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ɸʉ ï ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ 

ɸʉm  ï ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ 

ɹɼʉױ ï ɹװʢʽʣᴅʣʝʤʜʽʢ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ײʡʳʤʳ 

ɹʕʊ ᴅʜʽʩʽ ï ɹʨʫʥʘʫʵʨ, ʕʤʤʝʪ ʞᴅʥʝ ʊʝʡʣʦʨ ᴅʜʽʩʽ 

ɻʍɸ ï ɻʘʟ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ʘʥʘʣʠʟ 

ɼʊɸ ï ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʠʷʣʳץ ʘʥʘʣʠʟ 

ɼʊɻ ï ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ 

ʀפ-ʩʧʝʢʪʨ ï ʀʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨ 

ʇʍɹ ï ʇʦʣʠʭʣʦʨʙʠʬʝʥʠʣ 

ʈʌɸ ï ʈʝʥʪʛʝʥʬʘʟʘʣʳץ ʘʥʘʣʠʟ 

Sʤʙ  ï ʄʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥ 

ʉʕʄ  ï ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧ 

ʊɻɸ ï ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʘʥʘʣʠʟ 

ʊʕʄ ï ʊʨʘʥʩʤʠʩʩʠʦʥʜʳ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ 

ʊʆʃ ï ʊײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ 

ɼʄʉʆ ï ɼʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʗʄʈ ï ʗʜʨʦʣʳץ ʤʘʛʥʠʪʪʽ ʨʝʟʦʥʘʥʩ 

ʇʍɼʌ ï ɼʠʙʝʥʟʦʬʫʨʘʥ  

ʇʍɼɼ ï ɼʠʙʝʥʟʦʜʠʦʢʩʠʥ  

ᴆʂɿ ï ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ 
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ʂɯʈɯʉʇɽ 

 

ɾײʤʳʩʪʳש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʩʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ 

ʭʣʦʨʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨʜʳץ שʦʨʰʘסʘʥ ʦʨʪʘʜʘסʳ ʤᴇʣʰʝʨʽʥ ʟʝʨʪʪʝʡ 

ʦʪʳʨʳʧ, ʘʪʘʣʤʳʰ ʟʘʪʪʘʨסʘ ʞʘʪʘʪʳʥ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣ (ʇʍɹ) ʞᴅʥʝ 

ʭʣʦʨʙʝʥʟʦʣʜʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʜʝʭʣʦʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʛʝʪʝʨʦʛʝʥʜʽ 

ʤʦʥʦ- ʞᴅʥʝ ʙʠʤʝʪʘʣʜʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ᴅʟʽʨʣʝʫʛʝ ʘʨʥʘʣסʘʥ.  

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ. ʍʣʦʨʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש 

ʙʽʨץʘʪʘʨ ʙᴇʣʽʛʽ, ʩʦʥʳש ʽʰʽʥʜʝ ʇʍɹ ï ץʘʫʽʧʪʽ ʵʢʦʪʦʢʩʠʢʘʥʪ ʨʝʪʽʥʜʝ ʉʪʦʢʛʦʣʴʤ 

ʂʦʥʚʝʥʮʠʷʩʳ ʰʝʰʽʤʽʤʝʥ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰ (ʊʆʃ) ʨʝʪʽʥʜʝ 

ʪʽʨʢʝʣʽʧ, ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ װʨʜʽʩʽʥʝʥ ᴇʪʫʽ ʪʠʽʩ [1]. 2001 

ʞʳʣʜʳ22 ש ʤʘʤʳʨʳʥʜʘ ʉʪʦʢʛʦʣʴʤʜʝ ץʘʙʳʣʜʘʥסʘʥ ʊʆʃ-ʜʳ ץʦʣʜʘʥʫ, ʩʘץʪʘʫ, 

 ʩʘʪʳʥʜʘץʳʤʝʥ ʞʦʶ ʤʘסʘ ʪʘʨʘʪʫ ʞᴅʥʝ ᴇʥʜʽʨʽʩʽʥ ʪʦʣʳסʘʥ ʦʨʪʘסʦʨʰʘץ

ʉʪʦʢʛʦʣʴʤʜʝ ץʘʙʳʣʜʘʥסʘʥ ʂʦʥʚʝʥʮʠʷ 2007 ʞʳʣʜʳ7 ש ʤʘʫʩʳʤʳʥʜʘ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʟʘשʳʤʝʥ ʨʘʪʠʬʠʢʘʮʠʷʣʘʥʜʳ [2]. ʉʪʦʢʛʦʣʴʤ ʂʦʥʚʝʥʮʠʷʩʳ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʙʽʨ ʙᴇʣʽʛʽ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʊʆʃ-ʤʝʥ ʪʽʢʝʣʝʡ, ʞʘʥʘʤʘ, 

ʥʝʤʝʩʝ ʘʧʘʪʪʳץ ʘʥʪʨʦʧʦʛʝʥʜʽ ᴅʩʝʨʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽʥ ʞᴅʥʝ ʥʝʛʽʟʛʽ 

ʢᴇʟʽʥ ʘʥʳץʪʘʫ ʤʝʥ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ ʵʢʦ-ʘʥʘʣʠʪʠʢʘʣʳץ ʢʦʥʮʝʧʮʠʷʩʳʥʘʥ 

ʪײʨʘʜʳ.  

-ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʪʝʨʨʠʪʦʨʠʷʩʳʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʇʍɹץʘʟʘפ

 ʳʥʘʥ ʝʣʽʤʽʟ ʊʄɼסʘʥ ʞʝʨ ʢᴇʣʝʤʽ ʞʘסʳʣʘʨ ʤʝʥ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʦʥʜʳʨץ

ʽʰʽʥʝʥ ʈʝʩʝʡʜʝʥ ʢʝʡʽʥ ʝʢʽʥʰʽ ʦʨʳʥסʘ ʠʝ ʙʦʣʳʧ ʦʪʳʨ. ʈʝʩʧʫʙʣʠʢʘʤʳʟʜʘ ʇʍɹ-

ʤʝʥ ʣʘʩʪʘʥסʘʥ ʩʝʛʽʟ çץʘʫʽʧʪʽ ʥװʢʪʝʣʝʨè ʘʥʳץʪʘʣסʘʥ. ʇʍɹ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש 

80%-ʳ ʐʳסʳʩ פʘʟʘץʩʪʘʥ ʦʙʣʳʩʳ ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʜʘ ʰʦסʳʨʣʘʥסʘʥ. ʆʩʳ 

ʫʘץʳʪץʘ ʜʝʡʽʥ ʘʨʪʳץ ʤᴇʣʰʝʨʜʝ ᴇʥʜʽʨʽʣʽʧ, ץʦʨʰʘסʘʥ ʦʨʪʘ ʥʳʩʘʥʜʘʨʳʥ 

ʣʘʩʪʘסʘʥ ʊʆʃ, ʩʦʥʳש ʽʰʽʥʜʝ ʇʍɹ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ᴅʜʽʩʧʝʥ 

ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʳʣʫʳ ץʘʞʝʪ. ʇʍɹ-ʥʳײץ שʨʘʤʳ ʤʝʥ ʦʥʳ ʞʦʶ ᴅʜʽʩʪʝʨʽ ᴅʨʪװʨʣʽ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʜײʨʳʩ ᴅʜʽʩʪʽ ʪʘשʜʘʫ, ʙʘʨ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʜʽ ʞʘץʩʘʨʪʫ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ʪᴅʩʽʣʤʝʥ ʦʣʘʨʜʳ ʞʘשʘ ᴇʥʽʤʛʝ ʘʡʥʘʣʜʳʨʫ ᴇʪʝ ʤʘשʳʟʜʳ. 

ɹײʣ ʇʍɹ-ʥʳ ʪװʨʣʝʥʜʽʨʽʧ, ʪʦʢʩʠʢʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʽʥ ʪᴇʤʝʥʜʝʪʫʛʝ 

ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʝʪʽʥ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʜʽ ᴅʟʽʨʣʝʫ ᴇʟʝʢʪʽ ʝʢʝʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ.  

ʊʆʃ-ʜʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫʜʳש ʦʥʳש ʘʛʨʝʛʘʪʪʳץ ʢװʡʽʥʝ, 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ, ᴅʜʽʩʪʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʦʣʜʘʥʘʪʳʥ ʙʽʨʰʘʤʘ ᴅʜʽʩʪʝʨʽ ʙʘʨ [3-7]. ʊʆʃ-ʜʳ 

ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʜʠʦʢʩʠʥ ʪᴅʨʽʟʜʽ ץʦʩʘʣץʳ ᴇʥʽʤʥʽש ʪװʟʽʣʫ ʤװʤʢʽʥʰʽʣʽʛʽ 

ʞʦסʘʨʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʉʪʦʢʛʦʣʴʤ ʂʦʥʚʝʥʮʠʷʩʳʥʳ5 ש ʙʘʙʳ ʙʦʡʳʥʰʘ װʟʜʽʢ 

ʪʝʭʥʦʣʦʛʠʷ ץʦʣʜʘʥʳʣʫʳ ʪʠʽʩ. [4-5] ɿʝʨʪʪʝʫʣʝʨʜʝ ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʞʘשʘ ʪװʨʽʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʇʍɹ-ʥr  ʪʦʪʳץʩʳʟʜʘʥʜʳʨʘ ʦʪʳʨʳʧ, ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫʜʳש ʟʘʤʘʥʘʫʠ 

ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɹײʣ ᴅʜʽʩʪʽש ʝʨʝʢʰʝʣʽʛʽ ï ʜʠʙʝʥʟʦʬʫʨʘʥ 

(ʇʍɼʌ) ʞᴅʥʝ ʜʠʙʝʥʟʦʜʠʦʢʩʠʥ (ʇʍɼɼ) ʩʝʢʽʣʜʽ ʜʠʦʢʩʠʥʜʽ ץʦʩʘʣץʳ 

ᴇʥʽʤʜʝʨʽʥʽש ʪװʟʽʣʫ ʢʝʧʽʣʜʽʛʽ ᴇʪʝ ʘʟ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʇʍɹ-ʜʘסʳ ʛʘʣʦʛʝʥʜʽ 

ʩʫʪʝʛʽʤʝʥ ʘʣʤʘʩʪʳʨʫ ʢᴇʤʽʨʩʫʪʝʢ ʤʦʣʝʢʫʣʘʩʳʥ ץʘʡʪʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʧ, ʞʘשʘ 
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ᴇʥʽʤ ʘʣʫסʘ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʝʜʽ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʨʝʩʫʨʩʪʳ װʥʝʤʜʝʫ ʤʘץʩʘʪʳʥʘ 

ʩʘʡ ʢʝʣʝʜʽ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳ ʞᴇʥʩʽʟ ʞײʤʩʘʫʜʳ ʘʟʘʡʪʘʜʳ.  

ɻʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʜʝʭʣʦʨʣʘʫ װʨʜʽʩʽʥʜʝ ᴅʨ 

ʪװʨʣʽ ʪʘʩʳʤʘʣʜʘסʳʰ ʥʝʛʽʟʽʥʜʝʛʽ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ [4-

5]. ʂʝʡ ʞʘסʜʘʡʜʘ ʢʘʪʘʣʠʟʘʪʦʨ ײץʨʘʤʳʥʜʘסʳ ʧʘʣʣʘʜʠʡʜʽש ʤᴇʣʰʝʨʽ 10%-סʘ 

ʜʝʡʽʥ ʞʝʪʝʪʽʥʜʽʢʪʝʥ, ʙײʣ װʨʜʽʩ ץʳʤʙʘʪץʘ ʪװʩʝʜʽ. ʉʦʥʜʳץʪʘʥ, Pd ʥʝʛʽʟʽʥʜʝʛʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʨʟʘʥ ʙʦʣʘʪʳʥ ʘʫʳʩʧʘʣʳ 

ʤʝʪʘʣʜʘʨʤʝʥ ʘʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʘʣʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʝʢʝʥʜʽʛʽ ʙʝʣʛʽʣʽ. 

ʉʦʥʜʳץʪʘʥ, ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʊʆʃ-ʜʳש ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʜʘסʳ 

 ʪʘʣʳʧ, ʇʍɹ ʤʝʥ ʭʣʦʨʙʝʥʟʦʣʜʳץʳ ʤᴇʣʰʝʨʽ ʘʥʳסʘʥ ʦʨʪʘ ʥʳʩʘʥʜʘʨʳʥʜʘסʦʨʰʘץ

ʢʘʪʘʣʠʪʠʢʘʣʳץ ʜʝʭʣʦʨʣʘʫ װʰʽʥ ʧʘʣʣʘʜʠʡ ʤᴇʣʰʝʨʽ ʘʟʘʡʪʳʣסʘʥ ʞᴅʥʝ ʤʳʩ ʧʝʥ 

ʥʠʢʝʣʴ ʩʝʢʽʣʜʽ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣסʘʥ ʤʦʥʦ- ʞᴅʥʝ 

ʙʠʤʝʪʘʣʣʜʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʘʣʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʢʘʪʘʣʠʟʘʪʦʨסʘ ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʰʽʣʽʛʽ ʟʝʨʪʪʝʣʜʽ.  

ʄᴅʩʝʣʝʥʽש ʰʝʰʽʣʫ ʜᴅʨʝʞʝʩʽ. ɽʣʽʤʽʟʜʝʛʽ ץʦʨʰʘסʘʥ ʦʨʪʘ ʥʳʩʘʥʜʘʨʳʥʳש 

ʊʆʃ-ʤʝʥ ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ᴅʣʽ ʜʝ 

ʘʡʤʘץʪʳץ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ʜʝשʛʝʡʜʝʛʽ ʣʘʩʪʘʥʫ ʢᴇʟʽ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʽʧ ʦʪʳʨ. 

 ʳʪץʞʠʳʨʤʘ ʞʳʣʜʘʥ ʘʩʪʘʤ ʫʘ שʳ ʇʍɹ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳסʘʥ ʦʨʪʘʜʘסʦʨʰʘפ

ʘʨʘʣʳסʳʥʜʘ (1980-2017 ʞ.) ᴇʟʛʝʨʤʝʫʽ ʝʢʽʥʰʽʣʽʢ ʣʘʩʪʘʥʫ ʤʝʥ ʇʍɹ-

ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʣʳץ ץʦʥʜʳʨסʳʣʘʨʜʳש ᴅʣʽ ʜʝ ʙʦʣʩʘ ץʦʣʜʘʥʳʩʪʘ ʙʦʣʫʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʇʍɹ-ʥʳ ʢᴇʧ ʞʳʣʜʘʨ ʙʦʡʳ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʳש 

 ʘʟʽʨʛʽ ʢʝʟʜʝʛʽץ èשʢʪʝʣʝʨʜʽװʘʫʽʧʪʽ ʥץʳ ʤʝʥ çסʜʳʣʳשʘʥ ʦʨʪʘʜʘ ʪʘʨʘʣʫ ʟʘסʦʨʰʘץ

ʣʘʩʪʘʥʫ ʜᴅʨʝʞʝʩʽʥ ʥʘץʪʳʣʘʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʇʍɹ-ץʦʥʜʳʨסʳʣʘʨʜʳ 

ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ʪʝʭʥʦʣʦʛʠʷ ᴅʟʽʨʣʝʫ 

ʞײʤʳʩʪʘʨʳʥʳש ᴇʟʝʢʪʽ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʽʧ ʦʪʳʨ.  

ᴄʜʝʙʠ ʰʦʣʫ ï ʛʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʜʝʭʣʦʨʣʘʫסʘ ʘʨʥʘʣסʘʥ 

ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʩʝʣʝʢʪʠʚʪʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴅʟʽʨʣʝʫʛʝ ʘʨʥʘʣסʘʥ ʙʽʨץʘʪʘʨ 

ʞײʤʳʩʪʘʨ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʘʥʳץʪʘʜʳ. ʂᴇʧʪʝʛʝʥ ʞײʤʳʩʪʘʨ ʩʫʪʝʛʽʥ ʙᴇʣʽʧ ʘʣʳʧ, 

ʇʍɹ-ʜʘסʳ C-Cl ʙʘʡʣʘʥʳʩʪʳ װʟʫʛʝ ʤװʤʢʽʥʰʽʣʽʛʽ ʞʦסʘʨʳ Pt ʞᴅʥʝ Pd 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ. ɸʨʦʤʘʪʪʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ 

ʜʝʛʘʣʦʛʝʥʜʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʩʝʣʝʢʪʠʚʪʽʣʽʛʽ 

ʢʘʪʘʣʠʟʘʪʦʨ ʪװʨʽʥʝ, ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʞᴅʥʝ ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ʆʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʘסʳ 

ʧʘʣʣʘʜʠʡ ʤᴇʣʰʝʨʽ 10% (ʤʘʩʩʘ ʙʦʡʳʥʰʘ) ʞᴅʥʝ ʦʜʘʥ ʞʦסʘʨʳ ʤᴇʣʰʝʨʜʽ 

 שʘʩʳʥʳסʙʘ שʣ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳײʪʘʣʜʳ. ɹץʨʘʡʪʳʥʳ ʘʥʳײץ

ʞʦסʘʨʳ ʙʦʣʫʳʥʘ ᴅʢʝʣʽʧ, ʇʍɹ-ʥʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʽʨʽ 

ʤʘʩʰʪʘʙʪʘסʳ ᴇʥʜʽʨʽʩ ʨʝʪʽʥʜʝ ʜʘʤʫʳʥʘ ʢʝʜʝʨʛʽ ʙʦʣʘʨʳ ʩᴇʟʩʽʟ.  

 ʘʩʠʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳץ ץʝʨʝʢʰʝ ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳ שʘʟʽʨʛʽ ʢʝʟʜʝ ᴇʟʽʥʽפ

ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨʜʳ ʢʘʪʘʣʠʟ ʩʘʣʘʩʳʥʜʘ ץʦʣʜʘʥʫ ᴇʪʝ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʦʪʳʨ. 

ʉʦʥʜʳץʪʘʥ, ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʙʘסʘʩʳ ʪᴇʤʝʥ, ʤʳʩʘʣʳ ʤʳʩ, ʥʠʢʝʣʴ 

ʩʝʢʽʣʜʽ ʤʝʪʘʣʜʘʨʤʝʥ çʘʨʘʣʘʩʪʳʨʫè ʘʨץʳʣʳ ʢʘʪʘʣʠʟʘʪʦʨ ײץʥʳʥ ʘʟʘʡʪʫ ᴇʟʝʢʪʽ 

ʝʢʝʥʜʽʛʽ ʤᴅʣʽʤ. ɹײʣ ʩʘʣʘʜʘ ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʩʝʣʝʢʪʠʚʪʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʫ װʰʽʥ 



7 
 

ʪʠʽʤʜʽ ʪʘʩʳʤʘʣʜʘסʳʰ ʪʘשʜʘʧ, ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʫ 

  .ʘʞʝʪʪʽʛʽ ʪʫʳʥʜʘʡʜʳץ

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽ. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ: ʇʍɹ-ʜʽש ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʜʘסʳ ץʦʨʰʘסʘʥ ʦʨʪʘ 

ʥʳʩʘʥʜʘʨʳʥʜʘסʳ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʧ, ʇʍɹ ʤʝʥ ʭʣʦʨʙʝʥʟʦʣʜʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʜʝʭʣʦʨʣʘʫ װʰʽʥ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʧ, 

ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʤʳʩ ʧʝʥ ʥʠʢʝʣʴ ʩʝʢʽʣʜʽ ʘʫʳʩʧʘʣʳ 

ʤʝʪʘʣʜʘʨ ʢᴇʤʝʛʽʤʝʥ ʤʦʥʦ- ʞᴅʥʝ ʧʘʣʣʘʜʠʡ ʤᴇʣʰʝʨʽ ʘʟʘʡʪʳʣסʘʥ Pd-Cu/ACm, 

Pd-Ni/ACm ʙʠʤʝʪʘʣʜʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʫ.  

ɹײʣ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ץʦʡʳʣʜʳ: 

- Pd, Cu ʞᴅʥʝ Ni ʤʝʪʘʣʜʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʤʦʥʦ- ʞᴅʥʝ Pd-Cu, Pd-Ni 

ʙʠʤʝʪʘʣʜʳץ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʫʜʘ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ װʰʽʥ ʦʥʳ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫסʘ ץʘʞʝʪʪʽ ʪʠʽʤʜʽ ʨʝʘʛʝʥʪ (ʪײʟ, ʬʦʩʬʦʨ, ʘʟʦʪ, ʢװʢʽʨʪ ʞᴅʥʝ 

ʩʽʨʢʝ ץʳʰץʳʣʜʘʨʳ, ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ, ʩʫʪʝʛʽ ʧʝʨʦʢʩʠʜʽ) ʪװʨʣʝʨʽʥ ʘʥʳץʪʘʫ 

ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢᴇʤʽʨʜʽש (ACm) ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʽʥ 

ʟʝʨʪʪʝʫ; 

- ʇʍɹ ʥʝʛʽʟʽʥʜʝʛʽ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨʜʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 
ʘʨץʳʣʳ ʜʝʭʣʦʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʤʝʪʘʣʜʘʨʳʥʳש ʤᴇʣʰʝʨʽ (ʤʘʩʩʘʣʳץ, %): Pd ï 

5%; Cu ï 10%; Ni ï 10%; Pd-Cu ï 3:7% ʩᴅʡʢʝʩʽʥʰʝ; Pd-Ni ï 3:7% 

ʩᴅʡʢʝʩʽʥʰʝ ʙʦʣʘʪʳʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-7Cu/ACm, 3Pd-

7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩʠʥʪʝʟʜʝʧ, ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨ̔ʥ 

ʘʥʳץʪʘʫ; 

- ʄʳʩʪʳש ʤᴇʣʰʝʨʽ 1% ʞᴅʥʝ 3% ʙʦʣʘʪʳʥ 1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩʠʥʪʝʟʜʝʫʜʽש ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦʥʳש ʬʠʟʠʢʦ-

ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʽʥ ʟʝʨʪʪʝʫ. 

 ʘʥ ᴆʩʢʝʤʝʥסʳʨʣʘʥסʳ ʰʦסʘʣʜʳץ ʇʍɹ 80% שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ -

 ʣʛʽʣʝʨʽʥʜʝʛʽ ʇʍɹװ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ ץʪʦʧʳʨʘ שʘʣʘʩʳʥʳץ

ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʦʣʘʨʜʳש ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʜʘסʳ 

ʪʘʨʘʣʫ ʘʡʤʘסʳʥ ʙʝʣʛʽʣʝʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʇʍɹ-ʥʳ ʙᴇʣʽʧ ʘʣʫʜʳש ʪʠʽʤʜʽ 

ʵʢʩʪʨʘʛʝʥʪʽʥ ʘʥʳץʪʘʫ;  

- 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-7Cu/ACm, 3Pd-7Ni/ACm ʞᴅʥʝ 1Cu/ɸʉm 

ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩᴅʡʢʝʩʽʥʰʝ ʇʍɹ ʤʝʥ ʭʣʦʨʙʝʥʟʦʣʜʳ 

ʢʘʪʘʣʠʪʠʢʘʣʳץ ʛʠʜʨʦʜʝʭʣʦʨʣʘʫ ᴅʜʽʩʽʤʝʥ ʪװʨʣʝʥʜʽʨʫʜʽש ʪʠʽʤʜʽ ʨʝʞʠʤʽʥ 

ʘʥʳץʪʘʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ. ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥʜʝʛʽ ʇʍɹ 

ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʤᴇʣʰʝʨʽ; ʪײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ 

ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ; ʩʠʥʪʝʟʜʝʣʛʝʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 

3Pd-7Cu/ACm, 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʇʍɹ-ʥʳ ʢʦʥʚʝʨʩʠʷʣʘʫ 

ʤװʤʢʽʥʰʽʣʽʛʽ ʞᴅʥʝ 1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽ 

ʤʝʥ ʦʣʘʨʜʳש ʭʣʦʨʙʝʥʟʦʣʜʳ ʢʦʥʚʝʨʩʠʷʣʘʫ ʜᴅʨʝʞʝʩʽ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ. ʊײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 

5Pd/ACm, 3Pd-7Cu/ACm, 3Pd-7Ni/ACm ʞᴅʥʝ ʤʳʩʪʳש ʤᴇʣʰʝʨʽ 1%, 3% ʙʦʣʘʪʳʥ 
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1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩᴅʡʢʝʩʽʥʰʝ ʇʍɹ ʤʝʥ 

ʭʣʦʨʙʝʥʟʦʣʜʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʜʝʭʣʦʨʣʘʫ. 

ɿʝʨʪʪʝʫ ᴅʜ̔ ʩʪʝʨʽ. נʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʳ ʙʘʨʳʩʳʥʜʘ ʢʣʘʩʩʠʢʘʣʳץ 

ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʊʦʧʳʨʘץ 

ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥʜʝʛʽ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʤᴇʣʰʝʨʽʥ, 

ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨ ʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳײץ שʨʘʤʳ ʤʝʥ 

 ʫʥʠʚʝʨʩʠʪʝʪʽ ץʪʝʭʥʠʢʘʣʳ ץʣʪʪʳײ ץʘʟʘפ ʳסʉᴅʪʙʘʝʚ ʘʪʳʥʜʘ .פ ʨʣʳʤʳײץ

ʠʥʞʝʥʝʨʣʽʢ ʙʝʡʽʥʜʽ ʟʝʨʪʭʘʥʘʩʳ, ʅʘʟʘʨʙʘʝʚ ʋʥʠʚʝʨʩʠʪʝʪʽʥʽש ʠʥʞʝʥʝʨʣʽʢ ʞᴅʥʝ 

ʮʠʬʨʣʳס ץʳʣʳʤʜʘʨ ʤʝʢʪʝʙʽ ʤʝʥ ʉ.ɸʤʘʥʞʦʣʦʚ ʘʪʳʥʜʘסʳ ʐʳסʳʩ פʘʟʘץʩʪʘʥ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽײ שʞʳʤʜʳץ ʧʘʡʜʘʣʘʥʫʜʘסʳ ײʣʪʪʳס ץʳʣʳʤʠ ʟʝʨʪʭʘʥʘʩʳ 

ʙʘʟʘʩʳʥʜʘ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʣʜʽ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, װʣʛʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫ ʤʝʥ ʟʝʨʪʪʝʫʜʽש ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ: 

- ʊʦʧʳʨʘװ ץʣʛʽʣʝʨʽ 28168-89 ʄʝʤʉʪ çʇʦʯʚʘ. ʆʪʙʦʨ ʧʨʦʙè ʙʦʡʳʥʰʘ 

ʢʦʥʚʝʨʪʪʽʢ ᴅʜʽʩʧʝʥ ʘʣʳʥʜʳ; 

- ʉʫ ʰᴇʛʽʥʜʽʣʝʨʽʥʽװ שʣʛʽʣʝʨʽ ʄʝʤʉʊ 17.1.5.01-80 çʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. 

ɻʠʜʨʦʩʬʝʨʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʙʦʨʫ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴè ʙʦʡʳʥʰʘ ᴆʩʢʝʤʝʥ ץʘʣʘʩʳ 

çᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ (ʋʂʂɿ) ʤʘשʳʥʜʘסʳ ɽʨʪʽʩ ᴇʟʝʥʽʥʝʥ ʘʣʳʥʜʳ; 

- ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ çBehr R 104S-SKè (ɻʝʨʤʘʥʠʷ) ʩʦʢʩʣʝʪʽʥʜʝ 

ʵʢʩʪʨʘʢʮʠʷʣʘʥʜʳ;  

- ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ ʵʢʩʪʨʘʢʪʳʥʜʘסʳ ʇʍɹ ʤᴇʣʰʝʨʽ ʢʚʘʜʨʫʧʦʣʴʜʳ 
ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʣʽʢ Agilent GC 7890A MS 5975C ʛʘʟ ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ 

(ɻʍ/ʄʉɼ) ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ (ɸפʐ); 

- Pd, Cu, Ni ʞᴅʥʝ Pd-Cu, Pd-Ni ʦʧʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ 

ᴅʜʽʩʧʝʥ ʫʣʴʪʨʘʢװʣʛʽʥ ʦʙʣʳʩʳʥʜʘ (Specord 210 plus BU, ɻʝʨʤʘʥʠʷ) 

ʘʥʳץʪʘʣʜʳ; 

- ʊײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʢᴇʤʽʨ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 

3Pd-7Cu/ACm, 3Pd-7Ni/ACm ʞᴅʥʝ ʤʳʩʪʳש ʤᴇʣʰʝʨʽ 1%, 3% ʙʦʣʘʪʳʥ 

1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳײץ שʨʳʣʳʤʳ ʤʝʥ 

ʤʦʨʬʦʣʦʛʠʷʣʘʨʳ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʪʦʤʝʪʨ ᴅʜʽʩʽʤʝʥ Panalytical XôPERT 

PRO MRD (ʅʠʜʝʨʣʘʥʜ) ʞᴅʥʝ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳץ ʘʥʘʣʠʟʘʪʦʨʣʳ ʞʦסʘʨʳ 

ʚʘʢʫʫʤʜʳ ʨʘʩʪʦʨʣʳץ ʤʠʢʨʦʩʢʦʧʪʘ (Auriga Crossbeam 540, ɻʝʨʤʘʥʠʷ) 

ʟʝʨʪʪʝʣʜʽ;  

- ʊײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʢᴇʤʽʨ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 

3Pd-7Cu/ACm, 3Pd-7Ni/ACm ʞᴅʥʝ ʤʳʩʪʳש ʤᴇʣʰʝʨʽ 1%, 3% ʙʦʣʘʪʳʥ 

1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳ ʀʂ-

ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ ʌʊ-801 (ʈʝʩʝʡ) ᴅʜʽʩʽʤʝʥ ʟʝʨʪʪʝʣʜʽ;  

- ʉʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʜʘסʳ Pd, Cu, Ni ʞᴅʥʝ Pd-Cu, Pd-Ni 

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ CCD Morada (OLYMPUS) ʩʘʥʜʳץ 

ʬʦʪʦʢʘʤʝʨʘʩʳ ʙʘʨ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ ᴅʜʽʩʽʤʝʥ (ʇʕʄ) JEM 1400 

(JEOL, ɾʘʧʦʥʠʷ) ʟʝʨʪʪʝʣʜʽ; 
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- ʂʘʪʘʣʠʟʘʪʦʨ ʢʝʫʝʢʪʽʣʽʛʽ ʤʝʥ ʙʝʪʢʽ ʩʠʧʘʪʪʘʤʘʩʳ, ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʟʦʪ 
ʘʜʩʦʨʙʮʠʷʩʳ ɹʕʊ ᴅʜʽʩʽ ʢᴇʤʝʛʽʤʝʥ (Nitrogen Porosimeter automated gas 

sorption analyzer, Anton Paar, ɸʚʩʪʨʠʷ) ץʦʥʜʳʨסʳʩʳʥʜʘ ʘʥʳץʪʘʣʜʳ; 

- ʂʘʪʘʣʠʟ װʨʜʽʩʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ᴇʥʽʤ ï ʢʚʘʜʨʫʧʦʣʴʜʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʣʽʢ Agilent GC 7890A MS 5975C ʛʘʟ ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ (ɸפʐ). 

ɸʣʳʥסʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʥᴅʪʠʞʝʣʝʨʜʽס שʳʣʳʤʠ ʞʘשʘʣʳסʳ.  

- ɸʣסʘʰ ʨʝʪ Pd, Cu ʞᴅʥʝ Ni ʤʝʪʘʣʜʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʤʦʥʦ- ʞᴅʥʝ Pd-Cu, Pd-Ni 

ʙʠʤʝʪʘʣʜʳץ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ᴅʟʽʨʣʝʫʜʝ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ װʰʽʥ, ʦʥʳ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫסʘ ץʘʞʝʪʪʽ ʪײʟ, ʬʦʩʬʦʨ, ʘʟʦʪ, ʢװʢʽʨʪ ʞᴅʥʝ ʩʽʨʢʝ 

 ʳʣʜʘʨʳ, ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ ʤʝʥ ʩʫʪʝʛʽ ʧʝʨʦʢʩʠʜʽ ʽʰʽʥʝʥ ʪʠʽʤʜʽץʳʰץ

ʨʝʘʛʝʥʪ ʘʥʳץʪʘʣʳʧ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢᴇʤʽʨʜʽש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ 

 ;ʘʩʠʝʪʽ ʟʝʨʪʪʝʣʜʽץ

- ɸʣסʘʰ ʨʝʪ ʤʘʩʩʘʣʳץ ʤᴇʣʰʝʨʽ ʤʦʥʦʤʝʪʘʣʜʳץ ʢʘʪʘʣʠʟʘʪʦʨʜʘ 5%-סʘ, ʘʣ 

ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʤʝʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʤʳʩ ʞᴅʥʝ ʥʠʢʝʣʴʤʝʥ 

ʘʨʘʣʘʩʪʳʨʳʣסʘʥ ʙʠʤʝʪʘʣʜʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʘ 3%-סʘ ʘʟʘʡʪʳʣסʘʥ ʧʘʣʣʘʜʠʡ 

ʪײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʢᴇʤʽʨ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣʳʧ, 5Pd/ACm, 3Pd-7Cu/ACm ʞᴅʥʝ 3Pd-

7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʤʘʩʩʘʣʳץ ʤᴇʣʰʝʨʽ 10-סʘ ʪʝש 

10Cu/ɸʉm ʞᴅʥʝ 10Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʩʠʥʪʝʟʜʝʣʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʘʥʳץʪʘʣʜʳ;  

- ʄʳʩʪʳש ʤᴇʣʰʝʨʽ 1%, 3% ʙʦʣʘʪʳʥ 1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʪײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʫ ʘʨץʳʣʳ ʤʦʥʦʤʝʪʘʣʜʳץ 

ʢʘʪʘʣʠʟʘʪʦʨ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽ ᴅʟʽʨʣʝʥʜʽ; 

- ᴆʩʢʝʤʝʥ ץʘʣʘʩʳ ץʦʨʰʘסʘʥ ʦʨʪʘ ʥʳʩʘʥʜʘʨʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʪʦʧʳʨʘץ ʞᴅʥʝ ʩʫ 

ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽ ײץʨʘʤʳʥʜʘסʳ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳʣʘʨ 

ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʤᴇʣʰʝʨʽ ʘʥʳץʪʘʣʳʧ, ʦʣʘʨʜʳש 

ʪʘʨʘʣʫ ʘʡʤʘץʪʘʨʳ ʙʝʣʛʽʣʝʥʜʽ; 

- 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-7Cu/ACm, 3Pd-7Ni/ACm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʢᴇʤʝʛʽʤʝʥ ʇʍɹ-ʥʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʛʠʜʨʦʜʝʭʣʦʨʣʘʫʜʳש 

ʪʠʽʤʜʽ ʨʝʞʠʤʽ ʘʥʳץʪʘʣʜʳ. 

- ʄʳʩʪʳש ʤᴇʣʰʝʨʽ 1%, 3% ʙʦʣʘʪʳʥ 1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʭʣʦʨʙʝʥʟʦʣʜʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʛʠʜʨʦʜʝʭʣʦʨʣʘʫʜʳש ʢʦʥʚʝʨʩʠʷʣʘʥʫ ʜᴅʨʝʞʝʩʽ ʟʝʨʪʪʝʣʜʽ. 

ʊʘץʳʨʳʧʪʳס שʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʞʦʩʧʘʨʳʤʝʥ ʞᴅʥʝ 

ᴅʨʪװʨʣʽ ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʳ.  

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ פ.ʀ.ʉᴅʪʙʘʝʚ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ 

ʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʠʥʞʝʥʝʨʣʽʢ ʙʝʡʽʥʜʽ ʟʝʨʪʭʘʥʘʩʳʥʜʘ 

 ʳʣʳʤנ ,ʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽסʳʣʳʤ ʞᴅʥʝ ʞʦס ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ

ʢʦʤʠʪʝʪʽʥʽש ʥʳʩʘʥʘʣʳ ץʘʨʞʳʣʘʥʜʳʨʫʳʥʳ2018 ˉ ש/BR05236302 

çᴆʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩʪʽש ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʵʢʦʣʦʛʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ 

 ץʳ ʭʠʤʠʷʣʳסʨʫ ʩʘʣʘʩʳʥʜʘײץ ʘ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳשʰʽʥ ʞʘװ
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ʢʣʘʩʪʝʨʜʝʛʽ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʥʝʛʽʟʜʝʫè ʘʪʪʳ 2018-2020ʞ. 

ʥʳʩʘʥʘʣʳ ץʘʨʞʳʣʘʥʜʳʨʫ ʞʦʙʘʩʳ ʘʷʩʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. 

 

  :ʠʜʘʣʘʨסʘץ ʩʳʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽײ ʘסʘʫסʦʨפ

- ʕʤʠʩʩʠʷ ʢᴇʟʜʝʨʽʥʝ ʞʘץʳʥ ʘʫʤʘץʪʘʨʜʘסʳ (ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ 
(ᴆʂɿ) ʘʫʤʘסʳ) ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽʥʜʝ ʇʍɹ-ʥʳװ-'244 שʰʭʣʦʨʙʠʬʝʥʠʣ (ʊʍɹ); 

22'55'-ʊʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ (ʊʝʪʨʘʍɹ); 22'455'-, 23'455'-, 23'44'5 ï 

ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ (ʇʥʍɹ); 22'44'55'-, 22'344'5' ï ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ (ɻʢʍɹ) 

ʞᴅʥʝ 22'344'55'- ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣ (ɻʧʍɹ) ʢʦʥʛʝʥʝʨʣʝʨʽ ʢʝʟʜʝʩʝʜʽ. ʉʫ 

ʰᴇʛʽʥʜʽʩʽʥʜʝ ʇʍɹ ʢʦʥʛʝʥʝʨʽ 244' ï ʊʍɹ-ʤʝʥ ʰʝʢʪʝʣʝʜʽ. ʊʦʧʳʨʘץʪʳש 

ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʣʘʩʪʘʥʫʳ ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ (ᴆʂɿ) ʤʝʥ ᴆʂɿ-

ʥʽש ʩʫ ʞʠʥʘʫ ʘʡʤʘסʳʥʜʘ ʞᴅʥʝ ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʢʝʰʝʥʜʝ 

ʘʥʳץʪʘʣʳʧ, ʰʝʢʪʽ ʨʘʫʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʪʝʥ ʩᴅʡʢʝʩʽʥʰʝ 2,26-4,83 ʝʩʝ (ʇʍɹ 

ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ); 3,01 ʞᴅʥʝ 1,87 ʝʩʝ (ʊʍɹ ʤᴇʣʰʝʨʽ 

ʙʦʡʳʥʰʘ) ʞʦסʘʨʳ. ʉʫ ʰᴇʛʽʥʜʽʣʝʨʽ ʣʘʩʪʘʥʫʳʥʳש ʝש ʞʦסʘʨʳ ʜʝשʛʝʡʽ ɽʨʪʽʩ 

ᴇʟʝʥʽʥʽש ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ ʘʫʤʘץʪʘʨʳʥʜʘ ʙʘʡץʘʣʘʜʳ ʞᴅʥʝ 

ʰʝʢʪʽ ʨʘʫʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʪʝʥ 3 ʝʩʝ ʘʨʪʳץ. ʃʘʩʪʘʥסʘʥ ʦʙʲʝʢʪʽʣʝʨʜʝʥ ʇʍɹ-ʥʳ 

ʪʦʣʳץʪʘʡ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʵʢʩʪʨʘʛʝʥʪ ʨʝʪʽʥʜʝ ɼʄʉʆ ʤʝʥ ʛʝʢʩʘʥ ץʦʩʧʘʩʳʥʳש 

 .ʘʨʳ ʤᴅʥʛʝ ʠʝ ʙʦʣʘʜʳסʘʪʳʥʘʩʳʥʜʘ ʞʦץ 1:4

- ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ װʰʽʥ 

 ,ʳʣʜʘʨʳץʳʰץ ʢʽʨʪ ʞᴅʥʝ ʩʽʨʢʝװʟ, ʬʦʩʬʦʨ, ʘʟʦʪ, ʢײʘʥ ʢʦʥʮʝʥʪʨʣʽ ʪסʦʣʜʘʥʳʣץ

ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ ʤʝʥ ʩʫʪʝʛʽ ʧʝʨʦʢʩʠʜʽ ʽʰʽʥʝʥ ʪײʟ ץʳʰץʳʣʳ Ca, Mg, Na 

ʞᴅʥʝ K ʩʠʷץʪʳ ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘʣʘʨʜʳ ʝʨʽʪʽʧ, ʘʜʩʦʨʙʮʠʷʣʳץ ʩʳʡʳʤʜʳʣʳץ 

ʧʝʥ ʧʦʣʷʨʣʳץʪʳש ʞʦסʘʨʳʣʘʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʦʪʪʝʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳ 

ʪʦʧʪʘʨʜʳש, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʢʘʨʙʦʢʩʠʣ ʪʦʙʳʥʳש ʩʘʥʳʥ ʘʨʪʪʳʨʘ ʦʪʳʨʳʧ, 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽש ʙʘʩʪʘʧץʳ ײץʨʳʣʳʤʳʥ ʩʘץʪʘʧ ץʘʣʘʪʳʥʜʳץʪʘʥ, 

ʪʠʽʤʜʽ ʤʦʜʠʬʠʢʘʪʦʨ ʩʘʥʘʣʘʜʳ. ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʪײʟ ץʳʰץʳʣʳʤʝʥ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʜʘ (ɸʉm) ï ʪʘʩʳʤʘʣʜʘסʳʰ ʙʝʪʽʥʽש ʘʫʜʘʥʳ, ʤʠʢʨʦʢʝʫʝʢ 

ʞᴅʥʝ ʤʝʟʦʢʝʫʝʢ ʢᴇʣʝʤʽʥʜʝ ᴇʟʛʝʨʽʩ ʪʫʳʧ, HCl ʦʥʜʘסʳ ʙʝʪʪʽʢ ʪʦʧʪʘʨʤʝʥ 

ʙʝʣʩʝʥʜʽ ᴅʨʝʢʝʪʪʝʩʝʜʽ.  

- ʇʍɹ ʥʝʛʽʟʽʥʜʝʛʽ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨʜʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 
ʘʨץʳʣʳ ʜʝʭʣʦʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʜʘסʳ ʤʝʪʘʣʜʘʨʜʳש ʦשʪʘʡʣʳ 

ʤᴇʣʰʝʨʽ: Pd ï 5%; Cu ï 10%; Ni ï 10%; Pd-Cu ï 3:7% ʩᴅʡʢʝʩʽʥʰʝ; Pd-Ni ï 

3:7% ʩᴅʡʢʝʩʽʥʰʝ. Pd, Cu, Ni ʞᴅʥʝ Pd-Cu, Pd-N ̔ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʙʝʣʩʝʥʜʽ ʢᴇʤʽʨ (ɸʉm) ʙʽʨ-ʙʽʨʽʤʝʥ ʢʘʨʙʦʢʩʠʣ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʙʳ ʘʨץʳʣʳ 

ʙʘʡʣʘʥʳʩʘʜʳ. ʇʍɹ-ʥʳ 5Pd/ACm, 10Cu/ɸʉm, 10Ni/ACm, 3Pd-7Cu/ACm ʞᴅʥʝ 

3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʤʝʥ ʛʠʜʨʦʜʝʭʣʦʨʣʘʫʜʘ ʤʝʪʘʥʦʣʜʳ ץʦʣʜʘʥʫ 

ʵʪʘʥʦʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʇʍɹ-ʥ  rʪװʨʣʝʥʜʽʨʫ װʨʜʽʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ 

ʝʢʽ ʝʩʝ ʪᴇʤʝʥʜʝʪʫʛʝ, ʞʦסʘʨʳ ץʳʩʳʤʜʳ ץʦʣʜʘʥʙʘʡ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʤᴇʣʰʝʨʽʥ 2 ʝʩʝ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʝʜʽ. ɸʪʘʣʤʳʰ 

ʞʘסʜʘʡʜʘ ʇʍɹ-ʥʳש ʙʠʬʝʥʠʣʛʝ ʢʦʥʚʝʨʩʠʷʣʘʥʫ ʜᴅʨʝʞʝʩʽ 2-19,07 ʙʽʨʣʽʢʢʝ 

ʘʨʪʘʜʳ.  

- 1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽ ᴅʟʽʨʣʝʥʽʧ, ʦʩʳ 

ʪᴅʩʽʣ ʙʦʡʳʥʰʘ Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘסʳ 1% ʞᴅʥʝ 3% ʤʳʩ ʤᴇʣʰʝʨʽ 
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ʽʰʽʥʝʥ ʪʠʽʤʜʽʩʽ 3Cu/ɸʉm ʙʦʣʜʳ. 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʳ ʭʣʦʨʙʝʥʟʦʣʜʳ 

ʙʝʥʟʦʣסʘ 94,46% ʢʦʥʚʝʨʩʠʷʣʘʡʜʳ.  

ɿʝʨʪʪʝʫʜʽש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳײץ ץʥʜʳʣʳסʳ.  

ɼʠʩʩʝʨʪʘʮʠʷʥʳ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʜʘʡʳʥʜʘʣסʘʥ ᴆʩʢʝʤʝʥ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ ʞᴅʥʝ ʘʪʘʣʤʳʰ ʟʘʫʳʪץʘ ץʘʨʘʩʪʳ ʙײʨʳʥסʳ ʩʫ 

ʞʠʥʘץʪʘסʳʰ ʘʡʤʘסʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽ ʙʝʣʛʽʣʝʥʛʝʥ ʢʘʨʪʘʣʘʨ 

ʤʝʥ ʇʍɹ ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ï ʘʨʥʘʡʳ ʦʨʪʘ ʞᴅʥʝ ʞʦסʘʨʳ 

ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʭʠʤʠʷ ʞᴅʥʝ ʵʢʦʣʦʛʠʷ ʧᴅʥʜʝʨʽʥ ʦץʳʪʫʜʘ ץʘʞʝʪʪʽ ʤʘʪʝʨʠʘʣ 

ʨʝʪʽʥʜʝ, ʊʆʃ-ʜʳ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʦʥʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʞװʨʛʽʟʽʣʝʪʽʥ 

 ץʘʥ ʵʢʦʣʦʛʠʷʣʳסʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʫʜʘ ʤʘʤʘʥʜʘʥʜʳʨʳʣײʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞס

  .ʦʣʜʘʥʳʣʘ ʘʣʘʜʳץ ʡʳʤʜʘʨʜʘײ

ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʤʦʥʦ- ʞᴅʥʝ ʙʠʤʝʪʘʣʜʘʨסʘ 

ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ װʰʽʥ ʞװʨʛʽʟʽʣʛʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʜʘסʳ 

ʪʠʽʤʜʽ ʨʝʘʛʝʥʪʪʽ ʘʥʳץʪʘʫ ʞײʤʳʩʳ ʞʘʣʧʳ ʢʘʪʘʣʠʟ ʩʘʣʘʩʳʥʜʘ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʢᴇʤʽʨʜʽ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤ ʩʘʣʘʩʳʥ ʢʝשʝʡʪʝ ʪװʩʝʜʽ. 

ʄʘʩʩʘʣʳץ ʤᴇʣʰʝʨʽ ʘʟʘʡʪʳʣסʘʥ ʞᴅʥʝ ʤʳʩ ʧʝʥ ʥʠʢʝʣʴ ʩʝʢʽʣʜʽ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʜʝ ʘʨʟʘʥ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣסʘʥ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʳʥ 

 ʨʣʝʥʜʽʨʫʜʝװʘ ʪץʩʘʥʘʪʳʥʘ ʞʘʪʘʪʳʥ ʇʍɹ-ʥʳ ʟʠʷʥʩʳʟ ʟʘʪ ץʘʣʜʳץ ʘʟʽʨʛʽ ʢʝʟʜʝץ

 ץʘʪʘʨ, ʵʢʦʥʦʤʠʢʘʣʳץ ʪʘʫʤʝʥץʘʥ ʦʨʪʘʥʳ ʫʣʳ ʟʘʪʪʘʨʜʘʥ ʩʘסʦʨʰʘץ ,ʦʣʜʘʥʫץ

ʞʘסʳʥʘʥ ʪʠʽʤʜʽ ʪʝʭʦʣʦʛʠʷʥʳ ᴅʟʽʨʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʇʍɹ-ʥʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʛʠʜʨʦʜʝʭʣʦʨʣʘʫ װʨʜʽʩʽʥʽש ʨʝʞʠʤʽʥ ʪʠʽʤʜʽ ʪװʨʜʝ 

ʦשʪʘʡʣʘʥʜʳʨʫ - ʢʘʪʘʣʠʟʜʝʛʽ ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʜʽ ʢʝשʝʡʪʽʧ, ʪײʨʘץʪʳ 

ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨʜʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ ʩʘʣʘʩʳʥʘ ᴇʟ װʣʝʩʽʥ ץʦʩʘʜʳ. 

ɸʚʪʦʨʜʳש ʞʝʢʝ װʣʝʩʽ. ɼʠʩʩʝʨʪʘʥʪ ᴇʟ ʙʝʪʽʥʰʝ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥ 

ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ᴅʜʝʙʠ ʜʝʨʝʢʪʝʨʜʽ ʽʟʜʝʩʪʽʨʽʧ, ʪʘʣʜʘʫ ʞʘʩʘʜʳ. פʦʡʳʣסʘʥ 

ʤʘץʩʘʪ ʧʝʥ ʤʽʥʜʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʜʽ. ʇʍɹ ʤʝʥ 

ʭʣʦʨʙʝʥʟʦʣʜʳ ʜʝʭʣʦʨʣʘʫʜʘ ʪᴇʤʝʥ ʧʘʡʳʟʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʳʩ ʧʝʥ ʥʠʢʝʣʴ 

ʤʝʪʘʣʜʘʨʳʤʝʥ ץʦʩʘץʪʘʣסʘʥ ʙʠʤʝʪʘʣʜʳץ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʩʠʥʪʝʟʜʝʧ, 

ʦʥʳש ʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʜʽ. ʄʳʩ ʤᴇʣʰʝʨʽ 1% ʞᴅʥʝ 

3% ʙʦʣʘʪʳʥ ʞᴅʥʝ ʪײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢᴇʤʽʨ 

ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ 1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʧ, ʭʣʦʨʙʝʥʟʦʣʜʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʜʝʭʣʦʨʣʘʫʜʘʥ ᴇʪʢʽʟʜʽ. ɸʣʳʥסʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʥᴅʪʠʞʝʣʝʨʛʝ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʞʘʩʘʡ ʦʪʳʨʳʧ, סʳʣʳʤʠ ʤʘץʘʣʘʣʘʨ ᴅʟʽʨʣʝʜʽ ʞᴅʥʝ 

ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʪװʨʽʥʜʝ ץʦʨʳʪʳʥʜʳʣʘʧ ʞʘʟʜʳ.  

ɾײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳץ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʘʧʨʦʙʘʮʠʷʣʘʥʫʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʝʩʽ סʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ 

ʞʘʨʠʷʣʘʥʜʳ: 5th Edition of Global Conference on Catalysis, Chemical 

Engineering and Technology, London, UK September 16-18, 2019; 18th IUPAC 

International Symposium on Macro Molecular Complexes (MMC-18), Moscow, 

Russia, June 10-13, 2019; ʍ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ɹʝʨʝʤʞʘʥʦʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʭʠʤʠʠ 

ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 24-25 ʦʢʪʷʙʨʷ 2019. 

ɾʘʨʠʷʣʘʥʳʤʜʘʨ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ 

ʙʽʨʣʝʩʢʝʥ 8 ʘʚʪʦʨʣʳץ ʙʘʩʳʣʳʤʜʘ, ʦʥʳש ʽʰʽʥʜʝ Scopus ʞᴅʥʝ Thomson Reuters 
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ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʙʘʩʳʣʳʤʜʘʨʜʘ 1 ʤʘץʘʣʘ; 

 ʘʨʳ ʙʽʣʽʤסʳʣʳʤ ʞᴅʥʝ ʞʦס שʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽסʳʣʳʤ ʞᴅʥʝ ʞʦס ʈפ

ʩʘʧʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽ (נʞɾɹʉפʂ) ײʩʳʥסʘʥ סʳʣʳʤʠ ʙʘʩʳʣʳʤʜʘ - 

3 ʤʘץʘʣʘ; ʭʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ ʨʝʩʧʫʙʣʠʢʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳש 

ʤʘʪʝʨʠʘʣʜʘʨrʥʜʘ 4 ʤʘץʘʣʘ ʤʝʥ ʙʘʷʥʜʘʤʘ ʪʝʟʠʩʪʝʨʽ ʞʘʨʠʷʣʘʥʜʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʳײץ שʨʳʣʳʤʳ ʤʝʥ ʢᴇʣʝʤʽ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ 

ʢʽʨʽʩʧʝʜʝʥ, 3 ʪʘʨʘʫʜʘʥ, ץʦʨʳʪʳʥʜʳʜʘʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ 

ʪʽʟʽʤʽʥʝʥ ʪײʨʘʜʳ. ɼʠʩʩʝʨʪʘʮʠʷ 121 ʙʝʪʪʝʥ, 24 ʢʝʩʪʝʜʝʥ, 90 ʩʫʨʝʪʪʝʥ ʪײʨʘʜʳ. 

ʇʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ 171 ʜʝʨʝʢʢᴇʟʜʝʥ ʪײʨʘʜʳ. 
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1 ʊױʈɸפʊʓ ʆʈɻɸʅʀʂɸʃʓפ ʃɸʉʊɸʋʐʓ ɿɸʊʊɸʈɼʓר (ʊʆʃ) 

ɾɸʃʇʓ ʉʀʇɸʊʊɸʄɸʉʓ 

 

1.1 ʊײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰץʘ ץʘʪʳʩʪʳ ʭʘʣrץʘʨʘʣʳץ ʝʨʝʞʝʣʝʨ 

 

ɸʜʘʤʥʳש ᴅʨʝʢʝʪʽ ʢᴇʧ ʞʘסʜʘʡʜʘ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʪײʨʘץʪʳ ʪװʨʜʝ 

ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ ʤʝʥ ץʦʩʳʣʳʩʪʘʨʳʥʳש ʞʘשʘ ʪװʨʣʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ʳץʧʘʣ ʝʪʝʜʽ. פʘʟʽʨʛʽ ʢʝʟʜʝ ʘʩʘ ץʘʫʽʧʪʽ ʟʘʪʪʘʨ ʪʦʙʳʥʘ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ 

ʣʘʩʪʘסʳʰʪʘʨ (ʊʆʃ) ʞʘʪʘʜʳ. ʊʨʘʥʩʰʝʢʘʨʘʣʳץ ʘʫʘʥʳש ʣʘʩʪʘʥʫʳ ʪʫʨʘʣʳ 

ʢʦʥʚʝʥʮʠʷ ʭʘʪʪʘʤʘʩʳʥʜʘ ʊʆʃ ʪʝʨʤʠʥʽ ʘʣסʘʰ ʨʝʪ 1979 ʞʳʣʳ ʪʨʘʥʩʰʝʢʘʨʘʣʳץ 

ʣʘʩʪʘסʳʰʪʘʨʜʳש ʘʣʳʩ ʞʘץץʘ ʪʘʨʘʣʫʳ ʪʫʨʘʣʳ ʤᴅʩʝʣʝ ʢᴇʪʝʨʽʣʛʝʥʜʝ ʘʡʪʳʣʳʧ, 

1998 ʞʳʣʳ 24 ʤʘʫʩʳʤʜʘ ʆʨʭʫʩ ץʘʣʘʩʳʥʜʘ (ɼʘʥʠʷ) ץʦʣ ץʦʡʳʣסʘʥ [6, 8]. 

ʍʘʪʪʘʤʘʜʘ 16 ʟʘʪ ʊʆʃ ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʝʥʜʽ:  

11 ʧʝʩʪʠʮʠʜ (ʘʣʴʜʨʠʥ, ʭʣʦʨʜʘʥ, ʜʠʣʴʜʨʠʥ, ɼɼʊ, ʵʥʜʨʠʥ, ʤʠʨʝʢʩ, ɻʍʎɻ 

(ʣʠʥʜʘʥ), ʪʦʢʩʘʬʝʥ, ʛʝʧʪʘʭʣʦʨ, ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ); 

2 ᴇʥʜʽʨʽʩʪʽʢ ʭʠʤʠʷʣʳץ ʟʘʪ (ʛʝʢʩʘʙʨʦʤʦʙʠʬʝʥʠʣ, ʧʦʣʠʭʣʦʨʣʳ ʙʠʬʝʥʠʣ); 

 ʦʩʳʤʰʘ ᴇʥʽʤ (ʧʦʣʠʭʣʦʨʜʠʙʝʥʟʦʜʠʦʢʩʠʥʜʝʨ, ʬʫʨʘʥʜʘʨ ʞᴅʥʝץ 3

ʧʦʣʠʮʠʢʣʜʽ ʘʨʦʤʘʪʪʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ) [6]. 

ʆʩʳ ʍʘʪʪʘʤʘ ʰʝשʙʝʨʽʥʜʝ ʊʆʃ-סʘ ʢʝʣʝʩʽ ץʘʩʠʝʪʪʝʨ ʙʝʨʽʣʜʽ: 

1) ʫʣʳ; 

2) ʪײʨʘץʪʳ; 

3) ʙʠʦʣʦʛʠʷʣʳץ ʞʠʥʘץʪʘʣʫסʘ ʙʝʡʽʤ; 

4) ʪʨʘʥʩʰʝʢʘʨʘʣʳץ ʘʪʤʦʩʬʝʨʘʜʘ ײʟʘץ ʤʝʨʟʽʤʜʽ ʪʘʩʳʤʘʣʜʘʥʫסʘ ʞᴅʥʝ 

ʰᴇʛʫʛʝ ʙʝʡʽʤ; 

5) ʧʘʡʜʘ ʙʦʣʫ ʢᴇʟʜʝʨʽʥʝʥ ʞʘץʳʥ ʥʝ ʘʣʳʩ ʙʦʣʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ ʘʜʘʤ 

ʜʝʥʩʘʫʣʳסʳʥʘ ʥʝʤʝʩʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʘʡʪʘʨʣʳץʪʘʡ ץʘʫʳʧʪ ̔ ᴅʩʝʨ ʝʪʫʽ 

ʤװʤʢʽʥ.  

çɿʘʪè ʪʝʨʤʠʥʽ ʙʽʨ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʳ, ʥʝ ץʘʩʠʝʪʪʝʨʽ ץײʩʘʩ ʙʽʨʥʝʰʝ 

ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʳ ʥʝʤʝʩʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʙʽʨʛʝ ʪװʩʝʪʽʥ ʥʝʤʝʩʝ ʙᴇʣʝʢ 

ᴇʥʽʤ ʨʝʪʽʥʜʝ ʩʘʪʳʣʘʪʳʥ ץʦʩʧʘסʘ ʙʘʡʣʘʥʳʩʪʳ ʞʝʢʝ ʪʦʧʪʘʥ ʪײʨʘʪʳʥ ʙʽʨʥʝʰʝ 

ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʘʡʪʘʜʳ. ɹײʣ ʊʆʃ (ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ 

 .ʩʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽװʪʳ ʤᴇʣʰʝʨʽ 16 ʩʘʥʳʥʘʥ ʝʜᴅʫʽʨ ʘʩʳʧ ʪץʦʩʳʣʳʩʪʘʨ) ʥʘץ

1989 ʞʳʣʳ ץʘʙʳʣʜʘʥסʘʥ ץʘʫʽʧʪʽ ץʘʣʜʳץʪʘʨʜʳש ʪʨʘʥʩʰʝʢʘʨʘʣʳץ 

ʪʘʩʳʤʘʣʳʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʞʦʶ ʪʫʨʘʣʳ ɹʘʟʝʣʴ ʢʦʥʚʝʥʮʠʷʩʳ ʭʠʤʠʷʣʳץ 

ʟʘʪʪʘʨʜʳ ץʘʙʳʣʜʘʫ ʤʝʥ ʪʘʙʠסʠ ʦʨʪʘʜʘ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʫʳʥʜʘסʘʥ ᴅʨ 

ʪװʨʣʽ ʧʨʦʙʣʝʤʘʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʜʽʛʽʥ ʞᴅʥʝ ʦʣʘʨʜʳ ʙᴇʣʝʢ 

ʰʝʰʫʛʝ ʙʦʣʤʘʡʪʳʥʜʳסʳʥʳש ʘʡץʳʥ ʤʳʩʘʣʳ ʙʦʣʜʳ [9]. ɹʘʟʝʣʴ ʢʦʥʚʝʥʮʠʷʩʳ 

1999 ʞʳʣʳ 5 ʤʘʤʳʨʜʘ ʢװʰʽʥʝ ʝʥʜʽ ʞᴅʥʝ ʦʩʳ ʂʦʥʚʝʥʮʠʷסʘ ץʦʩʳʤʰʘʩʳʥʜʘ 

 ʨʣʝʨʽ - ʧʦʣʠʭʣʦʨ ʜʠʙʝʥʟʦʜʠʦʢʩʠʥʜʝʨ (ʇʍɼɼ)װʪ ץʘʣʜʳץ ʨʘʤʳʥʜʘ ʊʆʃ ʙʘʨײץ

ʞᴅʥʝ ʜʠʙʝʥʟʦʬʫʨʘʥʜʘʨ (ʇʂɼʌ), ʧʦʣʠʭʣʦʨ ʙʠʬʝʥʠʣʜʝʨ (ʇʍɹ) ʞᴅʥʝ ʧʦʣʠʙʨʦʤ 

ʙʠʬʝʥʠʣʜʝʨ (ʇɹɹ) ʢᴇʨʩʝʪʽʣʛʝʥ. 

1998 ʞʳʣʳ ʖʅɽʇ ʧʝʥ ɹױױ ɸʟʳץ-ʪװʣʽʢ ʞᴅʥʝ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ 

 ʳ ʢʝʡʙʽʨסʩʘʫʜʘʜʘ ץʘʨʘʣʳץʙʘʩʪʘʤʘʩʳʤʝʥ ʭʘʣʳ (ʌɸʆ, ʌɸʆ) שʡʳʤʳʥʳײ

 ʽʰʽʥʜʝ שʟʘʪʪʘʨ ʤʝʥ ʧʝʩʪʠʮʠʜʪʝʨʛʝ (26 ʧʝʩʪʠʮʠʜʪʝʨ, ʩʦʥʳ ץʘʫʽʧʪʽ ʭʠʤʠʷʣʳץ
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ʊʆʃ-סʘ ץʘʪʳʩʪʳ) ʘʣʜʳʥ-ʘʣʘ ʭʘʙʘʨʣʘʥסʘʥ ʢʝʣʽʩʽʤ ʪᴅʨʪʽʙʽ ʪʫʨʘʣʳ ʈʦʪʪʝʨʜʘʤ 

ʢʦʥʚʝʥʮʠʷʩʳ ץʘʙʳʣʜʘʥʜʳ [10]. 

2001 ʞʳʣʳ ʊײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ ʪʫʨʘʣʳ ʉʪʦʢʛʦʣʴʤ 

ʢʦʥʚʝʥʮʠʷʩʳ ץʘʙʳʣʜʘʥʳʧ, ʦʣ ʘʜʘʤʥʳש ʜʝʥʩʘʫʣʳסʳ ʤʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ʧʦʧʫʣʷʮʠʷʣʘʨʳʥ ץʦʨסʘʫסʘ ʙʘסʳʪʪʘʣʜ :r 

 x ʊʆʃ-ʥʳ ᴅʜʝʡʽ ᴇʥʜʽʨʫ ʤʝʥ ʧʘʡʜʘʣʘʥʫʜʘʥ ʰʳץץʳʥ ץʘʣʜʳץʪʳ ʘʟʘʡʪʫ 
ʥʝʤʝʩʝ ʞʦʶ ʙʦʡʳʥʰʘ ʰʘʨʘʣʘʨ; 

 x ʊʆʃ-ʥʳ ץʦʩʳʤʰʘ ᴇʥʜʽʨʫʜʝʥ ʰʳסʘʨʳʥʜʳʣʘʨʜʳ ʘʟʘʡʪʫ ʥʝʤʝʩʝ ʞʦʶ 
ʙʦʡʳʥʰʘ ʰʘʨʘʣʘʨ; 

 x  ʘ ʙʘʡʣʘʥʳʩʪʳסʪʘʨץʘʣʜʳץ ʦʡʤʘʣʘʨ ʤʝʥץ ʨʘʤʳʥʜʘ ʊʆʃ ʙʘʨײץ

ʰʳסʘʨʳʥʜʳʣʘʨʜʳ ʘʟʘʡʪʫ ʥʝʤʝʩʝ ʞʦʶ ʙʦʡʳʥʰʘ ʰʘʨʘʣʘʨ [1]. 

ʉʪʦʢʛʦʣʴʤ ʂʦʥʚʝʥʮʠʷʩʳʥʜʘ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨ ʪʫʨʘʣʳ 

ʭʘʪʪʘʤʘʩʳʥʜʘ [8] çʟʘʪè ʪʝʨʤʠʥʽ ʞʝʢʝ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʳ ʜʘ, ץײʩʘʩ 

ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨ ʪʦʙʳʥ ʜʘ ʙʽʣʜʽʨʜʽ. פʘʟʘץʩʪʘʥ ʙײʣ ʢʦʥʚʝʥʮʠʷʥʳ 

 .ʤʝʥ ʙʝʢʽʪʪʽשʘʨʘʰʘʜʘ ɿʘץ ʳ 9סʞʳʣ 2007 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

 ʜʝʫʛʝשʘʫʽʧʩʽʟ ᴇץ ʪʘʨʜʳץʘʣʜʳץ ʦʩʳʣʳʩʪʘʨ ʤʝʥץ ץʘʫʽʧʪʽ ʭʠʤʠʷʣʳפ

ʙʘʡʣʘʥʳʩʪʳ פʘʟʘץʩʪʘʥʥʳש ʢᴇʧʞʘץʪʳ ʵʢʦʣʦʛʠʷʣʳץ ʢʝʣʽʩʽʤʜʝʨʛʝ (ʂʕʂ) ץʦʣ 

 .ʦʡʳʧ, ʨʘʪʠʬʠʢʘʮʠʷʣʘʜʳ [2]ץ

ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳʥʳש ʊʆʃ ʪʽʟʽʤʽʥʝ ʩʝʛʽʟ ʧʝʩʪʠʮʠʜ (ʘʣʜʨʠʥ, 

ʭʣʦʨʜʘʥ, ʜʠʝʣʜʨʠʥ, ʵʥʜʨʠʥ, ʛʝʧʪʘʭʣʦʨ, ʤʠʨʝʢʩ, ʪʦʢʩʘʬʝʥ, ɼɼʊ), ʝʢʽ ᴇʥʜʽʨʽʩʪʽʢ 

ʭʠʤʠʷʣʳץ ᴇʥʽʤ (ʧʝʩʪʠʮʠʜ ʨʝʪʽʥʜʝ ʞʽʢʪʝʣʛʝʥ ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣ ʞᴅʥʝ 

ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣ) ʞᴅʥʝ ʝʢʽ ʤʘץʩʘʪʩʳʟ ʰʳסʘʨʳʣסʳʥ (ʧʦʣʠʭʣʦʨʣʘʥסʘʥ 

ʜʠʙʝʥʟʦ-ʧʘʨʘ-ʜʠʦʢʩʠʥʜʝʨ (ʇʂɼɼ) ʞᴅʥʝ ʧʦʣʠʭʣʦʨʣʳ ʜʠʙʝʥʟʦʣʬʫʨʘʥʜʘʨ) ᴇʥʽʤ 

ʢʽʨʝʜ.̔ 

ʊʆʃ-סʘ ʪᴅʥ ʞʘʣʧʳ ץʘʩʠʝʪʪʝʨ ʤʳʥʘʣʘʨ: ᴇʪʝ ʞʦסʘʨʳ ʫʳʪʪʳʣʳץ, ʪʽʨʽ 

ʘסʟʘʣʘʨʜʳש ʪʽʥʜʝʨʽʥʜʝ ʞʠʥʘץʪʘʣʫ,r ץʦʨʰʘסʘʥ ʦʨʪʘʜʘ ײʟʘץ ʩʘץʪʘʣʫʳ ʞᴅʥʝ 

ʪʘʙʠסʠ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ᴇʪʝ ʙʘʷʫ ʳʜʳʨʘʫʳ. ʊʆʃ-ʜʘʨʜʳש ᴅʩʝʨ ʝʪʫ 

ʘʫʤʘסʳ ᴇʪʝ װʣʢʝʥ. ʆסʘʥ ᴇʣʽʤ-ʞʽʪʽʤʥʽש ʢᴇʙʝʶʽ ʤʝʥ ʙʝʜʝʫʣʽʢ, ʠʤʤʫʥʜʳץ 

ʞװʡʝʥʽש ᴅʣʩʽʨʝʫʽ, ʜʝʨʤʘʪʦʣʦʛʠʷʣʳץ ʘʫʨʫʣʘʨ, ʤʫʪʘʛʝʥʜʽʢ ʞᴅʥʝ ʢʘʥʮʝʨʦʛʝʥʜʽʢ 

ᴅʩʝʨʣʝʨ ʞʘʪʘʜʳ. 

 ʊʆʃ ᴇʥʜʽʨʫʛʝ ʞᴅʥʝ ץʘʥʜʘ ʙʘʨʣʳסʦʩʧʘץ ʳʪʪʘ ɼɼʊ-ʥʳץʘʟʽʨʛʽ ʫʘפ

ʧʘʡʜʘʣʘʥʫסʘ ʪʳʡʳʤ ʩʘʣʳʥʘʜʳ. ɹʝʟʛʝʢʢʝ ץʘʨʩʳ ɼɼʊ ʠʥʩʝʢʪʠʮʠʜʽ - תʥʜʽʩʪʘʥ, 

ɸʬʨʠʢʘ, ʆʨʪʘʣʳץ ʞᴅʥʝ ʆשʪװʩʪʽʢ ɸʤʝʨʠʢʘʥʳש ʢʝʡʙʽʨ ʝʣʜʝʨʽ װʰʽʥ 

 .ʦʣʜʘʥʳʣʳʜʳץ

ɽʩʢʽʨʛʝʥ ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘסʳ ʇʍɹ ʪװʨʽʥʜʝ 

ʞʠʥʘץʪʘʣסʘʥ ʊʆʃ-ʜr  ʞʦʶ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʦʪʳʨ. ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳ 

ʢװʰʽʥʝ ʝʥʛʝʥ 2004 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʦʩʳ ʢʝʣʽʩʽʤʥʽש ʪʽʟʽʤʽʥʝ 14 ʞʘשʘ ʟʘʪ 

ʝʥʛʽʟʽʣʜʽ: 

ʍʣʦʨʜʝʢʦʥ 

ɻʝʢʩʘʙʨʦʤʦʙʠʬʝʥʠʣ 

ʇʝʥʪʘʭʣʦʨʙʝʥʟʦʣ 

ʃʠʥʜʘʥ 

ɸʣʴʬʘ ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥ 

ɹʝʪʘ-ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʛʝʢʩʘʥ 
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ʊʝʪʨʘʙʨʦʤʦʜʠʬʝʥʠʣ ʵʬʠʨʽʞᴅʥʝ ʧʝʥʪʘʙʨʦʤʦʜʠʬʝʥʠʣ ʵʬʠʨʽ (ʇʝʥʪʘɹɼʕ) 

ɻʝʢʩʘʙʨʦʤʦʜʠʬʝʥʠʣʵʬʠʨʽ ʞᴅʥʝ ʛʝʧʪʘʙʨʦʤʦʜʠʬʝʥʠʣ ʵʬʠʨʽ (ʆʢʪʘɹɼʕ) 

ʇʝʨʬʪʦʨʦʢʪʘʥ ʩʫʣʴʬʘʥʘʪʳ (ʇʌʆʉ), ʦʥʳש ʪײʟʜʘʨʳ ʞᴅʥʝ ʧʝʨʬʪʦʨʦʢʪʘʥ 

ʩʫʣʴʬʦʥʠʣʬʪʦʨʠʜ (ʇʌʆʉʌ) 

ʕʥʜʦʩʫʣʴʬʘʥ 

ɻʝʢʩʘʙʨʦʮʠʢʣʦʜʦʜʝʢʘʥ (ɻɹʎɼ) 

ɻʝʢʩʘʭʣʦʨʙʫʪʘʜʠʝʥ (ɻʍɹ) 

ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ (ʇʍʌ) 

ʇʦʣʠʭʣʦʨʣʘʥסʘʥ ʥʘʬʪʘʣʝʥʜʝʨ (ʇʍʅ). 

2015 ʞʳʣʳ ɻʍɹ, ʇʍʌ ʞᴅʥʝ ʇʍʅ ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳ ʙʦʡʳʥʰʘ 

ʪʽʟʽʤʛʝ ʝʥʛʽʟʽʣʜʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ץʦʩʳʤʰʘ 4 ʟʘʪʪʳ ץʦʩʫ ץʘʨʘʩʪʳʨʳʣʫʜʘ, ʦסʘʥ: 

ʜʝʢʘʙʨʦʤʦʜʠʬʝʥʠʣ ʵʬʠʨʽ 

ʜʠʢʦʬʦʣ 

ʧʝʨʬʪʦʨʦʢʪʘʥ ץʳʰץʳʣʳ (ʇʌʆפ) 

 .ʘ ʪʽʟʙʝʢʪʽ ʧʘʨʘʬʠʥʜʝʨ ʞʘʪʘʜʳץʳʩץ

ɸʣסʘʰץʳ ʦʥ ʝʢʽ ʊʆʃ װʰʽʥ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʤʝʥ ʩʪʨʘʪʝʛʠʷʣʳץ ʽʩ-

ʰʘʨʘʣʘʨ ʞʦʩʧʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʘᴃʘʥʜʳץ ʵʢʦʣʦʛʠʷʣʳץ ץʦʨ (ɾʕפ) 

ʢᴇʤʝʛʽʤʝʥ פʘʟʘץʩʪʘʥʥʳש ʘʣסʘʰץʳ ײʣʪʪʳץ ʞʦʩʧʘʨʳʥ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ץʦʨסʘʫ 

ʤʠʥʠʩʪʨʣʽʛʽ ᴅʟʽʨʣʝʜʽ.  

ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳʥʘ ʤװʰʝ ʤʝʤʣʝʢʝʪʪʝʨ ʢʝʣʝʩʽ ʰʘʨʘʣʘʨʜʳ 

 :ʘʙʳʣʜʘʫʳ ʢʝʨʝʢץ

- ɽץ שʘʫʽʧʪʽ 22 ʊʆʃ-ʜʳש ᴇʥʜʽʨʽʩʽ, ץʦʣʜʘʥʳʣʫʳ, ʠʤʧʦʨʪ ʧʝʥ ʵʢʩʧʦʨʪʪʘʥ 

ʘʣʳʥʳʧ ʪʘʩʪʘʣʫʳ ʥʝʤʝʩʝ ʰʝʢʪʝʣʫʽ ʢʝʨʝʢ. 

- ɾʘשʘ ץʦʥʜʳʨסʳʣʘʨ ʩʘʣסʘʥ ʢʝʟʜʝ ʳץʪʠʤʘʣ ץʘʣʜʳץʪʳʨʜʳ ʘʟʘʡʪʫ װʰʽʥ 

ʘʨʥʘʡʳ ʰʘʨʘʣʘʨ ץʘʙʳʣʜʘʫ ץʘʞʝʪ. 

- ʊʆʃ ʤʝʥ ʣʘʩʪʘʥסʘʥ ץʦʨʣʘʨ ʤʝʥ ץʘʣʜʳץʪʘʨ ʪʽʨʢʝʫʜʝʥ ᴇʪʢʽʟʽʣʽʧ, 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪᴅʩʽʣʤʝʥ ʞʦʡʳʣʫʳ ʢʝʨʝʢ. 

- ʉʘץʪʳץ ʰʘʨʘʣʘʨʳ ʤʝʥ ʙʝʣʛʽʣʽ ʙʽʨ ʰʘʨʪʪʘʨ ʩʘץʪʘʣסʘʥ ʞʘסʜʘʡʜʘ 2025 

ʞʳʣסʘ ʜʝʡʽʥ ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ײץʨʳʣסʳʣʘʨʜʳ ץʦʣʜʘʥʫסʘ ʨץײʩʘʪ ʝʪʽʣʝʜʽ. 

ɸʣʘʡʜʘ, 2028 ʞʳʣסʘ ץʘʨʘʡ ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʙʘʨʣʳץ ʞʘʙʜʳץ ʵʢʦʣʦʛʠʷʣʳץ 

ʪʘʟʘ ᴅʜʽʩʧʝʥ ʞʦʡʳʣʫʳ ʢʝʨʝʢ.  

ʊʄɼ ʝʣʜʝʨʽʥʜʝ ᴅʨ ʪװʨʣʽ ʦʨʪʘʜʘסʳ ʊʆʃ ײץʨʘʤʳʥ ʨʝʪʪʝʫ װʰʽʥ ʪʘʤʘץ 

ᴇʥʽʤʜʝʨʽ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʽʤʜʝʨ, ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘʥ ʰʳסʘʨʳʣʘʪʳʥ ץʘʣʜʳץʪʘʨסʘ, 

ʰʝʢʪʽ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʐʈʂ) ץʦʣʜʘʥʳʣʘʜʳ, ʐʈʂ - ʰʘʨʪʪʳ 

ʪװʨʜʝ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷ, ɹפʕɼ - ʙʦʣʞʘʤʜʳ ץʘʫʽʧʩʽʟ ʵʢʩʧʦʟʠʮʠʷ 

ʜʝשʛʝʡʣʝʨʽ; ʦʣʘʨ ʐʈʂ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ Maximum Permissible 

Concentration (MPC). ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʙʳʣʜʘʫ ʜʝשʛʝʡʣʝʨʽʥ ʥʦʨʤʘʣʘʫ 

ʤʘשʳʟʜʳ, ʙײʣ װʰʽʥ ʜʝʥʝ ʩʘʣʤʘסʳʥʳש ʙʽʨ ʢʠʣʦʛʨʘʤʳʥʘ ץʦʣʘʡʣʳ (ʪᴇʟʽʤʜʽ) 

ʪᴅʫʣʽʢʪʽʢ ץʘʙʳʣʜʘʫ ʤᴅʥʽ ʝʥʛʽʟʽʣʜʽ (Tolerable Daily Intake, TDI). 

ʊʆʃ ʙʦʡʳʥʰʘ ʊʘʥʳʩ ʢʨʠʪʝʨʠʡʣʝʨʽ ʪײʨʘץʪʳʣʳץ, ʫʳʪʪʳʣʳסʳ, 

ʙʠʦʞʠʥʘץʪʘʣʳʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʞᴅʥʝ ײʟʘץ ץʘʰʳץʪʳץץʘ ʪʘʩʳʤʘʣʜʘʫ ʙʦʡʳʥʰʘ 

ʩʝʥʽʤʜʽ ʩʘʥʜʳץ ʜʝʨʝʢʪʝʨ [11] ᴇʪʝ ʘʟ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ װʰʽʥ ץʦʣ ʞʝʪʽʤʜʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʍʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ ʊʆʃ-ץʘ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʞʘᴃʘʥʜʳץ 

ʤʦʥʠʪʦʨʠʥʛ ʞʦʩʧʘʨʳʥʳש (ɾʄɾ) ײʩʳʥʳʩʪʘʨʳʥʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, (ɾʝʥʝʚʘ 
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2010) (ʖʅɽʇ, 2010), ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʪʽʟʽʤʜʝʛʽ ץʦʩʧʘʣʘʨʜʳש ʙʘʨʣʳץ ʞʝʢʝ 

ʢʦʥʛʝʥʝʨʣʝʨʽʥ ʪʘʣʜʘʫ ץʘʞʝʪ ʝʤʝʩ [12]. ɾʄɾ ʢʝʣʝʩʽ ʟʘʪʪʘʨʜʳ ʪʘʣʜʘʫסʘ ʢʝשʝʩ 

ʙʝʨʝʜʽ. 

-2003 (ʄפʆפ/ʈפ) ʘʫ ʤʠʥʠʩʪʨʣʽʛʽסʦʨץ ʘʥ ʦʨʪʘʥʳסʦʨʰʘץ ʳסʩʪʘʥʜʘץʘʟʘפ

2004 ʞʳʣʜʘʨʜʘסʳ çפʘʟʘץʩʪʘʥסʘ ʊʆʃ ʪʫʨʘʣʳ ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳ 

ʙʦʡʳʥʰʘ ʤʽʥʜʝʪʪʝʤʝʣʝʨʜʽ ʦʨʳʥʜʘʫʜʘ ʘʣסʘʰץʳ ʢᴇʤʝʢè ʞʦʙʘʩʳ ʘʷʩʳʥʜʘ 

 ʨʛʽʟʽʣʜʽ [13]. 2015-2016װʳʣʘʫ ʞץʘ ʙʘס-ʳ ʦʥ ʝʢʽ ʊʆʃץʘʰסʳ ʘʣסʩʪʘʥʜʘץʘʟʘפ

ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ װʢʽʤʝʪʽʥʽש ʜʘʤʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʥrʰʘ 

çʊײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʙʘץʳʣʘʫ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʣʳץ 

ʙʘʩץʘʨʫʜʳװ שʜʝʨʽʩʽʥʝ ʤʝʜʠʮʠʥʘʣʳץ ץʘʣʜʳץʪʘʨʜʳ ʠʥʪʝʛʨʘʮʠʷʣʘʫè ʞʦʙʘʩʳ 

ʰʝשʙʝʨʽʥʜʝ ʊʆʃ ʪװʛʝʥʜʝʫ ʞײʤʳʩʪʘʨʳ ʞʘʣסʘʩʪʳ. ɾʦʙʘʥʳ ʽʩʢʝ ʘʩʳʨʫ 

ʙʘʨʳʩʳʥʜʘ 2009 ʞʳʣʳ ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳʥʘ ʝʥʛʽʟʽʣʛʝʥ ʞʘשʘ ᴇʥʜʽʨʽʩʪʽʢ 

ʊʆʃ-סʘ ʘʣʜʳʥ-ʘʣʘ ʪװʛʝʥʜʝʫ ʞװʨʛʽʟʽʣʜʽ (ʇɹɼɽ ʞᴅʥʝ ʇʌʆʉ), ʧʝʩʪʠʮʠʜʪʽʢ ʊʆʃ 

ʪʽʟʽʤʜʝʤʝʩʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʞʘשʘʨʪʳʣʜʳ, 2015 ʞʳʣסʘ ʘʨʥʘʣסʘʥ ʢʝʟʜʝʡʩʦץ 

ʧʘʡʜʘ ʙʦʣסʘʥ ʊʆʃ ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳש ʝʩʝʧʪʝʫʣʝʨʽ ʞװʨʛʽʟʽʣʜʽ [13]. 

 

1.2 ʇʦʣʠʭʣʦʨʙʠʬʝʥʠʣʜʽש (ʇʍɹ) ʥʝʛʽʟʛʽ ʢᴇʟʜʝʨʽ, ʫʣʳ ץʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ ᴅʩʝʨ ʝʪʫ 

ʤʝʭʘʥʠʟʤ ̔

 

ʇʍɹ ï ʷʜʨʦʣʳץ ʙʘʡʣʘʥʳʩ ʘʨץʳʣʳ ʙʘʡʣʘʥʳʩץʘʥ ʝʢʽ ʙʝʥʟʦʣ 

ʩʘץʠʥʘʣʘʨʳʥʘʥ ʪײʨʘʜʳ, ʉ-ʉ ײץʨʘʤʳʥʜʘ ʭʣʦʨʜʳש ʙʽʨʜʝʥ ʦʥסʘ ʜʝʡʽʥʛʽ 

ʘʪʦʤʜʘʨʳ ʦʨʪʦ-, ʤʝʪʘ- ʥʝʤʝʩʝ ʧʘʨʘ-ʧʦʟʠʮʠʷʣʘʨʜʘ ʙʦʣʘʜʳ (1-ʩʫʨʝʪ). 

 

 
1 ʉʫʨʝʪ ï ʇʍɹ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳײץ שʨʳʣʳʤʳ 

 

ʇʍɹ ʤʦʣʝʢʫʣʘʩʳ ʭʣʦʨ ʘʪʦʤʜʘʨʳʥʳש ʩʘʥʳ ʞᴅʥʝ ʦʨʥʘʣʘʩʫʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ, ʞʘʣʧʳ ʬʦʨʤʫʣʘʩʳ C12H10-nCln ʙʦʣʘʪʳʥ 209 ʞʝʢʝ ʢʦʥʛʝʥʝʨ ̔ʙʘʨ, 

ʤײʥʜʘסʳ n = 1-10. 

ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʜʠʦʢʩʠʥʜʝʨʛʝ ץײʩʘʩ. 

ʇʍɹ ʙʽʨץʘʪʘʨ ʝʨʝʢʰʝ ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ: ʞʳʣʫ ʞᴅʥʝ 

ʵʣʝʢʪʨ ʦץʰʘʫʣʘʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʞʳʣʫ ʪײʨʘץʪʳʣʳסʳ, ץʳʰץʳʣʜʘʨ ʤʝʥ 

ʩʽʣʪʽʣʝʨʛʝ ʠʥʝʨʪʪʽʣʽʛʽ, ʦʪץʘ ʪᴇʟʽʤʜʽʣʽʛʽ, ʤʘʡʣʘʨʜʘ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨʜʝ ʞʘץʩʳ ʝʨʽʫʽ, ʰʘʡʳʨʣʘʨʤʝʥ ʞʦסʘʨʳ װʡʣʝʩʽʤʜʽʣʽʛʽ [7]. ɹײʣ 

 ץʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ, ʛʠʜʨʘʚʣʠʢʘʣʳ שʩʠʝʪʪʝʨ ʦʣʘʨʜʳץ

ʩײʡʳץʪʳץʪʘʨ, ʩʘʣץʳʥʜʘʪץʳʰʪʘʨ, ʤʘʡ, ʙʦʷʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ, ʣʘʢ ʧʝʥ 

ʞʝʣʽʤʜʝʨ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨ, ʧʣʘʩʪʤʘʩʩʘʣʘʨ ʤʝʥ ʵʣʘʩʪʦʤʝʨʣʝʨ, 
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ʪʦʣʪʳʨסʳʰʪʘʨ, ʦʪץʘ ʪᴇʟʽʤʜʽ ʟʘʪʪʘʨ, ʝʨʽʪʢʽʰʪʝʨ ʞᴅʥʝ ʜʠʵʣʝʢʪʨʠʢ ʨʝʪʽʥʜʝ ʢʝש 

 .ʦʣʜʘʥʳʣʫʳʥʘ ʘʣʳʧ ʢʝʣʜʽ [7, 14-15]ץ

ᴆʥʝʨʢᴅʩʽʧʪʝ ʇʍɹ ʪʝʤʽʨ ʢʘʪʘʣʠʟʘʪʦʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ ʙʠʬʝʥʠʣʜʽ 

ʭʣʦʨʣʘʫ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ [16-17]. ʍʣʦʨʣʘʥʫ ʜᴅʨʝʞʝʩʽ ʨʝʘʢʮʠʷʥʳש 

 .ʘ ʜʝʡʽʥ ʩʦʟʳʣʘʜʳץʘʪסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʦʣ 12-ʜʝʥ 36 ʩʘסʪʳץʟʘײ

ʕʣʝʢʪʨʦʬʠʣʴʜʽ ʦʨʳʥʙʘʩʫ ʨʝʘʢʮʠʷʩʳ ʞװʨʝʪʽʥʜʽʢʪʝʥ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʇʍɹ 

ᴇʥʽʤʜʝʨʽ ʞʝʢʝ ʭʠʤʠʷʣʳץ ʟʘʪ ʝʤʝʩ, 30-ʜʘʥ 100 ʛʝ ʜʝʡʽʥʛʽ ʇʍɹ-ʥʳש ʪʝʭʥʠʢʘʣʳץ 

 ʦʩʧʘʣʘʨʜʘ 20-ʜʘʥ 71 ʧʘʡʳʟʳʥʘ ʜʝʡʽʥʛʽ ʭʣʦʨץ ʥʜʘʡײʦʩʧʩʳ ʙʦʣʘʜʳ [16]. ʄץ

ʙʦʣʫʳ ʤװʤʢʽʥ, ʘʣ ʦʥʳײץ שʨʘʤʳ, ᴅʜʝʪʪʝ, ᴇʥʽʤʥʽש ʩʘʫʜʘ ʘʪʘʫʳʥʜʘ ʢᴇʨʽʥʽʩ 

ʪʘʙʘʜʳ. 

ɹʠʬʝʥʠʣʜʽ ʪʦʣʳץ ʭʣʦʨʣʘʫ ᴇʥʽʤʽ ʞʝʢʝ ʟʘʪ ʨʝʪʽʥʜʝ ʪʝʢ ʜʝʢʘʭʣʦʨʙʠʬʝʥʠʣ,  

ʘʨʥʘʡʳ ʰʳסʘʨʳʣסʘʥ ʞᴅʥʝ ʙʘʣʘʫʳʟʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣסʘʥ. ʇʍɹ ʘʟ ʤᴇʣʰʝʨʜʝ 

ʭʠʤʠʷʣʳץ ʩʠʥʪʝʟʽʥʽש ʢʝʡʙʽʨ ʪװʨʣʝʨʽ, ʩʫʜʳ ʭʣʦʨʣʘʫ ʞᴅʥʝ ײץʨʘʤʳʥʜʘ ʭʣʦʨ ʙʘʨ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ᴆʥʜʽʨʽʩ ײץʥʳʥʳש ʪᴇʤʝʥ ʙʦʣʫʳ ʞᴅʥʝ ʇʍɹ-ʥʳש ʙʽʨʝʛʝʡ ץʘʩʠʝʪʪʝʨʽ 1930 

ʞʳʣʜʘʨʜʘʥ ʙʘʩʪʘʧ ʇʍɹ-ʥʳ ʙװʢʽʣ ᴅʣʝʤʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʳʥʘ ᴅʢʝʣʜʽ. 1980 

ʞʳʣʜʘʨʜʳש ʘʷסʳʥʜʘ ʇʍɹ-ʥʳש ᴅʣʝʤʜʽʢ ᴇʥʜʽʨʽʩʽ 4 ʤʠʣʣʠʦʥ ʪʦʥʥʘʜʘʥ ʘʩʪʳ 

[18]. 

ʇʍɹ-ʥ  r ʘʣסʘʰ ʨʝʪ 1929 ʞʳʣʳ ɸפʐ-ʪʘ Monsanto ʢʦʤʧʘʥʠʷʩʳ 

ʰʳסʘʨסʘʥ. ײפʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ᴇʥʽʤʜʝʨʜʽש ʢʝש ʢʦʤʤʝʨʮʠʷʣʳץ ʰʳסʘʨʳʣʳʤʳ 

1957-1977 ʞʳʣʜʘʨʳ ʦʨʳʥ ʘʣʜʳ [19]. 1929-1977 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ɸפʐ-ʪʘ 

60 ʤʳש ʪʦʥʥʘ ʇʍɹ ʙʘʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʞʠʥʘץʪʘʣסʘʥ 

[20]. 1929 ʞʳʣʜʘʥ 1989 ʞʳʣסʘ ʜʝʡʽʥʛʽ ʢʝʟʝשʜʝʛʽ ʇʍɹ-ʥʳש ʞʘʣʧʳ ᴇʥʜʽʨʽʩʽ 

ʰʘʤʘʤʝʥ 1,5 ʤʠʣʣʠʦʥ ʪʦʥʥʘʥʳ ײץʨʘʜʳ [21].  

1954-1977 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ױʣʳʙʨʠʪʘʥʠʷʜʘ 67 ʤʳש ʪʦʥʥʘ ʇʍɹ 

ᴇʥʜʽʨʽʣʜʽ, ʘʣ ʢʝʡʙʽʨ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʦʥʳ45,5 ש ʤʳש ʪʦʥʥʘʩʳ ʝʣʜʝ 

ʧʘʡʜʘʣʘʥʳʣʜʳ [22]. 1960-1984 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ʙײʨʳʥסʳ ʏʝʭʦʩʣʦʚʘʢʠʷʜʘ 

20 ʤʳש ʪʦʥʥʘʜʘʥ ʘʩʪʘʤ ʇʍɹ ᴇʥʜʽʨʽʣʜʽ [23]. פʳʪʘʡʜʘ 8000 ʪʦʥʥʘ 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ʇʍɹ ʩʘץʪʘʣʩʘ [23], ʌʨʘʥʮʠʷʜʘ 100000 ʪʦʥʥʘ ʇʍɹ ʞʦʶסʘ 

ʜʘʡʳʥʜʘʣסʘʥ [24]. ᴆʥʝʨʢᴅʩʽʙ ̔ ʜʘʤʳסʘʥ ʝʣʜʝʛʽ ʢᴅʩʽʧʦʨʳʥʜʘʨ ץʳʟʤʝʪʽʥʽש 

ʥᴅʪʠʞʝʩʽʥʜʝ 1990 ʞʳʣʜʳש ʙʘʩʳʥʜʘ ʜװʥʠʝʞװʟʽʣʽʢ ʵʢʦʞװʡʝʜʝ 400 ʤʳש ʪʦʥʥʘסʘ 

ʞʫʳץ ʇʍɹ ʞʠʥʘץʪʘʣסʘʥ [22]. 

ɹײʨʳʥסʳ ʂʉʈʆ ʤʝʥ ʈʝʩʝʡʜʝ ʇʍɹ 1934 ʞʳʣʜʘʥ 1995 ʞʳʣʜʳש ʩʦשʳʥʘ 

ʜʝʡʽʥ ʰʳסʘʨʳʣʜʳ [24]. ʆʣʘʨ ʩʦʚʦʣ ʙʨʝʥʜʪʝʨʽ (ʙʦʷʫʣʘʨ ʤʝʥ ʣʘʢʪʘʨʜʘ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʝʪʨʘ- ʞᴅʥʝ ʧʝʥʪʘʭʣʦʨʣʘʥסʘʥ 

ʙʠʬʝʥʠʣʜʝʨʜʽץ שʦʩʧʘʩʳ); ʉʦʚʪʦʣ (ʩʦʚʦʣʜʳ1,2,4 ש-ʪʨʠʭʣʦʨʙʝʥʟʦʣʤʝʥ 

 - ʦʣʜʘʥʳʣʘʜʳ) ʞᴅʥʝ ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣ (ʊʉɹ)ץ ʦʩʧʘʩʳ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʘץ

ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣ ʠʟʦʤʝʨʣʝʨʽʥʽץ שʦʩʧʘʩʳ (ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ) 

ʰʳסʘʨʳʣʜʳ. ʉʦʚʦʣʜʳש ʥʝʛʽʟʛʽ ᴇʥʜʽʨʫʰʽʣʝʨʽ çʆʨʛʩʪʝʢʣʦè, çʆʨʛʩʠʥʪʝʟè ʞᴅʥʝ 

ɺʅʀʊʀɻ ʪᴅʞʽʨʠʙʝʣʽʢ ʟʘʫʳʪʳ (ɹװʢʽʣʦʜʘץʪʳץ ʛʝʨʙʠʮʠʜʪʝʨ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

ʠʥʩʪʠʪʫʪʳ, ʋʬʘ) ʙʦʣʜʳ. 1939-1993 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ. ʙײʣ ʢᴅʩʽʧʦʨʳʥʜʘʨ 

ʰʘʤʘʤʝʥ 180 ʤʳש ʪʦʥʥʘ ʇʍɹ ᴇʥʜʽʨʜʽ [25]. ʉʦʚʪʦʣʜʳש ʥʝʛʽʟʛʽ ʪײʪʳʥʫʰʳʩʳ 

ᴆʟʙʝʢʩʪʘʥʥʳש ʐʳʨʰʳץ ץʘʣʘʩʳʥʜʘסʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʟʘʫʳʪʳ ʙʦʣʜʳ. ʉʦʚʪʦʣ-

10 ʙʘʩץʘ ʩʘʣʘʣʘʨסʘ ᴅʣʜʝץʘʡʜʘ ʘʟ ʢᴇʣʝʤʜʝ ʞʝʪʢʽʟʽʣʜʽ. ʕʣʝʢʪʨʦʪʝʭʥʠʢʘʣʳץ 
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1,2,4-THB 1972-1981 ʞʳʣʜʘʨʳ ʏʘʧʘʝʚʩʢ ץʘʣʘʩʳʥʜʘ ᴇʥʜʽʨʽʣʜʽ, ʘʣ ʙʘʨʣʳ2,7 ץ 

ʤʳש ʪʦʥʥʘ ɼʟʝʨʞʠʥʩʢʽʛʝ (ʇʆ ʆʨʛʩʪʝʢʣʦ) ʞᴅʥʝ ʅʦʚʦʤʦʩʢʦʚʩʢʢʝ (ʇʆ 

ʆʨʛʩʠʥʪʝʟ) ʩʦʚʪʦʣ ᴇʥʜʽʨʫ װʰʽʥ ʞᴇʥʝʣʪʽʣʜʽ [26].  

ᴄʨ ʪװʨʣʽ ץʫʘʪʪʘסʳ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʵʣʝʢʪʨ 

ʞʘʙʜʳץʪʘʨʳ ʞᴅʥʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ײץʨʘʤʜʘסʳ ʇʍɹ-ʥʳש 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʘ - ʩʦʚʪʦʣ-10 (90% ʇʍɹ ʞᴅʥʝ 10% 1,2,4-ʪʨʠʭʣʦʨʙʝʥʟʦʣ); 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘ - 100% Tʍɹ ץʦʣʜʘʥʳʣʘʜʳ. 
ʂʉʈʆ-ʜʘ ʢʦʥʜʝʥʩʘʪʦʨ ʤʝʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨסʘ ײץʡʳʣʘʪʳʥ ʞᴅʥʝ ʞʦʶסʘ 

ʙʦʣʘʪʳʥ ʇʍɹ-ʥʽש ʥʘץʪʳ ʤᴇʣʰʝʨʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʞʦץ. ʂʝʡʙʽʨ ʤᴅʣʽʤʝʪʪʝʨ 

ʙʦʡʳʥʰʘ 1990 ʞʳʣסʘ ʜʝʡʽʥ ʰʘʤʘʤʝʥ 30-50 ʤʳש ʪʦʥʥʘ ʇʍɹ ʉʝʨʧʫʭʦʚ ʧʝʥ 

ᴆʩʢʝʤʝʥʥʽש ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʪʘʨʳʥʜʘ ץʦʣʜʘʥʳʣסʘʥ [27-28]. ɾʘʣʧʳ ʂʉʈʆ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʪʘʨʳ ʞʳʣ ʩʘʡʳʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʳץ ץʦʥʜʳʨסʳʣʘʨסʘ 4 ʤʳש 

ʪʦʥʥʘסʘ ʜʝʡʽʥ ʊʍɹ, ʞʝʪʽ ʤʳש ʪʦʥʥʘסʘ ʜʝʡʽʥ ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ ץʦʣʜʘʥʳʣסʘʥ 

[26].  

 

1.2.1 ʇʍɹ-ʥrש ʪʦʢʩʠʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʽ  

 

ʇʍɹ ï ʙײʣ ʪײʨʘץʪʳ ʭʠʤʠʷʣʳץ ʟʘʪ. ʆʣʘʨʜʳש ʪᴇʤʝʥ ʜʠʵʣʝʢʪʨʣʽʢ 

ᴇʪʢʽʟʛʽʰʪʽʛʽ ʞᴅʥʝ ʞʦסʘʨʳ ץʘʡʥʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦʣʘʨʜʳ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʤʝʥ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʜʘ ʜʠʵʣʝʢʪʨʣʽʢ ʩײʡʳץʪʳץ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ᴇʪʝ ץʦʣʘʡʣʳ ʝʪʝʜʽ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘʥ ʙʘʩץʘ ʇʍɹ-ʥ rש ʙʘʩץʘ ʜʘ ʢᴇʧʪʝʛʝʥ 

ʞʝʨʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ: ʣʘʢ, ʙʘʣʘʫʳʟ, ʩʠʥʪʝʪʠʢʘʣʳץ ʰʘʡʳʨʣʘʨ, ʵʧʦʢʩʠʜʪʽ 

ʙʦʷʫʣʘʨ, ʢʝʤʝʣʝʨʜʽש ʩʫ ʘʩʪʳ ʙᴇʣʽʢʪʝʨʽʥʝ, ʞʘʙʳʥʜʘʨסʘ, ʤʘʡʣʘסʳʰ-

ʩʘʣץʳʥʜʘʪץʳʰ ʵʤʫʣʴʩʠʷʣʘʨסʘ, ʩʘʣץʳʥʜʘʪץʳʰʪʘʨסʘ, ʞײʤʳʩ ʩײʡʳץʪʳץʪʘʨʳ 

ʞᴅʥʝ ʪ.ʙ. 

ʇʍɹ-ʥ rש ᴇʥʜʽʨʽʩʪʝʛʽ ʧʘʡʜʘʣʳ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ 

ʦʣʘʨʜʳ ץʦʨʰʘסʘʥ ʦʨʪʘʜʘסʳ ʝץ שʘʫʽʧʪʽ ʣʘʩʪʘסʳʰʪʘʨʜʳש ʙʽʨʽʥʝ ʘʡʥʘʣʜʳʨʜʳ. 

ʊʝʨʤʠʷʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץץʘ ʠʝ ʇʍɹ ʙʠʦʪʠʢʘʣʳץ ʞᴅʥʝ 

ʘʙʠʦʪʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝ ᴇʪʝ ʪᴇʟʽʤʜʽ ʙʦʣʳʧ ʰʳץʪʳ. 

ʇʍɹ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴅʨʪװʨʣʽ ʞʦʣʜʘʨʤʝʥ ʪװʩʝʜʽ. ɹײʣ ʇʍɹ-ʜʽ ʟʘʤʘʥʘʫʠ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʦʣʜʘʥʫ ʝʩʝʙʽʥʝʥ ʜʝ, ʦʣʘʨʜʳש ʝʢʽʥʰʽ ʨʝʪʪʽ ץʦʣʜʘʥʳʣʫʳʜʘ 

ʙʘʡʣʘʥʳʩʪʳ. 

 ʘʨʳʣʘʪʳʥץʙʘʩ ץʘʨʳʣʫʳ ʞʘʙʳסʰʳ שʘ ʇʍɹ-ʥʳסʘʥ ʦʨʪʘסʦʨʰʘפ

ʞװʡʝʣʝʨʜʝʥ - ᴇʥʜʽʨʽʩʪʽʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʘʥ, ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘʥ, ʞʳʣʫ 

ʘʣʤʘʩʪʳʨסʳʰʪʘʨʜʘʥ ʞᴅʥʝ ʛʠʜʨʦʚʣʠʢʘʣʳײץ ץʨʳʣסʳʣʘʨʜʘʥ ʙʦʣʘʪʳʥ ʘסʳʥ ʩʫ, 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨʜʳש ʙʫʣʘʥʫʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ 

 ʘסʳʣʘʥʙʘʡʪʳʥ ʪʘʨʘʣʫʤʝʥ, ʇʍɹ-ʜʽ ʧʦʣʠʛʦʥʜʘʨץʫ ʢʝʟʽʥʜʝ ʙʘסʪʘʨʜʳ ʞʘץʘʣʜʳץ

ʞᴅʥʝ ʙʘץʳʣʘʥʙʘʡʪʳʥ ᴇʥʜʽʨʽʩʪʽʢ ʞʦʣʜʘʨʤʝʥ ʰʳסʘʨʫ; ʭʠʤʠʷʣʳץ ᴇʥʜʽʨʽʩ, 

ʤʝʪʘʣʣʫʨʛʠʷ, ʙʦʷʫʣʘʨ, ʞʝʣʽʤʜʝʨ, ʧʦʣʠʤʝʨʣʝʨ ᴇʥʜʽʨʽʩʽ ʞᴅʥʝ ʪ.ʙ., ʦʣʘʨ ײʟʘץ 

 ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ .ʘʙʽʣʝʪʪʽץ ʘסʘʣʫסʦʟץ ʳʥʤʝʥסʪʘ ʩʫʤʝʥ ʞᴅʥʝ ʘʫʘ ʘץʪʳץʘʰʳץ

ʇʍɹ ʙʘʨʣʳץ ʞʝʨʜʝ, ʩʦʥʳש ʽʰʽʥʜʝ ʦʣʘʨʜʳ ᴇʥʜʽʨʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ 

ʦʨʳʥʜʘʨʳʥʘʥ ʝʜᴅʫʽʨ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʘʫʜʘʥʜʘʨʜʘ ʢʝʟʜʝʩʝʜʽ. ʂᴇʧʪʝʛʝʥ 

ʞʳʣʜʘʨ ʙʦʡʳ ʇʍɹ-ʥʳ ᴅʣʝʤʥʽש ʢᴇʧʪʝʛʝʥ ʝʣʜʝʨʽʥʜʝ ᴇʥʝʨʢᴅʩʽʧʪʝ ץʘʨץʳʥʜʳ 

 ʫʳʥʘסʢᴇʧ ʤᴇʣʰʝʨʜʝ ʰʳ שʦʩʳʣʳʩʪʘʨʜʳץ ʘ ʦʩʳסʘʥ ʦʨʪʘסʦʨʰʘץ ʦʣʜʘʥʳʣʫʳץ
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ᴅʢʝʣʜʽ, ʘʣ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʦʩʳ ʢʩʝʥʦʙʠʦʪʠʢʪʝʨʤʝʥ ʣʘʩʪʘʥʫ ʙװʢʽʣ ʙʠʦʩʬʝʨʘסʘ 

ᴅʩʝʨ ʝʪʝʜʽ. ʌʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʘʙʠʦʪʠʢʘʣʳץ ʪʘʙʠסʠ ʦʨʪʘʜʘ ʇʍɹ-ʥʽש 

 ʪʘץʪʘʣʫʳʥ ʞᴅʥʝ ʪʽʨʽ ʦʨʛʘʥʠʟʤʜʝʨʜʝ, ʰᴇʛʽʥʜʽʣʝʨʜʝ, ʪʦʧʳʨʘץʳʪ ʩʘץʫʘ ץʟʘײ

ʞᴅʥʝ ʤʘʡʣʳ ʪʽʥʜʝʨʜʝ ʞʠʥʘץʪʘʣʫ ץʘʙʽʣʝʪʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʍʣʦʨʦʨʛʘʥʠʢʘʣʳץ ʧʝʩʪʠʮʠʜʪʝʨʤʝʥ ץʘʪʘʨ ʇʍɹ ʪʘʙʠסʠ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘסʳ 

ʩʫʜʳ ʣʘʩʪʘʡʪʳʥ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ᴇʥʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʃʘʩʪʘʥʙʘסʘʥ ʪײʱʳ 

ʩʫʣʘʨʜʘסʳ ʇʍɹ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 0,5 ʥʛ/ʣ-ʜʝʥ, ʘʣ ʦʨʪʘʰʘ ʣʘʩʪʘʥסʘʥ ʩʫʣʘʨʜʘ - 

50 ʥʛ/ʣ-ʜʝʥ ʘʩʧʘʫʳ ʢʝʨʝʢ ʜʝʧ ʩʘʥʘʣʘʜʳ. 

ʇʍɹ-ʥʽץ שʘʫʽʧʪʽʣʽʛʽ ʦʣʘʨʜʳץ שʦʨʝʢʪʽʢ ʪʽʟʙʝʢ ʙʦʡʳʤʝʥ ʪʘʨʘʣʳʧ 

(ʙʠʦʢʦʥʮʝʥʪʨʘʮʠʷ), ײץʨʘʤʳʥʜʘ ʤʘʡ ʙʘʨ ʢʦʤʧʦʥʝʥʪʪʝʨʜʝ ʞʠʥʘץʪʘʣʫʳʥʜʘ 

(ʙʠʦʘʢʢʫʤʫʣʷʮʠʷ). ʂʝʡʙʽʨ ʙʠʦʣʦʛʠʷʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʝ ʇʍɹ ʞʠʥʘץʪʘʣʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ʤʠʣʣʠʦʥ ʝʩʝʛʝ ʞʝʪʝʪʽʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ʉʦʥʜʳץʪʘʥ, ʪʘʙʠסʠ 

ʦʨʪʘʥʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʜʝ ʇʍɹ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʪᴇʤʝʥ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʜʘ, 

ʦʣʘʨʜʳש ʘʜʘʤ ʘסʟʘʩʳʥʜʘ ץʦʨʝʢʪʝʥʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ʝש ʞʦסʘʨʳ ʙʫʳʥ ʨʝʪʽʥʜʝ 

ʞʠʥʘץʪʘʣʫ ץʘʫʧʽ ʙʘʨ. ʇʍɹ, ʊʆʃ-ʜʳש ʙʘʩʳʤ ʢᴇʧʰʽʣʽʛʽ ʩʠʷץʪʳ, ʣʠʧʦʪʨʦʧʪʳ 

ʞᴅʥʝ ʞʘʥʫʘʨʣʘʨʜʳש ʤʘʡ ʪʽʥʜʝʨʽʥʜʝ ʞʠʥʘץʪʘʣʘʜʳ. 

ʇʍɹ-ʥʽש ʫʳʣʳ ᴅʩʝʨʽ ᴇʪʢʝʥ סʘʩʳʨʜʳ60 ש-ʰʳ ʞʳʣʜʘʨʳʥʜʘ סʘʥʘ 

ʘʥʳץʪʘʣʜʳ. 1968 ʞʳʣʳ ɾʘʧʦʥʠʷʜʘ ʘʜʘʤʜʘʨʜʳש ʇʍɹ-ʤʝʥ ʞʘʧʧʘʡ ʫʣʘʥʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʝש ʪʘʥʳʤʘʣ ʦץʠסʘ (1000-ʥʘʥ ʘʩʪʘʤ ײץʨʙʘʥʜʘʨ, ʖʰʦ ʘʫʨʫʳ) 

ʪʘʟʘʨʪʫ ʢʝʟʽʥʜʝ ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʪʘʨʜʳץ שʳʩʳʤʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝʥ ʢװʨʽʰ 

ʤʘʡʳʥʳש ʣʘʩʪʘʥʫʳ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ʢװʨʽʰ ʤʘʡʳʥ 

ʪײʪʳʥʫʜʘʥ ʪʫʳʥʜʘʜʳ [29].  

ʇʍɹ-ʥrש ʫʳʣʳ ᴅʩʝʨʽ ʦʣʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɽש 

ʫʣʩr r ï ʞʘʟʳץʪʳץ ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʙʘʨ ʢʦʥʛʝʥʝʨʣʝʨ (C1-C1 ʷʜʨʦʘʨʘʣʳץ 

ʙʘʡʣʘʥʳʩʳʥʘ ץʘʪʳʩʪʳ ʦʨʪʦ ʞʘסʜʘʡʳʥʜʘ ʘʣʤʘʩʪʳʨסʳʰʪʘʨʳ ʞʦץ). ʍʠʤʠʷʣʳץ 

ʠʥʝʨʪʪʽʣʽʢ, ʞʦסʘʨʳ ʪʳסʳʟʜʳץʪʘסʳ ʙʫʳ ʞᴅʥʝ ʩʦʨʙʮʠʷʣʘʥʫ ץʘʙʽʣʝʪʽ ʩʠʷץʪʳ 

ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨ ʦʣʘʨʜʳץ שʦʨʰʘסʘʥ ʦʨʪʘסʘ ʪʘʨʘʣʫ ʩʠʧʘʪʳ ʤʝʥ 

ʜʠʥʘʤʠʢʘʩʳʥ ʘʥʳץʪʘʡʜʳ. ɹʠʦʘʢʢʫʤʫʣʷʮʠʷ ʞᴅʥʝ ʙʠʦʢʦʥʚʝʨʩʠʷ ץʘʩʠʝʪʪʝʨʽ 

ʙʦʡʳʥʰʘ ᴅʨ ʪװʨʣʽ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʫʣʳʣʳסʳʥʜʘ װʣʢʝʥ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ 

ʙʘʨ. ʄʦʣʝʢʫʣʘʥʳש ʦʨʪʦ ʧʦʟʠʮʠʷʣʘʨʳʥʜʘ ʭʣʦʨ ʘʪʦʤʜʘʨʳ ʞʦץ ʢʦʥʛʝʥʝʨʣʝʨ 

(ʦʨʪʦ-ʘʣʤʘʩʪʳʨʳʣʤʘסʘʥ ʇʍɹ) ʞʘʟʳץʪʳץ ʢʦʥʬʠʛʫʨʘʮʠʷʥʳ ץʘʙʳʣʜʘʡ ʘʣʘʜʳ, 

ʙײʣ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʝץ שʦʣʘʡʣʳ [30] (ʩʫʨʝʪ 2). ʄײʥʜʘʡ ʢʦʥʛʝʥʝʨʣʝʨ 

ʧʦʣʠʭʣʦʨʣʘʥסʘʥ ʜʠʙʝʥʟʦʬʫʨʘʥʜʘʨסʘ (ʇʍɼʌ) ʞᴅʥʝ ʜʠʙʝʥʟʦʜʠʦʢʩʠʥʜʝʨʛʝ 

(ʇʍɼɼ) ʠʟʦʩʪʝʨʦʠʟʦʤʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʨʪʦ-ʘʣʤʘʩʪʳʨʳʣʤʘסʘʥ ʇʍɹ 

ʤʦʣʝʢʫʣʘʣʘʨʳ ʝש ʫʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʇʂɼɼ ʤʝʥ ʇʂɼʌ ᴅʩʝʨʽʥʝ ץײʩʘʩ. 

 

 

ˉ 77 

3,3',4,4'-ʊʍɹ 

 

ˉ 126 

3,3',4,4',5-ʇʝʍɹ 

 

ˉ 169 

3,3',4,4',5,5'-ɻʢʍɹ 

 
2 ʩʫʨʝʪ ï ʇʍɹ-ʥʳש ʘʩʘ ʫʣʳ ʦʨʪʦ-ʘʣʤʘʩʪʳʨʳʣʤʘסʘʥ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽײץ שʨʳʣʳʤʳ 
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 ʩʝʪʽʥ ʇʍɹ ʥʝʛʽʟʛʽ ʢᴇʟʜʝʨʽ ʤʳʥʘʣʘʨװʘ ʪסʘ ʞᴅʥʝ ʙʠʦʪʘסʘʥ ʦʨʪʘסʦʨʰʘפ

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨʜʘʥ ʙʫʣʘʥʫ, ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ 

 ʫ ʢʝʟʽʥʜʝ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʳ, ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ʞᴅʥʝסʪʘʨʜʳ ʞʘץʘʣʜʳץ

ʙʘʩץʘ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞʘʙʜʳץʪʘʨʜʳ ʪײʪʘʥʫ ʢʝʟʽʥʜʝ ʘʪʤʦʩʬʝʨʘסʘ ʰʳסʫ; 

ᴆʥʜʽʨʽʩʪʝʛʽ ʇʍɹ-ʥʳש ʙʘʩץʘ ᴇʥʜʽʨʽʩʪʽʢ ץʘʣʜʳץʪʘʨʤʝʥ ʙʽʨʛʝ ʰʳסʫʳ, ʇʍɹ-ʥʳ 

ʧʦʣʠʛʦʥʜʘʨסʘ ʞᴅʥʝ ʘʵʨʘʮʠʷ ʘʣʘשʜʘʨʳʥʘ ʪʘʩʪʘʫ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʣʘʩʪʘʫʜʳש 

ʙʘץʳʣʘʫʩʳʟ ᴅʜʽʩʪʝʨʽ; ʭʠʤʠʷ ᴇʥʜʽʨʽʩʽ, ʤʝʪʘʣʣʫʨʛʠʷ, ʙʦʷʫ, ʞʝʣʽʤ, ʧʦʣʠʤʝʨʣʝʨ 

ᴇʥʜʽʨʽʩʽ ʞᴅʥʝ ʪ.ʙ. [31]. 

ɸʪʤʦʩʬʝʨʘʜʘ ʦʣʘʨ ʝʢʽ ʘʛʨʝʛʘʪʪʳץ ʢװʡʜʝ ʙʦʣʘʜʳ: ʽʰʽʥʘʨʘ ʘʵʨʦʟʦʣʴʜʝʨʜʝ 

ʞᴅʥʝ ʛʘʟ ʬʘʟʘʩʳʥʜʘ [32]. ɻʘʟ ʞᴅʥʝ ʘʵʨʦʟʦʣʴ ʬʘʟʘʣʘʨʳʥʳש ʘʨʘץʘʪʳʥʘʩʳ 

ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳʥʘ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʫʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ, ץʳʩʳʤʳʥʘ ʞᴅʥʝ ʳʣסʘʣʜʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʄײʭʠʪ 

 ʩʪʽʥʜʝʛʽ ʘʫʘʜʘ 40-90%װ ʩʪʽʥʜʝʛʽ ʘʫʘʜʘ ʙʫ-ʛʘʟ ʬʘʟʘʩʳ 95-100% ʙʦʣʩʘ, ʤʘʪʝʨʠʢװ

ʰʘʤʘʩʳʥʜʘ ᴇʟʛʝʨʝʜʽ [32]. 

 

 ʘʥסʳʣʘʨ ʤʝʥ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʦʥʜʳʨץ ʳ ʇʍɹסʩʪʘʥʜʘץʘʟʘפ 1.2.2

ʘʡʤʘץʪʘʨ 

 

ʊʄɼ ʝʣʜʝʨʽʥʜʝʛʽ ʇʍɹ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʳʥ ʰʳסʘʨʘʪʳʥ ʙʽʨʥʝʰʝ 

ʟʘʫʳʪʪʳש ʙʽʨʽ פʘʟʘץʩʪʘʥʜʘ ʦʨʥʘʣʘʩץʘʥ. ɹײʨʳʥסʳ ʂʉʈʆ-ʜʘסʳ ʙʘʨʣʳץ 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽʥ ᴇʥʜʽʨʝʪʽʥ ʟʘʫʳʪʪʳש ʙʽʨʽ ï ʐפʆ, ᴆʩʢʝʤʝʥ 

  .ʘʥץʘʣʘʩʳʥʜʘ ʦʨʥʘʣʘʩץ

ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ (ᴆʂɿ) 1959 ʞʳʣʳ ײץʨʳʣʜʳ, ʘʣ 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ʰʳסʘʨʫ 1962 ʞʳʣʳ ʙʘʩʪʘʣʜʳ. ɿʘʫʳʪʪʘ ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣ 

(ʊʍɹ) ʵʣʝʢʪʨ ʦץʰʘʫʣʘסʳʰ ʩײʡʳץʪʳץ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʂʦʥʜʝʥʩʘʪʦʨ 

ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽʥʜʝʛʽ ʇʍɹ-ʥʳ ʪʘʟʘʣʘʫ, ʢʝʧʪʽʨʫ, 

ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʪ.ʙ. ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ᴇʥʜʽʨʽʩ ץʘʣʜʳץʪʘʨʳʥʳש, 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ (ʩʘʟʜʘʨ, ʩװʟʛʽ ץʘסʘʟʳ, ʩʫ) ʧʘʡʜʘʣʘʥʫʜʘʥ ʪװʟʽʣʝʪʽʥ ץʘʪʪʳ, ʩײʡʳץ 

ʞᴅʥʝ ʛʘʟ ʪᴅʨʽʟʜʝʩ ץʘʣʜʳץʪʘʨ ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘʩʳʥʘ ʩʫ ʞᴅʥʝ 

ʘʪʤʦʩʬʝʨʘסʘ ʪʘʨʘʣʳʧ, ʪʦʧʨrʘץʪʳ ʣʘʩʪʘʡʜ  r[27]. 

ɹʝʣʛʽʣʽ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩװʡʝʥʩʝʢ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʣʜʳץʪʘʨʜʳש ʩʫʤʝʥ ʘסʳʧ 

ʰʳסʘʜʳ, ʦʩʳʣʘʡʰʘ ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘʩʳʥ ʊʆʃ-ʤʝʥ, ʩʦʥʳש 

ʽʰʽʥʜʝ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʫʳʥʳש ʥʝʛʽʟʛʽ ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ 

ʇʍɹ-ʥʳץ שʦʨʝʢʪʽʢ ʪʽʟʙʝʢʢʝ ץʦʩʳʣʫʳʥʘ ᴅʢʝʣʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʞʳʣ ʩʘʡʳʥ 

 ,ʨʘʡʜʳ. ʆʩʳʣʘʡʰʘײץ 10-12% שʘʨʳʣʘʪʳʥ ʇʍɹ ʢᴇʣʝʤʽ ʦʥʳסʨʝʪʽʥʜʝ ʰʳ ץʘʣʜʳץ

ᴆʂɿ ɽʨʪʽʩ ᴇʟʝʥʽ ʘʣʘʙʳʥʜʘסʳ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʣʘʩʪʘʫʰʳ ʥʝʛʽʟʛʽ ʢᴇʟ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʊʨʠʭʣʦʨʦʙʠʬʝʥʠʣ ʜʠʵʣʝʢʪʨʠʛʽ ʙʘʨ çʂʉè ʪʠʧʪʽ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ 

ʰʳסʘʨʘʪʳʥ ᴆʂɿ ᴅʨʪװʨʣʽ ץʫʘʪ ʙʦʡʳʥʰʘ ʞʳʣʳʥʘ 0,9-2 ʤʳש ʪʦʥʥʘ ʜʠʵʣʝʢʪʨ 

ᴇשʜʝʡʜʽ [27-28]. ɿʘʫʳʪʪʘ ʇʍɹ-ʜʽ ץʦʣʜʘʥʫ ʪʦץʪʘʪʳʣסʘʥסʘ ʜʝʡʽʥ, ʢʝʡʙʽʨ 

ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʇʍɹ ʙʘʨ 30 ʤʳש ʪʦʥʥʘ ᴇʥʽʤ ʰʳסʘʨʳʣסʘʥ [28]. ɸʣʘʡʜʘ, 

ʞʳʣʳʥʘ ʰʘʤʘʤʝʥ 2 ʤʳש ʪʦʥʥʘ ʜʠʵʣʝʢʪʨ ʪײʪʳʥʳʣסʘʥ [27] ʜʝʛʝʥ ʥʘץʪʳ 

ʢᴇʨʩʝʪʢʽʰ 50 ʤʳש ʪʦʥʥʘ [26] ʞᴅʥʝ ʢʝʤ ʜʝʛʝʥʜʝ 10% (5 ʤʳש ʪʦʥʥʘ) ʘʡʥʘʣʳʤʜʘ 

ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ɿʘʫʳʪ ʽʩʪʝʥ ʰʳץץʘʥ ʥʝʤʝʩʝ ʞʘʨʘʤʜʳʣʳץ ʤʝʨʟʽʤʽ ᴇʪʢʝʥ 
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ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʥʝʤʝʩʝ ʢᴅʜʝʛʝ ʞʘʨʘʪʫ ʞײʤʳʩʪʘʨʳʥ 

 ʜʳʨʳסʪʘ שʢᴇʧʰʽʣʽʛʽʥʽ שʪʘʥ, ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳץʘʥ. ʉʦʥʜʳסʡʳʤʜʘʩʪʳʨʤʘײ

 ʪʦʥʥʘ ʇʍɹ שʘʥ 45 ʤʳסʘʨʳʣסʥʠ ᴆʩʢʝʤʝʥʜʝ ʰʳסʘʟʽʨʛʽ ʢʝʟʜʝ ʙʝʣʛʽʩʽʟ [28], ʷץ

 .ʜʘʡʜʘ ʝʢʝʥʜʽʛʽ ʙʝʡʤᴅʣʽʤסʘʥʜʘʡ ʞʘץ ʘʟʽʨʛʽ ʢʝʟʜʝץ

ʉʦʥʜʘʡ-ʘײץ ,ץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ץʘʣʜʳץʪʘʨ ʰʳסʘʨʳʣסʘʥ ᴆʩʢʝʤʝʥ 

 ʪʘʨʜʳ ʜʘ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ʇʦʣʠʛʦʥ ʫʣʳץʘʣʜʳץ ץʨʤʳʩʪʳײʘʪʪʳ ʪץ ʳסʘʣʘʩʳʥʜʘץ

ᴇʥʜʽʨʽʩʪʽʢ ץʘʣʜʳץʪʘʨʜʳ ʩʘץʪʘʫסʘ ʙʝʡʽʤʜʝʣʤʝʛʝʥʜʽʢʪʝʥ, ץʘʣʜʳץʪʘʨʜʳ ʞʘסʫ 

ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪװʪʽʥʜʝʨ ʤʝʥ ʞʘשʘ ʰʳסʘʨʳʥʜʳʣʘʨ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ װʥʝʤʽ ʣʘʩʪʘʧ ʦʪʳʨʘʜʳ.  

[27] ʟʝʨʪʪʝʫʜʝ ʇʍɹ-ʥʳ ʞʘסʫ ʘʨץʳʣʳ ʞʦʶʜʳש ʪʠʽʤʩʽʟ ʝʢʝʥʜʽʣʽʛʽ ʘʪʘʧ 

ᴇʪʽʣʜʽ, ᴇʡʪʢʝʥʽ ʙײʣ ʞʘסʜʘʡʜʘ ʇʍɹ ʦʜʘʥ ʜʘ ʫʣʳ ʧʦʣʠʭʣʦʨʣʘʥסʘʥ 

ʜʠʙʝʥʟʦʬʫʨʘʥʜʘʨסʘ (ʇʍɼʌ) ʘʡʥʘʣʘʜʳ. ʇʍɼʌ ʧʦʣʠʛʦʥʜʘʨʜʘ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʽʨʥʝʰʝ ʪʝʨʤʠʷʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʘ (150Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʪʝʨʤʠʷʣʳץ ʚʘʢʫʫʤʜʘ ʢʝʧʪʽʨʫ, ʛʝʨʤʝʪʠʢʘʣʳץ ʩʳʥʘʫ ʞᴅʥʝ ʪ.ʙ.) ʞװʨʛʽʟʽʣʛʝʥ 

ʟʘʫʳʪʪʘ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʙײʣ ʇʍɹ-ʥʳש ʇʍɼʌ-סʘ ʘʡʥʘʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜ̔. 

ᴆʡʪʢʝʥʽ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʽש ʙʘʨʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʳ, ʩʦʥʳש ʽʰʽʥʜʝ. 

ʧʝʰʪʝʨʜʝ 150oʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ʚʘʢʫʫʤʜʘ ʢʝʧʪʽʨʫ ʞᴅʥʝ 

ʩʽשʜʽʨʫ, ʦʣʘʨʜʳש ʛʝʨʤʝʪʠʢʘʣʳסʳʥ ʩʳʥʘʫ, ʢʦʥʜʝʥʩʘʪʦʨʣʘʨסʘ ʇʍɹ ײץʶ, ʘץʘʫʳ 

ʙʘʨ ᴇʥʽʤʜʽ ץʘʡʪʘ ʞʠʥʘʫ, ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘʥ ʇʍɹ-ʥʳ ʪᴇʛʫ ʞᴅʥʝ ʪ.ʙ. 

ʞײʤʩʪʘʨʜʳ ʞײʤʳʩʰʳʣʘʨ ʞװʟʝʛʝ ʘʩʳʨʜʳ, ʦʣʘʨ װʥʝʤʽ ʇʍɹ ᴅʩʝʨʽʥʝ ײʰʳʨʘʜʳ. 

 ʳ ʙʝʪʪʝʨʜʽ ʤʘʡʩʳʟʜʘʥʜʳʨʫ ʢʝʟʽʥʜʝץʘ ʦʨʥʘʪʫ ʞᴅʥʝ ʩʳʨʪסʘʟʜʳ ʢʦʥʜʝʥʩʘʪʦʨסʘפ

ʇʍɹ ʞʦסʘʣʫʳ (60% ʜʝʡʽʥ) ʞᴅʥʝ ʞʫסʳʰ ʟʘʪ ײץʨʘʤʳ ʙʘʨ ʩʫʜʘסʳ ʇʍɹ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (20% ʜʝʡʽʥ), ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙײʣ ʩʫʣʘʨʜʳש ʪʘʟʘʨʪʳʣʤʘʡ 

ʢᴅʨʽʟʛʝ ʘסʳʟʳʣסʘʥʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʘʨ ʜʘ ʙʘʨ [27].  

 ץʘʥ ʩʪʨʘʪʝʛʠʷʣʳסʦʣʜʘʥʳʣץ ʪʘʨʳץʩʪʘʥʜʘ ʇʍɹ ʙʘʨ ʵʣʝʢʪʨ ʞʘʙʜʳץʘʟʘפ

ʢᴅʩʽʧʦʨʳʥʜʘʨ ʤʝʥ ץʦʨסʘʥʳʩ ʦʙʲʝʢʪʽʣʝʨʽʥʽש ʩʘʥʳ ᴇʪʝ ʢᴇʧ. ɹײʣ 

 ,ʘʫʽʧʪʽʣʽʛʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʘʥץ ʪʠʤʘʣʜʳץʳ ʇʍɹ ʳסʳʣʘʨʜʘסʦʥʜʳʨץ

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘʥ, ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʪʘʨʜʘʥ ʥʝʤʝʩʝ ʙʘʩץʘ ʞʘʙʜʳץʪʘʨʜʘʥ 

ʘסʳʧ ʢʝʪʫʽ ʥʝʤʝʩʝ ʙʫʣʘʥʫʳ, ץʳʩʳʤʥʳש ʪᴇʤʝʥʜʝʫʽ ʞᴅʥʝ ʪ.ʙ. ʤװʤʢʽʥ ʙʦʣʘʪʳʥ 

ʘʰʳץ ʥʝʤʝʩʝ ʟʘץʳʤʜʘʣסʘʥ ʞװʡʝʣʝʨʜʝ ץʦʣʜʘʥʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʇʍɹ -ʥʳ ʙʽʨʥʝʰʝ ʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʙʦʡʳ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ 

ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʙʽʨץʘʪʘʨ ᴇʥʜʽʨʽʩʪʝʨʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫ פʘʟʘץʩʪʘʥʜʘסʳ 

ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʳש ʘʡʪʘʨʣʳץʪʘʡ ʥʘʰʘʨʣʘʫʳʥʘ ᴅʢʝʣʜʽ, ʙײʣ ʙʦʣʘʰʘץ 

 ʘʪʘʨ ʥᴅʨʝʩʪʝ ᴇʣʽʤʽ ʞᴅʥʝ ʘʜʘʤץ ʘʫʽʧ ʪᴇʥʜʽʨʤʝʥץ ʳʥʘסʜʝʥʩʘʫʣʳ שʪʳץʨʧʘײ

ᴇʤʽʨʽʥʽץ שʳʩץʘʨʫʥrʘ ʘʣʳʧ ʢʝʣʝʜʽ. 

ɼװʥʠʝʞװʟʽʣʽʢ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ײʡʳʤʳʥʳש (ɼɼױ) ʇʍɹ ʧʘʡʜʘʣʘʥʘʪʳʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ץʘʪʳʩʪʳ ʪʘʣʘʧʪʘʨʳ ʪʝʢ 1980 ʞʳʣʜʘʨʜʳש ʦʨʪʘʩʳʥʜʘ סʘʥʘ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘ ʙʘʩʪʘʜʳ [33]. 1989 ʞʳʣʳ ᴆʂɿ-ʜʘ פʘʟʘץ ʂʉʉʈ ɼʝʥʩʘʫʣʳץ 

ʩʘץʪʘʫ ʤʠʥʠʩʪʨʣʽʛʽʥʽש ʈʝʩʧʫʙʣʠʢʘʣʳץ ʢʦʤʠʩʩʠʷʩʳ ʞײʤʳʩ ʽʩʪʝʜʽ, ʦʣ 

ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣʜʽ ץʦʣʜʘʥʫסʘ ʪʳʡʳʤ ʩʘʣʳʧ, ʟʘʫʳʪ ʘʫʤʘסʳʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ 

ʙʦʡʳʥʰʘ ʽʩ-ʰʘʨʘʣʘʨ ʞʦʩʧʘʨʳʥ ʞʘʩʘʜʳ [34]. 

 ʳʩסʘ ʰʦʣʫ çʐʳסʜʘʡסʩʪʘʥʜʘ ʇʍɹ ʣʘʩʪʘʥʫʳ ʙʦʡʳʥʰʘ ʞʘץʘʟʘפ

 שʪʘʨʳʥʳץʘ ʜʘ ʘʡʤʘץʙʘʩ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ ʩʪʘʥ ʦʙʣʳʩʳ ʞᴅʥʝץʘʟʘפ

ʧʦʣʠʭʣʦʨ ʙʠʬʝʥʠʣʜʝʨʤʝʥ ʣʘʩʪʘʥʫʳ: ʘʡʤʘץʪʳץ ʤʦʥʠʪʦʨʠʥʛ ʞᴅʥʝ ʇʍɹ 
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ʢᴇʟʜʝʨʽʥ ʘʥʳץʪʘʫ ï ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʞʦʣʜʘʨʳè ʞʦʙʘʩʳ ʘʷʩʳʥʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. ɾײʤʳʩʪʘ ᴆʂɿ ʘʫʤʘסʳʥʘʥ ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣʜʽץ שʘʣʜʳץʪʘʨʳ ʤʝʥ 

ʣʘʩʪʘʥסʘʥ (ʰʘʤʘʤʝʥ 6-9 ʪʦʥʥʘ), ʪʦʧʳʨʘץ ץʘʙʘʪʳ ʰʳסʘʨʳʣʳʧ, ץʦʡʤʘסʘ 

ʢᴇʤʽʣʛʝʥʽ, ʘʣ ʪʝʭʥʦʣʦʛʠʷʥʳש ɾʘʧʦʥʠʷʜʘ ʞʘʩʘʣסʘʥ DOP ʩʽשʜʽʨʫʰʽ ʘʛʝʥʪʢʝ 

 ʛʝʡʽʥשʇʍɹ-ʤʝʥ ʣʘʩʪʘʥʫ ʜʝ שʪʳץʘʥʳ [34] ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʦʧʳʨʘסʳʪʪʘʣסʘʡʪʘ ʙʘץ

ʩʘʥʜʳץ ʙʘסʘʣʘʫ װʰʽʥ ʭʠʤʠʷʣʳץ ʘʥʘʣʠʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ɿʘʫʳʪ 

ʪʝʨʨʠʪʦʨʠʷʩʳʥʳש ʞᴅʥʝ ʞʘץʳʥ ʤʘשʳʥʜʘסʳ ʝʣʜʽ ʤʝʢʝʥ ʪʦʧʳʨʘסʳʥʘʥ ʇʍɹ-ʥʳש 

ʞʦסʘʨʳ ײץʨʘʤʳ ʘʥʳץʪʘʣʜʳ. ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘ ɸʙʣʘʢʝʪʢʘ 

ʞᴅʥʝ ɽʨʪʽʩ ʞʘסʘʣʘʫʳʥʜʘ (ʟʘʫʳʪ ʘʫʤʘסʳʥʜʘ ʇʍɹ ʤᴇʣʰʝʨʽ 1730 ʤʛ/ʢʛ, ɽʨʪʽʩ 

ʞʘסʘʩʳʥʜʘ 7-4 ʤʛ/ʢʛ, ʘʣ ʐʈʂ 0,06 ʤʛ/ʢʛ) ײץʨʘסʘʥ. 

2003-2009 ʞʳʣʜʘʨʳ çʕʢʦʩʝʨʚʠʩ ʉè ɾʐʉ çפʦʨʰʘסʘʥ ʦʨʪʘʥʳ ץʦʨסʘʫ 

ʩʘʣʘʩʳʥʜʘסʳ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨè ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʇʍɹ ʧʨʦʙʣʝʤʘʩʳ 

ʙʦʡʳʥʰʘ ʙʽʨץʘʪʘʨ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʜʽ [35]. çפʦʨʰʘסʘʥ ʦʨʪʘʥʳ ץʦʨסʘʫ 

ʩʘʣʘʩʳʥʜʘסʳ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨè ʙʘסʜʘʨʣʘʤʘʩʳ ʘʷʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

 ʘʥסʪʘʨ ʤʝʥ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥץʤʳʩʪʘʨʳ ʇʍɹ ʙʘʨ ʞʘʙʜʳײʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞס

ʘʫʤʘץʪʘʨʜʳש ʦʨʥʘʣʘʩʫ ʪʽʟʽʤʽʥ ʞʘʩʘʫסʘ, ʞʦʶ ʢᴇʣʝʤʽʥ, ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʘʣʜʳʥ 

ʘʣʘ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ פʘʟʘץʩʪʘʥ ʘʫʤʘסʳʥʜʘ ʇʍɹ ץʦʣʜʘʥʳʣסʘʥ 

 ʣʢʝʥװ ʦʨʥʘʣʘʩʫʳ ᴇʪʝ שʘʥ ʘʫʜʘʥʜʘʨʜʳסʳʣʘʨ ʤʝʥ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʦʥʜʳʨץ

ʢᴇʣʝʤʜʝ ʙʝʣʛʽʣʝʥʽʧ, פʘʟʘץʩʪʘʥ ʊʄɼ ʝʣʜʝʨʽ ʘʨʘʩʳʥʜʘ ʇʍɹ ץʘʣʜʳסʳ ʙʦʡʳʥʰʘ 

ʈʝʩʝʡʜʝʥ ʢʝʡʽʥ ʝʢʽʥʰʽ ʦʨʳʥʜʘ ʪײʨסʘʥʜʳסʳ ʘʥʳץʪʘʣסʘʥ. ɸʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʩʧʫʙʣʠʢʘʜʘ ʇʍɹ -ʤʝʥ ʣʘʩʪʘʥסʘʥ ʘʫʤʘץʪʘʨʜʳש ʩʝʛʽʟ çװʣʢʝʥ 

ʥװʢʪʝʩʽè ʪʘʙʳʣʜʳ. ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ʤʘʪʝʨʠʘʣʜʳ80% ש ʰʘʤʘʩʳ ᴆʩʢʝʤʝʥ 

 ʘʥסʳ ʙʝʣʛʽʣʝʥʽʧ, ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥʜʳץʳʥʜʘ ʦʨʥʘʣʘʩסʘʫʤʘ שʘʣʘʩʳʥʳץ

ʙʘʨʣʳסʳ 10 ʘʡʤʘץ ʘʥʳץʪʘʣʜʳ. 

ʅʝʛʽʟʛʽ ʨʝʩʧʫʙʣʠʢʘ ʙʦʡʳʥʰʘ ʇʍɹ-ʥʳ80% ש-ʳ ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ 

ʟʘʫʳʪʳʥʳש ʘʫʤʘסʳ ʤʝʥ ʦʥʳש ʩʫ ץʦʡʤʘʩʳʥ ץʘʤʪʠʜʳ. ᴆʂɿ ʘʡʤʘסʳʥʜʘ 1200 

ʛʝʢʪʘʨסʘ ʜʝʡʽʥ ʦʨʪʘʰʘ ʜʝשʛʝʡʜʝ ʣʘʩʪʘʥסʘʥ ʪʦʧʳʨʘץʪʳש ʘʫʜʘʥʳ ʘʥʳץʪʘʣסʘʥ (3 

ʩʫʨʝʪ) [36]. 

 

  

 

3 ʩʫʨʝʪ ï ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳʥʳש ʘʫʤʘסʳ [36]. ɹʝʣʛʽʣʝʨ: ץʳʟʳʣ ï 

 ï ʞʝʨ ץʢᴇʢ ʩʳʟʳ שʘʣʳץ ,ץʘʥ ʘʡʤʘסʩʘʨʳ ï ʘʟʜʘʧ ʣʘʩʪʘʥ ,ץʘʥ ʘʡʤʘסʘʪʪʳ ʣʘʩʪʘʥץ

ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʘסʳʥʳʥʳש ʙʘסʳʪʳ, ʞʽשʽʰʢʝ ʢᴇʢ ʩʳʟʳץ ï ʞʝʨ װʩʪʽ ʩʫ 

ʘסʳʥʳʥʳש ʙʘסʳʪʳ 
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ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ʙʘʩץʘ ʘʫʤʘץʪʘʨסʘ - ᴅʩʢʝʨʠ ʪʝʭʥʠʢʘʥʳ ʞʦʶסʘ 

ʘʨʥʘʣסʘʥ ɾʘסשʳʟ-ʊᴇʙʝ ʞᴅʥʝ ɼʝʨʞʘʚʠʥ ʧʦʣʠʛʦʥʜʘʨʳʥʳש ʘʫʤʘץʪʘʨʳ, 

ʉʘʨʳʰʘסʘʥ ʧʦʣʠʛʦʥʳ, ɹʘʣץʘʰ ʢᴇʣʽʥʽש ʩʦʣʪװʩʪʽʢ ʞᴅʥʝ ʙʘʪʳʩ ʞʘסʘʣʘʫʣʘʨʳʥʳש 

ʘʫʤʘץʪʘʨʳ, ɽʢʽʙʘʩʪײʟ ʞᴅʥʝ פʦʩʪʘʥʘʡ ץʦʩʘʣץʳ ʩʪʘʥʮʠʷʩʳʥʳש ʘʫʤʘסʳ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ פʘʨʘסʘʥʜʳʜʘסʳ ʂʦʩʪʝʥʢʦ ʰʘʭʪʘʩʳʥʜʘסʳ ץʦʩʘʣץʳ ʩʪʘʥʮʠʷʩʳ 

ʞʘʪʘʜʳ. 

 ʜʘ-פʢᴇʧ ʤᴇʣʰʝʨʽ çKEGOKè ɸ שʝ שʪʳץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʞʘʙʜʳײפ

ʵʣʝʢʪʨ ץʦʩʘʣץʳ ʩʪʘʥʮʠʷʣʘʨʳʥʜʘסʳ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʪװʨʽʥʜʝ ʞᴅʥʝ ʉʝʤʝʡ 

ʧʦʣʠʛʦʥʳ ʘʫʤʘסʳʥʜʘ ʫʘץʳʪʰʘ ʢᴇʤʽʣʛʝʥ. ʂʦʥʜʝʥʩʘʪʦʨʣʘʨ 2002 ʞʳʣʳ 

ʂʫʨʯʘʪʦʚ ץʘʣʘʩʳʥʜʘ ʉʝʤʝʡ ʷʜʨʦʣʳץ ʧʦʣʠʛʦʥʳʥʳש ʪᴅʞʽʨʠʙʝʣʽʢ ʘʣʘשʳʥʘ 

ʢᴇʤʽʣʛʝʥ ʙʠʽʢʪʽʛʽ ʰʘʤʘʤʝʥ 2 ʤʝʪʨ, ʪʠʽʩʪʽ ʞʘʟʫʳ ʙʘʨ ʪʘʙʘץʰʘʣʘʨʳ ʪʦʨʣʳ 

ʩʳʤʤʝʥ ץʦʨʰʘʣסʘʥ ʰʘסʳʥ ʪʦʧʳʨʘװ ץʡʽʥʜʽʩʽ. 

ʇʍɹ ץʘʣʜʳץʪʘʨʳʥ ʞʦʶ װʰʽʥ ʉʝʤʝʡ ʧʦʣʠʛʦʥʳʥ ʪʘשʜʘʫʳ ʙײʣ 

ʧʦʣʠʛʦʥʥʳש ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʝʥ ʘʣʳʩ ʦʨʥʘʣʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʜʳ (ʝש 

ʞʘץʳʥ ʝʣʜʽ ʤʝʢʝʥ 70 ʢʤ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ - ʂʫʨʯʘʪʦʚ ץʘʣʘʩʳ), ʩʫʳ 

ᴇʟʝʥʛʝ ʘץʧʘʡʜʳ ʥʝʤʝʩʝ ʞʝʨ ʘʩʪʳ ʩʫ ʘסʳʥʳ ʞʦץ, ᴇʪʢʝʥ סʘʩʳʨʜʳ40-50 ש 

ʞʳʣʜʘʨʳʥʜʘ ʪᴅʞʽʨʠʙʝ ʘʣʘשʳʥʜʘ ʷʜʨʦʣʳץ ʞʘʨʳʣʳʩʪʘʨ ʞװʨʛʽʟʽʣʜʽ, 

ʨʘʜʠʦʘʢʪʠʚʪʽ ʣʘʩʪʘʥʫʜʳש ʞʦסʘʨʳ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙײʣ ʪʝʨʨʠʪʦʨʠʷ 

ʘʣʜʘסʳ ʫʘץʳʪʪʘ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞʝʨʣʝʨʜʽש 

ʘʡʥʘʣʳʤʳʥʘʥ ʰʳסʘʨʳʣʜʳ. ʊᴅʞʽʨʠʙʝʣʽʢ ʘʣʘשʜʘ ץʦʩʳʤʰʘ ץʘʡʪʘ 

ʞʘʙʜʳץʪʘʫʜʘʥ ʢʝʡʽʥ ʇʍɹ ץʘʣʜʳץʪʘʨʳʥ ʫʘץʳʪʰʘ ʩʘץʪʘʫ װʰʽʥ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʪʳʥ ʢᴇʧʪʝʛʝʥ ײץʨʳʣʳʤʜʘʨ ʙʘʨ. ʇʦʣʠʛʦʥʜʘ ʢᴇʤʫʛʝ ʝץ שʦʣʘʡʣʳ ʝʢʽ 

 ʘ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫץʟʜʘʥ ʂʫʨʯʘʪʦʚײʜʘʣʜʳ. ɽʢʽʙʘʩʪשʨʳʣʳʤ ʪʘײץ

 ʘʥ ʦʨʪʘʥʳסʦʨʰʘץ ץʪʳץʳʟʤʝʪʪʝʨʽ ʤʝʥ ʘʫʤʘץ ʘʨʫץʪײץ- ץʰʽʥ ʪʠʽʩʪʽ ʘʚʘʨʠʷʣʳװ

 ʳʪʳ ᴅʟʽʨʣʝʥʜʽ. 14 865סʘʨʤʘʩʳ ʤʝʥ ʢʝʣʽʩʽʣʛʝʥ ʢᴇʣʽʢ ʙʘץʘʫ ʙʘʩסʦʨץ

ʤᴇʣʰʝʨʽʥʜʝʛʽ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʘʥʪʠʩʝʧʪʠʢʘʣʳץ ʞᴅʥʝ ʦʪץʘ ʪᴇʟʽʤʜʽ 

ʤʘʪʝʨʠʷʣʜʘʨʤʝʥ ʤʝʥ ᴇשʜʝʣʛʝʥ ʘסʘʰ ʪᴇʩʝʥʰʪʝʨ ץʦʣʜʘʥʳʧ,ʪʽʛʽʥʝʥ 7-8 ץʘʙʘʪʪʘ 

ʞʠʥʘʣʜʳ [36]. ʂʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳש ʞʦסʘʨסʳ ץʘʙʘʪʳ ʤʝʥ ʝʜʝʥ ʪᴇʩʝʥʽʰʽ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳ0,6-1 ץ ʤ ײץʨʘʡʜʳ, ײץʨʳʣʳʤʜʘסʳ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳש 

ʪʦʣʪʳʨʫ ʪʳסʳʟʜʳסʳ ʞʘʣʧʳ ʢᴇʣʝʤʥʽײץ 52% שʨʘʜʳ. ɹʦʩ ʦʨʳʥʜʘʨסʘ ɽʢʽʙʘʩʪײʟ 

 ʘʥ, ʞʘʣʧʳ ʢᴇʣʝʤʽ 50 ʪʦʥʥʘסʩʘʣʳʥ ץʘʥ ʪʦʧʳʨʘסʳ ʩʪʘʥʩʘʩʳʥʘʥ ʣʘʩʪʘʥץʦʩʘʣץ

 ʩʪʽʥʝ 4 ʤʤ ʙʠʪʫʤ ʞʘʙʳʥʜʳʩʳ ʙʘʨװ שʦʡʳʣʜʳ. ɸɺʂ ʙᴇʣʤʝʩʽʥʽץ ץʘʣʜʳץ

 ,ʘʥסʘʧʪʘʣץ ʘʙʘʪʳʤʝʥץ ʳʰסʰʘʫʣʘץʳ 80 ʤʤ ʘʩʬʘʣʴʪʙʝʪʦʥʜʳ ʛʠʜʨʦʦסʜʳשʘʣʳץ

ʙʽʨ ʞʘסʳ ʢᴇʣʙʝʫ, ץʘʣʳשʜʳסʳ 150 ʤʤ ʞʦʣ ʪʘץʪʘʡʰʘʣʘʨʳʥʳש ʝʢʽʥʰʽ ʰʘʪʳʨ 

 ץʧʘץʘץ ʳ 500 ʤʤסʜʳשʘʣʳץ ʘʥסʘʥ ʩʘʟʜʘʥ ʞʘʩʘʣסʳʟʜʘʣסʘʙʘʪʳ ʪᴇʩʝʣʜʽ. ʥʳץ

ʩʦסʳʣʜʳ. ײפʨʳʣʳʤʥʳש ʧʝʨʠʤʝʪʨʽ ʙʦʡʳʥʰʘ ʪʽʢʝʥʜʽ ʩʳʤ ץʦʨʰʘʫʣʘʨ ʤʝʥ 

ʜʨʝʥʘʞʜʳץ ʢʘʥʘʣʜʘʨ, ʩʦʥʜʘʡ-ʘץ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥ ʙʘץʳʣʘʫ װʰʽʥ ʙʘץʳʣʘʫ 

 .ʪʘʨʳ ʦʨʥʘʪʳʣʜʳ [36]ץʜʳײץ

 ʩʪʘʥʜʘ 22 ʢᴅʩʽʧʦʨʳʥʜʘ 50 000 -ʥʘʥ ʘʩʪʘʤ ʇʍɹ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʳץʘʟʘפ

ʙʘʨ ʝʢʝʥʽ ʘʥʳץʪʘʣʜ  r(ʦʥʳס- 15000 שʘ ʞʫʳסʳ ʉʝʤʝʡ ʷʜʨʦʣʳץ ʧʦʣʠʛʦʥʳʥʜʘ 

ʢᴇʤʽʣʛʝʥ), ʙײʣ 2500 ʇʍɹ ץʦʥʜʳʨסʳʣʘʨ ʤʝʥ 850 ʪʦʥʥʘ ʇʍɹ ʤᴇʣʰʝʨʽʥʝ ʩʘʡ 

ʢʝʣʝʜʽ [36] (4 -ʩʫʨʝʪ). 

ᴆʥʝʨʢᴅʩʽʧ ʞʘסʜʘʡʳʥʜʘס rʇʍɹ-ץʦʥʜʳʨסʳʣʘʨʜʳץ שʦʣʜʘʥʳʣʫʳ ʢʝʣʝʩʽʜʝʡ 

ʙʦʣʘʜʳ: 
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Å ʵʥʝʨʛʝʪʠʢʘʣʳץ ʢʝʰʝʥ ï 2,5 ʤʳשʥʘʥ ʘʩʪʘʤ; 

Å ʪʘʫ -ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʢʝʰʝʥʽ - ʰʘʤʘʤʝʥ 20 ʤʳש ʜʘʥʘ; 

Å ʪʝʤʽʨʞʦʣ ʢᴇʣʽʛʽ - ʰʘʤʘʤʝʥ 600 ʜʘʥʘ; 

Å ʭʠʤʠʷ ᴇʥʝʨʢᴅʩʽʙʽ - ʰʘʤʘʤʝʥ 400 ʜʘʥʘ [36]. 

 

 
 

4 ʩʫʨʝʪ ï פʘʟʘץʩʪʘʥʜʘס r ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳש 

 ʳ: - ʇʍɹ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ; - ʇʍɹ ʙʘʪʘʨʝʷʣʘʨ; - ʇʍɹסʦʣʜʘʥʳʣʫ ʘʡʤʘץ

ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ 

 

2013 ʞʳʣʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘʥ, ʩʦʥʜʘʡ-ʘץ ʘʫʤʘץʪʳץ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ 

 ʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨײץ ʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝסʘʫ ʦʨʛʘʥʜʘʨʳʥʘʥ ʘʣʳʥסʦʨץ

ʞʘʙʜʳץʪʘʨʜ  rʪװʛʝʥʜʝʫ ʞװʨʛʽʟʽʣʜʽ [37]. פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘס rʇʍɹ 

ʙʦʣʫʳ ʤװʤʢʽʥ ʙʘʨʣʳסʳ 127-ʛʝ ʞʫʳץ ʽʨʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥ ʦʙʲʝʢʪʽʣʝʨʽ ʦʪʳʥ -

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʢʝʰʝʥ, ץʘʨʘ ʞᴅʥʝ ʪװʩʪʽ ʤʝʪʘʣʣʫʨʛʠʷ, ʭʠʤʠʷ, ʤײʥʘʡ -ʭʠʤʠʷ 

ʞᴅʥʝ ʘסʘʰ ᴇʥʝʨʢᴅʩʽʙʽ ʢʝʰʝʥʜʝʨʽ, ʤʘʰʠʥʘ ʞʘʩʘʫ, çפʘʟʘץʩʪʘʥ ʪʝʤʽʨ ʞʦʣʳè 

ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʥʳש ʙʘʩץʘ ʜʘ ʩʘʣʘʣʘʨʳʥʜʘסʳ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ ʵʣʝʢʪʨ 

ʞʘʙʜʳץʪʘʨʜʳ (ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ) ץʘʤʪʳʜʳ [38]. ɿʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ 2725 ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʘʥʳץʪʘʣסʘʥ, ʦʥʳש ʽʰʽʥʜʝ 2568 ʞײʤʳʩ ʽʩʪʝʧ 

ʪײʨ. ɾײʤʳʩʳʥ ʪʦץʪʘʪץʘʥ ï 24, ʘʣ ʨʝʟʝʨʚʪʝ ï 133. ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʳש ʝש 

ʢᴇʧ ʩʘʥʳ ʇʘʚʣʦʜʘʨ ʞᴅʥʝ ʐʳסʳʩ פʘʟʘץʩʪʘʥ ʦʙʣʳʩʪʘʨʳʥʳש ʘʫʤʘסʳʥʜʘ 

ʦʨʥʘʣʘʩץʘʥ. çפʘʟʘץʩʪʘʥ ʘʣʶʤʠʥʠʡʽè ɸפ-ʜʘ ʦʨʥʘʪʳʣסʘʥ ï 1036 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʞᴅʥʝ çפʘʟʘץʩʪʘʥ ʵʣʝʢʪʨʦʣʠʟ ʟʘʫʳʪʳè ɸפ-ʜʘ 50 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʽʨʢʝʣʜʽ. 300 ʪʨʘʥʩʬʦʨʤʘʪʦʨ çKEGOCè ɸפ ʐʳסʳʩ 

ʞװʡʝʘʨʘʣʳץ ʵʣʝʢʪʨ ʞʝʣʽʣʝʨʽ ʬʠʣʠʘʣʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʘסʳ ʇʍɹ ʤᴇʣʰʝʨʽ ʪʫʨʘʣʳ ʞʝʪʢʽʣʽʢʪʽ ʘץʧʘʨʘʪ ʞʦץ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʘʪʳʥ ʢᴇʧʪʝʛʝʥ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ ʦʣʘʨʜʘסʳ ʇʍɹ ʤᴇʣʰʝʨʽ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʞʦץ ʥʝʤʝʩʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʡʣʘʨʳ ʤװʣʜʝ ʘʥʳץʪʘʣʤʘסʘʥ. 

ʄʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʟʝʨʪʭʘʥʘʣʘʨʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ 

ʤʘʡʣʘʨʳʥ ʪʘʣʜʘʫ ʤᴅʩʝʣʝʩʽ ᴇʟʝʢʪʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. ײפʨʘʤʳʥʜʘ ʇʍɹ ʙʦʣʫʳ 

ʳץʪʠʤʘʣ ʟʘʪʪʘʨ ʨʝʪʽʥʜʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʡʣʘʨʳʥ ʪʘʣʜʘʫ 

ʙʦʡʳʥʰʘ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʞʦץʪʳסʳ ʦʩʳʥʳש ʜᴅʣʝʣʽ. 

 ,ʤʳʩʳײʞ שʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳײפ

ʨʝʪʪʝʣʫʽ, ץʘʡʪʘ ᴇשʜʝʣʫʽ ʞᴅʥʝ ʞʦʡʳʣʫʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʞʦץ. 
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2014-2017 ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ תʢʽʤʝʪʽʥʽש/ɹױױɼɹ/ɻʕפ 

ʙʽʨʣʝʩʢʝʥ ʞʦʙʘʩʳ çפʘʟʘץʩʪʘʥʜʘסʳ ʤʝʜʠʮʠʥʘʣʳץ ץʘʣʜʳץʪʘʨʜʳ ײʣʪʪʳץ 

ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʜײʨʳʩ ʙʘʩץʘʨʫ ʧʨʦʮʝʩʽʥʝ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ 

ʟʘʪʪʘʨʜʳ ʙʘʩץʘʨʫʜʳ ʙʽʨʽʢʪʽʨʫ, ױʣʪʪʳץ ʽʩʢʝ ʘʩʳʨʫ ʞʦʩʧʘʨʳʥ ʞʘשʘʨʪʫ ʞʦʙʘʩ r

ʘʷʩʳʥʜʘ פʘʟʘץʩʪʘʥʜʘ ʇʍɹ ץʦʥʜʳʨסʳʣʘʨʳʥ ץʘʡʪʘ ʪװʛʝʥʜʝʫ ʞײʤʳʩʳ 

ʞװʨʛʽʟʽʣʜʽ [39] (1-ʢʝʩʪʝ). 

1 ʂʝʩʪʝ ï פʘʟʘץʩʪʘʥʜʘסʳ ʇʍɹ ץʦʥʜʳʨסʳʣʘʨʳʥʳש ʩʘʥʳ (2015 ʞʳʣסʳ 

ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ) [39] 

 
 ̄ ɸʪʘʫʳ ʉʘʥʳ, ʜʘʥʘ ɾʦʡʳʣסʘʥʜʘʨʳʥʳש 

ʩʘʥʳ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʢᴇʤʽʣʛʝʥʽ, ʜʘʥʘ 

 ʦʣʜʘʥʳʩʪʘפ

 ʘʥʳ, ʜʘʥʘסʘʣץ

1 ʊʨʘʥʩʬʦʨʤʘʪʦʨ 166 33 133 

2 ʂʦʥʜʝʥʩʘʪʦʨ 52861 25903 26958 

3 ʂʦʥʜʝʥʩʘʪʦʨʣʳץ 

 ʳʣʘʨסʦʥʜʳʨץ

78 0 78 

ɹʘʨʣʳסʳ 53105 25936 27169 

 

 ʩʪʘʥʜʘ ʇʍɹץʘʟʘפ ,ʳ ʤᴅʣʽʤʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩסשʩʦ שʛʝʥʜʝʫʜʽװʘʡʪʘ ʪפ

-ʽʰʽʥʜʝ 25936 שʪʘʣʜʳ, ʦʥʳץʜʘʥʘʩ rʪʽʨʢʝʣʛʝʥʽ ʘʥʳ 53105 שʳʣʘʨʜʳסʦʥʜʳʨץ  r

ʢᴇʤʽʣʛʝʥ. ɸʣʘʡʜʘ ʇʍɹ -ʥʳש ʞʘʣʧʳ ʢᴇʣʝʤʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʜʝʨʝʢʪʝʨ ʞʦץ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ײʟʘץ 

ʝʢʝʥʽ ʙʝʣʛʽʣʽ, ʩʦʥʜʳץʪʘʥ פʘʟʘץʩʪʘʥʜʘ ʇʍɹ ץʦʣʜʘʥʳʣסʘʥ ʞʘʙʜʳץʪʘʨ ʙʝʣʛʽʩʽʟ 

ʤʝʨʟʽʤʛʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ ʜʝʧ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. ʇʍɹ-ʤʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ʣʘʩʪʘʥʫʳ ʇʍɹ ʙʘʨ ʞʘʙʜʳץʪʳ ʧʘʡʜʘʣʘʥʫ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʫ ʢʝʟʽʥʜʝ, 

ʜʠʵʣʝʢʪʨʣʽʢ ʩײʡʳץʪʳץʪʘʨʜʳש ʪᴇʛʽʣʫʽ ʢʝʟʽʥʜʝ ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʘ, 

ʩʦʥʳש ʽʰʽʥʜʝ ᴇʨʪ ʢʝʟʽʥʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ, 

 ʘʨʘʡ ʧʘʡʜʘʣʘʥʫʜʘʥץ ʘסʳʣʘʨ 2025 ʞʳʣסʦʥʜʳʨץ ץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʙʘʨʣʳײץ

ʰʳסʘʨʳʣʳʧ, 2028 ʞʳʣסʘ ץʘʨʘʡ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ᴅʜʽʩʧʝʥ ʞʦʡʳʣʫʳ ʪʠʽʩ. 

ʈʝʩʧʫʙʣʠʢʘ ʘʫʤʘסʳʥʜʘ ʪʘʟʘ ʧʦʣʠʭʣʦʨʣʳ ʙʠʬʝʥʠʣʜʝʨʜʽש ʞᴅʥʝ ʦʣʘʨʜʳש 

ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʡʜʳש (ʩʦʚʦʣ, ʩʦʚʪʦʣ ʞᴅʥʝ ʪ.ʙ.) ץʦʨʳ ʞʦ1989-1991 .ץ ʞʞ ᴆʂɿ-

ʜʘסʳ ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣ ץʘʣʜʳץʪʘʨʳ ʟʘʫʳʪ ץʘʣʜʳץʪʘʨʳʥ ʩʘץʪʘʫ ץʦʡʤʘʩʳʥʜʳ 

ʩʘץʪʘʣסʘʥ. ᴆʂɿ ʩʘץʪʘʫ ʪʦסʘʥʳʥʜʘ 40 000 ʪʦʥʥʘ ʇʍɹ-ʤʝʥ ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ 

ʣʘʩʪʘʥסʘʥ ʰʣʘʤ ʞᴅʥʝ 80 000 ʪʦʥʥʘ ʣʘʩʪʘʥסʘʥ ʩʫ ʙʘʨ [35] (5-ʩʫʨʝʪ). 

ɽʨʽʛʝʥ ץʘʨ ʩʫʤʝʥ ʪʦʣʪʳʨʳʣסʘʥ ʩʫʜʳש ʙʠʽʢʪʽʛʽ, ᴅʨ ʪװʨʣʽ ʤᴅʣʽʤʝʪʪʝʨ 

ʙʦʡʳʥʰʘ 2 ʤ -ʜʝʥ 6 ʤ -ʛʝ ʜʝʡʽʥ ʙʦʣʘʜʳ. ɾײʤʳʩ ʰʝשʙʝʨʽʥʜʝ ʞװʨʛʽʟʽʣʛʝʥ 

ʪʦʧʳʨʘץ ʘʥʘʣʠʟʽ [35] (2003) ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʞʘסʘʞʘʡʜʘ ʇʍɹ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

12438 ʤʛ / ʢʛ, ʩʫʜʘ - 0,19 ʤʛ/ʢʛ. ʇʍɹ -ʤʝʥ ʦʣʘʨʜʳש ʞʳʣʳ ʤʝʟʛʽʣʜʝ ʙʫʣʘʥʫʳʥʘ 

ʞᴅʥʝ ʇʍɹ -ʥʳש ɽʨʪʽʩʢʝ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʘʥ ʪװʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʫʘʥʳש 

ʣʘʩʪʘʥʫ ʳץʪʠʤʘʣʜʳʣrrס  ʜʘ ʞʦסʘʨʳ. 
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5-ʩʫʨʝʪ ï ᴆʂɿ ʩʫ ʩʘץʪʘʫ ʪʦסʘʥʳʥʳש ʘʫʤʘסʳ [36] ʙʝʣʛʽ: ץʳʟʳʣ - ᴇʪʝ 

ʣʘʩʪʘʥסʘʥ ʘʡʤʘץ, ʩʘʨʳ - ʘʟʜʘʧ ʣʘʩʪʘʥסʘʥ ʘʡʤʘץ ,ץʦʶ ʢᴇʢ ʩʳʟʳץ - ʞʝʨ ʘʩʪʳ 

ʩʫʣʘʨʳ ʘסʳʥʳʥʳש ʙʘסʳʪʳ, ʞץײʘ ʢᴇʢ ʩʳʟʳץ - ʞʝʨ װʩʪʽ ʩʫ ʘסʳʥʳʥʳש ʙʘסʳʪʳ 

ɾʝʨʛʽʣʽʢʪʽ ʪײʨסʳʥʜʘʨ ʪʘʩʪʘʧ ʢʝʪʢʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳ ʘʰʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʇʍɹ - ʤʝʥ ʣʘʩʪʘʥסʘʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʤʝʥ ʪʦʧʳʨʘץʪʳ ʢᴇʤʫ 

ʙʦʡʳʥʰʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞײʤʳʩʪʘʨʳ ɽʢʽʙʘʩʪײʟ ʵʣʝʢʪʨ ץʦʩʘʣץʳ 

ʩʪʘʥʮʠʷʩʳʥʜʘ ʜʘ ʞװʨʛʽʟʽʣʜʽ (6 -ʩʫʨʝʪ) [36]. 

 

 

6 ʩʫʨʝʪ ï ɽʢʽʙʘʩʪײʟ ץʦʩʘʣץʳ ʩʪʘʥʮʠʷʩʳ [36]: ץʳʟʳʣ ï ץʘʪʪʳ ʣʘʩʪʘʥסʘʥ 

ʘʡʤʘץ, ʩʘʨʳ ï ʘʟʜʘʧ ʣʘʩʪʘʥסʘʥ ʘʡʤʘץ ,ץʘʣʳש ʢᴇʢ ʩʳʟʳץ ï ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש 

ʘסʳʥʳʥʳש ʙʘסʳʪʳ, ʞʽשʽʰʢʝ ʢᴇʢ ʩʳʟʳץ ï ʞʝʨ װʩʪʽ ʩʫ ʘסʳʥʳʥʳש ʙʘסʳʪʳ 

 

 ʪʘʫץʛʝʡʽʥ ʘʥʳשʳ ʇʍɹ ʜʝסʪʘץʪʦʧʳʨʘ ץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʪʦʧʳʨʘײפ

ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ 26200 ʤʛ/ʢʛ, ʝש ʞʦסʘʨʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʰʝʛʽʥʝʥ 400 ʤʳש ʝʩʝʜʝʥ ʘʩʪʘʤ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽʥ ʘʥʳץʪʘסʘʥ 

[36]. 

ɼʘʨʴʷʣ-ʋ ʘʫʤʘסʳʥʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ, ʩʝʙʝʙʽ ʇʍɹ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʜʘ, ʘʫʘʜʘ, ʫʯʘʩʢʝʥʽש ʪʦʧʳʨʘסʳʥʜʘ ʞᴅʥʝ ɹʘʣץʘʰ ʢᴇʣʽʥʽש 

ʩʫʳʥʜʘ ʇʍɹ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʩʧʘʧʪʳץ ᴇʣʰʝʫʣʝʨ ʇʍɹ ï ʥʳש ʰʝʢʪʽ ʨʘʫʘʣʜʳ 

ʢᴇʨʩʝʪʢʽʰʪʝʥ ʞʦסʘʨʳ ʢʝʣʝʩʽ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʜʳ: ʦʙʲʝʢʪʽ ʘʫʤʘסʳʥʳש 

ʪʦʧʳʨʘץʪʘʨʳʥʜʘ 116-ʜʘʥ 201,7 ʝʩʝʛʝ ʜʝʡʽʥ; ʢᴇʣ ʞʘסʘʩʳʥʜʘ 17,3 ʝʩʝ; ײץʨʳʣʳʩ 
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ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʬʨʘʛʤʝʥʪʪʝʨʽ ʙʦʡʳʥʰʘ 200 -ʜʝʥ 600 ʝʩʝʛʝ ʜʝʡʽʥ ʞᴅʥʝ 

ɹʘʣץʘʰ ʢᴇʣʽʥʽש ʩʫʳʥʜʘ 100 ʝʩʝ (6 -ʩʫʨʝʪ) [36]. ʂʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳש ʨץײʩʘʪ 

ʝʪʽʣʤʝʛʝʥ ʘʰʳץ ץʦʡʤʘʩʳʥʳש ʩʘʥʳ 15 ʤʳשʥʘʥ ʘʩץʘʥ. ʂʦʥʜʝʥʩʘʪʦʨʣʘʨʜʳש ʙʽʨ 

ʙᴇʣʽʛʽ ץʘʡʪʘ ᴇשʜʝʫ װʰʽʥ ɻʝʨʤʘʥʠʷסʘ ʞʝʪʢʽʟʽʣʜʽ, ʙʘʟʘ ʘʫʤʘסʳʥʜʘ ᴅʣʽ ʜʝ 5 

ʤʳסשʘ ʞʫʳץ ʢʦʥʜʝʥʩʘʪʦʨ ʩʘץʪʘʣʫʜʘ. ɹʘʣץʘʰ ʢᴇʣʽʥʽש ʙʘʟʘסʘ ʞʘץʳʥ ʦʨʥʘʣʘʩʫʳ 

ʇʍɹ-ʥʳש ʢᴇʣʜʽש ʪװʙʽʥʜʝʛʽ ʰᴇʛʽʥʜʽʣʝʨʽʥʝ ʢᴇʰʽʧ, ץʦʨʝʢʪʽʢ ʪʽʟʙʝʢ ʘʨץʳʣʳ 

ʙʘʣʳץʪʘʨסʘ ʝʥʫʽʥʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 
 

7 ʩʫʨʝʪ ï ɼʘʨʴʷʣ -ʋ ʘʫʤʘסʳʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽ; ץʳʟʳʣ ï ץʘʪʪʳ 

ʣʘʩʪʘʥסʘʥ ʘʡʤʘץ, ʩʘʨʳ ï ʘʟʜʘʧ ʣʘʩʪʘʥסʘʥ ʘʡʤʘץ 

 

 ʳ ʩʪʘʥʮʠʷʩʳʥʘʥ 500 ʢᴇʣʝʤʽʥʜʝʛʽץʦʩʘʣץ ʦʩʪʘʥʘʡ ʵʣʝʢʪʨפ

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʜʝʤʦʥʪʘʞʜʘʣʜʳ, ʘʣ ʞʘʙʜʳץʪʘʨʜʳש ʙʽʨ ʙᴇʣʽʛʽ ʙײʨʳʥסʳ 

ɼʘʨʴʷʣ -ʋ ᴅʩʢʝʨʠ ʙʘʟʘʩʳʥʘ - ɹʘʣץʘʰ ʢᴇʣʽʥʽש ʩʦʣʪװʩʪʽʛʽʥʜʝʛʽ ʙײʨʳʥסʳ ᴅʩʢʝʨʠ 

ʙʘʟʘסʘ ʞʝʪʢʽʟʽʣʛʝʥ. 

ʇʍɹ ʇʘʚʣʦʜʘʨ ʭʠʤʠʷ ʟʘʫʳʪʳʥʜʘ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʽש ʞʳʣʳʪʫ 

ʞװʡʝʩʽʥʽש ʨʝʘʢʪʦʨʳʥʜʘ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘʫʰʳ ʩײʡʳץʪʳץ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʜʳ, 

ʦʥʳש ʢᴇʣʝʤʽ ʰʘʤʘʤʝʥ 6ʤ3 ʰʘʤʘʩʳʥʜʘ. ɹױױɼɹ-פʘʟʘץʩʪʘʥ/ɻʕʌ ʞʦʙʘʩʳ 

ʘʷʩʳʥʜʘ ʜʘʣʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʢʝʟʽʥʜʝ ʞװʨʛʽʟʽʣʛʝʥ ʙʘץʳʣʘʫʣʘʨ ʇʍɹ-ʜʽש ʝʜᴅʫʽʨ 

ʙᴇʣʽʛʽ ʢᴅʨʽʟ ʞװʡʝʩʽʥʝ ʥʝʤʝʩʝ ʞʝʨʛʝ ʪᴇʛʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʘʣʘץ שʘʨʘʫʩʳʟ 

 .ʘʥץʳʥʜʘ ʦʨʥʘʣʘʩסʘʥ ᴇʥʝʨʢᴅʩʽʧ ʘʡʤʘסʘʣץ

 ʳʣʘʨ, ʨʝʘʢʪʦʨʣʘʨ, ʚʪʫʣʢʘʣʘʨ, ʤʘʡסʦʥʜʳʨץ ʦʩʳʣʘʪʳʥץ ʩʪʘʥʜʘ ʤʘʡץʘʟʘפ

ʪʦʣʪʳʨʳʣסʘʥ ʢʘʙʝʣʴʜʝʨ, ʪװʟʝʪʢʽʰʪʝʨ ʩʠʷץʪʳ ʤʘʡʤʝʥ ʪʦʣʪʳʨʳʣסʘʥ 

ʞʘʙʜʳץʪʳש ʙʘʩץʘ ʪװʨʣʝʨʽ ʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ. ʀʤʧʦʨʪʪʘʣʘʪʳʥ ץײʩʘʩ 

ʞʘʙʜʳץʪʘ ʇʍɹ ʙʦʣʫʳ ʤװʤʢʽʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʳ ʇʍɹ ʙʘʨ -ʞʦסʳʥ ʪʝʢʩʝʨʫ 

 .ʘʞʝʪʪʽʛʽ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

 

  ʛʝʡʣʝʨʽשʪʘʣʫ ʜʝץʞʠʥʘ שʘʥ ʦʨʪʘ ʢᴇʟʜʝʨʽʥʜʝ ʇʍɹ-ʥʳסʦʨʰʘפ 1.3

 

2009 ʞʳʣʳ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳʣʘʨʜʳ ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘ 

ʞײʤʳʩ ʞװʨʛʽʟʽʣʽʧ, ʩʦʥʳש ʽʰʽʥʜʝ פʘʟʘץʩʪʘʥʜʘסʳ ʇʍɹ-ʥ  r ʟʝʨʪʪʝʫ 

ʜװʥʠʝʞװʟʽʣʽʢ ʙʘʥʢʪʽש ʂʘʥʘʜʘ ץʦʨʳʥʳש ʛʨʘʥʪʳ ʘʷʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ɸʫʜʘʥʳ ʤʝʥ ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥʫʜ  rʪʝʩʪʽʣʝʫ ʞᴅʥʝ 

 ʦʩʳʤʰʘץ ʘʥ ʘʣʪʳסʟʝʛʝ ʘʩʪʳ. ɿʝʨʪʪʝʫ ʇʍɹ -ʤʝʥ ʣʘʩʪʘʥװʦʩʳʤʰʘ ʟʝʨʪʪʝʫ ʞץ
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ʫʯʘʩʢʝʥʽ ʘʥʳץʪʘʜʳ. ʃʘʩʪʘʥסʘʥ ʪʦʧʳʨʘץʪʳש ʢᴇʣʝʤʽ ʤʝʥ ײʟʳʥʜʳסʳʥ ʟʝʨʪʪʝʫ 

ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʝʩʝʧʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, 2 782 322 ʤ3 ʘʫʤʘץʪʳ503 ש 

260 ʤ3 ʘʫʤʘסʳ ץʘʪʪʳ ʣʘʩʪʘʥסʘʥ (> 50 ʤʛ/ʢʛ) [36]. ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ 

ʪʦʧʳʨʘץʪʳש ʞʘʣʧʳ ʢᴇʣʝʤʽ ʰʘʤʘʤʝʥ 2 620 500 ʪʦʥʥʘ ʞᴅʥʝ ʇʍɹ -ʤʝʥ 

ʣʘʩʪʘʥסʘʥ ʦʙʲʝʢʪʽʣʝʨʜʽש ʪʽʟʽʣʽʤʽ ײʩʳʥʳʣʜʳ [36]. 

ɸʣʜʳʥ ʘʣʘ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ ʣʘʩʪʘʥסʘʥ ʪʦʧʳʨʘץʪʳש ʝװ שʣʢʝʥ ʢᴇʣʝʤʽ 

ɼʘʨʴʷʣ-ʋ-ʜʘ ʰʦסʳʨʣʘʥסʘʥ [36]. ɽʢʽʥʰʽ װʣʢʝʥ ʣʘʩʪʘʥסʘʥ ʫʯʘʩʢʝ - ɽʢʽʙʘʩʪײʟ 

ʵʣʝʢʪʨ ץʦʩʘʣץʳ ʩʪʘʥʮʠʷʩʳ. ʉʦʥʜʘʡ-ʘץ, ᴆʩʢʝʤʝʜʝʛʽ ʝʢʽ ʫʯʘʩʢʝ, פʘʣץʘʤʘʥ 

ʧʝʩʪʠʮʠʜʪʝʨ ץʦʡʤʘʩʳ ʞᴅʥʝ ɼʝʨʞʘʚʠʥʩʢʠʡ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʢʝʰʝʥʽ 

ʘʡʪʘʨʣʳץʪʘʡ ʣʘʩʪʘʥסʘʥ ʘʫʤʘץʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʽʧʪʽ 20 000 ʤʛ / ʢʛ (= 20 

ʛ/ʢʛ ʥʝʤʝʩʝ ʩʘʣʤʘסʳ ʙʦʡʳʥʰʘ 2%) ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨ ʪʘʙʳʣʜʳ [36]. 

 ʦʩʳʤʰʘ ʟʝʨʪʪʝʫץ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥʫʳʥ שʳʥʳסʩʪʘʥ ʘʫʤʘץʘʟʘפ

ɾʘסשʳʟʪᴇʙʝ ʞᴅʥʝ ɼʝʨʞʘʚʠʥ ʧʦʣʠʛʦʥʜʘʨʳʥʜʘ ᴅʩʢʝʨʠ ʪʝʭʥʠʢʘʥʳ ʞʦʶסʘ 

ʘʨʥʘʣסʘʥ ʙʽʨʥʝʰʝ ʣʘʩʪʘʥʫ ʥװʢʪʝʣʝʨʽ ʘʥʳץʪʘʣʜʳ (ɼʝʨʞʘʚʠʥ ʧʦʣʠʛʦʥʳʥʜʘ 300 

ʰʘʨʰʳ ʢʤ ʞᴅʥʝ ɾʘסשʳʟʪᴇʙʝ ʧʦʣʠʛʦʥʳʥʜʘ 400 ʰʘʨʰʳ ʢʤ). ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʟʝʨʪʪʝʫʜʽ ץʘʞʝʪ ʝʪʝʪʽʥ ʣʘʩʪʘʥסʘʥ ʘʡʤʘץʪʘʨ ʨʝʪʽʥʜʝ ʞʽʢʪʝʣʝʜʽ). פʦʩʪʘʥʘʡ 

 ʘʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ (400 ʜʘʥʘ)סʪʘʣץʪʘʫ ʢʝʟʽʥʜʝ ʩʘץʘʥʳ שʳ ʩʪʘʥʮʠʷʩʳʥʳץʦʩʘʣץ

ʰʳסʘʨʳʣʳʧ ɼʘʨʴʷʣ-ʋ-סʘ ʞʦʡʳʣʫסʘ ʞʽʙʝʨʽʣʛʝʥʽ ʘʥʳץʪʘʣʜʳ, ʘʣ ʩʪʘʥʮʠʷ 

 ʘʣʧʳʥʘץ ʳʥסʪʘʫ ʘʡʤʘץʩʘ שʘʡʪʫʳʥʰʘ, ʢʦʥʜʝʥʩʘʪʦʨʜʳ שʳʟʤʝʪʢʝʨʣʝʨʽʥʽץ

ʢʝʣʪʽʨʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʜʽ. ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ʦʙʲʝʢʪʽʣʝʨ ʪʽʟʽʣʽʤʽ.  

ʈʝʩʧʫʙʣʠʢʘʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘ ʦʙʲʝʢʪʽʣʝʨʽʥʽש  ʇʍɹ ʤʝʥ ײʟʘץ ʤʝʨʟʽʤʜʽ 

ʣʘʩʪʘʥʫ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ ᴇʪʢʝʥ סʘʩʳʨʜʳש ʩʝʢʩʝʥʽʥʰʽ ʞʳʣʜʘʨʳʥʳש 

ʦʨʪʘʩʳʥʜʘ ɸʢʘʜ ɽ.ʂ. ʌʸʜʦʨʦʚ ʘʪʳʥʜʘסʳ פʦʣʜʘʥʙʘʣʳ ʛʝʦʬʠʟʠʢʘ 

ʠʥʩʪʠʪʫʪʳʥʳש (ʄᴅʩʢʝʫ, ʈʌ) ʤʘʤʘʥʜʘʨʳ ʞװʨʛʽʟʛʝʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ 

ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש ɸʙʣʘʢʝʪʢʘ ʘʫʳʣʳʥʳש ʘʫʜʘʥʳʥʜʘ ʘʣʳʥסʘʥ ʩʫ, ץʘʨ, 

ʰᴇʛʽʥʜʽʣʝʨʽ ʞᴅʥʝ ʙʠʦʪʘ װʣʛʽʣʝʨʽʥ ʇʍɹ ʙʦʡʳʥʰʘ ɻʘʟ-ʩײʡʳץ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ᴅʜʽʩʽʥʽש ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʘʣʳʥʜʳ [36]. ʊʍɹ-ʥʳש ʝש ʢᴇʧ ʤᴇʣʰʝʨʽ ʩʫ 

ᴇʩʽʤʜʽʢʪʝʨʽʥʜʝ (3250,00 ʤʛ / ʢʛ) ʞᴅʥʝ ɽʨʪʽʩ ᴇʟʝʥʥʝʥ ʘסʳʥʳʥʘʥ 200-250 ʤ 

ʪᴇʤʝʥ ʰᴇʛʽʥʜʽʣʝʨʜʝ ʙʦʣʜʳ (1920,00 ʤʛ / ʢʛ), ʦʣʘʨ Tʍɹ ץʘʪʪʳ ʣʘʩʪʘʥסʘʥ ʘʡʤʘץ 

ʙʦʣʳʧ ʪʘʙʳʣʜʳ. ɸסʳʥʜʳ ʩʫʜʘסʳ ʊʍɹ ʤᴇʣʰʝʨʽ 190,00-ʜʝʥ 280,00 ʤʢʛ/ʣ- 

ʘʨʘʣʳסʳʥʜʘ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ʐʘʡʳʥʜʳ ʩʫʜʘʥ ʪᴇʤʝʥ 100 ʤ ץʘʰʳץʪʳץʪʘסʳ 

ʘʨʥʘʜʘסʳ ʩʫʜʘ Tʍɹ-ʥʳש ᴇʪʝ ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʘʥʳץʪʘʣʜʳ 1770 ʤʢʛ/ʣ. 

Tʍɹ ʝש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ᴆʂɿ -ʜʝʥ ʩʦʣʪװʩʪʽʢʢʝ ץʘʨʘʡ 220 ʤ 

ᴇʩʽʤʜʽʢʪʝʨʜʝʥ ʪʘʙʳʣʜʳ, ʷסʥʠ. 24,30 ʤʛ/ʢʛ (ײץʨסʘץ ʩʘʣʤʘץץʘ ʥʝʛʽʟʜʝʣʛʝʥ). ɽש ʘʟ 

Tʍɹ - ᴇʩʽʤʜʽʢʪʽש ʦשʪװʩʪʽʢ -ʰʳסʳʩ ʙᴇʣʽʛʽʥʽ1400 ש ʤ -ʜʝ 0,22 ʤʛ/ʢʛ. ױʟʘץ 

  .ʘʣʘʜʳץʨʪ ʪᴇʤʝʥʜʝʫʽ ʙʘʡװʢ שʪʘ ʇʍɹ ʤᴇʣʰʝʨʽʥʽץʪʳץʘʰʳץ

20 ʞʳʣʜʘʥ ʢʝʡʽʥ ʞװʨʛʽʟʽʣʛʝʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ (2003 ʞ.) ɿʘʫʳʪ 

ʩʳʨʪʳʥʜʘסʳ ʪʦʧʳʨʘץʪʘ ʇʍɹ ʤᴇʣʰʝʨʽ 35,7 ʤʢʛ/ʢʛ ʜʝשʛʝʡʽʥʜʝ, ʘʣʜʳʥ ʘʣʘ 

ʜʘʡʳʥʜʘʫ ʮʝʭʳʥʳש ʞʝʨʪᴇʣʝʩʽʥʜʝʛʽ ʇʍɹ ʤᴇʣʰʝʨʽ 98,3 ʤʢʛ/ʢʛ ʘʥʳץʪʘʣʜʳ, 

ʘסʳʥʜʳ ʩʫʜr  ʪʘʟʘʨʪʫ ץʦʥʜʳʨסʳʣʘʨʳʥʜʘ, ʰʣʘʤʜʳ ʪʦסʘʥʜʘʨʜʘ ʞᴅʥʝ ʇʍɹ ʙʘʨ 

ʢʦʥʪʝʡʥʝʨʣʝʨ ʪװʩʽʨʽʣʝʪʽʥ ʞʝʨʣʝʨʜʝ ʪʦʧʳʨʘץʪʘ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʤᴇʣʰʝʨʽ 

ʩᴅʡʢʝʩʽʥʰʝ 1296 ʞᴅʥʝ 1720 ʤʢʛ/ʢʛ ײץʨʘסʘʥ [40]. ʊʦʧʳʨʘץʪʳש ʪʝʨʝש 

 ʳʥʜʘ ʞᴅʥʝסᴆʂɿ ʘʫʤʘ שʪʘʣʜʘʫʳ ʦʣʘʨʜʳ שʘʥ ʩʳʥʘʤʘʣʘʨʜʳסʘʙʘʪʪʘʨʳʥʘʥ ʘʣʳʥץ

ʦסʘʥ ʞʘץʳʥ ʞʝʨʜʝ ʦʣʘʨʜʳש ʣʘʩʪʘʥʫʳʥʳש ʪʦʧʳʨʘץʪʳש ʪʝʨʝש ʛʦʨʠʟʦʥʪʳʥʘ 
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ʙʽʨʪʽʥʜʝʧ ʰᴇʛʽʧ ʢʝʪʫ ʪʝʥʜʝʥʮʠʷʩʳ ʙʘʨ ʞʘʣʧʳ ʣʘʩʪʘʥʫʳʥʳש ʟʘשʜʳʣʳסʳʥ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʉʽשʜʽʨʫ ʮʝʭʳʥʜʘ ᴆʂɿ ץʘʙʳʨסʘʣʘʨʳʥʘʥ ʘʣʳʥסʘʥ 

ʛʠʧʩʪʽש ʩʳʥʘʤʘʣʘʨʳʥʜʘסʳ ʇʍɹ ʤᴇʣʰʝʨʽ 10 ʤʛ/ʢʛ ʥʝʤʝʩʝ 10 000 ppm ʙʦʣʜʳ, 

ʙײʣ ʐʈʂ ʙʦʣʘʪʳʥ 50 ppm ʜʝשʛʝʡʽʥʝʥ 200 ʝʩʝ ʞʦסʘʨʳ [40]. נʠʤʘʨʘʪʪʳ ʙײʟʫ 

ʢʝʟʽʥʜʝ ʙײʣ ʤʘʪʝʨʠʘʣʜʘʨ ʘʩʘ ץʘʫʽʧʪʽ ʩʘʥʘʪץʘ ʞʘʪʘʜʳ. 

 

1.4 ʇʍɹ-ʥʳ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ʞᴅʥʝ ʪװʨʣʝʥʜʽʨʫ ᴅʜʽʩʪʝʨʽ 

1.4.1 ʇʍɹ-ʥʳ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫʜʳש ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʽ  

 ʭʠʤʠʷʩʳʥʜʘ ץʳʪʪʘ ʩʫʧʝʨʵʢʦʪʦʢʩʠʢʘʥʪʪʘʨ ʘʥʘʣʠʪʠʢʘʣʳץʘʟʽʨʛʽ ʫʘפ

ʩʳʥʘʤʘʣʘʨʜʳ ʘʣʫ, ʦץʰʘʫʣʘʫ, ʪʘʣʜʘʥʘʪʳʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙᴇʣʫ ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ᴅʜʽʩʪʝʨʤʝʥ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʪʝʨʽ ʙʘʨ. 

ʊʘʣʜʘʫʜʳש ʘʩʧʘʧʪʳץ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʘʩʧʘʧʪʘʨʳʥ ᴅʟʽʨʣʝʫ ʩʘʣʘʩʳʥʜʘסʳ 

ʞʝʪʽʩʪʽʢʪʝʨʛʝ ץʘʨʘʤʘʩʪʘʥ, ʞʦסʘʨʳ ʫʣʳ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʘʣʜʳʥ ʘʣʘ ʙᴇʣʫ 

ʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʤᴅʩʝʣʝʩʽ ᴅʣʽ ʜʝ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʦʪʳʨ. ɹװʛʽʥʛʽ ʪʘשʜʘ ʊʆʃ-

ʥʳש ʘʥʘʣʠʪʠʢʘʣʳץ ʭʠʤʠʷʩʳʥ ʜʘʤʳʪʫʜʳש ʥʝʛʽʟʛʽ ʙʘסʳʪʳ ʤʘʢʩʠʤʘʣʜʳ ᴇשʜʝʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʟʘʪʪʘʨʜʳ ʙᴇʣʫ ʞᴅʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ᴅʜʽʩʪʝʨʽʤʝʥ ʘʥʳץʪʘʫʜʳש 

ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ ʜᴅʣʜʽʛʽ ʞʦסʘʨʳ ᴅʜʽʩʪʝʨʜʽ ʜʘʷʨʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʆʃ ʘʥʳץʪʘʫ װʰʽʥ ץʦʨʰʘסʘʥ ʦʨʪʘ ʦʙʲʝʢʪʽʣʝʨʽ ʤʝʥ ʙʠʦʪʘ װʣʛʽʣʝʨʽʥʽש 

ʩʳʥʘʤʘʣʘʨʳʥ ʜʘʡʳʥʜʘʫ ʙʘʩʪʘʧץʳ ʤʘʪʨʠʮʘʜʘס r ʰʳסʘʨʳʣʘʪʳʥ ʣʘʩʪʘʫʰʳ 

ʟʘʪʪʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʜʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ [11]. תʣʛʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ 

ʊʆʃ-ʜ  rʘʥʳץʪʘʫʜʳש ʥʝʛʽʟʛʽ ʪᴅʩʽʣʽ ʵʢʦʪʦʢʩʠʢʘʥʪʪʳ ʪʦʣʳץ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʞᴅʥʝ 

 .ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ץʦʩʳʣʳʩʪʘʨʜʳ ʙʘʨrʥʰʘ ʪʦʣʳץ

ʉʳʥʘʤʘʣʘʨʜʳ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʪʝʨʽʥʝ ʵʢʩʪʨʘʢʮʠʷʥʳש ᴅʨʪװʨʣʽ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳ, 

ʛʝʣʴ ʞᴅʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ʙʘסʘʥʜʘʨʜʘ ʪʘʟʘʨʪʫ ʢʽʨʝʜʽ, ʪʦʧʳʨʘץ, ʰᴇʛʽʥʜʽʣʝʨ, 

ʙʠʦʪʘʣʜʘʫʣʘʨ ʞᴅʥʝ ʪ.ʙ. װʣʛʽʣʝʨ װʰʽʥ ץʘʪʪʳ ʬʘʟʘʣʳץ ʵʢʩʪʨʘʢʮʠʷ, ʩײʡʳץ 

ʵʢʩʪʨʘʢʮʠʷ, ײʥʪʘװ ץʣʛʽʣʝʨ װʰʽʥ ʉʦʢʩʣʝʪ ᴅʜʽʩʽʤʝʥ ʩײʡʳץʪʳץ ʵʢʩʪʨʘʢʮʠʷʩʳ 

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ᴇשʜʝʫ ʞʘʪʘʜʳ [53].  

ʇʍɹ ʘʥʳץʪʘʫ װʰʽʥ װʣʛʽʥʽ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʩʠʛʥʘʣʜʳ 

ᴇʣʰʝʫ ᴇʟʘʨʘ ʪʝʨʝש ʙʘʡʣʘʥʳʩʪʘסʳ ʤʘשʳʟʜʳ ʢʝʟʝש ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [54-56]. 

 ʘ ʙᴇʣʽʥʝʜʽ ï ʩʢʨʠʥʠʥʛʪʽʢ ʟʝʨʪʪʝʫʣʝʨץʳʪסʝʢʽ ʙʘ שʣ ʝʢʽ ʢʝʟʝײʳʪʪʘ ʙץʘʟʽʨʛʽ ʫʘפ

ʞᴅʥʝ ʨʘʩʪʘʫʰʳ (ʘʨʙʠʪʨʘʞʜʳץ) ʟʝʨʪʪʝʫʣʝʨ [57]. ʄײʥʜʘʡ ʝʢʽ ʜʝשʛʝʡʣʽ ʩʭʝʤʘ 

ʞʦסʘʨʳ ʩʝʥʽʤʜʽʣʽʢ ʜᴅʨʝʞʝʩʽ ʙʘʨ װʣʛʽʣʝʨʜʽװ שʣʢʝʥ ʩʘʥʳʥ ʪʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʉʢʨʠʥʠʥʛ ᴅʜʽʩʽ ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʜʝʛʽ ʟʘʪʪʘʨʜʳש ʘʟ ʤᴇʣʰʝʨʽʥ 

ʘʥʳץʪʘʫʜʳש ʜᴅʣʜʽʛʽʤʝʥ ʞᴅʥʝ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʉʢʨʠʥʠʥʛʪʽʢ 

ᴅʜʽʩ ʞʘʣסʘʥ ʦש ʥᴅʪʠʞʝʣʝʨʛʝ ʞʦʣ ʙʝʨʝʪʽʥʽ, ʙʽʨʘץ ʞʘʣסʘʥ ʪʝʨʽʩ ʥᴅʪʠʞʝʣʝʨʜʽ 

ʪʦʣʳסʳʤʝʥ ʞʦץץʘ ʰʳסʘʨʘʪʳʥʳ ʘʥʳץʪʘʣסʘʥ [57]. ʉʢʨʠʥʠʥʛʪʽʢ ᴅʜʽʩʪʝʨʜʽש 

ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: ײץʥʳ ʪᴇʤʝʥ, ʞʳʣʜʘʤ ʪʘʣʜʘʫ 

ʤװʤʢʽʥʰʽʣʽʛʽ, װʣʛʽʥʽ ʜʘʡʳʥʜʘʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ 

ᴇʣʰʝʤʜʝʨʜʽץ שʦʣʜʘʥʳʣʫʳ. ʉʢʨʠʥʠʥʛ ᴅʜʽʩʪʝʨʽ ʢʝʣʝʩʽʜʝʡ ʞʽʢʪʝʣʝʜʽ: 

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ, ʠʤʤʫʥʦʭʠʤʠʷʣʳץ, ʞץײʘ ץʘʙʘʪ ʭʨʦʤʘʪʦʛʨʘʬʠʷʩʳ, ʞʦסʘʨʳ 

ᴇʥʽʤʜʽ ʩײʡʳץʪʳץ ʭʨʦʤʘʪʦʛʨʘʬʠʷʩʳ, ʛʘʟ ʭʨʦʤʘʪʦʛʨʘʬʠʷʩʳ ʞᴅʥʝ ʨʝʮʝʧʪʦʨʣʳץ 

ʪʘʣʜʘʫ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʵʣʝʢʪʨʦʥʜʳ ײʩʪʘʫ ʜʝʪʝʢʪʦʨʳ ʙʘʨ ʞʦסʘʨʳ ᴇʥʽʤʜʽ ʛʘʟ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷʩʳ ʞᴅʥʝ ʠʤʤʫʥʦʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [58-

61].   
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ʃʠʧʦʬʠʣʴʜʽ ʤʘʪʨʠʮʘʣʘʨʜʳש ʇʍɹ-ʥ  r ʞʠʥʘץʪʘʫ ץʘʩʠʝʪʪʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳ ʘʣʫ װʰʽʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʛʝʢʩʘʥ, 

ʠʟʦʦʢʪʘʥ, ʪʦʣʫʦʣ, ʙʝʥʟʦʣ ʥʝʤʝʩʝ ʦʣʘʨʜʳץ שʦʩʧʘʩʳ ץʦʣʜʘʥʳʣʘʜʳ. ʕʢʩʪʨʘʢʮʠʷ 

ʝʢʽ ᴅʜʽʩʧʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: 1- ʩײʡʳץʪʳץʪʳ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʞᴅʥʝ 2- 

ʝʨʽʪʢʽʰʪʽש ʞʳʣʜʘʤ ʵʢʩʪʨʘʢʮʠʷʩʳ (ESE) [62-66]. ʉײʡʳץ ʵʢʩʪʨʘʢʮʠʷ 

ʤʘʪʨʠʮʘʜʘʥ ʇʍɹ ʤʘʢʩʠʤʘʣʜʳ ʵʢʩʪʨʘʢʮʠʷʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. ʉײʡʳץ ʵʢʩʪʨʘʢʮʠʷʥʳש ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʛʽ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨʜʽש ʰʳסʳʥʳ, ʵʢʩʪʨʘʢʮʠʷ ʧʨʦʮʝʩʽʥʽײ שʟʘץʪʳסʳ ʞᴅʥʝ ʘʣʳʥסʘʥ 

ʵʢʩʪʨʘʢʪʘʨʜʳ ʪʘʟʘʨʪʫ ץʘʞʝʪʪʽʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [67-71]. ʊʆʃ-ʜr -ʭʠʤʠʷ ש

ʘʥʘʣʠʪʠʢʘʣʳץ ʘʩʧʝʢʪʽʣʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʨʰʘסʘʥ ʦʨʪʘ ʦʙʲʝʢʪʽʣʝʨʽʥʜʝʛʽ 

ʤʦʥʠʪʦʨʠʥʛʽʩʽ [57, 72-74] ʟʝʨʪʪʝʫʣʝʨʜʝ ʞװʟʝʛʝ ʘʩץʘʥ.  

ʊʆʃ-ʜʳש ʙʠʦʞʠʥʘץʪʘʣʫʳ ʦʣʘʨʜʳש ʛʠʜʨʦʬʦʙʪʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʝʢʝʥʽ ʙʝʣʛʽʣʽ, ʦʣ log ko/w ʪװʨʽʥʜʝ ᴇʨʥʝʢʪʝʣʝʜʽ ʞᴅʥʝ ʤʦʣʝʢʫʣʘʥʳש ᴇʣʰʝʤʽʤʝʥ 

ʞᴅʥʝ ʭʣʦʨ ʘʪʦʤʜʘʨʳʥʳש ʩʘʥʳʤʝʥ ʢʦʨʨʝʣʷʮʠʷʣʘʥʘʜʳ [75]. ɹײʣ ʬʘʢʪʦʨ log ko/w 

ʤᴅʥʽʥʝ ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣ. ʄʦʣʝʢʫʣʘʜʘסʳ ʭʣʦʨ ʘʪʦʤʜʘʨʳʥʳש ʛʝʦʤʝʪʨʠʷʣʳץ 

ʦʨʥʘʣʘʩʫʳ ʊʆʃ-ʜʳש ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʥʫ ץʘʙʽʣʝʪʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥʽ 

ʘʥʳץʪʘʣסʘʥ. ʆʩʳʣʘʡʰʘ, ʢᴇʨʰʽ ʧʘʨʘ-, ʤʝʪʘ- ʥʝʤʝʩʝ ʦʨʪʦ-, ʤʝʪʘ-

ʧʦʟʠʮʠʷʣʘʨʜʘסʳ ʭʣʦʨ ʘʪʦʤʜʘʨʳ, ʇʍɹ ʧʦʟʠʮʠʷʣʘʨʜʘ ʭʣʦʨ ʘʪʦʤʜʘʨʳ ʙʘʨ 

ʠʟʦʤʝʨʣʝʨʛʝ ץʘʨʘסʘʥʜʘ ʦשʘʡ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʥʘʜʳ [76]. ʐᴇʛʽʥʜʽʣʝʨ ʤʝʥ 

ʙʘʣʳץʪʘʨʜʘסʳ ʇʍɹ ʙʠʦʘʢʢʫʤʫʣʷʮʠʷʩʳʥ ʟʝʨʪʪʝʫ ʭʣʦʨ ʘʪʦʤʜʘʨʳ ʢᴇʧ ʇʍɹ 

 ʤʢʽʥʜʽʢװʘ ʤסʪʘʫץʘʨʳ ʝʢʝʥʽʥ ʘʥʳסʞʦ שʰʽʥ ʙʠʦʘʢʢʫʤʫʣʷʮʠʷ ʬʘʢʪʦʨʣʘʨʳʥʳװ

ʙʝʨʜʽ. ʉʝʣʝʢʪʠʚʪʽ ʤʝʪʘʙʦʣʠʟʤ ʪᴇʤʝʥ ʭʣʦʨʣʳ ʇʍɹ-ʥʳ ʪʝʟ ʞʦʶסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ɾʦסʘʨʳ ʭʣʦʨʣʘʥסʘʥ ʊʆʃ ʵʢʩʪʨʘʢʮʠʷʣʘʫʜʳש ʤʘשʳʟʜʳ ʞᴅʥʝ ʢʝשʽʥʝʥ 

 ʵʢʩʪʨʘʢʮʠʷ ï ʟʘʪʪʳ ʝʢʽ ʘʨʘʣʘʩʧʘʡʪʳʥ ץʡʳײʙʽʨʽ ʩ שʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨʽʥʽץ

ʩײʡʳץ ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘ ʙᴇʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩײʡʳץ 

ʵʢʩʪʨʘʢʮʠʷ ʢװʨʜʝʣʽ ʞʘʙʜʳץʪʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ ʞᴅʥʝ ʩʫ ʙʫʳ ʞᴅʥʝ ʩʫʤʝʥ 

ʘʨʘʣʘʩʧʘʡʪʳʥ ʝʨʽʪʢʽʰʪʽש ʙʽʨ ʤʝʟʛʽʣʜʝ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʫʳ ʘʨץʳʣʳ 

ʜʠʩʪʠʣʣʷʮʠʷʣʳץ-ʵʢʩʪʨʘʢʮʠʷʣʳײץ ץʨʳʣסʳʣʘʨʜʘ (ʉʦʢʩʣʝʪ ʘʧʧʘʨʘʪʳ) 

ʞʝʪʢʽʣʽʢʪʽ ʞʳʣʜʘʤ ʦʨʳʥʜʘʣʘʜʳ. ʄײʥʜʘʡ ײץʨʳʣסʳʣʘʨ ʇʍɹ ʞᴅʥʝ ʙʘʩץʘ 

 ʣײʙ שʦʣʜʘʥʳʣʘʜʳ. ʕʢʩʪʨʘʢʮʠʷʥʳץ ʰʽʥװ ʳʨʣʘʥʜʳʨʫסʦʩʳʣʳʩʪʘʨʜʳ ʰʦץ

ʪװʨʽʥʽש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ ʤʘʪʨʠʮʘ ᴅʩʝʨʽʥʽש ʪʦʣʳץ ʜʝʨʣʽʢ ʙʦʣʤʘʫʳ ʞᴅʥʝ 

ʧʦʣʷʨʣʳ ʞᴅʥʝ ʧʦʣʷʨʩʳʟ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʠʽʤʜʽ ʪʦʧʪʳץ ʙᴇʣʽʥʫʽ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʦʣʷʨʣʳץ ʟʘʪʪʘʨʜʳץ שʳʰץʳʣʜʳץ, ʥʝʛʽʟʜʽʢ ʞᴅʥʝ ʙʝʡʪʘʨʘʧץʘ 

ʙᴇʣʽʥʫʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʨʽʪʢʽʰʧʝʥ ʵʢʩʪʨʘʢʮʠʷʣʘʫʜʳש ʤʘשʳʟʜʳʣʳסʳʥʘ 

ʞᴅʥʝ ʦʩʳ ʩʘʣʘʜʘסʳ ʞײʤʳʩʪʘʨʜʳש ʢᴇʧʪʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʪʘʣʜʘʥʘʪʳʥ ʟʘʪʪʳ 

ʦץʰʘʫʣʘʫ װʰʽʥ ץʦʣʘʡʣʳ ʝʨʽʪʢʽʰ ʪʘשʜʘʫ ᴅʣʽ ʜʝ ʥʝʛʽʟʽʥʝʥ ʵʤʧʠʨʠʢʘʣʳץ ʪװʨʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ᴄʜʝʪʪʝ, ʙʝʨʽʣʛʝʥ ʟʘʪ װʰʽʥ ʙᴇʣʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʝש ʞʦסʘʨʳ 

ʞװʡʝ ʪʘשʜʘʣʘʜʳ. ʆʨʛʘʥʠʢʘʣʳץ ʬʘʟʘʥʳש ʧʦʣʷʨʣʳסʳʥ ʞʦסʘʨʳʣʘʪʫ ʤʘץʩʘʪʳʥʜʘ 

ʢʝʣʝʩʽ ʝʨʽʪʢʽʰ ʞװʡʝʣʝʨʽ ײʩʳʥʳʣʘʜʳ: ʛʝʢʩʘʥ (ʮʠʢʣʦʛʝʢʩʘʥ)/ʵʪʘʥʦʣ + ʩʫ < 

ʙʝʥʟʦʣ/ʤʝʪʘʥʦʣ + ʩʫ < ʭʣʦʨʦʬʦʨʤ/ʤʝʪʘʥʦʣ + ʩʫ < ʵʪʠʣʘʮʝʪʘʪ/ʩʫ < ʙʫʪʘʥʦʣ-1 

(ʙʫʪʘʥʦʣ-2)/ʩʫ ʞᴅʥʝ ʪ.ʙ. [77]. 

ʕʢʩʪʨʘʛʝʥʪʪʝʨʜʽ ʞᴅʥʝ ʵʢʩʪʨʘʢʮʠʷ ʰʘʨʪʪʘʨʳʥ ʪʘשʜʘסʘʥʜʘ ʪʘʣʜʘʥʘʪʳʥ 

ʟʘʪʪʘʨʜʳש ʩʝʣʝʢʪʠʚʪʽʣʽʛʽʥʝ ʞᴅʥʝ ʵʢʩʪʨʘʢʮʠʷ ʜᴅʨʝʞʝʩʽʥʝ ʝʨʝʢʰʝ ʢᴇשʽʣ 

ʙᴇʣʽʥʝʜʽ. ʕʢʩʪʨʘʛʝʥʪ ʞʝʪʢʽʣʽʢʪʽ ʩʳʡʳʤʜʳʣʳץץʘ ʠʝ ʞᴅʥʝ ʩʝʣʝʢʪʠʚʪʽ ʙʦʣʫʳ 
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ʢʝʨʝʢ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʘʢʨʦ- ʞᴅʥʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʙᴇʣʽʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ. פʘʣʳʧʪʳ ʞʘסʜʘʡʜʘ 

ʵʢʩʪʨʘʢʮʠʷ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʝʨʽʪʢʽʰʪʝʨʜʽץ שʦʩʧʘʩʳ ʘʨץʳʣʳ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʉʦʢʩʣʝʪ ʘʧʧʘʨʘʪʳʥʜʘ ʞװʨʛʽʟʽʣʝʜʽ.  

ʊʝשʽʟ ʪװʙʽʥʜʝʛʽ ʰᴇʛʽʥʜʽʣʝʨʜʝʛʽ ʞᴅʥʝ ʙʠʦʘʢʢʫʤʫʣʷʮʠʷʣʳװ ץʣʛʽʣʝʨʜʝʛʽ 

(ʙʘʣʳץ ʤʘʡʳ, ʤʠʜʠʷ ʪʽʥʜʝʨʽ ʞᴅʥʝ ʪ.ʙ.) ץʘʨʘʧʘʡʳʤ ʇʍɹ ʜʝשʛʝʡʽʥʜʝ ï 0,5 ʥʛ/ʛ, 

ʢʦʤʧʣʘʥʘʨʣʳ ʇʍɹ ï 1 ʧʛ/ʛ, ʇɸʋ ï ʜʝשʛʝʡʽʥʜʝ 50 ʥʛ/ʛ ʇʍɹ-ʥʳ ʩʘʥʜʳץ 

ʘʥʳץʪʘʫ ᴅʜʽʩʽ ᴅʟʽʨʣʝʥʛʝʥ [78]. תʣʛʽʣʝʨʜʝʥ ʇʍɹ-ʥʳ ʙᴇʣʫ װʰʽʥ ʝʨʽʪʢʽʰ ʨʝʪʽʥʜʝ 

80:20 ʘʮʝʪʦʥ/ʛʝʢʩʘʥ ץʦʩʧʘʩʳʥ ʧʘʡʜʘʣʘʥʳʧ, ʉʦʢʩʣʝʪ ʢᴇʤʝʛʽʤʝʥ ʵʢʩʪʨʘʢʮʠʷ 

ʞװʨʛʽʟʽʣʛʝʥ. ɸʣʳʥסʘʥ ʩʳסʳʥʜʳʥʳ ʪʘʟʘʨʪʫ ʞᴅʥʝ ʬʨʘʢʮʠʷʣʘʫ ʘʣʶʤʠʥʠʡ 

ʦʢʩʠʜʽ ʤʝʥ ʢʨʝʤʥʝʟʝʤʤʝʥ ʪʦʣʪʳʨʳʣסʘʥ ʢʦʣʦʥʢʘʜʘ ʞװʟʝʛʝ ʘʩץʘʥ. 

ʉʦʨʙʮʠʷʣʘʥסʘʥ ץʦʩʳʣʳʩʪʘʨ 2 ʢʝʟʝשʜʝ ʵʣʶʮʠʷʣʘʥʜʳ: ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ 

ʙʽʨʽʥʰʽ ʬʨʘʢʮʠʷ ʧʝʥʪʘʥʤʝʥ ʵʣʶʮʠʷʣʘʥʜʳ; ײפʨʘʤʳʥʜʘ ʇɸʋ ʙʘʨ ʝʢʽʥʰʽ 

ʬʨʘʢʮʠʷ ʤʝʪʠʣʝʥʭʣʦʨʠʜ/ʧʝʥʪʘʥ ץʦʩʧʘʩʳʤʝʥ ʵʣʶʮʠʷʣʘʥʜʳ. ʆʨʪʦ 

ʘʣʤʘʩʪʳʨʳʣסʘʥ ʇʍɹ ʙʘʩץʘʣʘʨʳʥʘʥ ɺʕɾʍ ʘʨץʳʣʳ ʙᴇʣʽʥʛʝʥ. 

ʊʦʧʳʨʘץʪʘסʳ 3-ʩʳʥʳʧ ʊʆʃ-ʜr  ʞʳʣʜʘʤ ʘʥʳץʪʘʫ װʰʽʥ ץʳʩʳʤʤʝʥ 

ʩײʡʳץʪʳץʪʳ ʽʨʽʢʪʝʧ ʘʣʫ ᴅʜʽʩʽ (S-PLE) ײʩʳʥʳʣסʘʥ [79]. ʇʍɹ, ʧʦʣʠʙʨʦʤʜʳ 

ʜʠʬʝʥʠʣ ʵʬʠʨʣʝʨʽʥ (ʇɹɼʕ) ʞᴅʥʝ ʛʝʢʩʙʨʦʤʦʮʠʢʣʦʜʦʜʝʢʘʥʜʘʨʜʳ (ɻɹʎɼ) 

ʵʢʩʪʨʘʢʮʠʷʣʘʫ װʰʽʥ 3:2 n-ʛʝʢʩʘʥ-ʜʠʭʣʦʨʦʤʝʪʘʥ ץʦʩʧʘʩʳʥ ʧʘʡʜʘʣʘʥʫ RSD 

<20%, ʠʥʜʠʢʘʪʦʨʳ ʙʘʨ ʩʝʨʪʠʬʠʢʘʪʪʘʣסʘʥ ʤᴅʥʜʝʨʤʝʥ ʞʘץʩʳ ʩᴅʡʢʝʩʪʽʛʽʥ 

ʢᴇʨʩʝʪʢʝʥ ᴅʜʽʩʪʽש ʪʠʽʤʜʽʣʽʛʽ 8-ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ. 
 

 
8 ʉʫʨʝʪ ï ɻʝʢʩʘʥʜʘסʳ ʜʠʭʣʦʨʤʝʪʘʥʥʳש ᴅʨʪװʨʣʽ ץʘʪʳʥʘʩʳʥʜʘס r n-

ʛʝʢʩʘʥ-ʜʠʭʣʦʨʤʝʪʘʥ ץʦʩʧʘʩʳ ץʘʪʳʩʳʥʜʘסʳ ץʦʩʳʣʳʩʪʘʨʜʳ ʙᴇʣʫʜʽש ʦʨʪʘʰʘ 

(nı3) ʧʘʡʳʟʳ 
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ɼʠʭʣʦʨʦʤʝʪʘʥ ʤʝʥ ʛʝʢʩʘʥʥʳץ שʘʪʳʥʘʩʳʥʜʘ ʇʍɹ-ʥʳ ʪʠʽʤʜʽ ʙᴇʣʫ ʞװʟʝʛʝ 

ʘʩץʘʥʳ ʙʘʡץʘʣʘʜʳ (8-ʩʫʨʝʪ). ɼʝʛʝʥʤʝʥ, ʦʩʳ ʵʢʩʪʨʘʢʮʠʷ ʨʝʞʠʤʽʤʝʥ ʤʘץʩʘʪʪʳ 

ʪʘʣʜʘʥʘʪʳʥ ʟʘʪʧʝʥ ʙʽʨʛʝ ʙʘʩץʘ ʢʝʜʝʨʛʽ ʞʘʩʘʡʪʳʥ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʵʢʩʪʨʘʢʮʠʷʩʳʥʳש ʞʦסʘʨʳʣʘʫʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʣʠʧʠʜʪʝʨ ʘʥʳץʪʘʣסʘʥ. ɹײʣ ᴅʜʽʩ 

ʝʨʽʪʢʽʰʪʽ ʪײʪʳʥʫ ʤʝʥ ʪʘʣʜʘʫ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʘʜʳ, ʤʘץʩʘʪʪʳ ʪʘʣʜʘʥʘʪʳʥ 

ʟʘʪʪʘʨʜʳש ʞʘץʩʳ ץʘʣʧʳʥʘ ʢʝʣʫʽʥ ʞᴅʥʝ ᴇשʜʝʫ ʢʝʟʽʥʜʝ װʣʛʽʥʽש ʤʠʥʠʤʘʣʜʳ 

ʣʘʩʪʘʥʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɸʮʝʪʦʥ ʤʝʥ ʛʝʢʩʘʥ ץʦʩʧʘʩʳ ʪʘʣʜʘʥʘʪʳʥ ʟʘʪʪʘʨʜʳ3 ש ʩʘʪʳʣʳ 

ʵʢʩʪʨʘʢʮʠʷʩʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʙʘʣʳץ ᴇʥʽʤʜʝʨʽʥʜʝ 16 ʍʆʇ ʩʦʢʩʣʝʪ 

ʵʢʩʪʨʘʢʮʠʷʩʳʥʜʘ ץʦʣʜʘʥʳʣסʘʥ [80]. ʉʳסʳʥʜʳ ʢʦʣʦʥʥʘʜʘʥ ᴇʪʢʽʟʫ ʘʨץʳʣʳ 

ʪʘʟʘʨʪʳʣסʘʥ. ʕʢʩʪʨʘʢʪʪʳ ʵʣʶʮʠʷʣʘʫ ʞᴅʥʝ ʬʨʘʢʮʠʷʣʘʫ װʰʽʥ ᴅʨʪװʨʣʽ 

 ʦʣʜʘʥʳʣʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ ʵʣʶʮʠʷʥʳ ʪʠʽʤʜʽץ ʘʪʘʨ ʝʨʽʪʢʽʰʪʝʨץrʙʽʨ סʘʪʳʥʘʩʪʘץ

2 ʢʝʟʝשʜʝ ʞװʨʛʽʟʫ ʤװʤʢʽʥʰʽʣʽʛʽ ʘʥʳץʪʘʣסʘʥ: 1 - ʜʠʵʪʠʣ ʵʬʠʨʽ/ʛʝʢʩʘʥ ץʦʩʧʘʩʳ 

(6/94); 2 - ʜʠʵʪʠʣ ʵʬʠʨ/ʛʝʢʩʘʥ ץʦʩʧʘʩʳ (50/50). ʊʦʧʳʨʘץʪʘ ˉ 28, 52, 101, 138, 

153 ʞᴅʥʝ 180 ʘʣʪʳ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥ ʞʳʣʜʘʤʜʘʪʳʣסʘʥ ʵʢʩʪʨʘʢʮʠʷ ᴅʜʽʩʽʤʝʥ 

ʘʣʫʜʳש ʝש ʪʠʽʤʜʽ ʞʘסʜʘʡʣʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʛʘʥ [81]. 

ɽʨʽʪʢʽʰ ʨʝʪʽʥʜʝ: ʛʝʢʩʘʥ, ʛʝʢʩʘʥ/ʘʮʝʪʦʥ ʞᴅʥʝ ʘʮʝʪʦʥ/ʜʠʭʣʦʨʦʤʝʪʘʥ ץʦʩʧʘʣʘʨʳ 

150ÜC ʞᴅʥʝ 170ÜC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ. ɻʝʢʩʘʥʜʳ 170ÜC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʝʨʽʪʢʽʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥסʘʥʜʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʘץʩʳ 

 ʫ (2,1-5,7%)ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ (88,5-106%) ʞᴅʥʝ ʪᴇʤʝʥ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץ

ʙʘʡץʘʣסʘʥʳ ʘʥʳץʪʘʣסʘʥ (2-ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 2 ï ʇʍɹ ʢʦʥʛʝʥʝʨʥ̔ ᴅʨ ʪװʨʣʽ ʝʨʽʪʢʽʰʪʝʨʤʝʥ ʙᴇʣʫ ʥᴅʪʠʞʝʣʝʨʽ [81] 

 
ʇʍɹ ˉ28 ˉ52 ˉ101 ˉ153 ˉ138 ˉ180 

ʩʝʨʪʠʬʠʢʘʪ  

ʤᴅʥʽ 

148Ñ25,5 40,3Ñ3,26 77,3Ñ11,3 290Ñ28,1 84,5Ñ3,98 135Ñ20,0 

ʝʨʽʪʢʽʰ T0ʉ ʙᴇʣ-ʥ ץʘʣ-ʥ ʙᴇʣ-ʥ ץʘʣ-ʥ ʙᴇʣ-ʥ ץʘʣ-ʥ ʙᴇʣ-ʥ ץʘʣ-ʥ ʙᴇʣ-ʥ ץʘʣ-ʥ ʙᴇʣ-ʥ ץʘʣ-ʥ 

ɻʝʢʩʘʥ 150 91,3 7,1 102,

1 

9,1 96,0 4,2 102,4 3,8 92,0 2,7 110,1 2,3 

170 90,4 3,6 99,0 5,7 94,3 4,6 99,9 5,3 88,5 4,0 106,0 2,1 

ɻʝʢʩʘʥ/ 

ʘʮʝʪʦʥ 

(1:1)  

150 91,3 10,5 84,5 6,7 88,9 0,3 96,7 1,8 82,2 5,5 114,9 14,3 

170 95,0 10,1 94,3 7,7 105,3 3,6 117,2 2,8 104,6 0,8 138,5 17,7 

ɸʮʝʪʦʥ/ 

ʜʠʭʣʦʨʤʝ

ʪʘʥ (1:1) 

150 109,8 13,7 104,3 8,0 115,4 12,0 124,3 12,4 115,1 13,4 145,9 8,4 

170 96,6 3,7 102,7 3,1 106,6 2,7 118,5 4,4 109,2 8,7 142,6 10,4 

 

ʊװʨʣʽ ʝʨʽʪʢʽʰʪʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳʥʘʥ ʇʍɹ ʘʣʫ 

ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʫ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʪʽ (ɼʄʉʆ) ץʦʣʜʘʥʫ 88,79% ɻ ʢʩʪʨʘʢʮʠʷ 

ʜᴅʨʝʞʝʩʽʥʝ ʠʝ ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʢʝʥ (9-ʩʫʨʝʪ) [82]. 
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9 ʉʫʨʝʪ ï ʪװʨʣʽ ʝʨʽʪʢʽʰʪʝʨʤʝʥ (ɼʄʉʆ, ʘʮʝʪʦʥʠʪʨʠʣ (MeCN) ʞᴅʥʝ 

ʩʫʣʴʬʦʣʘʥ) ʇʍɹ  ʵʢʩʪʨʘʢʮʠʷʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽ [82] 

 

9-ʩʫʨʝʪʪʝ ɼʄʉʆ (88,79%), ʘʮʝʪʦʥʠʪʨʠʣ (56,98%) ʞᴅʥʝ ʩʫʣʴʬʦʣʘʥ 

(73,80%) ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʇʍɹ ʙᴇʣʫ ʞʳʣʜʘʤʜʳסʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɼʄʉʆ-ʤʝʥ 

ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʪʠʽʤʜʽʣʽʛʽ ʙʘʩץʘ ʝʢʽ ʝʨʽʪʢʽʰʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ 

ʞʦסʘʨʳ.  

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳʥʘʥ ʇʍɹ ʘʣʫʜʳװ שʰ ʮʠʢʣʽ װʰʽʥ ʝʨʽʪʢʽʰ ʨʝʪʽʥʜʝ 

ʘʮʝʪʦʥʠʪʨʠʣʜʽש ᴇʥʽʤʜʽʣʽʛʽ ʙʘʩץʘ ʝʨʽʪʢʽʰʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 0,6 ʝʩʝ 

ʞʦסʘʨʳ ʙʦʣʘʜʳ (10-ʩʫʨʝʪ). ɼʝʛʝʥʤʝʥ, ʇʍɹ ʵʢʩʪʨʘʢʮʠʷʩʳʥʜʘסʳ ɼʄʉʆ 

ʪʠʽʤʜʽʣʽʛʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ɼʄʉʆ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳʥʘʥ ʇʍɹ ʘʣʫʜʳש 

 .ʘ ʙʦʣʘʜʳסʦʣʘʡʣʳ ʵʢʩʪʨʘʛʝʥʪʽ ʙʦʣʘʜʳ ʜʝʛʝʥ ʙʦʣʞʘʤ ʞʘʩʘʫץ

 
10 ʉʫʨʝʪï ʊװʨʣʽ ʝʨʽʪʢʽʰʪʝʨʤʝʥ (ɼʄʉʆ, ʘʮʝʪʦʥʠʪʨʠʣ (MeCN) ʞᴅʥʝ 

ʩʫʣʴʬʦʣʘʥ) ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳ װʣʛʽʣʝʨʽʥʝʥ ʇʍɹ ʘʣʫ ʪʠʽʤʜʽʣʽʛʽ [82] 

 

ɼʄʉʆ ʢᴇʣʝʤʽ ʤʝʥ ʰʘʡץʘʫ ʫʘץʳʪʳʥʳש ʇʍɹ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʜᴅʨʝʞʝʩʽʥʝ 

ᴅʩʝʨʽ [83] ʞײʤʳʩʪʘ ʟʝʨʪʪʝʣʛʝʥ. 
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ʂʝʩʪʝ 3 ï ɼʄʉʆ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʳץ ʤʘʡʣʘʨʳʥʘʥ ʇʍɹ ʘʣʫʜʳש ʪʠʽʤʜʽʣʽʛʽ [83] 
 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳʥʳש 

ʢᴇʣʝʤʜʽʢ ץʘʪʳʥʘʩʳ: ɼʄʉʆ 
ʇʍɼ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

138 ʤʛ/ʢʛ 

ʕʢʩʪʨʘʢʮʠʷ ʪʠʽʤʜʽʣʽʛʽ, %Ñ 

װ  hᴇʣʰʝʤʥʽש ʦʨʪʘʰʘ ʤᴅʥʽ 

1:1 10 51,7Ñ2,3 

60 71,8Ñ3,3 

1:3 10 82,1Ñ3,9 

60 89,9Ñ8,5 

1:4 10 85,6Ñ1,7 

60 88,2Ñ0,7 

1:6 10 100Ñ5,2 

60 93,4Ñ0,7 

 

ʂʝʩʪʝ 4 ï ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳʥʘʥ ɼʄʉʆ ʢᴇʤʝʛʽʤʝʥ ʇʍɹ ʘʣʫʜʳש ʪʠʽʤʜʽ 

ʤᴅʥʜʝʨʽ [83] 

 
ʌʘʢʪʦʨ ʇʍɹ ʪᴇʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ  ʇʍɹ-ʥʳש ʞʦסʘʨʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

ʄײʥʘʡ ʤʝʥ ɼʄʉʆ ץʘʪʳʥʘʩʳ 1:6 1:6 

ʕʢʩʪʨʘʢʮʠʷ ʫʘץʳʪʳ, ʤʠʥ. 5 30 

ʉʫ פʘʪʳʩʳʥʜʘ ʉʫ ʉʫ 

 

ʇʍɹ ʵʢʩʪʨʘʢʮʠʷʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ɼʄʉʆ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳʤʝʥ (1:6) 

ʞʦסʘʨʳʣʘʡʪʳʥʳ ʘʥʳץʪʘʣסʘʥ, ʘʣ ʵʢʩʪʨʘʢʮʠʷ ʧʨʦʮʝʩʽʥʽײ שʟʘץʪʳסʳ ʇʍɹ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʳʧ, ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʦסʘʨʳ ʙʦʣסʘʥ 

ʩʘʡʳʥ, ʇʍɹ ʵʢʩʪʨʘʢʮʠʷʩʳ ʩʦײסʨʣʳʤ ײʟʘץץʘ ʩʦʟʳʣʘʜʳ (3-4 ʢʝʩʪʝʣʝʨ). ʉʫʜʳ 

 ʘʨʪʫʳʥʘ שʳʥʳסʘʨʳʣʘʫʳ ɼʄʉʆ ʧʦʣʷʨʣʳסʞʦ שʪʳץʳʣʳ ʧʦʣʷʨʣʳץʦʩʫ ʘʨץ

ʳץʧʘʣ ʝʪʝʜʽ, ʙײʣ ʇʍɹ ʞʦסʘʨʳ ץʘʣʧʳʥʘ ʢʝʣʫʽʥʝ ᴅʢʝʣʝʜʽ [83].  

 ץʣʢʝʥ ʘʥʘʣʠʪʠʢʘʣʳװ ʳʣʘʫʜʘץʘʥ ʦʨʪʘ ʦʙʲʝʢʪʽʣʝʨʽʥ ʙʘסʦʨʰʘפ

 ʘʪʘʨ ʘʩʘץ ʞʘʣʧʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʝʤʝʩ, ʩʦʥʳʤʝʥ שʪʝʢ ʇʍɹ-ʥʳ ץʫʰʳʣʳסʳʟʳץ

 ʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʍɹ ʠʟʦʤʝʨʣʝʨʽשʘʫʽʧʪʽ ʠʟʦʤʝʨʣʝʨʜʽ ʙᴇʣʫʛʝ ʜʝ ʤʘץ

ʦʣʘʨʜʳש ʬʝʥʠʣ ʪʦʧʪʘʨʳ ʙʽʨ ʞʘʟʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥʜʳץʪʘʥ, ʪʽʨʽ ʦʨʛʘʥʠʟʤʛʝ 

ʞʦסʘʨʳ ʜᴅʨʞʝʜʝ ʫʳʪʪʳʣʳץ ʢᴇʨʩʝʪʝʜʽ [84]. פʦʨʰʘסʘʥ ʦʨʪʘ ʦʙʲʝʢʪʽʣʝʨʽʥʜʝ 

ʽʟʜʽʢ ʜʝשʛʝʡʜʝ ʫʣʳ ʇʍɹ ʠʟʦʤʝʨʣʝʨʽʥʽש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳ ʘʥʳץʪʘʫ 

ʤʘשʳʟʜʳ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʕʢʩʪʨʘʢʮʠʷʜʘ ʝʨʽʪʢʽʰʪʽש ʪʘʙʠסʘʪʳ ʝװ שʣʢʝʥ ʤᴅʥʛʝ ʠʝ. 

ɻʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʘʣʫ װʰʽʥ ʛʝʢʩʘʥ, ʜʠʭʣʦʨʦʤʝʪʘʥʥʳש ʘʮʝʪʦʥʤʝʥ, 

ʪʦʣʫʦʣʤʝʥ, ʘʮʝʪʦʥ:ʛʝʢʩʘʥʤʝʥ ץʦʩʧʘʩʳ ʪʠʽʤʜʽ ʝʨʽʪʢʽʰ ʝʢʝʥʽ ʟʝʨʪʪʝʣʛʝʥ [85-

86]. 

 

1.4.2 ʇʍɹ-ʥʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫ 

1.4.2.1 ʇʘʣʣʘʜʠʡ ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʢᴇʤʝʛʽʤʝʥ ʇʍɹ-ʥʳ 

ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ 

 שʪʘʨʜʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫʜʳץʘʣʜʳץ ʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʪʝʭʥʦʛʝʥʜʽʢײפ

ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽ [5] ʟʝʨʪʪʝʫʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ, ʤײʥʜʘ ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨʜʳ 

 ʦʣʜʘʥʫץ ʨʣʝʨʽʥװʘ ʪשʞʘ שʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳסʳʣʳ ʘʣʳʥץʦʣʜʘʥʫ ʘʨץ
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ʤװʤʢʽʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʇʍɹ-ʥʳ ʭʣʦʨʩʳʟʜʘʥʜʳʨʫ ʧʨʦʮʝʩʪʝʨʽ ʙʦʡʳʥʰʘ 

ʟʝʨʪʪʝʫʣʝʨʜʽװ שʣʝʩʽ ʘʨʪץʘʥʜʳסʳ ʘʪʘʧ ᴇʪʽʣʝʜʽ ʞᴅʥʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ 

ʟʣʘʣʩʳʟʜʘʥʜʳʨʫ ʤʝʥ ʪװʟʽʣʛʝʥ ᴇʥʽʤʥʽש ʘʥʘʣʠʪʠʢʘʣʳץ ʙʘץʳʣʫʳ ʘʨʪʳʧ ʢʝʣʝ 

ʞʘʪץʘʥʜʳסʳ ʘʥʳץʪʘʣסʘʥ. ʇʦʣʠʭʣʦʨ ʜʠʙʝʥʟʦʬʫʨʘʥ (ʇʍɼɹʌ) ʞᴅʥʝ 

ʜʠʙʝʥʟʦʜʠʦʢʩʠʥʜʝʨ (ʇʂɼɼ) ʞʘʥʘʤʘ ᴇʥʽʤʜʝʨʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʛʘʣʦʛʝʥ 

ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʟʘʣʘʩʳʟʜʘʥʜʳʨʫʜʳש ʨʝʛʝʥʝʨʘʪʠʚʪʽ ᴅʜʽʩʪʝʨʽ 

ʨʝʩʫʨʩʪʳ װʥʝʤʜʝʫ ʪʘʣʘʙʳʥʘ ʞʘʫʘʧ ʙʝʨʽʧ, ʛʘʣʦʛʝʥ ʤʦʣʝʢʫʣʘʣʘʨʜʳש 

ʢᴇʤʽʨʩʫʪʝʢʪʽ ʢʦʤʧʦʥʝʥʪʽʥ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣ ʢʘʪʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫ ʵʥʝʨʛʠʷ 

ʰʳסʳʥʜʘʨʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ (11-ʩʫʨʝʪ). 

 

11 ʩʫʨʝʪ ï ʇʍɹ-ʥʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʩr ʟʙʘʥײʩץʘʩʳ 

 

1994 ʞʳʣʳ ʇ.ʊʫʥʜʦ ʟʝʨʪʪʝʫ ʪʦʙʳ ʇʍɹ ʛʠʜʨʦʜʝʭʣʦʨʣʘʫ ʙʦʡʳʥʰʘ 

(ɻɼʍ) ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʩᴅʪʪʽ ʞװʨʛʽʟʛʝʥ [87]. ʈʝʘʢʮʠʷʥʳש ʩʝʣʝʢʪʠʚʪʽʣʽʛʽ ʞᴅʥʝ 

ʇʍɹ ʤʦʣʝʢʫʣʘʣʘʨʳʥʜʘסʳ ʭʣʦʨʜʳש ʞʦסʘʣʫ ʢʠʥʝʪʠʢʘʩʳ ʟʝʨʪʪʝʣʛʝʥ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʧʘʡʜʘʣʘʥʫ ᴇʪʝ ʪʠʽʤʜʽ ʙʦʣסʘʥ, ʙʽʨʘץ 

ʇʍɹ ɻɼʍ ᴅʜʽʩʽʥ ץʦʩʳʤʰʘ ʟʝʨʪʪʝʫ ץʘʞʝʪ ʙʦʣʜʳ. 

ʇʍɹ ʨʝʘʢʮʠʷʣʘʨʳ ʞᴅʥʝ ʦʣʘʨʜʳש ɻɼʍ ᴅʜʽʩʪʝʨʽ ʪʫʨʘʣʳ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʟʝʨʪʪʝʫʣʝʨ [4, 87] ʞײʤʳʩʪʘʨrʥʜʘ ʙʝʨʽʣʛʝʥ. ᴄʨʪװʨʣʽ ʩʫʪʝʛʽ ʜʦʥʦʨʣʘʨʳʤʝʥ 

ʇʍɹ-ʥ  rʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ץʦʣʜʘʥʳʣסʘʥ. ɹײʣ ʩʘʣʘʜʘסʳ ʘʣסʘʰץʳ ʞײʤʳʩʪʘʨʜʳש 

ʙʽʨʽ ɺ.ɺ. ʃʫʥʠʥ ʟʝʨʪʪʝʫ ʪʦʙʳʥʘ ʞʘʪʘʜʳ [88]. ɻɼʍ ʠʟʦʧʨʦʧʠʣ ʩʧʠʨʪʽʥʽש 

ᴅʩʝʨʽʥʝʥ ʜʝ ʞװʨʝ ʘʣʘʜʳ, ʘʣ ʩʫʪʝʛʽ ʝʢʽʥʰʽ ʧʦʟʠʮʠʷʜʘʥ ʙᴇʣʽʥʝʜʽ. ʂʝʡʽʥʥʝʥ ʙײʣ 

ʙʘץʳʣʘʫ ʩײʡʳץ ʬʘʟʘʜʘסʳ ʨʝʘʢʮʠʷ ʢʝʟʽʥʜʝ ʙʝʣʛʽʣʝʥʛʝʥ ʘʪʦʤʜʘʨʤʝʥ 

ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʝ ʨʘʩʪʘʣʜʳ [89]. 

ʇʍɹ-ʥʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫʜʳש ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʫ -

ʙʝʣʩʝʥʜʽ, ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ ʪʠʽʤʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʘʜʳ. ᴄʜʝʙʠʝʪ ʢᴇʟʜʝʨʽʥ ʪʘʣʜʘʫ, ʧʘʣʣʘʜʠʡ ʤʝʥ ʧʣʘʪʠʥʘ ʥʝʛʽʟʽʥʜʝʛʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʭʣʦʨʳ ʙʘʨ ץʦʩʳʣʳʩʪʘʨʜʳש ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘץʳʣʳ 

ʪװʨʣʝʥʜʽʨʫʜʝ ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ ʩʝʣʝʢʪʠʚʪʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʽʥʽʥ 

ʘʥʳץʪʘʜʳ [90-91]. ɹײʣ ʦʣʘʨʜʳש ʅ2 ʙᴇʣʫ ץʘʙʽʣʝʪʽʥʝ ʞᴅʥʝ CïCl ʙʘʡʣʘʥʳʩʳʥʳש 

 ʟʘʪʪʘʨʜʳ ץʽʣʜʝʪʫʛʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ [92]. ɻʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳשʟʽʣʫʽʥ ʞʝװ

ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʥʝʛʽʟʛʽ 

ʪװʨʣʝʨʽ 5-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ [92]. 
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5 ʢʝʩʪʝ ï ɻʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʩײʡʳץʬʘʟʘʣʳץ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ 

 ʦʣʜʘʥʳʣʘʪʳʥ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ [92]ץ ʰʽʥװ
ʂʘʪʘʣʠʟʘʪʦʨ 

(Pd) 

T [K] ʳʩʳʤb ʉʫʙʩʪʨʘʪ ʂʦʥʚʝʨפ 

ʩʠʷ % 

ʉʝʣʝʢʪʠʚʪʽʣʽʢc, % ʉ̔ ʣʪʝʤʝ 

1 2 3 4 5 6 7 

Pd/ʙʝʣʩ. 

ʢᴇʤʽʨ (0.5%)  

23ï348 2.3 ʙʘʨ 4-ʭʣʦʨʬʝʥʦʣ 100 ʮʠʢʣʦʛʝʢʩʘʥʦʣd 37 

Pd/Al2O3 

(0.15%) 

73 50ʙʘʨ H2 ɼʠʭʣʦʨʤʝʪʘʥ d ʤʝʪʘʥd 38 

73  50ʙʘʨ H2 ʍʣʦʨʦʬʦʨʤ d <80ʤʝʪʘʥ 38 

73  50ʙʘʨ H2 ʊᴇʨʪʭʣʦʨʣʳ ʢᴇʤʽʨʪʝʢ d <70 ʤʝʪʘʥ 38 

73  50ʙʘʨ H2 1,1,1-ʪʨʠʭʣʦʨʵʪʘʥ <90 >98 ʵʪʘʥ 38 

73  50ʙʘʨ H2 ʪʨʠʭʣʦʨʵʪʠʣʝʥ d ʵʪʘʥd 38 

73  50 ʙʘʨ H2 ʊʝʪʨʘʭʣʦʨʵʪʠʣʝʥ d ʵʪʘʥd 38 

Pd/Al2O3 

(0.5%) 

23ï623  0.5 Mʇa ʊʝʪʨʘʭʣʦʨʵʪʝʥ  <75 94 ʵʪʘʥ  39 

73  2 Mʇa ʊʝʪʨʘʭʣʦʨʵʪʝʥ d 99 ʵʪʘʥ 39 

Pd/Al2O3 

(1%) 

73ï303  1 ʘʪʤ 2,4-ʜʠʭʣʦʨʬʝʥʦʣ 100 Ó95 2-ʭʣʦʨʬʝʥʦʣ 40-44 

Pd/Al2O3 (5%) 05  1 ʘʪʤ 1,2,3,4-ʪʝʪʨʘʭʣʦʨʦ 

ʜʠʙʝʥʟʦ-ʧ-ʜʠʦʢʩʠʥ 

d ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

55  1 ʘʪʤ ʇʦʣʠʭʣʦʨʜʠʙʝʥʟʦ-ʧ-

ʜʠʦʢʩʠʥ 

d ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

55  1 ʘʪʤ ʇʦʣʠʭʣʦʨʜʠʙʝʥʟʦ 

ʬʫʨʘʥ 

d ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

55  1 ʘʪʤ ʇʦʣʠʭʣʦʨʙʠʬʝʥʠʣ d ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

Pd/AlPO4-

SiO2 (0.5%) 

13  0.4Mʇa H2 ʍʣʦʨʙʝʥʟʝʥ  d ʙʝʥʟʝʥd 46 

Pd/AlPO4-

SiO2 (1%) 

13  0.4Mʇa H2 ʍʣʦʨʙʝʥʟʝʥ  d ʙʝʥʟʝʥd 46 

Pd/AlPO4-

SiO2 (3%) 

13  0.4Mʇa H2 ʍʣʦʨʙʝʥʟʝʥ  d ʙʝʥʟʝʥd 46 

Pd/C (0.5%) 23 K 0.5Mʇa ʊʝʪʨʘʭʣʦʨʵʪʝʥ d 96 ʵʪʘʥ 39 

Pd/C (1%) 73ï303  1 ʘʪʤ 2,4-ʜʠʭʣʦʨʬʝʥʦʣ d Ó95 2-ʭʣʦʨʬʝʥʦʣ 40 

Pd/C (3%) 73ï303  1 ʘʪʤ 2,4-ʜʠʭʣʦʨʬʝʥʦʣ d Ó95 2-ʭʣʦʨʬʝʥʦʣ 40 

       

1 2 3 4 5 6 7 

Pd/C (5%) 303  1 ʘʪʤ 2,4-ʜʠʭʣʦʨʬʝʥʦʣ 100 Ó95 2-ʭʣʦʨʬʝʥʦʣ 40 

305  1 ʘʪʤ 1,2,3,4-

ʪʝʪʨʘʭʣʦʨʜʠʙʝʥʟʦ-

ʧ-ʜʠʦʢʩʠʥ 

d ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

355  1 ʘʪʤ ʇʦʣʠʭʣʦʨʜʠʙʝʥʟʦ-

ʧ-ʜʠʦʢʩʠʥ 

91 ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

55  1 ʘʪʤ ʇʦʣʠʭʣʦʨʜʠʙʝʥʟʦʬ

ʫʨʘʥ 

99 ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

55  1 ʘʪʤ ʇʦʣʠʭʣʦʨʜʙʠʬʝʥʠʣ d ʜʠʙʝʥʟʦʜʠʦʢʩʠʥd 45 

Pd/C (10%) 73ï303 1 ʘʪʤ 2,4-ʜʠʭʣʦʨʬʝʥʦʣ 100 Ó95 2-ʭʣʦʨʬʝʥʦʣ 40 

Pd/ɔ-Al 2O3 

(5%) 

23ï353 1 ʘʪʤ 4-ʍʣʦʨʬʝʥʦʣ  87 90 ʮʠʢʣʦʛʝʢʩʘʥ 47 

23ï353 1 ʘʪʤ 2,6-ʜʠʭʣʦʨʬʝʥʦʣ 100 64 ʮʠʢʣʦʛʝʢʩʘʥ 47 

23ï353 1 ʘʪʤ ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ  100 100 ʮʠʢʣʦʛʝʢʩʘʥ 47 

323 413,7 ʢʇʘ ʅ2 ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ  100 94 

ʮʠʢʣʦʛʝʢʩʘʥʦʥ 

47 

323 413,7 ʢʇʘ  ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ  100 95 

ʮʠʢʣʦʛʝʢʩʘʥʦʥ 

47 

Pd/MgO (3%) 13  0,4 ʄʇʘʅ2 ʍʣʦʨʙʝʥʟʝʥ  d ʙʝʥʟʝʥd 46 

Pd/ZrO2 (3%) 13  0,4 ʄʇʘ ʅ2 ʍʣʦʨʙʝʥʟʝʥ  d ʙʝʥʟʝʥd 46 
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                                                                                                    5 ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ    

ʘ1 ʄʇʘ = 10 ʘʪʤ = 10 ʙʘʨ; ʅ2ʽʰʽʥʘʨʘ ץʳʩʳʤb ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʩʝ cʥʝʛʽʟʛʽ ᴇʥʽʤʛʝ ץʘʪʳʩʪʳ 

ʤʘʢʩʠʤʘʣʜʳ ʩʝʣʝʢʪʠʚʪʽʣʽʢ 

Pd/ʙʝʣʩ.ʢᴇʤʽʨ 

(ɸʋ) (0.2%) 
23ï523  1 ʘʪʤ 1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 58 26 benzene 48 

Pd/ɸʋ(7.8%) 23  ʍʣʦʨʙʝʥʟʦʣ  d Ó97 ʙʝʥʟʦʣ 49 

Pd/Al2O3 

(0.2%) 

23ï573  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 63 82 ʙʝʥʟʦʣ 48 

523  1,2,4-

ʪʨʠʭʣʦʨʙʝʥʟʦʣ 

81 44 (1,2-

ʜʠʭʣʦʨʙʝʥʟʦʣ) 

48 

Pd/Al2O3 

(0.4%) 

413ï523  CFC-12 d CH2F2
d 50 

Pd/Al2O3 

(0.6%) 

423  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 41 88 ʙʝʥʟʦʣ 48 

Pd/Al2O3 (1%) 413ï523  CFC-12 d CH2F2
d 50 

423  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 49 87 ʙʝʥʟʦʣ 48 

Pd/Al2O3 

(1,4%) 

423  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 56 87 ʙʝʥʟʦʣ 48 

Pd/Al2O3 

(1,5%) 

413ï523  CFC-12 d CH2F2
d 48 

Pd/Al2O3 (5%) 413ï523  CFC-12 d CH2F2
d 48 

Pd/AlF3 (1%) 373ï553  ʍʣʦʨʦʬʦʨʤ d ʤʝʪʘʥd 1 

453ï573  ɼʠʭʣʦʨʤʝʪʘʥ  6 97 ʤʝʪʘʥ 51 

Pd/C (0.5%) 353ï393   ʏʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ 

ʫʛʣʝʨʦʜ 

d ʭʣʦʨʦʬʦʨʤd [51] 

416ï453  ʍʣʦʨʦʬʦʨʤ  0 ʤʝʪʘʥd [51] 

453ï573  ɼʠʭʣʦʨʤʝʪʘʥ  00 81 ʤʝʪʘʥ [51] 

Pd/ʛʨʘʬʠʪʦʚʳ 

ʥʘʥʦʚʦʣʦʢʥʘ 

(8.7%) 

325ï423  ʍʣʦʨʙʝʥʟʝʥ d Ó97 ʙʝʥʟʦʣ [9] 

Pd/MgO 

(0.2%) 

523  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 6 ʙʝʥʟʦʣ [48] 

Pd/h-Al 2O3 

(1%) 

373ï553  ʍʣʦʨʦʬʦʨʤ 90 ʤʝʪʘʥd [51] 

453ï573  ɼʠʭʣʦʨʤʝʪʘʥ 98 ʤʝʪʘʥ [5]1 

413  ʍʣʦʨʙʝʥʟʦʣ 99 ʮʠʢʣʦʛʝʢʩʘʥ [51] 

Pd/Nb2O5 

(10%) 

413ï473   ʍʣʦʨʙʝʥʟʦʣ  d ʙʝʥʟʦʣd [52] 

Pd/SiO2 

(0.2%) 

523  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 30 ʙʝʥʟʦʣ [48] 

Pd/SiO2 (5%) 423  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ  d ʭʣʦʨʙʝʥʟʦʣ [53] 

423  1,3-ʜʠʭʣʦʨʙʝʥʟʦʣ  d ʭʣʦʨʙʝʥʟʦʣ [53] 

Pd/Vycor 

(0.5%) 

353ï393  ʊᴇʨʪ ʭʣʦʨʣʳ 

ʢᴇʤʽʨʪʝʛʽ 

d ʭʣʦʨʦʬʦʨʤd [1] 

416ï453  ʍʣʦʨʦʬʦʨʤ  90 ʤʝʪʘʥd [51] 

453ï573  ɼʠʭʣʦʨʤʝʪʘʥ  99 ʤʝʪʘʥ [51] 

Pd-Yb/SiO2 

(5%Pd, Pd:Yb 

=2:3) 

423  1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ d ʭʣʦʨʙʝʥʟʦʣ [3] 

 

ɸʨʦʤʘʪʪʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜ ̔ ʜʝʛʘʣʦʛʝʥʜʝʫ ʨʝʘʢʮʠʷʩʳ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ץʘʞʝʪ ʝʪʝʜʽ. ʅʝʛʽʟʛʽ ᴇʥʽʤʥʽש ʩʝʣʝʢʪʠʚʪʽʣʽʛʽ ʢʘʪʘʣʠʟʘʪʦʨ ʪװʨʽʥʝ, 

ʪʘʩʳʤʘʣʜʘסʳʰ ʞᴅʥʝ ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 5-ʂʝʩʪʝʜʝʛʽ 

ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩᴅʡʢʝʩ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʘסʳ Pd ʤᴇʣʰʝʨʽ 10% (ʤʘʩʩʘ ʙʦʡʳʥʰʘ) 

ʤᴇʣʰʝʨʽʥʜʝ ʙʦʣʘʪʳʥʜʳסʳ ʙʘʡץʘʣʘʜʳ. ʇʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש 
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 ʥʝʛʽʟʛʽ ʢᴇʟʽ ʛʘʟ ʛʝʥʝʨʘʪʦʨʳ ʙʦʣʘʜʳ, ʝʛʝʨ שʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʫʪʝʛʽʥʽײץ

ʢʘʪʘʣʠʟʘʪʦʨʜʘ ʧʘʣʣʘʜʠʡʜʝʥ ʙʘʩץʘ ʙʝʣʩʝʥʜʽ ʤʝʪʘʣʜʘʨ ʙʦʣʩʘ ʙᴇʣʽʥʝʪʽʥ ʩʫʪʝʛʽ 

ʙʦʣʫʳ ʢʝʨʝʢ [93-108]. ʀʥʝʨʪʪʽ ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʣrסʘʥ ʧʘʣʣʘʜʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʘʨץʳʣʳ ʛʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫʜʳש ʩʫʩʳʟ ʞʘסʜʘʡʳʥrש ʢʦʥʚʝʨʩʠʷʩʳ ʤʝʥ ʞʦסʘʨʳ 

ᴇʥʽʤʜʽʣʽʢʧʝʥ ʨʝʘʢʮʠʷ ᴇʥʽʤʽʥ ʘʣʫסʘ ʙʦʣʘʪʳʥʜʳrס ʘʥʳץʪʘʣʜʳ [109].  

 

1.4.2.2 ɸʫʳʩʧʘʣʳ ʤʝʪʘʣʣ ʥʝʛʽʟʽʥʜʝʛʽ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʢᴇʤʝʛʽʤʝʥ 

ʇʍɹ ʞᴅʥʝ ʭʣʦʨʦʨʛʘʥʠʢʘʣʳץ ᴇʥʽʤʜʝʨʜʽ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ  

 

ɻʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨסʘ ʞʘʪʘʪʳʥ ץʘʣʜʳץʪʘʨʜʳ 

ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫסʘ ʘʨʥʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴅʟʽʨʣʝʫʜʽש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʛʽ 

ʤʝʥ ᴇʟʝʢʪʽʣʽʛʽ ʘʨʟʘʥ ʤʝʪʘʣʣ ʤʝʥ ʪʘʩʳʤʘʣʜʘסʳhʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʙʘסʳʪʪʘ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʪʘʩʳʤʘʣʜʘסʳ h ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʫʜʳש ʤʘשʳʟʳ ʟʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [110]. 

ᴄʨʪװʨʣʽ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ 2,3,4-ʭʣʦʨʦʙʠʬʝʥʠʣʜʽ ʢᴇʤʽʨ 

ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʳ ʢᴇʤʝʛʽʤʝʥ 

ʪװʨʣʝʥʜʽʨʫ ʞװʨʛʽʟʽʣʛʝʥ [93]. ʅᴅʪʠʞʝʩʽʥʜʝ ʦʨʪʦ ʠʟʦʤʝʨʽ (ʇʍɹ 1) ʤʝʪʘ (ʇʍɹ 2) 

ʞᴅʥʝ ʧʘʨʘ-ʭʣʦʨʦʙʠʬʝʥʠʣʛʝ (ʇʍɹ 3) ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʙʘʷʫ 

ʜʝʛʠʜʨʦʭʣʦʨʣʘʪʘʥʪʳʥʜʳסʳ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʧʨʦʮʝʩʽʥʝ 

ʩʪʝʨʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨ ʤʝʥ ʠʥʜʫʢʪʠʚʪʽ ʵʣʝʢʪʨʦʥʜʳ ᴅʩʝʨʣʝʨ ʨᴇʣ 

ʦʡʥʘʡʪʳʥʜʳסʳʥ ʙʽʣʜʽʨʝʜʽ. ʇʍɹ-ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫ 

ʈʦʜʨʠʛʝʩ ʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʨʘʩʪʘʧ, ʇʍɹ ײץʨʳʣʳʤʜʘʨʳʥʜʘסʳ C-Cl 

ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʨʝʘʢʮʠʷסʘ ʪװʩʢʽʰʪʽʛʽ ʤʝʪʘ- > ʧʘʨʘ- >> ʦʨʪʦ- ץʘʪʘʨʳʥʜʘ 

ʪᴇʤʝʥʜʝʡʪʽʥʜʽʛʽ ʙʝʣʛʽʣʽ ʙʦʣʜʳ [111]. ɹײʣ ʞʘסʜʘʡʜʘ ʢʘʪʘʣʠʟʜʽש ʪʠʽʤʜʽ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ 600ʉ ʞᴅʥʝ Pd(10%)/C ʰʳסʳʥʳ 0,05 ʤʦʣʴ 2,4,5-

ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣ (ʇʍɹ 29), ʩʦʥʜʘʡ-ʘ2,5 ץ-ʜʠʭʣʦʨʦʙʠʬʝʥʠʣ (ʇʍɹ 9) װʰʽʥ 

100 ʤʛ ײץʨʘʡʜʳ (12-ʩʫʨʝʪ). 

 

12 ʉʫʨʝʪ ï 2,4,5-ʪʨʠʭʣʦʨʙʠʬʝʥʠʣʜʽ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ 

ʩʳʟʙʘʥײʩץʘʩʳ 
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[112-114] ʘʚʪʦʨʣʘʨʳ ʇʍɹ-ʥʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫʜ ̔

ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʘʟ ʤᴇʣʰʝʨʽʥʜʝ ʙʝʣʩʝʥʜʽ ʘʪץʘʨʘʪʳʥ 

ʥʘʥʦᴇʣʰʝʤʜʽ Pd ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʘʣסʘʥ. çɸʨʦʭʣʦʨ-1254è ʞᴅʥʝ ʇʍɹ-209-ʜ  r

Pd(5%)/C ʞᴅʥʝ Pd(5%)/SiO2 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʤʝʥ ʘʪʤʦʩʬʝʨʘʣʳץ ץʳʩʳʤʜʘ 

ʞᴅʥʝ ʩʫʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ 

ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʢʘʪʘʣʠʟʜʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʩʫʙʩʪʨʘʪʪʘʨʜʳש 

ʘʛʨʝʛʘʪʪʳץ ʢװʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʜʽʛʽʥ ʘʥʳץʪʘʜʳ. ʉײʡʳץ ʢװʡʜʝʛʽ ɸʨʦʭʣʦʨ-

1254 ʩʫʙʩʪʨʘʪʳʥʳש ʪʠʽʤʜʽ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 1300ʉ, ץʘʪʪʳ 

ʩʫʙʩʪʨʘʪ ʇʍɹ 209 װʰʽʥ ʪʝʤʧʝʨʘʪʫʨʘ 2300ʉ ʝʢʝʥʜʽʛʽ ʙʝʣʛʽʣʽ ʙʦʣʜʳ [112]. 

ʇʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʥʠʢʝʣʴ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʤrʝʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʟʝʨʪʪʝʫ ʙʝʣʩʝʥʜʽʣʽʢ ץʘʪʘʨʳʥʳש ʢʝʣʝʩʽ ʪװʨʽʥ ʘʥʳץʪʘʜʳ: 

Pd(0,5%)/C>Ni(3%)/C>Ni(7%)/C>Ni(7%)/SiO2 [112]. ʇʍɹ-209-ʜr  ש

ʪʦʪʳץʩʳʟʜʘʥʫ ʘʨץʳʣʳ ʜʝʛʠʨʦʭʣʦʨʣʘʥʫʳ ʦʥʳש ʙʝʥʟʦʣ ʤʝʥ ʪʦʣʫʦʣסʘ 

ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳʥʘ ʘʣʳʧ ʢʝʣʜʽ. 

[115] ɿʝʨʪʪʝʫʜʝ ʇʍɹ ʜʝʛʠʨʦʭʣʦʨʣʘʥʫʜʳץ שʘʨʘʧʘʡʳʤ ʞᴅʥʝ ץʘʫʽʧʩʽʟ 

ᴅʜʽʩʽʥ ʞʘʧʦʥ סʘʣʳʤʜʘʨʳ ײʩʳʥסʘʥ. ʇʘʨʘʬʠʥ ʤʘʡʳʥʜʘסʳ ʘʨʦʭʣʦʨ 1254, 

ʘʨʦʭʣʦʨ 1248, 10% Aroclor 1254 ʞᴅʥʝ ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʡʳʥʜʘסʳ ʇʍɹ 10% 

Pd/Cï ʢʘʪʘʣʠʟʘʪʦʨ ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ 1-2 ʩʘסʘʪ ʽʰʽʥʜʝ ʪʦʣʳץ ʭʣʦʨʩʳʟʜʘʥʳʧ, 

ʪײʟ ץʳʰץʳʣʳʥʜʘ ʙʠʬʝʥʠʣ ʞᴅʥʝ ʪʨʠʵʪʠʣʘʤʠʥʛʝ (Et3N) ʪװʨʣʝʥʛʝʥ. 15 ʇʍɹ 

ʢʦʥʛʝʥʝʨʣʝʨʽ ʽʰʽʥʜʝ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʤʦʥʦʭʣʦʨʣ rʇʍɹ 1, ʇʍɹ 2; ʜʠʭʣʦʨʣ:r 

ʇʍɹ 4, ʇʍɹ 5, ʇʍɹ 7, ʇʍɹ 9, ʇʍɹ 10, ʇʍɹ 11, ʇʍɹ 12, ʇʍɹ 14, ʇʍɹ 15; 

 ʰʭʣʦʨʣ:r ʇʍɹ 29; ʪᴇʨʪʭʣʦʨʣ:r ʇʍɹ 77; 126 ʞᴅʥʝ ʛʝʢʩʘʭʣʦʨʣ:r ʇʍɹ 169װ

ʪʦʣʳץ ʳʜʳʨʘʫסʘ ײʰʳʨʘʧ, ʙʠʬʝʥʠʣ ʰʳסʳʤʳ 100% ײץʨʘסʘʥ. ɸʡʪʘ ʢʝʪʝʪʽʥ 

ʞʘʡʪ, ʇʍɹ-ʥʳ ʪװʨʣʝʥʜʽʨʫ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ, ʙʘʣʣʦʥʜʘסʳ ʩʫʪʝʛʽ ʤʝʥ 

Pd (10%)/C (25 ʤʛ ʇʍɹ-סʘ 2,5 ʤʛ ʢʘʪʘʣʠʟʘʪʦʨ ʞײʤʩʘʣʘʜʳ) ʢʘʪʘʣʠʟʘʪʦʨʳ 

 ʨʛʽʟʽʣʛʝʥ. Pd/CïEt3Nװʘʪʳʩʳʥʜʘ ʞᴅʥʝ Et3N ʙʘʨ MeOH ʦʨʪʘʩʳʥʜʘ ʞץ

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʤʝʥ 4-ʭʣʦʨʦʙʠʬʝʥʠʣʜ ̔ʛʠʜʨʦʭʣʦʨʠʟʘʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʦשʪʘʡʣʳ 

ʞʘסʜʘʡ MeOH ײץʨʘʤʳʥʜʘסʳ 10% Pd/C (3% ʩʫʙʩʪʨʘʪ ʩʘʣʤʘסʳ) ʞᴅʥʝ Et3N (1,2 

ʵʢʚʠʚ./ʭʣʦʨ ʘʪʦʤʳ) ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. ɸʣʘʡʜʘ, ʙʽʨ ʤʦʣʝʢʫʣʘʩʳʥʜʘ ʦʨʪʘ 

ʝʩʝʧʧʝʥ 4,96 ʭʣʦʨ ʘʪʦʤʳ ʙʘʨ ɸʨʦʭʣʦʨ 1254 (ACN = 4,96) ʭʣʦʨʩʳʟʜʘʥʜʳʨʫ 

 ᴇʥʽʤʜʝʨʽ 24 ץʠʳʥ ʙʦʣʜʳ, 2-ʭʣʦʨʦʙʠʬʝʥʠʣ ʞᴅʥʝ 2,6-ʜʠʭʣʦʨʦʙʠʬʝʥʠʣ ʘʨʘʣʳץ

ʩʘסʘʪʪʳץ ʢʘʪʘʣʠʟʜʝʥ ʢʝʡʽʥ ʪװʟʽʣʜʽ, ʙײʣ ʥʝʛʽʟʽʥʝʥ ʫʣʘʥʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʜʳ. ʂʘʪʘʣʠʟʘʪʦʨ ʛʠʜʨʦʜʝʭʣʦʨʣʘʫ ʢʝʟʽʥʜʝ ʪװʟʽʣʝʪʽʥ HCl ʞᴅʥʝ Et3N HCl-

ʤʝʥ ײʟʘץ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ [116-117]. 10% Pd/C ʤᴇʣʰʝʨʽʥ ɸʨʦʭʣʦʨ 1254 

ʤʘʩʩʘʩʳʥ 10% ʜʝʡʽʥ ʘʨʪʪʳʨסʘʥʜʘ ʨʝʘʢʮʠʷ 15 ʤʠʥʫʪץʘ ʞʫʳץ ʫʘץʳʪ ʽʰʽʥʜʝ 

ʘʷץʪʘʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ (ACN = 0,34), ʘʨʘʣʳץ ᴇʥʽʤʜʝʨʜʽ2 ש-ʭʣʦʨʦʙʠʬʝʥʠʣ, 

2,6 -ʜʠʭʣʦʨʦʙʠʬʝʥʠʣ ʞᴅʥʝ ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣ ʤᴇʣʰʝʨʽ ʪᴇʤʝʥʜʝʡʪʽʥʜʽʛʽ 

ʟʝʨʪʪʝʣʜʽ. ʆʥʳװ שʩʪʽʥʝ ʘʨʘʣʳץ ᴇʥʽʤʜʝʨ 1 ʩʘסʘʪ ʽʰʽʥʜʝ ʪʦʣʳסʳʤʝʥ 

ʭʣʦʨʩʳʟʜʘʥʜʳʨʳʣʳʧ, ʙʠʬʝʥʠʣ ʪװʟʽʣʽʧ, ʩʫʙʩʪʨʘʪ ʪʦʣʳסʳʤʝʥ ʳʜʳʨʘʜʳ. 

ᴄʨʪװʨʣʽ ʝʨʽʪʢʽʰʪʝʨʜʽש ʇʍɹ ʢʦʥʚʝʨʩʠʷʩʳʥʘ ʞᴅʥʝ ʙʠʬʝʥʠʣ ʰʳסʳʤʳʥʘ 

ᴅʩʝʨʽ [118] ʟʝʨʪʪʝʣʛʝʥ. ɹʫʪʘʥʦʣʜʘʥ ʤʝʪʘʥʦʣסʘ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘ ʦʨʥʘʣʘʩץʘʥ 

ʝʨʽʪʢʽʰ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ ʙײʣ ץʘʪʘʨʜʘ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʨʝʘʢʮʠʷʩʳ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʞʳʣʜʘʤʜʘʡʪʳʥʜʳסʳʥ ʘʥʳץʪʘסʘʥ (6-ʢʝʩʪʝ). 
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6-ʢʝʩʪʝ ï ʊʨʠʭʣʦʨʦʙʠʬʝʥʠʣ (çɸʨʦʭʣʦʨ 1242è ʘʥʘʣʦʛʳ) ʵʣʝʢʪʨ ʩײʡʳץʪʳסʳʥ 

ᴅʨʪװʨʣʽ ʝʨʽʪʢʽʰʪʝʨʜʝ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ [118] 
 

 ̄ ɽʨʽʪʢʽʰ ʪװʨʽ ʈʝʘʢʮʠʷ ʫʘץʳʪʳ, ʤʠʥ. ʂʦʥʚʝʨʩʠʷ ʇʍɹ, % ɹʠʬʝʥʠʣ ʰʳסʳʤʳ 

1 ʀʟʦʦʢʪʘʥ 30 

100 

30 

100 

18,5 

100 

2 ɹʫʪʘʥʦʣ 170 

290 

95 

100 

74 

89 

3 ʊʨʝʪ-ʙʫʪʘʥʦʣ 130 

310 

8 

30 

4 

13 

4 ʅ-ʙʫʪʘʥʦʣ 170 

290 

95 

100 

74 

89 

5 ʅ-ʧʨʦʧʘʥʦʣ 20 

70 

150 

65 

100 

100 

32 

96,4 

100 

6 ʀʟʦʧʨʦʧʘʥʦʣ 150 

330 

100 

98 

72 

98 

7 ʕʪʘʥʦʣ (ʘʙʩ.) 20 

60 

86 

100 

60 

100 

8 ʕʪʘʥʦʣ (ʩʫʣʳ) 30 

60 

100 

100 

100 

100 

9 ʄʝʪʘʥʦʣ (ʘʙʩ.) 10 

30 

28 

100 

5,5 

100 

10 ʄʝʪʘʥʦʣ (ʩʫʣʳ) 

85% 

13 

38 

25 

100 

10 

100 

 
ɼʝʛʠʜʨʦʭʣʦʨʣʘʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʭʣʦʨ ʘʪʦʤʜʘʨʳʥʳש ʩʘʥʳʥʘ 

ʪᴅʫʝʣʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ [119], ʢʝʣʝʩʽ ץʘʪʘʨʜʳ ʙʝʣʛʽʣʝʧ, 

ʬʬ5<1>ʬʬ4<0.40>ʬʬ3<0.23>ʬʬ2<0.36>ʬʬ1<0.40>ʬʬ, ʙʝʩʭʣʦʨʣʳ 

ʢʦʥʛʝʥʝʨʣʝʨʜʽ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʘʟ ʭʣʦʨʣʳ ʢʦʥʛʝʥʝʨʛʝ ץʘʨʘסʘʥʜʘ ʞʝשʽʣ 

ʪװʨʣʝʥʜʽʨʫʛʝ ʙʦʣʘʪʳʥʳʥ ʘʥʳץʪʘʧ, [118] ʟʝʨʪʪʝʫʜʽ ʨʘʩʪʘʜʳ.  

13-ʩʫʨʝʪʪʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, װʰʭʣʦʨʙʠʬʝʥʠʣ ʙʠʬʝʥʠʣʜʽש ʤʦʥʦ- ʞᴅʥʝ 

ʜʠʭʣʦʨ ʪʫʳʥʜʳʣʘʨʳ ʨʝʪʽʥʜʝ ʨʝʘʢʮʠʷʣʳץ ʦʨʪʘʜʘ ʙʽʨʢʝʣʢʽ ʞᴅʥʝ ʞʠʥʘץʪʘʣʤʘʡ 

ʞʦʡʳʣʘʜʳ. 
 

 

13-ʩʫʨʝʪ ï ʇʍɹ-ʥʳ ʠʟʦʧʨʦʧʘʥʦʣʜʘ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ [118] 
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ʉʫʪʝʛʽʥʽש ʘʨʪʳץ ʤᴇʣʰʝʨʽ, ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʝʨʽʪʢʽʰ ʨʝʪʽʥʜʝʛʽ 

ʜʝʢʘʛʠʜʨʦʥʘʬʪʘʣʠʥ ʞᴅʥʝ 0,5% ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʳ ʘʨʘʭʣʦʨ 1240-ʥʳ 

100% ʢʦʥʚʝʨʩʠʷʣʘʧ, ʥʝʛʽʟʽʥʝʥ ʙʠʬʝʥʠʣ ʞᴅʥʝ ץʦʩʳʤʰʘ ʮʠʢʣʦʛʝʢʩʠʙʝʥʟʦʣ 

ʪװʟʝʜʽ [120].  

ɸʨʠʣʛʘʣʦʛʝʥʠʜʪʝʨʜʽ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʢʝʟʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨʜʽש ʦʨʥʳʥʘ ʩʫʜʳ ץʦʣʜʘʥʫʜʳש ʵʢʦʣʦʛʠʷʣʳץ ʤʘשʳʟʜʳʣʳסʳ [121-

123] ʤʝʥ ʭʣʦʨʩʳʟʜʘʥʜʳʨʫ ʨʝʘʢʮʠʷʩʳʥʳש ʞʳʣʜʘʤʜʳסʳʥ ʞʘץʩʘʨʪʫ [124-125] 

ᴇʟʝʢʪʽʣʽʛʽ ʘʥʳץʪʘʣסʘʥ. ʄʦʥʦʭʣʦʨʬʝʥʦʣ ʢᴇʤʽʨʪʝʢʢʝ ʦʪʳʨסʳʟʳʣסʘʥ 5% 

ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʳʤʝʥ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 60 ʤʠʥʫʪ ʽʰʽʥʜʝ, 

ʘʪʤʦʩʬʝʨʘʣʳץ ץʳʩʳʤʜʘ ʞᴅʥʝ ʝʨʽʪʢʽʰ ʨʝʪʽʥʜʝ ʩʫ ץʦʣʜʘʥʳʣʫ ʞʘסʜʘʡʳʥʜʘ 

ʪʦʣʳסʳʤʝʥ ʭʣʦʨʩʳʟʜʘʥʜʳʨʳʣסʘʥ [126]. ʅᴅʪʠʞʝʩʽʥʜʝ ʬʝʥʦʣ, ʮʠʢʣʦʛʝʢʩʘʥʦʥ, 

ʮʠʢʣʦʛʝʢʩʘʥʦʣ ʞᴅʥʝ ʪײʟ ץʳʰץʳʣʳ (HCl) ʘʣʳʥסʘʥ.  

ʉʠʙʫʥʠʪ ʢᴇʤʽʨʪʝʛʽ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ ʧʘʣʣʘʜʠʡ, ʧʣʘʪʠʥʘ 

ʞᴅʥʝ ʥʠʢʝʣʴʜʽש ʢʘʪʘʣʠʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʟʝʨʪʪʝʫ ʇʍɹ, ɼɼʊ 

ʞᴅʥʝ ʪʨʠʢʣʦʟʘʥʜʳ ʪװʨʣʝʥʜʽʨʫ ʨʝʘʢʮʠʷʣʘʨʳʥ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʞᴅʥʝ 1 

ʘʪʤ ʩʫʪʝʛʽ ץʳʩʳʤʳʥʜʘ ʞײʤʩʘץ ʞʘסʜʘʡʜʘ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʛʝʥ [99]. 

ʂʦʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽ 30 ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ 95%-סʘ ʞʝʪʝʪʽʥʽ ʘʥʳץʪʘʣʳʧ, ʨʝʘʢʮʠʷ 

ʫʘץʳʪʳʥ 2-3 ʩʘסʘʪץʘ ʜʝʡʽʥ ʘʨʪʪʳʨסʘʥ ʞʘסʜʘʡʜʘ ʢʘʪʘʣʠʟʘʪʦʨ װʰ ʮʠʢʣʜʝʥ ʢʝʡʽʥ 

ᴇʟʽʥʽש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʩʘץʪʘסʘʥ. ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʪʝʢʩʪʫʨʘʣʳץ ʞᴅʥʝ 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʝʣʩʝʥʜʽ ʤʝʪʘʣʜʳ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ץʦʣʜʘʥʫ 10% Pd/ʉʠʙʫʥʠʪ-ʪʽש ʤʝʥʰʽʢʪʽ ʙʝʪʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ 

ʞʦʣ ʙʝʨʤʝʛʝʥ. 

ʇʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳʥʘ 

 שʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʢʝ ץʘʨʳʣʳסʥʳ ʞʦײץ שʘʨʘʤʘʩʪʘʥ, ʘʩʳʣ ʤʝʪʘʣʜʘʨʜʳץ

ʢᴇʣʝʤʜʝ ᴇʥʜʽʨʫʛʝ ʢʝʜʝʨʛʽ ʞʘʩʘʡʪʳʥʜʳסʳ ʙʝʣʛʽʣʽ. 

ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʛʝ ʦʪʳʨסʳʟʳʣסʘʥ ʧʘʣʣʘʜʠʡ, ʤʳʩ ʞᴅʥʝ ʥʠʢʝʣʴ 

ʤʝʪʘʣʜʘʨʳʥʘʥ ʪײʨʘʪʳʥ ᴅʨʪװʨʣʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʘʨʘʭʣʦʨʜʳ ʩʫʪʝʛʽʤʝʥ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʩײʡʳץ ʘסʳʥʜʳ ʨʝʘʢʪʦʨʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

[127]. ʂʘʪʘʣʠʟ ʢʝʟʽʥʜʝ 50 ʤʛ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʷʜʘסʳ ʘʣʘʭʣʦʨ ʝʨʽʪʽʥʜʽʩʽ ʞᴅʥʝ 

H2/N2 ʛʘʟʳʥʳש ʘסʳʥʳ װʟʜʽʢʩʽʟ ʙʝʨʽʣʽʧ ʦʪʳʨסʘʥ. ɼʝʛʠʜʨʦʜʝʭʣʦʨʣʘʫ 

ʪᴅʞʽʨʠʙʝʣʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ ʘʨʘʭʣʦʨסʘ ʘʡʥʘʣʫ ʞᴅʥʝ ʘסʳʥʜʳ ʩʫʜʳש 

ʵʢʦʫʳʪʪʳʣʳסʳ ʪײʨסʳʩʳʥʘʥ ʙʘסʘʣʘʥסʘʥ. ɾʦסʘʨʳ ʢʦʥʚʝʨʩʠʷʣʳץ ʤᴅʥ ʞᴅʥʝ 

ʫʳʪʪʳʣʳץʪʳש ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʫʽ ʧʘʣʣʘʜʠʡ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש 

ʢᴇʤʝʛʽʤʝʥ ʞײʤʩʘץ ʢʘʪʘʣʠʟ ʞʘסʜʘʡʳʥʜʘ, ʘʪʘʧ ʘʡʪץʘʥʜʘ 323ï348 ʂ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 0,24 ʄʇʘ ץʳʩʳʤʜʘ ʘʣʳʥסʘʥ.  

ɸʡʪʘʨʣʳץʪʘʡ ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨ ʤʳʩ ʞᴅʥʝ ʥʠʢʝʣʴ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ 

 ʘʥ (7-ʢʝʩʪʝ). ɸʣʘʭʣʦʨʜʳסʘʣץʨʘʧ, ʙʘʡײץ ʘʪʳʩʳʥʜʘ ʢʦʥʚʝʨʩʠʷʩʳ 80ï93%ץ

ʛʠʜʨʦʭʣʦʨʣʘʫ ʢʘʪʘʣʠʟʘʪʦʨʜʘסʳ ʤʝʪʘʣʜʳש ʤᴇʣʰʝʨʽ 0,5-ʪʝʥ 10,0 ʤʘʩʩʘ % ʜʝʡʽʥ 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʞװʨʛʽʟʽʣʛʝʥ. 7-ʢʝʩʪʝʜʝʥ ʢᴇʨʽʥʧ̔ ʪײʨסʘʥʜʘʡ, ʤʝʪʘʣʣ ʤᴇʣʰʝʨʽ 

ʩᴅʡʢʝʩʽʥʰʝ 0,5-10% ʞᴅʥʝ 0,5-5,0% (ʤʘʩ.) ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʪʳʥ ʥʠʢʝʣʴ ʞᴅʥʝ 

ʤʳʩ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʘʣʘʭʣʦʨʜʳש ʢʦʥʚʝʨʩʠʷʩʳʥ ʞʘץʩʳ ʞװʨʛʽʟʛʝʥ. ɹײʥʜʘסʳ 

ʪʘʩʳʤʘʣʜʘʫʰʳʥʳש ʜʘ ᴅʩʝʨʽ ʞʘץʩʳ ʙʘʡץʘʣʳʧ ʪײʨ. çMerckè ʤʘʨʢʘʣʳ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʧʘʡʜʘʣʘʥʳʧ, ʜʘʡʳʥʜʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 

çChemvironè ʢʘʪʘʣʠʟʘʪʦʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʢʦʥʚʝʨʩʠʷסʘ ʠʝ 
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ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣסʘʥ (7 ʢʝʩʪʝ). ɹײʣ ʨʝʪʪʝ ʤʳʩ ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ 

 ʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢʪʽסʘʥʜʘ ʞʦסʦʣʜʘʥʫ ʥʠʢʝʣʴ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨץ

ʢᴇʨʩʝʪʽʧ ʪײʨ (85,2-92,9%). 

7 ʂʝʩʪʝ ï Pd, Ni ʞᴅʥʝ Cu ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʨץʳʣʳ ʘʣʘʭʣʦʨʜʳ 

ʪװʨʣʝʥʜʽʨʫ - ʨʝʘʢʮʠʷ ʰʘʨʪʪʘʨʳ: P - 0,24 ʄʇʘ; ʪ 179 ʢʛʢʘʪ ʩʘס/ʤʦʣʴ; 100 ʅ2 

ʤʣ/ʤʠʥ; H2:N2, 1:1 ץʘʪʥʘʩʪʘ [127] 
 

ʂʘʪʘʣʠʟʘʪʦʨ ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ʂʦʥʚʝʨʩʠʷ, % 

323 ʂ 348 ʂ 

Mk-Pd  Merc 97.5 98.6 

Ch-Pd Chemviron 94.3 96.3 

0.5Mk-Ni  Merck 82.8 83.9 

2.5Mk-Ni 81.6 82.1 

5Mk-Ni 79.9 80.4 

10Mk-Ni 73.1 76.3 

0.5Ch-Ni Chemviron 78.8 80.2 

2.5Ch-Ni 81.6 82.4 

5Ch-Ni 76.0 76.8 

10Ch-Ni 72.9 73.6 

0.5Mk-Cu Merck 92.4 92.9 

2.5Mk-Cu 88.7 89.6 

5Mk-Cu 88.7 89.7 

0.5Ch-Cu Chemviron 87.6 89.5 

2.5Ch-Cu 87.2 89.5 

5Ch-Cu 87.4 85.2 

ɼʝʛʠʜʨʦʜʝʭʣʦʨʣʘʫ װʰʽʥ ʤʳʩ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʘʩʳʣ ʤʝʪʘʣʜʘʨʤʝʥ 

ʙʽʨʛʝ ᴇʪʝ ʞʠʽ ץʦʣʜʘʥʳʣסʘʥʳʥ ʝʩʢʝʨʩʝʢ [128-130], ʘʣʘʭʣʦʨʜʳ 

ʜʝʛʠʜʨʦʭʣʦʨʣʘʫʜʳש ʞʦסʘʨʳ ʢʦʥʚʝʨʩʠʷʩʳ ʦʣʘʨʜʳש ʤʘʩʰʪʘʙʪʘʫ ʪײʨסʳʩʳʥʘʥ 

 ʨʘʤʳʥʜʘ ʤʝʪʘʣʣײץ ʜʘʡʜʘ ʜʘסʪʳ ʥᴅʪʠʞʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʢʽ ʞʘץʳʟʳץ

ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʘ ʞʦסʘʨʳ ʢʦʥʚʝʨʩʠʷ ʙʘʡץʘʣʜʳ. ɹײʣ, ᴇʟ 

ʢʝʟʝʛʽʥʜʝ, ʙʝʣʩʝʥʜʽ ʬʘʟʘסʘ ʜʘ, ץʦʣʜʘʥʳʣʘʪʳʥ ʪʘʩʳʤʘʣʜʘʫʰʳʥʳײץ שʨʳʣʳʤʳʥʘ 

ʜʘ ʙʘʡʣʘʥʳʩʪʳ. 

ɹʕʊ ʘʫʜʘʥʳ ʤʝʥ ʢᴇʤʽʨʪʝʛʽ ʤʠʢʨʦʢʝʫʝʢ ʢᴇʣʝʤʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ, 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʤʝʟʦʢʝʫʝʢ ʢᴇʣʝʤʽ ʤʝʪʘʣʣ ʜʠʩʧʝʨʩʠʷʩʳʥʜʘ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʪʳʥʳ ʙʝʣʛʽʣʽ (8-ʢʝʩʪʝ). ɾʦסʘʨʳ ɹʕʊ ʤᴅʥʽ ʙʝʣʩʝʥʜʽ ʬʘʟʘסʘ ʦשʘʡ ץʦʣ 

ʞʝʪʢʽʟʫʜʽ ʞʝשʽʣʜʝʪʝʪʽʥʽ ʙʝʣʛʽʣʽ. ɸʣʘʡʜʘ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨ 

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʘʣʘʭʣʦʨʜʳש ʝש ʞʦסʘʨʳ ʢʦʥʚʝʨʩʠʷʩʳ 2,5Ch-Ni ʥʠʢʝʣʴ 

ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘ ʘʥʳץʪʘʣʜʳ, ʦʥʳש ʰʘסʳʥ ɹʕT ʞᴅʥʝ ʤʝʟʦʢʝʫʝʢ ʢᴇʣʝʤʽ 

ʤᴅʥʜʝʨʽ 8-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
 

8 ʂʝʩʪʝ ï Ch-Cu ʞᴅʥʝ Ch-Ni ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ 

 
 שʣʛʽ ɹʕʊ (ʤ2/ʛ) ʄʝʥʰʽʢʪʽ ʙʝʪʽʥʽת

ʘʫʜʘʥʳ, ʤ2/ʛ 

ʄʠʢʨʦʢʝʫʝʢ 

ʢᴇʣʝʤʽ (ʩʤ3/ʛ) 

ʄʝʟʦʧʦʨ 

ʢᴇʣʝʤʽ (ʩʤ3/ʛ) 

0.5Ch-Ni 710 9 0,329 0,020 

2.5Ch-Ni 676 10 0,311 0,020 

5Ch-Ni 668 10 0,315 0,023 
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                                                                                                                                         8 ʂʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

10Ch-Ni 522 8 0,247 0,019 

0.5Ch-Cu 780 11 0,369 0,019 

2.5Ch-Cu 713 10 0,331 0,009 

5Ch-Cu 582 9 0,271 0007 

 

ʇʍɹ-ʥ  r ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʧʨʦʮʝʩʽʥʜʝ Pd/Fe ʞᴅʥʝ Fe ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʟʝʨʪʪʝʫ ʪʝʤʽʨʜʽ ʧʘʡʜʘʣʘʥʫסʘ ץʘʨʘסʘʥʜʘ ʧʘʣʣʘʜʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨʳʥ ץʦʣʜʘʥסʘʥʜʘ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʥʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳʥ 

ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [101]. 0,585% Pd/Fe ʞװʡʝʩʽʤʝʥ ʢʘʪʘʣʠʟʜʝʥʛʝʥ 

ʩʫʣʳ MeOH ʦʨʪʘʩʳʥʜʘסʳ ʤʦʥʦʭʣʦʨʦʙʠʬʝʥʠʣʜʝʨʜʽ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʢʝʟʽʥʜʝ 

ʨʝʘʢʮʠʷʩʳʥʳש ʞʳʣʜʘʤʜʳסʳ ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʜʝʛʽ Fe ʢװʡʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ 

ʪᴅʫʝʣʜʽ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ [131]. ʉʫʪʝʛʽʥʽש ʙᴇʣʽʥʫʽ ʤʝʥ ʪʝʤʽʨʜʽש ʙʝʣʩʝʥʜʽ 

ʙʝʪʽʥʽש ʩʫʳʤʝʥ ʢװʰʪʽ ʨʝʘʢʮʠʷʩ r ʢʘʪʘʣʠʟʜʽש ʙʘʩʪʘʧץʳ ʢʝʟʝשʽʥʜʝ ʨʝʘʢʮʠʷ 

ʞʳʣʜʘʤʜʳסʳʥʳװ שʜʝʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. ɹʽʨʘץ ʙʦʣʘʰʘץʪʘ ʪʝʤʽʨ ʙʝʪʽʥʜʝ 

ʧʘʩʩʠʚʪʝʥʝʪʽʥ ʦʢʩʠʜʪʝʨ ץʘʙʘʪʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳ, ʘʨʪʳʥʘʥ ʙᴇʣʽʥʛʝʥ ʩʫʪʝʛʽ 

ʢᴇʣʝʤʽʥʽש ʪᴇʤʝʥʜʝʫʽ Pd/Fe ʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ 

ᴅʢʝʣʝʜʽ. ʂʘʪʘʣʠʟ ʫʘץʳʪʳʥʳײ שʣסʘʶʳ (200 ʩʘסʘʪʪʘʥ ʘʩʪʘʤ) ʢʦʥʚʝʨʩʠʷ 

ʜᴅʨʝʞʝʩʽʥʽש ʘʨʪʫʳʥʘ ᴅʩʝʨ ʝʪʧʝʛʝʥ. [114, 131] ʟʝʨʪʪʝʫʜʝ ʦʨʪʦ ʧʦʟʠʮʠʷʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʤʝʪʘʧʦʟʠʮʠʷʜʘסʳ ʭʣʦʨ ʘʪʦʤʜʘʨʳʥʳש ʞʦסʘʨʳ ʨʝʘʢʪʠʚʪʽʣʽʛʽ 

ʘʥʳץʪʘʣסʘʥ. 

ʇʘʣʣʘʜʠʡʜʽש ᴅʨʪװʨʣʽ ײץʨʘʤʳ ʙʘʨ Pd/Fe ʞװʡʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʞᴅʥʝ 5.5 ʨʅ ʤᴅʥʽʥʜʝ ʘʩʳʣ ʤʝʪʘʣʜʳ0,039% ש ʧʘʡʜʘʣʘʥסʘʥ 

ʢʝʟʜʝ 2,2ǋ,4,5,5ǋ-ʧʝʥʪʘʭʣʦʨʦʙʠʬʝʥʠʣʜʽש ʝש ʞʦסʘʨʳ ʢʦʥʚʝʨʩʠʷʩʳ 

ʙʘʡץʘʣʘʪʳʥʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ [132]. 

In situ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ Pd/Fe ʞᴅʥʝ Pd/Mg [131] ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʇʍɹ 

ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʢʝʟʽʥʜʝ ʘʩʳʣ ʤʝʪʘʣʜʳש (ʧʘʣʣʘʜʠʡ) ײץʨʘʤʳʥ ʪᴇʤʝʥʜʝʪʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ʟʝʨʪʪʝʣʜʽ [105].  

ʉʦסשʳ ʞʳʣʜʘסʳ ʥʝʛʽʟʛʽ ʪʝʥʜʝʥʮʠʷ ï ץʳʤʙʘʪ ʝʤʝʩ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ 

ʘʩʳʣ ʤʝʪʘʣʜʳ ʙʘʩץʘ ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʙʝʣʩʝʥʜʽ ʝʤʝʩ ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ 

çʘʨʘʣʘʩʪʳʨʫè ʘʨץʳʣʳ Pd ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳײץ שʥʳʥ ʪᴇʤʝʥʜʝʪʫʜʽש ʦשʪʘʡʣʳ 

ᴅʜʽʩʪʝʨʽʥ ʽʟʜʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʦʩʳ ʘʩʳʣ ʤʝʪʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʞᴅʥʝ ʙװʢʽʣ ʇʍɹ ʭʣʦʨʩʳʟʜʘʥʜʳʨʫ ʧʨʦʮʝʩʽʥ ץʳʤʙʘʪץʘ 

ʪװʩʽʨʝʜʽ. [133] ʟʝʨʪʪʝʫʜʝ ײץʨʘʤʳʥʜʘ ʘʨʟʘʥ Ag ʙʘʨ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʙʠʤʝʪʘʣʜʳץ 

Pd ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʘ ʙʘʣʘʤʘ ʙʦʣʘ ʘʣʘʪʳʥʳ ʘʪʘʧ ᴇʪʽʣʛʝʥ, ʤײʥʜʘ 

ʛʝʢʩʘʭʣʦʨʙʝʥʟʦʣʜʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ װʰʽʥ 1% Ag/Fe ץʦʣʜʘʥʫ ʪʝʪʨʘ-, ʪʨʠ-, 

ʞᴅʥʝ ʜʠʭʣʦʨʙʝʥʟʦʣʜʘʨ, ʷסʥʠ ʦʨʛʘʥʠʢʘʣʳץ Cl ʤᴇʣʰʝʨʽʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʪᴇʤʝʥʜʝʪʢʝʥ. 

Pd ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳײץ שʥʳʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʘʨʟʘʥʳʨʘץ ʙʝʣʩʝʥʜʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʙʘʨ ʞʘשʘ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨ ᴅʟʽʨʣʝʥʛʝʥ. ʇʍɹ 

ʛʠʜʨʦʭʣʦʨʣʘʫ ʧʨʦʮʝʩʽʥʜʝ Pd/Fe ʞᴅʥʝ ʥʘʥʦᴇʣʰʝʤʜʽ ʪʝʤʽʨ ʢʝʰʝʥʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʩʘʣʳʩʪʳʨʫ ʢʝʟʽʥʜʝ Pd/Fe 

ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʩʳʥʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʢװʨʜʝʣʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ײץʨʘʤʳʥʘ ʘʩʳʣ ʤʝʪʘʣʜʘʨʜʳ ץʦʩʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ [134]. 
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ʄʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʩʠʥʪʝʟʜʝʫ װʰʽʥ ʩʦסשʳ ʞʳʣʜʘʨʳ ʞʘʩʘʣסʘʥ 

ᴅʜʽʩʪʝʨ ʇʍɹ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ װʰʽʥ ᴅʩʽʨʝʩʝ ץʦʣʘʡʣʳ ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ 

ᴅʩʝʨ ʝʪʫ ʪײʨʘץʪʳʣʳסʳʥʳש ʞʘשʘ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨʽʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʤʳʩ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʩʝʣʝʢʪʠʚʪʽʣʽʛʽ 

ʞʦסʘʨʳ ʞʘשʘ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ ײץʨʫ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʫʜʘ 

[135-139]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʳʩ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʟ ʫʳʪʪʳ ʞᴅʥʝ ʘʨʟʘʥ 

ʤʝʪʘʣʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʪᴇʤʝʥ ײץʥʳ ʙʘʨ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴇʥʜʽʨʫʛʝ 

ʳץʧʘʣ ʝʪʝʜʽ. ᴆʣʰʝʤʜʝʨʽ 5ï100 ʥʤ ʜʠʘʧʘʟʦʥʜʘסʳ ʤʳʩ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ 

ᴅʨʪװʨʣʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʝʪʽʥ ʘʛʝʥʪʪʝʨʤʝʥ ʞᴅʥʝ ʽʩ ʞװʟʽʥʜʝ ʙʘʨʣʳץ ʙʘʩʪʘʧץʳ 

ʤʳʩ ʪײʟʜʘʨʳʤʝʥ ʘʣʫסʘ ʙʦʣʘʜʳ, ʙײʣ ʤʳʩʪʳ ʥʘʥʦʢʘʪʘʣʠʟ װʰʽʥ ʪʘʨʪʳʤʜʳ 

ʦʙʲʝʢʪ ʝʪʝʜʽ [140-142].  

ʂʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ ײץʨʫ װʰʽʥ ʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ 

ʩʠʥʪʝʟʜʝʫ ʩʘʣʘʩʳʥʜʘסʳ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʘʛʣʦʤʝʨʘʮʠʷʥʳש ʘʣʜʳʥ 

ʘʣʫ, ʦʣʘʨʜʳש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʭʠʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫʜʳש 

ʪʠʽʤʜʽ ʩʪʨʘʪʝʛʠʷʩʳʥ ʞʘʩʘʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ 

ʙײʣ ʤᴅʩʝʣʝ ʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʪײʨʘץʪʘʥʜʳʨʫ ʘʨץʳʣʳ ʰʝʰʽʣʝʜʽ, ʤײʥʜʘ 

ʪײʨʘץʪʘʥʜʳʨסʳʰʪʳש ʨᴇʣʽ ʦʨʪʘʤʝʥ ʪʽʢʝʣʝʡ ʞʘʥʘʩʫʜʳ ץʦʩʧʘסʘʥʜʘ, 

ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʽʥʜʝ ʞץײʘ ץʘʙʳץʰʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʳʪʪʘ ʤʝʪʘʣʣ ʤʝʥ ʬʫʥʢʮʠʦʥʘʣʜʳ ʧʦʣʠʤʝʨʣʝʨ ʥʝʛʽʟʽʥʜʝ ʘʢʪʠʚʪʽʣʽʛʽץʘʟʽʨʛʽ ʫʘפ

ʤʝʥ ʪײʨʘץʪʳʣʳסʳ ʙʘʨ ᴅʨʪװʨʣʽ ʧʦʣʠʤʝʨ-ʠʤʤʦʙʠʣʠʟʘʮʠʷʣʘʥסʘʥ 

ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʳʥʘʜʳ. ɹײʣ ʙʘסʳʪʪʘסʳ ʽʣʛʝʨʽʣʝʫ ʢᴇʙʽʥʝʩʝ 

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʽ ʘʣʫ ᴅʜʽʩʪʝʨʽʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʄʦʥʦ- ʞᴅʥʝ 

ʙʠʤʝʪʘʣʣʜʳץ ʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʩʠʥʪʝʟʜʝʫ װʰʽʥ ʥʝʛʽʟʽʥʝʥ ʢװʰʪʽ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʛʦʤʦ- ʞᴅʥʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʘʣʳʥסʘʥ [143-144]. 

ʇʦʣʠʤʝʨʤʝʥ ʪײʨʘץʪʘʥʜʳʨʳʣסʘʥ ʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʢʘʪʘʣʠʟʜʝ 

 שʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴇʥʽʤʜʝʨʜʝʥ ʙᴇʣʫʜʽ שʦʣʜʘʥʫʜʳץ

 ʧʦʣʠʤʝʨʤʝʥ שʪʘʥ ʤʝʪʘʣʜʘʨʜʳץʳ ʝʢʝʥʽ ʙʝʣʛʽʣʽ [145]. ʉʦʥʜʳסʠʳʥʜʳץ

ʪײʨʘץʪʘʥʜʳʨסʘʥ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ (NP) ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʪʽʨʝʢ ʙʝʪʽʥʜʝ 

ʪײʥʜʳʨʫ ʘʨץʳʣʳ ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʷʣʘʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ 

ʞװʡʝʣʝʨʜʝ ʪʽʨʝʢ ʢʘʪʘʣʠʟʘʪʦʨ ʤʝʥ ʩʫʙʩʪʨʘʪʪʳ ʪʠʽʩʪʽ ʪװʨʜʝ ʙʘסʜʘʨʣʘʡʪʳʥ, 

ʨʝʘʢʮʠʷסʘ ץʘʪʳʩʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨ ʙᴇʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ ʤʘʪʨʠʮʘ ץʳʟʤʝʪʽʥ 

ʘʪץʘʨʘ ʘʣʘʪʳʥʳ ʘʪʘʧ ᴇʪʽʣʜʽ [145]. 

 

1.5 ɹʽʨʽʥʰʽ ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

1. ʇʍɹ ץʦʨʰʘסʘʥ ʪʘʙʠסʠ ʦʨʪʘסʘ ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ץʘʫʽʧ ʪᴇʥʜʽʨʝʪʽʥ ʞᴅʥʝ 

ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨ (ʊʆʃ) ʪʦʙʳʥʘ ʢʽʨʝʪʽʥ ʘʥʪʨʦʧʦʛʝʥʜʽʢ 

ʣʘʩʪʘסʳʰץʘ ʞʘʪʘʜʳ. ʊʆʃ-ʪʘʨ ʫʣʳʣʳסʳ, ʪײʨʘץʪʳʣʳסʳ, ʘʫʘ ʞᴅʥʝ ʩʫ ʘʨץʳʣʳ 

 ʘʪʘʨ ʪʽʨʽ ʦʨʛʘʥʠʟʤʜʝʨʜʝץ ʘ ʤʠʛʨʘʮʠʷʣʘʥʫʳ, ʩʦʥʳʤʝʥץץʪʳץʘʰʳץ ץʟʘײ

ʞʠʥʘץʪʘʣʫ ץʘʩʠʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʞᴅʥʝ ʘʜʘʤʟʘʪ 

ʜʝʥʩʘʫʣʳסʳʥʘ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ. פʘʟʘץʩʪʘʥ ʨʝʩʧʫʙʣʠʢʘʩʳʥʜʘסʳ ʇʍɹ-סʘ 

 שʪʘʨʳʥʳץʘʪʳʩʪʳ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ - ʟʘʫʳʪʪʘʨ ʞᴅʥʝ ᴅʩʢʝʨʠ ʧʦʣʠʛʦʥ ʘʫʤʘץ
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ʣʘʩʪʘʥʫʳ ʤʝʥ ʞʘʨʘʤʜʳʣʳץ ʤʝʨʟʽʤʽ ᴇʪʽʧ ʢʝʪʢʝʥ ʇʍɹ ץʦʥʜʳʨסʳʣʘʨʳʥʳש, 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʤʝʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʳש ʩʘץʪʘʣʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɽʣʽʤʽʟʜʝ ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʵʣʝʢʪʨ ʞʘʙʜʳץʪʘʨʳ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʢᴇʧʪʝʛʝʥ 

ʩʪʨʘʪʝʛʠʷʣʳץ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʤʝʥ ץʦʨסʘʥʳʩ ʥʳʩʘʥʜʘʨʳ ʢᴇʧʪʝʧ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ 

ʥʳʩʘʥʜʘʨʜʘ ʇʍɹ ʣʘʩʪʘʫʰʳ ʟʘʪʪʳש ʪᴇʛʽʣʫ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʢʦʥʜʝʥʩʘʪʦʨ, 

ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʪʘʨʜʘʥ ʞᴅʥʝ ʟʘץʳʤʜʘʣסʘʥ ץʦʥʜʳʨסʳʣʘʨʜʘʥ ʙʫʣʘʥʫ ץʘʫʧʽ 

ᴇʪʝ ʟʦʨ. 

ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʟʘʫʳʪʳ (ᴆʂɿ) ʘʫʤʘסʳ ʞᴅʥʝ ʦʥʳש ʩʫ ʞʠʥʘʫ 

ʳ h-80% שʦʡʤʘʩʳʥʜʘ ʨʝʩʧʫʙʣʠʢʘ ʙʦʡʳʥʰʘ ʇʍɹ-ʜ̔ץ ʦסʳʨʣʘʥסʘʥʜʳץʪʘʥ, 

ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʣʘʩʪʘʥסʘʥ ʘʡʤʘץ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש 

 ʳʥ ʘʫʳʣץʢʪʝʣʝʨʛʝ ʞʘװʘʫʽʧʪʽè ʥץʡʽʥʜʽʩʽ ʞᴅʥʝ çװ ʪʘʨץʘʣʜʳץ ץʨʤʳʩʪʳײʘʪʪʳ ʪץ

ʰʘʨʫʘʰʳʣʳסʳ ʞʝʨʣʝʨʽ, ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʢʝʰʝʥʜʝʨʽ ʤʝʥ ʵʣʝʢʪʨ 

ʵʥʝʨʛʝʪʠʢʘʩʳ ʩʝʢʪʦʨʣʘʨʳʥʳש ʘʫʤʘץʪʘʨʳ ʇʍɹ ʣʘʩʪʘʫʰʳ ʟʘʪʳʥʘ ʪʝʢʩʝʨʽʣʽʧ, 

ʦʥʳש ʪʘʙʠסʠ ʥʳʩʘʥʜʘʨʜʘ ʪʘʨʘʣʫ ʟʘשʜʳʣʳסʳ ᴅʣʽ ʜʝ ʪʦʣʳʧ ʘʥʳץʪʘʣʤʘסʘʥ.  

ᴄʜʝʙʠ ʜʝʨʝʢʢᴇʟʜʝʨʜʽ ʪʘʣʜʘʫ פʘʟʘץʩʪʘʥʥʳש ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ 

ʘʫʤʘץʪʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞײʤʳʩʪʘʨʳ ʪʫʨʘʣʳ ʥʘץʪʳ 

ʜʝʨʝʢʪʝʨʜʽש ʞʦץʪʳסʳʥ ʢᴇʨʩʝʪʝʜʽ, ʩʝʙʝʙʽ ʞװʨʛʽʟʽʣʛʝʥ ʧʨʦʮʝʜʫʨʘʣʘʨ 

 ʳʪʪʘץʘʟʽʨʛʽ ʫʘץ ʪʘʥץʘʥ. ʉʦʥʜʳסʘʣסʞʘʪʪʘʣʤʘʡ, ʢᴇʧʪʝʛʝʥ ʤʘʪʝʨʠʘʣʜʘʨ ʞʦײץ

ʞʘʣʧʳ ʊʆʃ-סʘ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʇʍɹ-סʘ ץʘʪʳʩʪʳ ʥʘץʪʳ ʘץʧʘʨʘʪ ʪʘʙʫ ʤװʤʢʽʥ 

ʝʤʝʩ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ץʘʣʜʳץʪʘʨʜʳש ʩʘʥʳ, ʭʠʤʠʷʣʳץ 

ʢʣʘʩʳ ʞᴅʥʝ ʫʳʪʪʳʣʳסʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʙʝʨʝʪʽʥ ץʦʩʳʤʰʘ ʟʝʨʪʪʝʫʣʝʨʜʽ ץʘʞʝʪ 

ʝʪʝʜʽ. 

ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘ ʦʙʲʝʢʪʽʣʝʨʽʥ ʢʝʰʝʥʜʽ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʩʽ ʥʝʛʽʟʽʥʜʝ ץʘʣʘʥʳש ʪʘʙʠסʠ ʦʨʪʘʩʳʥʳש ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ʞʝʨʛʽʣʽʢʪʽ 

ʞᴅʥʝ ʘʡʤʘץʪʳץ ʢᴇʟʜʝʨʽ ʙʘʨ ʝʢʝʥʜʽʛʽ, ʷסʥʠ ʊʆʃ-ʤʝʥ ʣʘʩʪʘʥʫ ʤᴅʩʝʣʝʩʽ ᴅʣʽ ʜʝ 

ʰʝʰʽʣʤʝʛʝʥʜʽʛʽʥ ʘʥʳץʪʘʜʳ. ʊʦʧʳʨʘץʪʳש ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥʫʳʥʳש ʰʝʢʪʽ 

ʨʘʫʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʪʝʥ ʞʦסʘʨʳ ʣʘʩʪʘʥʫ ʜᴅʨʝʞʝʩʽ ᴆʂɿ ʘʫʤʘסʳʥʜʘ ʦʨʳʥ ʘʣסʘʥ. 

ᴆʂɿ ʞᴅʥʝ ᴆʂɿ-ʥʳש ʩʫ ץʦʡʤʘʩʳ ʇʍɹ-ʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘסʘ ʪʘʨʘʣʘʪʳʥ ʥʝʛʽʟʛʽ 

ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʞʝʨʛʽʣʽʢʪʽ ʣʘʩʪʘʥʫʜʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʘʡʤʘץʪʳץ ʞᴅʥʝ ʞʘᴃʘʥʜʳץ ʣʘʩʪʘʥʫ ʢᴇʟʽ ʙʦʣʳʧ ʦʪʳʨ.  

ᴆʂɿ ʤʘשʳʥʜʘ (1980-2003, 2012 ʞʳʣʜʘʨʜʘסʳ ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘ) ʵʣʝʢʪʨ 

 ʘʥ ʦʨʪʘʥʳסʦʨʰʘץ ʪʘʫץʘʩʪʳʨʫ ʞᴅʥʝ ʩʘסʦʣʜʘʥʫʜʳ ʞʘʣץ ʳʣʘʨʜʳסʦʥʜʳʨץ

ʝʢʽʥʰʽʣʽʢ ʣʘʩʪʘʥʫסʘ ʘʣʳʧ ʢʝʣʛʝʥ. ɹײʣ פʘʟʘץʩʪʘʥʥʳש ʙʘʨʣʳץ çץʘʫʽʧʪʽè 

ʥװʢʪʝʣʝʨʽʥʜʝ ʇʍɹ-ʥʳש ʫʘץʳʪ ʪʝʥʜʝʥʮʠʷʩʳʥʘ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫ ʞᴅʥʝ ʦʣʘʨʜʳ 

 שʳ ʣʘʩʪʘʥʫʳʥʳסʘʥ ʦʨʪʘʜʘסʦʨʰʘץ שʤʝʨʟʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ᴅʩʝʨʽʥʝʥ ʇʍɹ-ʥʳ ץʟʘײ

ʘסʳʤʜʘסʳ ʜʝשʛʝʡʽʥ ʞᴅʥʝ ʪʘʨʘʣʫ ʟʘשʜʳʣʳץʪʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʫʜʽ ʞװʨʛʽʟʫ ʞᴅʥʝ ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʤʝʥ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʳץ שʦʨʳʥ ʞʦʶʜʳש ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʝʥʛʽʟʫʜ ̔ץʘʞʝʪ ʝʪʝʜʽ.  

2. ʇʍɹ-ʥʳ ʪװʨʣʝʥʜʽʨʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʜʝ ʫʣʴʪʨʘʤʠʢʨʦ ʤᴇʣʰʝʨʜʝʛʽ 

ײ hץʳ h ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ ʙᴇʣʽʧ ʘʣʫʜʳש ʪʠʽʤʜʽ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ 

ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʫ ᴇʪʝ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂװʨʜʝʣʽ ʠʟʦʤʝʨʣʽʢ ײץʨʘʤ ʤʝʥ 

ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥ̔ש ʘʟ ʤᴇʣʰʝʨʜʝ ʙʦʣʫʳ, ʪʦʧʳʨʘץ, ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʞᴅʥʝ ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʡʣʘʨʳʥʘʥ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ᴅʜʽʩʽ ʢᴇʤʝʛʽʤʝʥ 
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ʇʍɹ-ʥ rש ʽʟʜʽʢ ʤᴇʣʰʝʨʽ ʜʝשʛʝʡʽʥʜʝ ʙᴇʣʽʧ ʘʣʫ ᴅʜʽʩʽʥ ʟʝʨʪʪʝʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ 

ʦʪʳʨ. פʘʪʪʳ װʣʛʽʣʝʨʜʝʥ ʞᴅʥʝ ʤʘʡʣʘʨʜʘʥ ʦʨʛʘʥʦʛʘʣʦʛʝʥʜʝʨʜʽ ʙᴇʣʽʧ ʘʣʫסʘ 

ʘʨʥʘʣסʘʥ ʙʽʨץʘʪʘʨ ʟʝʨʪʪʝʫʣʝʨ ʙʘʨ. ɼʝʛʝʥʤʝʥ, ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʜʘʥ ʊʆʃ-ʜʳ 

ʙᴇʣʽʧ ʘʣʫʜʳש ʙʽʨץʘʪʘʨ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ɸʪʘʧ ᴇʪʝʪʽʥ ʞʘʡʪ, ʵʢʩʪʨʘʢʮʠʷʣʘʫʜʘ 

ʝʨʽʪʢʽʰʪʽש ʪʘʙʠסʘʪʳʥʳש ʤʘשʳʟʳ ᴇʪʝ ʟʦʨ. ɻʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʙᴇʣʽʧ 

ʘʣʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʠʽʤʜʽ ʝʨʽʪʢʽʰʢʝ ʛʝʢʩʘʥ, ʜʠʭʣʦʨʤʝʪʘʥ ʘʮʝʪʦʥ, ʪʦʣʫʦʣ 

ʞᴅʥʝ ʘʮʝʪʦʥ:ʛʝʢʩʘʥ ץʦʩʧʘʩʳ ʞʘʪʘʪʳʥʜʳסʳ ʟʝʨʪʪʝʣʛʝʥ. פʦʨʰʘסʘʥ ʦʨʪʘ 

ʦʙʲʝʢʪʽʣʝʨʽʥ ʙʘץʳʣʘʫʜʘ ʇʍɹ-ʥʳש ʞʘʣʧʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨײץʨʘʤʳʥʜʘ ʘʩʘ ץʘʫʽʧʪʽ ʠʟʦʤʝʨʜʽש ʙʦʣʫʳ ʜʘ ʘʥʘʣʠʪʠʢʘʣʳץ 

ʭʠʤʠʷ ʪʘʨʘʧʳʥʘʥ ᴇʪʝ ʤʘשʳʟʜʳ. ʊʽʨʽ ʘסʟʘסʘ ʘʩʘ ʫʳʪʪʳʣʳץʧʝʥ ᴅʩʝʨ ʝʪʝʪʽʥʜʝʨʛʝ 

ʬʝʥʠʣ ʪʦʧʪʘʨʳ ʙʽʨ ʞʘʟʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʇʍɹ ʠʟʦʤʝʨʣʝʨʽ ʞʘʪʘʜʳ. ʂᴇʧ 

ʞʘסʜʘʡʜʘ ץʦʨʰʘסʘʥ ʦʨʪʘ ʥʳʩʘʥʜʘʨʳʥʜʘ ʇʍɹ-ʥʳש ʫʣʳ ʠʟʦʤʝʨʣʝʨʽ ʽʟʜʽʢ 

ʤᴇʣʰʝʨʜʝ ʢʝʟʜʝʩʝʪʽʥʜʽʢʪʝʥ, ʦʣʘʨʜʳ ʘʥʳץʪʘʫ ʤʘשʳʟʜʳ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʍɹ ʠʟʦʤʝʨʣʝʨʽʥʽש ʩʘʥʳ 209, ʷסʥʠ ʝʜᴅʫʽʨ ʘʫץʳʤʜʳ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣʘʨʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʢᴇʧʪʝʛʝʥ ʞʦסʘʨʳ 

ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ ʩʝʟʽʤʪʘʣ ʘʥʘʣʠʪʠʢʘʣʳץ ʪᴅʩʽʣʜʝʨ ʤʝʥ ᴅʜʽʩʪʝʨ ץʘʞʝʪʪʽʛʽ 

ʪʫʳʥʜʘʡʜʳ. ײפʨʘʤʳʥʜʘ ʭʣʦʨ ʘʪʦʤʳ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʢʝʟʜʝʩʝʪʽʥ ʊʆʃ-ʜʳ ʙᴇʣʽʧ 

ʘʣʫʜʳש ʤʘשʳʟʜʳ ʞᴅʥʝ ʢʝש ʪʘʨʘסʘʥ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ï ʢװʨʜʝʣʽ ײץʨʘʣʜʳ ץʘʞʝʪ 

ʝʪʧʝʡʪʽʥ ʞᴅʥʝ ʜʠʩʪʠʣʣʷʮʠʷʣʳץ-ʵʢʩʪʨʘʢʮʠʷʣʳײץ ץʨʳʣסʳʣʘʨʜʘ (ʉʦʢʩʣʝʪ 

ʘʧʧʘʨʘʪʳ) ʩʫ ʙʫʳ ʞᴅʥʝ ʩʫʤʝʥ ʘʨʘʣʘʩʧʘʡʪʳʥ ʝʨʽʪʢʽʰʪʽש ʙʽʨ ʤʝʟʛʽʣʜʝ 

ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʫʳ ʘʨץʳʣʳ ᴇʪʝ ʞʳʣʜʘʤ ʦʨʳʥʜʘʣʘʪʳʥ ʩײʡʳץ-ʩײʡʳץʪʳץ 

ʵʢʩʪʨʘʢʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʕʢʩʪʨʘʢʮʠʷʥʳש ʙײʣ ʪװʨʽʥʽש ʙʘʩʪʳ 

ʘʨʪʳץʰʳʣʳסʳ ʤʘʪʨʠʮʘʣʳץ ᴅʩʝʨʜʽש ʙʦʣʤʘʫʳ ʞᴅʥʝ ʧʦʣʷʨʣʳ ʞᴅʥʝ ʧʦʣʷʨʣʳ 

ʝʤʝʩ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʠʽʤʜʽ ʪʦʧʪʳץ ʙᴇʣʽʥʫʽ ʞᴅʥʝ ʧʦʣʷʨʣʳץ ʟʘʪʪʘʨʜʳש 

 ץʪʳץʡʳײʩ-ץʡʳײʘ ʙᴇʣʽʥʫʽ. ʉץʥʝʛʽʟʜʽʢ ʞᴅʥʝ ʙʝʡʪʘʨʘʧ ,ץʳʣʜʳץʳʰץ

ʵʢʩʪʨʘʢʮʠʷʩʥrʳש ʤʘשʳʟʜʳʣʳסʳ ʤʝʥ ʦʩʳ ʩʘʣʘʜʘסʳ ʞײʤʳʩʪʘʨʜʳש ʢᴇʧʪʽʛʽʥʝ 

 ʜʘʫ ᴅʣʽשʘʞʝʪʪʽ ʝʨʽʪʢʽʰ ʪʘץ ʘסʰʘʫʣʘʫץʦʩʳʣʳʩʪʳ ʦץ ʪʘʣʘʪʳʥץʘʨʘʤʘʩʪʘʥ, ʘʥʳץ

ʜʝ ʥʝʛʽʟʽʥʝʥ ʵʤʧʠʨʠʢʘʣʳץ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʜʘ. ʇʍɹ-ʥʳ ʪʠʽʤʜʽ ʪװʨʜʝ 

ʙᴇʣʫ ʞᴅʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ װʰʽʥ ʙʽʨʥʝʰʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ץʘʪʘʨ 

ʧʘʡʜʘʣʘʥʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ï ʉʦʢʩʣʝʪ ʘʧʧʘʨʘʪʳʥʜʘ ʪʦʧʳʨʘץ ʞᴅʥʝ ʢʦʥʜʝʥʩʘʪʦʨ 

ʤʘʡʣʘʨʳʥʘʥ ʇʍɹ-ʥʳ ʙᴇʣʽʧ ʘʣʫʜʳש ʢʣʘʩʩʠʢʘʣʳץ ᴅʜʽʩʽʥʝʥ ʢʝʤ ʪװʩʧʝʡʜ ̔ʞᴅʥʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʽʩ ʞװʟʽʥʜʝ ʪʦʣʳץ ʵʢʩʪʨʘʢʮʠʷʣʘʫסʘ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʝʜʽ. 

 ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʊʄɼ ʝʣʜʝʨʽ שʪʘʨʳʥʳץʘʣʜʳץ ʩʪʘʥ ʊʆʃץʘʟʘפ .3

ʽʰʽʥʜʝ ʈʝʩʝʡʜʝʥ ʢʝʡʽʥ 2-ʰʽ ʦʨʳʥʜʳ ʘʣʳʧ ʦʪʳʨ. ʇʍɹ ײץʨʘʤʳ ʤʝʥ ʦʣʘʨʜʳ 

ʞʦʶ ᴅʜʽʩʪʝʨʽʥʽש ᴅʨʪװʨʣʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳ ʧʘʡʜʘʣʳ ᴇʥʽʤʛʝ 

ʪװʨʣʝʥʜʽʨʫʛʝ ץʘʞʝʪʪʽ ʞʘשʘ ʪʠʽʤʜʽ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ᴅʜʽʩʪʝʨʽʥ ᴅʟʽʨʣʝʫ, 

ʙʘʨ ʪᴅʩʽʣʜʝʨʜʽ ʞʝʪʽʣʜʽʨʫ ᴇʪʝ ʤʘשʳʟʜʳ. 

ʈʝʩʧʫʙʣʠʢʘʜʘ ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ץʦʥʜʳʨסʳʣʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ᴅʟʽʨʣʝʥʙʝʛʝʥ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ פʘʟʘץʩʪʘʥʜʘ ײץʨʘʤʳʥʜʘ ʇʍɹ 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʤʝʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʜʳץ שʦʨʳʥ ʞʦʶʜʳש ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʝʥʛʽʟʫ ץʘʞʝʪ. ʊʆʃ-ʜ  rʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ ʤʝʥ ʪװʨʣʝʥʜʽʨʫʜʽש 

ʢᴇʧʪʝʛʝʥ ᴅʜʽʩʪʝʨʽ ʟʝʨʪʪʝʣʛʝʥ. פʘʥʜʘʡ ʜʘ ʙʽʨ ᴅʜʽʩʪʽ ʪʘשʜʘʫ ï ʙʘʩʪʘʧץʳ 

ʤʘʪʝʨʠʘʣʜʳש ʪʘʙʠסʘʪʳʥʘ, ʊʆʃ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʞᴅʥʝ ʞװʨʛʽʟʽʣʝʪʽʥ 

ʧʨʦʮʝʩʪʝʨʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 
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ʙʦʣʘʜʳ. ʊʆʃ-ʜ  rʪװʨʣʝʥʜʽʨʫ ʢʝʟʽʥʜʝ ʜʠʦʢʩʠʥ ʪᴅʨʽʟʜʽ ץʦʩʘʣץʳ ᴇʥʽʤʥ̔  ʧʘʡʜʘ ש

ʙʦʣʫ ʳץʪʠʤʘʣʜʳסʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝ ץʘʪʘש ʙʘץʳʣʘʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʇʍɹ-ʥʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʞᴅʥʝ ʭʣʦʨʜʳ 

ʘʣʤʘʩʪʳʨʫ װʨʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽװ שʣʝʩʽ ʢװʨʪ ᴇʩʢʝʥ. ɹײʣ 

ʢʘʪʘʣʠʪʠʢʘʣʳץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ᴅʜʽʩʽ ʜʝʛʘʣʦʛʝʥʜʝʣʛʝʥ ʤʦʣʝʢʫʣʘʣʘʨʜʳש 

ʢᴇʤʽʨʩʫʪʝʢ ʢʦʤʧʦʥʝʥʪʽʥ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʨʝʛʝʥʝʨʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʙײʣ ʞʘʣʧʳ ʪװʨʣʝʥʜʽʨʫʜʽש ʨʝʩʫʨʩʪʳ ʩʘץʪʘʫ ʤʘץʩʘʪ r ʤʝʥ çʞʘʩʳʣè 

ʭʠʤʠʷ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɻʘʣʦʛʝʥʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳ, 

ʩʦʥʳש ʽʰʽʥʜʝ ʇʍɹ-ʥ  rʭʣʦʨʩʳʟʜʘʥʜʳʨʫʜʳש ʢʘʪʘʣʠʪʠʢʘʣʳץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 

ᴅʜʽʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʙʝʣʩʝʥʜʽ, ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ ʪʠʽʤʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 

ᴅʟʽʨʣʝʫ ᴇʪʝ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʜʝʙʠʝʪ ʢᴇʟʜʝʨʽʥ ʪʘʣʜʘʫ ï ʧʘʣʣʘʜʠʡ ʤʝʥ 

ʧʣʘʪʠʥʘ ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʭʣʦʨʳ ʙʘʨ ץʦʩʳʣʳʩʪʘʨʜʳש 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫʜʝ װʣʢʝʥ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ 

ʩʝʣʝʢʪʠʚʪʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʪʽʥʽʥ ʘʥʳץʪʘʜʳ. ɸʣʘʡʜʘ, ʙײʣ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʤʝʥ ʙװʢʽʣ 

ʧʨʦʮʝʩʪʽײץ שʥʳʥ ʘʨʪʪʳʨʘʜʳ. 

ɹʽʨץʘʪʘʨ ʞײʤʳʩ ʘʚʪʦʨʣʘʨʳ ʇʍɹ-ʥʳ ʢʘʪʘʣʠʪʠʠʢʘʣʳץ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ 

ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫʛʝ ץʘʞʝʪʪʽ ʥʘʥʦᴇʣʰʝʤʜʽ Pd ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʘʣʳʧ, ʦʥʳש 

ʘʟ ʤᴇʣʰʝʨʽʤʝʥ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʧʨʦʮʝʩʪʽ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʪʳʥʳʥ 

ʘʥʳץʪʘסʘʥ. ʇʘʣʣʘʜʠʡʜʽ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʤʝʥ ʙʽʨʽʢʪʽʨʝ ʧʘʡʜʘʣʘʥʫ ʘʨʦʤʘʪʪʳ 

ʩʫʙʩʪʨʘʪʪʘʨʜʘʥ ʭʣʦʨ ʘʪʦʤʜʘʨʳʥ ʪʦʣʳץ ʞʦʶסʘ ᴅʢʝʣʝʪʽʥʽ ʟʝʨʪʪʝʣʛʝʥ. ɸʣʘʡʜʘ, 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ װʨʜʽʩʽʥʜʝ ʛʘʣʦʛʝʥʩʫʪʝʢ ʧʝʥ ʢᴇʤʽʨ 

ʰᴇʛʽʥʜʽʣʝʨʽ ʪװʟʽʣʽʧ, ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ ʘʡʪʘʨʣʳץʪʘʡ 

ʪᴇʤʝʥʜʝʪʽʧ, ʞʘʣʧʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ᴇʥʽʤʜʝʨʽʥ ʨʝʘʢʮʠʷʣʳץ ʤʘʩʩʘʜʘʥ ʪʦʣʳץ 

ʙᴇʣʽʧ ʘʣʫʜʳ ץʠʳʥʜʘʪʘʜʳ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʊʆʃ, ʩʦʥʳש ʽʰʽʥʜʝ ʇʍɹ-ʥʳ 

ʪװʨʣʝʥʜʽʨʫʛʝ ץʘʞʝʪʪʽ ʞʘשʘ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨ ᴅʟʽʨʣʝʫʜʽש ʞʘשʘ ᴅʜʽʩʪʝʨʽʥ 

ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ᴇʟʝʢʪʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ. ɹײʣ ʙʘסʳʪʪʘסʳ ʤʘשʳʟʜʳ 

ʤᴅʩʝʣʝʥ̔  ʪʘʡʪʳʥ, ʙʝʨʽʣʛʝʥץʳʪ ʩʘץʫʘ ץʟʘײ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ץʙʽʨʽ ï ʭʠʤʠʷʣʳ ש

ʞʘסʜʘʡʜʘ ʪײʨʘץʪʳ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʰʘʨʪʪʘʨʳʥ ʪʘשʜʘʫ ʙʦʣʳʧ 

ʦʪʳʨ. ʉʦסשʳ ʞʳʣʜʘʨʳ ʧʘʣʣʘʜʠʡ ʞᴅʥʝ ʧʣʘʪʠʥʘ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳײץ שʥʳʥ 

ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʦʣʘʨʜʳ ʙʘסʘʩʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʨʟʘʥ ʘʫʳʩʧʘʣʳ 

ʤʝʪʘʣʜʘʨʤʝʥ ʘʨʘʣʘʩʪʳʨʫ װʨʜʽʩʽ ץʘʨץʳʥʜʳ ʜʘʤʫʜʘ. ʅʘʥʦᴇʣʰʝʤʜʽ ʧʘʣʣʘʜʠʡʜʽש 

ʙʦʣʫʳ ʩᴇʟʩʽʟ, ʇʍɹ-ʥʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ װʨʜʽʩʽʥ ʞʘץʩʘʨʪʘʜʳ ʞᴅʥʝ 

ʢʘʪʘʣʠʟʘʪʦʨʜʘסʳ ʘʩʳʣ ʤʝʪʘʣʣ ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʝʣʩʝʥʜʽ 

ʞᴅʥʝ ʪײʨʘץʪʳ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʫʜʘ ʪʘʩʳʤʘʣʜʘסʳʰ ʧʝʥ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽʥ ʜײʨʳʩ ʪʘשʜʘʫ ʜʘ ᴇʪʝ ʤʘשʳʟʜʳ. 

ᴄʜʝʙʠ ʰʦʣʫ ï ʩʦסשʳ ʞʳʣʜʘʨʳ ʤʳʩ ʧʝʥ ʥʠʢʝʣʴʜʽש ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ 

ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʪʝʨʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʞʘשʘ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝ ʘʣʫʜʘ װʣʢʝʥ 

 ʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨסʪʫʜʳʨʳʧ ʦʪʳʨ ץʫʰʳʣʳסʳʟʳץ

ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ ʧʘʣʣʘʜʠʡ, ʤʳʩ ʞᴅʥʝ ʥʠʢʝʣʴ 

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʝʥ ʪײʨʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʇʍɹ-ʥʳ çʞʘʩʳʣè ʭʠʤʠʷ 

ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʩʘʡ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫ 

ᴅʜʽʩʽʥʝ ʩʘʡ ʢʝʣʝʜʽ.  
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2 ʊᴄɾɯʈʀɹɽʃɯʂ ɹᴆʃɯʄ 

 

  ʘʥ ʤʘʪʝʨʠʘʣʜʘʨסʦʣʜʘʥʳʣפ 2.1

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫʜʝ ʪײʟ ץʳʰץʳʣʳ (HCl) 35% (ʄʝʤʉʪ 14261-77), 

ʩʫʪʝʛʥ̔ʽש ʘʩץʳʥ ʪʦʪʳסʳ (H2O2) 37% (ʊʋ 2123-002-25665344-2008), ʥʘʪʨʠʡ 

ʛʠʜʨʦʢʩʠʜʽ (NaOH) Ó99% (ʄʝʤʉʪ 4328-77), ʛʝʢʩʘʥ (C6H14) 99%, (Sigma-

Aldrich), ʙʝʥʟʦʣ 99%, (Sigma-Aldrich), ʜʠʤʝʪʠʣ ʩʫʣʴʬʦʢʩʠʜʽ (ɼʄʉʆ) 99%, 

(Sigma-Aldrich), ʘʮʝʪʦʥ 99%, (ʄʝʤʉʪ 12.1.005), ʵʪʘʥʦʣ 96% (C2H5OH) 

(ʄɽʄʉʊ 5962-2013), ʤʝʪʘʥʦʣ 99,8% (Sigma-Aldrich), Cu(NO3)2 3H2O (Sigma-

Aldrich), Ni(NO3)2 (Sigma-Aldrich), H2[PdCI6].6H2O (Sigma-Aldrich), 

ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫ (ʄɽʄʉʊ 6709-72) ʧʘʡʜʘʣʘʥʳʣʜʳ ʞᴅʥʝ ʙʘʨʣʳץ ʨʝʘʢʪʠʚʪʝʨ 

   .ʦʣʜʘʥʳʣʜʳץ ʦʩʳʤʰʘ ʪʘʟʘʨʪʫʩʳʟץ

 

2.2 ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש ʪʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥ ʘʣʫ 

 

 ʰʽʥװ ʘʣʘʫסʛʝʡʽʥ ʙʘשʣʘʩʪʘʥʫ ʜʝ שʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽ שʘʥ ʦʨʪʘʥʳסʦʨʰʘפ

ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʚʦʜʳ (ᴆʂɿ) ʤʘשʳʥʘʥ ʪʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ 

 .ʣʛʽʣʝʨʽ ʘʣʳʥʜʳ (14-ʩʫʨʝʪ)װ

 

14 ï ʉʫʨʝʪ ï ᴆʂɿ ʪʝʨʨʠʪʦʨʠʷʩʳ ʤʘשʳʥʘʥ װʣʛʽ ʘʣʳʥסʘʥ ʥװʢʪʝʣʝʨ 

ʊʦʧʳʨʘװ ץʣʛʽʣʝʨʽ 28168-89 çʇʦʯʚʘ. ʆʪʙʦʨ ʧʨʦʙè ʄʝʤʉʪ ʙʦʡʳʥʰʘ 

ʢʦʥʚʝʨʪʪʽʢ ᴅʜʽʩʧʝʥ çᴆʂɿè ɸפ ʘʫʤʘסʳ, ᴆʂɿ-ʛʝ ץʘʨʘʩʪʳ ʩʫ ץʦʡʤʘʩʳ ʤʘשʳ, 

ᴆʂɿ-ʥʝ ʞʘץʳʥ ʞʘʪץʘʥ ʪײʨסʳʣʳץʪʳ ʘʫʜʘʥʳ, ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʢʝʰʝʥʽ ʤʝʥ 

ʵʣʝʢʪʨ ʵʥʝʨʛʝʪʠʢʘʩʳ ʩʝʢʪʦʨʣʘʨʳ, ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳץ שʘʪʪʳ ʪײʨʤʳʩʪʳץ 

 ʳסʢʪʝʣʝʨʛʝ ʽʨʛʝʣʝʩ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳװʘʫʽʧʪʽè ʥץʡʽʥʜʽʩʽ ʞᴅʥʝ çװ ץʘʣʜʳץ

ʘʫʤʘץʪʘʨʳʥʘʥ ʘʣʳʥʜʳ. çɼʠʘʛʦʥʘʣʴʜʳ ʢʦʥʚʝʨʪè ᴅʜʽʩʽʤʝʥ ʩʳʥʘʤʘ ʘʣסʳʰ 

ʢᴇʤʝʛʽʤʝʥ 15 ʩʤ ʪʝʨʝשʜʽʢʪʝʥ ʩʘʣʤʘסʳ 0,2 ʢʛ-סʘ ʜʝʡʽʥʛʽ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽ 

ʘʣʳʥʳʧ, ʧʦʣʠʵʪʠʣʝʥ ʧʘʢʝʪʪʝʨʛʝ ʩʘʣʳʥʜʳ (15ʘ-ʩʫʨʝʪ). ᴄʨʙʽʨ ʥװʢʪʝʜʝʥ 
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ʘʣʳʥסʘʥ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ʦʜʘʥ 1 װʣʛʽ ʜʘʡʳʥʜʘʣʜʳ (15b ï 

ʩʫʨʝʪ).  

 

ʘ     b 

15 ʉʫʨʝʪ ï ʘ ï çʢʦʥʚʝʨʪè ᴅʜʽʩʽʤʝʥ ᴅʨ ʥװʢʪʝʜʝʥ ʘʣʳʥסʘʥ ʪʦʧʳʨʘץ 

 ʣʛʽʩ̔װ ץʘʥ ʪʦʧʳʨʘסʢʪʝʜʝʥ ʘʣʳʥʳʧ, ʘʨʘʣʘʩʪʳʨʳʣװʣʛʽʣʝʨʽ; b ï ᴅʨ ʥװ

ʉʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽ 17.1.5.01-80 çʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ɻʠʜʨʦʩʬʝʨʘ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʙʦʨʫ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʘʥʘʣʠʟʘ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴè ʄʝʤʉʪ ʙʦʡʳʥʰʘ ᴆʩʢʝʤʝʥ ץʘʣʘʩʳ çᴆʩʢʝʤʝʥ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ (ᴆʂɿ) ʤʘשʳʥʜʘסʳ ɽʨʪʽʩ ᴇʟʝʥʽʥʝʥ ʘʣʳʥʜʳ. ʉʫ ʰᴇʛʽʥʜʽʩʽ 

ʢʪʝʣʝʨʽ ʰᴇʛʽʥʜʽʣʝʨʜ̔װʣʛʽʩʽʥ ʘʣʫ ʥװ  ʢᴇʧ ʞʠʥʘʣʘʪʳʥ ʞʝʨʣʝʨʽʥ ʝʩʢʝʨʝ שʝ ש

ʦʪʳʨʳʧ ʪʘשʜʘʣʜʳ (16 ï ʩʫʨʝʪ). 

 

 

16 ʉʫʨʝʪ ï ᴆʩʢʝʤʝʥ ץʘʣʘʩʳ çᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ (ᴆʂɿ) 

ʤʘשʳʥʜʘסʳ ɽʨʪʽʩ ᴇʟʝʥʽʥʝʥ ʘʣʳʥסʘʥ ʩʫ ʰᴇʛʽʥʜʽʩʽ װʣʛʽʩʽ 
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2.3 ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥʝʥ ʇʍɹ-ʥ  rʵʢʩʪʨʘʢʮʠʷʣʘʫ 

 

ɸʣʳʥסʘʥ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝʥ ʇʍɹ-ʥʳ ʙᴇʣʫ װʰʽʥ ʵʢʩʪʨʘʢʮʠʷʣʘʫסʘ 

ʜʘʡʳʥʜʘʣʜʳ. ʊʦʧʳʨʘװ ץʣʛʽʣʝʨʽ ʢʝʧʪʨʛʽʰ ʰʢʘʬʪʘ 1000ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 

ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʽʧ, ʢᴇʟʽʥʽש ᴇʣʰʝʤʽ 0,04 ʤʤ ʙʦʣʘʪʳʥ ʝʣʝʢʪʝʥ ᴇʪʢʽʟʽʣʽʧ, 

ʛʦʤʦʛʝʥʠʟʘʮʠʷʣʘʥʜʳ. ʉʫ ʰᴇʛʽʥʜʽʣʝʨ ̔ ʪײʨʘץʪʳ ʩʘʣʤʘץץʘ ʜʝʡʽʥ ʢʝʧʪʨ̔ʛʽʰ 

ʰʢʘʬʪʘ 1000ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 5 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʽʧ, ʘʨʪʳʥʘʥ 

ʛʦʤʦʛʝʥʠʟʘʮʠʷʣʘʥʜʳ. ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʩʽ װʣʛʽʣʝʨʽʥʝʥ ʇʍɹ 

ʢʦʥʛʝʥʝʨʣʝʨʽʥ ʰʳסʘʨʫ װʰʽʥ ʙʝʥʟʦʣ, ʛʝʢʩʘʥ, ʜʠʤʝʪʠʣ ʩʫʣʴʬʦʢʩʠʜʽ (ɼMʉO), 

ʘʮʝʪʦʥ, ɼʄʉO:ʛʝʢʩʘʥ, ɼʄʉO:ʙʝʥʟʦʣ, ɼʄʉʆ:ʘʮʝʪʦʥ; ʛʝʢʩʘʥ:ʙʝʥʟʦʣ 

ʛʝʢʩʘʥ:ʘʮʝʪʦʥ, ʙʝʥʟʦʣ:ʘʮʝʪʦʥ ʵʢʩʪʨʘʛʝʥʪʪʝʨʽʥʽש ᴅʨ ʪװʨʣʽ ץʘʪʳʥʘʩʳ 

 .ʨʛʽʟʽʣʜʽװʦʣʜʘʥʳʣʜʳ. ʉʳʥʘʤʘʣʘʨʜʳ ʽʨʽʢʪʝʫ [146-147] ᴅʜʽʩʪʝʨ ʙʦʡʳʥʰʘ ʞץ

ʕʢʩʪʨʘʢʮʠʷ Behr R 104S-SK ʩʦʢʩʣʝʪ ʘʧʧʘʨʘʪʳʥʜʘ (ɻʝʨʤʘʥʠʷ) ʦʨʳʥʜʘʣʜʳ 

(17-ʩʫʨʝʪ). ʆʣ װʰʽʥ ʩʘʣʤʘסʳ 50 ʛ ʛʦʤʦʛʝʥʠʟʘʮʠʷʣʘʥסʘʥ ʪʦʧʳʨʘװ ץʣʛʽʩʽʥ 

ʘʨʥʘʡʳ ץʘסʘʟסʘ ʩʘʣʳʧ, ʩʦʢʩʣʝʪ ʘʧʧʘʨʘʪʳʥʘ ʦʨʥʘʣʘʩʪʳʨʘʜʳ. ʕʢʩʪʨʘʢʮʠʷʣʳץ 

ʳʜʳʩʪʳש ʢᴇʣʝʤʽ 250 ʩʤ3, ʵʢʩʪʨʘʢʮʠʷסʘ ʘʨʥʘʣסʘʥ ʝʨʽʪʢʽʰʪʽש ʢᴇʣʝʤʽ 150 ʩʤ3, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʵʢʩʪʨʘʛʝʥʪʪʽץ שʘʡʥʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘʥ 10ÁC 

ʞʦסʘʨʳ ʙʦʣʜʳ. ʇʍɹ-ʥʳ ɻʢʩʪʨʘʢʮʠʷʣʘʫ 3-5 ʩʘסʘʪ ʫʘץʳʪʪʘ ʞװʨʛʽʟʽʣʜʽ. ᴄʨʙʽʨ 1 

ʩʘסʘʪ ʩʘʡʳʥ ʘʣʠʢʚʦʪ ʘʣʳʥʳʧ ʇʍɹ ʘʥʳץʪʘʣʘʜ .r ʕʢʩʪʨʘʢʮʠʷ ᴅʨʪװʨʣʽ 

ʵʢʩʪʨʘʛʝʥʪʪʝʨʤʝʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʙʝʥʟʦʣ, ʛʝʢʩʘʥ, ɼʄʉO ʞᴅʥʝ ɼʄʉʆ:ʛʝʢʩʘʥ 

(ʩᴅʡʢʝʩʽʥʰʝ 1:4; 1:2), ʛʝʢʩʘʥ:ʘʮʝʪʦʥ (ʩᴅʡʢʝʩʽʥʰʝ 3:1; 1:1; 1:3) ץʦʩʧʘʩʳʤʝʥ 

ʙʽʨʜʝʡ ʞʘסʜʘʡʜʘ ʞװʨʛʽʟʽʣʜʽ. ʕʢʩʪʨʘʢʮʠʷ ʨʝʞʠʤʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨ װʰʽʥ ʙʽʨʜʝʡ 

ʙʦʣʜʳ.  

 

 

17 ʉʫʨʝʪ ï ʉʦʢʩʣʝʪ ʘʧʧʘʨʘʪʳʥʜʘ ʵʢʩʪʨʘʢʮʠʷʣʘʫ װʨʜʽʩʽ  
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2.4 ʊʘʫʘʨʣʳץ ʤʘʨʢʘʣʳ çɹɸʋ-ɸè ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

 

ʊʘʫʘʨʣʳץ ʤʘʨʢʘʣ r ɹɸʋ-ɸ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜ ̔ (ɸʉ) ʢʘʪʘʣʠʟʘʪʦʨ 

ʪʘʩʳʤʘʣʜʘסʳʰʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ װʰʽʥ, ʪײʟ, ʬʦʩʬʦʨ, ʘʟʦʪ, ʢװʢʽʨʪ ʞᴅʥʝ ʩʽʨʢʝ 

 ʦʣʜʘʥʘץ ʳʣʜʘʨʳ, ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ, ʩʫʪʝʛʽ ʧʝʨʦʢʩʠʜʽ ʝʨʽʪʽʥʜʽʣʝʨʽʥץʳʰץ

ʦʪʳʨʳʧ, ʩᴅʡʢʝʩʽʥʰʝ 1:3 ץʘʪʳʥʘʩʪʘ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ װʨʜʽʩʽ ʞװʨʛʽʟʽʣʜʽ. ʆʣ 

 ʘʪʳʥʘʩʳץ שʢʦʥʮʝʥʪʨʣʽ ʝʨʽʪʽʥʜʽʩʽʥʽ שʰʽʥ AC ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʰʳ ʘʛʝʥʪʪʽװ

ʩᴅʡʢʝʩʽʥʰʝ 1:3 (ʤʘʩʩ.) ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʘʣʳʥʳʧ, 900C ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʝʢʽ ʩʘסʘʪ 

ʙʦʡʳ װʟʜʽʢʩʽʟ ʘʨʘʣʘʩʪʳʨʳʣʜʳ [148]. ɸʨʪʳʥʘʥ ʩʫʩʧʝʥʟʠʷ 250ʉ ʪʝʤʧʝʨʘʪʫʨʘ 

ʞᴅʥʝ ʨʅ=6 ʞʘסʜʘʡʳʥʜʘ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʰʳ ʨʝʘʛʝʥʪʪʝʥ ʪʦʣʳץ ʘʨʳʣסʘʥʰʘ 

ʳʩʪʳץ ʙʠʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥ ʞʫʳʣʳʧ, ʙʝʡʪʘʨʘʧʪʘʥʜʳ ʞᴅʥʝ ʵʢʩʠʢʘʪʦʨסʘ 24 

ʩʘסʘʪץʘ ץʦʡʳʣʜʳ. ʉʦשʳʥʘʥ ʢʝʧʪʽʨʛʽʰ ʧʝʰʪʝ 130-1500ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 4 ʩʘסʘʪ 

ʙʦʡʳ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ACm ʘʨץʳʣʳ ʙʝʣʛʽʣʝʥʜʽ.  

 

2.5 ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ (ɸʉm) ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʳʣסʘʣʜʳ 

ʩʽשʽʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʦʪʳʨסʳʟʫ ʘʨץʳʣʳ 5Pd/ACm, 

10Cu/ɸʉm, 10Ni/ACm, 3Pd-7Cu/ACm ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʘʣʫ 

 

ʇʍɹ ʥʝʛʽʟʽʥʜʝʛʽ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨʜʳ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʜʘסʳ 

ʤʝʪʘʣʜʘʨʜr  Pd ï 5%; Cu ï 10%; Ni ï 10%; Pd-Cu :(% ,ץʤʘʩʩʘʣʳ) ʤᴇʣʰʝʨʽ ש

ʞᴅʥʝ Pd-Ni ʩᴅʡʢʝʩʽʥʰʝ 3:7% ʙʦʣʘʪʳʥ 5Pd/ACm, 10Cu/ɸʉm, 10Ni/ACm, 3Pd-

7Cu/ACm ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨʽ ʩʠʥʪʝʟʜʝʣʜʽ (18-ʩʫʨʝʪ) 

[149-151]. 

2.5.1 5Pd/ACm ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʩʠʥʪʝʟʜʝʫ 

1,160 ʛ. PdCl2 55-60ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 5 ʤʣ ʵʪʘʥʦʣ-ʩʫ ץʦʩʧʘʩʳʥʜʘ 

ʝʨʽʪʽʣʽʧ, 10 ʛ ACm-ʥʝ ײץʡʳʣʳʧ, 10 ʤʠʥ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʧʘʣʣʘʜʠʡ 

ʠʦʥʳ ACm-סʘ ʪʦʣʳץ ʩʦʨʙʮʠʷʣʘʥסʘʥʰʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 4 ʩʘסʘʪץʘ 

 ʘʪסʰʽʥ 150ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 ʩʘװ ʘʣʜʘʥ ʘʨʳʣʫסʦʡʳʣʘʜʳ. ɸʨʪʳʥʘʥ ʳʣץ

ʢʝʧʽʨʽʣʝʜʽ. ʇʘʣʣʘʜʠʡ ʠʦʥʜʘʨʳ ACm-ʛʝ ʪʦʣʳץ ʦʪʳʨʫ װʰʽʥ 300ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ 4 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʽʧ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

ʩʘʣץʳʥʜʘʪʳʣʘʜʳ.  

2.5.2 10Cu /ACm ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʩʠʥʪʝʟʜʝʫ 

6,5 ʛ Cu(NO3)2Ŀ3H2O 55-60ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 5 ʤʣ ʩʫʜʘ ʝʨ̔ ʪ̔ʣʽʧ, 10 ʛ 

ACm-ʥʝ ײץʡʳʣʳʧ, 10 ʤʠʥ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʤʳʩ ʠʦʥʳ ACm-סʘ 

ʪʦʣʳץ ʩʦʨʙʮʠʷʣʘʥסʘʥʰʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 4 ʩʘסʘʪץʘ ץʦʡʣrʘʜ.r 

ɸʨʪʳʥʘʥ ʳʣסʘʣʜʘʥ ʘʨʳʣʫ װʰʽʥ 150ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 ʩʘסʘʪ ʢʝʧʽʨʽʣʝʜʽ. ʄʳʩ 

ʠʦʥʜʘʨʳ ACm-ʛʝ ʪʦʣʳץ ʦʪʳʨʫ װʰʽʥ 300ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 4 ʩʘסʘʪ ʙʦʡʳ 

ʢʝʧʪʽʨʽʣʽʧ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʩʘʣץʳʥʜʘʪʳʣʘʜ.r  

2.5.3 10Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʩʠʥʪʝʟʜʝʫ 
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ʅʠʢʝʣʴ ʠʦʥʳʥ ACm ײץʨʘʤʳʥʘ ʳʣסʘʣʜʳ ʩʽשʽʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ACm-ʛʝ 

ʦʪʳʨסʳʟʫ װʰʽʥ 5,8 ʛ Ni(NO3)2Ŀ6H2O 55-60ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 5 ʤʣ ʩʫʜʘ ʝʨʽʪʽʣʽʧ, 

10 ʛ ACm-ʥʝ ײץʡʳʣʳʧ, 10 ʤʠʥ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʥʠʢʝʣʴ ʠʦʥʳ ACm-

 ʦʡʳʣʘʜ.rץ ʘץʘʪסʘʥʰʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 4 ʩʘסʩʦʨʙʮʠʷʣʘʥ ץʘ ʪʦʣʳס

ɸʨʪʳʥʘʥ ʳʣסʘʣʜʘʥ ʘʨʳʣʫ װʰʽʥ 150ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 ʩʘסʘʪ ʢʝʧʽʨʽʣʝʜʽ. 

ʅʠʢʝʣʴ ʠʦʥ rACm-ʛʝ ʪʦʣʳץ ʦʪʳʨʫ װʰʽʥ 300ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 4 ʩʘסʘʪ ʙʦʡʳ 

ʢʝʧʪʽʨʽʣʽʧ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʩʘʣץʳʥʜʘʪʳʣʘʜʳ. 

2.5.4 3Pd-7Cu/ACm ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩʠʥʪʝʟʜʝʫ 

3Pd-7Cu/ACm ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʪʠʢʘʣʳץ ʞװʡʝʣʝʨʽʥ ʳʣסʘʣʜʳ 

ʩʽשʽʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ACm-ʛʝ ʦʪʳʨסʳʟʫ װʰʽʥ 20 ʤʛ ʧʘʣʣʘʜʠʡ ʭʣʦʨʠʜʽʥ (PdCI2) 

20 ʤʣ ʵʪʘʥʦʣ-ʩʫ ץʦʩʧʘʩʳʥʜʘ ʝʨʽʪʽʣʽʧ 1ʛ Aʉm ײץʡʳʣʳʧ, 10 ʤʠʥ ʙʦʡʳ 

ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʧʘʣʣʘʜʠʡ ʠʦʥʳ ACm-סʘ ʪʦʣʳץ ʩʦʨʙʮʠʷʣʘʥסʘʥʰʘ ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 4 ʩʘסʘʪץʘ ץʦʡʣrʘʜʳ. ʓʣסʘʣʜʘʥ ʘʨʳʣʪʫ, ʞʫʫ ʞᴅʥʝ 

ʢʝʧʪʽʨʫʜʽש ʙʘʩץʘ ʧʨʦʮʝʜʫʨʘʣʘʨʳ 5Pd/ACm ʘʣʫ װʨʜʽʩʽʥʝ ʩʘʡ ʦʨʳʥʜʘʣʘʜʳ. 

ɼʘʡʳʥ ʙʦʣסʘʥ 3Pd/Aʉm סʘ 0,5 ʛ Cu(NO3)2Å3H2O  ʞᴅʥʝ 0,8 ʛ Ni(NO3)2Å6H2O 55-

60ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 5 ʤʣ ʩʫʜʘ ʝʨʽʪʽʣʽʧ, ʞʝʢʝ-ʞʝʢʝ ײץʡʳʣʘʜʳ ʜʘ, 30 ʤʠʥʫʪ 

ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. ʓʣסʘʣʜʘʥ ʘʨʳʣʪʫ, ʞʫʫ ʞᴅʥʝ ʢʝʧʪʽʨʫʜʽש ʙʘʩץʘ 

ʧʨʦʮʝʜʫʨʘʣʘʨʳ 10Cu/ɸʉm ʞᴅʥʝ 10Ni/ACm ʘʣʫ װʨʜʽʩʽʥʝ ʩʘʡ ʦʨʳʥʜʘʣʘʜʳ. 

2.5.5 10Cu/ɸʉm, 10Ni/ACm, 3Pd-7Cu/ACm ʞᴅʥʝ 3Pd-7Ni/ACm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʜʘסʳ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 

ʓʣסʘʣʜʳ ʩʽשʽʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ACm-ʛʝ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 

10Ni/ACm, 3Pd-7Cu/ACm ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʜʘסʳ 

ʤʝʪʘʣʜʘʨʜʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ װʰʽʥ 20 ʤʣ ʩʫסʘ 1,6ʛ NaBH4 ʝʨʽʪʽʣʽʧ, 

ʜʘʡʳʥʜʘʣʘʜʳ. 4 ʛ 10Cu/ɸʉm, 10Ni/ACm, 3Pd-7Cu/ACm ʞᴅʥʝ 3Pd-7Ni/ACm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʞʝʢʝ-ʞʝʢʝ 50 ʤʣ ʩʫסʘ ץʦʩʳʧ, ʨʅ-ʪʳ 7-ʜʝʥ ʞʦסʘʨʳ ײʩʪʘʫ 

 ʰʽʥ 1ʤʣ 5ʄ NaOH ʝʨʽʪʽʥʜʽʩʽʥ ʞᴅʥʝ NaBH4 ʝʨʽʪʽʥʜʽʩʽʥ, ʩʫʪʝʛʽ ʙᴇʣʽʥʛʝʥʛʝװ

ʜʝʡʽʥ ʙʘʷʫ ץʦʩʳʧ, 3 ʩʘסʘʪ ʘʨʘʣʘʩʪʳʨʘʜʳ. ɸʣʳʥסʘʥ ץʦʩʧʘʥʳ ʢʝʧʪʽʨʫ װʰʽʥ 

150ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 ʩʘסʘʪ ʢʝʧʽʨʝʜʽ. ɸʨʪʳʥʘʥ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥ ʙʝʢʽʪʫ װʰʽʥ 

300ÁC-ʜʘ 4 ʩʘסʘʪ ʢʝʧʪʽʨʛʽʰ ʧʝʰʪʝ ײʩʪʘʡʜʳ ʞᴅʥʝ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

ʵʢʩʠʢʘʪʦʨʜʘ ʩʘʣץʳʥʜʘʪʘʜ r(16-ʩʫʨʝʪ). 

 

 
 

18 ʉʫʨʝʪ ï ʄʝ/ACm  ʞᴅʥʝ ʄʝ-ʄʝ/ACm  ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʩʭʝʤʘʩʳ  
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2.6 1Cu/ɸʉm ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʫ 

 ʳ ʤʳʩ ʤᴇʣʰʝʨʽ 1 ʞᴅʥʝ 3% (ʤʘʩʩ. %) ʙʦʣʘʪʳʥ 1Cu/ɸʉmסʨʘʤʳʥʜʘײפ

ʞᴅʥʝ 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʝʢʽ ᴅʜʽʩ ʢᴇʤʝʛʽʤʝʥ ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-A ʤʘʨʢʘʣʳ ʢʦʤʤʝʨʮʠʷʣʳץ ʢᴇʤʽʨ ʤʘʪʝʨʠʘʣʳʥ ACm 

  .ʳʣʳ ʘʣʳʥʜʳץʦʣʜʘʥʫ ʘʨץ

ɹʽʨʽʥʰʽ ᴅʜʽʩ ʤʳʩ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʘʣʫʜʳש ʢʣʘʩʩʠʢʘʣʳץ ᴅʜʽʩʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ, ʷסʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 1% ʞᴅʥʝ 3% ʤʳʩ ʥʠʪʨʘʪʳʥ ʥʘʪʨʠʡ 

ʙʦʨʛʠʜʨʠʜʽ ʤʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʧ ʙʘʨʳʧ, ʧʦʣʠ-N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʤʝʥ 

(ʇɺʇɼ) ʪײʨʘץʪʘʥʜʳʨʘ ʦʪʳʨʳʧ, ACm-ʛʝ ʦʪr ʨסʳʟʫסʘ ʥʝʛʽʟʜʝʣʜʽ. ʆʣ װʰʽʥ 0,076 

ʛ ʤᴇʣʰʝʨʽʥʜʝʛʽ Cu(NO3)2 (1Cu/ɸʉm װʰʽʥ) 50 ʤʣ ʩʫʜʘ ʝʨʽʪ̔ ʣ̔ʧ, ʧʦʣʠ-N-

ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʥʳ10 שʄ ʝʨʽʪʽʥʜʽʩʽʤʝʥ 1:1 ʢᴇʣʝʤʜʽʢ ץʘʪʳʥʘʩʪʘ 

ʘʨʘʣʘʩʪr ʨʣrʧ, ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 0,01 ʄ ʥʘʪʨʠʡ ʙʦʨʛʠʜʨʠʜʽʤʝʥ ʪʠʪʨʣʝʫ 

ʘʨץʳʣʳ ʪʦʪr  ʘʥ 10 ʤʣסʪʘʥʜʳʨʳʣץʨʘײʩʳʟʜʘʥʜʳʨʣrʘʜ.r ʇɺʇɼ-ʤʝʥ ʪץ

ʢʦʣʣʦʠʜʪʳ ʤʳʩ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ 0,2 ʛ ɸʉm ʪʘʩʳʤʘʣʜʘסʳʰץʳ ʘʨʘʣʘʩʪʳʨʫ 

ʘʨץʳʣʳ ʦʪr ʨסʳʟʣrʘʜ rʜʘ, ʙʁʭʥʝʨ ʚʦʨʦʥʢʘʩʳʥʜʘ ʩװʟʽʣʝʜʽ. ɸʨʪʳʥʘʥ ʙʽʨʥʝʰʝ 

ʨʝʪ ʠʦʥʩʳʟʜʘʥʜʳʨʣrסʘʥ ʩʫʤʝʥ ʞʫʳʣʳʧ, 1000ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2-3 ʩʘסʘʪ 

ʢʝʧʪʽʨʽʣʝʜʽ. 3Cu/ɸʉm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʤʳʩ ʥʠʪʨʘʪʳ ʤᴇʣʰʝʨʽʥ ʩᴅʡʢʝʩʽʥʰʝ 

 .ʳʣʳ, ʘʪʘʣʤʳʰ ᴅʜʽʩʧʝʥ ʜʘʡʳʥʜʘʣʘʜʳץʘʨʳʣʘʪʫ ʘʨסʘ ʞʦס-3%

ɽʢʽʥʰʽ ᴅʜʽʩ ï ʥʘʪʨʠʡ ʙʦʨʛʠʜʨʠʜʽʤʝʥ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥ ʘʣʜʳʥ ʘʣʘ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʧ ʘʣʳʧ, ʘʨʪʳʥʘʥ ɸʉm ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʘʨʘʣʘʩʪʳʨʘ 

ʦʪʳʨʳʧ ʤʝʪʘʣʣʜʳש ʢʦʣʣʦʠʜʪʳ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʪʽʢʝʣʝʡ ʦʪʳʨסʳʟʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʆʣ װʰʽʥ 10 ʤʣ 1% ʞᴅʥʝ 3%-ʜʳץ Cu(NO3)2 ʝʨʽʪʽʥʜʽʣʝʨ̔ʥ ʞʝʢʝ-

ʞʝʢʝ 0,2 ʛ ɹɸʋ-A ʤʘʨʢʘʣʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɸʉm ʘʨʘʣʘʩʪʳʨʳʧ, 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 0,01ʄ ʥʘʪʨʠʡ ʙʦʨʛʠʜʨʠʜʽ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʪʠʪʨʣʝʫ ʘʨץʳʣʳ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʘʜʳ. ɸʣʳʥסʘʥ ʩʫʩʧʝʥʟʠʷʥʳ ʙʽʨʥʝʰʝ ʨʝʪ ʠʦʥʩʳʟʜʘʥʜʳʨʣrסʘʥ 

ʩʫʤʝʥ ʞʫʳʧ, 1000ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2ï3 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʝʜʽ [152]. 

2.7 ʉʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʤʦʜʝʣʴʜʽʢ ץʦʩʳʣʳʩ ï 

ʭʣʦʨʙʝʥʟʦʣ ʞᴅʥʝ ʘʨʦʭʣʦʨʜʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫ 

10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʢᴇʤʝʛʽʤʝʥ ʇʍɹ-ʥ  r ʢʘʪʘʣʠʪʠʢʘʣʳץ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫʜʳש 

ʪʠʽʤʜʽ ʨʝʞʠʤʽ ʘʥʳץʪʘʣʜʳ. ʈʝʘʢʮʠʷ ʘʣʜʳʥʜʘ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʩʫʪʝʛʽʤʝʥ 

 ʟʝʛʝװʳʣʳ ʞץʜʝʛʠʜʨʦʭʣʦʨʣʘʫ ʝʢʽ ʨʝʞʠʤ ʘʨ ץʪʳʨʣrʘʜʳ. ʂʘʪʘʣʠʪʠʢʘʣʳץʘʥʳץ

ʘʩʪʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʙʽʨʽʥʰʽ ʨʝʞʠʤ ʞʘסʜʘʡʳʥʜʘ ʨʝʘʢʮʠʷ ʞʦסʘʨʳ ץʳʩʳʤ ʞᴅʥʝ 

550ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʈɺɼ-2-150 ʤʘʨʢʘʣʳ ʨʝʘʢʪʦʨʜʘ ʞװʨʛʽʟʽʣʜʽ. ʈʝʘʢʪʦʨסʘ 10 

ʤʣ ʵʪʠʣ ʩʧʠʨʪʽ, 0,2 ʛ ʩʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨ, 0,20 ʛ ʩʫʙʩʪʨʘʪ, 0,14 ʛ NaOH 

(3,05 ʤʤʦʣʴ) ץʦʩʳʣʜʳ, ʩʫʪʝʛʽ 70-80 ʤʣ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ ʙʝʨʽʣʽʧ, ʨʝʘʢʮʠʷ 5 

ʩʘסʘʪ ʙʦʡʳ 55 0ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʨʝʘʢʮʠʷʣʘʩʪʳ [153]. ʈʝʘʢʮʠʷ ʘʷץʪʘʣסʘʥʥʘʥ 

ʢʝʡʽʥ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘסʘ 1,0 ʛ K2CO3 ʩʘʣʳʥʳʧ, ʨʝʘʢʮʠʷʣʳץ ᴇʥʽʤ ʙʽʨ 

ʪᴅʫʣʽʢʢʝ ץʘʣʜʳʨʳʣʜʳ, ʘʨʪʳʥʘʥ ᴇʥʽʤʜʝʨʜʝʥ ʢʘʪʘʣʠʟʘʪʦʨʜ  r ʮʝʥʪʨʠʬʫʛʘʣʘʫ 

ʘʨץʳʣʳ ʙᴇʣʽʧ ʘʣʳʥrʧ, ʢʘʪʘʣʠʟ ᴇʥʽʤʽ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʥʜʳ. 

ɽʢʽʥʰʽ ᴅʜʽʩ ʞʘסʜʘʡʳʥʜʘ ʈɺɼ-2-150 ʤʘʨʢʘʣʳ ʨʝʘʢʪʦʨסʘ 5 ʤʣ ʇʍɹ, 0,5ʛ 

ʢʘʪʘʣʠʟʘʪʦʨ ʞᴅʥʝ 5ʤʣ ʤʝʪʘʥʦʣ ʩʘʣʳʥʳʧ, 250C ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʫʪʝʛʽ ʘסʳʥʳ 

ʞʽʙʝʨʽʣʝʜ ̔ ʜʝ, 5 ʩʘסʘʪ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. ʈʝʘʢʮʠʷ ʘʷץʪʘʣסʘʥ ʩʦש 

ʦʨʛʘʥʠʢʘʣʳץ ץʘʙʘʪʪʳ ʙᴇʣʫ hװ ʽʥ 10 ʤʣ MgSO4 ʝʨʽʪʽʥʜʽʩʽ ץʦʩʳʣʳʧ, 
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ʢʘʪʘʣʠʟʘʪʦʨʜʘʥ ᴇʥʽʤʜʝʨʜʽ ʮʝʥʪʨʠʬʫʛʘʣʘʫ ʘʨץʳʣʳ ʙᴇʣʽʧ ʘʣʘʜr. ʌʠʣʴʪʨʘʪʪʘʥ 

1ʤʣ ʘʣʠʢʚʦʪʘ ʘʣʳʥʳʧ, ʛʝʢʩʘʥʤʝʥ ʩײʡʳʪʳʣʳʧ, ʘʥʘʣʠʟʜʝʥʝʜ ̔[154].  

 ʩʠʧʘʪʪʘʤʘʩʳ שʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽ ץʘʥ ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳסʦʣʜʘʥʳʣפ 2.8

2.8.1 ʀʥʬʨʘץʳʟʳʣ (ʀפ) ʩʧʝʢʪʨʦʩʢʦʧʠʷ ᴅʜʽʩʽ  

 

ɹʘʩʪʘʧץʳ ɹɸʋ-ɸ (ɸʉ) ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ (ɸʉm) ʞᴅʥʝ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-

7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳ ʀפ ï

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ᴅʜʽʩʽʤʝʥ ʀʂ-ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ (ʌʊ-801, 

ʈʝʩʝʡ) ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʳ500-4000 שʩʤ-1 ʜʠʘʧʘʟʦʥʳ ʘʨʘʣʳסʳʥʜʘ ʟʝʨʪʪʝʣʜʽ. 

ʀפ-ʩʧʝʢʪʨʣʝʨʽʥ ʘʣʫ װʰʽʥ װʣʛʽʣʝʨʛʝ ʘʣʜʳʥ ʘʣʘ ʢʝʧʪʽʨʽʣʛʝʥ KBr ץʦʩʳʧ (4ʤʛ 

 ʞʦʣʤʝʥ ʧʨʝʩʪʝʧ, ʜʠʘʤʝʪʨʽ 12ʤʤ ʪʘʙʣʝʪʢʘ ץʣʛʽ:220ʤʛ KBr), ʤʝʭʘʥʠʢʘʣʳװ

ʪװʨʽʥʜʝ ʢʝʣʪʽʨʽʣʜʽ.  

2.8.2 ʋʣʴʪʨʘ ʢװʣʛʽʥ (ʋʂ) ʩʧʝʢʪʨʦʩʢʦʧʠʷ ᴅʜʽʩʽ 

ʄʦʥʦ- ʞᴅʥʝ ʙʠʤʝʪʘʣʜʳץ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʢʦʣʣʦʠʜʪʳץ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש 

ʦʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʋʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳʥʳש ʢᴇʨʽʥʝʪʽʥ ʘʡʤʘסʳʥʜʘ 5 ʞᴅʥʝ 

10 ʤʤ-ʣʽʢ ʢʚʘʨʮ ʢʶʚʝʪʘʣʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ Specord 210 ʧʣʶʩ BU 

 ᴇʣʰʝʫʣʝʨ 20ÜC ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ץʳʩʳʥʜʘ ʟʝʨʪʪʝʣʜʽ. ɹʘʨʣʳסʦʥʜʳʨץ

ʘʪʤʦʩʬʝʨʘʣʳץ ץʳʩʳʤʜʘ ʞװʨʛʽʟʽʣʜʽ.  

2.8.3 X-RAY ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨʣʽʢ ʪʘʣʜʘʫ ᴅʜʽʩʽ  

ɹʘʩʪʘʧץʳ ɹɸʋ-ɸ (ɸʉ) ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ (ɸʉm) ʞᴅʥʝ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-

7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳײץ שʨʳʣʳʤ-ʬʘʟʘʣʳץ ץʘʩʠʝʪʽ 

Panalytical XôPertPro (ʅʠʜʝʨʣʘʥʜ) ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʪʦʤʝʪʨʽʥʜʝ CuKa ʪװʪʽʢʪʝ 

ʪײʨʘץʪʳ ʤʦʥʦʭʨʦʤʘʪʧʝʥ 45kV/40mA, 2ɗ/ɗ - ʩʢʘʥʝʨʣʝʫ ʨʝʞʠʤʽʤʝʥ 0,02 ץʘʜʘʤ 

ʞʘסʜʘʡʳʥʜʘ, 2ɗ 10-80 ʛʨʘʜʫʩ ʘʨʘʣʳסʳʥʜʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʪʽʨʢʝʣʜʽ. 

ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʜʠʬʨʘʢʮʠʷʩʳʥ ʠʥʜʝʢʩʪʝʫ װʨʜʽʩʽ ʞʘʩʘʣʳʧ, ᴅʨʙʽʨ ʰʳשʥʳש 

Miller Indices (h k l) ʘʥʳץʪʘʣʜʳ. ʈʝʥʛʝʥ ʥᴅʪʠʞʝʩʽʥ ʪʘʣʜʘʫ װʰʽʥ ICDD PDF-

4/AXIOM XRD װʣʛʽʣʝʨʽʥʽש ʜʝʨʝʢץʪʦʨʳ ʧʘʡʜʘʣʘʥʳʣʜʳ  

2.8.4 ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ᴅʜʽʩʽ 

ɹʘʩʪʘʧץʳ ɹɸʋ-ɸ (ɸʉ) ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ (ɸʉm) ʞᴅʥʝ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-

7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʙʝʪʪʽʢ ʤʦʨʬʦʣʦʛʠʷʩʳ 

ʞʦסʘʨʳ ʚʘʢʫʫʤʜʳ ʨʘʩʪʦʨʣʳץ (Auriga Crossbeam 540, ɻʝʨʤʘʥʠʷ ) ʤʠʢʨʦʩʢʦʧʪʘ 

ʟʝʨʪʪʝʣʜʽ. ʂʘʪʘʣʠʟʘʪʦʨ ʤʝʥ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʜʳש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ Thermo 

Scientific (ɸפʐ) ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳץ ʘʥʘʣʠʟ ץʦʥʜʳʨסʳʩʳ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʜʳ. 
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2.8.5 ɾʘʨʳץʪʘʥʜʳʨʫʰʳ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ ᴅʜʽʩʽ  

ɹʘʩʪʘʧץʳ ɹɸʋ-ɸ (ɸʉ) ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ (ɸʉm) ʞᴅʥʝ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-

7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʜʘסʳ ʤʝʪʘʣʣ 

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ CCD Morada (OLYMPUS) ʩʘʥʜʳץ 

ʬʦʪʦʢʘʤʝʨʘʩʳ ʙʘʨ ʞʘʨʳץʪʘʥʜʳʨʫʰʳ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ ᴅʜʽʩʽʤʝʥ 

(ʇʕʄ) JEM 1400 (JEOL, ɾʘʧʦʥʠʷ) ʟʝʨʪʪʝʣʜʽ. ɿʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫ 

ʢʝʣʝʩʽ ʩʘʪʳʣʘʨʜʳ ץʘʤʪʠʜʳ: װʣʛʽʣʝʨʜʽ ʘʛʘʪ ʢʝʣʽʜʝ ײʥʪʘץʪʘʧ, ʦʥʳש ʵʪʠʣ 

ʩʧʠʨʪʽʥʜʝʛʽ ʩʫʩʧʝʥʟʠʷʩʳʥ 44 ʢɻʮ ʞʠʽʣʽʢʪʝ Y3DH-2T ʫʣʴʪʨʘʜʳʙʳʩʪʳ 

ʜʠʩʧʝʨʛʘʪʦʨʤʝʥ ʜʠʩʧʝʨʛʽʣʝʧ, ʩʪʘʥʜʘʨʪ ʤʳʩ ʪʦʨʣʘʨסʘ ʧʝʨʝʬʦʨʮʠʷʣʘʧ, 

ʢᴇʤʽʨʪʝʢʪʽʢ ʞץײʘ ʪᴇʩʝʥʽʰ ץʘʙʳʨʰʳץʪʘʨסʘ ʙʝʢʽʪʝʜʽ, ʦʩʳ װʣʛʽʣʝʨ ʢʝʧʢʝʥ ʩʦש 

ʊʕʄ ʢʘʤʝʨʘʩʳʥʘ ʝʥʛʽʟʽʣʝʜʽ. ʊʕʄ ʬʦʪʦʩʫʨʝʪʽʥʜʝʛʽ 400 ʛʝ ʞʫʳץ ʤʝʪʘʣʣ 

ʙᴇʣʰʝʢʪʝʨʽ ᴇʣʰʝʤʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʞʦʣʤʝʥ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ, ʩʠʥʪʝʟʜʝʣʛʝʥ 

ʢʘʪʘʣʠʟʘʪʦʨ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪʘʨʘʣʳʤʳ ʞᴅʥʝ ʦʨʪʘʰʘ ᴇʣʰʝʤʽ ʘʥʳץʪʘʣʜʳ. 

2.8.6 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ (ʊɻɸ) ʘʥʘʣʠʟ ᴅʜʽʩʽ 

ɹʘʩʪʘʧץʳ ɹɸʋ-ɸ (ɸʉ) ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ (ɸʉm) ʞᴅʥʝ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-

7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ 

ʊɻɸ-ʜʘ STA449C (NETZSCH, ɻʝʨʤʘʥʠʷ) ץʦʥʜʳʨסʳʜʘ ʘʨʛʦʥ ץʘʪʳʩʳʥʜʘ 

ʘʥʘʣʠʟʜʝʥʜʽ. ʆʣ װʰʽʥ ʤʘʩʩʘʩʳ 7,5 ʤʛ װʣʛʽʥ ̔ ʘʣʶʤʠʥʠʡ ʪʠʛʝʣʴʛʝ ʩʘʣʳʧ, 

ʘʨʛʦʥʜʳ ʙʝʨʫ ʞʳʣʜʘʤʜʳסʳ 20ʤʣ/ʤʠʥ ʞʘסʜʘʡʳʥʜʘ, 300C ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ 

ʙʘʩʪʘʧ, ʘʪʘʣʤʳʰ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 15 ʤʠʥ ʙʦʡʳ ײʩʪʘʧ, 100C/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 

700oC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʘ ʜʝʡʽʥ ʢᴇʪʝʨʽʧ, ʟʝʨʪʪʝʡʜʽ. 

2.8.7 ʊᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʟʦʪ ʘʜʩʦʨʙʮʠʷʩʳ  

ɹʘʩʪʘʧץʳ ɹɸʋ-ɸ (ɸʉ) ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ (ɸʉm) ʞᴅʥʝ 

ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 5Pd/ACm, 3Pd-

7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʢʝʫʝʢʪʝʨʽʥʽײץ שʨʳʣʳʤʳ 

ʤʝʥ ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʘʟʦʪʪʳש ʪʝʨʤʦʜʝʩʦʨʙʮʠʷʩʳ ᴅʜʽʩʪʝʤʝʩʽʤʝʥ 

Autosorb-1 (Quantachrome Instruments) ʞᴅʥʝ ASAP-2020 (Micromeritics, ɸפʐ) 

 ʘץץʷʰʳײ ʤʛ ʙᴇʣʽʛʽ 200~ שʣʛʽʥʽװ ʰʽʥװ ʪʘʣʜʳ. ʆʣץʳʣʘʨʳʥʜʘ ʘʥʳסʨʳʣײץ

ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ʪײʨʘץʪʳ ʵʚʘʢʫʘʮʠʷʤʝʥ ~ 220-2500ʉ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ װʰ 

ʩʘסʘʪ ʙʦʡʳ ץʳʟʜʳʨʳʣʘʜʳ. תʣʛʽʥʽ ʪʘʟʘʣʘʫ (ʛʘʟʩʳʟʜʘʥʜʳʨʫ) ʧʨʦʮʝʜʫʨʘʩʳ 

ʘʷץʪʘʣסʘʥ ʩʦש ʪײʨʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (ʘʜʩʦʨʙʮʠʷ ʠʟʦʪʝʨʤʘʩʳ) V-ʥʳש p-ץʘ 

ʪᴅʫʝʣʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʘʜʩʦʨʙʝʥʪ (װʣʛʽ) 200 - 300Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʚʘʢʫʫʤʜʝ ʛʘʟʩʳʟʜʘʥʜʳʨʳʣʘʜʳ. ʄʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ ᴇʣʰʝʫ ɹʨʫʥʘʫʵʨ-

ʕʤʤʝʪ-ʊʝʣʣʝʨ (ɹʕʊ) ᴅʜʽʩʪʝʤʝʩʽʤʝʥ ʝʩʝʧʪʝʣʜ.̔ ʂʝʫʝʢʪʽש ʞʘʣʧʳ ʢᴇʣʝʤʽ ʤʝʥ 

ᴇʣʰʝʤʜʝʨʽ ʙʦʡʳʥʰʘ ʪʘʨʘʣʳʤʳʥ ʜʝʩʦʨʙʮʠʷʣʳץ ʠʟʦʪʝʨʤʘ ץʠʩʳץ ʩʳʟʳסʳ 

ʘʨץʳʣʳ ɹʘʨʨʝʪ-ɼʞʦʡʥʝʨ-ʍʘʣʝʥʜ (ɹɼʍ) ᴅʜʽʩʪʝʤʝʩʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʜʳ.  

ɹɼʍ ᴅʜʽʩʽ ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʢʝʫʝʢ ʢᴇʣʝʤʜʝʨʽʥʽש ʨʘʟʤʝʨʣʝʨʽ ʙʦʡʳʥʰʘ 

ʪʘʨʘʣʳʤʳʥʳש ʘʜʩʦʨʙʮʠʷʣʳץ ʞᴅʥʝ ʜʝʩʦʨʙʮʠʷʣʳץ ʠʟʦʪʝʨʤʘʩʳ ʙʦʡʳʥʰʘ 

 ʮʠʣʠʥʜʨ שʦʣʜʘʥʳʣʘʜʳ. ᴄʜʽʩ ʥʝʛʽʟʽʥʜʝ ʢʝʫʝʢʪʝʨʜʽץ ʰʽʥװ ʳʟʫסʨײʪʘʨʳʥ ʪץʠʩʳץ
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ʬʦʨʤʘʣʳ ʙʦʣʫʳ ʞᴅʥʝ ʢʝʫʝʢʪʝʨ ʨʘʜʠʫʩʪʘʨʳʥʳש ʤᴇʣʰʝʨʽ ʂʝʣʴʚʠʥ ʨʘʜʠʫʩʳ 

ʤʝʥ ʢʝʫʝʢʪʝʨ ץʘʙʳʨסʘʩʳʥʜʘסʳ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ץʘʙʳʨʰʳץʪʘʨ 

  .ʳʣʳ ʘʣʳʥʜʳץʘʨ ץʪʠʤʘʣʜʳʣʳץʜʝʛʝʥ ʳ שʦʩʳʥʜʳʩʳʥʘ ʪʝץ שʪʘʨʳʥʳץʜʳשʘʣʳץ

2.8.8 ʗʜʨʦʣʳץ ʤʘʛʥʠʪʪʽ ʨʝʟʦʥʘʥʩ (ʗʄʈ) ᴅʜʽʩʽ 

1H ʗʄʈ ʩʧʝʢʪʨʣʝʨʽ ʝʨʽʪʢʽʰʪʝʨʽ C6D6 (ʭʣʦʨʙʝʥʟʦʣ װʰʽʥ) ʞᴅʥʝ DMSO-D6 

(ʙʝʥʟʦʣ װʰʽʥ) 500 ʄɻʮ ʞײʤʳʩ ʞʠʽʣʽʛʽʤʝʥ Avance III 500 ʄɻʮ 

ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ (Bruker BioSpin, ɻʝʨʤʘʥʠʷ) ʪװʩʽʨʽʣʜʽ. 

2.8.9 ɻʘʟ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ʘʥʘʣʠʟ 

ʇʍɹ ʞᴅʥʝ ʭʣʦʨʙʝʥʟʦʣ ʠʜʝʥʪʠʬʠʢʘʮʠʷʩʳ Agilent 7890A/5975C ʛʘʟ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷʩʳʥʜʘ ʪᴇʨʪ ʧʦʣʶʩʪʽ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʜʝʪʝʢʪʦʨʳʤʝʥ (GC-MS) 

70 ʵɺ ʵʣʝʢʪʨʦʥ ʵʥʝʨʛʠʷʩʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. GC-MS ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʞײʤʳʩ 

ʨʝʞʠʤʽ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʙʦʣʜʳ: HP-5MS ʢʚʘʨʮ ʢʘʧʠʣʣʷʨʣʳץ ʢʦʣʦʥʢʘ (30ʤ x 0,25 

ʤʤ x 0, 25 ʤʢʤ); ʪʘʩʳʤʘʣʜʘʫʰʳ ʛʘʟ ʛʝʣʠʡ, ʘסʳʥʥʳש ʞʳʣʜʘʤʜʳסʳ 1:50 

ʙᴇʣʽʥʫʽʤʝʥ 1,0 ʩʤ3/ʤʠʥ ʪװʪʽʢ ʘʨץʳʣʳ ᴇʪʝʜ.̔ ʂʦʣʦʥʥʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ: 400C 

(ʵʢʩʧʦʟʠʮʠʷ 3 ʤʠʥ), ʦʣ 100C/ʤʠʥ-ʜʝʥ 290ÁC-ץʘ ʜʝʡʽʥ (30 ʤʠʥ) ץʦʡʳʣʜʳ, 

ʙʫʣʘʥʜʳʨסʳʰʪʳש, ʪᴇʨʪʧʦʣʶʩʪʽש ʞᴅʥʝ ᴇʪʧʝʣʽ ʢʘʤʝʨʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ 

ʩᴅʡʢʝʩʽʥʰʝ 230ÁC, 250ÁC, 150ÁC ʞᴅʥʝ 280ÁC ʙʦʣʜʳ.  
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3. ɿɽʈʊʊɽʋ ʅᴄʊʀɾɽʃɽʈɯ ɾᴄʅɽ ʆʃɸʈɼʓ ʊɸʃפʓʃɸʋ 

 

ɸʪʘʣʤʳʰ ʙᴇʣʽʤʜʝ ʙʘʩʪʘʧץʳ ɹɸʋ-ɸ (ɸʉ) ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ɹɸʋ-ɸ (ɸʉm) ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ 10Cu/ɸʉm, 10Ni/ACm, 

5Pd/ACm, 3Pd-7Cu/ACm, ʞᴅʥʝ 3Pd-7Ni/ACm ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʬʠʟʠʢʦ-

ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʽʧ, ʤʦʥʦ- ʞᴅʥʝ ʙʠʤʝʪʘʣʜʳץ ʛʝʪʝʨʦʛʝʥʜʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʇʍɹ ʤʝʥ ʤʦʜʝʣʴʜʽʢ ʭʣʦʨʙʝʥʟʦʣʜʳ ʜʝʛʠʜʨʦʭʣʦʨʣʘʫʜʘסʳ 

ʙʝʣʩʝʥʜʽʣʽʛʽ ʩʳʥʘʣʜʳ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʜʝʛʠʜʨʦʜʝʭʣʦʨʣʘʫ װʰʽʥ ײץʨʘʤʳʥʜʘ Pd ʤʘʩʩʘʣʳץ ʤᴇʣʰʝʨʽ ʘʟ ʞᴅʥʝ ʘʨʟʘʥסʘ 

ʪװʩʝʪʽʥ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʤʝʥ ʘʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʞװʡʝʣʝʨʜʽש ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨסʘ ʜʝʛʝʥ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

3.1 ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש ʪʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥʜʝʛʽ 

ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʘʨʘʣʫ ʘʡʤʘץʪʘʨʳ 

ʊʦʧʳʨʘץ ʧʝʥ ʩʫ ʰᴇʛʽʥʜʽ װʣʛʽʣʝʨʽʥʜʝʛʽ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʩʘʥʜʳץ 

ʪʘʨʘʣʫʳ 9-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʇʍɹ ʰʳסʘʪʳʥ ʢᴇʟʛʝ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ 

ʘʫʤʘץʪʘʨʜʘ (ᴆʂɿ ʘʫʜʘʥʳ) ʇʍɹ ʢʦʥʛʝʥʝʨʽʥʽש ʙʘʨʣʳץ ʪװʨʣʝʨʽ ʢʝʟʜʝʩʝʪʽʥʽʥ 9-

ʢʝʩʪʝʜʝʥ ʞᴅʥʝ 19-21-ʩʫʨʝʪʪʝʨʜʝʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ 

ʟʘʫʳʪʳ ʘʡʤʘסʳʥʘʥ ʘʣʳʥסʘʥ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽʥʜʝ Tʍɹ-ʥ rש ʤᴇʣʰʝʨʽ ʰʝʢʪʽ 

ʨʘʫʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʪʝʥ (ʐʈʂ) (ʐʈʂ 60 ʥʛ/ʢʛ) 4 ʝʩʝʛʝ ʜʝʡʽʥ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽ 

ʘʥʳץʪʘʣʜʳ (9-ʢʝʩʪʝ, 19-ʩʫʨʝʪ). ʊʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʢʝʰʝʥʽ ʤʝʥ ʵʥʝʨʛʝʪʠʢʘ 

ʩʝʢʪʦʨʳʥʜʘ ʊʍɹ ʤᴇʣʰʝʨʽ ʐʈʂ-ʪʝʥ 2 ʝʩʝ ʘʨʪʳץ ʝʢʝʥʜʽʛʽ ʙʘʡץʘʣʘʜʳ (9-ʢʝʩʪʝ 

ʞᴅʥʝ 20-ʩʫʨʝʪ). ɹײʣ ʥʝʛʽʟʽʥʝʥ ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʩʘʣʘʣʘʨʳʥʜʘ ᴅʣʽ ʜʝ ʇʍɹ 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ r ʤʝʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨʳʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʪʝʭʥʦʛʝʥʜʽʢ 

 .ʦʣʜʘʥʫ ʩʝʙʝʙʽʥʝʥ ʙʦʣʳʧ ʦʪʳʨץ ʪʘʨʜʳץʘʣʜʳץ

9 ʂʝʩʪʝ ï ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥʜʝʛʽ ʇʍɹ 

ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʩʘʥʜʳץ ʤᴇʣʰʝʨʽ  

 
 ̄  ʘʥסʣʛʽ ʘʣʳʥת

ʦʨʳʥ 

ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽ, ʥʛ/ʢʛ 
244'-

ʊʍɹ* 

22'55'-

ʊʝʪʨʘʍɹ* 

ʇʥʍɹ* ɻʢʍɹ* 22'344'55'-

ɻʧʍɹ* 22'455' 23'455' 23'44'5 22'44'55' 22'344'5' 

1 2 3 4 5 6 7 8 9 10 

ʊʦʧʳʨʘץ 

1 ᴆʂɿ ʘʡʤʘסʳ 243,248 135,578 - 25,981 22,311 20,374 19,765 28,955 

2 ᴆʂɿ ʩʫ 

 ʦʡʤʘʩʳץ

ʤʘשʳ 

180,846 26,135 - - - - - - 

3 ᴆʂɿ 

ʪײʨסʳʣʳץʪʳ 

ʘʫʜʘʥʳ 

47,424 46,182 3,0299 - - - - - 

4 ɸʫʳʣ 

ʰʘʨʫʘʰʳʣʳץ 

ʞʝʨʣʝʨʽ 

4,865 - - - - - - - 
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9-ʂʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

1 2 3 4 5 6 7 8 9 10 

 ץʘʣʘʣʳפ 5

 ץʘʣʜʳץ ʘʪʪʳץ

ʞʠʥʘץʪʘʣסʘʥ 

ʦʨʳʥ 

- - - - - 27,767 - - 

6 ʊʘʫ-

ʤʝʪʘʣʣʫʨʛʠʷʣ

ʳץ ʠ 

ʵʥʝʨʛʝʪʠʢʘ 

ʩʘʣʘʩʳ 

112,616 62,897 3,124 - - - - - 

ʉʫ ʰᴇʛʽʥʜʽʩʽ 

7 ᴆʂɿ 

ʘʫʤʘסʳʥʜʘסʳ 

ɽʨʪʽʩ ᴇʟʝʥʽ 

198,688 - - - - - - - 

8 ʉʫ ʢʘʥʘʣʳ - 
*ʊʍɹ ï װ ʭhʣʦʨʙʠʬʝʥʠʣ; *ʊʝʪʨʘʍɹ ï ʪʝʪʨʘʭʣʦʨʙʠʬʝʥʠʣ; *ʇʥʍɹ ï ʧʝʥʪʘʭʣʦʨʙʠʬʝʥʠʣ; *ɻʢʍɹ ï 

ʛʝʢʩʘʭʣʦʨʙʠʬʝʥʠʣ; *ɻʧʍɹ ï ʛʝʧʪʘʭʣʦʨʙʠʬʝʥʠʣ 

 

 
 

19 Cʫʨʝʪ ï ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש ᴆKɿ ʘʫʤʘסʳʥʘʥ ʘʣʳʥסʘʥ ʪʦʧʳʨʘץ 

 ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ שʣʛʽʣʝʨʽʥʽװ
 

ʊʦʧʳʨʘץʪʳש ʣʘʩʪʘʥʫʳʥʳש ʝש ʞʦסʘʨʳ ʜʝשʛʝʡʽ ᴆʂɿ ʩʫ ץʦʡʤʘʩʳ ʤʘשʳʥʘʥ 

ʘʣʳʥסʘʥ װʣʛʽʜʝ ʘʥʳץʪʘʣʜʳ. ʆʥʜʘסʳ ʊʍɹ ʤᴇʣʰʝʨʽ ʐʈʂ-ʪʝʥ 3 ʝʩʝ ʘʨʪʳץ 

ʝʢʝʥʜʽʛʽ ʙʝʣʛʽʣʽ ʙʦʣʜʳ (9-ʢʝʩʪʝ, 21-ʩʫʨʝʪ). ɹײʣ ᴆʂɿ ʩʫ ץʦʡʤʘʩʳʥʜʘ ʢᴇʤʽʣʛʝʥ 

ʇʍɹ-ʥʳ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫ ʰʘʨʘʣʘʨʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʝʢʽʥʰʽʣʽʢ ʣʘʩʪʘʥʫʜʳש 

ʪʦʣʳץץʘʥʜʳ ʞװʨʽʧ ʞʘʪץʘʥʳʥʘʥ ʭʘʙʘʨʜʘʨ ʝʪʝʜʽ. 

ʃʘʩʪʘʥʫʜʳש ʥʝʛʽʟʛʽ ʩʝʙʝʙʽ ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳʥʜʘ ʇʍɹ 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ r ʤʝʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʣʘʨ r ᴇʥʜʽʨʽʩʽʥʽש ʢᴇʧ ʞʳʣʜʳץ 

ʞײʤʳʩʳʥʳש ʩʘʣʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʣʘʡʜʘ, 2009 ʞʳʣʳ ʞװʨʛʽʟʽʣʛʝʥ 

 ʳ ʇʍɹסʪʘץʘʥʜʘ [36] ʪʦʧʳʨʘסʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨ שʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʽס

ʤᴇʣʰʝʨʽʥʽש ʪᴇʤʝʥʜʝʫ ʪʝʥʜʝʥʮʠʷʩʳ ʙʘʡץʘʣʘʜʳ. ɹײʣ ᴆʂɿ ʘʫʤʘסʳʥʘʥ ʇʍɹ 
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ʥʝʛʽʟʽʥʜʝʛʽ ʪײʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘסʳʰʪʘʨʜʳש ʢᴇʤʽʣʛʝʥʽʥʝ 30 ʞʳʣסʘ 

ʞʫʳץ ʫʘץʳʪ ʽʰʽʥʜʝ ʦʣʘʨʜʳש ʪʘʩʳʤʘʣʜʘʥʫʳʤʝʥ ʜʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ᴆʩʢʝʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʫʳʪʳ ʘʫʤʘסʳʥʜʘסʳ ʪʦʧʳʨʘץʪʘסʳ ʊʍɹ ʤᴇʣʰʝʨʽ 

243,248 ʥʛ/ʢʛ ʜʝשʛʝʡʽʥʜʝ ʞᴅʥʝ ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʩʘʧʘʣʳײץ ץʨʘʤʳ ᴅʨʪװʨʣʽ 

ʞᴅʥʝ 3-ʪʝʥ 7-ʛʝ ʜʝʡʽʥ ʭʣʦʨ ʘʪʦʤʳʥ ץʘʤʪʠʜʳ. 

ɸʣʳʥסʘʥ ʭʨʦʤʘʪʦʛʨʘʤʤʘʣʘʨסʘ ʩᴅʡʢʝʩ, ʙʘʨʣʳץ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽʥʜʝ 

ʊʍɹ, ʪʝʪʨʘʍɹ ʞᴅʥʝ ʇʥʍɹ ʙʘʩʳʤ ʝʢʝʥʜʽʛʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ (19-21-ʩʫʨʝʪʪʝʨ).  

 

 
 

20 Cʫʨʝʪ ï ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש ʪʘʫ-ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʠ ʵʥʝʨʛʝʪʠʢʘ 

ʩʘʣʘʩʳ ʘʫʤʘסʳʥʘʥ ʘʣʳʥסʘʥ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽʥʽש ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 

 

 

21 Cʫʨʝʪ ï ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש ᴆʂɿ ʩʫ ץʦʡʤʘʩʳ ʘʫʤʘסʳʥʘʥ ʘʣʳʥסʘʥ 

ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽʥ ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 

 

ʃʘʩʪʘʥʫ ʦʰʘסʳʥʘ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ ʝʣʜʽ-ʤʝʢʝʥʜʝʨʜʝ ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥʫ 

ʜʝשʛʝʡʽ ʞʦסʘʨʳ ʝʤʝʩ ʝʢʝʥʜʽʛʽ ʙʘʡץʘʣʘʜʳ (9-ʢʝʩʪʝ). ʂʦʥʪʘʤʠʥʘʮʠʷʣʘʥסʘʥ 

 ,ʪʘʣʜʳ. ɼʝʛʝʥʤʝʥץʣʛʽʣʝʨʜʝ Tʍɹ, ʊʝʪʨʘʍɹ ʞᴅʥʝ ʇʥʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽ ʘʥʳװ

ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ʘʡʤʘץץʘ ʞʘץʳʥ ʪײʨʫ ʊʆʃ-ʜr  ʘʜʘʤ ʙʠʦʪʽʥʜʝʨʽʥʝ ש

ʞʠʥʘʣʫʳʥʘ ᴅʢʝʣʝʪʽʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ [51]. 
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ᴆʂɿ ʤʘשʳ ɽʨʪʽʩ ᴇʟʝʥʽʥʝʥ ʘʣʳʥסʘʥ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽʥʜʝ 2,4,4'-

ʪʨʠʭʣʦʨʦʙʠʬʝʥʠʣʜʽ198,688 ש ʥʛ/ʢʛ ʤᴇʣʰʝʨʽ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʊʍɹ װʰʽʥ ʐʈʂ-

ʪʝʥ 3 ʝʩʝ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ (9-ʢʝʩʪʝ, 22-ʩʫʨʝʪ). ʅʝʛʽʟʽʥʝʥ ʊʍɹ ʩʫʜʘ 

ʥʘʰʘʨ ʝʨʠʪʽʥʜʽʢʪʝʥ, ʦʣʘʨ ʪʘʙʠסʠ ʞᴅʥʝ ʞʘʩʘʥʜʳ ʘʢʚʘʪʦʨʠʷʥʳש ʰᴇʛʽʥʜʽʣʝʨʽʥʝ 

ʞʠʥʘץʪʘʣʫסʘ ʙʝʡʽʤ. ʉʫ ʰᴇʛʽʥʜʽʣʝʨ ̔װʣʛʽʣʝʨʽʥʜʝ Tʍɹ-ʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥʽש 

ʩʝʙʝʙʽ ʦʩʳ װʨʜʽʩʧʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

 

 

22 ʉʫʨʝʪ ï ᴆʂɿ ʘʫʤʘסʳʥʜʘסʳ ɽʨʪʽʩ ᴇʟʝʥʽʥʝʥ ʘʣʳʥסʘʥ ʩʫ ʰᴇʛʽʥʜʽʩʽʥʽש 

ʭʨʦʤʘʪʦʛʨʘʤʤʘʩ r

 

ʇʍɹ-ʥʳש ʞʦסʘʨʳ ʤᴇʣʰʝʨʜʝʛʽ ʢʦʥʛʝʥʝʨʣʝʨʽ ʘʥʳץʪʘʣסʘʥ ᴆʩʢʝʤʝʥ 

 ʳסʳʥʜʘשʦʡʤʘʩʳ ʤʘץ ʘʨʘʩʪʳ ʩʫץ ʘץʳ ʤʝʥ ʘʪʘʣʤʳʰ ʟʘʫʳʪסʘʣʘʩʳ ᴆʂɿ ʘʡʤʘץ

ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʪʘʨʘʣʫʳʥ ʙʝʡʥʝʣʝʡʪʽʥ ʢʘʨʪʘʣʘʨ ᴅʟʽʨʣʝʥʜʽ (23-24 

ʩʫʨʝʪʪʝʨ). 

 

 

23-ʩʫʨʝʪ - ᴆʩʢʝʤʝʥ ᴆʂɿ ʘʫʜʘʥʳʥʜʘסʳ ʇʍɹ ʢʦʥʛʝʥʝʨʽʥʽש ʪʘʨʘʣʫ ʢʘʨʪʘʩʳ 
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24 Cʫʨʝʪ ï ᴆʩʢʝʤʝʥ ᴆʂɿ ʩʫ ץʦʡʤʘʩ rʘʫʜʘʥʳʥʜʘסʳ ʇʍɹ ʢʦʥʛʝʥʝʨʽʥʽש ʪʘʨʘʣʫ 

ʢʘʨʪʘʩʳ 

 

3.1 ʙᴇʣʽʤʽ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 שʳʥʳסʘʣʘʩʳ ɸʙʣʘʢʝʪʢʘ ʘʫʜʘʥʳ ᴆʂɿ ʘʡʤʘץ ʦʨʳʪʘ ʢʝʣʛʝʥʜʝ, ᴆʩʢʝʤʝʥפ

ʪʦʧʳʨʘץ ץʘʙʘʪʳ ʤʝʥ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽʥʽש ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽ ʘʥʳץʪʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʇʍɹ ʢʦʥʛʝʥʝʨʽʥʽש ʢʦʥʜʝʥʩʘʪʦʨ ʤʝʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʤʘʡʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʊʍɹ-ʥʳש ʩʘʥʜʳץ ʤᴇʣʰʝʨʽ ʙʘʩʳʤ ʝʢʝʥʜʽʛʽ 

ʘʥʳץʪʘʣʳʧ, ʦʥʳש ʤᴅʥʽ 4,865-243,248 ʥʛ/ʢʛ ʘʨʘʣʳסʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥʽ ʙʝʣʛʽʣʽ 

ʙʦʣʜʳ. ʉᴅʡʢʝʩʽʥʰʝ ʊʍɹ-ʥʳש ʐʈʂ-ʪʝʥ ʪʘʫ-ʤʝʪʘʣʣʫʨʛʠʷ ʞᴅʥʝ ʵʥʝʨʛʝʪʠʢʘ 

ʩʘʣʘʩʳ ʘʡʤʘסʳʥʜʘ 2 ʝʩʝ, ᴆʂɿ ʩʫ ץʦʡʤʘʩʳ ʤʘשʳʥʜʘסʳ ʪʦʧʳʨʘץ ץʘʙʘʪʳʥʜʘ 3 

ʝʩʝ, ᴆʂɿ ʟʘʫʳʪʳ ʤʘשʘʡʳʥʜʘ 4 ʝʩʝ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽ ʘʡץʳʥ ʙʦʣʜʳ. ɹײʣ, 

ʘʪʘʣʤʳʰ ʘʡʤʘץʪʳש ʣʘʩʪʘʥʫ ʜʝשʛʝʡʽ ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳ ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ײץʨʘʤʳʥʜʘ ʇʍɹ ʙʘʨ ʤʘʪʝʨʠʘʣʜʘʨʘסʳ ʐʈʂ ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘʥ ʘʩʳʧ ʪװʩʝʪʽʥʽʥ, ʦʥʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʰʘʨʘʣʘʨʳʥ ʫʘץʳʪ 

ʦʟʜʳʨʤʘʡ ʞװʟʝʛʝ ʘʩʳʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʽʧ ʦʪʳʨ. ʉʝʙʝʙʽ, ʊʆʃ-סʘ ʞʘʪʘʪʳʥ 

ʇʍɹ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʘʫʘ, ʪʦʧʳʨʘץ ʙᴇʣʰʝʢʪʝʨʽ, ʞᴅʥʝ ʩʫ ʘʨץʳʣʳ ʪʘʨʘʣʫʳ, 

ʦʣʘʨʜʳש ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʞᴅʥʝ ʨʝʢʨʝʘʮʠʷʣʳץ ʟʦʥʘʣʘʨסʘ ʤʠʛʨʘʮʠʷʣʘʥʫʳʥʘ 

ʞʦʣ ʙʝʨʽʧ, ʇʍɹ-ʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘ ʥʳʩʘʥʜʘʨʳʥʜʘ ʞʠʥʘץʪʘʣʳʧ, ʪʘסʘʤʜʳץ 

ʪʽʟʙʝʢ ʘʨץʳʣʳ ʘʜʘʤ ʘסʟʘʩʳʥʘ ʞʠʥʘץʪʘʣʫʳʥʳץ שʘʫʽʧʪʽ ʜʝשʛʝʡʽʥʝ ʞʦʣ ʙʝʨʝʜʽ. 

ʆʩʳ ʦʨʘʡʜʘ, ʇʍɹ ʢʦʥʛʝʥʝʨʣʝʨʽʥʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽ ʞʠʥʘץʪʘʣסʘʥ ʢʘʨʪʘ 

ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳש ʇʍɹ-ʤʝʥ ʣʘʩʪʘʥסʘʥ ץʘʫʽʧʪʽ ʘʫʤʘץʪʘʨʳʥ ʥʘץʪʳʣʘʧ, 

ʘʪʘʣʤʳʰ ʞʝʨʣʝʨʛʝ ʩʝʨʫʝʥʜʝʫ, ʞװʨʫ ʩʝʢʽʣʜʽ ʰʘʨʘʣʘʨʜʳ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ.  

ᴆʂɿ ʪײʨסʳʣʳץʪʳ ʘʡʤʘסʳ ʤʝʥ ʘʫʳʣ-ʰʘʨʫʘʰʳʣʳץ ʞʝʨʜʝ ʜʝ ʊʍɹ 

ʢʝʟʜʝʩʢʝʥʽʤʝʥ, ʦʥʳש ʢᴇʨʩʝʪʢʽʰʽ ʐʈʂ-ʪʝʥ ʘʩʧʘʡʪʳʥʳ ʪʽʨʢʝʣʜʽ. ᴆʂɿ ʟʘʫʳʪʳ 

ʤʘשʳʥʜʘ ʇʍɹ-ʥʳש ʭʣʦʨʜʳ3 ש ʘʪʦʤʜʳץ ʪװʨʽʥʝʥ ʙʘʩʪʘʧ, 7 ʘʪʦʤ ʢʦʥʛʝʥʝʨʣʝʨʽ 

ʜʝ ʢʝʟʝʜʝʩʝʪʽʥʽ ʙʝʣʛʽʣʽ ʙʦʣʜʳ. ɸʣʘʡʜʘ ʦʣʘʨʜʳש ʤᴅʥʽ ʐʈʂ-ʪʝʥ ʞʦסʘʨʳ ʝʤʝʩ. 

ʉʫ ʰᴇʛʽʥʜʽʣʝʨʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʇʍɹ ʤᴇʣʰʝʨʽ ʦʥʳש ʐʈʂ-ʪʝʥ 3,3 ʝʩʝ 

ʞʦסʘʨʳ ʝʢʝʥʽʥ ʘʥʳץʪʘʧ, ʦʣʘʨʜʳש ʇʍɹ-ʥʳ ʘʢʢʫʤʫʣʷʮʠʷʣʘʡʪʳʥ ʥʝʛʽʟʛʽ ʢᴇʟ 

ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʇʍɹ-ʥʳש ʩʫ ʬʣʦʨʘʩʳ ʤʝʥ ʬʘʫʥʘʩʳʥʘ 

ʪʽʟʙʝʢʪʽʢ ʜʝשʛʝʡʜʝ ʘʫʳʩʘʪʳʥʜʳסʳʥʘ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʝʜʽ.  
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ʉʦʥʜʳץʪʘʥ ʇʍɹ-ʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘסʘ ʦʜʘʥ ᴅʨʽ ʪʘʨʘʣʫ ץʘʫʧʽʥ, ʩʦʥʜʘʡ-

ʘפ ץʘʟʘץʩʪʘʥʥʳש ʉʪʦʢʛʦʣʴʤ ʢʦʥʚʝʥʮʠʷʩʳ ʙʦʡʳʥʰʘ ʤʽʥʜʝʪʪʝʤʝʣʝʨʽʥ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ, ʇʍɹ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʢʝʟʜʝʩʝʪʽʥ ʘʫʤʘץʪʘʨסʘ װʥʝʤʽ 

ʵʢʦʘʥʘʣʠʪʠʢʘʣʳץ ʤʦʥʠʪʦʨʠʥʛ ʞʘʩʘʫ ʘʨץʳʣʳ ʣʘʩʪʘʥʫ ʜᴅʨʝʞʝʩʽʥ ʙʘסʘʣʘʫ 

ʞײʤʳʩʳʥ ʞװʨʛʽʟʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʇʍɹ-ʥ  rçʞʘʩʳʣè ᴅʜʽʩʧʝʥ 

ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʞײʤʳʩʳʥʳש ᴇʟʝʢʪʽ ʝʢʝʥʜʽʛʽʥ 

ʢᴇʨʩʝʪʝʜʽ.  

3.2 ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥʜʝʛʽ ʇʍɹ-ʥʳ ʙᴇʣʽʧ ʘʣʫʜʘ 

 ʪʘʫץʦʣʜʘʥʳʣʘʪʳʥ ʪʠʽʤʜʽ ʵʢʩʪʨʘʛʝʥʪʪʽ ʘʥʳץ

ʊʦʧʳʨʘץ ʞᴅʥʝ ʩʫ ʰᴇʛʽʥʜʽʣʝʨʽ װʣʛʽʣʝʨʽʥʜʝʛʽ ʇʍɹ-ʥʳ ʙᴇʣʽʧ ʘʣʫʜʘ 

 ʨʣʽ ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʽװʰʽʥ ᴅʨʪװ ʪʘʫץʦʣʜʘʥʳʣʘʪʳʥ ʪʠʽʤʜʽ ʵʢʩʪʨʘʛʝʥʪʪʽ ʘʥʳץ

 ʣʛʽʣʝʨʽ ʤʝʥ ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʡʳʥʘʥ ʇʍɹ-ʥʳ ʙᴇʣʽʧ ʘʣʫװ ץʦʣʜʘʥʳʧ, ʪʦʧʳʨʘץ

ʤװʤʢʽʥʰʽʣʽʛʽ ʟʝʨʪʪʝʣʜʽ (25-26 ʩʫʨʝʪʪʝʨ). ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʇʍɹ-ʥʳ 

ʪʦʧʳʨʘץʪʘʥ ʜʘ, ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʡʳʥʘʥ ʜʘ ʪʦʣʳץ ʙᴇʣʽʧ ʘʣʫ װʰʽʥ ʪʠʽʤʜʽ 

ʵʢʩʪʨʘʛʝʥʪ 1:4 ץʘʪʳʥʘʩʳʥʜʘסʳ ɼʄʉʆ:ʛʝʢʩʘʥ ץʦʩʧʘʩʳ ʝʢʝʥʽʥ ʘʥʳץʪʘʜʳ (10-

ʢʝʩʪʝ). ʕʢʩʪʨʘʢʮʠʷ ʜᴅʨʝʞʝʩʽ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʫʘץʳʪʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ʪᴅʫʝʣʜʽ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʢᴇʧʪʝʛʝʥ ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʝ ʪʝʧʝ-ʪʝשʜʽʢ 3,5 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ סʘʥʘ 

ʦʨʥʘʜʳ. ɹʝʥʟʦʣʤʝʥ ʵʢʩʪʨʘʢʮʠʷʣʘʫסʘ ʢᴇʧ ʫʘץʳʪ ʞײʤʩʘʣסʘʥʳʤʝʥ 

ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʜᴅʨʝʞʝʩʽ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽ ʙʘʡץʘʣʘʜʳ (25-26-ʩʫʨʝʪʪʝʨ). פʘʣסʘʥ 

ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʽש ʇʍɹ-ʥʳ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽ 71-94% ʘʨʘʣʳסʳʥʜʘסʳ 

ʢᴇʨʩʝʪʢʽʰʢʝ ʠʝ ʙʦʣʘʪʳʥʜʳסʳʥ ʘʥʳץʪʘʜʳ.  

10-ʢʝʩʪʝ ï ᴄʨ ʪװʨʣʽ ʵʢʩʪʨʘʛʝʥʪʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʪʦʧʳʨʘץ ʞᴅʥʝ ʢʦʥʜʝʥʩʘʪʦʨ 

ʤʘʡʳʥʘʥ ʘʣʳʥסʘʥ ʇʍɹ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

 ʨʽ ʞᴅʥʝ ʇʍɹ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳװʣʛʽ ʕʢʩʪʨʘʛʝʥʪʪʝʨ ʪת

ɻʝʢʩʘʥ ɹʝʥʟʦʣ ɼʄʉʆ ɼʄʉʆ:ʛʝʢʩʘʥ 

1:4 1:2 

ʊʦʧʨʘץ, ʥʛ/ʢʛ (ᴆʂɿ ʘʡʤʘסʳ) 1133,2 1335,9 1256,1 1365,9 885,4 

ʂʦʥʜʝʥʩʘʪʦʨ ʤʘʡʳ (ʂʄ -1), ʥʛ/ʤʣ 1034,1 1190,2 997,8 1046,1 986,1 

 

 
ʉʫʨʝʪ 25 ï ᴄʨ ʪװʨʣʽ ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʽש ʪʦʧʳʨʘץʪʘʥ ʇʍɹ-ʥ  rʙᴇʣʽʧ ʘʣʫ 

ʜᴅʨʝʞʝʩʽ 
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Cʫʨʝʪ 26 ï ᴄʨ ʪװʨʣʽ ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʽש ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʡʳʥʘʥ ʇʍɹ-ʥ  r

ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽ 

 

3.2 ɹᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɸʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʝʥ ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʽש ʞᴅʥʝ ʦʣʘʨʜʳץ שʦʩʧʘʣʘʨʳʥʳש 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞʘסʜʘʡʣʘʨʜʘ ʪʦʧʳʨʘץʪʘʥ ʞᴅʥʝ ʰᴇʛʽʥʜʽʣʝʨʽʥʝʥ ʇʍɹ ʘʣʫʜʳש 

ʢʣʘʩʩʠʢʘʣʳץ ʥײʩץʘʩʳʥʘʥ ʢʝʤ ʪװʩʧʝʡʪʽʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ʉʦʢʩʣʝʪ 

ʵʢʩʪʨʘʢʮʠʷʩʳ װʣʛʽʣʝʨʜʝʥ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ץʘʪʪʳ װʣʛʽʣʝʨʜʝʥ ʦʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʘʨʜʳש ʪʦʣʳץ ʵʢʩʪʨʘʢʮʠʷʩʳʥʘ ᴅʢʝʣʝʪʽʥʽʥ ʝʩʢʝʨʩʝʢ, ʦʥʜʘ ᴅʟʽʨʣʝʥʛʝʥ 

ʵʢʩʪʨʘʛʝʥʪʪʝʨʜʽ ʭʠʤʠʷʣʳץ ʤʦʥʠʪʦʨʠʥʛʪʽש ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ᴅʨʪװʨʣʽ װʣʛʽʣʝʨʜʽ 

ʪʘʣʜʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. ʇʍɹ-ʥʳ ץʦʨʰʘסʘʥ ʦʨʪʘ װʣʛʽʣʝʨʽʥʝ ʙᴇʣʽʧ 

ʘʣʫʜʘ ʪʠʽʤʜʽ ʵʢʩʪʨʘʛʝʥʪ 1:4 ץʘʪʳʥʘʩʳʥʜʘסʳ ɼʄʉʆ:ʛʝʢʩʘʥ ץʦʩʧʘʩʳ ʝʢʝʥʽ 

ʘʥʳץʪʘʣʜʳ. 

 

3.3 ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢϺʤʽʨʜʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʜʳϬ ʪʠʽʤʜʽ 

ʨʝʘʛʝʥʪʽʥ ʘʥʳϨʪʘʫ 

ʊʘʫʘʨʣʳץ ɹɸʋ-ɸ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʽʥ ʭʠʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

 ,ʳʣʜʘʨʳץʳʰץ ʢʽʨʪ ʞᴅʥʝ ʩʽʨʢʝװʟ, ʬʦʩʬʦʨ, ʘʟʦʪ, ʢײʰʽʥ ʨʝʘʛʝʥʪ ʨʝʪʽʥʜʝ ʪװ

ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ, ʩʫʪʝʛʽ ʧʝʨʦʢʩʠʜʽ ץʦʣʜʘʥʳʣʳʧ, 90Áʉ ʪʝʤʧʝʨʘʪʫʨʘ 

ʞʘסʜʘʡʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʫʰʳ ʨʝʘʛʝʥʪʪʝʨ 

ʪʦʪʳץʪʳʨסʳʰ ʞᴅʥʝ ʩʫʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʽʧ, ʧʠʨʦʣʠʪʠʢʘʣʳץ 

ʳʜʳʨʘʫסʘ ʞʦʣ ʙʝʨʽʧ, ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ ʢʝשʝʡʛʝʥ ʞᴅʥʝ ʰʳסʳʤʳ ʞʦסʘʨʳ 

ʢᴇʤʽʨʪʝʛʽ ʘʣʳʥʳʧ, ʦʥʳײץ שʨʳʣʳʤʳ ʞʘץʩʘʨʪʳʣʘʜʳ.  

ʀϧ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ϸʜʽʩʽ 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʢᴇʤʽʨʜʽ500-4000 שʩʤ-1 ʞʠʽʣʽʢ ײʟʳʥʜʳסʳʥʜʘ ʀʂ ï ʩʧʝʢʪʨʽ ʘʣʳʥʜʳ (27 ï ʩʫʨʝʪ, 

11-ʢʝʩʪʝ). ʉʫʨʝʪʪʝʥ ʙʘʩʪʘʧץʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ɹɸʋ-ɸ ʢᴇʤʽʨʽʥʽש (ɸʉ) ʀפ-

ʩʧʝʢʪʨʣʝʨʽʥʽ2904-1053 שʩʤ-1 ʘʫʤʘסʳʥʜʘ C-H ʙʘʡʣʘʥʳʩʳʥʳש ʚʘʣʝʥʪʪʽʢ 

ʪʝʨʙʝʣʽʩʽ, OHïʪʦʙʳʥʘ ʪᴅʥ (3500ʩʤ-1, 1632ʩʤ-1) ʚʘʣʝʥʪʪʽʢ ʞᴅʥʝ ʜʝʬʦʨʤʘʮʠʷʣʳץ 

ʪʝʨʙʝʣʽʩʪʽש ᴅʣʩʽʟ ʞײʪʳʣʫ ʞʦʣʘץʪʘʨʳ ʙʘʡץʘʣʘʜʳ (27ʘ-ʩʫʨʝʪ). 

25 50 75 100 125 150 175 200 225 250 275 300 325
0

10

20

30

40

50

60

70

80

90

100

R
e
c
o

v
e
ry

,%

t,min

 DMSO

 Hexane

 D-He 1:4

 D-He 1:1

 Benzene



64 
 

 
ʉʫʨʝʪ 27ï ʀפ-ʩʧʝʢʪʨʣʝʨʽ: ʘ ï ʙʘʩʪʘʧץʳ ɸʉ; b ï ʪײʟ ץʳʰץʳʣʳʤʝʥ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʽ ACm  

 

ʊײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ 1713 ʩʤ-1, 1466 ʩʤ-1 ʪʦʣץʳʥ 

 ʢʘʨʙʦʥ שʘʥ ʰʳסʘʣץʧʘʡʜʘ ʙʦʣʜʳ. 1713 ʩʤ-1 ʙʘʡ שʳʥʜʘ ʝʢʽ ʰʳסʟʳʥʜʳײ

 .C=O ʚʘʣʝʥʪʪʽʢ ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʞʘʪʘʜʳ שʳʣʜʘʨʳ ʤʝʥ ʣʘʢʪʦʥ ʪʦʧʪʘʨʳʥʳץʳʰץ

1466 ʩʤ-1 ʞʦʣʘסʳ ʞʦסʘʨʳ ʢʦʥʲʶʛʘʮʠʷʣʘʥסʘʥ ʢʘʨʙʦʥʠʣʜʝʨʛʝ (ʭʠʥʦʥ ʪʦʧʪʘʨʳ) 

ʞᴅʥʝ ʘʨʦʤʘʪʪʳ ʩʘץʠʥʘʜʘסʳ C=C ʚʘʣʝʥʪʪʽʢ ʪʝʨʙʝʣʽʩʪʝʨʛʝ ʞʘʪʘʜʳ (27b-28 

ʩʫʨʝʪʪʝʨ). ɸʣʳʥסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʘʣʜʳסשʳ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. 

 
28-ʩʫʨʝʪ ï ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ACm ײץʨʳʣʳʤʜʳץ 

ʬʦʨʤʫʣʘʩʳʥʳש ʬʨʘʛʤʝʥʪʽ  

ʂʝʩʪʝ 11 ï ɹʘʩʪʘʧץʳ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɹɸʋ-ɸ ʢᴇʤʽʨʽʥʽש ʀפ-

ʩʧʝʢʪʨʽʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץ ʪʦʧʪʘʨʳ 

ʌʫʥʢʮʠʦʥʘʣʜʳʣʳץ ʪʦʧ ɾײʪʳʣʫ ʘʡʤʘץʪʘʨʳ (ʩʤ-1 ) 

1000ï1500 1500ï2050 2050ï3700 

ʉʧʠʨʪʪʝʨ 1049ï1276  3200ï3640 

CïOH  1000ï1220   

OïH 1160ï1200  2500ï3620 

ʂʘʨʙʦʥʘʪʪʘʨ; ʢʘʨʙʦʢʩʠʣ ʪʦʙʳ 1100ï1500 1590ï1600  

C=C ʘʨʦʤʘʪ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ  1585ï1600  

ʂʘʨʙʦʥ ץʳʰץʳʣʜʘʨʳ 1120ï1200 1665ï1760 2500ï3300 

ʃʘʢʪʦʥʜʘʨ 1160ï1370 1675ï1790  

CïH    2600ï3000 
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29-31-ʩʫʨʝʪʪʝʨʜʝ ᴅʨ ʪװʨʣʽ ʨʝʘʛʝʥʪʪʝʨʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽש ʀפ-ʩʧʝʢʪʨʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽש 

ʀפ-ʩʧʝʢʪʨʣʝʨʽ ʦʣʘʨʜʳש ʛʠʜʨʦʬʠʣʴʜʽʢ ʩʠʧʘʪʳʥ ʨʘʩʪʘʜʳ, ʦʣʘʨ ʩʧʠʨʪ ʞᴅʥʝ 

ʢʘʨʙʦʥ ץʳʰץʳʣʜʘʨʳʥ ʩʠʧʘʪʪʘʡʪʳʥ 3000-3600 ʩʤī1 ʘʡʤʘסʳʥʜʘ ʞʘʪץʘʥ ʢʝש 

ʞʦʣʘץʪʳ OH ʪʦʙʳʥʳש ʞײʪʳʣʫ ʩʧʝʢʪʨʣʝʨ̔ʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɾʘʣʧʳ, 1600-

1700 ʩʤī1 ʘʡʤʘסʳʥʜʘ ʜʝʬʦʨʤʘʮʠʷʣʳץ ʪʝʨʙʝʣʽʩʪʝʨ, 1750 ʩʤī1 ʜʝשʛʝʡʽʥʜʝ ʉ=ʆ 

ʪʝʨʙʝʣʽʩʽ ʙʘʡץʘʣʳʧ, ʣʘʢʪʦʥ ʪʦʧʪʘʨʳʥʘ ʩʘʡ ʢʝʣʝʜʽ. 900-1500 ʩʤ-1 ʘʡʤʘסʳʥʜʘ 

CïO ʩʠʧʘʪʪʘʡʪʳʥ ʰʳשʜʘʨʳ ʧʘʡʜʘ ʙʦʣʘʜ.r 1223 ʞᴅʥʝ 1060 ʩʤī1 ʩʠʛʥʘʣʜʘʨʳ 

ʩᴅʡʢʝʩʽʥʰʝ ʩʧʠʨʪ (CïOH) ʞᴅʥʝ ʵʧʦʢʩʠʜ (CïO-C) ʪʦʧʪʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

                
 

29 ʉʫʨʝʪ ï ʘ - H2O2 ʞᴅʥʝ ʙ - CH3COOH ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɸʉ-ʥʳש ʀפ-

ʩʧʝʢʪʨʣʝʨ̔  

  

 
30 ʉʫʨʝʪ  ï a - H3PO4; ʙ- HCl ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɸʉ-ʥʳש ʀפ-ʩʧʝʢʪʨʣʝʨʽ  

 

 ͊  ͋

ʘ 

 ͋
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31 ʉʫʨʝʪ ï ʘ  - NaOH  ʞᴅʥʝ ʙ - H2SO4 ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɸʉ-ʥʳש ʀפ-

ʩʧʝʢʪʨʣʝʨ̔  

 
ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʪײʟ ץʳʰץʳʣʜʘʨʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ, ʦʥʳש 

ʠʦʥʜʘʨʜr ץʳ Ca, Mg, ʂ ʩʝʢʽʣʜʽ ʤʠʥʝʨʘʣʜʘʨʜʳסʨʘʤʳʥʜʘײץ  ʞʦʡʳʧ, ʢʘʨʙʦʢʩʠʣ 

ʪʦʧʪʘʨʳ ʩʘʥʳʥʳש ʢᴇʙʝʶʽʥʝ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʽʧ, ʩᴅʡʢʝʩʽʥʰʝ ʧʦʣʷʨʣʳʣʳʣʳץʪʳ 

ʞʦסʘʨʳʣʘʪʘʜʳ. ɾʘʣʧʳ ʘʣסʘʥʜʘ ץʳʰץʳʣʜʳץ ʤʦʜʠʬʠʢʘʮʠʷ ʢᴇʤʽʨʜʽש ʙʝʪʪʽש 

ʪʘʙʠסʘʪʳ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽʥ ʘʟʜʘסʘʥ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʪץʘʥʳʤʝʥ, ʦʥʳש 

ʙʘʩʪʘʧץʳ ײץʨʳʣʳʤʳʥ ʩʘץʪʘʡʜʳ.  

ɿʝʨʪʪʝʣʛʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʰʳ ʘʛʝʥʪʪʝʨʜʽש ʽʰʽʥʜʝ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʢᴇʤʽʨʜʽײץ שʨʳʣʳʤʳʥ, ʢʝʫʝʢʪʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʫʳʥʘ ʪײʟ ץʳʰץʳʣʳ 

ʪʘשʜʘʧ ʘʣʳʥʳʧ, ʟʝʨʪʪʝʫʜʽש ʢʝʣʝʩʽ ʙᴇʣʽʤʜʝʨʽʥʜʝ ʪʝʢ ʘʪʘʣʤʳʰ ץʳʰץʳʣ ʪװʨʽ 

  .ʦʣʜʘʥʳʣʜʳץ

XRD ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʷʣʳϨ ʪʘʣʜʘʫ 

XRD ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫ ï ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʽ, ʢʨʠʩʪʘʣʜʳ 

ʞᴅʥʝ ʘʤʦʨʬʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʬʘʟʘʣʳץ ʟʝʨʪʪʝʫʜʝʛʽ ʩʝʥʽʤʜʽ ᴅʜʽʩ. ɿʝʨʪʪʝʫʜʝ 

ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɸʉ ʤʝʥ ɸʉm 

ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝ ʙʦʡʳʥʰʘ 

ʙʘʩʪʘʧץʳ ɸʉ ʥʝʛʽʟʽʥʝʥ ʽʰʢʽ ʙʝʪʽʥʽש ʘʫʜʘʥʳ װʣʢʝʥ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ᴇʣʰʝʤʜʝʛʽ 

ʢʝʫʝʢʪʝʨʽ ʙʘʨ ʘʤʦʨʬʪʳ ץʘʪʪʳ ʜʝʥʝ. ɹʘʩʪʘʧץʳ ɸʉ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ɸʉm ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʥᴅʪʠʞʝʩʽ ץײʩʘʩ ʢᴇʨʽʥʽʩʢʝ ʠʝ ʝʢʝʥʽʥ ʢᴇʨʫʛʝ 

ʙʦʣʘʜʳ (32ʘ ʞᴅʥʝ 32b-ʩʫʨʝʪʪʝʨ). ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ʘʤʦʨʬʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɸʣʳʥסʘʥ ʙʘʩʪʘʧץʳ ɸʉ-ʥʳש ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʝ 

ʩᴅʡʢʝʩ 2ɗ - 23Á (002), 29Á (204), 43Á (101) ʞᴅʥʝ 50Á (151) ɸʉ-ʥʳש ʘʤʦʨʬʪʳ 

ʨʝʪʩʽʟ ײץʨʳʣʳʤʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ (32ʘ-ʩʫʨʝʪ, 12-ʢʝʩʪʝ). ɿʝʨʪʪʝʫʜʝʥ ʙʘʡץʘʣʳʧ 

ʪײʨסʘʥʜʘʡ, 23 ʞᴅʥʝ 43 ʜʠʬʨʘʢʮʠʷʣʳץ ʰʳשʜʘʨ ʦʨʳʥ ʘʣסʘʥ. ɹײʣ ʢʨʠʩʪʘʣʜʳץ 

ʜᴅʨʝʞʝʩʽ ʞʘסʳʥʘʥ ʢʨʠʩʪʘʣʜʳץ ʛʨʘʬʠʪ ʧʝʥ ʘʤʦʨʬʪʳ ʢᴇʤʽʨʪʝʛʽ ʘʨʘʣʳסʳʥʘ ʩʘʡ 

ʢʝʣʽʧ, ʪʫʨʙʦʩʪʘʪʠʢʘʣʳץ, ʷסʥʠ ʨʝʪʩʽʟ ץʘʙʘʪʪʳ ʢᴇʤʽʨʪʝʛʽ ʬʦʨʤʘʩʳʥʘ ʩʘʡ ʢʝʣʝʜʽ. 

ɹײʣ ʘʣʜʳסשʳ ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʞʘץʩʳ ʩᴅʡʢʝʩʪʽʢʪʝ ʙʦʣʳʧ ʪײʨסʘʥʳʥ ʙʘʡץʘʫסʘ 

ʙʦʣʘʜʳ [155]. ɹʘʩʪʘʧץʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʛʝ C (002), C (101) ʤʦʥʦʢʣʠʥʜʽʢ 

ʢᴇʤʽʨʪʝʢʪʽ ʪʦʨ ʞᴅʥʝ ʉ-ʅ-ʆ (-204) ʞᴅʥʝ ʉ-ʅ-ʆ (151) ʄʠʣʣʝʨ ʠʥʜʝʢʩʪʝʨʽ ʪᴅʥ. 

ɸʣʘʡʜʘ ץʳʰץʳʣʜʳץ ʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ ץʘʨץʳʥʜʳʣʳ2 ץɗ ï 29Á ʞᴅʥʝ 43Á 

ʘʡʤʘץʪʘʨʳʥʜʘ ʪᴇʤʝʥʜʝʛʝʥʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ (32b-ʩʫʨʝʪ). ɹײʣ ʙʝʣʛʽʣʽ ʙʽʨ 
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ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ ʙʘʨ ʢʝʡʙʽʨ ʤʠʥʝʨʘʣʜʘʨʜʳש, ʘʪʘʧ ʘʡʪץʘʥʜʘ Na, Ca, Mg, 

ʂ ʘʟʘʡסʘʥʳʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. 2ɗ ɸʡʤʘסʳʥʜʘסʳ ʞʘʣʧʘץ ʰʳשʜʘʨʜʳש 

23,86Á (d-3,72), 44,08Á (d-2,07) ʞᴅʥʝ 51,45Á (d-1,77) ʙʦʣʫʳ, ʪײʟ ץʳʰץʳʣʜʳץ 

ʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ ACm ᴇʟʽʥʽש ʙʘʩʪʘʧץʳ ʘʤʦʨʬʪʳ ʢװʡʽʥ ʩʘץʪʘʡʪʳʥʜʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ (32b-ʩʫʨʝʪ, 13-ʢʝʩʪʝ). ɸʡʪʘ ʢʝʪʝʪʽʥ ʞʘʡʪ, 2ɗ ï 29Á (204) 

ʘʡʤʘסʳʥʜʘסʳ ʰʳשʥʳץ שʳʰץʳʣʜʳץ ʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ ʞʦסʘʣסʘʥʳʥ 

ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʪײʟ ץʳʰץʳʣʜʳץ ʤʦʜʠʬʠʢʘʮʠʷ ʬʦʩʬʘʪ ʧʝʥ 

ʧʦʣʠʬʦʩʬʘʪʪʳץ ʙʘʡʣʘʥʳʩʪʳ װʟʫʛʝ ץʘʪʳʩʘʜʳ ʜʝʧ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. ɹײʣ ᴇʟ 

ʢʝʟʝʛʽʥʜʝ ʬʦʩʬʘʪʪʘʨ ʤʝʥ ʧʦʣʠʬʦʩʬʘʪʪʘʨʜʳש ʪײʟ ץʳʰץʳʣʜʳץ ʳʜʳʨʘʫʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ [156]. 

ʂʝʩʪʝ 12 ï ɸʉ-ʥʳש ʬʘʟʘʣʳץ ʞᴅʥʝ d -ʘʪʦʤʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʞʘʟʳץʪʳץ 

ʘʨʘʣʳץ ץʘʰʳץʪʳץ ʤᴅʥʜʝʨʽ 

Pos. [Á2Th.] Height [cts] FWHM Left [Á2Th.] d-spacing [A] Rel. Int. [%] 

23.5119 3.85 0.0900 3.78073 3.35 

29.2944 18.45 0.5904 3.04879 16.06 

43.7044 26.91 0.3936 2.07122 23.43 

50.9856 15.81 0.7872 1.79122 13.76 

 

ʂʝʩʪʝ 13 ï ɸʉm ʬʘʟʘʣʳץ ʞᴅʥʝ d -ʘʪʦʤʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʞʘʟʳץʪʳץ ʘʨʘʣʳץ 

 ʤᴅʥʜʝʨʽ ץʪʳץʘʰʳץ

Pos. [Á2Th.] Height [cts] FWHM Left [Á2Th.] d-spacing [A] Rel. Int. [%] 

23.8687 1.96 0.0900 3.72502 1.59 

44.0859 2.68 0.0900 2.05248 2.17 

51.4593 1.75 0.0900 1.77437 1.42 

 

 

32 ʉʫʨʝʪ ï XRD ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫ ʘ - ʙʘʩʪʘʧץʳ ɸʉ; b - 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ɸʉm  

ɸʢʪʠʚʪʝʥʛʝʥ ʢᴇʤʽʨʜʽש ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫʳ ʪʠʧʪʽʢ ʘʤʦʨʬʪʳ 

ʢᴇʤʽʨʪʝʢʪʽש ʧʽʰʽʥʽʥ ʢᴇʨʩʝʪʝʪʽʥʽ 15~35 ʞᴅʥʝ 40 ~ 50 ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʢʝש 

ʘʩʠʤʤʝʪʨʠʷʣʳץ ʰʳשʜʘʨʜʳ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʙʦʣʞʘʤ 33 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽש ʩʢʘʥʝʨʣʝʥʛʝʥ ʤʠʢʨʦʩʫʨʝʪʪʝʨʽʥʽש ʢʝʩʢʽʥʜʝʨʽʥʝ ʩᴅʡʢʝʩ 
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ʢʝʣʝʜʽ. ɹײʣ ɹɸʋ-ɸ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽש ʰʳסʫ ʪʝʛʽ ʢᴇʤʽʨʪʝʢ 

ʤʘʪʝʨʠʘʣʳʥʘʥ ʝʢʝʥʽʥ ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ ʢʝʫʝʢʪʝʨʽ ʙʘʨ ʘʤʦʨʬʪʳ ʢᴇʤʽʨʪʝʢʪʽ 

ʢᴇʨʩʝʪʪʽ.  

ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳϨ ʤʠʢʨʦʩʢʦʧ 

ʕʥʝʨʛʠʷ ʜʠʩʧʝʨʩʠʷʣʳץ ʪʘʣʜʘʫʳ ʙʘʨ ʉʕʄ ʥᴅʪʠʞʝʣʝʨʽ 33-34 ʩʫʨʝʪʪʝʨʜʝ 

ʞᴅʥʝ 14-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. ɹʘʩʪʘʧץʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ (ɸʉ) ʜʠʩʧʝʨʩʪʽʢ 

ʞᴅʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ ʛʝʪʝʨʦʛʝʥʜʽ ʞᴅʥʝ ʢʘʧʠʣʣʷʨʣʳ-

ʪװʪʽʢʰʝʣʽ ײץʨʳʣʳʤסʘ ʠʝ (33ʘ-ʩʫʨʝʪ). ɹʘʩʪʘʧץʳ ɸʉ-ʥʳש ʢʝʡʙʽʨ ʬʨʘʛʤʝʥʪʪʝʨ ̔

ʙʝʪʽʥʜʝ ײʩʘץ ʘץ ʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ ʮʠʣʠʥʜʨʣʽʢ ʪʝʩʽʢʪʽ, ʝʣʝʫʽʰ ʪᴅʨʽʟʜʽ 

-ʨʳʣʳʤʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ (33b ʞᴅʥʝ 34ʘ-ʩʫʨʝʪʪʝʨ). ʂʝʫʝʢ ᴇʣʰʝʤʜʝʨʽ 1,517ײץ

10,97 ʤʢʤ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʳʧ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʙʽʨʜʝʡ ʧʽʰʽʥʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ (34a-ʩʫʨʝʪ). 

 ʘ   b 

33 ʉʫʨʝʪ ï ɹʘʩʪʘʧץʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽש ʉʕʄ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʣʘʨʳ 

ʘ b 

34 ʉʫʨʝʪ ï ɹʘʩʪʘʧץʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽש ʥɻʝʨʛʠʷ ʜʠʩʧʝʨʩʠʷʣʳץ ʪʘʣʜʘʫʳ 

ʤʝʥ ʉʕʄ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʩʳ  

ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨʜʽ ʪײʟ ץʳʰץʳʣʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʢᴇʤʽʨʪʝʢʪʽ 

ʤʘʪʝʨʠʘʣ ʤʦʨʬʦʣʦʛʠʷʩʳʥʳש ʰʘʤʘʣʳ ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʝʜʽ (35ʘ-ʩʫʨʝʪ). 

ʅᴅʪʠʞʝʩʽʥʜʝ ʢʝʡʙʽʨ ʬʨʘʛʤʝʥʪʪʝʨ ʩʘʥʳʥʳש ʘʟʘʶʳ ʙʘʡץʘʣʳʧ, ʪʦʨʣʳ-ʢʝʫʝʢʪʽ 

 ץʘʥʳʥ ʞᴅʥʝ ʢʝʫʝʢ ʙʝʪʽʥʜʝʛʽ ʘץʡʳʤʜʘʩײ ʨʜʝװʩʘʣʳʩʪʳʨʤʘʣʳ ʪ שʨʳʣʳʤʥʳײץ

ʙᴇʣʰʝʢʪʝʨʜʽש ʩʘʥʳʥʳש ʘʟʘʡסʘʥʳʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ʄʦʜʠʬʠʢʘʮʠʷ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʙʽʨʜʝʡ ᴇʣʰʝʤʜʝʛʽ ʜײʨʳʩ ʧʽʰʽʥʜʽ ʢʝʫʝʢ ʩʘʥʳʥʳש ʘʨʪץʘʥʳ ʙʝʣʛʽʣʽ 




