʝʨʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʠʢ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʜʝʷʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

3.2.1. ʄʝʪʦʜʠʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ ʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

ʆʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʥʘ ʨʽʟʥʽ ʧʽʜʢʣʘʜʢʠ 

(ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ-ʧʣʘʩʪʠʥʠ ʂɼɹ-7,5, ʧʦʢʨʠʚʥʝ ʩʢʣʦ, ʩʽʪʘʣ, 

ʢʨʠʩʪʘʣʠ ʢʘʤ'ʷʥʦʾ ʩʦʣʽ, ʧʣʘʚʣʝʥʠʡ ʽ ʢʨʠʩʪʘʣʽʯʥʠʡ ʢʚʘʨʮ, ʩʘʧʬʽʨ) ʧʨʦʚʦʜʠʣʠʩʷ 

ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʄʈʉ (ʤʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ) [3.31-

3.33] ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʨʝʘʢʪʠʚʥʠʤ ʨʦʟʧʠʣʝʥʥʷʤ ʢʽʣʴʮʝʚʦʾ ʘʣʶʤʽʥʽʻʚʦʾ 

ʤʽʰʝʥʽ (ʯʠʩʪʦʪʘ 99,99%) ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥ-ʘʟʦʪ. ʄʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʽʰʝʥʽ ʩʪʘʥʦʚʠʣʘ 0,04 ʊ. ʄʝʪʦʜ ʄʈʉ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʣʽʚʢʠ ʟ 

ʢʝʨʦʚʘʥʠʤʠ ʟʤʽʥʘʤʠ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʣʷʭʦʤ 

ʚʘʨʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ: ʪʠʩʢʫ, ʩʢʣʘʜʫ ʛʘʟʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʘʢʪʦʨʽ, ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʨʷʜʫ, ʧʦʪʝʥʮʽʘʣʫ ʟʤʽʱʝʥʥʷ ʥʘ 

ʧʽʜʢʣʘʜʮʽ, ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʫ, ʯʘʩʫ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ, 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʽʰʝʥʥʶ ʽ ʧʽʜʢʣʘʜʢʦʶ. ɹʫʣʠ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʨʝʞʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʄʈʉ ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ (ʚʽʜ 20 ʜʦ 300 ÁC), ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʨʷʜʫ (ʚʽʜ 100 ʜʦ 
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500 ɺʪ), ʯʘʩʫ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ (ʚʽʜ 10 ʭʚ ʜʦ 120 ʭʚ), ʚʽʜʩʪʘʥʽ ʤʽʰʝʥʴ-

ʧʽʜʢʣʘʜʢʘ (ʚʽʜ 40 ʜʦ 60 ʤʤ), ʩʪʫʧʝʥʷ ʚʽʜʢʘʯʢʠ ʩʠʩʪʝʤʠ (ʚʽʜ 1 Ŀ 10-5 ʜʦ 2 Ŀ 10
-6
 

ʤʤ ʨʪ. ʩʪ.), ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʟʽʚ ʘʨʛʦʥ-ʘʟʦʪ (ʚʽʜ 1:1 ʜʦ 1:2) ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʨʦʙʦʯʦʤʫ ʪʠʩʢʫ 3 Ŀ 10 
-3
ʤʤ ʨʪ. ʩʪ. ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʧʽʜʢʣʘʜʮʽ (ʙʝʟ ʟʤʽʱʝʥʥʷ - 

ʧʽʜʢʣʘʜʢʘ ʟʘʟʝʤʣʝʥʘ; ʧʦʩʪʽʡʥʠʡ ʟʩʫʚ - 50 ɺ; ɺʏ ʟʤʽʱʝʥʥʷ - 50 ɺ, 10 ʄɻʮ). ɺʩʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʘʧʨʦʙʦʚʘʥʽ ʚ ʚʘʨʽʘʥʪʽ ʄʈʉ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. 

ʍʽʤʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʽʜʢʣʘʜʦʢ ʢʨʝʤʥʽʶ ʧʨʦʚʦʜʠʣʘʩʷ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʾʭ ʚ 

ʩʫʤʽʰʽ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʟ ʧʝʨʛʽʜʨʦʣʝʤ ʫ ʚʽʜʥʦʰʝʥʥʽ 3:1 ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʪʽʡ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʚ ʨʝʞʠʤʽ "ʟʘʟʝʤʣʝʥʦʾ ʧʽʜʢʣʘʜʢʠ" ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.5.  

ʊʘʙʣʠʮʷ. 3.5.  

 

ˉ 

ʟʨʘʟʢʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʢʣʘʜʢʠ 

T, ÁC 

ʅʘʧʨʫʛʘ 

ʟʘʨʷʜʫ 

U, B 

ʉʪʨʫʤ 

ʟʘʨʷʜʫ 

I, A 

ʏʘʩ 

ʥʘʧʠʣʝʥʥʷ 

t, ʭʚ. 

ʇʦʧʝʨʝʜʥʷ 

ʚʽʜʢʘʯʢʘ, 

ʤʤ ʨʪ. ʩʪ. 

ʊʠʩʢ 

ʟʘʣʠʰʢʦʚʠʭ 

ʛʘʟʽʚ, 

ʤʤ ʨʪ. ʩʪ. 

1 25 220 0,6 30 2Ŀ10
-5

 (4-5)Ŀ10
-3 

2 220 200 0,6 30 1Ŀ10
-5
 -/- 

3 25 230 0,8 30 5Ŀ10
-6
 -/- 

4 200 200 0,8 30 5Ŀ10
-6
 -/- 

5 100 210 0,8 30 5Ŀ10
-6
 -/- 

6 200 200 0,8 30 5Ŀ10
-6
 -/- 

7 25 240 1,0 30 5Ŀ10
-6
 -/- 

8 100 240 1,0 10 3Ŀ10
-6
 -/- 

9 200 240 1,0 10 3Ŀ10
-6
 -/- 

10 100 220 0,65 30 4Ŀ10
-6
 -/- 

ɺʠʙʽʨ ʟʘʟʥʘʯʝʥʠʭ ʨʝʞʠʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʦʢ 

ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʟʨʦʙʣʝʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦ ʚʧʣʠʚ 

ʾʭ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʘʜʞʫʚʘʥʠʭ ʢʦʥʜʝʥʩʘʪʽʚ (ʧʠʪʦʤʠʡ ʦʧʽʨ, 

ʝʣʝʢʪʨʠʯʥʘ ʤʽʮʥʽʩʪʴ, ʬʘʟʦʚʠʡ ʽ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ, ʪʦʚʱʠʥʘ ʽ ʧʦʢʘʟʥʠʢ 

ʟʘʣʦʤʣʝʥʥʷ, ʩʪʨʫʢʪʫʨʘ ʽ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ). 
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ɿʦʢʨʝʤʘ, ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʨʷʜʫ ʚʠʟʥʘʯʘʣʘ ʚʝʣʠʯʠʥʫ ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʧʠʣʝʥʥʷ, ʷʢʘ ʣʽʤʽʪʫʻ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ. 

ɿʤʽʥʘ ʚʽʜʩʪʘʥʽ ʤʽʰʝʥʴ-ʧʽʜʢʣʘʜʢʘ ʟʚôʷʟʘʥʘ ʟ ʚʠʙʦʨʦʤ ʤʽʩʮʷ ʧʨʦʪʽʢʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ; ʩʪʫʧʽʥʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʢʘʯʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʫʻ ʫʤʦʚʠ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʧʣʽʚʦʢ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʟʽʚ ʘʨʛʦʥ-ʘʟʦʪ 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʣʘ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ ʤʽʰʝʥʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʫʤʦʚ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ AlN ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʪʦʤʽʚ ʘʟʦʪʫ ʚ ʧʣʘʟʤʽ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ [3.31]. ʇʨʠ ʟʘʟʝʤʣʝʥʦʶ ʧʽʜʢʣʘʜʮʽ ʚ 

ʜʝʷʢʠʭ ʫʤʦʚʘʭ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ (ʪʦʚʩʪʘ ʧʣʽʚʢʘ ʜʽʝʣʝʢʪʨʠʢʘ), 

ʱʦ ʩʪʚʦʨʶʻ ʧʝʚʥʠʡ ʧʦʪʝʥʮʽʡʥʠʡ ʙʘʨ'ʻʨ ʧʦʪʦʢʫ ʧʦʟʠʪʠʚʥʠʭ ʽʦʥʽʚ ʘʟʦʪʫ N2 + ʜʦ 

ʧʽʜʢʣʘʜʢʠ. ʇʨʠʢʣʘʜʘʶʯʠ ʥʝʛʘʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦ ʧʽʜʢʣʘʜʢʠ (-50 ɺ), ʚʜʘʻʪʴʩʷ 

ʟʥʠʟʠʪʠ ʮʝʡ ʙʘʨ'ʻʨ ʽ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ. ʆʜʥʘʢ ʮʝʡ ʧʨʦʮʝʩ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʙʣʠʟʴʢʦ 0,3 ʤʢʤ 

ʧʦʚʝʨʭʥʶ ʾʾ ʟʥʦʚʫ ʟʜʦʙʫʚʘʻ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ, ʱʦ ʨʽʟʢʦ ʟʥʠʞʫʻ ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʧʠʣʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʟʤʽʰʝʥʥʷ ʥʘ ʯʘʩʪʦʪʽ ʙʣʠʟʴʢʦ 10 

ʄɻʮ ʫʩʫʚʘʻ ʝʬʝʢʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʙʘʨ'ʻʨʫ [3.34] ʽ ʧʨʠʟʚʦʜʠʪʴ, ʧʦ-ʧʝʨʰʝ, ʜʦ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʨʝʘʢʮʽʾ (ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ 140 ¡ / ʭʚ) ʽ, ʧʦ-ʜʨʫʛʝ, ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʣʽʚʦʢ (ʜʦ 10
12

 ʆʤ / ʩʤ) ʚʥʘʩʣʽʜʦʢ 

ʟʩʫʚʫ ʨʽʚʥʦʚʘʛʠ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʡ ʚ ʙʽʢ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʫ, ʙʣʠʟʴʢʦʛʦ ʜʦ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ AlN [3.35]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ ʘʣʶʤʽʥʽʶ ʚʜʘʣʦʩʷ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʤʦʚʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʦʥʜʝʥʩʘʪʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʽʚ ʽ ʟʘʭʠʩʥʠʭ 

(ʧʘʩʠʚʫʶʯʠʭ) ʰʘʨʽʚ. 

3.2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʥʘʧʠʣʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʥʘ ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ 

ɺʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʦʢ ʽ ʾʭ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʤʝʪʦʜʦʤ 

ʝʣʽʧʩʦʤʝʪʨʽʾ 
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ɽʣʽʧʩʦʤʝʪʨʽʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʚʝʣʠʯʠʥʠ ʪʦʚʱʠʥʠ d ʽ 

ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ n ʧʣʽʚʦʢ ʧʦ ʚʠʤʽʨʷʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʢʫʪʽʚ (ɣ ʽ ȹ), ʱʦ ʟʘʜʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [3.36]: 

 

, 

ʜʝ rs ʽ rp ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʠ ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ ʜʣʷ s- ʽ 

ʨ-ʢʦʤʧʦʥʝʥʪ ʧʦʣʷʨʠʟʘʮʽʾ, ʘ ŭp ʽ ŭs  ʬʘʟʦʚʽ ʟʨʫʰʝʥʥʷ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ 

ʚʽʜʦʙʨʘʞʝʥʥʽ. 

ʊʦʚʱʠʥʘ ʽ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʜʘʥʠʭ ʝʣʽʧʩʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 632,8 ʥʤ [3.37]. ɼʞʝʨʝʣʦʤ ʩʚʽʪʣʘ ʩʣʫʞʠʚ ʅʽ-Ne ʣʘʟʝʨ. ʇʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʫʪʽʚ ʩʢʣʘʜʘʣʘ 2%. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʜʣʷ 

ʩʝʨʽʾ ʟʨʘʟʢʽʚ ʪʠʧʦʚʽ ʜʘʥʽ n ʽ d ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.6. 

ɿʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘʙʣ. 3.6. ʟ ʥʘʷʚʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ [3.38] ʜʘʥʠʤʠ ʧʨʦ 

n ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʧʣʽʚʦʢ ʟʥʘʯʝʥʥʷ ʾʭ n ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʭʘʨʘʢʪʝʨʥʠʭ (n = 2,17-2,20) 

ʜʣʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ. ɹʽʣʴʰ 

ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ n ʧʦʚ'ʷʟʫʶʪʴ [3.38] ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʜʦʤʽʰʢʠ ʢʠʩʥʶ, ʘ 

ʪʘʢʦʞ ʽʦʥʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʢʣʶʯʝʥʴ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʮʽʢʘʚʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʦʜʘʪʢʦʚʠʡ ʚʽʜʧʘʣ ʟʨʘʟʢʽʚ ʚ ʩʫʭʦʤʫ (ʟʨʘʟʦʢ ˉ2) ʽ ʤʦʢʨʦʤʫ 

(ʟʨʘʟʦʢ ˉ10) ʧʘʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1043 ÁC, ʧʨʦʪʷʛʦʤ 30 ʭʚ ʽʩʪʦʪʥʦ ʷʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣ. 3.6., ʟʥʠʞʫʻ ʧʘʨʘʤʝʪʨ n. 

ʊʘʙʣʠʮʷ. 3.6.  

ʊʦʚʱʠʥʘ ʽ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ  

ˉ ʧ/ʧ ʟʨʘʟʢʘ 1 2 3 4 5 6 7 8 9 10 

d, ¡ 600 900 1000 1250 2800 2800 2750 2300 1000 2750 

n 1,7 1,85 2,15 2,20 2,27 2,17 2,20 1,95 2,17 1,75 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʜʣʷ ʘʤʦʨʬʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ 

ʭʘʨʘʢʪʝʨʥʽ ʱʝ ʙʽʣʴʰ ʥʠʟʴʢʽ ʚʝʣʠʯʠʥʠ n = 1,4-1,65 [3.39], ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 



172 

ʚ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʢʘʭ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʦʥʠ ʤʘʶʪʴ 

ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ n, ʚʤʽʩʪ ʢʠʩʥʶ ʧʽʜʚʠʱʝʥʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʣʽʚʢʘʤʠ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ n. ʈʦʟʢʠʜ ʜʘʥʠʭ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ, ʩʚʽʜʯʠʪʴ, 

ʢʨʽʤ ʟʘʟʥʘʯʝʥʦʛʦ, ʷʢ ʧʨʦ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʦʚʱʠʥʠ, ʪʘʢ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʧʣʽʚʦʢ ʫʟʜʦʚʞ ʧʽʜʢʣʘʜʢʠ. 

ɺʠʚʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʦʢ ʤʝʪʦʜʘʤʠ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ɽʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʥʘ ʚʤʽʩʪ ʘʟʦʪʫ, ʢʠʩʥʶ, ʘʣʶʤʽʥʽʶ ʚ ʧʣʽʚʢʘʭ 

ʚʠʢʦʥʫʚʘʣʠ ʤʝʪʦʜʦʤ ʦʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʞʝ-ʤʽʢʨʦʟʦʥʜʘ 

ɼɾɸʄʇ-10ʩ. ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʜʘʻ ʥʘʜʽʡʥʫ ʢʽʣʴʢʽʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ 

ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ 

ʦʙʣʘʩʪʽ ʪʦʚʱʠʥʦʶ 5-20 ¡. ʅʘ ʨʠʩ. 3.12 ʥʘʚʝʜʝʥʽ ʪʠʧʦʚʽ ʆʞʝ-ʩʧʝʢʪʨʠ 

ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ. ɺʠʜʥʦ, ʱʦ ʥʘ ʢʨʠʚʠʭ dN/dE 

ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʘʤʧʣʽʪʫʜʠ ʯʦʪʠʨʴʦʭ ʧʽʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [3.40] ʚʽʜʥʝʩʝʥʽ 

ʜʦ ʘʣʶʤʽʥʽʶ, ʘʟʦʪʫ, ʢʠʩʥʶ ʽ ʟʘʣʽʟʘ. ʇʦʷʚʘ ʧʽʢʽʚ ʟʘʣʽʟʘ ʚ ʆʞʝ-ʩʧʝʢʪʨʘʭ ʧʣʽʚʦʢ 

ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʦʙʫʤʦʚʣʝʥʦ, ʤʘʙʫʪʴ, ʤʘʣʠʤ ʜʽʘʤʝʪʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ 

ʤʽʰʝʥʽ, ʱʦ ʤʦʛʣʦ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʘʨʘʟʠʪʥʦʛʦ ʨʦʟʧʦʨʦʰʝʥʥʷ ʢʽʣʴʮʷ-ʪʨʠʤʘʯʘ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʆʞʝ-ʩʧʝʢʪʨʽʚ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.7., ʟ ʷʢʦʾ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʢʘʭ 

ʟʘʬʽʢʩʦʚʘʥʦ 40-50% ʘʣʶʤʽʥʽʶ, 20-45% ʢʠʩʥʶ ʽ 4-ɿ0% ʘʟʦʪʫ. 

ɿʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘʙʣ. 3.5 ʽ ʪʘʙʣ. 3.7, ʨʠʩ. 3.13 ʧʦʢʘʟʫʻ, ʱʦ ʚ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʨʷʜʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʚʽʜʢʘʯʢʠ ʢʘʤʝʨʠ ʫʪʨʠʤʘʥʥʷ (ʽ ʘʤʧʣʽʪʫʜʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʥʠʭ ʧʽʢʽʚ ʚ ʆʞʝ-ʩʧʝʢʪʨʘʭ) ʢʠʩʥʶ ʚ ʟʨʘʟʢʘʭ ʟʤʝʥʰʫʻʪʴʩʷ, 

ʘ ʘʣʶʤʽʥʽʶ ʪʘ ʘʟʦʪʫ  ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 

ʧʨʦʚʦʜʠʣʠʩʷ ʤʝʪʦʜʦʤ ʨʝʧʣʽʢ. ʈʝʧʣʽʢʠ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʛʦʪʫʶʪʴ ʥʘ ʧʨʦʟʦʨʠʭ ʜʣʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʚʫʛʽʣʴʥʠʭ ʧʽʜʢʣʘʜʢʘʭ ʘʙʦ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʪʦʚʱʠʥʽ (> 

1000 ¡) ʧʣʽʚʦʢ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ ʧʣʽʚʦʢ, ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʚʽʜ ʣʝʛʢʦ ʨʦʟʯʠʥʥʦʾ ʚ 
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ʙʫʜʴ-ʷʢʦʤʫ ʨʦʟʯʠʥʥʠʢʫ (ʥʘʧʨʠʢʣʘʜ, ʫ ʚʦʜʽ) ʧʽʜʢʣʘʜʮʽ ʪʠʧʫ ʢʨʠʩʪʘʣʽʚ 

ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʽʶ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʧʣʽʚʦʢ ʚʦʥʠ ʥʘʥʦʩʠʣʠʩʷ ʥʘ 

ʢʨʠʩʪʘʣʠ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʽʶ, ʘ ʧʦʪʽʤ ʚʽʜʜʽʣʷʣʠʩʷ ʚʽʜ ʥʠʭ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ 

ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʽʶ ʫ ʚʦʜʽ. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʨʝʧʣʽʢʠ ʥʘʥʦʩʠʣʠʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʥʽ ʤʽʜʥʽ ʩʽʪʦʯʢʠ. 

  

ʘ)     ʙ 

  

ʚ)      ʛ) 

ʈʠʩ. 3.13. ʆʞʝ-ʩʧʝʢʪʨʠ ʘ) ʟʨʘʟʢʽʚ ˉ2 ʽ ˉ7 ʙ) ʟʨʘʟʢʽʚ ˉ3 ʽ ˉ5 ʚ)ʟʨʘʟʢʽʚ ˉ6 ʽ 

ˉ8 ʩ) ʟʨʘʟʢʽʚ ˉ9 

ɽʣʝʢʪʨʦʥʥʦʛʨʘʤʤʘ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ 3.14. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʮʴʦʤʫ ʞ ʤʘʣʶʥʢʫ ʧʨʠʚʝʜʝʥʘ ʝʣʝʢʪʨʦʥʥʦʛʨʘʤʤʘ ʯʠʩʪʦʛʦ 

ʘʣʶʤʽʥʽʶ, ʝʣʝʢʪʨʦʥʥʦʛʨʘʤʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ 
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ɽʄ-200 ʧʨʠ ʧʨʠʩʢʦʨʶʶʯʽʡ ʥʘʧʨʫʟʽ 150 ʢɺ. ɺʠʙʽʨ ʚʝʣʠʯʠʥʠ ʧʨʠʩʢʦʨʶʶʯʦʾ 

ʥʘʧʨʫʛʠ ʟʘʜʘʚʘʚʩʷ ʪʦʚʱʠʥʦʶ ʧʣʽʚʢʠ ʽ ʟʜʽʡʩʥʶʚʘʚʩʷ ʪʘʢ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ 

ʦʪʨʠʤʘʪʠ ʥʘ ʧʨʦʩʚʽʪ ʟʦʙʨʘʞʝʥʥʷ ʧʣʽʚʢʠ. ʇʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʧʨʠʩʢʦʨʶʶʯʦʾ ʥʘʧʨʫʛʠ (~ 100 ʢɺ) ʧʨʦʩʚʽʪʠʪʠ ʧʣʽʚʢʠ ʥʝ ʚʜʘʚʘʣʦʩʷ. 

ʊʘʙʣʠʮʷ. 3.7.  

ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʟʘ ʜʘʥʠʤʠ 

ʆʞʝ-ʘʥʘʣʽʟʫ 

ˉ ʟʨʘʟʢʘ Al (ʂʦʥʮʝʥʪʨʘʮʽʷ ʚ %) N (ʂʦʥʮʝʥʪʨʘʮʽʷ ʚ %) O (ʂʦʥʮʝʥʪʨʘʮʽʷ ʚ %) 

1 44 22 27 

2 52 - 44 

3 45 4 44 

4 45 15 40 

5 50 1 44 

6 44 9 47 

7 43 4 43 

8 1 33 5 

9 45 16 30 

 

 

ʈʠʩ. 3.14 ɽʣʝʢʪʨʦʥʦʛʨʘʤʠ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ (ʘ) ʽ ʧʣʽʚʦʢ ʘʣʶʤʽʥʽʶ (ʙ). 

ʊʦʚʱʠʥʘ ʧʣʽʚʢʠ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 600 ¡. 

ʆʙʨʦʙʢʘ ʝʣʝʢʪʨʦʥʥʦʛʨʘʤʤʠ ʧʨʦʚʦʜʠʣʘʩʷ ʧʦ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽʡ ʢʨʠʚʽʡ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʩʽʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʨʝʻʩʪʨʫʶʯʦʤʫ ʤʽʢʨʦʬʦʪʦʤʝʪʨʽ ɯʌ0-

451. ɺʽʜʧʦʚʽʜʥʦ ʜʦ [3.41] ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʨʘʜʽʫʩʠ 1,85-1,9 ¡ ʽ 2,9 ¡, ʷʢʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʥʦʛʨʘʤʽ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʟʚ'ʷʟʢʽʚ Al-O ʽ Al-N, 

ʚʽʜʧʦʚʽʜʥʦ. ʈʘʜʽʫʩ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʥʝʟʚ'ʷʟʘʥʦʛʦ ʘʣʶʤʽʥʽʶ (4,1 ¡) ʥʘ 
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ʝʣʝʢʪʨʦʥʥʦʛʨʘʤʽ ʥʝ ʚʠʷʚʣʝʥʠʡ. ʉʪʫʧʽʥʴ ʜʠʬʬʫʟʥʦʩʪʽ ʢʽʣʝʮʴ ʥʘ 

ʝʣʝʢʪʨʦʥʥʦʛʨʘʤʤʽ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʦʪʨʠʤʘʥʽ 

ʧʣʽʚʢʠ ʜʦ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʠʷʚʠʪʠ ʬʘʟʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʥʽʪʨʠʜʫ 

ʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ (AlN ʽ Al2O3) ʥʝ ʚʜʘʣʦʩʷ.  

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʧʣʽʚʢʘʭ 

ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʧʦʜʘʯʽ ʥʝʛʘʪʠʚʥʦʛʦ 

ʟʩʫʚʫ ʥʘʧʨʫʛʠ ʥʘ ʧʽʜʢʣʘʜʢʫ, ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ [3.12],  ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʘʟʦʪʫ ʫ ʧʽʜʢʣʘʜʢʠ. ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ 

ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰ ʧʦʚʥʠʡ ʩʠʥʪʝʟ ʘʣʶʤʽʥʽʶ ʟ ʘʟʦʪʦʤ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʧʣʽʚʦʢ ʤʝʪʦʜʘʤʠ ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʜʘʶʪʴ ʧʽʜʩʪʘʚʫ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʦʙʨʘʥʠʭ 

ʨʝʞʠʤʘʭ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʩʠʥʪʝʟʫ ʬʦʨʤʫʶʪʴʩʷ ʧʣʽʚʢʠ ʩʢʣʘʜʫ ʪʠʧʫ AlxNyOz, 

ʘʤʦʨʬʥʽ ʟʘ ʩʪʨʫʢʪʫʨʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʣʽʚʦʢ  

ʂʨʠʩʪʘʣʽʯʥʠʡ ʥʽʪʨʠʜ ʘʣʶʤʽʥʽʶ  ʚʠʢʣʶʯʥʦ ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʘ ʨʝʯʦʚʠʥʘ 

[3.38]. ʇʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʥ ʥʝ ʚʟʘʻʤʦʜʽʻ ʟ ʧʣʘʚʽʢʦʚʦʶ, ʘʟʦʪʥʦʶ, 

ʩʦʣʷʥʦʶ ʪʘ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʘʤʠ. ʉʣʘʙʢʘ ʚʟʘʻʤʦʜʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʠʰʝ ʟ 

ʨʦʟʧʣʘʚʘʤʠ ʣʫʛʽʚ. 

ʆʜʥʘʢ ʰʘʨʠ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, ʩʠʥʪʝʟʦʚʘʥʽ ʦʩʘʜʞʝʥʥʷʤ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, 

ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʪʦʤʫ, ʱʦ 

ʘʤʦʨʬʥʽ ʰʘʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʷʢʠʡ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ. ɼʘʥʽ ʧʨʦ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ, ʦʜʝʨʞʫʚʘʥʠʭ MʈC, ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʰʘʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʚ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʪʨʘʚʥʠʢʘʭ ʚ ʷʢʦʩʪʽ ʯʫʪʣʠʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʘ ʽʥʪʝʛʨʘʣʴʥʦ ʦʧʠʩʫʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʽ ʩʢʣʘʜʫ ʰʘʨʽʚ ʚʠʙʠʨʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʦʟʯʠʥʝʥʥʷ 

ʰʘʨʫ. 
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ʈʠʩ. 3.15 ʐʚʠʜʢʽʩʪʴ ʪʨʘʚʣʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʝʘʢʪʠʚʥʠʭ ʛʘʟʽʚ Ar:N2 = 1:1, ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʽʜʢʣʘʜʢʠ ʪʘ ʨʽʟʥʦʤʫ ʟʤʽʱʝʥʥʽ ʥʘ ʧʽʜʢʣʘʜʮʽ 1 - ɺʏ ʟʤʽʱʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ; 2 - 

ʟʤʽʱʝʥʥʷ -50 ɺ; 3 - ʧʽʜʢʣʘʜʢʘ ʟʘʟʝʤʣʝʥʘ. 

ɿʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 

ʦʮʽʥʶʚʘʣʠʩʷ ʟʘ ʜʘʥʠʤʠ ʰʚʠʜʢʦʩʪʝʡ ʪʨʘʚʣʝʥʥʷ (ʚʠʨʘʞʝʥʦʾ ʚ ʥʤ/ʩʝʢ) ʚ 

ʩʪʘʥʜʘʨʪʥʠʭ ʜʣʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʪʨʘʚʥʠʢʘʭ: 

1 - ʢʦʥʮʝʥʪʨʦʚʘʥʽ ʩʽʨʯʘʥʘ H2SO4 ʽ ʘʟʦʪʥʘ HNO3 ʢʠʩʣʦʪʠ; 

2 - ʩʫʤʽʰ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʽ ʧʝʨʛʽʜʨʦʣʶ ʫ ʚʽʜʥʦʰʝʥʥʽ 3:1; 
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3 - ʪʨʘʚʥʠʢ ʘʣʶʤʽʥʽʶ (ʩʫʤʽʰ 70% -ʦʾ ʘʟʦʪʥʦʾ, ʦʮʪʦʚʦʾ ʽ ʦʨʪʦʬʦʩʬʦʨʥʦʾ 

ʢʠʩʣʦʪ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1 : 3); 

4 - ʦʢʠʩʥʠʡ ʪʨʘʚʥʠʢ (ʩʫʤʽʰ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʬʪʦʨʠʜʫ ʘʤʦʥʽʶ ʽ 10% -ʦʾ 

ʧʣʘʚʽʢʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 3 : 1); 

5 - ʧʨʦʷʚʥʠʢ PH-7 (ʩʫʤʽʰ 70% -ʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʽʶ ʽ 3% -ʦʛʦ 

ʦʨʪʦʬʦʩʬʘʪʫ ʥʘʪʨʽʶ ʫ ʚʽʜʥʦʰʝʥʥʽ 8 : 1: 48. 

    

  

  

ʈʠʩ. 3.16 ʐʚʠʜʢʽʩʪʴ ʪʨʘʚʣʝʥʥʷ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʝʘʢʪʠʚʥʠʭ ʛʘʟʽʚ Ar:N2 = 1:2, ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʽʜʢʣʘʜʢʠ ʪʘ ʨʽʟʥʦʤʫ ʟʤʽʱʝʥʥʽ ʥʘ ʧʽʜʢʣʘʜʮʽ 1 - ɺʏ ʟʤʽʱʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ; 2 - 

ʟʤʽʱʝʥʥʷ -50 ɺ; 3 - ʧʽʜʢʣʘʜʢʘ ʟʘʟʝʤʣʝʥʘ. 



178 

ʐʚʠʜʢʽʩʪʴ ʪʨʘʚʣʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʷ ʚʽʟʫʘʣʴʥʦ ʟʘ ʩʝʢʫʥʜʦʤʽʨʦʤ ʜʦ 

ʧʦʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʧʣʽʚʢʠ ʟ ʧʽʜʢʣʘʜʢʠ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʘʙʦ 

ʧʦʢʨʠʚʥʦʛʦ ʩʢʣʘ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʽʻʾ ʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʪʽʡ ʥʘ ʨʠʩ. 3.15-3.16. ɺʠʜʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʣʽʚʢʠ ʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ ʜʦʩʠʪʴ ʩʪʽʡʢʽ ʜʦ ʜʽʾ ʦʢʨʝʤʠʭ ʢʠʩʣʦʪ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʩʫʪʥʷ 

ʧʦʤʽʪʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʪʨʘʚʣʝʥʥʷ ʜʣʷ ʦʢʠʩʥʦʛʦ ʪʨʘʚʥʠʢʘ ʽ 

ʪʨʘʚʠʪʝʣʷ ʘʣʶʤʽʥʽʶ. 

ʅʘʡʢʨʘʱʠʡ ʨʝʞʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʨʘʚʣʝʥʥʷ 

ʚ ʧʨʦʷʚʥʠʢʫ Pʅ-7, ʘʟʦʪʥʦʾ ʪʘ ʩʽʨʯʘʥʦʾ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʢʠʩʣʦʪʘʭ ʽ ʩʫʤʽʰʽ ʂʘʨʦ 

- ɺʏ ʟʤʽʱʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʽʜʢʣʘʜʮʽ ʧʨʠ ʾʾ ʪʝʤʧʝʨʘʪʫʨʽ ~ 200 ÁC ʽ ʪʠʩʢʫ 

ʨʦʙʦʯʠʭ ʛʘʟʽʚ ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Ar:N2 = 1:2.  

ɿʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ ʧʣʽʚʦʢ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʣʷ ʟʨʘʟʢʽʚ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʜʢʣʘʜʢʠ, ʧʨʠʨʦʜʥʦ ʧʦʚ'ʷʟʘʪʠ ʟ 

ʩʪʨʫʢʪʫʨʥʦʶ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ, ʚʣʘʩʪʠʚʦʶ ʦʜʝʨʞʫʚʘʥʠʭ ʘʤʦʨʬʥʠʤ ʧʣʽʚʢʘʤ 

ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ, ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ. 

ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʥʘʷʚʥʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʦ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʢʘʟʘʣʦ, 

ʱʦ ʚʦʥʠ ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʤʽʮʥʦʩʪʽ (ʧʨʦʙʠʚʥʦʾ 

ʥʘʧʨʫʛʠ) ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʥʘ ʟʦʥʜʦʚʽʡ ʫʩʪʘʥʦʚʮʽ 

ɽʄ-617 14 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʽʚ: ʪʝʨʘʦʤʝʪʨ E6-I3A, ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ 

ʇ4105, ʚʦʣʴʪʤʝʪʨ ɺ7-21, ʘʤʧʝʨʤʝʪʨ ʌ30, ʧʨʠʣʘʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʟʠʩʪʦʨʘ ʇʅʍʊ-1. 

ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʩʪʨʫʢʪʫʨʠ Al-AlN-Si. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɟv ʽ Eʧʨ ʝʣʝʢʪʨʠʯʥʦʾ 

ʤʽʮʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʠʣʝʥʥʷ ʥʽʪʨʠʜʥʠʭ ʧʣʽʚʦʢ ʘʣʶʤʽʥʽʶ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.17-3.18. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʧʠʪʦʤʠʡ ʦʧʽʨ ʽ 

ʝʣʝʢʪʨʠʯʥʘ ʤʽʮʥʽʩʪʴ ʟʨʦʩʪʘʶʪʴ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʦʧʦʨʫ (10
12
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ʆʤ/ʩʤ) ʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʽʮʥʦʩʪʽ (10
5
 ɺ/ʩʤ) ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʽʜʢʣʘʜʢʠ 200 ÁC, ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʠʩʢʽʚ ʛʘʟʽʚ Ar: N2 = 1: 2 ʽ ɺʏ-ʟʤʽʱʝʥʥʷ ʥʘ 

ʧʽʜʢʣʘʜʮʽ. ɼʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʠʡ ʨʝʞʠʤ 

ʦʩʘʜʞʝʥʥʷ ʥʽʪʨʠʜʥʦʾ ʧʣʽʚʢʠ ʘʣʶʤʽʥʽʶ, ʚ ʷʢʦʤʫ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ 

ʘʣʶʤʽʥʽʶ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʩʠʥʪʝʟʫ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ. ʎʝʡ ʨʝʞʠʤ ʙʫʚ 

ʦʩʥʦʚʥʠʤ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

ʘ)       ʙ) 

ʈʠʩ. 3.17 ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ, ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʝʘʢʪʠʚʥʠʭ ʛʘʟʽʚ 

Ar/N2 ʧʨʠ ʨʽʟʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʟʤʽʱʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ 1 - ɺʏ ʟʤʽʱʝʥʥʷ ʥʘ 

ʧʽʜʢʣʘʜʮʽ; 2 - ʟʤʽʱʝʥʥʷ -50 ɺ; 3 - ʧʽʜʢʣʘʜʢʘ ʟʘʟʝʤʣʝʥʘ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʦʪʨʠʤʘʥʘ ʧʣʽʚʢʘ ʤʘʻ ʟʘʥʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʢʩʠʜʦʤ ʢʨʝʤʥʽʶ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʛʦʪʦʚʠʪʠ ʜʚʽ ʧʦʨʽʚʥʷʣʴʥʽ ʩʝʨʽʾ 

ʟʨʘʟʢʽʚ: ʟ ʧʽʜʰʘʨʦʤ ʟ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ ʽ ʙʝʟ ʧʽʜʰʘʨʫ. ʇʝʨʝʜ ʦʩʘʜʞʝʥʥʷʤ ʧʽʜʢʣʘʜʢʠ ʟ 

ʤʦʥʦʢʨʝʤʥʽʶ ʦʯʠʱʘʣʠʩʷ ʚ ʩʫʤʽʰʽ ʂʘʨʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 130 ÁC ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʨʦʤʠʚʘʥʥʷʤ ʫ ʜʝʽʦʥʽʟʦʚʘʥʽʡ ʚʦʜʽ. ʇʦʨʽʚʥʷʣʴʥʽ ʧʣʘʩʪʠʥʠ ʦʢʠʩʣʷʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1100 ÁC ʚ ʧʘʨʘʭ ʚʦʜʠ. ʊʦʚʱʠʥʘ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ - 0,2 ʤʢʤ. ɹʫʣʦ 

ʧʨʦʚʝʜʝʥʦ 8 ʧʨʦʮʝʩʽʚ ʦʩʘʜʞʝʥʥʷ ʥʽʪʨʠʜʥʦʾ ʧʣʽʚʢʠ ʘʣʶʤʽʥʽʶ. ʆʩʘʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʷʢ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʟʤʽʱʝʥʥʽ ʥʘ ʧʽʜʢʣʘʜʮʽ (-50 ɺ), ʪʘʢ ʽ ʧʨʠ ɺʏ-

ʟʤʽʱʝʥʥʽ ʥʘ ʧʽʜʢʣʘʜʮʽ (10 ʄɻʮ). ʅʘ ʢʦʞʝʥ ʧʨʦʮʝʩ ʩʪʘʚʠʣʠ ʜʚʽ ʧʣʘʩʪʠʥʠ (ʟ SiO2 ʽ ʙʝʟ 

SiO2). ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʥʽʪʨʠʜʥʠʭ ʧʣʽʚʦʢ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ 
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ʚʠʤʽʨʶʚʘʣʠʩʷ ʩʪʨʫʤʠ ʚʠʪʦʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʥʦʤʝʨʘ ʧʣʘʩʪʠʥ ʽ ʪʦʚʱʠʥʠ 

ʧʣʽʚʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.8.  

ʊʘʙʣʠʮʷ 3.8 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 

ˉ  ̄

ʧ/ʧ 
ʅʦʤʝʨ ʧʣʘʩʪʠʥʠ 

ʊʦʚʱʠʥʘ ʧʣʽʚʢʠ 

d, ʤʢʤ 

ʩʪʨʫʤ ʚʠʪʦʢʫ 

I, A 

1 2 3 4 

1 
ʉʊʄ28-2-8 

140 ʋɼ21-81-82 

dAlN = 0,2; dSiO = 0,85 

dAlN = 0,85 

10
-9 

10
7
 

2 
ʉʊʄ28-2-12 

140 ʋɼ21-83-5 

dAlN = 0,2; dSiO = 0,75 

dAlN = 0,75 

10
-7
 

10
-5
 

3 
140 ʋɼ21-87-15 

140 ʋɼ21-83-2 

dAlN = 0,2; dSiO = 0,25 

dAlN = 0,25 

10
-5 

10
-4
 

4 
140 ʋɼ21-85-18 

140 ʋɼ21-83-21 

dAlN = 0,2; dSiO = 1,5 

dAlN = 1,5 

10
-8 

10
-6
 

5 
140 ʋɼ21-83-7 

ʉʊʄ 28-3-16 

dAlN = 0,2; dSiO = 1,4 

dAlN = 1,4 

10
-10 

10
-8
 

6 
140 ʋɼ21-83-10 

ʉʊʄ 28-2-22 

dAlN = 0,2; dSiO = 1,4 

dAlN = 1,4 

10
-10 

10
-8
 

7 
140 ʋɼ21-83-1 

140 ʋɼ21-85-19 

dAlN = 0,2; dSiO = 1,4 

dAlN = 1,4 

10
-9 

10
-7
 

8 
140 ʋɼ21-83-11 

ʉʊʄ 28-2-27 

dAlN = 0,2; dSiO = 1,4 

dAlN = 1,4 

10
-10 

10
-8
 

 

ʇʨʦʮʝʩʠ 2, 3, 4, 7 ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʟʤʽʱʝʥʥʽ, ʽʥʰʽ ʧʨʦʮʝʩʠ  ʧʨʠ ɺʏ 

ʟʤʽʱʝʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʤʽʥʽʤʘʣʴʥʽ ʩʪʨʫʤʠ ʚʠʪʦʢʫ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʪʦʚʱʠʥʽ 

ʧʣʽʚʢʠ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 1,4 ʤʢʤ ʽ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ 0,2 ʤʢʤ ʽ ʨʽʚʥʽ 10-10 ɸ. ɺʩʽ 

ʮʽ ʧʨʦʮʝʩʠ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ɺʏ ʟʤʽʱʝʥʥʷ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʠʩʢʽʚ Ar:N2 = 1:2, 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʢʠ 200 ÁC. 
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ʘ)       ʙ) 

ʈʠʩ. 3.18 ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ, ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʝʘʢʪʠʚʥʠʭ ʛʘʟʽʚ 

Ar/N2 ʧʨʠ ʨʽʟʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʟʤʽʱʝʥʥʷ ʥʘ ʧʽʜʢʣʘʜʮʽ 1 - ɺʏ ʟʤʽʱʝʥʥʷ ʥʘ 

ʧʽʜʢʣʘʜʮʽ; 2 - ʟʤʽʱʝʥʥʷ -50 ɺ; 3 - ʧʽʜʢʣʘʜʢʘ ʟʘʟʝʤʣʝʥʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ ʧʣʽʚʦʢ  

ʄʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ, ʱʦ ʚ ʧʣʽʚʢʘʭ, ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʟʤʽʥʶʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʣʘʜʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 

ʜʘʥʠʤʠ, ʥʽʪʨʠʜ ʘʣʶʤʽʥʽʶ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 4,03 10
-6
 ʛʨʘʜ

-

1
, ʦʢʩʠʜ ʢʨʝʤʥʽʶ 5,6 10

-7
 ʛʨʘʜ

-1
, ʢʨʝʤʥʽʡ 6,95 10

-6
 ʛʨʘʜ

-1
 [3.42]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʥʽʪʨʠʜ ʘʣʶʤʽʥʽʶ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʙʣʠʟʴʢʠʤ ʧʦ 

ʟʥʘʯʝʥʥʶ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʢʨʝʤʥʽʶ. 

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʩʠʩʪʝʤʽ ʧʣʽʚʢʘ-

ʢʨʝʤʥʽʡ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʧʣʽʚʢʘ ʟ ʥʘʡʢʨʘʱʠʤʠ 

ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 , 

ʜʝ Es - ʤʦʜʫʣʴ ʖʥʛʘ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ; ɜ - ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʧʽʜʢʣʘʜʢʠ; ds - 

ʪʦʚʱʠʥʘ ʧʽʜʢʣʘʜʢʠ; df - ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ; h - ʧʨʦʛʠʥ ʜʠʩʢʘ ʥʘ ʚʽʜʩʪʘʥʽ r ʚʽʜ ʮʝʥʪʨʫ. 

ʇʨʦʛʠʥ ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʤʽʢʨʦʩʢʦʧʦʤ. ʄɯɯ-4, ʘ ʥʘʛʨʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ɯʂ ʣʘʤʧʦʶ ʂɻ-

500-220. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 Á C ʚʠʷʚʠʪʠ ʚʠʛʠʥ ʧʽʜʢʣʘʜʢʠ ʥʝ ʚʜʘʣʦʩʷ. ʎʝ ʤʦʞʥʘ 
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ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʣʽʚʢʘ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʫʤʽʨʥʠʡ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʢʨʝʤʥʽʶ, ʘ ʪʘʢʦʞ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʧʽʜʢʣʘʜʢʘ-ʧʣʽʚʢʘ ʙʫʣʦ 100: 2. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʦʮʽʥʶʚʘʣʠ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʯʝʨʝʟ ʧʣʽʚʢʫ ʧʦ ʽʩʥʫʶʯʠʤ ʤʝʪʦʜʘʤ [3.43]. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʥʘ ʟʨʘʟʢʘʭ ʟ ʥʘʡʢʨʘʱʠʤʠ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʢʣʘʚ 0,012 ʢʘʣ/ʩʤ ʟ ʛʨʘʜ. 

ʋ ʪʦʡ ʯʘʩ ʧʣʽʚʢʘ SiO2 ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 0,0017 ʢʘʣ/ʩʤ ʟ ʛʨʘʜ [3.39]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʘ ʧʣʽʚʢʘ ʤʘʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʝ, ʥʽʞ SiO2 

3.2.3. ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 

ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʘʤ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʇʨʠʨʦʜʫ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʦʢ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ ʽʥʬʨʘʯʝʨʚʦʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟʘ ʾʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ (ʱʦʜʦ ʯʠʩʪʦʾ ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʢʠ) 

ʩʧʝʢʪʨʘʤʠ ʧʨʦʧʫʩʢʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 1000-400 ʩʤ
-1
 ʢʦʣʠʚʘʥʴ ʟʚ'ʷʟʢʽʚ ɸl ð ʆ ʽ ɸl 

ð N. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʚʽʜʙʠʚʘʥʥʷ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʦʥʪʨʦʣʶ ʟʘ ʟʤʽʩʪʦʤ ʢʽʣʴʢʦʩʪʽ ʧʦʚ'ʷʟʘʥʦʛʦ ʚʦʜʥʶ, ʷʢʠʡ ʥʽʷʢʠʤ ʽʥʰʠʤ 

ʤʝʪʦʜʦʤ ʢʨʽʤ ɯʂʉ ʽ ʗʄʈ, ʥʝ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ. ʊʠʤ ʯʘʩʦʤ ʥʘʷʚʥʽʩʪʴ ʚʦʜʥʶ ʚ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʰʘʨʘʭ ʚʧʣʠʚʘʻ ʥʘ ʙʘʛʘʪʦ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘ 

ʤʝʞʽ ʨʦʟʜʽʣʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ-ʜʽʝʣʝʢʪʨʠʢ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʩʧʝʢʪʨʽʚ ʤʦʞʥʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʧʦʨʠʩʪʦʩʪʽ ʧʣʽʚʦʢ ʽ ʧʨʦʩʪʝʞʠʪʠ 

ʢʽʥʝʪʠʢʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʫʤʦʚʘʭ ʨʽʟʥʦʾ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ [3.42]. 

ɼʦʩʣʽʜʞʝʥʥʷ  ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʽʚ ʧʽʜʢʣʘʜʦʢ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ 

ʪʠʧʫ ʂɹɼ-7,5 

ɼʦʩʣʽʜʞʝʥʥʷ  ʤʝʪʦʜʘʤʠ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʦʥʢʠʭ ʧʣʽʚʦʢ  

ʧʝʨʝʢʦʥʣʠʚʦ ʧʦʢʘʟʘʥʦ [3.44], ʱʦ ʮʽʣʠʡ ʨʷʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʪʝʨʽʘʣʽʚ (ʝʣʝʢʪʨʠʯʥʘ ʤʽʮʥʽʩʪʴ, ʩʪʨʫʤʠ ʚʠʪʦʢʫ. ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʽ ʽʥ.) ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢʽʩʪʶ ʩʘʤʦʾ ʧʽʜʢʣʘʜʢʠ, ʟʦʢʨʝʤʘ 

ʥʘʷʚʥʽʩʪʶ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʜʦʤʽʰʢʦʚʠʭ ʜʝʬʝʢʪʽʚ, ʧʦʨ, ʩʪʫʧʝʥʝʤ ʦʜʥʦʨʽʜʥʦʩʪʽ. 

ʊʦʤʫ ʜʣʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʘʥʘʣʽʟʫ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʥʝʩʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʢʫ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʠʚʯʠʣʠ ɯʂ 
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ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʩʘʤʦʾ ʧʽʜʢʣʘʜʢʠ ʂɼɹ-7,5, ʱʦʙ ʩʫʜʠʪʠ ʧʨʦ ʩʪʫʧʽʥʴ 

ʯʠʩʪʦʪʠ ʽ ʧʦʨʠʩʪʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɹʫʣʠ ʟʽʩʪʘʚʣʝʥʽ ʩʧʝʢʪʨʠ "ʩʫʭʠʭ" 

ʧʣʘʩʪʠʥʠ, ʚʠʪʨʠʤʘʥʠʭ ʢʽʣʴʢʘ ʜʽʙ ʚ ʩʫʭʠʡ ʟʘʢʨʠʪʽʡ ʢʘʤʝʨʽ (ʝʢʩʠʢʘʪʦʨ, 

ʦʩʫʰʝʥʠʡ ʩʚʽʞʦʧʨʦʢʘʣʝʥʠʤ ʦʢʩʠʜʦʤ ʢʘʣʴʮʽʶ), ʽ "ʤʦʢʨʦʶ" ʧʣʘʩʪʠʥʠ, ʱʦ 

ʧʨʦʣʝʞʘʣʘ 24 ʛʦʜʠʥʫ. ʥʘʜ ʧʘʨʘʤʠ ʚʦʜʠ. ʆʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 3.19. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʛʨʫʧ.  

ʏʠʩʪʠʡ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʢʨʝʤʥʽʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʫʙʽʯʥʦʾ ʩʠʥʛʦʥʽʾ ʟ 

ʬʘʢʪʦʨ-ʛʨʫʧʦʶ Fo [3m (07), z = 2, ʨʝʰʽʪʢʘ ʪʠʧʫ ʘʣʤʘʟʘ, ʚ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʩʧʝʢʪʨʘʭ ʥʝʤʘʻ ʘʢʪʠʚʥʠʭ ʢʦʣʠʚʘʥʴ ʟʘ ʧʨʘʚʠʣʘʤʠ ʩʠʤʝʪʨʽʾ. ʇʨʦʪʝ ʚʥʘʩʣʽʜʦʢ 

ʚʠʩʦʢʦʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʢʠʩʥʶ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʦʚʝʨʭʥʶ ʢʨʝʤʥʽʶ 

ʧʦʢʨʠʪʘ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ (ʙʣʠʟʴʢʦ 30 ¡) ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ SiO2, ʪʦʤʫ ʚ ɯʂ 

ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʟʘʚʞʜʠ ʚʠʷʚʣʷʶʪʴ ʜʚʽ 

ʩʣʘʙʢʽ ʩʤʫʛʠ ʚ ʦʙʣʘʩʪʽ 1200 400 ʩʤ
-1
, ʷʢʽ ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʥʝʩʝʥʽ [3.45] ʜʦ 

ʪʝʪʨʘʝʜʝʨʫ (SiO2) "ʥʘʪʠʚʥʦʛʦ" ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. ʅʘ ʧʽʜʩʪʘʚʽ ʚʽʜʦʤʠʭ ʜʘʥʠʭ 

[3.44] ʥʝʧʨʠʚʦʜʠʤʦʛʦ ʫʷʚʣʝʥʥʷ ɻ = A1 (KP) + E (KP) + 2ɻ2 (KP, ɯʂ) ʪʘʢʠʡ 

ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʛʨʫʧʠ (Siʆ4) ʜʦʟʚʦʣʷʻ ʚ ɯʂ ʩʧʝʢʪʨʘʭ ʪʽʣʴʢʠ ʜʚʘ ʢʦʣʠʚʘʥʥʷ F2-ʪʠʧʫ: ɜ3 

(ɜas) ʙʣʠʟʴʢʦ 1050 ʩʤ
-1
 ʽ ɜ4 (ŭas) ʙʣʠʟʴʢʦ 625 ʩʤ

-1
. ʗʢ ʚʠʜʥʦ ʽʟ ʩʧʝʢʪʨʫ ʢʨʽʤ ʮʠʭ 

ʜʦʟʚʦʣʝʥʠʭ ʧʦ ʩʠʤʝʪʨʽʾ ʢʦʣʠʚʘʥʴ (1100 ʽ 615 ʩʤ-1), ʚʠʷʚʣʝʥʦ ʨʷʜ ʩʣʘʙʢʠʭ ʥʝʯʽʪʢʠʭ 

ʩʤʫʛ: 965, 900, 800, 500 ʩʤ
-1
. ɼʚʽ ʥʘ ʥʠʭ ʙʣʠʟʴʢʦ 800 ʽ 500 ʩʤ

-1
 ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʽʜʥʝʩʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʤʦʜʘʤ A1 (ɜ1) ʽ E (ɜ2) ʧʦʨʫʰʝʥʦʛʦ ʪʝʪʨʘʝʜʨʘ (Siʆ4) ʟʘ ʜʘʥʠʤʠ [3.46], ʚ 

ʰʠʨʦʢʽ ʩʤʫʛʠ ʙʣʠʟʴʢʦ 965, 900, 740 ʩʤ
-1
 - ʜʦ ʥʘʷʚʥʦʩʪʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʦʤʽʰʦʢ ʚ ʢʨʝʤʥʽʻʚʽʡ ʤʘʪʨʠʮʽ ʘʙʦ ʫʛʨʫʧʦʚʘʥʥʷ SiOH ʟʛʽʜʥʦ 

ʜʦʩʣʽʜʞʝʥʴ ɯʂ ʩʧʝʢʪʨʽʚ ʩʦʨʙʦʚʘʥʠʭ ʧʘʨʽʚ ʚʦʜʠ ʚ ʧʦʨʘʭ Siʆ ʽ Siʆ2 ʧʣʽʚʦʢ [3.45]. 

ʅʘʰʽ ʜʘʥʽ ʧʦ ɯʂ ʩʧʝʢʪʨʫ "ʤʦʢʨʦʾ" ʧʣʘʩʪʠʥʠ ʢʨʝʤʥʽʶ ʪʝʞ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʪʘʢʠʤ ʚʽʜʥʝʩʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʤʦʢʨʽʡ ʢʘʤʝʨʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛ 965, 900, 740 ʩʤ
-1
 ʟʨʦʩʣʘ. ʂʨʽʤ ʪʦʛʦ ʚ ʩʧʝʢʪʨʽ 

"ʤʦʢʨʦʛʦ" ʢʨʝʤʥʽʶ ʚʠʷʚʣʝʥʠʡ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʩʫʚ ʩʤʫʛ ɜ3 (ʚʽʜ 1100 ʜʦ 1085 ʩʤ
-1
) ʽ 

ɜ2 (ʚʽʜ 500 ʜʦ 450 ʩʤ
-1
) ʟ ʦʜʥʦʯʘʩʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʾʭ ʧʽʚʰʠʨʠʥʠ. ʊʘʢʽ ʟʤʽʥʠ ʩʤʫʛ 

(Siʆ4) ʛʨʫʧʠ ʚʽʜʦʤʽ [3.45] ʧʨʠ ʨʝʘʢʮʽʷʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʜʽʦʢʩʠʜʫ 

Siʆ2 ʚ ʘʤʦʨʬʥʠʡ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʥʷ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ 
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ʧʨʘʚʠʣʴʥʦʩʪʽ ʮʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʤʠ ʧʨʦʚʝʣʠ ʜʦʜʘʪʢʦʚʝ ʦʢʠʩʣʝʥʥʷ ʧʣʘʩʪʠʥʠ ʢʨʝʤʥʽʶ 

ʚ ʧʘʨʘʭ ʚʦʜʠ ʧʨʦʪʷʛʦʤ 20-30 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 800 ÁC. ɯʥʬʨʘʯʝʨʚʦʥʠʡ 

ʩʧʝʢʪʨ ʦʢʠʩʣʝʥʦʾ ʧʣʘʩʪʠʥʠ ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʻ ʟ ʜʘʥʠʤʠ ʟ ʘʪʣʘʩʫ ʩʧʝʢʪʨʽʚ [3.40] ʜʣʷ 

ʘʤʦʨʬʥʦʛʦ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʻ ʩʚʽʜʯʝʥʥʷʤ ʪʦʛʦ, ʱʦ ʽ ʧʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʘʨʠ ʚʦʜʠ ʘʪʤʦʩʬʝʨʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʧʦʚʝʨʭʥʽ ʩʪʘʥ 

"ʥʘʪʠʚʥʦʡ" ʧʣʽʚʢʠ SiO2 ʢʨʝʤʥʽʻʚʠʭ ʧʽʜʢʣʘʜʦʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʽʚ ʧʽʜʢʣʘʜʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʪʠʧʫ ʂɼɹ-7,5, ʧʣʦʱʠʥʫ (100) ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ, ʱʦ 

ʚʦʥʘ ʥʝʩʪʘʙʽʣʴʥʘ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʽʚ ʚʢʣʶʯʝʥʥʷ ʽ ʯʘʩʫ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, 

ʱʦ ʧʽʜʢʣʘʜʢʘ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʧʦ ʦʜʥʦʨʽʜʥʦʩʪʽ ʽ ʱʽʣʴʥʦʩʪʽ ʥʘ ʩʪʘʜʽʷʭ ʞʦʨʩʪʢʦʾ ʭʽʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʽ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʪʨʘʚʣʝʥʥʷ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʩʤʫʛ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʽʚ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ.  

ʂʨʠʩʪʘʣʽʯʥʠʡ ʥʽʪʨʠʜ ʘʣʶʤʽʥʽʶ AlN ʚʠʢʣʶʯʥʦ ʩʪʽʡʦʢ ʜʦ ʞʦʨʩʪʢʠʭ 

ʦʢʠʩʣʶʚʘʯʘ ʽ ʤʘʻ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʨʝʰʽʪʢʫ ʪʠʧʫ ʚʶʨʮʠʪʘ ʟ ʧʨ. ɻʨ. ʈ63m ʟ 

(ʉ64v) ʟ ʜʚʦʤʘ ʬʦʨʤʫʣʴʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ z = 2 [3.38]. 

ʂʦʣʠʚʘʣʴʥʠʡ ʩʧʝʢʪʨ ʡʦʛʦ ʦʧʠʩʫʻʪʴʩʷ ʥʝʧʨʽʚʦʜʠʤʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ɻ = A1 

(ʂʈ, ɯʂ) + 2B (ʅ.ɸ.) + E1 (ʂʈ, ɯʂ) + 2E2 (ʂʈ) ʟ ʜʚʦʤʘ ʘʢʪʠʚʥʠʤʠ ʚ 

ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʘʭ ʢʦʣʠʚʘʥʥʷʤʠ A1 (ʙʣʠʟʴʢʦ 900 ʩʤ
-1
) ʽ E1 (ʙʣʠʟʴʢʦ 670 

ʩʤ
-1
). 

 

ʈʠʩ. 3.19. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʢʨʝʤʥʽʻʚʦʾ ʧʣʘʩʪʠʥʠ ʂɼɹ-7,5 

ʧʣʦʱʠʥʫ (100) 
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ʆʜʥʘʢ ʚ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʘʭ ʰʘʨʽʚ, ʦʩʘʜʞʝʥʠʭ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ, 

ʚʠʷʚʣʝʥʘ [3.34] ʪʽʣʴʢʠ ʦʜʥʘ ʩʤʫʛʘ ʚ ʦʙʣʘʩʪʽ 670-720 ʩʤ
-1
. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʢʨʠʩʪʘʣʽʯʥʦʾ ʜʦ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʰʘʨʽʚ ʚʥʘʩʣʽʜʦʢ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʩʧʝʢʪʨ (ʱʦʜʦ ʧʽʜʢʣʘʜʢʠ ʂɼɹ-7,5) ʧʣʽʚʢʦʚʦʛʦ ʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʦʧʠʩʘʥʦʶ ʚʠʱʝ ʪʝʭʥʦʣʦʛʽʻʶ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 

3.20. ɿʘʬʽʢʩʦʚʘʥʘ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʙʣʠʟʴʢʦ 660 ʩʤ
-1
 ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʪʠʧʫ AIN. ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʘʢʦʞ ʛʨʫʧʘ ʩʤʫʛ ʚ ʦʙʣʘʩʪʽ 

ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ O-ʅ ʟʚ'ʷʟʢʽʚ (3500-3200 ʩʤ
-1
) ʽ ʩʤʫʛʘ ʙʣʠʟʴʢʦ 2100 ʩʤ

-1
, 

ʷʢʫ ʚ ɯʂ ʩʧʝʢʪʨʘʭ ʙʘʛʘʪʴʦʭ ʩʠʣʽʢʘʪʽʚ ʽ ʧʣʽʚʢʦʚʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʽʪʨʠʜʫ ʢʨʝʤʥʽʾ 

[3.42] ʚʽʜʥʦʩʷʪʴ ʜʦ ʢʦʣʠʚʘʥʴ Si-H ʟʚ'ʷʟʢʽʚ. 

ʇʨʠʩʫʪʥʽʩʪʴ ʩʤʫʛ ʛʠʜʨʦʩʠ-ʛʨʫʧ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʘʭ ʩʚʽʜʯʘʪʴ 

ʷʢ ʧʨʦ ʧʦʨʠʩʪʦʩʪʽ ʧʣʽʚʢʠ ʢʦʥʜʝʥʩʘʪʫ, ʪʘʢ ʽ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʘʨʽʚ ʚʦʜʠ ʚ 

ʨʝʘʢʪʦʨʽ. ʄʦʞʣʠʚʦ ʪʘʢʦʞ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʛʘʟʠ ʘʨʛʦʥ-ʘʟʦʪ 

ʤʽʩʪʷʪʴ ʜʦʤʽʰʢʠ ʚʦʜʥʶ, ʷʢʘ ʚ ʫʤʦʚʘʭ ʽʦʥʽʟʘʮʽʾ ʛʠʜʨʠʨʫʶʪʴ ʧʦʚʝʨʭʥʶ 

ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʢʠ. 

 

ʈʠʩ. 3.20. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʧʣʽʚʢʠ AlN (1) ʽ ʩʠʩʪʝʤʠ Si-AlN 

(2) 

ʅʘ ʨʠʩ.3.20  ʢʨʠʚʘ 2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʘʢʦʞ ʪʠʧʦʚʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ Si-

AlN, ʜʝ ʢʨʽʤ ʽʜʝʥʪʽʬʽʨʦʚʘʥʥʠʭ ʩʤʫʛ 670 ʩʤ
-1
 (AlN) ʽ 2100 ʩʤ

-1
 (Siʅ), 
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ʚʠʷʚʣʷʶʪʴʩʷ ʱʝ ʡ ʩʤʫʛʠ ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʢʠ (ɜ3 - 110 ʩʤ
-1
 ʽ ɜ4 - 615 ʩʤ

-1
), ʘ 

ʪʘʢʦʞ ʩʤʫʛʠ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʛʠʥʽʚ ʥʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʢʨʠʣʽ ʽʥʪʝʥʩʠʚʥʦʾ 

ʩʤʫʛʠ 670 ʩʤ-1, ʷʢʽ, ʷʢ ʦʧʠʩʘʥʦ ʚʠʱʝ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʛʨʫʧ Si-ʆʅ 

ʘʙʦ ʜʦʤʽʰʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʚʢʣʶʯʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʽʚ 

ʦʜʝʨʞʫʚʘʥʠʭ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʽ 

ʩʪʨʫʢʪʫʨʫ ʢʦʥʜʝʥʩʘʪʫ ʥʘ ʧʽʜʢʣʘʜʮʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʥʘʧʠʣʝʥʥʷ ʥʘ ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ 

ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 

ɹʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 20 ʧʘʨʪʽʡ ʟʨʘʟʢʽʚ ʧʦ 2 ʟʨʘʟʢʠ ʚ ʢʦʞʥʽʡ ʧʘʨʪʽʾ ʟ 

ʚʘʨʽʶʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ (ʚʽʜ 25 ʜʦ 400 Á C), ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʨʷʜʫ 

(ʚʽʜ 120 ʜʦ 240 ɺʪ), ʯʘʩʫ ʧʨʦʮʝʩʫ ʨʦʟʧʠʣʝʥʥʷ (ʚʽʜ 10 ʜʦ 60 ʭʚ.) ɯ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʢʪʠʚʥʠʭ ʛʘʟʽʚ Ar : N2 = 1: 1 ʽ 1: 2. ʈʝʞʠʤʠ ʽ ʥʦʤʝʨʘ ʟʨʘʟʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 3.5 ʽ 3.7.  

ʊʘʙʣʠʮʷ. 3.9.  

ʈʝʞʠʤʠ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ˉ 11-20 ʧʨʠ ʧʦʧʝʨʝʜʥʽʡ ʚʽʜʢʘʯʮʽ ʜʦ 3 10
-6
 

ʤʤ ʨʪ. ʩʪ., ʱʦʜʦ ʨʝʘʢʪʠʚʥʠʭ ʛʘʟʽʚ Ar: N2 = 1: 2 ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʪʠʩʢʫ 3 10
-3
 ʤʤ 

ʨʪ. ʩʪ. ʽ ʚʽʜʩʪʘʥʽ ʤʽʰʝʥʴ-ʧʽʜʢʣʘʜʢʘ 50 ʤʤ. 

ˉˉ ʟʨʘʟʢʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʢʣʘʜʢʘ 

ʊ, ÁC 

ʉʪʨʫʤ ʨʦʟʨʷʜʫ 

I, ɸ 

ʅʘʧʨʫʛʘ 

ʨʦʟʨʷʜʫ 

U, B 

ʏʘʩ ʥʘʧʠʣʝʥʥʷ 

t, ʤʠʥ. 

11 25 0,5 200 15 

12 25 1,0 240 60 

13 25 1,0 220 20 

14 250 1,0 240 60 

15 250 1,0 240 30 

16 250 1,0 240 60 

17 400 1,0 240 60 

18 150 1,0 240 60 

19 300 0,8 240 40 

20 300 1,0 240 60 
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ʂʦʥʪʨʦʣʴ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʣʽʚʦʢ ʧʦ ʾʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʘʭ 

ʧʨʦʚʦʜʠʚʩʷ, ʧʦ-ʧʝʨʰʝ, ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛʠ 670 ʩʤ-1, ʷʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʩʢʣʘʜʫ AlN, ʧʦ-ʜʨʫʛʝ, ʧʦ ʧʦʛʣʠʥʘʥʥʶ ʚ ʦʙʣʘʩʪʽ ʛʽʜʨʦʢʩʦ-ʛʨʫʧ 

(3500-ɿ200 ʩʤ-1) ʽ ʛʽʜʨʫʚʘʥʥʷ ʧʽʜʢʣʘʜʢʠ Si-ʅ (2100 ʩʤ-1), ʧʦ-ʪʨʝʪʻ, ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʛʠʥʽʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʨʠʣʘ ʩʤʫʛʠ 670 ʩʤ-1 (ʦʙʣʘʩʪʴ ʚʽʜ 700 

ʜʦ 1000 ʩʤ-1). ʋ ʮʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ ʤʦʞʣʠʚʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʪʠʧʫ Al2O3, (AlO6), (AlO4), Si-O-Al, ʷʢʽ ʪʠʧʦʚʽ ʜʣʷ 

ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʧʝʢʪʨʽʚ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʢʣʘʩʫ ʙʘʟʘʣʴʪʽʚ, ʨʝʰʽʪʢʘ ʷʢʠʭ 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʝʟʝʤʫ ʽ ʙʦʢʩʠʪʽʚ [3.42]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʩʧʝʢʪʨʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.21-3.24. 

  

ʟʨʘʟʢʽʚ ˉ1 ʽ ˉ3    ʟʨʘʟʢʽʚ ˉ2 ʽ ˉ5 

  

ʟʨʘʟʢʽʚ ˉ6 ʽ ˉ7     ʟʨʘʟʢʽʚ ˉ8, ˉ9 ʪʘ ˉ10 

ʈʠʩ. 3.21. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ  

ɿ ʦʛʣʷʜʫ ʥʘ ʩʢʣʘʜʥʠʡ ʨʝʣʴʻʬ ʦʜʝʨʞʫʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʽʚ 

ʚ ʦʙʣʘʩʪʽ 700-1000 ʩʤ
-1
 ʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʤʦʚʠ ʧʣʘʟʤʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ 

ʨʝʘʢʪʦʨʽ, ʷʢʽ ʤʦʞʫʪʴ ʽʥʽʮʽʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʪʽʚ ʟʽ ʟʚ'ʷʟʢʘʤʠ Al-O, Si-O-
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Al ʽ ʽʥ., ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʫʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʣʽʚʢʠ ʩʢʣʘʜʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʠʧʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʅʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʩʢʣʘʜ ʧʣʽʚʦʢ 

ʚʽʜʧʦʚʽʜʘʻ ʦʢʩʠʥʠʪʨʠʜʘ ʪʠʧʫ AlxOyNz, ʥʽʞ ʧʨʦʩʪʦʤʫ ʥʽʪʨʠʜʫ AlN. ɿʘ 

ʦʪʨʠʤʘʥʠʤʠ ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʤʦʞʥʘ ʩʫʜʠʪʠ, ʱʦ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʨʷʜʫ - 120 ɺʪ (ˉ10 ʽ ˉ11) ʽ ʧʨʠ ʤʘʣʦʤʫ ʯʘʩʫ ʥʘʧʠʣʝʥʥʷ - 10 

ʭʚ. (ˉ8, 9, 10) ʫʪʚʦʨʶʶʪʴʩʷ ʩʘʤʝ ʧʣʽʚʢʠ ʩʢʣʘʜʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʱʦ 

ʤʽʩʪʷʪʴ Al-ʆ (ʙʣʠʟʴʢʦ 750 ʩʤ-1), Si-ʆʅ (ʙʣʠʟʴʢʦ 950 ʩʤ-1), Al-N (670 ʩʤ- 1) 

ʟʚ'ʷʟʢʫ. 

  

ʟʨʘʟʢʽʚ ˉ11 ʪʘ ˉ12     ʟʨʘʟʢʽʚ ˉ13 ʪʘ ˉ14 

ʈʠʩ. 3.22. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʟʨʘʟʢʽʚ ˉ15 ʪʘ ˉ16 

  

ʟʨʘʟʢʽʚ ˉ17 ʪʘ ˉ18     ʟʨʘʟʢʽʚ ˉ19 ʪʘ ˉ20 

ʈʠʩ. 3.23. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ  

ʇʽʜʚʠʱʫʶʯʠ ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʨʷʜʫ (ʜʦ 240 ɺʪ) ʽ ʯʘʩ ʥʘʧʠʣʝʥʥʷ (ʜʦ 1 

ʛʦʜ.), ʁʤʦʚʽʨʥʦ ʩʪʚʦʨʶʶʪʴʩʷ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʬʘʟʠ 

ʩʢʣʘʜʫ AlN. ɺ ʩʧʝʢʪʨʘʭ ʧʨʠ ʬʦʨʩʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʚʠʷʚʣʷʻʪʴʩʷ ʜʫʞʝ 



189 

ʽʥʪʝʥʩʠʚʥʘ ʰʠʨʦʢʘ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 670 ʩʤ-1 ʩʠʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ (ˉ12, 

ˉ14, ˉ16, ˉ17, 18, ˉ19, 20). 

ʅʘʩʪʽʣʴʢʠ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠ ʟʥʘʯʥʽʡ ʥʘʧʽʚʰʠʨʠʥʫ ʩʤʫʛʠ 600-

670 ʩʤ-1 ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʘ ʪʠʧʦʚʘ ʜʣʷ ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʘʤʦʨʬʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʝ ʧʨʠʧʫʱʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʛʦʜʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʣʝʢʪʨʦʥʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

  ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʜʧʘʣʫ ʧʣʽʚʦʢ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ 

ʥʘ ʾʭ ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ 

ʆʧʠʩʘʥʠʡ ʚ ʣʽʪʝʨʘʪʫʨʽ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʧʦʨʠʩʪʦʩʪʽ ʧʣʽʚʦʢ ʦʢʩʠʜʽʚ 

ʢʨʝʤʥʽʶ ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʜʧʘʣʫ ʚ ʨʽʟʥʠʭ ʛʘʟʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [3.45, 

3.47], ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʥʘʤʠ ʜʦ ʧʣʽʚʢʘʤ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ. 

ɿʨʘʟʢʠ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 30 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1040 Á C ʚ ʩʫʭʽʡ 

ʢʘʤʝʨʽ ("ʩʫʭʠʡ ʚʽʜʧʘʣ") ʽ ʧʘʨʘʭ ʚʦʜʠ "ʤʦʢʨʠʡ ʚʽʜʧʘʣ "). ɿʽʩʪʘʚʣʷʣʠ ʾʭ 

ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʧʝʢʪʨʠ ʜʦ ʽ ʧʽʩʣʷ ʚʽʜʧʘʣʫ. ʋ ʨʷʜʽ ʩʧʝʢʪʨʽʚ ʧʽʩʣʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʚʽʜʧʘʣʫ ʥʝ ʟʥʘʡʜʝʥʦ ʩʤʫʛʘ 670 ʩʤ-1, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʝʛʨʘʜʘʮʽʶ AlN. 

ɿʥʠʢʥʝʥʥʷ ʬʘʟʠ ʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʟʨʦʩʪʘʥʥʷʤ ʥʘ 

ʧʽʜʢʣʘʜʮʽ (ʤʦʞʣʠʚʦ ʟ ʥʝʟʘʭʠʱʝʥʦʛʦ ʙʦʢʫ) ʘʤʦʨʬʥʦʛʦ ʰʘʨʫ SiO2 (ʚʠʥʠʢʥʝʥʥʷ 

ʩʤʫʛ 1060, ʙʣʠʟʴʢʦ 800 ʽ 458 ʩʤ
-1
). 

 

  

ʘ)       ʙ) 

ʈʠʩ. 3.24. ɯʂʉ ʧʨʦʧʫʩʢʘʥʥʷ ʧʽʩʣʷ "ʩʫʭʦʛʦ" ʚʽʜʧʘʣʫ ʟʨʘʟʢʘ ˉ2 (ʘ) ʟʨʘʟʢʘ ˉ10 

(ʙ) ʧʨʠ 1043 
ʦ
C ʧʨʦʪʷʛʦʤ 30 ʭʚ 
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ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʬʘʢʪ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʽʜʨʦʢʩʦ-

ʛʨʫʧ ʽ ʟʚ'ʷʟʢʫ Si-ʅ (2100 ʩʤ-1). ʆʩʪʘʥʥʽ ʜʚʽ ʦʟʥʘʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʫʱʽʣʴʥʝʥʥʷ ʽ 

ʜʝʛʽʜʨʘʪʘʮʽʾ ʧʣʽʚʢʠ. ɯʩʪʦʪʥʦʾ ʟʤʽʥʠ ʩʧʝʢʪʨʘ ʚ ʦʙʣʘʩʪʽ 1000-700 ʩʤ-1 ʥʝ 

ʚʠʷʚʣʝʥʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʜʧʘʣʫ, ʤʦʞʣʠʚʦ, 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʙʽʣʽʟʫʶʯʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʬʘʢʪʦʨʘʭ, ʥʘʧʨʠʢʣʘʜ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʫ AlN. 

 

ʘ)     ʙ)    ʚ) 

ʈʠʩ. 3.24. ɯʂʉ ʧʨʦʧʫʩʢʘʥʥʷ ʧʽʩʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʜʧʘʣʫ ʚ ʧʘʨʘʭ H2O ʟʨʘʟʢʘ ˉ2 

(ʘ), ʟʨʘʟʢʘ ˉ6 (ʙ), ʟʨʘʟʢʘ ˉ10 (ʚ) ʧʨʠ 1040 
ʦ
C ʧʨʦʪʷʛʦʤ 30 ʭʚ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ ʘʣʶʤʽʥʽʶ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʽʤ ʚʣʘʩʪʠʚʽ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʚʠʩʦʢʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽ, ʪʠʤ ʩʘʤʠʤ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ. 

3.3.ʌʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣ-ʧʦʣʽʤʝʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʰʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ 

[3.48 -3.51] ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʟʨʘʟʢʘʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ 

ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣ ï ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʧʣʠʚʘʚ ʥʘ ʾʭ ʩʧʝʢʪʨʘʣʴʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3.52 -3.55]. ʊʦʤʫ ʚ ʧʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ ʧʦʣʽʤʝʨʥʦʤʫ 
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ʩʝʨʝʜʦʚʠʱʽ, ʚʠʛʦʪʦʚʣʝʥʦ ʩʝʨʽʾ ʟʨʘʟʢʽʚ ʟ ʦʙôʻʤʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʝʪʘʣʝʚʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʚʽʜ 1  ʜʦ 40 % . ɺ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘ ʟʘʩʪʦʩʦʚʘʥʦ 

ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ. ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʮʴʦʛʦ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʽʩʥʫʻ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʽ ʦʪʚʝʨʞʜʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʘʨʽʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʬʦʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʷʢ ʜʦ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘʢ ʽ ʜʦ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʢʣʘʜʢʠ; ʜʣʷ ʩʤʦʣ ʭʘʨʘʢʪʝʨʥʽ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʫʩʘʜʢʘ; ʨʝʘʢʮʽʷ ʟʘʪʚʝʨʜʽʥʥʷ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ 

ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ; ʟʘʪʚʝʨʜʽʣʽ ʩʤʦʣʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʚʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [1.7]. 

ɼʽʝʣʝʢʪʨʠʯʥʽ ʩʧʝʢʪʨʠ ʚʠʤʽʨʶʚʘʣʠ ʤʝʪʦʜʘʤʠ ʽʤʧʝʜʘʥʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʩʪʫʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [3.51, 3.56]: ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (3 ʤʢɻʮ ï 

20 ʄɻʮ) ʚʠʢʦʨʠʩʪʘʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ Novocontrol ɸlpha-ɸ (ʦʩʥʦʚʥʘ 

ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʽʤʧʝʜʘʥʩʫ 0,2%); ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ 

ʚʠʤʽʨʶʚʘʣʴʥʘ ʢʦʤʽʨʢʘ Novocontrol BDS2100, ʽʤʧʝʜʘʥʩʥʠʡ ʘʥʘʣʽʟʘʪʦʨ Agilent 

4291B ( ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ 1 ʄɻʮ-1,8 ɻɻʮ , ʦʩʥʦʚʥʘ ʧʦʭʠʙʢʘ 10%); ʫ 

ʅɺʏ ʜʽʘʧʘʟʦʥʽ - ʤʽʢʨʦʭʚʠʣʴʦʚʠʡ ʤʝʨʝʞʝʚʠʡ ʘʥʘʣʽʟʘʪʦʨ Agilent E8364B. 

ʄʘʛʥʽʪʥʽ ʩʧʝʢʪʨʠ ʚʠʤʽʨʶʚʘʣʠ ʽʤʧʝʜʘʥʩʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʨʝʞʝʚʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ Agilent E5061B-3L5 ʪʘ Agilent 16454A (ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʘʻ - 5% ʫ ʜʽʘʧʘʟʦʥʽ 1 ʄɻʮ - 100 ʄɻʮ, 10% ʫ ʜʽʘʧʘʟʦʥʽ 

100 ʄɻʮ - 300 ʄɻʮ ʪʘ 20% - ʥʘ ʨʝʰʪʽ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʴ ʧʽʜʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʢʦʤʧʦʟʠʪʽʚ ʥʝʦʙʭʽʜʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʇʨʠʢʣʘʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʠʩʧʝʨʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ 

ʯʘʩʪʠʥ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʪʘʣ ï ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʥʽʢʝʣʶ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3.25 ʪʘ ʨʠʩ.3.26. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʜʦʩʪʘʪʥʴʦ 

ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ. ɿʦʢʨʝʤʘ, ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʤʝʪʘʣʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ ʦʙôʻʤʽ ʢʦʤʧʦʟʠʪʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
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ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʪʘ ʚʪʨʘʪ ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ 

ʢʦʤʧʦʟʠʪʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʅʘʧʨʠʢʣʘʜ, ʟʽ ʟʤʽʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Ni ʚ ʟʨʘʟʢʘʭ ʚʽʜ 0 ʜʦ 40% ʜʽʡʩʥʘ ʯʘʩʪʠʥʘ ʢʦʤʧʣʝʢʩʥʦʾ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʨʦʩʪʘʻ ʥʘ 2 ʧʦʨʷʜʢʠ, ʘ ʫʷʚʥʘ ʯʘʩʪʠʥʘ ï ʥʘ 6-7 

ʧʦʨʷʜʢʽʚ ʥʘ ʥʠʟʴʢʽʡ ʯʘʩʪʦʪʽ.  

 

   ʘ)       ʙ) 

ʈʠʩ. 3.25. ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʦʙʻʤʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʤʝʪʘʣʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ (ʥʽʢʝʣʶ) ʚ ʢʦʤʧʦʟʠʪʥʽʡ 

ʩʠʩʪʝʤʽ ʤʝʪʘʣ ï ʧʦʣʽʤʝʨ: 1 ï 0,12; 2 ï 0,23; 3 ï 0,32; 4 ï 0,4 

ɿ ʨʠʩ. 3.26 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʤʘʛʥʽʪʥʘ ʜʠʩʧʝʨʩʽʷ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 1ʄɻʮ-3ɻɻʮ. ʗʢ ʧʨʘʚʠʣʦ, ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʚʢʣʶʯʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ, ʷʢ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ, ʪʘʢ ʽ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ɸʥʘʣʽʟ 

ʩʧʝʢʪʨʽʚ ʢʦʤʧʦʟʠʪʽʚ ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʦʩʥʦʚʥʠʡ ʤʘʢʩʠʤʫʤ 

ʤʘʛʥʽʪʥʠʭ ʚʪʨʘʪ ʤʘʻ ʤʽʩʮʝ ʥʘ ʯʘʩʪʦʪʘʭ ʚʠʱʝ 3 ɻɻʮ, ʪʦʙʪʦ ʚʠʱʝ ʯʘʩʪʦʪʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [3.48]. ʂʨʽʤ ʪʦʛʦ, ʚ ʦʙʣʘʩʪʽ 

100 ʄɻʮ ʽ 1 ɻɻʮ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʤʝʪʘʣ ï 

ʧʦʣʽʤʝʨ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʚʢʣʶʯʝʥʴ ʽ 

ʤʝʥʰʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ (ʦʜʥʦʨʽʜʥʦʩʪʽ) ʨʦʟʧʦʜʽʣʫ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ ʤʘʪʨʠʮʽ [3.58, 3.59]. 
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   ʘ)       ʙ) 

ʈʠʩ. 3.26. ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʦʙʻʤʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʤʝʪʘʣʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ (ʥʽʢʝʣʶ) ʚ ʢʦʤʧʦʟʠʪʥʽʡ 

ʩʠʩʪʝʤʽ ʤʝʪʘʣ ï ʧʦʣʽʤʝʨ: 1 ï 0,12; 2 ï 0,23; 3 ï 0,4  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʢʣʘʜʫ. ʉʪʨʫʢʪʫʨʘ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʘ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ . ʈʝʥʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Ultima 

IV. ʇʨʠʢʣʘʜʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʽ ʪʘ ʩʢʣʘʜʫ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ 

ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.27. 
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ʘ)       ʙ) 

ʈʠʩ. 3.24.  ɿʥʽʤʦʢ ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʽʚ 

ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ  (ʘ), (ʙ). 

ʅʘʥʦʜʠʩʧʝʨʩʥʘ ʬʘʟʘ ʤʝʪʘʣʫ ʷʚʣʷʻ ʩʦʙʦʶ ʢʣʘʩʪʝʨʠ ʨʦʟʤʽʨʦʤ 20 ï 70 ʥʤ. 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʜʽʝʣʝʢʪʨʠʯʥʠʭ, ʪʘʢ ʽ ʤʘʛʥʽʪʥʠʭ ʚʪʨʘʪ ʢʦʤʧʦʟʠʪʽʚ ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ ʚ 

ʅɺʏ ʜʽʘʧʘʟʦʥʽ ʻ ʧʦʟʠʪʠʚʥʦʶ ʦʟʥʘʢʦʶ ʜʣʷ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʧʦʛʣʠʥʘʶʯʠʭ ʘʙʦ ʝʢʨʘʥʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʦʙʪʦ, ʟʤʽʥʶʶʯʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ, ʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʠ 

ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [3.56, 3.57 ]. 

ɼʣʷ ʦʮʽʥʢʠ ʪʘ ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʽʚ ʷʚʣʷʶʪʴʩʷ ʜʦʮʽʣʴʥʠʤʠ ʚʩʪʘʥʦʚʠʪʠ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʠʭ ʜʠʩʧʝʨʩʽʡʥʠʭ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ 

ʤʘʛʥʽʪʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʨʝʘʣʴʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʩʪʨʫʢʪʫʨ ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ. 

ɼʣʷ ʚʠʙʽʨʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʤʝʪʘʣʫ ʚʽʜ 0,1 ʜʦ 0,4 

ʜʦʣʽ ʦʙʻʤʫ ʜʽʡʩʥʫ ʪʘ ʫʷʚʥʫ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʚʢʘʟʘʥʠʭ ʫʤʦʚ ʪʘ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ (Ổ) 

ʥʘʩʪʫʧʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ: 
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ɺʩʪʘʥʦʚʣʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʦʧʠʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ, ʟ ʟʘʜʘʥʠʤʠ ʜʠʩʧʝʨʩʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

3.4. ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 3 

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʦʧʪʠʯʥʽ (ʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ  

l=0.2·1.1 ʤʢʤ) ʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʥʽʢʝʣʶ, ʭʨʦʤʫ ʽ ʤʽʜʽ ʟ ʚʘʛʦʚʠʤʠ 

ʪʦʚʱʠʥʘʤʠ ʚʽʜ 0.3 ʜʦ 2.0 ʥʤ ʥʘ ʩʢʣʷʥʠʭ  ʪʘ ʢʚʘʨʮʦʚʠʭ ʧʽʜʢʣʘʜʢʘʭ.  

ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʩʘʜʞʝʥʥʷ ʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʘʣʽʚ ʥʘ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʧʣʽʚʦʢ ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ  ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ (ʧʽʜʢʣʘʜʢʠ). ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ ʤʽʜʽ, ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʥʘ ʢʚʘʨʮʦʚʠʭ ʧʽʜʢʣʘʜʢʘʭ ʤʘʶʪʴ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʩʪʦʚʽʨʥʫ ʦʮʽʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ɸʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʚ ʧʨʦʮʝʩʽ ʨʦʩʪʫ ʦʩʪʨʽʚʮʝʠʭ ʧʣʽʚʦʢ ʤʽʜʽ ʥʘ ʨʽʟʥʠʭ ʧʽʜʢʣʘʜʢʘʭ 

ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ ʤʝʭʘʥʽʟʤʠ ʾʭ ʫʪʚʦʨʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʩʪʫ ʽ ʩʧʦʩʦʙʠ 

ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ 

ʥʝʦʙʭʽʜʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʝʥʠʭ ʧʣʽʚʦʢ ʥʘ ʾʭ 

ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʤʫʛʠ ʚ ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʚʽʜʙʠʪʪʷ, 

ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙʩʷʛʘʭ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʢʘʭ ʧʦʙʣʠʟʫ 0,25 ʤʢʤ, 0,32 ʤʢʤ, 0,48 ʤʢʤ. ʇʨʠ ʮʴʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʱʝʥʥʷ ʩʤʫʛʠ ʚ ʦʙʣʘʩʪʽ ʚʽʜ 0,7 ʤʢʤ ʜʦ 0,62 ʤʢʤ ʚ 

ʦʩʪʨʽʚʢʦʚʠʭ ʧʣʽʚʢʘʭ ʤʽʜʽ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʚʘʛʦʚʦʾ ʪʦʚʱʠʥʠ. ɿʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʘ 
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ʟʘʜʘʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

(ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ) 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʩʠʥʪʝʟʫ ʧʣʽʚʦʢ ʦʢʩʠʥʽʪʨʠʜʫ 

ʘʣʶʤʽʥʽʶ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʾʭ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. ɼʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ɯʏ ʽ ʦʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʝʣʝʤʝʥʪʥʠʡ, ʬʘʟʦʚʠʡ ʽ ʩʪʨʫʢʪʫʨʥʠʡ ʩʢʣʘʜ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʣʽʚʦʢ. ʆʙʛʦʚʦʨʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʽʚʦʢ. ɼʦʩʣʽʜʞʝʥʦ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʧʣʽʚʦʢ. 

ʆʪʨʠʤʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʨʝʞʠʤʘʭ ʩʠʥʪʝʟʫ ʧʣʽʚʦʢ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʽʟʘʮʽʶ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʟʘʜʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ. 

ɺʠʛʦʪʦʚʣʝʥʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽ ʢʦʤʧʦʟʠʪʠ ʥʽʢʝʣʴ ï ʧʦʣʽʤʝʨ ʪʘ 

ʜʦʩʣʽʜʞʝʥʦ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʢʣʘʜ ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʦʩʣʽʜʞʝʥʦ ʜʽʝʣʝʢʪʨʠʯʥʽ ʩʧʝʢʪʨʠ ʪʘ ʩʧʝʢʪʨʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 
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9
 ɻʮ 3) ʅʘʷʚʥʽʩʪʴ ʚ ʩʬʦʨʤʦʚʘʥʠʭ 

ʤʝʪʘʣ-ʧʦʣʽʤʝʨʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʚʪʨʘʪ, 

ʦʙʫʤʦʚʣʝʥʠʭ ʜʠʩʧʝʨʩʽʻʶ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʅɺʏ ʜʽʘʧʘʟʦʥʽ, ʨʦʙʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʝʢʨʘʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʣʽʚʦʢ ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 2. ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟ ʟʘʜʘʥʠʤʠ ʦʧʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. 



197 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, ʘʚʪʦʨʦʤ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʦʙʦʪʠ [1.216, 3.5, 3.30, 3.35, 3.44, 3.48 - 3.59]. 
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ʈʆɿɼɯʃ 4. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʉʇɽʂʊʈɸʃʔʅʀʍ ʊɸ 

ʈʆɿʄɯʈʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ 

ʇɸʈɸʄɽʊʈɯɺ ʅɸʅʆʈʆɿʄɯʈʅʀʍ ʂʆʄʇʆʅɽʅʊ ɺ 

ʄɽʊɸʃʆɼɯɽʃɽʂʊʈʀʏʅʀʍ ʅɸʅʆʉʊʈʋʂʊʋʈʅʀʍ ʉʀʉʊɽʄɸʍ 

ɼʦʩʪʦʚʽʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ɽʄ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʤʝʪʘʣʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʨʦʟʨʦʙʢʠ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʥʘ ʾʭ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʠʨʽʰʝʥʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ. ɺʦʜʥʦʯʘʩ ʟ ʪʦʯʢʠ ʟʦʨʫ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣʽʚ ʚʝʣʴʤʠ ʚʘʞʣʠʚʘ, ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʾʭ ʨʦʟʤʽʨʫ ʥʠʞʯʝ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʠ (ʝʣʝʢʪʨʠʯʥʘ 

ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ a = a1 ῐ ia2, ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ e = e1 ῐ ie2 ʽ ʪ. ʧ.) 

ʩʪʘʶʪʴ ʨʦʟʤʽʨʥʦ-ʟʘʣʝʞʥʠʤʠ ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʝʪʘʣʽʚ ʚ ʤʘʩʠʚʥʦʤʫ ʩʪʘʥʽ [1.14, 1.170]. ʈʘʟʦʤ ʟ ʪʠʤ ʤʝʭʘʥʽʟʤʠ ʧʦʛʣʠʥʘʥʥʷ 

ɽʄ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʚʯʝʥʽ ʱʝ 

ʥʝʜʦʩʪʘʪʥʴʦ, ʟʦʢʨʝʤʘ ʥʝ ʟôʷʩʦʚʘʥʘ ʨʦʣʴ ʨʦʟʤʽʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ɽʄ 

ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʦʾ ʤʝʪʘʣʝʚʦʾ ʯʘʩʪʢʠ [1.92, 1.109]. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʷʢ ʚʽʜʦʤʦ, 

ɽʄ ʧʘʨʘʤʝʪʨʠ ʨʝʘʣʴʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʟʘʟʚʠʯʘʡ ʘʧʨʽʦʨʽ ʥʝʚʽʜʦʤʽ. 

ɿʦʢʨʝʤʘ, ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʾ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʤʽʞ ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʦʚʝʨʭʥʝʚʽ ʘʙʦ ʙʘʨ'ʻʨʥʽ 

ʰʘʨʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʽʻʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ 

ʩʧʨʷʤʦʚʘʥʘ ʟʤʽʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʰʘʨʽʚ ʪʘʢʦʞ ʤʦʞʝ ʩʣʫʞʠʪʠ ʦʜʥʠʤ ʟ 

ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʫ ʨʦʟʜʽʣʽ 1 ʩʣʽʜʫʻ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ɽʄ ʧʘʨʘʤʝʪʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʽʚ ʚʢʨʘʡ ʦʙʤʝʞʝʥʘ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ ʚʠʧʘʜʢʫ ʨʷʜʫ ʦʙʤʝʞʝʥʴ ʧʦ 
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ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʥʘʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʫ [1.73, 

1.94, 1.96, 1.100]. ɿʦʢʨʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʬʦʢʫʩʫʚʘʣʠʩʷ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʚʽʜ 0,4ʤʢʤ ʜʦ 1,0 ʤʢʤ (ʚʠʜʠʤʽʡ, ʙʣʠʞʥʽʡ ɯʏ) [1.94]. ʇʨʠ 

ʮʴʦʤʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʦʮʽʥʶʶʪʴʩʷ ʬʦʨʤʘʣʴʥʦ ʟʘ 

ʫʤʦʚʠ ʾʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʽ ʢʽʣʴʢʽʩʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʏ ʤʝʪʘʣʽʚ (ʟʦʢʨʝʤʘ ʤʽʜʽ, 

ʥʽʢʝʣʶ, ʭʨʦʤʫ) ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʫ 

ʚʽʜʦʤʠʭ ʥʘʤ ʧʫʙʣʽʢʘʮʽʷʭ ʥʝ ʚʠʷʚʣʝʥʦ. ʗʢ ʧʨʘʚʠʣʦ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʨʦʟʚô̫ ʟʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʦ ʟʘ ʫʤʦʚʠ ʪʦʪʦʞʥʦʩʪʽ ɽʄ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʤʝʪʘʣʝʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜʧʦʚʽʜʥʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʤʝʪʘʣʽʚ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ [1.28, 1.239, 4.1, 4.2.]. ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʫʧʝʨʝʯʣʠʚʽ ʽ ʙʽʣʴʰʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʥʝ ʟʜʘʪʥʽ ʦʧʠʩʘʪʠ ʨʦʟʤʽʨʥʽ ʟʤʽʥʠ ɽʄ ʧʘʨʘʤʝʪʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʜʠʚ. ʨʦʟʜʽʣ 1). 

ʂʨʽʤ ʪʦʛʦ, ʤ̔ ʞ ʚʠʟʥʘʯʝʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʩʥʫʶʪʴ ʟʥʘʯʥʽ ʨʦʟʙʽʞʥʦʩʪʽ, ʱʦ 

ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʾʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [1.170, 1.220]. 

ʇʨʠ ʮʴʦʤʫ ʧʨʦʙʣʝʤʦʶ ʧʦʜʽʙʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʝ, 

ʱʦ ɽʄ ʧʘʨʘʤʝʪʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʥʝʜʦʩʪʫʧʥʽ ʙʝʟʧʦʩʝʨʝʜʥʽʤ 

ʚʠʤʽʨʘʤ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɽʄ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʽʜʛʫʢʫ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʪʘʢʠʭ ʷʢ ʦʩʪʨʽʚʮʝʚʽ ʤʝʪʘʣʝʚʽ ʧʣʽʚʢʠ ʘʙʦ 

ʢʦʤʧʦʟʠʪʥʽ ʩʪʨʫʢʪʫʨʠ. ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʨʦʟʜʽʣ3), ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚ ʦʜʥʦʰʘʨʦʚʠʭ ʪʘ ʚ ʩʢʣʘʜʽ ʰʘʨʫʚʘʪʠʭ ʩʠʩʪʝʤ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʘ ʧʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʴʥʠʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʽʭ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ ʚ ʩʠʩʪʝʤʽ 

ʥʘʥʦʨʦʟʤʽʨʥʘ ʦʩʪʨʽʚʮʝʚʘ ʧʣʽʚʢʘ (ʦʜʥʦʰʘʨʦʚʘ ʩʪʨʫʢʪʫʨʘ) ʢʨʘʱʦʶ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ ʻ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʽʜʛʫʢʫ ʜʚʦʤʽʨʥʦʾ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʽʚʥʷʥʴ ʈʦʟʝʥʙʝʨʛʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʨʝʘʣʴʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ 

ʱʦʜʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʟʦʢʨʝʤʘ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ 

ʨʦʟʤʽʨʘʤʠ) ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ɽʄ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʚ ʨʦʟʰʠʨʝʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʙʣʠʞʥʽʡ ʋʌ, ʚʠʜʠʤʽʡ, ʙʣʠʞʥʽʡ ɯʏ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ) 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʊ = 300ʂ. ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ï ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ (ʜʠʚ. ʨʦʟʜʽʣ 2) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ - ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʟʫ 

ʩʪʘʪʠʩʪʠʢʠ ʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ ʟʘ ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʩʠʩʪʝʤ ʟʽ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [2.18, 2.23, 4.3 ï 4.7]. ʎʽ ʤʝʪʦʜʠ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʽ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʟʜʽʣʽ 3. ɿʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʦʜʝʨʞʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ - 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚ ʦʧʪʠʯʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʥʘʜʘʣʽ ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ ʤʽʜʽ, ʥʽʢʝʣʶ ʪʘ ʭʨʦʤʫ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ. 
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4.1. ʅʘʥʦʨʦʟʤʽʨʥʠʽ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ ʚ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ (ʨʦʟʜʽʣ 1) ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘʥʦʨʦʟʤʽʨʥʽ ʯʘʩʪʠʥʢʠ 

ʪʘ ʰʘʨʠ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʾʾ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʚʘʞʣʠʚʦʶ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʟʥʘʯʝʥʥʷ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʢʦʤʧʦʥʝʥʪ. ɺʦʜʥʦʯʘʩ, ɽʄ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʚʧʣʠʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʤʽʜʽ, ʟʦʢʨʝʤʘ ʚ ʨʝʘʣʴʥʠʭ ʰʘʨʫʚʘʪʠʭ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʚʯʝʥʠʡ ʥʝʜʦʩʪʘʪʥʴʦ.  

ɼʘʥʠʡ ʧʽʜʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ɽʄ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ 

ʰʘʨʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ ʚ ʦʜʥʦʰʘʨʦʚʠʭ ʪʘ ʰʘʨʫʚʘʪʠʭ ʩʠʩʪʝʤʘʭ.  

4.1.1 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʩʠʩʪʝʤ ʟʽ ʩʪʘʪʠʩʪʠʯʥʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ 

ʈʦʟʝʥʙʝʨʛʘ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʽ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘ ʜʚʦʤʽʨʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʚʦʤʽʨʥʘ 

ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʦʩʪʨʽʚʮʝʚʽ ʧʣʽʚʢʠ ʤʽʜʽ (ʤʦʥʦʰʘʨʠ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ï ʦʩʪʨʽʚʮʽʚ ʤʽʜʽ) ʥʘ ʧʨʦʟʦʨʽʡ ʧʽʜʢʣʘʜʮʽ (ʧʣʘʚʣʝʥʠʡ 

ʢʚʘʨʮ). ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ (ʜʠʚ. 

ʨʦʟʜʽʣ 3), ʱʦ ʟʨʘʟʢʠ ʤʘʣʠ ʦʩʪʨʽʚʮʝʚʫ ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʦʜʥʦʨʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʟ 

ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʩʬʝʨʠʯʥʠʭ ʥʘʥʦʦʩʪʨʽʚʮʽʚ D0 = 3 - 8 ʥʤ ʽ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʚʘʨʮʝʚʠʭ ʧʽʜʢʣʘʜʦʢ N0 = (4.5 - 9.4) Ĭ10
11

 ʩʤ
-2
. ɺʠʙʽʨ ʟʥʘʯʝʥʴ Ŭ = 
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Ŭ1-iŬ2 , ʷʢʽ ʤʘʶʪʴ ʬʽʟʠʯʥʠʡ ʩʝʥʩ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʜʽʘʧʘʟʦʥʫ ɚ, ʧʨʦʚʦʜʠʚʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ ʚʠʢʣʘʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 3.1 (ʘʥʦʤʘʣʴʥʘ ʜʠʩʧʝʨʩʽʷ 

ʝʬʝʢʪʠʚʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ  

ʦʢʨʝʤʦʾ ʯʘʩʪʠʥʢʠ). ɿʦʢʨʝʤʘ, ʬʽʟʠʯʥʠʡ ʩʝʥʩ ʤʘʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʢʦʨʽʥʴ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ P1<0, P2>0 ʫ ʦʙʣʘʩʪʽ l ¢ lR, ʘ ʢʦʨʽʥʴ P1<0, P2<0 ʚ ʜʽʘʧʘʟʦʥʽ 

l>lR  . ɺʠʟʥʘʯʝʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʽʜʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʽʘʤʝʪʨʫ D0 

ʯʘʩʪʠʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.1. 

ɯʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ Ŭ1, Ŭ2 ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʽʜʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʜʝʣʴʥʠʭ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ Ŭ1Cu, Ŭ2Cu ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ "ʤʘʩʠʚʥʦʾ" ʤʽʜʽ (ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙʩʷʛʘʭ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙʩʷʛʘʭ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ [1.30, 4.8-4.10, 4.17, 4.18], ʧʨʦʪʝ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʜʣʷ ʘʥʘʣʽʟʫ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʘʭ Johnson P.B., Christy R.W. ʈʦʟʨʘʭʫʥʦʢ Ŭ1Cu, Ŭ2Cu 

ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʦʧʪʠʯʥʠʭ ʢʦʥʩʪʘʥʪ n ʽ k ʜʣʷ ʤʽʜʽ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙ'ʻʤʘʭ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʽ [4.8] ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ (1.5) 

ʪʘ (3. 1 ), (3. 2 ). ɿʦʢʨʝʤʘ, ʜʣʷ ʚʠʧʘʜʢʫ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ (ʬʘʢʪʦʨ ʬʦʨʤʠ 

ʯʘʩʪʠʥʢʠ f = 1/3) a1, a2 ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [1.14, 1.18]:  

( )( )[ ]
( ) 2

2

2

1

2
211

1
2

23

eee

eeeee
a

++

++-
=

m

mm ,    (4.1) 

( ) 2
2

2

1

2
2

2

9

eee

ee
a

++
=

m

m .      (4.2) 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ Ŭ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʽ ʧʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (4.1), (4.2) ʟʘ ʫʤʦʚʠ ʱʦ , ʜʝ Ң0 ï 
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ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʧʨʠ ʟʥʘʯʝʥʥʷʭ Ң0 =1 ʪʘ Ң0 =2,38 (ʧʣʘʚʣʝʥʠʡ ʢʚʘʨʮ). 

ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ Ŭ1Cu, Ŭ2Cu ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.2. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 4.1. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʤʽʜʽ (ʚ ʄɼ ʩʠʩʪʝʤʽ ⱷ ʦʩʪʨʽʚʮʝʚʘ ʧʣʽʚʢʘ ʤʽʜʽ ʥʘ ʢʚʘʨʮʝʚʽʡ ʧʽʜʢʣʘʜʮʽ) ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʦʟʤʽʨʫ D0  ʯʘʩʪʠʥʦʢ 
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ɯʟ ʨʠʩ.4.1 ʨʠʩ. 4.2 ʚʠʜʥʦ,ʱʦ ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ Ŭ1, Ŭ2 ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʽʜʽ ʷʢʽʩʥʦ ʽ ʢʽʣʴʢʽʩʥʦ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ 

ʤʦʜʝʣʴʥʠʭ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ 

ʦʙ'ʻʤʘʭ. ʇʨʠ ʮʴʦʤʫ ʧʠʪʦʤʘ ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʧʦ ʘʙʩʦʣʶʪʥʽʡ ʚʝʣʠʯʠʥʽ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʻ ʟ̔ ʟʤʝʥʰʝʥʥʷʤ D0 . ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʦʟʤʽʨʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʽʜʽ ʚʽʜ 

3 ʥʤ ʜʦ 8 ʥʤ ʨʦʟʙʽʞʥʦʩʪʽ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʟʥʘʯʝʥʥʷ Ŭ1, Ŭ2 ʤʘʡʞʝ 

ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ ʟʥʘʯʝʥʴ Ŭ1Cu, Ŭ2Cu..  

 

ʈʠʩ. 4.2. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ 

ʤʽʜʽ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʩʬʝʨʠ ʟ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ ʦʙôʻʤʽ [4.8] ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

Ům: 1 ï Ům  = 1 ; 2 ï Ům  = 1.69  

ɺ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ a2 ʚ ʽʥʪʝʨʚʘʣʽ 0,2 ï 1.1 ʤʢʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʷʜ ʩʤʫʛ. ɸ ʩʘʤʝ, ʚ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʙʽʣʷ 0,6 ʤʢʤ, 0,31 - 

0,47 ʤʢʤ ʪʘ ʤʝʥʰʝ 0,25 ʤʢʤ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 

0,6 ʤʢʤ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ ʤʽʜʽ ʚʽʜ 8 ʥʤ ʜʦ 3,2 ʥʤ ʤʘʢʩʠʤʫʤ 

ʩʤʫʛʠ ʷʚʥʦ ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʣʘʢʠʪʥʫ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʫ ʪʘ ʟʨʦʩʪʘʻ ʡʦʛʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʽʱʝʥʥʷ ʧʽʢʘ ʚ 

ʦʙʣʘʩʪʽ 0,25 ʤʢʤ ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, 

  

ʘ)      ʙ) 
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ʘ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʚ ʦʢʦʣʠʮʽ 0,31 ʤʢʤ ʜʣʷ ʯʘʩʪʠʥʦʢ 

ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʚ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʚ ʷʢʦʩʪʽ ɽʄ ʧʘʨʘʤʝʪʨʽʚ ʅʏ 

ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʣʝʢʩʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ 

1 2ie e e= + ʪʘ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʦʮʽʥʮʽ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʦʤʧʣʝʢʩʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʝʪʘʣʫ ʚʠʟʥʘʯʘʣʘʩʴ ʧʦ ʾʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʠʪʦʤʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ (1.5), ʘ ʚ ʚʠʧʘʜʢʫ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ ʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4.1), (4.2). ʗʢ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʚ [1.12, 1.93], ʚʠʨʘʟʠ (4.1), (4.2) 

ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʟʥʘʯʝʥʴ e1 ʽ e2 ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʝʨʽʚʥʦʩʪʽ: 

12 0 <<
l

p
R

n        (4.3) 

ʎʷ ʦʙʩʪʘʚʠʥʘ ʚʠʧʨʘʚʜʦʚʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʢʘʟʘʥʠʭ ʚʠʨʘʟʘʭ ʜʣʷ ʦʮʽʥʢʠ 

ʟʥʘʯʝʥʴ e1 ʽ e2 ʅʏ ʟ ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ 10 ʥʤ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ n ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ k ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʦʮʽʥʶʚʘʣʠʩʷ ʽʟ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, (2.8). 

ʅʘ ʨʠʩ. 4.3 ʪʘ ʨʠʩ.4.4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʜʝʨʞʘʥʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʩʧʝʢʪʨʘʣʴʥʽ ʪʘ ʨʦʟʤʽʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 1e ʽ 2e, ʘ ʥʘ ʨʠʩ.4.5 ʽ 

ʨʠʩ. 4.6 n ʽ k ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʟ ʨʦʟʤʽʨʦʤ ʚʽʜ 3 ʥʤ ʜʦ 8 ʥʤ ʪʘ ʜʣʷ 

ʤʦʜʝʣʴʥʠʭ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ 

ʦʙ'ʻʤʘʭ. 

ɯʟ ʨʠʩ. 4.3 ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ e2 ʧʘʜʘʶʪʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʜʠʩʧʝʨʩʽʡʥʠʭ ʢʨʠʚʠʭ e2 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʽʜʽ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 0,2 ï 0,6 ʤʢʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʢʣʘʜʥʘ ʩʤʫʛʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʝʢʩʪʨʝʤʫʤʽʚ, ʟʦʢʨʝʤʘ ʚ ʦʙʣʘʩʪʷʭ 0,52 ï 

0,42 ʤʢʤ, 0,29 ï 0,24 ʤʢʤ ʪʘ ʙʽʣʴʰ ʩʣʘʙʦ ʚʠʨʘʞʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ 0,34 ï 

0,31 ʤʢʤ. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʽʢʠ ʚ ʦʙʣʘʩʪʽ 0,52 ï 0,42 ʤʢʤ 
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ʟʤʽʱʫʶʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʘ ʚ ʦʙʣʘʩʪʽ 0,29 ï 0,24 ʤʢʤ ʚ 

ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʚʽʜ 8 ʥʤ ʜʦ 

3,2 ʥʤ. 

 

ʘ)  

 

ʙ) 

ʈʠʩ. 4.3. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ (ʚ ʄɼ 

ʩʠʩʪʝʤʽ ⱷ ʦʩʪʨʽʚʮʝʚʘ ʧʣʽʚʢʘ ʤʽʜʽ ʥʘ ʢʚʘʨʮʝʚʽʡ ʧʽʜʢʣʘʜʮʽ) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʨʦʟʤʽʨʫ D0  ʯʘʩʪʠʥʦʢ 
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ʘ)      ʙ) 

ʈʠʩ. 4.4. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʽʡʩʥʦʾ (ʘ) ʪʘ ʫʷʚʥʦʾ (ʙ) ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ: 1 ï 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʜʣʷ ʯʘʩʪʠʥʦʢ ʟ ʨʦʟʤʽʨʦʤ D0= 8 ʥʤ; 2 ï ʜʣʷ ʤʦʜʝʣʴʥʦʾ 

ʩʬʝʨʠ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙ'ʻʤʘʭ [4.8]  

ʂʨʽʤ ʪʦʛʦ, ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ e1 ʤʘʻ ʥʝʛʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʫʩʽʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ. ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ e1 ʽ e2 ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʧʦʨʽʚʥʷʻʤʦ ʾʭ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ e1Cu ʽ e2Cu ʜʣʷ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʦʤʫ 

ʦʙôʻʤʽ. ɿʥʘʯʝʥʥʷ e1Cu ʽ e2Cu ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 0,19 ï 1,9 ʤʢʤ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʦʧʪʠʯʥʽ ʢʦʥʩʪʘʥʪʠ n ʽ k ʜʣʷ ʤʽʜʽ ʚ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙ'ʻʤʘʭ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [4.8]. ɺ ʜʠʩʧʝʨʩʽʾ e2Cu ʤʘʶʪʴ 

ʤʽʩʮʝ ʩʤʫʛʠ ʟ ʧʽʢʘʤʠ ʚ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 0,25, 0,32, 0,49 ʤʢʤ, ʘ ʪʘʢʦʞ 

ʨʽʟʢʠʡ ʨʽʩʪ ʟʥʘʯʝʥʴ e2Cu ʧʨʠ l ʙʽʣʴʰʝ 0,6 ʤʢʤ. ʗʢ ʚʽʜʤʽʯʝʥʦ ʚ ʦʛʣʷʜʦʚʠʭ 

ʨʦʙʦʪʘʭ [1.30, 4.8-4.10] ʚʢʘʟʘʥʽ ʩʤʫʛʠ ʧʨʠ ʝʥʝʨʛʽʾ ʙʽʣʴʰʝ 2,1 ʝɺ ʦʙʫʤʦʚʣʝʥʽ 

ʤʽʞʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʜʣʷ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙ'ʻʤʘʭ.  

ɿʽʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ e2  

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ ʜʣʷ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʦʙôʻʤʫ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʷʢʽʩʥʦ ʧʦʜʽʙʥʽ. ʇʨʠ ʮʴʦʤʫ ʤʘʶʪʴ ʤʽʩʮʝ 

ʨʦʟʙʽʞʥʦʩʪʽ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʚ ʥʘʩʪʫʧʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʭ. ʎʝ ʧʝʨʝʜʫʩʽʤ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ e2 ʚ ʚʠʧʘʜʢʫ ʯʘʩʪʠʥʦʢ. ʂʨʽʤ ʪʦʛʦ, ʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ 
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ʩʤʫʛʠ ʚ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʙʽʣʷ 0,5 ʤʢʤ ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʣʘʢʠʪʥʫ ʦʙʣʘʩʪʴ 

ʩʧʝʢʪʨʫ, ʪʦʜʽ ʷʢ ʧʽʢ ʚ ʦʙʣʘʩʪʽ 0,29 ï 0,24 ʤʢʤ ʟʤʽʱʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ l 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ ʜʦ ʯʘʩʪʠʥʦʢ. ɺʦʜʥʦʯʘʩ 

ʟʨʦʩʪʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʮʠʭ ʧʽʢʽʚ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʦʣʦʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʣʘʙʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʦʢʦʣʠʮʽ 0,31 ʤʢʤ ʜʣʷ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ 

ʨʦʟʤʽʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʪʦʯʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

  

ʘ)      ʙ) 

ʈʠʩ. 4.5. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ n (ʘ)  ʪʘ ʧʦʛʣʠʥʘʥʥʷ 

k (ʙ) ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ: 1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʜʣʷ ʯʘʩʪʠʥʦʢ ʟ 

ʨʦʟʤʽʨʦʤ D0= 3 ʥʤ; 2 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟ D0= 8 ʥʤ; 3 ï ʜʣʷ ʤʦʜʝʣʴʥʦʾ 

ʩʬʝʨʠ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʜʽ ʚ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙ'ʻʤʘʭ [4.8] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʢʘʟʫʻ, ʱʦ ʚ ʨʘʟʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʤʽʜʽ ʚ ʤʝʪʘʣʦʜʽʝʣʝʢʪʨʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʦʩʪʨʽʚʮʝʚʘ ʧʣʽʚʢʘ ʥʘ ʢʚʘʨʮʝʚʽʡ ʧʽʜʢʣʘʜʮʽ ʤʘʶʪʴ ʤʽʩʮʝ ʤʽʞʟʦʥʥʽ 

ʧʝʨʝʭʦʜʠ ʧʦʙʣʠʟʫ 5,0, 3,9, ʽ 2,5 ʝɺ (l = 0,25; 0,31; 0,49 ʤʢʤ), ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʦʞ ʫ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʦʙôʻʤʘʭ ʤʝʪʘʣʫ. ʆʯʝʚʠʜʥʦ, ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʮʠʭ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚʧʣʠʚʘʻ ʥʘ ʣʦʢʘʣʽʟʘʮʽʶ 

ʧʣʘʟʤʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʨʘʶ ʚ ʩʧʝʢʪʨʽ ʚʽʜʙʠʚʘʥʥʷ ʧʦʙʣʠʟʫ 2,5 ʝɺ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʦʢ ʪʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʽʜʽ 

ʪʘʢʦʞ ʚ ʨʦʙʦʪʘʭ [4.11-4.15]. ʗʢ ʟʘʫʚʘʞʝʥʦ ʚ ʨʦʙʦʪʽ [4.16], ʱʦ ʙʣʠʟʴʢʝ 

ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʝ ʜʦʟʚʦʣʷʣʦ ʚʠʜʽʣʠʪʠ ʜʦʜʘʪʢʦʚʝ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʩʪʨʽʚʮʝʚʠʭ ʧʣʽʚʢʘʭ ʟ ʤʽʞʟʦʥʥʠʭ ʝʬʝʢʪʽʚ. 


