
 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

 

ʃʋʂʐʆ ɺʣʘʜʠʩʣʘʚ ɸʥʘʪʦʣʴʝʚʠʯ 

 

 

 

 

ʂʆʄʇʃɽʂʉʅʓʁ ʄɽʊʆɼ ʇʆɺʓʐɽʅʀʗ 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ɻɸɿʆɺʓʍ ɼɺʀɻɸʊɽʃɽʁ  

ʉ ɺʓʉʆʂʆʁ ʉʊɽʇɽʅʔʖ ʉɾɸʊʀʗ ʀ ʋʂʆʈʆʏɽʅʅʓʄʀ  

ʊɸʂʊɸʄʀ ɺʇʋʉʂɸ ʀ ɺʓʇʋʉʂɸ 

 

 

05.04.02 ï ʊʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ 

 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ  

ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʥʘʫʯʥʦʤ ʮʝʥʪʨʝ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ï ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʪʘʨʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ 

çʎʝʥʪʨʘʣʴʥʳʡ ʦʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʠ ʘʚʪʦʤʦʪʦʨʥʳʡ ʠʥʩʪʠʪʫʪè (ʌɻʋʇ çʅɸʄʀè). 
 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ 

ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ ʂʫʪʝʥʸʚ ɺʘʜʠʤ ʌʸʜʦʨʦʚʠʯ (ʌɻʋʇ çʅɸʄʀè). 
 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

ʀʚʘʱʝʥʢʦ ʅʠʢʦʣʘʡ ɸʥʪʦʥʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʌɻɹʆʋ ɺʇʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. 

ɹʘʫʤʘʥʘè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨ rçʇʦʨʰʥʝʚʳʝ ʜʚʠʛʘʪʝʣʠè; 

ɼʨʘʛʦʤʠʨʦʚ ʉʝʨʛʝʡ ɻʨʠʛʦʨʴʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʌɻɹʆʋ ɺʇʆ çɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʣʝʢʩʘʥʜʨʘ 

ɻʨʠʛʦʨʴʝʚʠʯʘ ʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ ʉʪʦʣʝʪʦʚʳʭè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

çʊʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠè; 

ʍʨʷʱʸʚ ʖʨʠʡ ɽʚʛʝʥʴʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʌɻɹʆʋ ɺʇʆ çʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷè. 
 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʌɻɹʆʋ ɺʇʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʄɸʄʀ). 
 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç23è ʜʝʢʘʙʨʷ 2015 ʛ. ʚ 14.00 

ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ217.014.01 ʧʨʠ ʌɻʋʇ çʅɸʄʀè, 

125438, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɸʚʪʦʤʦʪʦʨʥʘʷ, ʜ.2. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ ʌɻʋʇ 

çʅɸʄʀè 

http://nami.ru/directions/scientific-activity/dissertation-council 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç____è ʩʝʥʪʷʙʨʷ 2015 ʛ. 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ                                                             ʂʫʨʤʘʝʚ ʈʠʥʘʪ ʍʘʥʷʬʠʝʚʠʯ 

e-mail: rinat.kurmaev@nami.ru  
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ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʇʨʠʨʦʜʥʳʡ ʛʘʟ ʥʘʠʙʦʣʝʝ ʚʝʩʦʤʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʞʠʜʢʠʤ ʤʦʪʦʨʥʳʤ ʪʦʧʣʠʚʘʤ ʥʝʬʪʷʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʧʘʨʢ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʦʤ (ʩʞʘʪʦʤ) 

ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ (ʂʇɻ) ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 100 ʪʳʩ. ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʙʣʠʞʘʡʰʝʡ 

ʧʝʨʩʧʝʢʪʠʚʝ, ʦʥ ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʘʩʪʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʘʚʪʦʙʫʩʦʚ ʠ ʢʦʤʤʫʥʘʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʧʨʠʨʦʜʥʦʤ 

ʛʘʟʝ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʚʠʜʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦʛʦ 

ʪʦʧʣʠʚʘ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, 

ʥʘʯʘʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʘʚʪʦʙʫʩʦʚ ʩ ʛʘʟʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, 

ʩʦʟʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʥʝʧʨʝʣʦʞʥʳʤ ʦʩʪʘʸʪʩʷ ʬʘʢʪ, 

ʯʪʦ ɸʊʉ ʩ ʛʘʟʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʠʤʝʶʪ ʭʫʜʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦ ʨʘʙʦʯʝʤʫ 

ʦʙʲʸʤʫ ʜʠʟʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʦʧʨʦʩʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʠʤʝʶʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʜʦʩʪʠʞʝʥʠʝ 

ʚʳʩʦʢʦʡ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʣʦʞʥʳʤ 

ʫʩʣʦʚʠʝʤ ʫʩʧʝʭʘ ʚ ʜʝʣʝ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʦʚʳʭ ʪʦʧʣʠʚ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʝʛʦ ʚ ʛʘʟʦʚʳʡ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʡ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ̫ʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʙʣʝʤ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ. 

ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

çʂʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ ʠ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ 

ʚʳʧʫʩʢʘè ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʉʪʝʧʝʥʴ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʠʟʫʯʘʶʪʩʷ, ʥʦ ʢʘʨʜʠʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʇʦ 

ʢʨʘʡʥʝ ʤʝʨʝ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʫ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʠʟ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʬʘʢʪʠʯʝʩʢʠ ʪʝ ʞʝ, ʯʪʦ ʠ ʫ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʅʦ ʧʨʠ 

ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʥʟʠʥʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʢʘʩʘʶʪʩʷ ʤʦʪʦʨʦʚ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʪʝʛʦʨʠʡ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʨʘʙʦʯʠʡ ʦʙʲʸʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʠ ʧʨ.). ʍʘʨʘʢʪʝʨ 

ʠ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʫ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ɸʊʉ 
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ʢʘʪʝʛʦʨʠʠ ʄ1 ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ 

ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ɸʊʉ ʢʘʪʝʛʦʨʠʡ ʄ3 ʠ N3. ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʝʩʫʨʩʫ ʛʘʟʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ɸʊʉ ʵʪʠʭ ʢʘʪʝʛʦʨʠʡ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʙʝʥʟʠʥʦʚʳʭ ʚ 2-3 ʨʘʟʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷ ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠ ʁ

ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʦʚʳʭ ʠ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʛʘʟʦʚʳʭ ʠ ʜʨʫʛʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚʘʭ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʸʥʳʭ ɺʘʩʠʣʴʝʚʘ 

ʖ.ʅ., ɻʘʡʚʦʨʦʥʩʢʦʛʦ ɸ.ʀ., ɻʝʥʢʠʥʘ ʂ.ʀ., ɻʦʣʫʙʢʦʚʘ ʃ.ʅ., ɻʦʣʴʜʙʣʘʪʘ ʀ.ʀ., 

ɻʨʝʭʦʚʘ ʃ.ɺ., ɼʝʚʷʥʠʥʘ ʉ.ʅ. ɿʚʦʥʦʚʘ ɺ.ɸ., ɿʦʣʦʪʦʨʝʚʩʢʦʛʦ ʃ.ʉ., ɽʨʦʭʦʚʘ ɺ.ʀ., 

ʂʘʚʪʘʨʘʜʟʝ ʈ.ɿ, ʂʘʨʥʠʮʢʦʛʦ ɺ.ɺ., ʂʦʢʣʠʥʘ ʀ.ʄ., ʂʦʨʥʠʣʦʚʘ ɻ.ʉ., ʂʫʪʝʥʸʚʘ ɺ.ʌ., 

ʃʠʭʘʥʦʚʘ ɺ.ɸ., ʃʫʢʘʥʠʥʘ ɺ.ʅ., ʃʫʧʘʯʝʚʘ ʇ.ɼ., ʄʦʨʦʟʦʚʘ ʂ.ɸ., ʇʘʥʦʚʘ ʖ.ɺ., 

ʇʝʚʥʝʚʘ ʅ.ɻ., ʉʘʚʝʣʴʝʚʘ ɻ.ʉ., ʉʘʤʦʣʴ ɻ.ʀ., ʉʚʠʨʠʜʦʚʘ ʖ.ɹ, ʍʘʯʠʷʥʘ ɸ.ʉ., 

ʐʘʪʨʦʚʘ ɽ.ɺ., ʐʠʰʢʦʚʘ ɺ.ɸ., ʐʠʰʣʦʚʘ ʀ.ɻ., ʌʠʣʠʧʦʩʷʥʮʘ ʊ.ʈ., ʌʦʤʠʥʘ ɺ.ʅ. ʠ 

ʜʨ. ʉʦʟʜʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʨʘʩʯʸʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ  ɼʴʷʯʝʥʢʦ ɺ.ɻ., ʀʚʘʱʝʥʢʦ ʅ.ɸ., 

ʀʚʠʥʘ ɺ.ʀ., ʂʦʟʣʦʚʘ ɸ.ɺ., ʂʫʣʝʰʦʚʘ ɸ.ʉ., ʄʘʪʶʭʠʥʘ ʃ.ʄ., ʉʪʝʯʢʠʥʘ ɹ.ʉ. ʠ ʜʨ. 

ɺʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ɸʊʉ ʥʘ ʵʢʦʣʦʛʠʶ ʦʪʨʘʞʝʥʳ ʚ ʪʨʫʜʘʭ ɺʘʨʰʘʚʩʢʦʛʦ ʀ.ʃ., 

ɿʚʦʥʦʚʘ ɺ.ɸ., ɾʝʛʘʣʠʥʘ ʆ.ʀ., ʂʘʤʝʥʝʚʘ ɺ.ʌ, ʂʦʟʣʦʚʘ ɸ.ɺ., ʂʦʨʥʠʣʦʚʘ ɻ.ʉ., 

ʂʫʪʝʥʝʚʘ ɺ.ʌ., ʕʬʨʦʩʘ ɺ.ɺ. ʠ ʜʨ.  

ɿʘ ʨʫʙʝʞʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ Al-

Sarkhi A, Chen J, Kamel M., Karim G.A., Kim S. S., Lyford-Pike, Mikalsen Y.D., 

Miller  R.H., Raine R. R., Ribeiro O., Shimoda H., Tsunoda A., Varde K. S., Wang R., 

Wang Y.D., Witt A., Zhang G., Zhao Y, 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʧʦʟʚʦʣʠʣ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʛʘʟʦʚʳʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʚʳʩʦʢʦʡ ʪʝʧʣʦʥʘʧʨʷʞʸʥʥʦʩʪʠ. 

ʀ ʨʝʰʘʝʪʩʷ ʵʪʘ ʧʨʦʙʣʝʤʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʸʪ ʜʝʬʦʨʩʠʨʦʚʢʠ ʜʚʠʛʘʪʝʣʷ ʧʦ 

ʤʦʱʥʦʩʪʠ ʠ ʢʨʫʪʷʱʝʤʫ ʤʦʤʝʥʪʫ. ʇʦʠʩʢ ʧʫʪʝʡ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʘʟʦʚʦʤʫ ʜʚʠʛʘʪʝʣ ʁʠ ʝʛʦ ʩʠʩʪʝʤʘʤ, 

ʨʝʘʣʠʟʫʝʤʳʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʠʣʫʯʝhʡ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʤʠʨʦʚʦʡ ʦʧʳʪ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʭ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠʭ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʯʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

2. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʛʘʟʦʚʳʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʥʘʟʥʘʯʝʥʠʷ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ 

ʜʚʠʛʘʪʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʮʠʢʣʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʘʟʦʚʳʭ ʪʦʧʣʠʚ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʠʪʘʥʠʷ, ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʛʘʟʦʚʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʚʝʨʪʘʮʠʠ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʛʘʟʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

6. ʆʮʝʥʠʪʴ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʫ  ʁ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʛʘʟʦʚʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʚ ʠʭ ʧʦʣʥʦʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ (ʇɾʎ). 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʪʁʩʷ ʛʘʟʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʛʘʟʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʪʝʦʨʠʠ 

ʜʚʠʛʘʪʝʣʝʡ, ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ, ʪʝʦʨʠʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʦʪʦʨʥʳʭ ʙʦʢʩʘʭ, ʚ ʩʪʝʥʜʦʚʳʭ ʠ 

ʣʘʙʦʨʘʪʦʨʥʦ-ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʥʘʪʫʨʥʳʭ ʦʙʨʘʟʮʘʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʘ ʛʨʫʟʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʘʚʪʦʙʫʩʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʇʨʘʚʠʣ 

ʆʆʅ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ: 

- ʨʘʟʨʘʙʦʪʘʥʳ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ ʜʣʷ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ; 

- ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʫʧʨʘʚʣʝʥʠʷ ʛʘʟʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʜʫʚʘ ʠ ʤʝʪʦʜ r ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʜʚʠʛʘʪʝʣʷ; 

- ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
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ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘ ʩʯʸʪ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ 

ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠ ̫ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʩʧʦʩʦʙʦʚ ʠʭ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ; 

- ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘ ʩʯʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ ʠ ʚʳʩʦʢʠʤ ʥʘʜʜʫʚʦʤ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ; 

- ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʮʝʥʢʘ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʦʚʳʭ ʪʦʧʣʠʚ ʚ ʧʦʣʥʦʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʠ ʫʨʘʚʥʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʪʝʧʣʦʪʝʭʥʠʢʠ, ʤʝʭʘʥʠʢʠ, ʪʝʦʨʠʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ, ʬʠʟʠʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴʶ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʚʝʨʝʥʥʳʭ ʠ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʇʨʘʚʠʣʘʤ ʆʆʅ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ: 

- ʚ ʨʘʟʨʘʙʦʪʢʝ ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩ 

ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ, ʠ ʚʳʙʦʨʘ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʝʛʦ ʩʠʩʪʝʤ; 

-ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʛʘʟʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʢʦʥʚʝʨʪʠʨʫʝʤʦʛʦ ʠʟ ʜʠʟʝʣʷ ʩ ʚʳʩʦʢʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ 

ʤʦʱʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ; 

- ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʬʘʟ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʠʩʪʝʤ ʪʫʨʙʦʥʘʜʜʫʚʘ, ʩʠʩʪʝʤ ʚʧʨʳʩʢʠʚʘʥʠʷ ʪʦʧʣʠʚʘ, 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚ ʩʠʩʪʝʤʘʭ ʚʳʧʫʩʢʘ ʛʘʟʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʘʩʯʸʪʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʝʰʝʥʠʷ 

ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʘʟʦʙʘʣʣʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ 

ʆɸʆ çʅʦʚʦʛʨʫʜʩʢʠʡ ʟʘʚʦʜ ʛʘʟʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳè (ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ), ʆɸʆ 

çɻʘʟʘʚʪʦʤʘʪʠʢʘè (ʛ. ʂʘʣʠʥʠʥʛʨʘʜ), ʅʇʆ çɿʘʚʦʜ ʠʤ. ʌʨʫʥʟʝè (ʛ. ʇʝʥʟʘ). 
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ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʘʚʪʦʨʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʆɸʆ çʂɸʄɸɿè ʠ ʆɸʆ çɸʚʪʦʜʠʟʝʣʴè, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʩʪʘʥʦʚʢʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʘʟʦʙʘʣʣʦʥʥʳʭ ʘʚʪʦʙʫʩʦʚ çʃʠɸɿè 

(ʆʆʆ çʈʫʩʩʢʠʝ ɸʚʪʦʙʫʩʳ -ɻʨʫʧʧʘ ɻɸɿè). 

ʈʘʟʨʘʙʦʪʘʥ r ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʦʧʳʪʥʘʷ ʧʘʨʪʠʷ ʘʚʪʦʤʦʙʠʣʝʡ 

çʋʨʘʣè ʠ ʘʚʪʦʙʫʩʦʚ çʃʠɸɿè ʩ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʤʠ ʛʘʟʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʘʨʢʘ 

ʛʘʟʦʙʘʣʣʦʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʸʚ, ʅʦʚʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʆʆʆ çɻɸɿʇʈʆʄè. 

ʇʦʣʦʞʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʷʜʘ ʆʉʊ, ɻʆʉʊ  ʠ ʨʘʟʜʝʣʦʚ ʚ ʊʈ ʊʉ 

018-2011. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʦ ʩʤʝʰʝʥʥʳʤ ʧʦʜʚʦʜʦʤ ʠ ʦʪʚʦʜʦʤ 

ʪʝʧʣʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʪʘʢʪʦʚ ʚʧʫʩʢʘ ʠ 

ʨʘʩʰʠʨʝʥʠʷ. 

2. ʄʝʪʦʜ ʨʘʩʯʸʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʘʟ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʫʢʦʨʦʯʝʥʥʳʤ 

ʪʘʢʪʦʤ ʚʧʫʩʢʘ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʡ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʮʠʢʣʘ ʧʨʠ ʫʩʣʦʚʠʠ ʙʝʟʜʝʪʦʥʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ. 

3. ʄʝʪʦʜ r ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʠ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ 

ʚʳʩʦʢʦʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ 

ʚʳʧʫʩʢʘ. 

4. ʄʝʪʦʜ rʧʦʚʳʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚʳʩʦʢʦʬʦʨʩʠʨʦʚʘʥʥʦʛʦ 

ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ, ʟʘʞʠʛʘʥʠʝʤ ʠ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʝʤ. 

5. ʄʝʪʦʜ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʛʘʟʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʦʱʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʥʘʠʣʫʯʰʝʡ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ.  

6. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʦʚʦʛʦ 

ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʚʳʩʦʢʠʤʠ ʤʦʱʥʦʩʪʥʳʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ: VII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʞʘʪʳʡ ʠ ʩʞʠʞʝʥʥʳʡ ʛʘʟ  -  2004è ʄʘʣʴʪʘ; ʂʦʥʬʝʨʝʥʮʠʷʭ 

GasSUF  2004, 2006, 2007 ʛʛ., ʄʦʩʢʚʘ; ʂʦʥʬʝʨʝʥʮʠʠ çɸʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʵʥʝʨʛʝʪʠʢʠ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚè, 2005ʛ. 
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ʄʦʩʢʚʘ; 61, 63, 64, 65, 66-oʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʄɸɼʀ (ɻʊʋ),  2003-2008ʛʛ, ʄʦʩʢʚʘ; ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʣʷ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚè  2006 

ʛ, ʄʦʩʢʚʘ; IV ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʥʘʫʯʥʳʡ ʬʦʨʫʤʝ, 2006ʛ., ʄʦʩʢʚʘ; 

IV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʘʟ ʚ ʤʦʪʦʨʘʭ - 2011è, 2011ʛ.,ʄʦʩʢʚʘ; VIII   

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʥʘʫʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝè, 2014, ʛ. 

ʇʨʦʪʚʠʥʦ, ʄ.ʆ.; 12-ʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ 

çʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚè 2014 ʛ. ʄʦʩʢʚʘ; ʊʨʝʪʴʝʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʂʇɻ-2014", 

CREON, 2014ʛ. ʄʦʩʢʚʘ; 2-ʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤʝ ʢʦʥʬʝʨʝʥʮʠʡ ɸʜʘʤʘ 

ʉʤʠʪʘ çɸʚʪʦʪʨʘʥʩʧʦʨʪ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʤ ʪʦʧʣʠʚʝè  2014 ʛ., ʄʦʩʢʚʘ; ʈʦʩʩʠʡʩʢʦʤ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʬʦʨʫʤʝ ʢʦʥʬʝʨʝʥʮʠʡ ɸʜʘʤʘ ʉʤʠʪʘ, 2015ʛ., ʄʦʩʢʚʘ; 39, 82 ʠ 90  

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ɸɸʀ.. 2002, 2013 ʠ 2014 ʛʛ 

ʄʦʩʢʚʘ, ɼʤʠʪʨʦʚ ʄ.ʆ., ʀʨʢʫʪʩʢ. 

ʇʫʙʣʠʢʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 2 ʤʦʥʦʛʨʘʬʠʷʭ, ʚ 

51 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 29 ʨʘʙʦʪʘʭ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺɸʂ ʜʣʷ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʩʝʨʪʘʮʠʡ, ʚ 2-ʭ ʨʘʙʦʪʘʭ ʚ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ Scopus, ʠ 10 ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ 

ʧʘʪʝʥʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ ʩ ʦʙʱʠʤʠ ʚʳʚʦʜʘʤʠ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 166 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 365 ʩʪʨ. ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 44 ʪʘʙʣʠʮ,r 162 ʨʠʩʫʥʢʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʘʫʯʥʘʷ 

ʧʨʦʙʣʝʤʘ ʠ ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ, ʨʘʟʨʘʙʦʪʢʘʤ, ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʫʪʷʤ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʌɻʋʇ çʅɸʄʀè, 

ɺʅʀʀɻɸɿʝ, ʄɸɼʀ, ʆɸʆ çʂɸʄɸɿè, ʆɸʆ çɸʚʪʦʜʠʟʝʣʴè, ʆɸʆ 

çɹʘʨʥʘʫʣʪʨʘʥʩʤʘʰè, ʧʦ ʠʩʩʣʝʜʦʚʘʥʠ  ʁʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠʭ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʠ ʟʘʞʠʛʘʥʠʷ ʧʨʠ 

ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʝʡ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʩʦʟʜʘʥʠʶ ʛʘʟʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚʝʜʫʱʠʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ, ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ ʠ 

ʤʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ AVL ; Caterpillar; Cummins; GE Jenbacher; 

FEV;  Iveco; MAN; Mercedes; Mitsubishi, Renault, Skania; Tedom, Volvo; 

Waukesha, Wesport. 
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ɻʘʟʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʜʣʷ ɸʊʉ ʦʙʱʝʡ ʤʘʩʩʦʡ ʩʚʳʰʝ 3,5 ʪʦʥʥ ʩʦʟʜʘʶʪʩʷ ʥʘ 

ʙʘʟʝ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʛʘʟʦʚʳʡ 

ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ, ʧʨʠʚʝʜʝʥʥʳʭ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ, ʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʧʫʪʸʤ 

ʟʘʤʝʥʳ ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. ʇʨʠ ʵʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 10,5 ï 13,0 ʝʜʠʥʠʮ. ʉʦʟʜʘʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʛʘʟʦʚʳʝ 

ʜʚʠʛʘʪʝʣʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʝ ʠʤʝʶʪ ʭʫʜʠhʝ (ʜʦ 30%) 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʘʭʦʜʘʤ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ (ʚ ʦʙʲʸʤʥʳʭ 

ʝʜʠʥʠʮʘʭ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʘʥʘʣʦʛʦʤ. 

ʇʨʝʜʩʪʘʚʣʝʪ ʠʥʪʝʨʝʩ ʪʘʢʦʡ ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, 

ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʮʠʢʣʘ ʄʠʣʣʝʨʘ, ʨʝʘʣʠʟʫʝʤʳʡ ʚ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ ʠ ʚ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʮʝʧʮʠʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʫʢʦʨʦʯʝʥʥʦʛʦ ʪʘʢʪʘ ʚʧʫʩʢʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʧʦʩʦʙʳ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʛʘʟʦʚʳʡ ʩ ʠʩʢʨʦʚʳʤ 

ʟʘʞʠʛʘʥʠʝʤ 
 

ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʮʝʣʝʡ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʝʡ ʚ ʛʘʟʦʚʳʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʜʝʷ ʫʢʦʨʦʯʝʥʥʦʛʦ ʪʘʢʪʘ ʚʧʫʩʢʘ, ʢʘʢ ʩʨʝʜʩʪʚʘ ʩʥʠʞʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʟʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʚʦʧʨʦʩʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ 

ʛʘʟʦʚʳʡ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʜʚʠʛʘʪʝʣʷ. 
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ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʠʟ ʜʠʟʝʣʝʡ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʂʇɼ 

(ht) ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʪʝʧʣʦʪʘ, ʧʦʜʚʦʜʠʤʘʷ ʠ 

ʦʪʚʦʜʠʤʘʷ ʚ ʠʟʦʭʦʨʥʳʭ ʠ ʠʟʦʙʘʨʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʘ ʧʨʦʮʝʩʩʳ ʩʞʘʪʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʘʜʠʘʙʘʪʥʳʝ, ʪ.ʝ. ʙʝʟ ʪʝʧʣʦʦʙʤʝʥʘ. ɺ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳ 

ʨʘʩʯʸʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʦʩʦʙʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʢʣʘ ʩ ʧʨʦʜʦʣʞʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʜʣ ̫ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ 

ʩʧʦʩʦʙʘʭ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣ ̫ʚ ʛʘʟʦʚʳʡ ʜʚʠʛʘʪʝʣʴ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʦʙʦʙʱʝʥʥʳʡ ʮʠʢʣ ʩʦ ʩʤʝʰʘʥʥʳʤ ʧʦʜʚʦʜʦʤ ʠ ʦʪʚʦʜʦʤ 

ʪʝʧʣʦʪʳ, ʢʘʢ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʦʚʳʰʝʥʠʷ ht ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʮʠʢʣʘʤ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ. 

ʋʢʦʨʦʯʝʥʥʳʡ ʪʘʢʪ ʚʧʫʩʢʘ ʚ ʮʠʢʣʝ ʄʠʣʣʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ï ʨʘʥʥʠʤ ʠ ʧʦʟʜʥʠʤ ʟʘʢʨʳʪʠʝʤ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʧʨʠʥʷʪʳʝ ʜʣʷ ʨʘʩʯʸʪʘ çp-Vè ʜʠʘʛʨʘʤʤʳ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʢʣʦʚ ʩ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʚʧʫʩʢʥʳʤ ʢʣʘʧʘʥʦʤ. 

ɼʣʷ ʦʮʝʥʢʠ ht ʠ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʠ ʨʘʟʥʳʭ 

ʩʧʦʩʦʙʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʢʣʘ ʩ ʧʨʦʜʦʣʞʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ (ʫʢʦʨʦʯʝʥʥʳʤ 

ʪʘʢʪʦʤ ʚʧʫʩʢʘ), ʧʨʠʥʠʤʘʣʦʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʠ ʥʘ ʣʠʥʠʷʭ ʩʞʘʪʠʷ 

ʠ ʨʘʩʰʠʨʝʥʠʷ. 

 
ʘ) 

 
ʙ) 

 
ʚ) 
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ʈʠʩʫʥʦʢ 2 ï ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʚʸʨʥʫʪʳʝ ʠʥʜʠʢʘʪʦʨʥʳʝ çp-Vè 

ʜʠʘʛʨʘʤʤʳ ʮʠʢʣʦʚ ʩʦ ʩʤʝʰʘʥʥʳʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ: çʘè - ʩ ʫʢʦʨʦʯʝʥʥʳʤ 

ʪʘʢʪʦʤ ʚʧʫʩʢʘ, ʨʘʥʥʝʝ ʟʘʢʨʳʪʠʝ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ; çʙè ï ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ 

ʚʧʫʩʢʘ, ʧʦʟʜʥʝʝ ʟʘʢʨʳʪʠʝ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ; çʚè - ʮʠʢʣ ʆʪʪʦ 

 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʮʠʢʣʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʭʦʜʘ ʨʘʩʰʠʨʝʥʠʷ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ ʭʦʜʫ ʩʞʘʪʠʷ, 

ʥʘʟʚʘʥʥʦʝ çʢʦʵʬʬʠʮʠʝʥʪʦʤ ɸʪʢʠʥʩʦʥʘè, ʠʣʠ çAtè. 

ʇʦʜʚʝʜʝʥʥʘʷ ʚ ʮʠʢʣʝ ʪʝʧʣʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ: 

q1= Ὠ᷿qcz1+ Ὠ᷿qz1z+ Ὠ᷿qzb+ Ὠ᷿qa1f1                                       (1) 

ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʚʝʜʝʥʥʦʡ ʚ ʮʠʢʣʝ ʪʝʧʣʦʪʳ: 

q2= Ὠ᷿qbf + Ὠ᷿qfa+ Ὠ᷿qaa1+ Ὠ᷿qf1a+ Ὠ᷿qac                                             (2) 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʧʦʣʠʪʨʦʧʥʳʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

dq=du+pdV =CvdT+pdV =CpdT ï Vdp  =CndT                       (3) 

ʠ ʧʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ ʧʦʜʚʦʜʠʤʦʡ ʠ ʦʪʚʦʜʠʤʦʡ ʪʝʧʣʦʪʳ, ʠ ʧʨʦʚʝʜʷ 

ʩʦʢʨʘʱʝʥʠʷ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ht: 

( )
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)k-(
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1
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1
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-

-
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è
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-= ,         ( 4) 

ʛʜʝ: lt - ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (Tz/Tc); Ů- ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ (Vf/Vʩ); At - ʦʪʥʦʰʝʥʠʝ Ů/Ůʜ;  d - ʩʪʝʧʝʥʴ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (Vb/ Vz);  

n1, n2-ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʠʪʨʦʧ ʩʞʘʪʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; r- ʩʪʝʧʝʥʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (Vz/ Vc); k1ʠ k2ï ʧʦʢʘʟʘʪʝʣʠ ʘʜʠʘʙʘʪ ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʞʘʪʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʯʸʪʦʚ ʨʘʙʦʪʳ ʠ ʩʨʝʜʥʝʛʦ 

ʜʘʚʣʝʥʠʷ ʮʠʢʣʘ: ʯʝʨʝʟ ht ʮʠʢʣʘ, ʯʝʨʝʟ ʨʘʟʥʠʮʫ ʧʦʜʚʝʜʝʥʥʦʡ ʠ ʦʪʚʝʜʝʥʥʦʡ 

ʪʝʧʣʦʪʳ ʠ ʯʝʨʝʟ ʨʘʙʦʪʫ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʧʦ ʦʪʜʝʣʴʥʳʤ ʫʯʘʩʪʢʘʤ ʮʠʢʣʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ (ʜʣʷ ʩʧʦʩʦʙʦʚ 1 ʠ 2) ʨʘʙʦʪʘ ʮʠʢʣʘ: 

Lt = Lzõz +Lzb + L fa +La1a + La1f1 + L f1a+ Lac                                     (5) 

ɼʣʷ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫ  ʁ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʪʝʧʝʥ ɹ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʮʠʢʣʘʭ ʩʦ 

ʩʤʝʰʘʥʥʳʤ ʧʦʜʚʦʜʦʤ ʠ ʦʪʚʦʜʦʤ ʪʝʧʣʦʪʳ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʚʠʛʘʪʝʣʝʡ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (Tz) ʮʠʢʣʘ ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʷʪʴ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʝ 

ʩʛʦʨʘʥʠʷ. ʆʜʥʘʢʦ ʚ ʮʠʢʣʝ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 
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ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʮʠʣʠʥʜʨʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʨʘʩʯʸʪʘ Tz, ʫʯʠʪʳʚʘʶʱʠʡ ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʪʳ ʥʘ 

ʫʯʘʩʪʢʘʭ ʪʘʢʪʘ ʚʧʫʩʢʘ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʚ ʦʙʱʝʤ ʙʘʣʘʥʩʝ 

ʪʝʧʣʦʪr .  

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʜʚʦʜʠʤʦʡ ʢ ʨʘʙʦʯʝʤʫ ʪʝʣʫ 

ʟʘʧʠʰʝʤ: 

q1mʨʪ=xHumʪ,                                                                       (6) 

ʛʜʝ:x- ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʳ ʨʘʙʦʯʝʛʦ ʪʝʣʘ mʨʪ ʫʯʠʪʳʚʘʣʠʩʴ: ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʜʫʚʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ; ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ (hv), ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʸʪʦʤ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʦʧʣʠʚʘ; ʩʧʦʩʦʙ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʧʦʜʚʦʜʠʤʦʡ ʩ ʪʦʧʣʠʚʦʤ; 
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ʊʝʧʣʦʪʘ, ʚʚʦʜʠʤʘʷ ʚ ʮʠʢʣ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʮʠʢʣʘ Tz1. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʦʢʨʘʱʝʥʠʷ 
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ Tz1ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (9) ʟʥʘʯʝʥʠʷ q1  ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ  

ʨʘʚʥʳʤ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (7). 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ɚt ʚ ʮʠʢʣʘʭ ʩ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ.  

ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ  ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʘʟʣʠʯʠʡ ʚ ʧʦʢʘʟʘʪʝʣʷʭ 

ʮʠʢʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʦʤ ʚʧʫʩʢʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʯʸʪ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ ʜʘʸʪ 

ʟʘʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʂʇɼ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʥʠʞʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʨʘʙʦʪʳ ʠ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʮʠʢʣʘ ʧʨʠ ʨʘʩʯʸʪʘʭ ʯʝʨʝʟ ʂʇɼ ʠ ʯʝʨʝʟ 

ʙʘʣʘʥʩ ʚʚʝʜʸʥʥʦʡ ʠ ʦʪʚʝʜʝʥʥʦʡ ʪʝʧʣʦʪʳ. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʮʠʢʣʘ ʆʪʪʦ ʠ 

ʮʠʢʣʦʚ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ, ʨʝʘʣʠʟʫʝʤʳʭ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ht ʮʠʢʣʘ, ʨʘʝʣʠʟʫʝʤʦʛʦ ʧʦ ʩʧʦʩʦʙʫ 1 ʥʘ 0,5% ʚʳʰʝ, ʯʝʤ ʧʦ ʩʧʦʩʦʙʫ 2, ʠ ʥʘ 

10% ʚʳʰʝ, ʯʝʤ ʚ ʮʠʢʣʝ ʆʪʪʦ, ʘ ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʮʠʢʣʘ ʧʦ ʚʪʦʨʦʤʫ ʩʧʦʩʦʙʫ  ʥʘ 

4-5% ʚʳʰʝ, ʯʝʤ  ʧʦ  ʧʝʨʚʦʤʫ,  ʥʦ  ʥʘ  26%  ʤʝʥʴʰʝ,  ʯʝʤ  ʚ  ʮʠʢʣʝ  ʆʪʪʦ. 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʠ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʂʇɼ ʚ ʮʠʢʣʝ 

ʄʠʣʣʝʨʘ ʥʘ ʧʦʣʥʳʭ ʥʘʛʨʫʟʢʘʭ ʚ ʘʪʤʦʩʬʝʨʥʦʤ (ʙʝʟʥʘʜʜʫʚʥʦʤ) ʜʚʠʛʘʪʝʣʝ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥ ʦʩʥʦʚʥʦʡ ʚʦʧʨʦʩ, ʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʳʡ ʂʇɼ ʥʘ ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭï ʥʘʩʦʩʥʳʝ ʧʦʪʝʨʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʮʠʢʣʘ ʄʠʣʣʝʨʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ (hʤʝʭ) ʥʘ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʥʘʩʦʩʥʳʭ 

ʧʦʪʝʨʴ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ ʧʦʪʝʨʴ ʠ ʨʘʩʯʸʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʨʘʩʭʦʜʦʚ ʪʦʧʣʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʨʝʜʥʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ pe. 

ʇʨʠ ʨʘʩʯʸʪʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʫʯʠʪʳʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʢʨʫʪʢʠ ʙʘʟʦʚʦʛʦ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ. ʈʘʩʯʸʪ ʧʨʦʚʝʜʝʥ ʜʣʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 1600 ʤʠʥ-1.ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʢʣʘ ʄʠʣʣʝʨʘ ʩ 

ʚʳʩʦʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʴʶ 

ʩʞʘʪʠʷ ʦʩʥʦʚʥʦʡ ʵʬʬʝʢʪ ʚ 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʩʦʩʥʳʭ ʧʦʪʝʨʴ 

ʨʥʘʩ ʠ ge ʦʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʪʨʸʭ ʮʠʢʣʦʚ: 

ʆʪʪʦ (ʢʨʠʚʳʝ 1), ʄʠʣʣʝʨʘ ʧʦ ʩʧʦʩʦʙʫ çʘè 

(ʢʨʠʚʳʝ 2) ʠ ʄʠʣʣʝʨʘ ʧʦ ʩʧʦʩʦʙʫ çʙè 

(ʢʨʠʚʳʝ 3) 

 

ʫʣʫʯʰʝʥʠʠ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 

ʥʘʩʦʩʥʳʭ ʧʦʪʝʨʴ, ʥʦ ʠ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʂʇɼ ʮʠʢʣʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʂʇɼ. 

ʅʘ ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦ 

ʜʘʚʣʝʥʠʷ ʮʠʢʣʘ, ʜʨʦʩʩʝʣʠʨʦʚʘʪʴ ʜʚʠʛʘʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʮʠʢʣʫ ʄʠʣʣʝʨʘ 

ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʜʚʠʛʘʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʮʠʢʣʫ ʆʪʪʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʘ ʩʭʦʜʩʪʚʝʥʥʳʭ ʨʝʞʠʤʘʭ ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ ʪʘʢʪʘ ʚʧʫʩʢʘ ʚ ʮʠʢʣʝ ʄʠʣʣʝʨʘ ʙʫʜʫʪ 

ʙʦʣʴʰʝ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʥʘʩʦʩʥʳʝ ʧʦʪʝʨʠ. ʕʪʦʪ ʬʘʢʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʚʝʩʦʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʮʠʢʣʘ ʄʠʣʣʝʨʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʧʦʚʳʰʝʥʠʶ he ʥʘ 

ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠ ʜʨʫʛʦʡ ʬʘʢʪ. ʕʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʥʘʩʦʩʥʳʭ ʧʦʪʝʨʴ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʩʥʠʞʘʝʪʩʷ. ɽʩʣʠ ʥʘ ʩʨʝʜʥʠʭ ʥʘʛʨʫʟʢʘʭ ʨʘʟʥʠʮʘ ʚ 

ʚʝʣʠʯʠʥʝ ʥʘʩʦʩʥʳʭ ʧʦʪʝʨʴ ʤʝʞʜʫ ʮʠʢʣʦʤ ʄʠʣʣʝʨʘ ʠ ʮʠʢʣʦʤ ʆʪʪʦ ʩʦʩʪʘʚʣʷʝʪ 

30%, ʪʦ ʧʨʠ ʥʘʛʨʫʟʢʝ ʤʝʥʝʝ 20% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʨʘʟʥʠʮʘ ʫʞʝ ʥʝ ʩʪʦʣʴ ʚʝʣʠʢʘ 

ʠ ʩʦʩʪʘʚʣʷʝʪ 7%. 
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ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʩʦʩʥʳʭ ʧʦʪʝʨʴ ʧʦ ʥʘʛʨʫʟʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʷʚʣʝʥʠʷ ʪ.ʥ. çʦʙʨʘʪʥʦʡ ʧʝʪʣʠè ʥʘ ʣʠʥʠʠ 

ʨʘʩʰʠʨʝʥʠʷ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ ʪʘʢʪʘ ʨʘʩʰʠʨʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 

ʜʘʚʣʝʥʠʷ ʥʘ ʪʘʢʪʝ ʚʳʧʫʩʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʳ ʨʘʩʯʸʪʥʳʝ ʠʥʜʠʢʘʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʮʠʢʣʦʚ ʆʪʪʦ 

(ʘ) ʠ ʮʠʢʣʘ ʄʠʣʣʝʨʘ (ʙ) ʧʨʠ ʥʘʛʨʫʟʢʝ 5% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʮʠʢʣʝ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘʯʘʣʦʤ ʦʪʢʨʳʪʠʷ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ çʦʙʨʘʪʥʦʡ 

ʧʝʪʣʠè ʥʘ ʪʘʢʪʝ ʨʘʩʰʠʨʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʮʠʢʣʦʤ (controlled thermodynamic cycle ï CTDC). ʍʘʨʘʢʪʝʨ ʠʥʜʠʢʘʪʦʨʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4ʚ. 
 

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 4 ï ʀʥʜʠʢʘʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʮʠʢʣʦʚ ʆʪʪʦ (ʘ), ʄʠʣʣʝʨʘ (ʙ) ʠ 

ʮʠʢʣʘ CTDC ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ (ʚ) ʥʘ ʨʝʞʠʤʘʭ ʤʘʣʳʭ 

ʥʘʛʨʫʟʦʢ (pe=0,05 ʄʇʘ) 
 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟʜʨʦʩʩʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʦʣʥʝʥʠʝʤ ʟʘ 

ʩʯʸʪ ʠʟʤʝʥʷʝʤʦʛʦ ʤʦʤʝʥʪʘ ʟʘʢʨʳʪʠʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʵʪʦʤ ʩʧʦʩʦʙʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʚʧʫʩʢʘʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʩʥʠʞʘʝʪʩʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʩʦ ʚʩʝʤʠ 

ʚʳʪʝʢʘʶʱʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʉʥʠʞʝʥʠʝ hi ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʚʳʠʛʨʳʰ ʦʪ 

ʩʥʠʞʝʥʠʷ ʥʘʩʦʩʥʳʭ ʧʦʪʝʨʴ. ʅʘ ʨʝʞʠʤʘʭ ʤʘʣʳʭ ʥʘʛʨʫʟʦʢ, ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʥʘʧʦʣʥʝʥʠʷ ʮʠʣʠʥʜʨʦʚ ʧʫʪʸʤ ʨʘʥʥʝʛʦ ʟʘʢʨʳʪʠʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ, ʫʣʫʯʰʝʥʠʝ 

he ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʨʠʘʥʪʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

At, ʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ, ʥʝ ʧʨʝʚʳʰʘʝʪ 2-3%. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ 

ʚʳʧʫʩʢʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ At ʠ ʚʳʩʦʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ  ʩʦʙʦʡ  ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʪʨʘʪ 
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ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʦʩʪʠʛʘʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʯʘʩʪʠ ʩʥʠʞʝʥʠʷ 

ʥʘʩʦʩʥʳʭ ʧʦʪʝʨʴ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʦ ʩʤʝʰʝʥʥʳʤ ʧʦʜʚʦʜʦʤ ʠ 

ʦʪʚʦʜʦʤ ʪʝʧʣʦʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʙʨʘʪʴ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ 

ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ.  

ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʥʦ ʮʠʢʣʫ ʩ ʧʨʦʜʦʣʞʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʥʥʝʛʦ ʟʘʢʨʳʪʠʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ (58-65 ʛʨʘʜ. ʜʦ ʅʄʊ) ʠ ʨʘʥʥʝʛʦ ʦʪʢʨʳʪʠʷ 

ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ (25-25 ʛʨʘʜ ʜʦ ʅʄʊ), 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʢʦʥʢʨʝʪʠʟʘʮʠʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʥʜʠʮʠʨʦʚʘʥʠʝ ʙʝʟʥʘʜʜʫʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʨʘʙʦʯʠʤ ʦʙʲʸʤʦʤ 1,6 

ʣʠʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʙʝʥʟʠʥʘ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ.  

ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʜʠʢʘʪʦʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʥʟʠʥʦʚʳʭ ʠ 

ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʛʘʟʦʚʳʭ ʪʦʧʣʠʚʘʭ 

ʫʤʝʥʴʰʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨ rʮʠʢʣʘ Tz. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʝʨʚʦʡ ʬʘʟʳ ʩʛʦʨʘʥʠʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʝʧʝʥ ɹʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ 

ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʛʦʨʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʥʘ 

ʠʥʜʠʢʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ hi ʠ pi ʜʣʷ ʨʘʟʥʳʭ ʪʦʧʣʠʚ. 

ʆʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʦʚ ʩʛʦʨʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʣʠʯʠʷʤʠ ʚ ʩʚʦʡʩʪʚʘʭ ʪʦʧʣʠʚ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʨʘʙʦʯʝʡ ʩʤʝʩʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʬʘʟ ʩʛʦʨʘʥʠʷ ʠ ʚ ʦʙʲʝʤʥʦʡ ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʘʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʙʝʥʟʠʥʘ ʠ ʫ ʜʠʟʪʦʧʣʠʚʘ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʩ ʫʯʸʪʦʤ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʩʛʦʨʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʘ ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʚ ʌɻʋʇ çʅɸʄʀè ʜʚʫʭʟʦʥʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʬʝʩʩʦʨʦʤ ɺ.ɸ. ɿʚʦʥʦʚʳʤ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ ʠ ʩʢʦʨʦʩʪʠ ʩʛʦʨʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʀ.ʀ. 

ɺʠʙʝ. 

ɺ ʨʘʩʯʸʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ ʚʥʝʩʝʥʳ 

ʧʦʧʨʘʚʢʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʪʦ, ʯʪʦ ʜʣʷ ʮʠʢʣʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ, 
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ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʙʲʸʤʘ, ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʧʦʣʥʝʥʠʷ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ.  

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʪʨʸʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ (ʊʨʠʥʢʣʝʨʘ, ʆʪʪʦ ʠ ʄʠʣʣʝʨʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʮʠʢʣʝ ʄʠʣʣʝʨʘ hi ʥʘ 2-3 % ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʢʣʦʤ ʊʨʠʥʢʣʝʨʘ. ʆʜʥʘʢʦ he 

ʙʫʜʝʪ ʭʫʞʝ ʥʘ 8%. ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʦʣʥʳʭ ʥʘʛʨʫʟʢʘʭ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʢʣʘ ʄʠʣʣʝʨʘ 

ʙʝʟ ʥʘʜʜʫʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʝʟʥʘʜʜʫʚʥʦʤ ʚʘʨʠʘʥʪʝ ʮʠʢʣ ʄʠʣʣʝʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʠʛʘʪʝʣʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʮʠʢʣʘ ʄʠʣʣʝʨʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʫʨʙʦʥʘʜʜʫʚʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 

ʩʪʝʧʝʥʴ ʥʘʜʜʫʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʜʚʠʛʘʪʝʣʝ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʮʠʢʣʫ ʄʠʣʣʝʨʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʚʠʛʘʪʝʣʝ ʩ ʮʠʢʣʦʤ ʆʪʪʦ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ 

ʩʦʦʪʥʦʰʝʥʠʶ At. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʥʦʚʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʛʘʟʦʚʳʡ 

ʜʚʠʛʘʪʝʣʴ ʩʦʟʜʘʸʪʩʷ ʥʘ ʙʘʟʝ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʦʥ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʪʦ ʞʝ ʪʨʘʥʩʧʦʨʪʥʦʝ 

ʩʨʝʜʩʪʚʦ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʠʥʜʠʢʘʪʦʨʥʳʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʠʟʝʣʴʥʦʛʦ ʠ ʛʘʟʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʝʡ. ʅʘ ʨʠʩʫʥʢʝ 5 

ʧʦʢʘʟʘʥʳ ʠʥʜʠʢʘʪʦʨʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʜʠʟʝʣʴʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ  ʠ ʛʘʟʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ (ʧʦ ʮʠʢʣʫ ʆʪʪʦ). 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʩʯʸʪʥʘʷ ʨʘʟʚʸʨʥʫʪʘʷ 

ʠʥʜʠʢʘʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʠʟʝʣʴʥʦʛʦ ʠ 

ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʇʝʨʚʦʝ, ʯʪʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʨʠ ʧʝʨʝʚʦʜʝ ʜʠʟʝʣʷ ʥʘ ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ - ɻ ʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʮʠʢʣʘ ʚ ʙʝʟʥʘʜʜʫʚʥʦʤ ʚʘʨʠʘʥʪʝ. ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʨʘʩʯʸʪʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (hi, he ʠ ge) 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʮʠʢʣʘʤ ʆʪʪʦ ʠ 

ʄʠʣʣʝʨʘ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʠʢʣʘ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʦʪ ʩʞʘʪʠʷ ʢ 

ʮʠʢʣʫ ʩ ʠʩʢʨʦʚʳʤ ʟʘʞʠʛʘʥʠʝʤ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʜʚʘ ʬʘʢʪʦʨʘ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʝʨʚʳʡ ï ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʩ 

16-18 ʜʦ 11-13 ʝʜ. ʧʨʠʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ hi ʥʘ 5-7%, ʚʪʦʨʦʡ ï ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʩ 
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ʮʠʢʣʘ ʩʦ ʩʤʝʰʘʥʥʳʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ ʥʘ ʮʠʢʣ ʩ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ hi ʥʘ 6-8%. 

ʀʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘʭ 

ʩʤʝʩʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 

ʈʠʩʫʥʦʢ 6 ï ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ 

ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʂʇɼ ʧʦ ʩʦʩʪʘʚʫ ʪ/ʚ 

ʩʤʝʩʠ ʚ ʜʚʠʛʘʪʝʣʷʭ.  

1 ʠ 6 - ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʦʪ ʩʞʘʪʠʷ;  

Ů =17; ʃʷʤʙʜʘ=1,3, ʜʠʟʪʦʧʣʠʚʦ 

2 ʠ 7 - ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʦʪ ʩʞʘʪʠʷ;  

Ů =17; ʃʷʤʙʜʘ=1,8; ʜʠʟʪʦʧʣʠʚʦ 

3 ʠ 8 - ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʟʘʞʠʛʘʥʠʝʤ;  

Ů =17; ʙʝʥʟʠʥ 

4 ʠ 9 - ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʟʘʞʠʛʘʥʠʝʤ;  

Ů =10,5; ʤʝʪʘʥ 

5 ʠ 10- ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʟʘʞʠʛʘʥʠʝʤ; 

ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ (ʮʠʢʣ 

ʄʠʣʣʝʨʘ); Ů g = 17; Ů =10,5; ʤʝʪʘʥ 

ʆʪʤʝʪʠʤ, ʯʪʦ hi ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʧʦʣʥʳʭ ʥʘʛʨʫʟʢʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ 

ʨʘʙʦʪʝ ʥʘ ʤʝʪʘʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʫʜʝʣʴʥʳʤ 

(ʤʘʩʩʦʚʳʤ) ʨʘʩʭʦʜʘʤ ʪʦʧʣʠʚʘ ʥʘ ʧʦʣʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʤʘʩʩʦʚʦʡ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʤʝʪʘʥʘ.  

ʅʘ ʧʦʣʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʚ ʛʘʟʦʚʦʤ ʜʚʠʛʘʪʝʣʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ pi, ʫʚʝʣʠʯʝʥʠʝ hi ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ (ʥʘ 

100-120Üʉ). 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʳʭ ʠ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʯʘʩʪʠʯʥʳʭ 

ʥʘʛʨʫʟʢʘʭ. ɽʩʣʠ ʥʘ ʧʦʣʥʳʭ ʥʘʛʨʫʟʢʘʭ ʦʪʣʠʯʠʷ ʚ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʷʭ ʤʝʞʜʫ ʛʘʟʦʚʳʤ ʠ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳ, ʪʦ ʥʘ 

ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʛʘʟʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʜʠʟʝʣʴʥʦʤʫ 

ʜʚʠʛʘʪʝʣʶ ʧʦ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʡ ʛʘʤʤʳ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʟʦʚʳʭ ʪʦʧʣʠʚʘʭ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʠʟ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦ ʮʠʢʣʫ ʆʪʪʦ, ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʘ, 

ʪʘʢʞʝ, ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 
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ʨʝʟʝʨʚʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚ ʯʘʩʪʠ ʩʥʠʞʝʥʠʷ ʥʘʩʦʩʥʳʭ 

ʧʦʪʝʨʴ, ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ, ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʟʘ ʩʯʸʪ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʢʣʘ ʩ ʧʨʦʜʦʣʞʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ 

ʨʝʟʝʨʚʦʚ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʛʘʟʦʚʦʡ ʜʚʠʛʘʪʝʣʴ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʧʨʝʚʦʩʭʦʜʷʱʝʤʫ ʧʦ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʥʘ ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʛʘʟʦʚʳʝ ʜʚʠʛʘʪʝʣʠ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʧʦ ʮʠʢʣʫ ʆʪʪʦ ʥʘ 10-20%. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʘʟʦʚʦʤʫ ʜʚʠʛʘʪʝʣʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʤʫ ʠʟ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʝʛʦ ʩʠʩʪʝʤʘʤ ʠ ʢʦʤʧʦʥʝʥʪʘʤ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ ʩ ʮʝʣʴʶ 

ʨʘʟʤʝʱʝʥʠʷ ʩʚʝʯʝʡ ʟʘʞʠʛʘʥʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʘʪʫʰʝʢ ʟʘʞʠʛʘʥʠʷ ʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʪʦʢʦʧʨʦʚʦʜʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʧʠʪʘʥʠʷ, ʟʘʞʠʛʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ 

ʛʘʟʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʠ ʢʦʤʧʦʥʝʥʪʘʤ ʵʪʠʭ ʩʠʩʪʝʤ. 

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʮʠʢʣʘ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ ʚ ʬʦʨʩʠʨʦʚʘʥʥʦʤ ʛʘʟʦʚʦʤ 

ʜʚʠʛʘʪʝʣʝ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ: 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʘʩʯʸʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʘʟ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʘʩʯʸʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʘʩʧʨʝʜʝʣʸʥʥʳʡ ʬʘʟʠʨʦʚʘʥʥʳʡ ʚʧʨʳʩʢ ʛʘʟʘ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʘʩʯʸʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ; 

ʆʧʪʠʤʠʟʘʮʠʷ ʬʘʟ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʠ ʩʪʝʧʝʥʠ ʨʘʩʰʠʨʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪʘ At), ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʚʳʩʦʢʦʥʘʜʜʫʚʥʦʤ ʜʚʠʛʘʪʝʣʝ ʤʘʢʩʠʤʘʣʴʥʳʭhi ʠ pe, ʘ ʪʘʢʞʝ 

ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʘ çʦʙʨʘʪʥʦʡ ʧʝʪʣʠè ʥʘ ʪʘʢʪʝ ʨʘʩʰʠʨʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʛʘʪʝʣʷ 

(ʭʦʜ ʧʦʨʰʥʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʙʦʯʠʡ ʦʙʲʸʤ, ʦʙʲʸʤ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ), ʩ 

ʠʟʤʝʥʝʥʠʝʤ At ʩʫʱʝʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

hi ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ (ʩʤ. ʨʠʩʫʥʦʢ 7). 

ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ  hi ʦʪ At ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʜʚʫʭ ʬʘʢʪʦʨʦʚ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʝʧʝʥʠ 

ʨʘʩʰʠʨʝʥʠʷ ʢ ʩʪʝʧʝʥʠ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ 

ʫʚʝʣʠʯʝʥʠʶ ʂʇɼ  ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʫʤʝʥʴʰʝʥʠʶ  hi. ʅʘ ʵʪʦʤ ʞʝ 

ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ (ʵʬʬʝʢʪʠʚʥʘʷ) ʩʪʝʧʝʥʴ 

ʩʞʘʪʠʷ Ůɻ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʨʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʷ ʩ Ůʛ 17,5 ï 18 

ʝʜ. ʧʦʣʫʯʠʪʴ Ůɻ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 11 ï 14 ʝʜ., ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʦʚʠʪʴ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʚʘʣ ʩ 

ʬʘʟʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʝʣʠʯʠʥʫ At 

ʚ ʜʠʘʧʘʟʦʥʝ 1,2é1,4. ʇʨʠ ʵʪʦʤ  hi 

ʦʩʪʘʥʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʫʨʦʚʥʝ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʉʤʳʩʣ 

ʧʨʠʤʝʥʝʥʠʷ ʮʠʢʣʘ ʄʠʣʣʝʨʘ ʜʣʷ 

ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ 

ʛʘʟʦʚʳʡ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʝʧʝʥʠ 

ʩʞʘʪʠʷ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠ ̫ ʤʦʤʝʥʪʘ 

ʟʘʢʨʳʪʠʷ ʚʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ 

ʩʞʘʪʠ.̫ 

 
ʈʠʩʫʥʦʢ 7 ï ɺʣʠʷʥʠʝ ʦʪʥʦʰʝʥʠʷ At 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʠ ʠʥʜʠʢʘʪʦʨʥʦʛʦ 

ʂʇɼ (ʧʨʠ  

Vʩ = const ʠ Vf  = const) 1- he ;2 - Ůɻ 

ɼʣʷ ʩʥʠʞʝʥʠʷ ɻ ʬʬʝʢʪʠʚʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʜʦ 11ï14 ʝʜ. ʪʨʝʙʫʝʪʩʷ ʟʘʢʨʳʪʴ 

ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ (ʇʂɺ) - 95 ï120Üʉ 

ʦʪ ɺʄʊ (ʩʤ. ʨʠʩʫʥʦʢ 8).  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʸʪʳ, ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ (ʇʂɺ ʦʪ ɺʄʊ), ʧʨʠ ʢʦʪʦʨʦʤ 

ʟʘʢʨʳʚʘʝʪʩʷ ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ, ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ 

ʠ ʩʥʠʟʠʪʴ ʨʠʩʢ ʜʝʪʦʥʘʮʠʠ, ʥʦ ʧʨʠʚʝʜʸʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ hv, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʥʘʜʜʫʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʤʦʱʥʦʩʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥ ʥʘʜʜʫʚʘ 

ʚʧʫʩʢʘʝʤʦʛʦ ʚʦʟʜʫʭʘ (ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ ʪʘʢʪʘ ʚʧʫʩʢʘ) ʠ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ ʪʘʢʪʘ 

ʩʞʘʪʠʷ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ At, ʥʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʨe.. ɼʘʚʣʝʥʠʝ ʚ 

ʢʦʥʮʝ ʪʘʢʪʘ ʚʧʫʩʢʘ (ʨa) ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨe. ʇʦʢʘʟʘʪʝʣʠ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ, 

ʦʧʠʩʘʥʥʦʡ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ. 

ʅʘ ʨʠʩʫʥʢʝ 9 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ pʘ ʠ pc, ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ At. 

ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ pe=1,6 ʄʇʘ ʠ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ 1600 ʤʠʥ-1.  ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

At    ʜʦ   ʟʥʘʯʝʥʠʡ  1,3 - 1,4,   ʜʘʚʣʝʥʠʝ pc ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ,  ʘ  ʟʘʪʝʤ ʥʘʯʠʥʘʝʪ  
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ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺ ʜʠʘʧʘʟʦʥʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʂʇɼ ʟʥʘʯʝʥʠʡ At, ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ 

ʪʘʢʪʘ ʩʞʘʪʠʷ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 2-2,5 %. 
 

 
ʈʠʩʫʥʦʢ 8 ï ɿʘʚʠʩʠʤʦʩʪʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ Ůʜ ʦʪ 

ʫʛʣʘ ʇʂɺ ʜʚʠʛʘʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʟʘʢʨʳʚʘʝʪʩʷ ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʭʦʜ ʧʦʨʰʥʷ Sʧ:   

1 - ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, 2 - 

ʭʦʜ ʧʦʨʰʥʷ, 3 - ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʦʤʝʥʪʘ ʟʘʢʨʳʪʠʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʥʘ 

 
ʈʠʩʫʥʦʢ 9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ 

ʪʘʢʪʘ ʩʞʘʪʠʷ pʩ (ʢʨʠʚʘʷ 1) ʠ ʜʘʚʣʝʥʠʷ ʚ 

ʢʦʥʮʝ ʪʘʢʪʘ ʚʧʫʩʢʘ pʘ (ʢʨʠʚʘʷ 2) ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ At ʩ ʫʯʸʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ he ʠ hv. 

ʂʨʠʚʳʝ 3 ʠ 4 ï ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʡ pʘ ʠ pc 

ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʷʭhe ʠ hv. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ pe = const (1,6 ʄʇʘ) 
 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ pe, ʥʝʪ 

ʦʩʦʙʦʛʦ ʩʤʳʩʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʫʢʦʨʘʯʠʚʘʪʴ ʪʘʢʪ ʚʧʫʩʢʘ, ʠ ʩʥʠʞʘʪʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʡ ʨʩ ʠ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʜʝʪʦʥʘʮʠʠ, ʘ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʝʛʦ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʳʩʦʢʠʡ  hi. ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ ʪʘʢʪʘ ʩʞʘʪʠʷ. ʉʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ 2 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ At, ʠ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦpʝ, 

ʠʟʤʝʥʝʥʠʝ he ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʦʤʫ ʞʝ ʟʘʢʦʥʫ, ʯʪʦ ʠ hi ʥʘ ʨʠʩʫʥʢʝ 7. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ pe, ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ At, ʧʨʠ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝ ʪʘʢʪʘ ʩʞʘʪʠʷ, ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ï 

1.2...1,4. 

ʇʨʠ ʚr ʙʨʘʥʥʳʭ ʬʘʟʘʭ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʬʘʟʘʤʠ ʚʧʫʩʢʘ 

ʠ ʚʳʧʫʩʢʘ ʟʘʜʘʯʘ ʧʨʦʬʠʣʠʨʦʚʘʥʠ ̫ʢʫʣʘʯʢʘ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʫʜʘʨʥʦʡ 

ʨʘʙʦʪʳ ɻʈʄ ʨʝʰʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʌɻʋʇ 

çʅɸʄʀè ʥʘ ʙʘʟʝ ʤʝʪʦʜʠʢʠ ʃ. ɺ. ʂʦʨʯʝʤʥʦʛʦ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Cam Analyzer v4.0. 
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ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʬʠʣʷ ʢʫʣʘʯʢʘ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʦʪʢʨʳʪʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 1350-1450 ʧʦ ʫʛʣʫ ʇʂɺ. ʇʨʠ ʵʪʦʤ ʫʛʦʣ 

ʟʘʢʨʳʪʠʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪ ɹʥʝ ʙʦʣʝʝ 120Á ʧʦʩʣʝ ɺʄʊ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʦʢʦʣʦ 13,5 - 14 ʝʜ.. ɹʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʦʚ ʩ 

ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʳʧʫʩʢʘ ʠ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʳʧʫʩʢʘ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʠ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʚʳʙʦʨʝ ʩʪʨʘʪʝʛʠʠ 

ʜʣʷ ʧʠʣʦʪʥʦʛʦ ʦʙʨʘʟʮʘ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʬʘʟ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʦʬʠʣʝʡ ʢʫʣʘʯʢʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ 

(ʩʤ. ʨʠʩʫʥʦʢ 10). 

ɺʘʣ ˉ1 - ʚʘʨʠʘʥʪ çʮʠʢʣ ʄʠʣʣʝʨʘè ʩ ʨʘʥʥʠʤ ʟʘʢʨʳʪʠʝʤ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: 

 ï ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ - ʰʠʨʠʥʘ ʬʘʟʳ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ 143,3Á ʫʛʣʘ ʇʂɺ 

(ʦʪʢʨʳʪʠʝ 21,4Á ʜʦ ɺʄʊ, ʟʘʢʨʳʪʠʝ 58,7 ʜʦ ʅʄʊ), ʚʳʩʦʪʘ ʢʫʣʘʯʢʘ 6,0 ʤʤ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ ʢʣʘʧʘʥʘ 7,94 ʤʤ); 

ï ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ï ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ɺʘʣ ˉ2 -  ɺʘʨʠʘʥʪ CTDCʩ ʨʘʥʥʠʤ ʟʘʢʨʳʪʠʝʤ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʠ ʧʦʟʜʥʠʤ 

ʦʪʢʨʳʪʠʝʤ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ): 

ï ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ï ʘʥʘʣʦʛʠʯʝʥ ʚʘʨʠʘʥʪʫ ʚʘʣʘ ˉ1; 

ï ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ - ʰʠʨʠʥʘ ʬʘʟʳ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ 221,9Á ʫʛʣʘ ʇʂɺ 

(ʦʪʢʨʳʪʠʝ - 20,2Á ʜʦ ʅʄʊ + 180Á + 21,7Á ʧʦʩʣʝ ɺʄʊ), ʚʳʩʦʪʘ ʢʫʣʘʯʢʘ 7,86 ʤʤ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ ʢʣʘʧʘʥʘ 10,4 ʤʤ). 
 

 

ʈʠʩʫʥʦʢ 10 ï ɼʠʘʛʨʘʤʤʘ ʬʘʟ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʘ ʄʠʣʣʝʨʘ: 1 ï ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ 

ʚʘʣʦʚ ˉ1 ʠ ˉ2; 2 ï ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʚʘʣʘ ˉ2; 3 ï ʰʪʘʪʥʳʡ ʚʧʫʩʢʥʦʡ ʢʣʘʧʘʥ; 4 

ï ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʰʪʘʪʥʳʡ ʠ ʚʘʣʘ ˉ 1 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʦʚʘʥ ʩʧʦʩʦʙ ʧʨʦʬʠʣʠʨʦʚʘʥʠ ̫ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʩʧʦʩʦʙʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʨʫʛʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʜʚʠʛʘʪʝʣʝʡ 

ʩ ʮʠʢʣʦʤ ʄʠʣʣʝʨʘ. ʉʫʪʴ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʳʣʠ ʠʟʤʝʥʝʥr  

ʧʨʦʬʠʣʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʬʘʟʝ ʟʘʢʨʳʪʠʷ, ʥʦ ʠ ʥʘ ʬʘʟʝ ʧʦʜʲʸʤʘ ʚʧʫʩʢʥʦʛʦ ʠ 

ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʛʥʫʪʦʛʦ ʧʨʦʬʠʣʷ. ʕʪʦʪ ʧʨʠʸʤ ʧʦʟʚʦʣʠʪ 

ʥʘ 10-12% ʫʚʝʣʠʯʠʪʴ çʚʨʝʤʷ-ʩʝʯʝʥʠʝè ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʘʧʘʥʦʚ ʠ 

ʧʦʚʳʩʠʪʴ ʥʘʧʦʣʥʝʥʠʝ ʮʠʣʠʥʜʨʦʚ ʩʚʝʞʠʤ ʟʘʨʷʜʦʤ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ çʚʨʝʤʷ-

ʩʝʯʝʥʠʝè ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠ ʫʢʦʨʦʯʝʥʥʦʤ ʪʘʢʪʝ ʚʳʧʫʩʢʘ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʚʠʛʘʪʝʣʝ ʩ 

ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʢʪʦʤ ʚʧʫʩʢʘ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʡ ʥʝ ʬʘʟʠʨʦʚʘʥʥʳʡ ʚʧʨʳʩʢ ʛʘʟʘ 

ʚʦ ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ. ʊʨʫʜʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʬʘʟʠʨʦʚʘʥʥʦʛʦ ʚʧʨʳʩʢʘ ʧʨʠ 

ʚʥʝʰʥʝʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʲʸʤ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ 

ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 135 ï 140 ʩʤ3 (ʧʨʠ ʥ.ʫ.), ʯʪʦ ʧʦʯʪʠ ʚ 900 ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʦʙʲʸʤ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ (ʥʘʧʨʠʤʝʨ, ʙʝʥʟʠʥʘ). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʯʠʢʠ ʚʳʥʫʞʜʝʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʫʛʦʣ ʧʝʨʝʢʨʳʪʠʷ 

ʢʣʘʧʘʥʦʚ ʚ ɺʄʊ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʚʳʧʫʩʢʥʫʶ ʩʠʩʪʝʤʫ ʚ 

ʤʦʤʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ʢʣʘʧʘʥʦʚ. ʆʜʥʘʢʦ ʫʤʝʥʴʰʘʪʴ ʫʛʦʣ ʧʝʨʝʢʨʳʪʠʷ ʢʣʘʧʘʥʦʚ ʜʣʷ 

ʜʚʠʛʘʪʝʣʷ ʩ ʨʘʥʥʠʤ ʟʘʢʨʳʪʠʝʤ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ.  

ɺ ʜʚʠʛʘʪʝʣʝ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʪʘʪʦʤ ʚʧʫʩʢʘ ʚʨʝʤʷ, ʦʪʚʦʜʠʤʦʝ ʥʘ ʧʦʜʘʯʫ 

ʪʦʧʣʠʚʘ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ (ʜʦ 8-9 ʤʩ.). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 11. 

ɿʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʩʫʥʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʘʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ 

ʚʧʨʳʩʢʘ ʨʝʰʘʣʘʩʴ ʧʫʪʸʤ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʬʦʨʩʫʥʦʢ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʧʝʨʝʜ ʬʦʨʩʫʥʢʦʡ, ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʩʫʥʢʠ ʠ ʝ yʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʠʥʷʪʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʠʩʪʝʤ r ʧʠʪʘʥʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʬʘʟʠʨʦʚʘʥʥʳʤ ʚʧʨʳʩʢʦʤ (ʩʤ. ʨʠʩʫʥʢʠ 12 ʠ 13.).  

ʀʩʩʣʝʜʦʚʘʥʳ ʧʫʪʠ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʨʝʜʥʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘ ʩʯʸʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʫʩʪʨʦʡʩʪʚʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʦʣʥʝʥʠʝʤ (ʜʨʦʩʩʝʣʴʥʳʡ ʫʟʝʣ, ɼʋ), ʩʠʩʪʝʤ ʥʘʜʜʫʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ʥʘʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ.  
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ʆʧʪʠʤʠʟʘʮʠʷ ʧʦ ʚʳʙʦʨʫ ʜʠʘʤʝʪʨʘ ʟʘʩʣʦʥʢʠ ʜʨʦʩʩʝʣʴʥʦʛʦ ʫʟʣʘ ɼʋ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʥʘʠʣʫʯʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʫʛʣʫ ʦʪʢʨʳʪʠʷ ɼɿ 

(ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʦʪʢʨʳʪʠʷ ɼɿ ʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ɼʋ ʚʦ 

ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʧʨʠ 

ʥʘʠʤʝʥʴʰʝʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʷ ʥʘ ɼɿ ʧʨʠ ʧʦʣʥʳʭ ʥʘʛʨʫʟʢʘʭ. 

 
ʈʠʩʫʥʦʢ 11 ï ʈʘʩʯʸʪʥʘʷ ʮʠʢʣʦʚʘʷ ʧʦʜʘʯʘ 

ʛʘʟʘ ʧʦ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ: 1 ï ʮʠʢʣʦʚʘʷ ʧʦʜʘʯʘ 

ʛʘʟʘ; 2 ï ʚʨʝʤʷ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ; 3 ï ʚʨʝʤʷ ʦʪʢʨʳʪʠʷ 

ʬʦʨʩʫʥʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ 

ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ 

 
ʈʠʩʫʥʦʢ 12 ï ʈʘʤʧʘ ʛʘʟʦʚʳʭ ʬʦʨʩʫʥʦʢ ʠ 

ʩʠʩʪʝʤʳ ʟʘʞʠʛʘʥʠʷ 
 

 
ʈʠʩʫʥʦʢ 13 ï ʈʘʟʤʝʱʝʥʠʝ ʩʠʩʪʝʤʳ 

ʧʠʪʘʥʠʷ ʠ ʟʘʞʠʛʘʥʠʷ ʥʘ ʜʚʠʛʘʪʝʣʝ 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʙʦʨʘ ʜʠʘʤʝʪʨʘ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʸʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚʦ ʚʧʫʩʢʥʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ. 

 

ʈʠʩʫʥʦʢ 14 ï ʆʙʲʸʤʥʘʷ ʩʢʦʨʦʩʪʴ (Vv), 

ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ (Ne) ʠ ʤʘʩʩʦʚʳʡ 

ʆʙʲʸʤʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʟʦʥʝ 

ʫʩʪʘʥʦʚʢʠ ɼʋ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʨʘʙʦʯʠʤ ʦʙʲʸʤʦʤ 

ʮʠʣʠʥʜʨʘ, ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ 

ʠ ʧʣʦʱʘʜʴʶ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʙʲʸʤ ʚʦʟʜʫʭʘ, 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ɼʋ ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ 

ʥʘʛʨʫʟʢʠ, ʥʠ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʤʝʩʪʥʳʭ ʩʫʞʝʥʠʷʭ. 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʚʳʙʦʨʘ ɼɿ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 14. ɼʘʥʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʚʳʙʦʨʘ ɼʋ ʜʣʷ ʮʠʢʣʦʚ ʆʪʪʦ ʠ ʄʠʣʣʝʨʘ 
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ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ (Gʚ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʜʠʘʤʝʪʨʘ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʠ: 1 ï ʮʠʢʣ 

ʄʠʣʣʝʨʘ, 2 ï ʮʠʢʣ ʆʪʪʦ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʙʘʟʦʚʦʤʫ ʜʚʠʛʘʪʝʣʶ 

ʦʜʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʦʜʠʥʘʢʦʚʳʤʠ 

ʤʦʱʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʚʳʙʦʨʝ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ (ʊʂʈ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʯʝʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʦʚ ʢʦʣʝʩ ʢʦʤʧʨʝʩʩʦʨʘ ʠ 

ʪʫʨʙʠʥʳ ʊʂʈ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʨʝʞʠʤʘʭ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʩʯʸʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ 

ʜʚʠʛʘʪʝʣʶ ʧʨʦʛʨʘʤʤʳ ʌɻʋʇ çʅɸʄʀè, ʤʦʜʝʣʠʨʫʶʱʝʡ ʚʥʝʰʥʶʶ ʩʢʦʨʦʩʪʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʪʫʨʙʦʥʘʜʜʫʚʦʤ ʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ 

ʥʘʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʠʟʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʦʣʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʢʣʘ ʄʠʣʣʝʨʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘʜʜʫʚʘ, ʨʘʚʥʦʝ 230é240 

ʢʇʘ.  

ʆʧʪʠʤʠʟʘʮʠ ̫ʩʠʩʪʝʤʳ ʪʫʨʙʦʥʘʜʜʫʚʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʙʦʨ ʊʂʈ ʧʦ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʋʪʦʯʥʝʥʠʝ ʚʳʙʦʨʘ ʤʦʜʝʣʝʡ ʊʂʈ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʊʂʈ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʘʣʛʦʨʠʪʤʘ  ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʤ ʦʧʝʨʝʞʝʥʠʷ ʟʘʞʠʛʘʥʠʷ ʠ ʫʛʣʦʤ 

ʦʪʢʨʳʪʠʷ ɼɿ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʬʘʟ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩ ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ, ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʠ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ 

ʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʸʪʥʭr ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʠʩʪʝʤ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ ʠ 

ʫʢʦʨʦʯʝʥʥʳʤʠ ʪʘʢʪʘʤʠ ʚʧʫʩʢʘ ʠ ʚʳʧʫʩʢʘ. 

ɼʘʥʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʧʨʠʚʝʜʝʥʳ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʠʩʧʳʪʘʥʠʡ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʚʦʛʦ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʝʛʦ ʢʦʥʚʝʨʪʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʸʪʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʛʣʘʚʘʭ 3 ʠ 4 ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʠʤʠʪʘʪʦʨʦʤ (ʵʤʫʣʷʪʦʨʦʤ) ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʣʦʢʫ ʫʧʨʘʚʣʝʥʠʷ 

(ʕɹʋ) ʠ  ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ (ʕʉʋɼ).  ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 
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ʩ ʵʪʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʌɻʋʇ çʅɸʄʀè ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʤʘʢʝʪʥʳʝ ʦʙʨʘʟʮʳ ʙʣʦʢʦʚ ʕʉʋɼ. ʕɹʋ ʦʙʝʩʧʝʯʠʚʘʣ ʨʘʙʦʪʫ ʥʘ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪ/ʚ ʩʤʝʩʷʭ, ʫʧʨʘʚʣʝʥʠʝ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ, ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ 

ʟʘʞʠʛʘʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʜʝʪʦʥʘʮʠʠ ʠ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʩ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ɹʘʟʦʚʘʷ 

ʢʦʤʧʣʝʢʪʘʮʠʷ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʣʫʯʠʣʘ ʥʘʠʤʝʥʦʚʘʥʠʝ ï çʤʦʜ.821.10è. ʅʘ 

ʨʠʩʫʥʢʝ 15 ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
 

 
ʈʠʩʫʥʦʢ 15 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤ ʛʘʟʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʦʜ. 821.10 
 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩʦ ʰʪʘʪʥʳʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʚʘʣʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʞʘʪʠʷ (eʛ). 

ɺʘʨʠʘʥʪ 1: - ʜʚʠʛʘʪʝʣʴ ʤʦʜ. 821.10 ʩ eʛ =17,5, ʩʦ ʰʪʘʪʥʳʤ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʚʘʣʦʤ, ʙʝʟ ʊʂʈ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʫʩʣʦʚʠʡ ʧʦʷʚʣʝʥʠʷ ʜʝʪʦʥʘʮʠʠ. ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʨʝʜʥʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʝʚʳʩʠʣʦ 0,8 ʄʇʘ ʥʘ ʧʨʝʜʝʣʝ ʧʦ ʜʝʪʦʥʘʮʠʠ.  

ɺʘʨʠʘʥʪ 2: - ʜʚʠʛʘʪʝʣʴ ʤʦʜ. 8212.10-112 (ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʧʦ ʮʠʢʣʫ 

ʆʪʪʦ) ʩ eʛ =11,5, ʩʦ ʰʪʘʪʥʳʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʚʘʣʦʤ, ʩ ʊʂʈ ʙʘʟʦʚʦʛʦ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʦʜ. BWB2G.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʤʦʜ. 8212.10-112 ʩʦʩʪʘʚʠʣʘ 140 ʢɺʪ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 630 ʅʤ ʧʨʠ 120 ï 1400 ʤʠʥ-1. ʄʦʱʥʦʩʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʦʛʨʘʥʠʯʝʥʳ ʪʦʣʴʢʦ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʆɻ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ.  


