
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ ɯʄɽʅɯ ɯɻʆʈʗ 

ʉɯʂʆʈʉʔʂʆɻʆè 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ   

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

 

ʃɽʃɽʂɸ ʉɽʈɻɯʁ ɺʆʃʆɼʀʄʀʈʆɺʀʏ 

 

ʋɼʂ 621.365.32:621.3.036.6-032.35/.36(043.3) 

ˉ ɼʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 

ɼʀʉɽʈʊɸʎɯʗ 

 

ʅɸʋʂʆɺɯ ɿɸʉɸɼʀ ʈʆɿʈʆɹʂʀ ʈɽʉʋʈʉʆɽʅɽʈɻʆɽʌɽʂʊʀɺʅʀʍ 

ʇʈʆʎɽʉɯɺ ʊɸ ʆɹʃɸɼʅɸʅʅʗ ɺʋɻʃɽɻʈɸʌɯʊʆɺʆɻʆ ɽʃɽʂʊʈʆɼʅʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸ 

05.17.08 ï ʧʨʦʮʝʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 
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ɸʅʆʊɸʎɯʗ 

 

ʃʝʣʝʢʘ ʉ. ɺ. ʅʘʫʢʦʚʽ ʟʘʩʘʜʠ ʨʦʟʨʦʙʢʠ ʨʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ï ʅʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.17.08 ï ʇʨʦʮʝʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʄʆʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʪʚʦʨʝʥʥʶ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʪʝʦʨʝʪʠʯʥʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʦʜʝʨʞʘʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʾ 

ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʜʘʜʫʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʪʠʪʠ 

ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʪʘ ʪʝʨʤʽʥʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʜʽʶʯʦʛʦ ʰʣʷʭʦʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʦʢʨʝʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʪʘ 

ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʦʙʣʝʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ. ʅʘʜʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʚʠʩʥʦʚʢʠ, ʤʝʪʦʜʠʢʠ, ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ 

ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʘʜʫʪʴ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʴ ʚʽʪʯʠʟʥʷʥʠʭ 

ʨʦʟʨʦʙʦʢ ʧʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʢʽʚ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʽ ʛʨʘʬʽʪʦʚʘʥʦʾ 

ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʘʤʽʥʠʪʠ ʽʤʧʦʨʪʥʽ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʽ ʚʠʨʦʙʠ 

ʚʽʪʯʠʟʥʷʥʠʤʠ ʘʥʘʣʦʛʘʤʠ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (15500ï16500 ʢɺʪĀʛʦʜ/ʪ) ʪʘ ʧʝʨʚʠʥʥʠʭ 

ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʘʭ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʽ ʚʠʟʥʘʯʘʻ ʧʦʪʨʝʙʫ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʚʢʘʟʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘ 



3 

ʜʦʧʦʤʦʛʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʨʛʦʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ: ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʽ ʦʙʝʨʪʦʚʠʭ ʧʝʯʘʭ; ʟʤʽʰʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʟʽ 

ʟʚôʷʟʫʶʯʠʤ ʧʝʢʦʤ ʽ ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ 

ʚʠʨʦʙʽʚ; ʚʠʧʘʣʶʚʘʥʥʷ ʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ 

ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʢʘʟʘʚ 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʩʢʨʽʟʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʙʘʛʘʪʦʧʝʨʝʜʽʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ. ɯʩʥʫʶʪʴ 

ʨʦʟʨʦʙʢʠ ʜʣʷ ʦʢʨʝʤʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʚ ʷʢʠʭ ʽʥʦʜʽ ʟʦʚʩʽʤ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚôʟʦʢ ʟ ʽʥʰʠʤʠ ʧʝʨʝʜʽʣʘʤʠ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʽʜʩʫʪʥʷ 

ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʢʦʞʥʦʤʫ ʧʝʨʝʜʽʣʽ.  

ɿʘʛʘʣʴʥʦʶ ʥʝʚʠʨʽʰʝʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʯʘʩʪʠʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʤʦʞʥʘ ʬʦʨʤʫʣʶʚʘʪʠ ʽ 

ʫʪʦʯʥʶʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʢʨʝʤʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ; ʧʨʦʞʘʨʶʚʘʥʥʷ, ʧʨʝʩʫʚʘʥʥʷ, ʚʠʧʘʣʶʚʘʥʥʷ ʽ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʊʌɺ) ʩʠʧʢʠʭ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʦʩʣʽʜʥʠʮʴʢʘ ʙʘʟʘ ʨʦʙʦʪʠ ʚʢʣʶʯʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ï ʫ ʚʠʛʣʷʜʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʜʽʶʯʦʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 
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ɹʘʟʦʚʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʻ ʨʦʟʨʦʙʣʝʥʘ ʚ ʜʠʩʝʨʪʘʮʽʾ ʫʟʘʛʘʣʴʥʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʈʦʟʨʦʙʢʘ ʮʽʻʾ ʤʦʜʝʣʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʨʦʙʦʯʽ ʩʝʨʝʜʦʚʠʱʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ (ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ) 

ʧʨʦʜʫʢʮʽʾ ʚʢʣʶʯʘʶʪʴ ʷʢ ʪʚʝʨʜʽ ʪʽʣʘ, ʨʽʜʠʥʠ ʪʘ ʛʘʟʠ, ʪʘʢ ʽ ʩʠʧʫʯʽ ʩʝʨʝʜʦʚʠʱʘ.  

ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʢʦʤʧʣʝʢʩ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ: ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʦʙʣʘʜʥʘʥʥʽ ʦʙʝʨʪʦʚʠʭ ʧʨʦʞʘʨʶʚʘʣʴʥʠʭ 

ʧʝʯʝʡ; ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʚʠʧʘʣʶʚʘʥʥʷ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ; ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʘ ʪʘʢʦʞ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʥʘʥʦ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʮʝʥʪʨʽ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ 

ʪʝʭʥʦʣʦʛʽʾè (ʅɼʎ çʈʊè) ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʘ 

ʨʦʟʨʦʙʣʝʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʥʪʨʘʮʠʪʫ ʽ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ; 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʡ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ; 

ʜʠʥʘʤʽʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʡ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

çʟʝʣʝʥʠʭè ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʟʘʛʦʪʦʚʦʢ; ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ 

ʛʨʘʬʽʪ ʟ ʤʽʜʜʶ ʡ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʤ ʛʨʘʬʽʪʦʤ. ʅʘ ʧʽʜʩʪʘʚʽ ʜʠʩʢʨʝʪʥʦ-

ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʩʠʧʢʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʯʠʩʣʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʊʌɺ ʩʠʧʢʠʭ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʦʪʨʽʙʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʪʘ 

ʨʝʘʣʽʩʪʠʯʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʊʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʽʣʫ ʪʝʨʤʽʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʚʢʣʶʯʘʣʠ: 

ʨʦʟʨʦʙʢʫ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʣʝʥʽʡ ʫʟʘʛʘʣʴʥʝʥʽʡ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʘʤʧʘʥʽʡ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʘʥʪʨʘʮʠʪʫ; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ; ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ; ʤʦʜʝʨʥʽʟʘʮʽʶ ʨʝʛʣʘʤʝʥʪʫ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ; ʤʦʜʝʨʥʽʟʘʮʽʶ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʟʘ ʜʘʥʠʤʠ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʝʨʝʜʥʝʥʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʧʝʨʝʛʨʽʚʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 17 %. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʨʝʩʫʨʩʦ-

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ 

ʜʦʩʷʛʥʫʪʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʜʣʷ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʟ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʟʙʽʣʴʰʠʚʩʷ ʚʽʜ 1 ʤʽʩ. ʜʦ 6 ʤʽʩ., ʘ 

ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʤʝʥʰʠʣʠʩʷ ʥʘ (50ï100) ʢɺʪÖʛʦʜ/ʪ. 

ɿʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʠʣʦʚʦʾ 

ʬʨʘʢʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ, 

ʷʢʘ ʪʘʢʦʞ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʦʢʠʩʥʶʚʘʯ/ʚʫʛʣʝʮʴ (ʆ2/ʉ), ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ, ʪʠʧʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, 

ʥʘʷʚʥʦʩʪʽ ʰʘʨʫ ʚʦʛʥʝʪʨʠʚʫ ʪʦʱʦ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ. ɿʘ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ʩʠʥʪʝʟ ʛʘʟʦʤ, 
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ʷʢʘ ʩʢʣʘʜʘʻ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʙʽʣʷ 1500 ʤ3/ʛʦʜ ʟ ʪʝʧʣʦʪʚʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ 6,1 

ʄɼʞ/ʤ3, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʦʱʘʜʠʪʠ ʚʠʪʨʘʪʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʽʣʷ 273 ʤ3/ʛʦʜ. 

ʊʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʽʣʫ ʧʨʝʩʫʚʘʥʥʷ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʚʢʣʶʯʘʣʠ: ʨʦʟʨʦʙʢʫ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ; ʝʥʝʨʛʦ-ʪʝʨʤʦʘʫʜʠʪ ʧʨʝʩʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ; ʯʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʝʢʩʪʨʫʟʽʾ ʚʫʛʣʝʧʝʢʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ 

ʟʘʛʦʪʦʚʦʢ; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʨʝʞʠʤʫ ʧʨʝʩʫʚʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʟʘ 

ʜʘʥʠʤʠ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 4ï10 %. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ 

ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʨʦʟʨʦʙʣʝʥʦ 

ʨʘʮʽʦʥʘʣʴʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʛʣʘʤʝʥʪ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʠʭʽʜ 

ʙʨʘʢʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʥʘ 4ï5 %. 

ʊʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʽʣʫ ʚʠʧʘʣʶʚʘʥʥʷ 

çʟʝʣʝʥʠʭè ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʫ ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ ʧʝʯʘʭ ʈʽʜʛʘʤʝʨʘ 

ʚʢʣʶʯʘʣʠ: ʨʦʟʨʦʙʢʫ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʩʪʘʥʫ ʧʝʯʽ ʈʽʜʛʘʤʝʨʘ, ʱʦ ʪʘʢʦʞ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ 

ʤʦʜʝʣʽ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ çʟʝʣʝʥʠʭè 

ʟʘʛʦʪʦʚʦʢ; ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʦʟʨʦʙʢʠ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʨʦʟʨʦʙʢʫ ʨʝʛʣʘʤʝʥʪʽʚ 

ʚʠʧʘʣʫ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʩʧʦʣʫʯʥʦʛʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʟʘ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʭʠʙʢʘ ʯʠʩʣʦʚʠʭ ʨʦʟʚôʷʟʢʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 6ï15 %. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ 

ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʩʧʦʣʫʯʥʦʛʦ) 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʛʣʘʤʝʥʪʠ ʚʠʧʘʣʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ 

ʧʝʯʘʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʩʫʨʩʦ-ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʤʝʥʰʝʥʥʷ ʚʠʭʦʜʫ 

ʙʨʘʢʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʥʘ 7ï10 % ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʪʦʯʫʶʯʝ 

ʩʝʨʝʜʦʚʠʱʝ. 
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ʊʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʽʣʫ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʫ ʧʝʯʘʭ ʧʨʷʤʦʪʦʯʥʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʂʘʩʪʥʝʨʘ ʚʢʣʶʯʘʣʠ:  

ʨʦʟʨʦʙʢʫ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʂʘʩʪʥʝʨʘ, ʱʦ ʪʘʢʦʞ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʝʯʝʡ 

ʂʘʩʪʥʝʨʘ; ʯʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʚʩʪʘʚʦʢ ʥʘ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʦʨʮʝʚʠʭ ʟʘʛʦʪʦʚʢʘʭ; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ ʪʘ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʭ ʧʨʦʢʣʘʜʦʢ ʥʘ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʢʘʭ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʝʨʠʬʽʢʘʮʽʾ ʯʠʩʣʦʚʦʾ 

ʤʦʜʝʣʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʂʘʩʪʥʝʨʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʩʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʩʢʣʘʜʘʶʪʴ ʥʝ ʙʽʣʴʰʝ 4 % ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 1600 Áʉ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ: ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʩʪʘʚʢʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʥʠʭ ʢʦʣʦʥ ʚ ʧʝʯʽ ʂʘʩʪʥʝʨʘ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʢʨʘʡʥʽʭ ʟʘʛʦʪʦʚʦʢ ʚ ʢʦʣʦʥʘʭ ʪʘ ʥʘ 20 % 

ʧʠʪʦʤʫ ʚʠʪʨʘʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʢʘʤʧʘʥʽʶ ʛʨʘʬʽʪʫʚʘʥʥʷ; ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʧʝʯʘʭ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʂʘʩʪʥʝʨʘ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʟʘʭʠʱʝʥʦ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʽ 

ʤʦʜʝʣʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ: ʩʧʦʩʦʙʽʚ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ 

ʪʘ ʡʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ; ʪʝʦʨʝʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʪʘ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ; 

ʛʨʘʬʽʪʫʚʘʣʴʥʠʭ ʧʝʯʝʡ ʂʘʩʪʥʝʨʘ. 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʇʨɸʊ 

çʋʢʨʛʨʘʬʽʪè ʫ ʚʠʛʣʷʜʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʦʩʦʙʽʚ ʪʘ ʨʝʛʣʘʤʝʥʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʧʦʪʨʽʙʥʫ 
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ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘʢʦʞ 

ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʽ 

ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʫʛʣʝʛʨʘʬʽʪʦʚʘ ʧʨʦʜʫʢʮʽʷ, ʢʘʣʴʮʠʥʘʮʽʷ, ʧʨʝʩʫʚʘʥʥʷ, 

ʚʠʧʘʣʶʚʘʥʥʷ, ʛʨʘʬʽʪʫʚʘʥʥʷ, ʧʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ. 

 

 

ANNOTATION  

  

Leleka S. V. Scientific basis for the development of resource-energy-efficient 

processes and equipment for carbon-graphite electrode production. ï The manuscript. 

Dissertation for Doctor of Science Degree in Specialty 05.17.08 ï Processes 

and equipment of chemical technology. ï National Technical University of Ukraine 

"Igor Sikorsky Kyiv Polytechnic Institute", MES of Ukraine, Kyiv, 2020. 

The dissertation is devoted to the creation of scientific bases of theoretical and 

experimental researches of high-temperature equipment of carbon-graphite electrode 

production for development of innovative constructive-technological technical 

decisions of reception of competitive on the world market carbon and graphite 

electrode production. 

The use of the results will reduce material costs and design time of new 

equipment and modernization of existing through a rational combination of 

mathematical modeling methods with separate experimental studies of industrial 

equipment needed to verify numerical models of physical fields and verify the 

developed innovative design and technological solutions. The conclusions, methods, 

technical solutions and recommendations provided by the results of the work will 

allow to increase the competitiveness of domestic developments of furnace 

equipment and manufacturers of carbon-graphite and graphite electrode products, to 

replace imported electrographite products with domestic analogues. 

Production of electrode products is characterized by significant costs of energy 

resources (15500-16500 kWĀh/t) and primary raw materials in almost all its 
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technological redistributions, which in turn determines the need to improve this 

technology through the introduction of energy-efficient design and technological 

solutions. 

The main technological redistributions of the production of electrographite 

products include the following: calcination of carbonaceous filler in 

electrocalcinators and rotary kilns; mixing the filler with the binder pitch and 

pressing the "green" blanks of electrographite products; firing and graphitization of 

carbon-graphite blanks. 

The analytical review of the current state and directions of development of 

theoretical and experimental studies of electrode production showed the absence of a 

comprehensive system approach to the study of the problem of multidisciplinary 

technology of electrode products. There are developments for individual divisions of 

production, which sometimes do not take into account the relationship with other 

divisions. It is revealed that there is no comprehensive assessment of the impact on 

the quality of the final product of carbon-graphite production of heat-technological 

and energy indicators, taking into account the relevant determining factors in each 

redistribution. 

The general unsolved problem in terms of theoretical research of processes and 

equipment in electrode production is the lack of a generalized mathematical model of 

physical processes and equipment of the technological cycle of carbon-graphite 

production, on the basis of which it is possible to formulate and refine mathematical 

models of individual production divisions; calcination, pressing, firing and 

graphitization, as well as a mathematical model for theoretical studies of the effective 

thermophysical properties (TPhP) of bulk carbonaceous materials - the raw material 

base of electrographite production. 

The research base of the work includes tools for theoretical research in the 

form of mathematical models and experimental - in the form of laboratory 

installations and measuring equipment installed on existing industrial equipment. 

The basic mathematical model for theoretical research is the generalized 

mathematical model of physical fields of technological redistributions of production 
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of electrographite products developed in the dissertation. The development of this 

model is based on the fact that the working environments of technological 

redistributions of production of electrographite (carbon graphite) products include 

both solids, liquids and gases, and bulk media. 

On the basis of the developed generalized statement the complex of 

mathematical models of the main redistributions of production of carbon-graphite 

products is formulated: calcination of carbonaceous materials in electrocalcinators, 

gasification of carbonaceous materials in the equipment of rotating calcination 

furnaces; pressing of blanks of carbon graphite products; firing of carbon-graphite 

blanks; graphitization of carbon graphite products; as well as a mathematical model 

for theoretical studies of effective TPhP bulk carbonaceous materials. 

The study of the physical properties of raw materials of carbon production was 

performed with the participation of the author in the laboratory facilities developed in 

the research center "Resource-saving technologies" (NDC "RT") KPI. Igor Sikorsky. 

Using a set of developed installations, the study of temperature dependences of the 

following properties was carried out: thermal conductivity coefficients and electrical 

resistivity of bulk carbonaceous materials, anthracite and petroleum coke; the 

coefficient of dynamic viscosity and shear stress of carbon mass; dynamics of gas 

evolution and coefficient of temperature linear expansion of "green" carbon-

containing blanks; specific contact resistance graphite with copper and thermally 

expanded graphite. Numerical studies of TPhP of bulk carbonaceous materials were 

also performed on the basis of discrete-continuous representations of bulk medium. 

The obtained data on the physical properties of materials are needed to create 

adequate and realistic numerical models of technological redistribution of electrode 

production. 

Theoretical and experimental studies of the redistribution of heat treatment of 

bulk carbon materials in electrocalcinators included: development of a numerical 

model of calcination of carbonaceous material in an electrocalcinator, based on the 

developed generalized mathematical model; experimental studies of anthracite 

calcination campaigns; research of influence of a design of a throttle washer on 
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technological indicators of work of an electrocalcinator; research of regularities of 

influence of geometrical and technological parameters on indicators of work of 

electrocalcinators; modernization of regulations for start-up and operation of an 

electrocalciner with a throttle washer; modernization of electrocalcinator design for 

graphitization of petroleum coke. As a result of verification of the developed 

numerical model according to the full-scale experiment it is established that the 

average error of the calculated values of temperature in the absence of local 

overheating does not exceed 17%. 

As a result of industrial implementation of the developed resource-energy-

efficient technical solutions for modernization of technology of high-temperature 

processing of fillers of electrode products the following efficiency indicators are 

reached: for electrocalcinators on anthracite calcination the service life increased 

from 1 month up to 6 months, and specific electricity consumption decreased by (50ï

100) kWĀh/t. 

According to the developed mathematical model of the gasification process of 

the dust fraction of carbonaceous filler in the cooling drum of the rotary kiln, which 

is also based on the generalized mathematical model, a series of calculations was 

performed to study the effect of oxidant / carbon ratio (O2/C), isothermal zone 

length, the presence of a layer of refractories, etc. Using numerical simulation, the 

possibility of gasification of the carbonaceous filler in the cooling drum of the rotary 

kiln was evaluated. According to the calculations, the capacity of the cooling drum 

for gas synthesis was determined, which under normal conditions is about 1500 m3/h 

with a calorific value of 6.1 MJ/m3, which saves natural gas consumption of about 

273 m3/h. 

Theoretical and experimental studies of the redistribution of pressing of carbon 

graphite blanks included: development of a numerical model of the non-stationary 

thermodynamic state of the press tool, based on a generalized mathematical model; 

energy-thermal audit of the press tool; numerical studies of the extrusion process of 

carbon electrode blanks; research of influence of change of technological parameters 

on indicators of a mode of pressing. As a result of verification of the developed 
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numerical model according to the full-scale experiment data, it was found that the 

difference between the calculated and experimental data is in the range of 4ï10%. 

Based on the conducted numerical studies of different modes of pressing blanks, a 

rational temperature regulation has been developed, which allows to reduce the yield 

of defective products by 4-5%. 

Theoretical and experimental studies of the redistribution of firing of "green" 

carbon-graphite billets in multi-chamber Ridgamer furnaces included: development 

of a numerical model of the nonstationary thermo-hydrodynamic state of the 

Ridgamer furnace, which is also based on a generalized mathematical model; 

experimental studies of the process of burning "green" blanks; scientific and technical 

developments for forecasting the technological parameters of firing electrographite 

products; development of regulations for firing "green" blanks taking into account the 

dynamics of gas evolution of the binder. The results of verification of the developed 

numerical model according to full-scale experiments showed that the error of 

numerical solutions does not exceed 6-15%. On the basis of theoretical and 

experimental studies developed scientifically sound (taking into account the 

dynamics of gas evolution of the binder) technological regulations for firing carbon 

graphite products in multi-chamber furnaces, which provide resource and energy 

efficiency, reducing the yield of defective products by 7-10% and environment. 

Theoretical and experimental studies of redistribution of graphitization of 

electrode blanks in Castner direct-flow graphitization furnaces included: development 

of a numerical model of the non-stationary thermoelectric and mechanical state of the 

Castner furnace, which is also based on a generalized mathematical model; 

experimental studies of Castner's industrial furnaces; numerical studies of 

thermoelectric and mechanical parameters of the process of graphitization of 

electrode blanks; study of the influence of thermoelectric characteristics of 

compensation inserts on the temperature difference in the end blanks; research of 

influence of the form, the sizes and physical properties of materials of electrocontact 

linings on distribution of temperatures in electrode preparations. According to the 

results of verification of the numerical model of the thermoelectric state of the 
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Castner furnace, it was found that the relative deviation between the values of 

average temperatures of electrode blanks obtained by numerical analysis and full-

scale experiment is not more than 4% in the temperature range up to 1600 Á C. Based 

on the research, the following was developed: a new insert design for forming 

electrode columns in a Castner furnace, which makes it possible to reduce the 

temperature field unevenness of the end blanks in the columns and by 20% specific 

electricity consumption for the graphitization campaign; express method for 

determining the average mass temperature of electrode blanks in Castner 

graphitization furnaces, which is required for the development of rational regulations 

for graphitization of new products. 

The developed technical solutions are protected by patents of Ukraine for 

utility models related to: methods of calcination of carbonaceous filler and its 

grinding; theoretical determination of effective TPhP of bulk carbonaceous materials; 

pressing of "green" blanks and their cooling; Castner graphitization furnaces. 

Scientific and technical results of the dissertation are implemented at PJSC 

"Ukrgrafit" in the form of structures, methods and regulations for operation of 

equipment that ensure its long-term operation and the required quality of the final 

product. The results of the dissertation are also introduced into the educational 

process of the Department of Chemical, Polymer and Silicate Mechanical 

Engineering KPI Igor Sikorsky. 

Key words: carbon graphite products, calcination, pressing, burning, 

graphitization, furnace equipment, modeling. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ, ʉʀʄɺʆʃɯɺ ɯ ʉʂʆʈʆʏɽʅʔ 

 

a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʤ2/ʩ; 

jicontactA -   ï ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ i  ʪʘ j, ʤ2; 

iA  ï ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ ʽ-ʾ ʨʝʘʢʮʽʾ, ʢʛĀʤ-2Āʩ-1Āʇʘ-n; 

pA  ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ, ʤ2; 

b  ï ʚʝʢʪʦʨ ʤʘʩʦʚʠʭ ʩʠʣ, ʅ/ʢʛ; 

pc  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛÖʂ); 

iC  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ i -ʾ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ2ĀʩĀʂ0.75Āʇʘ); 

DC  ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ; 

Cq.calc ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʷʢʦʩʪʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ; 

1eC , 2eC , mC  ï ʢʦʝʬʽʮʽʻʥʪʠ e-k  ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ; 

4

ĔC  ï 
ʪʝʥʟʦʨ 4-ʛʦ ʨʘʥʛʫ ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ 81 ʢʦʤʧʦʥʝʥʪʫ, ʇʘ; 

c ï ʚʝʣʠʯʠʥʘ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʇʘ; 

pd  ï ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤ; 

kmD ,  ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʦʾ ʜʠʬʫʟʽʾ k -ʾ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ, ʤ2/ʩ; 

tD  ï ʢʦʝʬʽʮʽʻʥʪ ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ, ʤ2/ʩ; 

kTD ,  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʾ ʜʠʬʫʟʽʾ k -ʾ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ, ʢʛ/ʩ; 

D  ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʜʽʘʤʝʪʨ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ; 

Dï ʜʽʘʤʝʪʨ ʢʫʣʴʢʠ, ʤ; 

iE  ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʽ-ʾ ʨʝʘʢʮʽʾ, ɼʞ/ʢʤʦʣʴ; 

E  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʇʘ; 

fd ï ʢʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʯʘʩʪʠʥʢʠ; 

hf  ï ʯʘʩʪʢʘ ʪʝʧʣʦʪʠ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʚʝʨʜʦʶ 

ʯʘʩʪʠʥʢʦʶ; 

F  ï ʤʘʩʦʚʘ ʩʠʣʘ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʤʘʩʠ ʯʘʩʪʠʥʢʠ, ʤ/ʩ2; 
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ijF  ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʯʘʩʪʠʥʢʫ i  ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʟ 

ʯʘʩʪʠʥʢʦʶ j, ʅ; 

g  ï ʚʝʢʪʦʨ ʛʨʘʚʽʪʘʮʽʾ, ʤ/ʩ2; 

g ï ʚʤʽʩʪ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʩʫʤʽʰʽ, %; 

G  ï ʙʝʟʨʦʟʤʽʨʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; 

G  ï ʤʦʜʫʣʴ ʟʩʫʚʫ, ʇʘ; 

jcih -  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʢʨʽʟʴ ʾʭ ʢʦʥʪʘʢʪʠ, 

ɺʪ/ʂ; 

hï ʤʘʩʦʚʘ ʝʥʪʘʣʴʧʽʷ, ɼʞ/ʢʛ; ʢʦʥʚʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ, 

ɺʪ/(ʤ2Āʂ); 

kh
~

 ï  ʷʚʥʘ ʤʘʩʦʚʘ ʝʥʪʘʣʴʧʽʷ k -ʾ ʢʦʤʧʦʥʝʥʪʠ, ɼʞ/ʢʛ; 

reach  ï ʪʝʧʣʦʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʘʢʮʽʾ, ɼʞ/ʢʛ; 

H  ï ʧʦʚʥʘ ʦʙôʻʤʥʘ ʝʥʪʘʣʴʧʽʷ, ɼʞ/ʤ3; 

()sI  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɺʪÖʩ/(ʤ2Öʩʨ)) ʫ ʥʘʧʨʷʤʢʫ s ʚ 

ʪʽʣʝʩʥʦʤʫ ʢʫʪʽ Wd ; 

iI  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʢʛĿʤ2; 

IĔ ï ʦʜʠʥʠʯʥʠʡ ʪʝʥʟʦʨ ʜʨʫʛʦʛʦ ʨʘʥʛʫ; 

I ï ʩʠʣʘ ʩʪʨʫʤʫ, ɸ; 

j  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ɸ; 

kJ  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ k-ʾ ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʢʮʽʾ, 

ʢʛ/(ʤ2Öʩ); 

2J  ï ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ ʪʝʥʟʦʨʘ ʜʝʚʽʘʪʦʨʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ2; 

kï ʪʫʨʙʫʣʝʥʪʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ɼʞ/ʢʛ;  

DPk  ï ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʇʘ; 

lk  ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ; 

K  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, ʤ-1; ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ 

ʛʨʘʬʽʪʫʚʘʥʥʷ, ʩ-1; 

? ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʢʦʣʽ ir ; 
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pm  ï ʤʘʩʘ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʢʛ; 

im  ï ʤʘʩʘ i-ʾ ʯʘʩʪʠʥʢʠ, ʢʛ; 

m ï ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ, ʩ; 

ijM  ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ, ʅĿʤ; 

S
ijM  ï ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʯʘʩʪʠʥʢʠ i, ʅĿʤ; 

n ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʪʽʣʘ; 

n ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ; ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ; 

N  ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪ ʨʝʘʢʮʽʡ; 

p  ï ʪʠʩʢ, ʇʘ; 

ip  ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʽ-ʛʦ ʨʝʘʛʝʥʪʫ, ʇʘ; 

P  ï ʙʝʟʨʦʟʤʽʨʥʘ ʘʢʪʠʚʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ; 

chemvq  
 ï ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʩʧʨʠʯʠʥʝʥʝ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ɺʪ/ʤ3; 

devapor,Vq  ï ʛʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʧʦʚôʷʟʘʥʘ ʟ 

ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʦʤ ʚʦʜʷʥʦʾ ʧʘʨʠ ʪʘ ʾʾ ʢʦʥʜʝʥʩʘʮʽʶ, ɺʪ/ʤ3; 

elecvq  
 ï ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʩʧʨʠʯʠʥʝʥʝ ʧʨʦʪʽʢʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, 

ɺʪ/ʤ3; 

radvq   ï ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʧʦʚôʷʟʘʥʝ ʟ ʨʘʜʽʘʮʽʡʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ ʫ 

çʩʽʨʦʤʫè ʥʘʙʣʠʞʝʥʥʽ ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/ʤ3; 

q  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2; 

jiQ-
# ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʢʨʽʟʴ ʢʦʥʪʘʢʪʠ ʤʽʞ ʯʘʩʪʠʥʢʦʶ 

i ʪʘ j-ʠ ʯʘʩʪʠʥʢʘʤʠ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, ɺʪ; 

Qʧʽʜʚ ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʛʨʘʬʽʪʫʚʘʣʴʥʦʾ ʧʝʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ɼʞ; 

chR  ï ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʘ ʟʘʢʦʥʦʤ Arrhenius; 

diR ,  ï ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ i -ʾ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ2Āʩ); 

kiR,  ï ʷʚʥʘ ʢʽʥʝʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ i -ʾ ʨʝʘʢʮʽʾ (ʨʽʚʥʷʥʥʷ Arrhenius ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʪʠʩʢʫ), ʢʛ/(ʤ2Āʩ); 

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʢʛĿʂ);  
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21,rr  ï ʨʘʜʽʫʩʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʡ ʟʦʚʥʽʰʥʴʦʾ ʪʝʨʤʦʧʘʨ, ʤ; 

3,1,   , =jiSij  ï ʪʝʥʟʦʨ ʜʝʚʽʘʪʦʨʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ; 

phpvpm ,, SSS  ï ʜʞʝʨʝʣʴʥʽ ʯʣʝʥʠ, ʧʦʚôʷʟʘʥʽ ʟ ʤʘʩʦʶ (ʢʛ/(ʤ3Öʩ)), ʽʤʧʫʣʴʩʦʤ (ʅ/ʤ3) 

ʪʘ ʝʥʪʘʣʴʧʽʻʶ (ɺʪ/ʤ3) ʯʘʩʪʠʥʦʢ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʚʽʜʧʦʚʽʜʥʦ; 

radS  ï ʜʞʝʨʝʣʴʥʠʡ ʯʣʝʥ, ʧʦʚôʷʟʘʥʠʡ ʟ ʪʝʧʣʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, 

ɺʪ/ʤ3; 

S  ï ʙʝʟʨʦʟʤʽʨʥʘ ʚʠʩʦʪʘ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ; 

S ï ʜʠʩʧʝʨʩʽʷ; 

t  ï ʯʘʩ, ʩ; 

iT  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ i -ʾ ʯʘʩʪʠʥʢʠ, ʂ; 

¤T  ï ʣʦʢʘʣʴʥʘ ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ;  

ijT  ï ʟʦʚʥʽʰʥʽʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʧʦʚôʷʟʘʥʠʡ ʟ ʢʦʥʪʘʢʪʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʯʘʩʪʠʥʦʢ i  ʪʘ j, ʅĿʤ; 

T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

u  ï ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ, ʤ; ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʤ/ʩ; 

pu  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤ/ʩ; 

U  ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ; 

iv  ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; 

v ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; 

iv  ï ʚʝʢʪʦʨ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʮʝʥʪʨʘ ʤʘʩʠ ʯʘʩʪʠʥʢʠ, ʤ/ʩ; 

),(,space jiijw rr  ï ʧʨʦʩʪʦʨʦʚʘ ʚʘʛʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 2WÍir  ï ʨʘʜʽʫʩʘ 

ʚʝʢʪʦʨʫ ʪʦʯʢʠ ʦʩʝʨʝʜʥʝʥʥʷ ʪʘ ʨʘʜʽʫʩʘ-ʚʝʢʪʦʨʫ 1WÍir  ʯʘʩʪʠʥʦʢ, 

ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʢʦʣʽ ir ; 

( ) 2,, WÍzyxX  ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʤ; 

x  ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ; 

ix  ï ʦʢʨʝʤʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ; 
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kY  ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ k -ʾ ʢʦʤʧʦʥʝʥʪʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ; 

z ï ʧʦʚʟʜʦʚʞʥʷ ʢʦʦʨʜʠʥʘʪʘ, ʤ; 

DPa  ï ʢʦʥʩʪʘʥʪʘ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

effa  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2Āʂ); 

La  ï ʂʊʃʈ, ʂ-1; 

b ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ; ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, ʂ-1. 

ɔ#Ĕ ï ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ, ʩ-1; 

gï ʩʪʫʧʽʥʴ ʛʨʘʬʽʪʫʚʘʥʥʷ; 

3,1,   , =d jiij  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ; 

()xd  ï ʜʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʦʭʠʙʢʘ ʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥʠ x; 

tD ï ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʦʩʝʨʝʜʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʩ; 

ŮĔ ï ʪʝʥʟʦʨ ʩʢʽʥʯʝʥʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 2-ʛʦ ʨʘʥʛʫ; 

Ů#Ĕ ï ʪʝʥʟʦʨ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ 2-ʛʦ ʨʘʥʛʫ, ʩ-1; 

be ï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʛʨʘʥʠʮʽ; 

inel ,ŮŮ ##  ï ʧʨʫʞʥʘ ʡ ʥʝʧʨʫʞʥʘ ʯʘʩʪʠʥʠ ʪʝʥʟʦʨʘ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʡ, ʚʽʜʧʦʚʽʜʥʦ; 

T
ŮŮ ##,pl  ï ʪʝʥʟʦʨʠ ʰʚʠʜʢʦʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, 

ʚʽʜʧʦʚʽʜʥʦ; 

peï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʯʘʩʪʠʥʢʠ; 

lininge  ï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʬʫʪʝʨʽʚʢʠ; 

e ï ʰʚʠʜʢʽʩʪʴ ʜʠʩʠʧʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ɼʞ/(ʢʛÖʩ); 

h ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

Rqï ʨʘʜʽʘʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ 

qï ʚʠʙʽʨʢʦʚʘ ʜʠʩʧʝʨʩʽʷ; 

pil ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ i-ʾ ʯʘʩʪʠʥʢʠ, ɺʪ/(ʤÖʂ); 
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l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤÖʂ); 

m ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʇʘĀʩ; 

effm  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʇʘĀʩ; 

tm ï ʢʦʝʬʽʮʽʻʥʪ ʪʫʨʙʫʣʝʥʪʥʦʾ ʚôʷʟʢʦʩʪʽ, ʇʘÖʩ; 

n ï ʢʦʝʬʽʮʽʻʥʪ Poisson; 

x ï ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ. 

p ï ʯʠʩʣʦ ʇʽ; 

cr ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ, ʆʤĀʤ2; 

r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; 

eqs  ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ, ʇʘ; 

ks, es ï ʢʦʝʬʽʮʽʻʥʪʠ e-k  ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ; 

yields ï ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʇʘ; 

()xs  ï ʧʦʭʠʙʢʘ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ x; 

s ï ʧʦʩʪʽʡʥʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, ɺʪ/(ʤ2Öʂ4); 

ůĔ ï ʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʥʷ 2-ʛʦ ʨʘʥʛʫ, ʇʘ; 

in
ů# ï ʪʝʥʟʦʨ ʧʦʯʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ; 

sheart  ï ʢʨʠʪʠʯʥʝ ʟʩʫʚʥʝ ʥʘʧʨʫʞʝʥʥʷ (ʩʪʘʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ), ʇʘ; 

ŰĔ ï ʪʝʥʟʦʨ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ. 

tï ʯʘʩ, c; 

f ï ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʨʘʜ; 

c ï ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʉʤ/ʤ; 

kw# ï ʜʞʝʨʝʣʴʥʠʡ ʯʣʝʥ ʟʘ ʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ k-ʾ 

ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ3Öʩ); 

iɤ ï ʚʝʢʪʦʨ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʨʘʜ/ʩ; 

1W  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ 

ʣʘʛʨʘʥʞʝʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ; 

2Wï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʥʝʨʦʟʨʠʚʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ 
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ʝʡʣʝʨʝʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ; 

W ï ʪʽʣʝʩʥʠʡ ʢʫʪ, ʩʨ. 

 

ʆʩʥʦʚʥʽ ʽʥʜʝʢʩʠ: 

0 ï ʩʪʦʩʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ; 

amb ï ʩʪʦʩʫʻʪʴʩʷ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

chem ï ʩʪʦʩʫʻʪʴʩʷ ʭʽʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ; 

cold ï ʩʪʦʩʫʻʪʴʩʷ ʭʦʜʦʜʥʦʾ ʩʪʽʥʢʠ; 

cond ï ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʾ; 

conv ï ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʚʝʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ; 

convers ï ʩʪʦʩʫʻʪʴʩʷ ʨʝʘʢʮʽʡ ʢʦʥʚʝʨʩʽʾ; 

eff ï ʩʪʦʩʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ; 

gasif ï ʩʪʦʩʫʻʪʴʩʷ ʛʘʟʽʬʽʢʘʮʽʾ; 

hot ï ʩʪʦʩʫʻʪʴʩʷ ʛʘʨʷʯʦʾ ʩʪʽʥʢʠ; 

inlet ï ʩʪʦʩʫʻʪʴʩʷ ʚʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ; 

max ï ʩʪʦʩʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ; 

min ï ʩʪʦʩʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ; 

mull.alum ï ʩʪʦʩʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʫʣʽʪʦʢʦʨʫʥʜʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ; 

outlet ï ʩʪʦʩʫʻʪʴʩʷ ʚʽʜʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ; 

p ï ʩʪʦʩʫʻʪʴʩʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ; 

P ï ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ; 

rad ï ʩʪʦʩʫʻʪʴʩʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ; 

R ï  ʩʪʦʩʫʻʪʴʩʷ ʨʝʘʛʝʥʪʽʚ ʨʝʘʢʮʽʾ; 

sh.bot ï ʩʪʦʩʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʤʦʪʫ ʥʠʞʥʴʦʾ 

ʯʘʩʪʠʥʠ ʬʫʪʝʨʦʚʢʠ ʧʝʯʽ; 

sh.top ï ʩʪʦʩʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʤʦʪʫ ʚʝʨʭʥʴʦʾ 

ʯʘʩʪʠʥʠ ʬʫʪʝʨʦʚʢʠ ʧʝʯʽ; 

t ï ʩʪʦʩʫʻʪʴʩʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʟʥʘʯʝʥʥʷ; 



36 

volat ï ʩʪʦʩʫʻʪʴʩʷ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ; 

vapor ï ʩʪʦʩʫʻʪʴʩʷ ʚʦʜʷʥʦʾ ʧʘʨʠ; 

wall ï ʩʪʦʩʫʻʪʴʩʷ ʩʪʽʥʢʠ; 

ʩʢʣʝʧ ï ʩʪʦʩʫʻʪʴʩʷ ʩʢʣʝʧʽʥʥʷ. 

 

ɯʥʰʽ ʩʠʤʚʦʣʠ: 

ñ+ò, ñïò ï ʦʟʥʘʯʘʻ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʘʚʦʨʫʯ ʽ ʣʽʚʦʨʫʯ ʚʽʜ ʛʨʘʥʠʮʽ; 

()Ö ï ʦʧʝʨʘʪʦʨ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʪʝʥʟʦʨʽʚ; 

():  ï ʦʧʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʪʝʥʟʦʨʽʚ; 

tPr  ï ʪʫʨʙʫʣʝʥʪʥʝ ʯʠʩʣʦ Prandtl; 

pRe  ï ʯʠʩʣʦ Reynolds ʯʘʩʪʠʥʢʠ; 

tSc  ï ʯʠʩʣʦ Schmidt; 

Sh ï ʯʠʩʣʦ Sherwood; 

()tr  ï ʦʧʝʨʘʪʦʨ ʩʣʽʜʫ ʪʝʥʟʦʨʘ; 

Ð ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ (çʥʘʙʣʘè), ʤ-1. 

 

ʆʩʥʦʚʥʽ ʩʢʦʨʦʯʝʥʥʷ: 

CEA NASA ï ʧʨʦʛʨʘʤʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʚʥʦʚʘʞʥʦʾ ʭʽʤʽʾ; 

DPM ï Discrete Phase Models;  

RANS ï Reynolds averaged Navier-Stokes equations;  

SIMPLE ï Semi-Implicit Method for Pressure-Linked Equations ï 

ʥʘʧʽʚʥʝʷʚʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ, ʱʦ ʟʚôʷʟʫʶʪʴ ʪʠʩʢ; 

ɺʈ ï ʚʦʣʴʬʨʘʤ-ʨʝʥʽʻʚʘ ʪʝʨʤʦʧʘʨʘ; 

ɻʋ ï ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ; 

ɼʐ ï ʜʨʦʩʝʣʴ-ʰʘʡʙʘ;  

ɽɺ ï ʝʣʝʢʪʨʦʜʥʽ ʚʠʨʦʙʠ; 

ʢʘʬʝʜʨʘ ʍʇʉʄ ï ʢʘʬʝʜʨʘ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ; 
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ʂʊʃʈ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ;  

ʄɽɺ ï ʤʽʞʝʣʝʢʪʨʦʜʥʘ ʚʽʜʩʪʘʥʴ; 

ʄɼʆ ï ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʠʭ ʦʨʜʠʥʘʪ; 

ʄɼɽ ï ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦʛʦ ʝʣʝʤʝʥʪʘ; 

ʄʉɽ ï ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

ʄʉʆ ï ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʦʙôʻʤʽʚ; 

ʅɼʎ çʈʊè ï ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʮʝʥʪʨ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; 

ʇɺɽ ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ʇɽʂʆ ï  ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ; 

ʇɽʆ ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ; 

ʇʇʅ ï ʧʽʯ ʧʨʷʤʦʪʦʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ;  

ʇʨɸʊ 

çʋʢʨʛʨʘʬʽʪè ï 

 

ʧʨʠʚʘʪʥʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ çʋʢʨʘʾʥʩʴʢʠʡ ʛʨʘʬʽʪè; 

ʉʃɸʈ ï ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ; 

ʊɽʄ ï ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʡ ʪʘ ʤʝʭʘʥʽʯʥʠʡ ʩʪʘʥ; 

ʊʌɺ ï ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

ʍɸ ï ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʘ ʪʝʨʤʦʧʘʨʘ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɺʫʛʣʝʮʝʚʦ-ʛʨʘʬʽʪʦʚʘ ʧʨʦʜʫʢʮʽʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢʠʭ 

ʧʨʦʚʽʜʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʭʽʤʽʯʥʘ, ʯʦʨʥʘ ʪʘ ʢʦʣʴʦʨʦʚʘ ʤʝʪʘʣʫʨʛʽʷ, 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʦʱʦ. ɿʦʢʨʝʤʘ, ʚʫʛʣʝʮʝʚʦ-ʛʨʘʬʽʪʦʚʽ ʚʠʨʦʙʠ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʪʦʚʘʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʙʣʦʢʽʚ ʪʘ ʚʫʛʣʝʧʝʢʦʚʦʾ ʤʘʩʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʝʯʘʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʘʥʦʜʘʭ ʽ ʢʘʪʦʜʘʭ ʤʘʛʥʽʻʚʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ, 

ʬʫʪʝʨʦʚʢʘʭ ʜʦʤʝʥʥʠʭ, ʬʝʨʦʩʧʣʘʚʥʠʭ ʧʝʯʝʡ ʪʘ ʝʣʝʢʪʨʦʪʝʨʤʽʯʥʠʭ ʘʛʨʝʛʘʪʘʭ 

ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʡ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʇɺɽ) ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʠʤʠ ʽ ʩʷʛʘʶʪʴ 15500ï16500 ʢɺʪĿʛʦʜ/ʪ. ʊʦʤʫ ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦ ʦʩʥʦʚʥʠʭ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʦʾ 

ʛʘʣʫʟʽ ʧʨʦʚʠʩʣʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʨʦʟʨʦʙʢʘ ʥʦʚʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʶʯʦʛʦ, ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʢʘʤʧʘʥʽʡ ʚʠʧʘʣʶʚʘʥʠʭ ʪʘ ʛʨʘʬʽʪʫʚʘʣʴʥʠʭ ʧʝʯʝʡ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʟ ʨʦʟʨʦʙʢʠ ʨʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʫʛʣʝʮʝʚʦ-ʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʙʝʟʫʤʦʚʥʦ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʪʘ ʪʝʤʘʤʠ. ʈʦʙʦʪʫ 

ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

(ʍʇʉʄ) ʪʘ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʮʝʥʪʨʽ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè (ʅɼʎ 

çʈʊè) ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʽʦʨʠʪʝʪʥʠʭ ʪʝʤʘʪʠʯʥʠʭ 

ʥʘʧʨʷʤʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ ʚ ʋʢʨʘʾʥʽ (ʇʦʩʪʘʥʦʚʘ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 07.09.2011 ʨ., ˉ 942), ʘ ʪʘʢʦʞ ʟʛʽʜʥʦ ʥʘʫʢʦʚʠʭ 
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ʧʣʘʥʽʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɼʎ çʈʊè ʟ 2015 ʨ. ʧʦ 2021 ʨ.: 

çʈʦʟʨʦʙʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʯʝʡ ʧʨʷʤʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʂʘʩʪʥʝʨʘ ʜʣʷ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚè (ˉ 2829-ʧ, 2015ï2016 ʨʨ.; ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0115U002410; ʟʘʤʦʚʥʠʢ ï ʄʆʅ ʋʢʨʘʾʥʠ; ʘʚʪʦʨ ï ʚʠʢʦʥʘʚʝʮʴ ʪʝʤʠ); çʈʦʟʨʦʙʣʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʽʟʦʩʪʘʪʠʯʥʦʛʦ ʛʨʘʬʽʪʫè (ˉ 2905-ʧ, 

2016ï2017 ʨʨ.; ˉ ɼʈ 0116U003805; ʟʘʤʦʚʥʠʢ ï ʄʆʅ ʋʢʨʘʾʥʠ; ʘʚʪʦʨ ï ʢʝʨʽʚʥʠʢ 

ʪʝʤʠ); çʈʦʟʨʦʙʣʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʧʝʯʘʭè (ˉ 2015-ʧ, 

2017ï2019 ʨʨ.; ˉ ɼʈ 0117U000462; ʟʘʤʦʚʥʠʢ ï ʄʆʅ ʋʢʨʘʾʥʠ; ʘʚʪʦʨ ï ʚʠʢʦʥʘʚʝʮʴ 

ʪʝʤʠ); çʈʦʟʨʦʙʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʝʨʪʦʚʠʭ 

ʧʝʯʝʡ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽʟ ʯʘʩʪʢʦʚʦʶ ʟʘʤʽʥʦʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ 

ʩʠʥʛʘʟè (ˉ 2217-ʧ, 2019ï2021 ʨʨ.; ˉ ɼʈ 0119U100163; ʟʘʤʦʚʥʠʢ ï ʄʆʅ ʋʢʨʘʾʥʠ; 

ʘʚʪʦʨ ï ʚʠʢʦʥʘʚʝʮʴ ʪʝʤʠ); çʈʦʟʨʦʙʢʘ ʜʠʩʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʤʽʞ ʟʘʛʦʪʦʚʢʘʤʠ ʫ 

ʢʦʣʦʥʘʭ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʫ ʧʝʯʘʭ 

ʧʨʷʤʦʛʦ ʥʘʛʨʽʚʘʥʥʷè (ˉ 2312-ʨ, 2020ï2021 ʨʨ.; ˉ ɼʈ 0120U102182; ʟʘʤʦʚʥʠʢ ï 

ʄʆʅ ʋʢʨʘʾʥʠ; ʘʚʪʦʨ ï ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ ʪʝʤʠ). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʦʜʝʨʞʘʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʾ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1) ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

2) ʈʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

3) ʅʘ ʙʘʟʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʩʬʦʨʤʫʣʶʚʘʪʠ/ʫʪʦʯʥʠʪʠ ʢʦʤʧʣʝʢʩ 

ʦʢʨʝʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ: ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 
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ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ; ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʦʙʣʘʜʥʘʥʥʽ 

ʦʙʝʨʪʦʚʠʭ ʧʨʦʞʘʨʶʚʘʣʴʥʠʭ ʧʝʯʝʡ; ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ; 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʊʌɺ) ʩʠʧʢʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

4) ʅʘ ʙʘʟʽ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ (ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʜʠʩʢʨʝʪʥʦʛʦ 

ʝʣʝʤʝʥʪʘ (ʄɼɽ), ʩʢʽʥʯʝʥʥʠʭ ʦʙôʻʤʽʚ (ʄʉʆ) ʡ ʜʠʩʢʨʝʪʥʠʭ ʦʨʜʠʥʘʪ (ʄɼʆ)) 

ʨʦʟʨʦʙʠʪʠ/ʫʪʦʯʥʠʪʠ (ʚʜʦʩʢʦʥʘʣʠʪʠ) ʢʦʤʧʣʝʢʩ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʬʽʟʠʯʥʦʛʦ 

(ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ, ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ (ʊɽʄ)) ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ).  

5) ʈʦʟʨʦʙʠʪʠ/ʤʦʜʠʬʽʢʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

(ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ (ʇɽʆ)) ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʡ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ, 

ʜʠʥʘʤʽʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʡ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

çʟʝʣʝʥʠʭè ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ (ʇɽʂʆ) 

ʛʨʘʬʽʪ ʟ ʤʽʜʜʶ ʡ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʤ ʛʨʘʬʽʪʦʤ. ɺʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

6) ʈʦʟʨʦʙʠʪʠ ʩʭʝʤʠ ʪʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɺʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʽʶʯʦʤʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ: ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʠ, ʧʨʝʩʦʚʠʡ 

ʽʥʩʪʨʫʤʝʥʪ, ʧʝʯʽ ʚʠʧʘʣʶʚʘʥʥʷ ʪʘ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

7) ɺʠʢʦʥʘʪʠ ʘʧʨʦʙʘʮʽʶ ʪʘ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ 

ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

8) ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 



41 

ʚʧʣʠʚʫ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʮʝʩʽʚ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

9) ɺʠʢʦʥʘʪʠ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʡ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʨʝʛʣʘʤʝʥʪʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

10) ʅʘ ʙʘʟʽ ʚʠʢʦʥʘʥʠʭ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʨʦʙʠʪʠ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ Castner. 

11) ʈʦʟʨʦʙʠʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʥʘ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè ʨʝʩʫʨʩʦ- ʡ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʛʣʘʤʝʥʪʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʫ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʫ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʥʘ ʪʘʢʠʭ ʧʝʨʝʜʽʣʘʭ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ, ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, 

ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʤʽʩʥʦʾ 

ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʧʦʪʨʝʙ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʝʩʫʨʩʦʝʥʝʨʛʦʻʤʥʦʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʾ 

ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʜʦʩʪʦʚʽʨʥʠʭ ʛʽʧʦʪʝʟʘʭ ʡ ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, 

ʟʚôʷʟʘʥʠʭ ʩʠʩʪʝʤʘʭ ʨʽʚʥʷʥʴ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʪʘʪʠʢʠ ʡ ʜʠʥʘʤʽʢʠ 

ʩʠʧʫʯʠʭ ʩʝʨʝʜʦʚʠʱ ʫ ʜʠʩʢʨʝʪʥʦʤʫ ʬʦʨʤʫʣʶʚʘʥʥʽ, ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʧʨʦʙʦʚʘʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʄʉɽ, ʄɼɽ, ʄʉʆ ʡ ʄɼʆ, ʨʦʟʨʦʙʣʝʥʠʭ 

ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʠʢʘʭ ʡ ʘʣʛʦʨʠʪʤʘʭ, ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʦʾ ʢʦʥʪʨʦʣʴʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʡ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ. ɼʘʥʽ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ 
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ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʽ ʧʝʨʝʚʽʨʢʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʫʢʦʚʠʭ 

ʟʘʩʘʜ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʦʜʝʨʞʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʪʘ 

ʛʨʘʬʽʪʦʚʘʥʦʾ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʨʝʛʣʘʤʝʥʪʽʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʋʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1) ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

2) ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʽʩʪʘʚʣʝʥʥʷ ʯʠʩʣʦʚʠʭ ʨʦʟʚôʷʟʢʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ 

ʟʘʜʘʯʽ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

3) ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʙʘʟʽ ʜʠʩʢʨʝʪʥʦ-ʢʦʥʪʠʥʫʘʣʴʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʩʠʧʢʝ ʩʝʨʝʜʦʚʠʱʝ. 

4) ɺʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʣʴʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʪʘ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʙʣʘʜʥʘʥʥʽ ʧʝʨʝʜʽʣʽʚ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ: ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

5) ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʪʨʠʤʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʧʦʪʨʽʙʥʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʾʭ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ ʧʝʯʽ Castner. 

ɼʽʩʪʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ: 

1) ʅʘ ʙʘʟʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ/ʫʪʦʯʥʝʥʦ ʢʦʤʧʣʝʢʩ 

ʦʢʨʝʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ: ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ; ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 
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ʦʙʣʘʜʥʘʥʥʽ ʦʙʝʨʪʦʚʠʭ ʧʨʦʞʘʨʶʚʘʣʴʥʠʭ ʧʝʯʝʡ; ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ; 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

2) ʆʪʨʠʤʘʥʦ/ʫʪʦʯʥʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʻ 

ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʡʦʛʦ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ. 

3) ʋʪʦʯʥʝʥʦ ʢʦʤʧʣʝʢʩ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʨʦʚʠʥʥʦʾ 

ʙʘʟʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

4) ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʘʢʦʤʫ: 

1) ʈʦʟʨʦʙʣʝʥʦ/ʫʪʦʯʥʝʥʦ ʢʦʤʧʣʝʢʩ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦ-

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ, ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

2) ʈʦʟʨʦʙʣʝʥʦ/ʤʦʜʠʬʽʢʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʡ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ, ʜʠʥʘʤʽʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʡ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ çʟʝʣʝʥʠʭè ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʟʘʛʦʪʦʚʦʢ, 

ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʛʨʘʬʽʪ ʟ ʤʽʜʜʶ ʡ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʤ ʛʨʘʬʽʪʦʤ. 

3) ʈʦʟʨʦʙʣʝʥʦ ʩʭʝʤʠ ʪʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ, 

ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

4) ʇʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʪʘ ʚʠʢʦʥʘʥʦ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʠʭ 

ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

5) ʈʦʟʨʦʙʣʝʥʦ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ Castner. 

6) ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè ʢʦʤʧʣʝʢʩ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʫ ʚʠʛʣʷʜʽ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʦʩʦʙʽʚ ʪʘ ʨʝʛʣʘʤʝʥʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʦʪʨʽʙʥʫ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʥʘ ʪʘʢʠʭ 

ʚʘʞʣʠʚʠʭ ʧʝʨʝʜʽʣʘʭ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʫʚʘʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʟʘʭʠʱʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ: ˉˉ 100302, 119759, 139897, 142467, 146271, 146272, 146273 ï 

ʩʪʦʩʫʶʪʴʩʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʡʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ; ˉ 

137451 ï ʩʪʦʩʫʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ˉˉ 107104, 107805, 146609, 146611, 146612 ï 

ʩʪʦʩʫʶʪʴʩʷ ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʪʘ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ; ˉˉ 108531, 

129134, 146006, 146007 ï ʩʪʦʩʫʶʪʴʩʷ ʛʨʘʬʽʪʫʚʘʣʴʥʠʭ ʧʝʯʝʡ Castnerôs; 

7) ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʽ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʣʝʢʮʽʡʥʠʭ, ʧʨʘʢʪʠʯʥʠʭ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʟʘʥʷʪʴ, ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʠʭ ʧʨʦʝʢʪʽʚ ʽ ʨʦʙʽʪ ʟ ʜʠʩʮʠʧʣʽʥ çʄʝʭʘʥʽʢʘ ʩʫʮʽʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱè, çʅʘʫʢʦʚʘ ʨʦʙʦʪʘ ʟʘ ʪʝʤʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾè, çɯʥʞʠʥʽʨʠʥʛ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷè, çʄʦʜʝʨʥʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷè, 

çʄʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʫ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè, çʄʝʪʦʜʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷè ʘ 

ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: ʥʘʚʯʘʣʴʥʠʤ ʧʦʩʽʙʥʠʢʦʤ (ɯʥʞʠʥʽʨʠʥʛ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷï2. ʂʫʨʩʦʚʠʡ ʧʨʦʝʢʪ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ: ʥʘʚʯ. 

ʧʦʩʽʙ. ʜʣʷ ʩʪʫʜ. ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè / ɸ. ʗ. ʂʘʨʚʘʮʴʢʠʡ, ʉ. ɺ. 

ʃʝʣʝʢʘ. ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2018. 40 ʩ.); ʥʘʚʯʘʣʴʥʠʤ ʧʦʩʽʙʥʠʢʦʤ 

(ʄʝʪʦʜʦʣʦʛʽʷ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʃʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ: 

ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ ʩʪʫʜ. ʩʧʝʮʽʘʣʴʥʦʩʪʽ 133 çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè / 

ɺ.ʖ. ʑʝʨʙʠʥʘ, ɯ.ɯ. ɯʚʽʮʴʢʠʡ, ʉ.ɺ. ʃʝʣʝʢʘ. ʂʠʾʚ: ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2018. 67 

ʩ.) ʪʘ ʤʝʪʦʜʠʯʥʠʤʠ ʚʢʘʟʽʚʢʘʤʠ. 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɿʜʦʙʫʚʘʯʝʤ ʚʠʟʥʘʯʝʥʦ ʩʪʘʥ ʽ ʪʝʥʜʝʥʮʽʾ 

ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʡ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʪʘ ʩʧʦʩʦʙʠ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʝʨʝʜʽʣʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʫʪʦʯʥʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯ ʦʢʨʝʤʠʭ ʧʝʨʝʜʽʣʽʚ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʾʭ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʠ ʡ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʧʨʦʤʠʩʣʦʚʠʭ 

ʫʤʦʚʘʭ, ʧʨʠʡʥʷʪʦ ʫʯʘʩʪʴ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ 

ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʜʽʚ, ʧʨʦʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ 

ʟʜʽʡʩʥʝʥʦ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ, ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʨʝʘʛʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ 

ʜʘʣʦ ʟʤʦʛʫ ʚ ʜʦʩʪʘʪʥʴʦ ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ ʨʦʟʨʦʙʣʷʪʠ ʨʝʩʫʨʩʦ- ʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʛʣʘʤʝʥʪʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʚʠʩʚʽʪʣʝʥʦ ʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʩʧʠʩʢʫ 

ʧʫʙʣʽʢʘʮʽʡ ʘʚʪʦʨʝʬʝʨʘʪʫ [1ï60]. ɿʦʢʨʝʤʘ ʘʚʪʦʨʦʤ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʦʩʦʙʠʩʪʦ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʠʢʦʥʘʥʦ ʫʪʦʯʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ 

ʟʘʜʘʯ ʦʢʨʝʤʠʭ ʧʝʨʝʜʽʣʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʡ ʫʪʦʯʥʝʥʦ ʢʦʤʧʣʝʢʩ ʯʠʩʣʦʚʠʭ 

ʤʦʜʝʣʝʡ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ [1, 2, 4, 6ï9, 12, 15, 19, 21, 25, 27, 30, 48, 54ï60]; 

ï ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʨʦʚʠʥʥʦʾ 

ʙʘʟʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ [1ï3, 5, 6, 8, 9, 13, 14, 16, 17]; 

ï ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [1, 2, 4, 6ï8, 9, 12, 15, 

19, 21, 25ï28, 49, 53, 56ï58]; 

ï ʨʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʽʰʝʥʥʷ ʽʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 
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ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ [31ï47]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʜʽʡʩʥʝʥʦ ʨʘʟʦʤ ʟ ʢ.ʪ.ʥ., ʤ.ʥ.ʩ. ʃʘʟʘʨʻʚʠʤ ʊ. ɺ, ʢ.ʪ.ʥ., ʤ.ʥ.ʩ. ʏʠʨʢʦʶ 

ʊ. ɺ., ʢ.ʪ.ʥ., ʤ.ʥ.ʩ. ʇʝʜʯʝʥʢʦ ɸ. ʖ., ʘʩʠʩʪ. ʐʚʘʯʢʦ ɼ. ɻ. [1, 2, 4, 8, 10, 18, 21, 52].  

ʈʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʊʌɺ 

ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʝʥʦ ʨʘʟʦʤ ʟ ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʘʨʚʘʮʴʢʠʤ ɸ. ʗ. [15, 37, 55, 60]. 

ʈʦʟʨʦʙʢʫ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʫ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ Castner ʟʜʽʡʩʥʝʥʦ ʨʘʟʦʤ ʟ ʜ.ʪ.ʥ., 

ʧʨʦʬ. ʇʘʥʦʚʠʤ ɭ. ʄ. [11, 29]. 

ʆʬʦʨʤʣʝʥʥʷ ʟʘʷʚʦʢ ʥʘ ʧʘʪʝʥʪʠ ʚʠʢʦʥʘʥʦ ʨʘʟʦʤ ʟ ʜ.ʪ.ʥ., ʧʨʦʬ. ʄʽʢʫʣʴʦʥʢʦʤ 

ɯ. ʆ. [31ï47]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ VIII ʄʽʞʥ. ʢʦʥʬ. çʄʘʪʝʨʠʘʣʳ ʠ ʧʦʢʨʳʪʠʷ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʠʟʜʝʣʠʡè (ʂʠʾʚ, 2014), ɯɯɯ ɺʩʝʫʢʨ. ʥʘʫʢʦʚʦ-

ʧʨʘʢʪ.ʢʦʥʬ. ʩʪʫʜ., ʘʩʧ. ʪʘ ʥʘʫʢ. çʈʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ, ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʽ ʧʽʜʧʨʠʻʤʩʪʚ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚè (ʂʠʾʚ, 

2014), Intern. scientific and pract., conf. ñEconomics, science, education: integration and 

synergyò (Bratislava, 2016), III ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. çʇʨʦʙʣʝʤʠ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚè (ʇʦʢʨʦʚʩʴʢ, 2017), ɯɯI, ɯV ʄʽʞʥ. ʥʘʫʢ.-ʧʨʘʢʪ. ɯʥʪʝʨʥʝʪ 

ʢʦʥʬ. çʇʨʠʢʣʘʜʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷè (ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 2019), Vɯ 

ʄʽʞʥʘʨ. ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ. çʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤè (ɼʥʽʧʨʦ, 2020), 3rd International Conference on Design, Simulation, 

Manufacturing: The Innovation Exchange (Kharkiv, 2020), ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʥʘ ʢʘʬʝʜʨʽ ʍʇʉʄ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ çɽʬʝʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʪʘ 

ʧʘʢʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠè (ʂʠʾʚ, 2014, 2015, 2019), ʘ ʪʘʢʦʞ ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ 

ʢʘʬʝʜʨʠ ʍʇʉʄ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ.  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 60 ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʴ, ʫ ʪʦʤʫ 
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ʯʠʩʣʽ 8 ʤʦʥʦʛʨʘʬʽʡ (ʟ ʥʠʭ 1 ʨʦʟʜʽʣ ʤʦʥʦʛʨʘʬʽʾ ʚ ʽʥʦʟʝʤʥʦʤʫ ʚʠʜʘʚʥʠʮʪʚʽ), 18 

ʩʪʘʪʪʽ ʚ ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʥʠʭ 3 ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Web of Science, 7 ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus), 17 ʧʘʪʝʥʪʽʚ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʽ ʤʦʜʝʣʽ, ʘ 

ʪʘʢʦʞ 13 ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʥʠʢʘʭ ʽ ʤʘʪʝʨʽʘʣʘʭ ʧʨʘʮʴ ʢʦʥʬʝʨʝʥʮʽʡ (ʟ ʥʠʭ 1, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ Scopus ʪʘ Web of Science). 
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1 ʉʋʏɸʉʅʀʁ ʉʊɸʅ ɯ ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ʊɽʆʈɽʊʀʏʅʆ-

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ɺʀʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ ɯ ʇʈʆʎɽʉɯɺ 

ɽʃɽʂʊʈʆɼʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

 

 

1.1 ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʽʪʫ 

 

ʅʘʡʙʽʣʴʰ ʩʪʽʡʢʦʶ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʬʦʨʤʦʶ ʚʫʛʣʝʮʶ ʟʘ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ ʻ 

ʛʨʘʬʽʪ [1, 2].  

ɻʨʘʬʽʪ ʤʘʻ ʢʨʠʩʪʘʣʽʯʥʫ ʬʦʨʤʫ ʪʘ ʧʝʨʝʚʘʞʥʦ ʛʝʢʩʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʚ ʷʢʽʡ 

ʘʪʦʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʠʤʠ ʰʘʨʘʤʠ ʽ ʚ ʢʦʞʥʽʡ ʧʣʦʱʠʥʽ ʫʪʚʦʨʶʶʪʴ ʩʽʪʢʫ ʟ 

ʧʨʘʚʠʣʴʥʠʭ ʰʝʩʪʠʢʫʪʥʠʢʽʚ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʘʪʦʤʘʤʠ 1,415 ¡ [4]. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ ʚ ʩʪʨʫʢʪʫʨʽ ʛʨʘʬʽʪʫ ʜʦʨʽʚʥʶʻ 3,354 ¡. ʐʘʨʠ ʫ 

ʩʪʨʫʢʪʫʨʽ ʛʨʘʬʽʪʫ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʛʦ ʥʘ ʚʝʣʠʯʠʥʫ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʘʪʦʤʘʤʠ ʚ ʰʘʨʽ [4]. ɽʥʝʨʛʽʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʫ ʰʘʨʽ ʜʦʨ̔ʚʥʶʻ (250ï

350) ʢɼʞ/ʤʦʣʴ, ʘ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʘʪʦʤʥʠʭ ʰʘʨʽʚ ʫ 10 ʨʘʟʽʚ ʤʝʥʰʘ ʽ ʜʦʩʷʛʘʻ (26ï38) 

ʢɼʞ/ʤʦʣʴ [2, 3, 171]. 

ɺ ʧʝʨʽʦʜʠʯʥʦʡ ʩʠʩʪʝʤʠ ʄʝʥʜʝʣʻʻʚʘ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʚʫʛʣʝʮ ʁ- ʰʽʩʪʴ ʚ̔ʥ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʯʝʪʚʝʨʪʽʡ ʛʨʫʧʽ ʝʣʝʤʝʥʪʽʚ. ɺ ʧʨʠʨʦʜʥʠʡ ʚʫʛʣʝʮʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʩʪʘʙʽʣʴʥʠʭ ʥʫʢʣʽʜʽʚ ï 12ʉ (98,892 %) ʽ 13ʉ (1,108 %) ʪʘ ʦʜʥʦʛʦ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʥʫʢʣʽʜʫ 14ʉ (ɓ-ʚʠʧʨʦʤʽʥʶʚʘʯ, ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ 5730 ʨʦʢʽʚ) [4, 171]. ɸʪʦʤʥʘ 

ʤʘʩʘ ʚʫʛʣʝʮʶ ï 12,0111Ñ0,00005 ʛ/ʤʦʣʴ.  

ɺʫʛʣʝʛʨʘʬʽʪʦʚʽ ʚʠʨʦʙʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʢʦʣʴʦʨʦʚʠʭ ʽ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ, ʬʝʨʦʩʧʣʘʚʽʚ, ʢʘʨʙʽʜʫ ʢʘʣʴʮʽʶ, ʬʦʩʬʦʨʫ, ʭʣʦʨʫ, 

ʰʪʫʯʥʠʭ ʘʙʨʘʟʠʚʽʚ ʪʦʱʦ [171]. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʛʨʘʬʽʪ ʤʘʻ ʫʥʽʢʘʣʴʥʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ: ʚʠʩʦʢʫ ʪʝʧʣʦ- ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʭʽʤʽʯʥʦ 

ʽʥʝʨʪʥʠʡ, ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʽ ʪʝʨʤʽʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʚʠʨʦʙʘʤʠ ʟʽ ʰʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ ʻ ʝʣʝʢʪʨʦʜʠ ʝʣʝʢʪʨʦʪʝʨʤʽʯʥʦʾ ʪʘ 
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ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʣʦʢʠ ʬʫʪʝʨʦʚʢʠ ʘʛʨʝʛʘʪʽʚ ʯʦʨʥʦʾ ʪʘ ʢʦʣʴʦʨʦʚʦʾ 

ʤʝʪʘʣʫʨʛʽʾ, ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʪʦʱʦ [171].  

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʪʘ hʪʫʯʥʠʡ ʛʨʘʬʽʪ. 

ʇʨʠʨʦʜʥʠʡ ʛʨʘʬʽʪ ʤʘʻ ʚʠʛʣʷʜ ʦʢʨʝʤʠʭ ʣʫʩʦʢ, ʧʣʘʩʪʠʥ ʘʙʦ ʩʢʫʧʯʝʥʴ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʢʨʠʩʪʘʣʽʯʥʠʡ ʛʨʘʬʽʪ ʨʦʜʦʚʠʱʘ ʷʢʦʛʦ ʧʦʚôʷʟʘʥʽ ʟ ʤʘʛʤʘʪʠʯʥʠʤʠ ʛʽʨʩʴʢʠʤʠ 

ʧʦʨʦʜʘʤʠ ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʩʣʘʥʮʷʤʠ, ʽ ʧʨʠʭʦʚʘʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʛʨʘʬʽʪ, ʷʢʠʡ 

ʩʬʦʨʤʫʚʘʚʩʷ ʰʣʷʭʦʤ ʤʝʪʘʤʦʨʬʽʟʤʫ ʚʫʛʽʣʣʷ. ʋ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʣʘʥʮʷʭ ʚʤʽʩʪ 

ʛʨʘʬʽʪʫ ʩʪʘʥʦʚʠʪʴ (3ï20) %, ʚ ʤʘʛʤʘʪʠʯʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ (3ï50) %, ʘ ʫ ʚʫʛʽʣʣʽ 

(60ï85) %. ʂʨʠʩʪʘʣʽʯʥʠʡ ʛʨʘʬʽʪ ʦʪʨʠʤʫʶʪʴ ʟ ʨʫʜʠ ʤʝʪʦʜʦʤ ʬʣʦʪʘʮʽʾ, ʘ 

ʧʨʠʭʦʚʘʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʛʨʘʬʽʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʝʟ ʟʙʘʛʘʯʝʥʥʷ [171]. 

ʐʪʫʯʥʠʡ ʛʨʘʬʽʪ ʦʪʨʠʤʫʶʪʴ ʽʟ ʚʫʛʣʝʚʤʽʩʥʦʾ ʨʝʯʦʚʠʥʠ [171]. ʌʦʨʤʫʚʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ (ʛʨʘʬʽʪʫʚʘʥʥʷ) ʧʦʣʷʛʘʻ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʫʧʦʨʷʜʢʫʚʘʥʥʽ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ ʚ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʽʪʫ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [6]. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʧʥʽ ʚʠʜʠ h ʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ: 

- ʘʯʝʩʦʥʽʚʩʴʢʠʡ ʛʨʘʬʽʪ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʥʘʛʨʽʚʘʥʥʷʤ ʩʫʤʽʰʽ ʢʦʢʩʫ ʘʙʦ 

ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʟ ʧʝʢʦʤ; 

- ʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʠʡ ʛʨʘʬʽʪ ï ʦʪʨʠʤʫʶʪʴ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ 

ʩʫʤʽʰʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʢʩʫ, ʧʝʢʫ, ʧʨʠʨʦʜʥʦʛʦ ʛʨʘʬʽʪʫ ʪʘ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ; 

- ʧʽʨʦʛʨʘʬʽʪ ï ʦʪʨʠʤʫʶʪʴ ʧʽʨʦʣʽʟʦʤ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ; 

- ʜʦʤʝʥʥʠʡ ʛʨʘʬʽʪ ï ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥ ̫

ʚʝʣʠʢʦʾ ʤʘʩʠ ʯʘʚʫʥʫ; 

- ʢʘʨʙʽʜʥʠʡ ʛʨʘʬʽʪ ï ʦʪʨʠʤʫʶʪʴ ʟʘ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʘʨʙʽʜʽʚ [171]. 

ɺʠʭʽʜʥʘ ʥʝʛʨʘʬʽʪʦʚʘʥʘ ʚʫʛʣʝʚʤʽʩʥʘ ʨʝʯʦʚʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʫʧʯʝʥʥʷ  

ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʰʘʨʽʚ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʛʠʥʽʚ, ʚʘʢʘʥʩʽʡ ʪʘ ʾʭ 

ʛʨʫʧ ʘ ʪʘʢʦʞ ʛʝʪʝʨʦʘʪʦʤʽʚ [171]. ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʦʢʨʝʤʽ ʧʣʦʩʢʽ ʜʽʣʷʥʢʠ ʟ ʙʣʠʟʴʢʠʤ 

ʜʦ ʧʘʨʘʣʝʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʰʘʨʽʚ. ʊʘʢʽ ʛʨʫʧʠ ʧʣʦʱʠʥ ʤʦʞʫʪʴ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦ-ʧʨʦʪʷʞʥʠʭ ʫʪʚʦʨʝʥʴ (ʩʪʨʫʤʝʥʝʚʽ ʘʙʦ 

ʛʦʣʯʘʩʪʽ ʩʢʣʘʜʦʚʽ), ʘʙʦ ʫ ʚʠʜʽ ʩʬʝʨʠʯʥʠʭ (ʩʬʝʨʦʣʽʪʦʚʘ ʩʪʨʫʢʪʫʨʘ). ʇʦʨʷʜ ʟ 
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ʚʽʜʥʦʩʥʦ ʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʧʨʠʩʫʪʥʷ ʪʘʢʦʞ ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ 

ʘʤʦʨʬʥʦʛʦ ʚʫʛʣʝʮʶ. ʋ ʥʝʛʨʘʬʽʪʦʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʤʽʞʰʘʨʦʚʘ ʚʽʜʩʪʘʥʴ ʜʦʨʽʚʥʶʻ 

0,3425 ʥʤ, ʘ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʰʠʨʠʥʦʶ ʜʠʬʨʘʢʮʽʡʥʠʭ ʣʽʥʽʡ ʜʽʘʤʝʪʨ ʰʘʨʽʚ ʩʢʣʘʜʘʻ 

ʙʽʣʷ 2 ʥʤ [171]. 

ʉʪʨʫʢʪʫʨʥʘ ʘʥʽʟʦʪʨʦʧʽʷ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦʙʪʦ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʩʽʪʦʢ, ʦʙʫʤʦʚʣʶʻ ʡʦʛʦ ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʦ ʛʨʘʬʽʪʫʚʘʥʥʷ. ʇʘʨʘʣʝʣʴʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʘʨʽʚ ʫ ʧʘʢʝʪʘʭ ʽ ʤʘʣʘ ʾʭ ʨʦʟʦʨʽʻʥʪʘʮʽʷ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ 

ʩʧʨʠʷʻ ʾʭ ʚʠʧʨʷʤʣʝʥʥʶ ʪʘ ʘʛʨʝʛʘʮʽʾ ʫ ʛʨʫʧʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ 

ʣʝʛʢʦ ʛʨʘʬʽʪʫʻʪʴʩ ̫ [171]. ʋ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʘʥʥʷ ʥʝʫʧʦʨʷʜʢʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʥʝʛʨʘʬʽʪʦʚʘʥʦʛʦ ʚʫʛʣʝʮʶ ʧʨʦʭʦʜʠʪʴ ʥʠʟʢʫ ʟʤʽʥ. ʇʨʦʮʝʩ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ 

ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʡ ʪʘ ʦʩʪʘʪʦʯʥʦ ʥʝ ʚʠʚʯʝʥʠʡ [258]. ʅʘʧʨʠʢʣʘʜ ʟʘ ʛʽʧʦʪʝʟʦʫ [7], 

ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʚʤʽʩʥʦʾ ʨʝʯʦʚʠʥʠ ʧʽʜ ʯʘʩ ʛʦʤʦʛʝʥʥʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥ ̫  ̒

ʜʠʩʢʨʝʪʥʦ ʁ̔  ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 

-  ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʰʘʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ. ɺ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1000ï2000 Áʉ ʜʽʘʤʝʪʨ ʰʘʨʽʚ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʜʦ 20 ʥʤ;  

-  ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʨʦʩʪʘʥʥʷ ʰʘʨʽʚ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ; ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʰʘʨʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʾʭ ʧʘʨʘʣʝʣʴʥʝ ʫʢʣʘʜʘʥʥʷ; 

ʟʤʝʥʰʫʻʪʴʩʷ ʤʽʞʰʘʨʦʚʘ ʚʽʜʩʪʘʥʴ; 

-  ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʝ ʫʧʦʨʷʜʢʫʚʘʥʥʷ, ʷʢʝ ʧʦʚôʷʟʘʥʝ ʟʽ 

ʚʟʘʻʤʥʠʤ ʦʙʝʨʪʘʥʥʷʤ ʰʘʨʽʚ ʪʘ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʽʪʦʚʦʛʦ 

ʤʦʥʦʢʨʠʩʪʘʣʫ [171,258]. 

ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʛʨʘʬʽʪʫʚʘʥʥʷ (ʩʪʫʧʝʥʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷ) 

ʤʘʪʝʨʽʘʣʫ ʥʘʡʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚʠʛʣʷʜʫ [8, 171, 258] 

3354,03425,0

23425,0

-

-
=g

c
, d=0 ,344-0,00861-p-0,0064p(1-p)  (1.1) 

ʜʝ 0,3354 ï ʤʽʞʰʘʨʦʚʘ ʚʽʜʩʪʘʥʴ ʽʜʝʘʣʴʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʫ, ʥʤ; 2c  ï 

ʩʝʨʝʜʥʷ ʤʽʞʰʘʨʦʚʘ ʚʽʜʩʪʘʥʴ ʜʦʩʣʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʤ.  

ʅʘ ʩʪʫʧʽʥʴ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʯʠʥʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʫ, ʯʘʩ ʚʠʪʨʠʤʢʠ, ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʾʾ 
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ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʽʥ. ɸʣʝ ʥʘʡʙʽʣʴʰʝ ʥʘ ʩʪʫʧʽʥʴ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʚʤʽʩʥʦʾ ʨʝʯʦʚʠʥʠ 

ʚʧʣʠʚʘʻ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʠʤʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ [171, 258] 

( )t--=g Kexp1 ,  (1.2) 

ʜʝ ʂ ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʩ-1; Ű ï ʯʘʩ, c.  

ʂʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʪʠʧʫ ɸʨʝʥʽʫʩʘ [171, 258] 

,exp ö
÷

õ
æ
ç

å
-=

RT

E
AK a  (1.3) 

ʜʝ T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ, ʂ; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ʷʢʘ 

ʜʦʨʽʚʥʶʻ 8,31441 ɼʞ/(ʤʦʣʴÖʂ); ɸ ï ʩʪʘʣʘ ʨʽʚʥʷʥʥʷ, ʩ-1; aE  ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ 

ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ, ɼʞ/ʤʦʣʴ.  

ʂʦʝʬʽʮʽʻʥʪʠ A ̔  aE  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [9]. 

 

 

1.2 ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʰʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ 

 

ʐʪʫʯʥʠʡ ʛʨʘʬʽʪ ʚʠʨʦʙʣʷʶʪʴ ʟ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʪʚʝʨʜʦʛʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʩʧʦʣʫʯʥʦʛʦ. ʉʠʨʦʚʠʥʦʶ ʜʣʷ ʥʘʧʦʚʥʶʚʘʯʘ ʩʣʫʛʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ 

ʢʦʢʩʫ (ʥʘʬʪʦʚʠʡ, ʧʝʢʦʚʠʡ, ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʪʘ ʽʥ.), ʘʥʪʨʘʮʠʪ ʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪ [3, 

4, 10, 11, 12]. ɿʛʽʜʥʦ ʟ ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʥʘʧʦʚʥʶʚʘʯ ʧʦʚʠʥʝʥ ʛʘʨʥʦ 

ʟʤʦʯʫʚʘʪʠʩʷ ʩʧʦʣʫʯʥʠʤ, ʤʘʪʠ ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʤʝʭʘʥʽʯʥʫ ʪʘ ʪʝʨʤʽʯʥʫ 

ʤʽʮʥʽʩʪʴ [5, 13]. ɺʣʘʩʪʠʚʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥ ̔

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʝʨʞʫʚʘʥʠʭ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ [14, 15, 171]. 

ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʩʧʦʣʫʯʥʦʛʦ ʻ ʥʘʜʘʥʥʷ ʟʚôʷʟʘʥʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʝʣʝʢʪʨʦʜʥʽʡ ʤʘʩʽ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ [171]. ʗʢ ʩʧʦʣʫʯʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ (ʤôʷʢʠʡ, ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ), 

ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʦʟʤôʷʢʰʝʥʥʷ [3, 4, 11, 14, 15, 16, 171]. 
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ɿʛʽʜʥʦ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ, ʥʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ 

ʚʠʨʦʙʽʚ (ɽɺ) (ʨʠʩ. 1.1) [17, 18] ʩʠʨʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ (ʥʘʧʦʚʥʶʚʘʯ) ʧʦʧʝʨʝʜʥʴʦ 

ʧʦʜʨʽʙʥʶʶʪʴ, ʘ ʧʦʪʽʤ ʪʝʨʤʽʯʥʦ ʦʙʨʦʙʣʶʶʪʴʩʷ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʙʝʟ 

ʜʦʩʪʫʧʫ ʧʦʚʽʪʨʷ. ɺʢʘʟʘʥʘ ʦʙʨʦʙʢʘ ʥʘʡʯʘʩʪʽʰʝ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʝʯʘʭ ʧʨʦʞʘʨʶʚʘʥʥʷ.  

ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʞʘʨʝʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʜʨʽʙʥʶʻʪʴʩʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ 

ʧʦʤʝʣ ʪʘ ʥʘʩʪʫʧʥʝ ʟʤʽʰʫʚʘʥʥʷ ʟʽ ʩʧʦʣʫʯʥʠʤ. ʐʠʭʪʘ ʚ ʟʤʽʰʫʚʘʯʘʭ ʧʝʨʝʤʽʰʫʻʪʴʩʷ 

ʫʧʨʦʜʦʚʞ 1ï5 ʛʦʜ, ʾʾ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʚʠʱʫʶʪʴ ʜʦ 125ï150 ʉ̄. ʋ ʧʨʦʮʝʩʽ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʘʩʠ ʜʦ ʥʝʾ ʜʦʜʘʶʪʴ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʩʪʨʫʢʪʫʨʠ ʛʨʘʬʽʪʫ. 

ʆʪʨʠʤʘʥʘ ʚʫʛʣʝʮʝʚʘ ʤʘʩʘ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʝʩʫʻʪʴʩʷ ʚ ʪʘʢ 

ʟʚʘʥʽ çʟʝʣʝʥʽè ʟʘʛʦʪʦʚʢʠ, ʷʢʽ ʧʦʪʽʤ ʚʠʧʘʣʶʶʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʧʝʯʘʭ ʫʧʨʦʜʦʚʞ 

20ï40 ʜʽʙ. ʋ ʨʘʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ɽɺ ʩʪʘʜʽʷ ʚʠʧʘʣʶʚʘʥʥʷ ʻ 

ʟʘʢʣʶʯʥʦʶ. 

ɿʘʚʝʨʰʘʣʴʥʦʶ ʩʪʘʜʽʻʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʛʨʘʬʽʪʦʚʘʥʠʭ 

ʚʠʨʦʙʽʚ ʻ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʩʫʪʥʽʩʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ 

ʦʙʨʦʙʮʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 2500ï3000 Áʉ ʫ ʧʝʯʘʭ ɸʯʝʩʦʥʘ ʘʙʦ 

ʂʘʩʪʥʝʨʘ [171, 258]. ʋ ʧʨʦʮʝʩʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʮʠʭ ʚʠʨʦʙʽʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʩʠʧʫʯʽ 

ʧʝʨʝʩʠʧʢʦʚʽ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. 

 
1 ï ʩʠʨʦʚʠʥʘ; 2 ï ʧʦʜʨʽʙʥʝʥʥʷ; 3 ï ʧʨʦʞʘʨʶʚʘʥʥʷ; 4 ï ʧʦʜʨʽʙʥʝʥʥʷ; 

5 ï ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ; 6 ï ʧʨʝʩʫʚʘʥʥʷ; 7 ï ʚʠʧʘʣʶʚʘʥʥʷ; 

8 ï ʛʨʘʬʽʪʫʚʘʥʥʷ; 9 ï ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ; 10 ï ʩʢʣʘʜʫʚʘʥʥʷ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʈʠʩʫʥʦʢ 1.1 ï ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ 

ʚʠʨʦʙʽʚ [171] 
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ɻʨʘʬʽʪʦʚʘʥʽ ʚʠʨʦʙʠ ʧʽʩʣʷ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʞʫʪʴ 

ʜʦʜʘʪʢʦʚʦ ʧʨʦʩʦʯʫʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʤʧʨʝʛʥʘʪʘʤʠ ʪʘ ʧʽʜʜʘʚʘʪʠʩʴ ʥʘʥʝʩʝʥʥʶ 

ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʧʨʦʮʝʩʽʚ ʪʝʨʤʦʦʙʨʦʙʢʠ ʛʨʘʬʽʪʦʚʘʥʽ ʚʠʨʦʙʠ 

ʧʽʜʣʷʛʘʶʪʴ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʧʝʨʝʚʽʨʮʽ ʷʢʦʩʪʽ ʪʘ ʩʢʣʘʜʫʚʘʥʥʶ. 

 

 

1.3 ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʨʦʚʠʥʥʠʭ ʪʘ ʧʝʨʝʩʠʧʢʦʚʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

 

1.3.1 ʉʠʨʦʚʠʥʥʽ ʤʘʪʝʨʽʘʣʠ 

 

ɺʫʛʣʝʛʨʘʬʽʪʦʚʽ ʚʠʨʦʙʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʤʽʩʪʠʪʴ ʚʫʛʣʝʮʴ ʪʘ ʩʧʨʦʤʦʞʥʦʛʦ ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʜʘʚʘʪʠ ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ. ɸʣʝ 

ʚʠʙʽʨ ʩʠʨʦʚʠʥʠ ʜʣʷ ʰʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ ʦʙʤʝʞʝʥʠʡ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʠʩʪʦʪʘ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʚʘʨʪʽʩʪʴ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʟʘʟʚʠʯʘʡ, ʩʣʫʛʫʶʪʴ 

ʥʘʬʪʦʚʠʡ ʽ ʧʝʢʦʚʠʡ ʢʦʢʩ ʟʘ ʢʦʨʜʦʥʦʤ ʪʘ ʘʥʪʨʘʮʠʪ ʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪ ï ʚ ʋʢʨʘʾʥʽ, ʘ 

ʩʧʦʣʫʯʥʠʤ ï ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ [5]. 

ʈʦʟʨʽʟʥʷʶʪʴ ʥʘʬʪʦʚʠʡ ʽ ʧʝʢʦʚʠʡ ʢʦʢʩ. ʇʝʨʰʽ ʟ ʥʠʭ ʦʪʨʠʤʫʶʪʴ ʢʦʢʩʫʚʘʥʥʷʤ 

ʥʘʬʪʦʚʠʭ ʟʘʣʠʰʢʽʚ, ʘ ʜʨʫʛʠʡ ï ʧʝʨʝʨʦʙʢʦʶ ʥʘ ʢʦʢʩ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ.  

ʅʘʬʪʦʚʠʡ ʢʦʢʩ ʤʦʞʝ ʙʫʪʠ ʜʚʦʭ ʩʦʨʪʽʚ: ʛʦʣʯʘʩʪʠʡ (ʘʥʽʟʦʪʦʨʦʧʥʠʡ) ʪʘ 

ʽʟʦʪʨʦʧʥʠʡ, ʧʨʦʤʽʞʥʫ ʩʪʨʫʢʪʫʨʫ ʤʽʞ ʷʢʠʤʠ ʟʘʡʤʘʻ ʨʷʜʦʚʠʡ ʩʦʨʪ [5]. ɺʣʘʩʪʠʚʦʩʪʽ 

ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʟʘʣʝʞʘʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʚʠʜʫ ʥʘʬʪʦʚʠʭ ʟʘʣʠʰʢʽʚ, ʟ ʷʢʠʭ ʚʽʥ 

ʦʪʨʠʤʫʻʪʴʩʷ, ʽ ʤʝʥʰʦʶ ʤʽʨʦʶ ï ʚʽʜ ʫʤʦʚ ʢʦʢʩʫʚʘʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ 

ʦʜʝʨʞʘʥʥʷ ʥʘʬʪʦʚʠʡ ʢʦʢʩ ʧʦʜʽʣʷʪʴ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ: ʢʨʝʢʠʥʛʦʚʠʡ, ʷʢʠʡ 

ʦʪʨʠʤʫʶʪʴ ʽʟ ʟʘʣʠʰʢʽʚ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʢʨʝʢʽʥʛ-ʧʨʦʮʝʩʫ, ʪʘ ʧʽʨʦʣʽʟʥʠʡ, 

ʱʦ ʦʪʨʠʤʫʶʪʴ ʟʽ ʩʤʦʣʠ ʧʽʨʦʣʽʟʫ.  

ʉʢʣʘʜ ʢʦʢʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘʬʪʦʚʠʡ ʢʦʢʩ ʥʘ 90ï98 % ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʫʛʣʝʮʶ [19, 20]. ɺ ʧʝʢʦʚʦʤʫ 

ʢʦʢʩʽ ʚʫʛʣʝʮʴ ʩʢʣʘʜʘʻ 96,5ï97,5 %, ʡʦʛʦ ʟʦʣʴʥʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,3 %, ʚʤʽʩʪ ʩʽʨʢʠ 
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ʩʢʣʘʜʘʻ 0,3ï0,7 %, ʘ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ï 195ï280 ʆʤÖʤʤ2/ʤ. ɿʘʛʘʣʴʥʘ 

ʧʦʨʠʩʪʽʩʪʴ ʧʝʢʦʚʦʛʦ ʢʦʢʩʫ 55ï57 %, ʘ ʥʘʬʪʦʚʦʛʦ ï 64ï68 % [21]. 

ɺʽʜʤʽʥʥʽʩʪʴ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠ ʧʽʨʦʣʽʟʥʦʛʦ ʢʦʢʩʫ ʚʽʜ ʢʨʝʢʽʥʛʦʚʦʛʦ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟ ʥʠʭ. ʇʦʚʝʜʽʥʢʘ ʢʦʢʩʫ 

ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʪʘʢʦʞ ʨʽʟʥʘ. ɿ ʢʨʝʢʽʥʛʦʚʦʛʦ 

ʢʦʢʩʫ ʦʪʨʠʤʫʶʪʴ ʛʨʘʬʽʪ ʟ ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ; ʚʠʨʦʙʠ ʟ ʥʴʦʛʦ ʣʝʛʢʦ 

ʦʙʨʦʙʣʷʶʪʴʩʷ. ɿ ʧʽʨʦʣʽʟʥʦʛʦ ʢʦʢʩʫ, ʥʘʚʧʘʢʠ. ʦʪʨʠʤʫʶʪʴ ʛʨʘʬʽʪ ʟ ʤʝʥʰʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʛʫʩʪʠʥʠ. 

ʇʨʠʨʦʜʥʠʡ ʘʥʪʨʘʮʠʪ ʤʽʩʪʠʪʴ 92ï97% ʚʫʛʣʝʮʶ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ 

ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʥʝʚʝʣʠʢʠʤ ʚʠʭʦʜʦʤ ʣʝʪʢʠʭ, ʱʦ ʩʢʣʘʜʘʶʪʴ 2ï8 %. 

ɸʥʪʨʘʮʠʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ, ʤʽʩʪʠʪʴ 

ʜʦʤʽʰʢʠ ʫ ʚʠʛʣʷʜʽ ʟʦʣʠ ʥʝ ʙʽʣʴʰʝ ʷʢ 5 % ʡ ʩʽʨʢʠ ï 2 % [18]. 

ʇʨʦʜʫʢʪʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʢʘʣʴʮʠʥʘʮʽʾ) ʘʥʪʨʘʮʠʪʫ ʻ ʪʝʨʤʦʘʥʪʨʘʮʠʪ. ʋ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʡʦʛʦ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʮʽʾ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʧʝʯʘʭ. ɿʘʨʘʟ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʪʝʨʤʦʦʙʨʦʙʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 1200ï2500 ʉ̄, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʩʘʜʢʘ 

ʤʘʪʝʨʽʘʣʫ ʥʘ 9ï18 %, ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʦʛʦ ʛʫʩʪʠʥʘ ʜʦ 1700ï1850 ʢʛ/ʤ3, ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʪʘ ʚʤʽʩʪ ʩʽʨʢʠ (ʜʠʚ. ʨʠʩ. 1.2). 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʢʘʣʴʮʠʥʘʮʽʾ (ʪʘʙʣ. 1.1): 

ï ʛʘʟʦʢʘʣʴʮʠʥʦʚʘʥʠʡ (ɻʂɸ). ʇʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ, ʡʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʆʪʨʠʤʘʥʠʡ ʪʝʨʤʦʘʥʪʨʘʮʠʪ ʥʘ 

100 % ʻ ʘʤʦʨʬʥʠʤ; 

ï ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʦʚʘʥʠʡ (ɽʂɸ). ʂʘʣʴʮʠʥʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʰʘʭʪʥʠʭ 

ʝʣʝʢʪʨʦʧʝʯʘʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ 

ʧʝʨʝʨʽʟʽ ʧʝʯʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʮʝʥʪʨʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʩʷʛʘʪʠ 2500 ʉ̄ ʽ ʙʽʣʴʰʝ, ʘ 

ʙʽʣʷ ʩʪʽʥ ï 1500 ʉ̄. ʊʦʤʫ ʦʪʨʠʤʘʥʠʡ ʪʝʨʤʦʘʥʪʨʘʮʠʪ ʤʦʞʝ ʤʽʩʪʠʪʠ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
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ʊʘʙʣʠʮʷ 1.1 ï ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ [ 22] 

ɺʣʘʩʪʠʚʽʩʪʴ ɻʂɸ ɽʂɸ 

ʈʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʘ, ʥʤ 1,61 11,53 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʤʢʆʤĀʤ 1663 871 

ɯʩʪʠʥʥʘ ʛʫʩʪʠʥʘ, ʢʛ/ʤ3 1792 1877 

ʋʷʚʥʘ ʛʫʩʪʠʥʘ, ʢʛ/ʤ3 960 920 

ɺʤʽʩʪ ʩʽʨʢʠ, % 0,29 0,21 

 

ʂʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʷʢ ʩʧʦʣʫʯʥʝ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʰʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ 

ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʬʨʘʢʮʽʦʥʫʚʘʥʥʽ ʚʫʛʽʣʴʥʦʾ ʩʤʦʣʠ (ʜʠʚ. ʪʘʙʣ. 1.2 [23]). 

 
ʘ       ʙ 

ʈʠʩʫʥʦʢ 1.2 ï ɿʤʽʥʘ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ r (ʘ) ʪʘ ʚʤʽʩʪʫ ʟʦʣʠ (ʙ) ʚ 

ʘʥʪʨʘʮʠʪʽ r ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ tʦʙʨ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ  

(ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 1é0,25 ʤʤ) [22] 

 

ʋ ʟʚʠʯʘʡʥʦʤʫ ʩʪʘʥʽ ʧʝʢ ʻ ʢʨʠʭʢʠʤ ʩʢʣʦʧʦʜʽʙʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʧʨʦʮʝʩ 

ʧʣʘʚʣʝʥʥʷ ʷʢʦʛʦ ʧʦʜʽʙʥʠʡ ʜʦ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʩʢʣʘ. ʇʝʢ ʥʝ ʤʘʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʪʦʤʫ ʚʦʥʘ ʟʘʤʽʥʶʻʪʴʩʷ ʽʥʪʝʨʚʘʣʦʤ ʨʦʟʤôʷʢʰʝʥʥʷ ï ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʪʨʘʪʠ ʢʨʠʭʢʦʩʪʽ ʧʝʢʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʭʦʜʫ ʡʦʛʦ ʚ ʨʽʜʢʠʡ ʩʪʘʥ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʚʠʜʠ ʧʝʢʫ: 

ï ʤôʷʢʠʡ ï 50ï70 ̄ ʉ [24]; 40ï55 ̄ ʉ [18]; 

ï ʩʝʨʝʜʥʴʦ-ʪʝʤʧʝʨʘʪʫʨʥʠʡ ï 70ï90 ̄ ʉ [24]; 65ï90 ̄ ʉ [18]; 

ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ï 90ï140 ̄ʉ [24]; ʙʽʣʴʰʝ ʟʘ 90 ʉ̄ [18]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʝʢʫ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ 

ʚʽʜʛʦʥʢʠ ʩʤʦʣʠ [22]. 

 



56 

ʊʘʙʣʠʮʷ 1.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʘʢʮʽʡ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʨʦʟʛʦʥʮʽ ʩʤʦʣʠ  

ʌʨʘʢʮʽʷ 
ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʽʜʛʦʥʢʠ, ʉ̄ 

ɺʠʭʽʜ ʬʨʘʢʮʽʾ, 

% ʚʽʜ ʩʤʦʣʠ 

ʉʝʨʝʜʥʷ ʤʦʣʷʨʥʘ 

ʤʘʩʘ, ʚʫʛʣʝʮʝʚʘ 

ʦʜʠʥʠʮʷ 

 ʃʝʛʢʘ ɼʦ 170 0,5 100 

 ʌʝʥʦʣʴʥʘ 
170-230 

2,5 121 

 ʅʘʬʪʘʣʽʥʦʚʘ 10,0 130 

 ʇʦʛʣʠʥʘʣʴʥʘ  230-270 10,0 154 

 ɸʥʪʨʘʮʝʥʦʚʘ I 
270-360 

18,0 186 

 ɸʥʪʨʘʮʝʥʦʚʘ II 7,0 210 

 ʂʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ɹʽʣʴʰʝ ʷʢ 360 ï ï 

 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʝʢʫ ʽ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʩʤʦʣʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʧʦʩʦʙʫ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ.  

ʂʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʨʦʤʘʪʠʯʥʠʭ ʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʯʠʩʣʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʷʢʠʭ ʜʦʩʷʛʘʻ 5000, ʟ ʥʠʭ ʪʦʯʥʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʙʽʣʷ 80 [25]. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʤʽʩʪ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʨʦʤʦʞʥʠʭ 

ʢʦʥʜʝʥʩʫʚʘʪʠʩʷ ʘʨʦʤʘʪʠʯʥʠʭ ʟôʻʜʥʘʥʴ ʟ ʚʠʩʦʢʠʤ ʢʦʢʩʦʚʠʤ ʯʠʩʣʦʤ ʪʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʧʝʢʫ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʟʤʦʯʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ï ʮʝ ʽ ʻ ʪʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʢʫ ʷʢ 

ʩʧʦʣʫʯʥʝ ʜʣʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ. 

ʆʩʢʽʣʴʢʠ ʪʦʯʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʝʢʫ ʚʠʟʥʘʯʠʪʠ ʥʝʤʦʞʣʠʚʦ, ʪʦ ʧʨʠʡʥʷʪʠʡ 

ʤʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ ʧʝʢʫ ʥʘ ʦʢʨʝʤʽ ʬʨʘʢʮʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. 

ʇʦʚʥʽʩʪʶ ʧʝʢ ʥʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʥʽ ʚ ʦʜʥʦʤʫ ʟ ʨʦʟʯʠʥʽʚ. ʆʩʥʦʚʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ 

ʙʝʨʫʪʴ ʣʝʛʢʠʡ ʙʝʥʟʠʥ ʽ ʪʦʣʫʦʣ (ʘʙʦ ʙʝʥʟʦʣ) [11]. ɭ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽ 

ʽʥʰʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. ʐʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʟ ʧʝʢʽʚ ʚʠʜʽʣʷʶʪʴ a, b ʡ g-ʬʨʘʢʮʽʾ [11, 18, 

25]. ɺ ʩʚʦʶ ʯʝʨʛʫ a-ʬʨʘʢʮʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ: a1 (ʥʝʨʦʟʯʠʥʥʘ) ʽ a2 (ʨʦʟʯʠʥʥʘ). 

ɻʫʩʪʠʥʘ ʧʝʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʾʭ ʨʦʟʤôʷʢʰʝʥʥʷ ʽ ʢʽʣʴʢʦʩʪʽ 

ʥʝʨʦʟʯʠʥʝʥʠʭ ʫ ʪʦʣʫʦʣʽ ʨʝʯʦʚʠʥ (a-ʬʨʘʢʮʽʷ) [21]. ʆʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʦʟʤôʷʢʰʝʥʥʷ ʧʝʢʫ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ a-ʬʨʘʢʮʽʾ, ʪʦ, ʦʯʝʚʠʜʥʦ, 

ʱʦ ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʥʝʨʦʟʯʠʥʝʥʠʭ ʨʝʯʦʚʠʥ ʽ ʡʦʛʦ ʩʢʣʘʜʽ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʡʦʛʦ 

ʛʫʩʪʠʥʘ. ɼʣʷ ʩʝʨʝʜʥʴʦ-ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʢʫ ʚʦʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1250ï
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1290 ʢʛ/ʤ3, ʘ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ï 1300ï1340 ʢʛ/ʤ3. ɿʘ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʢʠ ʛʫʩʪʠʥʘ ʧʝʢʫ ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ [21]. 

ɺôʷʟʢʽʩʪʴ ʧʝʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ʽ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ 

ʩʢʣʘʜʫ, ʟʦʢʨʝʤʘ, ʚʽʜ ʚʤʽʩʪʫ a-ʬʨʘʢʮʽʾ. ɿʘ ʚôʷʟʢʦʩʪʽ ʙʽʣʴʰʝ ʟʘ 1014 ʇʘÖʩ ʧʝʢ ʤʘʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʇʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʧʝʢ ʧʝʨʝʭʦʜʠʪʴ ʫ ʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ, 

ʧʦʪʽʤ ʫ ʚôʷʟʢʦ-ʪʝʢʫʯʠʡ, ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʚôʷʟʢʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʟʘ ʜʦʩʷʛʥʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʚôʷʟʢʽʩʪʴ ʧʝʢʫ ʥʘʙʣʠʞʝʥʦ ʩʢʣʘʜʘʻ 107 ʇʘÖʩ. ɿ 

ʧʝʨʝʭʦʜʦʤ ʫ ʚôʷʟʢʦ-ʪʝʢʫʯʠʡ ʩʪʘʥ ʧʝʢ ʡʦʛʦ ʧʦʚʝʜʽʥʢʘ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʪʝʯʽʾ 

ʥôʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ. ʋ ʮʴʦʤʫ ʩʪʘʥʽ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʚôʷʟʢʦʩʪʽ ʤʽʥʽʤʘʣʴʥʘ, ʘ ʾʾ 

ʟʥʘʯʝʥʥʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʚʤʽʩʪʫ ʫ ʚʠʭʽʜʥʦʤʫ ʧʝʢʫ ʥʝʨʦʟʯʠʥʥʦʾ ʚ ʭʽʥʦʣʽʥʽ a1 - 

ʬʨʘʢʮʽʾ [2]. ʇʝʢ ʟ ʨʽʟʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʜʦʩʷʛʘʶʪʴ ʦʜʥʘʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʚôʷʟʢʦʩʪʽ ʚ ʧʣʘʩʪʠʯʥʦʤʫ ʡ ʚôʷʟʢʦ-ʪʝʢʫʯʦʤʫ ʩʪʘʥʽ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ, ʪʦʙʪʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʦʪʨʽʙʥʘ 

ʙʽʣʴʰ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ (ʨʠʩ. 1.3) [26]. 

 
1 ï tʨ = 65 ʉ̄; 2 ï tʨ = 83 ʉ̄ 

ʈʠʩʫʥʦʢ 1.3 ï ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʧʝʢʫ h ʟ ʨʽʟʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʨʦʟʤôʷʢʰʝʥʥʷ tʨ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ t [26]  

 

ɿʘ ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʪʚʝʨʜʽʥʥʷ ʚôʷʟʢʽʩʪʴ ʧʝʢʫ ʧʽʜʚʠʱʫʻʪʴʩʷ 

(ʨʠʩ. 1.4) [27]. 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʝʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʢʰʝʥʥʷ, ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ï ʟʙʽʣʴʰʫʻʪʴʩʷ [21] (ʨʠʩ. 1.5). 
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1 ï tʨ = 65,7 ʉ̄; 2 ï tʨ = 83 ʉ̄ 

ʈʠʩʫʥʦʢ 1.4 ï ɿʤʽʥʘ ʚôʷʟʢʦʩʪʽ ʧʝʢʽʚ h ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʣʝʥʥʷ t 

[27]  

 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʜʘʥʽ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʝʷʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, 

ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʝʢʽʚ ʽ ʾʭ ʬʨʘʢʮʽʡʥʠʤ 

ʩʢʣʘʜʦʤ.  

ɺʠʱʝ ʙʫʣʦ ʥʘʛʦʣʦʰʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ a-ʬʨʘʢʮʽʾ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ 

ʽ ʚôʷʟʢʦʩʪʽ ʧʝʢʫ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʫ ʧʝʢʫ a1ïʬʨʘʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʚʤʽʩʪ ʨʦʟʯʠʥʝʥʠʭ 

b- ʽ g-ʬʨʘʢʮʽʡ [28]. ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ a-ʬʨʘʢʮʽʾ ʚ ʧʝʢʫ ʚʠʢʣʠʢʘʻ ʪʘʢʽ ʧʦʟʠʪʠʚʥʽ 

ʡʦʛʦ ʟʤʽʥʠ, ʷʢ ʧʽʜʚʠʱʝʥʥʷ ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʦ ʢʦʢʩʫʚʘʥʥʷ, ʟʨʦʩʪʘʥʥʷ ʛʫʩʪʠʥʠ ʽ 

ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʽ ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʦ ʛʨʘʬʽʪʫʚʘʥʥʷ [25].  

 

 
1 ï tʨ = 75 ʉ̄; 2 ï tʨ = 143 ʉ̄; 3 ï tʨ = 150 ̄ ʉ  

ʈʠʩʫʥʦʢ 1.5 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʝʢʫ l ʟ ʨʽʟʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤôʷʢʰʝʥʥʷ tʨ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ t [21]  
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a-ʬʨʘʢʮʽʶ ʧʝʢʫ ʩʢʣʘʜʘʶʪʴ ʚʠʩʦʢʦʢʦʥʜʝʥʩʦʚʘʥʽ ʤʦʣʝʢʫʣʠ ʟ ʩʝʨʝʜʥʴʦʶ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 300ï1280, ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ b- ʠ g-ʬʨʘʢʮʽʾ ï 230ï240 ʽ 180ï

190, ʚʽʜʧʦʚʽʜʥʦ [29]. ʎʝ ʧʦʷʩʥʶʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʽʜ ʯʘʩ ʪʝʨʤʦʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ 

ʬʨʘʢʮʽʡ ʧʝʢʫ ʥʘʡʙʽʣʴʰʠʡ ʚʠʭʽʜ ʢʦʢʩʫ ʤʘʻ a-ʬʨʘʢʮʽʷ ï 85ï95 % [40], g-ʬʨʘʢʮʽʷ ʻ 

ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʶ ʚ ʫʪʚʦʨʝʥʥʽ ʣʝʪʶʯʠʭ [29]. ɺʠʭʽʜ ʢʦʢʩʫ ʟ b-ʬʨʘʢʮʽʾ ʩʢʣʘʜʘʻ 50ï

60 %. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜ ʢʦʢʩʫ ʟ ʧʝʢʫ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʫʯʝʥʥʷ ʜʦ 

ʧʨʦʮʝʩʫ ʢʦʢʩʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʭ ʬʨʘʢʮʽʡ (b- ʠ g-ʬʨʘʢʮʽʡ).  

ɼʣʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʧʝʢ ʝʣʝʢʪʨʦʜʥʠʡ, ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.3. 

 

ʊʘʙʣʠʮʷ 1.3 ï ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 
ʅʦʨʤʘ ʜʣʷ ʤʘʨʢʠ ʧʝʢʫ 

ɸ ɹ ɹ1 ɺ 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʈʦʟʧʣʘʚʣʝʥʠʡ ʧʝʢ ʘʙʦ ʪʚʝʨʜʠʡ ʚ ʛʨʘʥʫʣʘʭ 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤôʷʢʰʝʥʥʷ, ʉ̄ 65-

70 

67-

73 

72-76 85-90 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʨʝʯʦʚʠʥ, ʱʦ ʥʝ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʪʦʣʫʦʣʽ (a-

ʬʨʘʢʮʽʷ), % 

24-

28 

25-

31 

26-31 ʅʝ ʤʝʥʰʝ ʷʢ 

31 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʨʝʯʦʚʠʥ, ʱʦ ʥʝ 

ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ ʭʽʥʦʣʽʥʽ (a1-

ʬʨʘʢʮʽʷ), %, ʥʝ ʙʽʣʴʰʝ 

7 8 10 12 

ɺʠʭʽʜ ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ, % 59-

63 

58-

62 

ʅʝ ʙʽʣʴʰʝ ʷʢ 

59 

53-57 

ɿʦʣʴʥʽʩʪʴ, %, ʥʝ ʙʽʣʴʰʝ 0,3 0,3 0,3 0,3 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʜʠ ʚ ʪʚʝʨʜʦʤʫ 

ʧʝʢʫ, %, ʥʝ ʙʽʣʴʰʝ 

4,0 4,0 4,0 4,0 

 

 

1.3.2 ʇʝʨʝʩʠʧʢʦʚʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʽ 

ʧʝʨʝʩʠʧʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʚʠʧʘʣʶʚʘʥʥʷ ʽ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʪʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʝʯʘʭ. 
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ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʥʦʩʷʪʴ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

(ʇɽʆ), ʟʘʣʝʞʥʽʩʪʴ ʡʦʛʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʪʝʧʣʦʬʽʟʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ (ʊʌʂ). 

ʋ ʪʘʙʣ. 1.4, ʥʘʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʥʽ ʊʌʂ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʧʝʯʘʭ ʚʠʧʘʣʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ [18]. 

 

ʊʘʙʣʠʮʷ 1.4 ï ʊʌʂ ʟʘʩʠʧʦʢ ʧʝʯʝʡ ʚʠʧʘʣʶʚʘʥʥʷ 

ɿʘʩʠʧʢʘ 

 
r, 

ʢʛ/ʤ3 

l, 

ɺʪ/(ʤĿʂ) 

ʩ, 

ʢɼʞ/(ʢʛĿʂ) 

ʂʦʢʩ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ï 0,06ï0,12 ï 

ɸʥʪʨʘʮʠʪ ʧʨʦʞʘʨʝʥʠʡ 600 0,19 0,92 

ʐʣʘʢ ʢʦʪʝʣʴʥʠʡ 1000 0,29 0,75 

ʐʣʘʢ ʜʦʤʝʥʥʠʡ ʛʨʘʥʫʣʴʦʚʘʥʠʡ  500 0,15 0,75 

ʇʽʩʦʢ 1000 2,33 0,84 
 

ɺʦʣʦʛʽʩʪʴ ʧʝʨʝʩʠʧʢʦʚʠʭ ʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ. ʋ ʧʨʘʮʽ [30], ʥʘʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʥʦ, 

ʱʦ ʚ ʧʨʦʮʝʩʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫʧʨʦʜʦʚʞ 10ï12 ʛʦʜ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʴʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʽ ʜʦʨʽʚʥʶʻ 100 ʉ̄. ʊʦʙʪʦ ʚ ʮʝʡ ʧʝʨʽʦʜ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʧʝʨʝʩʠʧʮʽ, ʟʘʛʦʪʦʚʢʘʭ ʽ 

ʯʘʩʪʢʦʚʦ ʚ ʪʝʧʣʦʽʟʦʣʷʮʽʾ. 

ɼʣʷ ʧʝʨʝʩʠʧʢʠ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ, ʥʝʛʨʘʬʽʪʦʚʘʥʠʡ (ʩʠʨʠʡ) ʽ ʛʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ 

ʘʙʦ ʚ ʩʫʤʽʰʘʭ. ɺʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʤʽʥʶʶʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɿʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʩʠʧʢʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠʨʦʜʠ ʤʘʪʝʨʽʘʣʫ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [17, 31ï34] ï

ʥʘʧʨʠʢʣʘʜ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ( ʨʠʩ. 1.6). 

ɼʣʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʩʫʤʽʰ 

ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʬʨʘʢʮʽʾ ʤʝʥʰʝ ʷʢ 10 ʤʤ, ʧʽʩʢʫ ʽ ʜʝʨʝʚʥʦʾ ʪʠʨʩʠ. ʇʨʦʧʦʨʮʽʶ 

ʩʫʤʽʰʽ ʦʙʠʨʘʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʨʽʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʰʠʭʪʠ ʪʘ 

ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʛʦ ʽ ʦʙʦʨʦʪʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ.  
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ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʰʠʭʪʠ ʚʠʢʦʥʘʥʦ 

ʘʚʪʦʨʘʤʠ ʨʦʙʽʪ [17, 35, 36]. ʅʘ ʨʠʩ. 1.7 ʥʘʚʝʜʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 
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ʽ ʦʙʦʨʦʪʥʠʭ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʰʠʭʪʽ. 
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ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʚʩʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʦʩʦʙʣʠʚʦ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʷʢ ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʽ ʥʘʷʚʥʽʩʪʶ ʚ ʮʽʡ ʰʠʭʪʽ (ʜʦ 40 %) ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ ʟ ʚʠʩʦʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ.  

ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʰʠʭʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɸʚʪʦʨ ʨʦʙʦʪʠ [3] ʚʽʜʟʥʘʯʘʻ, ʱʦ ʚ ʢʦʢʩʽ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʧʝʨʝʩʠʧʢʫ 

ʛʨʘʬʽʪʫʚʘʣʴʥʦʾ ʧʝʯʽ, ʘ ʪʘʢʦʞ ʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʫ ʰʠʭʪʫ, ʤʽʩʪʠʪʴʩʷ 7ï9 % ʚʦʣʦʛʠ, ʘ ʫ 

ʨʘʟʽ ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ ʟʙʝʨʽʛʘʥʥʽ ʾʾ ʚʤʽʩʪ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ. ʊʦʤʫ ʩʣʽʜ ʫʥʠʢʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʦʣʦʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʣʦʛʦʚʤʽʩʪʫ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʫʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʚ ʧʝʯʽ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ. 

ɺʧʣʠʚ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ 

ʰʠʭʪʠ ʜʦʩʣʽʜʞʝʥʦ ʫ ʧʨʘʮʷʭ [37, 38] (ʨʠʩ. 1.8, 1.9). 

 
ʈʠʩʫʥʦʢ 1.8 ï ɺʧʣʠʚ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʢʨʫʧʥʦʩʪʽ ʬʨʘʢʮʽʡ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʥʘ ʾʭ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [37] 

 

ʅʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʶ ʟʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʧʣʦ- ʽ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʻ ʬʨʘʢʮʽʷ (-4+0) ʤʤ ʟ 

ʚʤʽʩʪʦʤ ʬʨʘʢʮʽʾ (-2+0,5) ʤʤ ʥʝ ʤʝʥʰʝ 45-50 %, ʬʨʘʢʮʽʾ -0,5 ʤʤ ï ʥʝ ʙʽʣʴʰʝ 30 %. 

ɹʽʣʴʰ ʜʨʽʙʥʽ ʬʨʘʢʮʽʾ (-2+0) ʤʤ ʟʘ ʾʭ ʷʚʥʦ ʚʠʜʠʤʠʭ ʧʝʨʝʚʘʛ ʟʘ ʪʝʧʣʦ- ʽ 

ʝʣʝʢʪʨʦʽʟʦʣʶʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘ ʟʘʚʦʜʘʭ 
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ʯʝʨʝʟ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʟʘʧʠʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ, ʧʦʛʽʨʰʝʥʥʷ 

ʩʘʥʽʪʘʨʥʠʭ ʫʤʦʚ ʧʨʘʮʽ [258]. 

ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ: ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʦʩʥʦʚʽ ʙʽʣʴʰ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʜʘʻ ʟʤʦʛʫ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʫ ʝʥʝʨʛʽʾ ʥʘ ʛʨʘʬʽʪʫʚʘʥʥʷ 

[258]. 

 
1 ï ʘʥʪʨʘʮʠʪ ʃʠʩʪʚʷʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ; 2 ï ʜʨʽʙôʷʟʦʢ ʢʦʢʩʦʚʠʡ; 3 ï ʚʫʛʽʣʣʷ 

ʢʦʤʧʘʢʪʥʦʛʦ ʤʝʪʘʤʦʨʬʽʟʤʫ; 4 ï ʘʥʪʨʘʮʠʪ ʜʦʥʝʮʴʢʠʡ; 

ʈʠʩʫʥʦʢ 1.9 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʽʟʥʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʬʨʘʢʮʽʾ (-4+0) ʤʤ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [38] 
 

ɼʦʩʣʽʜʞʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ, ʱʦ ʻ 

ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ ʰʠʭʪʠ, ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ [39].  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʽʚ ʦʪʨʠʤʘʥʦ, ʱʦ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʦʙʦʨʦʪʥʘ ʧʽʩʦʯʥʘ ʰʠʭʪʘ ʤʘʻ ʫ 

ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʽʞ ʦʙʦʨʦʪʥʘ ʙʝʟ ʧʽʩʦʯʥʘ. ʅʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʽ ʩʪʘʙʽʣʴʥʠʤʠ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʰʠʭʪʘ ʥʘ ʦʩʥʦʚʽ ʩʚʽʞʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʽ ʦʙʦʨʦʪʥʘ ʙʝʟ ʧʽʩʦʯʥʘ ʬʨʘʢʮʽʾ  

(-4+0,5 ʤʤ ʘʙʦ -4+0,0 ʤʤ).  

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʟʘʩʠʧʦʢ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ  

0-2 ʤʤ ʚ ʜʽʘʧʘʟʦʥʽ 100ï800 Áʉ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ 

ʚʠʨʦʙʽʚ, ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [40] (ʪʘʙʣ. 1.5). 
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ʊʘʙʣʠʮʷ 1.5 ï ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʩʠʧʦʢ [40] 

ɺʠʜ ʟʘʩʠʧʢʠ 
ʅʘʩʠʧʥʘ ʛʫʩʪʠʥʘ 

r, ʢʛ/ʤ3 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

l, ɺʪ/(ʤĀʂ) 

 ʉʠʨʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʢʦʢʩ 672 0,249-0,542 

 ɻʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩ 560 0,321-0,623 

 ʆʙʦʨʦʪʥʘ ʟʘʩʠʧʢʘ 606 0,246-0,541 

 

ɿ ʪʘʙʣ. 1.5 ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʫ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʡʤʝʥʰʫ ʛʫʩʪʠʥʫ. 

ɼʣʷ ʮʴʦʛʦ ʞ ʢʦʢʩʫ ʚʠʟʥʘʯʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʜʽʘʧʘʟʦʥʽ 100ï600 Áʉ ʜʣʷ ʨʽʟʥʦʛʦ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 600 Áʉ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʬʨʘʢʮʽʡ 0ï8 ʤʤ 

ʟʨʦʩʪʘʻ ʚʽʜ 0,58 ʜʦ 1,34 ɺʪ/(ʤĿʂ). 

ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ [40] ʪʘʢʦʞ ʦʪʨʠʤʘʚ ʜʘʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʟʜʨʽʙʥʝʥʠʭ ʜʦ 0,25 ʤʤ ʟʨʘʟʢʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʢʩʫ ʥʘʩʠʧʥ ʾʛʫʩʪʠʥʠ 900 ʢʛ/ʤ3 

(ɹʘʛʣʝʡʩʴʢʦʤʫ ʪʘ ʂʨʠʚʦʨʽʟʴʢʦʤʫ ʢʦʢʩʦʭʽʤʽʯʥ ̔ ʧʽʜʧʨʠʻʤʩʪʚʘ). ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʦʢʩʫ ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʢʦʢʩʦʭʽʤʽʯʥʦʤʫ ʟʘʚʦʜʽ 

ʟʤʽʥʶʻʪʴʩʷ ʟ 0,266 ʜʦ 0,477 ɺʪ/(ʤĿʂ) ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 150ï800 Áʉ, ʘ ʥʘ 

ɹʘʛʣʝʡʩʴʢʦʤʫ ï ʚʽʜ 0,252 ʜʦ 0,471 ɺʪ/(ʤĿʂ) ʫ ʪʦʤʫ ʞ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ [40]. 

ɸʚʪʦʨ ʧʨʘʮʽ [41] ʩʠʩʪʝʤʘʪʠʟʫʚʘʚ ʜʘʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʫ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ ï ʛʨʘʬʽʪʦʚʘʥʠʡ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʡ ʢʦʢʩ ʪʘ ʩʠʨʠʡ ʢʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ. ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ̫ʢ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ ʪʘʢ ʽ ʚ ʚʘʢʫʫʤʫ (ʪʘʙʣ. 1.6).  

ʋ ʧʨʘʮʽ [1] ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʜʦ 4 ʤʤ, ʷʢʠʡ ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ 300ï1600 Áʉ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,27 ʜʦ 2,27 ɺʪ/(ʤĿʂ).  
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ʊʘʙʣʠʮʷ 1.6 ï ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [41] 

ɺʠʜ ʤʘʪʝʨʽʘʣʫ 

ʌʨʘʢʮʽʡ- 

ʥʠʡ 

ʩʢʣʘʜ, ʤʤ 

ɻʫʩʪʠʥʘ 

r, ʢʛ/ʤ3 

ɼʽʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘ- 

ʪʫʨ, ʉ̄ 

 

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

l, ɺʪ/(ʤĀʂ), 

ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʘʨʛʦʥ ʚʘʢʫʫʤ 

 ɻʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩ 5ï15 480 127ï827 0,38-1,11 0,25-0,94 

 ʂʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ 5ï15 450 127ï627 0,2-0,96 0,15-0,87 

 ʂʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ 0ï5 785 127ï627 0,21-0,59 0,1-0,43 

 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ 

[42] ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥ ̔ʪʝʤʧʝʨʘʪʫʨ 

0ï3000 Áʉ. ʇʨʠ ʮʴʦʤʫ  ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʢʦʢʩʫ (10ï25 ʤʤ) 

ʩʪʘʥʦʚʠʚ 0,7ï16,8 ɺʪ/(ʤĀʂ), ʘ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ (0ï10 ʤʤ) ï 0,5ï13,5 ɺʪ/(ʤĀʂ). 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [43] ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʝʨʥʦʚʦʾ 

ʧʝʨʝʩʠʧʢʠ ʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʧʝʯʝʡ ʛʨʘʬʽʪʫʚʘʥʥ,̫ ʘ ʩʘʤʝ: ʩʠʨʠʡ ʪʘ ʛʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ 0ï5 ʤʤ, 5ï10 ʤʤ, 10ï20 ʤʤ, 0ï30 ʤʤ; ʪʝʧʣʦʽʟʦʣʷʮʽʷ 

ʧʦʜʠʥʥʘ ʪʘ ʫʥʽʬʽʢʦʚʘʥʘ ʰʠʭʪʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ, ʱʦ ʜʣʷ ʩʠʨʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ 100ï600 Áʉ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʽʜ 0,22 ʜʦ 1 ɺʪ/(ʤĿʂ) ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ 

ʬʨʘʢʮʽʡ, ʘ ʜʣʷ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ï ʚʽʜ 0,5 ʜʦ 2 ɺʪ/(ʤĿʂ). ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʪʝʧʣʦʽʟʦʣʷʮʽ ʾ ʧʦʜʠʥʥʠ ʪʘ ʫʥʽʬʽʢʦʚʘʥʦ ʾ ʰʠʭʪʠ ʙʣʠʟʴʢʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʪʘ 

ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0,35 ʜʦ 0,75 ɺʪ/(ʤĿʂ) ʫ ʜʽʘʧʘʟʦʥʽ 100ï500 Áʉ.  

ɸʚʪʦʨ ʨʦʙʦʪʠ [44] ʟʘʟʥʘʯʠʚ, ʱʦ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʨʦʜʫ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʤʘʪʝʨʽʘʣʫ, ʪʠʩʢ, ʧʽʜ ʷʢʠʤ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ, ʡʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ. ɺʽʜʧʦʚʽʜʥʦ, ʣʠʰʝ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʷ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʡ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ [45] ʧʦʢʘʟʘʥʦ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʇɽʆ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ, ʪʠʩʢʫ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʦʰʢʽʚ ʪʘ ʢʫʩʢʦʚʦʛʦ ʢʦʢʩʫ. 
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ʇʦʨʽʚʥʷʣʴʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʇɽʆ ʨʽʟʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʩʪʘʚʣʝʥʠʭ 

ʚ ʚʠʛʣʷʜʽ ʰʤʘʪʢʘ ʟ ʣʽʥʽʡʥʠʤʠ ʨʦʟʤʽʨʘʤʠ 10 ʤʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʽ [46]. 

ɺʝʣʠʯʠʥʠ ʇɽʆ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 

1000ï2500 Áʉ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 50 ʜʦ 10 ʢʆʤĿʤʤ2/ʤ.  

ɸʚʪʦʨ ʨʦʙʦʪʠ [41] ʜʦʩʣʽʜʞʫʚʘʚ ʇɽʆ ʟʘʩʠʧʢʠ ʟ ʩʠʨʦʛʦ ʽ ʛʨʘʬʽʪʦʚʘʥʦʛʦ 

ʧʝʢʦʚʦʛʦ ʢʦʢʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʪʠʩʢʫ (ʪʘʙʣ. 1.7). 

ɺ [42] ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʇɽʆ ʧʝʨʝʩʠʧʢʠ ʥʘ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ 

ʚ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʫʤʦʚ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʧʝʨʝʩʠʧʦʯʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʪʘ ʩʠʨʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ, ʘ ʪʘʢʦʞ ʘʥʪʨʘʮʠʪʫ. 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʦʦʧʽʨ ʜʦʩʣʽʜʞʝʥʠʭ ʫ ʧʨʘʮʽ [42] ʤʘʪʝʨʽʘʣʽʚ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 0 ʜʦ 2500 Áʉ ʩʧʘʜʘʚ. ʇʨʠ ʮʴʦʤʫ ʇɽʆ ʘʥʪʨʘʮʠʪʫ ʟʤʝʥʰʫʚʘʚʩʷ 

ʧʦʯʠʥʘʶʯʠ ʟ 20000 ʆʤĿʤʤ2/ʤ, ʩʠʨʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ ï ʟ 8500 ʆʤĿʤʤ2/ʤ, 

ʘ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ ï ʟ 4000 ʆʤĿʤʤ2/ʤ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 

2500 Áʉ ʇɽʆ ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʙʦʪʽ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

900 ʆʤĿʤʤ2/ʤ. 

 

ʊʘʙʣʠʮʷ 1.7 ï ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʘʩʠʧʦʢ [41] 

ɺʠʜ ʟʘʩʠʧʢʠ 
ʌʨʘʢʮʽʡʥʠʡ 

ʩʢʣʘʜ, ʤʤ 

ʊʠʩʢ, 

ʢʇʘ 

ɼʽʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ, ʂ 

ʇɽʆ, 

ʆʤĀʤʤ2/ʤ 

ʅʝʧʨʦʧʝʯʝʥʠʡ ʢʦʢʩ 
0 ï 5 2 400ï1300 28000ï8000 

5 ï 15 400ï2500 5000ï490 

ɻʨʘʬʽʪʦʚʘʥʠʡ ʧʝʢʦʚʠʡ 

ʢʦʢʩ 

0 ï 5 2 400ï1300 21000ï6000 

5 ï 15 16 400ï2500 1000ï480 

ʇʝʢʦʚʠʡ ʢʦʢʩ 5 ï 15 2 400ï1300 1600ï620 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ 

ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʠʭ 

ʚʝʣʠʯʠʥ, ʥʝʧʦʚʥʦʪʦʶ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʫʤʦʚ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʜʘʣʠ ʙ ʟʤʦʛʫ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ (25ï30 ʢʇʘ) ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ 

ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ 
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ʝʣʝʢʪʨʦʪʝʨʤʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʟʥʘʯʝʥʠʡ ʩʪʘʥ ʧʨʦʙʣʝʤʠ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 100ï1000 Áʉ ʪʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ 0ï10 ʤʤ [164].  

 

 

1.4 ʊʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ 

 

1.4.1 ʊʝʭʥʦʣʦʛʽʷ ʪʝʨʤʦʦʙʨʦʙʢʠ 

 

 ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʦʮʝʩʫ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʘʧʦʚʥʶʚʘʯʘ (ʘʥʪʨʘʮʠʪʫ ʪʘ ʢʦʢʩʫ) 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʾ 

ʧʝʨʝʙʫʜʦʚʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʦʞʘʨʶʻʪʴʩʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʫʱʽʣʴʥʝʥʥʷ 

ʨʝʯʦʚʠʥʠ, ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ, ʝʣʝʢʪʨʦ- ʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ [11, 17, 18, 47ï52, 171].  

ʋ ʧʨʦʮʝʩʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʫʩʘʜʢʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʦʙ'ʻʤʥ ̔ ʟʤʽʥʠ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʧʽʜ ʯʘʩ ʾʭ ʧʦʜʘʣʴʰʦʾ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʚʠʧʘʣʶʚʘʥʥʽ).  

ɸʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʫʩʘʜʢʠ ʧʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ ʥʝʦʜʥʘʢʦʚʝ ʜʣʷ ʨʽʟʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʾ ʧʨʠʨʦʜʠ, ʩʢʣʘʜʫ ʡ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, 

ʦʜʥʘʢ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʚʥʦʩʠʪʴ ʚʤʽʩʪ ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʘʥʪʨʘʮʠʪʫ, ʱʦ ʤʽʩʪʠʪʴ 4,1 % ʣʝʪʶʯʠʭ, ʦʙ'ʻʤʥʘ ʫʩʘʜʢʘ ʩʪʘʥʦʚʠʪʴ 14,4 %, ʘ ʟʘ ʚʤʽʩʪʫ 

ʣʝʪʶʯʠʭ 7,3 % ʫʩʘʜʢʘ ʟʨʦʩʪʘʻ ʜʦ 19 % [171]. 

ɺʠʜʽʣʝʥʥʷ ʣʝʪʶʯʠʭ ʜʣʷ ʚʩʽʭ ʚʠʜʽʚ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʪʝʤʧʝʨʘʪʫʨʠ 175ï275 Áʉ ʡ ʟʨʦʩʪʘʻ ʟ ʾʾ ʧʽʜʚʠʱʝʥʥʷʤ [30, 47]. ʊʝʨʤʦʩʪʽʡʢʽʩʪʴ 

ʦʨʛʘʥʽʯʥʦʾ ʩʧʦʣʫʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʙʫʤʦʚʣʝʥʘ ʝʥʝʨʛʽʻʶ ʭʽʤʽʯʥʠʭ 

ʟʚôʷʟʢʽʚ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʽʾ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʨʠʚʫ ʟʚôʷʟʢʽʚ ʨʽʟʥʦʾ ʤʽʮʥʦʩʪʽ ʡ ʚʽʜʨʠʚʫ ʧʝʨʠʬʝʨʽʡʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʚʦʜʥʶ, ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʤʝʪʘʥʫ ʪʘ ʽʥʰʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ ʉnHm. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʟʙʘʛʘʯʫʻʪʴʩʷ ʚʫʛʣʝʮʝʤ. 
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ʐʚʠʜʢʽʩʪʴ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʻ ʥʝʦʜʥʘʢʦʚʦ ʜʣʷ 

ʨʽʟʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʘʥʪʨʘʮʠʪʽ, ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʣʝʪʶʯʠʭ, ʱʦ 

ʚʠʜʽʣʷʶʪʴʩʷ, ʟʨʦʩʪʘʻ ʙʽʣʴʰ ʧʣʘʚʥʦ ʥʽʞ ʫ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ [171].  

ʋ ʟʚ'ʷʟʢʫ ʟ ʭʘʨʘʢʪʝʨʦʤ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ, 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʙ'ʻʤʥʽ ʟʤʽʥʠ, ʧʦʚôʷʟʘʥʽ, ʧʝʨʝʜʫʩʽʤ ʟ ʨʽʟʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʋ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʝʨʠʬʝʨʽʡʥʽ ʣʘʥʮʶʛʠ 

ʚʽʜʨʠʚʘʶʪʴʩʷ ʪʘ ʦʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʷ ʡ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʦʩʥʦʚʥʠʭ, 

ʙʽʣʴʰ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʟʽ ʟʙʘʛʘʯʝʥʥʷʤ ʾʭ ʚʫʛʣʝʮʝʤ. ʎʽ ʧʨʦʮʝʩʠ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʙʣʠʞʝʥʥʷʤ ʦʢʨʝʤʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʩʧʨʠʯʠʥʶʻ ʫʩʘʜʢʫ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʠʜʽʣʝʥʥʷ, ʘʣʝ ʛʣʠʙʠʥʘ ʧʽʨʦʣʽʟʫ ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ, ʘ ʪʦʤʫ ʟ 

ʚʝʣʠʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʫʱʽʣʴʥʝʥʥʷ [171]. 

ʋʱʽʣʴʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʫʛʣʝʮʝʚʦʾ ʨʝʯʦʚʠʥʠ ʧʽʜ ʯʘʩ ʧʨʦʞʘʨʶʚʘʥʥʷ ï ʮʝ 

ʩʢʣʘʜʥʠʡ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ. ʗʢʱʦ ʜʦ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʥʪʨʘʮʠʪ ʤʘʻ 

ʙʽʣʴʰʠʡ ʇɽʆ, ʪʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʤʦʦʙʨʦʙʢʠ ʜʦ 600 Áʉ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʚ ʽʥʪʝʨʚʘʣʽ 600ï900 Áʉ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʧʘʜʽʥʥʷ ʇɽʆ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʠ ʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1300 Áʉ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1000 ʤʢʆʤĀʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟʚ'ʷʟʢʽʚ ʫ ʤʘʪʨʠʮʽ 

ʨʝʯʦʚʠʥʠ ʪʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ ʩʽʪʦʢ ʫ ʧʨʦʮʝʩʽ 

ʧʨʦʞʘʨʶʚʘʥʥʷ [9, 30, 53, 171].  

ʋ ʨʦʙʦʪʘʭ [48,53] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʇɽʆ ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʚʠʭʦʜʦʤ ʣʝʪʶʯʠʭ ʟ 

ʚʫʛʣʝʮʝʚʦʾ ʩʠʨʦʚʠʥʠ, ʧʨʠʯʦʤʫ ʜʣʷ ʘʥʪʨʘʮʠʪʫ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʘ (ʟʘ 

ʟʤʽʥʠ ʚʤʽʩʪʫ ʣʝʪʶʯʠʭ ʚ ʽʥʪʝʨʚʘʣʽ 0ï8 %). ʗʢ ʩʚʽʜʯʘʪʴ ʜʦʩʣʽʜʞʝʥʥʷ [49] ʚʠʜʽʣʝʥʥʷ 

ʣʝʪʶʯʠʭ ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 600ï800 Áʉ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʧʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʽ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʠ ʘʥʪʨʘʮʠʪʫ. 

ʄʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʪʘʢ 

ʥʘʧʨʠʢʣʘʜ, ʢʨʫʧʥʽ ʟʝʨʥʘ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʪʽʣʘ ɽɺ ʪʘ ʥʘʜʘʶʪ ɹ

ʡʦʤʫ ʚʠʩʦʢʦʾ ʤʽʮʥʽʩʪ.̔ ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʽʜ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 1300 Áʉ ʤʝʞʘ 

ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ 34 ʜʦ 70 ʄʇʘ, ʘ ʥʘʬʪʦʚʦʛʦ ʪʘ 

ʧʽʨʦʣʽʟʥʦʛʦ ʢʦʢʩʫ ï ʜʦ 28,5 ʄʇʘ [171]. 
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ʋ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʩʪʘʥʦʚʣʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ 

ʧʨʦʞʘʨʶʚʘʥʥʷ. ɺʦʯʝʚʠʜʴ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʷʻ ʙʽʣʴʰ ʧʦʚʥʦʤʫ 

ʚʠʜʘʣʝʥʥʶ ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ, ʪʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʨʦʮʝʩʫ ʩʪʨʫʢʪʫʨʥʦʾ ʧʝʨʝʙʫʜʦʚʠ. 

ɹʘʞʘʥʦ, ʱʦʙ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʚ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ 

ʩʪʨʫʢʪʫʨʥʦʾ ʧʝʨʝʙʫʜʦʚʠ. ʊʘʢ ʧʨʦʞʘʨʶʚʘʥʥ ̫ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1200ï

1400 Áʉ ʜʦʟʚʦʣʷʻ ʟʘʚʝʨʰʠʪʠʩʷ ʧʨʦʮʝʩʘʤ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʫʪʚʦʨʝʥʥʷ ʧʣʦʩʢʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʩʽʪʦʢ, ʘ ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʧʦʥʘʜ 2000 ʉ̄ ï ʛʨʘʬʽʪʫʚʘʥʥ)̫, 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʘʪʦʤʽʚ 

ʚʫʛʣʝʮʶ [171]. 

 

1.4.2 ʂʦʥʩʪʨʫʢʮʽʾ ʧʨʦʞʘʨʶʚʘʣʴʥʠʭ ʧʝʯʝʡ 

 

ʇʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʠʨʦʚʠʥʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1200ï1400 Áʉ ʤʦʞʝ 

ʚ̔ ʜʙʫʚʘʪʠʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ ʛʘʟʦʚʠʭ ʦʙʝʨʪʦʚʠʭ ʙʘʨʘʙʘʥʥʠʭ ʽ ʨʝʪʦʨʪʥʠʭ ʪʘ ʰʘʭʪʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʝʯʘʭ (ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ). ɺʠʙʽʨ ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ [171]. 

ʆʙʝʨʪʦʚʘ ʙʘʨʘʙʘʥʥʘ ʧʽʯ ï ʮʝ ʬʫʪʝʨʦʚʘʥʠʡ ʚʦʛʥʝʪʨʠʚʘʤʠ ʙʘʨʘʙʘʥ ʜʦʚʞʠʥʦʶ 

40ï60 ʤ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʽʜ ʢʫʪʦʤ 2,5ï5Á. ɹʘʨʘʙʘʥ ʦʙʝʨʪʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 1ï5 

ʦʙ/ʭʚ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʤʘʪʝʨʽʘʣ ʨʫʭʘʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʧʝʯʽ. 

ʅʘʛʨʽʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʛʦʨʷʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ 

ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʣʝʪʶʯʠʭ ʛʘʟʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʞʘʨʶʚʘʥʥʷ ʢʦʢʩʫ 

ʯʠ ʘʥʪʨʘʮʠʪʫ. ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʮʠʭ ʧʝʯʝʡ ʻ ʟʥʘʯʥʠʡ ʚʠʛʘʨ ʚʫʛʣʝʮʶ, ʱʦ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 10 % [3]. 

ʈʝʪʦʨʪʥʽ ʧʝʯʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʦʜʥʦʨʽʜʥʠʡ ʟʘ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ, ʧʨʦʞʘʨʶʶʯʠ ʡʦʛʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1150ï

1200 Áʉ. ʋ ʮʠʭ ʧʝʯʘʭ ʤʘʪʝʨʽʘʣ ʥʘʛʨʽʚʘʻʪʴʩʷ ʪʝʧʣʦʪʦʶ ʜʠʤʦʚʠʭ ʛʘʟʽʚ, ʷʢʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʢʨʽʟʴ ʚʦʛʥʝʪʨʠʚʢʫ ʩʪʽʥʢʫ. ʈʝʪʦʨʪʥʘ ʧʽʯ ʷʚʣʷʻ ʩʦʙʦʶ ʨʦʟʜʽʣʝʥʠʡ ʥʘ 

ʩʝʢʮʽʾ ʤʝʪʘʣʝʚʠʡ ʬʫʪʝʨʦʚʘʥʠʡ ʢʦʨʦʙ. ʂʦʞʥʘ ʩʝʢʮʽʷ ʚʢʣʶʯʘʻ ʜʝʢʽʣʴʢʘ ʨʝʪʦʨʪ ʪʘ 

ʢʘʥʘʣʠ, ʧʦ ʷʢʠʭ ʧʨʦʭʦʜʷʪʴ ʜʠʤʦʚʽ ʛʘʟʠ. ʂʦʥʩʪʨʫʢʮʽʷ ʢʘʥʘʣʽʚ ʜʘʻ ʟʤʦʛʫ ʣʝʪʶʯʠʤ 

ʛʘʟʘʤ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʽʟ ʩʠʨʦʚʠʥʠ, ʟʤʽʰʫʚʘʪʠʩʷ ʪʘ ʟʛʦʨʷʪʠ ʨʘʟʦʤ ʟ ʧʨʠʨʦʜʥʠʤ 



70 

ʛʘʟʦʤ. ʈʫʭ ʤʘʪʝʨʽʘʣʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ [30].  

ɺ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ, ʷʢʠʡ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʬʫʪʝʨʦʚʘʥʦʛʦ ʪʘ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʦʛʦ ʢʦʞʫʭʘ (ʨʠʩ. 1.10), ʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1600ï2200 ʉ̄ ʟʘ ʨʘʭʫʥʦʢ ʜʞʦʫʣʝʚʦʾ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʢʨʽʟʴ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ 

ʨʫʭʘʻʪʴʩʷ ʚ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ. ɽʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʽʜʚʦʜʠʪʴʩʷ ʢʨʽʟʴ ʚʝʨʭʥʽʡ ʪʘ 

ʥʠʞʥʽʡ ʝʣʝʢʪʨʦʜʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ ʦʩʽ ʧʝʯʽ. ʅʘʜʭʦʜʞʝʥʥʷ ʩʠʨʦʚʠʥʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʞʠʚʠʣʴʥʠʡ ʚʫʟʦʣ, ʱʦ ʨʦʟʤʽʱʝʥʠʡ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʝʯʽ, ʘ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʧʨʦʞʘʨʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʯʝʨʝʟ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ 

ʨʦʟʤʽʱʝʥʠʡ ʫ ʟʥʠʟʫ. ʈʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʨʝʛʫʣʶʻʪʴʩʷ ʨʽʚʥʝʤ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ nf 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʤʝʭʘʥʽʟʤʫ ʨʦʟʚʘʥʪʘʞʝʥʥʷ [54, 171].  

ʇʨʠʥʮʠʧ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ ʚʫʛʣʝʮʝʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʩʪʦʚʧ ʘʥʪʨʘʮʠʪʫ, ʱʦ 

ʧʝʨʝʙʫʚʘʻ ʚ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʤʽʞ ʚʝʨʭʥʽʤ ʽ ʥʠʞʥʽʤ ʝʣʝʢʪʨʦʜʘʤʠ. ʇʨʠ 

ʥʘʜʭʦʜʞʝʥʥʽ ʚ ʨʦʙʦʯʫ ʟʦʥʫ ʧʦʨʮʽʾ ʥʝʧʨʦʞʘʨʝʥʦʛʦ ʘʥʪʨʘʮʠʪʫ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʮʽʻʾ 

ʟʦʥʠ ʟʨʦʩʪʘʻ, ʘ ʩʠʣʘ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʝʥʰʫʻʪʴʩʷ. ʗʢ 

ʪʽʣʴʢʠ ʘʥʪʨʘʮʠʪ ʥʘʛʨʽʻʪʴʩʷ, ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʮʽʻʾ ʟʦʥʠ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʩʠʣʘ ʩʪʨʫʤʫ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʘʥʪʨʘʮʠʪ, ʧʽʜʚʠʱʫʻʪʴʩʷ. ʋ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʟ 

ʥʴʦʛʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚʦʣʦʛʘ, ʣʝʪʶʯʽ ʛʘʟʦʚʽ ʜʦʤʽʰʢʠ (H2, CO, CH4, CO2), cʽʨʢʘ, ʷʢʽ 

ʨʫʭʘʶʪʴʩʷ ʜʦ ʢʦʣʦʰʥʠʢʘ ʧʝʯʽ, ʥʘʛʨʽʚʘʶʯʠ ʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʽ ʰʘʨʠ ʚʫʛʽʣʣʷ. 

ʉʪʨʫʢʪʫʨʘ ʘʥʪʨʘʮʠʪʫ ʧʨʠ ʮʴʦʤʫ ʫʱʽʣʴʥʷʻʪʴʩʷ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʦʛʦ ʪʚʝʨʜʽʩʪʴ ʽ, ʩʘʤʝ 

ʛʦʣʦʚʥʝ, ʟʥʠʞʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ. ʇʽʩʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʦʮʝʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ. ʆʩʥʦʚʥʝ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷ (ʜʦ 90 % ʩʧʘʜʘʥʥʷ ʥʘʧʨʫʛʠ) ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʽʜ ʚʝʨʭʥʽʤ ʝʣʝʢʪʨʦʜʦʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʠʤ ʧʠʪʦʤʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ 

ʚʠʭʽʜʥʦʛʦ ʘʥʪʨʘʮʠʪʫ. ʋ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʟʦʥʘʭ ʩʪʦʚʧʘ ʘʥʪʨʘʮʠʪʫ, ʟʘʚʜʷʢʠ 

ʟʤʝʥʰʝʥʥʶ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʥʘ ʨʽʚʥʽ 

ʚʝʨʭʥʴʦʛʦ ʟʨʽʟʫ ʥʠʞʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʧʨʠʧʠʥʷʻʪʴʩʷ. ʏʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʧʦ 
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ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ ʤʽʞ ʪʦʨʮʷʤʠ ʝʣʝʢʪʨʦʜʽʚ ʚʚʘʞʘʻʪʴʩʷ ʦʩʥʦʚʥʦʶ ʟʦʥʦʶ 

ʧʨʦʞʘʨʶʚʘʥʥʷ. ɸʥʪʨʘʮʠʪ ʙʝʟʫʧʠʥʥʦ ʨʫʭʘʻʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʧʝʯʽ ʚʽʜ ʤʽʩʮʷ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚʠʚʘʥʪʘʞʝʥʥʷ ʡ ʧʨʦʭʦʜʠʪʴ ʫ ʧʨʦʮʝʩʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʪʨʠ ʟʦʥʠ: 

1 ï ʟʦʥʫ ʧʽʜʽʛʨʽʚʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚʠʱʝ ʥʠʞʥʴʦʛʦ ʪʦʨʮʷ ʚʝʨʭʥʴʦʛʦ 

ʝʣʝʢʪʨʦʜʘ; 

2 ï ʟʦʥʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʞʘʨʶʚʘʥʥʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ; 

3 ï ʟʦʥʫ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʽʣʷʥʢʠ ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʘʥʪʨʘʮʠʪʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʤʽʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʽʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʟʦʥʠ ʡ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟ ʪʽʻʾ ʞ ʟʦʥʠ, ʽ ʜʽʣʷʥʢʠ ʧʨʠʤʫʩʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ.  

 

    
ʘ ʙ ʚ ʛ 

ʘ ï ʨʷʜʦʚʠʡ ʜʚʦʩʪʘʜʽʡʥʠʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ; ʙ ï ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ ʟ 

ʜʨʦʩʝʣʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ; ʚ ï ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ ʟ ʧʝʨʠʬʝʨʽʡʥʠʤ ʥʘʛʨʽʚʦʤ 

ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ ʣʝʪʶʯʠʭ ʛʘʟʽʚ; ʛ ï ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ ʟ ʧʦʜʚʽʡʥʠʤ 

ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ 

ʈʠʩʫʥʦʢ 1.10 ï ʂʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ [266] 

 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚ ʘʥʪʨʘʮʠʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ 

ʚʦʣʦʛʠ (ʧʨʠ 100 Áʉ), ʚʽʜʛʽʥ ʘʜʩʦʨʙʮʽʡʥʦʾ ʚʦʣʦʛʠ (ʧʨʠ 300 Áʉ), ʫʩʘʜʢʘ ʡ 
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ʨʦʟʢʣʘʜʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ (ʧʨʠ 300ï1350 Áʉ) ʽ ʯʘʩʪʢʦʚʝ ʛʨʘʬʽʪʫʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 1700 Áʉ. 

ɺʽʜʦʤʽ ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʚʠʜʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ (ʨʠʩ. 1.10 ʘ, ʙ, 

ʚ, ʛ). ʅʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ ʟ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ (ʨʠʩ. 1.10 ʙ) [54, 55] 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʪʠʥʦʤ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʧʦ ʚʠʩʦʪʽ 

ʧʝʯʽ. ɺ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʮʝʡ ʧʝʨʝʪʠʥ ʻ ʧʦʩʪʽʡʥʠʤ. 

ʈʦʙʦʪʘ ʪʘʢ ʟʚʘʥʠʭ ʨʷʜʦʚʠʭ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ (ʜʠʚ. ʨʠʩ. 1.10,ʘ) 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʨʦʙʦʯʦʤʫ 

ʧʨʦʩʪʦʨʽ ʧʝʯʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʜʝʨʞʫʚʘʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ. ʊʦʤʫ ʚ ʪʘʢʠʭ ʘʛʨʝʛʘʪʘʭ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʚʽ ʩʪʘʜʽʾ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʥʘʯʥʽ ʧʠʪʦʤʽ 

ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɽʣʝʢʪʨʠʯʥʽ ʧʝʯʽ ʟ ʜʦʜʘʪʢʦʚʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʣʝʪʶʯʠʭ ʛʘʟʽʚ 

(ʨʠʩ. 1.10,ʚ), ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʽʟ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʥʠʞʫʶʪʴ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʘʣʝ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʩʥʦʛʦ ʪʘ 

ʧʘʣʴʥʠʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʽʞ ʮʝʥʪʨʦʤ ʪʘ 

ʧʝʨʠʬʝʨʽʻʶ ʧʝʯʽ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 700 Áʉ ʜʦ 2300 Áʉ, ʝʣʝʢʪʨʦʧʽʯ, 

ʱʦ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʙʠʨʘʪʠ ʣʠʰʝ ʮʝʥʪʨʘʣʴʥʫ, ʥʘʡʙʽʣʴʰ ʧʨʦʛʨʽʪʫ ʯʘʩʪʠʥʫ 

ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 1.10,ʛ), ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʞʘʨʝʥʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [74, 

76, 171]. 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʦʙʨʦʙʣʝʥʥʷ ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʽʥʰʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʧʝʯʝʡ: 

ï ʤʝʥʰʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ;  

ï ʙʽʣʴʰ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʞʘʨʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰ ʷʢʽʩʥʠʡ 

ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ;  

ï ʤʝʥʰʠʡ ʚʽʜʩʦʪʦʢ ʚʪʨʘʪ ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʚʠʛʦʨʷʥʥʷ; 

ï ʙʽʣʴʰʠʡ ʪʝʧʣʦʚʠʡ ʂʂɼ; 

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʷʢ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʧʦʚʥʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ 

[65, 71]. 
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1.4.3 ʇʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʽ ʰʣʷʭʠ ʾʭ 

ʧʦʢʨʘʱʝʥʥʷ 

 

ʗʢʽʩʪʴ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʫ ʚʠʨʦʙʣʷʶʪʴ ʚʫʛʣʝʛʨʘʬʽʪʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʟʦʢʨʝʤʘ, ʚʫʛʣʝʮʝʚʫ ʤʘʩʫ ʪʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʽ ʚʠʨʦʙʠ, ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ: ʇɽʆ ʽ ʡʦʛʦ ʦʙʝʨʥʝʥʦʾ ʚʝʣʠʯʠʥʠ ï ʧʠʪʦʤʦʾ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʇɽʇ); ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; ʪʝʧʣʦʻʤʥʦʩʪʽ; ʛʫʩʪʠʥʠ; ʩʪʫʧʝʥʷ 

ʛʨʘʬʽʪʫʚʘʥʥʷ (ʘʙʦ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʠʪʽʚ); ʚʤʽʩʪʫ ʟʦʣʠ ʪʘ ʣʝʪʶʯʠʭ ʜʦʤʽʰʦʢ; 

ʰʚʠʜʢʦʩʪʽ ʦʢʠʩʣʝʥʥʷ; ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ. 

ɿʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ, ʷʢ ʚʽʜʤʽʯʘʻʪʴʩʷ ʫ 

ʨʦʙʦʪʽ [56], ʻ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ. ɼʦ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʦʢʨʽʤ ʧʘʨʘʤʝʪʨʽʚ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚʫʛʣʝʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ, ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʚʠʨʦʙʽʚ, 

ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʷʢʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʘʥʪʨʘʮʠʪʫ ʡ ʦʪʨʠʤʘʥʦʛʦ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ, 

ʚʫʛʣʝʮʝʚʠʭ ʩʧʦʣʫʯʥʠʭ, ʪʠʧʫ ʧʨʦʞʘʨʶʚʘʣʴʥʠʭ ʧʝʯʝʡ ʪʦʱʦ. ʊʦʤʫ ʧʨʦʘʥʘʣʽʟʫʻʤʦ 

ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ, ʪʦʙʪʦ ʥʘ ʧʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʠʭ 

ʬʘʢʪʦʨʽʚ: 

1 ï ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʦʛʦ ʘʥʪʨʘʮʠʪʫ; 

2 ï ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʞʘʨʶʚʘʥʥʷ; 

3 ï ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [57] ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʽʥʰʠʭ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʮʽʾ ʘʥʪʨʘʮʠʪʽʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʨʤʽʥ ʧʨʦʞʘʨʶʚʘʥʥʷ), 

ʪʝʨʤʦʘʥʪʨʘʮʠʪ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʇɽʆ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ 

ʚʠʭʽʜʥʠʡ ʘʥʪʨʘʮʠʪ ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʦʜʥʦʨʽʜʥʽʩʪʶ ʽ ʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʦʢʘʟʥʠʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ. ʇʨʦ ʚʧʣʠʚ ʨʦʜʦʚʠʱʘ ʘʥʪʨʘʮʠʪʫ ʥʘ ʇɽʆ (ʚʠʭʽʜʥʘ 

ʚʝʣʠʯʠʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 1 ʜʦ 105 ʆʤĿʤ ʜʣʷ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʬʨʘʢʮʽʾ) ʩʚʽʜʯʘʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʨʦʙʽʪ [58, 59].  

ɺ ʨʦʙʦʪʘʭ [50, 60] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʡʦʛʦ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ 

ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩʠ ʪʨʠʚʠʤʽʨʥʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʩʫʪʪʻʚʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 
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2000 ʉ̄ ʽ ʚʠʱʝ. ʎʽ ʧʨʦʮʝʩʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʨʫʭʦʤ ʛʨʘʥʠʮʴ ʟʝʨʝʥ, 

ʚʽʜʥʦʚʣʶʚʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʟʦʣʠ ʪʦʱʦ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʥʘʚʽʪʴ ʜʦ 

2300...2400 ̄ʉ ʜʣʷ ʟʥʠʞʝʥʥʷ ʇɽʆ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʧʽʜʪʚʝʨʜʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʘʚʪʦʨʠ ʨʦʙʦʪʠ [61]. ɸʣʝ ʟʘ ʜʘʥʠʤʠ ʮʠʭ ʞʝ ʘʚʪʦʨʽʚ ʟ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʚʠʜʘʣʝʥʥʷ ʣʝʪʶʯʠʭ 

ʨʝʯʦʚʠʥ ʽ ʨʫʭʫ ʛʨʘʥʠʮʴ ʢʨʠʩʪʘʣʠʪʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠ 

ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ.  

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘ 

ʇɽʆ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ [18, 19], ʘ ʚ ʨʦʙʦʪʘʭ [2, 62, 63, 64] ʫʟʘʛʘʣʴʥʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʤʽʥʫ ʇɽʆ, 

ʛʫʩʪʠʥʠ, ʦʙôʻʤʥʦʾ ʫʩʘʜʢʠ, ʚʤʽʩʪʫ ʟʦʣʠ ʧʽʜ ʯʘʩ ʧʨʦʞʘʨʶʚʘʥʥʷ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʜʦ 

1300 ̄ʉ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

1600 ̄ ʉ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʠʤ ʘʥʪʨʘʮʠʪʦʤ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1.8 [56]. ʋ ʨʦʙʦʪʘʭ 

[56, 65ï67] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʦʪʨʠʤʘʥʥʷ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ 

ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ ʇɽʆ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʚʠʙʦʨʫ 

ʚʦʛʥʝʪʨʠʚʢʦʾ ʬʫʪʝʨʦʚʢʠ, ʘ ʪʘʢʦʞ ʽ ʾʾ ʧʨʦʬʽʣʶ. 

 

ʊʘʙʣʠʮʷ 1.8 ï ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ 

ʇʘʨʘʤʝʪʨ 
ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʜʣʷ 

ʘʥʪʨʘʮʠʪʫ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʤʢʆʤĿʤ 2,3Ŀ106 783 

ʇʦʨʠʩʪʽʩʪʴ, % 17,6 13,9 

ʈʝʘʢʮʽʡʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ, ʩʤ3/(ʛĿʩ) 0,56 0,26 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ3: 

ï ʽʩʪʠʥʥʘ 

ï ʫʷʚʥʘ 

ï ʥʘʩʠʧʥʘ 

 

1834 

1783 

744 

 

1512 

1535 

722 

 ɺʤʽʩʪ ʟʦʣʠ, % 5,63 3,80 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʘʥʪʨʘʮʠʪʫ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ [65] ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ 

ʧʽʜʚʠʱʝʥʠʭ ʟʥʘʯʝʥʴ ʇɽʆ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʻ ʥʠʟʴʢʘ ʦʙôʻʤʥʘ ʝʣʝʢʪʨʠʯʥʘ 
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ʧʦʪʫʞʥʽʩʪʴ ʫ ʨʦʙʦʯʦʤʫ ʦʙôʻʤʽ ʡ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʠʩʦʪʽ 

ʧʝʨʝʨʽʟʫ ʘʥʪʨʘʮʠʪʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʰʘʭʪʽ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ. ɿʘ 

ʪʚʝʨʜʞʝʥʥʷʤ ʘʚʪʦʨʽʚ ʮʽʻʾ ʨʦʙʦʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʽʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʘʻ ʟʤʦʛʫ 

ʜʝʱʦ ʧʽʜʚʠʱʠʪʠ ʦʙôʻʤʥʫ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʘʣʝ ʚ ʟʚôʷʟʢʫ ʟ ʥʠʟʴʢʦʶ 

ʩʪʽʡʢʽʩʪʶ ʚʦʛʥʝʪʨʠʚʢʦʾ ʬʫʪʝʨʦʚʢʠ (ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʻ ʾʾ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʘ ʝʨʦʟʽʷ) ʧʨʦʮʝʩ ʢʘʣʴʮʠʥʘʮʽʾ ʚʝʜʫʪʴ ʟʘ ʟʥʠʞʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ, ʪʦʙʪʦ ʟʥʠʞʝʥʥʷ ʇɽʆ, ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʘ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʫʪʝʨʦʚʢʠ, ʷʢʫ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʟ ʜʚʦʭ ʰʘʨʽʚ: ʧʝʨʰʠʡ ï ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ, ʜʨʫʛʠʡ ï ʚʦʛʥʝʪʨʠʚʢʠʡ ʟ 

ʝʣʝʢʪʨʦʢʦʨʫʥʜʦʚʠʭ ʘʙʦ ʢʘʨʙʦʨʫʥʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʽ ʚʽʜʥʦʩʥʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʋ ʧʨʘʮʽ [66] ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʥʘ ʇʨɸʊ 

çʋʢʨʛʨʘʬʽʪè ʧʦʪʫʞʥʽʩʪʶ ʟʘ ʪʝʨʤʦʘʥʪʨʘʮʠʪʦʤ 700ï800 ʢʛ/ʛʦʜ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʽʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 1,5 ʄɺɸ ʡʦʛʦ ʘʢʪʠʚʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 1 ʄɺʪ. ʆʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʝ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʞʘʨʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʦʙôʻʤʽ ʰʘʭʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʡ ʬʫʪʝʨʦʚʢʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʧʣʘʚʣʝʥʥʷʤ ʡ ʨʦʟʛʘʨʦʤ ʾʾ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʨʦʙʦʯʦʛʦ ʰʘʨʫ. ʅʝʨʽʚʥʦʤʽʨʥʝ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ ʧʝʨʝʨʽʟʽ ʘʥʪʨʘʮʠʪʦʚʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʰʘʭʪʽ ʧʝʯʽ ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʚ 

ʮʝʥʪʨʽ ʡ ʧʝʨʠʬʝʨʽʡʥʠʭ ʟʦʥʘʭ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʠʱʫʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʞʘʨʶʚʘʥʥʷ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʟʦʥʽ ʧʦʚʝʨʭʥʽ 

ʚʦʛʥʝʪʨʠʚʢʦʾ ʬʫʪʝʨʦʚʢʠ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʟʘ ʚʠʙʦʨʫ 

ʚʦʛʥʝʪʨʠʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʝʨʦʟʽʾ ʚ ʧʨʦʮʝʩʽ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʘʥʪʨʘʮʠʪʫ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [66] ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ 

ʚʠʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʾ ʤʫʣʣʽʪʦʢʦʨʫʥʜʦʚʦʾ ʮʝʛʣʠ ʟ ʧʨʦʞʘʨʶʚʘʥʠʤ ʘʥʪʨʘʮʠʪʦʤ 

(ʟʦʣʦʶ, ʧʨʦʜʫʢʪʘʤʠ ʧʽʨʦʣʽʟʫ ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʽʥ.). ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʨʦʟʽʷ 

ʬʫʪʝʨʦʚʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʠʬʫʟʽʾ ʧʨʦʜʫʢʪʽʚ ʧʽʨʦʣʽʟʫ ʣʝʪʶʯʠʭ ʽ 
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ʣʝʛʢʦʧʣʘʚʢʦʾ ʟʦʣʠ ʘʥʪʨʘʮʠʪʫ ʧʦ ʤʽʞʟʝʨʝʥʥʠʤ ʛʨʘʥʠʮʷʤ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʣʝʛʢʦʧʣʘʚʢʠʭ ʣʫʞʥʦʩʠʣʽʢʘʪʥʠʭ ʩʢʣʘʜʽʚ.  

ɺʧʣʠʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʾ ʚʽʜʩʪʘʥʽ (ʄɽɺ) ʥʘ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʘʥʪʨʘʮʠʪʦʚʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʽ ʷʢʽʩʪʴ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [67]. ʇʦ ʚʠʩʦʪʽ ʰʘʭʪʠ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 4 ʟʦʥʠ. ɸʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʄɽɺ 2000 ʤʤ, ʧʦʢʘʟʘʚ, ʱʦ ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʚʝʜʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʟʦʥʘʭ ʙʽʣʷ ʝʣʝʢʪʨʦʜʽʚ (ʟʦʥʠ I, IV). ʇʨʠ ʄɽɺ 

1500 ʽ 1000 ʤʤ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʥʠʞʫʻʪʴʩʷ ʚ ʢʦʞʥʽʡ ʟʦʥʽ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ, ʪʦʙʪʦ ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʚ ʟʦʥʘʭ II ʽ III. ʇʨʠ 

ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʫʣʣʽʪʦʢʦʨʫʥʜʦʚʫ ʬʫʪʝʨʦʚʢʫ ʚ 

ʥʘʡʙʽʣʴʰ ʪʝʧʣʦʥʘʧʨʫʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʽʜʚʝʜʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɿ ʤʝʪʦʶ ʣʽʢʚʽʜʘʮʽʾ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʘʥʪʨʘʮʠʪʫ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʰʘʭʪʠ ʘʚʪʦʨʠ 

ʨʦʙʦʪʠ [68] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʢʦʥʩʪʨʫʢʮʽʶ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʨʴʦʤʘ ʯʘʩʪʠʥʘʤʠ: ʚʝʨʭʥʶ ï ʫʩʽʯʝʥʠʤ ʢʦʥʫʩʦʤ, ʩʝʨʝʜʥʶ ï ʮʠʣʽʥʜʨʦʤ ʽ ʥʠʞʥʶ ï 

ʫʩʽʯʝʥʠʤ ʢʦʥʫʩʦʤ, ʩʠʤʝʪʨʠʯʥʠʤ ʚʝʨʭʥʴʦʤʫ.  

ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʫʛʽʣʴʥʦʾ ʰʠʭʪʠ ʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʠʧʦʚʠʭ 

ʰʘʭʪʥʠʭ ʝʣʝʢʪʨʦʧʝʯʝʡ ʧʦʢʘʟʫʻ ʥʘ ʩʫʪʪʻʚʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʦʞʘʨʝʥʦʛʦ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ. ʊʘʢʠʡ ʧʘʨʘʤʝʪʨ ʷʢ ʇɽʆ ʚ ʨʽʟʥʠʭ ʧʨʦʙʘʭ ʚʽʜʨʽʟʥʷʚʩʷ 

ʙʽʣʴʰʝ ʥʽʞ ʫ 2 ʨʘʟʠ [69, 70]. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ 

ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʟʜʽʡʩʥʶʶʪʴ ʡʦʛʦ ʧʦʜʚʽʡʥʝ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚ ʪʽʡ ʞʝ ʧʝʯʽ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʝʯʝʡ ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ.  

ɼʦʩʣʽʜʞʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʞʘʨʶʚʘʣʴʥʦʾ ʧʝʯʽ ʥʘ ʇʨɸʊ 

çʋʢʨʛʨʘʬʽʪè ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʮʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ɯɽɿ ʽʤ. ɽ.ʆ. ʇʘʪʦʥʘ ʅɸʅ 

ʋʢʨʘʾʥʠ ʚʠʷʚʠʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʟʦʥʽ, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʦ ʦʩʽ ʧʝʯʽ ʧʽʜ ʚʝʨʭʥʽʤ ʝʣʝʢʪʨʦʜʦʤ [66]. ʊʘʢʫ ʞ ʟʦʥʫ ʚʠʷʚʠʣʠ ʽ 

ʘʚʪʦʨʠ ʨʦʙʽʪ [70ï72]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʚʩʴʦʛʦ ʘʥʪʨʘʮʠʪʫ ʯʝʨʝʟ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʟʦʥʫ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘ ʩʪʚʦʨʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 
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ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʤʽʞ ʚʝʨʭʥʽʤ ʽ ʥʠʞʥʽʤ ʝʣʝʢʪʨʦʜʘʤʠ 

ʜʨʦʩʝʣʝʤ (ʰʘʡʙʦʶ) [73, 74].  

ɻʦʣʦʚʥʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʜʨʦʩʝʣʷ ʻ ʜʽʘʤʝʪʨ ʡʦʛʦ ʦʪʚʦʨʫ d ʽ 

ʜʦʚʞʠʥʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ h. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʽʘʤʝʪʨ ʜʨʦʩʝʣʷ ʩʢʣʘʜʘʻ 

0,25...0,60 ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʬʫʪʝʨʦʚʢʠ ʧʝʯʽ. 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʝʩʴ ʤʘʪʝʨʽʘʣ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʨʦʩʝʣʴ 

(ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʟʦʥʫ), ʧʝʨʝʤʽʰʫʻʪʴʩʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʨʤʦʦʙʨʦʙʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ, ʥʘʧʨʠʢʣʘʜ, ʜʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʨʦʟʨʦʙʢʠ 

ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʚʫʛʽʣʣʷ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʩʪʚʦʨʝʥʽʡ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ 

ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʪʝʨʤʦʘʥʪʨʘʮʠʪ ʟ 680 ʤʢʆʤĿʤ ʟʘ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʙʽʣʷ 765 ʢɺʪĿʛʦʜ/ʪ [73]. 

ʇʽʩʣʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ ʥʘ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè ʙʫʚ 

ʩʧʦʨʫʜʞʝʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʨʦʩʝʣʝʤ [74]. 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ɽɺ ʚ ʝʣʝʢʪʨʦʧʝʯʘʭ ʰʘʭʪʥʦʛʦ 

ʪʠʧʫ ʚʽʜʧʨʘʮʴʦʚʘʥʘ ʥʝʜʦʩʪʘʪʥʴʦ. ʊʦʤʫ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʦʜʝʨʞʘʥʥʷ ʛʨʘʬʽʪʦʚʘʥʦ ʢʦʢʩʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ [171]. 

ʅʘʚʝʜʝʥ ̔ʚ [75] ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥ ɹ

ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʘʨʘʪʝʨʠʩʪʠʢ ʨʦʙʦʪʠ ʨʷʜʦʚʠʭ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ, ʨʘʟʦʤ ʟ ʧʨʦʚʝʜʝʥʠʤ ʚ ʨʦʙʦʪʽ [76] ʘʥʘʣʽʟʦʤ ʨʝʟʫʣʴʪʘʪʽʚ  

ʧʘʪʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʜʣʷ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʫʶʪ, ʱʦ ʰʣʷʭʘʤʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, :̒  

ï ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʪʠʥʘʭ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ; 
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ï ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷʤ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚ ʨʦʟʧʦʜʽʣʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ; 

ï ʦʨʛʘʥʽʟʘʮʽʷ ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʨʽʟʴ ʨʦʙʦʯʠʡ ʧʨʦʩʪʽʨ 

ʝʣʝʢʪʨʦʧʝʯʽ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʫʩʽʻʾ ʩʠʨʦʚʠʥʠ ʚ ʟʦʥʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʪʝʤʧʝʨʘʪʫʨʠ; 

ï ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʛʦʨʷʥʥʷ ʚʦʛʥʝʪʨʠʚʢʦʾ ʬʫʪʝʨʦʚʢʠ ʚ ʟʦʥʘʭ 

ʥʘʡʙʽʣʴʰʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

ï ʫʩʫʥʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʫʚʘʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ/ʚʠʚʘʥʪʘʞʝʥʥʷ [171]. 

 

1.4.4 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʰʘʭʪʥʦʾ 

ʝʣʝʢʪʨʦʧʝʯʽ  

 

ʊʝʨʤʦʦʙʨʦʙʢʘ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʪʘ ʧʦʚôʷʟʘʥʠʤʠ ʤʽʞ ʩʦʙʦʶ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ: 

ʨʫʭ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʽʜ ʚʧʣʠʚʦʤ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ ʪʘ ʤʝʭʘʥʽʟʤʫ ʨʦʟʚʘʥʪʘʞʫʚʘʥʥʷ; 

ʨʫʭ ʣʝʪʶʯʠʭ ʫ ʥʘʧʨʷʤʢʫ ʧʪʦʪʠʣʝʞʥʦʤʫ ʩʭʦʜʫ ʤʘʪʝʨʽʘʣʫ; ʧʨʦʭʦʜʞʝʥʥʷʤ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʰʠʥʠ, ʝʣʝʢʪʨʦʜʠ ʪʘ ʩʘʤ ʤʘʪʝʨʽʘʣ; ʩʢʣʘʜʥʠʤ 

ʪʝʧʣʦʦʙʤʽʥʦʤ ʷʢ ʚ ʩʝʨʝʜʠʥʽ ʪʘʢ ʽ ʟʦʚʥʽ ʧʝʯʽ [76]. ʆʪʞʝ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʤʘʻ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʦʧʠʩʫʚʘʪʠ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʧʨʦʮʝʩʠ. 

ʄʦʜʝʣʶʚʘʥʥʶ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʜʣʷ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʠʩʚʷʯʝʥʦ ʧʨʘʮʽ [77ï83]. ʋ ʧʨʘʮʽ 

[77] ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɽʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʷʢ ʚʝʨʪʠʢʘʣʴʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʬʫʪʝʨʦʚʘʥʘ ʧʽʯ, 

ʫʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ ʜʚʘ ʚʝʨʭʥʽʡ ʪʘ ʥʠʞʥʽʡ ʝʣʝʢʪʨʦʜʠ. 
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ʌʽʟʠʯʥʽ ʧʦʣʷ ʦʪʨʠʤʘʥʦ ʽʟ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ 

ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ, ʱʦ ʚʢʣʶʯʘʻ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʚʥʫʪʨʽʰʥʽʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ ʪʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ. ʇʨʦʪʝ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʘʚʪʦʨʠ ʩʪʘʪʪʽ [77] ʥʝʭʪʫʚʘʣʠ ʨʫʭʦʤ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʟʤʽʥʦʶ ʤʘʩʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ 

ʟʛʦʨʷʥʥʷ ʣʝʪʢʠʭ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ [77] ʚ [78] ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʦʜʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟ ʤʝʪʦʶ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʦʢ ʬʫʪʝʨʽʚʢʠ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʧʝʯʽ ̫ʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʣʽʚʢʦʚʦʛʦ ʚʦʜʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʽ ʧʨʠ ʚʽʣʴʥʽʡ ʢʦʥʚʝʢʮʽʾ. 

ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʩʫ ʧʨʦʞʘʨʝʥʥʷ ʘʥʪʨʘʮʠʪʫ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ (ʀɽʊ-10-ʋʍʃʏ) ʚʠʢʦʥʘʥʦ ʥʘ ʙʘʟʽ [77] ʽ ʥʘʚʝʜʝʥʦ ʚ ʩʪʘʪʪʽ 

[79]. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʣʠʙʠʥʠ ʦʧʫʩʢʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚ 

ʤʘʪʝʨʽʘʣ, ʱʦ ʧʨʦʞʘʨʶʻʪʴʩʷ, ʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʚʝʣʠʯʠʥʫ, 

ʥʘʧʨʷʤ ʚʝʢʪʦʨʽʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʪʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ. 

ʋ ʧʨʘʮʷʭ [80, 81] ʥʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦ- ʝʣʝʢʪʨʦ-

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ (ʢʦʥʩʪʨʫʢʮʽʷ Elkem). ʅʘʚʝʜʝʥʘ 

ʤʦʜʝʣʴ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʪʠʥʽ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʪʘ ʧʽʜʚʠʱʝʥʥ ʁʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʇʨʘʮʶ [82] ʧʨʠʩʚʷʯʝʥʦ ʧʨʦʙʣʝʤʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʢʘʣʴʮʠʥʘʮʽʾ ʘʥʪʨʘʮʠʪʫ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, ʟʦʢʨʝʤʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʫʣʴʪʠʬʽʟʠʯʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ 

ʄʘʢʩʚʝʣʘ, ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʡ ʢʽʥʝʪʠʢʠ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʧʝʯʽ. 

ʋ ʧʨʘʮʽ [83] ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʽ ʤʽʩʪʠʪʴ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʽ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʜʣʷ ʦʧʠʩʘʥʥʷ 

ʨʫʭʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʃʘʧʣʘʩʘ ʜʣʷ ʦʧʠʩʘʥʥʷ ʧʦʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ 
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ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʠʡ 

ʛʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩ ʪʘ ʝʣʝʢʪʨʦʘʥʪʨʘʮʠʪ ʟ ʧʽʢʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʮʝʥʪʨʘ ʨʦʙʦʯʦʛʦ 

ʧʨʦʩʪʦʨʫ 3000 ÁC, ʷʢʠʡ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʆʜʥʘʢ, ʩʫʜʷʯʠ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʘʚʪʦʨʽʚ [83], ʩʢʣʘʜʥʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʩʪʘʪʝʡ [77ï83] ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʘʢʽ: ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʠʥʘʤʽʢʘ ʱʽʣʴʥʦʛʦ ʨʫʭʫ ʩʠʧʢʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ, ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʧʨʦ 

ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʪʦʱʦ. 

 

 

1.5 ʇʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

 

ɺʫʛʣʝʛʨʘʬʽʪʦʚʽ ʚʠʨʦʙʠ ʝʣʝʢʪʨʦʜʥʠʭ ʪʘ ʝʣʝʢʪʨʦʚʫʛʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘʣʝ ʨʦʟʤʽʨʦʤ ʽ 

ʬʦʨʤʦʶ, ʷʢʽ ʥʘʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʾʭ ʧʨʝʩʫʚʘʥʥʷ [3]. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʻ ʩʧʦʩʽʙ 

ʧʨʝʩʫʚʘʥʥʷ ʚʠʜʘʚʣʶʚʘʥʥʷʤ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ (ʨʠʩ. 1.11). 

 
1 ï ʢʦʥʪʝʡʥʝʨ; 2 ï ʤʫʥʜʰʪʫʢ; 3 ï ʤʘʩʘ; 4 ï ʬʦʨʢʘʤʝʨʘ 

ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʝʩʫʚʘʥʥʷ ʚʠʜʘʚʣʶʚʘʥʥʷʤ 

 

ʋ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʩʪʘʜʽʾ: 

ï ʧʝʨʰʘ ï ʧʽʜʛʦʪʦʚʯʘ; 

ï ʜʨʫʛʘ ï ʦʩʥʦʚʥʘ; 

ï ʪʨʝʪʷ ï ʟʘʢʣʶʯʥʘ. 
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ʅʘ ʧʽʜʛʦʪʦʚʯʽʡ ʩʪʘʜʽʾ ʤʘʩʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 125ï135 Áʉ, ʱʦ ʛʦʪʫʻʪʴʩʷ ʚ 

ʟʤʽʰʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʚ ʙʘʨʘʙʘʥ-ʦʭʦʣʦʜʞʫʚʘʯ, ʜʝ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʤʝʥʰʝ ʷʢ 90 Áʉ. ʆʭʦʣʦʜʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʥʘʛʥʽʪʘʥʥʷ ʚ ʙʘʨʘʙʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʽʜʩʤʦʢʪʫʚʘʥʥʷ 

ʛʘʟʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚʝʥʪʠʣʷʪʦʨʘʤʠ. ʅʘʜʘʣʽ ʦʭʦʣʦʜʞʝʥʘ ʤʘʩʘ ʥʘʜʭʦʜʠʪʴ ʚ 

ʬʦʨʢʘʤʝʨʫ ʧʨʝʩʘ. 

ɺ ʦʩʥʦʚʥʽʡ ʩʪʘʜʽʾ ʤʘʩʘ ʟ ʬʦʨʢʘʤʝʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʫʥʞʝʨʘ ʧʨʝʩʘ 

ʧʨʦʩʫʚʘʻʪʴʩʷ ʚ ʢʦʥʪʝʡʥʝʨ (ʤʘʩʥʠʡ ʮʠʣʽʥʜʨ). ɼʦʧʦʤʽʞʥʦʶ ʦʧʝʨʘʮʽʻʶ ʥʘ ʮʽʡ ʩʪʘʜʽʾ 

ʻ ʪʘʢ ʟʚʘʥʘ ʧʽʜʧʨʝʩʫʚʘʥʥʷ ʤʘʩʠ ʚ ʮʠʣʽʥʜʨʽ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʾʾ ʫʱʽʣʴʥʝʥʥʷ 

ʟʘ ʟʘʢʨʠʪʦʛʦ ʩʧʝʮʽʘʣʴʥʦʶ ʧʣʠʪʦʶ ʘʙʦ ʟʘʧʽʨʥʠʤ ʧʨʠʩʪʨʦʻʤ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ 

ʤʫʥʜʰʪʫʢʘ. ʇʽʜ ʯʘʩ ʧʽʜʧʨʝʩʫʚʘʥʥʷ, ʷʢʠʡ ʪʨʠʚʘʻ 3 ï 5 ʭʚ., ʦʢʨʽʤ ʫʱʽʣʴʥʝʥʥʷ ʤʘʩʠ, ʟ 

ʥʝʾ ʚʠʜʘʣʷʻʪʴʩʷ ʧʦʚʽʪʨʷ ʪʘ ʧʘʨʠ ʧʝʢʫ. ʇʽʜʧʨʝʩʫʚʘʥʥʷ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʚ ʪʠʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚ ʢʦʥʪʝʡʥʝʨ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʫʪʨʘʤʙʦʚʘʥʘ ʤʘʩʘ, ʘʙʦ 

ʚʦʥʘ ʟʘʪʨʘʤʙʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʦʥʪʝʡʥʝʨʽ. ʇʽʩʣʷ ʧʦʚʥʦʛʦ ʘʙʦ ʯʘʩʪʢʦʚʦʛʦ 

ʟʘʧʦʚʥʝʥʥʷ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʤʘʩʠ ʯʝʨʝʟ ʦʪʚʽʨ ʚ 

ʤʫʥʜʰʪʫʢʫ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʟʘʛʦʪʦʚʢʘʤ ʚʽʜʧʦʚʽʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʚ 

ʧʝʨʝʨʽʟʽ, ʜʦʚʞʠʥʠ ʪʘ ʛʫʩʪʠʥʠ. 

ʅʘ ʟʘʢʣʶʯʥʽʡ ʩʪʘʜʽʾ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚʽʜʧʦʚʽʜʥʦʾ ʜʦʚʞʠʥʠ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʽʜʨʽʟʘʥʥʷʤ ʩʧʨʝʩʦʚʘʥʦʾ ʤʘʩʠ ʚʽʜʨʽʟʥʠʤʠ ʥʦʞʘʤʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʠʩʢʫ ʫ 

ʛʦʣʦʚʥʦʤʫ ʮʠʣʽʥʜʨʽ ʧʨʝʩʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʦʪʦʚʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ 

ʩʪʦʣʽ ʧʨʝʩʘ, ʷʢʠʡ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʦʜʦʶ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʪʘʢʦʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʘʥʥʽ ʟ ʚʦʜʦʶ ʽ ʥʘ ʨʦʣʴʛʘʥʛʫ. ʅʘʜʘʣʽ ʟʘʛʦʪʦʚʢʠ 

ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʥʘ ʨʦʟʙʨʘʢʫʚʘʣʴʥʠʡ ʩʪʝʣʘʞ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʜʝ ʚʦʥʠ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʧʦʚʽʪʨʷʤ, ʘ ʧʦʪʽʤ ï ʩʢʣʘʜʫʶʪʴʩʷ ʚ ʰʪʘʙʝʣʽ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʧʦʜʦʚʠʭ ʙʣʦʢʽʚ ʜʦ 

ʤʦʤʝʥʪʫ ʩʢʣʘʜʫʚʘʥʥʷ ʚ ʰʪʘʙʝʣʽ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʨʦʟʤʽʨʽʚ ʫ ʧʝʨʝʪʠʥʽ ʫ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʦʧʫʩʢʘʭ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʣʠʧʘʥʥʷ ʦʜʠʥ ʟ ʦʜʥʠʤ 

ʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟ ʤʦʤʝʥʪʫ ʧʨʝʩʫʚʘʥʥʷ ʥʝ ʤʝʥʰʝ ʷʢ 4 ʛʦʜ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ʻ ʪʝ, ʱʦ ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʤʘʩʠ 

ʧʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʡ ʟʘ ʧʨʝʩʫʚʘʥʥʷ ʜʦʩʠʪʴ ʨʽʟʥʘ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʘ ʬʦʨʤʠ ʤʘʪʝʨʽʘʣʫ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʯʘʩʪʦʢ ʫ ʥʦʚʠʡ ʩʪʽʡʢʠʡ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʜʦ ʡ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ. 

ʈʽʟʢʦ ʟʤʽʥʶʶʪʴ ʭʘʨʘʢʪʝʨ ʚʠʪʽʢʘʥʥʷ ʤʘʩʠ, ʚʠʢʣʠʢʘʶʯʠ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʨʝʩʫʚʘʥʥʷ ʽ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʟʘʛʦʪʦʚʦʢ, ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʧʦʨʫʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʫ ʧʨʝʩʫʚʘʥʥʷ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʠ ʚ ʦʙôʻʤʽ ʢʦʥʪʝʡʥʝʨʘ, 

ʚʝʣʴʤʠ ʢʨʫʧʥʽ ʢʫʩʢʠ ʟʘʚʘʥʪʘʞʫʚʘʥʦʾ ʤʘʩʠ, ʨʽʟʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʘʩʠ ʚ ʦʜʥʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ ʢʦʥʪʝʡʥʝʨʘ. ʅʝʧʦʩʪʽʡʥʠʡ ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʮʝʩʫ 

ʧʨʝʩʫʚʘʥʥʷ ʽ ʦʩʦʙʣʠʚʦ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʦʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʛʽʨʰʫʶʪʴ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ [255].  

ʊʘʢʦʞ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʧʝʢʦʚʦʾ ʤʘʩʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʫ 

ʨʘʟʽ ʾʾ ʪʝʯʽʾ, ʥʘ ʛʨʘʥʠʮʽ ʟ ʤʫʥʜʰʪʫʢʦʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʨʫʭʫ 

ʰʘʨʽʚ ʤʘʩʠ: ʚʥʫʪʨʽʰʥʽ ʰʘʨʠ ʧʦʯʠʥʘʶʪʴ ʚʠʧʝʨʝʜʞʘʪʠ ʧʝʨʠʬʝʨʽʡʥʽ. ʇʨʠʯʠʥʘʤʠ 

ʦʩʪʘʥʥʴʦʛʦ ʻ ʷʢ ʙʽʣʴʰ ʢʦʨʦʪʢʠʡ ʰʣʷʭ ʨʫʭʫ ʮʝʥʪʨʘʣʴʥʠʭ ʰʘʨʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʝʨʠʬʝʨʽʡʥʠʤʠ, ʪʘʢ ʽ ʩʘʤʘ ʧʨʠʨʦʜʘ ʪʝʯʽʾ ʨʽʜʠʥʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʘʨʘʙʦʣʽʯʥʠʤ ʧʨʦʬʽʣʝʤ ʰʚʠʜʢʦʩʪʝʡ ʰʘʨʽʚ, ʧʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʮʝʥʪʨʽ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ, ʘ ʤʽʥʽʤʘʣʴʥʘ ï ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟʽ 

ʩʪʽʥʢʦʶ. ʊʘʢʝ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩʠ ʟʫʤʦʚʣʶ ̒ʾʾ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʟʤʝʥʴʰʫʻ ʫʱʽʣʴʥʝʥʥʷ 

ʪʘ ʷʢʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ɽɺ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʤʘʩʠ ʤʦʞʝ ʙʫʪʠ 

ʧʨʠʯʠʥʦʶ ʨʦʟʨʠʚʽʚ ʫ ʟʘʛʦʪʦʚʮʽ ʱʝ ʚ ʤʫʥʜʰʪʫʢʫ. ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʽʛʨʽʚ ʧʝʨʠʬʝʨʽʡʥʠʭ ʰʘʨʽʚ ʤʘʩʠ, ʷʢʘ ʧʨʝʩʫʻʪʴʩʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʾʾ ʚôʷʟʢʦʩʪʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ.  

ɿʛʽʜʥʦ ʟ ʜʽʶʯʠʤʠ ʥʘ ʝʣʝʢʪʨʦʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʽʥʩʪʨʫʢʮʽʷʤʠ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʽʜ ʯʘʩ ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʻ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʡ ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ. ʇʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ 

ʢʦʥʪʨʦʣʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ ʥʝ ʻ ʜʦʩʪʘʪʥʽʤ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʰʚʠʜʢʽʩʪʶ ʧʨʝʩʫʚʘʥʥʷ. ɿ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʜʘʚʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʨʘʭʦʚʫʻ ʩʧʽʣʴʥʠʡ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʰʚʠʜʢʽʩʥʠʭ ʡ ʩʠʣʦʚʠʭ ʫʤʦʚ ʜʝʬʦʨʤʘʮʽʾ [84].  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʟʜʝʬʝʢʪʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, 

ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ) ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʝʞʠʤʫ ʧʨʝʩʫʚʘʥʥʷ (ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʤʘʩʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʾ ʨʫʭʫ). ʆʢʨʽʤ ʮʴʦʛʦ, ʜʣʷ ʟʘʚʜʘʥʥʷ ɸʉʋ 

ʪʝʧʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʽ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʨʦʟʨʘʭʫʥʢʽʚ 

ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ. 

 

 

1.6 ɺʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ 

 

1.6.1 ʊʝʭʥʦʣʦʛʽʷ ʚʠʧʘʣʶʚʘʥʥʷ 

 

ʆʭʦʣʦʜʞʝʥʽ ʧʽʩʣʷ ʧʨʝʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʽ ʟʘʛʦʪʦʚʢʠ ʚʠʧʘʣʶʶʪʴ ʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʝʯʘʭ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [84]. ɺ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 850ï1300 ̄ʉ ʦʨʛʘʥʽʯʥʝ ʩʧʦʣʫʯʥʝ ʧʝʨʝʭʦʜʠʪʴ ʫ ʢʦʢʩ 

ʽ ʩʢʨʽʧʣʶʻ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ.  

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʧʘʣʶʚʘʥʥʷ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʪʠʧʽʚ 

ʧʝʯʝʡ ʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʦʶ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʘʢʠʭ ʩʪʘʜʽʡ: ʧʽʜʛʦʪʦʚʢʘ ʧʝʯʽ, ʾʾ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʧʘʣʶʚʘʥʥʷ ɽɺ, ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʯʽ, ʾ ʾ ʨʦʟʚʘʥʪʘʞʝʥʥʷ[9]. 

ʉʪʘʜʽʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʣʷʛʘʻ ʚ ʦʯʠʱʝʥʥʽ ʧʝʯʽ ʽ ʧʨʦʬʽʣʘʢʪʠʯʥʦʤʫ ʨʝʤʦʥʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʝʯʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʟʘʩʠʧʘʥʥʷ ʚ ʦʙôʻʤ ʢʘʩʝʪ ʢʘʤʝʨ 

ʧʝʯʽ ʰʘʨʫ ʟʘʩʠʧʢʠ ʪʦʚʱʠʥʦʶ 100 Ñ 25 ʤʤ. ɼʘʣʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʛʦʪʦʚʢʠ 

ʧʘʨʘʣʝʣʴʥʦ ʤʽʞ ʩʦʙʦʶ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ ʨʝʛʫʣʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʨʦʟʤʽʨʽʚ ʪʘ 

ʩʭʝʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʤʽʞʢʠ ʤʽʞ ʟʘʛʦʪʦʚʢʘʤʠ ʟʘʧʦʚʥʶʶʪʴ ʟʘʩʠʧʢʦʶ ʥʘ 100ï

150 ʤʤ ʚʠʱʝ ʪʦʨʮʽʚ ʟʘʛʦʪʦʚʦʢ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʢʘʤʝʨʘ ʧʝʯʽ ʟʘʢʨʠʚʘʻʪʴʩʷ 

ʪʝʧʣʦʽʟʦʣʶʚʘʣʴʥʠʤ ʫʢʨʠʪʪʷʤ ï ʩʢʣʝʧʽʥʥʷʤ ʧʝʯʽ [182]. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩ ʚʠʧʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʪʠ ʩʧʘʣʶʚʘʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ [85]. ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʧʘʣʫ ʜʦʩʷʛʘ ̒360ï480 ʛʦʜ, ʘ ʧʠʪʦʤʽ 

ʚʠʪʨʘʪʘʪʠ ʝʥʝʨʛʽʾ (ʇɺɽ) ʩʢʣʘʜʘʶʪʴ 3,9 ï 4,5 ɻɼʞ/ʪ [182].  



84 

ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʛʨʽʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʧʽʜ ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘʛʨʽʚʘʥʥʷ (100ï120 ̄ ʉ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʨʦʟʤôʷʢʰʝʥʥʷ ʧʝʢʫ ʽ 

ʧʦʩʣʘʙʣʝʥʥʷ ʧʨʝʩʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ ʟʘʛʦʪʦʚʦʢ, ʧʝʨʝʚʘʞʥʦ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ. ʋ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʛʦ 

ʥʘʛʨʽʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 200ï230 ʉ̄ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʟʘʛʦʪʦʚʦʢ, ʷʢʝ 

ʟʫʤʦʚʣʝʥʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ ʩʧʦʣʫʯʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʾʭ ʜʦʚʞʠʥʘ ʜʦʩʷʛʘʻ 

ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ [16, 84]. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʧʦʯʘʪʢʫ ʚʠʧʘʣʶʚʘʥʥʷ (ʧʨʠʙʣʠʟʥʦ ʜʦ 250 ̄ ʉ ʫ ʪʽʣʽ 

ʟʘʛʦʪʦʚʦʢ) ʩʧʨʠʷʻ ʥʘʜʤʽʨʥʦʤʫ ʾʭ ʨʦʟʰʠʨʝʥʥʶ ʚ ʧʝʨʝʨʽʟʽ ʽ ʦʩʽʜʘʥʥʽ ʧʦ ʜʦʚʞʠʥʽ. ʋ 

ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʦʾ ʧʣʘʩʪʠʯʥʦʩʪʽ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʘʯʥʦʾ ʾʭ ʜʝʬʦʨʤʘʮʽʾ. ʋʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʚʠʧʘʣʫ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʚʪʨʘʪʽ ʩʧʦʣʫʯʥʦʛʦ ʽʟ ʟʘʛʦʪʦʚʦʢ ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʽʩʥʝʥʥʷ ʡʦʛʦ ʯʘʩʪʠʥʠ 

ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʩʠʣʶʻ ʧʨʠʢʦʢʩʦʚʫʚʘʥʥʷ ʧʝʨʝʩʠʧʢʠ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʘʛʦʪʦʚʦʢ. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʟʘʛʦʪʦʚʦʢ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 

250 ̄ ʉ, ʥʘʚʧʘʢʠ, ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʨʦʟʰʠʨʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʾʭ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʠʢʦʢʩʦʚʫʚʘʥʥʷ ʧʝʨʝʩʠʧʢʠ [16, 86]. 

ʋ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 230ï300 ̄ ʉ ʟʘ ʜʦʩʷʛʥʝʥʥʷ ʧʝʢʦʤ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚôʷʟʢʦʩʪʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʽʜʘʥʥʷ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʫʚʘʥʥʷ. ɿʘ 

ʚʽʜʥʦʰʝʥʥʷʤ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ ʟʘʛʦʪʦʚʦʢ ʜʦ ʟʤʽʥʠ ʾʾ ʜʦʚʞʠʥʠ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ 

ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʚʠʧʘʣʝʥʠʭ ʟʘʛʦʪʦʚʦʢ. ʏʠʤ ʙʽʣʴʰʝ ʮʝ 

ʚʽʜʥʦʰʝʥʥʷ, ʪʠʤ ʽʤʦʚʽʨʥʽʰʘ ʢʽʥʮʝʚʘ ʜʝʬʦʨʤʘʮʽʷ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʥʘʜʤʽʨʥʘ 

ʯʘʩʪʠʥʘ ʧʝʢʫ ʚʠʪʠʩʢʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʟʘʛʦʪʦʚʦʢ ʽ ʚ ʧʝʨʝʩʠʧʢʫ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʟʘʛʦʪʦʚʢʘʤʠ ʩʚʦʻʾ ʤʘʩʠ. ɿʘ ʪʝʤʧʝʨʘʪʫʨ 280ï300 ̄ ʉ ʫ 

ʩʧʦʣʫʯʥʦʤʫ ʚ ʟʘʛʦʪʦʚʢʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʰʽ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 
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ʩʧʨʠʯʠʥʝʥʽ ʨʦʟʨʠʚʦʤ ʧʝʢʦʚʠʭ ʧʨʦʰʘʨʢʽʚ ʪʘ ʚʽʜʨʠʚʘʥʥʷʤ ʾʭ ʚʽʜ ʟʝʨʝʥ ʥʘʧʦʚʥʶʚʘʯʘ 

[182]. 

ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 300ï375 Áʉ ʧʦʯʠʥʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʫʱʽʣʴʥʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʧʝʢʫ ʟʘ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʩʪʨʫʢʮʽʾ. ɼʦ ʪʝʤʧʝʨʘʪʫʨ 

400ï420 Áʉ ʯʘʩʪʠʥʘ ʧʨʦʜʫʢʪʽʚ ʜʝʩʪʨʫʢʮʽʾ, ʱʦ ʥʝ ʫʚʽʡʰʣʘ ʜʦ ʧʨʦʮʝʩʽʚ 

ʧʦʣʽʢʦʥʜʝʥʩʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʤʘʣʦʾ ʧʦʯʘʪʢʦʚʦʾ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʟʘʛʦʪʦʚʦʢ, 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʥʠʭ, ʫʪʚʦʨʶʶʯʠ ʛʘʟʦʚʠʡ ʪʠʩʢ, ʱʦ ʚʠʢʣʠʢʘʻ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʦʙôʻʤʫ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 

300ï420 Áʉ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʩ ʤʽʥʽʤʘʣʴʥʠʤ ʪʝʤʧʦʤ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

[16, 86, 247]. 

ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 350ï400 Áʉ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʧʣʘʩʪʠʯʥʽʩʪʴ ʧʝʢʫ. 

ʇʦʜʦʚʞʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʮʠʭ ʫʤʦʚʘʭ ʟʙʽʣʴʰʫʻ ʨʦʟʨʠʚʠ ʡʦʛʦ ʧʨʦʰʘʨʢʽʚ ʧʝʨʝʚʘʞʥʦ 

ʚ ʥʘʧʨʷʤʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʦʩʽ ʧʨʝʩʫʚʘʥʥʷ. ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʚʠʱʝ 

ʟʘ 400ï420 Áʉ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʣʝʪʶʯʠʭ ʽʟ ʩʧʦʣʫʯʥʦʛʦ ʨʽʟʢʦ ʟʨʦʩʪʘʻ 

ʝʢʟʦʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʪʨʘʪʠ ʤʘʩʠ, ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ 

ʟʘʛʦʪʦʚʦʢ. ʇʨʠʩʢʦʨʝʥʥʷ ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 350ï480 Áʉ 

ʩʧʨʠʷʻ ʧʨʦʮʝʩʘʤ ʨʦʟʧʘʜʘʥʥʷ ʟôʻʜʥʘʥʴ, ʷʢʽ ʱʦʡʥʦ ʫʪʚʦʨʠʣʠʩʷ. ʎʝ ʟʤʝʥʰʫʻ ʚʠʭʽʜ 

ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʽʟ ʩʧʦʣʫʯʥʦʛʦ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, ʘ ʟʥʘʯʠʪʴ ʡ ʤʽʮʥʽʩʪʴ ʩʧʽʢʘʥʥʷ 

ʡʦʛʦ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʟʘʛʦʪʦʚʦʢ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ 300ï480 Áʉ ʥʝʦʙʭʽʜʥʦ ʾʭ ʥʘʛʨʽʚʘʪʠ ʩ ʤʽʥʽʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ [16, 47, 

86]. 

ɿʘ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨ 480ï650 Áʉ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʫʱʽʣʴʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʦʛʦ ʟʘʣʠʰʢʫ ʩʧʦʣʫʯʥʦʛʦ, ʱʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʢʦʢʩ. ʎʝʡ 

ʧʨʦʮʝʩ ʧʨʦʪʽʢʘʻ ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʦʢ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ 

ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʧʝʨʽʦʜ ʬʦʨʤʫʚʘʥʥʷ ʢʦʢʩʫ ʟ ʧʦʣʫ ʢʦʢʩʫ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 480ï650 Áʉ ʤʦʞʝ ʙʫʪʠ ʚʜʚʽʯʽ ʙʽʣʴʰʦʶ ʥʽʞ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 350ï

480 Áʉ [86]. 
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ɿʘ ʪʝʤʧʝʨʘʪʫʨ ʙʽʣʴʰʠʭ ʟʘ 650 Áʉ ʫ ʟʘʛʦʪʦʚʢʘʭ ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʫʱʽʣʴʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʦʢʩʫ ʽʟ ʩʧʦʣʫʯʥʦʛʦ. ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʦʢ ʫʱʽʣʴʥʷʻʪʴʩʷ, 

ʟʨʦʩʪʘʻ ʡʦʛʦ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ, ʝʣʝʢʪʨʦ- ̔  ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʥʘʛʨʽʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʧʽʜ 

ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʩʝʨʝʜʠʥʽ ʟʘʛʦʪʦʚʦʢ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʦʙôʻʤʫ ʪʘ ʤʘʩʠ 

ʟʘʛʦʪʦʚʦʢ, ʷʢʽ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʠʧʘʣʫ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʝ ʾʭ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɼʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʬʦʨʤʠ ʪʘ ʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʩʫʮʽʣʴʥʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʪʝʤʧʫ ʥʘʛʨʽʚʫ ʟʘʛʦʪʦʚʦʢ ʚ ʽʥʪʝʨʚʘʣʽ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ [16], ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ 

ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʘʻ ʽʥʪʝʨʚʘʣʫ 350ï480 Áʉ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʽʟ ʩʧʦʣʫʯʥʦʛʦ. 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʛʫʩʪʠʥʠ ʽ ʤʽʮʥʦʩʪʽ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʫ ʧʨʦʮʝʩʽ ʾʭ ʚʠʧʘʣʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʝʩʪʠ ʾʭ 

ʥʘʛʨʽʚ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ: ʜʦ 250 Áʉ ï ʜʦ 2 ʂ/ʛʦʜ; 

250ï450 Áʉ ï 1,5ï2 ʂ/ʛʦʜ; 450ï650 Áʉ ï ʜʦ 4 ʂ/ʛʦʜ; ʚʠʱʝ 650 Áʉ ï ʜʦ 5 ʂ/ʛʦʜ 

[86, 87]. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʧʘʣʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ 

ʟʘʛʦʪʦʚʦʢ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʢʘʤʝʨʠ ʧʝʯʽ. ʋ ʪʦʡ ʯʘʩ, ʷʢ ʧʝʨʠʬʝʨʽʡʥʽ ʯʘʩʪʠʥʠ ʟʘʛʦʪʦʚʦʢ ʦʭʦʣʦʜʞʫʶʪʴʩʷ, ʫ 

ʚʥʫʪʨʽʰʥʽʭ ʯʘʩʪʠʥʘʭ ʝʣʝʢʪʨʦʜʽʚ ʱʝ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ ʜʝʷʢʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʦ ʤʽʨʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʽ ʯʘʩʪʠʥʠ ʟʘʛʦʪʦʚʦʢ ʧʦʯʠʥʘʶʪʴ 

ʩʪʠʩʢʘʪʠʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. ɼʘʣʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʯʘʩʪʠʥ ʟʘʛʦʪʦʚʦʢ ʚʠʧʝʨʝʜʞʘʻ ʦʭʦʣʦʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ, 

ʱʦ ʟʥʦʚʫ ʧʦʩʠʣʶʻ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʟʘʛʦʪʦʚʦʢ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʟʤʫʰʫʻ ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ [88]. 
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ɺʠʚʘʥʪʘʞʝʥʥʷ ʚʠʧʘʣʝʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟʜʽʡʩʥʶʶʪʴ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʢʘʤʝʨʠ ʧʝʯʽ. ʇʽʩʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʧʨʠʜʘʪʥʽ ʚʠʨʦʙʠ ʧʽʜʜʘʶʪʴ ʤʝʭʘʥʽʯʥʦʤʫ 

ʦʯʠʱʝʥʥʶ ʚʽʜ ʯʘʩʪʠʥʦʢ ʟʘʩʠʧʢʠ [182].  

ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʧʽʜʚʠʱʝʥʦʾ ʷʢʦʩʪʽ ʾʭ ʧʽʩʣʷ ʚʠʧʘʣʶʚʘʥʥʷ 

ʧʽʜʜʘʶʪʴ ʧʨʦʩʦʯʝʥʥʶ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʤ ʧʝʢʦʤ, ʰʪʫʯʥʠʤʠ ʩʤʦʣʘʤʠ ʪʘ ʽʥ., ʘ ʧʽʩʣʷ 

ʮʴʦʛʦ ʧʦʚʪʦʨʥʦ ʚʠʧʘʣʶʶʪʴ. 

ʗʢʽʩʪʴ ʚʠʧʘʣʝʥʠʭ ʟʘʛʦʪʦʚʦʢ ʦʮʽʥʶʶʪʴ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: 

ï ʚʤʽʩʪ ʛʨʘʬʽʪʫ, %; 

ï ʛʫʩʪʠʥʘ ʽʩʪʠʥʥʘ ʽ ʫʷʚʥʘ (ʦʙôʻʤʥʘ), ʛ/ʩʤ3; 

ï ʧʦʨʠʩʪʽʩʪʴ, %; 

ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʤʢʆʤĀʤ; 

ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ɺʪ/(ʤĀʂ); 

ï ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʥʝʥʥʷ ʪʘ ʟʛʠʥʘʥʥʷ, ʄʇʘ; 

ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɻʇɸ; 

ï ʚʤʽʩʪ ʟʦʣʠ, %. 

 

1.6.2 ʂʦʥʩʪʨʫʢʮʽʾ ʧʝʯʝʡ ʚʠʧʘʣʫ ʪʘ ʨʝʞʠʤʠ ʾʭ ʨʦʙʦʪʠ 

 

ʅʘʨʘʟ̔ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥ ̔ʪʠʧʠ ʧʝʯʝʡ:  

- ʙʘʛʘʪʦʢʘʤʝʨʥʽ ʢʽʣʴʮʝʚʽ ʟʘʢʨʠʪʽ ʪʠʧʫ ʈʽʜʛʘʤʝʨʘ [3, 11, 12, 15, 18, 84, 89, 

182]; 

- ʙʘʛʘʪʦʢʘʤʝʨʥʽ ʢʽʣʴʮʝʚʽ ʚʽʜʢʨʠʪʽ, ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʥʦʜʥʠʭ 

ʙʣʦʢʽʚ ʘʣʶʤʽʥʽʻʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [3, 89ï96];  

- ʙʘʛʘʪʦʢʘʤʝʨʥʽ ʢʽʣʴʮʝʚʽ ʟʘʢʨʠʪʽ ʜʣʷ ʚʠʧʘʣʫ ʟʘʛʦʪʦʚʦʢ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʟʘ 

ʧʨʷʤʦʛʦʫ ʥʘʛʨʽʚʘʥʥʷ ʛʘʟʘʤʠ (ʙʝʟ ʟʘʩʠʧʢʠ ʤʽʞ ʢʦʥʪʝʡʥʝʨʘʤʠ) [3, 97, 98]; 

- ʟ ʚʠʢʘʪʥʦʶ ʧʦʜʠʥʦʶ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʧʘʣʫ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ 

ʚʠʨʦʙʽʚ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʟ ʧʨʷʤʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʛʘʟʘʤʠ [3]; 

- ʪʫʥʝʣʴʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʰʚʠʜʢʽʩʥʦʛʦ ʚʠʧʘʣʫ 

ʚʠʨʦʙʽʚ, ʱʦ ʧʨʦʩʦʯʝʥʽ ʧʝʢʦʤ [3, 17]; 
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- ʝʣʝʢʪʨʠʯʥʽ [98]. 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʡʰʠʨʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʚʽʪʽ ʜʽʩʪʘʣʠ 

ʙʘʛʘʪʦʢʘʤʝʨʥʽ ʢʽʣʴʮʝʚʽ ʟʘʢʨʠʪʽ ʧʝʯʽ ʪʠʧʫ ʈʽʜʛʘʤʝʨʘ. ɿʘ ʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʯʽ 

ʜʘʥʦʛʦ ʪʠʧʫ ʟʘʟʥʘʣʠ ʟʥʘʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʟʤʽʥ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʠʩʦʪʽ ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ ʢʘʤʝʨ, ʟʥʠʞʝʥʥʷ 

ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ ʪʦʱʦ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʚʫʞʝʥʥʷ ʢʘʩʝʪ ʢʘʤʝʨ ʧʝʯʽ, ʩʧʝʮʽʘʣʽʟʘʮʽʷ 

ʧʝʯʝʡ ʥʘ ʦʜʠʥ ʪʠʧʦʨʦʟʤʽʨ ʧʨʦʜʫʢʮʽʾ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʤʝʭʘʥʽʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʡʦʛʦ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ, ʘ ʡ ʟʙʽʣʴʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʯʝʡ. ʋ ʧʝʯʘʭ ʈʽʜʛʘʤʝʨʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʩʧʘʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʘʣʴʥʠʢʽʚ, ʱʦ ʚʤʦʥʪʦʚʘʥʽ ʚ ʢʨʘʡ ʩʢʣʝʧʽʥʥʷ ʟʽ ʩʪʦʨʦʥʠ ʨʫʭʫ çʚʦʛʥʶè ʟ 

ʥʘʧʨʘʚʣʝʥʥʷʤ ʬʘʢʝʣʫ ʫ ʚʦʛʥʝʚʽ ʢʘʥʘʣʠ (ʘʙʦ ʢʦʣʦʜʷʟʽ), ʱʦ ʩʣʫʛʫʶʪʴ ʜʣʷ ʧʝʨʝʪʦʢʫ 

ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʽʟ ʧʦʧʝʨʝʜʥʴʦʾ ʢʘʤʝʨʠ ʜʦ ʥʘʩʪʫʧʥʦʾ [182].  

ʇʦʨʽʚʥʷʥʦ ʟ ʙʘʛʘʪʦʢʘʤʝʨʥʠʤʠ ʢʘʩʝʪʥʠʤʠ ʧʝʯʘʤʠ ʧʝʯʽ ʟ ʚʠʢʘʪʥʦʶ ʧʦʜʠʥʦʶ ʽ 

ʪʫʥʝʣʴʥʽ ʧʝʯʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʥʠʞʝʥʦʶ ʪʝʧʣʦʚʦʶ ʽʥʝʨʮʽʻʶ, ʜʘʶʪʴ ʟʤʦʛʫ ʚ 

ʙʽʣʴʰʽʡ ʤʽʨʽ ʩʧʘʣʶʚʘʪʠ ʣʝʪʶʯʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜ 

ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʥʠʭ ʦʪʨʠʤʫʚʘʪʠ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ (ʪʘʙʣ. 1.9) [84]. 

ʉʫʤʘʨʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʜʥʽʻʾ ʧʝʯʽ ʟ ʚʠʢʘʪʥʦʶ ʧʦʜʠʥʦʶ ʩʢʣʘʜʘʻ 80ï200 ʪ 

çʟʝʣʝʥʠʭè ɽɺ. ɺʠʧʘʣʶʚʘʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʫ ʢʦʥʪʝʡʥʝʨʘʭ ʟ ʞʘʨʦʤʽʮʥʦʾ ʩʪʘʣʽ. 

ɺ ʷʢʦʩʪʽ ʟʘʩʠʧʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʪʨʘʮʠʪ ʘʙʦ ʥʘʬʪʦʚʠʡ ʢʦʢʩ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʧʘʣʶʚʘʥʥʷ ʜʦʩʷʛʘ ̒ 850 Áʉ, ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʩʫ ï 360 ʛʦʜ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʠʧʘʣʝʥʠʭ ʟʘʛʦʪʦʚʦʢ ʧʽʜ ʯʘʩ ʚʠʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻ 500 Áʉ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʧʝʨʝʧʘʜ ʧʦ ʚʠʩʦʪʽ ʟʘʛʦʪʦʚʢʠ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 15 Áʉ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʧʝʯʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʠ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʛʘʟʽʚ ʽ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʘ ʛʘʟʦʚʽ ʧʘʣʴʥʠʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʟ ʜʚʦʭ ʙʽʯʥʠʭ ʩʪʦʨʽʥ ʧʝʯʽ. 

ʇʦʚʪʦʨʥʝ ʚʠʧʘʣʶʚʘʥʥʷ ʤʦʞʝ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʯʘʭ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʠʧʢʠ [3].  

ʊʫʥʝʣʴʥʽ ʧʝʯʽ ʧʨʘʮʶʶʪʴ ʟʘ ʙʝʟʧʝʨʝʨʚʥʠʤ ʛʨʘʬʽʢʦʤ ʟ ʪʨʠʚʘʣʽʩʪʶ ʢʘʤʧʘʥʽʾ 80 

ï270 ʛʦʜ. ʇʽʯ ʤʘʻ 20 ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʝʯʽ ʟʤʦʥʪʦʚʘʥʠʡ 
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ʊʘʙʣʠʮʷ 1.9 ï ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʯʝʡ ʚʠʧʘʣʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʯʽ 30-ʠ 

ʢʘʤʝʨʥʘ, 

ʥʝ ʩʧʝʮʽ-

ʘʣʽʟʦʚʘʥʘ 

26-ʠ 

ʢʘʤʝʨʥʘ, 

ʩʧʝʮʽʘʣʽ-

ʟʦʚʘʥʘ 

ɿ 

ʚʠʢʘʪʥʦʶ 

ʧʦʜʠʥʦʶ 

 

ʊʫʥʝʣʴʥʘ 

ɺʠʧʘʣʶʚʘʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʟʘʛʦʪʦʚʦʢ Å500ï710 ʤʤ 

ʇʣʦʱʘ ʧʦʜʠʥʠ, ʤ2 387 479 140 210 

ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ, % 93,0 ï ï ï 

ʇʦʜʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʯʽ ʟʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ, ʪ/(ʤ2Öʨʽʢ) 

10,25 28,9 22,4  

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʟʘʩʠʧʢʠ, ʢʛ/ʪ 90ï100 70ï80 60ï70 ï 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, 

ʄɼʞ/ʪ 

10,48 3,35ï4,19 3,14ï3,35 2,75ï3,55 

ʇʦʚʪʦʨʥʝ ʚʠʧʘʣʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʇʦʜʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʯʽ ʟʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷʤ, ʪ/(ʤ2Öʨʽʢ) 

40ï36 ï 43 70ï85 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʟʘʩʠʧʢʠ, ʢʛ/ʪ 90ï110 ï 60ï70 ï 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, 

ʄɼʞ/ʪ 

6,28ï8,38 ï 3,27ï3,35 2,51ï2,93 

 

ʛʘʟʦʭʽʜ, ʚ ʪʦʨʮʽ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʘʣʴʥʠʢ, ʘ ʜʦ ʢʦʞʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ 

ʧʽʜʚʝʜʝʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʛʘʟʦʭʽʜ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʢʣʘʧʘʥʦʤ. ɿʘʛʦʪʦʚʢʠ 

ʚʠʧʘʣʶʶʪʴʩʷ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʘʩʝʪʘʭ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʚʽʟʦʢ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʧʝʨʝʩʫʚʘʥʥʷ ʧʦ ʪʝʧʣʦʚʠʤ ʟʦʥʘʤ. ʋ ʢʦʞʥʽʡ ʟʦʥʽ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʣʠʰʝ ʦʜʠʥ ʚʽʟʦʢ 

[17]. 

ʊʦʯʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʚʠʩʦʪʽ ʢʘʤʝʨʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʩʠʧʢʠ ʤʽʞ ʢʦʥʪʝʡʥʝʨʘʤʠ ʽ 

ʚʠʧʘʣʶʚʘʥʥʷ ʙʝʟ ʟʘʩʠʧʢʠ ʧʨʦʩʦʯʝʥʠʭ ʟʘʛʦʪʦʚʦʢ ʫ ʪʫʥʝʣʴʥʠʭ ʧʝʯʘʭ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʟʘʩʠʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʨʽʟʢʦ ʟʥʠʞʫʻ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ 

ʦʧʝʨʘʮʽʡ ʦʯʠʱʝʥʥʷ ʚʠʧʘʣʝʥʦʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʧʝʯʘʭ ʢʦʥʪʝʡʥʝʨʥʦʛʦ 

ʚʠʧʘʣʶʚʘʥʥʷ ʚ ʪʫʥʝʣʴʥʠʭ ʧʝʯʘʭ ʤʦʞʥʘ ʧʦʚʥʽʩʪʶ ʤʝʭʘʥʽʟʫʚʘʪʠ ʪʨʫʜʦʤʽʩʪʢʽ 

ʦʧʝʨʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʟʘʛʦʪʦʚʦʢ [17]. 

ɼʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝʚʝʣʠʢʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʧʝʯʽ ʚʠʧʘʣʫ. ɼʦ 

ʾʭ ʧʝʨʝʚʘʛ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʛʨʽʚʫ ʟʘʛʦʪʦʚʦʢ, ʙʝʟʧʝʨʝʩʠʧʥʫ 
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ʪʝʭʥʦʣʦʛʽʶ ʚʠʧʘʣʶʚʘʥʥʷ. ɸʣʝ ʚʠʩʦʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʧʘʣʫ ʧʦʨʽʚʥʷʥʦ ʟ ʛʘʟʦʚʠʤʠ 

ʧʝʯʘʤʠ ʨʦʙʠʪʴ ʾʭ ʥʝʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʧʘʣʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʚʝʣʠʢʦʛʦ ʧʝʨʝʪʠʥʫ [98]. 

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʙʘʛʘʪʦʢʘʤʝʨʥʽ 

ʢʽʣʴʮʝʚʽ ʟʘʢʨʠʪʽ ʧʝʯʽ ʪʠʧʫ ʈʽʜʛʘʤʝʨʘ (ʨʠʩ. 1.12). ɹʘʛʘʪʦʢʘʤʝʨʥʘ ʧʽʯ ʚʠʧʘʣʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʟʘʛʣʠʙʣʝʥʠʭ ʫ ʟʝʤʣʶ 28ï32 ʢʘʤʝʨʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʜʚʦʭ 

ʧʘʨʘʣʝʣʴʥʠʭ ʨʷʜʘʭ. ʂʘʤʝʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʦʜʥʘ ʚʽʜ ʦʜʥʽʻʾ 

ʡ ʩʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦ ʪʦʨʮʷʭ ʢʘʥʘʣʘʤʠ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʛʘʟʽʚ ʟ 

ʦʜʥʽʻʾ ʢʘʤʝʨʠ ʚ ʽʥʰʫ [182].  

 
1 ï ʢʘʤʝʨʘ ʟ ʢʘʩʝʪʘʤʠ; 2 ï ʧʝʨʝʩʠʧʢʘ; 3 ï ʨʘʤʧʠ ʟ ʧʘʣʴʥʠʢʘʤʠ; 4 ï ʩʢʣʝʧʽʥʥʷ; 

5, 6 ï ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʽʜʚʦʜʫ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚʽʜʧʦʚʽʜʥʦ;  

7, 8 ï ʪʦʨʮʝʚʽ ʽ ʙʽʯʥʽ ʤʫʬʝʣʴʥʽ ʢʘʥʘʣʠ ʚʽʜʧʦʚʽʜʥʦ; 9 ï ʧʦʜʠʥʘ; 10 ï ʟʘʛʦʪʦʚʢʠ; 

11 ï ʮʝʛʣʷʥʘ ʢʣʘʜʢʘ; 12 ï ʙʝʪʦʥ 

ʈʠʩʫʥʦʢ 1.12 ï ʂʦʥʩʪʨʫʢʮʽʷ ʧʝʯʽ ʈʽʜʛʘʤʝʨʘ ʜʣʷ ʚʠʧʘʣʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ 

[182] 

 

ʂʦʞʥʘ ʟ ʢʘʤʝʨ ʚʽʜʦʢʨʝʤʣʝʥʘ ʚʽʜ ʩʫʤʽʞʥʠʭ ʤʽʞʢʘʤʝʨʥʠʤʠ ʧʨʦʩʪʽʥʢʘʤʠ. 

ʄʫʬʝʣʴʥʽ ʧʨʦʩʪʽʥʢʠ ʫʩʝʨʝʜʠʥʽ ʢʘʤʝʨʠ ʫʪʚʦʨʶʶʪʴ ʜʝʢʽʣʴʢʘ ʢʘʩʝʪ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʚʠʨʦʙʽʚ, ʱʦ ʚʠʧʘʣʶʶʪʴʩʷ, ʧʝʨʝʩʠʧʘʥʠʭ ʢʦʢʩʦʚʦʶ ʢʨʠʭʪʦʶ. ʇʝʨʝʩʠʧʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʥʦʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʟʦʥʽ ʚʠʧʘʣʶʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ, ʟʘʧʦʙʽʛʘʶʯʠ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʘʣʶʻʪʴʩʷ, ʟʘʙʝʩʧʝʯʫʶʻ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʛʘʟʘʤ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ 

ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʽ ʚʠʧʘʣʫ, ʪʘ ʟʤʝʥʰʫʻ ʪʝʧʣʦʚʪʨʘʪʠ ʚ ʜʦʚʢʽʣʣʷ [182]. 



91 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʙʘʛʘʪʦʢʘʤʝʨʥʦʾ ʧʝʯʽ ʥʘ ʨʠʩ. 1.13 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ 

ʚʠʧʘʣʫ ʛʨʫʧʠ ʢʘʤʝʨ (ʧʘʣʴʥʠʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʢʘʤʝʨʘʭ 7, 8). 

 
1 ï ʢʘʤʝʨʘ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʽ; 2 ï ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʽʜʚʦʜʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ;  

3ï6 ï ʢʘʤʝʨʠ, ʱʦ ʧʽʜʽʛʨʽʚʘʶʪʴʩʷ ʚʽʜʭʽʜʥʠʤʠ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʚʽʜ ʢʘʤʝʨ 7, 8;  

7, 8 ï ʢʘʤʝʨʠ çʧʽʜ ʚʦʛʥʝʤè; 9 ï ʢʘʤʝʨʘ ʥʘ ʦʭʦʣʦʜʞʝʥʥʽ; 10 ï ʢʘʤʝʨʘ ʥʘ 

ʨʦʟʚʘʥʪʘʞʝʥʥʽ 

ʈʠʩʫʥʦʢ 1.13 ï ʉʭʝʤʘ ʚʠʧʘʣʫ ʟʘʛʦʪʦʚʦʢ ʫ ʙʘʛʘʪʦʢʘʤʝʨʥʽʡ ʟʘʢʨʠʪʽʡ ʧʝʯʽ ʪʠʧʫ 

ʈʽʜʛʘʤʝʨʘ [182] 

 

ʇʨʠʨʦʜʥʠʡ ʛʘʟ ʧʝʨʝʤ̔h ʫʻʪʴʩʷ ʟ ʧʦʚʽʪʨʷʤ ʪʘ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ, ʱʦ ʧʨʦʡʰʣʠ 

ʯʝʨʝʟ ʨʝʢʫʧʝʨʘʮʽʡʥʫ ʢʘʤʝʨʫ 9 ʪʘ ʢʘʤʝʨʠ 8, 7 ʚʽʜʧʦʚʽʜʥʦ, ʽ ʟʛʦʨʷʻ ʧʽʜ ʩʢʣʝʧʽʥʥʷʤ ʽ ʫ 

ʚʦʛʥʝʚʠʭ ʢʘʥʘʣʘʭ ʢʘʤʝʨ 7, 8. ʆʪʞʝ ʚ ʢʘʤʝʨʘʭ 7, 8 ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ çʧʽʜ ʚʦʛʥʝʤè. ʇʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʥʝ 

ʚʽʜʚʦʜʷʪʴʩʷ ʟʨʘʟʫ ʚ ʜʠʤʦʚʫ ʪʨʫʙʫ, ʘ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʨʷʜ ʢʘʤʝʨ 3ï6 ʡ ʧʽʜʽʛʨʽʚʘʶʪʴ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʽ ʚʠʨʦʙʠ, ʱʦ ʚ ʥʠʭ ʟʘʚʘʥʪʘʞʝʥʽ, ʽ ʟʥʘʯʥʦ ʦʭʦʣʦʜʞʫʶʪʴʩʷ. ɼʠʤʦʚʽ 

ʛʘʟʠ, ʱʦ ʚʽʜʭʦʜʷʪʴ, ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʢʘʤʝʨ, ʱʦʙ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʟʠʣʘʩʷ ʜʦ 160ï200 ̄ ʉ ʡ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʩʪʘʣʦ 

ʥʝʜʦʮʽʣʴʥʠʤ [3].  

ʅʝʦʙʭʽʜʥʝ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʛʘʟʫ ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʠʪʴ ʧʦʧʝʨʝʜʥʴʦ ʯʝʨʝʟ ʢʘʤʝʨʫ 

9, ʚ ʷʢʽʡ ʟʥʘʭʦʜʷʪʴʩʷ ʚʞʝ ʚʠʧʘʣʝʥʽ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ (ʜʦ 1000 ʉ̄) 

ʝʣʝʢʪʨʦʜʥʽ ʟʘʛʦʪʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʥʘʛʨʽʚʘʻʪʴʩʷ ʽ ʧʦʜʘʻʪʴʩʷ ʜʦ ʢʘʤʝʨʠ ʚʠʧʘʣʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 250ï

350 ʉ̄. ʋ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʭʦʣʦʜʞʫʚʘʥʠʭ ʢʘʤʝʨ ʜʦ ʯʦʪʠʨʴʦʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʪʘʢʦʞ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 

ʟʥʘʯʝʥʴ 600ï800 ̄ʉ [84]. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʧʘʣʫ ʧʦʜʘʯʘ ʛʘʟʫ ʟʘʢʽʥʯʫʻʪʴʩʷ ʽ ʨʘʤʧʘ ʟ ʧʘʣʴʥʠʢʘʤʠ 

ʧʝʨʝʩʪʘʚʣʷʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʟʘ ʨʫʭʦʤ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʢʘʤʝʨʠ. ʇʨʠ ʮʴʦʤʫ ʢʘʤʝʨʘ 9 

ʙʫʜʝ ʚʽʜʢʣʶʯʝʥʘ ʚʽʜ ʛʨʫʧʠ ʢʘʤʝʨ, ʟʘʜʽʷʥʠʭ ʫ ʧʨʦʮʝʩʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʞʝ ʜʦʩʪʘʪʥʴʦ 
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ʦʭʦʣʦʜʞʝʥʘ ʽ ʙʫʜʝ ʧʦʩʪʘʚʣʝʥʘ ʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʘ ʢʘʤʝʨʘ 1, ʷʢʘ ʱʦʡʥʦ 

ʟʘʚʘʥʪʘʞʝʥʘ, ʙʫʜʝ ʧʦʩʪʘʚʣʝʥʘ ʥʘ ʥʘʛʨʽʚʘʥʥʷ. ʈʘʟʦʤ ʟ ʮʠʤ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʧʝʯʽ ʜʦ ʙʦʨʦʚʫ ʚʽʜʚʦʜʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʙʫʜʝ ʧʝʨʝʚʝʜʝʥʝ ʥʘ ʥʘʩʪʫʧʥʫ 

ʢʘʤʝʨʫ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ çʚʦʛʥʶè [84, 182].  

ʅʘ ʨʠʩ. 1.14 ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʨʫʭʫ ʛʘʟʽʚ ʢʘʤʝʨʠ ʧʝʯʽ ʚʠʧʘʣʫ. ɿʛʦʨʷʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʩʢʣʝʧʽʥʥʷʤ ʧʝʯʽ ʽ ʫ ʚʦʛʥʝʚʠʭ ʢʦʣʦʜʷʟʷʭ. ɼʠʤʦʚʽ 

ʛʘʟʠ ʽʟ ʧʨʦʩʪʦʨʫ ʧʽʜ ʩʢʣʝʧʽʥʥʷʤ ʢʘʤʝʨʠ ʧʝʯʽ ʥʘʜʭʦʜʷʪʴ ʯʝʨʝʟ ʤʫʬʝʣʴʥʽ ʢʘʥʘʣʠ ʧʽʜ 

ʧʦʜʠʥʫ ʢʘʤʝʨʠ [182].  

 
1 ï ʛʘʨʷʯʽ ʜʠʤʦʚʽ ʛʘʟʠ ʧʽʜ ʩʢʣʝʧʽʥʥʷʤ; 2 ï ʧʦʜʘʯʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ; 3 ï ʛʦʨʽʥʥʷ; 

4 ï ʛʘʨʷʯʽ ʜʠʤʦʚʽ ʛʘʟʠ ʚ ʤʫʬʝʣʴʥʠʭ ʢʘʥʘʣʘʭ; 5, 7 ï ʥʘʛʨʽʪʝ ʧʦʚʽʪʨʷ ʡ ʜʠʤʦʚʽ ʛʘʟʠ, 

ʚʽʜʧʦʚʽʜʥʦ; 6 ï ʨʫʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʽʜ ʧʦʜʠʥʦʶ 

ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘ ʨʫʭʫ ʛʘʟʽʚ ʢʘʤʝʨʠ ʧʝʯʽ ʚʠʧʘʣʶʚʘʥʥʷ [182] 

 

ɼʘʣʽ ʜʠʤʦʚʽ ʛʘʟʠ ʯʝʨʝʟ çʚʦʛʥʴʦʚʽè ʢʦʣʦʜʷʟʽ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʥʘʩʪʫʧʥʦʾ 

ʢʘʤʝʨʠ. ʈʫʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʠʤʦʩʦʩʦʤ. 

 

1.6.3 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʚ ʧʝʯʘʭ 

ʚʠʧʘʣʫ  

 

ʋ ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ ʟʘʢʨʠʪʠʭ ʧʝʯʘʭ ʈʽʜʛʘʤʝʨʘ, ʚ ʩʠʣʫ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ, ʚʠʢʣʶʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʰʪʘʪʥʠʤʠ 

ʪʝʨʤʦʧʘʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʠʧʘʣʶʶʪʴʩʷ [3]. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚʠʧʘʣʫ ʚʝʜʝʪʴʩʷ ʟʘ ʧʦʢʘʟʘʤʠ ʪʝʨʤʦʧʘʨʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʘ ʚ 
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ʛʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ (ʧʽʜ ʩʢʣʝʧʽʥʥʷʤ). ʊʘʢʠʡ ʩʧʦʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʜʘʻ ʯʽʪʢʦʛʦ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʘʛʦʪʦʚʢʘʭ ʪʘ ʢʘʤʝʨʠ ʧʝʯʽ ʚ ʮʽʣʦʤʫ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʟ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙôʻʤʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʘʤʝʨʠ 

ʧʝʯʽ ʧʽʜ ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʧʦ ʛʣʠʙʠʥʽ ʢʘʤʝʨʠ ʧʝʯʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ 

ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ ʧʝʯʘʭ ʟʘ ʜʘʥʠʤʠ ʨʦʙʽʪ [17, 84] ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.15.  

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [84] (ʨʠʩ. 1.15 ʘ ) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ 

ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ ʥʘ 200ï300 ̄ ʉ ʚʠʱʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚ ʟʘʛʦʪʦʚʢʘʭ. ɺ ʦʙôʻʤʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜ ʚʝʨʭʫ ʜʦ ʥʠʟʫ 

ʢʘʤʝʨʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʛʘʨʷʯʽ ʜʠʤʦʚʽ ʛʘʟʠ ʧʨʠ ʨʫʩʽ ʟʚʝʨʭʫ ʜʦ ʥʠʟʫ 

ʢʘʤʝʨʠ ʦʭʦʣʦʜʞʫʶʪʴʩʷ, ʽ ʪʦʤʫ ʥʠʞʥʷ ʾʾ ʯʘʩʪʠʥʘ ʦʪʨʠʤʫʻ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ 

ʥʽʞ ʚʝʨʭʥʷ. ʇʝʨʝʧʘʜʠ ʪʝʤʧʝʨʘʪʫʨ ʩʢʣʘʜʘʶʪʴ ʧʦ ʚʠʩʦʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ 200ï

500 ̄ ʉ, ʘ ʧʦ ʟʘʚʘʥʪʘʞʝʥʥʶ ï 150ï200 ̄ʉ. 
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1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 2, 3 ï ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʝʨʝʜʠʥʽ ʢʘʩʝʪʠ ʥʘ 

ʚʽʜʩʪʘʥʽ 0,5 ʤ ʚʽʜ ʚʝʨʭʫ ʽ 0,6 ʤ ʚʽʜ ʧʦʜʠʥʠ ʢʘʤʝʨʠ, ʚʽʜʧʦʚʽʜʥʦ 

ʈʠʩʫʥʦʢ 1.15 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʠʧʘʣʫ 

ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʽʡ ʧʝʯʽ ʟʘ ʜʘʥʠʤʠ ʨʦʙʽʪ [84] (ʘ) ʪʘ [17] (ʙ) 

 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [17] (ʨʠʩ. 1.15 ʙ) ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʯʽʪʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ 

ʢʨʠʚʠʤʠ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷʤ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʦʩʷʛʥʫʪʠʭ ʪʝʤʧʝʨʘʪʫʨ ʡ ʟʘ ʰʚʠʜʢʽʩʪʶ ʧʽʜʡʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, 
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ʱʦ ʜʦʩʷʛʥʫʪʽ ʚ ʧʨʦʮʝʩʽ ʚʠʧʘʣʫ, ʩʢʣʘʜʘʶʪʴ: ʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï 1400 ʉ̄ 

(ʢʨʠʚʘ 1); ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ï 1040 ̄ ʉ (ʢʨʠʚʘ 2); ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ï 820 ̄ʉ (ʢʨʠʚʘ 3). 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʢʘʤʧʘʥʽʡ ʚʠʧʘʣʫ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʘʚʪʦʨʘʤʠ [3], ʧʦʢʘʟʘʣʠ ʩʭʦʞʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʨʦʩʪʫ ʢʨʠʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʮʝʩʫ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 1.15 ʙ.  

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʪʠʥʫ ʢʘʩʝʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʾʾ 

ʩʪʽʥʢʠ ʥʘ ʢʽʥʝʮʴ ʢʘʤʧʘʥʽʾ ʚʠʧʘʣʫ ʟʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [3] ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.16.  
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1, 2, 3 ï ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʽʜʩʪʘʥʽ 0,5 ʤ, 1,5 ʤ, 3 ʤ ʚʽʜ ʚʝʨʭʫ ʢʘʩʝʪʠ, 

ʚʽʜʧʦʚʽʜʥʦ;  

4 ï 0,6 ʤ ʚʽʜ ʧʦʜʠʥʠ ʢʘʩʝʪʠ 

ʈʠʩʫʥʦʢ 1.16 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʪʠʥʫ ʢʘʩʝʪʠ [3] 

 

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʞ ʮʝʥʪʨʦʤ ʪʘ ʧʝʨʠʬʝʨʽʻʶ ʚʝʨʭʫ ʢʘʩʝʪʠ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 50 ʉ̄, ʘ ʜʣʷ ʥʠʟʫ ï 100 ̄ʉ.  

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ ʢʘʤʝʨʽ ʧʝʯʽ ʚʠʧʘʣʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʪʯʠʢʽʚ (1ï6), ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʶ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʚʩʴʦʤʫ ʦʙôʻʤʽ ʢʘʤʝʨʠ ʧʝʯʽ. 

ɹʽʣʴʰ ˇʨʫʥʪʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (25 ʜʘʪʯʠʢʽʚ) ʪʝʧʣʦʚʦʛʦ 

ʩʪʘʥʫ ʧʝʯʝʡ ʈʽʜʛʘʤʝʨʘ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʘʚʪʦʨʦʤ [88]. ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ (ʨʠʩ. 1.17) 
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ʧʦʢʘʟʫʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʟʘʛʦʪʦʚʢʘʭ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʧʘʜʦʤ ʥʘ ʢʽʥʝʮʴ ʢʘʤʧʘʥʽʾ ʚʠʧʘʣʫ ʙʣʠʟʴʢʦ 200 ʉ̄. 
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1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 2, 3 ï ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʦ 

ʚʠʩʦʪʽ ʢʘʤʝʨʠ ʚ ʧʝʨʝʨʽʟʽ ʧʦʨʷʜ ʟ ʧʘʣʴʥʠʢʘʤʠ; 4, 5 ï ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʦ 

ʚʠʩʦʪʽ ʢʘʤʝʨʠ ʚ ʧʝʨʝʨʽʟʽ ʥʘ ʚʽʜʩʪʘʥʽ 3 ʤ ʚʽʜ ʧʘʣʴʥʠʢʽʚ 

ʈʠʩʫʥʦʢ 1.17 ï ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚʠʧʘʣʫ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʽʡ ʧʝʯʽ [99] 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚʠʧʘʣʫ 

ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʽʡ ʧʝʯʽ ʈʽʜʛʘʤʝʨʘ, ʧʨʦʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [99], ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1.18. 

 
1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʟʘʛʦʪʦʚʢʘʭ; 

3 ï ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʢʘʤʝʨʽ ʧʝʯʽ 

ʈʠʩʫʥʦʢ 1.18 ï ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚʠʧʘʣʫ ʪʘ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʽʡ 

ʧʝʯʽ ʈʽʜʛʘʤʝʨʘ [99] 

 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʜʘʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ ʢʘʤʝʨʽ ʧʝʯʽ ʚʠʧʘʣʫ ʻ ʢʦʥʩʪʘʪʫʶʯʠʤʠ, ʘʣʝ ʥʝʧʦʚʥʠʤʠ ʜʣʷ 



96 

ʧʨʦʚʝʜʝʥʥʷ ˇʨʫʥʪʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʢʘʤʧʘʥʽʾ 

ʚʠʧʘʣʶʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʘʮʽʦʥʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʡ ʟʘʜʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʪʦʤʫ ʥʝʦʙʭʽʜʥʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ ʧʝʯʘʭ ʈʽʜʛʘʤʝʨʘ. 

 

1.6.4 ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʧʝʯʘʭ ʚʠʧʘʣʫ 

 

ɺʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʝʯʝʡ ʚʠʧʘʣʶʚʘʥʥʷ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʢʦʤʧʣʝʢʩʥʦ, ʘ ʩʘʤʝ ʧʦʝʜʥʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ 

ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʪʘ ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥ ʨʦʟʨʦʙʦʢ [87, 100]. 

ʗʢ ʚʽʜʦʤʦ, ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʫ ʢʘʤʝʨʽ ʧʝʯʽ ʚʠʧʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ, ʷʢʽ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʤʫʬʝʣʴʥʽ ʢʘʥʘʣʠ, ʡ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʩʪʽʥʢʫ ʤʫʬʝʣʷ ʪʘ 

ʧʝʨʝʩʠʧʢʫ ʜʦ ʪʽʣʘ ʟʘʛʦʪʦʚʢʠ. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʨʝʨʽʟʽ ʡ ʚʠʩʦʪʽ ʝʣʝʢʪʨʦʜʥʦʾ 

ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʽ ʚʠʧʘʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʪʝʧʣʦʦʙʤʽʥʫ ʡ ʧʽʨʦʛʝʥʝʪʠʯʥʽ 

ʟʤʽʥʠ ʩʧʦʣʫʯʥʦʛʦ [3]. 

ʊʝʦʨʝʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ 

ʟʘʛʦʪʦʚʦʢ ʧʨʠʩʚʷʯʝʥʘ ʥʝ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ [88, 100, 101]. ʋ ʧʨʘʮʽ 

[88] ʥʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʦʧʠʩʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʫ ʢʘʤʝʨʽ ʙʘʛʘʪʦʢʘʤʝʨʥʦʾ ʧʝʯʽ, ʱʦ 

ʚʢʣʶʯʘʻ: ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʡ ʤʫʬʝʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʧʝʯʽ; 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫ ʟʘʛʦʪʦʚʢʘʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʾʭ ʛʫʩʪʠʥʠ ʚ ʧʨʦʮʝʩʽ 

ʚʠʧʘʣʶʚʘʥʥʷ; ʚʠʜʘʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʣʝʪʢʠʭ. ɿʘʜʘʯʘ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʽ ʤʫʬʝʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ ʧʝʯʽ ʚ [88] 

ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʽ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʩʝʨʝʜʦʚʠʱʽ MCAD 2001ʽ Pro. ʗʢ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 
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ʟʘʜʘʚʘʣʠʩʷ ʪʘʢʽ: ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʡʥʠʭ ʛʘʟʽʚ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʻ ʟʘʛʦʪʦʚʢʫ, ʧʝʨʝʩʠʧʢʫ ʪʘ ʬʫʪʝʨʽʚʢʫ. 

ʋ ʧʨʘʮʽ [100] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʰʘʭʪʥʦʾ 

ʧʝʯʽ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ, ʫ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ: ʪʝʧʣʦʦʙʤʽʥ 

ʤʽʞ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʷʥʥʷ, ʧʦʚʝʨʭʥʝʶ ʢʦʥʪʝʡʥʝʨʘ ʽʟ ʟʘʛʦʪʦʚʢʘʤʠ ʚ ʧʝʨʝʩʠʧʮʽ ʽ 

ʧʦʚʝʨʭʥʷʤʠ ʬʫʪʝʨʦʚʢʠ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ ʧʝʯʽ; ʪʝʧʣʦʦʙʤʽʥ ʚ ʢʦʥʪʝʡʥʝʨʽ, ʚʢʣʶʯʥʦ ʟ  

ʧʝʨʝʩʠʧʢʦʶ ʪʘ ʟʘʛʦʪʦʚʦʢʘʤʠ; ʪʝʧʣʦʦʙʤʽʥ ʚ  ʬʫʪʝʨʫʚʘʥʥʽ ʧʝʯʽ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʩʠʩʪʝʤʽ ʛʘʟ-ʢʣʘʜʢʘ-ʧʦʚʝʨʭʥʷ ʢʦʥʪʝʡʥʝʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʧʨʦʱʝʥʠʡ ʟʦʥʘʣʴʥʠʡ ʤʝʪʦʜ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʧʦʛʣʠʥʘʶʯʦʤʫ ʪʘ ʚʠʧʨʦʤʽʥʶʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʋ ʧʨʘʮʽ [101] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʩʪʘʥʫ ʢʽʣʴʮʝʚʦʾ ʙʘʛʘʪʦʢʘʤʝʨʥʦʾ ʧʝʯʽ Riedhammer, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʣʦʚʠʥʫ 

ʧʝʨʝʪʠʥʫ ʢʘʤʝʨʠ ʧʝʯʽ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ (ʨʠʩ. 1.19, ʘ). ʅʘ ʨʠʩ. 1.19 

ʙ, ʚ ʧʦʢʘʟʘʥʽ ʧʦʣʷ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʫ ʛʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʘʤʝʨʠ ʧʝʯʽ ʙʘʟʦʚʦʾ ʪʘ 

ʟʤʽʥʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʨʠ ʟʤʝʥʰʝʥʥ ̔ʨʦʟʤʽʨʫ ʚʽʢʦʥ ʯʝʨʝʟ ʷʢʽ ʜʠʤʦʚ ̔ʛʘʟʠ ʚʠʭʦʜʷʪʴ ʽʟ ʢʘʤʝʨʠ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʪʠʩʢʫ ʚ ʥʘʧʨʷʤʢʫ ʾʭ ʨʫʭʫ ʪʘ, ʚ ʥʘʩʣʽʜʦʢ, ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʝ 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ɽɺ. 

 

   
ʘ ʙ ʚ 

ʘ ï ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʢʘʤʝʨʠ ʧʝʯʽ ʚʠʧʘʣʫ (1/2 ʯʘʩʪʠʥʘ); ʙ, ʚ ï ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʫ 

ʛʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʙʘʟʦʚʦʾ (ʙ) ʪʘ ʟʤʽʥʝʥʦʾ (ʚ) ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʤʝʨʠ ʧʝʯʽ ʚʠʧʘʣʫ.  

ʈʠʩʫʥʦʢ 1.19 ï ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʢʘʤʝʨʠ ʧʝʯʽ 

ʚʠʧʘʣʫ [101]  
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ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʚ ʜʦʩʪʫʧʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ ʟ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʧʘʣʫ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʻ ʥʝʧʦʚʥʠʤʠ ʽ 

ʥʝʜʦʩʪʘʪʥʽʤʠ, ʱʦʙ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʤʦʜʝʣʶʚʘʪʠ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ 

ʧʝʯʘʭ. 

ʋ ʞʦʜʥʦʤʫ ʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʧʽʜ 

ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʮʠʭ ʧʝʯʘʭ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʊʦʤʫ ʧʦʨʷʜ 

ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʥʘʛʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʣʽʚ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ ʧʝʯʘʭ ʚʠʧʘʣʫ 

çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ. 

 

 

1.7 ɻʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ 

 

ʇʽʩʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʟʜʽʡʩʥʶʶʪʴ ʾʭ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʦʙʨʦʙʢʫ ï ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʦʜʥʦʬʘʟʦʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʝʯʘʭ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʥʝʧʨʷʤʦʛʦ ʘʙʦ ʧʨʷʤʦʛʦ ʥʘʛʨʽʚʫ (ʧʝʯʽ ɸʯʝʩʦʥʘ ʽ 

ʂʘʩʪʥʝʨʘ ʚʽʜʧʦʚʽʜʥʦ), ʚ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʮʠʭ ʚʠʨʦʙʽʚ 2400ï

3000 Áʉ [4, 239].  

ʋ ʧʨʦʮʝʩʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟʤʽʥʶʶʪʴʩʷ ʾʭ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʟʦʣʴʥʠʭ ʜʦʤʽʰʦʢ, ʟʥʠʞʫʻʪʴʩʷ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ, ʟʦʢʨʝʤʘ, ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʦʢʠʩʥʝʥʥʷ, ʧʦʢʨʘʱʫʶʪʴʩʷ ʜʝʷʢʽ ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [258]. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʻ ʜʦʩʷʛʥʫʪʘ ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɯʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʷʢʦʤʫ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 2400é3000 Áʉ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʰʪʫʯʥʦʛʦ ʛʨʘʬʽʪʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʦʙʢʠ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 2800 Áʉ [4, 9, 102, 103]. 
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ʇʦʜʘʣʴʰʠʤ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʨʠʚʘʣʽʩʪʴ ʚʠʪʨʠʤʢʠ ʚʠʨʦʙʽʚ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʛʥʫʪʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 2800 Áʉ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ ʧʨʦʪʽʢʘʻ 

ʜʦʩʠʪʴ ʰʚʠʜʢʦ, ʘ ʪʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʚʠʪʨʠʤʢʠ ʚʠʭʽʜʥʦʛʦ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʘ ʮʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʯʠʥʠʪʴ ʥʘ ʧʨʦʮʝʩ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ [104ï107].  

ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʞʜʠ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʢʣʘʜ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʚʘʢʫʫʤʽ ʘʙʦ ʟʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʚ ʘʪʤʦʩʬʝʨʽ ʛʘʟʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ, ʛʘʟʦʚʝ ʩʝʨʝʜʦʚʠʱʝ 

ʯʠʥʠʪʴ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ [9]. ʉʢʣʘʜ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʬʦʨʤʫʻʪʴʩʷ ʟ ʣʝʪʢʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ʦʙʨʦʙʣʶʚʘʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ. ɿʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ ʜʦʤʽʰʦʢ ʟ ʘʪʦʤʘʤʠ ʚʫʛʣʝʮʶ ʚ ʛʘʟʦʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʤʦʣʝʢʫʣʠ ʩʧʦʣʫʢ ʚʫʛʣʝʮʶ. ʇʨʠʩʫʪʥʽʩʪʴ ʢʠʩʥʶ ʚ 

ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ. ɸʥʘʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʭʦʯʘ ʽ ʚ 

ʤʝʥʰʽʡ ʤʽʨʽ, ʚʠʢʣʠʢʘʻ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ. ɺʧʣʠʚ ʘʟʦʪʫ ʪʘ ʘʨʛʦʥʫ ʥʘ ʧʨʦʮʝʩ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʝ ʚʠʷʚʣʝʥʦ [9]. ʅʘ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʧʨʠʩʫʪʥʽʩʪʴ ʚʦʜʥʶ 

ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʡ ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘʚʽʪʴ ʧʽʩʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʨʘʬʽʪʫʚʘʥʥʷ [10, 108, 109]. 

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ ʯʠʥʷʪʴ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʤʘʪʝʨʽʘʣʽ. ʗʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʩʧʨʷʤʦʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʛʨʘʬʽʪʫʚʘʥʥʷ 

[110]. ʇʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ 

ʧʽʜʚʠʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ [111]. 

ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʚʽʜʟʥʘʯʠʪʠ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʾʭ ʦʙʨʦʙʢʠ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʦʜʥʘʢʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʡ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ [112, 

258]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʠʭ ʫ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ 

ʟʘʤʽʨʽʚ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʛʨʘʬʽʪʦʚʘʥʠʭ ʫ ʧʝʯʽ ɸʯʝʩʦʥʘ ʝʣʝʢʪʨʦʜʥʠʭ 
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ʟʘʛʦʪʦʚʦʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʧʦʢʘʟʫʶʪʴ ʨʽʟʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 1. 

20). ʊʘʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʯʘʩʪʢʦʚʦ ʦʨʽʻʥʪʘʮʽʻʶ ʢʨʠʩʪʘʣʽʚ ʛʨʘʬʽʪʫ ʧʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʪʘ ʾʭ ʧʦʧʝʨʝʜʥʴʦʶ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ, ʘ ʪʘʢʦʞ 

ʦʨʽʻʥʪʘʮʽʻʶ ʥʦʚʠʭ ʢʨʠʩʪʘʣʽʚ ʚʟʜʦʚʞ ʣʽʥʽʡ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ [112]. 

 ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘʬʽʪʦʚʠʭ ʟʨʘʟʢʽʚ ʫ ʥʘʧʨʷʤʢʫ OZ ʧʝʨʝʚʘʞʥʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʫʟʜʦʚʞ ʚʫʛʣʝʮʝʚʠʭ ʨʝʰʽʪʦʢ. ʋ 

ʥʘʧʨʷʤʢʫ ʆY ʽ ʱʝ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚ ʥʘʧʨʷʤʢʫ OX ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ʥʘʧʨʷʤʢʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʫʛʣʝʮʝʚʠʤ ʨʝʰʽʪʢʘʤ. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʚʫʛʣʝʮʝʚʠʭ ʨʝʰʽʪʦʢ ʥʘʧʨʷʤʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ ʛʨʘʬʽʪʫ. ʈʦʟʩʫʚʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʨʝʰʽʪʦʢ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʧʨʠʷʻ 

ʟʚʽʣʴʥʝʥʥʶ ʚʘʣʝʥʪʥʦ ʟʚôʷʟʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʧʦʢʨʘʱʝʥʥʷ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʛʨʘʬʽʪʫ ʚ ʥʘʧʨʷʤʢʫ OZ  [113]. 

 
1 ï ʚʟʜʦʚʞ ʦʩʽ ʆY; 2 ï ʚʟʜʦʚʞ ʦʩʽ OZ; 3 ï ʚʟʜʦʚʞ ʦʩʽ OX; 

ʈʠʩʫʥʦʢ 1.20 ï ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʛʨʘʬʽʪʦʚʠʭ ʟʨʘʟʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʧʨʷʤʢʫ ʟʘʤʽʨʽʚ [112] 

 

ʅʠʞʯʝ ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʪʝʭʥʦʣʦʛʽʡ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ 

ʧʝʯʘʭ ʂʘʩʪʥʝʨʘ. 



101 

1.7.1 ʇʝʯʽ ʧʨʷʤʦʛʦ ʥʘʛʨʽʚʫ ʂʘʩʪʥʝʨʘ  

 

ɻʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʟʘ ʤʝʪʦʜʦʤ ɸʯʝʩʦʥʘ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʝʥʝʨʛʦʻʤʥʠʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʰʪʦʚʥʠʤ ʧʨʦʮʝʩʦʤ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʽ 

ʥʝʟʘʤʽʥʥʠʤ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʢʩʫ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʩʽʨʢʠ 

[114ï142]. ʍʦʯʘ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʡ ʤʝʪʦʜ ʂʘʩʪʥʝʨʘ, ʘʙʦ ʪʘʢ ʟʚʘʥʝ ʧʨʷʤʦʪʦʯʥʝ 

ʧʦʟʜʦʚʞʥʻ ʛʨʘʬʽʪʫʚʘʥʥʷ ʙʫʣʦ ʚʠʥʘʡʜʝʥʦ ʨʘʥʽʰʝ [143], ʡʦʛʦ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʯʝʨʝʟ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ, 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʚʝʣʠʢʫ ʩʠʣʫ ʩʪʨʫʤʫ. ɼʦʩʪʫʧʥʽʩʪʴ ʧʦʪʫʞʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ ʽ 

ʛʦʣʯʘʩʪʦʛʦ ʢʦʢʩʫ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʩʽʨʢʠ ʡ ʘʟʦʪʫ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʚ 

ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʤʝʪʦʜʫ ʧʨʷʤʦʪʦʯʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɿʘʚʦʜ SGL Group ʚ ɯʪʘʣʽʾ ʙʫʚ ʧʝʨʰʠʤ, 

ʧʦʯʠʥʘʶʯʠ ʟ 1960-ʭ ʨʦʢʽʚ, ʷʢʠʡ ʧʦʯʘʚ ʚʠʛʦʪʦʚʣʷʪʠ ʛʨʘʬʽʪʦʚʽ ʝʣʝʢʪʨʦʜʠ ʟʘ 

ʤʝʪʦʜʦʤ ʂʘʩʪʥʝʨʘ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʩʰʪʘʙʽ [144]. 

ʇʽʯ ʧʨʷʤʦʛʦ ʥʘʛʨʽʚʫ (ʇʇʅ) ʷʚʣʷʻ ʩʦʙʦʶ ʝʣʝʢʪʨʠʯʥʫ ʧʽʯ ʦʧʦʨʫ, ʜʝ ʚʫʛʣʝʮʝʚʽ 

ʟʘʛʦʪʦʚʢʠ, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʯʽ, ʻ ʘʢʪʠʚʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʦʧʦʨʦʤ. ʅʘʛʨʽʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʷʤʦʛʦ 

ʧʨʦʧʫʩʢʘʥʥʷ ʯʝʨʝʟ ʥʠʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ɽʣʝʢʪʨʦʜʠ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (3000 Áʉ ʽ ʥʘʚʽʪʴ ʙʽʣʴʰʝ) ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʽʣʝʥʥʷ ʚ ʥʠʭ 

ʜʞʦʫʣʝʚʦʾ ʪʝʧʣʦʪʠ [145]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʇʇʅ ʩʚʽʯʢʠ ʟ 

ʝʣʝʢʪʨʦʜʽʚ, ʚ ʷʢʠʭ ʦʜʥʦʯʘʩʥʦ ʧʽʜʜʘʶʪʴʩʷ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʜʝʢʽʣʴʢʘ 

ʚʫʛʣʝʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ, ʚʠʢʣʘʜʘʶʪʴ ʧʦʩʣʽʜʦʚʥʦ, ʧʘʨʘʣʝʣʴʥʦ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ-

ʧʦʩʣʽʜʦʚʥʦ. ɿʘ ʩʧʦʩʦʙʦʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʇʇʅ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʽ. ɯʩʥʫʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʯʝʡ, ʚ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ 

ʧʝʨʰʠʡ, ʪʘʢ ʽ ʜʨʫʛʠʡ ʩʧʦʩʦʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʧʝʯʽ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʟʘʛʦʪʦʚʦʢ [146]. 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʇʇʅ ʤʝʥʰʘ ʥʘ 20ï25 % ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʨʦʮʝʩʦʤ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʧʝʯʘʭ ʽʥʰʠʭ ʪʠʧʽʚ ʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

3500 ʢɺʪĀʛʦʜ/ʪ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʨʘʬʽʪʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚ ʝʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ ʧʝʯʘʭ, ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ 
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ʟʛʨʘʬʽʪʦʚʘʥʠʭ ʚ ʇʇʅ ʝʣʝʢʪʨʦʜʽʚ ʥʘ ʪʦʥʥʫ ʚʠʛʦʪʦʚʣʝʥʦʾ ʩʪʘʣʽ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʥʽʞ 

ʟʛʨʘʬʽʪʦʚʘʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤ ʘʯʝʩʦʥʽʚʩʴʢʠʤ ʤʝʪʦʜʦʤ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʽʜ 

ʯʘʩ ʧʨʦʮʝʩʫ ʧʨʷʤʦʪʦʯʥʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʨʦʙʦʯʽ ʢʽʥʮʽ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ 

ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʽʞ ʫ ʧʝʯʘʭ ʽʥʰʠʭ ʪʠʧʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʤʘʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʠʡ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ [147]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ ʪʦʡ ʬʘʢʪ, ʱʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʫ ʇʇʅ 

ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʨʦʙʦʯʠʭ ʢʽʥʮʽʚ ʝʣʝʢʪʨʦʜʽʚ, ʪʦʙʪʦ ʟʙʽʣʴʰʠʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʦʤʫ ʤʘʻ ʢʨʘʱʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʯʘʤʠ 

ʽʥʰʠʭ ʪʠʧʽʚ [258]. 

ʉʭʝʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʫ ʇʇʅ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.21.  

ʅʘ ʟʘʩʠʧʘʥʠʡ ʽ ʚʠʨʽʚʥʷʥʠʡ ʚ ʧʝʯʽ ʰʘʨ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 5 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʚʽʰʝʥʠʭ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʢʨʘʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʢʣʽʱʽʚ ʫʢʣʘʜʘʶʪʴʩʷ 

ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʚʩʪʘʚʢʠ 2 ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʚʠʧʘʣʝʥʽ ʟʘʛʦʪʦʚʢʠ 4. ɿʘʛʦʪʦʚʢʠ 

ʫʢʣʘʜʘʶʪʴʩʷ ʩʪʠʢ-ʫ-ʩʪʠʢ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʦʨʮʽ ʥʘʩʪʫʧʥʦʾ ʟʘʛʦʪʦʚʢʠ 

ʢʦʥʪʘʢʪʫʚʘʣʠ ʟ ʪʦʨʮʷʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʪʘ ʙʫʣʠ ʚʠʨʽʚʥʷʥʥʽ ʚʟʜʦʚʞ ʦʩʽ ʩʚʽʯʢʠ 

(ʢʦʣʦʥʠ). ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʪʦʨʮʷʤʠ 

ʚʠʨʦʙʽʚ ʚʩʪʘʚʣʷʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʨʝʟʠʩʪʠʚʥʽ ʧʨʦʢʣʘʜʢʠ 3, ʘ ʝʣʝʢʪʨʦʜʥʽ ʩʚʽʯʢʠ 

ʧʨʠʞʠʤʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʝʩʘ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʙʽʣʷ 

ʪʦʨʮʽʚ ʨʫʭʦʤʠʭ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ 1, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʛʨʘʬʽʪʦʚʠʭ ʙʣʦʢʽʚ. ɼʣʷ 

ʟôʻʜʥʘʥʥʷ ʩʚʽʯʦʢ ʚ ʦʜʠʥ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ, ʫ ʪʦʨʮʽ ʧʝʯʽ ʛʨʘʬʽʪʦʚʽ ʥʝʨʫʭʦʤʽ 

ʩʪʨʫʤʦʧʽʜʚʦʜʠ 6 ʟôʻʜʥʫʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʦʶ ʧʝʨʝʤʠʯʢʦʶ 7 [258]. 

ʇʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʩʧʽʚʚʽʩʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʟʽʙʨʘʥʠʭ ʩʚʽʯʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʝʩʘ ʾʭ ʩʪʠʩʢʘʶʪʴ ʽʟ ʟʫʩʠʣʣʷʤ 40ï60 % ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ. ʇʦʪʽʤ ʩʚʽʯʢʠ ʧʦʢʨʠʚʘʶʪʴʩʷ ʰʘʨʦʤ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 5 ʽ ʩʪʠʩʢʘʶʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ. ɼʣʷ 

ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʽʚ ʧʽʯ ʥʘʢʨʠʚʘʻʪʴʩʷ ʤʝʪʘʣʝʚʠʤ ʫʢʨʠʪʪʷʤ 8, ʧʽʩʣʷ ʯʦʛʦ ʧʽʜʚʦʜʠʪʴʩʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʽ ʚʠʨʦʙʠ ʥʘʛʨʽʚʘʶʪʴ ʚʧʨʦʜʦʚʞ ʟʘʜʘʥʦʛʦ ʯʘʩʫ [258]. 
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1 ï ʨʫʭʦʤʽ ʩʪʨʫʤʦʧʽʜʚʦʜʠ; 2 ï ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʚʩʪʘʚʢʠ; 3 ï ʢʽʣʴʮʝʚʽ ʨʝʟʠʩʪʠʚʥʽ 

ʧʨʦʢʣʘʜʢʠ; 4 ï ʝʣʝʢʪʨʦʜʥʽ ʟʘʛʦʪʦʚʢʠ; 5 ï ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʰʠʭʪʘ; 6 ï ʥʝʨʫʭʦʤʽ 

ʩʪʨʫʤʦʧʽʜʚʦʜʠ; 7 ï ʝʣʝʢʪʨʠʯʥʘ ʧʝʨʝʤʠʯʢʘ; 8 ï ʫʢʨʠʪʪʷ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʽʚ 

ʈʠʩʫʥʦʢ 1.21 ï ʉʭʝʤʘ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʂʘʩʪʥʝʨʘ [258] 

 

ɽʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʧʝʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʝʜʝʥʥʷ ʜʦ ʨʫʭʦʤʠʭ 

ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʧʨʠʢʨʽʧʣʝʥʽ ʜʦ ʥʠʭ ʟʘʟʜʘʣʝʛʽʜʴ ʤʽʜʥʽ ʘʙʦ 

ʘʣʶʤʽʥʽʻʚʽ ʰʠʥʠ. ʄʽʩʮʝ ʢʦʥʪʘʢʪʫ ʤʝʪʘʣʝʚʠʭ ʰʠʥ ʟ ʛʨʘʬʽʪʦʚʠʤʠ ʩʪʨʫʤʦʧʽʜʚʦʜʘʤʠ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʢʨʠʪʦʾ ʚʦʜʷʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ. ʅʘʛʨʽʚʘʥʥʷ 

ʚʠʨʦʙʽʚ ʫ ʧʝʯʽ ʂʘʩʪʥʝʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʪʽʢʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʝʣʝʢʪʨʦʜʥʽ ʩʚʽʯʢʠ ʪʘ ʚʠʜʽʣʝʥʥʷ ʚ ʥʠʭ ʜʞʦʫʣʝʚʦʾ 

ʪʝʧʣʦʪʠ [1]. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ ʢʘʤʧʘʥʽʾ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ 

ʇʇʅ, ʘʥʘʣʦʛʽʯʥʽ ʪʠʤ, ʷʢʽ ʦʧʠʩʘʥʽ ʚʠʱʝ ʜʣʷ ʧʝʯʝʡ ʥʝʧʨʷʤʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ɸʯʝʩʦʥʘ. 

 

1.7.2 ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʨʘʬʽʪʦʚʦʾ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ 

 

ɺ ʩʫʯʘʩʥʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ 

ʷʢʦʩʪʽ ʛʨʘʬʽʪʦʚʘʥʠʭ ɽɺ, ʘ ʪʦʤʫ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʫʤʦʚ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʦʮʽʥʢʠ: 

ï ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʜʽʡʩʥʘ ʪʘ ʥʘʩʠʧʥʘ (ʦʙôʻʤʥʘ) ʛʫʩʪʠʥʘ, ʧʦʨʠʩʪʽʩʪʴ, 

ʇɽʆ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ; 
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ï ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʰʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ 

ʩʪʠʩʢʘʥʥʷ ʡ ʟʛʠʥ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; 

ï ʭʽʤ̔ʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʦʢʠʩʥʶʚʘʥʽʩʪʴ; 

ï ʥʘʷʚʥʦʩʪʽ ʜʦʤʽʰʦʢ: ʚʤʽʩʪ ʟʘʣʽʟʘ, ʩʽʨʢʠ ʪʦʱʦ [84].  

ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘʢʦʞ ʧʨʦʚʦʜʷʪʴ ʦʮʽʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʘʥʽʟʦʪʨʦʧʽʾ ʜʣʷ 

ʬʽʟʠʯʥʠʭ ʡ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ 

ʩʧʦʩʦʙʫ ʧʨʝʩʫʚʘʥʥʷ ʚʠʨʦʙʽʚ [258]. 

ɻʦʣʦʚʥʦʶ ʚʠʤʦʛʦʶ, ʷʢʫ ʚʠʩʫʚʘʶʪʴ ʤʝʪʘʣʫʨʛʠ ʜʦ ʛʨʘʬʽʪʦʚʦʾ ʝʣʝʢʪʨʦʜʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʻ ʾʭ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʇɽʆ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʇɽʆ ʝʣʝʢʪʨʦʜʽʚ ʙʫʜʝ 

ʚʠʩʦʢʠʤ, ʪʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʫʜʝ ʚʠʪʨʘʯʘʪʠʩʷ ʥʝ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ, ʘ ʥʘ ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʥʘʛʨʽʚʘʥʥʷ ʛʨʘʬʽʪʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ. ʂʨʘʱʽ ʛʨʘʬʽʪʦʚʽ 

ʟʨʘʟʢʠ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʤʘʶʪʴ ʧʦʢʘʟʥʠʢ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʤʘʡʞʝ 3,5 ʤʢʆʤĀʤ, ʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʨʦʙʥʠʢʫ ʙʫʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ ʩʪʘʥʦʚʠʪʴ 4,5ï5 ʤʢʆʤĀʤ. ɻʦʣʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʯʠʥʥʠʢʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʇɽʆ ʝʣʝʢʪʨʦʜʽʚ ʻ ʨʽʚʝʥʴ ʜʦʩʷʛʥʫʪʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʾʭ ʛʨʘʬʽʪʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʢʱʦ ʟʥʘʯʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʧʽʜ ʯʘʩ ʾʭ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʧʝʨʝʚʠʱʫʶʪʴ 2600 Áʉ, ʪʦ ʷʢʽʩʪʴ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʙʫʜʝ ʟʘʚʽʜʦʤʦ ʚʠʩʦʢʦʶ 

[258]. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʡ 

ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʧʦʩʦʙʫ ʾʭ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʚʽʜ ʩʪʫʧʝʥʷ 

ʛʨʘʬʽʪʫʚʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʥʘʷʚʥʠʭ ʜʦʤʽʰʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʣʴʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ 

[258]. 

ɿ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʡ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʥʘʚʧʘʢʠ ï 

ʟʨʦʩʪʘʶʪʴ; ʇɽʆ ʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʧʨʦʡʰʣʠ ʪʝʨʤʦʦʙʨʦʙʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʥʘʜ 2500 Áʉ, ʟʥʠʞʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʾʭ ʥʘʛʨʽʚʘʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦ 800 Üʉ, 

ʘ ʟ ʧʦʜʘʣʴʰʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ï ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ [9, 41, 106, 

148]. 
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ʋʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʽʪʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ 

ʚʠʨʦʙʽʚ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1.10 [9, 25, 41, 106]. 

 

ʊʘʙʣʠʮʷ 1.10 ï ʋʩʝʨʝʜʥʝʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʽʪʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ 

ɺʣʘʩʪʠʚʽʩʪʴ 

ɿʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ɽɻ ɽɻʇ ɽɻʉ ɽɻʉʇ 

ɻʫʩʪʠʥʘ, ʛ/ʩʤ3, ʥʝ ʤʝʥʰʝ 

ï ʦʙôʻʤʥʘ 

ï ʜʽʡʩʥʘ 

 

1,52 

2,20 

 

1,62 

2,20 

 

1,52 

2,20 

 

1,62 

2,20 

ʇʦʨʠʩʪʽʩʪʴ, %, ʥʝ ʙʽʣʴʰʝ 30 28 30 28 

ʇɽʆ, ʤʢʆʤĿʤ, ʥʝ ʙʽʣʴʰʝ 10 10 9 8 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ, ʄʇʘ, ʥʝ 

ʤʝʥʰʝ 

ï ʥʘ ʩʪʠʩʢ 

ï ʥʘ ʟʛʠʥ 

 

16,0 

5,0 

 

17,0 

10 

 

14,0 

6,0 

 

17,0 

9,0 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ɻʇʘ 6ï9 8ï10 7ï10 10ï11 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (20 ï

 500 Áʉ), 10-6 K-1 

2,2ï2,5 2,4ï3,0 2,0ï2,4 1,3ï2 

ɿʦʣʴʥʽʩʪʴ, %, ʥʝ ʙʽʣʴʰʝ 0,5 0,5 0,3 0,3 

ʇʨʠʤʽʪʢʘ. ʉʢʦʨʦʯʝʥʥʷ ʤʘʨʦʢ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ: ɽ ï ʝʣʝʢʪʨʦʜʥʠʡ;  

ɻ ï ʛʨʘʬʽʪʦʚʘʥʠʡ; ʇ ï ʧʨʦʩʦʯʝʥʠʡ; ʉ ï ʩʧʝʮʽʘʣʴʥʠʡ 

 

1.7.3 ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ 

 

ɼʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʽʪʫ, ʟʙʝʨʝʞʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʮʽʣʽʩʥʦʩʪʽ ʚʠʨʦʙʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʥʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ ʻ ʚʝʣʴʤʠ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ, ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʦʶ ʡ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, 

ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʦʣʽʧʰʝʥʥʷ 

ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʘʤʧʘʥʽʡ ʛʨʘʬʽʪʫʚʘʥʥʷ [258]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʧʨʦʚʦʜʷʪʴ ʷʢ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘʢ ʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʟʚʠʯʘʡ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʜʚʽ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʠʚʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʭʽʜʥʠʭ ʡ ʟʛʨʘʬʽʪʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʘʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʡ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ, ʘʣʝ ʥʝ ʜʘʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʠʪʠ ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʧʨʷʤʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʝʯʽ. ʊʘʢʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʽ ʪʘ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʧʨʦʪʝ ʾʭ ʟʥʘʯʠʤʽʩʪʴ ʜʫʞʝ 

ʚʠʩʦʢʘ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʝʯʽ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʪʘ ʜʠʥʘʤʽʢʠ ʾʭ ʟʤʽʥʠ  [258]. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʚʦʣʴʬʨʘʤ-ʨʝʥʽʻʚʽ ʪʘ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʽ ʪʝʨʤʦʧʘʨʠ, ʛʨʘʬʽʪʦʚʽ ʜʠʣʘʪʦʤʝʪʨʠ, 

ʦʧʪʠʯʥʽ ʧʽʨʦʤʝʪʨʠ, ʪʝʧʣʦʚʽʟʦʨʠ, ʪʝʨʤʦʤʝʪʨʠʯʥʽ ʢʽʣʴʮʷ ʪʦʱʦ [1, 3, 30, 146, 149, 

150]. 

ʈʦʟʛʣʷʥʫʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʻ 

ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʤʠ ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʚʠʢʦʥʘʪʠ 

ʜʦʩʪʦʚʽʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ 

ʛʨʘʬʽʪʫʚʘʥʥʷ (2500ï3200 ʉ̄). ʊʦʤʫ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚ ʫʩʴʦʤʫ 

ʩʚʽʪʽ ʚʝʜʝʪʴʩʷ ʪʽʣʴʢʠ ʧʦ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʥʽʡ ʚʠʪʨʘʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʙʝʟ 

ʟʜʽʡʩʥʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ɸʣʝ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʘʨʽʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʻʶ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʩʠʨʦʚʠʥʠ ʝʣʝʢʪʨʦʜʽʚ, ʟʥʘʥʥʷ ʜʠʥʘʤʽʢʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, ʚ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʩʪʘʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ 

ʫʤʦʚʦʶ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʦʢʨʝʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [1, 123]. 

ʄʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ 

ʟʘʛʦʪʦʚʦʢ ʧʨʠʩʚʷʯʝʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ ʧʨʘʮʽ [18, 123, 142, 149, 151ï162]. 

ʋ ʨʷʜʽ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʽʟʥʽ ʩʧʨʦʱʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ. ɸʚʪʦʨ ʨʦʙʦʪʠ [18] ʨʦʟʛʣʷʜʘʻ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʢʝʨʥʘ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 
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ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʦ ʧʝʨʝʪʠʥʫ ʢʝʨʥʘ ʧʝʯʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʝʬʝʢʪʫ ʽ ʝʬʝʢʪʫ ʙʣʠʟʴʢʦʩʪʽ ʙʽʯʥʠʭ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ ʜʦ 

ʢʝʨʥʫ ʧʝʯʽ. ʆʜʥʘʢ, ʜʘʥʘ ʤʦʜʝʣʴ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʧʦʣʷ ʧʝʯʽ. 

ʋ ʧʨʘʮʽ [142] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʯʠʩʣʦʚʫ ʜʚʦʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ 

ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʨʦʟʚôʷʟʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʜʞʝʨʝʣʘʤʠ ʤʝʪʦʜʦʤ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʩʽʯʝʥʥʽ ʧʝʯʽ ʜʣʷ ʨʽʟʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ. ɺʝʣʠʯʠʥʘ ʚʥʫʪʨʽʰʥʽʭ 

ʜʞʝʨʝʣ ʟʘʜʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʽʟ ʛʨʘʬʽʢʫ ʚʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʨʦʟʧʦʜʽʣ 

ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʧʦ ʩʽʯʝʥʥʶ ʢʝʨʥʘ ʫ ʚʠʛʣʷʜʽ ʧʨʦʧʦʨʮʽʡʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, 

ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪ ʡ ʯʘʩʫ. ɺʠʙʽʨ ʚʠʜʫ ʮʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʩʭʝʤʠ ʧʝʨʝʩʠʧʢʠ ʢʝʨʥʘ ʡ ʇɽʆ 

ʧʝʨʝʩʠʧʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ ʪʘʢʦʞ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʫ ʪʝʧʣʦʪʠ ʥʘ 

ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʟ ʧʝʨʝʩʠʧʢʦʚʠʭ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʋ ʧʨʘʮʷʭ [123, 152ï156] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʯʘʭ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ. ʄʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ. ʉʢʽʥʯʝʥʥʦ-ʨʽʟʥʠʮʝʚʘ ʩʭʝʤʘ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ 

ʧʦʙʫʜʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʴʥʠʭ ʦʙôʻʤʽʚ ʽ ʷʚʥʦʾ ʪʘ ʥʝʷʚʥʦʾ 

ʩʭʝʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘ ʯʘʩʦʤ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʚ ʷʢʦʤʫ ʧʨʦʮʝʩ ʝʥʝʨʛʦʦʙʤʽʥʫ ʤʽʞ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʦʙôʻʤʘʤʠ 

ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʚʧʣʠʚʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ.  

ʈʦʟʨʦʙʣʝʥʘ ʫ ʧʨʘʮʷʭ [123, 152ï156] ʯʠʩʣʦʚʘ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ: 

ï ʚʣʠʚ ʟʘʜʘʥʦʛʦ ʛʨʘʬʽʢʫ ʚʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʧʽʯ ʥʘ ʾʾ 

ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ [152, 153]; 
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ï ʘʚʪʦʤʘʪʠʯʥʘ ʧʽʜʪʨʠʤʢʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʪʦʙʪʦ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʜʦʧʫʩʪʠʤʠʤ ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʦʙôʻʤʽ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʛʨʘʬʽʪʫʻʪʴʩʷ [155]; 

ï ʥʘ ʩʪʘʜʽʾ ʦʭʦʣʦʜʞʝʥʥʷ [156]. 

ʈʦʟʨʦʙʣʝʥʘ ʯʠʩʣʦʚʘ ʤʦʜʝʣʴ [123, 152ï156] ʦʪʨʠʤʘʣʘ ʩʚʽʡ ʧʦʜʘʣʴʰʠʡ 

ʨʦʟʚʠʪʦʢ ʚ ʧʨʘʮʷʭ [1, 157]. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʚʪʦʨʦʤ ʯʠʩʣʦʚʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʚʘʣʘ 

ʛʝʦʤʝʪʨʽʶ ʢʝʨʥʘ ʧʝʯʽ ʪʘ ʧʨʠʨʦʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʘʙʦ ʟʤʽʥʫ ʝʥʪʘʣʴʧʽʾ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʧʽʜ ʜʽʻʶ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ. ʋ ʪʘʢʦʤʫ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʯʠʩʣʦʚʘ ʤʦʜʝʣʴ ʜʘʣʘ ʟʤʦʛʫ ʚʨʘʭʫʚʘʪʠ ʪʝʧʣʦʪʫ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, 

ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʚ ʧʝʯʽ.  

ʋ ʧʨʘʮʽ [158] ʜʣʷ ʦʮʽʥʢʠ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʫʚʘʥʦ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʢʝʨʥʘ ʪʘ ʘʜʘʧʪʠʚʥʫ ʤʦʜʝʣʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʠʪʨʘʪʫ ʝʥʝʨʛʽʾ ʥʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʽ ʬʫʥʢʮʽʦʥʫʻ ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʣʦʛʽʩʪʴ 

ʪʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʝʯʽ. ɻʝʦʤʝʪʨʽʷ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʠʡ ʥʘʧʽʚʨʷʜ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʘʛʦʪʦʚʦʢ, ʢʝʨʥʦʚʦʾ 

ʧʝʨʝʩʠʧʢʠ, ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʪʘ ʢʣʘʜʢʠ ʧʝʯʽ. ʂʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʪʦʨʮʝʚʽ 

ʚʪʨʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʝʛʤʝʥʪʫ ʧʝʯʽ ʚʠʟʥʘʯʘʣʠʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ 

ʘʚʪʦʨʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʋ ʨʦʙʦʪʽ [159] ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʯʥʦʾ ʧʝʪʣʽ 

ʧʝʯʝʡ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠʚʠʤʽʨʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʄʘʢʩʚʝʣʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ 

ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʽ ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʚ ʥʘʙʣʠʞʝʥʥʽ ɹʫʩʽʥʝʩʢʘ ʪʘ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʈʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ COMSOL MultyPhysics ʽ 

ANSYS. ʈʦʟʨʦʙʣʝʥʘ ʯʠʩʣʦʚʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʝʨʥʘ ʪʘ ʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʝʬʝʢʪʠ 

ʚʠʪʽʩʥʝʥʥʷ ʪʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʝʚʠʡ ʝʬʝʢʪ. 
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ʋ ʧʨʘʮʽ [160] ʚʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʢʫʧʝʨʘʮʽʾ ʪʝʧʣʦʪʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʯʝʡ ʧʨʷʤʦʛʦ ʥʘʛʨʽʚʫ. 

ʊʘʢʠʡ ʩʧʦʩʽʙ ʨʝʢʫʧʝʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʯʝʡ. ʇʨʦʪʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʻ 

ʩʢʣʘʜʥʠʤ ʪʘ ʚʠʤʘʛʘʻ ʩʫʪʪʝʚʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʝʛʣʘʤʝʥʪ ʧʽʜʚʦʜʫ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʽʯ, 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʜʽʻʚʠʤ ʯʠʥʥʠʢʦʤ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʝʥʝʨʛʦʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ. 

ʇʨʘʮʷ [161] ʧʨʠʩʚʷʯʝʥʘ ʪʝʦʨʝʪʠʯʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʢʦʥʪʘʢʪʥʦʛʦ 

ʦʧʦʨʫ ʤʽʞ ʝʣʝʢʪʨʦʜʥʠʤʠ ʟʘʛʦʪʦʚʢʘʤʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʢʦʣʦʥʠ ʧʽʜ ʯʘʩ 

ʛʨʘʬʽʪʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʛʘʥʠʡ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʤʽʞ 

ʟʘʛʦʪʦʚʢʘʤʠ ʫ ʢʦʣʦʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʱʝ 

ʙʽʣʴʰʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʠʤʠ. ɼʣʷ ʟʤʝʥʴʰʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ 

ʤʽʞ ɽɺ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʟʫʩʠʣʣʷ, ʟ ʷʢʠʤ ʩʪʠʩʢʘʶʪʴʩʷ ʟʘʛʦʪʦʚʢʠ ʚ 

ʢʦʣʦʥʘʭ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʥʫʯʢ ̔ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥ ̔ʟôʻʜʥʘʥʴ ʤʽʞ ʟʘʛʦʪʦʚʢʘʤʠ. 

ɺ [162] ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ ʪʝʧʣʦ- ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʨʽʚʥʷʥʥʷʭ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ ʡ 

ʨʽʚʥʦʚʘʛʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ ʩʪʘʥʫ ɼʨʫʢʝʨʘ-ʇʨʘʛʝʨʘ. ɼʘʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʪʠʩʢʫ, ʧʨʠʨʦʜʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʠʧʫʯʠʤ ʽ 

ʩʫʮʽʣʴʥʠʤ ʤʘʪʝʨʽʘʣʘʤʠ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʪʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ. ɻʝʦʤʝʪʨʽʷ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 1/4 

ʯʘʩʪʠʥʫ ʧʝʯʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ɻʐʇ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʝʧʣʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʟ 

ʜʦʚʢʽʣʣʷʤ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʽʚ ʥʘ ʧʝʯʽ, ʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ï ʥʘ ʙʘʟʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʢʘʤʧʘʥʽʡ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʨʩʴʢʦʛʦ ʇɿ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʨʷʤʦʤʫ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ). 

ɼʦ ʟʘʛʘʣʴʥʠʭ ʥʝʜʦʣʽʢʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ 

ʧʝʯʝʡ ʛʨʘʬʽʪʫʚʘʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʘʢʽ: 



110 

ï ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʤʦʜʝʣʽ, ʥʘʚʝʜʝʥʦʾ ʚ ʨʦʙʦʪʽ [162], ʚ ʽʥʰʠʭ ʜʞʝʨʝʣʘʭ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʪʠʩʢʫ; 

ï ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʦ- ʽ ʪʝʧʣʦʦʙʤʽʥ ʧʽʜ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʡ ʢʦʥʜʝʥʩʘʮʽʾ 

ʚʦʣʦʛʠ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʚ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʷʭ, ʧʨʠʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʘʭ[123, 152ï

156], ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʦʣʦʛʦʚʤʽʩʪ ʚʟʘʛʘʣʽ; 

ï ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʝʧʣʦʪʘ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʢʝʨʥʽ, ʟʘ 

ʚʠʢʣʶʯʝʥʥʷ ʪʝʧʣʦʪʠ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʚʠʚʽʣʴʥʝʥʥʷʤ ʩʽʨʢʠ ʚʽʜ ʟʚôʷʟʢʽʚ ʟ ʚʫʛʣʝʮʝʤ 

ʚʩʝʨʝʜʠʥʽ ʢʦʢʩʦʚʠʭ ʯʘʩʪʠʥʦʢ [1, 159]; 

ï ʫ ʙʘʛʘʪʴʦʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʷʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʨʦʱʝʥʘ ʛʝʦʤʝʪʨʽʷ ʢʝʨʥʘ, ʘ 

ʚʨʘʭʫʚʘʥʥʷ ʪʦʨʮʝʚʠʭ ʚʪʨʘʪ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʚʜʘʥʥʷ ʫʩʝʨʝʜʥʝʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʦʨʤʠ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʦʙʽʪ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ 

ʨʦʟʛʣʷʥʫʪʽ ʯʠʩʣʦʚʽ ʤʦʜʝʣʽ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʦʩʫʶʪʴʩʷ ʧʝʯʝʡ ʥʝʧʨʷʤʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ɸʯʝʩʦʥʘ ʽ ʚ ʥʠʭ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʦʩʠʪʴ ʚʘʞʣʠʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

ʛʨʘʬʽʪʫʚʘʥʥʷ, ʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʦ ʦʙʣʘʩʪʶ, ʚ ʷʢʽʡ ʚʠʢʦʥʫʚʘʣʠʩʷ ʦʮʽʥʢʠ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʝʡ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 1, ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

 

ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʪʘ 

ʛʨʘʬʽʪʦʚʘʥʦʾ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʮʝ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʚʠʢʦʥʘʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ ʢʨʠʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ 

ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʜʠʩʝʨʪʘʥʪʘ, ʧʦʢʘʟʫʻ ʪʘʢʝ. 

1) ɺʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (15500ï16500 ʢɺʪĀʛʦʜ/ʪ) ʪʘ ʧʝʨʚʠʥʥʠʭ 

ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʘʭ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʽ ʚʠʟʥʘʯʘʻ ʧʦʪʨʝʙʫ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʚʢʘʟʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʨʛʦʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. 
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2) ɼʦ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ: ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʽ ʦʙʝʨʪʦʚʠʭ ʧʝʯʘʭ; ʟʤʽʰʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʟʽ ʟʚôʷʟʫʶʯʠʤ 

ʧʝʢʦʤ ʽ ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʚʠʧʘʣʶʚʘʥʥʷ 

ʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ. 

3) ɼʦ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʽʜʥʦʩʷʪʴʩʷ: ʥʘʛʨʽʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʪʽʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʥʘʛʨʽʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʛʦʨʽʥʥʷ ʛʘʟʫ ʪʘ ʪʚʝʨʜʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʨʝʯʦʚʠʥ, ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ ʧʽʜ ʜʽʻʶ ʤʝʭʘʥʽʯʥʠʭ ʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʨʫʭ ʛʘʟʽʚ ʽ ʱʽʣʴʥʠʡ ʨʫʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʪʝʧʣʦʦʙʤʽʥ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʢʦʥʚʝʢʮʽʻʶ ʡ ʪʝʧʣʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

4) ʅʘʷʚʥʽʩʪʴ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʷʢ 

ʩʫʮʽʣʴʥʠʭ (ʪʚʝʨʜʽ ʪʽʣʘ ʡ ʨʽʜʠʥʠ), ʪʘʢ ʽ ʜʠʩʢʨʝʪʥʠʭ (ʩʠʧʫʯʽ ʤʘʪʝʨʽʘʣʠ) ʩʝʨʝʜʦʚʠʱ, 

ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʠʥʫʘʣʴʥʦ-

ʜʠʩʢʨʝʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯ ʦʧʠʩʫ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ ɽʡʣʝʨʘ ʽ 

ʃʘʛʨʘʥʞʘ. 

5) ʂʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʘʩʢʨʽʟʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʘʛʘʪʦʧʝʨʝʜʽʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ. ɯʩʥʫʶʪʴ ʨʦʟʨʦʙʢʠ ʜʣʷ ʦʢʨʝʤʠʭ 

ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʚ ʷʢʠʭ ʽʥʦʜʽ ʟʦʚʩʽʤ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚôʟʦʢ ʟ ʽʥʰʠʤʠ 

ʧʝʨʝʜʽʣʘʤʠ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʽʜʩʫʪʥʷ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʢʦʞʥʦʤʫ 

ʧʝʨʝʜʽʣʽ. 

6) ɿʘʛʘʣʴʥʦʶ ʥʝʚʠʨʽʰʝʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʯʘʩʪʠʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʦʾ ʤʦʞʥʘ ʬʦʨʤʫʣʶʚʘʪʠ ʽ 

ʫʪʦʯʥʶʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʦʢʨʝʤʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʚʢʣʶʯʘʶʪʴ; 
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ʧʨʦʞʘʨʶʚʘʥʥʷ, ʧʨʝʩʫʚʘʥʥʷ, ʚʠʧʘʣʶʚʘʥʥʷ ʽ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʠʧʢʠʭ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʾʾ ʤʝʪʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʫʢʦʚʠʭ 

ʟʘʩʘʜ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʦʜʝʨʞʘʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʾ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1) ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

2) ʈʦʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

3) ʅʘ ʙʘʟʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʩʬʦʨʤʫʣʶʚʘʪʠ/ʫʪʦʯʥʠʪʠ ʢʦʤʧʣʝʢʩ 

ʦʢʨʝʤʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ: ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ; ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʦʙʣʘʜʥʘʥʥʽ 

ʦʙʝʨʪʦʚʠʭ ʧʨʦʞʘʨʶʚʘʣʴʥʠʭ ʧʝʯʝʡ; ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ; 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʊʌɺ) ʩʠʧʢʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

4) ʅʘ ʙʘʟʽ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ (ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ), ʜʠʩʢʨʝʪʥʦʛʦ 

ʝʣʝʤʝʥʪʘ (ʄɼɽ), ʩʢʽʥʯʝʥʥʠʭ ʦʙôʻʤʽʚ (ʄʉʆ) ʡ ʜʠʩʢʨʝʪʥʠʭ ʦʨʜʠʥʘʪ (ʄɼʆ)) 

ʨʦʟʨʦʙʠʪʠ/ʫʪʦʯʥʠʪʠ (ʚʜʦʩʢʦʥʘʣʠʪʠ) ʢʦʤʧʣʝʢʩ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʬʽʟʠʯʥʦʛʦ 

(ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ, ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ (ʊɽʄ)) ʩʪʘʥʫ 



113 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ).  

5) ʈʦʟʨʦʙʠʪʠ/ʤʦʜʠʬʽʢʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

(ʇɽʆ) ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʡ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ, ʜʠʥʘʤʽʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʡ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ çʟʝʣʝʥʠʭè ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʟʘʛʦʪʦʚʦʢ, 

ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ (ʇɽʂʆ) ʛʨʘʬʽʪ ʟ ʤʽʜʜʶ ʡ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʤ 

ʛʨʘʬʽʪʦʤ. ɺʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

6) ʈʦʟʨʦʙʠʪʠ ʩʭʝʤʠ ʪʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɺʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʽʶʯʦʤʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ: ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʠ, ʧʨʝʩʦʚʠʡ 

ʽʥʩʪʨʫʤʝʥʪ, ʧʝʯʽ ʚʠʧʘʣʶʚʘʥʥʷ ʪʘ ʛʨʘʬʽʪʫʚʘʥʥʷ. 

7) ɺʠʢʦʥʘʪʠ ʘʧʨʦʙʘʮʽʶ ʪʘ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ 

ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

8) ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʚʧʣʠʚʫ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʮʝʩʽʚ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

9) ɺʠʢʦʥʘʪʠ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʽʣʽʚ ʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʡ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʨʝʛʣʘʤʝʥʪʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

10) ʅʘ ʙʘʟʽ ʚʠʢʦʥʘʥʠʭ ʪʝʦʨʝʪʠʯʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʠʪʠ 

ʝʢʩʧʨʝʩ-ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʤʘʩʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʜʥʠʭ 

ʟʘʛʦʪʦʚʦʢ ʫ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ ʂʘʩʪʥʝʨʘ. 
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11) ʈʦʟʨʦʙʠʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʥʘ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè ʨʝʩʫʨʩʦ- ʡ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʛʣʘʤʝʥʪʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʫ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʫ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʥʘ ʪʘʢʠʭ ʧʝʨʝʜʽʣʘʭ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ, ʧʨʝʩʫʚʘʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ, 

ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ. 
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2 ɼʆʉʃɯɼʅʀʎʔʂɸ ɹɸɿɸ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʅɼʎ 

çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʪʘ ʥʘ ʜʽʶʯʦʤʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʥʘ ʧʝʨʝʜʽʣʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ. 

 

 

2.1 ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

 

2.1.1 ʋʟʘʛʘʣʴʥʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

 

ʈʦʙʦʯʽ ʩʝʨʝʜʦʚʠʱʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ 

(ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ) ʧʨʦʜʫʢʮʽʾ ʚʢʣʶʯʘʶʪʴ ʪʚʝʨʜʽ ʪʽʣʘ, ʨʽʜʠʥʠ/ʛʘʟʠ ʡ ʩʠʧʫʯʽ 

ʩʝʨʝʜʦʚʠʱʘ. 

ɼʦ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʽʜʥʦʩʷʪʴʩʷ: ʥʘʛʨʽʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʪʽʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʥʘʛʨʽʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʛʦʨʽʥʥʷ ʛʘʟʫ ʪʘ ʪʚʝʨʜʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʨʝʯʦʚʠʥ, ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ ʧʽʜ ʜʽʻʶ ʤʝʭʘʥʽʯʥʠʭ ʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʨʫʭ ʛʘʟʽʚ ʪʘ ʱʽʣʴʥʠʡ ʨʫʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʪʝʧʣʦʦʙʤʽʥ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʢʦʥʚʝʢʮʽʻʶ ʡ ʪʝʧʣʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 

ʅʘʷʚʥʽʩʪʴ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʷʢ ʩʫʮʽʣʴʥʠʭ 

(ʪʚʝʨʜʽ ʪʽʣʘ ʡ ʨʽʜʠʥʠ), ʪʘʢ ʽ ʜʠʩʢʨʝʪʥʠʭ (ʩʠʧʫʯʽ ʤʘʪʝʨʽʘʣʠ) ʩʝʨʝʜʦʚʠʱ, 

ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʠʥʫʘʣʴʥʦ-

ʜʠʩʢʨʝʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯ ʦʧʠʩʫ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤ ʚʽʜʣʽʢʫ ɽʡʣʝʨʘ ʽ 

ʃʘʛʨʘʥʞʘ.  
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ʂʦʥʪʠʥʫʘʣʴʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘʟʚʠʯʘʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʡʣʝʨʝʚʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʽ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʽ ʝʥʝʨʛʽʾ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʥʘʙʣʠʞʝʥʥʽ ʙʝʟʚʠʭʨʦʚʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʡ ʛʦʨʽʥʥʷ [255, 262]: 

( )

( )

( )
î
î
î
î

í

î
î
î
î

ì

ë

=w+ÖÐ=
r

=ÖÐ

+ÖÐ-Ð=
r

r+ÖÐ=
r

=ÖÐr+
r

,,1,

;0

,:Ĕ

;Ĕ

;0

Nk
dt

Yd

q
dt

Tcd
dt

d
dt

d

kk
k

v

p

#J

j

qvů

bů
v

v

 

(2.1) 

ʜʝ 
() ()

()iiv
tdt

d
Ð+

µ

µ
=  ï ʤʘʪʝʨʽʘʣʴʥʘ ʧʦʭʽʜʥʘ; iv  ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ 

ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; Ð ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ʤ-1; r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; t  ï ʯʘʩ, ʩ; ()Ö ï 

ʦʧʝʨʘʪʦʨ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʪʝʥʟʦʨʽʚ; 
dt

du
v=  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; u  ï 

ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ, ʤ; ůĔ ï ʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʥʷ 2-ʛʦ ʨʘʥʛʫ, ʇʘ; b  ï 

ʚʝʢʪʦʨ ʤʘʩʦʚʠʭ ʩʠʣ, ʅ/ʢʛ; T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; pc  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĀʂ); ():  ï ʦʧʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʪʝʥʟʦʨʽʚ; 

vůÐ:Ĕ  ï ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʤʝʭʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ (ʜʠʩʠʧʘʪʠʚʥʠʡ ʯʣʝʥ), ɺʪ/ʤ3; q  ï 

ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2; radvchemvelecvv qqqq    ++=  ï ʜʞʝʨʝʣʦ 

ʪʝʧʣʦʪʠ ʥʝʤʝʭʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ, ɺʪ/ʤ3; () 2

 UTq elecv Ðc=  ï ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ 

ʩʧʨʠʯʠʥʝʥʝ ʧʨʦʪʽʢʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ɺʪ/ʤ3; ä
=

rÖÐ=
N

k
kkchemv hq

1
 J  ï 

ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʩʧʨʠʯʠʥʝʥʝ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ɺʪ/ʤ3; 

() ù
ú

ø
é
ê

è
s-W= ñ

p=W

42

4

 4 TndsIKq radv  ï ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʧʦʚôʷʟʘʥʝ ʟ ʨʘʜʽʘʮʽʡʥʠʤ 

ʪʝʧʣʦʦʙʤʽʥʦʤ ʫ çʩʽʨʦʤʫè ʥʘʙʣʠʞʝʥʥʽ ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/ʤ3; c ï ʢʦʝʬʽʮʽʻʥʪ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʆʤ/ʤ; U  ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ; kJ  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ 
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ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ k-ʾ ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ2Öʩ); kh  ï ʤʘʩʦʚʘ ʝʥʪʘʣʴʧʽʷ k -ʾ 

ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʢʮʽʾ, ɼʞ/ʢʛ; K  ʽ n ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ (ʤ-1) ʡ ʧʦʢʘʟʥʠʢ 

ʟʘʣʦʤʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ; W ï ʪʽʣʝʩʥʠʡ ʢʫʪ, ʩʨ; s ï ʧʦʩʪʽʡʥʘ ʉʪʝʬʘʥʘ-ɹʦʣʴʮʤʘʥʘ, 

ɺʪ/(ʤ2Öʂ4); ()sI  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɺʪÖʩ/(ʤ2Öʩʨ)) ʫ ʥʘʧʨʷʤʢʫ s ʚ 

ʪʽʣʝʩʥʦʤʫ ʢʫʪʽ Wd ; j  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ɸ; kY  ï ʤʘʩʦʚʘ 

ʯʘʩʪʢʘk -ʾ ʢʦʤʧʦʥʝʥʪʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ; kw# ï ʜʞʝʨʝʣʴʥʠʡ ʯʣʝʥ ʟʘ ʨʘʭʫʥʦʢ 

ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ k-ʾ ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ3Öʩ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʟʦʨʽʚ ůĔ, q , j  ʽ kJ  ʪʨʝʙʘ ʟʘʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʬʽʟʠʯʥʽ 

ʨʽʚʥʷʥʥʷ. ʌʽʟʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʥʷ ůĔ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ 

ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ɻʫʢʘ. ʋʟʘʛʘʣʴʥʝʥʠʡ ʟʘʢʦʥ ɻʫʢʘ ʟʘʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

ŮCů Ĕ:ĔĔ
4

= , (2.2) 

ʜʝ 
4

ĔC  ï ʪʝʥʟʦʨ 4-ʛʦ ʨʘʥʛʫ ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 81 

ʢʦʤʧʦʥʝʥʪʫ, ʇʘ; ( )[ ]ÐÖÐ+Ð+Ð= uuuuŮ
2

1
Ĕ  ï ʪʝʥʟʦʨ ʩʢʽʥʯʝʥʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 2-ʛʦ 

ʨʘʥʛʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ 

ʨʽʚʥʷʥʥʷʤ. 

ɼʣʷ ʽʟʦʪʨʦʧʥʠʭ ʛʦʤʦʛʝʥʥʠʭ ʪʚʝʨʜʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʣʽʥʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʟʘʢʦʥ ɻʫʢʘ (2.2) ʩʧʨʦʱʫʻʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 

()ùú
ø

éê

è

n-

n
+

n+
= IŮŮů ĔĔtr

21
Ĕ

1
Ĕ

E

, 
(2.3) 

ʜʝ E  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʇʘ; n ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ; ()tr  ï ʦʧʝʨʘʪʦʨ ʩʣʽʜʫ 

ʪʝʥʟʦʨʘ; IĔ ï ʦʜʠʥʠʯʥʠʡ ʪʝʥʟʦʨ 2-ʛʦ ʨʘʥʛʫ; ( )Ð+Ð= uuŮ
2

1
Ĕ  ï ʪʝʥʟʦʨ ʩʢʽʥʯʝʥʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ 2-ʛʦ ʨʘʥʛʫ ʟʘ ʫʤʦʚʠ, ʱʦ ʜʝʬʦʨʤʘʮʽʾ ʻ ʤʘʣʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 1<<. 

ʇʨʠ ʮʴʦʤʫ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʡ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.1) ʧʨʠʡʤʘʻʪʴʩʷ 

ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʯʘʩʫ, ʪʦʙʪʦ 0=
dt

dv
. 

ɼʣʷ ʩʝʨʝʜʦʚʠʱ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʘʧʨʠʢʣʘʜ ʪʘʢʠʭ, ʫ ʷʢʠʭ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʪʝʯʽʷ [262, 265] ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʥʘʩʪʘʥʥʷ 
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ʧʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʘ ʘʥʘʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. ʇʨʠ 

ʮʴʦʤʫ ʟʛʽʜʥʦ ʟ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʶ ʪʝʦʨʽʻʶ ʧʣʘʩʪʠʯʥʦʩʪʽ ʥʝʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʦʯʘʪʢʦʚʽ, ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʡ ʨʽʚʥʦʚʘʛʠ (2.1) ʟʘʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʠʨʦʱʝʥʥʷ (ʰʚʠʜʢʦʩʪʽ) ʫ ʚʠʛʣʷʜʽ 

0Ĕ =r+ÖÐ bů ##
. (2.4) 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʟʘʢʦʥ ɻʫʢʘ ʟʘʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ ʧʨʠʨʦʱʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ inĔů# ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ Ů#Ĕ 

() inĔĔtr
21

2
Ĕ2Ĕ ůIŮŮů #### -

n-

n
+=

G
G

, 
(2.5) 

ʜʝ G  ï ʤʦʜʫʣʴ ʟʩʫʚʫ, ʇʘ. 

ʇʨʠ ʮʴʦʤʫ ʥʘʩʪʘʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʝʨʽʻʤ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ (ʬʫʥʢʮʽʻʶ ʥʘʩʪʘʥʥʷ ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ) ʚʠʛʣʷʜʫ 

0yieldeq =s-s=F
, (2.6) 

ʜʝ eqs  ï ʝʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ, ʇʘ; yields ï ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ, ʇʘ. 

ɺʠʛʣʷʜ ʬʦʨʤʫʣ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ eqs  ʡ yields  ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʤʦʜʝʣʽ 

ʧʣʘʩʪʠʯʥʦʩʪʽ. 

ʌʽʟʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʥʷ ůĔ ʚ ʨʽʜʠʥʘʭ 

ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʅʘʚôʻ-ʉʪʦʢʩʘ, ʷʢʠʡ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʜʣʷ ʥʴʶʪʦʥʽʚʩʴʢʦʾ 

ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ  

IŮů ĔĔ2Ĕ p-m= #
, (2.7) 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʇʘĀʩ; ( )Ð+Ð= vvŮ
2

1
Ĕ#  ï ʪʝʥʟʦʨ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ 2-ʛʦ ʨʘʥʛʫ, ʩ-1. 

ʋ ʨʘʟʽ ʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʟʘʢʦʥ (2.7) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ  

IŰů ĔĔĔ p-= , (2.8) 

ʜʝ ( )ùú
ø

éê

è
ÖÐ-Ð+Ðm= IvvvŰ

3

2
Ĕ  ï ʪʝʥʟʦʨ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʜʣʷ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʦʾ ʚôʷʟʢʦ-ʧʣʘʩʪʠʯʥʦʾ 

ʨʽʜʠʥʠ, ʻ ʪʝ, ʱʦ ʚʦʥʘ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ shiarŰ  
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ʚʝʜʝ ʩʝʙʝ ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ ʽ ʪʽʣʴʢʠ ʟʘ ʧʝʨʝʚʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʩʫʚʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʚʠʱʦʛʦ ʟʘ ʢʨʠʪʠʯʥʫ ʚʝʣʠʯʠʥʫ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʷ ʷʢ ʟʚʠʯʘʡʥʘ ʨʽʜʠʥʘ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʨʽʜʠʥʠ Bingham-Papanastasiou ʪʝʥʟʦʨ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [255] 

( )[ ]ɔɔ
ɔ

Ű ##
#

ĔĔexp1
Ĕ

Ĕ shear
eff ö

ö

÷

õ

æ
æ

ç

å
--

t
+m= m

, 

(2.9) 

ʜʝ effm  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʇʘĀʩ; Ð+Ð= vvɔ#Ĕ  ï 

ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ, ʩ-1; m ï ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ, ʩ. 

ʌʽʟʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q  

ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʌʫʨôʻ, ʷʢʠʡ ʜʣʷ ʽʟʦʪʨʦʧʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʧʠʩʫʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

()TTÐl-=q , (2.10) 

ʜʝ l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤÖʂ); TÐ  ï ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ, ʂ/ʤ. 

ʌʽʟʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ j  

ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʆʤʘ, ʷʢʠʡ ʜʣʷ ʽʟʦʪʨʦʧʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʧʠʩʫʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

()UTÐc-=j , (2.11) 

ʜʝ c ï ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʉʤ/ʤ; UÐ  ï ʛʨʘʜʽʻʥʪ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ɺ/ʤ. 

ʌʽʟʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʛʫʩʪʠʥʠ ʜʠʬʫʟʥʦʛʦ ʧʦʪʦʢʫ kJ  

ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʌʽʢʘ  

kkk YDÐr-=J , (2.12) 

ʜʝ kD  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ, ʤ2/ʩ; kYÐ  ï ʛʨʘʜʽʻʥʪ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ  

k -ʾ ʢʦʤʧʦʥʝʥʪʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, 1/ʤ. 

ɼʠʩʢʨʝʪʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʘʟʚʠʯʘʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʣʘʛʨʘʥʞʝʚʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʽ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʡ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʽ ʝʥʝʨʛʽʾ [171]:  
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(2.13) 

ʜʝ mi ï ʤʘʩʘ i-ʾ ʯʘʩʪʠʥʢʠ, ʢʛ; t  ï ʯʘʩ, ʩ; i ï ʽʥʜʝʢʩ ʯʘʩʪʠʥʢʠ, ʚʽʜʥʦʩʥʦ ʷʢʦʾ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.13); vi ï ʚʝʢʪʦʨ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʮʝʥʪʨʘ ʤʘʩʠ 

ʯʘʩʪʠʥʢʠ, ʤ/ʩ; Ii ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʢʛĿʤ2; wi ï ʚʝʢʪʦʨ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʨʘʜ/ʩ;  

b ï ʚʝʢʪʦʨ ʤʘʩʦʚʦʾ ʩʠʣʠ, ʅ/ʢʛ; Fij ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʯʘʩʪʠʥʢʫ i 

ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʟ ʯʘʩʪʠʥʢʦʶ j, ʅ; j ï ʽʥʜʝʢʩ ʯʘʩʪʠʥʢʠ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʯʘʩʪʠʥʢʦʶ i;  

S
ijM  ï ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʯʘʩʪʠʥʢʠ i, ʅĿʤ; cpi ï ʪʝʧʣʦʻʤʥʽʩʪʴ i-ʾ 

ʯʘʩʪʠʥʢʠ, ɼʞ/(ʢʛÖʂ); Ti ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ i-ʾ ʯʘʩʪʠʥʢʠ, ʂ; jijciji ThQ --- D=#  

ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʢʦʥʪʘʢʪʠ ʤʽʞ ʯʘʩʪʠʥʢʦʶ i ʪʘ j ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ, ɺʪ; jcih -  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʢʨʽʟʴ ʾʭ 

ʢʦʥʪʘʢʪʠ, ɺʪ/ʂ; conviQ ,
# , radiQ ,

# , chemiQ ,
#  ï ʧʦʪʫʞʥʽʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʽ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʽ ʨʽʜʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ, 

ʧʦʚôʷʟʘʥʦʛʦ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ [242].  

ɿʚ'ʷʟʦʢ ʤʽʞ ʜʠʩʢʨʝʪʥʠʤ (2.13) ʪʘ ʢʦʥʪʠʥʫʘʣʴʥʠʤ (2.1) ʬʦʨʤʫʣʶʚʘʥʥʷʤʠ 

ʤʦʞʝ, ʥʘʧʨʠʢʣʘʜ, ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʝʨʝʜʥʝʥʥʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ, 

ʦʪʨʠʤʘʥʦʛʦ ʟ ʨʦʟʚôʷʟʢʫ ʜʠʩʢʨʝʪʥʦʾ ʟʘʜʘʯʽ [171] ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦ ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʦʾ 

ʬʘʟʠ (Discrete Phase Models (DPM)) [264]. 

ɼʣʷ ʟʘʤʠʢʘʥʥʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2.1)ï(2.13) ʧʦʪʨʽʙʥʦ 

ʟʘʧʠʩʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʦʯʘʪʢʦʚʽ ʡ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʟ ʧʝʚʥʠʤʠ 

ʩʧʨʦʱʝʥʥʷʤʠ ʚ ʥʘʩʪʫʧʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʜʠʩʝʨʪʘʮʽʾ. 
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2.1.2 ɽʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨ ʜʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʘʧʦʚʥʶʚʘʯʘ 

ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ 

 

ʆʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʨʷʜʦʚʦʛʦ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ (ʜʠʚ. ʨʠʩ. 1.10) ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʞʘʨʶʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ, ʜʣʷ 

ʷʢʦʛʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʧ. 1.4. 

ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʨʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ (ʜʠʚ. ʨʦʟʜʽʣ 

2, ʧ. 2.1.1) ʽ ʚʢʣʶʯʘʻ ʪʨʝʪʻ ʡ ʯʝʪʚʝʨʪʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.1) ʪʘ ʧʝʨʰʝ ʡ 

ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ï (2.13), ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ (2.10) ʽ (2.11).  

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ ʤʝʭʘʥʽʯʥʦʛʦ ʪʘ 

ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʨʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʟʜʽʡʩʥʝʥʦ ʾʾ ʧʦʜʽʣ ʥʘ ʜʝʢʽʣʴʢʘ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʩʢʣʘʜʦʚʠʭ 

[171, 239, 266]. ʇʝʨʰʘ ʟ ʥʠʭ ʚʢʣʶʯʘʻ ʜʠʩʢʨʝʪʥʠʡ ʦʧʠʩ ʨʫʭʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʥʘʙʣʠʞʝʥʥʽ ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʜʨʫʛʘ ï ʧʝʨʝʭʽʜ ʚʽʜ ʜʠʩʢʨʝʪʥʦʾ ʜʦ 

ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʧʦʩʪʘʥʦʚʢʠ, ʟ ʦʜʝʨʞʘʥʥʷʤ ʧʦʣʷ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʦʧʠʩʫʻ ʨʫʭ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʷʢ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʨʝʪʷ ï ʟʚôʷʟʘʥʘ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʘ ʟʘʜʘʯʘ, ʚ 

ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʠʥʘʤʽʢʘ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʢʦʥʚʝʢʪʠʚʥʦʾ 

ʧʦʭʽʜʥʦʾ ʚ ʨʽʚʥʷʥʥʽ ʝʥʝʨʛʽʾ [266]: 
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ʜʝ mi ï ʤʘʩʘ ʯʘʩʪʠʥʢʠ, ʢʛ; t ï ʯʘʩ, ʩ; i ï ʽʥʜʝʢʩ ʯʘʩʪʠʥʢʠ, ʚʽʜʥʦʩʥʦ ʷʢʦʾ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.14); vi ï ʚʝʢʪʦʨ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʮʝʥʪʨʘ ʤʘʩʠ 

ʯʘʩʪʠʥʢʠ, ʤ/ʩ; I i ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʢʛĿʤ2; wi ï ʚʝʢʪʦʨ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʨʘʜ/ʩ; b ï 

ʚʝʢʪʦʨ ʤʘʩʦʚʦʾ ʩʠʣʠ, ʅ/ʢʛ; Fij ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʯʘʩʪʠʥʢʫ i ʯʝʨʝʟ 

ʢʦʥʪʘʢʪ ʟ ʯʘʩʪʠʥʢʦʶ j, ʅ; j ï ʽʥʜʝʢʩ ʯʘʩʪʠʥʢʠ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʯʘʩʪʠʥʢʦʶ i; k ï 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʢʦʥʪʘʢʪʽ ʟ ʯʘʩʪʠʥʢʦʶ i; Tij ï ʟʦʚʥʽʰʥʽʡ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʥʪʘʢʪʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʯʘʩʪʠʥʦʢ i ʪʘ j, ʅĿʤ; M ij ï 

ʤʦʤʝʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ, ʅĿʤ; 
i

V  ï ʦʩʝʨʝʜʥʝʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ ʚ ʝʡʣʝʨʝʚʽʡ ʩʠʩʪʝʤʽ 

ʚʽʜʣʽʢʫ, ʤ/ʩ; Dt ï ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʦʩʝʨʝʜʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʩ; t0 ï ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ 

ʦʩʝʨʝʜʥʝʥʥʷ, ʩ; ),(,space jiijw rr  ï ʧʨʦʩʪʦʨʦʚʘ ʚʘʛʦʚʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ r iÍW2 

ï ʨʘʜʽʫʩʘ ʚʝʢʪʦʨʫ ʪʦʯʢʠ ʦʩʝʨʝʜʥʝʥʥʷ ʪʘ ʨʘʜʽʫʩʘ-ʚʝʢʪʦʨʫ r jÍW1 ʯʘʩʪʠʥʦʢ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʢʦʣʽ r i; W1 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ, ʱʦ 

ʥʘʣʝʞʠʪʴ ʜʦ ʣʘʛʨʘʥʞʝʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ; W2 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʥʝʨʦʟʨʠʚʥʦʾ 

ʤʦʜʝʣʽ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʝʡʣʝʨʝʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ; ),( ,gran,cell,dens jiij VVw  ï ʚʘʛʦʚʘ 

ʬʫʥʢʮʽʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʘʨʽʘʮʽʷ ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ ʯʘʩʪʠʥʦʢ W1 ʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙôʻʤʫ ʛʨʘʥʫʣ ( )jV ,gran , ʷʢʽ ʚʤʽʱʫʶʪʴʩʷ ʚ ʦʙôʻʤʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʢʦʤʽʨʢʠ ( )iV ,cell ; tjjj Dö
÷
õæ

ç
å -=

ttD+t 00

*
rrv  ï ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʫ ʣʘʛʨʘʥʞʝʚʽʡ 

ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʾʭ ʧʦʩʪʫʧʘʣʴʥʠʡ ʪʘ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ, ʤ/ʩ; ? ï 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʢʦʣʽ r i; N ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʢʦʤʽʨʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ W2; ceff ï ʝʬʝʢʪʠʚʥʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʉʤ/ʤ; U ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ; cp ï

 ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛÖʂ); r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; T ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; leff ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ɺʪ/(ʤÖʂ); q ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2; j  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ɸ/ʤ2; öö
÷

õ
ææ
ç

å

µ

µ

µ

µ

µ

µ
=Ð

zyx
,, ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ʤ-1; 

( ) 2,, WÍzyxX  ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʤ; qv chem ï ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʜʞʝʨʝʣʘ 
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ʪʝʧʣʦʪʠ ʚʽʜ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʽʪʨʷʤ ʟʘ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ɺʪ/ʤ3 [266]. 

ʋ ʄɼɽ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʻ ʩʬʝʨʦʶ ʨʘʜʽʫʩʦʤ iR, ʜʣʷ ʦʧʠʩʫ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠʩʷ ʨʽʟʥʽ ʬʦʨʤʫʣʶʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ Hertz-Mindlin [174], ʟʘ ʷʢʦʾ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ 

ʯʘʩʪʠʥʢʠ ʧʨʠ ʢʦʥʪʘʢʪʽ ʥʝ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʘ ʧʝʨʝʢʨʠʚʘʶʪʴ ʦʜʥʘ ʦʜʥʫ ʥʘ ʚʝʣʠʯʠʥʫ 

x, ʫʪʚʦʨʶʶʯʠ ʧʣʷʤʫ ʢʦʥʪʘʢʪʫ. ʉʫʤʘʨʥʘ ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʚʦʤʘ ʯʘʩʪʠʥʢʘʤʠ 

ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʥʦʨʤʘʣʴʥʫ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʫ ʩʢʣʘʜʦʚʽ ijn,F , ijt ,F , ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [172ï177]. 

ʗʢ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ (2.14) ʙʝʨʫʪʴ ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʧʦʯʘʪʢʦʚʫ 

ʰʚʠʜʢʽʩʪʴ ʫʩʽʭ ʯʘʩʪʠʥʦʢ ʩʠʩʪʝʤʠ, ʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (ɻʋ) ʜʣʷ ʄɼɽ ʧʨʠ 0>t  

ʦʧʠʩʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʦʢ ʟ ʛʨʘʥʠʮʷʤʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 1W, ʨʫʭʦʤʠʤʠ ʡ 

ʥʝʨʫʭʦʤʠʤʠ ʩʪʽʥʢʘʤʠ 1WÍG  ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ [171]. 

ʂʨʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ tD  ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ (2.14) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʤʦʚʠ (2.17) [178] 

*

3
* 8

E
Rt

rp
¢D

, 
 (2.17) 

ʜʝ 
*R  ï ʧʨʠʚʝʜʝʥʠʡ ʨʘʜʽʫʩ ʯʘʩʪʠʥʦʢ, ʤ; 

*E  ï ʝʬʝʢʪʠʚʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʇʘ. 

ʈʫʭ ʯʘʩʪʠʥʦʢ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ, ʷʢʠʡ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʟ ʧʦʩʪʽʡʥʠʤʠ 

ʩʠʣʘʤʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʮʝʡ ʨʫʭ, ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʫʩʪʘʣʝʥʠʤ. 

ʊʦʤʫ, ʷʢʱʦ ʜʝʪʘʣʴʥʽ ʯʘʩʦʚʽ ʚʘʨʽʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʥʝ ʻ ʰʫʢʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʘ 

ʚʘʞʣʠʚʠʡ ʣʠʰʝ ʟʘʛʘʣʴʥʠʡ ʫʩʪʘʣʝʥʠʡ ʨʫʭ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʝʨʝʜʥʝʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʽ, ʷʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʫʭʫ ʩʠʧʫʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ [171]. 

ɻʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʭʽʤʽʯʥʠʤʠ 

ʨʝʘʢʮʽʷʤʠ ʛʦʨʽʥʥʷ ʣʝʪʶʯʠʭ ʛʘʟʽʚ ʪʘ ʦʢʠʩʥʝʥʥʷʤ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʧʨʦʱʝʥʽʡ ʝʬʝʢʪʠʚʥʽʡ ʬʦʨʤʽ ʫ ʚʠʛʣʷʜʽ 

chemchem

chemchem
chemv

tV

mTq
q

D
=

)(
,  (2.18) 
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ʜʝ chemq  ï ʩʫʤʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʫʛʣʝʮʶ ʪʘ ʣʝʪʶʯʠʭ, ɼʞ/ʢʛ; 

chemm ï ʤʘʩʘ ʨʝʯʦʚʠʥ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ, ʢʛ; chemV ï ʦʙôʻʤ 

ʟʦʥʠ, ʜʝ ʧʨʦʭʦʜʷʪʴ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʤ3; chemtD ï ʪʨʠʚʘʣʽʩʪʴ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʩ 

[171]. 

ɼʣʷ ʟʘʤʢʥʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.16) ʟʘʧʠʩʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʧʦʯʘʪʢʦʚʽ ʪʘ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ [171]: 

( )zyxTT
t

,,
0
=

=
,  (2.19) 

ɻʋ ʜʣʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (ʟ ʽʥʜʝʢʩʦʤ T) ʜʣʷ 0>t [171]: 

ï ʥʘ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ (G) ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ɯɯɯ ʨʦʜʫ 

()( ) ( ),eff
T

¤G
-a=Ðl-Ö ʊTTTn  (2.20) 

ʜʝ n ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʛʝʦʤʝʪʨʽʾ ʧʝʯʽ; effa  ï ʝʬʝʢʪʠʚʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʝʯʽ ʜʦ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʨʘʜʽʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ ʪʝʧʣʦʦʙʤʽʥʫ, ɺʪ/(ʤ2Öʂ); ¤ʊ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʂ 

ï  ʥʘ ʦʩʽ ʩʠʤʝʪʨʽʾ ʟʘʜʘʶʪʴʩʷ ʘʜʽʘʙʘʪʥʽ ʫʤʦʚʠ  

0
T
=ÐÖ GTn

. (2.21) 

ɻʋ ʜʣʷ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (ʟ ʽʥʜʝʢʩʦʤ ɽ). 

ʅʘ ʚʝʨʭʥʴʦʤʫ ʪʦʨʮʽ ʚʝʨʭʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟʘʜʘʻʪʴʩʷ ʜʽʶʯʘ ʝʣʝʢʪʨʠʯʥʘ 

ʥʘʧʨʫʛʘ 

()tUU =
GE , 

(2.22) 

ʫ ʚʠʧʘʜʢʫ ʟʤʽʥʥʦʛʦ ʦʜʥʦʬʘʟʥʦʛʦ ʩʪʨʫʤʫ  

() () j= cosʜtUtU
, 

(2.23) 

ʜʝ ʜU  ï ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ɺ; jcos  ï ʚʨʘʭʦʚʫʻ ʯʘʩʪʢʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʩʫʤʘʨʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʧʦʪʫʞʥʦʩʪʽ  [171]. 

ʅʘ ʥʠʞʥʴʦʤʫ ʪʦʨʮʽ ʥʠʞʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟʘʜʘʻʪʴʩʷ ʥʫʣʴʦʚʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ 



125 

,0
Eũ
=U

 (2.24) 

ʘ ʥʘ ʨʝʰʪʽ ʧʦʚʝʨʭʦʥʴ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ [171]  

0
E
=ÐÖ GUn

. (2.25) 

ʅʘ ʛʨʘʥʠʮʷʭ ʢʦʥʪʘʢʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʯʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫʤʦʚʠ ʘʙʩʦʣʶʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ (2.26) ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ (2.27) ʢʦʥʪʘʢʪʽʚ, ʚʽʜʧʦʚʽʜʥʦ  

{}

{ }í
ì
ë

=Ö

=

;0

;0

qn

T

 
 (2.26) 

{}

{ }í
ì
ë

=Ö

=

,0

;0

jn

U

 
 (2.27) 

ʜʝ {} -+-= TTT ; { } -++- Ö+Ö=Ö qnqnqn ;{} -+-= UUU ; { } -++- Ö+Ö=Ö jnjnjn ; 

ʜʣʷ ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.27) ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ [171]. 

ʄʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.14) ʄɼɽ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʯʠʩʣʦʚʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ [171, 280]. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ ʫ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʩʢʽʥʯʝʥʥʽ 

ʨʽʟʥʠʮʽ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʙʝʟʧʝʨʝʨʚʥʠʡ ʯʘʩ ʜʠʩʢʨʝʪʠʟʫʻʪʴʩʷ ʥʘ ʩʢʽʥʯʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʢʨʦʢʽʚ ï tD. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʯʘʪʢʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʪʘ ʜʝʷʢʽ ʾʭ 

ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ (ʟʘʣʝʞʥʦ ʚʽʜ ʘʣʛʦʨʠʪʤʫ) ʫ ʤʦʤʝʥʪ t, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʮʽ ʞ 

ʚʝʣʠʯʠʥʠ ʚ ʤʦʤʝʥʪ tt D+ . ʇʨʠ ʧʦʚʪʦʨʶʚʘʥʥʽ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ, ʦʪʨʠʤʫʻʪʴʩʷ 

ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ. ɿ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʄɼɽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʘ Velocity 

Verlet [174].  

ʄʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʘʥʫ (2.14)ï(2.28) ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʩʢʽʥʯʝʥʥʠʭ ʦʙôʻʤʽʚ (ʄʉʆ) [179ï181]. 

ʄʝʪʦʜ ʄʉʆ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ ʨʽʚʥʷʥʴ ʟʙʝʨʝʞʝʥʥʷ. 

ɹʘʣʘʥʩʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʘʧʠʩʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙôʻʤʫ (ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʢʦʤʽʨʢʠ), ʥʘ ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʙʠʚʘʻʪʴʩʷ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ. ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʭʽʜʥʦʾ ʟʘʜʘʯʽ 

ʜʠʩʢʨʝʪʠʟʫʻʪʴʩʷ ʪʘ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

(ʉʃɸʈ) [182]. 
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ʇʽʜʩʫʤʦʚʫʶʯʠ ʜʠʩʢʨʝʪʠʟʦʚʘʥʽ ʪʘ ʣʽʥʝʘʨʽʟʦʚʘʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʨʽʚʥʷʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʽʾ ʘʙʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ (2.16), ʦʪʨʠʤʫʻʤʦ ʉʃɸʈ. ʂʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʫ ʩʠʩʪʝʤʽ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʥʝʚʽʜʦʤʠʭ ʜʦʨʽʚʥʶʶʪʴ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʦʙôʻʤʽʚ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʠʩʪʝʤʽ. 

ʇʦʜʽʙʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʨʦʟʚôʷʟʫʚʘʪʠʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʩʝʨʝʜ 

ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʻ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʗʢʦʙʽ, ʤʝʪʦʜ ɻʘʫʩʘ-ɿʝʡʜʝʣʷ ʪʘ ʽʥ 

[202ï204].  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʤʦʜʝʣʣʶ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, 

ʚʠʢʣʠʢʘʥʠʤʠ ʥʝʣʽʥʽʡʥʽʩʪʶ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʟʘ 

ʟʘʜʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ [171].  

ʋ ʦʩʥʦʚʽ ʯʠʩʣʦʚʦʾ ʤʝʪʦʜʠʢʠ ʧʦʢʣʘʜʝʥʦ ʪʝ, ʱʦ ʜʽʶʯʘ ʚ ʧʝʯʽ ʝʣʝʢʪʨʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʩʣʫʛʫʻ ʟʘʜʘʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.16), ʘ ʩʘʤʝ: 

1) ɼʣʷ ʜʘʥʦʛʦ ʯʘʩʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʚʠʛʣʷʜʫ 

()[ ] 0=ÐcÖÐ UT , (2.28) 

 ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (2.23) ʽ (2.24), ʜʣʷ ʧʦʚʝʨʭʥʽ ʧʽʜʚʦʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ  

,*
bc

E
UU =

G  
(2.29) 

ʜʝ *bcU ï ʧʦʩʪʽʡʥʘ ʝʬʝʢʪʠʚʥʘ ʥʘʧʨʫʛʘ, ɺ. 

2) ɺʠʟʥʘʯʘʶʪʴʩʷ ʜʽʶʯʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ 

() dVUTP
Vñ Ðc=

2*

, (2.30) 

ʜʝ V  ï ʦʙôʻʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʤ3; 

ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ ï Pk , ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʦʪʨʠʤʘʥʠʤ ʪʘ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

*

ʟʘʜ

P

P
kP =

, 
(2.31) 

ʜʝ ʟʘʜP ï ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ, ɺʪ. 

3) ʂʦʨʝʛʫʻʪʴʩʷ ʧʦʣʝ ʦʙôʻʤʥʦʾ ʛʫʩʪʠʥʠ ʜʞʝʨʝʣʘ ʜʞʦʫʣʝʚʦʾ ʪʝʧʣʦʪʠ 
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() 2

E UTkq Pv Ðc=
. (2.32) 

4) ʈʦʟʚôʷʟʫʻʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʜʘʥʦʛʦ 

ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʨʝʛʦʚʘʥʦʛʦ ʧʦʣʷ E vq  [171] 

()() ( ) ()[ ] chem E vvp qqTTT
t

T
TTc ++ÐlÖÐ=ÖÐ+
µ

µ
r V

. 
(2.33) 

ʈʦʟʛʣʷʥʫʪʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘ ʤʘʣʠʭ ʢʨʦʢʽʚ ʟʘ ʯʘʩʦʤ, 

ʢʦʣʠ ʟʤʽʥʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʦʜʠʥ ʯʘʩʦʚʠʡ ʢʨʦʢ ʻ ʥʝʟʥʘʯʥʦʶ ʽ ʥʝʶ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʧʦʜʚʽʡʥʦʛʦ 

ʧʝʨʝʨʘʭʫʥʢʫ [181]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʚʝʜʝʥʽʡ ʤʝʪʦʜʠʮʽ ʜʽʶʯʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʝʯʽ ʜʘʻ ʟʤʦʛʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʨʽʚʥʶʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʷʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʛʣʘʤʝʥʪʠ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

2.1.3 ʆʙʝʨʪʦʚʘ ʧʽʯ ʜʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʘʧʦʚʥʶʚʘʯʘ ʝʣʝʢʪʨʦʜʥʠʭ 

ʚʠʨʦʙʽʚ 

 

ʆʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ, ʜʣʷ ʷʢʦʾ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʯʘʩʪʢʦʚʦʾ ʛʘʟʠʬʽʢʘʮʽʾ ʩʠʧʢʦʛʦ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʛʦ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ, ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʧ. 1.4. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʠʥʛʘʟ, ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʨʥʽʟʦʚʘʥʝ ʜʽʶʯʝ ʦʙʣʘʜʥʘʥʥʷ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ 

ʧʝʯʽ, ʧʠʣʦʚʫ ʬʨʘʢʮʽʶ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʣʦʚʣʶʻʪʴʩʷ ʮʠʢʣʦʥʘʤʠ 

ʜʠʤʦʩʦʩʘ, ʘ ʪʘʢʦʞ ʪʝʧʣʦʪʫ ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ [264, 275ï277]. ʇʨʠ ʮʴʦʤʫ 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ 

ʚʫʛʣʝʮʝʚʦʾ ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ ʨʘʟʦʤ ʟ ʚʦʜʷʥʦʶ ʧʘʨʦʶ ʪʘ ʨʦʟʚʝʜʝʥʦʛʦ ʛʘʨʷʯʠʤʠ 

ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ. 

ʂʨʽʤ ʪʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʦʙʝʨʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʫʪʚʦʨʶʻʪʴʩʷ 
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ʜʨʽʙʥʘ ʬʨʘʢʮʽʷ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ ʪʘʢʦʞ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ 

ʛʘʟʠʬʽʢʘʮʽʾ [277]. 

ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ 

(ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.1) ʽ ʚʢʣʶʯʘʻ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (2.1) ʦʢʨʽʤ 

ʯʝʪʚʝʨʪʦʛʦ ʨʽʚʥʷʥʥʷ ʪʘ ʧʝʨʰʝ ʡ ʪʨʝʪʻ ʨʽʚʥʷʥʥʷ ï (2.13), ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ (2.8), 

(2.10) ʡ (2.12). 

ʄʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʥʘ ʙʘʟʽ DPM ʜʣʷ ʩʫʤʽʰʽ ʨʝʘʛʫʶʯʠʭ ʛʘʟʽʚ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ 

ʪʝʯʽʾ, ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʜʠʩʢʨʝʪʥʦʶ ʪʚʝʨʜʦʶ ʬʘʟʦʶ 

ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (Reynolds averaged Navier-Stokes equations (RANS)), ʷʢʘ 

ʤʽʩʪʠʪʴ: ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʧʝʨʝʥʦʩʫ 

ʢʦʤʧʦʥʝʥʪʽʚ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʽ ʜʚʘ ʨʽʚʥʷʥʥʷ ʤʦʜʝʣʽ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʾʾ ʜʠʩʠʧʘʮʽʾ [264]: 

( )

( )

( )

( )

( )
( )

( )
( ) ( )

î
î
î
î
î
î
î
î
î
î

í

î
î
î
î
î
î
î
î
î
î

ì

ë

r=

e
r-Ð

e
+ù
ú

ø
é
ê

è
eÐöö

÷

õ
ææ
ç

å

s

m
+mÖÐ=erÖÐ+

µ

erµ

er-Ð+ù
ú

ø
é
ê

è
Ðöö
÷

õ
ææ
ç

å

s

m
+mÖÐ=rÖÐ+

µ

rµ

++ö
÷

õ
æ
ç

å
rÖÐ-Ð+

+öö
÷

õ
ææ
ç

å
Ð

m
+ÐlÖÐ+ÖÐ+w=rÖÐ+

µ

rµ

=w+ÖÐ=rÖÐ+
µ

rµ

+r+tÖÐ+-Ð=ÐÖr+
µ

rµ

=rÖÐ+
µ

rµ

ee

e

=

ä

,
~

;~:~

;~:~

;:Ĕ

Sc

~~
~

;,1   ,
~~

~

;~~
~

;~

2

2eff1

eff

phrad
1

pv

pm

T
W

R
p

k
C

k
C

t

kk
t

k

SSh

hTph
t

h

NkY
t

Y

Sp
t

S
t

t

k

t

N

k
kkeff

t

t
T

kkk
k

eff

vŰv

vŰv

JvŰ

v

Jv

gvv
v

v

#

#

 

(2.34) 

ʜʝ ï, ~ ï ʦʟʥʘʯʘʻ, ʱʦ ʚʝʣʠʯʠʥʘ ʦʩʝʨʝʜʥʝʥʘ ʟʘ Reynolds ʽ Favre, ʚʽʜʧʦʚʽʜʥʦ; r ï 

ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; t  ï ʯʘʩ, ʩ; Ð ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ʤ-1; v~ ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, 
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ʤ/ʩ; p  ï ʪʠʩʢ, ʇʘ; ( ) ( ) IIvvvŰ kt r-ùú
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0 ## ï ʦʙôʻʤʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ 

ʟʘ ʨʘʭʫʥʦʢ ʛʦʨʽʥʥʷ, ɺʪ/ʤ3; l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤÖʂ); ():  ï 

ʦʧʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ; phpvpm ,, SSS  ï ʜʞʝʨʝʣʴʥʽ ʯʣʝʥʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʤʘʩʦʶ (ʢʛ/(ʤ3Öʩ)), ʽʤʧʫʣʴʩʦʤ (ʅ/ʤ3) ʪʘ ʝʥʪʘʣʴʧʽʻʶ (ɺʪ/ʤ3) ʯʘʩʪʠʥʦʢ 

ʪʚʝʨʜʦʾ ʬʘʟʠ, ʚʽʜʧʦʚʽʜʥʦ; radS  ï ʜʞʝʨʝʣʴʥʠʡ ʯʣʝʥ, ʧʦʚôʷʟʘʥʠʡ ʟ ʪʝʧʣʦʚʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ɺʪ/ʤ3; 1eC = 1,44; 2eC =1,92; mC =0,09; ks=1,0; es=1,3 ï 

ʢʦʝʬʽʮʽʻʥʪʠ e-k  ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ [264, 277]. 
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ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʠʩʢʨʝʪʥʦʾ ʬʘʟʠ ʟʘʧʠʩʫʻʪʴʩʷ ʚ Lagrange ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ 

(2.35) ʽ ʚʢʣʶʯʘʻ ʜʚʘ ʨʽʚʥʷʥʥʷ: ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʪʘ ʝʥʝʨʛʽʾ. ʊʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʟʘ ʧʩʝʚʜʦʯʘʩʦʚʠʤʠ ʢʨʦʢʘʤʠ 

ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʯʘʩʪʠʥʢʫ. ʈʽʚʥʷʥʥʷʤ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʦʧʠʩʫʻʪʴʩʷ ʢʦʥʚʝʢʪʠʚʥʠʡ ʽ ʨʘʜʽʘʮʽʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʨʽʜʢʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʝʧʣʦʦʙʤʽʥ ʧʽʜ ʯʘʩ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, 

ʚʠʜʘʣʝʥʥʷ ʣʝʪʢʠʭ ʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ [264] 
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(2.35) 

ʜʝ u  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʤ/ʩ; pu  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤ/ʩ; ( )pDF uu-  ï ʩʠʣʘ ʦʧʦʨʫ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʤʘʩʠ ʯʘʩʪʠʥʢʠ, ʤ/ʩ2; 
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= , 1/ʩ; m ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʇʘĀʩ; DC  ï 

ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ; pr  ï ʛʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ; 

ʢʛ/ʤ3; r ï ʛʫʩʪʠʥʘ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʢʛ/ʤ3; pd  ï ʫʩʝʨʝʜʥʝʥʠʡ ʜʽʘʤʝʪʨ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ, ʤ; 
m

-r
=

uu ppd
Re  ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; F  ï ʤʘʩʦʚʘ ʩʠʣʘ, ʚʽʜʥʝʩʝʥʘ ʜʦ 

ʤʘʩʠ ʯʘʩʪʠʥʢʠ, ʤ/ʩ2; pm  ï ʤʘʩʘ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʢʛ; h  ï ʢʦʥʚʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʦʙʤʽʥʫ, ɺʪ/(ʤ2Āʂ); pA  ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ, ʤ2; ¤T  ï ʣʦʢʘʣʴʥʘ 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; pT  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʂ; hf  ï ʯʘʩʪʢʘ ʪʝʧʣʦʪʠ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʘʢʮʽʾ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ 

ʪʚʝʨʜʦʶ ʯʘʩʪʠʥʢʦʶ; reach  ï ʪʝʧʣʦʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʨʝʘʢʮʽʾ, ɼʞ/ʢʛ; s ï ʩʪʘʣʘ Stefan-

Boltzmann, ɺʪ/(ʤ2Āʂ4); peï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʯʘʩʪʠʥʢʠ; Rqï ʨʘʜʽʘʮʽʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ɿʚôʷʟʦʢ ʤʽʞ ʢʦʥʪʠʥʫʘʣʴʥʦʶ ʬʘʟʦʶ (ʩʫʤʽʰʰʶ ʛʘʟʽʚ) ʽ ʜʠʩʢʨʝʪʥʦʶ ʬʘʟʦʶ 

(ʪʚʝʨʜʦʶ ʯʘʩʪʠʥʢʦʶ) ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙʤʽʥʫ ʤʘʩʦʶ, 
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ʽʤʧʫʣʴʩʦʤ ʪʘ ʝʥʝʨʛʽʻʶ [264]. ɺʽʜʧʦʚʽʜʥʽ ʯʣʝʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʷʥʥʷʭ ʩʠʩʪʝʤʠ 

(2.34). 

ʇʦʚʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʨʝʘʢʮʽʡ ʥʘ ʯʘʩʪʠʥʢʘʭ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʛʽʜʥʦ ʟ 

ʤʦʜʝʣʣʶ ʤʥʦʞʠʥʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʨʝʘʢʮʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙôʻʤʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʜʠʬʫʟʥʦʾ ʽ ʢʽʥʝʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ɼʣʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ ʧʦʚʥʘ ʰʚʠʜʢʽʩʪʴ i -ʾ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [264] 
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2¤+
=  ï ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ i -ʾ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ2Āʩ); iC  ï 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ i -ʾ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ2ĀʩĀʂ0.75Āʇʘ); ip  ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʛʘʟʦʚʦʛʦ 

ʨʝʘʛʝʥʪʫ i -ʾ ʨʝʘʢʮʽʾ, ʇʘ; kiR,  ï ʷʚʥʘ ʢʽʥʝʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ i -ʾ ʨʝʘʢʮʽʾ (ʨʽʚʥʷʥʥʷ 

Arrhenius ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʠʩʢʫ), ʢʛ/(ʤ2Āʩ); kA  ï ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ 

(ʩʪʝʨʠʯʥʠʡ ʬʘʢʪʦʨ) i -ʾ ʨʝʘʢʮʽʾ, ʢʛ/(ʤ2ĀʩĀʂbĀʇʘm); aE  ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ, ɼʞ/ʢʤʦʣʴ; 

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʢʤʦʣʴĀʂ). 

ʗʚʥʘ ʢʽʥʝʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ i -ʾ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [264] 
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ʜʝ m,b  ï ʧʦʢʘʟʥʠʢʠ ʩʪʝʧʝʥʷ.  

ʐʚʠʜʢʽʩʪʴ ʚʠʪʨʘʪʠ j -ʾ ʢʦʤʧʦʥʝʥʪʠ i -ʾ ʨʝʘʢʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [264] 

ijpi RYAR h=
, (2.38) 

ʜʝ jY  ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʧʦʚʝʨʭʥʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ j ʫ ʯʘʩʪʠʥʮʽ; h ï ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ (2.35) ʢʨʽʤ ʧʨʦʮʝʩʽʚ ʩʧʘʣʶʚʘʥʥʷ ʪʘ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʡ ʚʠʜʘʣʝʥʥʷ ʣʝʪʢʠʭ ʟ ʯʘʩʪʠʥʦʢ ʪʚʝʨʜʦʾ 

ʬʘʟʠ [264]. 
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ɼʣʷ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʽʥʝʪʠʢʦʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʪʫʨʙʫʣʝʥʪʥʽʩʪʶ 

ʧʦʪʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʢʽʥʮʝʚʦʾ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʚʠʭʨʦʚʦʾ ʜʠʩʠʧʘʮʽʾ ʟʘ 

ʟʘʣʝʞʥʽʩʪʶ [264] 

( )[ ]PRmixch ,,,,min XXkRRR e= , (2.39) 

ʜʝ chR  ï ʰʚʠʜʢʽʩʪʴ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʘ ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ; mixR  ï ʰʚʠʜʢʽʩʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; k  ï ʪʫʨʙʫʣʝʥʪʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ; e ï ʰʚʠʜʢʽʩʪʴ 

ʜʠʩʠʧʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʝʥʝʨʛʽʾ; RX  ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʘʛʝʥʪʫ ʨʝʘʢʮʽʾ; PX  

ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ. 

ɼʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʯʘʩʪʠʥʦʢ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʛʦ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʦʪʠʨʠ ʛʝʪʝʨʦʛʝʥʥʽ ʪʘ ʜʝʚôʷʪʴ ʛʦʤʦʛʝʥʥʠʭ ʨʝʘʢʮʽʡ. 

ɻʣʦʙʘʣʴʥʽ ʛʝʪʝʨʦʛʝʥʥʽ (ʧʦʚʝʨʭʥʝʚʽ) ʨʝʘʢʮʽʾ ʚʢʣʶʯʘʶʪʴ ʨʝʘʢʮʽʾ ʟʛʦʨʷʥʥʷ 

ʥʘʧʽʚʢʦʢʩʫ, ʘ ʪʘʢʦʞ ʛʘʟʠʬʽʢʘʮʽʾ CO2, H2O ʽ H2 (2.40)ï(2.43) [264, 275]. ɻʣʦʙʘʣʴʥʽ 

ʛʦʤʦʛʝʥʥʽ (ʦʙôʻʤʥʽ) ʨʝʘʢʮʽʾ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʥʘʚʝʜʝʥʦ ʚ (2.44)ï(2.52) [264, 275]. 

C<S> + 0.5O2­CO (2.40) 

C<S> + CO2­2CO (2.41) 

C<S> + H2O­CO + H2 (2.42) 

C<S> + 2H2­CH4 (2.43) 

Vol+1.706O2­CO2+N2+1.543H2O (2.44) 

CO + 0.5O2­ CO2 (2.45) 

CO + H2O­CO2 + H2 (2.46) 

CO2 + H2­CO + H2O (2.47) 

H2 + 0.5O2­H2O (2.48) 

H2O­H2 + 0.5O2 (2.49) 

CH4 + 1.5O2­CO +2H2O (2.50) 

CH4 + H2O­CO + 3H2 (2.51) 

CO + 3H2­ CH4 + H2O (2.52) 

ʂʦʝʬʽʮʽʻʥʪʠ ʛʝʪʝʨʦʛʝʥʥʠʭ ʽ ʛʦʤʦʛʝʥʥʠʭ ʨʝʘʢʮʽʡ ʛʘʟʠʬʽʢʘʮʽʾ (2.40)ï(2.52) 

ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʷʢ ʟʥʘʯʝʥʥʷʤ, ʪʘʢ ʽ ʽʥʦʜʽ ʨʦʟʤʽʨʥʽʩʪʶ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ  [264]. 
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2.1.4 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʢʠʭ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʌʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʘʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʡ ʩʠʧʫʯʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʧʨʠʜʽʣʝʥʘ ʫʚʘʛʘ ʚ 

ʨʦʟʜʽʣʽ 1, ʧ. 1.3.  

ʆʜʥʘʢ, ʧʦʪʫʞʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʊʌɺ), ʥʘʧʨʠʢʣʘʜ, ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  

ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʝʭʘʥʦʪʝʨʤʽʯʥʦʛʦ ʩʪʘʥʫ ʰʘʨʫ ʩʠʧʫʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.1) 

ʽ ʚʢʣʶʯʘʻ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: ʩʠʩʪʝʤʫ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʷʥʴ (2.13) ʪʘ ʯʝʪʚʝʨʪʝ 

ʢʦʥʪʠʥʫʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.1), ʬʽʟʠʯʥʝ ʨʽʚʥʷʥʥʷ (2.10). 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʯʠʩʣʦʚʦʤʫ ʨʦʟʚôʷʟʘʥʥʽ ʧʝʚʥʦʾ ʤʝʭʘʥʦʪʝʨʤʽʯʥʦʾ ʟʘʜʘʯʽ. ʅʝʭʘʡ, ʤʘʻʤʦ ʮʠʣʽʥʜʨʠʯʥʠʡ 

ʦʙôʻʤ ʜʽʘʤʝʪʨʦʤ d ʽ ʚʠʩʦʪʦʶ 2d, ʷʢʠʡ ʩʧʦʯʘʪʢʫ ʟʘʧʦʚʥʶʻʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʦ ʩʪʘʥʫ ʤʝʭʘʥʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʅʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʫʨʽʚʥʦʚʘʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʠʣʽʥʜʨʽ ʡʦʛʦ ʥʠʞʥʷ ʯʘʩʪʠʥʘ (0;ïd) ʧʽʜʜʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʽ Tcold, ʘ 

ʚʝʨʭʥʷ ï (0;+d) ï Thot (Thot>Tcold) (ʨʠʩ. 2.1,ʘ). ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ 

ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ ʮʠʣʽʥʜʨʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ 

ʨʽʚʥʦʚʘʞʥʫ ʪʝʤʧʝʨʘʪʫʨʫ Tm ʽ ʯʘʩ test, ʟʘ ʷʢʠʡ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʪʘʥʦʚʠʣʘʩʷ (ʨʠʩ. 

2.1,ʙ). ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʯʘʩʪʠʥʢʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘʶʪʴ ʩʬʝʨʠʯʥʫ 

ʬʦʨʤʫ, ʘ ʾʭʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʡʤʘʶʪʴʩʷ ʽʟʦʪʨʦʧʥʠʤʠ [242, 278]. 
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ʘ   ʙ 

ʘ ï ʥʘ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ; ʙ ï ʫʨʽʚʥʦʚʘʞʝʥʠʡ ʩʪʘʥ 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʛʨʘʥʫʣʘʤʠ ʚ ʰʘʨʽ  

ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ [242, 278] 

 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʶʻʪʴʩʷ ʤʝʭʘʥʽʯʥʠʡ ʧʨʦʮʝʩ ʟʘʧʦʚʥʝʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʰʘʨʫ (ʜʠʚ. ʨʠʩ. 2.1) ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʽʟʥʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ ʜʦ ʩʪʘʥʫ ʤʝʭʘʥʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ. ɿʘʟʥʘʯʝʥʘ ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ 

ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʄɼɽ ʚʠʛʣʷʜʫ [242]:  
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(2.53) 

ʜʝ mi ï ʤʘʩʘ i-ʾ ʯʘʩʪʠʥʢʠ, ʢʛ; t ï ʯʘʩ, ʩ; i ï ʽʥʜʝʢʩ ʯʘʩʪʠʥʢʠ, ʚʽʜʥʦʩʥʦ ʷʢʦʾ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.53); vi ï ʚʝʢʪʦʨ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʮʝʥʪʨʘ ʤʘʩʠ 

ʯʘʩʪʠʥʢʠ, ʤ/ʩ; Ii ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʢʛĿʤ2; wi ï ʚʝʢʪʦʨ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʨʘʜ/ʩ;  

b ï ʚʝʢʪʦʨ ʤʘʩʦʚʦʾ ʩʠʣʠ, ʅ/ʢʛ; Fij ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʯʘʩʪʠʥʢʫ i 

ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʟ ʯʘʩʪʠʥʢʦʶ j, ʅ; j ï ʽʥʜʝʢʩ ʯʘʩʪʠʥʢʠ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʯʘʩʪʠʥʢʦʶ i;  

k ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʢʦʥʪʘʢʪʽ ʟ ʯʘʩʪʠʥʢʦʶ i; Tij ï ʟʦʚʥʽʰʥʽʡ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʥʪʘʢʪʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʯʘʩʪʠʥʦʢ i ʪʘ j, ʅĿʤ;  

M ij ï ʤʦʤʝʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʶ, ʅĿʤ [278].  

ʈʦʟʨʘʭʫʥʢʠ ʟʘ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ (2.53) ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʥʫʣ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ: E, n, e, ms, mr, 

r [242]. 

ɼʘʣʽ ʚʠʢʦʥʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʮʠʣʽʥʜʨʽ, ʱʦ ʟʘʧʦʚʥʝʥʦ 

ʩʠʧʢʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʟ ʚʽʜʦʤʠʤʠ ʽʩʪʠʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʥʫʣ: cp, l, r. ɼʠʩʢʨʝʪʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ, ʤʘʻ ʚʠʛʣʷʜ [242, 278] 

ä
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-=
ji

ji
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pi Q
dt

dT
cm

  contacts

#

, 
(2.54) 

ʜʝ mi ï ʤʘʩʘ i-ʾ ʯʘʩʪʠʥʢʠ, ʢʛ; cp ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʯʘʩʪʠʥʢʠ, ɼʞ/(ʢʛÖʂ); Ti ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʥʢʠ, ʂ; jijciji ThQ --- D=#  ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ 

ʢʨʽʟʴ ʢʦʥʪʘʢʪʠ ʤʽʞ ʯʘʩʪʠʥʢʦʶ i ʪʘ j-ʠ ʯʘʩʪʠʥʢʘʤʠ, ɺʪ; jicontact

ji

ji

jci Ah --
l+l

ll
=   

4
 ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʢʨʽʟʴ ʾʭ ʢʦʥʪʘʢʪʠ, ɺʪ/ʂ; li ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ i-ʾ ʯʘʩʪʠʥʢʠ, ɺʪ/(ʤÖʂ); jicontactA -   ï ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ i ʪʘ j, ʤ2.  

ɺʝʣʠʯʠʥʘ 
i

ji
ji

V

Qä
-
-

  contacts

#

 (ɺʪ/ʤ3) ʻ ʜʠʚʝʨʛʝʥʮʽʻʶ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ i-ʾ 

ʯʘʩʪʠʥʢʠ, ʜʝ Vi ï ʦʙôʻʤ i-ʾ ʯʘʩʪʠʥʢʠ, ʤ3. ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʮʠʣʽʥʜʨʘ (ʨʠʩ. 2.1) ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʨʦʩʪʠʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ [242, 278] 
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(2.55) 

ʜʝ K ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ a, l, cp ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʧʦʣʦʚʠʥʠ ʥʝʦʙʤʝʞʝʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʝʨʰʦʛʦ ʨʦʜʫ ʽ ʘʜʽʘʙʘʪʥʦʾ ʫʤʦʚʠ ʥʘ ʩʝʨʝʜʠʥʽ 

ʧʣʘʩʪʠʥʠ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ [283]. 

ʆʜʥʦʚʠʤʽʨʥʝ ʨʽʚʥʷʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʤʘʻ ʚʠʛʣʷʜ [279] 
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ʜʝ T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; t ï ʯʘʩ, ʩ; 
r

l
=

pc
a  ï ʢʦʝʬʽʮʽʻʥʪ 
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ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʤ2/ʩ; l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤÖʂ); cp ï 

ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛÖʂ); r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; z ï ʧʦʚʟʜʦʚʞʥʷ 

ʢʦʦʨʜʠʥʘʪʘ, ʤ. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ (2.56): 

00
)( TzT =
=t , (2.57) 

ʜʝ T0=Thot ï ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

 ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ (2.56) t>0: 

0=
d°=zdz

dT

, 
(2.58) 

cz
TT =

=0 , (2.59) 

ʜʝ Tc ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ (ʘʙʦ ʨʽʚʥʦʚʘʞʥʘ ʪʝʤʧʝʨʘʪʫʨʘ Tm), ʂ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʌʫʨôʻ (2.56)ï(2.59) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʚʠʛʣʷʜ [279] 
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ʐʣʷʭʦʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ (2.60) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʛʨʘʜʽʻʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʥʘʧʽʚʧʣʘʩʪʠʥʽ 
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(2.61) 

ɿʚʽʜʢʠ ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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zdT
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(2.62) 

ʈʦʟʛʣʷʥʫʪʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (2.53)ï(2.62) ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʢʦʥʚʝʢʮʽʻʶ 

ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ [267]. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʪʘʢʠʤ:  

1) ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.53) ʟ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʰʘʨʫ (ʜʠʚ. ʨʠʩ. 2.1) ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʨʽʟʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦ ʩʪʘʥʫ ʤʝʭʘʥʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟʘ ʫʤʦʚʠ 
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ʦʜʥʘʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʟʥʘʯʝʥʥʷ ʥʘʩʠʧʥʦʾ ʛʫʩʪʠʥʠ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʬʦʨʤʫʣʦʶ [242, 254, 267, 278] 
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VN
M

m
mmm

bulk
d

r

=r
ä
=

2

1

. 

(2.63) 

ʜʝ rm ï ʽʩʪʠʥʥʘ ʛʫʩʪʠʥʘ ʛʨʘʥʫʣ, ʢʛ/ʤ3; A ï ʧʣʦʱʘ ʦʩʥʦʚʠ ʮʠʣʽʥʜʨʘ, ʤ2; 2d ï ʚʠʩʦʪʘ 

ʮʠʣʽʥʜʨʘ, ʤ; M ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʽ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; Nm ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ m-ʛʦ ʨʦʟʤʽʨʫ, ʤ3; 3

3

4
mm rV p=  ï ʦʙôʻʤ ʯʘʩʪʠʥʦʢ 

m-ʛʦ ʨʦʟʤʽʨʫ, ʤ3; rm ï ʨʘʜʽʫʩ ʯʘʩʪʠʥʦʢ m-ʛʦ ʨʦʟʤʽʨʫ, ʤ.  

2) ʇʨʠʩʚʦʻʥʥʷ ʚʝʨʭʥʽʡ ʧʦʣʦʚʠʥʽ ʮʠʣʽʥʜʨʘ (ʜʠʚ. ʨʠʩ. 2.1ʘ) ʪʝʤʧʝʨʘʪʫʨʠ Thot, 

ʘ ʥʠʞʥʽʡ ï Tcold. ʈʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (2.54) ʟ 

ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʽʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʫ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ 

ʰʘʨʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʠʥʦʢ 

(ʜʠʩʢʨʝʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ z ʽ ʯʘʩʫ TD(z,t), t<test. 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʚʝʨʭʥʽʡ ʪʘ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʘʭ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʬʦʨʤʫʣʦʶ (2.55) ʜʣʷ 

ʤʦʤʝʥʪʫ ʯʘʩʫ t<test [242, 254, 267, 278]. 

3) ɿʥʘʭʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ 

aeff ʢʦʥʪʠʥʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʦ TD(z,t) 

ʛʨʘʬʽʢʘ T(z,t) (ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ) ʟʘ ʬʦʨʤʫʣʦʶ (2.60) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʤʦʚʠ 
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2 1  ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ; N ï ʢʽʣʴʢʽʩʪʴ 

ʯʘʩʪʠʥʦʢ ʥʘ ʽʥʪʝʨʚʘʣʽ [0;+d]; D
iT  ï ʪʝʤʧʝʨʘʪʫʨʠ ʯʘʩʪʠʥʦʢ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ 

ʽʥʪʝʨʚʘʣʽ [0;+d], ʚʠʟʥʘʯʝʥʽ ʟʘ ʨʦʟʚôʷʟʢʦʤ ʜʠʩʢʨʝʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.54), ʂ; Ti ï 

ʢʦʥʪʠʥʫʘʣʴʥʝ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʽʥʪʝʨʚʘʣʽ [0;+d], ʦʪʨʠʤʘʥʝ ʟʘ (2.60), ʂ; 
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 ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ, ʂ [242, 254, 267, 278].  
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ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 
esttt

zT
<
+=0grad  ʟʘ ʬʦʨʤʫʣʦʶ (2.61). 

4) ɺʠʟʥʘʯʝʥʥʷ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t<test [242, 254, 267, 278]:  

ï ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘ ʬʦʨʤʫʣʦʶ 

( )
()
A

tN
tq =,0

, 
(2.64) 

ʜʝ N(t) ï ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʚʝʨʭʥʽʡ 

ʧʦʣʦʚʠʥʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʰʘʨʫ (ʜʠʚ. ʨʠʩ. 2.1), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.55), 

ɺʪ; A=pR2 ï ʧʣʦʱʘ ʦʩʥʦʚʠ ʮʠʣʽʥʜʨʘ, ʤ2; 

ï ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (2.62) 
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(2.65) 

ï ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʟʦʙʘʨʥʦʾ ʤʘʩʦʚʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ 
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. 
(2.66) 

ʅʘʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ (2.63)ï(2.66) ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄɼɽ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʣʴʥʦ ʚʽʜʢʨʠʪʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ LIGGGHTS [280], 

ʱʦ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʽ ʄɼɽ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʩʪʘʪʠʢʠ ʽ ʜʠʥʘʤʽʢʠ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʛʨʘʥʫʣʠ ʧʨʠʡʤʘʶʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ 

ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ ʟʛʽʜʥʦ ʟ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ [172ï177]. 

 

2.1.5 ʇʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ 

 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ 

çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʟ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [183ï185] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ 

ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʢʦʢʩʦʧʝʢʦʚʘ ʩʫʤʽʰ ʥʝ ʻ ʥʴʶʪʦʥʽʚʩʴʢʦʶ ʨʽʜʠʥʦʶ, ʘ ʚʽʜʧʦʚʽʜʘʻ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʨʽʜʠʥʠ ɹʽʥʛʘʤʘ. 
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ʈʽʜʠʥʘ ɹʽʥʛʘʤʘ ʻ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʶ ʚôʷʟʢʦ-ʧʣʘʩʪʠʯʥʦʶ ʨʽʜʠʥʦʶ [186ï190], 

ʧʽʜ ʯʘʩ ʪʝʯʽʾ ʷʢʦʾ ʚôʷʟʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ. ɼʣʷ ʚôʷʟʢʦ-

ʧʣʘʩʪʠʯʥʦʾ ʨʽʜʠʥʠ ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʜʝʷʢʦʛʦ 

ʢʨʠʪʠʯʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷyt ʚʝʜʝ ʩʝʙʝ ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ ʽ ʪʽʣʴʢʠ ʟʘ 

ʧʝʨʝʚʠʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʜʝʷʢʦʾ ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʯʠʥʘʻ 

ʨʫʭʘʪʠʩʷ ʷʢ ʟʚʠʯʘʡʥʘ ʨʽʜʠʥʘ. ʇʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʷʚʠʱʘ ʻ ʪʝ, ʱʦ ʚôʷʟʢʦ-ʧʣʘʩʪʠʯʥʘ 

ʨʽʜʠʥʘ ʤʘʻ ʧʨʦʩʪʦʨʦʚʫ ʞʦʨʩʪʢʫ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʯʠʥʠʪʴ ʦʧʽʨ ʙʫʜʴ-ʷʢʠʤ 

ʚʥʫʪʨʽʰʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ ʤʝʥʰʠʤ ʟʘ ʢʨʠʪʠʯʥʫ ʚʝʣʠʯʠʥʫ. ʎʝ ʢʨʠʪʠʯʥʝ 

ʥʘʧʨʫʞʝʥʥʷ ʟʚʝʪʴʩʷ ʩʪʘʪʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʟʩʫʚʫ ʘʙʦ ʥʘʧʨʫʞʝʥʥʷ ʪʝʢʫʯʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ yt[255]. 

ʄʦʜʝʣʴ ɹʽʥʛʘʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ [191]: 

gm+t=t #
y  ʜʣʷ yt>t  

0=g#  ʜʣʷ yt¢t  

ʜʝ Ð+Ð=g vv#  ï ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ, 1/ʩ; Ð ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ;  

v  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; yt ï ʥʘʧʨʫʞʝʥʥʷ ʪʝʢʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ (ʛʨʘʥʠʮʷ 

ʪʝʢʫʯʦʩʪʽ), ʇʘ; m ï ʧʣʘʩʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇaĿʩ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʷʢʱʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʦʧʫʩʢʘʻʪʴʩʷ ʥʠʞʯʝ ʥʘʧʨʫʞʝʥʥʷ 

ʪʝʢʫʯʦʩʪʽ, ʪʦ ʨʽʜʠʥʘ ʻ ʪʚʝʨʜʠʤ ʪʽʣʦʤ. 

ʇʘʧʘʥʘʩʪʘʩʽʦ ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʘʞʣʠʚʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚôʷʟʢʦ-ʧʣʘʩʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʦʤʫ ʧʘʨʘʤʝʪʨʠ ʩʝʨʝʜʦʚʠʱʘ ʢʦʥʪʨʦʣʶʶʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʨʽʩʪ 

ʥʘʧʨʫʞʝʥʥʷ ʽ ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʪʝʢʫʯʦʾ ʡ ʪʚʝʨʜʦʾ ʟʦʥ. ʋ ʧʨʦʩʪʦʤʫ 

ʥʘʧʨʫʞʝʥʦʤʫ ʧʦʪʦʮʽ ʤʦʜʠʬʽʢʘʮʽʷ ʇʘʧʘʥʘʩʪʘʩʽʦ ʜʣʷ ʤʦʜʝʣʽ ɹʽʥʛʘʤʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ [192] 

( )[ ] gm+g--t=t ##my exp1
,  (2.67) 

ʜʝ m ï ʤʥʦʞʥʠʢ ʝʢʩʧʦʥʝʥʪʠ. 

http://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D0%B8%D0%B5%D0%BD%D1%82
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ʈʽʚʥʷʥʥʷ (2.67) ʜʘʻ ʙʣʠʟʴʢʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ɹʽʥʛʘʤʘ ʟʘ 

ʟʥʘʯʝʥʴ 100²m  ʽ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʥʘʙʣʠʞʝʥʽʩʪʴ ʜʦ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʚôʷʟʢʦ-

ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 100<m [192]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ 

ʧʝʢʦʢʦʢʩʦʚʦʾ ʤʘʩʠ ʧʽʜ ʯʘʩ ʾʾ ʧʨʝʩʫʚʘʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ 

ʤʦʜʝʣʽ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.1) ʽ ʚʢʣʶʯʘʻ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: ʧʝʨʰʽ ʪʨʠ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ (2.1) ʽ ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ (2.8)ï(2.10). 

ʆʪʞʝ ʫ ʧʽʜʩʫʤʢʫ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʦʧʠʩʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʧʝʢʦʢʦʢʩʦʚʦʾ ʩʫʤʽʰʽ ʚ ʟʘʛʦʪʦʚʢʠ 

ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ ʚʢʣʶʯʘʻ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʝ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʟ ʚʨʘʭʫʚʘʥʥʷ ʫʤʦʚʠ Bingham-Papanastasiou (2.67) ʪʘ ʝʥʝʨʛʽʾ [255, 

269]: 
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(2.68) 

ʜʝ Ð ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ʤ-1; v  ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; r ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3;  

t  ï ʯʘʩ, ʩ; p  ï ʪʠʩʢ, ʇʘ; ( )[ ]ɔŰ ##
# ö

ö

÷

õ

æ
æ

ç

å
g--

g

t
+m= mexp1shear

eff ï ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʥʷ 

ʟʩʫʚʫ ʟʘ ʤʦʜʝʣʣʶ Bingham-Papanastasiou, ʇʘ; Ð+Ð= vvɔ#  ï ʰʚʠʜʢʽʩʪʴ 

ʜʝʬʦʨʤʘʮʽʾ, ʩ-1; ( )ɔɔ### :
2

1
=g  ï ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ ʚʽʜ ɔ#, ʩ-1; sheart  ï ʢʨʠʪʠʯʥʝ ʟʩʫʚʥʝ 

ʥʘʧʨʫʞʝʥʥʷ (ʩʪʘʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ), ʇʘ; 
effm  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʇʘĀʩ; ()ñ=
T

p dTTch
0

 ï ʷʚʥʘ ʤʘʩʦʚʘ ʝʥʪʘʣʴʧʽʷ, ɼʞ/ʢʛ; T  ï 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; pc  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ɼʞ/(ʢʛĀʂ); effl  ï 

ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤĀʂ); vŰÐ:  ï ʯʣʝʥ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʜʠʩʠʧʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ɺʪ/ʤ3; ():  ï ʦʧʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ. 
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ʇʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.68) ʻ ʨʦʟʧʦʜʽʣ ʧʦʣʽʚ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ, ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ: 
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ʜʝ ( )WÍzyx ,,  ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʤ; W ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ (2.68) ʚʢʣʶʯʘʶʪʴ [255]:  

ï ʜʣʷ ʚʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʤʫʥʜʰʪʫʢʘ ï ʥʦʨʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʫ 
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(2.70) 

ʜʝ n  ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʚʭʽʜʥʦʛʦ ʘʙʦ ʚʽʜʭʽʜʥʦʛʦ ʩʽʯʝʥʥʷ; 

inletinlet,Tv  ï ʰʚʠʜʢʽʩʪʴ (ʤ/ʩ) ʪʘ ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʂ) ʫ ʚʭʽʜʥʦʤʫ ʩʽʯʝʥʥʽ, 

ʚʽʜʧʦʚʽʜʥʦ; 

ï ʥʘ ʚʽʜʭʽʜʥʦʤʫ ʧʝʨʝʪʠʥʽ ï ʥʫʣʴʦʚʽ ʛʨʘʜʽʻʥʪʠ ʪʠʩʢʫ ʡ ʪʝʤʧʝʨʘʪʫʨʠ 
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ï ʥʘ ʙʽʯʥʠʭ ʩʪʽʥʢʘʭ ʤʫʥʜʰʪʫʢʘ ï ʟʥʘʯʝʥʥʷ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʫʤʦʚʠ ɯɯ ʽ ɯɯɯ 

ʨʦʜʽʚ 
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ʜʝ wallŰ  ï ʪʝʥʟʦʨ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ ʨʽʜʠʥʘ-ʪʚʝʨʜʝ ʪʽʣʦ, ʇʘ; 

a ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2Āʂ); ¤ʊ  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʂ; nq ï ʥʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʚʝʢʪʦʨʫ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2. 

ʋ ʨʘʟʽ ʨʦʟʚôʷʟʘʥʥʷ ʩʧʨʷʞʝʥʦʾ ʟʘʜʘʯʽ (2.68)ï(2.72) ʟ ʤʫʥʜʰʪʫʢʦʤ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʜʣʷ ʤʫʥʜʰʪʫʢʘ ʟʘʜʘʶʪʴʩʷ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʟ ʜʦʚʢʽʣʣʷʤ [255]. 

ɿʘ ʩʬʦʨʤʫʣʴʦʚʘʥʦʶ ʚʠʱʝ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʥʘ 

ʙʘʟʽ ʚʽʣʴʥʦ ʚʽʜʢʨʠʪʦʛʦ ʢʦʜʫ OpenFOAM [281] ʨʦʟʨʦʙʣʝʥʦ ʯʠʩʣʦʚʫ ʤʦʜʝʣʴ ʪʝʧʣʦ-

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 
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ɼʣʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʟʘ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʦʜʥʦʛʦ ʟ ʧʨʦʤʠʩʣʦʚʠʭ ʤʫʥʜʰʪʫʢʽʚ.  

ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʮʠʢʣʽʯʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʟʘ ʥʦʚʠʭ ʟʘʚʘʥʪʘʞʝʥʥʷʭ (ʢʘʤʧʘʥʽʷʭ) ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʢʦʞʥʦʾ ʢʘʤʧʘʥʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ ʜʚʘ ʝʪʘʧʠ: ʝʢʩʪʨʫʟʽʷ ʤʘʩʠ ʽ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʩʥʠʡ ʮʠʣʽʥʜʨ (ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʛʨʽʚʦʤ ʤʘʩʠ ʚ 

ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ ʽ ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʫʥʜʰʪʫʢʘ ʟ ʚʠʢʣʶʯʝʥʠʤʠ ʽʥʜʫʢʪʦʨʘʤʠ ʪʘ ʟ 

ʚʢʣʶʯʝʥʠʤʠ ʩʚʽʯʢʘʤʠ). 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʫʭʦʤ ʤʘʩʠ ʟʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʽ ʧʨʦʩʪʦʾ (ʧʨʦʮʝʩ ʚʽʜʨʽʟʘʥʥʷ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ) ʨʦʟʚôʷʟʫʻʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʪʝʧʣʦ-

ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʟʘʜʘʯʘ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʟʘ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯʽʾ ʚôʷʟʢʦ-

ʧʣʘʩʪʠʯʥʦʾ ʤʘʩʠ ʚ ʤʫʥʜʰʪʫʢʫ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʘ ʙʘʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʤʘʩʽ ʽ 

ʤʫʥʜʰʪʫʮʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʦ ʟʘʚʝʨʰʝʥʥʶ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ (ʧʝʨʰʠʡ ʝʪʘʧ), 

ʨʦʟʚôʷʟʫʻʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʪʝʧʣʦʚʘ ʟʘʜʘʯʘ ʙʝʟ ʨʫʭʫ ʤʘʩʠ, ʧʦʩʪʘʥʦʚʢʘ ʷʢʦʾ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʡ ʚʩʪʘʥʦʚʣʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʜʦ ʧʦʯʘʪʢʫ ʧʨʝʩʫʚʘʥʥʷ. 

 

2.1.6 ɺʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ 

 

ʆʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʛʘʪʦʢʘʤʝʨʥʦʾ ʢʽʣʴʮʝʚʦʾ ʟʘʢʨʠʪʦʾ ʧʝʯʽ ʪʠʧʫ ʈʽʜʛʘʤʝʨʘ 

(ʜʠʚ. ʨʠʩ. 1.12ï1.14) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʡ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʧʘʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ, ʜʣʷ ʷʢʦʾ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʧ. 1.6.  

ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽ ʪʠʧʫ 

ʈʽʜʛʘʤʝʨʘ ʧʽʜ ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.1) ʽ ʚʢʣʶʯʘʻ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (2.1) ʦʢʨʽʤ ʯʝʪʚʝʨʪʦʛʦ ʨʽʚʥʷʥʥʷ ʡ ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ (2.8), (2.10) ʡ 

(2.12). 
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ʅʘʜʘʣʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʪʽʣʴʢʠ ʦʜʥʘ 

ʢʘʤʝʨʘ, ʷʢʘ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʭʦʜʠʪʴ ʫʩʽ ʩʪʘʜʽʾ ʚʠʧʘʣʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ ï ʚʽʜ 

ʥʘʛʨʽʚʫ ʚʽʜʭʽʜʥʠʤʠ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʫ ʥʘ ʝʪʘʧʽ çʢʘʤʝʨʘ ʧʽʜ 

ʚʦʛʥʝʤè [182].  

ʌʽʟʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ. 

ɼʠʤʦʚʽ ʛʘʟʠ ʧʝʯʽ ʻ ʩʪʠʩʣʠʚʦʶ ʨʽʜʠʥʦʶ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ʤʦʞʝ ʩʷʛʘʪʠ ʧʦʥʘʜ 

1300 ̄ ʉ, ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʛʣʠʥʘʣʴʥʦʛʦ ʽ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʝʞʠʤ ʨʫʭʫ ʛʘʟʽʚ ʫ ʢʘʥʘʣʘʭ ʧʝʯʽ ʻ ʪʫʨʙʫʣʝʥʪʥʠʤ. ʊʝʧʣʦʦʙʤʽʥ ʫ ʛʘʟʦʚʦʤʫ ʪʨʘʢʪʽ 

ʧʝʯʽ ʻ ʩʢʣʘʜʥʠʤ ʨʘʜʽʘʮʽʡʥʦ-ʢʦʥʚʝʢʪʠʚʥʠʤ [180, 193], ʘ ʚ ʪʚʝʨʜʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʧʝʯʽ ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʅʘ ʝʪʘʧʽ çʢʘʤʝʨʘ ʧʽʜ ʚʦʛʥʝʤè ʫ 

ʚʦʛʥʝʚʠʭ ʢʘʥʘʣʘʭ ʡ ʧʽʜ ʩʢʣʝʧʽʥʥʷʤ ʧʝʯʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʫ, ʷʢʝ ʚʚʘʞʘʻʪʴʩʷ ʧʦʚʥʠʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʡ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ʂʽʥʝʪʠʢʘ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʜʠʬʫʟʽʡʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʛʦʨʽʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʟʘʢʦʥʽ ɸʨʝʥʽʫʩʘ [194] ʽ ʚʠʭʨʦʚʦʾ ʜʠʩʠʧʘʮʽʾ [195]. ʅʘʛʨʽʚʘʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ ʡ ʜʠʩʠʧʘʮʽʾ ʚôʷʟʢʦʩʪʽ. 

ɿʛʽʜʥʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʧʘʣʫ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʙʘʟʽ ʦʩʝʨʝʜʥʝʥʠʭ ʟʘ 

ʈʝʡʥʦʣʴʜʩʦʤ ʨʽʚʥʷʥʥʷʭ ʅʘʚôʻ-ʉʪʦʢʩʘ ʚ ʥʘʙʣʠʞʝʥʽ e-k  ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ, ʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ [196] ʽ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʨʽʚʥʷʥʥʷ: 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʪʨʘʥʩʧʦʨʪʫ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ, ʝʥʝʨʛʽʾ ʚ ʝʥʪʘʣʴʧʽʡʥʦʤʫ ʚʠʛʣʷʜʽ, ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʡ 

ʰʚʠʜʢʦʩʪʽ ʾʾ ʜʠʩʠʧʘʮʽʾ [182] 
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(2.73) 

ʜʝ r ï ʛʫʩʪʠʥʘ, ʦʩʝʨʝʜʥʝʥʘ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ, ʢʛ/ʤ3; t  ï ʯʘʩ, ʩ; Ð ï ʦʧʝʨʘʪʦʨ 

ɻʘʤʽʣʴʪʦʥʘ; V
~

 ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʦʩʝʨʝʜʥʝʥʠʡ ʟʘ ʌʘʚʨʝʤ [194] ( )rr= /
~

ff , ʤ/ʩ; 

p  ï ʪʠʩʢ, ʇʘ; ( ) ( ) ( ) IIVVVŰ kt r-ùú

ø
éê

è
ÖÐ-Ð+Ðm+m=

3

2~

3

2~~ T

eff  ï ʪʝʥʟʦʨ ʝʬʝʢʪʠʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ-ʩʪʠʩʢʘʥʥʷ, ʇʘ; m ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘÖʩ; 
e

r=m m

2k
Ct  ï 

ʪʫʨʙʫʣʝʥʪʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘÖʩ; kï ʪʫʨʙʫʣʝʥʪʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ɼʞ/ʢʛ;  

e ï ʰʚʠʜʢʽʩʪʴ ʜʠʩʠʧʘʮʽʾ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ɼʞ/(ʢʛÖʩ); I  ï 

ʦʜʠʥʠʯʥʠʡ ʪʝʥʟʦʨ ʜʨʫʛʦʛʦ ʨʘʥʛʫ; g  ï ʚʝʢʪʦʨ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2; 

NkmmY kk ,1   ,/ ==  ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ;  

km  ï ʤʘʩʘ k-ʾ ʢʦʤʧʦʥʝʥʪʠ, ʢʛ; m ï ʤʘʩʘ ʛʦʨʶʯʦʾ ʩʫʤʽʰʽ, ʢʛ; N  ï ʢʽʣʴʢʽʩʪʴ 

ʢʦʤʧʦʥʝʥʪ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ; k

t

t
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~
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å m
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ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ k-ʾ ʢʦʤʧʦʥʝʥʪʠ, ʢʛ/(ʤ2Öʩ); kD  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ k-ʾ 

ʢʦʤʧʦʥʝʥʪʠ, ʤ2/ʩ; 
t

t
t

Dr

m
=Sc  ï ʯʠʩʣʦ ʐʤʽʜʪʘ, tD ï ʢʦʝʬʽʮʽʻʥʪ ʪʫʨʙʫʣʝʥʪʥʦʾ 

ʜʠʬʫʟʽʾ, ʤ2/ʩ; kw# ï ʜʞʝʨʝʣʦ ʟʘ ʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ k-ʾ ʢʦʤʧʦʥʝʥʪʠ 
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~
 ï ʝʥʪʘʣʴʧʽʷ k-ʾ ʢʦʤʧʦʥʝʥʪʠ, ɼʞ/ʢʛ;  

T  ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; kT ,ref  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʣʽʢʫ, ʂ; ( )ä
=

w-=w
N

k
kkkT Th

1
ref,

0 ## ï ʦʙôʻʤʥʝ 

ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʛʦʨʽʥʥʷ, ɺʪ/ʤ3; l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ɺʪ/(ʤÖʂ); (): ï ʦʧʝʨʘʪʦʨ ʧʦʜʚʽʡʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʜʚʦʭ ʪʝʥʟʦʨʽʚ; 

() () öö
÷

õ
ææ
ç

å
s-W= ñ

p=W

42

4

4
~

TndsIKTE  ï ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

çʩʽʨʦʛʦè ʩʝʨʝʜʦʚʠʱʘ, ɺʪ/ʤ3; K  ʽ n ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ (ʤ-1) ʽ ʧʦʢʘʟʥʠʢ 

ʟʘʣʦʤʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ; W ï ʪʽʣʝʩʥʠʡ ʢʫʪ, ʩʨ; s ï ʧʦʩʪʽʡʥʘ ʉʪʝʬʘʥʘ - ɹʦʣʴʮʤʘʥʘ, 

ɺʪ/(ʤ2Öʂ4); () () sdsKdKnKdssIsI
s
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0 expexp  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɺʪÖʩ/(ʤ2Öʩʨ)) ʫ ʥʘʧʨʷʤʢʫ s ʚ ʪʽʣʝʩʥʦʤʫ ʢʫʪʽ Wd ; 
0s  ï ʚʽʜʧʦʚʽʜʘʻ 

ʛʨʘʥʠʮʽ; 2SG tk m=  ï ʜʞʝʨʝʣʦ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʩʝʨʝʜʥʴʦʛʦ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ, ɺʪ/ʤ3; SS:2=S  ï ʤʦʜʫʣʴ ʪʝʥʟʦʨʘ ʩʝʨʝʜʥʴʦʾ 

ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ, ʩ-1; ( )[ ]T

2

1
VVS Ð+Ð=   ï ʪʝʥʟʦʨ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʜʨʫʛʦʛʦ ʨʘʥʛʫ, ʩ-1; pG
t

t
b Ð

r

m
-=

Pr
g  ï ʜʞʝʨʝʣʦ ʪʫʨʙʫʣʝʥʪʥʦʾ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʛʨʘʚʽʪʘʮʽʾ, ɺʪ/ʤ3; 
k

cpt

t

m
=Pr  ï ʪʫʨʙʫʣʝʥʪʥʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ; 

2M2 tMY re=  ï ʯʣʝʥ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪ ʩʪʠʩʢʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ3; 

2/M akt = ï ʪʫʨʙʫʣʝʥʪʥʝ ʯʠʩʣʦ ʄʘʭʘ; WRTa /g=  ï ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ, ʤ/ʩ;  

g ï ʧʦʢʘʟʥʠʢ ʘʜʽʘʙʘʪʠ; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ, ɼʞ/(ʤʦʣʴÖʂ); W  ï 

ʤʦʣʷʨʥʘ ʤʘʩʘ ʛʘʟʫ, ʢʛ/ʤʦʣʴ; ö
÷
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 ï ʪʝʥʟʦʨ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʨʫʛʦʛʦ ʨʘʥʛʫ, 
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ʩ-1; f= cos6sA ; ( )[ ]1
6cos3

-
=f W , ʨʘʜ; 

3

3
~

3

S

J
W= ; ()Sdet3=J  ï ʪʨʝʪʽʡ ʽʥʚʘʨʽʘʥʪ 

S; SS:
~
=S , ʩ-1; 

^

e=
V

V
C

| |

3 tanh  [197]; | |V , V̂  ï ʩʢʣʘʜʦʚʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ï 

ʧʘʨʘʣʝʣʴʥʘ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʚʝʢʪʦʨʫ ʛʨʘʚʽʪʘʮʽʾ, ʤ/ʩ; n ï ʢʽʥʝʤʘʪʠʯʥʘ 

ʚôʷʟʢʽʩʪʴ, ʤ2/ʩ; ks= 1.0, es= 1.2, 0A =4.04, e1C =1.44, 2C = 1.9 ï ʢʦʥʩʪʘʥʪʠ e-k  

ʤʦʜʝʣʽ [196, 197]. 

ɼʣʷ ʪʚʝʨʜʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʯʽ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.73) ʩʧʨʦʱʫʻʪʴʩʷ ʜʦ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʠʛʣʷʜʫ 

( ) volatqT
t

h
+ÐlÖÐ=

µ

rµ
, (2.74) 

ʜʝ effl  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʝʨʝʩʠʧʢʠ, ɺʪ/(ʤÖʂ); volatq  ï 

ʜʞʝʨʝʣʦ ʪʝʧʣʦʪʠ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʝʧʣʦʪʘ ʫʪʚʦʨʝʥʥʷ ʣʝʪʢʠʭ ʫ ʟʘʛʦʪʦʚʢʘʭ, 

ɺʪ/ʤ3. 

ɸʥʘʣʽʟ ʛʦʨʽʥʥʷ ʤʝʪʘʥʫ ʚ ʧʝʯʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʜʦ ʉʆ2 ̔  ʅ2ʆ ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʷ  

CH4 + 2O2 = ʉʆ2 + 2ʅ2ʆ. (2.75) 

ʈʝʘʢʮʽʷ (2.75) ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽ ʤʠʪʪʻʚʠʤʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʾʾ ʰʚʠʜʢʽʩʪʴ. ʊʫʨʙʫʣʝʥʪʥʝ 

ʟʤʽʰʫʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʻ ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ. ʊʫʨʙʫʣʝʥʪʥʦ-

ʭʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ 

ʤʦʜʝʣʝʡ: ʧʝʨʰʘ ï ʤʦʜʝʣʴ ʦʙʤʝʞʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ɸʨʝʥʽʫʩʘ; 

ʜʨʫʛʘ ï ʤʦʜʝʣʴ ʚʠʭʨʦʚʦʾ ʜʠʩʠʧʘʮʽʾ (Magnussen). ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʥʰʝ ʟ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʟʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ [194, 195, 198];. 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ (2.73): 
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(2.76) 

ʜʝ ( )WÍzyxX ,,  ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʤ; W ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ. 
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ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ (2.74): 

- ʥʘ ʚʭʦʜʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ï (2.77) ʽ ʦʢʠʩʥʶʚʘʯʘ (ʛʘʟʠ ʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʢʘʤʝʨʠ) ï (2.78) ʽ ʥʘ ʚʠʭʦʜʽ ʽʟ ʢʘʤʝʨʠ ʧʝʯʽ ï (2.79) 
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(2.79) 

ʜʝ G  ï ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ, ʢʛ/ʩ; be ï ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ ʛʨʘʥʠʮʽ; lininge  ï ʩʪʫʧʽʥʴ 

ʯʦʨʥʦʪʠ ʬʫʪʝʨʽʚʢʠ; 

- ʥʘ ʛʨʘʥʠʮʷʭ ʢʦʥʪʘʢʪʫ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʯʽ (ʘʙʩʦʣʶʪʥʠʡ ʢʦʥʪʘʢʪ) ï 

(2.80), ʛʘʟʦʚʠʡ ʪʨʘʢʪ ʧʝʯʽ ï ʢʘʥʘʣʠ ʧʝʯʽ ï (2.81) ʽ ʦʛʦʨʦʜʞʝʥʥʷ ʧʝʯʽ ʟ ʦʪʦʯʫʶʯʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ï (2.82) 
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( ) ()( )ambeff TTTT -a=Ðl-Ön , (2.82) 

ʜʝ {} -+-= TTT ; { } --++ Ö-Ö=Ö qnqnqn ; TÐl-=q  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ɺʪ/ʤ2; n  ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ; rq  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ʤ2; effa  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, 

ɺʪ/(ʤ2Öʂ); ambT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ [182]. 

ʄʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ (2.73)ï (2.82) 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʄʉʆ [180, 181] ʟ ʫʨʘʭʫʚʘʥʥʷʤ [194, 199ï206]. ʋʥʽʚʝʨʩʘʣʴʥʘ 

ʤʝʪʦʜʠʢʘ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ RANS, ʪʨʘʥʩʧʦʨʪʫ ʭʽʤʽʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ, ʝʥʝʨʛʽʾ, ʪʫʨʙʫʣʝʥʪʥʦʾ ʝʥʝʨʛʽʾ ʡ ʰʚʠʜʢʦʩʪʽ ʾʾ ʜʠʩʠʧʘʮʽʾ 

ʚ ʥʘʙʣʠʞʝʥʥʽ e-k  ʤʦʜʝʣʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ [196] ʘʙʦ w-k  

[207] ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʽ SIMPLE (Semi-Implicit Method for Pressure-Linked 

Equations ï ʥʘʧʽʚʥʝʷʚʥʠʡ ʤʝʪʦʜ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ, ʱʦ ʟʚôʷʟʫʶʪʴ ʪʠʩʢ, ʷʢʠʡ 

ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʫʚʘʣʠ L. S. Caretto, S. V. Patankar, D. B. Spalding) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʝʪʨʘʽʜʘʣʴʥʠʭ ʽ ʛʝʢʩʘʛʝʜʨʦʥʦʽʜʘʣʴʥʠʭ ʩʽʪʦʢ. 

ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʟʘ ʩʚʦʻʶ ʨʝʘʣʽʟʘʮʽʻʶ ʜʦ ʄʉʆ ʻ ʄɼʆ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 

ʧʨʘʮʷʭ J. C. Chai, H. S. Lee, S. V. Patankar [207ï210]. ʉʘʤʝ ʪʦʤʫ ʮʝʡ ʤʝʪʦʜ ʙʫʚ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ (2.73). ʄɼʆ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʫ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʤʫ ʪʘ ʧʦʛʣʠʥʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʙʫʜʴ-ʷʢʦʶ ʦʧʪʠʯʥʦʶ 

ʪʦʚʱʠʥʦʶ ʽ ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʩʽʶʚʘʥʥʷ, ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʪʘ ʘʥʽʟʦʪʨʦʧʽʶ 

ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ [182].  

 

2.1.7 ɻʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ 

 

ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʧʝʯʽ ʂʘʩʪʥʝʨʘ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʫʟʘʛʘʣʴʥʝʥʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.1) ʽ ʚʢʣʶʯʘʻ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ 

ʫ ʚʠʛʣʷʜʽ (2.4), ʪʨʝʪʻ ʡ ʯʝʪʚʝʨʪʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.1) ʪʘ ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥʷ 

(2.5), (2.10) ʡ (2.11). 
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ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ 

ʟʘʛʦʪʦʚʦʢ, ʘʣʝ ʚ ʧʝʯʘʭ ɸʯʝʩʦʥʘ ʪʘ ʤʝʪʦʜʠʢʘ ʾʾ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʘʚʪʦʨʦʤ ʫ ʢʘʥʜʠʜʘʪʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ [211], ʽ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʚ ʧʨʘʮʷʭ 

[212, 213]. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʧʨʦʮʝʩʫ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʂʘʩʪʥʝʨʘ, ʦʧʠʩ 

ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʦʾ (ʜʠʚ. ʨʠʩ. 1.24) ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʧ. 1.7.2. 

ɺʽʜʤʽʥʥʠʤʠ ʨʠʩʘʤʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʽʜ [211ï213], ʻ 

ʚʨʘʭʫʚʘʥʥʷ ʚ ʧʝʯʽ ʂʘʩʪʥʝʨʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʥʝʩʝʥʥʷ ʚʦʣʦʛʠ ʪʘ 

ʚʦʜʷʥʦʾ ʧʘʨʠ; ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; ʨʝʘʢʮʽʾ ʢʦʥʚʝʨʩʽʾ ʚʦʜʥʶ ʡ ʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ ʚ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʤʫ ʚʫʛʣʝʮʝʚʦʤʫ ʤʘʪʝʨʽʘʣʽ [171]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʂʘʩʪʥʝʨʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʠʩʪʝʤʽ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʝʧʣʦ-ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʨʽʚʥʦʚʘʛʠ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ ʚ ʽʥʢʨʝʤʝʥʪʘʣʴʥʽʡ ʬʦʨʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʾ 

ʤʦʜʝʣʽ ɼʨʫʢʝʨʘ-ʇʨʘʛʝʨʘ ʜʣʷ ʩʠʧʫʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [75, 214ï217, 258, 259]:  
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(2.83) 

ʜʝ H  ï ʧʦʚʥʘ ʦʙôʻʤʥʘ ʝʥʪʘʣʴʧʽʷ, ɼʞ/ʤ3; t  ï ʯʘʩ, ʩ; Ðï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ, ʤ-1; 

effl  ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ɺʪ/(ʤĀʂ); p  ï ʪʠʩʢ, ʇʘ; 

T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; ( ) 3,, RzyxX Í  ï ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʤ; 

c ï ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʉʤ; U  ï ʝʣʝʢʪʨʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɺ; chem,Vq  ï 

ʛʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʩʧʨʠʯʠʥʝʥʘ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ [258], 

ɺʪ/ʤ3; devapor,Vq  ï ʛʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʧʦʚôʷʟʘʥʘ ʟ 

ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʦʤ ʚʦʜʷʥʦʾ ʧʘʨʠ ʪʘ ʾʾ ʢʦʥʜʝʥʩʘʮʽʶ, ɺʪ/ʤ3; fů##,  ï ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ 

ʚʽʜ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʥʷ 2-ʛʦ ʨʘʥʛʫ ʽ ʚʝʢʪʦʨʫ ʦʙôʻʤʥʠʭ ʩʠʣ, ʚʽʜʧʦʚʽʜʥʦ. 
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ʇʦʚʥʘ ʦʙôʻʤʥʘ ʝʥʪʘʣʴʧʽʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʪʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʘʙʦ 

ʢʦʥʜʝʥʩʘʮʽʶ ʚʦʣʦʛʠ, ʘʙʦ ʪʝʧʣʦʪʫ ʩʫʙʣʽʤʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʯʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [258, 259] 

()()ñ r=
T

T

dTTTcH

ref

eff
p

, 

ʜʝ ()Tceff
p  ï ʝʬʝʢʪʠʚʥʘ ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʚʦʜʠ ʪʘ ʪʝʧʣʦʪʫ ʾʾ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚ ʤʘʪʝʨʽʘʣʘʭ ʟ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ, ʘ ʚ ʛʨʘʬʽʪʦʚʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ï ʪʝʧʣʦʪʫ ʩʫʙʣʽʤʘʮʽʾ ʛʨʘʬʽʪʫ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ɼʞ/(ʢʛÖʂ); r ï 

ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʤ3. 
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ʜʝ 2eqeqL TTT D-= ; 2eqeqR TTT D+= ; eqT  ï ʨʽʚʥʦʚʘʞʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʘʙʦ ʩʫʙʣʽʤʘʮʽʾ, ʘʙʦ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʂ; TD  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʽʥʪʝʨʚʘʣ ʟʛʣʘʜʞʫʚʘʥʥʷ [218], ʂ; 
*

0p-c  ï ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʥʴʦʤʫ, ɼʞ/(ʢʛÖʂ); 

( )í
ì
ë

-a-

-a
=

ʛʨʘʬʽʪʫ;ʩʫʙʣʠʤʘʮʽʾʧʨʠ1

ʚʦʣʦʛʠ;ʥʥʽʚʠʧʘʨʦʚʫʚʘʧʨʠ

f

f

f

ʩʚ

ʚʚ

m
L

L
L  ï ʤʘʩʦʚʘ ʪʝʧʣʦʪʘ ʟʘ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ 

ʧʝʨʰʦʛʦ ʨʦʜʫ, ɼʞ/ʢʛ; ʚa ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʜʠ ʫ ʚʦʣʦʛʦʤʫ ʤʘʪʝʨʽʘʣʽ; ʚLf , ʩLf  ï 

ʤʘʩʦʚʘ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʧʽʜ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʪʘ ʩʫʙʣʽʤʘʮʽʾ 

ʛʨʘʬʽʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ɼʞ/ʢʛ [171].  

ʇʦʚʥʘ ʝʥʪʘʣʴʧʽʷ, ʚ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʤʽʩʪ ʚʦʣʦʛʠ ʚ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʪʘ ʪʝʧʣʦʪʘ ʩʫʙʣʽʤʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʝʯʽ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʂʘʩʪʥʝʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ()Tceff
p , ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

[215, 216, 258, 259] 
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(2.84)  

ʜʝ 
*

0
*

0p , -- rc  ʽ 00p , ++ rc  ï ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʥʠʭ), ʚʽʜʧʦʚʽʜʥʦ; 
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ʛʨʘʬʽʪʫ;ʩʫʙʣʠʤʘʮʽʾʧʨʠ1

ʚʦʣʦʛʠ;ʥʥʽʚʠʧʘʨʦʚʫʚʘʧʨʠ
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f
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v
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L
L ï ʦʙôʻʤʥʘ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʧʝʨʰʦʛʦ ʨʦʜʫ, ɼʞ/ʤ3; ʚr, ʛr ï ʛʫʩʪʠʥʘ ʚʦʜʠ ʪʘ ʛʨʘʬʽʪʫ, ʚʽʜʧʦʚʽʜʥʦ, ʢʛ/ʤ3. 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʦʣʦʛʦʚʤʽʩʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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(2.85)  

ʜʝ 0-l  ʽ 0+l  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ/(ʤÖʂ).  

ɻʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʭʽʤʽʯʥʠʤʠ 

ʨʝʘʢʮʽʷʤʠ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [171] 

gasificgasific

vaporr.g

chem
tV

mQ
qV = , 

(2.86) 

ʜʝ r.gQ  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʚʽʜ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʛʘʟʠʬʽʢʘʮʽʾ, ɼʞ/ʢʛ; vaporm  ï ʤʘʩʘ 

ʚʦʜʷʥʦʾ ʧʘʨʠ, ʷʢʘ ʚʩʪʫʧʠʣʘ ʚ ʨʝʘʢʮʽʶ ʛʘʟʠʬʽʢʘʮʽʾ, ʢʛ; gasificV  ï ʦʙôʻʤ ʟʦʥʠ 

ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤ3; gasifict  ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʩ. 

ɿʘ ʫʤʦʚʠ, ʱʦ ʦʩʥʦʚʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʻ ʨʝʘʢʮʽʷ çʚʦʜʷʥʦʛʦ 

ʛʘʟʫè (C+H2O) [211], ʚʝʣʠʯʠʥʘ r.gQ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ (2.87) [219, 220], ʘ vaporm  ï ʟʘ 

(2.88).  
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( )32
r.g 00007903,00,1162,257181651007 TTTQ ++--=

; (2.87) 
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, (2.88) 

ʜʝ T  ï ʘʙʩʦʣʶʪʥʘ ʩʝʨʝʜʥʴʦʤʘʩʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʫʛʣʝʮʶ ʚ ʟʦʥʽ ʛʘʟʠʬʽʢʘʮʽʾ, ʂ; 

Cm  ï ʤʘʩʘ ʚʫʛʣʝʮʶ, ʱʦ ʚʩʪʫʧʠʚ ʚ ʨʝʘʢʮʽʶ ʛʘʟʠʬʽʢʘʮʽʾ [221, 258], ʢʛ;  

k  ï ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ, ʩ-1; E  ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ, ɼʞ/ʤʦʣʴ;  

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʤʦʣʴÖʂ); Cgasifm  ï ʤʘʩʘ ʚʫʛʣʝʮʶ ʚ ʟʦʥʽ 

ʛʘʟʠʬʽʢʘʮʽʾ, ʢʛ; all.vaporm  ï ʤʘʩʘ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʧʨʦʡʰʣʘ ʯʝʨʝʟ ʟʦʥʫ ʛʘʟʠʬʽʢʘʮʽʾ, 

ʢʛ. 

ɻʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ 

ʢʦʥʚʝʨʩʽʾ ʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ ʡ ʚʦʜʥʶ ʚ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʤʫ ʚʫʛʣʝʮʝʚʦʤʫ ʩʠʧʫʯʦʤʫ 

ʤʘʪʝʨʽʘʣʽ (ʚ ʦʩʥʦʚʥʦʤʫ ï ʮʝ ʨʝʘʢʮʽʷ ʛʽʜʨʫʚʘʥʥʷ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO+3H2))), ʫ 

ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ [258] 

evac.g

conversconvers

vaporr.g

chem, k
tV

mQ
qV º

, 
(2.89) 

ʜʝ evac.gk  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ; conversV  ï ʦʙôʻʤ ʟʦʥʠ ʢʦʥʚʝʨʩʽʾ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʚʦʜʥʶ ʚ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʤʫ ʚʫʛʣʝʮʝʚʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʤ3; converst  ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʨʝʘʢʮʽʾ ʢʦʥʚʝʨʩʽʾ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʡ ʚʦʜʥʶ ʚ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, ʩ. 

ɻʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʪʫ ʧʽʨʦʣʽʟʫ 

ʜʝʨʝʚʠʥʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [258] 

ww

wp.w

chem
tV

mQ
qV =

, 
(2.90) 

ʜʝ p.wQ  ï ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢʮʽʡ ʧʽʨʦʣʽʟʫ ʜʝʨʝʚʠʥʠ, ɼʞ/ʢʛ; vaporm  ï ʤʘʩʘ ʚʦʣʦʛʠ, 

ʱʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʢʛ; wm  ï ʤʘʩʘ ʜʝʨʝʚʠʥʠ, ʱʦ ʧʨʠʡʥʷʣʘ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ ʧʽʨʦʣʽʟʫ, 

ʢʛ; wV  ï ʦʙôʻʤ ʟʦʥʠ ʧʽʨʦʣʽʟʫ, ʤ3; wt  ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʽʨʦʣʽʟʫ, ʩ. 

ɻʫʩʪʠʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʘʩʦʧʝʨʝʥʦʩ 

ʚʦʜʷʥʦʾ ʧʘʨʠ ʠ ʝʛʦ ʪʘ ʾʾ ʢʦʥʜʝʥʩʘʮʽʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ [258] 
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condcond

evac.pfvapor

devapor,
tV

kLm
q

ʚ

V =

, 
(2.91) 

ʜʝ vaporm ï ʤʘʩʘ ʚʦʣʦʛʠ, ʱʦ ʚʠʧʘʨʫʚʘʣʘʩʷ, ʢʛ; evac.gk  ï ʢʦʝʬʽʮʽʻʥʪ, ʚʨʘʭʦʚʫʻ 

ʝʚʘʢʫʘʮʽʶ ʧʘʨʠ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ; condV  ï ʦʙôʻʤ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ, ʤ3; 

condt ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ, ʩ.  

ɿʘ ʽʥʢʨʝʤʝʥʪʘʣʴʥʦʶ ʪʝʦʨʽʻʶ ʧʣʘʩʪʠʯʥʦʩʪʽ ʥʝʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ 
in
Ů# 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʦʯʘʪʢʦʚʽ [222, 223]. ʊʦʜʽ ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ ʚʽʜ ʪʝʥʟʦʨʘ 

ʥʘʧʨʫʞʝʥʥʷ ů# (2.84) ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ɻʫʢʘ, ʟʘʧʠʩʘʥʠʤ ʯʝʨʝʟ ʧʦʭʽʜʥʽ ʚʽʜ 

ʪʝʥʟʦʨʘ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
in
ů# ʡ ʪʝʥʟʦʨʘ ʧʦʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ Ů# 

() intr
21

2
2 ůIŮŮů #### -

n-

n
+=

G
G

, 
(2.92) 

ʜʝ ( ) T
G

G #### b
n-

n+
+

n-

n
+= IIŮŮů

21

1
tr

21

2
2 ininin  ï ʪʝʥʟʦʨ ʧʦʯʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ; 

( ) inel

2

1
ŮŮuuŮ ##### -=Ð+Ð=  ï ʪʝʥʟʦʨ ʰʚʠʜʢʦʩʪʽ ʧʦʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ; u# ï ʚʝʢʪʦʨ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ, ʤ; ()tr  ï ʦʧʝʨʘʪʦʨ ʩʣʽʜʫ ʪʝʥʟʦʨʘ; T
ŮŮŮŮ #### += plinel,  ï 

ʧʨʫʞʥʘ ʽ ʥʝʧʨʫʞʥʘ ʯʘʩʪʠʥʠ ʪʝʥʟʦʨʘ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʚʽʜʧʦʚʽʜʥʦ; 

T
ŮŮ ##,pl  ï ʪʝʥʟʦʨʠ ʰʚʠʜʢʦʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, 

ʚʽʜʧʦʚʽʜʥʦ; G  ï ʧʨʫʞʥʠʡ ʤʦʜʫʣʴ ʟʩʫʚʫ, ʇʘ; n ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ; I  ï 

ʦʜʠʥʠʯʥʠʡ ʪʝʥʟʦʨ ʜʨʫʛʦʛʦ ʨʘʥʛʫ; b ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, ʂ-1. 

ɿʘ ʤʝʭʘʥʽʯʥʦ ʁ ʤʦʜʝʣʣ  ʁ ɼʨʫʢʝʨʘ-ʇʨʘʛʝʨʘ ʢʨʠʪʝʨʽʡ ʪʝʢʫʯʦʩʪʽ ʩʠʧʫʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ [222, 224, 225] 

DP21DP kJIf -+a= , (2.93) 

ʜʝ 
( )j-

j
=a

sin33

sin2
DP  ï ʢʦʥʩʪʘʥʪʘ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ; f ï ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ, ʨʘʜ; ijij SSJ
2

1
2=  ï ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ ʪʝʥʟʦʨʘ ʜʝʚʽʘʪʦʨʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ2; 
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3,1,   ,
3

1
1 =d-s= jiIS ijijij  ï ʪʝʥʟʦʨ ʜʝʚʽʘʪʦʨʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʇʘ; kkI s=1 , ʇʘ; 

( )j-

j
=

sin33

cos6
DP

c
k  ï ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʇʘ; c ï ʚʝʣʠʯʠʥʘ 

ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʇʘ. 

ɺ ʚʠʧʘʜʢʫ ʥʝʘʩʦʮʽʘʪʠʚʥʦʛʦ ʟʘʢʦʥʫ ʪʝʢʫʯʦʩʪʽ ʨʽʚʥʷʥʥʷ ʧʣʘʩʪʠʯʥʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ [225, 226] 

21DP JIg =b= , (2.94) 

ʜʝ DPb  ï ʜʦʜʘʪʢʦʚʠʡ ʧʘʨʘʤʝʪʨ ʤʘʪʝʨʽʘʣʫ [227]. 

ʊʠʩʢ ʘʙʦ ʩʝʨʝʜʥʻ ʛʽʜʨʦʩʪʘʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʩʠʧʫʯʦʤʫ ʤʘʪʝʨʽʘʣʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

1m
3

1
Ip =s=

. 
 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.83) ʜʣʷ 0=t : 

î
í

î
ì

ë
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=

=

.0

;0

;0
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ů#

U

T

 

(2.95) 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.83) ʜʣʷ 0>t [171]: 

- ʥʘ ʪʦʨʮʷʭ ʩʪʨʫʤʦʧʽʜʚʦʜʽʚ ʧʝʯʽ 

() ( )( ) ()t=ÙÐc-Ö=t UUUTpj
shuntshuntn    ,n

, (2.96) 

ʜʝ nj  ï ʥʦʨʤʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ɸ/ʤ2; n  ï ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʴʦʾ 

ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ ʩʪʨʫʤʦʧʽʜʚʦʜʫ.  

- ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʧʝʯʽ, ʱʦ ʤʝʞʫʶʪʴ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

( )( ) ()( )

()î
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í

î
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ì

ë
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=Ö

=ÐÖ
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;0
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TTTTTp
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nů

n

n

#

 

(2.97) 

ʜʝ effa  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2Āʂ); ¤T  ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʂ; ( )0,0,00X  ï ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ 

ʧʝʯʽ, ʤ. 
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ï ʥʘ ʦʩʷʭ ʩʠʤʝʪʨʽʾ ʧʝʯʽ 
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axesaxes

un
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jj
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 (2.98) 

ʜʝ j  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ɸ/ʤ2. 

ï ʫʤʦʚʠ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʯʽ 
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(2.99) 

ʜʝ lr  ï ʢʦʥʪʘʢʪʥʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ, (ʤ2Āʂ)/ɺʪ; q  ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ɺʪ/ʤ2; er  ï ʢʦʥʪʘʢʪʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʆʤĀʤ2. 

ï ʫʤʦʚʠ ʤʝʭʘʥʽʯʥʦʛʦ ʢʦʥʪʘʢʪʫ [222, 228ï230] ʥʘ ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ ʤʽʞ 

ʩʪʽʥʢʘʤʠ, ʟʘʛʦʪʦʚʢʘʤʠ, ʩʠʧʫʯʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ï (2.100) ʪʘ ʤʽʞ 

ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʯʽ ʫʤʦʚʠ ʘʙʩʦʣʶʪʥʦʛʦ ʢʦʥʪʘʢʪʫ ï (2.101): 
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(2.100) 
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#
 (2.101) 

ʜʝ d ï ʧʦʯʘʪʢʦʚʠʡ ʟʘʟʦʨ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʤ; nůÖ#  ï 

ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ ʚʽʜ ʚʝʢʪʦʨʫ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ, ʇʘ; ts# ï ʧʦʭʽʜʥʽ 

ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʯʘʩʦʤ, ʇʘ; f  ï ʢʦʝʬʽʮʽʻʥʪ ʩʫʭʦʛʦ ʪʝʨʪʷ; 

{} -+-= uuu ### ; { } +-++ Ö-Ö=Ö nůnůnů ### . 

ɼʣʷ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ (2.83)ï(2.101) ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʄʉɽ [231ï233]. 
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2.2 ʃʘʙʦʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ 

 

ʅʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʜʦʩʣʽʜʞʫʚʘʣʠ: ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ) ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʘʥʪʨʘʮʠʪʫ ʡ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ; ʚôʷʟʢʽʩʪʴ ʡ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ; ʜʠʥʘʤʽʢʫ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʂʊʃʈ) çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ; ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʡ 

ʦʧʽʨ (ʇɽʂʆ) ʛʨʘʬʽʪ ʟ ʤʽʜʜʶ ʡ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʤ ʛʨʘʬʽʪʦʤ. 

 

2.2.1 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

 

ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2 [163, 164]. ʋʩʪʘʥʦʚʢʫ ʤʦʞʥʘ 

ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʙʣʦʢʠ: ʚʠʤʽʨʶʚʘʣʴʥʠʡ, ʩʠʣʦʚʠʡ, ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʙʣʦʢ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʪʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ. ʅʘʛʨʽʚʘʣʴʥʠʡ ʚʫʟʦʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʦʥʦʚʦʛʦ ʥʘʛʨʽʚʥʠʢʘ 1, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟʽ ʩʧʽʨʘʣʽ ʚʠʩʦʢʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʽ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʘʨʙʽʜʢʨʝʤʥʽʻʚʦʛʦ ʥʘʛʨʽʚʥʠʢʘ 2, ʨʦʟʤʽʱʝʥʠʭ ʢʦʥʮʝʥʪʨʠʯʥʦ ʪʘ ʫʪʚʦʨʶʶʯʠʭ 

ʢʽʣʴʮʝʚʠʡ ʟʘʟʦʨ, ʫ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʦ ʟʨʘʟʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 3 [164]. 

ɿʨʘʟʦʢ ʤʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʥʝ ʤʝʥʰʝ ʷʢ 3:1. 

ʅʘ ʪʦʨʮʷʭ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʚʩʪʘʥʦʚʣʝʥʽ ʤʫʣʽʪʦʢʨʝʤʥʝʟʝʤʠʩʪʽ ʧʨʦʙʢʠ 4 ʟ 

ʦʩʴʦʚʠʤʠ ʦʪʚʦʨʘʤʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ, ʷʢʽ ʱʽʣʴʥʦ ʟʘʢʨʠʚʘʶʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʢʦʤʽʨʢʫ, ʟʥʠʞʫʶʯʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʾʾ 

ʚʠʩʦʪʽ. ʄʫʣʽʪʦʢʨʝʤʥʝʟʝʤʠʩʪʽ ʧʨʦʙʢʠ 4 ʽ ʬʘʩʦʥʽ ʧʣʠʪʠ 5, ʷʢʽ ʟʘʪʠʩʢʫʶʪʴ ʬʦʥʦʚʠʡ 

ʥʘʛʨʽʚʥʠʢ 1 ʟ ʪʦʨʮʽʚ, ʩʣʫʞʘʪʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ ʚʦʛʥʝʪʨʠʚʢʦʾ ʚʘʪʠ 6, ʨʦʟʪʘʰʦʚʘʥʠʡ ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ 

ʬʦʥʦʚʦʛʦ ʥʘʛʨʽʚʥʠʢʘ 1, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

[164]. 
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1 ï ʬʦʥʦʚʠʡ ʥʘʛʨʽʚʥʠʢ; 2 ï ʮʝʥʪʨʘʣʴʥʠʡ ʥʘʛʨʽʚʥʠʢ; 3 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ; 

4 ï ʤʫʣʽʪʦʢʨʝʤʥʝʟʝʤʠʩʪʽ ʧʨʦʙʢʠ; 5 ï ʤʫʣʽʪʦʢʨʝʤʥʝʟʝʤʠʩʪʽ ʬʘʩʦʥʽ ʧʣʠʪʠ;  

6 ï ʚʦʛʥʝʪʨʠʚʢʘ ʚʘʪʘ; 7 ï ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ ʜʣʷ ʬʦʥʦʚʦʛʦ ʥʘʛʨʽʚʥʠʢʘ; 8 ï 

ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ; 9 ï ʪʝʨʤʦʧʘʨʠ; 10 ï 

ʢʦʤʫʪʫʶʯʠʡ ʧʨʠʩʪʨʽʡ; 11 ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 12 ï ʙʣʦʢ ʦʙʨʦʙʢʠ 

ʽ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ (ʇʂ); 13 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʠ; 14 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤʫ;  

15 ï ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ 

ʈʠʩʫʥʦʢ 2.2 ï ɹʣʦʢïʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ  

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [163, 164] 

 

ɼʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʥʦʚʦʛʦ 1 ʡ ʮʝʥʪʨʘʣʴʥʦʛʦ 2 ʥʘʛʨʽʚʥʠʢʽʚ. ʈʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘʛʨʽʚʥʠʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʣʦʚʠʤ ʙʣʦʢʦʤ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʨʝʛʫʣʷʪʦʨʠ ʥʘʧʨʫʛʠ 7 ʽ 8 

ʜʣʷ ʞʠʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʬʦʥʦʚʦʛʦ 1 ʡ ʮʝʥʪʨʘʣʴʥʦʛʦ 2 ʥʘʛʨʽʚʥʠʢʽʚ. ʉʠʛʥʘʣʠ ʟ 

ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʠʭ ʪʝʨʤʦʧʘʨ 9, ʨʦʟʤʽʱʝʥʠʭ ʚʩʝʨʝʜʠʥʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ, 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʙʣʦʢ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʫʪʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ 10, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 11 ʽ ʙʣʦʢʫ ʦʙʨʦʙʢʠ ʡ ʨʝʻʩʪʨʘʮʽʾ 

ʜʘʥʠʭ 12. ɺʠʤʽʨʶʚʘʥʥʷ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 13 ʪʘ 14. ʇʽʜʪʨʠʤʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʥʘʛʨʽʚʥʠʢʫ 2 ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨʦʤ 8 ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ 

ʢʦʥʪʨʦʣʝʨʘ 15. ʊʝʤʧʝʨʘʪʫʨʥʽ ʨʽʚʥʽ ʚʠʤʽʨʶʚʘʥʴ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʥʦʚʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ 7 [164]. 

ɼʣ̫ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ 

ʪʦʯʢʘʭ ʫʩʪʘʥʦʚʢʠ ʽ ʧʦʪʫʞʥʦʩʪʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 
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ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʣʫʛʫʻ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʥʪʫʨ [163, 165]. ɹʘʟʘ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʪʝʨʤʽʥʘʣʽ ʇʂ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ IndexTem, ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ʅɼʎ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ ʜʠʩʝʨʪʘʮʽʾ [169]. 

IndexTem ʟʜʽʡʩʥʶʻ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ. ʇʨʠ ʥʘʩʪʘʥʥʽ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʽʚʥʷ, ʩʪʚʦʨʝʥʦʛʦ 

ʬʦʥʦʚʠʤʠ ʥʘʛʨʽʚʥʠʢʘʤʠ (ʟʤʽʥʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʪʦʚʱʠʥʽ ʰʘʨʫ ʥʝ 

ʙʽʣʴʰʝ 1 ʂ/ʛʦʜ), ʧʨʦʛʨʘʤʘ ʟʜʽʡʩʥʶʻ ʟʘʧʠʩ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʞ ʪʝʨʤʦʧʘʨʘʤʠ 

ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʘʭ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʧʽʩʣʷ ʯʦʛʦ ʚʤʠʢʘʻʪʴʩʷ 

ʮʝʥʪʨʘʣʴʥʠʡ ʥʘʛʨʽʚʥʠʢ. ɸʥʘʣʦʛʽʯʥʦ, ʧʨʠ ʟʤʽʥʝʥʥʽ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʪʦʚʱʠʥʽ ʰʘʨʫ ʥʝ ʙʽʣʴʰʝ 1 ʂ/ʛʦʜ ʧʨʦʛʨʘʤʘ ʟʜʽʡʩʥʶʻ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ 

[169]. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  
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ʜʝ U ï ʝʣʝʢʪʨʠʯʥʘ ʥʘʧʨʫʛʘ ʤʽʞ ʧʦʪʝʥʮʽʡʥʠʤʠ ʧʨʦʚʦʜʘʤʠ, ɺ; I ï ʩʠʣʘ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʠʡ ʥʘʛʨʽʚʥʠʢ, ɸ; lk  ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝʦʜʥʦʤʽʨʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; 21,rr  ï ʨʘʜʽʫʩʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʡ ʟʦʚʥʽʰʥʴʦʾ 

ʪʝʨʤʦʧʘʨ, ʤ; tD ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʫʧʝʨʧʦʟʠʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, ʂ; l ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʪʝʥʮʽʡʥʠʤʠ ʧʨʦʚʦʜʘʤʠ, ʤ [164]. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʽ ʯʦʪʠʨʠ 

ʪʝʨʤʦʧʘʨʠ (ʜʚʽ ʚʥʫʪʨʽʰʥʽ ʡ ʜʚʽ ʟʦʚʥʽʰʥʽ), ʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʶʚʘʥʴ ʻ ʩʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʟ ʜʚʦʭ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʉʫʤʘʨʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ 

ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʢʣʘʜʘʻ ʥʝ ʙʽʣʴʰʝ 16 % ʟʘ ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ 

W=0,997. 

 



159 

2.2.2 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʇɽʆ ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [163, 164] 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʫ ʢʝʨʘʤʽʯʥʫ ʪʨʫʙʫ (ʧʦʨʦʞʥʠʩʪʠʡ ʮʠʣʽʥʜʨ), ʟʟʦʚʥʽ ʷʢʦʾ 

ʨʦʟʤʽʱʝʥʠʡ ʩʧʽʨʘʣʴʥʠʡ ʥʘʛʨʽʚʥʠʢ 1 (ʨʠʩ. 2.3). ɺʥʫʪʨʽʰʥʽʡ ʧʨʦʩʪʽʨ ʧʦʨʦʞʥʠʩʪʦʛʦ 

ʮʠʣʽʥʜʨʘ ʫʪʚʦʨʶʻ ʚʠʤʽʨʶʚʘʣʴʥʫ ʢʦʤʽʨʢʫ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ 

2 ʟʘʪʠʩʢʫʻʪʴʩʷ ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ ʛʨʘʬʽʪʦʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ 3 ʟ ʧʝʚʥʠʤ ʟʫʩʠʣʣʷʤ F. 

ɽʣʝʢʪʨʦʜʠ ʤʘʶʪʴ ʨʦʟʤʽʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʪʨʫʙʠ. ɺʠʤʽʨʶʚʘʣʴʥʘ ʢʦʤʽʨʢʘ ʤʘʻ 

ʪʦʨʮʝʚʫ 4 ʪʘ ʨʘʜʽʘʣʴʥʫ 5 ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ [166]. 

ɼʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʦʙôʻʤʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʽʨʘʣʴʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ 1 ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘʚʜʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʽʨʘʣʴʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ ʽ 

ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʛʫʣʷʪʦʨʽʚ 6 ̔  7, ʚʽʜʧʦʚʽʜʥʦ [164]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʽʚ ʜʚʦʭ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʠʭ ʪʝʨʤʦʧʘʨ 8, ʦʜʥʘ ʟ ʷʢʠʭ ʫʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʩʪʽʥʮʽ ʢʝʨʘʤʽʯʥʦʾ ʪʨʫʙʠ ʧʦʩʝʨʝʜʠʥʽ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ, ʘ ʜʨʫʛʘ ï ʧʦ ʦʩʽ 

ʪʨʫʙʠ [166]. 



160 

 
1 ï ʩʧʽʨʘʣʴʥʠʡ ʥʘʛʨʽʚʥʠʢ; 2 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ; 3 ï ʛʨʘʬʽʪʦʚʠʡ ʝʣʝʢʪʨʦʜ;  

4 ï ʪʦʨʮʝʚʘ ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 5 ï ʨʘʜʽʘʣʴʥʘ ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 6 ï ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ 

ʩʧʽʨʘʣʴʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ; 7 ï ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ ʜʣʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʜʽʣʷʥʢʠ;  

8 ï ʪʝʨʤʦʧʘʨʠ; 9 ï ʢʦʤʫʪʫʶʯʠʡ ʧʨʠʩʪʨʽʡ; 10 ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ;  

11 ï ʙʣʦʢ ʦʙʨʦʙʢʠ ʽ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ (ʇʂ); 12 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʪʨʫʤʫ;  

13 ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʠ; 14 ï ʧʨʦʛʨʘʤʦʚʘʥʠʡ ʢʦʥʪʨʦʣʝʨ 

ʈʠʩʫʥʦʢ 2.3 ï ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʇɽʆ ʩʠʧʫʯʠʭ ʚʫʛʣʝʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [163, 164] 

 

ɿʥʘʯʝʥʥʷ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʪʦʨʮʷʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʥʴʦʛʦ, ʥʘʜʭʦʜʷʪʴ ʥʘ ʙʣʦʢ ʟʙʠʨʘʥʥʷ ʡ 

ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʫʪʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ 9, ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 10 ʽ ʙʣʦʢʫ ʦʙʨʦʙʢʠ ʡ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ 11. ɺʠʤʽʨʶʚʘʥʥʷ 

ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 12 ʽ 13. 

ʇʽʜʪʨʠʤʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʚ ʟʨʘʟʢʫ 2 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨʦʤ 7 ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 14 [164]. 

ʈʝʻʩʪʨʘʮʽʷ ʽ ʦʙʨʦʙʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ 

ʦʧʠʩʘʥʦʶ ʚʠʱʝ ʫʩʪʘʥʦʚʢʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʇʂ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ IndexTem [169]. 

ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʚ ʟʨʘʟʢʫ ʟʘ ʨʘʭʫʥʦʢ 
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ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ 

ʘʚʪʦʤʘʪʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʚʽʜʤʽʥʥʽʩʪʶ ʣʠʰʝ ʚ 

ʟʤʽʥʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʛʨʘʬʽʪʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ [164].  

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

l

S

I

UD
=r

, 
(2.103) 

ʜʝ UD  ï ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʜʦʚʞʠʥʦʶ l (ʤ), ɺ;  

S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ, ʤ2; I ï ʩʠʣʘ ʩʪʨʫʤʫ, ɸ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʶʚʘʥʴ ʻ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʦʪʨʠʤʘʥʠʭ 

ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʽ ʧʝʨʠʬʝʨʽʡʥʽʡ ʜʽʣʷʥʢʘʭ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʟʥʠʮʷʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʥʠʭ. 

 

2.2.3 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʫʩʪʘʥʦʚʮʽ, ʷʢʘ 

ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʉʪʦʢʩʘ (ʧʘʜʘʶʯʦʾ ʢʫʣʴʢʠ) (ʨʠʩ. 2.4) [255]. 

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

( )
h

tgDfs

18

2r-r
=m

, 
(2.104) 

ʜʝ fs rr,  ï ʛʫʩʪʠʥʘ ʢʫʣʴʢʠ ʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʽʜʠʥʠ (ʤʘʩʠ), ʚʽʜʧʦʚʽʜʥʦ, ʢʛ/ʤ3; g  ï 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2; Dï ʜʽʘʤʝʪʨ ʢʫʣʴʢʠ, ʤ; t  ï ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ 

ʢʫʣʴʢʦʶ ʰʣʷʭʫ h(ʤ), ʩ. 

ʋ ʜʦʩʣʽʜʘʭ ʟʘ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ ʛʫʩʪʠʥʠ ʢʫʣʴʢʠ ʡ ʤʘʩʠ ʚʠʟʥʘʯʘʣʠ ʯʘʩ t, ʟʘ 

ʷʢʠʡ ʢʫʣʴʢʘ ʜʽʘʤʝʪʨʦʤ D ʧʨʦʭʦʜʠʪʴ ʚʽʜʩʪʘʥʴ h. 
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 1 ï ʰʪʘʪʠʚ; 2 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ; 3 ï ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 4 ï ʧʝʨʠʬʝʨʽʡʥʠʡ 

ʥʘʛʨʽʚʥʠʢ; 5 ï ʤʝʪʘʣʝʚʘ ʢʫʣʷ; 6 ï ʽʥʜʠʢʘʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ; 7 ï ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ 

ʰʪʘʥʛʘ; 8 ï ʜʦʜʘʪʢʦʚʘ ʚʘʛʘ 

ʈʠʩʫʥʦʢ 2.4 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ [255] 

 

ʋʩʪʘʥʦʚʢʘ (ʨʠʩ. 2.3) ʜʘʻ ʟʤʦʛʫ ʚʠʤʽʨʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʜʦ 

107 ʇʘĿʩ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 800 Áʉ) ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 10ï15 %. 

 

2.2.4 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ 

ʤʘʩʠ 

 

ʉʭʝʤʫ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʩʫʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʫʛʣʝʧʝʢʦʚʦʾ ʤʘʩʠ 

[255] ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5.  

ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʧʦʣʷʛʘʻ 

ʚ ʩʪʚʦʨʝʥʥʽ ʬʽʢʩʦʚʘʥʦʛʦ ʟʫʩʠʣʣʷ, ʟʘ ʷʢʦʛʦ ʟʘʧʨʝʩʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʫ 

ʪʝʨʤʦʩʪʘʪʦʚʘʥʽʡ ʪʨʫʙʽ ʟʩʫʚʘʻʪʴʩʷ ʟ ʤʽʩʮʷ (ʜʠʚ. ʨʠʩ. 2.4). 

ʅʘʧʨʫʛʘ ʟʩʫʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

Dl

F

p
=t , 

(

2.105) 

ʜʝ F  ï ʩʠʣʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʢʣʘʩʪʠ ʜʦ ʟʘʧʨʝʩʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦʙ 

ʟʩʫʥʫʪʠ ʡʦʛʦ ʟ ʤʽʩʮʷ, ʅ; D  ï ʜʽʘʤʝʪʨ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʤ; l  ï ʜʦʚʞʠʥʘ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʤ. 
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1 ï ʤʘʥʦʤʝʪʨ; 2 ï ʧʦʚʽʪʨʦʧʨʦʚʽʜ; 3 ï ʢʦʤʧʨʝʩʦʨ; 4 ï ʧʦʚʽʪʨʷʥʠʡ ʮʠʣʽʥʜʨ;  

5 ï ʪʝʧʣʦʽʟʦʣʷʮʽʷ; 6 ï ʧʦʨʰʝʥʴ; 7 ï ʥʘʛʨʽʚʥʠʢ; 8 ï ʜʦʩʣʽʜʥʘ ʤʘʩʘ;  

9 ï ʧʦʢʘʞʯʠʢ; 10 ï ʣʽʥʽʡʢʘ 

ʈʠʩʫʥʦʢ 2.5 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʩʫʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ [255] 

 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʫʩʪʘʥʦʚʢʦʶ 

ʦʮʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 10ï15 %. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʨʦʙʥʠʯʠʤ ʫʤʦʚʘʤ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʘ ʤʘʩʘ ʟʘʧʨʝʩʦʚʫʚʘʣʘʩʷ ʚ ʮʠʣʽʥʜʨ ʧʽʜ ʪʠʩʢʦʤ ʧʽʜʧʨʝʩʦʚʫʚʘʥʥʷ. 

 

2.2.5 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʽʜ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

 

 ʋʩʪʘʥʦʚʢʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʽʜ ʯʘʩ 

ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ [182] ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6. 
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ʈʠʩʫʥʦʢ 2.6 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʛʘʟʦʚʠʜʽʣʝʥʥʷ (ʚʪʨʘʪʠ ʤʘʩʠ) ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ [182] 

 

ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʘʟʦʚʠʜʽʣʝʥʥʷ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʨʦʙʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

t

m
v
D

D
=

, 
(2.106) 

ʜʝ 
ʟʨ.ʧʦʯ.

.ʟʨ.ʟʨ1

m

mm
m ii tt -
=D +  ï ʚʪʨʘʪʘ ʤʘʩʠ ʤʽʞ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʢʛ; 

ʟʨ.ʧʦʯ.m ,
it

mʟʨ., 1.ʟʨ+it
m  ï ʤʘʩʘ ʟʨʘʟʢʘ ʧʦʯʘʪʢʦʚʘ ʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ it  ʽ 1+it , ʚʽʜʧʦʚʽʜʥʦ, 

ʢʛ; 
ii

ttt tt -=D
+ ʟʨ..ʟʨ 1

 ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ, Áʉ; 
i

t tʟʨ., 1ʟʨ.+ti
t  ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʨʘʟʢʘ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ it ̔  1+ti , Áʉ. 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʪʨʘʪʠ ʤʘʩʠ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ 

ʫʩʪʘʥʦʚʢʦʶ ʦʮʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 5ï10 %. 

 

2.2.6 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

 

ʉʭʝʤʫ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʂʊʃʈ ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ [256] 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.7. 
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ɺ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʂʊʃʈ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ 

ʧʦʜʽʙʥʦʩʪʽ, ʘ ʩʘʤʝ: 

- ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʟʨʘʟʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 

ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʟʘʛʦʪʦʚʢʠ; 

- ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʟʨʘʟʢʘ ʜʦ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ ʧʨʦʤʠʩʣʦʚʦʾ 

ʟʘʛʦʪʦʚʢʠ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʤʘʩʠ ʟʘʛʦʪʦʚʢʠ ʜʦ ʤʘʩʠ ʟʨʘʟʢʘ. 

ʂʊʃʈ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʦʚʞʠʥʠ ʪʽʣʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ 

TL

L
L

D

D
=a

, 
(2.107) 

ʜʝ La  ï ʂʊʃʈ, ʂ-1; LD  ï ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ, ʤ; L  ï ʧʦʯʘʪʢʦʚʘ ʜʦʚʞʠʥʘ ʟʨʘʟʢʘ, 

ʤ; TD ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ, ʂ; 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 2.6) ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʧʽʯ 

3. ɿʘʜʘʥʥʷ ʽ ʚʠʪʨʠʤʢʘ ʛʨʘʬʽʢʘ ʥʘʛʨʽʚʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. ʟʨʘʟʦʢ 4 ʬʽʢʩʫʻʪʴʩʷ ʚ ʧʝʯʽ ʚ ʩʠʩʪʝʤʽ ʮʝʥʪʨʫʚʘʥʥʷ 2, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʛ 

ʦʩʝʡ ʟʨʘʟʢʘ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ, ʘ ʪʘʢʦʞ ʟʘʧʦʙʽʛʘʻ ʧʨʦʛʠʥʫ ʟʨʘʟʢʘ ʚ ʧʨʦʮʝʩʽ 

ʥʘʛʨʽʚʫ. ɺʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʣʘʜʦʤ ʩʣʫʛʫʻ ʽʥʜʠʢʘʪʦʨʥʘ ʛʦʣʦʚʢʘ 1 ʪʠʧʫ ʄʀɻ ɻʆʉʊ 

9696-75 ʟ ʪʦʯʥʽʩʪʶ 0,002 ʤʤ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʽ ʪʝʨʤʦʧʘʨʠ, ʘ ʜʣʷ ʾʭ ʟʘʧʠʩʫ ï 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ 5 IndexTem [169]. ʊʘʨʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ 

ʟʨʘʟʢʫ ʟ ʢʚʘʨʮʦʚʦʛʦ ʩʢʣʘ. 

ʉʫʤʘʨʥʘ ʩʠʩʪʝʤʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʂʊʃʈ ʥʘ ʨʦʟʨʦʙʣʝʥʽʡ 

ʫʩʪʘʥʦʚʮʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 600 Áʉ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 %. 
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1 ï ʽʥʜʠʢʘʪʦʨʥʘ ʛʦʣʦʚʢʘ; 2 ï ʩʠʩʪʝʤʘ ʮʝʥʪʨʫʚʘʥʥʷ; 3 ï ʧʽʯ; 4 ï ʟʨʘʟʦʢ; 

5 ï ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʽ ʪʝʨʤʦʧʘʨʠ 

ʈʠʩʫʥʦʢ 2.7 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʂʊʃʈ çʟʝʣʝʥʠʭè 

ʟʘʛʦʪʦʚʦʢ [256] 

 

2.2.7 ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ 

ʛʨʘʬʽʪ ʟ ʤʽʜʜʶ ʡ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʤ ʛʨʘʬʽʪʦʤ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨ ʛʨʘʬʽʪïʤʽʜʴ ʽ ʛʨʘʬʽʪïʪʝʨʤʦʨʦʟʰʠʨʝʥʠʡ ʛʨʘʬʽʪ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʩʢʫ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.8 [239, 257].  

ʄʝʪʦʜʠʢʘ ʇɽʂʆ ʤʽʜʴ-ʛʨʘʬʽʪ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ: ʟʨʘʟʦʢ ʟ ʢʦʥʪʘʢʪʥʠʤʠ 

ʧʘʨʘʤʠ 1 (ʨʠʩ. 2.8, ʘ) ʧʦʤʽʱʫʻʪʴʩʷ ʫ ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʝʩ 4, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʝ ʟʫʩʠʣʣʷ ʩʪʠʩʢʘʥʥʷ; ʟʨʘʟʦʢ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʟ ʩʠʣʦʶ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ï 5 ɸ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʜʥʠʭ ʢʦʥʪʘʢʪʽʚ 2, 3, ʨʦʟʤʽʱʝʥʠʭ ʟ ʜʚʦʭ 

ʡʦʛʦ ʪʦʨʮʽʚ; ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ [169] ʚʠʢʦʥʫʶʪʴʩʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʩʪʨʫʤʦʧʽʜʚʦʜʽ, ʛʨʘʬʽʪʦʚʦʤʫ ʟʨʘʟʢʫ ʡ ʫ ʟʦʥʽ ʾʭ ʢʦʥʪʘʢʪʫ. 
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ʘ ʙ 

ʘ ï ʤʽʜʴ-ʛʨʘʬʽʪ; ʙ ï ʛʨʘʬʽʪ-ʧʨʦʢʣʘʜʢʘ-ʛʨʘʬʽʪ; 

1 ï ʛʨʘʬʽʪʦʚʽ ʟʨʘʟʢʠ  ɲ30Ĭ40 ʤʤ; 2, 3 ï ʥʠʞʥʽʡ ʡ ʚʝʨʭʥʽʡ ʤʽʜʥʽ ʩʪʨʫʤʦʧʽʜʚʦʜʠ;  

4 ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʝʩ; 5 ï ʧʨʦʢʣʘʜʢʘ (ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʡ (ʩʧʫʯʝʥʠʡ) ʛʨʘʬʽʪ);  

6 ï ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʥʠʢ 

ʈʠʩʫʥʦʢ 2.8 ï ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʇɽʂʆ 

[257] 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʚʝʣʠʯʠʥʘ ʇɽʂʆ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

c

cc
c

I

SU
=r

, 
(2.108) 

ʜʝ cr ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ, ʆʤĀʤ2; cU  ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʚ 

ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ɺ; cI  ï ʩʠʣʘ ʩʪʨʫʤʫ, ɸ; cSï ʧʣʦʱʘ ʩʽʯʝʥʥʷ ʢʦʥʪʘʢʪʫ, ʤ2. 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʇɽʂʆ ʥʘ ʨʦʟʨʦʙʣʝʥʽʡ ʫʩʪʘʥʦʚʮʽ ʦʮʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 

4ï5 %. 

 

 

2.3 ʇʨʦʤʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ ʚ ʧʝʨʝʜʽʣʘʭ ʧʨʦʞʘʨʶʚʘʥʥʷ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʝʩʫʚʘʥʥʷ, 

ʚʠʧʘʣʶʚʘʥʥʷ ʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʢʦʥʪʨʦʣʶ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʚʠʪʨʘʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʜʝʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʰʪʘʪʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ. 
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ɼʣʷ ʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, ʧʝʯʘʭ 

ʚʠʧʘʣʶʚʘʥʥʷ ʽ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʦʟʨʦʙʣʝʥʽ ʚ ʅɼʎ 

çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ 

ʪʝʨʤʦʟʦʥʜʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ:  

ï ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʽ ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ï50 ʉ̄ ʜʦ (1100ï

1200) ̄ ʉ (ʢʦʨʦʪʢʦʯʘʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦ 1300 ʉ̄) (ʨʠʩ. 2.9); 

ï  ʚʦʣʴʬʨʘʤ-ʨʝʥʽʻʚʽ ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ï50 ʉ̄ ʜʦ (1500ï

1600) ʉ̄ (ʨʠʩ. 2.10) ï ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʽ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ [167, 168, 

171]. 

 

 
1 ï ʯʦʭʦʣ ʟ ʥʝʽʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ; 2 ï ʨʫʢʘʚ ʟ ʢʨʝʤʥʻʦʨʛʘʥʽʯʥʦʾ ʛʫʤʠ; 3 ï ʦʢʩʠʜ 

ʤʘʛʥʽʶ; 4 ï ʧʨʦʙʢʘ ʟ ʦʢʩʠʜʫ ʤʘʛʥʽʶ ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʣʝʶ; 5 ï ʛʘʨʷʯʽ 

ʩʧʘʾ ʚ ʘʣʫʥʜʦʚʽʡ ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʩʦʣʦʤʮʽ; 6 ï ʝʣʝʢʪʨʦʜʠ ʪʝʨʤʦʧʘʨ, ʱʦ 

ʝʣʝʢʪʨʦʽʟʦʣʴʦʚʘʥʽ ʤʫʣʽʪʦʢʨʝʤʥʝʟʝʤʥʠʩʪʠʤ ʩʧʣʝʪʽʥʥʷʤ; 7 ï ʟʦʚʥʽʰʥʽ ʢʽʥʮʽ 

ʪʝʨʤʦʧʘʨ ʧʽʜ ʬʪʦʨʦʧʣʘʩʪʦʚʦʶ ʽʟʦʣʷʮʽʻʶ  

ʈʠʩʫʥʦʢ 2.9 ï ʂʦʥʩʪʨʫʢʮʽʷ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʛʦ ʪʝʨʤʦʟʦʥʜʘ ʥʘ ʜʚʽ ʪʝʨʤʦʧʘʨʠ 

[171]  

 
1 ï ʯʦʭʦʣ ʟ ʥʝʽʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ; 2 ï ʨʫʢʘʚ ʟ ʢʨʝʤʥʻʦʨʛʘʥʽʯʥʦʾ ʛʫʤʠ; 3 ï ʛʘʨʷʯʽ 

ʩʧʘʾ; 4 ï ʧʨʦʙʢʘ ʟ ʦʢʩʠʜʫ ʤʘʛʥʽʶ ʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʣʝʶ; 5 ï ʜʚʦʢʘʥʘʣʴʥʘ 

ʘʣʫʥʜʦʚʘ ʩʦʣʦʤʢʘ; 6 ï ʦʢʩʠʜ ʤʘʛʥʽʶ; 7 ï ʘʣʫʥʜʦʚʘʥʘ ʦʜʥʦʢʘʥʘʣʴʥʘ ʩʦʣʦʤʢʘ;  

8 ï ʟʦʚʥʽʰʥʽ ʢʽʥʮʽ ʪʝʨʤʦʧʘʨ ʧʽʜ ʬʪʦʨʦʧʣʘʩʪʦʚʦʶ ʽʟʦʣʷʮʽʻʶ 

ʈʠʩʫʥʦʢ 2.10 ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʦʣʴʬʨʘʤ-ʨʝʥʽʻʚʦʛʦ ʪʝʨʤʦʟʦʥʜʘ ʥʘ ʜʚʽ ʪʝʨʤʦʧʘʨʠ 

[171] 
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ʂʦʥʪʨʦʣʴ ʪʘ ʟʘʧʠʩ ʜʘʥʠʭ ʚʽʜ ʪʝʨʤʦʜʘʪʯʠʢʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ ʚ ʅɼʎ çʈʊè ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ [169]. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨ ʚʢʘʟʘʥʦʛʦ ʚʠʱʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʝʨʤʦʧʦʽʥʪ çRaytekè, ʪʝʨʤʦʧʦʽʥʪ Agema TPT 62, ʪʝʧʣʦʚʽʟʦʨ 

ULIRvision, ʦʧʪʠʯʥʠʡ ʧʽʨʦʤʝʪʨ çʇʨʦʤʽʥʴ ʄ ɯɯè. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʘʪʯʠʢʠ ʪʠʧʫ ʇʊʇ-04 ʚʠʨʦʙʥʠʮʪʚʘ ɯʥʩʪʠʪʫʪʫ 

ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʦʚʠʭ ʧʦʪʦʢʽʚ ï 

ʪʝʨʤʦʘʥʝʤʦʤʝʪʨ TSI VelociCalc Plus 8388-M-GB, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ 

ï ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʠ Testo-330 LL ʽ VarioPlus Industrial. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʝʯʘʭ ʚʠʧʘʣʶʚʘʥʥʷ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʝʨʤʦʤʝʪʨʠʯʥʽ ʢʽʣʴʮʷ ʤʘʨʢʠ LTH ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ (970ï1250) C̄ ʽ STH ï ʫ ʜʽʘʧʘʟʦʥʽ (1130ï1400) C̄, 

ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ M.E.SCHUPP, ʅʽʤʝʯʯʠʥʘ [170]. 

 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 2 

 

1) ʈʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

2) ʅʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʢʦʤʧʣʝʢʩ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫʩʽʭ ʧʝʨʝʜʽʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ: 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʦʙʣʘʜʥʘʥʥʽ ʦʙʝʨʪʦʚʠʭ ʧʨʦʞʘʨʶʚʘʣʴʥʠʭ ʧʝʯʝʡ; 

ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʚʠʧʘʣʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ; ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ; ʘ ʪʘʢʦʞ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

3) ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʊʌɺ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʽʩʪʘʚʣʝʥʥʷ ʯʠʩʣʦʚʠʭ ʨʦʟʚôʷʟʢʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ 
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ʟʘʜʘʯʽ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʫ ʚʠʛʣʷʜʽ 

ʩʧʦʩʦʙʫ ʟʘʭʠʱʝʥʦ ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 137451.  

4) ɼʣʷ ʚʩʽʭ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚ ʧʝʨʝʜʽʣʘʭ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, 

ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʤʝʪʦʜʦʤ ʚʠʜʘʚʣʶʚʘʥʥʷ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ, ʚʠʧʘʣʶʚʘʥʥʷ 

ʟʘʛʦʪʦʚʦʢ ʚ ʙʘʛʘʪʦʢʘʤʝʨʥʠʭ ʧʝʯʘʭ ʪʘ ʛʨʘʬʽʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ ʚ 

ʧʝʯʘʭ ʂʘʩʪʥʝʨʘ ʩʪʚʦʨʝʥʦ ʚʽʜʧʦʚʽʜʥʽ ʯʠʩʣʦʚʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʤʝʭʘʥʽʯʥʠʡ, ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʡ ʪʘ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʩʪʘʥ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ. 

5) ʆʧʠʩʘʥʦ ʢʦʤʧʣʝʢʩ ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʅɼʎ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʇɽʆ) ʩʠʧʫʯʦʛʦ 

ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘʥʪʨʘʮʠʪʫ ʽ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ; 

ï ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʡ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ 

ʤʘʩʠ; 

ï ʜʠʥʘʤʽʢʠ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʡ ʂʊʃʈ çʟʝʣʝʥʠʭè ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʟʘʛʦʪʦʚʦʢ; 

ï ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʛʨʘʬʽʪ ʟ ʤʽʜʜʶ ʡ ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʤ 

ʛʨʘʬʽʪʦʤ. 

6) ʅʘʚʝʜʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʡ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʠʭ ʟʘ ʫʯʘʩʪʶ 

ʘʚʪʦʨʘ ʚ ʅɼʎ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʭʨʦʤʝʣʴ-

ʘʣʶʤʝʣʝʚʠʭ ʽ ʚʦʣʴʬʨʘʤ-ʨʝʥʽʻʚʠʭ ʪʝʨʤʦʟʦʥʜʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, ʧʝʯʘʭ ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʰʝ 

ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʧʝʨʝʜʽʣʘʭ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ.  

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ 2 ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʧʨʘʮʷʭ [163, 164, 171, 

182, 239, 242, 254, 255, 258, 259, 262, 264, 266, 267, 269, 275ï277, 304]. 
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3 ɼʆʉʃɯɼɾɽʅʅʗ ʌɯɿʀʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʉʀʈʆɺʀʅʅʀʍ  

ɯ ʊɽʇʃʆɯɿʆʃʗʎɯʁʅʆ-ʇɽʈɽʉʀʇʂʆɺʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

ʇʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʜʽʶʯʦʤʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʚ ʧʝʨʝʜʽʣʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʽ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʪʨʘʪ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʚʩʽʭ ʧʝʨʝʜʽʣʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ɽɻɺ ʻ ʚʘʞʣʠʚʠʤ 

ʝʪʘʧʦʤ ʫ ʢʦʤʧʣʝʢʩʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʪʘ 

ʨʝʘʣʽʩʪʠʯʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʧʨʦ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʘʥʽ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʜʽʶʯʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ ʜʣʷ ʾʭ ʚʝʨʠʬʽʢʘʮʽʾ [164].  

 

 

3.1 ʊʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦ-ʧʝʨʝʩʠʧʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

 

ɺʠʱʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ ʷʢ ʧʝʨʝʩʠʧʢʦʚʠʡ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʚ 

ʧʝʯʘʭ ʚʠʧʘʣʶʚʘʥʥʷ ʪʘ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ, ʷʢʠʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʜʨʽʙʥʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʢʦʢʩʫ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʶ ʬʨʘʢʮʽʻʶ 0ï10 ʤʤ. ʗʢ ʪʝʧʣʦʽʟʦʣʷʮʽʶ ʚ ʧʝʯʘʭ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʫ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʫ ʰʠʭʪʫ, ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʷʢʦʾ ʻ ʩʠʨʠʡ ʪʘ ʛʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ, ʪʠʨʩʘ ʪʘ ʧʽʩʦʢ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʩʠʨʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʪʘ ʦʙʦʨʦʪʥʦʾ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʰʠʭʪʠ ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣ. 3.1, ʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʫʤʽʰʝʡ ʩʠʨʦʛʦ ʡ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ 

ʟ ʧʨʦʮʝʥʪʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ, 100/0, 75/25, 50/50, 25/75, 0/100 ï ʥʘ 

ʨʠʩ. 3.1 [164].  
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ʊʘʙʣʠʮʷ 3.1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ/ʦʙʦʨʦʪʥʦʾ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʰʠʭʪʠ 

ʌʨʘʢʮʽʷ, ʤʤ +10 -10é+ 7 -7é+ 5 -5é+ 3 -3é+ 1 -1é0  

% 0,4/1,0 10,2/9,3 17,1/18,5 19,7/22,0 23,3/19,1 29,3/30,1 
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1 - ʩʠʨʠʡ/ʛʨʘʬʽʪʦʚʘʥʠʡ - 100/02 - ʩʠʨʠʡ/ʛʨʘʬʽʪʦʚʘʥʠʡ - 75/25
3 - ʩʠʨʠʡ/ʛʨʘʬʽʪʦʚʘʥʠʡ - 50/504 - ʩʠʨʠʡ/ʛʨʘʬʽʪʦʚʘʥʠʡ - 25/75
5 - ʩʠʨʠʡ/ʛʨʘʬʽʪʦʚʘʥʠʡ - 0/1006 - ʙʘʛʘʪʦʢʦʤʧ. ʰʠʭʪʘ

5 4 3

2 61

 
ʈʠʩʫʥʦʢ 3.1 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʫʤʽʰʽ 

ʩʠʨʦʛʦ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ [163, 164] 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʘ ʰʠʭʪʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʧʦʚʥʽʩʪʶ ʟ ʩʠʨʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ (ʢʨʠʚʘ 1), ʤʘʻ ʥʘʡʢʨʘʱʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 800 ʉ̄. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʮʽʻʾ 

ʰʠʭʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 250 ̄ ʉ ʩʪʘʥʦʚʠʪʴ 0,4 ɺʪ/(ʤĿʂ). ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ 

ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʢʦʞʥʽ 25 % ʟʙʽʣʴʰʫʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʩʫʤʽʰʽ ʥʘ 10ï20 % [234]. ɻʨʘʬʽʪʦʚʘʥʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʘ ʰʠʭʪʘ ʟʘ ʪʽʻʾ ʞ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 0,9 ɺʪ/(ʤĿʂ). ɿʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 950 Üʉ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʪʘ 

ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʩʪʘʥʦʚʣʷʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 1,2 ɺʪ/(ʤĿʂ) ʽ 2 

ɺʪ/(ʤĿʂ) [164].  

ʅʘ ʨʠʩ. 3.1 ʪʘʢʦʞ ʥʘʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʰʠʭʪʠ, ʷʢʘ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʟʘʣʝʞʥʽʩʪʶ ʜʣʷ ʩʠʨʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʩʠʨʦʛʦ ʢʦʢʩʦʚʦʛʦ 
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ʜʨʽʙôʷʟʢʫ ʜʦ 750 Áʉ ʭʘʨʘʢʪʝʨʥʝ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ 

ʰʠʭʪʠ, ʘ ʧʽʩʣʷ 750 Áʉ ï ʥʘʚʧʘʢʠ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʷʚʥʽʩʪʶ ʚ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʡ ʰʠʭʪʽ ʟʥʘʯʥʦʾ ʯʘʩʪʢʠ (50 %) ʬʨʘʢʮʽʾ 0ï0,5 ʤʤ, ʷʢʘ ʟʘʧʦʚʥʶʻ 

ʧʦʚʽʪʨʷʥʽ ʧʦʨʠ, ʱʦ ʟʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʠ 

ʧʝʨʝʚʘʞʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʽ ʥʘʚʧʘʢʠ, ʥʘʷʚʥʽʩʪʴ ʫ ʩʠʨʦʤʫ 

ʢʦʢʩʦʚʦʤʫ ʜʨʽʙôʷʟʢʫ ʬʨʘʢʮʽʾ 0ï0,5 ʤʤ ʟ ʯʘʩʪʢʦʶ 25 % ʩʧʨʠʯʠʥʶʻ ʧʦʷʚʫ ʧʦʨ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɿ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʠʩʧʝʨʩʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʽʟ ʙʽʣʴʰ ʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʟʨʦʩʪʘʻ ʚʢʣʘʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʪʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʢʦʢʩʫ 

ʧʽʩʣʷ 750 Áʉ ʧʝʨʝʚʠʱʫʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʾ 

ʰʠʭʪʠ [164].  

ɺʽʜʦʤʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʦʢ. ʊʦʤʫ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 200ï

1000 Áʉ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʛʦ 

ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʬʨʘʢʮʽʷʤʠ ʜʦ 2 ʤʤ, 2ï4 ʤʤ, 4ï6 ʤʤ, 6ï8 ʤʤ. ɼʣʷ ʩʠʨʦʛʦ 

ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʘ ʬʨʘʢʮʽʷ 7ï10 ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2, 3.3 [164]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʠʩ. 3.2 ʚʠʜʥʦ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 250 Áʉ ʥʘʡʙʽʣʴʰʫ 

ʝʬʝʢʪʠʚʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʻ ʬʨʘʢʮʽʷ 0ï2 ʤʤ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʟʨʦʩʪʘʻ ʽ ʟʘ 

950 Áʉ ʫ ʬʨʘʢʮʽʾ 7ï10 ʤʤ ʚʦʥʘ ʤʘʡʞʝ ʚ 2,5 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʬʨʘʢʮʽʾ 0ï2 ʤʤ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩʦʚʠʡ ʜʨʽʙôʷʟʦʢ ʻ ʤʘʪʝʨʽʘʣʦʤ ʩʠʨʦʛʦ 

ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ, ʱʦ ʧʨʦʡʰʦʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʦʙʨʦʙʢʫ (ʚʠʱʝ 2300 ʉ̄) 

[164]. 
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ʈʠʩʫʥʦʢ 3.2 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ 

ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ [163, 164] 
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ʈʠʩʫʥʦʢ 3.3 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʫ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ [163, 164] 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʠʩ. 3.3 ʚʠʜʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʫ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 210ï230 ÁC ʜʣʷ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,67 ɺʪ/(ʤĿʂ) ʜʦ 0,78 ɺʪ/(ʤĿʂ), ʧʨʠʯʦʤʫ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʬʨʘʢʮʽʷ 0ï2 ʤʤ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʷ 950 ÁC ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʻ ʬʨʘʢʮʽʷ 6ï8 ʤʤ ʽ ʩʪʘʥʦʚʠʪʴ 3,05 ɺʪ/(ʤĿʂ), ʘ ʥʘʡʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʬʨʘʢʮʽʾ 0ï2 ʤʤ ï 0,95 ɺʪ/(ʤĿʂ) [164, 235]. 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ 

ʦʪʨʠʤʘʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʪʘ 

ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ [163, 164]: 

ï ʩʠʨʠʡ ʢʦʢʩ ʬʨʘʢʮʽʾ 1ï7 ʤʤ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 200ï1000 Üʉ (R2=0,96) 

2744
eff 1008,61008,2063,01052,3458,0 ttddt --- Ö+Ö+-Ö-=l ; (3.1) 

ï ʛʨʘʬʽʪʦʚʘʥʠʡ ʢʦʢʩ ʬʨʘʢʮʽʾ 2ï7 ʤʤ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 300ï1000 Üʉ 

(R2=0,92) 

2643
eff 102108,4165,01018,2348,1 ttddt --- Ö+Ö+-Ö-=l ; (3.2) 

ï ʩʫʤʽʰ ʩʠʨʦʛʦ ʡ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʫ (2ï6 ʤʤ, 400ï1000 Üʉ) (R2=0,8) 

tg

tdtgdt

6

42744
eff

109,9

103107,6102,5114,0109,9756,0

-

----

Ö+

Ö+Ö+Ö--Ö-=l
; (3.3) 

ʜʝ t ï ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ; d ï ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʬʨʘʢʮʽʾ, ʤʤ; g ï ʚʤʽʩʪ ʛʨʘʬʽʪʦʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʩʫʤʽʰʽ, %. 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 20 % ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʚʝʣʠʯʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʨʽʚʥʷʥʴ (3.1)ï(3.3) [164]. 

ɼʣʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʰʠʭʪʠ ʩʫʤʽʰʝʡ ʩʠʨʦʛʦ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ 

ʜʨʽʙôʷʟʢʫ, ʧʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʜʦʩʣʽʜʞʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣ. 3.1, ʪʘʢʦʞ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ (ʨʠʩ. 3.4).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʠʩ. 3.4 ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʇɽʆ ʩʝʨʝʜ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʰʠʭʪʠ ʥʘʣʝʞʠʪʴ ʩʠʨʦʤʫ ʢʦʢʩʦʚʦʤʫ 

ʜʨʽʙôʷʟʢʫ. ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʇɽʆ ʥʝ ʧʝʨʝʚʠʱʫʻ 70 ʢʆʤĿʤʤ2/ʤ. ɿ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʦʥʦʪʦʥʥʝ ʟʤʝʥʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʱʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 900 Áʉ ʩʪʘʻ ʤʝʥʰʝ ʟʘ 17 ʢʆʤĿʤʤ2/ʤ. ʋ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

100 ʜʦ 650 Áʉ ʟʘʣʝʞʥʽʩʪʴ ʇɽʆ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʧʨʷʤʦʶ, ʘʣʝ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʦʶ ʟʘ 650 Áʉ ʘʧʨʦʢʩʠʤʫʶʯʘ ʢʨʠʚʘ ʥʘʙʫʚʘʻ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ʆʧʠʩʘʥʘ ʪʝʥʜʝʥʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʩʫʤʽʰʝʡ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ 

ʰʠʭʪʠ [164].  
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ʈʠʩʫʥʦʢ 3.4 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʇɽʆ ʩʫʤʽʰʽ ʩʠʨʦʛʦ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʛʦ 

ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ [163, 164] 

 

ʅʘʷʚʥʽʩʪʴ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʽʡ ʰʠʭʪʽ 25 % ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ 

ʜʨʽʙôʷʟʢʫ (ʩʫʤʽʰ ʩʠʨʦʛʦ ʪʘ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʫ ï 75:25) ʟʥʠʞʫʻ ʟʥʘʯʝʥʥʷ ʇɽʆ ʚ 

2,1ï3 ʨʘʟʠ ʥʘ ʚʩʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʱʦʾ ʟʘ 900 Áʉ ʟʥʘʯʝʥʥʷ ʇɽʆ ʩʪʘʶʪʴ ʤʝʥʰʠʤʠ 7 ʢʆʤĿʤʤ2/ʤ. ʂʦʞʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʪʢʠ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʥʘ 25 % ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʇɽʆ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʾ ʰʠʭʪʠ ʚ 2ï3 ʨʘʟʠ [236]. 

 

 

3.2 ʊʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʪʨʘʮʠʪʫ ʡ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ, 

ʪʝʤʧʝʨʘʪʫʨʥʘ ʦʙʨʦʙʢʘ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ, ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.5, ʘ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ï ʥʘ ʨʠʩ. 3.6, 3.7 [171, 237]. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ 

ʘʥʪʨʘʮʠʪ, ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1000 Áʉ, ʱʦ ʟʘ ʩʚʦʾʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʙʽʣʴʰ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʚ ʨʦʙʦʯʦʤʫ 

ʧʨʦʩʪʦʨʽ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ [237]. 
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1 ï ʘʥʪʨʘʮʠʪ; 2 ï ʥʘʬʪʦʚʠʡ ʢʦʢʩ 

ʈʠʩʫʥʦʢ 3.5 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʚʠʥʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [171] 

 
1 ï ʘʥʪʨʘʮʠʪ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè; 2 ï ʘʥʪʨʘʮʠʪ ɿɸʊ çʉʠʙʠʨʩʢʠʡ 

ʘʥʪʨʘʮʠʪè [224] 

ʈʠʩʫʥʦʢ 3.6 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʇɽʆ ʘʥʪʨʘʮʠʪʫ ʨʽʟʥʦʛʦ  

ʧʦʭʦʜʞʝʥʥʷ [171] 

 
1 ï ʥʘʬʪʦʚʠʡ ʢʦʢʩ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè; 2 ï ʥʘʬʪʦʚʠʡ ʢʦʢʩ çMartin Marietta corp.è 

[224]; 3 ï ʥʘʬʪʦʚʠʡ ʢʦʢʩ çMartin Marietta corp.è ʧʽʩʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 850 Áʉ [224]; 4 ï ʥʘʬʪʦʚʠʡ ʢʦʢʩ çRain cllè [224] 

ʈʠʩʫʥʦʢ 3.7 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʇɽʆ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

[171] 

 



178 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʠʩ. 3.5 ʚʠʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʥʪʨʘʮʠʪʫ ʡ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 400 ̄ ʉ ʧʨʘʢʪʠʯʥʦ 

ʦʜʥʘʢʦʚʠʡ, ʘ ʥʘʜʘʣʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʘʥʪʨʘʮʠʪʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʍʽʜ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤ.  

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʘʥʪʨʘʮʠʪʫ ʡ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ ʚ ʋʢʨʘʾʥʽ, ʨʽʟʢʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʜʠʚ. ʢʨʠʚʽ 1 ʥʘ ʨʠʩ. 3.6, 3.7 ʚʽʜʧʦʚʽʜʥʦ). 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘ ʨʠʩ. 3.6, 3.7 ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʇɽʆ ʘʥʪʨʘʮʠʪʫ ʡ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ ʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʽ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ, ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʜʦʩʣʽʜʞʝʥʦʛʦ. 

 

 

3.3 ʂʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ 

ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʤʘʩʠ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʥʘ ʨʦʟʨʦʙʣʝʥʽʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.2.3, ʨʠʩ. 2.4) ʦʙʨʘʥʦ ʪʨʠ ʚʠʜʠ 

ʚʫʛʣʝʮʝʚʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʚʫʛʣʝʮʝʚʘ ʤʘʩʘ ˉ 1 ï 22Ñ2 % ʩʧʦʣʫʯʥʦʛʦ; 

ʚʫʛʣʝʮʝʚʘ ʤʘʩʘ ˉ 2 ï 27,6Ñ2 % ʩʧʦʣʫʯʥʦʛʦ; ʝʣʝʢʪʨʦʜʥʘ ʤʘʩʘ ï 25Ñ3 % 

ʩʧʦʣʫʯʥʦʛʦ. ʉʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.2 [255]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 

110 Üʉ ʜʦ 190 Üʉ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʪʘ 

ʘʧʨʦʢʩʠʤʫʶʯʽ ʬʫʥʢʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.8ï3.10. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 120 Üʉ ʜʦ 170 Üʉ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʩ ʩʢʣʘʜʘʻ:  

=m (15,37ï1,826)Ā105 ʇʘĀʩ ʜʣʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ˉ 1; =m  (8,085ï0,609)Ā105 ʇʘĀʩ ʜʣʷ 

ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ˉ 2; =m  (1,18ï0,0518)Ā105 ʇʘĀʩ ʜʣʷ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ [255].  
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ʊʘʙʣʠʮʷ 3.2 ï ʉʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ [255] 

ɿʨʘʟʦʢ ʤʘʩʠ 
ɺʤʽʩʪ 

ʩʧʦʣʫʯʥʦʛʦ, % 

ʅʘʧʦʚʥʶʚʘʯ 

ʉʢʣʘʜʦʚʘ ʥʘʧʦʚʥʶʚʘʯʘ ɺʤʽʩʪ, % 

1) ɺʫʛʣʝʮʝʚʘ 

ʤʘʩʘ ˉ 1 
22Ñ2 

ʊʝʨʤʦʦʙʨʦʙʣʝʥʠʡ ʘʥʪʨʘʮʠʪ, 

ʬʨʘʢʮʽʷ (0ï6) ʤʤ  
70 

ɻʨʘʬʽʪʦʚʘʥʘ ʚʫʛʣʝʮʝʚʘ 

ʩʠʨʦʚʠʥʘ, ʬʨʘʢʮʽʷ (0ï6) ʤʤ 
30 

2) ɺʫʛʣʝʮʝʚʘ 

ʤʘʩʘ ˉ 2 
27,6Ñ2 

ɻʨʘʬʽʪʦʚʘʥʘ ʚʫʛʣʝʮʝʚʘ 

ʩʠʨʦʚʠʥʘ, ʬʨʘʢʮʽʷ (0ï10) ʤʤ 
70 

ɻʨʘʬʽʪʦʚʘʥʘ ʚʫʛʣʝʮʝʚʘ 

ʩʠʨʦʚʠʥʘ, ʬʨʘʢʮʽʷ (0ï0,05) 

ʤʤ 

30 

3) ɽʣʝʢʪʨʦʜʥʘ 

ʤʘʩʘ 
25Ñ3 

ʊʝʨʤʦʦʙʨʦʙʣʝʥʠʡ ʘʥʪʨʘʮʠʪ, 

ʬʨʘʢʮʽʷ (0ï16) ʤʤ 
70 

ʊʝʨʤʦʦʙʨʦʙʣʝʥʘ ʚʫʛʣʝʮʝʚʠʡ 

ʩʠʨʦʚʠʥʘ, ʬʨʘʢʮʽʷ (0ï0,5) 

ʤʤ 

30 

 

  

ʈʠʩʫʥʦʢ 3.8 ï ʊʝʤʧʝʨʘʪʫʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ ʜʣʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ˉ 1, 

79,02 =R [255] 

ʈʠʩʫʥʦʢ 3.9 ï ʊʝʤʧʝʨʘʪʫʨʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ ʜʣʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ˉ 2, 

9,02 =R  [255] 

 

 

 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʶʪʴ ʩʧʘʜʘʶʯʠʡ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ [255]. 
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`  

ʈʠʩʫʥʦʢ 3.10 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʜʣʷ 

ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ, 99,02 =R  [255] 

 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʽʩʪʴ ʤʘʻ ʚʤʽʩʪ 

ʩʧʦʣʫʯʥʦʛʦ ʚ ʤʘʩʽ. ʊʘʢ, ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʧʝʢʫ ʚ ʩʫʤʽʰʽ ʥʘ 5 %, 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʟʥʠʞʫʻʪʴʩʷ ʤʘʡʞʝ ʚʜʚʽʯʽ. ʆʢʨʽʤ ʪʦʛʦ, ʩʫʪʪʻʚʠʤ ʻ 

ʚʧʣʠʚ ʥʘʷʚʥʦʩʪʽ ʚ ʨʝʮʝʧʪʫʨʽ ʢʨʫʧʥʦʾ ʬʨʘʢʮʽʾ ʙʽʣʴʰʦʾ ʟʘ 10 ʤʤ, ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ 

ʜʣʷ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʜʠʚ. ʨʠʩ. 3.8ï3.10) ʚʠʜʥʦ, ʱʦ ʥʘʡʤʝʥʰʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʦʟʤôʷʢʰʝʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʤʘʻ ʝʣʝʢʪʨʦʜʥʘ ʤʘʩʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʜʦʚʠʤʠ ʤʘʩʘʤʠ.  

ʅʘʷʚʥʽʩʪʴ ʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʽʡ ʤʘʩʽ ʙʽʣʴʰ ʜʨʽʙʥʦʾ ʬʨʘʢʮʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʪʘ ʟʤʽʱʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʢʰʝʥʥʷ ʚ 

ʩʪʦʨʦʥʫ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʢʦʢʩʦʧʝʢʦʚʠʭ ʤʘʩ ʚʠʢʦʥʘʥʦ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.2.4, ʨʠʩ. 2.5). ʇʽʜ ʯʘʩ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʤ ʫʤʦʚʘʤ ʝʣʝʢʪʨʦʜʥʘ 

ʤʘʩʘ ʟʘʧʨʝʩʦʚʫʚʘʣʘʩʷ ʚ ʮʠʣʽʥʜʨ ʧʽʜ ʪʠʩʢʦʤ, ʱʦ ʜʦʨʚ̔ʥʶʚʘʚ ʪʠʩʢʫ ʟʘʚʦʜʩʴʢʦʛʦ 

ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʠʢʦʥʘʥʦ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ 100ï

170 Áʉ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʝ ʙʽʣʴʰʝ ʷʢ 480 ʅ (ʨʠʩ. 3.11) . 
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1 2 3  
ʈʠʩʫʥʦʢ 3.11 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʜʣʷ ʨʽʟʥʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʩ (ʤʘʩʠ ʫʤʦʚʥʦ ʧʦʟʥʘʯʝʥʽ ʥʦʤʝʨʘʤʠ: 1, 2, 3 

(ʜʠʚ. ʪʘʙʣ. 3.2)) [255] 

 

ɽʣʝʢʪʨʦʜʥʽ ʤʘʩʠ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ 120ï150 Áʉ ʤʘʶʪʴ ʥʘʡʤʝʥʰʽ 

ʟʥʘʯʝʥʥʷ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʤʘʻ 

ʝʣʝʢʪʨʦʜʥʘ ʤʘʩʠ ˉ 1. ɿʩʫʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰʦʾ 150 Áʉ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʢʩʦʧʝʢʦʚʠʭ ʤʘʩ [255]. 

 

 

3.4 ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪʠ ʤʘʩʠ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.2.5, ʨʠʩ. 2.6) [182, 

239]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ 

ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʨʽʟʥʠʭ ʩʝʨʝʜʥʽʭ ʪʝʤʧʘʭ ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 3.12): ʟʨʘʟʦʢ 1 

ï 1,9 ʂ/ʭʚ; ʟʨʘʟʦʢ 2 ï 2,59 ʂ/ʭʚ; ʟʨʘʟʦʢ 3 ï 3,95 ʂ/ʭʚ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.13ï3.15. 
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1, 3, 5 ï ʪʝʤʧʝʨʘʪʫʨʥʽ ʛʨʘʬʽʢʠ ʥʘʛʨʽʚʘʥʥʷ ʟʨʘʟʢʽʚ 1, 2 ʽ 3, ʚʽʜʧʦʚʽʜʥʦ; 

2, 4, 6 ï ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʽʚ 1, 2 ʽ 3, ʚʽʜʧʦʚʽʜʥʦ 

ʈʠʩʫʥʦʢ 3.12 ï ʊʝʤʧʝʨʘʪʫʨʘ ʡ ʰʚʠʜʢʽʩʪʴ ʾʾ ʟʨʦʩʪʘʥʥʷ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʦʜʥʠʭ 

ʟʘʛʦʪʦʚʦʢ [182] 
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1, 2, 3 ï ʟʨʘʟʢʠ 1, 2 ʽ 3, ʚʽʜʧʦʚʽʜʥʦ 

ʈʠʩʫʥʦʢ 3.13 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʘʣʫ [182, 251] 
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ʈʠʩʫʥʦʢ 3.14 ï ʋʩʝʨʝʜʥʝʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʜʣʷ ʪʨʴʦʭ ʟʨʘʟʢʽʚ 
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ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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1 ï ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʩʝʨʝʜʥʴʦʾ ʦʙôʻʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ; 2 ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʛʘʟʦʚʠʜʽʣʝʥʥʷ 

ʈʠʩʫʥʦʢ 3.15 ï ʐʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʩʝʨʝʜʥʴʦʾ ʦʙôʻʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʦʪʦʚʦʢ ʡ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʛʘʟʦʚʠʜʽʣʝʥʥʷ (ʟʘ ʜʘʥʠʤʠ ʨʠʩ. 6.13) ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʧʘʣʫ [182, 251] 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʘʚ:  

ï ʧʽʢ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 483 ̄ ʉ (ʟʨʘʟʦʢ 1), 462 ʉ̄ 

(ʟʨʘʟʦʢ 2) ʡ 483 ʉ̄ (ʟʨʘʟʦʢ 3) (ʜʠʚ. ʨʠʩ. 3.13); 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʜʣʷ ʚʩʽʭ ʪʝʤʧʽʚ ʚʠʧʘʣʶʚʘʥʥʷ 

ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʡ ʚʽʜʧʦʚʽʜʘʻ 325 ʉ̄; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʝʨʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 565 Áʉ ʜʣʷ 

ʪʝʤʧʫ 3,95 ʂ/ʭʚ ʡ 530 Áʉ ʜʣʷ ʪʝʤʧʽʚ 2,59 ʂ/ʭʚ ʪʘ 1,90 ʂ/ʭʚ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʂʊʃʈ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.2.6, ʨʠʩ. 2.7) [256]. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʂʊʃʈ ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʝʣʝʢʪʨʦʜʥʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʟʘʛʦʪʦʚʦʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.16. ʇʦʯʘʪʢʦʚʽ ʨʦʟʤʽʨʠ ʟʨʘʟʢʽʚ 

ʩʪʘʥʦʚʠʣʠ: L = 80 ʤʤ, Å16 ʤʤ. 

 



184 

 
ʈʠʩʫʥʦʢ 3.16 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʂʊʃʈ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ 

ʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʘ [256] 

  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʂʊʃʈ (ʜʠʚ. ʨʠʩ. 3.16) 

ʧʦʢʘʟʫʻ ʜʚʘ ʝʢʩʪʨʝʤʫʤʠ: ʧʝʨʰʠʡ ʣʦʢʘʣʴʥʠʡ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

75 ̄ ʉ, ʽ ʛʣʦʙʘʣʴʥʠʡ ï ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 200 ʉ̄.  

 

 

3.5 ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʛʨʘʬʽʪ-ʤʽʜʴ ʡ ʛʨʘʬʽʪ-

ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʡ ʛʨʘʬʽʪ 

 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ 

ʛʨʘʬʽʪ-ʤʽʜʴ ʡ ʛʨʘʬʽʪ-ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʡ ʛʨʘʬʽʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʣʘʙʦʨʘʪʦʨʥʘ 

ʫʩʪʘʥʦʚʢʘ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.2.7, ʨʠʩ. 2.8) [239, 257]. 

ɼʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʇɽʂʆ ʢʦʥʪʘʢʪʥʦʾ ʧʘʨʠ ʤʽʜʴ-ʛʨʘʬʽʪ ʧʨʦʚʝʜʝʥʦ ʟʘ ʘʥʘʣʦʛʽʯʥʦʛʦ ʪʠʩʢʫ [239, 257]. 

ɼʽʘʧʘʟʦʥ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 

ʜʘʥʠʤʠ (ʨʠʩ. 3.17). 



185 

 
ʈʠʩʫʥʦʢ 3.17 ï ɿʘʣʝʞʥʽʩʪʴ ʇɽʂʆ ʤʽʜʴ-ʛʨʘʬʽʪ ʚʽʜ ʪʠʩʢʫ: 1, 2 ï ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ 

[257]; 3 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ [239, 257] 

 

ɿʽʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 16 C̄ ʡ ʪʠʩʢʫ 1,7 ʄʇʘ, 

ʧʦʢʘʟʫʻ ʫʟʛʦʜʞʝʥʥʷ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ 4ï5 %.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʇɽʂʆ ʛʨʘʬʽʪ-ʧʨʦʢʣʘʜʢʘ-ʛʨʘʬʽʪ ʫ ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʨʝʩ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʜʚʘ ʛʨʘʬʽʪʦʚʠʭ ʟʨʘʟʢʘ, ʤʽʞ ʷʢʠʤʠ ʧʦʤʽʱʘʣʘʩʷ ʧʨʦʢʣʘʜʢʘ ʽʟ 

ʪʝʨʤʦʨʦʟʰʠʨʝʥʦʛʦ ʛʨʘʬʽʪʫ. ʆʩʢʽʣʴʢʠ, ʢʦʥʪʘʢʪ ʛʨʘʬʽʪ-ʧʨʦʢʣʘʜʢʘ-ʛʨʘʬʽʪ ʚ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʙʦʯʦʤʫ ʦʙôʻʤʽ ʧʝʯʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 3000 ʉ̄, 

ʦʪʞʝ, ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʇɽʂʆ ʚ ʫʩʪʘʥʦʚʮʽ ʧʝʨʝʜʙʘʯʝʥʦ 

ʥʘʛʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʛʨʽʚʥʠʢʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʥʦʾ 

ʧʘʨʠ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʾ ʪʝʨʤʦʧʘʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 250 ʉ̄ (ʨʠʩ. 3.18) ʟʘ ʩʪʘʣʦʛʦ ʪʠʩʢʫ ʟ ʧʦʜʘʣʴʰʦʶ 

ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ ʜʦ 3000 ʉ̄ (ʨʠʩ. 3.19). 
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ʈʠʩʫʥʦʢ 3.18 ï ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʇɽʂʆ ʛʨʘʬʽʪ-ʧʨʦʢʣʘʜʢʘ-ʛʨʘʬʽʪ [239, 

257] 

 
ʈʠʩʫʥʦʢ 3.19 ï ɽʢʩʪʨʘʧʦʣʷʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʇɽʂʆ  

ʛʨʘʬʽʪ-ʧʨʦʢʣʘʜʢʘ-ʛʨʘʬʽʪ ʜʦ 3000 Áʉ [239, 257] 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʇɽʂʆ 

ʛʨʘʬʽʪ-ʧʨʦʢʣʘʜʢʘ-ʛʨʘʬʽʪ ʥʦʩʠʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʟʘ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʙʽʣʴʰʦʾ ʟʘ 2500 ʉ̄ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʡ ʩʢʣʘʜʘʻ 1,6.10-8 ʆʤĀʤ2. 
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3.6 ʏʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʢʠʭ 

ʚʫʛʣʝʮʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  

ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʽʟʥʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ [242, 254, 267, 278, 283].  

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʽʩʪʠʥʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʙʣʠʟʴʢʦʛʦ ʜʦ ʘʥʪʨʘʮʠʪʫ ʚʟʷʪʽ ʪʘʢʠʤʠ: ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ï E=5,0 ʄʇʘ; 

ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï n= 0,45; ʢʦʝʬʽʮʽʻʥʪ ʨʝʩʪʠʪʫʮʽʾ ï e= 0,7; ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

ʢʦʚʟʘʥʥʷ ï ms=0,05; ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ï mr= 0,0; ʛʫʩʪʠʥʘ ï r=2000 ʢʛ/ʤ3; 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ï l=5 ɺʪ/(ʤÖʂ); ʤʘʩʦʚʘ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ï 

cp=500 ɼʞ/(ʢʛÖʂ) [242].  

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʦʪʝʨʤʽʯʥʦʛʦ ʩʪʘʥʫ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʰʘʨʫ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʠʩʢʨʝʪʥʦʶ ʽ ʢʦʥʪʠʥʫʘʣʴʥʦʶ ʤʦʜʝʣʷʤʠ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.20ï3.24. ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʠʥʘʤʽʢʠ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʧʽʜ ʯʘʩ ʘʜʽʘʙʘʪʥʦʛʦ 

ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʰʘʨʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʜʠʚ. ʨʠʩʫʥʢʠ 3.20, 3.21) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʘʡʣʠ ʩʪʘʥʜʘʨʪʫ *.vtk ʽ ʚʽʣʴʥʦ ʚʽʜʢʨʠʪʠʡ ʛʨʘʬʽʯʥʠʡ ʧʘʢʝʪ ʜʣʷ 

ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ParaView [282]. 

 

  
ʘ ʙ 

ʘ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; ʙ ï ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʈʠʩʫʥʦʢ 3.20 ï ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʘʜʽʘʙʘʪʥʦʛʦ ʫʨʽʚʥʦʚʘʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʫʤʦʚʠ t=40 ʩ; d= 8 ʤʤ (100 %) [242] 
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ʘ ʙ 

ʘ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; ʙ ï ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʈʠʩʫʥʦʢ 3.21 ï ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʘʜʽʘʙʘʪʥʦʛʦ ʫʨʽʚʥʦʚʘʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʫʤʦʚʠ t=40 ʩ; d=4 ʤʤ (30 %), d=8 ʤʤ (40 %),  

d=10 ʤʤ (30 %) [242] 

 
ʘ 

 
ʙ 

ʘ ï ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ (ʜʠʩʢʨʝʪʥʘ ʽ ʢʦʥʪʠʥʫʘʣʴʥʘ ʬʦʨʤʠ); ʙ ï ʧʦʪʫʞʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ (ʜʠʩʢʨʝʪʥʘ ʬʦʨʤʘ) 

ʈʠʩʫʥʦʢ 3.22 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʘʜʽʘʙʘʪʥʦʛʦ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (t=40 ʩ) ʟʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ d= 8 ʤʤ (100 %) [242] 
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ʘ 

 
ʙ 

ʘ ï ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ (ʜʠʩʢʨʝʪʥʘ ʽ ʢʦʥʪʠʥʫʘʣʴʥʘ ʬʦʨʤʠ); ʙ ï ʧʦʪʫʞʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ (ʜʠʩʢʨʝʪʥʘ ʬʦʨʤʘ) 

ʈʠʩʫʥʦʢ 3.23 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʘʜʽʘʙʘʪʥʦʛʦ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (t=40 ʩ) ʟʘ 

ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ d= 4 ʤʤ (30 %), d= 8 ʤʤ (40 %),  

d= 10 ʤʤ (30 %) [242] 

  
ʘ ʙ 

d= 8 ʤʤ (100 %) ï rbulk= 1415,69 ʢʛ/ʤ
3; d= 10 ʤʤ (100 %) ï rbulk= 1440,29 ʢʛ/ʤ

3;  

d= 6 ʤʤ (100 %) ï rbulk= 1471,01 ʢʛ/ʤ3; d= 4 ʤʤ (30 %), d= 8 ʤʤ (40 %),  

d= 10 ʤʤ (30 %) ïrbulk=1562,72 ʢʛ/ʤ
3 [242] 

ʈʠʩʫʥʦʢ 3.24 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (ʘ) ʽ ʤʘʩʦʚʦʾ ʽʟʦʙʘʨʥʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ (ʙ) ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 
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ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʬʦʨʤʫʣʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʩʫʤʽʰʝʡ ɿʘʤʦʪʨʠʥʩʴʢʦʾ 

ʡ ɼʫʣʴʥʝʚʘ [242]: 

( ) öö
÷

õ
ææ
ç

å

a--

a-
-l=l
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1eff
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, 

(3.4) 

( )
( )
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õ
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ç

å

-+

-
+-+l=l

CvC

CvC
CvC

1

12
1

22
eff , (3.5) 

ʜʝ ll= airv ; lair ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʚʽʪʨʷ, ɺʪ/(ʤÖʂ);  

l ï ʽʩʪʠʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɺʪ/(ʤÖʂ); a ï 

ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʧʦʚʽʪʨʷ ʚ ʩʠʧʢʦʤʫ ʤʘʪʝʨʽʘʣʽ; b ï ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʯʘʩʪʠʥʦʢ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ; C ï ʧʘʨʘʤʝʪʨ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 2C3-

3C2+1=b. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.3 ʪʘ ʥʘ ʨʠʩ. 3.25. 

 

ʊʘʙʣʠʮʷ 3.3 ïʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ [242] 

ʄʝʪʦʜʠʢʘ 

ʨʦʟʨʘʭʫʥʢʫ 

d=6 ʤʤ, 

b=0,736 

d=8 ʤʤ, 

b=0,708 

d=10 ʤʤ, 

b=0,722 

d=4 ʤʤ (30 %),  

d=8 ʤʤ (40 %),  

d=10 ʤʤ (30 %), 

b=0,781 

effl , (ɺʪ/(ʤÖʂ)),  

ʤʝʪʦʜʠʢʘ (2.54)ï

(2.67) 

0,848 0,878 0,921 1,047 

( ) ldl 4.3
eff , 

(ɺʪ/(ʤÖʂ)/%), 

ʬʦʨʤʫʣʘ (3.4) 

0,989/16,72 1,101/25,45 1,045/13,46 0,811/22,54 

( ) ldl 5.3
eff , 

(ɺʪ/(ʤÖʂ)/%), 

ʬʦʨʤʫʣʘ (3.5) 

0,597/29,54 0,668/23,86 0,632/31,33 0,485/53,64 

ldlmeff , 

(ɺʪ/(ʤÖʂ)/%),  

ʩʝʨʝʜʥʻ ʧʦ 

ʬʦʨʤʫʣʘʤ (3.4), (3.5) 

0,793/6,49 0,885/0,79 0,838/9,01 0,648/38,11 

ʇʨʠʤʽʪʢʘ: 
()

100
eff

15
effeff

l
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16
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15
effm
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l+l
=l . 
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1 ï ʬʦʨʤʫʣʘ (3.4); 2 ï ʬʦʨʤʫʣʘ (3.5); 3 ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘ (3.4) ʽ (3.5); 

4 ï ʜʘʥʽ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʈʠʩʫʥʦʢ 3.25 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʽʘʤʝʪʨʘ ʩʬʝʨʠʯʥʠʭ ʛʨʘʥʫʣ [242] 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʽʚʥʷʥʥʷ (2.55) (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.4) ʫ ʬʦʨʤʫʣʘʭ (3.4), (3.5) 

ʷʚʥʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʪʘ ʢʦʥʪʘʢʪʥʽ ʧʘʨʠ ʟ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʧʝʚʥʠʤ 

ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ. ʉʘʤʝ ʮʽ ʯʠʥʥʠʢʠ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ [242]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʝʨʠʬʽʢʘʮʽʾ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʝʬʝʢʪʠʚʥʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ (2.54)ï(2.67) (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.4) 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʦʩʝʨʝʜʥʝʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ 

(3.4), (3.5), ʚ ʤʝʞʘʭ 0,8ï9,0 %. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʩʠʧʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʦ, ʪʦ ʦʮʽʥʢʘ ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʽʟʦʙʘʨʥʦʾ ʤʘʩʦʚʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʛʽʨʰʝ ʟʘ 

ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [242]. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʰʘʨʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʜʠʚ. ʨʠʩ. 3.22ʙ; 3.23ʙ). 

ʇʨʠ ʮʴʦʤʫ ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʰʘʨʫʚʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʦʪʫʞʥʦʩʪʽ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ 

ʩʠʧʢʠʡ ʤʘʪʝʨʽʘʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰʦʶ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ (ʜʠʚ. 
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ʨʠʩ. 3.23ʘ) ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʥʦʜʠʩʧʝʨʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʜʠʚ. ʨʠʩ. 3.22ʘ) [242].  

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ 

ʩʠʧʢʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 6 ʤʤ ʜʦ 10 ʤʤ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʦʩʪʘʻ ʥʘ 8,6 %, ʘ ʽʟʦʙʘʨʥʘ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘʚʧʘʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 11,0 % (ʜʠʚ. ʨʠʩ 3.24) [242]. 

 

 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 3 

 

1) ʅʘ ʨʦʟʨʦʙʣʝʥʠʭ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ ʚ ʅɼʎ çʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾè 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʜʦʩʣʽʜʞʝʥʦ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʩʠʧʢʦʚʦ-ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʝʯʘʭ 

ʚʠʧʘʣʶʚʘʥʥʷ ʡ ʛʨʘʬʽʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʛʨʘʬʽʪʦʚʠʭ ʚʠʨʦʙʽʚ: 

ï ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʩʫʤʽʰʝʡ 

ʩʠʨʦʛʦ ʡ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʟ ʧʨʦʮʝʥʪʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ, 

ʚʽʜʧʦʚʽʜʥʦ, 100/0, 75/25, 50/50, 25/75, 0/100, ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 100ï950 ̄ʉ; 

ï ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʡ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ 

ʬʨʘʢʮʽʷʤʠ ʜʦ 2 ʤʤ, 2ï4 ʤʤ, 4ï6 ʤʤ, 6ï8 ʤʤ (ʜʣʷ ʩʠʨʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʪʘʢʦʞ 

ʨʦʟʛʣʷʥʫʪʘ ʬʨʘʢʮʽʷ 7ï10 ʤʤ) ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 200ï1000 ̄ʉ; 

ï ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʡ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʘʥʪʨʘʮʠʪʫ ʽ 

ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 0ï1000 ʉ̄ (ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ) ʡ 100ï900 ̄ʉ (ʜʣʷ ʇɽʆ); 

ï ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʡ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʚʫʛʣʝʛʨʘʬʽʪʦʚʠʭ 

ʤʘʩ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 110ï190 Üʉ (ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ) ʽ 

100ï170 Áʉ (ʜʣʷ ʥʘʧʨʫʛʠ ʟʩʫʚʫ); 

ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟʨʘʟʢʽʚ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ; 

ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʛʨʘʬʽʪ-ʤʽʜʴ ʡ ʛʨʘʬʽʪ-ʪʝʨʤʦʨʦʟʰʠʨʝʥʠʡ 

ʛʨʘʬʽʪ. 
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2) ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ 

ʦʪʨʠʤʘʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʨʦʛʦ ʪʘ 

ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʢʦʢʩʦʚʦʛʦ ʜʨʽʙôʷʟʢʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʬʨʘʢʮʽʾ, ʽ 

ʚʤʽʩʪʫ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʩʫʤʽʰʽ. 

3) ɿʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.4) ʚʠʢʦʥʘʥʦ ʯʠʩʣʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʣʠʟʴʢʦʛʦ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʥʪʨʘʮʠʪʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ 

ʩʠʧʢʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 6 ʤʤ ʜʦ 10 ʤʤ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʦʩʪʘʻ ʥʘ 8,6 %, ʘ ʽʟʦʙʘʨʥʘ ʤʘʩʦʚʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘʚʧʘʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 11,0 % [242]. 

4) ʇʨʦʚʝʜʝʥʦ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʝʪʦʜʠʢʠ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 

2.1.4), ʷʢʘ ʧʦʢʘʟʘʣʘ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ 

ʦʩʝʨʝʜʥʝʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʚ ʤʝʞʘʭ 0,8ï9,0 %. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʫ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ʫ 

ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʜʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʠʧʢʽ 

ʤʘʪʝʨʽʘʣʠ, ʟʦʢʨʝʤʘ ʚ ʧʨʦʮʝʩʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ [242]. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ 3 ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʧʨʘʮʷʭ [163, 164, 171, 

182, 239, 242, 254, 255, 257, 267, 283]. 
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4 ʊɽʈʄɯʏʅɽ ʆɹʈʆɹʃɽʅʅʗ ʉʀʇʋʏʀʍ ɺʋɻʃɽʎɽɺʀʍ ʄɸʊɽʈɯɸʃɯɺ ɺ 

ɽʃɽʂʊʈʆʂɸʃʔʎʀʅɸʊʆʈɸʍ ɯ ʆɹɽʈʊʆɺʀʍ ʇɽʏɸʍ 

 

 

4.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʘʥʪʨʘʮʠʪʫ ʚ ʝʣʝʢʪʨʦʧʝʯʘʭ  

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʦʙʨʘʥʘ ʦʜʥʘ ʟ ʢʘʤʧʘʥʽʡ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ 

ʘʥʪʨʘʮʠʪʫ ʥʘ ʜʽʶʯʦʤʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ, ʧʨʦʛʨʘʤʘ ʷʢʠʭ ʚʢʣʶʯʘʣʘ: 

ï ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʚʢʣʶʯʘʣʘ ʚʠʙʽʨ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʙʦʨʫ ʜʘʥʠʭ; 

ï ʨʦʟʨʦʙʢʫ ʩʭʝʤʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʤʦʥʪʘʞ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ;  

ï ʟʙʽʨ ʜʘʥʠʭ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʯʽ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʨʝʛʣʘʤʝʥʪʦʤ ʚʚʝʜʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʫ ʧʽʯ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ;  

ï ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʝʯʽ, ʇɽʆʧ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ;  

ï ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ; 

ï ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʦʜʫ ʣʝʪʶʯʠʭ ʽ ʚʪʨʘʪʠ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʘʭʫʥʦʢ 

ʦʢʠʩʥʝʥʥʷ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʜʞʝʨʝʣʘ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 

ʪʦʱʦ; 

ï ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʮʝʩʫ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʫ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʣʷ ʡʦʛʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʫʤʦʚʠ 

ʟʤʝʥʰʝʥʥʷ ʇɺɽ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʪʘʪʢʫʚʘʥʥʷ [171, 239, 242]. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚ ʝʣʝʢʪʨʦʧʝʯʘʭ, 

ʧʨʦʚʝʜʝʥʥʷ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠʩʣʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʟʘʜʘʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʘ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʪʘ ʨʝʛʣʘʤʝʥʪʽʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ [171]. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʝʯʽ ʟʘ ʛʦʪʦʚʠʤ 

ʧʨʦʜʫʢʪʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʰʪʘʪʥʝ ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʬʫʪʝʨʽʚʮʽ ʧʝʯʽ ʪʘ 

ʜʨʦʩʝʣʴ-ʰʘʡʙʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʽ ʡ ʚʦʣʴʬʨʘʤ-ʨʝʥʽʻʚʽ 

ʪʝʨʤʦʟʦʥʜʠ (ʜʠʚ. ʨʠʩ. 2.9, 2.10), ʩʭʝʤʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.1 

[171]. 

 
ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ [171, 239, 242, 266] 

 

ɿʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ (ʜʠʚ. ʨʠʩ. 4.1) ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ: 

ï ʧʽʜ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ (ʪ. 1, 2); 

ï ʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ (ʪ. 3ï8); 
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ï ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʶ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʶ ʯʘʩʪʠʥʘʤʠ 

ʜʨʦʩʝʣʴ-ʰʘʡʙʠ (ʪ. 9ï11, 15ï23); 

ï ʫ ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ (ʪ. 12, 13, 14); 

ï ʥʘʜ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ (ʪ. 24ï31). 

ʂʦʥʪʨʦʣʴ ʪʘ ʟʘʧʠʩ ʜʘʥʠʭ ʚʽʜ ʪʝʨʤʦʜʘʪʯʠʢʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ ʚ 

ʅɼʎ çʈʊè ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ [169]. 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʬʫʪʝʨʽʚʢʠ ʧʝʯʽ ʙʽʣʷ ʩʪʘʣʝʚʦʾ ʦʙʠʯʘʡʢʠ ʪʘ ʚʽʜʭʽʜʥʠʭ 

ʛʘʟʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʛʦʨʷʥʥʷ ʣʝʪʶʯʠʭ ʪʘ ʯʘʩʪʢʦʚʦʛʦ ʦʢʠʩʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ, ʟʜʽʡʩʥʶʚʘʚʩʷ ʰʪʘʪʥʠʤʠ ʪʝʨʤʦʧʘʨʘʤʠ. ʆʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʞʫʭʘ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʦʽʥʪʘ çRaytekè.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 750 ʛʦʜ, ʘ ʯʘʩ ʚʠʭʦʜʫ ʥʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ï ʙʽʣʷ 60 ʛʦʜ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʫʩʪʘʣʝʥʦʛʦ ʨʦʙʦʯʦʛʦ ʨʝʞʠʤʫ ʝʣʝʢʪʨʦʧʝʯʽ (ʜʠʚ. ʨʠʩ. 

4.2) ʤʘʶʪʴ ʪʘʢʽ ʟʥʘʯʝʥʥʷ: ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ 80ï85 ɺ, ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ 360ï

420 ʢɺʪ, ʧʦʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʧʝʯʽ 18ï19 ʤʆʤ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʤ ʘʥʪʨʘʮʠʪʦʤ 720 ʢʛ/ʛʦʜ [171, 239, 242, 266].  

ʇʫʩʢʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʝʯʽ (ʘʙʦ ʨʝʞʠʤ ʨʦʟʽʛʨʽʚʫ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 200 ʢɺʪ ʜʦ ʨʦʙʦʯʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

400 ʢɺʪ. ɺʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʨʦʟʧʦʯʘʪʦ ʧʽʩʣʷ 12 ʛʦʜ ʨʦʙʦʪʠ ʟʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʚʠʚʘʥʪʘʞʝʥʥʷ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ) 360 ʢʛ/ʛʦʜ. ʇʦʩʪʫʧʦʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʝʯʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʥʘ 20 ʛʦʜ ʨʦʙʦʪʠ ï 480 

ʢʛ/ʛʦʜ, 35 ʛʦʜ ï 600 ʢʛ/ʛʦʜ, 80 ʛʦʜ ï 720 ʢʛ/ʛʦʜ. ʇʽʜ ʯʘʩ ʧʨʦʩʪʦʶ ʚʠʚʘʥʪʘʞʝʥʥʷ ʥʝ 

ʚʽʜʙʫʚʘʣʦʩʷ [171]. 

ʇʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ 

ʯʘʩʪʠʤʠ ʚʽʜʢʣʶʯʝʥʥʷʤʠ ʚʽʜ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʪʘ ʝʢʩʪʨʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʟʦʢʨʝʤʘ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʚʝʨʭʥʴʦʛʦ ʝʣʝʢʪʨʦʜʫ ʟ ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ (ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ) 
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ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʧʝʯʽ), ʦʩʦʙʣʠʚʦ ʥʘ ʝʪʘʧʽ ʚʠʚʝʜʝʥʥʷ 

ʧʝʯʽ ʥʘ ʫʩʪʘʣʝʥʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. ʊʘʢ, ʧʽʜ ʯʘʩ ʜʘʥʦʾ ʢʘʤʧʘʥʽʾ ʟʘ 

ʧʝʨʰʽ 60 ʛʦʜ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʝʯʽ ʾʾ ʚʠʤʢʥʝʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʧʦʥʘʜ 20 ʨʘʟʽʚ. ʏʘʩ 

ʧʨʦʩʪʦʶ ʚʘʨʽʶʚʘʚʩʷ ʚʽʜ 10 ʭʚ ʜʦ 215 ʭʚ, ʱʦ ʤʘʣʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʝʯʽ ʚ ʮʽʣʦʤʫ [171]. 

 
ʘ 

 
ʙ 

ʘ ï ʥʘʧʨʫʛʘ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: 1 ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ; 2 ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; 

ʙ ï ʘʢʪʠʚʥʘ ʜʽʶʯʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ: 3 ï ʘʢʪʠʚʥʘ ʜʽʶʯʘ 

ʧʦʪʫʞʥʽʩʪʴ; 4 ï ʧʦʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

ʈʠʩʫʥʦʢ 4.2 ï ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟʘ 90 ʛʦʜ ʧʽʩʣʷ ʧʫʩʢʫ [171] 

 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ, ʟ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤ ʧʝʨʝʛʨʽʚʦʤ ʦʢʨʝʤʦʾ 

ʩʪʦʨʦʥʠ ʝʣʝʢʪʨʦʧʝʯʽ. ʊʘʢ, ʥʘ ʨʠʩ. 4.3 ʘ,ʙ ʚʠʜʥʦ, ʱʦ ʪ. 30, 22 (ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʦʜʥʽʻʾ 

ʩʪʦʨʦʥʠ ʧʝʯʽ) ʤʘʶʪʴ ʟʥʘʯʥʦ ʚʠʱʠʡ ʪʝʤʧ ʟʨʦʩʪʘʥʥʷ ʪʘ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʪ. 22 ï 800 Áʉ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪ. 10, 16, 19 ʩʪʘʥʦʚʠʪʴ ʚʽʜ 

200 Áʉ ʜʦ 400 Áʉ), ʫʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʝʪʘʧʫ ʨʦʟʽʛʨʽʚʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ [238, 

239, 242, 266]. 
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ʘ ʙ 

  
ʚ ʛ 

ʘ ï ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ (ʪ. 24, 26, 28, 30); ʙ ï ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʦʥʪʘʢʪʽ ʤʽʞ ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʶ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʶ 

ʯʘʩʪʠʥʘʤʠ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ (ʪ. 10, 16, 19, 22); ʚ ï ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ 

ʜʨʦʩʝʣʴ-ʰʘʡʙʠ (ʪ. 24, 13, 10, 7, 4, 1); ʛ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ 

ʈʠʩʫʥʦʢ 4.3 ï ʊʝʤʧʝʨʘʪʫʨʠ ʫ ʚʠʤʽʨʶʚʘʥʠʭ ʪʦʯʢʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟʘ 90 ʛʦʜ ʧʽʩʣʷ ʧʫʩʢʫ 

 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʠʩʦʪʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ (ʜʠʚ. 

ʨʠʩ. 4.3, ʚ), ʧʦʢʘʟʫʻ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʜ ʜʨʦʩʝʣʴ ʰʘʡʙʦʶ ʪʘ ʚʠʩʦʢʫ ʧʽʜ ʥʝʶ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʩʥʦʚʥʘ ʟʦʥʘ ʧʨʦʞʘʨʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʶ ʯʘʩʪʠʥʦʶ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ʪʘ ʥʠʞʥʽʤ ʝʣʝʢʪʨʦʜʦʤ [171]. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʽ ʩʪʦʨʦʥʠ ʬʫʪʝʨʽʚʢʠ ʤʘʻ ʤʽʩʮʝ ʷʢ 

ʧʽʜʯʘʩ ʧʫʩʢʦʚʦʛʦ ʨʝʞʠʤʫ, ʪʘʢ ʡ ʫʧʨʦʜʦʚʞ ʫʩʽʻʾ ʢʘʤʧʘʥʽʾ (ʜʠʚ. ʨʠʩ. 4.4). 
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ʈʠʩʫʥʦʢ 4.4 ï ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʽ ʬʫʪʝʨʽʚʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 
 

ʅʘ ʨʠʩ. 4.5 ʧʦʢʘʟʘʥʦ ʟʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʇɽʆʧ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʟʘʛʘʣʴʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ. ʋʧʨʦʜʦʚʞ ʚʩʽʻʾ ʢʘʤʧʘʥʽʾ 

ʦʪʨʠʤʫʚʘʣʠ ʤʘʪʝʨʽʘʣ ʟ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʇɽʆʧ 550ï800 ʤʢʆʤÖʤ. ʏʘʩʪʽ 

ʚʽʜʢʣʶʯʝʥʥʷ ʧʝʯʽ ʚʽʜ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʠʢʣʠʢʘʣʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʣʠʚʘʥʥʷ 

ʟʥʘʯʝʥʴ ʇɽʆʧ ʧʨʦʞʘʨʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [171, 239, 242]. 

 

 
1 ï ʧʦʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ; 2 ï ʇɽʆʧ ʦʙʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʈʠʩʫʥʦʢ 4.5 ï ʇʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʬʫʪʝʨʽʚʢʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʘʤʧʘʥʽʾ ʪʘ 

ʚʠʚʘʥʪʘʞʝʥʥʽ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʚʠʷʚʠʚ ʜʚʽ ʟʦʥʠ ʧʨʦʛʘʨʫ ʥʝʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ 

ʯʘʩʪʠʥʠ ʜʨʦʩʝʣʴ ʰʘʡʙʠ: ʫ ʟʦʥʽ ʟʘʬʽʢʩʦʚʘʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʪ. 22) ʡ ʫ 

ʟʦʥʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʛʘʟʦʭʦʜʦʤ; ʪʘ ʧʨʦʛʘʨ ʬʫʪʝʨʽʚʢʠ ʧʽʜ ʜʨʦʩʝʣʴ ʰʘʡʙʦʶ. 
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4.2 ɸʧʨʦʙʘʮʽʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʥʘ ʜʘʥʠʭ ʥʘʪʫʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

 

ɼʣʷ ʘʧʨʦʙʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ 

(ʜʠʚ. ʧ. 2.1.2 ʨʦʟʜʽʣʫ 2) ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚ ʧ. 4.1 ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ. ɿʽʩʪʘʚʣʝʥʥʷ ʚʠʢʦʥʘʥʦ ʟʘ ʚʝʣʠʯʠʥʘʤʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʧʦʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʪʘ ʩʠʣʘ ʩʪʨʫʤʫ) ʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʜʨʦʩʝʣʴ-ʰʘʡʙʽ (ʨʠʩ. 4.6ï4.8) [171, 239, 242, 266]. 

 

 
ʘ 

 
ʙ 

ʘ ï ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʙ ï ʩʠʣʘ ʩʪʨʫʤʫ: 1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ; 

2 ï ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʈʠʩʫʥʦʢ 4.6 ï ʇʦʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [242] 
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ʘ ʙ 

  
ʚ ʛ 

  
ʜ ʝ 

ʘïʝ ï 1ï3,5,6,9,18,21 ï ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 4.1);  

ʝ,ʨ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ, ʚʽʜʧʦʚʽʜʥʦ 

ʈʠʩʫʥʦʢ 4.7 ï ɿʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʤʧʘʥʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʧʽʜ ʯʘʩ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ʘʥʪʨʘʮʠʪʫ 
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max
VV  

 

U, ɺ 

 

ʊ, Áʉ 

   

ʘ ʙ ʚ 

ʘ ï ʧʦʣʝ ʙʝʟʨʦʟʤʽʨʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ï
max

VV  (V  ï ʜʠʚ. 

ʬʦʨʤʫʣʫ (2.6)), 
max

V  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ V ); ʙ ï ʧʦʣʝ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ; ʚ ï ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʽʟʦʪʝʨʤʘʤʠ 1300 Áʉ, 1600 Áʉ 

ʈʠʩʫʥʦʢ 4.8 ï ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʢʘʤʧʘʥʽʾ ʥʘ 90 ʛʦʜ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ [171, 239, 242] 

  

ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.6. 4.7 ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ ʜʨʦʩʝʣʴʥʽʡ ʰʘʡʙʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʯʠʩʣʦʚʘ 

ʤʦʜʝʣʴ ʷʢʽʩʥʦ ʪʘ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʫʻ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʰʘʨʫ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʰʘʭʪʥʽʡ ʝʣʝʢʪʨʦʧʝʯʽ [239, 

240, 242]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʽʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ [171, 239, 242]:  

1) ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ ʻ ʚʽʩʝʩʠʤʝʪʨʠʯʥʦʶ, ʪʦʤʫ ʥʝ ʚʨʘʭʦʚʫʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʦʙôʻʤʽ ʧʝʯʽ, ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʢʘʥʘʣʽʟʦʚʘʥʠʡ 

ʩʪʨʫʤ, ʣʦʢʘʣʴʥʽ ʧʝʨʝʛʨʽʚʠ ʤʘʪʝʨʽʘʣʫ ʪʘ ʾʭ ʟʤʽʥʫ ʫ ʯʘʩʽ. 

2) ʇʦʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʰʘʭʪʥʦʾ ʧʝʯʽ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ ʷʢ 10 % ï ʥʘ ʝʪʘʧʽ ʨʦʟʽʛʨʽʚʫ (ʧʫʩʢʦʚʦʤʫ 

ʧʝʨʽʦʜʽ) ʧʨʠ ʥʝʨʫʭʦʤʦʤʫ ʩʠʧʫʯʦʤʫ ʤʘʪʝʨʽʘʣʫ, ʪʘ ʥʝ ʙʽʣʴʰʝ ʷʢ 14 % ï ʜʣʷ ʨʦʙʦʪʠ 

ʧʝʯʽ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʫ.  
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ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʟʥʘʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʚ ʧʝʨʽʦʜ 10ï17 ʛʦʜ 

ʟ ʧʦʯʘʪʢʫ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. ɼʘʥʠʡ ʝʬʝʢʪ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʤʧʣʝʢʩʦʤ ʷʚʠʱ, 

ʱʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʯʠʩʣʦʚʽʡ ʤʦʜʝʣʽ: 

ï ʤʘʪʝʨʽʘʣ ʚ ʝʣʝʢʪʨʦʧʝʯʽ ʧʨʠʭʦʜʠʪʴ ʜʦ ʨʫʭʫ ʚ ʫʩʴʦʤʫ ʦʙôʻʤʽ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʣʠʰʝ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʚʠʚʘʥʪʘʞʝʥʥʷ; 

ï ʯʘʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʪʘ ʝʢʩʪʨʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʧʝʨʘʮʽʾ, ʟʦʢʨʝʤʘ, ʧʝʨʝʤʽʱʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʝʣʝʢʪʨʦʜʫ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʨʽʟʘʭ ʟʦʥʠ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ; 

3) ʄʘʪʝʨʽʘʣ, ʱʦ ʚʞʝ ʧʨʦʡʰʦʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʦʙʨʦʙʢʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʩʠʨʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [241]. 

ʊʦʤʫ ʝʬʝʢʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʯʠʩʣʦʚʽʡ ʤʦʜʝʣʽ, ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʩʪʘʣʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʨʠʡ/ʦʙʨʦʙʣʝʥʠʡ 

ʤʘʪʝʨʽʘʣ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʚʠʚʘʥʪʘʞʝʥʥʷ. 

4) ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʢʦʨʝʣʶʶʪʴʩʷ ʟ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʢʦʞʥʦʾ ʜʦʟʠ ʤʘʪʝʨʽʘʣʫ. ʂʦʣʠʚʘʥʥʷ 

ʟʥʘʯʝʥʴ ʧʦʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʝʯʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ Ñ10 %, ʱʦ ʧʦʚôʷʟʘʥʦ ʷʢ ʟ ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʦʪʠ ʨʫʭʦʤʠʤ 

ʩʠʧʫʯʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʪʘʢ ʽ ʟ ʨʽʟʢʦʶ ʟʤʽʥʦʶ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ʩʠʨʦʚʠʥʠ. ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʢʦʨʦʪʢʦʯʘʩʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘ 

ʯʘʩ ʚʠʚʘʥʪʘʞʝʥʥʷ ʜʦʟʠ, ʪʦʤʫ ʢʦʣʠʚʘʥʥʷ ʦʧʦʨʫ ʚ ʯʠʩʣʦʚʽʡ ʤʦʜʝʣʽ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʩʪʘʥʦʚʠʪʴ Ñ (3ï6) %. 

5) ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʤʘʻ 

ʟʥʘʯʥʫ ʥʝʩʠʤʝʪʨʠʯʥʽʩʪʴ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ. ʈʦʟʨʦʙʣʝʥʘ ʯʠʩʣʦʚʘ ʤʦʜʝʣʴ 

ʘʜʝʢʚʘʪʥʦ ʚʽʜʪʚʦʨʶʻ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʦʯʢʘʭ ʪʘ 

ʧʨʦʛʥʦʟʫʻ ʾʭ ʟʥʘʯʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʟʦʥʘʣʴʥʠʤʠ ʤʽʥʽʤʫʤʘʤʠ ʪʘ 

ʤʘʢʩʠʤʫʤʘʤʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʩʝʨʝʜʥʝʥʘ 

ʧʦʭʠʙʢʘ ʟʽʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʧʝʨʝʛʨʽʚʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 17 % [171, 239, 242]. 
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4.3 ɯʥʥʦʚʘʮʽʡʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʦʟʨʦʙʢʠ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ  

 

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʨʦʙʦʪʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʩʘʤʝ: 

ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʧʝʯʽ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʇɽʆ ʧʨʦʞʘʨʝʥʦʛʦ 

ʘʥʪʨʘʮʠʪʫ/ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ; 

ï ʧʝʨʝʚʽʨʢʫ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʦʟʨʦʙʦʢ ʤʝʪʦʜʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʽʥʞʠʥʽʨʠʥʛʫ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʜʽʶʯʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ. 

 

4.3.1 ɺʧʣʠʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʬʫʪʝʨʽʚʢʠ ʝʣʝʢʪʨʦʧʝʯʽ 

ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʦʢʘʟʥʠʢʘʭ ʾʾ ʨʦʙʦʪʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʧʫʯʦʾ ʩʠʨʦʚʠʥʠ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʟʦʥʠ ʟʚʫʞʝʥʥʷ 

ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʜʨʦʩʝʣʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʨʘʜʽʘʣʴʥʠʡ ʧʝʨʝʧʘʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʨʝʨʽʟʽ ʧʝʯʽ ʡ ʪʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʠʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. ʅʘʷʚʥʽʩʪʴ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ʪʘʢʦʞ 

ʟʤʽʥʶʻ ʧʦʣʦʞʝʥʥʷ ʟʦʥʠ ʚ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʝʣʝʢʪʨʦʧʝʯʽ ʟ ʥʘʡʚʠʱʦʶ 

ʥʘʧʨʫʞʝʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʟʦʥʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ), ʱʦ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʢʘʥʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʤʽʞ ʚʝʨʭʥʽʤ ʪʘ 

ʥʠʞʥʽʤ ʝʣʝʢʪʨʦʜʘʤʠ [171]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʦʛʦ ʜʠʟʘʡʥʫ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʩʪʘʣʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʤʘʪʝʨʽʘʣ ï 

ʘʥʪʨʘʮʠʪ; ʘʢʪʠʚʥʘ ʜʽʶʯʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʢʘʣʴʮʠʥʘʪʦʨʽ ï 420 ʢɺʪ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ï 

700 ʢʛ/ʛʦʜ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʘʥ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʧʽʩʣʷ ʚʠʭʦʜʫ ʥʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ [171].  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʙʨʘʥʦ ʯʦʪʠʨʠ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʽ ʚʘʨʽʘʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ɼʐ): ˉ 1 ï ʜʨʦʩʝʣʴ-ʰʘʡʙʘ ʧʦʚʥʽʩʪʶ 

ʚʠʢʦʥʘʥʘ ʟ ʚʦʛʥʝʪʨʠʚʫ; ˉ 2 ï ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ï ʚʦʛʥʝʪʨʠʚ, ʥʠʞʥʷ ï ʚʫʛʽʣʣʷ; ˉ 3 ï 

ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʜʨʦʩʝʣʷ ʚʠʢʦʥʘʥʘ ʟ ʚʫʛʽʣʣʷ, ʥʠʞʥʷ ï ʚʦʛʥʝʪʨʠʚ; ˉ 4 ï ʜʨʦʩʝʣʴ-

ʰʘʡʙʘ ʧʦʚʥʽʩʪʶ ʟ ʚʫʛʽʣʣʷ (ʨʠʩ. 4.9) [171, 239, 242, 266].  

 

 
ʘ ʙ ʚ ʛ 

ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ : 

 ï ʚʫʛʽʣʣʷ;  ï ʚʦʛʥʝʪʨʠʚ;  ï ʰʘʤʦʪʥʘ ʮʝʛʣʘ; 

ʘ ï ɼʐ ˉ1; ʙ ï ɼʐ ˉ2; ʚ ï ɼʐ ˉ3; ʛ ï ɼʐ ˉ4 

ʈʠʩʫʥʦʢ 4.9 ï ɺʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ [171, 239, 242, 266] 

 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ (ʜʠʚ. ʨʠʩ. 4.9) 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.10ï4.12. 

ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʧʣʠʚʘʻ ʪʝ, ʱʦ ʨʽʟʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ɼʐ 

ʩʧʨʠʯʠʥʶʻ ʨʽʟʥʠʡ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʠʡ ʩʪʘʥ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʽʟʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦʣʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʚʠʢʣʠʢʘʻ ʨʽʟʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʪʠ, ʦʙʫʤʦʚʣʝʥʠʤ ʚʽʜʧʦʚʽʜʥʠʤ ʧʨʦʭʦʜʞʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ (ʜʠʚ. ʨʠʩ. 

4.10). ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ɼʐ ˉ1 (ʜʠʚ. ʨʠʩ. 4.9ʘ) ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʨʦʪʽʢʘʻ 
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ʣʠʰʝ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ, ʪʦʤʫ ʟʦʥʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʢʽʥʮʽʚ 

ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʫ ʤʽʩʮʽ ʟʚʫʞʝʥʥʷ ʧʦʪʦʢʫ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ɼʐ ˉ2, ˉ3 ʽ ˉ4 ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ ʯʘʩʪʠʥʠ (ʜʠʚ. ʨʠʩ. 4.9ʙïʛ), 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʧʨʦʪʽʢʘʻ ʟʘ ʪʨʘʻʢʪʦʨʽʷʤʠ ʥʘʡʤʝʥʰʦʛʦ ʦʧʦʨʫ. ʊʦʙʪʦ ʚʽʜ 

ʚʝʨʭʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ ʯʝʨʝʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʫ ʯʘʩʪʠʥʫ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ʜʦ ʥʠʞʥʴʦʛʦ 

ʝʣʝʢʪʨʦʜʘ. ʎʝ ʩʧʨʠʯʠʥʶʻ ʩʪʚʦʨʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʦʥ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʩʠʧʢʦʛʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʟʦʥʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ˉ2 (ʜʠʚ. ʨʠʩ. 4.9ʙ) ʮʷ ʟʦʥʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʚʝʨʭʥʽʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ; ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ˉ3 

(ʜʠʚ. ʨʠʩ. 4.9ʚ) ï ʤʽʞ ɼʐ ʪʘ ʥʠʞʥʽʤ ʝʣʝʢʪʨʦʜʦʤ; ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ˉ4 (ʜʠʚ. ʨʠʩ. 

4.9ʛ) ï ʙʽʣʷ ʚʝʨʭʥʴʦʛʦ ʝʣʝʢʪʨʦʜʘ ʪʘ ʫ ʤʽʩʮʷʭ ʥʘʡʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʪʦʙʪʦ ʙʽʣʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ ɼʐ [171, 239, 242]. 

    

   

 

ʘ ʙ ʚ ʛ     

ʘ ï ɼʐ ˉ1; ʙ ï ɼʐ ˉ2; ʚ ï ɼʐ ˉ3; ʛ ï ɼʐ  ̄4 

ʈʠʩʫʥʦʢ 4.10 ï ʇʦʣʷ ʙʝʟʨʦʟʤʽʨʥʦʾ ʛʫʩʪʠʥʠ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʟ ɼʐ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʜʠʚ. ʨʠʩ. 4.9)  

 

ʅʘ ʨʠʩ. 4.11 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ɼʐ ʧʽʜ ʯʘʩ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ 

ʘʥʪʨʘʮʠʪʫ ʫ ʚʠʛʣʷʜʽ ʽʟʦʪʝʨʤʠ 1300 Áʉ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʨʘʥʠʮʽ ʟʦʥʠ 
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ʧʨʦʞʘʨʶʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʄʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʟʦʥ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚ ʨʦʙʦʯʦʤʫ 

ʧʨʦʩʪʦʨʽ ʝʣʝʢʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ɼʐ ʽ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ˉ1 (ʜʠʚ. ʨʠʩ. 4.9ʘ) ï ʮʷ ʟʦʥʘ ʟʘʡʤʘʻ 

ʚʩʶ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ; ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ˉ2 (ʜʠʚ. ʨʠʩ. 4.9ʙ) ï 

ʤʘʡʞʝ ʚʩʶ ʮʝʥʪʨʘʣʴʥʫ ʪʘ ʥʠʞʥʶ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ; ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ˉ3 

(ʜʠʚ. ʨʠʩ. 4.9ʚ) ï ʤʝʥʰ ʚʠʨʘʞʝʥʦ ʫ ʮʝʥʪʨʽ ʪʘ ʚʥʠʟʫ ʝʣʝʢʪʨʦʧʝʯʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʘʨʽʘʥʪʦʤ ˉ2, ʘ ʪʘʢʦʞ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ɼʐ; ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ˉ4 (ʜʠʚ. ʨʠʩ. 4.9ʛ) ï 

ʚʝʨʭ ʪʘ ʥʠʟ ɼʐ, ʪʘ ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ [171, 239, 242]. 

    
ʘ ʙ ʚ ʛ 

ʘ ï ɼʐ ˉ1; ʙ ï ɼʐ ˉ2; ʚ ï ɼʐ ˉ3; 

 ʛ ï ɼʐ ˉ4; ï ʽʟʦʪʝʨʤʘ 1300 Áʉ 

ʈʠʩʫʥʦʢ 4.11 ï ɿʦʥʠ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ 

ʟ ʜʨʦʩʝʣʴ-ʰʘʡʙʘʤʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʜʠʚ. ʨʠʩ. 4.9) [242] 

 

ɿʘ ʧʦʢʘʟʥʠʢ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ 

ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʦʟʤʽʨ ʪʘ ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ ʟʦʥ ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʬʫʪʝʨʦʚʢʠ (ʨʠʩ. 4.12). ʅʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʦ ʜʚʽ ʟʦʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʬʫʪʝʨʦʚʢʠ: ʧʝʨʰʘ ï (1300ï1600) Áʉ ʽ ʜʨʫʛʘ ï ʧʦʥʘʜ 1600 Áʉ. ʇʨʠ 

ʯʦʤʫ ʽʟʦʪʝʨʤʘ 1300 Áʉ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʰʘʤʦʪʥʦʛʦ ʚʦʛʥʝʪʨʠʚʫ, ʘ ʽʟʦʪʝʨʤʘ 1600 Áʉ ï ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʫʣʽʪʦʢʦʨʫʥʜʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ 

ʰʘʤʦʪʥʘ ʬʫʪʝʨʦʚʢʘ ʧʝʯʽ ʧʽʜ ɼʐ, ʧʽʜʜʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʤʫ ʪʝʨʤʽʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʜʣʷ ʚʩʽʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʢʨʽʤ ˉ4. ʋ ʨʘʟʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʴ-ʰʘʡʙʽ ˉ2 ʮʷ ʟʦʥʘ ʻ ʥʘʡʤʝʥʰʦʶ, ʘ ʜʣʷ ʚʘʨʽʘʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ˉ3 ï ʥʘʡʙʽʣʴʰʦʶ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʧʝʨʝʛʨʽʚ ʬʫʪʝʨʦʚʢʠ ʥʘʜ 

ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ. ɼʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ˉ4 ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʟʥʘʯʥʽ 

ʪʝʨʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʬʫʪʝʨʦʚʢʠ [171]. 

    
ʘ ʙ ʚ ʛ 

ʘ ï ɼʐ ˉ1; ʙ ï ɼʐ ˉ2; ʚ ï ɼʐ ˉ3; 

 ʛ ï ɼʐ ˉ4; ʩʠʥʷ ʟʦʥʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ (1300ï1600) Áʉ; ʯʝʨʚʦʥʘ ʟʦʥʘ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʥʘʜ 1600 Áʉ  

ʈʠʩʫʥʦʢ 4.12 ï ɿʦʥʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʦʛʥʝʪʨʠʚʢʦʾ 

ʬʫʪʝʨʦʚʢʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʟ ʜʨʦʩʝʣʴ-ʰʘʡʙʘʤʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʜʠʚ. 

ʨʠʩ. 4.9) [171] 

 

ʋ ʢʦʥʩʪʨʫʢʮʽʷʭ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ˉ1, 2, 3 ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʚʦʛʥʝʪʨʠʚ ʧʽʜʜʘʻʪʴʩʷ ʟʥʘʯʥʠʤ ʪʝʨʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʤʦʞʫʪʴ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʨʽʚʥʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ɼʐ ˉ ʪʘ 

ˉ3, ʧʝʨʝʛʨʽʚʘʻʪʴʩʷ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʜʨʦʩʝʣʷ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʝʭʘʥʽʯʥʦʾ ʮʽʣʽʩʥʦʩʪʽ 
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ʢʦʥʩʪʨʫʢʮʽʾ, ʜʘʥʠʡ ʬʘʢʪ ʻ ʢʨʠʪʠʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʮʷ ʯʘʩʪʠʥʘ ʬʫʪʝʨʦʚʢʠ ʩʧʨʠʡʤʘʻ ʥʘ 

ʩʝʙʝ ʚʘʛʫ ʽʥʰʠʭ ʯʘʩʪʠʥ, ʪʦʤʫ ʾʾ ʧʝʨʝʛʨʽʚ ʪʘ ʟʥʘʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ɼʐ. ʊʘʢʦʞ ʽʟ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʚʽʜʦʤʦ, ʱʦ ʚ ʥʠʞʥʴʦʤʫ ʢʦʥʫʩʽ ʜʨʦʩʝʣʷ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʦʨʦʞʥʠʥʘ, ʱʦ ʟʘʧʦʚʥʶʻʪʴʩʷ ʣʝʪʶʯʠʤʠ. ʎʽ ʛʘʟʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʢʦʨʦʟʽʡʥʠʡ ʚʧʣʠʚ 

ʥʘ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʝʣʝʤʝʥʪʠ ʧʝʯʽ ʽ, ʪʦʤʫ ʤʦʞʫʪʴ ʱʝ ʙʽʣʴʰ ʧʦʩʣʘʙʠʪʠ ʾʭ ʤʽʮʥʽʩʪʴ. 

ɼʣʷ ɼʐ ˉ2 ʢʦʨʦʟʽʡʥʠʡ ʚʧʣʠʚ ʥʝ ʻ ʟʥʘʯʥʠʤ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ˉ2 ʙʽʣʴʰ ʚʠʩʦʢʽ, ʘʣʝ ʚʦʛʥʝʪʨʠʚʢʘ ʯʘʩʪʠʥʘ ɼʐ ʥʝ ʻ 

ʚʠʟʥʘʯʘʣʴʥʦʶ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʬʫʪʝʨʦʚʢʠ ʚ ʮʽʣʦʤʫ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʘʨʽʘʥʪʦʤ ˉ1. ʊʘʢʦʞ ʟ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ, 

ʚʽʜʦʤʦ, ʱʦ ʟʘ ʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʫʛʣʝʮʝʚʠʭ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʦʛʥʝʪʨʠʚʦʤ, 

ʥʘʛʨʽʪʠʤ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʡʦʛʦ ʨʦʟʤôʷʢʰʝʥʥʷ, ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʷ 

ʩʫʤʽʰ, ʷʢʘ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʝ ʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʰʘʤʦʪʦʤ ʽ ʥʘʚʽʪʴ ʟ ʤʫʣʽʪʦʢʦʨʫʥʜʦʤ, ʪʦʙʪʦ ʚʠʪʨʠʤʫʚʘʪʠ 

ʟʥʘʯʥʽ ʪʝʨʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ [171]. 

 

4.3.2 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ  

 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʨʦʩʝʣʶʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʾʭ ʨʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʦʙʨʘʥʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ [171, 239, 242]: 

ï  ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʷʢʦʩʪʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ 

Cq.calc=ʇɽʆmin/ʇɽʆallow, (4.1) 

ʜʝ ʇɽʆmin ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʦʛʦ ʇɽʆ ʤʘʪʝʨʽʘʣʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ; ʇɽʆallow = 1000 ʤʢʆʤĿʤ ï ʜʦʧʫʩʪʠʤʝ ʘʙʦ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʇɽʆ ʜʣʷ ʝʣʝʢʪʨʦʘʥʪʨʘʮʠʪʫ; 
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ï  ʙʝʟʨʦʟʤʽʨʥʽ ʦʙôʻʤʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʦʥ ʰʘʤʦʪʥʦʾ ʬʫʪʝʨʦʚʢʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʦʥʘʜ 1300 Áʉ (ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʤʦʪʥʦʾ ʮʝʛʣʠ) ʚʝʨʭʥʴʦʾ 

(ʉsh.top) ʡ ʥʠʞʥʴʦʾ (ʉsh.bot) ʯʘʩʪʠʥ ʬʫʪʝʨʦʚʢʠ ʧʝʯʽ  

ʉsh.top = Vtop 1300/Vsh.top, (4.2) 

ʉsh.bot = Vbot 1300/Vsh.bot, (4.3) 

ʜʝ Vtop 1300, Vbot 1300 ï ʦʙôʻʤ ʟʦʥ ʚʝʨʭʥʴʦʾ ʡ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥ ʰʘʤʦʪʥʦʾ ʬʫʪʝʨʦʚʢʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʥʘʜ 1300 Áʉ, ʚʽʜʧʦʚʽʜʥʦ, ʤ3; Vsh.top, Vsh.bot ï ʦʙôʻʤʠ ʟʦʥ ʚʝʨʭʥʴʦʾ ʡ 

ʥʠʞʥʴʦʾ ʯʘʩʪʠʥ ʰʘʤʦʪʥʦʾ ʬʫʪʝʨʦʚʢʠ, ʚʽʜʧʦʚʽʜʥʦ, ʤ3; 

ï  ʙʝʟʨʦʟʤʽʨʥʠʡ ʦʙôʻʤʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʦʥʠ ʤʫʣʽʪʦʢʦʨʫʥʜʦʚʦʾ ʬʫʪʝʨʦʚʢʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʥʘʜ 1600 Áʉ (ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʫʣʽʪʦʢʦʨʫʥʜʦʚʦʛʦ ʚʦʛʥʝʪʨʠʚʫ) 

ʉmull.alum = V1600/Vmull.alum, (4.4) 

ʜʝ V1600 ï ʦʙôʻʤ ʟʦʥʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʥʘʜ 1600 Áʉ, ʤ3; Vmull.alum ï ʧʦʚʥʠʡ ʦʙôʻʤ 

ʟʦʥʠ ʟ ʤʫʣʽʪʦʢʦʨʫʥʜʦʚʦʶ ʬʫʪʝʨʦʚʢʦʶ, ʤ3; 

ï  ʩʠʣʘ ʨʦʙʦʯʦʛʦ ʩʪʨʫʤʫ ʥʘ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ (Ip, ʢɸ). 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʝʣʝʢʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.1. 

ɿ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘʙʣ. 4.1 ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʽʥʪʝʛʨʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʷʢʽʩʪʴ ʧʨʦʞʘʨʝʥʦʛʦ ʘʥʪʨʘʮʠʪʫ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʦʛʥʝʪʨʠʚʢʦʾ ʬʫʪʝʨʦʚʢʠ ʪʘ ʨʦʙʦʯʫ ʩʠʣʫ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʫ ʧʽʜʩʫʤʢʫ 

ʨʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʻ ʢʦʥʩʪʨʫʢʮʽʷ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ (ʜʠʚ. ʨʠʩ. 4.9ʙ). 

 

ʊʘʙʣʠʮʷ 4.1 ï ʇʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʜʨʦʩʝʣʴ-ʰʘʡʙʠ [171] 

ʂʦʥʩʪʨʫʢʮʽʾ 

ʜʨʦʩʝʣʴ-ʰʘʡʙʠ 

ʟʘ ʨʠʩ. 4.9 

Cq.calc ʉsh.top ʉsh.bot ʉmull.alum Ip 

ʘ 1,0 0,0 0,074 0,005 4,0 

ʙ 0,95 0,0 0,025 0,045 5,9 

ʚ 0,81 0,003 0,224 0,18 6,3 

ʛ 0,99 0,054 0,0 0,0 8,6 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ, 

ʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ Cq.calc, ʉsh.top, ʉsh.bot, ʉmull.alum ʫ [171, 239, 242, 

266] ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʫ ʩʠʩʪʝʤʫ ʙʝʟʨʦʟʤʽʨʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʜʽʘʤʝʪʨ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ  

ʚʥ

ʜʨ

D

D
D =

, 
(4.5) 

ʜʝ Dʜʨ ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ, ʤ; Dʚʥ ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʨʦʙʦʯʦʛʦ 

ʧʨʦʩʪʦʨʫ ʧʝʯʽ ʙʝʟ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ, ʤ; 

ï ʙʝʟʨʦʟʤʽʨʥʘ ʚʠʩʦʪʘ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ 

{ }ʜʨʜʨ

ʜʨʜʨ

max d

d
=

H

H
S

, 
(4.6) 

ʜʝ Hʜʨ ï ʚʠʩʦʪʘ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ, ʤ; dʜʨ= (Dʚʥï Dʜʨ)/2 ï ʪʦʚʱʠʥʘ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ, ʤ; 

ï  ʙʝʟʨʦʟʤʽʨʥʘ ʘʢʪʠʚʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ 

minmax

min

PP

PP
P

-

-
=

, 
(4.7) 

ʜʝ P, Pmax, Pmin ï ʧʦʪʦʯʥʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʡ ʤʽʥʽʤʘʣʴʥʘ ʘʢʪʠʚʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ, ʚʽʜʧʦʚʽʜʥʦ, ɺʪ; 

ï  ʙʝʟʨʦʟʤʽʨʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

minmax

min

GG

GG
G

-

-
=

, 
(4.8) 

ʜʝ G, Gmax, Gmin ï ʧʦʪʦʯʥʘ, ʤʘʢʩʠʤʘʣʴʥʘ ʡ ʤʽʥʽʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʚʽʜʧʦʚʽʜʥʦ, ʢʛ/ʛʦʜ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʧʽʜ ʯʘʩ ʪʝʨʤʦʦʙʨʦʙʣʝʥʥʷ ʘʥʪʨʘʮʠʪʫ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʨʦʩʝʣʴ-

ʰʘʡʙʠ (ʜʠʚ. ʨʠʩ. 4.9ʙ) ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʽ ʨʘʮʽʦʥʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ 

ʙʝʟʨʦʟʤʽʨʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [171], ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʨʦʩʝʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʯʝʡ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʪʝʨʤʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ:  

D = 0,35ï0,6; S = 0,14ï0,38; P = 0,4ï0,62; G = 0,5ï0,75.  
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4.3.3 ʄʦʜʝʨʥʽʟʘʮʽʷ ʨʝʛʣʘʤʝʥʪʫ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ ʜʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʜʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ (ʜʠʚ. ʧ. 4.1) ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ 

ʥʝʜʦʣʽʢʽʚ ʫ ʨʝʛʣʘʤʝʥʪʽ ʡʦʛʦ ʧʫʩʢʦʚʦʛʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ: 

ï ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʠʭʦʜʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʥʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ï 

ʧʦʥʘʜ 60 ʛʦʜ, ʘ ʥʘ ʟʘʜʘʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ï 80 ʛʦʜ; 

ï ʥʝ ʢʦʥʪʨʦʣʴʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʦʟʽʛʨʽʚʫ ʝʣʝʢʪʨʦʧʝʯʽ; 

ï ʯʘʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʽʜʢʣʶʯʝʥʥʷ ʡ ʪʨʠʚʘʣʽ ʧʨʦʩʪʦʾ ʚ ʨʦʙʦʪʽ; 

ï ʟʥʘʯʥʘ ʥʝʩʠʤʝʪʨʠʯʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ; 

ï ʟʥʘʯʥʽ ʪʝʨʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʬʫʪʝʨʽʚʢʫ ʧʝʯʽ [171]. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʰʘʨʫ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʧʝʯʽ (ʜʠʚ. ʨʦʟʜʽʣ 2) 

ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ 

ʜʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ. ʋ ʦʩʥʦʚʫ ʨʝʛʣʘʤʝʥʪʫ ʧʦʢʣʘʜʝʥʦ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ 

ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [171, 239, 241, 242, 266]: 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʫ ʧʽʜʚʦʜʫ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ; 

ï ʧʦʯʘʪʦʢ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʧʫʩʢʫ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ; 

ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʯʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ, ʚʽʜʧʦʚʽʜʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

ï ʚʠʭʽʜ ʥʘ ʫʩʪʘʣʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʟʘ 30 ʛʦʜ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʨʝʛʣʘʤʝʥʪ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʡ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.13. 
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ʘ 

 
ʙ 

 
ʚ 

ʘ ï ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ: 1 ï ʨʝʞʠʤ ʧʽʜʚʦʜʫ 

ʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 2 ï ʨʝʞʠʤ ʟʤʽʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ; ʙ ï ʧʦʚʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ; ʚ ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ: 1 ï ʉsh.top;  

2 ï ʉsh.bot; 3 ï ʉmull.alum 

ʈʠʩʫʥʦʢ 4.13 ï ʈʦʟʨʦʙʣʝʥʠʡ ʨʝʛʣʘʤʝʥʪ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ [266] 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʝʛʣʘʤʝʥʪ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘ 

ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè. ɼʘʥʽ ʟ ʧʨʦʚʝʜʝʥʦʾ ʢʦʤʧʘʥʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʧʽʩʣʷ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.14. 

 



214 
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ʘ ï ʚʧʨʦʚʘʜʞʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ: 1 ï ʘʢʪʠʚʥʘ ʜʽʶʯʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ;  

2 ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; ʙ ï ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʧʨʦʚʘʜʞʝʥʦʛʦ ʨʝʞʠʤʫ: 1 ï 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ; 2 ï ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʝʣʝʢʪʨʦʧʝʯʽ; ʚ ï 

ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 

ʈʠʩʫʥʦʢ 4.14 ï ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʟʘ ʤʦʜʝʨʥʽʟʦʚʘʥʠʤ 

ʨʝʛʣʘʤʝʥʪʦʤ ʟʘ ʧʝʨʽʦʜ 200 ʛʦʜ ʧʽʩʣʷ ʧʫʩʢʫ [171] 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʢʘʤʧʘʥʽʾ ʪʝʨʤʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʘʥʪʨʘʮʠʪʫ ʟʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʥʘ ʜʽʶʯʦʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʦʪʨʠʤʘʥʦ 

ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ:  

ï ʢʘʤʧʘʥʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʫʧʨʦʜʦʚʞ 90 ʜʽʙ ʙʝʟ ʢʨʠʪʠʯʥʠʭ ʟʫʧʠʥʦʢ ʪʘ 

ʧʨʦʩʪʦʾʚ;  

ï ʷʢʽʩʪʴ ʧʨʦʞʘʨʝʥʦʛʦ ʘʥʪʨʘʮʠʪʫ ʚʽʜʧʦʚʽʜʘʣʘ ʟʘʜʘʥʠʤ ʚʠʤʦʛʘʤ, ʟʦʢʨʝʤʘ, 

ʇɽʆʧ ʪʝʨʤʦʦʙʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ 1000 ʤʢʆʤĿʤ; 
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ï ʩʪʘʥ ʬʫʪʝʨʽʚʢʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʾ ʢʦʤʧʘʥʽʾ ï 

ʟʘʜʦʚʽʣʴʥʠʡ [242]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 

ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʟʙʽʣʴʰʠʚʩʷ ʚʽʜ 1 ʤʽʩ. ʜʦ 6 ʤʽʩ., ʘ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʤʝʥʰʠʣʠʩʷ ʥʘ (50ï100) ʢɺʪĀʛʦʜ/ʪ. 

ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʧʫʩʢʫ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʥʪʨʘʮʠʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ 

ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ [171].  

 

4.3.4 ʄʦʜʝʨʥʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ 

 

ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʨʝʛʣʘʤʝʥʪʫ ʨʦʙʦʪʠ ʡ ʧʦʢʘʟʥʠʢʽʚ ʦʜʥʽʻʾ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʘʤʧʘʥʽʡ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ ʧʦʢʘʟʘʚ ʤʦʞʣʠʚʽʩʪʴ ʛʨʘʬʽʪʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʩʠʨʦʚʠʥʠ ʚ 

ʜʘʥʠʭ ʝʣʝʢʪʨʦʧʝʯʘʭ, ʘʣʝ ʟʘ ʧʝʚʥʦʾ ʾʭ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʟʘʚʜʘʥʥʷʤʠ ʷʢʦʾ ʻ [171, 239, 

242]:  

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʦʥʠ ʧʨʦʞʘʨʶʚʘʥʥʷ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʝ ʥʠʞʯʝ  

ʟʘ calcinT
 = 2200 Üʉ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʥʝ ʤʝʥʰ 

ʥʽʞ calcint
 = 2 ʛʦʜ; 

ï ʟʤʝʥʰʝʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʨʦʙʦʯʦʤʫ 

ʧʨʦʩʪʦʨʽ ʝʣʝʢʪʨʦʧʝʯʽ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʬʫʪʝʨʽʚʢʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʱʦ ʟʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟʘ 

ʟʥʘʯʥʠʭ ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

ï ʟʥʠʞʝʥʥʷ ʢʦʣʠʚʘʥʥʷ ʧʦʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʝʣʝʢʪʨʦʧʝʯʽ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʨʦʙʦʪʦʶ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʯʠʩʣʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʛʨʘʬʽʪʫʚʘʥʥʷ 

ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ ʦʩʥʦʚʫ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʪʘʢʽ ʪʝʭʥʽʯʥʽ 

ʨʽʰʝʥʥʷ [242]: 

1) ɹʽʯʥʠʡ ʩʝʢʮʽʡʥʠʡ ʩʪʨʫʤʦʚʽʜʚʽʜ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʜʦʜʘʪʢʦʚʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʽ ʧʽʜôʻʜʥʘʥʦ ʜʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ʬʫʪʝʨʽʚʢʠ ʧʝʯʽ, ʱʦ ʟʘʤʽʥʶʻ ʥʠʞʥʽʡ ʝʣʝʢʪʨʦʜ. 

2) ɼʨʦʩʝʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʟ 7,0>D  ʚʠʢʦʥʘʥʦ ʧʦʚʥʽʩʪʶ ʟ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʜʘʩʪʴ ʟʤʦʛʫ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʠʡ ʨʫʭ 

ʩʠʨʦʚʠʥʠ ʚ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ʧʝʯʽ ʡ ʩʢʦʥʮʝʥʪʨʫʻ ʟʦʥʫ ʧʨʦʞʘʨʶʚʘʥʥʷ ʚ ʩʝʨʝʜʠʥʽ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ. 

3) ɹʝʟʧʝʨʝʨʚʥʝ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ 

ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʪʘ ʟʤʝʥʰʠʪʠ 

ʽʤʦʚʽʨʥʽʩʪʴ ʨʽʟʢʠʭ ʩʪʨʠʙʢʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ 

ʨʫʭʦʤ ʩʠʨʦʚʠʥʠ. 

4) ʌʫʪʝʨʽʚʢʘ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʤʘʻ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʟ ʨʽʟʥʠʭ 

ʚʦʛʥʝʪʨʠʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ 

ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʦʢʨʝʤʠʭ ʾʾ ʟʦʥʘʭ [242]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʩʝʨʽʡ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ (ʨʠʩ. 4.15, 4.16), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ 

ʙʝʟʧʝʨʝʨʚʥʝ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʠ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.2. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʚ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ [239, 242]. 
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1 ï ʰʘʤʦʪʥʘ ʮʝʛʣʘ; 2 ï ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʤʫʣʽʪʦʢʨʝʤʥʝʟʝʤʠʩʪʠʡ ʬʝʪʨ;  

3 ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʦʛʥʝʪʨʠʚ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʥʘʜ 

1900 Áʉ; 4 ï ʰʘʤʦʪʥʘ ʢʨʫʧʢʘ; 5 ï ʚʦʜʷʥʝ ʦʭʦʣʦʜʞʝʥʥʷ; 6 ï ʚʫʛʽʣʴʥʘ ʬʫʪʝʨʽʚʢʘ;  

7 ï ʙʽʯʥʠʡ ʩʝʢʮʽʡʥʠʡ ʩʪʨʫʤʦʚʽʜʚʽʜ ʟ 4 ʜʦʜʘʪʢʦʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ 

ʈʠʩʫʥʦʢ 4.15 ï ʄʦʜʝʨʥʽʟʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʬʫʪʝʨʽʚʢʠ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ [171, 239, 242] 

 

ʊʘʙʣʠʮʷ 4.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʠ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ 

ʜʣʷ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ [171, 239, 242] 

ʇʘʨʘʤʝʪʨ P,ʢɺʪ G, ʢʛ/ʛʦʜ I, ʢɸ ʧʨC  
ʚʚC *  

ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ 
680 370 19,5 0,93 0,026 

ʇʨʠʤʽʪʢʘ: ʚʚC * ï ʚʽʜʥʦʩʥʠʡ ʦʙôʻʤ ʬʫʪʝʨʽʚʢʠ ʧʝʯʽ ʟ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʛʥʝʪʨʠʚʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʟʘ 1900 Áʉ 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʝʜʝʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʡ ʨʝʛʣʘʤʝʥʪʫ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 2200 ʉ̄, ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦ-ʚʘʜʞʝʥʥʷ ʷʢʠʭ ʥʘ 

ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè ʧʦʢʘʟʘʣʠ: ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʟʙʽʣʴʰʠʚʩʷ ʚʽʜ 2 ʜʽʙ ʜʦ 1 ʨʦʢʫ, ʘ 

ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʣʠ 1889 ʢɺʪĀʛʦʜ/ʪ [266]. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʢʣʘʩʠʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʝʯʘʭ ʈʽʜʛʘʤʝʨʘ ʪʘ 

ɸʯʝʩʦʥʘ ʩʷʛʘʻ ʧʦʥʘʜ 3500 ʢɺʪĀʛʦʜ/ʪ. 
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ʘ ʙ ʚ 

ʘ ï ʙʝʟʨʦʟʤʽʨʥʘ ʛʫʩʪʠʥʠ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ; ʙ ï ʟʦʥʘ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʥʘʜ calcinT  = 2200 Üʉ; ʚ ï ʪʝʨʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʚʦʛʥʝʪʨʠʚʢʦʾ ʬʫʪʝʨʦʚʢʫ: ʩʠʥʷ ʟʦʥʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ (1300ï1900) Áʉ; ʯʝʨʚʦʥʘ 

ʟʦʥʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʥʘʜ 1900 Áʉ 

ʈʠʩʫʥʦʢ 4.16 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ 

ʢʦʢʩʫ [171, 239, 242] 

 

 

4.4 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ 

 

ɿʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʠʣʦʚʦʾ 

ʬʨʘʢʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ 

(ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.3) ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʠʩʥʶʚʘʯ/ʚʫʛʣʝʮʴ (ʆ2/ʉ), ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ, ʪʠʧʫ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʥʘʷʚʥʦʩʪʽ ʰʘʨʫ ʚʦʛʥʝʪʨʠʚʫ ʪʦʱʦ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʧʽʜʩʫʤʢʦʚʽ ʟʥʘʯʝʥʥʷ ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ ʆ2, ʉʆ2, ʉʆ ʽ ʅ2ʆ 
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ʥʘ ʚʭʦʜʽ ʚ ʙʘʨʘʙʘʥ-ʦʭʦʣʦʜʞʫʚʘʯ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ, ʷʢʽ ʨʘʟʦʤ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ 

ʪʠʩʢʦʤ ʧʦʪʨʽʙʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ CEA NASA [285] ʫ ʥʘʙʣʠʞʝʥʥʽ 

ʨʽʚʥʦʚʘʞʥʦʾ ʭʽʤʽʾ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʟʘ ʧʽʜʩʫʤʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ 

ʦʢʠʩʥʶʚʘʯʘ ʡ ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʚʭʦʜʽ ʚ ʙʘʨʘʙʘʥ-

ʦʭʦʣʦʜʞʫʚʘʯ ʦʙʯʠʩʣʶʚʘʣʦʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ [264, 284]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʩʠʥʪʝʟ ʛʘʟʫ ʥʘʣʝʞʘʪʴ ʤʦʥʦʦʢʩʠʜ ʚʫʛʣʝʮʶ, 

ʚʦʜʝʥʴ ʽ ʥʝʟʥʘʯʥʘ ʯʘʩʪʢʘ ʤʝʪʘʥʫ. ʉʘʤʝ ʪʦʤʫ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ Fluent [286] ʽ CEA ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʚʢʘʟʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʥʪʝʟ ʛʘʟʫ, ʚʢʣʶʯʘʶʯʠ ʉʆ2. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʮʝʩʫ 

ʛʘʟʠʬʽʢʘʮʽʾ ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʙʘʨʘʙʘʥʽ-

ʦʭʦʣʦʜʞʫʚʘʯʽ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ɯ ʨʦʜʫ ʽ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʟʦʥʠ 11,5 ʤ ʟʘ ʨʽʟʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.18 [264]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.18 ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʜʣʷ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʟʦʥʠ 11,5 ʤ ʟʘ ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʚ ʮʽʣʦʤʫ ʟʙʽʛʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʅʘʡʤʝʥʰʘ 

ʨʽʟʥʠʮʷ ʤʽʞ ʤʦʣʷʨʥʠʤʠ ʯʘʩʪʢʘʤʠ ʉʆ ʽ ʅ2 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʆ2/ʉ = (42,7ï51,6) % ʽ ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ (3,6ï5,8) %. ʇʦʜʽʙʥʘ ʟʙʽʞʥʽʩʪʴ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ 7,67 ʤ ʽ 

15,3 ʤ [264]. 

ʇʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʥʪʝʟ ʛʘʟʫ ʥʘ 

ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ ʟʘ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ɯ ʨʦʜʫ ʽ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ 11,5 ʤ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ Fluent ʽ CEA, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.19 [264]. 
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ʘ ʙ 

ʘ ï ʆ2/ʉ = 37,2 % (ʤʘʩ./ʤʘʩ.); ʙ ï ʆ2/ʉ = 42,7 %; ʚ ï ʆ2/ʉ = 51,6 %; ʛ ï ʆ2/ʉ = 

70,7 %; ʜ ï ʆ2/ʉ = 82,7 %; ʝ ï ʆ2/ʉ = 86,5 % 

  
ʚ ʛ 

  

ʜ ʝ 

ʈʠʩʫʥʦʢ 4.18 ï ʇʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʩʠʥʪʝʟ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-

ʦʭʦʣʦʜʞʫʚʘʯʘ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ɯ ʨʦʜʫ ʽ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʟʦʥʠ 11,5 ʤ ʟʘ ʨʽʟʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ, ʦʪʨʠʤʘʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ Fluent ʽ CEA [264] 
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ʘ ʙ 

ʘ ï Fluent; ʙ ï CEA 

ʈʠʩʫʥʦʢ 4.19 ï ɿʘʣʝʞʥʽʩʪʴ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʥʪʝʟ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ 

ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ ʟʘ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ɯ ʨʦʜʫ ʽ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ 11,5 ʤ [264] 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʨʽʚʥʦʚʘʞʥʦʾ 

ʭʽʤʽʾ (ʜʠʚ. ʨʠʩ. 3.4,ʙ) ʤʘʢʩʠʤʫʤ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʉʆ ʽ ʅ2 ʫ ʩʠʥʪʝʪʠʯʥʦʤʫ ʛʘʟʽ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʉʆ2 º 0 %, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 42,7 %, ʫ ʪʦʡ ʯʘʩ 

ʷʢ ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ Fluent ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʝʢʩʪʨʝʤʫʤ ʤʘʻ ʤʽʩʮʝ ʪʽʣʴʢʠ ʜʣʷ 

ʤʦʣʷʨʥʦʾ ʯʘʩʪʢʠ ʅ2 (ʜʠʚ. ʨʠʩʫʥʦʢ 3.4,ʘ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʆ2/ʉ ʤʦʣʷʨʥʽ 

ʯʘʩʪʢʠ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʩʠʥʪʝʟ ʛʘʟʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ɯ ʨʦʜʫ, ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ 11,5 

ʤ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 42,7 %, ʚʠʢʦʥʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Fluent [286], 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.20, 4.21 [264]. 

ɿ ʨʠʩ. 4.20 ʽ 4.21 ʯʽʪʢʦ ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ 

ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʥʪʝʟ ʛʘʟʫ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʪʘ ʫ ʚʠʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʙʘʨʘʙʘʥʘ, ʘ ʥʝʛʦʨʶʯʠʭ, ʥʘʚʧʘʢʠ ï ʤʽʥʽʤʘʣʴʥʽ. ɿʘ ʜʘʥʠʤʠ 

ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ʩʠʥʪʝʪʠʯʥʠʤ 

ʛʘʟʦʤ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʆ2/ʉ = 42,7 % ʩʢʣʘʜʘʻ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ 1509 ʤ
3/ʛʦʜ 

[264]. 
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ʘ ï ʰʚʠʜʢʽʩʪʴ; ʙ ï ʪʝʤʧʝʨʘʪʫʨʘ; ʚ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʉʆ2; ʛ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ 

ʅ2ʆ; ʜ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʉʆ; ʝ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʅ2; ʞ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʉʅ4 

ʈʠʩʫʥʦʢ 4.20 ï ʌʽʟʠʯʥʽ ʧʦʣʷ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ɯ ʨʦʜʫ, ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ 

ʟʦʥʠ ʙʘʨʘʙʘʥʘ 11,5 ʤ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 42,7 % [264] 
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ʈʠʩʫʥʦʢ 4.21 ï ʈʦʟʧʦʜʽʣ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʦʩʥʦʚʥʠʭ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʥʪʝʟ 

ʛʘʟʫ ʉʆ ʽ ʅ2 ʧʦ ʦʩʽ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ɯ ʨʦʜʫ, ʜʦʚʞʠʥʠ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ 11,5 ʤ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 42,7 % [264] 

  

ɿʘʣʝʞʥʽʩʪʴ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʦʩʥʦʚʥʠʭ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʥʪʝʟ ʛʘʟʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʆ2/ʉ=(42,4ï44,2) % ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ ʅ2, ʦʪʨʠʤʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ Fluent ʽ CEA, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.22. 

 
ʈʠʩʫʥʦʢ 4.22 ï ɿʘʣʝʞʥʽʩʪʴ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʉʆ ʽ ʅ2 ʩʠʥʪʝʟ ʛʘʟʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʆ2/ʉ=(42,4ï44,2) % (ʤʘʩ./ʤʘʩ.) ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ ʅ2 ʽ ʤʽʥʽʤʘʣʴʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʉʆ2 º 0 % ʪʘ ʅ2ʆ º 0 % ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ Fluent ʽ CEA  

 

ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ. 4.22 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʭ ʧʨʦʛʨʘʤ ʜʦʙʨʝ ʢʦʨʝʩʧʦʥʜʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʟʥʘʯʝʥʥʷ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ 
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ʦʩʥʦʚʥʠʭ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʥʪʝʟ ʛʘʟʫ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʚʞʠʥʠ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ [264].  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʟʘ ɻʋ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʠʧʫ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʰʘʨʫ ʰʘʤʦʪʥʦʛʦ ʚʦʛʥʝʪʨʠʚʫ ʥʘ ʙʘʨʘʙʘʥʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.23ï4.26 

[264]. 

ʈʝʟʫʣʴʪʘʪʠ ʚʘʨʽʘʥʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ɻʋ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʠʧʫ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʫ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʛʘʨʷʯʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʠʥʪʝʟ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʟʤʝʥʰʝʥʥʷ ï ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʘʜʽʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʠʭʦʜʫ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʥʪʝʪʠʯʥʦʛʦ ʛʘʟʫ. ɺʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʛʘʟʠʬʽʢʘʮʽʾ ʚ ʙʘʨʘʙʘʥʽ-

ʦʭʦʣʦʜʞʫʚʘʯʽ ʚʽʜʽʛʨʘʻ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʦʙʨʦʣʝʥʦʛʦ ʩʠʧʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʟ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ, ʪʦʚʱʠʥʘ ʚʦʛʥʝʪʨʠʚʫ ʚ ʛʘʨʷʯʽʡ 

(ʨʝʘʢʮʽʡʥʽʡ) ʟʦʥʽ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʦʶ ʥʽʞ ʫ ʟʦʥʽ ʡʦʛʦ 

ʟʨʦʰʫʚʘʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ [264]. 

 

 
ʈʠʩʫʥʦʢ 4.23 ï ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʚʦʛʥʝʪʨʠʚʢʦʾ ʩʪʽʥʢʠ 

ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʪʦʚʱʠʥʦʶ 50 ʤʤ ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʜʦʚʞʠʥʠ (ʜʦʚʞʠʥʘ 

ʛʘʨʷʯʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ ʩʪʘʥʦʚʠʪʴ 11,5 ʤ) [264] 
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ʈʠʩʫʥʦʢ 4.24 ï ʈʦʟʧʦʜʽʣ ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʦʩʥʦʚʥʠʭ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʥʪʝʟ ʛʘʟʫ ʉʆ ʽ ʅ2 ʧʦ ʦʩʽ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ III ʨʦʜʫ, 

ʜʦʚʞʠʥʠ ʛʘʨʷʯʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ 11,5 ʤ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 48,5 % [264] 

 

ɿ ʨʠʩ. 4.24 ʽ 4.25 ʪʘʢʦʞ ʷʢ ʽ ʜʣʷ ɻʋ ɯ ʨʦʜʫ ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʤʦʣʷʨʥʠʭ ʯʘʩʪʦʢ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʥʪʝʟ ʛʘʟʫ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ 

ʟʦʥʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʫ ʚʠʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʙʘʨʘʙʘʥʘ, ʘ ʥʝʛʦʨʶʯʠʭ, ʥʘʚʧʘʢʠ ï 

ʤʽʥʽʤʘʣʴʥʽ. ɿʘ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʨʘʙʘʥʘ-

ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ʩʠʥʪʝʟ ʛʘʟʦʤ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʆ2/ʉ = 48,5 % ʟʘ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚ ʩʢʣʘʜʘʻ 1485 ʤ3/ʛʦʜ [264]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.26 ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʩʠʥʪʝʟ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ɻʋ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʠʧʫ ʜʣʷ ʜʦʚʞʠʥʠ ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ 11,5 ʤ ʪʘʢʦʞ ʽ ʷʢ ʟʘ ɻʋ ɯ ʨʦʜʫ 

ʟʙʽʛʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʈʽʟʥʠʮʷ ʤʽʞ ʤʦʣʷʨʥʠʤʠ ʯʘʩʪʢʘʤʠ ʉʆ ʽ ʅ2 ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 48,5 % ʽ ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ (2,8ï3,4) % [264]. 

ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʩʠʥʪʝʟ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʦʪʨʠʤʘʥʠʡ 

ʟʘ ɻʋ III ʨʦʜʫ ʙʣʠʟʴʢʠʡ ʜʦ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʩʠʥʪʝʟ ʛʘʟʫ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ɻʋ I 

ʨʦʜʫ. ʈʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʥʦʚʠʪʴ: ʜʣʷ ʉʆ ï 4,1 % ʽ ʜʣʷ ʅ2 ï 1,2 % [264]. 
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ʘ ï ʰʚʠʜʢʽʩʪʴ; ʙ ï ʪʝʤʧʝʨʘʪʫʨʘ; ʚ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʉʆ2; ʛ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ 

ʅ2ʆ; ʜ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʉʆ; ʝ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʅ2; ʞ ï ʤʦʣʷʨʥʘ ʯʘʩʪʢʘ ʉʅ4 

ʈʠʩʫʥʦʢ 4.25 ï ʌʽʟʠʯʥʽ ʧʦʣʷ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ 

ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ III ʨʦʜʫ, ʜʦʚʞʠʥʠ 

ʽʟʦʪʝʨʤʽʯʥʦʾ ʟʦʥʠ ʙʘʨʘʙʘʥʘ 11,5 ʤ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 48,5 % [264] 

 

 

 



227 

 
ʈʠʩʫʥʦʢ 4.26 ï ʇʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʩʠʥʪʝʟ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʙʘʨʘʙʘʥʘ-

ʦʭʦʣʦʜʞʫʚʘʯʘ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʟʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ III ʨʦʜʫ ʽ ʜʦʚʞʠʥʠ ʛʘʨʷʯʦʾ ʟʦʥʠ 

11,5 ʤ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 48,5 %, ʦʪʨʠʤʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ Fluent ʽ CEA [264] 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ ʪʘʢʝ: 

ï ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʛʘʟʫ ʚ ʥʴʦʤʫ ʧʦʪʨʽʙʥʦ ʨʘʮʽʦʥʘʣʴʥʦ ʧʦʻʜʥʘʪʠ ʜʚʽ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ï ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʡ 

ʭʦʣʦʜʠʣʴʥʠʢʘ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʤʘʻ ʙʫʪʠ ʟʦʥʘ ʟ ʚʠʩʦʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʠʥʪʝʪʠʯʥʦʛʦ ʛʘʟʫ ʟ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ ʛʦʨʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʟ ʽʥʰʦʛʦ ï ʟʦʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʤʘʪʝʨʽʘʣʫ ʽʟ 

ʟʘʜʘʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ [264]; 

ï ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ï ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʜʣʷ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʠʥʪʝʟ ʛʘʟʫ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ï ʧʠʣʦʚʦʾ ʬʨʘʢʮʽʾ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡ 

ʪʝʧʣʦʪʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʜʦ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ. ɿʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = (42,7ï51,6) % ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʛʦʨʶʯʠʭ 

ʛʘʟʽʚ ʩʠʥʪʝʟ ʛʘʟʫ ʚ ʤʦʣʷʨʥʠʭ ʯʘʩʪʢʘʭ ʩʪʘʥʦʚʠʪʴ: ʉʆ = =(32,8ï36,9) %, ʅ2 = (17,1ï

18,4) % ʽ ʉʅ4 = (0,03ï0,16) % [264]; 

ï ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʘ ʚʝʨʠʬʽʢʘʮʽʻʶ ʜʘʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʚʠʢʦʥʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Fluent, ʟ ʜʘʥʠʤʠ 
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ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʥʘʙʣʠʞʝʥʥʽ ʨʽʚʥʦʚʘʞʥʦʾ ʭʽʤʽʾ ʟʘ ʧʨʦʛʨʘʤʦʶ CEA NASA. ʈʽʟʥʠʮʷ 

ʤʽʞ ʤʦʣʷʨʥʠʤʠ ʯʘʩʪʢʘʤʠ ʉʆ ʽ ʅ2, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʦʜʝʨʞʘʥʦ ʟʘ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ (2,8ï5,8) %. ɿʘ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʨʘʙʘʥʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ʩʠʥʪʝʟ ʛʘʟʦʤ ʟʘ ʩʢʣʘʜʘʻ ʟʘ ʥʦʨʤʘʣʴʥʠʭ 

ʫʤʦʚ ʙʽʣʷ 1500 ʤ3/ʛʦʜ ʪʝʧʣʦʪʚʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ 6,1 ʄɼʞ/ʤ3, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʟʘʦʱʘʜʠʪʠ ʚʠʪʨʘʪʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʽʣʷ 273 ʤ3/ʛʦʜ [264]; 

ï ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʤʘʩʦʚʦʛʦ 

ʩʢʣʘʜʫ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʨʝʘʛʝʥʪʽʚ) ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫ ʢʽʣʴʢʽʩʥʦʛʦ 

ʩʢʣʘʜʫ ʩʠʥʪʝʟ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʙʘʨʘʙʘʥʽ-ʦʭʦʣʦʜʞʫʚʘʯʽ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ ʪʘ 

ʽʥʰʦʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʧʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ CEA NASA. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

1) ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʡ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʜʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʘʥʪʨʘʮʠʪʫ.  

2) ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʝʨʝʜ ʷʢʠʭ 

ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

ï ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʢʣʶʯʝʥʴ ʚʽʜ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʧʨʦʩʪʦʾʚ ʪʘ 

ʝʢʩʪʨʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʢʘʤʧʘʥʽʾ;  

ï ʟʥʘʯʥʘ ʥʝʩʠʤʝʪʨʠʯʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʝʣʝʢʪʨʦʧʝʯʽ; 

ï ʢʦʣʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʧʝʯʽ, ʱʦ ʢʦʨʝʣʶʻʪʴʩʷ ʟ 

ʨʦʙʦʪʦʶ ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ; 

ï ʨʽʟʢʘ ʟʤʽʥʘ ʟʘʛʘʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʧʽʩʣʷ 

ʧʦʯʘʪʢʫ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ; 
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ï ʟʥʘʯʥʽ ʪʝʨʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʬʫʪʝʨʽʚʢʠ 

ʝʣʝʢʪʨʦʧʝʯʽ; 

ï ʝʢʩʪʨʝʥʘ ʟʫʧʠʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʱʦ ʧʦʚôʷʟʘʥʝ ʟ ʢʨʠʪʠʯʥʠʤ ʧʝʨʝʛʨʽʚʦʤ ʚʦʛʥʝʪʨʠʚʢʦʾ 

ʬʫʪʝʨʽʚʢʠ. 

3) ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʘʧʨʦʙʘʮʽʾ ʪʘ 

ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʨʫʭʦʤʦʛʦ h ʘʨʫ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘʭ [171]. 

4) ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʾ ʘʧʨʦʙʘʮʽʾ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ 

ʤʦʜʝʣʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʾ ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʟʤʦʛʫ ʧʨʦʛʥʦʟʫʚʘʪʠ ʬʽʟʠʯʥʽ ʧʦʣʷ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʧʣʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ [171]. 

5) ʆʮʽʥʢʘ ʧʦʭʠʙʢʠ, ʱʦ ʦʜʝʨʞʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ 

ʯʠʩʣʦʚʦʛʦ ʘʥʘʣʽʟʫ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʧʦʢʘʟʫʻ ʪʘʢʝ: 

ï ʧʦʚʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʧʝʯʽ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʾ 

ʤʦʜʝʣʽ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 10 % ʥʘ ʝʪʘʧʽ ʨʦʟʽʛʨʽʚʫ ʟʘ ʥʝʨʫʭʦʤʦʛʦ ʩʠʧʫʯʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʥʝ ʙʽʣʴʰʝ 14 % ï ʟʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʯʽ ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ;  

ï ʦʩʝʨʝʜʥʝʥʘ ʧʦʭʠʙʢʘ ʟʽʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʧʝʨʝʛʨʽʚʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 17 %. 

6) ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʚʠʟʥʘʯʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʷʢʘ ʻ ʧʦʪʨʽʙʥʦʶ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

7) ʇʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽ ʟ 

ʨʽʟʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ. ʉʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʡʢʨʘʱʦʶ 

ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʩʠʩʪʝʤʦʶ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʻ 

ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʜʨʦʩʝʣʴ-ʰʘʡʙʦʶ ˉ 2, ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʷʢʦʾ ʩʢʣʘʜʘʻ ʚʦʛʥʝʪʨʠʚ, ʘ 

ʥʠʞʥʶ ï ʚʫʛʽʣʣʷ. ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʦʩʪʘʪʥʶ ʟʦʥʫ ʧʨʦʞʘʨʶʚʘʥʥʷ ʪʝʨʤʦʘʥʪʨʘʮʠʪʫ ʪʘ ʯʘʩ ʡʦʛʦ 

ʚʠʪʨʠʤʢʠ ʟʘ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʞʠʚʠʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʰʪʘʪʥʠʭ ʨʝʞʠʤʘʭ. ɼʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʴ-
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ʰʘʡʙʠ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʨʦʩʝʣʴ-ʰʘʡʙʫ ˉ 1 ï ʚʠʢʦʥʘʥʫ ʧʦʚʥʽʩʪʶ ʟ 

ʚʦʛʥʝʪʨʠʚʫ ʪʘ ˉ 4 ï ʧʦʚʥʽʩʪʶ ʚʫʛʽʣʴʥʦʶ [171]. 

8) ɼʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʦʩʝʣʴ-ʰʘʡʙʠ ˉ 2 ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʯʠʩʣʦʚʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

( D , S , P  ʪʘ G), ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʚʽʜ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿ ʦʪʨʠʤʘʥʠʭ ʜʽʘʛʨʘʤ 

ʚʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ: 6,035,0 -=D , 4,022,0 -=S , 

68,034,0 -=P , 75,05,0 -=G  [171]. 

9) ʈʦʟʨʦʙʣʝʥʠʡ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʨʝʩʫʨʩʦ- ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʡ 

ʨʝʛʣʘʤʝʥʪ ʧʫʩʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ ʜʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʘʥʪʨʘʮʠʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ [171]. 

10) ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʥʦʚʘʮʽʡʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʘ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʟʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

11) ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè ʨʦʟʨʦʙʣʝʥʠʭ 

ʨʝʩʫʨʩʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʚʠʨʦʙʽʚ ʜʦʩʷʛʥʫʪʦ 

ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʜʣʷ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʟ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʘʥʪʨʘʮʠʪʫ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʟʙʽʣʴʰʠʚʩʷ ʚʽʜ 1 ʤʽʩ. ʜʦ 6 ʤʽʩ., ʘ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʤʝʥʰʠʣʠʩʷ ʥʘ (50ï100) ʢɺʪÖʛʦʜ/ʪ; ʜʣʷ ʝʣʝʢʪʨʦʢʘʣʴʮʠʥʘʪʦʨʽʚ ʟ 

ʛʨʘʬʽʪʫʚʘʥʥʷ ʥʘʬʪʦʚʦʛʦ ʢʦʢʩʫ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʟʙʽʣʴʰʠʚʩʷ ʚʽʜ 2 ʜʽʙ. ʜʦ 1 ʨʦʢʫ, ʘ 

ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʤʝʥʰʠʣʠʩʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 1600 ʢɺʪÖʛʦʜ/ʪ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʠʯʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʛʨʘʬʽʪʦʚʘʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ 

ʧʝʯʘʭ ʈʽʜʛʘʤʝʨʘ ʪʘ ɸʯʝʩʦʥʘ. 

12) ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʽ 

ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʛʘʟʠʬʽʢʘʮʽʾ ʚʫʛʣʝʮʝʚʤʽʩʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʙʘʨʘʙʘʥʽ-
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ʦʭʦʣʦʜʞʫʚʘʯʽ ʦʙʝʨʪʦʚʦʾ ʧʝʯʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʫʤʦʚʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʆ2/ʉ = 

(42,7ï51,6) % ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʛʘʟʫ ʚ 

ʤʦʣʷʨʥʠʭ ʯʘʩʪʢʘʭ ʩʢʣʘʜʘʻ: ʉʆ = (32,8ï36,9) %, ʅ2 = =(17,1ï18,4) % ʽ ʉʅ4 = (0,03ï

0,16) %. ɿʘ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʨʘʙʘʥʘ-

ʦʭʦʣʦʜʞʫʚʘʯʘ ʟʘ ʩʠʥʪʝʟ ʛʘʟʦʤ ʩʢʣʘʜʘʻ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʙʽʣʷ 1500 ʤ3/ʛʦʜ 

ʪʝʧʣʦʪʚʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ 6,1 ʄɼʞ/ʤ3, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘʦʱʘʜʠʪʠ ʚʠʪʨʘʪʫ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʽʣʷ 273 ʤ3/ʛʦʜ [264]. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ 4 ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʧʨʘʮʷʭ [171, 239, 242, 

264, 266, 284, 287, 288, 306, 308, 310, 311, 314ï316]. 
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5 ʇʈɽʉʋɺɸʅʅʗ ɺʋɻʃɽɻʈɸʌɯʊʆɺʀʍ ɿɸɻʆʊʆɺʆʂ  

 

 

5.1 ʄʝʪʦʜʠʢʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʝʥʝʨʛʦ-ʪʝʨʤʦʘʫʜʠʪʫ ʧʨʝʩʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ  

 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʟʙʽʨ ʜʘʥʠʭ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ, 

ʩʠʣʦʚʦʛʦ ʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʪʘʥʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ 

ʢʘʤʧʘʥʽʾ ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ [255]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʦ-ʪʝʨʤʦʘʫʜʠʪʫ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʧʨʝʩʦʚʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ ʇʨɸʊ çʋʢʨʛʨʘʬʽʪè. ʇʨʝʩʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʩʭʝʤʘʪʠʯʥʦ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.1. ʆʩʥʦʚʥʠʤʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʤʘʩʥʠʡ 

ʮʠʣʽʥʜʨ, ʧʣʫʥʞʝʨ ʪʘ ʤʫʥʜʰʪʫʢ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʛʦʪʦʚʦʢ [255, 268, 289, 294]. 

 

 
1 ï ʚʫʛʣʝʮʝʚʘ ʤʘʩʘ; 2 ï ʤʘʩʥʠʡ ʮʠʣʽʥʜʨ; 3 ï ʤʫʥʜʰʪʫʢ; 4 ï ʥʘʛʨʽʚʥʠʢ ʤʘʩʥʦʛʦ 

ʮʠʣʽʥʜʨʘ; 5 ï ʥʘʛʨʽʚʥʠʢ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ; 6 ï ʥʘʛʨʽʚʥʠʢ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ [246]; 7 ï ʜʦʜʘʪʢʦʚʽ ʥʘʛʨʽʚʥʠʢʠ 

ʈʠʩʫʥʦʢ 5.1 ï ʉʭʝʤʘ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ 

ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ [255] 
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ʄʘʩʥʠʡ ʮʠʣʽʥʜʨ ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʫ ʮʠʣʽʥʜʨʠʯʥʫ ʢʘʤʝʨʫ ʟ 

ʝʣʝʢʪʨʠʯʥʠʤ ʥʘʛʨʽʚʥʠʢʦʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦ ʚʩʽʡ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɺʽʥ ʻ 

ʥʝʨʫʭʦʤʦʶ ʯʘʩʪʠʥʦʶ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʦʤʫ ʤʘʻ ʜʦʧʦʤʽʞʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʜʘʶʪʴ ʟʘʧʦʚʥʶʚʘʪʠ ʡʦʛʦ ʚʫʛʣʝʮʝʚʦʶ ʤʘʩʦʶ [255, 268, 270]. 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʫʥʜʰʪʫʢʘ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʟʘʤʽʥʠ ʪʘ ʨʝʘʣʽʟʫʻ ʜʚʽ 

ʟʦʥʠ ʜʝʬʦʨʤʫʚʘʥʥʷ: ʟʘʭʽʜʥʫ ʽ ʢʘʣʽʙʨʫʚʘʣʴʥʫ. ʋ ʟʘʭʽʜʥʽʡ ʟʦʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʩʠ ʡ ʧʝʨʝʭʽʜ ʚʽʜ ʢʨʫʛʣʦʛʦ ʧʨʦʬʽʣʶ ʜʦ ʧʨʷʤʦʢʫʪʥʦʛʦ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʛʝʦʤʝʪʨʽʾ ʟʘʛʦʪʦʚʢʠ, ʘ ʚ ʢʘʣʽʙʨʫʚʘʣʴʥʽʡ ï ʦʩʪʘʪʦʯʥʦ ʬʦʨʤʫʻʪʴʩʷ 

ʢʽʥʮʝʚʠʡ ʧʨʦʬʽʣʴ ʚʠʨʦʙʫ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ 

ʤʫʥʜʰʪʫʢʘ ʪʘ ʤʘʩʠ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʦʩʥʦʚʥʠʭ ʥʘʛʨʽʚʥʠʢʠ: 

ʚ ʟʘʭʽʜʥʽʡ ʡ ʢʘʣʽʙʨʫʚʘʣʴʥʽʡ ʯʘʩʪʠʥʘʭ, ʘ ʪʘʢʦʞ ʯʦʪʠʨʠ ʜʦʧʦʤʽʞʥʠʭ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʢʫʪʘʭ ʧʨʷʤʦʢʫʪʥʦʛʦ ʚʽʜʭʽʜʥʦʛʦ ʦʪʚʦʨʫ [255]. 

ɻʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ ʧʨʝʩʫ ʨʦʟʚʠʚʘʻ ʟʫʩʠʣʣʷ ʜʦ 62 ʄʅ, ʷʢʝ ʧʝʨʝʜʘʻʪʴʩʷ 

ʧʣʫʥʞʝʨʦʤ ʜʦ ʤʘʩʠ. ʇʽʜʧʨʝʩʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʫʤʦʚʠ 20Ñ2 ʄʇʘ, ʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʩʘʤʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʩʢʣʘʜʘʻ 2ï6 ʄʇʘ [255]. 

ʈʝʞʠʤ ʧʨʝʩʫʚʘʥʥʷ ʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʩʫʯʘʩʥʦʶ ʝʣʝʢʪʨʦʥʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦʶ, ʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʪʘ ʦʧʝʨʘʪʦʨʦʤ [255]. 

ʌʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ 

ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ: ʟʘʧʦʚʥʝʥʥʷ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ ʤʘʩʦʶ; ʨʦʟʽʛʨʽʚ ʤʘʩʠ ʜʦ 

ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; ʧʽʜʧʨʝʩʫʚʘʥʥʷ; ʧʨʝʩʫʚʘʥʥʷ ʡ ʤʘʨʢʫʚʘʥʥʷ ʚʠʨʦʙʽʚ; 

ʚʽʜʨʽʟʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʘʜʘʥʦʾ ʜʦʚʞʠʥʠ; ʦʭʦʣʦʜʞʝʥʥʷ; ʧʨʦʤʠʩʣʦʚʠʡ ʢʦʥʪʨʦʣʴ 

ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ [255]. 

ʇʽʜʧʨʝʩʫʚʘʥʥʷ ï ʮʝ ʦʧʝʨʘʮʽʷ ʫʱʽʣʴʥʝʥʥʷ ʤʘʩʠ ʟʘ ʫʤʦʚʠ ʟʘʢʨʠʪʦʛʦ 

ʚʽʜʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʤʫʥʜʰʪʫʢʘ ʟʘʧʽʨʥʦʶ ʧʣʠʪʦʶ. ʇʽʜ ʯʘʩ ʧʽʜʧʨʝʩʫʚʘʥʥ ̫

ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʫʱʽʣʴʥʝʥʥʷ ʤʘʩʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨ ʾʾ ʨʫʭʫ 

ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʟʘʛʦʪʦʚʢʠ ʟ ʚʠʩʦʢʦʶ ʛʫʩʪʠʥʦʶ ʡ 

ʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ [255]. 

ʇʽʜ ʯʘʩ ʧʨʝʩʫʚʘʥʥʷ ʤʘʩʘ ʚʠʜʘʚʣʶʻʪʴʩʷ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ ʧʽʜ ʜʽʻʶ ʧʣʫʥʞʝʨʘ. 

ɰɰ ʨʫʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ: ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ ï ʰʘʨʠ 
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ʨʫʭʘʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʦʜʠʥ ʦʜʥʦʤʫ, ʘ ʚ ʤʫʥʜʰʪʫʢʫ ï ʮʝʥʪʨʘʣʴʥʽ ʰʘʨʠ ʜʝʱʦ 

ʚʠʧʝʨʝʜʞʘʶʪʴ ʧʝʨʠʬʝʨʽʡʥʽ. ʊʘʢʝ ʨʦʟʰʘʨʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ 

ʤʘʪʝʨʽʘʣ ʫ ʮʝʥʪʨʽ ʧʨʦʭʦʜʠʪʴ ʤʝʥʰʠʡ ʰʣʷʭ, ʥʽʞ ʥʘ ʧʝʨʠʬʝʨʽʾ, ʘ ʪʘʢʦʞ ʽʟ-ʟʘ 

ʚʟʘʻʤʦʜʽʾ ʩʪʽʥʦʢ ʤʫʥʜʰʪʫʢʘ ʟ ʤʘʩʦʶ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜ ʯʘʩ ʨʫʭʫ ʪʚʝʨʜʠʡ ʥʘʧʦʚʥʶʚʘʯ, 

ʷʢʠʡ ʤʘʻ ʥʝʧʨʘʚʠʣʴʥʫ ʬʦʨʤʫ ʛʨʘʥʫʣ, ʧʝʨʝʦʨʽʻʥʪʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʙʫʚ ʩʧʨʷʤʦʚʘʥʠʡ ʟʘ ʥʘʧʨʷʤʦʤ ʧʨʝʩʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ. ɺʢʘʟʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ 

ʧʨʝʩʫʚʘʥʥʷ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ ʩʪʨʫʢʪʫʨʠ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʷʩʢʨʘʚʦ 

ʚʠʨʘʞʝʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ 

ʚʠʨʦʙʫ ʥʘʧʨʷʤʢʫ [255]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʟʙʨʘʢʦʚʠʭ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ 

ʚʠʨʽʰʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʻ ʚʠʪʨʠʤʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ, ʱʦ ʚʢʣʶʯʘʻ 

ʧʽʜʪʨʠʤʢʫ ʧʝʚʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʧʨʝʩʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʡ ʰʚʠʜʢʦʩʪʽ ʧʨʝʩʫʚʘʥʥʷ. ʈʝʛʣʘʤʝʥʪ ʧʨʝʩʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʚʠʥʠʢʥʝʥʥʷ 

ʙʨʘʢʦʚʘʥʠʭ ʚʠʨʦʙʽʚ (ʟʘʛʦʪʦʚʦʢ) [255]. 

ʅʘʡʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʙʨʘʢ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʪʨʽʱʠʥʠ ʪʘ ʟʘʜʠʨʢʠ ʚ ʪʽʣʽ 

ʟʘʛʦʪʦʚʦʢ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʜʝʬʝʢʪʽʚ ʫ ʚʠʨʦʙʽ, ʚʽʥ ʚʽʜʙʨʘʢʦʚʫʻʪʴʩʷ ʽ ʥʝ ʡʜʝ ʥʘ 

ʧʦʜʘʣʴʰʫ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ, ʘ ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʩʢʣʘʜʦʚʘ 

ʥʘʧʦʚʥʶʚʘʯʘ ʽʥʰʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ [255]. 

ʇʨʠʯʠʥʠ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʟʘʛʦʪʦʚʢʘʭ, ʧʦʚôʷʟʘʥʽ ʷʢ ʟʽ 

ʩʢʣʘʜʦʤ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ, ʘ ʩʘʤʝ ʽʟ ʚʤʽʩʪʦʤ ʩʧʦʣʫʯʥʦʛʦ ʡ ʢʨʫʧʥʽʩʪʶ ʯʘʩʪʠʥʦʢ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʪʘʢ ʽ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɺʢʘʟʘʥʽ 

ʯʠʥʥʠʢʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʚʧʣʠʚʘʶʪʴ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʊʘʢ, ʟʘ ʚʠʩʦʢʦʛʦ 

ʚʤʽʩʪʫ ʩʧʦʣʫʯʥʦʛʦ ʚ ʤʘʩʽ, ʜʣʷ ʾʾ ʝʬʝʢʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʫʚʘʪʠ 

ʜʝʱʦ ʙʽʣʴʰ ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ-ʟʘ ʧʽʜʚʠʱʝʥʦʾ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʽʤʦʚʽʨʥʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʡ ʚʠʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʚʠʨʦʙʫ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʧʝʨʝʛʨʽʚ ʘʙʦ ʥʝʜʦʛʨʽʚ ʧʦʚʝʨʭʥʽ ʤʫʥʜʰʪʫʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʨʘʜʽʻʥʪʘ 

ʰʚʠʜʢʦʩʪʽ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʫ ʟ ʤʘʩʦʶ ʽ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ, ʷʢ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ, ʪʘʢ ʽ 
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ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. ʊʦʤʫ ʙʝʟʜʝʬʝʢʪʥʝ ʧʨʝʩʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʘʣʘʥʩʽ ʤʽʞ 

ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʤʧʦʟʠʪʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ʡ ʪʝʧʣʦʚʠʤ ʨʝʞʠʤʦʤ 

ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʠʡ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʜʦʩʚʽʜʫ ʪʝʭʥʦʣʦʛʘ ʽ ʦʧʝʨʘʪʦʨʘ 

ʚʠʨʦʙʥʠʮʪʚʘ [255]. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʟʘ ʩʚʦʻʶ ʨʝʮʝʧʪʫʨʦʶ 

ʢʦʤʧʦʟʠʪʥʽ ʚʫʛʣʝʮʝʚʽ ʤʘʩʠ. ɽʣʝʢʪʨʦʜʥʽ ʤʘʩʠ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʩʧʦʣʫʯʥʦʛʦ (ʧʝʢʠ 

ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ) ʽ ʥʘʧʦʚʥʶʚʘʯʘ (ʚʫʛʣʝʮʝʚʠʡ ʩʠʧʫʯʠʡ ʤʘʪʝʨʽʘʣ ï ʘʥʪʨʘʮʠʪ, 

ʢʦʢʩ, ʪʝʨʤʦʦʙʨʦʙʣʝʥʘ ʚʫʛʣʝʮʝʚʘ ʩʠʨʦʚʠʥʘ ʪʦʱʦ), ʷʢʽ ʟʤʽʰʫʶʪʴʩʷ ʜʦ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ. ʈʝʮʝʧʪʫʨʘ, ʘ ʩʘʤʝ ʚʤʽʩʪ ʟʚôʷʟʫʚʘʣʴʥʦʛʦ ʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ 

ʩʢʣʘʜ ʥʘʧʦʚʥʶʚʘʯʘ, ʚʠʟʥʘʯʘʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʧʨʝʩʫʚʘʥʥʷ [255]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʚ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʉʢʣʘʜʥʦʱʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʶʪʴ ʫ ʧʦʪʨʝʙʽ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʫ ʡ 

ʨʽʟʥʦʩʪʦʨʦʥʥʶ ʢʘʨʪʠʥʫ ʬʽʟʠʯʥʠʭ ʷʚʠʱ [255]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʘʥʘ ʢʘʤʧʘʥʽʷ 

ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 5.1. 

 

ʊʘʙʣʠʮʷ 5.1 ï ʉʢʣʘʜ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʢʘʤʧʘʥʽʾ 

ʧʨʝʩʫʚʘʥʥʷ [255] 

ɺʤʽʩʪ 

ʩʧʦʣʫʯʥʦʛʦ, 

% 

ʅʘʧʦʚʥʶʚʘʯ 

ʉʢʣʘʜ ʥʘʧʦʚʥʶʚʘʯʘ ɺʤʽʩʪ, % 

27,6Ñ2 

ɻʨʘʬʽʪʦʚʘʥʘ ʚʫʛʣʝʮʝʚʘ 

ʩʠʨʦʚʠʥʘ ˉ 1, ʬʨʘʢʮʽʷ (0ï

10) ʤʤ 

70 

ɻʨʘʬʽʪʦʚʘʥʘ ʚʫʛʣʝʮʝʚʘ 

ʩʠʨʦʚʠʥʘ ˉ 2, ʬʨʘʢʮʽʷ (0ï

0,05) ʤʤ 

30 

 

ɼʣʷ ʚʢʘʟʘʥʦʾ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 5.2. 
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ʊʘʙʣʠʮʷ 5.2 ï ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʘʤʧʘʥʽʾ 

ʧʨʝʩʫʚʘʥʥʷ [255] 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ, ʉ̄  105ï120 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʫʥʜʰʪʫʢʘ, ʉ̄  115ï150 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʣʽʙʨʫʚʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʫʥʜʰʪʫʢʘ, ʉ̄  115ï150 

ʊʠʩʢ ʧʽʜʧʨʝʩʫʚʘʥʥʷ, ʄʇʘ 20Ñ2 

ʊʨʠʚʘʣʽʩʪʴ ʧʽʜʧʨʝʩʫʚʘʥʥʷ, ʭʚ  3ï5 

ʊʠʩʢ ʧʨʝʩʫʚʘʥʥʷ, ʄʇʘ 2ï6, ʤʘʢʩ. 9  

ʐʚʠʜʢʽʩʪʴ ʧʨʝʩʫʚʘʥʥʷ, ʤ/ʭʚ 0,7ï1,0 

  

ʐʪʘʪʥʝ ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʨʝʩʦʚʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ ʚʢʣʶʯʘʻ: 

ʚʘʪʤʝʪʨʠ ʥʘ ʚʩʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʛʨʽʚʥʠʢʽʚ (ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ Ñ0,1 %); 

ʝʣʝʢʪʨʦʥʥʠʡ ʜʘʪʯʠʢ ʪʠʩʢʫ (ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ Ñ0,5ï1 %); ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʽ 

ʪʝʨʤʦʧʘʨʠ (ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ Ñ1,7 ʉ̄) [255]. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʰʪʘʪʥʠʭ 

ʪʝʨʤʦʧʘʨ ʫ ʢʦʨʧʫʩʽ ʤʫʥʜʰʪʫʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.2. 

 
ʪ.1ïʪ.11 ï ʥʫʤʝʨʘʮʽʷ ʰʪʘʪʥʠʭ ʪʝʨʤʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ 

ʈʠʩʫʥʦʢ 5.2 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʰʪʘʪʥʠʭ ʪʝʨʤʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʫ ʢʦʨʧʫʩʽ 

ʤʫʥʜʰʪʫʢʘ [255] 

 

ʊʨʠʚʘʣʽʩʪʴ ʢʘʤʧʘʥʽʾ ʧʨʝʩʫʚʘʥʥʷ ʩʢʣʘʜʘʻ ʙʽʣʴʰ ʥʽʞ 10 ʜʽʙ. ʂʘʤʧʘʥʽʷ 

ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʟʘʚʝʨʰʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʩʠ, ʧʘʨʘʣʝʣʴʥʦ ʟ 

ʮʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʽʛʨʽʚ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɼʘʣʽ ʤʘʩʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ 

ʤʘʩʥʠʡ ʮʠʣʽʥʜʨ, ʧʽʜʧʨʝʩʫʻʪʴʩʷ ʡ ʬʦʨʤʫʻʪʴʩʷ ʚ ʟʘʛʦʪʦʚʢʠ ï ʮʝ ʦʜʠʥ ʝʪʘʧ 
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ʧʨʝʩʫʚʘʥʥʷ. ʊʘʢʠʡ ʮʠʢʣ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʨʝʙ ʪʘ ʧʣʘʥʫ ʚʠʨʦʙʥʠʮʪʚʘ 

[255]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʯʦʪʠʨʴʦʭ ʙʝʟʙʨʘʢʦʚʠʭ ʝʪʘʧʽʚ 

ʫ ʩʝʨʝʜʠʥʽ ʢʘʤʧʘʥʽʾ ʧʨʝʩʫʚʘʥʥʷ, ʪʦʙʪʦ ʜʣʷ ʯʦʪʠʨʴʦʭ ʟʘʚʘʥʪʘʞʝʥʴ ʤʘʩʥʦʛʦ 

ʮʠʣʽʥʜʨʘ. 

ʅʘ ʨʠʩ. 5.3 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʟ ʯʘʩʦʤ ʪʠʩʢʫ ʧʽʜʧʨʝʩʫʚʘʥʥʷ ʪʘ ʚʣʘʩʥʝ 

ʧʨʝʩʫʚʘʥʥʷ ʜʝ ʩʽʨʠʤ ʢʦʣʴʦʨʦʤ ʚʽʜʜʽʣʝʥʦ ʝʪʘʧ ʧʨʝʩʫʚʘʥʥʷ. 

ɼʣʷ ʜʦʩʣʽʜʥʦʾ ʢʘʤʧʘʥʽʾ ʪʠʩʢ ʧʽʜʧʨʝʩʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʾʾ ʝʪʘʧʘʭ ʩʢʣʘʜʘʚ  

20,4ï20,8 ʄʇʘ, ʧʝʨʰʘ ʟʘʛʦʪʦʚʢʘ (ʨʦʟʧʘʨ) ʧʨʝʩʫʻʪʴʩʷ ʟ ʪʠʩʢʦʤ 1,4ï2,1 ʄʇʘ, ʘ ʪʠʩʢ 

ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ï 2,1ï2,6 ʄʇʘ. ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʝʪʘʧʫ 

ʧʨʝʩʫʚʘʥʥʷ ʧʝʨʝʜʫʻ ʧʽʜʧʨʝʩʫʚʘʥʥʷ ʽʟ ʟʥʘʯʥʠʤ ʧʨʠʢʣʘʜʝʥʠʤ ʟʫʩʠʣʣʷʤ ʜʣʷ 

ʫʱʽʣʴʥʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ. ɺʣʘʩʥʝ ʝʪʘʧ ʧʨʝʩʫʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʜʘʚʣʶʚʘʥʥʷ 

ʧʝʨʰʦʾ ʟʘʛʦʪʦʚʢʠ (ʨʦʟʧʘʨ) ʽʟ ʤʝʥʰʠʤ ʥʽʞ ʥʦʨʤʘʣʴʥʠʤ ʜʣʷ ʧʨʦʮʝʩʫ ʟʫʩʠʣʣʷʤ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʨʦʟʧʘʨ ʻ ʧʝʨʝʛʨʽʪʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʘ ʦʪʞʝ ʤʘʻ ʤʝʥʰʫ ʚôʷʟʢʽʩʪʴ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʦʙ ʤʫʥʜʰʪʫʢ. ʂʨʽʤ ʪʦʛʦ, ʚ ʥʴʦʤʫ ʧʨʠʩʫʪʥʽʡ ʤʘʪʝʨʽʘʣ ʟ ʤʠʥʫʣʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʟʘʛʦʪʦʚʦʢ. ʈʦʟʧʘʨ 

ʚʟʘʛʘʣʽ ʚʚʘʞʘʻʪʴʩʷ ʙʨʘʢʦʤ, ʪʦʤʫ ʡ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ [255]. 

ɽʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʥʠʢ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ ʤʘʻ ʧʦʪʫʞʥʽʩʪʴ ʙʽʣʷ 22 ʢɺʪ ʪʘ 

ʧʨʘʮʶʻ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 1 ʟ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʫ ʜʽʘʧʘʟʦʥʽ 114ï116 ʉ̄. ɻʨʘʬʽʢ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ, ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 5.4 [255]. 

ɿʤʽʥʫ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʯʢʘʭ 

ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.5 [255, 270]. ʅʘʛʨʽʚʥʠʢ ʟʘʭʽʜʥʦʾ 

ʯʘʩʪʠʥʠ ʚʤʠʢʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʽʜʧʨʝʩʫʚʘʥʥʷ. ʁʦʛʦ 

ʧʦʪʫʞʥʽʩʪʴ ʩʢʣʘʜʘʻ 32ï34 ʢɺʪ. ɼʘʣʽ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʢʠ ʢʦʥʪʨʦʣʶʻ ʨʦʙʦʪʫ 

ʥʘʛʨʽʚʥʠʢʘ ʥʘ ʧʽʜʩʪʘʚʽ ʧʦʢʘʟʘʥʴ ʪʝʨʤʦʜʘʪʯʠʢʘ ʪʦʯʢʘ (ʪ.) 2, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ 

ʜʽʘʧʘʟʦʥʽ 134ï136 ʉ̄, ʪʦʤʫ ʚʽʥ ʚʤʠʢʘʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ. ʏʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʝʪʘʧʫ ʧʨʝʩʫʚʘʥʥʷ ʥʘʛʨʽʚʥʠʢ ʚʠʤʠʢʘʻʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ. 
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ʈʠʩʫʥʦʢ 5.3 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʠʩʢʫ ʚ 

ʧʨʦʜʦʚʞ ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ ʧʨʝʩʫʚʘʥʥʷ 

1 ï ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ; 

2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪ. 1 

ʈʠʩʫʥʦʢ 5.4 ï ɻʨʘʬʽʢ ʟʤʽʥʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ (ʪ. 3) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʥʘʯʥʦʶ ʽʥʝʨʪʥʽʩʪʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ. 2. ʊʦʤʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʙʽʣʷ 125 ʉ̄ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʝʪʘʧʘʤʠ ʧʨʝʩʫʚʘʥʥʷ. ʇʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 121ï123 ̄ʉ [255]. 

ɿʤʽʥʫ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʯʢʘʭ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.6. ʂʦʥʪʨʦʣʴ ʨʦʙʦʪʠ 

ʥʘʛʨʽʚʥʠʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʚʠʭʦʜʷʯʠ ʽʟ ʧʦʢʘʟʘʥʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʜʘʪʯʠʢʽʚ ʪ. 4 ʪʘ ʪ. 5, ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 44ï47 ʢɺʪ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʢʠ 

ʚʤʠʢʘʻ ʥʘʛʨʽʚʥʠʢ ʟʘ ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 123 ʉ̄ ʫ ʪ. 5, ʘ ʚʠʤʠʢʘʻ ʟʘ 134 

ʉ̄ ʟʘ ʧʦʢʘʟʘʤʠ ʜʘʪʯʠʢʘ ʪ. 4. 

ʊʘʢʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ ʧʨʝʩʫʚʘʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʤʫʥʜʰʪʫʢʘ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥ ʽʟ ʤʘʩʦʶ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʪ. 5 ʫ 

ʧʨʦʜʦʚʞ ʧʨʝʩʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 128 ʉ̄ ʜʦ 122 ʉ̄, ʘ ʚʞʝ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʦʯʠʥʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦ 128ï129 ̄ʉ [255]. 

ɼʦʜʘʪʢʦʚʽ ʥʘʛʨʽʚʥʠʢʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʢʫʪʘʭ ʢʘʥʘʣʫ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ, ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʚʠʭ ʢʫʪʦʚʠʭ ʝʬʝʢʪʽʚ. 
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ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʢʠ ʧʽʜʪʨʠʤʫʻ ʩʪʘʣʠʡ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ 115ï120 ̄ ʉ 

ʟʘ ʧʦʢʘʟʘʤʠ ʪʝʨʤʦʧʘʨ ʪ. 6ï9. ʇʦʪʫʞʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʥʘʛʨʽʚʥʠʢʽʚ ʩʢʣʘʜʘʻ 1,8 ʢɺʪ. 

ʅʘ ʨʠʩ. 5.7 ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪ. 6ï9 ʚʧʨʦʜʦʚʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʢʘʤʧʘʥʽʾ ʧʨʝʩʫʚʘʥʥʷ [255]. 

ʇʦʢʘʟʘʥʥʷ ʪʝʨʤʦʧʘʨ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʚʝʨʭʥʽʡ ʪʘ ʥʠʞʥʽʡ ʧʦʚʝʨʭʥʷʭ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ (ʪ. 10, 11) ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.8 [255, 270]. 

 

  
1 ï ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ; 2 ï ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʚ ʪ. 2; 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪ. 3 

ʈʠʩʫʥʦʢ 5.5 ï ɻʨʘʬʽʢ ʟʤʽʥʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʯʢʘʭ ʟʘʭʽʜʥʦʾ 

ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ  

1 ï ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ; 2 ï ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʚ ʪ. 4; 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪ. 5 

ʈʠʩʫʥʦʢ 5.6 ï ɻʨʘʬʽʢ ʟʤʽʥʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʯʢʘʭ 

ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʤʫʥʜʰʪʫʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʙʦʪʠ ʜʦʜʘʪʢʦʚʠʭ ʥʘʛʨʽʚʥʠʢʽʚ ʪʘ ʚʽʜ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʤʘʩʦʶ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʪʘ ʩʪʽʥʢʘʤʠ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʆʢʨʽʤ ʪʦʛʦ, ʽʩʪʦʪʥʠʡ 

ʚʣʠʚ ʥʘ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʟʜʽʡʩʥʶʻ ʤʘʩʠʚʥʘ ʧʣʠʪʘ, ʱʦ ʟʘʢʨʠʚʘʻ ʚʠʭʽʜʥʠʡ ʦʪʚʽʨ 

ʤʫʥʜʰʪʫʢʘ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʜʦ ʢʽʥʮʷ ʧʽʜʧʨʝʩʫʚʘʥʥʷ. ʊʘʢ, 

ʽʥʪʝʥʩʠʚʥʠʡ ʨʽʩʪ ʪʘ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʪ. 10, 11 ʚ ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ ʤʽʞ 

ʧʨʝʩʫʚʘʥʥʷʤ ʧʦʚôʷʟʘʥʠʡ ʩʘʤʝ ʽʟ ʪʝʧʣʦʦʙʤʽʥʦʤ ʤʽʞ ʛʘʨʷʯʠʤ ʤʫʥʜʰʪʫʢʦʤ ʪʘ ʙʽʣʴʰ 

ʭʦʣʦʜʥʦʶ ʧʣʠʪʦʶ [255]. 

ʈʽʟʥʠʮʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʤʽʞ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʤʦʞʝ 

ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤ ʪʝʧʣʦʦʙʤʽʥʫ: ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʤʫʥʜʰʪʫʢʘ (ʪ. 10) 
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ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʽʣʴʥʦʶ ʢʦʥʚʝʢʮʽʻʶ; ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʤʫʥʜʰʪʫʢʘ (ʪ. 11), ʻ ʙʽʣʴʰ 

ʽʟʦʣʴʦʚʘʥʦʶ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ [255]. 

ʋ ʧʨʦʜʦʚʞ ʜʦʩʣʽʜʥʦʾ ʢʘʤʧʘʥʽʾ ʧʨʝʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʷʢʽʩʥʽ ʚʫʛʣʝʮʝʚʽ 

ʟʘʛʦʪʦʚʢʠ ʙʝʟ ʜʝʬʝʢʪʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʨʝʛʣʘʤʝʥʪʫ [255].  

ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.3ï5.8 ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʮʠʢʣʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʫ ʜʣʷ ʦʩʝʨʝʜʥʝʥʥʷ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʚʠʛʣʷʜʽ ʨʝʛʣʘʤʝʥʪʫ ʧʨʦʚʝʜʝʥʥʷ ʝʪʘʧʫ ʧʨʝʩʫʚʘʥʥʷ ʚ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ ʟʘ ʯʘʩʦʤ 

(ʨʠʩ. 5.9ï5.11) [255, 270]. 

 

 
 

1 ï ʪ. 6; 2 ï ʪ. 7; 3 ï ʪ. 8; 4 ï ʪ. 9 

ʈʠʩʫʥʦʢ 5.7 ï ɻʨʘʬʽʢ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʦʯʢʘʭ ʙʽʣʷ ʜʦʜʘʪʢʦʚʠʭ 

ʥʘʛʨʽʚʥʠʢʽʚ  

1 ï ʪ. 10; 2 ï ʪ. 11 

ʈʠʩʫʥʦʢ 5.8 ï ɻʨʘʬʽʢ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʝʨʭʥʽʡ ʪʘ ʥʠʞʥʽʡ 

ʧʦʚʝʨʭʥʷʭ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʤʫʥʜʰʪʫʢʘ  

 

ɼʦʜʘʪʢʦʚʦ ʜʦ ʟʙʦʨʫ ʡ ʘʥʘʣʽʟʫ ʧʦʢʘʟʥʠʢʽʚ ʰʪʘʪʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʽʟʦʨʘ Testo 875 (ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʩʪʘʥʦʚʠʪʴ Ñ2 ʉ̄), 

ʧʽʨʦʤʝʪʨʘ Agema ThermoPoint 62 (ʧʦʭʠʙʢʘ Ñ1 Üʉ) ʪʘ ʢʦʥʪʘʢʪʥʠʭ ʪʝʨʤʦʤʝʪʨʠʯʥʠʭ 

ʜʘʪʯʠʢʽʚ ʥʘ ʙʘʟʽ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʠʭ ʪʝʨʤʦʧʘʨ (ʧʦʭʠʙʢʘ Ñ2 ʉ̄) [255]. 
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ʈʠʩʫʥʦʢ 5.9 ï ʈʝʛʣʘʤʝʥʪ ʝʪʘʧʫ 

ʧʨʝʩʫʚʘʥʥʷ ʚ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ ʟʘ 

ʯʘʩʦʤ, ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ 

1,2,3 ï ʧʦʪʫʞʥʽʩʪʴ ʥʘʛʨʽʚʥʠʢʽʚ ʤʘʩʥʦʛʦ 

ʮʠʣʽʥʜʨʘ, ʟʘʭʽʜʥʦʾ ʡ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ 

ʯʘʩʪʠʥ ʤʫʥʜʰʪʫʢʘ, ʚʽʜʧʦʚʽʜʥʦ 

ʈʠʩʫʥʦʢ 5.10 ï ʈʝʛʣʘʤʝʥʪ ʝʪʘʧʫ 

ʧʨʝʩʫʚʘʥʥʷ ʚ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ ʟʘ 

ʯʘʩʦʤ, ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ  

 

ɼʣʷ ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ, 

ʜʦʩʣʽʜʞʝʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʾʾ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʡ ʜʦ ʧʦʯʘʪʢʫ 

ʧʽʜʧʨʝʩʫʚʘʥʥʷ. ʅʘ ʨʠʩ. 5.12 ʧʦʢʘʟʘʥʦ ʪʝʨʤʦʛʨʘʤʫ ʧʦʚʝʨʭʥʽ ʤʘʩʠ. 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 91 ʉ̄ ʡ ʤʘʢʩʠʤʘʣʴʥʠʤ 104 ʉ̄. ɺʢʘʟʘʥʽ 

ʚʝʣʠʯʠʥʠ ʜʘʶʪʴ ʦʮʽʥʦʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ ʽʟ-ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʦʪʦʯʫʶʯʠʤ ʧʦʚʽʪʨʷʤ [255]. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ 

ʧʨʦʚʝʜʝʥʦ ʯʝʨʝʟ 40 ʭʚ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʝʪʘʧʫ ʧʨʝʩʫʚʘʥʥʷ. ʊʝʤʧʝʨʘʪʫʨʘ, ʱʦ 

ʚʠʤʽʨʷʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʨʦʤʝʪʨʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.13 [255, 270]. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʜʘʥʠʭ ʫʤʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚ 

ʜʽʘʧʘʟʦʥʽ 80ï86 ʉ̄ ʚʽʜ ʧʣʫʥʞʝʨʘ ʜʦ ʤʫʥʜʰʪʫʢʘ, ʚʽʜʧʦʚʽʜʥʦ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʢʣʘʜʘʻ Ñ 2 ʉ̄ [255]. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʽʟʦʨʘ ʡ ʧʽʨʦʤʝʪʨʘ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʩʭʝʤʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ (ʨʠʩ. 5.14), ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʦʢ ʧʽʜ 

ʯʘʩ ʧʨʝʩʫʚʘʥʥʷ. ʅʘ ʨʠʩ. 5.15 ʧʦʢʘʟʘʥʦ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʘʚʦʾ, 

ʣʽʚʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʟʘʛʦʪʦʚʦʢ ʧʽʜ ʯʘʩ ʝʢʩʪʨʫʟʽʾ ʚʫʛʣʝʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘ 

ʨʠʩ. 5.16 ʥʘʚʝʜʝʥʦ ʪʝʨʤʦʛʨʘʤʫ ʚ ʤʦʤʝʥʪ ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ [255]. 



242 

 

 

 

1 ï ʪ. 1; 2 ï ʪ. 2; 3 ï ʪ. 3; 4 ï ʪ. 4;  

5 ï ʪ. 5; 6 ï ʪ. 6ï9; 7 ï ʪ. 10, 11 

ʈʠʩʫʥʦʢ 5.11 ï ʈʝʛʣʘʤʝʥʪ ʝʪʘʧʫ 

ʧʨʝʩʫʚʘʥʥʷ ʚ ʙʝʟʨʦʟʤʽʨʥʽʡ ʬʦʨʤʽ ʟʘ 

ʯʘʩʦʤ (ʪʝʤʧʝʨʘʪʫʨʘ ʰʪʘʪʥʠʭ ʪʦʯʦʢ 

ʚʠʤʽʨʶʚʘʥʥʷ) 

ʈʠʩʫʥʦʢ 5.12 ï ʊʝʨʤʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ 

ʤʘʩʠ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ 

 

 
ʈʠʩʫʥʦʢ 5.13 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʥʘ ʧʨʦʪʷʟʽ ʝʪʘʧʫ ʧʨʝʩʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʢʠ ʟʥʠʞʫʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 121Ñ2 ʉ̄ ʜʦ 

114Ñ2 ʉ̄. ʇʨʠ ʮʴʦʤʫ ʚʝʨʭ ʟʘʛʦʪʦʚʢʠ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ. 

ɼʣʷ ʚʽʜʨʽʟʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʽʞ ʟ ʚʦʜʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ. 

ʈʝʟʫʣʴʪʘʪ ʡʦʛʦ ʜʽʾ ʥʘ ʪʝʨʤʽʯʥʠʡ ʩʪʘʥ ʩʬʦʨʤʦʚʘʥʦʾ ʤʘʩʠ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʣʦʢʘʣʴʥʠʭ 

ʟʦʥʘʭ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʽʩʮʷʭ ʟʨʽʟʫ (ʨʠʩ. 5.17) [255]. 
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ʈʠʩʫʥʦʢ 5.14 ï ʉʭʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʟʘʛʦʪʦʚʢʠ 

1 ï ʚʝʨʭʥʷ ʧʦʚʝʨʭʥʷ; 2 ï ʣʽʚʘ 

ʧʦʚʝʨʭʥʷ;  

3 ï ʧʨʘʚʘ ʧʦʚʝʨʭʥʷ; ʘʧʨʦʢʩʠʤʫʶʯʘ 

ʟʘʣʝʞʥʽʩʪʴ: 4 ï ʚʝʨʭʥʷ ʧʦʚʝʨʭʥʷ;  

5 ï ʣʽʚʘ ʧʦʚʝʨʭʥʷ; 6 ï ʧʨʘʚʘ ʧʦʚʝʨʭʥʷ 

ʈʠʩʫʥʦʢ 5.15 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʦʩʝʨʝʜʥʝʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʷʭ ʟʘʛʦʪʦʚʦʢ 

  
ʈʠʩʫʥʦʢ 5.16 ï ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ ʚ ʤʦʤʝʥʪ 

ʧʨʝʩʫʚʘʥʥʷ 

ʈʠʩʫʥʦʢ 5.17 ï ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʟʨʽʟʫ ʟʘʛʦʪʦʚʢʠ 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʩʽʯʝʥʥʶ 

ʟʘʛʦʪʦʚʢʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʪʦʯʢʘʭ, ʟʘʛʣʠʙʣʝʥʠʭ ʚ ʤʘʩʫ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʰʚʠʜʢʫ ʡ 

ʦʜʥʦʯʘʩʥʫ ʫʩʪʘʥʦʚʢʫ ʪʝʨʤʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 50 ʤʤ ʫ ʪʽʣʦ 

ʟʘʛʦʪʦʚʢʠ (ʨʠʩ. 5.18ʘ).  

ʆʩʝʨʝʜʥʝʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʚʽʜʭʽʜʥʦʛʦ ʩʽʯʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʧʨʝʩʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.18ʙ ïʛ., ʘ ʫʩʝʨʝʜʥʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʮʝʥʪʨʘ 

ʚʽʜʭʽʜʥʦʛʦ ʩʽʯʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ï ʥʘ ʨʠʩ. 5.19. 
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ʘ ʙ 

  
ʚ ʛ 

ʘ ï ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ; ʙ ï ʛ ï ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʚʽʜʭʽʜʥʦʛʦ ʩʽʯʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʥʘ ʝʪʘʧʽ ʧʨʝʩʫʚʘʥʥʷ:  

ʙ ï 0,1; ʚ ï 0,2; ʛ ï 0,4 

ʈʠʩʫʥʦʢ 5.18 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʽʜʭʽʜʥʦʤʫ ʩʽʯʝʥʥʽ ʟʘʛʦʪʦʚʢʠ [255, 270] 

 
1 ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ; 2 ï ʘʧʨʦʢʩʠʤʫʶʯʘ ʟʘʣʝʞʥʽʩʪʴ  

ʈʠʩʫʥʦʢ 5.19 ï ɿʤʽʥʘ ʚ ʯʘʩʽ ʦʩʝʨʝʜʥʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʮʝʥʪʨʫ ʟʘʛʦʪʦʚʢʠ [255] 

 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ ʧʝʚʥʫ ʥʝʩʠʤʝʪʨʠʯʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʫ ʚʽʜʭʽʜʥʦʤʫ ʩʽʯʝʥʥʽ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ 

ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʦʙʦʪʠ ʜʦʜʘʪʢʦʚʠʭ ʥʘʛʨʽʚʥʠʢʽʚ. ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ 
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ʰʚʠʜʢʦʧʣʠʥʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʡ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʫʛʣʝʮʝʚʦʾ 

ʤʘʩʠ (cp=1750 ɼʞ/(ʢʛĀʂ)) ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʮʝʥʪʨʘ ʟʘʛʦʪʦʚʢʠ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʩʠ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʪʘʧʽ ʧʨʝʩʫʚʘʥʥʷ ʩʢʣʘʜʘʻ 95ï99 ̄ ʉ [255]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʪʘʥʫ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʡ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʧʨʝʩʽ ʤʘʻ ʮʠʢʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢʠʡ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ ʦʩʝʨʝʜʥʝʥʠʭ ʚʠʤʽʨʷʥʠʭ ʚʝʣʠʯʠʥ ʚʽʜ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʘʩʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʥʠʡ ʝʪʘʧ ʧʨʝʩʫʚʘʥʥʷ ʚʠʨʦʙʽʚ [255]. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ 

ʤʫʥʜʰʪʫʢʘ ʽ ʚʠʭʽʜʥʦʛʦ ʩʽʯʝʥʥʷ ʤʘʩʠ ʚ ʩʪʘʥʽ ʧʨʝʩʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ ʧʨʦʪʷʟʽ ʝʪʘʧʫ ʧʨʝʩʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʤʫʥʜʰʪʫʢʘ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 5ï10 ʉ̄. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚ ʨʦʙʦʪʽ ʥʘʛʨʽʚʥʠʢʽʚ, ʤʘʻ ʤʽʩʮʝ ʦʭʦʣʦʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ ʧʽʜ 

ʯʘʩ ʾʾ ʬʦʨʤʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ ʦʭʦʣʦʜʞʫʶʪʴʩʷ ʥʘ 9 ̄ ʉ (ʚʽʜ 

122 ̄ ʉ ʜʦ 113 ̄ ʉ), ʘ ʪʽʣʦ ʟʘʛʦʪʦʚʢʠ ʥʘ 7 ̄ ʉ (ʚʽʜ  

103 ̄ ʉ ʜʦ 96 ̄ ʉ). ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʥʝʩʠʤʝʪʨʠʯʥʦʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʠʨʦʙʽʚ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʘʛʨʽʚʥʠʢʘʤʠ ʧʨʝʩʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ ʪʘ ʥʘ ʚʽʜʭʽʜʥʦʤʫ ʩʽʯʝʥʥʽ 

ʟʘʛʦʪʦʚʢʠ [255]. 

ɺʠʷʚʣʝʥʽ ʷʚʠʱʘ ʯʽʪʢʦ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʨʝʞʠʤʫ 

ʧʨʝʩʫʚʘʥʥʷ ʡ ʧʽʜʚʠʱʝʥʫ ʽʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʙʨʘʢʦʚʘʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʫ 

ʧʽʜʩʫʤʢʫ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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5.2 ʏʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʝʢʩʪʨʫʟʽʾ ʚʫʛʣʝʧʝʢʦʚʠʭ ʝʣʝʢʪʨʦʜʥʠʭ 

ʟʘʛʦʪʦʚʦʢ 

 

5.2.1 ʇʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʧʨʝʩʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʜʥʠʭ ʟʘʛʦʪʦʚʦʢ 

 

ɼʣʷ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʧʨʝʩʫʚʘʥʥʷ (ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.5) ʟʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʨʠʡʥʷʪʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʱʦ ʦʪʨʠʤʘʥʦ ʧʽʜʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦ-ʪʝʨʤʦʘʫʜʠʪʫ 

ʤʫʥʜʰʪʫʢʘ ʟ ʝʣʝʢʪʨʦʜʥʠʤʠ ʤʘʩʘʤʠ ˉ 1, 2 (ʜʠʚ. ʪʘʙʣ. 5.1). 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ 

ʮʠʢʣʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʟʘ ʥʦʚʠʭ ʟʘʚʘʥʪʘʞʝʥʥʷʭ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʘ ʩʘʤʝ 

ʧʨʦʚʝʜʝʥʥʷ ʥʝ ʤʝʥʰ ʯʦʪʠʨʴʦʭ ʮʠʢʣʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʠʭʦʜʫ ʥʘ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʪʦʯʢʘʭ ʨʦʟʤʽʱʝʥʥʷ ʰʪʘʪʥʠʭ ʪʝʨʤʦʧʘʨ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ: ʝʢʩʪʨʫʟʽʷ ʤʘʪʝʨʽʘʣʫ ʡ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʩʥʠʡ ʮʠʣʽʥʜʨ (ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷʤ ʤʘʩʠ ʚ 

ʤʘʩʥʦʤʫ ʮʠʣʽʥʜʨʽ ʡ ʦʭʦʣʦʜʞʝʥʥʷʤ ʤʫʥʜʰʪʫʢʘ ʟ ʚʠʤʢʥʝʥʠʤʠ ʽʥʜʫʢʪʦʨʘʤʠ ʪʘ 

ʚʢʣʶʯʝʥʠʤʠ ʩʚʽʯʢʘʤʠ ï ʪʝʥʦʚʠʤʠ ʥʘʛʨʽʚʥʠʢʘʤʠ) [255, 268, 269, 289]: 

1) ʈʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦʮʝʩʫ 

ʧʨʝʩʫʚʘʥʥʷ ʟʘ ʫʤʦʚʠ ʣʘʤʽʥʘʨʥʦʛʦ (ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʝʩʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ) ʨʝʞʠʤʫ 

ʪʝʯʽʾ ʚ'ʷʟʢʦ-ʧʣʘʩʪʠʯʥʦʾ ʤʘʩʠ ʚ ʤʫʥʜʰʪʫʢʫ. ɿʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʨʠʡʤʘʶʪʴʩʷ: 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʨʠʤʘʥʠʡ ʫ ʧ. 2, ʷʢʱʦ ʮʝ ʥʝ ʧʝʨʰʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʡ ʥʫʣʴʦʚʽ 

ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʰʚʠʜʢʦʩʪʽ ʚ ʦʙôʻʤʽ ʤʘʩʠ; ʫ ʨʘʟʽ ʧʝʨʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʡʤʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘʚʘʥʪʘʞʝʥʦʾ ʤʘʩʠ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ). 

2) ʈʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʚʦʾ ʟʘʜʘʯʽ, ʧʦʩʪʘʥʦʚʢʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʦʮʝʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʡ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʜʦ 

ʧʦʯʘʪʢʫ ʧʨʝʩʫʚʘʥʥʷ. ʊʨʠʚʘʣʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʘʩʠ ʩʪʘʥʦʚʠʪʴ 80 ʭʚ (ʥʘ ʧʽʜʩʪʘʚʽ 

ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ). ɿʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʷʢʠʡ ʦʪʨʠʤʘʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʫʥʢʪʽ. 
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ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ ʝʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʫʭʦʤ ʤʘʩʠ ʟʘ 

ʫʤʦʚʠ ʝʬʝʢʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʠʤʯʘʩʦʚʽ ʧʨʦʩʪʦʾ 

(ʧʨʦʮʝʩ ʚʽʜʨʽʟʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ) (ʨʠʩ. 5.20) [255]. 

ʗʢ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʥʘ ʚʭʦʜʽ ʚ ʤʫʥʜʰʪʫʢ ʟʘʜʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ ʰʚʠʜʢʽʩʪʴ 

ʚʠʜʘʚʣʶʚʘʥʥʷ ʤʘʩʠ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 0,00044 ʤ/ʩ. ɺʢʘʟʘʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʰʚʠʜʢʦʩʪʽ ʚʠʭʦʜʫ ʟʘʛʦʪʦʚʢʠ ʟ ʤʫʥʜʰʪʫʢʘ 

0,011 ʤ/ʩ (ʚʠʤʽʨʷʥʘ ʟʘ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ) ʡ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʩʪʦʶ ï 5 ʭʚ. ʅʘ ʛʨʘʥʠʮʽ 

ʢʦʥʪʘʢʪʫ ʤʫʥʜʰʪʫʢʘ ʡ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ ʟʘʜʘʥʦ ʫʤʦʚʠ ʢʦʚʟʘʥʥʷ. ʅʘ ʚʠʭʦʜʽ ʟ 

ʤʫʥʜʰʪʫʢʘ ʟʘʜʘʻʪʴʩʷ ʥʫʣʴʦʚʠʡ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ. ʅʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ 

ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʚʽʜʜʘʯʽ 

13 ɺʪ/(ʤĿʂ) ʡ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 18 Áʉ [255]. 

 

 
ʈʠʩʫʥʦʢ 5.20 ï ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʧʨʝʩʫʚʘʥʥʷ (ʪʝʨʤʦʛʨʘʤʘ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʡ ʟʘʚʘʥʪʘʞʝʥʦʾ ʤʘʩʠ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ ʧʨʝʩʫʚʘʥʥʷ) 
 

ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʽʥʜʫʢʪʦʨʘ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʚʽʜʦʤʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʜʫʢʪʦʨʘ ʚʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ʤʫʥʜʰʪʫʢʘ ʪʘ ʬʦʨʤʫʣʘʤʠ ʝʣʝʢʪʨʦʩʪʘʪʠʢʠ, ʷʢ ʩʫʤʘ ʚʝʣʠʯʠʥ ʪʝʧʣʦʚʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ, ʷʢʽ ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʩʧʽʨʘʣʽ ʽʥʜʫʢʪʦʨʘ ʪʘ ʚ ʦʙôʻʤʽ ʤʫʥʜʰʪʫʢʘ, ʽ 

ʩʪʘʥʦʚʠʪʴ 38 ʢɺʪ [162]. 
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ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ɯ ʨʦʜʫ ʟʘʜʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽʥʜʫʢʪʦʨʘ ʥʘ ʚʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʤʫʥʜʰʪʫʢʘ ï 138 Áʉ, ʥʘ ʧʦʚʝʨʭʥʷʭ çʩʚʽʯʦʢè ï 128 Áʉ ʪʘ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ 

ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ ï 115 Áʉ [255]. 

ɼʨʫʛʠʡ ʝʪʘʧ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʚʽʞʦʾ ʤʘʩʠ. ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ 

ʝʪʘʧʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʙʘʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʫ ʤʘʩʽ ʽ 

ʤʫʥʜʰʪʫʢʫ, ʦʪʨʠʤʘʥʠʭ ʧʦ ʟʘʚʝʨʰʝʥʥʶ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ (ʧʝʨʰʠʡ ʝʪʘʧ). ʇʨʠ 

ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʪʝʧʣʦʚʘ ʟʘʜʘʯʘ ʙʝʟ ʨʫʭʫ ʤʘʩʠ [255]. 

ʅʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʤʘʩʥʦʛʦ ʮʠʣʽʥʜʨʘ ʟʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ɯ ʨʦʜʫ 

ï ʪʝʤʧʝʨʘʪʫʨʘ 115 Áʉ ʽ ʥʘ ʩʚʽʯʢʘʭ ʥʘʛʨʽʚʘʥʥʷ 128 Áʉ. ɯʥʜʫʢʪʦʨʠ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʡ 

ʚʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠ ʮʴʦʤʫ ʚʠʤʢʥʝʥʦ [255]. 

ʇʽʜ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʪʝʧʣʦʚʽʜʚʽʜ ʚʽʜ ʧʝʨʝʜʥʴʦʛʦ 

ʪʦʨʮʷ ʧʨʝʩʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʧʣʠʪʫ ʜʣʷ ʧʽʜʧʨʝʩʫʚʘʥʥʷ ʤʘʩʠ, ʥʘ ʷʢʽʡ 

ʟʘʜʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ [255]. 

 

5.2.2 ɺʝʨʠʬʽʢʘʮʽʷ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ 

 

ɼʣʷ ʯʠʩʣʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (2.69)ï(2.73) 

(ʜʠʚ. ʨʦʟʜʽʣ 2, ʧ. 2.1.5) ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʣʴʥʠʡ ʚʽʜʢʨʠʪʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ OpenFOAM (Open Field 

Operation and Manipulation) [281]. 

ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʝʢʩʪʨʫʟʽʾ 

ʚʫʛʣʝʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ ʚʠʢʦʥʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ (ʜʠʚ. ʨʦʟʜʽʣ 5, ʧ. 5.1) 

ʧʨʝʩʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ (ʨʠʩ. 5.21), ʱʦ ʪʘʢʦʞ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʪʠ ʢʦʨʝʢʪʥʽ 

ʧʦʯʘʪʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ [255]. 
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1 ï ʧʨʝʩʤʘʩʘ; 2 ï ʤʘʩʥʠʡ ʮʠʣʽʥʜʨ; 3 ï ʤʫʥʜʰʪʫʢ; 4, 5 ï ʦʩʥʦʚʥʽ ʥʘʛʨʽʚʥʠʢʠ; 6 ï 

ʜʦʜʘʪʢʦʚʽ ʥʘʛʨʽʚʥʠʢʠ; ʪ. 1ï8 ï ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʈʠʩʫʥʦʢ 5.21 ï ʄʦʜʝʣʴ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʟʘʛʦʪʦʚʦʢ [255] 

 

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʢʽʥʝʮʴ ʢʘʤʧʘʥʽʾ ʧʨʝʩʫʚʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʽʯʝʥʥʽ 

ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʩʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.22. ʈʝʟʫʣʴʪʘʪʠ 

ʚʝʨʠʬʽʢʘʮʽʾ ʯʠʩʣʦʚʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.23.  

 

 
ʈʠʩʫʥʦʢ 5.22 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʽʯʝʥʥʽ ʧʨʝʩʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʝʩʤʘʩʠ ʥʘ ʢʽʥʝʮʴ ʢʘʤʧʘʥʽʾ ʧʨʝʩʫʚʘʥʥʷ [255] 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ 

ʚʫʛʣʝʧʝʢʦʚʦʾ ʤʘʩʠ ʧʽʜ ʯʘʩ ʧʨʝʩʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ, ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʟʜʽʡʩʥʶʶʪʴ 

ʦʩʥʦʚʥʽ ʥʘʛʨʽʚʥʠʢʠ. ɼʦʜʘʪʢʦʚʠʡ ʧʽʜʽʛʨʽʚ ʢʫʪʽʚ ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʭ ʟʘʛʦʪʦʚʦʢ 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʢʫʪʦʚʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʟʥʠʞʫʻ ʽʤʦʚʽʨʥʽʩʪʴ 

ʧʨʠʣʠʧʘʥʥʷ ʤʘʩʠ ʜʦ ʩʪʽʥʦʢ ʤʫʥʜʰʪʫʢʘ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʝʬʝʢʪʽʚ ʫ ʟʘʛʦʪʦʚʢʘʭ [255]. 
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ʪ. 1ï8 ï ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; ʝ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; ʨ ï ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʪʨʠʤʘʥʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʈʠʩʫʥʦʢ 5.23 ï ɿʽʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟʽ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʥʘ ʧʨʦʪʷʟʽ ʢʘʤʧʘʥʽʾ ʧʨʝʩʫʚʘʥʥʷ [255] 

 

ɿʽʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ 

ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʩʪʘʥʦʚʠʪʴ 4ï10 %. ʊʦʤʫ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʡ ʨʦʟʨʦʙʢʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ 

ʚʠʨʦʙʽʚ [255]. 

 

5.2.3 ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʝʩʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ 

ɹʝʟʨʦʟʤʽʨʥʠʡ ʯʘʩ 

ɹʝʟʨʦʟʤʽʨʥʠʡ ʯʘʩ ɹʝʟʨʦʟʤʽʨʥʠʡ ʯʘʩ 
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ʝʢʩʪʨʫʟʽʾ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ ʚʫʛʣʝʧʝʢʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʠʡ ʘʥʘʣʽʟ 

ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʭʽʜ ʙʝʟʙʨʘʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʨʠʩ. 

5.24 ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʪʠʥʽ ʧʨʝʩʦʚʘʥʦʾ 

ʟʘʛʦʪʦʚʢʠ, ʜʝ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʧʨʠʩʫʪʥʷ ʪʽʣʴʢʠ ʚ ʟʦʥʽ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʭʽʜʥʽʡ ʯʘʩʪʠʥʠ ʤʫʥʜʰʪʫʢʘ, ʘ ʚ ʢʘʣʽʙʨʫʚʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʫʭ ʤʘʩʠ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦ ʧʝʨʝʪʠʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʝʞʠʤʫ ʪʝʯʽʾ ʚ'ʷʟʢʦ-ʧʣʘʩʪʠʯʥʦʾ ʨʽʜʠʥʠ [255]. 

 
ʈʠʩʫʥʦʢ 5.24 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʫ 

ʧʨʝʩʦʚʘʥʦʾ ʤʘʩʠ ʚ ʤʫʥʜʰʪʫʢʫ [255] 

 

ʊʝʨʤʦʛʨʘʤʠ ʤʫʥʜʰʪʫʢʘ ʽ ʧʨʝʩʦʚʘʥʦʾ ʤʘʩʠ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʡ ʥʘ 

ʢʽʥʝʮʴ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.25, 5.26. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʦʭʠʙʢʘ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʧʣʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦʮʝʩʫ 

ʧʨʝʩʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 10 % ʟʘ ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ W = 0,68. ɼʣʷ 

ʟʨʫʯʥʦʩʪʽ ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʧʨʝʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʚʝʜʝʥʦ ʟʘ ʪʨʠʢʦʣʽʨʥʦʶ ʰʢʘʣʦʶ ʥʘ ʨʠʩ. 5.27ï5.32, ʥʘ ʷʢʠʭ ʯʝʨʚʦʥʠʡ ï ʚʠʱʝ 150 

Áʉ, ʞʦʚʪʠʡ ï 110ï150 Áʉ ʽ ʩʠʥʽʡ ï ʥʠʞʯʝ 110 Áʉ. ʄʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʤʝʪʨ 

ʪʚʝʨʜʦʛʦ ʷʜʨʘ ʤʘʩʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 95ï110 Áʉ ʧʦʟʥʘʯʝʥʦ ʣʽʥʽʻʶ ʢʦʣʘ [255]. 

ʅʘʚʝʜʝʥʽ ʧʦʣʷ ʽʣʶʩʪʨʫʶʪʴ ʨʫʭ ʤʘʪʝʨʽʘʣʫ ʟ ʨʽʟʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʜʠʚ. ʨʠʩ. 5.27ï5.32) [255, 270]. ʇʽʩʣʷ 20 ʭʚ ʧʨʝʩʫʚʘʥʥʷ ʟ'ʷʚʣʷʻʪʴʩʷ ʫʩʪʘʣʝʥʽʩʪʴ ʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ ʧʨʝʩʫʚʘʥʥʷ. ɿ ʨʠʩʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʝʩʫʚʘʥʥʷ 

ʟʘ 20 ʭʚ ʚʠʜʘʣʷʻʪʴʩʷ ʚʝʩʴ ʤʘʪʝʨʽʘʣ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʧʝʨʘʮʽʾ ʧʨʝʩʫʚʘʥʥʷ (ʨʦʟʧʘʨ). 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʥʘ 15 ʭʚ ʫ ʧʝʨʝʨʽʟʽ ʥʘ ʚʭʦʜʽ ʚ ʢʘʣʽʙʨʫʚʘʣʴʥʫ ʯʘʩʪʠʥʫ ʟʦʥʘ 

ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʠʞʯʝ 110 Áʉ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʦʾ ʪʦʚʱʠʥʠ ʧʨʦʛʨʽʚʫ 

ʤʘʪʝʨʽʘʣʫ, ʪʦʙʪʦ ʚ ʮʽʡ ʟʦʥʽ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʙʝʟʜʝʬʝʢʪʥʦʾ ʧʨʦʜʫʢʮʽʾ.  










































































































































































































































