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ɸʅʓפʊɸʄɸʃɸʈ 

 

ʆʩʳ ʜʠʩʩʝʨʪʘʮʠʷʜʘ ʩᴅʡʢʝʩʽʥʰʝ ʘʥʳץʪʘʤʘʣʘʨʳ ʙʘʨ ʢʝʣʝʩʽʜʝʡ ʪʝʨʤʠʥʜʝʨ 

 :ʦʣʜʘʥʳʣʜʳץ

ʐʦץʪʘʥʫʰʳ ʨʘʟʨʷʜ ï ʛʘʟʜʳש ʘʪʤʦʩʬʝʨʘʣʳʢ rץ ʩʳʤʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

ʪᴇʤʝʥʜʝʪʽʣʛʝʥ ʞᴅʥʝ ʰʘʤʘʣʳ ʘʟ ʪʦʢ ʪʳסʳʟʜʳסʳʥʜʘסʳ ʢʘʪʦʜʪʳש ʪᴇʤʝʥʛʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʝʟʽʥʜʝʛʽ ᴇʟʜʽʢ ʛʘʟ ʨʘʟʨʷʜʳ. 

ʕʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜ ï ʞʘʙʳץ ʳʜʳʩʪʘ ʦʨʥʘʣʘʩץʘʥ ʩײʡʳץʪʳץ 

ʢᴇʣʝʤʽʥʽש ʽʰʽʥʜʝ ʘʨʥʘʡʳ ץʘʣʳʧʪʘʩץʘʥ ʠʤʧʫʣʴʩʪʽʢ ʵʣʝʢʪʨ ʨʘʟʨʷʜʳʥʳש ʞװʟʝʛʝ 

ʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨʛʠʷסʘ ʘʡʥʘʣʫʳ. 

ʌʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳײץ ץʙʳʣʳʩʪʘʨ ʢʝʰʝʥʽʤʝʥ ײʰʪʘʩʘʪʳʥ ʨʘʟʨʷʜ ʪװʟʽʣʫ 

ʘʡʤʘסʳʥʳש ʘʡʥʘʣʘʩʳʥʜʘ ᴇʪʝ ʞʦסʘʨʳ ʛʠʜʨʘʚʣʠʢʘʣʳץ ץʳʩʳʤʜʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʐʘʡʤʘʣʘʫ ï ץʘʪʪʳ ʤʘʪʝʨʠʘʣʜʳש ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ײץʨʘʤʜʘʩ 

ʙᴇʣʽʢʪʝʨʽʥʽש ᴅʜʝʪʪʝ ʩʫʣʳ ʝʨʽʪʽʥʜʽʛʝ ʘʫʳʩʫʳ ʞᴅʥʝ ʰʳסʘʨʳʣʫʳ. 

 .ʦʩʧʘʩʳץ שʪʳץʪʳץʡʳײʘʪʪʳ ʙᴇʣʰʝʢʪʝʨ ʤʝʥ ʩץ ʦʡʳʨʪʧʘ ïפ

ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʜʘ ץʦʡʳʨʪʧʘ ᴅʜʝʪʪʝ ʩʫʤʝʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ ʭʠʤʠʷʣʳץ 

ʟʘʪʪʘʨʤʝʥ ʘʨʘʣʘʩץʘʥ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʽש ʩʫʩʧʝʥʟʠʷʩʳ. 
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ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

ʕɻʀʈ ï ʕʣʝʢʪʨʛʠʜʨʦʠʩʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜ 

ɾɹʌ ï ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʩʳ 

 ʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʩʳסʘʨʘפ ɹʌ ïפ

ɹʌ ï ɹʘʡʳʪʫ ʬʘʙʨʠʢʘʩʳ 

ʉʕʄ ï ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ  

ʕɻʕ ï ʕʣʝʢʪʨʛʠʜʨʘʚʣʠʢʘʣʳץ ʵʬʬʝʢʪ 

ʀפ ï ʀʥʬʨʘץʳʟʳʣ  

 ץʡʳײʘʪʪʳ:ʩפ ʉ ï:פ

ʄפ ï ʄʳʩʪʳ ײץʤʪʘʩʪʳ 

ʊʐ ï ʊʦʢ ʰʳסʳʤ  r

 ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ ʈ ïפ

ʕʈ ï ʕʣʝʢʪʨʣʽʢ ʨʘʬʠʥʘʮʠʷʣʘʫ  

ʕɼʉ  ï ʕʥʝʨʛʠʷʜʠʩʧʝʨʩʠʦʥʜʳ  
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ʂɯʈɯʉʇɽ 

 

ɾײʤʳʩʪʳש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʩʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ɾʝʟץʘʟסʘʥ 

ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ 

ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʤʳʩ ʞᴅʥʝ ʙʘʩץʘ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ ʙᴇʣʽʧ ʘʣʫ ʧʨʦʮʝʩʽʥʽש ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫʛʝ ʞᴅʥʝ ʰʘʡʤʘʣʘʫʜʳ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʞʘשʘ 

ᴅʜʽʩʪʝʨʽʥ ʟʝʨʪʝʫʛʝ ʘʨʥʘʣסʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ᴇʟʝʢʪʽʣʽʛʽ. ɹװʢʽʣ ᴅʣʝʤʜʝ ײץʨʘʤʳʥʜʘ ʤʝʪʘʣʳ ʙʘʨ 

ʢʝʥʜʝʨʜʽ ᴇʥʜʽʨʫ ʞᴅʥʝ ᴇשʜʝʫ ʧʨʦʮʝʩʪʝʨʽ ᴅʨʪװʨʣʽ ʬʠʟʠʢʘʣʳץ ʢװʡʜʝʛʽ 

 ʟʽʣʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʊʘʫ-ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽװʪ שʢᴇʧ ʤᴇʣʰʝʨʽʥʽ שʪʘʨʜʳץʘʣʜʳץ

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʳש ʦʜʘʥ ᴅʨʽ ʞʠʥʘץʪʘʣʫʳ ʞʝʨ ʙʝʪʽʥʜʝʛʽ, ʘʪʘʧ 

ʘʡʪץʘʥʜʘ פʘʟʘץʩʪʘʥʜʘ ʜʘ ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʳש ʢװʨʪ ʥʘʰʘʨʣʘʫʳʥʘ ʘʣʳʧ 

ʢʝʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʜװʥʠʝʞװʟʽʣʽʢ ʪװʩʪʽ ʤʝʪʘʣʜʘʨ ᴇʥʝʨʢᴅʩʽʙʽ ʥʝʛʽʟʛʽ ʰʠʢʽʟʘʪ 

ʙʘʟʘʩʳʥʳש ʩʘʨץʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʰʠʢʽʟʘʪ ʪʘʧʰʳʣʳסʳʥ ʙʘʩʪʘʥ ʢʝʰʽʨʫʜʝ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʝʢʽ ʧʘʡʜʘʣʳ ץʘʟʙʘʥʳ ʜʘ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʞʘשʘ ʵʢʦʣʦʛʠʷʣʳץ 

ʪʘʟʘ, ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ, ʦʣʘʨʜʳ ʙʘʨʳʥʰʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʘסʜʘʨʣʘʥסʘʥ ʞʘשʘ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ײץʨʫ, ץʘʡʪʘ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳש ʞʠʥʘץʪʘʣסʘʥ ץʘʣʜʳץʪʘʨʳʥ 

ᴇʥʜʽʨʽʩ ʘʡʥʘʣʳʤʳʥʘ ʪʘʨʪʫ ץʘʞʝʪ. 

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳש ʞʘשʘ ʰʠʢʽʟʘʪ 

ʢᴇʟʜʝʨʽʥʝ ץʘʞʝʪʪʽʣʽʢʧʝʥ, ײץʨʘʤʳʥʜʘ ʤʝʪʘʣʣ ʙʘʨ ץʘʣʜʳץʪʘʨʜʳש ᴇʥʜʽʨʽʩʪʽʢ 

ʘʡʥʘʣʳʤʳʥʘ ʙʘʡʳʪʫ ʢʝʟʝשʽʥ ʪʘʨʪʫʤʝʥ ʞᴅʥʝ ʪʘʫ-ʢʝʥ ʞᴅʥʝ ʤʝʪʘʣʣʫʨʛʠʷ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʦʨʥʘʣʘʩץʘʥ ʞʝʨʣʝʨʜʝʛʽ ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘסʳ ʤʳʩ ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʦʜʘʥ ᴅʨʽ ʪʘʙʳʩʪʳ ʜʘʤʫʳ 

ʢʝʥʜʝʨʜʽ ʞᴅʥʝ ץʘʣʜʳץʪʘʨʜʳ, ʦʥʳש ʽʰʽʥʜʝ װʡʽʥʜʽʣʝʨʜʝ ʦʨʥʘʣʘʩץʘʥ 

ʧʘʡʜʘʣʘʥʳʣʤʘסʘʥ ץʘʣʜʳץʪʘʨʜʳ ʢʝʰʝʥʜʽ ᴇשʜʝʫʜʽש ʞʘשʘ ʠʥʥʦʚʘʮʠʷʣʳץ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ᴅʜʽʩʪʝʨʽʥ ʝʥʛʽʟʫʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʞײʤʳʩʪʘ ʤײʥʜʘʡ 

ᴅʜʽʩ ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ ץʦʣʜʘʥʫ ʙʦʣʜʳ, ʦʣ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʘʟ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʤʝʥ ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳש (ɾɹʌ) ˉ1, 2, 3 ʞᴅʥʝ 

 שʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳץʘʣʜʳץ (ɹʌפ) שʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳסʘʨʘפ

ʩʘʥʜʳץ ʞʦסʘʨʳ ʰʳסʳʤʜʳʣʳסʳʥʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 ʪʘʫץʥʪʘײ ʛʝʡʽ. ʖʪʢʠʥ ʃ.ɸ. ʰʠʢʽʟʘʪʪʳשʘʟʽʨʛʽ ʜʝץ שʳʣʳʤʠ ʤᴅʩʝʣʝʥʽנ

ʞᴅʥʝ ʤʝʪʘʣʜʘʨʜʳ ʩײʡʳץʪʳץʪʘסʳ ʢʦʣʣʦʠʜʪʳץ ʢװʡʛʝ ʘʡʥʘʣʜʳʨʫ װʰʽʥ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʢʘʣʳץ ʩʦץץʳʥʳ ץʦʣʜʘʥʫʜʳ ײʩʳʥʜʳ. ɹײʣ ᴅʜʽʩʪʽ ʞװʟʝʛʝ ʘʩʳʨסʘʥ 

ʢʝʟʜʝ ʙʘʨʣʳץ ᴇʪʢʽʟʛʽʰ ʵʣʝʢʪʨʦʧʦʟʠʪʠʚʪʽ ʤʝʪʘʣʣ ץʦʩʳʣʳʩʪʘʨʳ ʩײʡʳץʪʘ ʽʣʽʥʛʝʥ 

ʢʦʣʣʦʠʜʪʳ ʢװʡʛʝ ᴇʪʝʜʽ, ʘʣ ᴇʪʢʽʟʙʝʡʪʽʥ ʙᴇʣʽʛʽ ʪײʥʙʘʜʘ ץʘʣʘʜʳ. ʆʩʳʣʘʡʰʘ 

ʝʨʽʪʽʥʜʽʥʽ ʜʝ, ʪײʥʙʘʥʳ ʜʘ ʙʘʡʳʪʫסʘ ʙʦʣʘʜʳ. 

ɻʫʣʳʡ ɻ.ɸ. ʠʤʧʫʣʴʩʪʽʢ-ʨʘʟʨʷʜʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ײץʨʫʜʳ ʟʝʨʪʪʝʜʽ ʞᴅʥʝ 

ʪʦʣʳץ ʤʘʩʰʪʘʙʪʳ ʥʝʤʝʩʝ ʩʘʥʜʳץ ʪᴅʞʽʨʠʙʝʥʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʠʤʧʫʣʴʩʪʽʢ 

ʵʣʝʢʪʨʨʘʟʨʷʜʪʳ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥʽץ שʘʣʘʡ ʞʘʩʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ ʞᴅʥʝ ʝש 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʨʝʞʠʤʜʝʨץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ץʦʣʘʡʣʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ

ʘʥʳץʪʘʣʜʳ. 

ʇʦʢʣʦʥʦʚ ʉ.ɻ. ʩײʡʳץʪʳץʪʘסʳ ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʵʣʝʢʪʨʣʽʢ ʙײʟʳʣʫʜʳ ʪʝʩʽʧ 

ᴇʪʫʽʥ ץʦʣʜʘʥʘʪʳʥ ʵʣʝʢʪʨ ʢʝʰʝʥʜʝʨʽ ʤʝʥ ץʦʥʜʳʨסʳʣʘʨʳʥ ʞʦʙʘʣʘʫ ʞᴅʥʝ 
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ʧʨʘʢʪʠʢʘʣʳץ ʧʘʡʜʘʣʘʥʫ ʝʩʝʧʪʝʨʽʥ ײʩʳʥʜʳ. ʆʣ ײʩʳʥʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʥʳ 

ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʰʠʢʽʟʘʪ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ 

ʪײʨʘץʪʳ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ʪʠʽʤʜʽ ʨʘʟʨʷʜʪʳ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʢʝʨʥʝʫ U0 

ʜʝשʛʝʡʽʥ (װʟʽʣʽʩ ʢʝʨʥʝʫʽ Uװʢ) ʞײʤʳʩ ʙʣʦʛʳʥ ʪʘשʜʘʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʙʝʣʛʽʣʝʜʽ. 

ʄʝʜʢʦʚ ʄ.ɸ., ʂʨʠʩʝʥʢʦ ɻ.ʌ., ɽʧʦʚ ɼ.ɻ. ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽ 

ᴇשʜʝʫ װʰʽʥ ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʥ ץʦʣʜʘʥʫʜʳ ײʩʳʥʘʜʳ. ʌʪʦʨʠʜʪʝʫ ץʘʪʪʳ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʞʦʡʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʩʦʥʳʤʝʥ ץʦʩʘ ʤʠʥʝʨʘʣʜʳ 

ʰʠʢʽʟʘʪʪʘʥ ʩʦסשʳ ʦʢʩʠʜʪʝʨ, ʘʨʘʣʳץ ץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʢװʨʜʝʣʽ ʬʪʦʨʠʜʪʝʨ 

ʪװʨʽʥʜʝʛʽ ʙʘסʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɽש ʘʣʜʳʤʝʥ, ʙײʣ 

ʰʠʢʽʟʘʪʪʳ ʪʠʽʤʜʽ ʞᴅʥʝ ʪʦʣʳץ ʘʰʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʘץʩʘʪʪʳ ʞᴅʥʝ ץʦʩʳʤʰʘ 

ᴇʥʽʤʜʝʨʜʽ ʪʝʨʝש ʙᴇʣʫ. ɹײʜʘʥ ʙʘʩץʘ, ʙʠʬʪʦʨʠʜʪʽ ʧʨʦʮʝʩʪʝʨ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʞװʨʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳ.  

ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʥʳ ʞᴅʥʝ ʨʝʘʛʝʥʪʪʝʨʜʽ ץʦʩʫ ʘʨץʳʣʳ 

ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʰʠʢʽʟʘʪ ʧʝʥ ץʘʪʪʳ 

 ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽʥ ᴅʟʽʨʣʝʫʛʝ ʙʘʡʣʘʥʳʩʪʳ שʪʘʨʜʘʥ ʤʝʪʘʣʜʘʨʜʳ ʙᴇʣʫʜʽץʘʣʜʳץ

ʢᴇʧʪʝʛʝʥ ʤʘשʳʟʜʳ ʘʩʧʝʢʪʽʣʝʨ ᴅʣʽ ʜʝ ʘʟ ʟʝʨʪʪʝʣʛʝʥ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʝʦʨʠʷʣʳץ 

ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ 

ʨʘʟʨʷʜʪʳ ʧʘʡʜʘʣʘʥʳʧ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ 

ʙᴇʣʽʧ ʘʣʫ ʧʨʦʮʝʩʽʥʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ 

ɿʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ.  
ɾײʤʳʩʪʘ ʢʝʣʝʩʽʜʝʡ ʤʽʥʜʝʪʪʝʨ ץʦʡʳʣסʘʥ: 

1. ʊװʩʪʽ ʤʝʪʘʣʜʘʨ ʢʝʥʜʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳץ שʘʣʜʳץʪʘʨʳʥ ᴇשʜʝʫ ʤᴅʩʝʣʝʩʽ 

ʞᴅʥʝ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ ʧʘʡʜʘʣʘʥʫ ᴅʜʽʩʪʝʨʽ ʙʦʡʳʥʰʘ סʳʣʳʤʠ 

ʝשʙʝʢʪʝʨʜʝʛʽ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘʣʜʘʫ. 

2. ʐʠʢʽʟʘʪʪʳ ʙʘʡʳʪʫ װʰʽʥ ʝʣʝʫʽʰ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ 

 .ʨʛʽʟʫװʪʘʣʜʘʫ ʞ ץʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳ (ʘסʩʳʥʘʤʘʣʘʨ) ʣʛʽʣʝʨʛʝװ

 ץʵʣʝʤʝʥʪʪʽʢ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ שʪʘʨʳʥʳץʘʣʜʳץ ɹʌ, ɾɹʌ ˉ1, 2, 3פ .3

 .ʨʘʤʳʥ ʟʝʨʪʪʝʫײץ

4. ʂᴇʧ ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝ ʥʝʛʽʟʽʥʜʝ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ᴅʩʝʨʜʝʥ 

ʢʝʡʽʥ פɹʌ, ɾɹʌ ˉ1, 2, 3 ץʘʣʜʳץʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʪʘʣʜʘʫ. 

5. ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʙʘʨ ʞᴅʥʝ ʦʥʩʳʟ פɹʌ, ɾɹʌ ˉ1, 2, 3 

 ʘץʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʧʨʦʮʝʩʽʥʝ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜץʘʣʜʳץ

ᴅʩʝʨ ʝʪʫ ᴅʜʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʩʘʣʳʩʪʳʨʫ. 

6. ʕɻʀʈ ʤʝʥ ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ װʣʛʽʣʝʨʜʽ, ײʥʪʘץʪʳ 

ʜʠʬʨʘʢʪʦʤʝʪʨʜʝ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʞᴅʥʝ ʵʥʝʨʛʠʷʜʠʩʧʝʨʩʠʦʥʜʳ 

ʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫʣʘʨ ʟʝʨʪʪʝʫ. 

7. ʕɻʀʈ ᴅʩʝʨʽʥʝʥ ʝʨʽʪʽʥʜʽʩʽʥʽײץ שʨʘʤʳʥʳש ʩʘʧʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʙʘץʳʣʘʫ 

 ʪʘʣʜʘʫ ץʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳ ץʩʧʝʢʪʨʦʩʢʦʧʠʷ ʞᴅʥʝ ʠʦʥʜʳ (פʀ) ʳʟʳʣץʰʽʥ ʠʥʬʨʘװ

ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ. 

8. ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʳש ʢᴇʤʝʛʽʤʝʥ ץʘʣʜʳץʪʘʨʜʳש 

 .ᴇʟʛʝʨʫ ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʫ שʨʳʣʳʤʳʥʳײץ

9. ʄʝʪʘʣʜʘʨʜʳײץ שʨʘʤʳ ʙʦʡʳʥʰʘ ʝʨʽʪʽʥʜʽʣʝʨʜ ̔ʢʦʥʮʝʥʪʨʣʝʫ. 

10. ʂʦʥʮʝʥʪʨʣʽ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ᴇשʜʝʫ ʘʨץʳʣʳ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʤʳʩ ʘʣʫ. 
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ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʞᴅʥʝ ʧᴅʥʽ. ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ץʘʡʪʘ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʘʥ 

ʘʣʳʥסʘʥ ץʘʣʜʳץʪʘʨʜʳװ שʣʛʽʣʝʨʽ ʙʦʣʜʳ. פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʩʳ (פɹʌ) 

ɸסʳʤʜʘסʳ ץʘʣʜr  ,ʘʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʩʳ (ɾɹʌ ˉ1, 2)סʘʟץʦʡʤʘʣʘʨʳʥʘʥ, ɾʝʟץ ץ

ɾʘʪץʘʥ ץʘʣʜʳץʪʘʨ, (ɾɹʌ ˉ1, 2), ɸסʳʤʜʘסʳ ץʘʣʜʳץ ץʦʡʤʘʣʘʨʳʥʘʥ, (ɾɹʌ ˉ3) 

ɾʘʪץʘʥ ץʘʣʜʳץʪʘʨ, ʟʘʪʪʘשʙʘʣʘʨʳ ʙʘʨ ʩʳʥʘװ ץʣʛʽʣʝʨʽ ʘʣʳʥʜʳ. ɿʝʨʪʪʝʫ ʧᴅʥʽ - 

ʣɻʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜ ʞᴅʥʝ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ɾʝʟץʘʟסʘʥ 

ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫʜʳש 

ʪʠʽʤʜʽ ʞʦʣʳʥ ʞʘʩʘʫ. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ. פʘʣʜʳץʪʘʨʜʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʟʝʨʪʪʝʫ 

ʢʝʟʽʥʜʝ ʢʝʣʝʩʽʜʝʡ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ: ʘʪʦʤʜʳץ 

ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫ (Varian AA-140 ɸפʐ), ʤʠʢʨʦʪʦʣץʳʥʜʳ 

ʧʣʘʟʤʘʣʳץ ʘʪʦʤʜʳץ ʵʤʠʩʩʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨ (Agilent 4210 MP-AES Agilent 

Technologies, Bayan Lepas free Malaysia), ʞʘʨʪʳʣʘʡ ʩʘʥʜʳץ ʩʧʝʢʪʨʣʽʢ (PSA), 

ʣʘʟʝʨʣʽʢ ʘʪʦʤʜʳץ ʵʤʠʩʩʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨ (Spex laes Matrix continuum, ʈʝʩʝʡ), 

ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ (D8 advance Eco ײʥʪʘץ ʜʠʬʨʘʢʪʦʤʝʪʨʽ, bruker 

Germany), ʤʠʥʝʨʘʣʜʳץ ʪʘʣʜʘʫ ʧʦʣʷʨʠʟʘʮʠʦʥʜʳ ʤʠʢʨʦʩʢʦʧ (micromed polar 2 

China), ʀʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʤʝʪʨ ʌʉʄ-1201 (Infraspek ɾʐפ, ʈʝʩʝʡ), ʠʦʥʜʳץ 

ʭʨʦʤʘʪʦʛʨʘʬ (881 Compact IC Pro ʐʚʝʡʮʘʨʠʷ), ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ 

ʤʠʢʨʦʩʢʦʧ (TESCAN mira, ʏʝʭʠʷ). 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽס שʳʣʳʤʠ ʞʘשʘʣʳסʳ. ɹײʣ ʟʝʨʪʪʝʫʜʝ ʙʘʡʳʪʫ 

ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ᴅʜʽʩʽ ײʩʳʥʳʣʜʳ, 

ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʙʽʨץʘʪʘʨ ʙʘסʘʣʳ ʤʝʪʘʣʜʘʨ (Cu, Fe, Zn ʞᴅʥʝ ʪ.ʙ.) ʙʘʨ ʞᴅʥʝ 

 ʰʽʥ ᴅʣʝʫʝʪʪʽ ʰʠʢʽʟʘʪ ʙʦʣʳʧװ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳʥ ʘʣʫ שʥʜʳ ʵʣʝʤʝʥʪʪʝʨʜʽײץ

ʪʘʙʳʣʘʜʳ: 

1. ɸʣסʘʰ ʨʝʪ ɾʝʟץʘʟסʘʥ ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳש 

 ץʞᴅʥʝ ʭʠʤʠʷʣʳ ץʘ ʜʝʡʽʥ ʞᴅʥʝ ʢʝʡʽʥ ʤʠʥʝʨʘʣʦʛʠʷʣʳסʪʘʨʳʥ ʰʘʡʤʘʣʘʫץʘʣʜʳץ

 .ʨʛʽʟʽʣʜʽװʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫ ʞ ץʨʘʤʳ, ʞʘʨʪʳʣʘʡ ʩʘʥʜʳײץ

2. ɿʝʨʪʪʝʣʝʪʽʥ ʦʙʲʝʢʪʽʣʝʨ (ץʘʣʜʳץʪʘʨ) ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ, ʩʧʝʢʪʨʣʽʢ 

ʪʘʣʜʘʫ ʞᴅʥʝ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ (ʉʕʄ) ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. 

 ʨʽʥʜʝװʪʘʨʜʘ ʤʳʩ ʭʘʣʴʢʦʧʠʨʠʪ, ʭʘʣʴʢʦʮʠʪ ʞᴅʥʝ ʙʦʨʥʠʪ ʤʠʥʝʨʘʣʜʘʨ ʪץʘʣʜʳפ

ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʞᴅʥʝ ʵʣʝʢʪʨʦʛʠʜʨʦʧʫʣʴʩʪʽ ʨʘʟʨʷʜʪʳ 

ʧʘʡʜʘʣʘʥʳʧ ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ʭʘʣʴʢʦʧʠʨʠʪ, ʭʘʣʴʢʦʮʠʪ ʞᴅʥʝ ʙʦʨʥʠʪ 

ʞʦʡʳʣʘʜʳ, ʘʣ ʤʳʩ ʢʦʤʧʣʝʢʩ ʪװʨʽʥʜʝʛʽ ʬʦʩʬʦʨ ץʳʰץʳʣʳ ʙʘʨ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʜʽ. 

3. ɸʣסʘʰ ʨʝʪ ɾʝʟץʘʟסʘʥ ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʟʘʫʳʪʪʘʨʳʥʳש 

 ʪʘʣʜʳ, ʦʣץʘʢʪʠʚʪʝʥʫ ʵʥʝʨʛʠʷʩʳ ʘʥʳ שʪʘʨʳʥ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽʥʽץʘʣʜʳץ

11,52 ʢɼʞ/ʤʦʣʴ ײץʨʘʜʳ. 

4. ɽʨʽʪʽʥʜʽʛʝ ʩʫʣʳ ץʦʡʳʨʪʧʘץ ʪװʨʽʥʜʝʛʽ ץʘʣʜʳץʪʘʨʜʳ ʙʽʨʥʝʰʝ ʨʝʪ ʝʥʛʽʟʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʜʘסʳ ʤʳʩ ײץʨʘʤʳ ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ 

ʧʣʘʩʪʠʥʘʜʘסʳ ʤʳʩʪʳש ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʰᴇʛʫʽ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʢʦʥʮʝʥʪʨʘʮʠʷסʘ 

ʜʝʡʽʥ ʞʝʪʢʽʟʽʣʜʽ. ʆʩʳ ʤʘץʩʘʪʪʘ ʘʣסʘʰ ʨʝʪ ʘʡʥʳʤʘʣʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʪʦʢʪʘʨʜʳ 

 שʳʣʳ ʢʝʰʝʥʜʽ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʵʬʬʝʢʪ ʧʝʥ ʵʣʝʢʪʨʦʣʠʟʜʽץʦʣʜʘʥʫ ʘʨץ

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. 
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5. ʍʠʤʠʷʣʳץ ᴇשʜʝʫ ʟʘʫʳʪʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ ʰʳסʘʨʫ 

 ʨʽʥʜʝװʘ ᴅʜʽʩʽ ᴅʟʽʨʣʝʥʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ᴇʥʽʤ ʪשʞʘ שʰʽʥ ʦʣʘʨʜʳ ʝʨʽʪʽʥʜʽʛʝ ʢᴇʰʽʨʫʜʽװ

ʘʣʫ װʰʽʥ ʦשʪʘʡʣʳ ʞʘסʜʘʡʣʘʨ ʪʘשʜʘʣʜʳ.  

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳס שʳʣʳʤʠ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʤʝʥ 

ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʳ. 

 ʤʳʩ ʢʦʨʧʦʨʘʮʠʷʩʳè ɾʐʉ ʤʝʥ ɽ.ɸ. ɹᴇʢʝʪʦʚץʘʟʘפʤʳʩ çײʳʣʳʤʠ ʞנ

ʘʪʳʥʜʘסʳ פʘʨʄʋ ʘʨʘʩʳʥʜʘסʳ ʢʝʣʽʩʽʤ-ʰʘʨʪ 17.05.2019 ʞʳʣסʳ ˉD1941-190943-

126581/371-2 çʄʳʩʪʳ (ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ) ʘʣʫ װʰʽʥ 

ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʞᴅʥʝ ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ (ʕɻʀʈ) 

ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴇʥʜʽʨʽʩʽʥʽש 

 ʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫè ʞʦʙʘʩʳ ʥʝʛʽʟʽʥʜʝץʘʣʜʳץ

ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʭʘʥʘʣʳץ ʪʘʣʜʘʫʣʘʨ çʎʝʥʪʨʛʝʦʣʘʥʘʣʠʪè ɾʐʉ (פʘʨʘסʘʥʜʳ), 

ʞᴅʥʝ ɽ.ɸ. ɹᴇʢʝʪʦʚ ʘʪʳʥʜʘסʳ פʘʨʘסʘʥʜʳ ʫʥʠʚʝʨʩʠʪʝʪʽ נʳʣʳʤʠ ʟʝʨʪʪʝʫ 

ʦʨʪʘʣʳסʳ çפʦʣʜʘʥʙʘʣʳ ʭʠʤʠʷè, çʌʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ᴅʜʽʩʪʝʨʽè 

ʠʥʞʝʥʝʨʣʽʢ ʙʝʡʽʥʜʝʛʽ ʟʝʨʪʭʘʥʘʩʳʥʜʘ, ʄʦʣʝʢʫʣʘʣʳץ ʥʘʥʦʬʦʪʦʥʠʢʘ 

ʠʥʩʪʠʪʫʪʳʥʜʘ, ʅʘʥʦʪʝʭʥʦʣʦʛʠʷ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨ סʳʣʳʤʠ 

ʦʨʪʘʣʳץʪʘʨʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʪʝʦʨʠʷʣʳץ ʤʘשʳʟʳ.  
ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ɾʝʟץʘʟסʘʥ ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ 

ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ᴅʩʝʨ ʝʪʫ ʧʨʦʮʝʩʪʝʨʽʥʜʝʛʽ 

ʤʝʪʘʣʜʘʨʜʳש (Cu, Fe, Zn ʞᴅʥʝ ʪ.ʙ.) ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʘʥʳץʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ײפʨʘʤʳʥʜʘ ʤʘץʩʘʪʪʳ ʤʝʪʘʣʜʘʨ ʙʘʨ ʦʪץʘ ʪᴇʟʽʤʜʽ 

ʤʠʥʝʨʘʣʜʘʨʜʳ ʞʦʶ װʰʽʥ ײץʨʘʤʳʥʜʘ ʬʪʦʨʠʜʽ ʙʘʨ ʨʝʘʛʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʫ ץʘʞʝʪ 

ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. ʌʪʦʨʠʜʪʽש ʤʠʥʝʨʘʣʜʘʨʜʳש ʞʦʡʳʣʫ ʧʨʦʮʝʩʽʥʜʝ ʞᴅʥʝ 

ʤʝʪʘʣʜʘʨʜʳש ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽʥʝ ᴇʪʫʽʥʜʝʛʽ ʨᴇʣʽ ʘʰʳʣʜʳ. ʂᴇʧ ʥײʩץʘʣʳ ʪʘʣʜʘʫ 

ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʤʝʥ ץʳʰץʳʣʜʳש ʦשʪʘʡʣʳ ʘʨʘץʘʪʳʥʘʩʳʥ ʦʨʥʘʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʙײʣ ʤʝʪʘʣʜʘʨʜʳש ʤʘʢʩʠʤʘʣʜʳ ץʘʣʧʳʥʘ ʢʝʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʭʠʤʠʷʥʳש, ʬʠʟʠʢʘʣʳץ ʭʠʤʠʷʥʳש 

ʞᴅʥʝ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʭʠʤʠʷʥʳש ʜʘʤʫʳʥʘ ʙʝʣʛʽʣʽ װʣʝʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳש 

 ᴅʣʝʫʝʪʪʽ ʰʠʢʽʟʘʪʳ ʨʝʪʽʥʜʝ שʩʪʽ ʤʝʪʘʣʜʘʨʜʳ ᴇʥʜʽʨʫʜʽװʘʰ ʨʝʪ ʪסʪʘʨʳ ʘʣץʘʣʜʳץ

ʟʝʨʪʪʝʣʜʽ. ɸʣסʘʰ ʨʝʪ ײץʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʢʽʟʫʽ ʵʥʝʨʛʠʷʥʳ 

 ʩʫʣʳ שʪʘʨʜʳץʘʣʜʳץ ʪʘʟʘ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ץʥʝʤʜʝʡʪʽʥ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳװ

 ʳʥʘ ʘʟ ʤᴇʣʰʝʨʜʝ ʨʝʘʛʝʥʪʪʝʨʤʝʥ ʵʣʝʢʪʨʦʛʠʜʨʦʧʫʣʴʩʪʽ ᴅʩʝʨ ʝʪʫסʦʡʳʨʪʧʘץ

ʤװʤʢʽʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʜʽ. ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫʜʳש ʪʝʭʥʠʢʘ-ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʛʽ ʝʩʝʧʪʝʣʜʽ (פʦʩʳʤʰʘ ɸ). ᴆשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳײץ שʨʘʤʳ ᴇʪʝ ʪᴇʤʝʥ 

ʢʝʥʜʝʨʽ ʤʝʥ ץʘʣʜʳץʪʘʨʳʥʘ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳש ᴅʩʝʨʽ ʙʦʡʳʥʰʘ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞײʤʳʩʪʘʨʜʳ ʞװʨʛʽʟʫ װʰʽʥ ʟʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳ ײץʨʳʣʜʳ. ɸʣʜʳʥ 

ʘʣʘ ʢʦʥʮʝʥʪʨʣʝʥʛʝʥ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝʥ, ʵʣʝʢʪʨʦʣʠʟ ᴅʜʽʩʽʤʝʥ ʪʘʟʘ ʤʝʪʘʣʣ ʢװʡʽʥʜʝʛʽ 

ʤʳʩ ʘʣʳʥʜʳ. ʂʝʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ 

ʘʣʫ ʪᴅʩʽʣʽ ʙʦʡʳʥʰʘ ʧʘʪʝʥʪ ʘʣʳʥʜʳ (פʦʩʳʤʰʘ ᴄ). 

 :ʠʜʘʪʪʘʨסʘץ ʩʳʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽײ ʘסʘʫסʦʨפ

1. ɿʝʨʪʪʝʣʝʪʽʥ ץʘʣʜʳץʪʘʨʜʘ ʤʘץʩʘʪʪʳ ʤʝʪʘʣʣ (Cu) ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ 

ʬʨʘʢʮʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʪʘʨʘʣʘʜʳ. ᴄʨʪװʨʣʽ ʝʣʝʫʽʰʪʝʨʜʝʥ (d > 0,4; 
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0,16 < d < 0,4; 0,08 < d < 0,16; d < 0,08 ʤʤ) ʝʣʝʢʪʝʥ ᴇʪʢʽʟʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

ʞװʨʛʽʟʽʣʛʝʥ װʣʛʽʣʝʨʜʝʛʽ ʤʝʪʘʣʜʳש ʩʘʥʜʳץ ʪʘʣʜʘʫʳ ʜʠʘʤʝʪʨʽ 0,16 < d < 0,4 ʞᴅʥʝ 

0,08 < d < 0,16 ʙʦʣʘʪʳʥ ʬʨʘʢʮʠʷʣʘʨʜʘ ʤʳʩʪʳש ʢʦʥʮʝʥʪʨʣʝʥʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ.  

2. ɾɹʌ ʞᴅʥʝ פɹʌ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ 

ʝʨʽʪʽʥʜʽʛʝ ᴇʪʢʽʟʫ װʰʽʥ ʕɻʀʈ ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʙʘʨ ʝʨʽʪʽʥʜʽʜʝ ʞװʨʛʽʟʽʣʽʧ, 

ʦʨʪʘʥʳץ שʳʰץʳʣʜʳʣʳסʳ ʨʅ = 1-2 ʜʝʡʽʥ ʦʨʪʦʬʦʩʬʦʨ ץʳʰץʳʣʳʤʝʥ ʞʝʪʢʽʟʽʣʜʽ. 

ʕɻʀʈ ʧʨʦʮʝʩʽʥʜʝ ʦʪץʘ ʪᴇʟʽʤʜʽ ʩʠʣʠʢʘʪ ʤʠʥʝʨʘʣʜʘʨʳʥʳש ʙײʟʳʣʫʳ ʦʨʳʥ ʘʣʘʜʳ, 

ʨʝʘʛʝʥʪʪʝʨʜʽש ʤʘץʩʘʪʪʳ ʦʙʲʝʢʪʽʣʝʨʤʝʥ ʭʠʤʠʷʣʳץ ᴅʨʝʢʝʪʪʝʩʫ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘ 

ʙʦʣʘʜʳ, ʦʣʘʨʜʳש ʪʦʪʳסʫʳ, ʬʪʦʨʣʘʥʫʳ ʞᴅʥʝ ʩʫʣʳ ʬʘʟʘʜʘ ʘʤʤʠʘʢ-ʤʳʩ 

ʢʝʰʝʥʜʝʨʽ ʪװʟʽʣʜʽ. 

 ʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥסʞʦ שʝ שʪʘʨʜʘʥ ʤʝʪʘʣʜʘʨʜʳ ʰʘʡʤʘʣʘʫʜʳץʘʣʜʳפ .3

ʘʥʳץʪʘʡʪʳʥ ʟʝʨʪʝʣʛʝʥ ʬʘʢʪʦʨʣʘʨʜʳש ʽʰʽʥʝʥ ʤʳʩʪʳ 80-85% ʝʨʽʪʽʥʜʽʛʝ ᴇʪʢʽʟʫ 

ʜᴅʨʝʞʝʩʽ ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ: פ:ʉ ץʘʪʳʥʘʩʳ (ʛ/ʛ) ï 1:1; Cu 

ʞᴅʥʝ F ץʘʪʳʥʘʩʳ (ʛ/ʛ) ï 1:0,6; ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (ʛ/ʣ) ï 40; 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽײ שʟʘץʪʳסʳ 30 ʤʠʥ; ʨʘʟʨʷʜʪʳץ ʢʝʨʥʝʫ 10 ʢɺ. 

4. ʕɻʀʈ ץʦʥʜʳʨסʳʩʳʥʜʘ ץʘʣʜʳץʪʘʨʜʳש ʞʘשʘ ʧʦʨʮʠʷʣʘʨʳʥ ץʦʩʫ ʘʨץʳʣʳ 

ʝʨʽʪʽʥʜʽʥʽ װʰ ʨʝʪ ʘʡʥʘʣʳʤʳ ʤʳʩʪʳ 0,25 ʤʦʣʴ/ʣ ײץʨʘʤסʘ ʜʝʡʽʥ ʢʦʥʮʝʥʪʨʣʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʵʣʝʢʪʨʦʣʠʟ ץʦʣʜʘʥסʘʥ ʢʝʟʽʥʜʝ ʨʫʪʝʥʠʡ-ʪʠʪʘʥ 

ʘʥʦʜʳʥʜʘ ʞᴅʥʝ ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʢʘʪʦʜʪʘ ʪʘʟʘʣʳסʳ 99,99% 

ʙʦʣʘʪʳʥ ʤʳʩ ʘʣʳʥʜʳ. 

ɸʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʥʝʛʽʟʜʽʣʽʛʽ ɹײʣ ʟʝʨʪʪʝʫʜʝ ʞʳʣ 

ʩʘʡʳʥסʳ ʩʝʨʪʠʬʠʢʘʪʪʘʨʳ ʙʘʨ çױʣʪʪʳץ ʩʘʨʘʧʪʘʫ ʞᴅʥʝ ʩʝʨʪʠʬʠʢʘʪʪʘʫ ʦʨʪʘʣʳסʳè 

ɸפ ᴇʪʢʝʥ ʟʘʤʘʥʘʫʠ ײץʨʳʣסʳʣʘʨʤʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ 

  .ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥץ

ɸʚʪʦʨʜʳש ʞʝʢʝ װʣʝʩʽ ï ᴅʜʝʙʠ ʞᴅʥʝ ʧʘʪʝʥʪʪʽʢ ʜʝʨʝʢʢᴇʟʜʝʨʜʽ ʪʘʣʜʘʫʜʘʥ, 

ʜʘʡʳʥʜʘʣסʘʥ ʟʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳʜʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʝʩʝʧʪʝʫ 

ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫʜʝʥ, ʘʣʳʥסʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪװʩʽʥʜʽʨʫʜʝʥ, 

 ʦʣʞʘʟʙʘʣʘʨʳʥץ ʳʣʘʫʜʘʥ ʞᴅʥʝ ʞʘʨʠʷʣʘʥʳʤʜʘʨץʦʨʳʪʳʥʜʳʣʘʫʜʘʥ, ʪʘʣץ

ʜʘʡʳʥʜʘʫʜʘʥ ʪײʨʘʜʳ. 

ɾײʤʳʩʪʳש ʪʘʣץʳʣʘʥʫʳ ʤʝʥ ʞʘʨʠʷʣʘʥʫʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʳʥʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ 8 ʙʘʩʳʣʳʤʜʘ ʞʘʨʳץ ʢᴇʨʜʽ, ʦʥʳש ʽʰʽʥʜʝ Wʝb of 

Scʽʝncʝ ʞᴅʥʝ Scopus ʜʝʨʝʢʪʝʨ ץʦʨʳʥʜʘ ʠʥʜʝʢʩʪʝʣʝʪʽʥ ʨʝʮʝʥʟʠʷʣʘʥʘʪʳʥ סʳʣʳʤʠ 

ʙʘʩʳʣʳʤʜʘʨʜʘ 1 ʤʘץʘʣʘ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ 

ʤʠʥʠʩʪʨʣʽʛʽʥʽנ שʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘ ʩʘʧʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʢʦʤʠʪʝʪʽ ʙʝʢʽʪʢʝʥ ʙʘʩʳʣʳʤʜʘ 3 ʤʘץʘʣʘ, ʭʘʣʳץʘʨʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ 4 

ʙʘʷʥʜʘʤʘ ʪʝʟʠʩʪʝʨʽ ʞʘʨʠʷʣʘʥʜʳ. פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʧʘʡʜʘʣʳ 

ʤʦʜʝʣʴʛʝ 1 ʧʘʪʝʥʪ ʘʣʳʥʜʳ.  

ɾײʤʳʩ ʥᴅʪʠʞʝʣʝʨʽ ʭʘʣʳץʘʨʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ʪʘʣץʳʣʘʥʜʳ: 

ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ çʀʥʥʦʚʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʢʘʢ ʦʩʥʦʚʘ ʵʢʩʧʦʨʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ 

ʂʘʟʘʭʩʪʘʥʘè (ɸʣʤʘʪʳ, 2019); ʍʍ ʤʝʞʜʫʥʘʨʦʜʥʘ ̫ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘ ̫

ʢʦʥʬʝʨʝʥʮʠ ̫ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠʤʝʥʠ ʧʨʦʬʝʩʩʦʨʘ ʃ.ʇ. ʂʫʣʸʚʘ 

çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè (ʊʦʤʩʢ, 2019); XXXVIII 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʷ, ʬʠʟʠʢʘ, ʙʠʦʣʦʛʠʷ, 
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ʤʘʪʝʤʘʪʠʢʘ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷè (ʀʥʪʝʨʥʘʫʢʘ, 2020); 

XII ʪʨʘʜʠʮʠʦʥʥʘ ̫ʤʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʩʪʫʜʝʥʪʦʚ 

ç30-ʣʝʪʠʶ ʅʝʟʘʚʠʩʠʤʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè (ʉʝʤʝʡ, 2021). 

ɾײʤʳʩʪʳײץ שʨʳʣʳʤʳ ʞᴅʥʝ ʢᴇʣʝʤʽ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʢᴇʣʝʤʽ 

103 ʙʝʪ ʞᴅʥʝ ʩʪʘʥʜʘʨʪʪʳ ʙᴇʣʽʤʜʝʨʜʝʥ ײץʨʘʣסʘʥ: ʥʦʨʤʘʪʠʚʪʽʢ ʩʽʣʪʝʤʝʣʝʨ, 

ʘʥʳץʪʘʤʘʣʘʨ, ʙʝʣʛʽʣʝʫʣʝʨ ʤʝʥ ץʳʩץʘʨʪʫʣʘʨ, ʢʽʨʽʩʧʝ, ᴅʜʝʙʠʝʪʪʽʢ ʰʦʣʫ, 

ʪᴅʞʽʨʠʙʝʣʽʢ ʙᴇʣʽʤ, ʪᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʘʣץʳʣʘʫ, ʦʥʳש ʽʰʽʥʜʝ 

57 ʩʫʨʝʪ, 29 ʢʝʩʪʝ, ץʦʨʳʪʳʥʜʳ, 192 ʧʘʡʜʘʣʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ ʞᴅʥʝ 

 .ʨʘʜʳײʦʩʳʤʰʘʜʘʥ ʪץ
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1 ᴄɼɽɹʀɽʊʊɯʂ ʐʆʃʋ 

 

 ʩʠʧʘʪʪʘʤʘʩʳ שʪʘʨʜʳץʘʣʜʳץ ʨʘʤʳʥʜʘ ʤʳʩ ʙʘʨ ʢʝʥʜʝʨ ʤʝʥײפ 1.1

 ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʢʝʥʜʝʨ ʙʘʡ, ʢʝʜʝʡ שʘʟʙʘʣʘʨʜʳץ ʳ ʧʘʡʜʘʣʳסʨʘʤʳʥʜʘײפ

ʞᴅʥʝ ʙʘʣʘʥʩʪʘʥ ʪʳʩ (ᴇʥʜʽʨʽʩʪʽʢ ʝʤʝʩ) ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ 

ʰʝʢʘʨʘʣʘʨ ʪʝʭʥʦʣʦʛʠʷ ʞʘסʜʘʡʳ ʤʝʥ ʙʘʡʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ʈʫʜʘʣʘʨʜʘסʳ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳש (80ï85%) ʘʩʪʘʤʳ ʩʫʣʴʬʠʜʪʽ ʤʠʥʝʨʘʣʜʘʨʤʝʥ 

 ʘʥ. ʇʘʡʜʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨ (ʘʩʳʣ ʤʝʪʘʣʜʘʨ ʞᴅʥʝ ʩʠʨʝʢ ʞʝʨ ʵʣʝʤʝʥʪʪʝʨʽסʩʳʥʳʣײ

ʪװʨʽʥʜʝ) ʢʝʥʜʝʨʜʝ ʠʟʦʤʦʨʬʪʳ ץʦʩʧʘʣʘʨ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣʜʘʨʜʘ (ʧʠʨʠʪ, 

ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʘ, ʙʘʨʠʪ) ײʩʘץ ץʦʩʳʥʜʳʣʘʨ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ, ʥʝʛʽʟʛʽ 

ʤʝʪʘʣʜʘʨʜʳש ʩʫʣʴʬʠʜʪʽ ʞᴅʥʝ ʪʦʪʳץץʘʥ ʤʠʥʝʨʘʣʜʳ ʬʦʨʤʘʣʘʨʳʥʳץ שʘʪʳʥʘʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʢʝʥʜʝʨ ʩʫʣʴʬʠʜʪʽ, ʘʨʘʣʘʩ ʞᴅʥʝ ʪʦʪʳץץʘʥ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ.ʉʫʣʴʬʠʜʪʽ 

ʝʤʝʩ ʤʠʥʝʨʘʣʜʘʨ ᴅʨʪװʨʣʽ ʧʨʦʧʦʨʮʠʷʜʘ ʦʢʩʠʜʪʝʨʤʝʥ, ʩʠʣʠʢʘʪʪʘʨʤʝʥ, 

ʢʘʨʙʦʥʘʪʪʘʨʤʝʥ, ʬʦʩʬʘʪʪʘʨʤʝʥ ʞᴅʥʝ ʙʘʩץʘ ʤʠʥʝʨʘʣʜʘʨʤʝʥ ײʩʳʥʳʣסʘʥ. 

ʂʝʥʜʝʨʜʽש ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ ʪʘʨʘʣʫ ʩʠʧʘʪʳ ʤʝʥ ʪʝʢʩʪʫʨʘʣʳץ 

ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʪʦʪʳסʫ ʜᴅʨʝʞʝʩʽ, ʙʘʡʳʪʫ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ 

ᴇʪʝ ʘʣʫʘʥ ʪװʨʣʽ ʞᴅʥʝ ײץʙʳʣʤʘʣʳ. 

 שʘʥ ʢʝʟʜʝ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳץʨʘʤʳʥʜʘ ʤʳʩ ʙʘʨ ʰʠʢʽʟʘʪʪʳ ʙʘʡʳʪײפ

ᴇשʜʝʣʫ ʜᴅʨʝʞʝʩʽʥ, ʩʠʣʠʢʘʪ ʢʝʰʝʥʜʝʨʽʥʽש (ʘʨʘʣʳץ ᴇʩʽʥʜʽʣʝʨʜʽש) ʙʦʣʫʳʥ ʞᴅʥʝ 

ʪװʧʢʽʣʽʢʪʽ ʰʠʢʽʟʘʪʪʳש ʣʘʩʪʘʥʫʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʭʠʤʠʷʣʳץ ᴇשʜʝʫ ʮʝʭʳʥʳש ʢʝʥʽ 

ʤʝʥ ץʘʣʜʳץʪʘʨʳʥʳש, ʘʨʘʣʳץ ʞᴅʥʝ ʩʦסשʳ ᴇʥʽʤʜʝʨʽʥʽש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ 

ʟʝʨʪʪʝʣʝʜʽ. ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽ ʙʘʨ ᴇʥʽʤʜʝʨ, ʩʦʥʜʘʡ-ʘץ ץʘʣʜʳץ 

 ʦʨפ .ʪʘʫץʘʣʫ ʩʝʙʝʧʪʝʨʽʥ ʘʥʳסʞʦ שʳ ʧʘʡʜʘʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽסʦʡʤʘʣʘʨʳʥʜʘץ

ʙʘʣʘʥʩʳʥʳש ʞʽʢʪʝʣʫʽ ʙʦʡʳʥʰʘ ʤʳʩ ʢʝʥʜʝʨʽʥʽש ʤʘשʳʟʜʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʪװʨʣʝʨʽʥʝ 

ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: ʤʳʩ  ײץʤʪʘʩʪʘʨʳ; ʧʦʨʬʠʨʣʽ ʤʳʩ; ʤʳʩ ʢʦʣʯʝʜʘʥʜʘʨʳ, ʢʚʘʨʮ-

ʩʫʣʴʬʠʜ (ʪʘʤʳʨ ʞʳʥʳʩʪʘʨʳ), ʚʘʥʘʜʠʡ-ʪʝʤʽʨ-ʤʳʩ (ʤʘʛʤʘʣʳץ); ʤʳʩ-ʚʦʣʴʬʨʘʤ, 

ʤʳʩ-ʥʠʢʝʣʴ; ʤʳʩ-ʚʠʩʤʫʪ; ʤʳʩ-ץʘʣʘʡʳ ʢʝʥʽ; ʤʳʩ-ʘʣʪʳʥ ʢʝʥʽ [1]. 

ɼװʥʠʝ ʞװʟʽʥʜʝʛʽ ʤʳʩ ץʦʨʳ ʤʝʥ ᴇʥʜʽʨʽʩʽ ʙʦʡʳʥʰʘ ʞʝʪʝʢʰʽ ʪװʨʣʝʨʜʽש ʙʽʨʽ 

(ʰʘʤʘʤʝʥ 30%), ʩʦʥʳʤʝʥ ץʘʪʘʨ Co ʞᴅʥʝ Ag, ʤʳʩʪʳ ײץʤʪʘʩʪʳ (ʄפ) ʢʝʥ 

ʦʨʳʥʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʤʳʩ ײץʤʪʘʩʪʘʨʳʥʜʘסʳ ʤʳʩ 

ʤᴇʣʰʝʨʽ 2%, ʤʳʩ ʢʦʣʯʝʜʘʥ ʢʝʥʜʝʨʽʥʜʝ ï 1,4%, ʧʦʨʬʠʨʣʽ ʤʳʩ ʢʝʥʜʝʨʽʥʜʝ 

ʰʘʤʘʤʝʥ 0,9% ײץʨʘʡʜʳ. ʆʣʘʨʜʳײץ שʨʘʤʳʥʜʘ Cu-ʜʘʥ ʙʘʩץʘ V (1%-סʘ ʜʝʡʽʥ), Ag 

(100 ʛ/ʪ ʜʝʡʽʥ), Au (2 ʛ/ʪ ʜʝʡʽʥ), Pb ʞᴅʥʝ Zn (2-3%-ʢʝ ʜʝʡʽʥ), Cd, Ge, Se, Te, Co, 

Re, ʦʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʵʢʩʪʨʘʢʮʠʷסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤᴇʣʰʝʨʜʝ [2].  

ʄפ-ʥʳש ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣʜʘʨʳ ʭʘʣʴʢʦʮʠʪ, ʙʦʨʥʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ ʞᴅʥʝ 

ʧʠʨʠʪ, ʪʦʪʳסʫ ʘʡʤʘסʳʥʜʘ ʢʦʚʝʣʣʠʪ, ʢʫʧʨʠʪ, ʪʝʥʦʨʠʪ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ, ʥʘʪʠʚʪʽ 

Cu, ʬʦʣʴʙʦʨʪʠʪ, ʩʫʣʳ Cu ʚʘʥʘʜʘʪ (CuCa[VO4][OH]), ʪʘʙʠסʠ S ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

[3]. ʄײץ פʨʘʤʳʥʘ ʮʝʤʝʥʪ ʨʝʪʽʥʜʝʛʽ ʤʳʩ ʤʠʥʝʨʘʣʜʘʨʳ ʙʘʨ ײץʤʪʘʩʪʘʨ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʘʩץʘ ʰᴇʛʽʥʜʽ ʞʳʥʳʩʪʘʨ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʤʝʨʛʝʣʴʜʝʨ ʤʝʥ 

ʘʣʝʚʨʦʣʠʪʪʝʨ ʞʘʪʘʜʳ. ʉʫʣʴʬʠʜʪʝʨʜʽש ʪװʡʽʥʜʝʨʽ ʇʝʨʤʴʜʽש ʩײʨ ʤʝʨʛʝʣʜʝʨʽ ʤʝʥ 

ʆʨʘʣʜʳש ʘʣʝʚʨʦʣʠʪʪʘʨʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥʽ ʙʝʣʛʽʣʽ. ʄʳʩ ʩʫʣʴʬʠʜʪʽ ʪװʡʽʥʜʝʨʽʥʜʝ 

ʛʠʧʝʨʛʝʥʝʟ ʢʝʟʽʥʜʝ ʭʘʣʴʢʦʟʠʥʘ ʪʦʪʳסʘʜʳ, ʢʦʚʝʣʣʠʥʛʝ, ʩʦʜʘʥ ʢʝʡʽʥ ʙʨʦʰʘʥʪʠʪʢʝ, 

ʘʟʫʨʠʪʢʝ, ʤʘʣʘʭʠʪʢʝ ʞᴅʥʝ ʭʨʠʟʦʢʦʣʘסʘ ʘʡʥʘʣʘʜʳ [4]. ʄפ ʢᴇʧ ʜʝשʛʝʡʣʽ ʜʘʤʫʳ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷʩʳʥʳש ʏʠʣʠ ʤʝʥ ʀʨʘʥʜʘסʳ ʄʘʥʪʦ ʪʠʧʪʽ ʢʝʥ ʦʨʳʥʜʘʨʳʥʜʘסʳʜʘʡ 
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ʪʝʨʝשʜʽʢʢʝ ʜʝʡʽʥ ʊᴇʤʝʥʛʽ ʆʨʘʣ ʞʘʥʳʜʘסʳ ײץʤʪʘʩʪʘʨʳʥʘʥ Cu, Ag, Au װʡʽʥʜʽ 

ʰʘʡʤʘʣʘʫ ʘʨץʳʣʳ ʘʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʙʦʣʞʘʡʜʳ [5]. ʆשʪװʩʪʽʢ-ɹʘʪʳʩ ʆʨʘʣʜʳש 

ʇʝʨʤʴ ʘʡʤʘץʪʘסʳ ʄפ ʪʘʫ-ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽʥ ʜʘʤʳʪʫ װʰʽʥ Cu, Ag ʞᴅʥʝ Au 

ʰʠʢʽʟʘʪʳʥʳש ᴇʪʝ ʧʝʨʩʧʝʢʪʠʚʪʽ ʞʘשʘ ʢᴇʟʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ [6]. 

ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʜʘ ʝʢʽ ץʘʣʜʳץ ץʦʡʤʘʩʳʥʜʘ ʪʝʭʥʦʛʝʥʜʽʢ 

ʢʝʥ ʦʨʥʳ ʜʝʧ ʩʘʥʘʫסʘ ʙʦʣʘʪʳʥ ʤʳʩ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʤʝʪʘʣʜʘʨʜʳש ʦʨʘʩʘʥ ʢᴇʧ 

ʤᴇʣʰʝʨʽ ʞʠʥʘץʪʘʣסʘʥ [7]. ʂʝʥʜʽ ץʘʙʘʪʪʘʨʜʳש ʤʘשʳʟʜʳ ʞᴅʥʝ ʢʝש ʪʘʨʘסʘʥ 

ᴇʢʽʣʜʝʨʽ ʤʳʩ ײץʤʪʘʩʪʘʨʳ ʤʝʥ ʤʳʩ-ʧʦʣʠʤʝʪʘʣʣ ײץʨʘʤʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ 

ʦʣʘʨ ץʘʣʳשʜʳסʳ 5-10-ʥʘʥ 40-60 ʤ-ʛʝ ʜʝʡʽʥʛʽ ץʘʙʘʪʪʘʨ ʤʝʥ ʛʦʨʠʟʦʥʪʪʘʨʜʘ 

ʢʝʟʜʝʩʝʜʽ. ʇʦʣʠʤʠʢʪʠʢʘʣʳײץ ץʨʘʤ, ʙʘʨʣʳץ ʛʝʥʝʪʠʢʘʣʳװ ץʰʽʥ ʦʨʪʘץ ʩʳʥסʘʥ 

ʤʘʪʝʨʠʘʣʜʘ ʤʳʩ ײץʤʪʘʩʪʘʨʳ ʢʝʟʜʝʩʝʪʽʥ ʘʡʤʘץʪʳש ʪװʨʣʝʨʽ ʙʝʣʛʽʣʝʥʛʝʥ. ɹʽʨ 

ʤʘʪʝʨʠʘʣʜʳײץ שʨʘʤʳʥʜʘ ʠʥʪʨʫʟʠʚʪʽ ʜʝ, ʵʬʬʫʟʠʚʪʽ ʜʝ, ʤʝʪʘʤʦʨʬʪʳץʪʘ, ʩʦʥʜʘʡ-

ʘץ ʞʝʢʝ ʤʠʥʝʨʘʣʜʘʨ ʪװʨʽʥʜʝ ʜʝ ᴅʨʪװʨʣʽ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש ʪװʡʽʨʣʝʨʽ ʙʦʣʘʜʳ. 

ʊװʡʽʨʰʽʢ ᴇʣʰʝʤʜʝʨʽ ʽʨʽ ʪװʡʽʨʰʽʢʪʽ (0,25-0,5 ʤʤ), ʦʨʪʘʰʘ ʪװʡʽʨʰʽʢʪʽ (0,1-

0,25 ʤʤ), ײʩʘץ ʪװʡʽʨʰʽʢʪʽ (0,05-0,1 ʤʤ) ʙʦʣʳʧ 3 ʪװʨʛʝ ʙᴇʣʽʥʝʜʽ. ɾʝʟץʘʟסʘʥ ʢʝʥʜʽ 

ᴇʣʢʝʩʽʥʽײץ שʤʪʘʩʪʘʨʳʥʘ ʪᴅʥ ץʘʩʠʝʪ ʩʳʥסʳʰ ʤʘʪʝʨʠʘʣ ʤʝʥ ʮʝʤʝʥʪ ʟʘʪʪʘʨʳʥʳש 

ʝʢʽʥʰʽ ʨʝʪʪʽʢ ᴇʟʛʝʨʽʩʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [8]. ײפʤʪʘʩ ʮʝʤʝʥʪʽ ʘʨʘʣʘʩ, ʩʘʟʜʳ 

ʢʘʨʙʦʥʘʪʪʳ, ʢʨʝʤʥʠʡʣʽ, ʭʣʦʨʠʪ ʧʝʥ ʩʝʨʠʮʠʪ ץʦʩʧʘʩʳ ʙʘʨ ʢʝʥ. ʎʝʤʝʥʪ ʟʘʪʳ 

ʤʠʥʝʨʘʣʜʳ ʪװʟʽʣʽʤʜʝʨʜʽש ʜʘʤʫʳʥʘ ʞᴅʥʝ ʜʝʬʦʨʤʘʮʠʷסʘ ײʰʳʨʘʡʜʳ. ɹײʣ 

ᴇʟʛʝʨʽʩʪʝʨ ʞʠʝʢʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʞᴅʥʝ ʢʚʘʨʮ ʪװʡʽʨʣʝʨʽʥʽש ʩʫ-ʤᴇʣʜʽʨ 

ʢʨʝʤʥʝʟʝʤʤʝʥ ʣʘʩʪʘʥʫʳʥʘʥ, ץʳʰץʳʣʜʳ-ʦʨʪʘʰʘ ʵʬʬʫʟʠʚʪʝʨʜʽש 

ʬʨʘʛʤʝʥʪʪʝʨʽʥʽש ʩʝʨʠʮʠʪʪʝʥʫʽʥʝʥ ʞᴅʥʝ ʩʘʟʜʳ ʮʝʤʝʥʪʢʝ ץʘʨʘסʘʥʜʘ 

ʭʣʦʨʠʪʪʝʥʫʜʽץ ,שʘʡʪʘʣʘʤʘ ʢʘʨʙʦʥʘʪʪʘʨ ʤʝʥ ʢʨʝʤʥʠʡʜʽש ʜʘʤʫʳʤʝʥ ʢᴇʨʽʥʝʜʽ. 

ʎʝʤʝʥʪʽ ײץʤʪʘʩʪʘʨʜʳײץ שʨʘʤʳʥʜʘ ʤʳʩ ʞᴅʥʝ ʙʘʩץʘ ʤʝʪʘʣʜʘʨ ʩʝʢʽʣʜʽ 

ʭʘʣʴʢʦʧʠʨʠʪ, ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ ʩʠʷץʪʳ ʢʝʥʜʽ ʤʠʥʝʨʘʣʜʘʨ 

ʙʘʨ. ʎʠʨʢʦʥ, ʨʫʪʠʣ, ʘʧʘʪʠʪ, ʤʘʣʘʭʠʪ, ʛʨʘʥʘʪ ʞᴅʥʝ ʵʧʠʜʦʪ ʜʘʨʘ ʪװʡʽʨʰʽʢ ʪװʨʽʥʜʝ 

ʢʝʟʜʝʩʝʜʽ. ײפʤʪʘʩʪʘʨ ʫʘץʳʪ ᴇʪʝ ᴇʟʛʝʨʝʜʽ, ᴇʡʪʢʝʥʽ ʪװʡʽʨʰʽʢʘʨʘʣʳץ ʢʝשʽʩʪʽʢ ʢʝʥ 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʪʦʣʪʳʨʳʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʚʘʨʮʪʳש ʩʳʥסʳʰ ʤʘʪʝʨʠʘʣʳ, ʜʘʣʘ 

ʰʧʘʪʪʘʨʳ, ʞʘʥʘʨʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש ʬʨʘʛʤʝʥʪʪʝʨʽ ʞᴅʥʝ ʤʘʛʤʘʪʠʪʪʝʨ 

ʛʠʜʨʦʪʝʨʤʠʷʣʳץ ʝʨʽʪʽʥʜʽʣʝʨ ʝʥʛʽʟʛʝʥ ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘʥʳש ᴅʩʝʨʽʥʝʥ ʢʦʨʨʦʟʠʷסʘ 

 ʨʘʤʳ ʤʝʥײץ שʤʪʘʩʪʘʨʳʥʳײץ ʤʳʩ שʘʥ ʢʝʥ ʦʨʥʳʥʳסʘʟץʰʳʨʘʡʜʳ. ɾʝʟײ

 ,ʘʩʠʝʪʪʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳץ ʨʘʤʳ ʤʝʥײץ שʪʘʨʜʳץʘʣʜʳץ ʘʩʠʝʪʪʝʨʽʥ ʩʠʧʘʪʪʘʫץ

ʦʣʘʨʜʘ ʙʘʨ ʤʝʪʘʣʜʘʨʜʳ ᴇשʜʝʫ ʞᴅʥʝ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ײץʨʫ ʢʝʟʽʥʜʝ ʝʩʢʝʨʫ 

 .ʘʞʝʪ [9-11]ץ

ɻʦʨʷʯʝʚ ɸ ʞᴅʥʝ ʙʘʩץʘ ʘʚʪʦʨʣʘʨʜʳ[12] ש ʞײʤʳʩʪʘʨʳʥʜʘ ʤʳʩ-ʥʠʢʝʣʴ 

ʨʫʜʘʩʳʥʳש ʤʠʥʝʨʘʣʦʛʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳײץ שʨʘʤʳ 

ʟʝʨʪʪʝʣʽʧ, ʢʝʣʝʩʽ ʤʠʥʝʨʘʣʜʘʨ ʩʝʥʽʤʜʽ ʪװʨʜʝ ʘʥʳץʪʘʣʜʳ: ʪʘʣʴʢ Mg3Si4O10(OH)2, 

ʣʠʟʘʨʜʠʪ Mg3Si2O5( OH)4, ʢʣʠʥʦʭʣʦʨ (Mg,Fe)5Al(Si, Al)O6(OH)8, ʭʘʣʴʢʦʧʠʨʠʪ 

CuFeS2, ʧʝʥʪʣʘʥʜʠʪ (Fe,Ni)9S8 ʞᴅʥʝ ʧʠʨʨʦʪʠʪ FenSn+1, ʤʘʛʥʝʪʠʪ Fe3O4 (1-ʩʫʨʝʪ). 

ɿʝʨʪʪʝʫ ʢʝʟʽʥʜʝ 1:2 ץʘʪʳʥʘʩʳʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢװʡʜʽʨʫ ʘʨץʳʣʳ ᴇשʜʝʣʛʝʥ 

ʢʦʥʮʝʥʪʨʘʪ ʧʝʥ ʘʤʤʦʥʠʡ ʩʫʣʴʬʘʪʳ ץʦʩʧʘʩʳʥʳװ שʣʛʽʣʝʨʽ ץʦʣʜʘʥʳʣʜʳ. 

ʉʠʣʠʢʘʪʪʳ ʤʠʥʝʨʘʣʜʘʨ 825Áʉ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪײʨʘץʪʳ ʙʦʣʜʳ ʞᴅʥʝ 

 .ʘʣʜʳץ ʣʛʽʣʝʨʜʝװ
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1 - ʪʘʣʴʢ; 2 - ʣʠʟʘʨʜʠʪ; 3 - ʢʣʠʥʦʭʣʦʨ; 4 - ʤʘʩʢʘʛʥʠʪ; 5 - ʭʘʣʴʢʦʧʠʨʠʪ; 6 - ʧʠʨʨʦʪʠʥ; 7 - 

ʧʝʥʪʣʘʥʜʠʪ; 8 - ʤʘʛʥʝʪʠʪ 
 

Cʫʨʝʪ 1 ï ɹʘʩʪʘʧץʳ ʢʦʥʮʝʥʪʨʘʪʪʳש (ʘ) ʞᴅʥʝ ʘʤʤʦʥʠʡ ʩʫʣʴʬʘʪʳ ʙʘʨ ʢʦʥʮʝʥʪʨʘʪ 

 ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ. ʉʘʥʜʘʨ ʨʝʬʣʝʢʩʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ (ʙ) שʦʩʧʘʩʳʥʳץ
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [12, p. 422-4] 

 

 ʡʜʽʨʫʜʝʥ ʢʝʡʽʥװʢ ץʣʛʽʥʽ ʩʫʤʝʥ ʰʘʡʤʘʣʘʫ ʢʝʟʽʥʜʝ 300Áʉ ʪʝʤʧʝʨʘʪʫʨʘʣʳת

ʤʝʪʘʣʣ ʩʫʣʴʬʘʪʪʘʨʳ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʪʽ. תʣʛʽʜʝ ʉʠʣʠʢʘʪ ʤʠʥʝʨʘʣʜʘʨʳ ץʘʣʜʳ ʪʘʣʴʢ 

ʞᴅʥʝ ʣʠʟʘʨʜʠʪ, ʩʫʣʴʬʠʜʪʽ ʤʠʥʝʨʘʣʜʘʨ ʜʘ ʢʝʟʜʝʩʝʜʽ. ɹײʣ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʤʤʦʥʠʡ 

ʩʫʣʴʬʘʪʳ ʤʝʥ ʢʦʥʮʝʥʪʨʘʪ ץʘʪʳʥʘʩʳʥʳש ʤʝʪʘʣʜʘʨʜʳ ʝʨʽʪʽʥʜʽʛʝ ʰʳסʘʨʫסʘ ᴅʩʝʨʽ 

ʟʝʨʪʪʝʣʜʽ. ʄʳʩ ʘʣʫ ʘʤʤʦʥʠʡ ʩʫʣʴʬʘʪʳʥʳװ שʣʝʩʽ ʞʦסʘʨʳ ʙʦʣסʘʥ ʩʘʡʳʥ ᴇʩʪʽ, 1:7 

 ʘʪʳʥʘʩʳʥʜʘ ʵʢʩʪʨʘʢʮʠʷ ʪʝʢץ ʘʣʳʥʜʳ, ʩᴅʡʢʝʩʽʥʰʝ 1:3 79% שʘʪʳʥʘʩʳʥʜʘ ʤʳʩʪʳץ

 .ʨʘʜʳ (2-ʩʫʨʝʪ)ײץ 55%

 

 
 

ʉʫʨʝʪ 2 ï ʂװʡʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 300Áʉ ʢʝʟʽʥʜʝ ʘʤʤʦʥʠʡ ʩʫʣʴʬʘʪʳʥʳש 

ʢʦʥʮʝʥʪʨʘʪʪʳש ʤʘʩʩʘʣʳץ ʘʨʘץʘʪʳʥʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʤʝʪʘʣʜʘʨʜʳש ʝʨʽʪʽʥʜʽʛʝ 

ᴇʪʫʽ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [12, p. 422-11] 
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ʐʘʡʤʘʣʘʥסʘʥ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʧʝʥ ʬʣʦʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘʥ ʢʝʡʽʥ 

ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʙʘʨ ץʦʩʧʘ ʵʣʝʤʝʥʪʪʝʨʽʥʽש (ʤʳʩʘʣʳ, Pb, Zn, F) 

ʰᴇʛʽʥʜʽʣʝʨʽ ʙʘʨ ʪʝʤʽʨ ʦʢʩʠʜʽʥʝʥ ʤʳʩ ʩʫʣʴʬʠʜʪʽ ʢʦʥʮʝʥʪʨʘʪʪʘʨʜʳ ʪײʨʘץʪʳ 

ʢᴅʜʝʛʝ ʞʘʨʘʪʫ ʤᴅʩʝʣʝʩʽ ʪʫʳʥʜʘʡʜʳ. ʂװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ (H2SO4) ʰʘʡʤʘʣʘʫ 

ʢʝʟʽʥʜʝ ץʦʩʧʘ ʵʣʝʤʝʥʪʪʝʨʽʥ ʽʨʽʢʪʝʧ ʞʦʶסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 100Áʉ ʪᴇʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤ ץʦʣʜʘʥʳʣʘʜʳ. 100ÁC-ʪʘʥ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʤʽʨ 

ʦʢʩʠʜʽ ʤʠʥʝʨʘʣʜʘʨʳ (ʛʝʤʘʪʠʪ) ʬʣʶʦʨʠʪ ʦʢʩʠʜʽʥʽץ שʘʣʜʳץʪʘʨʳʥʘʥ ʘʣʳʥʘʜʳ 

ʞᴅʥʝ ʝʨʽʪʽʣʝʜʽ, ʦʣʘʨ ᴅʨʪװʨʣʽ ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽ ץʘʤʪʠʪʳʥ ʙʘʩץʘ 

ʤʠʥʝʨʘʣʜʘʨʜʳ ʝʨʽʪʫ װʰʽʥ ʪʦʪʳץʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʫʨʘʥ, ʞᴅʥʝ 

ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʪʽʥ ʤʳʩʪʳש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ. 

 

 שʪʘʫʜʳץʡʽʨʰʽʢʪʽ ʤᴇʣʰʝʨʽʥ ʘʥʳװʪ שʪʘʨʜʳץʘʣʜʳץ ʘʪʪʳפ 1.2

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ᴅʜʽʩʽ 

ʊʝʭʥʦʛʝʥʜʽʢ ʰʠʢʽʟʘʪʪʘ ʞʠʥʘץʪʘʣסʘʥ ײץʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʤʘʟʤײʥʳ 

ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳש ʙʘʣʘʤʘʣʳ ʢᴇʟʜʝʨʽ ʨʝʪʽʥʜʝ ᴇשʜʝʫ ʞᴅʥʝ ʙʘʡʳʪʫ װʰʽʥ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [13]. פʘʣʜʳץʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʝʥʛʽʟʫʜʽש ʝש 

 ,ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ץʨʳʣʳʤʜʳײץ ʰʽʥװ ʜʘʫשʪʳʤʜʳ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʪʘײ

 ʪʘʫ ʰʘʨʪʪʘʨʳʥ ʟʝʨʜʝʣʝʫץʘ ʦʨʥʘʣʘʩʪʳʨʫ ʞᴅʥʝ ʩʘסʦʡʤʘץ ,ʟʽʣʫװʪ שʪʘʨʜʳץʘʣʜʳץ

 שʪʘʨʳʥʳץʘʣʜʳץ ʘʣʫʳסʙʘʡʳʪʫ ʢʝʟʽʥʜʝʛʽ ʞʦ שʨʘʤʜʘʩʪʘʨʜʳײץ ʘʞʝʪ. ʇʘʡʜʘʣʳץ

 ʥʜʘ ʢʝʥʜʽ ʤʠʥʝʨʘʣʜʘʨ ᴇʟʜʝʨʽ ʤʝʥײʣʝʩʽʤʝʥ (>0,074 ʤʤ) ʙʘʡʣʘʥʳʩʪʳ, ʤװ ʣʢʝʥװ

ʙʝʡʤʝʪʘʣʣ ʤʠʥʝʨʘʣʜʘʨ ʘʨʘʩʳʥʜʘסʳ ᴇʩʽʥʜʽʣʝʨ ʪװʨʽʥʜʝ ʞᴅʥʝ ʙʦʩ ʢװʡʜʝ ʙʦʣʘʜʳ. 

 ʪʘʨʜʳץʘʣʜʳץ ʘʥסʜʝʫʛʝ ʘʨʥʘʣשʨʘʤʳ ʪᴇʤʝʥ ʢʝʥʜʝʨʜʽ ʞᴅʥʝ ʦʣʘʨʜʳ ᴇײפ

ʙʘסʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ ײץʤ ʬʨʘʢʮʠʷʩʳʥʳש ʣʦʢʘʣʠʟʘʮʠʷʩʳʥʳש 

ʟʘשʜʳʣʳץʪʘʨʳʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʘʧʘʣʳץ ʞᴅʥʝ ʩʘʥʜʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙᴇʣʰʝʢʪʝʨʜʽש 

ᴇʣʰʝʤʜʽʢ ʪʘʨʘʣʫʳʥ ʘʥʳץʪʘʫ, ʷסʥʠ װʣʢʝʥ ʪʝʭʥʠʢʘʣʳץ ʤʘשʳʟסʘ ʠʝ ʙᴇʣʰʝʢʪʝʨʜʽש 

ʤᴇʣʰʝʨʽ, ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʳש ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ 

-ץʨʝʘʢʮʠʷʣʳ ,ץᴇʣʰʝʤʜʽʢ ʪʘʨʘʣʫʳ: ʞʳʣʫʣʳ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʦʣʘʨʜʳץ

ʢʠʥʝʪʠʢʘʣʳץ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ, 

ʘץץʳʰʪʳץ. ʐʘש ʪװʟʽʣʫ, ʩᴅʡʢʝʩʽʥʰʝ, ʰʘשʥʳש ᴇʟʽ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʪװʩʫʽ ʦʣʘʨʜʳש 

ʤᴇʣʰʝʨʽ 0,01-15 ʤʠʢʨʦʥʥʘʥ ʘʟ ʤᴇʣʰʝʨʜʝ ʘʥʳץʪʘʣʘʜʳ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʜʳ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨ ʘʨץʳʣʳ ʟʝʨʪʪʝʫʛʝ ʙʦʣʘʜʳ: 

ʝʣʝʫʽʰʪʽʢ ʪʘʣʜʘʫ; ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ ʘʩʪʳʥʜʘ ʟʝʨʪʪʝʫ; 

ʙᴇʣʰʝʢʪʝʨʜʽ ʩײʡʳץץʘ ʪײʥʫ ʞʳʣʜʘʤʜʳסʳʥʘ ץʘʨʘʡ ʙᴇʣʫ, ʩʘʥʘʫ ᴅʜʽʩʽ, 

ʮʝʥʪʨʠʬʫʛʘʣʳץ, ʩװʟʛʽʣʝʫ ʞᴅʥʝ ʜʝʢʘʥʪʘʮʠʷʣʘʫ. ʄʝʭʘʥʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫ 

ʢʝʟʽʥʜʝ, ʤʳʩʘʣʳ, ʤʘʛʥʠʪʪʽ ʝʣʝʢʪʝʥ ᴇʪʢʽʟʫ, ʙᴇʣʫ ʞᴅʥʝ ʪ.ʙ., ʬʪʦʨʣʘʫʜʳש 

ʘʣʜʳʥʜʘסʳ ʢʝʟʝשʜʝ ʰʠʢʽʟʘʪʪʳ ʬʨʘʢʮʠʷʣʘʨסʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ, ʙײʣ ʰʠʢʽʟʘʪʪʳש 

ʙװʢʽʣ ʤʘʩʩʘʩʳʥ ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ ᴇשʜʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʞʦʷʜʳ.  

ʂʝʡʙʽʨ ץʘʣʜʳץ ץʦʡʤʘʣʘʨʳ ʤʝʥ ץʘʣʜʳץʪʘʨʜʳ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳ 

ʜʝʢʘʨʙʦʥʠʟʘʮʠʷ ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ʬʣʦʪʘʮʠʷʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʜʞʠʛʛʝʨʜʝ ʛʨʘʚʠʪʘʮʠʷ 

ᴅʜʽʩʪʝʨʽʥ ײʩʳʥʘʜʳ. ʂʝʡʙʽʨ ץʘʣʜʳץʪʘʨʜʳ ʙʘʡʳʪʫ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ ʢᴇʤʽʨʪʝʢʪʽש 

ʢʝʤʫʽʥ ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ʬʣʦʪʘʮʠʷʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʰᴇʛʫ ʤʘʰʠʥʘʩʳʥʜʘ 

ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ ײʩʳʥʘʜʳ. ɽʣʝʫʽʰʪʝʨʜʝ ʥʝʤʝʩʝ ʩʘשʳʣʘʫʣʘʨʳ ᴅʨʪװʨʣʽ 

ʝʣʝʢʪʝʨʜʝ ʰʘשʜʳ ʤʘʪʝʨʠʘʣʜʳ ʝʣʝʫ ʢʝʟʽʥʜʝ ʙᴇʣʰʝʢʪʝʨ ʤʝʭʘʥʠʢʘʣʳץ ʪװʨʜʝ 
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ᴇʣʰʝʤʜʝʨʽ ʙʦʡʳʥʰʘ ʢʣʘʩʪʘʨסʘ ʙᴇʣʽʥʝʜʽ. ɽʣʝʢʪʝʥ ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ ʝʣʝʢʪʝ ץʘʣʘʪʳʥ 

ʤʘʪʝʨʠʘʣ çפɸʃɼʓפè, ʘʣ ʝʣʝʢʪʝʥ ᴇʪʢʝʥ ʤʘʪʝʨʠʘʣ çᴆʊʋè ʜʝʧ ʘʪʘʣʘʜʳ [14-16]. 

ɻʆʉʊ 8032-56 ʙʦʡʳʥʰʘ ʘʨʪʳץʰʳʣʳץʪʳ ʥᴇʤʽʨʣʝʨʽ ʙʘʨ ʩʪʘʥʜʘʨʪʪʳ ʝʣʝʢʪʝʨ 

ʞװʡʝʩʽ ʙʘʨ, ʦʣ 40 ʤʠʢʨʦʥסʘ ʜʝʡʽʥʛʽ ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʢʝʰʝʥʽʥʽץ שʘʣʜʳץʪʘʨʳʥ ʟʝʨʪʪʝʫ ʢʝʟʽʥʜʝ 

ʘʥʳץʪʘʫʰʳ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ᴅʩʝʨ ʝʪʫ ʪʠʽʤʜʽʣʽʛʽ, ʧʘʡʜʘʣʳ שʪʘʫ ʞᴅʥʝ ʞʽʢʪʝʫ ʘʧʧʘʨʘʪʪʘʨʳʥʳץʥʪʘױ

ʤʠʥʝʨʘʣʜʘʨʜʳש ʘʰʳʣʫ ʜᴅʨʝʞʝʩʽʥʝ ץʘʨʘʡ ʩʫʩʳʟʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽ ʘʥʳץʪʘʣʘʪʳʥ 

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʥʳש ʢᴇʤʝʛʽʤʝʥ ʙʘסʘʣʘʥʘʜʳ. ʓʣסʘʣ ײץʨʘʤʳ ʙʘʡʳʪʫ 

ʬʘʙʨʠʢʘʣʘʨʳʥʳש (ɹʌ) ץʘʣʜʳץʪʘʨʳʥʳײץ שʨסʘץ ʤʘʩʩʘʩʳʥ ʙʝʣʛʽʣʝʫ װʰʽʥ, ʩʦʥʜʘʡ-

ʘײ ץʩʘץʪʘʫ-ײʥʪʘץʪʘʫ ʞᴅʥʝ ʝʢʰʝʫʽʰ ʘʧʧʘʨʘʪʪʘʨʳ ʤʝʥ ʞײʤʳʩ ʪʠʽʤʜʽʣʽʛʽʥʽש 

ʜᴅʨʝʞʝʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʪʘʙʳʣסʘʥ. ױʥʪʘץʪʘʫ ᴇʥʽʤʜʝʨʽʥʽש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ 

 ᴇʟʘʨʘ שʘʩʠʝʪʪʝʨʽ, ʦʣʘʨʜʳץ שʨʘʤʳʥʘ ʞᴅʥʝ ʞʽʢʪʝʣʫʽʥʝ ʤʠʥʝʨʘʣʜʘʨ ʙʝʪʪʝʨʽʥʽײץ

ᴅʨʝʢʝʪʪʝʩʫʽ, ץʦʡʳʨʪʧʘ ʪʳסʳʟʜʳסʳ, ʩʦʥʜʘʡ-ʘץ ʙʘʡʳʪʫ ʧʨʦʮʝʩʽʥʽש ᴇʥʽʤʜʽʣʽʛʽ ᴅʩʝʨ 

ʝʪʝʜʽ. ʂʝʥʜʽ, ץʦʡʳʨʪʧʘʥʳ, ʢʦʥʮʝʥʪʨʘʪʪʘʨʜʳ ʪײʪʳʥʫ ʞᴅʥʝ ɹʌ ץʘʣʜʳץʪʘʨʳʥʳש 

ʢᴇʣʝʤʽ ʩʝʢʮʠʷʣʘʨʜʳש, ʘʧʧʘʨʘʪʪʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʘץʳʣʘʫ, ʨʝʪʪʝʫ ʞᴅʥʝ ʪʘʫʘʨ 

ʙʘʣʘʥʩʳʥ ʞʘʩʘʫ װʰʽʥ ʝʩʢʝʨʽʣʝʜʽ. 

 

1.3 ʊʘʫ-ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ ץʦʣʜʘʥʫ 

ɿʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʘʤʫ ʜʝשʛʝʡʽ ʪװʩʪʽ ʤʝʪʘʣʣʫʨʛʠʷʜʘ ʤʠʥʝʨʘʣʜʳ 

ʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽ, ץʘʣʜʳץʩʳʟ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [17]. ʄʠʥʝʨʘʣʜʳ 

ʨʝʩʫʨʩʪʘʨʜʳש ʤʘשʳʟʜʳ ʢᴇʟʽ ʙײʣ ץʘʣʜʳץʪʘʨ ʤʝʥ װʡʽʥʜʽʣʝʨʜʝ, ʩʦʥʜʘʡ-ʘץ 

ʪʝʭʥʦʛʝʥʜʽʢ ʢʝʥ ʦʨʳʥʜʘʨʳ ʨʝʪʽʥʜʝ ʞʽʢʪʝʣʛʝʥ ʪʦʪʳץץʘʥ, ʪײʨʘץʪʳ ʙʘʣʘʥʩʪʳץ, 

ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʞᴅʥʝ ʢʝʜʝʡ ʢʝʥʜʝʨʜʝ ʰʦסʳʨʣʘʥסʘʥ ץʘʣʜʳץʪʘʨ. ʊʘʫ-ʢʝʥ ʙʘʡʳʪʫ 

ᴇʥʜʽʨʽʩʽʥʽש ʘסʳʤʜʘסʳ ʞᴅʥʝ ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳ ʘʨʰʳʣסʘʥ ʞʳʥʳʩʪʘʨʤʝʥ, 

ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʢʝʥʜʝʨʤʝʥ ʞᴅʥʝ ʙʘʡʳʪʫ ץʘʣʜʳץʪʘʨʳʤʝʥ ײʩʳʥʳʣסʘʥ. ʆʣʘʨʜʘ 

ʤʝʪʘʣʜʘʨʜʳ ʙʘʡʳʪʫ ʞᴅʥʝ ʘʣʫ װʰʽʥ ʨʝʩʫʨʩʪʳץ ʨʝʟʝʨʚʪʽ ʙʽʣʜʽʨʝʪʽʥ ʙʽʨץʘʪʘʨ 

 .ʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ʙʘʨ [18]ײץ

ᴆʥʜʽʨʽʩʪʽʢ ʙʽʨʣʝʩʪʽʢ "ɾʝʟץʘʟסʘʥʮʚʝʪʤʝʪ" ʤʘʤʘʥʜʘʨʳ [19] ץʘʣʜʳץ 

 ʙʘʣʘʥʩʪʘʥ ʪʳʩ שʪʘʨʳʥʳץʘʣʜʳץ ʨʘʤʳ ᴇʪʝ ʪᴇʤʝʥ ʢʝʥʜʝʨʽ ʤʝʥײץ ʳסʦʡʤʘʣʘʨʳʥʜʘץ

 ʨʝʥʪʘʙʝʣʴʜʽ שʜʝʫʜʽשʦʨʣʘʨʜʳ ᴇʥʜʽʨʫ ʤʝʥ ᴇץ ʘʨʘʩʪʳʨʘʜʳ. ʆʩʳץ ʦʨʣʘʨʳʥץ

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥ ʦʥʜʘסʘʥ ʞʳʣʜʘʨסʘ ʰʠʢʽʟʘʪ 

ʙʘʟʘʩʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʠʥʘץʪʘʣסʘʥ ʞʝʢʝ ץʘʣʜʳץʪʘʨʜʳ 

 ʰʝʰʽʤʜʝʨ ɹʌ ʪᴇʤʝʥ ץʳ ʪʝʭʥʦʣʦʛʠʷʣʳסʦʣʜʘʥʳʩʪʘץ ʩʘʪʳʥʜʘץʜʝʫ ʤʘשʘʡʪʘ ᴇץ

ʢᴇʨʩʝʪʢʽʰʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɸסʳʤʜʘסʳ ᴇʥʜʽʨʽʩʪʽץ שʘʣʜʳץʪʘʨʳʥʘʥ 

ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ᴅʜʽʩʪʝʨʽ ץʘʣʜʳץʪʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʞʽʢʪʝʣʫʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʂʝʥʜʝʨʜʽ ץʘʣʜʳץʩʳʟ ʧʘʡʜʘʣʘʥʫ ʢᴇʨʩʝʪʢʽʰʽʥ ʘʨʪʪʳʨʫ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ 

ʛʠʜʨʦʠʤʧʫʣʴʩʠʷʣʳץ ʨʘʟʨʷʜʪʳ ᴇʥʜʽʨʽʩʪʽש ᴅʨʪװʨʣʽ ʢʝʟʝשʜʝʨʽʥʜʝ ץʦʣʜʘʥʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [20]. ɽʨʝʢʰʝ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ ʛʠʜʨʦʠʤʧʫʣʴʩ ʨʘʟʨʷʜʳʥ ʪʘʫ-

ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʢʝʥʜʝʨʜʽ, ץʘʣʜʳץʪʘʨʜʳ ʞᴅʥʝ ײץʨʘʤʳ ᴇʪʝ ʪᴇʤʝʥ ʢʝʥʜʝʨʜʽ 

ᴇʥʜʽʨʫ ʞᴅʥʝ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʝʪʪʽ [21].  

ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢʧʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨʛʠʷסʘ 

ʪװʨʣʝʥʜʽʨʫʜʽש ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʜʽʩʽ ʩײʡʳץʪʳץ ʢᴇʣʝʤʽʥʽש ʽʰʽʥʜʝʛʽ ʘʰʳץ ʥʝʤʝʩʝ 

ʞʘʙʳץ ʳʜʳʩʪʘסʳ ײʰץʳʥʥʳש ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʳʥʳש ᴅʩʝʨ ʝʪʫʽʥʝ 
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ʥʝʛʽʟʜʝʣʛʝʥ. ʐʳסʘʨʫ ʪװʟʽʣʫ ʘʡʤʘסʳʥʳש ʘʡʥʘʣʘʩʳʥʜʘ ᴇʪʝ ʞʦסʘʨʳ 

ʛʠʜʨʘʚʣʠʢʘʣʳץ ץʳʩʳʤ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ 

  .ʤʳʩ ʦʨʳʥʜʘʣʘʜʳ [22, 23]ײʞ ץʘ ʥʝʛʽʟʜʝʣʛʝʥ ʧʘʡʜʘʣʳ ʤʝʭʘʥʠʢʘʣʳסʙʳʣʳʩʪʘʨײץ

ʕʣʝʢʪʨʛʠʜʨʘʚʣʠʢʘʣʳץ ʵʬʬʝʢʪ (ʕɻʕ) ʙʝʣʛʽʣʽ ʙʽʨ ʢʝʟʝשʜʽʣʽʢʪʝʛʽ ʠʤʧʫʣʴʩʪʽʢ 

 ʞᴅʥʝ ץʳ ʛʠʜʨʘʚʣʠʢʘʣʳסʪʘץʪʳץʡʳײʳ ʙʘʨ ʠʦʥ ᴇʪʢʽʟʛʽʰ ʩסʪʳץʟʘײ

ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ᴅʩʝʨʣʝʨʜʽש ʞᴅʥʝ ᴅʩʝʨ ʝʪʫ ʘʤʧʣʠʪʫʜʘʩʳʥʳש ʢװʨʪ ʞʦסʘʨʳʣʘʫ 

 .ʙʳʣʳʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ [24-26]ײץ

ʕɻʕ ʢʦʥʪʫʨʜʳש ʙʝʣʩʝʥʜʽ ʢʝʜʝʨʛʽʩʽʥʜʝ ʵʥʝʨʛʠʷʥʳ ʙʦʩʘʪʫ ʨʝʞʠʤʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ, ʢʨʠʪʠʢʘʣʳץ ʬʦʨʤʫʣʘ (1) ʞʘץʳʥ, ʷסʥʠ ץʘʰʘʥ:  

 

1/ʉ<R
2
/4L         (1) 

 

ʤײʥʜʘ C - ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʩʳʡʳʤʜʳʣʳסʳ; 

K ʞᴅʥʝ L - ʙʝʣʩʝʥʜʽ ʢʝʜʝʨʛʽ ʞᴅʥʝ ʪʦʢ ʩʳʡʳʤʜʳʣʳסʳ. ʕɻʕ-ʥʽש 

ʤʝʭʘʥʠʢʘʣʳץ ʘʤʧʣʠʪʫʜʘʣʳץ ʨʝʟʦʥʘʥʩ ײץʙʳʣʳʩʪʘʨʳ ʢᴇʧʢʦʤʧʦʥʝʥʪʪʽ ʭʠʤʠʷʣʳץ 

ʦʨʪʘʣʘʨʜʳש ʳʜʳʨʘʫʳʥ ʞװʟʝʛʝ ʘʩʳʨʘ ʘʣʘʜʳ. ʍʠʤʠʷʣʳץ ʝʨʽʪʽʥʜʽʣʝʨʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʛʝʥʜʝ ʕɻʕ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʧʨʦʮʝʩʪʽש ʦשʪʘʡʣʳ ʞʘסʜʘʡʣʘʨʳ 

ʙʝʣʛʽʣʝʥʜʽ. ʄᴅʩʝʣʝ ʞʘשʘ ʵʣʝʢʪʨ ʪʽʟʙʝʛʽʥ ᴅʟʽʨʣʝʫ ʘʨץʳʣʳ ʰʝʰʽʣʜʽ, ʦʣ ʞײʤʳʩ 

ʢʝשʽʩʪʽʛʽʥʝ ץʳʩץʘ ʠʤʧʫʣʴʩ ʪװʨʽʥʜʝ ʪʦʢ ʙʝʨʽʧ, ʵʥʝʨʛʠʷ ʩʘץʪʘסʳʰʪʳ ʣʝʟʜʝ "ʩʦץץʳ" 

 .ʦʣʜʘʥʜʳץ ʦʩʳʣʳʤʳʥץ

ʉʭʝʤʘסʘ ʘʫʘʥʳײ שʰץʳʥ ʩʘשʳʣʘʫʳ ʝʥʛʽʟʽʣʜʽ, ʙײʣ ʠʦʥʜʳץ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʙʘʨ 

ʩײʡʳץʪʳץʪʘʨʜʘסʳ ײʰץʳʥ ʨʘʟʨʷʜʳʥʳש ʩʠʧʘʪʳʥ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʦʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ᴅʩʝʨʽʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʜʳ [27, 28]. ɹʽʨ ץʘʣʳʧʪʘʩʪʳʨʫʰʳ ʵʣʝʢʪʨ 

ʘʨʘʣʳסʳ ʙʘʨ ʕɻʕ-ʥʽש ʞʘʣʧʳ ʵʣʝʢʪʨ ʩʭʝʤʘʩʳ 3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʊʈ - ʪʨʘʥʩʬʦʨʤʘʪʦʨ; V - ʪװʟʝʪʢʽʰ; ʌʇ - ʘʫʘʜʘסʳ ʨʘʟʨʷʜ ʘʨʘʣʳסʳʥ ײץʨʘʡʪʳʥ; ʈʇ - 

ʩײʡʳץʪʳץʪʘסʳ ʨʘʟʨʷʜʪʳש ʞײʤʳʩ ʘʨʘʣʳסʳ; ʉ - ʞײʤʳʩ ʩʳʡʳʤʜʳʣʳסʳ ï ʢʦʥʜʝʥʩʘʪʦʨ 
 

ʉʫʨʝʪ 3 ï ɹ̔ ʨ ץʘʣʳʧʪʘʩʪʳʨʫʰʳ ʵʣʝʢʪʨ ʘʨʘʣʳסʳ ʙʘʨ ʕɻʕ ʵʣʝʢʪʨ ʩʭʝʤʘʩʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʪװʨʜʝ ʙʽʟ [29] ʕɻʕ ʵʣʝʢʪʨ ʪʽʟʙʝʛʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ᴇʟʛʝʨʪʫ ʤװʤʢʽʥʜʽʛʽʥ ʦʨʥʘʪʪʳץ. ʆʩʳʣʘʡʰʘ, ʥʝʛʽʟʛʽ ʨʝʞʠʤʜʝʨ ʩʳʡʳʤʜʳʣʳץ ʧʝʥ 

ʢʝʨʥʝʫʤʝʥ ʩʠʧʘʪʪʘʣʜʳ. 
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ʕʥʝʨʛʠʷʥʳץ שʘʨץʳʥʜʳ ʙᴇʣʽʥʫʽʤʝʥ ʘʨʥʘʥʳש ʢʝשʝʶ ʞʳʣʜʘʤʜʳסʳ 

ʩײʡʳץʪʳץʪʘסʳ ʜʳʙʳʩʪʳש ʪʘʨʘʣʫ ʞʳʣʜʘʤʜʳסʳʥʘʥ ʘʩʳʧ ʢʝʪʫʽ ʤװʤʢʽʥ, 

ʥᴅʪʠʞʝʩʽʥʜʝ ץʳʩʫ ʪʦʣץʳʥʳ ʩʦץץʳ ʪʦʣץʳʥʳʥʘ ʘʡʥʘʣʘʜʳ. ʆʩʳ ʩᴅʪʪʝʥ ʙʘʩʪʘʧ 

ʩײʡʳץʪʳץʪʳש ʢʝʨʽ ץʦʟסʘʣʳʩʳ ʧʘʡʜʘ ʙʦʣʘʜʳ (ץʫʳʩʳ ʞʘʙʳʣʘʜʳ), ʦʥʜʘסʳ ʛʘʟ 

 .ʘʡʪʘʣʘʥʘʜʳץ ʨʪ ʘʨʪʘʜʳ ʞᴅʥʝ ʧʨʦʮʝʩʩ ʙʽʨʥʝʰʝ ʨʝʪװʘʡʪʘʜʘʥ ʢץ ʳʩʳʤʳץ

ʆʩʳʣʘʡʰʘ, ʕɻʕ ʽʩʢʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ ᴇשʜʝʣʝʪʽʥ ʦʙʲʝʢʪʽʛʝ ᴅʩʝʨ ʝʪʫʜʽש 

ʤʳʥʘʜʘʡ ʬʘʢʪʦʨʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ: 

 ʩʦץץʳ ʞᴅʥʝ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʪʦʣץʳʥʜʘʨ; 

 ʛʠʜʨʘʚʣʠʢʘʣʳץ ʘסʳʥʥʳץ שʳʩʳʤʳ; 

 ʢʘʚʠʪʘʮʠʷ. 

ʕɻ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʘʨʪʳץʰʳʣʳסʳ ʨʝʪʽʥʜʝ ʤʳʥʘʣʘʨʜʳ ʘʪʘʧ ᴇʪʢʝʥ 

ʞᴇʥ: ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪʽʢʝʣʝʡ ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨʛʠʷסʘ ʘʡʥʘʣʜʳʨʫ ʤװʤʢʽʥʜʽʛʽ 

(ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ  80% ʜʝʡʽʥ) [30, 31]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʕɻʀʈ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ 

ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳ ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʤʝʪʘʣʣ ʪײʟʜʘʨʳʥ ʙʘʡʳʪʫ, ᴇשʜʝʫ ʞᴅʥʝ 

ʙᴇʣʫ װʰʽʥ ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. ʆץʰʘʫʣʘסʳʰ ʛʘʟ ʧʣʝʥʢʘʩʳ (ʩʫʜʘ ʨʘʟʨʷʜʪʘʣסʘʥ ʢʝʟʜʝ) 

ʘʪʦʤʜʳץ ʞᴅʥʝ ʤʦʣʝʢʫʣʘʣʳץ ʦʪʪʝʛʽ ʤʝʥ ʩʫʪʝʢʪʝʥ, ʛʘʟ ʪᴅʨʽʟʜʽ H2O2, ʙʦʩ 

ʨʘʜʠʢʘʣʜʘʨ OH ʞᴅʥʝ H, ʩʦʥʜʳץʪʘʥ ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪײʟʜʘʨʳ ʙᴇʣʽʥʝʜʽ. 

ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ ʨʘʟʨʷʜ ʢᴇʙʝʡʝʪʽʥʜʽʢʪʝʥ, ʙʫ-ʛʘʟ ץʘʙʳסʳ ʨʘʟʨʷʜʪʳש ʪװʙʽʥʜʝ װʣʢʝʥ 

ʙʦʣʘʜʳ ʞᴅʥʝ ʥװʢʪʝʜʝ ʘʡʪʘʨʣʳץʪʘʡ ʞץײʘ ʙʦʣʘʜʳ (4-ʩʫʨʝʪ). 

 

 
 

1 - ʩʪʨʠʤʝʨʜʽש ʙװʡʽʨʣʽʢ çʤײʨʪʳè; 2 - ʩʪʨʠʤʝʨʜʽש ʪװʙʽʥʜʝʛʽ ץʘʙʳ3 ;ץ - ʩʪʨʠʤʝʨʜʽש 

ʥʝʛʽʟʛʽ ʘʨʥʘʩʳ; 4 - ʩʪʨʠʤʝʨʜʽש ʤײʨʪ ʘʨʥʘʩʳ; 5 ï ץʘʙʳ6 ;ץ ï ʵʣʝʢʪʨʦʜ 
 

ʉʫʨʝʪ 4 ï ᴆʩʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʩʪʨʠʤʝʨ ʞᴅʥʝ ʙʫ-ʛʘʟ ʢᴇʡʣʝʢ 
 

ɽʩʢʝʨʪʫ ï ᴄʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [34] 

 

ɹʘʩʪʘʧץʳ ʢʝשʝʶ ʢʝʟʝשʽʥʜʝ ʢʘʚʠʪʘʮʠʷʣʳץ ʢᴇʧʽʨʰʽʢ ʧʘʡʜʘ ʙʦʣסʘʥ ʢʝʟʜʝ 

ʦʥʳש ʰʝʢʘʨʘʩʳʥʘʥ ʩʳʨʪץʳ ʘʡʤʘץץʘ ʩʦץץʳ ʪʦʣץʳʥʳ ʞʽʙʝʨʽʣʝʜʽ [32, 33]. 

ʂʘʚʠʪʘʮʠʷʣʳץ ʢᴇʧʽʨʰʽʢʪʽש ᴇʩʫʽ ʪʦץʪʘʧ, ץʫʳʩ ʞʘʙʳʣסʘʥ ʢʝʟʜʝ cʳסʳʣסʘʥ 

ʩײʡʳץʪʳץʪʳש ʵʥʝʨʛʠʷʩʳ ץʫʳʩ ʰʝʢʘʨʘʩʳʥʘ, ʷסʥʠ ʢʝʨʽ ʪʦʣץʳʥʥʳש ʘʣʜʳסשʳ 

ʞʘסʳʥʘ ᴇʪʝʜʽ [34]. ɹײʣ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʦʣʝʢʫʣʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʭʠʤʠʷʣʳץ 

ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʙײʟʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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1.4 ʄʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʘʥ ʤʳʩʪ  rʘʣʫʜʳש ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ʄʳʩ ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰ, ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢ ʞᴅʥʝ ʞʳʣʫ ᴇʪʢʽʟʛʽʰ ʩʠʷץʪʳ 

ʪʘʤʘʰʘ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʵʢʦʥʦʤʠʢʘ ʤʝʥ ʪʽʨʰʽʣʽʢʪʽש ʢᴇʧʪʝʛʝʥ 

ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʣ ᴅʣʝʤʜʝ ʝʨʝʢʰʝ ʩײʨʘʥʳʩץʘ ʠʝ 

ʤʝʪʘʣʜʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [35-37]. ʄʳʩ ᴇʥʜʽʨʫʜʽש ᴅʣʝʤʜʽʢ ᴇʥʜʽʨʽʩʪʽʢ 

 .ʘ ʞʝʪʪʽ ʞᴅʥʝ ʢʝʣʝʩʽ ʞʳʣʜʘʨʳ ʪʝʟ ᴇʩʝʜʽסʫʘʪʳ 2022 ʞʳʣʳ 21,9 ʤʠʣʣʠʦʥ ʪʦʥʥʘץ

ʄʳʩ ᴇʥʜʽʨʽʩʽʥʽש ᴇʩʫ ץʘʨץʳʥʳʥ 5,3%-סʘ ʜʝʡʽʥ ʞʝʜʝʣʜʝʪʫ ʢʝʡʽʥʛʽ ʞʳʣʜʘʨʳ 

ʘʨʪʘʜʳ. ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘʥʳש ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ʢʝʥʽʰʪʝʨʜʽ ᴇʥʜʽʨʫ ʞᴅʥʝ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳש 

 ʝʡʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ᴅʣʝʤʜʽʢ ʤʳʩ ᴇʥʜʽʨʫ 23שʜʝʫ ʢᴇʣʝʤʽ ʢʝשʘʡʪʘ ᴇץ ʪʘʨʳʥץʘʣʜʳץ

ʤʣʥ ʪʦʥʥʘʜʘʥ ʘʩʫʳ ʪʠʽʩ (1-ʢʝʩʪʝ). 2023 ʞʳʣʳ ʤʳʩץʘ ʙʦʣʞʘʤʜʳ ʩײʨʘʥʳʩ 2,2%-סʘ 

- 25,8 ʤʣʥ. ʪʦʥʥʘסʘ ʜʝʡʽʥ ײʣסʘʷʜʳ, ʙײʣ ʨʝʪʪʝ פʍʈ ʝʩʝʧʪʝʤʝʛʝʥʜʝ ᴅʣʝʤʜʽʢ 

ʢᴇʨʩʝʪʢʽʰ 1,8%-סʘ ʘʨʪʘʜʳ. ʄʳʩ ʢʝʥʜʝʨʽʥʽש ʢᴇʧʰʽʣʽʛʽ ʤʳʩ ʩʫʣʴʬʠʜʽ ʥʝʤʝʩʝ ʤʳʩ 

ʦʢʩʠʜʽ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ, ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ᴅʜʝʪʪʝ 0,5-2,0% ʤʳʩ ʙʘʨ [38-40]. 

 

ʂʝʩʪʝ 1 ï 2023 ʞʳʣסʘ ʘʨʥʘʣסʘʥ ʤʳʩ ᴇʥʜʽʨʫʜʽש ʥʘץʪʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ 

ʙʦʣʞʘʤʳ (ʤʳש ʪʦʥʥʘ) 
 

ɸʡʤʘץʪʘʨ 
ᴆʥʜʽʨʽʩ ʊײʪʳʥʫ 

2021 ʞr ʣ 2022 ʞr ʣ 2023 ʞr ʣ 2021 ʞr ʣ 2022 ʞr ʣ 2023 ʞr ʣ 

ɸʬʨʠʢʘ 1716 1961 2180 181 172 182 

ʉʦʣʪװʩʪʽʢ ɸʤʝʨʠʢʘ 1636 1683 1715 2305 2332 2370 

ʃʘʪʳʥ ɸʤʝʨʠʢʘʩʳ 2705 2585 2659 421 402 411 

10 ʤʝʤʣʝʢʝʪ ʆשʪװʩʪʽʢ-

ʰʳסʳʩ ɸʟʠʷ ʝʣʜʝʨʽʥʽש 

ʘʩʩʦʮʠʘʮʠʷʩʳ 

(ʆʐɸɽɸ) 

556 515 467 1126 1204 1306 

ɸʟʠʷ ʆʐɸɽɸ-ʩʳʟ  

ʊʄɼ 
13442 13952 14360 17113 17559 17702 

ɸʟʠʷ-ʊʄɼ 455 522 544 106 107 107 

ɽʫʨʦʧʘ ʆʜʘסʳ 2681 2613 2715 3048 3179 3228 

 ʘʥ ʝʫʨʦʧʘ 1207 1271 1368 952 863 878סʘʣפ

ʆʢʝʘʥʠʷ 400 414 445 5 5 5 

ɹʘʨʣʳסʳ 24798 25515 26453 25256 25823 26189 

ʊװʟʝʪʫʣʝʨʤʝʥ * 24798 25495 26344 25256 25823 26189 

ɹ̔ ʨ ʞʳʣ ʽʰʽʥʜʝʛʽ 

ᴇʟʛʝʨʽʩ, % 
0,8  2,8  3,3  1,1  2,2  1,4  

ʇʨʦʬʠʮʠʪ/ʜʝʬʠʮʠʪ - - - -458 -328 155 

 

ʄʳʩ ʢʝʥ ʦʨʥʳʥʳש ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣʜʘʨʳ ʪʝʤʽʨ, ʤʳʨʳʰ, ץʦʨסʘʩʳʥ, ʥʠʢʝʣʴ, 

ʢʦʙʘʣʴʪ, ʤʦʣʠʙʜʝʥ, ʨʝʥʠʡ, ʚʠʩʤʫʪ, ʩʫʨʴʤʘ, ʤʳʰʴʷʢ ʞᴅʥʝ ʙʘʩץʘ ʤʠʥʝʨʘʣʜʘʨʜʳש 

ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʩʫʣʴʬʠʜʪʝʨʽʤʝʥ ʙʽʨʣʝʩʝ ʦʪʳʨʳʧ, ץʠʳʣʳʩץʘʥ ʢʝʥʜʽ (ʤʳʩ 

 ʘʥסʩʳʥʳʣײ ʨʘʡʪʳʥ ʭʘʣʴʢʦʟʠʥ, ʙʦʨʥʠʪ ʞᴅʥʝ ʭʘʣʴʢʦʧʠʨʠʪʧʝʥײץ (ʤʪʘʩʪʘʨʳײץ

[41]. ʂʝʥ ʦʨʳʥʜʘʨʳʥʳש ʘʣʘשʳʥʜʘ ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʥʳש ᴇʟʛʝʨʝʪʽʥ 

ʘʡʤʘץʪʘʨʳʥʳש ʙʽʨʪʽʥʜʝʧ ᴇʟʛʝʨʫʽ ʙʘʡץʘʣʘʜʳ ʪʝʤʽʨ ʩʫʣʴʬʠʜʪʝʨʽʥʝʥ ʤʳʩ 

ʩʫʣʴʬʠʜʪʝʨʽ ʘʨץʳʣʳ ʪʝʤʽʨ ʦʢʩʠʜʪʝʨʽʥʝ ʜʝʡʽʥ. ɽש ʪʘʥʳʤʘʣ ʢʝʥ ʦʨʳʥʜʘʨʳ-
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ʈʝʩʝʡʜʽש ʏʠʪʘ ʦʙʣʳʩʳʥʜʘסʳ ʋʜʦʢʘʥ (ʧʨʦʪʝʨʦʟʦʡ ʞʘʩʳ), פʘʟʘץʩʪʘʥʜʘסʳ 

ɾʝʟץʘʟסʘʥ (ʢᴇʤʽʨ ʞʘʩʳ); ʆʨʪʘʣʳץ ɸʬʨʠʢʘʥʳש ɹʘʣ ʙʝʣʜʝʫʽʥʽש (ʧʨʦʪʝʨʦʟʦʡ 

ʞʘʩʳ), ʇʦʣʴʰʘʜʘסʳ ʪᴇʤʝʥʛʽ ʉʠʣʝʟʠʷʥʳש ʞᴅʥʝ ɻʝʨʤʘʥʠʷʜʘסʳ ʄʘʥʩʬʝʣʴʜʪʽש 

(ʇʝʨʤʴ ʞʘʩʳ) ʢʝʥ ʦʨʳʥʜʘʨʳ [42-44]. 

ʉʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ץʘʨʘʧʘʡʳʤ ʤʳʩ ʩʫʣʴʬʠʜʽʥʽש ʪʝʟ ʩʘʨץʳʣʫʳ ʙʘʨ 

ʢʝʥʜʝʨʜʝ ʪᴇʤʝʥ ʩײʨʳʧʪʳ ʪʘʫʩʳʣסʘʥ ʢʝʥʜʝʨʜʝʥ ʧʘʡʜʘ ʪʘʙʫסʘ ʙʦʣʘʜʳ [45]. 

ʊʘʫʩʳʣסʘʥ ʢʝʥʜʝʨʜʝʥ (ץʘʣʜʳץʪʘʨʜʘʥ) ʞᴅʥʝ װʡʽʥʜʽʣʝʨʜʝʥ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ 

ʞʦʣʤʝʥ ʤʳʩ ʘʣʫ ʰʘʡʤʘʣʘʫ ʪʠʽʤʜʽʣʽʛʽ, ʪᴇʤʝʥ ײץʥʳ ʞᴅʥʝ ʘסʳʥʥʳש 

 שʪʘʨʳʥʳץʰʳʣʳץʘʨʪʳ שʘʩʳʥʜʘ ʦʩʳ ʪʝʭʥʦʣʦʛʠʷʥʳץʳ ʘʨסʘʨʘʧʘʡʳʤʜʳʣʳץ

ʘʨץʘʩʳʥʜʘ ʪᴅʞʽʨʠʙʝʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [46, 47]. ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ 

ᴅʜʽʩʧʝʥ ץʘʪʘʨ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʤʘʩʰʪʘʙʪʘ ʤʳʩʪʳ ʰʘʡʤʘʣʘʫʜʳש ʙʽʨʥʝʰʝ ʟʘʤʘʥʘʫʠ 

ᴅʜʽʩʪʝʨʽ ʙʘʨ: 

 ʘh ʳץ ʢʝʥ ʦʨʳʥʜʘʨʳʥʜʘ װʡʽʥʜʽ ʰʘʡʤʘʣʘʫ [48, 49]; 

 ʪʝʨʝסשײ שʳʤʘʣʘʨʤʝʥ ʞʝʨʘʩʪʳ ʰʘʡʤʘʣʘʫ [50]; 

 ʨʘʤʳʥʜʘ ʩʠʨʝʢ ʞᴅʥʝ ʩʠʨʝʢ ʞʝʨ ʤʝʪʘʣʜʘʨʳ ʙʘʨ ʢʝʥʜʝʨʜʽ ʘʚʪʦʢʣʘʚʪʳײץ 

ʰʘʡʤʘʣʘʫ [51]; 

 ;ʜʝʫ ʢʝʟʽʥʜʝ ʯʘʥʜʳ ʰʘʡʤʘʣʘʫ [52]שʨʘʤʳ ᴇʪʝ ʪᴇʤʝʥ ʢʝʥʜʝʨʜʽ ᴇײץ 

 ʙʘʢʪʝʨʠʷʣʳץ ʰʘʡʤʘʣʘʫ ʢʝʥ װʡʽʥʜʽʣʝʨʽʥʜʝ ʢᴇʧ ʫʘץʳʪ ʙʦʣסʘʥ ʢʝʟʜʝ 

 ;ʦʣʜʘʥʳʣʘʜʳ [53-55]ץ

ʊײʟ, ʘʟʦʪ ʞᴅʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ ʢװʢʽʨʪ ץʳʰץʳʣʜʘʨʳ, ʩײʡʳʣʪʳʣסʘʥ 

ʢװʢʽʨʪ ץʳʰץʳʣʳ (ʪʦʪʳץץʘʥ ʢʝʥʜʝʨ ʞʘסʜʘʡʳʥʜʘ), ʩʦʥʜʘʡ-ʘץ ʪײʟʜʘʨʜʳץ שʳʰץʳʣ 

ʝʨʽʪʽʥʜʽʣʝʨʽ (Fe3SO4, FeCl3) ʧʘʡʜʘʣʳ ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽ ʘʣʫ װʰʽʥ 

ʨʝʘʛʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ. ʉʫʣʴʬʠʜʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴇשʜʝʫ 

ʢʝʟʽʥʜʝ ʘʟʦʪ ʞᴅʥʝ ʢװʢʽʨʪ ץʳʰץʳʣʜʘʨʳ [56-59], ʤʳʩ ʞᴅʥʝ ʪʝʤʽʨ ʪײʟʜʘʨʳ [60-64], 

ʩʫʪʝʛʽ ʘʩץʳʥ ʪʦʪʳסʳ [65, 66] ʝʨʽʪʢʽʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ɹʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳ ץʘʣʜʳץʪʘʨʜʳ ʢᴇʧ ʤᴇʣʰʝʨʽʥ ʞʠʥʘʡʜʳ, ʤײʥʜʘ 

ᴇשʜʝʫʜʽש ʙʽʨʽʥʰʽ ʢʝʟʝשʽʥʜʝ ʤʝʪʘʣʜʘʨʜʳש ʪʝʟ ʝʨʠʪʽʥ ʬʦʨʤʘʣʘʨʳ ʘʰʳʣʘʜʳ, 

ʝʢʽʥʰʽ ʢʝʟʝש-ʪʦʪʳסʫ ʧʨʦʮʝʩʪʝʨʽʥʽש ʙʝʣʩʝʥʜʽʨʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʫʘʨʫ. 

ɹʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳ ʞʝʪʢʽʟʽʣʝʪʽʥ ʤʘʪʝʨʠʘʣʜʳװ שʥʝʤʽ ʥʘʰʘʨʣʘʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʪײʨʘץʪʳ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳ ץʘʡʪʘ ᴇשʜʝʫʛʝ ʤᴅʞʙװʨ [67, 68]. 

 ,ʳʤʝʥסʘʟʜʳ שʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽײץ ʩʝʪʽʥ ʢʝʥʜʝʨװʜʝʫʛʝ ʪשʘʡʪʘ ᴇפ

ʪʦʪʳץץʘʥ ʬʦʨʤʘʣʘʨʜʳש ʙʦʣʫʳʤʝʥ, ʞץײʘ ץʘʙʳץʰʘʣʳ ʩʫʣʴʬʠʜʪʝʨʜʽש ʝʜᴅʫʽʨ 

 ʨʣʽ ᴅʜʽʩʪʝʨʽװʜᴅʩʪ שʳʪʪʘ ʙʘʡʳʪʫʜʳץʘʟʽʨʛʽ ʫʘפ .ʣʝʩʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳװ

ʤʝʪʘʣʣʫʨʛʠʷʜʘסʳ ʢᴇʧʪʝʛʝʥ ʽʨʽ ʧʘʡʜʘʣʳ ץʘʟʙʘʣʘʨʜʳ ᴇשʜʝʫ ʞʦʙʘʣʘʨʳʥʳש ʧʘʡʜʘסʘ 

ʞײʤʳʩ ʽʩʪʝʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ. ʉʝʙʝʙʽ, ʤʝʪʘʣʣ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳ ʪᴇʤʝʥ ʩʦʨʪʪʳ, 

ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ץʘʪʪʳ ʩʠʣʠʢʘʪ ʞʳʥʳʩʪʘʨʳ ʢᴇʧ. ʉʦʥʜʳץʪʘʥ ʪʘʫ-ʢʝʥ 

ʙʘʡʳʪʫ ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʘʣʜʳʥʜʘ ʪײʨסʘʥ ʤʽʥʜʝʪ ʟʘʤʘʥʘʫʠ ʛʠʜʨʦʤʝʪʘʣʫʨʛʠʷʣʳץ 

ᴅʜʽʩʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳ ʙʘʨʳʥʰʘ ʪʠʽʤʜʽ ᴇשʜʝʫʜʽ 

 ʩʭʝʤʘʣʘʨʜʳ ᴅʟʽʨʣʝʫʜʽ ץʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳסʪʘʡʣʘʥʜʳʨʳʣשʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʦץ

ʪʘʣʘʧ ʝʪʝʜʽ [69-72]. ײפʨʘʤʳʥʜʘ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʢװʨʜʝʣʽ ץʠʳʣʳʩץʘʥ ʩʫʣʴʬʠʜʪʽ 

ʤʠʥʝʨʘʣʜʘʨ ʙʘʨ ʢʝʥʜʝʨʜʽ ᴇשʜʝʫ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪᴅʩʽʣʜʝʨʜʽ ץʘʞʝʪ ʝʪʝʜʽ 

ᴇʡʪʢʝʥʽ ʥʝʛʽʟʛʽ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥ ײץʨʘʡʪʳʥ ʤʠʥʝʨʘʣʜʘʨ ʩʝʨʧʝʥʪʠʥ, ʦʣʠʚʠʥ, 

ʭʣʦʨʠʪ, ʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣ, ʧʠʨʨʦʪʠʥ, ʧʝʥʪʣʘʥʜʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ ʞᴅʥʝ ʤʘʛʥʝʪʠʪ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴅʜʽʤʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʤʝʥ ʨʝʘʛʝʥʪʪʝʨʤʝʥ ᴇשʜʝʫ 
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ʤʝʪʘʣʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳץ שʘʞʝʪʪʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʤʝʡʜʽ [73-75]. ʊװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ ʪײʨʘץʪʳ ʢʝʥʜʝʨʜʝʥ ʞᴅʥʝ ʙʘʡʳʪʫ 

ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ʥʝʛʽʟʜʝʣʛʝʥ ᴅʜʽʩʪʝʨʽ ץʘʞʝʪ. 

 .ʜʝ ʤʝʪʘʣʜʘʨ ʝʨʽʤʝʡʪʽʥ ʩʫʣʴʬʠʜʪʽ ʙᴇʣʽʢʪʝʥ ʰʘʡʳʣʘʜʳ [76]שʰʽʥʰʽ ʢʝʟʝת

ᴄʨʽ ץʘʨʘʡ, ʢʝʜʝʨʛʽ ʞʘʩʘʡʪʳʥ ʤʝʪʘʣʜʘʨ (Fe, Zn, Pb) ʪײʥʙʘסʘ ʘʡʥʘʣʘʜʳ, ʩʦʜʘʥ 

ʢʝʡʽʥ ײʩʳʥʳʣסʘʥ ᴅʜʽʩ ʤʳʩ ᴇʥʜʽʨʫʛʝ ʰʘʤʘʤʝʥ 80% ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʘʟ ʤᴇʣʰʝʨʽ 4-5 ʪʦʥʥʘ ʜʘʡʳʥ ʤʳʩʪʳ1 ש ʪʦʥʥʘʩʳʥʘ, 

ʩʦʜʘʥ ʢʝʡʽʥ ʤʳʩ ʝʨʽʪʽʥʜʽʜʝʥ ʪʝʤʽʨʤʝʥ ʮʝʤʝʥʪʪʝʫ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ. ɹײʣ 

ʤʝʪʘʣʜʘʨʜʳ ᴇʥʜʽʨʫʜʽש ʵʣʝʢʪʨʦʣʠʪʪʽʢ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ, ʦʣ ʙʽʨ ʤʝʪʘʣʜʳ ʝʢʽʥʰʽ, 

ʵʣʝʢʪʨʦʥʝʛʘʪʠʚʪʽ ʤʝʪʘʣʤʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ.  

ʳʣ ʦʨʪʘʜʘ ʮʝʤʝʥʪʪʝʫ ʧʨʦʮʝʩʽ [77] Cuץʳʰפ
2+

 + Fe
0
Ÿ Cu

0
 +Fe

2+
 (2)-(4) 

ʪʝשʜʝʫʣʝʨ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʣʫʳ ʤװʤʢʽʥ: 

 

   CuSO4 + Fe Ÿ FeSO4 + Cu,      (2) 

 

   H2SO4 + Fe Ÿ H2 + FeSO4,      (3) 

 

   Fe2(SO4)3 + Fe Ÿ 3FeSO4.      (4) 

 

ʈʝʘʢʮʠʷʣʘʨ (5)-(7) ʙʽʨ ʫʘץʳʪʪʘ ʞװʨʝʜʽ 

 

   Fe2(SO4)3 + ʉu = CuSO4 + 2FeSO4,    (5) 

 

   ʉu + 1/2ʆ2 + H2SO4 = CuSO4 + ʅ2ʆ,    (6) 

 

   2FeSO4 + 1/2ʆ2 + H2SO4 = Fe2(SO4)3 +ʅ2ʆ.  (7) 

 

ʊᴇʤʝʥʜʝʛʽ ʞװʡʝʣʝʨ װʰʽʥ ʪʝשʜʝʫʣʝʨʜʝ ʩʪʘʥʜʘʨʪʪʳ ʵʣʝʢʪʨʦʜʪʳץ 

ʧʦʪʝʥʮʠʘʣʜʘʨ ʢʝʣʪʽʨʽʣʛʝʥ (8)-(11): 

 

ʉu Ÿ ʉu
2+

 + 2ʝ,ɽ0 = +0.34V      (8) 

 

Fe Ÿ Fe
2+

 + 2ʝ, ɽ0 = ï0.44V     (9) 

 

Fe
3+

 + ʝ Ÿ Fe
2+,

 ɽ0 = +0.77V             (10) 

 

ʆ2 + 4ʝ +4ʅ+ŶŸ 2ʅ2ʆ ɽ0 = +1.23V           (11) 

 

ʊʝʧʝ-ʪʝשʜʽʢʪʝ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩ ʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʅʝʨʥʩʪ 

ʪʝשʜʝʫʽʤʝʥ ʝʩʝʧʪʝʣʝʜʽ [78], ʮʝʤʝʥʪʪʝʫ ʨʝʘʢʮʠʷʩʳ ʪʦʣʳסʳʤʝʥ ʉʉu
2+

 = 1,3Å10-27 ɺ 

ʢʝʟʽʥʜʝ ʞװʨʝʜʽ. 

ɸʰʳץ ʢʝʥ ʦʨʳʥʜʘʨʳʥʜʘ ʤʳʩ ʰʠʢʽʟʘʪʳʥ ᴇשʜʝʫ װʰʽʥ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ 

 ʰװ ʰʽʥװ ʪʳʨʫץʢʽʨʪʪʽ ʪʦʪʳװʦʣʜʘʥʳʣʘʜʳ. ʉʫʣʴʬʠʜʪʽ ʢץ ʡʤʝʣʽ ʰʘʡʤʘʣʘʫװ
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ʚʘʣʝʥʪʪʽ ʪʝʤʽʨ ʪײʟʜʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ɹװʛʽʥʛʽ ʪʘשʜʘ ʤʳʩ ʢʝʥʜʝʨʽʥ ᴇשʜʝʫʜʽש 

ʥʝʛʽʟʛʽ ᴅʜʽʩʽ-ʢװʢʽʨʪ ץʳʰץʳʣʳʥ ʰʘʡʤʘʣʘʫ. [79, 80] 

ʨʘʤʳʥʜʘ CuCdײפ Zn ʞᴅʥʝ Pb Au Ag ʤʝʪʘʣʣ ʪʦʧʪʘʨʳ ʙʘʨ ʵʣʝʢʪʨʦʣʠʪʪʝʥ 

ʘʚʩʪʨʘʣʠʷʣʳץ ʟʝʨʪʪʝʫʰʽʣʝʨ [81] ʪʽʢʝʣʝʡ ʪʦʪʳסʫ ʰʘʡʤʘʣʘʫ ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʜʽ ʞᴅʥʝ 

ʧʘʪʝʥʪʪʝʜʽ. ʉײʡʳʣʪʳʣסʘʥ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ץʘʨʩʳ ʘסʳʥʜʳ ʰʘʡʤʘʣʘʫʜʘ ʘʟʦʪ 

ʦʢʩʠʜʪʝʨʽ ʤʝʥ ʦʪʪʝʛʽ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʧʨʦʮʝʩʩ ץʘʣʳʧʪʳ ʞʘסʜʘʡʜʘ ʪʦʣʳסʳʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʊײʥʙʘ ʤʝʥ ʝʨʽʤʝʡʪʽʥ ʢװʢʽʨʪʪʽ ʝʨʽʪʽʥʜʽʜʝʥ ʩװʟʫ ʘʨץʳʣʳ 

ʙᴇʣʛʝʥʥʝʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽ ץʳʰץʳʣ ʦʨʪʘʜʘ ʤʳʨʳʰ ʰʘשʳʤʝʥ ʮʝʤʝʥʪʪʝʣʝʜʽ ʞᴅʥʝ 

ʦʩʳʣʘʡʰʘ ʤʳʩ ʪײʥʙʘʩʳ ʘʣʳʥʘʜʳ. 110-170Áʉ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʢװʢʽʨʪ 

ʞᴅʥʝ ʘʟʦʪ ץʳʰץʳʣʜʘʨʳʥʳץ שʦʩʧʘʩʳʤʝʥ ʢʦʥʮʝʥʪʨʘʪʪʘʨʜʳ ᴇשʜʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ᴅʜʽʩ ɸפʐ ᴅʟʽʨʣʝʜʽ ʞᴅʥʝ ʧʘʪʝʥʪʪʝʜʽ [82]. 

ʆʣʘʨ ʩʦʥʜʘʡ-ʘץ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʟ ץʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

(0,61 ʄʇʘ, 125-175Áʉ) ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʩʽʥʜʝ NaNO2 ʩʫʣʴʬʠʜʪʽ ʤʳʩ 

ʢʝʥʜʝʨʽʥ ץʦʩʫʤʝʥ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʰʘʡʤʘʣʘʫ ᴅʜʽʩʽʥ [83] ᴅʟʽʨʣʝʜʽ. ʂʘʥʘʜʘʜʘ 1,38 

ʄʧʘ ʦʪʪʝʛʽ ץʳʩʳʤʳʤʝʥ 110-ʜʘʥ 220Áʉ-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘסʳ 

ʘʚʪʦʢʣʘʚʪʘסʳ ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʩʽʥʜʝʛʽ ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʪʦʪʳסʫ 

ʩʽʣʪʽʣʝʥʫʽʥ ʟʝʨʪʪʝʫ ʞʘʩʘʣʜʳ. ɹײʣ ʟʝʨʪʪʝʫʜʝʛʽ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 1 ʤʦʣʴ/ʜʤ
3
-ʢʝ ʞʝʪʪʽ [84, 85]. 

ɸʣʜʳʥ ʘʣʘ ʘʚʪʦʨʣʘʨ [86] ʌʠʣʠʟʯʘʡ ʧʦʣʠʤʝʪʘʣʣ ʢʝʥʽʥʽש (ᴄʟʽʨʙʘʡʞʘʥ) 

ʞᴅʥʝ ʧʠʨʨʦʪʠʥʠʟʘʮʠʷʣʘʥסʘʥ ᴇʥʽʤʥʽש ʪʝʤʽʨʜʽװ שʰ ʚʘʣʝʥʪʪʽ ʪײʟʜʘʨʳʤʝʥ 

(Fe2(SO4)3, FeCl3) ʪʦʪʳסʫʳʥ ʟʝʨʪʪʝʜʽ. ᴄʨʽ ץʘʨʘʡ, Fe2(SO4)3 ʞᴅʥʝ FeCl3 ʙʘʨ 

ʧʠʨʨʦʪʠʥʠʟʘʮʠʷʣʘʥסʘʥ ᴇʥʽʤʛʝ ʜʝʨʠʚʘʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ, ʘʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʢʠʥʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʝʩʝʧʪʝʣʽʧ, ʘʢʪʠʚʪʝʥʜʽʨʫ 

ʵʥʝʨʛʠʷʩʳ ʦʨʥʘʪʳʣʜʳ. ʄײʥʜʘʡ ʪʦסʘʥʜʘʨʜʘ ᴅʨʪװʨʣʽ ʤʠʥʝʨʘʣʜʘʨʜʳש (FeS2, 

CuFeS2, FeS, ZnS, PbS ʞᴅʥʝ ʪ.ʙ.) ʞᴅʥʝ ʢʝʥʜʽ ʝʤʝʩ ʤʠʥʝʨʘʣʜʘʨʜʳש ʢװʨʜʝʣʽ 

ʤʠʥʝʨʘʣʦʛʠʷʣʳץ ʘʩʩʦʮʠʘʮʠʷʣʘʨʳ ʪװʟʽʣʝʜʽ, ʙײʣ ʦʣʘʨʜʳ ᴇשʜʝʫʜʽ ץʠʳʥʜʘʪʘʜʳ. ᴄʨ 

ʪװʨʣʽ ʝʨʽʪʢʽʰʪʝʨʽ ʙʘʨ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴅʜʽʩʪʝʨ ץʳʟʜʳʨʫ ʢʝʟʝשʽʥ ʞʦʶ 

ʘʨץʳʣʳ ʰʠʢʽʟʘʪʪʳ ᴇשʜʝʫʜʝ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ. ʄײʥʜʘ ʢʝʥʜʝʨ ʤʝʥ 

ʢʦʥʮʝʥʪʨʘʪʪʘʨʜʳ ᴇשʜʝʫʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʨʝʘʛʝʥʪʪʝʨʜʽץ שʦʣ ʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ 

ʘʨʟʘʥʜʳסʳ ʤʘשʳʟʜʳ.  

ʇʦʣʠʤʝʪʘʣʣ ʢʝʥʜʝʨʽʥ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʝʨʽʤʝʡʪʽʥ ʞʘʫʳʥ-ʰʘʰʳʥʥʳש ʧʘʡʜʘ 

ʙʦʣʫʳ װʰʽʥ ʪʝʤʽʨʜʽש ʦשʘʡ ʞʘשʘʨʪʳʣʘʪʳʥ װʰ ʚʘʣʝʥʪʪʽ ʪײʟʜʘʨʳ (ʩʫʣʴʬʘʪʪʘʨ ʤʝʥ 

ʭʣʦʨʠʜʪʝʨ) ʞᴅʥʝ ʞʦסʘʨʳ ʪʦʪʳץʪʳʨסʳʰ ʠʦʥʜʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ Fe
3+

 ʦʣʘʨʜʳ 

ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ [87-89] (12) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ 

ʞװʨʝʜʽ: 

 

MeS+2Fe
3+

 = Me
2+

 +2Fe
2+

+S
0 
                       (12) 

 

ʊʝʤʽʨ ʪײʟʜʘʨʳʥ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʩʫʣʴʬʘʪʪʘʨ ʝʨʠʪʽʥ 

ʪײʟʜʘʨסʘ ʘʡʥʘʣʘʜʳ, ʢװʡʜʽʨʽʣʤʝʡʜʽ, ʩʫʣʴʬʠʪ ʢװʢʽʨʪʽ ץʘʣʜʳץʪʘ ʙʦʩ ʢװʡʽʥʜʝ 

ʘʣʳʥʘʜʳ, ʤײʥʳ ʢʝʣʝʩʽ ʭʠʤʠʷʣʳץ ʪʝשʜʝʫʤʝʥ ײʩʳʥʫסʘ ʙʦʣʘʜʳ (13): 

 

MeSʆ3+2Fe
3+

 = MeSO2+2Fe2+SO2                       (13) 
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ʍʘʣʴʢʦʧʠʨʠʪ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ʰʘʡʤʘʣʘʫ ץʠʳʥ, ʪʽʧʪʽ 

ʘʣʜʳʥ ʘʣʘ ʢװʡʜʽʨʽʣʛʝʥ ʢʝʟʜʝ ʜʝ [90, 91]. ʈʝʩʝʡʜʝ ʢװʡʜʽʨʽʣʛʝʥ ʢʝʥʜʽ ʢװʢʽʨʪ 

 ʩʳʥʳʣʜʳ, ʤʳʩ ʰʘʤʘʤʝʥ 90%ײ ʳʣʳʤʝʥ ʰʘʡʤʘʣʘʫ ʩʭʝʤʘʩʳ ᴅʟʽʨʣʝʥʜʽ ʞᴅʥʝץʳʰץ

ʞᴅʥʝ 60% ʤʳʨʳʰ ʘʣʳʥʘʜʳ. פʘʣʜʳץ ʪʝשʽʟ ʩʫʳ ץʦʩʳʣסʘʥ 60Áʉ-ʪʘ ʪʠʦʤʦʯʝʚʠʥʘ 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ᴇשʜʝʣʜʽ [92]. ɹײʣ ᴅʜʽʩ ʢʝʥʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʞʦסʘʨʳ ʵʥʝʨʛʠʷ 

ʰʳסʳʥʳʥ ץʘʞʝʪ ʝʪʝʜʽ. ʐʘʡʤʘʣʘʫ ץʘʣʜʳץʪʘʨʳʥʘʥ ʤʳʩ, ץʦʨסʘʩʳʥ ʞᴅʥʝ ʢװʤʽʩʪʽ 

ʘʣʫ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʝʤʝʩ. 

ɾʝʟץʘʟסʘʥ ʢʝʜʝʡ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳʥ ʙʘʡʳʪʫ װʰʽʥ ʘʚʪʦʢʣʘʚʪʳ ʪײʥʜʳʨʫ ᴅʜʽʩʽ 

ʟʝʨʪʪʝʣʜʽ [93]. ʂʨʝʤʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳ30 ש-ʜʘʥ 15%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʫʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʞײʤʳʩ ʰʠʢʽʟʘʪʪʳ ʙʘʩʪʘʧץʳ ʜʝשʛʝʡʜʝʥ 1,5 ʝʩʝ ʙʘʡʳʪʘ ʘʣʜʳ. ɹײʣ 

ᴅʜʽʩ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ʢʨʝʤʥʠʡʣʽ ץʘʣʜʳץʪʘʨʜʳ-ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳש 

 .ʜʘʡʜʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʦʣʳʧ ʢᴇʨʽʥʝʜʽ [94]סʘʥ ʞʘסʪʘʨʳʥ ʧʘʡʜʘʣʘʥץʘʣʜʳץ

 שʢᴇʧ ʤᴇʣʰʝʨʽ ʙʘʨ ʤʳʩ ʢʝʥʽʥ ʰʘʡʤʘʣʘʫʜʳ שʨʘʤʳʥʜʘ ʭʘʣʴʢʦʧʠʨʠʪʪʽײפ

ʝʨʝʢʰʝʣʽʛʽ-ʙײʣ ʤʠʥʝʨʘʣʜʳ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʜʘ ʝʨʽʪʫʜʽש ʩʘʣʳʩʪʳʨʤʘʣʳ 

 "ʘʫʳʨ" שʧʘʣ ʝʪʝʪʽʥ ʘʚʪʦʢʣʘʚ ᴅʜʽʩʽʥʽץʣ ʤᴅʩʝʣʝʣʝʨʜʽ ʝʨʽʪʫʛʝ ʳײʳ. ɹסʠʳʥʜʳץ

ʞʘסʜʘʡʣʘʨʳ ʘʨץʳʣʳ ʰʝʰʫʛʝ ʙʦʣʘʜʳ [95]. ʊײʨʘץʪʳ ʤʳʩ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳʥ 

ʰʘʡʤʘʣʘʫ ʢʝʟʽʥʜʝ (ʤʳʩʘʣʳ, ײץʨʘʤʳʥʜʘ ʭʘʣʴʢʦʧʠʨʠʪ ʙʘʨ) ʪʦʪʳץʪʳʨסʳʰ 

ʘʛʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʦʪʪʝʛʽ, ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ, ײץʨʘʤʳʥʜʘ ʭʣʦʨ 

ʙʘʨ ʪײʟʜʘʨʜʳש ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽ ʞᴅʥʝ ʪ.ʙ. ץʦʣʜʘʥʳʣʘʜʳ, [96]. ʉʦסשʳ 

ʦʥʞʳʣʜʳץʪʘʨʜʘ ʙײʣ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤװʤʢʽʥ ʝʤʝʩ ʝʢʝʥʜʽʛʽ ʜᴅʣʝʣʜʝʥʜʽ. 

1982 ʞʳʣʳ ʉ.ʉ. ʅʘʙʦʡʯʝʥʢʦʥʳש ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ ʨʝʩʝʡʣʽʢ סʘʣʳʤʜʘʨ ʪʦʙʳ 

 ʙʝʣʩʝʥʜʽʨʫ ץʳʨ ʢʦʥʮʝʥʪʨʘʪʪʳ ʛʠʜʨʦʪʝʨʤʠʷʣʳשʳץ ʨʘʤʳʥʜʘ ʭʘʣʴʢʦʟʠʥ ʙʘʨײץ

ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʜʽ [97]. ʐʠʢʽʟʘʪ ʤʳʩ ʩʫʣʴʬʘʪʳʥʳץ שʳʰץʳʣ ʝʨʽʪʽʥʜʽʩʽʤʝʥ 

ᴇשʜʝʣʜʽ, ʙײʣ ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʪʦʣʳץ ʳʜʳʨʘʫʳʥʘ ʳץʧʘʣ ʝʪʪʽ. ɹײʣ ᴅʜʽʩ 

ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʪʝʤʽʨʜʽש ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʳʧ, ʤʳʩʪʳש 

ʰʳסʳʤʜʳʣʳסʳʥ ʝʜᴅʫʽʨ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʇʨʦʮʝʩʩ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʜʝ ʞʝשʽʣ ʞʘסʜʘʡʣʘʨʜʘ 100-105Áʉ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʞᴅʥʝ ʰʘʤʘʤʝʥ 

0,8-1,0 ʄʧʘ ץʳʩʳʤʜʘ ʞװʨʛʽʟʽʣʜʽ. ᴄʨ ʪװʨʣʽ ʨʝʘʛʝʥʪʪʝʨ ץʦʩʳʣסʘʥ ʛʠʜʨʦʪʝʨʤʠʷʣʳץ 

ʘʢʪʠʚʘʮʠʷ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩ ʨʘʟʨʷʜʳʥ ץʦʣʜʘʥʫסʘ ץײʩʘʩ 

ɸʚʩʪʨʘʣʠʷʜʘ INTEC Copper ʢʦʤʧʘʥʠʷʩʳ NaCl, NaBr ʞᴅʥʝ CuCl2 

ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʰʘʡʤʘʣʘʫ ʘʨץʳʣʳ ʘʣʜʳʥ ʘʣʘ ʙʘʡʳʪʳʣסʘʥ 

ʭʘʣʴʢʦʧʠʨʠʪʪʽ ʦʪץʘ ʪᴇʟʽʤʜʽ ʢʦʥʮʝʥʪʨʘʪʪʘʨʜʘʥ ʤʳʩ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

 ʤʳʩ ʽʩʪʝʫ ʢʝʟʽʥʜʝײʪʳ ʭʘʣʴʢʦʧʠʨʠʪ ʰʠʢʽʟʘʪʳʤʝʥ ʞץʨʘײʦʣʜʘʥʘʜʳ [98-100]. ʊץ

ʭʣʦʨʠʜʪʽ ʰʘʡʤʘʣʘʫ ʪʠʽʤʜʽ. ʍʣʦʨʠʜʪʽ ʝʨʽʪʽʥʜʽʣʝʨ ʦʨʪʘʩʳʥʜʘ ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʝʨʫʽ 

100Áʉ-ʪʘʥ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʘʩʪʘʣʳʧ, ʙʽʨ ʤʝʟʛʽʣʜʝ ʢװʢʽʨʪ ʵʣʝʤʝʥʪʘʨ 

ʪװʨʽʥʜʝ ʙᴇʣʽʥʝʜʽ. ʇʨʦʮʝʩʪʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʝשʽʣ ʞʘסʜʘʡʣʘʨʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙײʣ ᴅʜʽʩ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫʜʘ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ 

 ʳʩʳʤ ʤʝʥץ ץʳ-ʘʪʤʦʩʬʝʨʘʣʳסʰʳʣʳץʘʨʪʳ שʥʝʤʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ᴄʜʽʩʪʽװ

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʨʝʘʢʮʠʷ ʞװʨʛʽʟʫ ʤװʤʢʽʥʜʽʛʽ 

(ʘʚʪʦʢʣʘʚʪʳ ʞʘʙʜʳץʪʳ ʧʘʡʜʘʣʘʥʙʘʡ). ʄʳʩʪʳש ʤʘʢʩʠʤʘʣʜʳ ʘʣʳʥʫʳ 97,2%-סʘ 

ʞʝʪʪʽ. ɹײʣ ʞʘסʜʘʡʜʘ ʢװʢʽʨʪ ץʘʨʘʧʘʡʳʤ ʬʦʨʤʘסʘ, ʘʣ ʪʝʤʽʨ ʛʝʪʠʪ (FeO (OH)) [101-

104] ʬʦʨʤʘסʘ ʘʫʳʩʘʜʳ. 
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1.5 ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʤʝʥ ʤʠʥʝʨʘʣʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙʝʣʩʝʥʜʽʨʫ 

 ʜʝʫ ʙʦʡʳʥʰʘשʘʡʪʘ ᴇץ ʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽסʘʟʽʨʛʽ ʟʘʤʘʥפ

ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ײץʨʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʪʫסʳʟʘʪʳʥ ʞʠʥʘץʪʘʣסʘʥ 

ᴅʜʽʩʪʝʤʝʣʝʨʜʽש ʙײʨʳʥסʳ ʞװʡʝʩʽʥ ʞᴅʥʝ ʢʝʥʜʽ ץʘʡʪʘ ᴇשʜʝʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʥʽ 

ʪʦʣʳץ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ᴄʨ ʪװʨʣʽ ʢʝʥʜʝʨʜʽ ᴇשʜʝʫ ʢʝʟʽʥʜʝ 

 ʨʘʤʳʥʜʘ ʬʪʦʨ ʙʘʨ ʢʦʤʧʦʥʝʥʪʪʝʨ, ʩʠʨʝʢ ʞᴅʥʝײץ ʳʥʜʘʨ ʨʝʪʽʥʜʝ ïסʦʩʧʘʣʘʨ ʤʝʥ ʘץ

ʩʠʨʝʢ ʞʝʨ ʤʝʪʘʣʜʘʨʜʳ ʪʘʟʘʨʪʫ ʞᴅʥʝ ʙᴇʣʫ ʢʝʟʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ ʤʝʪʘʣʜʘʨʜʳ 

ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʘʣʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ [105, 106]. 

ʊʝʭʥʦʛʝʥʜʽʢ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪ ʢʝʥʜʝʨʽʥʽש ʥʝʛʽʟʽ ʢʨʝʤʥʠʡ ʞᴅʥʝ 

ᴇʪʧʝʣʽ ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥʽש ʘʰʳʣʫʳ 

ʘʡʪʘʨʣʳץʪʘʡ ʭʠʤʠʷʣʳץ ץʠʳʥʜʳץʪʘʨʤʝʥ ʙʽʨʛʝ ʞװʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʨʟʘʥ ʪʝʤʽʨ ʪײʥʙʘʩʳʥʳש ʢᴇʧ ʤᴇʣʰʝʨʽʥ ʘʣʳʧ ʪʘʩʪʘʫ 

ᴇʥʜʽʨʽʩ ʪʽʟʙʝʛʽʥʜʝʛʽ ʙװʢʽʣ ʧʨʦʮʝʩʪʽש ʪʠʽʤʩʽʟʜʽʛʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʄʠʥʝʨʘʣʜʳש 

ʩʠʣʠʢʘʪ ʥʝʛʽʟʽʥ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʝʩʢʽʨʛʝʥ ʭʣʦʨ ʥʝʤʝʩʝ ʩʫʣʴʬʠʜʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

 ʨʝʘʛʝʥʪʧʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ, ʘʣ שʥʜʳ ʢʦʤʧʦʥʝʥʪʪʽײץ ʦʣʜʘʥʫץ

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʣʘʨ ʘʡʪʘʨʣʳץʪʘʡ ʵʥʝʨʛʠʷ 

ʰʳrסʥʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʄʝʪʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ ʢʝʥ ʰʠʢʽʟʘʪʳʥʳװ שʣʢʝʥ ʢᴇʣʝʤʽ ץʘʡʪʘ ᴇשʜʝʫʛʝ װʣʢʝʥ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʰʳסʳʥʜʘʨʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʄᴅʩʝʣʝʥ, ʪװʩʪʽ ʤʝʪʘʣʣʫʨʛʠʷʜʘ 1 ʪʦʥʥʘ 

ʤʝʪʘʣסʘ ʦʨʪʘ ʝʩʝʧʧʝʥ 11-12 ʪʦʥʥʘסʘ ʜʝʡʽʥ ץʦʞ ʙʦʣʘʜʳ, 1 ʪʦʥʥʘ ʤʳʩ ᴇʥʜʽʨʫ װʰʽʥ 

ʰʘʤʘʤʝʥ 30 ʪʦʥʥʘ ʪʘʫ ʢʝʥ ʢʝʥʽʥ ᴇשʜʝʫ ץʘʞʝʪ. ɹײʣ ᴇʥʜʽʨʽʩʪʽװ שʡʽʥʜʽʣʝʨʽ װʣʢʝʥ 

ʘʫʤʘץʪʳ ʘʣʳʧ ʞʘʪץʘʥ ʢᴇʧ ʪʦʥʥʘʣʳװ ץʡʽʥʜʽʣʝʨ ʤʝʥ ץʘʣʜʳץ ץʦʡʤʘʣʘʨʳʥ 

 ʜʝʫ ʽʩשʰʽ ʞʳʣʜʘʨʳʥʘ ʜʝʡʽʥ ʢʝʥʜʝʨʜʽ ʢʝʰʝʥʜʽ ᴇ-80 שʘʩʳʨʜʳס ʨʘʡʜʳ. 20ײץ

ʞװʟʽʥʜʝ ʙʦʣסʘʥ ʞʦץ, ʢᴇʙʽʥʝʩʝ ʙʽʨ ʢʦʤʧʦʥʝʥʪ ʘʣʫ ʢʝʟʠʥʜʝ װʣʢʝʥ ʰʳסʳʥʜʘסʘ ʪʘʧ 

ʙʦʣʜʳ. 

ʊʘʫ-ʢʝʥ, ʤʝʪʘʣʣʫʨʛʠʷ, ʭʠʤʠʷʣʳץ, ᴇשʜʝʫ, ײץʨʳʣʳʩ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ᴇʥʜʽʨʽʩʪʝʨʜʽץ שʘʣʜʳץʪʘʨʳʥʜʘ ץʘʨʘ, ʪװʩʪʽ, ʘʩʳʣ ʞᴅʥʝ ʩʠʨʝʢ ʤʝʪʘʣʜʘʨʜʳש ʙʦʣʫʳ 

ʘʥʳץʪʘʣʜʳ. ײפʨʘʤʳʥʜʘ ʪװʩʪʽ ʞᴅʥʝ ʘʩʳʣ ʤʝʪʘʣʜʘʨ ʙʘʨ çץʘʪʪʳè ʤʠʥʝʨʘʣʜʳ 

ʰʠʢʽʟʘʪʧʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʢʝʟʽʥʜʝ ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ɸʤʤʦʥʠʡ ʬʪʦʨʦʤʝʪʘʣʜʘʨʳʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʜʝʛʽ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʤʠʥʝʨʘʣʜʳ ᴇʥʽʤʜʽ ʞʝʢʝ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ 

ʪʦʣʳץ ʙᴇʣʫ ʥʝʤʝʩʝ ʪײʥʙʘʜʘסʳ ײץʥʜʳ ʵʣʝʤʝʥʪʪʝʨʜʽ ʰʦסʳʨʣʘʥʜʳʨʫ װʰʽʥ 

ʞʘסʜʘʡʣʘʨʜʳ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ. ʗסʥʠ, ײץʨʘʤʳʥʜʘ ʧʦʣʠʤʝʪʘʣʣ ʩʠʣʠʢʘʪʳ ʙʘʨ 

ʰʠʢʽʟʘʪʪʳ ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʥʽש ʢᴇʤʝʛʽʤʝʥ ץʘʡʪʘ ᴇשʜʝʫʛʝ ʙʦʣʘʜʳ, ʦʣ 

ʦʩʳ ʰʠʢʽʟʘʪʪʘʥ ʧʘʡʜʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʘʰʫ ʞᴅʥʝ ʦץʰʘʫʣʘʫ װʰʽʥ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʨʝʘʛʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂʨʠʩʪʘʣʜʳ ʢʚʘʨʮʪʳ, ʠʣʴʤʝʥʠʪʪʽ, ʧʝʨʦʚʩʢʠʪʪʽ, ʚʦʣʴʬʨʘʤʠʪʪʽ, ʰʝʝʣʠʪʪʽ, 

ʣʦʧʘʨʠʪʪʽ, ʩʬʝʥʜʽ, ʙʘʜʜʝʣʝʠʪʪʽ, ʜʘʪʦʣʠʪʪʽ, ʛʝʣʴʮʠʨʢʦʥʜʳ, ʘʣʪʳʥʜʳ ʞᴅʥʝ 

ʢװʤʽʩʪʝʥ ʪײʨʘʪʳʥ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳ ʛʠʜʨʦʜʠʬʪʦʨʠʜʪʽ ʘʰʫ ʢʝʟʽʥʜʝ, 

ᴅʨʜʘʡʳʤ ʩʫ ʤʝʥ ʘʤʤʠʘʢ ʙʫʳʥʳש ʙᴇʣʽʥʫ ʨʝʘʢʮʠʷʣʘʨ ʟʝʨʪʪʝʣʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʞʘʥʘʤʘ ʬʪʦʨ ᴇʥʽʤʽ ʙʦʣʤʘʜʳ [107]. 

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʤʘשʳʟʜʳ ʤʠʥʝʨʘʣʜʘʨ ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ 

ᴅʨʝʢʝʪʪʝʩʫ ʨʝʘʢʮʠʷʣʘʨʳʥʜʘ ʳʜʳʨʘʡʜʳ ʞᴅʥʝ 2 ʰʽ ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 
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ʂʝʩʪʝ 2 ï ɸʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ ʤʠʥʝʨʘʣʜʳ ʬʪʦʨʣʘʫ ʨʝʘʢʮʠʷʣʘʨʳʥʳש 

ʪʝשʜʝʫʣʝʨʽ 
 

ʄʠʥʝʨʘʣ ʈʝʘʢʮʠʷ ʪʝשʜʝʫʽ 

ʂʚʘʨʮ  SiO2+3.5NH4HF2 = (NH4)3SiF7 + 0.5NH3¬+ 2H2O¬ 

ʀʣʴʤʝʥʠʪ  FeTiO3 + 6NH4HF2 = (NH4)3FeF6 + (NH4)2TiF6 + NH3¬+ 3H2O¬ 

ʇʝʨʦʚʩʢʠʪ CaTiO3 + 4.5NH4HF2 = CaF2 + (NH4)3TiF7 + 1.5NH3¬+ 3H2O¬ 

ɺʦʣʴʬʨʘʤʠʪ 
(Fe,Mn)WO4 + 5NH4HF20.25ʆ2 = (NH4)3WO2F5 + 0.5(NH4)3FeF6 + 

0.5NH4MnF4 + 2.5H2O¬ 

ʐʝʝʣʠʪ  CaWO4 + 3.5NH4HF2 = (NH4)3WO2F5 + CaF2 + 0.5NH3¬+ 2H2O¬ 

ʃʦʧʘʨʠʪ  
(Na,Ce,Ca)(Ti,Nb)O3 Ÿ (NH4)2TiF6 + (NH4)2NbOF5 + NaCeF4 + CaF2 + 

NH3¬+ H2O¬ 

ʉʬʝʥ  CaTiSiO5 + 7NH4HF2 = CaF2 + (NH4)2TiF6 + (NH4)2SiF6 + NH3 ¬+ 5 H2O¬ 

ɹʘʜʜʝʣʝʠʪ  ZrO2 + 3.5NH4HF2 = (NH4)3ZrF7 + 0.5 NH3¬+ 2 H2O¬ 

ɼʘʪʦʣʠʪ  CaBSiO4(OH) + 6NH4HF2 = CaF2 + NH4BF4 + (NH4)2SiF6 + 3 NH3¬+ 5 H2O¬ 

ɻʝʣʴʮʠʨʢʦʥ  
[Ca,Fe]Zr5Si4O19Ö2H2O + 35.5NH4HF2 = 5(NH4)3ZrF7 + 4 

(NH4)3SiF7+(NH4)3FeF6+CaF2+3.5 NH3¬+ 21 H2O¬ 

 

ɸʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʥʽש ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪץʘ ᴅʩʝʨʽ ʞʳʣʫ 

ʰʳסʘʨʫʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ. ɸʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ ʬʪʦʨʣʘʥסʘʥ ʢʝʟʜʝ 

ʰʠʢʽʟʘʪ ץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʢװʨʜʝʣʽ ʬʪʦʨʠʜʪʝʨʜʽץ שʦʩʧʘʩʳʥʘ ʘʡʥʘʣʘʜʳ. 

ɸʤʤʦʥʠʡʜʽש ʝʢʽʥʰʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʜʝʛʽ 

ʘʡʨrʤʘʰʳʣʳץʪʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʬʪʦʨʠʜʪʽ ʤʠʥʝʨʘʣʜʳ ᴇʥʽʤʜʽ ʞʝʢʝ 

ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ ʪʦʣʳץ ʙᴇʣʫ װʰʽʥ ʞʘסʜʘʡʣʘʨʜʳ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ. ʊʝʤʽʨ 

ʢʦʤʧʦʥʝʥʪʽʥ ʬʪʦʨʣʘʫסʘ ʞײʤʩʘʣסʘʥ 90%-סʘ ʜʝʡʽʥ ʘʤʤʦʥʠʡ ʬʪʦʨʠʜʽʥʽ[108] ש 

ʽʰʽʥʘʨʘ NH4HF2 ʨʝʛʝʥʝʨʘʮʠʷʩʳʥʘ ʩʫʙʣʠʤʘʮʠʘʣʘʥסʘʥ ᴇʥʽʤ ʨʝʪʽʥʜʝ ʞʠʥʘʫסʘ ʞᴅʥʝ 

ʪײʡrץ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʥʳ ײץʨʫסʘ ʙʦʣʘʜʳ. 

ɹװʛʽʥʛʽ ʪʘשʜʘ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʩʠʣʠʢʘʪ ʞװʡʝʣʝʨʽʥ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʧʦʣʠʤʝʪʘʣʣ ʢʝʥʜʝʨʽʥ ʙʘʨʣʳץ ʢᴇʤʝʢʰʽ ʨʝʘʛʝʥʪʪʝʨʜʽ ʧʨʦʮʝʩʢʝ ץʘʡʪʘʨʘʪʳʥ ʞʝʢʝ 

ʦʢʩʠʜʪʝʨʛʝ ʙᴇʣʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʛʠʜʨʦʜʠʬʪʦʨʣʘʫסʘ ʥʝʛʽʟʜʝʣʫʽ ʤװʤʢʽʥ, ʙײʣ 

ʧʨʦʮʝʩʪʽש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʤʝʥ, ʪᴇʤʝʥ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʤʝʥ, ʞʝשʽʣ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʣʘʨʳʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʤװʤʢʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʙʽʨʽ [109, 

110]. ʊʘʫ ʢʝʥ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʬʪʦʨʠʜʪʝʨʜʽש ʝʨʝʢʰʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

 ʤʢʽʥʜʽʢװʘ ʤסʳ ʟʘʪʪʘʨʜʳ ʘʣʫסʪʘץʘʨʳ ʪʘʟʘʣʳסʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʞʦץ

ʙʝʨʝʪʽʥ ʬʪʦʨʠʜ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʘʨץʳʥʜʳ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ. ʌʪʦʨʣʳ ʩʫʪʝʛʽ 

 ʳʣʳ, ʩʫʩʳʟ HF ʞᴅʥʝ NH4HF2 [111, 112] ʥʝʛʽʟʛʽ ʬʪʦʨʣʳ ʨʝʘʛʝʥʪʪʝʨ ʨʝʪʽʥʜʝץʳʰץ

 .ʦʣʜʘʥʳʣʘʜʳץ

ɸʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʥʽײץ שʥʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ, ʩʦʥʳʤʝʥ 

 ʞʘʥʘʤʘ ᴇʥʽʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʤʤʦʥʠʡ שʘʪʘʨ ʢᴇʧʪʝʛʝʥ ʬʪʦʨʠʜ ᴇʥʜʽʨʽʩʪʝʨʽʥʽץ

ʛʠʜʨʦʜʠʬʪʦʨʠʜʽ-ʞʦסʘʨʳ ʭʠʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ 

 ʘʡʥʘʫץ :ʩʪʽ ʢʨʠʩʪʘʣʜʳ ʟʘʪװʪ ץʘʩʠʝʪʪʝʨ ʢʝʰʝʥʽ ʙʘʨ ʘץ ץʦʣʘʡʣʳ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ

ʪʝʤʧʝʨʘʪʫʨʘʩʳ 238Áʉ (ץʘʡʥʘʫ ʟʘʪʪʳש NH3 ʞᴅʥʝ HF-ʛʝ ʳʜʳʨʘʫʳʤʝʥ ʙʽʨʛʝ 

ʞװʨʝʜʽ), ʙʘʣץʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 126,2Áʉ, ʩʫʜʘ ʞʘץʩʳ ʝʨʽʛʽʰʪʽʢ (434 ʛ/ʣ). 

ᴆʪʧʝʣʽ ʤʝʪʘʣʜʘʨ NH4HF2-ʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʢʝʟʽʥʜʝ ᴇשʜʝʫʛʝ ʳסשʘʡʣʳ 

ʬʪʦʨ ʥʝʤʝʩʝ ʘʤʤʦʥʠʡ ʦʢʩʦʬʪʦʨʦʤʝʪʘʣʜʘʨʳʥ ʪװʟʝʜʽ, ʦʣʘʨ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

 ʘʨʳ ʝʨʽʛʽʰʪʽʛʽʥסʨʜʝ ʞʦװʩʘʣʳʩʪʳʨʤʘʣʳ ʪ שʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʥʽʤʜʝʨʜʽץ
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ʞᴅʥʝ ץʦʩʧʘʣʘʨʜʳ ʦʜʘʥ ᴅʨʽ ʙᴇʣʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹײʣ ʢװʨʜʝʣʽ 

ʪײʟʜʘʨʜʳװ שʣʢʝʥ ʘʨʪʳץʰʳʣʳסʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪʝʨʝש ʙᴇʣʽʥʫʽʥʝ ʢʝʧʽʣʜʽʢ 

ʙʝʨʝʪʽʥ ʩʫʙʣʠʤʘʮʠʷסʘ ʥʝʤʝʩʝ ײʰʧʘʡʪʳʥ ʬʪʦʨʠʜʪʝʨʛʝ ʪʝʨʤʠʷʣʳץ ʜʠʩʩʦʮʠʘʮʠʷסʘ 

ʩʝʣʝʢʪʠʚʪʽ ʙʝʡʽʤʜʽʣʽʛʽ.  

ɾʘʙʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʥʜʽʨʽʩʪʝʨʜʽ ײץʨʫ װʰʽʥ 

ʬʪʦʨʘʤʤʦʥʠʡ ʪײʟʜʘʨʳʥʳש ʛʠʜʨʦʣʠʟʽ ʢʝʟʽʥʜʝ NH4F ʥʝʤʝʩʝ ʦʩʳ ʟʘʪʪʘʨʜʳש 

ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳ ʢʝʟʽʥʜʝ NH3 ʞᴅʥʝ HF ʙᴇʣʽʥʫʽʥ NH4HF2 ʨʝʛʝʥʝʨʘʮʠʷʩʳ 

 שʘ ʙʦʣʘʜʳ. ʇʦʣʠʤʝʪʘʣʣ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʳʥʳסʰʽʥ ʧʘʡʜʘʣʘʥʫװ

"ʢʘʧʩʫʣʘʣʘʥסʘʥ" ʤʝʪʘʣʜʘʨʳʥ ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ ʘʰʫʜʳש ʩᴇʟʩʽʟ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʙʘʨ: ʬʪʦʨʣʘʫ 200Áʉ-ʪʘʥ ʞʦסʘʨʳ ʝʤʝʩ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʝʜʽ, 

ʘʣ ʢʝʡʙʽʨ ʨʝʘʢʮʠʷʣʘʨ ץʳʟʜʳʨʫʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ, ʬʪʦʨʣʘʫʜʳש ʞʘʥʘʤʘ ᴇʥʽʤʜʝʨʽ 

(ʩʫ ʤʝʥ ʘʤʤʠʘʢ ʙʫʣʘʨʳ) ʬʪʦʨʩʳʟ, ʙײʣ ᴇʥʜʽʨʽʩʪʽש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʘʤʤʠʘʢ ʛʠʜʨʦʣʠʟʽ ʧʨʦʮʝʩʪʝʨʽʥʜʝץ

ʢʦʥʜʝʥʩʘʮʠʷʣʘʥסʘʥ ʢװʡʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [113]. 

ʆʣʘʨʜʳץ שʘʣʜʳץʪʘʨʳʥʳש ʧʦʣʠʤʝʪʘʣʣ ʢʝʥʜʝʨʽʥ ʢʝʰʝʥʜʽ ᴇשʜʝʫʜʝ NH4HF2 

ʧʘʡʜʘʣʘʥʫ ʬʪʦʨʘʤʤʦʥʠʡ ʪײʟʜʘʨʳʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʤʝʥ ï 

 ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ ᴇʟʘʨʘ שʦʩʳʣʳʩʪʘʨʜʳץ ʨʘʤʳʥʜʘ ʦʪʪʝʛʽ ʙʘʨײץ

ᴅʨʝʢʝʪʪʝʩʫ ᴇʥʽʤʜʝʨʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʄʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳ ᴇשʜʝʫʜʽש 

ʙʠʬʪʦʨʠʜʪʽ ʥʝʤʝʩʝ ʛʠʜʨʦʜʠʬʪʦʨʠʜʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞʦסʘʨʳ ʰʳסʳʤʜʳʣʳסʳ 

ʙʘʨ ײץʨʳʣסʳʣʘʨʜʘסʳ ץײʩʘʩ ʞʝשʽʣʜʝʪʽʣʛʝʥ ʪײʡʳץ ʩʭʝʤʘʣʘʨ ʙʦʡʳʥʰʘ ʩʦסשʳ 

ʦʢʩʠʜʪʝʨ ʥʝʤʝʩʝ ʘʨʘʣʳץ ץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʢװʨʜʝʣʽ ʬʪʦʨʠʜʪʝʨ ʪװʨʽʥʜʝʛʽ ʙʘʨʣʳץ 

 ʪʳ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢץʨʘײʘʪʘʨ ʪץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽײץ

ʰʠʢʽʟʘʪʪʘʥ ʘʣʪʳʥ ʤʝʥ ʢװʤʽʩʪʽ ʜʝ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɻʠʜʨʦʜʠʬʪʦʨʠʜʪʽʢ 

ʧʨʦʮʝʩʪʝʨʜʽש ʤװʤʢʽʥʜʽʢʪʝʨʽ ʭʣʦʨ ʤʝʪʘʣʣʫʨʛʠʷʩʳʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ץײʩʘʩ. 

ɹײʣ, ʝש ʘʣʜʳʤʝʥ, ʰʠʢʽʟʘʪʪʳש ʪʠʽʤʜʽ ʞᴅʥʝ ʪʦʣʳץ ʘʰʳʣʫʳ ʞᴅʥʝ ʤʘץʩʘʪʪʳ ʞᴅʥʝ 

ʞʘʥʘʤʘ ᴇʥʽʤʜʝʨʜʽש ʪʝʨʝש ʙᴇʣʽʥʫʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʠʬʪʦʨʠʜʪʽʢ ʧʨʦʮʝʩʪʝʨ 

ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʝʜʽ, ʦʣʘʨʜʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ ʘʥʘײסʨʣʳʤ 

ʩʝʥʽʤʜʽ ʞᴅʥʝ ʬʪʦʨʣʘʫ ʘʛʝʥʪʽʥʽש ʨʝʛʝʥʝʨʘʮʠʷʩʳ ץʘʨʘʧʘʡʳʤ, ʩʦʥʜʳץʪʘʥ ʘʤʤʦʥʠʡ 

ʛʠʜʨʦʜʠʬʪʦʨʠʜʽ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽ ᴇשʜʝʫʛʝ ץʳʟʳסʫʰʳʣʳץ 

ʪʫʜʳʨʘʪʳʥ ʨʝʘʛʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʥʳש ᴅʤʙʝʙʘʧʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

"ʞײʤʩʘץ " ʙʠʬʪʦʨʠʜ ʪʝʭʥʦʣʦʛʠʷʩʳ ʢᴇʧʪʝʛʝʥ ʧʘʡʜʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʘʰʫ ʞᴅʥʝ 

ʰʦסʳʨʣʘʥʜʳʨʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʳ ʢʝʨʝʢ ʩʠʨʝʢ ʤʝʪʘʣʣ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ 

ʰʠʢʽʟʘʪ ʪװʨʣʝʨʽ. נʘʣʳʤʜʘʨʜʳש ʟʝʨʪʪʝʫʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ [114], ʬʪʦʨʠʜʪʽ ᴇʥʽʤʜʽ 

ʩʫʤʝʥ ʰʘʡʤʘʣʘʫ ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʵʣʝʤʝʥʪʪʝʨʜʽ CaF2-ʤʝʥ ʙʽʨʛʝ ʝʨʽʤʝʡʪʽʥ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʰʘʫʣʘʫץʳʤʝʥ ʦסʪʘ ʪʦʣʳץʘʣʜʳץ

ʌʪʦʨʣʘʥסʘʥ ʢʦʥʮʝʥʪʨʘʪʪʳ ץʳʰץʳʣʤʝʥ ʰʘʡʤʘʣʘʫ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

ʜʘʤʳʪʫʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ ʞᴅʥʝ ʞʝשʽʣ ʞʘסʜʘʡʜʘ ᴇʪʝʜʽ. ɽʨʽʤʝʡʪʽʥ ץʘʣʜʳץʪʳ 

 ʘʞʝʪʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽץ ʳʥ ʢʝʤʰʽʣʽʛʽץʘʡ שʳʣʤʝʥ ʰʘʡʤʘʣʘʫʜʳץʳʰץ

ʰʦסʳʨʣʘʥʜʳʨʫ ʤװʤʢʽʥʩʽʟʜʽʛʽ. ʆʩʳ ʤʘץʩʘʪʪʘʨ װʰʽʥ ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʬʪʦʨ ʥʘʪʨʠʡ ʢװʨʜʝʣʽ ʪײʟʜʘʨʳʥ HNO3-ʧʝʥ ʦשʘʡ ᴅʨʝʢʝʪʪʝʩʝʪʽʥ ץʦʩʳʣʳʩʪʘʨסʘ 

ʘʫʳʩʪʳʨʫ ץʘʞʝʪ, ʤʳʩʘʣʳ, ʦʢʩʠʜʪʝʨ ʥʝʤʝʩʝ ʦʢʩʠʬʪʦʨʠʜʪʝʨ [115]. ɸʟʦʪ 

 ʝʨʫ שʣʛʽʥʽװ ʳʣʳʤʝʥ ʬʪʦʨʣʘʫ ᴇʥʽʤʽʥ ʰʘʡʤʘʣʘʫ ʢʝʟʽʥʜʝ ʟʝʨʪʪʝʣʝʪʽʥץʳʰץ

ʜᴅʨʝʞʝʩʽʥʝ ʩײʡʳץ ʬʘʟʘʥʳש ʢᴇʣʝʤʽ ᴅʩʝʨ ʝʪʝʜʽ: ʩײʡʳץ ʬʘʟʘʥʳש ʢᴇʣʝʤʽʥʽש 

 ʣײʘʣʘʜʳ. ɸʣʘʡʜʘ, ʙץʘʨʳʣʘʫʳ ʙʘʡסʞʦ שʝʨʫ ʜᴅʨʝʞʝʩʽʥʽ שʣʛʽʥʽװ ʘʶʳʤʝʥסʣײ
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ʞʘסʜʘʡʜʘ ʤʝʪʘʣʜʘʨʜʳ ʝʨʽʪʽʥʜʽʛʝ ʘʣʫ ʜᴅʨʝʞʝʩʽ ʪᴇʤʝʥʜʝʡʜʽ, ʙײʣ ʦʩʳ ʞʘסʜʘʡʣʘʨʜʘ 

HNO3-ʪʝ CaF2 ʝʨʫ ʜᴅʨʝʞʝʩʽʥʽש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʞᴅʥʝ ʝʨʽʪʽʥʜʽʜʝʛʽ ʬʪʦʨʠʜ 

ʠʦʥʜʘʨʳʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʉײʡʳʣʪʳʣסʘʥ ʘʟʦʪ ץʳʰץʳʣʳʥ 

ʧʘʡʜʘʣʘʥסʘʥ ʢʝʟʜʝ ץʘʞʝʪʪʽ ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ HNO3 ʤᴇʣʰʝʨʽʥʝ ʞʝʪʫ װʰʽʥ ʩײʡʳץ 

ʬʘʟʘʥʳש ʢᴇʣʝʤʽʥ ײʣסʘʡʪʫ ץʘʞʝʪ, ʙײʣ CaF2 ʝʨʫ ʜᴅʨʝʞʝʩʽʥʽש ʞʦסʘʨʳʣʘʫʳʥʘ 

ᴅʢʝʣʝʜʽ. ʂʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ HNO3 ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʜʝשʛʝʡʽ 

ʞʦסʘʨʳ ʙʦʣʘʜʳ. ʄʝʪʘʣʜʘʨʜʳ ʩʠʣʠʢʘʪʪʘʨʜʘʥ ʤʘʢʩʠʤʘʣʜʳ ʙᴇʣʫ װʰʽʥ ʬʪʦʨʣʘʫ 

ᴅʜʽʩʽʤʝʥ ʘʟʦʪ ץʳʰץʳʣʳʥʳש ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ ʤᴇʣʰʝʨʽ סʘʥʘ ץʘʞʝʪ. ɽʨʽʪʽʥʜʽʥʽש 

ʨʅ-ʳ 4-4.5 ʞʝʪʢʝʥʥʝʥ ʢʝʡʽʥ, ʝʨʽʪʽʥʜʽʛʝ ʘʤʤʦʥʠʡ ʩʫʣʴʬʘʪʳ (NH4)2SO4 ʞᴅʥʝ 

ʙʘʨʠʡ ʥʠʪʨʘʪʳ Ba(NO3)2 ץʦʩʳʣʘʜʳ, ʦʣʘʨ ᴇʟʘʨʘ ʨʝʘʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ BaSO4 

ʙʘʨʠʡ ʩʫʣʴʬʘʪʳʥ ʪװʟʝʜʽ, ʦʣ ʦʜʘʥ ᴅʨʽ ʪײʥʙʘסʘ ʪװʩʝʜʽ. 

ʉʫ ʙʫʳʥʜʘסʳ ʧʠʨʦʛʠʜʨʦʣʠʟ ʢʝʟʽʥʜʝ ʬʪʦʨʠʜ (ʘʤʤʦʥʠʡ ʬʪʦʨʳ, ʘʤʤʦʥʠʡ 

ʩʫʣʴʬʘʪʳ) ʬʪʦʨ HF ץʦʩʳʣʳʩʳ ʨʝʪʽʥʜʝ ʰʳסʘʨʘʜʳ. ʂװʨʜʝʣʽ ʬʪʦʨʠʜʪʝʨʜʽש 

ʧʠʨʦʛʠʜʨʦʣʠʟʽʥʽש ʢʝʤʰʽʣʽʛʽ-ʪװʟʽʣʝʪʽʥ ᴇʥʽʤʜʝʨʜʽש ʢװʨʜʝʣʽʣʽʛʽ, ʦʣʘʨʜʳש 

 ʨʜʝʣʽװʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʞᴅʥʝ ʪ.ʙ. ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʢסʪʝʤʧʝʨʘʪʫʨʘ שʨʘʤʳʥʳײץ

ʬʪʦʨʠʜʪʝʨʜʽש ʧʠʨʦʛʠʜʨʦʣʠʟʽʥʽש ʙʘʩʪʘʧץʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʦʣʘʨʜʳײץ שʨʘʤʳʥʘ 

ʢʽʨʝʪʽʥ ץʘʨʘʧʘʡʳʤ ʬʪʦʨʠʜʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ ʙײʣ 

ʘʡʪʘʨʣʳץʪʘʡ ʵʥʝʨʛʠʷʥʳ ץʘʞʝʪ ʝʪʝʜʽ. ʄʘʛʥʠʪʪʽ ʝʤʝʩ ʬʨʘʢʮʠʷʥʳ ʘʤʤʦʥʠʡ 

ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ ʬʪʦʨʣʘʫ ʠʣʴʤʝʥʠʪʪʽ, ʢʚʘʨʮʪʳ ʞᴅʥʝ ʛʝʤʘʪʠʪʪʽ ʝʨʠʪʽʥ 

ʘʤʤʦʥʠʡ ʬʪʦʨʦʤʝʪʘʣʜʘʨʳʥʘ ʘʫʳʩʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʞʫʫ ʘʨץʳʣʳ ʞʦʶסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ץʘʣʜʳץʪʳש ʤʘʩʩʘʩʳʥ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ 

 .ʜʘʡ ʞʘʩʘʡʜʳסʘ ʞʘסʘʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʝʪʘʣʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʨʪʪʳʨʫסʘʣץ

 

1.6 ʄʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʘʥ ʤʳʩ ʧʝʥ ʪʝʤʽʨʜʽ ʰʘʡʤʘʣʘʫ ʪʠʽʤʜʽʣʽʛʽ 

ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ ʤʳʩ ʤʠʥʝʨʘʣʳ CuFeS2 ʭʠʤʠʷʣʳץ ʬʦʨʤʫʣʘʩʳ ʙʘʨ 

ʭʘʣʢʦʧʠʨʠʪ, ʦʣ ᴅʣʝʤʜʝʛʽ ʤʳʩ ץʦʨʳʥʳײץ 70% שʨʘʡʜʳ [116-119]. ʆʣ ʥʝʛʽʟʽʥʝʥ 

ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳʥʘ ʞᴅʥʝ ʦʥʳש ʙʝʪʽʥʜʝ ʘʡʪʘʨʣʳץʪʘʡ ʢʝʫʝʢʪʽʣʽʛʽ ʙʘʨ 

ʧʘʩʩʠʚʪʽ ץʘʙʘʪʪʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʨʫʛʝ ʞʦסʘʨʳ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ 

[120]. ʇʠʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʞʦʣʤʝʥ [121] ʤʳʩʪʳ80-85% ש-ʜʘʥ ʘʩʪʘʤʳ 

ᴇʥʜʽʨʽʣʝʜʽ, ʜʝʛʝʥʤʝʥ, ʙײʣ ᴅʜʽʩʧʝʥ ʧʨʦʙʣʝʤʘʣʘʨ ʙʘʨ: SO2 ʛʘʟʳʥʳש ʰʳסʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʣʘʩʪʘʥʫʳ, ʞʦסʘʨʳ ʠʥʚʝʩʪʠʮʠʷʣʳץ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥʜʘʨʳ, ᴇʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʘʨʜʳש ʪʘʟʘʣʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽ 

ʞᴅʥʝ ײʩʘץ ʙᴇʣʰʝʢʪʝʨʜʽ ᴇשʜʝʫʜʽש ʪᴇʤʝʥ ʪʠʽʤʜʽʣʽʛʽ [122]. ɽʨʽʪʫ ʞʳʣʜʘʤʜʳסʳ 

ʪᴇʤʝʥ ʙʦʣסʘʥʜʳץʪʘʥ CuFeS2 ʭʘʣʴʢʦʧʠʨʠʪʪʝʥ Cu ʘʣʫ װʰʽʥ ʙʽʨʥʝʰʝ ʧʨʦʮʝʩʪʝʨ 

ʞʘʩʘʣʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʭʣʦʨʠʜʪʽ ʰʘʡʤʘʣʘʫ [123], ʘʤʤʠʘʢʧʝʥ ʰʘʡʤʘʣʘʫ [124], 

ʙʠʦ ʰʘʡʤʘʣʘʫ [125] ʞᴅʥʝ ʩʫʣʴʬʘʪʪʳ ץʳʩʳʤʤʝʥ ʰʘʡʤʘʣʘʫ [126]. ʐʠʢʽʟʘʪʪʘʥ 

ʝʨʽʪʢʽʰʪʽ ʘʣʫ ʜʘ ʟʝʨʪʪʝʣʜʽ, ʙʽʨʘץ ץʘʫʽʧʩʽʟʜʽʢ, ʫʳʪʪʳʣʳץ ,ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ʣʘʩʪʘʥʫʳ, ʵʥʝʨʛʠʷʥʳ ʢᴇʧ ʪײʪʳʥʫ, ʝʨʽʪʢʽʰʪʽ ʙʘʩץʘʨʫ ʰʳסʳʥʜʘʨʳ ʤᴅʩʝʣʝʣʝʨʽ 

ʪʫʳʥʜʘʜʳ.  

ʄʝʪʘʣʣʫʨʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʝʛʽ ʙʘʣʘʤʘ ʦʨʛʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ʠʦʥʜʳץ ʩײʡʳץʪʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʣʘʨ ʢᴇʧʪʝʛʝʥ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʜʳ ʞװʨʛʽʟʫ װʰʽʥ ʩʫʣʳ ʝʤʝʩ 

ʦʨʛʘʥʠʢʘʣʳץ ʩײʡʳץ ʦʨʪʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʞʦסʘʨʳ ʞʳʣʫ 

ʪײʨʘץʪʳʣʳסʳʤʝʥ, ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʞʘʨʘʤʜʳʣʳסʳʤʝʥ, ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 
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ʞᴅʥʝ ʙʫ ץʳʩʳʤʳʤʝʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽ 

ʙʘʨ ʞʘשʘ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨ ʝʨʽʪʽʥʜʽʣʝʨʜʝʛʽ ʭʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ װʰʽʥ 

ʞʘʩʳʣ ʦʨʪʘ ʞʘʩʘʡʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʜʘ ʘʣʪʳʥ ʤʝʥ ʢװʤʽʩʪʽ 

[127], ʘʩʳʣ ʤʝʪʘʣʜʘʨʜʳ [128], ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽʥ [129] ʰʘʡʤʘʣʘʫ װʰʽʥ ʠʦʥʜʳץ 

ʩײʡʳץʪʳץʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʀʦʥʜʳץ ʩײʡʳץʪʳץʪʘʨ ʤʝʪʘʣʜʘʨ ʤʝʥ ʤʝʪʘʣʣ 

ʦʢʩʠʜʪʝʨʽʥ ʞʘץʩʳ ʝʨʽʪʝʜʽ ʞᴅʥʝ ʤʝʪʘʣʜʘʨʜʳ ʠʦʥʜʳ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴅʜʽʩʧʝʥ 

ᴇשʜʝʫ ʞᴅʥʝ ʙʘʡʳʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ [130]. 

ɸʚʪʦʨʣʘʨ [131] ץʳʰץʳʣ ʠʦʥʜʳץ ʩײʡʳץʪʳץ ʨʝʪʽʥʜʝ 1-ʙʫʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʛʠʜʨʦʩʫʣʴʬʘʪʳʥ (BmimHSO4) ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʭʘʣʴʢʦʧʠʨʠʪ 

ʢʦʥʮʝʥʪʨʘʪʳʥ ʰʘʡʤʘʣʘʫ ʢʠʥʝʪʠʢʘʩʳʥ ʟʝʨʪʪʝʜʽ. ɾײʤʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴅʩʝʨʽ 

ʟʝʨʪʪʝʣʜʽ: ʪʝʤʧʝʨʘʪʫʨʘ, BmimHSO4 ʞᴅʥʝ H2O2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʘʨʘʣʘʩʪʳʨʫ 

ʞʳʣʜʘʤʜʳסʳ,ץʘʪʪʳ ʞᴅʥʝ ʩײʡʳץ ʬʘʟʘʣʘʨʜʳץ שʘʪʳʥʘʩʳ, ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ 

CuFeS2 ʝʨʫ ʞʳʣʜʘʤʜʳסʳʥʘ. 40% BmimHSO4, 30% H2O2 ʞᴅʥʝ 10 ʛ/ʣ ץʘʪʪʳ ʞᴅʥʝ 

ʩײʡʳץ ʬʘʟʘʣʘʨʜʳש ʘʨʘץʘʪʳʥʘʩʳ 45ÁC ʞᴅʥʝ 45 ʘʡʥ/ʤʠʥ., 180 ʤʠʥʫʪʪʳץ 

ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ʝש ʞʦסʘʨʳ ʤʳʩʪʳ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʪʠʽʤʜʽʣʽʛʽʥʝ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ 

(ʰʘʤʘʤʝʥ 97%), ʤײʥʜʘ ʝʩʝʧʪʝʣʛʝʥ ʘʢʪʠʚʪʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳ 46,66 ʢɼʞ/ʤʦʣʴ 

ʙʦʣʜʳ. 

ʆ. ɸʤʢʦʬʬ [132] ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (200-500ÁC) ʭʘʣʴʢʦʧʠʨʠʪʪʽ 

ʙʦʨʥʠʪʧʝʥ ʘʣʤʘʩʪʳʨʫ ʨʝʘʢʮʠʷʩʳʥ ʟʝʨʪʪʝʜʽ, ʙײʣ ʰʘʡʤʘʣʘʫ ʢʝʟʽʥʜʝ ʞʦסʘʨʳ 

ʵʥʝʨʛʠʷ ʰʳסʳʥʜʘʨʳʥʘ ᴅʢʝʣʝʜʽ. ʏʞʘʦ ʞᴅʥʝ ʙʘʩץʘʣʘʨ ʘʚʪʦʨʣʘʨ [133] ʞײʤʩʘץ 

ʛʠʜʨʦʪʝʨʤʠʷʣʳץ ʞʘסʜʘʡʜʘ (200-320ÁC) ʨʝʘʢʮʠʷ ʝʨʫ- ץʘʡʪʘ ʪײʥʜʳʨʫ ʤʝʭʘʥʠʟʤʽ 

ʘʨץʳʣʳ ʞװʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ; ʙײʣ ʤʝʭʘʥʠʟʤ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʝʨʽʪʽʥʜʽʜʝʛʽ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʨʝʘʢʮʠʷʩʳ ʞװʨʫʽ ʤװʤʢʽʥʜʽʛʽ ʃʝ ʐʘʪʘʣʴʝ ʧʨʠʥʮʠʧʽ ʙʦʡʳʥʰʘ 

ʬʠʟʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʨ ʪװʨʣʽ ʙʘסʳʪʪʘ ʝʢʝʥʽʥ ʪװʩʽʥʜʽʨʝʜʽ [134]. 

ɹʘʩץʘ ʟʝʨʪʪʝʫʣʝʨ ʩʫʜʳש ʨʝʘʢʮʠʷ ʢʠʥʝʪʠʢʘʩʳʥ ʞʦסʘʨʳʣʘʪʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʝʜʽ 

ʞᴅʥʝ 125Áʉ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʉu-Fe ʩʫʣʴʬʠʜʪʽ ʤʠʥʝʨʘʣʜʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

ʨʝʘʢʮʠʷʣʘʨ ʙʘʨʳʩʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ [135]. ʂʝʡʙʽʨ ʟʝʨʪʪʝʫʣʝʨʜʝ [136, 137] 

ʘʪʤʦʩʬʝʨʘʣʳץ ʞʘסʜʘʡʜʘ ʞᴅʥʝ ʰʘʡʤʘʣʘʫ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ (150ÁC) ʪᴇʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢװʡʜʽʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʭʘʣʴʢʦʧʠʨʠʪʪʽ ʙʦʨʥʠʪʧʝʥ 

ʘʣʤʘʩʪʳʨʫ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘʜʳ. ɹײʣ ʘʣʤʘʩʪʳʨʫ ײץʙʳʣʳʩʳʥʳש ʤʝʭʘʥʠʟʤʽ 

ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʪʦʪʳץʧʘʡʪʳʥ ʰʘʡʤʘʣʘʫ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ 

ʤʝʥ ʪʝʤʽʨ ʠʦʥʜʘʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ ʞװʨʝʜʽ. 

ɼ. ʃʫ ʞᴅʥʝ ʙʽʨʣʝʩʢʝʥ ʘʚʪʦʨʣʘʨ [138] ʭʘʣʴʢʦʧʠʨʠʪ ʤʠʥʝʨʘʣʜʘʨʳʥʳש 

ʙʝʪʽʥʜʝʛʽ ʪʦʪʳסʫ ʰʘʡʤʘʣʘʫ ʨʝʘʢʮʠʷʩʳʥ ʤʦʜʝʣʴʜʝʜʽ, ʙײʣ Fe
3+

 ʠʦʥʜʘʨʳ ʙʦʣʤʘʩʘ 

ʜʘ, ʙײʣ ʨʝʘʢʮʠʷ ʝʨʽʪʽʥʜʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳ 200ÁC ʜʝʡʽʥ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ʍʘʣʴʢʦʧʠʨʠʪʪʝʥ ʤʳʩʪʳ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ץʳʰץʳʣ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ 

ʰʘʡʤʘʣʘʫʜʳש ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ᴅʜʽʩʪʝʨʽ ʜᴅʩʪװʨʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ 

 ʦʣʜʘʥʳʣʘʪʳʥץ ʤʢʽʥ ʞᴅʥʝװʘ ʟʠʷʥ ʢʝʣʪʽʨʫʽ ʤסʘʥ ʦʨʪʘסʦʨʰʘץ ʳʣʜʘʨץʳʰץ

ʞʘʙʜʳץץʘ ץʘʪʪʳ ʢʦʨʨʦʟʠʷʣʳץ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʳʰץʳʣʜʘʨ 

ʦʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʘʜʘʤʜʘʨסʘ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʝʜʽ, ʙײʣ ᴅʨʪװʨʣʽ ʘʫʨʫʣʘʨסʘ 

ᴅʢʝʣʝʜʽ. ʉʦʥʜʳץʪʘʥ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʘʥ ʤʝʪʘʣʜʘʨʜʳ ʰʘʡʤʘʣʘʫʜʳש ʙʘʩץʘ 

 .ʘʞʝʪץ ʘʫʽʧʩʽʟ ʪᴅʩʽʣʜʝʨʽץ

ʍʘʣʴʢʦʧʠʨʠʪʪʝʥ ʞᴅʥʝ ʙʘʩץʘ ʢʦʤʧʦʥʝʥʪʪʝʨʜʝʥ ʤʳʩʪʳ ʰʘʡʤʘʣʘʫʜʳש ʞʘʥ-

ʞʘץʪʳ ʪᴅʩʽʣʽʥ ɼʵʥ ɿ. ɾᴅʥʝ ʦʥʳש ᴅʨʽʧʪʝʩʪʝʨʽ, ʘʤʤʠʘʢ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʛʣʠʮʠʥʜʽ 
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 ʘʥ ʙʠʦʧʦʣʠʤʝʨʣʝʨ ʞᴅʥʝ ʤʝʪʘʣʜʘʨʤʝʥסʦʣʜʘʥʫ ʢʝʟʽʥʜʝ, ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʥץ

ʢʝʰʝʥʜʽ ʘʤʠʥץʳʰץʳʣʜʘʨʳ ʪװʟʝʪʽʥʽʥ ʟʝʨʪʪʝʜʽ [139].  

ʐʠʢʽʟʘʪʪʘ ʩʠʣʠʢʘʪ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʢᴇʧ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʰʘʡʤʘʣʘʫ 

ʢʝʟʽʥʜʝ ʢʝʨʘʤʠʢʘʣʳװ ץʛʽʥʜʽʣʝʨʜʽ ץʦʩʫ ץʘʞʝʪ, ʙײʣ ʙᴇʣʰʝʢʪʝʨʜʽײ שʩʘץʪʘʣʫʳʥʘ 

ʞᴅʥʝ ʩʠʣʠʢʘʪ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʙʝʪʽʥ ʙʦʩʘʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ɹײʣ ʤʳʩ ʧʝʥ ʙʘʩץʘ 

ʵʣʝʤʝʥʪʪʝʨʜʽ ʘʣʫʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʢʝʨʘʤʠʢʘʣʳץ 

 ʛʝʡʽʥ ʨʝʪʪʝʫשʨʅ ʜʝ שʘʥ ʦʨʪʘʥʳסʦʨʰʘץ ʛʽʥʜʽʣʝʨʜʽ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘװ

ʰ̔װ ʥ ץʦʣʜʘʥʫ ʟʝʨʪʪʝʣʜʽ. ɹʘʩץʘ ʞʘסʜʘʡʣʘʨʜʘ ʜᴅʩʪװʨʣʽ ʛʣʠʮʠʥ-NaOH ʞװʡʝʩʽ 

 ʪʘʡץʘʡʪʘʨʣʳ שʛʣʠʮʠʥ ï ʘʤʤʠʘʢ ʵʢʩʧʝʨʠʤʝʥʪʽ ʤʳʩ ʘʣʫʜʳ ץʦʣʜʘʥʳʣʜʳ, ʙʽʨʘץ

ʞʘץʩʘʨסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʘʚʪʦʨʣʘʨʜʳש ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ, 

ʥᴅʪʠʞʝʣʝʨ 0,71ʄ ʘʤʤʠʘʢ ʧʝʥ ʛʣʠʮʠʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ Gly:Cu=4:1 

 ʦʣ ʞʝʪʢʽʟʽʣʛʝʥʽʥץ ʘסʘʥʜʘ 91,5% ʤʳʩ ʘʣʫסʦʣʜʘʥץ ʘʪʳʥʘʩʳʥʜʘ ʦʪʪʝʛʽʤʝʥ ʙʽʨʛʝץ

ʢᴇʨʩʝʪʪʽ. 

ʉʫʪʝʛʽ ʘʩץʳʥ ʪʦʪʳסʳʥʳץ שʘʪʳʩʫʳʤʝʥ ʘʤʠʥץʳʰץʳʣʜʘʨʳʥʳש 

ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ʭʘʣʴʢʦʧʠʨʠʪʪʽ ʰʘʡʤʘʣʘʫʜʳש ʪʘסʳ ʙʽʨ ʪᴅʩʽʣʽʥ ʅʫʨʪʘʟʠʥ ʅ ʞᴅʥʝ 

ʙʽʨʣʝʩʢʝʥ ʘʚʪʦʨʣʘʨ ʟʝʨʪʪʝʜʽ [140]. ɻʣʠʮʠʥ, ʙʝʪʘʠʥ ʞᴅʥʝ ʣʠʟʠʥ ʩʠʷץʪʳ 

ʘʤʠʥץʳʰץʳʣʜʘʨʳ ʘʪʤʦʩʬʝʨʘʣʳץ ץʳʩʳʤʜʘ ʞᴅʥʝ 25-65Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʛʠʜʨʦʭʠʤʠʷʣʳץ ʪʦʪʳסʫ ʧʨʦʮʝʩʽʥʜʝ ʤʳʩʪʳ ʰʘʡʤʘʣʘʫ װʰʽʥ 

ʩʝʣʝʢʪʠʚʪʽ ʨʝʘʛʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽ ʘʪʘʧ ᴇʪʽʣʜʽ. 

ɹʘʩʪʘʧץʳ ʤʠʥʝʨʘʣʜʳװ שʣʛʽʣʝʨʽʥ ʞᴅʥʝ ʭʘʣʴʢʦʧʠʨʠʪʪʘʥ ʰʘʡʤʘʣʘʥסʘʥ 

 ʪʘʣʜʘʫ, ʄʝʩʩʙʘʫʵʨ ʞᴅʥʝ ץʨʳʣʳʤʜʳײץ ʰʽʥ ʨʝʥʪʛʝʥʜʽʢװ ʪʘʫץʪʘʨʜʳ ʘʥʳץʘʣʜʳץ

ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʧʘʡʜʘʣʘʥʳʣʜʳ, ʩʦʥʜʘʡ-ʘץ ʦʩʳ ʘʤʠʥץʳʰץʳʣʜʘʨʳʥʜʘסʳ 

ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʰʘʡʤʘʣʘʫ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʢʠʥʝʪʠʢʘʩʳ ʟʝʨʪʪʝʣʜʽ. 

ʍʘʣʴʢʦʧʠʨʠʪʪʝʥ ʝʨʽʪʽʥʜʽʛʝ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥʳש ʘʣʳʥʫ ʜᴅʨʝʞʝʩʽ (ɽ,%) 

ʢʝʣʝʩʽ ʪʝשʜʝʫʤʝʥ ʝʩʝʧʪʝʣʜʽ (14): 

 

   (14) 

 

ʤײʥʜʘ ʉ - ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, 

ʤʛ/ʣ;  

C max - ʤʠʥʝʨʘʣʜʳ ʪʦʣʳץ ʰʘʡʤʘʣʘʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥʳש 

ʤʘʢʩʠʤʘʣʜʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʤʛ/ʣ. 

ʐʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʭʘʣʴʢʦʧʠʨʠʪ װʣʛʽʣʝʨʽ ᴅʨʪװʨʣʽ ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʪʘʣʜʘʥʜʳ [141]. ɽʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩ ʧʝʥ ʪʝʤʽʨ ʠʦʥʜʘʨʳʥʳש 

ʤʘʢʩʠʤʘʣʜʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 100 ʤʛ ʭʘʣʴʢʦʧʠʨʠʪ װʣʛʽʩʽʥ 50 ʩʤ
3 
ʩʽʣʪʽʣʝʥʜʽʨʛʽʰ 

ʨʝʘʛʝʥʪʧʝʥ ʪʦʣʳץ ʰʘʡʤʘʣʘʫ ʢʝʟʽʥʜʝ ʩᴅʡʢʝʩʽʥʰʝ 692,51 ʤʛ/ʣ ʞᴅʥʝ 608,60 ʤʛ/ʣ 

 .ʨʘʜʳײץ

ɸʤʠʥץʳʰץʳʣʜʘʨʳʥʳש ʘʥʠʦʥʜʳ ʪװʨʣʝʨʽʥʽש ʢʘʨʙʦʢʩʠʣ ʪʦʧʪʘʨʳ ʤʝʥ ʘʤʠʥ 

ʪʦʧʪʘʨʳ ʤʳʩ (II) ʛʣʠʮʠʥʘʪʪʘʨʳʥ, ʤʳʩ (II) ʙʝʪʘʠʥʘʪʪʘʨʳʥ ʞᴅʥʝ ʤʳʩ (II) 

ʣʠʟʠʥʘʪʪʘʨʳʥ ʪװʟʝ ʦʪʳʨʳʧ, ʤʳʩ (II) ʭʝʣʘʪ ʢʝʰʝʥʜʝʨʽʥʽש ʪװʟʽʣʫʽʥʝ ץʘʪʳʩʘʜʳ. 

ɹײʣ ʨʝʘʢʮʠʷʣʘʨ ʘʪʤʦʩʬʝʨʘʣʳץ ץʳʩʳʤ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳ 25-65ÁC 

[142] ʢʝʟʽʥʜʝ ʪʦʪʳץʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʩʫʪʝʛʽ ʘʩץʳʥ ʪʦʪʳסʳʥ ץʦʩץʘʥʜʘ 

ʞʝʜʝʣʜʝʪʽʣʝʜʽ. ʉʫʪʝʛʽ ʘʩץʳʥ ʪʦʪʳסʳ ʳʜʳʨʘסʘʥ ʢʝʟʜʝ ʦʪʪʝʛʽ ʤʝʥ ʩʫʜʳ ʰʳסʘʨʘʜʳ, 

ʩʦʥʜʳץʪʘʥ ʙײʣ ʪʦʪʳץʪʳʨסʳʰ ʫʣʳ ʝʤʝʩ, ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʨʝʘʛʝʥʪ ʙʦʣʳʧ 
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ʪʘʙʳʣʘʜʳ. ɹײʜʘʥ ᴅʨʽ ʙʦʣʞʘʤ ʞʘʩʘʣʜʳ ʝש ʳץʪʠʤʘʣ ʤʝʭʘʥʠʟʤ ʉu1-xFeS2 

ʭʘʣʴʢʦʧʠʨʠʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ץʘʪʪʳ ʝʨʽʪʽʥʜʽ ʪװʟʫ ʘʨץʳʣʳ ʤʳʩʪʳ ʩʝʣʝʢʪʠʚʪʽ 

ʰʘʡʤʘʣʘʫ. ʅᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ װʰ ʘʤʠʥץʳʰץʳʣʳʥʳש ʰʘʡʤʘʣʘʫ ץʘʙʽʣʝʪʽʥ 

ʩʘʣʳʩʪʳʨʫ ʝש ʪʠʽʤʜʽ ʨʝʘʛʝʥʪ ʛʣʠʮʠʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ᴇʥʜʽʨʽʣʛʝʥ ʛʣʠʮʠʥ 

ʢʝʰʝʥʽʥʽש ʤʳʩʧʝʥ ʙʝʨʽʢʪʽʛʽʥʽש ʞʦסʘʨʳʣʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ᴇʡʪʢʝʥʽ ʙʘʩץʘ 

ʘʤʠʥץʳʰץʳʣʜʘʨʳʥʜʘסʳ ʪʽʟʙʝʢ ײʟʳʥʜʳסʳʥʳײ שʣסʘʶʳ ʦʣʘʨʤʝʥ ʢʝʰʝʥʥʽש 

ʪײʨʘץʪʳʣʳץ ʢʦʥʩʪʘʥʪʘʩʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ [143]. 

ɻʣʠʮʠʥʤʝʥ, ʙʝʪʘʠʥʤʝʥ ʞᴅʥʝ ʣʠʟʠʥʤʝʥ ʘʤʠʥץʳʰץʳʣʜʘʨʳ ʞװʡʝʩʽʤʝʥ 

ʘʣʳʥסʘʥ ʤʳʩ ʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 10 ʤʠʥʫʪ ʽʰʽʥʜʝ ʪʠʽʩʽʥʰʝ 2,38, 2,89, 

1,69 ʝʩʝ ᴇʩʪʽ. 65ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʪʠʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ ʞᴅʥʝ 

ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʩʽʣʪʽʣʝʥʫ ʢʠʥʝʪʠʢʘʩʳ ʞʘץʩʘʨʘʜʳ. ʍʘʣʴʢʦʧʠʨʠʪʪʝʥ (CuFeS2) 

ʪʝʤʽʨʜʽ ʘʤʠʥץʳʰץʳʣʜʘʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʝʨʽʪʽʥʜʽʛʝ ʘʣʫ ʙʦʣסʘʥ ʞʦץ. ʉʦʥʜʳץʪʘʥ 

ʘʤʠʥץʳʰץʳʣʜʳ ʭʘʣʴʢʦʧʠʨʠʪʪʽ ʰʘʡʤʘʣʘʫʜʳ ץʦʣʜʘʥʫ ʤʳʩ ʠʦʥʜʘʨʳʥ ʘʣʫʜʳש 

ʩʝʣʝʢʪʠʚʪʽ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

1.7 ʕʣʝʢʪʨʦʭʠʤʠʷ ʪװʩʪʽ ʤʝʪʘʣʜʘʨ ʤʝʪʘʣʣʫʨʛʠʷʩʳʥʜʘסʳ ʙʘʩʳʤ ʙʘסʳʪ 

ʨʝʪʽʥʜʝ 

 ʢʝʥʜʽ ʰʠʢʽʟʘʪʳʥ שʩʪʽ ʤʝʪʘʣʣʫʨʛʠʷʥʳװʜʘʡʜʘ ʪʘʫ-ʢʝʥ ʞᴅʥʝ ʪסʘʟʽʨʛʽ ʞʘפ

 ʘ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʜʽ ᴅʟʽʨʣʝʫ ʞᴅʥʝסʪʘʟʘ ʞᴅʥʝ ʵʥʝʨʛʠʷ ץʜʝʫ ʵʢʦʣʦʛʠʷʣʳשʘʡʪʘ ᴇץ

ʧʘʡʜʘʣʘʥʫסʘ ʪʘʨʪʫ ʝʨʝʢʰʝ ʪʘʥʳʤʘʣʜʳʣʳץץʘ ʠʝ. ʆʩʳʥʜʘʡ ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ-

ʵʣʝʢʪʨʦʭʠʤʠʷ. ʊװʩʪʽ, ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʞᴅʥʝ ʘʩʳʣ ʤʝʪʘʣʜʘʨʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʧʣʘʪʠʥʘ ʪʦʙʳʥʜʘסʳ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ץʦʥʜʳʨסʳʣʘʨ 

 ʘʥסʘʨʳ ʪʘʟʘʨʪʳʣסʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʞʦץ ʦʣʜʘʥʳʣʘʜʳ [144]. ʕʣʝʢʪʨʦʣʠʟʜʽץ

ʘʣʶʤʠʥʠʡ, ʤʘʛʥʠʡ, ʤʳʩ, ʥʠʢʝʣʴ, ʢʘʜʤʠʡ, ʤʳʨʳʰ, ʢװʤʽʩ, ʘʣʪʳʥ, ʧʣʘʪʠʥʘ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʙʘסʘʣʳ ʤʝʪʘʣʜʘʨ ʵʣʝʢʪʨ ʵʢʩʪʨʘʢʮʠʷʩʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʘʟʘʨʪʫ 

ʘʨץʳʣʳ ʘʣʳʥʘʜʳ [145]. 

ʊʝʭʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʢװʨʜʝʣʽ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʜʳ ʵʣʝʢʪʨʦʭʠʤʠʷ 

ʘʨץʳʣʳ ʞװʨʛʽʟʫ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ᴅʣʝʫʝʪʽ ʞʦסʘʨʳ ʘʟ ʟʝʨʪʪʝʣʛʝʥ ʩʘʣʘ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʇʨʦʮʝʩʩ ʢᴇʧ ʬʫʥʢʮʠʷʣʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣ ʨʝʘʛʝʥʪʪʝʨʜʽש ʘʟ 

ʪײʪʳʥʳʣʫʳʤʝʥ, ʝʨʽʪʽʥʜʽʜʝʛʽ ʨʝʘʢʮʠʷ ʘסʳʥʳʥ ʪʦʣʳץ ʙʘץʳʣʘʫʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

ʕʣʝʢʪʨʦʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽש ʥʝʛʽʟʛʽʩʽ ʵʣʝʢʪʨʦʣʠʟ [146], ʪʦʪʳץʩʳʟʜʘʥʫ 

ʢʘʪʦʜʪʘ ʞװʨʝʜʽ ʞᴅʥʝ ʢʝʣʝʩʽʜʝʡ ײʩʳʥʳʣסʘʥ: M
n+
+neŸM, ʤײʥʜʘסʳ M

n+
 - 

ʵʣʝʢʪʨʦʣʠʪʪʝʛʽ ʤʝʪʘʣʣ ʠʦʥʳ, M ï ʨʝʘʢʮʠʷ ᴇʥʽʤʽ. ɽʨʠʪʽʥ ʘʥʦʜʪʘʨ ʩʭʝʤʘ ʙʦʡʳʥʰʘ 

ʘʥʦʜʪʳ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷסʘ ץʘʪʳʩʘʜʳ: M Ÿ M
n+
+ne, ʤײʥʜʘסʳ M ï 

ʝʨʠʪʽʥ ʘʥʦʜʪʳש ʤʝʪʘʣʳ, e - ʵʣʝʢʪʨ ʪʽʟʙʝʛʽʥʝ ʪװʩʝʪʽʥ ʵʣʝʢʪʨʦʥʜʘʨ,. ɽʨʽʤʝʡʪʽʥ 

ʘʥʦʜʪʘʨ ʵʣʝʢʪʨʦʣʠʪ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʪʦʪʳסʫʳʥʘ ᴅʢʝʣʝʪʽʥ ʵʣʝʢʪʨ ʵʢʩʪʨʘʢʮʠʷʩʳʥʜʘ 

 ʦʣʜʘʥʳʣʘʜʳ. ʉʫʣʳ ʞᴅʥʝ ʩʫʣʳ ʝʤʝʩ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫץ

ʪʝʭʥʦʣʦʛʠʷʩʳ óʣʝʢʪʨ ʵʢʩʪʨʘʢʮʠʷʩʳ ʜʝʧ ʘʪʘʣʘʜʳ. ɺʘʥʥʘʣʘʨʜʘסʳ ʩʫʣʳ ʝʨʽʪʽʥʜʽ 

(ʵʣʝʢʪʨʦʣʠʪ) [147] ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ᴅʨ 3 ʩʘסʘʪ ʩʘʡʳʥ ᴇʟʛʝʨʫʽ ʢʝʨʝʢ. ɺʘʥʥʘʜʘʥ 

ʢʝʡʽʥ ʵʣʝʢʪʨʦʣʠʪ ʩʦʨסʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʞʳʣʳʪץʳʰ ʨʝʟʝʨʚʫʘʨʣʘʨסʘ ײץʡʳʣʘʜʳ.  

 ʳʣʳ ʵʣʝʢʪʨʦʣʠʟץʘʥʥʘʥ ʢʝʡʽʥ ʵʣʝʢʪʨʦʣʠʪ ʛʨʘʚʠʪʘʮʠʷ ʘʨסʳʟʜʳʨפ

ʚʘʥʥʘʩʳʥʘ ץʘʡʪʘ ʪװʩʫ װʰʽʥ ʦʩʳʥʜʘʡ ʙʠʽʢʪʽʢʪʝ ʦʨʥʘʪʳʣסʘʥ ץʳʩʳʤ ʤײʥʘʨʘʣʘʨʳ 

ʘʨץʳʣʳ ʘסʳʟʳʣʘʜʳ. 
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ʕʣʝʢʪʨʦʣʠʟ ʧʨʦʮʝʩʽ Pb, Zn, Sn, ʩʦʥʜʘʡ-ʘץ Fe, Ni, Sb, As ʞᴅʥʝ S, Cl, F 

 ʘ ʪʘʟʘ ʤʳʩ ʢʘʪʦʜʪʳ ʧʣʘʩʪʠʥʘʣʘʨʳ ʙʘʨ ᴇʨʝʩʢʝʣ ʤʳʩʪʘʥץײʦʩʧʘʣʘʨʳ ʤʝʥ ʞץ

ʪײʨʘʪʳʥ ʘʥʦʜʪʘʨʜʳ ʚʘʥʥʘʣʘʨסʘ ʪʽʢʝʣʝʡ ʦʨʥʘʪʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ [148]. 

ɸʥʦʜʪʘʨ ʙʽʨ ʘʥʦʜʪʳש ʦʨʪʘסשʳ ʞʘʟʳץʪʳסʳʥʘʥ ʢᴇʨʰʽʥʽש ʦʨʪʘסשʳ ʞʘʟʳץʪʳסʳʥʘ 

ʜʝʡʽʥ ʝʩʝʧʪʝʣʽʧ, 100-105ʤʤ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʪʳʣʘʜʳ. ʂʘʪʦʜʪʳץ ʥʝʛʽʟ ʢʝʟ-

ʢʝʣʛʝʥ ʙײʨʤʘʣʘʥʫʜʳ ʙʦʣʜʳʨʤʘʡ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʘ ץʘʪʘש ʪװʨʜʝ ʦʨʥʘʪʳʣʘʜʳ. 

ɹײʣ ʞʘסʜʘʡʜʘ ʢʘʪʦʜ ʧʝʥ ʘʥʦʜ ʘʨʘʩʳʥʜʘסʳ ʵʣʝʢʪʨʦʣʠʪ ץʘʙʘʪʳʥʳץ שʘʣʳשʜʳסʳ 

ʰʘʤʘʤʝʥ 30 ʤʤ ײץʨʘʡʜʳ. ʕʣʝʢʪʨʦʣʠʟ ʧʨʦʮʝʩʽ ʵʣʝʢʪʨʦʜʪʘʨסʘ ʪײʨʘץʪʳ ʪʦʢ 

ʙʝʨʛʝʥʥʝʥ ʢʝʡʽʥ, Cu  2e = Cu
2+

,  ʘʥʦʜʳʥʜʘ, ʢʘʪʦʜʳʥʜʘ  Cu 2+2e = Cu ʞװʨʝʜʽ. 

ʕʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫ ʞᴅʥʝ ʵʣʝʢʪʨʦʣʠʟ ʧʨʦʮʝʩʽʥʽש ʞʘʣʧʳ ʵʥʝʨʛʠʷ 

ʩʳʡʳʤʜʳʣʳסʳ ʪʦʢ ʰʳסʳʩʳʥʘ, ʚʘʥʥʘʜʘסʳ ʢʝʨʥʝʫʛʝ ʞᴅʥʝ ʙʝʨʽʣʝʪʽʥ ʪʦʢʪʳש 

ʪʳסʳʟʜʳסʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʢʘʪʦʜ ײʥʪʘסʳʥʳש ʪʘʟʘʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʊʦʢʪʳש ʪʳסʳʟʜʳסʳ ʜʝʛʝʥʽʤʽʟ ʢʘʪʦʜʪʳש ʙʝʪʢʽ ʘʫʜʘʥʳʥʳש ʙʽʨʣʽʛʽʥʝ 

ʰʘץץʘʥʜʘסʳ ʪʦʢ ʢװʰʽ, ʦʣ ʙʽʨ ʰʘʨʰʳ ʤʝʪʨʛʝ ʘʤʧʝʨʤʝʥ ᴇʣʰʝʥʝʜʽ. ʄʳʩʪʳ 

ʵʣʝʢʪʨʦʣʠʟʜʝʥ ʪʘʟʘʨʪʫ ʢʝʟʽʥʜʝ ʪʦʢ ʪʳסʳʟʜʳסʳ 250-300 ɸ/m
2 
ʞʝʪʫʽ ʤװʤʢʽʥ. 

ʇʨʘʢʪʠʢʘʣʳץ ᴇʥʽʤʜʽʣʽʢʪʽש ʪʝʦʨʠʷʣʳץ ᴇʥʽʤʜʽʣʽʢʢʝ ץʘʪʳʥʘʩʳ ʪʦʢ ʰʳסʳʩʳ ʜʝʧ 

ʘʪʘʣʘʜʳ, ʙײʣ ʤᴅʥ ʧʘʡʳʟʙʝʥ ʢᴇʨʩʝʪʽʣʝʜʽ.  

ʄʳʩʪʳש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʵʣʝʢʪʨʦʣʠʟʽ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʣʠʪʪʽײץ שʨʘʤʳ 

ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨ ʙʦʡʳʥʰʘ ʨʝʪʪʝʣʫʽ ʢʝʨʝʢ. ɽʨʽʪʽʥʜʽʜʝ ײץʨʘʤʳʥʜʘ ʩʫʣʴʬʘʪ 

ʙʘʨ ʤʝʪʘʣʣ ʠʦʥr ʵʣʝʢʪʨʪʝʨʽʩʪʽʣʽʛʽ ʞʦסʘʨʳ, ʞᴅʥʝ ʘʥʦʜʪʳ ʝʨʽʪʫ ʢʝʟʽʥʜʝ 

ʙʘʡʣʘʥʳʩʘʜʳ. ʄʳʩ ʘʫʘʥʳש ʦʪʪʝʛʽʤʝʥ ʪʦʪʳסʫʳʥʘʥ ʢʝʡʽʥ ʘʥʦʜʪʘ ʽʰʽʥʘʨʘ ʝʨʠʜʽ 

(15) ʬʦʨʤʫʣʘ: 

 

                  Cu + İʆ2 + H2SO4 = CuSO4 + H2O                                15) 

 

ʈʝʘʢʮʠʷ ʧʨʦʮʝʩʽ ʙʘʨʳʩʳʥʜʘ ʵʣʝʢʪʨʦʣʠʪ ʤʳʩʧʝʥ ʙʘʡʳʪʳʣʘʜʳ ʞᴅʥʝ ʦסʘʥ 

ʧʘʨʘʣʣʝʣʴ ץʳʰץʳʣ ʞײʤʩʘʣʘʜʳ ʙײʣ ʞʦסʘʨʳʜʘסʳ ʬʦʨʤʫʣʘʜʘʥ ʢᴇʨʽʥʝʜʽ. 

ɹʝʣʛʽʣʽ ʙʽʨ ʢᴇʣʝʤʜʝʛʽ ʵʣʝʢʪʨʦʣʠʪ, ʘʨʪʳץ ʤʳʩʪʳ ʘʣʳʧ ʪʘʩʪʘʫ ʘʨץʳʣʳ 

ᴇשʜʝʣʝʜʽ, ʞᴅʥʝ ʤʳʩ ʚʘʥʥʘʩʳʥʜʘסʳ ʘʡʥʘʣʳʤʜʳ ʘʨʪʪʳʨʫ װʰʽʥ ʞװʡʝʛʝ 

ʞʝʪʽʩʧʝʡʪʽʥ ʢᴇʣʝʤʜʝʛʽ ץʳʰץʳʣ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʪʦʣʳץʪʳʨʳʣʘʜʳ.  

ɹײʣ ʵʣʝʢʪʨʦʣʠʟ ʧʨʦʮʝʩʽʥʜʝ ʚʘʥʥʘʣʘʨʜʳש ʙʝʪʽʥʝʥ ʩʫʜʳש ʙʫʣʘʥʫʳʥ ʝʩʢʝʨʫ 

ʤᴇʣʰʝʨʽ 50-600 ʤʤ, 1 ʤ שʘʞʝʪ. ɸʥʦʜʪʘʨʜʳץ
2
 ʵʣʝʢʪʨʦʣʠʪʪʽש ʙʝʪʢʽ ץʘʙʘʪʳ, 

ʚʘʥʥʘʜʘ 1 ʩʘסʘʪ ʽʰʽʥʜʝ 2 ʢʛ ʩʫ ʙʫʣʘʥʳʧ ʢʝʪʝʜʽ. ɹʫʣʘʥʫ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʣʠʪʪʽש 

ʙʘʨʣʳץ ʞʦסʘʣʫʳ ʩʫʤʝʥ ʪʦʣʪʳʨʳʣʘʜʳ.  

ʂʘʪʦʜʪʘʨ, ʞᴅʥʝ ʤʳʩ ʚʘʡʝʨʙʘʨʩʳ (ײץʡʤʘʣʘʨ) ʵʣʝʢʪʨʦʣʠʟ ʧʨʦʮʝʩʽʥʜʝ 

 ʥʝʛʽʟʛʽ ᴇʥʽʤʽ ʙʦʣʳʧ שʦʣʜʘʥʳʣʘʪʳʥ ʤʳʩ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʘʟʘʨʪʫ ʟʘʫʳʪʳʥʳץ

ʪʘʙʳʣʘʜʳ. ɸʨʥʘʡʳ ʞʫʫ ʮʠʩʪʝʨʥʘʣʘʨʳʥʜʘ ʥʝʤʝʩʝ ʞʫʫ ʤʘʰʠʥʘʣʘʨʳʥʜʘ, 

 ʠʷʪ ʪʘʟʘʣʘʥʘʜʳ, ʤʳʩץײʡʤʘʣʘʨ ʤʝʥ ʢʘʪʦʜʪʘʨ ʵʣʝʢʪʨʦʣʠʟʜʝʥ ʢʝʡʽʥ ʤײץ

ʞʦʣʘץʪʘʨʳʥ ʘʣʫ װʰʽʥ ʞᴅʥʝ ʩʳʤʥʳש ʩʘʣʜʘʨʳʥʘʥ ʮʝʭץʘ ʙʘʨʘʜʳ. ʐʘʭʪʘʜʘ ʥʝʤʝʩʝ 

ʰʘסʳʣʳʩʪʳʨʘʪʳʥ ʧʝʰʪʝ ʚʘʡʝʨʙʘʨʩ ᴇʥʜʽʨʽʩʽ ʞװʨʝʜʽ, ʢʘʪʦʜʪʘʨ ʪʘʟʘʨʪʳʣסʘʥʥʘʥ 

ʢʝʡʽʥ ʙʘʣץʳʪʳʣʘʜʳ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨסʳʰ-ʪײʥʜʳʨסʳʰ ʘʨץʳʣʳ ʘʨʥʘʡʳ ץʘʣʳʧʪʘʫ 

ʢʘʨʫʩʝʣʴʜʝʨʽʥʝ ײץʡʳʣʘʜʳ ʥʝʤʝʩʝ ʩʳʤסʘ ʪʘʨʪʳʣʘʜʳ. ʂᴇʤʽʨ ʦʪʪʝʛʽʩʽʟ ʤʳʩ ʘʣʫ 

 .ʦʣʜʘʥʳʣʘʜʳץ ʳʰ ʨʝʪʽʥʜʝסʩʳʟʜʘʥʜʳʨץʰʽʥ ʪʦʪʳװ



33 
 

ʄʳʩ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʰʘʤʘʤʝʥ 40-50 ʤʛ/ʣʠʪʨ ʙʦʣʘʪʳʥ ʣɻʝʢʪʨʦʣʠʪ ʥʝʤʝʩʝ 

160-200 ʛ/ʣʠʪʨ ʤʳʩ ʩʫʣʴʬʘʪʳ ʤʝʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ 200 ʛ/ʣʠʪʨʛʝ ʜʝʡʽʥ ʢʘʪʦʜʪʳ 

ʪײʥʙʘʥʳש ʪʘʟʘʣʳסʳʥ ʪʝʛʽʩʪʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʵʣʝʢʪʨʦʣʠʪʢʝ, 

1 ʪʦʥʥʘ ʢʘʪʦʜʪʳ ʤʳʩץʘ ʰʘʤʘʤʝʥ 50-60 ʛ ʪʠʦʯʝʚʠʥʘ ʥʝʤʝʩʝ ʞʝʣʽʤ ץʦʩʫסʘ ʙʦʣʘʜʳ 

(100 ʛ/ʪʦʥʥʘסʘ ʜʝʡʽʥ ʞʝʪʝʜʽ). 

5-7 ʪᴅʫʣʽʢ ʵʣʝʢʪʨʦʣʠʟʜʝʥ ʢʝʡʽʥ ʪײʥʙʘʜʘ ײץʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ʙʦʣסʘʥ ʢʝʟʜʝ 

ʚʘʥʥʘʣʘʨʜʘʥ ʢʘʪʦʜʪʳ ʪײʥʙʘ ʞʫʳʣʘʜʳ ʞᴅʥʝ ײץʡʤʘʣʘʨ ʙʘʣץʳʪʳʣʘʜʳ. 

ʕʣʝʢʪʨʦʣʠʟʜʝʥ ʢʝʡʽʥ ץʘʣʜʳץ ʘʥʦʜʪʘʨ ʘʥʦʜ ʧʝʰʽʥʝ ʞʽʙʝʨʽʣʝʜʽ. ʕʣʝʢʪʨʦʣʠʟʜʽש 

ʰʘʨʪʪʘʨʳ ʤʝʥ ʙʘʨʳʩʳ ʙʘʨ ʤʝʪʘʣʜʘʨʜʳש ʢʝʨʥʝʫʣʝʨʽʥʽש ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ 

 .ʘʪʘʨʳ ʙʦʡʳʥʰʘ ʙʝʣʛʽʣʝʥʝʜʽץ

ʇʦʪʝʥʮʠʘʣʳ ʘʟ ʤʝʪʘʣʜʘʨ ʘʥʦʜʪʘ ʝʨʽʛʝʥʥʝʥ ʢʝʡʽʥ װʣʢʝʥ ʧʦʪʝʥʮʠʘʣʳ ʙʘʨ 

ʤʝʪʘʣʜʘʨʜʳץ שʘʪʳʩʫʳʤʝʥ ʢʘʪʦʜץʘ ʪװʩʝ ʘʣʤʘʡʜʳ. ʇʦʪʝʥʮʠʘʣʳ ʘʟ ʤʝʪʘʣʜʘʨ Fe, 

Co, Ni, Pb ʞᴅʥʝ Sn ʢʽʨʝʪʽʥ ץʦʩʧʘʣʘʨ ʪʦʙʳʥ ײץʨʘʡʜʳ. ʄʳʩ ץʦʩʳʣסʘʥ As, Sb, Bi 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʧʦʪʝʥʮʠʘʣʜʘʨʳʥʳש ʞʘץʳʥ ʤᴅʥʜʝʨʽ ʝʨʽʪʽʥʜʽʜʝʛʽ ʦʩʳ ץʦʩʧʘʣʘʨʤʝʥ 

ʵʣʝʢʪʨʦʣʠʟ ʞװʨʛʽʟʫʜʝ ץʠʳʥʜʳץʪʘʨ ʪʫסʳʟʘʜʳ, ʙײʣ ʪʘʟʘ ʢʘʪʦʜʪʳ ʤʳʩ ײʥʪʘסʳʥ ʘʣʫ 

ʧʨʦʮʝʩʽʥ ץʠʳʥʜʘʪʘʜʳ. פʦʩʧʘ ʪװʨʽʥʜʝʛʽ ʘʩʳʣ Au, Ag, Pt, Pd ʤʝʪʘʣʜʘʨʳʜʘ ʤʳʩʜʘʥ 

ʞʦסʘʨʳ ʧʦʪʝʥʮʠʘʣסʘ ʙʘʡʣʘʥʳʩʪʳ ʢʘʪʦʜʪʳ ʤʳʩ ʘʣʫ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʣʠʟ 

ʧʨʦʮʝʩʽʥʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ, ʩʦʥʜʳץʪʘʥ ʙʘʨʣʳץ ץʦʩʧʘ ʵʣʝʤʝʥʪʪʝʨʽ (99%) 

ʵʣʝʢʪʨʦʣʠʟ ʰʣʘʤʳʥʘ ʪװʩʝʜʽ [149]. 

ʉʦʣסʳʥ ʨʘʟʨʷʜʳʥʜʘסʳ ʵʣʝʢʪʨʦʣʠʟ (Glow Discharge Electrolysis, GDE) - ʝש 

ʢᴇʧ ʟʝʨʪʪʝʣʛʝʥ ʧʨʦʮʝʩʪʝʨʜʽש ʙʽʨʽ [150]. ʕʣʝʢʪʨ ʪʦʛʳʥʳש ᴅʩʝʨʽʥʝʥ ʵʣʝʢʪʨʦʣʠʟʜʽש 

ʙʽʨ ʪװʨʽ - ʩʦʣסʳʥ ʨʘʟʨʷʜʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʵʣʝʢʪʨʦʣʠʟʽ (Contact Glow Discharge 

Electrolysis, CGDE) [151, 152]. 

ɸʥʦʜ ʧʝʥ ʵʣʝʢʪʨʦʣʠʪ ʘʨʘʩʳʥʜʘ ʵʣʝʢʪʨ ʨʘʟʨʷʜʳ ʪײʪʘʥʘʜʳ. ʊײʪʘʥʫ װʰʽʥ 

1õ2 ʢɺ ʪײʨʘץʪʳ ʢʝʨʥʝʫʤʝʥ, ʘʥʦʜʪʘʥ ʩײʡʳץʪʳץ ʙʝʪʽʥʝ ʜʝʡʽʥ 1 ʤʤ-ʜʝʥ 2 ʩʤ-ʛʝ 

ʜʝʡʽʥʛʽ ץʘʰʳץʪʳץ ץʘʞʝʪ. פʘʞʝʪʪʽ ʪʦʢ ʨʝʞʠʤʜʝʨʽʥ ʘʣʫ װʰʽʥ ʘʥʦʜ ʪʽʟʙʝʛʽʥʝ 

ʙʘʣʣʘʩʪ ʢʝʜʝʨʛʽʩʽ ץʦʩʳʣʜʳ. ᴄʨ ʪװʨʣʽ ʨʝʞʠʤʜʝʨʜʝʛʽ ʨʘʟʨʷʜ ʪʦʛʳ 10-200 ʤɸ 

ʘʨʘʣʳסʳʥʜʘ ʪʘשʜʘʣʜʳ. ʂʘʪʦʜ ʧʝʥ ʘʥʦʜʪʘסʳ ʭʠʤʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ ᴇʥʽʤʜʝʨʽʥʽש 

ʘʨʘʣʘʩʫʳʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʘʥʦʜ ʧʝʥ ʢʘʪʦʜ ʙᴇʣʽʤʜʝʨʽ ʤʝʤʙʨʘʥʘʣʘʨʤʝʥ ʙᴇʣʽʥʜʽ. 

ɸʥʦʜ ʙᴇʣʽʤʽʥʜʝ ʩײʡʳץʪʳץ ʤʘʛʥʠʪʪʽʢ ʘʨʘʣʘʩʪʳʨסʳʰʧʝʥ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ʊʘʟʘ 

ʩʫʜʘסʳ ʙײʣ ʨʝʘʢʮʠʷʣʘʨʜʳש ʥʝʛʽʟʛʽ ᴇʥʽʤʜʝʨʽ ʩʫʪʝʛʽ, ʦʪʪʝʛʽ ʞᴅʥʝ ʩʫʪʝʛʽ ʘʩץʳʥ 

ʪʦʪʳסʳ ʙʦʣʜʳ [153]. 

ʉʫʪʝʛʽ ʘʩץʳʥ ʪʦʪʳסʳʥʳש ʰʳסʳʤʳ ʙʦʣʜʳ 0,6-0,8 ʤʦʣʴ ʵʣʝʢʪʨʦʥʜʘʨ ʙײʣ 

ʨʘʟʨʷʜ ʪʦʛʳʥʘ, ʛʘʟʜʳץ שʳʩʳʤʳ ʤʝʥ ײץʨʘʤʳʥʘ, ʘʥʦʣʠʪ ʢᴇʣʝʤʽʥʝ, ʘʥʦʜ 

ʤʘʪʝʨʠʘʣʳʥʳש ʧʽʰʽʥʽʥʝ, ʙʝʪʽʥʽש ʘʫʜʘʥʳʥʘ, ʘʨʘʣʘʩʪʳʨʫ ʞʳʣʜʘʤʜʳסʳʥʘ, 

ʵʣʝʢʪʨʦʣʠʪʪʽײץ שʨʘʤʳ ʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʪᴅʫʝʣʜʽ ʝʤʝʩ, ʝʛʝʨ ᴇשʜʝʫ 

ʧʨʦʮʝʩʽʥʜʝ ʝʨʽʪʽʥʜʽ ʙʝʡʪʘʨʘʧ ʥʝʤʝʩʝ ץʳʰץʳʣ ʙʦʣʳʧ ץʘʣʩʘ. ʉʽʣʪʽʣʽ ʦʨʪʘʜʘ ʩʫʪʝʛʽ 

ʘʩץʳʥ ʪʦʪʳסʳ ʪװʟʽʣʤʝʡʜʽ. 

ʉʦʣסʳʥ ʨʘʟʨʷʜʳʥʳש ᴅʩʝʨʽʥʝʥ ʩʫ ʤʦʣʝʢʫʣʘʣʘʨʳ ʢʘʪʦʜ ʧʦʪʝʥʮʠʘʣʳʥʳש 

ʪᴇʤʝʥʜʝʫʽ ʘʡʤʘסʳʥʜʘ ʳʜʳʨʘʡʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʩʫ ʙʝʪʽʥʽװ שʩʪʽʥʜʝ ʆʅ 

ʨʘʜʠʢʘʣʜʘʨʳ ʪװʟʽʣʝʜʽ ʞᴅʥʝ ʩʫʜʘסʳ ʭʠʤʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʤʝʭʘʥʠʟʤʽ ʦʩʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ [154]. ᴄʨʽ ץʘʨʘʡ, Ŭ-ʙᴇʣʰʝʢʪʝʨʜʽש ʩᴅʫʣʝʩʽʥʽש ᴅʩʝʨʽʥʝʥ ʵʣʝʢʪʨʦʣʠʟʛʝ 

 ʘʥסʣ ʩʫ ʘʥʦʜ ʙʦʣײʨʝʜʽ. ɹװʧʨʦʮʝʩʩ ʞ ץʭʠʤʠʷʣʳ-ץʩʘʩ ʥᴅʨʩʝ ʞᴅʥʝ ʨʘʜʠʘʮʠʷʣʳץײ



34 
 

ʞʘסʜʘʡʜʘ (ʘʥʦʜ ʧʦʪʝʥʮʠʘʣʳʥʳש ʪᴇʤʝʥʜʝʫʽ ʢʘʪʦʜץʘ ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʘʟ) ʩʫ 

ʙʝʪʽʥʜʝʛʽ ʧʦʪʝʥʮʠʘʣʜʳש ʘʡʪʘʨʣʳץʪʘʡ ʘʟ ʪᴇʤʝʥʜʝʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ [155-157]. 

ɸʥʦʜʪʳ ʤʠʢʨʦ ʨʘʟʨʷʜʪʘʨʜʘסʳ ʧʨʦʮʝʩʪʝʨʜʽש ʤʝʭʘʥʠʟʤʽ ʩʦʣסʳʥ 

ʨʘʟʨʷʜʳʥʜʘסʳ ʵʣʝʢʪʨʦʣʠʟʜʝʛʽʜʝʡ. ʇʨʦʮʝʩʩ ʩʦʣסʳʥ ʨʘʟʨʷʜʳʥʜʘסʳ ʵʣʝʢʪʨʦʣʠʟʜʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ, ᴇʡʪʢʝʥʽ ʘʥʦʜ ʩײʡʳץʪʳץץʘ ʙʘʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʙʦʩ ʨʘʜʠʢʘʣʜʘʨʜʳש 

ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ [158-161]. ʇʨʦʮʝʩʪʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʩʭʝʤʘʩʳ 5-

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

1 - ʨʝʘʢʮʠʷʣʳץ ʳʜʳʩ; 2 ï ʤʝʤʙʨʘʥʘ; 3 ï ʢʘʪʦʜ; 4 ï ʘʥʦʜ; 5 - ʛʘʟ ʙʝʨʫ; 6 ï ʵʣʝʢʪʨʦʣʠʪ; 7 

- ʪʝʨʤʦʩʪʘʪ; 8 - ʤʘʛʥʠʪʪʽ ʘʨʘʣʘʩʪʳʨסʳʰ 
 

ʉʫʨʝʪ 5 ï ʉʦʣסʳʥ  ʨʘʟʨʷʜʳʥʜʘסʳ ʵʣʝʢʪʨʦʣʠʟʛʝ ʘʨʥʘʣסʘʥ ײʷʰʳץʪʳש ʵʩʢʠʟʽ  
 

ʨʘʤʳʥʜʘ ʤʳʩ ʩʫʣʴʬʘʪʳ ʙʘʨ ʩʫʣʴʬʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ 160-200 ʛ/ʜʤײפ
3 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴇʥʜʽʨʽʩʪʝʨʜʝ ʵʣʝʢʪʨ ʵʢʩʪʨʘʢʮʠʷʩʳ ᴅʜʽʩʽʤʝʥ ʤʳʩ ʘʣʫ װʰʽʥ 

 ʦʣʜʘʥʳʣʘʜʳ [162, 163]. ʕʣʝʢʪʨ ʵʢʩʪʨʘʢʮʠʷʩʳ ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝ, ʦʩʳʥʜʘʡץ

 ʤʢʽʥʜʽʢװʘ ʤסʥʜʳʨʫײʳʩʳʤʝʥ ʪסʨʘʤʳʥʜʘ ʤʳʩʳ ʙʘʨ 100% ʤʝʪʘʣʜʳ ʪʦʢ ʰʳײץ

ʙʝʨʝʜʽ. ʕʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʘʟʘʡʪʫ ʞᴅʥʝ ʧʨʦʮʝʩʪʽ ʢװʰʝʡʪʫ װʰʽʥ ʝʨʽʪʽʥʜʽʥʽש 

ʘʫʳʩʧʘʣʳ ײץʨʘʤʳʥʳש ʬʫʥʢʮʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʣʠʪ 

ʘʡʥʘʣʳʤʳʥ, ʩʳסʳʣסʘʥ ʘʫʘʤʝʥ ʢᴇʧʽʨʰʽʢʪʝʥʫʽʥ, ʝʨʽʪʽʥʜʽʥʽ 50-65Üʉ ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʜʝʡʽʥ ץʳʟʜʳʨʫʳʥ ץʘʞʝʪ ʝʪʝʪʽʥ ʵʣʝʢʪʨʦʣʠʟ ʨʝʞʠʤʽʥʽש ʫʘץʳʪ ᴇʟʛʝʨʽʩʪʝʨʽ ץʘʞʝʪ 

[164]. ɹײʣ ʧʨʦʮʝʩʪʝʨʜʝ ʝʨʽʤʝʡʪʽʥ ʘʥʦʜʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ, ʙײʣ ʪײʥʙʘסʘ ʪװʩʝʪʽʥ 

ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥʳש ʝʨʽʪʽʥʜʽʩʽʥʜʝʛʽ ʢʦʥʮʝʥʪʨʘʮʠʷʥʳ ʙʽʨʪʽʥʜʝʧ ʪᴇʤʝʥʜʝʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʤײʥʳש ʙᴅʨʽ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʽL. ʪʦʢ ʪʳסʳʟʜʳסʳʥʳש 

ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʘʚʪʦʨʣʘʨ [165] ʤʳʩ ʽL 

ʪײʥʜʳʨʫ ʪʦʛʳʥʳש ʰʝʢʪʽ ʪʳסʳʟʜʳסʳʥʳש ᴇʟʛʝʨʫʽʥʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽʥ 

ʘʣʜʳ, ᴇʡʪʢʝʥʽ ʦʥʳש ʝʨʽʪʽʥʜʽʜʝʛʽ ʤᴇʣʰʝʨʽ ʘʟʘʷʜʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʵʢʩʪʨʘʢʮʠʷ 

ʧʨʦʮʝʩʽʥʜʝ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʦסʘʨʳʣʘʡʜʳ.  ᴄʨ ʪװʨʣʽ ʪʦʢ 
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ʪʳסʳʟʜʳסʳʥʜʘ ʘʣʳʥסʘʥ ʤʳʩ ʰᴇʛʽʥʜʽʩʽʥʽש ʤʦʨʬʦʣʦʛʠʷʩʳ ʽ ʨ, ʝʨʽʪʽʥʜʽʥʽש 

 ʽ ʨ/iL ʪʦʢ ʰʝʢʪʝʨʽʥ שʪʘʣʘʜʳ ʞᴅʥʝ ʢʘʪʦʜʪʳ ʤʳʩ ᴇʥʜʽʨʽʩʽʥʽץʨʘʤʳʤʝʥ ʘʥʳײץ

ʘʥʳץʪʘʡʜʳ: ir=0,825 iL. ʆʩʳ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ 

ʪײʥʜʳʨʳʣסʘʥ ʤʳʩʪʳץ שʦʣʘʡʣʳ ʩʘʧʘʩʳʥ ʤʝʥʰʽʢʪʽ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʘʟʘʡʪʫ 

ʘʨץʳʣʳ ʙʽʨʽʢʪʽʨʝʪʽʥ ʪʦʢ ʪʳסʳʟʜʳסʳʥʳש ʩʘʪʳʣʳ ʞᴅʥʝ ʙʽʨץʘʣʳʧʪʳ ʪᴇʤʝʥʜʝʫʽʤʝʥ 

ʤʳʩʪʳ ʵʣʝʢʪʨʦ ʪײʥʜʳʨʫʜʳש ʦשʪʘʡʣʳ ʨʝʞʠʤʜʝʨʽ ײʩʳʥʳʣʘʜʳ. 

ɹʘʩץʘ ʘʚʪʦʨʣʘʨ [166] ʩײʡʳʪʳʣסʘʥ ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʤʳʩʪʳ 

ʵʣʝʢʪʨʦʵʢʩʪʨʘʢʮʠʷʣʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʜʳ. ʄʳʩʪʳש ʵʣʝʢʪʨʦ 

ʪײʥʜʳʨʳʣʫʳʥʘ ʝʨʽʪʽʥʜʽʣʝʨʜʝʛʽ ʤʳʩ ʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞᴅʥʝ ʪʦʢ 

ʰʳסʤrʳʥʜʘסʳ (ʊʐ) ʢʘʪʦʜʪʳץ ʪʳסʳʟʜʳסʳ, ʘʟ ʜᴅʨʝʞʝʜʝ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʽש pʅ 

ᴅʩʝʨ ʝʪʝʜʽ. ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʩײʡʳʣʪʳʣסʘʥ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ 

(0.016 ʞᴅʥʝ 0.1 ʤʦʣʴ/ʣ) ʤʳʩ ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʪʦʢ ʰʳסʳʩʳʤʝʥ (ʪʠʽʩʽʥʰʝ 53 

ʞᴅʥʝ 98%) ʘʣʳʥʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ.  

ʉײʡʪrʳʣסʘʥ ʝʨʽʪʽʥʜʽʣʝʨ װʰʽʥ ʝץ שʦʣʘʡʣʳ ʪʦʢ ʪʳסʳʟʜʳסʳ 10 ʤɸ/ʩʤ
2
 ʜʝʧ 

ʩʘʥʘʫסʘ ʙʦʣʘʜʳ. pʅ ʪᴇʤʝʥʜʝʫʽ ʦʨʪʘʰʘ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ ʝʨʽʪʽʥʜʽʣʝʨ װʰʽʥ ʪʦʢ 

ʰʳסʳʩʳʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ (0.25 ʤʦʣʴ/ʣ).  

ʄײʥʜʘʡ ʝʨʽʪʽʥʜʽʣʝʨʜʝ ʢʘʪʦʜʪʳץ ʤʳʩʪʳש ʙᴇʣʽʥʫ ʨʝʘʢʮʠʷʩʳʥʳש 

ʞʳʣʜʘʤʜʳסʳ ʩʫʪʝʛʽ ʙᴇʣʽʥʫʽʥʽש ʞʘʥʘʤʘ ʨʝʘʢʮʠʷʩʳʥʳש ʞʳʣʜʘʤʜʳסʳʥʘʥ ʞʦסʘʨʳ. 

ʄʳʩʪʳש ʢʘʪʦʜʪʳ ʰᴇʛʽʥʜʽʣʝʨʽ ʵʣʝʢʪʨʦʜ ʙʝʪʽʥʝ ʪʳסʳʟ ʞʘʙʳʩץʘʥ ץʳʟסʳʣʪ 

ʬʦʣʴʛʘ ʪװʨʽʥʜʝ ʪװʟʽʣʝʜʽ. ʂʘʪʦʜץʘ ʞʘץʳʥ ץʘʙʘʪʪʳש ʨʅ ʞʦסʘʨʳʣʘסʘʥʜʘ ʙʽʨ 

ʚʘʣʝʥʪʪʽ ʤʳʩ ʪײʟʜʘʨʳʥʳש ʛʠʜʨʦʣʠʟʽ ᴅʩʝʨʽʥʝʥ ʊʐ ʪᴇʤʝʥʜʝʡʜʽ, ʢʝʥ ʦʨʥʳʥʳש 

ʩʘʧʘʩʳ ʥʘʰʘʨʣʘʡʜʳ, ʢʘʪʦʜ ʙʝʪʽʥʝ ʥʘʰʘʨ ʞʘʙʳʩʘʪʳʥ ʙʦʨʧʳʣʜʘץ, ʜʝʥʜʨʠʪʪʽ ʤʳʩ 

ʢʝʥ ʦʨʥʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʇʠʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʥʝʤʝʩʝ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʘʣʳʥסʘʥ 

ʞʘʨʪʳʣʘʡ ʬʘʙʨʠʢʘʪʪʘʥ ʪʘʟʘ ʤʝʪʘʣʜʳ ʘʣʫ װʰʽʥ ʵʣʝʢʪʨʦʨʘʬʠʥʠʨʣʝʫ 

 ʦʣʜʘʥʳʣʘʜʳ. ʊʘʟʘʨʪʫ ʞᴅʥʝ ʵʣʝʢʪʨʦʵʢʩʪʨʘʢʮʠʷ ʩʳʥʘʧ ʧʝʥ ʘʤʘʣʴʛʘʤʘʜʘʥץ

ʞʘʩʘʣסʘʥ ʩײʡʳץ ʵʣʝʢʪʨʦʜʪʘʨʤʝʥ (ʘʤʘʣʛʘʤ ʤʝʪʘʣʣʫʨʛʠʷʩʳ) ʞᴅʥʝ ץʘʪʪʳ ʝʨʽʤʝʡʪʽʥ 

ʤʝʪʘʣʜʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʵʣʝʢʪʨʦʜʪʘʨʤʝʥ ʞװʨʛʽʟʽʣʝʜʽ. ɿʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ᴇʥʜʽʨʽʣʛʝʥ ʤʳʩʪʳ90% ש ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʘʟʘʨʪʫ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ. 

ʊʘʟʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ï ʵʣʝʢʪʨᴇʪʢʽʟʛʽʰʪʽʛʽ ʙʦʡʳʥʰʘ ʭʘʣʳץʘʨʘʣʳץ 

ʩʪʘʥʜʘʨʪץʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʤʳʩ ʘʣʫ (1,724Ā10-6 ʆʤĀʩʤ) [167]. 

ʐʠʢʽʟʘʪʪʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʫʜʽ ץʘʞʝʪ ʝʪʝʪʽʥ 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥסʘʥʜʘ ʵʥʝʨʛʠʷ ʰʳסʳʥʳ ץʦʣʘʡʣʳ 

ʞʝʪʢʽʣʽʢʪʽ ʪʘʟʘʣʳץʪʘסʳ ʤʝʪʘʣʜʳ ʘʣʫ ʤװʤʢʽʥ ʝʤʝʩ. ʉʦʥʜʳץʪʘʥ ʪʘʟʘ ʤʝʪʘʣʜʳ ʘʣʫ 

 ʦʣʜʘʥʳʣʘʜʳ. ʄʳʩʪʳ ʪʘʟʘʨʪʫץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʨʣʽ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳװʰʽʥ ᴅʨʪװ

ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʣʠʟ ʢʝʟʽʥʜʝ ʞʦסʘʨʳ ײץʥʳ ʙʘʨ ʢװʤʽʩ, ʘʣʪʳʥ ʞᴅʥʝ 

ʩʠʨʝʢ ʵʣʝʤʝʥʪʪʝʨʜʽ ʘʣʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʳסʳʥʜʘʨ ʪʦʣʳסʳʤʝʥ ᴇʪʝʣʝʜʽ [168]. 

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʤʳʩ ʵʣʝʢʪʨʦʣʠʟʽʥʝʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ץʦʩʧʘʣʘʨʳ ʙʘʨ ʰʣʘʤʜʳ ᴇשʜʝʫ 

ʧʨʦʮʝʩʽ ᴇʥʜʽʨʽʩʪʝ ײץʥʜʳ, ᴇʡʪʢʝʥʽ ʦʥʳײץ שʨʘʤʳʥʜʘ Se, Au, Ag ʞᴅʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 20%-סʘ ʜʝʡʽʥʛʽ ʙʘʩץʘ ʪװʩʪʽ ʤʝʪʘʣʜʘʨ ʙʘʨ. ʄʳʩʪʳש ʞʦסʘʨʳ 

ʩʦʨʪʪʘʨʳʥʜʘ ʢʝʣʝʩʽ ץʦʩʧʘʣʘʨ ʨץײʩʘʪ ʝʪʽʣʝʜʽ: 0,001% ʚʠʩʤʫʪ, 0,002% ʩʫʨʴʤʘ, 

ʤʳʰʴʷʢ, ʥʠʢʝʣʴ, ץʘʣʘʡʳ; ʪʝʤʽʨ ʞᴅʥʝ 0,004% ץʦʨסʘʩʳʥ ʘʩʧʘʫ ʢʝʨʝʢ. 

ʄʝʪʘʣʜʘʨʜʳ ץʦʩʧʘʣʘʨʜʘʥ ʪʘʟʘʨʪʫ װʰʽʥ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʘʟʘʨʪʫ 

(ʨʘʬʠʥʘʮʠʷʣʘʫ ʕʈ) [169]. ʧʨʦʮʝʩʽʥ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪ, ᴇʡʪʢʝʥʽ ʤʳʩ ᴇʥʜʽʨʫʛʝ 
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ʘʨʥʘʣסʘʥ ʰʠʢʽʟʘʪʪʳײץ שʨʘʤʳ װʥʝʤʽ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʤʳʩ ʞʠʽ 

ʘʣʜʳʥ ʘʣʘ ʦʪʧʝʥ ʪʘʟʘʨʪʫסʘ ʞᴅʥʝ ץʳʰץʳʣʤʝʥ ᴇשʜʝʫʛʝ ײʰʳʨʘʡʜʳ. ʂᴇʧʽʨʰʽʢʪʽ 

ʤʳʩʪʳ ʦʪʧʝʥ ʪʘʟʘʨʪץʘʥʥʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʤʳʩ ʘʥʦʜʪʘʨʳʥʜʘ ʤʝʪʘʣʜʘʨ ʤʝʥ 

ʙʝʡʤʝʪʘʣʜʘʨʜʳ1% ש ʜʝʡʽʥ ץʦʩʧʘʣʘʨʳ ʙʦʣʘʜʳ. ʕʣʝʢʪʨʦʣʠʪ ײץʨʘʤʳʥʜʘ 

ʵʣʝʢʪʨʦʣʠʪ ʚʘʥʥʘʩʳʥʘʥ ʢʘʪʦʜʪʳ ʤʝʪʘʣסʘ ʪװʩʝʪʽʥ ʠʦʥʜʘʨ, ʩʫʩʧʝʥʟʠʷ ʙᴇʣʰʝʢʪʝʨʽ 

ʥʝʤʝʩʝ ʢʦʣʣʦʠʜʪʳ ʢװʡʜʝʛʽ ץʦʩʧʘʣʘʨ ʙʘʨ. ʂʘʪʦʜʪʳ ʤʳʩʪʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

ʘʥʦʜʪʳץ ʤʳʩʪʳש, ʰʣʘʤʥʳש ʞᴅʥʝ ʵʣʝʢʪʨʦʣʠʪ ʝʨʽʪʽʥʜʽʩʽʥʽײץ שʨʘʤʳʥʜʘסʳ 

 שʪʘʣʘʜʳ. ɸʥʦʜ ʧʝʥ ʵʣʝʢʪʨʦʣʠʟʝʨʜʽץʤᴇʣʰʝʨʽʤʝʥ ʘʥʳ שʦʩʧʘʣʘʨʜʳץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʨʪʘʣʘʨʳ (ʰʣʘʤ, ʵʣʝʢʪʨʦʣʠʪ, ʢʘʪʦʜʪʘʨ) ʘʨʘʩʳʥʜʘסʳ 

 ʪʘʨʳʥ ʟʝʨʪʪʝʫ ʕʈ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʝʪʽʣʜʽʨʫʛʝץʜʳʣʳשʪʘʨʘʣʫ ʟʘ שʦʩʧʘʣʘʨʜʳץ

ʢʝʰʝʥʜʽ ʪᴅʩʽʣʜʽ ץʘʞʝʪ ʝʪʝʜʽ [170-174]. ʅʘסʳʟ ʤʳʩ ʵʣʝʢʪʨʦʣʠʟ ʮʝʭʳʥʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʘʥʦʜʪʳץ ʤʳʩʪʳש, ʵʣʝʢʪʨʦʣʠʪʪʽש, ʩʫʩʧʝʥʟʠʷʥʳש ʞᴅʥʝ ʢʘʪʦʜʪʳ 

ʤʳʩʪʳײץ שʨʘʤʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʙʘץʳʣʘʫסʘ ʙʦʣʘʜʳ [175]. ɸʥʦʜʪʘסʳ, 

ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʝʨʽʪʽʥʜʽʜʝʛʽ, ʰʣʘʤʜʘסʳ ʞᴅʥʝ ʢʘʪʦʜʪʘʨʜʘסʳ ץʦʩʧʘʣʘʨʜʳש 

ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳש ʩʠʧʘʪʳʥ ʘʥʳץʪʘʫ ʢʦʤʤʝʨʮʠʷʣʳץ 

ʤʳʩ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʘʟʘʨʪʫ ʚʘʥʥʘʣʘʨʳʥʳש ʩʝʨʠʷʩʳʥʘʥ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש 

 ʪʘʣʜʘʫʳʥʘ ʥʝʛʽʟʜʝʣʫʽ ʢʝʨʝʢ. ʕʈ ʥᴅʪʠʞʝʩʽʥʜʝ ץʩʪʘʪʠʩʪʠʢʘʣʳ שʣʢʝʥ ʤʘʩʩʠʚʽʥʽװ

 ,ʘʞʝʪץ ʘʟ ʙʦʣʘʪʳʥ ʢʘʪʦʜʪʳ ʤʳʩʪʳ ʘʣʫ שʤᴇʣʰʝʨʽ ʝ שʦʩʧʘʣʘʨʜʳץ ʳסʨʘʤʳʥʜʘײץ

ʤʳʩʘʣʳ, ʄ00ʢ ʤʘʨʢʘʣʳ ʤʳʩ װʰʽʥ ʦʣ 0,01%-ʜʘʥ ʘʩʧʘʫʳ ʢʝʨʝʢ [176]. 

-ʨʣʽ ʪʦʧʪʘʨ: ʘʥʦʜװʳ ᴅʨʪסʙʳʥʜʘײʪᴇʨʪ ʥʝʛʽʟʛʽ ʞ שʳʰʪʳסʘʙʳʣʜʘץ-ʦʩʧʘ ʢᴇʟʽפ

ʝʨʽʪʽʥʜʽ, ʘʥʦʜ-ʰʣʘʤ, ʰʣʘʤ-ʢʘʪʦʜ ʞᴅʥʝ ʝʨʽʪʽʥʜʽ-ʢʘʪʦʜ. ʆʣʘʨʜʳץ 6 שʦʩʧʘסʘ 

(ʚʠʩʤʫʪ, ʤʳʰʴʷʢ, ץʦʨסʘʩʳʥ, ʢװʢʽʨʪ, ʥʠʢʝʣʴ ʞᴅʥʝ ʢװʤʽʩ) ʪʘʨʘʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽ 

ᴅʨʪװʨʣʽ. ʆʣʘʨ װʰʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ, ʦʥʳש ʥᴅʪʠʞʝʣʝʨʽ 

ʩʳʟʳץʪʳץ ʪʝשʜʝʫʣʝʨʜʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʤʘשʳʟʜʳʣʳסʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹײʣ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

ʵʣʝʢʪʨʦʣʠʟʝʨʜʝ ʙʘʡץʘʣʘʪʳʥ ץʦʩʧʘʣʘʨʜʳש ᴇʪʫ ʞʦʣʜʘʨʳʥ ʪװʩʽʥʜʽʨʫʛʝ ʞᴅʥʝ 

ʘʥʦʜʪʘʨʜʳײץ שʨʘʤʳ ᴇʟʛʝʨʛʝʥ ʢʝʟʜʝ ʢʘʪʦʜʪʳ ʤʳʩʪʳש ʩʘʧʘʩʳʥ ʞᴅʥʝ ʰʣʘʤʥʳש 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʨʘʤʳʥ ʙʦʣʞʘʫײץ

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʝʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ, ʙײʣ 

ʢʘʪʦʜʪʘʨʜʘסʳ ץʦʩʧʘʣʘʨʜʳש ʞʠʥʘץʪʘʣʫʳ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨ ʝʩʝʙʽʥʝʥ 

ʝʤʝʩ, ʵʣʝʢʪʨʦʣʠʪ ʧʝʥ ʰʣʘʤ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʢʘʪʦʜץʘ ʦʢʢʣʶʟʠʷʩʳ (ʪʘʙʳʣʫʳ, 

 ʞʦʡʳʣʤʘʫʳ ץʪʦʣʳ שʙʝʪʽʥʝʥ ʝʨʽʪʽʥʜʽʥʽ שʢʘʪʦʜʪʘʨʜʳ ץʦʩʳʣʫʳ) ʞᴅʥʝ ʪʘʫʘʨʣʳץ

ʩʘʣʜʘʨʳʥʘʥ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ [177]. 

ʂʘʪʦʜʪʳ ʤʝʪʘʣʜʘסʳ ץʦʩʧʘ ʨʘʟʨʷʜʢʘ, ʦʢʢʣʶʟʠʷ ʥʝʤʝʩʝ ʘʜʩʦʨʙʮʠʷסʘ, 

ʬʦʨʤʘʩʳʥʘ  ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʞʘסʜʘʡʜʘ ʘʣʜʳʤʝʥ ʤʘʩʩʘ ʙʝʨʫ 

ʤʝʭʘʥʠʟʤʽ ʙʦʡʳʥʰʘ ʦʣ ʢʘʪʦʜ ʵʣʝʢʪʨʦʣʠʪ ʬʘʟʘʣʘʨʳʥʳש ʠʥʪʝʨʬʝʡʩʽʥʝ ʪװʩʝʜʽ, 

ʩʦʜʘʥ ʢʝʡʽʥ ʢʘʪʦʜʪʳ ʤʝʪʘʣסʘ ʝʥʛʽʟʽʣʝʜʽ. פʦʩʧʘʣʘʨʜʳש ʢʘʪʦʜʪʳ ʪײʥʙʘסʘ ʪװʩʫʽʥ 

ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʤʳʩʪʳ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪʘʟʘʨʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪ. 

ʆʩʳ ʤʘץʩʘʪʪʘ ʢʘʪʦʜʪʘʨʜʳש ʙʝʪʽʥʜʝ ʰʣʘʤʥʳש ʘʜʩʦʨʙʮʠʷʩʳʥ ʙʦʣʜʳʨʤʘʫסʘ 

ʢᴇʤʝʢʪʝʩʝʪʽʥ ʙʝʪʪʽʢ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʽʟʜʝʫ ʢʝʨʝʢ. 

ʄʝʪʘʣʜʘʨʜʳ ʙᴇʣʫ װʰʽʥ ʢʝʡʜʝ ʩʫʪʝʛʽ ץʦʣʜʘʥʳʣʘʜʳ, ʦʣ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥʳש 

ʪײʥʜʳʨʳʣʫʳʤʝʥ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʠʦʥʜʘʥʫʜʳש ʩʘʪʳʣʘʨʳ װʰʽʥ ʙʦʩʘʪʳʣסʘʥ 

ʵʣʝʢʪʨʦʥʜʘʨ ʘʨץʳʣʳ ʞװʨʝʜʽ.ʂʘʪʦʜʪʘ ʤʦʣʝʢʫʣʘʣʳץ ʩʫʪʝʛʽ ʙʦʣסʘʥ ʢʝʟʜʝ ʢʝʡʙʽʨ 

ʤʝʪʘʣʜʘʨʜʳש ʙʽʨʣʝʩʢʝʥ ʪײʥʜʳʨʫ ʥʝʤʝʩʝ ʝʨʫ ʧʨʦʮʝʩʪʝʨʽ, ʩʦʥʜʘʡ-ʘץ 
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ʵʣʝʢʪʨʦʜʪʘʨʜʘסʳ ʝʨʽʪʽʥʜʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʘʜʩʦʨʙʮʠʷʩʳ ʞװʨʝʜʽ [178]. 

ʕʣʝʢʪʨʦʜʪʘʨ - ץʘʞʝʪʪʽ ʵʣʝʤʝʥʪʪʝʨ ʞᴅʥʝ ʪʦʪʳסʫ-ʪʦʪʳץʩʳʟʜʘʥʫ ʧʨʦʮʝʩʽʥʽש ʪʦʣʳץ 

 ʳʰʪʘʨ ʤʝʥסʩʳʟʜʘʥʜʳʨץʪʦʪʳ ץʘʪʳʩʫʰʳʣʘʨʳ, ʦʣʘʨ ʢᴇʧʪʝʛʝʥ ʭʠʤʠʷʣʳץ

ʪʦʪʳץʪʳʨסʳʰʪʘʨʜʳ ʘʣʤʘʩʪʳʨʘʪʳʥ ᴅʤʙʝʙʘʧ ʨʝʘʛʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹײʣ ʨʝʘʛʝʥʪʪʽץ שʘʩʠʝʪʪʝʨʽʥ ʘʥʳץʪʘʡʪʳʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨ-ʵʣʝʢʪʨʦʜ 

ʤʘʪʝʨʠʘʣʳʥʳש ʪʘʙʠסʘʪʳ. ʊʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʞװʡʝʥʽש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ 

ʘʜʩʦʨʙʮʠʷʣʘʫ ʘʨץʳʣʳ ʵʣʝʢʪʨʦʥʜʳ ʪʘʩʳʤʘʣʜʘʫ ʧʨʦʮʝʩʪʝʨʽ ʞᴅʥʝ ץʦʩ ʵʣʝʢʪʨ 

 ʪʘʣʘʜʳ. ʕʣʝʢʪʨʦʜץʨʳʣʳʤʳ ʵʣʝʢʪʨʦʜ ʤʘʪʝʨʠʘʣʳʤʝʥ ʘʥʳײץ שʘʙʘʪʳʥʳץ

ʤʘʪʝʨʠʘʣʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʞװʡʝʩʽʥʽש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʘʜʩʦʨʙʮʠʷʩʳ 

ʙʦʣʤʘסʘʥ ʢʝʟʜʝ ʵʣʝʢʪʨʦʜ ʧʨʦʮʝʩʽʥʝ ᴅʩʝʨ ʝʪʧʝʡʜʽ, ץʦʣʜʘʥʳʣʘʪʳʥ ʵʣʝʢʪʨʦʜʪʘʨʜʳש 

ᴅʨʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ᴅʨʪװʨʣʽ ʘʜʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʵʣʝʢʪʨʦʜ ʧʨʦʮʝʩʽʥʝ 

ᴅʩʝʨ ʝʪʝʜʽ. ɹʝʡʪʘʨʘʧ ץʦʩʳʣʳʩʪʘʨ, ʘʤʬʠʬʠʣʜʝʨ ʞᴅʥʝ ʙʝʡʪʘʨʘʧ ʨʘʜʠʢʘʣʜʘʨ 

ʥʝʛʽʟʛʽ ʘʜʩʦʨʙʮʠʷʣʘʥʘʪʳʥ ʙᴇʣʰʝʢʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾײʧʪʘʣʤʘסʘʥ ʵʣʝʢʪʨʦʥ 

ʙᴇʣʰʝʢʪʽש ʙʝʣʛʽʣʽ ʙʽʨ ʞʝʨʽʥʜʝ ʣʦʢʘʣʠʟʘʮʠʷʣʘʥסʘʥ ץʘʨʘʧʘʡʳʤ ʨʘʜʠʢʘʣʜʳ 

ʙᴇʣʰʝʢʪʝʨʜʽ ץʘʤʪʠʪʳʥ ʧʨʦʮʝʩʪʝʨʜʝ ʵʣʝʢʪʨʦʥʥʳש ʪʘʩʳʤʘʣʜʘʥʫʳʥʘ ʵʣʝʢʪʨʦʜʪʳש 

ʪʘʙʠסʘʪʳ, ʧʦʪʝʥʮʠʘʣʳ ʞᴅʥʝ ʢʠʥʝʪʠʢʘʩʳ ץʘʪʪʳ ᴅʩʝʨ ʝʪʝʜʽ. ʕʣʝʢʪʨʦʜʪʘʨʜʘסʳ 

 .ʘʥ ʠʦʥʜʘʨ ʘʜʩʦʨʙʮʠʷʣʘʥʙʘʡʜʳ [179]סʘʨʘʧʘʡʳʤ ʤʦʥʦ ʞᴅʥʝ ʢᴇʧ ʟʘʨʷʜʪʘʣץ
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2 ʊᴄɾɯʈʀɹɽʃɯʂ ɹᴆʃɯʄ 

 

2.1 ɹʘʩʪʘʧץʳ ʟʘʪʪʘʨ ʤʝʥ ʨʝʘʛʝʥʪʪʝʨ 
ʊᴅʞʽʨʠʙʝʣʽʢ ʞײʤʳʩʪʳ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʢʝʣʝʩʽ װʣʛʽʣʝʨ ʤʝʥ ʨʝʘʛʝʥʪʪʝʨ 

 :ʦʣʜʘʥʳʣʜʳץ

  .ץʘʣʜʳץ ʳסʳʤʜʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʩʳ ʘסʘʨʘפ .1

2. ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʩʳ ˉ 1, 2, ʞʘʪʳʧ ץʘʣסʘʥ ץʘʣʜʳץʪʘʨ. 

3. ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʩʳ ˉ 1, 2, ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨ.  

4. ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʩʳ ˉ3, ʞʘʪʳʧ ץʘʣסʘʥ ץʘʣʜʳץʪʘʨ. 

5. ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜ - NH4(HF2) (ʭʠʤʠʷʣʳץ ʪʘʟʘ). 

6. ʌʦʩʬʦʨ ץʳʰץʳʣʳ ï H3PO4. 

7. ʂװʢʽʨʪ ץʳʰץʳʣʳ ï ʅ2SO4. 

 

2.2 ʊᴅʞʽʨʠʙʝʣʽʢ ץʦʥʜʳʨסʳ ʩʭʝʤʘʩʳ ʞᴅʥʝ ʦʥʳש ʞײʤʳʩ ʽʩʪʝʫ ʙʘʨʳʩʳ 

ɹ̔ ʟ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʳץ שʦʡʳʨʧʘʩʳʥʜʘ 

ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ ʞʘʩʘʫסʘ ʘʨʥʘʣסʘʥ ʞᴅʥʝ ץʘʣʜʳץʪʘʨʤʝʥ 

ʨʝʘʛʝʥʪʪʝʨʜʽש ʘʟ ʤᴇʣʰʝʨʽʤʝʥ ʘʣʜʳʥ ʘʣʘ ʪᴅʞʽʨʠʙʝ ʞװʨʛʽʟʫ װʰʽʥ ʟʝʨʪʭʘʥʘʣʳץ 

 .(ʩʫʨʝʪ-6) ץʳʥʳ ʜʘʡʳʥʜʘʜʳסʦʥʜʳʨץ

 

 
 

ʉʫʨʝʪ 6 ï ʕʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩ ʨʘʟʨʷʜʳʥʳש ʟʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳʩʳʥʳש 

ʩʭʝʤʘʩʳ 

 

ɾʦסʘʨʳ ʢʝʨʥʝʫ ʘʫʘʥʳ ʪʝʩʽʧ ᴇʪʫ ʤʝʭʘʥʠʟʤʽʥʽש ʘʨץʘʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʜʳ, 

ʙײʣ ʘʫʘ ᴇʪʢʽʟʛʽʰʪʽʛʽʥʽש ʥʘʰʘʨʣʳסʳʤʝʥ ʞᴅʥʝ ʩʠʨʝʪʫ (ʨʘʟʨʷʜʪʘʫ) ʘʣʜʳʥʜʘ 

ʟʘʨʷʜʪʳש ʞʠʥʘץʪʘʣʫ ץʘʞʝʪʪʽʣʽʛʽ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ʉʦʜʘʥ ʢʝʡʽʥ ʢװʰʝʡʪʽʣʛʝʥ ʨʘʟʨʷʜ ʩײʡʳץ ץʦʡʳʨʪʧʘ ʦʨʪʘʩʳʥʘʥ ᴇʪʽʧ, ʞʘʙʳץ 

 ʠʤʧʫʣʴʩʪʽʢ ᴅʩʝʨʣʝʨ ʪʫʜʳʨʘʜʳ ץʪʘʡ ʵʣʝʢʪʨʛʠʜʨʘʚʣʠʢʘʣʳץʪʘ ʘʡʪʘʨʣʳץʷʰʳײ
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(ʢװʰʪʽ ʕɻʀʈ ᴅʩʝʨʣʝʨʽʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ ײץʨʳʣʳʤʜʳץ ʪװʨʜʝ ʢװʰʝʡʪʽʣʛʝʥ). 

ɿʝʨʪʭʘʥʘʣʳײ ץʷʰʳ7 ץ-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

 ʘʥסʘʥ ʩʳʤ; 2,8 ï ʵʣʝʢʪʨʦʜʪʘʨ; 3,6 - ʪʝʢʩʪʦʣʠʪʪʝʥ ʞʘʩʘʣסʦʩʳʣץ ʳʣʘʫʳʥʘשʳʥ ʩʘץʰײ - 1

 - ʩʳʤ; 9 ץʦʡʳʨʪʧʘ (ʧʫʣʴʧʘ); 7 - ʧʣʘʟʤʘʣʳץ - ʳʰ ʧʣʘʩʪʠʥʘʣʘʨ; 4 - ʙʝʢʽʪʢʽʰ ʙʦʣʪʪʘʨ; 5סʩʪʘײ

ʞʝʨʛʝ ץʦʩʫ; 10 - ʛʘʟ ʞᴅʥʝ ʝʨʽʪʽʥʜʽ ʰʳסʘʪʳʥ ʪװʪʽʢ; 11 - ץʘʙʳʣʜʘסʳʰ 
 

ʉʫʨʝʪ 7 ï ʕʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳש ɹʌ ץʘʣʜʳץʪʘʨסʘ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ 

ʘʨʥʘʣסʘʥ ʟʝʨʪʭʘʥʘʣʳײ ץʷʰʳץ  

 

ɿʝʨʪʭʘʥʘʣʳײ ץʷʰʳץ ץʘʣʳשʜʳסʳ 2 ʤʤ ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʤʝʪʘʣʜʘʥ, 

ʥʳסʘʡʪʳʣסʘʥ ʞᴅʥʝ ץʘʣʳשʜʳסʳ 3 ʩʤ ʙʦʣʘʪʳʥ ʪʝʢʩʪʦʣʠʪ ʪʘץʪʘʣʘʨʳʤʝʥ ʙʝʢʽʪʽʣʽʧ 

ʞʘʩʘʣסʘʥ, ʙײʣ ʦʥʳ ᴅʩʽʨʝʩʝ ʙʝʨʽʢ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ. ʕʣʝʢʪʨʦʜʪʘʨ 

ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳ ʨʝʪʪʝʫ 

ʤװʤʢʽʥʜʽʛʽ ʙʘʨ, ʦʣ ʧʣʘʟʤʘʣʳץ ʩʳʤʥʳײ שʟʳʥʜʳסʳʥ ᴇʟʛʝʨʪʫʤʝʥ ץʘʪʘʨ ʧʫʣʴʧʘʜʘסʳ 

ʕɻʀʈ ʢװʰʽʥ ײʣסʘʡʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳ 

ʨʝʪʪʝʫʜʝʥ ʙʘʩץʘ, ʙʘʩץʘʨʫ ʙʣʦʛʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʪʦʢʪʳ, ʢʝʨʥʝʫʜʽ ʞᴅʥʝ ʨʘʟʨʷʜʪʳש 

ʞʠʽʣʽʛʽʥ ʨʝʪʪʝʫʛʝ ʙʦʣʘʜʳ (6-ʩʫʨʝʪ). 

ʍʠʤʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʢʝʰʝʥʽʥ ʞᴅʥʝ ʪʝʭʥʠʢʘʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʳסʳʥ 

ʟʝʨʪʪʝʫ װʰʽʥ ʨʝʘʢʪʦʨʜʘסʳ ʝʨʽʪʽʥʜʽʜʝʥ ʧʫʣʴʧʘʜʘסʳ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʢʘʣʳץ 

ʨʘʟʨʷʜ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʘʨʪʳץ ʛʝʥʝʨʘʮʠʷʣʘʡʪʳʥ ʙʫʜʳ ʢʝʪʽʨʫ װʰʽʥ 

 ʣײʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʙװʪʽʢ ʦʨʥʘʪʳʣʜʳ. ɾװʳ ʧʣʘʩʪʠʥʘʩʳʥʘ ʪסʘʨסʞʦ שʪʳץʷʰʳײ

ʧʨʦʮʝʩʩ ᴅʩʽʨʝʩʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʨʝʘʢʮʠʷ ײʷʰʳסʳ 

ʪʳסʳʟʜʘʣסʘʥ ʞʘסʜʘʡʜʘ ʕɻʀʈ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʛʘʟ ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳש ʙʦʣʤʘʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ. 

ɿʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʽ ï ʪʘʫ-ʢʝʥ ʙʘʡʳʪʫ ᴇʥʝʨʢᴅʩʽʙʽʥʽץ שʘʣʜʳץʪʘʨʳʥ ï 

ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜ ᴅʩʝʨʽʤʝʥ ᴇשʜʝʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʞײʤʳʩʪʘʨʜʳ ʞװʨʛʽʟʫ װʰʽʥ ʧʠʣʦʪʪʳ ץʦʥʜʳʨסʳ ᴅʟʽʨʣʝʥʜʽ ʞᴅʥʝ ײץʨʘʩʪʳʨʳʣʜʳ, 

ʙײʣ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʢʝש ʘʫץʳʤʳʥʜʘ ʵʣʝʢʪʨ ʨʘʟʨʷʜʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש 

ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (8-ʩʫʨʝʪ). 
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1 - 220ɺ װʰʽʥ ʙʘʩץʘʨʳʣʘʪʳʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 2 - ʙʘʩץʘʨʫ ʧʘʥʝʣʽ; 3 - ʪʦʪ ʙʘʩʧʘʡʪʳʥ 

ʤʝʪʘʣʜʘʥ ʞʘʩʘʣסʘʥ 1 ʣ ײʷʰʳץ (ʨʝʘʢʪʦʨ); 4 - ײʰץʳʥ ʘʨʘʣʳסʳ; 5 - ʢʦʥʜʝʥʩʘʪʦʨ ץʦʩץʳʰʳ; 6 ï 

3 ʤʢʌ ʢʦʥʜʝʥʩʘʪʦʨ 
 

ʉʫʨʝʪ 8 ï ɹʌ ץʘʣʜʳץʪʘʨʳʥʘ ʕɻʀʈ ᴅʩʝʨ ʝʪʫ ʨʝʞʠʤʜʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʞᴅʥʝ ʩʳʥʘʫסʘ 

ʘʨʥʘʣסʘʥ ʧʠʣʦʪʪʳץ ץʦʥʜʳʨסʳ 

 

ɾʦʙʘʣʘʥסʘʥ ץʦʥʜʳʨסʳ ʥʝʛʽʟʛʽ ʙʣʦʢʪʘʨ ʤʝʥ ʞʠʥʘץʪʘʨʜʘʥ ʪײʨʘʜʳ. ʊʦʢ ʧʝʥ 

ʢʝʨʥʝʫʜʽש ʰʳסʫ ʜʘʪʯʠʢʪʝʨʽ ʙʘʨ ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʛʝʥʝʨʘʪʦʨʜʳ ʽʩʢʝ ץʦʩʫסʘ 

ʘʨʥʘʣסʘʥ ʧʫʣʴʪʽ ʙʘʩץʘʨʳʣʘʪʳʥ 220ɺ ʪʨʘʥʩʬʦʨʤʘʪʦʨʤʝʥ ʞʘʩʘʣסʘʥ. ɾʦסʘʨʳ 

ʚʦʣʴʪʪʳ ʵʣʝʢʪʨ ʠʤʧʫʣʴʩʪʘʨʳʥ ʘʣʫ װʰʽʥ ʠʤʧʫʣʴʩʪʽʢ ʢʝʨʥʝʫ ʛʝʥʝʨʘʪʦʨʳ 

 ʘʨʳסʘʨʳ ʚʦʣʴʪʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʞʦסʨʘʩʪʳʨʳʣʜʳ. ɻʝʥʝʨʘʪʦʨ ʙʣʦʛʳʥʜʘ ʞʦײץ

ʚʦʣʴʪʪʳ ʘʡʥʳʤʘʣʳ ʢʝʨʥʝʫ ʪװʟʝʪʢʽʰ, ײʰץʳʥ ʘʨʘʣʳסʳ ʙʘʨ ײʷʰʳץ (ʨʝʘʢʪʦʨ) ʞᴅʥʝ 

ʛʝʥʝʨʘʪʦʨ ʢʦʨʧʫʩʳʥʳץ שʳʩץʘ ʪײʡʳץʪʘʣʫʳʥʘʥ ץʦʨסʘʫ ʪʽʟʙʝʛʽ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ʝʩʝʧʢʝ ʘʣʫ ʘʩʧʘʧʪʘʨʳ ʙʘʨ.  

 

2.3 ʊᴅʞʽʨʠʙʝʣʽʢ ᴅʜʽʩʪʝʤʝ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴇשʜʝʫ 

ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʟʘʫʳʪʳʥʳש (ɾɹʌ ˉ1, 2, 3) ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ 

ʟʘʫʳʪʳʥʳש (פɹʌ) ץʘʣʜʳץʪʘʨʳʥʳײץ שʨʘʤʳʥʜʘסʳ ʤʝʪʘʣʜʘʨʜʳש 

ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳש (ʕɻʀʈ) ᴅʩʝʨʽʥʝʥ ʩʫ ʬʘʟʘʩʳʥʘ ʘʣʳʥʫ 

ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʫ װʰʽʥ ʳץʪʠʤʘʣʜʳץ-ʜʝʪʝʨʤʠʥʠʩʪʽʢ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʦʩʧʘʨʣʘʫ 

  .ʦʣʜʘʥʳʣʜʳץ

ɹײʣ ᴅʜʽʩ ʳץʪʠʤʘʣʜʳץ ʞᴅʥʝ ʜʝʪʝʨʤʠʥʠʨʣʝʥʛʝʥ ʢʘʨʪʘʣʘʫʜʳ ʦʨʛʘʥʠʢʘʣʳץ 

ʪװʨʜʝ ʙʽʨʽʢʪʽʨʝʜʽ, ʘץʧʘʨʘʪʪʳש ʞʠʥʘץʪʘʣʫʳʥʘ ʞᴅʥʝ ʢʝʟ ʢʝʣʛʝʥ ʧʨʦʮʝʩʢʝ ʪᴅʥ 

ʞʦʡʳʣʤʘʡʪʳʥ ʙʝʣʛʽʩʽʟʜʽʢʪʽש ʩʘץʪʘʣʫʳʥʘ ʦʙʲʝʢʪʠʚʪʽ ʪװʨʜʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʩʝʙʝʧ-

ʩʘʣʜʘʨ ʞᴅʥʝ ʢʝʟʜʝʡʩʦץ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʘʰʘʜʳ ʞᴅʥʝ ʪʽʨʢʝʡʜʽ.  

ʆʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʘʣʳʥסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ʧʘʡʜʘʣʘʥʘ 

ʦʪʳʨʳʧ, ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʜʝ ʟʝʨʪʪʝʫʛʝ ʙʦʣʘʜʳ (ʘʢʪʠʚʪʝʥʜʽʨʫ 

ʵʥʝʨʛʠʷʩʳʥ, ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʳʥ, ᴇשʜʝʫ ʫʘץʳʪʳʥ, ʝʨʽʪʽʥʜʽ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ 

ʞᴅʥʝ ʘʢʪʠʚʘʪʦʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʪʘʙʫ) ʞᴅʥʝ ᴇʟʛʝʨʫ ʢʝʟʽʥʜʝʛʽ ʞװʡʝʥʽש ʩʳʨʪץʳ 
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ʞʘסʜʘʡʣʘʨ ᴅʨʝʢʝʪʽʥ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ (ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʙᴇʣʽʥʛʝʥ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ʨʝʘʢʪʦʨʣʘʨʜʘסʳ ᴇʥʽʤ ʰʳסʳʤʳʥ ʝʩʝʧʪʝשʽʟ) [180]. 

ɿʝʨʪʪʝʣʝʪʽʥ ʪᴅʫʝʣʜʽʣʽʢʪʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴇʨʥʝʛʽʥʽש ʘʣʳʥסʘʥ ʵʢʩʧʝʨʠʤʝʥʪ 

ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʩᴅʡʢʝʩʪʽʛʽʥ ʪʝʢʩʝʨʫ װʰʽʥ (16) ʩʳʟʳץʪʳץ ʝʤʝʩ ʝʩʝʣʽʢ ʢʦʨʨʝʣʷʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥ [181] ʧʘʡʜʘʣʘʥʫ ץʘʞʝʪ: 
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          (16) 

 

ʤײʥʜʘ n ï ʩʠʧʘʪʪʘʣסʘʥ ʥװʢʪʝʣʝʨʜʽש ʩʘʥʳ;  

k ï ʦʧʝʨʘʮʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʜʳש ʩʘʥʳ; 

y  ɻï ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʥʜʝʨ;  

yŰ ï ʪʝʦʨʠʷʣʳץ (ʝʩʝʧʪʝʣʛʝʥ) ʰʘʤʘʣʘʨ;  

ycp ï ʦʨʪʘʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʥ. 

95% ʩʝʥʽʤʜʽʣʽʢ ʜʝשʛʝʡʽ װʰʽʥ ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤʘשʳʟʜʳʣʳסʳʥ 

ʢʝʣʝʩʽ ʪʝשʩʽʟʜʽʢʧʝʥ ʘʥʳץʪʘʫ ʢʝʨʝʢ (17): 

 

              (17) 

 

ʉᴅʡʢʝʩʪʽʢʪʽ ʪʝʢʩʝʨʫʜʽש ʤײʥʜʘʡ ᴅʜʽʩʪʝʤʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ץʦʩʳʤʰʘ 

 ץʳʣʳ ʢʣʘʩʩʠʢʘʣʳץʘʡʪʘʣʘʥʘʪʳʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʞᴅʥʝ ʩʝʥʽʤʜʽʣʽʢ ʠʥʪʝʨʚʘʣʳ ʘʨץ

ʩʭʝʤʘʥʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʤʘשʳʟʜʳʣʳץʪʳ ʘʥʳץʪʘʫʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ. ʆʩʳ ʝʢʽ 

ʢʨʠʪʝʨʠʡʜʽש ʧʨʘʢʪʠʢʘʣʳץ ʙʘʣʘʤʘʣʳʣʳסʳ ʝʢʽ ᴅʜʽʩʪʽ ʜʝ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

 .ʪʝʩʪʽʣʝʫʽʤʝʥ ʨʘʩʪʘʣʜʳ ץʳʟʜʳʣʳשʘʡʪʘʣʘʥʘʪʳʥ ʤʘץ

ʊʘʙʳʣסʘʥ ʤʘשʳʟʜʳ ʞʝʢʝ ʬʫʥʢʮʠʷʣʘʨ ʞʘʣʧʳʣʘʥסʘʥ ʢᴇʧʬʘʢʪʦʨʣʳ 

ʇʨʦʪʦʜʴʷʢʦʥʦʚ-ʄʘʣʳʰʝʚ ʪʝשʜʝʫʽʥʝ (18) ʝʥʛʽʟʽʣʝʜʽ, ʦʣ ʞʝʢʝ ʬʫʥʢʮʠʷʣʘʨʜʳ 

ʬʘʢʪʦʨʣʘʨ ʨʝʪʽʥʜʝ ʙʽʨʽʢʪʽʨʝʜʽ [182]:  

 

             (18) 

 

ʤײʥʜʘ Yʇ ʢᴇʧ ʬʘʢʪʦʨʣʳ ʇʨʦʪʦʜʴʷʢʦʥʦʚ-ʄʘʣʳʰʝʚ ʬʫʥʢʮʠʷʩʳ; 

yi ï ʞʝʢʝ ʬʫʥʢʮʠʷʣʘʨ; k ï ʬʘʢʪʦʨʣʘʨ ʩʘʥʳ (ʞʘʨʪʳʣʘʡ ʬʫʥʢʮʠʷʣʘʨ); 

ʫʩʨ ï ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʙʘʨʣʳסʳʥʳש ʝʩʝʧʢʝ ʘʣʳʥסʘʥ ʦʨʪʘʰʘ 

ʘʨʠʬʤʝʪʠʢʘʣʳץ ʤᴅʥʽ. 

ɹײʣ ʪᴅʩʽʣ ʞʘʣʧʳʣʘʥסʘʥ ʢᴇʧʬʘʢʪʦʨʣʳ ʇʨʦʪʦʜʴʷʢʦʥʦʚ-ʄʘʣʳʰʝʚ 

ʪʝשʜʝʫʽʥʽש ʙʘʩץʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʬʦʨʤʘʣʘʨʳʥ ץʦʣʜʘʥʫʜʳ ʰʝʢʪʝʤʝʡʜʽ. 

ʄʝʪʘʣʜʘʨʜʳ ʘʣʫ ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽ ʳץʪʠʤʘʣʜʳץ-
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ʜʝʪʝʨʤʠʥʠʨʣʝʥʛʝʥ ʞʦʩʧʘʨʣʘʫʜʳש ʩʠʧʘʪʪʘʣסʘʥ ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩ ʙʝʩ ʜʝשʛʝʡʣʽ ʙʝʩ 

ʬʘʢʪʦʨʣʳ ʵʢʩʧʝʨʠʤʝʥʪ ʞװʨʛʽʟʫ ʞʦʩʧʘʨʳ ײץʨʳʣʜʳ. ɿʝʨʪʪʝʣʝʪʽʥ ʬʘʢʪʦʨʣʘʨ 

ʨʝʪʽʥʜʝ ʢʝʣʝʩʽ ʬʘʢʪʦʨʣʘʨ ʪʘשʜʘʣʜʳ: פʘʪʪʳ:ʩײʡʳץ (פ:ʉ) ץʘʪʳʥʘʩʳ, ʛ/ʛ; Cu:F 

 שʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʛ/ʣ; ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ שʳʣʳʥʳץʳʰץ ʢʽʨʪװʘʪʳʥʘʩʳ, ʛ/ʛ; ʢץ

 ʘʥ ʙʘʡʳʪʫסʘʟץʢʝʨʥʝʫ, ʢɺ. ʅᴅʪʠʞʝʩʽʥʜʝ, ɾʝʟ ץʳ, ʤʠʥ; ʨʘʟʨʷʜʪʳסʪʳץʟʘײ

ʟʘʫʳʪʪʘʨʳʥʳש (ɾɹʌ ˉ1, 2, 3) ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʟʘʫʳʪʳʥʳש (פɹʌ) 

 ʘ ʘʣʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝסʳ ʤʝʪʘʣʜʘʨʜʳ ʩʫʣʳ ʬʘʟʘסʨʘʤʳʥʜʘײץ שʪʘʨʳʥʳץʘʣʜʳץ

ʞװʨʛʽʟʫ װʰʽʥ ʤʘʪʨʠʮʘ ʘʣʳʥʜʳ. ʊᴇʤʝʥʜʝ (3-ʢʝʩʪʝ) ʪʘשʜʘʣסʘʥ ʜʝשʛʝʡʣʝʨʜʝʛʽ 

ʘʫʳʩʧʘʣʳ ʬʘʢʪʦʨʣʘʨʜʳש ʪʘʨʘʣʫʳ ʙʝʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3 ï ʄʝʪʘʣʜʘʨʜʳ ʘʣʫ ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʘʫʳʩʧʘʣʳ 

ʬʘʢʪʦʨʣʘʨʜʳש ʜʝשʛʝʡʣʝʨʽ 
 

ʌʘʢʪʦʨ 
ʌʘʢʪʦʨ ʜʝשʛʝʡʣʝʨʽ 

1 2 3 4 5 

 ʘʪʳʥʘʩʳ, ʛ/ʛ 1:2,5 1:2 1:1,5 1:1 1:0,5ץ ʉ:פ

Cu:F ץʘʪʳʥʘʩʳ, ʛ/ʛ 1:8 1:7 1:6 1:5 1:4 

ʂװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʛ/ʣ 20 40 60 80 100 

ʊᴅʞʽʨʠʙʝʣʝʨʜʽײ שʟʘץʪʳסʳ, ʤʠʥ 10 20 30 40 50 

ʈʘʟʨʷʜʪʳץ ʢʝʨʥʝʫ, ʢɺ 5 7 10 12 15 
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3 ʊᴄɾɯʈʀɹɽ ʅᴄʊʀɾɽʃɽʈɯ ɾᴄʅɽ ʆʃɸʈɼʓ ʊɸʃפʓʃɸʋ 

 

3.1 ʊᴅʞʽʨʠʙʝʣʽʢ װʣʛʽʣʝʨʜʽש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳʥ ʘʥʳץʪʘʫ 

ɽʣʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʘʡʳʪʫ ʤװʤʢʽʥʜʽʛʽʥ ʟʝʨʪʪʝʫ װʰʽʥ, 

 ʪʘʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʣʝʨץʨʘʤʳʥ ʘʥʳײץ ץʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳ שʣʛʽʣʝʨʜʽװ

ʞװʨʛʽʟʽʣʜʽ [183]. ɻʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ᴇʣʰʝʤʜʝʨʽ 0,4;0,16;0,08 ʤʤ ʙʦʣʘʪʳʥ 

ʞץײʘ ʪʦʨʣʳ ʝʣʝʢʪʝʨʜʽש (9-ʩʫʨʝʪ) ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ʆʣ װʰʽʥ 250 ʛʨʘʤʤ 

 ʳʣʳ ʝʣʝʥʝʜʽ. ɽʣʝʫ ʘʣʜʳʥʜʘץʨʣʽ ᴇʣʰʝʤʜʽʛʽ ʝʣʝʫʽʰʪʝʨ ʘʨװʣʛʽʣʝʨʽʥ ᴅʨ ʪװ ץʘʣʜʳץ

  .ʪʘʣʤʘʡʜʳץʥʪʘײ ץʛʽʪʽʣʜʽ, ʙʽʨʘװ ʦʣʤʝʥץ ʣʛʽʣʝʨ ʘʣʜʳʥ ʘʣʘ ʽʨʽ ʢʝʩʝʢʪʝʨʽװ

 

 
ʘ                                                                          ʙ 

 

ʉʫʨʝʪ 9 ï ɹᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽʥ ʪʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʝʣʝʢʪʝʨ ʞʠʳʥʪʳסʳ 

 

ᴆʣʰʝʤʜʝʨʽ (d>0,4; 0,16<d<0,4; 0,08<d<0,16; d<0,08) ʞץײʘ ʪʦʨʣʳ 

ʝʣʝʫʽʰʪʝʨʜʽ ץʦʣʜʘʥʳʧ. ɹʘʨʣʳץ ʬʨʘʢʮʠʷʣʘʨ װʰʽʥ ʦʨʪʘʰʘ ʤʳʩʪʳש ʤᴇʣʰʝʨʽ (19) 

ʬʦʨʤʫʣʘ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʜʽ. 

 

A=×_iƲ₣p_i x₤_i =0.*0+0.2847*0.02+0.5805*0.18+0.1348*0.01=0.11           (19) 

 

ʊʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ (4-ʢʝʩʪʝ, 10-ʩʫʨʝʪ) ʪװʡʽʨʰʽʢ ᴇʣʰʝʤʽ ʙʦʡʳʥʰʘ ʝש 

 ʣײʪʘʣʜʳ, ʩᴅʡʢʝʩʽʥʰʝ ʙץʘʥʳ ʘʥʳץʪʘ ʞʘʪץʣʢʝʥ ʬʨʘʢʮʠʷ 0,16-0,08 ʤʤ ʘʡʤʘװ

ʬʨʘʢʮʠʷʜʘ ʝש ʞʦסʘʨʳ ʤʳʩ ʙʘʨ. 

 

ʂʝʩʪʝ 4 ï çɸסʤrʜʘrץ סʘʣʜʳץʪʘʨè פɹʌ װʣʛʽʩʽʥʽש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ 

ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ 
 

ɽʣʝʫʽʰ ʜʠʘʤʝʪʨʽ, ʤʤ 
ʄʘʩʩʘʣʳװ ץʣʝʩ 

ʄʳʩʪʳש ʦʨʪʘʰʘ ʤᴇʣʰʝʨʽ, % 
ʛ % 

d>0,4 0 0 0 

0,16<d<0,4 71,18 28,47 0,02 

0,08<d<0,16 145,12 58,05 0,18 

d<0,08 33,7 13,48 0,01 

ɹʘʨʣʳסʳ 250,0 100 0,11 
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ʉʫʨʝʪ 10 ï פɹʌ ʘסʤrʜʘסʳ ץʘʣʜʳץʪʘʨ ʩʳʥʘʤʘʩʳʥʳש ʪװʡʽʨʰʽʢ ᴇʣʰʝʤʽ ʙʦʡʳʥʰʘ 

ʙᴇʣʫ 

 

ɸʧʨʦʢʩʠʤʘʮʠʷ ʤʝʥ ɻʘʫʩʩ ʬʫʥʢʮʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʪװʡʽʨʰʽʢ 

ʩʘʥʳʥʳש ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ ʪʘʨʘʣʫʳʥ ץʘʣʳʧʪʳ ʪʘʨʘʣʫ ʜʝʧ ʝʩʝʧʪʝʡ ʦʪʳʨʳʧ, 

ʪʘʨʘʣʫ ʤʘʢʩʠʤʫʤʳʥʳש ʦʨʥʳʥ ʞᴅʥʝ ʙʘʩץʘ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ, 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʢװʪʫ ʤʝʥ װʣʛʽ ʜʠʩʧʝʨʩʠʷʩʳʥ ʘʥʳץʪʘʜʳפ .ץɹʌ çʘסʳʥʜʳè 

 :ʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳסʠʩʳץ ʰʽʥ ʙᴇʣʫ ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ɻʘʫʩʩװ ʪʘʨץʘʣʜʳץ

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʢװʪʫ 0,11 ʤʤ, ʜʠʩʧʝʨʩʠʷ 0,05, ʙײʣ ץʘʣʳʧʪʳ ʪʘʨʘʣʫ ʷסʥʠ,ʙʘʨʣʳץ 

ʬʨʘʢʮʠʷʣʘʨʜʘ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫ ʨʘʩʪʘʡʜʳ,. ʊʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ פɹʌ çʘסʳʤʜʘסʳè 

 .ʦʨʳʥʩʳʟ ʝʢʝʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ שʘ ʙᴇʣʫʜʽסʰʽʥ ʬʨʘʢʮʠʷʣʘʨװ ʪʘʨʳʥ ʙʘʡʳʪʫץʘʣʜʳץ

 

ʂʝʩʪʝ 5 ï ɾɹʌ ˉ1.2 ʞʘʪץʘʥ ץʘʣʜʳץ ʩʳʥʘʤʘʩʳʥ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ 
 

ɽʣʝʫʽʰ ʜʠʘʤʝʪʨʽ, ʤʤ 
ʄʘʩʩʘʣʳװ ץʣʝʩ 

ʄʳʩʪʳש ʦʨʪʘʰʘ ʤᴇʣʰʝʨʽ, % 
ʛ % 

d>0,4 0 0 0 

0,16<d<0,4 97,14 38,86 0,11 

0,08<d<0,16 124,54 49,82 0,08 

d<0,08 28,32 11,32 0,01 

ɹʘʨʣʳסʳ 250,0 100 0,08 
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ɾɹʌ ˉ1.2 çʞʘʪץʘʥ ץʘʣʜʳץʪʘʨè (5-ʢʝʩʪʝ) ʩʳʥʘʤʘʩʳʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʙʦʡʳʥʰʘ ʩʳʥʘʤʘʥʳװ שʣʢʝʥʽʨʝʢ ʬʨʘʢʮʠʷʣʘʨʳʥʜʘ ʤʳʩ ʤᴇʣʰʝʨʽʥʽש ʢᴇʙʽʨʝʢ 

ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ, ʷסʥʠ ײʩʘץ ʬʨʘʢʮʠʷʥʳ ʝʣʝʢʪʝʥ ᴇʪʢʽʟʫʛʝ ʞᴅʥʝ 

 .ʘ ʙʦʣʘʜʳ (11-ʩʫʨʝʪ)סʨʘʤʳʥ ʙʘʡʳʪʫײץ ʳ ʤʳʩסʪʘʨʜʘץʘʣʜʳץ

 

 
 

ʉʫʨʝʪ 11 ï ɾɹʌ ˉ1.2 ʞʘʪץʘʥ ץʘʣʜʳװ ץʣʛʽʩʽʥʽש ʪװʡʽʨʰʽʢ ᴇʣʰʝʤʜʝʨʽ ʙʦʡʳʥʰʘ 

ʪʘʨʘʣʫʳ 

 

ʂʝʩʪʝ 6 ï ɸסʤrʜʘrץ  סʘʣʜʳץʪʘʨ װʣʛʽʩʽʥʽש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

ɾɹʌ ̄1.2 
 

ɽʣʝʫʽʰ ʜʠʘʤʝʪʨʽ, ʤʤ 
ʄʘʩʩʘʣʳװ ץʣʝʩ ʄʳʩʪʳש ʦʨʪʘʰʘ 

ʤᴇʣʰʝʨʽ, % ʛ % 

d>0,4 0 0 0 

0,16<d<0,4 128,01 51,20 0,09 

0,08<d<0,16 91,71 36,68 0,08 

d<0,08 30,28 12,12 0,01 

ɹʘʨʣʳסʳ 250,0 100 0,07 

 

ɾɹʌ ˉ1.2 (6-ʢʝʩʪʝ) çʘסʳʤʜʘסʳ ץʘʣʜʳץè ʩʳʥʘʤʘʣʘʨʳʥ ʪʘʣʜʘʫ, çײʟʘץ 

ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʜʘè ʩʠʷץʪʳ ʩʳʥʘʤʘʥʳװ שʣʢʝʥ ʬʨʘʢʮʠʷʣʘʨʳʥʜʘ ʤʳʩʪʳש 

ʢᴇʧ ʤᴇʣʰʝʨʽ 0,16<d<0,4 ʬʨʘʢʮʠʷʩʳʥʜʘ ʦʥʳײץ שʨʘʤʳʥʜʘסʳ ʝש ʞʦסʘʨʳ (0,09%), 

ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ, ʩʦʥʜʳץʪʘʥ ײʩʘץ ʬʨʘʢʮʠʷʥʳ ʩװʟʛʽʣʝʫʛʝ ʞᴅʥʝ ʤʳʩʜʘסʳ 

çʘסʳʥʜʳ ץʘʣʜʳץʪʘʨè ʙʘʡʳʪʫסʘ ʙʦʣʘʜʳ (12-ʩʫʨʝʪ). 
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ʉʫʨʝʪ 12 ï ɾɹʌ ̄1.2 ʘסʤrʜʘסʳ ץʘʣʜʳװ ץʣʛʽʩʽʥʽש ʪװʡʽʨʰʽʢ ᴇʣʰʝʤʜʝʨʽʥʽש 

ʪʘʨʘʣʫʳ 

 

ɾɹʌ ̄3 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʜʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʝװ שʣʢʝʥ ʤʘʩʩʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝ ï 120,88 ʛ ʪװʡʽʨʰʽʢ װʣʝʩʽ, 0,16-0,4 ʤʤ ʘʡʤʘץʪʘ, ʙʽʨʘץ ʝװ שʣʢʝʥ 

ʤʘʩʩʘʣʳװ ץʣʝʩʪʽ ʘʡʤʘץʪʘ 0,08<d<0,16 ʬʨʘʢʮʠʷʜʘ ʢʝʟʜʝʩʝʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ d>0,4 

 ʘʥסʘʨסʪʘʣʜʳ. ʤʳʩ ʧʘʡʳʟʙʝʥ ï 0,09% ʰʳץʘ ʘʣʘʪʳʥʳ ʘʥʳסʣʢʝʥ ʙᴇʣʽʛʽʥ ʵʢʨʘʥװ

ʞᴇʥ (7-ʢʝʩʪʝ, 13-ʩʫʨʝʪ). 

 

ʂʝʩʪʝ 7 ï ɾɹʌ ̄ 3 ʞʘʪץʘʥ ץʘʣʜʳװ ץʣʛʽʩʽʥʽש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫʳʥʳש 

ʥᴅʪʠʞʝʣʝʨʽ 
 

ɽʣʝʫʽʰ ʜʠʘʤʝʪʨʽ, ʤʤ 
ʄʘʩʩʘʣʳװ ץʣʝʩ 

ʄʳʩʪʳש ʦʨʪʘʰʘ ʤᴇʣʰʝʨʽ, % 
ʛ % 

d>0,4 11,88 4,75 0,02 

0,16<d<0,4 120,08 48,03 0,06 

0,08<d<0,16 59,67 23,87 0,09 

d<0,08 58,37 23,35 0,01 

ɹʘʨʣʳסʳ 250,0 100 0,06 

 

ɿʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ɾɹʌ ˉ1.2 ʘסʳʥʜʳ ץʘʣʜʳץʪʘʨ, ɾɹʌ ˉ1,2 

ʞʘʪץʘʥ ץʘʣʜʳץ ʞᴅʥʝ ɾɹʌ ˉ3 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨ ײץʨסʘץ ʩʝʧʘʨʘʮʠʷ ᴅʜʽʩʽʤʝʥ 

ʙʘʡʳʪʫסʘ ʞʘʨʘʤʜʳ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ɸʣʘʡʜʘ פɹʌ ʘסʳʤʜʘסʳ ץʘʣʜʳײץ ץʨסʘץ 

ʙᴇʣʫ ᴅʜʽʩʽʤʝʥ ʙʘʡʳʪʫסʘ ʞʘʨʘʤʘʡʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʘ ʙʘʨʣʳץ ʬʨʘʢʮʠʷʣʘʨʜʳש 

ʙʽʨʢʝʣʢʽ ɻʘʫʩʩ ʙʦʡʳʥʰʘ ʪʘʨʘʣʫʳ ʙʘʨ.  
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ʉʫʨʝʪ 13 ï ɾɹʌ ˉ3 ʞʘʪץʘʥ ץʘʣʜʳץ ʩʳʥʘʤʘʩʳʥʳש ʪװʡʽʨʰʽʢ ᴇʣʰʝʤʜʝʨʽʥʽש 

ʪʘʨʘʣʫʳ 

 

 ʦʩ ʜʽʨʽʣ ʧʣʘʪʬʦʨʤʘʣʘʨʳץ ʰʽʥװ ʙᴇʣʫ ᴅʜʽʩʽʤʝʥ ʙʘʡʳʪʫ ץʘסʨײץ ʪʘʨʜʳץʘʣʜʳפ

ʞᴅʥʝ ʙʽʨʽʥʽװ שʩʪʽʥʝ ʙʽʨʽ ʦʨʥʘʣʘʩץʘʥ ʪʦʨʣʳ ʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ ײץʨסʘץ 

ʩʝʧʘʨʘʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. ɹʘʡʳʪʫ װʰʽʥ ʤʘʪʝʨʠʘʣ 5% ʳʣסʘʣʜʳʣʳץץʘ 

ʜʝʡʽʥ ʢʝʧʪʽʨʽʣʫʽ ʢʝʨʝʢ. 

 

 ʨʘʤʳʥײץ ץʵʣʝʤʝʥʪʪʽʢ ʞᴅʥʝ ʤʠʥʝʨʘʣʦʛʠʷʣʳ שʪʘʨʜʳץʘʣʜʳפ 3.2

ʟʝʨʪʪʝʫ 

çפʘʟʘץʤʳʩ ʂʦʨʧʦʨʘʮʠʷʩʳè ɾʐʉ ץʘʣʜʳץʪʘʨ ʩʳʥʘʤʘʣʘʨʳʥʳש ʵʣʝʤʝʥʪʪʽʢ 

 ʘʥ ɾɹʌץʳ ʞᴅʥʝ ʞʘʪסʳʤʜʘסʩʳʥʳʣʜʳ: ʘײ ʞʘʪ ʜʝʨʝʢʪʝʨʽײץʨʘʤʳ ʪʫʨʘʣʳ ʪᴇʣײץ

ˉ1, 2; ʞʘʪץʘʥ ɾɹʌ ˉ3, ʘסʳʤʜʘסʳ פɹʌ, 8-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 8 ï פʘʣʜʳץʪʘʨ װʣʛʽʣʝʨʽʥʽש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ ʪʫʨʘʣʳ ʪᴇʣײץʞʘʪ ʪʫʨʘʣʳ 

ʤᴅʣʽʤʝʪʪʝʨ  
 

ɹʌ ʘʪʘʫʳ פʘʣʜʳץʪʘʨ Cu Fe Zn Pb SiO Al 2O3 S CaO 

ɾɹʌ ̄1,2 ɸסʳʤʜʘסʳ  0,127 2,2 0,02 0,01 63,82 11,27 0,13 6,47 

ɾɹʌ ̄1,2 ɾʘʪץʘʥ 0,187 1,8 0,03 0,02 62,85 10,46 0,16 7,17 

ɾɹʌ ̄3 ɾʘʪץʘʥ 0,176 2,3 0,04 0,02 64,68 11,88 0,16 4,76 

 ʳ 0.210 4.44 0.13 - 62.81 11.02 - 3,3סʳʤʜʘסɹʌ  ɸפ

 

ɹʽʟ ɸɸ-140 ʘʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʜʝ ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ 

-ʘʥ ʤᴅʣʽʤʝʪʪʝʨ 9סʨʛʽʟʜʽʢ. ɸʣʳʥװʳʣʘʫ ʟʝʨʪʪʝʫʣʝʨʽʥ ʞץʨʘʤʳʥʘ ʙʘײץ שʣʛʽʣʝʨʜʽװ

ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. 

ɹʽʟ ʘʣסʘʥ ɾɹʌ ˉ 1,2,3 ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʳש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳʥʳש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʘʩʧʘʧʪʘʨʜʳש ᴇʣʰʝʫ ץʘʪʝʣʽʛʽ 

ʰʝʛʽʥʜʝ ʪᴇʣײץʞʘʪ ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʐʠʢʽʟʘʪʪʳײץ שʨʘʤʳ ʪʫʨʘʣʳ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ 

ʦʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥʽש ʤʠʥʝʨʘʣʦʛʠʷʣʳײץ ץʨʘʤʳʥ ʟʝʨʪʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʄʠʥʝʨʘʣʦʛʨʘʬʠʷ ʪʝʢ ʤʠʥʝʨʘʣʜʘʨʜʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʤʠʥʝʨʘʣʜʘʨʜʘסʳ ʝײ שʩʘץ ץʦʩʳʥʜʳʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʘʨʘʣʫ 
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ʟʘשʜʳʣʳץʪʘʨʳʥ ʟʝʨʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʠʥʝʨʘʣʜʳײץ שʨʘʤʳʥʜʘסʳ 

 ʘ ʞᴅʥʝסʪʘʫץʨʘʤʳʥ ʜᴅʣ ʘʥʳײץ שʘʥʘ ʦʥʳס ʳʣʳץʩʘʥʳʥ ʙʽʣʫ ʘʨ שʦʩʧʘʣʘʨʜʳץ

ʬʦʨʤʫʣʘʩʳʥ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʜʝʨʝʢʪʝʨ ײʥʪʘץʪʘʫʜʳץ שʘʞʝʪʪʽ ʤᴇʣʰʝʨʽʥ 

ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʢʝʥʜʽ ʥʝʤʝʩʝ ץʘʣʜʳץʪʘʨʜʳ ʙʘʡʳʪʫ ᴅʜʽʩʪʝʨʽʥ 

ʪʘשʜʘʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ. 

 

ʂʝʩʪʝ 9 ï פʘʣʜʳץʪʘʨ װʣʛʽʣʝʨʽʥʽש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳʥ ʘʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ 

ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 
 

ɹʌ ʘʪʘʫʳ פʘʣʜʳץʪʘʨ Cu Fe Zn Pb SiO Al 2O3 S CaO 

ɾɹʌ ̄1, 2 ɸסʳʤʜʘסʳ  
0,130Ñ 

0,005 

2,1Ñ 

0,103 

0,03Ñ 

0,001 

0,01Ñ 

0,001 

61,73Ñ 

3,086 

12,11Ñ

0,608 

0,11Ñ 

0,005 

6,50Ñ 

0,323 

ɾɹʌ ̄1, 2 ɾʘʪץʘʥ 
0,197Ñ 

0,012 

1,7Ñ 

0,083 

0,04Ñ 

0,002 

0,01Ñ 

0,001 

61,74Ñ 

3,087 

11,34Ñ

0,569 

0,14Ñ 

0,007 

7,31Ñ 

0,367 

ɾɹʌ ̄3 ɾʘʪץʘʥ 
0,186Ñ 

0,011 

2,2Ñ 

0,112 

0,05Ñ 

0,004 

0,01Ñ 

0,001 

62,56Ñ 

3,129 

12,76Ñ

0,64 

0,15Ñ 

0,006 

4,81Ñ 

0,238 

 ʳסʳʤʜʘסɹʌ ɸפ
0.220Ñ 

0,009 

4.3Ñ 

0,216 

0.14Ñ 

0,009 

0,02Ñ

0,001 

61.60Ñ 

3,081 

12.01Ñ

0,599 

0, 11Ñ 

0,003 

3,50Ñ 

0,174 

 

ɿʝʨʪʪʝʣʛʝʥ ɾɹʌ ʞᴅʥʝ פɹʌ װʣʛʽʣʝʨʽʥʜʝʛʽ ʤʳʩ ץʦʩʳʣʳʩʪʘʨʳʥʳש 

ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʳ Micromed POLAR 2 (Micromed, פʳʪʘʡ) ʧʦʣʷʨʠʟʘʮʠʷʣʳץ 

ʤʠʢʨʦʩʢʦʧʳʥʜʘ ʘʥʳץʪʘʣʜʳ ʞᴅʥʝ ʤʳʩ ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ɹʌ 

 ʨʽʥʜʝװʣʛʽʣʝʨʽʥʜʝ, ʥʝʛʽʟʽʥʝʥ ʭʘʣʴʢʦʧʠʨʠʪ, ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ ʪװ שʪʘʨʳʥʳץʘʣʜʳץ

ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 ʘʩʳʥ ʥʝʛʽʟʽʥʝʥ ʛʘʣʝʥʘ, ʮʝʨʫʩʩʠʪ, ʣʠʪʘʨʛ ʞᴅʥʝ ʧʠʨʦʤʦʨʬʠʪסʦʨפ

ʤʠʥʝʨʘʣʜʘʨʳ ʪװʨʽʥʜʝ, ʘʣ ʤʳʨʳʰ ʩʬʘʣʝʨʠʪ, ʢʘʨʙʦʥʘʪ ʞᴅʥʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ 

ʪײʟʜʘʨ ʪװʨʽʥʜʝ ʢʝʟʜʝʩʝʜʽ. ʐʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ץʘʪʪʳ ʬʘʟʘʥʳש ʤʠʥʝʨʘʣʦʛʠʷʣʳץ 

ʪʘʣʜʘʫʳ ʙײʣ ʤʠʥʝʨʘʣʜʘʨʜʳש ʪʦʣʳץ ʞʦʡʳʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ [184]. ʅᴅʪʠʞʝʣʝʨ 10, 

11-12 ʢʝʩʪʝʣʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

 

ʂʝʩʪʝ 10 ï ɿʝʨʪʪʝʣʝʪʽʥ ץʘʣʜʳץʪʘʨʜʘסʳ ʤʳʩʪʳש ʤʠʥʝʨʘʣʦʛʠʷʩʳ 
 

ʄʠʥʝʨʘʣ 

 ʣʛʽ ʘʪʘʫʳת

ʞʘʪץʘʥ 

 ʪʘʨץʘʣʜʳץ

ɾɹʌ ˉ1, 2 

ʘסʳʤʜʘסʳ 

 ʪʘʨץʘʣʜʳץ

ɾɹʌ ˉ1,2 

ʞʘʪץʘʥ 

 ʪʘʨץʘʣʜʳץ

ɾɹʌ ˉ3 

ʘסʳʤʜʘסʳ 

 ɹʌפ

ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ 

1 2 3 4 5 6 7 8 9 

[Cu], ʙʘʨʣʳסʳ  % 0,213 0,024 0,13 0,012 0,176 0,014 0,210 <0,02 

CuS ʪʦʪʳץץʘʥ, ʬʘʟ, % Ò0,02 <0,01 Ò0,02 <0,01 0,026 <0,01 <0,02 <0,02 

Cu, ʙʦʩ ʪʦʪʳץץʘʥ% Ò0,02 <0,01 Ò0,02 <0,01 0,026 <0,01 <0,02 <0,02 

Cu, ʙʘʡʣʘʥʳʩץʘʥ 

ʪʦʪʳץץʘʥ % 
0,03 0,03 0,03 0,03 0,03 0,03 <0,02 <0,02 

SCu ʤʘʣʘʭʠʪ + ʘʟʫʨʠʪ 

+ ʘʪʘʢʘʤʠʪ %  

(Cu2CO3(OH)2+ 

2Cu[ʉʆ3] Ĭʉu[ʆʅ]2 

+ Cu2Cl(OH)3) 

Ò0,02 <0,01 Ò0,02 <0,01 0,026 <0,01 <0,02 <0,02 



49 
 

10-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 
 

1 2 3 4 5 6 7 8 9 

Cu, ʭʘʣʴʢʦʟʠʥ % 

(Cu2S) 
0,09 0,004 0,04 0,01 0,056 0,01 <0,02 <0,02 

Cu, ʙʦʨʥʠʪ 

%(Cu5FeS4) 
0,063 0,02 0,03 0,002 0,042 0,004 <0,02 <0,02 

Cu, ʭʘʣʴʢʦʧʠʨʠʪ % 

(CuFeS2) 
< 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 <0,143 <0,014 

Cu, ʭʨʠʟʦʢʦʣʣ% 

((Cu, Al)2H2Si2O5 

(OH)4*nH2O) 

< 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 <0,02 <0,02 

 

10-ʢʝʩʪʝʜʝʥ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥʜʝʛʽ ʤʳʩ ʤʠʥʝʨʘʣʜʘʨ ʪװʨʽʥʜʝ ʙʝʨʽʣʛʝʥʽʥ 

ʢᴇʨʫʛʝ ʙʦʣʘʜʳ: ʭʘʣʴʢʦʟʠʥʘ, ʙʦʨʥʠʪ (ɾɹʌ) ʞᴅʥʝ ʭʘʣʴʢʦʧʠʨʠʪ (פɹʌ). ʕɻʀʈ 

ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽ ʥʝʛʽʟʽʥʝʥ ʤʳʩ ʧʝʥ ʭʘʣʴʢʦʟʠʥʘ ʤʝʥ ʙʦʨʥʠʪ 

ʤʠʥʝʨʘʣʜʘʨʳʥʘʥ, ʘʣ ʞʘʨʪʳʩʳʥʘʥ ʢᴇʙʽ ʤʘʣʘʭʠʪ + ʘʟʫʨʠʪ + ʘʪʘʢʘʤʠʪʪʝʥ ʪײʨʘʜʳ). 

 

ʂʝʩʪʝ 11 ï ɿʝʨʪʪʝʣʝʪʽʥ ץʘʣʜʳץʪʘʨʜʘסʳ ץʦʨסʘʩʳʥʥʳש ʤʠʥʝʨʘʣʦʛʠʷʩʳ 
 

ʄʠʥʝʨʘʣ 

 ʣʛʽ ʘʪʘʫʳת

ʞʘʪץʘʥ 

 ʪʘʨץʘʣʜʳץ

ɾɹʌ ˉ1, 2 

ʘסʳʤʜʘסʳ 

 ʪʘʨץʘʣʜʳץ

ɾɹʌ ˉ1, 2 

ʞʘʪץʘʥ 

 ʪʘʨץʘʣʜʳץ

ɾɹʌ ˉ3 

ʘסʳʤʜʘסʳ 

 ɹʌפ

ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ 

[Pb], ʙʘʨʣʳסʳ % 0,025 0,003 0,014 0,002 0,025 0,002 0,03 0,02 

ɻʘʣʝʥʠʪ, (PbS), % 0,011 0,001 0,008 0,001 0,012 0,001 - - 

ʎʝʨʫʩʩʠʪ (PbCO3), % 0,005 0,001 <0,002 0,0 0,007 0,001 - - 

ɻʣʝʪ (ʈbʆ), % 0,004 0,001 <0,002 0,001 0,004 0,001 0,02 0,01 

ʇʠʨʦʤʦʨʬʠʪ - 

(Pb5(PO4)3Cl) 
0,003 0,001 0 0 0,002 0,001 0,01 0,001 

 

11-ʢʝʩʪʝʜʝʥ ץʦʨסʘʩʳʥ ʩʳʥʘʤʘʣʘʨʜʘ ʥʝʛʽʟʽʥʝʥ ʛʘʣʝʥʠʪ, ʮʝʨʫʩʩʠʪ ʞᴅʥʝ ʛʣʝʪ 

ʤʠʥʝʨʘʣʜʘʨʳ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ɾɹʌ 

ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʜʳ ʕɻʀʈ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʮʝʨʫʩʩʠʪ ʤʠʥʝʨʘʣʳ 

ʪʦʣʳסʳʤʝʥ ʞʦʡʳʣʳʧ, ʛʘʣʝʥʠʪ ʧʝʥ ʛʣʝʪʪʘʥ ץʦʨסʘʩʳʥ ʝʨʽʪʽʥʜʽʛʝ ʪʦʣʳץ 

ʘʣʳʥʙʘʡʜʳ. פɹʌ ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʳʥʜʘסʳ ʛʣʝʪ ʞᴅʥʝ ʧʠʨʦʤʦʨʬʠʪ 

ʛʠʜʨʘʚʣʠʢʘʣʳץ ʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜ ʞʘסʜʘʡʳʥʜʘ ʙʝʣʛʽʣʽ ʙʽʨ ʪײʨʘץʪʳʣʳץʪʳ 

ʢᴇʨʩʝʪʝʜʽ. 

12-ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ, ʘסʳʤʜʘסʳ ɾɹʌ ˉ1.2 ץʘʣʜʳץʪʘʨʳʥʜʘסʳ ʤʳʨʳʰ 

ʥʝʛʽʟʽʥʝʥ ʤʠʥʝʨʘʣʜʳ ʩʬʘʣʝʨʠʪ ʪװʨʽʥʜʝ, ɾɹʌ ˉ1.2 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʜʘסʳ 

 ʘʪʘʨ ʪʝʤʽʨ ʞᴅʥʝ ʤʘʨʛʘʥʝʮץ ʨʽʥʜʝ ʜʝ, ʩʦʥʳʤʝʥװʣʛʽʣʝʨʽʥʜʝ - ʩʬʘʣʝʨʠʪ ʪװ

ʦʢʩʠʜʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʜʽʛʽ ʙʘʡץʘʣʜʳ. ɽʛʝʨ ɾɹʌ 3 ʞʘʪץʘʥ 

 ʨʽʥʜʝװʘʥ ʪץʳ ʪʝʤʽʨ ʞᴅʥʝ ʤʘʨʛʘʥʝʮ ʦʢʩʠʜʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩסʪʘʨʳʥʜʘץʘʣʜʳץ

0,007% ʤʳʨʳʰ ʙʦʣʩʘ, ʢʘʨʙʦʥʘʪʪʘ, ʩʬʘʣʝʨʠʪʪʝ ʞᴅʥʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘ ʦʣ 0,003-

ʪʝʥ 0,004%-סʘ ʜʝʡʽʥ ʙʦʣʘʜʳ. ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʤʳʨʳʰ ʘʟ ʤᴇʣʰʝʨʜʝ 

ʩʬʘʣʝʨʠʪ ʞᴅʥʝ ʪʝʤʽʨʤʝʥ ʤʘʨʛʘʥʝʮ ʦʢʩʠʜʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩ ʪװʨʽʥʜʝ ץʘʣʘʜʳ. 
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ʂʝʩʪʝ 12 ï ɿʝʨʪʪʝʣʝʪʽʥ ץʘʣʜʳץʪʘʨʜʘסʳ ʤʳʨʳʰʪʳש ʤʠʥʝʨʘʣʦʛʠʷʩʳ 
 

ʄʠʥʝʨʘʣ 

 ʣʛʽ ʘʪʘʫʳת

ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨ 

ɾɹʌ ˉ1, 2 

ʘסʳʤʜʘסʳ ץʘʣʜʳץ 

ʪʘʨ ɾɹʌ ˉ1, 2 

ʞʘʪץʘʥ ץʘʣʜʳץ 

ʪʘʨ ɾɹʌ ˉ3 

ʘסʳʤʜʘסʳ 

 ɹʌפ

ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ 

Zn ʙʘʨʣʳסʳ,% 0,018 0,0021 0,014 0,0027 0,019 0,0021 0,02 0,01 

Zn 

ʢʘʨʙʦʥʘʪʥʳʡ,% 
0,003 0,0001 0,001 0,0 0,004 0,0 0,0 0,0 

Zn ʩʚʷʟʘʥʥʳʡ ʩ 

ʦʢʩʠʜʘʤʠ ʞʝʣʝ 

ʟʘ ʠ ʤʘʨʛʘʥʮʘ, 

% 

0,007 0,001 0,002 0,001 0,007 0,001 0,009 0,005 

Zn ʩʬʘʣʝʨʠʪ 

(ZnS),% 
0,008 0,0011 0,01 0,001 0,004 0,001 0,01 0,001 

Zn ʩʚʷʟʘʥʥʳʡ ʩ 

ʘʣʶʤʦʩʠʣʠʢʘʪʘ

ʤʠ,% 

0,003 0,0001 0,001 0,0007 0,003 0,0001 0,01 0,009 

 

        
ʘ                                                                                 ᴅ 

         
ʙ                                                                                 ʚ 

 

ʘ ï ʕɻʀʈ-סʘ ʜʝʡʽʥ ɾɹʌ; ᴅ ï ʕɻʀʈ-ʜʘʥ ʢʝʡʽʥ ɾɹʌ; ʙ ï ʕɻʀʈ-סʘ ʜʝʡʽʥ פɹʌ; ʚ ï ʕɻʀʈ-

ʜʘʥ ʢʝʡʽʥ פɹʌ 
 

ʉʫʨʝʪ 14 ï ɾɹʌ ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʳװ שʣʛʽʣʝʨʽʥʝ ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥ (ɸ) 

ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ (ɹ) ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʘ ʟʝʨʪʪʝʣʛʝʥ ʩʫʨʝʪʪʝʨ 
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14-ʩʫʨʝʪʪʝ ʘʣʳʥסʘʥ ɾɹʌ ʞᴅʥʝ פɹʌ ץʘʣʳץʪʘʨʳʥʳװ שʣʛʽʣʝʨʽʥʝ ʕɻʀʈ 

ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʘ ʟʝʨʪʪʝʣʛʝʥ 

ʩʫʨʝʪʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɿʝʨʪʪʝʣʝʪʽʥ ץʘʣʜʳץʪʘʨʜʳש ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʤʘשʳʟʜʳ ʤʝʪʘʣʜʘʨ 

ʢʚʘʨʮʧʝʥ ʞᴅʥʝ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʜʳץʪʘʥ ʢʨʝʤʥʠʡʽ ʙʘʨ 

ʤʠʥʝʨʘʣʜʘʨʜʳ ʞʦʶ װʰʽʥ ʬʪʦʨʠʜʪʽ ʨʝʘʛʝʥʪʪʝʨʜʽ ץʦʩʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʫʣʝʨ ץʘʞʝʪ 

ʜʝʧ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

 

 ʪʘʨʳʥʘʥץʘʣʜʳץ שʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳשɹʌ, ɾɹʌ ˉ1, 2, 3 ᴇפ 3.3

ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ (ʕɻʀʈ) ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ pH ʟʝʨʪʪʝʫ  

ɹʽʟ [185] ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʧʝʥ ץʘʣʜʳץʪʘʨʜʳ ᴇשʜʝʫ 

 (ʌפפ) ʘʡʣʳסʘʨʘפ ʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳשʨʅ ʜʝ שʳʥ ᴇʟʛʝʨʪʫ ʢʝʟʽʥʜʝ ʦʨʪʘʥʳסʪʳץʟʘײ

ʞᴅʥʝ ɾʝʟץʘʟסʘʥ ʙʘʡʳʪʫ ʟʘʫʳʪʪʘʨʳʥʳש (ɾɹפ) ץʘʣʜʳץʪʘʨʳʥʘʥ ʤʳʩʪʳ ʘʣʫ 

ʙʦʡʳʥʰʘ ʘʣʜʳʥ ʘʣʘ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʜʽʢ.  

ɾײʤʳʩ ʢʝʣʝʩʽ ʨʝʪʪʽʣʽʢʧʝʥ ʞװʨʛʽʟʽʣʜʽ: ץʘʣʜʳץʪʘʨʜʘʥ ʘʣʳʥסʘʥ ץʦʡʳʨʪʧʘ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳʥʳײ שʷʰʳסʳʥʘ ײץʡʳʣʜʳ (ץʘʣʜʳץ; ʩʫ = 1:1), 

ʩʦʜʘʥ ʢʝʡʽʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ ʤʝʥ ʙʘʩץʘ ʨʝʘʛʝʥʪʪʝʨ ץʦʩʧʘʩʳʥ ץʦʩʫ ʘʨץʳʣʳ 

ʦʨʪʘʥʳש ʨʅ ʝʨʽʪʽʥʜʽʩʽ 0,5-ʪʝʥ 3,0-ʛʝ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘ ʪװʟʽʣʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ 

 ʘ ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢץʳʟ ʞʘʙʳʣʳʧ, 5, 10, 15 ʞᴅʥʝ 20 ʤʠʥʫʪסʪʳ ץʧʘץʘץ

ʨʘʟʨʷʧʝʥ ᴇשʜʝʣʜʽ. ʕɻʀʈ ʤʝʥ ᴅʩʝʨ ʢʝʟʽʥʜʝ ץʦʡʳʨʪʧʘʜʘסʳ ʙʘʨʣʳץ ʤʝʪʘʣʜʘʨ ʠʦʥ 

ʪװʨʽʥʜʝ ʝʨʽʪʽʥʜʽʛʝ ʪװʩʽʧ, ʤʳʩ ʠʦʥʜʘʨʳʥʘʥ ʙʘʩץʘ ʤʝʪʘʣʜʘʨ ʝʨʽʪʽʥʜʽʜʝ ץʘʣʳʧ ʙʽʨ 

ʫʘץʳʪʪʘ ʪײʥʜʳʨʳʣʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʘʪʦʜʪʘʜʘ ʽʰʽʥʘʨʘ ʪײʥʜʳʨʳʣסʘʥ. 

 . ʘʥʥʘʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʣʝʨ ʰᴇʛʽʥʜʽʣʝʨʜʝʥסʪʘʣץʜʝʫ ʘʷשʦʡʳʨʪʧʘʥʳ ʕɻʀʈ-ʤʝʥ ᴇפ

 ʟʫ. ʌʠʣʴʪʨʘʪ ʧʝʥ ʰᴇʛʽʥʜʽʣʝʨʜʝʛʽװʳʣʳ ʙᴇʣʽʥʜʽ ʩץʘʨ (ʳʟʳʣ ʣʝʥʪʘץ) ʟʛʽʣʝʨʽװʘʟ ʩסʘץ

ʤʳʩ ײץʨʘʤʳʥ ʘʥʳץʪʘʫ ʘʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. ʄʳʩʪʳײץ שʨʘʤʳ ʙʦʡʳʥʰʘ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 13-ʢʝʩʪʝʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ. ɻʨʘʬʠʢʘʣʳץ ʪװʨʜʝ ʥᴅʪʠʞʝʣʝʨ 15-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 13 ï ʆʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ʨʘʟʨʷʜʳʥʳײ שʟʘץʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

 ʳʤʳ, % (P = 0,95)סʪʘʨʜʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩ ʰʳץʘʣʜʳץ ɹʌפ
 

ʨʅ 

ʋʘץʳʪ, ʤʠʥ  

5 10 15 20 

ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ 

3 80,1Ñ3,8 18,0Ñ1,3 78,9Ñ3,5 21,0Ñ2,3 71,3Ñ5,3 22,0Ñ1,4 72,2Ñ2,7 26,0Ñ2,3 

2 75,4Ñ4,1 23,0Ñ1,5 70,1Ñ2,9 28,0Ñ1,9 68,7Ñ4,2 31,0Ñ1,6 69,0Ñ4,3 32,0Ñ3,3 

1 62,2Ñ2,2 37,0Ñ2,4 49,6Ñ3,6 49,0Ñ2,6 48,4Ñ2,6 53,0Ñ2,9 42,3Ñ2,6 61,0Ñ4,6 

0.5 65,5Ñ1,8 33,0Ñ2,6 45,8Ñ1,4 41,0Ñ1,5 56,8Ñ2,5 42,0Ñ3,4 53,6Ñ3,2 46,0Ñ3,6 
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ʉʫʨʝʪ 15 ï פɹʌ ץʘʣʜʳץʪʘʨʳʥʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩʪʳש ʙᴇʣʽʥʫʽʥʽש ʦʨʪʘʥʳש ʨʅ 

ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ᴇשʜʝʫ ײʟʘץʪʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ʂʝʩʪʝ 14 ï ʆʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ʨʘʟʨʷʜʳʥʳײ שʟʘץʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʘסʳʤʜʘסʳ ɾɹʌ ˉ1, 2 ץʘʣʜʳץʪʘʨʜʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩ ʰʳסʳʤʳ, % (P=0,95) 
 

ʨʅ 

ʋʘץʳʪ, ʤʠʥ 

5 10 15 20 

ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ 

3 77,1Ñ2,3 16,0Ñ3,6 81,9Ñ2,8 18,0Ñ1,5 74,3Ñ2,3 21,0Ñ2,5 71,2Ñ2,6 27,0Ñ1,9 

2 72,4Ñ1,8 24,0Ñ3,4 70,1Ñ1,6 31,0Ñ2,3 68,7Ñ1,7 31,0Ñ3,3 71Ñ1,8 34,0Ñ2,8 

1 64,2Ñ3,1 35,0Ñ2,2 46,6Ñ1,7 51,0Ñ3,7 47,4Ñ3,2 55,0Ñ2,9 44,3Ñ1,6 63,0Ñ3,1 

0,5 62,5Ñ1,8 36,0Ñ3,3 45,8Ñ3,5 38,0Ñ1,9 54,8Ñ3,4 39,0Ñ1,9 53,6Ñ1,9 47,0Ñ2,3 

 

 
 

ʉʫʨʝʪ 16 ï ɸסʳʤʜʘסʳ ɾɹʌ ˉ1,2  ץʘʣʜʳץʪʘʨʳʥʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩʪʳש ʙᴇʣʽʥʫʽʥʽש 
ʦʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ᴇשʜʝʫ ײʟʘץʪʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 
ʂʝʩʪʝ 15 ï ʆʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ʨʘʟʨʷʜʳʥʳײ שʟʘץʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 
ʞʘʪץʘʥ ɾɹʌ ˉ 1,2 ץʘʣʜʳץʪʘʨʜʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩ ʰʳסʳʤʳ, % (P = 0,95) 
 

ʋʘץʳʪ, ʤʠʥ 

5 10 15 20 
ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ 

80,1Ñ2,3 19,0Ñ3,7 80,9Ñ2,8 18,0Ñ1,5 73,3Ñ2,3 20,0Ñ2,5 70,2Ñ2,6 24,0Ñ1,9 
77,4Ñ1,8 24,0Ñ3,5 70,1Ñ1,6 26,0Ñ2,1 68,7Ñ1,7 34,0Ñ3,2 66,0Ñ1,8 31,0Ñ2,8 
62,2Ñ3,0 40,0Ñ2,3 46,6Ñ1,7 52,0Ñ3,6 46,4Ñ3,1 52,0Ñ2,8 40,3Ñ1,6 58,0Ñ3,0 

62,5Ñ1,8 34,0Ñ3,3 45,8Ñ3,5 38,0Ñ1,9 56,8Ñ3,4 42,0Ñ1,9 51,6Ñ1,9 44,0Ñ2,3 
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ʉʫʨʝʪ 17 ï ɾʘʪץʘʥ ɾɹʌ ̄1,2  ץʘʣʜʳץʪʘʨʳʥʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩʪʳש ʙᴇʣʽʥʫʽʥʽש 

ʦʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ᴇשʜʝʫ ײʟʘץʪʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ʂʝʩʪʝ 16 ï ʆʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ʨʘʟʨʷʜʳʥʳײ שʟʘץʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʞʘʪץʘʥ ɾɹʌ ˉ 3 ץʘʣʜʳץʪʘʨʜʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩ ʰʳסʳʤʳ, % (P = 0,95) 
 

ʨʅ 

ʋʘץʳʪ, ʤʠʥ 

5 10 15 20 

ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ ʪײʥʙʘ ʝʨʽʪʽʥʜʽ 

3 80,1Ñ2,2 19Ñ2,3 81,9Ñ2,9 20Ñ1,9 71,3Ñ1,6 19Ñ2,5 74,2Ñ1,7 29,0Ñ3,4 

2 72,4Ñ1,8 22Ñ2,7 73,1Ñ3,3 27Ñ2,5 66,7Ñ1,8 30Ñ1,6 68,0Ñ2,2 31,0Ñ2,7 

1 63,2Ñ2,2 39Ñ2,6 51,6Ñ2,6 52Ñ2,4 46,4Ñ3,1 51Ñ2,7 42,3Ñ2,7 63,0Ñ2,8 

0,5 67,5Ñ1,9 33Ñ3,1 45,8Ñ3,5 39Ñ2,3 58,8Ñ3,1 44Ñ2,5 50,6Ñ2,7 46,0Ñ2,6 

 

 
 

ʉʫʨʝʪ 18 ï ɾʘʪץʘʥ ɾɹʌ ̄3  ץʘʣʜʳץʪʘʨʳʥʘʥ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩʪʳש ʙᴇʣʽʥʫʽʥʽש 

ʦʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʞᴅʥʝ ʕɻʀʈ ᴇשʜʝʫ ײʟʘץʪʳסʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

14, 15, 16-ʢʝʩʪʝʜʝʛʽ ʤᴅʣʽʤʝʪʪʝʨ ʞᴅʥʝ 15, 16, 17, 18-ʩʫʨʝʪʪʝʨʜʝʛʽ 

ʢʝʣʪʽʨʽʣʛʝʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʪʘʣʜʘʫ ʤʳʩʪʳץ שʘʪʪʳ ʬʘʟʘʜʘʥ ʩײʡʳץץʘ ʝװ שʣʢʝʥ 

ʘʫʳʩʫʳ ʨʅ = 1 ʢʝʟʽʥʜʝ ʙʦʣʘʪʳʥʳʥ ʞᴅʥʝ ʕɻʀʈ ᴅʩʝʨ ʝʪʫ ײʟʘץʪʳסʳʥʘ ץʘʨʘʡ ᴇʩʫ 
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 ʜʝʪʝʨʤʠʥʠʨʣʝʥʛʝʥ-ץʪʠʤʘʣʜʳץʨʜʽʩʽʥ ʢᴇʨʩʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆʩʳʣʘʡʰʘ, ʳװ

ʞʦʩʧʘʨʣʘʫʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, פʘʨʘסʘʡʣʳ ʞᴅʥʝ ɾʝʟץʘʟסʘʥ ʟʘʫʳʪʪʘʨʳʥʳץ שʘʪʪʳ 

 ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʨʅ = 1,2 שʪʘʨʳʥʘʥ ʤʳʩʪʳ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʪʝʨʽʥʽץʘʣʜʳץ

ʢʝʟʽʥʜʝ ʤʘץʩʘʪʪʳ ʤʝʪʘʣʜʳש ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽʥʝ ʤʘʢʩʠʤʘʣʜʳ ʙᴇʣʽʥʫʽ ʦʨʳʥ 

ʘʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ.  

 

 ʪʘʨʳʥʘʥץʘʣʜʳץ שʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳשɹʌ, ɾɹʌ ˉ1, 2, 3 ᴇפ 3.4

ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ (ʕɻʀʈ) ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʤʝʪʘʣʜʘʨʜʳ 

ʘʣʫ 

 ʘʪʳʥʘʩʳ; ʛ/ʛ (ʭ1)ץ ʉ:פ :ʨʛʽʟʽʣʜʽװʪʘʨʜʘʥ ʤʳʩ ʘʣʫ ʢʝʣʝʩʽ ʰʘʨʪʪʘʨʜʘ ʞץʘʣʜʳפ

ï 1:2,5 1:2; 1:1,5; 1:1; 1:0,5; Cu:F ץʘʪʳʥʘʩʳ, ʛ/ʛ (x2) ï 1:8; 1:7; 1:6; 1:5; 1:4;; 

ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʛ/ʣ (ʭ3) ï 20; 40; 60; 80; 100; 

ʪᴅʞʽʨʠʙʝʣʝʨʜʽײ שʟʘץʪʳסʳ, ʤʠʥ (ʭ4) ï 10; 20; 30; 40; 50 ʞᴅʥʝ ʨʘʟʨʷʜʪʳץ ʢʝʨʥʝʫ, 

ʢɺ(ʭ5) 5; 7; 10; 12; 15. ʊᴅʞʽʨʠʙʝ ʰʘʨʪʪʘʨʳ ʤʝʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 17-ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ, ʤײʥʜʘ Ŭʕ ï ʪᴅʞʽʨʠʙʝʣʽʢ ʤᴅʥʜʝʨ, ŬT ï ʤʳʩ ʘʣʫ ʜᴅʨʝʞʝʩʽʥʽש 

ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʣʛʝʥ ʤᴅʥʜʝʨʽ. 

 

ʂʝʩʪʝ 17 ï ʕɻʀʈ ʘʨץʳʣʳ ʤʳʩ ʘʣʫʜʳש ʙʝʩ ʜʝשʛʝʡʽʥʜʝʛʽ ʙʝʩ ʬʘʢʪʦʨʣʳ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʞʦʩʧʘʨ ʤʘʪʨʠʮʘʩʳ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʽ  
 

(ʭ1) (ʭ2) (x3) (x4) (x5) Ŭ ,ɻʉu, % Ŭ ʪ,Cu,% 

1:2,5 1:8 20 10 5 60,5 66,95 

1:2,5 1:6 60 30 10 84,0 80,71 

1:2,5 1:7 40 20 7 70,2 74,32 

1:2,5 1:4 100 50 15 74,5 83,25 

1:2,5 1:5 80 40 12 65,5 84,40 

1:1,5 1:8 60 20 15 79,3 75,69 

1:1,5 1:6 40 50 12 82,9 81,95 

1:1,5 1:7 100 40 5 78,2 75,88 

1:1,5 1:4 80 10 10 77,0 78,05 

1:1,5 1:5 20 30 7 70,6 75,93 

1:2 1:8 40 40 10 70,6 74,60 

1:2 1:6 100 10 7 71,2 75,10 

1:2 1:7 80 30 15 69,2 79,35 

1:2 1:4 20 20 12 75,6 74,57 

1:2 1:5 60 50 5 77,5 82,73 

1:0,5 1:8 100 30 12 76,2 75,11 

1:0,5 1:6 80 20 5 74,3 78,41 

1:0,5 1:7 20 50 10 73,0 76,03 

1:0,5 1:4 60 40 7 79,2 81,67 

1:0,5 1:5 40 10 15 80,3 80,39 

1:1 1:8 80 50 7 81,2 77,09 

1:1 1:6 20 40 15 83,0 78,53 

1:1 1:7 60 10 12 77,5 76,55 

1:1 1:4 40 30 5 83,5 77,59 

1:1 1:5 100 20 10 82,3 79,59 
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19, 20, 21, 22, 23-ʩʫʨʝʪʪʝ ʤʳʩʪʳ ʟʝʨʪʪʝʣʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʘʥ ʰʘʡʤʘʣʘʥʫ 

ʜᴅʨʝʞʝʩʽʥʽש ʽʰʽʥʘʨʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ: פ:ʉ ץʘʪʳʥʘʩʳ (14), Cu:F 

 ʳסʪʳץʟʘײ שʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (16), ʧʨʦʮʝʩʪʽ שʳʣʳʥʳץʳʰץ ʢʽʨʪװʘʪʳʥʘʩʳ (15), ʢץ

(17), ʨʘʟʨʷʜ ʢʝʨʥʝʫʽ (18). ʊᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʝʪʘʣʜʘʨʜʳש ʝʨʽʪʽʥʜʽʛʝ 

ʙᴇʣʽʥʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʬʘʢʪʦʨʣʘʨʜʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ץʘʪʪʳ ʞᴅʥʝ ʩײʡʳץ 

ʬʘʟʘʣʘʨʜʳץ שʘʪʳʥʘʩʳʥ, ʤʳʩ ʞᴅʥʝ ʬʪʦʨ ʠʦʥʜʘʨʳʥʳץ שʘʪʳʥʘʩʳʥ, ʢװʢʽʨʪ 

 שʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ (ʛ/ʣ), ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʘʨʜʳ שʳʣʳʥʳץʳʰץ

ᴅʩʝʨ ʝʪʫ ײʟʘץʪʳסʳ ʞᴅʥʝ ʨʘʟʨʷʜ ʢʝʨʥʝʫʽ ʘʥʳץʪʘʜʳץ. 

 

 
 

ʉʫʨʝʪ 19 ï ʄʳʩʪʳש ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ  

 (ץʡʳײʘʪʪʳ ʞᴅʥʝ ʩץ) ʘʪʳʥʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽץ

 

 
 

ʉʫʨʝʪ 20 ï ʄʳʩʪʳש ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ  

 ʘʪʳʥʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ (Cu : F)ץ
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ʉʫʨʝʪ 21 ï ʄʳʩʪʳ ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ 

  ʪᴅʫʝʣʜʽʣʽʛʽ שʘʪʳʥʘʩʳʥʘ H2SO4 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳץ

 

 
 

ʉʫʨʝʪ 22 ï ʄʳʩʪʳ ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ 

  ʪᴅʫʝʣʜʽʣʽʛʽ שʳʪʳʥʳץʫʘ ץʪʳʣʳץʟʘײ ʘʪʳʥʘʩʳʥʘץ

 

 
 

ʉʫʨʝʪ 23 ï ʄʳʩʪʳ ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ 

  ʪᴅʫʝʣʜʽʣʽʛʽ שʘʪʳʥʘʩʳʥʘ ʨʘʟʨʷʜ ʢʝʨʥʝʫʽʥʽץ
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19, 20, 21, 22, 23-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʽʰʽʥʘʨʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʪʘʣʜʘʫ t:l 

 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ שʳʣʳʥʳץʳʰץ ʢʽʨʪװʘʪʳʥʘʩʳ ʞᴅʥʝ ʢץ ʘʪʳʥʘʩʳ, Cu ʞᴅʥʝ Fץ

ʙʦʡʳʥʰʘ ʤʳʩʪʳש ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʬʫʥʢʮʠʷʩʳ ʤʘʢʩʠʤʫʤ ʘʨץʳʣʳ 

ᴇʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʇʨʦʮʝʩʩ ײʟʘץʪʳסʳ ʞᴅʥʝ ʨʘʟʨʷʜ ʢʝʨʥʝʫʽ ʩʠʷץʪʳ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽש ᴅʩʝʨʽ (18, 19-ʩʫʨʝʪʪʝʨ) ʝʨʽʪʽʥʜʽʛʝ ʤʳʩʪʳש ʘʣʳʥʫʳʥʳש 

ʞʦסʘʨʳʣʘʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳש ʤᴅʥʜʝʨʽʥʽ40 ש ʛ/ʣ ʞᴅʥʝ 10 ʢɺ 

ʞʦסʘʨʳʣʘʫʳ, ʪʠʽʩʽʥʰʝ ץʦʩʳʤʰʘ ʤʘשʳʟʜʳ ᴅʩʝʨ ʙʝʨʤʝʡʜʽ. 

ʄʳʩʪʳ ʙʘʡʳʪʫ ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʰʘʡʤʘʣʘʫʜʳש ʦשʪʘʡʣʳ 

ʧʘʨʘʤʝʪʨʣʝʨʽ: פ:ʉ, ץʘʪʳʥʘʩʳ ʛ/ʛ ï 1:1; Cu ʞᴅʥʝ F ץʘʪʳʥʘʩʳ, ʛ/ʛ ï 1:6; ʢװʢʽʨʪ 

 ;ʳ, ʤʠʥ ï 30סʪʳץʟʘײ שʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʛ/ʣ ï 40; ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ שʳʣʳʥʳץʳʰץ

ʨʘʟʨʷʜ ʢʝʨʥʝʫʽ 10 ʢɺ.ʆʩʳ ʞʘסʜʘʡʣʘʨʜʘ ʤʳʩʪʳ ʰʘʡʤʘʣʘʫʜʳש ʪʠʽʤʜʽʣʽʛʽ 80-90% 

 שʨʘʡʜʳ [186]. ɽʩʝʧʪʝʣʛʝʥ ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳײץ

ʤʘשʳʟʜʳʣʳסʳ 18-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 18 ï ʂʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ (R) ʞᴅʥʝ ʦʣʘʨʜʳש ʤʳʩʪʳש ʰʘʡʤʘʣʘʥʫ 

ʜᴅʨʝʞʝʩʽʥʽש ʽʰʽʥʘʨʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ װʰʽʥ ʤʘשʳʟʜʳʣʳסʳ (tR) 
 

ʌʫʥʢʮʠʷ R tR ʄʘשʳʟʜʳʣʳסʳ 

Ŭ (ʭ1) = -0,6057x1
2
 + 2,2343x1 + 76,256 0,78 >0,66 ʄʘשʳʟʜʳ 

Ŭ (ʭ2) = -955,5x2
2
 + 398,86x2 + 37,506 0,89 >0,66 ʄʘשʳʟʜʳ 

Ŭ (ʭ3) = -0,0021x3
2
 + 0,2941x3 + 67,996 0,94 >066 ʄʘשʳʟʜʳ 

Ŭ (ʭ4) = 0,12x4 + 72,692 0,81 >0,66 ʄʘשʳʟʜʳ 

Ŭ (ʭ5) = 0,3222x5 + 73,135 0,84 >0,66 ʄʘשʳʟʜʳ 

 

ʄʳʩʪʳ ʰʘʡʤʘʣʘʫʜʳש ʥʘץʪʳ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʩʳ ʞʘʣʧʳʣʘʥסʘʥ ʇʨʦʪʦʜʴʷʢʦʥʦʚ ʪʝשʜʝʫʽ (20) ʘʨץʳʣʳ ʙʝʨʽʣʛʝʥ: 

 

ʋʧ =(-0,6057x1
2
 + 2,2343x1 + 76,256) ( -955,5x2

2
 + 398,86x2 + 37,506) (-0,0021x3

2
 + 

0,2941x3 + 67,996) ( 0,12x4 + 72,692) (0,3222x5 + 73,135) / 75,9
-4                  

(20) 

 

ʤײʥʜʘ ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ R=0,67, ʤʘשʳʟʜʳʣʳסʳ tR=2,04, ʪʝשʜʝʫ ץʘʪʝʣʽʛʽ 

ů = 8,62%. 

ʄʳʩ ʰʳסʳʤʳʥʳ5 ש ʬʘʢʪʦʨסʘ ʘʣʳʥסʘʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥ ʨʘʩʪʘʫ װʰʽʥ 5 

ʬʘʢʪʦʨʜʳש ʙʽʨʜʝʡ ʜʝשʛʝʡʽʥʜʝ ʤʘʪʨʠʮʘʣʳץ ʞʦʙʘ ʙʦʡʳʥʰʘ (19-ʢʝʩʪʝ) ץʦʩʳʤʰʘ 3 

ʧʘʨʘʣʣʝʣʴʜʽ ʪᴅʞʽʨʠʙʝ ʞװʨʛʽʟʜʽʢ. 

ʊᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʤʳʩ ʰʳסʳʤʳʥʳש ʬʘʢʪʦʨʣʘʨסʘ 

ʽʰʽʥʘʨʘ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ 24, 25, 26, 27, 28-ʩʫʨʝʪʪʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɽש 

 ʢʽʰʽ ʢʚʘʜʨʘʪʪʘʨ ᴅʜʽʩʽʤʝʥ שʞʘʨʪʳʣʘʡ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʝ ץʦʣʘʡʣʳ ʘʣʛʝʙʨʘʣʳץ

ʝʩʝʧʪʝʣʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʽ ʪװʟʫ ʩʳʟʳץʪʘʨ ʤʝʥ ʧʘʨʘʙʦʣʘʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʳʩ ʰʳסʳʤʳʥʳש ʢᴇʧ ʬʘʢʪʦʨʣʳ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʩʠʧʘʪʪʘʫ װʰʽʥ 

ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʪʳש ʞʘʣʧʳʣʘʥסʘʥ ʪʝשʜʝʫ (20) ʪʝʥʜʝʫ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʊᴅʫʝʣʜʽʣʽʢ ʩʠʧʘʪʳ ʤʝʥ ʤʳʩ ʰʳסʳʤʜʳʣʳסʳʥʳש ʤᴅʥʜʝʨʽ ʞʘץʩʳ ץʘʡʪʘʣʘʥʘʜʳ 

ʞᴅʥʝ ʘʣסʘʰץʳ ʪᴅʞʽʨʠʙʝʣʝʨʜʽש ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 
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ʂʝʩʪʝ 19 ï ʕɻʀʈ ʘʨץʳʣʳ ʤʳʩ ʘʣʫʜʳש ʙʝʩ ʜʝשʛʝʡʽʥʜʝʛʽ ʙʝʩ ʬʘʢʪʦʨʣʳ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʞʦʩʧʘʨ ʤʘʪʨʠʮʘʩʳ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʽ  
 

(ʭ1) (ʭ2) x3) (x4) (x5) 
Ŭ ,ɻ 

ʉu, % 

Ŭ ,ɻ 

Cu, % 

Ŭ ,ɻ 

ʉu, % 

Ŭ ,ɻ 

ʉu, % 

Ŭ, calc, 

% 

0,8 0,13 20 10 5 68,37 68,76 68,95 68,03 68,2 

0,8 0,17 60 30 10 82,42 82,80 83,03 82,59 82,45 

0,8 0,14 40 20 7 75,89 75,35 75,81 75,39 75,82 

0,8 0,25 100 50 15 85,01 84,90 84,94 85,35 84,83 

0,8 0,20 80 40 12 86,19 86,31 86,17 86,84 86,26 

0,67 0,13 60 20 15 77,30 77,35 77,92 77,36 76,86 

0,67 0,17 40 50 12 83,69 83,24 83,49 84,23 83,64 

0,67 0,14 100 40 5 77,47 77,08 76,94 78,01 77,28 

0,67 0,25 80 10 10 79,71 79,79 79,21 79,21 79,78 

0,67 0,20 20 30 7 77,53 77,95 78,21 77,29 77,78 

0,50 0,13 40 40 10 76,19 76,85 75,84 76,51 75,78 

0,50 0,17 100 10 7 76,70 77,06 77,08 77,24 76,77 

0,50 0,14 80 30 15 81,04 80,98 80,92 80,77 80,74 

0,50 0,25 20 20 12 76,16 76,33 76,43 75,68 76,24 

0,50 0,20 60 50 5 84,49 84,44 83,83 85,14 84,64 

2,00 0,13 100 30 12 76,71 77,10 76,36 76,10 76,14 

2,00 0,17 80 20 5 80,08 79,59 80,05 80,75 80,1 

2,00 0,14 20 50 10 77,64 77,32 77,62 78,12 77,37 

2,00 0,25 60 40 7 83,41 82,89 83,88 83,60 83,36 

2,00 0,20 40 10 15 82,10 82,64 82,25 82,21 82,19 

1,00 0,13 80 50 7 78,75 79,02 79,24 78,13 78,3 

1,00 0,17 20 40 15 80,20 80,26 79,66 80,13 80,18 

1,00 0,14 60 10 12 78,18 77,76 78,44 78,77 78,05 

1,00 0,25 40 30 5 79,24 79,89 79,33 79,39 79,38 

1,00 0,20 100 20 10 81,28 81,61 81,07 81,25 81,42 

 

 
 

ʉʫʨʝʪ 24 ï ʄʳʩʪʳש ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ  

 (ץʡʳײʘʪʪʳ ʞᴅʥʝ ʩץ) ʘʪʳʥʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽץ
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ʉʫʨʝʪ 25 ï ʄʳʩʪʳש ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ  

 ʘʪʳʥʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ (Cu : F)ץ

 

 
 

ʉʫʨʝʪ 26 ï ʄʳʩʪʳ ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ 

  ʪᴅʫʝʣʜʽʣʽʛʽ שʘʪʳʥʘʩʳʥʘ H2SO4 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳץ

 

 
 

ʉʫʨʝʪ 27 ï ʄʳʩʪʳ ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ 

  ʪᴅʫʝʣʜʽʣʽʛʽ שʳʪʳʥʳץʫʘ ץʪʳʣʳץʟʘײ ʘʪʳʥʘʩʳʥʘץ
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ʉʫʨʝʪ 28 ï ʄʳʩʪʳ ʰʘʡʤʘʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʤʘʩʩʘʣʳץ 

  ʪᴅʫʝʣʜʽʣʽʛʽ שʘʪʳʥʘʩʳʥʘ ʨʘʟʨʷʜ ʢʝʨʥʝʫʽʥʽץ

 

ᴄʩʝʨ ʝʪʫʰʽ ʬʘʢʪʦʨʣʘʨ ʞװʡʝʩʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ץʘʨʘʩʪʳʨʫʤʝʥ ʩʳʟʳץʪʳ 

ʝʤʝʩ ʝʩʝʣʽʢ ʢʦʨʨʝʣʷʮʠʷסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞʦʩʧʘʨʣʘʫ 

ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʟʝʨʪʪʝʣʝʪʽʥ ʧʨʦʮʝʩʪʽש ʢʠʥʝʪʠʢʘʩʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹʽʟ ɸʨʨʝʥʠʫʩ ʪʝשʜʝʫʽʥʽש ʣʦʛʘʨʠʬʤʜʽʢ ʪװʨʽʥ ץʦʣʜʘʥʫ ʥʝʛʽʟʽʥʜʝ 

ʢװʢʽʨʪ ʞᴅʥʝ ʬʦʩʬʦʨ ץʳʰץʳʣʜʘʨʳʥʳש, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʥʽש 

ᴅʩʝʨʽʥʝʥ ʙʘʡʳʪʫ ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽʥʽש 

ʢʠʥʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʟʝʨʪʪʝʜʽʢ. 

ɸʣʳʥסʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽ ʪᴅʞʽʨʠʙʝʣʝʨʜʽײ שʟʘץʪʳסʳʥʘ (ʤʠʥʫʪʧʝʥ) 

ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽʣʽʛʽʥʝ (t
0
C) ʙʘʡʣʘʥʳʩʪʳ, ʤʳʩʪʳ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽ 

 ʝʩʝʧʪʝʫʣʝʨ ʞʘʩʘʣʜʳ ץʰʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳװ ʢʦʥʩʪʘʥʪʘʩʳʥ ʘʣʫ ץʰʽʥ ʞʳʣʜʘʤʜʳװ

(20-ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 20 ï ʊᴅʞʽʨʠʙʝʣʝʨʜʽײ שʟʘץʪʳסʳʥʘ (ʤʠʥʫʪʧʝʥ) ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʕɻʀʈ ʢᴇʤʝʛʽʤʝʥ ʤʳʩ ʰʘʡʤʘʣʘʫʜʳש 

ʢʠʥʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ 
 

ɽʩʝʧʪʝʣʛʝʥ 

ʧʘʨʘʤʝʪʨʣʝʨ 

ʊʝʤʧʝʨʘʪʫʨʘ Áʉ 

36 42 48 54 60 

ʂ 0,05204 0,05973 0,06353 0,066439 0,073857 

1/T 0,003236 0,003174 0,003115 0,003058 0,003003 

ln K -2,9556 - 2,8178 -2,7562 -2,7114 -2,6056 

 

ɸʢʪʠʚʪʝʥʫ ʵʥʝʨʛʠʷʩʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʛʨʘʬʠʢʘʣʳץ ᴅʜʽʩ ץʦʣʜʘʥʳʣʜʳ, ʦסʘʥ 

ʩᴅʡʢʝʩ EA ʞʳʣʜʘʤʜʳץ ʢʦʥʩʪʘʥʪʘʣʘʨʳʥ (lnK) ʕɻʀʈ ʫʘץʳʪʳʥʘʥ ᴅʨʪװʨʣʽ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʙʽʣʫ ʘʨץʳʣʳ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. ʂʝʩʪʝʜʝʛʽ ʤᴅʣʽʤʝʪʪʝʨ 

ʥʝʛʽʟʽʥʜʝ ɸʨʨʝʥʠʫʩ ʬʫʥʢʮʠʷʩʳ ʪײʨסʳʟʳʣʜʳ (29-ʩʫʨʝʪ), ʦʜʘʥ ʘʢʪʠʚʪʝʥʫ 

ʵʥʝʨʛʠʷʩʳ ʘʥʳץʪʘʣʜʳ. 
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ʉʫʨʝʪ 29 ï ɸʨʨʝʥʠʫʩ ʢʦʦʨʜʠʥʘʪʘʩʳʥʜʘ ʕɻʀʈ ʢᴇʤʝʛʽʤʝʥ ʤʳʩ ʰʘʡʤʘʣʘʫ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʣʦʛʘʨʠʬʤʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ɸʢʪʠʚʪʝʥʫ ʵʥʝʨʛʠʷʩʳʥ ʘʥʳץʪʘʫ װʰʽʥ ɸʨʨʝʥʠʫʩ ʪʝשʜʝʫʣʝʨʽ (21) 

ʧʘʡʜʘʣʘʥʳʣʜʳ: 

 

ln K = A0 e ïEa/RT  (21) 

 

ʤײʥʜʘ A0 ï ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʢʝ ʜʝʡʽʥʛʽ ʬʘʢʪʦʨ (ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽ 

ʝʤʝʩ);  

R ï ᴅʤʙʝʙʘʧ ʛʘʟ ʪײʨʘץʪʳʩʳ;  

R = 8,314 ɼʞ/(ʂ*ʤʦʣʴ);  

ʂ ï ʞʳʣʜʘʤʜʳץ ʢʦʥʩʪʘʥʪʘʩʳ ʩ
-1
:  

EA ï ʘʢʪʠʚʪʝʥʫ ʵʥʝʨʛʠʷʩʳ, ɼʞ., EA = 1385,1 * 8,314 = 11515,72 ɼʞ/ʤʦʣʴ = 

11,52 ʢɼʞ/ʤʦʣʴ 

ɾɹʌ ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʘʥ ʤʳʩʪʳ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽ ʜʠʬʬʫʟʠʷʣʳץ 

ʬʘʢʪʦʨʣʘʨ ʙʘʩʳʤ ʘʨʘʣʘʩ ʘʡʤʘץʪʘ ʞװʨʝʜʽ, ʙײʣ ʘʣʳʥסʘʥ ʘʢʪʠʚʪʝʥʜʽʨʫ 

ʵʥʝʨʛʠʷʩʳʥʳש ʤᴅʥʽʤʝʥ ʜᴅʣʝʣʜʝʥʝʜʽ. ʕɻʀʈ ʢᴇʤʝʛʽʤʝʥ ɾɹʌ ʞᴅʥʝ פɹʌ 

 ʳʥʜʳ ʘʨʘʣʘʩʫʳʥץʘʨץ שʦʩʧʘʥʳץ ץʪʘʨʳʥʘʥ ʤʳʩʪʳ ʘʣʫ ʢʝʟʽʥʜʝ ʨʝʘʢʮʠʷʣʳץʘʣʜʳץ

  .ʘʞʝʪץ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

 

3.5 ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʙʘʨ ʞᴅʥʝ ʦʥʩʳʟ ץʘʣʜʳץʪʘʨʜʘʥ ʤʝʪʘʣʜʘʨʜʳ 

ʘʣʫ ʧʨʦʮʝʩʽʥʝ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳש ᴅʩʝʨʽ 

ʄʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪʪʳש ʢʘʧʩʫʣʜʘʥסʘʥ ʤʝʪʘʣʜʘʨʳʥ ʘʤʤʦʥʠʡ 

ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʤʝʥ ʘʰʫ ʜʘʫʩʳʟ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ: ʬʪʦʨʣʘʥʫ 200Áʉ-ʪʘʥ 

ʞʦסʘʨʳ ʝʤʝʩ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʝʜʽ, ʘʣ ʢʝʡʙʽʨ ʨʝʘʢʮʠʷʣʘʨ ʤװʣʜʝʤ ץʳʟʜʳʨʫʜʳ 

 ʳ ᴇʥʽʤʜʝʨʽʥʜʝ (ʩʫ ʞᴅʥʝ ʘʤʤʠʘʢ ʙʫʳ) ʬʪʦʨץʦʩʘʣץ שʘʞʝʪ ʝʪʧʝʡʜʽ, ʬʪʦʨʣʘʫʜʳץ

ʙʦʣʤʘʡʜʳ, ʙײʣ ᴇʥʜʽʨʽʩʪʽש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʘʤʤʠʘʢ ʛʠʜʨʦʣʠʟʽ ʧʨʦʮʝʩʪʝʨʽʥʜʝ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥסʘʥ ʢװʡʜʝ ʧʘʡʜʘʣʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳ ʟʘʪʪʘʨʜʳש ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳ ʢʝʟʽʥʜʝ ʬʪʦʨʘʤʤʦʥʠʡ 
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ʪײʟʜʘʨʳʥʳש ʛʠʜʨʦʣʠʟʽ ʢʝʟʽʥʜʝ NH4F ʥʝʤʝʩʝ NH3 ʞᴅʥʝ HF ʙᴇʣʽʥʫʽ NH4HF2 

ʨʝʛʝʥʝʨʘʮʠʷʩʳʥʘ ʞᴅʥʝ ʞʘʙʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʥʜʽʨʽʩʪʽ 

 ʘ ʤʝʪʘʣʜʘʨʜʳץʪʘʨʜʘʥ ʤʳʩʪ rʞᴅʥʝ ʙʘʩץʘʣʜʳפ .ʜʘʡ ʞʘʩʘʡʜʳסʦʣʘʡʣʳ ʞʘץ ʘסʨʫײץ

ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽ ʪᴅʞʽʨʠʙʝʣʽʢ ײץʨʳʣסʳʜʘ, 1 ʣʠʪʨʣʽʢ ʢᴇʣʝʤʜʝʛʽ ײʷʰʳץʪʘ 

ʞװʨʛʽʟʽʣʜʽ (7-ʩʫʨʝʪ).  

250 ʛ ʢᴇʣʝʤʽʥʜʝʛʽ ʰʠʢʽʟʘʪʪʳ (ץʘʣʜʳץʪʘʨʜʳ) 1:1 ץʘʪʳʥʘʩʳʥʜʘ ʩʫʤʝʥ 

ʘʨʘʣʘʩʪʳʨʳʧ, ץʦʡʳʨʪʧʘץ (ץʦʩʧʘʩʳʥ) ʜʘʡʳʥʜʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 4 ʛ ʘʤʤʦʥʠʡ 

ʛʠʜʨʦʜʠʬʪʦʨʠʜʽ NH4HF2 ץʦʩʳʣʜʳ, ʩʦʜʘʥ ʩʦש ʙʘʨʣʳסʳ 5 ʤʠʥʫʪ ʙʦʡʳ ʤץײʠʷʪ 

ʘʨʘʣʘʩʪʳʨʳʣʜʳ, ʞᴅʥʝ ʨʝʘʢʪʦʨסʘ (ײʷʰʳץʪʘ) ʥʘʩʦʩ ʘʨץʳʣʳ ʘʡʜʘʣʘʜʳ, ʦʥʜʘ 

ʦʨʥʘʪʳʣסʘʥ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨץʳʣʳ 1-2 ʩʝʢʫʥʜ ʩʘʡʳʥ 10 ʤʳש ʚʦʣʴʪʪʳ ʞʦסʘʨʳ 

ʚʦʣʴʪʪʳ ʨʘʟʨʷʜ 15 ʤʠʥʫʪ ʽʰʽʥʜʝ ʦʨʳʥʜʘʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ץʦʡʳʨʪʧʘץ 

ʘʨʘʣʘʩʪʳʨסʳʰ ʢʦʥʪʝʡʥʝʨʛʝ ʘʡʜʘʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʘʨʘʣʘʩʪʳʨʫ ʪʦץʪʘʪʳʣʜʳ 

ʞᴅʥʝ ץʦʡʳʨʪʧʘ40 ץ ʤʣ ʢװʢʽʨʪ ץʳʰץʳʣʳ ץʦʩʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʘʨʘʣʘʩʪʳʨʫ 

ʧʨʦʮʝʩʽ ʪʘסʳ 5 ʤʠʥʫʪ ʙʦʡʳ ʞʘʣסʘʩʪʳ ʞᴅʥʝ ʥʘʩʦʩ ʘʨץʳʣʳ ʧʫʣʴʧʘʥʳ ʨʝʘʢʪʦʨסʘ 

ʘʡʜʘʡ ʙʘʩʪʘʜʳ. ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʧʫʣʴʧʘ ʽʨʽ ʩװʟʛʽ ʘʨץʳʣʳ ʪײʥʜʳʨסʳʰץʘ 

ʪʘסʳ 15-30 ʤʠʥʫʪץʘ ʞʽʙʝʨʽʣʜʽ. ʊײʥʜʳʨסʳʰʪʘʥ ʩװʟʛʽ ʘʨץʳʣʳ ײץʨʘʤʳʥʜʘ 

ʤʝʪʘʣʜʘʨʳ ʙʘʨ ʝʨʽʪʽʥʜʽ ʘʣʳʥʜʳ. ᴄʨʽ ץʘʨʘʡ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʝʪʘʣʜʘʨʜʳ ʩʘʥʜʳץ 

ʘʥʳץʪʘʫ ʤʠʢʨʦʪʦʣץʳʥʜʳ ʧʣʘʟʤʘʣʳץ ʘʪʦʤʜʳץ ʵʤʠʩʩʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʜʝ (MP-

AES) ʞᴅʥʝ ʧʘʨʘʣʣʝʣʴʜʽ ʪװʨʜʝ AA-140 ʘʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʜʝ 

ʞװʨʛʽʟʽʣʜʽ. ɹʠʬʪʦʨʠʜʩʽʟ ʞᴅʥʝ ʙʠʬʪʦʨʠʜʧʝʥ ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽʥʽש ʵʣʝʤʝʥʪʪʽʢ 

 .ʦʨʪʘʰʘ ʥᴅʪʠʞʝʣʝʨʽ 21, 22-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ שʨʘʤʳʥʳײץ

 

ʂʝʩʪʝ 21 ï ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʞʦץ ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽʥʽש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ 
 

 % ,ʣʛʽ ʘʪʘʫʳ Ag, % Ba, % Co, % Cu, % Ni, % Pb, % As, % Fe, % Znת

ɾʘʪץʘʥ ץʘʣʜʳץʪʘʨ 

ɾɹʌ ˉ1, 2 

0,0001Ñ 

1Ĭ10
-5
 

0,01Ñ 

0,002 

0,2Ñ 

0,01 

0,05Ñ 

0,002 

0,001Ñ 

0,00004 

0,001Ñ 

0,00004 

0,001Ñ 

0,00003 

0,093Ñ 

0,0043 

0,005 Ñ 

0,0002 

ɸסʳʤʜʘסʳ ץʘʣʜʳץ 

ʪʘʨ ɾɹʌ ̄1, 2 

0,0001Ñ 

1Ĭ10
-5
 

0,01Ñ 

0,001 

0,1Ñ 

0,001 

0,01Ñ 

0,0005 

0,01Ñ 

0,001 

0,01Ñ 

0,001 

0,01Ñ 

0,001 

0,40Ñ 

0,02 

0,009Ñ 

0,0004 

ɾʘʪץʘʥ ץʘʣʜʳץʪʘʨ 

ɾɹʌ ˉ3 

0,0003Ñ 

1Ĭ10
-5
 

0,004Ñ 

0,001 

0,06 Ñ 

0,01 

0,05Ñ 

0,0027 

0,01Ñ 

0,001 

0,01Ñ 

0,001 

0,01Ñ 

0,001 

0,11Ñ 

0,0052 

0,014Ñ 

0,007 

ɸסʳʤʜʘסʳ פɹʌ 
0,0003Ñ 

1Ĭ10
-5
 

0,080Ñ 

0,002 

0,01 Ñ 

0,001 

0,02Ñ 

0,0011 

0,01Ñ 

0,001 

0,001Ñ 

0,0001 

0,001Ñ 

0,0001 

0,014Ñ 

0,0007 

0,091Ñ 

0,0045 

 

ʂʝʩʪʝ 22 ï ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʙʘʨ ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽʥʽש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ 
 

ʇʨʦʙʘ Ag, % Ba, % Co, % Cu, % Ni, % Pb, % As, % Fe, % Zn, % 

ɾʘʪץʘʥ ץʘʣʜʳץ 

ʪʘʨ ɾɹʌ ˉ1, 2 

0,0003Ñ 

1Ĭ10
-5
 

0,02 Ñ 

0,002 

1,2Ñ 

0,06 

0,19Ñ 

0,009 

0,01Ñ 

0,0005 

0,01Ñ 

0,0005 

0,01Ñ 

0,0005 

0,93Ñ 

0,045 

0,015Ñ 

0,0007 

ɸסʳʤʜʘסʳ 

 ʪʘʨץʘʣʜʳץ

ɾɹʌ ˉ1, 2 

0,0001Ñ 

1Ĭ10
-5
 

0,08Ñ 

0,002 

1,1Ñ 

0,05 

0,11Ñ 

0,0054 

0,02Ñ 

0,001 

0,01Ñ 

0,0005 

0,01Ñ 

0,0005 

0,50Ñ 

0,023 

0,009Ñ 

0,0004 

ɾʘʪץʘʥ ץʘʣʜʳץ 

ʪʘʨ ɾɹʌ ˉ3 

0,0004Ñ 

1Ĭ10
-5
 

0,074Ñ

0,002 

0,6Ñ 

0,03 

0,15Ñ 

0,007 

0,02Ñ 

0,001 

0,01Ñ 

0,0005 

0,01Ñ 

0,0005 

0,210Ñ

0,01 

0,024Ñ 

0,001 

ɸסʳʤʜʘסʳ 

 ɹʌפ

0,0003Ñ 

1Ĭ10
-5
 

0,180Ñ

0,011 

0,01Ñ 

0,0004 

0,22Ñ 

0,013 

0,01Ñ 

0,0006 

0,01Ñ 

0,0005 

0,01Ñ 

0,0005 

0,14Ñ 

0,008 

0,091Ñ 

0,004 

 

21, 22-ʢʝʩʪʝʜʝʥ ʙʽʟ ʘʣסʘʥ ɾɹʌ ˉ1, 2, 3 ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʳש 

ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ, ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʥ ץʦʩץʘʥʜʘ 
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ʤʝʪʘʣʜʘʨʜʳש ʰʳסʳʤʳ ʞʦסʘʨʳʣʘʡʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʄʳʩʧʝʥ ʙʽʨʛʝ ʙʘʩץʘ 

ʤʝʪʘʣʜʘʨ ʜʘ ʩʫʣʳ ʬʘʟʘסʘ ᴇʪʝʜʽ, ʦʣʘʨʜʳש ʙʽʨ ʙᴇʣʽʛʽ (Fe, Ni, Zn) ʤʳʩʪʳש 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʝʜʽ. 

 

ʂʝʩʪʝ 23 ï ɻʠʜʨʦʜʠʥʘʤʠʢʘʜʘʥ ʢʝʡʽʥʛʽ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩʪʳש ʰʳסʳʤʳ % 
 

   % ,ʳʤʳסʣʛʽ Cu ʝʨʽʪʽʥʜʽʛʝ ᴇʪʢʝʥ ʰʳת

ɾʘʪץʘʥ ץʘʣʜʳץʪʘʨ ɾɹʌ ˉ1, 2 89,75Ñ2,1 

ɸסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨ ɾɹʌ ˉ1, 2 89,3Ñ2,2 

ɾʘʪץʘʥ ץʘʣʜʳץʪʘʨ ɾɹʌ ˉ3 92,1Ñ2,0 

ɸסʳʤʜʘסʳ פɹʌ 87,3Ñ2,3 

 

23-ʢʝʩʪʝʜʝ ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʙʘʨ ʢװʢʽʨʪ ʞᴅʥʝ ʬʦʩʬʦʨ ץʳʰץʳʣʳʥʳש 

 ʳʣʳץʳ ʘʨסʦʥʜʳʨץ ץʜʝʫʽ ʙʘʨ ʟʝʨʪʭʘʥʘʣʳשʘʪʳʩʫʳʤʝʥ 30 ʤʠʥʫʪ ʙʦʡʳ ʕɻʀʈ ᴇץ

 ʧʘʡʳʟʳ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ שʦʡʳʨʪʧʘʥʳ ᴇʪʢʽʟʛʝʥʥʝʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩʪʳץ

ʢʝʣʪʽʨʽʣʛʝʥ. ʕɻʀʈ ʜʝʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩʪʳש ʞʘʣʧʳ ʰʳסʳʤʳʥʳש ʤʘʟʤײʥʳ 

ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʘʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ᴅʜʽʩʽʤʝʥ ʘʣʳʥʜʳ 

ʞᴅʥʝ ʨʘʩʪʘʣʜʳ. 

ʇʨʘʢʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ץʘʨʘסʘʥʜʘ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʢʝʥ ײץʥʜʳ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʪʦʣʳץ ʩʧʝʢʪʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʩʳʥʘʤʘʣʘʨ LAES-Matrix ʣʘʟʝʨʣʽʢ ʩʧʝʢʪʨʦʤʝʪʨʽʥʽש 

ʢᴇʤʝʛʽʤʝʥ ʪʘʣʜʘʥʜʳ. 30-ʩʫʨʝʪʪʝ ʙʫʣʘʥʫʜʘʥ ʢʝʡʽʥ ץʘʪʪʳ ʰᴇʛʽʥʜʽʣʝʨʜʽש 

ʜʘʡʳʥʜʘʣסʘʥ, ʢʝʧʪʽʨʽʣʛʝʥ ʞᴅʥʝ çʪʘʙʣʝʪʢʘʣʘʨסʘè ʙʘʩʳʣסʘʥ װʣʛʽʣʝʨʽʥʽש 

ʬʦʪʦʩʫʨʝʪʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʘʣʜʘʫʜʘʥ ʢʝʡʽʥ ʤʳʩʧʝʥ ʙʽʨʛʝ ʢʝʣʝʩʽ ʙʘʡʣʘʥʳʩʪʳ 

ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨ ʘʥʳץʪʘʣʜʳ: Ba, S, Fe, As, Ni, Co, ʦʣʘʨ 19-ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 30 ï ʊʘʙʣʝʪʢʘʣʘʨסʘ ʙʘʩʳʣסʘʥ ʩʫʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʰᴇʛʽʥʜʽʣʝʨʜʽװ שʣʛʽʣʝʨʽ 
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ʂʝʩʪʝ 24 ï ʍʠʤʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʞʘʨʪʳʣʘʡ ʩʘʥʜʳץ ʩʧʝʢʪʨʽ (PSA) 
 

ʄʝʪʘʣ 

ʜʘʨ, % 

 ʣʛʽ ʘʪʘʫʳת

ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨ 

ɾɹʌ ˉ1, 2 

ʘסʳʤʜʘסʳ ץʘʣ 

ʜʳץʪʘʨ ɾɹʌ ˉ1, 2 

ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨ 

ɾɹʌ ˉ3 

ʘסʳʤʜʘסʳ 

 ɹʌפ

ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ ʜʝʡʽʥ ʢʝʡʽʥ 

Ag 
0,0004Ñ0,

00005 

0,0001Ñ 

0,00001 

0,0001Ñ 

0,00001 

0,0001Ñ 

0,00001 

0,0004Ñ 

0,00002 

0,0001Ñ 

0,00002 
- - 

Ba 
0,092Ñ 

0,002 

0,066Ñ 

0,003 

0,081Ñ 

0,005 

0,071Ñ 

0,021 

0,074Ñ 

0,006 

0,053Ñ 

0,005 

0,550Ñ 

0,06 

0,550Ñ 

0,06 

Co 
1,2Ñ 

0,01 

1,1Ñ 

0,021 

1,3Ñ 

0,011 

0,6Ñ 

0,03 

1,3Ñ 

0,12 

1,0Ñ 

0,12 

0,04Ñ 

0,0045 

0,04Ñ 

0,0042 

Cu 
0,213Ñ 

0,003 

0,023Ñ 

0,011 

0,117Ñ 

0,012 

0,012Ñ 

0,0015 

0,179Ñ 

0,015 

0,014Ñ 

0,0012 

0,251Ñ 

0,028 

0,013Ñ 

0,0014 

Ni 
0,25Ñ 

0,013 

0,23Ñ 

0,021 

0,26Ñ 

0,002 

0,24Ñ 

0,03 

0,25Ñ 

0,021 

0,22Ñ 

0,024 

0,016Ñ 

0,001 

0,015Ñ 

0,0017 

Pb 
0,030Ñ 

0,001 

0,024Ñ 

0,002 

0,019Ñ 

0,001 

0,013Ñ 

0,001 

0,022Ñ 

0,002 

0,022Ñ 

0,0024 

0,01Ñ 

0,001 

0,01Ñ 

0,001 

As 
0,01Ñ 

0,001 

0,01Ñ 

0,001 

0,01Ñ 

0,001 

0,01Ñ 

0,002 

0,01Ñ 

0,001 

0,01Ñ 

0,001 

0,03Ñ 

0,001 

0,02Ñ 

0,002 

Fe 
2,8Ñ 

0,14 

1,86Ñ 

0,08 

1,51Ñ 

0,031 

0,240Ñ 

0,013 

2,53Ñ 

0,22 

1,01Ñ 

0,103 

0,430Ñ 

0,041 

0,28Ñ 

0,03 

Zn 
0,022Ñ 

0,001 

0,0021Ñ 

0,001 

0,013Ñ 

0,002 

0,001Ñ 

0,0002 

0,035Ñ 

0,003 

0,0021Ñ

0,0001 

0,13Ñ 

0,011 

0,03Ñ 

0,004 

 

24-ʢʝʩʪʝʜʝ ʤʳʩʪʘʥ ʙʘʩץʘ, ʤʳʨʳʰ, ץʦʨסʘʩʳʥ, ʢװʤʽʩ ʞᴅʥʝ ʪ.ʙ. ʦʣʘʨʜʳ ʘʣʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʘʩʘʫ װʰʽʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʪʳʥ ʭʠʤʠʷʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש 

ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʘʥʜʳץ ʪʘʣʜʘʫ ץʦʡʳʨʪʧʘץʪʘʥ ʘʣʳʥסʘʥ ʤʝʪʘʣʜʘʨʜʳש 

ʘʣʜʳʤʝʥ ʝʨʽʪʽʥʜʽʛʝ ʪװʩʝʪʽʥʽʥ, ʩʦʜʘʥ ʢʝʡʽʥ ʢʝʰʝʥʜʽ ʬʦʩʬʘʪʪʘʨ, ʩʫʣʴʬʘʪʪʘʨ 

ʪװʨʽʥʜʝ ʪײʥʙʘסʘ ʪװʨʽʥʜʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʬʪʦʨʠʜʪʝʨʤʝʥ ʞʘʨʪʳʣʘʡ ʢʦʤʧʣʝʢʩʪʝʨ 

ʪװʟʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ᴄʜʝʪʪʝ, ײץʨʘʤʳ ʪᴇʤʝʥ ʩײʨʳʧʪʳ ʞᴅʥʝ ʙʘʣʘʥʩʪʘʥ ʪʳʩ ʨʫʜʘʣʘʨʜʘʥ ʥʝʤʝʩʝ 

 ʽʥʝʥשʡʽʥʜʽ ʞᴅʥʝ ʞʝʨʘʩʪʳ ʰʘʡʤʘʣʘʫ ʢʝװ ʰʽʥװ ʪʘʨʜʘʥ ʤʳʩʪʳ ʘʣʫץʘʣʜʳץ

 ʡʽʥʜʽʥ ̔ʰʘʡʤʘʣʘʫʜʘ ʥʝʛʽʟʛʽ ʝʨʽʪʢʽʰʪʝʨ ʙʦʣʳʧ ʪʝʤʽʨ ʩʫʣʴʬʘʪʳת .ʦʣʜʘʥʳʣʘʜʳץ

ʞᴅʥʝ ʦʢʩʠʜʽʥʽש ʝʨʽʪʽʥʜʽʣʝʨʽ (ץʘʣʜʳץʪʘʨʜʘ ʕɼפ ʩʧʝʢʪʨʣʝʨʽʥʜʝ ʪʝʤʽʨʜʽש ʤᴇʣʰʝʨʽ 

ʢᴇʧ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ װʡʽʥʜʽʣʝʨʜʽ ʩʫʤʝʥ ʩʫʘʨʫ ʢʝʟʽʥʜʝ ʧʠʨʠʪʪʽש ʪʦʪʳסʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥʘʜʳ. ʄʳʩʪʳ ʪʝʤʽʨ ʩʳʥʳץʪʘʨʳʤʝʥ ʮʝʤʝʥʪʪʝʫ ʢʝʟʽʥʜʝ, ʩʫʘʨʫ ʩʫ 

ʞᴅʥʝ ʝʨʽʪʽʥʜʽʤʝʥ ץʦʩʘ ʨʝʪʽʤʝʥ ʞװʨʛʽʟʽʣʝʜʽ, ʤʳʩʪʳש ʰʳסʳʤʜʳʣʳסʳ ʰʘʤʘʤʝʥ 60-

 ʨʳʥ 18-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳײʨʘʡʜʳ. ɹײץ 70%

ʧʘʡʜʘʣʘʥסʘʥ ʢʝʟʜʝ ʤʳʩʪʳש ʰʳסʳʤʳ: ɾɹʌ ̄1, 2 ʞʘʪץʘʥ- 89,75%, ɾɹʌ ˉ1, 2 

ʘסʳʤʜʘסʳ ï 89,3%, ɾɹʌ ˉ3 ʞʘʪץʘʥ ï 92,1%, פɹʌ ʘסʳʤʜʘסʳ ï 87,3% ײץʨʘʜʳ. 

 

3.6 ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ ʢʝʡʽʥ װʣʛʽʣʝʨʜʽש ʨʝʥʪʛʝʥʜʽʢ 

ʜʠʬʨʘʢʮʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʽ 

 ʘʣʘʡץ שʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ ʤʝʪʘʣʜʘʨʜʳשʣʛʽʣʝʨʜʽ ʕɻʀʈ ᴇת

ʙᴇʣʽʥʝʪʽʥʽʥ ʪװʩʽʥʫ װʰʽʥ ײʥʪʘץʪʳ ʜʠʬʨʘʢʪʦʤʝʪʨʽʥʜʝ D8 Advance Eco, Brucker 

  .ʨʛʽʟʽʣʜʽװʟʝʨʪʪʝʫʣʝʨʽ ʞ ץʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳ שʘʪʪʳ ʬʘʟʘʣʘʨʜʳץ
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ʊװʩʽʨʫ ʨʝʞʠʤʽ ɹʨʘʛʛ-ɹʨʝʥʪʘʥʦ ʛʝʦʤʝʪʨʠʷʩʳ, ʙײʨʳʰʪʳץ ʜʠʘʧʘʟʦʥ 15-ʪʝʥ 

75Á-ץʘ ʜʝʡʽʥ, 0,03Á ץʘʜʘʤʤʝʥ, ʩʧʝʢʪʨʜʽ ʘʣʫ ʫʘץʳʪʳ 2 ʩʝʢ. ʈʝʥʪʛʝʥʜʽʢ ʛʝʥʝʨʘʮʠʷ 

ʪʦʣץʳʥ ײʟʳʥʜʳסʳ Cu-kɚ=1,5406 ¡ ʤʳʩ ʪװʪʽʢ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. DiffracEVA 

v.4.2 ʰʠʬʨʳʥ ʰʝʰʫ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʳ, PDF-2 ʩᴅʡʢʝʩ ʬʘʟʘʣʳץ ʽʟʜʝʫ 

ʜʝʨʝʢץʦʨʳ (2016). ʌʘʟʘʣʘʨʜʳש ʩʘʣʤʘץ ץʘʪʳʥʘʩʳ ʠʥʪʝʛʨʘʣʜʳץ ץʘʨץʳʥʜʳʣʳץ 

ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳװ שʣʝʩʪʝʨʽʥ ʙʘסʘʣʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʩʪʘʥʜʘʨʪʪʳ 

ʪʝשʜʝʫ (22) ʘʨץʳʣʳ ʙʘסʘʣʘʥʜʳ. 

 

,
admixture

phase

admixture

phaseRII

RI
V

+
=

                       

(22) 

 

ʤײʥʜʘ Iphase ï ʜʠʬʨʘʢʮʠʷ ʩʳʟʳסʳʥʳש ʥʝʛʽʟʛʽ ʬʘʟʘʩʳʥʳש ʦʨʪʘʰʘ ʠʥʪʝʛʨʘʣʜʳץ 

  ;ʳסʳʥʜʳʣʳץʘʨץ

Iadmixture ï ץʦʩʳʤʰʘ ʬʘʟʘʥʳש ʦʨʪʘʰʘ ʠʥʪʝʛʨʘʣʜʳץ ץʘʨץʳʥʜʳʣʳסʳ; 

R ï ײץʨʳʣʳʤʜʳץ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʣ 1,45-ʢʝ ʪʝש 

 

 
 

ʉʫʨʝʪ 31 ï ɾɹʌ ˉ1, 2 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʳש ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ (ʘ) ʞᴅʥʝ 

ʢʝʡʽʥʛʽ (b) ʨʝʥʪʛʝʥʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
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ʉʫʨʝʪ 32 ï ɾɹʌ ˉ1, 2 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʳש ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ (ʘ) 

ʞᴅʥʝ ʢʝʡʽʥʛʽ (b) ʨʝʥʪʛʝʥʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

 
 

ʉʫʨʝʪ 33 ï ɾɹʌ ˉ3 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʳש ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ (ʘ) ʞᴅʥʝ 

ʢʝʡʽʥʛʽ (b) ʨʝʥʪʛʝʥʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

31, 32, 33-ʩʫʨʝʪʪʝʨʜʝ ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʽש ɾɹʌ ˉ1, 2, 3 ʰʘʡʤʘʣʘʫסʘ 

ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʈʝʥʪʛʝʥ 

ʩᴅʫʣʝʣʝʨʽʥʽש ʜʠʬʨʘʢʮʠʷʩʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝװ שʣʢʝʥ ץʘʨץʳʥʜʳʣʳסʳ 

ʙʘʨ ʥʝʛʽʟʛʽ ʰʘסʳʣʳʩʫʣʘʨ ʢʨʝʤʥʠʡʽ ʙʘʨ ʥʝʤʝʩʝ ʩʠʣʠʢʘʪ ʞʳʥʳʩʪʘʨʳʥʳש 

ʢᴇʧʰʽʣʽʛʽʥʝ ʪᴅʥ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥʝ (SiO2 - ʢʚʘʨʮ) ʪᴅʥ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. Cu2S, 

CuFe2S3 ʞᴅʥʝ ZnS ʬʘʟʘʣʘʨʳʥʘ ʪᴅʥ ʜʠʬʨʘʢʮʠʷʣʳץ ʰʘסʳʣʳʩʫʣʘʨ ʜʘ 25, 26, 27-

ʢʝʩʪʝʣʝʨʜʝ ʘʥʳץʪʘʣסʘʥ. CaSiO3 ʬʘʟʘʣʘʨʳʥʘ ʪᴅʥ ʰʘסʳʣʳʩʫʣʘʨ ʘʥʳץʪʘʣʤʘʜʳ. 

ʌʘʟʘʣʳײץ ץʨʘʤʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʬʘʟʘʣʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʥʳץʪʘʫ (22) 

ʪʝשʜʝʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 
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ʂʝʩʪʝ 25 ï ɾɹʌ ˉ1, 2 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʳש ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ 

ʬʘʟʘʣʳײץ ץʨʘʤʳ (ʜʠʬʨʘʢʮʠʷʣʳץ ʰʘסʳʣʳʩʫʣʘʨ) 
 

ʌʘʟʘ 

ʨʳײפ

ʣʳʤ 

ʪװʨʽ 

ʂʨʠʩʪʘʣ ʜʳ 

ʪʦʨʜʳש ʧʘ 

ʨʘʤʝʪʨ ʣʝʨʽ 

ʌʘʟʘ 

ʣʳץ 

 ʨʘʤʳײץ

ʊװʡʽʨ 

ʰʽʢ 

ᴇʣʰʝʤʽ 

ʂʨʠʩʪʘʣʜʳ 

ʪʦʨʜʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʌʘʟʘʣʳץ 

 ʨʘʤʳײץ

ʊװʡʽʨ 

ʰʢ̔ 

ᴇʣʰʝʤʽ 

ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥ ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ 

SiO2 ï 

ʂʚʘʨʮ  

PDF-01-

079-1910 

ɻʝʢʩʘʛʦ

ʥʘʣʴʜʽ, 

P3121 

(151) 

a=4.89627 ¡, 

c=5.41391 ¡, 

V=112.40 ¡
3
 

69.1 ɹʘʨʣʳץ 

ʬʘʟʘʣʘ

ʨ װʰʽʥ 

ʪװʡʽʨʰ

ʽʢ 

ᴇʣʰʝʤʽ 

ʨʝʥʪʛʝ

ʥʜʽʢ 

ʜʠʬʨʘʢ

ʮʠʷʣʳץ 

ʪʘʣʜʘʫ 

ʜʝʨʝʢ 

ʪʝʨʽʥʝ 

ʩᴅʡʢʝʩ 

50-ʜʝʥ 

100 

ʥʤ-ʛʝ 

ʜʝʡʽʥ 

ᴇʟʛʝ 

ʨʝʜʽ 

a=4.88379 ¡, 

c=5.39586 ¡, 

V=111.46 ¡
3
 

28.3 ɹʘʨʣʳץ 

ʬʘʟʘʣʘʨ 

 ʰʽʥװ

ʪװʡʽʨʰʽʢ 

ᴇʣʰʝʤʽ 

ʨʝʥʪʛʝʥ 

ʜʽʢ 

ʜʠʬʨʘʢ 

ʮʠʷʣʳץ 

ʪʘʣʜʘʫ 

ʜʝʨʝʢʪʝ 

ʨʽʥʝ 

ʩᴅʡʢʝʩ 

50-ʜʝʥ 

100 ʥʤ-

ʛʝ ʜʝʡʽʥ 

ᴇʟʛʝʨʝʜʽ 

Pb2SO4O ï 

ʃʘʥʘʨʢʠʪ 

PDF-00-

037-0516 

ʄʦʥʦʢ

ʣʠʥʜʽ, 

C2/m 

(12) 

a=13.75010 ¡, 

b=5.68348 ¡, 

c=7.10537 ¡, 

ɓ=116.105Á, 

V=498.63 ¡
3
 

10.3 a=13.68270 ¡, 

b=5.70242¡, 

c=7.11791 ¡, 

ɓ=115.9Á, 

V=499.59 ¡
3
 

17.8 

FeS2 ï 

ʇʠʨʠʪ  

PDF-00-

042-1340 

ʊʝʢʰʝ, 

Pa-3 

(205) 

a=5.39879 ¡, 

V=157.36 ¡
3 

0.9 a=5.40408 ¡, 

V=157.82 ¡
3 

6.4 

CaAl2Si2O8 

ï ɸʥʦʨʪʠʪ  

PDF-00-

041-1486 

ʊʨʠʢʣʠ

ʥʜʽ, 

P-1(2) 

a=8.19003 ¡, 

b=12.89472 ¡, 

c=14.19660 ¡, 

Ŭ=92.935Á, 

ɓ=116.252Á, 

ɔ=91.002Á, 

V=1341.53 ¡
3
  

10.8 a=8.17879 ¡, 

b=12.92253 ¡, 

c=14.14928 ¡, 

Ŭ=93.099Á, 

ɓ=116.001Á, 

ɔ=91.127Á, 

V=1340.55 ¡
3
  

9.3 

CaCu 

(Si4O10) ï 

ʂʫʧʨʦʨʠ 

ʚʘʠʪ,  

PDF-01-

081-1238 

ʊʝʪʨʘʛʦ

ʥʘʣʴʜʽ, 

P4/ncc 

(130) 

a=7.32318 ¡, 

c=15.16293 ¡, 

V=813.17 ¡
3
 
 

8.9 a=7.30164 ¡, 

c=15.20158 ¡, 

V=810.46 ¡
3
 
 

38.2 

 

ʂʝʩʪʝ 26 ï ɾɹʌ ˉ1, 2 ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʳʥʳש ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ 

ʢʝʡʽʥʛʽ ʬʘʟʘʣʳײץ ץʨʘʤʳ (ʜʠʬʨʘʢʮʠʷʣʳץ ʰʘסʳʣʳʩʫʣʘʨ) 
 

ʌʘʟʘ 
 ʨʳʣʳʤײפ

ʪװʨʽ 

ʂʨʠʩʪʘʣ ʜʳ 

ʪʦʨʜʳש 

ʧʘʨʘʤʝʪʨʣʝ

ʨ ̔

ʌʘʟʘ 

ʣʳץ 

 ʨʘײץ

ʤ  r

ʊװʡʽʨ 

ʰʽʢ 

ᴇʣʰʝʤʽ 

ʂʨʠʩʪʘʣʜʳ 

ʪʦʨʜʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽ 

ʌʘʟʘʣʳץ 

 ʨʘʤʳײץ

ʊװʡʽʨ

ʰʽʢ 

ᴇʣʰʝ

ʤ ̔

ʐʘʡʤʘʣʘʫ סʘ ʜʝʡʽʥ  ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ 

1 2 3 4 

SiO2 ï 

ʂʚʘʨʮ 

PDF-01-

079-

1910 

ɻʝʢʩʘʛʦʥʘ

ʣʴʜʽ, 

P3121(151) 

a=4.87134 ¡, 

c=5.41808 ¡, 

V=111.35 ¡
3
 

67.5 ɹʘʨʣʳץ 

ʬʘʟʘʣʘʨ 

 ʰʽʥװ

ʪװʡʽʨ 

ʰʽʢ 

ᴇʣʰʝʤʽ 

ʨʝʥʪʛʝʥ 

a=4.90095 ¡, 

c=5.40852 ¡, 

V=112.50 ¡
3
 

24.2 ɹʘʨ 

ʣʳץ 

ʬʘʟʘʣʘ

ʨ װʰʽʥ 

ʪװʡʽʨ 

ʰʽʢ ᴇʣ 

ʰʝʤʽ 
FeS2 ï 

ʇʠʨʠʪ  

ʊʝʢʰʝ, 

Pa-3(205) 

a=5.37759 ¡, 

V=155.51 ¡
3
 

1.1 a=5.40406 ¡, 

V=157.99 ¡
3
 

7.8 
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26-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 
 

1 2 3 4 

PDF-

00-042-

1340 

   ʜʽʢ 

ʜʠʬʨʘʢ

ʮʠʷʣʳץ 

ʪʘʣʜʘʫ 

ʜʝʨʝʢʪʝ

ʨʽʥʝ 

ʩᴅʡʢʝʩ 

50-ʜʝʥ 

100 ʥʤ-

ʛʝ ʜʝʡʽʥ 

ᴇʟʛʝʨʝʜ

.̔ 

  ʨʝʥʪʛʝ

ʥʜʽʢ 

ʜʠʬʨʘ

ʢʮʠʷʣ

ʳץ 

ʪʘʣʜʘʫ 

ʜʝʨʝʢʪ

ʝʨʽʥʝ 

ʩᴅʡʢʝʩ 

50-ʜʝʥ 

100 

ʥʤ-ʛʝ 

ʜʝʡʽʥ 

ᴇʟʛʝʨʝ

ʜ ̔

CaAl2Si2
O8 ï 

ɸʥʦʨʪʠʪ  

PDF-

00-041-

1486 

ʊʨʠʢʣʠʥʜ

,̔  P-1(2) 

a=8.21247 ¡, 

b=12.97574 ¡, 

c=14.07992 ¡, 

Ŭ=93.299Á, 

ɓ=115.751Á, 

ɔ=91.395Á, 

V=1347.12 ¡
3
 
 

23.0 a=8.20764 ¡, 

b=13.00373 ¡, 

c=14.04955 ¡, 

Ŭ=93.720Á, 

ɓ=115.411Á, 

ɔ=91.592Á, 

V=1349.01 ¡
3
 
 

26.8 

CaCu(S

i4O10) ï 

ʂʫʧʨʦʨ

ʠʚʘʠʪ, 

PDF-

01-081-

1238 

ʊʝʪʨʘʛʦʥʘ

ʣʴʜʽ, 

P4/ncc(13

0) 

a=7.32312 ¡, 

c=15.16283 ¡, 

V=813.15 ¡
3
  

8.4 a=7.33891 ¡, 

c=15.18364 ¡, 

V=817.78 ¡
3
  

41.2 

 

ʂʝʩʪʝ 27 ï ɾɹʌ ˉ3 ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʳʥʳש ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ 

ʬʘʟʘʣʳײץ ץʨʘʤʳ (ʜʠʬʨʘʢʮʠʷʣʳץ ʰʘסʳʣʳʩʫʣʘʨ) 
 

 ʨʳײפ

ʣʳʤ 

ʪװʨʽ 

ʂʨʠʩʪʘʣ

ʜʳ 

ʪʦʨʜʳש 

ʧʘʨʘʤʝ 

ʪʨʣʝʨʽ 

ʌʘʟʘʣʳץ 

 ʨʘʤʳײץ

ʊװʡʽʨ 

ʰʽʢ 

ᴇʣʰʝʤʽ 

ʂʨʠʩʪʘʣ

ʜʳ 

ʪʦʨʜʳש 

ʧʘʨʘʤʝ 

ʪʨʣʝʨʽ 

ʌʘʟʘʣʳץ 

 ʨʘʤʳײץ

ʊװʡʽʨ 

ʰʽʢ 

ᴇʣʰʝʤʽ 

 ʨʳײפ

ʣʳʤ 

ʪװʨʽ 

ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥ  ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ 

SiO2 ï 

ʂʚʘʨʮ 

PDF-01-

079-1910 

ɻʝʢʩʘʛʦʥ

ʘʣʴʜʽ, 

P3121 

(151) 

a=4.89627 ¡, 

c=5.39059 ¡, 

V=111.92 ¡
3
 

83.7 ʈʘʟʤʝʨ 

ʟʝʨʝʥ 

ʜʣʷ ʚʩʝʭ 

ʬʘʟ 

ʚʘʨʴʠʨ 

ʫʝʪʩʷ ʦʪ 

50 ʜʦ 

100 ʥʤ 

ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦ

ʩʪʨʫʢʪʫʨ

ʥʦʛʦ 

ʘʥʘʣʠʟʘ 

a=4.85883 ¡, 

c=5.37473 ¡, 

V=109.89 ¡
3
 

69.4 ʈʘʟʤʝʨ 

ʟʝʨʝʥ 

ʜʣʷ ʚʩʝʭ 

ʬʘʟ 

ʚʘʨʴʠʨʫ

ʝʪʩʷ ʦʪ 

50 ʜʦ 

100 ʥʤ 

ʩʦʛʣʘʩʥ

ʦ 

ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥ

ʦʩʪʨʫʢʪ

ʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ 

FeS2 ï 

ʇʠʨʠʪ 

PDF-00-

042-

1340 

ʊʝʢʰʝ, 

Pa-

3(205) 

a=5.40924 ¡, 

V=158.27 ¡
3
 

0.9 a=5.41030 ¡, 

V=158.37¡
3
 

6.8 

Ca2Si ï 

ʂʘʣʴʮʠʡ 

ʩʠʣʠʮʠʜ,̔ 

PDF-01-

076-2729 

ʆʨʪʦʨʦʤ

ʙʘʣʳץ 

Pnma 

(62) 

a=7.67140 ¡, 

b=4.80701 ¡, 

c=9.07076 ¡, 

V=334.50 ¡
3 

9.9 a=7.65185 ¡, 

b=4.81738 ¡, 

c=9.03341 ¡, 

V=332.99 ¡
3 

13.0 

CaSiO3 ï 

ɺʦʣʣʘʩ 

ʪʦʥʠʪ, 

PDF-00-

042-

0550 

ʊʨʠʢʣʠʥ

ʜ ̔C-1(2) 

a=10.09520 ¡, 

b=11.09822 ¡, 

c=7.28763 ¡, 

Ŭ=99.803Á, 

ɓ=100.214Á, 

ɔ=83.217Á, 

V=788.56 ¡
3
 

5.5 a=10.12093 ¡, 

b=11.05687 ¡, 

c=7.31478 ¡, 

Ŭ=99.979Á, 

ɓ=99.998Á, 

ɔ=83.364Á, 

V=790.85 ¡
3
 

10.8 
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ɸ ï ɾɹʌ ̄1,2 ʞʘʪץʘʥ; ɹ ï ɾɹʌ ̄1, 2 ʘסʳʤʜʘסʳ; ɺ ï ɾɹʌ ̄3 ʞʘʪץʘʥ 

 

ʉʫʨʝʪ 34 ï ʐʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ װʣʛʽʣʝʨʜʽש ʬʘʟʘʣʳײץ ץʨʘʤʳʥʳש 

ᴇʟʛʝʨʫ ʥᴅʪʠʞʝʣʝʨʽ  

 

34-ʩʫʨʝʪʪʝ ʘhʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ װʣʛʽʣʝʨʜʽש ʬʘʟʘʣʳץ 

 ʜʝʫשᴇʟʛʝʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʤʝʥ ᴇ שʨʘʤʳʥʳײץ

ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʣʝʨ SiO2 ʩʠʣʠʢʘʪʪʘʨʳʥʳש ʽʰʽʥʘʨʘ ʞʦʡʳʣסʘʥʳʥ 

ʞᴅʥʝ ʦʣʘʨʜʘ ʙʦʣʘʪʳʥ ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽʥʽש ʙᴇʣʽʥʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ 

ʰʳשʜʘʨʜʳש ʙʠʽʢʪʽʛʽʥʝ ʞʘץʩʳ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʕɻʀʈ ᴇשʜʝʫʜʝʥ 

ʢʝʡʽʥ ʩʦʣ ʪʘʟʘ ץʦʩʧʘʣʘʨʜʳ0,08 ש<d<0,16 ʩʧʝʢʪʨʣʝʨʽʥʜʝ ʤʝʪʘʣʜʘʨ ʤᴇʣʰʝʨʽʥʽש 

ʘʟʘʷʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ױʩʳʥʳʣסʘʥ ʜʠʘʛʨʘʤʤʘʣʘʨʜʘʥ (24-ʩʫʨʝʪ) ʢᴇʨʽʥʽʧ 

ʪײʨסʘʥʜʘʡ, ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ʢʝʧʪʽʨʽʣʛʝʥ ʰᴇʛʽʥʜʽʜʝ ʟʝʨʪʪʝʣʛʝʥ ɾɹʌ ̄1,2 

ʞʘʪץʘʥ (A) SiO2-ʛʝ ʪᴅʥ ʬʘʟʘʣʘʨ ײץʨʘʤʳʥʳ94% ש-ʜʘʥ 50%-סʘ ʜʝʡʽʥ, Cu2S 30%-

ʜʘʥ ʘʟʘʶʳ ʙʘʡץʘʣʘʜʳ. 5%-סʘ ʜʝʡʽʥ ʞᴅʥʝ CuFe2S 5,1%-ʜʘʥ 0,3%-סʘ ʜʝʡʽʥ. ZnS 

18,7%-ʜʘʥ 4,1%-סʘ ʜʝʡʽʥ. ɾɹʌ ̄1,2 ʞʘʪץʘʥ (A) SiO2-ʛʝ ʪᴅʥ ʬʘʟʘʣʘʨ 

 ʘס-ʘʣʘʜʳ. 5%ץʘ ʜʝʡʽʥ, Cu2S 30%-ʜʘʥ ʘʟʘʶʳ ʙʘʡס-ʜʘʥ 50%-94% שʨʘʤʳʥʳײץ

ʜʝʡʽʥ ʞᴅʥʝ CuFe2S 5,1%-ʜʘʥ 0,3%-סʘ ʜʝʡʽʥ. ZnS 18,7%-ʜʘʥ 4,1%-סʘ ʜʝʡʽʥ. 

ɼʠʘʛʨʘʤʤʘʜʘ ʩʽʣʪʽʣʝʫʜʝʥ ʢʝʡʽʥ ʰᴇʛʽʥʜʽʜʝʛʽ ʤʝʪʘʣʜʘʨ ʤᴇʣʰʝʨʽʥʽש ʪᴇʤʝʥʜʝʫʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ, ʙײʣ ʦʣʘʨʜʳש ʝʨʽʪʽʥʜʽʛʝ ᴇʪʫʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ 28-ʢʝʩʪʝʜʝ 

ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥ ʞᴅʥʝ ʢʝʡʽʥ פɹʌ װʣʛʽʩʽʥʝ ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʽʣʜʽ. 
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ʂʝʩʪʝ 28 ï פɹʌ ץʘʣʜʳץʪʘʨʳʥ ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʬʘʟʘʣʳײץ ץʨʘʤʳ 

(ʜʠʬʨʘʢʮʠʷʣʳץ ʰʘסʳʣʳʩʫʣʘʨ) 
 

 ʨʳײפ

ʣʳʤ ʪװʨʽ 

ʂʨʠʩʪʘʣ 

ʜʳ ʪʦʨʜʳש 

ʧʘʨʘ 

ʤʝʪʨʣʝʨʽ 

ʌʘʟʘʣʳץ 

 ʨʘʤʳײץ

ʊװʡʽʨ 

ʰʽʢ 

ᴇʣʰʝʤʽ 

ʂʨʠʩʪʘʣ

ʜʳ ʪʦʨ 

ʜʳש ʧʘ 

ʨʘʤʝʪʨ 

ʣʝʨʽ 

ʌʘʟʘʣʳץ 

 ʨʘʤʳײץ

ʊװʡʽʨʰʽʢ 

ᴇʣʰʝʤʽ 

 ʨʳײפ

ʣʳʤ 

ʪװʨʽ 

ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥ  ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ 

SiO2 ï 

ʂʚʘʨʮ 

PDF-01-

079-1910 

ɻʝʢʩʘʛʦʥʘʣ

ʴʜʽ, 

P3121(151) 

a=4.8938 ¡, 

c=5.3922 ¡, 

V=111.84 ¡
3
 

78.0% ɹʘʨʣʳץ 

ʬʘʟʘʣʘʨ 

 ʰʽʥװ

ʪװʡʽʨʰʽ

ʢ 

ᴇʣʰʝʤʽ 

ʨʝʥʪʛʝʥ

ʜʽʢ 

ʜʠʬʨʘʢ

ʮʠʷʣʳץ 

ʪʘʣʜʘʫ 

ʜʝʨʝʢʪʝ

ʨʽʥʝ 

ʩᴅʡʢʝʩ 

50-ʜʝʥ 

80 ʥʤ-

ʛʝ ʜʝʡʽʥ 

ᴇʟʛʝʨʝʜʽ 

a=4.88513 ¡, 

c=5.37002 ¡, 

V=110.98 ¡
3
 

72.5 % ɹʘʨʣʳץ 

ʬʘʟʘʣʘ

ʨ װʰʽʥ 

ʪװʡʽʨʰ

ʽʢ 

ᴇʣʰʝʤʽ 

ʨʝʥʪʛʝ

ʥʜʽʢ 

ʜʠʬʨʘʢ

ʮʠʷʣʳץ 

ʪʘʣʜʘʫ 

ʜʝʨʝʢʪ

ʝʨʽʥʝ 

ʩᴅʡʢʝʩ 

30-ʜʝʥ 

50 ʥʤ-

ʛʝ 

ʜʝʡʽʥ 

ᴇʟʛʝ 

ʨʝʜʽ 

FeS2 ï 

ʇʠʨʠʪ 

PDF-00-

042-1340 

ʊʝʢʰʝ,  

Pa-3(205) 

a=5.41259 ¡, 

V=158.57 ¡
3
 

6.7% a=5.39879 ¡, 

V=157.36 ¡
3
 

5.2 % 

CaSiO3 ï 

ɺʦʣʣʘʩʪ

ʦʥʠʪ 

PDF-01-

084-0654  

ʊʨʠʢʣʠʥʜʽ, 

P-1(2) 

A=7.91803 ¡, 

b=7.31876 ¡, 

c=7.04729 ¡, 

Ŭ=90.037Á, 

ɓ=95.141Á, 

ɔ=103.343Á,  

V=395.67 ¡
3 

5.0 A=7.92890 ¡, 

b=7.33742 ¡, 

c=7.06802 ¡, 

Ŭ=90.161Á, 

ɓ=95.346Á, 

ɔ=103.485Á,  

V=398.14 ¡
3 

9.6 

CaAl4O7 

ï 

ɻʨʦʩʩʠʪ, 

PDF-01-

072-0767 

ʄʦʥʦʢʣʠʥ

ʜ,̔ 

C2/c(15) 

a=12.88142 

¡, b=8.86835 

¡, c=5.43566 

¡, V=584.87 

¡
3
 

2.9 a=12.89405 ¡, 

b=8.90834 ¡, 

c=5.41967 ¡, 

V=597.73 ¡
3
 

4.8 

Pb8.48Al 8

O20.4 ï 

ɸʣʶʤʠʥ

ʠʡ ʞᴅʥʝ 

 ʘסʦʨץ

ʩʳʥ 

ʦʢʩʠʜʽ 

PDF ï 

01-077-

4117 

ʊʝʢʰʝ,  

Pa-3(205) 

a=13.23361 

¡,  

V=2317.58 ¡
3 

3.5 a=13.24658 ¡,  

V=2324.40 ¡
3 

4.7 

Al 2O3  

ɸʣʶʤʠʥ

ʠʡ 

ʦʢʩʠʜʽ 

PDF-01-

076-3264 

ʊʨʠʢʣʠʥʜʽ, 

P1(1) 

a=3.39223, 

b=2.78458, 

c=7.10811, 

Ŭ=89.735Á, 

ɓ=90.265Á, 

ɔ=90.159Á, 

V=67.14 ¡
3
 

3.9 a=3.39023, 

b=2.78185, 

c=7.09278, 

Ŭ=89.542Á, 

ɓ=90.247Á, 

ɔ=89.929Á, 

V=66.89 ¡
3
 

3.2 

 

35-ʩʫʨʝʪʪʝ ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʽש 

ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʩʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʣʳʥסʘʥ ʜʠʬʨʘʢʮʠʷʣʳץ 

 ,ʪʘʣʜʘʫʳʥʘ ʩᴅʡʢʝʩ 2ɗ = 20,9, 27,4, 37,2, 39,2, 50,5 ץʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳ שʣʛʽʣʝʨʜʽװ

60,3, 68,2, 68,7Á ʝץ שʘʨץʳʥʜʳ ʰʘסʳʣʳʩʫ ʢʨʝʤʥʠʡ ץʦʩʪʦʪʳסʳʥʳש ʥʝʤʝʩʝ ʩʠʣʠʢʘʪ 
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ʞʳʥʳʩʪʘʨʳ ײץʨʳʣʳʤʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. FeS2 (ʇʠʨʠʪ), CaSiO3 (ɺʦʣʣʘʩʪʦʥʠʪ), 

Cu2S (ʍʘʣʴʢʦʟʠʥ) ʬʘʟʘʣʘʨʳʥʘ ʪᴅʥ ʨʝʬʣʝʢʩʪʝʨ ʜʝ ʙʘʡץʘʣʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, 

ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ פɹʌ װʣʛʽʣʝʨʽ װʰʽʥ ʞʘשʘ ʰʘסʳʣʳʩʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳ 

ʙʘʡץʘʣʤʘʜʳ, ʙײʣ װʣʛʽʛʝ ʞװʨʛʽʟʽʣʛʝʥ ᴅʩʝʨʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫ 

ʧʨʦʮʝʩʪʝʨʽʥʽש ʞʦץʪʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ʐʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥʛʽ פɹʌ װʣʛʽʩʽ װʰʽʥ 

ʥʝʛʽʟʛʽ ᴇʟʛʝʨʽʩʪʝʨ ʰʘסʳʣʳʩʫ ץʘʨץʳʥʜʳʣʳסʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʙײʣ 

ʬʘʟʘʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ᴇʟʛʝʨʫ ʧʨʦʮʝʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ (35-ʩʫʨʝʪʪʝʛʽ (1) 

 שʢᴇʨʽʥʽʩʽ. ʦʣʘʨʜʳ שʳ ʬʘʟʘʣʘʨʳʥʳסʦʩʧʘʣʘʨʜʘץ ץʳʟ), ʩʦʥʜʘʡ-ʘשʘʨʘץ ʦʩʳʤʰʘʥʳץ

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ᴇʟʛʝʨʫ ʥʳʩʘʥʳ 36-ʩʫʨʝʪʪʝʛʽ ʜʠʘʛʨʘʤʤʘʜʘ ʢʝʣʪʽʨʽʣʛʝʥ 

ʥᴅʪʠʞʝʣʝʨʜʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʌʘʟʘʣʳײץ ץʨʘʤʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʬʘʟʘʣʘʨʜʳש 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʘʥʳץʪʘʫ (22) ʪʝשʜʝʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ.  

 

 
 

ʉʫʨʝʪ 35 ï פɹʌ װʣʛʽʣʝʨʽʥ ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ (ʘ) ʞᴅʥʝ ʢʝʡʽʥʛʽ (b) ʨʝʥʪʛʝʥʜʽʢ 

ʜʠʬʨʘʢʮʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

 
 

ʉʫʨʝʪ 36 ï ʐʘʡʤʘʣʘʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ פɹʌ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥʽש ʬʘʟʘʣʳץ 

 ᴇʟʛʝʨʫ ʥᴅʪʠʞʝʣʝʨʽ שʨʘʤʳʥʳײץ

 

 ʘʥʜʘʡ, ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ʬʘʟʘʣʘʨסʨײʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʝʥ ʢᴇʨʽʥʽʧ ʪסʩʳʥʳʣױ

 ʘס-ʘ ʜʝʡʽʥ ʞᴅʥʝ Cu2S 10,9%-ʜʘʥ 4,1%ס-ʨʘʤʳʥʘ ʪᴅʥ FeS2-ʛʝ 5,9%-ʜʘʥ 4,4%ײץ

ʜʝʡʽʥ ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʘʜʳ. ɼʠʘʛʨʘʤʤʘʜʘ ʰʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ʰᴇʛʽʥʜʽʜʝʛʽ 
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ʤʝʪʘʣʜʘʨ ʤᴇʣʰʝʨʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ʙײʣ ʦʣʘʨʜʳש ʝʨʽʪʽʥʜʽʛʝ ᴇʪʫʽʥ 

ʩʠʧʘʪʪʘʡʜʳ.  

 

3.7 ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʳש ʢᴇʤʝʛʽʤʝʥ 

 ʨʳʣʳʤʳʥ ᴇʟʛʝʨʫ ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʫײץ שʪʘʨʜʳץʘʣʜʳץ

ʐᴇʛʽʥʜʽʜʝʛʽ ʞץײʘ ʩʠʣʠʢʘʪʪʘʨʜʳש ʞʦʡʳʣʫʳʥʳש ʪʦʣʳץʪʳסʳʥ ʪʝʢʩʝʨʫ װʰʽʥ 

37-ʩʫʨʝʪʪʝʛʽ TESCAN MIRA ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʳש (SEM) 

ʢᴇʤʝʛʽʤʝʥ ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥʽש 

ʬʦʪʦʩʫʨʝʪʪʝʨʽ ʘʣʳʥʜʳ [184, ʨ. 128-136]. 

 

          
ʘ                                                                                       ᴅ 

             
ʙ                                                                                        ʚ 

 

ʘ ï ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥʛʽ ɾɹʌ ˉ1, 2 ʘסʳʤʜʘסʳ ץʘʣʜʳץ; ᴅ ï ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ 

ɾɹʌ ˉ1, 2 ʘסʳʤʜʘסʳ ץʘʣʜʳץ; ʙ ï ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥʛʽ ɾɹʌ ˉ1, 2 ʞʘʪץʘʥ ץʘʣʜʳץ; ʚ ï 

ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ɾɹʌ ˉ1, 2 ʞʘʪץʘʥ ץʘʣʜʳץ 

  

ʉʫʨʝʪ 37 ï פʘʣʜʳװ ץʣʛʽʣʝʨʽʥʽש ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʩʳ (ᴇשʜʝʫʜʝʥ ʙײʨʳʥ ʞᴅʥʝ 

ʢʝʡʽʥʛʽ), ʧʘʨʘ1 ץ 
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ʛ                                ס 

         
ʜ      ʝ 

 

ʛ ï ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʙײʨʳʥ ɾɹʌ ˉ3; ס ï ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ɾɹʌ ˉ3; ʜ ï ʕɻʀʈ 

ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ פɹʌ; ʝ ï ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ פɹʌ  
  

ʉʫʨʝʪ 37, ʧʘʨʘ2 ץ 

 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷʜʘסʳ ʢʚʘʨʮ ʢʨʠʩʪʘʣʜʘʨʳʥʜʘ ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ 

ʦʜʘʥ ʢʝʡʽʥʛʽ ץʘʣʜʳװ ץʣʛʽʣʝʨʽ ʘʨʘʩʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʙʦʣʜʳ. 

ɹʘʨʣʳײ ץʩʘץ ʙᴇʣʰʝʢʪʝʨ ʳʜʳʨʘʧ, ʙʘʨʣʳץ ʪʘʣʰʳץʪʳ ʪװʟʽʣʽʤʜʝʨ ʞʦʡʳʣʜʳ, 

ʙᴇʣʰʝʢʪʝʨʜʽש ʙʽʨ-ʙʽʨʽʥʝ ʞʘʙʳʩʫʳ ʙʦʣʤʘʜʳ, ʥʝʛʽʟʽʥʝʥ װʣʢʝʥʽʨʝʢ ʢʚʘʨʮ 

ʢʨʠʩʪʘʣʜʘʨʳ ץʘʣʜʳ, ײʩʘץ ʙᴇʣʰʝʢʪʝʨ ʝʨʽʜʽ ʞᴅʥʝ ʦʣʘʨʤʝʥ ʙʽʨʛʝ ʤʠʥʝʨʘʣʜʘʨʜʳש 

ʙʘʩץʘ ʪװʨʣʝʨʽ ʝʨʽʪʽʥʜʽʛʝ ʢʝʪʪʽ. 

 

 ʩʧʝʢʪʨʣʽʢ ʕɼʉ ץʨʝʥʪʛʝʥʜʽʢ ʵʥʝʨʛʠʷ ʜʠʩʧʝʨʩʠʘʣʜʳ שʣʛʽʣʝʨʜʽת 3.8

ʪʘʣʜʘʫʳ 

ʐᴇʛʽʥʜʽʣʝʨʜʽײץ שʨʘʤʳʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ʵʣʝʢʪʨʦʥʜʳ ʟʦʥʜ 

ʨʝʥʪʛʝʥʜʽʢ ʤʠʢʨʦʘʥʘʣʠʟ (ʈʉʄɸ). ɹʽʟʜʽש ʞײʤʳʩʳʤʳʟ ʟʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳʜʘ 

ʘʣʳʥסʘʥ ʰᴇʛʽʥʜʽʣʝʨʜʽ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʳʥʜʘ JXA8200 (JEOL, ɾʘʧʦʥʠʷ) 
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ʨʝʥʪʛʝʥʜʽʢ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʥʽש ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ 

  .ʩʳʥʘʜʳײ

ʌʘʟʘʣʳײץ ץʨʘʤ ʜʝʨʝʢʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ɾɹʌ ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʳש 

 ʟʝʨʪʪʝʣʛʝʥ שʣʛʽʣʝʨʜʽת .ʰʳʨʘʜʳײ ʣʛʽʣʝʨʽ ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʣʽʢ ʕɼʉ ʪʘʣʜʘʫʳʥʘװ

ʘʡʤʘץʪʘʨʳʥʳש ʕɻʀʈ ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʜʠʩʧʝʨʩʠʷʣʳץ 

ʩʧʝʢʪʨʣʝʨʽʥʜʝ 38-ʩʫʨʝʪʪʝ 13 ʵʣʝʤʝʥʪ (Cu, Fe, Si, Al, Mn, Cr, Mg, Ca, Ba, O, Na, 

K, S) ʪʽʨʢʝʣʜʽ. 

 

 
 

ʉʫʨʝʪ 38 ï ʕɻʀʈ ʜʝʡʽʥ ɾɹʌ ˉ1.2 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ 

ʩʧʝʢʪʨʣʽʢ ʕɼʉ ʪʘʣʜʘʫʳ 

 

ʉʧʝʢʪʨʣʝʨʜʽ ʪʘʣʜʘסʘʥʥʘʥ ʢʝʡʽʥ ʢʨʝʤʥʠʡʜʽש, ʦʪʪʝʛʽʥʽש ʞᴅʥʝ ʘʣʶʤʠʥʠʡʜʽש 

 ʘʥ ʵʣʝʤʝʥʪʪʝʨ ʘʟ ʤᴇʣʰʝʨʜʝסʘʣפ .ʘʣʜʳץʙʦʣʫʳ ʙʘʡ שʪʘʨʳʥʳץʩʳʟʳ ץʳʥʜʳʣʳץʘʨץ

ʙʦʣʘʜʳ (39-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 39 ï ʕɻʀʈ ʢʝʡʽʥ ɾɹʌ ˉ1.2 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʣʽʢ 

ʕɼʉ ʪʘʣʜʘʫʳ 

 

ʕɻʀʈ סʘ ʜʝʡʽʥ ʩʧʝʢʪʨ (40-ʩʫʨʝʪ) ʢװʢʽʨʪ, ʦʪʪʝʛʽ, ʤʘʛʥʠʡ, ʪʝʤʽʨ ʞᴅʥʝ ʤʳʩ, 

ʤʳʨʳʰ ʵʣʝʤʝʥʪʝʨʽʥʽש ʩʧʝʢʪʨʣʽʢ ʩʳʟʳץʪʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ; 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʘʩץʘʜʘ ʵʣʝʤʝʥʪʪʝʨʜʽש ʘʟ ʢᴇʨʰʝʪʢʽʰʪʝʨʽ ʙʘʨ ʝʢʝʥʜʽʛʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 40 ï ʕɻʀʈ ʜʝʡʽʥ ɾɹʌ ˉ1.2 ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ 

ʩʧʝʢʪʨʣʽʢ ʕɼʉ ʪʘʣʜʘʫʳ 

 

ʕɻʀʈ ʜʝʥ ʢʝʡʽʥʛʽ ʩʧʝʢʪʨʜʝ (41-ʩʫʨʝʪ) ʢʨʝʤʥʠʡ, ʘʣʶʤʠʥʠʡ, ʦʪʪʝʛʽ, 

ʩʳʟʳץʪʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʙʝʡʥʝʣʝʥʛʝʥ, ʘʣ ץʘʣסʘʥ ʵʣʝʤʝʥʪʪʝʨ ʘʟ. 

 

 
 

ʉʫʨʝʪ 41 ï ʕɻʀʈ ʢʝʡʽʥ ɾɹʌ ˉ1.2 ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ 

ʩʧʝʢʪʨʣʽʢ ʕɼʉ ʪʘʣʜʘʫʳ 

 

 
 

ʉʫʨʝʪ 42 ï ʕɻʀʈ סʘ ʜʝʡʽʥ ɾɹʌ ˉ3 ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ 

ʩʧʝʢʪʨʣʽʢ ʕɼʉ ʪʘʣʜʘʫʳ 
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ʕɻʀʈ-ʛʝ ʜʝʡʽʥʛʽ ʩʧʝʢʪʨʜʝ (42-ʩʫʨʝʪ) ʤʳʩ, ʢᴇʤʽʨʪʝʢ, ʦʪʪʝʛʽ ʞᴅʥʝ ʢװʢʽʨʪ 

ʩʳʟʳץʪʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 43 ï ʕɻʀʈ ʜʘʥ ʢʝʡʽʥ ɾɹʌ ˉ3 ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ 

ʩʧʝʢʪʨʣʽʢ ʕɼʉ ʪʘʣʜʘʫʳ 

 

ʕɻʀʈ-ʜʝʥ ʢʝʡʽʥʛʽ ʩʧʝʢʪʨʜʝ (43-ʩʫʨʝʪ) ʢʨʝʤʥʠʡ, ʘʣʶʤʠʥʠʡ, ʦʪʪʝʛʽ, ʢװʢʽʨʪ 

ʵʣʝʤʝʥʪʝʨʽʥʽש ʩʧʝʢʪʨʣʽʢ ʩʳʟʳץʪʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʙʘʩץʘ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʘʟ ʢᴇʨʰʝʪʢʽʰʪʝʨʽ ʙʘʨ ʝʢʝʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʕɻʀʈ-ʛʝ ʜʝʡʽʥʛʽ ʘʣʜʳʥʜʘסʳ ʩʧʝʢʪʨ (44-ʩʫʨʝʪ) ʢʨʝʤʥʠʡ, ʪʝʤʽʨ, ʘʣʶʤʠʥʠʡ, 

ʤ ʩr, ʢᴇʤʽʨʪʝʢ, ʦʪʪʝʛʽ ʞᴅʥʝ ʢװʢʽʨʪ ʵʣʝʤʝʥʪʝʨʽʥʽש ʩʧʝʢʪʨʣʽʢ ʩʳʟʳץʪʘʨʳʥʳש 

 .ʳʥ ʢᴇʨʩʝʪʝʜʽסʳʥʜʳʣʳץʘʨץ

 

 
 

ʉʫʨʝʪ 44 ï ʕɻʀʈ ʜʝʡʽʥ פɹʌ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʣʽʢ ʕɼʉ 

ʪʘʣʜʘʫʳ 

 

ʕɻʀʈ-ʜʝʥ ʢʝʡʽʥʛʽ ʩʧʝʢʪʨʜʝ (45-ʩʫʨʝʪ) ʢʨʝʤʥʠʡ, ʘʣʶʤʠʥʠʡ, ʦʪʪʝʛʽ 

ʵʣʝʤʝʥʪʝʨʽʥʽש ʩʧʝʢʪʨʣʽʢ ʩʳʟʳץʪʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʙʘʩץʘ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʘʟ ʤᴇʣʰʝʨʜʝ ʙʦʣʘʪʳʥʜʳסʳ ʙʘʡץʘʣʜʳ.  
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ʉʫʨʝʪ 45 ï ʕɻʀʈ ʢʝʡʽʥ פɹʌ ץʘʣʜʳץʪʘʨʳʥʳש ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʣʽʢ ʕɼʉ 

ʪʘʣʜʘʫʳ 

 

 ʜʝʫʜʝʥ ʢʝʡʽʥ ʤʳʩשʘʥ ʕɼʉ ʩʧʝʢʪʨʣʝʨʽ ʰʘʡʤʘʣʘʫʜʘʥ ʞᴅʥʝ ʕɻʀʈ ᴇסʩʳʥʳʣױ

ʞᴅʥʝ ʙʘʩץʘ ʵʣʝʤʝʥʪʪʝʨʜʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʪᴇʤʝʥʜʝʫʽ ʙʘסʳʪʳʥʜʘ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ, ʩʧʝʢʪʨʣʝʨʜʝʛʽ ʙʝʢʽʪʽʣʛʝʥ ʵʣʝʤʝʥʪʪʝʨ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʜʽ. ɹײʣ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʘʨʣʳסʳ ʝʨʽʪʽʥʜʽʜʝ ʤʳʩ ʠʦʥʜʘʨʳ ץʘʣʫʳ װʰʽʥ ʨʝʘʛʝʥʪʪʝʨʤʝʥ 

ʪײʥʜʳʨʫ ץʘʞʝʪ ʢʦʤʧʣʝʢʩʪʝʨ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʄʳʩʪʳש ʝʨʽʪʽʥʜʽʛʝ ʘʫʳʩʫʳ ʢװʨʜʝʣʽ 

ʞᴅʥʝ ʩʘʪʳʣʳ ʧʨʦʮʝʩʩ, ʦʣ ʘʤʤʦʥʠʡ ʛʠʜʨʦʜʠʬʪʦʨʠʜʽʥʽש ᴅʩʝʨʽʥʝʥ ʩʠʣʠʢʘʪ ʙʝʪʽʥ 

ʘʰʫʜʘʥ ʙʘʩʪʘʣʘʜʳ [110, ʩ. 60-64; 187]: 

 

SiO2 + 3NH4HF2 ---> (NH4)2SiF6 + NH3 + 2H2O           (23) 

 

 ʘʥץץʘʨʳ ʪʦʪʳסʨʣʽ ʞʦװʨʘʤʳ ᴅʨʪײץ ʘʥ ʰᴇʛʽʥʜʽʣʝʨ ʤᴇʣʰʝʨʽ ʤʝʥסʘʣפ

ʙᴇʣʰʝʢʪʝʨʜʽש ʢװʨʜʝʣʽ ʢʦʥʛʣʦʤʝʨʘʪʪʘʨʳʥʘʥ ʪײʨʘʜʳ. ɹʘʨʣʳץ ʟʝʨʪʪʝʣʛʝʥ 

ʵʣʝʤʝʥʪʪʝʨ (Fe, Zn, Pb, Cu, S, Si, Al, Na, Mg, K, Ca, Ti, Cr, Mn) ײץʨʘʤʳ ʞʘסʳʥʘʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʰʝʢʪʝʨʜʝ ʘʫʳʪץʠʜʳ. 

ᴄʨʪװʨʣʽ ʥװʢʪʝʣʝʨʜʝʛʽ ᴅʨʪװʨʣʽ ʙᴇʣʰʝʢʪʝʨʜʝʥ ʘʣʳʥסʘʥ ʙʘʨʣʳץ ʩʧʝʢʪʨʣʝʨ 

ʢᴇʤʽʨʪʝʛʽ ʤʝʥ ʦʪʪʝʛʽʥʽש ʩʳʟʳץʪʘʨʳʥ ץʘʤʪʠʜʳ. ʗסʥʠ, ʙײʣ ʵʣʝʤʝʥʪʪʝʨ, ʝש 

ʘʣʜʳʤʝʥ, ʞʘשʘ ץʦʩʳʣʳʩʪʘʨ ʪװʟʙʝʡʜʽ, ʙʽʨʘץ ʦʪʪʝʛʽ ʤʝʥ ʢᴇʤʽʨʪʝʛʽʥʽץ שʘʪʳʩʫʳʤʝʥ 

ʤʝʪʘʣʜʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʦʩʧʘʩʳ ʪװʨʽʥʜʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʘʜʳ. ʉʧʝʢʪʨʣʽʢ 

ʞᴅʥʝ ʤᴇʣʰʝʨʣʽʢ ʪײʨסʳʜʘʥ ץʘʨʘסʘʥʜʘ 100 ʪʝʢʰʝ ʤʠʢʨʦʥסʘ ʜʝʡʽʥʛʽ ʟʘʪʪʳש 

ʢᴇʣʝʤʽʥʜʝʛʽ ʪײʥʙʘʣʘʨ ʤʳʩ, ʤʳʨʳʰ, ץʦʨסʘʩʳʥ, ʪʝʤʽʨ, ʘʣʶʤʠʥʠʡ ʞᴅʥʝ ʤʘʨʛʘʥʝʮ 

ʩʝʢʽʣʜʽ ʤʝʪʘʣʜʘʨ ʤʝʭʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʊײʥʙʘ ײץʨʘʤʳʥʜʘ 

ʢʘʣʴʮʠʡ, ʢʨʝʤʥʠʡ, ʘʣʶʤʠʥʠʡ ʞᴅʥʝ ʢװʢʽʨʪʪʽש ʘʥʳץʪʘʣסʘʥʳ, ʭʠʤʠʷʣʳץ 

ʵʣʝʤʝʥʪʪʝʨʜʽץ שʦʡʳʨʪʧʘʜʘʥ ʝʨʽʪʽʥʜʽʛʝ ʪʦʣʳץ ʘʫʳʩʧʘʫʳʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. 

ʆʢʩʠʜʪʝʨ, ʪʝʤʽʨ ʬʝʨʨʠʪʪʝʨʽ ץʳʰץʳʣʜʘ ʜʘ, ʩʽʣʪʽʣʽ ʦʨʪʘʜʘ ʜʘ ʥʘʰʘʨ ʝʨʠʜʽ, 

ʩʦʥʜʳץʪʘʥ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳש ʪʝʤʽʨʜʽש ʦʢʩʠʜʪʽ ʪװʨʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣסʘʥʜʘ ʰʘʡʤʘʣʘʫ ʢʝʟʜʝ ʪʦʣʳסʳʤʝʥ ʘʣʳʥʙʘʡʜʳ, ʦʣʘʨ ʝʨʽʤʝʛʝʥ ʢװʡʽʥʜʝ 

 .ʘʣʘʜʳץ
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3.9 ʕʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʧʝʥ ᴅʩʝʨ ʝʪʢʝʥ ʢʝʟʜʝ ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽ 

 ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʞᴅʥʝ-פʰʽʥ ʀװ ʳʣʘʫץᴇʟʛʝʨʽʩʪʝʨʽʥ ʙʘ ץʩʘʧʘʣʳ שʨʘʤʳʥʳײץ

ʠʦʥʜʳץ-ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ɸʣʳʥסʘʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩʪʳש ʪװʨʽʥ (ʟʝʨʪʪʝʣʝʪʽʥ ʥʝʛʽʟʛʽ ʤʝʪʘʣʣ ʨʝʪʽʥʜʝ) 

ʘʥʳץʪʘʫ ʞᴅʥʝ ʞʽʢʪʝʫ װʰʽʥ װʣʛʽʣʝʨ ʪʦʣʳסʳʤʝʥ ʙʫʣʘʥʳʧ, ʢʝʧʪʽʨʽʣʛʝʥ ʰᴇʛʽʥʜʽ 

ʀפ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢᴇʤʝʛʽʤʝʥ ʪʘʣʜʘʥʜʳ. ᴄʨʪװʨʣʽ ץʘʣʜʳץ ʩʳʥʘʤʘʣʘʨʳʥʳץ שʘʪʪʳ 

ʰᴇʛʽʥʜʽʣʝʨʽʥʝ ʀפ ʩʘʨʘʧʪʘʤʘʩʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ, ʤʳʩ ץʦʩʳʣʳʩʪʘʨʳ ʙʘʨ 

ʞʘʣʧʳ ʩʧʝʢʪʨʽ ʘʣʳʥʜʳ. ײפʨסʘץ ʰᴇʛʽʥʜʽʥʽש ʘʣʳʥסʘʥ ʩʧʝʢʪʨʣʝʨʽ ʭʠʤʠʷʣʳץ ʪʘʟʘ 

ʤʳʩ ʩʫʣʴʬʘʪʳ ʞᴅʥʝ ʢװʨʜʝʣʽ ץʦʩʳʣʳʩ ï ʤʳʩ(II) ʪʝʪʨʘʘʤʠʥ ʩʫʣʴʬʘʪʳʤʝʥ 

ʩʘʣʳʩʪʳʨʳʣʜʳ (46-ʩʫʨʝʪ). ɹײʣ ץʦʩʳʣʳʩʪʘʨʜʳש ʙʦʣʫʳ (24)-(27) ʨʝʘʢʮʠʷʣʘʨסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ: 

 

 
 

ʉʫʨʝʪ 46 ï ʕɻʀʈ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ ʢʝʧʪʽʨʽʣʛʝʥ ʰᴇʛʽʥʜʽʥʽש (ץʳʟסʳʣʪ ʪװʩ), ʤʳʩ 

(II) ʪʝʪʨʘʘʤʠʥ ʩʫʣʴʬʘʪʳʥʳש (ʢᴇʢ ʪװʩ), ʤʳʩ ʩʫʣʴʬʘʪʳʥʳש (ʞʘʩʳʣ ʪװʩ) ʀפ 

ʩʧʝʢʪʨʣʝʨʽ 

 

ʆʪʪʝʛʽʥʽש ʪװʟʽʣʫʽ: 

 

2H2O Ÿ 2H2 + O2                   (24) 

 

ʆʜʘʥ ʢʝʡʽʥ ʭʘʣʴʢʦʧʠʨʠʪʪʽש ʪʦʪʳסʫʳ ʞװʨʝʜʽ: 

 

CuFeS2 + 3ʆ2 = CuO + FeO + 2SO2                 (25) 

 

ʄʳʩ ʬʪʦʨʠʜʽʥʽש ʪװʟʽʣʫʽ: 

 

CuO + NH4HF2 = CuF2 + NH3 + H2O            (26) 
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ʄʳʩ (II) ʪʝʪʨʘʘʤʠʥ ʩʫʣʴʬʘʪʳ ʢʦʤʧʣʝʢʩ ʪװʟʽʣʫʽ: 

 

CuF2 + H2SO4 + 4NH4ʆʅ = [Cu(NH3)4]SO4 + 2HF + 4ʅ2ʆ          (27) 

 

ɿʝʨʪʪʝʣʝʪʽʥ ʰᴇʛʽʥʜʽʥ̔ש ʀפ-ʩʧʝʢʪʨʽʥʜʝ NH
4+ 
ʠʦʥʜʘʨʳʥʘ ʪᴅʥ 1600-1460 ʩʤ

-1
 

ʘʡʤʘסʳʥʜʘ ʞᴅʥʝ SO4
2ï

 ʠʦʥʜʘʨʳʥʘ ʪᴅʥ 1225-980 ʩʤ
-1
 ʘʡʤʘסʳʥʜʘ ʞײʪʳʣʫ 

ʞʦʣʘץʪʘʨʳ ʘʥʳץʪʘʣʜʳ. ɸʣʳʥסʘʥ ʤᴅʥʜʝʨ ᴅʜʝʙʠʝʪ ʢᴇʟʜʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [188, 

 ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ, ʝʨʽʪʽʥʜʽʥʽ שʩʧʝʢʪʨʣʝʨʽʥʽ-פʀ שʰ ʦʙʲʝʢʪʽʥʽת .[189

ʙʫʣʘʥʜʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʪײʥʙʘ, ʤʳʩ ʩʫʣʴʬʘʪʳ ʤʝʥ ʤʳʩ (II) ʪʝʪʨʘʘʤʠʥ 

ʩʫʣʴʬʘʪʳʥʜʘ NH
4+

 ʞᴅʥʝ SO4
2ï

 - ʠʦʥʜʘʨʳʥʳײץ שʨʘʤʳʥ ʪװʟʫʛʝ ץʘʪʳʩʫʳʥ 

ʨʘʩʪʘʡʜʳ. ʕɻʀʈ ץʦʣʜʘʥʫʤʝʥ ʙʘʡʳʪʫ ץʦʥʜʳʨסʳʣʘʨʳʥʳש ɾɹʌ ʞᴅʥʝ פɹʌ 

 ʤʳʩ ʝʨʽʪʽʥʜʽʩʽ. ɽʨʽʪʽʥʜʽʩʽʥʜʝʛʽײʪʘʨʳʥ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽʥʜʝʛʽ ʞץʘʣʜʳץ

ʤʝʪʘʣʜʘʨʜʳש ʩʘʥʜʳץ ʪʘʣʜʘʫʳ ץʘʪʪʳ ʬʘʟʘʥʳ ʙᴇʣʛʝʥʥʝʥ ʢʝʡʽʥ ʦʥʳײץ שʨʘʤʳʥʜʘ 

ʤʳʩ, ʪʝʤʽʨ ʞᴅʥʝ ʤʳʨʳʰ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. Al, Cr, Mn ʞᴅʥʝ ʽʰʽʥʘʨʘ Fe, 

ʬʪʦʨʠʜʪʝʨʜʽ ʪװʟʝʜʽ (ʨʝʘʢʮʠʷʣʘʨ (28)ï(31): 

 

Al 2O3+3NH4HF2--->2AlF3+3H2O+ 3NH3            (28) 

 

Fe2O3+3NH4HF2--->2FeF3+3H2O+ 3NH3            (29) 

 

Mnʆ2 + 2NH4HF2 ---> MnF4 + 2NH3 + 2H2O           (30) 

 

Cr2O3+3NH4HF2--->2CrF3+3H2O+ 3NH3            (31) 

 

 

ʷסʥʠ ʦʣʘʨ ץʘʪʪʳ ʬʘʟʘʜʘ ץʘʣʘʜʳ [190]. ײפʨʘʤʳʥʜʘ ʪʝʤʽʨ ʤʝʥ ʤʳʨʳʰ ʙʘʨ ʞײʤʳʩ 

ʝʨʽʪʽʥʜʽʩʽʥʝʥ ʤʳʩʪʳ ʽʨʽʢʪʝʧ ʘʣʫ ʘʩʘ ץʠʳʥ ʝʤʝʩ ʞᴅʥʝ ʦʥʳ ʙʝʣʛʽʣʽ ᴅʜʽʩʪʝʨʤʝʥ 

ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ [191]. 

ʉʦʜʘʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʠʦʥʜʳץ ʭʨʦʤʘʪʦʛʨʘʬʪʘ (881 COMPACT IC PRO) 

ʘʥʠʦʥʜʘʨʜʳש ʤʘʟʤײʥʳʥʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ, ʦʣʘʨ 47, 48, 49, 50-ʩʫʨʝʪʪʝʨʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ.  

 

 
 

7,14 ʤʠʥ - ʬʪʦʨ ʠʦʥʜʘʨʳ; 10,13 ʤʠʥ - ʭʣʦʨ ʠʦʥʜʘʨʳ; 14,93 - ʬʦʩʬʘʪ ʠʦʥʜʘʨʳ; 17,51 

ʤʠʥ - ʥʠʪʨʘʪ ʠʦʥʜʘʨʳ; 28,17 ʤʠʥ - ʩʫʣʴʬʘʪ ʠʦʥʜʘʨʳ 
 

ʉʫʨʝʪ 47 ï ɾɹʌ ˉ1.2 ʘסʳʤʜʘסʳ ץʘʣʜʳץʪʘʨ ʩʧʝʢʪʨʽ 
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7,29 ʤʠʥ - ʬʪʦʨ ʠʦʥʜʘʨʳ; 10,23 ʤʠʥ - ʭʣʦʨ ʠʦʥʜʘʨʳ; 15,32 - ʬʦʩʬʘʪ ʠʦʥʜʘʨʳ; 17,78 

ʤʠʥ - ʥʠʪʨʘʪ ʠʦʥʜʘʨ ;r 28,41 ʤʠʥ - ʩʫʣʴʬʘʪ ʠʦʥʜʘʨʳ 
 

ʉʫʨʝʪ 48 ï ɾɹʌ ̄1.2 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨ ʩʧʝʢʪʨʽ 

 

 
 

6,91 ʤʠʥ - ʬʪʦʨ ʠʦʥʜʘʨʳ; 10,07 ʤʠʥ - ʭʣʦʨ ʠʦʥʜʘʨʳ; 17,19 ʤʠʥ - ʥʠʪʨʘʪ ʠʦʥʜʘʨʳ; 

28,28 ʤʠʥ - ʩʫʣʴʬʘʪ ʠʦʥʜʘʨʳ. 
 

ʉʫʨʝʪ 49 ï ɾɹʌ ˉ3 ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨ ʩʧʝʢʪʨʽ 

 

 
 

7,13 ʤʠʥ - ʬʪʦʨ ʠʦʥʳ; 10,17 ʤʠʥ - ʭʣʦʨ ʠʦʥʳ; 15,32 - ʬʦʩʬʘʪ ʠʦʥʳ; 17,45 ʤʠʥ - ʥʠʪʨʘʪ 

ʠʦʥʳ; 28,05 ʤʠʥ - ʩʫʣʴʬʘʪ ʠʦʥ  r
 

ʉʫʨʝʪ 50 ï פɹʌ ʞʘʪץʘʥ ץʘʣʜʳץʪʘʨ ʩʧʝʢʪʨʽ 

 

ɹʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥ ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ 

ʨʘʟʨʷʜʪʘʨʤʝʥ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ, ʞᴅʥʝ ʘʣʳʥסʘʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʩװʟʛʽʣʝʫʜʝʥ 
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ᴇʪʢʽʟʛʝʥʥʝʥ ʢʝʡʽʥʛʽ ʩʧʝʢʪʨʣʝʨʜʝ ʥʝʛʽʟʛʽ ʘʥʠʦʥ ʩʫʣʴʬʘʪ ʠʦʥʜʘʨʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ.   

ɽʨʽʪʽʥʜʽʜʝʛʽ ʘʥʠʦʥʜʘʨʜʳש ʤᴇʣʰʝʨʽʥʝ ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫʣʘʨ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʢʦʤʧʣʝʢʩʪʝʨʜʝʛʽ ʩʫʣʴʬʘʪ ʠʦʥʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʬʪʦʨʠʜʪʝʨʜʝʥ ʙʘʩץʘ 

ʙʘʨʣʳץ ʙʘʩץʘ ʠʦʥʜʘʨʜʘʥ ʞװʟʜʝʛʝʥ ʝʩʝ ʘʩʳʧ ʪװʩʝʜʽ. ɹײʣ ʝʨʽʪʽʥʜʽʜʝʛʽ 

ʤʝʪʘʣʜʘʨʜʳש ʩʫʣʴʬʘʪʪʘʨ ʪװʨʽʥʜʝ ʙʦʣʘʪʳʥʳ ʪʫʨʘʣʳ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʕɻʀʈ-ʤʝʥ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ 

ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʙʦʟסʳʣʪ ʢᴇʢ ʪװʩʽʤʝʥ ʜᴅʣʝʣʜʝʥʝʜʽ (51-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 51 ï פʦʡʳʨʪʧʘʥʳ ʕɻʀʈ ʤʝʥ ץʘʡʪʘʣʘʧ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ ʘʣʳʥסʘʥ ʩװʟʽʣʛʝʥ 

ʝʨʽʪʽʥʜʽʥʽש ʬʦʪʦʩʳ  

 

3.10 ʕʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩ ʘʨץʳʣʳ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳש 

 ʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʘʩʘʫץʘʣʜʳץ

ɽש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ, ʰʘʡʤʘʣʘʫʜʘ ʘʤʤʠʘʢ ʧʝʥ 

ʘʤʤʦʥʠʡ ʪײʟʜʘʨʳʥʳש ʝʨʽʪʽʥʜʽʣʝʨʽʥ ץʦʣʜʘʥʳʧ ʘʤʤʠʘʢʪʘʥʜʳʨʫ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫ 

ʙʦʣʘʜʳ. ʊʝʤʽʨʜʽ, ʤʳʨʳʰʪʳ, ʤʳʩʪʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʘʫʳʨ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ 

ʙʽʨʽʢʪʽʨʽʣʛʝʥ ᴇשʜʝʫ ʩʭʝʤʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʪʝʤʽʨ, ʤʳʨʳʰ, ʤʳʩ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʘʫʳʨ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ ʘʤʤʠʘʢ- ʘʤʤʦʥʠʣʳ ʵʢʩʪʨʘʢʮʠʷʣʘʫ 

ʘʨץʳʣʳ, ʘʚʪʦʢʣʘʚʪʘʨʜʘ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤʜʘ, ʘʣ ʯʘʥʜʘʨʜʘ  

 ʜʘʡʣʘʨʜʘ ʪʝʢסʨʛʽʟʫʛʝ ʙʦʣʘʜʳ. ʂʝʡʙʽʨ ʞʘװʳʩʳʤʜʘ ʞץ ʘʣʳʧʪʳ ʪʝʤʧʝʨʘʪʫʨʘʤʝʥץ

ʘʤʤʠʘʢ ʝʨʽʪʽʥʜʽʩʽʤʝʥ, ʘʤʤʦʥʠʡ ʪײʟʜʘʨʳʤʝʥ ʪʦʪʳץʪʳʨסʳʰʪʘʨʜʳ ץʦʩʧʘʡ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ, ʙʽʨʘץ ʢᴇʙʽʥʝʩʝ ʙʦʩ ʦʪʪʝʛʽʥʽץ שʘʪʳʩʫʳʤʝʥ ʘʤʤʦʥʠʡ ʪײʟʜʘʨʳ ʙʘʨ 

ʘʤʤʠʘʢ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ʰʘʡʤʘʣʘʫ ץʦʣʜʘʥʳʣʘʜʳ. 

ʌʣʦʪʘʮʠʷʥʳ ʙʦʣʜʳʨʤʘʡʪʳʥ ʪװʩʪʽ ʤʝʪʘʣʣ ʢʝʥʜʝʨʽʥ ʙʘʡʳʪʫ ᴅʜʽʩʽ ʧʫʣʴʧʘ 

ʙʘʨ ʝʨʽʪʽʥʜʽʥʽ ʠʤʧʫʣʴʩʪʽʢ ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʨʘʟʨʷʜʪʘʨʤʝʥ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʫ ʞᴅʥʝ 

ʦʥʳ ʦʜʘʥ ᴅʨʽ ʪײʥʜʳʨʫ ʘʨץʳʣʳ ʤװʤʢʽʥ ʙʦʣʘʜʳ.  

ʊʝʭʥʠʢʘʣʳץ ʥᴅʪʠʞʝ ʙײʣ ʕɻʀʈ ᴅʩʝʨʽʥʝʥ ʢʝʡʽʥ ץʦʡʳʨʪʧʘʜʘʥ ʜʠʩʧʝʨʩʪʽ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʪײʥʜʳʨʫ ץʘʨץʳʥʜʳʣʳסʳ ʤʝʥ ʞʳʣʜʘʤʜʳסʳʥʳש ʞʦסʘʨʳʣʘʫʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʪʘʟʘʨʪʳʣסʘʥ ʝʨʽʪʽʥʜʽʥʽש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʘʜʳ.  

ɹײʣ 8,6-11,2 ʢɼʞ/ʜʤ
3
 ʤʝʥʰʽʢʪʽ ʵʥʝʨʛʠʷʩʳ ʙʘʨ ʠʤʧʫʣʴʩʪʽʢ ʞʦסʘʨʳ ʚʦʣʴʪʪʳ 

ʨʘʟʨʷʜʪʘʨʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʦʣʘʨ R/Ro=10,4 ʰʘʨʪʳʥʜʘ ʟʝʨʪʭʘʥʘʣʳץ 
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 ,ʘ ʪʽʢʝʣʝʡ ʙʝʨʽʣʝʜʽסʙʳʨײץ ʳʰʧʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥסʥʜʳʨײʳʥʳ ʪסʦʥʜʳʨץ

ʤײʥʜʘסʳ R - ʙײʣ ʪʠʽʤʜʽ ʪʦʣץʳʥ ᴅʨʝʢʝʪʽʥʽש ʨʘʜʠʫʩʳ; Ro ï ʵʣʝʢʪʨʦʜʪʘʨ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ. 

ɹʽʟʜʽש ᴅʜʽʩ [192] ᴅʨʙʽʨ ɾɹʌ ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʘʥ ᴅʨץʘʡʩʳʥʳש 

ʩʘʣʤʘסʳ 1 ʢʛ ʙʦʣʘʪʳʥ ץʦʡʳʨʪʧʘסʘ 5 ʣʠʪʨ ʩʫʤʝʥ ʩײʡʳʣʪʳʣסʘʥ, ʩʦʜʘʥ ʢʝʡʽʥ ʦסʘʥ 

1 ʢʛ ץʘʣʜʳװ ץʰʽʥ 4 ʛ NH4HF2 ץʦʩʳʣסʘʥ, ʦʨʪʘʥʳץ שʳʰץʳʣʜʳסʳ ʨʅ 1-2 ʜʝʡʽʥ 

ʨʝʪʪʝʣʜʽ. פʳʰץʳʣʜʘʥʜʳʨʫ װʰʽʥ ʢװʢʽʨʪ ʞᴅʥʝ ʬʦʩʬʦʨ ץʳʰץʳʣʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʆʨʪʘʥʳץ שʳʰץʳʣʜʳסʳ ʟʝʨʪʭʘʥʘʣʳץ ʠʦʥʦʤʝʪʨʽ ʀ-160 ʄʀ ʘʨץʳʣʳ ʪʝʢʩʝʨʽʣʜʽ. 

ʊײʥʜʳʨʫ 10 ʤʠʥʫʪ ʙʦʡʳ ʞװʨʛʽʟʽʣʜʽ. 

ʉʦʜʘʥ ʢʝʡʽʥ ץʦʡʳʨʪʧʘ ʝʨʽʪʽʥʜʽʩʽ ʙʫʥʢʝʨ (9) ʘʨץʳʣʳ ʘʨʘʣʘʩʪʳʨסʳʰץʘ (1) 

ʪʫʩʪʽ, ʩʦʜʘʥ 3 ʤʠʥʫʪ ʘʨʘʣʘʩʪʳʨסʘʥʥʘʥ ʢʝʡʽʥ ʥʘʩʦʩ ʘʨץʳʣʳ (2) ʨʝʘʢʪʦʨסʘ 

ʘʡʜʘʣʳʧ 15 ʤʠʥʫʪ ʙʦʡʳ (3) ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ץʦʥʜʳʨסʳʜʘ (10) ʕɻʀʈ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʦʣ ץʘʡʪʘʜʘʥ ʘʨʘʣʘʩʪʳʨסʳʰץʘ ʩʦʨסʳ (12) ʘʨץʳʣʳ ʪװʩʪʽ 

ʞᴅʥʝ ᴇשʜʝʫ ʧʨʦʮʝʩʽ ᴇשʜʝʫ ʫʘץʳʪʳʥ 30 ʤʠʥʫʪץʘ, ʩʦʜʘʥ ʢʝʡʽʥ 45 ʤʠʥʫʪץʘ ʜʝʡʽʥ 

  .ʘʡʪʘʣʘʥʜʳץ ʥʠ ʧʨʦʮʝʩʩ 3 ʨʝʪסʘʡʪʘʣʘʥʜʳ, ʷץ ʳʣʳץʘʡʪʫ ʘʨסʣײ

-ʳʰ-ʨʝʘʢʪʦʨ ʕɻʀʈסʳ (ʘʨʘʣʘʩʪʳʨסʤʳʩ ʞʳʣʜʘʤʜʳײʞ שʳʥʳסʦʥʜʳʨפ

ʘʨʘʣʘʩʪʳʨסʳʰ): 15 ʤʠʥʫʪʪʘ 5 ʣʠʪʨ. ʉʦʜʘʥ ʢʝʡʽʥ ʩʦʨסʳ (11) ʢᴇʤʝʛʽʤʝʥ ᴇשʜʝʣʛʝʥ 

 ʥʙʘʜʘʥײʩʧʝʛʝʥ ʪװʘ ʪסʩʝʜʽ, ʦʥʜʘ ʦʣ ʨʝʘʢʮʠʷװʘ (4) ʪסʦʡʳʨʪʧʘ ʜʝʢʘʥʪʘʪʦʨץ

ʙᴇʣʽʥʝʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʩʦʨסʳ (8) ʵʣʝʢʪʨʦʣʠʟʝʨʜʘ (6) ʢʝʡʽʥʛʽ ʵʣʝʢʪʨʦʣʠʟ װʰʽʥ 

 ʪʳ ʘʡʥʘʣʳʤʳ ʙʘʨץʨʘײʦʡʤʘʩʳʥʘ ʝʨʽʪʽʥʜʽʥʽ ʙʝʨʝʜʽ. 30 ʤʠʥʫʪ ʙʦʡʳ ʪץ ʘʙʳʣʜʘʫץ

ʢʨʘʥ (7) (52-ʩʫʨʝʪ).   

 

 
 

1  ɸʨʘʣʘʩʪʳʨסʳʰ v=20 ʣ; 2  פʦʡʳʨʪʧʘʥʳ ʘʡʜʘʡʪʳʥ ʩʦʨסʳ (ʥʘʩʦʩ); 3  ʈʘʟʨʷʜʪʳץ 

ʨʝʘʢʪʦʨ; 4  ʌʠʣʴʪʨʘʮʠʷʩʳ ʙʘʨ ʜʝʢʘʥʪʘʮʠʷʣʳץ ʳʜʳʩ; 5  ɾײʤʳʩ ʵʣʝʢʪʨʦʣʠʪ ʝʨʽʪʽʥʜʽʩʽʥ 

ʞʠʥʘסʳʰ v= 10 ʣ; 6  ʕʣʝʢʪʨʦʣʠʟʝʨ v= 5 ʣ; 7  ʕʣʝʢʪʨʦʣʠʪʢʝ ʘʨʥʘʣסʘʥ ʮʠʨʢʫʣʷʮʠʷʣʳץ ʩʦʨסʳ; 

8  ɹʝʢʽʪʫ ʢʣʘʧʘʥʳ ʙʘʨ ʜʝʢʘʥʪʘʮʠʷʜʘʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽ ʙʝʨʫ ʩʦʨסʳ; 9  ʉʫʤʝʥ ʞᴅʥʝ 

ʨʝʘʛʝʥʪʪʝʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ ץʘʣʜʳץʪʘʨʜʳ ʪʠʝʫ ʙʫʥʢʝʨʽ; 10  ɾʦסʘʨʳ ʚʦʣʴʪʪʳ 

ʵʣʝʢʪʨʦʛʠʜʨʘʠʤʧʫʣʴʩʪʽʢ ץʦʥʜʳʨסʳ (ʕɻʀʈ); 11  ʈʝʘʢʪʦʨ ʤʝʥ ʜʝʢʘʥʪʘʪʦʨסʘ ʝʨʽʪʽʥʜʽ ʞʽʙʝʨʫʛʝ 

ʘʨʥʘʣסʘʥ ʘʫʳʩʪʳʨʳʧ-ץʦʩץʳʰ ʢʣʘʧʘʥ 12  ʈʝʘʢʪʦʨʜʘʥ ʘʨʘʣʘʩʪʳʨסʳʰץʘ ʧʫʣʴʧʘ ʙʝʨʫ ʢʣʘʧʘʥʳ 
 

ʉʫʨʝʪ 52 ï ɹʘʡʳʪʫ ʬʘʙʨʠʢʘʩʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʤʳʩʪʳ ʘʣʫסʘ ʘʨʥʘʣסʘʥ 

ʟʝʨʪʭʘʥʘʣʳץ ץʦʥʜʳʨסʳʥʳש ʩʭʝʤʘʩʳ 
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 ץʘʥ ʟʝʨʪʭʘʥʘʣʳסʘʡʪʘ ᴇʥʜʝʫʛʝ ʘʨʥʘʣץ ʳʣʳץʘʡʪʘʨʫ ʘʨץ ʦʡʳʨʪʧʘʥʳפ

 ʨʛʽʟʫװʟʝʨʪʝʫ ʞ ץʳ 53-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʋʣʢʝʡʪʽʣʛʝʥ ʣʘʙʦʨʘʪʦʨʠʷʣʳסʦʥʜʳʨץ

ʪʫʨʘʣʳ ʘʢʪʽʩʽ (פʦʩʳʤʰʘ ɹ) ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
 

1 - ʕɻʀʈ ʠʤʧʫʣʴʩ ʛʝʥʝʨʘʪʦʨʳ; 2 - ʵʣʝʢʪʨʦʣʠʟ ʚʘʥʥʘʩʳ; 3 - ʪײʨʘץʪʳ ʪʦʢ ʢᴇʟʽ; 4 - 

ʞʦסʘʨʳ ʚʦʣʴʪʪʳ ʛʝʥʝʨʘʪʦʨ; 5 - ײʰץʳʥ ʩʘשʳʣʘʫʳ; 6 - ʕɻʀʈ ʨʝʘʢʪʦʨʳ; 7 - ʧʫʣʴʧʘʥʳ 

ʘʨʘʣʘʩʪʳʨסʳʰץʘ ʪᴇʛʫ; 8 - ʜʝʢʘʥʪʘʮʠʷסʘ ʘʨʥʘʣסʘʥ ץʦʡʳʨʪʧʘʥʳ ʪᴇʛʫ; 9 - ץʦʡʳʨʪʧʘʥʳ 

ʘʨʘʣʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ʘʨʘʣʘʩʪʳʨסʳʰ; 10 - ʨʝʘʢʪʦʨסʘ ץʦʡʳʨʪʧʘʥʳ ʙʝʨʝʪʽʥ ʩʦʨסʳ; 11 - ץʫʘʪ 

ʧʘʥʝʣʽ 
 

ʉʫʨʝʪ 53 ï פʦʡʳʨʪʧʘʥʳ ץʘʡʪʘʨʫ ʘʨץʳʣʳ ץʘʡʪʘ ᴇʥʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʟʝʨʪʭʘʥʘʣʳץ 

 ʳסʦʥʜʳʨץ

 

ɸʨʘʣʘʩʪʳʨסʳʰʪʘסʳ ʝʨʽʪʽʥʜʽʥʽש ʤʘʢʩʠʤʘʣʜʳ ʢᴇʣʝʤʽ - 10 ʣʠʪʨ. ת  h

ʧʨʦʮʝʩʪʽש ᴅʨץʘʡʩʳʩʳ ʢʝʟʽʥʜʝ ʕɻʀʈ-ʤʝʥ ץʦʡʳʨʪʧʘʥʳ ʘʪʫ, ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩ 

  :ʨʘʤʳʥ ʰʘʤʘʤʝʥ 2 ʝʩʝ ʘʨʪʪʳʨʘʜʳײץ

1. ʋʘץʳʪ ʙʦʡʳʥʰʘ װʣʛʽ ʪʘʣʜʘʫʣʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ (ʤʳʩ ʤᴇʣʰʝʨʽ) ɾɹʌ 

ˉ1, 2 çʞʘʪץʘʥè: 15 ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ. - 0,35 ʤʛ/ʣ, 30 ʤʠʥ ï 0,75 ʤʛ/ʣ, 45 ʤʠʥ. 

1,5 ʤʛ/ʣ. 

2. ʋʘץʳʪ ʙʦʡʳʥʰʘ װʣʛʽ ʪʘʣʜʘʫʣʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ (ʤʳʩ ʤᴇʣʰʝʨʽ) ɾɹʌ 

ˉ1, 2 çʘסʳʤʜʘסʳè: 15 ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ - 0,28 ʤʛ/ʣ, 30 ʤʠʥ - 0,56 ʤʛ/ʣ, 45 - ʤʠʥ. 

1,2 ʤʛ/ʣ. 

3. ʋʘץʳʪ ʙʦʡʳʥʰʘ ʩʳʥʘʤʘ ʪʘʣʜʘʫʣʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ (ʤʳʩ ʤᴇʣʰʝʨʽ) 

ɾɹʌ ̄3 çʞʘʪץʘʥè: 15 ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ - 0,4 ʤʛ/ʣ, 30 ʤʠʥʫʪ - 0,8 ʤʛ/ʣ, 45 ʤʠʥʫʪ - 

1,6 ʤʛ/ʣ. 

4. ʋʘץʳʪ ʙʦʡʳʥʰʘ װʣʛʽ ʪʘʣʜʘʫʣʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ (ʤʳʩ ʤᴇʣʰʝʨʽ) פɹʌ: 
15 ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ - 0,4 ʤʛ/ʣ, 30 ʤʠʥʫʪʪʘʥ - 0,8 ʤʛ/ʣ, 45 ʤʠʥʫʪʪʘ - 1,6 ʤʛ/ʣ. 
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ʕʥʝʨʛʠʷʥʳ ʪײʪʳʥʫʜʳ ʘʣʜʳʥ ʘʣʘ ʝʩʝʧʪʝʫ ʞʳʣʳʥʘ 150 ʤʳש ʪʦʥʥʘ 

 :ʳʥʜʘʨסʜʝʫ ʢʝʟʽʥʜʝ ʰʳשʪʳ ᴇץʘʣʜʳץ

ɾʘʙʜʳץʪʳײץ שʥʳ ï 99 850 000 ʪʝשʛʝ. 

ʄʘʪʝʨʠʘʣʜʘʨ (ʝʛʝʨ ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽ ʞᴅʥʝ ʢװʢʽʨʪ ץʳʰץʳʣʳ ʙʘʨ ʞײʤʳʩ 

ʝʨʽʪʽʥʜʽʩʽ ץʦʥʜʳʨסʳʥʳש ʢװʥʜʝʣʽʢʪʽ ʞײʤʳʩʳ ʢʝʟʽʥʜʝ ʰʘʤʘʤʝʥ 35-38 ʢʛ/ʤ3 

ʤʳʩʧʝʥ ץʘʥʳץץʘʥסʘ ʜʝʡʽʥ ʘʡʥʘʣʘʜʳ). 

150 000*5 280 ʪʛ = 792 000 000 ʪʝשʛʝ 

ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʥʽש ʞᴅʥʝ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʨʝʛʝʥʝʨʘʮʠʷʩʳʥ 

 ,ʨʘʡʜʳײץ ʘʡʪʘʨʫ ʰʘʤʘʤʝʥ 70%ץ ʡʳʤʜʘʩʪʳʨʫ ʢʝʟʽʥʜʝ, ʪ.ʙ. ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽʥʝײ

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʞʳʣʜʳץ ʰʳסʳʥʜʘʨʳ: 

ʈʝʩʫʨʩʪʳץ ʰʳסʳʥʜʘʨ: 

 ʵʣʝʢʪʨ: 150 000 ʪ * 5 130 ʪʛ/ʪ = 769 500 000 ʪʝשʛʝ; 

 ʩʫ (ץʦʥʜʳʨסʳʥʳ 10 ʪʦʥʥʘ ץʘʣʜʳץʧʝʥ 3 ʨʝʪ ʪʠʝʛʝʥ ʢʝʟʜʝ ᴅʨʙʽʨ ʪװʩʽʨʫ 

ʢʝʟʽʥʜʝ ʩʫ ʰʳסʳʥʳ ʰʘʤʘʤʝʥ 20 ʣʠʪʨ ʙʦʣʘʜʳ, ʷסʥʠ ʩʫʜʳש ʪᴅʫʣʽʢʪʽʢ ץʦʩʳʤʰʘ 

ʢᴇʣʝʤʽ 24 ʪʝʢʰʝ ʤʝʪʨʜʽ ײץʨʘʡʜʳ). 

365 ʢװʥ * 10,06 ʤ
3
 * 150 = 547 000 ʪʝשʛʝ. 

 ʞʘʣʘץʳ: 3 ʘʜʘʤ * 180 000 ʪʝשʛʝ. ʭ 12 = 6 480 000 ʪʝשʛʝ.  

ʕɻʀʈ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʤʳʩ ᴇʥʜʽʨʫʛʝ ʢʝʪʝʪʽʥ 

ʰʳסʳʥʜʘʨʜʳש ʙʘʧʪʘʨʳ ʙʦʡʳʥʰʘ ʞʳʣʜʳץ ʰʳסʳʩʪʘʨ (ײץʨʳʣʳʩ, ʤʦʥʪʘʞʜʘʫ 

ʞᴅʥʝ ʵʣʝʢʪʨʤʦʥʪʘʞ ʞײʤʳʩʪʘʨʳ ʙʦʡʳʥʰʘ ץʳʟʤʝʪʪʝʨʜʽײץ שʥʳ, ʩʦʥʜʘʡ-ʘץ ʙʘʨʣʳץ 

ʽʩʢʝ ץʦʩʫ ʞײʤʳʩʪʘʨʳʥʳש, ʞʘʙʜʳץʪʘʨʜʳש, ʤʘʪʝʨʠʘʣʜʘʨʜʳײץ שʥʳ, ʨʝʩʫʨʩ 

ʰʳסʳʥʜʘʨʳ, ʝשʙʝʢʘץʳ) ʤʳʥʘʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

150 000 000+99 850 000+792 000 000+769 500 000+547 000+6 480 000 

=1 682 877 500 ʪʝשʛʝ 

150 000 ʪʦʥʥʘ ץʘʣʜʳץʪʘʥ ʪʘʟʘʣʳסʳ 99,99% ʢʘʪʦʜʪʳ ʤʳʩʪʳ ʘʣסʘʥ ʢʝʟʜʝʛʽ 

ʤʳʩʪʳש ᴇʟʽʥʜʽʢ ײץʥʳ (ʰʳסʳʤʳ 90%): 

270 ʪ (ʢʘʪʦʜʪʳ ʤʳʩ)*2 762 500 ($6 500*425 ʪʝשʛʝ) = 745 875 000 ʪʝשʛʝ. 

ɽʩʝʧʪʝʫʣʝʨ ᴅʣʝʫʤʝʪʪʽʢ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʜʽ ʝʩʝʧʢʝ ʘʣʤʘʩʪʘʥ 

 .ʘʥסʪʘʣʳʧ ʞʘʩʘʣץʪᴇʤʝʥʜʝʫʽʤʝʥ ʘʥʳ שʢʪʝʤʝʥʽװʩʝʪʽʥ ʞװʘ ʪסʘʥ ʦʨʪʘסʦʨʰʘץ

ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝש ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨ ʤʳʩ ᴇʥʜʽʨʫ 90% 

 ʘʥ ʪᴅʞʽʨʠʙʝʣʽʢסʣʛʽʣʝʨʽʤʝʥ ʘʣʳʥʜʳ. ɸʣʳʥװ ץʘʣʜʳץ ʘʥèץʘʥ ɾɹʌ ̄3 çʞʘʪסʨʘײץ

ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴇʥʜʽʨʽʩ ץʘʣʜʳץʪʘʨʳʥʘʥ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ 

ᴇʥʜʽʨʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʟʘʫʳʪ ײץʨʫ װʰʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʨʝʛʣʘʤʝʥʪʪʝʨ 

ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ (פʦʩʳʤʰʘ ɸ).   

 

3.11 ɸʣʳʥסʘʥ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʤʳʩʪʳ ʤʝʪʘʣʣ ʪװʨʽʥʜʝ ʪײʥʙʘʣʘʥʫ 

(ʩʝʜʠʤʝʥʪʘʮʠʷʣʘʫ) ʞᴅʥʝ ʵʣʝʢʪʨʦʣʠʟ ʘʨץʳʣʳ ʪײʥʜʳʨʫ  

ʄʳʩʪʳ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ װʰʽʥ ʝʨʽʪʽʥʜʽʜʝʥ ʤʳʨʳʰ, ץʦʨסʘʩʳʥ ʞᴅʥʝ ʪʝʤʽʨ 

 ʙʝʣʩʝʥʜʽʣʽʢ ץʵʣʝʢʪʨʦʭʠʤʠʷʣʳ שʦʩʧʘʣʘʨʳʥ ʙᴇʣʽʧ ʘʣʫ ʢʝʨʝʢ. ʄʝʪʘʣʜʘʨʜʳץ

 ʢʽʨʪ ʞᴅʥʝ ʬʦʩʬʦʨװʪʘʥ ʢץʨʳʥ ʢʝʣʝʜʽ, ʩʦʥʜʳײʘʪʘʨʳʥʜʘ ʦʣʘʨ ʤʳʩʪʘʥ ʙץ

ʩʝʜʽ (Znװʘ ʪסʥʙʘײʳʣʜʘʨʳ ᴅʩʝʨ ʝʪʢʝʥʜʝ ʦʣʘʨ ʙʽʨʽʥʰʽ ʙʦʣʳʧ ʪץʳʰץ
2+

 + PO4
3-
 Ÿ 

Zn3(PO4)2, Pb
2+

 + PO4
3- 

= Pb3 (PO4)2, Pb
2+

 + SO4
2 - 
Ÿ PbSO4). ʕɻʀʈ ʤʝʥ ᴅʩʝʨ ʝʪʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʝʨʽʪʽʥʜʽʜʝ ʘʟ ʝʨʠʪʽʥ ʘʣʶʤʠʥʠʡ ʞᴅʥʝ ʪʝʤʽʨ ץʦʩʧʘʣʘʨʳʥʳש ([AlFe2]
+
, 

[AlFe6]
3-
) ʢʦʤʧʣʝʢʩʪʝʨʽ ʪװʟʽʣʝʜʽ. ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʤʝʥ ᴅʩʝʨ ʝʪʢʝʥʜʝ ʬʦʩʬʦʨ 
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 .ʟʽʣʝʜʽװʥʙʘʩʳ ʪײʟ (Fe, Al) NH4H8(PO4)6* H2O ʪײʨʜʝʣʽ ʪװʳʣʳʤʝʥ ʙʽʨʛʝ ʢץʳʰץ

ʉʦʥʳʤʝʥ ʝʨʽʪʽʥʜʽʜʝ ʪʝʢ ʤʳʩ ʠʦʥʜʘʨʳ ʢʝʰʝʥʜʽ ʤʳʩ (II) ʪʝʪʨʘʘʤʠʥʩʫʣʴʬʘʪ 

[Cu(NH3)4]SO4 ʪװʨʽʥʜʝ ץʘʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʤʳʩ ʙʘʨ ʝʨʽʪʽʥʜʽʣʝʨ ʪʝʤʽʨ 

ʧʣʘʩʪʠʥʘʣʘʨʜʘ ʰᴇʛʽʥʜʽʣʝʨʛʝ ײʰʳʨʘʜʳ (54-ʩʫʨʝʪ). 

 

       
ʘ                                                                    ᴅ 

 

ʉʫʨʝʪ 54 ï ʃʘʟʝʨʣʽʢ ʘʪʦʤʜʳץ ʵʤʠʩʩʠʷ ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ (SPEX LAES Matrix 

Continuum) ʤʳʩ ʰᴇʛʫʽ ʙʘʡץʘʣʘʪʳʥ ʪʝʤʽʨ ʧʣʘʩʪʠʥʘʣʘʨʜʳװ שʣʛʽʣʝʨʽ ʞᴅʥʝ ʤʳʩ 

 ʘʥסʨʘʤʳ ʪʘʣʜʘʥײץ

 

 ץʘʥʥʘʥ ʢʝʡʽʥ ʣʘʟʝʨʣʽʢ ʘʪʦʤʜʳסʪʘʣʘʨʳʥ ʞʫץʤʳʩ ʪʘײʘʥ ʝʨʽʪʽʥʜʽʜʝʥ ʞסʘʣפ

ʩᴅʫʣʝʣʝʥʫ ʩʧʝʢʪʨʦʤʝʪʨʽʥʽש (SPEX LAES Matrix Continuum) ʢᴇʤʝʛʽʤʝʥ ʤʳʩ 

 ʨʽʥʜʝʛʽװʙʝʨʣʝʨ ʪשʡʜʽʨʽʣʛʝʥ ʰʝװʨʛʽʟʽʣʜʽ. 54-ʩʫʨʝʪʪʝ ʢװʪʘʣʜʘʫʳ ʞ שʨʘʤʳʥʳײץ

ʣʘʟʝʨʣʽʢ ᴇשʜʝʫ ʘʡʤʘסʳ ʘʥʳץ ʢᴇʨʽʥʝʜʽ, ʙײʣ ʰᴇʛʽʥʜʽ ʪʝʤʽʨ ʧʣʘʩʪʠʥʘʜʘסʳ ʤʳʩʪʳש 

ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ײפʨʘʤʜʳץ ʩʧʝʢʪʨʽ (55-ʩʫʨʝʪ) ʤʳʩʪʳש ʙʘʩʳʤʜʳʣʳסʳʥ 

ʢᴇʨʩʝʪʪʽ (90%). ɹʝʨʽʣʛʝʥ ʩʧʝʢʪʨʜʝ ʤʳʩʪʳש ʘʥʘʣʠʪʠʢʘʣʳץ ʩʳʟʳץʪʘʨʳ ʘʥʳץ 

ʢᴇʨʽʥʝʜʽ, ʦʣʘʨ ʙʘʩץʘ ץʦʩʧʘʣʘʨסʘ ץʘʪʳʩʪʳ ʞʦסʘʨʳ ץʘʨץʳʥʜʳʣʳסʳʤʝʥ ʞᴅʥʝ 

 ʣʛʽʣʝʨʽװ ץʘʣʜʳץ ʜʝʛʝʥʛʝ ʜʝʡʽʥʛʽשʕɻʀʈ ᴇ שʣʛʽʣʝʨʜʽת .ʨʘʤʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽײץ

ɾɹʌ ˉ1, 2, 3 פɹʌ ʙʘʩʪʘʧץʳ ʩʧʝʢʪʨʣʝʨʽ (פʦʩʳʤʰʘ ɺ) ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 55 ï ʊʝʤʽʨ ʧʣʘʩʪʠʥʘʜʘסʳ ʤʳʩʪʳש ʩʧʝʢʪʨʽ 
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 ʜʝʛʝʥʥʝʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʣʝʨʛʝ ʤʳʩʪʳשʘ ʕɻʀʈ ᴇסʪʘʨץʘʣʜʳפ

ʩʝʜʠʤʝʥʪʘʮʠʷʣʘʫ ʘʣʳʥ ʘʣʘ ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʧʣʘʩʪʠʥʘʣʘʨʜʘ ʞʘʩʘʣʜʳ (56-ʩʫʨʝʪ). 

ʄʳʩʪʳ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʙᴇʣʫ װʰʽʥ ʟʝʨʪʭʘʥʘʣʳץ ʵʣʝʢʪʨʦʣʠʟʝʨ ײץʨʘʩʪʳʨʳʣʜʳ. 

ɸʥʦʜ ʨʝʪʽʥʜʝ ʨʫʪʝʥʠʡ-ʪʠʪʘʥ ʦʢʩʠʜʽ ʘʥʦʜ, ʘʣ ʢʘʪʦʜ ʨʝʪʽʥʜʝ ᴇʣʰʝʤʽ 0,3ʭ5ʭ15 ʩʤ 

ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʧʣʘʩʪʠʥʘ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʕʣʝʢʪʨʦʜʪʘʨ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳ5 ץ ʤʤ. ʄʳʩʪʳ ʢʘʪʦʜʪʳ ʪײʥʜʳʨʫ ʛʘʣʴʚʘʥʦʩʪʘʪʠʢʘʣʳץ 

ʨʝʞʠʤʜʝ, ʩʪʘʮʠʦʥʘʨʣʳץ ʞʘסʜʘʡʜʘ 20Ñ1Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ʕʣʝʢʪʨʦʜʪʘʨʜʳ ʧʦʣʷʨʠʟʘʮʠʷʣʘʫ B5-47 ʪײʨʘץʪʳ ʪʦʢ ʢᴇʟʽ ײץʨʳʣסʳʩʳ ʘʨץʳʣʳ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. פʦʣʜʘʥʳʣʘʪʳʥ ʢʘʪʦʜ ʞᴅʥʝ ʘʥʦʜʧʝʥ ʵʣʝʢʪʨʦʣʠʟ 

 .ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 57-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ שʳʩʳʥʳסʦʥʜʳʨץ

 

 
 

ʉʫʨʝʪ 56 ï ʊʦʪ ʙʘʩʧʘʡʪʳʥ ʧʣʘʩʪʠʥʘʣʘʨʜʘ ʕɻʀʈ ᴇשʜʝʛʝʥʥʝʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʜʝʥ 

ʤʳʩʪʳ ʩʝʜʠʤʝʥʪʘʮʠʷʣʘʫ 

 

 
 

a - ʨʫʪʝʥʠʡ-ʪʠʪʘʥ ʦʢʩʠʜʽ ʘʥʦʜʳ; ʙ - ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʢʘʪʦʜ 
 

ʉʫʨʝʪ 57 ï ʇʘʡʜʘʣʘʥʳʣסʘʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʵʣʝʢʪʨʦʣʠʟʝʨ 
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ʕʣʝʢʪʨʦʣʠʟ ʪʦʢ ʪʳסʳʟʜʳסʳʥʘ (2,5; 5,0; 7,5; 10 ʤɸ/ʩʤ
2
) ʞᴅʥʝ ʦʨʪʘʥʳש ʨʅ 

(1; 2; 3; 4; 5) ʙʘʡʣʘʥʳʩʪʳ ʤʳʩ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 0,25 ʤʦʣʴ/ʣ ʙʦʣʘʪʳʥ 

ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ɼʘʡʳʥʜʘʣסʘʥ ʝʨʽʪʽʥʜʽʣʝʨʛʝ H2SO4 ʞᴅʥʝ H3PO4 

  .ʘʞʝʪʪʽ ʨʅ ʤᴅʥʽʥʝ ʨʝʪʪʝʣʜʽץ ʳʣʳץʦʩʫ ʘʨץ ʳʣʜʘʨʳʥץʳʰץ

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 7,5 ʤɸ/ʩʤ
2
 ʪʦʢ ʪʳסʳʟʜʳסʳʥʜʘ ʵʣʝʢʪʨʦʣʠʟʜʽ 

 ʘʥסʡʳʣʪʳʣײʳʤʝʥ ʩסʳʤʜʳʣʳסʘʨʳ ʰʳסʳʣʳ ʞʝʪʢʽʣʽʢʪʽ ʞʦץʦʣʜʘʥʫ ʘʨץ

ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʤʳʩʪʳ ʘʣʫסʘ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ (29-ʢʝʩʪʝ). ᴄʨʪװʨʣʽ 

ʢʦʥʮʝʥʪʨʘʮʠʷʜʘסʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʵʣʝʢʪʨʣʽʢ ᴅʜʽʩʧʝʥ ʤʳʩʪʳ ʙᴇʣʫ ʢʝʟʽʥʜʝ, 

ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʨʅ ʤᴅʥʽ ʪʦʢ ʢᴇʟʽʥʽש ʰʳסʳʩʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. ʄʳʩ ʵʣʝʢʪʨʦʧʦʟʠʪʠʚʪʽ 

ʤʝʪʘʣʣ ʙʦʣסʘʥʜʳץʪʘʥ, ʤʳʩʪʳש ʙᴇʣʽʥʫ ʞʳʣʜʘʤʜʳסʳ ʝʢʽ ʧʨʦʮʝʩʪʽש ʷסʥʠ, ʤʳʩ ʧʝʥ 

ʩʫʪʝʛʽʥʽש ʙᴇʣʽʥʫ ʞʳʣʜʘʤʜʳסʳʥʳץ שʘʪʳʥʘʩʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ.  

ʊʦʢ ʪʳסʳʟʜʳסʳʥʜʘ 10 ʤɸ/ʩʤ
2
 ʙʦʣסʘʥʜʘ ʪʦʢ ʪʠʽʤʜʽʣʽʛʽ ʦʨʪʘʥʳש ʨʅ 

ʞʦסʘʨʳʣʘʫʳʤʝʥ 5-ʪʝʥ 10% -סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ, ʙײʣ ʩʫʪʝʛʽʥʽש ʙᴇʣʽʥʫʽʤʝʥ 

ʢʘʪʦʜʪʳץ ʘʩץʳʥ ʢʝʨʥʝʫʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ, ʷסʥʠ ʦʨʪʘʰʘ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ 

ʝʨʽʪʽʥʜʽʣʝʨ װʰʽʥ (0,25 ʤʦʣʴ/ʣ), ʪᴇʤʝʥ ʨʅ ʤᴅʥʜʝʨʽ ʪʦʢ ʪʠʽʤʜʽʣʽʛʽʥʽש 

ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ. 

 

ʂʝʩʪʝ 29 ï ʊʦʢ ʪʳסʳʟʜʳסʳʥʘ (i, ʤɸ/ʩʤ2) ʞᴅʥʝ ʦʨʪʘʥʳש ʨʅ ʤᴅʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʞײʤʳʩ ʝʨʽʪʽʥʜʽʣʝʨʽʥʝʥ ʤʳʩ ʰᴇʛʫʽ (0,25 ʤʦʣʴ/ʣ Cu) 
 

ʨH 

i, ʤɸ/ʩʤ 

2,5 5 7,5 10 

ʪʦʢ ʙʦʡʳʥʰʘ ʰʳסʳʤʳ (ɺʊ) % 

1 60,2Ñ2,2 71,4Ñ2,1 91,1Ñ1,2 79,5Ñ1,1 

2 63,1Ñ2,1 73,1Ñ2,2 89,5Ñ1,2 78,6Ñ1,2 

3 65,3Ñ1,2 71,1Ñ2,1 85,6Ñ2,1 78,1Ñ2,2 

4 58,1Ñ2,3 70,2Ñ2,2 75,6Ñ2,2 71,5Ñ1,2 

5 55,2Ñ1,2 70,3Ñ2,2 74,1Ñ2,1 70,6Ñ1,2 

 

ʆʩʳʣʘʡʰʘ, ץʘʣʜʳץʪʘʨʜʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ ʙʽʟ ᴅʟʽʨʣʝʛʝʥ ᴅʜʽʩ ʤʳʩʪʳ 

ʩʫʣʴʬʘʪ ʪװʨʽʥʜʝ ʞᴅʥʝ ʦʥʳש ʢʝʡʽʥʛʽ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʪײʥʜʳʨʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ 

ʢʦʥʮʝʥʪʨʘʮʠʷʜʘ ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽʥʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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 ʆʈʓʊʓʅɼʓפ

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ 

ʢʝʣʝʩʽ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

1. ɾʝʟץʘʟסʘʥ ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳש (ɾɹʌ ʞᴅʥʝ פɹʌ) 

 ץʘʣʜʳפ ̔.ʨʘʤʳ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʣʜײץ ץʞᴅʥʝ ʟʘʪʪʳ ץʪʘʨʳ ʭʠʤʠʷʣʳץʘʣʜʳץ

 ʪʘʣʜʘʫʣʘʨ ץʞᴅʥʝ ʤʠʥʝʨʘʣʦʛʠʷʣʳ ץʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳ ,ץʣʛʽʣʝʨʽʥʝ ʭʠʤʠʷʣʳװ

ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʝ ʤʳʩ ʤᴇʣʰʝʨʽ 0,130-0,220%, ץʦʨסʘʩʳʥ ï 0,014-

0,03%, ʤʳʨʳʰ ï 0,014-0,02% ʘʨʘʣʳסʳʥʜʘ ʘʫʳʪץʠʪʳʥʳ ʘʥʳץʪʘʣʜʳ. פʘʣʜʳץ 

 ʨʽʥʜʝ - ʭʘʣʴʢʦʟʠʥ, ʙʦʨʥʠʪ (ɾɹʌ) ʞᴅʥʝװʣʛʽʣʝʨʽʥʜʝ ʤʳʩ ʥʝʛʽʟʽʥʝʥ ʤʠʥʝʨʘʣʜʘʨ ʪװ

ʭʘʣʴʢʦʧʠʨʠʪ (פɹʌ), ץʦʨסʘʩʳʥ - ʛʘʣʝʥʠʪ, ʮʝʨʨʫʩʠʪ ʞᴅʥʝ ʛʣʝʪ, ʤʳʨʳʰ - ʩʬʘʣʝʨʠʪ 

ʞᴅʥʝ ʪʝʤʽʨ ʤʝʥ ʤʘʨʛʘʥʝʮ ʦʢʩʠʜʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʪװʨʜʝ ʙʝʨʽʣʛʝʥ (ɾɹʌ). 

2. ɸʣסʘʰ ʨʝʪ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ɾʝʟץʘʟסʘʥ 

ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥ ʝʣʝʫʽʰ ᴅʜʽʩʽʤʝʥ ײץʥʜʳ 

 ʘʨʳ ʙʦʣʫʳʥʘסʞʦ שʳʥʜʘʨʳʥʳסʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʛʝ ʙʘʡʳʪʫ ʵʥʝʨʛʠʷ ʰʳײץ

ʙʘʡʣʘʥʳʩʪʳ ʤװʤʢʽʥ ʝʤʝʩ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʣʝʪʽʥ ץʘʣʜʳץʪʘʨʜʘ ʥʳʩʘʥʘʣʳ 

ʤʝʪʘʣʣ (Cu) ʙᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʜʽʢ װʣʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʽʨʢʝʣʢʽ ʝʤʝʩ 

ʪʘʨʘʣʘʜʳ. ᴄʨʪװʨʣʽ ʝʣʝʫʽʰʪʝʨʜʝʥ (d > 0,4; 0,16 < d < 0,4; 0,08 < d < 0,16; d < 0,08 

ʤʤ) ʝʣʝʢʪʝʥ ᴇʪʢʽʟʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ װʣʛʽʣʝʨʜʝʛʽ ʤʝʪʘʣʜʳש 

ʩʘʥʜʳץ ʪʘʣʜʘʫʳ ʤʳʩʪʳש ʜʠʘʤʝʪʨʽ 0,16 < d < 0,4 ʞᴅʥʝ 0,08 < d < 0,16. ʙʦʣʘʪʳʥ 

ʬʨʘʢʮʠʷʣʘʨʜʘ ʢʦʥʮʝʥʪʨʣʝʥʛʝʥʽ. 

3. ʕɻʀʈ ʢᴇʤʝʛʽʤʝʥ ץʘʣʜʳץʪʘʨʜʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʧʨʦʮʝʩʽ ʙʦʡʳʥʰʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʤʳʩʪʳ ʝʨʽʪʽʥʜʽʛʝ ʘʣʫʜʳש ʝש 

ʦשʪʘʡʣʳ ʰʘʨʪʪʘʨʳ ʢװʢʽʨʪ ʞᴅʥʝ ʬʦʩʬʦʨ ץʳʰץʳʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʘʪʳʥ ʨʅ = 1-2 

ʙʦʣʘʪʳʥ ץʳʰץʳʣ ʦʨʪʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʨʅ = 0,5 ʪᴇʤʝʥ ʞᴅʥʝ ʦʜʘʥ ᴅʨʽ ʪᴇʤʝʥʜʝʫʽ 

ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩʪʳש ʰʳסʳʤʳʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʤʝʡʜʽ, ʙײʣ ʵʢʩʪʨʘʢʮʠʷʥʳש 

ʤʘʢʩʠʤʘʣʜʳ ʪʠʽʤʜʽʣʽʛʽʥʝ ʞʝʪʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʊʘשʜʘʣסʘʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽש 

ʞʘסʜʘʡʳʥʜʘ ʙʘʩץʘ ʤʝʪʘʣʜʘʨ ʰᴇʛʽʥʜʽʜʝ ץʘʣʘʜʳ, ʙײʣ ʤʝʪʘʣʣ ʢʝʨʥʝʫʣʝʨʽʥʽש 

ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ץʘʪʘʨʳʥʜʘסʳ ʤʳʩʪʳש ʦʨʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ.  

4. ʈʝʘʢʮʠʷʣʳץ ʤʘʩʩʘסʘ ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʥ ץʦʩʫ ʘʨץʳʣʳ ʕɻʀʈ 

ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ɾɹʌ ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʙʦʡʳʥʰʘ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʢʝʟʜʝ ʭʨʠʟʦʢʦʣ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ 

ʞᴅʥʝ ʘʪʘʢʘʤʠʪ ʪʦʣʳסʳʤʝʥ ʞʦʡʳʣʳʧ, ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʤʳʩ ʝʨʽʪʽʥʜʽʛʝ 

ᴇʪʽʧ, 80%-ʜʘʥ 90%-סʘ ʢʦʥʮʝʥʪʨʣʝʥʜʽ. ɻʘʣʝʥʠʪ ʧʝʥ ʛʣʝʪ ʪײʨʘץʪʳʣʳסʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ץʦʨסʘʩʳʥ ʝʨʽʪʽʥʜʽʛʝ ʪʦʣʳסʳʤʝʥ ʰʳסʘʨʳʣʤʘʡʜʳ. ʄʳʨʳʰ ʘʟ 

ʤᴇʣʰʝʨʜʝ ץʘʪʪʳ ʬʘʟʘʜʘ ʩʬʘʣʝʨʠʪ ʞᴅʥʝ ʪʝʤʽʨ ʤʝʥ ʤʘʨʛʘʥʝʮ ʦʢʩʠʜʪʝʨʽʤʝʥ 

ʙʘʡʣʘʥʳʩץʘʥ ʪװʨʽʥʜʝ ץʘʣʘʜʳ. 

5. ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ץʘʣʜʳץ 

 ʘʩʳʥ ʞᴅʥʝ ʤʳʨʳʰ ʙʘʨ ʤʠʥʝʨʘʣʜʘʨ ʩʠʣʠʢʘʪסʦʨץ ,ʨʘʤʳʥʜʘ ʤʳʩײץ

ʘʛʣʦʤʝʨʘʪʪʘʨʳʤʝʥ ץʦʨʰʘʣסʘʥʳ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש 

ʵʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʩʳʟ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʪʝʨʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽʤʝʥ 

ʪװʩʽʥʜʽʨʝʜʽ. ʕɻʀʈ ʧʘʡʜʘʣʘʥʫ ײץʨʘʤʳʥʜʘ ʪᴇʟʽʤʜʽ ʩʠʣʠʢʘʪ ʙʘʨ ʤʠʥʝʨʘʣʜʘʨʜʳש 

ʞʦʡʳʣʫʳʥ ʞᴅʥʝ ʨʝʘʛʝʥʪʪʝʨʜʽש ʝץ שʳʩץʘ ʤʝʨʟʽʤʜʝ (10 ʤʠʥʫʪץʘ ʜʝʡʽʥ) ʤʘץʩʘʪʪʳ 

ʦʙʲʝʢʪʽʣʝʨʤʝʥ ʭʠʤʠʷʣʳץ ᴅʨʝʢʝʪʪʝʩʫ ץʘʙʽʣʝʪʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɸʤʤʦʥʠʡ 
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ʙʠʬʪʦʨʠʜʽʤʝʥ ʕɻʀʈ ʘʨץʳʣʳ ʩʠʣʠʢʘʪʪʘʨʜʳ ʞʦʶ ʰʘʡʤʘʣʘʫסʘ ʜʝʡʽʥ ʞᴅʥʝ ʢʝʡʽʥ 

ʰᴇʛʽʥʜʽʣʝʨʜʽש ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʽʤʝʥ ʨʘʩʪʘʣʜʳ.  

6. ɸʣסʘʰ ʨʝʪ ʙʘʡʳʪʫ ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʤʳʩ ʰʘʡʤʘʣʘʫ 

ʧʨʦʮʝʩʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨʣʘʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ʢᴇʧʬʘʢʪʦʨʣʳ 

ʇʨʦʪʦʜʴʷʢʦʥʦʚ ʪʝשʜʝʫʽ ʘʣʳʥʜʳ. ʐʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽʥ ʞװʨʛʽʟʫʜʽש ʦשʪʘʡʣʳ 

ʰʘʨʪʪʘʨʳ: פ:ʉ ץʘʪʳʥʘʩʳ, ʛ/ʛ ï 1:1; Cu ʞᴅʥʝ F ץʘʪʳʥʘʩʳ, ʛ/ʛ ï 1:6; ʢװʢʽʨʪ 

 ;ʳ, ʤʠʥ ï 30סʪʳץʟʘײ שʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʛ/ʣ ï 40; ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ שʳʣʳʥʳץʳʰץ

ʨʘʟʨʷʜ ʢʝʨʥʝʫʽ 10 ʢɺ, ʙײʣ ʝʨʽʪʽʥʜʽʛʝ ʤʳʩʪʳ 80-85% ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɾɹʌ ʞᴅʥʝ פɹʌ ץʘʣʜʳץʪʘʨʳʥʘʥ ʤʳʩʪʳ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽ ʜʠʬʬʫʟʠʷʣʳץ 

ʬʘʢʪʦʨʣʘʨ ʙʘʩʳʤ ʘʨʘʣʘʩ ʘʡʤʘץʪʘ ʞװʨʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʘʣʳʥסʘʥ ʘʢʪʠʚʪʝʥʫ 

ʵʥʝʨʛʠʷʩʳʥʳש ʤᴅʥʽʤʝʥ ʜᴅʣʝʣʜʝʥʝʜʽ (ɽɸ = 11,52 ʢɼʞ/ʤʦʣʴ). 

 ʜʽ ʧʨʦʮʝʩʩשʨʜʝʣʽ ʞᴅʥʝ ʢʝʟʝװʟʽʣʫʽ ʢװʪ שʨʘʤʳʥʜʘ ʤʳʩ ʙʘʨ ʝʨʽʪʽʥʜʽʩʽʥʽײפ .7

ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ: ʕɻʀʈ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʝʣʩʝʥʜʽ ʦʪʪʝʛʽʥʽש ʪװʟʽʣʫʽ; ʤʠʥʝʨʘʣʜʘʨʜʳש 

ʪʦʪʳסʫʳ; ʤʳʩ ʬʪʦʨʠʜʽʥʽש ʪװʟʽʣʫʽ; ʤʳʩ ʪʝʪʨʘʘʤʠʥ ʩʫʣʴʬʘʪʳ ʢʝʰʝʥʽʥʽש ʪװʟʽʣʫʽ 

ʞᴅʥʝ ʦʥʳש ʢʝʡʽʥʥʝʥ ʙײʟʳʣʫʳ. ɹײʣ ʝʨʽʪʽʥʜʽ ʩʫʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ 

ʰᴇʛʽʥʜʽʣʝʨʜʽש ʀפ-ʩʧʝʢʪʨʣʝʨʽʤʝʥ, ʷסʥʠ ʩʽשʽʨʫ ʞʦʣʘץʪʘʨʳ 1600-1460 ʩʤ
-1 

NH
4+ 

ʠʦʥʜʘʨʳʥʘ ʪᴅʥ, ʘʣ 1225-980 ʩʤ
-1
 SO4

2ï
 ʠʦʥʜʘʨʳʥʘ ʪᴅʥ ʘʡʤʘץʪʘ ʝʢʝʥʽ ʨʘʩʪʘʣʘʜʳ. 

8. ɾײʤʳʩ ʧʨʦʮʝʩʽʥʝ װʰ ʨʝʪ ץʘʣʜʳץʪʘʨʜʳש ʞʘשʘ ʧʦʨʮʠʷʩʳʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ 

ʝʨʽʪʽʥʜʽʥʜʽʜʝʛʽ ʤʳʩʪʳ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʫ װʰʽʥ ʟʝʨʪʭʘʥʘʣʳץ ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʽʣʜʽ. 

ʕɻʀʈ ᴅʩʝʨʽʥʝʥ ʪײʡʳץ ʮʠʢʣʜʝ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʳʩ ʤᴇʣʰʝʨʽ 0,25 ʤʦʣʴ/ʣ ʙʦʣʜʳ, ʙײʣ 

ʦʜʘʥ ʵʣʝʢʪʨʦʣʠʪʪʽʢ ʤʳʩ ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. תʣʢʝʡʪʽʣʛʝʥ ʟʝʨʪʭʘʥʘʣʳץ 

ʩʳʥʘץ ʘʢʪʽʩʽ ʘʣʳʥʜʳ. ʂʝʥ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʢʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʪװʩʪʽ 

ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ ʪᴅʩʽʣʽ ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʧʘʡʜʘʣʳ ʤʦʜʝʣʴʛʝ 

ʧʘʪʝʥʪ ʘʣʳʥʜʳ. 

ϧʦʡʳʣϤʘʥ ʤʽʥʜʝʪʪʝʨ ʰʝʰʽʤʽʥʽϬ ʪʦʣʳϨʪʳϤʳʥ ʙʘϤʘʣʘʫ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ 

ʞײʤʳʩʪʘ ץʦʡʳʣסʘʥ ʤʽʥʜʝʪʪʝʨ ʪʦʣʳץ ʦʨʳʥʜʘʣʜʳ. ʊװʩʪʽ ʤʝʪʘʣʜʘʨ ᴇʥʜʽʨʽʩʽʥʽש 

 ʘʞʝʪʪʽʣʽʛʽʥץ ʦʩʳʤʰʘ ʢᴇʟʜʝʨʽʥ ʽʟʜʝʫץ שʜʘʡʳʥ ʪʘʣʜʘʫ ʰʠʢʽʟʘʪʪʳסʘʟʽʨʛʽ ʞʘץ

ʢᴇʨʩʝʪʝʜʽ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʞʘסʜʘʡʣʘʨʜʘ ʦʪץʘ ʪᴇʟʽʤʜʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ײʩʘץʪʘʫ װʰʽʥ 

ʵʣʝʢʪʨʦʛʠʜʨʦʠʤʧʫʣʴʩʪʽʢ ʨʘʟʨʷʜʪʳ (ʕɻʀʈ) ץʦʣʜʘʥʫ ʨʘʩʪʘʣʜʳ. ɹʘʡʳʪʫ 

ʬʘʙʨʠʢʘʩʳʥʳץ שʘʣʜʳץʪʘʨʳʥʳװ שʣʛʽʣʝʨʽʥʝ ʝʣʝʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫʳ ʘʨץʳʣʳ ʤʘץʩʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʬʨʘʢʮʠʷʣʘʨסʘ 

ʢʦʥʮʝʥʪʨʣʝʫ ʪʠʽʤʩʽʟʜʽʛʽ ʘʥʳץʪʘʣʜʳ. פɹʌ, ɾɹʌ ˉ 1,2,3 ץʘʣʜʳץʪʘʨʳʥʘ 

ʵʣʝʤʝʥʪʪʽʢ ʪʘʣʜʘʫʳ ɸɸ-140 ʘʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʜʝ ʞװʨʛʽʟʽʣʜʽ, 

ʘʣ ʦʣʘʨʜʳש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ ʧʦʣʷʨʠʟʘʮʠʷʣʳץ ʤʠʢʨʦʩʢʦʧʳʥʜʘ Micromed 

POLAR 2 (Micromed, פʳʪʘʡ) ײץʨʳʣסʳʣʘʨʳʥʜʘ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʣʝʪʽʥ 

 ʘʩʳʥʜʘ - 0,014-0,03%, ʤʳʨʳʰסʦʨץ ,ʳʥʜʘסʪʘʨʜʘ ʤʳʩ 0,130-0,220% ʘʨʘʣʳץʘʣʜʳץ

- 0,014-0,02% ʘʨʘʣʳסʳʥʜʘ, ʤʳʩʪʳש ʥʝʛʽʟʛʽ װʣʝʩʽ ʭʘʣʴʢʦʟʠʥʜʝ, ʙʦʨʥʠʪʪʝ ʞᴅʥʝ 

ʭʘʣʴʢʦʧʠʨʠʪʪʝ, ץʦʨסʘʩʳʥ ʛʘʣʝʥʠʪ, ʮʝʨʨʫʩʠʪ ʞᴅʥʝ ʛʣʝʪʪʝ, ʤʳʨʳʰ ʩʬʘʣʝʨʠʪ ʞᴅʥʝ 

ʪʝʤʽʨ ʞᴅʥʝ ʤʘʨʛʘʥʝʮ ʦʢʩʠʜʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʬʦʨʤʘʜʘ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. 

 ,ʦʣʜʘʥʳʧ ʝʨ̔ʪʽʥʜʽʛʝ ʘʣʫ ʧʨʦʮʝʩʪʝʨʽʥ ʪʘʣʜʘʫץ ʪʘʨʜʘʥ ʤʝʪʘʣʜʘʨʜʳ ʕɻʀʈץʘʣʜʳפ

ʢᴇʧ ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝ ʥʝʛʽʟʽʥʜʝ ʤʳʩ ʰʳסʳʤʳ 80-90% ʙʦʣʘʪʳʥ ʰʘʡʤʘʣʘʫʜʳש 

ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʝʣʛʽʣʝʥʜʽ. ʄʳʩʪʳ ץʘʣʜʳץʪʘʨʜʘʥ ʰʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽ 

ʜʠʬʬʫʟʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʜʳש ʙʘʩʳʤʜʳʣʳסʳʤʝʥ ʘʨʘʣʘʩ ʘʡʤʘץʪʘ ʞװʨʝʜʽ (EA = 

11,52 ʢɼʞ/ʤʦʣʴ). ɸʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʥʽץ שʦʩʧʘʣʘʨʳ ʕɻʀʈ ʘʨץʳʣʳ ʤʠʥʝʨʘʣʜʳ 
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ʰʠʢʽʟʘʪʪʳש ʢʘʧʩʫʣʠʨʣʝʥʛʝʥ ʤʝʪʘʣʜʘʨʳʥ ʘʰʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʘʣ ʤʳʩ 

ʝʨʽʪʽʥʜʽʩʽʥʝ ᴇʪʫ ץʘʣʜʳץʪʘʨʜʳש ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 3-20 ʝʩʝ ʘʨʪʘʜʳ. ʕɻʀʈ 

ᴇשʜʝʫʛʝ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ ʰᴇʛʽʥʜʽʣʝʨʜʽש ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʣʝʨʽ ʤʘץʩʘʪʪʳ 

ʤʝʪʘʣʜʘʨʜʳש ʭʠʤʠʷʣʳץ ʪװʨʣʝʥʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʪʽʥ ʪᴇʟʽʤʜʽ ʩʠʣʠʢʘʪʪʘʨʜʳש 

ʞʦʡʳʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ʀפ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʞᴅʥʝ ʠʦʥʜʳץ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ײץʨʘʤʳʥʜʘ ʤʳʩ ʙʘʨ ʝʨʽʪʽʥʜʽʩʽʥʽש ʪװʟʽʣʫʽ 

ʥʝʛʽʟʜʝʣʝʜʽ: ʕɻʀʈ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʝʣʩʝʥʜʽ ʦʪʪʝʛʽʥʽש ʪװʟʽʣʫʽ; ʤʠʥʝʨʘʣʜʘʨʜʳש 

ʪʦʪʳסʫʳ; ʤʳʩ ʬʪʦʨʠʜʽʥʽש ʪװʟʽʣʫʽ; ʤʳʩ ʪʝʪʨʘʘʤʠʥ ʩʫʣʴʬʘʪʳ ʢʝʰʝʥʽʥʽש ʪװʟʽʣʫʽ 

ʞᴅʥʝ ʦʥʳש ʢʝʡʽʥʥʝʥ ʙײʟʳʣʫʳ. ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ ʘʨץʳʣʳ 

 ʨʘʤʳʥʜʘ ʤʝʪʘʣʣʳ ʙʘʨײץ ʨʳʣʳʤʳʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽײץ שʪʘʨʜʳץʘʣʜʳץ

ʤʠʥʝʨʘʣʜʘʨʜʳש ʦʪץʘ ʪᴇʟʽʤʜʽ ʩʠʣʠʢʘʪ ʘʛʣʦʤʝʨʘʪʪʘʨʳʥʘ ץʦʩʫ ʘʨץʳʣʳ ʪװʩʽʥʜʽʨʝʜʽ. 

ɾʝʟץʘʟסʘʥ ʞᴅʥʝ פʘʨʘסʘʡʣʳ ʙʘʡʳʪʫ ʬʘʙʨʠʢʘʣʘʨʳʥʳץ  שʘʣʜʳץʪʘʨʳʥʘʥ ʪװʩʪʽ 

ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ װʰʽʥ װʣʢʝʡʪʽʣʛʝʥ ʟʝʨʪʭʘʥʘʣʳץ ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʽʣʜʽ. ᴆשʜʝʫ 

ʧʨʦʮʝʩʽʥʝ ץʘʣʜʳץʪʘʨʜʳש ʞʘשʘ ʧʘʨʪʠʷʩʳʥ װʰ ʝʩʝ ʝʥʛʽʟʫ ʞײʤʳʩ ʝʨʽʪʽʥʜʽʩʽʥʜʝʛʽ 

ʤʳʩ ײץʨʘʤʳʥ 0,25 ʤʦʣʴ/ʣ ʜʝʡʽʥ ʢʦʥʮʝʥʪʨʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʆʩʳ ʝʨʽʪʽʥʜʽʥʽ 

ʵʣʝʢʪʨʦʣʠʟʜʝʫ ʘʨץʳʣʳ ʪʘʟʘʣʳסʳ 99,99% ʢʘʪʦʜʪʳ ʤʳʩ ʘʣʳʥʜʳ. 

ɿʝʨʪʪʝʫ ʥϸʪʠʞʝʣʝʨʽʥ ʥʘϨʪʳ ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ϰʩʳʥʳʩʪʘʨ. ʊװʩʪʽ 

ʞᴅʥʝ ץʘʨʘ ʤʝʪʘʣʣʫʨʛʠʷ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש, ʩʦʥʜʘʡ-ʘץ ʘʣʪʳʥ ᴇʥʜʽʨʫʰʽ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳץ שʘʪʪʳ ʪײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨʳʥ ᴇשʜʝʫ װʰʽʥ ʕɻʀʈ ʥʝʛʽʟʜʝʣʛʝʥ 

ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫʜʳש ʞʘשʘ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʕʢʦʥʦʤʠʢʘʥʳש ʙײʣ 

ʩʘʣʘʣʘʨʳʥʜʘ ʦʪץʘ ʪᴇʟʽʤʜʽ ʧʘʡʜʘʣʳ ץʘʟʙʘʣʘʨʜʘʥ ʙʘסʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ 

ʪʝʨʝשʜʝʪʫ ʤᴅʩʝʣʝʩʽ ᴇʪʢʽʨ ʢװʡʽʥʜʝ ץʘʣʳʧ ʦʪʳʨ. ᴆʥʜʽʨʽʩ ʘʡʥʘʣʳʤʳʥʘ ʙʘסʘʣʳ 

ʤʝʪʘʣʜʘʨʜʳ ʙʘʨʳʥʰʘ ʪʘʨʪʫ ʤʘץʩʘʪʳʥʜʘ ʕɻʀʈ ץʦʣʜʘʥʘʪʳʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ 

 .ʘ ʙʦʣʘʜʳסʮʠʢʣʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫ ץʳʣʘʨʜʳ ʙʘʡʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʳסʦʥʜʳʨץ

ʊᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʜʝʨʝʢʪʝʨʽ ײʩʳʥʳʣסʘʥ ʤʳʩ ʘʣʫ ᴅʜʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʨʘʩʪʘʡʜʳ ʞᴅʥʝ ʪװʩʪʽ ʤʝʪʘʣʣʫʨʛʠʷ ʧʨʦʮʝʩʪʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ 

ʙʦʣʘʜʳ. 

ɾϮʟʝʛʝ ʘʩʳʨʫʜʳϬ ʪʝʭʥʠʢʘʣʳϨ-ʵʢʦʥʦʤʠʢʘʣʳϨ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘϤʘʣʘʫ. ᴆשʜʝʫ 

ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץ ץʦʡʤʘʣʘʨʳʥʘʥ ʕɻʀʈ ʘʨץʳʣʳ ʤʳʩʪʳ ʘʣʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʝʩʝʧ ʞװʨʛʽʟʽʣʜʽ. 

ʍʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ (50%) ʞᴅʥʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ (25%) ʪײʪʳʥʫʜʳ ʘʟʘʡʪʫ 

ʞʳʣʳʥʘ 745 875 000 ʪʝשʛʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʧʝʥ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɿʝʨʪʪʝʫ ʩʘʣʘʩʳʥʜʘϤʳ ʞʦϤʘʨʳ ʞʝʪʽʩʪʽʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨϤʘʥʜʘϤʳ 

ʪʝʭʥʠʢʘʣʳϨ-ʵʢʦʥʦʤʠʢʘʣʳϨ ʞϸʥʝ Ϥʳʣʳʤʠ ʜʝϬʛʝʡʽ. ʕʣʝʢʪʨʛʠʜʨʦʠʤʧʫʣʴʩ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʘʣסʘʰ ʨʝʪ ᴇשʜʝʫ ʟʘʫʳʪʪʘʨʳʥʳץ שʘʣʜʳץʪʘʨʳʥʘʥ ʤʝʪʘʣʜʘʨʜʳ ʘʣʫ 

 ʩʘʪʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥץʤʘ שʣ ʘʤʤʦʥʠʡ ʙʠʬʪʦʨʠʜʽʥʽײʦʣʜʘʥʳʣʜʳ, ʙץ ʰʽʥװ

ʭʠʤʠʷʣʳץ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʢװʰʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ᴄʜʽʩ ʧʨʦʮʝʩʪʽײ שʟʘץʪʳסʳʥ 

ʘʡʪʘʨʣʳץʪʘʡ ץʳʩץʘʨʪʫסʘ, ʩʦʥʜʘʡ-ʘץײ ץʩʘʩ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʨʝʘʛʝʥʪʪʝʨ ʤʝʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʘ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾײʤʳʩ ʟʘʤʘʥʘʫʠ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʜʝשʛʝʡʜʝ ʘʣʜʳסשʳ 

 ʪʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧץʞᴅʥʝ ʟʝʨʪʪʝʫ ʞʘʙʜʳ ץʘʪʘʨʣʳ ʘʥʘʣʠʪʠʢʘʣʳץ

ʞװʨʛʽʟʽʣʜʽ, ʙײʣ ʟʝʨʪʪʝʫʜʽש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥ ʩᴅʪʪʽ ᴇʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 
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