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ʉɽʂʎʀʗ çʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

ʄɽʍɸʅʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇɽʈɽʍʆɼɸ ʆʊ ʃɸʄʀʅɸʈʅʆɻʆ 

ʂ ʊʋʈɹʋʃɽʅʊʅʆʄʋ ʊɽʏɽʅʀʖ ʀ ɻɽʅɽʈɸʎʀʀ 

ʊʋʈɹʋʃɽʅʊʅʆʉʊʀ ɺ ʇʆɻʈɸʅʀʏʅʆʄ ʉʃʆɽ 
 

ɿʘʨʷʥʢʠʥ ɸ.ɽ. 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʧʘʨʦʚʳʭ ʠ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

 ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʕʀè, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ʈʦʛʘʣʝʚ ɸ.ʅ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʵʢʦʥʦʤʠʢʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʄʕʀè, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʰʝʥʠʝʤ ʟʘ-

ʜʘʯ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʥʝʟʘʤʢʥʫʪʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠ-

ʞʝʥʠʷ ʆ. ʈʝʡʥʦʣʴʜʩʘ. ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʨʝʰʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʣʫ-

ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʣʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʢʦʥʢʨʝʪ-

ʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʷʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʩʧʝʢʪʨʘ ʷʚʣʝʥʠʡ ʢʦʨ-

ʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʤʳʭ ʢʘʞʜʦʡ ʠʟ ʥʠʭ.   ʄʝʞʜʫ ʪʝʤ ʩʘʤ ʤʝʭʘʥʠʟʤ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚʩʸ 

ʝʱʝ ʥʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʘ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʪʝʯʝʥʠʶ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʪʝʦʨʝʤʝ ɻʝʣʴʤʛʦʣʴʮʘ ʦ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ. ɺ ʩʚʷʟʠ ʩ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʤ ʧʦʜʭʦʜʦʤ ʜʘʝʪʩʷ ʦʙʲʷʩʥʝʥʠʝ ʵʢʨʘʥʠʨʫʶʱʠʡ ʩʚʦʡʩʪʚʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ. 

 

ɺʚʝʜʝʥʠʝ 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʪʝʯʝʥʠʡ ʨʘʙʦʯʠʭ ʩʨʝʜ ʧʦʨʦʜʠʣʦ ʠʣʣʶʟʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʯʝʥʠʷʤʠ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʨʝʜ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʜʢʠʤʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʦʪʥʦʩʷʪ ʣʠʙʦ ʥʘ ʛʨʫʙʫʶ 

ʨʘʩʯʝʪʥʫʶ ʩʝʪʢʫ, ʣʠʙʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ çʪʝʦ-

ʨʠʠè ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʝʣʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʪʝʦʨʠʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʠʢʪʦ ʥʝ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠʩʭʦʜʥʦʡ ʥʝʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. 

ʉʣʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʧʦʪʦʢʘ ʨʘʙʦʯʠʭ ʩʨʝʜ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʚ ʣʶʙʳʭ ʢʘʥʘʣʘʭ ʢʨʘʡʥʝ ʨʘʟʥʦʨʦʜʥʘ, ʠ 

ʚʨʷʜ ʣʠ ʚʦʟʤʦʞʥʦ ʝʸ ʦʧʠʩʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ  

ʫʨʘʚʥʝʥʠʡ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʯʝʥʠʠ ʞʠʜʢʠʭ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʨʝʜ ʚ ʩʦʧʣʝ ʃʘ-

ʚʘʣʷ ʥʘ ʝʛʦ ʚʭʦʜʥʦʡ ʢʦʥʬʫʟʦʨʥʦʡ ʯʘʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʣʘʤʠʥʘʨʥʳʡ ʠʣʠ ʣʘʤʠ-



7 

ʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʪʦʨʦʛʦ ʧʦʪʦʢ, ʥʝ-

ʚʦʟʤʫʱʝʥʥʳʡ ʩʠʣʘʤʠ ʚʷʟʢʦʩʪʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʦʢ ʢ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ. 

ɺ ʦʙʣʘʩʪʠ ʫʟʢʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʬʫʟʦʨʥʦʛʦ ʢ ʜʠʬ-

ʬʫʟʦʨʥʦʤʫ ʪʝʯʝʥʠʶ (ʚ ʩʣʫʯʘʝ ʜʦʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ) ʚʦʟʥʠʢʘʶʪ ʦʯʝʥʴ ʩʠʣʴ-

ʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʣʠʙʦ ʦʪʨʳʚ ʧʦʪʦʢʘ ʦʪ ʩʪʝʥʦʢ, ʣʠʙʦ ʝʛʦ ʣʦ-

ʢʘʣʴʥʫʶ (ʧʨʠʩʪʝʥʦʯʥʫʶ) ʜʦʙʘʚʦʯʥʫʶ ʪʫʨʙʫʣʠʟʘʮʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝ-

ʥʠʝʤ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʪʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ 

ʧʝʨʝʭʦʜ ʢ ʜʠʬʬʫʟʦʨʥʦʤʫ ʪʝʯʝʥʠʶ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʪʨʳʚʦʤ ʧʦʪʦʢʘ ʦʪ ʦʙ-

ʪʝʢʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʯʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ ʕʡʣʝʨʘ. ʈʘʩʯʝʪ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩ ʚʳ-

ʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ 

ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʫʨʘʚʥʝʥʠʡ ʇʨʘʥʜʪʣʷ ʜʣʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ʅʘʢʦʥʝʮ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩʧʨʘʚʝʜʣʠʚʳ ʫʨʘʚʥʝʥʠʷ ʈʝʡ-

ʥʦʣʴʜʩʘ (ʦʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʪʦʢʘ ʪʨʝʙʫʝʪʩʷ ʠ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʩʠ-

ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 

ʇʨʦʮʝʩʩ ʣʘʤʠʥʘʨʠʟʘʮʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʚʦʦʙʱʝ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ. 

ʋʢʘʟʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʪʦʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚ ʣʶʙʦʤ ʢʘʥʘʣʝ, ʠ ʜʦʩʪʦʚʝʨʥʦ ʦʧʠʩʘʪʴ ʝʸ ʩ ʧʦʤʦʱʴʶ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʪʠʧʘ ʥʝʟʘʤʢʥʫʪʳʭ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ) 

ʚʨʷʜ ʣʠ ʚʦʟʤʦʞʥʦ [2, 5]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʝʱʝ ʨʘʟ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ ʠ ʧʦʧʳʪʘʪʴʩʷ 

ʧʨʝʜʩʪʘʚʠʪʴ ʭʦʪʷ ʙʳ ʢʘʯʝʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʢʘʟʘʥʥʳʭ  

ʪʝʯʝʥʠʡ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʝʥʝʨʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʢ ʪʫʨʙʫ-

ʣʝʥʪʥʦʤʫ ʪʝʯʝʥʠʶ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ: ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʪʝʢʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʥʝʰʥʷʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ ʪʫʨ-

ʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʠ ʜʝʡʩʪʚʫʶʱʠʡ ʧʨʦʜʦʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʫʢʘʟʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʚʠʪʠʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʝʣʴʟʷ. 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʥʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʥʝʰʥʠʤ ʚʦʟʤʫʱʘʶʱʠʤ ʬʘʢʪʦʨʘʤ [1, 4, 6]. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʦʟʥʠʢʘʶʱʠʤʠ ʜʦ-

ʙʘʚʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʩ ʦʩʨʝʜʥʝʥʥʳʤʠ ʩʦʩʪʘʚ-

ʣʷʶʱʠʤʠ ʩʢʦʨʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʠʶ ʵʪʦʡ ʩʚʷʟʠ ʧʦʩʚʷʱʝʥʳ ʚʩʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʦʚʳʝ ʪʝʦʨʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʬʠʟʠʯʝʩʢʦʤʫ ʤʝ-
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ʭʘʥʠʟʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʝ ʫʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ 

[5, 7]. 

ʉʣʝʜʫʶʱʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʙʫʜʝʤ ʦʩʥʦʚʳʚʘʪʴ ʥʘ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ: 

1. ʄʝʭʘʥʠʟʤ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʪʝʯʝʥʠʶ ʥʘʭʦ-

ʜʠʪʩʷ ʥʝ ʚʥʝ, ʘ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʪʝʯʝʥʠʷ. 

2. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʧʦʥʪʘʥʥʦ. 

3. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʩʜʚʠʛʦʚʳʭ ʪʝʯʝʥʠʡ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʚʦʜʦʚ ʝʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʧʨʠʯʠʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ ʜʚʫʭ ʬʦʨʤ ʪʝʯʝʥʠʷ ʢʨʦʝʪʩʷ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʨʝʜ ʢ ʣʝʛʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʭ çʞʠʜʢʠʭè ʵʣʝ-

ʤʝʥʪʦʚ. 

ʋʢʘʟʘʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʰʣʘ ʩʚʦʸ ʦʪʨʘʞʝʥʠʝ ʚ ʠʟʚʝʩʪʥʦʡ ʪʝʦʨʝʤʝ 

ɻʝʣʴʤʛʦʣʴʮʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʳʭ ʪʝʣ) ʜʚʠʞʝʥʠʝ ʞʠʜʢʦ-

ʩʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʝ ʠʟ ʜʚʫʭ, ʘ ʠʟ ʪʨʝʭ ʜʚʠʞʝʥʠʡ ï ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʦʛʦ, ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ (ʧʦʩʣʝʜʥʝʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʚʝʨ-

ʜʦʛʦ ʪʝʣʘ ʦʪʩʫʪʩʪʚʫʝʪ). 

ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢ-

ʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ̒ Ӷό Ӷὺ, ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʴʶ ‫ , ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʧʣʦʩʢʦʛʦ 

ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʫʛʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ 

‏  . 

ɺ ʧʨʝʜʝʣʘʭ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ Ḻ , ʠ ʪʦʛʜʘ ʩ ʥʝʙʦʣʴʰʦʡ ʧʦʛʨʝʰ-

ʥʦʩʪʴʶ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ɤ ʠ ŭ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ‫
 

, 

‏   . 

ʀʟʤʝʥʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʧʦʛʨʘ-

ʥʠʯʥʦʛʦ ʩʣʦʷ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʫʛʣʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ŭ ʵʣʝʤʝʥ-

ʪʘʨʥʦʛʦ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʞʠʜʢʦʩʪʠ ʩʪʨʝʤʠʪʩʷ ʩʦʭʨʘʥʠʪʴ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʮʝʥʪʨ ʵʣʝʤʝʥ-

ʪʘʨʥʦʡ ʤʘʩʩʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ Ὡ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʧʣʦʩʢʦʤʫ çʞʠʜʢʦʤʫè ʵʣʝʤʝʥʪʫ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩʫʥʢʦʤ 1. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʞʠʜʢʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ɽʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ çʞʠʜʢʠʡè ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʬʦʨʤʫ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʩʦ ʩʪʦʨʦʥʘʤʠ dx ʠ dy, ʠ ʝʛʦ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ 

(ʪʦʯʢʘ a) ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ (ʪʦʯʢʘ b), ʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-

ʩʪʠ (ɤ Í 0) ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʦʨʦʪʘ ʠ ʜʝʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʚʨʝʤʷ dt ʧʨʷʤʦʫʛʦʣʴ-

ʥʘʷ ʬʦʨʤʘ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʞʠʜʢʦʩʪʠ ʠʟʤʝʥʠʪ ʢʦʥʬʠʛʫʨʘʮʠʶ (ʥʘ ʨʠ-

ʩʫʥʢʝ 1 ʥʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʯʝʨʯʝʥʘ ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ (ʪʦʯʢʘ a) ʩʦʭʨʘʥʠʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʮʝʥʪʨ ʤʘʩʩ 

(ʪʦʯʢʘ b) ʩʤʝʩʪʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ b1 ʥʘ ʨʘʩʩʪʦʷʥʠʝ e, ʠ ʚʦʟʥʠʢʥʝʪ ʮʝʥʪʨʦʙʝʞ-

ʥʘʷ ʩʠʣʘ dR, ʨʘʚʥʘʷ: 

ὨὙ ὨάϽ‫Ὡ      (1) 

ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʫʛʣʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ŭz (ʤʘʣʦʤ ʧʦʧʝʨʝʯʥʦʤ 

ʛʨʘʜʠʝʥʪʝ ʩʢʦʨʦʩʪʠ du/dy) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʚʷʟʢʦʩʪʠ ʚʦʟʥʠʢʘʶʱʠʡ ʵʢʩʮʝʥ-

ʪʨʠʩʠʪʝʪ e ʣʠʢʚʠʜʠʨʫʝʪʩʷ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʘʷ ñʙʘʣʘʥʩʠʨʦʚʢʘò ʚʨʘ-

ʱʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʣʘʤʠʥʘʨʥʳʡ ʨʝ-

ʞʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʞʠʤ ñʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦò ʪʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʫʛʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ñʞʠʜʢʠʭò ʦʙʲʝʤʦʚ 

ʚʦʟʥʠʢʘʶʱʘʷ ʜʦʙʘʚʦʯʥʘʷ ʩʠʣʘ dR ʫʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʤʦʣʝ-

ʢʫʣʷʨʥʳʤʠ ʩʠʣʘʤʠ ʪʨʝʥʠʷ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ñʞʠʜʢʠʡò ʵʣʝʤʝʥʪ ʩʦʡʜʝʪ ʩʦ 

ʩʚʦʝʡ ʣʠʥʠʠ ʪʦʢʘ, ʟʘʭʚʘʪʠʚ ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʞʠʜʢʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʥʫʪʨʠ 

ʦʢʨʫʞʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʮʝʥʪʨʦʤ ʤʘʩʩ (ʪʦʯʢʘ b ʥʘ ʨʠʩʫʥʢʝ 1) ʧʨʠ ʝʛʦ ʚʨʘ-

ʱʝʥʠʠ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ (ʪʦʯʢʘ a ʥʘ ʨʠʩʫʥʢʝ 1). ɾʠʜʢʦʩʪʴ, ʥʘʭʦʜʷʱʘ-

ʷʩʷ ʚʥʫʪʨʠ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ e, ʧʨʠ ʧʣʦʩʢʦʤ ʪʝʯʝʥʠʠ ʦʙʨʘʟʫʝʪ ʠʩʭʦʜʥʦʝ 

ʚʠʭʨʝʚʦʝ ʷʜʨʦ, ʢʦʪʦʨʦʝ ʫʞʝ ʚʨʘʱʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʚ ʨʝʘʣʴʥʦʤ 

ʪʨʝʭʤʝʨʥʦʤ ʧʦʪʦʢʝ ʵʪʦ ʫʞʝ ʠʩʭʦʜʥʦʝ ʦʙʲʝʤʥʦʝ ʚʠʭʨʝʚʦʝ ʷʜʨʦ). 

ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦʛʦ ʪʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ dm, ʧʨʠʚʝ-

ʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʙʫʜʝʪ ʨʘʚʥʘ: 
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Ὠά ”ϽὨὼὨώϽὰ      (2) 

ʊʦʛʜʘ ʩʠʣʘ ὨὙ ”ϽὨὼὨώϽὰϽ-‫Ὡ, ʠ ʥʘ ʧʣʦʱʘʜʢʘʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩ

ʢʦʩʪʠ x-z, ʚʦʟʥʠʢʥʝʪ ʜʦʙʘʚʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Ű, ʨʘʚʥʦʝ:  

†
ὨὙ

ὨὼϽὰ
”ϽὩϽὨώσ                                           ‫ 

ʇʦʩʢʦʣʴʢʫ ‫  , ʠ, ʧʦʣʘʛʘʷ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʚʝʣʠʯʠʥʘ Ὠώ ὧέὲίὸϽ

Ὡ ὰ, ʬʦʨʤʘʣʴʥʦ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ ʃ. ʇʨʘʥʜʪʣʷ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʚ ʩʜʚʠʛʦʚʦʤ ʪʝʯʝʥʠʠ: 

† ”ὰ
Ὠό

Ὠώ
                                                τ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ὰ ὧέὲίὸϽὩ ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦ-

ʨʦʩʪʠ ʫʛʣʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ŭz ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ñʜʣʠʥʳ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʷò ὰ ʚ ʬʦʨʤʫʣʝ ʃ. ʇʨʘʥʜʪʣʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ ʜʦ-

ʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʫ ʩʪʝʥʢʠ ʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʥʘ ʚʥʝʰʥʝʡ 

ʛʨʘʥʠʮʝ ʫʢʘʟʘʥʥʦʛʦ ʩʣʦʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʧʝʨʚʠʯʥʳʝ ʜʠʩʢʨʝʪʥʳʝ 

ʚʠʭʨʝʚʳʝ ʷʜʨʘ ʚ ʧʦʪʦʢʝ ʜʝʡʩʪʚʫʝʪ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʄ. ɽ. ɾʫʢʦʚʩʢʦʛʦ ʩʠʣʘ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʳʙʨʦʩʫ ʯʘʩʪʠʮ ʠʟ ʧʨʠʩʪʝʥʦʯʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, 

ʧʦʨʦʞʜʘʶʱʝʝ ʩʪʦʣʴ ʞʝ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʞʠʜʢʠʭ ʯʘ-

ʩʪʠʮ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʦʙʪʝʢʘʝʤʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʨʝʟʢʦ ʨʘʩ-

ʪʝʪ ʧʦʧʝʨʝʯʥʳʡ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ du/dy, ʘ ʵʪʦ ʚʝʜʝʪ ʢ ʣʘʚʠʥʦʦʙʨʘʟʥʦʤʫ ʨʘʟ-

ʨʫʰʝʥʠʶ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ. ʊʦ ʝʩʪʴ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ï ʭʘ-

ʨʘʢʪʝʨʥʳʡ ʧʨʠʤʝʨ ʨʘʟʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ ʩ ʥʘʣʠʯʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟ-

ʢʦʡ ʟʦʥʳ ʚʙʣʠʟʠ ʩʪʝʥʦʢ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʚʝʩʴʤʘ ʚʳʩʦʢʫʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ. 

ʈʦʣʴ ʵʪʦʡ ʟʦʥʳ ʛʝʥʝʨʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʩʚʝʱʘʣʘʩʴ, ʭʦʪʷ ʠʤʝʥʥʦ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʠ ʦʙʲʷʩ-

ʥʷʝʪ ʨʷʜ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʝ ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʷʩʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʢʘ ʩʪʝʧʝʥʴ ʚʥʝʰʥʝʡ ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣʘ E0 = 5-6%, ʠ ʪʦʣʴʢʦ ʧʨʠ E0 > 6% ʦʪʤʝʯʘʣʩʷ ʨʦʩʪ ʫʢʘ-

ʟʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ [2].  

ʕʢʨʘʥʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʟʦʥʳ ʛʝʥʝʨʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ  

ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ɿʦʥʘ ʛʝʥʝʨʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʵʢʨʘʥʦʤ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʤ ʟʘʱʠʪʫ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʧʦʢʘ ʫʨʦʚʝʥʴ ʚʥʝʰʥʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʤʝʥʴʰʝ ʪʫʨʙʫʣʝʥʪ-

ʥʦʩʪʠ, ʛʝʥʝʨʠʨʫʶʱʝʡʩʷ ʩʘʤʠʤ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ, ʫʩʣʦʚʠʷ ʪʝʯʝʥʠʷ ʞʠʜʢʦ-

ʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʩʪʝʥʢʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʕʪʠ ʫʩʣʦʚʠʷ ʥʘʯʠʥʘʶʪ 

ʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʩʦʠʟʤʝʨʠʤʳ-

ʤʠ ʩ ʧʫʣʴʩʘʮʠʷʤʠ ʚ ʧʨʠʩʪʝʥʦʯʥʦʤ ʩʣʦʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʘ ʩʠʪʫʘʮʠʷ ʨʝʘʣʠʟʫʝʪ-

ʩʷ ʨʝʜʢʦ, ʪʘʢ ʢʘʢ ʣʶʙʘʷ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ 
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ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ, ʠ ʝʝ ʫʨʦʚʝʥʴ ʫʞʝ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 4-5%. 

ɿʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʟʘʜʝʨʞʢʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʥʦ ʠ ʚ ʟʘʱʠʪʝ ʚʥʝʰʥʝʛʦ ʪʝʯʝʥʠʷ ʦʪ ʚʦʟʤʫ-

ʱʝʥʠʡ, ʠʜʫʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ʩʪʝʥʢʠ. 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʚʠʙʨʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ [3]. ɺ ʵʪʠʭ ʦʧʳʪʘʭ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʩ ʧʦʤʦʱʴʶ 

ʚʠʙʨʘʪʦʨʘ ʚʠʙʨʠʨʦʚʘʣʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʤʝʥʷʪʴʩʷ 

ʦʪ 0 ʜʦ 500 ɻʮ. ɼʘʥʥʳʝ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2, ʛʜʝ ʠʟʦʙʨʘ-

ʞʝʥʳ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ Õ Õ

Õ  ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ  

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ % %
%  ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʰʪʘʙʘ ʩʪʝʧʝʥʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʝʸ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʠʙʨʘʮʠʠ (f = 0). ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ 

ʚʦʟʤʫʱʝʥʠʷ, ʠʜʫʱʠʝ ʩʦ ʩʪʦʨʦʥʳ ʩʪʝʥʢʠ, ʤʝʥʷʶʪ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʪʦʣʴʢʦ ʚ 

ʫʟʢʦʡ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ. ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʨʠ ʚʩʝʭ ʯʘ-

ʩʪʦʪʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʅʝ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝ-

ʥʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʧʝʨʝʢ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ 

ʦʮʝʥʢʠ ʨʦʣʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ɽʩʣʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʵʪʦʪ ʩʣʦʡ ʨʘʩ-
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ʩʤʘʪʨʠʚʘʣʩʷ ʪʦʣʴʢʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʨʠʯʠ-

ʥʘ ʦʪʨʳʚʘ ʧʦʪʦʢʘ ʦʪ ʦʙʪʝʢʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʦʣʴ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʵʪʠʤ ʥʝ ʠʩʯʝʨʧʳʚʘʝʪʩʷ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʫʰʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ. 

ɺ ʧʨʠʩʪʝʥʦʯʥʦʡ ʟʦʥʝ, ʛʜʝ ʧʦʧʝʨʝʯʥʳʡ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʤʘʢʩʠʤʘʣʝʥ, 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʠ ʩʪʝʧʝʥʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʜʦ-

ʩʪʠʛʘʝʪ 8% ʠ ʜʘʣʝʝ ʩʥʠʞʘʝʪʩʷ ʜʦ ʥʫʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʝʚʳʰʘʶʱʝʤ ʥʘ 30% 

ʪʦʣʱʠʥʫ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʪʨʠʜʮʘʪʠʧʨʦʮʝʥʪʥʘʷ ʟʦʥʘ ʟʘʪʫʭʘʥʠʷ ʪʫʨʙʫʣʝʥʪ-

ʥʦʩʪʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ.) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦ-

ʚʠʝʤ ʛʝʥʝʨʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʧʦʪʦʢʝ ʧʦʧʝʨʝʯʥʳʭ ʛʨʘ-

ʜʠʝʥʪʦʚ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʦʝ ʟʘʪʫʭʘʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʚʷʟʢʦ-

ʩʪʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʪʫʨʙʫʣʝʥʪʥʦʡ ʯʘʩʪʴʶ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ɺʳʚʦʜʳ 

1. ʇʨʠʚʝʜʝʥʦ ʬʠʟʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʠ ʨʘʟʨʫʰʝʥʠʷ ʣʘʤʠʥʘʨʥʦ-

ʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʪʝʦʨʝʤʝ ɻʝʣʴʤʛʦʣʴʮʘ 

ʦ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʛʜʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʬʠʢʩʠʨʦ-

ʚʘʥʥʳʭ ʞʠʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

2. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʞʠʜʢʦʩʪʠ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʛ-

ʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ñʞʠʜʢʠʭò ʵʣʝʤʝʥʪʦʚ ʩʪʨʝʤʠʪʩʷ ʩʦʭʨʘ-

ʥʠʪʴ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʮʝʥʪʨ ʤʘʩʩ ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʚʨʘ-

ʱʝʥʠʷ, ʠ ʚʦʟʥʠʢʘʝʪ ʵʣʝʤʝʥʪʘʨʥʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʩʪʨʝʤʷʱʘʷʩʷ ʩʦʨʚʘʪʴ 

ʵʪʦʪ ʵʣʝʤʝʥʪ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʣʠʥʠʠ ʪʦʢʘ. ʇʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 

ʫʢʘʟʘʥʥʘʷ ʩʠʣʘ ʜʝʤʧʬʠʨʫʝʪʩʷ ʩʠʣʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ñʞʠʜʢʠʝò ʵʣʝʤʝʥʪʳ ʨʘʙʦʯʠʭ ʪʝʣ ʫʞʝ ʥʝ ʫʜʝʨʞʠ-

ʚʘʶʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʣʠʥʠʷʭ ʪʦʢʘ, ʠ ʪʝʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʭʘʦʪʠʯʝʩʢʠʡ 

(ʪʫʨʙʫʣʝʥʪʥʳʡ) ʭʘʨʘʢʪʝʨ. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʤʠʥʘʨ-

ʥʦʛʦ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʫ ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʣʝʛʢʦ ʧʦʣʫʯʘʝʪʩʷ 

ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ ʃ. ʇʨʘʥʜʪʣʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʪʫʨʙʫʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʪʨʝʥʠʷ ʩ ʦʩʨʝʜʥʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʚʭʦʜʷʱʠʡ ʚ ʵʪʫ ʬʦʨʤʫʣʫ ʣʠʥʝʡ-

ʥʳʡ ʨʘʟʤʝʨ ὰ ʪʨʘʢʪʫʝʪʩʷ ʫʞʝ ʥʝ ʢʘʢ ʧʫʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʘ ʢʘʢ ʚʝʣʠʯʠʥʘ, 
ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʢʦʨʦʩʪʴʶ ʫʛʣʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ñʞʠʜʢʠʭò ʵʣʝʤʝʥʪʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɺʆʃʅʆɺʓɽ ʇʈʆʎɽʉʉʓ ɺ ʇʆʈʀʉʊʓʍ ʉʈɽɼɸʍ 
 

ʂʫʢʘʨʩʢʠʭ ʃ.ɸ. 
ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 4 ʅʀʆ ʅʀʎ (ɹʇ ʠ ʆ ɺɺʉ) ɺʦʝʥʥʦʛʦ  

ʫʯʝʙʥʦ-ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ 

ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè, ʢʘʥʜʠʜʘʪ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ,  

ʈʦʩʩʠʷ, ʛ. ɺʦʨʦʥʝʞ 
 

ɹʝʣʳʭ ɸ.ɻ. 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 4 ʅʀʆ ʅʀʎ (ɹʇ ʠ ʆ ɺɺʉ) 

ɺʦʝʥʥʦʛʦ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ çɺʦʝʥʥʦ-

ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè,  

ʈʦʩʩʠʷ, ʛ. ɺʦʨʦʥʝʞ 
 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ, ʘ ʠʤʝʥʥʦ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʚʫʢʦʚʳʤʠ ʚʦʣʥʘʤʠ ʫʧʨʫʛʠʭ ʧʦʨʠʩʪʳʭ ʩʨʝʜ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʩʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʦʪ ʢʦʤʧʣʝʢʩʥʳʭ 

ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʥʘ, ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ, ʩʢʦʨʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ. 

 

ɺʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʣʠʷʥʠʷ ʠʭ ʥʘ ʩʨʝʜʫ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ, ʟʘʥʠʤʘʶʪ ʫʯʝʥʳʭ ʜʦ ʩʠʭ ʧʦʨ. ʃʶʙʫʶ ʩʨʝʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ. ʅʘʧʨʠʤʝʨ, ʤʘʪʝʨʠʘʣ ʘʵʨʦʜʨʦʤʥʳʭ 

ʧʦʢʨʳʪʠʡ ï ʮʝʤʝʥʪʦʙʝʪʦʥ ï ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ, ʥʘʩʳʱʝʥ-

ʥʫʶ ʛʘʟʦʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʦʢʨʳʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ. ʅʦ ʦʜʥʠʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝ-

ʪʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦ-

ʨʳʝ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʴʥʦ ʦʪʨʘʞʘʣʠ ʙʳ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʳ ʠʣʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʩʪʨʦʠʤ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʠ 

ʥʘʡʜʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʩʞʘʪʠʷ.  

ʇʦʜ ʧʦʨʠʩʪʦʩʪʴʶ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʣʠʰʴ ʩʦʦʙʱʘʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦʨʳ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʦʨʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʣʝʤʝʥʪʳ ʪʚʝʨʜʦʡ ʯʘʩʪʠ 

ʧʦʨʠʩʪʦʛʦ ʩʢʝʣʝʪʘ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʨʝʜʳ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ: 

ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩʢʝʣʝʪʘ ʠ ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ ʛʘʟʘ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ()gu (g=1,2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [1-4]  
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ɿʜʝʩʴ -)1(

iu ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʝʣʝʪʘ ʪʚʝʨʜʦʡ ʬʘʟʳ; 

-)2(

iu ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟʳ; -**ml, ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʤʦʜʫʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʫʛʦʩʪʠ ʃʘʤʝ; -**RQ , ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʦʨʠʩʪʦʩʪʠ ʠ ʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ; -12r ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝ-

ʨʝʭʦʜʘ ʤʘʩʩʳ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ; 1r, 2r, ï ʤʘʩʩʳ ʪʚʝʨʜʦʡ ʠ ʛʘʟʦʦʙʨʘʟ-

ʥʦʡ ʬʘʟ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʩʨʝʜʳ (12111 rrr -= , 12222 rrr -= ); 11r , 22r  ï ʵʬʬʝʢ-

ʪʠʚʥʳʝ ʤʘʩʩʳ ʪʚʝʨʜʦʡ ʠ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʘʟ (1111 Vrr = , 2222 Vrr = ); 21,VV  ï ʜʦ-

ʣʠ ʢʘʞʜʦʡ ʬʘʟʳ ʚ ʦʙʲʝʤʝ ʩʨʝʜʳ. ,21 lll i+=*  21 mmm i+=* , ,21 iQQQ +=*

21 iRRR +=*  

ʈʝʰʝʥʠʝ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʟʘʪʫʭʘʶʱʝʡ ʚʦʣʥʳ [5] 

])(exp[
)()(

kkjj xitiAu nbawgg
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ɿʥʘʷ ʢʦʤʧʣʝʢʩʥʳʝ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʧʦʨʠʩʪʳʭ ʩʨʝʜ, ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʩʞʘʪʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝ-

ʜʘʭ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʩʨʝʜ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ. 
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ʃʀʅɽʁʅʓʁ ʀ ʅɽʃʀʅɽʁʅʓʁ ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʀʁ 

ʕʌʌɽʂʊ ɺ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄʋʃʔʊʀʌɽʈʈʆʀʂɸʍ 
 

ʌʠʣʠʧʧʦʚ ɼ.ɸ. 

ʟʘʚ. ʢʘʬ. çʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè ʅʦʚʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ, ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ, 

ʈʦʩʩʠʷ, ʛ. ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ 
 

ʌʠʨʩʦʚʘ ʊ.ʆ. 

ʘʩʧʠʨʘʥʪʢʘ ʢʘʬ. çʌʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠè 

ʅʦʚʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ, 

ʈʦʩʩʠʷ, ʛ. ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʣʦʡʥʳʭ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦ-

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʘ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ-

ʥʠʢʝʣʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʣʠʥʝʡʥʳʤ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʨʝʟʦʥʘʥʩʥʦʤ 

ʧʠʢʝ ʥʘ ʯʘʩʪʦʪʝ, ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝʡ ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʝʥʠʷ ʩʠʛʥʘ-

ʣʦʚ ʦʪ ʣʠʥʝʡʥʦʛʦ ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞ-

ʜʫ ʩʦʩʝʜʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʘ ʧʦʣʶ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʤʘʛʥʠʪʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ, ʧʝʨʤʝʥʜʶʨ, ʥʠʢʝʣʴ. 

 

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʠʣʠ ʩʝʛʥʝʪʦʤʘʛʥʝʪʠʢʠ ï ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʤʘʛʥʠʪʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ [1-3]. ɺʟʘʠʤʦ-

ʩʚʷʟʴ ʤʘʛʥʠʪʥʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʚ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʢʨʝʩʪʥʳʝ ʵʬʬʝʢʪʳ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ 

ʦʪʥʦʩʠʪʩʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ (ʄʕ) ʵʬʬʝʢʪ. ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʥʘʤʘʛʥʠ-

ʯʝʥʥʦʩʪʠ, ʠ, ʥʘʦʙʦʨʦʪ, ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʚʝʣʠʯʠʥʘ ʄʕ ʵʬʬʝʢʪʘ ʤʘʣʘ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 
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ʢʦʤʥʘʪʥʦʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʄʕ ʤʘʪʝʨʠʘʣʳ ʥʝ 

ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʫʣʴʪʠʬʝʨ-

ʨʦʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʝʭʘʥʠ-

ʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʦʜʩʠʩʪʝʤ. ɺʝʣʠʯʠʥʘ ʄʕ ʵʬʬʝʢʪʘ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜ-

ʢʦʚ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʄʕ ʵʬʬʝʢʪʘ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘ-

ʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʄʕ ʵʬʬʝʢʪʘ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʧʦ-

ʩʢʦʣʴʢʫ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʜʘʪʯʠʢʠ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ [4], ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ [5] ʠ ʜʨ.  

ʄʝʭʘʥʠʟʤʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʄʕ ʵʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʫʣʴʪʠ-

ʬʝʨʨʦʠʢʘʭ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤ. ɺ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚʩʣʝʜʩʪʚʠʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʚ ʬʝʨʨʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪʝ ʚʦʟʥʠʢʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷ-

ʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʘʟʫ, ʛʜʝ, ʚʩʣʝʜʩʪʚʠʝ ʧʴʝʟʦʵʬʬʝʢʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝ-

ʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ. ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʵʬʬʝʢʪʘ ʠʤʝʝʪ ʨʝʟʦʥʘʥʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʯʘʩʪʦʪʝ ʘʥ-

ʪʠʨʝʟʦʥʘʥʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢʦʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ [6]. ʇʦ-

ʩʢʦʣʴʢʫ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ï ʥʝʣʠʥʝʡʥʦʡ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʣʠʥʝʡʥʳʝ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʝ ʄʕ ʵʬʬʝʢʪʳ 

[7]. ʃʠʥʝʡʥʳʡ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʬʬʝʢʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʥʝʣʠ-

ʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ çʧʦʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠè ʵʬʬʝʢʪʘ ʠʤʝʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢ-

ʩʠʤʫʤ [8]. ɺ ʦʙʣʘʩʪʠ ʜʘʣʝʢʦʡ ʦʪ ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʷʚʣʷʝʪʩʷ ʢʚʘʜ-

ʨʘʪʠʯʥʳʤ ʧʦ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʵʬʬʝʢʪʦʤ [9], ʧʦʵʪʦʤʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʠ ʥʝʣʠʥʝʡʥʳʡ ʄʕ ʵʬʬʝʢʪ, ʚʝʣʠʯʠʥʘ ʢʦʪʦ-

ʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʧʨʠʚʦʜʠʪ ʢ ʜʚʫʤ ʠʥʪʝʨʝʩʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ.  

ɺʦ-ʧʝʨʚʳʭ, ʥʘ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʘ ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤ ʨʝ-

ʟʦʥʘʥʩʦʤ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʝʟʦʥʘʥʩ, ʥʘ ʯʘʩʪʦʪʝ ʚ ʜʚʘ ʨʘ-

ʟʘ ʤʝʥʴʰʝʡ ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [10].  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʄʕ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ 

ʥʘʧʨʷʞʝʥʠʶ ʜʣʷ ʩʪʨʫʢʪʫʨʳ Ni ï ʎʊʉï Ni ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 50 ï 300 ʢɻʮ. ʆʙ-

ʨʘʟʝʮ ʠʤʝʣ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʩ ʜʣʠʥʦʡ 10 ʤʤ, ʰʠʨʠʥʦʡ 4 ʤʤ 

ʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ. 
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ʈʠʩ. 1. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʄʕ ʵʬʬʝʢʪʘ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʎʊʉïNi 

 

 

ʅʘ ʨʠʩʫʥʢʝ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʜʚʘ ʨʝʟʦʥʘʥʩʘ: ʦʜʠʥ (ʦʩʥʦʚʥʦʡ) ʩ ʯʘʩʪʦʪʦʡ 

1f 162,4ʢɻʮ= , ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʵʣʝʢʪʨʦ-

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʠ ʚʪʦʨʦʡ, ʩ ʯʘʩʪʦʪʦʡ 2f 81ʢɻʮ= , ʢʦʪʦʨʘʷ ʚ ʜʚʘ ʨʘʟʘ 

ʤʝʥʴʰʝ ʯʘʩʪʦʪʳ ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʵʪʦʪ ʨʝʟʦʥʘʥʩ ʩʚʷʟʘʥ ʩ ʥʝʣʠʥʝʡʥʳʤ ʄʕ ʵʬʬʝʢʪʦʤ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʡ ʬʘʟʝ, ʙʫʜʝʪ 

ʨʘʚʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʵʬʬʝʢʪʘ, ʵʪʦʪ ʨʝʟʦʥʘʥʩ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʥʫʣʝʚʦʤ 

ʟʥʘʯʝʥʠʠ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ, ʠ ʝʛʦ ʚʝʣʠʯʠʥʘ ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʬʫʥʢʮʠʝʡ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺʪʦʨʦʡ ʠʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʥʠʟʢʦʯʘ-

ʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚʩʣʝʜʩʪʚʠʝ, ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʠʛʥʘʣʦʚ ʦʪ ʣʠʥʝʡʥʦʛʦ ʠ 

ʥʝʣʠʥʝʡʥʦʛʦ ʵʬʬʝʢʪʦʚ, ʥʘ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʛʥʘʣʘ ʚʦʟʥʠʢʘʝʪ ʨʘʟ-

ʥʦʩʪʴ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʘʤʠ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʤʘʢʩʠʤʫʤʦʚ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʦʙʣʘʩʪʠ ʧʦʣʝʡ, ʜʘʣʝʢʠʭ ʦʪ ʧʦʣʷ ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʝʪʠʢʘ [11].  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʦ-

ʤʝʱʝʥʠʠ ʦʙʨʘʟʮʘ ʚ ʧʝʨʝʤʝʥʥʦʝ ʠ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫ-

ʨʘ ʧʝʨʤʝʥʜʶʨ ï ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ-ʩʚʠʥʮʘ ï ʧʝʨʤʝʥʜʶʨ. ʆʙʨʘʟʝʮ ʠʤʝʣ ʧʨʷ-

ʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ɼʣʠʥʘ ʦʙʨʘʟʮʘ 20 ʤʤ, ʰʠʨʠʥʘ 5 ʤʤ, ʪʦʣʱʠʥʘ ʧʴʝʟʦʵʣʝʢ-

ʪʨʠʢʘ ï 0,35 ʤʤ ʠ ʪʦʣʱʠʥʘ ʦʜʥʦʡ ʧʣʘʩʪʠʥʳ ʧʝʨʤʝʥʜʶʨʘ ï 0,175 ʤʤ. 
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ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʭ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠ-
ʪʦʩʪʨʠʢʮʠʦʥʥʦ ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘʨʷʜʫ ʩ ʣʠʥʝʡʥʳʤ ʧʦ ʧʝʨʝ-
ʤʝʥʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʥʝʣʠʥʝʡʥʳʡ ʄʕ ʵʬʬʝʢʪ. 
ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʨʘʚʥʦʤ ʥʫʣʶ ʧʦʣʝ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ, ʠ ʚ ʦʙ-
ʣʘʩʪʠ ʩʣʘʙʳʭ ʧʦʣʝʡ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʧʝʨʝʤʝʥ-
ʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦʪ ʬʘʢʪ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʙʦ-
ʨʦʚ ʥʘ ʦʩʥʦʚʝ ʄʕ ʵʬʬʝʢʪʘ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 
ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʣʘʪʦ ʧʦʷʚʣʷʝʪʩʷ ʧʠʢʦʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʘ, ʩʚʷʟʘʥʥʦʝ ʩ 
ʥʝʣʠʥʝʡʥʳʤ ʨʝʟʦʥʘʥʩʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊɸ ʇɽʈɽɻʈɽɺɸ ʉʊʈʋʀ 

ʈɸɿʈɽɾɽʅʅʆʁ ɺʏ-ʇʃɸɿʄʓ: ʊɽʆʈʀʗ ʀ ʕʂʉʇɽʈʀʄɽʅʊ 

 

ʐʝʤʘʭʠʥ ɸ.ʖ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʨʘʜʠʦʬʠʟʠʢʠ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ  

ʂʘʟʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 

 

ɾʝʣʪʫʭʠʥ ɺ.ʉ. 

ʛ.ʥ.ʩ. ʢʘʬʝʜʨʳ ʇʅʊɺʄ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 

 

ʍʫʙʘʪʭʫʟʠʥ ɸ.ɸ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʇʅʊɺʄ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 
 

ɸʥʘʥʴʝʚ ʂ.ɺ. 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʇʅʊɺʄ ʂʘʟʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ 
 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ɺʏ-ʧʣʘʟʤʳ ʧʨʠ ʜʘʚʣʝʥʠʠ 

13.3-133 ʇʘ ʧʨʠ ʯʠʩʣʘʭ ʂʥʫʜʩʝʥʘ 8Ŀ10
-3

 Ò Kn Ò 7Ŀ10
-2
. ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʥʝʡʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ɺʏ-ʧʣʘʟʤʳ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʪʝʯʝʥʠʷ ʧʣʘʟʤʳ 

ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʙʥʘʨʫʞʝʥ ʯʠʩʣʝʥʥʦ ʠ ʧʦʜʪʚʝʨʞʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʬʬʝʢʪ 

ʨʘʟʦʛʨʝʚʘ ʩʪʨʫʠ ʧʦ ʢʨʘʷʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ɺʏ-ʧʣʘʟʤʘ, ʧʦʥʠʞʝʥʥʦʝ ʜʘʚʣʝ-

ʥʠʝ, ʧʝʨʝʭʦʜʥʳʡ ʨʝʞʠʤ, ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʘʪʦʤʳ, ʧʨʷʤʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ʇʣʘʟʤʘ ɺʏ-ʨʘʟʨʷʜʦʚ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (p = 13, 3 ī 133 ʇʘ) ʩ ʧʨʦ-

ʜʫʚʦʤ ʛʘʟʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʣʴ, ʪʠʪʘʥ, ʧʦʣʠʵʪʠʣʝʥ, ʢʦʞʘ, ʤʝʭ ʠ ʜʨ. [1-2]. ʇʣʘʟ-

ʤʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʜʘʥʥʳʤ ʚʠʜʦʤ ʨʘʟʨʷʜʘ, ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ 10
-7
ï10

-5
, ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ne=10

15
ï10

19
 ʤ

-3
, ʵʣʝʢ-

ʪʨʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ Te=1ï4 ʵɺ, ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʚ ʩʪʨʫʝ  

Ta=(3.2-10)Ŀ10
2 
K, ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʛʫʩʪʢʝ Ta=(3-4)Ŀ10

3 
ʂ.  

ɸʥʘʣʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʥʳʭ ʤʘʩʰʪʘʙʦʚ 

ʧʣʘʟʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʯʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʝʭʦʜʥʦʤ 

ʨʝʞʠʤʝ ʤʝʞʜʫ ʪʝʯʝʥʠʝʤ ʚ ʨʝʞʠʤʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʠ ʩʚʦʙʦʜʥʦʤʦʣʝʢʫʣʷʨ-

ʥʳʤ ʧʦʪʦʢʦʤ. 
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ʇʫʩʪʴ ʩʪʨʫʷ ɺʏ-ʧʣʘʟʤʳ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʪʝʢʘʝʪ ʚ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʫʶ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ ʨʘʜʠʫʩʦʤ Rvk ʠ ʜʣʠʥʦʡ Lvk ʯʝʨʝʟ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨ-

ʩʪʠʝ ʧʣʘʟʤʦʪʨʦʥʘ ʨʘʜʠʫʩʦʤ Rrk, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʙʘʟʦʚʦʡ ʧʣʠʪʝ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ [3]: 

- ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦ-

ʤʦʚ ʧʦ ʩʢʦʨʦʩʪʷʤ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩ-

ʣʝʥʥʦʡ ʩʭʝʤʳ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

- ʟʘʤʳʢʘʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ. 

ɺ ʫʨʘʚʥʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ Te [4]. ʉʠ-

ʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʘʪʦʤʦʚ [1]. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ  

ɺʏ-ʧʣʘʟʤʳ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʧʝʨʝʛʨʝʚʘ 

ʩʪʨʫʠ ʧʦ ʧʝʨʠʬʝʨʠʠ ʧʦʪʦʢʘ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʩʤ ʦʪ ʩʨʝʟʘ ʚʭʦʜ-

ʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (å650 ʂ) ʩʦʟʜʘʝʪʩʷ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʩʪʨʫʠ, ʘ ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ (ʢʨʠʚʘʷ 1). 

ʇʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʜʠʘʣʴʥʦʤ ʩʨʝʟʝ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʦʪ ʩʪʨʫʠ. ʅʘʛʨʝʚ ʛʘʟʘ ʧʦ ʧʝʨʠʬʝʨʠʠ ʩʪʨʫʠ ʚʳʟʚʘʥ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʝʟʢʠʤ ʪʦʨ-

ʤʦʞʝʥʠʝʤ ʩʪʨʫʠ ʛʘʟʘ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʢʘ-

ʤʝʨʝ. 

 
ʈʠʩ. ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ Tʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʪʨʫʠ  

ʧʨʠ ʥʘʣʠʯʠʠ ʦʙʨʘʟʮʘ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 
 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʙʳʣ ʩʦʙʨʘʥ ʬʣʘʥʝʮ ʩ 

ʪʝʨʤʦʧʘʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʨʫʠ ʚʜʦʣʴ ʝʝ ʨʘʜʠʫʩʘ ʥʘ 

ʥʝʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠ ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʣʠʯʠʝ ʟʦʥʳ ʧʝ-

ʨʝʛʨʝʚʘ. 
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ʉɽʂʎʀʗ çʍʀʄʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

ʂɺɸʅʊʆɺʆ-ʄɽʍɸʅʀʏɽʉʂʀʁ ʈɸʉʏɪʊ 

ʄʆʃɽʂʋʃʗʈʅʓʍ ʉʊʈʋʂʊʋʈ ʈʗɼɸ ɻʋɸʅʀɼʀʅɸ 
 

ɹʘʣʳʙʠʥ ɼ.ɺ. 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʈ. ɼʝʨʞʘʚʠʥʘè, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʊʘʤʙʦʚ 
 

ʇʦʧʦʚʘ ɽ.ɼ. 

ʩʪʫʜʝʥʪʢʘ 5 ʢʫʨʩʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʭʠʤʠʷè ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʈ. ɼʝʨʞʘʚʠʥʘ, 

ʈʦʩʩʠʷ, ʛ. ʊʘʤʙʦʚ  
 

ʐʘʤʩʠʝʚʘ ɽ.ɸ., ʅʝʯʫʰʢʠʥʘ ʀ.ʉ.
 

ʩʪʫʜʝʥʪʢʠ 4 ʢʫʨʩʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʭʠʤʠʷè ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʈ. ɼʝʨʞʘʚʠʥʘè, 

ʈʦʩʩʠʷ, ʛ. ʊʘʤʙʦʚ  
 

ɺʳʧʦʣʥʝʥ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʚ ʤʦʣʝʢʫʣʘʭ ʛʫʘʥʠʜʠʥʘ 

ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ: ʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ, ʤʝʪʘ-ʥʠʪʨʦʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ, ʦʨʪʦ-

ʬʪʦʨʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ, ʠʭ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ. ɺʚʝʜʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʬʝ-

ʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪ ʚʝʣʠʯʠʥʳ ʜʨʦʙʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝ-

ʤʦ ʧʨʦʪʦʥʠʨʫʝʤʳʭ ʘʪʦʤʘʭ ʘʟʦʪʘ. ɺʚʝʜʝʥʠʝ ʥʠʪʨʦ-ʛʨʫʧʧʳ ʠ ʬʪʦʨʘ ʚ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʝʪ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ, ʥʦ ʠʟʤʝʥʝʥʠʷ ʦʢʘʟʳ-

ʚʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʣʝʢʫʣʘ, ʩʪʨʫʢʪʫʨʘ, ʛʫʘʥʠʜʠʥ, ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʣʴʚʘʪʘʮʠʷ, ʧʨʦʪʦ-

ʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ. 

 

ɺʚʝʜʝʥʠʝ 

ɻʫʘʥʠʜʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘ ʤʝʪʘʣʣʘʭ [2, 6], ʚ ʩʠʣʫ ʯʝʛʦ ʤʦʛʫʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʷʪʴ 

ʢʠʥʝʪʠʢʫ ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʥʠʭ ʨʝʘʢʮʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠ-

ʪʦʚ. ʆʜʥʘʢʦ, ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʤʝʭʘʥʠʟʤ ʧʨʦ-

ʮʝʩʩʦʚ [4] ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʦʝʥʠʝʤ ʠʭ ʤʦʣʝʢʫʣ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʚʝʜʝʥʠʝʤ ʟʘʤʝ-

ʩʪʠʪʝʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʩʥʦʚʫ ʠʣʠ ʚ ʬʝʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʩʘʤ ʚʳʩʪʫʧʘʶ-

ʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʦʙʥʦʛʦ ʘʛʝʥʪʘ [5]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʢʘʢ ʛʫʘʥʠʜʠʥ, ʪʘʢ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ [1] ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʮʝʣʦ ʧʨʦʪʦʥʠʨʦʚʘʥʳ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ɺʦʟʤʦʞʥʘ ʠ ʩʦʣʴʚʘʪʘ-

ʮʠʷ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʆʙʘ ʵʬ-

ʬʝʢʪʘ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʜʘʞʝ ʟʥʘʢʘ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʘʭ ʘʟʦ-

ʪʘ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ (ʎɸ), ʢʘʢ ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʜʦʥʦʨʥʦ ï ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʜʩʦʨʙʝʥʪʦʤ [3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʢʚʘʥʪʦʚʦ ï ʤʝ-

ʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʜʨʦʙʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʩʧʦ-
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ʩʦʙʥʳʭ ʚʩʪʫʧʘʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʎɸ ʢʘʢ ʬʫʥʢʮʠʷ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ 

ʤʦʣʝʢʫʣʳ ʛʫʘʥʠʜʠʥʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʥʝʛʦ ʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, 

ʵʬʬʝʢʪʦʚ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʣʴʚʘʪʘʮʠʠ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʕʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ ʛʫʘʥʠʜʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ï ʬʝ-

ʥʠʣʙʠʛʫʘʥʠʜʠʥʘ (ʌɹɻ), ʦʨʪʦ ï ʬʪʦʨʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ (ʦ-ʌʌɹɻ), ʤʝʪʘ ï 

ʥʠʪʨʦʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ (ʤ-ʅʌɹɻ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʫʵʤʧʠʨʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ɸʄ1, MNDO). ɺ ʥʠʭ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʨʝʰʘʝʪʩʷ ʜʣʷ 

ʤʦʣʝʢʫʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʡ. ɺʩʝ 

ʤʝʪʦʜʳ ʵʪʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʚʘ-

ʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʥʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʙʘ-

ʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʦʩʣʝʜʥʠʝ ʫʩʪʨʘʥʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʦʚ ʨʷʜʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʜʸʞʥʦ ʧʦʣʫʯʘʝʤʳʭ ʚʝʣʠʯʠʥ ʠ ʫʪʦʯʥʷʶʪ ʧʦʩʪʫʣʠʨʫʝʤʳʝ ʧʨʠ-

ʙʣʠʞʝʥʠʷ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʚ ʤʦʣʝʢʫʣʝ 

ʛʫʘʥʠʜʠʥʘ (1) ʠ ʠʦʥʝ ʛʫʘʥʠʜʠʥʠʷ (2). 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʛʫʘʥʠʜʠʥʘ (1) 

ʠ ʠʦʥʝ ʛʫʘʥʠʜʠʥʠʷ (2) 
 

ɻʫʘʥʠʜʠʥ HN=C(NH2)2 ʠ ʢʘʪʠʦʥ ʛʫʘʥʠʜʠʥʠʷ H2N
+
=C(NH2)2, ʦʙʨʘʟʫʶ-

ʱʠʡʩʷ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ, ʩʪʘʙʠʣʠʟʦʚʘʥʳ ʟʘ ʩʯʝʪ ʜʝʣʦʢʘʣʠʟʘʮʠʠ. ɺ ʢʘʪʠʦʥʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʟʤʳʪ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʛʠʙʨʠʜʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʨʝʭ ʛʠʙʨʠʜʠʟʫʶʱʠʭʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩ ʨʘʚʥʦʡ ʵʥʝʨʛʠʝʡ. ɺ ʩʣʫʯʘʝ ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ (ʛʜʝ ʜʚʝ ʢʘʥʦʥʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚʢʣʶʯʘʶʪ ʨʘʟʜʝʣʝʥʠʝ ʟʘʨʷʜʘ) ʩʪʦʣʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʪʠʦʥ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʘʙʠʣʠʟʦʚʘʥʥʳʤ ʩʠʣʴʥʝʝ, 

ʯʝʤ ʥʝʡʪʨʘʣʴʥʘʷ ʤʦʣʝʢʫʣʘ, ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʛʫʘʥʠʜʠʥ ʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. ʈʘʩʯʸʪʳ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 

ʘʪʦʤʘʭ ʚ ʤʦʣʝʢʫʣʘʭ ʛʫʘʥʠʜʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʦʧʨʷʞʸʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ.  

ɹʦʣʝʝ ʦʙʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʪʘʢʦʚʘ. ɿʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ 

ʛʫʘʥʠʜʠʥʘ ʩʦʩʪʘʚʣʷʶʪ -0,246; -0,331 ʠ -0,281. ɺ ʩʣʫʯʘʝ ʠʦʥʘ ʛʫʘʥʠʜʠʥʠʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʨʘʚʥʳ: -0,320; -0,326 ʠ -0,330.  
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ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ 

 

ɺʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ ʙʠʛʫʘʥʠʜʠʥʘ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʨʠʩ. 2) 

ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʜʨʦʙʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʘʟʦʪʝ: -0,271; -0,253;  

-0,304; -0,316; -0,278, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʩʯʸʪʦʚ. ɺ ʮʝʣʦʤ ʥʘʣʠʯʠʝ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʘʨʷʜʘʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʩʠʣʫ ʵʪʦʛʦ 

ʨʂʘ
ʛʫʘʥʠʜʠʥʘ

 å ʨʂʘ
ʌɹɻ

 å 11é13,6, 

ʪʦ ʝʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ ʠ ʛʫʘʥʠʜʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥ-

ʪʠʯʥʦ. ɺʚʝʜʝʥʠʝ ʚ ʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʬʪʦʨʘ ʚ ʩʣʫʯʘʝ ʦ-ʌʌɹɻ (ʟʜʝʩʴ ʥʝ 

ʧʨʠʚʦʜʠʪʩʷ, ʪʘʢ ʢʘʢ ʥʝ ʥʝʩʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʠʣʠ ʥʠʪʨʦ-

ʛʨʫʧʧʳ ï ʤ-ʅʌɹɻ (ʨʠʩ. 3) ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪ ʜʨʦʙʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʘʜʩʦʨʙʮʠʶ, ʧʨʦʪʦʥʠ-

ʨʦʚʘʥʠʝ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ  

ʚ ʤʦʣʝʢʫʣʝ ʤʝʪʘ-ʥʠʪʨʦʬʝʥʠʣʙʠʛʫʘʥʠʜʠʥʘ 
 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ ʚ ʌɹɻ, ʦ-ʌʌɹɻ ʠ ʤ-

ʅʌɹɻ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʨʘʟʣʠʯʠʷ ʵʪʠ ʥʝ ʧʨʦ-

ʷʚʣʷʶʪʩʷ ʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʫ-

ʘʥʠʜʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʌɹɻ, ʦ-ʌʌɹɻ, ʤ-ʅʌɹɻ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʨʘʟʣʠʯʘʶʪ-

ʩʷ ʧʦ ʦʩʥʦʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʫ ʛʫʘʥʠʜʠʥʘ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʫ ʧʠʨʠʜʠʥʘ [1], ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

ʨʂʘ
NH2(NH2)2+

 > (ʨʂʘ
ʌɹɻH+ 

å ʨʂʘ
ʦ-ʌʌɹɻH+ 

å ʨʂʘ
ʤ-ʅʌɹɻH+

) > ʨʂʘ
ʉ5ʅ5NH+

 

ʠ 

(11,0 ï 13,6) > ʨʂʘ,i > 4,2. [5] 
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ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʌɹɻĀʅ3ʆ

+
solv 

 

ʅʘʣʠʯʠʝ ʠʦʥʘ ʛʠʜʨʦʢʩʦʥʠʷ ʩ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ 4 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʅ2ʆ), ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʨʦʙʥʳʭ 

ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʝ ʌɹɻ: -0,271; -0,195; -0,318; -0,303; -0,377. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʪʨʫʢʪʫʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʦʣʝʢʫʣ ʌɹɻ (ʨʠʩ. 2) ʠ ʤ-ʅʌɹɻ (ʨʠʩ. 3) 

ʠ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ ʅ3ʆ
+
 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʨʦʙʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ 

ʘʟʦʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʙʝʟ ʩʦʣʴʚʘ-

ʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘ ʦʢʩʦʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘ-

ʛʦʜʘʨʷ ʩʭʦʜʥʦʤʫ ʩʪʨʦʝʥʠʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʨʦʙʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠ ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʦʩʥʦʚʥʦʩʪʴ ʠ ʘʜʩʦʨʙʮʠʶ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʜʝʡʩʪʚʠʝ ʠʭ ʥʘ ʤʝʭʘʥʠʟʤ ʈɺɺ ʥʘ ʞʝʣʝʟʝ ʠ ʧʨʠʨʦʜʫ ʣʠʤʠʪʠʨʫʶ-

ʱʠʭ ʩʪʘʜʠʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʘʥʘʣʦʛʠʯʥʦ.  

ɺʳʚʦʜʳ: 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ (ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʨʫʧʧ ʘʪʦ-

ʤʦʚ) ʠ ʩʭʦʞʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʘʭ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʦʜʥʠʤʠ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʢʠʥʝʪʠʢʠ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʣʘʥʝ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠ-

ʯʝʩʪʚ ʇɸɺ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ. 
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ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
 

ʇʫʛʘʯʝʚ ɸ.ɼ. 
ʘʩʧʠʨʘʥʪ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
 

ʈʘʩʩʦʭʠʥ ɻ.ʀ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʆʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʰʠʥè ʈʦʩʪʦʚʩʢʦʛʦ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʥʘ ʚʳʭʦʜ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʠʘʥʠʣʠʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩ-

ʣʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ. ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʣʠʘ-

ʥʠʣʠʥʘ ʚʳʧʦʣʥʷʥʳ ʯʝʪʳʨʝʭʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦ-

ʣʠʘʥʠʣʠʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʙʝʟ ʥʠʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʘʥʠʣʠʥ, ʦʢʠʩʣʠʪʝʣʠ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ. 

 

ʉʨʝʜʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʦʣʠʘʥʠʣʠʥ [4, ʩ. 27]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʩʪʦʪʦʡ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ 

ʩʨʝʜʳ, ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʠ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʦʣʠʤʝʨʳ ʩ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩʚʷʟʷʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʧʦʣʠʘʥʠʣʠʥ, 

ʧʨʦʷʚʣʷʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ. ʏʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴ ʪʘʢʠʝ ʧʦʣʠʤʝʨʳ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʠʭ ʤʦʜʠ-

ʬʠʮʠʨʫʶʪ ʭʠʤʠʯʝʩʢʠ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ, ʪ. ʝ. ʜʦʧʠʨʫʶʪ. 

ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʘʥʠʣʠʥʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ 

[3, ʩ. 375], ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ [1, ʩ. 18] ʠ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ 

[2, ʩ 752]: ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʠ ʙʠʭʨʦʤʘʪʘ ʢʘʣʠʷ. 

ʇʦʣʠʘʥʠʣʠʥ ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʨʝʭ ʬʦʨʤʘʭ: ʵʤʝʨʘʣʴʜʠʥ, ʧʝʨʥʠʛʨʘʥʠʣʠʥ ʠ 

ʣʝʡʢʦʵʤʝʨʝʣʴʜʠʥ [5, ʩ. 13]. ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʵʤʝʨʘʣʴʜʠʥ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʢʠʩʣʝʥ ʜʦ ʧʝʨʥʠʛʨʘʥʠʣʠʥʘ ʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥ ʜʦ ʣʝʡʢʦʵʤʝʨʘʣʴʜʠʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʢʠʩʣʝʥʠʷ ʠ ʩʪʝʧʝʥʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʘʤʠ ʬʦʨʤʳ ʧʦʣʠʘʥʠʣʠʥʘ ʩʚʷʟʘʥʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʦʙ-

ʨʘʪʠʤʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʕʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ. 
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ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʵʤʝʨʘʣʴʜʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 1ï10, 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ 10
-8
ï10

-10
, ʣʝʡʢʦʵʤʝʨʘʣʴʜʠʥʘ ʤʝʥʝʝ 10

-8
 ʉʤ/ʩʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʠʘʥʠʣʠʥʘ, ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʘʥʠʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʞʝʧʝʨʝʛʥʘʥʥʳʡ ʘʥʠʣʠʥ ʤʘʨʢʠ çʯ. ʜ. ʘ.è. ɼʦ-

ʧʠʨʦʚʘʥʠʝ ʧʦʣʠʘʥʠʣʠʥʘ ʧʨʦʚʦʜʠʣʠ 0,1 ʥ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ ʠ ʩʦʣʷʥʦʡ  

ʢʠʩʣʦʪ. 

ɼʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʥʠʣʠʥʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ 

ʠʭ ʩʤʝʰʠʚʘʣʠ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ (2 ʤʣ ʘʥʠʣʠʥʘ ʠ 6,26 ʛ 

(NH4)2S2O8). ɹʳʣʠ ʧʦʣʫʯʝʥʳ 3 ʦʙʨʘʟʮʘ: 1(ʘ) ʚ 150 ʤʣ ʚʦʜʳ, 1(ʙ) ʚ 150 ʤʣ 0,1 ʥ 

ʨʘʩʪʚʦʨʘ HCl, 1 (ʚ) ʚ 150 ʤʣ 0,1 ʥ ʨʘʩʪʚʦʨʘ H2SO4.  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ FeCl3 (2 ʤʣ ʘʥʠʣʠʥʘ ʠ 5,94 ʛ FeCl3Ā6H2O) ʧʦʣʫʯʝʥʳ 2 

ʦʙʨʘʟʮʘ: 2(ʘ) ʚ 150 ʤʣ ʚʦʜʳ, 2(ʙ) ʚ 150 ʤʣ 0,1 ʥ ʨʘʩʪʚʦʨʘ HCl.  

ɺ ʦʧʳʪʘʭ ʩ ʙʠʭʨʦʤʘʪʦʤ ʢʘʣʠʷ ʨʝʘʛʝʥʪʳ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʣʠ 

ʪʘʢʞʝ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ (2 ʤʣ ʘʥʠʣʠʥʘ ʠ 2,15 ʛ K2Cr2O7). ʆʙ-

ʨʘʟʝʮ 3(ʘ) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚ 150 ʤʣ ʚʦʜʳ, 3(ʙ) ʚ 150 ʤʣ 0,1 ʥ ʨʘʩʪʚʦʨʘ HCl. 

ɼʘʥʥʳʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʦʢʠʩʣʠʪʝʣʷ ʥʘ ʚʳʭʦʜ ʧʦʣʠʘʥʠʣʠʥʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1 

ɺʳʭʦʜ ʧʦʣʠʘʥʠʣʠʥʘ ʧʨʠ ʨʘʟʥʳʭ ʦʢʠʩʣʠʪʝʣʷʭ 

ʆʢʠʩʣʠʪʝʣʴ ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʧʦʣʠʘʥʠʣʠʥʘ ɺʳʭʦʜ ʧʦʣʠʘʥʠʣʠʥʘ, ʛ 

(NH4)2S2O8 1(ʘ), 1(ʙ), 1(ʚ) 5,15, 2,13, 2,12 

FeCl3 2(ʘ), 2(ʙ) 0,32, 0,58 

K2Cr2O7 3(ʘ), 3(ʙ) 0,04, 0,25 
 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥ-

ʪʝʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚʳʭʦʜ 

ʩʥʠʞʘʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ - ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʣʠʟʘ. ʆʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʭʣʦʨʠʜʘ ʞʝ-

ʣʝʟʘ (III) ʠ ʙʠʭʨʦʤʘʪʘ ʢʘʣʠʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ 

ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʚ ʩʪʦʨʦʥʫ ʩʦʣʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʢʠʩʣʦʪʘ ʫʩʠʣʠʚʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʙʠʭʨʦʤʘʪʘ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʠ ʘʥʠʣʠʥʘ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʟ ʧʦʨʦʰʢʘ ʧʦʣʠʘʥʠʣʠʥʘ ʚ ʧʨʝʩʩ-

ʬʦʨʤʘʭ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʜʠʩʢʠ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 2-3 ʤʤ ʠ ʦʙʨʘʟʮʳ 

ʚ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʠʧʠʧʝʜʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ 

ʤʫʣɹʪʠʤʝʪʨʘ MASTECH MY-64. ʇʨʦʚʦʜʠʤʦʩʪʴ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 

,
1

l

s
R==

s
r  

ʛʜʝ r ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; s ï ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ; R ï ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʦʙʨʘʟʮʘ; l ï ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʥʦʩʠʪʝʣʷ ʟʘʨʷʜʘ; s ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ.  
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ʇʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʘʥʠʣʠʥʘ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2. 
 

ʊʘʙʣʠʮʘ 2 

ʇʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʣʠʘʥʠʣʠʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʨʘʟʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ 

 ʚ ʚʦʜʝ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʠʩʣʦʪ 

 

ʆʙʨʘʟʮʳ 

ʧʦʣʠʘʥʠʣʠʥʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩ ʨʘʟʥʳʤʠ 

ʦʢʠʩʣʠʪʝʣʷʤʠ 

ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʣʠʘʥʠʣʠʥʘ, ʉʤ/ʩʤ 

ʆʙʨʘʟʝʮ 

ʬʦʨʤʳ ʜʠʩʢʘ 

ʆʙʨʘʟʝʮ 

ʬʦʨʤʳ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

(NH4)2S2O8 2,06; 1,38 2,77; 0,90 1,78 

(NH4)2S2O8 + HCl 18,48; 15,77 10,28; 7,21 12,94 

(NH4)2S2O8 + H2SO4 33,00; 18,52 9,19 20,24 

FeCl3, FeCl3 + HCl 1,43 0,82 1,13 

K2Cr2O7 1,40Ā10
-2 

0,98Ā10
-2 

1,19Ā10
-2 

K2Cr2O7 + HCl 0,26 0,18 0,22 
 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʣʠʘʥʠʣʠʥʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʙʝʟ ʥʠʭ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʢʘʞʜʦʛʦ ʦʢʠʩʣʠʪʝʣʷ. ʊʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʙʨʠʢʝʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʧʦʨ ʠ 

ʧʫʩʪʦʪ ʚ ʦʙʨʘʟʮʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢ, ʙʨʠʢʝʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ, ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ 

ʣʫʯʰʝ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʯʝʤ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʜʘʚʣʝʥʠʷ.  

ʊʘʢʞʝ ʥʘ ʫʭʫʜʰʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʧʨʠʩʫʪ-

ʩʪʚʠʝ ʦʣʠʛʦʤʝʨʦʚ, ʥʝʧʨʦʚʦʜʷʱʠʭ ʬʦʨʤ ʧʦʣʠʘʥʠʣʠʥʘ, ʪʘʢʠʭ ʢʘʢ ʣʝʡʢʦʵʤʝ-

ʨʘʣʴʜʠʥ, ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʠʭʨʦʤʘʪʘ ʢʘʣʠʷ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʠ ʨʘʟʣʠʯ-

ʥʳʭ ʭʠʥʦʥʦʚ ʠ ʢʨʘʩʠʪʝʣʷ ʘʥʠʣʠʥʦʚʦʛʦ ʯʝʨʥʦʛʦ. 
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ɺʓʗɺʃɽʅʀɽ ʇʈʀɿʅɸʂʆɺ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʉʊɸʈɽʅʀʗ 

ɼʆʂʋʄɽʅʊʆɺ: ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʀɻʅɸʃʆɺ ʌʃʋʆʈɽʉʎɽʅʎʀʀ 

ʆʇʊʀʏɽʉʂʀʍ ʆʊɹɽʃʀɺɸʊɽʃɽʁ ʉ ʇʆɺɽʈʍʅʆʉʊʀ ɹʋʄɸɾʅʆɻʆ 

ʅʆʉʀʊɽʃʗ 
 

ʂʦʯʝʤʠʨʦʚʩʢʠʡ ɺ.ɸ. 

ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʫʜʝʙʥʳʡ ʵʢʩʧʝʨʪ ʆʆʆ çʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ  

ʵʢʦʥʦʤʠʯʝʩʢʦ-ʧʨʘʚʦʚʘʷ ʢʦʣʣʝʛʠʷè, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʭʠʤʠʢ, 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ʂʠʨʠʣʣʦʚʘ ɽ.ʆ. 

ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʫʜʝʙʥʳʡ ʵʢʩʧʝʨʪ  

ʆʆʆ çʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʦ-ʧʨʘʚʦʚʘʷ ʢʦʣʣʝʛʠʷè, ʠʥʞʝʥʝʨ-ʭʠʤʠʢ,  

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ɻʦʨʰʢʦʚʘ ʂ.ʆ. 

ʠʥʞʝʥʝʨ-ʭʠʤʠʢ 

ʆʆʆ çʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʦ-ʧʨʘʚʦʚʘʷ ʢʦʣʣʝʛʠʷè, 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ɹʦʨʠʩʦʚ ɽ.ʅ. 

ʚʝʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʣʘʟʝʨʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʥʘʫʯʥʳʡ ʧʘʨʢ, 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ,  

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ɺ ʩʫʜʝʙʥʦʡ ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʦʢʫʤʝʥʪ, ʩ 

ʮʝʣʴʶ ʬʘʣʴʩʠʬʠʢʘʮʠʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʝʪʦʜ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʩʚʝ-

ʪʦʚʦʛʦ ʠ/ʠʣʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʦʢʫʤʝʥʪ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝ-

ʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʝʙʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ, ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʦʢʫʤʝʥʪ, ʩʚʝʪʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʜʦʢʫʤʝʥʪ, ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʦʪʙʝʣʠʚʘʪʝʣʝʡ. 

 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʬʠʩʥʦʡ ʙʫʤʘʛʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʝʡ ʙʝʣʠʟʥʳ ʠʩʧʦʣʴʟʫʶʪ 

ʦʧʪʠʯʝʩʢʠʝ ʦʪʙʝʣʠʚʘʪʝʣʠ (ʙʝʣʦʬʦʨʳ) ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʩʪʠʣʴʙʝʥʘ  

[1, ʩ. 296], ʜʦʙʘʚʣʷʝʤʳʝ ʚ ʙʫʤʘʞʥʫʶ ʤʘʩʩʫ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ  

(0,01-0,1%). ʇʦʛʣʦʱʘʷ ʩʚʝʪ ʙʣʠʞʥʝʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ʋʌ) ʜʠʘʧʘʟʦʥʘ 

ʩʧʝʢʪʨʘ, ʤʦʣʝʢʫʣʳ ʵʪʠʭ ʢʨʘʩʠʪʝʣʝʡ ʬʣʫʦʨʝʩʮʠʨʫʶʪ, ʠʟʣʫʯʘʷ ʩʚʝʪ ʚ ʦʙʣʘʩʪʠ 

ʜʣʠʥ ʚʦʣʥ 400-500 ʥʤ, ʯʪʦ ʠ ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ ʙʝʣʠʟʥʳ, ʢʦʤʧʝʥʩʠʨʫʷ ʧʦʛʣʦ-

ʱʝʥʥʦʝ ʣʠʛʥʠʥʦʤ ʮʝʣʣʶʣʦʟʳ ʠʟʣʫʯʝʥʠʝ ʚ ʵʪʦʤ ʫʯʘʩʪʢʝ ʩʧʝʢʪʨʘ. ɹʫʤʘʛʠ ʨʘʟ-

ʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʪʠʡ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʦʪʣʠʯʘ-

ʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʥʝʥʥʳʭ ʦʪʙʝʣʠʚʘʪʝʣʝʡ. 

ʕʪʠ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʦʩʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʦʟ-

ʙʫʞʜʘʝʤʦʡ ʋʌ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ.  
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ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʫʤʘʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʩʚʝʪʦʚʦ-
ʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʢʨʘʩʠʪʝʣʷ, ʩʥʠʞʝʥʠʝ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʞʝʣʪʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠ-
ʟʠʨʦʚʘʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ 
ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʟʘʤʝʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʚ 
ʫʨʦʚʥʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ. 
ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʦʙʟʦʨ 
ʠ/ʠʣʠ ʬʦʪʦʩʲʝʤʢʘ ʣʠʩʪʦʚ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʩʚʝʪʦʤ ʙʣʠʞʥʝʛʦ ʋʌ ʜʠʘʧʘʟʦʥʘ ʠ 
ʪʦʯʝʯʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʟ-
ʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ. 

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʣʠ ʜʦʢʫʤʝʥʪʳ ʫʤʳʰʣʝʥʥʦʤʫ ʚʦʟʜʝʡ-
ʩʪʚʠʶ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʜʘʪʠʨʦʚʢʫ ʨʫʢʦʧʠʩʥʳʭ ʪʝʢʩʪʦʚ ʠ ʦʪʪʠʩʢʦʚ 
ʧʝʯʘʪʝʡ, ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪ-
ʙʝʣʠʚʘʪʝʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 440 ʥʤ ʧʨʠ 
ʚʦʟʙʫʞʜʝʥʠʠ ʋʌ ʠʟʣʫʯʝʥʠʝʤ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʙʝʣʠʚʘʪʝʣʷ  

ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 440 ʥʤ 
 

ʌʣʫʦʨʝʩʮʝʥʮʠʷ ʚʦʟʙʫʞʜʘʝʪʩʷ ʋʌ ʩʚʝʪʦʜʠʦʜʦʤ T9H28C (SEOUL 
SEMICONDUCTOR) ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 280 ʥʤ ʣʦʢʘʣʴʥʦ ʥʘ ʫʯʘʩʪʢʝ 
ʣʠʩʪʘ ʙʫʤʘʛʠ ʜʠʘʤʝʪʨʦʤ 4 ʤʤ. ʀʟʣʫʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʯʝʨʝʟ ʚʦʣʦʢʦʥʥʳʡ 
ʩʚʝʪʦʚʦʜ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜʥʫʶ ʱʝʣʴ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ɿʄʈ-3, ʘ ʩ ʚʳʭʦʜʥʦʡ 
ʱʝʣʠ ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʬʦʪʦʢʘʪʦʜ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʌʕʋ-100, ʩʠʛʥʘʣ ʢʦʪʦʨʦʛʦ 
ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʩʣʝ ʫʩʠʣʠʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʋ5-10. ʉʠʛʥʘʣ ʩʥʠʤʘʝʪʩʷ ʚ 
ʪʦʯʢʘʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ ʩ ʦʙʦʨʦʪʥʦʡ ʩʪʦ-
ʨʦʥʳ ʠ ʚ ʩʚʦʙʦʜʥʳʭ ʦʪ ʪʝʢʩʪʘ ʫʯʘʩʪʢʘʭ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ [2]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ:  

ï ʋ ʦʙʨʘʟʮʦʚ ʦʬʠʩʥʳʭ ʙʫʤʘʛ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʫʨʦʚʝʥʴ ʩʠʛ-

ʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʙʝʣʠʚʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 200-700 ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʭ ʝʜʠʥʠʮ. 

ï ʈʘʟʙʨʦʩ ʩʠʛʥʘʣʘ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʙʝʣʠʚʘʪʝʣʷ ʧʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ ʬʦʨʤʘʪʘ ɸ4 ʜʣʷ ʩʚʝʞʠʭ ʙʫʤʘʛ ʠ ʜʦʢʫʤʝʥʪʦʚ, ʥʝ ʧʦʜʚʝʨʛʘʚ-

ʰʠʭʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ, ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 5% ʧʦ ʫʨʦʚʥʶ ʫʪʨʦ-
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ʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪ-

ʥʦʩʪʠ 99,7%. 

ï ɺ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʫ ʙʫʤʘʛʠ, ʧʦʜʚʝʨʛʘʚʰʝʡʩʷ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ, ʧʨʦʷʚʣʷʝʪʩʷ ʫʰʠʨʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʦʣʝʝ ʯʝʤ ʥʘ 20% ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʜʚʝ ʩʪʨʘʪʳ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʙʝʣʠʚʘʪʝʣʷ ʜʣʷ ʜʦʢʫʤʝʥʪʦʚ, 

ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʬʣʶʦ-

ʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʙʝʣʠʚʘʪʝʣʷ ʜʣʷ ʜʦʢʫʤʝʥʪʦʚ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ.  

 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʙʝʣʠʚʘʪʝʣʷ ʜʣʷ ʜʦʢʫʤʝʥʪʦʚ, 

ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ 
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ï ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʙʝʣʠ-

ʚʘʪʝʣʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʙʫʤʘʞʥʦʛʦ ʣʠʩʪʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʫʤʘʛ, ʜʦʣʛʦʝ ʚʨʝʤʷ 

(ʥʝʩʢʦʣʴʢʦ ʣʝʪ) ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʣʠʙʦ 

ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠ ʨʘʚʥʦʤʝʨʥʦʤʫ ʩʚʝʪʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩ ʮʝ-

ʣʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ 

ʦʪʙʝʣʠʚʘʪʝʣʝʡ.  

ï ɼʣʷ ʙʫʤʘʛ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʪʦʧʢʘʭ, ʧʘʯʢʘʭ, ʧʘʧʢʘʭ ʨʘʟʥʠʮʘ ʩʠʛʥʘʣʦʚ ʩ 

ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%, ʠ ʩʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʠʙʦ-

ʣʝʝ ʯʘʩʪʦ ʩʦʩʪʘʚʣʷʝʪ 1-2%. 
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ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ / 

ɽ.ʅ. ɹʦʨʠʩʦʚ // ʉʫʜʝʙʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ 

ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ. ï ʉʇʙ.: ʅʇʆ çʉʫʜʵʢʩè, 2012.  

 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʉʈʆʂʆɺ ʅɸʅɽʉɽʅʀʗ ʈʋʂʆʇʀʉʅʓʍ ʅɸɼʇʀʉɽʁ 

ʀ ʆʊʊʀʉʂʆɺ ʇɽʏɸʊɽʁ ʅɸ ɼʆʂʋʄɽʅʊʓ ʉ ʇʆʄʆʑʔʖ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ʉɺɽʊɸ 

ʀ ɻɸɿʆɺʆʁ ʍʈʆʄɸʊʆɻʈɸʌʀʀ  
 

ʂʦʯʝʤʠʨʦʚʩʢʠʡ ɺ.ɸ. 

ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʫʜʝʙʥʳʡ ʵʢʩʧʝʨʪ ʆʆʆ çʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ  

ʵʢʦʥʦʤʠʯʝʩʢʦ-ʧʨʘʚʦʚʘʷ ʢʦʣʣʝʛʠʷè, ʭʠʤʠʢ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ʂʠʨʠʣʣʦʚʘ ɽ.ʆ. 

ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʫʜʝʙʥʳʡ ʵʢʩʧʝʨʪ  

ʆʆʆ çʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʦ-ʧʨʘʚʦʚʘʷ ʢʦʣʣʝʛʠʷè, ʠʥʞʝʥʝʨ-ʭʠʤʠʢ,  

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ɻʦʨʰʢʦʚʘ ʂ.ʆ. 

ʠʥʞʝʥʝʨ-ʭʠʤʠʢ,  

ʆʆʆ çʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʦ-ʧʨʘʚʦʚʘʷ ʢʦʣʣʝʛʠʷè, 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ʊʫʤʢʠʥ ʀ.ʀ. 

ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʫʜʝʙʥʳʡ ʵʢʩʧʝʨʪ 

ʆʆʆ çʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʦ-ʧʨʘʚʦʚʘʷ ʢʦʣʣʝʛʠʷè, ʭʠʤʠʢ,  

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʫʯʠʪʳʚʘʷ ʝʞʝʛʦʜʥʳʡ ʨʦʩʪ ʥʘʛʨʫʟʢʠ ʥʘ ʩʫʜʝʙʥʦ-ʵʢʩʧʝʨʪʥʳʝ 

ʫʯʨʝʞʜʝʥʠʷ, ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʘʥʘʣʠʟʘ 



34 

ʜʦʢʫʤʝʥʪʦʚ ʢʘʢ ʥʠʢʦʛʜʘ ʘʢʪʫʘʣʝʥ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʥʘʥʝʩʝʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʥʘʜʧʠʩʝʡ ʠ ʦʪʪʠʩʢʦʚ ʧʝʯʘʪʝʡ ʥʘ ʜʦʢʫʤʝʥʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʝʙʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʦʚ ʜʘʚʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʥʘʥʝʩʝʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʥʘʜʧʠʩʝʡ ʥʘ 

ʜʦʢʫʤʝʥʪʳ, ʧʠʰʫʱʠʝ ʩʦʩʪʘʚʳ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʩʫʜʝʙʥʦʡ ʵʢʩ-

ʧʝʨʪʠʟʳ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʨʘʤʘʥʦʢʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʨʫʢʦʧʠʩʥʳʭ ʥʘʜʧʠʩʝʡ 

ʠ ʦʪʪʠʩʢʦʚ ʧʝʯʘʪʝʡ, ʥʘʥʝʩʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʨʥʠʣ ʜʣʷ ʛʝʣʝʚʳʭ ʨʫʯʝʢ 

ʠʣʠ ʢʘʧʠʣʣʷʨʥʳʭ ʨʫʯʝʢ, ʧʘʩʪ ʜʣʷ ʰʘʨʠʢʦʚʳʭ ʨʫʯʝʢ ʠ ʰʪʝʤʧʝʣʴʥʳʭ ʢʨʘʩʦʢ 

ʯʝʨʥʦʛʦ ʠ ʩʠʥʝʛʦ ʮʚʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʘʩʠʪʝʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ, ʥʘ ʜʦ-

ʢʫʤʝʥʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʧʠʩʯʝʡ ʙʫʤʘʛʝ, ʭʨʘʥʠʚʰʠʭʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦ-

ʚʠʷʭ: ʪʝʤʧʝʨʘʪʫʨʘ (20Ñ5) ÁC, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ (70ï95) %, 

ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ (730ï780) ʤʤ ʨʪ. ʩʪ. ʙʝʟ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʝʪʘ, 

ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ.  

ɸʣʛʦʨʠʪʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʢʨʘʩʠʪʝʣʷ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʚʠʜʘ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʤʧʠʨʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʝʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʜʘʣʝʝ ʥʘ ʨʠʩʫʥʢʘʭ 1-3, ʚ ʪʘʙʣʠʮʘʭ 1-3, ʠ ʠʟʤʝʨʝʥʠʝ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʣʷ ʣʠʥʠʡ ʧʨʠ ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʜʘʥʥʦʤʫ ʪʠʧʫ ʢʨʘʩʠʪʝʣʝʡ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʦʚ ʧʠʰʫʱʠʭ ʩʦʩʪʘʚʦʚ ˉ 1ï10, ʩʦʜʝʨ-

ʞʘʱʠʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʝ ʩʧʠʨʪʦ- ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʨʘʩʠʪʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 785 ʥʤ 
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ʊʘʙʣʠʮʘ 1 
ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʧʠʰʫʱʠʭ ʩʦʩʪʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʝ 

ʩʧʠʨʪʦ- ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʨʘʩʠʪʝʣʠ 
ˉ 
ʣʠ-
ʥʠʠ 

ʆʙʣʘʩʪʠ ʯʘʩʪʦʪ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʝ-
ʩʢʠʭ ʣʠʥʠʡ, ʩʤ

-1
 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʣʠʥʠʡ* 

ˉ  
ʣʠʥʠʠ 

ʆʙʣʘʩʪʠ ʯʘʩʪʦʪ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʝ-
ʩʢʠʭ ʣʠʥʠʡ, ʩʤ

-1
 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʣʠʥʠʡ* 

1 500 M 9 1092 M 

2 569 M 10 1184 M 

3 600 M 11 1266 W 

4 661 M 12 1339 S 
5 717 M 13 1399 W 

6 748 S 14 1450 W 

7 915 M 15 1540 S 
8 955 W 16 1616 W 

*S (Strong) ï ʩʠʣʴʥʳʡ; M (Medium) ï ʩʨʝʜʥʠʡ; W (Weak) ï ʩʣʘʙʳʡ. 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʦʚ ʧʠʰʫʱʠʭ ʩʦʩʪʘʚʦʚ ˉ 1-10, 

ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʘʨʠʣʤʝʪʘʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ 
ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 532 ʥʤ 

ʊʘʙʣʠʮʘ 2 
ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʧʠʰʫʱʠʭ ʩʦʩʪʘʚʦʚ,  
ʩʦʜʝʨʞʘʱʠʭ ʪʨʠʘʨʠʣʤʝʪʘʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ 

ˉ 
ʣʠʥʠʠ 

ʆʙʣʘʩʪʠ ʯʘʩʪʦʪ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 
ʣʠʥʠʡ, ʩʤ

-1
 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʣʠʥʠʡ* 

ˉ 
ʣʠʥʠʠ 

ʆʙʣʘʩʪʠ ʯʘʩʪʦʪ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 
ʣʠʥʠʡ, ʩʤ

-1
 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʣʠʥʠʡ* 

1 526 W 10 1176 S 
2 563 W 11 1308 M 

3 684 W 12 1369 S 
4 729 M 13 1448 W 
5 765 M 14 1488 W 

6 805 S 15 1536 M 
7 915 S 16 1587 M 
8 974 W 17 1620 S 
9 1079 W 18 1721 W 

*S (Strong) ï ʩʠʣʴʥʳʡ; M (Medium) ï ʩʨʝʜʥʠʡ; W (Weak) ï ʩʣʘʙʳʡ. 
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ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʦʚ ʧʠʰʫʱʠʭ ʩʦʩʪʘʚʦʚ ˉ1-10,  

ʩʦʜʝʨʞʘʱʠʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʝ ʧʠʛʤʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 785 ʥʤ 

ʊʘʙʣʠʮʘ 3 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʧʠʰʫʱʠʭ ʩʦʩʪʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʝ ʧʠʛʤʝʥʪʳ 

ˉ 

ʣʠ-

ʥʠʠ 

ʆʙʣʘʩʪʠ ʯʘʩʪʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝ-

ʩʢʠʭ ʣʠʥʠʡ, ʩʤ
-1

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʠʥʠʡ* 

ˉ 

ʣʠʥʠʠ 

ʆʙʣʘʩʪʠ ʯʘʩʪʦʪ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʣʠʥʠʡ, ʩʤ
-1
 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʣʠ-

ʥʠʡ* 

1 483 M 11 1008 W 

2 594 W 12 1109 W 

3 642 W 13 1144 M 

4 680 S 14 1195 W 

5 716 W 15 1217 W 

6 747 S 16 1307 W 

7 780 W 17 1340 S 

8 832 W 18 1450 M 

9 849 W 19 1522 S 

10 954 M 20 1721 W 

* S (Strong) ï ʩʠʣʴʥʳʡ; M (Medium) ï ʩʨʝʜʥʠʡ; W (Weak) ï ʩʣʘʙʳʡ. 
 

ʀʟʤʝʨʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʣʠʥʠʡ 

ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʨʘʤʘʥʦʚ-

ʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ). ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʨʫʢʦʧʠʩʥʳʭ ʥʘʜʧʠʩʝʡ ʠ ʦʪʪʠʩʢʦʚ 

ʧʝʯʘʪʝʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 440 ʩʤ
-1 
ʜʦ 1735 ʩʤ

-1
 ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 

ʚʦʟʙʫʞʜʝʥʠʷ 532 ʠ 785 ʥʤ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʠʜ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʨʘʩʠʪʝʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʧʠʰʫʱʠʭ ʩʦʩʪʘ-

ʚʘʭ [1, ʩ. 947-951]. 




















































































































































































































































