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ʤʘʪʝʨʠʘʣʳè, ʘʢʘʜʝʤʠʢ  
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ʉʘʜʳʢʦʚ ɽʨʢʠʥ ʊʦʢʤʫʭʘʤʝʜʦʚʠʯ, ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ 
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ  

ʂʦʥʬʝʨʝʥʮʠʠ! 

 

 

 

 

 

 

 

ʆʪ ʠʤʝʥʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʧʨʠʚʝʪʩʪʚʫʶ ʫʯʘʩʪʥʠʢʦʚ ʠ ʛʦʩʪʝʡ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ - 2026è, ʧʦʩʚʷʱʝʥʥʦʡ 90-

ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦ, ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ.  

ʀʤʷ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʠʩʪʦʨʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʠ ʠ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ɽʛʦ ʥʘʫʯʥʳʝ 

ʪʨʫʜʳ ʟʘʣʦʞʠʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ, ʨʘʟʚʠʪʠʷ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʠ ʤʘʣʦʦʪʭʦʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʄʥʦʛʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʘʫʯʥʳʝ ʨʝʰʝʥʠʷ ʥʘʰʣʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʢʨʝʧʣʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂʘʟʘʭʩʪʘʥʘ.  

ʆʩʦʙʦʡ ʩʪʨʘʥʠʮʝʡ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ, ʦʩʥʦʚʘʪʝʣʝʤ ʠ ʧʝʨʚʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʢʦʪʦʨʦʛʦ ʦʥ ʷʚʣʷʣʩʷ. 

ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʚʠʜʝʥʠʶ ʠ ʥʘʫʯʥʦʤʫ ʣʠʜʝʨʩʪʚʫ ʙʳʣʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ.  

ʉʝʛʦʜʥʷ ʨʘʟʚʠʪʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʥʝʜʨʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ, ʧʦʚʳʰʝʥʠʝ ʛʣʫʙʠʥʳ ʠ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʪʘʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ 

ʟʘʜʘʯʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʥʘʫʯʥʦʝ 

ʥʘʩʣʝʜʠʝ ʘʢʘʜʝʤʠʢʘ ɾ.ʅ. ɸʙʠʰʝʚʘ ʧʨʦʜʦʣʞʘʝʪ ʩʣʫʞʠʪʴ ʧʨʦʯʥʦʡ ʦʩʥʦʚʦʡ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ.  

ʋʚʝʨʝʥ, ʯʪʦ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʘʥʝʪ ʚʘʞʥʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʤʝʞʜʫ ʫʯʝʥʳʤʠ ʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʥʦʚʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʘʟʚʠʪʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.  
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ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʠʠ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, ʠʥʪʝʨʝʩʥʳʭ 

ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ, ʥʦʚʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʳʭ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ.  

ɹʣʘʛʦʜʘʨʶ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʟʘ ʚʢʣʘʜ ʚ ʩʦʭʨʘʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ 

ʪʨʘʜʠʮʠʡ, ʟʘʣʦʞʝʥʥʳʭ ʘʢʘʜʝʤʠʢʦʤ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝʤ ɸʙʠʰʝʚʳʤ.  

ɾʝʣʘʶ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʠʠ ʫʩʧʝʭʦʚ ʠ ʥʦʚʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚʦ 

ʙʣʘʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 

 

 

ʄʠʥʠʩʪʨ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ  

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ       ɽ.ʂ. ʅʘʛʘʩʧʘʝʚ  
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ϧϰʨʤʝʪʪʽ ʢʦʥʬʝʨʝʥʮʠʷϤʘ Ϩʘʪʳʩʫʰʳʣʘʨ! 

 

 

ɼᴅʩʪװʨʣʽ çᴄʙʽʰʝʚ ʦץʫʣʘʨʳ ï 2026è ʽʩ-

ʰʘʨʘʩʳʥʘ ץʦʰ ʢʝʣʜʽשʽʟʜʝʨ. ɹװʛʽʥʛʽ ʘʣץʘʣʳ 

ʙʘʩץʦʩʫ ʪʝʢ ץʘʟʘץʩʪʘʥʜʳץ ʤʘʤʘʥʜʘʨʜʳ סʘʥʘ 

ʝʤʝʩ, ʭʘʣʳץʘʨʘʣʳץ ʩʝʨʽʢʪʝʩʪʝʨʜʽ ʜʝ ʞʠʥʘʧ 

ʦʪʳʨסʘʥʳ ʝʨʝʢʰʝ ץʫʘʥʳʰʪʳ ʞʘʡʪ. ɹײʣ 

ʦʪʘʥʜʳס ץʳʣʳʤʥʳש ʘʰʳץ ʜʠʘʣʦʛץʘ ʞᴅʥʝ 

ʙʽʨʣʝʩʝ ʜʘʤʫסʘ ʝʩʽʛʽ ᴅʨʜʘʡʳʤ ʘʡץʘʨʘ ʘʰʳץ 

ʝʢʝʥʽʥ ʘʡסʘץʪʘʡʜʳ. 

ʂʦʥʬʝʨʝʥʮʠʷ ʤʝʪʘʣʣʫʨʛʠʷ ʞᴅʥʝ ʭʠʤʠʷ 

 ʣʝʩװ ʘ ᴇʣʰʝʫʩʽʟסʳʣʳʤʳ ʤʝʥ ᴇʥʜʽʨʽʩʽʥ ʜʘʤʳʪʫס

 ʡʳʤʜʘʩʪʳʨʳʣʳʧײ ʨʤʝʪʽʥʝײץ שʘʣʳʤ ɾʘʥʪᴇʨʝ ᴄʙʽʰʝʚʪʽס ʘʥ ʢᴇʨʥʝʢʪʽץʦʩץ

ʦʪʳʨ. ɼʘʨʳʥʜʳ סʘʣʳʤ ʢᴇʟʽ ʪʽʨʽʩʽʥʜʝ ʪʘʫ-ʢʝʥ ʩʘʣʘʩʳʥʳס שʳʣʳʤʠ ʥʝʛʽʟʽʥ 

 ʤʳʨʳʥʜʘ ʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽײס ʽʨʜʽ. ʆʣ ʩʘʥʘʣʳשʙʝʢ ʩʽשʘʣʘʫʜʘ ʝʣʝʫʣʽ ʝץ

ᴇשʜʝʫ ʽʩʽʤʝʥ ʪʳסשʳʣʳץʪʳ ʘʡʥʘʣʳʩʪʳ ʞᴅʥʝ סʳʣʳʤʠ ʠʜʝʷʣʘʨʜʳש ʽʩ ʞװʟʽʥʜʝ 

 ʳʣʳʤʠס ץʦʩʳ ʦʟʳ שʰ-ʞʽʛʝʨʽʥ ʩʘʣʜʳ. ɿʝʨʪʪʝʫʰʽʥʽװʦʣʜʘʥʳʣʫʳʥʘ ʙʘʨʳʥʰʘ ʢץ

ʪᴅʩʽʣʜʝʨʽ ʙװʛʽʥʛʽ ʪʘשʜʘ ʜʘ ᴇʟʽʥʽש ᴇʟʝʢʪʽʣʽʛʽʥ ʞʦʡסʘʥ ʞʦץ. 

 ʥʠ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪסʜᴅʫʽʨʜʝ, ʷ ץʜʘ ʙʽʟ ʮʠʬʨʣʳשʘʟʽʨʛʽ ʪʘפ

ᴇʥʝʨʢᴅʩʽʧʪʽש ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽʥʝ ʘʡʥʘʣסʘʥ ʙʝʣʩʝʥʜʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨ ʢʝʟʝשʽʥʜʝ ᴇʤʽʨ ʩװʨʽʧ ʞʘʪʳʨʤʳʟ. ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ סʳʣʳʤ ʤʝʥ 

ᴇʥʜʽʨʽʩʪʽש ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʩʘץʪʘʫʜʳש ᴅʨʽ ᴇʨʽʩʪʝʪʫʜʽש ʤʘשʳʟʳ 

ʟʦʨ. 

ʆʩʳ ʨʝʪʪʝ ʪʘʫ-ʢʝʥ ʞᴅʥʝ ʤʝʪʘʣʣʫʨʛʠʷ ʢʝʰʝʥʽ פʘʟʘץʩʪʘʥ 

ʵʢʦʥʦʤʠʢʘʩʳʥʜʘ ʞᴅʥʝ ʙʽʟʜʽש ʩʳʨʪץʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʳʤʳʟʜʘ 

ʝʨʝʢʰʝ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʉʦʥʜʳץʪʘʥ ʭʘʣʳץʘʨʘʣʳץ ʳʥʪʳʤʘץʪʘʩʪʳץʪʳ ʜʘʤʳʪʫ, 

ʪᴅʞʽʨʠʙʝ ʘʣʤʘʩʫ ʞᴅʥʝ ʠʥʚʝʩʪʠʮʠʷ ʪʘʨʪʫ ʙʽʟʜʽש ʥʝʛʽʟʛʽ ʙʘʩʳʤʜʳץʪʘʨʳʤʳʟ 

ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. 

ʉʳʨʪץʳ ʽʩʪʝʨ ʤʠʥʠʩʪʨʣʽʛʽ ᴇʟ ʪʘʨʘʧʳʥʘʥ ʦʩʳ ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʜʳ 

ʞʘʥʜʘʥʜʳʨʫסʘ ץʦʣʜʘʫ ʢᴇʨʩʝʪʝ ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʩʝʨʽʢʪʝʩʪʽʢ ץʘʨʳʤ-

 ʪʳץʪʘʩʪʳץʳʥʪʳʤʘ ץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳס ʘ ʩʝʨʧʽʥ ʙʝʨʫʛʝ ʞᴅʥʝסʘʪʳʥʘʩʪʘʨץ

ʢʝשʝʡʪʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ɹװʛʽʥʛʽ ʢʦʥʬʝʨʝʥʮʠʷ ʪʳש ʠʜʝʷʣʘʨʤʝʥ ᴇʟʘʨʘ ʘʣʤʘʩʫ ʞᴅʥʝ ʽʩ ʞװʟʽʥʜʝʛʽ 

ʰʝʰʽʤʜʝʨʜʽ ʪʘʙʫ װʰʽʥ ʪʠʽʤʜʽ ʧʣʘʪʬʦʨʤʘ ʙʦʣʘʪʳʥʳʥʘ ʢᴅʤʽʣ ʩʝʥʽʤʜʽʤʽʥ. 

ɹʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨסʘ ʩᴅʪʪʽʣʽʢ, ʞײʤʳʩʪʘʨʳʥʘ ʪʘʙʳʩ ʪʽʣʝʡʤʽʥ! 

 

 

ϧϰʨʤʝʪʧʝʥ, 

 

ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳϬ  

ʩʳʨʪϨʳ ʽʩʪʝʨ ʤʠʥʠʩʪʨʽ      ɽ. ʂϺhʝʨʙʘʝʚ  
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ! 

 

 

 

 

ʇʨʠʚʝʪʩʪʚʫʶ ʚʘʩ ʥʘ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026è, ʧʦʩʚʷʱʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʨʘʟʚʠʪʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʜʨʘʡʚʝʨʦʚ ʵʢʦʥʦʤʠʢʠ ʂʘʟʘʭʩʪʘʥʘ. ʂʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʛʨʫʟʦʸʤʢʠʭ 

ʩʝʢʪʦʨʦʚ, ʦʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʜʸʞʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ ʨʝʘʣʠʟʫʝʪ 

ʩʠʩʪʝʤʥʳʝ ʤʝʨʳ ʧʦ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʨʠʜʦʨʦʚ ʠ ʣʦʛʠʩʪʠʢʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʢʨʝʧʣʝʥʠʝ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʪʘʙʠʣʴʥʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ ʜʣʷ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʚʢʣʶʯʘʷ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʫʧʨʘʚʣʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʢʦʨʠʜʦʨʘʤʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʙʲʸʤʦʚ ʧʝʨʝʚʦʟʦʢ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʨʤʠʥʘʣʦʚ ʠ ʨʘʟʚʠʪʠʝ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʯʪʦ 

ʥʘʧʨʷʤʫʶ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʧʦʜʯʸʨʢʠʚʘʣ ʚʘʞʥʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʦʪʨʘʩʣʴʶ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪʢʨʳʪʦ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʠ ʛʦʪʦʚʦ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʨʘʩʣʝʚʳʭ ʧʨʠʦʨʠʪʝʪʦʚ. 

ɾʝʣʘʶ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʠʠ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʜʠʩʢʫʩʩʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʫʢʨʝʧʷʪ 

ʧʦʪʝʥʮʠʘʣ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʟʘʭʩʪʘʥʘ ʠ ʧʦʚʳʩʷʪ ʝʛʦ 

ʛʣʦʙʘʣʴʥʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

 

 

 

ʄʠʥʠʩʪʨ ʪʨʘʥʩʧʦʨʪʘ  

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ              ʅ.ɽ. ʉʘʫʨʘʥʙʘʝʚ 
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ʋʚʘʞʘʝʤʳʝ ʜʝʣʝʛʘʪʳ ʠ ʛʦʩʪʠ 

 

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026: 

ʀʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè! 

 

ɼʦʨʦʛʠʝ ʢʦʣʣʝʛʠ! 

 

 

ʆʪ ʠʤʝʥʠ ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʷ ʨʘʜ 

ʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ɺʘʩ ʥʘ ʧʣʦʱʘʜʢʝ ʥʘʫʯʥʦʛʦ ʩʦʙʨʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʦʛʦ 90-

ʣʝʪʥʝʤʫ ʶʙʠʣʝʶ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ, ʦʩʥʦʚʘʪʝʣʷ ʠ 

ʧʝʨʚʦʛʦ ɻʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʥʘʰʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʣʘʫʨʝʘʪʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ! 

ʇʨʦʚʦʜʠʤʘʷ ʚ ʩʪʝʥʘʭ ʈɻʇ çʅʎʂʇʄʉ ʈʂè ʢʦʥʬʝʨʝʥʮʠʷ ï ʵʪʦ ʜʘʥʴ 

ʧʘʤʷʪʠ ʠ ʫʚʘʞʝʥʠʷ ʠʟʚʝʩʪʥʦʤʫ ʫʯʝʥʦʤʫ, ʥʘʫʯʥʦʡ ʤʳʩʣʠ ʢʦʪʦʨʦʛʦ 

ʧʨʠʥʘʜʣʝʞʠʪ ʠʜʝʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʩʳʨʴʷ. ɸʢʘʜʝʤʠʢ ɾ.ʅ. ɸʙʠʰʝʚ ʥʝ ʧʨʦʩʪʦ ʧʨʘʨʦʜʠʪʝʣʴ ʠʜʝʠ, ʢʦʪʦʨʘʷ 

ʩʝʛʦʜʥʷ ʫʚʝʨʝʥʥʦ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ ʘʢʪʫʘʣʴʥʦʩʪʠ. ʕʪʦ ʫʯʝʥʳʡ, ʠʟ-ʧʦʜ ʧʝʨʘ 

ʢʦʪʦʨʦʛʦ ʚʳʰʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʭʠʤʠʢʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʉ ʧʦʟʠʮʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʠ ʨʦʣʠ ʥʘʫʢʠ 

ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ ʦʙʲʝʢʪʠʚʥʦ ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʯʝʣʦʚʝʢʘ, ʩʤʦʪʨʷʱʝʛʦ ʩʢʚʦʟʴ ʚʨʝʤʷ. ʆʥ ʨʘʙʦʪʘʣ ʥʘ 

ʩʪʳʢʝ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ, ʯʪʦ ʩʝʛʦʜʥʷ ʥʘʟʳʚʘʝʪʩʷ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴʶ, ʩʦʟʜʘʚʘʷ ʟʘʤʢʥʫʪʳʝ ʤʘʣʦʦʪʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʮʠʢʣʳ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʉʚʷʟʴ ʥʘʫʢʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ï ʝʱʝ ʦʜʠʥ ʦʨʠʝʥʪʠʨ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʮʝʣʠʚʘʣ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʘʢʘʜʝʤʠʢ 

ɸʙʠʰʝʚ. ʇʨʠ ʵʪʦʤ ʠʟ ʝʛʦ ʙʠʦʛʨʘʬʠʠ ʩʣʝʜʫʝʪ ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʚʘʞʥʦʩʪʠ ʩʠʣʴʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʠ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʩ 

ʠʤʝʥʝʤ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩʪʘʥʦʚʣʝʥʠʝ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ. 

ʀʪʘʢ, ʩʠʣʴʥʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ, ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʘʮʝʣʝʥʥʦʩʪʴ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ ʥʘ ʟʘʧʨʦʩʳ ʵʢʦʥʦʤʠʢʠ, 

ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ɻ ʪʦ ʥʝ 

ʪʦʣʴʢʦ ʢʨʝʜʦ ʫʯʝʥʦʛʦ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ. ʕʪʦ ʧʦʩʪʫʣʘʪʳ, ʥʘ 

ʙʘʟʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʩʚʷʟʴ ʠ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʚʝʪʘ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ. 
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ʗ ʛʦʨʞʫʩʴ, ʯʪʦ ʠʤʝʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʛʣʘʚʣʷʪʴ ʢʦʣʣʝʢʪʠʚ ʩ 

ʪʨʘʜʠʮʠʷʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ ʚʳʜʘʶʱʝʡʩʷ ʃʠʯʥʦʩʪʴʶ ʠ ʋʯʝʥʳʤ, 

ʧʦʢʦʨʠʚʰʠʤ ʩʚʦʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʧʝʨʝʜʦʚʳʤʠ ʥʘʫʯʥʳʤʠ ʚʟʛʣʷʜʘʤʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʫʜʠʪʦʨʠʠ ʩʣʫʰʘʪʝʣʝʡ ʥʘ ʢʦʥʛʨʝʩʩʘʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ ʚ 

ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. ɹʫʜʝʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʳʩʦʢʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʣʘʥʢʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʩʦʟʜʘʶʱʝʡ ʥʘʫʯʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

ɺʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʞʝʣʘʶ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, ʥʦʚʳʭ 

ʢʨʝʘʪʠʚʥʳʭ ʠʜʝʡ ʠ ʙʦʣʴʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʧʦʧʨʠʱʝ! 

 

 

 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ  

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè           ɸ. ʅʫʨʛʘʣʠʝʚ 
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ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

 

 

 

 

 

 

 

V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʙʠʰʝʚʩʢʠʝ 

ʯʪʝʥʠʷ ï 2026è ʧʨʦʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʩʪʨʘʥʳ, 

ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʨʦʣʴ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʥʦʚʦʡ 

ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ. 

ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʝʡ 

ʦʪʨʘʩʣʴʶ ʵʢʦʥʦʤʠʢʠ. ʇʘʨʣʘʤʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʠʥʠʮʠʘʪʠʚʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʡ, ʨʘʟʚʠʪʠʝ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ 

ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ. 

ɸʢʘʜʝʤʠʢ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʷʚʣʷʣʩʷ ʫʯʸʥʳʤ, 

ʦʧʝʨʝʜʠʚʰʠʤ ʩʚʦʸ ʚʨʝʤʷ. ɽʛʦ ʢʦʥʮʝʧʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʦʪʨʘʩʣʝʚʦʡ ʤʦʜʝʣʠ. ɽʛʦ ʣʠʯʥʳʝ ʢʘʯʝʩʪʚʘ ï ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʥʘʫʯʥʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʫʤʝʥʠʝ ʦʙʲʝʜʠʥʷʪʴ ʢʦʣʣʝʢʪʠʚʳ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʚʠʜʝʥʠʝ ï 

ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʩʝʛʦʜʥʷ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴ ʤʠʩʩʠʶ ʥʘʫʯʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ɻʄʂ. ʋʚʝʨʝʥ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʂʦʥʬʝʨʝʥʮʠʠ ʙʫʜʫʪ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. 

 

 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʇʨʝʜʩʝʜʘʪʝʣʷ  

ʄʘʞʠʣʠʩʘ ʇʘʨʣʘʤʝʥʪʘ  

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ        ɸ.ʇ. ʈʘʫ 
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ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

 

 

V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026» 

ʧʦʩʚʷʱʝʥʘ ʦʙʩʫʞʜʝʥʠʶ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, 

ʥʘʫʢʠ ʠ ʠʥʥʦʚʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʧʦʜʦʙʥʳʭ ʥʘʫʯʥʳʭ ʬʦʨʫʤʦʚ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ ʫʯʝʥʳʭ, 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʠʟʥʝʩʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ. 

ʉʝʛʦʜʥʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʣʦʱʘʜʦʢ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ð ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʪʨʘʩʣʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʦʚʥʝʤ ʝʸ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ, ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʛʦʪʦʚʥʦʩʪʠ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ɸʢʘʜʝʤʠʢ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʦʩʪʘʚʠʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ 

ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʥʘʩʣʝʜʠʝ. ɽʛʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʘʣʘ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ 

ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʰʢʦʣʳ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʝʛʦʜʥʷ ʚʳʩʪʫʧʘʝʪ ʚʘʞʥʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʫʢʠ, ʙʠʟʥʝʩʘ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʋʚʝʨʝʥ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʂʦʥʬʝʨʝʥʮʠʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʥʘʫʯʥʳʭ 

ʠʥʠʮʠʘʪʠʚ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠ 

ʫʢʨʝʧʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, ʥʘʫʯʥʦʡ 

ʛʣʫʙʠʥʳ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʜʠʩʢʫʩʩʠʡ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʫʢʨʝʧʣʝʥʠʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ  

ɸʩʩʦʮʠʘʮʠʠ ʠʥʚʝʩʪʦʨʦʚ  

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ       ɹ.ʋ. ɸʢʯʫʣʘʢʦʚ 
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ʂװʨʤʝʪʪʽ ʢʦʥʬʝʨʝʥʮʠʷ  

 !ʘʪʳʩʫʰʳʣʘʨʳץ

 

 

 

 

 

 

ʈʝʩʧʫʙʣʠʢʘʣʳץ ʪʘʫ-ʢʝʥ ʞᴅʥʝ ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʢᴅʩʽʧʦʨʳʥʜʘʨʳ 

 ʣʳײʨʣʘʥײʘʣʳʤ, ʘʢʘʜʝʤʠʢ ɾʘʥʪᴇʨʝ ʅס ʘʪʳʥʘʥ ʢᴇʨʥʝʢʪʽ שʳʥʳסʘʫʳʤʜʘʩʪʳץ

ᴄʙʽʰʝʚʪʽש ʪʫסʘʥʳʥʘ 90 ʞʳʣ ʪʦʣʫʳʥʘ ʘʨʥʘʣסʘʥ ʢʦʥʬʝʨʝʥʮʠʷסʘ ʦʨʘʡ ʰʳʥ 

ʞװʨʝʢʪʝʥ ײץʪʪʳץʪʘʫʳʤʜʳ ץʘʙʳʣ ʘʣʳשʳʟʜʘʨ. 

ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳʥʳש ʤʝʨʝʡʪʦʡʳ ï ʙײʣ סʳʣʳʤʠ ץʦסʘʤʜʘʩʪʳװ ץʰʽʥ 

 .ʥװʳʟʜʳ ʢשʰʽʥ ʤʘװ ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʩʘʣʘʩʳ ץʢʽʣ ʦʪʘʥʜʳװʘʥʘ ʝʤʝʩ, ʙס

ʆʥʳש ʝʩʽʤʽ ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥʥʳש ʘʢʘʜʝʤʠʷʣʳס ץʳʣʳʤʳʥʳץ שʘʣʳʧʪʘʩʫʳ 

ʤʝʥ ʜʘʤʫʳʤʝʥ, ʭʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥʳש ʙʝʜʝʣʽʥ ʥʳסʘʡʪʫʤʝʥ, 

ᴇʥʝʨʢᴅʩʽʧʪʽש ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʙʝʨʽʢ סʳʣʳʤʠ 

ʤʝʢʪʝʧʪʽץ שʘʣʳʧʪʘʩʫʳʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. 

ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ ᴄʙʽʰʝʚ ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʰʠʢʽʟʘʪʪʳ 

ʢʝʰʝʥʜʽ ᴇשʜʝʫ ʤװʜʜʝʩʽʥʜʝ ʪʘʫ-ʢʝʥ ʞʝʪʽʩʪʽʢʪʝʨʽʥ, ʙʘʡʳʪʫ, ʤʝʪʘʣʣʫʨʛʠʷ ʞᴅʥʝ 

ʭʠʤʠʷ ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʙʽʨʽʢʪʽʨʝ ʙʽʣʛʝʥ ʢʝס שʳʣʳʤʠ ʦʡ-ᴇʨʽʩʪʽס שʘʣʳʤʳ ʨʝʪʽʥʜʝ 

ʪʘʨʠʭץʘ ʝʥʜʽ. ʆʥʳש ʽʨʛʝʣʽ ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ᴅʟʽʨʣʝʤʝʣʝʨʽ ʪᴇʤʝʥ ʩײʨʳʧʪʳ 

ʢʝʥʜʝʨʜʽ ʢʝʰʝʥʜʽ ʧʘʡʜʘʣʘʥʫʜʳץ ,שʘʣʜʳץʪʘʨʳ ʘʟ ᴇʥʜʽʨʽʩʪʝʨʜʽ ײץʨʫʜʳש ʞᴅʥʝ 

ʪʠʽʤʜʽ ʭʠʤʠʷʣʳץ-ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʝʥʛʽʟʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʥʝʛʽʟʽʥ ץʘʣʘʜʳ, ʦʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽ ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʪʘʥʳʣʳʧ, ʪᴅʞʽʨʠʙʝʜʝ 

ʩײʨʘʥʳʩץʘ ʠʝ ʙʦʣʜʳ. ʆʥʳש ʤײʨʘʩʳʥʜʘ ʃʠʩʘʢʦʚ ʢʝʥ ʦʨʥʳʥʳש ʢʝʜʝʡ 

ʬʦʩʬʦʨʣʳ ʪʝʤʽʨ ʢʝʥʜʝʨʽʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʠʛʝʨʫʛʝ ʪʘʨʪʫ ʞײʤʳʩʪʘʨʳ ʝʨʝʢʰʝ 

ʦʨʳʥ ʘʣʘʜʳ. ɹײʣ סʳʣʳʤʠ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʰʝʥʜʽ ʽʩʢʝ ʘʩʳʨʫ ʘʫץʳʤʜʳ ʦץʠסʘ 

ʙʦʣʜʳ ʞᴅʥʝ סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘ ʩʘʣʘʩʳʥʜʘסʳ ʂʉʈʆ ʄʝʤʣʝʢʝʪʪʽʢ 

ʩʳʡʣʳסʳʤʝʥ ʤʘʨʘʧʘʪʪʘʣʜʳ. 

ʆʥʳס שʳʣʳʤʜʳ ײʡʳʤʜʘʩʪʳʨʫʰʳ ʨʝʪʽʥʜʝʛʽ װʣʝʩʽ ʞʦסʘʨʳ. ʆʪʳʟ ʞʳʣʜʘʥ 

ʘʩʪʘʤ ʫʘץʳʪ ʙʦʡʳ ʦʣ ʭʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥʜʘ ʢʽʰʽ סʳʣʳʤʠ 

-ʳʣʳʤʠס שʤʳʩ ʽʩʪʝʜʽ ʞᴅʥʝ ʦʥʳײʘ ʜʝʡʽʥ ʞסʳʟʤʝʪʢʝʨʜʝʥ ʜʠʨʝʢʪʦʨץ

 ,ʘסʛʝʡʽʥ ʘʨʪʪʳʨʫשʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʜʝס ʳʟʤʝʪʽץ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳײ

ʠʥʩʪʠʪʫʪʪʳ ʙװʢʽʣʦʜʘץʪʳץ ʞᴅʥʝ ʘʡʤʘץʪʳס ץʳʣʳʤʠ ʬʦʨʫʤʜʘʨʜʳ ᴇʪʢʽʟʫʜʽש 

ʙʝʜʝʣʜʽ ʦʨʪʘʣʳסʳʥʘ ʘʡʥʘʣʜʳʨʫסʘ ʳץʧʘʣ ʝʪʪʽ. 

ɸʢʘʜʝʤʠʢ ᴄʙʽʰʝʚʪʽס שʳʣʳʤʠ ʤײʨʘʩʳ ʰʳʥʳʤʝʥ ʜʝ ץʦʤʘץʪʳ: 300-ʜʝʥ 

ʘʩʪʘʤ סʳʣʳʤʠ ʝשʙʝʢ, 8 ʤʦʥʦʛʨʘʬʠʷ, 76 ʘʚʪʦʨʣʳץ ʢʫᴅʣʽʢ, 29 ʰʝʪʝʣʜʽʢ ʧʘʪʝʥʪ, 

ʦʥʳש ʽʩʽʥ ʞʘʣסʘʩʪʳʨʘʪʳʥ ʦץʫʰʳʣʘʨ ʤʝʥ ʽʟʙʘʩʘʨʣʘʨ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʝʢʝ 
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ʙʘʩʳʥʳש ʘʜʘʤʠ ץʘʩʠʝʪʪʝʨʽ ʜʝ ʤʘשʳʟʜʳ: ʞʦסʘʨʳ ʤᴅʜʝʥʠʝʪʪʽʣʽʢ, ʪʘשʜʘסʘʥ 

ʽʩʽʥʝ ʙʝʨʽʣʛʝʥʜʽʢ, ʵʨʫʜʠʮʠʷʥʳש ʢʝשʜʽʛʽ, ʪᴅʣʽʤʛʝʨʣʽʢ ʞᴅʥʝ ʦʪʘʥʜʳס ץʳʣʳʤסʘ 

ʰʳʥʘʡʳ ץʳʟʤʝʪ ʝʪʫ. 

ʂʦʥʬʝʨʝʥʮʠʷʥʳש ʙʘʨʣʳץ ץʘʪʳʩʫʰʳʣʘʨʳʥʘ ʞʝʤʽʩʪʽ ʞײʤʳʩ, ʤʘʟʤײʥʜʳ 

ʧʽʢʽʨʪʘʣʘʩʪʘʨ, ʞʘשʘ סʳʣʳʤʠ ʠʜʝʷʣʘʨ ʞᴅʥʝ ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ ᴄʙʽʰʝʚʪʽש 

 .ʘʩʪʳʨʫʳʥ ʪʽʣʝʡʤʽʥסʨʣʝʨʽʥ ʪʘʙʳʩʪʳ ʞʘʣװʟʜʽʢ ʜᴅʩʪװ

 

 

 

ϧϰʨʤʝʪʧʝʥ, 

 

ʊʘʫ-ʢʝʥ Ϻʥʜʽʨʫ ʞϸʥʝ  

ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʢϸʩʽʧʦʨʳʥʜʘʨʳʥʳϬ  

ʨʝʩʧʫʙʣʠʢʘʣʳϨ ϨʘʫʳʤʜʘʩʪʳϤʳʥʳϬ  

ɸʪϨʘʨʫʰʳ ʜʠʨʝʢʪʦʨʳ                     ʅ.ɺ. ʈʘʜʦʩʪʦʚʝʮ 
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ  

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026»! 

 

 

 

 

 

 

ʄʘʣʳʡ ʠ ʩʨʝʜʥʠʡ ʙʠʟʥʝʩ ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʧʘʨʪʥʝʨʦʤ ʥʘʫʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ ʩʪʨʘʥʳ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʙʥʦʚʣʝʥʠʷ ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʭ ʦʩʥʦʚ ʛʦʩʫʜʘʨʩʪʚʘ ʩʦʟʜʘʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʠʤʫʣʳ ʜʣʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ. 

ɸʢʘʜʝʤʠʢ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʠʤʝʨ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘʫʢʠ, ʩʧʦʩʦʙʥʦʡ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʤʦʞʝʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʢʦʡ 

ʢʦʦʧʝʨʘʮʠʠ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʄʉɹ ʚ ʩʬʝʨʝ ɻʄʂ. ɾʝʣʘʶ 

ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʧʘʨʪʥʸʨʩʢʠʭ ʧʨʦʝʢʪʦʚ! 

 

 

 

ʇʨʝʜʩʝʜʘʪʝʣ ɹʧʨʘʚʣʝʥʠʷ  

ɸʩʩʦʮʠʘʮʠʠ çʊʘʫ-ʂʝʥ ʂʘʟʘʭʩʪʘʥè        ɸ.ʃ. ɼʘʫʪʦʚ 
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ  

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026»! 

 

 

 

 

 

 

ʇʨʦʚʝʜʝʥʠʝ ʂʦʥʬʝʨʝʥʮʠʠ ʚ ʧʝʨʠʦʜ ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʝʢʪʘ ʥʦʚʦʡ 

ʨʝʜʘʢʮʠʠ ʂʦʥʩʪʠʪʫʮʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʬʝʨʝʥʜʫʤʘ 15 

ʤʘʨʪʘ 2026 ʛʦʜʘ ʧʦʜʯʸʨʢʠʚʘʝʪ ʠʩʪʦʨʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʪʝʢʫʱʝʛʦ ʵʪʘʧʘ 

ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʦʙʥʦʚʣʸʥʥʦʡ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʫʢʨʝʧʣʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʦʡ ʙʘʟʳ ʢʣʶʯʝʚʳʭ 

ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ. 

ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʝ 

ʫʩʣʦʚʠʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ. 

ɸʢʘʜʝʤʠʢ ɾ.ʅ.ɸʙʠʰʝʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʠʤʝʨ ʧʨʘʢʪʠʢʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘʫʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɽʛʦ ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʢʨʝʧʣʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʦʪʨʘʩʣʠ. ɺʳʩʦʢʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ, 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʣʠʯʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ 

ɸʙʠʰʝʚʘ ʟʘʩʣʫʞʠʚʘʶʪ ʛʣʫʙʦʢʦʛʦ ʫʚʘʞʝʥʠʷ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴ ʚʘʞʥʫʶ ʤʠʩʩʠʶ ʧʦ 

ʥʘʫʯʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʝʜʧʨʠʷʪʠʡ ɻʄʂ, ʬʦʨʤʠʨʫʷ ʨʝʰʝʥʠʷ, 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʋʚʝʨʝʥ, ʯʪʦ ʨʘʙʦʪʘ ʂʦʥʬʝʨʝʥʮʠʠ ʩʪʘʥʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʠʥʪʝʨʝʩʘʭ ʩʪʨʘʥʳ. 

 

 

 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ɸʆ çQarmetè,  

ɻʝʨʦʡ ʊʨʫʜʘ ʂʘʟʘʭʩʪʘʥʘ          ɺ.ɹ. ɹʘʩʠʥ 

 

  



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

23 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

 

ʄʥʝ ʜʦʚʝʣʦʩʴ ʪʝʩʥʦ ʩʦʪʨʫʜʥʠʯʘʪʴ ʩ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯʝʤ ɸʙʠʰʝʚʳʤ ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ. ɽʛʦ ʥʘʫʯʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʥʝ ʦʩʪʘʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ï ʦʥʠ ʚʥʝʜʨʷʣʠʩʴ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʢʦʥʢʨʝʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʨʝʟʫʣʴʪʘʪ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʦʙʣʘʜʘʣ ʨʝʜʢʠʤ ʩʦʯʝʪʘʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʥʘʫʯʥʦʡ ʛʣʫʙʠʥʳ ʠ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʯʥʦʩʪʠ. ʆʥ ʫʤʝʣ ʚʠʜʝʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʢʦʤʧʣʝʢʩʝ, ʧʨʝʜʣʘʛʘʣ ʨʝʰʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ɽʛʦ 

ʦʪʣʠʯʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʩʪʴ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢ ʢʘʯʝʩʪʚʫ ʥʘʫʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʣʦ ʝʛʦ ʩʪʨʝʤʣʝʥʠʝ ʢ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʨʘʩʰʠʨʝʥʠʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʄʥʦʛʠʝ ʨʝʰʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʪʦʪ 

ʧʝʨʠʦʜ, ʟʘʣʦʞʠʣʠ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʪʨʘʩʣʠ. 

ʉʝʛʦʜʥʷ ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʦʜʦʣʞʘʝʪ ʪʨʘʜʠʮʠʠ, 

ʟʘʣʦʞʝʥʥʳʝ ʘʢʘʜʝʤʠʢʦʤ ɸʙʠʰʝʚʳʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʫʯʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʧʨʝʜʧʨʠʷʪʠʡ ɻʄʂ ʚ ʥʦʚʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʋʚʝʨʝʥ, ʯʪʦ 

ʂʦʥʬʝʨʝʥʮʠʷ ʩʪʘʥʝʪ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʜʠʘʣʦʛʘ ʥʘʫʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʫʢʨʝʧʣʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʨʘʩʣʠ. 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʠʩʢʫʩʩʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ! 

 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʂʘʨʤʝʪʢʦʤʙʠʥʘʪʘ (1988 - 1991 ʛʛ.),  

ʄʠʥʠʩʪʨ ʤʝʪʘʣʣʫʨʛʠʠ ʉʉʉʈ (1991 ʛ.),  

ʇʝʨʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨʘ ï  

ʤʠʥʠʩʪʨʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (1992 ʛ.),  

ʇʝʨʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ  

ʧʨʝʜʩʝʜʘʪʝʣʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ  

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (1993 - 1996 ʛʛ.)              ʆ.ʅ.ʉʦʩʢʦʚʝʮ  
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24 

 

 

 

 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

 

 

 

 

 

ɼʣʷ ʢʦʣʣʝʢʪʠʚʘ ʠʥʩʪʠʪʫʪʘ çʄʝʭʘʥʦʙʨè, ʛʜʝ ʚ 1982 ʛʦʜʫ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ, ʝʛʦ ʠʤʷ 

ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʥʘʫʯʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

ɽʛʦ ʜʦʢʪʦʨʩʢʘʷ ʨʘʙʦʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʟʚʠʪʠʶ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʩʣʦʞʥʦʛʦ ʠ 

ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʛʦ ʩʳʨʴʷ. ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʦʪʣʠʯʘʣʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʴʶ ʥʘʫʯʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʪʨʦʛʦʡ ʘʨʛʫʤʝʥʪʘʮʠʝʡ ʠ 

ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʥ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʬʦʨʫʤʘʭ, ʫʢʨʝʧʣʷʷ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʥʘʫʯʥʳʤʠ ʰʢʦʣʘʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʦʙʤʝʥʫ ʦʧʳʪʦʤ. 

ɽʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʘʫʯʥʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʩʪʴ ʠ ʦʪʢʨʳʪʦʩʪʴ ʢ 

ʜʠʘʣʦʛʫ ʩʥʠʩʢʘʣʠ ʝʤʫ ʟʘʩʣʫʞʝʥʥʳʡ ʘʚʪʦʨʠʪʝʪ ʩʨʝʜʠ ʢʦʣʣʝʛ. 

ʉʝʛʦʜʥʷ ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴ ʥʘʫʯʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʝʛʦ ʦʩʥʦʚʘʪʝʣʝʤ, ʠ ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʩʬʝʨʝ ɻʄʂ. 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ 

ʠ ʫʢʨʝʧʣʝʥʠʷ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

 

 

ɼʠʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ  

ɸʆ çʄʝʭʘʥʦʙʨ ʀʥʞʠʥʠʨʠʥʛè  

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʜʦʢʪʦʨ  

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ       ʀ.ʀ. ʄʘʢʩʠʤʦʚ 
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25 

 

 

 

 

 

ϧʘʜʽʨʣʽ 

 çɸʢʘʜʝʤʠʢ Ϸʙʽʰʝʚ ʦϨʫʣʘʨʳ ï 2026è  

V ʍʘʣʳϨʘʨʘʣʳϨ Ϥʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳϨ 

ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʘ Ϩʘʪʳʩʫʰʳʣʘʨ! 

 

 

 

 

 

ʉʽʟʜʝʨʜʽ çʌʠʪʦʭʠʤʠʷè סʳʣʳʤʠ-ᴇʥʜʽʨʽʩʪʽʢ ʦʨʪʘʣʳסʳ ʞᴅʥʝ ᴇʟ ʘʪʳʤʥʘʥ 

çɸʢʘʜʝʤʠʢ ᴄʙʽʰʝʚ ʦץʫʣʘʨʳ ï 2026è V ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ 

ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʳש ʘʰʳʣʫʳʤʝʥ ײץʪʪʳץʪʘʡʤʳʟ. ᴄʙʽʰʝʚ ʦץʫʣʘʨʳʥʳש 

ʭʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʩʘʣʘʩʳʥʳש ʜʘʤʫʳʥʘ ץʦʩʘʪʳʥ װʣʝʩʽ ʘʩʘ ʟʦʨ ʜʝʧ ʙʽʣʝʤʽʟ. 

ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ ᴄʙʽʰʝʚ ᴇʟʽʥʽש ʩʘʥʘʣʳ ᴇʤʽʨʽʥʽש ᴅʨ ʢʝʟʝשʜʝʨʽʥʜʝ ï 

ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʝʣʽʤʽʟʜʽנ שʳʣʳʤ 

ʘʢʘʜʝʤʠʷʩʳʥʳש ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥ ʙᴇʣʽʤʰʝʩʽʥ ʙʘʩץʘʨסʘʥ ʞʳʣʜʘʨʳʥʜʘ 

 ,ʡʳʤʜʘʩʪʳʨʳʣʳʧײ ʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʪʘʨʳס ʘʪʘʨץʘʥʜʳʜʘ ʙʽʨסʘʨʘפ

ᴇשʽʨʽʤʽʟʜʝʛʽ סʳʣʳʤ ʞʘשʘ ץʘʨץʳʥʤʝʥ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʜʘʤʳʜʳ. 

ʆʩʳ ʞʳʣʜʘʨʳ ʉʘʨʳ-ɸʨץʘʜʘ ʌʠʪʦʭʠʤʠʷ ʠʥʩʪʠʪʫʪʳ ʰʘשʳʨʘץ ʢᴇʪʝʨʽʧ, 

ʢʝʡʽʥʥʝʥ ʠʥʩʪʠʪʫʪ ʞʘʥʳʥʘʥ ʬʘʨʤʘʮʝʚʪʠʢʘʣʳץ ʟʘʫʳʪ ʩʘʣʳʥʳʧ, ץʘʥʘʪʳʥ 

ʢʝשʽʥʝʥ ʞʘʡʳʧ סʳʣʳʤʠ-ᴇʥʜʽʨʽʩʪʽʢ ʦʨʪʘʣʳץץʘ ʘʡʥʘʣʜʳ. 

ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ װʰʽʥ סʳʣʳʤ ʜʘ ʦʥʳש ᴇʟʽʥ סʘʥʘ ץʳʟʳץʪʳʨʘʪʳʥ 

ʞʝʢʝ ײʩʪʘʥʳʤʳ ʝʤʝʩ, ʝʣʜʽש ʝʨʪʝשʽʥ ʘʡץʳʥʜʘʡʪʳʥ, ʙʘʡʣʳסʳʥ ʢᴇʙʝʡʪʝʪʽʥ, 

ʙʦʣʘʰʘסʳʥ ʢᴇʨʢʝʡʪʝʪʽʥ ʩʘʨʘʣʳ ʩʘʣʘ ʝʜʽ. ʆʥʳס שʳʣʳʤʠ ʰʝʰʽʤʜʝʨʽ 

ʩʪʨʘʪʝʛʠʷʣʳץ ʪʝʨʝשʜʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ. ɸʢʘʜʝʤʠʢ ɾ.ʅ. ᴄʙʽʰʝʚ 

ʞװʨʛʽʟʛʝʥ ʽʨʛʝʣʽ ʟʝʨʪʪʝʫʣʝʨʜʽש ᴇʟʽ ᴇʥʜʽʨʽʩʢʝ ʠʢʝʤʜʽʣʽʛʽʤʝʥ ײʰʪʘʩʘ ʦʪʳʨʳʧ, 

ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʪײʨʘץʪʳ ʪײʪʘʩʪʳץ ʪʘʙʘʪʳʥ. 

ɾʘʥʪᴇʨʝ ʘסʘʤʳʟʜʳש ʘʜʘʤʠ ץʘʩʠʝʪʪʝʨʽ ʜʝ סʳʣʳʤʠ ʞʝʪʽʩʪʽʢʪʝʨʽʥʝʥ ʢʝʤ 

ʪװʩʧʝʡʪʽʥ. ʊʘʣʘʧץʦʨ, ʙʽʨʘץ ʪװʩʽʥʽʩʪʽʢʧʝʥ ʜʝ ץʘʨʘʡ ʘʣʘʪʳʥ; ʧʨʠʥʮʠʧʰʽʣ, ʙʽʨʘץ 

ᴇʟʛʝʥʽש ʜʝ ʦʟʳץ ʧʽʢʽʨʽʥ ʙʘסʘʣʘʡ ʙʽʣʝʪʽʥ ʞᴅʥʝ ᴇʟʽʥʽש çײʣʳץʪʳסʳʥ ʢʽʰʽʣʽʢʧʝʥè 

ʞʘʨʘʩʪʳʨʘ ʙʽʣʛʝʥ ʩסשײʳʣʘ ʙʘʩʰʳ ʙʦʣʘʪʳʥ. ɹʽʟʜʝʨ װʰʽʥ ʘסʘʤʳʟʜʳש ʦʩʳʥʜʘʡ 

ʟʠʷʣʳʣʳסʳ ײʣʘסʘʪʪʳײ שʣʳ ʤʝʢʪʝʙʽʥʜʝʡ ʙʦʣʜʳ. 

ɹװʛʽʥʜʝʨʽ ᴇʟʽ ʪʘʙʘʣʜʳʨʳסʳʥ ʪײʨסʳʟסʘʥ, ʘʣסʘʰ ʰʘשʳʨʘסʳʥ ʢᴇʪʝʨʛʝʥ 

 ʜʝʫשʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽ ᴇ ץʄʠʥʝʨʘʣʜʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʙʦʡʳʥʰʘ ױʣʪʪʳץ ʦʨʪʘʣʳץʪʘ ʘʢʘʜʝʤʠʢʪʽש ᴇʤʽʨʣʽʢ ʘʨʤʘʥʳ ï סʳʣʳʤ ʤʝʥ 

ᴇʥʝʨʢᴅʩʽʧʪʽ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʪᴅʫʝʣʩʽʟ פʘʟʘץʩʪʘʥʥʳש 

ʵʢʦʥʦʤʠʢʘʩʳʥ ʜʘʤʳʪʫ ʞʦʣʳʥʘ ʝʣʝʫʣʽ װʣʝʩʽʥ ץʦʩʳʧ ʦʪʳʨ. 

ʆʩʳ ʦʨʘʡʜʘ, çᴄʙʽʰʝʚ ʦץʫʣʘʨʳ ï 2026è ʞײʤʳʩʳ פʘʟʘץʩʪʘʥ סʳʣʳʤʳ ʤʝʥ 

ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʥʳסʘʡʪʳʧ ʞᴅʥʝ ʦʥʳש ᴇʤʽʨʰʝשʜʽʛʽʥ 

ᴅʡʛʽʣʝʡ ʪװʩʝʪʽʥ ʘʣʘסשʘ ʘʡʥʘʣʘʪʳʥʳʥʘ ʩʝʥʽʤʽʤʽʟ ʟʦʨ. ʂʦʥʬʝʨʝʥʮʠʷסʘ 
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 שʣʳ ᴄʙʽʰʝʚʪʽײʨʣʘʥײʳʥʘ ʘʢʘʜʝʤʠʢ ɾʘʥʪᴇʨʝ ʅסʙʘʨʣʳ שʘʪʳʩʫʰʳʣʘʨʜʳץ

 ʳʣʳʤʠ ʙʘʩʪʘʤʘʣʘʨ ʤʝʥס ʳסʘʩʪʳʨʫ ʞʦʣʳʥʜʘסʘʪʪʳ ʽʩʪʝʨʽʥ ʞʘʣסʣʘײ

ʞʝʪʽʩʪʽʢʪʝʨ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨ ʤʝʥ ʪʘʙʳʩʪʘʨ ʞᴅʥʝ ʢʝʣʝʣʽ ʢʝשʝʩʪʝʨ 

ʪʽʣʝʡʤʽʟ. 

 

ϧϰʨʤʝʪʧʝʥ, 

 

çʌʠʪʦʭʠʤʠʷè Ϥʳʣʳʤʠ-Ϻʥʜʽʨʽʩʪʽʢ  

ʆʨʪʘʣʳϤʳ ʙʘʩϨʘʨʤʘ ʪϺʨʘϤʘʩʳ, 

ϤʳʣʳʤʜʘʨʳʥʳϬ ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ     Ϸʜʝʢʝʥʦʚ ʉ.ʄ.  
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ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

 

 

 

 

 

ɼʣʷ ʤʝʥʷ ʫʯʘʩʪʠʝ ʚ çɸʙʠʰʝʚʩʢʠʭ ʯʪʝʥʠʷʭ ï 2026» ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ 

ʟʥʘʯʠʤʦʝ ʥʘʫʯʥʦʝ ʩʦʙʳʪʠʝ, ʥʦ ʠ ʣʠʯʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʦʚʴ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʧʘʤʷʪʠ ʦ ʛʦʜʘʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝʤ ɸʙʠʰʝʚʳʤ ʚ 

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʘʟʘʭʩʢʦʡ ʉʉʈ ʠ ʚ 

ʩʠʩʪʝʤʝ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʕʪʠ ʛʦʜʳ 

ʙʳʣʠ ʚʨʝʤʝʥʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʦʠʩʢʘ, ʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʩʪʨʘʥʳ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʦʪʣʠʯʘʣʩʷ ʨʝʜʢʠʤ ʩʦʯʝʪʘʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʤʳʰʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʧʨʦʟʦʨʣʠʚʦʩʪʠ. ɺ ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʷʭ ʦʥ 

ʥʝʠʟʤʝʥʥʦ ʩʪʨʝʤʠʣʩʷ ʢ ʛʣʫʙʠʥʝ ʘʥʘʣʠʟʘ, ʪʨʝʙʦʚʘʣ ʩʪʨʦʛʦʡ ʘʨʛʫʤʝʥʪʘʮʠʠ ʠ 

ʪʦʯʥʦʩʪʠ ʚʳʚʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʚʩʝʛʜʘ ʧʦʜʜʝʨʞʠʚʘʣ ʠʥʠʮʠʘʪʠʚʫ ʤʦʣʦʜʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɽʛʦ ʢʘʙʠʥʝʪ ʯʘʩʪʦ ʩʪʘʥʦʚʠʣʩʷ ʧʣʦʱʘʜʢʦʡ ʜʣʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʙʩʫʞʜʝʥʠʡ, ʛʜʝ ʨʦʞʜʘʣʠʩʴ ʠʜʝʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʣʝʛʰʠʝ ʚ 

ʦʩʥʦʚʫ ʢʨʫʧʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ. 

ʆʥ ʫʤʝʣ ʚʠʜʝʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʥʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚʧʝʨʸʜ. ʈʘʟʚʠʪʠʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʠʤ ʢʘʢ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʫʢʨʝʧʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ 

ʨʝʩʧʫʙʣʠʢʠ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʋʞʝ ʪʦʛʜʘ ʦʥ ʧʦʜʯʸʨʢʠʚʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʦʪʨʘʩʣʠ, ʠʥʪʝʛʨʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʨʘʩʰʠʨʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 

ʆʩʦʙʦ ʭʦʯʫ ʦʪʤʝʪʠʪʴ ʝʛʦ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ. ʆʥ ʙʳʣ 

ʧʨʠʥʮʠʧʠʘʣʝʥ, ʥʦ ʢʦʨʨʝʢʪʝʥ; ʪʨʝʙʦʚʘʪʝʣʝʥ, ʥʦ ʩʧʨʘʚʝʜʣʠʚ; ʪʚʸʨʜ ʚ 

ʦʪʩʪʘʠʚʘʥʠʠ ʥʘʫʯʥʦʡ ʧʦʟʠʮʠʠ, ʥʦ ʚʩʝʛʜʘ ʦʪʢʨʳʪ ʢ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʤʫ 
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ʜʠʘʣʦʛʫ. ʆʥ ʙʳʣ ʥʝ ʪʦʣʴʢʦ ʨʫʢʦʚʦʜʠʪʝʣʝʤ, ʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʨʘʪʥʠʢʦʤ, 

ʬʦʨʤʠʨʦʚʘʚʰʠʤ ʢʫʣʴʪʫʨʫ ʥʘʫʯʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʫʚʘʞʝʥʠʷ ʢ ʧʨʦʬʝʩʩʠʠ 

ʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. ɽʛʦ ʣʠʯʥʳʡ ʧʨʠʤʝʨ ʚʦʩʧʠʪʳʚʘʣ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʠʩʪʝʤʥʦʩʪʠ 

ʤʳh ʣʝʥʠʷ ʠ ʚʳʩʦʢʦʤʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʫ. 

ʉʦʟʜʘʥʥʘʷ ʠʤ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʘ ʠʜʝʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʦʭʨʘʥʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʝʛʦ 

ʥʘʫʯʥʦʡ ʢʦʥʮʝʧʮʠʠ. ʎʝʥʪʨ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʠʣ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʟʘʣʦʞʝʥʥʳʭ ʘʢʘʜʝʤʠʢʦʤ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚʳʤ, ʥʦ ʠ ʫʩʠʣʠʣ ʠʭ 

ʧʨʠʢʣʘʜʥʫʶ ʠ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. 

ʋʙʝʞʜʸʥ, ʯʪʦ ʂʦʥʬʝʨʝʥʮʠʷ ʩʪʘʥʝʪ ʜʦʩʪʦʡʥʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʦʙʩʫʞʜʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʥʘʫʢʠ, ʫʢʨʝʧʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʥʘʩʣʝʜʠʷ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ. 

 

 

 

ɸʢʘʜʝʤʠʢ               ʄ.ɾ. ɾʫʨʠʥʦʚ 
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ  

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ - 2026»! 

 

 

 

 

 

 

ʈʘʙʦʪʘ ʩ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝʤ ɸʙʠʰʝʚʳʤ ʚ ʍʠʤʠʢʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ɸʅ ʂʘʟʘʭʩʢʦʡ ʉʉʈ ʩʪʘʣʘ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʤʦʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥ ʙʳʣ ʨʫʢʦʚʦʜʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʥʝ 

ʪʦʣʴʢʦ ʩʪʘʚʠʣ ʚʳʩʦʢʠʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʣ ʘʪʤʦʩʬʝʨʫ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʚʟʘʠʤʥʦʛʦ ʫʚʘʞʝʥʠʷ. 

ɺ ʧʦʚʩʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ ʦʥ ʦʪʣʠʯʘʣʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ 

ʬʦʨʤʫʣʠʨʦʚʦʢ. ʂʘʞʜʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʭʦʜʠʣʦ ʪʱʘʪʝʣʴʥʫʶ ʥʘʫʯʥʫʶ 

ʵʢʩʧʝʨʪʠʟʫ, ʢʘʞʜʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʙʳʣʦ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ. ʆʥ ʫʯʠʣ ʥʘʩ ʤʳʩʣʠʪʴ ʩʠʩʪʝʤʥʦ, ʚʠʜʝʪʴ ʚʟʘʠʤʦʩʚʷʟʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʯʠʪʳʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʥ ʫʜʝʣʷʣ ʧʦʜʛʦʪʦʚʢʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʄʥʦʛʠʝ ʩʦʪʨʫʜʥʠʢʠ ʠʥʩʪʠʪʫʪʘ ʧʨʦʰʣʠ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʝʨʴʸʟʥʫʶ 

ʥʘʫʯʥʫʶ ʰʢʦʣʫ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʤʠʥʠʩʪʨʘʤʠ, ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ 

ʙʦʣʴʰʠʭ ʥʘʫʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɽʛʦ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ï ʧʦʨʷʜʦʯʥʦʩʪʴ, ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢ ʩʝʙʝ ʠ ʠʩʢʨʝʥʥʠʡ ʠʥʪʝʨʝʩ ʢ ʢʦʣʣʝʛʘʤ ï ʦʩʪʘʚʠʣʠ ʛʣʫʙʦʢʠʡ ʩʣʝʜ ʚ ʧʘʤʷʪʠ 

ʚʩʝʭ, ʢʪʦ ʩ ʥʠʤ ʨʘʙʦʪʘʣ. 

ʉʝʛʦʜʥʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʝʛʦ ʠʜʝʡ. ʎʝʥʪʨ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʟʘʣʦʞʝʥʥʳʝ ʘʢʘʜʝʤʠʢʦʤ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚʳʤ, ʘʜʘʧʪʠʨʫʷ ʠʭ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʚʳʟʦʚʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʜʠʘʣʦʛʘ, ʥʘʫʯʥʦʡ 

ʩʤʝʣʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʣʫʯʰʠʭ ʪʨʘʜʠʮʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʫʢʠ. 

 

 

 

ɸʢʘʜʝʤʠʢ         ʅ.ʉ. ɹʝʢʪʫʨʛʘʥʦʚ 
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30 

 

 

ɼʦʨʦʛʠʝ ʜʨʫʟʴʷ, ʫʯʘʩʪʥʠʢʠ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026»! 

 

 

 

ʗ ʦʙʨʘʱʘʶʩʴ ʢ ʚʘʤ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʢ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʥʘʫʯʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʢʘʢ ʢ ʣʶʜʷʤ, ʢʦʪʦʨʳʤ ʜʦʨʦʛʦ 

ʠʤʷ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ. 

ʅʘʩ ʩʚʷʟʳʚʘʣʠ ʛʦʜʳ ʜʨʫʞʙʳ ï ʠʩʢʨʝʥʥʝʡ, ʛʣʫʙʦʢʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʚʟʘʠʤʥʦʤ ʫʚʘʞʝʥʠʠ. ɺ ʥʸʤ ʫʜʠʚʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʦʯʝʪʘʣʠʩʴ ʪʦʯʥʦʩʪʴ 

ʫʯʸʥʦʛʦ ʠ ʰʠʨʦʪʘ ʤʳʩʣʠʪʝʣʷ. ʆʥ ʛʦʚʦʨʠʣ ʦ ʨʫʜʝ, ʤʝʪʘʣʣʝ, ʪʝʭʥʦʣʦʛʠʠ ï ʥʦ 

ʚʩʝʛʜʘ ʚʠʜʝʣ ʟʘ ʥʠʤʠ ʩʫʜʴʙʫ ʩʪʨʘʥʳ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʧʨʠʥʘʜʣʝʞʘʣ ʢ ʪʝʤ ʨʝʜʢʠʤ ʣʶʜʷʤ, ʢʦʪʦʨʳʝ 

ʫʤʝʶʪ ʤʳʩʣʠʪʴ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ. ɼʣʷ ʥʝʛʦ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʥʝ ʧʨʦʩʪʦ ʦʪʨʘʩʣʴʶ ʵʢʦʥʦʤʠʢʠ, ʘ ʦʩʥʦʚʦʡ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʘʩʪʴʶ ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʜʘ 

ʂʘʟʘʭʩʪʘʥʘ. ʆʥ ʧʦʥʠʤʘʣ, ʯʪʦ ʥʘʫʢʘ ï ɻ ʪʦ ʥʝ ʪʦʣʴʢʦ ʣʘʙʦʨʘʪʦʨʠʷ ʠ ʬʦʨʤʫʣʳ, 

ʥʦ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʝʨʝʜ ʙʫʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ. 

ʄʥʝ ʚʩʝʛʜʘ ʠʤʧʦʥʠʨʦʚʘʣʘ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʜʠʩʮʠʧʣʠʥʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʯʝʣʦʚʝʯʝʩʢʘʷ ʤʷʛʢʦʩʪʴ. ɺ ʨʘʟʛʦʚʦʨʘʭ ʦʥ ʦʩʪʘʚʘʣʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ, ʥʦ 

ʥʠʢʦʛʜʘ ʥʝ ʪʝʨʷʣ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʫʚʘʞʝʥʠʷ ʢ ʩʦʙʝʩʝʜʥʠʢʫ. ʆʥ ʚʝʨʠʣ ʚ ʩʠʣʫ 

ʟʥʘʥʠʷ ʠ ʚ ʩʠʣʫ ʜʠʘʣʦʛʘ ï ʠʤʝʥʥʦ ʵʪʦ ʩʝʛʦʜʥʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʢʦʛʜʘ ʤʠʨ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ, ʘ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʶʪ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʤʳʰʣʝʥʠʷ. 

ʊʦ, ʯʪʦ ʝʛʦ ʠʤʷ ʦʙʲʝʜʠʥʷʝʪ ʫʯʸʥʳʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ, 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʝʷʪʝʣʝʡ ʠ ʤʦʣʦʜʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ï ʣʫʯʰʝʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʞʠʚʦʡ ʩʠʣʳ ʝʛʦ ʥʘʩʣʝʜʠʷ. ɺ ʜʝʷʪʝʣʴʥʦʩʪʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ, ʯʴʠʤ ʩʦʟʜʘʪʝʣʝʤ ʠ ʧʝʨʚʳʤ ʛʝʥʝʨʘʣʴʥʳʤ ʜʠʨʝʢʪʦʨʦʤ ʷʚʣʷʣʩʷ, ʷ 

ʚʠʞʫ ʧʨʦʜʦʣʞʝʥʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʘ ï ʩʠʩʪʝʤʥʦʩʪʴ, ʛʣʫʙʠʥʫ ʠ ʚʝʨʥʦʩʪʴ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʚʠʜʝʥʠʶ. 

ʇʫʩʪʴ ʵʪʘ ʂʦʥʬʝʨʝʥʮʠʷ ʩʪʘʥʝʪ ʥʝ ʪʦʣʴʢʦ ʧʣʦʱʘʜʢʦʡ ʜʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʜʠʘʣʦʛʘ, ʥʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʜʫʭʦʚʥʦʡ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ. ɾʝʣʘʶ ʚʘʤ ʩʤʝʣʳʭ ʠʜʝʡ, ʷʩʥʦʩʪʠ ʤʳʩʣʠ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʝʨʝʜ ʙʫʜʫʱʠʤ ï ʪʝʤ ʙʫʜʫʱʠʤ, ʚ ʢʦʪʦʨʦʝ ʪʘʢ ʚʝʨʠʣ ʤʦʡ 

ʜʨʫʛ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚ.  

 

 

 

ʇʦʵʪ ʠ ʅʘʨʦʜʥʳʡ ʧʠʩʘʪʝʣʴ  

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ                 ʆ. ʉʫʣʝʡʤʝʥʦʚ  
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31 

 

 

 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

 

 

 

 

 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʠʟʥʝʩʘ ʠʤʷ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ 

ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʥʘʫʢʠ. ʆʥ ʙʳʣ 

ʫʯʸʥʳʤ, ʢʦʪʦʨʳʡ ʧʦʥʠʤʘʣ ʨʝʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʛʦʚʦʨʠʣ ʩ 

ʧʨʦʤʳʰʣʝʥʥʠʢʘʤʠ ʥʘ ʷʟʳʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʘ. 

ʆʥ ʫʤʝʣ ʩʦʝʜʠʥʷʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʠʥʠʮʠʘʪʠʚʘʤ ʨʘʟʚʠʚʘʣʠʩʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. 

ʕʪʠ ʧʨʠʥʮʠʧʳ ʠ ʩʝʛʦʜʥʷ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʆʩʦʙʦʝ ʫʚʘʞʝʥʠʝ ʚʳʟʳʚʘʝʪ ʝʛʦ ʦʪʥʦʰʝʥʠʝ ʢ ʣʶʜʷʤ. ʆʥ ʚʥʠʤʘʪʝʣʴʥʦ 

ʦʪʥʦʩʠʣʩʷ ʢ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʧʦʜʜʝʨʞʠʚʘʣ ʠʥʠʮʠʘʪʠʚʫ, ʮʝʥʠʣ 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʠ ʯʝʩʪʥʦʩʪʴ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʢʨʫʛ ʥʝʛʦ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʢʦʤʘʥʜʘ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʩʧʦʩʦʙʥʘʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʤʘʩʰʪʘʙʘ. 

ʉʝʛʦʜʥʷ ʙʠʟʥʝʩ ʚʩʸ ʙʦʣʝʝ ʦʩʪʨʦ ʦʱʫʱʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʫʯʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ. ʅʘʩʣʝʜʠʝ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚʘ 

ʩʣʫʞʠʪ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ɻʄʂ, ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʟʥʘʥʠʷʭ, ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʝʨʝʜ ʩʪʨʘʥʦʡ. 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026è ʧʨʦʜʫʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʥʦʚʳʭ 

ʧʘʨʪʥʸʨʩʪʚ ʠ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʫʢʨʝʧʷʪ ʩʚʷʟʴ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʪʘʢ, 

ʢʘʢ ʵʪʦ ʚʠʜʝʣ ʠ ʨʝʘʣʠʟʦʚʳʚʘʣ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ. 

 

 

 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ  

ʊʆʆ çʆʥ-ʆʣʞʘè        ʄ.ɸ. ʅʘʙʠʝʚ 
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32 

 

 

 

 

ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ  

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026»! 

 

 

 

 

 

 

ɺ ʩʚʦʝʡ ʞʠʟʥʠ ʷ ʥʝ ʨʘʟ ʫʙʝʞʜʘʣʩʷ, ʯʪʦ ʥʘʩʪʦʷʱʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ 

ʚʩʝʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʭʘʨʘʢʪʝʨʘ. ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʙʳʣ ʠʤʝʥʥʦ 

ʪʘʢʠʤ ʯʝʣʦʚʝʢʦʤ ï ʯʝʣʦʚʝʢʦʤ ʜʠʩʮʠʧʣʠʥʳ, ʪʦʯʥʦʩʪʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ. ʕʪʠ ʢʘʯʝʩʪʚʘ ʙʣʠʟʢʠ ʠ ʧʦʥʷʪʥʳ ʢʘʞʜʦʤʫ, ʢʪʦ ʥʝʩʸʪ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪ. 

ʆʥ ʨʘʙʦʪʘʣ ʚ ʩʬʝʨʝ, ʛʜʝ ʮʝʥʘ ʦʰʠʙʢʠ ʚʳʩʦʢʘ, ʛʜʝ ʢʘʞʜʦʝ ʨʝʰʝʥʠʝ 

ʪʨʝʙʫʝʪ ʨʘʩʯʸʪʘ ʠ ʧʨʝʜʚʠʜʝʥʠʷ. ʅʦ ʧʨʠ ʵʪʦʤ ʦʥ ʩʦʭʨʘʥʷʣ ʫʜʠʚʠʪʝʣʴʥʦʝ 

ʩʧʦʢʦʡʩʪʚʠʝ ʠ ʫʚʝʨʝʥʥʦʩʪʴ. ɺ ʥʸʤ ʯʫʚʩʪʚʦʚʘʣʘʩʴ ʚʥʫʪʨʝʥʥʷʷ ʦʧʦʨʘ ï 

ʟʥʘʥʠʝ, ʦʧʳʪ ʠ ʚʝʨʘ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʚʦʝʛʦ ʜʝʣʘ ʜʣʷ ʩʪʨʘʥʳ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʫʤʝʣ ʚʜʦʭʥʦʚʣʷʪʴ. ʆʥ ʛʦʚʦʨʠʣ ʦ ʙʫʜʫʱʝʤ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʘʢ, ʩʣʦʚʥʦ ʚʠʜʝʣ ʝʛʦ ʥʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚʧʝʨʸʜ. 

ɽʛʦ ʥʘʫʯʥʳʝ ʠʜʝʠ ʨʦʞʜʘʣʠʩʴ ʠʟ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʩʣʫʞʠʣʠ 

ʫʢʨʝʧʣʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʊʘʢʠʝ ʣʶʜʠ ʩʦʟʜʘʶʪ ʦʨʙʠʪʫ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ. ʀʭ ʚʢʣʘʜ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʪʨʘʩʣʴʶ ï ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʩʪʦʨʠʠ. 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʪʚʸʨʜʦʩʪʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʝʡ, ʰʠʨʦʪʳ 

ʤʳʰʣʝʥʠʷ ʠ ʚʝʨʥʦʩʪʠ ʚʳʙʨʘʥʥʦʤʫ ʧʫʪʠ ï ʢʘʯʝʩʪʚ, ʢʦʪʦʨʳʤʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʙʣʘʜʘʣ ʘʢʘʜʝʤʠʢ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚ. 

 

 

 

ʅʘʨʦʜʥʳʡ ɻʝʨʦʡ ʂʘʟʘʭʩʪʘʥʘ,  

ɻʝʨʦʡ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ             ʊ.ʆ. ɸʫʙʘʢʠʨʦʚ 
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ 

V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026»! 

 

 

ʄʥʝ ʜʦʚʝʣʦʩʴ ʨʘʙʦʪʘʪʴ ʩ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯʝʤ ɸʙʠʰʝʚʳʤ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ï ʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʠʥʠʩʪʝʨʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʘ 

ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʝ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʕʪʠ ʛʦʜʳ ʫʙʝʜʠʪʝʣʴʥʦ 

ʧʦʢʘʟʘʣʠ ʤʘʩʰʪʘʙ ʝʛʦ ʣʠʯʥʦʩʪʠ ʠ ʛʣʫʙʠʥʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʆʥ 

ʚʦʩʧʨʠʥʠʤʘʣ ʥʘʫʢʫ ʥʝ ʢʘʢ ʫʟʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʩʬʝʨʫ, ʘ ʢʘʢ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʩʪʨʘʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʝʸ ʧʨʦʤʳʰʣʝʥʥʫʶ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʦʪʣʠʯʘʣʩʷ ʩʠʩʪʝʤʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ 

ʩʣʦʞʥʝʡʰʠʭ ʟʘʜʘʯ. ɺ ʦʙʩʫʞʜʝʥʠʷʭ ʦʥ ʚʩʝʛʜʘ ʩʪʨʝʤʠʣʩʷ ʚʠʜʝʪʴ ʢʘʨʪʠʥʫ 

ʮʝʣʠʢʦʤ ð ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ. ɽʛʦ ʘʨʛʫʤʝʥʪʘʮʠʷ ʙʳʣʘ ʪʦʯʥʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʘʩʯʸʪʘʭ ʠ 

ʥʘʫʯʥʦʡ ʣʦʛʠʢʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥ ʫʤʝʣ ʫʯʠʪʳʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʢʘʜʨʦʚʳʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ʈʘʙʦʪʘʷ ʚ ʩʬʝʨʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʤʳ ʥʝʨʝʜʢʦ 

ʦʙʩʫʞʜʘʣʠ ʚʦʧʨʦʩʳ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʆʥ ʧʦʜʯʸʨʢʠʚʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʦʨʳ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʠ ʨʘʟʚʠʪʠʝ ʧʨʠʢʣʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, 

ʚʢʣʶʯʘʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

ʉʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʪʘʣʦ 

ʚʦʧʣʦʱʝʥʠʝʤ ʝʛʦ ʫʙʝʞʜʸʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʥʘʫʢʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʫʶ ʧʦʣʠʪʠʢʫ ʛʦʩʫʜʘʨʩʪʚʘ. ʉʝʛʦʜʥʷ, ʚ 

ʫʩʣʦʚʠʷʭ ʫʩʢʦʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʝʛʦ ʠʜʝʠ ʦ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʘʫʯʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʋʙʝʞʜʸʥ, ʯʪʦ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026è ʩʪʘʥʫʪ ʟʥʘʯʠʤʦʡ 

ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʜʠʘʣʦʛʘ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɾʝʣʘʶ 

ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʨʘʙʦʪʳ, ʥʘʫʯʥʦʡ ʛʣʫʙʠʥʳ ʠ 

ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʢʨʝʧʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʇʨʝʟʠʜʝʥʪ ɸʩʩʦʮʠʘʮʠʠ  

çʗʜʝʨʥʦʝ ʦʙʱʝʩʪʚʦ ʂʘʟʘʭʩʪʘʥʘè     ɺ.ʉ. ʐʢʦʣʴʥʠʢ  
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026»! 

 

 

ʉ ʯʫʚʩʪʚʦʤ ʛʣʫʙʦʢʦʡ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʠ 

ʧʨʠʥʠʤʘʶ ʫʯʘʩʪʠʝ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ, 

ʧʦʩʚʷʱʸʥʥʳʭ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ. ɼʣʷ 

ʤʝʥʷ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʤʦʝ ʥʘʫʯʥʦʝ ʩʦʙʳʪʠʝ, 

ʥʦ ʠ ʣʠʯʥʘʷ ʧʘʤʷʪʴ ʦ ʯʝʣʦʚʝʢʝ, ʩ ʢʦʪʦʨʳʤ ʤʝʥʷ ʩʚʷʟʳʚʘʣʠ ʛʦʜʳ ʩʦʚʤʝʩʪʥʦʡ 

ʫʯʝʙʳ, ʨʘʙʦʪʳ, ʜʨʫʞʙʳ ʠ ʚʟʘʠʤʥʦʛʦ ʫʚʘʞʝʥʠʷ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʧʨʠʥʘʜʣʝʞʘʣ ʢ ʧʦʢʦʣʝʥʠʶ ʫʯʸʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʆʥ ʦʙʣʘʜʘʣ ʨʝʜʢʠʤ ʜʘʨʦʤ ï ʩʦʝʜʠʥʷʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʴ ʥʘʫʯʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʯʸʪʢʠʤ ʧʦʥʠʤʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ɽʛʦ ʨʝʰʝʥʠʷ ʚʩʝʛʜʘ ʦʪʣʠʯʘʣʠʩʴ ʩʠʩʪʝʤʥʦʩʪʴʶ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʛʣʫʙʠʥʦʡ. ʆʥ ʫʤʝʣ ʚʠʜʝʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʥʘ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚʧʝʨʸʜ ʠ ʥʘʩʪʦʡʯʠʚʦ ʜʦʙʠʚʘʣʩʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʤʝʯʝʥʥʳʭ ʮʝʣʝʡ. 

ɺ ʥʘʰʝʡ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʧʦ ʨʘʟʚʠʪʠʶ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʥʘʫʢʠ ʂʘʟʘʭʩʪʘʥʘ ʦʥ ʧʨʦʷʚʣʷʣ ʪʚʸʨʜʦʩʪʴ ʭʘʨʘʢʪʝʨʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʩʪʴ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʯʝʣʦʚʝʯʝʩʢʫʶ ʜʝʣʠʢʘʪʥʦʩʪʴ. ʆʥ ʙʳʣ ʪʨʝʙʦʚʘʪʝʣʝʥ ʢ ʩʝʙʝ ʠ 

ʢʦʣʣʝʛʘʤ, ʥʦ ʚʩʝʛʜʘ ʦʩʪʘʚʘʣʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʠ ʦʪʢʨʳʪʳʤ ʢ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʜʠʘʣʦʛʫ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʢʘʯʝʩʪʚʘʤ ʚʦʢʨʫʛ 

ʥʝʛʦ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʠʣʴʥʘʷ ʥʘʫʯʥʘʷ ʢʦʤʘʥʜʘ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ. 

ʉʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʪʘʣʦ 

ʚʦʧʣʦʱʝʥʠʝʤ ʝʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʥʘʫʢʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʝʛʦʜʥʷ, ʢʦʛʜʘ ʚʦʧʨʦʩʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʠ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʝʛʦ ʠʜʝʠ 

ʟʚʫʯʘʪ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦ ʠ ʩʦʚʨʝʤʝʥʥʦ. 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʩʪʠ ʚ ʧʦʠʩʢʝ ʠʩʪʠʥʳ, ʩʦʭʨʘʥʝʥʠʷ ʣʫʯʰʠʭ ʪʨʘʜʠʮʠʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʚʳʜʘʶʱʠʡʩʷ ʚʢʣʘʜ ʚ 

ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʡ ʚʥʝʩ ʘʢʘʜʝʤʠʢ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ. 
 

 

ʇʨʝʟʠʜʝʥʪ ʊʆʆ çɽʅʊʎ  

çʄʝʪʘʣʣʳ ʠ ʤʘʪʝʨʠʘʣʳè,  

ʘʢʘʜʝʤʠʢ         ʉ.ʄ. ʂʦʞʘʭʤʝʪʦʚ 
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ  ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026»! 

 

 

 

 

 

ɼʣʷ ʤʝʥʷ ʫʯʘʩʪʠʝ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʧʦʩʚʷʱʸʥʥʳʭ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ, ï ʵʪʦ ʦʛʨʦʤʥʘʷ 

ʣʠʯʥʘʷ ʯʝʩʪʴ. ʄʥʝ ʜʦʚʝʣʦʩʴ ʙʳʪʴ ʟʥʘʢʦʤʳʤ ʩ ʥʠʤ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩ 

ʚʳʜʘʶʱʠʤʩʷ ʫʯʸʥʳʤ ʠ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʥʘʫʢʠ, ʥʦ ʠ ʢʘʢ ʩʦ ʩʪʘʨʰʠʤ 

ʪʦʚʘʨʠʱʝʤ, ʥʘʩʪʘʚʥʠʢʦʤ, ʯʝʣʦʚʝʢʦʤ ʨʝʜʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʢʫʣʴʪʫʨʳ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʝʨʝʜ ʩʪʨʘʥʦʡ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʧʨʠʥʘʜʣʝʞʘʣ ʢ ʧʦʢʦʣʝʥʠʶ ʨʫʢʦʚʦʜʠʪʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʤʳʩʣʠʣʠ ʢʘʪʝʛʦʨʠʷʤʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʥ 

ʧʦʜʯʸʨʢʠʚʘʣ, ʯʪʦ ʥʘʫʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʩʪʨʦʝʥʘ ʚ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʩʪʨʘʥʳ, ʩʣʫʞʠʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ. 

ʆʥ ʛʣʫʙʦʢʦ ʧʦʥʠʤʘʣ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʚʩʝʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʢʘʢ 

ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʂʘʢ ʵʢʦʥʦʤʠʩʪ, ʷ ʦʩʦʙʝʥʥʦ ʮʝʥʶ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʜʝʪʴ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʟʚʠʪʠʷ. ʆʥ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʚ ʦʪʨʘʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʦʜʚʠʛʘʣ ʠʜʝʶ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʝ ʪʦʣʴʢʦ 

ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʥʦ ʠ ʢʘʢ ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʦʩʪʘ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʠ ʫʢʨʝʧʣʝʥʠʷ ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ. 

ɽʛʦ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʟʘʩʣʫʞʠʚʘʶʪ ʥʝ ʤʝʥʴʰʝʛʦ ʫʚʘʞʝʥʠʷ, ʯʝʤ 

ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ. ʆʥ ʙʳʣ ʧʨʠʥʮʠʧʠʘʣʝʥ, ʥʦ ʢʦʨʨʝʢʪʝʥ; ʪʨʝʙʦʚʘʪʝʣʝʥ, 

ʥʦ ʩʧʨʘʚʝʜʣʠʚ; ʫʚʝʨʝʥ ʚ ʩʚʦʝʡ ʧʦʟʠʮʠʠ, ʥʦ ʦʪʢʨʳʪ ʢ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʤʫ 

ʜʠʘʣʦʛʫ. ɼʣʷ ʤʥʦʛʠʭ ʠʟ ʥʘʩ ʦʥ ʦʩʪʘʚʘʣʩʷ ʧʨʠʤʝʨʦʤ ʠʥʪʝʣʣʠʛʝʥʪʥʦʩʪʠ, 

ʚʳʜʝʨʞʢʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʣʠʯʥʦʡ ʩʢʨʦʤʥʦʩʪʠ. 

ʉʦʟʜʘʥʥʳʡ ʠʤ ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʪʘʣ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʤ 

ʚʦʧʣʦʱʝʥʠʝʤ ʝʛʦ ʠʜʝʡ ï ʧʣʦʱʘʜʢʦʡ, ʛʜʝ ʥʘʫʢʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚ ʠʥʪʝʨʝʩʘʭ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. ʉʝʛʦʜʥʷ, ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʫʩʠʣʝʥʠʷ 

ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʟʥʘʯʝʥʠʝ ʪʘʢʠʭ ʥʘʫʯʥʳʭ 

ʮʝʥʪʨʦʚ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ. 
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ʋʙʝʞʜʸʥ, ʯʪʦ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026è ʩʪʘʥʫʪ ʚʘʞʥʦʡ ʧʣʦʱʘʜʢʦʡ 

ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʦʣʠ ʥʘʫʢʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʦʩʪʘ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʂʘʟʘʭʩʪʘʥʘ. ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ 

ʂʦʥʬʝʨʝʥʮʠʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʜʠʩʢʫʩʩʠʠ, ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʦʩʪʦʡʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʜʝʣʘ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ. 

 

ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ  

ʀʥʩʪʠʪʫʪʘ ʵʢʦʥʦʤʠʢʠ  

ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ  

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʂ,  

ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ         ɽ.ʊ. ʉʘʜʳʢʦʚ 
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ʂϺʨʥʝʢʪʽ Ϥʘʣʳʤ  

Ϸʙʽʰʝʚ ɾʘʥʪϺʨʝ ʅϰʨʣʘʥϰʣʳʥʳϬ  

ʪʫϤʘʥʳʥʘ 90 ʞʳʣ ʪʦʣʫʳʥʘ ʦʨʘʡ  

 

 

 

 

 

 

ᴄʙʽʰʝʚ ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ (1936-1999) ï פʘʟʘץʩʪʘʥʜʘסʳ ʢᴇʨʥʝʢʪʽ 

 ʩʪʘʥץʘʟʘפ ,ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ שʳʣʳʤʜʘʨʳʥʳס ʘʣʳʤ-ʤʝʪʘʣʣʫʨʛ, ʪʝʭʥʠʢʘס

 ʩʪʘʥץʘʟʘפ .ʰʝʩʽװʢʦʨʨʝʩʧʦʥʜʝʥʪ-ʤ שʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳʥʳס ץʣʪʪʳױ

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʝשʙʝʢ ʩʽשʽʨʛʝʥ ᴇʥʝʨʪʘʧץʳʰʳ, ʄʝʤʣʝʢʝʪʪʽʢ ʩʳʡʣʳסʳʥʳש 

ʠʝʛʝʨʽ, 50 ᴇʥʝʨʪʘʙʳʩʪʳש ʘʚʪʦʨʳ, ɸפʐ, ʂʘʥʘʜʘ, ɻʝʨʤʘʥʠʷ ʌʝʜʝʨʘʪʠʚʪʽʢ 

ʈʝʩʧʫʙʣʠʢʘʩʳ, ɸʚʩʪʨʘʣʠʷ ʤʝʤʣʝʢʝʪʪʝʨʽʥʽש ʧʘʪʝʥʪʪʝʨʽʥʝ ʠʝ ʙʦʣסʘʥ. çײפʨʤʝʪ 

ʙʝʣʛʽʩʽè ʦʨʜʝʥʽʤʝʥ, ʤʝʜʘʣʴʜʘʨʤʝʥ ʞᴅʥʝ פʘʟʘץ ʂʉʈ ɾʦסʘʨסʳ ʂʝשʝʩʽʥʽש 

 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ ,ʘʥסʨʤʝʪ ʛʨʘʤʦʪʘʩʳʤʝʥ ʤʘʨʘʧʘʪʪʘʣײפ

ʄʠʥʝʨʘʣʜʳץ ʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽ ᴇשʜʝʫ ʞᴇʥʽʥʜʝʛʽ ײʣʪʪʳץ ʦʨʪʘʣʳסʳʥ 

 ʳ ʙʘʩץʘʰסʘʣ שʙʘʩʪʘʤʘʰʳʩʳ ʞᴅʥʝ 1993 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʦʥʳ שʨʫʜʳײץ

ʜʠʨʝʢʪʦʨʳ ʙʦʣʜʳ. 

ɾʘʥʪᴇʨʝ ᴄʙʽʰʝʚ 1936 ʞʳʣסʳ 18 ʥʘʫʨʳʟʜʘ פʘʨʘסʘʥʜʳ ʦʙʣʳʩʳ ʊʝʣʴʤʘʥ 

ʘʫʜʘʥʳʥʜʘ ʜװʥʠʝʛʝ ʢʝʣʛʝʥ. ɸʨסʳʥ ʪʘʡʧʘʩʳʥʳפ שʫʘʥʜʳץ ʨʫʳʥʳש ʊʦץʘ 

ʘʪʘʩʳʥʘʥ ʰʳץץʘʥ. 1952 ʞʳʣʳ פʘʨʘסʘʥʜʳ ץʘʣʘʩʳʥʜʘסʳ ˉ20 ʤʝʢʪʝʧʪʽ װʟʜʽʢ 

ʙʽʪʽʨʛʝʥ. פʘʟʘץ ʪʘʫ-ʢʝʥ ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥʳש ʤʝʪʘʣʣʫʨʛʠʷ 

ʬʘʢʫʣʴʪʝʪʽʥʝ ʦץʫסʘ ʪװʩʽʧ, 1957 ʞʳʣʳ ʞʦסʘʨʳ ʦץʫ ʦʨʥʳʥ ʪᴅʤʘʤʜʘסʘʥʥʘʥ 

ʢʝʡʽʥ פʘʨʘסʘʥʜʳ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʢᴇʤʽʨ ʠʥʩʪʠʪʫʪʳʥʘ ʞײʤʳʩץʘ ʞʦʣʜʘʥסʘʥ. 

ɸʪʘʣסʘʥ ʠʥʩʪʠʪʫʪ 1959 ʞʳʣʳ פʘʟʘץ ʂʉʈ נʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳʥʳש ʍʠʤʠʷ-

ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥʳײץ שʨʘʤʳʥʘ ʙʝʨʽʣʜʽ. 1967-1972 ʞʳʣʜʘʨʳ 

ʠʥʩʪʠʪʫʪ ʜʠʨʝʢʪʦʨʳʥʳס שʳʣʳʤʠ ʞײʤʳʩʪʘʨ ʞᴇʥʽʥʜʝʛʽ ʦʨʳʥʙʘʩʘʨʳ ץʳʟʤʝʪʽʥ 

ʘʪץʘʨʜʳ. 1972-1992 ʞʳʣʜʘʨʳ ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥʳש 

ʜʠʨʝʢʪʦʨʳ ʙʦʣʜʳ. 

ʅʝʛʽʟʛʽ סʳʣʳʤʠ ʝשʙʝʢʪʝʨʽ ʪװʩʪʽ ʞᴅʥʝ ʩʠʨʝʢ ʤʝʪʘʣʜʘʨ ʤʝʪʘʣʣʫʨʛʠʷʩʳ 

ʩʘʣʘʩʳʥʘ ʘʨʥʘʣסʘʥ. ʇʠʨʠʪײץʨʘʤʜʳ ʧʦʣʠʤʝʪʘʣʣ ʰʠʢʽʟʘʪʳʥ ʪʝʨʤʦʤʘʛʥʠʪʪʽʢ 

ᴅʜʽʩʧʝʥ ʙʘʡʳʪʫ ʞᴅʥʝ ʢʨʝʤʥʠʡʽ ʞʦסʘʨʳ ʩʫʣʴʬʠʜʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

ʘʚʪʦʢʣʘʚʪʳץ ʞʘסʜʘʡʜʘ ʢʨʝʤʥʠʡʩʽʟʜʝʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʜʽ. 50 

ʘʚʪʦʨʣʳץ ʢʫᴅʣʽʢ ʧʝʥ ʧʘʪʝʥʪʪʽש ʠʝʛʝʨʽ. çײפʨʤʝʪ ʙʝʣʛʽʩʽè ʦʨʜʝʥʽʤʝʥ 

ʤʘʨʘʧʘʪʪʘʣסʘʥ. 

2001 ʞʳʣʳ 1983-2000 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘסʳ çʊʝʭʥʦʛʝʥʜʽʢ ʰʠʢʽʟʘʪʪʳ 

ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ᴅʣʝʤʜʽʢ ʜʝשʛʝʡʜʝʛʽ ᴇʥʽʤ ï 
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ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʡʜʽ (ᴅʣʝʤʜʝ ʘʣסʘʰ ʨʝʪ) ʞᴅʥʝ ʞʦסʘʨʳ ʪʘʟʘʣʳץʪʘסʳ 

ʢװʢʽʨʪ ץʳʰץʳʣʳʥ ᴇʥʜʽʨʫʜʽ ײʡʳʤʜʘʩʪʳʨʫè ʘʪʪʳ ʝשʙʝʛʽ װʰʽʥ ʘʚʪʦʨʣʘʨ 

 ʳʣʳʤ ʞᴅʥʝ ʪʝʭʥʠʢʘס שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ ʞʳʤʳʤʝʥ ʙʽʨʛʝײ

ʩʘʣʘʩʳʥʜʘסʳ ʄʝʤʣʝʢʝʪʪʽʢ ʩʳʡʣʳסʳ ʙʝʨʽʣʜʽ. 

ɹװʛʽʥ סʳʣʳʤʠ ץʘʫʳʤʜʘʩʪʳץ ʢᴇʨʥʝʢʪʽ סʘʣʳʤ, ʤʝʪʘʣʣʫʨʛʠʷ ʩʘʣʘʩʳʥʳש 

ʽʨʽ ᴇʢʽʣʽ, ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ, פʘʟʘץʩʪʘʥ ױʣʪʪʳץ 

 ʩʪʘʥץʘʟʘפ ,ʰʝʩʽװʢʦʨʨʝʩʧʦʥʜʝʥʪ-ʤ שʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳʥʳס

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʝשʙʝʢ ʩʽשʽʨʛʝʥ ᴇʥʝʨʪʘʧץʳʰʳ ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ 

ᴄʙʽʰʝʚʪʽ90 ש ʞʳʣ ʪʦʣʫʳʥ ʘʪʘʧ ᴇʪʽʧ ʦʪʳʨסʘʥ ʩᴅʪʪʝ, ʙʽʟ ʦʥʳש ʝʣʽʤʽʟʜʝʛʽ 

ʤʝʪʘʣʣʫʨʛʠʷ ʩʘʣʘʩʳʥʜʘסʳ סʳʣʳʤ ʤʝʥ ʞʦסʘʨʳ ʪʝʭʥʠʢʘʣʳץ ʙʽʣʽʤʥʽש ʜʘʤʫʳʥʘ 

 .ʨʤʝʪ ʙʽʣʜʽʨʝʤʽʟײץ ,ʟʳʤ ʝʪʽʧסʣʝʩʽʥʝ ʪʘװ ʘʥ ʟʦʨץʦʩץ

 ʰʝʩʽ ɾʘʥʪᴇʨʝװʢʦʨʨʝʩʧʦʥʜʝʥʪ-ʤ שʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳʥʳנ ʩʪʘʥץʘʟʘפ

ʅײʨʣʘʥײʣʳ ᴄʙʽʰʝʚʪʽש ʰᴅʢʽʨʪʪʝʨʽ ʤʝʥ ʩʝʨʽʢʪʝʩʪʝʨʽʥʽש, ʤʝʪʘʣʣʫʨʛʪʝʨʜʽש 

ʞʘשʘ ʙʫʳʥʳʥʳש ʞʘʜʳʥʜʘ ʤʝʪʘʣʣʫʨʛʠʷ סʳʣʳʤʳ ʤʝʥ פʘʟʘץʩʪʘʥ 

ʤʝʪʘʣʣʫʨʛʠʷʩʳʥʳש ʜʘʤʫʳʥʘ ץʦʤʘץʪʳ װʣʝʩ ץʦʩץʘʥ ʢᴇʨʥʝʢʪʽ סʘʣʳʤ ᴅʨʽ 

 .ʪʘʣʘʜʳץʛʽ ʩʘשʩʪʘʟ ʨʝʪʽʥʜʝ ʤᴅײ ʘʪʪʳסʣʘײ

 

 

 

çʄʞʂɹʀè ɸϧ ʙʘʩ ʜʠʨʝʢʪʦʨʳ,  

ϧʈ ʝϬʙʝʢ ʩʽϬʽʨʛʝʥ Ϩʘʡʨʘʪʢʝʨʽ,  

ʪʝʭʥʠʢʘ ϤʳʣʳʤʜʘʨʳʥʳϬ ʜʦʢʪʦʨʳ,  

ʧʨʦʬʝʩʩʦʨ         ɹ.ʂ. ʂʝʥʞʘʣʠʝʚ 
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ʋʚʘʞʘʝʤʳʝ ʦʨʛʘʥʠʟʘʪʦʨʳ,  

ʫʯʘʩʪʥʠʢʠ ʠ ʛʦʩʪʠ ʢʦʥʬʝʨʝʥʮʠʠ!  

 

 

 

 

 

 

ʇʨʠʤʠʪʝ ʠʩʢʨʝʥʥʠʝ ʧʨʠʚʝʪʩʪʚʠʷ ʠ ʥʘʠʣʫʯʰʠʝ ʧʦʞʝʣʘʥʠʷ ʧʦ ʩʣʫʯʘʶ 

ʧʨʦʚʝʜʝʥʠʷ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026è, ʧʦʩʚʷʱʝʥʥʦʡ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦ-ʤʝʪʘʣʣʫʨʛʘ, ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ, 

ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʘʟʘʭʩʪʘʥʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ 

ɸʙʠʰʝʚʘ.  

ʇʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʩʦʙʳʪʠʝʤ ʜʣʷ 

ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ. çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷè ʦʙʲʝʜʠʥʷʶʪ ʫʯʝʥʳʭ, ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʤʦʣʦʜʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʢʨʝʧʣʝʥʠʷ ʥʘʫʯʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ.  

ʀʤʷ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʠʩʪʦʨʠʠ 

ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʥʘʫʢʠ. ɽʛʦ ʥʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʥʘʫʯʥʳʤ ʠʜʝʷʤ ʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ ʥʦʚʦʝ ʥʘʫʯʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ï ʭʠʤʠʯʝʩʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʟʚʦʣʠʚʰʝʝ 

ʚʦʚʣʝʢʘʪʴ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʝ ʠ ʥʠʟʢʦʩʦʨʪʥʳʝ ʨʫʜʳ.  

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʚʥʝʩ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʰʢʦʣ ʚ ʦʙʣʘʩʪʠ ʤʝʪʘʣʣʫʨʛʠʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɽʛʦ ʪʨʫʜʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ 

ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʘ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʦʟʜʘʥʠʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʪʘʣʦ ʚʘʞʥʳʤ 

ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ.  

ʉʝʛʦʜʥʷ ʚʦʧʨʦʩʳ ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʝ 
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ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʋʚʝʨʝʥʳ, ʯʪʦ ʦʙʩʫʞʜʝʥʠʝ 

ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʤʝʥʫ ʦʧʳʪʦʤ ʠ ʧʦʠʩʢʫ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɾʝʣʘʝʤ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ, ʥʦʚʳʭ ʠʜʝʡ, ʫʩʧʝʰʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʘʣʴʥʝʡʰʠʭ 

ʜʦʩʪʠʞʝʥʠʡ ʚʦ ʙʣʘʛʦ ʥʘʫʢʠ ʠ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 

ʉ ʫʚʘʞʝʥʠʝʤ,  

 

ʏʣʝʥ ʇʨʘʚʣʝʥʠʷ ï  

ʈʝʢʪʦʨ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ  

ʫʥʠʚʝʨʩʮʪʝʪʘ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘ, 

ʜ.ʵ.ʥ., ʧʨʦʬʝʩʩʦʨ         ʉ. ʉʘʛʠʥʪʘʝʚʘ 
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ϧϰʨʤʝʪʪʽ çϷʙʽʰʝʚ ʦϨʫʣʘʨʳ ï 2026» 

ʢʦʥʬʝʨʝʥʮʠʷϤʘ Ϩʘʪʳʩʫʰʳʣʘʨ! 

 

 

 

 

 

 

 ʳʣʳʤʳ ʤʝʥ ᴇʥʜʽʨʽʩʽʥס ʤʝʪʘʣʣʫʨʛʠʷ ʞᴅʥʝ ʭʠʤʠʷ ץʩʪʘʥʜʳץʘʟʘפ

ʜʘʤʳʪʫסʘ ᴇʣʰʝʫʩʽʟ װʣʝʩ ץʦʩץʘʥ ץʘʜʽʨʣʽ ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ ᴄʙʽʰʝʚʪʽש 

ʪʫסʘʥʳʥʘ 90 ʞʳʣ ʪʦʣʜʳ! 

ᴄʙʽʰʝʚ ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ ï ʢᴇʨʥʝʢʪʽ סʘʣʳʤ-ʤʝʪʘʣʣʫʨʛ, ʪʝʭʥʠʢʘ 

 ʳʣʳʤנ ץʣʪʪʳײ ʩʪʘʥץʘʟʘפ ,ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ שʳʣʳʤʜʘʨʳʥʳס

ʘʢʘʜʝʤʠʷʩʳʥʳש ʪʦʣʳץ ʤװʰʝʩʽ. פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʝשʙʝʢ ʩʽשʽʨʛʝʥ 

ᴇʥʝʨʪʘʧץʳʰʳ. 50 ᴇʥʝʨʪʘʙʳʩʳʥʳש ʘʚʪʦʨʳ, ɸפʐ, ʂʘʥʘʜʘ, ɻʌʈ, 

ɸʚʩʪʨʘʣʠʷʜʘʥ ʧʘʪʝʥʪʪʝʨ ʘʣʳʥʜʳ. çײפʨʤʝʪ ʙʝʣʛʽʩʽè ʦʨʜʝʥʽ, פʘʟʘץ ʂʉʈ 

ɾʦסʘʨסʳ ʂʝשʝʩʽʥʽש ʤʝʜʘʣʴʜʘʨʳ ʤʝʥ ײפʨʤʝʪ ʛʨʘʤʦʪʘʣʘʨʳʤʝʥ 

ʤʘʨʘʧʘʪʪʘʣסʘʥ. 

ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳʥʳס שʳʣʳʤʠ ʞײʤʳʩʪʘʨʳʥʳש ʥʝʛʽʟʛʽ ʙʘסʳʪʳ 

ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥʥʳש ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽ ʰʠʢʽʟʘʪʳʥ ʘʨʘʣʘʩ 

ʭʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴇשʜʝʫʜʽ ʪʝʦʨʠʷʣʳץ ʞʘסʳʥʘʥ ʽʟʜʝʩʪʽʨʫ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʝʛʽʟʽʥ ʞʘʩʘʫ, ʩʦʥʜʘʡ-ʘץ ʢʝʥ-ʤʝʪʘʣʣʫʨʛʠʷ ᴇʥʜʽʨʽʩʽʥʽש ʞʘʙʳץ 

ʘʟ ʰʳסʳʥʜʳ ʤʘʪʝʨʠʘʣʜʳץ ʮʠʢʣʳʥ ײץʨʫ ʙʦʣʜʳ. 

ʂᴇʨʥʝʢʪʽ סʘʣʳʤʥʳש ʪʽʢʝʣʝʡ ץʘʪʳʩʫʳʤʝʥ ʘʩʘ ʽʨʽ, ʙʽʨʘץ ʪᴇʤʝʥʛʽ ʩʦʨʪʪʳ 

ʃʠʩʘʢʦʚ ʪʝʤʽʨ ʢʝʥ ʦʨʥʳʥʳש ʰʠʢʽʟʘʪʳʥ ʢʝʰʝʥʜʽ ʧʘʡʜʘʣʘʥʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ ʞʘʩʘʣʜʳ, ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ᴅʣʝʤʜʽʢ 

ʪᴅʞʽʨʠʙʝʜʝ ʪסשײʳʰ ʨʝʪ ʢʝʜʝʡ ʬʦʩʬʦʨʣʳ ʪʝʤʽʨ ʢʝʥʽ ᴇʥʜʽʨʽʩʢʝ ʝʥʛʽʟʽʣʜʽ, ʙײʣ 

ʢʝʥ ʦʨʥʳ ʦʩʳ ʢװʥʛʝ ʜʝʡʽʥ פʘʟʘץʩʪʘʥ ץʘʨʘ ʤʝʪʘʣʣʫʨʛʠʷʩʳʥʳש ʥʝʛʽʟʛʽ ʰʠʢʽʟʘʪ 

 ,ʘʥʜʳ ʤʝʪʘʣʣʫʨʛʠʷ ʢʦʤʙʠʥʘʪʳʥʘ ᴇʥʜʽʨʽʩʢʝ ʝʥʛʽʟʽʣʽʧסʘʨʘפ .ʦʨʳ ʙʦʣʳʧ ʦʪʳʨץ

ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ סʳʣʳʤʠ-ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʰʝʥ ʢʝʟʽʥʜʝ ʂʉʈʆ-ʥʳס שʳʣʳʤ 

ʤʝʥ ʪʝʭʥʠʢʘ ʩʘʣʘʩʳʥʜʘסʳ ʄʝʤʣʝʢʝʪʪʽʢ ʩʳʡʣʳסʳʥʘ ʠʝ ʙʦʣʜʳ. 

ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳʥʳש ʪʽʢʝʣʝʡ ץʘʪʳʩʫʳʤʝʥ ʽʨʽ ʃʠʩʘʢʦʚ ʢʝʥ ʦʨʥʳʥʳש 

ʪʝʤʽʨ ʢʝʥʽ ʰʠʢʽʟʘʪʳʥ ʢʝʰʝʥʜʽ ʧʘʡʜʘʣʘʥʫ ʪʝʦʨʠʷʩʳʥ ײץʨʫ פʘʟʘץʩʪʘʥʥʳש 

 .ʘ ʥʝʛʽʟ ʙʦʣʜʳסʘʣʳʧʪʘʩʪʳʨʫץ ʰʠʢʽʟʘʪ ʙʘʟʘʩʳʥ שʘʨʘ ʤʝʪʘʣʣʫʨʛʠʷʩʳʥʳץ

ʇʦʣʠʤʝʪʘʣʜʳץ ʩʫʣʴʬʠʜ ʰʠʢʽʟʘʪʳʥ ʤʘʛʥʠʪʪʽʢ ʙʘʡʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʢʝשʽʥʝʥ 

ʪʘʥʳʣʜʳ. ʆʩʳ ʙʘסʳʪʪʘסʳ ᴅʟʽʨʣʝʤʝʣʝʨ ᴅʨ ʪװʨʣʽ ʝʣʜʝʨʜʽ20 ש ʧʘʪʝʥʪʽʤʝʥ 

 .ʘʣʜʳסʦʨץ

ɾʘʥʪᴇʨʝ ʅײʨʣʘʥײʣʳ ᴄʙʽʰʝʚʪʽש ʝʩʽʤʽ ץʘʟʘץʩʪʘʥʜʳס ץʳʣʳʤ ʰʝʞʽʨʝʩʽʥʜʝ 

ʤᴅשʛʽʣʽʢʢʝ ʩʘץʪʘʣʘʜʳ. ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥ ʜʘʤʳʪʫ ʤʝʥ ײץʨʫסʘ 

 ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ʄʠʥʠʩʪʨʣʝʨץʘʟʘפ ʰʽʥװ ʣʝʩʽװ ʘ ʞʝʪʧʝʩסʘʥ ʙʘץʦʩץ
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ʂʘʙʠʥʝʪʽʥʽ2000 ש ʞʳʣסʳ 20 ץʘʟʘʥʜʘסʳ ץʘʫʣʳʩʳʤʝʥ ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ 

ʠʥʩʪʠʪʫʪʳʥʘ ʦʥʳש ʝʩʽʤʽ ʙʝʨʽʣʜʽ. 

çᴄʙʽʰʝʚ ʦץʫʣʘʨʳ ï 2026è ʢʦʥʬʝʨʝʥʮʠʷסʘ ץʘʪʳʩʫʰʳʣʘʨʜʳש ʙʘʨʣʳסʳʥʘ 

ʞʝʤʽʩʪʽ ʞײʤʳʩ ʞᴅʥʝ ץʦסʘʤ ʘʣʜʳʥʜʘ ʪײʨסʘʥ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʞᴅʥʝ ʭʠʤʠʷ 

ʞᴅʥʝ ʤʝʪʘʣʣʫʨʛʠʷ סʳʣʳʤʳʥʳש ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʣʝʫʝʪʽʥ ʜʘʤʳʪʫסʘ װʣʝʩ 

 !ʪʘʨ ʪʽʣʝʡʤʽʥץʘʣʳשʞʘ ץʘʨʤʘʰʳʣʳסʘ ʰʳשʦʩʘʪʳʥ ʞʘץ

 

ϧϰʨʤʝʪʧʝʥ, 

 

ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ Ϸʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘϤʳ  

Ϥʳʣʳʤ ʞϸʥʝ ʪʝʭʥʠʢʘ ʩʘʣʘʩʳʥʜʘϤʳ  

ʤʝʤʣʝʢʝʪʪʽʢ ʩʳʡʣʳϤʳʥʳϬ ʣʘʫʨʝʘʪʳ,  

ʙʠʦʣʦʛʠʷ ϤʳʣʳʤʜʘʨʳʥʳϬ ʜʦʢʪʦʨʳ,  

ʧʨʦʬʝʩʩʦʨ            ʂϮʥʩϰʣʫ ɿʘʢʘʨʴ̫ 

 



 

 

 
 
 
 
 
 
 
 

ʇʣʝʥʘʨʥʘʷ ʩʝʢʮʠʷ 
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ʈʆʃʔ ɾ.ʅ. ɸɹʀʐɽɺɸ ɺ ʈɸɿɺʀʊʀʀ ʅɸʋʂʀ ɼʃʗ ɻʄʂ 

 
ɹʘʡʩʘʥʦʚ ʉ.ʆ. 

 

ɼʠʨʝʢʪʦʨ ʌʠʣʠʘʣʘ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè,  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʂ 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ, ʜʨʫʟʴʷ ʠ ʛʦʩʪʠ! 

 

ʗ ʨʘʜ ʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ɺʘʩ ï ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ 2026è, 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʛʦʩʪʝʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ!  

ʉʝʛʦʜʥʷ, ʦʪʤʝʯʘʷ 90-ʣʝʪʥʠʡ ʖʙʠʣʝʡ ɸʙʠʰʝʚʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ, ʧʦʟʚʦʣʴʪʝ 

ʚʳʨʘʟʠʪʴ ʛʣʫʙʦʢʦʝ ʫʚʘʞʝʥʠʝ ʧʘʤʷʪʠ ʟʘʤʝʯʘʪʝʣʴʥʦʛʦ ʫʯʝʥʦʛʦ, ʦʪʜʘʚʰʝʛʦ 42 ʛʦʜʘ 

ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʂʘʟʘʭʩʪʘʥʘ. ɼʣʷ ʚʩʝʭ ʥʘʩ ʩʝʛʦʜʥʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʫʯʠʪʝʣʝʥ ʞʠʟʥʝʥʥʳʡ ʧʫʪʴ ɾ.ʅ.ɸʙʠʰʝʚʘ 

ï ʵʪʦ ʧʨʠʤʝʨ ʪʨʫʜʦʣʶʙʠʷ ʠ ʧʨʝʜʘʥʥʦʩʪʠ ʩʚʦʝʤʫ ʜʝʣʫ.  

ɸʢʘʜʝʤʠʢ ʂʫʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ ʉʘʪʧʘʝʚ, ʧʨʠʜʘʚʘʷ ʦʩʦʙʫʶ ʨʦʣʴ ʨʘʟʚʠʪʠʶ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʙʳʣ ʛʣʘʚʥʳʤ ʠʥʠʮʠʘʪʦʨʦʤ ʩʦʟʜʘʥʠʷ ʚ ʨʝʛʠʦʥʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ ʧʦʤʦʱʴ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʦʚʝʪ ʄʠʥʠʩʪʨʦʚ ʂʘʟʉʉʈ, ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦʡ ʙʘʟʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʣʠ 

ʥʘʠʙʦʣʝʝ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʝʟʠʜʠʫʤʘ ɸʅ ʂʘʟʉʉʈ ʚ ʩʝʥʪʷʙʨʝ 1958 ʛ. ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʦʙ 

ʦʨʛʘʥʠʟʘʮʠʠ ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ.  

 ɺ ʍʄʀ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʧʨʦʰʝʣ ʧʫʪʴ ʦʪ ʘʩʧʠʨʘʥʪʘ, ʤʣʘʜʰʝʛʦ ʥʘʫʯʥʦʛʦ 

ʩʦʪʨʫʜʥʠʢʘ, ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʫʯʝʥʦʛʦ ʩʝʢʨʝʪʘʨʷ, ʟʘʤʝʩʪʠʪʝʣʷ ʜʠʨʝʢʪʦʨʘ ʠ 

ʜʠʨʝʢʪʦʨʘ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʳʤ ʩ ʯʝʩʪʴʶ ʨʫʢʦʚʦʜʠʣ 20 ʣʝʪ, ʧʨʦʷʚʣʷʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʠ 

ʘʢʮʝʥʪ ʠʟʫʯʝʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʠʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ.  

ɺ ʩʪʝʥʘʭ ʠʥʩʪʠʪʫʪʘ ɾ.ɸʙʠʰʝʚ ʩʪʘʣ ʜʦʢʪʦʨʦʤ ʥʘʫʢ, ʙʳʣ ʠʟʙʨʘʥ ʯʣʝʥʦʤ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʘʟʘʭʩʢʦʡ ʉʉʈ, ʘ ʩ 1984 ʛʦʜʘ ʩʪʘʣ ʘʢʘʜʝʤʠʢʦʤ-

ʩʝʢʨʝʪʘʨʝʤ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ. 

ɺ ʧʝʨʠʦʜ ʜʠʨʝʢʪʦʨʩʪʚʘ ɸʙʠʰʝʚʘ ɾ.ʅ. (1972-1992 ʛʛ.) ʚ ʠʥʩʪʠʪʫʪʝ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʠ, ʛʦʨʥʦʛʦ 

ʜʝʣʘ, ʛʝʦʣʦʛʠʠ ʠ ʜʨ. ɺʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʝʥʳʭ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ 

ʙʳʣʘ ʥʝʦʪʲʝʤʣʝʤʦ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʦʤ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʚʠʪʠʝ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ.  

ɺ ʪʝ ʛʦʜʳ ʢʦʣʣʝʢʪʠʚ ʫʯʝʥʳʭ, ʩʚʷʟʘʚʰʠʭ ʩʚʦʶ ʞʠʟʥʴ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ 

ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘʩʯʠʪʳʚʘʣ ʙʦʣʝʝ 600 ʩʦʪʨʫʜʥʠʢʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ 

ʙʘʟʝ ʠʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʰʢʦʣ, ʧʦʣʫʯʠʚʰʠʭ ʨʘʟʚʠʪʠʝ ʚ ʍʠʤʠʢʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ, ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ: ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʦʩʚʦʝʥʠʷ ʥʝʜʨ, ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʫʛʣʝʭʠʤʠʠ, ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ, ʀʥʩʪʠʪʫʪ ʬʠʪʦʭʠʤʠʠ, ʀʥʩʪʠʪʫʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ.  

ɻʦʚʦʨʷ ʦ ʝʛʦ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ 1967 ʧʦ 1992 ʛʛ. 

ʦʥ ʷʚʣʷʣʩʷ ʙʝʩʩʤʝʥʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʫʣʴʬʠʜʦʚ, ʚ ʩʪʝʥʘʭ ʢʦʪʦʨʦʡ ɾ.ʅ.ɸʙʠʰʝʚ ʩ ʢʦʣʣʝʢʪʠʚʦʤ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ 

ʨʘʟʨʘʙʦʪʘʣ ʠ ʩʦʟʜʘʣ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʣʫʙʦʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ. ɺʧʝʨʚʳʝ ʠʤ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ (ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ) ʦʙʞʠʛʤʘʛʥʠʪʥʦʝ 
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ʦʙʦʛʘʱʝʥʠʝ: ʜʣʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ï ʦʙʞʠʛʤʘʛʥʠʪʥʦʝ ʧʠʨʨʦʪʠʥʠʟʠʨʫʶʱʝʝ ʦʙʦʛʘʱʝʥʠʝ, 

ʜʣʷ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ï ʦʙʞʠʛʤʘʛʥʠʪʥʦʝ ʤʘʛʥʝʪʠʟʠʨʫʶʱʝʝ ʦʙʦʛʘʱʝʥʠʝ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʚ ʧʠʨʠʪʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʧʦʧʫʪʥʦ 

ʧʝʨʝʭʦʜʷʪ ʤʝʜʴ ï ʜʦ 15%, ʮʠʥʢ ï ʜʦ 20, ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ ï ʜʦ 70-75, ʩʚʠʥʝʮ ï ʜʦ 30, 

ʤʦʣʠʙʜʝʥ ï ʜʦ 60, ʢʦʙʘʣʴʪ ï ʜʦ 30, ʩʝʣʝʥ ʠ ʪʝʣʣʫʨ ï ʜʦ 65, ʠʥʜʠʡ ʠ ʢʘʜʤʠʡ ï ʜʦ 40-50. 

ʇʠʨʠʪʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʚʳʭʦʜ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 80% ʦʪ ʤʘʩʩʳ ʨʫʜʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʧʫʪʥʳʤ (ʦʪ 10 ʜʦ 60%) 

ʠʟʚʣʝʯʝʥʠʝʤ ʩʝʣʝʥʘ, ʘ ʧʦʣʫʯʘʝʤʳʝ ʧʠʨʠʪʥʳʝ ʦʛʘʨʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ. 

ɸʙʠʰʝʚ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʚʩʝʛʜʘ ʧʦʜʯʝʨʢʠʚʘʣ, ʯʪʦ ʚʘʞʥʘ ʥʝ ʧʝʨʝʨʘʙʦʪʢʘ ʧʠʨʠʪʥʳʭ 

ʦʛʘʨʢʦʚ, ʜʘʞʝ ʧʠʨʠʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʘ ʨʘʟʨʘʙʦʪʢʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʦʛʘʱʝʥʠʷ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝ ʪʦʣʴʢʦ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʫʣʴʬʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʠʨʠʪʦʚ, ʚ ʢʦʣʣʝʢʪʠʚʥʦʤ ʢʦʥʮʝʥʪʨʘʪʝ, ʥʦ ʠ 

ʧʦʩʣʝʜʫʶʱʫʶ ʩʝʣʝʢʮʠʶ ʵʪʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʇʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʬʠʟʠʯʝʩʢʠʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʤʘʛʥʠʪʥʳʭ, ʤʝʭʘʥʦ- ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʝʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʭʝʤ ʢʦʣʣʝʢʪʠʚʥʦ-ʩʝʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʦʙʦʙʱʝʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʠʨʠʪʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʢʦʣʣʝʢʪʠʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚʦ ʛʣʘʚʝ ʩ 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝʤ ɸʙʠʰʝʚʝʤ ʨʘʟʨʘʙʦʪʘʣ ʩʧʦʩʦʙʳ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʪʦʡ ʦʧʝʨʘʮʠʠ, ʦʙʦʛʘʱʝʥʠʷ ʤʝʜʥʳʭ ʨʫʜ ʠ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʤʝʜʠ, ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʩʤʝʰʘʥʥʳʭ ʠ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ, ʦʪʛʦʥʢʠ ʣʝʪʫʯʠʭ 

ʠ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʩ ʧʨʠʝʤʘʤʠ ʜʦʚʦʜʢʠ 

ʬʣʦʪʘʮʠʝʡ ʠʣʠ ʘʚʪʦʢʣʘʚʥʳʤ ʦʙʝʩʢʨʝʤʥʠʚʘʥʠʝʤ ʥʝʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʦʙʞʠʛʦʤ ʠʣʠ ʘʚʪʦʢʣʘʚʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʧʠʨʨʦʪʠʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʟʚʦʣʠʣʠ 

ʧʨʝʜʣʦʞʠʪʴ ʙʝʟʦʪʭʦʜʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʠʨʠʪʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʫʶ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʦʥʜʠʮʠʦʥʥʦʛʦ 

ʞʝʣʝʟʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʩʝʨʳ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʥʮʝʥʪʨʘʪʦʚ ʮʚʝʪʥʳʭ ʠ ʨʝʜʢʠʭ 

ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʮʝʤʝʥʪʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʤʝʪʦʜ ʚʟʚʝʰʝʥʥʦʡ ʧʣʘʚʢʠ 

(ʌʠʥʣʷʥʜʠʷ), ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝʨʘʙʦʪʢʫ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʠʨʠʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ, ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʡ ʬʠʨʤ çʄʦʥʪʝʢʘʪʠʥʠè (ʀʪʘʣʠʷ), çʂʦʚʘ-

ʉʝʡʢʦè (ʗʧʦʥʠʷ) ʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʚʥʝʜʨʝʥʠʶ ʚ ʉʉʉʈ 

ʩʧʦʩʦʙʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɸʙʠʰʝʚʳʤ ʪʝʭʥʦʣʦʛʠʷ ʪʝʨʤʦʤʘʛʥʠʪʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʠʤʝʣʘ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: 

ï ʧʝʨʝʨʘʙʦʪʢʘ ʧʠʨʠʪʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʣʶʙʦʛʦ ʚʠʜʘ ʠ ʩʦʩʪʘʚʘ, ʯʪʦ ʚʝʩʴʤʘ ʚʘʞʥʦ 

ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʠʨʠʪʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ, 

ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʨʘʟʣʠʯʥʳʤʠ 

ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʧʠʨʨʦʪʠʥʠʟʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (723ï1273 ʂ), ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ï ɻ ʣʝʤʝʥʪʘʨʥʫʶ ʩʝʨʫ, ʧʠʨʨʦʪʠʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠ ʧʨʦʜʫʢʪ, ʦʙʦʛʘʱʝʥʥʳʡ 

ʮʚʝʪʥʳʤʠ ʠ ʨʝʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ. ʄʝʞʜʫ ʪʝʤ, ʜʨʫʛʠʝ ʠʣʠ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʠʜʳ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʥʝʩʨʘʚʥʠʤʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʬʠʥʩʢʘʷ 

ʧʣʘʚʢʘ ï 2053 ʂ, ʭʣʦʨʠʜʦʚʦʟʛʦʥʢʘ ï 1473 ʂ, ʜʨʫʛʠʝ ʚʠʜʳ ʦʙʞʠʛʘ ï 973ï1273 ʂ), ʥʝ 

ʜʦʩʪʠʛʘʷ ʪʝʭ ʞʝ ʮʝʣʝʡ; 

ï ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʧʠʨʠʪʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʜʦ 50 % ʩʝʨʳ 

ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʚʠʜʝ, 75ï80 % ʮʠʥʢʘ, 80ï85 % ʩʚʠʥʮʘ, 82ï87 % ʤʝʜʠ, 96ï98 % ʤʦʣʠʙʜʝʥʘ 

ʚ ʥʝʤʘʛʥʠʪʥʳʡ ʧʨʦʜʫʢʪ ʠ 85ï98 % ʞʝʣʝʟʘ ʚ ʧʠʨʨʦʪʠʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ; ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʦʙʞʠʛ ʧʦʩʣʝʜʥʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʚʣʝʯʝʥʠʝ ʦʩʪʘʚʰʝʡʩʷ ʩʝʨʳ ʚ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʠ 
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ʧʦʣʫʯʝʥʠʝ ʦʛʘʨʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 60ï68 % ʠ ʩʝʨʳ 0,5 %. ʕʪʦ ʩʦʟʜʘʝʪ ʨʝʘʣʴʥʳʝ 

ʦʩʥʦʚʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʩ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʰʘʭʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʞʝʣʝʟʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʦʢʘʪʳʰʝʡ, ʰʘʭʪʥʳʭ ʭʣʦʨʘʪʦʨʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʧʦʜʘʯʝʡ ʚʤʝʩʪʦ 

ʭʣʦʨʘ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ ʠ ʜʨ. 

ʇʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʪʝʨʤʦʤʘʛʥʠʪʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ ʪʝ ʚʨʝʤʝʥʘ ʙʳʣ ʥʘ 0,3-0,6 ʨʫʙ/ʪ ʧʠʨʠʪʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʥʝʝ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʢ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʧʠʨʠʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝʤ ʪʝʭʥʦʣʦʛʠʷ 

ʪʝʨʤʦʤʘʛʥʠʪʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʧʠʨʠʪʩʦʜʝʨʞʘʱʝʛʦ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʛʦ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ (ʭʚʦʩʪʦʚ, ʧʨʦʤʧʨʦʜʫʢʪʦʚ, ʨʫʜ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ) 

ʵʪʦ ʧʦ ʩʫʪʠ ʩʪʘʣʦ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʩʦʯʝʪʘʥʠʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ, 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʨʝʰʘʝʪ ʚʦʧʨʦʩʳ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ.  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʥʘʩʣʝʜʠʝ ɾ. ɸʙʠʰʝʚʘ ï ʵʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʝʛʦ 

ʫʯʝʥʠʢʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʝ ʤʦʥʦʛʨʘʬʠʠ ʠ ʩʪʘʪʴʠ, ʤʥʦʞʝʩʪʚʦ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʡ ʠ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʠ ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ (ʦ ʯʝʤ ʛʦʚʦʨʷʪ ʙʦʣʝʝ 

70 ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʉʉʉʈ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʘʪʝʥʪʦʚ). 

ɿʘ ʥʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʠ ʩʪʘʥʦʚʣʝʥʠʝ ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʧʦʜʥʷʪʠʝ ʝʛʦ ʩʪʘʪʫʩʘ ʩʨʝʜʠ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ 

ʂʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ˉ1576 ʦʪ 2000 ʛʦʜʘ ʍʠʤʠʢʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤʫ ʠʥʩʪʠʪʫʪʫ ʧʨʠʩʚʦʝʥʦ ʠʤʷ ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʅɸʅ ʈʂ 

ɾ. ɸʙʠʰʝʚʘ.  

ɸʙʠʰʝʚ ɾ.ʅ. ʦʪʜʘʣ ʤʥʦʛʦ ʩʠʣ ʥʘ ʪʦ, ʯʪʦʙʳ ʢʦʣʣʝʢʪʠʚ ʠʥʩʪʠʪʫʪʘ ʦʩʪʘʚʘʣʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ, ʜʨʫʞʥʳʤ, ʩʧʦʩʦʙʥʳʤ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʥʘ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʩʪʠʪʫʪ ʩ ʯʝʩʪʴʶ ʥʦʩʠʪ ʠʤʷ ɾ.ʅ. ɸʙʠʰʝʚʘ ʠ 

ʩʦʪʨʫʜʥʠʢʠ ʠʥʩʪʠʪʫʪʘ ʧʨʦʜʦʣʞʘʶʪ ʥʘʯʘʪʳʝ ʥʘʫʯʥʳʝ ʜʝʣʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʩʢʘʟʘʪʴ, ʯʪʦ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʙʳʣ ʪʘ-

ʣʘʥʪʣʠʚʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ, ʘʚʪʦʨʠʪʝʪʥʳʤ ʫʯʝʥʳʤ, ʧʨʦʧʘʛʘʥʜʠʩʪʦʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʦ-

ʩʪʠʞʝʥʠʡ ʥʘʫʢʠ, ʚʜʫʤʯʠʚʳʤ ʥʘʩʪʘʚʥʠʢʦʤ, ʦʯʝʥʴ ʧʨʦʩʪʳʤ ʚ ʦʙʱʝʥʠʠ, ʜʫʰʝʚʥʳʤ 

ʯʝʣʦʚʝʢʦʤ ʩ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʠ ʰʠʨʦʢʦʡ ʵʨʫʜʠʮʠʝʡ. ʋʯʝʥʳʡ-ʤʝʪʘʣʣʫʨʛ-ʦʙʦʛʘʪʠʪʝʣʴ, ʦʥ 

ʚʥʝʩ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. ʇʘʤʷʪʴ ʦ ʥʝʤ ʚʳʰʝ ʚʨʝʤʝʥʠ, ʘ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʝ ʧʦʪʝʨʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʠ ʝʱʝ ʜʦʣʛʠʝ ʛʦʜʳ. 
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ʈʆʃʔ ɾ.ʅ. ɸɹʀʐɽɺɸ ɺ ʈɸɿɺʀʊʀʀ ʆʊʈɸʉʃʀ ɻʄʂ 

ɺʳʩʪʫʧʣʝʥʠʝ ʥʘ 90ʣʝʪʠʠ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ  

ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ 

 
ʈʘʜʦʩʪʦʚʝʮ ʅ.ɺ. 

 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ, ʫʚʘʞʘʝʤʳʝ ʫʯʝʥʳʝ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʜʦʨʦʛʠʝ ʜʨʫʟʴʷ! 

ʉʝʛʦʜʥʷ ʤʳ ʩʦʙʨʘʣʠʩʴ, ʯʪʦʙʳ ʦʪʤʝʪʠʪʴ ʟʥʘʤʝʥʘʪʝʣʴʥʫʶ ʜʘʪʫ ï 90ʣʝʪʠʝ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦ, ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ. ɽʛʦ ʠʤʷ 

ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʠʩʪʦʨʠʠ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. ʆʥ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢ ʪʦʡ ʧʣʝʷʜʝ ʫʯʝʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʟʘʥʠʤʘʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʥʦ ʠ ʩʦʟʜʘʚʘʣʠ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʚʠʪʠʷ ʮʝʣʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ. 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ʩʬʦʨʤʠʨʦʚʘʣ ʫʥʠʢʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ 

ʦʨʛʘʥʠʯʥʦ ʩʦʝʜʠʥʷʣʠʩʴ ʛʦʨʥʦʝ ʜʝʣʦ, ʦʙʦʛʘʱʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʤʝʪʘʣʣʫʨʛʠʷ ʠ 

ʭʠʤʠʷ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. 

ɹʦʣʝʝ ʪʨʠʜʮʘʪʠ ʣʝʪ ʩʚʦʝʡ ʞʠʟʥʠ ʦʥ ʧʦʩʚʷʪʠʣ ʍʠʤʠʢʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤʫ 

ʠʥʩʪʠʪʫʪʫ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʥʩʪʠʪʫʪ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ, ʛʜʝ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʣʦʞʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʩʦʟʜʘʚʘʣʠʩʴ 

ʥʦʚʳʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘʫʯʥʳʝ ʰʢʦʣʳ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʜʦʩʪʠʞʝʥʠʡ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ʩʪʘʣʦ ʥʘʫʯʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʜʥʳʭ ʬʦʩʬʦʨʠʩʪʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ ʃʠʩʘʢʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʨʫʜ, ʨʘʥʝʝ 

ʩʯʠʪʘʚʰʠʭʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʙʳʣʠ 

ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʕʪʦ ʩʪʘʣʦ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

ʤʝʪʘʣʣʫʨʛʠʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʉʝʛʦʜʥʷ, ʩʧʫʩʪʷ ʜʝʩʷʪʠʣʝʪʠʷ, ʤʳ ʦʩʦʙʝʥʥʦ ʷʩʥʦ ʧʦʥʠʤʘʝʤ ʜʘʣʴʥʦʚʠʜʥʦʩʪʴ ʵʪʠʭ 

ʥʘʫʯʥʳʭ ʠʜʝʡ. ʄʠʨ ʩʪʨʝʤʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ, ʠ ʛʦʨʥʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʦʚʳʤʠ ʚʳʟʦʚʘʤʠ. 

ɺʦ ʧʝʨʚʳʭ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʠʩʪʦʱʝʥʠʝ ʙʦʛʘʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺʩʝ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʩʣʦʞʥʳʝ ʠ ʥʠʟʢʦʩʦʨʪʥʳʝ ʨʫʜʳ. ɺʦ ʚʪʦʨʳʭ, ʨʘʩʪʫʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʪʨʝʪʴʠʭ, ʫʩʠʣʠʚʘʝʪʩʷ 

ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʜʝʠ ʘʢʘʜʝʤʠʢʘ ɸʙʠʰʝʚʘ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʆʥ 

ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʨʠʥʮʠʧ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ. ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʨʫʜʘ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʢʘʢ ʠʩʪʦʯʥʠʢ ʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʘ 

ʢʘʢ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʤʥʦʞʝʩʪʚʦ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʝʛʦʜʥʷ ʤʠʨʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʠʜʝʪ ʠʤʝʥʥʦ ʧʦ ʵʪʦʤʫ ʧʫʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʢʘʪʴ ʠʟ ʨʫʜ ʜʝʩʷʪʢʠ ʵʣʝʤʝʥʪʦʚ ï ʦʪ ʦʩʥʦʚʥʳʭ ʤʝʪʘʣʣʦʚ ʜʦ 

ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʵʧʦʭʫ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʛʜʘ ʨʘʩʪʝʪ 

ʩʧʨʦʩ ʥʘ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɽʱʝ ʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ, ï ʵʪʦ 

ʧʝʨʝʨʘʙʦʪʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʤʝʪʘʣʣʫʨʛʠʠ. ʉʝʛʦʜʥʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʛʦʚʦʨʷʪ ʦ 

ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʝ, ʦ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʦ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʩʫʨʩʦʚ. 

ʅʦ ʧʦ ʩʫʪʠ ʵʪʠ ʠʜʝʠ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʥʘʫʯʥʦʡ ʰʢʦʣʝ ɸʙʠʰʝʚʘ ʟʘʜʦʣʛʦ ʜʦ ʪʦʛʦ, ʢʘʢ 

ʦʥʠ ʩʪʘʣʠ ʛʣʦʙʘʣʴʥʳʤ ʪʨʝʥʜʦʤ. ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʣ ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʰʣʘʢʠ ʠ ʜʨʫʛʠʝ ʦʪʭʦʜʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʮʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʉʝʛʦʜʥʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʢʦʧʣʝʥʳ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʪʝʭʥʦʛʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʥʠʭ 

ʩʦʜʝʨʞʘʪʩʷ ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʨʘʙʦʪʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʦʚʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʫʨʦʢ, ʢʦʪʦʨʳʡ ʦʩʪʘʚʠʣ ʥʘʤ ʘʢʘʜʝʤʠʢ ɸʙʠʰʝʚ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʝʩʥʦʡ ʩʚʷʟʠ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɽʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʦʩʪʘʚʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʩʪʨʘʥʠʮʘʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ. ʆʥʠ ʚʥʝʜʨʷʣʠʩʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʩʪʘʥʦʚʠʣʠʩʴ ʯʘʩʪʴʶ ʨʝʘʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʠ. 

ʉʝʛʦʜʥʷ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ. ʅʘʰʘ ʩʪʨʘʥʘ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤʠ 

ʟʘʧʘʩʘʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʦ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʜʦʙʳʯʝʡ ʩʳʨʴʷ, ʘ ʨʘʟʚʠʚʘʪʴ ʛʣʫʙʦʢʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ 

ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʨʘʟʚʠʪʠʝ ʠʥʞʝʥʝʨʥʳʭ ʰʢʦʣ ʠ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʫʢʠ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʛʦʨʥʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʂʘʟʘʭʩʪʘʥʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʳʩʷʯʠ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʬʦʨʤʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʵʢʩʧʦʨʪʘ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʦʪʨʘʩʣʠ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʥʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. 

ʆʥ ʙʳʣ ʥʝ ʪʦʣʴʢʦ ʚʳʜʘʶʱʠʤʩʷ ʫʯʝʥʳʤ, ʥʦ ʠ ʪʘʣʘʥʪʣʠʚʳʤ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʥʘʫʢʠ. 

ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʝʩʷʪʢʠ ʤʦʣʦʜʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘʫʯʥʘʷ ʰʢʦʣʘ, ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʘʪʴ ʠ ʩʝʛʦʜʥʷ. 

ɽʛʦ ʫʯʝʥʠʢʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʥ 

ʟʘʣʦʞʠʣ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʚ ʥʘʫʯʥʳʭ ʠʥʩʪʠʪʫʪʘʭ, ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʉʝʛʦʜʥʷ ʠʤʷ ʘʢʘʜʝʤʠʢʘ ɸʙʠʰʝʚʘ ʥʦʩʠʪ ʍʠʤʠʢʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ʅʦ 

ʥʘʩʪʦʷʱʘʷ ʧʘʤʷʪʴ ʦ ʯʝʣʦʚʝʢʝ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʟʚʘʥʠʷʭ ʫʣʠʮ ʠʣʠ ʠʥʩʪʠʪʫʪʦʚ. 

ʅʘʩʪʦʷʱʘʷ ʧʘʤʷʪʴ ï ʵʪʦ ʧʨʦʜʦʣʞʝʥʠʝ ʝʛʦ ʠʜʝʡ, ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʂʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ ʦ ʙʫʜʫʱʝʤ ʛʦʨʥʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʟʘʭʩʪʘʥʘ, ʤʳ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʘʝʤ ʪʫ ʥʘʫʯʥʫʶ ʣʠʥʠʶ, ʢʦʪʦʨʫʶ ʟʘʣʦʞʠʣ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ. 

ʇʝʨʝʜ ʥʘʰʝʡ ʩʪʨʘʥʦʡ ʩʪʦʷʪ ʙʦʣʴʰʠʝ ʟʘʜʘʯʠ. ʕʪʦ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ ʫʯʝʥʳʭ, ʠʥʞʝʥʝʨʦʚ, 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. ʀʤʝʥʥʦ ʪʘʢʠʤ ʙʳʣ ʧʦʜʭʦʜ ʘʢʘʜʝʤʠʢʘ ɸʙʠʰʝʚʘ ï 

ʩʦʝʜʠʥʷʪʴ ʥʘʫʢʫ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ. 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯ ɸʙʠʰʝʚ ʙʳʣ ʚʳʜʘʶʱʠʤʩʷ ʫʯʝʥʳʤ, ʪʘʣʘʥʪʣʠʚʳʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʠ ʯʝʣʦʚʝʢʦʤ, ʠʩʢʨʝʥʥʝ ʧʨʝʜʘʥʥʳʤ ʩʚʦʝʡ ʩʪʨʘʥʝ. ɽʛʦ ʠʜʝʠ ʧʨʦʜʦʣʞʘʶʪ 

ʞʠʪʴ ʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʝʭʥʦʣʦʛʠʷʭ, ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʘʣʣʫʨʛʠʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʉʝʛʦʜʥʷ, ʦʪʤʝʯʘʷ ʩʪʦʣʝʪʠʝ ʩʦ ʜʥʷ ʝʛʦ ʨʦʞʜʝʥʠʷ, ʤʳ ʚʳʨʘʞʘʝʤ ʛʣʫʙʦʢʦʝ ʫʚʘʞʝʥʠʝ 

ʝʛʦ ʥʘʫʯʥʦʤʫ ʥʘʩʣʝʜʠʶ ʠ ʧʦʜʪʚʝʨʞʜʘʝʤ ʥʘʰʫ ʛʦʪʦʚʥʦʩʪʴ ʧʨʦʜʦʣʞʘʪʴ ʨʘʟʚʠʪʠʝ ʪʦʡ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ, ʢʦʪʦʨʫʶ ʦʥ ʩʦʟʜʘʣ. 

ʇʫʩʪʴ ʧʘʤʷʪʴ ʦ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝ ɸʙʠʰʝʚʝ ʚʜʦʭʥʦʚʣʷʝʪ ʥʦʚʳʝ ʧʦʢʦʣʝʥʠʷ 

ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ ʥʘ ʜʘʣʴʥʝʡʰʠʝ ʦʪʢʨʳʪʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ. 

 

ʉʧʘʩʠʙʦ ʟʘ ʚʥʠʤʘʥʠʝ!  



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

49 

ʋɼʂ 669.21/.23 

 

ʈɸɿɺʀʊʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʇɽʈɽʈɸɹʆʊʂʀ 

ɿʆʃʆʊʆʉʆɼɽʈɾɸʑʀʍ ʈʋɼ 

 
ɹʦʣʦʪʦʚʘ ʃ.ʉ., ʉʫʨʠʤʙʘʝʚ ɹ.ʅ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ çʂʘʟʤʝʭʘʥʦʙʨè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɿʘ ʙʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʠʠ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʂʘʟʤʝʭʘʥʦʙʨʘ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʠ ʚʚʝʜʝʥʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʳʝ ʬʘʙʨʠʢʠ (ɿʀʌ) ʠ ʫʯʘʩʪʢʠ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

(ʋʂɺ) ʚ ʂʘʟʘʭʩʪʘʥʝ, ʩʪʨʘʥʘʭ ʉʅɻ ʠ ʟʘ ʨʫʙʝʞʦʤ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʶʯʝʚʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ. 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʮʝʥʦʚʦʡ ʢʦʥʲʶʥʢʪʫʨʳ ʥʘ ʟʦʣʦʪʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠ 

ʚʥʝʜʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʨʘʥʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʷʚʰʘʷʩʷ ʚ 

ʂʘʟʘʭʩʪʘʥʝ. ɺʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥʦ ʦʢʦʤʢʦʚʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʠ ʩʠʣʴʥʦ 

ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʫʜ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʫʟʜʘʣʴʩʢʦʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʨʝʛʝʥʝʨʘʮʠʠ ʟʦʣʦʪʦʥʘʩʳʱʝʥʥʦʡ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʟʘ. ʅʘ ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʘʪʝʥʪʳ [1-3]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʦʥʦʦʙʤʝʥʥʦ-ʩʦʨʙʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʪʘʣʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʦʣʴʥʦ-ʩʦʨʙʮʠʦʥʥʦʡ ʠ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʦʣʝʝ 20 ʣʝʪ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʘʟʘʭʩʪʘʥʘ, ʂʠʨʛʠʟʠʠ ʠ ʂʠʪʘʷ. ʅʘ ʪʝʢʫʱʠʡ ʧʝʨʠʦʜ ʚ ʂʘʟʘʭʩʪʘʥʝ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʠ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʠʩʴ ʙʦʣʝʝ 20 ʧʨʝʜʧʨʠʷʪʠʡ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʟʦʣʦʪʘ [4-5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʋʂɺ ʚ ʊʆʆ çɻʄʂ ɺʘʩʠʣʴʝʚʩʢʦʝè, ʚʚʝʜʝʥ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 2017 ʛʦʜʫ, ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ 500 

ʪʳʩ. ʪʦʥʥ ʜʦ 1,2 ʤʣʥ ʪʦʥʥ ʨʫʜʳ ʚ ʛʦʜ. ɺ 2023 ʛʦʜʫ ʟʘʧʫʱʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʋʂɺ ʥʘ 

ʨʫʜʥʠʢʝ ɹʝʣʴʩʫ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʢʦʤʢʦʚʘʥʠʝ ʩʠʣʴʥʦ 

ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʨʫʜʳ [6]. ɺ ʩʚʷʟʠ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʨʫʜ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ 

ʨʝʘʛʝʥʪʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʥʘ 

ʢʦʪʦʨʳʝ ʚ 2019ï2021 ʛʛ. ʧʦʣʫʯʝʥʳ ʧʘʪʝʥʪʳ [7-10]. 

ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʢʠʩʣʝʥʥʳʭ ʟʦʣʦʪʦʤʝʜʥʳʭ ʨʫʜ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪ 

ʨʘʩʭʦʜ ʮʠʘʥʠʜʘ ʠ ʩʥʠʞʘʝʪ ʩʦʨʙʮʠʶ ʟʦʣʦʪʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʚʳʰʝ 150 ʤʛ/ʣ [11], 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ [12, 13], ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ 

ʪʦʚʘʨʥʦʡ ʤʝʜʠ ʠ ʟʦʣʦʪʘ ʚ ʚʠʜʝ ʩʧʣʘʚʘ ɼʦʨʝ. 

ʇʨʠ ʢʠʩʣʦʪʥʦʤ ʢʫʯʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʦʢʠʩʣʝʥʥʳʭ ʤʝʜʥʳʭ ʨʫʜ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ 

ʚʳʩʦʪʫ ʰʪʘʙʝʣʝʡ ʠ ʫʭʫʜʰʘʶʱʘʷ ʧʝʨʢʦʣʷʮʠʶ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʜʦʙʘʚʢʘ ʥʦʚʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ ʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʘʪʴ ʧʨʦʯʥʳʝ 

ʧʦʨʠʩʪʳʝ ʦʢʘʪʳʰʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʰʪʘʙʝʣʠ ʚʳʩʦʪʦʡ ʙʦʣʝʝ 6ï7 ʤ, ʫʩʪʦʡʯʠʚʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ; ʥʘ ʜʘʥʥʫʶ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʚ ʪʝʢʫʱʝʤ ʛʦʜʫ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ 

[14]. 

ʂʘʟʤʝʭʘʥʦʙʨ ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʜʫʱʠʤʠ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʂʘʟʘʭʩʪʘʥʘ 

ʚʥʝʜʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʦʨʝʥʥʳʭ ʨʫʜ. ɼʣʷ ɸʆ çɸʂ ɸʣʪʳʥʘʣʤʘʩè ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʛʣʘʤʝʥʪʳ ʜʣʷ ɿʀʌ ɸʢʙʘʢʘʡ, 

ʇʫʩʪʳʥʥʦʝ ʠ ɼʦʣʠʥʥʦʝ, ʘ ʪʘʢʞʝ ɿʀʌ çRG Processingè ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʘʡʛʦʨʦʜʦʢ (ʊʆʆ 

«RG Goldè) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ Knelson, ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ Acacia 

ʠ ʪʝʭʥʦʣʦʛʠʠ CIP ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Pumpcell Plant (Kemix), ʘ ʪʘʢʞʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ɿʀʌ 

ʇʫʩʪʳʥʥʦʝ ʩ ʚʥʝʜʨʝʥʠʝʤ ʬʣʦʪʘʮʠʠ, ʫʣʴʪʨʘʪʦʥʢʦʛʦ ʜʦʠʟʤʝʣʴʯʝʥʠʷ ʚ IsaMill ʠ ʧʨʦʮʝʩʩʘ 

CIL [15]. 
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ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʝ ʫʧʦʨʥʳʭ ʠ ʜʚʦʡʥʳʭ ʫʧʦʨʥʳʭ 

ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʚʣʝʯʝʥʠʝ 

ʦʩʣʦʞʥʷʝʪʩʷ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʟʦʣʦʪʘ ʠ ʵʬʬʝʢʪʦʤ ʧʨʠʨʦʜʥʦʡ ʩʦʨʙʮʠʠ [16]. ɼʣʷ 

ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʩʠʣʴʝʚʩʢʦʝ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʣʦʪʘʮʠʝʡ 

ʫʛʣʝʨʦʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʣʴʬʠʜʥʦʡ ʬʣʦʪʘʮʠʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʧʨʝʩʩʦʨʦʚ Flotent, 

ʧʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʛʝʥʪʘ FD-6 ʩ ʨʘʩʭʦʜʦʤ 

200ï300 ʛ/ʪ [17]. ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʘ çpreg-robbingè ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʢʠʩʣʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʩʦʚʤʝʩʪʥʦ ʩ BIOMIN OUTOTEC ʨʝʘʣʠʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ HiTeCC ʥʘ 

ʉʫʟʜʘʣʴʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʌʀʂ çɸʣʝʣè. ʎʝʭ HiTeCC ʧʦʩʪʨʦʝʥ ʠ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

[18] ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʠ ʚʪʦʨʳʤ ʚ ʤʠʨʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʝʪʳʨʝ ɿʀʌ (ɸʢʙʘʢʘʡ, ʇʫʩʪʳʥʥʦʝ, ɼʦʣʠʥʥʦʝ, RG Processing 

ʈʘʡʛʦʨʦʜʦʢ), ʜʚʘ ʫʯʘʩʪʢʘ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ɺʘʩʠʣʴʝʚʩʢʦʝ ʠ ɹʝʣʴʩʫ) ʠ ʪʝʭʥʦʣʦʛʠʷ 

HiTeCC ʥʘ ʫʯʘʩʪʢʝ ʉʫʟʜʘʣʴʩʢʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ ʂʘʟʤʝʭʘʥʦʙʨʘ ʙʦʣʝʝ 

~12,2 ʪ ʟʦʣʦʪʘ ʚ ʛʦʜ (~10% ʟʦʣʦʪʘ ʂʘʟʘʭʩʪʘʥʘ), ʚʦʚʣʝʢʘʷ ʥʦʚʳʝ ʚʠʜʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʠ ʨʦʩʪ 

ʜʦʙʳʯʠ. 
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ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ɻʆʈʅʆ-ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆʄ 

ʂʆʄʇʃɽʂʉɽ: ʈɸɿɺʀʊʀɽ ʎʀʌʈʆɺʀɿɸʎʀʀ ʀ ɸɺʊʆʄɸʊʀɿɸʎʀʀ 

ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉɸʄʀ 

 
ʄʫʭʘʥʦʚ ʊ.ʄ. 

 

ʉʦʚʝʪʥʠʢ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ, ʧʨʦʬʝʩʩʦʨ, ʧʦʯʝʪʥʳʡ ʛʦʨʥʷʢ ʈʂ, 

 ʆʖʃ çʈʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡè, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

ʈʘʜ ʧʨʠʚʝʪʩʪʚʦʚʘʪʴ ʫʯʘʩʪʥʠʢʦʚ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026: ʀʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè, 

ʧʦʩʚʷʱʝʥʥʦʡ 90-ʣʝʪʠʶ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ. 

ʆʪ ʠʤʝʥʠ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ɸɻʄʇ) ʚʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʦʨʛʘʥʠʟʘʪʦʨʘʤ ʟʘ 

ʧʨʠʛʣʘʰʝʥʠʝ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ. 

 

1. ʂʘʩʘʪʝʣʴʥʦ ɸɻʄʇ 

ʄʠʩʩʠʷ ɸɻʄʇ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʜʝʡʩʪʚʠʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ɻʄʂ, ʧʦʜʜʝʨʞʢʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʝʨʝʨʘʙʦʪʯʠʢʦʚ ʤʝʪʘʣʣʦʚ, ʢʦʥʩʦʣʠʜʘʮʠʠ ʫʩʠʣʠʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʫʢʠ ʠ ʛʦʩʫʜʘʨʩʪʚʘ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʨʘʩʣʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ɸɻʄʇ ʘʢʢʨʝʜʠʪʦʚʘʥʘ ʚ ʄʠʥʠʩʪʝʨʩʪʚʝ ʬʠʥʘʥʩʦʚ ʈʂ, 

ʄʠʥʠʩʪʝʨʩʪʚʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʠʥʦʩʪʨʘʥʥʳʭ ʜʝʣ ʈʂ, 

ʄʠʥʠʩʪʝʨʩʪʚʝ ʪʦʨʛʦʚʣʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʶʩʪʠʮʠʠ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʪʨʘʥʩʧʦʨʪʘ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ 

ʵʢʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ 

ʥʘʩʝʣʝʥʠʷ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʵʥʝʨʛʝʪʠʢʠ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʂ, 

ʄʠʥʠʩʪʝʨʩʪʚʝ ʧʦ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʠ ʮʠʬʨʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʈʂ, ʄʠʥʠʩʪʝʨʩʪʚʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʂ, 

ʄʠʥʠʩʪʝʨʩʪʚʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʨʨʠʛʘʮʠʠ ʈʂ, ɸʛʝʥʪʩʪʚʝ ʧʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʨʝʬʦʨʤʘʤ ʈʂ, ɸʛʝʥʪʩʪʚʝ ʈʂ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ, ʅʘʮʠʦʥʘʣʴʥʦʡ ʧʘʣʘʪʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʈʂ çɸʪʘʤʝʢʝʥè. 

ɸɻʄʇ ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ICMM (International Council on Mining and Metals) -  

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ ʤʠʨʝ ʦʪʨʘʩʣʝʚʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʚ ʩʬʝʨʝ ɻʄʂ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʷʥʚʘʨʷ 2026 ʛʦʜʘ ʚ ʩʦʩʪʘʚ ɸɻʄʇ ʚʭʦʜʷʪ 82 ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʥʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʂʘʟʘʭʩʪʘʥʘ. 

 

2. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʟʘʭʩʪʘʥʘ 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2025 ʛʦʜ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (ɻʄʂ) ʦʩʪʘʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ɼʦʣʷ ɻʄʂ ʚ ʩʪʨʫʢʪʫʨʝ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 9%, ʘ 

ʦʙʱʠʡ ʦʙʲʝʤ ʧʨʦʜʫʢʮʠʠ ʦʪʨʘʩʣʠ ʧʨʝʚʳʰʘʝʪ 14 ʪʨʣʥ ʪʝʥʛʝ. ɺ ʦʪʨʘʩʣʠ ʟʘʥʷʪʦ ʙʦʣʝʝ 220 

ʪʳʩʷʯ ʯʝʣʦʚʝʢ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʸ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. 

ʆʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ: 
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- 2024 ʛʦʜ ï 9832 ʤʣʨʜ ʪʝʥʛʝ, 

- 2025 ʛʦʜ ï 12400 ʤʣʨʜ ʪʝʥʛʝ. 

 

ʆʙʲʝʤ ʜʦʙʳʯʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: 

 

- 2024 ʛʦʜ ï 4480 ʤʣʨʜ ʪʝʥʛʝ, 

- 2025 ʛʦʜ ï 5823 ʤʣʨʜ ʪʝʥʛʝ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʪʨʘʩʣʠ ʜʝʡʩʪʚʫʶʪ: 

 

- 251 ʢʦʥʪʨʘʢʪ ʥʘ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʝ, 

- ʠʟ ʥʠʭ 96 ï ʥʘ ʨʘʟʚʝʜʢʫ, 

- 101 ï ʥʘ ʜʦʙʳʯʫ, 

- 54 ï ʥʘ ʩʦʚʤʝʩʪʥʫʶ ʨʘʟʚʝʜʢʫ ʠ ʜʦʙʳʯʫ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʘʥʦ 2904 ʣʠʮʝʥʟʠʠ, ʠʟ ʢʦʪʦʨʳʭ 729 ʣʠʮʝʥʟʠʡ ʚʳʜʘʥʦ ʟʘ 

ʧʦʩʣʝʜʥʠʡ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʚʢʣʶʯʘʷ 707 ʣʠʮʝʥʟʠʡ ʥʘ ʨʘʟʚʝʜʢʫ ʠ 22 ʣʠʮʝʥʟʠʠ ʥʘ 

ʜʦʙʳʯʫ. 

ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʘʙʠʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ ʠ ʚʳʩʦʢʦʤ ʠʥʚʝʩʪʠʮʠʦʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʩʝʢʪʦʨʘ. 

 

3. ʅʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ʘʢʘʜʝʤʠʢʘ ɾ.ʅ. ɸʙʠʰʝʚʘ 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʫʢʠ 

ʠʤʝʶʪ ʪʨʫʜʳ ʘʢʘʜʝʤʠʢʘ ɾ.ʅ. ɸʙʠʰʝʚʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʤ ʢʦʥʮʝʧʮʠʷ ʟʘʤʢʥʫʪʳʭ ʤʘʣʦʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʮʠʢʣʦʚ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʷ ʩʪʘʥʜʘʨʪʳ ESG, ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʝʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʰʣʘʢʦʚ ʠ ʭʚʦʩʪʦʚ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʘʶʪ ʥʘʫʯʥʳʝ ʠʜʝʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʝʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪʘʭ: 

- çʄʘʛʥʠʪʥʳʝ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘè (1981), 

- çʊʝʨʤʦʤʘʛʥʠʪʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʠʨʠʪʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷè (1986), 

- çʑʝʣʦʯʥʦʝ ʦʙʝʩʢʨʝʤʥʠʚʘʥʠʝ ʩʳʨʴʷè (1987), 

- çʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ ʪʷʞʝʣʳʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚè 

(1989). 

ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʣʦʞʠʣʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʦʛʘʱʝʥʠʷ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

 

4. ʎʠʬʨʦʚʠʟʘʮʠʷ ʠ ʠʥʥʦʚʘʮʠʠ ʚ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ɻʄʂ 

ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪ ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʧʮʠʠ ʀʥʜʫʩʪʨʠʠ 4.0. 

ʂ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʠ ʦʪʥʦʩʷʪʩʷ: 

- ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (Industrial IoT), 

- ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

- ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, 

- ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

- ʩʦʟʜʘʥʠʝ çʫʤʥʳʭè ʰʘʭʪ ʠ ʢʘʨʴʝʨʦʚ (Smart Mining). 
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ʇʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɻʄʂ 

 

4.1 ʂʦʤʧʘʥʠʷ ʊʆʆ çʂʦʨʧʦʨʘʮʠʷ ʂʘʟʘʭʤʳʩè 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʢʦʨʧʦʨʘʮʠʠ ʚʥʝʜʨʷʶʪʩʷ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ RPTPS (Real-time Personnel Tracking and 

Positioning System) ï ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʘ ʠ ʪʝʭʥʠʢʠ ʚ ʰʘʭʪʘʭ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ: 

- ʦʪʩʣʝʞʠʚʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʨʘʙʦʪʥʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

- ʦʧʝʨʘʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʪʨʝʚʦʛʠ 

- ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʰʘʭʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʝʢʪʳ: 

- ʮʠʬʨʦʚʠʟʘʮʠʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

- ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʰʘʭʪ, 

- ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʂʘʨʘʛʘʥʜʝ ʜʝʡʩʪʚʫʝʪ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ Kazakhmys R& D Center, 

ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

4.2 ʂʦʤʧʘʥʠʷ çɹʦʛʘʪʳʨʴ ʂʦʤʠʨè 

ʅʘ ʢʨʫʧʥʝʡʰʝʤ ʫʛʦʣʴʥʦʤ ʨʘʟʨʝʟʝ ʂʘʟʘʭʩʪʘʥʘ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʦʝʢʪ 

ʚʥʝʜʨʝʥʠʷ ʮʠʢʣʠʯʥʦ-ʧʦʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʎʇʊ). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʯʝʪʘʝʪ: 

- ʮʠʢʣʠʯʥʫʶ ʨʘʙʦʪʫ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ 

- ʥʝʧʨʝʨʳʚʥʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʦʨʥʦʡ ʤʘʩʩʳ ʣʝʥʪʦʯʥʳʤʠ ʢʦʥʚʝʡʝʨʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎʇʊ ʧʦʟʚʦʣʷʝʪ: 

- ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ, 

- ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, 

- ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʙʳʯʠ, 

- ʩʥʠʟʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ. 

 

4.3 ʂʦʤʧʘʥʠʷ KAZ Minerals 

ʂʦʤʧʘʥʠʷ ʚʥʝʜʨʷʝʪ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ Smart Mine 

(çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʢʘʨʴʝʨè). ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ: 

- 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

- ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

- ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

 

4.4 ʂʦʤʧʘʥʠʷ Eurasian Resources Group (ERG) 

ERG ʚ̫ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʤ ʧʨʦʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ MES (Manufacturing  Execution 

System), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʠʩʪʝʤʘ ʚʥʝʜʨʝʥʘ ʥʘ: 

- ɼʦʥʩʢʦʤ ɻʆʂʝ, 

- ɸʢʩʫʩʢʦʤ ʟʘʚʦʜʝ ʬʝʨʨʦʩʧʣʘʚʦʚ, 

- ɸʢʪʶʙʠʥʩʢʦʤ ʟʘʚʦʜʝ ʬʝʨʨʦʩʧʣʘʚʦʚ, 

- ʂʘʟʘʭʩʪʘʥʩʢʦʤ ʵʣʝʢʪʨʦʣʠʟʥʦʤ ʟʘʚʦʜʝ. 

 

ʊʘʢʞʝ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʝʢʪʳ: 

- SBM (Steel Belt Monitoring ) ï ʩʠʩʪʝʤʘ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 
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- ʩʠʩʪʝʤʘ çɸʥʪʠʩʦʥè ï ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʚʦʜʠʪʝʣʝʡ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ; 

- ʧʨʦʝʢʪ çɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛè ï ʮʠʬʨʦʚʦʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ. 

 

4.5 ʂʦʤʧʘʥʠʷ çɸʣʪʳʥʘʣʤʘʩè 

ɺ ʢʦʤʧʘʥʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ Digital  Mine (çʎʠʬʨʦʚʦʡ ʨʫʜʥʠʢè). ʆʩʥʦʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʧʨʦʝʢʪʘ: 

- ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (IIoT), 

- ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʦʡ Wenco, 

- ʩʠʩʪʝʤʳ ʚʠʜʝʦʘʥʘʣʠʪʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɼʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʷʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʟʘʭʩʪʘʥʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ: 

- ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; 

- ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ; 

- ʫʣʫʯʰʠʪʴ ʫʨʦʚʝʥʴ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʧʦʚʳʩʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʦʚʳʩʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʦʪʨʘʩʣʠ. 

ɿʘʚʝʨʰʘʷ ʜʦʢʣʘʜ, ʭʦʯʫ ʧʨʦʮʠʪʠʨʦʚʘʪʴ ʦʩʥʦʚʥʦʡ ʧʦʩʳʣ ʰʢʦʣʳ ɸʙʠʰʝʚʘ: 

çʄʝʪʘʣʣʫʨʛʠʷ ʙʫʜʫʱʝʛʦ ï ʵʪʦ ʭʠʤʠʷ ʠ ʛʣʫʙʦʢʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷè. ʉʝʛʦʜʥʷ ʤʳ ʚʠʜʠʤ, 

ʢʘʢ ʤʘʛʥʠʪʥʳʝ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘ ʠ ʦʢʩʠʜʥʦʝ ʩʳʨʴʝ, ʠʟʫʯʝʥʥʳʝ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝʤ, 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʀʀ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʰʘ ʟʘʜʘʯʘ ʥʘ 

2026ï2040 ʛʦʜʳ ï ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʵʪʦʡ ʚʝʣʠʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʠ ʜʦʚʝʩʪʠ 

ʫʨʦʚʝʥʴ ʠʥʥʦʚʘʮʠʡ ʜʦ ʧʦʣʥʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. 

 

ʉʚʝʪʣʘʷ ʧʘʤʷʪʴ ʘʢʘʜʝʤʠʢʫ ɸʙʠʰʝʚʫ ʠ ʫʩʧʝʭʦʚ ʚʩʝʤ ʥʘʤ ʚ ʨʘʟʚʠʪʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ɻʄʂ! 

 

ɹʣʘʛʦʜʘʨʶ ʟʘ ʚʥʠʤʘʥʠʝ! 
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ʅɸʉʃɽɼʀɽ ɸʂɸɼɽʄʀʂɸ ɾ.ʅ. ɸɹʀʐɽɺɸ ɺ XXI ɺɽʂɽ 

 
ɾʘʥʜʦʩ ɸʙʠʰʝʚ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʦʚʝʪʘ ʜʠʨʝʢʪʦʨʦʚ ʘʩʩʦʮʠʘʮʠʠ çʊʘʫ-ʂʝʥ ʂʘʟʘʭʩʪʘʥè, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ, ʜʦʨʦʛʠʝ ʜʨʫʟʴʷ, ʫʯʘʩʪʥʠʢʠ çɸʙʠʰʝʚʩʢʠʭ ʯʪʝʥʠʡ ï 2026»! 

 

ʉʝʛʦʜʥʷ, 20 ʤʘʨʪʘ 2026 ʛʦʜʘ, ʤʳ ʩʦʙʨʘʣʠʩʴ ʟʜʝʩʴ ʚ ɸʣʤʘʪʳ, ʯʪʦʙʳ ʦʪʤʝʪʠʪʴ 90-

ʣʝʪʠʝ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʠ ʧʦʯʪʠʪʴ ʧʘʤʷʪʴ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚʘ ï ʫʯʝʥʦʛʦ, 

ʯʴʝ ʠʤʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʟʘʭʩʪʘʥʘ.  

ʆʪʨʘʜʥʦ, ʯʪʦ ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʭʦʜʠʪ ʚ ʩʪʝʥʘʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʦʩʥʦʚʘʪʝʣʝʤ ʠ ʧʝʨʚʳʤ ɻʝʥʝʨʘʣʴʥʳʤ 

ʜʠʨʝʢʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʦʥ ʷʚʣʷʣʩʷ.  

ɼʣʷ ʤʝʥʷ, ʜʣʷ ʨʦʜʥʳʭ ʠ ʙʣʠʟʢʠʭ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʘʷ 

ʜʘʪʘ. ʕʪʦ ʣʠʯʥʘʷ ʠʩʪʦʨʠʷ, ʵʪʦ ʠʩʪʦʨʠʷ ʥʘʰʝʡ ʩʝʤʴʠ, ʠʩʪʦʨʠʷ ʥʘʰʝʛʦ ʨʦʜʘ, ʵʪʦ 

ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʥʦʡ ʠʤ ʥʘʫʯʥʦʡ ʰʢʦʣʳ, ʠʩʪʦʨʠʷ ʦʪʨʘʩʣʠ ʠ ʵʪʦ ʠʩʪʦʨʠʷ ʥʘʰʝʡ 

ʩʪʨʘʥʳ. 

 

I. ʐʝʞʠʨʝ (ʨʦʜʦʩʣʦʚʥʘʷ) ɾ.ʅ. ɸʙʠʰʝʚʘ 

 

ʈʫʳ ɾʘʥʪʦʨʝ ɸʙʠʰʝʚʘ: ʦʥ ʠʟ ʧʣʝʤʷ ɸʨסʳʥ, ʨʦʜʘ ʊʦץʘ, ʚʝʪʚʠ ײפʣʳʤʙʝʪ. ɺ 

ʥʘʰʝʤ ʨʫʳ ʙʳʣʦ ʤʥʦʛʦ ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʭ, ʧʠʩʘʪʝʣʝʡ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʜʝʷʪʝʣʝʡ. ʆʪʤʝʯʫ 

ʪʦʣʴʢʦ ʜʚʦʠʭ, ʪʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ (ʥʘʰʠʭ ʘʨʫʘʭʦʚ), ʢʪʦ ʦʢʘʟʘʣ, ʧʦ ʩʣʦʚʘʤ ʩʘʤʦʛʦ 

ʦʪʮʘ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʨʦʜʦʚʦʝ ʩʪʘʥʦʚʣʝʥʠʝ. 

ʕʪʦ ï ʝʛʦ ʧʨʘʧʨʘʜʝʜ ʃʘʫ-ʤʳʨʟʘ (1770-1848). ʀʟ ʠʩʪʦʨʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʃʘʫ-ʤʳʨʟʘ 

(ʝʛʦ ʠʤʷ ʛʦʚʦʨʠʪ ʩʘʤʦ ʟʘ ʩʝʙʷ) ʫʣʘʞʠʚʘʣ ʩʧʦʨʳ ʠ ʧʨʘʚʠʣ ʚ ʨʝʛʠʦʥʝ ʨʝʢʠ ʅʫʨʘ, ʷʚʣʷʣʩʷ 

ʩʦʚʝʪʥʠʢʦʤ ʂʝʥʝʩʘʨʳ-ʭʘʥʘ.  

ʏʝʣʦʚʝʢʦʤ ʙʦʣʴʰʦʡ ʜʫʰʠ ʙʳʣ ʤʦʡ ʜʝʜ ʠ ʦʪʝʮ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ, 

ʤʥʦʛʦʫʚʘʞʘʝʤʳʡ ʘʢʩʘʢʘʣ ʅʫʨʣʘʥ, ʢʦʪʦʨʦʛʦ ʚʩʝ ʟʚʘʣʠ ʂʝʥʞʝ-ʘʛʘ. ʗ ʧʦʤʥʶ, ʢʘʢ ʢ 

ʜʝʜʫ ʧʨʠʝʟʞʘʣʠ ʢʘʨʘʛʘʥʜʠʥʩʢʠʝ ʨʝʢʪʦʨʳ, ʘʢʘʜʝʤʠʢʠ ɹʫʢʝʪʦʚ ʠ ʉʘʛʠʥʦʚ, ʯʪʦʙʳ 

ʧʦʛʦʚʦʨʠʪʴ, ʧʦʦʙʱʘʪʴʩʷ ʠ ʧʦʩʦʚʝʪʦʚʘʪʴʩʷ ʩ ʥʠʤ. ʇʨʠʨʦʜʥʳʡ ʫʤ ʠ ʤʫʜʨʦʩʪʴ ʂʝʥʞʝ-ʘʛʘ, 

ʝʛʦ ʥʝʪʦʨʦʧʣʠʚʘʷ ʨʝʯʴ ʠ ʠʥʪʫʠʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠ ʧʝʨʝʜʘʣʠʩʴ ʝʛʦ ʩʳʥʫ. ʆʪ ʤʘʪʝʨʠ (ʝʝ ʟʚʘʣʠ 

ʂʫʣʷʥʜʘ) ʩʳʥʫ ʧʝʨʝʜʘʣʠʩʴ ʜʦʙʨʦʪʘ ʠ ʩʢʨʦʤʥʦʩʪʴ. ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʚʦʝʡ ʞʠʟʥʠ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯ ʯʘʩʪʦ ʚʩʧʦʤʠʥʘʣ ʝʝ ʠ ʩʠʣʴʥʦ ʛʨʫʩʪʠʣ ʧʦ ʥʝʡ. 

ʇʨʦʜʦʣʞʝʥʠʝ ʜʠʥʘʩʪʠʠ: ʩʳʥ ɾʘʥʜʦʩ, ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʞʝʥʝʨ-ʤʝʪʘʣʣʫʨʛ; ʜʦʯʴ 

ʉʘʫʣʝ, ʧʩʠʭʦʣʦʛ; ʚʥʫʯʢʘ ʉʝʡʜʘʥʘ, ʵʢʦʥʦʤʠʩʪ; ʚʥʫʢ ɸʤʘʥʛʝʣʴʜʳ, ʜʠʧʣʦʤʘʪ ʠ ʵʢʦʥʦʤʠʩʪ; 

ʚʥʫʯʢʘ ɸʣʪʳʥʘʡ, ʬʠʥʘʥʩʠʩʪ ʠ ʧʩʠʭʦʣʦʛ. ɺʩʝ ʟʘʢʦʥʯʠʣʠ ʧʨʝʩʪʠʞʥʳʝ ʟʘʨʫʙʝʞʥʳʝ ʚʫʟʳ, 

ʚʩʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʶʪ ʧʦ ʚʳʙʨʘʥʥʳʤ ʠʤʠ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. 

ɿʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʜʝʪʝʡ ʠ ʚʥʫʢʦʚ ʚʦʩʪʨʝʙʦʚʘʥʳ ʦʙʱʝʩʪʚʦʤ ʠ ʛʦʩʫʜʘʨʩʪʚʦʤ, ʦʥʠ 

ʩ ʯʝʩʪʴʶ ʥʦʩʷʪ ʩʚʦʠ ʬʘʤʠʣʠʠ ʠ ʩʦʭʨʘʥʷʶʪ ʙʣʘʛʦʜʘʨʥʫʶ ʧʘʤʷʪʴ ʦ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝ 

ɸʙʠʰʝʚʝ. 

 

II.  ʋʯʠʪʝʣʷ ʠ ʥʘʩʪʘʚʥʠʢʠ ɾ.ʅ. ɸʙʠʰʝʚʘ 

 

ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ɾ.ʅ.ɸʙʠʰʝʚʘ ʙʳʣʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʠ 

ʨʘʟʚʠʪʠʝʤ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ, ʢʘʢ ʦʥ ʩʘʤ 

ʥʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʣ, ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʢʨʫʧʥʳʭ ʫʯʝʥʳʭ ï ʘʢʘʜʝʤʠʢʦʚ 

ɸʅ ʂʘʟʘʭʩʢʦʡ ʉʉʈ ɺ.ɼ. ʇʦʥʦʤʘʨʝʚʘ ʠ ɽ.ɸ. ɹʫʢʝʪʦʚʘ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʈɸʅ 

ɺ.ʀ. ʈʝʚʥʠʚʮʝʚʘ. 
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III.  ɾʘʥʪʦʨʝ ɸʙʠʰʝʚ ï ʘʨʭʠʪʝʢʪʦʨ ʩʠʩʪʝʤʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʦʙʦʛʘʱʝʥʠʷ ʠ 

ʛʦʨʥʦʛʦ ʜʝʣʘ 

 

ʆʪʝʮ ʥʠʢʦʛʜʘ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣ ʤʝʪʘʣʣʫʨʛʠʶ, ʦʙʦʛʘʱʝʥʠʝ ʠ ʛʦʨʥʦʝ ʜʝʣʦ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʧʝʨʝʜʝʣʦʚ. 

ʆʥ ʚʠʜʝʣ ʠ ʩʦʟʜʘʚʘʣ ʩʠʩʪʝʤʫ. ʆʥ ʩʦʝʜʠʥʷʣ: 

- ʨʫʜʫ, 

- ʭʠʤʠʶ, 

- ʵʥʝʨʛʝʪʠʢʫ, 

- ʵʢʦʣʦʛʠʶ, 

- ʵʢʦʥʦʤʠʢʫ, 

- ʣʶʜʩʢʦʡ ʧʦʪʝʥʮʠʘʣ 

ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʝʛʦ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʭʠʤʠʢʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ 

ʵʢʩʪʝʥʩʠʚʥʦʡ ʜʦʙʳʯʠ ʢ ʛʣʫʙʦʢʦʡ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

 

IV.  ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʨʦʨʳʚ: ʦʪ ʨʫʜʳ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

 

ɺʦʚʣʝʯʝʥʠʝ ʬʦʩʬʦʨʠʩʪʳʭ ʨʫʜ ʃʠʩʘʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʠʣʠʢʦʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʝ ʨʘʙʦʪʳ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ, 

ʝʛʦ ʩʦʨʘʪʥʠʢʦʚ ʠ ʫʯʝʥʠʢʦʚ ʩʪʘʣʠ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʕʪʦ ʙʳʣ ʚʦʧʨʦʩ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʘʥʳ. ʆʥ, ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʚʦʠʤʠ ʢʦʣʣʝʛʘʤʠ, ʜʦʢʘʟʘʣ ʪʦ, ʯʪʦ ʂʘʟʘʭʩʪʘʥ ʤʦʞʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʩʣʦʞʥʝʡʰʝʝ, 

ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʳʨʴʝ, ʠʩʧʦʣʴʟʫʷ 

ʩʦʙʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʝʛʦʜʥʷ, ʢʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʩʫʚʝʨʝʥʠʪʝʪʝ ʩʪʨʘʥʳ, ʤʳ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʘʝʤ ʪʫ ʞʝ ʣʠʥʠʶ. 

 

V. ʅʘʩʣʝʜʠʝ ɾ.ʅ. ɸʙʠʰʝʚʘ ʯʝʨʝʟ ESG XXI ʚʝʢʘ 

 

ʂʦʛʜʘ ʤʳ ʦʙʩʫʞʜʘʝʤ: 

- ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, 

- ʧʝʨʝʨʘʙʦʪʢʫ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, 

- ʜʝʢʘʨʙʦʥʠʟʘʮʠʶ, 

- ʠ ʮʠʨʢʫʣʷʨʥʫʶ ʵʢʦʥʦʤʠʢʫ, 

ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʨʤʠʥʳ. 

ʅʦ ʧʨʠʥʮʠʧʳ ʟʘʤʢʥʫʪʦʛʦ ʤʘʣʦʦʪʭʦʜʥʦʛʦ ʮʠʢʣʘ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʝʤ ɸʙʠʰʝʚʳʤ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ ʚʦ ʤʥʦʛʦʤ ʧʨʝʜʚʦʩʭʠʪʠʣ ʧʦʚʝʩʪʢʫ XXI  ʚʝʢʘ. 

 

VI.  ɻʣʘʚʥʳʝ (ʢʣʶʯʝʚʳʝ) ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ɾ.ʅ. ɸʙʠʰʝʚʘ 

 

ɺ ʯʠʩʣʝ ʝʛʦ ʦʩʥʦʚʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʪʘʢʠʝ ʤʦʥʦʛʨʘʬʠʠ, ʢʘʢ: 

- çʄʘʛʥʠʪʥʳʝ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘè (1981), 

- çʊʝʨʤʦʤʘʛʥʠʪʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʠʨʠʪʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷè (1986), 

- çʑʝʣʦʯʥʦʝ ʦʙʝʩʢʨʝʤʥʠʚʘʥʠʝ ʩʳʨʴʷè (1987), 

- çʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʳʨʴʷ ʪʷʞʝʣʳʭ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚè 

(1989). 
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ʕʪʠ ʨʘʙʦʪʳ ʟʘʣʦʞʠʣʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʦʛʘʱʝʥʠʷ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʂʨʦʤʝ ʤʦʥʦʛʨʘʬʠʡ, ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʜʦʢʣʘʜʦʚ ʥʘ ʩʝʤʠʥʘʨʘʭ ʠ 

ʩʦʚʝʱʘʥʠʷʭ, ʵʪʦ ʪʘʢʞʝ ʝʛʦ ʘʚʪʦʨʩʢʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʠ ʟʘʨʫʙʝʞʥʳʝ ʧʘʪʝʥʪʳ. 

ʅʦ ʚʢʣʘʜ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ ï ɻ ʪʦ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʤʦʥʦʛʨʘʬʠʠ ʠ ʧʘʪʝʥʪʳ. ʕʪʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʣʶʜʠ. 

ʕʪʦ ʫʯʝʥʠʢʠ ʠ ʫʯʝʥʠʢʠ ʫʯʝʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʩʝʛʦʜʥʷ ʚ: 

- ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ, 

- ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʤʧʘʥʠʷʭ, 

- ʦʪʨʘʩʣʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ. 

 

VII.  ʀʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

 

ɾ.ʅ. ɸʙʠʰʝʚ ʚʦʟʛʣʘʚʣʷʣ, ʩʦʟʜʘʚʘʣ ʠ ʚʥʦʚʴ ʚʦʟʛʣʘʚʣʷʣ ʢʨʫʧʥʝʡʰʠʝ ʥʘʫʯʥʳʝ ʠ 

ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʘʥʳ: ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ, ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʘʟʘʭʩʢʦʡ ʉʉʈ, ʫʞʝ ʚ 

ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʆʥ ʚʳʩʪʫʧʘʣ ʩʚʦʝʦʙʨʘʟʥʳʤ ʘʨʭʠʪʝʢʪʦʨʦʤ 

(ʠʥʪʝʛʨʘʪʦʨʦʤ) ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʙʝʟ ʩʠʥʪʝʟʘ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ɻʄʂ. ʗʚʣʷʣʩʷ ʬʦʨʤʘʣʴʥʳʤ ʠ ʥʝʬʦʨʤʘʣʴʥʳʤ ʣʠʜʝʨʦʤ. 

 

VIII.  ɺʣʠʷʥʠʝ ɾ.ʅ. ɸʙʠʰʝʚʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ɻʄʂ ʂʘʟʘʭʩʪʘʥʘ 

 

ɺʢʨʘʪʮʝ, ʝʩʣʠ ʩʫʤʤʠʨʦʚʘʪʴ, ʵʪʦ: 

- ʧʝʨʝʭʦʜ ʦʪ ʵʢʩʪʝʥʩʠʚʥʦʡ ʜʦʙʳʯʠ ʢ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ; 

- ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʨʦʩʪ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʨʘʩʣʠ. 

 

IX.  2026-2050 ʛʦʜʳ: ʢʫʜʘ ʚʝʜʝʪ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ 

ɸʙʠʰʝʚʘ? 

 

ɽʩʣʠ ʧʨʦʜʦʣʞʠʪʴ ʝʛʦ ʣʦʛʠʢʫ, ʪʦ ʧʨʠʦʨʠʪʝʪʳ ʦʯʝʚʠʜʥʳ: 

- ʆʩʚʦʝʥʠʝ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʩʣʦʞʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʊʄʆ), 

- ɻʣʫʙʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʜʨʫʛʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʪʳʢʝ 
ʥʘʫʢ, 

- ʅʠʟʢʦʫʛʣʝʨʦʜʥʘʷ ʠ ʮʠʨʢʫʣʷʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, 

- ʎʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʦʙʦʛʘʱʝʥʠʠ, 

- ʕʢʩʧʦʨʪ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʟʘ ʨʫʙʝʞ. 

 

ʅʘʩʣʝʜʠʝ ʘʢʘʜʝʤʠʢʘ ɸʙʠʰʝʚʘ ï ʵʪʦ ʥʝ ʘʨʭʠʚ, ʵʪʦ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ. 

 

X. ʃʠʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʘʩʣʝʜʠʷ ʘʢʘʜʝʤʠʢʘ ɾ.ʅ.ɸʙʠʰʝʚʘ 

 

ʂʘʢ ʩʳʥ, ʷ ʚʠʜʝʣ ʚ ʥʝʤ ʥʝ ʪʦʣʴʢʦ ʫʯʝʥʦʛʦ ʠ ʦʨʛʘʥʠʟʘʪʦʨʘ ʥʘʫʢʠ. 

ʗ ʚʠʜʝʣ ʯʝʣʦʚʝʢʘ ʦʛʨʦʤʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʜʠʩʮʠʧʣʠʥʳ, ʩʦʙʨʘʥʥʦʩʪʠ, 

ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦʩʪʠ, ʫʚʘʞʝʥʠʷ ʢ ʪʨʫʜʫ ʠ ʢ ʣʶʜʷʤ. ʉʚʦʠʤ ʧʨʠʤʝʨʦʤ, ʙʫʜʫʯʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʠʢʦʤ, ʦʥ ʢʘʢ ʙʳ ʛʦʚʦʨʠʣ ʥʘʤ: çʅʘʫʢʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʥʘ ʩʪʨʘʥʫè. 

ʇʨʠ ʵʪʦʤ, ʦʪʝʮ ʦʙʣʘʜʘʣ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ ʪʨʫʜʦʣʶʙʠʷ, ʘ ʙʳʣ 

ʟʘʤʝʯʘʪʝʣʴʥʳʤ ʯʝʣʦʚʝʢʦʤ ʩ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʜʦʙʨʦʧʦʨʷʜʦʯʥʦʩʪʠ, 
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ʯʝʩʪʥʦʩʪʠ ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. ɽʛʦ ʦʪʣʠʯʘʣʠ ʫʜʠʚʠʪʝʣʴʥʘʷ ʜʦʙʨʦʪʘ, ʥʝʧʦʜʜʝʣʴʥʘʷ 

ʩʢʨʦʤʥʦʩʪʴ ʠ ʠʩʢʨʝʥʥʷʷ ʚʝʞʣʠʚʦʩʪʴ. ʆʥ ʦʙʣʘʜʘʣ ʧʨʝʢʨʘʩʥʳʤ ʯʫʚʩʪʚʦʤ ʶʤʦʨʘ. ɹʳʣ 

ʨʘʟʥʦʩʪʦʨʦʥʥʠʤ ʯʝʣʦʚʝʢʦʤ. ʀʥʪʝʨʝʩʦʚʘʣʩʷ ʩʧʦʨʪʦʤ, ʢʫʣʴʪʫʨʦʡ ʠ ʠʩʢʫʩʩʪʚʦʤ, ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʳʤ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʤ. ʄʥʦʛʦ ʯʠʪʘʣ, ʩʣʫʰʘʣ ʤʫʟʳʢʫ, ʧʦʥʠʤʘʣ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʠʩʢʫʩʩʪʚʦ. ʂʦʛʜʘ ʦʥ ʧʨʠʝʟʞʘʣ ʧʦ ʜʝʣʘʤ ʚ ʄʦʩʢʚʫ, ʤʳ ʭʦʜʠʣʠ ʩ ʥʠʤ ʥʘ 

ʩʧʝʢʪʘʢʣʠ ʚ ʣʫʯʰʠʝ ʤʦʩʢʦʚʩʢʠʝ ʪʝʘʪʨʳ ʪʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʙʳʪʫ ʦʥ ʙʳʣ ʥʝʧʨʠʭʦʪʣʠʚ, ʧʨʠ 

ʵʪʦʤ, ʩʘʤ ʯʝʤ ʤʦʛ ʚʩʝʛʜʘ ʧʦʤʦʛʘʣ ʚʩʝʤ ʩʚʦʠʤ ʙʣʠʟʢʠʤ ʠ ʜʘʣʴʥʠʤ ʨʦʜʩʪʚʝʥʥʠʢʘʤ, ʠʤʝʣ 

ʤʥʦʛʦ ʜʨʫʟʝʡ ʠ ʩʘʤ ʙʳʣ ʚʝʨʥʳʤ ʜʨʫʛʦʤ, ʩʳʥʦʤ ʠ ʙʨʘʪʦʤ.  

 

ɿʘʚʝʨʰʘʷ ʜʦʢʣʘʜ, ʭʦʪʝʣ ʙʳ ʧʦʜʳʪʦʞʠʪʴ: ʥʘʩʣʝʜʠʝ ʘʢʘʜʝʤʠʢʘ ɾʘʥʪʦʨʝ 

ʅʫʨʣʘʥʦʚʠʯʘ ɸʙʠʰʝʚʘ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ:  

- ʥʘʫʯʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, 

- ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʚʠʜʝʥʠʝ, 

- ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

- ʠ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ. 

ʀ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ï ʵʪʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʝʨʝʜ ʣʶʜʴʤʠ, ʥʘʫʢʦʡ, ʦʪʨʘʩʣʴʶ ʠ 

ʩʪʨʘʥʦʡ, ʧʝʨʝʜ ʝʝ ʙʫʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ. 

 

ʇʫʩʪʴ çɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2026è ʩʪʘʥʫʪ ʥʝ ʪʦʣʴʢʦ ʜʘʥʴʶ ʧʘʤʷʪʠ ʚʳʜʘʶʱʝʛʦ 

ʫʯʝʥʦʛʦ ʠ ʦʨʛʘʥʠʟʘʪʦʨʘ ʥʘʫʢʠ, ʥʦ ʠ ʪʦʯʢʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʦʪʨʘʩʣʠ. 

ʍʦʪʝʣ ʙʳ ʚʳʨʘʟʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʫʢʦʚʦʜʩʪʚʫ ʠ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʪʦʣʴ ʚʘʞʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʬʦʨʫʤʘ ʠ ʟʘ ʧʨʠʛʣʘʰʝʥʠʝ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʧʣʝʥʘʨʥʦʛʦ ʟʘʩʝʜʘʥʠʷ 

ʂʦʥʬʝʨʝʥʮʠʠ. 

ɹʣʘʛʦʜʘʨʶ ʚʩʝʭ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ: ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʰʠʭ ʫʚʘʞʘʝʤʳʭ ʘʢʩʘʢʘʣʦʚ, 

ʘʢʘʜʝʤʠʢʦʚ, ʩʦʨʘʪʥʠʢʦʚ ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʨʘʩʣʝʚʦʛʦ 

ʤʠʥʠʩʪʝʨʩʪʚʘ, ʜʠʨʝʢʪʦʨʦʚ ʠʥʩʪʠʪʫʪʦʚ, ʫʯʝʥʳʭ, ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʢʦʤʧʘʥʠʡ ʠ ʦʪʨʘʩʣʝʚʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʨʦʜʥʳʭ ʠ ʙʣʠʟʢʠʭ, ʯʣʝʥʦʚ ʩʝʤʴʠ 

ɾʘʥʪʦʨʝ ʅʫʨʣʘʥʦʚʠʯʘ, ʜʨʫʟʝʡ, ʢʦʣʣʝʛ ʠ ʛʦʩʪʝʡ, ʧʨʠʙʳʚʰʠʭ ʩʝʛʦʜʥʷ ʩʶʜʘ ʩʦ ʚʩʝʛʦ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʠʟ-ʟʘ ʨʫʙʝʞʘ.  

 

ɾʝʣʘʶ ʫʯʘʩʪʥʠʢʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʳ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ 

ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ! 

 

ʉʧʘʩʠʙʦ ʟʘ ʚʥʠʤʘʥʠʝ! 

 

 

 

  



 

 

 

 

 

 
 
 
 
 
 

ʉʝʢʮʠ ̫1 

 
ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ  

ʚ ʤʝʪʘʣʣʫʨʛʠʠ 
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ʋɼʂ 669.24:622.765 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʉɽʃɽʂʊʀɺʅʆɻʆ ʊɺɪʈɼʆʌɸɿʅʆɻʆ 

ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʅʀʂɽʃʗ ʀ ɾɽʃɽɿɸ ʀɿ ʊʈʋɼʅʆʇɽʈɽʈɸɹɸʊʓɺɸɽʄʓʍ 

ʆʂʀʉʃɽʅʅʓʍ ʅʀʂɽʃɽɺʓʍ ʈʋɼ ɺʆɼʆʈʆɼʆʄ 
 

ɸʙʽʣʙʝʨʽʢʦʚʘ ɸ.ɸ.1, ɽʩʝʥʛʘʣʠʝʚ ɼ.ɸ.2, ɸʜʠʣʦʚ ɻ.ɸ.2, ɹʝʥʟʝʩʠʢ ʂ.3 

 
1ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 2ʅɸʆ çɸʈʋ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘè, ʛ.ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ, 

 3ʉʪʘʤʙʫʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʪʘʤʙʫʣ, ʊʫʨʮʠʷ 

 

ʉ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʠʢʝʣʝ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

(ʘʢʢʫʤʫʣʷʪʦʨʳ, ʤʝʪʘʣʣʫʨʛʠʷ, ʘʚʠʘʮʠʷ ʠ ʜʨ.) ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʥʠʟʢʦʩʦʨʪʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʥʠʢʝʣʝʚʳʭ ʨʫʜ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʘʭ ʩ 

ʥʝʦʩʚʦʝʥʥʳʤʠ ʟʘʧʘʩʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʂʘʟʘʭʩʪʘʥ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2023 ʛʦʜ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʙʦʣʝʝ 1,9 ʤʣʥ ʪʦʥʥ ʥʠʢʝʣʝʚʳʭ ʨʫʜ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1,4% ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ, 

ʦʜʥʘʢʦ ʚʦʚʣʝʯʝʥʠʝ ʵʪʠʭ ʨʫʜ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʦʛʨʘʥʠʯʝʥʦ ʠʭ ʩʣʦʞʥʳʤ 

ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ [1-4]. ʆʜʥʠʤ ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ï ʯʠʩʪʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ, ʩʧʦʩʦʙʥʳʤ ʟʘʤʝʥʠʪʴ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʠ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʢʝʣʷ 

ʠ ʞʝʣʝʟʘ ʠʟ ʪʨʫʜʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʦʢʩʠʜʥʳʭ ʥʠʢʝʣʝʚʳʭ ʨʫʜ ɹʘʪʘʤʰʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʣʝʥʠʷ ʠʟʚʝʩʪʠ, 

ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʟʚʣʝʯʝʥʠʷ ʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʨʫʜʳ. 

2. ʇʨʦʚʝʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʫʜʳ ʚʦʜʦʨʦʜʦʤ ʧʨʠ 1100 ÁC ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ (ʙʝʟ ʠʟʚʝʩʪʠ ʠ ʩ ʝʸ ʜʦʙʘʚʣʝʥʠʝʤ). 

3. ʆʩʫʱʝʩʪʚʠʪʴ ʤʦʢʨʫʶ ʤʘʛʥʠʪʥʫʶ ʩʝʧʘʨʘʮʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ 
ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 220 ʤʊ. 

4. ʇʨʦʚʝʩʪʠ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1650 ÁC. 

5. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 
ʰʣʘʢʦʚʳʭ ʬʘʟ. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  
1. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʤʠʢʨʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʩʭʦʜʥʦʡ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ ʷʚʣʷʶʪʩʷ ʤʘʛʥʝʪʠʪ (FeO ), ʬʘʷʣʠʪ (FeSiO ), 

ʭʨʦʤʦʚʘʷ ʰʧʠʥʝʣʴ (FeCrO ), ʘ ʪʘʢʞʝ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʝ ʩʠʣʠʢʘʪʳ ï ʛʘʨʥʠʝʨʠʪ 

(Ni Si O (OH) ) ʠ ʥʝʧʫʠʪ. ʅʠʢʝʣʴ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥ ʩ ʢʨʝʤʥʠʝʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

ʧʨʠʤʝʩʝʡ ʚ ʩʠʣʠʢʘʪʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ɺ ʠʩʭʦʜʥʦʡ ʨʫʜʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʜʦʩʪʠʛʘʣʦ ʜʦ 

1,6 ʘʪ.%. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʟʚʝʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʙʞʠʛʝ ʚ ʩʦʩʪʘʚʝ ʬʠʢʩʠʨʫʶʪʩʷ ʬʘʟʳ 

ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠ ʩʠʣʠʮʠʜʘ ʢʘʣʴʮʠʷ, ʯʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʫʜʳ ʚʦʜʦʨʦʜʦʤ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠʟʚʝʩʪʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1100 ÁC ʠ ʨʘʩʭʦʜʝ ʚʦʜʦʨʦʜʘ 0,5 ʣ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʫʜʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʠʩʯʝʟʥʦʚʝʥʠʝ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ ʞʝʣʝʟʘ, ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʧʣʘʚʦʤ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ (ʨʠʩʫʥʦʢ 2). ɸʥʘʣʠʟ 

ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʜʦʩʪʠʛʘʣʦ 2,3 ʘʪ.%, ʘ 

ʞʝʣʝʟʦ ï ʜʦ 98 ʘʪ.%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʰʣʘʢʝ ʩʦʭʨʘʥʷʣʠʩʴ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʝ ʬʘʟʳ ï 

ʬʘʷʣʠʪ ʠ ʭʨʦʤʦʚʘʷ ʰʧʠʥʝʣʴ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʭʨʦʤʘ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ʈʠʩʫʥʦʢ 1 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʦʞʞʸʥʥʦʡ ʩ ʠʟʚʝʩʪʴʶ ʨʫʜʳ  

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʫʜʳ 

 

3. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʫʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʚʝʩʪʠ. ɺʚʝʜʝʥʠʝ ʉʘʆ ʚ ʩʦʩʪʘʚ ʨʫʜʳ 

ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʠʣʠʮʠʜʦʚ ʢʘʣʴʮʠʷ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʰʣʘʢʦʚʦʡ ʬʘʟʝ (ʨʠʩʫʥʦʢ 3). ɺ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʜʦʩʪʠʛʘʣʦ 17 ʤʘʩʩ.%. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʤʝʱʝʥʠʝʤ 

ʢʘʪʠʦʥʦʚ FeĮ  ʠ NiĮ  ʢʘʣʴʮʠʝʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʩ ʭʨʦʤʦʤ ʚʩʸ ʪʘʢ ʞʝ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. 

 
 

ʈʠʩʫʥʦʢ 3 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʫʜʳ ʩ ʠʟʚʝʩʪʴʶ 
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4. ʄʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʩ ʜʦʙʘʚʢʦʡ ʠʟʚʝʩʪʠ ʧʨʦʜʫʢʪ ʧʨʦʮʝʩʩʘ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ 

ʤʦʢʨʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʥʘ ʪʨʫʙʢʝ ɼʵʚʠʩʘ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʙʫ 

ʬʨʘʢʮʠʠ ï1,0 + 0,75 ʤʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʚ ʚʠʜʝ ʚʦʜʥʦʡ ʧʫʣʴʧʳ. 

ʄʘʛʥʠʪʥʫʶ ʩʝʧʘʨʘʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 220 ʤʊ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʘʛʥʠʪʥʘʷ ʠ ʥʝʤʘʛʥʠʪʥʘʷ ʬʨʘʢʮʠʠ. ʀʟ ʠʩʭʦʜʥʦʡ 

ʥʘʚʝʩʢʠ ʤʘʩʩʦʡ 84 ʛ ʤʘʩʩʘ ʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʠʣʘ 5 ʛ, ʥʝʤʘʛʥʠʪʥʦʡ ï 60,42 ʛ. 

5. ʇʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʣʘʚʢʘ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1650 ÁC ʚ ʢʦʨʫʥʜʦʚʦʤ ʪʠʛʣʝ ʧʦʟʚʦʣʠʣʘ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʜʝʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʰʣʘʢʦʚʦʡ ʬʘʟ. ɺ ʦʙʨʘʟʮʘʭ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠʟʚʝʩʪʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ï ʜʦ 41,66 ʤʘʩʩ.%, ʘ 

ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʙʘʣʴʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʰʣʘʢʦʚʦʡ ʬʘʟʝ ʦʪʩʫʪʩʪʚʦʚʘʣ ʥʠʢʝʣʴ, ʥʦ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ. ɺ ʦʙʨʘʟʮʘʭ ʩ ʠʟʚʝʩʪʴʶ ʨʘʟʜʝʣʝʥʠʝ ʬʘʟ 

ʦʢʘʟʘʣʦʩʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ: ʥʠʢʝʣʴ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʰʣʘʢʝ, ʥʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʪʘʢʞʝ ʥʝ ʫʚʝʣʠʯʠʣʦʩʴ, ʦʩʪʘʚʘʷʩʴ ʥʘ ʫʨʦʚʥʝ ~17%. ʇʨʠʯʠʥʦʡ 

ʥʝʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦʩʣʫʞʠʣʘ ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʰʣʘʢʘ ʠ ʥʠʟʢʘʷ ʪʝʢʫʯʝʩʪʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʰʣʘʢ/ʤʝʪʘʣʣ. 
 

ɺʳʚʦʜʳ 
1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʢʝʣʴ ʚ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʭʠʤʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʭ ʩʠʣʠʢʘʪʥʳʭ ʬʘʟʘʭ, ʘ ʞʝʣʝʟʦ ï ʚ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʦʢʩʠʜʘʭ. 

2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʧʨʠ 1100 ÁC ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ 

ʬʘʟ, ʥʦ ʥʝ ʜʣʷ ʢʨʝʤʥʠʡ- ʠ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ. 

3. ɼʦʙʘʚʣʝʥʠʝ ʠʟʚʝʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ 
ʟʘ ʩʯʸʪ ʠʦʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʦʜʥʘʢʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʣʘʚʣʝʥʠʷ ʠ 

ʨʘʟʜʝʣʝʥʠʷ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʢʨʘʷ ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʦʜʦʨʦʜʦʤ 
ʧʨʦʜʫʢʪʘ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 220 ʤʊ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʘʛʥʠʪʥʫʶ ʠ ʥʝʤʘʛʥʠʪʥʫʶ 

ʬʨʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʥʠʢʝʣʝʚʳʭ ʨʫʜ. 

5. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1650 ÁC ʫʣʫʯʰʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ, ʦʩʦʙʝʥʥʦ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠʟʚʝʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ 

ʬʝʨʨʦʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ni (ʜʦ 41,66%). 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʛʨʘʥʪ ˉ AP23489015. 
 

ʀʩʪʦʯʥʠʢʠ 
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ʀ ʉʄɽʉʀ ʉ ɺʆʉʉʊɸʅʆɺʀʊɽʃʗʄʀ  
 

ɸʢʫʦʚ ɸ.ʄ.1, ɹʘʡʩʘʥʦʚ ɸ.ʉ.1, ʄʫʩʠʥʘ ʀ.ɹ.1, ɹʘʡʩʘʥʦʚʘ ɸ.ʄ.1,  

ɸʙʜʫʣʘʙʝʢʦʚ ɽ.ʕ.2, ɸʣʤʘʛʘʤʙʝʪʦʚ ʄ.ʉ.3, ʂʝʣʘʤʘʥʦʚ ɹ.ʉ.4 

 

¹ ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ, 
2ɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʬʝʨʨʦʩʧʣʘʚʦʚ ï ʬʠʣʠʘʣ ɸʆ çʊʅʂ çʂʘʟʭʨʦʤè, ʂʘʟʘʭʩʪʘʥ, 
3ʊʆʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʞʠʥʠʨʠʥʛʦʚʳʡ ʮʝʥʪʨ ERGè, ʂʘʟʘʭʩʪʘʥ, 

4ʅɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ. ɾʫʙʘʥʦʚʘè, ʂʘʟʘʭʩʪʘʥ 

 
ʍʨʦʤʦʚʫʶ ʨʫʜʫ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʪʨʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʛʥʝʫʧʦʨʦʚ. ʀʟ ʫʢʘʟʘʥʥʳʭ ʦʪʨʘʩʣʝʡ, 

ʯʪʦ ʙʝʟʫʩʣʦʚʥʦʝ ʣʠʜʝʨʩʪʚʦ ʧʦ ʦʙʲʝʤʫ ʧʦʪʨʝʙʣʝʥʠʷ ʭʨʦʤʦʚʳʭ ʨʫʜ ʧʨʠʥʘʜʣʝʞʠʪ 

ʤʝʪʘʣʣʫʨʛʠʠ.  

ɺ ʤʝʪʘʣʣʫʨʛʠʠ ʜʦʙʘʚʢʘ ʭʨʦʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ 

ʢʦʨʨʦʟʠʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʶ ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʧʨʦʯʠʭ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ ʩʪʘʣʠ. 

ɼʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʞʝʣʝʟʥʳʭ ʩʧʣʘʚʦʚ ʭʨʦʤ ʧʨʠʤʝʥʷʶʪ ʚ ʚʠʜʝ ʬʝʨʨʦʭʨʦʤʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʢʦʣʦ 70% ʭʨʦʤʘ. ʆʩʥʦʚʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʬʝʨʨʦʭʨʦʤʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ 

ʩʧʣʘʚʦʚ: ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ, ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʳʡ ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʡ. 

ɺʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʭʨʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʚʝʜʝʥʠʷ ʭʨʦʤʘ ʚ 

ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʭʨʦʤ ʠ ʫʛʣʝʨʦʜ. ʆʜʥʘʢʦ, ʦʥ 

ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʚʳʧʣʘʚʢʠ ʥʝʢʦʪʦʨʳʭ ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʭ ʩʪʘʣʝʡ, ʥʘʧʨʠʤʝʨ, ʘʫʩʪʝʥʠʪʥʳʭ 

çʥʝʨʞʘʚʝʶʱʠʭè, ʚ ʢʦʪʦʨʳʭ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʥʝ ʜʦʧʫʩʪʠʤʦ. ɺ ʧʦʜʦʙʥʳʭ 

ʩʪʘʣʷʭ ʭʨʦʤ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʫʛʣʝʨʦʜʫ, ʦʙʨʘʟʫʝʪ ʢʘʨʙʠʜ Cr23C6, ʢʦʪʦʨʳʡ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʧʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. 

ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʝ ʦʪʥʦʰʝʥʠʷ Cr/C ʜʣʷ ʵʪʦʛʦ ʢʘʨʙʠʜʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʜʥʝʥʠʶ ʭʨʦʤʦʤ ʫʯʘʩʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʩ ʛʨʘʥʠʮʘʤʠ. ɺʳʧʘʜʝʥʠʝ 

ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʦʨʨʦʟʠʠ ʥʘ 

ʦʙʝʜʥʝʥʥʳʭ ʭʨʦʤʦʤ ʫʯʘʩʪʢʘʭ ʠ ʜʝʣʘʝʪ ʩʪʘʣʴ ʭʨʫʧʢʦʡ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʭ ʩʪʘʣʷʭ ʜʦʣʞʥʦ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʥʠʞʝ, ʚʦʟʥʠʢ 

ʩʧʨʦʩ ʥʘ ʣʝʛʠʨʫʶʱʠʡ ʩʧʣʘʚ ï ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʬʝʨʨʦʭʨʦʤ [1].   

ʅʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʤʘʨʢʠ ʬʝʨʨʦʭʨʦʤʘ (ʉÒ0,50%) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ 

ʚʳʧʣʘʚʢʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʭʨʦʤʦʥʠʢʝʣʝʚʳʭ ʠ ʭʨʦʤʠʩʪʳʭ (ʩʫʧʝʨʬʝʨʨʠʪʥʳʭ) ʩʪʘʣʝʡ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʫʛʣʝʨʦʜʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʪʨʝʙʠʪʝʣʠ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʭʨʦʤʘ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʝʜʲʷʚʣʷʶʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ 

ʢʘʯʝʩʪʚʫ, ʢʘʢ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ï ʭʨʦʤʘ, ʪʘʢ ʠ ʧʨʠʤʝʩʝʡ (ʫʛʣʝʨʦʜʘ, 

ʬʦʩʬʦʨʘ, ʩʝʨʳ, ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʧʨʠʤʝʩʝʡ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ) [2].  

ʂʘʢ ʠʟʚʝʩʪʥʦ [2-4], ʨʘʬʠʥʠʨʦʚʘʥʥʳʝ ʩʦʨʪʘ ʬʝʨʨʦʭʨʦʤʘ (ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ 

ʤʝʥʝʝ 2%) ʧʨʦʠʟʚʦʜʷʪ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʭʨʦʤʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ, ʠ ʰʠʭʪʳ ʚ 

ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ. ʎʝʣʴ ʥʘʛʨʝʚʘ ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʚʢʣʶʯʘʝʪ ʚʳʷʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʮʝʩʩʦʚ: 

1. ʋʜʘʣʝʥʠʝ ʚʣʘʛʠ ʠ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ; 

2. ʈʘʟʣʦʞʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʨʫʜʳ; 

3. ɸʢʪʠʚʘʮʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ; 

4. ʅʘʯʘʣʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ; 

5. ʋʣʫʯʰʝʥʠʝ ʜʠʬʬʫʟʠʠ ʠ ʢʦʥʪʘʢʪʘ ʨʝʘʛʝʥʪʦʚ; 

6. ʋʩʢʦʨʝʥʠʝ ʢʠʥʝʪʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʨʫʜʳ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ: 

1. ʆʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʘ ʦʩʥʦʚʥʳʭ ʨʝʘʢʮʠʡ; 

2. ʈʘʩʯʸʪʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʮʝʩʩʘ; 

3. ɺʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ; 

4. ʀʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʜʝʨʠʚʘʪʦʛʨʘʬʝ ʩʠʩʪʝʤʳ F. Paulik, J. Paulik, L. Erdei Derivatograph Q=1000 ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 25-1000Üʉ ʩ ʰʘʛʦʤ ʥʘʛʨʝʚʘ 10Üʉ/ʤʠʥ. ʀʟʤʝʨʝʥʠʝ ʚʝʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʣʘʪʠʥʘ-ʧʣʘʪʠʥʦʨʦʜʠʝʚʦʡ ʪʝʨʤʦʧʘʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. ʅʘ ʜʝʨʠʚʘʪʦʛʨʘʤʤʘʭ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʳ ʚ ʚʠʜʝ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ (TG) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʦʘʥʘʣʠʪʠʯʝʩʢʠʭ (DTA) ʢʨʠʚʳʭ.  

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʨʠʩʫʥʦʢ 1), 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʣʘʛʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʳ ʧʨʦʙʳ 

ʥʘ 1 ʤʛ (0,05%) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 130-150Üʉ. ʋʜʘʣʝʥʠʝ ʛʠʜʨʘʪʥʦʡ ʚʣʘʛʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 615Üʉ ʩ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

 

ʋʙʳʣʴ ʚʝʩʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʣʘ 17 ʤʛ (0,81%). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 690Üʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩ ʫʙʳʣʴʶ ʤʘʩʩʳ ʧʨʦʙʳ ʥʘ 40 ʤʛ (1,90%). ʕʪʦʪ 

ʦʪʨʝʟʦʢ ʪʝʤʧʝʨʘʪʫʨʳ 615-690Üʉ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʧʨʦʮʝʩʩʘ 

ʫʜʘʣʝʥʠʷ ʛʠʜʨʘʪʥʦʡ ʚʣʘʛʠ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 830-850Üʉ ʦʪʯʝʪʣʠʚʦ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʫʙʳʣʴ ʚʝʩʘ ʩʦʩʪʘʚʠʣʘ 50 ʤʛ (2,38%). ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1000Üʉ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʚʝʩʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 40 ʤʛ (1,90%). 

ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ 

ʢʨʝʤʥʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʚʠʜʝ ʬʝʨʨʦʩʠʣʠʢʦʭʨʦʤʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʕʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 140-160Üʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʜʝʣʝʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʛʠ. ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʜʝʛʠʜʨʘʪʘʮʠʠ çʩʪʨʫʢʪʫʨʥʦʡè 

ʚʦʜʳ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʘʭ 

ʪʝʤʧʝʨʘʪʫʨ 670-710Üʉ ʩ ʫʙʳʣʴʶ ʤʘʩʩʳ 30 ʤʛ (1,34%). ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʪʦʨʷʝʪ ʧʨʝʜʳʜʫʱʫʶ ʢʘʨʪʠʥʫ (ʨʠʩʫʥʦʢ 1), ʘʥʘʣʦʛʠʯʥʫʶ 

ʜʝʨʠʚʘʪʦʛʨʘʤʤʝ ʢʦʥʮʝʥʪʨʘʪʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʢʨʝʤʥʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʝʣʦʚ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʢʠ, ʚʳʙʨʘʥʥʳʡ ʥʘʤʠ 
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ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʚ ʧʨʝʜʝʣʘʭ 25-1000Üʉ ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʰʠʭʪʳ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ʰʠʭʪʳ  

(ʭʨʦʤʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ + ʢʨʝʤʥʠʩʪʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʨʠʚʘʪʦʛʨʘʤʤʘ ʰʠʭʪʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʭʨʦʤʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʢʨʝʤʥʝʘʣʶʤʠʥʠʝʚʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʦʤʧʣʝʢʩʥʳʡ ʩʧʣʘʚ ɸʍʉ (ʘʣʶʤʠʥʠʡ-ʭʨʦʤ-ʢʨʝʤʥʠʡ).  

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ʰʠʭʪʳ  

(ʭʨʦʤʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ + ʢʨʝʤʥʝʘʣʶʤʠʥʠʝʚʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ) 
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ʋʯʘʩʪʦʢ ʥʘ ʢʨʠʚʦʡ DTA ʩ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ (140Üʉ) ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

ʩʣʘʙʦʛʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ 470-500Üʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʮʝʩʩʳ ʚʳʜʝʣʝʥʠʷ 

ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʠ ʛʠʜʨʘʪʥʦʡ ʚʣʘʛʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʫʙʳʣʴʶ ʚʝʩʘ ʥʘ 2 ʤʛ (0,10%) ʠ 7 

ʤʛ (0,36%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 680-700Üʉ ʠ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 830-850Üʉ ʩ ʨʝʟʢʠʤʠ ʫʙʳʣʷʤʠ ʚʝʩʘ ʧʨʦʙʳ 

ʥʘ 25 ʤʛ (1,29%) ʠ 30 ʤʛ (1,56%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʪʦʨʷʶʪ ʢʘʨʪʠʥʫ ʧʨʝʜʳʜʫʱʠʭ 

ʜʝʨʠʚʘʪʦʛʨʘʤʤ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʚ ʚʳʰʝʩʢʘʟʘʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʦʥʮʝʥʪʨʘʪʝ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ 

ʤʘʢʩʠʤʫʤʘʤʠ 985Üʉ, 1000Üʉ ʚʝʜʝʪ ʢ ʧʣʘʚʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʝʩʘ ʥʘ 23 ʤʛ (1,19%) ʠ 12 ʤʛ 

(0,62%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʦʢʠʩʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʢʩʠʜʘʤʠ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʛʨʝʚʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʭʨʦʤʦʨʫʜʥʦʛʦ ʩʳʨʴʷ. 

ɼʠʥʘʤʠʢʘ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦ ʚʩʝʭ 

ʜʝʨʠʚʘʪʦʛʨʘʤʤʘʭ, ʘ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʧʨʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʙʱʘʷ ʧʦʪʝʨʷ ʚʝʩʘ ʢʦʥʮʝʥʪʨʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 148 ʤʛ (7,04%), ʰʠʭʪ ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʢʨʝʤʥʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï 120 ʤʛ (5,38%) ʠ ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʭʨʦʤʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʢʨʝʤʥʝʘʣʶʤʠʥʠʝʚʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 99 ʤʛ (5,14%). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʤʤʝ ʥʘʛʨʝʚʘ ʰʠʭʪʳ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʠ 

ʢʨʝʤʥʝʘʣʶʤʠʥʠʝʚʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʪʨʘʞʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 2 ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʤʘʢʩʠʤʫʤʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʨʘʥʥʝʝ ʥʘʯʘʣʦ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩ ʢʦʥʮʝʥʪʨʘʪʦʤ, ʢʦʪʦʨʦʝ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʤʤʝ ʰʠʭʪʳ ʠʟ 

ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʢʨʝʤʥʠʩʪʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ.    

 

ʀʩʪʦʯʥʠʢʠ 
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ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

68 

ʋɼʂ 669.2/.8 

 
ʆɹɿʆʈ ʄɽʊʆɼʆɺ ɼɽʉʆʈɹʎʀʀ ɿʆʃʆʊɸ ʀɿ ʅɸʉʓʑɽʅʅʓʍ ɸʅʀʆʅʀʊʆɺ 

 
ɸʣʪʳʥʙʝʢ ʐ.ʏ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ çʂʘʟʤʝʭʘʥʦʙʨè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

  

ʈʝʛʝʥʝʨʘʮʠʷ ʩʦʨʙʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʵʪʘʧ ʚ 

ʩʦʨʙʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʟʦʣʦʪʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ: ʩʪʝʧʝʥʠ ʜʝʩʦʨʙʮʠʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʫʨʦʚʥʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʝʤʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʨʙʝʥʪʘ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʚʩʝʛʦ ʮʠʢʣʘ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʫ ʧʫʣʴʧʳ ʩʦʨʙʝʥʪ ʪʝʨʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ 

ʥʘʩʳʱʝʥʠʷ ʤʝʪʘʣʣʘʤʠ ʠ ʟʘʢʫʧʦʨʢʠ ʧʦʨ ʧʨʠʤʝʩʷʤʠ (ʢʨʝʤʥʝʟʝʤ, ʦʨʛʘʥʠʢʘ). ʉʥʠʞʝʥʠʝ 

ʝʤʢʦʩʪʠ ʜʦ ʤʠʥʠʤʫʤʘ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʜʘʣʴʥʝʡʰʝʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ, 

ʦʙʫʩʣʘʚʣʠʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʪʘʧʘ ʜʝʩʦʨʙʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ.  

ʎʝʣʴʶ ʨʝʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʩʦʨʙʮʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʦʯʠʩʪʢʘ ʩʦʨʙʝʥʪʘ ʦʪ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʩʝʡ. ʇʨʦʮʝʩʩ ʵʣʶʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚ ʵʣʶʘʪʘʭ, ʯʪʦ ʦʧʪʠʤʠʟʠʨʫʝʪ 

ʧʦʩʣʝʜʫʶʱʝʝ ʦʩʘʞʜʝʥʠʝ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ. 

ʕʚʦʣʶʮʠʷ ʤʝʪʦʜʦʚ ʨʝʛʝʥʝʨʘʮʠʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʟʦʣʦʪʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʠʩʢʦʤ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʦʣʥʦʪʦʡ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʩʦʭʨʘʥʝʥʠʝʤ 

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʠʦʥʠʪʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. 

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʝʩʦʨʙʮʠʠ [1] ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʩʤʝʩʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʘʮʝʪʦʥ, ʩʧʠʨʪʳ) ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʷʚʣʷʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʘʥʠʦʥʘ 

[Au(CN)2]- ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʜʝʩʦʨʙʮʠʠ 

ʟʦʣʦʪʘ (ʜʦ 100 %), ʤʝʪʦʜ ʥʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʦʛʥʝʦʧʘʩʥʦʩʪʠ, 

ʧʣʦʭʦʡ ʜʝʩʦʨʙʮʠʠ ʧʨʠʤʝʩʝʡ (Ag, Cu, Fe) ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʨʝʘʛʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, 

ʛʣʠʮʝʨʠʥʦʚʳʭ ʩʠʩʪʝʤ ʀʚʘʥʦʚʦʩʢʦʛʦ ʠ ʋʨʫʩʦʚʦʡ). 

ʇʨʠʤʝʥʝʥʠʝ ʨʦʜʘʥʠʜʦʚ (KSCN, NaSCN, NH4SCN) ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ [2] ʧʦʟʚʦʣʠʣʦ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʤʝʭʘʥʠʟʤʫ ʘʥʠʦʥʥʦʛʦ ʦʙʤʝʥʘ:  

 

RAu(CN)2+SCNī= RSCN+[Au(CN)2]
ī 

 

ʆʜʥʘʢʦ ʩʭʝʤʘ ʚʳʷʚʠʣʘ ʩʝʨʴʝʟʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʥʝʜʦʩʪʘʪʢʠ: ʧʝʨʝʭʦʜ ʘʥʠʦʥʠʪʘ ʚ 

SCNī-ʬʦʨʤʫ ʩʥʠʞʘʣ ʝʛʦ ʧʦʩʣʝʜʫʶʱʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ; ʜʣʷ ʚʦʟʚʨʘʱʝʥʠʷ 

ʩʤʦʣʳ ʚ ʨʘʙʦʯʠʡ ʮʠʢʣ ʪʨʝʙʦʚʘʣʘʩʴ ʧʨʦʤʳʚʢʘ ʦʛʨʦʤʥʳʤʠ ʦʙʲʝʤʘʤʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (ʜʦ 

500 ʫʜʝʣʴʥʳʭ ʦʙʲʝʤʦʚ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʝʩʦʨʙʝʥʪʦʤ ʜʠʮʠʘʥʘʫʨʘʪ-ʠʦʥʘ 

ʧʨʠʟʥʘʥʳ ʩʣʘʙʦʢʠʩʣʳʝ ʨʘʩʪʚʦʨʳ ʪʠʦʤʦʯʝʚʠʥʳ (TM). ɺʳʩʦʢʘʷ ʵʣʶʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

TM ʦʙʲʷʩʥʷʝʪʩʷ ʩʤʝʥʦʡ ʟʥʘʢʘ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʠʟ ʘʥʠʦʥʥʦʛʦ ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ 

ʢʘʪʠʦʥʥʳʡ, ʢʦʪʦʨʳʡ ʥʝ ʫʜʝʨʞʠʚʘʝʪʩʷ ʘʥʠʦʥʠʪʦʤ [3]: 

  

RAu(CN)2+2SC(NH2)2+2HCl = RCl+Au[SC(NH2)2)]2Cl+2HCN 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ: 80-90 ʛ/ʣ TM + 20-25 ʛ/ʣ H2SO4; 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ: 50-60 ÁC (ʦʛʨʘʥʠʯʝʥ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʩʤʦʣ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʦʣʦʪʘ ʚ ʧʝʨʚʳʭ 4-6 ʦʙʲʝʤʘʭ ʵʣʶʘʪʘ. 
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ʅʝʜʦʩʪʘʪʢʠ: ʚʳʜʝʣʝʥʠʝ ʪʦʢʩʠʯʥʦʛʦ HCN, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʠʩʣʦʪʦʩʪʦʡʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʣʦʞʥʦʩʪʴ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ (ʜʦ 300 ʯʘʩʦʚ ʥʘ 

ʧʦʣʥʳʡ ʮʠʢʣ). 

ʂʘʟʤʝʭʘʥʦʙʨʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʨʝʛʝʥʝʨʘʮʠʠ ʘʥʠʦʥʠʪʘ ɸʄ-2ɹ, ʢʦʪʦʨʘʷ ʫʩʪʨʘʥʷʝʪ ʯʘʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ [4].  

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ: ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʠʟ 

ʩʤʦʣʳ ɸʄ-2ɹ ʵʣʶʠʨʫʶʪʩʷ ʠʦʥʳ ʧʨʠʤʝʩʥʳʭ ʤʝʪʘʣʣʦʚ ʱʝʣʦʯʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʦʜʘʥʠʜʘ 

ʥʘʪʨʠʷ, ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ- ʵʣʶʠʨʦʚʘʥʠʝ ʟʦʣʦʪʘ ʢʠʩʣʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʪʠʦʤʦʯʝʚʠʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʶʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ 1 % NaSCN + 2% NaOH ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60ʦʉ ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʦʚ 

ʩʤʦʣʳ ʠ ʨʘʩʪʚʦʨʘ 1:10 ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʠʟ ʬʘʟʳ ʩʤʦʣʳ ʙʦʣʝʝ 90 % ʤʝʪʘʣʣʦʚ ʧʨʠʤʝʩʝʡ, 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʚ ʟʦʣʦʪʦ ʚ ʠʦʥʠʪʝ. ɿʘʪʝʤ ʩ ʮʝʣʴʶ ʚʳʚʦʜʘ ʠʟ ʬʘʟʳ ʩʤʦʣʳ ʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʨʦʞʘʥʠʜ-ʠʦʥʦʚ ʠ ʦʩʪʘʚʰʠʭʩʷ ʤʝʪʘʣʣʦʚ-ʧʨʠʤʝʩʝʡ ʩʤʦʣʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʘʤʠ 5%-

ʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ.  

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʩʤʦʣʘ ʚʥʘʯʘʣʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 4%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʠʦʤʦʯʝʚʠʥʳ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʠʟ ʩʤʦʣʳ ʵʣʶʠʨʫʝʪʩʷ ʤʝʜʴ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʳʱʝʥʠʝ ʠʦʥʠʪʘ 

ʪʠʦʤʦʯʝʚʠʥʦʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʜʝʩʦʨʙʮʠʷ ʟʦʣʦʪʘ 10%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʪʠʦʤʦʯʝʚʠʥʳ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʝʣʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʝʪʩʷ ʤʝʜʴ ʠ ʟʘʪʝʤ ʟʦʣʦʪʘ. ɼʣʷ 

ʧʝʨʝʜʘʯʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʤʦʣʳ ʥʘ ʩʦʨʙʮʠʶ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʚʦʜ ʩʤʦʣʳ ʠʟ SO4-ʬʦʨʤʳ 

ʚ ʆʅ-ʬʦʨʤʫ, ʜʣʷ ʯʝʛʦ ʧʨʦʚʦʜʠʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ ʱʝʣʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʤʦʣʳ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ, ʠʟʛʦʪʦʚʣʝʥ ʠ 

ʠʩʧʳʪʘʥ ʘʧʧʘʨʘʪ ʢʦʥʫʩʥʦʛʦ ʪʠʧʘ ʩ ʫʛʣʦʤ ʢʦʥʫʩʥʦʩʪʠ 30ʦ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʩʭʝʤʫ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʟʘ 80 ʯʘʩʦʚ ʚʤʝʩʪʦ 250 ʯʘʩ ʧʦ ʩʭʝʤʝ 

ʃʘʩʢʦʨʠʥʘ.  

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʪʠʦʤʦʯʝʚʠʥʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʘʧʧʘʨʘʪʦʚ ʢʦʥʫʩʥʦʛʦ ʪʠʧʘ ʚʤʝʩʪʦ 16 ʢʦʣʦʥʥ ʠʟ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ, 

ʩʦʢʨʘʱʝʥʠʝʤ ʦʙʲʝʤʘ ʧʣʦʱʘʜʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 2-ʭ ʘʧʧʘʨʘʪʦʚ.   
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ʇʆɼɹʆʈ ʉɺʗɿʋʖʑɽɻʆ ɼʃʗ ʆʂʆʄʂʆɺɸʅʀʗ ʂɽʂɸ ʉɽʈʅʆʂʀʉʃʆʊʅʆɻʆ 

ɺʓʑɽʃɸʏʀɺɸʅʀʗ ɺɸʅɸɼʀɽɺʓʍ ʂɺɸʈʎʀʊʆɺ 

 
ɹʘʜʠʢʦʚʘ ɸ.ɼ.1, ʐʝʚʢʦ ɺ.ʄ.1, ɸʡʪʢʫʣʦʚ ɼ.ʂ.2 

 
1ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  ʠʤ. ʄ. ɸʫʵʟʦʚʘ, ʛ. ʐʳʤʢʝʥʪ, ʂʘʟʘʭʩʪʘʥ 

2 ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʚʘʥʘʜʠʝʚʳʭ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʢʚʘʨʮʠʪʦʚ ʘʚʪʦʢʣʘʚʥʳʤ 

ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʦʙʨʘʟʫʝʪʩʷ ʦʪʭʦʜ-ʢʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʦʢʦʣʦ 80% ʦʪ 

ʨʫʜʳ [1]. ʂʝʢ ï ʯʝʨʥʦʝ, ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ ʚʝʱʝʩʪʚʦ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ Ò0,2ʤʤ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 80% SiO2, 15-19% C ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ (0,08-0,1%) V [1,2]. ɺʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʚ ʢʝʢʝ, ʜʝʣʘʝʪ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʝʤʥʠʩʪʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ.  ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʘʷ 

ʬʨʘʢʮʠʷ ʢʝʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʟʘʪʨʫʜʥʝʥʠʷʤ ʚ 

ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʚ ʧʝʯʴ, ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʧʝʯʠ, ʫʭʫʜʰʝʥʠʶ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʰʠʭʪʳ ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʝʢʘ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʢʠ ʬʝʨʨʦʩʠʣʠʮʠʷ 

ʷʚʣʷʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʝʢ ʧʦʜʣʝʞʠʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʝ. ɺ ʚʠʜʫ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʣʦʭʦʡ 

ʢʦʤʢʫʝʤʦʩʪʠ, ʢʝʢ ʥʝ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʢʦʤʢʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʦʢʦʤʢʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʷʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ 

ʷʚʣʷʶʪʩʷ ʪʷʞʸʣʳʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ - ʤʘʟʫʪ ʠ ʦʩʪʘʪʦʯʥʳʝ ʤʘʩʣʘ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʠ 

ʥʝʬʪʷʥʳʝ ʧʝʢʠ, ʨʘʟʣʠʯʥʳʝ ʩʤʦʣʳ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʝ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʩʘʭʘʨʠʜʳ, ʪʘʢʠʝ ʢʘʢ ʢʨʘʭʤʘʣ ʠ ʧʘʪʦʢʘ, ʪʦʨʬ. ʂ ʢʘʪʝʛʦʨʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʚʷʟʫʶʱʠʭ ʦʪʥʦʩʷʪʩʷ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʥʘʧʨʠʤʝʨ, ʢʘʦʣʠʥ, ʙʝʥʪʦʥʠʪ, ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ ʩʠʣʠʢʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʘ ʪʘʢʞʝ ʮʝʤʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ [3,4], 

ʛʘʰʝʥʘʷ ʠʟʚʝʩʪʴ, ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ, ʭʣʦʨʠʜ ʥʘʪʨʠʷ, ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ, ʞʝʣʝʟʥʳʝ ʠ 

ʤʘʨʛʘʥʮʝʚʳʝ ʛʣʠʥʠʩʪʳʝ ʨʫʜʳ [5] 

ʃʠʛʥʦʩʫʣʴʬʦʥʘʪʳ (ʩʫʣʴʬʠʪʥʦ-ʩʧʠʨʪʦʚʘʷ ʙʘʨʜʘ), ʦʙʨʘʟʫʶʱʝʝʩʷ ʢʘʢ ʧʦʙʦʯʥʳʡ 

ʧʨʦʜʫʢʪ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʩʯʠʪʘʶʪʩʷ ʣʫʯʰʠʤʠ 

ʩʚʷʟʫʶʱʠʤ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ [6].  ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʝʣʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʥʳʤ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʚʷʟʫʶʱʠʭ.  

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʢʘʪʳʰʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʝʢʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚʘʥʘʜʠʝʚʳʭ ʢʚʘʨʮʠʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʳʨʴʝ ʩʦʜʝʨʞʘʱʝʝ, ʤʘʩʩ.,%: ʢʝʢ ʘʚʪʦʢʣʘʚʥʦʛʦ 

ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʚʘʨʮʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɹʘʣʘʩʘʫʩʢʘʥʜʳʢ (72,5 SiO2, 1,3 Al2O3, 1,4 Fe2O3, 1,0 CaO, 0,15 V2O5, 0,2 MgO, 3,0 H2O, 

0,15 BaO, 19 C); ʙʝʥʪʦʥʠʪʦʚʫʶ ʛʣʠʥʫ ʊʘʛʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (56,65 SiO2, 0,46 TiO2, 

17,14 Al2O3, 4,61 Fe2O3, 2,19 CaO, 2,55 MgO, 0,24 K2O, 0,38 Na2O, 8,81 H2O, 11,89 ʇʇʇ, 

0,21 SO3); ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʊʆʆ çɺʘʥ-ɻʨʫʧʧè (24-30 SiO2, 9-13 Na2O, 60-70 H2O); ʩʦʘʧʩʪʦʢ 

ʊʆʆ çɸʨʘʡè (35-45 ʥʝʡʪʨʘʣʴʥʳʝ ʤʘʩʣʘ ʠ ʩʦʣʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 45-55 ʚʦʜʘ, 2-3 ʥʝʞʠʨʦʚʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ); ʮʝʤʝʥʪ ʊʆʆ çʉʪʘʥʜʘʨʪ ʮʝʤʝʥʪè (63,5-66,0 CaO, 20,5-23,0 SiO2, 

4,5-5,5 Al2O3, 3,5-4,8 Fe2O3, 1,2-3,0 MgO, 0,5-2,5 SO3, ʜʦ 1,0 Na2O + K2O, ʜʦ 2,0 ʇʇʇ); 

ʧʘʪʦʢʘ ʊʆʆ çɸʢʩʫʩʢʠʡ ʩʘʭʘʨʥʳʡ ʟʘʚʦʜè (45-50 ʩʘʭʘʨʦʟʘ, 20-25 H2O, 10-15 ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ, 7-10 ʟʦʣʘ, 7-10 ʘʟʦʪʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ); ʣʠʛʥʦʩʫʣʴʬʦʥʘʪ ɸʆ 

çʉʦʣʠʢʘʤʩʢʙʫʤʧʨʦʤè (50-92 ʧʦʣʠʤʝʨʳ ʣʠʛʥʠʥʘ, 7-10 ʨʝʜʫʮʠʨʫʶʱʠʝ ʩʘʭʘʨʘ, 20-25 ʟʦʣʘ).  
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ʂʝʢ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʸʥʥʳʡ ʜʦ ʦʜʥʦʨʦʜʥʦʡ ʬʨʘʢʮʠʠ, ʩʤʝʰʠʚʘʣʠ ʩʦ 

ʩʚʷʟʫʶʱʠʤ. ɿʘʪʝʤ ʚ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʚʨʫʯʥʫʶ ʛʦʪʦʚʠʣʠ 

ʩʳʨʳʝ ʦʢʘʪʳʰʠ ʤʘʩʩʦʡ 2,5-3 ʛ (ʜʠʘʤʝʪʨ 9-10 ʤʤ). ɿʘʪʝʤ ʠʭ ʩʫʰʠʣʠ ʚ ʰʢʘʬʫ (Binder, 

ɻʝʨʤʘʥʠʷ) ʚ ʪʝʯʝʥʠʝ 1,5 ʯ ʧʨʠ 120 ÁC. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʵʢʩʠʢʘʪʦʨʝ ʦʢʘʪʳʰʝʡ 

ʦʧʨʝʜʝʣʷʣʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ (ʇʫ) ʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ (ʇʩʞ). ʉʞʘʪʠʝ ʧʨʠʚʦʜʠʣʠ ʥʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʇɻʄ-100 (çʉʂɹ ʉʪʨʦʡʧʨʠʙʦʨè, ʈʦʩʩʠʷ) ʠ ʧʨʠʙʦʨʝ ʀʇɻ-1ʄ (ɸʆ 

çʋʅʀʍʀʄ ʩ ʆɿè, ʈʦʩʩʠʷ). ʇʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʯʠʩʣʫ ʧʘʜʝʥʠʡ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʚʳʩʦʪʳ (1, 1,5 ʠ 2 ʤ) ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦ ʧʝʨʚʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 20% ʚʦʜʳ ʦʪ ʤʘʩʩʳ ʢʝʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʧʦʣʫʯʝʥʠʝ ʦʢʘʪʳʰʝʡ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ. ʇʨʠ 

ʢʦʣʠʯʝʩʪʚʝ ʚʦʜʳ <15% ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ ʫʭʫʜʰʘʶʪʩʷ, ʦʢʘʪʳʰʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʩ ʪʨʫʜʦʤ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ >35% ʩʤʝʩʴ ʩʪʘʥʦʚʠʪʩʷ ʞʠʜʢʦʡ, ʦʢʘʪʳʰʠ ʥʝ ʩʦʭʨʘʥʷʶʪ 

ʬʦʨʤʫ ʠ ʨʘʩʧʣʳʚʘʶʪʩʷ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ. ɼʣʷ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʜʦʧʫʩʢʘʝʪʩʷ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʙʨʠʢʝʪʦʚ ʜʘʞʝ ʧʨʠ 

ʤʝʥʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʚʣʘʛʠ [7]. 

ɹʝʥʪʦʥʠʪʦʚʫʶ ʛʣʠʥʫ ʚʚʦʜʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 3-7% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ 

ʙʳʣʦ ʧʦʩʪʦʷʥʥʳʤ ï 25% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʭʠʭ ʦʢʘʪʳʰʝʡ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ɺʠʜʥʦ, ʯʪʦ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʩʫʭʠʝ ʦʢʘʪʳʰʠ 

ʨʘʟʨʫʰʘʶʪʩʷ ʩ ʧʝʨʚʦʛʦ ʩʙʨʘʩʳʚʘʥʠʷ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʜʘʚʣʝʥʠʝ ʪʦʣʴʢʦ 0,455 ʢʛ. 

ɼʦʙʘʚʣʝʥʠʝ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ: ʧʨʠ ʨʘʩʭʦʜʝ 7% ʛʣʠʥʳ ʦʥʘ 

ʜʦʩʪʠʛʘʝʪ 5,59 ʢʛ/ʦʢʘʪʳʰ, ʯʪʦ ʚ 12,3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʙʝʟ ʛʣʠʥʳ (0,455 ʢʛ/ʦʢʘʪʳʰ). 

ʇʦʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ >7% ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʦʢʘʪʳʰʝʡ. 

 

  
 

ɸ ï ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ɺ ï ʧʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʘʪʳʰʝʡ ʩ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʦʡ 

 

ɾʠʜʢʦʝ ʩʪʝʢʣʦ ʧʨʠʤʝʥʷʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 5-40% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʯʥʦʩʪʠ ʦʢʘʪʳʰʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʦ 20% ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ (ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ) ʦʢʘʪʳʰʠ ʠʤʝʣʠ ʥʠʟʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʨʘʟʨʫʰʘʣʠʩʴ ʫʞʝ 

ʧʦʩʣʝ ʦʜʥʦʛʦ ʩʙʨʦʩʘ.  

ʆʢʘʪʳʰʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ, ʥʦ ʧʨʠ ʨʘʩʭʦʜʝ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ 30-40%, ʦʪʣʠʯʘʣʠʩʴ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʩʦʭʨʘʥʷʣʠ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʞʝ ʧʦʩʣʝ 100 

ʩʙʨʘʩʳʚʘʥʠʡ ʩ ʚʳʩʦʪʳ 2 ʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ, 

ʩʪʦʠʤʦʩʪʴ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ 220 000 ʪʥ/ʪ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. 
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ʊʘʙʣʠʮʘ 1 ï ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʢʛ/ʦʢʘʪʳʰ 

 

ʂʝʢ, ʛ 
ɺʦʜʘ, % ʢ 

ʢʝʢʫ 

ɾʠʜʢʦʝ ʩʪʝʢʣʦ, 

% ʢ ʢʝʢʫ 

ʅʦʤʠʥʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʦʢʘʪʳʰʘ, % 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ,  

ʢʛ/ʦʢʘʪʳʰ 

100 25 5 21,7 0,6-0,84 (0,72*) 

100 25 10 23,2 0,67-1,36 (0,88) 

100 25 15 24,6 1,54-2,08 (1,71) 

100 25 20 25,9 1,0-2,12 (1,78) 

100 - 30 14,5 22-56 (39) 

100 - 40 18,0 35,1-80 (57,5) 

*) ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

 

ʉʦʘʧʩʪʦʢ ʚʣʘʞʥʦʩʪʴʶ 30-50% ʚʚʦʜʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 16-34% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʠ ʦʢʘʪʳʰʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʩʦʘʧʩʪʦʢʘ, ʢʘʢ ʩʚʷʟʫʶʱʝʛʦ, ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʦʯʥʦʩʪʴ ʜʦ 0,62 ʢʛ/ʦʢʘʪʳʰ, ʦʜʥʘʢʦ ʧʨʠ ʩʫʰʢʝ 

120 Áʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʣʷʣʠʩʴ ʪʨʝʱʠʥʳ. ʈʘʟʙʘʚʣʝʥʠʝ ʩʦʘʧʩʪʦʢʘ ʚʦʜʦʡ (1:1) 

ʧʦʚʳʰʘʣʦ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʤʝʩʠ ʠ ʦʙʣʝʛʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʢʘʪʳʰʝʡ, ʥʦ ʩʪʘʪʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʦʩʪʘʚʘʣʘʩʴ ʥʠʟʢʦʡ- ʧʨʠ ʩʙʨʦʩʝ ʩ ʚʳʩʦʪʳ 1 ʤ ʦʢʘʪʳʰʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʣʠʩʴ 

ʟʘ ʦʜʠʥ ʨʘʟ. 
 

ʊʘʙʣʠʮʘ 2 ï ʇʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ, ʢʛ/ʦʢʘʪʳʰ 
 

ɺʦʜʘ, % ʈʘʩʭʦʜ ʩʦʘʧʩʪʦʢʘ, % ʇʩʞ, ʢʛ/ʦʢʘʪʳʰ 

- 34 0,60-0,62 

16 16 0,56-0,75 

 

ʎʝʤʝʥʪ ʧʨʠʤʝʥʷʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 5-20%, ʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ 20% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. 

ɼʘʞʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʤʝʥʪʘ ʦʢʘʪʳʰʠ ʦʩʪʘʚʘʣʠʩʴ ʭʨʫʧʢʠʤʠ: 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʩʦʩʪʘʚʣʷʣʘ ʣʠʰʴ 1,09 ʢʛ/ʦʢʘʪʳʰ (ʪʘʙʣʠʮʘ 3), ʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ 

ʙʳʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
 

ʊʘʙʣʠʮʘ 3 ï ʇʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ, ʢʛ/ʦʢʘʪʳʰ 

 

ʈʘʩʭʦʜ ʮʝʤʝʥʪʘ, % ʦʪ ʤʘʩʩʳ ʢʝʢʘ 5 10 15 20 

ʇʩʞ, ʢʛ/ʦʢʘʪʳʰ 0,67 0,77 0,89 1,09 

 

ʃʠʛʥʦʩʫʣʴʬʦʥʘʪ ʚʣʘʞʥʦʩʪʴʶ Ò4% ʚʚʦʜʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 3-10% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʬʦʨʤʦʚʢʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʩʫʭʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ʀʟ ʪʘʙʣʠʮʳ 4 ʩʣʝʜʫʝʪ, ʯʪʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʦʢʘʪʳʰʝʡ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 5 ʨʘʟ ʚʳʰʝ: ʧʨʠ 3% 

ʩʦʩʪʘʚʣʷʝʪ 3,83 ʢʛ/ʦʢʘʪʳʰ, ʧʨʠ 10% ï 21,05 ʢʛ/ʦʢʘʪʳʰ. ʇʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʥʘ ʫʜʘʨ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ 3% ʩʚʷʟʫʶʱʝʛʦ ʦʢʘʪʳʰʠ ʚʳʜʝʨʞʠʚʘʶʪ ʜʦ 8 

ʩʙʨʘʩʳʚʘʥʠʡ ʩ ʚʳʩʦʪʳ 1,5 ʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟ-ʟʘ ʝʛʦ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ï 550 000 ʪʥ/ʪ [8]. 
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ʊʘʙʣʠʮʘ 4 ï ʇʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ, ʢʛ/ʦʢʘʪʳʰ 

 

ɺʦʜʘ, % ʦʪ ʤʘʩʩʳ 

ʢʝʢʘ 

ʈʘʩʭʦʜ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪ, % ʦʪ 

ʤʘʩʩʳ ʢʝʢʘ 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, 

ʢʛ/ʦʢʘʪʳʰ 

24 3 2,81-4,85 (3,83*) 

24 5 3,76-9,20 (6,48) 

26 7 11,29-17,12 (14,21) 

28 10 18,20-23,90 (21,05) 

*) ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ, ʯʠʩʣʦ ʧʘʜʝʥʠʡ ʩ ʚʳʩʦʪʳ 

 

ʇʘʪʦʢʫ ʧʨʠʤʝʥʷʣʠ ʚ ʚʠʜʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 20-80%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʘʪʦʢʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ ʦʩʣʦʞʥʷʝʪ ʦʢʦʤʢʦʚʘʥʠʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʣʠʧʢʦʩʪʠ (ʘʜʛʝʟʠʠ), ʘ 

ʧʦʩʣʝ ʩʫʰʢʠ ʧʨʠ 120 ÁC ʚ ʪʝʯʝʥʠʝ 1,5 ʯ ï ʦʢʘʪʳʰʠ ʨʘʩʧʣʶʱʠʚʘʶʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʠ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʪʦʢʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʚʦʨ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʧʘʪʦʢʠ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʚʷʟʢʠʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʤʘʩʩʝ 

ʢʝʢʘ ʟʘʪʨʫʜʥʝʥʦ ï ʪʘʢ ʢʘʢ ʚʦʜʳ ʚ ʥʝʤ ʤʘʣʦ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʘʪʳʰʝʡ ʪʨʝʙʫʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʠʣʠʝ. ʆʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʩ 

ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʘʪʦʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʘ (35% ʦʪ ʤʘʩʩʳ 

ʢʝʢʘ), ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʪʦʢʠ ʜʝʣʘʝʪ ʨʘʩʪʚʦʨ ʩʣʠʰʢʦʤ ʞʠʜʢʠʤ.  ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ ʩʤʝʩʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʦʢʘʪʳʰʝʡ. 
 

ʊʘʙʣʠʮʘ 5 ï ʇʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ, ʢʛ/ʦʢʘʪʳʰ 

 

ʂʝʢ, ʛ 
ʈʘʩʭʦʜ ʨʘʩʪʚʦʨʘ, %  

ʦʪ ʤʘʩʩʳ ʢʝʢʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʘʪʦʢʠ, % (ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʪʦʢʘ:ʚʦʜʘ) 

20 (1:4) 33,3 (1:2) 50 (1:1) 66,6 (2:1) 75(3:1) 80 (4:1) 

100 30 1,98 5,5 17,0 29,2 30,6 39,5 

100 32,5 1,99 5,6 19,0 29,5 32,5 50,0 

100 35 2,70 8,6 22,2 30,5 37,9 70,0 

 

ʀʟ ʪʘʙʣʠʮʳ 5 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʪʦʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʨʘʩʪʚʦʨʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʦʢʘʪʳʰʝʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Ó66,6% ʠ ʚʳʰʝ. ʆʧʨʝʜʝʣʝʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ 

(ʪʘʙʣʠʮʘ 6). ɺʠʜʥʦ, ʯʪʦ ʦʢʘʪʳʰʠ ʥʘ ʨʘʩʪʚʦʨʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʘʪʦʢʠ Ó 50% 
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ʈʘʩʭʦʜ ʣʠʛʥʦʩʫʣʴʬʠʥʘʪʘ, % ʦʪ ʤʘʩʩʳ ʢʝʢʘ
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʜʝʣʘʷ ʦʢʘʪʳʰʠ ʫʩʪʦʡʯʠʚʳʤʠ ʜʘʞʝ ʢ ʩʠʣʴʥʳʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. 

 
 

ʊʘʙʣʠʮʘ 6 ï ʇʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʥʘ ʫʜʘʨ, ʯʠʩʣʦ ʧʘʜʝʥʠʡ ʩ ʚʳʩʦʪʳ 

 

ɺʳʩʦʪʘ, ʤ 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʘʪʦʢʠ, % 

20 33,3 50 66,6 

1 27 46 >100 >100 

1,5 17 41 >100 >100 

2 6 9 >100 >100 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʦʢʠ  ʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʘʪʳʰʝʡ ʠʟ ʢʝʢʘ  ʩ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʣʠ ʤʝʪʦʜʦʤ ʨʦʪʦʪʘʙʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ [9-11]. ɺ ʪʘʙʣʠʮʝ 7 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʝʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʠʣʠ ʘʜʝʢʚʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ  ʨʝʛʨʝʩʩʠʠ, ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʦʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [12], ʧʦʣʫʯʠʣʠ 3D ʤʦʜʝʣʴ ʠ ʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ.  ʅʝʟʘʚʠʩʠʤʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʙʳʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʪʦʢʠ ʚ ʨʘʩʪʚʦʨʝ, % ʠ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʨʘʩʪʚʦʨʘ ʢ ʢʝʢʫ, %. 

 

ʊʘʙʣʠʮʘ 7 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ 

 

 ̄

ʇʝʨʝʤʝʥʥʳʝ 

ʇʩʞ (ʵʢʩʧ), 

ʢʛ/ʦʢʘʪʳʰ 

ʇʩʞ (ʨʘʩʯ), 

ʢʛ/ʦʢʘʪʳʰ 

ʂʦʜʠʨʦʚʘʥʥʳʝ ʅʘʪʫʨʘʣʴʥʳʝ 

ʍ1 ʍ2 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʘʪʦʢʠ ʚ 

ʨʘʩʪʚʦʨʝ (ʂʇ), % 

ʈʘʩʭʦʜ ʨʘʩʪʚʦʨʘ (ʈ), 

% 

1 -1 -1 28,7 30,73 5,7 6,0 

2 +1 -1 71,3 30,73 33,0 34,9 

3 -1 +1 28,7 34,27 6,6 6,2 

4 +1 +1 71,3 34,27 41,0 42,1 

5 1,414 0 80,0 32,50 50,0 48,2 

6 -1,414 0 20,0 32,50 2,0 2,4 

7 0 1,414 50,0 35,00 22,2 22,0 

8 0 -1414 50,0 30,00 18,0 16,7 

9 0 0 50,0 32,50 18,8 18,5 

10 0 0 50,0 32,50 19,5 18,5 

11 0 0 50,0 32,50 17,6 18,5 

12 0 0 50,0 32,50 18,5 18,5 

13 0 0 50,0 32,50 18,1 18,5 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 7 ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʜʝʢʚʘʪʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ:  

 

ʇʩʞ(ʵʢʩʧ) = 199,066-1,646·ʂʇ-10,735·ʈ+7,53·10-3ʂʈ2+0,14·ʈ2+0,051ʂʇ·ʈ               (1) 

 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʫ ʧʨʦʚʝʨʷʣʘʩʴ ʧʦ 

ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ. ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ (FT) ʩʦʩʪʘʚʣʷʝʪ 6,59, ʘ 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ (Fʈ) ʨʘʚʥʦ 6,21. ʊʘʢ ʢʘʢ Fʈ< FT  ʫʨʘʚʥʝʥʠʝ (1) ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʫ. 
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ʈʠʩʫʥʦʢ 3 ï 3D ʤʦʜʝʣʴ (ʘ) ʠ ʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ (ʙ) ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʘʪʦʢʠ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʨʘʩʪʚʦʨʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʧʨʠ ʩʞʘʪʠʠ, ʢʛ/ʦʢʘʪʳʰ 

 

ʀʟ ʨʠʩʫʥʢʘ 3(ʙ) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʪʦʢʠ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʩʭʦʜʘ ʧʘʪʦʢʠ ʦʪ 30 ʜʦ 35% ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʦʩʦʙʝʥʥʦʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʪʦʢʠ 20-

50%) ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʦʢʘʪʳʰʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʪʦʢʠ. ʊʘʢ, ʧʨʠ ʨʘʩʭʦʜʝ 30% ʨʘʩʪʚʦʨʘ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 20 ʜʦ 80% ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ ʧʦʯʪʠ ʚ 10 ʨʘʟ (ʦʪ 

4,6 ʜʦ 42,7ʢʛ/ʦʢʘʪʳʰ). 

ʉʦʚʨʝʤʝʥʥʘʷ ʜʦʤʝʥʥʘʷ ʧʝʯʴ ʚʳʩʦʪʦʡ 35 ʤ ʠʤʝʝʪ ʚʳʩʦʪʫ ʰʠʭʪʳ å35*0,75=26,2 å26 

ʤ [13]. ɼʣʷ ʜʦʤʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʘʪʳʰʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʥʝ ʤʝʥʝʝ 

200 ʢʛ/ʦʢʘʪʳʰ [14].  ʈʫʜʥʦʪʝʨʤʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʧʝʯʠ ʜʣʷ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠʤʝʶʪ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ ʚʳʩʦʪʫ ʰʠʭʪʳ. ʊʘʢ ʧʦ [15] ʫ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʈʂɿ-33ʄɺĿɸ 

[16] ʚʳʩʦʪʘ ʰʠʭʪʳ ʦʩʪʘʚʣʷʝʪ å2,5 ʤ. ʊʦʛʜʘ ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʢʘʪʳʰʘ ʥʘ ʩʞʘʪʠʝ 

ʜʣʷ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʝʯʠ ʩʦʩʪʘʚʣʷʝʪ >200/(26/2,5)>19.08 ʢʛ/ʦʢʘʪʳʰ, ʪ.ʝ. å20 ʢʛ/ʦʢʘʪʳʰ. 

ʅʘ ʨʠʩʫʥʢʝ 3(ʙ) ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʩ ʧʨʦʯʥʦʩʪʴʶ ʦʢʘʪʳʰʘ ʥʘ ʩʞʘʪʠʝ >20 ʢʛ (abcd). ʉ 

ʫʯʝʪʦʤ ʩʦʟʜʘʥʠʷ ʨʝʟʝʨʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ 1,5 ʨʘʟʘ, ʪʦ ʝʩʪʴ ʜʦ 30 ʢʛ/ʦʢʘʪʳʰ. ʆʙʣʘʩʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʪʦʢʠ ʠ ʝʝ ʨʘʩʭʦʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ amnb, ʪʦ ʝʩʪʴ ʧʨʠ ʨʘʩʭʦʜʝ 30-

35% ʨʘʩʪʚʦʨʘ ʧʘʪʦʢʠ ʦʪ ʤʘʩʩʳ ʢʝʢʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʝʝ ʚ ʨʘʩʪʚʦʨʝ ʦʪ 48 ʜʦ 68%. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʢʘʪʳʰʝʡ ʠʟ ʢʝʢʘ ʩ ʧʨʦʯʥʦʩʪʴʶ 20-30 ʢʛ/ʦʢʘʪʳʰ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʝʨʨʦʩʠʣʠʮʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ 48-68% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʪʦʢʘ ʩ ʨʘʩʭʦʜʦʤ 30-35% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʪʦʢʠ ʜʣʷ ʛʨʘʥʫʣʷʮʠʠ ʢʝʢʘ ʩʚʷʟʘʥʘ ʪʘʢ ʞʝ ʠ ʩ ʪʝʤ, ʯʪʦ 

ʦʥʘ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʮʝʥʦʡ ï 35000 ʪʝʥʛʝ ʟʘ 1 ʪʦʥʥʫ [17]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ ʩʫʭʠʭ ʦʢʘʪʳʰʝʡ ʠʟ ʢʝʢʘ  

ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ  ʚʘʥʘʜʠʝʚʳʭ ʢʚʘʨʮʠʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

1. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʫʭʠʭ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ 0,75, 1,1 ʠ 5,59 ʢʛ/ʦʢʘʪʳʰ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʘʧʩʪʦʢʘ, ʮʝʤʝʥʪʘ ʠ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ ʷʚʣʷʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

2. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʫʭʠʭ ʦʢʘʪʳʰʝʡ ʥʘ ʩʞʘʪʠʝ (8-23,3 ʢʛ/ʦʢʘʪʳʰ) 

ʠ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ (35-80 ʠ 50-100 ʩʙʨʘʩʳʚʘʥʠʡ ʩ 2ʤ ʙʝʟ ʨʘʟʨʫʰʝʥʠʡ) 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʠ ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ 

ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟ ʟʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. 

3. ʆʧʪʠʤʘʴʥʳʤ ʩʚʷʟʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʧʘʪʦʢʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʥʠʟʢʦʡ ʮʝʥʝ (35000 ʪʥ/ʪ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʭʠʤ ʦʢʘʪʳʰʘʤ ʧʨʦʯʥʦʩʪʴ  ʜʦ 70 ʢʛ/ʦʢʘʪʳʰ ʠ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʫʜʘʨ 

>100 ʩʙʨʘʩʳʚʘʥʠʡ ʩ 2ʤ ʙʝʟ ʨʘʟʨʫʰʝʥʠʡ. 
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4.  ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʘʪʳʰʝʡ ʠʟ ʢʝʢʘ ʧʨʦʯʥʦʩʪʴʶ 20-30 ʢʛ/ʦʢʘʪʳʰ ʜʣʷ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʠʣʠʮʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ 48-68% ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʪʦʢʠ ʩ ʨʘʩʭʦʜʦʤ ʦʪ 30 ʜʦ 35% ʦʪ ʤʘʩʩʳ ʢʝʢʘ. 
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ɸʂʊʋɸʃʔʅʓɽ ʈɸɿʈɸɹʆʊʂʀ çʂɸɿʄɽʍɸʅʆɹʈɸè ʇʆ ʇɽʈɽʈɸɹʆʊʂɽ ʈʋɼ 

ʎɺɽʊʅʓʍ ʄɽʊɸʃʃʆɺ ɿɸ ʇʆʉʃɽɼʅʀɽ ɻʆɼʓ 

 
ɹʝʡʩʝʤʙʘʝʚ ʕ.ɹ., ʃʠ ʕ.ʄ., ʉʤʘʡʣʦʚʘ ɸ.ɹ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ «ʂʘʟʤʝʭʘʥʦʙʨ», ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʝʨʞʥʝʤ ʵʢʦʥʦʤʠʢʠ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʝʛʦ ʜʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʥʘʫʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʬʣʘʛʤʘʥʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ 

çʂʘʟʤʝʭʘʥʦʙʨè, ʢʦʪʦʨʳʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ 

ʥʘʫʯʥʦ- ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ɻʄʂ ʈʂ ʠ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʚ ʮʝʧʦʯʢʝ 

ʦʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʩʪʨʘʥʳ. ʉʧʣʦʯʝʥʥʳʡ, ʩʣʘʚʥʳʡ ʢʦʣʣʝʢʪʠʚ 

çʂʘʟʤʝʭʘʥʦʙʨʘè ï ʵʪʦ ʩʧʣʘʚ ʦʧʳʪʘ ʠ ʠʥʥʦʚʘʮʠʡ, ʛʜʝ ʟʥʘʥʠʷ ʚʝʪʝʨʘʥʦʚ ʦʪʨʘʩʣʠ 

ʛʘʨʤʦʥʠʯʥʦ ʩʦʯʝʪʘʶʪʩʷ ʩ ʵʥʝʨʛʠʝʡ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʥʷʶʱʫʶʩʷ 

ʢʦʥʲʶʥʢʪʫʨʫ ʨʳʥʢʘ, ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʥʝʜʨʷʷ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʦʚʣʝʢʘʪʴ ʚ ʦʙʦʨʦʪ 

ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʝ, ʟʘʙʘʣʘʥʩʦʚʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʉʨʝʜʠ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʧʦ ʩʚʦʝʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʨʘʙʦʪʳ ʧʦ 

ʦʙʦʛʘʱʝʥʠʶ ʤʝʜʥʳʭ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʨʫʜ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ. ʝ˥ʦʛʨʘʬʠʷ ʥʘʰʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʂʘʟʘʭʩʪʘʥ, ʥʦ ʠ ʩʦʧʨʝʜʝʣʴʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʆʜʥʠʤ ʠʟ ʟʥʘʢʦʚʳʭ ʧʨʦʝʢʪʦʚ ʩʪʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʜʥʦ-ʟʦʣʦʪʦʡ ʨʫʜʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʦʟʳʤʯʘʢè ʈʝʩʧʫʙʣʠʢʠ ʂʳʨʛʳʟʩʪʘʥ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʨʫʜʝ 

ʩʦʩʪʘʚʣʷʣʦ 1,10%, ʟʦʣʦʪʘ 1,80-2,30 ʛ/ʪ, ʩʝʨʝʙʨʘ 21,0-26,0 ʛ/ʪ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ 500 ʪʳʩ. ʪʦʥʥ ʨʫʜʳ ʚ ʛʦʜ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʠ ʫʩʧʝʰʥʦ ʟʘʧʫʱʝʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ. ʕʪʦ ʧʨʷʤʦʡ ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ 

ʢʘʟʘʭʩʪʘʥʩʢʘʷ ʥʘʫʯʥʘʷ ʤʳʩʣʴ ʣʦʞʠʪʩʷ ʚ ʦʩʥʦʚʫ ʢʨʫʧʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʙʦʛʘʪʠʤʦʩʪʴ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʈʫʙʮʦʚʩʢʦʝè ʩ ʧʦʣʫʯʝʥʠʝʤ ʤʝʜʥʦʛʦ, ʩʚʠʥʮʦʚʘʛʦ, ʮʠʥʢʦʚʦʛʦ 

ʬʣʦʪʘʮʠʦʥʥʳʭ ʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʈʘʟʨʘʙʦʪʘʥ 

ʨʝʛʣʘʤʝʥʪ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʬʘʙʨʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 400 ʪʳʩʷʯ ʪʦʥʥ ʚ ʛʦʜ. 

ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʣʣʦʚ ʤʝʜʠ 4-4,30%, ʩʚʠʥʮʘ 5,85-6,90%, ʮʠʥʢʘ 10,00-11,00% 

ʟʦʣʦʪʘ 0,70-0,80 ʛ/ʪ, ʩʝʨʝʙʨʘ 100,0-120,0 ʛ/ʪ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ 

ʧʦʩʪʨʦʝʥʘ ʈʫʙʮʦʚʩʢʘʷ ʆʌ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʨʘʙʦʪʳ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ çʍʘʜʞʠʢʦʥʛʘʥè, ʛʜʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʠʤʘʣʴʥʦʡ ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʭʝʤʳ 

ʦʙʦʛʘʱʝʥʠʷ ʥʘ ʧʨʦʙʘʭ ʩʫʣʴʬʠʜʥʦʡ ʠ ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʥʦʡ ʨʫʜʳ (ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʢʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 87,14%). Cʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʨʫʜʘʭ ʩʦʩʪʘʚʣʷʣʦ ʜʦ 2,04%, ʘ 

ʩʝʨʝʙʨʘ ʜʦ 44,10 ʛ/ʪ. ɼʣʷ ʧʦʩʣʝʜʥʠʭ, ʛʜʝ ʙʦʣʝʝ 87% ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʠʩʣʝʥʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʬʣʦʪʘʮʠʦʥʥʦ-

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʩʭʝʤʘ. 

ɼʝ̫ʪʝʣʴʥʦʩʪʴ çʂʘʟʤʝʭʘʥʦʙʨʘè ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʘʢʞʝ ʙʳʣʘ ʚ ʦʙʣʘʩʪʠ ʯʝʨʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ. ɺ 2015 ʛʦʜʫ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʜʘʥ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʤʧʨʦʜʫʢʪʘ ʢʣʘʩʩʘ - 40+10 ʤʤ. ʇʦʣʫʯʝʥʦ ʇʦʣʦʞʠʪʝʣʴʥʦʝ 

ɿʘʢʣʶʯʝʥʠʝ ʦʪ ʈɻʇ çɻʦʩʵʢʩʧʝʨʪʠʟʘè ʧʦ ʨʘʙʦʯʝʤʫ ʧʨʦʝʢʪʫ çʈʝʢʦʥʩʪʨʫʢʮʠʷ 
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ʧʨʦʤʳʚʦʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʫʜʥʠʢʝ ʊʫʨ ʩ ʛʣʘʚʦʡ ʆɺʆʉ ʚ ʅʫʨʠʥʩʢʦʤ ʨʘʡʦʥʝ 

ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʙʦʛʘʪʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɸʢʞʘʨ ʉʘʨʳʪʫʤʩʢʦʝè. ɺ 2016 ʛʦʜʫ ʟʘʧʘʩʳ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ ʚ ʦʙʲʝʤʝ 

12 ʤʣʥ. ʪʦʥʥ ʫʪʚʝʨʞʜʝʥʳ ʚ ɻʂɿ ʈʂ ʠ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʙʘʣʘʥʩ. 

ʆʙʰʠʨʥʳʡ ʮʠʢʣ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʳʝ 

ʩʭʝʤʳ ʦʙʦʛʘʱʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ ʩʚʠʥʝʮ, ʮʠʥʢ, ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ ʠʟ 

ʨʫʜ ʩʦ ʩʣʦʞʥʦʡ ʤʠʥʝʨʘʣʦʛʠʝʡ: 

- ʜʣʷ ʩʫʣʴʬʠʜʥʦʡ ʠ ʦʢʠʩʣʝʥʥʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɻʘʛʘʨʠʥʩʢʦʝè 

(ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʫʜʝ ʩʚʠʥʮʘ ʜʦ 0,70-0,72%, ʮʠʥʢʘ ʜʦ 0,75-0,80%, ʟʦʣʦʪʘ 2,04-2,40 ʛ/ʪ, 

ʩʝʨʝʙʨʘ ʜʦ 27,65-30,80 ʛ/ʪ) ʩ ʧʨʦʚʝʨʢʦʡ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʘʭ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ; 

- ʜʣʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʏʠʥʘʩʳʣ-ʉʘʡè (ʩʦʜʝʨʞʘʥʠʝ 

ʩʚʠʥʮʘ 2,95-3,31%, ʮʠʥʢʘ 3,60-4,00%, ʟʦʣʦʪʘ 3,60-4,00 ʛ/ʪ, ʩʝʨʝʙʨʘ 16,00-20,82 ʛ/ʪ). 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʐʦʢʧʘʨè (ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ 0,63%, ʮʠʥʢʘ 0,73%, ʟʦʣʦʪʘ 4,46 ʛ/ʪ, 

ʩʝʨʝʙʨʘ 44,10 ʛ/ʪ) ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʙʘʨʠʪʦʚʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɸʥʩʘʡè. 

ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʨʝʞʠʤʦʚ ʜʦʠʟʤʝʣʴʯʝʥʠʷ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ ʥʘʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʫʜʝ ʚʝʩʦʤ 2000 ʢʛ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʆʟʝʨʥʦʝè. 

ɺ ʵʧʦʭʫ ʠʩʪʦʱʝʥʠʷ ʙʦʛʘʪʳʭ ʠ ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çʂʘʟʤʝʭʘʥʦʙʨè 

ʪʘʢʞʝ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʚʣʝʢʘʪʴ ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʟ ʭʚʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʜʝʩʷʪʠʣʝʪʠʷʤʠ 

ʩʯʠʪʘʣʠʩʴ ʟʘʙʘʣʘʥʩʦʚʳʤʠ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ 

ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʣʝʞʘʣʳʭ ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ 

ɹʘʣʭʘʰʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ. ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʝ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʮʝʥʢʝ ʦʙʦʛʘʪʠʤʦʩʪʠ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʂʦʥʳʨʘʪè ʠ 

ʦʪʚʘʣʴʥʳʭ ʭʚʦʩʪʦʚ ɹʘʣʭʘʰʩʢʦʛʦ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ ʟʘʚʦʜʘ. 

ʇʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʬʣʦʪʘʮʠʠ ʠ ʤʦʢʨʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʥʘ ʭʚʦʩʪʘʭ çʉʦʢʦʣʦʚʩʢʦ-ʉʘʨʙʘʡʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷè. 

ʉʨʝʜʠ ʢʦʤʧʣʝʢʩʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʚ ʌʠʣʠʘʣʝ çʅʎ ʂʇʄʉ ʈʂè ʚ ɻʅʇʆʇʕ 

çʂʘʟʤʝʭʘʥʦʙʨè ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʦʙʦʛʘʪʠʤʦʩʪʴ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʧʨʝʜʤʝʪʦʤ ʛʦʨʜʦʩʪʠ çʂʘʟʤʝʭʘʥʦʙʨʘè ʷʚʣʷʝʪʩʷ ʦʧʳʪʥʘʷ ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ, ʥʘ 

ʢʦʪʦʨʦʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʨʷʶʪʩʷ ʠ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʆʧʳʪʥʘʷ ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ (ʆʆʌ), ʧʦʩʪʨʦʝʥʥʘʷ ʚ 1977 ʛʦʜʫ, ʠʤʝʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 50 ʢʛ/ʯ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʜʝʡʩʪʚʫʶʱʝʡ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. 

ʅʘ ʙʘʟʝ ʆʆʌ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʫʧʦʨʥʦʡ ʫʛʣʠʩʪʦ-ʤʳʰʴʷʢʦʚʦʡ 

ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʘʢʳʨʯʠʢè (ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 8,61 ʛ/ʪ, ʤʳʰʴʷʢʘ 

0,71%, ʫʛʣʝʨʦʜʘʦʙʱ. 3,21%, ʫʛʣʝʨʦʜʘʦʨʛ. 2,19%). ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʙʝ ʨʫʜʳ ʚʝʩʦʤ 

ʙʦʣʝʝ 4 ʪʦʥʥ ʧʦʣʫʯʝʥʦ 248,65 ʢʛ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʦʪʨʘʙʦʪʢʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ 

ʟʦʣʦʪʘ. 
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ʇʨʦʚʝʜʝʥʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʙʘʭ ʣʝʞʘʣʳʭ ʭʚʦʩʪʦʚ 

ɹʝʨʝʟʦʚʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʛʘʱʝʥʠʷ, 

ʫʢʘʟʘʥʥʳʭ ʚ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʛʣʘʤʝʥʪʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʅʇʆ çʈʀɺɿè. 

ʇʨʦʚʝʜʝʥʳ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʦʢʠʩʣʝʥʥʳʭ ʤʝʜʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

çʍʘʜʞʠʢʦʥʛʘʥè ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʬʣʦʪʘʮʠʦʥʥʦ-ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʡ 

ʨʘʙʦʪʳ ʫʪʚʝʨʞʜʝʥʳ ʚ ɻʂɿ ʈʂ ʠ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʙʘʣʘʥʩ 100 ʪʳʩ. 

ʪʦʥʥ ʤʝʜʠ. 

ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʥʘ ʣʝʞʘʣʳʭ ʭʚʦʩʪʘʭ 

ɼʦʥʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ (ʥʘ ʧʨʦʙʝ 3000 ʢʛ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʉr2O3 28,43%). 

ʉ ʧʦʤʦʱʴʶ ʆʆʌ ʧʨʦʚʝʜʝʥʘ ʥʘʨʘʙʦʪʢʘ: 

- 263 ʢʛ ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʝʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ɺʝʆ 10,00-12,69% ʧʦ 

ʬʣʦʪʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟ 5650 ʢʛ ʬʣʶʦʨʠʪ-ʬʝʥʘʢʠʪ-ʙʝʨʪʨʘʥʜʠʪʦʚʦʡ ʨʫʜʳ; 

- 1220 ʢʛ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ 15 ʪʦʥʥ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
çʐʘʣʢʠʷè. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʙʫʜʫʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʣʫʞʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʐʘʣʢʠʠʥʩʢʠʭ ʨʫʜ. 

ʆʧʳʪʥʘʷ ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ çʂʘʟʤʝʭʘʥʦʙʨʘè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʥʠʢʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʣʥʳʡ 

ʮʠʢʣ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ï ʦʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ 

ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʆʆʌ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʫʟʣʳ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ ʠ ʠʟʤʝʣʴʯʝʥʠʝ: 

Å ʜʨʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ï ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʜʨʦʙʠʣʢʠ ʩʨʝʜʥʝʛʦ ʠ ʤʝʣʢʦʛʦ 

ʜʨʦʙʣʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ ʟʘʤʢʥʫʪʦʤ ʮʠʢʣʝ ʩ ʛʨʦʭʦʪʦʤ (ʨʠʩʫʥʦʢ 1), ʘ ʪʘʢʞʝ ʧʘʨʢ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʨʦʙʠʣʦʢ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ (ʨʠʩʫʥʦʢ 

2); 

Å ʠʟʤʝʣʴʯʠʪʝʣʴʥʳʡ ʫʯʘʩʪʦʢ ï h ʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʟʘʤʢʥʫʪʦʤ ʮʠʢʣʝ 

ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʢʨʫʧʥʦʩʪʴ ʧʦʤʦʣʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʦʛʘʱʝʥʠʷ (ʨʠʩʫʥʦʢ 3); 

2. ʌʣʦʪʘʮʠʦʥʥʦʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ: 

Å ʬʣʦʪʘʮʠʦʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ï ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʪʨʘʙʘʪʳʚʘʪʴ ʩʝʣʝʢʪʠʚʥʳʝ ʠ ʢʦʣʣʝʢʪʠʚʥʳʝ ʩʭʝʤʳ ʬʣʦʪʘʮʠʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ 

(ʨʠʩʫʥʦʢ 4); 

Å ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ï ʚʠʥʪʦʚʳʝ ʩʝʧʘʨʘʪʦʨʳ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʚ 

ʙʝʟʥʘʧʦʨʥʦʤ ʧʦʪʦʢʝ ʚʦʜʳ (ʨʠʩʫʥʦʢ 5) ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʮʝʥʪʨʦʙʝʞʥʳʝ 

ʢʦʥʮʝʥʪʨʘʪʦʨʳ Knelson (ʤʦʜʝʣʠ KC-CD 10 ʠ KC-MD 3), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʠʟʚʣʝʯʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ (ʨʠʩʫʥʦʢ 6, 7); 

3. ʉʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ: 

Å ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ï ʤʦʢʨʳʡ ʤʘʛʥʠʪʥʳʡ ʩʝʧʘʨʘʪʦʨ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʠʣʴʥʦ- ʠ 

ʩʣʘʙʦʤʘʛʥʠʪʥʳʭ ʬʨʘʢʮʠʡ (ʨʠʩʫʥʦʢ 8). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

çʂʘʟʤʝʭʘʥʦʙʨè ʩʧʦʩʦʙʝʥ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ï ʦʪ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʩ ʚʥʝʜʨʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʦʛʘʱʝʥʠʷ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʥʦʛʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʜʨʦʙʠʣʢʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʟʘʤʢʥʫʪʦʤ ʮʠʢʣʝ ʩ ʛʨʦʭʦʪʦʤ 

ʈʠʩʫʥʦʢ 2 ï ʃʘʙʦʨʘʪʦʨʥʳʝ ʜʨʦʙʠʣʢʠ 

 

ʈʠʩʫʥʦʢ 3 ï ʐʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʟʘʤʢʥʫʪʦʤ ʮʠʢʣʝ ʩʦ 

ʩʧʠʨʘʣʴʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ 

ʈʠʩʫʥʦʢ 4 ï ʌʣʦʪʘʮʠʦʥʥʦʝ ʦʪʜʝʣʝʥʠʝ 

ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

 

ʈʠʩʫʥʦʢ 5 ï ɺʠʥʪʦʚʳʝ ʩʝʧʘʨʘʪʦʨʳ 

 

ʈʠʩʫʥʦʢ 6 ï ʎʝʥʪʨʦʙʝʞʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ 

Knelson KC-CD 10 
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ʈʠʩʫʥʦʢ 7 ï ʎʝʥʪʨʦʙʝʞʥʳʡ 

ʢʦʥʮʝʥʪʨʘʪʦʨ Knelson KC-MD 3 

 

ʈʠʩʫʥʦʢ 8 ï ʄʦʢʨʳʡ ʤʘʛʥʠʪʥʳʡ 

ʩʝʧʘʨʘʪʦʨ 
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ʋɼʂ 622.7:622.342 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈɸɹʆʊʂʀ ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ ʉʋʃʔʌʀɼʅʆʁ 

ɿʆʃʆʊʆ-ʄʆʃʀɹɼɽʅʆɺʆ-ʄɽɼʅʆʁ ʈʋɼʓ 

 
ɹʝʡʩʝʤʙʘʝʚ ʕ.ɹ., ʃʠ ʕ.ʄ., ʉʤʘʡʣʦʚʘ ɸ.ɹ., ʉʘʪʙʝʢʦʚʘ ɻ.ɾ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ «ʂʘʟʤʝʭʘʥʦʙʨ», ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩʦ ʩʣʦʞʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʦʚ 

ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ɽʞʝʛʦʜʥʦ ʨʘʩʪʝʪ ʯʠʩʣʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʭʩʷ ʟʘʙʘʣʘʥʩʦʚʳʤʠ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʘʭ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʣʴʬʠʜʥʦʡ 

ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʦ-ʤʝʜʥʦʡ ʨʫʜʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʜʠʮʠʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʬʣʦʪʘʮʠʦʥʥʦʝ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ. ʌʣʦʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʪʴ 

ʩʫʣʴʬʠʜʳ ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʘ ʦʪ ʞʝʣʝʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʷʪʴ çʩʚʦʙʦʜʥʦʝè ʟʦʣʦʪʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʦ-ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʠʩʭʦʜʥʦʡ ʧʨʦʙʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʦʣʦʪʦʤ, ʤʝʜʴʶ, ʤʦʣʠʙʜʝʥʦʤ; ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ï ʧʠʨʠʪ. ʉʦʜʝʨʞʘʥʠʷ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʙʝ ʩʦʩʪʘʚʣʷʶʪ: ʟʦʣʦʪʘ 0,19-0,20 ʛ/ʪ, ʤʝʜʠ 0,20-0,22%, ʞʝʣʝʟʘ 

7,04-7,40%, ʩʝʨʳ ʦʙʱʝʡ 3,11-3,30%, ʤʳʰʴʷʢʘ 0,001%, ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 60,02-

60,49%, ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 11,06-11,19%, ʦʢʩʠʜʘ ʤʘʛʥʠʷ 0,57-0,60%, ʦʢʩʠʜʘ ʢʘʣʴʮʠʷ 2,24-

2,29%. 

ʌʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʜʴ ʚ ʨʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʚʠʯʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʥʘ 48,54%, ʚʪʦʨʠʯʥʳʤʠ ï ʥʘ 46,12% ʠ ʥʘ 5,34% ʦʢʠʩʣʝʥʥʳʤʠ. ʉʝʨʳ ʚ 

ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʝ ʩʦʩʪʘʚʣʷʝʪ 97,88%, ʩʫʣʴʬʘʪʥʦʡ ï 2,12%. ɾʝʣʝʟʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʩʫʣʴʬʠʜʘʤʠ ï 10,45%, ʧʠʨʠʪʥʦʛʦ ï 29,99%, ʦʢʠʩʣʝʥʥʦʛʦ ï 59,56%. 

ʆʧʨʝʜʝʣʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʧʨʦʙʳ: ʧʣʦʪʥʦʩʪʴ 

2,86 ʛ/ʩʤ3, ʥʘʩʳʧʥʦʡ ʚʝʩ 1,72 ʛ/ʩʤ3, ʧʦʨʠʩʪʦʩʪʴ 39,86%, ʢʨʝʧʦʩʪʴ ʧʦ ʰʢʘʣʝ 

ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ ï 7,0, ʠʥʜʝʢʩ ɹʦʥʜʘ ʰʘʨʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 9,16 ʢɺʪÖʯ/ʪ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ GRG-ʪʝʩʪʘ ʥʘ ʮʝʥʪʨʦʙʝʞʥʦʤ ʢʦʥʮʝʥʪʨʘʪʦʨʝ Knelson ʩʫʤʤʘʨʥʦʝ 

ʠʟʚʣʝʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʠʟʚʣʝʢʘʝʤʦʛʦ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 28,75% ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

2,18 ʛ/ʪ ʠ ʚʳʭʦʜʝ 2,88%. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʦʛʘʪʠʤʦʩʪʠ ʨʫʜʳ. 

ʆʧʳʪʘʤʠ ʚ ʦʪʢʨʳʪʦʤ ʮʠʢʣʝ ʦʪʨʘʙʦʪʘʥʳ ʨʝʞʠʤʳ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʬʣʦʪʘʮʠʠ: ʪʦʥʠʥʘ 

ʧʦʤʦʣʘ, ʨʅ ʩʨʝʜʳ, ʨʘʩʭʦʜʳ ʩʦʙʠʨʘʪʝʣʷ ʠ ʚʩʧʝʥʠʚʘʪʝʣʷ. ʆʧʨʝʜʝʣʝʥʳ: ʢʠʥʝʪʠʢʘ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʦʩʥʦʚʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʤʝʜʥʦʡ ʬʣʦʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʯʠʩʪʥʳʭ ʦʧʝʨʘʮʠʡ ʦʩʥʦʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʠʟʤʝʣʴʯʝʥʠʷ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 

ʆʧʳʪʳ ʚ ʟʘʤʢʥʫʪʦʤ ʮʠʢʣʝ ʧʨʦʚʝʜʝʥʳ ʧʦ ʬʣʦʪʘʮʠʦʥʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ- 

ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʭʝʤʘʤ. 

ʌʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ: 

- ʠʟʤʝʣʴʯʝʥʠʝ ʨʫʜʳ ʜʦ ʢʨʫʧʥʦʩʪʠ 80% ʢʣʘʩʩʘ -0,071 ʤʤ; 

- ʦʩʥʦʚʥʫʶ ʢʦʣʣʝʢʪʠʚʥʫʶ ʬʣʦʪʘʮʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ 

ʭʚʦʩʪʦʚ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ; 

- ʢʦʥʪʨʦʣʴʥʫʶ ʢʦʣʣʝʢʪʠʚʥʫʶ ʬʣʦʪʘʮʠʶ ʥʘ ʭʚʦʩʪʘʭ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʩ 
ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʭʚʦʩʪʦʚ ʢʦʣʣʝʢʪʠʚʥʦʡ ʬʣʦʪʘʮʠʠ (ʦʪʚʘʣʴʥʳʝ); 
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- ʜʦʠʟʤʝʣʴʯʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʦ ʢʨʫʧʥʦʩʪʠ 95% ʢʣʘʩʩʘ -0,030 ʤʤ; 

- ʦʩʥʦʚʥʫʶ ʤʝʜʥʫʶ ʬʣʦʪʘʮʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ 
ʭʚʦʩʪʦʚ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ; 

- ʢʦʥʪʨʦʣʴʥʫʶ ʤʝʜʥʫʶ ʬʣʦʪʘʮʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʤʝʜʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʭʚʦʩʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʤʝʜʥʦʡ ʬʣʦʪʘʮʠʠ; 

- ʯʝʪʳʨʝ ʧʝʨʝʯʠʩʪʢʠ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 

ɻʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʝʧʘʨʘʮʠʶ 

ʠʟʤʝʣʴʯʝʥʥʦʡ ʨʫʜʳ ʜʦ ʢʨʫʧʥʦʩʪʠ 80% ʢʣʘʩʩʘ -0,071 ʤʤ ʥʘ ʢʦʥʮʝʥʪʨʘʪʦʨʝ Knelson KC-

MD3 ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʬʣʦʪʘʮʠʝʡ ʭʚʦʩʪʦʚ ʛʨʘʚʠʪʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʢʥʫʪʳʭ ʦʧʳʪʦʚ ʧʦ ʬʣʦʪʘʮʠʦʥʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʦʡ 

ʩʭʝʤʘʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʢʥʫʪʳʭ ʦʧʳʪʦʚ ʧʦ ʬʣʦʪʘʮʠʦʥʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʭʝʤʘʤ 

 
 

ʇʨʦʜʫʢʪʳ 

ɺʳʭʦʜ, 

% 

ʉʦʜʝʨʞʘʥʠʝ, % ʀʟʚʣʝʯʝʥʠʝ, % 

Au, 

ʛ/ʪ 

Ag, 

ʛ/ʪ 

Cu Fe Au Ag Cu Fe 

ʌʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ 

ʄʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 0,90 7,51 28,30 19,50 36,18 34,51 19,26 78,77 4,40 

ʍʚʦʩʪʳ ʢʦʥʪʨʦʣʴʥʦʡ 

ʤʝʜʥʦʡ ʬʣʦʪʘʮʠʠ 

4,18 0,80 1,93 0,45 39,71 17,07 6,10 8,44 22,41 

ʍʚʦʩʪʳ ʦʪʚʘʣʴʥʳʝ 94,92 0,10 1,04 0,03 5,71 48,44 74,64 12,79 73,19 

ʆʙʱʠʝ ʭʚʦʩʪʳ 99,10 0,13 1,08 0,047 7,14 65,51 80,74 21,23 95,60 

ʈʫʜʘ 100,0 0,20 1,32 0,22 7,41 100,0 100,0 100,0 100,0 

ɻʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ 

ɻʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪ 1,06 2,60 4,72 1,40 37,87 13,46 3,63 7,41 5,45 

ʄʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 0,85 5,12 22,85 16,81 38,83 21,22 14,12 72,10 4,48 

ʍʚʦʩʪʳ ʢʦʥʪʨʦʣʴʥʦʡ 

ʤʝʜʥʦʡ ʬʣʦʪʘʮʠʠ 

3,98 1,00 3,60 0,31 31,47 19,42 10,42 6,21 17,00 

ʍʚʦʩʪʳ ʦʪʚʘʣʴʥʳʝ 94,11 0,10 1,05 0,03 5,72 45,90 71,83 14,22 73,07 

ʆʙʱʠʝ ʭʚʦʩʪʳ 98,09 0,14 1,15 0,041 6,77 65,32 82,25 20,43 90,07 

ʈʫʜʘ 100,0 0,21 1,38 0,20 7,37 100,0 100,0 100,0 100,0 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʢʥʫʪʳʭ ʦʧʳʪʦʚ ʧʦʣʫʯʝʥʳ: 

Å ʧʦ ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʭʝʤʝ: 

- ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 7,51 ʛ/ʪ, ʩʝʨʝʙʨʘ 28,30 ʛ/ʪ, ʤʝʜʠ 
19,50%, ʞʝʣʝʟʘ 36,18% ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʟʦʣʦʪʘ 34,51%, ʩʝʨʝʙʨʘ 19,26%, ʤʝʜʠ 78,77%, 

ʞʝʣʝʟʘ 4,40% ʠ ʚʳʭʦʜʝ 0,90%; 

- ʦʙʱʠʝ ʭʚʦʩʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 0,13 ʛ/ʪ, ʩʝʨʝʙʨʘ 1,08 ʛ/ʪ, ʤʝʜʠ 0,047%, 

ʞʝʣʝʟʘ 7,14% ʧʨʠ ʚʳʭʦʜʝ 99,10%. ʇʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ ʟʦʣʦʪʘ 65,51%, ʩʝʨʝʙʨʘ 80,74%, 

ʤʝʜʠ 21,23%, ʞʝʣʝʟʘ 95,60%; 

Å ʧʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʭʝʤʝ: 

- ʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 2,60 ʛ/ʪ, ʩʝʨʝʙʨʘ 4,72 ʛ/ʪ, ʤʝʜʠ 1,40%, 
ʞʝʣʝʟʘ 37,87% ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʟʦʣʦʪʘ 13,46%, ʩʝʨʝʙʨʘ 3,63% ʠ ʚʳʭʦʜʝ 1,06%. ʇʦʪʝʨʠ ʚ 

ʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪʝ ʩʦʩʪʘʚʣʷʶʪ ʤʝʜʠ 7,41%, ʞʝʣʝʟʘ 5,45 %; 

- ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 5,12 ʛ/ʪ, ʩʝʨʝʙʨʘ 22,85 ʛ/ʪ, ʤʝʜʠ 
16,81%, ʞʝʣʝʟʘ 38,83% ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʟʦʣʦʪʘ 21,22%, ʩʝʨʝʙʨʘ 14,12%, ʤʝʜʠ 72,10%, 

ʞʝʣʝʟʘ 4,48% ʠ ʚʳʭʦʜʝ 0,85%. 

- ʦʙʱʠʝ ʭʚʦʩʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 0,14 ʛ/ʪ, ʩʝʨʝʙʨʘ 1,15 ʛ/ʪ, ʤʝʜʠ 0,041%, 
ʞʝʣʝʟʘ 6,77% ʧʨʠ ʚʳʭʦʜʝ 98,09%. ʇʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ ʟʦʣʦʪʘ 65,32%, ʩʝʨʝʙʨʘ 82,25%, 

ʤʝʜʠ 20,43%, ʞʝʣʝʟʘ 90,07%. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʣʦʪʘʮʠʦʥʥʦʡ 

ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʭʝʤ, ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʣʴʬʠʜʥʦʡ ʟʦʣʦʪʦ-

ʤʦʣʠʙʜʝʥʦʚʦ- ʤʝʜʥʦʡ ʨʫʜʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʬʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʣʴʬʠʜʥʦʡ  

ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʦ-ʤʝʜʥʦʡ ʨʫʜʳ 
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ʇʦ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʦʙʦʛʘʱʝʥʠʷ ʩʦʩʪʘʚʣʝʥ ʙʘʣʘʥʩ ʤʝʪʘʣʣʦʚ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2 ï ɹʘʣʘʥʩ ʤʝʪʘʣʣʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʝ ʦʙʦʛʘʱʝʥʠʷ 

 

ʇʨʦʜʫʢʪʳ 
ɺʳʭʦʜ, 

% 

ʉʦʜʝʨʞʘʥʠʝ, % 

Au, 

ʛ/ʪ 
Ag, ʛ/ʪ ʉu Fe Sʦʙʱ. Al2O3 CaO MgO SiO2 ʄʦ As 

ʄʝʜʥʳʡ 

ʢʦʥʮʝʥʪʨʘʪ 
0,90 7,51 28,30 19,50 36,18 43,49 1,11 1,54 0,20 0,50 0,041  ̓0,001 

ʍʚʦʩʪʳ 

ʢʦʥʪʨʦʣʴʥʦʡ 

ʤʝʜʥʦʡ ʬʣʦʪʘʮʠʠ 

4,18 0,80 1,93 0,45 39,71 40,35 3,50 4,54 0,05 9,91 0,031  ̓0,001 

ʍʚʦʩʪʳ 

ʦʪʚʘʣʴʥʳʝ 
94,92 0,10 1,03 0,03 5,71 1,09 11,62 2,20 0,55 61,79 0,001  ̓0,001 

ʆʙʱʠʝ ʭʚʦʩʪʳ 99,10 0,13 1,13 0,047 7,14 2,75 11,28 2,30 0,59 61,12 0,0014  ̓0,001 

ʈʫʜʘ 100,0 0,20 1,36 0,22 7,41 3,11 11,29 2,29 0,59 60,59 0,0020  ̓0,001 

 

ʇʨʦʜʫʢʪʳ 
ɺʳʭʦʜ, 

% 

ʀʟʚʣʝʯʝʥʠʝ, % 

Au, 

ʛ/ʪ 
Ag, ʛ/ʪ ʉu Fe Sʦʙʱ. Al2O3 CaO MgO SiO2 ʄʦ As 

ʄʝʜʥʳʡ 

ʢʦʥʮʝʥʪʨʘʪ 
0,90 34,51 19,40 78,77 4,40 12,57 0,09 0,61 0,33 0,01 14,01 0,90 

ʍʚʦʩʪʳ 

ʢʦʥʪʨʦʣʴʥʦʡ 

ʤʝʜʥʦʡ ʬʣʦʪʘʮʠʠ 

4,18 17,06 6,14 8,44 22,41 54,19 1,31 8,28 4,12 0,69 49,20 4,18 

ʍʚʦʩʪʳ 

ʦʪʚʘʣʴʥʳʝ 
94,92 48,43 74,46 12,79 73,19 33,24 98,60 91,11 95,55 99,30 36,79 94,92 

ʆʙʱʠʝ ʭʚʦʩʪʳ 99,10 65,49 80,60 21,23 95,60 87,43 99,91 99,39 99,67 99,99 85,99 99,10 

ʈʫʜʘ 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʦʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʧʠʨʠʪ. ɺ ʢʦʥʮʝʥʪʨʘʪʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʝʪ 

70%, ʘ ʚ ʭʚʦʩʪʘʭ ʢʦʥʪʨʦʣʴʥʦʡ ʬʣʦʪʘʮʠʠ ï ʙʦʣʝʝ 90%. ʄʝʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʦʩʥʦʚʥʦʤ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʜʦ 30% ʚ ʤʝʜʥʦʤ ʢʦʥʮʝʥʪʨʘʪʝ (ʨʠʩʫʥʦʢ 2). ʅʘʣʠʯʠʝ 

ʚʪʦʨʠʯʥʳʭ ʩʫʣʴʬʠʜʦʚ (ʭʘʣʴʢʦʟʠʥʘ ʠ ʢʦʚʝʣʣʠʥʘ) ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʝʝ 1% ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʣʘʙʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʨʫʜʳ. ʄʝʜʥʳʝ ʤʠʥʝʨʘʣʳ ʠʤʝʶʪ ʨʘʟʤʝʨ ʟʝʨʝʥ ʦʪ ʤʠʢʨʦʥʥʳʭ 

ʜʦ 0,05 ʤʤ. ʆʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʤʝʜʠ ʩ ʭʚʦʩʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʠʮʘʤʠ ʤʝʥʝʝ 0,005 ʤʤ 

(ʨʠʩʫʥʦʢ 3). 

 

      
 

ʈʠʩʫʥʦʢ 2 ï ʄʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʈʠʩʫʥʦʢ 3 ï ʍʚʦʩʪʳ ʢʦʥʪʨʦʣʴʥʦʡ 

ʤʝʜʥʦʡ ʬʣʦʪʘʮʠʠ 
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ɺʳʚʦʜʳ 

ʀʩʭʦʜʥʘʷ ʨʫʜʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʡ ʚʚʠʜʫ ʥʠʟʢʠʭ 

ʩʦʜʝʨʞʘʥʠʡ ʠ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʝʜʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʝ (94,66%), ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ. ʆʜʥʘʢʦ 

ʟʦʣʦʪʦ ʣʠʰʴ ʥʘ $28,75% ʷʚʣʷʝʪʩʷ çʩʚʦʙʦʜʥʳʤè, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʧʨʦʚʝʜʝʥʦ  ʩʨʘʚʥʝʥʠʝ  ʜʚʫʭ  ʩʭʝʤ  ʦʙʦʛʘʱʝʥʠʷ:  ʧʦ  

ʬʣʦʪʘʮʠʦʥʥʦʡ  ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʦʡ ʩʭʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʤʝʥʜʦʚʘʥʘ 

ʬʣʦʪʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʜʠ 19,50%, ʤʦʣʠʙʜʝʥʘ 0,041%, ʟʦʣʦʪʘ 7,51 ʛ/ʪ, ʩʝʨʝʙʨʘ 28,30 ʛ/ʪ. ʀʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʚ 

ʢʦʥʮʝʥʪʨʘʪ ʩʦʩʪʘʚʠʣʦ 78,77%, ʤʦʣʠʙʜʝʥʘ ï 14,01%, ʟʦʣʦʪʘ ï 34,51%, ʩʝʨʝʙʨʘ ï 19,4%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʪʦʚʘʨʥʦʛʦ ʤʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʨʢʝ ʂʄ6 (ʩʦʛʣʘʩʥʦ ʉʊ ʈʂ 2330-

2013). 

 

ʀʩʪʦʯʥʠʢʠ 
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ʋɼʂ 622.7 

 

ʊɽʍʅʆʃʆɻʀʏɽʉʂɸʗ ʇʃɸʊʌʆʈʄɸ ʇɽʈɽʈɸɹʆʊʂʀ  

ʄʀʅɽʈɸʃʔʅʆɻʆ ʉʓʈʔʗ 

 
ɹʝʢʪʘʡ ɽ.ʂ.1, ɹʘʡʙʘʪʰʘ ɸ.ɹ.1, ɼʫʡʩʝʙʘʝʚ ɹ.ʆ.2, ʊʫʨʳʩʙʝʢʦʚʘ ɻ.ʉ.1, ɹʝʢʪʘʝʚ ʄ.ɽ.3, 

ʐʠʜʝʨʠʥ ɹ.ʅ.1   

 

 1ʂʘʟʅʀʊʋ ʠʤ. ʂ.ʀ.ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 
2ʊʆʆ çKV Kazakhstanè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

 3ʊʆʆ çʊʄʆ Kazakhstanè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ʇʝʨʝʨʘʙʦʪʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʪʨʝʙʫʝʪ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʢʨʫʧʥʸʥʥʳʭ ʧʨʦʙʘʭ 

(ʜʝʩʷʪʢʠ-ʩʦʪʥʠ ʪʦʥʥ), ʧʦʩʢʦʣʴʢʫ ʣʘʙʦʨʘʪʦʨʥʳʝ ʪʝʩʪʳ ʯʘʩʪʠʯʥʦ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʫʶ 

ʛʠʜʨʦʜʠʥʘʤʠʢʫ, ʢʠʥʝʪʠʢʫ, ʬʠʣʴʪʨʘʮʠʶ, ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥ.  ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ï 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʠʣʦʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ï ʩʚʷʟʘʥ ʩ ʚʳʩʦʢʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠʤʝʥʠʤʦʩʪʴʶ ʧʦʜ ʨʘʟʥʳʝ ʪʠʧʳ 

ʩʳʨʴʷ. ɸʢʪʫʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ 

ʩʳʨʴʷ (ʨʫʜʥʠʢ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʩʢʣʘʜ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ), ʩʥʠʞʘʷ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ ʠ ʫʩʢʦʨʷʷ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ.  

ɺ ʨʘʤʢʘʭ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ çɹʠʦɻʝʦʊʝʭʥʦʣʦʛʠʷ ʟʦʣʦʪʘ, 

ʫʨʘʥʘ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜè ʨʘʥʝʝ  ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʥʳʝ ʩ 

ʙʠʦʘʢʪʠʚʘʮʠʝʡ ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʇʉɺ ʫʨʘʥʘ ʠ ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ 

ʩʤʦʥʪʠʨʦʚʘʥʘ ʤʦʙʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ  (ɹʆɾ-3) ʚ 

ʩʠʩʪʝʤʝ ʨʝʘʢʪʦʨʦʚ ʚ 40 ʬʫʪʦʚʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʨʘʩʪʚʦʨʫ ʜʦ 

600 000 ʤ3/ʛʦʜ. ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ  ʩʦʜʝʨʞʘʥʠʷ 

ʫʨʘʥʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘ 20-40  % ʥʘ ʫʨʘʥʦʚʦʤ ʙʣʦʢʝ (ʨʠʩʫʥʦʢ 1 ï ʬʦʪʦ ɹʆɾ-

3). ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʠ ʠ  ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʢʨʫʧʥʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ʆʜʥʦʡ ʠʟ ʮʝʣʝʡ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʤʦʙʠʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʫʢʨʫʧʥʸʥʥʳʭ ʧʨʦʙ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ, 

ʪʘʢʞʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ  ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʝʘʢʪʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʳʨʴʷ.  

ɺ ʭʦʜʝ ʨʘʙʦʪ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ:  

1) ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ: 

ʤʦʜʫʣʴʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴ, ʙʳʩʪʨʳʡ ʤʦʥʪʘʞ/ʜʝʤʦʥʪʘʞ.  

2) ʇʦʜʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʨʝʘʢʪʦʨʥʳʝ ʤʦʜʫʣʠ, ʫʟʣʳ 

ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ, ʜʦʟʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʩʦʨʙʮʠʠ/ʵʢʩʪʨʘʢʮʠʠ, ʩʠʩʪʝʤʳ ʚʦʜʦʦʙʦʨʦʪʘ.  

3) ʆʙʝʩʧʝʯʝʥʠʝ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʩʳʨʴʷ (ʦʢʠʩʣʝʥʥʳʝ ʠ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʭʚʦʩʪʳ, ʰʣʘʢʠ ʠ ʜʨ.).  

4) ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ (ɸʉʋ ʊʇ, ʂʀʇʠɸ) 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʝʞʠʤʦʚ, ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʠʩʧʳʪʘʥʠʡ.  

5) ɺʳʨʘʙʦʪʢʘ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

(ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ, ʢʦʥʪʨʦʣʴ ʚʳʙʨʦʩʦʚ/ʩʪʦʢʦʚ).  

6) ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʧʣʘʪʬʦʨʤʳ ʚ ʭʦʣʦʩʪʦʤ ʠ ʨʘʙʦʯʝʤ ʨʝʞʠʤʘʭ ʠ ʧʦʜʪʚʝʨʜʠʪʴ 

ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʫʢʨʫʧʥʸʥʥʳʭ ʧʨʦʙ ʠ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʥʘ ʦʙʲʝʢʪʝ. 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʘ) ʫʩʪʘʥʦʚʢʘ ɹʆɾ-1 ʠ ɹʆɾ-2;  

ʙ) ʋʩʪʘʥʦʚʢʘ ɹʆɾ-3 (ʨʫʜʥʠʢ ʉʝʤʠʟʙʘʡ) 

 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

- ʈʘʟʨʘʙʦʪʘʥʳ ʩʦʩʪʘʚʳ ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʩ ʚʳʩʦʢʠʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʩʚʳʰʝ 750 ʤɺ) ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

- ʉʬʦʨʤʠʨʦʚʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʚʠʜʝ 

ʤʦʜʫʣʴʥʳʭ ʙʣʦʢʦʚ (ʢʦʥʪʝʡʥʝʨʥʦʝ ʠʩʧʦʣʥʝʥʠʝ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʝʨʘʪʠʚʥʫʶ ʧʝʨʝʚʦʟʢʫ 

ʨʝʘʢʪʦʨʦʚ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʟʣʦʚ ʢ ʤʝʩʪʫ ʠʩʧʳʪʘʥʠʡ.  

- ʈʘʟʨʘʙʦʪʘʥ ʠ ʚʥʝʜʨʸʥ ʢʦʥʪʫʨ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʠ ʜʨʫʛʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ, ʨʝʛʠʩʪʨʘʮʠʷ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʸʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʘʨʪ ʩ ʫʜʘʣʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 2 ï ʬʦʪʦ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ 

ʕʄʈ). 

- ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʢʨʫʧʥʸʥʥʳʭ ʧʨʦʙʘʭ 

ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʦʪ 1 ʪʦʥʥʳ ʜʦ 100  ʪʦʥʥ (ʝʜʠʥʦʚʨʝʤʝʥʥʘʷ ʟʘʛʨʫʟʢʘ) ʩ ʫʧʨʘʚʣʝʥʠʝʤ 

ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʨʘʩʭʦʜʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʪʝʤʧʝʨʘʪʫʨʦʡ, pH/ORP, 

ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ, ʩʢʦʨʦʩʪʷʤʠ ʧʨʦʪʦʢʘ ʠ ʜʨ. (ʨʠʩʫʥʦʢ 3 ï ʬʦʪʦ ʩʦ ʩʭʝʤʦʡ ʦʙʦʨʦʪʘ 

ʨʘʩʪʚʦʨʦʚ ʠ ʩ ʟʘʛʨʫʟʢʦʡ ʧʨʦʙ ʚ ʙʠʛ ʙʵʛʘʭ). 

- ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʰʝʥʠʷ ʧʦ ʙʳʩʪʨʦʤʫ ʨʘʟʚʝʨʪʳʚʘʥʠʶ ʥʘ ʧʣʦʱʘʜʢʝ (ʧʦʜʢʣʶʯʝʥʠʝ 

ʢ ʚʦʜʝ/ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ/ʢʦʤʧʨʝʩʩʦʨʫ, ʤʠʥʠʤʘʣʴʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ). 

- ʆʙʦʩʥʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʨʘʟʨʘʙʦʪʘʥʳ ʟʘʤʢʥʫʪʳʝ 

ʢʦʥʪʫʨʳ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʠ ʨʘʩʪʚʦʨʦʚ, ʣʦʢʘʣʴʥʘʷ ʥʝʡʪʨʘʣʠʟʘʮʠʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʧʨʦʣʠʚʦʚ ʠ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

- ʇʦʜʪʚʝʨʞʜʝʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʫʩʢʦʨʝʥʥʦʛʦ ʧʦʜʙʦʨʘ ʨʝʞʠʤʦʚ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʌʦʪʦ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʕʄʈ  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʘ) ʩʭʝʤʘ ʚʦʜʦʙʦʙʦʨʪʘ;  ʙ) ʟʘʛʨʫʟʢʘ ʧʨʦʙʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 
 

ɺʳʚʦʜʳ 

- ʉʦʟʜʘʥʘ ʤʦʙʠʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʩʢʦʨʝʥʥʦʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʆʥʘ  ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʦʩʠʪʴ ʠʩʧʳʪʘʥʠʷ ʠʟ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʨʝʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʙʝʟ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʠʣʦʪʥʦʛʦ ʟʘʚʦʜʘ. 

- ʇʝʨʝʚʦʟʢʘ ʤʦʜʫʣʴʥʳʭ  ʨʝʘʢʪʦʨʦʚ ʚ 40 ʬʫʪʦʚʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʢ ʤʝʩʪʫ ʥʘʭʦʞʜʝʥʠʷ 

ʩʳʨʴʷ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʣʦʛʠʩʪʠʢʫ ʫʢʨʫʧʥʸʥʥʳʭ ʧʨʦʙ, ʫʤʝʥʴʰʘʝʪ ʩʨʦʢʠ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʙʦʪ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

- ʄʦʜʫʣʴʥʦʩʪʴ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʨʦʨʘʙʦʪʘʥʥʳʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʩʳʨʴʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ. 

- ʇʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʠʨʘʞʠʨʫʝʤʦʡ 

ʤʦʙʠʣʴʥʦʡ ʙʘʟʳ ʠʩʧʳʪʘʥʠʡ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʝʢʪʦʚ, ʩ 

ʧʝʨʩʧʝʢʪʠʚʦʡ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʧʝʨʝʭʦʜʘ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʤʦʱʥʦʩʪʷʤ. 

- ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʚʢʣʶʯʘʝʪ ʚ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ (ʭʚʦʩʪʳ ʠ ʨʫʜʳ) (ʊʆʆ çʊʄʆ 

Kazakhstanè, ʦʢʠʩʣʝʥʥʦʡ ʠ ʩʫʣʴʬʠʜʥʦʡ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ (ʊʆʆ çKV Kazakhstanè), 

ʧʝʨʝʨʘʙʦʪʢʘ ʰʣʘʢʦʚ ʠ ʟʦʣʦʰʣʘʢʦʚ, ʫʪʠʣʠʟʘʮʠʷ ʤʝʪʘʥʘ  ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟ ʥʝʛʦ ʙʝʣʢʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʊʆʆ çɺʄʉ Kazakhstanè, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʚʠʜʳ ʠ ʪʠʧʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

- ʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ɸʆ çʌʦʥʜʘ ʥʘʫʢʠè. ɹʳʣʠ ʩʦʟʜʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʪʘʨʪʘʧʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʠʜʝʶ ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʢʣʶʯʘʝʪ ʩʚʳʰʝ 10 ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʘʢʪʦʨʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʜʦ 
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1000 ʤ3 ʚ ʤʦʙʠʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʄʦʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʠ ʨʝʘʢʪʦʨʦʚ ʨʘʟʤʝʱʝʥʥʳʭ ʚ 40 ʬʫʪʦʚʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʘ ʪʘʢʞʝ ʤʦʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʣʦʥʥ ʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʠ ʢʘʥʘʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʨʦʚ, 

ʨʝʘʢʪʦʨʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʘʢʪʠʚʘʮʠʠ ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʘʩʪʚʦʨʦʚ, ʦʩʘʞʜʝʥʠʷ, 

ʮʝʤʝʥʪʘʮʠʠ ʠ ʵʣʝʢʪʨʦʣʠʟʘ.  ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʜʦ 300 ʪʦʥʥ ʩʳʨʴʷ ʚ ʩʫʪʢʠ (ʜʦ 100 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ).  

- ʉʦʟʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʦʙ ʩ ʝʜʠʥʦʚʨʝʤʝʥʥʦʡ ʟʘʛʨʫʟʢʦʡ ʦʪ 1 

ʪʦʥʥʳ ʜʦ 100 ʪʦʥʥ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ.  ɸʥʘʣʠʪʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ 

ʧʨʦʝʢʪʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ɸʆ çʂʘʟʅʀʊʋ ʠʤ.ʂ.ʀ.ʉʘʪʧʘʝʚʘè.  

- ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʙ ʦʪ ɸʆ ɸʣʪʳʥʘʣʤʘʩ, ʤʝʜʥʳʭ ʧʨʦʙ ʦʪ ɸʆ çɸʈʍ mineralsè, ʊʆʆ 

çʍʠʤʘʣʘʪʘʫè, ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʳʭ ʭʚʦʩʪʦʚ ʠ ʫʧʦʨʥʳʭ ʨʫʜ ɸʆ çʂʘʟʘʭʤʳʩè, ʟʦʣʦʰʣʘʢʦʚ ʠ 

ʜʨ.  

- ɺ ʜʝʢʘʙʨʝ 2025 ʛʦʜʘ ʦʜʠʥ ʠʟ ʩʪʘʨʪʘʧʦʚ ʚʭʦʜʷʱʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʣʘʪʬʦʨʤʫ 

ʚʳhʝʣ ʚ ʛʨʘʥʜ ʬʠʥʘʣ ʚ ʇʝʢʠʥʝ ʠʟ 6 ʢʦʤʧʘʥʠʡ (5 ʢʠʪʘʡʩʢʠʭ ʠ ʦʜʥʘ ʢʘʟʘʭʩʪʘʥʩʢʘʷ 

ʢʦʤʧʘʥʠʷ ʊʆʆ çKV Kazakhstanè) ʧʨʦʡʜʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʪʙʦʨ, ʚ ʢʦʪʦʨʦʤ ʫʯʘʩʪʚʦʚʘʣʠ 

ʩʚʳʰʝ 2000 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʤʧʘʥʠʡ  
 

 
 

ʈʠʩʫʥʦʢ 4 ï  ɻʨʘʥʜ ʬʠʥʘʣ ʇʝʢʠʥ  

(ʧʨʦʝʢʪ ʚʦʰʝʣ ʚ 6 ʬʠʥʘʣʠʩʪʦʚ Dongcheng Cup ʠʟ 2000 ʢʦʤʧʘʥʠʡ)  
 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɸʆ ñʌʦʥʜ ʥʘʫʢʠò ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʦʚ ʊʆʆ ñBMC Kazakhstanè, ʊʆʆ çKV Kazakhstanè,  TOO çTMO Kazakhstanè ʠ ʜʨ.  
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ʇʆʃʋʏɽʅʀɽ ʉʇʆɼʋʄɽʅʆɺʆɻʆ ʂʆʅʎɽʅʊʈɸʊɸ ʀɿ ʇɽɻʄɸʊʀʊʆɺʓʍ ʈʋɼ 

ʂɸɿɸʍʉʊɸʅɸ 

 
ɹʝʨʜʠʢʫʣʦʚʘ ʌ.ɸ., ɾʫʤʘʢʳʥʙʘʡ ʅ., ʄʝʥʜʝʢʝ ʄ.ɸ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʈʦʩʪ ʩʧʨʦʩʘ ʥʘ ʣʠʪʠʡ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ ʦʙʫʩʣʦʚʠʣ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʦʩʚʦʝʥʠʶ ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʭ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂʘʟʘʭʩʪʘʥ ʨʘʩʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʫʜ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤ ʥʦʩʠʪʝʣʝʤ ʣʠʪʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʜʫʤʝʥ. ʆʜʥʘʢʦ 

ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʦʙʦʛʘʱʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ [1, 

2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʮʝʥʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʫʜ ʂʘʟʘʭʩʪʘʥʘ. ɺʳʧʦʣʥʝʥʳ ʤʠʥʝʨʘʣʦʛʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʨʫʜʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʧʦʜʫʤʝʥʘ, 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʩʪʘʚʘ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʢʚʘʨʮ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʠ ʩʣʶʜʳ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʨʦʙʣʝʥʠʝ ʠ 

ʠʟʤʝʣʴʯʝʥʠʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʬʣʦʪʘʮʠʶ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʙʦʛʘʱʝʥʠʶ ʚ ʪʷʞʝʣʦʡ ʩʫʩʧʝʥʟʠʠ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʧʦʜʫʤʝʥʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʦʥʢʦʩʪʠ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʠ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʢʦʥʮʝʥʪʨʘʪʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʝʛʤʘʪʠʪʦʚʦʡ ʨʫʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʭʤʝʪʢʠʥʦ 

(ɺʂʆ). ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʚ ʨʫʜʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,3% ʜʦ 0,7% Li2O. ʈʫʜʘ ʙʳʣʘ 

ʠʟʤʝʣʴʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ ʥʘ ʨʘʟʤʝʨʝ -5 ʤʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʷʜ ʬʨʘʢʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʪʠʷ (Li2O). ʉʘʤʘʷ ʛʨʫʙʘʷ ʬʨʘʢʮʠʷ, -

5,00/+2,0 ʤʤ, ʩʦʩʪʘʚʣʷʝʪ 29.07% ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Li2O 0,36%, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʘʤʘʷ ʪʦʥʢʘʷ ʬʨʘʢʮʠʷ, ʥʠʞʝ 300 ʤʢʤ, ʩʦʩʪʘʚʣʷʝʪ 20.75% ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠʤʝʝʪ 

ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Li2O 0,32%. ɼʨʫʛʠʝ ʬʨʘʢʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʨʘʟʤʝʨʘ, ʚʢʣʶʯʘʷ 2,0/+1,0 ʤʤ, 1,0/+850 ʤʢʤ ʠ 850/+500 ʤʢʤ, ʧʦʢʘʟʳʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ 

Li 2O ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,37% ʜʦ 0.44%. 

ʇʨʦʚʝʜʝʥ  ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦ ʚʩʝʭ ʬʨʘʢʮʠʷʭ ʨʫʜʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʦʙʨʘʟʮʘ ʨʫʜʳ ʙʳʣʠ ʢʚʘʨʮ (SiO2), ʧʦʣʝʚʦʡ ʰʧʘʪ ([K,Na] AlSiO3), 

ʤʫʩʢʦʚʠʪ (Kɸl2(AlSi3O10)(OH)2) ʠ ʩʧʦʜʫʤʝʥ (LiAl(Si2O6). 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʳ, ʢʨʦʤʝ ʣʠʪʠʷ, ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ (XRF) ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʫʜʝ ʧʦ ʬʨʘʢʮʠʷʤ (ʤʘʩʩ. %) 

 

ʌʨʘʢʮʠʠ 

ʨʫʜʳ, ʤʤ 

ʉʦʜʝʨʞʘʥʠʝ ʚ % 

O Na Al  Si K Fe ɼʨʫʛʠʝ ʉʫʤʤʘ 

-2 +1 52,16 4,57 7,64 30,53 3,78 0,81 0,50 100 

-1+ 0,850 49,11 4,57 8,09 33,05 4,40 0,78  100 

-0,85+0,5 51,09 4,68 7,97 31,50 4,03 0,73  100 

-0,5+0,25 51,14 4,95 8,01 31,61 3,46 0,83  100 

-0,25 51,07 5,04 8,60 30,06 3,92 0.97 0.19 100 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʪʷʞʝʣʦʡ ʩʨʝʜʳ (DMS) ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʷʞʝʣʦʡ ʞʠʜʢʦʩʪʠ ʄ-45 ï ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʦʣʠ Ba(CdI ) (ʪʝʪʨʘʠʦʜʦʢʘʜʤʠʘʪʘ ʙʘʨʠʷ) ʩ ʧʣʦʪʥʦʩʪʴʶ 3,00 ʛ/ʩʤį. ɺ ʦʧʳʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʚʝʩʢʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʤʘʩʩʦʡ 500 ʛ ʬʨʘʢʮʠʠ 2000/+1000 ʤʢʤ. 

ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ (3,00 ʛ/ʩʤį) ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʪʷʞʝʣʦʛʦ ʤʠʥʝʨʘʣʘ ï ʩʧʦʜʫʤʝʥʘ ï ʦʪ ʣʝʛʢʠʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʢʚʘʨʮʘ, 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʤʫʩʢʦʚʠʪʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʚʰʦʚʦʛʦ ʩʠʪʘ. 

ʆʩʘʜʦʯʥʳʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʩʪʘʜʠʠ DMS, ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʢʦʥʮʝʥʪʨʘʪ 

ʩʧʦʜʫʤʝʥʘ, ʪʦʛʜʘ ʢʘʢ ʚʩʧʣʳʚʘʶʱʠʡ ʧʨʦʜʫʢʪ ʬʦʨʤʠʨʦʚʘʣ ʩʠʣʠʢʘʪʥʳʝ ʭʚʦʩʪʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʠ ʧʣʘʚʘʶʱʠʝ ʧʨʦʜʫʢʪʳ ʧʨʦʤʳʚʘʣʠʩʴ, ʬʠʣʴʪʨʦʚʘʣʠʩʴ, 

ʚʳʩʫʰʠʚʘʣʠʩʴ ʠ ʚʟʚʝʰʠʚʘʣʠʩʴ, ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʥʠʭ ʦʪʙʠʨʘʣʠʩʴ ʧʦʜ ʧʨʦʙʳ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (XRD). 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʚ ʪʷʞʝʣʦʡ ʩʨʝʜʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʦ 3,00 ʛ/ʩʤ3 ʜʣʷ 

ʬʨʘʢʮʠʠ 2000/ī1000 ʤʢʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ 

ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʦʧʳʪʦʚ ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʠʟʚʣʝʯʝʥʠʝ ʣʠʪʠʷ ʥʘ ʫʨʦʚʥʝ 33 % ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʣʠʪʠʷ ʚ 

ʢʦʥʮʝʥʪʨʘʪʝ 6,9 %. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

 
 

Phase name Formula DB card number Content(%) 

Spodumene LiAl(Si 2O6) 00-089-6663 95 
Quartz low, syn SiO2 00-065-0466 5 

 

LiAl(Si 2O6) 

6.09; 4.43; 4.35; 4.19; 3.44; 3.18; 3.04; 2.91; 2.85; 2.79; 2.66; 2.54; 2.45; 

2.35; 2.21; 2.14; 2.10; 2.05; 2.04; 2.03; 2.02; 1.92; 1.86; 1.84; 1.82; 1.78; 

1.73; 1.64; 1.61; 1.60; 1.59; 1.56; 1.52; 1.49; 1.48; 1.46; 1.45; 1.41; 1.39; 

1.35; 1.34; 1.33; 1.32; 1.31; 1.30; 1.28; 1.27; 1.25; 1.23; 1.22; 1.21; 1.20; 

1.16 Å 

SiO2 
4.25; 3.34; 2.45; 2.28; 2.23; 2.12; 1.98; 1.81; 1.80; 1.67; 1.66; 1.60; 1.54; 

1.45; 1.41; 1.38; 1.37; 1.28; 1.25; 1.22; 1.19; 1.18 Å 

 

ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʧʦʜʫʤʝʥ ʢʦʥʮʝʥʪʨʘʪʘ ʥʘ ʫʜʝʣʴʥʳʭ 

ʚʝʩʘʭ ʧʨʠ ʬʨʘʢʮʠʠ 2000/+1000 ʤʢʤ 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 95 % ʩʧʦʜʫʤʝʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʧʦʜʫʤʝʥʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʠʟ ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʭʤʝʪʢʠʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʣʠʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʢʨʫʧʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʪʷʞʝʣʦʩʨʝʜʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʧʦʜʫʤʝʥʘ ʠ ʩʠʣʠʢʘʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʣʦʪʥʦʩʪʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʣʠʪʠʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʀʈʅ 23485523 çʈʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʢʘʨʙʦʥʘʪʘ ʣʠʪʠʷ ʠʟ ʨʫʜ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ ʄʅɺʆ ʈʂ.  
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 ɸʅ ʄʓʉ ʂɽʅɼɽʈɯʅפפʀʓʅ ɹɸʁʓʊʓʃɸʊʓʅ ʊʆʊʓפ

ʕʃɽʂʊʈʆʍʀʄʀʗʃʓפ ᴄɼɯʉʇɽʅ ʉʋʃʔʌʀɼʊɽʋ 

 
ɼʦʩʧʘʝʚ ʄ.ʄ.1, ɹʘʝʰʝʚ ɸ.ɹ.1, ɸʙʠʰʝʚ ɾ.ʅ.1, ʌʠʛʫʨʠʥʝʥʝ ʀ.ɺ.1, 

ɼʞʘʰʠʙʝʢʦʚʘ ɸ.ʅ.1, 2, ɹʘʟʘʨʦʚʘ ɸ.ʄ.1 

 
1 ɾ.Ϸʙʽʰʝʚ ʘʪʳʥʜʘϤʳ ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʷʣʳϨ ʠʥʩʪʠʪʫʪ, ϧʘʨʘϤʘʥʜʳ, ϧʘʟʘϨʩʪʘʥ 

2 ϷʙʽʣϨʘʩ ʉʘϤʳʥʦʚ ʘʪʳʥʜʘϤʳ ϨʘʨʘϤʘʥʜʳ ʪʝʭʥʠʢʘʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, ϧʘʨʘϤʘʥʜʳ, ϧʘʟʘϨʩʪʘʥ 

 

ᴄʣʝʤʜʽʢ ʵʢʦʥʦʤʠʢʘʥʳש ʪװʩʪʽ ʤʝʪʘʣʜʘʨסʘ ʜʝʛʝʥ ʩײʨʘʥʳʩʳʥʳש ʘʨʪʫʳ ʙײʨʳʥ ʢʝʥ 

ʦʨʳʥʜʘʨʳʥʜʘ ʪʝʭʥʦʛʝʥʜʽʢ װʡʽʥʜʽʣʝʨ ʨʝʪʽʥʜʝ ʞʠʥʘʣʳʧ ʢʝʣʛʝʥ, ײץʨʘʤʳʥʜʘ ʙʘʡʳʪʳʣʫʳ 

 ʘʥ ʭʨʠʟʘʢʦʣʣʘ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ, ʙʠʨʶʟʘ, ʭʘʣʴʢʦʩʠʜʝʨʠʪ, ʢʫʧʨʠʪ, ʪ.ʙ. ʤʳʩץץʠʳʥ ʪʦʪʳץ

ʤʠʥʝʨʘʣʜʘʨʳ ʙʘʨ ʢʝʥʜʝʨʜʽ ᴇʥʜʽʨʽʩʪʽʢ ᴇשʜʝʫʛʝ ʪʘʨʪʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʌʣʦʪʘʮʠʷʣʳץ 

ᴅʜʽʩʧʝʥ ʘʡʪʳʣסʘʥ ʤʠʥʝʨʘʣʜʘʨ ʙʘʡʳʪʳʣʤʘʡʜʳ. ɾ.ɸʙʠʰʝʚ ʘʪʳʥʜʘסʳ ʍʠʤʠʷ-

ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥʜʘ ʝʨʪʝʨʝʢʪʝ ʞװʨʛʽʟʽʣʛʝʥ ʤʳʩʪʳש, ʦʥʳש ʪʦʪʳץʪʘʨʳʥʳש ᴅʨ 

ʪװʨʣʽ ʩʫʣʳ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʝ ʪʦʪʳץʩʳʟʜʘʥʫ ʤʝʭʘʥʠʟʤʽʥ ʟʝʨʪʪʝʫʣʝʨ ʥʝʛʽʟʽʥʜʝ ʪʦʪʳץץʘʥ 

 שʳʣʳ ʙʘʡʳʪʫʜʳץʩʫʣʴʬʠʜʪʝʫ ʘʨ ץʠʳʥ ʙʘʡʳʪʳʣʘʪʳʥ ʤʳʩ ʢʝʥʜʝʨʽʥ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ

ʪʠʽʤʜʽʣʽʛʽ ᴇʪʝ ʞʦסʘʨʳ ʞʘשʘ ᴅʜʽʩʪʝʨʽ ᴅʟʽʨʣʝʥʜʽ. ʊʦʪʳץץʘʥ ʭʨʠʟʦʢʦʣʣʘ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ 

ʤʠʥʝʨʘʣʜʘʨʳʥ ʩʫʣʴʬʠʜ ʤʠʥʝʨʘʣʜʘʨʳʥʘ ʘʫʳʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʟʝʨʪʪʝʫʣʝʨʜʽ ײץʨʘʤʳʥʜʘ 

0,5-1,34 % ʤʳʩʳ ʙʘʨ ʪʦʪʳסʫ ʜᴅʨʝʞʝʩʽ 90% ʢʝʥʜʝʨʜʝ ᴇʪʢʽʟʜʽʢ. ʕʣʝʢʪʨʦʭʠʤʠʷʣʳץ 

ʩʫʣʴʬʠʜʪʝʫ 50-75 ʘ/ʤ2 ʪʦʢ ʪʳסʳʟʜʳסʳʥʜʘ, ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 5-15 ʛ/ʣ ʢװʢʽʨʪ ץʳʰץʳʣʳ 

ʵʣʝʢʪʨʦʣʠʪʽʥʜʝ, 30-60 ʤʠʥʫʪ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ʕʣʝʢʪʨʦʭʠʤʠʷʣʳץ 

ʩʫʣʴʬʠʜʪʝʫʜʽש ʝʢʽ ʥײʩץʘʩʳ ײʩʳʥʳʣʜʳ: ʙʽʨʽʥʰʽ ʥײʩץʘʜʘ ʢʝʥ ײץʨʘʤʳʥʜʘסʳ ʢװʢʽʨʪ, ʝʢʽʥʰʽ 

ʥײʩץʘʜʘ ʩʫʣʴʬʠʜʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 0,75-6 ʛ/ʣ ʥʘʪʨʠʡ ʩʫʣʴʬʠʪʽ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. ʕʣʝʢʪʨʦʣʠʟʜʳץ ʩʫʣʴʬʠʜʪʝʫʜʽ ᴇʪʢʽʟʫʜʽש ʪʠʽʤʜʽ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʢʝʥʥʝʥ 

ʤʳʩʪʳ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽ 95-97% ʞʝʪʪʽ. ᴄʟʽʨʣʝʥʛʝʥ ᴅʜʽʩʪʝʨ ʙʦʡʳʥʰʘ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʪʝʛʽ çʄʝʭʘʥʦʙʨè ʠʥʩʪʠʪʫʪʳʥʜʘ ʽʨʽʣʝʥʜʽʨʽʣʛʝʥ ʟʝʨʪʭʘʥʘʣʳץ ʩʳʥʘʤʘʣʘʨ 

ʞʘʩʘʣʜʳ. ʉʳʥʘץ ʥᴅʪʠʞʝʩʽ ʙʦʡʳʥʰʘ ʉʂɹ ʄʝʭʘʥʦʙʨ ʈʌ, ɸʧʧʘʪʠʪʳ ץʘʣʘʩʳʥʜʘ ʢᴇʣʝʤʽ 

3 ʤ3 ʵʣʝʢʪʨʦʣʠʟʝʨ ʞᴅʥʝ ʧʫʣʴʧʘ ʜʘʡʳʥʜʘʡʪʳʥ ײץʨʣʳסʳ ʞʦʙʘʩʳ ʜʘʡʳʥʜʘʣʜʳ. 

 ץʘʥ ʤʳʩ ʢʝʥʜʝʨʽʥ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץץʠʳʥʙʘʡʳʪʳʣʘʪʳʥ ʪʦʪʳץ ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝפ

ʩʫʣʴʬʠʜʪʝʫʜʽש ʝʢʽ ʪʠʽʤʜʽ ʥײʩץʘʩʳ ײʩʳʥʳʣʜʳ. 

 

ᴄʜʝʙʠʝʪʪʝʨ 
 

1 ɹʝʢʪʫʨʛʘʥʦʚ ʅ.ʉ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʂʘʟʘʭʩʪʘʥʘ // 

ʇʣʘʢʩʠʥʩʢʠʝ ʯʪʝʥʠʷ ï 2014: ʤʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʚʝʱʘʥʠʷ. ɸʣʤʘʪʳ, 16-19 

ʩʝʥʪʷʙʨʷ 2014. ï ʉ. 9-12. 

2 Bayeshov A., Zhurinov M.Z., Zhumakanova A. S., Bayeshova A. K., Syzdykova B. B., 

Dospaev D. M, Kakenov K. S. Physical-and-chemical regularities of forming chrysocolla 

mineralin metasilicate solutions// News of the academy of sciences of the Republic of 

Kazakhstan, series of geology and technical sciences, ˉ5 (431), Almaty 2018. ï ʈ 107-

112. 
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ʀʅʅʆɺɸʎʀʗ ʄʀʈʆɺʆɻʆ ʋʈʆɺʅʗ ï ʆʊʈɸɹʆʊʂɸ ɺʆʃʔʌʈɸʄʆɺʓʍ ʈʋɼ 

ʂɸɿɸʍʉʊɸʅɸ ʄɽʊʆɼʆʄ ʇʆɼɿɽʄʅʆɻʆ ɺʓʑɽʃɸʏʀɺɸʅʀʗ 

 
ɼʫʡʩʝʙʘʝʚ ɹ.ʆ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʨʷʜʘ ʢʨʫʧʥʳʭ, ʤʠʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʭ ʨʘʟʨʘʙʦʪʢʫ ʪʘʢ ʠ ʥʝ ʫʜʘʣʦʩʴ ʥʘʯʘʪʴ. ʇʨʠʯʠʥʦʡ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʦʛʘʪʠʤʦʩʪʴ ʨʫʜ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʬʣʦʪʘʮʠʝʡ, ʛʨʘʚʠʪʘʮʠʝʡ, ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʝʡ). ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʜʦʙʳʯʠ 

ʚʦʣʴʬʨʘʤʘ ʠʟ ʪʘʢʠʭ ʨʫʜ ʥʫʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʡ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʚ ʤʝʩʪʘʭ ʠʭ ʟʘʣʝʛʘʥʠʷ (ʧʦʜʟʝʤʥʦʝ ʩʢʚʘʞʠʥʥʦʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʇʉɺ), ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʤʠ, ʯʪʦ ʩ ʙʦʣʴʰʠʤ ʫʩʧʝʭʦʤ ʙʦʣʝʝ 50 ʣʝʪ 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʫʨʘʥʦʚʳʭ ʨʫʜʥʠʢʘʭ ɸʆ ʅɸʂ ʂʘʟʘʪʦʤʧʨʦʤ.  

ɺ 80-ʝ ʛʦʜʳ ʚ ʨʘʤʢʘʭ ʦʙʱʝʩʦʶʟʥʦʡ ʦʙʲʝʜʠʥʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ 

ʄʠʥʎʚʝʪʄʝʪʘ, ʄʠʥɻʝʦ ʠ ʄʠʥʉʨʝʜʄʘʰʘ ʉʉʉʈ ʚ ʍʄʀ ɸʅ ʂʘʟʉʉʈ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɾ.ʅ. ɸʙʠʰʝʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʨʘʙʦʪʳ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʝʨʭʥʝʝ ʂʘʡʨʘʢʪʳ, ʂʦʢʪʝʥʢʦʣʴ 

ʠ ʉʝʚʝʨʥʳʡ ʂʘʪʧʘʨ ʧʦ ʩʝʨʥʦʢʠʩʣʦʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʢʘʟʘʣʘ ʩʘʤʳʝ 

ʚʳʩʦʢʠʝ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʟʥʳʤʠ 

ʠʥʩʪʠʪʫʪʘʤʠ.      

ɼʘʥʥʘʷ ʠʜʝʷ ʧʦʣʫʯʠʣʘ ʧʨʦʜʦʣʞʝʥʠʝ ʚ 2016-2017 ʛʛ, ʢʦʛʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʥʘʪʫʨʥʳʝ ʦʧʳʪʳ ʧʦ ʧʦʜʟʝʤʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʚʦʣʴʬʨʘʤʦʚʳʭ ʨʫʜ 

ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʦʢʪʝʥʢʦʣʴ ʩ ʫʯʘʩʪʠʝʤ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ɸʆ çɺʦʣʢʦʚʛʝʦʣʦʛʠʷè. ʈʘʙʦʪʳ ʧʦʢʘʟʘʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʇʉɺ ʜʣʷ ʵʪʠʭ ʨʫʜ. ʊʘʢ, ʪʨʝʙʫʝʤʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʨʫʜʥʠʢ ʤʦʱʥʦʩʪʴ 1000 ʪ ʚʦʣʴʬʨʘʤʘ ʚ ʛʦʜ ʫʤʝʥʴʰʠʣʠʩʴ ʩ 600 ʤʣʥ USD (ʧʨʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʘʨʲʝʨʥʦʡ ʜʦʙʳʯʝ) ʜʦ 30 ʤʣʥ USD ʧʨʠ ʪʝʭʥʦʣʦʛʠʠ ʇʉɺ. ʇʨʠ ʢʠʩʣʦʪʥʦʡ 

ʩʭʝʤʝ, ʢʨʦʤʝ ʚʦʣʴʬʨʘʤʘ, ʚ ʧʨʦʜʫʢʪʠʚʥʳʝ ʨʘʩʪʚʦʨʳ ʠʟʚʣʝʢʣʠʩʴ ʤʝʜʴ, ʤʦʣʠʙʜʝʥ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʪʜʘʯʫ ʨʫʜʥʠʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʜ ʵʛʠʜʦʡ ʄʇʉ ʈʂ ʠ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè 

ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʦʛʨʘʤʤʫ ʧʦ ʜʦʙʳʯʝ ʚʦʣʴʬʨʘʤʘ ʠ ʜʨʫʛʠʭ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠʟ ʨʫʜ ʂʘʟʘʭʩʪʘʥʘ ʤʝʪʦʜʘʤʠ ʇʉɺ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʢʘʟʘʭʩʪʘʥʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʇʉɺ 

ʫʨʘʥʦʚʳʭ ʨʫʜ ʧʨʠʚʝʣʠ ʢ ʧʦʚʳʰʝʥʠʶ ʜʦʣʠ ʫʨʘʥʘ ʚ ʤʠʨʝ, ʜʦʙʳʚʘʝʤʫʶ ʯʝʨʝʟ ʇʉɺ, ʜʦ 

ʚʳʰʝ 50 %.  ʀʟ ʵʪʦʡ ʜʦʣʠ ʥʘ ʂʘʟʘʭʩʪʘʥ ʧʨʠʭʦʜʠʪʩʷ 80 %, ʋʟʙʝʢʠʩʪʘʥ 13 %, ʥʘ ʦʩʪʘʣʴʥʳʝ 

ʩʪʨʘʥʳ ʚʤʝʩʪʝ 7 %.   

ɺ ʩʪʨʘʥʝ ʝʩʪʴ ʥʘʫʯʥʳʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʚʪʦʨʝʥʠʷ ʵʪʦʛʦ ʫʩʧʝʭʘ 

ʥʘ ʨʫʜʘʭ ʚʦʣʴʬʨʘʤʘ, ʤʝʜʠ, ʪʠʪʘʥʘ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʘʣʶʤʠʥʠʷ, ʟʦʣʦʪʘ ʠ ʜʨ.  
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ʆɹɿʆʈ ʄɽʊʆɼʆɺ ɺʓʑɽʃɸʏʀɺɸʅʀʗ ɿʆʃʆʊɸ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʈɸɿʃʀʏʅʓʍ ʈɽɸɻɽʅʊʆɺ 

 
ɾײʤʘʙʘʡ ʐ.ɽ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ çʂʘʟʤʝʭʘʥʦʙʨè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʘʩʩʠʯʝʩʢʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ, ʪʠʦʩʫʣʴʬʘʪʥʳʝ ʠ 

ʪʠʦʤʦʯʝʚʠʥʥʳʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʠʮʠʥʘ. ɺʳʜʝʣʝʥʳ 

ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʜʦʣʠ ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ ʠ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʦʪʨʘʙʦʪʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦ ʩʣʦʞʥʳʤ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʊʨʘʜʠʮʠʦʥʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʫʧʦʨʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ. 

ɸʚʪʦʨʳ [1] ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʝʘʛʝʥʪʦʚ 

ʦʙʫʩʣʦʚʣʝʥ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ.  

ʎʠʘʥʠʨʦʚʘʥʠʝ ʦʩʪʘʝʪʩʷ ʙʘʟʦʚʳʤ ʧʨʦʮʝʩʩʦʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ. ʉʦʛʣʘʩʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

[2], ʤʝʭʘʥʠʟʤ ʨʘʩʪʚʦʨʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʕʣʴʩʥʝʨʘ:  

 

4Au + 8NaCN + O2 + 2H2O Ÿ 4Na[Au(CN)2] + 4NaOH 

 

ʆʜʥʘʢʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʨʫʜʝ ʩʫʣʴʬʠʜʦʚ ʤʝʜʠ, ʨʘʩʭʦʜ ʮʠʘʥʠʜʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʜʝʩʷʪʢʠ 

ʨʘʟ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ.  

ʊʠʦʩʫʣʴʬʘʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʥʝʪʦʢʩʠʯʥʳʡ ʤʝʪʦʜ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [3], ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʠʦʥʘʤʠ ʤʝʜʠ 

(Cu2+) ʠ ʘʤʤʠʘʢʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ ʟʦʣʦʪʦ ʠʟ ʫʛʣʠʩʪʳʭ ʨʫʜ, 

ʠʩʢʣʶʯʘʷ ʵʬʬʝʢʪ çpreg-robbingè (ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʟʦʣʦʪʘ ʥʘ ʧʨʠʨʦʜʥʦʤ ʫʛʣʝ). ʈʝʘʢʮʠʷ 
ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 

Au + 5S2O3
2- + Cu(NH3)4

2+ Ÿ Au(S2O3)2
3- + 4NH3 + Cu(S2O3)3

5-   

 

 ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ 

[4] ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʣʦʞʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʨʝʘʛʝʥʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ 

ʆɺʇ (ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ) ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ 

ʪʠʦʩʫʣʴʬʘʪʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʪʠʦʤʦʯʝʚʠʥʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʩʦʢʫʶ ʢʠʥʝʪʠʢʫ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʮʝʣʝʚʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʟʘ 4-6 ʯʘʩʦʚ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʠʘʥʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʜʦ 24 ʯʘʩʦʚ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ:  

 

Au + 2CS(NH2)2 + Fe
3+ Ÿ [Au(CS(NH2)2)2]

+ + Fe2+ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʟʘʤʝʥʠʪʝʣʷʭ. ɸʚʪʦʨʳ [1] ʦʧʠʩʳʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ, ʯʝʤ ʮʠʘʥʠʜ, ʠ ʣʝʛʯʝ ʧʦʜʜʘʶʪʩʷ ʜʝʩʪʨʫʢʮʠʠ. ʊʘʢʞʝ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʠʮʠʥʘ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʟʦʣʦʪʳʭ ʨʫʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʪʴ ʟʦʣʦʪʦ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʝʨʝʭʦʜ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨ. ɻʣʠʮʠʥ (NHCHCOOH), ʷʚʣʷʶʱʠʡʩʷ 

ʧʨʦʩʪʝʡʰʝʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣ ʧʨʝʜʤʝʪʦʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʟʦʣʦʪʘ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʘʷ 

ʜʦʙʘʚʢʘ ʢ ʮʠʘʥʠʜʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ. ɽʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʣʘʛʘʝʤʦʩʪʴʶ, 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝʤ ʥʘ ʢʠʥʝʪʠʢʫ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ. 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʛʣʠʮʠʥʘ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʇʨʦʮʝʩʩ 

ʮʠʘʥʠʜʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʠ ʧʨʦʪʝʢʘʝʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʜʦʩʪʫʧʝ ʦʢʠʩʣʠʪʝʣʷ. ʆʙʳʯʥʦ ʪʘʢʠʤ ʦʢʠʩʣʠʪʝʣʝʤ 

ʚʳʩʪʫʧʘʝʪ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʠʩʪʝʤʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ. ɻʣʠʮʠʥ ʩʧʦʩʦʙʝʥ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʠ ʫʩʠʣʠʚʘʪʴ 

ʜʝʡʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ, ʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨ [5]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʘʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʘʭ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ 

 

ʈʝʘʛʝʥʪ ʉʨʝʜʘ (pH) ʇʨʝʠʤʫʱʝʩʪʚʘ ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ 

ʎʠʘʥʠʜ 
 

10,5  11,0 

ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ɺʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ 

ʊʠʦʩʫʣʴʬʘʪ 8,0  10,0 
ʕʬʬʝʢʪʠʚʝʥ ʜʣʷ ʫʛʣʠʩʪʳʭ 

ʨʫʜ 

ɺʳʩʦʢʠʡ ʨʘʩʭʦʜ, 

ʩʣʦʞʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ 

ʊʠʦʤʦʯʝʚʠʥʘ 1,0  2,0 
ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ Au 

ɹʳʩʪʨʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʨʝʘʛʝʥʪʘ 

ɻʣʠʮʠʥ 10,0  11,5 
ʕʢʦʣʦʛʠʯʥʦʩʪʴ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʤʝʜʠ 

ʊʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ 

 

ʇʨʦʙʣʝʤʘ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʦʩʪʠ ʟʦʣʦʪʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʚ ʪʨʫʜʘʭ [6], ʛʜʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ, ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʚ ʧʠʨʠʪʝ ʠ ʘʨʩʝʥʦʧʠʨʠʪʝ, 

ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʘʚʪʦʨʳ [7] ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʠʩʪʝʤʘ ʦʢʠʩʣʝʥʠʝ H2O2/Fe
2+, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʫʰʠʪʴ ʩʫʣʴʬʠʜʥʫʶ ʤʘʪʨʠʮʫ ʠ ʦʪʢʨʳʪʴ ʜʦʩʪʫʧ ʨʝʘʛʝʥʪʫ ʢ ʟʦʣʦʪʫ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʙʦʨ ʨʝʘʛʝʥʪʘ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʤʠʥʝʨʘʣʦʛʠʠ ʩʳʨʴʷ. 

ʎʠʘʥʠʨʦʚʘʥʠʝ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ, ʪʠʦʩʫʣʴʬʘʪʥʳʝ ʠ ʛʣʠʮʠʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤʠ ʜʣʷ ʫʧʦʨʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 
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ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

  

ɺʘʥʘʜʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʦʤ V ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ 

ʧʨʦʯʥʦʩʪʥʳʝ, ʢʦʨʨʦʟʠʦʥʥʳʝ ʠ ʪʝʨʤʦʩʪʦʡʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʘʷ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʘʥʘʜʠʷ ʩʚʷʟʘʥʘ ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʛʦ 

ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 80 % ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʚʘʥʘʜʠʝʚʳʝ ʨʝʜʦʢʩ-ʘʢʢʫʤʫʣʷʪʦʨʳ [1, 2]. 

ɺ ʫʩʣʦʚʠʷʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ ʚʘʥʘʜʠʡ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚʩʸ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʝʨʝʨʘʙʦʪʢʘ ʚʪʦʨʠʯʥʳʭ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʦʪʨʘʙʦʪʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʰʣʘʢʠ ʠ ʟʦʣʳ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ. ʋʢʘʟʘʥʥʳʝ 

ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ ʥʝʨʝʜʢʦ ʩʦʜʝʨʞʘʪ ʚʘʥʘʜʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʠʣʠ 

ʧʨʝʚʳʰʘʶʱʠʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʨʫʜʘʭ, ʘ ʠʭ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

[3]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʉʐɸ, ʤʠʨʦʚʳʝ ʨʝʩʫʨʩʳ ʚʘʥʘʜʠʷ 

ʦʮʝʥʠʚʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 60 ʤʣʥ ʪ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʠ ʦʙʲʸʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʂʠʪʘʝ, ʈʦʩʩʠʠ ʠ ʖʞʥʦʡ ɸʬʨʠʢʝ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ [4]. 

ʂʣʶʯʝʚʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚʘʥʘʜʠʷ ʷʚʣʷʝʪʩʷ ʧʷʪʠʦʢʠʩʴ ʚʘʥʘʜʠʷ 

(VO ), ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʘʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʝʨʨʦʚʘʥʘʜʠʷ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ [5]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ VO  

ʷʚʣʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʚʘʥʘʜʠʷ ʠʟ ʦʯʠʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʚʠʜʝ ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ 

(NHVO ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʦʩʘʜʢʘ. ɼʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜʥʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʠ ʧʨʠ ʚʦʚʣʝʯʝʥʠʠ 

ʚʪʦʨʠʯʥʳʭ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʨʝʩʫʨʩʦʚ [6]. 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʯʠʩʪʦʛʦ VO  ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ 

ʧʨʠʩʫʪʩʪʚʠʶ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ ʜʦ ʩʪʘʜʠʠ ʦʩʘʞʜʝʥʠʷ ʚʘʥʘʜʠʷ [7]. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ ʚʪʦʨʠʯʥʦʛʦ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʠʥʪʝʟʦʤ VO , 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʠ ʬʦʩʬʦʨʘ. 

ʀʩʭʦʜʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʥʪʘʦʢʩʠʜʘ ʚʘʥʘʜʠʷ (VO ) ʩʣʫʞʘʪ ʦʙʦʞʞʸʥʥʳʝ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉ ʮʝʣʴʶ 

ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʶʪ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʙʞʠʛʫ ʚ ʧʝʯʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʱʝʣʦʯʥʳʝ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʝ ʨʘʩʪʚʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʧʝʨʝʨʘʙʦʪʢʠ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʤʝʪʘʚʘʥʘʜʘʪʘ 

ʘʤʤʦʥʠʷ (NHVO ) ʠʟ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʛʨʷʟʥʸʥʥʳʭ ʬʦʩʬʦʨʦʤ ʠ 

ʩʝʨʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʷʤʦʝ ʦʩʘʞʜʝʥʠʝ ʚʘʥʘʜʠʷ ʠʟ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʨʝʭʦʜʦʤ ʧʨʠʤʝʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʝʛʦ ʯʠʩʪʦʪʫ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʝʜʝʥʠʝ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʵʪʘʧʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʪʚʸʨʜʳʭ ʠ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʘʭ ʦʧʨʝʜʝʣʷʣʠ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 22536.3, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʥʘʪʨʠʷ ʚ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʦʤ ʧʣʘʤʝʥʥʦʡ ʬʦʪʦʤʝʪʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ ʌʇɸ-2-01 (ɸʆ çɿʆʄɿè, ʈʦʩʩʠʷ), ʪʦʛʜʘ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʘʥʘʜʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʬʦʨʤʝ ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ. 

ʆʜʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʨʘʩʪʚʦʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʩʦʦʩʘʞʜʝʥʠʝ ʧʨʠʤʝʩʝʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠ 

ʬʦʩʬʦʨʘ, ʚ ʩʦʩʪʘʚʝ NHVO , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʘ ʠ 

ʫʭʫʜʰʝʥʠʶ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʧʦʵʪʘʧʥʦʡ ʩʭʝʤʳ ʦʯʠʩʪʢʠ 

ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʜʘʣʝʥʠʝ ʬʦʩʬʦʨʘ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʦʡ ʩʪʘʜʠʝʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʦʩʘʞʜʝʥʠʶ ʚʘʥʘʜʠʷ. ʇʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʝʡ ʠ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʯʠʩʪʢʫ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ ʦʪ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʬʦʩʬʘʪ- ʠ ʩʠʣʠʢʘʪ-ʠʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʬʦʩʬʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ ʤʘʛʥʠʷ; 

ʦʜʥʘʢʦ ʤʘʛʥʠʝʚʘʷ ʦʯʠʩʪʢʘ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʧʨʠʚʦʜʠʣʘ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʩʦʦʩʘʞʜʝʥʠʶ ʚʘʥʘʜʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ 

ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʬʦʩʬʦʨʘ ʜʦ 0,035 ʛ/ʣ (ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʦʢʦʣʦ 90 %) ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʩʘʞʜʝʥʠʷ ʚʘʥʘʜʠʷ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ, ʢʦʪʦʨʳʡ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʘʥʠʦʥʦʚ ʚ ʦʩʘʜʦʢ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʦʩʘʜʠʪʝʣʝʡ ï ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʳ, ʠ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʥʘʢʦʧʣʝʥʠʶ ʭʣʦʨʠʜ-ʠʦʥʦʚ, ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʧʨʦʜʫʢʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʦʨʘ ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ 

ʩʝʨʳ. ɸʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʦʩʘʜʢʘ ʧʦʩʣʝ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ: ʦʪʩʫʪʩʪʚʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʬʦʨʤ ʠ ʥʘʣʠʯʠʝ ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʦʰʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʚʢʣʶʯʘʷ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʯʠʩʪʦʛʦ 

ʧʝʥʪʘʦʢʩʠʜʘ ʚʘʥʘʜʠʷ (Vʆ) ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʘʥʘʜʠʷ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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ʜʣʷ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. ʊʦʥʢʦʚʢʨʘʧʣʝʥʥʦʩʪʴ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʠʭ 

ʪʝʩʥʳʝ ʩʨʦʩʪʢʠ ʩ ʤʠʥʝʨʘʣʘʤʠ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʠ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ [1, 2]. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʍʘʜʞʠʢʦʥʛʘʥ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʠ ʦʪʥʦʩʠʪʩʷ 

ʢ ʤʝʜʥʦ-ʩʫʣʴʬʠʜʥʳʤ ʦʙʲʝʢʪʘʤ ʩ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʨʫʜ. ɻʝʦʣʦʛʦ-

ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʫʜʥʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʚʳʨʘʞʝʥʥʫʶ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʪʝʩʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʠʣʠʢʘʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ.  

ɻʣʘʚʥʳʡ ʧʦʣʝʟʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʩʫʣʴʬʠʜʥʦʡ ʧʨʦʙʝ ʨʫʜʳ ʍʘʜʞʠʢʦʥʛʘʥ ï ʤʝʜʴ, ʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ï 1,32 %. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 5,51 %, ʩʝʨʳ ï 1,70%.  ɹʣʘʛʦʨʦʜʥʳʝ 

ʤʝʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʝʙʨʦʤ ï 14,4 ʛ/ʪ; ʟʦʣʦʪʦ ʚ ʧʨʦʙʝ ʥʠʞʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʧʨʦʙʝ ʷʚʣʷʝʪʩʷ ʢʨʝʤʥʝʟʸʤ, ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʪʦʨʦʛʦ 55,6 %. ɺ ʟʥʘʯʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ Al2O3 ï 16,1 %, CaO 4,75 %, MgO 

ï 3,78 %, Na2O ï 2,77 %, TiO2 ï 0,89 %, P2O5 ï 0,42 %, MnO ï 0,15 %. ʋʛʣʝʨʦʜʘ ʚ ʧʨʦʙʝ ï 

0,13%. 

ʆʩʥʦʚʥʳʤʠ ʤʝʜʴʩʦʜʝʨʞʘʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʩʫʣʴʬʠʜʳ ʤʝʜʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʘʣʴʢʦʧʠʨʠʪ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʚʢʨʘʧʣʝʥʠʡ ʠ 

ʩʣʦʞʥʳʭ ʩʨʦʩʪʢʦʚ ʩ ʢʚʘʨʮʝʤ, ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʵʧʠʜʦʪʦʤ, ʭʣʦʨʠʪʦʤ ʠ ʩʣʶʜʠʩʪʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʄʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʤʝʜʴ ʚ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʜʞʠʢʦʥʛʘʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʚʠʜʝ ʪʦʥʢʦʚʢʨʘʧʣʸʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʤʝʣʢʠʭ ʟʸʨʝʥ, ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚ ʦʙʲʸʤʝ ʧʦʨʦʜʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʭʘʣʴʢʦʧʠʨʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʪʝʩʥʳʤʠ ʩʨʦʩʪʢʘʤʠ ʩ ʢʚʘʨʮʝʤ ʠ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʫʩʪʦʡ ʧʦʨʦʜʳ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʩʪʝʧʝʥʴ ʝʛʦ ʨʘʩʢʨʳʪʠʷ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʦʥʢʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʩʥʠʞʘʝʪ 

ʬʣʦʪʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ.  

ʇʨʝʦʙʣʘʜʘʥʠʝ ʩʣʦʞʥʳʭ ʩʨʦʩʪʢʦʚ çʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʩʫʣʴʬʠʜʳ ï ʧʫʩʪʘʷ ʧʦʨʦʜʘè 

ʛʜʝ ʭʘʣʴʢʦʧʠʨʠʪ ʦʙʨʘʟʫʝʪ ʩʣʦʞʥʳʝ ʩʨʦʩʪʢʠ ʩ ʩʠʣʠʢʘʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ï ʧʦʣʝʚʳʤʠ 

ʰʧʘʪʘʤʠ, ʵʧʠʜʦʪʦʤ, ʭʣʦʨʠʪʦʤ ʠ ʩʣʶʜʠʩʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʋʢʘʟʘʥʥʳʝ ʤʠʥʝʨʘʣʳ 

ʩʢʣʦʥʥʳ ʢ ʰʣʘʤʦʚʘʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʠ, ʨʦʩʪʫ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʥʦʩʘ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʚ ʢʦʥʮʝʥʪʨʘʪ ʠ ʩʥʠʞʝʥʠʶ ʝʛʦ ʢʘʯʝʩʪʚʘ. 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʪʘʢʠʭ ʩʨʦʩʪʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʥʝʜʦʩʪʠʞʝʥʠʷ 

ʧʨʦʝʢʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ.  

ʉʦʯʝʪʘʥʠʝ ʪʦʥʢʦʚʢʨʘʧʣʸʥʥʦʩʪʠ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʠʭ ʩʨʦʩʪʢʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʰʣʘʤʫʶʱʠʭʩʷ ʩʠʣʠʢʘʪʦʚ ʬʦʨʤʠʨʫʝʪ 

ʤʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʝʤ ʨʝʘʛʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʙʝʟ 

ʫʯʸʪʘ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʥʝʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ 
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ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʫʣʴʬʠʜʥʳʭ ʤʝʜʥʳʭ ʨʫʜ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʘʟʘʭʩʪʘʥʘ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢ ʩʪʝʧʝʥʠ 

ʨʘʩʢʨʳʪʠʷ ʤʠʥʝʨʘʣʦʚ [3]. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʫʜʳ ʍʘʜʞʠʢʦʥʛʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʠʭ ʠ ʫʣʴʪʨʘʪʦʥʢʠʭ ʢʣʘʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʜʦʣʷ ʤʝʜʠ. ʅʘʣʠʯʠʝ ʩʚʦʙʦʜʥʳʭ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʟʸʨʝʥ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 20 ʤʢʤ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʠʥʝʪʠʢʝ ʬʣʦʪʘʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʥʥʦʛʦ ʩʣʦʷ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɺ ʫʩʣʦʚʠʷʭ ʧʨʠʩʫʪʩʪʚʠʷ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʢʣʦʥʥʳʭ ʢ 

ʰʣʘʤʦʚʘʥʠʶ, ʚʦʟʨʘʩʪʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʫʥʦʩ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʚ ʢʦʥʮʝʥʪʨʘʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʫʩʣʦʞʥʷʝʪ ʧʦʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʩʫʣʴʬʠʜʥʦʡ ʤʝʜʥʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʍʘʜʞʠʢʦʥʛʘʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ 

ʚʳʩʦʢʠʭ ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. 

ɺʳʷʚʣʝʥʥʳʝ ʤʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʦʩʥʦʚʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʠ ʬʣʦʪʘʮʠʠ ʩ ʫʯʸʪʦʤ 

ʭʘʨʘʢʪʝʨʘ ʩʨʦʩʪʢʦʚ, ʩʪʝʧʝʥʠ ʨʘʩʢʨʳʪʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʪʦʥʢʠʭ ʢʣʘʩʩʦʚ. 
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ᴄʆɾ: 669.243 

 

ɻʆʈʅʆʉʊɸɽɺ ʂɽʅ ʆʈʅʓʅʓר ʊʆʊʓפפɸʅ ʄɸɻʅɽɿʀʗʃʓפ-ʊɽʄɯʈʃɯ 

ʅʀʂɽʃʔ ʂɽʅɼɽʈɯʅ ɻʀɼʈʆʄɽʊɸʃʃʋʈɻʀʗʃʓפ ᴆרɼɽʋ 

 
 ʘʣʠ ɸ.ᴄ.1, ʐʘʷʭʤʝʪʦʚʘ ʈ.ɸ.1, ʄʦʣʜʘʙʘʝʚʘ ɻ.ɾ.2פ

 
1 çϧʈ ʄʐʂϧϹ ϯʆè ʈʄʂ, ɸʣʤʘʪʳ Ϩ. ϧʘʟʘϨʩʪʘʥ 

2 çϧ.ʀ. ʉϸʪʙʘʝʚ ʘʪʳʥʜʘϤʳ ϧʘʟϯʊɿʋè ʂʝɸϧ,  ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ 

 

ɸʢʢʫʤʫʣʷʪʦʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש, ʵʣʝʢʪʨ ʢᴇʣʽʛʽʥʽש ʞᴅʥʝ ʘʨʥʘʡʳ ץʦʨʳʪʧʘʣʘʨ 

ᴇʥʜʽʨʽʩʽʥʽש ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʠʢʝʣʴ ʪײʪʳʥʫʜʳש ʪײʨʘץʪʳ ᴇʩʫʽ ʞʘסʜʘʡʳʥʜʘ, ʥʠʢʝʣʴ 

ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ ʢװʨʜʝʣʽ ʪʦʪʳץץʘʥ ʥʠʢʝʣʴ ʢʝʥʜʝʨʽʥ ᴇשʜʝʫʛʝ 

ʙʘסʳʪʪʘʫ ᴇʟʝʢʪʽ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʥʠʢʝʣʴ ʨʝʩʫʨʩʪʘʨʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʙᴇʣʽʛʽ ʣʘʪʝʨʠʪʪʽ ʪʠʧʪʝʛʽ ʪʦʪʳץץʘʥ 

ʤʘʛʥʠʡʣʽ-ʪʝʤʽʨʣʽ ʢʝʥʜʝʨ ʪװʨʽʥʜʝ ʙʝʨʽʣʛʝʥ, ʦʣʘʨʜʳ ʜᴅʩʪװʨʣʽ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ 

ᴅʜʽʩʪʝʨʤʝʥ ᴇשʜʝʫ ʵʥʝʨʛʠʷʥʳ ʢᴇʧ ץʘʞʝʪ ʝʪʝʜʽ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽʣʽʛʽ 

ʪᴇʤʝʥ. 

ɹײʣ ʢʝʥʜʝʨʜʽש ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʛʽ ï ʤʘʛʥʠʡ ʤʝʥ ʪʝʤʽʨʜʽש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽ, ʥʠʢʝʣʴʜʽש 

ʩʠʣʠʢʘʪʪʳ ʞᴅʥʝ ʛʠʜʨʦʩʠʣʠʢʘʪʪʳ ʬʘʟʘʣʘʨ ײץʨʘʤʳʥʜʘ ʙʦʣʫʳ, ʩʦʥʜʘʡ-ʘץ ʬʠʟʠʢʘʣʳץ 

ᴅʜʽʩʪʝʨʤʝʥ ʙʘʡʳʪʳʣʫ ʤװʤʢʽʥʜʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʥʠʢʝʣʴʜʽ ʩʝʣʝʢʪʠʚʪʽ 

ʘʣʫʜʳ ʞᴅʥʝ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʘʫʘʨʣʳץ ʤʘʛʥʠʡ ʞᴅʥʝ ʪʝʤʽʨ ײץʨʘʤʜʳ ᴇʥʽʤʜʝʨ ʘʣʫʜʳ 

 ʳʣʳʤʠס ʪʝʭʥʦʣʦʛʠʷʥʳ ᴅʟʽʨʣʝʫ ᴇʟʝʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʠʽʤʜʽ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ

ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [1, 2]. 

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ʪʘʫʘʨʣʳץ ᴇʥʽʤʜʝʨʜʽ (ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ ʦʢʩʠʜʪʝʨʽ ʞᴅʥʝ 

 ʪʝʤʽʨʣʽ ʥʠʢʝʣʴ-ץʘʥ ʤʘʛʥʝʟʠʷʣʳץץʦʩʳʣʳʩʪʘʨ) ʘʣʘ ʦʪʳʨʳʧ, ʪʦʪʳץ ʨʘʤʳʥʜʘ ʤʘʛʥʠʡ ʙʘʨײץ

ʢʝʥʜʝʨʽʥ ʪײʟ ץʳʰץʳʣʳ ʘʨץʳʣʳ ᴇשʜʝʫʜʽש ʢʝʰʝʥʜʽ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ײץʨʘʤʳʥʜʘ Ni ï 0,87%; Fe ï 10,8%; Mg ï 14,25% ʙʘʨ 

ɻʦʨʥʦʩʪʘʝʚʩʢʦʝ ʢʝʥ ʦʨʥʳʥʳש ʢʝʥʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʄʠʥʝʨʘʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ ʣʠʟʘʨʜʠʪʪʽש 

(39,8%), ʘʥʪʠʛʦʨʠʪʪʽ(9,5%) ש ʞᴅʥʝ ʥʝʧʫʠʪʪʽ(7,1%) ש ʙʘʩʳʤ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. 

ʂʝʥʥʽש ʟʘʪʪʳץ ʞᴅʥʝ ʬʘʟʘʣʳײץ ץʨʘʤʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʨʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫ, 

ʵʥʝʨʛʠʷ- ʜʠʩʧʝʨʩʠʷʣʳץ ʪʘʣʜʘʫʳ ʙʘʨ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ, ʩʦʥʜʘʡ-ʘץ 

ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ. ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ (ʪʝʤʧʝʨʘʪʫʨʘ, ײʟʘץʪʳסʳ, ʨʝʘʛʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ץʘʪʪʳ 

ʤʝʥ ʩײʡʳץʪʳש ʘʨʘץʘʪʳʥʘʩʳ, ʘʨʘʣʘʩʪʳʨʫ ʞʳʣʜʘʤʜʳסʳ) ᴇʟʛʝʨʪʝ ʦʪʳʨʳʧ, ʘʪʤʦʩʬʝʨʘʣʳץ 

 .ʘʤʪʳʜʳ [1, 3]ץ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ץʰʘʡʤʘʣʘʫ ʙʦʡʳʥʰʘ ʟʝʨʪʭʘʥʘʣʳ ץʳʣʜʳץʳʰץ

ʕʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽ ʞװʨʛʽʟʫ װʰʽʥ ʬʨʘʢʮʠʷʩʳ ï2+1 ʤʤ ʢʝʥ (ʩʘʣʤʘסʳ 200 ʛ) 

ʧʘʡʜʘʣʘʥʳʣʜʳ. ʊʘשʜʘʣסʘʥ ʙᴇʣʰʝʢʪʝʨ ᴇʣʰʝʤʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʜʽש ʙᴇʣʽʥʽʧ ʘʣʫ 

ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʪװʟʽʣʝʪʽʥ ʧʫʣʴʧʘʥʳש ʩװʟʽʣʫ ץʘʙʽʣʝʪʽ ʘʨʘʩʳʥʜʘסʳ ʪʝשʛʝʨʽʤʜʽ 

 שʢʣʘʩʪʘʨʜʳ (<0,5 ʤʤ) ʧʘʡʜʘʣʘʥʫʜʘʥ ʙʘʩ ʪʘʨʪʫ ʦʣʘʨʜʳ ץʩʘײ ʨʣʳʤײסʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʅʝץ

ʩװʟʛʽʰ ץʘʣץʘʣʘʨʜʳ ʙᴇʛʝʡʪʽʥ ʢʦʣʣʦʠʜʪʳ ʢʨʝʤʥʝʟʝʤ ʪװʟʫʛʝ ʙʝʡʽʤʜʽʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ᴆשʜʝʫʜʽש ʥʝʛʽʟʛʽ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʘʪʤʦʩʬʝʨʘʣʳץ ʪײʟ ץʳʰץʳʣʜʳ ʰʘʡʤʘʣʘʫ ʪʘשʜʘʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʝʨ ʟʝʨʪʭʘʥʘʣʳץ ʩʪʘץʘʥʜʘʨ ʤʝʥ ʨʝʘʢʪʦʨʣʘʨʜʘ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽ: 

 ʳʥ ᴇʟʛʝʨʪʝ ʦʪʳʨʳʧסʪʳץʟʘײ ʽʨʽʣʽʛʽʥ ʞᴅʥʝ ʧʨʦʮʝʩʩ שʳʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ, ʢʝʥʥʽץʳʰץ

ʞװʨʛʽʟʽʣʜʽ. 

ʊײʟ ץʳʰץʳʣʳʤʝʥ ʘʪʤʦʩʬʝʨʘʣʳץ ʰʘʡʤʘʣʘʫ ʪʦʪʳץץʘʥ ʤʘʛʥʠʡʣʽ-ʪʝʤʽʨʣʽ ʥʠʢʝʣʴ 

ʢʝʥʜʝʨʽʥʝʥ ʥʠʢʝʣʴʜʽ, ʤʘʛʥʠʡʜʽ ʞᴅʥʝ ʪʝʤʽʨʜʽ ʘʣʫʜʳש ʪʠʽʤʜʽ ᴅʜʽʩʽ ʝʢʝʥʜʽʛʽ ʵʢʩʧʝʨʠʤʝʥʪ 

ʪװʨʽʥʜʝ ʜᴅʣʝʣʜʝʥʜʽ. ʇʨʦʮʝʩʪʽש ʦשʪʘʡʣʳ ʞʘסʜʘʡʣʘʨʳ ʨʝʪʽʥʜʝ ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨ 

ʙʝʣʛʽʣʝʥʜʽ: ʪʝʤʧʝʨʘʪʫʨʘ 85 Áʉ, HCl ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 18 ʤʘʩʩ. %, פ:ʉ ץʘʪʳʥʘʩʳ = 1:4, 

 ʳ 400 ʘʡʥ/ʤʠʥ. ʆʩʳ ʧʘʨʘʤʝʪʨʣʝʨ ʢʝʟʽʥʜʝסʳ 120 ʤʠʥ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫ ʞʳʣʜʘʤʜʳסʪʳץʟʘײ

ʥʠʢʝʣʴʜʽ ʘʣʫ ʜᴅʨʝʞʝʩʽ 90 %-ʜʘʥ ʘʩʪʘʤ, ʤʘʛʥʠʡʜʽʢʽ ï ʰʘʤʘʤʝʥ 98ï99 %, ʪʝʤʽʨʜʽʢʽ ï 93 %-

ʜʘʥ ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʢʝ ʞʝʪʪʽ [1]. 
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ᴄʟʽʨʣʝʥʛʝʥ ʪʝʭʥʦʣʦʛʠʷ ʢʨʝʤʥʝʟʝʤʜʽ ʢʝʢʪʽ ʜᴅʡʝʢʪʽ ץʘʨʩʳ ʘסʳʥʜʳ װʰ ʩʘʪʳʣʳ ʰʘʶʜʳ 

ʝʨʝʢʰʝʣʽʛʽ ï h שʘʨʘʩʪʳʨʘʜʳ. ʉʭʝʤʘʥʳץ ʘʡʳʥʜʳ ʩʫʣʘʨʳʥʳש ʪײʡʳץ ʘʡʥʘʣʳʤʳʥʜʘ: ʙʽʨʽʥʰʽ 

ʰʘʶ ʩʘʪʳʩʳʥʘʥ ʘʣʳʥסʘʥ ʩʫ (ײץʨʘʤʳʥʜʘ 8,3 ʛ/ʣ-ʛʝ ʜʝʡʽʥ Mg ʙʘʨ) ʰʘʡʤʘʣʘʫ ʝʨʽʪʽʥʜʽʩʽʥ 

ʜʘʡʳʥʜʘʫ ʢʝʟʝשʽʥʝ ʪʦʣʳסʳʤʝʥ ץʘʡʪʘʨʳʣʘʜʳ. ɹײʣ ʢʝʣʝʩʽ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʙʝʨʝʜʽ: 

- ᴆʥʽʤʜʽ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʘʛʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ 31-32 ʛ/ʣ-ʛʝ ʜʝʡʽʥ ʘʨʪʪʳʨʫ. 

- ɸסʳʥ ʩʫʣʘʨʜʳ ʙʘʨʳʥʰʘ ʘʟʘʡʪʫ ʝʩʝʙʽʥʝʥ ᴇʥʜʽʨʽʩʪʽש ʞʦסʘʨʳ ʵʢʦʣʦʛʠʷʣʳץ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʘʫʽʧʩʽʟʜʽʛʽʥץ

ʐʘʡʤʘʣʘʫʜʘʥ ʢʝʡʽʥ ᴇʥʽʤʜʽ ʝʨʽʪʽʥʜʽʣʝʨ ʪʝʤʽʨ ץʦʩʧʘʣʘʨʳʥʘʥ ʛʠʜʨʦʣʠʪʠʢʘʣʳץ 

ʪʘʟʘʨʪʫסʘ ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ײץʥʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʜʽ ʪײʥʜʳʨʫסʘ ʞʽʙʝʨʽʣʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʥʳש ʩʦסשʳ ᴇʥʽʤʜʝʨʽ: 

- ʅʠʢʝʣʴ ײץʨʘʤʜʳ ʢʦʥʮʝʥʪʨʘʪʪʘʨ (ʥʠʢʝʣʴʜʽש ʝʨʽʪʽʥʜʽʛʝ ʘʣʳʥʫʳ 90-92% ײץʨʘʡʜʳ). 

- ʄʘʛʥʠʡ ײץʨʘʤʜʳ ץʦʩʳʣʳʩʪʘʨ (ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʪʘʨʳ/ʭʣʦʨʠʜʪʝʨʽ). 

- ʂʨʝʤʥʝʟʝʤʜʽ ʢʝʢ, ʦʣ 105Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʝʧʪʽʨʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ײץʨʳʣʳʩ 
ʤʘʪʝʨʠʘʣʜʘʨʳ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ᴅʨʽ ץʘʨʘʡ ʧʘʡʜʘʣʘʥʫסʘ ʞʘʨʘʤʜʳ [4, 5]. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ɻʦʨʥʦʩʪʘʝʚʩʢʦʝ ʢʝʥ ʦʨʥʳ ʢʝʥʜʝʨʽʥʽש ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ 

ᴇשʜʝʫʛʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʞʦסʘʨʳ ʞʘʨʘʤʜʳʣʳסʳʥ ʨʘʩʪʘʡʜʳ. ʇʨʦʮʝʩʪʽש ʦשʪʘʡʣʳ 

ʧʘʨʘʤʝʪʨʣʝʨʽ: ʢʝʥ ʬʨʘʢʮʠʷʩʳ ï2,0 + 1,0 ʤʤ, ʪײʟ ץʳʰץʳʣʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 18%, 

ʪʝʤʧʝʨʘʪʫʨʘ 85-90 °C ʞᴅʥʝ ײʟʘץʪʳסʳ 120 ʤʠʥʫʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ױʩʳʥʳʣסʘʥ ʢʝʰʝʥʜʽ 

ʪᴅʩʽʣ ʪװʩʪʽ ʤʝʪʘʣʜʘʨʜʳ ʙᴇʣʽʧ ʘʣʫסʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʥʥʽש ʤʘʛʥʠʡʣʽ-ʢʨʝʤʥʠʡʣʽ 

ʥʝʛʽʟʽʥ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʧʨʦʮʝʩʪʽש ʨʝʩʫʨʩʪʳװ ץʥʝʤʜʽʣʽʛʽ ʤʝʥ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ɺʆɺʃɽʏɽʅʀʗ ʍɺʆʉʊʆɺ ɹɸʃʍɸʐʉʂʆʁ 

ʆɹʆɻɸʊʀʊɽʃʔʅʆʁ ʌɸɹʈʀʂʀ ɺ ʇɽʈɽʈɸɹʆʊʂʋ ɺ ʋʉʃʆɺʀʗʍ ɼɽʌʀʎʀʊɸ 

ʉʓʈʔɽɺʆʁ ɹɸɿʓ ɹɸʃʍɸʐʉʂʆɻʆ ʈɽɻʀʆʅɸ 

 

ʂʦʞʘʙʝʢʦʚ ɹ.ɹ., ʂʘʪʢʝʝʚʘ ɻ.ʃ. 

 
ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʩʪʦʱʝʥʠʶ ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʤʝʜʥʳʭ ʨʫʜ ʠ ʨʘʩʰʠʨʝʥʠʶ 

ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʩʳʨʴʷ ʩʦ ʩʣʦʞʥʳʤ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʚʝʱʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʜʝʪʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʣʴʬʠʜʥʳʭ ʤʝʜʥʳʭ ʨʫʜ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʪʦʨʠʯʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ [1]. 

ɼʣʷ ʭʚʦʩʪʦʚ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʩʫʣʴʬʠʜʥʳʭ ʤʝʜʥʳʭ ʨʫʜ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʰʣʘʢʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʭʘʨʘʢʪʝʨʝʥ ʢʨʘʡʥʝ ʩʣʦʞʥʳʡ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʚʳʨʘʞʝʥʥʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʭʚʦʩʪʦʚ ɹʘʣʭʘʰʩʢʦʡ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʤʘʛʥʝʪʠʪ, 

ʪʦʛʜʘ ʢʘʢ ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʜʯʠʥʸʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʞʘʣʳʭ ʭʚʦʩʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʦʙʣʦʤʢʘʤʠ ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʩʦʩʪʘʚʝ ʭʚʦʩʪʦʚ 

ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʚʠʯʥʳʤʠ 

ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʤʠʩʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ 

ʩʦʭʨʘʥʠʚʰʠʤʠ ʧʨʠʨʦʜʥʳʝ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ 

ʧʨʦʜʫʢʪʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ, ʚ ʢʦʪʦʨʳʭ ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʝ ʰʣʘʢʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʩʥʦʡ ʩʚʷʟʴʶ ʩ ʩʠʣʠʢʘʪʥʦʡ ʬʘʟʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʜʘʸʪʩʷ 

ʦʪʜʝʣʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʫʜʥʳʝ ʟʸʨʥʘ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʦʪʣʠʯʘʶʪʩʷ 

ʫʣʴʪʨʘʪʦʥʢʠʤʠ ʠ ʪʦʥʢʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ ʚ ʧʨʝʜʝʣʘʭ 1ï25 ʤʢʤ, ʯʪʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʜʘʞʝ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ 

ʤʝʜʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʠʭ ʨʘʩʢʨʳʪʠʷ ʠ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʣʝʞʘʣʳʭ ʭʚʦʩʪʦʚ ɹʘʣʭʘʰʩʢʦʡ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ. 

ʄʝʜʴ ʚ ʭʚʦʩʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʪʦʥʢʦʚʢʨʘʧʣʸʥʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʣʦʞʥʳʭ ʩʨʦʩʪʢʘʭ ʩ 

ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʝʡ ʰʣʘʢʦʚ, ʘ ʪʘʢʞʝ ʩ ʢʚʘʨʮʝʤ, ʘʣʶʤʦʩʠʣʠʢʘʪʘʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʠʤʝʥʥʦ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʩʨʦʩʪʢʦʚ ʠ ʚʳʩʦʢʘʷ ʜʦʣʷ ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳʪʳʭ 

ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʚ ʭʚʦʩʪʘʭ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʥʳʭ 

ʧʦʪʝʨʴ ʤʝʜʠ ʠ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʸ ʚʪʦʨʠʯʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʬʣʦʪʘʮʠʠ 

[2, 3]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʩʣʦʞʥʷʶʱʠʤ ʧʝʨʝʨʘʙʦʪʢʫ ʫʢʘʟʘʥʥʳʭ ʭʚʦʩʪʦʚ, 

ʷʚʣʷʝʪʩʷ ʠʭ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʬʣʦʪʘʮʠʦʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʥʦ-

ʰʣʘʢʦʚʦʛʦ ʩʳʨʴʷ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʰʣʘʤʦʚʳʭ ʬʨʘʢʮʠʡ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
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ʠ ʠʟʤʝʥʸʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʪʘʙʠʣʴʥʦʤʫ ʧʦʚʝʜʝʥʠʶ 

ʯʘʩʪʠʮ ʚ ʧʝʥʥʦʡ ʬʘʟʝ, ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʠ ʠ ʧʝʨʝʨʘʩʭʦʜʫ ʨʝʘʛʝʥʪʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ 

ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʬʦʨʤ ʤʝʜʠ ʚ ʭʚʦʩʪʘʭ ʬʣʦʪʘʮʠʠ [4]. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʬʣʦʪʘʮʠʦʥʥʳʭ 

ʩʭʝʤ ʙʝʟ ʫʯʸʪʘ ʩʧʝʮʠʬʠʢʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʭʚʦʩʪʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʫʯʸʪʝ ʤʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʳʨʴʷ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʨʝʘʛʝʥʪʥʳʭ 

ʨʝʞʠʤʦʚ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʩʣʦʞʥʦʛʦ 

ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

 

ʀʩʪʦʯʥʠʢʠ 

 

1 ɿʝʣʠʢʤʘʥ ɸ.ʅ., ʂʦʨʦʣʴʢʦʚ ʀ.ɸ. ʆʙʦʛʘʱʝʥʠʝ ʤʝʜʥʳʭ ʨʫʜ. ï ʄ.: ʅʝʜʨʘ, 1982. ï 344 ʩ. 

2 ɺʘʡʩʙʝʨʛ ʃ.ɸ., ʂʘʤʠʥʩʢʠʡ ɺ.ɼ. ʄʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʫʜ. ï ʄ.: ɻʦʨʥʘʷ ʢʥʠʛʘ, 2010. ï 456 ʩ. 

3 Valderrama L., Tapia J., Pavez O., et al. Recovery of Copper from Tailings by Flotation: 

Mineralogical Constraints and Process Limitations // Minerals. ï 2023. ï Vol. 13. ï No. 9. ï 

Art. 1128. 

4 Wills B.A., Finch J.Willsô Mineral Processing Technology. ï 8th ed. ï Oxford: Butterworth-

Heinemann, 2016. ï 512 p. 
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ʋɼʂ 661.183.2 

 

ʇʈʀʄɽʅɽʅʀɽ ʋɻʃɽʈʆɼʅʓʍ ʉʆʈɹɽʅʊʆɺ ʀɿ ʊɽʍʅʆɻɽʅʅʆɻʆ  

ʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʉʓʈʔʗ ɼʃʗ ʆʏʀʉʊʂʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʈɽʅʀʁʉʆɼɽʈɾɸʑʀʍ ʈɸʉʊɺʆʈʆɺ ʆʊ ʆʈɻɸʅʀʏɽʉʂʀʍ ʇʈʀʄɽʉɽʁ 

ʀ ʀɿɺʃɽʏɽʅʀʗ ʈɽʅʀʗ 

 
ʂʘʙʣʘʥʙʝʢʦʚ ɸ.ɸ., ɽʬʨʝʤʦʚʘ ʉ.ɺ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʠ ʨʝʜʢʠʭ 

ʤʝʪʘʣʣʦʚ [1]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʨʝʥʠʡ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ 

ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʥʝʬʪʝʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʘʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠʟʚʣʝʯʝʥʠʷ ʨʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʜʦʩʪʫʧʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

[2-3]. ʇʨʠʤʝʥʝʥʠʝ ʤʝʣʦʯʠ ʩʧʝʮʢʦʢʩʘ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʮʠʦʥʘʣʴʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ [4]. ʋʛʣʝʨʦʜʥʳʝ ʩʦʨʙʝʥʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʳʩʦʢʠʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʦʯʠʩʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʥʠʡʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʩʢʘʜʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʩʦʨʙʝʥʪʦʤ ʠʟ ʤʝʣʦʯʠ ʩʧʝʮʢʦʢʩʘ ʠ 

ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ (ʈʐʧ-ɸʑ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʝʣʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ ʠ ʠʟʚʣʝʯʝʥʠʝ ʨʝʥʠʷ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʝʣʦʯʠ ʩʧʝʮʢʦʢʩʘ ʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʥʘ ʢʘʩʢʘʜʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚ ʫʩʣʦʚʠʷʭ ʦʧʳʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʦʯʠʩʪʢʠ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʩʦʨʙʮʠʠ ʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʩʦʨʙʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʦʪʭʦʜʦʚ ʢʦʢʩʦʚʦʛʦ ʠ ʨʠʩʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʥʠʡʩʦʜʝʨʞʘʱʠʡ 

ʨʘʩʪʚʦʨ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʸʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʢʝʢʘ ʤʝʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ (ʤʛ/ʜʤ3): 

-  ʨʝʥʠʡ ï 40-460, 

-  ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ï 46-760. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʘʩʢʘʜʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 6 ʩʦʨʙʮʠʦʥʥʳʭ 

ʢʦʣʦʥʥ. ɺ ʢʦʣʦʥʥʳ ˉˉ 1-3, ʦʙʲʝʤʦʤ 0,5 ʣ ʢʘʞʜʘʷ, ʟʘʛʨʫʞʘʣʠ ʧʦ 0,16 ʢʛ ʩʦʨʙʝʥʪʘ ʠʟ 

ʤʝʣʦʯʠ ʩʧʝʮʢʦʢʩʘ (ʉʂ) ʜʣʷ ʦʯʠʩʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ. ʆʙʱʘʷ ʤʘʩʩʘ ʩʦʨʙʝʥʪʘ ʉʂ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ, ʩʦʩʪʘʚʠʣʘ 0,8 ʢʛ. ɺ 

ʩʦʨʙʮʠʦʥʥʳʝ ʢʦʣʦʥʥʳ ˉˉ 4-6, ʦʙʲʝʤʦʤ 0,1 ʣ ʢʘʞʜʘʷ, ʟʘʛʨʫʞʘʣʠ ʧʦ 0,008 ʢʛ ʩʦʨʙʝʥʪʘ 

ʠʟ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ (ʈʐʧ- ɸʑ) ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʨʝʥʠʷ. ʆʙʱʘʷ ʤʘʩʩʘ ʩʦʨʙʝʥʪʘ ʈʐʧ-ɸʑ, 
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ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ, ʩʦʩʪʘʚʠʣʘ 0,120 ʢʛ. 

ʈʘʩʪʚʦʨ ʧʦʜʘʚʘʣʠ ʚ ʧʝʨʚʫʶ ʢʦʣʦʥʥʫ ʩ ʧʦʤʦʱʴʶ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ ʩ 

ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ 1 ʯ-1. ʀʟ ʧʝʨʚʦʡ ʢʦʣʦʥʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʩʪʚʦʨ ʧʦʩʪʫʧʘʣ 

ʩʘʤʦʪʝʢʦʤ. ʋʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʢʦʣʦʥʥʘʭ ˉˉ 4-6 ʩʦʩʪʘʚʠʣʘ 4 ʯ-1. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʫʜʘʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʟʚʣʝʯʝʥʠʶ ʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʟʘʤʝʥʳ ʩʦʨʙʝʥʪʘ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʢʘʞʜʦʡ ʢʦʣʦʥʥʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 2 ʯʘʩʘ ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʬʠʣʴʪʨʘʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʘ ʦʙʲʝʜʠʥʷʣʠʩʴ ʧʦ ʢʘʞʜʦʡ ʢʦʣʦʥʥʝ ʠ ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʢʘʞʜʦʡ ʢʦʣʦʥʥʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ 

ʧʨʦʙʳ. ɺ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʣʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ 

ʠ ʨʝʥʠʷ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩʦʩʪʘʚʠʣʘ 296 ʯ. ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʫʩʪʘʥʦʚʢʠ 

ʙʳʣʦ ʧʨʦʧʫʱʝʥʦ 126 ʣ ʨʘʩʪʚʦʨʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ 

ʩʦʩʪʘʚʠʣʘ 62 %, ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʨʝʥʠʷ ï 89 %. 

 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʠʟ ʤʝʣʦʯʠ ʩʧʝʮʢʦʢʩʘ (ʉʂ) ʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ (ʈʐʧ-ɸʑ) ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʦʢʠʤ ʠʟʚʣʝʯʝʥʠʝʤ ʨʝʥʠʷ. 

 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʥʦʤʝʨ ʛʨʘʥʪʘ 

AP 19677767). 
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ʀɿ ʎʀɸʅʀʉʊʓʍ ʈɸʉʊɺʆʈʆɺ 
 

ʂʘʥʘʣʳ ɽ.ʉ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ «ʂʘʟʤʝʭʘʥʦʙʨ», ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ  

 

ʇʦ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʝʜʠʩʪʳʝ, ʨʫʜʳ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʣʝʛʢʦʮʠʘʥʠʨʫʝʤʳʤʠ ʠ ʫʧʦʨʥʳʤʠ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʤʠ ʨʫʜʘʤʠ. ʆʢʦʣʦ 20 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʟʦʣʦʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʝʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ ʥʘʣʠʯʠʠ ʪʘʢʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʢʘʢ ʭʘʣʴʢʦʧʠʨʠʪ, ʪʝʪʨʘʵʜʨʠʪ, ʪʝʥʥʘʥʪʠʪ, ʙʦʨʥʠʪ ʠ ʭʘʣʴʢʦʟʠʥ. ʅʘʣʠʯʠʝ 

ʤʝʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʳʟʳʚʘʝʪ ʧʦʪʝʨʠ ʟʦʣʦʪʘ ʟʘ ʩʯʝʪ ʝʛʦ ʮʝʤʝʥʪʘʮʠʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʣʦʪʘʮʠʦʥʥʦʛʦ, ʩʦʨʙʮʠʦʥʥʦʛʦ ʠ 

ʵʣʝʢʪʨʦʣʠʟʥʦʛʦ ʧʝʨʝʜʝʣʦʚ. ʆʙʳʯʥʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʩʚʳʰʝ 0,5 % ʚ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ 

ʠ ʩʚʳʰʝ 1 % ï ʚ ʩʫʣʴʬʠʜʥʳʭ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʧʨʷʤʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʧʨʠʝʤʣʝʤʳʤ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʦʥʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʦʨʙʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʭʫʜʰʘʝʪ 

ʨʘʩʪʚʦʨʝʥʠʝ ʟʦʣʦʪʘ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʟʘ ʩʯʸʪ ʧʘʩʩʠʚʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʤʝʜʠ.  

ɺ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʦʪʦʤʝʜʥʳʭ ʨʫʜ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʩʨʝʜʠ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʛʨʘʶʪ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʂ ʪʘʢʠʤ ʩʤʦʣʘʤ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʪʨʝʙʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʚʳʩʦʢʫʶ ʦʙʤʝʥʥʫʶ ʸʤʢʦʩʪʴ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʝʣʝʚʦʤʫ ʤʝʪʘʣʣʫ, ʜʦʩʪʘʪʦʯʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʨʘʙʦʯʠʭ ʩʨʝʜʘʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ [1]. 

ʀʦʥʦʦʙʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʤʝʜʠ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʩʝʣʝʢʪʠʚʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʘ ʠʟ ʙʝʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʣʦʞʥʦʛʦ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠ 

ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʠʤʝʥʷʝʤʦʡ ʩʤʦʣʳ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ. ʀʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ 

ʠʦʥʦʦʙʤʝʥʥʳʤʠ ʩʤʦʣʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʘʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʞʠʜʢʦʩʪʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʢʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠʣʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʚʘʣʝʥʪʥʦ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʪʚʸʨʜʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʠʭ ʧʝʨʝʭʦʜ ʚ ʚʦʜʥʫʶ ʬʘʟʫ [2]. 

ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʦʡ ʤʘʪʨʠʮʳ, ʯʘʱʝ ʚʩʝʛʦ ʩʦʧʦʣʠʤʝʨʘ ʩʪʠʨʦʣʘ ʠ ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ, ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʨʙʮʠʶ ʠʦʥʦʚ ʠʟ 

ʨʘʩʪʚʦʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʩʤʦʣʳ ʩ ʛʝʣʝʦʙʨʘʟʥʦʡ ʠ 

ʤʘʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʄʘʢʨʦʧʦʨʠʩʪʳʝ ʩʤʦʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʩʦʨʙʮʠʦʥʥʳʭ ʩʭʝʤʘʭ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. 

ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʩʤʦʣʳ ʠ ʠʭ ʩʨʦʜʩʪʚʦʤ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʠʦʥʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ 

ʠʟʚʣʝʢʘʪʴ ʤʝʪʘʣʣʳ ʠʟ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ [3]. 

ɺ ʧʨʘʢʪʠʢʝ ʟʦʣʦʪʦʠʟʚʣʝʢʘʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠʤʝʥʷʶʱʠʭ ʩʦʨʙʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʘʥʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʤʘʨʦʢ ɸʄ-

2ɹ, ɸɺ-17-8 ʠ Purolite A500, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʦʯʝʪʘʥʠʝʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ 
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ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʸʞʥʦʩʪʠ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʩʤʦʣ [4-6]. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ 

 

ʇʘʨʘʤʝʪʨʳ, 

ʩʚʦʡʩʪʚʘ 
ʉʤʦʣʘ ɸʄ-2ɹ ʉʤʦʣʘ ɸɺ-17-8 Purolite A500  

ʊʠʧ ʠʦʥʠʪʘ 

ɸʥʠʦʥʦʦʙʤʝʥʥʘʷ 

ʩʤʦʣʘ ʩʤʝʰʘʥʥʦʡ 

ʦʩʥʦʚʘʥʥʦʩʪʠ 

ʉʠʣʴʥʦʦʩʥʦʚʥʘʷ 

ʘʥʠʦʥʦʦʙʤʝʥʥʘʷ 

ʩʤʦʣʘ 

ʉʠʣʴʥʦʦʩʥʦʚʥʘʷ 

ʘʥʠʦʥʦʦʙʤʝʥʥʘʷ 

ʩʤʦʣʘ 

ʇʦʣʠʤʝʨʥʘʷ 

ʤʘʪʨʠʮʘ 

ʉʦʧʦʣʠʤʝʨ ʩʪʠʨʦʣʘ 

ʠ DVB 

ʉʦʧʦʣʠʤʝʨ ʩʪʠʨʦʣʘ 

ʠ DVB 

ʄʘʢʨʦʧʦʨʠʩʪʳʡ 

ʧʦʣʠʩʪʠʨʝʥ, 

ʩʰʠʪʳʡ DVB 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ 

ʏʝʪʚʝʨʪʠʯʥʳʝ 

ʘʤʤʦʥʠʝʚʳʝ 

ʏʝʪʚʝʨʪʠʯʥʳʝ 

ʘʤʤʦʥʠʝʚʳʝ 
ʂʘʪʠʦʥ ʘʤʤʦʥʠʷ 

ʈʘʙʦʯʘʷ ʬʦʨʤʘ Cl, OH Cl, OH Cl, OH 

ʆʙʤʝʥʥʘʷ ʸʤʢʦʩʪʴ 
~1,2 ʤʛ-ɻ ʢʚ/ʩʤį  

(Cl- ʬʦʨʤʘ) 
Ó1,15 ʤʛ-ɻ ʢʚ/ʩʤį 

~1,15 ʤʛ-ɻ ʢʚ/ʩʤį  

(Cl- ʬʦʨʤʘ) 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ 0,8ï2,0 ʤʤ ~0,4ï1,25 ʤʤ ~0,8ï1,2 ʤʤ 

ʉʪʨʦʝʥʠʝ 

(ʛʝʣʴ/ʤʘʢʨʦʧʦʨʘ) 
ʄʘʢʨʦʧʦʨʠʩʪʘʷ ɻʝʣʝʚʘʷ ʄʘʢʨʦʧʦʨʠʩʪʘʷ 

 

ɺ ʨʘʙʦʪʝ [7, 8] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʠʦʥʦʦʙʤʝʥʥʳʭ 

ʩʤʦʣ ɸʄ-2ɹ, ɸɺ-17-8 ʠ Purolite A-500 ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʟʦʣʦʪʘ, ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ ʠʟ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʠ ʦʙʝʟʟʦʣʦʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʡ ʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʴʶ ʧʦ ʤʝʜʠ ʦʙʣʘʜʘʝʪ ʩʤʦʣʘ ɸɺ-17-8, ʥʝʩʢʦʣʴʢʦ 

ʫʩʪʫʧʘʝʪ ʝʡ Purolite A-500, ʪʦʛʜʘ ʢʘʢ ʩʤʦʣʘ ɸʄ-2ɹ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʦʨʙʮʠʠ ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʸʤʢʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʤʦʣ ʧʦ ʟʦʣʦʪʫ ʩʦʧʦʩʪʘʚʠʤʘ, ʦʜʥʘʢʦ ʩʤʦʣʘ ɸʄ-2ɹ ʧʨʦʷʚʣʷʝʪ 

ʧʦʚʳʰʝʥʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʦʣʦʪʫ [7, 8]. 

 

ʀʩʪʦʯʥʠʢʠ 
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ᴄʆɾ: 669.24:669.3 

 

ʃɸʊɽʈʀʊʊɯ ʅʀʂɽʃʔ ʂɽʅɼɽʈɯʅ ɻʀɼʈʆʄɽʊɸʃʃʋʈɻʀʗʃʓפ ᴄɼɯʉʊɽʈʄɽʅ 

 ʓʊʊɸʈʓנʅɽɻɯɿɻɯ ɹɸ רɼɽʋɼɯרɸʁʊɸ ᴆפ

 
ʂʫʘʥʜʳʢʦʚʘ ɸ.ʅ.1, 2, ʄʘʤʳʨʙʘʝʚʘ ʂ.ʂ.2 

 
1 çϧʈ ʄʐʂϧϹ ϯʆè ʈʄʂ, ɸʣʤʘʪʳ Ϩ. ϧʘʟʘϨʩʪʘʥ 

2 ʂ.ʀ. ʉϸʪʙʘʝʚ ʘʪʳʥʜʘϤʳ ʫʥʠʚʝʨʩʠʪʝʪʽ,  ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ 
 

ʂʽʨʽʩʧʝ. ʉʦסשʳ ʞʳʣʜʘʨʳ ʥʠʢʝʣʴ ʤʝʥ ʢʦʙʘʣʴʪʪʳש ʩʪʨʘʪʝʛʠʷʣʳץ ʤʘשʳʟʳ 

ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʳʧ ʦʪʳʨ, ʙײʣ ʝש ʘʣʜʳʤʝʥ ʵʣʝʢʪʨ ʢᴇʣʽʛʽʥʽש ʞʘʧʧʘʡ ʝʥʛʽʟʽʣʫʽʤʝʥ, ʣʠʪʠʡ-

ʠʦʥʜʳץ ʘʢʢʫʤʫʣʷʪʦʨʣʘʨ ᴇʥʜʽʨʽʩʽʥʽײ שʣסʘʶʳʤʝʥ ʞᴅʥʝ ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʝʪʠʢʘ 

ʩʝʢʪʦʨʳʥʜʘסʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʝʨʧʽʥʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʍʘʣʳץʘʨʘʣʳץ ʵʥʝʨʛʝʪʠʢʘʣʳץ 

ʘʛʝʥʪʪʽʢʪʽש ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ, 2050 ʞʳʣסʘ ץʘʨʘʡ ʪʘʟʘ ʵʥʝʨʛʠʷ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ װʰʽʥ 

ʥʠʢʝʣʴʛʝ ʜʝʛʝʥ ʩײʨʘʥʳʩ ץʘʟʽʨʛʽ ʜʝשʛʝʡʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 10-30 ʝʩʝ, ʘʣ ʢʦʙʘʣʴʪץʘ ʜʝʛʝʥ 

ʩײʨʘʥʳʩ 9-32 ʝʩʝ ᴇʩʫʽ ʤװʤʢʽʥ. ᴄʣʝʤʜʽʢ ʥʠʢʝʣʴ ʨʝʩʫʨʩʪʘʨʳʥʳש ʙʘʩʳʤ ʙᴇʣʽʛʽ ʪᴇʤʝʥ 

 ʣʝʩʽ 85 %-ʜʘʥ ʘʩʘʜʳװ שʣʝʩʽʥʝ ʪʠʝʩʽʣʽ, ʦʣʘʨʜʳװ ʘʥ ʢʝʥʜʝʨ ï ʣʘʪʝʨʠʪʪʝʨץץʨʘʤʜʳ ʪʦʪʳײץ

[1]. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʣʘʪʝʨʠʪʪʽ ʢʝʥʜʝʨʜʽש ʢװʨʜʝʣʽ ʤʠʥʝʨʘʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳ, ʪʝʤʽʨ ʤʝʥ 

ʤʘʛʥʠʡʜʽש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʤʘץʩʘʪʪʳ ʤʝʪʘʣʜʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪᴇʤʝʥ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʦʣʘʨʜʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʡʪʘ ᴇשʜʝʫʜʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʢװʨʜʝʣʽ 

ʤʽʥʜʝʪʢʝ ʘʡʥʘʣʜʳʨʘʜʳ. 

ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ʣʘʪʝʨʠʪʪʽ ʥʠʢʝʣʴ ʢʝʥʜʝʨʽʥ ץʘʡʪʘ ᴇשʜʝʫʜʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʞᴅʥʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ ʪʘʣʜʘʫ ʞʘʩʘʧ, ᴅʣʝʤʜʽʢ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʪᴅʞʽʨʠʙʝʥʽ ץʦʨʳʪʫ ʞᴅʥʝ ʦʣʘʨʜʳ פʘʟʘץʩʪʘʥ ʢʝʥ ʦʨʳʥʜʘʨʳ ʞʘסʜʘʡʳʥʜʘ 

 .ʘʣʘʫסʤʢʽʥʜʽʢʪʝʨʽʥ ʙʘװʦʣʜʘʥʫ ʤץ

ʃʘʪʝʨʠʪʪʽ ʢʝʥʜʝʨ ʫʣʴʪʨʘʥʝʛʽʟʜʽ ʞʳʥʳʩʪʘʨʜʳש ʪʨʦʧʠʢʘʣʳץ ʞᴅʥʝ ʩʫʙʪʨʦʧʠʢʘʣʳץ 

ʢʣʠʤʘʪ ʞʘסʜʘʡʣʘʨʳʥʜʘ װʛʽʣʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʣʳʧʪʘʩʘʜʳ. ɻʝʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʦʣʘʨ 

ʣʠʤʦʥʠʪʪʽ ʞᴅʥʝ ʩʘʧʨʦʣʠʪʪʽ ʪʠʧʪʝʨʛʝ ʙᴇʣʽʥʝʜʽ. ʃʠʤʦʥʠʪʪʽ ʢʝʥʜʝʨʜʝ ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣʜʳץ 

ʬʘʟʘ ʨʝʪʽʥʜʝ ʛʝʪʠʪ ʧʝʥ ʛʠʜʨʦʛʝʪʠʪ ʙʘʩʳʤ, ʘʣ ʥʠʢʝʣʴ ʦʣʘʨʜʳש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥʜʘ 

ʠʟʦʤʦʨʬʪʳ ʪװʨʜʝ ʪʘʨʘʣסʘʥ. ʉʘʧʨʦʣʠʪʪʽ ʢʝʥʜʝʨ ʤʘʛʥʠʡ ʩʠʣʠʢʘʪʪʘʨʳʥʘ ʙʘʡ ʙʦʣʳʧ, ʥʠʢʝʣʴ 

ʤᴇʣʰʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳʨʘפ .(% 1,5-2,5) ץʘʡʪʘ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʪʘשʜʘʫ 

ʢʝʥʥʽש ʭʠʤʠʷʣʳץ-ʤʠʥʝʨʘʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ, SiO /MgO, Fe/Ni ʞᴅʥʝ Ni/Co 

 ʬʘʟʘʣʘʨʜʘ ʪʘʨʘʣʫ ץʤʠʥʝʨʘʣʜʳ שʥʠʢʝʣʴ ʤʝʥ ʢʦʙʘʣʴʪʪʳ ץʘʪʳʥʘʩʪʘʨʳʥʘ, ʩʦʥʜʘʡ-ʘץ

ʩʠʧʘʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʣʘʜʳ. ʅʠʢʝʣʴ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʢʝʥʜʝʨ װʰʽʥ 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴅʜʽʩʪʝʨ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʙʦʣʩʘ, ʪᴇʤʝʥ ײץʨʘʤʜʳ ʞᴅʥʝ 

 ʞᴅʥʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ץʰʽʥ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳװ ʠʳʥ ʙʘʡʳʪʳʣʘʪʳʥ ʣʘʪʝʨʠʪʪʝʨץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʣʘʨ ʙʘʩʳʤ ʙʘסʳʪ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ [2]. 
 

ʃʘʪʝʨʠʪʪʽ ʢʝʥʜʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫʜʽש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʧʨʦʮʝʩʪʝʨʽ  

ʂʘʨʦʥ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʂʘʨʦʥ ʪʝʭʥʦʣʦʛʠʷʩʳ ʣʘʪʝʨʠʪʪʽ ʢʝʥʜʝʨʜʽ ᴇשʜʝʫʜʝ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʞᴅʥʝ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʩʘʪʳʣʘʨʜʳ ʙʽʨʽʢʪʽʨʝʪʽʥ ʘʣסʘʰץʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʪᴅʩʽʣʜʝʨʜʽש ʙʽʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [3]. ʇʨʦʮʝʩʩ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʢװʡʜʽʨʫʜʽ (ʰʘʤʘʤʝʥ 850 ÁC) ʞᴅʥʝ 

ʢʝʡʽʥʛʽ ʘʤʤʠʘʢʪʳ ʝʨʽʪʽʥʜʽʣʝʨʤʝʥ ʰʘʡʤʘʣʘʫʜʳ ץʘʤʪʠʜʳ. ᴄʜʽʩʪʽש ʝʨʝʢʰʝʣʽʛʽ - ʥʠʢʝʣʴ ʤʝʥ 

ʢʦʙʘʣʴʪץʘ ץʘʪʳʩʪʳ ʞʦסʘʨʳ ʪʘʣסʘʤʜʳʣʳץ ʞᴅʥʝ ʘʤʤʠʘʢʪʳ ʝʨʽʪʽʥʜʽʥʽ ʨʝʛʝʥʝʨʘʮʠʷʣʘʫ 

ʤװʤʢʽʥʜʽʛʽ. ʂʘʨʦʥ ʪʝʭʥʦʣʦʛʠʷʩʳ ʂʫʙʘ, ɸʚʩʪʨʘʣʠʷ ʞᴅʥʝ ɹʨʘʟʠʣʠʷ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʜʘ 

 ʳ ʞᴅʥʝ ʩʫʣʴʬʠʜʪʽסʥʪʘײ ʘʥ. ʅʝʛʽʟʛʽ ᴇʥʽʤʜʝʨ ʨʝʪʽʥʜʝ ʥʠʢʝʣʴ ʦʢʩʠʜʽ, ʥʠʢʝʣʴסʦʣʜʘʥʳʣץ

ʢʦʥʮʝʥʪʨʘʪʪʘʨ ʘʣʳʥʘʜʳ. ʅʠʢʝʣʴʜʽש ʘʣʳʥʫ ʜᴅʨʝʞʝʩʽ 90 %-ʜʘʥ ʪᴇʤʝʥ, ʘʣ ʢʦʙʘʣʴʪ 80 %-ʜʘʥ 

ʘʩʧʘʡʜʳ. ʇʨʦʮʝʩʪʽש ʥʝʛʽʟʛʽ ʰʝʢʪʝʫʣʝʨʽ ʞʦסʘʨʳ ʵʥʝʨʛʠʷ ʰʳסʳʥʳ ʞᴅʥʝ ʘʤʤʠʘʢʧʝʥ ʞײʤʳʩ 

ʽʩʪʝʫʜʽש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 
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ɾʦϤʘʨʳ ϨʳʩʳʤʜʘϤʳ ʢϮʢʽʨʪϨʳʰϨʳʣʜʳ ʰʘʡʤʘʣʘʫ (HPAL) 

HPAL ʪʝʭʥʦʣʦʛʠʷʩʳ ʣʠʤʦʥʠʪʪʽ ʣʘʪʝʨʠʪʪʝʨʜʝʥ ʥʠʢʝʣʴ ʤʝʥ ʢʦʙʘʣʴʪʪʳ ᴇʥʜʽʨʫʜʝ ʝש 

ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʝʪʽʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʨʦʮʝʩʩ 

ʘʚʪʦʢʣʘʚʪʘʨʜʘ 240-270 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ 2000-4000 ʢʇʘ ץʳʩʳʤʜʘ ʞװʨʛʽʟʽʣʝʜʽ. 

ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ ʤʝʪʘʣʣ ʘʣʳʥʫʳ 95 %-ʜʘʥ ʘʩʘʜʳ, ʘʣ ʰʘʡʤʘʣʘʫ ʫʘץʳʪʳ 60 - 90 ʤʠʥʫʪʧʝʥ 

ʰʝʢʪʝʣʝʜʽ. ʊʝʭʥʦʣʦʛʠʷ ʌʠʣʠʧʧʠʥʜʝ, ʀʥʜʦʥʝʟʠʷʜʘ ʞᴅʥʝ ɸʚʩʪʨʘʣʠʷʜʘ ʢʝשʽʥʝʥ ʝʥʛʽʟʽʣʛʝʥ 

[4]. ɸʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʳש ʞʦסʘʨʳʣʳסʳ ʞᴅʥʝ ʤʝʪʘʣʣ 

ʘʣʳʥʫʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽ ʞʘʪʘʜʳ. ʂʝʤʰʽʣʽʢʪʝʨʽ ʨʝʪʽʥʜʝ ץʳʰץʳʣ ʰʳסʳʥʳʥʳש ʢᴇʧʪʽʛʽ, 

ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ץʳʤʙʘʪ ʘʚʪʦʢʣʘʚ ʞʘʙʜʳץʪʘʨʳʥ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽ ʞᴅʥʝ ʞʦסʘʨʳ 

ʢװʨʜʝʣʽ ʰʳסʳʥʜʘʨ ʘʪʘʣʘʜʳ. 
 

ɸʪʤʦʩʬʝʨʘʣʳϨ ʢϮʢʽʨʪϨʳʰϨʳʣʜʳ ʰʘʡʤʘʣʘʫ 

ɸʪʤʦʩʬʝʨʘʣʳץ ʰʘʡʤʘʣʘʫ ʪᴇʤʝʥ ײץʨʘʤʜʳ ʞᴅʥʝ ʢװʨʜʝʣʽ ײץʨʘʤʜʳ ʣʘʪʝʨʠʪʪʝʨʜʽ 

ʢʝʥʜʝʨʜʽ ᴇשʜʝʫʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʇʨʦʮʝʩʩ 80-100 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 6-12 ʩʘסʘʪ 

ʞװʨʛʽʟʽʣʝʜʽ. ʅʠʢʝʣʴʜʽש ʘʣʳʥʫʳ 90-95 %, ʘʣ ʢʦʙʘʣʴʪ 80-85 % ʜʝשʛʝʡʽʥʜʝ. ᴄʜʽʩʪʽש ʙʘʩʪʳ 

ʘʨʪʳץʰʳʣʳסʳ - ʢװʨʜʝʣʽ ʰʳסʳʥʜʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥʜʽʛʽ. ʅʝʛʽʟʛʽ 

ʢʝʤʰʽʣʽʢʪʝʨʽ - ץʳʰץʳʣ ʰʳסʳʥʳʥʳש ʢᴇʧʪʽʛʽ ʞᴅʥʝ ʧʨʦʮʝʩʪʽײ שʟʘץʪʳסʳ [5]. 
 

ϭʡʽʥʜʽʣʽʢ ʰʘʡʤʘʣʘʫ 

 ʰʽʥװ ʡʽʥʜʽʣʽʢ ʰʘʡʤʘʣʘʫ ʥʠʢʝʣʴ ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ʠʛʝʨʫת

ʢɻʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ᴅʜʽʩ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ɹײʣ ʪᴅʩʽʣ Glencore, Vale, BHP ʞᴅʥʝ 

Anglo American ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʇʨʦʮʝʩʩ 30-40 ʪᴅʫʣʽʢ ʞװʨʛʽʟʽʣʽʧ, 

ʥʠʢʝʣʴ ʘʣʳʥʫʳ 80-85 % ʜʝשʛʝʡʽʥʝ ʞʝʪʝʜʽ [3]. ɸʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ʪᴇʤʝʥ ʢװʨʜʝʣʽ 

ʰʳסʳʥʜʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʢʝʤʜʽʣʽʢ ʞʘʪʘʜʳ. ʂʝʤʰʽʣʽʢʪʝʨʽ - ײʟʘץ ʮʠʢʣ ʞᴅʥʝ 

ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨסʘ ʪᴅʫʝʣʜʽʣʽʢ. 
 

ɹʠʦʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳϨ ʧʨʦʮʝʩʪʝʨ 

ɹʠʦʰʘʡʤʘʣʘʫ ʘʮʠʜʦʬʠʣʴʜʽ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽץ שʘʪʳʩʫʳʤʝʥ ʞװʨʛʽʟʽʣʝʜʽ [63-70]. 

ʅʝʛʽʟʛʽ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʛʝ Acidithiobacillus ʪʦʙʳ ʞʘʪʘʜʳ. ʄʝʪʘʣʣ ʘʣʳʥʫʳ 70-85 % 

ʜʝשʛʝʡʽʥʜʝ ʙʦʣסʘʥʳʤʝʥ, ʧʨʦʮʝʩʩ ʙʘʷʫ ʞװʨʝʜʽ ʞᴅʥʝ ʢʝʥʥʽש ʤʠʥʝʨʘʣʦʛʠʷʣʳײץ ץʨʘʤʳʥʘ 

ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʪᴅʫʝʣʜʽ [6]. 

 

ʍʣʦʨʠʜʪʽ h ʘʡʤʘʣʘʫ 

ʍʣʦʨʠʜʪʽ ʰʘʡʤʘʣʘʫ ʘʪʤʦʩʬʝʨʘʣʳץ ʞʘסʜʘʡʜʘ ʤʝʪʘʣʣ ʘʣʳʥʫʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. Jaguar Nickel ʞʦʙʘʩʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʝʥʛʽʟʫ ʩʘʪʳʩʳʥʜʘ [7]. ɸʣʘʡʜʘץ

ʞʘʙʜʳץʪʘʨʜʳש ʢʦʨʨʦʟʠʷסʘ ײʰʳʨʘʫʳ, ʞʦסʘʨʳ ײץʥʳ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ʪʘʣʘʧʪʘʨʳʥʳש 

 .ʪʘʨʘʣʫʳʥ ʰʝʢʪʝʡʜʽ שʢʝ שʣ ʪʝʭʥʦʣʦʛʠʷʥʳײʳ ʙסʜʳשʘʪʘץ
 

ɸʣʜʳʥ ʘʣʘ ʢװʡʜʽʨʫʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʰʘʡʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ᴅʩʽʨʝʩʝ ʪᴇʤʝʥ 

 ʳʜʘʥסʨײʪ ץʰʽʥ ʵʢʦʥʦʤʠʢʘʣʳװ ʘʨʳ ʣʘʪʝʨʠʪʪʝʨסʨʘʤʜʳ ʞᴅʥʝ ʪʝʤʽʨ ʤᴇʣʰʝʨʽ ʞʦײץ

ʪʘʨʪʳʤʜʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ɹʽʨץʘʪʘʨ ʘʚʪʦʨʣʘʨ ʙײʣ ʪᴅʩʽʣʜʽש ʘʚʪʦʢʣʘʚʪʳץ HPAL 

ʪʝʭʥʦʣʦʛʠʷʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪᴇʤʝʥ ץʳʩʳʤʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥʳʥ, ץʘʨʘʧʘʡʳʤ 

ʞʘʙʜʳץʪʘʨʜʳ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥ ʞᴅʥʝ ʢװʨʜʝʣʽ ʰʳסʳʥʜʘʨʜʳ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʟʘʡʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢװʡʜʽʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥʘʪʳʥ ʪᴇʤʝʥ ʪʝʤʽʨʣʽ 

ʝʨʽʪʽʥʜʽʣʝʨ ʢʝʡʽʥʛʽ ʩײʡʳץʪʳץʪʳ ʵʢʩʪʨʘʢʮʠʷ ʞᴅʥʝ ʪʘʟʘʨʪʫ ʩʘʪʳʣʘʨʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʳʧ, ʞʘʣʧʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʥʳש ʠʢʝʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ [8]. 

 % ʳʥʜʘ ʥʠʢʝʣʴ ʤᴇʣʰʝʨʽ 0,9-1,1 % ʞᴅʥʝ ʢʦʙʘʣʴʪ ʤᴇʣʰʝʨʽ 0,05-0,1סʩʪʘʥ ʘʫʤʘץʘʟʘפ

ʙʦʣʘʪʳʥ ʣʘʪʝʨʠʪʪʽ ʢʝʥʜʝʨʜʽש ʝʣʝʫʣʽ ץʦʨʣʘʨʳ ʙʘʨ [1]. ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ 

ʢװʢʽʨʪץʳʰץʳʣʜʳ ʞᴅʥʝ ʭʣʦʨʠʜʪʽ ʰʘʡʤʘʣʘʫ ᴅʜʽʩʪʝʨʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ, ʩʦʥʜʘʡ-ʘץ ʘʣʜʳʥ ʘʣʘ 

ʪʦʪʳץʪʳʨסʳʰ-ʩʫʣʴʬʘʪʪʘʫʰʳ ʢװʡʜʽʨʫʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʪʽ. ʊʝʭʥʦʛʝʥʜʽʢ ʞᴅʥʝ ʙʘʡʳʪʫ ץʘʣʜʳץʪʘʨʳʥ ץʘʡʪʘ ᴇשʜʝʫ ʞʳʣ ʩʘʡʳʥ ʰʘʤʘʤʝʥ 7 ʤʳש 

ʪ ʥʠʢʝʣʴ ʤʝʥ 14 ʤʳש ʪ ʢʦʙʘʣʴʪ ᴇʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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 ʦʨʳʪʳʥʜʳפ
ɾװʨʛʽʟʽʣʛʝʥ ʰʦʣʫ ʣʘʪʝʨʠʪʪʽ ʥʠʢʝʣʴ ʢʝʥʜʝʨʽʥ ץʘʡʪʘ ᴇשʜʝʫʜʝ HPAL, ʘʪʤʦʩʬʝʨʘʣʳץ 

ʞᴅʥʝ װʡʽʥʜʽʣʽʢ ʰʘʡʤʘʣʘʫ, ʩʦʥʜʘʡ-ʘץ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʞʝʪʝʢʰʽ ʦʨʳʥ 

ʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ʄʝʪʘʣʣ ʘʣʳʥʫʳ ʙʦʡʳʥʰʘ ʝש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʢ HPAL ᴅʜʽʩʽʥʝ ʪᴅʥ 

ʙʦʣסʘʥʳʤʝʥ, ʦʥʳש ʞʦסʘʨʳ ʢװʨʜʝʣʽ ʰʳסʳʥʜʘʨʳ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢװʨʜʝʣʽʣʽʛʽ ʙײʣ 

ʪʝʭʥʦʣʦʛʠʷʥʳ ʪᴇʤʝʥ ײץʨʘʤʜʳ ʢʝʥʜʝʨ װʰʽʥ ʢʝש ʢᴇʣʝʤʜʝ ץʦʣʜʘʥʫʜʳ ʰʝʢʪʝʡʜʽ. 

ɸʣʜʳʥ ʘʣʘ ʢװʡʜʽʨʫʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʰʘʡʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʪᴇʤʝʥ ײץʨʘʤʜʳ 

ʞᴅʥʝ ʪʝʤʽʨ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʣʘʪʝʨʠʪʪʝʨ װʰʽʥ ʪʠʽʤʜʽ ʙʘʣʘʤʘ ʙʘסʳʪ ʨʝʪʽʥʜʝ ץʘʣʳʧʪʘʩʳʧ 

ʦʪʳʨ. ᴄʜʝʙʠ ʜʝʨʝʢʪʝʨ ʤʝʥ פʘʟʘץʩʪʘʥ ʢʝʥʜʝʨʽ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ 450-700 

ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʞװʨʛʽʟʽʣʝʪʽʥ ʩʫʣʴʬʘʪʪʘʫʰʳ ʢװʡʜʽʨʫ ʥʠʢʝʣʴ ʤʝʥ 

ʢʦʙʘʣʴʪʪʳש ʪʘʣסʘʤʜʳ ʙᴇʣʽʥʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʢʝʡʽʥʛʽ ʰʘʡʤʘʣʘʫʜʘ ʦʣʘʨʜʳש ʘʣʳʥʫʳʥ 

90 %-ʜʘʥ ʞʦסʘʨʳ ʜʝשʛʝʡʛʝ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ, ʘʣ ʪʝʤʽʨʜʽש ʝʨʽʪʽʥʜʽʛʝ 

ᴇʪʫʽ 5-10 % ʰʝʛʽʥʜʝ ʰʝʢʪʝʣʝʜʽ. 

 ʳʣʜʳ ʰʘʡʤʘʣʘʫ ʤʝʥ ʘʣʜʳʥ ʘʣʘץʳʰץʢʽʨʪװʢ ץʜʘʡʳʥʜʘ ʘʪʤʦʩʬʝʨʘʣʳסʩʪʘʥ ʞʘץʘʟʘפ

ʪʦʪʳץʪʳʨסʳʰ-ʩʫʣʴʬʘʪʪʘʫʰʳ ʢװʡʜʽʨʫʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʣʘʨ 

ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʝʥʛʽʟʫʛʝ ʪʠʽʤʜʽ 

ʙʘסʳʪʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʝʭʥʦʛʝʥʜʽʢ ʰʠʢʽʟʘʪ ʧʝʥ ʙʘʡʳʪʫ 

 ʙʘʟʘʩʳʥ ץʦʩʳʤʰʘ ʨʝʩʫʨʩʪʳץ שʜʝʫ ʥʠʢʝʣʴ ʤʝʥ ʢʦʙʘʣʴʪʪʳשʘʡʪʘ ᴇץ ʪʘʨʳʥץʘʣʜʳץ

 .ʘʨʘʩʪʳʨʳʣʫʳ ʪʠʽʩץ ʳʪʳ ʨʝʪʽʥʜʝסʳʟʜʳ ʙʘשʤʘ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ
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ʇʆʃʋʏɽʅʀɽ ʄɸʈɻɸʅʎɽɺʓʍ ʇʈʆɼʋʂʊʆɺ  

ʀɿ ʊɽʍʅʆɻɽʅʅʓʍ ʄʀʅɽʈɸʃʔʅʓʍ ʆɹʈɸɿʆɺɸʅʀʁ 

 
ʄʘʢʘʰʝʚ ɸ.ʉ.1, ɸʪʘʭʘʥ ʄ.ʄ.2, ɼʶʩʝʢʝʝʚ ɾ.ɹ.1, ʂʫʨʢʠʥ ɸ.ɸ.1, ʄʫʭʪʘʨ ɸ.ɸ.2,  

ʂʘʩʳʤʦʚʘ ɹ.ʂ.2, ʉʝʤʙʝʢʦʚʘ ɸ.ʊ.2 
 

1ʅɸʆçʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè, 

ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 
2ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʛʝʥʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʸ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʠ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʝʤʳʤ ʨʝʩʫʨʩʦʤ [1]. ʀʥʪʝʨʝʩ 

ʢ ʪʝʭʥʦʛʝʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʟʘʧʘʩʳ ʠ ʢʘʯʝʩʪʚʦ ʨʫʜ 

ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʭʫʜʰʘʶʪʩʷ, ʪʦʛʜʘ ʢʘʢ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ ʩʳʨʴʷ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʧʨʠʨʦʜʥʳʤʠ ʟʘʣʝʞʘʤʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʫʞʝ ʜʦʙʳʪ, ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʸʥ, ʘ ʧʦʣʝʟʥʳʝ ʤʠʥʝʨʘʣʳ ʯʘʩʪʠʯʥʦ ʦʩʚʦʙʦʞʜʝʥʳ 

ʦʪ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ. 

ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʘʨʛʫʤʝʥʪʳ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʤʝʥʠʤʳ ʢ ʭʚʦʩʪʘʤ, 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ [2]. ʅʝʨʝʜʢʦ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʤʘʨʛʘʥʝʮ 

ʠʟʚʣʝʢʘʝʪʩʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʛʦ ʜʦʣʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʪʭʦʜʘʭ [3, 4]. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʢʨʫʧʥʳʡ ʪʝʭʥʦʛʝʥʥʳʡ ʨʝʩʫʨʩ ʤʘʨʛʘʥʮʘ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ɾʝʟʜʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ. ɿʘʧʘʩʳ ʣʝʞʘʣʳʭ ʭʚʦʩʪʦʚ 

ʦʮʝʥʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʘʪʝʛʦʨʠʷ ʉ1 - 1 804,7 ʪʳʩ. ʪ, ʢʘʪʝʛʦʨʠʷ ʉ2 - 512,2 ʪʳʩ. ʪ. 

ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mn 9,08% [5].  

ʇʦ ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʘʜʘʩʪʨʘ ʩʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʚʦʩʪʦʚ, %: Mn 

10,5; Fe 1,98; SiOϜ 32,0; AlϜOϝ 7,2; CaO 3,1; MgO 1,2; Sr 0,04; Zn 0,02; Rb 0,018; Ag 1,6 

ʛ/ʪ; Au 0,1 ʛ/ʪ [6]. 

 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʙʦʛʘʪʠʤʦʩʪʴ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ 

ʧʨʦʙʳ ʠʟ ɾʝʟʜʠʥʩʢʦʛʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mn: ˉ1 ï 9,82%; 

ˉ2 ï 10,23% ʠ ˉ3 ï 11,60%. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʸʤ ʦʙʲʝʜʠʥʝʥʠʷ ʪʨʸʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʙ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚ %: Mn ï 10,59; Fe ï 2,74; SiO2 ï 59,82. 

ɺʣʘʞʥʦʩʪʴ ï 5,0 %. ʅʘʩʳʧʥʦʡ ʚʝʩ ï 1,52 ʛ/ʩʤ3. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚ %: ʢʣ.ʢʨ. -5,0+2,0 ï 1,36; -2,0+1,0 ï 8,20; -1,0+0,5 ï 

28,06; -0,5+0,315 ï 19,29; -0,315+0,16 ï 22,00; -0,16+0,0 ï 21,09. 

ʄʘʪʝʨʠʘʣ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʠʯʥʦ ʤʘʨʛʘʥʮʦʚʠʩʪʳʤ ʨʫʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʢʨʝʤʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʳʤ ʧʦʨʦʜʘʤ. 

ʆʩʥʦʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ï ʙʨʘʫʥʠʪ, ʧʩʠʣʦʤʝʣʘʥ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ï ʧʠʨʦʣʶʟʠʪ, 

ʨʦʜʦʭʨʦʟʠʪ, ʤʘʥʛʘʥʠʪ, ʛʝʤʘʪʠʪ, ʨʦʜʦʥʠʪ, ʩʨʝʜʠ ʥʝʨʫʜʥʳʭ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮ ʠ 

ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʛʣʠʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ. ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʣʠʤʦʥʠʪʦʤ ʠ ʛʝʤʘʪʠʪʦʤ, ʧʦʩʣʝʜʥʠʡ ʦʙʨʘʟʫʝʪ ʧʩʝʚʜʦʤʦʨʬʦʟʳ 

ʛʝʤʘʪʠʪʘ ʧʦ ʤʘʛʥʝʪʠʪʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʨʪʠʪʘ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʪʚʝʨʞʜʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʙʝ ʤʘʨʛʘʥʮʝʚʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʙʨʘʫʥʠʪʦʤ (3MnϜOϝ·MnSiOϝ) ʠ 

ʧʩʠʣʦʤʝʣʘʥʦʤ (MnOĿMnO2·nH2ʆ); ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʝʤʘʪʠʪ, 

ʤʘʛʥʝʪʠʪ ʠ ʣʠʤʦʥʠʪ ʪ.ʜ. ʅʝʨʫʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʢʣʶʯʘʝʪ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, 

ʢʚʘʨʮ, ʤʠʢʨʦʢʣʠʥ, ʩʝʨʠʮʠʪ, ʢʘʦʣʠʥʠʪ, ʢʘʣʴʮʠʪ, ʭʣʦʨʠʪ ʠ ʛʠʧʩ. 



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

117 

ʉʫʜʷ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʙʘ 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʩʫʭʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʚ ʩʠʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʧʦʩʢʦʣʴʢʫ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʘʨʛʘʥʮʘ ʟʘʢʣʶʯʝʥʘ ʚ ʩʣʘʙʦʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʘʭ [7-8]. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʩʦʟʜʘʶʪ ʤʦʱʥʳʡ ʤʘʛʥʠʪʥʳʡ ʛʨʘʜʠʝʥʪ, 

ʩʧʦʩʦʙʥʳʡ ʧʨʠʪʷʛʠʚʘʪʴ ʜʘʞʝ ʪʦʥʢʦʚʢʨʘʧʣʸʥʥʳʝ ʟʝʨʥʘ ʙʨʘʫʥʠʪʘ, ʧʩʠʣʦʤʝʣʘʥʘ ʠ ʜʨʫʛʠʭ 

ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ [9], ʪʦʛʜʘ ʢʘʢ ʥʝʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʢʚʘʨʮ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, 

ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ) ʧʝʨʝʭʦʜʷʪ ʚ ʭʚʦʩʪʳ. ʉʫʭʦʡ ʩʧʦʩʦʙ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʶ. 

ʇʨʦʚʝʜʝʥʘ ʩʫʭʘʷ ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʧʨʦʙʳ ʥʘ ʩʝʧʘʨʘʪʦʨʝ 138ʊ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 0,48 ʊʣ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʫʭʘʷ ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʧʨʦʙʳ ʥʘ ʩʝʧʘʨʘʪʦʨʝ 138ʊ 
 

ʇʨʦʜʫʢʪ 
ɺʳʭʦʜ, 

% 

ʉʦʜʝʨʞʘʥʠʝ, % ʀʟʚʣʝʯʝʥʠʝ, % 

Mn Fe SiO2 Mn Fe SiO2 

ʀʩʭʦʜʥʘʷ 

ʧʨʦʙʘ 
100,00 10,59 2,74 59,82 100,00 100,00 100,00 

ʄʌ 24,71 29,73 4,32 33,12 69,40 39,00 13,68 

ʅʄʌ 75,29 4,31 2,22 68,58 30,60 61,00 86,32 

ʀʊʆɻʆ 100,00 10,59 2,74 59,82 100,00 100,00 100,00 
 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʠ ʠʟʚʣʝʯʝʥʠʝ Mn ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʨʦʜʫʢʪʝ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 29,73% ʠ 69,40% ʧʨʠ ʚʳʭʦʜʝ ʢʦʥʮʝʥʪʨʘʪʘ 24,71%. 

ɺ ʤʘʛʥʠʪʥʳʡ ʧʨʦʜʫʢʪ ʧʝʨʝʭʦʜʠʪ ʣʠʰʴ 39,00% ʞʝʣʝʟʘ ʠʟ-ʟʘ ʧʨʝʦʙʣʘʜʘʥʠʷ ʥʝʤʘʛʥʠʪʥʳʭ 

ʬʦʨʤ Fe (ʛʝʤʘʪʠʪ, ʣʠʤʦʥʠʪ); ʦʩʥʦʚʥʘʷ ʝʛʦ ʜʦʣʷ (61,00%) ʦʩʪʘʸʪʩʷ ʚ ʭʚʦʩʪʘʭ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ 68,58% SiOϜ ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʤʘʛʥʠʪʥʳʡ ʧʨʦʜʫʢʪ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

ɺʳʚʦʜʳ 

1. ʀʟʫʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʠ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʧʨʦʙʳ ʣʝʞʘʣʳʭ 

ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ɾʝʟʜʠʥʩʢʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ. 

2. ɸʥʘʣʠʟ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʙʳ ʣʝʞʘʣʳʭ ʭʚʦʩʪʦʚ 

ɾʝʟʜʠʥʩʢʦʡ ʆʌ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʩʫʭʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʚ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʤʘʨʛʘʥʮʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʩʣʘʙʦʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʘʭ ʪʘʢʠʭ ʢʘʢ, ʙʨʘʫʥʠʪ, ʧʩʠʣʦʤʝʣʘʥ ʠ 

ʜʨ. 

3. ʇʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʭʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʭʚʦʩʪʦʚ ɾʝʟʜʠʥʩʢʦʡ 

ʆʌ ʥʘ ʩʝʧʘʨʘʪʦʨʝ 138ʊ ʧʨʠ ʠʥʜʫʢʮʠʠ 0,48 ʊʣ: ʧʦʣʫʯʝʥ ʤʘʛʥʠʪʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩ Mn 

29,73%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2,8-ʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʠʩʭʦʜʥʳʤ ʩʳʨʴʸʤ; ʪʝʥʜʝʥʮʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʨʦʜʫʢʪʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
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2ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ʈʘʟʚʠʪʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʞʝʣʝʟʦ ʠ ʜʨʫʛʠʝ ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [1]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʜʘʥʥʦʝ ʩʳʨʴʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʤ 

ʚʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʛʦ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ [2]. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʠʟ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʤʝʪʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʠ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʜʦ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʚʪʦʨʠʯʥʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ [3]. 

 

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʘʭ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʨʦʙʣʝʥʠʝ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ 

ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʘʩ.%: Fe ï 41,13; S ï 3,10; AlϜOϝ ï 4,21; 

SiOϜ ï 59,82. ɺʣʘʞʥʦʩʪʴ ʧʨʦʙʳ ʩʦʩʪʘʚʠʣʘ 5,0%. ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ï 1,52 ʛ/ʩʤį. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʣʠ ʩʠʪʦʚʳʤ ʘʥʘʣʠʟʦʤ; 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ 

 

ʂʣ. ʢʨ., ʤʤ ɔ, % 
ʉʦʜʝʨʞʘʥʠʝ, % ʀʟʚʣʝʯʝʥʠʝ, % 

Fe S Al 2O3 SiO2 Fe S Al 2O3 SiO2 

ʀʩʭʦʜʥʳʡ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

-10,0+5,0 48,05 39,43 2,48 4,29 18,31 46,06 38,44 48,96 47,58 

-5,0+3,0 18,39 42,37 2,70 3,91 16,56 18,94 16,02 17,08 16,47 

-3,0+2,0 3,19 42,10 2,81 3,85 17,19 3,27 2,89 2,92 2,97 

-2,0+1,0 9,79 41,57 3,90 3,85 16,68 9,90 12,32 8,95 8,83 

-1,0+0,5 6,28 41,03 4,91 3,75 15,80 6,26 9,95 5,60 5,37 

-0,5+0,315 2,33 42,37 6,91 3,80 13,55 2,40 5,19 2,10 1,71 

-0,315+0,16 2,98 45,05 6,63 3,80 13,93 3,26 6,37 2,69 2,25 

-0,16+0,0 8,99 45,32 3,04 5,48 30,48 9,91 8,82 11,70 14,82 

ʀʪʦʛʦ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 
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ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ï 48,05% ʠ 18,39% ī 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ ī10,0+5,0 ʤʤ ʠ ī5,0+3,0 ʤʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 

39,43% ʠ 42,37% ʠ ʠʟʚʣʝʯʝʥʠʝʤ ʞʝʣʝʟʘ 46,06% ʠ 18,94% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ ʚ ʫʢʘʟʘʥʥʳʭ ʢʣʘʩʩʘʭ ʩʦʩʪʘʚʣʷʝʪ 2,48% ʠ 2,70% ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 38,44% ʠ 16,02%. ɺ 

ʙʦʣʝʝ ʤʝʣʢʠʭ ʢʣʘʩʩʘʭ (ī3,0+0,0 ʤʤ) ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 41,03-

45,32%, ʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ī ʦʪ 2,81% ʜʦ 6,91%. ɺ ʢʣʘʩʩʘʭ ī0,5+0,16 ʤʤ ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ (6,63ï6,91%), ʦʜʥʘʢʦ ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʩʝʨʳ ʚ ʜʘʥʥʳʭ 

ʢʣʘʩʩʘʭ ʩʦʩʪʘʚʣʷʝʪ 11,56%. 

ʇʨʦʚʝʜʝʥʘ ʩʫʭʘʷ ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʧʨʦʙ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ 

ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ī10,0+0,0 ʤʤ, +5,0+0,0 ʤʤ ʠ ī3,0+0,0 ʤʤ ʥʘ ʩʝʧʘʨʘʪʦʨʝ 120ʊ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 0,2 ʊʣ; ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʩʫʭʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʩʳʨʴʷ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ 

 

ʇʨʦʜʫʢʪʳ ɔ, % 
ʉʦʜʝʨʞʘʥʠʝ, % ʀʟʚʣʝʯʝʥʠʝ, % 

Fe S Al 2O3 SiO2 Fe S Al 2O3 SiO2 

ʂʣ. ʢʨ. ī10,0+0,0 ʤʤ 

ʀʩʭʦʜʥʳʡ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

ʄʌ 69,40 53,49 2,42 2,61 11,36 90,26 54,00 43,02 42,64 

ʅʄʌ 30,60 13,09 4,65 7,84 34,66 9,74 46,00 56,98 57,36 

ʀʪʦʛʦ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

ʂʣ. ʢʨ. ī5,0+0,0 ʤʤ 

ʀʩʭʦʜʥʳʡ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

ʄʌ 69,10 53,60 1,97 2,62 11,10 90,05 43,90 43,00 41,48 

ʅʄʌ 30,90 13,25 5,63 7,78 35,02 9,95 56,10 57,00 58,52 

ʀʪʦʛʦ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

ʂʣ. ʢʨ. ī3,0+0,0 ʤʤ 

ʀʩʭʦʜʥʳʡ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

ʄʌ 68,70 53,75 1,76 2,62 10,81 89,78 39,00 42,75 40,16 

ʅʄʌ 31,30 13,43 6,04 7,70 35,35 10,22 61,00 57,25 59,84 

ʀʪʦʛʦ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

 

ʉʫʭʦʝ ʤʘʛʥʠʪʥʦʝ ʦʙʦʛʘʱʝʥʠʝ (ʉʄʉ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʧʦ ʢʣʘʩʩʘʤ 

ʢʨʫʧʥʦʩʪʠ ī10,0+0,0 ʤʤ, +5,0+0,0 ʤʤ ʠ ī3,0+0,0 ʤʤ ʧʦʢʘʟʘʣʦ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮ 2, ʚʳʭʦʜ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 68,70-

69,40%, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʞʝʣʝʟʘ 53,49-53,75% ʠ ʠʟʚʣʝʯʝʥʠʠ Fe ʚ ʤʘʛʥʠʪʥʳʡ ʧʨʦʜʫʢʪ 

89,78-90,26%. ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʤʘʛʥʠʪʥʳʭ ʧʨʦʜʫʢʪʘʭ ʩʦʩʪʘʚʣʷʝʪ 1,76-2,42% ʧʨʠ 

ʠʟʚʣʝʯʝʥʠʠ 39,00-54,00%. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ ʠ 

ʠʟʚʣʝʯʝʥʠʶ ʝʛʦ ʚ ʤʘʛʥʠʪʥʫʶ ʬʨʘʢʮʠʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʭʘʷ ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʥʝ ʦʙʝʩʧʝʯʠʣʘ ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʙʦʛʘʱʝʥʠʷ (ʩʦʜʝʨʞʘʥʠʝ Fe ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ S ʚ ʤʘʛʥʠʪʥʦʤ ʧʨʦʜʫʢʪʝ). C 

ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ, ʧʦ ʩʭʝʤʝ 

ʜʨʦʙʣʝʥʠʝ Ÿ ʉʄʉ Ÿ ʠʟʤʝʣʴʯʝʥʠʝ Ÿ ʄʄʉ, ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʤʧʨʦʜʫʢʪ ʤʝʪʦʜʦʤ ʩʫʭʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʢʣ.ʢʨ. -10,0+0,0 ʤʤ 

ʧʨʠ 0,2 ʊʣ, ʧʦʜʚʝʨʛʘʣʠ ʠʟʤʝʣʴʯʝʥʠʶ ʜʦ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ -0,071+0,0 ʤʤ (ʥʝ ʤʝʥʝʝ 80%), 

ʧʦʣʫʯʝʥʥʳʡ ʠʟʤʝʣʴʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʧʨʘʚʠʣʠ ʥʘ ʤʦʢʨʫʶ ʤʘʛʥʠʪʥʫʶ ʩʝʧʘʨʘʮʠʶ ʧʨʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 0,24 ʊʣ (ʪʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ 2-ʭ ʩʪʘʜʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ 

 

ʆʩʥʦʚʥʘʷ ï ʉʄʉ ʅ=0,2 ʊʣ (ī10,0+0,0ʤʤ) 

ʇʨʦʜʫʢʪʳ ɔ, % 
ʉʦʜʝʨʞʘʥʠʝ, % ʀʟʚʣʝʯʝʥʠʝ, % 

Fe S Al 2O3 SiO2 Fe S Al 2O3 SiO2 

ʀʩʭʦʜʥʳʡ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

ʄʌ 69,40 53,49 2,42 2,61 11,36 90,26 54,00 43,02 42,64 

ʅʄʌ 30,60 13,09 4,65 7,84 34,66 9,74 46,00 56,98 57,36 

ʀʪʦʛʦ 100,0 41,13 3,10 4,21 18,49 100,0 100,0 100,0 100,0 

ʇʝʨʝʯʠʩʪʢʘ ï ʄʄʉ H=0,24 ʊʣ (ī0,071+0,0ʤʤ) 

ʀʩʭʦʜʥʳʡ 100,0 53,49 2,42 2,61 11,36 100,0 100,0 100,0 100,0 

ʄʌ 68,90 67,48 0,16 0,66 1,98 86,92 4,60 17,42 12,01 

ʅʄʌ 31,10 22,50 7,42 6,93 32,14 13,08 95,40 82,58 87,99 

ʀʪʦʛʦ 100,0 53,49 2,42 2,61 11,36 100,0 100,0 100,0 100,0 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʦʢʨʦʤ ʤʘʛʥʠʪʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʧʨʦʤʧʨʦʜʫʢʪʘ 

ʞʝʣʝʟʦ ʧʦʜʥʠʤʘʝʪʩʷ ʩ 53,49% ʜʦ 67,48% ʠʟʚʣʝʯʝʥʠʝ Fe ʚ ʤʘʛʥʠʪʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 

ʩʦʩʪʘʚʣʷʝʪ 86,92%, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʥʠʞʘʝʪʩʷ ʩ 2,42% ʜʦ 0,16%, ʠʟʚʣʝʯʝʥʠʝ S ʚ 

ʞʝʣʝʟʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩʦʩʪʘʚʣʷʝʪ 4,60%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʭʝʤʘ ʜʨʦʙʣʝʥʠʝ 

ŸʉʄʉŸʠʟʤʝʣʴʯʝʥʠʝŸʄʄʉ, ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʞʝʣʝʟʦʨʫʜʥʳʡ ʧʨʦʜʫʢʪ ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʢʘʯʝʩʪʚʫ Fe ʠ S, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʞʝʣʝʟʦʨʫʜʥʳʤ 

ʢʦʥʮʝʥʪʨʘʪʘʤ.  ʉʢʚʦʟʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʞʝʣʝʟʘ ʦʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʩʦʩʪʘʚʠʣʘ 78,42%, 

ʩʝʨʳ 2,50%. 

 

ɺʳʚʦʜʳ 

1. ʀʩʩʣʝʜʫʝʤʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʩʳʨʴʸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 41,13% ʠ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (3,10%), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Fe ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ S. 

2. ɸʥʘʣʠʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʢʣʘʩʩʘʭ ʢʨʫʧʥʦʩʪʠ ī10,0+5,0 ʤʤ ʠ ī5,0+3,0 ʤʤ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʞʝʣʝʟʘ ʧʦ ʢʣʘʩʩʘʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ. ɺ ʤʝʣʢʠʭ ʢʣʘʩʩʘʭ ʦʪʤʝʯʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʢʨʳʪʠʠ ʩʨʦʩʪʢʦʚ 

ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʢʨʫʧʥʦʤ ʜʨʦʙʣʝʥʠʠ. 

3. ʉʫʭʘʷ ʤʘʛʥʠʪʥʘʷ ʩʝʧʘʨʘʮʠʷ ʧʦ ʢʣʘʩʩʘʤ ʢʨʫʧʥʦʩʪʠ ī10,0+0,0 ʤʤ, ī5,0+0,0 ʤʤ ʠ 

ī3,0+0,0 ʤʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 53,49-

53,75% ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ Fe 89,78ï90,26%. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʘʩʩ ʢʨʫʧʥʦʩʪʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʤʘʛʥʠʪʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

4. ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʘʣʴʥʦʡ ʩʭʝʤʳ ʦʙʦʛʘʱʝʥʠʷ (ʜʨʦʙʣʝʥʠʝ Ÿ ʉʄʉ Ÿ 

ʠʟʤʝʣʴʯʝʥʠʝ ʜʦ ʢʣʘʩʩʘ ī0,071+0,0 ʤʤ (ʥʝ ʤʝʥʝʝ 80%) Ÿ ʄʄʉ) ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʜʦ 67,48% ʠ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ 0,16% ʧʨʠ 

ʠʟʚʣʝʯʝʥʠʠ Fe 86,92%. 

6. ʉʢʚʦʟʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʞʝʣʝʟʘ ʦʪ ʠʩʭʦʜʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʜʚʫʭʩʪʘʜʠʘʣʴʥʦʡ ʩʭʝʤʳ ʩʦʩʪʘʚʠʣʦ 78,42%, ʩʝʨʳ ï 2,50%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 
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ɸɼɸʇʊɸʎʀʗ ɺɽʈʆʗʊʅʆʉʊʅʆʁ ʄʆɼɽʃʀ ʀɿʄɽʃʔʏɽʅʀʗ  

ʂ ʃɸɹʆʈɸʊʆʈʅʓʄ ʋʉʃʆɺʀʗʄ ʅɸ ʇʈʀʄɽʈɽ ʈɽʏʅʆɻʆ ʇɽʉʂɸ 
 

ʄʘʣʳʰʝʚ ɺ.ʇ.1, ʄʘʢʘʰʝʚʘ ɸ.ʄ.1, 2 

 
1ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

2ʅɸʆçʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè, 

ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʀʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦ- ʠ 

ʨʝʩʫʨʩʦʸʤʢʠʤ ʵʪʘʧʘʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1, 2]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʙʦʩʥʦʚʘʥʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ 

[3]. 

ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʠʟʤʝʣʴʯʝʥʠʷ [4], ʧʦʢʘʟʳʚʘʶʱʝʡ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ (ʈʢʦʥʮ), ʩʪʝʨʠʯʝʩʢʦʛʦ (ʈʩʪ), ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ (ʈʘ) ʠ 

ʯʘʩʪʦʪʥʦʛʦ (Z) ʬʘʢʪʦʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʬʨʘʢʮʠʡ ʨʫʜʥʳʭ ʟʝʨʝʥ ʩʦ ʩʨʝʜʥʠʤ 

ʜʠʘʤʝʪʨʦʤ dj.: 

 

 
(1) 

 

ʠʣʠ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ: 

 

 
(2) 

 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ (ʚʳʭʦʜʘ) ʣʶʙʦʡ ʬʨʘʢʮʠʠ Pn ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʠʟʤʝʣʴʯʝʥʠʷ t ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʫʰʝʥʠʷ, ʥʦ ʠ ʥʘʢʦʧʣʝʥʠʷ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ: 

 

 
(3) 

 

ʛʜʝ Pn ï ʚʳʭʦʜ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ n-ʡ ʬʨʘʢʮʠʠ, ʜʦʣʠ ʝʜ. (ʥʦʤʝʨ ʩʪʘʜʠʠ ʨʘʟʨʫʰʝʥʠʷ); j - 

ʥʦʤʝʨ ʧʨʝʜʳʜʫʱʠʭ (ʙʦʣʝʝ ʢʨʫʧʥʳʭ) ʬʨʘʢʮʠʡ; P0j - ʠʩʭʦʜʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ, ʜʦʣʠ 

ʝʜ.; dj - ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ j-ʡ ʬʨʘʢʮʠʠ, ʤ; d  h- ʜʠʘʤʝʪʨ ʤʝʣʶʱʝʛʦ ʰʘʨʘ, ʤ; gh - 

ʧʣʦʪʥʦʩʪʴ h ʘʨʘ, ʢʛ/ʤ3; Gʚ - ʤʘʩʩʘ ʚʦʜʳ ʚ ʤʝʣʴʥʠʮʝ, ʢʛ; gʚ - ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʢʛ/ʤ3; G  h- 

ʤʘʩʩʘ ʰʘʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʤʝʣʴʥʠʮʳ, ʢʛ; gʟ - ʧʣʦʪʥʦʩʪʴ ʨʫʜʥʳʭ ʟʝʨʝʥ, ʢʛ/ʤ3; Gʟ - ʤʘʩʩʘ 

ʨʫʜʳ ʚ ʤʝʣʴʥʠʮʝ, ʢʛ; w - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʝʣʴʥʠʮʳ, ʩ-1; D - ʚʥʫʪʨʝʥʥʠʡ 

ʜʠʘʤʝʪʨ ʤʝʣʴʥʠʮʳ, ʤ; g - ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʤ/ʩ2; ɽʙ - ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ʨʘʟʨʫʰʝʥʠʷ ʟʝʨʥʘ, ɼʞ/ʤʦʣʴ; ʄ - ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʛ/ʤʦʣʴ; 

R - ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɼʞ/(ʤʦʣʴĀʂ); T - ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʘʩʰʪʘʙʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʯʥʦʛʦ ʧʝʩʢʘ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ 62 ʄʃ ʥʘ ʨʝʯʥʦʤ ʧʝʩʢʝ 

(ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ), ʩʦʜʝʨʞʘʱʝʤ 64,5 % SiO2. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʬʨʘʢʮʠʶ ï
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0,5+0,2 ʤʤ ʧʣʦʪʥʦʩʪʴʶ gʟ = 2650 ʢʛ/ʤ3, ʘ ʧʨʠ ʬʨʘʢʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʧʨʦʜʫʢʪʦʚ 

ʠʟʤʝʣʴʯʝʥʠʷ ï ʥʘʙʦʨ ʩʠʪ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ ʬʨʘʢʮʠʠ -0,5+0,2 ʤʤ (d1 = 3,5Ā10
-4 ʤ), ʜʘʣʝʝ 

ʜʣʷ ʚʪʦʨʦʡ ʬʨʘʢʮʠʠ ï 0,2+0,1 ʤʤ (d2 = 1,5Ā10-4 ʤ), ʜʣʷ ʪʨʝʪʴʝʡ ï -0,1 ʤʤ. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʧʦ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʚʳʭʦʜ ʪʦʥʢʠʭ ʢʣʘʩʩʦʚ ʫʯʠʪʳʚʘʣʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʫʤʤʘʨʥʦ, ʘ ʧʦ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ï ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʬʨʘʢʮʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ ʥʠʞʥʝʛʦ ʢʣʘʩʩʘ, ʠʟʤʝʣʴʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʦʯʠʥʝʥʦ ʦʙʱʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʟʝʨʝʥ ʧʨʠʤʝʨʥʦ ʥʘ 8 

ʩʦʢʦʣʢʦʚ, ʪ.ʝ. ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʚ ʜʚʘ ʨʘʟʘ, ʚʧʣʦʪʴ ʜʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚʳʭʦʜʘ ʩʘʤʦʡ ʥʠʞʥʝʡ 

ʬʨʘʢʮʠʠ ʩʣʝʜʫʝʪ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʪʦʥʢʠʭ ʢʣʘʩʩʦʚ, ʥʘʯʠʥʘʷ ʩ ʈj, 

ʛʜʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ j = 3 (ʪʨʝʪʠʡ ʢʣʘʩʩ), ʘ ʚʩʶ ʥʠʞʥʶʶ ʬʨʘʢʮʠʶ ʦʪʥʦʩʠʪʴ ʢ ʢʣʘʩʩʫ -0,1 

ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʬʨʘʢʮʠʡ ʨʝʯʥʦʛʦ ʧʝʩʢʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʤʦʥʦʬʨʘʢʮʠʠ -0,5+0,2 ʤʤ. ʊʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʣʠʥʠʠ ï ʧʦ (1) ʜʣʷ ʬʨʘʢʮʠʡ -0,5+0,2 ʤʤ (1); -0,2+0,1 ʤʤ (2); -0,1 ʤʤ (3) 
 

ɺ ʮʝʣʦʤ ʩʨʘʚʥʠʚʘʝʤʳʝ ʤʘʩʩʠʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʙʝʟ 

ʢʘʢʦʛʦ- ʣʠʙʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʟʘʚʳʰʝʥʠʷ ʠʣʠ ʟʘʥʠʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ 

ʦʪʦʙʨʘʞʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʦʡ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ R = 0,9995 ʩ ʝʛʦ ʟʥʘʯʠʤʦʩʪʴʶ tR = 369 >> 2. ʇʨʠ ʵʪʦʤ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʝʪʝʨʤʠʥʘʮʠʠ D = R2 = 0,989 ʧʦʜʪʚʝʨʞʜʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʠʟʤʝʣʴʯʝʥʠʷ. 

 

ʀʩʪʦʯʥʠʢʠ 

 

1 Nava J.V., Coello-Velazquez A.L., Menendez-Aguado J.M., Grinding Kinetics Study of 

Tungsten Ore // Metals, 2021. Vol.11, Iss. 1. ʈ. 71. DOI:10.3390/met11010071 

2 Krauze O., Buchczik D., Budzan S. Measurement-Based Modelling of Material Moisture 

and Particle Classification for Control of Copper Ore Dry Grinding Process // Sensors, 2021. 

Vol. 21, Iss. 2. ʈ. 667. DOI: 10.3390/s21020667 

3 de Jong, Tako P. R. A prediction of blend grinding result based on individual ore size 



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

125 

measurements and grinding tests // Minerals Engineering, 2023. Vol. 191. DOI: 

10.1016/j.mineng.2022.107950 

4 ʄʘʢʘʰʝʚʘ ɸ.ʄ., ʄʘʣʳʰʝʚ ɺ.ʇ., ɹʝʢʙʘʝʚʘ ʃ.ɸ. ʄʦʜʠʬʠʢʘʮʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʤʦʨʬʠʟʤʘ // ʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ ʂʘʟʘʭʩʪʘʥʘ, 2025. ï ̄  

2. ï ʉ. 312-328. https://doi.org/10.48081/RPJJ5492 

  



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

126 

ʋɼʂ 661.882^022-14 

 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʇʆʉʆɹʓ ʇʆʃʋʏɽʅʀʗ ɼʀʆʂʉʀɼɸ ʊʀʊɸʅɸ 

 
ʅʘʡʤʘʥʙʘʝʚ ʄ.ɸ., ʄʘʣʜʳʙʘʝʚ ɻ.ʂ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂ», ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ʉʘʤʳʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʠʦʢʩʠʜ. ʆʥ 

ʥʘʯʘʣ ʚʳʧʫʩʢʘʪʴʩʷ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʨʘʩʢʘʭ, ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʴ 

ʜʣʷ ʙʫʤʘʛʠ ʠ ʧʣʘʩʪʠʢʘ, ʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ [1], ʚ ʢʦʩʤʝʪʠʢʝ ʠ ʢʘʢ ʜʦʙʘʚʢʘ ʢ ʧʠʱʝ [2], 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʪʦʢʩʠʯʥʳʭ ʜʫʙʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ [3], ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʨʝʜʠʝʥʪʘ ʚ 

ʨʝʮʝʧʪʫʨʘʭ ʧʦʢʨʳʪʠʡ, ʢʣʝʝʚ ʠ ʛʝʨʤʝʪʠʢʦʚ [4]. 

ʏʠʩʪʳʡ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ï ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʞʝʣʪʝʶʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʠ ʦʙʝʩʮʚʝʯʠʚʘʶʪʩʷ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʫ ʘʥʘʪʘʟʘ 2,55, ʘ ʫ ʨʫʪʠʣʘ 

ï 2,7, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʩʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʝʣʠʟʥʝ. ʈʫʪʠʣ 

ʧʨʠʤʝʨʥʦ ʥʘ 30% ʣʫʯʰʝ ʨʘʩʩʝʠʚʘʝʪ ʩʚʝʪ (ʫʢʨʳʚʠʪʦʩʪʴ), ʯʝʤ ʘʥʘʪʘʟ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʪʘʟ 

ʤʝʥʝʝ ʘʪʤʦʩʬʝʨʦʩʪʦʝʢ, ʯʝʤ ʨʫʪʠʣ, ʭʫʞʝ ʨʘʙʦʪʘʝʪ ʚ ʟʘʱʠʪʝ ʧʦʣʠʤʝʨʘ (ʘʢʨʠʣʘʪʳ, 

ʧʣʘʩʪʤʘʩʩʳ) ʦʪ ʋʌ-ʣʫʯʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʪʦʢʘʪʘʣʠʟʫ ʠ ʧʦʪʝʨʝ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ ï 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʪʨʫʢʮʠʷ, ʚʳʮʚʝʪʘʥʠʝ ʠ ʪ.ʜ. [5]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 53 ʟʘʚʦʜʘʭ ʚ 26 ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ɿʘʛʨʫʟʢʘ ʤʦʱʥʦʩʪʝʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 92%, ʚ ʪ.ʯ. 

ʚ ʉʐɸ ʠ ɽʚʨʦʧʝ ï 96%, ʚ ʩʪʨʘʥʘʭ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ï 85-91% [6]. 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. ɽʩʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ï ʩʫʣʴʬʘʪʥʘʷ ʠ ʭʣʦʨʥʘʷ [7]. ʆʩʥʦʚʥʦʝ ʩʳʨʴʝ 

ʜʣʷ ʥʠʭ ï ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ ʠ/ʠʣʠ ʨʫʪʠʣ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 

ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʪʠʪʘʥʦʚʦʛʦ ʰʣʘʢʘ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʧʣʘʚʢʘ ʚ ʵʣʝʢʪʨʦʧʝʯʘʭ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦ ʤʝʪʘʣʣʘ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʧʣʘʚʢʠ ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ ʩʦʜʝʨʞʠʪ 75-85% TiO2. ɺʪʦʨʦʡ ʧʨʦʜʫʢʪ ï 

ʯʫʛʫʥ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʠ. 

ʊʠʪʘʥʦʚʳʡ ʰʣʘʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʫʪʠʣʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 92-96%. ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʨʫʪʠʣʘ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ: ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʚʢʠ ʠ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʟʫʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ï 2 ʪ/ʪ TiO2 [8, 9]. 

ʊʠʪʘʥʦʚʳʡ ʰʣʘʢ ʠʣʠ ʠʣʴʤʝʥʠʪʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʩʣʫʞʘʪ ʩʳʨʴʝʤ ʚ ʩʫʣʴʬʘʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ 

1931 ʛ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʪʘʟʘ, ʘ ʚ 1941 ʛ ï ʨʫʪʠʣʘ [10]. ʉʳʨʴʝ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 80-95% ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʫʣʴʬʘʪʘ ʪʠʪʘʥʘ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʞʝʣʝʟʘ ʦʪʜʝʣʷʝʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʵʪʘʧʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠ ʬʠʣʴʪʨʘʮʠʠ. ʉʫʣʴʬʘʪ ʪʠʪʘʥʘ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ, ʦʙʨʘʟʫʝʪʩʷ 

ʛʠʜʨʦʢʩʠʜ ʪʠʪʘʥʘ (IV), ʦʩʘʞʜʘʝʪʩʷ ʠ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʨʘʩʪʚʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʧʨʦʢʘʣʠʚʘʝʪʩʷ ʧʨʠ 650-1000Áʉ ʜʦ ʬʦʨʤʳ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ï ʘʥʘʪʘʟʘ ʠʣʠ ʨʫʪʠʣʘ (ʨʠʩʫʥʦʢ 

1). 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʥʠʟʢʠʭ 

ʢʘʧʠʪʘʣʦʟʘʪʨʘʪʘʭ ʠ ʛʠʙʢʦʩʪʠ ʚ ʩʳʨʴʝʚʦʤ ʤʘʪʝʨʠʘʣʝ. ɸ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʨʘʟʣʠʯʥʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʧʠʛʤʝʥʪʘ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʭ ʦʪʭʦʜʦʚ, ʪʘʢ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʠʣʴʤʝʥʠʪʘ ʧʦ ʩʫʣʴʬʘʪʥʦʡ ʩʭʝʤʝ ʥʘ 

ʪʦʥʥʫ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 2 ʪ ʛʠʜʨʦʣʠʟʥʦʡ 20-22% ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 2-3 

ʪ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʢʠ ʧʦ ʩʫʣʴʬʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʘʶʪ ʦʢʦʣʦ 

40% ʚʩʝʛʦ ʧʠʛʤʝʥʪʘ ʚ ʤʠʨʝ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʪʠʪʘʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩʫʣʴʬʘʪʥʳʤ ʤʝʪʦʜʦʤ 

 

ʍʣʦʨʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʨʤʦʡ DuPont; ʦʧʳʪʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʚ ʜʝʡʩʪʚʠʝ ʚ 1948 ʛ, ʘ ʚ 1958 ʛ ʭʣʦʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ 

ʚʥʝʜʨʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʊʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʨʦʜʥʳʡ ʠʣʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʨʫʪʠʣ, ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ ʩ ʫʛʣʝʨʦʜʦʤ (ʢʦʢʩ, ʥʝʬʪʷʥʦʡ ʢʦʢʩ ʠ ʪ.ʧ.) ʠ ʭʣʦʨ-

ʛʘʟʦʤ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʙʨʘʟʫʝʪ ʧʘʨʳ ʪʝʪʨʘʭʣʦʨʠʜʘ ʪʠʪʘʥʘ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ 

ʦʯʠʩʪʢʠ ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʧʨʠ 1300-1800Áʉ ʜʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ [11]. 

ʇʦʩʢʦʣʴʢʫ ʪʝʪʨʘʭʣʦʨʠʜ ʪʠʪʘʥʘ ʩʣʫʞʠʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʭʣʦʨʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʨʠʤʳʢʘʝʪ ʢ ʤʝʪʘʣʣʫʨʛʠʠ ʪʠʪʘʥʘ (ʨʠʩʫʥʦʢ 2). ʇʨʝʠʤʫʱʝʩʪʚʘ ʭʣʦʨʥʦʛʦ ʩʧʦʩʦʙʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʛʤʝʥʪʘ ʧʝʨʝʜ ʩʫʣʴʬʘʪʥʳʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ ʦʪʭʦʜʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ, ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʤʝʥʴʰʠʭ ʫʜʝʣʴʥʳʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ 60-75% ʦʪ 

ʚʣʦʞʝʥʠʡ ʚ ʩʝʨʥʦʢʠʩʣʦʪʥʳʡ ʩʧʦʩʦʙ. ʉʪʦʠʤʦʩʪʴ 1 ʢʛ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, 

ʧʦʣʫʯʝʥʥʥʦʛʦ ʭʣʦʨʥʳʤ ʩʧʦʩʦʙʦʤ, ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʩʫʣʴʬʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʤʥʦʛʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʦ ʪʠʪʘʥʫ ʩʳʨʴʷ. 
ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ [12, 13] ʦʙʦʛʘʱʝʥʠʷ ʪʠʪʘʥʦʚʦʛʦ ʰʣʘʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ 

ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʧʨʠ 1500-1600Áʉ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʧʨʠ 900-1000Áʉ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʜʝʣʝʥʠʝʤ ʞʝʣʝʟʘ, ʩ ʩʦʩʪʘʚʦʤ, ʤʘʩʩ. %: TiO2 35-40; Feʦʙ ɦ5-15; SiO2 5-15; 

ɿʘʨʦʜʳʰʠ

ʀʣʴʤʝʥʠʪ

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Fe
3+

ʆʯʠʩʪʢʘ ʠ ʦʩʚʝʪʣʝʥʠʝ 

ʨʘʩʪʚʦʨʘ

H2O

ʇʨʦʢʘʣʠʚʘʥʠʝ

TiO2 

H2SO4

Fe (ʩʪʨʫʞʢʘ)

FeS(Na2S)

ʆʪʜʝʣʝʥʠʝ ʞʝʣʝʟʥʦʛʦ

ʢʫʧʦʨʦʩʘ

ɻʠʜʨʦʣʠʟ

ʇʫʣʴʧʘ

ʌʠʣʴʪʨʦʚʘʥʠʝ ʧʨʦʤʳʚʢʘ

ʈʘʟʣʦʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ

FeSO4 Ŀ 7H2O

ɻʠʜʨʦʣʠʟʥʘʷ

ʐʣʘʤ

H2SO4

TiO2 Ŀ xH2O
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MgO 2-12; MnO 1-5; CaO 2-10; Al 2O3  5-15; Cr2O3 0,5-5, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʰʣʘʢ 
ʧʦʜʚʝʨʛʘʶʪ ʦʙʨʘʙʦʪʢʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 12-18% ʧʨʠ ʊ:ɾ=1:8õ10 (ʧʨʠ 
ʦʙʱʝʤ ʜʚʫʭʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʪʚʝʨʜʦʛʦ 
ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ 3-5% ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʨʠ ʊ:ɾ=1:4õ6. ʋʩʣʦʚʠʷ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ 2 ʯ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 106-110Áʉ.  

ʇʦ [14] ʰʣʘʢ ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʤʝʥʝʝ 50 ʤʢʤ, ʧʦʜʚʝʨʛʘʣʠ ʤʘʛʥʠʪʥʦʡ 
ʩʝʧʘʨʘʮʠʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ  
30%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 95Áʉ, ʊ:ɾ=5,5 ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 
ʇʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʢʝʢ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ 
ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ 5 % ʨʘʩʪʚʦʨʝ NaOH ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 95Áʉ, ʊ:ɾ=1 ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʪʠʪʘʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʭʣʦʨʥʳʤ ʤʝʪʦʜʦʤ 
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TiCl4



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

129 

ɺ ʨʘʙʦʪʝ [15] ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ ʩʦʩʪʘʚʘ, ʤʘʩʩ. %: 92,5 TiO2; Feʦʙ ɦ0,90; MnO 2,82; 
Al 2O3 2,17; CaO 0,84; SiO2 0,64; MgO 0,41 ʦʙʨʘʙʘʪʳʚʘʣʠ  ʚ ʘʚʪʦʢʣʘʚʝ ʨʘʩʪʚʦʨʦʤ 
ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʦʣʴĿʢʛ-1 ʅ2ʆ ʧʨʠ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʊ:ɾ=1:4 
ʠ ʪʝʤʧʝʨʘʪʫʨʝ 220Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʇʫʣʴʧʫ ʦʭʣʘʞʜʘʣʠ, ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʠ 
ʩʫʰʠʣʠ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʣʫʧʨʦʜʫʢʪ ʥʘ ʦʩʥʦʚʝ Na4Ti3O8 
ʚʳʱʝʣʘʯʠʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʨʅ 0,2 ʠ ʊ:ɾ=1:150, ʦʪʩʪʘʠʚʘʣʠ ʚ 
ʪʝʯʝʥʠʝ 5 ʯ ʠ ʦʪʜʝʣʷʣʠ ʦʪ ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ 98,4-99,4 % TiO2. 

ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʘʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 8-17% TiO2 [16],  

ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʠʪʘʥʘ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʦʩʦʚʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʛʤʝʥʪʘ ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʯʘʩʦʚ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300Áʉ ʩ ʜʦʙʘʚʢʦʡ 

ʤʦʜʠʬʠʢʘʪʦʨʘ. ʇʦʩʣʝ ʜʨʦʙʣʝʥʠʷ ʠ ʠʟʤʝʣʴʯʝʥʠʷ ʦʙʦʛʘʱʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʝʡ ʠʣʠ ʬʣʦʪʘʮʠʝʡ 

ʘʥʦʩʦʚʠʪʘ, ʰʣʘʤʳ ʚʳʱʝʣʘʯʠʚʘʶʪʩʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʱʝʣʦʯʴʶ.  

ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʦʙʞʠʛʝ ʥʠʟʢʦʪʠʪʘʥʦʚʦʛʦ ʰʣʘʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʱʝʣʦʯʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʈʦʣʴ ʱʝʣʦʯʥʦʛʦ ʦʙʞʠʛʘ ʜʚʦʡʥʘʷ: ʚʦ-ʧʝʨʚʳʭ, ʭʠʤʠʯʝʩʢʠ 

ʦʪʜʝʣʠʪʴ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ ʠ ʜʨʫʛʠʭ ʧʨʠʤʝʩʝʡ; ʚʦ-ʚʪʦʨʳʭ, ʚʦ ʚʨʝʤʷ 

ʱʝʣʦʯʥʦʛʦ ʦʙʞʠʛʘ ʦʙʨʘʟʫʶʪʩʷ ʨʘʩʪʚʦʨʠʤʳʝ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʫʜʘʣʠʪʴ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʚʦʜʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʨʠ ʩʧʝʢʘʥʠʠ ʪʠʪʘʥʦʚʦʛʦ 

ʰʣʘʢʘ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʪʠʪʘʥ, ʢʨʝʤʥʠʡ, ʚʘʥʘʜʠʡ ʠ ʘʣʶʤʠʥʠʡ ʦʙʨʘʟʦʚʳʚʘʶʪ 

ʪʠʪʘʥʘʪʳ, ʚʘʥʘʜʘʪʳ, ʩʠʣʠʢʘʪʳ, ʘʣʶʤʠʥʘʪʳ, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ, ʘ ʪʠʪʘʥ 

ʦʩʪʘʝʪʩʷ ʚ ʦʩʘʜʢʝ, ʢʦʪʦʨʳʡ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʩʝʨʥʦʡ ʠʣʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʚʳʜʝʣʝʥʠʝʤ ʪʠʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. [17,18]. 

ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ [19], ʩʦʩʪʘʚʘ, ʤʘʩʩ. %: TiO2 78,5; Feʦʙ ɦ7,73; Al 2O3 2,36; 

CaO 0,66; MgO 5,57; MnO 0,30; SiO2 2,75; Cr2O3 0,21, ʚʢʣʶʯʘʶʱʘʷ ʱʝʣʦʯʥʦʡ ʦʙʞʠʛ, 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2 ʤʦʣʴ/ʜʤ3 ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʊ:ɾ=1:10 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 50Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ 

ʘʤʠʥʦʚʳʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ, ʜʣʷ ʦʯʠʩʪʢʠ ʨʘʩʪʚʦʨʘ ʦʪ ʧʨʠʤʝʩʝʡ ʞʝʣʝʟʘ, ʛʠʜʨʦʣʠʟ ʠ 

ʧʨʦʢʘʣʢʫ ʪʠʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

ʀʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʠʟ ʰʣʘʢʦʚ ʦʪ ʧʝʨʝʨʘʙʦʪʢʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ [20].  

ʇʨʠ ʵʪʦʤ ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʱʝʣʦʯʥʦʤ ʧʣʘʚʝ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʪʘʥʘʪʘ, ʩʠʣʠʢʘʪʘ ʠ ʘʣʶʤʠʥʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500Áʉ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 60 ʤʠʥ, ʩʦʦʪʥʦʰʝʥʠʠ ʱʝʣʦʯʴ:ʰʣʘʢ = 1:1. ʇʦʣʫʯʝʥʥʳʡ ʩʧʝʢ 

ʚʳʱʝʣʘʯʠʚʘʶʪ ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50Áʉ, ʩʦʦʪʥʦʰʝʥʠʷ ʊ:ɾ=1:5, ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. 

ʇʨʦʤʳʪʳʡ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʡ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ 20% ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʦʢʩʦʩʫʣʴʬʘʪʘ ʪʠʪʘʥʘ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʩʫʣʴʬʘʪʥʳʡ ʨʘʩʪʚʦʨ 

ʪʝʨʤʠʯʝʩʢʠ ʛʠʜʨʦʣʠʟʫʶʪ ʠ ʦʩʘʞʜʘʶʪ ʪʠʪʘʥʦʚʫʶ ʢʠʩʣʦʪʫ H2TiO3. ɼʘʣʝʝ ʩʣʝʜʫʝʪ 

ʧʨʦʢʘʣʢʘ ʧʨʠ 800Áʉ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ [21]. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʨʝʭʩʪʘʜʠʡʥʦʡ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʦʚ ʩʧʝʢʘʥʠʷ ʪʠʪʘʥʦʚʦʛʦ ʰʣʘʢʘ ʩ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʦʡ [22]. 

ʐʣʘʢ, ʩʦʜʝʨʞʘʱʠʡ (%): TiO2 72,0; Feʦʙ ɦ12,65; SiO2 0,9; Cr2O3 0,32; V2O5 0,55 ï ʩʧʝʢʘʣʠ 

ʩ ʩʦʜʦʡ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Na2CO3:ʰʣʘʢ = 0,55:1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 850Áʉ ʚ ʪʝʯʝʥʠʝ 

1 ʯ, ʟʘʪʝʤ ʚʳʱʝʣʘʯʠʚʘʣʠ ʚ ʚʦʜʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʦʣʝʡ ʭʨʦʤʘ ʠ ʚʘʥʘʜʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʢʝʢ ʥʘ 

ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ NaFeTiO4, Na2TiSiO5 ʠ Na2TiO3 ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʢʠʧʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 0,5 ʯ. ʚʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ ʧʦʣʫʧʨʦʜʫʢʪ, ʩʦʜʝʨʞʘʱʠʡ (%): TiO2 87,5, 

Feʦʙ ɦ0,05 ʠ SiO2 9,25, ʠʟ ʢʦʪʦʨʦʛʦ ʥʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʚʳʱʝʣʘʯʠʚʘʣʠ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʚ 

2 ʄ ʨʘʩʪʚʦʨʝ NaOH ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60-70Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʣ 

ʩʦʩʪʘʚ (%): TiO2 97,0, Feʦʙ ɦ0,055 ʠ SiO2 1,9. 
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ʇʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʫʧʨʦʱʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ, ʩʦʜʝʨʞʘʱʠʡ (%): TiO2 ï 82,3; Feʦʙ ɦï 4,97; SiO2 ï 2,62; Al2O3 

ï 5,89; Mnʦʙ ɦï 0,87; CaO ï 0,35; MgO ï 0,30; Cr2O3 ï 0,62, ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʤʝʥʝʝ 50 ʤʢʤ, ʩʤʝʰʠʚʘʣʠ ʩ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʦʡ, ʚʟʷʪʦʡ ʚ ʦʪʥʦʰʝʥʠʠ Na2CO3:ʰʣʘʢ, 

ʨʘʚʥʦʤ (0,98-1,15):1, ʠ ʩʧʝʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʩʧʝʢ ʠʟʤʝʣʴʯʘʣʠ ʠ ʚʳʱʝʣʘʯʠʚʘʣʠ ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80°C ʚ ʪʝʯʝʥʠʝ  

1 ʯʘʩʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʞʝʣʝʟʦ-ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʦʩʘʜʢʘ ʠ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʠʣʠʢʘʪ 

ʠ ʭʨʦʤʘʪ ʥʘʪʨʠʷ. ʇʫʣʴʧʫ ʬʠʣʴʪʨʦʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʯʝʨʝʟ ʚʦʨʦʥʢʫ ɹʶʭʥʝʨʘ. ʆʩʘʜʦʢ, 

ʩʦʜʝʨʞʘʱʠʡ ʪʠʪʘʥʘʪ ʥʘʪʨʠʷ, ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ ʠ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʢʩʠʜ ʢʨʝʤʥʠʷ, 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʦʣʷʥʦʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ (20% HCl) ʧʨʠ ɾ:ʊ=3:1 ʚ ʪʝʯʝʥʠʝ 0,5 ʯʘʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʭʣʦʨʠʜ ʞʝʣʝʟʘ, ʦʪʜʝʣʷʣʠ ʦʪ ʦʩʘʜʢʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʦʨʪʦʪʠʪʘʥʦʚʫʶ ʢʠʩʣʦʪʫ (H4TiO4) ʠ ʦʩʪʘʪʦʢ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ʆʩʘʜʦʢ 

ʩʫʰʠʣʠ ʠ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʪʘ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ (%): TiO2 ï 97,15-97,25; Feʦʙ ɦï 0,70-0,98; 

SiO2 ï 1,00-1,31; Al2O3 ï 0,06; Mnʦʙ ɦï 0,03; CaO ï 0,07-0,10; MgO ï 0,07; Na2O ï 0,1-0,28. 

 

ɺʳʚʦʜʳ  
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʘʪʝʥʪʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ-

ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʣʴʤʝʥʠʪʦʚʳʭ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʠʭ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʵʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ. 
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ɸʅɸʃʀɿ ʆʉʆɹɽʅʅʆʉʊɽʁ ʇʈʆʎɽʉʉɸ ʂʋʏʅʆɻʆ ɺʓʑɽʃɸʏʀɺɸʅʀʗ 

ɿʆʃʆʊɸ ʀɿ ʆʂʀʉʃɽʅʅʓʍ ʈʋɼ ʄɽʉʊʆʈʆɾɼɽʅʀʗ çɺɸʉʀʃʔɽɺʉʂʆɽè  

ɺ ʋʉʃʆɺʀʗʍ ʅʀɿʂʀʍ ʊɽʄʇɽʈɸʊʋʈ 
 

ʅʠʷʟʦʚ ɸ.ɸ.1, ɹʝʡʩʝʤʙʘʝʚ ʕ.ɹ.1, ʊʣʝʫʣʠʥʦʚ ɹ.ɸ.2, ɸʩʳʣʙʝʢʦʚ ɸ.ʅ.2 

 
1ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ çʂʘʟʤʝʭʘʥʦʙʨè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 

2ʊʆʆ çɻʄʂ çɺʘʩʠʣʴʝʚʩʢʦʝè, ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʢʫʯʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɺʘʩʠʣʴʝʚʩʢʦʝè (ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʟʘʭʩʪʘʥ) ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʘ ʢʨʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ 

ʟʦʣʦʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚʥʫʪʨʠ ʨʫʜʥʦʛʦ ʰʪʘʙʝʣʷ. ɼʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ ʜʦ 18 

ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʦʨʦʰʝʥʠʷ, ʟʘʛʣʫʙʣʝʥʥʦʛʦ ʚ ʢʨʦʚʣʶ ʰʪʘʙʝʣʷ ʥʘ ʛʣʫʙʠʥʫ ʥʝ ʤʝʥʝʝ 0,5 ʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʤʝʪʦʜʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ 

ʬʫʥʢʮʠʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʤʘʩʩʠʚʘ ʦʪ ʚʳʤʦʨʘʞʠʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʦʩʪʠʞʝʥʠʝ 

ʧʨʦʝʢʪʥʦʛʦ ʫʨʦʚʥʷ ʠʟʚʣʝʯʝʥʠʷ (62,66 %) ʧʨʠ ʩʪʨʦʛʦʤ ʩʦʙʣʶʜʝʥʠʠ ʥʦʨʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʨʝʛʠʦʥʘ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʨʦʤʝʨʟʘʥʠʷ 

ʨʫʜʥʦʡ ʤʘʩʩʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʚ 

ʨʝʛʠʦʥʘʭ ʩ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʣʦʞʥʳʭ ʢʨʠʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ ʨʫʜʘ, ʜʨʦʙʣʝʥʠʝ, ʛʨʦʭʦʯʝʥʠʝ, 

ʛʠʜʨʦʠʟʦʣʷʮʠʷ, ʢʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʮʠʘʥʠʜ, ʱʝʣʦʯʴ, ʩʦʨʙʮʠʷ, ʩʤʦʣʘ, ʧʨʦʜʫʢʪʠʚʥʳʡ 

ʨʘʩʪʚʦʨ, ʦʨʦʰʝʥʠʝ, ʦʙʝʟʟʦʣʦʯʝʥʥʳʡ ʨʘʩʪʚʦʨ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʂɺ ʠ ʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʪʘʙʠʣʴʥʫʶ ʠ ʙʝʟʘʚʘʨʠʡʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʫʯʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [1].  

ʉʦʚʨʝʤʝʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʨʘʟʚʠʪʠʷ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʫʢʣʦʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʤʘʣʦʟʘʪʨʘʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʤʝʪʦʜ 

ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʂɺ) ʫʪʚʝʨʜʠʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʝʜʥʳʭ, ʟʘʙʘʣʘʥʩʦʚʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʫʜʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʷʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪʘʭ. 

ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʂɺ ʚ ʨʝʛʠʦʥʘʭ ʩ ʨʝʟʢʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʪʝʨʨʠʪʦʨʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, 

ʩʦʧʨʷʞʝʥʘ ʩ ʢʦʤʧʣʝʢʩʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ.    

ʄʝʩʪʦʨʦʞʜʝʥʠʝ çɺʘʩʠʣʴʝʚʩʢʦʝè, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ɾʘʨʤʠʥʩʢʦʤ 

ʨʘʡʦʥʝ ɸʙʘʡʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, 
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ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʮʝʩʩʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʞʠʣʴʥʦ-ʷʯʝʠʩʪʦʛʦ ʪʠʧʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʫʯʘʩʪʢʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʣʝʥʪʦʚʠʜʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 100 ʤʝʪʨʦʚ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʛʣʫʙʠʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʡ 700 ʤʝʪʨʦʚ. ʄʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, 

ʛʘʣʝʥʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʡ ʤʘʪʨʠʮʝ ʩ ʧʨʠʤʝʩʴʶ 

ʛʨʘʬʠʪʘ.    

ɼʣʷ ʪʝʭʥʦʣʦʛʠʠ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʷ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʚ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʙʣʘʛʦʨʦʜʥʳʡ ʤʝʪʘʣʣ ʚ ʦʢʠʩʣʝʥʥʦʡ ʟʦʥʝ 

ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʣʠʙʦ ʚ ʩʦʩʪʘʚʝ ʩʨʦʩʪʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʮʠʘʥʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʠʯʥʳʭ (ʩʫʣʴʬʠʜʥʳʭ) ʨʫʜ, 

ʪʨʝʙʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʩʢʨʳʪʠʷ, ʪʘʢʠʭ ʢʘʢ ʙʘʢʪʝʨʠʘʣʴʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʠʣʠ ʘʚʪʦʢʣʘʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʦʢʠʩʣʝʥʥʦʝ ʩʳʨʴʝ ɺʘʩʠʣʴʝʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʂɺ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʘ ʢʫʯʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʷʚʣʷʶʪʩʷ: 

1. ʂʘʯʝʩʪʚʦ ʨʫʜʳ ï ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʨʫʜʝ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʢʨʫʧʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʦʯʠ ʠ ʛʣʠʥʠʩʪʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʪ.ʜ. 

2. ʉʠʩʪʝʤʘ ʦʨʦʰʝʥʠʷ ï ʜʦʞʜʝʚʘʥʠʝ ʠʣʠ ʢʘʧʠʣʣʷʨʥʦʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 

ʮʠʘʥʠʜʘ, ʨʘʩʭʦʜ ʦʨʦʰʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʨʅ ʠ ʜʨ. 

3. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

4. ʉʦʩʪʦʷʥʠʝ ʛʠʜʨʦʠʟʦʣʷʮʠʠ, ʜʨʝʥʘʞʥʳʭ ʢʘʥʘʣʦʚ ʠ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʨʘʩʪʚʦʨʦʚ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʢʠʩʣʝʥʥʳʭ 

ʨʫʜʘʭ ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʩʨʦʩʪʢʘʭ, ʪ.ʝ. ʚ ʬʦʨʤʘʭ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʮʠʘʥʠʜʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ [2]. 

ɸʥʘʣʠʟ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʂɺ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʠʝ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʣʷʶʪ: 

- ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʨʫʜʝ ï 0,52 ʛ/ʪ, ʢʨʫʧʥʦʩʪʴ ʨʫʜʳ ʜʣʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ - 50 ʤʤ; 

- ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʦʯʠ -2+0 ʤʤ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 13-20 %; 

- ʠʩʧʘʨʝʥʠʝ ʦʨʦʰʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʦʨʦʰʝʥʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ï 5 %. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʰʪʘʙʝʣʷ ʩʦʩʪʘʚʣʷʶʪ: ʚʳʩʦʪʘ ï 3 ʩʣʦʷ ʧʦ 7 ʤ;   

- ʧʣʦʱʘʜʴ ʚʥʫʪʨʝʥʥʷʷ ï 38750 ʤ2, ʦʙʲʝʤ ʨʫʜʳ ʚ ʰʪʘʙʝʣʝ ʧʦʨʷʜʢʘ 900 000 ʪ. 

- ʥʦʨʤʘ ʨʘʩʭʦʜʘ ʮʠʘʥʠʜʘ ʜʣʷ ʦʨʦʰʝʥʠʷ ʢʫʯʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ï 10 ʣ/ʤ2 ʯʘʩ; 

- ʨʘʩʭʦʜ ʮʠʘʥʠʜʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 18-20 ʢʛ/ʪ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ï 18 ʦ ʉ, ʪʘʢ ʢʘʢ ʨʘʩʪʚʦʨ ʧʦʜʦʛʨʝʚʘʝʪʩʷ [2].  

ʊʠʧ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ: ʜʦʞʜʝʚʘʥʠʝ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʟʙʨʳʟʛʠʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʚʝʨʪʫʰʢʠ çWobblerè;  

- ʢʘʧʠʣʣʷʨʥʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʦʨʦʰʝʥʠʝ ʧʦʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ ʩ ʦʪʚʝʨʩʪʠʷʤʠ 3 ʤʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 1 ʤ ʙʝʟ ʚʦʙʣʝʨʦʚ;  

- ʯʘʩʪʦʪʘ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʦʨʦʰʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʞʝʜʥʝʚʥʦ. 

- ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʦʰʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʮʠʘʥʠʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,05% ʧʨʠ ʦʙʱʝʤ 
ʨʘʩʭʦʜʝ   8-10 ʣ/ʤ2ʭʯʘʩ ʠ ʨʅ ʨʘʩʪʚʦʨʘ ʮʠʘʥʠʜʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 10,5-11,0. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʢʘʣʴʮʝʚʘʥʠʷ ʠ ʟʘʠʣʠʚʘʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ, ʚ 

ʩʠʩʪʝʤʫ ʦʨʦʰʝʥʠʷ, ʜʦʙʘʚʣʷʶʪ ʠʥʛʠʙʠʪʦʨ ï ʘʥʪʠʩʢʘʣʘʥʪ ʚ ʢʦʣʠʯʝʩʪʚʝ 4-6 ʛ/ʤ3.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʠʣʦ ʚ 

ʧʨʝʜʝʣʘʭ 0,1-0,25 ʛ/ʤ3. 

ʌʘʢʪʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʚ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʠʣʦ 62,66% ʧʨʠ ʧʣʘʥʦʚʦʤ 62,75%. 

ʂʨʠʚʘʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʘʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʚʦ ʚʨʝʤʝʥʠ 

 

ɸʥʘʣʠʟ ʧʦʪʝʨʴ ʟʦʣʦʪʘ ʚ ʧʨʦʮʝʩʩʝ ʂɺ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʨʷʤʠ ʟʦʣʦʪʘ ʩ ʭʚʦʩʪʘ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʪ 0,05 ʜʦ 0,2 ʛ/ʪ ʠ ʚ ʨʘʩʪʚʦʨʝ ʦʪ 0,01 ʜʦ 0,03 ʛ/ʤ3. 

ʇʨʦʚʝʜʝʥʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʠ ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ 

ʢʫʯʠ ʧʦʢʘʟʘʣʦ, ʨʘʟʨʳʚʦʚ ʛʝʦʤʝʤʙʨʘʥʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʚʩʷ ʛʝʦʤʝʤʙʨʘʥʘ ʫʢʨʳʪʘ ʩʣʦʝʤ 

ʛʣʠʥʳ. ʇʨʦʚʘʣʦʚ ʠ ʦʩʝʜʘʥʠʝ ʢʫʯʠ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʚʩʝ ʢʫʯʠ ʚʳʜʝʨʞʠʚʘʶʪ ʩʚʦʶ 

ʛʝʦʤʝʪʨʠʶ ʠ ʧʨʦʤʝʨʟʘʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʂʦʥʪʨʦʣʴ ʜʨʝʥʘʞʥʳʭ ʢʘʥʘʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʭʦʜʠʤʦʩʪʴ ʜʨʝʥʘʞʥʳʭ ʢʘʥʘʣʦʚ ʥʝ 

ʥʘʨʫʰʝʥʘ, ʟʘʜʝʨʞʢʘ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʘ ʪʘʢʞʝ ʧʨʦʤʳʚʦʢ ʠ 

ʦʙʚʘʣʦʚ ʩʪʝʥ ʢʫʯ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ [3]. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʩʪʚʦʨʳ, ʧʨʦʡʜʷ 

ʯʝʨʝʟ ʪʦʣʱʫ ʢʫʯʠ, ʧʦʜ ʫʢʣʦʥʦʤ ʧʣʦʱʘʜʢʠ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʩʦʙʠʨʘʶʪʩʷ ʚ ʣʦʙʦʚʦʡ ʯʘʩʪʠ 

ʙʝʨʤʳ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʢʦʣʣʝʢʪʦʨ ʧʨʠʝʤʘ ʨʘʩʪʚʦʨʦʚ. 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʪʚʦʨʳ ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜʳ ʩʘʤʦʪʝʢʦʤ 

ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʮʝʭ ʩʦʨʙʮʠʠ. ʆʙʲʝʤ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʙʦʨʥʠʢʝ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10000 ʤ3. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʥʘʣʠʟʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʂɺ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝʤ ʧʦʯʚʳ ʚʦʢʨʫʛ ʧʨʦʤʧʣʦʱʘʜʢʠ ʠ ʥʘ ʛʨʘʥʠʮʝ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ 

ʟʦʥʳ ï ʉɿɿ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʪʨʦʣʴ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʝʜʝʪʩʷ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʠʥʛʨʝʜʠʝʥʪʘʤ: ʘʟʦʪ ʥʠʪʨʘʪʥʳʡ, ʘʟʦʪ 

ʥʠʪʨʠʪʥʳʡ, ʘʤʤʦʥʠʡ ʩʦʣʝʚʦʡ, ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʮʠʘʥʠʜʳ, 

ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʚʠʥʝʮ, ʢʘʜʤʠʡ, ʤʝʜʴ, ʤʳʰʴʷʢ, ʥʠʪʨʘʪʳ, ʥʠʪʨʠʪʳ, ʭʣʦʨʠʜʳ, 

ʩʫʣʴʬʘʪʳ, ʘʤʤʦʥʠʡ ʩʦʣʝʚʦʡ, ʩʫʭʦʡ ʦʩʪʘʪʦʢ, ʞʝʩʪʢʦʩʪʴ, ʞʝʣʝʟʦ.  

ʂʦʥʪʨʦʣʴ ʠ ʘʥʘʣʠʟ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʨʝʢʝ ɹʦʢʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʜʚʫʭ ʪʦʯʢʘʭ ï 500 ʤʝʪʨʦʚ ʚʳʰʝ ʠ ʥʠʞʝ ʧʨʦʤʧʣʦʱʘʜʢʠ. 

ɸʥʘʣʠʟ ʧʦʯʚʳ ʚʦʢʨʫʛ ʧʨʦʤʧʣʦʱʘʜʢʠ ʥʘ ʛʨʘʥʠʮʝ ʉɿɿ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,0025 ʤʛ/ʤ3 

ʚ ʯʝʪʳʨʝʭ ʪʦʯʢʘʭ (ʩʝʚʝʨ, ʶʛ, ʟʘʧʘʜ, ʚʦʩʪʦʢ) ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ï ʥʝ ʦʙʥʘʨʫʞʝʥʦ [4, 5]. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜʳ ʚ ʦʙʲʝʤʝ: 

1200 000 ʪ ʩʦʩʪʘʚʠʣʠ: ʬʘʢʪʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ 62,66 %; 

- ʩʨʝʜʥʷʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʚʣʝʯʝʥʥʦʛʦ ʟʦʣʦʪʘ 106,44 ʜʦʣʣ./ʛ; 

- ʨʘʩʭʦʜ ʮʠʘʥʠʜʘ 0,40 ʢʛ/ʪ, ʨʘʩʭʦʜ NaʆH 0,40 ʢʛ/ʪ; 

- ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 283,8 ʢʚʪ.ʭ ʯʘʩ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʂɺ ʚʳʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʙʦʪʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʫʯʠ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ. 

ɼʣʷ ʦʨʦʰʝʥʠʷ ʨʫʜʳ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʘ ʧʦʜʟʝʤʥʘʷ ʩʠʩʪʝʤʘ 

ʦʨʦʰʝʥʠʷ ʧʫʪʝʤ ʟʘʛʣʫʙʣʝʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ ʩ ʦʪʚʝʨʩʪʠʷʤʠ 3 ʤʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 1 ʤ 

ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʚ ʢʨʦʚʣʶ ʨʫʜʥʦʛʦ ʰʪʘʙʝʣʷ ʥʘ ʛʣʫʙʠʥʫ ʥʝ ʤʝʥʝʝ 0,5 ʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʜʦʛʨʝʚ ʦʨʦʰʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʘʩʪʚʦʨʦʚ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʤʝʥʝʝ 18Áʉ. 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʨʦʤʝʨʟʘʥʠʷ ʨʫʜʳ ʦʨʦʰʝʥʠʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʜʦʣʞʥʦ ʚʝʩʪʠʩʴ ʧʦ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʩʝʢʮʠʡ ʨʫʜʥʦʛʦ ʰʪʘʙʝʣʷ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʟʠʤʥʠʡ ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʪʘʙʝʣʷ ʙʫʜʝʪ ʥʘʤʦʨʘʞʠʚʘʪʴʩʷ ʩʣʦʡ ʣʴʜʘ ʤʦʱʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 10 ʩʤ, ʢʦʪʦʨʳʡ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʩʦʟʜʘʝʪ ʧʘʨʥʠʢʦʚʳʝ ʫʩʣʦʚʠʷ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ʦʨʦʰʝʥʠʝ ʨʫʜʳ ʚʝʜʝʪʩʷ ʯʝʨʝʟ ʟʘʛʣʫʙʣʝʥʥʳʝ ʚ ʢʨʦʚʣʶ ʰʪʘʙʝʣʷ 

ʣʝʥʪʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

çɺʘʩʠʣʴʝʚʩʢʦʝè ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ 

ʜʣʷ ʫʩʣʦʚʠʡ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʦʯʝʪʘʥʠʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʨʘʩʪʚʦʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩ ʛʣʫʙʦʢʠʤ ʟʘʣʦʞʝʥʠʝʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʣʝʜʷʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ (ʙʦʣʝʝ 62%) ʜʘʞʝ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʇʨʠʤʝʥʷʝʤʘʷ ʩʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʛʘʨʘʥʪʠʨʫʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʳʝ ʠ ʟʝʤʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʨʝʛʠʦʥʘ, 

ʧʦʜʪʚʝʨʞʜʘʷ ʪʝʭʥʦʩʬʝʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʧʦʜʦʛʨʝʚʘ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʨʫʜʥʦʛʦ ʰʪʘʙʝʣʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʟʦʥ ʟʘʩʪʦʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

 

ʀʩʪʦʯʥʠʢʠ 

 

1 ʆʪʯʝʪ ʦ ʅʀʈ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʟʦʣʦʪʘ ʠʟ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɺʘʩʠʣʴʝʚʩʢʦʝè ʩ ʚʳʜʘʯʝʡ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ɻʈ ˉ0125ʈʂʅ0146, ʠʥʚ.ˉ 0226ʈʂʅ0029, 

ɻʅʇʆʇʕ ʂʘʟʤʝʭʘʥʦʙʨ, ɸʣʤʘʪʳ, 2025. ï 35 ʩ.   

2 ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ «ʇʣʦʱʘʜʢʘ 5 ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ ʠʟ ʨʫʜʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɹʦʢʦ-ɺʘʩʠʣʴʝʚʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴʶ 900.000 ʪʦʥʥ 

ʨʫʜʳ». ʊʆʆ «ɸʅʊɸʃ» 2021 ʛʦʜ. 

3 ʇʨʘʚʠʣʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʭʚʦʩʪʦʚʳʭ ʠ ʰʣʘʤʦʚʳʭ 

ʭʦʟʷʡʩʪʚ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʫʪʚʝʨʞʜʝʥʳ ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʨʘ ʧʦ 

ʠʥʚʝʩʪʠʮʠʷʤ ʠ ʨʘʟʚʠʪʠʶ ʈʂ ʦʪ 30 ʜʝʢʘʙʨʷ 2014 ʛʦʜʘ ˉ 349 (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪ 23 

ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ ˉ 1221). 

4 ʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ çʉʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚè, ʫʪʚʝʨʞʜʝʥʳ ʧʨʠʢʘʟʦʤ 

ʤʠʥʠʩʪʨʘ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʂ ʦʪ 20.03.2015 ʛʦʜʘ ˉ 237.  

5 ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʚ ʚʦʜʝ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦ-ʙʳʪʦʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʠʣʦʞʝʥʠʝ 13 ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ çʊʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʦʢʩʠʯʥʳʭ ʠ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚè. 
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ɺʓɼɽʃɽʅʀɽ ɾɽʃɽɿɸ ʀɿ ʇʈʆɼʋʂʊʀɺʅʓʍ ʈɸʉʊɺʆʈʆɺ 

ɺʓʑɽʃɸʏʀɺɸʅʀʗ ʈʋɼ ɹɽʃʆɻʆʈʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

 
ʆʩʠʧʦʚ ʇ.ɸ., ʐʘʷʭʤʝʪʦʚʘ ʈ.ɸ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ʆʮʝʥʢʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʨʫʜ 

ɹʝʣʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʩʦʨʙʮʠʦʥʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʠ ʤʘʛʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ, 

ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʨʙʠʨʫʝʪʩʷ ʩ ʥʠʢʝʣʝʤ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʤʝʪʦʜʦʤ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʢʪʠʚʠʨʫʶʱʠʭ 

ʨʝʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʘ, (ʛ/ʣ): Ni -2,2; Fe -10,6; Mg -34,5 ʦʪ 

ʧʨʠʤʝʩʝʡ ʞʝʣʝʟʘ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʯʠʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʦʩʘʜʢʘ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, 

ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʧʠʛʤʝʥʪʥʦʛʦ ʦʢʩʠʜʘ. ɼʣʷ 

ʧʝʨʝʚʦʜʘ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ (FeĮ ) ʚ ʪʨʝʭʚʘʣʝʥʪʥʫʶ ʬʦʨʤʫ (Feį ) ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʨʠʤʝʥʷʣʩʷ ʦʢʠʩʣʠʪʝʣʴ ï ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ (H O ). ɺ ʢʘʯʝʩʪʚʝ ʥʝʡʪʨʘʣʠʟʫʶʱʝʛʦ 

ʨʝʘʛʝʥʪʘ ʦʩʘʞʜʝʥʠʷ Fe3 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (NaOH) ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 110 ʛ/ʣ. ʇʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʨʝʘʢʮʠʷʤ: 
 

2FeSO4+H2O2+H2SO4ŸFe2(SO4) 3+2H2O ȹG = - 61,101 (ʢɼʞ/ʤʦʣʴ) 

ȹH = - 76,939 (ʢɼʞ/ʤʦʣʴ) 

 

Fe2(SO4)3+6NaOH=2Fe(Oʅ)3+3Na2SO4 

ȹG = - 69,783 (ʢɼʞ/ʤʦʣʴ) 

ȹH = - 71,827 (ʢɼʞ/ʤʦʣʴ) 

ʛʜʝ ȹG ʠ ȹH- ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʠ ʵʥʪʘʣʴʧʠʷ ʧʨʦʮʝʩʩʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʞʝʣʝʟʦ, ʥʠʢʝʣʴ 

ʠ ʤʘʛʥʠʡ ʦʙʣʘʩʪʴ ʦʩʘʞʜʝʥʠʷ ʞʝʣʝʟʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʨʅ 3,6-3,8. ʉʪʝʧʝʥʴ ʦʩʘʞʜʝʥʠʷ 

ʞʝʣʝʟʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 99,8%. ʇʨʠ ʨʅ Ó 4 ʧʨʦʠʩʭʦʜʠʪ ʩʦʦʩʘʞʜʝʥʠʝ ʥʠʢʝʣʷ ʩ 

ʦʩʘʜʢʘʤʠ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʥʠʢʝʣʷ ʜʦʩʪʠʛʘʶʪ 20-25% [1, 2]. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʞʝʣʝʟʘ, ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʩʘʞʜʝʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ 70 Áʉ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 20 ʤʠʥʫʪ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʘʪʥʳʭ ʦʩʘʜʢʦʚ ʚ ʧʫʣʴʧʫ ʧʝʨʝʜ ʬʠʣʴʪʨʘʮʠʝʡ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ 

ʢʦʘʛʫʣʷʥʪ Praestol 2500 (0,5%-ʡ ʨʘʩʪʚʦʨ) ʚ ʢʦʣʠʯʝʩʪʚʝ 5 ʤʣ ʥʘ 1 ʣʠʪʨ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɼʘʥʥʘʷ ʜʦʙʘʚʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʩʝʛʨʝʛʘʮʠʶ ʞʝʣʝʟʠʩʪʦʛʦ ʢʝʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʜʦ 1 ʤ/ʯ. 

ʇʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʵʪʘʧʘʤʠ: ʠʥʪʝʥʩʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ ʥʘʯʠʥʘʝʪʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 150ï200 ÁC. ʇʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ 500 ÁC ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʪʘʙʠʣʴʥʦʛʦ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʛʝʤʘʪʠʪ (ŬīFe2O3), ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʬʘʟʫ 

ʤʝʪʘʛʠʜʨʦʢʩʠʜʘ FeO(OH) (ʛʝʪʠʪʘ) ʧʨʠ 200ï450 °C [3]. 

ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʢʦʘʛʫʣʷʮʠʝʡ ʝʛʦ ʯʘʩʪʠʮ. ʅʘ ʨʠʩʫʥʢʝ (ʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʉʕʄ (ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ) ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʤʝʪʘʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ (III). 
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ʘ ʙ 

 

ʈʠʩʫʥʦʢ ï ʀʟʦʙʨʘʞʝʥʠʝ ʉʕʄ (ʘ) ʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ (ʙ) ʦʙʨʘʟʮʘ ʤʝʪʘ ʛʠʜʨʦʢʩʠʜʘ 

ʞʝʣʝʟʘ(III), ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ 
 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʩʦʩʪʦʠʪ ʠʟ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ 

ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. ʈʘʟʤʝʨ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʯʘʩʪʠʮ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 

ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ, ʠ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪʳ ʠʟ ʙʦʣʝʝ ʤʝʣʢʠʭ ʧʝʨʚʠʯʥʳʭ 

ʘʤʦʨʬʥʳʭ ʯʘʩʪʠʮ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, %: 99,8 Feʆ(OH) ʠ 

0,2% S. 

ʕʢʟʦʵʬʬʝʢʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʝʤʘʪʠʪʘ (‌- Fe2O3,-), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ ʙ). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʳ ʨʝʬʣʝʢʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʬʘʟʳ ʛʝʤʘʪʠʪʘ. ʆʪʩʫʪʩʪʚʠʝ ʧʠʢʦʚ ʛʠʜʨʦʢʩʠʜʘ ʠ ʤʝʪʘʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʩʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ Fe O , ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʠʛʤʝʥʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʘʩʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʨʘʩʪʚʦʨʦʚ ʦʪ ʞʝʣʝʟʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ H2O2, ʠ ʫʩʪʘʥʦʚʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʦʩʘʞʜʝʥʠʷ ʨʅ 3,6ï3,8, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʧʦʪʝʨʠ ʥʠʢʝʣʷ. ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʬʠʣʴʪʨʘʮʠʠ ʜʦ 1 ʤ/ʯ 

ʦʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʘʛʫʣʷʥʪʘ Praestol 2500. ʊʝʨʤʠʯʝʩʢʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʦʩʘʜʢʘ 

ʧʨʠ 500 ÁC ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ (ʛʝʪʠʪʘ.) 

ʇʦʣʫʯʝʥʥʳʡ ʧʠʛʤʝʥʪʥʳʡ ʦʢʩʠʜ ʞʝʣʝʟʘ (III) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜʘʤʠ ʈʌA, 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ ʛʝʤʘʪʠʪʘ Fe2O3, ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ (BR-23991563) çʉʦʟʜʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷè, ʬʠʥʘʥʩʠʨʫʝʤʦʡ ʂʦʤʠʪʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 

ʀʩʪʦʯʥʠʢʠ 
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ᴄʈ ʊתʈʃɯ ʂᴆʄɯʈʊɽʂʊɯ ʊʆʊʓפʉʓɿɼɸʅɼʓʈנʓʐʊɸʈɼʓ פʆʃɼɸʅɸ 

ʆʊʓʈʓʇ ʍʈʆʄ ʐʀʂɯɿɸʊʓʅ ɸʃɼʓʅ ɸʃɸ ʊʆʊʓפʉʓɿɼɸʅɼʓʈʋ 

 
ʉᴅʫʣʝʙʝʢ ɾ.2 ,1.פ, ʄʘʭʘʤʙʝʪʦʚ ɽ.ʅ.1, ʀʩʘʛʫʣʦʚ ɸ.ɿ.2, ʆʥʫʨʘʣʧ ʖ.3, ʉʤʘʛʫʣʦʚ ɸ.1 

 
1ɾ. Ϸʙʽʰʝʚ ʘʪʳʥʜʘϤʳ ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳ, ɽʨʤʝʢʦʚ ʢ-ʩʽ, 63,  

ϧʘʨʘϤʘʥʜʳ Ϩ., ϧʘʟʘϨʩʪʘʥ 

 2Ϸ. ʉʘϤʳʥʦʚ ʦʪʳʥʜʘϤʳ ϧʘʨʘϤʘʥʜʳ ʪʝʭʥʠʢʘʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʅϰʨʩϰʣʪʘʥ ʅʘʟʘʨʙʘʝʚ ʜʘϬϤ., 56, 

ϧʘʨʘϤʘʥʜʳ Ϩ., ϧʘʟʘϨʩʪʘʥ 
3ʓʩʪʘʤʙϰʣ ʪʝʭʥʠʢʘʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʄʘʩʣʘʢ, ʓʩʪʘʤʙϰʣ Ϩ., ʊϮʨʢʠʷ 

 

ʍʨʦʤ ʢʝʥʜʝʨʽ ʤʝʥ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳ ʬʝʨʨʦʭʨʦʤʜʘʨ ʤʝʥ ʘʨʥʘʡʳ ʙʦʣʘʪʪʘʨʜʳ ᴇʥʜʽʨʫʜʽש 

ʥʝʛʽʟʛʽ ʰʠʢʽʟʘʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʘʣץʫ װʨʜʽʩʽʥ ʢװʰʝʡʪʫʜʽש ʞᴅʥʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳש 

ʤʝʥʰʽʢʪʽ ʰʳסʳʥʳʥ ʘʟʘʡʪʫʜʳש ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ʢᴇʤʽʨʪʝʢʪʽ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ץʘʪʪʳ ʬʘʟʘʜʘ ʭʨʦʤ ʦʢʩʠʜʪʝʨʽʥ ʘʣʜʳʥ ʘʣʘ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ [1-3]. ɸʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʫ ʭʨʦʤ ʤʝʥ ʪʝʤʽʨʜʽש 

ʦʢʩʠʜ ʬʦʨʤʘʣʘʨʳʥ ʽʰʽʥʘʨʘ ʤʝʪʘʣʣ ʢװʡʽʥʝ ʢʝʣʪʽʨʫʛʝ, ʰʠʢʽʟʘʪʪʳש ʬʘʟʘʣʳץ ʞᴅʥʝ 

ʤʦʨʬʦʣʦʛʠʷʣʳײץ ץʨʘʤʳʥ ᴇʟʛʝʨʪʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʢʝʡʽʥʛʽ ʵʣʝʢʪʨʦʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ 

ʞʘסʜʘʡʣʘʨʳʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [4]. 

ɸʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫʜʳש ʪʠʽʤʜʽʣʽʛʽ ʢװʡʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ, ײʩʪʘʫ 

ʫʘץʳʪʳʥʘ ʞᴅʥʝ ʛʘʟ ʬʘʟʘʩʳ ʤʝʥ ץʘʪʪʳ ʬʘʟʘʣʳ ʪʦʪʳץʩʳʟʜʘʥʫ ʨʝʘʢʮʠʷʣʘʨʳʥʳש 

ʢʠʥʝʪʠʢʘʩʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʢᴇʤʽʨʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ [5]. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ (ʉʕʄ) ʞᴅʥʝ ʵʥʝʨʛʠʷ 

ʜʠʩʧʝʨʩʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨ ʪʘʣʜʘʫʳ (ʕɼʉ) ᴅʜʽʩʪʝʨʽʤʝʥ ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ 

ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥʜʘסʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽ ʤʝʥ ʪʘʨʘʣʫʳʥ 

ʟʝʨʪʪʝʫ ʤʘשʳʟʜʳ סʳʣʳʤʠ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʤᴅʥʛʝ ʠʝ. 

ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ᴅʨʪװʨʣʽ ʢᴇʤʽʨʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʜʳ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥ ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʧʨʦʮʝʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 

 ,ʤʝʪʘʣʜʘʥʫ ʜᴅʨʝʞʝʩʽʥ שʘʥ ʤʘʪʝʨʠʘʣʜʳסʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ, ʘʣʳʥץʩʪʘʣʫ ʫʘײ

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳʥʳש ᴇʟʛʝʨʫʽʥ ʙʘסʘʣʘʫ, ʩʦʥʜʘʡ-

ʘץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫʜʳש ʪʠʽʤʜʽ ʨʝʞʠʤʜʝʨʽʥ ʘʥʳץʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾ. ᴄʙʽʰʝʚ ʘʪrʥʜʘסʳ ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳʥʳש ʙʘʟʘʩʳʥʜʘ 

ʤʦʨʬʦʣʦʛʠʷʥʳש ᴇʟʛʝʨʫʽʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʤʝʪʘʣʜʘʥʜʳʨʳʣסʘʥ ʭʨʦʤʜʳ ʘʣʫ װʰʽʥ ᴅʨʪװʨʣʽ 

ʢᴇʤʽʨʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʳ ʙʘʨ ʭʨʦʤ ʰʠʢʽʟʘʪʳʥ ʘʣʜʳʥ ʘʣʘ ʢװʡʜʽʨʫ ʙʦʡʳʥʰʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. 

ɹʘʩʪʘʧץʳ h ʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ʍʨʦʤʪʘʫ ʢʝʥ ʦʨʥʳʥʳש ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʂᴇʤʽʨʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ: ʘʨʥʘʡʳ ʢʦʢʩ, ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʢʦʢʩ ʞᴅʥʝ 

ʐײʙʘʨʢᴇʣ ʢʝʥ ʦʨʥʳʥʳש ʢᴇʤʽʨʽ ץʦʣʜʘʥʳʣʜʳ. ʍʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ, 

ʩʦʥʜʘʡ-ʘץ ʢᴇʤʽʨʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

ʪᴇʤʝʥʜʝ ʂʝʩʪʝ 1 ʞᴅʥʝ ʂʝʩʪʝ 2 ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 1 ï ʍʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 

ʄʘʪʝʨʠʘʣʜʳש 

ʘʪʘʫʳ 

 % ,ʨʘʤʳײפ

Cr2O3 Fe2O3 SiO2 Al2O3 CaO MgO P2O5 ʂ.ʢ.ʞ S 

ʍʨʦʤ 

ʢʦʥʮʝʥʪʨʘʪʳ 
53,4 14,03 6,13 10,24 1,15 11,67 0,004 3,37 0,01 
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ʂʝʩʪʝ 2 ï ʂᴇʤʽʨʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ 

 ʨʘʤʳײץ

 

ʄʘʪʝʨʠʘʣʜʳש 

ʘʪʘʫʳ 

 % ,ʨʘʤʳײפ

ʉץ A W V Sʢװʣʜʝʥ Al2O3 SiO2 Feʞʘʣʧʳ CaO Pʞʘʣʧʳ 

ɸʨʥʘʡʳ ʢʦʢʩ 93,53 3,29 0,18 3,11 2,74 21,91 47,48 11,25 7,53 0,099 

ʐײʙʘʨʢᴇʣ 

ʢᴇʤʽʨʽ 
54,15 7,46 3,30 39,18 1,72 28,83 44,57 1,1 3,77 0,046 

ʂʦʢʩ 87,0 10,86 0,17 2,23 1,20 22,53 56,92 5,0 6,28 0,51 

 

ɸʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʤʘʢʩʠʤʘʣʜʳ ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 1600  ʙʦʣʘʪʳʥ 

SNOL ʟʝʨʪʭʘʥʘʣʳץ ʤʫʬʝʣʴ ʧʝʰʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. ɸʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 1200  

ʞᴅʥʝ 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʜʽ, ᴅʨ ʪʝʤʧʝʨʘʪʫʨʘ װʰʽʥ 2, 4 ʞᴅʥʝ 6 ʩʘסʘʪ ײʩʪʘʣʜʳ. 

ʐʠʢʽײץʨʘʤ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳץ שʘʪʳʥʘʩʳ ץʘʪʪʳ ʢᴇʤʽʨʪʝʢʪʽש ʭʨʦʤ ʦʢʩʠʜʽʥʝ 

 :ʜʝʧ ʝʩʝʧʪʝʣʜʽ שʘʪʳʥʘʩʳ 0,4 ʪʝץ

 

  Cץ  
= 0.4 (1) 

Cr2O3 

 

ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ h ʠʭʪʘ ʤʘʪʝʨʠʘʣʳʥʳש ʤʳʥʘʜʘʡ ʧʘʡʳʟʜʳץ ץʘʪʳʥʘʩʳ ʙʦʣʜʳ, %: 

ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳ ï 81,3, ʘʨʥʘʡʳ ʢʦʢʩ ï 18,7; 2) ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳ ï 87,2, ʐײʙʘʨʢᴇʣ 

ʢᴇʤʽʨʽ ï 27,8; 3) ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳ ï 80, ʢʦʢʩ ï 20. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʭʘʥʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʙʦʡʳʥʰʘ ʂʝʩʪʝ-3 ʢʝʣʪʽʨʽʣʛʝʥ ʤʝʪʘʣʜʘʥʜʳʨʫ 

ʜᴅʨʝʞʝʩʽ ʙʘʨ ᴅʨʪװʨʣʽ ʜᴅʨʝʞʝʜʝʛʽ ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʪʘʨʳ 

ʘʣʳʥʜʳ. 

 

ʂʝʩʪʝ 3 ï ɸʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʭʨʦʤ ʰʠʢʽʟʘʪʳʥʳש ᴅʨʪװʨʣʽ ʢᴇʤʽʨʪʝʢʪʽ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʤʝʥ ʤʝʪʘʣʜʘʥʫ ʜᴅʨʝʞʝʩʽ 

 

ʐʠʢʽײץʨʘʤ 
ʊʝʤʧʝʨʘʪʫʨʘ, 

 

ʋʘץʳʪ, 

ʩʘסʘʪ 

ʄʝʪʘʣʜʘʥʫ ʜᴅʨʝʞʝʩʽ 

(%) 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʘʨʥʘʡʳ ʢʦʢʩ 

1200 

2 

3.47 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʢʦʢʩ 2.45 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʐײʙʘʨʢᴇʣ ʢᴇʤʽʨʽ 1.46 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʘʨʥʘʡʳ ʢʦʢʩ 

4 

4.28 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʢʦʢʩ 3.21 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʐײʙʘʨʢᴇʣ ʢᴇʤʽʨʽ 2.12 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʘʨʥʘʡʳ ʢʦʢʩ 

6 

5.13 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʢʦʢʩ 3.99 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʐײʙʘʨʢᴇʣ ʢᴇʤʽʨʽ 2.84 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʘʨʥʘʡʳ ʢʦʢʩ 

1400 

2 

38.58 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʢʦʢʩ 34.79 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʐײʙʘʨʢᴇʣ ʢᴇʤʽʨʽ 30.15 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʘʨʥʘʡʳ ʢʦʢʩ 

4 

39.97 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʢʦʢʩ 36.68 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʐײʙʘʨʢᴇʣ ʢᴇʤʽʨʽ 32.82 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʘʨʥʘʡʳ ʢʦʢʩ 

6 

41.28 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʢʦʢʩ 38.39 

Cr ʢʦʥʮʝʥʪʨʘʪ + ʐײʙʘʨʢᴇʣ ʢᴇʤʽʨʽ 35.13 
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ʂʝʩʪʝ 3 1200  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʤʝʪʘʣʜʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ 

ʩʦʥʰʘʣʳץʪʳ ʞʦסʘʨʳ ʝʤʝʩ, ʪʝʢ 5 % ʜʝʡʽʥ, ʘʣ 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʝʪʘʣʜʘʥʜʳʨʫ 

ʜᴅʨʝʞʝʩʽ ʙʽʨʥʝʰʝ ʝʩʝ ʘʨʪʘʜʳ. 41 % - ʜʘסʳ ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ 6 ʩʘסʘʪʪʳץ ʵʢʩʧʦʟʠʮʠʷʜʘ 

ʘʨʥʘʡʳ ʢʦʢʩʪʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʘʣʜʳʥ-ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣʘʜʳ. ʆʩ r ʜʝʨʝʢʪʝʨʜʽ 

ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʤʝʪʘʣʜʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽʥʽ1200 ש ʞᴅʥʝ 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ײʩʪʘʫ 

ʫʘץʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ ײץʨʳʣʜʳ. ɻʨʘʬʠʢ ʩʫʨʝʪ 1-ʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
 

  
ʘ) ᴅ) 

 

ʉʫʨʝʪ 1 ï ʄʝʪʘʣʜʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽʥʽש ʘ) ï 1200  ʞᴅʥʝ ᴅ) ï 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

 ʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽץʩʪʘʫ ʫʘײ
 

ʉʫʨʝʪ-1 ʞᴅʥʝ ʂʝʩʪʝ-3 ʢᴇʨʽʧ ʦʪʳʨסʘʥʳשʳʟʜʘʡ, ʤʝʪʘʣʜʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ ʢװʡʜʽʨʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ ײʩʪʘʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ʜᴅʣʽʨʝʢ ʘʡʪʩʘץ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 

 ʘʨʳסʨʣʳʤ ʞʦײסʘʨʳ ʙʦʣʩʘ, ʤʝʪʘʣʜʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ ʩʦסʨʣʳʤ ʞʦײסʳʪʳ ʥʝץʩʪʘʫ ʫʘײ

ʙʦʣʘʜʳ. 

ʂʝʩʪʝ-3 ʩᴅʡʢʝʩ ʢᴇʤʽʨʪʝʢʪʽ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʜʳש ʘʨʘʩʳʥʜʘ ʞʘץʩʳ 

ʤʝʪʘʣʜʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ 41,28% ʘʨʥʘʡʳ ʢʦʢʩʪʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʣʳʥʜʳ. ɸʣʳʥסʘʥ 

ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʦʨʬʦʣʦʛʠʷʥʳ ʟʝʨʪʪʝʫ װʰʽʥ ʩʢʘʥʝʨʣʝʫʰʽ 

ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʘ (ʉʕʄ) ʪʘʣʜʘʫʣʘʨ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʭʨʦʤ 

ʢʦʥʮʝʥʪʨʘʪʳʥʳש ʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫʳ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʥʜʳ. ʉʘʣʳʩʪʳʨʫ ʨʝʪʽʥʜʝ 

1200 ʞᴅʥʝ 1400 ÁC ʢװʡʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʞᴅʥʝ 6 ʩʘסʘʪ ײʩʪʘʫ ʫʘץʳʪʳʥʜʘ ʘʨʥʘʡʳ 

ʢʦʢʩʪʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʘʣʜʳʥ ʘʣʘ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʥ ʩʳʥʘʤʘʣʘʨ ʘʣʳʥʜʳ, ʩʦʥʜʘʡ-ʘץ ʩʘʣʳʩʪʳʨʫ װʰʽʥ 

ʢװʡʜʽʨʫʛʝ ʜʝʡʽʥʛʽ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥʳש ʩʫʨʝʪʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ (ʉʫʨʝʪ-2). 
 

   
ʘ) ᴅ) ʙ) 

 

ʉʫʨʝʪ 2 ï ɸʨʥʘʡʳ ʢʦʢʩʪʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʭʨʦʤ hʠʢʽʟʘʪʳʥʳש ʉʕʄ ʩʫʨʝʪʪʝʨʽ: ʘ ï ʭʨʦʤ 

ʢʦʥʮʝʥʪʨʘʪʳʥʳש ʙʘʩʪʘʧץʳ ʥײʩץʘʩʳ; ᴅ ï 1200  ʪʝʤʧʝʨʘʪʫʨʘʜʘ; ʙ ï 1400  

ʪʝʤʧʝʨʘʪʫʨʘʜʘ 
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ʂʝʩʪʝ 4 ï 1200 ʞᴅʥʝ 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘ, ײʩʪʘʫ ʫʘץʳʪʳ 6 ʩʘסʘʪ ʙʦʣʘʪʳʥ ʘʣʜʳʥ 

ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥʳש ʩʧʝʢʪʨʣʽʢ ʪʘʣʜʘʫʳ 

 

 

ʕʣʝʤʝʥʪʪʝʨ 

ʉʧʝʢʪʨ 1 ʉʧʝʢʪʨ 2 

ʊʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ,  

ɹʘʩʪʘʧץʳ 1200 1400 ɹʘʩʪʘʧץʳ 1200 1400 

 % ʨʘʤʳ, ʤʘʩʩʘײפ

C - 1,40 1,17 - 12,33 9,35 

O 50,03 0,99 1,04 52,64 44,32 47,78 

Mg 15,97 0,25 0,20 24,78 16,02 26,70 

Al 2,29 0,06 0,28 6,5 7,64 13,89 

Si 3,03 0,07 0,04 12,87 5,47 0,14 

Cr 26,59 80,65 88,76 2,66 11,26 1,70 

Fe 2,09 15,08 6,30 0,55 2,35 0,44 

Mn - 1,50 2,21 - - - 

S - - - - 0,48 - 

Ca - -  - 0,13 - 

ɹʘʨʣʳסʳ 100 100 100 100 100 100 

 

ʉʫʨʝʪ 2 ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ʘʨʥʘʡʳ ʢʦʢʩʪʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 6 ʩʘסʘʪ ײʩʪʘʡ 

ʦʪʳʨʳʧ, ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʭʨʦʤ ʰʠʢʽʟʘʪʳʥʳש ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ 

ʤʠʢʨʦʩʢʦʧʳʥʳש ʩʫʨʝʪʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʉʘʣʳʩʪʳʨʫ װʰʽʥ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥʳש 

 ʨʽʥʜʝ ʟʝʨʪʪʝʣʜʽ (ʉʫʨʝʪ 2, ʘ), 1200  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʣʜʳʥ ʘʣʘװʳ ʪץʨʳʣʳʤʜʘʨʳ ʙʘʩʪʘʧײץ

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ (ʉʫʨʝʪ 2, ᴅ), 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 

(ʉʫʨʝʪ 2, ʚ). ʉʫʨʝʪ 2ʘ ʢᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʙʘʩʪʘʧץʳ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳ ʙײʨʳʰʪʳץ 

ʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ ʪʳסʳʟ ʪװʡʽʨʰʽʢʪʽ ײץʨʳʣʳʤʤʝʥ, ʤʝʪʘʣʣ ץʦʩʳʣʳʩʪʘʨʳʥʳש ʙʦʣʤʘʫʳʤʝʥ 

ʞᴅʥʝ ʦʢʩʠʜ ʬʘʟʘʩʳʥʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɹᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʽ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪʝʛʽʩ, ʙײʣ ʙʘʩʪʘʧץʳ ʢװʡʜʝʛʽ ʤʘʪʝʨʠʘʣʜʳש ʪᴇʤʝʥ ʨʝʘʢʪʠʚʪʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 1200  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʣʜʳʥ-ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʣ 

ʬʘʟʘʣʘʨʳʥʳש ʘʣסʘʰץʳ ʧʘʡʜʘ ʙʦʣʫʳʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ, ʦʣ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳ 

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʙʝʪʽʥʝ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣסʘʥ ʛʫʙʢʘ ʪᴅʨʽʟʜʽ ʤʦʨʬʦʣʦʛʠʷʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ᴄʨʽ 

 ʙᴇʣʰʝʢʪʝʨʽʥ שʘʨʘʡ, ʪʝʤʧʝʨʘʪʫʨʘ 1400  ʜʝʡʽʥ ʢᴇʪʝʨʽʣʛʝʥʜʝ, ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥʳץ

ʪʦʣʳסʳʤʝʥ ץʦʨʰʘʧ ʪײʨסʘʥ ʤʝʪʘʣʣ ʬʘʟʘʣʘʨʳʥ ʘʥʳץ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʙᴇʣʝʢ ʞʘʪץʘʥ, ʪʦʣʳסʳʤʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʤʝʪʘʣʣ ʭʨʦʤ ʙᴇʣʰʝʢʪʝʨʽʥ ʜʝ ʙʘʡץʘʫסʘ 

ʙʦʣʘʜʳ. 

ʅᴅʪʠʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ, ʪʝʤʧʝʨʘʪʫʨʘ 1200  - ʜʝʥ 1400  - ʛʝ ʜʝʡʽʥ ʢᴇʪʝʨʽʣʛʝʥʜʝ, 

ʦʢʩʠʜʪʽ ץʦʩʳʣʳʩʪʘʨʜʘʥ ʤʝʪʘʣʣ ʭʨʦʤʳʥ ʘʣʫ ʘʨʪʘʜʳ ʜʝʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ. ʄײʥʳ 1200  

ʞᴅʥʝ 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʉʧʝʢʪʨ 1 ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʘץʰʳʣ ʤʝʪʘʣʣ ʬʘʟʘʩʳ ʭʨʦʤסʘ 

ʙʘʡ, ʦʥʳש ʧʘʡʳʟʳ 80% - ʜʘʥ 88% - סʘ ʜʝʡʽʥ ʢᴇʪʝʨʽʣʝʜʽ, ʙʽʨʘץ ʪʝʤʽʨ ʤᴇʣʰʝʨʽ 15,08% - ʜʘʥ 

 ʘʨʳʣʘʫʳʤʝʥ ʞᴅʥʝ ʕɼʉסʞʦ שʨʘʤʳʥʳײץ ʥʳ ʭʨʦʤײʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ. ʄס - 6,3%

ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥʽץ שʘʡʪʘ ʝʩʝʧʪʝʣʫʽʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. פʘʨʘ ʬʘʟʘʣʘʨʜʘ 

(ʉʧʝʢʪʨ 2) ʰʧʠʥʝʣʠʜʪʽ ץʦʩʳʣʳʩʪʘʨסʘ ʪᴅʥ ʤʘʛʥʠʡ-ʢʨʝʤʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥʳש, ʩʦʥʜʘʡ-ʘץ 

ʘʣʶʤʠʥʠʡ ʦʢʩʠʜʪʝʨʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ʤᴇʣʰʝʨʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ʩʧʝʢʪʨ 2-ʜʝ 1400  

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʦʢʩʠʜ ʙᴇʣʽʛʽʥʜʝʛʽ ʭʨʦʤ ʤᴇʣʰʝʨʽ ᴇʪʝ ʪᴇʤʝʥ ʞᴅʥʝ 1,7 %, ʪʝʤʽʨ 0,44% 

 .ʨʘʡʜʳײץ

 

 ʦʨʳʪʳʥʜʳפ

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʙʘʨʳʩʳʥʜʘ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥ ʘʣʜʳʥ-ʘʣʘ ʢװʡʜʽʨʫ 

ʤʘʪʝʨʠʘʣʜʳש ʤʝʪʘʣʜʘʥʫ ʜᴅʨʝʞʝʩʽʥʝ, ʤʦʨʬʦʣʦʛʠʷʩʳʥʘ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳʥʘ 

ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ʂװʡʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳ1200 ש-ʜʝʥ 1400  - 
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ʛʝ ʜʝʡʽʥ ʢᴇʪʝʨʽʣʫʽ ʞᴅʥʝ ײʩʪʘʫ ʫʘץʳʪʳʥʳ6 ש ʩʘסʘʪץʘ ʜʝʡʽʥ ײʣסʘʶʳ ʤʝʪʘʣʜʘʥʜʳʨʫ 

ʜᴅʨʝʞʝʩʽʥʽש ʙʽʨʥʝʰʝ ʝʩʝ ᴇʩʫʽʥʝ ᴅʢʝʣʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɽש ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨ ʤʝʪʘʣʜʘʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ 41,28 % ʞʝʪʝʪʽʥ ʢᴇʤʽʨʪʝʢʪʽ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ʘʨʥʘʡʳ ʢʦʢʩʪʳ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ. ʉʕʄ 

ʟʝʨʪʪʝʫʣʝʨʽ 1400  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤ ʤʝʥ ʤʝʪʘʣʣ ʬʘʟʘʣʘʨʳʥʳש ʪװʟʽʣʫʽʥ 

ʘʥʳץʪʘʜʳ, ʘʣ ʕɼʉ ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʦʪʪʝʛʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʫʽʥ ʞᴅʥʝ 

ʤʝʪʘʣʣ ʭʨʦʤʳʥʳװ שʣʝʩʽʥʽש ᴇʩʫʽʥ ʨʘʩʪʘʜʳ. 

ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʘʟʘʡʪʫ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ 

ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʦʜʘʥ ᴅʨʽ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ װʨʜʽʩʪʝʨʽʥʜʝ, ʦʥʳש 

ʽʰʽʥʜʝ ʬʝʨʨʦʭʨʦʤ ᴇʥʜʽʨʽʩʽʥʜʝ ʘʣʜʳʥ ʘʣʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʭʨʦʤ ʢʦʥʮʝʥʪʨʘʪʳʥ 

 .ʳʥ ʢᴇʨʩʝʪʝʜʽסʦʨʳʥʜʳʣʳ שʦʣʜʘʥʫʜʳץ
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ʋɼʂ 669.168 

 

ʕʌʌɽʂʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ  

ʍʈʆʄʆɺʆɻʆ ʉʓʈʔʗ ʂɸɿɸʍʉʊɸʅɸ 

 
ʉʘʨʠʝʚ ʆ.ʈ. 

 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɾʫʙʘʥʦʚʘ, ʛ. ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʨʴʷ: ʫʪʠʣʠʟʘʮʠʷ ʥʘʢʦʧʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʝ 

ʠʟʚʣʝʯʝʥʠʷ ʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘʭ [1-3]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ 

ʜʚʫʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʨʝʰʝʥʠʷʤ: ʧʝʨʝʨʘʙʦʪʢʝ ʦʙʝʜʥʝʥʥʳʭ ʭʨʦʤʦʚʳʭ ʭʚʦʩʪʦʚ ɼʦʥʩʢʦʛʦ 

ɻʆʂʘ ʠ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʳ ʨʘʟʜʝʣʴʥʦʛʦ ʚʳʧʫʩʢʘ ʰʣʘʢʘ ʠ ʤʝʪʘʣʣʘ ʥʘ ʧʝʯʘʭ ʬʝʨʨʦʭʨʦʤʘ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ 

ʢʦʤʙʠʥʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ 

ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʥʝʜʨʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʝʜʥʝʥʥʳʭ ʭʨʦʤʦʚʳʭ ʭʚʦʩʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʚʦʩʪʳ ɼʦʥʩʢʦʛʦ ɻʆʂ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ Cr2O3 15-25%, ʬʨʘʢʮʠʠ 0-10 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʦʙʦʛʘʱʝʥʠʷ 

ʚʳʙʨʘʥ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʪʩʘʜʢʠ, ʜʦʢʘʟʘʚʰʠʡ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʟʝʨʥʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʨʘʟʥʠʮʝʡ ʚ ʧʣʦʪʥʦʩʪʠ ʧʦʣʝʟʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʧʫʩʪʦʡ ʧʦʨʦʜʳ. 

ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʪʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʂʇʌʐ-50 ʚ ʮʝʭʝ ʧʝʨʝʨʘʙʦʪʢʠ ʰʣʘʢʦʚ 

ɸʢʪʶʙʠʥʩʢʦʛʦ ʟʘʚʦʜʘ ʬʝʨʨʦʩʧʣʘʚʦʚ (ɸʢʪɿʌ). ɼʣʷ ʘʜʘʧʪʘʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʜ ʩʧʝʮʠʬʠʢʫ ʩʳʨʴʷ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

1. ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ: ʏʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʠ ʧʦʩʪʝʣʠ ʫʚʝʣʠʯʝʥʘ ʩ 1,5-2 ʜʦ 2-2,5 

ʧʦʜʲʝʤʦʚ ʚ ʩʝʢʫʥʜʫ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʳʭʣʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʩʝʧʘʨʘʮʠʠ ʯʘʩʪʠʮ ʧʦ ʧʣʦʪʥʦʩʪʠ. 

2. ʂʦʥʩʪʨʫʢʮʠʷ ʩʠʪ: ʉʪʘʥʜʘʨʪʥʳʝ ʩʠʪʘ ʩ ʰʠʨʠʥʦʡ ʱʝʣʠ 2 ʤʤ ʟʘʤʝʥʝʥʳ ʥʘ ʱʝʣʝʚʳʝ 

ʩʠʪʘ ʰʠʨʠʥʦʡ 3 ʤʤ. ʕʪʦ ʧʨʝʜʦʪʚʨʘʪʠʣʦ ʙʳʩʪʨʦʝ ʟʘʙʠʚʘʥʠʝ ʩʠʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ (0-1 ʤʤ) ʠ ʦʙʝʩʧʝʯʠʣʦ ʩʪʘʙʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 

3. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʝʞʠʤ: ʋʚʝʣʠʯʝʥʘ ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʦʪʩʘʜʦʯʥʫʶ ʤʘʰʠʥʫ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʧʫʣʴʧʳ ʠ ʦʙʣʝʛʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʯʘʩʪʠʮ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ 

ʯʝʪʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʥʘ ʧʨʦʜʫʢʪʳ. 

ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ (ʆʇʀ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʜʚʫʭ ʧʣʦʱʘʜʢʘʭ: 

ɸʢʪɿʌ ʠ ɸʢʩʫʩʢʦʤ ʟʘʚʦʜʝ ʬʝʨʨʦʩʧʣʘʚʦʚ (ɸʢʩɿʌ). 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʨʘʟʜʝʣʴʥʦʛʦ ʚʳʧʫʩʢʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʪʝʨʴ ʤʝʪʘʣʣʘ ʩʦ ʰʣʘʢʦʤ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ: 

1. ɸʥʘʣʠʟ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (TEA): ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

HSC Chemistry ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʣʘʥʩʦʚ 

ʧʨʦʮʝʩʩʘ ʧʣʘʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʝʣʳ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

2. CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʨʘʩʧʣʘʚʦʚ ʧʨʠ 

ʚʳʧʫʩʢʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʧʝʨʝʭʦʜʥʘʷ ʤʦʜʝʣʴ ʚ ʩʨʝʜʝ ANSYS Fluent ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ (VOF). ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʣʘ ʩʚʦʡʩʪʚʘ ʬʘʟ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʧʦʟʚʦʣʷʣʘ ʧʨʦʚʦʜʠʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʣʝʪʦʢ. 

ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ ʤʠʥʠʤʠʟʘʮʠʷ ʫʥʦʩʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʰʣʘʢʦʚʳʡ 

ʧʦʪʦʢ. 
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3. ʊʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ (ʊʕʆ): ʅʘ ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʧʠʪʘʣʴʥʳʭ (CAPEX) ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

(OPEX) ʟʘʪʨʘʪ, ʨʘʩʩʯʠʪʘʥʳ ʢʣʶʯʝʚʳʝ ʬʠʥʘʥʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ (NPV, IRR, ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ). 

4. ʇʨʦʤʳʰʣʝʥʥʘʷ ʘʧʨʦʙʘʮʠʷ: ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʧʝʯʠ ˉ12 

ʧʣʘʚʠʣʴʥʦʛʦ ʮʝʭʘ ˉ1 ɸʢʪɿʌ ʚ 2024-2025 ʛʛ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʆʇʀ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʦʪʩʘʜʢʠ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʛʘʱʝʥʠʷ ʭʨʦʤʦʚʳʭ ʭʚʦʩʪʦʚ 

 

ʍʚʦʩʪʳ ɼɻʆʂ (0-10 ʤʤ) ɸʢʪɿʌ 66,6 35 ï 51 

ʍʚʦʩʪʳ ɼɻʆʂ (5-10 ʤʤ) ɸʢʪɿʌ 73,1 35 ï 51 

ʍʚʦʩʪʳ ɼɻʆʂ ɸʢʩɿʌ 66,7 32 ï 45 

 

ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ (73,1%) ʜʦʩʪʠʛʥʫʪ ʜʣʷ ʫʟʢʦʡ ʬʨʘʢʮʠʠ 5-10 ʤʤ, ʛʜʝ ʫʩʣʦʚʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʰʠʭʪʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʧʣʘʚʠʣʴʥʳʭ ʮʝʭʦʚ. 

ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʢʦʥʮʝʥʪʨʘʪ + ʧʨʦʤʧʨʦʜʫʢʪ) ʩʦʩʪʘʚʠʣ 28,3-

36,6%. ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʜʦʢʘʟʘʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ɸʢʩɿʌ. 

ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ɻ ʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ɿʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʩʦʢʨʘʱʝʥʠʷ ʟʘʢʫʧʦʢ ʧʝʨʚʠʯʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʪʝʞʝʡ ʩʦʚʦʢʫʧʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ɸʢʪɿʌ ʠ 

ɸʢʩɿʌ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 21 ʤʣʥ ʜʦʣʣʘʨʦʚ ʉʐɸ. 

 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʥʮʠʧʦʚ ʮʠʨʢʫʣʷʨʥʦʡ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʵʢʦʥʦʤʠʢʠ. ʇʝʨʝʨʘʙʦʪʢʘ ʭʚʦʩʪʦʚ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʥʘʢʦʧʣʝʥʥʳʭ 

ʦʪʭʦʜʦʚ, ʩʦʟʜʘʚʘʷ ʠʩʪʦʯʥʠʢ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʘ ʩʠʩʪʝʤʘ ʨʘʟʜʝʣʴʥʦʛʦ ʚʳʧʫʩʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʆʙʘ ʨʝʰʝʥʠʷ ʛʦʪʦʚʳ ʢ 

ʪʠʨʘʞʠʨʦʚʘʥʠʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʪʨʘʩʣʠ. 

 

ʀʩʪʦʯʥʠʢʠ 
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ʢʦʤʧʣʝʢʩʘ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ // ʎʚʝʪʥʳʝ ʤʝʪʘʣʣʳ. ï 2020. ï ̄ 5. ï ʉ. 44-49. 

2 Lottermoser, B. G. Mine Wastes: Characterization, Treatment and Environmental Impacts. ï 

3rd ed. ï Berlin: Springer, 2010. ï 400 p. 

3 ʉʦʢʦʣʦʚ ɸ.ʉ., ʂʘʣʠʥʠʥ ʖ.ʆ. ʋʪʠʣʠʟʘʮʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ï ʄ.: ɻʦʨʥʘʷ ʢʥʠʛʘ, 2018. ï 215 ʩ. 
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ʋɼʂ 537.8.029   

 

ʅʆɺʓʁ ʄɽʊʆɼ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ɺɽʑɽʉʊɺ ʄɽʊʆɼɸʄʀ ʄɸɻʅʀʊʅʆɻʆ 

ʈɽɿʆʅɸʅʉɸ ɺ ʄɸɻʅʀʊʅʆʄ ʇʆʃɽ ɿɽʄʃʀ 

        
ʍʘʩʝʥ ɹ. 

 

ʅʝʟʘʚʠʩʠʤʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

             

ʄʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʴʰʦʝ ʥʘʫʯʥʦʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʭʠʤʠʠ, ʤʘʛʥʠʪʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʛʝʦʬʠʟʠʢʝ. ʄʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʙʦʪʳ ʧʦ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠʙʦʨʳ. ʕʪʠ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʠʩʪʘʥʮʠʦʥʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʛʥʠʪʦʚ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ. ʅʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ. ʀʟʫʯʘʣʠʩʴ 

ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʠ ʤʝʜʥʳʭ ʨʫʜ. ʅʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤ 

ʦʢʘʟʘʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʣʝʞʘʪ ʗʜʝʨʥʳʡ ʄʘʛʥʠʪʥʳʡ ʠ ʕʣʝʢʪʨʦʥʥʳʡ ʇʘʨʘʤʘʛʥʠʪʥʳʡ ʈʝʟʦʥʘʥʩʳ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ (EFNMR ʠ EFPMR).  ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʤʠʥʝʨʘʣʳ ʠ ʚʦʜʘ 

ʠʤʝʶʱʠʝ ʥʝʩʧʘʨʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʩʧʦʩʦʙʥʳ ʠʟʣʫʯʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʱʝʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ. ʇʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʚʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʨʘʜʠʫʩʝ 3-4 ʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʠʙʦʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʤʠʥʝʨʘʣʦʚ, ʚʦʜʳ ʚ ʦʙʣʘʩʪʠ ʗʄʈ ʠ ʕʇʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ. ʕʪʦ ʦʙʣʘʩʪʴ 

ʋʣɹʪʨʘʥʠʟʢʠʭ (ULF) ʠ ʆʯʝʥʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (VLF). ʆʮʝʥʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʣʝʞʠʪ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ. ʅʦʚʳʡ ʤʝʪʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʦʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʗʄʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʗʄʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ; ʕʇʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ; 

ʯʘʩʪʦʪʘ ʃʘʨʤʦʨʘ; ʫʣʴʪʨʘʥʠʟʢʠʝ ʯʘʩʪʦʪʳ, ʦʯʝʥʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ; ʜʝʪʝʢʪʦʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 

 

ɺʚʝʜʝʥʠʝ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʗʄʈ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʰʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʗʄʈ ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ. ʆʩʥʦʚʦʡ ʜʣʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʘʢʢʘʨʜʘ ʠ ɺʘʨʠʘʥʘ [1]. ʗʄʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ ʥʝ 

ʪʨʝʙʫʝʪ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ 

ʘʧʧʘʨʘʪʫʨʳ. ʍʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʚ ʧʦʜʘʚʣʝʥʠʠ ʰʫʤʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʷʜʝʨ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ [2-5]. ʆʜʥʘʢʦ ʗʄʈ ʚ ʩʣʘʙʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠʣʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʨʝʟʦʥʘʥʩʘ ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ, ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʟʦʨʜʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ ʠʣʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ (Magnetic Resonance Sounding MRS). ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʨʦʪʦʥʘʤ ʚʦʜʦʨʦʜʘ, ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪ ʚʦʜʫ ʠ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʄʝʪʦʜ 

ʧʨʦʪʦʥʥʦʛʦ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʚ ʈʦʩʩʠʠ ʚ ʥʘʯʘʣʝ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʧʦʩʪʨʦʠʣʠ ʧʝʨʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ MRS, ʥʘʟʚʘʥʥʦʝ çɻʀɼʈʆʉʂʆʇè [6], ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʛʣʫʙʠʥʫ ʠ ʤʦʱʥʦʩʪʴ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 100 ʜʦ 
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150ʤ [7]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ MRS ̫ ʚʣʷʝʪʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ɼʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʳʤ 

ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʰʫʤʦʚ. ʇʦʜʘʚʣʝʥʠʝ ʰʫʤʦʚ ʚʩʝ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʦʙʣʘʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.   

ʀʟʦʙʨʝʪʘʪʝʣʴ ɿ. ʗʥʢʦʚʠʯ ʨʘʟʨʘʙʦʪʘʣ ʠ ʜʘʣ ʨʘʟʚʠʪʠʝ ʥʦʚʦʤʫ ʤʝʪʦʜʫ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʥʦ ʥʝ ʜʘʣ ʦʙʲʷʩʥʝʥʠʷ ʤʝʪʦʜʫ. ʈʘʙʦʪʳ 

ʚʳʧʦʣʥʷʣʠʩʴ ʙʝʟ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ [8-9] ʥʝ ʙʳʣʦ ʧʦʥʠʤʘʥʠʷ, ʯʪʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʉ ʨʘʟʚʠʪʠʝʤ ʵʪʠʭ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ, 

ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʠ ʤʝʜʥʳʭ ʨʫʜ ʧʨʠʰʣʦ ʧʦʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ɿ.ʗʥʢʦʚʠʯʘ 

ʣʝʞʠʪ ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʤʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʠ ʦʙʣʘʩʪʴ ʷʜʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ.   

   

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ 

ʥʝʩʧʘʨʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʩʧʦʩʦʙʥʳ ʢʘʢ ʧʦʛʣʦʱʘʪʴ, ʪʘʢ ʠ ʠʟʣʫʯʘʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʱʝʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩʧʠʥʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʧʝʨʝʭʦʜʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʘ ʥʠʞʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʚʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʨʘʜʠʫʩʝ 3-4 

ʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʦʙʨʘʟʮʘʭ ʚʝʩʦʤ 50-100ʛ. 

ʇʝʨʝʭʦʜʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʙʣʘʩʪʠ ʋʣʴʪʨʘʥʠʟʢʠʭ ʯʘʩʪʦʪ (ULF) 300-

3000ɻʮ ʠ ʆʯʝʥʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (VLF) 3-30ʢɻʮ. ɺʩʝ, ʯʪʦ ʥʘʩ ʦʢʨʫʞʘʝʪ, ʠʥʜʫʮʠʨʫʝʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʚ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʙʦʨ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10ĭɻʮ. ʕʪʦ ʘʥʪʝʥʥʘ, ʢʦʪʦʨʘʷ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ 

ʨʫʢʝ. ɸʥʪʝʥʥʘ ʥʘʧʨʘʚʣʝʥʘ ʚʧʝʨʝʜ ʦʪ ʩʝʙʷ ʠ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪʳ, ʥʘʙʨʘʥʥʦʡ ʥʘ ʵʢʨʘʥʝ 

ʜʠʩʧʣʝʷ ʩ ʯʘʩʪʦʪʦʡ ʧʝʨʝʭʦʜʘ, ʘʥʪʝʥʥʘ ʦʪʢʣʦʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ.    ʇʦ ʪʘʙʣʠʮʘʤ ʯʘʩʪʦʪ ʗʄʈ 

ʢʦʨʧʦʨʘʮʠʠ Bruker ʦʧʨʝʜʝʣʷʝʪʩʷ ʃʘʨʤʦʨʦʚʘʷ ʯʘʩʪʦʪʘ ʜʣʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʜʘʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʝʤʣʠ. ʕʪʘ ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʠʤʝʪʴ ʧʨʠʙʣʠʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʟʤʝʥʷʷ ʵʪʫ 

ʯʘʩʪʦʪʫ ʥʘ ʜʠʩʧʣʝʝ ʜʝʪʝʢʪʦʨʘ, ʥʘ ʩʘʤʦʤ ʜʘʣʴʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʦʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3-4ʤ, ʧʦʜʙʠʨʘʶʪ ʝʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10ĭɻʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʦʣʫʯʘʶʪ ʯʘʩʪʦʪʫ ʧʝʨʝʭʦʜʘ ʠʣʠ ʃʘʨʤʦʨʦʚʫʶ ʯʘʩʪʦʪʫ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʥʘ ʜʠʩʧʣʝʝ ʚʳʨʘʞʝʥʠʷ: 

 

Frʍ3-LnCLogX3                                                                                                             (1) 

 

ʛʜʝ Fr ï ʏʘʩʪʦʪʘ ʵʣʝʤʝʥʪʘ ʠʣʠ ʦʙʲʝʢʪʘ, 

ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʛ/ʪ.       

ɺʳʨʘʞʝʥʠʝ (1) ʧʨʠʤʝʠʠʤʦ ʜʣʷ ʗʄʈ ʠ ʕʇʈ ʜʠʘʧʘʟʦʥʘ.                                                                                                                       

 

ʈʝʟʫʣʴʪʘʪʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʤʳ ʧʨʦʚʝʣʠ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʗʄʈ ʠ ʕʇʈ ʜʠʘʧʘʟʦʥʝ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʪʢʨʳʪʦʡ 

ʤʝʩʪʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʂʨ=2. ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʣʠ ʗʄʈ ʠ 

ʕʇʈ ʯʘʩʪʦʪʳ ʟʦʣʦʪʘ ʚ ʧʦʨʦʰʢʝ, ʧʦʣʫʯʝʥʥʦʤ ʩʦʣʝʚʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʟʦʣʦʪʦʛʦ ʰʣʠʭʘ, 

ʠ ʟʦʣʦʪʳʭ ʟʫʙʥʳʭ ʢʦʨʦʥʦʢ. ɺʝʩ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʣ 10 ʛ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ. ʏʘʩʪʦʪʫ ʚ ʗʄʈ 

ʜʠʘʧʘʟʦʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʪʘʙʣʠʮʝ ʃʘʨʤʦʨʦʚʳʭ ʯʘʩʪʦʪ ʢʦʤʧʘʥʠʠ Bruker ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ 3-ʛʦ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ ʜʣʷ ʧʦʣʷ ʟʝʤʣʠ 57Õʊ. ʕʪʦ ʧʨʠʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʤʝʩʪʫ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʜʙʦʨʦʤ 

ʦʧʨʝʜʝʣʷʣʠ ʃʘʨʤʦʨʦʚʫʶ ʯʘʩʪʦʪʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10ĭɻʮ. ɼʣʷ ʵʪʦʛʦ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʜʝʪʝʢʪʦʨʝ ʯʘʩʪʦʪʦʡ ʧʨʠʙʣʠʞʘʣʠʩʴ ʢ ʟʦʣʦʪʦʤʫ ʦʙʨʘʟʮʫ ʜʦ ʪʝʭ ʧʦʢʘ, ʘʥʪʝʥʥʘ ʜʝʪʝʢʪʦʨʘ ʥʝ 

ʦʪʢʣʦʥʷʣʘʩʴ ʚ ʩʪʦʨʦʥʫ. ɿʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʥʘ 

ʜʝʪʝʢʪʦʨʝ, ʦʪʜʘʣʷʣʠʩʴ ʦʪ ʦʙʨʘʟʮʘ ʧʦʢʘ ʪʦʯʥʦʩʪʴ ʯʘʩʪʦʪʳ ʥʝ ʜʦʩʪʠʛʘʣʘ 10ĭɻʮ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ 
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ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʨʘʟʮʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʦʩʴ. ʆʙʨʘʟʝʮ ʠʥʜʫʮʠʨʫʝʪ ʵʥʝʨʛʠʶ 

ʧʝʨʝʭʦʜʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠʙʣʠʞʝʥʠʝʤ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ 

ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʚ ʘʨʭʝʦʣʦʛʠʠ, ʢʦʛʜʘ ʦʙʲʝʢʪʳ ʧʦʭʦʨʦʥʝʥʳ ʥʘ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ. 

ɿʘʪʝʤ ʧʦ ʚʳʨʘʞʝʥʠʶ (1) ʧʦʜʙʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʦʙʨʘʟʮʘʭ; ʧʨʠ 

ʵʪʦʤ ʥʘ ʜʝʪʝʢʪʦʨʝ ʥʘʙʠʨʘʣʠ ʥʘʡʜʝʥʥʫʶ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʯʘʩʪʦʪʫ ʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ 

ʪʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ. ɺʳʨʘʞʝʥʠʝ (1) ʩʚʷʟʘʥʦ ʩ ʧʠʢʦʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ [9]. 

ɽʩʣʠ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʢʦʥʮʝʥʪʨʘʮʠʠ) ʦʪ ʯʘʩʪʦʪʳ, ʪʦ ʧʦʣʫʰʠʨʠʥʘ 

ʣʠʥʠʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʟʥʘʯʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʤʳ ʚʩʝ ʙʦʣʝʝ ʧʨʠʙʣʠʞʘʝʤʩʷ ʢ ʪʦʯʥʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠʙʣʠʞʝʥʥʫʶ ʯʘʩʪʦʪʫ ʕʇʈ ʧʝʨʝʭʦʜʦʚ ʙʨʘʣʠ ʠʟ ʜʘʥʥʳʭ 

ɿ. ʗʥʢʦʚʠʯʘ ʠ ʪʘʢʞʝ ʧʦʜʙʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʝʝ ʟʥʘʯʝʥʠʝ ʩ ʪʦʯʥʦʩʪʴʶ 10ĭɻʮ.  ʉʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʥʘʜʦ ʧʨʦʚʦʜʠʪʴ ʙʳʩʪʨʦ, ʧʦʢʘ ʥʝ ʧʦʤʝʥʷʣʘʩʴ ʛʝʦʤʘʛʥʠʪʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʤʝʩʪʝ ʠʟʤʝʨʝʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʧʨʦʚʦʜʠʪʴ ʧʦʚʪʦʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ.  ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʟʦʣʦʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ 

ʧʦʨʦʰʢʝ ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Au ʚ ʦʙʦʠʭ ʩʧʝʢʪʨʘʭ. ɼʣʷ ʟʫʙʥʳʭ 

ʢʦʨʦʥʦʢ ʩʦʚʧʘʜʝʥʠʝ ʚ ʗʄʈ ʩʧʝʢʪʨʝ ʠ ʕʇʈ ʩʧʝʢʪʨʝ ʥʝ ʪʦʯʥʦʝ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. ʏʘʩʪʦʪʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʪʦʯʥʦʩʪʴʶ 10ĭɻʮ, ʨʝʛʠʩʪʨʠʨʫʝʪ ʩʠʛʥʘʣ ʦʪ 

ʦʙʨʘʟʮʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʨʝʥʠʷ; ʧʨʠ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʘʚʣʷʪʴ ʰʫʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʛʥʠʪʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʝʜʧʦʣʷʨʠʟʘʮʠʝʡ. ʇʦʜʙʦʨ ʯʘʩʪʦʪʳ ʩ 

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʦʙʲʝʢʪʝ.  

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ Au 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 

ʏʘʩʪʦʪʘ ʗʄʈ, 

ɻʮ 

ʏʘʩʪʦʪʘ ʕʇʈ, 

ɻʮ 

ʉʦʜʝʨʞʘʥʠʝ Au, % 

ʗʄʈ ʕʇʈ 

ʇʦʨʦʰʦʢ 
42,9251940011 4997,1790107010 

98,20 98,20 

ʂʦʨʦʥʢʠ 63,31 62,84 

  

 ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʠʟʤʝʨʝʥʠʝ ʠʟʦʪʦʧʦʚ ʤʝʜʠ. ɽʩʣʠ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʢʨʘʶ ʠʥʪʝʨʚʘʣʘ ʗʄʈ ʠ ʕʇʈ ʩʧʝʢʪʨʦʚ, ʪʦ ʤʝʜʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ. 

ɺʙʣʠʟʠ ʯʘʩʪʦʪ ʤʝʜʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʦʪ ʜʨʫʛʠʭ 

ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʨʫʛʠʭ ʘʨʪʝʬʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʝʰʘʪʴ ʪʦʯʥʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʯʘʩʪʦʪʳ ʩʘʤʦʡ ʤʝʜʠ. ɾʝʣʘʪʝʣʴʥʦ ʫʩʪʨʘʥʠʪʴ ʚʣʠʷʥʠʝ ʘʨʪʝʬʘʢʪʦʚ ʥʘ ʤʝʩʪʝ 

ʠʟʤʝʨʝʥʠʷ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʦʪʦʧʳ įCu ʠ Cu ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʩʩʦʚʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, ʩʪʘʥʜʘʨʪʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠʣʠ ʜʠʬʨʘʢʮʠʝʡ ʥʝʡʪʨʦʥʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘʤʥʦʛʦ ʧʨʦʱʝ. ʇʨʦʚʝʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʭ ʤʝʜʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ. ʆʜʠʥ 

ʠʟ ʥʠʭ ʤʝʜʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜ, ʘ ʜʨʫʛʦʡ ï ɻʣʝʢʪʨʠʯʝʩʢʠʡ ʤʝʜʥʳʡ ʢʦʥʪʘʢʪʦʨ. ʆʙʘ 

ʦʙʲʝʢʪʘ ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʜʚʫʭ ʠʟʦʪʦʧʦʚ ʤʝʜʠ. ʄʝʜʥʳʡ ʧʨʦʚʦʜ ʜʘʝʪ ʦʜʥʦ 

ʠ ʪʦ ʞʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʢʘʢ ʚ ʗʄʈ ʩʧʝʢʪʨʝ, ʪʘʢ ʠ ʕʇʈ ʩʧʝʢʪʨʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 

99,91%. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ, ʪʦ ʦʥʦ ʨʘʟʣʠʯʥʦ. ɺ ʗʄʈ ʩʧʝʢʪʨʝ 

ʚʠʜʥʦ, ʯʪʦ ʢʦʥʪʘʢʪʦʨ ʩʦʜʝʨʞʠʪ ʜʚʘ ʠʟʦʪʦʧʘ ʤʝʜʠ. ʂʦʥʪʘʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 63-ʛʦ ʠ 65-ʛʦ 

ʠʟʦʪʦʧʘ Cu.  ʇʨʠ ʩʲʝʤʢʝ ʚ ʕʇʈ ʩʧʝʢʪʨʝ 63-ʠʡ ʠʟʦʪʦʧ ʤʝʜʠ ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʤʝʜʠ ʚ 7-ʦʤ 

ʟʥʘʢʝ ʧʦʩʣʝ ʟʘʧʷʪʦʡ.  
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ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʠʟʦʪʦʧʦʚ ʉu 

 

ʉʧʝʢʪʦʨ ʏʘʩʪʦʪʘ, ɻʮ 
ʉʦʜʝʨʞʘʥʠʝ Cu, % 

ʇʨʦʚʦʜ ʂʦʥʪʘʢʪʦʨ 

ʕʇʈ 
10783,0320991101 99,91 - 

10783,0320990110 - 65,51 

ʗʄʈ įCu 643,4871230101 99,91 65,51 

ʗʄʈ Cu 689,3112220301 0 34,3 

  

ɺʳʚʦʜʳ 
ʗʄʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ ʥʘ 2 ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʕʇʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ 

ʵʣʝʤʝʥʪʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʗʄʈ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʫʣʴʪʨʘʥʠʟʢʠʭ 

ʯʘʩʪʦʪ(ULF) 300-3000ɻʮ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʕʇʈ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʆʯʝʥʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (VLF) 3-30ʢɻʮ . ʄʝʪʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʙʲʝʢʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʚʳʨʘʞʝʥʠʷ ʥʘ ʜʠʩʧʣʝʝ 

ʜʝʪʝʢʪʦʨʘ Frʍ3-LnCLogX3. ɺʩʝ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ.   
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆ ʆʇʈɽɼɽʃɽʅʀʖ 

ɺʆɿʄʆɾʅʆʉʊʀ ʆɹʆɻɸʑɽʅʀʗ ɹɽʈʀʃʃʀɽɺʆʁ ʈʋɼʓ  

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʂɸʈɸɼɾɸʃ 

 
ʍʣʝʙʥʠʢʦʚʘ ʀ.ɸ., ʂʳʣʳʰʢʘʥʦʚ ʄ.ʂ., ʇʦʜʦʡʥʠʢʦʚ ʄ.ɸ, ʐʝʩʪʘʢʦʚ ʂ.ɸ. 

 

ɸʆ çʋʄɿè, ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʙʝʨʠʣʣʠʷ ʠ ʦʢʩʠʜʥʦʡ ʢʝʨʘʤʠʢʠ ʧʦʪʨʝʙʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʝʡ ʧʨʦʜʫʢʮʠʠ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʩʦʩʪʦʷʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʙʝʨʠʣʣʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʙʝʨʠʣʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʫʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʜʞʘʣ. 

ɼʘʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʬʣʶʦʨʠʪ ï ʤʘʛʥʝʪʠʪʦʚʳʤ, ʩʦʜʝʨʞʠʪ 

ʤʝʪʘʩʦʤʘʪʠʪʳ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʢʦʪʦʨʳʭ, ʧʨʠʩʫʪʩʪʚʫʝʪ BeO [2]. ɼʣʷ ʦʨʫʜʥʝʥʠʷ 

ʂʘʨʘʜʞʘʣ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʦʩʯʘʪʘʷ ʪʝʢʩʪʫʨʘ, ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʦʣʦʩ ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʠ 

ʬʣʶʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʌʣʶʦʨʠʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʤʷ ʛʝʥʝʨʘʮʠʷʤʠ ʦʪ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʦ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʠ 

ʩʢʨʳʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʛʨʝʛʘʪʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʙʘʭ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ ʞʝʣʝʟʘ, ʩʦʝʜʠʥʝʥʠʷ ʢʘʣʴʮʠʷ ʠ 

ʬʪʦʨʘ, ʦʢʩʠʜʳ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ. ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ 

ʤʘʛʥʝʪʠʪ ʠ ʯʘʩʪʠʯʥʦ ʦʢʠʩʣʝʥʥʳʡ ʤʘʛʥʝʪʠʪ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʚ ʤʠʥʝʨʘʣʝ Fe(II) ʠ Fe(III), ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʝʪʠʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʧʦʨʠʩʪʦʩʪʠ. ɼʨʫʛʠʤʠ ʦʩʥʦʚʥʳʤʠ 

ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʬʣʶʦʨʠʪ ʠ ʢʚʘʨʮ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʚʠʜʝ ʧʨʦʞʠʣʦʢ ʠ 

ʙʣʦʢʦʚ ʚ ʤʘʛʥʝʪʠʪʝ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʘʥʘʣʠʟʘʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʙʘʭ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʜʞʘʣ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʙʝʨʠʣʣʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,06 ʜʦ 0,97 %, 

ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʫʜʫ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʫʶ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʙʝʨʠʣʣʠʡ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʚʠʜʝ ʭʨʠʟʦʙʝʨʠʣʣʘ, ʧʨʘʢʪʠʢʘ ʦʙʦʛʘʱʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦ ʨʘʟʤʝʨʫ 

ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʙʝʨʠʣʣʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ ʠʩʩʣʝʜʫʝʤʘʷ ʨʫʜʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ, ʪʘʢ ʢʘʢ ʭʨʠʟʦʙʝʨʠʣʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʘʛʨʝʛʘʪʦʚ ʟʝʨʝʥ ʤʠʢʨʦʥʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʦʙʦʛʘʱʝʥʠʝ ʜʘʥʥʦʡ ʨʫʜʳ. 

ʇʨʦʚʝʜʝʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʙ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʮʝʣʴʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʛʘʱʝʥʠʷ ʤʝʪʦʜʦʤ 

ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ [3]. ʀʟʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʤʦʢʨʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʩ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʢʨʫʧʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʙʦʛʘʱʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʬʣʦʪʘʮʠʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʭʝʤʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʨʝʘʛʝʥʪʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʥʦʛʦ ʘʛʝʥʪʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʜʠʡ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʙʦʣʝʝ 60 % ʙʝʨʠʣʣʠʷ, ʩʦ 

ʩʢʚʦʟʥʳʤ ʠʟʚʣʝʯʝʥʠʝʤ ʙʝʨʠʣʣʠʷ ʧʦ ʦʧʝʨʘʮʠʷʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ - 

28 %. ʆʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʮʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʦʧʝʨʘʮʠʠ ʤʘʛʥʠʪʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʙʝʨʠʣʣʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʘʛʥʝʪʠʪʝ ʚ ʚʠʜʝ 
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ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʘʙʩʦʣʶʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʙʝʨʠʣʣʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ. 

ʇʦ ʠʪʦʛʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʛʘʱʝʥʠʷ 

ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʜʞʘʣ ʜʦ ʫʨʦʚʥʷ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ɺʝʆ ï 

1,4 %, ʯʪʦ ʥʠʞʝ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʦʥʮʝʥʪʨʘʪʘʤ ʙʝʨʠʣʣʠʷ (ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ 

III ʩʦʨʪʘ ʩʦʜʝʨʞʘʥʠʝ ɺʝʆ ʙʦʣʝʝ 3 %). ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜʳ 

ʂʘʨʘʜʞʘʣ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ï 

ʤʘʛʥʝʪʠʪ ʠ ʬʣʶʦʨʠʪ, ʷʚʣʷʶʱʠʝʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʣʠ ʠ 

ʬʪʦʨʩʦʜʝʨʞʘʱʝʡ ʧʨʦʜʫʢʮʠʠ. 
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ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʀʅʊɽʅʉʀʌʀʂɸʎʀʀ ʇʈʆʎɽʉʉɸ ʎʀɸʅʀʈʆɺɸʅʀʗ 

ɿʆʃʆʊɸ ʅɸ ʆʉʅʆɺɽ ʆʈɻɸʅʀʏɽʉʂʀʍ ɼʆɹɸɺʆʂ 
 

ʍʫʤʘʨʙʝʢײʣʳ ɽ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ çʂʘʟʤʝʭʘʥʦʙʨè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ʂʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʟʦʣʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʱʝʣʦʯʥʳʭ ʮʠʘʥʠʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʟʢʦʩʦʨʪʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ. ɽʛʦ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ, ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʚʳʛʦʜʥʳʭ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʛʠʪʘʮʠʦʥʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʠʥ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʨʘʩʭʦʜʘ 

ʮʠʘʥʠʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʥʳʭ ʤʠʥʝʨʘʣʦʚ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʩʠʪʴ ʢʠʥʝʪʠʢʫ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ ʠ ʦʙʱʝʝ ʠʟʚʣʝʯʝʥʠʝ 

ʤʝʪʘʣʣʘ. ʉʨʝʜʠ ʪʘʢʠʭ ʨʝʘʛʝʥʪʦʚ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʠ 

ʘʮʝʪʘʪ ʥʘʪʨʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ. 

 

ɺʣʠʷʥʠʝ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʮʠʘʥʠʜʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ 

ʟʦʣʦʪʘ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʘʪʦʜʥʳʭ ʨʝʘʢʮʠʡ ʠ ʦʢʠʩʣʝʥʠʶ 

ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʵʢʨʘʥʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʟʦʣʦʪʠʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʚ ʚʠʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ ʧʝʨʝʜ ʮʠʘʥʠʨʦʚʘʥʠʝʤ, ʘ ʥʝ ʧʨʠ ʝʝ 

ʧʨʷʤʦʤ ʚʚʝʜʝʥʠʠ ʚ ʮʠʘʥʠʜʥʳʡ ʨʘʩʪʚʦʨ [2]. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʦʢʠʩʣʷʝʪ ʩʫʣʴʬʠʜʥʳʝ 

ʤʠʥʝʨʘʣʳ ʧʦ ʦʙʦʙʱʝʥʥʳʤ ʨʝʘʢʮʠʷʤ: 

 

 MeS+4H2O2ŸMeO+H2SO4+3H2O           (1) 

 

 MeS+4H2O2ŸMeSO4+4H2O           (2) 

 

ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʳʰʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʟʦʣʦʪʘ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʧʣʝʥʦʢ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʨʫʜʳ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʨʘʩʭʦʜʘ ʮʠʘʥʠʜʘ. 

 

ɺʣʠʷʥʠʝ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ 

ɸʮʝʪʘʪ ʥʘʪʨʠʷ, ʷʚʣʷʶʱʠʡʩʷ ʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʠʩʩʣʝʜʦʚʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʮʠʘʥʠʜʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ. 

ɺ ʱʝʣʦʯʥʳʭ ʮʠʘʥʠʜʥʳʭ ʩʨʝʜʘʭ ʘʮʝʪʘʪ-ʠʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʛʠʜʨʦʢʩʠʜʘʤʠ ʠ 
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ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʙʨʘʟʫʷ ʨʘʩʪʚʦʨʠʤʳʝ ʘʮʝʪʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʠ ʩʧʦʩʦʙʩʪʚʫʷ ʫʜʘʣʝʥʠʶ ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʧʣʝʥʦʢ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ 

ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ ʮʠʘʥʠʜʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʣʫʯʰʝʥʠʝʤ ʫʩʣʦʚʠʡ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʩʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʙʫʪʳʣʦʯʥʳʭ ʪʝʩʪʦʚ ʠ ʦʧʳʪʥʦ-ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʫʩʪʦʡʯʠʚʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʮʠʘʥʠʨʦʚʘʥʠʝʤ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʣʦʪʘ, ʩʥʠʞʝʥʠʝʤ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʘʥʠʜʘ ʩ ʧʨʠʤʝʩʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ [4]. 

 

ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ. ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʧʦʚʳʰʘʝʪ 

ʜʦʩʪʫʧʥʦʩʪʴ ʟʦʣʦʪʘ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʘʮʝʪʘʪ ʥʘʪʨʠʷ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ. ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʜʝʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʢʘʟʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ [5]. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʛʝʥʪʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʮʠʘʥʠʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩ ʫʢʘʟʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʵʬʬʝʢʪʦʚ. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʨʝʘʛʝʥʪʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʘʥʠʜʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʘ 
 

ʉʠʩʪʝʤʘ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ 

ʚʦʟʜʝʡʩʪʚʠʷ 
ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʊʨʘʜʠʮʠʦʥʥʦʝ 

ʮʠʘʥʠʨʦʚʘʥʠʝ 

ʈʘʩʪʚʦʨʝʥʠʝ ʟʦʣʦʪʘ ʚ ʱʝʣʦʯʥʦʡ 

ʮʠʘʥʠʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʫʯʘʩʪʠʠ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʇʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ; 

ʧʨʦʤʳʰʣʝʥʥʦ ʦʪʨʘʙʦʪʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ; ʥʠʟʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ 

ʟʘʪʨʘʪʳ 

ʎʠʘʥʠʨʦʚʘʥʠʝ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ 

ʆʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʨʘʟʨʫʰʝʥʠʝ 

ʦʙʦʣʦʯʝʢ, ʵʢʨʘʥʠʨʫʶʱʠʭ 

ʟʦʣʦʪʦ 

ʇʦʚʳʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʟʦʣʦʪʘ; 

ʫʩʢʦʨʝʥʠʝ ʢʠʥʝʪʠʢʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ; ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʝʢʠʩʠ ʩ ʮʠʘʥʠʜʦʤ 

ʎʠʘʥʠʨʦʚʘʥʠʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʘʪʘ 

ʥʘʪʨʠʷ 

ʋʜʘʣʝʥʠʝ ʧʘʩʩʠʚʠʨʫʶʱʠʭ 

ʧʣʝʥʦʢ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ 

ʇʦʚʳʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ; 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʘʥʠʜʘ; 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʝʘʛʝʥʪʘ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ (HO  + ʘʮʝʪʘʪ 

ʥʘʪʨʠʷ) 

ʉʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʯʝʪʘʥʠʝ 

ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʣʦʪʘ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ 

ʟʦʣʦʪʘ; ʩʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ 

ʧʘʩʩʠʚʘʮʠʠ; ʚʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ 
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ɺʳʚʦʜʳ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʨʝʘʛʝʥʪʥʳʝ ʧʦʜʭʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʠʟʢʦʩʦʨʪʥʳʭ ʨʫʜ. 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʚʠʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʫʜʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʚʳʰʝʥʠʝ 

ʜʦʩʪʫʧʥʦʩʪʠ ʟʦʣʦʪʘ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɸʮʝʪʘʪ ʥʘʪʨʠʷ ʧʨʦʷʚʣʷʝʪ 

ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʜʦʙʘʚʢʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʫʜʘʣʝʥʠʶ ʧʘʩʩʠʚʠʨʫʶʱʠʭ 

ʧʣʝʥʦʢ ʠ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʘʥʠʜʘ. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ. 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ ɺɽʑɽʉʊɺɽʅʅʓʁ ʉʆʉʊɸɺ 

ʆʂʀʉʃɽʅʅʆʁ ʄɽɼʅʆʁ ʈʋɼʓ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʍɸɼɾʀʂʆʅɻɸʅ 

 
ʐᴅʡʢʝ ɾ.ɸ., ʂʘʪʢʝʝʚʘ ɻ.ʃ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʆʢʠʩʣʝʥʥʘʷ ʤʝʜʥʘʷ ʨʫʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʜʞʠʢʦʥʛʘʥ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʭ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʸ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʠʩʭʦʜʥʦʡ ʧʨʦʙʝ 

ʩʦʩʪʘʚʣʷʝʪ 1,83 %, ʩʝʨʝʙʨʘ ï 13,7 ʛ/ʪ. ʇʨʠ ʵʪʦʤ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʤʝʜʠ (87,34 %) 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤʘʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʤʘʣʘʭʠʪʦʤ (51,77 %) ʠ 

ʭʨʠʟʦʢʦʣʣʦʡ (35,57 %). ɼʦʣʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʜʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 12,66 %, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʦʪʥʝʩʪʠ ʨʫʜʫ ʢ ʦʢʠʩʣʝʥʥʦʤʫ ʪʠʧʫ [1-3]. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʢʚʘʨʮʘ ʠ 

ʩʣʶʜʠʩʪʦ-ʭʣʦʨʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʣʝʛʢʦʰʣʘʤʫʶʱʠʭʩʷ ʤʠʥʝʨʘʣʦʚ ï ʭʣʦʨʠʪʘ, ʩʣʶʜ ʠ ʢʘʣʴʮʠʪʘ ï 

ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 18,6 %. ʀʭ ʥʘʣʠʯʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʠ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʛʘʱʝʥʠʷ [2, 4]. 

ʇʦ ʜʘʥʥʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʣʘʭʠʪ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʤʝʜʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʞʠʣʢʦʚʳʤʠ ʠ 

ʥʘʪʸʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʪʨʝʱʠʥʘʤ, ʧʦʨʘʤ ʠ ʧʫʩʪʦʪʘʤ ʧʦʨʦʜʳ, ʘ 

ʪʘʢʞʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʩ ʛʠʜʨʦʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ. ʍʨʠʟʦʢʦʣʣʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʤʘʣʘʭʠʪʦʤ ʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʞʝʣʝʟʘ, ʥʝʨʝʜʢʦ 

ʧʠʛʤʝʥʪʠʨʫʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʚ ʭʘʨʘʢʪʝʨʥʳʝ ʟʝʣʝʥʦʚʘʪʳʝ ʦʪʪʝʥʢʠ 

(çʤʝʜʥʘʷ ʟʝʣʝʥʴè). ʊʘʢʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʤʝʜʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʦʞʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʨʘʩʢʨʳʪʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ [3, 5]. 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʚʳʰʝ 85 % ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʢʣʘʩʩʘʭ ʢʨʫʧʥʦʩʪʠ ï2+0,2 ʤʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʨʫʧʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ, ʜʦʩʪʠʛʘʶʱʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚ ʰʣʘʤʦʚʦʤ ʢʣʘʩʩʝ ï0,045 ʤʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ ʤʝʜʠ ʚ ʪʦʥʢʠʭ 

ʬʨʘʢʮʠʷʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʨʘʞʝʥʥʫʶ ʩʢʣʦʥʥʦʩʪʴ ʨʫʜʳ ʢ ʰʣʘʤʦʦʙʨʘʟʦʚʘʥʠʶ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʨʫʜʳ ʢ ʦʙʦʛʘʱʝʥʠʶ [4]. 

ʇʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʨʫʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʪʚʸʨʜʘʷ ʠ ʢʨʝʧʢʘʷ: 

ʨʘʙʦʯʠʝ ʠʥʜʝʢʩʳ ɹʦʥʜʘ ʜʣʷ ʩʪʝʨʞʥʝʚʦʛʦ ʠ ʰʘʨʦʚʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 17,6 ʠ 20,7 

ʢɺʪĿʯ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʝʧʦʩʪʠ ʧʦ ʰʢʘʣʝ ʄ.ʄ. ʇʨʦʪʦʜʴʷʢʦʥʦʚʘ ʨʘʚʝʥ 

8,84. ʇʨʠ ʵʪʦʤ ʥʠʟʢʘʷ ʘʙʨʘʟʠʚʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʨʫʜʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ 

ʚʳʙʦʨʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʝʨʝʨʘʙʦʪʢʠ [6]. 

ɺ ʮʝʣʦʤ, ʦʢʠʩʣʝʥʥʘʷ ʤʝʜʥʘʷ ʨʫʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʜʞʠʢʦʥʛʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʦʢʠʩʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʬʦʨʤ ʤʝʜʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ ï ʤʘʣʘʭʠʪ ʠ ʭʨʠʟʦʢʦʣʣʘ ï ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʠʜʨʦʦʢʠʩʣʘʤʠ 

ʞʝʣʝʟʘ, ʬʦʨʤʠʨʫʷ ʩʣʦʞʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʠ ʵʪʦʤ ʭʨʠʟʦʢʦʣʣʘ ʯʘʩʪʦ 

ʦʢʨʘʰʠʚʘʝʪ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʚ ʭʘʨʘʢʪʝʨʥʳʝ ʟʝʣʝʥʦʚʘʪʳʝ ʦʪʪʝʥʢʠ, ʯʪʦ ʝʱʸ 

ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʨʫʜʝ. ʊʘʢʠʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʶʪ ʧʨʦʮʝʩʩʳ ʨʫʜʦʧʦʜʛʦʪʦʚʢʠ ʠ 

ʦʙʦʛʘʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʦʛʘʪʠʪʝʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 
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ʅʠʟʢʘʷ ʬʣʦʪʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʭʨʠʟʦʢʦʣʣʳ, ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʥʘʷ ʘʜʩʦʨʙʮʠʷ ʨʝʘʛʝʥʪʦʚ ʛʠʜʨʦʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʤʝʜʠ ʚ ʭʚʦʩʪʘʭ 

ʦʙʦʛʘʱʝʥʠʷ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʫʜʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʩʦʢʘʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʰʣʘʤʦʦʙʨʘʟʦʚʘʥʠʶ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʜʦ ʪʦʥʢʠʭ ʢʣʘʩʩʦʚ ï0,045 ʤʤ. ʀʟ-ʟʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ 

ʧʝʨʝʠʟʤʝʣʴʯʝʥʠʝ ʨʫʜʳ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʢʦʥʪʨʧʨʦʜʫʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚʝʜʸʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʪʦʥʢʠʭ ʰʣʘʤʦʚʳʭ ʬʨʘʢʮʠʡ, ʫʭʫʜʰʝʥʠʶ ʘʵʨʘʮʠʠ ʧʫʣʴʧʳ ʠ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʣʦʪʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʪʚʸʨʜʘʷ ʠ ʢʨʝʧʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʫʜʳ, 

ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʘʙʨʘʟʠʚʥʦʩʪʴ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ 

ʦʙʦʛʘʱʝʥʠʶ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʠʩʣʝʥʥʦʡ ʤʝʜʥʦʡ ʨʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʜʞʠʢʦʥʛʘʥ ʦʧʨʝʜʝʣʷʶʪ ʝʸ 

ʥʠʟʢʫʶ ʦʙʦʛʘʪʠʤʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʧʝʨʝʨʘʙʦʪʢʠ. ʊʘʢʠʝ ʩʭʝʤʳ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʚ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ, ʪʘʢ ʠ ʩʢʣʦʥʥʦʩʪʴ ʨʫʜʳ 

ʢ ʰʣʘʤʦʦʙʨʘʟʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʣʦʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. [1-6]. 

 

ʀʩʪʦʯʥʠʢʠ 
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ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ʅʠʢʝʣʝʚʳʝ ʨʫʜʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʥʝʜʨʘʭ ʂʘʟʘʭʩʪʘʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʣʘʪʝʨʠʪʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ. ɺ 

ʫʩʣʦʚʠʷʭ ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ ʩʫʣʴʬʠʜʥʳʭ ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ 

ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʦʢʠʩʣʝʥʥʳʭ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʨʫʜ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ 

ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʫʩʪʘʥʦʚʠʪʴ ʣʠʤʠʪʠʨʫʶʱʠʝ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʝʛʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʘʩʪʚʦʨʝʥʠʷ ʥʠʢʝʣʷ ʧʨʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʣʘʪʝʨʠʪʥʳʭ ʨʫʜ ʂʘʟʘʭʩʪʘʥʘ, ʘ 

ʠʤʝʥʥʦ ɹʝʣʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʦʢʠʩʣʝʥʥʦʡ 

ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʡ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʫʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ: ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʚ ʠʥʪʝʨʚʘʣʝ, 10-50%, ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 100 - 500 ʦʙ/ʤʠʥ, 

ʩʦʦʪʥʦʰʝʥʠʷ ʊ: ɾ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 20-90 ÁC, ʚʨʝʤʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 30- 240 

ʤʠʥʫʪ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ: 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 20%, ʪʝʤʧʝʨʘʪʫʨʘ 85-90 ÁC, ʩʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʛʦ ʠ 

ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʡ 1:4, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 400 ʦʙ/ʤʠʥ ʠ ʚʨʝʤʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

180 ʤʠʥʫʪ, - ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʚʣʝʯʴ ʠʟ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʥʠʢʝʣʴ ʥʘ 82-85% ʠ ʥʘ 92-93% 

ʤʘʛʥʠʡ. 

ɸʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʮʝʩʩ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʫʪʝʤ ʠʟʫʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʧʨʝʜʝʣʠʪʴ, 

ʦʛʨʘʥʠʯʝʥ ʣʠ ʧʨʦʮʝʩʩ ʨʝʘʢʮʠʝʡ ʧʝʨʝʜʘʯʠ ʚʳʱʝʣʘʯʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʫʧʨʘʚʣʷʝʤʳʡ ʜʠʬʬʫʟʠʝʡ) ʠʣʠ ʢʠʥʝʪʠʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ 

ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʤʠ (ʫʧʨʘʚʣʷʝʤʳʡ ʢʠʥʝʪʠʢʦʡ). ʕʪʦ ʟʥʘʥʠʝ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʢʦʨʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ 

ʧʨʦʮʝʩʩʘ [1]. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʜʝʣʴ ʩʞʠʤʘʶʱʝʛʦʩʷ ʷʜʨʘ [1-3]. ʋʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʩʪʘʜʠʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʜʠʬʬʫʟʠʝʡ (1) ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ (2), 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [4]: 
 

2 

1  3(1  ‌)3 +  2(1  ‌) =  ὯὨὸ, (1) 

 (2) 

 

ʛʜʝ Ŭ ï ʯʘʩʪʴ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʚʝʱʝʩʪʚʘ, k ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ, Mb ï 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʉA ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪʳ, a ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʝʘʛʝʥʪʘ ʚ ʨʝʘʢʮʠʠ, r0 ï ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, t ï ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ɟB ï ʧʣʦʪʥʦʩʪʴ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚ ʧʦʨʠʩʪʳʭ ʩʣʦʷʭ ʧʨʦʜʫʢʪʘ, kd, ʠ kr ï 
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ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ 

ʚʳʯʠʩʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʦ 

ʫʨʘʚʥʝʥʠʷʤ (1) ʠ (2) ʤʦʜʝʣʠ ʩʞʠʤʘʶʱʝʛʦʩʷ ʷʜʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʘ)                                                                                                 ʙ) 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʠʥʝʪʠʢʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʠʢʝʣʷ 

ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʞʠʤʘʶʱʝʛʦʩʷ ʷʜʨʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 

(a) ʤʦʜʝʣʴ ʜʠʬʬʫʟʠʠ, (ʙ) ʤʦʜʝʣʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪʳ 

20%, ʊ:ɾ= 1:4, 400 ʦʙ/ʤʠʥ, ʨʘʟʤʝʨ ʬʨʘʢʮʠʠ ī2+1 ʤʤ) 
 

ʉʫʱʝʩʪʚʫʝʪ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ 

ʫʨʘʚʥʝʥʠʝʤ (1), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʠʥʝʪʠʢʫ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʤʦʜʝʣʴʶ ʩʞʠʤʘʶʱʝʛʦʩʷ ʷʜʨʘ ʩ ʢʦʥʪʨʦʣʝʤ ʜʠʬʬʫʟʠʝʡ ʯʝʨʝʟ ʩʣʦʡ ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʘ [5], 

[6]. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʞʫʱʠʝʩʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1). 

 

ʊʘʙʣʠʮʘ 1 ï ʂʘʞʫʱʠʝʩʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʫʛʣʦʚ ʥʘʢʣʦʥʘ 

ʧʨʷʤʳʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (1) 

 

ʊ, Áʉ 20 40 60 80 85 95 

Kd, ʣ/ʛĀʤʠʥ 5 Ā10-5 7 Ā10-5 0,0002 0,0011 0,0005 0,003 

 

ʅʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʝʡ. 

ɻʨʘʬʠʢ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ (ʨʠʩʫʥʦʢ 2), ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʨʠʩʫʥʢʝ 1a, ʧʦʢʘʟʳʚʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ Ln Kd ʠ 1000/T, ʧʦʟʚʦʣʷʷ ʨʘʩʩʯʠʪʘʪʴ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʠʣʘ 46,2 ʢɼʞ/ʤʦʣʴ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Ea ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʜʠʬʬʫʟʠʷ, ʚʝʨʦʷʪʥʦ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣʠʮʘ) ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʜʠʬʬʫʟʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ 

ʧʦʚʳʰʝʥʠʠ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʫʣʫʯʰʘʝʪ ʜʠʬʬʫʟʠʶ ʠʦʥʦʚ H+ ʢ ʯʘʩʪʠʮʘʤ ʨʫʜʳ. 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ɸʨʨʝʥʠʫʩʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʷ 

H2SO4 20%, ʊ: ɾ=1:4, 400 ʦʙ/ʤʠʥ, ʨʘʟʤʝʨ ʬʨʘʢʮʠʠ ī2+1 ʤʤ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʦʢʠʩʣʝʥʥʳʭ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʨʫʜ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʠʬʬʫʟʠʦʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʩ ɻ ʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ 46,2 ʢɼʞ/ʤʦʣʴ. 

 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ (BR-23991563) çʉʦʟʜʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷè, ʬʠʥʘʥʩʠʨʫʝʤʦʡ ʂʦʤʠʪʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 
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ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʇʈʆʎɽʉʉɸ 

ɺʉʂʈʓʊʀʗ ʆʂʀʉʃɽʅʅʓʍ ʅʀʂɽʃʔʉʆɼɽʈɾɸʑʀʍ  

ʄɸɻʅɽɿʀɸʃʔʅʓʍ ʈʋɼ 

 
ʐʘʷʭʤʝʪʦʚʘ ʈ.ɸ., ʉʘʛʳʥʜʳʢʦʚ ɸ.ɹ., ʆʩʠʧʦʚ ʇ.ɸ., ʂʘʣʠ ɸ.ᴄ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʦʢʠʩʣʝʥʥʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʡ ʥʠʢʝʣʝʚʦʡ ʨʫʜʳ ɹʝʣʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʨʦʪʘʪʘʙʝʣʴʥʦʛʦ ʧʣʘʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʙʳʣʠ ʧʨʠʥʷʪʳ: ʨʘʩʭʦʜ ʢʠʩʣʦʪʳ (X ), ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ (X ) ʠ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ (X ). ɺ ʢʘʯʝʩʪʚʝ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʠʟʚʣʝʯʝʥʠʝ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ (Y ). ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʘʪʨʠʮʘ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ [1]. 

ʇʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʧʦʢʘʟʘʪʝʣʷ Y ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

0 ʜʦ 1. ɿʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ 1, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ ʩʦʚʧʘʜʝʥʠʠ ʬʘʢʪʠʯʝʩʢʠʭ ʠ 

ʧʨʦʛʥʦʟʥʳʭ ʜʘʥʥʳʭ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʝ 0 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ RĮ  ʩʦʩʪʘʚʠʣ 0,54, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Excel ʩʯʠʪʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʘʤʝʪʥʦʤ ʚʣʠʷʥʠʠ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ ʥʘ 

ʠʟʚʣʝʯʝʥʠʝ ʥʠʢʝʣʷ: ʧʦʨʷʜʢʘ 60,4 % ʠʟʤʝʥʝʥʠʡ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥʦ ʠʤʝʥʥʦ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ [2]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r , ʨʘʚʥʳʡ ãRĮ  = 0,74, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʩʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɼʣʷ ʦʮʝʥʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ F-ʢʨʠʪʝʨʠʡ 

ʌʠʰʝʨʘ. ʇʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ = 0,05 ʠ ʯʠʩʣʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ d = 6 ʪʘʙʣʠʯʥʦʝ 

ʟʥʘʯʝʥʠʝ F ʨʘʚʥʦ 2,85. ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ F ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʣʦ 7,08, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʜʪʚʝʨʞʜʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: ŮNi = 1,98 + 18,29ĿX . 

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʘʩʪʠʯʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ ʥʘ 1 % 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 0,94 %. 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ RĮ  ʩʦʩʪʘʚʠʣ 0,15, ʯʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʢʦʣʦ 15,0 % ʚʘʨʠʘʮʠʡ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r  = ãRĮ  = 

0,34 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʜʥʘʢʦ ʦʥʘ ʚʳʨʘʞʝʥʘ ʩʣʘʙʝʝ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʠʤʝʝʪ ʚʠʜ: ‐ὔὭ =  18,29 +  0,23 · ὢ. 

ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ɻ ʣʘʩʪʠʯʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 

˪Ϝ  πȟςσ · ὢϜ̒  ̑/  ‐ὔὭ̒̑   0,42,  

 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʤ ʚʣʠʷʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʘʩʭʦʜʦʤ ʢʠʩʣʦʪʳ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ 

ʪʨʝʭ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ï ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ï ʦʧʨʝʜʝʣʷʝʪ 90,5 % ʦʙʱʝʡ ʚʘʨʠʘʮʠʠ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ. 

ʆʩʪʘʚʰʠʝʩʷ 12,5 % ʦʙʲʷʩʥʷʶʪʩʷ ʜʝʡʩʪʚʠʝʤ ʠʥʳʭ, ʥʝʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤʠ ʩʨʝʜʠ ʥʠʭ ʦʢʘʟʘʣʠʩʴ ʨʘʩʭʦʜ ʢʠʩʣʦʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʠʡ ʵʬʬʝʢʪ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩ ̫ ʩ ʨʘʥʝʝ 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ: ʜʣʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʪʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʣʠʰʴ ʢʨʘʡʥʠʝ 

ʫʨʦʚʥʠ ʬʘʢʪʦʨʦʚ (ï1 ʠ +1), ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʮʝʥʪʨʝ ʧʣʘʥʘ ʠ ʚʳʧʦʣʥʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʳʪʳ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʷʣʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʘʢʝʪ Excel. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʦʪʨʘʞʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʦʪ ʨʘʩʭʦʜʘ 

ʢʠʩʣʦʪʳ (ɡ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (T) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 4 ʯʘʩʘ 

(ʨʠʩʫʥʦʢ 1). ɼʣʷ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

 

‐ὔὭ =  17,55 ɀ 74,73 · Ὕ +  0,93 · ‡ +  58 · Ὕ² +  0,04 · Ὕ · ‡ ɀ 0,01 · ‡². 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ ʦʪ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʮʝʩʩʘ 90 0ʉ 
 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʜʝʪʝʨʤʠʥʘʮʠʠ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʦ 91 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʦʜʝʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ [3-4]. 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʣʠʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ. ʆʙʣʘʩʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʠʟʚʣʝʯʝʥʠʷ (ʙʦʣʝʝ 80 %) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʠʩʣʦʪʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ, ʯʝʤ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʦʮʝʥʢʘʤʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʷ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʨʘʩʭʦʜʘ 

ʢʠʩʣʦʪʳ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʦʪʨʘʞʝʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʘʷ 
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ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2). ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʞʝʥʦ ʤʝʥʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʢʪʦʨʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ  

ʠ ʚʨʝʤʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 
 

ɼʣʷ ʬʘʢʪʦʨʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ RĮ  ʨʘʚʝʥ 

0,1842, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 18,42 % ʚʘʨʠʘʮʠʡ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ὶϝ  ЍὙόϝ = 0,43 ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʫʤʝʨʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ. ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: 

 

‐ὔὭ =  17,71 +  6,79 · ὢϝ. 
 
ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʘʩʪʠʯʥʦʩʪʠ ˪ϝ =  6,79 · ὢϝ̒  ̑/  ‐ὔὭ̒̑ =  0,49 ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʥʘ 1 % ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʧʨʠʤʝʨʥʦ ʥʘ 0,5 %. 

ɺ ʮʝʣʦʤ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʪʨʠ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʘ - ʨʘʩʭʦʜ 

ʢʠʩʣʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ï ʩʦʚʤʝʩʪʥʦ ʦʙʲʷʩʥʷʶʪ 90,5 % 

ʚʘʨʠʘʮʠʠ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʜʦʣʷ ʩʚʷʟʘʥʘ ʩ ʚʣʠʷʥʠʝʤ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜ ʢʠʩʣʦʪʳ 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ ʠʛʨʘʝʪ 

ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʧʦʣʦʞʝʥʠʷʤ [5]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʣʠʢʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʢʠʩʣʦʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ, ʯʝʤ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʥʦʩʪʴʶ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʨʘʩʭʦʜʘ ʢʠʩʣʦʪʳ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʥʠʢʝʣʷ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 2.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʨʷʤʦʛʦ 

ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʥʠʢʝʣʷ 

ʚ ʨʘʩʪʚʦʨ: ʨʘʩʭʦʜ ʢʠʩʣʦʪʳ 1,0 ʛ/ʛ ʨʫʜʳ (20 % H SO , ʊ:ɾ = 1:4), ʪʝʤʧʝʨʘʪʫʨʘ 90 °C 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 3 ʯʘʩʘ. ʋʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ (BR-23991563) çʉʦʟʜʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷè, ʬʠʥʘʥʩʠʨʫʝʤʦʡ ʂʦʤʠʪʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 

ʀʩʪʦʯʥʠʢʠ 

 

1 Habashi F. Kinetics of leaching of nickel oxide in sulfuric acid solutions // 

International Journal of Mineral Processing. ï 2005. ï Vol. 77, No. 1. ï P. 1-7. 

2 Baba A. A., Adekola F. A., Bale R. B. Kinetic study of sulfuric acid leaching of nickel 

laterite ore // Hydrometallurgy. ï 2011. ï Vol. 109, No. 3ï4. ï P. 187-191. 

3 Li J., Liu Z., Li Q. Effect of temperature and leaching time on nickel extraction from laterite 

ores // Hydrometallurgy. ï 2022. ï Vol. 214. ï Article 105942. 

4 Montgomery D.C. Response surface methodology in chemical process optimization // 

Journal of Cleaner Production. ï 2017. ï Vol. 142. ï P. 372-384. 

5 Zhao Y., Wang S., Chen Y. Optimization of acid leaching parameters for nickel recovery 

using response surface methodology // Chemical Engineering Journal. ï 2020. ï Vol. 388. 

ï Article 124214. 

  



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

164 

ʋɼʂ 622.765 

 

ʂʆʄʇʃɽʂʉʅʆɽ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆʉʊɸʊʂʆɺ ɼʀʉʊʀʃʃʗʎʀʀ 

ɺʆɿɻʆʅʆɺ ʆʊʕʃɽʂʊʈʆʇʃɸɺʂʀ ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʉʓʈʔʗ 

ɼʃʗ ʀɿɺʃɽʏɽʅʀʗ ʄɸɻʅʀʗ ʀ ʉɺʀʅʎɸ 

 
ʐʘʷʭʤʝʪʦʚʘ ʈ.ɸ., ʉʘʭʦʚʘ ɹ.ʊ., ʄʫʭʘʤʝʪʞʘʥʦʚʘ ɸ.ɸ., ɸʢʠʣʴʙʝʢʦʚʘ ʐ.ʂ., ʐʚʘʨʫʢ ɸ.ɺ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʘʶʪ ʦʢʦʣʦ 15% ʮʠʥʢʘ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʠʩʪʠʣʣʷʮʠʠ ʮʠʥʢʘ ʠʟ ʮʠʥʢʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʣʝʞʠʪ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʘ ʮʠʥʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʪʦʯʢʠ 

ʢʠʧʝʥʠʷ ʮʠʥʢʘ [1, 2]. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʚʳʜʝʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʦʟʛʦʥʢʫ ʚ ʚʠʜʝ ʧʘʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʝʡ. 

ʀʩʪʦʱʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʦʛʘʪʳʭ ʣʝʛʢʦʚʩʢʨʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʜʪʘʣʢʠʚʘʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ-ʤʝʪʘʣʣʫʨʛʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʝ, ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ 

ʩʳʨʴʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʢʦʪʦʨʦʡ 

ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʦʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʳʨʴʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʣʢʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʦʮʝʩʩʫ ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʬʝʨʨʦʩʠʣʠʮʠʷ [3-5]. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʚʦʟʛʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʮʠʥʢ ʠ ʩʚʠʥʝʮ. ɺʦ ʚʩʝʭ ʧʨʦʮʝʩʩʘʭ ʚʳʧʣʘʚʢʠ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʰʠʭʪʳ, ʠ ʧʦʣʫʯʘʝʤʦʛʦ ʬʝʨʨʦʩʧʣʘʚʘ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʫʣʝʪʫʯʠʚʘʶʪʩʷ ʚ 

ʛʘʟʦʚʫʶ ʬʘʟʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʮʠʥʢʘ ʠ ʦʩʘʞʜʝʥʠʝ ʠʭ ʚ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʘʭ ʚ 

ʚʠʜʝ ʦʢʩʠʜʘ ʮʠʥʢʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʚʠʥʮʘ. ɺ ʧʨʦʮʝʩʩʝ ʜʠʩʪʠʣʣʷʮʠʠ ʚʦʟʛʦʥʦʚ 

ʦʙʨʘʟʫʝʪʩʷ ʮʠʥʢʦʚʳʡ ʢʦʥʜʝʥʩʘʪ ʠ ʦʩʪʘʪʦʢ [6]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʦʩʪʘʪʢʘ 

ʦʪ ʜʠʩʪʠʣʣʷʮʠʠ ʚʦʟʛʦʥʦʚ ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʪʦʚʘʨʥʦʛʦ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʠ ʩʚʠʥʮʘ ʤʘʨʢʠ ʊʆʉʉ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʪʘʪʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʩʣʝ 

ʜʠʩʪʠʣʣʷʮʠʠ ʚʦʟʛʦʥʦʚ ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʜʫʢʪʳ ʩʣʦʞʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʦʢʩʠʜʳ ʢʨʝʤʥʠʷ, 

ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʚʠʥʮʘ ʠ 

ʞʝʣʝʟʘ. ʉʦʛʣʘʩʥʦ ʵʣʝʤʝʥʪʥʦʤʫ ʘʥʘʣʠʟʫ, ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʜʦ 6,3 % ʤʘʛʥʠʷ ʠ ʜʦ 5,6 % 

ʩʚʠʥʮʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʮʠʥʢʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʧʝʨʝʭʦʜ ʚ ʣʝʪʫʯʠʝ 

ʧʨʦʜʫʢʪʳ ʜʠʩʪʠʣʣʷʮʠʠ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʉʕʄ ʚʳʷʚʠʣʠ 

ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ 

ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ, ʤʘʛʥʠʷ ʠ ʩʚʠʥʮʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʬʘʟʳ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʦʩʪʘʪʢʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʭ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤʫ 

ʚʳʱʝʣʘʯʠʚʘʥʠʶ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʩʨʝʜʥʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʦʩʪʘʪʢʦʚ ʦʪ ʜʠʩʪʠʣʣʷʮʠʠ ʚʦʟʛʦʥʦʚ ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʜʦ 6,25 % ʤʘʛʥʠʷ ʠ 5,54 % ʩʚʠʥʮʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʱʝʣʘʯʠʚʘʶʱʝʛʦ ʨʝʘʛʝʥʪʘ 

ʧʨʠʤʝʥʷʣʠ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 20ï30 %, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ (ʊ:ɾ = 1:3-1:5), ʪʝʤʧʝʨʘʪʫʨʳ (60-90 Áʉ) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʚʳʜʝʨʞʢʠ (120-240 ʤʠʥ). 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ H SO 

ʜʦ 25-30 % ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʊ:ɾ ʜʦ 1:4-1:5 ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ 

ʠʟʚʣʝʯʝʥʠʝ ʤʘʛʥʠʷ (ʜʦ 78,9 %) ʠ ʞʝʣʝʟʘ (ʜʦ 63,3 %), ʪʦʛʜʘ ʢʘʢ ʩʚʠʥʝʮ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʥʝ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ (ʤʝʥʝʝ 2 %) ʠʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʩʝʨʥʦʢʠʩʣʦʡ ʩʨʝʜʝ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ: ʢʦʥʮʝʥʪʨʘʮʠʷ H SO  

ï 25 %, ʊ:ɾ ï 1:4-1:5, ʪʝʤʧʝʨʘʪʫʨʘ ï 90 Áʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ï 180 ʤʠʥ. ʇʨʠ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʷʭ ʩʚʠʥʮʘ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʜʠʩʪʠʣʣʷʮʠʠ 

 

ʇʦʢʘʟʘʪʝʣʴ 
ʆʧʪʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʀʟʚʣʝʯʝʥʠʝ, % 

Mg Fe Pb 

ʂʦʥʮʝʥʪʨʘʮʠʷ H SO , % 25 78,9 63,3 < 2 

ʉʦʦʪʥʦʰʝʥʠʝ ʊ:ɾ 1:4 - 1:5 75-79 60-63 < 2 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 90 75,6 62,9 1,3 

ɺʨʝʤʷ, ʤʠʥ 180 79,3 62,3 1,3 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʪʘʪʢʠ ʦʪ ʜʠʩʪʠʣʣʷʮʠʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʨʥʦʢʠʩʣʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʟʚʣʝʯʝʥʠʝ 

ʜʦ 79 % ʤʘʛʥʠʷ ʠ 63 % ʞʝʣʝʟʘ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʷʭ ʩʚʠʥʮʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʭʝʤʳ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʜʠʩʪʠʣʣʷʮʠʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ ʦʪ ʠʦʥʦʚ ʞʝʣʝʟʘ ʧʨʠ pH 4,0-4,4, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʢʠʩʣʷʷ FeĮ ʜʦ Feį ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ. ʆʩʘʞʜʝʥʠʝ Feį ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 85-90 ÁC ʩ ʜʦʙʘʚʣʝʥʠʝʤ MgO (14-20 ʛ/ʣ) ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʫʣʴʧʫ ʚʚʦʜʠʣʠ 0,05 % ʨʘʩʪʚʦʨ ʢʦʘʛʫʣʷʥʪʘ 

Praestol 2500 (0,01 % ʦʪ ʤʘʩʩʳ ʩʳʨʴʷ). ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʙʫʨʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʛʠʜʨʘʪ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʘ ʦʯʠʱʝʥʥʳʡ ʬʠʣʴʪʨʘʪ ʥʘʧʨʘʚʣʷʣʩʷ ʥʘ 

ʫʧʘʨʠʚʘʥʠʝ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʤʘʛʥʠʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110 ÁC ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ 1,128 ʛ/ʩʤį, ʧʦʩʣʝ ʯʝʛʦ ʦʩʘʜʦʢ MgSO Ŀ7H O ʦʭʣʘʞʜʘʣʠ 

ʠ ʩʫʰʠʣʠ ʧʨʠ 105 °C. ʇʦʣʫʯʝʥʥʳʡ ʙʝʣʳʡ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʩʦʜʝʨʞʘʣ 

16,0 % MgO, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʊʋ 2141-001-23877036-2015 ʥʘ 

MgSO Ŀ7H O. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʚʠʥʮʘ ʤʘʨʢʠ ʊʆʉʉ 

(3PbOĿPbSO Ŀ2H O) ʠʟ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʟ ʢʝʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʜʠʩʪʠʣʣʷʮʠʠ 

ʚʦʟʛʦʥʦʚ. 

ʊʨʝʭʦʩʥʦʚʥʦʡ ʩʫʣʴʬʘʪ ʩʚʠʥʮʘ (ʊʆʉʉ) ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʩʦʣʴ ʩʚʠʥʮʘ ʩ ʬʦʨʤʫʣʦʡ 
3PbʆȚPbSO4Ț2H2O. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʠʦʥʳ ʩʚʠʥʮʘ (Pb2 ), 

ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʳ (OH ) ʠ ʩʫʣʴʬʘʪ-ʘʥʠʦʥʳ (SO4
2 ). ʕʪʦ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʠ ʠʟʚʝʩʪʥʦ, ʢʘʢ ʦʜʥʘ ʠʟ ʬʦʨʤ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʚʠʥʮʘ, 
ʦʩʦʙʝʥʥʦ ʚ ʱʝʣʦʯʥʦʡ ʠʣʠ ʩʣʘʙʦ ʢʠʩʣʦʡ ʩʨʝʜʝ. 

ʀʩʭʦʜʥʳʡ Pb-ʩʦʜʝʨʞʘʱʠʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʘʣ 9,6 % ʩʚʠʥʮʘ ʠ 0,7 % ʞʝʣʝʟʘ. ɼʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʩʚʠʥʮʘ ʠʟ ʢʝʢʦʚ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪʳ10%, ʩʦʦʪʥʦʰʝʥʠʠ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ 1:2, 

ʪʝʤʧʝʨʘʪʫʨʘ 60 ÁC ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 2 ʯ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʛʥʫʪʘ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ: 95,5 % ʜʣʷ Pb ʠ 92,6 % ʜʣʷ Fe. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

Pb(NO )  ʦʩʘʞʜʘʣʠ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʡ ʩʫʣʴʬʘʪ ʩʚʠʥʮʘ (II) ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ Na SO  



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

166 

(80 ʛ/ʣ). ʇʦʣʫʯʝʥʥʳʡ ʩʫʣʴʬʘʪ ʩʚʠʥʮʘ (II)  ʨʘʩʧʫʣʴʧʦʚʳʚʘʣʠ ʚ ʚʦʜʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʊ:ɾ 

= 1:3, ʟʘʪʝʤ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʚ ʧʫʣʴʧʫ PbSO4 ʚʚʦʜʠʣʠ ʨʘʩʪʚʦʨ 120 ʛ/ʣ NaOH ʜʦ 

ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ pH 10-10,5 ʩ ʧʦʣʫʯʝʥʠʝʤ 3PbOĿPbSO4·2H2O ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ 

ʜʦ 83,5 %. 

 

ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʪʨʝʭʦʩʥʦʚʥʦʛʦ ʩʫʣʴʬʘʪʘ ʩʚʠʥʮʘ 

 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʬʘʟʦʚʫʶ ʯʠʩʪʦʪʫ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʜʫʢʪʘ 

ʩʦʝʜʠʥʝʥʠʶ 3PbOĿPbSO Ŀ2H O (ʨʠʩʫʥʦʢ) ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʊʋ 2492-004-10269039-

05. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʪʘʪʢʠ ʜʠʩʪʠʣʣʷʮʠʠ ʚʦʟʛʦʥʦʚ 

ʵʣʝʢʪʨʦʧʣʘʚʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ ʠ ʩʚʠʥʮʘ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ ʚʪʦʨʠʯʥʳʭ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʤʘʛʥʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʪʦʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ MgSO Ŀ7H O. Pb-

ʩʦʜʝʨʞʘʱʠʝ ʢʝʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʩʣʝ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʪʨʸʭʦʩʥʦʚʥʦʛʦ ʩʫʣʴʬʘʪʘ ʩʚʠʥʮʘ 3PbOĿPbSO Ŀ2H O, 

ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʬʘʟʦʚʦʡ ʯʠʩʪʦʪʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʪʘʪʢʦʚ ʜʠʩʪʠʣʣʷʮʠʠ ʚʦʟʛʦʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʳʨʴʷ ʠ ʧʦʣʫʯʝʥʠʝ ʜʚʫʭ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʤʘʛʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʚʠʥʮʘ 

ʤʘʨʢʠ ʊʆʉʉ. 
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The study of silicon carbide (SiC) began in 1824 with Jacob Berzelius and was 

subsequently continued in the works of Despretz (1849), Marsden (1880), and Colson (1882). 

Under natural conditions, SiC is a rare mineral, occurring in small quantities in kimberlite pipes. 

However, SiC is widely distributed in outer space, and its concentrated particulate forms are 

frequently found in meteorites. The first SiC crystals were discovered by Henri Moissan during 

his investigation of meteorites in the canyons of the Arizona desert; in his honor, the mineral 

was named moissanite. At present, polycrystalline SiC is produced in electric furnaces at 

temperatures of 1800ï2300 °C by the carbothermic reduction of silicon dioxide with carbon: 

 

SiO2 + 3C = SiC + 2C 

 

Silicon carbide (SiC) is considered the only binary compound formed by elements of 

Group IV of the periodic table. In terms of the type of chemical bonding, it belongs to covalent 

crystals. Strong chemical bonds determine its high chemical, radiation, thermal, and mechanical 

stability. The main properties of SiC are presented in Table 1 below. 

 

Table 1 ï Main  Properties of SiC 

 

Melting point 2730 °C 

Density 3,21 g / sm3 

Hardness on the Mohs scale 9-9, 5 

Coefficient of thermal expansion 4,0*10ī6K 

Electrical conductivity Semiconductor 

Band gap 2,36-3,23 ʵɺ 

Bond energy 313 kJ/mol 

 

Synthesis Methods 

Acheson Method 

Silicon carbide (SiC) was synthesized in the late nineteenth century almost 

simultaneously by several researchers, including Schützenberger, Moissan, and Acheson. 

Among these, the method proposed and patented by Acheson has become the principal 

technology widely used for the industrial-scale production of SiC [1]. 

The Acheson method is based on mixing silicon dioxide with low-ash carbonaceous 

materials and processing the mixture at high temperatures in a specially designed graphite 

electric furnace. The furnace core is typically composed of coke pieces, through which an 

electric current is passed via electrodes. During the process, the temperature rises to 

approximately 2500ï2600 °C. 

Under the influence of high temperature, a carbothermic reduction reaction occurs 

between silicon dioxide and carbon, resulting in the formation of silicon carbide and carbon 

monoxide: 
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SiO2 + 3C = SiC + 2CO (1600-2500 °C) 

 

The duration of a single production cycle using this technology is approximately 40 

hours. The main drawback of the Acheson method is the relatively high content of foreign and 

impurity elements in the resulting product. For this reason, although SiC obtained by this 

method may, in some cases, form single-crystal plates with dimensions reaching 10ï15 mm, 

the presence of a large number of structural defects and impurities significantly limits its 

application as a semiconductor material [2]. 

Nevertheless, SiC produced by the Acheson method is widely used in the manufacture of 

abrasive materials and also serves as a source of the vapor phase during the growth of SiC 

crystals using the Lely method. 

Lely and LETI Methods 

Among sublimation crystal growth technologies, one of the most advanced methods is 

the Lely method [3]. In 1955, Jan Anthony Lely demonstrated for the first time the possibility 

of obtaining high-purity, high-quality SiC. This technology enables the formation of flake-like 

single crystals composed of the hexagonal 6H-SiC polytype on the surface of a cooled substrate. 

The Lely method was initially implemented in an argon atmosphere inside a graphite 

crucible at a temperature of approximately 2500 °C. However, such extreme temperature 

conditions limited the crystal growth zone and did not allow a significant increase in the size of 

the obtained SiC crystals. Despite this limitation, crystalline SiC produced by this method made 

it possible to comprehensively investigate the fundamental physical properties of the material, 

including its electrical and optical characteristics. The results showed that SiC is a 

semiconductor with an indirect band gap, a low probability of radiative recombination, and a 

band gap width that depends on its polytypic structure. Nevertheless, due to the formation of 

relatively small crystals, the Lely method is considered inefficient for industrial or mass 

production [4]. 

This method is based on the sublimation of polycrystalline SiC at temperatures in the 

range of 2500ï2650 °C and its subsequent condensation in a lower-temperature region, leading 

to crystal growth. Typically, in the technological process, SiC is pre-pressed into a sleeve-

shaped form and placed inside a carbon crucible. The temperature of the inner surface of the 

sleeve is approximately 50ï70 °C lower than that of the outer wall. As a result of this 

temperature gradient, SiC vapor condenses in the cooler region, creating favorable conditions 

for the formation of randomly oriented single crystals. Crystal growth occurs over a relatively 

wide temperature interval [5]. 

Physical Vapor Transport Method 

When applying the Lely method, crystal growth occurs in a random manner, and the 

inability to precisely control and regulate the growth process leads to the formation of a large 

number of small-sized crystals. To overcome this limitation, the use of a single-crystal seed to 

direct crystal growth was proposed, enabling the growth of large single-crystal silicon carbide 

[6]. 

This approach was first proposed in 1979 in the works of V. F. Tsvetkov and Yu. M. 

Tairov and was established as an improved version of the Lely method. Today, this technology 

is known as the Physical Vapor Transport (PVT) method. The principle of the method 

involves growing crystals by condensing saturated SiC vapor, formed as a result of sublimation, 

onto the surface of a pre-prepared single-crystal seed. 

Polycrystalline SiC (source material) is located in the high-temperature zone, typically 

within the range of 1800ï2600 °C. The vapor phase is transported to the surface of the single- 

crystal seed located in a relatively lower-temperature zone, where crystallization occurs under 

supersaturated conditions. In this way, the crystal size can be gradually increased by repeating 

multilayer growth cycles. 
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Self-Propagating High-Temperature Synthesis (SHS) and Volume Combustion Synthesis 

(VCS) Methods 

Among solid-phase reduction technologies for producing SiC, self-propagating high- 

temperature synthesis (SHS) and volume combustion synthesis (VCS) methods are widely 

used. In both cases, the initial reactant mixture is prepared in the form of a pre-shaped compact. 

In the SHS method, the combustion reaction is initially ignited in a localized region of the 

reactant mixture and then spontaneously propagates through the remaining volume of the 

compact due to the heat released during the reaction. This process is characterized by a high 

exothermic effect and requires minimal external energy input. 

In contrast, in the volume combustion synthesis (VCS) method, the entire compact is 

uniformly heated prior to reaction initiation, resulting in a simultaneous chemical 

transformation throughout the entire volume of the material. This approach is typically 

employed when the amount of heat released during the exothermic reaction is relatively low, 

whereas for highly exothermic systems, the SHS method is considered more efficient [7]. 

Applications of Silicon Carbide (SiC) 

Silicon carbide (SiC) is a multifunctional material characterized by high hardness, 

thermal stability, chemical inertness, and a wide range of electrical properties. The combination 

of these characteristics enables its widespread use across various industrial sectors [8]. 

First and foremost, SiC is widely used as an abrasive material. Due to its high hardness 

on the Mohs scale, SiC-based abrasives are employed in the processing, grinding, and cutting 

of metals, ceramics, and composite materials [9]. 

The high melting point and oxidation resistance of SiC allow its application as a refractory 

and structural material. SiC-based components are extensively used in metallurgical furnaces, 

high-temperature reactors, heat exchangers, and elements operating in aggressive environments 

[10]. 

SiC is also of particular importance as a semiconductor material. Its wide band gap, high 

breakdown electric field strength, and high thermal conductivity make SiC suitable for the 

development of high-power, high-temperature, and high-frequency electronic devices. 

Consequently, it is considered a promising material for power electronics, radio engineering, 

and optoelectronics [11]. 

In addition, owing to its high mechanical strength and wear resistance, SiC is used in the 

production of protective coatings, armored components, and parts employed in friction units. 

In the biomedical field, its biocompatibility is being actively investigated, and the potential for 

its application in implants and sensor devices is under consideration. 

Taking the above factors into account, the SiC market is expected to maintain a high 

growth rate during the forecast period. The dominant countries and regions in SiC production 

are shown in  Figure 1. 

During the forecast period, the Asia-Pacific region is expected to hold a leading position 

in the SiC market. In countries such as China, India, and Japan, the growing demand for 

advanced and upgraded technologies across various industries-including electronics, 

automotive manufacturing, and the defense sector-is driving increased consumption of silicon 

carbide. 

This region also dominates the semiconductor market, a position further reinforced by 

government support measures. Owing to state policies and strategic development programs, 

demand for silicon carbide is expected to continue rising in the coming years. 

China is considered one of the largest consumers of semiconductors and is pursuing an 

active policy aimed at expanding domestic production in this sector. In 2019, semiconductors 

were designated as one of the priority areas of the national ñMade in China 2025ò program in 

Beijing. This initiative focuses on increasing the production of high value-added products. By 

2025, China aims to meet approximately 70% of its domestic semiconductor demand through 

local manufacturing. 
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Figure 1 ï Leading Regions in the SiC Market  

 

The semiconductor industry in India is also developing rapidly. According to data from 

the Department of Electronics and Information Technology, more than 2,000 semiconductor 

integrated circuits are designed annually in the country. The growth in production volumes is 

expected to create favorable conditions for the expansion of the silicon carbide market in the 

future. 

In addition, the India Electronics and Semiconductor Association (IESA) has signed a 

memorandum of understanding with the Singapore Semiconductor Industry Association (SSIA) 

to promote trade and technical cooperation in the electronics and semiconductor sectors. This 

partnership may stimulate the development of innovative semiconductor manufacturing 

technologies and further expand the scope of silicon carbide applications in India [12]. 

The conducted literature review demonstrates that SiC synthesis technologies, structural 

characteristics, and functional properties are directly related to the wide range of its 

applications. The Acheson, Lely, PVT, SHS, and volume combustion methods differ in terms 

of product structure, purity, and size, enabling the use of SiC in applications ranging from 

abrasive materials to high-technology semiconductor devices. 

In recent years, the growing interest in SiC has been driven by its resistance to high 

temperatures, strong electric fields, and aggressive environments, as well as its ability to 

improve energy efficiency. In particular, SiC-based materials are gaining increasing importance 

in electronics and semiconductor industries and are widely applied in electric vehicles, 

renewable energy systems, and power electronics. 

Furthermore, market analysis indicates that SiC production and consumption are 

geographically uneven. While the AsiaïPacific region leads in terms of production volume and 

consumption levels, North America and Europe play a crucial role in the development of high 

value-added SiC-based technologies. 
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Introduction . An analysis of the world raw material base for metallurgy shows that every 

year there are fewer and fewer high-quality ore raw materials, and the requirements for metal 

quality, on the contrary, are growing. In this regard, there is a need for materials with new 

complex properties. In order to improve the quality of the metal and introduce new promising 

technologies, it is necessary to conduct in-depth physico-chemical research. This determines the 

increased role of physical chemistry, which is the basis for obtaining a metal with given 

properties. 

The effectiveness and feasibility of using any ferroalloys is determined not only by their 

chemical composition (concentration of the main elements and associated impurities), but also 

by their physico-chemical properties (granulometric composition, density, surface quality, 

melting point, etc.). The practice of steelmaking production determines not only the chemical 

composition of ferroalloys when assessing their quality, but also their physical properties 

(melting point, density, etc.) mainly determine the effectiveness of alloying steel in a bath. 

The concept of the value of mineral raw materials is based on a whole complex of 

characteristics. In this case, the cost of raw materials should be divided into economic and 

metallurgical. The economic value of raw materials is explained by the costs of its extraction 

from the subsurface and preliminary preparation (crushing, sorting, enrichment, etc.). Factors 

determining the metallurgical value include: the amount of the leading element; the content and 

multiplicity of slag, determining the amount and composition of waste rock; harmful impurities 

(phosphorus, sulfur, non-ferrous metals, etc.); the ability of ore to enrich; physical and 

physicochemical characteristics (strength, granulometric composition, porosity, moisture 

capacity, reduction capacity, melting point, etc.); the size of the deposit, the conditions for the 

formation of ores and its geographical and economic conditions. The existing methods of 

metallurgical assessment of mineral raw materials can be divided into estimated, experimental 

and manufactured, respectively, on the basis of production indicators (according to the final 

technical economic indicators of the functioning of the enterprise, aggregate, etc.), which differ 

in different levels of accuracy for these specific conditions [1]. 

The electrical resistance of materials is of important practical importance in the production 

of ferroalloys in electric ore-thermal furnaces in industry. With a change in the electrical 

resistance of the raw material located in the ore thermal furnace, the main parameter of this 

furnace ï a change in the operating voltage-is associated. The power of the furnace, its electrical 

and heat losses, Cos ű, and therefore one of the most important technical and economic 

indicators of the technological process ï the actual consumption of electricity depends on the 

amount of operating voltage. 

 

Materials and methods of research. A lot of work has been devoted to the study of the 

electrical resistance of various raw materials components of electric ore-thermal furnaces and 

much attention has been paid to the problems of electrical resistance of individual concentrates 

and raw materials used for smelting various ferroalloys during the development of the 

production of ferroalloys in high-power electric furnaces [2]. 
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1 ï carbon-graphite tube; 2 ï copper clamping ring; 3 ï water - cooled cap; 4 ï water - cooled body;  

5 ï alund glass; 6 ï test device; 7 ï protective nail; 8 ï thermocouple; 9 ï bottom electrode;  

10 ï digital ohmmeter; 11 ï graphite bottom for alund cans; 12 ï top electrode; 13 ï water cooling;  

14 ï cargo; 15 ï lever; 16 ï electronic device for measuring shrinkage 
 

Figure 1 ï Installation  (cross-section) for  determining specific electrical resistance  

and shrinkage 
 

So, in experimental practice, the method proposed by V. I. Zhuchkov was widely used, 

which makes it possible to determine the electrical resistance at high temperatures with a 

simultaneous establishment of the degree of softening (shrinkage) of materials [3]. 

To measure the specific electrical resistance during heating, the coarseness of the source 

material (for all raw component materials) was 3-5 mm. Measurements were carried out in the 

Tamman high-temperature laboratory furnace. Studies on changes in the electrical conductivity 

of raw materials were carried out in the range of 25-1600 °C, the heating rate is 15 degrees/min. 

Resistance measurements by the Agroskin and Shumilovsky method are made every 50 °C. To 

increase the information content of the received data, it is recommended to automatically record 

the electrical resistance in the computer's memory every 30 seconds. 

For this purpose, a special scheme was developed for connecting transducers to the 

Tamman laboratory furnace (Figure 1). The experiment unit consists of a Tamman furnace in 

which the material is heated. The starting material with a height of 4 cm is placed in a cavity of 

alund glass (5) (vial diameter 3 cm) installed in the Tamman furnace. 

Data recording was carried out using converters of signals coming from the thermocouple 

(8), electrodes (9, 12) and a device for measuring shrinkage. Graphite electrodes (9,12) with 

holes in the thermocouple (8) were installed on both sides of the material to supply voltage. The 

lower electrode is fixed motionless, and the upper electrode has the ability to decrease when the 

material shrinks under the influence of load. The weight (14) constantly presses the top 
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electrode against the material, thus creating a tight bond. The pressure on the material was 0.02-

0.04 MPA. Through the bottom electrode of the alund tube, a thermocouple is placed to isolate 

it from electric current. 

A.A. Agroskin and S.N. Lyandyros studied the change in coal resistance in the cooling 

process after preheating. Studies have shown that when cooling coal heated to 400 °C, its 

electrical resistance returns its value to the original value. In this case, the lg ɟ value of coal 

heated to 600 

°C at room temperature is approximately halved from the initial temperature and 

corresponds to the resistance of coal at 400 °C. The electrical resistance of coal heated to 800 

°C is slightly restored when cooled, and the electrical resistance of coal heated to 1000 °C is 

practically unchanged. 

The electrical resistance of coal depends on the degree of their metamorphism. Coals in the 

middle stage of metamorphism have a maximum specific electrical resistance. Coals in the low 

stage of metamorphism are characterized by a fairly large electrical conductivity, and materials 

in the high carbonization stage with minimal electrical resistance [4]. 

The amount of specific electrical resistance is affected by the amount of mineral impurities. 

With the increase in ash, the electrical resistance of low and medium carbonation coal at room 

temperature decreases, and at high temperatures it increases. This phenomenon is explained by 

the fact that organic matter in coal at a low stage of metamorphism has a significantly higher 

electrical resistance than mineral impurities. When heated, the electrical resistance of all coal 

increases with an increase in their ash content [5]. 

The electrical resistance of the bulk layer of carbon materials consists of the resistance of 

the material itself and the resistance of the transition contacts between the reducing parts. The 

electrical resistance of the raw component increases with a decrease in the size of the carbon 

reducing agent. The bath of the ferroalloy furnace is a volumetric conductor of the electric field. 

The distribution of current and power here depends mainly on the electrical resistance of the 

raw component, which, in turn, is determined by the electrical conductivity of the reducing 

agent. 

 

Results and their  discussion. Figure 2 shows the dependence of the temperature effect 

on changes in the electrical resistance of coal sludge. 

 

 
 

Figure 2 ï Electrical resistance of coals depending on temperature 
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Graphical analysis showed that in the low-temperature range of 20-300 °C, coal sludge is 

characterized by high electrical resistivity, indicating properties close to those of an insulating 

material. Starting from about 600 °C, a pronounced decline is observed in the resistivity curve. 

In the temperature interval of 600-750 °C, the specific electrical resistivity decreases sharply. 

This behavior is explained by the thermal decomposition of organic matter present in the coal 

sludge, the formation of dispersed carbon, and the enhancement of semiconducting properties. 

Within the range of 750-1000 °C, the electrical resistivity gradually decreases and begins 

to stabilize. At this stage, the electrical conductivity of the material increases significantly due 

to the intensified formation of conductive carbon structures. At temperatures above 1000 °C, 

resistivity drops sharply as a result of intensified graphitization processes, leading to a further 

improvement in the materialôs electrical conductivity. 

The temperature-dependent variation of the electrical resistivity of coal sludge is thus 

directly related to its structural and phase transformations. These patterns indicate the potential 

for the efficient use of coal sludge as a reducing agent and as an auxiliary raw material in 

ferroalloy production. 

 

Conclusions 

Coal sludge demonstrates a pronounced decrease in electrical resistivity with increasing 

temperature due to thermal decomposition, formation of conductive carbon phases, and 

graphitization at high temperatures. These transformations significantly enhance its electrical 

conductivity above 600 °C. 

The obtained results confirm the suitability of coal sludge as an effective reducing agent 

and electrically conductive component in ferroalloy smelting, contributing to improved furnace 

performance and energy efficiency. 
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ʆʢʠʩʣʝʥʥʳʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʨʫʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʤ, ʧʦʵʪʦʤʫ 

ʦʥʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʦʪʚʘʣ. 

ʉʝʡʯʘʩ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ, ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʣʝʞʘʣʳʝ ʠ ʪʝʢʫʱʠʝ ʭʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ, ʥʦ ʠ 

ʪʨʫʜʥʦʦʙʦʛʦʪʠʤʦʡ ʦʢʠʩʣʝʥʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʮʠʥʢʩʦʜʝʨʞʘʱʝʛʦ ʪʝʣʦ. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʨʫʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʣʢʠʷ [1], ʧʝʨʝʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʚʦʩʪʦʚ, ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʦʪʚʘʣʘʭ ʦʢʠʩʣʝʥʥʦʡ ʨʫʜʳ ʠ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʦʙʲʝʢʪʠʚʥʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʩʧʦʩʦʙʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ, ʦʢʠʩʣʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʘʣʢʠʷ ʠ ʭʚʦʩʪʦʚ ʝʝ ʦʙʦʛʘʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʭ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʠʟ ʩʫʣʴʬʠʜʦʚ, ʢʨʝʤʥʠʷ 

ʠʟ ʝʛʦ ʦʢʩʠʜʘ, ʘ ʪʘʢʞʝ ʠʟ ʨʫʜ ʠ ʭʚʦʩʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʝʪʠʪʘ - ʜʦʥʦʨʘ ʢʠʩʣʦʨʦʜʘ ʜʣʷ 

ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʠ ʠʩʪʦʯʥʠʢʘ ʞʝʣʝʟʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ 

ʩʧʣʘʚʦʚ. 

 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ HSC-6.0 [2]. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʨʘʟʨʘʙʦʪʘʥ Outokumpu Research Oy ʬʠʥʩʢʦʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʝʡ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʨʘʩʯʸʪʘ 

ʨʘʚʥʦʚʝʩʠʡ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʢʦʤʧʣʝʢʩʘ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʠʜʝʦʣʦʛʠʠ ʢʦʥʩʦʨʮʠʫʤʘ SGTE, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʥʮʠʧʦʚ SGTE. ʈʘʟʨʘʙʦʪʯʠʢʠ HSC Chemistry ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʶʪ ʢʦʤʧʣʝʢʩ ʚ ʧʣʘʥʝ 

ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʧʮʠʡ. ɺ ʢʦʥʩʦʨʮʠʫʤ ʚʭʦʜʷʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʫʯʥʳʝ ʮʝʥʪʨʳ ɻʝʨʤʘʥʠʠ, ʂʘʥʘʜʳ, ʌʨʘʥʮʠʠ, ʐʚʝʮʠʠ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʉʐɸ [3] 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩʦ ʩʤʝʩʴʶ ʦʢʠʩʣʝʥʥʦʡ ʨʫʜʳ ʐʘʣʢʠʷ ʠ ʭʚʦʩʪʦʚ 

ʦʙʦʛʘʱʝʥʠʷ ʩʫʣʴʬʠʜʥʦʡ ʨʫʜʳ ʩ ʦʪʥʦʰʝʥʠʝʤ 1:1, ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

HSC-6.0 ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʙʘʨ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ‌  ʧʨʠ 35% Fe3ʆ4, ʠʟ ʢʦʪʦʨʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ SiO2, 

SiOg, FeSiO3, FeSi, CaSiO3, MgSiO3, Al 2SiO5, Si, Fe3Si, Na2SiO3, FeSi2, Fe5Si3. ɸ ʪʘʢʞ 

ʚʠʜʥʦ, ʯʪʦ  ʚ ʩʠʩʪʝʤʝ ʩʠʣʠʮʠʜ ʞʝʣʝʟʘ (FeSi) ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ 1300 , 

ʢʨʝʤʥʠʡ ʧʨʠ 1400 , SiOʛ- 1500 , ʢʨʦʤʝ ʵʪʦʛʦ, Fe3Si-1400 , Fe5Si3 -1500 , FeSi2-

1600 . 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ ʩʪʝʧʝʥʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ [3-4], ʠʟ ʢʦʪʦʨʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 35% Fe3ʆ4 ʮʠʥʢ ʚ ʛʘʟ 

ʧʝʨʝʭʦʜʠʪ ʙʦʣʝʝ 99% ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 1600 -2000 . ɸ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʩʚʠʥʝʮ 

ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟ ʥʝ ʤʝʥʝʝ 90 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ó2000 . ʇʨʠʯʝʤ, ʩʚʠʥʝʮ ʚʦʟʛʦʥʷʝʪʩʷ 

ʭʫʞʝ, ʯʝʤ ʮʠʥʢ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʝʤʥʠʷ  

ʚ ʩʠʩʪʝʤʝ 

 

 

                                         I                                                                      II  

  
 

 

ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ (I)  

ʠ ʩʚʠʥʮʘ (II) ʚ ʩʠʩʪʝʤʝ 

 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚʝ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 3. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ‌ ̒̐ ̌ ʧʨʠ 1700-1800  ʩʦʩʪʘʚʣʷʝʪ 62-70%, ʘ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚ ʩʦʩʪʘʚʣʷʝʪ 29,8%. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ 

ʚ ʩʧʣʘʚ ʩʦʩʪʘʚʣʷʝʪ 0,02%, ʩʚʠʥʝʮ 0,60%. 

 

                                                     I                                               II  

   

 

ʈʠʩʫʥʦʢ 3 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚ (I)  

ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʧʣʘʚʝ (II) 
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ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʠʷ ʬʝʨʨʦʩʧʣʘʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʝʛʦ ʤʘʨʢʝ FeSi25 [5]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʝʤʥʠʷ ʚ ʩʠʩʪʝʤʝ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʧʨʠ 66% Fe3ʆ4 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4 

ʠ 5. 
 

  
 

ʈʠʩʫʥʦʢ 4 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʝʤʥʠʷ 

 

I                                                                    II  

  
 

 

 

ʈʠʩʫʥʦʢ 5 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ (I)  

ʠ ʩʚʠʥʮʘ (II)  

  

ʀʟ ʨʠʩʫʥʢʘ 5 ʚʠʜʥʦ, ʯʪʦ ʮʠʥʢ ʚ ʛʘʟ ʧʝʨʝʭʦʜʠʪ ʙʦʣʝʝ 99% ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 

1600-2000 . ʇʨʠ ʵʪʦʤ ʩʚʠʥʝʮ ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟ 87,8 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ó2000 . ɿʜʝʩʴ 

ʪʘʢʞʝ, ʩʚʠʥʝʮ ʚʦʟʛʦʥʷʝʪʩʷ ʭʫʞʝ, ʯʝʤ ʮʠʥʢ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚʝ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 6.  

I                                                            II  

   

ʈʠʩʫʥʦʢ 6 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʨʝʤʥʠʷ ʚ 

ʩʧʣʘʚʝ 
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ʀʟ ʨʠʩʫʥʢʘ 6 ʩʣʝʜʫʝʪ, ʯʪʦ ‌ ̒̐ ̌ι70% ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 1700 . 

ʉʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 27%. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 1710-1920  

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʬʝʨʨʦʩʠʣʠʮʠʷ ʤʘʨʢʠ FeSi25.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʩʤʝʩʠ ʦʢʠʩʣʝʥʥʦʡ ʨʫʜʳ 

ʠ ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ ʨʫʜʳ ʐʘʣʢʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

ɺ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ: 

- ʦʩʥʦʚʥʳʤʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ SiO2, SiOg, 

FeSiO3, FeSi, CaSiO3, MgSiO3, Al 2SiO5, Si, Fe3Si, Na2SiO3, FeSi2, Fe5Si3.  

- ʚ ʩʠʩʪʝʤʝ ʩʠʣʠʮʠʜ ʞʝʣʝʟʘ (FeSi) ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ 1300 , ʢʨʝʤʥʠʡ 

ʧʨʠ 1400 , SiOʛ ï 1500 , ʢʨʦʤʝ ʵʪʦʛʦ, Fe3Si ï1400 , Fe5Si3 ï 1500 , FeSi2 ï 1600, 

- ʬʝʨʨʦʩʠʣʠʮʠʡ ʤʘʨʢʠ FeSi25 ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 1700-1800  ʠ 35 % ʤʘʛʥʝʪʠʪʘ ʩ 

ʠʟʚʣʝʯʝʥʠʝʤ 62-70%, ʘ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ʚ ʩʧʣʘʚ ʩʦʩʪʘʚʣʷʝʪ 29,8%.   

  

ʀʩʪʦʯʥʠʢʠ 
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ʆʇʓʊ ɺʓʇʃɸɺʂʀ ʇɽʈɽɼɽʃʔʅʆɻʆ ʌɽʈʈʆʉʀʃʀʂʆʄɸʈɻɸʅʎɸ  
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ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 
 

ʀʩʧʳʪʘʥʠʷ ʧʦ ʚʳʧʣʘʚʢʝ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʰʠʭʪʳ ï ʤʘʨʛʘʥʮʝʚʳʭ ʙʨʠʢʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʞʠʛʤʘʛʥʠʪʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠʟ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʫʜʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʜʚʫʭʬʘʟʥʳʤ 

ʧʦʥʠʞʘʶʱʠʤ ʧʝʯʥʳʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʤʦʱʥʦʩʪʴʶ 300 ʢɺɸ. ʇʝʯʥʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚʪʦʨʠʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 18-50ɺ (ʰʝʩʪʴ ʩʪʫʧʝʥʝʡ), ʩʠʣʘ 

ʪʦʢʘ ʥʘ ʚʳʩʦʢʦʡ ʩʪʦʨʦʥʝ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪ 789ɸ. 

ɺʳʧʣʘʚʢʫ ʚʝʣʠ ʥʝʧʨʝʨʳʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʟʘʛʨʫʟʢʦʡ ʰʠʭʪʳ ʧʦ ʤʝʨʝ ʧʨʦʩʘʜʢʠ 

ʢʦʣʦʰʥʠʢʘ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʳʧʫʩʢʦʤ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʘ ʯʝʨʝʟ ʢʘʞʜʳʝ 2 ʯʘʩʘ ʚ ʯʫʛʫʥʥʳʝ 

ʠʟʣʦʞʥʠʮʳ. ʇʦʩʘʜʢʘ ʵʣʝʢʪʨʦʜʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ, ʩʧʝʢʘʥʠʡ 

ʢʦʣʦʰʥʠʢʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʄʝʪʘʣʣ ʠ ʰʣʘʢ ʚʳʭʦʜʠʣʠ ʘʢʪʠʚʥʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦ 

ʛʦʨʷʯʠʡ ʭʦʜ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ɹʨʠʢʝʪʳ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʧʝʯʴ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʳʩʦʢʦʟʦʣʴʥʳʡ ʫʛʦʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʨʳʘʜʳʨ, ʚ 

ʢʘʯʝʩʪʚʝ ʬʣʶʩʘ - ʜʦʣʦʤʠʪ. ʇʨʠ ʚʳʧʣʘʚʢʝ ʧʝʨʝʜʝʣʴʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʨʘʙʦʪʘ 

ʧʝʯʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʩʪʘʙʠʣʴʥʦʡ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʦʡ. ʆʪʤʝʯʝʥʘ ʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʙʨʠʢʝʪʦʚ ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʚʥʦʤʝʨʥʦʤʫ ʛʘʟʦʚʳʜʝʣʝʥʠʶ 

ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʦʰʥʠʢʘ.  

ʂʨʘʪʥʦʩʪʴ ʰʣʘʢʘ ʩʦʩʪʘʚʣʷʣʘ 0,5-0,7, ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʤʘʨʛʘʥʮʘ 79-81% ʠ 

ʢʨʝʤʥʠʷ 45-55%. ʇʦʣʫʯʝʥʥʳʡ ʤʝʪʘʣʣ ʧʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʧʝʨʝʜʝʣʴʥʦʤʫ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʫ ʤʘʨʢʠ ʉʄʥ25. ɹʝʩʰʣʘʢʦʚʳʡ ʧʨʦʮʝʩʩ ʚʳʧʣʘʚʢʘ 

ʤʘʨʛʘʥʮʝʚʦʡ ʣʠʛʘʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʚʳʭʦʜʘ ʰʣʘʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʝʤ. 

ɺʳʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ ʧʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʠ ʦʪʙʦʨʘ ʧʨʦʙʳ ʧʦʜʚʝʨʛʘʣʩʷ ʵʢʩʧʨʝʩʩ 

ʘʥʘʣʠʟʫ ʥʘ ʧʦʨʪʘʪʠʚʥʦʤ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ Niton. ɺʳʙʦʨʦʯʥʦ 

ʦʪʜʝʣʴʥʳʝ ʧʨʦʙʳ ʩʜʘʚʘʣʠʩʴ ʥʘ ʧʦʣʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

(ʪʘʙʣʠʮʘ 1). ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʚʳʰʣʠ ʥʘ ʩʪʘʙʠʣʴʥʳʡ ʨʝʞʠʤ ʚʳʧʣʘʚʢʠ 

ʧʝʨʝʜʝʣʴʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ (ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʤʘʨʢʝ 

ʄʥʉ25 ʧʦ ɻʆʉʊ 4756-91 ʠʣʠ FeMnSi30 ʧʦ ISO 5447-80) ʠ ʤʘʨʛʘʥʮʝʚʦʡ ʣʠʛʘʪʫʨʳ 

(ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʊʋ ʉʊ ʊʆʆ 120941015505-01-2016). 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʧʣʘʚʣʝʥʥʦʛʦ ʤʘʨʛʘʥʮʝʚʦʡ ʣʠʛʘʪʫʨʳ ʠ 

ʧʝʨʝʜʝʣʴʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ 

 

ˉ ʧʨʦʙʳ 
ʉʦʜʝʨʞʘʥʠʝ, % 

Mn Si Al Fe P S C 

1 39,72 26,18 7,07 26,65 0,06 0,024 0,067 

2 58,84 22,75 0,45 14,61 0,07 0,03 0,5 
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ʇʦʣʫʯʝʥʥʳʝ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʘʨʛʘʥʮʝʚʦʡ ʣʠʛʘʪʫʨʳ, ʷʚʣʶʪʩʷ ʩʧʣʘʚʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʳʧʣʘʚʣʝʥʥʳʭ ʧʝʨʝʜʝʣʴʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʠ 

ʤʘʨʛʘʥʮʝʚʦʡ ʣʠʛʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ TescanVega II. 

ʈʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ TescanVega II ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʫʚʝʣʠʯʝʥʠʡ ʦʪ 4 ʜʦ 500000 ʨʘʟ, 

ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʰʣʠʬʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʣʦʤʦʚ ʤʝʪʘʣʣʦʚ 

ʠ ʩʧʣʘʚʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʝʰʝʥʠʝ 3.0 ʥʤ (ʧʨʠ 30 ʢɺ); ʫʚʝʣʠʯʝʥʠʝ ʦʪ 12 ʜʦ 1000000 ʨʘʟ, ʜʠʘʤʝʪʨ 

ʢʘʤʝʨʳ ʦʙʨʘʟʮʦʚ 230 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2.  
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʤʘʨʛʘʥʮʝʚʦʡ ʣʠʛʘʪʫʨʳ, 

ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

çTESCANVEGAè ʧʨʠ ʢʨʘʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ Ĭ1000 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʝʨʝʜʝʣʴʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ çTESCANVEGAè ʧʨʠ 

ʢʨʘʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ Ĭ1000 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʧʝʢʪʨʦʚ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʘ ˉ1 ʤʘʨʛʘʥʮʝʚʦʡ 

ʣʠʛʘʪʫʨʳ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʨʢʝ ʌʉ35ɸ10ʄ50 ʧʦ ʊʋ ʉʊ ʊʆʆ 120941015505-01-

2016), ʚʳʨʘʞʝʥʥʳʝ ʚ ʚʝʩʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʧʨʦʮʝʥʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʦʙʨʘʟʮʝ ʤʘʨʛʘʥʮʝʚʦʡ 

ʣʠʛʘʪʫʨʳ, ʧʨʠ ʢʨʘʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ Ĭ1000  
 

ʉʧʝʢʪʨʳ 
ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, %, ʚʝʩ 

× 
Mn Fe Si Al Ca 

1 48,32 16,42 32,54 2,03 0,00 100 

2 1,50 0,61 39,43 34,37 20,13 100 

3 31,16 18,86 34,79 15,19 0,00 100 

4 6,48 1,86 39,67 34,31 17,25 100 

ʉʧʝʢʪʨʳ 
ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, %, ʘʪʦʤʥʳʭ  

Mn Fe Si Al ʉʘ  

1 36,32 12,14 47,84 3,11 - 100 

2 0,79 0,32 40,51 36,76 14,50 100 

3 20,95 12,48 45,77 20,80 0,00 100 

4 3,60 1,02 43,13 38,83 13,14 100 
 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʧʝʢʪʨʘ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʧʝʨʝʜʝʣʴʥʦʛʦ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ (ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʨʢʝ ʉʄʥ25 ʧʦ 

ɻʆʉʊ 4756-91 (ISO 5447-80)), ʚʳʨʘʞʝʥʥʳʝ ʚ ʚʝʩʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʧʨʦʮʝʥʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʪʘʙʣʠʮʝ 3. 
 

ʊʘʙʣʠʮʘ 3 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʧʝʢʪʨʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʦʙʨʘʟʮʝ ʧʝʨʝʜʝʣʴʥʦʛʦ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ, ʧʨʠ ʢʨʘʪʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ Ĭ1000  
 

ʉʧʝʢʪʨʳ 
ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, %, ʚʝʩ 

× 
Fe Mn Ti Si Al 

1 

10,80 57,08 1,42 27,52 0,37 100 

ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, %, ʘʪʦʤʥʳʭ 

7,95 42,73 1,22 40,30 0,57 100 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʧʦ ʚʳʧʣʘʚʢʝ ʤʘʨʛʘʥʮʝʚʳʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʨʛʘʥʮʝʚʳʭ ʙʨʠʢʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʙʞʠʛʤʘʛʥʠʪʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, ʥʘ 

ʨʫʜʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ ʤʦʱʥʦʩʪʴʶ 300 ʢɺɸ ʫʩʪʘʥʦʚʣʝʥʦ: 

- ʤʘʨʛʘʥʮʝʚʳʝ ʙʨʠʢʝʪʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʚ ʚʝʨʭʥʠʭ ʠ 
ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʝʯʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʨʛʘʥʮʝʚʳʭ ʙʨʠʢʝʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 
ʢʦʣʦʰʥʠʢʝ ʜʦ 500-600°C, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʝʧʣʦʚʦʤ ʙʘʣʘʥʩʝ ʧʣʘʚʢʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʢʩʘ, ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʥʘ 
ʚʳʩʦʢʦʟʦʣʴʥʳʡ ʫʛʦʣʴ ʠ ʧʦʣʫʢʦʢʩ (ʧʦʧʫʪʥʦ ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʦʙʞʠʛʤʘʛʥʠʪʥʦʤ 

ʦʙʦʛʘʱʝʥʠʠ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʳ), ʚʜʦʙʘʚʦʢ ʪʝʩʥʳʡ ʢʦʥʪʘʢʪ ʯʘʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩ 

ʤʘʨʛʘʥʮʝʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʙʨʠʢʝʪʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʧʦʩʣʝʜʥʝʛʦ ʥʘ ʫʛʘʨ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʝʨʝʜʝʣʴʥʦʛʦ ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʦʜʥʦʨʦʜʥʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʣʦʞʥʳʤʠ ʩʠʣʠʮʠʜʘʤʠ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ (Fe, Mn)Si ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʣʶʤʠʥʠʷ ʠ ʪʠʪʘʥʘ. ʉʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Tescan Vega II ʩ ʩʠʩʪʝʤʦʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ Oxford Inca ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʙʞʠʛʤʘʛʥʠʪʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʝʨʝʜʝʣʴʥʳʡ 

ʬʝʨʨʦʩʠʣʠʢʦʤʘʨʛʘʥʝʮ ʠ ʤʘʨʛʘʥʮʝʚʘʷ ʣʠʛʘʪʫʨʘ ʩʦʩʪʦʷʪ ʠʟ ʩʣʦʞʥʳʭ ʩʠʣʠʮʠʜʦʚ ʤʘʨʛʘʥʮʘ 

ʠ ʞʝʣʝʟʘ (Fe, Mn)Si, (Fe, Mn)3Si2, ʪʨʦʡʥʳʭ ʵʚʪʝʢʪʠʢ ((Fe, Mn)Si+ (Fe, Mn)Si2) + Al ʠ ʉʘSi 

+ Al. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʫʝʪʩʷ ʂʦʤʠʪʝʪʦʤ ʅʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʅʘʫʢʠ ʠ 

ɺʳʩʰʝʛʦ ʆʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʛʨʘʥʪ ˉ AP23487934).  
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ʋɼʂ 669.168 

 

ʈɽɿʋʃʔʊɸʊʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʂɸʈɹʆʊɽʈʄʀʏɽʉʂʆʁ ɺʓʇʃɸɺʂʀ 

ʌɽʈʈʆʉʇʃɸɺɸ ʉ ʊʀʊɸʅʆʄ 

 
ɺʦʨʦʙʢʘʣʦ ʅ.ʈ.1, ɹʘʡʩʘʥʦʚ ɸ.ʉ.1, ʐʘʨʠʝʚʘ ʉ.ʉ.1, ɾʘʢʩʘʥʦʚ ʅ.ɹ.2, ʄʘʢʠʰʝʚ ɸ.ʂ.1 

 
1ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 
2ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè,  

ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʚʳʧʣʘʚʢʝ ʬʝʨʨʦʩʧʣʘʚʦʚ ʩ 

ʪʠʪʘʥʦʤ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʪʠʪʘʥʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʫʛʦʧʣʘʚʢʠʭ ʢʘʨʙʠʜʦʚ (TiC), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʫʛʣʝʨʦʜʫ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʯʸʪʢʦ ʫʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʠʪʘʥʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʦʩʧʣʘʚʘ ʩ ʪʠʪʘʥʦʤ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʠ ʦʮʝʥʢʠ ʩʢʣʦʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʧʦʟʚʦʣʷʪ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʚʢʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʪʠʪʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʬʝʨʨʦʩʧʣʘʚʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʥʳʭ ʬʘʟ, ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Ti-Al -Si-Fe-C-O. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ HSC Chemistry.  

ɼʣʷ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ ʜʣʷ 

ʚʳʧʣʘʚʢʠ ʩʧʣʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 25-40% Ti ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 3 ʩʦʩʪʘʚʘ ʨʘʙʦʯʠʭ ʪʝʣ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʚʳʩʦʢʦʟʦʣʴʥʳʡ ʫʛʦʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʨʳʘʜʳʨ. 

ɹʦʛʘʪʳʡ ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ - ʠʩʪʦʯʥʠʢ ʪʠʪʘʥʘ. ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʚʳʧʦʣʥʷʣʠ ʥʘ 100 ʢʛ 

ʫʛʣʷ. ɺʘʨʴʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʢʚʘʨʮʠʪʘ. ʉʦʩʪʘʚʳ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʨʘʙʦʯʠʭ ʪʝʣ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʀʩʭʦʜʷ ʠʟ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʰʠʭʪʦʚʳʭ ʩʤʝʩʝʡ ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʩʦʩʪʘʚʦʚ ʨʘʙʦʯʠʭ ʪʝʣ (ʪʘʙʣʠʮʘ 2).  

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚ ʨʫʜʥʦʡ ʯʘʩʪʠ ʰʠʭʪʦʚʳʭ ʩʤʝʩʝʡ 

 

ˉ 

ʰʠʭʪʦʚʦʡ 

ʩʤʝʩʠ 

ɹʦʛʘʪʳʡ ʪʠʪʘʥʦʚʳʡ ʰʣʘʢ ʂʚʘʨʮʠʪ 

ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʩʦʩʪʘʚʝ ʰʠʭʪʳ, ʢʛ 

ʜʦʣʷ ʚ 

ʩʦʩʪʘʚʝ 

ʰʠʭʪʳ, % 

ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʩʦʩʪʘʚʝ ʰʠʭʪʳ, ʢʛ 

ʜʦʣʷ ʚ 

ʩʦʩʪʘʚʝ 

ʰʠʭʪʳ, % 

1 20 16,6 0 0 

4 35 23,3 15 10 

5 40 25 20 12,5 
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ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʙʦʯʠʭ ʪʝʣ 

 

ˉ 

ʰʠʭʪʦʚʦʡ 

ʩʤʝʩʠ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʙʦʯʠʭ ʪʝʣ, ʢʛ 

Fe2O3 SiO2 Al 2O3 TiO2 ʉʪʚ SiO2/ ʉʪʚ 
(SiO2 + TiO2)/ 

ʉʪʚ 

1 3,01 27,87 16,34 16,25 29 0,96 1,5 

4 4,67 42,86 17,07 28,10 29 1,48 2,44 

5 5,23 47,85 17,32 32,05 29 1,65 2,75 

 

ɼʘʣʝʝ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʦʜʝʨʞʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʣʘʚʘ ʬʘʟ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ɼʘʥʥʳʝ ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʧʣʘʚʢʠ 

ʬʝʨʨʦʩʧʣʘʚʘ ʩ ʪʠʪʘʥʦʤ 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʘʨʙʠʜʥʳʭ ʬʘʟʘʭ ʧʦʟʚʦʣʷʶʪ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ ʢʘʞʜʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600ʦʉ. ʆʜʥʘʢʦ, ʧʨʠ 

ʩʦʩʪʘʚʘʭ ʰʠʭʪʳ, ʛʜʝ ʢʚʘʨʮʠʪʘ ʥʝʪ, ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʫʩʪʦʡʯʠʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʫʛʦʧʣʘʚʢʠʭ ʢʘʨʙʠʜʥʳʭ ʬʘʟ ʩ ʪʠʪʘʥʦʤ (TiC) ʠ ʢʨʝʤʥʠʝʤ (SiC). ʉ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʠ 

ʢʚʘʨʮʠʪʘ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʩʦʩʪʘʚʘʭ 

ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʦʣʝʡ ʢʚʘʨʮʠʪʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 2200ʦʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʪʠʪʘʥʘ ʚ ʩʠʣʠʮʠʜʳ ʪʠʪʘʥʘ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ 

TiSi2, TiFeSi2 ʠ Ti5Si3, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʘʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʬʝʨʨʦʩʧʣʘʚʘ. ʊʘʢʞʝ ʧʨʠ ʜʘʥʥʳʭ ʰʠʭʪʦʚʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʪʠʪʘʥʘ, ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʚ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.   
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ʅʘ ʦʩʥʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩ ʫʯʝʪʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʘʨʙʠʜʥʳʭ ʬʘʟ, ʩʤʦʛʣʠ ʨʘʩʩʯʠʪʘʪʴ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʣʘʚʘ (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ, ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʚ ʩʧʣʘʚʝ  

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʧʣʘʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʠʜʝ Ti ï 20-30%; Si ï 30-35; Al  ï 5-15% ʠ ʞʝʣʝʟʦ 

ʦʩʪʘʣʴʥʦʝ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʚʘʨʮʠʪʘ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʙʦʣʝʝ 10%. ʅʘ 

ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʣʝʞʠʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1900-2100ʦʉ.  

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʚʳʧʣʘʚʢʝ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʬʝʨʨʦʩʧʣʘʚʘ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʠʣʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʘʨʙʠʜʥʳʭ ʬʘʟ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʰʠʭʪʳ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 

1600ʦʉ. ʅʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʨʙʠʜʦʚ ʚʣʠʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʰʠʭʪʝ, ʢʨʝʤʥʠʷ, ʢʦʪʦʨʦʝ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʦʙʘʚʢʦʡ ʢʚʘʨʮʠʪʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʩʯʝʪʥʳʭ ʩʦʩʪʘʚʦʚ ʰʠʭʪʳ ʚʳʷʚʠʣʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ SiO2 ʢ ʪʚʝʨʜʦʤʫ 

ʫʛʣʝʨʦʜʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʥʦʰʝʥʠʝ 

SiO2/ʉʪʚ = 1,65.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ, ʫʩʪʘʥʦʚʠʣʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘʯʘʣʘ ʩʦʚʤʝʩʪʥʦʛʦ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 1600ʦʉ. ʇʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʝ ʢʚʘʨʮʠʪʘ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ 1300ʦʉ. ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʢʚʘʨʮʠʪʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʘʨʙʠʜʦʚ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʬʘʟʳ ʥʝ ʫʩʪʦʡʯʠʚʳʝ, ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

2100-2200ʦʉ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʩʠʣʠʮʠʜʳ ʪʠʪʘʥʘ TiSi, TiSi2 ʠ Ti5Si3. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ 
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ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʧʣʘʚʢʦʡ ʠʟ ʙʦʛʘʪʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʰʣʘʢʘ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʧʣʘʚ 

ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʚʘʨʮʠʪʘ ʚ ʩʦʩʪʘʚʝ 

ʰʠʭʪʳ ʙʦʣʝʝ 15 ʢʛ (10% ʦʪ ʩʦʩʪʘʚʘ ʰʠʭʪʳ). ʆʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʣʝʞʠʪ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1900-2100ʦʉ. ʆʧʨʝʜʝʣʠʣʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ SiO2 ʢ 

ʪʚʝʨʜʦʤʫ ʫʛʣʝʨʦʜʫ, SiO2/ʉʪʚ = 1,65-1,82.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʧʣʘʚʢʠ ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʩʧʣʘʚʘ 

ʧʦʟʚʦʣʠʣʠ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʩʧʣʘʚʘ ʚ ʫʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʧʣʘʚʢʫ ʩʧʣʘʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʧʦʵʪʘʧʥʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʨʮʠʪʘ ʚ ʩʦʩʪʘʚʝ ʰʠʭʪʳ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʬʝʨʨʦʩʧʣʘʚʘ ʩ 

ʪʠʪʘʥʦʤ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʟʦʣʴʥʦʛʦ ʫʛʣʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʅʘʣʠʯʠʝ ʢʚʘʨʮʠʪʘ ʧʦʟʚʦʣʠʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʥʳʭ ʬʘʟ, 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʚʝʣʠʯʠʪʴ ʠʭ ʢʦʥʪʘʢʪʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ, ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʠʪʴ ʙʦʣʝʝ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʠʪʘʥʘ, ʞʝʣʝʟʘ, 

ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʠʟ ʦʢʩʠʜʦʚ ʰʠʭʪʦʚʦʡ ʩʤʝʩʠ ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ.  

 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (AP 27510013). 
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ʋɼʂ 669.018 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʅɸʅʆʄʆɼʀʌʀʂɸʊʆʈʆɺ  

ʅɸ ʉɺʆʁʉʊɺɸ ʃɽɻʀʈʆɺɸʅʅʓʍ ʉʊɸʃɽʁ 

 
ʀʩʘʛʫʣʦʚ ɸ.ɿ., ʂʚʦʥ ʉʚ.ʉ., ʂʫʣʠʢʦʚ ɺ.ʖ. 

 

ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè,  

ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʪʨʝʥʜʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʝʪʘʣʣʦʚʝʜʝʥʠʠ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʧʝʨʠʦʜ ʧʝʨʚʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [1]. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʘʣʴ ʤʘʨʢʠ 

40ʍʅ3ʄʌ. ʅʘʥʦʤʦʜʠʬʠʢʘʪʦʨʳ, ʚ ʢʦʣʠʯʝʩʪʚʝ 0,2% ʦʪ ʤʘʩʩʳ ʰʠʭʪʳ ʠ ʫʧʘʢʦʚʘʥʥʳʝ ʚ 

ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ, ʚʚʦʜʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʰʠʭʪʫ. ʇʣʘʚʢʫ ʧʨʦʚʦʜʠʣʠ ʚ 

ʠʥʜʫʢʮʠʦʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ ʩ ʫʩʠʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʚ ʢʦʨʫʥʜʦ- 

ʤʫʣʣʠʪʦʚʦʤ ʪʠʛʣʝ ʜʣʷ ʠʟʙʝʞʘʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʷ. ʈʘʩʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ 

ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʥʜʫʢʪʦʨʦʤ ʚ 

ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ ʧʝʨʝʜ ʨʘʟʣʠʚʢʦʡ ʩʦʩʪʘʚʣʷʣʘ 15600ʉ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʛʨʫʞʥʦʡ ʪʝʨʤʦʧʘʨʳ ʇʇʈ. ʇʣʘʚʢʫ ʨʘʟʣʠʚʘʣʠ ʚ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʝ ʬʦʨʤʳ, ʧʦʚʪʦʨʷʶʱʠʝ ʬʦʨʤʫ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ: ʟʘʢʘʣʢʘ ʚ 

ʤʘʩʣʝ 8500ʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʧʫʩʢʦʤ 6000ʉ ʥʘ ʚʦʟʜʫʭʝ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʧʳʪʥʦʛʦ 

ʦʙʨʘʟʮʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴ 40ʍʅ3ʄʌ ʙʝʟ 

ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʡʩʪʚʘ ʩʪʘʣʠ 40ʍʅ3ʄʌ ʧʦʩʣʝ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

 

ʆʙʨʘʟʝʮ 
ʊʚʝʨʜʦʩʪʴ,  

ʅɺ 

ůʚ,  

ʄʇʘ 
ŭ, % 

ʇʨʠʚʝʜʝʥʥʳʡ ʠʟʥʦʩ 

ʦʙʨʘʟʮʘ, ʤʤ3/(ʅĿʤ) 

ʉʪʘʣʴ 40ʍʅ2ʄʌ 272 860 10 4.56·10-6 

ʉʪʘʣʴ 40ʍʅ3ʄʌ ʧʦʩʣʝ 

ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 
320 910 12 4.27·10-6 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʰʝ ʚ ʩʪʘʣʠ ʧʦʩʣʝ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʩʚʦʡʩʪʚ ʩʪʘʣʠ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʬʘʟ 

(ʥʘʧʨʠʤʝʨ, ʢʘʨʙʠʜʥʦʡ), ʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʨʘʩʯʝʪʥʘʷ ʵʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʠ ʧʨʦʯʥʦʩʪʴ ʦʧʳʪʥʦʛʦ ʩʧʣʘʚʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʩʧʣʘʚʘ ʥʘ ʙʘʟʝ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʳ CoCrFeMnNi ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʧʳʪʥʳʡ ʩʧʣʘʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ ɺʕʉ. ʆʜʥʘʢʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ 

ʦʧʳʪʥʦʤ ʩʧʣʘʚʝ ʥʝ ʜʦʩʪʠʛʥʫʪʘ ʵʢʚʠʘʪʦʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ ʚ ʚʠʜʝ ʩʠʣʠʢʘʪʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʵʪʦʪ ʩʧʣʘʚ ʤʦʞʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʢʘʢ ʢʚʘʟʠʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʳʧʣʘʚʢʝ ʂɺʕʉ ʩ ʯʘʩʪʠʯʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚʤʝʩʪʦ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʡ ʟʘʤʝʥʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʦʣʷ ʟʘʤʝʥʳ 

ʩʦʩʪʘʚʠʣʘ 40% (2 ʠʟ 5 ʢʦʤʧʦʥʝʥʪʦʚ). ʈʘʩʰʠʨʝʥʠʝ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʜʦ 6 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʟʘʤʝʥʷʶʱʠʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʜʦ 50%, ʯʪʦ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚʝ ʩʧʣʘʚʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʨʦʩʧʣʘʚʦʚ ʧʨʠ ʚʳʧʣʘʚʢʝ ʂɺʕʉ ʜʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʩʪʴ, ʧʨʠ ʫʩʣʦʚʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪ ʥʫʞʥʦʡ ʧʨʠʨʦʜʳ. 

 

ʀʩʪʦʯʥʠʢ 

 

1 P. Kovalev, S. Riaboshuk, A. Issagulov, Sv. Kvon, V. Kulikov Improving Shipbuilding Steel 

Grade Quality at Stages of Smelting, Secondary Refining, and Continuous Casting // Metals 

2019, 9(2), p.203. 
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ʋɼʂ 622.765.1; 662.613 

 

ɺʃʀʗʅʀɽ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʇʈʆɼʋʂʊɸ ʇʀʈʆʃʀɿɸ ʈʀʉʆɺʆʁ ʐɽʃʋʍʀ 

ʅɸ ʌʃʆʊɸʎʀʖ ɿʆʃʆʊʆʉʆɼɽʈɾɸʑɽɻʆ ʉʓʈʔʗ 

 
 ʘʥʘʣʳ ʊ.ʉ.1, ɽʩʝʥʛʘʨʘʝʚ ɽ.ʂ.2, ʈʘʞʘʥ ɽ.ɹ.1פ

 
1ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2 ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè ɻʅʇʆʇʕ çʂʘʟʤʝʭʘʥʦʙʨè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ʌʣʦʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʪʦʥʢʦ 

ʚʢʨʘʧʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ ʮʚʝʪʥʳʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤ ʨʝʘʛʝʥʪʥʳʤ ʨʝʞʠʤʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʪʠʧ, ʨʘʩʭʦʜ ʠ ʩʦʯʝʪʘʥʠʝ 

ʩʦʙʠʨʘʪʝʣʝʡ, ʚʩʧʝʥʠʚʘʪʝʣʝʡ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʩʨʝʜʳ. ɺ ʫʩʣʦʚʠʷʭ ʫʞʝʩʪʦʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʦʩʪʘ ʩʪʦʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʬʣʦʪʦʨʝʘʛʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʚʪʦʨʠʯʥʳʭ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ [1-

4]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʈʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʘʭ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʠʩʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʣʶʣʦʟʳ, ʣʠʛʥʠʥʘ ʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʸ ʮʝʥʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ [5]. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʠʨʦʣʠʟʝ ʨʠʩʦʚʦʡ 

ʰʝʣʫʭʠ, ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʝʥʠʚʘʪʝʣʷ ʧʨʠ ʬʣʦʪʘʮʠʦʥʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ 

ʩʳʨʴʷ ʦʜʥʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʠʟʫʯʠʪʴ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ 
ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ; 

- ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʢʨʫʧʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ 
ʦʙʦʛʘʱʝʥʠʷ; 

- ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʬʣʦʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʩʧʝʥʠʚʘʪʝʣʷ (ʤʝʪʠʣʠʟʦʙʫʪʠʣʢʘʨʙʠʥʦʣʘ) ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʠʨʦʣʠʟʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ; 

- ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʘʩʭʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʠ ʢʘʯʝʩʪʚʦ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 

-  

ʆʙʲʝʢʪ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʘʷ ʨʫʜʘ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 1,7-1,9 ʛ/ʪ ʠ ʩʝʨʝʙʨʘ 8-

9 ʛ/ʪ. ʆʩʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʣʠʩʴ ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʦʢʩʠʜʳ ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ 

ʤʠʥʝʨʘʣʳ ʤʝʜʠ, ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʚ ʧʦʜʯʠʥʸʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʣʠ ʧʠʨʦʣʠʟʦʤ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʦʣʦ 600 ÁC ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ. ʇʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʞʠʜʢʫʶ ʬʨʘʢʮʠʶ, 

ʩʦʜʝʨʞʘʱʫʶ ʢʠʩʣʦʪʳ, ʬʝʥʦʣʳ, ʩʧʠʨʪʳ ʠ ʢʝʪʦʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [5]. 

ʌʣʦʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʬʣʦʪʦʤʘʰʠʥʝ 

ʌʄʃ 240 ʩ ʦʙʲʸʤʦʤ ʢʘʤʝʨʳ 3,0 ʣ. ɺ ʢʘʯʝʩʪʚʝ ʩʦʙʠʨʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʤʠʣʦʚʳʡ 

ʢʩʘʥʪʦʛʝʥʘʪ ʢʘʣʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ 300 ʛ/ʪ. ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʝʥʠʚʘʪʝʣʷ ʧʨʠʤʝʥʷʣʠ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʠʨʦʣʠʟʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʚ ʨʘʩʭʦʜʝ 2-6 ʣ/ʪ, ʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 
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ï ʤʝʪʠʣʠʟʦʙʫʪʠʣʢʘʨʙʠʥʦʣ (ʄʀɹʂ) ʚ ʨʘʩʭʦʜʝ 90 ʛ/ʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʨʫʜʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʬʣʦʪʘʮʠʠ. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʌʣʦʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʝʧʝʥʴ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʛʘʱʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʜʦʩʪʠʛʘʣʠʩʴ ʧʨʠ ʢʨʫʧʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ 80 % ʢʣʘʩʩʘ ī0,071 ʤʤ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʫʤʤʘʨʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʧʨʝʚʳʰʘʣʦ 73 %. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʠʨʦʣʠʟʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʚ ʧʨʦʮʝʩʩʝ 

ʬʣʦʪʘʮʠʠ ʧʨʦʷʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʩʧʝʥʠʚʘʶʱʠʝ, ʥʦ ʠ ʩʦʙʠʨʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʘʛʝʥʪ ʨʝʘʛʝʥʪʥʦʛʦ 

ʨʝʞʠʤʘ [6]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʬʣʦʪʘʮʠʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʩʧʝʥʠʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʦʢʘʟʘʪʝʣʠ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʩʧʝʥʠʚʘʪʝʣʝʡ 
 

ʇʨʦʜʫʢʪʳ 
ɺʨʝʤʷ ʬʣʦʪ., 

ʤʠʥʫʪ 

ɺʳʭʦʜ, 

% 

ʉʦʜʝʨʞʘʥʠʝ Au, 

ʛ/ʪ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Au, 

% 

ʆʇ 6 ʣ/ʪ 

ʂʦʥʮʝʥʪʨʘʪ 

ʦʩʥʦʚʥʦʡ ʬʣʦʪ. 
7 7,84 15,23 64,55 

ʂʦʥʮʝʥʪʨʘʪ 

ʢʦʥʪʨʦʣʴʥʦʡ ʬʣʦʪ. 
20 7,98 3,47 14,97 

ʍʚʦʩʪʳ  84,18 0,45 20,48 

ʈʫʜʘ 27 100,00 1,85 100,00 

ʄʀɹʂ 90 ʛ/ʪ 

ʂʦʥʮʝʥʪʨʘʪ 

ʦʩʥʦʚʥʦʡ ʬʣʦʪ. 
7 8,19 14,10 60,77 

ʂʦʥʮʝʥʪʨʘʪ 

ʢʦʥʪʨʦʣʴʥʦʡ ʬʣʦʪ. 
20 7,37 3,24 12,57 

ʍʚʦʩʪʳ  84,44 0,60 26,66 

ʈʫʜʘ 27 100,00 1,90 100,00 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʧʠʨʦʣʠʟʘ ʨʠʩʦʚʦʡ 

ʰʝʣʫʭʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʄʀɹʂ. ʉʫʤʤʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦʩʪʠʛʘʝʪ 79,5 %, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʄʀɹʂ ï ʦʢʦʣʦ 

73,3 %. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʧʦʪʝʨʴ ʟʦʣʦʪʘ ʩ ʭʚʦʩʪʘʤʠ ʬʣʦʪʘʮʠʠ (20,48 % ʧʨʦʪʠʚ 26,66 %), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʚʦʚʣʝʯʝʥʠʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʚ ʧʝʥʥʫʶ ʬʘʟʫ. ʇʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʷʚʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʦʤ ʥʝ ʪʦʣʴʢʦ ʚʩʧʝʥʠʚʘʶʱʠʭ, ʥʦ ʠ ʯʘʩʪʠʯʥʦ ʩʦʙʠʨʘʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. 
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ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʧʠʨʦʣʠʟʘ 

ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʨʠ ʬʣʦʪʘʮʠʦʥʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʨʦʷʚʣʷʝʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ: ʚʳʧʦʣʥʷʝʪ 

ʨʦʣʴ ʚʩʧʝʥʠʚʘʪʝʣʷ ʠ ʯʘʩʪʠʯʥʦ ʩʦʙʠʨʘʪʝʣʷ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʟʚʣʝʯʝʥʠʠ 

ʟʦʣʦʪʘ ʠ ʩʥʠʞʝʥʠʠ ʝʛʦ ʧʦʪʝʨʴ ʩ ʭʚʦʩʪʘʤʠ. 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʨʘʩʭʦʜʘ ʨʝʘʛʝʥʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʜʦ 79-80 %, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʚʩʧʝʥʠʚʘʪʝʣʷ ʄʀɹʂ. 

ʇʨʦʜʫʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʳʨʴʝʚʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟ ʦʪʭʦʜʦʚ ʨʠʩʦʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʠʨʦʣʠʟʘ 

ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʨʝʘʛʝʥʪʥʦʛʦ 

ʨʝʞʠʤʘ ʬʣʦʪʘʮʠʠ ʠ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. 
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4 ɽʬʨʝʤʦʚʘ ʉ.ɺ., ʉʫʭʘʨʥʠʢʦʚ ʖ.ʀ., ɽʨʝʤʠʥ ʖ.ʇ., ɹʫʥʯʫʢ ʃ.ɺ., ɸʥʜʝʨʩʦʥ ʂ.ɼʞ. 
ʆʮʝʥʢʘ ʬʣʦʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʠʨʦʣʠʟʠʪʘ ʦʪ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ 

ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ // ɸʙʠʰʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2006 çɾʠʜʢʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʘʟ ï ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘè: ʤʘʪʝʨʠʘʣʳ ʄʝʞʜ. ʥʘʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬ., ʧʦʩʚʷʱ. 70-ʣʝʪʠʶ 

ʃʘʫʨʝʘʪʘ ʛʦʩ. ʧʨʝʤʠʠ ʈʂ, ʯʣʝʥ-ʢʦʨʨ. ʅɸʅ ʈʂ ɾ.ʅ. ɸʙʠʰʝʚʘ. ï ʂʘʨʘʛʘʥʜʘ, 2006. ï ʉ. 

84-87. 

5 ɽʩʝʥʛʘʨʘʝʚ ɽ.ʂ. ʇʦʣʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʬʣʦʪʦʨʝʘʛʝʥʪʘ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ, ɸʣʤʘʪʳ, 2015. ï ʉ. 45-58. 

6 ɽʬʨʝʤʦʚʘ ʉ.ɺ., ɹʫʥʯʫʢ ʃ.ɺ., ʃʠ ʕ.ʄ., ʅʠʷʟʦʚ ɸ.ɸ., ʉʫʭʘʨʥʠʢʦʚ ʖ.ʀ. 

ʇʦʣʫʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʬʣʦʪʦʨʝʘʛʝʥʪʘ ʠʟ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʦʙʠʨʘʪʝʣʷ // ɾʫʨʥʘʣ çʂʦʤʧʣʝʢʩʥʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷè ˉ4. ï 

ɸʣʤʘʪʳ, 2017. ï ʉ. 5-10. 
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ʋɼʂ 669.15 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ  

ʅɸ ʄʀʂʈʆʊɺɽʈɼʆʉʊʔ ʉʇʃɸɺɸ ʅɸ ʆʉʅʆɺɽ ɾɽʃɽɿɸ 

 
 ʘʥʞʽʛʽʪ ɻ.ɸ.1, 2, ʂʘʧʩʘʣʘʤʦʚʘ ʌ.ʈ.1, 2פ

 
1ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ, ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ [1]. ɾʝʣʝʟʦ ʠ ʩʧʣʘʚʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ [2-4]. ʆʜʥʘʢʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʜʝʬʝʢʪʘʤ, ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʜʝʣʠʡ [5, 6]. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʩʠʩʪʝʤʳ Fe-

Ni-Cr-Cu-Si-B-C. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʩʪʠ ʥʝʡʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʜʦʟʘʭ ʠ 

ʬʣʶʝʥʮʠʷʭ; 

- ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ - ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʦʟʦʡ ʦʙʣʫʯʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚ 

ʩʧʣʘʚʘ. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʣʘʚ 

ʩʠʩʪʝʤʳ Fe-Ni-Cr-Cu-Si-B-C, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʛʘʟʦʧʦʨʦʰʢʦʚʦʡ ʥʘʧʣʘʚʢʠ. ʀʩʭʦʜʥʘʷ 

ʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 547 HV ʧʦ ɺʠʢʢʝʨʩʫ. ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʪʝʧʣʦʚʦʛʦ ʪʠʧʘ ʤʦʱʥʦʩʪʴʶ 

100 ɺʪ ʩ ʚʦʜʷʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ. ʆʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʢʘʥʘʣʝ 9ï9 ʘʢʪʠʚʥʦʡ ʟʦʥʳ 

ʨʝʘʢʪʦʨʘ. ʆʙʣʫʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʫʨʦʚʥʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ. ʅʝʡʪʨʦʥʥʳʡ ʧʦʪʦʢ ʦʧʨʝʜʝʣʷʣʩʷ 

ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ; ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘʢʦʧʣʝʥʥʘʷ ʥʝʡʪʨʦʥʥʘʷ ʬʣʶʝʥʮʠʷ ʩʦʩʪʘʚʠʣʘ 

(4,8-9,6)Ĭ10ĭĮ ʥ/ʩʤĮ ʧʨʠ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ 3600-7200 ʩ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʡʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ ʬʣʶʝʥʮʠʷʭ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ, ʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ (å0,14-

0,16 ʛ), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʝʡʪʨʦʥʦʚ ʩ ʙʦʨʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʨʘʞʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ 

ʧʦʩʣʝ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ: ʩ ʠʩʭʦʜʥʳʭ ~550-570 HV ʜʦ 444-470 HV. ʋʩʪʘʥʦʚʣʝʥʘ 

ʯʝʪʢʘʷ ʜʦʟʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ - ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʥʦʡ ʬʣʶʝʥʮʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ 

ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. 
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ɺʳʚʦʜʳ 
ʉʧʣʘʚ ʩʠʩʪʝʤʳ Fe-Ni-Cr-Cu-Si-B-C ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʠʩʭʦʜʥʦʡ 

ʪʚʝʨʜʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʦʨʠʜʥʳʭ ʠ ʙʦʨʦʢʘʨʙʠʜʥʳʭ ʬʘʟ. ʕʪʦ ʜʝʣʘʝʪ 

ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʚ 

ʷʜʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʥʝʡʪʨʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʧʨʠ ʥʠʟʢʠʭ ʬʣʶʝʥʮʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʪʚʝʨʜʦʩʪʠ (ʩ ~547 HV ʜʦ 444ï470 HV), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʜʠʘʮʠʦʥʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʫʧʨʦʯʥʷʶʱʠʭ ʬʘʟ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʝʬʝʢʪʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ [7, 8].  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ ʢ 

ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

 

ʀʩʪʦʯʥʠʢʠ 

 

1 ʀʚʘʥʦʚ ʀ.ʆ. ʈʘʜʠʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ // ʌʠʟʠʢʘ ʤʝʪʘʣʣʦʚ 
ʠ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ. ï 2020. ï ʊ. 121. ï ˉ 5. ï ʉ. 450-458. 
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ᴄʆɾ 669 

 

ʍʈʆʄ-ʄɸʈɻɸʅɽʎ ʃʀɻɸʊʋʈɸʉʓʅ ɹɸʃפʓʊʋ תʐɯʅ 

ʊʆʊʓפʉʓɿɼɸʅɼʓʈנʓʐ ʈɽʊɯʅɼɽ פʆʃɼɸʅʓʃɸʊʓʅ ʌʉʍ ʐɸרʓʅ 

ɹʈʀʂɽʊʊɽʋ ʊɽʍʅʆʃʆɻʀʗʉʓ 

 
ʂʘʙʳʣʢʘʥʦʚ ʉ.ʂ., ʉʘʜʳץ ɾ.ʆ. 

 

ɾ.Ϸʙʽʰʝʚ ʘʪʳʥʜʘϤʳ ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳ, ϧʘʨʘϤʘʥʜʳ Ϩ., ϧʘʟʘϨʩʪʘʥ 

 

ʂʽʨʽʩʧʝ. ɹʨʠʢʝʪʪʝʫ ʤʝʪʘʣʣʫʨʛʠʷʜʘ ײʩʘץ ʞᴅʥʝ ʰʘש ʪᴅʨʽʟʜʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳ ᴇשʜʝʫʛʝ ʜʘʡʳʥʜʘʫʜʳש ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨʽʥʽש 

ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ᴅʜʽʩ ʰʠʭʪʘ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳʥ ʘʨʪʪʳʨʫסʘ, 

ʰʘש ʰʳסʳʥʳʥ ʘʟʘʡʪʫסʘ, ʧʝʰ ʢᴇʣʝʤʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫʛʝ ʞᴅʥʝ ʪʦʪʳץʩʳʟʜʘʥʫ ʧʨʦʮʝʩʪʝʨʽʥ ʪײʨʘץʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʩʽʨʝʩʝ 

ʙʨʠʢʝʪʪʝʫ ʙʘסʘʣʳ ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ, ʙʽʨʘץ ʙʘʩʪʘʧץʳ ʜʠʩʧʝʨʩʪʽ ʢװʡʽʥʜʝ ץʦʣʜʘʥʳʣʫʳ 

ʰʝʢʪʝʫʣʽ ʝʢʽʥʰʽ ʨʝʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ץʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫ װʰʽʥ 

ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʌʉʍ ץʦʨʳʪʧʘʩʳʥ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʜʘʡʳʥ ᴇʥʽʤʜʽ ײʩʘʪʫ ʞᴅʥʝ ʞʽʢʪʝʫ ʩʘʪʳʣʘʨʳʥʜʘ 

ʝʜᴅʫʽʨ ʤᴇʣʰʝʨʜʝ ײʩʘץ ʰʘש ʪװʟʽʣʝʜʽ. ɹײʣ ʰʘש ʢʨʝʤʥʠʡ, ʪʝʤʽʨ, ץʘʣʜʳץ ʭʨʦʤ ʞᴅʥʝ 

ʘʣʶʤʠʥʠʡ ץʦʩʧʘʣʘʨʳʥ ץʘʤʪʠʜʳ, ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʳץ ץʘʩʠʝʪʢʝ 

ʠʝ. ɸʣʘʡʜʘ, ʌʉʍ ʰʘשʳ ᴅʜʝʪʪʝ ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʮʠʢʣʛʝ ץʘʡʪʘʨʳʣʤʘʡ, ץʠʳʥ 

ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ץʦʩʘʣץʳ ᴇʥʽʤ ʨʝʪʽʥʜʝ ʞʠʥʘʣʘʜʳ. 

ʌʉʍ ʰʘשʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʦʥʳ ʭʨʦʤ- 

ʤʘʨʛʘʥʝʮ ʣʠʛʘʪʫʨʘʣʘʨʳʥ ᴇʥʜʽʨʫ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʪʽ ʝʢʽʥʰʽ ʨʝʪʪʽʢ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʝʛʝʥʤʝʥ, ʦʥʳש ʞʦסʘʨʳ ʰʘשʜʘʥʫʳ, ʪᴇʤʝʥ 

ʢᴇʣʝʤʜʽʢ ʪʳסʳʟʜʳסʳ ʞᴅʥʝ ʰʠʭʪʘʜʘ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʤʘʫʳ ʪʽʢʝʣʝʡ ץʦʣʜʘʥʫʜʳ ʰʝʢʪʝʡʜʽ. 

ʌʉʍ ʰʘשʳʥ ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʧʨʦʮʝʩʢʝ ʪʘʨʪʫʜʳש ʝש ʪʠʽʤʜʽ ʞʦʣʜʘʨʳʥʳש ʙʽʨʽ ï 

ʘʣʜʳʥ ʘʣʘ ʙʨʠʢʝʪʪʝʫ. ɹʨʠʢʝʪʪʝʫ ʤʘʪʝʨʠʘʣʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʪʳסʳʟʜʳסʳʥ 

ʘʨʪʪʳʨʳʧ, ʢʨʝʤʥʠʡ ʤʝʥ ʭʨʦʤʥʳש ʰʘשʤʝʥ ʙʽʨʛʝ ʰʳסʳʥʜʘʣʫʳʥ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʭʨʦʤ-

ʤʘʨʛʘʥʝʮ ʣʠʛʘʪʫʨʘʩʳʥ ʙʘʣץʳʪʫ ʢʝʟʽʥʜʝ ʪʦʪʳץʩʳʟʜʘʥʫ ʨʝʘʢʮʠʷʣʘʨʳʥʳש ʪײʨʘץʪʳ ʞװʨʫʽʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 

ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ. ɹʨʠʢʝʪʪʝʫ ʘʣʜʳʥʜʘ ʰʘש ʢʝʧʪʽʨʽʣʽʧ, ʙʽʨʪʝʢʪʽ 

 ʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳʰ ʨʝʪʽʥʜʝ ʞʦסʰʽʥ ʛʦʤʦʛʝʥʠʟʘʮʠʷʣʘʥʜʳ. ɹʘʡʣʘʥʳʩʪʳʨװ ʨʘʤ ʘʣʫײץ

ʪײʨʘץʪʳ ʤʠʥʝʨʘʣʜʳץ ʥʝʛʽʟʜʝʛʽ ʤʘʪʝʨʠʘʣ ʧʘʡʜʘʣʘʥʳʣʜʳ, ʘʣ ʩʫ ʫʘץʳʪʰʘ ʧʣʘʩʪʠʬʠʢʘʪʦʨ 

 .ʘʨʜʳץʳʟʤʝʪʽʥ ʘʪץ

ɹʨʠʢʝʪʪʝʨ ʌʉʍ ʰʘשʳʥ, ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʧʝʥ ʩʫʜʳ ʘʨʘʣʘʩʪʳʨʳʧ, ʤʝʭʘʥʠʢʘʣʳץ 

ʧʨʝʩʪʝʫ ʘʨץʳʣʳ ʜʘʡʳʥʜʘʣʜʳ. ɸʣʳʥסʘʥ ʙʨʠʢʝʪʪʝʨ ʘʫʘʜʘ ʢʝʧʪʽʨʽʣʽʧ, ʦʣʘʨʜʳש 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ, ײץʨʳʣʳʤʜʳץ ʪײʪʘʩʪʳסʳ ʞᴅʥʝ ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝʛʽ ʪʝʨʤʠʷʣʳץ 

ʪײʨʘץʪʳʣʳסʳ ʙʘסʘʣʘʥʜʳ. 

 

ʅᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʘʣץʳʣʘʫ. ɸʣʳʥסʘʥ ʙʨʠʢʝʪʪʝʨʜʽש ʩʘʧʘʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʳש ʪװʨʽ ʤʝʥ ʤᴇʣʰʝʨʽʥʽש ᴅʩʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨ 

ᴅʟʽʨʣʝʥʜʽ. ɸʣʜʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ץʦʩʧʘʩʳʟ, ʪʘʟʘ ʌʉʍ ʰʘשʳʥʘʥ ʜʘʡʳʥʜʘʣסʘʥ ʦʥ 

ʙʨʠʢʝʪʪʝʥ ʪײʨʘʪʳʥ ʙʘץʳʣʘʫ ʪʦʙʳ ʘʣʳʥʜʳ. ʂʝʡʽʥ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʩײʡʳץ ʰʳʥʳ 

(Na2SiO3ĿnH O) ץʦʣʜʘʥʳʣʳʧ, ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽ ץʦʩʳʣסʘʥ ʩʫʜʳש ʞʘʣʧʳ 

ʤʘʩʩʘʩʳʥʳ5 ש ʤʘʩʩ.% ʞᴅʥʝ 10 ʤʘʩʩ.% ײץʨʘʡʪʳʥ ʝʢʽ ץʦʩʳʤʰʘ ʪʦʧ ʜʘʡʳʥʜʘʣʜʳ. ᴄʨʙʽʨ 

ʞʘסʜʘʡʜʘ ʦʥ ʙʨʠʢʝʪʪʝʥ ʞʘʩʘʣʳʧ, ʞʘʣʧʳ ʩʘʥʳ ʦʪʳʟ ʙʨʠʢʝʪ װʣʛʽʩʽ ʘʣʳʥʜʳ. 

ɹʘʨʣʳץ ʪᴅʞʽʨʠʙʝʣʽʢ װʣʛʽʣʝʨ 10 ʪ ץʳʩʳʤʤʝʥ ʧʨʝʩʪʝʣʜʽ, ʙײʣ ʙʘʨʣʳץ ʙʨʠʢʝʪʪʝʨ װʰʽʥ 

ʙʽʨʜʝʡ ʪʳסʳʟʜʘʫ ʞʘסʜʘʡʣʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʙʨʠʢʝʪʪʝʨʜʽש ʤʝʭʘʥʠʢʘʣʳץ 
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ʙʝʨʽʢʪʽʛʽʥ ʩʝʥʽʤʜʽ ʪװʨʜʝ ʩʘʣʳʩʪʳʨʫסʘ ʞᴅʥʝ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽʥʽש ʦʣʘʨʜʳש 

ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʞʘʥ-ʞʘץʪʳ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʂʝʧʪʽʨʫ ʞʘסʜʘʡʣʘʨʳʥʳש ʙʨʠʢʝʪʪʝʨʜʽש ʩʦסשʳ ʙʝʨʽʢʪʽʛʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ ᴅʨ 

ʪʦʧʪʘסʳ װʣʛʽʣʝʨ ʝʢʽ ʪʦʧʰʘסʘ ʙᴇʣʽʥʜʽ. ɼʘʡʳʥʜʘʣסʘʥ ʦʪʳʟ ʙʨʠʢʝʪʪʽש ʦʥ ʙʝʩʽ ʪʘʙʠסʠ 

ʞʘסʜʘʡʜʘ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (20ï25 ÁC) 24 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʜʽ, ʘʣ ץʘʣסʘʥ ʦʥ ʙʝʩʽ 

ʢʝʧʪʽʨʫ ʰʢʘʬʳʥʜʘ 200 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 120 ʤʠʥʫʪ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ɹײʣ 

ᴅʜʽʩʪʝʤʝ ʢʝʧʪʽʨʫ ʨʝʞʠʤʜʝʨʽʥʽש ʙʨʠʢʝʪʪʝʨʜʽײץ שʨʳʣʳʤʜʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

 ץʪʘʡʣʳ ʪʝʭʥʦʣʦʛʠʷʣʳשʘ ʞᴅʥʝ ʦסʨʜʝ ʪʘʣʜʘʫװʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪץ

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɸʣʳʥסʘʥ ʙʨʠʢʝʪʪʝʨʜʽש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʄʝʤʉʊ 21289ï75 ʩʪʘʥʜʘʨʪʳʥʘ 

ʩᴅʡʢʝʩ ʜᴅʩʪװʨʣʽ ᴅʜʽʩ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɸʪʘʣסʘʥ ᴅʜʽʩʢʝ ʩᴅʡʢʝʩ ᴅʨʙʽʨ ʙʨʠʢʝʪ 2 ʤ 

ʙʠʽʢʪʽʢʪʝʥ ʞʘʟʳץ ʤʝʪʘʣʣ ʪʘʙʘץʰʘסʘ ʪʘʩʪʘʣʳʧ, ʩʦץץʳ ʞװʢʪʝʤʝʩʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽ ʙʘסʘʣʘʥʜʳ. 

ɹײʣ ʩʳʥʘץ ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʧʝʰʢʝ ʪʠʝʫ ʢʝʟʽʥʜʝ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ʪʫʳʥʜʘʡʪʳʥ 

ʤʝʭʘʥʠʢʘʣʳץ ᴅʩʝʨʣʝʨʜʽ ʤʦʜʝʣʴʜʝʡʜʽ. ʉʳʥʘץʪʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʩʳʥʳץʪʘʨסʘ ʝʣʝʢʪʽʢ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʽʣʽʧ, +10 ʤʤ (ʙװʪʽʥ ʥʝʤʝʩʝ ʽʨʽ ʩʳʥʳץʪʘʨ) ʞᴅʥʝ ī10 ʤʤ (ײʩʘץ ʬʨʘʢʮʠʷ) ᴇʣʰʝʤʜʽʢ 

ʢʣʘʩʪʘʨʳʥʳש ʤʘʩʩʘʣʳװ ץʣʝʩʪʝʨʽ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʭʘʥʘʣʳץ ʞʘסʜʘʡʜʘ ʙʽʨ ʙʨʠʢʝʪ 

ʜʘʡʳʥʜʘʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʽʟʙʝʛʽʥʽש ʩʳʟʙʘʣʳץ ʢᴇʨʽʥʽʩʽ 1-ʰʽ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 

1-ʩʫʨʝʪ ï ʌʉʍ ʰʘשʳʥʘʥ ʙʨʠʢʝʪ ʜʘʡʳʥʜʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

 

ɸʣʳʥסʘʥ ʙʨʠʢʝʪʪʝʨʜʽש ʩʘʧʘʩʳʥ ʩʘʥʜʳץ ʪײʨסʳʜʘʥ ʙʘסʘʣʘʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʦשʪʘʡʣʳ 

 ʪᴅʞʽʨʠʙʝʣʽʢ ץʩʘʪʳʥʜʘ ʙʘʨʣʳץʪʘʫ ʤʘץʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳ ץʨʘʤʳ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳײץ

ʪʦʧʪʘʨ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 

ʊʘʣʜʘʫʜʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʳש (ʩײʡʳץ ʰʳʥʳ) ʤᴇʣʰʝʨʽʥʽ5% ,0% ש 

ʞᴅʥʝ 10% ʜʝשʛʝʡʣʝʨʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ ʢʝʧʪʽʨʫ ᴅʜʽʩʽʥʽש (ʪʘʙʠסʠ ʞᴅʥʝ ʞʘʩʘʥʜʳ) ʙʨʠʢʝʪʪʝʨʜʽש 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ ʙʦʣʜʳ. ᴄʨʙʽʨ ʩʳʥʘץ ʙʘʨʳʩʳʥʜʘ ʙʨʠʢʝʪʪʝʨʜʽש 

ʤʝʭʘʥʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʦʣʘʨʜʳ 2 ʤ ʙʠʽʢʪʽʢʪʝʥ ץʘʪʪʳ ʙʝʪʢʝ ʪʘʩʪʘʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ, 

ʘʣ ʩʦץץʳʜʘʥ ʢʝʡʽʥ ʙװʪʽʥ ʞᴅʥʝ ʟʘץʳʤʜʘʥסʘʥ װʣʛʽʣʝʨʜʽש ʩʘʥʳ ʢᴇʟʙʝʥ ʰʦʣʳʧ ʪʽʨʢʝʣʜʽ. 

ɹʨʠʢʝʪʪʝʨʜʽש ʙʝʨʽʢʪʽʛʽʥ ʥʝײסʨʣʳʤ ʜᴅʣ ʩʘʥʜʳץ ʙʘסʘʣʘʫ װʰʽʥ ᴅʨʙʽʨ ʪʘʩʪʘʫ ʩʳʥʘסʳʥʘʥ 

ʢʝʡʽʥ ʤʘʪʝʨʠʘʣʜʳש ʪװʡʽʨʰʽʢʪʽʢ ײץʨʘʤʳ ʝʣʝʢʪʽʢ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ 

ʝʢʽ ʥʝʛʽʟʛʽ ᴇʣʰʝʤʜʽʢ ʬʨʘʢʮʠʷʥʳש ʤʘʩʩʘʣʳװ ץʣʝʩʪʝʨʽ ʝʩʝʧʪʝʣʜʽ: +10 ʤʤ ʬʨʘʢʮʠʷʩʳ 

(ʤʝʭʘʥʠʢʘʣʳץ ʞװʢʪʝʤʝʛʝ ʪᴇʪʝʧ ʙʝʨʛʝʥ ʙװʪʽʥ ʙʨʠʢʝʪʪʝʨ ʥʝʤʝʩʝ ʽʨʽ ʩʳʥʳץʪʘʨ, 
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ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʞʘʨʘʤʜʳ ʜʝʧ ʝʩʝʧʪʝʣʜʽ) ʞᴅʥʝ ī10 ʤʤ ʬʨʘʢʮʠʷʩʳ (ײʩʘʪʳʣסʘʥ 

ʤʘʪʝʨʠʘʣ ʤʝʥ ײʩʘץ ʬʨʘʢʮʠʷʣʘʨ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʞʘʨʘʤʩʳʟ ʜʝʧ ץʘʨʘʩʪʳʨʳʣʜʳ). 

+10 ʤʤ ʬʨʘʢʮʠʷʩʳʥʳװ שʣʝʩʽ ʙʨʠʢʝʪ ʩʘʧʘʩʳʥʳש ʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡʽ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʥʜʳ. 

ɸʣʳʥסʘʥ ʙʨʠʢʝʪʪʝʨʜʽש ʞʘʣʧʳ ʩʳʨʪץʳ ʢᴇʨʽʥʽʩʽ 2-ʰ ̔ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʣ ʞװʨʛʽʟʽʣʛʝʥ 

ʪᴅʞʽʨʠʙʝʣʝʨʜʽש ʪʦʣʳץ ʩʘʥʜʳץ ʥᴅʪʠʞʝʣʝʨʽ 1-ʰʽ ʢʝʩʪʝʜʝ ʞʠʥʘץʪʘʣʳʧ ʙʝʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 1 ï ʉʳʥʘװ ץʰʽʥ ʜʘʡʳʥʜʘʣסʘʥ ʙʨʠʢʝʪʪʝʨʜʽש ʩʘʥʜʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 

 ̄

ʉײʡʳץ h ʳʥʳ ï 5% ʉײʡʳץ h ʳʥʳ ï 10% 

ᴆʣʰʝʤʽ,  

(Ø / ᴃ) 
ʉʘʣʤʘסʳ, ʛ 

ʂʝʧʪʽʨʫʜʝʥ 

ʢʝʡʽʥʛʽ 

ʩʘʣʤʘסʳ, ʛ 

ᴆʣʰʝʤʽ,  

(Ï / ᴃ) 
ʉʘʣʤʘסʳ, ʛ 

ʂʝʧʪʽʨʫʜʝʥ 

ʢʝʡʽʥʛʽ 

ʩʘʣʤʘסʳ, ʛ 

1 35/15 43,10 41,15 35/14 48,65 44,05 

2 35/15 44,65 40,10 35/14 43,45 41,00 

3 35/15 44,00 41,20 35/14 46,00 42,15 

4 35/15 48,00 43,30 35/15 43,00 42,10 

5 35/15 48,70 44,25 35/15 46,50 43,50 

6 35/15 46,95 43,10 35/15 47,10 43,75 

7 35/15 43,45 40,30 35/15 48,10 46,30 

8 35/15 46,70 42,15 35/16 47,75 44,20 

9 35/16 49,30 43,95 35/16 47,35 43,95 

10 35/16 49,15 44,50 35/16 49,50 46,41 

 

 

 
 

2-ʩʫʨʝʪ ï ʉʳʥʘװ ץʰʽʥ ʜʘʡʳʥʜʘʣסʘʥ ʙʨʠʢʝʪʪʝʨ ʩʫʨʝʪʽ 

 

ɼʘʡʳʥʜʘʣסʘʥ ʙʨʠʢʝʪʪʝʨʜʽש ʥʝʛʽʟʛʽ ʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʩʦʥʳש ʽʰʽʥʜʝ 

ʛʝʦʤʝʪʨʠʷʣʳץ ᴇʣʰʝʤʜʝʨʽ, ʙʘʩʪʘʧץʳ ʤʘʩʩʘʩʳ ʞᴅʥʝ ʢʝʧʪʽʨʫʜʝʥ ʢʝʡʽʥʛʽ ʤʘʩʩʘʩʳ 2-ʢʝʩʪʝʜʝ 
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ʢʝʣʪʽʨʽʣʛʝʥ. ɹײʣ ʜʝʨʝʢʪʝʨ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽʥʽש (5% ʞᴅʥʝ 10% ʩײʡʳץ ʰʳʥʳ) 

ʞᴅʥʝ ʢʝʧʪʽʨʫ ʞʘסʜʘʡʣʘʨʳʥʳש ʙʨʠʢʝʪʪʝʨʜʽש ʤʘʩʩʘʩʳ ʤʝʥ ʪʳסʳʟʜʳסʳʥʘ ᴅʩʝʨʽʥ ʩʘʥʜʳץ 

ʪײʨסʳʜʘʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊᴅʞʽʨʠʙʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

ᴅʨʙʽʨ ʪʦʧ ʙʦʡʳʥʰʘ ʦʥ װʣʛʽ ʜʘʡʳʥʜʘʣʜʳ. ʂʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʙʘʨʣʳץ ʙʨʠʢʝʪʪʝʨ 

ʪײʨʘץʪʳ ʛʝʦʤʝʪʨʠʷʣʳץ ᴇʣʰʝʤʜʝʨʤʝʥ (ʜʠʘʤʝʪʨʽ ʰʘʤʘʤʝʥ 35 ʤʤ, ʙʠʽʢʪʽʛʽ 14ï16 ʤʤ) 

ʩʠʧʘʪʪʘʣʘʜʳ, ʙײʣ ʧʨʝʩʪʝʫ ʞʘסʜʘʡʣʘʨʳʥʳש ʙʽʨʢʝʣʢʽ ʙʦʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 ʳץʧʨʝʩʪʝʫʜʝʥ ʢʝʡʽʥʛʽ ʦʨʪʘʰʘ ʙʘʩʪʘʧ שʰʳʥʳ ʙʘʨ ʙʨʠʢʝʪʪʝʨʜʽ ץʡʳײʨʘʤʳʥʜʘ 5% ʩײפ

ʤʘʩʩʘʩʳ 46,4 ʛ ײץʨʘʜʳ, ʘʣ ʢʝʧʪʽʨʫʜʝʥ ʢʝʡʽʥ ʦʣ 42,4 ʛ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ, ʙײʣ ʰʘʤʘʤʝʥ 8,6% 

ʤʘʩʩʘʣʳץ ʞʦסʘʣʪʫסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹײʣ ʞʦסʘʣʪʫ ʥʝʛʽʟʽʥʝʥ ʙʦʩ ʳʣסʘʣʜʳש ʙʫʣʘʥʫʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ɸʣ 10% ʩײʡʳץ ʰʳʥʳ ץʦʩʳʣסʘʥ ʙʨʠʢʝʪʪʝʨʜʝ ʢʝʧʪʽʨʫ ʢʝʟʽʥʜʝʛʽ ʤʘʩʩʘʣʳץ 

ʞʦסʘʣʪʫ ʘʟ ʙʦʣʜʳ: ʦʨʪʘʰʘ ʤʘʩʩʘ 46,7 ʛ-ʥʘʥ 43,7 ʛ-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ, ʷסʥʠ ʰʘʤʘʤʝʥ 6,4%. 

ɹײʣ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳ ʢʝʧʪʽʨʫ ʙʘʨʳʩʳʥʜʘ ʳʣסʘʣʜʳש ʘʟ ʞʦסʘʣʫʳʥʘ 

ʳץʧʘʣ ʝʪʝʪʽʥʽʥ ʞᴅʥʝ ʩʦסשʳ ʪʳסʳʟʜʳץʪʳש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʩײʡʳץ ʰʳʥʳ ʤᴇʣʰʝʨʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ 

ʤʘʩʩʘʥʳש ʞʘץʩʳ ʩʘץʪʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʪʳסʳʟʳʨʘץ ʞᴅʥʝ ʪײʨʘץʪʳ ʙʨʠʢʝʪʪʝʨʜʽש 

ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʘʡʣʘʥʳʩʪʳʨסʳʰʩʳʟ ʙʨʠʢʝʪʪʝʨ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥʽש 

ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫסʘ ʝʥʛʽʟʽʣʛʝʥ ʞʦץ. 

2 ʤ ʙʠʽʢʪʽʢʪʝʥ װʰ ʨʝʪ ʪʘʩʪʘʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʛʝʥ ʙʝʨʽʢʪʽʢ ʩʳʥʘץʪʘʨʳʥʳש 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ (ʪʠʽʩʪʽ ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪץʘ ʩᴅʡʢʝʩ) ײץʨʘʤʳʥʜʘ 5% ʞᴅʥʝ 10% 

ʩײʡʳץ ʰʳʥʳ ʙʘʨ ʙʨʠʢʝʪʪʝʨ ʘʨʘʩʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץ ʘʥʳץʪʘʣסʘʥ ʞʦץ. 

ɽʣʝʢʪʽʢ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ +10/ī10 ʤʤ ʬʨʘʢʮʠʷʣʘʨʳʥʳש ʰʳסʳʤʳ 5% ʩײʡʳץ 

ʰʳʥʳ ʙʘʨ ʙʨʠʢʝʪʪʝʨ װʰʽʥ 66ï91%, ʘʣ 10% ʩײʡʳץ ʰʳʥʳ ʙʘʨ ʙʨʠʢʝʪʪʝʨ װʰʽʥ 70ï93% 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ. 

ʆʨʪʘ ʝʩʝʧʧʝʥ ʘʣסʘʥʜʘ, ʢʝʧʪʽʨʫ ʰʢʘʬʳʥʜʘ ʢʝʧʪʽʨʽʣʛʝʥ ʙʨʠʢʝʪʪʝʨ ʘʨʘʩʳʥʜʘ 10% 

ʩײʡʳץ ʰʳʥʳ ʙʘʨ װʣʛʽʣʝʨʜʽש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ 5% ʙʘʡʣʘʥʳʩʪʳʨסʳʰʳ ʙʘʨ װʣʛʽʣʝʨʛʝ 

 ʘʨʳ ʙʦʣʜʳ. ɹᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʢʝʧʪʽʨʽʣʛʝʥסʘʥʜʘ ʰʘʤʘʤʝʥ 1,5ï2% ʞʦסʘʨʘץ

ʙʨʠʢʝʪʪʝʨ װʰʽʥ ʙײʣ ʘʡʳʨʤʘʰʳʣʳץ ʩᴅʣ ʞʦסʘʨʳʨʘץ ʙʦʣʳʧ, 3ï4% ײץʨʘʜʳ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʩײʡʳץ ʰʳʥʳ ʤᴇʣʰʝʨʽʥ 5%-ʜʘʥ 10%-סʘ ʜʝʡʽʥ ʘʨʪʪʳʨʫ ʙʨʠʢʝʪʪʝʨʜʽש 

ʙʝʨʽʢʪʽʛʽʥʝ ʝʣʝʫʣʽ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʌʉʍ ʰʘשʳʥ ʙʨʠʢʝʪʪʝʫ 

 ʳʜʘʥסʨײʪ ץʤᴇʣʰʝʨʽʥ ʞʝʪʢʽʣʽʢʪʽ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳ 5% שʳʰʪʳסʰʽʥ ʙʘʡʣʘʥʳʩʪʳʨװ

ʦשʪʘʡʣʳ ʜʝʧ ʩʘʥʘʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʨʠʢʝʪʪʝʨʜʽש ᴇשʜʝʫ, ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ 

ʧʝʰʢʝ ʪʠʝʫ ʢʝʟʽʥʜʝ ץʘʞʝʪ ʙʦʣʘʪʳʥ ʝש ʪᴇʤʝʥʛʽ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, 

ʧʨʦʮʝʩʪʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʩʘץʪʘʡʜʳ. 

 

ʂʝʩʪʝ 2 ï ɹʝʨʽʢʪʽʢʢʝ ʩʳʥʘʫʜʘʥ ʢʝʡʽʥʛʽ ʙʨʠʢʝʪʪʝʨʜʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʘʥʜʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 

ʃʘץʪʳʨʫ 

 ̄

5% ʩײʡʳץ h ʳʥʳ ץʦʩʳʣʳʧ ʞʘʩʘʣסʘʥ 

ʙʨʠʢʝʪʪʝʨ 

10% ʩײʡʳץ h ʳʥʳ ץʦʩʳʣʳʧ ʞʘʩʘʣסʘʥ 

ʙʨʠʢʝʪʪʝʨ 

ʂʝʧʪʽʨʫ ʧʝʰʽʥʜʝ 

ʢʝʧʪʽʨʽʣʛʝʥ 

ɹᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

ʢʝʧʪʽʨʽʣʛʝʥ 

ʂʝʧʪʽʨʫ ʧʝʰʽʥʜʝ 

ʢʝʧʪʽʨʽʣʛʝʥ 

ɹᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

ʢʝʧʪʽʨʽʣʛʝʥ 

ɽʣʝʢʪʽʢ ʪʘʣʜʘʫ, 

+10/ï10, % 

ɽʣʝʢʪʽʢ ʪʘʣʜʘʫ, 

+10/ï10, % 

ɽʣʝʢʪʽʢ ʪʘʣʜʘʫ, 

+10/ï10, % 

ɽʣʝʢʪʽʢ ʪʘʣʜʘʫ, 

+10/ï10, % 

1 91,11/8,79 87,36/12,64 93,14/6,86 90,00/10,00 

2 83,64/16,36 79,14/20,96 85,32/14,68 81,28/18,72 

3 81,27/18,73 66,71/33,29 82,13/17,87 70,12/29,88 

 

 ʦʨʳʪʳʥʜʳʣʘʨפ

ʆʩʳ ʟʝʨʪʪʝʫʜʝ ײʩʘʪʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʝʪʽʥ ʌʉʍ ʰʘשʳʥ ʙʨʠʢʝʪʪʝʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ᴅʟʽʨʣʝʥʽʧ, ʦʥʳ ʭʨʦʤïʤʘʨʛʘʥʝʮ ʣʠʛʘʪʫʨʘʣʘʨʳʥ ᴇʥʜʽʨʫʜʝ 
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ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʘʛʝʥʪ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ ʞװʡʝʣʽ ʪװʨʜʝ ʙʘסʘʣʘʥʜʳ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʌʉʍ ײʩʘץ ʰʘשʳʥ ʘʣʜʳʥ ʘʣʘ ʙʨʠʢʝʪʪʝʫ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ 

ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ᴇשʜʝʫʛʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʞʘʨʘʤʜʳ ʬʦʨʤʘסʘ ʘʡʥʘʣʜʳʨʫʜʳש 

ʪʠʽʤʜʽ ᴅʜʽʩʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ʊᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽ ʤʝʥ ʢʝʧʪʽʨʫ ʞʘסʜʘʡʣʘʨʳ 

ʘʣʳʥסʘʥ ʙʨʠʢʝʪʪʝʨʜʽש ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ 

ʘʥʳץʪʘʜʳ. ʅʘʪʨʠʡ ʩʠʣʠʢʘʪʳʥʳש (ʩײʡʳץ ʰʳʥʳʥʳש) ʤᴇʣʰʝʨʽʥ 5%-ʜʘʥ 10%-סʘ ʜʝʡʽʥ 

ʘʨʪʪʳʨʫ ʢʝʧʪʽʨʫ ʢʝʟʽʥʜʝ ʤʘʩʩʘʥʳש ʞʘץʩʳ ʩʘץʪʘʣʫʳʥʘ ʞᴅʥʝ ʩʦסשʳ ʪʳסʳʟʜʳץʪʳש ʩᴅʣ 

ʞʦסʘʨʳʣʘʫʳʥʘ ʘʣʳʧ ʢʝʣʜʽ. ɸʣʘʡʜʘ, ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽʥʽש ʙʨʠʢʝʪʪʝʨʜʽש 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥʝ ᴅʩʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʰʘʤʘʣʳ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. ʂʝʧʪʽʨʫ 

ʨʝʞʠʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 5% ʞᴅʥʝ 10% ʙʘʡʣʘʥʳʩʪʳʨסʳʰʳ ʙʘʨ ʙʨʠʢʝʪʪʝʨ ʘʨʘʩʳʥʜʘסʳ 

ʙʝʨʽʢʪʽʢ ʘʡʳʨʤʘʰʳʣʳסʳ 1,5ï4%-ʜʘʥ ʘʩʧʘʜʳ, ʙײʣ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽʥ ʦʜʘʥ ᴅʨʽ 

ʘʨʪʪʳʨʫ ʘʡʪʘʨʣʳץʪʘʡ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʘʨʪʳץʰʳʣʳץ ʙʝʨʤʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʊʘʩʪʘʫ ʩʳʥʘץʪʘʨʳ ʤʝʥ ʝʣʝʢʪʽʢ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ 

ʥʝʛʽʟʽʥʜʝ ʥʘʪʨʠʡ ʩʠʣʠʢʘʪʳʥʳ5% ש ʤᴇʣʰʝʨʽ ʙʨʠʢʝʪʪʝʨʜʽ ᴇשʜʝʫ, ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʧʝʰʢʝ 

ʪʠʝʫ װʰʽʥ ץʘʞʝʪʪʽ ʝש ʪᴇʤʝʥʛʽ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞʝʪʢʽʣʽʢʪʽ ʜʝʧ 

ʘʥʳץʪʘʣʜʳ. ɹײʣ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʜʝשʛʝʡʽ ʤʝʭʘʥʠʢʘʣʳץ ʪײʨʘץʪʳʣʳץ ʧʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʢ ʘʨʘʩʳʥʜʘסʳ ʦשʪʘʡʣʳ ʪʝʧʝ-ʪʝשʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʽʨʽ ʢᴇʣʝʤʜʽ ʟʝʨʪʭʘʥʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʙʦʣʘʰʘץʪʘ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʦʣʜʘʥʫ װʰʽʥ ʘʥʘײסʨʣʳʤ ץʦʣʘʡʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ᴅʟʽʨʣʝʥʛʝʥ ʙʨʠʢʝʪʪʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʌʉʍ ʰʘשʳʥ ʝʢʽʥʰʽ ʨʝʪʪʽʢ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʬʝʨʨʦץʦʨʳʪʧʘ 

ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʨʝʩʫʨʩʪʳץ ʪʠʽʤʜʽʣʽʢ ʧʝʥ ʪײʨʘץʪʳʣʳץʪʳ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ɸʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨ ʭʨʦʤïʤʘʨʛʘʥʝʮ ʣʠʛʘʪʫʨʘʣʘʨʳʥ ʙʘʣץʳʪʫ ʢʝʟʽʥʜʝ ʙʨʠʢʝʪʪʝʨʜʽש 

ʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʤʽʥʝʟ-ײץʣץʳʥ ʟʝʨʪʪʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʢʝʡʽʥʛʽ ʞײʤʳʩʪʘʨ װʰʽʥ ʙʝʨʽʢ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʥʝʛʽʟ ץʘʣʘʡʜʳ. 

 

ᴄʜʝʙʠʝʪʪʝʨ  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʀ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ LaMgCuVMnO7.5 

 

ʂʘʩʝʥʦʚ ɹ.ʂ., ʂʘʩʝʥʦʚʘ ʐ.ɹ., ʉʘʛʠʥʪʘʝʚʘ ɾ.ʀ., ʂʫʘʥʳʰʙʝʢʦʚ ɽ.ɽ., ʊʫʨʜʠʝʚ ʄ.ʊ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 
 

ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʘʥʘʜʘʪʦʚ, ʢʫʧʨʘʪʦʚ ʠ ʤʘʥʛʘʥʠʪʦʚ ʦʩʪʘʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʬʘʟʦʚʳʤ 

ʧʝʨʝʭʦʜʘʤ ʠ ʧʝʨʝʩʪʨʦʡʢʘʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʣʶʯʝʚʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ï ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʧʣʦʝʤʢʦʩʪʠ, ʵʥʝʨʛʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʠʩʣʦʨʦʜʥʦʡ ʧʦʜʨʝʰʸʪʢʠ ï ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʥʥʦ-ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʤʝʭʘʥʠʟʤʳ ʧʨʦʷʚʣʝʥʠʷ 

ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ [1-3]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚʢʣʶʯʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʵʥʪʘʣʴʧʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [4-6]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʢʫʧʨʘʪʦ-

ʚʘʥʘʜʘʪʦ-ʤʘʥʛʘʥʠʪʘ LaMgCuVMnO7.5 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 298,15-673 ʂ, ʚʳʷʚʣʝʥʠʝ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ II ʨʦʜʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ. 

ʊʝʧʣʦʝʤʢʦʩʪʴ LaMgCuVMnO7.5 ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 298,15 ï 673 ʂ 

ʥʘ ʩʝʨʠʡʥʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʀʊ-ʉ-400. ɺ ʦʩʥʦʚʫ ʧʨʠʙʦʨʘ ʧʦʣʦʞʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʩ ʪʝʧʣʦʤʝʨʦʤ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʟʦʛʨʝʚʘ (ʯʝʨʝʟ 25 Áʉ) ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʌ136 ʠ ʩʝʢʫʥʜʦʤʝʨʘ 

ʠʟʤʝʨʷʝʪʩʷ ʚʨʝʤʝʥʥʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʤʧʫʣʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʩʥʦʚʘʥʠʷ, ʪ.ʝ. ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʣʦʨʠʤʝʪʨʘ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʦʣʴʢʦ ʯʝʨʝʟ 25 ʂ ʠ ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 673 ʂ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 2,5 ʯ. ʇʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʧʨʠʙʦʨʘ ʧʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʝʪ ±10% [7]. ɻʨʘʜʫʠʨʦʚʢʘ ʧʨʠʙʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʝʧʣʦʤʝʨʘ ʂʪ [7, 8] 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʝʜʥʳʤ ʦʙʨʘʟʮʦʤ ʠ ʧʫʩʪʦʡ ʘʤʧʫʣʦʡ. ʇʨʠ 

ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʯʝʨʝʟ 25 ʂ) ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʧʷʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʫʩʨʝʜʥʷʣʠʩʴ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ʂʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ Ŭ-

Al 2O3 (ʢʚʘʣʠʬʠʢʘʮʠʷ çʯ.ʜ.ʘ.è, ʊʋ 6.09-426-75). ɺ ʧʨʦʮʝʩʩʝ ʛʨʘʜʫʠʨʦʚʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʚʝʨʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 298ï673 ʂ ʩ ʰʘʛʦʤ 25 ʂ, 

ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʣʦʩʴ ʧʷʪʴ ʨʘʟ. ʋʩʨʝʜʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ a-Al 2O3 ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ [9] ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʢʘʣʦʨʠʤʝʪʨʘ ʀʊ-ʉ-400. 

ɼʣʷ ʨʘʩʯʝʪʘ ʤʦʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩ ʫʯʝʪʦʤ 

ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ. ɼʣʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʮʝʥʠʚʘʣʦʩʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ (d),  ʘ ʜʣʷ ʤʦʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ (
A

D) - ʩʣʫʯʘʡʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ. 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʰʠʙʢʠ ʥʝ 

ʫʯʠʪʳʚʘʣʠʩʴ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʦʩʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʦʰʠʙʦʢ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ ʩʣʫʯʘʡʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʰʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʧʨʠʙʦʨʘ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʩʣʫʯʘʡʥʦʡ ʦʰʠʙʢʦʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʚʤʝʩʪʦ ʧʨʝʜʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʫʯʘʡʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ [10, 11]. 

ɺ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ 

LaMgCuVMnO7.5. 

 
ʊʘʙʣʠʮʘ 1 ï ʕʢʩʧʝʨʝʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʢʫʧʨʘʪʦ-ʚʘʥʘʜʘʪʦ-

ʤʘʥʛʘʥʠʪʘ LaMgCuVMnO 7.5  [ d°ʉʨ , ɼʞ/(ʂĿʛ); 
A

D°0

ʈʉ , ɼʞ/(ʤʦʣʴĿʂ)] 

 

ʊ, ʂ d°ʉʨ  
A

D°0

ʈʉ  ʊ, ʂ d°ʉʨ  
A

D°0

ʈʉ  

298.15 0,5531°0,0084 250°11 498 0,7227°0,0077 327°10 

323 0,8423°0,0034 381°4 523 0,6250°0,0064 283°8 

348 0,7680°0,0081 341°10 548 0,5560°0,0050 252°6 

373 0,7217°0,0057 327°7 573 0,6784°0,0074 307°9 

398 0,7526°0,0054 341°7 598 0,7690°0,0086 348°11 

423 0,7942°0,0082 360°10 623 0,7822°0,0066 354°8 

448 0,8297°0,0049 376°6 648 0,8078°0,0085 366°11 

473 0,9085°0,0091 411°11 673 0,8275°0,0094 375°12 

 

 

ʈʠʩʫʥʦʢ 1 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ LaMgCuVMnO7.5 

 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ LaMgCuVMnO7.5 ʚʳʷʚʣʝʥʳ ɚ- 

ʦʙʨʘʟʥʳʝ ʵʬʬʝʢʪʳ ʧʨʠ 323 ʠ 473 ʂ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ II-ʨʦʜʘ. ʕʪʠ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʵʬʬʝʢʪʘʤʠ ʐʦʪʢʠ, ʧʝʨʝʭʦʜʦʤ ʠʟ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʘ ʪʘʢʞʝ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʝʤʢʦʩʪʠ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ: ʪʦʯʢʠ ʂʶʨʠ, 

ʅʝʝʣʷ ʠ ʜʨ. 
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ʉ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʉʦ
ʨ~¥(ʊ) ʜʣʷ LaMgCuVMnO7.5 (1 - 5): 

 
0

ʈʉ = - (1310±34,98) + (5237,2±139,83).10-3T, (298,15-323 ʂ),        (1) 

 
0

ʈʉ = (734±19) ï (1092,2±29,2).10-3T, (323-373 ʂ),          (2) 

 
0

ʈʉ = - (1500±40) + (3216,5±85,9).10-3T + (872,37±23,29).105T-2, (373-473 ʂ),      (3) 

 
0

ʈʉ = - (4837±129) + (6025,8±160,8) .10-3T + (5365,63±143,17).105T-2, (473-548 ʂ), (4) 

 
0

ʈʉ = (2657±71) ï (2220,47±59,2).10-3T ï (3569,17±95,23).105T-2, (548-673 ʂ).         (5) 

 

ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʣʦʨʠʤʝʪʨʘ ʩʪʘʥʜʘʨʪʥʫʶ 

ʵʥʪʨʦʧʠʶ S0(298,15) ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʫʧʨʘʪʦ-ʚʘʥʘʜʘʪʦ-ʤʘʥʛʘʥʠʪʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʠʦʥʥʳʭ ʵʥʪʨʦʧʠʡʥʳʭ ʠʥʢʨʝʤʝʥʪʦʚ [12]. ɿʘʪʝʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʷʤ ʠ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʵʥʪʨʦʧʠʠ ʚʳʯʠʩʣʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʉ 0(ʊ) ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʦʝʜʠʥʝʥʠʷ S0(ʊ), ʅ0(ʊ)-ʅ0(298,15), ʌʭʭ(ʊ) (ʪʘʙʣʠʮʘ 2). 

ʇʦʛʨʝʰʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʫʯʝʪʦʤ ʩʨʝʜʥʝʡ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ 

ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʪʨʦʧʠʠ (~3%). 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʫʧʨʘʪʦ-

ʚʘʥʘʜʘʪʦ-ʤʘʥʛʘʥʠʪʘ LaMgCuVMnO 7.5 [ʉ 0(ʊ), S0(ʊ), ʌʭʭ(ʊ), ɼʞ/(ʤʦʣʴÖʂ); ʅ0(ʊ)-

ʅ0(298.15), ɼʞ/ʤʦʣʴ] 
 

ʊ, ʂ 
            

                                ʦ 
0

ʈʉ(ʊ) ° D 

                                ʦ 

S0(ʊ) ° D 
                                                                           ʦ 

ʅ0(ʊ)-ʅ0(298.15) ° D 
                            ʦ 

ʌʭʭ(ʊ) ° D 

298.15 250±7 255±8 - 255±14 

300 261±7 256±15 510±10 255±14 

325 392±10 283±16 8670±230 256±14 

350 352±9 310±18 17810±470 259±15 

375 324±9 333±19 26250±700 263±15 

400 332±9 354±20 34460±920 268±15 

425 350±9 375±21 42950±1150 274±16 

450 378±10 396±22 52040±1390 280±16 

475 414±11 417±24 61930±1650 287±16 

500 322±8 435±25 70920±1890 293±17 

525 273±7 450±25 78290±2090 301±17 

550 251±7 462±26 84790±2260 308±17 

575 301±8 474±27 917730±2450 315±18 

600 333±9 488±28 997210±2660 321±18 

625 355±9 502±28 108350±2890 328±18 

650 369±10 516±29 1174210±3130 335±19 

675 375±10 530±30 1267320±3380 342±19 
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ʉ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʧʨʠʨʦʜʳ ʦʙʥʘʨʫʞʝʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ II ʨʦʜʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ LaMgCuVMnO7.5 ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 293 - 483 ʂ ʩ ʰʘʛʦʤ 10 ʂ (ʪʘʙʣ. 3). ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʨʠʙʦʨʝ LCR-

781 (ʊʘʡʚʘʥʴ) ʧʨʠ ʯʘʩʪʦʪʝ 1 ʢɻʮ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ [14-16]. ʉʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů) ʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (R) 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ±0,05 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʦʙʝʩʧʝʯʠʣ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʵʪʘʣʦʥʥʳʤ 

ʚʝʱʝʩʪʚʦʤ BaTiO : ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ 293 ʂ ʟʥʘʯʝʥʠʝ Ů (1296) ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (1400 ± 250) [17-20], ʧʦʜʪʚʝʨʞʜʘʷ ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʝʪʦʜʠʢʠ 

ʠʟʤʝʨʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ LaMgCuVMnO7.5 (æʊ = 

293-483 ʂ, ʯʘʩʪʦʪʘ 1 ʢɻʮ, ʉ ï ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ, R ï ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ὑ - 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ) 
 

ʊ, ʂ C, nF R, Oʤ Ů lgŮ lgR 

293 12,293 62780 141558 5,15 4,80 

303 19,034 37960 219183 5,34 4,58 

313 29,28 23810 337169 5,53 4,38 

323 39,315 17550 452726 5,66 4,24 

333 46,42 14410 534542 5,73 4,16 

343 41,407 17390 476816 5,68 4,24 

353 37,371 24810 430340 5,63 4,39 

363 41,481 31320 477668 5,68 4,50 

373 59,063 34110 680131 5,83 4,53 

383 108,99 33370 1255058 6,10 4,52 

393 224,25 28600 2582317 6,41 4,46 

403 510,12 22060 5874209 6,77 4,34 

413 953,41 17380 10978848 7,04 4,24 

423 1755,6 13490 20216345 7,31 4,13 

433 2863,9 10940 32978805 7,52 4,04 

443 4392,4 8958 50580014 7,70 3,95 

453 8148,7 6705 93835115 7,97 3,83 

463 12542 5536 144425492 8,16 3,74 

473 23491 4148 270507035 8,43 3,62 

483 39044 3257 449605240 8,65 3,51 

 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ LaMgCuVMnO7.5 ʚ ʜʠʘʧʘʟʦʥʝ 293-483 ʂ ʚʳʷʚʠʣʠ 

ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ 323 ʠ 473 ʂ, ʯʪʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʘʥʦʤʘʣʠʷʤʠ ʪʝʧʣʦʸʤʢʦʩʪʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʠʨʦʜʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʚʝʨʦʷʪʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʠʟʤʝʥʝʥʠʝʤ ʪʠʧʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʐʦʪʪʢʠ. 

 

ɺʳʚʦʜʳ 

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 298,15-673 ʂ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʧʣʦʝʢʦʩʪʴ ʢʫʧʨʘʪʦ-

ʚʘʥʘʜʘʪʦ-ʤʘʥʛʘʥʠʪʘ LaMgCuVMnO7.5 ʥʘ ʢʘʣʦʨʠʤʝʪʨʝ ʀʊ-ʉ-400 ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʛʨʘʜʫʠʨʦʚʢʦʡ ʠ ʧʨʦʚʝʨʢʦʡ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʙʨʘʟʮʫ Ŭ-Al 2O3, ʯʪʦ 
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ʧʦʜʪʚʝʨʜʠʣʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʘʩʧʦʨʪʥʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʠʙʦʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Cʨ ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ɚ-ʦʙʨʘʟʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʧʨʠ 323 ʠ 473 ʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ II ʨʦʜʘ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ CpÁ~f(T). ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʨʘʩʯʸʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʪʨʦʧʠʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ SÁ(T), HÁ(T) ī HÁ(298,15) ʠ ūxx(T). ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ 

ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʠʨʦʜʫ. 

 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ BR23991563 çʉʦʟʜʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ  ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷè, ʬʠʥʘʥʩʠʨʫʝʤʦʡ ʂʦʤʠʪʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘ 2024-

2026 ʛ.ʛ. 
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ʋɼʂ 536.63+537.311+546.657:41:74:711 

 

ʂɸʃʆʈʀʄɽʊʈʀʏɽʉʂʆɽ ʀ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʅʀʂɽʃʀʊʆ-ʄɸʅɻɸʅʀʊɸ ʅɽʆɼʀʄ ʂɸʃʔʎʀʗ 
 

ʂʘʩʝʥʦʚ ɹ.ʂ., ʂʘʩʝʥʦʚʘ ʐ.ɹ., ʉʘʛʠʥʪʘʝʚʘ ɾ.ʀ., ʂʫʘʥʳʰʙʝʢʦʚ ɽ.ɽ., ʊʫʨʜʠʝʚ ʄ.ʊ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 
 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʦʡ ʦʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʠʢʝʣʠʪʦ-ʤʘʥʛʘʥʠʪʘ ʥʝʦʜʠʤʘ-ʢʘʣʴʮʠʷ ʠ ʘʥʘʣʠʟ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. 

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 298,15ï673 ʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʦʨʠʤʝʪʨʘ ʀʊ-ʉ-400 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ ʥʠʢʝʣʠʪʦ-ʤʘʥʛʘʥʠʪʘ 

NdCa2NiMnO6. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʠ ʝʛʦ ʛʨʘʜʫʠʨʦʚʢʠ ʠ ʦʮʝʥʢʠ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [1]. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʝʧʣʦʝʤʢʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ NdCa2NiMnO6 [CpÑ ̥ʿ 

Άʞ/(ʂĿʛ); 0

ʈʉ  ± ,́ ɼʞ/(ʤʦʣʴĿʂ)] 

 
 

ʊ, ʂ d°ʉʨ  
ʦ 

0

ʈʉ° 
D ʊ, ʂ d°ʉʨ  

ʦ 

0

ʈʉ° 
D 

298.15 0.5530°0.0097 240°12 498 0.5998°0.0133 260°16 

323 0.6636°0.0122 288°15 523 0.4943°0.0121 215°15 

348 0.8021°0.0078 348°9 548 0.4089°0.0085 177°10 

373 0.5455°0.0135 237°16 573 0.4991°0.0097 217°12 

398 0.6012°0.0115 261°14 598 0.5780°0.0147 251°18 

423 0.6443°0.0142 280°17 623 0.6825°0.0066 296°8 

448 0.6653°0.0137 289°17 648 0.7400°0.0099 321°12 

473 0.6835°0.0160 297°19 673 0.8073°0.0105 350°13 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 0

ʈʉ  (ʊ) ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʦʡ ʘʥʦʤʘʣʠʠ 

ʪʝʧʣʦʝʤʢʦʩʪʠ: ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʠʝ ʩʢʘʯʢʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ɚ-ʦʙʨʘʟʥʳʤʠ ʧʠʢʘʤʠ ʥʘ ʢʨʠʚʦʡ 0

ʈʉ  ~f(T). ʆʙʥʘʨʫʞʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, 

ʨʝʘʣʠʟʫʶʱʠʤʠʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 348 ʠ 473 ʂ. ʉ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʨʘʩʩʯʠʪʘʥʳ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ C0
p~f(T), 

[ɼʞ/(ʤʦʣʴÖʂ)]: 

 
0

ʈʉ = ï (404,3±21,3) + (2162,2±114,2)Ö10-3ʊ, (298-348 ʂ) 
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p 

0

ʈʉ = (1898,7±100,2) ï (4453,6±235,2)Ö10-3ʊ, (348-373 ʂ) 

 

0

ʈʉ = (950,3±50,2) ï (870,9±46,0)Ö10-3ʊ ï (540,8±28,6) Ö105ʊ-2, (373-473 ʂ) 

 
0

ʈʉ = (1048,3±55,4) ï (1589,1±83,9)Ö10-3ʊ, (473-548 ʂ) 

 
0

ʈʉ = (923,4±48,8) ï (253,3±13,4)Ö10-3ʊ- (1823,2±96,3) Ö105ʊ-2. (548-673 ʂ) 

 
S0(298,15) Ndʉʘ2NiMnO6 ʦʮʝʥʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠʦʥʥʳʭ 

ʵʥʪʨʦʧʠʡʥʳʭ ʠʥʢʨʝʤʝʥʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ 0

ʈʉ  ~f(T) ʠ ʨʘʩʯʝʪʥʳʭ 

ʟʥʘʯʝʥʠʡ S0(298,15) ʚʳʯʠʩʣʝʥʳ 0

ʈʉ  (T) ʠ ʬʫʥʢʮʠʠ S0(T), H0(T)-H0(298,15), ʌxx(ʊ). 

ʅʘ ʫʩʪʘʥʦʚʢʝ LCR (ʊʘʡʚʘʥʴ) ʚ ʠʥʪʝʨʚʘʣʝ 293-483 ʂ ʠ ʧʨʠ ʯʘʩʪʦʪʘʭ, ʨʘʚʥʳʭ 1 ʢɻʮ, 

5 ʢɻʮ ʠ 10 ʢɻʮ ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 293ï353 ʂ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʘʥʦʤʘʣʠʠ ʚ ʧʦʚʝʜʝʥʠʠ R(T) ʠ e(T), ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʥʘʢʣʦʥʦʚ 

ʟʘʚʠʩʠʤʦʩʪʝʡ lgR(T) ʠ lge(T), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʝʨʝʩʪʨʦʡʢʝ ʤʝʭʘʥʠʟʤʦʚ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʠ ʥʘʣʠʯʠʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ɻ ʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

 

ʊ, ʂ R, Oʤ Ů lgŮ lgR ʊ, ʂ R, Oʤ Ů lgŮ lgR 

293 867100 4012 3,60 5,94 393 1120000 4674 3,67 6,05 

303 342100 11042 4,04 5,53 403 1091000 5425 3,73 6,04 

313 239900 17097 4,23 5,38 413 1014000 6497 3,81 6,01 

323 204900 21891 4,34 5,31 423 899500 8603 3,93 5,95 

333 178100 27976 4,45 5,25 433 694600 14593 4,16 5,84 

343 152700 35618 4,55 5,18 443 546400 23764 4,38 5,74 

353 133900 40720 4,61 5,13 453 476600 32443 4,51 5,68 

363 163200 31573 4,50 5,21 463 377500 49915 4,70 5,58 

373 615500 7766 3,89 5,79 473 341500 58297 4,77 5,53 

383 1020000 4453 3,65 6,01 483 257900 99305 5,00 5,41 

 

ʅʘʙʣʶʜʘʝʤʳʝ ʘʥʦʤʘʣʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ɚ-ʦʙʨʘʟʥʳʤʠ ʧʠʢʘʤʠ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ɺ ʮʝʣʦʤ 

ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʠʢʝʣʠʪʦ-ʤʘʥʛʘʥʠʪʘ Ndʉʘ2NiMnO6 ʢ ʢʣʘʩʩʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʂʦʤʠʪʝʪʦʤ ʥʘʫʢʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ɻʨʘʥʪ 

 ̄ɸʈ23486147). 
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ʋɼʂ 669.168 

 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ɺʓʇʃɸɺʂʀ  

ʂʆʄʇʃɽʂʉʅʆɻʆ ʉʇʃɸɺɸ ɸʍʉ (ɸʃʖʄʀʅʀʁ-ʍʈʆʄ-ʂʈɽʄʅʀʁ) 

 
ʄʫʩʠʥʘ ʀ.ɹ., ɸʢʫʦʚ ɸ.ʄ., ʀʟʙʝʤʙʝʪʦʚ ɼ.ɼ., ɹʘʡʩʘʥʦʚ ɸ.ʉ., ɺʦʨʦʙʢʘʣʦ ʅ.ʈ., 

ɹʘʡʩʘʥʦʚʘ ɸ.ʄ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʍʉ ï ʢʦʤʧʣʝʢʩʥʳʡ ʘʣʶʤʠʥʠʡ-ʭʨʦʤ-ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʡ ʩʧʣʘʚ, ʧʦʣʫʯʘʝʤʳʡ 

ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ ʧʣʘʚʢʦʡ ʙʝʜʥʦʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ c ʧʦʣʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʚʩʝʭ 

ʦʢʩʠʜʦʚ ʨʫʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ. 

ʉʥʠʞʝʥʠʝ ʟʘʧʘʩʦʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʭʨʦʤʦʚʳʭ ʨʫʜ, ʛʣʫʙʦʢʦʝ ʟʘʣʝʛʘʥʠʝ ʨʫʜʥʳʭ 

ʪʝʣ ʠ ʥʘʢʦʧʣʝʥʠʝ ʦʙʲʝʤʘ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʨʫʜʳ, ʥʝ ʠʤʝʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʳʨʴʝ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘʨʷʜʫ ʩ ʭʨʦʤʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʨʝʤʥʠʡ ʠ 

ʘʣʶʤʠʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʚ ʩʪʘʣʴ 

ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʩʧʣʘʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʝʨʨʦʩʧʣʘʚʦʚ. 

ɺʳʩʦʢʦʟʦʣʴʥʳʝ ʫʛʣʠ ʠ ʫʛʣʠʩʪʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʥʦʰʠʭʪʫ, ʚ ʢʦʪʦʨʦʡ 

ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ (SiO2 + Al2O3) Ó 90% ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʫʛʣʝʨʦʜʠʩʪʦʡ ʯʘʩʪʴʶ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʫʛʣʠʩʪʳʝ ʤʘʩʩʳ ʚ ʧʦʨʦʜʘʭ ʩʣʦʞʝʥʳ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠʣʠ ʧʨʦʩʣʦʝʢ 

ʚʧʝʨʝʤʝʞʢʫ ʩ ʛʣʠʥʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ, 

ʞʝʣʝʟʦ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʘʟʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʍʠʤʠʢʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʤ. ɾ.ɸʙʠʰʝʚʘ, ʫʛʣʠʩʪʳʝ ʧʦʨʦʜʳ ʟʦʣʴʥʦʩʪʴʶ 45-60%, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʤʷʛʯʝʥʠʷ ʠ ʧʣʘʚʣʝʥʠʷ, ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʝʝ 

ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʜʣʷ ʚʳʧʣʘʚʢʠ ʢʨʝʤʥʝʘʣʶʤʠʥʠʡʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ. 
ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ ʚʩʝ ʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʧʨʘʢʪʠʢʘ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʢʦʚʰʝ 

(ʚʥʝʧʝʯʥʳʤ ʩʧʦʩʦʙʦʤ) ʧʨʠ ʚʳʧʫʩʢʝ ʝʛʦ ʠʟ ʧʝʯʠ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʨʦʤʠʩʪʳʭ ʩʪʘʣʝʡ ʚ 

ʢʦʚ hʜʘʶʪ ʪʘʢʞʝ ʪʘʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʫʛʦʧʣʘʚʢʠʡ ʩʧʣʘʚ, ʢʘʢ ʬʝʨʨʦʭʨʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʠ ʨʘʩʢʠʩʣʝʥʠʠ, ʘ ʦʩʦʙʝʥʥʦ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʚ ʢʦʚʰʝ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʧʣʘʚʘʤ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʬʝʨʨʦʩʧʣʘʚʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʙʣʘʛʦʜʘʨʷ ʚʚʝʜʝʥʠʶ 

ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ ʞʝʣʝʟʦ-ʭʨʦʤ-ʢʨʝʤʥʠʡ ʠ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ.  

ʆʩʚʦʝʥʠʝ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʢʘʟʘʥʥʦʛʦ 

ʩʧʣʘʚʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʟʘʚʦʜʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʢʨʘʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʭʨʦʤʦʚʳʝ ʨʫʜʳ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʯʪʦ ʧʨʠ ʵʪʦʤ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʭʨʦʤʦʚʦʡ 

ʨʫʜʳ (ʠʣʠ ʢʦʥʮʝʥʪʨʘʪʘ) ʠ ʜʝʬʠʮʠʪʥʦʛʦ ʢʦʢʩʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʝʨʨʦʩʧʣʘʚʦʚ, ʪʘʢ ʢʘʢ ʜʣʷ 

ʚʳʧʣʘʚʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʣʶʤʠʥʠʡ-ʭʨʦʤ-ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʧʣʘʚʘ (ɸʍʉ) ʧʨʠʛʦʜʥʳ 

ʚʳʩʦʢʦʟʦʣʴʥʳʝ ʫʛʣʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʦʭʨʦʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʚʳʧʣʘʚʢʫ ʧʝʨʝʜʝʣʴʥʦʛʦ ʬʝʨʨʦʭʨʦʤʘ, 

ʬʝʨʨʦʩʠʣʠʢʦʭʨʦʤʘ (ʌʉʍ) ʠ ʝʛʦ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʭʨʦʤʦʚʦʡ ʨʫʜʦʡ. ʉʦʩʪʘʚ ʌʉʍ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝʤ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʛʦ 

ʬʝʨʨʦʭʨʦʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʌʉʍ, ʩʦʜʝʨʞʘʱʠʡ 30 ʠ ʤʝʥʝʝ ʧʨʦʮʝʥʪʦʚ ʢʨʝʤʥʠʷ, ʪʦʛʜʘ ʢʘʢ 

ʜʣʷ ʙʝʟʫʛʣʝʨʦʜʠʩʪʦʛʦ ʬʝʨʨʦʭʨʦʤʘ ʧʨʠʤʝʥʷʶʪ ʌʉʍ ʩ 50% ʢʨʝʤʥʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʌʉʍ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʙʦʛʘʪʳʭ ʭʨʦʤʦʚʳʭ ʨʫʜ, ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ 
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ʭʨʦʤʘ ʚ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 45%. ʉʦʢʨʘʱʝʥʠʝ ʜʦʙʳʯʠ ʙʦʛʘʪʦʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ʠ 

ʧʦʚʳʰʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʩʳʨʴʝ ʷʚʠʣʠʩʴ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʢ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʨʘʙʦʪ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʘʣʶʤʠʥʠʡʭʨʦʤʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʩʧʣʘʚʘ (ɸʍʉ) ʠʟ ʥʝʢʦʥʜʠʮʠʦʥʥʳʭ 

ʭʨʦʤʦʚʳʭ ʨʫʜ ʂʝʤʧʠʨʩʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʧʣʘʚʘ ɸʍʉ, ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʍʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ [1, 2], ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʯʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʩʧʣʘʚʘ ʜʣʷ ʨʘʩʢʠʩʣʝʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ 

ʩʪʘʣʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʧʳʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʦʚʦʜʷʪʩʷ ʠʩʧʳʪʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʩʧʣʘʚʘ ɸʍʉ ʩ ʮʝʣʴʶ ʟʘʤʝʥʳ ʠʤ ʬʝʨʨʦʩʠʣʠʢʦʭʨʦʤʘ 

ʚ ʨʘʬʠʥʠʨʦʚʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʇʦʣʫʯʘʝʤʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʩʧʣʘʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʌʉʍ 

ʥʘʣʠʯʠʝʤ ʜʦ 10% ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʝʤʥʠʝʤ.  

ɹʝʜʥʳʝ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʝ ʭʨʦʤʦʚʳʝ ʨʫʜʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʳʨʴʝ, ʪʘʢ ʢʘʢ ʥʘʨʷʜʫ ʩ ʭʨʦʤʦʤ ʠʟʚʣʝʢʘʶʪʩʷ ʢʨʝʤʥʠʡ ʠ ʘʣʶʤʠʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʢʩʠʜʦʚ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʟʦʣʴʥʳʡ 

ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʣʘʚʘ ɸʍʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʥʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ ʦʢʩʠʜʦʚ ʨʫʜʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʦʣʳ ʫʛʣʷ. ʊʘʢʦʡ ʤʝʪʦʜ ʚʝʜʝʥʠʷ 

ʧʣʘʚʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ, ʘ 

ʧʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʩʦʨʪʥʳʭ ʨʫʜʳ ʠ ʫʛʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʧʣʘʚ ʩ ʥʠʟʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʧʣʘʚʘ ʧʫʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʭʦʜʘ 

ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʯʠ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʫʛʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʛʣʫʙʦʢʫʶ ʧʦʩʘʜʢʫ 

ʵʣʝʢʪʨʦʜʦʚ ʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ. ɿʦʣʘ ʫʛʣʷ, ʩʦʩʪʦʷʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʨʝʤʥʝʟʝʤʘ ʠ 

ʛʣʠʥʦʟʝʤʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʢʩʠʜʘʤʠ ʨʫʜʳ, ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʚ ʩʧʣʘʚʝ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʫʜʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʧʣʘʚʢʠ ʙʝʜʥʳʭ ʭʨʦʤʦʚʳʭ ʨʫʜ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʭʨʦʤʘ, 

ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʴ ʦʢʩʠʜʦʚ ʙʝʜʥʦʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ 

ʠ ʟʦʣʳ ʫʛʣʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʧʨʦʚʝʜʝʥʳ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʦʧʳʪʳ ʧʦ ʚʳʧʣʘʚʢʝ ʩʧʣʘʚʘ ɸʍʉ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʧʳʪʘʥʠʡ ʧʦʣʦʞʝʥʳ ʚ 

ʦʩʥʦʚʫ ʢʨʫʧʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʧʣʘʚʢʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʣʘʚʘ.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʢʨʫʧʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʦʜʥʦʬʘʟʥʦʡ ʨʫʜʥʦ-ʪʝʨʤʠʯʝʩʢʦʡ 

ʧʝʯʠ ʩ ʛʨʘʬʠʪʦʚʦʡ ʧʨʦʚʦʜʷʱʝʡ ʧʦʜʠʥʦʡ ʤʦʱʥʦʩʪʴʶ 200 ʢɺɸ. ʇʠʪʘʥʠʝ ʵʣʝʢʪʨʦʧʝʯʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʆʄʋ-20, ʠʤʝʶʱʝʛʦ 4 ʩʪʫʧʝʥʠ ʚʪʦʨʠʯʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʝʨʚʫʶ ʯʘʩʪʴ ʦʧʳʪʥʦʡ ʢʘʤʧʘʥʠʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʰʠʭʪʝ 

ʙʝʜʥʦʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ʠ ʵʢʠʙʘʩʪʫʟʩʢʦʛʦ ʚʳʩʦʢʦʟʦʣʴʥʦʛʦ ʫʛʣʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. ʇʨʦʮʝʩʩ ʧʣʘʚʢʠ ʥʝʧʨʝʨʳʚʥʳʡ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʤʧʘʥʠʠ ï 5 ʩʫʪʦʢ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, % 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ A V W S Cr2O3 SiO2 Al2O3 FeO CaO MgO P2O5 ʧʧʧ 

ɹʝʜʥʘʷ 

ʭʨʦʤʦʚʘʷ ʨʫʜʘ 
- - 2,3 0,01 35,2 16,3 8,38 7,44 0,92 26,7 0,05 4,5 

ɺʳʩʦʢʦʟʦʣʴʥʳʡ 

ʫʛʦʣʴ 
47,3 16,4 2,8 0,62 - 62,19 28,79 2,72 0,9 2,15 0,16 - 
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ʐʠʭʪʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʨʫʜʳ ʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʛʣʷ. ʂʦʨʨʝʢʪʠʨʦʚʢʫ ʰʠʭʪʳ ʧʨʦʠʟʚʦʜʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʥʘʚʝʩʢʠ ʨʫʜʳ. 

ʌʨʘʢʮʠʷ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ï 0-10 ʤʤ, ʫʛʣʷ ï 10-50 ʤʤ. 

ʅʘʯʘʣʦ ʢʘʤʧʘʥʠʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʭʦʨʦʰʠʤʠ ʚʳʧʫʩʢʘʤʠ ʛʦʨʷʯʝʛʦ ʤʝʪʘʣʣʘ ʠ 

ʣʝʛʢʦʡ ʨʘʟʜʝʣʢʠ ʣʝʪʢʠ. ʂ ʩʝʨʝʜʠʥʝ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʘ ʧʝʯʠ ʫʭʫʜʰʠʣʘʩʴ: ʫʨʦʚʝʥʴ ʧʦʜʠʥʳ 

ʧʦʜʥʷʣʩʷ, ʪʨʘʝʢʪʦʨʠʷ ʨʘʟʜʝʣʳʚʘʥʠʷ ʣʝʪʢʠ ʩʪʘʣʘ ʫʭʦʜʠʪʴ ʚʚʝʨʭ, ʤʝʪʘʣʣ ʚʳʭʦʜʠʣ ʚʷʟʢʦ, 

ʯʫʚʩʪʚʦʚʘʣʩʷ ʟʘʧʘʭ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʘʨʙʠʜʦʚ. ʉ ʮʝʣʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʙʳʣʘ 

ʩʥʠʞʝʥʘ ʥʘʚʝʩʢʘ ʨʫʜʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ çʧʦʩʘʜʢʝè ɻʣʝʢʪʨʦʜʘ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʜʥʘ 

ʪʠʛʣʷ. ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʧʣʘʚʣʝʥʥʦʛʦ ʩʧʣʘʚʘ: 41-43% Cr; 30-33% Si; 4-5% 

Al; 19-21% Fe; 0,7-1,0% Mg; 0,15-0,18% P; 1,2-1,4% C; ʩʣʝʜʳ S.  

ɺʪʦʨʘʷ ʯʘʩʪʴ ʦʧʳʪʥʦʡ ʢʘʤʧʘʥʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʣʘʚʘ ɸʍʉ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʰʠʭʪʫ ʙʦʛʘʪʦʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ʬʨʘʢʮʠʠ 0-

10 ʤʤ ʠ ʚʳʩʦʢʦʟʦʣʴʥʦʛʦ ʫʛʣʷ ï 10-50 ʤʤ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ï 6 ʩʫʪʦʢ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʝʯʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥ 

ʚ ʪʘʙʣʠʮʝ 2. 

ʅʘʯʘʣʴʥʘʷ ʩʝʨʠʷ ʚʳʧʫʩʢʦʚ ʧʨʦʭʦʜʠʣʘ ʭʦʨʦʰʦ. ʂ ʢʦʥʮʫ ʪʨʝʪʴʠʭ ʩʫʪʦʢ ʨʘʙʦʪʘ ʧʝʯʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʠʣʘʩʴ, ʧʦʜʠʥʘ ʩʣʝʛʢʘ ʧʦʜʥʷʣʘʩʴ, ʤʝʪʘʣʣ ʥʘʯʘʣ ʚʳʭʦʜʠʪʴ ʚʷʣʦ ʠ ʠʤʝʣ 

ʟʘʧʘʭ, ʧʨʠʩʫʱʠʡ ʨʘʟʣʦʞʝʥʠʶ ʢʘʨʙʠʜʦʚ. ʉ ʮʝʣʴʶ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʘʨʙʠʜʦʚ 

ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʥʘʚʝʩʢʘ ʨʫʜʳ. ʕʪʦ ʧʦʩʣʫʞʠʣʦ ʧʨʦʮʝʩʩʫ çʧʦʩʘʜʢʠè ɻʣʝʢʪʨʦʜʦʚ ʠ ʙʫʨʥʦʤʫ 

ʩʭʦʜʫ ʛʦʨʷʯʝʛʦ ʤʝʪʘʣʣʘ. 
 

ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, % 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɸ V W S Cr2O3 SiO2 Al2O3 Fe2ʆ3 CaO MgO P ʧʧʧ 

ɹʦʛʘʪʘʷ 

ʭʨʦʤʦʚʘʷ ʨʫʜʘ 
- - 0,43 0,01 49,3 16,2 4,31 10,7 0,92 18,15 0,007 6,3 

ɺʳʩʦʢʦʟʦʣʴʥʳʡ 

ʫʛʦʣʴ 
52,1 14,2 2,6 0,75 - 58,97 28,28 2,29 0,9 2,15 0,3 - 

 

ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʣʘʚʘ, %: Cr ï 40-41; Si ï 22-23; Al  ï 13-15; Mg ï 0,4-

0,6; P ï 0,1-0,12; C ï 2,4-2,7; Fe ï ʦʩʪ.; S ï ʩʣʝʜʳ. 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʣʘʚʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʣʘʚʘ ɸʍʉ ʠʟ ʙʝʜʥʦʡ ʠ ʙʦʛʘʪʦʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ʠ ʚʳʩʦʢʦʟʦʣʴʥʦʛʦ ʫʛʣʷ 

ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʙʝʩʰʣʘʢʦʚʳʤ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʧʦʣʥʦʝ ʢʘʨʙʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʘʛʥʠʷ ʠʟ ʨʫʜʳ ʠ ʝʛʦ ʚʦʟʛʦʥʢʘ, 

ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʫʣʘʚʣʠʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ 

ʤʘʛʥʠʷ ʚ ʭʦʣʦʜʥʳʭ ʟʦʥʘʭ ʢʦʣʦʰʥʠʢʘ ʧʝʯʠ ʚ ʞʠʜʢʦʤ ʚʠʜʝ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʦʧʳʪʥʳʝ 

ʢʘʤʧʘʥʠʠ, ʯʪʦ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʚʳʰʝʥ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 11000-

12000 ʢɺʪĿʯ/ʪ. ɺʳʩʦʢʠʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʠʤʠ 

ʪʝʧʣʦʧʦʪʝʨʷʤʠ ʢʨʫʧʥʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ. ɺ ʨʝʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʫʢʘʟʘʥʥʦʡ ʚʝʣʠʯʠʥʳ. 

 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ BR23991563 çʉʦʟʜʘʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷè, ʬʠʥʘʥʩʠʨʫʝʤʦʡ ʂʦʤʠʪʝʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 
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ʀʩʪʦʯʥʠʢʠ 

 

1 ʉʚʘʜʢʦʚʩʢʘʷ ɽ.ʌ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʩ ʥʠʟʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ: ʜʠʩʩ. é ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ:. 05.16.02. ï ʂʘʨʘʛʘʥʜʘ: ʍʄʀ, 1968. ï 

142 ʩ. 

2 ʉʚʘʜʢʦʚʩʢʘʷ ɽ.ʌ., ʄʝʜʚʝʜʝʚ ɻ.ɺ., ʄ 

3 ʠʭʘʡʣʦʚ ɺ.ɺ. ʠ ʜʨ. ʇʦʣʫʯʝʥʠʝ ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ ʬʝʨʨʦʭʨʦʤʘ ʥʘ ʙʘʟʝ 

ʘʣʶʤʦʩʠʣʠʢʦʭʨʦʤʘ, ʚʳʧʣʘʚʣʝʥʥʦʛʦ ʠʟ ʨʷʜʦʚʦʡ ʭʨʦʤʦʚʦʡ ʨʫʜʳ ʠ ʵʢʠʙʘʩʪʫʟʩʢʦʛʦ ʫʛʣʷ 

// ʉʙ. ʥʘʫʯ. ʪʨ. ʚʩʝʩʦʶʟʥ. ʩʦʚʝʱʘʥʠʷ ʬʝʨʨʦʩʧʣʘʚʱʠʢʦʚ. ï ʄ., 1963. ï ʊ. 32. ï ʉ. 92.  
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ʋɼʂ 629.17 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʀʅɽʊʀʂʀ ʀ ʋʉʃʆɺʀʁ ɺʓʑɽʃɸʏʀɺɸʅʀʗ  

ʍʈʀɿʆʊʀʃ-ɸʉɹɽʉʊʆɺʓʍ ʆʊʍʆɼʆɺ 

 
ʄʫʭʘʤʝʪʞʘʥʦʚʘ ɸ.ɸ., ʐʘʷʭʤʝʪʦʚʘ ʈ.ɸ., ʈʘʭʳʤ ɸ.ɹ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʦʚʳʭ ʦʪʭʦʜʦʚ 

ɾʠʪʠʢʘʨʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʙʠʰʦʬʠʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʩʥʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʭʣʦʨʤʘʛʥʠʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʦʚʳʭ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ 

ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʦʚʳʭ ʦʪʭʦʜʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʠ ʨʘʩʯʸʪʦʤ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ. 

ʈʘʩʯʸʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʣʠʙʦ 

ʭʠʤʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 25, 45, 65,85 

ʠ 95 ÁC ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ, ʢʨʫʧʥʦʩʪʴ ʯʘʩʪʠʮ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʊ/ɾ) [1]. ɼʣʷ 

ʢʘʞʜʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʦʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʚʨʝʤʝʥʠ (30, 60, 90. 120 ʠ 150 ʤʠʥ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʪʝʧʝʥʠ 

ʠʟʚʣʝʯʝʥʠʷ ʤʘʛʥʠʷ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʘʢʘʥʝ ʩ 

ʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʦʡ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʨʝʘʢʪʦʨʝ (ʊ: ɾ=1:3; HCl = 100% ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ HCl ï 18%; ɤ=10 ʦʙ/ʤʠʥ 

 
 

ʊ, ʦʉ 
ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ Mg ʚ ʨʘʩʪʚʦʨ, % 

30 ʤʠʥ 60 ʤʠʥ 90 ʤʠʥ 120 ʤʠʥ 150 ʤʠʥ 

25 12,0 15,0 17,0 17,5 19,0 

45 19,0 22,0 25,5 39,5 42,0 

65 25,0 30,0 36,0 59,2 61,0 

85 33,0 45,5 79,9 95,5 94,5 

95 33,0 46,0 80,0 95,7 96,0 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʘʛʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ Mg ʟʘʢʦʥʦʤʝʨʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩ ʢʠʩʣʦʪʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʈʦʩʪ 

ʠʟʚʣʝʯʝʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 120 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʢ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʥʘ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʤʘʛʥʠʷ  

ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʨʝʘʢʪʦʨʝ (ʊ:ɾ = 1:3; HCl =100% ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ,  

ʢʦʥʮʝʥʪʨʘʮʠʷ HCl  -18%; ɤ=10 ʦʙ/ʤʠʥ) 

 

ɸʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 °C ʩʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʤʘʛʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 19 %, ʪʦʛʜʘ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 85 ÁC 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʯʪʠ ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ Mg ï ʜʦ 95 %. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 95 ÁC ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʨʦʩʪʫ ʠʟʚʣʝʯʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ 85ï90 ÁC ʚʳʙʨʘʥ ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʘʛʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʪʘʧʘʤʠ ʧʨʦʮʝʩʩʘ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʢ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 1, ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʤʦʜʝʣʴ 

ʩʞʠʤʘʶʱʝʛʦʩʷ ʷʜʨʘ (SCM), ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ [2]. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʠʮʳ ʍɸʆ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʘʢʪʦʨʝ, ʪʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ SCM ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ. ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʜʠʬʬʫʟʠʝʡ (1) ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʝʡ (2), ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 
 

ʛʜʝ Ŭ ï ʯʘʩʪʴ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʚʝʱʝʩʪʚʘ, k ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ, Mb ï 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʉA ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪʳ, a ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʝʘʛʝʥʪʘ ʚ ʨʝʘʢʮʠʠ, r0 ï ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, t ï ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ɟB ï ʧʣʦʪʥʦʩʪʴ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚ ʧʦʨʠʩʪʳʭ ʩʣʦʷʭ ʧʨʦʜʫʢʪʘ, kd, ʠ kr ï 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1) ʠ (2) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʘ                                ʙ 

 (ʘ) ʜʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʴ, (ʙ) ʤʦʜʝʣʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʧʨʠʤʝʥʝʥʠʷ SCM ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊ:ɾ = 1:3; 

HCl = 100% ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ HCl  -18%; ɤ=10 ʦʙ/ʤʠʥ) 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ 

ʫʨʘʚʥʝʥʠʝʤ (1), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ 

ʤʦʜʝʣʴʶ SCM ʩ ʢʦʥʪʨʦʣʝʤ ʜʠʬʬʫʟʠʠ ʚ ʩʣʦʝ ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʘ [2]. 

ɼʣʷ ʨʘʩʯʸʪʘ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (ʧʦ ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ) ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠʣʠ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɻʨʘʬʠʢ ɸʨʨʝʥʠʫʩʘ (ʨʠʩʫʥʦʢ 3) ʙʳʣ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʘʢʣʦʥʦʚ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʨʠʩʫʥʢʝ 2a. ɻʨʘʬʠʢ, 

ʦʪʨʘʞʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ln k  ʦʪ 1000/T, ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 54,4 ʢɼʞĿʤʦʣʴ ĭ. 
 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ɸʨʨʝʥʠʫʩʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʊ/ɾ = 1/3;  

HCl = 100% ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ HCl  ï 18%; ɤ=10 ʦʙ/ʤʠʥ) 

 

ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Ea ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʜʠʝʡ, ʢʦʪʦʨʘʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ [3]. ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, 
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ʯʪʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ (ʨʠʩʫʥʦʢ 3). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʨʦʜʳ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʯʘʩʪʠʮ ʍɸʆ ʦʪ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 4). ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʢʦʦʨʜʠʥʘʪʘʭ dC/dt ʦʪ Ѝ‫ 
ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʢʨʠʚʦʡ ʠ ʝʝ ʧʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ ʥʦʣʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ [4]. 
 

 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʯʘʩʪʠʮ ʍɸʆ  

ʦʪ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʭʨʠʟʦʪʠʣ- 

ʘʩʙʝʩʪʦʚʳʭ ʦʪʭʦʜʦʚ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʠʬʬʫʟʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ 

54,4 ʢɼʞ/ʤʦʣʴ. 

 

ʀʩʪʦʯʥʠʢʠ 
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ʋɼʂ 662.62 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ɻʆʈɽʅʀʗ ʅʀɿʂʆʉʆʈʊʅʓʍ ʋɻʃɽʁ 

ʇʈʀ ʉʃʆɽɺʆʄ ʉɾʀɻɸʅʀʀ 

 
ʄʳʨʟʘʣʠʝʚʘ ʉ.ʂ., ɸʢʠʣʴʙʝʢʦʚʘ ʐ.ʂ., ʂʘʙʣʘʥʙʝʢʦʚ ɸ.ɸ., ɽʨʤʠʰʠʥ ʉ.ɺ., ʉʝʨʠʢʙʘʝʚ ʇ.ʂ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʝʛʦʜʥʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʷ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʵʥʝʨʛʝʪʠʢʝ 

ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʢʦʣʴʢʫ ʩʞʠʛʘʥʠʝ ʫʛʣʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ: 

ʦʢʩʠʜʦʚ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

çʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡè. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʩʠʜʳ ʘʟʦʪʘ NOX, ʥʘʨʷʜʫ ʩ CO2 ʫʯʘʩʪʚʫʶʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʤʦʛʘ ʠ ʨʘʟʨʫʰʝʥʠʠ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. 

ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʝʚʦʛʦ 

ʩʞʠʛʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʦʤ ʩʣʦʝʚʦʛʦ ʩʞʠʛʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʞʠʛʘʥʠʷ 

ʥʠʟʢʦʩʦʨʪʥʳʭ, ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ, ʫʛʦʣʴʥʳʭ ʰʣʘʤʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʟʦʣʳ, ʤʝʣʢʠʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ. 

ɻʦʨʝʥʠʝ ʣʶʙʦʛʦ ʪʦʧʣʠʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʝʛʦ 

ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ. ʋʛʣʝʨʦʜ ï ɻ ʪʦ ʦʩʥʦʚʥʦʡ 

ʪʝʧʣʦʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʠ ʧʦʣʥʦʤ ʝʛʦ ʩʞʠʛʘʥʠʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2), ʚʦʜʷʥʦʡ ʧʘʨ ʠ ʟʦʣʘ [1]. 

ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʛʣʷ ʧʦʜʭʦʜʠʪ ʢ ʪʦʯʢʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʥʘʯʠʥʘʝʪʩʷ ʛʦʨʝʥʠʝ. ʅʘ 

ʵʪʦʤ ʵʪʘʧʝ ʠʟ ʪʦʧʣʠʚʘ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ ï 

ʧʠʨʦʣʠʟʥʳʭ ʛʘʟʦʚ. ʆʥʠ ʧʝʨʝʤʝʰʠʚʘʷʩʴ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʚʩʪʫʧʘʶʪ ʙʫʨʥʫʶ ʨʝʘʢʮʠʶ 

ʦʢʠʩʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʧʦ ʟʘʢʣʘʜʢʝ. ɼʘʣʝʝ 

ʥʘʯʠʥʘʝʪ ʛʦʨʝʪʴ ʦʩʥʦʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ï ʩʦʙʩʪʚʝʥʥʦ ʫʛʣʝʨʦʜ, 

ʠʤʝʶʱʠʡ ʧʨʠʤʝʩʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ï ʩʞʠʛʘʶʪʩʷ ʫʛʣʠ ʠʣʠ ʢʦʢʩ. ɼʘʥʥʘʷ ʩʪʘʜʠʷ 

ʟʘʥʠʤʘʝʪ ʜʦ 2/3 ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʟʘʢʣʘʜʢʠ. ɻʦʨʝʥʠʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʦʩʪʘʝʪʩʷ 

ʦʜʥʘ ʟʦʣʘ ʠʣʠ ʰʣʘʢ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʝʚʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʣʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʘʨʠʘʥʪʦʚ ʝʝ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʜʦʩʪʠʛʥʫʪʳʤ 

ʫʨʦʚʥʷʤ ʫʜʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ NOx ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʝʜʦʞʦʛʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʠʟ-ʟʘ 

ʩʞʠʛʘʥʠʷ ʥʘ ʊʕʉ ʪʦʧʣʠʚʘ ʫʭʫʜʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠʣʠ ʥʝʧʨʦʝʢʪʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʦʪʭʦʜʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ (ʧʨʦʤʧʨʦʜʫʢʪʘ ʠ ʰʣʘʤʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ NOx ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʠʟʙʳʪʢʘ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʜʫʭʘ; 

ʩʫʤʤʘʨʥʦʛʦ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʦʧʦʯʥʦʛʦ ʫʩʪʨʦʠʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʫʛʦʣʴʥʦʡ ʧʳʣʠ ʩ ʪʦʧʦʯʥʳʤʠ ʛʘʟʘʤʠ ʚ 

ʦʩʥʦʚʘʥʠʠ ʛʦʨʝʣʦʯʥʳʭ ʩʪʨʫʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʠ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʟʘʞʠʛʘʥʠʷ ʫʛʦʣʴʥʦʡ ʧʳʣʠ ʠ ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʝʜʦʞʦʛʘ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʠ ʟʦʣʴʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʪʦʧʣʠʚʘ [2]. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʣʦʝʚʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʨʦʩʪʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʝʜʦʞʦʛʘ. 

ʋʪʦʯʥʝʥʳ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʪʦʧʦʯʥʦʤ 

ʫʩʪʨʦʠʩʪʚʝ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʤʥʦʛʦʟʦʣʴʥʦʛʦ ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ: 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʣʦʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ, ʧʦʪʝʨʠ ʪʝʧʣʘ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʥʝʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʪʦʧʣʠʚʘ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʞʠʛʘʥʠʶ ʦʜʠʥʦʯʥʳʭ ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʣʠʩʴ 
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ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʛʘʟʦʚ, ʚʨʝʤʷ ʩʫʰʢʠ ʯʘʩʪʠʮʳ ʠ ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʪʦʧʣʠʚʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʯʘʩʪʠʮʘʤʠ ʤʘʩʩʦʡ 0,5...1,5 ʛ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

700...900Áʉ. 
 

 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʪʦʧʣʠʚʘ 
 

ʀʟ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʚʳʛʦʨʘʥʠʷ ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʫʛʣʷ: 

 

m/m0=(ŬT-ɓ) Ŀln(Ű)-ɔĿT+Ů, 

 

ʛʜʝ, m0 ï ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ʛ; m ï ʪʝʢʫʱʘʷ ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ʛ; ʊ ï  

ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; Ű ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ, ʩ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ Ŭ, ɓ, ɔ, Ů ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʥʠʞʝ: 

 

Ŭ= (-0,0002) · m0 + 0,001,  

 

ɓ= (0,1773)) · m0 + 0,393,  

 

ɔ= (-0,0010)) · m0 + 0,002,  

 

Ů= (-0,9580) · m0 + 2,607. 

 

ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʦʣʥʦʝ ʚʨʝʤʷ 

ʚʳʛʦʨʘʥʠʷ ʯʘʩʪʠʮʳ ʫʛʣʷ, ʪʘʢ ʠ ʚʨʝʤʷ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ ʛʦʨʝʥʠʷ. 

ɸʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʤʘʣʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʧʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ï ʥɻʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʮʝʥʦʚʦʡ 

ʧʦʣʠʪʠʢʝ ʥʘ ʨʳʥʢʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʂʘʟʘʭʩʪʘʥʘ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʥʠʟʢʦʩʦʨʪʥʳʭ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʠʤʝʶʱʠʭ, ʦʜʥʘʢʦ, ʨʷʜ ʦʯʝʚʠʜʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʠ 

ʥʠʟʢʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ [3] ʧʦʢʘʟʘʣʠ, ʯʪʦ: ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʣʦʝʚʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ. 
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ʇʨʠʤʝʥʝʥʠʝ ʫʛʦʣʴʥʳʭ ʩʤʝʩʝʡ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʦʧʣʠʚʘ ʧʝʨʩʧʝʢʪʠʚʥʦ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ ʠ ʫʛʦʣʴʥʳʭ ʰʣʘʤʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʦʨʤʘʪʠʚʥʳʭ ʫʨʦʚʥʝʡ ʫʜʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ NOx ʥʘ ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʝ ʪʦʧʦʯʥʦʛʦ 

ʫʩʪʨʦʠʩʪʚʘ ʩʦ ʩʣʦʝʚʳʤ ʩʞʠʛʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʠʟʙʳʪʢʠ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʜʫʭʘ 

ʜʦ ʟʥʘʯʝʥʠʷ, ʠʩʢʣʶʯʘʶʱʝʛʦ ʛʦʨʝʥʠʝ ʣʝʪʫʯʠʭ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʣʦʝʚʦʛʦ ʩʞʠʛʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʠ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʂʦʤʧʣʝʢʩʥʦ ʨʝʰʘʝʪ ʚʦʧʨʦʩʦʚʳ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʊʕʉ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʞʠʛʘʶʱʝʛʦ ʫʛʦʣʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʠʤʝʥʴʰʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʦʚʳʭ ʢʦʪʣʦʘʛʨʝʛʘʪʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʧʣʠʚʘ, ʧʦʟʚʦʣʷʝʪ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ, ʯʘʩʪʠʯʥʦ ʟʘʤʝʩʪʠʪʴ ʠʩʢʦʧʘʝʤʦʝ 

ʪʦʧʣʠʚʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ (ʦʙʳʯʥʦ ʜʦ 20% ʧʦ ʤʘʩʩʝ) ʉʆ2- ʥʝʡʪʨʘʣʴʥʳʤ ʪʦʧʣʠʚʦʤ, ʘ 

ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʪʦʧʣʠʚʥʳʭ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʦʢʩʠʜʦʚ ʩʝʨʳ (ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʠ 

ʘʟʦʪʘ ʚ ʪʚʝʨʜʦʡ ʙʠʦʤʘʩʩʝ ʚ ʩʨʝʜʥʝʤ ʚ 10 ʨʘʟ ʥʠʞʝ ʯʝʤ ʚ ʫʛʣʝ). ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʢʘʣʦʨʠʡʥʦʩʪʴ ʪʚʝʨʜʦʡ ʙʠʦʤʘʩʩʳ, ʘ ʠʥʦʛʜʘ ʠ ʚʳʩʦʢʫʶ 

ʚʣʘʞʥʦʩʪʴ. 

ɹʫʜʫʯʠ ʩʘʤʳʤ ʜʨʝʚʥʠʤ ʩʧʦʩʦʙʦʤ ʩʞʠʛʘʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ, ʩʣʦʝʚʦʝ ʩʞʠʛʘʥʠʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʞʠʛʘʥʠʷ ʢʨʫʧʥʦʬʨʘʢʮʠʦʥʥʦʛʦ ʠ ʢʫʩʢʦʚʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʢʦʣʦʩʥʠʢʦʚʦʡ 

ʨʝʰʝʪʢʝ, ʩʢʚʦʟʴ ʩʣʦʡ ʢʦʪʦʨʦʛʦ ʧʨʦʜʫʚʘʝʪʩʷ ʚʦʟʜʫʭ. ʉʣʦʝʚʦʝ ʩʞʠʛʘʥʠʝ ʫʛʣʷ ʠ ʙʠʦʤʘʩʩʳ 

ï ʵʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʉʆ2 ʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ [4]. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʞʠʛʘʪʴ ʚʩʝ ʚʠʜʳ ʨʘʬʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʫʭʠʭ 

ʙʠʦʪʦʧʣʠʚ. ʊʦʧʣʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ʂʦʣʦʩʥʠʢʦʚʳʝ 

ʨʝʰʝʪʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʩʢʘʜʦʤ ʪʘʢ, ʯʪʦʙʳ ʩʣʝʜʫʶʱʠʡ ʢʦʣʦʩʥʠʢ ʯʘʩʪʠʯʥʦ ʥʘʢʨʳʚʘʣ 

ʧʨʝʜʳʜʫʱʠʡ, ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ ʢʦʣʦʩʥʠʢʘʤʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠʤʝʝʪʩʷ ʱʝʣʴ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʦʩʪʫʧʘʝʪ ʧʨʦʛʦʥʷʝʤʳʡ ʚʦʟʜʫʭ. ʊʦʧʣʠʚʦ ʰʥʝʢʦʤ ʧʦʜʘʝʪʩʷ ʥʘ ʩʘʤʳʡ 

ʚʝʨʭʥʠʡ ʢʦʣʦʩʥʠʢ. ʇʦʜ ʜʘʚʣʝʥʠʝʤ ʚʥʦʚʴ ʧʦʩʪʫʧʘʶʱʠʭ ʧʦʨʮʠʡ ʪʦʧʣʠʚʘ, ʦʥʦ ʜʚʠʛʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʳ, ʟʘʧʦʣʥʷʷ ʚʩʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʦʩʥʠʢʦʚ. ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʭʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʪʦʧʣʠʚʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʟʜʫʭ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ ʪʦʧʣʠʚʘ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʩʘʤʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʪʦʧʢʘʭ ʥʘʜ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʣʦʩʥʠʢʦʚ ʠʤʝʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ 

ʧʨʠʞʠʤʥʦʡ ʵʢʨʘʥ ʠʟ ʦʛʥʝʫʧʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʳʜʝʨʞʠʚʘʶʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ 1500-1700 

ʉ0. ɼʘʥʥʳʡ ʵʢʨʘʥ ʥʘʧʨʘʚʣʷʝʪ ʧʣʘʤʷ ʩʥʠʟʫ ʚʚʝʨʭ, ʚ ʧʨʦʪʠʚʦʪʦʢ ʜʚʠʞʝʥʠʶ ʪʦʧʣʠʚʘ. ʕʪʦ 

ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1. ʇʣʘʤʷ ʧʨʦʜʝʣʳʚʘʝʪ ʙʦʣʝʝ ʜʣʠʥʥʳʡ ʧʫʪʴ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʧʦʣʥʦʝ 

ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠʩʢʨ. 

2. ʇʦʜʥʠʤʘʶʱʝʝʩʷ ʥʘʜ ʚʣʘʞʥʳʤ ʪʦʧʣʠʚʦʤ ʧʣʘʤʷ, ʧʦʜʩʫʰʠʚʘʝʪ ʝʛʦ, ʫʣʫʯʰʘʷ 

ʧʨʦʮʝʩʩ ʝʛʦ ʩʞʠʛʘʥʠʷ. 

3. ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʜʦʞʠʛ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʘʤʦʤ ʥʠʞʥʝʤ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʢʦʣʦʩʥʠʢʝ ʩ ʱʝʣʝʚʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʟʦʣʘ ʧʨʦʩʳʧʘʝʪʩʷ ʚ ʟʦʣʴʥʠʢ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʥʘʢʣʦʥʥʦʡ ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʝ: 

ʧʨʦʩʪʦʪʘ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʘʷ ʮʝʥʘ ʠ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ; ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʩʞʠʛʘʥʠʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʟʝʨʢʘʣʘ ʛʦʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʠ ʤʘʩʩʫ; 

- ʨʝʢʦʨʜʥʦ ʤʘʣʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ï ʤʝʥʝʝ 1 ʢɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 1 

ʄɺʪ ʧʨʦʠʟʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ; 

- ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʟʘʧʫʩʢʘ (ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ); 
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- ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ (ʩʝʢʫʥʜʳ); 

- ʦʯʝʥʴ h ʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ - ʦʪ 10 ʜʦ 100 %. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: ʧʣʦʭʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʣʠ ʜʘʞʝ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʪʦʧʣʠʚʘʭ ʩ ʚʳʩʦʢʦʡ ʟʦʣʴʥʦʩʪʴʶ ʚʚʠʜʫ ʙʣʦʢʠʨʦʚʘʥʠʷ ʜʫʪʴʝʚʳʭ 

ʱʝʣʝʡ ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʠ ʩʧʝʢʘʶʱʝʡʩʷ ʟʦʣʦʡ; ʩʨʝʜʥʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʬʫʪʝʨʦʚʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʝʸ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʠʥʜʝʢʩʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʝʚʦʛʦ ʪʦʧʣʠʚʘ ʠ ʧʦʚʳʰʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʝʛʦ ʚʳʛʦʨʘʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ 

ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

 

ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʞʠʛʘʥʠʷ ʦʜʠʥʦʯʥʳʭ ʯʘʩʪʝʡ ʨʘʟʥʦʡ ʤʘʩʩʳ ʥʠʟʢʦʩʦʨʪʥʦʛʦ 

ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʫʛʣʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʪʦʧʣʠʚʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʦʨʝʥʠʷ ʯʘʩʪʠ 

ʪʦʧʣʠʚʘ, ʨʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʛʦʨʷʱʝʡ ʯʘʩʪʠʮʳ ʚ ʦʙʲʝʤʝ ʪʦʧʢʠ ʜʦ 

ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʫʶ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʘʭ ʩʞʠʛʘʥʠʷ 

ʧʦʜʦʙʥʳʭ ʚʠʜʦʚ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʋʪʦʯʥʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʩʣʦʝʚʦʤ ʩʞʠʛʘʥʠʠ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʫʛʣʷ 

ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 

a) ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʡ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ɻ ʢʨʘʥʦʚ ʧʝʯʠ, 

b) ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ, 

c) ʧʦʪʝʨʠ ʪʝʧʣʘ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. 

ʏʘʩʪʠʯʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʚ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʧʫʪʝʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʩ ʫʛʣʝʤ ʥʘ ʦʙʲʝʢʪʘʭ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʠ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʚʳʙʨʦʩʫ ʧʘʨʥʠʢʦʚʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ɹʠʦʤʘʩʩʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʩʪʫʧʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ. 

ɹʠʦʤʘʩʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʝʤ ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. ɹʠʦʤʘʩʩʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ɽʝ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, ʟʘʤʝʪʥʦ 

ʩʥʠʞʘʶʱʝʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. 

ɼʣʷ ʩʞʠʛʘʥʠʷ ʙʠʦʤʘʩʩʳ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʪʝʭʥʦʣʦʛʠʷ ʧʨʷʤʦʛʦ ʩʞʠʛʘʥʠʷ, ʥʝ 

ʪʨʝʙʫʶʱʘʷ ʚʳʩʦʢʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʠ ʙʠʦʤʘʩʩʳ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʪʦʧʦʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʇʎʌ BR23991563. 
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ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ʉʝʛʦʜʥʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʟɹʦʚʘʥʠʶ ʫʛʦʣʥɹʦʛʦ ʪʦʧʣʠʚʘ ʚ ʤʘʣʦʡ 

ʠ ʩʨʝʜʥʝʡ ʥɻʝʨʛʝʪʠʢʝ. ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʛʣʝʡ, ʘ ʪʘʢʞʝ ʤʦʨʘʣʴʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʛʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʭʦʪʷ ʩʝʛʦʜʥʷ 

ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʦʧʣʠʚ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʞʠʛʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʦʧʣʠʚʥʳʝ ʜʦʙʘʚʢʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʂ ʥʠʟʢʦʩʦʨʪʥʳʤ ʫʛʣʷʤ ʜʦʙʘʚʣʷʶʪ ʦʪʭʦʜʳ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.   

ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʩʧʦʣʟɹʦʚʘʥʠʝ ʫʛʣ̫  ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ 

ʥʦʚʳʭ ʢɻʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪr ʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʢʦʣʢɹʫ ʩʞʠʛʘʥʠʝ ʫʛʣ̫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʜrʝʣʝʥʠʝʤ ʙʦʣʴ ʦhʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʚʨʝʜʥr ʭ ʦʪʥʦʩʷʪʩʷ ʦʢʩʠʜʳ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠ̫ çʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡè. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʩʠʜʳ ʘʟʦʪʘ NOX, ʥʘʨʷʜʫ ʩ CO2 

ʫʯʘʩʪʚʫʪʁ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʤʦʛʘ ʠ ʨʘʟʨʫhʝʥʠʠ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ [1].  

ʅʘʠʙʦʣʝʝ ʬɻʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʫʛʣʷ ʠʣʠ ʦʪʭʦʜʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ, ʷʚʣ̫ ʝʪʩʷ ʪʝʭʥʦʣʦʛʠ̫ ʩʣʦʝʚʦʛʦ 

ʩʞʠʛʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʣʦʝʚʦʛʦ ʩʞʠʛʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʞʠʛʘʥʠʷ ʪʘʢʞʝ ʫʛʦʣʴʥʳʭ ʰʣʘʤʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, ʤʝʣʢʠʭ ʯʘʩʪʠʮ, 

ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ [2]. ɺʣʘʛʘ ʤʦʞʝʪ ʙʳʪʴ ʚʥʫʪʨʝʥʥʝʡ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʠ ʚʥʝʰʥʝʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʢʘʧʠʣʣʷʨʘʭ, ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʩʪʝʥʢʘʭ 

ʢʫʩʢʦʚ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʠ ʠʩʧʘʨʝʥʠʠ ʚʣʘʛʘ ʧʦʛʣʦʱʘʝʪ ʪʝʧʣʦ, ʘ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ, 

ʥʘʦʙʦʨʦʪ, ï ʦʪʜʘʝʪ.    

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʧʨʠ ʛʦʨʝʥʠʠ 

ʥʠʟʢʦʩʦʨʪʥʳʭ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ ʂʘʟʘʭʩʪʘʥʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʦʣʴʥʳʭ ʩʤʝʩʝʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʫʛʣʷ ʠ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ.  

ɻʦʨʝʥʠʝ ʣʶʙʦʛʦ ʪʦʧʣʠʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʝʛʦ 

ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ. ʋʛʣʝʨʦʜ ï ɻ ʪʦ ʦʩʥʦʚʥʦʡ 

ʪʝʧʣʦʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʠ ʧʦʣʥʦʤ ʝʛʦ ʩʞʠʛʘʥʠʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆϜ), ʚʦʜʷʥʦʡ ʧʘʨ ʠ ʟʦʣʘ. ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʛʣʷ ʧʦʜʭʦʜʠʪ ʢ ʪʦʯʢʝ 
ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʥʘʯʠʥʘʝʪʩʷ ʛʦʨʝʥʠʝ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʟ ʪʦʧʣʠʚʘ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʧʠʨʦʣʠʟʥʳʭ ʛʘʟʦʚ. ʇʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʢʠʩʣʦʨʦʜʦʤ, 

ʧʨʦʠʩʭʦʜʠʪ ʙʫʨʥʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʧʦ 

ʟʘʢʣʘʜʢʝ. ɼʘʣʝʝ ʥʘʯʠʥʘʝʪ ʛʦʨʝʪʴ ʦʩʥʦʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ï ʩʦʙʩʪʚʝʥʥʦ 

ʫʛʣʝʨʦʜ, ʠʤʝʶʱʠʡ ʧʨʠʤʝʩʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ï ʩʞʠʛʘʶʪʩʷ ʫʛʣʠ ʠʣʠ ʢʦʢʩ. ʕʪʘ 

ʩʪʘʜʠʷ ʟʘʥʠʤʘʝʪ ʜʦ 2/3 ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʟʘʢʣʘʜʢʠ. ʇʨʠ ʩʞʠʛʘʥʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʪʘʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʯʪʦʙʳ ʠʟʙʝʛʘʪʴ ʟʘʰʣʘʢʦʚʳʚʘʥʠʷ ï 

ʩʧʝʢʘʥʠʷ ʰʣʘʢʘ.  

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʝʚʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʣʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʘʨʠʘʥʪʦʚ ʝʝ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʜʦʩʪʠʛʥʫʪʳʤ 
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ʫʨʦʚʥʷʤ ʫʜʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ NOx ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʝʜʦʞʦʛʘ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʞʠʛʘʥʠʷ ʥʘ ʊʕʉ ʧʨʦʝʢʪʥʦʛʦ ʪʦʧʣʠʚʘ ʫʭʫʜʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠʣʠ 

ʥʝʧʨʦʝʢʪʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʭʦʜʦʚ ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ (ʧʨʦʤʧʨʦʜʫʢʪʘ ʠ 

ʰʣʘʤʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ NOx ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ: ʠʟʙʳʪʢʘ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʜʫʭʘ; ʩʫʤʤʘʨʥʦʛʦ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʛʦʨʝʣʦʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʫʛʦʣʴʥʦʡ ʧʳʣʠ ʩ 

ʪʦʧʦʯʥʳʤʠ ʛʘʟʘʤʠ ʚ ʢʦʨʥʝ ʛʦʨʝʣʦʯʥʳʭ ʩʪʨʫʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʠ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʟʘʞʠʛʘʥʠʷ ʫʛʦʣʴʥʦʡ ʧʳʣʠ ʠ ʟʥʘʯʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʝʜʦʞʦʛʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʠ 

ʟʦʣʴʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʪʦʧʣʠʚʘ [3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʪʦʧʣʠʚʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʢ ʥʠʟʢʦʩʦʨʪʥʳʤ ʫʛʣʷʤ. 

ʊʘʢʠʝ ʜʦʙʘʚʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʧʨʠ ʛʦʨʝʥʠʠ 

ʥʠʟʢʦʩʦʨʪʥʳʭ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʥʦʡ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʝʨʞʥʠ ʢʫʢʫʨʫʟʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʳʩʫʰʝʥʥʳʝ ʠ ʠʟʤʝʣʴʯʝʥʥʳʝ. ʇʨʠ ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ 

ʛʦʨʦʜʦʚ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʋʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʩʦʜʝʨʞʘʥʠʶ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʛʦʨʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʠʩʢ ʥʦʚʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʝʛʦ ʨʘʩʭʦʜ ʠ 

ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [4]. ʂ ʵʪʠʤ ʚʠʜʘʤ ʪʦʧʣʠʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʦʙʣʘʛʦʨʦʞʝʥʥʦʝ ʪʚʝʨʜʦʝ ʪʦʧʣʠʚʦ, ʘ ʪʘʢʞʝ ʦʪʭʦʜʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ 

 

ʉʤʝʩʴ 
ɿʦʣʴʥʦʩʪʴ, Z 

% 

ɺʣʘʞʥʦʩʪʴ, W 

% 

ʃʝʪʫʯʠʝ ʚ-ʚʘ, L 

% 

 ʉʫʭʠʝ ʛʦʨʶʯʠʝ ʚ-ʚʘ, 

% 

ʂʫʢʫʨʫʟʘ 100 % 0,97 6,49 72,67  19,87 

ʕʋ/ʂɼ 27,66 2,07 45,55  24,72 

95/5 25,62 2,27 28,93  43,18 

90/10 23,54 2,61 31,78  42,07 

85/15 21,77 3,37 34,95  39,91 

80/20 18,07 12,83 34,58  34,52 

75/25 18,85 3,23 41,32  36,59 

70/30 16,57 5,75 43,15  34,52 

ʇʨʠʤʝʯʘʥʠʝ: ʕʋ ï ʵʢʠʙʘʩʪʫʟʩʢʠʡ ʫʛʦʣʴ, ʂɼ ï ʢʫʢʫʨʫʟʥʘʷ ʜʦʙʘʚʢʘ  

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʛʦʨʘʥʠʷ ʠ ʠʥʜʝʢʩ ʛʦʨʝʥʠʷ. ʕʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʠʠ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʧʨʠ ʛʦʨʝʥʠʠ  

ʥʠʟʢʦʩʦʨʪʥʳʭ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ 

 

ʉʦʚʤʝʩʪʥʦʝ ʩʞʠʛʘʥʠʝ ʫʛʣʷ ʠ ʙʠʦʤʘʩʩʳ  ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʛʦʨʝʥʠʷ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʠ ʫʤʝʥʴʰʝʥʠʷ ʟʦʣʴʥʦʩʪʠ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʧʦʣʥʦʪʫ 

ʦʢʠʩʣʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʦʩʪʘʪʢʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʙʠʦʤʘʩʩʳ 

ʜʦ 30 % ʧʨʠʚʦʜʠʪ ʨʦʩʪʫ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʥʠʞʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʙʠʦʤʘʩʩʳ. ʇʨʠ ʜʦʣʝ ʙʠʦʤʘʩʩʳ > 30 % ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ, ʥʦ ʦʧʪʠʤʫʤ ʚ ʜʠʘʧʘʟʦʥʝ 20-25 % ʜʘʸʪ ʥʘʠʣʫʯʰʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʪʝʧʣʦʪʚʦʨʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ɿʘʤʝʱʝʥʠʝ 20-30 % ʫʛʣʷ ʙʠʦʤʘʩʩʦʡ 

ʩʥʠʞʘʝʪ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʠ ʵʤʠʩʩʠʶ SO2, ʪʘʢ ʢʘʢ ʙʠʦʤʘʩʩʘ ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʠʪ ʩʝʨʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʇʎʌ BR23991563. 
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2ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʝʤʠʨʪʘʫ, ʂʘʟʘʭʩʪʘʥ 
3ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʵʬʬʝʢʪʠʚʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʥʳʭ 

ʠʥʬʝʢʮʠʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ- ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʥʘʫʢʠ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʧʦʣʫʯʝʥʠʷ ʩʫʙʩʪʘʥʮʠʠ 2-((2- 

ʠʟʦʥʠʢʦʪʠʥʦʠʣʛʠʜʨʘʟʦʥʦ)ʤʝʪʠʣ)ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʥʳʡ 

çʛʠʥʢʘʟʦʥè. ʅʘʩʪʦʷʱʝʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ 

ʘʥʪʠʚʠʨʫʩʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɻʠʥʢʘʟʦʥ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟʚʝʩʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

çʠʟʦʥʠʘʟʠʜʘè. ɼʘʣʝʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʝʛʦ ʚʠʨʫʩʦʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʪʘʣʦʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʛʨʠʧʧʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʠʨʫʩʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʥʢʘʟʦʥʘ 

 

ʉʦʝʜʠʥʝʥʠʝ 
ʍʠʤʠʯʝʩʢʠʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʧʨʝʧʘʨʘʪʦʚ 

ɸ/ɸʣʤʘʪʳ/8/98 (H3N2) ɸ/ɺʣʘʜʠʚʦʩʪʦʢ/2/09 (H1N1) 

ɻʠʥʢʘʟʦʥ 65,0 70,0 

ʊʘʤʠʬʣʶ 29,9 30 

ʈʝʤʘʥʪʘʜʠʥ 10.3 11 

 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʳ ʛʠʥʢʘʟʦʥʘ 

ʧʨʦʚʝʜʝʥʦ ʝʛʦ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʩ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʛʠʥʢʘʟʦʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʳ ʪʚʝʨʜʳʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʛʠʥʢʘʟʦʥ. 

 

ʀʩʪʦʯʥʠʢ 

 

1 ʄʘʰʢʦʚʩʢʠʡ ʄ.ɼ. // ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ (16-ʝ ʠʟʜ.) / ʄʦʩʢʚʘ: ʆʆʆ ʈʀɸ çʅʦʚʘʷ 

ʚʦʣʥʘè, 2021. ï 1216 ʩ. 
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ʅɸʅʆʕʌʌɽʂʊʓ ɺ ɾʀɼʂʆʌɸɿʅʓʍ ʉʇʃɸɺɸʍ Co-La 

 
ʆʩʠʧʦʚ ʇ.ɸ., ʐʘʷʭʤʝʪʦʚʘ ʈ.ɸ., ʉʘʛʳʥʜʳʢʦʚ ɸ.ɹ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ɾʠʜʢʦʬʘʟʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʢ ʠʩʭʦʜʥʦʛʦ ʟʚʝʥʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʝʛʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʨʘʟʥʳʤʠ ʤʦʜʝʣʷʤʠ ʢʚʘʟʠʭʘʦʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ. ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝ ʙʦʣʴʰʝ ʩʢʣʦʥʷʶʪʩʷ ʢ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʡ ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʧʦ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʞʠʜʢʦʡ ʬʘʟʳ ʷʚʣʷʶʪʩʷ ʥʝ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ, ʘ 

ʢʚʘʟʠʩʪʘʙʠʣʴʥʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʳ [1]. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʚ ʥʠʭ ʤʠʢʨʦʢʣʘʩʪʝʨʦʚ ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʦʪʝʥ ʠʣʠ ʪʳʩʷʯ ʘʪʦʤʦʚ, ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ, ʙʣʠʟʢʦʡ ʢ ʩʪʨʦʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʯʝʪʢʠʭ 

ʛʨʘʥʠʮ. ʆʥʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, ʦʧʨʝʜʝʣʷʶʪ ʢʣʶʯʝʚʳʝ ʬʠʟʠʢʦ- 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʠ ʩʣʫʞʘʪ ʛʦʪʦʚʳʤʠ ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩ ʥʦʚʳʭ 

ʧʦʟʠʮʠʡ ʚʟʛʣʷʥʫʪʴ ʥʘ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ [2]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Co- ʈɿʄ. ɺ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʩʣʦʞʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʈɿʄ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʨʘʱʘʶʪʩʷ ʢ 

ʘʥʘʣʠʟʫ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʢʣʘʩʪʝʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ [3]. 

ʇʦʩʢʦʣʴʢʫ ʧʦʚʝʜʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ- ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʦʙʤʝʥʥʦʡ 

ʵʥʝʨʛʠʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʝʨʝʢʨʳʪʠʝʤ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʥʝʥʫʣʝʚʦʤ 

ʩʫʤʤʘʨʥʦʤ ʩʧʠʥʝ, - ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʧʣʘʚʦʚ Co-ʈɿʄ ʧʦʟʚʦʣʷʝʪ 

ʘʧʨʦʙʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʞʠʜʢʠʭ ʩʨʝʜ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʥʘʥʦʵʬʬʝʢʪʦʚ ʚ ʞʠʜʢʦʬʘʟʥʳʭ 

ʩʧʣʘʚʘʭ Co-La ʠ ʚʳʷʚʣʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ ʨʘʩʧʣʘʚʘ ʠ ʝʛʦ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ɢ) ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʌʘʨʘʜʝʷ ʥʘ ʤʘʷʪʥʠʢʦʚʳʭ ʚʝʩʘʭ ʚ ʘʪʤʦʩʬʝʨʝ ʦʯʠʱʝʥʥʦʛʦ ʛʝʣʠʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

1950 ʂ. ʆʙʨʘʟʮʳ ʢʦʙʘʣʴʪʘ ʠ ʣʘʥʪʘʥʘ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʧʦʤʝʱʘʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʦʞʞʝʥʥʳʡ ʘʣʫʥʜʦʚʳʡ ʪʠʛʝʣʴ ʩ ʠʟʚʝʩʪʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ. ɼʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʘʩʧʣʘʚ ʥʘʛʨʝʚʘʣʠ ʜʦ 1950 ʂ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʀʟʤʝʨʝʥʠʷ ɢ ʚʳʧʦʣʥʷʣʠ ʚ ʨʝʞʠʤʝ ʦʭʣʘʞʜʝʥʠʷ ʚ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺʨʝʤʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʣʦ 2ï3 ʤʠʥʫʪʳ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʠ 5ï10 ʤʠʥʫʪ- ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʠʢʩʠʨʦʚʘʣʦʩʴ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʘ. 



ɸʣʤʘʪʳ, 20 ʤʘʨʪʘ 2026 ʛ.                                    ɸɹʀʐɽɺʉʂʀɽ ʏʊɽʅʀʗ-2026 

 

227 

ʉʢʘʯʢʠ ʠ ʠʟʣʦʤʳ ʥʘ ʧʦʣʠʪʝʨʤʘʭ ɢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʷ ʠ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʣʫʯʝʥʥʘʷ ʠʟʦʪʝʨʤʘ ʤʦʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1850 ʂ (ʩʤ. ʨʠʩʫʥʦʢ ʢʨʠʚʘʷ 1) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʦ ʩʦʜʝʨʞʘʥʠʷ ʣʘʥʪʘʥʘ ʦʢʦʣʦ 40 ʘʪ. % ʠ ʚ ʜʘʣʴʥʝʡʰʠʤ ʧʦʯʪʠ 

ʣʠʥʝʡʥʳʤ ʩʥʠʞʝʥʠʝʤ ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʷ ɢ ʯʠʩʪʦʛʦ ʈɿʄ. ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʪʦʤʦʚ ʣʘʥʪʘʥʘ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʧʦʣʥʝʥʠʝʤ 3d- 

ʦʙʦʣʦʯʢʠ ʢʦʙʘʣʴʪʘ ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. 
 

 

ʈʠʩʫʥʦʢ 1 ï ɿʥʘʯʝʥʠʷ ɢ ʠ æɢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1750, 1850 ʠ 1950 ʂ ʩʧʣʘʚʦʚ ʉʦ La 
 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʤʦʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (æɢʘ), ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʟʘ ʩʯʝʪ ʧʝʨʝʩʪʨʦʡʢʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʠ. ɿʥʘʯʝʥʠʷ æɢʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

Ў…́ =  ˍ˞  ̏  z…˞  ̏  z(1  ὲ) +  ὃὒὥ  z…ὒὥ  zὲ  ˍ̒  ̐  z…̒ ,̐ 
 

ʛʜʝ ɸʩʧ, ɸʉʦ, ALa ʘʪʦʤʥʳʝ ʚʝʩʘ; ɢʩʧ, ɢʉʦ, ɢLa -ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʧʣʘʚʘ, 

ʢʦʙʘʣʴʪʘ ʠ ʣʘʥʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, n- ʘʪʦʤʥʘʷ ʜʦʣʷ ʛʦʣʴʤʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ æɢʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 1750, 1850 ʠ 1950 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʤʦʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʚʢʣʘʜʝ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʥʘʣʠʯʠʝ ʢʣʘʩʪʝʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʨʘʩʧʣʘʚʝ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1850 ʂ ʥʘ ʢʨʠʚʦʡ æɢʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʜʝʨʞʘʥʠʶ ʣʘʥʪʘʥʘ 

20 ʘʪ. %. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʩʧʣʘʚʘʭ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʫʢʘʟʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʷʚʣʷʶʪʩʷ ʢʣʘʩʪʝʨʳ ʩʦʩʪʘʚʘ ʉʦ4 La. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1950 ʂ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ æɢʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚ ʢʣʘʩʪʝʨʝ. ʄʘʢʩʠʤʫʤ ʧʨʠ ʵʪʦʤ ʩʜʚʠʛʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʣʘʥʪʘʥʘ (ʜʦ 17 ʘʪ. %), ʵʪʦ ʧʨʠʤʝʨʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʪʝʨʫ ʩʦʩʪʘʚʘ ʉʦ5La, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠ ʦʩʣʘʙʣʝʥʠʝʤ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʅʘʧʨʦʪʠʚ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1750 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

ʠ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʈɿʄ ʜʦ 25 ʘʪ% ʩ ʩʦʩʪʘʚʦʤ 

ʢʣʘʩʪʝʨʘ ʉʦ3La, ɺʳʷʚʣʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʢʦʥʦʤʝʨʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
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ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʣʘʩʪʝʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʩʧʣʘʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʘ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Co-La ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚʢʣʶʯʘʷ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ ʠʟʦʪʝʨʤʳ ɢ ʧʨʠ 1850 ʂ ʠ ʠʟʙʳʪʦʯʥʦʡ ʤʦʣʴʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ æɢʘ ʧʨʠ 1750, 1850 ʠ 1950 ʂ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʠʟʦʪʝʨʤʝ … ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʣʘʚʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʝʝ ʟʥʘʯʝʥʠʡ ʚʧʣʦʪʴ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʥʪʘʥʘ 40 ʘʪ. %, ʟʘʪʝʤ ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʝʝ ʧʣʘʚʥʳʡ ʩʧʘʜ ʜʦ ʫʨʦʚʥʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʯʠʩʪʦʛʦ ʈɿʄ. 

ʆʪʤʝʯʝʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ æɢʘ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʚʢʣʘʜʝ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʚ 

ʨʘʩʧʣʘʚʝ ʫʩʪʦʡʯʠʚʳʭ ʢʣʘʩʪʝʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʠʟʦʪʝʨʤʘʭ æɢʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ, 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʩʥʠʞʝʥʠʶ æɢʘ ʠ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʘʥʥʘʷ ʜʠʥʘʤʠʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ ʜʝʛʨʘʜʘʮʠʶ 

ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʦʨʤʠʨʫʶʱʠʭʩʷ 

ʢʣʘʩʪʝʨʦʚ. 
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ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʮʠʠ ʠ 

ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ï ʘʢʪʫʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʵʢʦʥʦʤʠʢʠè ï ɸʣʤʘʪʳ, 2024. ï ʉ. 82-84. 
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ʋɼʂ 620.18 

 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʄʀʂʈʆʉʊʈʋʂʊʋʈ ʂɸʂ ʄɽʊʆɼʆʃʆɻʀʏɽʉʂɸʗ 

ʆʉʅʆɺɸ ʂʆʃʀʏɽʉʊɺɽʅʅʆʁ ʄɽʊɸʃʃʆɻʈɸʌʀʀ 

 
ʇʝʨʝʞʦʛʠʥ ɺ.ʖ. 

 

ʅʝʟʘʚʠʩʠʤʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʦʛʨʘʬʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ. 

ɸʥʥʦʪʘʮʠʷ. ʄʝʪʘʣʣʦʛʨʘʬʠʷ ʠʩʪʦʨʠʯʝʩʢʠ ʨʘʟʚʠʚʘʣʘʩʴ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʳʡ ʤʝʪʦʜ 

ʦʧʠʩʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʠʟʫʘʣʴʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʦʨʤʳ ʟʸʨʝʥ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʜʝʬʝʢʪʦʚ. ʉ 

ʧʝʨʝʭʦʜʦʤ ʢ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ 

ʜʠʩʮʠʧʣʠʥʘ ʧʨʠʦʙʨʝʣʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʘʥʘʣʠʟʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʪʝʨʠʘʣ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ çʪʠʧʠʯʥʳʭè ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʣʝʡ, ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʯʫʛʫʥʦʚ ʠ ʜʨ.), ʪʦʛʜʘ ʢʘʢ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʘʪʝʨʠʘʣ ʩʧʦʩʦʙʝʥ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʨʝʜʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʙʝʟ ʷʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ 

ʘʥʘʣʠʟʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʪʘʣʣʦʛʨʘʬʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʝʢʦʨʨʝʢʪʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʠʧʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʝʨʝʜ 

ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʥʝʘʜʝʢʚʘʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʘʣʠʟʘ ʠ 

ʩʥʠʞʝʥʠʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʠʧʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʥʝ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʢʣʘʩʩʝ 

ʤʘʪʝʨʠʘʣʘ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ: 

- ʚʳʜʝʣʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʪʨʫʢʪʫʨʳ; 

- ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ 
ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʨʘʟʣʠʯʠʤʳʭ ʦʙʣʘʩʪʝʡ ʠ ʭʘʨʘʢʪʝʨʘ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʚʳʙʨʘʥʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʉʪʨʫʢʪʫʨʘ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

- ʯʠʩʣʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʦʜʥʦʩʦʩʪʘʚʥʘʷ, ʜʚʫʭʩʦʩʪʘʚʥʘʷ, 

ʤʥʦʛʦʩʦʩʪʘʚʥʘʷ); 

- ʪʠʧʦʤ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʦʜʥʦʨʦʜʥʦʝ, ʟʦʥʘʣʴʥʦʝ, 

ʛʨʘʜʠʝʥʪʥʦʝ, ʧʝʨʠʦʜʠʯʝʩʢʦʝ, ʩʣʫʯʘʡʥʦʝ); 

- ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʙʝʟ 

ʚʳʨʘʞʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠʣʠ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ). 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʦʙʣʘʜʘʶʱʘʷ 

ʫʩʪʦʡʯʠʚʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ/ʠʣʠ ʬʘʟʦʚʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʪʣʠʯʠʪʴ 

ʝʸ ʦʪ ʩʦʩʝʜʥʠʭ ʦʙʣʘʩʪʝʡ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

- ʬʦʨʤʦʡ (ʨʘʚʥʦʦʩʥʘʷ, ʚʳʪʷʥʫʪʘʷ, ʧʣʘʩʪʠʥʯʘʪʘʷ, ʠʛʦʣʴʯʘʪʘʷ, ʩʣʦʞʥʘʷ); 
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- ʬʘʟʦʚʦʡ ʩʣʦʞʥʦʩʪʴʶ (ʦʜʥʦ-, ʜʚʫʭ- ʠʣʠ ʤʥʦʛʦʬʘʟʥʘʷ); 

- ʯʠʩʣʦʤ ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ (ʦʜʥʦ-, ʜʚʫʭ- ʠʣʠ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ). 

ʇʦʜ ʫʨʦʚʥʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʥʠʤʘʝʪʩʷ ʨʘʟʣʠʯʠʤʳʡ ʤʘʩʰʪʘʙ ʩʪʨʦʝʥʠʷ, ʦʙʲʝʢʪʠʚʥʦ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʩʪʨʫʢʪʫʨʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʥʘʙʣʶʜʝʥʠʷ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʳʡ ʵʪʘʧ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʘʥʘʣʠʟʫ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʪʜʝʣʷʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʦʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ 

ʤʝʪʦʜʠʢʫ ʢ ʪʠʧʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʘ ʥʝ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʢʣʘʩʩʫ ʤʘʪʝʨʠʘʣʘ, ʠ 

ʬʦʨʤʠʨʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʳʙʦʨʘ ʩʧʦʩʦʙʦʚ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ, 

ʧʘʨʘʤʝʪʨʦʚ ʩʲʸʤʢʠ ʠ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʨʘʢʪʠʢʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

ɺʳʚʦʜʳ 

1. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʩʦʜʝʨʞʘʪ ʥʝʷʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. 

2. ʊʠʧ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ ʥʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʢʣʘʩʩʫ ʤʘʪʝʨʠʘʣʘ. 

3. ʉʪʨʫʢʪʫʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʦʨʤʠʨʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

4. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʢʘʢ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʢʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʀʩʪʦʯʥʠʢʠ 

 

1 ʉʘʣʪʳʢʦʚ ʉ.ɸ. ʉʪʝʨʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʝʪʘʣʣʦʛʨʘʬʠʷ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1970. ï 376 ʩ. 

2 Vander Voort G.F. Metallography: Principles and Practice. ï Materials Park, OH: ASM 

International, 1999. ï 752 p. 

3 ASM Handbook. Vol. 9: Metallography and Microstructures. ï Materials Park, OH: ASM 

International, 2018. ï 1042 p. 
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ʋɼʂ 66.017 

 

ɾʀɼʂʆʉʊʅʓɽ ʄɽʊʆɼʓ ʇʆʃʋʏɽʅʀʗ ʆʇʊʀʏɽʉʂʀʍ 

ʅɸʅʆʄɸʊɽʈʀɸʃʆɺ 

 
ʉʘʛʳʥʜʳʢʦʚ ɸ.ɹ., ʆʩʠʧʦʚ ʇ.ɸ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʀʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʚʘʥʪʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʘ ʮʠʥʢʘ 

(ZnO). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʥʘʥʦʩʠʤʳʭ ʩʣʦʸʚ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ZnO, ʦʙʣʘʜʘʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [1-3]. 

ʇʨʦʮʝʩʩ ʥʫʢʣʝʘʮʠʠ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʦʢ 

ʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠʥʳ. ʂʦʥʪʨʦʣʴ ʫʩʣʦʚʠʡ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʬʦʨʤʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨ [4]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JSPM-5200 (çJEOLè, ɸʢʠʰʠʤʘ, ʗʧʦʥʠʷ). ʉʢʘʥʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʝʞʠʤʝ AC-AFM. ʊʠʧʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʡ ʚʢʣʶʯʘʣʠ ʚʨʝʤʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʩʪʨʦʢʠ 625 ʤʢʩ ʠ ʦʙʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʦʢʦʣʦ 13 

ʤʠʥʫʪ. ɺ ʢʘʯʝʩʪʚʝ ʟʦʥʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʥʪʠʣʝʚʝʨʳ ʤʘʨʢʠ NSC35/AIBS. 

ʄʘʩʰʪʘʙʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 25×25 ʤʢʤ, 6×6 ʤʢʤ, 1×1 ʤʢʤ ʠ 

500×500 ʥʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 100 ʜʦ 500 °C ʚ ʫʩʣʦʚʠʷʭ 

ʚʘʢʫʫʤʘ ʩ ʦʩʪʘʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʜʦ 10  ʤʤ ʨʪ. ʩʪ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ×125 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ TM-24033 («JEOL», ɸʢʠʰʠʤʘ, 

ʗʧʦʥʠʷ). 

ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Cary 

Eclipse («Agilent», ʉʘʥʪʘ-ʂʣʘʨʘ, ʉʐɸ) ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 200 ʜʦ 800 ʥʤ. 

ʐʠʨʠʥʘ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʱʝʣʝʡ ʧʨʠʙʦʨʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,5-2,4 ʥʤ. 

ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʩ 

ʚʦʛʥʫʪʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʸʪʢʦʡ ʩ ʧʣʦʪʥʦʩʪʴʶ 1023 ʰʪʨʠʭʘ/ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʣʴʬʨʘʤʦ-ʛʘʣʦʛʝʥʥʘʷ ʣʘʤʧʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʜʝʡʪʝʨʠʝʚʘʷ ʣʘʤʧʘ ʜʣʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ [5]. 

ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺʳʙʦʨ ʤʠʥʠʤʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 500 

×500 ʥʤ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʜʸʞʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ZnO, ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʠʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ, ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʥʠʢʘʪʴ ʚ ʧʦʨʠʩʪʳʡ ʢʨʝʤʥʠʡ 

(por-Si), ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Zn²  ʚ ʦʙʲʸʤʝ ʧʦʜʣʦʞʢʠ 

[6]. 
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ʇʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʙʝʟ ʥʘʥʝʩʸʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩ 

ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʨʠʩʫʥʦʢ 1ʘ) ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 25Ĭ25 ʤʢʤ ʚʳʷʚʣʷʶʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʫʯʘʩʪʢʘ ʨʘʟʤʝʨʦʤ 6Ĭ6 ʤʢʤ 

(ʨʠʩʫʥʦʢ 1ʙ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʜʦ 500Ĭ500 ʥʤ (ʨʠʩʫʥʦʢ 1ʚ) 

ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʧʦʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʨʘʟʚʠʪʳʡ ʨʝʣʴʝʬ 

ʧʦʚʝʨʭʥʦʩʪʠ. 
 

ʘ                                                      ʙ                                                        ʚ 

 

ʈʠʩʫʥʦʢ 1 ï ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʙʝʟ ʧʦʢʨʳʪʠʷ:  

(ʘ) ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; (ʙ) 25 × 25 ʤʢʤ (ʨʝʞʠʤ ʪʦʧʦʛʨʘʬʠʠ),  

(ʚ) 500 Ĭ 500 ʥʤ (ʬʘʟʦʚʳʡ ʨʝʞʠʤ) 
 

ʅʘ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʜ 

ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʙʝʟ ʯʸʪʢʦ 

ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʠ ʘʤʦʨʬʥʦʡ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟ. ʇʨʦʜʦʣʴʥʳʝ ʨʘʟʤʝʨʳ ʚʳʷʚʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʶʪ 80-115 

ʥʤ, ʧʦʧʝʨʝʯʥʳʝ ï 30-50 ʥʤ. ʈʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʜʠʥʦʯʥʳʭ 

ʛʨʝʙʥʝʡ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʧʘʜʠʥ ʛʣʫʙʠʥʦʡ 50Ñ10 ʥʤ, ʧʨʠ ʵʪʦʤ ʧʦʨʳ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʨʘʞʝʥʥʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʘ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʪʨʘʚʣʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ 25 ʩʣʦʸʚ ʧʦʢʨʳʪʠʷ ʦʧʪʠʯʝʩʢʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ ʬʠʢʩʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ ʤʘʢʨʦʧʦʨ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʦʙʣʘʩʪʠ 25Ĭ25 ʤʢʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʷʚʣʷʶʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʦ 1,5Ĭ1,5 ʤʢʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʡ ʦʙʣʘʜʘʶʪ 

ʙʣʠʟʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʤʘʩʰʪʘʙʦʤ 500Ĭ500 ʥʤ 

ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʘʥʦʢʣʘʩʪʝʨʳ ZnO, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2). 

ʕʪʘ ʨʘʙʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʘʢʪʠʚʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ  ʵʪʠʭ  ʠʩʣʝʜʦʚʘʥʠʡ  ʤʦʛʫʪ  ʙʳʪʴ  ʠʩʧʦʣʴʟʦʚʘʥʳ  ʧʨʠ  ʩʦʟʜʘʥʠʠ  ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʚʥʝʩʝʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʀʟʫʯʝʥʠʝ 

ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʣʝʥʦʢ ʥʘ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʣʝʜʦʚʘʥʠʷ ʧʦʤʦʛʫʪ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 2 ï ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʩ 25 ʩʣʦʷʤʠ ʧʦʢʨʳʪʠʷ, ʤʘʩʰʪʘʙ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ï 25Ĭ25 ʤʢʤ: ʘ ï ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʨʝʞʠʤ; ʙ ï ʬʘʟʦʚʳʡ ʨʝʞʠʤ 
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ɸʩʪʘʥʠʥʩʢʠʡ ʬʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʣʶʙʦʛʦ ʦʛʥʝʫʧʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʳʨʴʝʚʘʷ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ 

ʦʪʭʦʜʳ ʦʛʥʝʫʧʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʚʧʦʣʥʝ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʧʝʨʚʠʯʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ʕʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ, ʪ.ʢ. ʥʝ ʙʫʜʝʪ ʟʘʪʨʘʪ ʥʘ ʜʦʙʳʯʫ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʰʘʶʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ï ʩʦʭʨʘʥʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʠ ʫʪʠʣʠʟʘʮʠʷ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʪʭʦʜʦʚ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉɺʉ-ʪʝʭʥʦʣʦʛʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʠʥʪʝʟʦʤ, ʷʚʣʷʶʪʩʷ: ʩʦʩʪʘʚ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʨʝʘʛʝʥʪʦʚ, ʧʣʦʪʥʦʩʪʴ ʩʤʝʩʠ, ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʘ ʠ ʜʨ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʝʣʦ ʦʛʥʝʫʧʦʨʘ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʉɺʉ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʣʝ 

ʬʫʪʝʨʦʚʢʠ ʧʝʯʠ ʚʦ ʚʨʝʤʷ ʨʘʟʦʛʨʝʚʘ ʝʝ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʯʘʣʘ 

ʧʨʦʮʝʩʩʘ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʘʥʘʣʠʟ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʥʝʫʧʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʦʛʥʝʫʧʦʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʙʦʡ 

ʧʝʨʠʢʣʘʟʦʭʨʦʤʠʪʦʚʳʭ, ʧʝʨʠʢʣʘʟʦʰʧʠʥʝʣʠʜʥʳʭ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʢʠʨʧʠʯʝʡ, 

ʰʘʤʦʪʥʳʭ ʠʟʜʝʣʠʡ. 

ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʉɺʉ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʘʣʶʤʠʥʠʡ, ʩʫʣʴʬʘʪ ʤʘʛʥʠʷ, 

ʙʦʡ ʧʝʨʠʢʣʘʟʦʭʨʦʤʠʪʦʚʦʛʦ ʢʠʨʧʠʯʘ, ʙʦʡ ʧʝʨʠʢʣʘʟʦʰʧʠʥʝʣʠʜʥʦʛʦ ʢʠʨʧʠʯʘ, ʛʣʠʥʘ 

ʦʛʥʝʫʧʦʨʥʘʷ. 

ʉʤʝʩʴ ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʠʤʝʨ: 8 ʢʛ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʧʦʨʦʰʢʘ ʤʘʨʢʠ ʇɸ-4, 13 ʢʛ, ʧʨʠʨʦʜʥʳʡ ʩʫʣʴʬʘʪ ʤʘʛʥʠʷ MgSO4*7H2 O(ʵʧʩʦʤʠʪ), 29 ʢʛ 

ʙʦʷ ʧʝʨʠʢʣʘʟʦʭʨʦʤʠʪʦʚʦʛʦ ʢʠʨʧʠʯʘ, 32 ʢʛ ʙʦʷ ʧʝʨʠʢʣʘʟʦʰʧʠʥʝʣʠʜʥʦʛʦ ʢʠʨʧʠʯʘ, 18 ʢʛ 

ʛʣʠʥʳ ʦʛʥʝʫʧʦʨʥʦʡ ʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪ. ɿʘʪʝʤ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʩʫʭʫʶ ʩʤʝʩʴ 

ʜʦʙʘʚʣʷʣʠ 10 ʣ ʚʦʜʳ ʠ ʚʥʦʚʴ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ ʛʦʪʦʚʘ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʪʦʨʢʨʝʪ-ʤʘʩʩʘ. ʇʦʩʣʝ ʬʫʪʝʨʦʚʘʥʠʷ ʩʪʝʥʦʢ ʧʝʯʠ ʪʦʨʢʨʝʪ-ʤʘʩʩʦʡ ʠ 

ʨʘʟʦʛʨʝʚʝ ʝʝ ʜʦ 900 0ʉ ʧʨʦʠʩʭʦʜʠʪ ʉɺʉ-ʧʨʦʮʝʩʩ, ʪ.ʝ. ʩʘʤʦʩʧʝʢʘʥʠʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʩʤʝʩʠ, ʚ ʤʦʥʦʣʠʪ, ʧʦʩʣʝ ʯʝʛʦ ʬʫʪʝʨʦʚʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʛʥʝʫʧʦʨʥʦʩʪʴ 1950 - 2000 Áʉ. 

ɹʳʣʠ ʦʪʦʙʨʘʥʳ 16 ʦʙʨʘʟʮʦʚ ʬʫʪʝʨʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʦʛʦ ʦʛʥʝʫʧʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʪʘʙʣʠʮʘ 1). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʥʦʚʳʭ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠʤʝʥʠʣʠ ʪʝʦʨʠʶ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʛʥʝʫʧʦʨʥʦʩʪʠ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʛʥʝʫʧʦʨʘ ï ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚ ʥʦʚʦʛʦ ʦʛʥʝʫʧʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
 

 

 

 ̄ʦʙ- 

ʨʘʟʮʘ 

 

 

 

Al 

 

 

 

MgSO4 

 

ɹʦʡ ʧʝ- 

ʨʝʢʣʘʟʦ- 

ʭʨʦʤʠʪʦ- 

ʚʦʛʦ ʢʠʨ- 

ʧʠʯʘ 

ɹʦʡ ʧʝ- 

ʨʠʢʣʘ- 

ʟʦʰʧʠ- 

ʥʝʣʠʜ- 

ʥʳʭ 

ʢʠʨʧʠ- 

ʯʝʡ 

 

ɻʣʠʥʘ 

ʦʛʥʝ- 

ʫʧʦʨ- 

ʥʘʷ 

 

 

ʆʛʥʝʫʧʦʨ- 

ʥʦʩʪʴ, Áʉ 

 

 

ʇʨʦʯʥʦʩʪʴ 

ʧʨʠ ʠʟ- 

ʛʠʙʝ, ʄʇʘ 

 

ʊʝʨ- 

ʤʦ- 

ʩʪʦʡ- 

ʢʦʩʪʴ 

1 7 12 30 33 20 1950 35 20 

2 10 12 30 33 17 1960 37 23 

3 7 13 30 33 17 1955 36 21 

4 10 13 30 33 20 1970 39 30 

5 7 12 28 33 20 1960 37 23 

6 10 13 28 33 17 1965 38 25 

7 7 12 28 33 17 1970 40 30 

8 10 13 28 33 20 1960 37 22 

9 7 12 30 30 20 1975 36 25 

10 10 12 30 30 17 1980 39 27 

11 7 13 30 30 20 1955 35 22 

12 10 13 30 30 20 1965 37 24 

13 7 12 28 30 17 1950 34 20 

14 10 13 28 30 17 1970 39 29 

15 7 12 28 30 20 1975 36 24 

16 10 13 28 30 17 1980 38 26 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʛʥʝʫʧʦʨʥʦʩʪʠ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʛʥʝʫʧʦʨʘ ï 

ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ʅʦʤʝʨ ʩʦʩʪʘʚʘ 1 2 3 4 5 6 7 8 

ʕʢʩʧʝʨʠʤʝʥʪ 1950 1960 1955 1970 1960 1965 1970 1960 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 1958 1967 1952 1963 1960 1965 1960 1966 

ʅʦʤʝʨ ʩʦʩʪʘʚʘ 9 10 11 12 13 14 15 16 

ʕʢʩʧʝʨʠʤʝʥʪ 1975 1980 1955 1965 1950 1970 1975 1980 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 1965 1975 1960 1970 1967 1972 1968 1972 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʭʦʜʠʤʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʛʥʝʫʧʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʦʛʥʝʫʧʦʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ, ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʠʭ ʩʦʩʪʘʚʳ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʠʭ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʚ ʫʩʣʦʚʠʷʭ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
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ʋɼʂ 666.762.1 

 

ʈɸɿʈɸɹʆʊʂɸ ʆɻʅɽʋʇʆʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ ʌʋʊɽʈʆɺʆʂ 

ɺʓʉʆʂʆɸɻʈɽʉʉʀɺʅʓʍ ɿʆʅ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʀʍ ɸɻʈɽɻɸʊʆɺ 

 
ʉʘʪʙʘʝʚ ɹ.ʅ., ʂʦʢʝʪʘʝʚ ɸ.ʀ., ʐʘʣʘʙʘʝʚ ʅ.ʊ., ʉʘʪʙʘʝʚ ɸ.ɹ., ʈʳʩʢʘʣʠʝʚʘ ɾ.ʅ.,  

ʀʣʴʷʩʦʚʘ ɻ.ʍ. 

 

ɸʩʪʘʥʠʥʩʢʠʡ ʬʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʡ ʮʝʤʝʥʪ (ɺɻʎ) ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʚ ʩʦʩʪʘʚʝ ʞʘʨʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ ʠ ʩʫʭʠʭ 

ʞʘʨʦʧʨʦʯʥʳʭ ʩʤʝʩʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʝʯʘʭ, ʢʦʪʣʘʭ, ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʳʭ ʢʦʚʰʘʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʙʝʪʦʥʦʚ ʠ ʩʤʝʩʝʡ ʧʦʟʚʦʣʷʝʪ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʵʢʦʥʦʤʠʪʴ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʦʪʝʨʴ, 

ʘ ʪʘʢʞʝ ʚ ʚʠʜʫ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʫʪʝʨʦʚʢʠ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʤʝʪʘʣʣʦʤ. ɺʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʫʜʝʰʝʚʣʷʶʪ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ 

ʙʳʩʪʨʳʡ ʥʘʙʦʨ ʧʨʦʯʥʦʩʪʠ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʝʤʦʥʪʘ. 

ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʮʝʤʝʥʪʘ ʪʨʘʜʠʮʠʦʥʥʦ ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʙʞʠʛʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʩʳʨʴʝʚʳʭ ʩʤʝʩʝʡ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʵʥʝʨʛʦʟʘʪʨʘʪʝʥ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʝʟʦʧʘʩʝʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʦʙʞʠʛʦʚʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ɺɻʎ-50 ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ɺɻʎ-50 ï ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʀʟʤʝʣʴʯʝʥʠʝ ʚʝʱʝʩʪʚ ʜʦ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʮʝʤʝʥʪʘ 

ʙʝʟʦʙʞʠʛʦʚʳʤ ʤʝʪʦʜʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʥʘʙʦʨ ʧʨʦʯʥʦʩʪʠ 

ʦʛʥʝʫʧʦʨʥʳʭ ʙʝʪʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʦʛʥʝʫʧʦʨʥʳʭ ʠʟʜʝʣʠʡ 

ʥʘ ʠʭ ʦʩʥʦʚʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ: ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ, 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ, ʠʩʪʠʨʘʝʤʦʩʪʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ 

ʦʛʥʝʫʧʦʨʥʦʩʪʠ (Ó 1950 0ʉ). 

ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʝʣʴʥʠʮʘʭ ʜʦ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ ʛʣʠʥʦʟʝʤʘ ʩ ʠʟʚʝʩʪʢʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʳʨʴʝʚʫʶ ʩʤʝʩʴ ʤʠʥʝʨʘʣʠʟʘʪʦʨʘ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʬʪʦʨʠʜʘ 

ʢʘʣʴʮʠʷ CaF2 ʨʝʟʢʦ ʫʩʢʦʨʷʝʪʩʷ ʤʠʛʨʘʮʠʷ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʚ 

ʮʝʣʦʤ ʢʘʯʝʩʪʚʘ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʮʝʤʝʥʪʘ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʤʘʣʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʚʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʘʢʨʦ- ʢ 

ʥʘʥʦʩʦʩʪʦʷʥʠʶ, ʠʟʚʝʩʪʥʳʝ çʦʙʲʝʤʥʳʝè ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ. 

ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ, ʧʝʨʝʩʪʨʦʡʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʧʣʦʪʴ ʜʦ ʧʝʨʝʭʦʜʘ ʚ ʘʤʦʨʬʥʦʝ 
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ʩʦʩʪʦʷʥʠʝ, ʘ ʧʨʠ ʭʠʤʠʯʝʩʢʠʭ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʘʭ ʠʟʤʝʥʷʝʪʩʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚʘ 

ʠ ʝʛʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʮʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʦʩʥʦʚʥʦʤ ʤʦʥʦʘʣʶʤʠʥʘʪʦʤ ʢʘʣʴʮʠʷ ʉʘʆẗAl 2O3 ʠ ʜʠʘʣʶʤʠʥʘʪʦʤ ʢʘʣʴʮʠʷ ʉʘʆẗ2Al2O3. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʮʝʤʝʥʪʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʘ ʉʘʆẗ2Al2O3, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʝʪ ʩ 

ʚʦʜʦʡ, ʧʦʚʳʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʝʛʦ ʪʚʝʨʜʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʯʘʩʦʚ, ʘ ʧʨʠ ʙʦʣʴʰʝʤ 

ʩʦʜʝʨʞʘʥʠʠ ʉʘʆẗ2Al2O3 ʚʦʟʨʘʩʪʘʝʪ ʦʛʥʝʫʧʦʨʥʦʩʪʴ ʚʷʞʫʱʝʛʦ ʠ ʦʛʥʝʫʧʦʨʥʳʭ ʙʝʪʦʥʦʚ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʦʩʪʘʚʝ ʦʛʥʝʫʧʦʨʥʦʛʦ ʙʝʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʮʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʤ ɺɻʇʋ (ʪʘʙʣʠʮʘ 1), ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʦʢʩʠʜ Al2O3 ʠ ʮʝʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ CaO. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ 

 

ʂʦʤʧʦʥʝʥʪ 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, % 

Al2O3 MgO Fe2O3 SiO2 CaO 

ʇʨʦʜʫʢʪ ɺɻʇʋ 77 14,2 1,6 - - 

ʎʝʤʝʥʪ 4-8 - 1-5 18-24 61-69 

ɻʣʠʥʘ 

ʦʛʥʝʫʧʦʨʥʘʷ 
42-45 - 2,27 40-43 0,58 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʙʝʪʦʥʘ. 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʮʝʤʝʥʪʘ 
 

ʄʘʨʢʘ ʮʝʤʝʥʪʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʩʞʘʪʠʠ ʯʝʨʝʟ 

ʪʨʦʝ ʩʫʪʦʢ, ʄʇʘ 

ʉʨʦʢ 

ʩʭʚʘʪʳʚʘʥʠʷ, ʯʘʩ 

ʆʛʥʝʫʧʦʨ- 

ʥʦʩʪʴ, ʉ0 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʝʤʝʥʪʘ ʚ 

ʙʝʪʦʥʝ,% 

ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʩʦʩʪʘʚ 
30-65 0,5-1,5 1950 5,0 

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʮʝʤʝʥʪʘ, 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʧʦʩʦʙʫ, ʚ ʩʦʩʪʘʚʝ ʥʝʬʦʨʤʦʚʘʥʥʳʭ ʦʛʥʝʫʧʦʨʦʚ ʠ 

ʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʦʙʤʘʟʢʝ ʩʪʚʦʣʦʚ ʰʘʭʪ 

ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʚʣʝʯʝʥʠʷ ʚ ʩʬʝʨʫ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʮʝʤʝʥʪʘ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʘ 

ɺɻʇʋ ʠ ʧʦʣʫʯʝʥʠʷ ʮʝʤʝʥʪʦʚ ʤʘʨʢʠ ɺɻʎ -50. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʮʝʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʛʥʝʫʧʦʨʥʳʭ ʠʟʜʝʣʠʡ. 
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ʋɼʂ 669.295 

 

TI-AL-MO-V-ZR ɾתʁɽʉɯʅɼɽɻɯ ʌɸɿɸʃʓפ ʊɽʇɽ-ʊɽרɼɯʂ ʇɽʅ ɓ- 

ɸʋʄɸנʓʅʓר ʐɽʂʊɽʈɯʅɽ ZR פʆʉʇɸʉʓʅʓר ᴄʉɽʈɯ 

 
ʉʘʭʦʚʘ ɹ.ʊ.1, ɸʣʠʤʞʘʥʦʚʘ ɸ.ʄ.1, ʂʦʡʰʠʥʘ ɻ.ʄ.2 

 
1çϧʈ ʄʐʂϧϹ ϯʆè ʈʄʂ, ɸʣʤʘʪʳ Ϩ. ϧʘʟʘϨʩʪʘʥ 

2çϧ.ʀ. ʉϸʪʙʘʝʚ ʘʪʳʥʜʘϤʳ ϧʘʟϯʊɿʋè ʂʝɸϧ,  ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ 

 

 ץʤʝʭʘʥʠʢʘʣʳ שʦʨʳʪʧʘʣʘʨʜʳץ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʜʘʨ ʤʝʥ ץʳʥʜʳ ʧʣʘʩʪʠʢʘʣʳץʘʨפ

 ʣ ᴅʜʽʩײʘʨʘʩʪʳʨʳʣʘʜʳ. ɹץ ʪʠʽʤʜʽ ʪᴅʩʽʣʽ ʨʝʪʽʥʜʝ שʩʘʨʪʫʜʳץʘʩʠʝʪʪʝʨ ʢʝʰʝʥʽʥ ʞʘץ

ʫʣʴʪʨʘײʩʘץʪװʡʽʨʰʽʢʪʽ ʞᴅʥʝ ʥʘʥʦײץʨʳʣʳʤʜʳ ʢװʡʣʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ [1]. ɽʢʽ ʬʘʟʘʣʳ ʪʠʪʘʥ ץʦʨʳʪʧʘʣʘʨʳ װʰʽʥ ʙײʣ, ᴅʜʝʪʪʝ, ʙʝʨʽʢʪʽʢ ʧʝʥ ʰʘʨʰʘʫסʘ 

ʪᴇʟʽʤʜʽʣʽʢ ʰʝʛʽʥʽש ʞʦסʘʨʳʣʘʫʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʞʦסʘʨʳ ʞᴅʥʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʩץʳʥ 

ʧʣʘʩʪʠʢʪʽʣʽʢʪʽ ʽʩʢʝ ʘʩʳʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʢʝשʝʶʽʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ [2]. ɸʣʘʡʜʘ ʋױʊ 

ʢװʡʛʝ ᴇʪʫ ʢʝʟʽʥʜʝ ʢᴇʙʽʥʝʩʝ ʩʦץץʳ ʪײʪץʳʨʣʳסʳ ʤʝʥ ʞʘʨʳץʰʘ ʪʘʨʘʣʫ ʪײʪץʳʨʣʳסʳʥʳש 

ʪᴇʤʝʥʜʝʫʽʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ, ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʤײʥʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳײץ שʨʳʣʳʤʜʳץ 

 ʪʘʡʣʘʥʜʳʨʫʜʳשʘʪʳʥʘʩʳʥ ʦץʘ ʪᴇʟʽʤʜʽʣʽʢè ʘʨʘסʰʘץʦʣʜʘʥʳʣʫʳʥ ʰʝʢʪʝʧ, çʙʝʨʽʢʪʽʢ-ʞʘʨʳץ

 .ʘʞʝʪ ʝʪʝʜʽ [3]ץ

ɸʚʠʘʮʠʷʣʳץ ʤʘʰʠʥʘ ʞʘʩʘʫʜʘ ʞץײʘ ץʘʙʳʨסʘʣʳ ץʫʳʩʪʳ ʙײʡʳʤʜʘʨʜʳ ʪᴇʤʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳ ʨʝʞʠʤʜʝʨʜʝ ʘʩץʳʥ ʧʣʘʩʪʠʢʘʣʳץ ץʘʣʳʧʪʘʫ ʝʨʝʢʰʝ ץʳʟʳסʫʰʳʣʳץ 

ʪʫʜʳʨʘʜʳ, ᴇʡʪʢʝʥʽ ʤײʥʜʘʡ ʨʝʞʠʤʜʝʨ ʞʘʙʜʳץץʘ ʪװʩʝʪʽʥ ʪʝʨʤʠʷʣʳץ ʞװʢʪʝʤʝʥʽ ʘʟʘʡʪʳʧ, 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [4]װʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ʪᴇʤʝʥʜʝʪʫʛʝ ʤץ ʨʘʣ-ʩʘʡʤʘʥ ʤʘʪʝʨʠʘʣʜʘʨʳʥʘײץ

ʂᴇʧʢʦʤʧʦʥʝʥʪʪʽ Ti-ʞװʡʝʣʝʨʽʥʜʝ ʘʩʘ ʜᴅʣ ײץʨʘʤʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ᴅʨʽ 

ʪʝʨʤʦʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ʨʝʞʠʤʜʝʨʽʥ ʪʘשʜʘʫ ʘʡʪʘʨʣʳץʪʘʡ ʪᴅʞʽʨʠʙʝʣʽʢ ʰʳסʳʥʜʘʨʜʳ 

ʪʘʣʘʧ ʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ʬʘʟʘʣʳץ ʪײʨʘץʪʳʣʳץʪʳש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץʪʘʨʳʥ ʥʝʛʽʟʜʝʫ 

ʤʝʥ ʬʘʟʘʣʳץ ʪʝʧʝ-ʪʝשʜʽʢʪʝʨʜʽ ʙʦʣʞʘʫʜʳ ʢᴇʧ ʝשʙʝʢʪʽ ץʘʞʝʪ ʝʪʝʪʽʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ 

ʞװʨʛʽʟʛʝʥʛʝ ʜʝʡʽʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʞװʨʛʽʟʫ ʦʨʳʥʜʳ [5]. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ï Ti-Al -Mo-V-Zr ʞװʡʝʩʽʥʜʝʛʽ Zr ʵʣʝʤʝʥʪʽʥʽש ʬʘʟʘʣʳץ 

ʪײʨʘץʪʳʣʳץץʘ ʞᴅʥʝ ɓ-ʘʡʤʘסʳʥʳש ʰʝʢʘʨʘʣʘʨʳʥʘ ᴅʩʝʨʽʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʙʘסʘʣʘʫ. Zr 

ʤᴇʣʰʝʨʽʥ ʪʘשʜʘʫ ʦʥʳץ שʘʣʳʧʪʳ ɓ-ʪײʨʘץʪʘʥʜʳʨסʳʰ ᴅʩʝʨʽʤʝʥ ʞᴅʥʝ Ŭ+ɓ ʝʢʽ ʬʘʟʘʣʳ ᴇʨʽʩ 

ʰʝʢʘʨʘʣʘʨʳʥʳש ʦʨʥʘʣʘʩʫʳʥʘ ʳץʧʘʣʳʤʝʥ ʥʝʛʽʟʜʝʣʛʝʥ. ʄʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʬʘʟʘʣʳץ 

ʜʠʘʛʨʘʤʤʘʥʳש ʠʟʦʪʝʨʤʠʷʣʳץ ʞᴅʥʝ ʧʦʣʠʪʝʨʤʠʷʣʳץ ץʠʤʘʣʘʨʳʥ ײץʨʫ, ʩʦʥʜʘʡ-ʘץ Ti-2,5Al-

5Mo-5V-Zr ץʦʨʳʪʧʘʩʳ װʰʽʥ Ŭ+ɓ ʪײʨʘץʪʳʣʳסʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳסʳʥ ʘʥʳץʪʘʫ 

ʤʽʥʜʝʪʪʝʨʽ ʰʝʰʽʣʜʽ. 

ʄʦʜʝʣʴʜʝʫ Thermo-Calc 2023a ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ TCTI TCS Ti-and TiAl Alloys 

Database, Perpetual DSUNLL 5 ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʜʳ. 

ʀʟʦʪʝʨʤʠʷʣʳץ ץʠʤʘʣʘʨ ʙʝʢʽʪʽʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘסʳ ʬʘʟʘʣʳץ ʘʨʘץʘʪʳʥʘʩʪʘʨʜʳ 

ʙʘסʘʣʘʫ װʰʽʥ, ʘʣ ʧʦʣʠʪʝʨʤʠʷʣʳץ ץʠʤʘʣʘʨ ï ʣʝʛʽʨʣʝʫʜʽץ שʳʟʜʳʨʫ/ʩʫʳʪʫ ʢʝʟʽʥʜʝʛʽ 

ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʛʝ ʞᴅʥʝ ɓ-ʪʨʘʥʟʫʩ ʩʳʟʳסʳʥʳש ʦʨʥʘʣʘʩʫʳʥʘ ᴅʩʝʨʽʥ ʪʘʣʜʘʫ װʰʽʥ 

 .ʦʣʜʘʥʳʣʜʳץ

Ti-2,5Al-5Mo-5V-Zr ʞװʡʝʩʽʥʝ ʞװʨʛʽʟʽʣʛʝʥ ʝʩʝʧʪʝʫʣʝʨ ʟʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץʪʘ ɻʇʋ-Ŭ ʞᴅʥʝ ʆʎʂ-ɓ ץʘʪʪʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʘʡʤʘץʪʘʨʳ ʙʘʩʳʤ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ʨʝʪʪʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ײץʨʘʤʥʳש ʞʝʢʝʣʝʛʝʥ װʡʣʝʩʽʤʜʝʨʽʥʜʝ ɓ2- 

ʞᴅʥʝ ɔ-ʬʘʟʘʣʘʨʳ ʙʘʨ ʘʡʤʘץʪʘʨʜʳש ʙʦʣʫʳ ʤװʤʢʽʥ. ʊʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʪʝʨʧʨʝʪʘʮʠʷ װʰʽʥ 

700 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʥᴅʪʠʞʝʣʝʨ ʤʝʥ Ŭ+ɓ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳסʳʥʳש ʰʝʢʘʨʘʣʘʨʳʥ 

ʞᴅʥʝ ʙʽʨ ʬʘʟʘʣʳ ɓ-ʘʡʤʘסʳʥʘ ᴇʪʫ ʰʘʨʪʪʘʨʳʥ ʘʥʳץʪʘʡʪʳʥ ʧʦʣʠʪʝʨʤʠʷʣʳץ ץʠʤʘʣʘʨ 

ʰʝʰʫʰʽ ʤᴅʥʛʝ ʠʝ. 700 ÁC-ʪʘ Al ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳ Ŭ+ɓ+ɔ ʘʡʤʘסʳʥ ʢʝשʝʡʪʝʜʽ, ʘʣ Zr 

ʤᴇʣʰʝʨʽʥʽ1~ ש ʤʘʩ.%-ʜʘʥ ʞʦסʘʨʳʣʘʫʳ ɓ-ʪײʨʘץʪʘʥʜʳʨסʳʰʪʘʨʜʳש (Mo, V) ʞʦסʘʨʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʤʝʥ ʙʽʨʛʝ ʪʝʧʝ- ʪʝשʜʽʢʪʽ ʙʽʨ ʬʘʟʘʣʳ ɓ-ʢװʡʽʥʝ ץʘʨʘʡ ʳסʳʩʪʳʨʘʜʳ. ɹײʣ 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ ײʩʪʘʫ ʢʝʟʽʥʜʝ ɓ-ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʽʨʽʣʝʥʫʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 
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ʉʦʥʳʤʝʥ, ʘʨʪʳץ ɓ-ʪײʨʘץʪʘʥʜʳʨʫʩʳʟ ʪײʨʘץʪʳ ʝʢʽ ʬʘʟʘʣʳ ʢװʡʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ Zr 

ʤᴇʣʰʝʨʽʥ 1 ʤʘʩ.% ʜʝשʛʝʡʽʥʜʝ ʰʝʢʪʝʫ ʤʘץʩʘʪץʘ ʩʘʡ. 
 

 

 

 
ʘ) ʙ) 

 

1-ʩʫʨʝʪ ï Ti -Al -Mo-V-Zr  ʞװʡʝʩʽʥʽש ʬʘʟʘʣʳץ ʜʠʘʛʨʘʤʤʘʩʳʥʳש ʝʩʝʧʪʝʣʛʝʥ 

ʳ Tiסʠʤʘʣʘʨʳ: ʘ) 700 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘץ -Al -Mo-V-1Zr ץʦʨʳʪʧʘסʘ ʘʨʥʘʣסʘʥ 

ʠʟʦʪʝʨʤʠʷʣʳץ ץʠʤʘ; ʙ) Ti -Al -Mo-V-Zr ʞװʡʝʩʽʥʽש ʧʦʣʠʪʝʨʤʠʷʣʳץ ץʠʤʘʩʳ 

 

ʌʘʟʘʣʘʨʜʳש ʝʩʝʧʪʝʣʛʝʥ װʣʝʩʪʝʨʽ 1-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

1-ʢʝʩʪʝ ï ʅʝʛʽʟʛʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘסʳ Ti -2,5Al-5Mo-5V-Zr  ʳ Ŭסʦʨʳʪʧʘʣʘʨʳʥʜʘץ 

ʞᴅʥʝ ɓ ʬʘʟʘʣʘʨʳʥʳש ʝʩʝʧʪʝʣʛʝʥ ʤʘʩʩʘʣʳװ ץʣʝʩʪʝʨʽ 
 

Zr, ʤʘʩ.% 
Ŭ/ɓ, ʤʘʩ.% 

600 °C ʢʝʟʽʥʜʝ 660 °C ʢʝʟʽʥʜʝ 700 °C ʢʝʟʽʥʜʝ 800 °C ʢʝʟʽʥʜʝ 

0,5 31,8 / 68,1 42,0 / 58,0 52,2 / 47,7 100 

1,0 32,3 / 67,7 42,7 / 57,3 53,1 / 46,9 100 

1,5 32,8 / 67,1 43,4 / 56,6 54,0 / 46,0 100 

ɽʩʢʝʨʪʫ ï 800 °C ʪʝʤʧʝʨʘʪʫʨʘʜʘ ϨʘʨʘʩʪʳʨʳʣϤʘʥ ʙʘʨʣʳϨ Ϩϰʨʘʤʜʘʨʜʘ ʙʽʨ ʬʘʟʘʣʳ $\beta$- ʢϮʡʽ 

ʽʩʢʝ ʘʩʘʜʳ. 

 

ʄᴅʣʽʤʝʪʪʝʨ 600 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ɓ-ʬʘʟʘʥʳװ שʣʝʩʽ ~32 ʤʘʩ.% ײץʨʘʡʪʳʥʳʥ ʞᴅʥʝ Zr 

ʤᴇʣʰʝʨʽʥʝ (0,5-1,5 ʤʘʩ.%) ᴅʣʩʽʟ ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 660-700 °C ʘʨʘʣʳסʳʥʜʘ Ŭ ʞᴅʥʝ 

ɓ ʬʘʟʘʣʘʨʳʥʳש ʪʝש ʤᴇʣʰʝʨʛʝ ʞʫʳץ ʪʘʨʘʣʫʳʥʘ (ɓ å 42-54 ʤʘʩ.%) ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ, ʙײʣ 

ʜʝʬʦʨʤʘʮʠʷ ʘʣʜʳʥʜʘסʳ ʝʢʽ ʬʘʟʘʣʳ ʢװʡʜʽ ʙʝʢʽʪʫʜʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤʘשʳʟʳ ʙʘʨ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʠʥʪʝʨʚʘʣʳʥ ʘʥʳץʪʘʡʜʳ. 800 °C ʞᴅʥʝ ʦʜʘʥ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

 .ʳʥʘ ʘʫʳʩʘʜʳסʦʨʳʪʧʘ ʙʽʨ ʬʘʟʘʣʳ ɓ-ʘʡʤʘץ

Thermo-Calc ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ Ti-Al-Mo-V-Zr ʞװʡʝʩʽʥ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʽ 660ï700 ÁC ʢʝʟʽʥʜʝ Ti-2,5Al-5Mo-5V-(0,5-1,5)Zr ץʦʨʳʪʧʘʩʳ Ŭ ʞᴅʥʝ ɓ 

ʬʘʟʘʣʘʨʳʥʳש ʪʝשʛʝʨʽʤʜʽ ʤᴇʣʰʝʨʽʤʝʥ (ɓ å 42-54 ʤʘʩ.%) ʩʠʧʘʪʪʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. Zr 

ʤᴇʣʰʝʨʽ ʰʘʤʘʤʝʥ 1 ʤʘʩ.% ʙʦʣסʘʥʜʘ, ʘʨʪʳץ ɓ-ʪײʨʘץʪʘʥʜʳʨʫʩʳʟ Ŭ+ɓ ʪײʨʘץʪʳ ʝʢʽ ʬʘʟʘʣʳ 

ʢװʡʽʥʝ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ, ʙײʣ ʙʝʨʽʣʛʝʥ ײץʨʘʤʜʳ ʪʝʨʤʦʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ װʰʽʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʝʪʝʜʽ. 
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ɺʃʀʗʅʀɽ ʂɸʈɹʀɼɸ ʊʀʊɸʅɸ ʀ ɺʀɹʈɸʎʀʀ ʅɸ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʔ  

ʀ ʄʀʂʈʆʉʊʈʋʂʊʋʈʋ ʃʀʊʆʁ ʃɽɻʀʈʆɺɸʅʅʆʁ ʉʊɸʃʀ 
 

ʉʢʚʦʨʮʦʚ ɽ.ɺ., ʀʩʘʛʫʣʦʚ ɸ.ɿ. 

 

 ʅɸʆ çʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸʙʳʣʢʘʩʘ ʉʘʛʠʥʦʚʘè, 

ʛ.ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʣʝʢʘʝʤʦʡ ʨʫʜʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ. ʆʜʥʠʤ 

ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʝʪʘʣʝʡ ʩ ʚʳʩʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,4% ʦʪ ʤʘʩʩʳ ʤʝʪʘʣʣʘ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ 0,5ï0,7 ʤʢʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʠʙʨʘʮʠʠ ʯʘʩʪʦʪʦʡ 45 ɻʮ ʠ 

ʘʤʧʣʠʪʫʜʦʡ 0,5 ʤʤ ʟʘʪʚʝʨʜʝʚʘʶʱʝʛʦ ʨʘʩʧʣʘʚʘ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʣʠʪʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ 

ʩʪʘʣʠ. 

ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʨʠʙʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʪʘʥʢʘ ʪʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ "ʩʪʝʨʞʝʥʴ ʥʘ ʜʠʩʢʝ" ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʩʪʠʨʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ (ʪʘʙʣʠʮʘ 1, ʨʠʩʫʥʦʢ 1), ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ 

ʚʚʦʜʘ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʚʠʙʨʘʮʠʠ ʟʘʪʚʝʨʜʝʚʘʶʱʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʧʨʠʚʝʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʣʝʜʦʚ ʠʟʥʦʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʣʠʪʳʤ ʦʙʨʘʟʮʦʤ: 

ʛʣʫʙʠʥʘ (Rv) ʩʣʝʜʘ ʠʟʥʦʩʘ ʫʤʝʥʴʰʠʣʘʩʴ ʙʦʣʝʝ, ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʰʠʨʠʥʘ (b) 

ʩʣʝʜʘ ʠʟʥʦʩʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 27 %. 

 

ʊʘʙʣʠʮʘ 1 ï ɻʣʫʙʠʥʘ (Rv), ʰʠʨʠʥʘ (b) ʩʣʝʜʦʚ ʠʟʥʦʩʘ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) 
 

 ̄ ʆʙʨʘʟʝʮ, ʚʠʜ ʦʙʨʘʙʦʪʢʠ Rv, Õm b, mm 

1 ʀʩʭʦʜʥʳʡ ʣʠʪʦʡ 25,74 0,83 

2 ʂʘʨʙʠʜ ʪʠʪʘʥʘ + ʤʝʭʘʥʠʯʝʩʢʘʷ ʚʠʙʨʘʮʠʷ 12,21 0,57 

 

 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʩʪʠʨʘʥʠʝ: ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ  

ʠ ʭʘʨʘʢʪʝʨ ʩʣʝʜʦʚ ʠʟʥʦʩʘ 
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ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʧʣʘʚʘ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʪʘʣʣʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. 

ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʝʣʘ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩʫʥʦʢ 2). 

 

        

ʘ                                                                              ʙ 

ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ) ʦʙʨʘʙʦʪʢʠ (ʫʚʝʣʠʯʝʥʠʝ 100) 

 

ʊʘʢ, ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʧʝʨʣʠʪʘ (150-210 ʤʢʤ) ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ (ʨʠʩʫʥʦʢ 2, ʘ) 

ʙʳʣʠ ʫʤʝʥʴʰʝʥʳ ʧʨʠʤʝʨʥʦ ʥʘʧʦʣʦʚʠʥʫ, ʘ ʩʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʬʝʨʨʠʪʘ (106-110 ʤʢʤ) ʙʳʣʠ 

ʫʤʝʥʴʰʝʥʳ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ. ʋʜʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʣʠʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʨʠʪʦʤ (ʨʠʩʫʥʦʢ 2, ʙ). ʇʦʨ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʦʧʨʝʜʝʣʝʥʥʦ ʫʚʝʣʠʯʠʣʦ ʧʨʦʯʥʦʩʪʴ ʤʝʪʘʣʣʘ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ 

ʠ ʚʠʙʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʩʥʠʞʝʥʠʶ ʜʝʬʝʢʪʥʦʩʪʠ ʣʠʪʴʷ ʠ ʟʘʤʝʪʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. 

 

ʀʩʪʦʯʥʠʢʠ 

 

1 Herbert W.D., Shimaa E., Ehab S., Agnes M.S., Fawzy H.S. The influence of rare earth 
metals on the microstructure and mechanical properties of 220 and 356.1 alloys for 

automotive industry // Materials. ï 2025. ï 18. ï 5. ï 941.  

2 ʉʤʠʨʥʦʚ ɸ.ʅ., ʇʠʣʶʰʝʥʢʦ ɺ.ʃ., ʄʦʤʦʪ ʉ.ɺ., ɸʤʠʪʘʥ ɺ.ʅ. ɿʘʪʚʝʨʜʝʚʘʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. -  ɼʦʥʝʮʢ: ɺʀʂ, 2002. ï 170 ʩ. 
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ʋɼʂ 669.782.053-172 

 

ʂʆʄʇʃɽʂʉʅɸʗ ʇɽʈɽʈɸɹʆʊʂɸ ʈʀʉʆɺʆʁ ʐɽʃʋʍʀ ʉ ʇʆʃʋʏɽʅʀɽʄ 

ʅʆɺʓʍ ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 
ʉʫʭʘʨʥʠʢʦʚ ʖ.ʀ., ɼʞʫʩʫʧʦʚ ʉ.ɸ., ɽʬʨʝʤʦʚʘ ʉ.ɺ., ʂʘʙʣʘʥʙʝʢʦʚ ɸ.ɸ. 

 

ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ɺʚʝʜʝʥʠʝ. ʉʨʝʜʠ ʦʛʨʦʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪʭʦʜʦʚ ʩʳʨʴʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʦʪʭʦʜʳ ʨʠʩʦʧʝʨʝʨʘʙʦʪʢʠ ï ʨʠʩʦʚʘʷ 

ʰʝʣʫʭʘ. ʀ ʥʝ ʪʦʣʴʢʦ ʚ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʝʞʝʛʦʜʥʦʛʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ (ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʦʙʨʘʟʫʝʪʩʷ ʜʦ 100 ʪʳʩ. ʪʦʥʥ, ʘ ʚ ʤʠʨʝ ʜʦ 100 ʤʣʥ. ʪʦʥʥ ʚ ʛʦʜ) ʠ ʥʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ, ʥʦ ʠ ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ - ʥʘʣʠʯʠʷ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʩʚʷʟʘʥʥʦʛʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʫʛʣʝʨʦʜʘ. 

ʇʦʵʪʦʤʫ ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʩʳʨʴʝʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʨʝʤʥʝʫʛʣʝʨʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʟʘʤʝʥʳ ʧʨʠʨʦʜʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ - 

ʩʳʨʴʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʦʡ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʢʨʝʤʥʠʩʪʳʭ ʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʷʪʩʷ ʫʞʝ ʙʦʣʝʝ 100 ʣʝʪ ʠ ʥʘ ʵʪʫ ʪʝʤʫ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʝʩʷʪʢʠ ʤʦʥʦʛʨʘʬʠʡ ʠ ʩʦʪʥʠ ʩʪʘʪʝʡ ʠ ʧʘʪʝʥʪʦʚ [1-3]. ʇʨʝʜʣʦʞʝʥʳ ʜʝʩʷʪʢʠ 

ʧʫʪʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʪʦʧʣʠʚʘ, 

ʢʦʤʧʦʥʝʥʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʠʝ ʠʟ ʥʝʝ ʩʦʨʙʝʥʪʦʚ, ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʭ 

ʠ ʢʨʝʤʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʝ [4-6]. 

ʆʜʥʘʢʦ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʩʦʟʜʘʥʦ ʥʠʛʜʝ ʚ ʤʠʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʙʝʟʦʪʭʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʣʫʯʝʥʠʝʤ ʢʨʝʤʥʝʫʛʣʝʨʦʜʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʟʦʨ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʠʟ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʠʭ ʠʩʧʳʪʘʥʠʷʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠ ʘʧʧʘʨʘʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʙʝʟʦʪʭʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʠ ʩʦʟʜʘʥʦ ʧʦ ʛʨʘʥʪʫ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʦʛʦ ʎʝʥʪʨʘ (ʬʠʥʘʥʩʠʨʫʶʱʘʷ ʩʪʦʨʦʥʘ ʉʐɸ) ʦʧʳʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʢʨʝʤʥʝʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ [7]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʧʳʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ [8-9], ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʝʢʪʥʦ- ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʠʟʛʦʪʦʚʣʝʥʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʦ ʧʦ ʛʨʘʥʪʫ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ɸʆ çʌʦʥʜ ʥʘʫʢʠè ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 4200 ʪʦʥʥ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʚ ʛʦʜ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦ 1500 

ʪʦʥʥ ʢʨʝʤʥʝʫʛʣʝʨʦʜʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʘʧʧʘʨʘʪʦʚ ʧʠʨʦʣʠʟʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ, 

ʦʭʣʘʞʜʝʥʠʷ ʢʨʝʤʥʝʫʛʣʝʨʦʜʘ, ʢʦʥʜʝʥʩʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ 

ʠ ʫʪʠʣʠʟʘʮʠʠ ʥʝʢʦʥʜʝʥʩʠʨʫʝʤʦʡ ʝʛʦ ʯʘʩʪʠ. 

ʆʜʥʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʦ, ʯʪʦ ʦʥʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ, ʪʘʢ ʢʘʢ 

ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 300 ęʉ 

ʷʚʣʷʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʨʝʘʢʪʦʨʘ ʧʠʨʦʣʠʟʘ ʥʝʦʙʭʦʜʠʤ ʪʦʣʴʢʦ ʧʨʠ ʟʘʧʫʩʢʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘʛʨʝʚʝ ʝʛʦ ʜʦ 300-400ęʉ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʛʨʝʚ ʧʦʩʪʫʧʘʶʱʝʡ ʨʠʩʦʚʦʡ 

ʰʝʣʫʭʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʪʝʧʣʘ ʧʨʠ ʧʠʨʦʣʠʟʝ ʠ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 550- 

600ęʉ. 

ʉʫʱʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ 

ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550-600 ęʉ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʝʤʥʝʫʛʣʝʨʦʜʘ ʠ 
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ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ. ʂʨʝʤʥʝʫʛʣʝʨʦʜ ʠʟ ʨʝʘʢʪʦʨʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʜʘʣʝʝ ʥʘ ʝʛʦ ʨʘʩʬʘʩʦʚʢʫ ʢʘʢ ʪʦʚʘʨʥʳʡ ʧʨʦʜʫʢʪ. 

ʇʠʨʦʣʠʟʥʳʡ ʛʘʟ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʜʘʣʝʝ ʦʙʨʘʟʫʶʱʠʡʩʷ 

ʞʠʜʢʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʬʘʩʫʝʪʩʷ ʚ ʢʘʥʠʩʪʨʳ. ʅʝʢʦʥʜʝʥʩʠʨʫʝʤʘʷ ʯʘʩʪʴ 

ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʘʧʧʘʨʘʪ ʜʦʞʠʛʘʥʠʷ, ʘ ʧʨʦʜʫʢʪʳ ʩʞʠʛʘʥʠʷ (N2, CO2, 

H2O) ʚ ʜʳʤʦʚʫʶ ʪʨʫʙʫ ʥʘ ʚʳʙʨʦʩ. ɺʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʪ. 

ʂʨʝʤʥʝʫʛʣʝʨʦʜ ̫ ʚʣʷʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ ʢʦʤʧʦʟʠʪʦʤ [10] ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ 20-

100 ʥʤ ʠ ʩʦʜʝʨʞʠʪ 48-53 % ʫʛʣʝʨʦʜʘ ʠ 36-40 % ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʘʤʦʨʬʥʦʡ ʬʦʨʤʝ, ʘ ʪʘʢʞʝ 12-18 % ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʥ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʝʥ ʠ ʩʪʘʙʠʣʝʥ ʧʨʠ 

ʭʨʘʥʝʥʠʠ, ʥʝ ʩʦʜʝʨʞʠʪ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʥʝ ʦʙʣʘʜʘʝʪ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʠ ʚʨʝʜʥʳʤʠ 

ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʨʝʤʥʝʫʛʣʝʨʦʜ ʠʩʧʳʪʘʥ ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʴ ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ [11] ʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ [12] ʠʟʜʝʣʠʡ. ɽʛʦ ʚʚʝʜʝʥʠʝ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʨʝʟʠʥ (ʥʘ 10-12%), ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (ʥʘ 8-12%), ʵʣʘʩʪʠʯʥʦʩʪʴ ʠʟʜʝʣʠʡ, ʩʥʠʞʘʝʪ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ. ɺ ʫʛʣʝʨʦʜʥʳʭ ʠʟʜʝʣʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩʘʤʦʣʝʪʦʚ 

ʠ ʩʢʦʨʦʩʪʥʳʭ ʧʦʝʟʜʦʚ ʧʦʚʳʰʘʝʪ ʥʘ 10-12 % ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʥʠʞʘʝʪʩʷ ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ (ʥʘ 15-20%) ʠ ʪʦʨʤʦʟʥʦʡ ʧʫʪʴ ʩʘʤʦʣʝʪʦʚ ʚʦ 

ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʜʦ 50%). 

ʄʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʬʨʠʢʮʠʦʥʥʳʭ ʠ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʝʤʥʝʫʛʣʝʨʦʜ ʠʩʧʳʪʘʥ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʫʛʣʝʨʦʜʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ 

ʚ ʨʘʮʠʦʥʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ [13-14]. ʆʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʩʚʷʟʳʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʠʢʦ-ʠ ʵʥʪʝʨʦʪʦʢʩʠʥʦʚ ʠ ʥʠʟʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʚʠʪʘʤʠʥʘʤ, 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ, ʘʥʪʠʙʠʦʪʠʢʘʤ. ʉʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʚʳʩʦʪʳ ʢʠʰʝʯʥʳʭ ʚʦʨʩʠʥʦʢ 

ʠ ʛʣʫʙʠʥʳ ʢʨʠʧʪ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. ʋʩʪʨʘʥʷʝʪ ʟʣʦʚʦʥʥʳʡ 

ʟʘʧʘʭ ʥʘ ʬʝʨʤʝ ʟʘ ʩʯʝʪ ʠʥʘʢʪʠʚʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʛʥʠʝʥʠʷ. 

ʅʝ ʪʝʨʷʝʪ ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʦʙʱʝʧʨʠʥʷʪʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʨʘʙʦʪʢʘʭ ʢʦʨʤʦʚ 

(ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ, ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ) 

ʕʬʬʝʢʪʠʚʝʥ ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ ʤʠʢʦʪʦʢʩʠʢʦʟʦʚ ʧʪʠʮʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ɹʣʘʛʦʜʘʨʷ ʥʘʭʦʞʜʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʘʤʦʨʬʥʦʡ ʬʦʨʤʝ ʧʦʚʳʰʘʝʪʩʷ ʝʛʦ 

ʫʩʚʦʝʥʠʝ ʦʨʛʘʥʠʟʤʦʤ ʧʪʠʮʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʢʨʝʧʣʝʥʠʝ ʵʧʠʪʘʣʠʘʣʴʥʳʭ ʠ ʢʦʩʪʥʳʭ 

ʪʢʘʥʝʡ. 

ɽʛʦ ʚʚʝʜʝʥʠʝ ʚ ʨʘʮʠʦʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5-2 % 

ʧʦʚʳʰʘʝʪ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʛʦʣʦʚʴʷ ʥʘ 5-15%, ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʢʦʨʤʘ ʥʘ 5-7 % ʥʘ ʝʜʠʥʠʮʫ 

ʧʨʠʚʝʩʘ, ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʠʚʝʩ ʙʨʦʡʣʝʨʥʳʭ ʮʳʧʣʷʪ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 3,5-5%, 

ʷʡʮʝʥʦʩʢʦʩʪʴ ʢʫʨ-ʥʝʩʫʰʝʢ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 3-5%, ʪʦʣʱʠʥʘ ʩʢʦʨʣʫʧʳ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 3-4 

%, ʩʥʠʞʘʝʪʩʷ ʙʦʡ ʷʠʮ ʥʘ 3-5 %. 

ʂʨʝʤʥʝʫʛʣʝʨʦʜ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʫʛʣʝʨʦʜ- 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʙʝʪʘ ʤʦʜʠʬʠʢʘʮʠʠ (C-ɓSiC). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʜʦʛʦʚʦʨʘ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʦʪʜʝʣʦʤ ʚʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ ʉʐɸ 

(ʦʜʥʦ ʠʟ ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʅɸʉɸ) ʩʦʟʜʘʥʦ ʦʧʳʪʥʘʷ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ [15]. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟ ʵʪʦʛʦ ʢʦʤʧʦʟʠʪʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʠʪʝʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʳ ɓSiC [16]. 

ʂʨʝʤʥʝʫʛʣʝʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʳʧʣʘʚʢʠ ʢʨʝʤʥʠʝʚʳʭ ʩʧʣʘʚʦʚ [17-19], 

ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʥʠʟʢʦʘʣʣʶʤʠʥʝʚʦʛʦ ʬʝʨʨʦʩʠʣʠʮʠʷ, ʘ ʪʘʢʞʝ ʢʘʢ 

ʩʦʨʙʝʥʪ [20]. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ 45-55% ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ 22-28% ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʬʝʥʦʣʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ 

ʩʧʠʨʪʦʚ. 

ʆʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʝʟʠʥʬʝʢʘʥʪʘ ʚ ʚʝʪʝʨʠʥʘʨʠʠ [21], ʩʪʠʤʫʣʷʪʦʨʘ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ [22], ʘ ʪʘʢʞʝ ʬʣʦʪʦʨʝʘʛʝʥʪʘ [23-24]. 
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ʆʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ 10%-ʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ 

ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʠ ʬʫʥʛʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʙʘʢʪʝʨʠʡ ʠ 

ʤʠʢʦʪʦʢʩʠʥʦʚ (ʛʨʠʙʢʠ, ʩʘʣʴʤʦʥʝʣʣʘ, ʢʠʰʝʯʥʘʷ ʠ ʪʫʙʝʨʢʫʣʝʟʥʘʷ ʧʘʣʦʯʢʠ ʠ ʜʨʫʛʠʝ) ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʧʨʠ ʪʫʙʝʨʢʫʣʝʟʝ ʞʠʚʦʪʥʳʭ ʚ 

ʭʦʟʷʡʩʪʚʘʭ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʧʦ ʪʫʙʝʨʢʫʣʝʟʫ, ʘ ʪʘʢʞʝ ʧʦ ʜʨʫʛʠʤ ʙʘʢʪʝʨʠʷʤ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ 0,3-0,6 %-ʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʧʳʪʘʥ ʢʘʢ 

ʩʪʠʤʫʣʷʪʦʨ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴ 

ʩʝʤʷʥ ʨʠʩʘ, ʦʚʩʘ, ʧʰʝʥʠʮʳ, ʢʫʢʫʨʫʟʳ, ʩʦʠ, ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʩʘʬʣʦʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʩʝʤʝʥʘ) ʧʦʚʳʰʘʝʪ ʩ 25 ʜʦ 29 % ʵʥʝʨʛʠʶ 

ʧʨʦʨʘʩʪʘʥʠʷ, ʩ 89 ʜʦ 94 % ʚʩʭʦʞʝʩʪʴ ʠ ʦʪ 14 ʜʦ 29% (ʜʣʷ ʨʘʟʥʳʭ ʢʫʣʴʪʫʨ) ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʫʨʦʞʘʡ. 

ʗʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ, ʬʝʥʦʣʦʚ ʠ ʩʧʠʨʪʦʚ. 

 

ɺʳʚʦʜʳ  
ɺʧʝʨʚʳʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʤʠʨʝ ʩʦʟʜʘʥʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 

ʢʨʝʤʥʝʫʛʣʝʨʦʜʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʧʳʪʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʣʶʯʝʥʠʷ ʩʜʝʣʦʢ ʧʦ ʧʨʦʜʘʞʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʨʫʛʠʤ 

ʨʠʩʦʩʝʶʱʠʤ ʩʪʨʘʥʘʤ. 

ɸ ʪʘʢʞʝ ʨʝʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ï ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ, ʥʘʧʨʘʚʣʷʝʤʳʭ 

ʦʪʚʘʣʳ ʦʪʭʦʜʦʚ ʨʠʩʦʧʝʨʝʨʘʙʦʪʢʠ ʥʘʥʦʩʷʱʠʭ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʠ ʩʦʮʠʘʣʴʥʫʶ 

ʟʘʜʘʯʫ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʪʨʫʜʦʠʟʙʳʪʦʯʥʳʭ ʨʝʛʠʦʥʘʭ. 
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ʌɽʈʈʆʍʈʆʄɼʓ ʇɸʁɼɸʃɸʅɸ ʆʊʓʈʓʇ ʂʆʈʈʆɿʀʗנɸ ʊᴆɿɯʄɼɯ ɹʆʃɸʊʊʓר 

 ʆʉʇɸʉʓʅ ᴄɿɯʈʃɽʋפ פʅʊɸױ
 

ʊᴇʣʝʫץʘʜʳʨ ʈ.ʊ.1, 2, ɸʭʤʝʪʦʚ ɸ.ʉ.1, ɾʫʥʫʩʦʚ ɸ.ʂ.2, ɿʘʷʢʠʥ ʆ.ɺ.3, ʄʘʭʘʤʙʝʪʦʚ ɽ.ʅ.1,  

ɸʷʛʘʥʦʚʘ ɾ.ʊ.1, 4 

 
1ɾ. Ϸʙʽʰʝʚ ʘʪʳʥʜʘϤʳ ʍʠʤʠʷ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳ, ϧʘʨʘϤʘʥʜʳ Ϩ., ϧʘʟʘϨʩʪʘʥ, 

2Toraighyrov university (TOU), ʇʘʚʣʦʜʘʨ Ϩ., ϧʘʟʘϨʩʪʘʥ, 
3ʈʝʩʝʡ ϣʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳ ʋʨʘʣ ʙϺʣʽʤʰʝʩʽʥʽϬ ʘʢʘʜʝʤʠʢ ʅ.ɸ. ɺʘʪʦʣʠʥ ʘʪʳʥʜʘϤʳ 

 ʄʝʪʘʣʣʫʨʛʠʷ ʠʥʩʪʠʪʫʪʳ, ɽʢʘʪʝʨʠʥʙʫʨʛ Ϩ., ʈʝʩʝʡ,  
4ʄʀʉʀʉ ϣʳʣʳʤ ʞϸʥʝ ʪʝʭʥʦʣʦʛʠʷ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʈʝʩʝʡ, 119049, ʄϸʩʢʝʫ Ϩ., ʈʝʩʝʡ 

 

ɹʦʣʘʪ ײʥʪʘץʪʘʨʳʥ ᴇʥʜʽʨʫʜʽש ʪװʨʣʽ ʪᴅʩʽʣʜʝʨʽ ʙʘʨ, ʦʣʘʨʜʳש ʽʰʽʥʜʝ ᴇʥʜʽʨʽʩʪʝ ʝש ʢʝש 

 ʳʤʘʩʳʥ ʛʘʟ ʥʝʤʝʩʝ ʩʫץʣ ᴅʜʽʩ ʙʦʣʘʪ ʙʘʣײʳʤʘʥʳ ʰʘʰʳʨʘʪʫ ᴅʜʽʩʽ. ɹץʦʣʜʘʥʳʣʘʪʳʥʳ ï ʙʘʣץ

ʘסʳʥʳʤʝʥ ʜʠʩʧʝʨʛʠʨʣʝʫ ʘʨץʳʣʳ ʩʬʝʨʘʣʳץ ʧʽʰʽʥʜʽ ײʥʪʘץ ʙᴇʣʰʝʢʪʝʨʽʥ ʘʣʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

[1]. ʆʥʳש ʘʨʪʳץʰʳʣʳסʳ ï ʩʘʣʳʩʪʳʨʤʘʣʳ ʘʨʟʘʥ ᴅʨʽ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʙʽʨʢʝʣʢʽ ײʥʪʘץʪʘʨ 

ʘʣʫ ʤװʤʢʽʥʜʽʛʽ, ʘʣ ʢʝʤʰʽʣʽʛʽ ï ʙᴇʣʰʝʢʪʝʨʜʽש ʞʦסʘʨʳ ץʘʪʪʳʣʳסʳ, ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ 

ʪʳסʳʟʜʘʫ װʰʽʥ ץʳʤʙʘʪ ʳʩʪʳץ ʧʨʝʩʪʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽ [2]. 

ʉʦʥʜʳץʪʘʥ ʪᴅʞʽʨʠʙʝʜʝ ʙʦʣʘʪ ײʥʪʘץ ץʦʩʧʘʣʘʨʳ ʞʠʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʄײʥʜʘʡ 

 ʳʣʳץʦʩʫ ʘʨץ ʳʥʘ ʣʝʛʠʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨ ʤʝʥ ʢᴇʤʽʨʪʝʢ ʢᴇʟʽʥסʥʪʘײ ʦʩʧʘʣʘʨ ʪʝʤʽʨץ

ʜʘʡʳʥʜʘʣʘʜʳ, ʘʣ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ʙʦʣʘʪʪʘʨ װʰʽʥ ʥʝʛʽʟʛʽ ʣʝʛʠʨʣʝʫʰʽ ʵʣʝʤʝʥʪ ï ʭʨʦʤ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʜʠʬʬʫʟʠʷʣʳץ ʣʝʛʠʨʣʝʥʛʝʥ ײʥʪʘץʪʘʨ ʜʘ ץʦʣʜʘʥʳʣʘʜʳ, 

ʘʣʘʡʜʘ ʵʣʝʤʝʥʪʘʨ ʭʨʦʤ ײʥʪʘסʳʥʳץ שʳʤʙʘʪʪʳʣʳסʳ ʞᴅʥʝ ʭʨʦʤ ʦʢʩʠʜʽʥʽש ʩʫʪʝʛʽʤʝʥ ץʠʳʥ 

ʪʦʪʳץʩʳʟʜʘʥʫʳ ʙײʣ ʪᴅʩʽʣʜʽץ שʦʣʜʘʥʳʣʫʳʥ ʰʝʢʪʝʡʜʽ [3]. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ײʥʪʘץ ʤʝʪʘʣʣʫʨʛʠʷʩʳʥʜʘ ʬʝʨʨʦץʦʨʳʪʧʘʣʘʨʜʳ ʣʝʛʠʨʣʝʫʰʽ 

ʵʣʝʤʝʥʪ ʢᴇʟʽ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 

ʌʝʨʨʦץʦʨʳʪʧʘʣʘʨ ʘʨʟʘʥ, ʜʠʬʬʫʟʠʷ ץʘʙʽʣʝʪʽ ʞʦסʘʨʳ ʞᴅʥʝ ץʘʞʝʪʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʦשʪʘʡʣʳ 

 ʘʩʠʝʪʽ ʜʝץ ʪʘʣʫץʩʘײ ᴇʟʜʽʛʽʥʝʥ שʘʪʘʨ ʦʣʘʨʜʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ. ʉʦʥʳʤʝʥץ ʨʘʤʳʥײץ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ. 

ʆʩ rʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ʠʣʝʤʜʝʫ ʦʪץʘʙʳʨʰʘסʳʥʘʥ ʘʣʳʥסʘʥ ʪʝʤʽʨ ײʥʪʘסʳ ʤʝʥ 

ʬʝʨʨʦʭʨʦʤ ʥʝʛʽʟʽʥʜʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ʙʦʣʘʪʪʳײ שʥʪʘץ ץʦʩʧʘʩʳʥ ʘʣʫ ʤװʤʢʽʥʜʽʛʽʥ 

ʟʝʨʪʪʝʫ. ɹʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨ ʨʝʪʽʥʜʝ ʠʣʝʤʜʝʫ ʦʪץʘʙʳʨʰʘסʳ ʞᴅʥʝ ᴇʟʜʽʛʽʥʝʥ 

 ʳץʦʣʜʘʥʳʣʜʳ. ʂʝʩʪʝ 1-ʜʝ ʙʘʩʪʘʧץ ʳסʥʪʘײ ʪʘʣʘʪʳʥ ʌʍ800ɸ ɾʂʌʍץʩʘײ

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʭʠʤʠʷʣʳץ 

 .ʨʘʤʜʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥײץ

 

ʂʝʩʪʝ 1 ï ɹʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 
 

ʄʘʪʝʨʠʘʣ 
ʕʣʝʤʝʥʪʪʽװ שʣʝʩʽ, % 

O Na S Al Si Ca Mn Fe Cr P ʉ 

ʀʣʝʤʜʝʫ 

ʦʪץʘʙʳʨʰʘסʳ 
40,22 5,12 0,16 1,28 4,02 8,45 0,40 40,35 - - - 

ɾʂʌʍ 

 ʳסʥʪʘײ
- - 0,06 - 2 - - ʦʩʪ. 75,0 0,03 7,0 

 

ʀʣʝʤʜʝʫ ʦʪץʘʙʳʨʰʘסʳ ʙʘʩʪʘʧץʳ ʪװʨʜʝ ʪʝʢ ʤʝʪʘʣʣ ʝʤʝʩ ץʦʩʧʘʣʘʨסʘ ʠʝ ʙʦʣʫʤʝ ץʦʩʘ 

ʤʘʡʣʳ ʙʦʣʜʳ. ʆʪץʘʙʳʨʰʘץ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʚʘʥʥʘʜʘ ᴅʨʪװʨʣʽ ʦʨʪʘʣʘʨʜʘ ʪʘʟʘʣʘʥʜʳ (35-

40 ʢɻʮ, 60 ʤʠʥʫʪ). ʊʘʟʘʣʘʥסʘʥ ʦʪץʘʙʳʨʰʘץ ʩʫʪʝʛʽ ʘסʳʥʳʥʜʘ 1050 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 60 

ʤʠʥʫʪ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣʜʳ. ɸʣʳʥסʘʥ ʢʝʫʝʢʪʽ ᴇʥʽʤ ʇʎɼ 800 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 

30 ʤʠʥʫʪ ײʥʪʘץʪʘʣʜʳ. ױʥʪʘ250 ץ ʤʢʤ ʝʣʝʢʪʝʥ ᴇʪʢʽʟʽʣʜʽ. ʂʝʡʽʥ ʪʝʤʽʨ ײʥʪʘסʳ ʤʝʥ ɾʂʌʍ 

 .ʜʝʣʜʽשᴇ ץʘʪʳʥʘʩʪʘ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ʩʦʣ ʨʝʞʠʤʜʝ ʤʝʭʘʥʠʢʘʣʳץ ץʳ 4:1 ʤʘʩʩʘʣʳסʥʪʘײ
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ʄʠʢʨʦʩʪʨʫʢʪʫʨʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ZepTools ZEM20 (ZepTools, פʍʈ) ʵʣʝʢʪʨʦʥʜʳץ 

ʤʠʢʨʦʩʢʦʧʳʥʜʘ ʞᴅʥʝ Oxford Oxford (Oxford Instruments, ױʣʳʙʨʠʪʘʥʠʷ) EDS ʞװʡʝʩʽʥʜʝ 

ʞװʨʛʽʟʽʣʜʽ. 

ɸʣʜʳʥ ʘʣʘ ʪʘʟʘʣʘʥסʘʥ ʦʪץʘʙʳʨʰʘץ ʰʘʨʣʳ ʜʠʽʨʤʝʥʜʝ ײʥʪʘץʪʘʣʳʧ, ײʷʰʳץ ᴇʣʰʝʤʽ 

250 ʤʢʤ ʝʣʝʢʪʝʥ ᴇʪʢʽʟʽʣʜʽ, ʩʦʜʘʥ ʩʦ1050 ש ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʫʪʝʛʽ ʘסʳʥʳʥʜʘ 60 ʤʠʥʫʪ 

ʙʦʡʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʧʨʦʮʝʩʽʥʝ ײʰʳʨʘʪʳʣʜʳ. ɸʣʳʥסʘʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ 

ʦʪץʘʙʳʨʰʘץ ʇʎɼ-ʜʝ ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ʂʝʡʽʥ ʦʩʳ ʨʝʞʠʤ ʩʘץʪʘʣʘ ʦʪʳʨʳʧ, 

ʇʎɼ-ʜʝ ᴇשʜʝʣʛʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʦʪץʘʙʳʨʰʘץ ᴇʟʜʽʛʽʥʝʥ ײʩʘץʪʘʣʘʪʳʥ ɾʂʌʍ 

 .ʳʤʝʥ ʇʎɼ-ʜʝ ʘʨʘʣʘʩʪʳʨʳʣʜʳסʥʪʘײ

ZepTools ZEM20 (ZepTools, פʍʈ) ʤʠʢʨʦʩʢʦʧʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ʩʫʨʝʪʪʝ 

ɾʂʌʍ ʞʝʢʝʣʝʛʝʥ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʩʝʛʨʝʛʘʮʠʷʩʳʟ ʭʨʦʤʥʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳ ʙʘʡץʘʣʘʜʳ. 

ɾʂʌʍ-ץʘ ʽʣʝʩʧʝ ʵʣʝʤʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʢʨʝʤʥʠʡ ʜʝ ץʦʩʧʘ ײץʨʘʤʳʥʜʘ ʙʘʨ. 

ʃʝʛʠʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʤײʥʜʘʡ ʪʘʨʘʣʫʳ ʇʎɼ-ʜʝ ʞʦסʘʨʳ ɻ ʥʝʨʛʠʷʣʳ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ 

ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʤʝʭʘʥʠʢʘʣʳץ ʣʝʛʠʨʣʝʫʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ [4]. ɾʂʌʍ-ʪʳש ʘʥʘײסʨʣʳʤ ʤʦʨʪ 

ʙᴇʣʰʝʢʪʝʨʽ ײʩʘץʪʘʣʳʧ, ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʪʝʤʽʨ ײʥʪʘסʳʥʳש ʙʝʪʽ ʙʦʡʳʥʰʘ ʙʽʨʢʝʣʢʽ 

ʪʘʨʘʣʘʜʳ, ʘʣ ײʥʪʘץʪʘסʳʰ ʜʝʥʝʣʝʨʤʝʥ ʩʦץʪʳסʳʩʫʣʘʨ ʦʢʩʠʜʪʽʢ ץʘʙʳץʰʘʣʘʨʜʳש 

ʞʦʡʳʣʫʳʥ, ʘץʘʫʣʘʨʜʳש ʞʠʥʘʣʫʳʥ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʘʢʪʠʚʪʝʥʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʪʘʟʘ, ʨʝʘʢʮʠʷסʘ ץʘʙʽʣʝʪʪʽ ʙʝʪʪʝʨ ץʘʣʳʧʪʘʩʘʜʳ ʞᴅʥʝ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʜʳש 

ʘץʘʫʣʳʣʳסʳ ʘʨʪʘʜʳ, ʙײʣ ʜʠʬʬʫʟʠʷʥʳש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʦʩץʘʫʳʣʳʥ ʪᴇʤʝʥʜʝʪʽʧ, ʢʝʡʽʥʛʽ 

ʞʝʥʪʝʢʪʝʣʫ ʢʝʟʽʥʜʝ ʭʨʦʤ ʤʝʥ ʢʨʝʤʥʠʡʜʽש ʪʝʤʽʨ ʤʘʪʨʠʮʘʩʳʥʘ ʪʠʽʤʜʽ ʝʥʫʽʥ ʞʘץʩʘʨʪʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʤʝʭʘʥʠʢʘʣʳץ ʣʝʛʠʨʣʝʫ ʣʝʛʠʨʣʝʫʰʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ סʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʦʩʧʘʥʳש ʘʢʪʠʚʪʝʣʛʝʥ ʢװʡʽʥ ץʘʣʳʧʪʘʩʪʳʨʳʧ, ʞʝʜʝʣʜʝʪʽʣʛʝʥ 

ʢװʡʜʽʨʫʛʝ ʞᴅʥʝ ʘʥʘײסʨʣʳʤ ʙʽʨʪʝʢʪʽ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʥʳש ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. 

 ;ʨʘʤʳ, %: 15,00 Cr; 1,40 C; 0,24 Mn; 0,40 Siײץ ʥᴅʪʠʞʝʩʽʥʜʝʛʽ שʦʩʧʘʩʳʥʳץ ץʥʪʘױ

0,060 P; 0,012 S ʞᴅʥʝ ץʘʣסʘʥʳ Fe. ɹײʣ ײʥʪʘץ ץʦʩʧʘʩʳʥʳײץ שʨʘʤʳ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ 

ʙʦʣʘʪʪʘʨʜʳ65 שʍ13 ʞᴅʥʝ 95ʍ18 ʤʘʨʢʘʣʘʨʳʥʳײץ שʨʘʤʳʥʘ ʞʘץʳʥ, ʘʣʘʡʜʘ ʢᴇʤʽʨʪʝʢ 

ʤᴇʣʰʝʨʽ ʩᴅʣ ʞʦסʘʨʳ (ʢᴇʨʩʝʪʽʣʛʝʥ ʤʘʨʢʘʣʘʨʜʘ C, %: 0,6-0,70 ʞᴅʥʝ 0,90-1,00) ʞᴅʥʝ ʬʦʩʬʦʨ 

ʤᴇʣʰʝʨʽ ʜʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ (ʢᴇʨʩʝʪʽʣʛʝʥ ʤʘʨʢʘʣʘʨʜʘ P, %: 0,30-ʜʘʥ ʘʩʧʘʫʳ 

ʪʠʽʩ). ʉʦסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝ ᴅʜʽʩʪʽש ʧʨʠʥʮʠʧʪʽʢ ʪײʨסʳʜʘʥ ʽʩʢʝ ʘʩʳʨʳʣʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ, ʘʣ ᴅʨʽ ץʘʨʘʡ ʩᴅʡʢʝʩ ʬʝʨʨʦʭʨʦʤ ʤʘʨʢʘʩʳʥ ʪʘשʜʘʫ ʞᴅʥʝ/ʥʝʤʝʩʝ 

ʢᴇʤʽʨʪʝʢʩʽʟʜʝʥʜʽʨʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽ ײץʨʘʤʜʘסʳ ײʥʪʘץ ץʦʩʧʘʩʳʥ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 שʦʩʧʘʩʳʥ ʘʣʫ ʪᴅʩʽʣʽʥʽץ ץʥʪʘײ ʘ ʪᴇʟʽʤʜʽ ʙʦʣʘʪסʘʥ ʢʦʨʨʦʟʠʷסʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨפ

ʪʠʽʤʜʽʣʽʛʽ ʘʣʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʜʝ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʥʝʛʽʟʜʝʣʝʜʽ ʜʝʧ ʞʦʩʧʘʨʣʘʥʫʜʘ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, ɾʂʌʍ ײץʨʘʤʳʥʜʘסʳ ʢᴇʤʽʨʪʝʢ ʤᴇʣʰʝʨʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ʙʦʣʘʪʪʘʨסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʢʝʣʤʝʡʪʽʥ ײʥʪʘץ ץʦʩʧʘʩʳʥ 

ʢᴇʤʽʨʪʝʢʩʽʟʜʝʥʜʽʨʫ ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʙʦʣʘʜʳ. ɹײʣ ʢᴇʤʽʨʪʝʢʩʽʟʜʝʥʜʽʨʫ 

ʧʨʦʮʝʩʽʥ ʩʫʪʝʛʽ ʘʪʤʦʩʬʝʨʘʩʳʥʜʘ ʥʝʤʝʩʝ ʚʘʢʫʫʤʜʘ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ, ʘʣ ʙᴇʣʰʝʢʪʝʨʜʽש 

ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽʣʽʛʽ ʤʝʥ ʨʝʘʢʮʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʙײʣ װʜʝʨʽʩʪʽש ʪʠʽʤʜʽ ᴇʪʫʽʥʝ ʳץʧʘʣ 

ʝʪʝʜʽ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽʜʝʡ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ 

ʙʦʣʘʜʳ: ʋʣʴʪʨʘʜʳʙʳʩʪʳץ ʪʘʟʘʣʘʫ, ʩʫʪʝʛʽʤʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʞᴅʥʝ ʞʦסʘʨʳ ʵʥʝʨʛʠʷʣʳ 

ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ʧʨʦʮʝʩʪʝʨʽʥ ʙʽʨʛʝ ץʦʣʜʘʥʫ ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽʣʽʛʽ ʤʝʥ ʞʦסʘʨʳ 

ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʙʘʨ ʪʝʤʽʨ ײʥʪʘסʳʥ ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʜʽ. 

ʊʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʪʝʤʽʨ ײʥʪʘסʳ ʤʝʥ ʌʍ800ɸ ʬʝʨʨʦʭʨʦʤʳ ץʦʩʧʘʩʳʥ 

ʤʝʭʘʥʠʢʘʣʳץ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʤʝʭʘʥʠʢʘʣʳץ ʣʝʛʠʨʣʝʫ ʞװʨʽʧ, ʭʨʦʤ ʤʝʥ ʢʨʝʤʥʠʡ 

ʙᴇʣʰʝʢ ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʘʜʳ, ʙײʣ ʈʕʄ ʞᴅʥʝ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʘʨʘʣʫ 

ʢʘʨʪʘʣʘʨʳʥ ײץʨʫ ʘʨץʳʣʳ ʜᴅʣʝʣʜʝʥʜʽ. 

ɸʣʳʥסʘʥ ץʦʩʧʘʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ (15 % Cr, 1,40 % C, 0,40 % Si, 0,24 % Mn, ץʘʣסʘʥ 

ʙᴇʣʽʛʽ Fe) 65ʍ13 ʞᴅʥʝ 95ʍ18 ʤʘʨʢʘʣʳ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ʙʦʣʘʪʪʘʨʜʳײץ שʨʘʤʳʥʘ ʞʘץʳʥ 

ʙʦʣסʘʥʳʤʝʥ, ʢᴇʤʽʨʪʝʢ ʤᴇʣʰʝʨʽʥ ץʦʩʳʤʰʘ ʪᴇʤʝʥʜʝʪʫ ץʘʞʝʪʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɾʂʌʍ ץʦʣʜʘʥʫ ʵʣʝʤʝʥʪʘʨʣʳ ʭʨʦʤסʘ ʪʠʽʤʜʽ ᴅʨʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʳʥʘʥ ʥʝʛʽʟʜʝʣʛʝʥ 
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ʙʘʣʘʤʘ ʨʝʪʽʥʜʝ ʜᴅʣʝʣʜʝʥʜʽ; ʘʣʳʥסʘʥ ץʦʩʧʘ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ʙʦʣʘʪʪʳ ʢʝʡʽʥʥʝʥ ʘʣʫ װʰʽʥ 

 ʟʝʨʪʪʝʫʣʝʨ ʢᴇʤʽʨʪʝʢʩʽʟʜʝʥʜʽʨʫ ʪᴅʩʽʣʜʝʨʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʞᴅʥʝ ץʦʣʘʡʣʳ, ʘʣ ʙʦʣʘʰʘץ

ʞʝʥʪʝʢʪʝʣʛʝʥ װʣʛʽʣʝʨʜʽץ שʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʙʘסʳʪʪʘʣʫʳ ʪʠʽʩ. 
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ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʓ ʈɸʉʇʃɸɺɸ  

ʅɸ ʆʉʅʆɺɽ ʇʆɺɽɼɽʅʀʗ ʂʆʕʌʌʀʎʀɽʅʊɸ ɹʔɽʈʈʋʄɸ-ɻʋɻɻɽʅɻɽʁʄɸ  

ɺ ʉʀʉʊɽʄɽ Fe-Si-Al-Ca-Mg-Zn-Pb 

 
ʊʦʣʦʢʦʥʥʠʢʦʚʘ ɺ.ɺ., ɹʘʡʩʘʥʦʚ ʉ., ʂʦʨʩʫʢʦʚʘ ʀ.ʗ., ʅʘʨʠʢʙʘʝʚʘ ɻ.ʀ. 

 

ʌʠʣʠʘʣ ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè çʍʄʀ ʠʤ. ɾ. ɸʙʠʰʝʚʘè, ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʇʨʠ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʳʭ ʨʫʜ ʐʘʣʢʠʡʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʨʝʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʦʩʪʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʫʞʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ 

ʚʦʟʛʦʥʢʠ ʪʘʢʠʭ ʣʝʪʫʯʠʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʩʚʠʥʝʮ ʠ ʮʠʥʢ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʥʦʪʳ 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʦʟʛʦʥʢʠ ʮʠʥʢʘ, ʩʚʠʥʮʘ ʚ ʙʠʥʘʨʥʳʭ ʨʘʩʧʣʘʚʘʭ 

ʦʙʱʝʡ ʩʠʩʪʝʤʳ Fe-Si-Al-Ca-Mg-Zn-Pb ʯʝʨʝʟ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʦ ʭʘʨʘʢʪʝʨʝ ʧʦʚʝʜʝʥʠʷ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ (ʙʫʜʫʪ ʣʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʣʦʞʥʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ) ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʧʣʘʚʘʭ 

ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʣʠʥʠʡ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʮʝʧʮʠʠ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ [1]. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ʦʪ ʦʪʥʦʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟʘʭ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʌi <1 ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʌi >1) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʭʘʨʘʢʪʝʨ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʨʘʩʧʣʘʚʝ ʮʠʥʢ ʠ ʩʚʠʥʝʮ ʙʫʜʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʣʝʪʫʯʠʝ ʬʨʘʢʮʠʠ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɹʴʝʨʨʫʤʘ-

ɻʫʛʛʝʥʛʝʡʤʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ (ʌi) ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢʦʥʛʨʫʵʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ Fe-Si, 

Fe-Al, Fe-Ca, Fe-Pb, Fe-Zn, Fe-Mg, Ca-Pb, Ca-Zn, Ca-Mg, Ca-Al, Ca-Si, Mg-Pb, Mg-Zn, Mg-

Si, Mg-Al, Si-Pb, Si-Zn, Al-Si, Al-Pb, Al-Zn, Pb-Zn.    

ɺʩʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʙʠʪʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʬʦʨʤʝ (ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ) ʩ ʦʩʪʨʳʤ ʠ ʧʦʣʦʛʠʤ 

ʤʘʢʩʠʤʫʤʦʤ. ʉʦʚʝʨʰʝʥʥʦ ʥʝʜʠʩʩʦʮʠʠʨʫʶʱʝʤʫ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʶ ʦʪʚʝʯʘʶʪ 

ʦʩʪʨʳʝ (ʩʠʥʛʫʣʷʨʥʳʝ) ʤʘʢʩʠʤʫʤʳ ʢʨʠʚʳʭ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʢʘʢ ʚ ʞʠʜʢʦʡ ʪʘʢ ʠ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʘʭ. ʈʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʣʠʥʠʡ ʣʠʢʚʠʜʫʩ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʨʘʚʥʳ ʥʫʣʶ. ɽʩʣʠ 

ʜʠʩʩʦʮʠʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʪʦʡ, ʠ ʚ ʜʨʫʛʦʡ ʬʘʟʘʭ ʦʙʘ ʤʘʢʩʠʤʫʤʘ ʧʣʘʚʥʳʝ.  

ʅʘʤʠ ʧʨʦʚʝʜʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʛʨʘʬʠʢʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ɹʴʝʨʨʫʤʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʡ ʩ ʧʦʟʠʮʠʠ 

ʢʦʥʮʝʧʮʠʠ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ [2]. 

ʀʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʙʠʥʘʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʦʷʥʠʷ 

ʩʦʜʝʨʞʘʪ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩ ʠ ʩʦʣʠʜʫʩ ʜʚʝ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʠʤʝʥʥʦ: 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʢʦʤʧʦʥʝʥʪʘ XL(S)

i
 ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʂ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ (ˡ  ̉l ) ʦʪ ʦʪʥʦʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʞʠʜʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟʘʭ ʧʦ ʫʨʘʚʥʝʥʠʶ ʐʨʝʜʝʨʘ-ʃʝ-ʐʘʪʝʣʴʝ (1): 
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ia - ʘʢʪʠʚʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (2). 

ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ 

(l  ̉ l  ) ʚʜʦʣʴ ʣʠʥʠʡ ʣʠʢʚʠʜʫʩ ʠ ʩʦʣʠʜʫʩ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ (3,4): 
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ʨʘʩʯʝʪʘ ʣʠʥʠʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʢʘʞʜʦʡ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʬʘʟʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ: 

 

,/
11

ln ''

,

,

i

im

imL

i ʌ
TTR

H
x Ö

ö
ö

÷

õ

æ
æ

ç

å
-

D
=             (5) 

 

,
1111

ln
'''

,

,

ö
ö
÷

õ
æ
æ
ç

å
-Ö

ö
ö

÷

õ

æ
æ

ç

å
-

D
=

iiim

imS

i
ʌʌTTR

H
x             (6) 

 

ʛʜʝ Dʅm,1(2) - ɻʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ 1 ʠ 2-ʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, 

ɼʞ/ʤʦʣʴ; R - ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, 8,3144ɼʞ/ʤʦʣʴ ʂ;ʊm,1(2) ʠ ʊ - 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 1 ʠ 2-ʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ, ʂ; ˡ- 
ʢʦʵʬʬʠʮʠʝʥʪ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ʜʣʷ 1 ʠ 2-ʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʡʪʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʪʥʦʰʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʝʡ i-ʢʦʤʧʦʥʝʥʪʘ ʚ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (5); l  - ʢʦʵʬʬʠʮʠʝʥʪ 

ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ʜʣʷ 1 ʠ 2-ʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʡʪʠ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩ i-ʢʦʤʧʦʥʝʥʪʘ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (6). 

ɼʣʷ ʟʘʚʠʩʠʤʦʩʪʝʡ (5), (6) ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ ʚʳʯʠʩʣʷʶʪʩʷ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ Rxy (ʜʣʷ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ) ʠʣʠ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʠʩʧʝʨʩʠʠ ʩʭʦʜʠʤʦʩʪʠ ů (ʜʣʷ 

ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ). ɺʩʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ 

ʥʘ ʷʟʳʢʝ Delphi. ʉ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚʣʝʥʥʳʭ ʥʘʤʠ ʧʨʦʛʨʘʤʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʘʟʦʚʳʝ 

ʨʘʚʥʦʚʝʩʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʚʳʚʝʩʪʠ 
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ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʦʣʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ ʜʣʷ ʣʶʙʦʡ ʢʚʘʟʠʩʠʩʪʝʤʳ (ʜʣʷ 

ʯʘʩʪʥʦʡ ʩʠʩʪʝʤʳ). 

ʅʘʧʨʠʤʝʨ, ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʙʦʪ [3]. ʉʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʥʘ ʦʩʥʦʚʝ ŭ-Fe, ʥʘʣʠʯʠʝʤ ʟʘʤʢʥʫʪʦʡ ɔ ʦʙʣʘʩʪʠ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʙʦʛʘʪʦʡ ʮʠʥʢʦʤ ʦʙʣʘʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʧʣʘʚʦʚ ʩ 

ʮʠʥʢʦʤ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ Zn [4]. 

ʇʦ ʜʘʥʥʦʡ ɼʉ (ʨʠʩʫʥʦʢ 1) ʥʘʩ ʠʥʪʝʨʝʩʦʚʘʣ ʚʦʧʨʦʩ çʂʘʢʠʝ ʩʠʣʳ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ?è. ɹʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʝʥʪʘ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ʚ ʨʘʩʧʣʘʚʝ. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Fe- Zn 

 

ɼʣʷ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ŭ-Fe ʩʠʩʪʝʤʳ Fe-Zn ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ æ 

Hm,Fe = 15190,38 ɼʞ/ʄʦʣʴ ʠ Tm, Fe = 1811 ʂ;  æ Hm,Zn = 7240 ɼʞ/ʄʦʣʴ   Tm, Zn = 693 ʂ [5]-

[7]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ 

ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʝʥʪʘ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ˡ  ʠ l  (ʨʠʩʫʥʦʢ 2 ʠ 3). 

ʄʝʪʦʜʦʤ ʄʅʂ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʝʥʪʘ 

ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ (7) ʠ (8), ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ ʩʦʩʪʘʚ ʞʝʣʝʟʘ ʞʠʜʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟ (9), (10): 

 

ˡ . = 0,4317-0,2638 Ŀ 
S

Fe

L

Fe aa /     Rxy = -0,9987         (7) 

 

ˡ  . = 0,5957-0,4280 *
S

Fe

L

Fe aa /   Rxy = -0,9991         (8) 

 

ʉʦʩʪʘʚ ʜʣʷ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (9) ʠ (10): 

 
L

ʨʘʩʯFex .,  = ln 
S

Fe

L

Fe aa / / l .
ʨʘʩʯ             (9) 

 
S

ʨʘʩʯFex ., . = ln 
S

Fe

L

Fe aa / /(1/╕l▄ȟ̘̑́̒Ȣ ï 1/l ȟ̘̑́̒Ȣ        (10) 
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ʊʘʙʣʠʮʘ 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ŭ-Fe ʩʠʩʪʝʤʳ Fe-Zn 

 

ʊ, ʂ L

Fex  
S

Fex  
S

Fe

L

Fe xx /  
S

Fe

L

Fe xx /ln ln  ln 
S

Fe

L

Fe aa /  
S

Fe

L

Fe aa /  
'

Feʌ  
''

Feʌ
. 

1811 1 1 1,0000 0,0000 0,0000 1,0000 0 0 

1773 0,88 0,999 0,8889 -0,1178 -0,0216 0,9786 0,1705 0,1691 

1723 0,75 0,99 0,8333 -0,1823 -0,0515 0,9498 0,1856 0,1791 

1673 0,643 0,97 0,7477 -0,2908 -0,0832 0,9202 0,2024 0,1884 

1623 0,553 0,95 0,6623 -0,4121 -0,1169 0,8897 0,2160 0,1973 

1573 0,48 0,93 0,5911 -0,5257 -0,1526 0,8584 0,2308 0,2080 

1523 0,416 0,906 0,5266 -0,6413 -0,1908 0,8263 0,2451 0,2175 

1473 0,355 0,867 0,4551 -0,7872 -0,2315 0,7933 0,2593 0,2235 

1423 0,306 0,84 0,3964 -0,9254 -0,2751 0,7595 0,2724 0,2323 

1373 0,264 0,813 0,3497 -1,0508 -0,3218 0,7248 0,2861 0,2417 

1323 0,225 0,77 0,3049 -1,1878 -0,3721 0,6893 0,3025 0,2495 

1273 0,194 0,742 0,2709 -1,3058 -0,4264 0,6529 0,3178 0,2600 

1223 0,166 0,715 0,2371 -1,4391 -0,4850 0,6157 0,3322 0,2701 

1173 0,14 0,68 0,2065 -1,5775 -0,5487 0,5777 0,3472 0,2791 

1123 0,118 0,65 0,1802 -1,7140 -0,6181 0,5390 0,3622 0,2892 

1055 0,09 0,588 0,1531 -1,8769 -0,7229 0,4853 0,3852 0,3002 

 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʝʥʪʘ ɹʴʝʨʨʫʤʘ-

ɻʫʛʛʝʥʛʝʡʤʘ  ╕l▄ʦʪ ʦʪʥʦʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ  
S

Fe

L

Fe aa /  ʜʣʷ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  ŭ-Fe ʩʠʩʪʝʤʳ Fe-Zn 

 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʣʠʥʠʡ ʣʠʢʚʠʜʫʩ ʠ ʩʦʣʠʜʫʩ (9) ʠ (10) 

ʧʦʟʚʦʣʠʣʠ ʩʦʧʦʩʪʘʚʠʪʴ ʨʘʩʯʝʪʥʳʝ ʠ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ ʣʠʥʠʡ ʤʦʥʦʚʘʨʠʘʥʪʥʳʭ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ 

ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʩʢʠʝ 

ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʝʥʪʘ ɹʴʝʨʨʫʤʘ-

ɻʫʛʛʝʥʛʝʡʤʘ  ╕l▄ ʦʪ ʦʪʥʦʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ  
S

Fe

L

Fe aa /  ʜʣʷ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ŭ-Fe ʩʠʩʪʝʤʳ Fe-Zn 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʯʝʪʥʳʭ ʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʣʘʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  ŭ-Fe ʩʠʩʪʝʤʳ Fe-Zn 

 
''

.
.ʦʧFeʌ  

''

.
.ʨʘʩʯFeʌ  '

.
.ʦʧFeʌ  

'

.
..ʨʘʩʯFeʌ  ln

S

Fe

L

Fe aa /  

S

Fe

L

Fe aa /  
L

Feʦʧ
x

.
. 

L

Feʨʘʩʯ
x

.
. 

S

Feʦʧ
x

.
 S

Feʨʘʩʯ
x

.
 

0 0,1679 0 0,1677 0 1 1 1,0000 1 1,0000 

0,177 0,1735 0,1836 0,1769 -0,0216 0,9786 0,88 0,8830 0,99 0,9977 

0,1991 0,1811 0,2826 0,1892 -0,0515 0,9498 0,75 0,7525 0,9 0,9880 

0,2025 0,1890 0,2862 0,2019 -0,0832 0,9202 0,643 0,6438 0,86 0,9722 

0,2152 0,1970 0,2836 0,2149 -0,1169 0,8897 0,553 0,5524 0,835 0,9517 

0,2092 0,2053 0,2904 0,2283 -0,1526 0,8584 0,48 0,4755 0,812 0,9277 

0,2205 0,2137 0,2975 0,2420 -0,1908 0,8263 0,416 0,4095 0,79 0,9008 

0,214 0,2224 0,2941 0,2562 -0,2315 0,7933 0,355 0,3532 0,78 0,8719 

0,2173 0,2313 0,2973 0,2706 -0,2751 0,7595 0,306 0,3045 0,772 0,8414 

0,2158 0,2405 0,3063 0,2855 -0,3218 0,7248 0,264 0,2624 0,755 0,8099 

0,2298 0,2499 0,3133 0,3007 -0,3721 0,6893 0,225 0,2255 0,738 0,7775 

0,2271 0,2595 0,3265 0,3163 -0,4264 0,6529 0,194 0,1933 0,716 0,7444 

0,2512 0,2693 0,337 0,3322 -0,485 0,6157 0,166 0,1651 0,7 0,7110 

0,2537 0,2793 0,3478 0,3484 -0,5487 0,5777 0,14 0,1402 0,678 0,6772 

0,2684 0,2895 0,3606 0,3650 -0,6181 0,539 0,118 0,1182 0,655 0,6430 

 

ɺʳʚʦʜʳ 

ɼʣʷ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʘʩʪʠʝʤ ʞʝʣʝʟʘ ʦʙʱʝʡ 7 ʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ Fe-Si-Al-

Ca-Mg-Zn-Pb ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Fe ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʘʣʴʮʠʝʤ, 

ʩʚʠʥʮʦʤ ʠ ʤʘʛʥʠʝʤ. ʉ ʮʠʥʢʦʤ ʞʝʣʝʟʦ ʥʝ ʦʙʨʘʟʫʝʪ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʩʤʦʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ɹʴʝʨʨʫʤʘïɻʫʛʛʝʥʛʝʡʤʘ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ (ˡ . <1), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʣʦʭʦʡ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʷʪʴ ʩʠʩʪʝʤ Ca-Pb, Ca-Al, Ca-Zn, Ca-Sl, Ca-Mg ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʥʛʨʫʵʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʚʝʜʝʥʠʝ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɹʴʝʨʨʫʤʘ-

ɻʫʛʛʝʥʛʝʡʤʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʢʘʣʴʮʠʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ 

ʭʘʨʘʢʪʝʨʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʤʝʞʜʫ ʦʜʥʦʠʤʝʥʥʳʤʠ ʘʪʦʤʘʤʠ. ɼʣʷ ʢʦʥʛʨʫʵʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ.  

ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʝʥʪʘ ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ʜʣʷ 

ʙʠʥʘʨʥʳʭ ʤʘʛʥʠʝʚʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʯʝʥʴ ʩʣʘʙʦʝ, ʚ ʨʘʩʧʣʘʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʩʢʠʝ ʩʠʣʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʝʥʪʘ 

ɹʴʝʨʨʫʤʘ-ɻʫʛʛʝʥʛʝʡʤʘ ʠʤʝʝʪ ʩʪʨʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ 

ʧʦʚʝʜʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʳ Al-Mg, ʪʨʝʙʫʶʱʠʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʶʤʠʥʠʷ. 

ɾʠʜʢʠʝ ʨʘʩʪʚʦʨʳ ʢʨʝʤʥʠʷ ʩ ʮʠʥʢʦʤ ʠ ʩʚʠʥʮʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʟʘʢʦʥʘ ʈʘʫʣʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʘʣʶʤʠʥʠʷ ʠ ʩʚʠʥʮʘ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ Al-Pb ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʦʡ 

ʦʙʣʘʩʪʴʶ ʥʝ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ɸ1 

ʠ Pb. 
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ʋɼʂ 66.097 

 

ɺʃʀʗʅʀɽ ɹʀʅɸʈʅʆɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ (COFE)  

ʅɸ ʂʀʅɽʊʀʂʋ ʊɽʈʄʀʏɽʉʂʆʁ ɼɽʉʊʈʋʂʎʀʀ ʅɽʌʊɽʐʃɸʄɸ  

(ɸʊɸʉʋ-ɸʃɸʐɸʅʔʂʆʋ) 

 
ʊʷʥʘʭ ʉ., ʄʘʣʠʥ ɻ., ɹװʪʽʥʰʽ ɸ.ɹ. 

 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɽ.ɸ. ɹʫʢʝʪʦʚʘ,  

ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʪʝʰʣʘʤ (ɸʪʘʩʫ-ɸʣʘʰʘʥʴʢʦʫ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʥʘʨʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʤʠʢʨʦʩʠʣʠʢʘʪ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʪʝʰʣʘʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʥʘʨʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʤʝʪʦʜ ʆʟʘʚʘ-ʌʣʠʥʥ-ʋʦʣʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʰʣʘʤ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʷ, 

ʤʠʢʨʦʩʠʣʠʢʘʪ, ʥʠʢʝʣʴ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʬʪʝʰʣʘʤ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

[1-3]. ʀʟ-ʟʘ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʬʪʝʰʣʘʤʘ ʦʯʝʥʴ ʚʘʞʥʦ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʪʝʰʣʘʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʠʥʘʨʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ VIII ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʪʝʰʣʘʤ (ɸʪʘʩʫ-ɸʣʘʰʘʥʴʢʦʫ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʥʘʨʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ CoFe, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʟʤʦʜʝʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʆʟʘʚʳ-ʌʣʣʠʥ-ʋʦʣʣʘ [4, 5] ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʧʨʠ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ. 

ʆʨʛʘʥʠʯʝʩʢʘʷ ʤʘʩʩʘ ʥʝʬʪʝʰʣʘʤ (ɸʪʘʩʫ-ɸʣʘʰʘʥʴʢʦʫ) ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʝ. ʀʟ ʟʘ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʬʪʝʰʣʘʤʘ 

ʪʨʫʜʥʦ ʧʦʜʦʙʨʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʩʝʣʝʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʬʪʝʰʣʘʤʘ (ɸʪʘʩʫ- ɸʣʘʰʘʥʴʢʦʫ) ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʠʥʝʪʠʢʝ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʤʘʩʩʳ ʥʝʬʪʝʰʣʘʤʘ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʠʥʝʪʠʢʠ ʧʠʨʦʣʠʟʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

(ʊɻɸ) [3]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʝʰʣʘʤʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʥʘʨʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʤʠʢʨʦʩʠʣʠʢʘʪ ʦʢʩʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ CoFe ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʝʬʪʝʰʣʘʤʘ (ɸʪʘʩʫ-

ɸʣʘʰʘʥʴʢʦʫ) ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʳʨʴʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ 

ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʧʨʝʜʧʨʠʷʪʠʠ çʂʘʟʩʪʨʘʥʩʦʡʣè ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʭ ʥʝʬʪʝʡ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʤʠʢʨʦʩʠʣʠʢʘʪ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʥʦʩʠʪʝʣʷ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʨʦʜʫʢʪ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʢʨʝʤʥʠʝʚʦʛʦ ʟʘʚʦʜʘ ʊʆʆ «Tau-Ken.temir». 

ʀʩʭʦʜʥʳʡ ʤʠʢʨʦʩʠʣʠʢʘʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʣʠ, ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʩʠʪʦʚʦʛʦ 

ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0.1 ʤʤ. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ 

ʤʠʢʨʦʩʠʣʠʢʘʪʘ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 20%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʤʦʢʨʦʡ ʧʨʦʧʠʪʢʠ. ɺʳʱʝʣʦʯʝʥʥʳʡ ʤʠʢʨʦʩʠʣʠʢʘʪ 

ʧʨʦʧʠʪʳʚʘʣʠ 1%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ Co(NO3)2·6H2O ʠ 1%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ 

Fe(NO3)2·6H2O. ʇʨʦʧʠʪʘʥʥʳʡ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ ʤʠʢʨʦʩʠʣʠʢʘʪ (20 ʛ.) ʚʳʜʝʨʞʠʚʘʣʠ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80-90, ʘ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 105Üʉ ʪʘʢʞʝ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650Üʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ (ʥʘʥʝʩʝʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ). 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʝʨʠʚʘʪʦʛʨʘʬʘ 

Labsys Evo TG-DTA/DSC 1600 (ʬʠʨʤʳ Setaram, ʌʨʘʥʮʠʷ) ʚ ʢʦʨʫʥʜʦʚʳʭ ʪʠʛʣʷʭ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 30 ʜʦ 600  ʚ ʧʦʪʦʢʝ ʘʟʦʪʘ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʟʘʱʠʪʥʦʛʦ ʠ 

ʧʨʦʜʫʚʦʯʥʦʛʦ ʛʘʟʦʚ ʩʦʩʪʘʚʣʷʣʘ 30 ʤʣ/ʤʠʥ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʠʥʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʊɻ ï ʜʘʥʥʳʭ ʧʨʠ ʪʨʝʭ ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ 

10, 20 ʠ 30 ʛʨʘʜ ʤʠʥ-1. ɺʦ ʠʟʙʝʞʘʥʠʝ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʚʳʧʦʣʥʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çOriginLabè. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʤʝʪʦʜʳ (ʆʟʘʚʘ-ʌʣʠʥʥ-ʋʦʣʣʘ) ʠʩʧʦʣʴʟʫʶʪ ʤʘʢʩʠʤʫʤ ʠʥʬʦʨʤʘʮʠʠ 

ʠʟ ʪʝʨʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠ ʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʪ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ. 

ɺ ʩʧʦʩʦʙʝ ʆʟʘʚʘ-ʌʣʠʥʥ-ʋʦʣʣʘ ʜʣʷ ʘʥʘʣʠʟʘ ʙʝʨʝʪʩʷ ʥʘʙʦʨ ʪʦʯʝʢ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ 

ʧʨʝʚʨʘʱʝʥʠʷ ʭ (ʦʪʥʦʰʝʥʠʝʤ ʟʘʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʧʠʢʘ ʢ ʧʦʣʥʦʡ), ʠ ʥʘ ʛʨʘʬʠʢʝ ɸʨʨʝʥʠʫʩʘ 

ʧʦʣʫʯʘʝʪʩʷ ʩʝʨʠʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʷʤʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʢʘʞʜʘʷ ʩʚʦʝʡ ʵʥʝʨʛʠʝʡ 

ʘʢʪʠʚʘʮʠʠ [6]. 

ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʤʝʪʦʜ, ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʩʢʦʨʦʩʪʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʩʤʝʩʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʥʝʬʪʝʰʣʘʤʦʤ ʦʪ 

ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʩʯʠʪʘʣʠ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʶ (ʨʠʩʫʥʦʢ 1 ʘ), ʙ)). 

 

    
 

ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʫʜʘʣʝʥʠʷ 

ʣʝʪʫʯʠʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ ʩʤʝʩʠ ʙʠʥʘʨʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʘ) ʠ (ʚ) 

ʩ ʥʝʬʪʝʰʣʘʤʦʤ (ɸʪʘʩʫ-ɸʣʘʰʘʥʴʢʦʫ) 

 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʥʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʚʝʨʩʠʠ (ʨʠʩʫʥʦʢ 1). ɼʣʷ ʦʙʨʘʟʮʘ ʥʝʬʪʝʰʣʘʤʘ (ɸʪʘʩʫ-ɸʣʘʰʘʥʴʢʦʫ) ʧʨʠ ʪʨʝʭ ʨʘʟʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ 10, 20 ʠ 30 ʛʨʘʜ ʤʠʥ-1 Ea ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 67-99 ʢɼʞ/ʤʦʣʴ, 

ʦʙʨʘʟʝʮ ʥʠʢʝʣʴ Ea ʦʪ 80-93 ʢɼʞ/ʤʦʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʝʰʣʘʤʘ (ɸʪʘʩʫ-ɸʣʘʰʘʥʴʢʦʫ) 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʝʩʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʦʨʛʘʥʦ ʤʠʥʝʨʘʣʴʥʫʶ 

ʯʘʩʪʴ ʥʝʬʪʝʰʣʘʤʘ (ɸʪʘʩʫ-ɸʣʘʰʘʥʴʢʦʫ). 
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ʋɼʂ 628.312.3:661.183 

 

ʇʆʃʋʏɽʅʀɽ ʉʆʈɹɽʅʊʆɺ ʀɿ ɿʆʃʆʐʃɸʂʆɺʓʍ ʆʊʍʆɼʆɺ ʊʕʎ 

 
ʐʚʘʨʫʢ ɸ.ɺ.1, 2, ʆʩʠʧʦʚ ʇ.ɸ.1, ʐʘʷʭʤʝʪʦʚʘ ʈ.ɸ.1 

 

1 ʈɻʇ çʅʎ ʂʇʄʉ ʈʂè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ, 
2 ʊʆʆ çʃʖʂʉ ʂɸʈɹʆʅè, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ɿʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ (ɿʐʆ) ʫʛʦʣʴʥʳʭ ʊʕʎ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʤ 
ʚʠʜʘʤ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʪʭʦʜʦʚ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʨʷʜʝ 

ʩʪʨʘʥ ʠʭ ʜʦʣʷ ʜʦʩʪʠʛʘʝʪ 30-40 %. ɿʐʆ ï ʵʪʦ ʩʣʦʞʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʤʝʩʴ, ʩʦʩʪʘʚ 

ʢʦʪʦʨʦʡ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ, ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ 

ʠ ʩʧʦʩʦʙʘ ʦʪʙʦʨʘ (ʣʝʪʫʯʘʷ ʟʦʣʘ ʠʣʠ ʜʦʥʥʳʡ ʰʣʘʢ). ʆʥʠ ʩʦʜʝʨʞʘʪ ʦʩʪʝʢʣʦʚʘʥʥʫʶ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʫʶ ʬʘʟʫ (ὛὭὕϜ ὃὰϜὕϝ ὅὥὕὊὩϜὕϝ), ʦʩʪʘʪʦʯʥʳʡ ʫʛʣʝʨʦʜ, ʦʢʩʠʜʳ 
ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʞʝʣʝʟʘ ʠ ʧʨʠʤʝʩʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ [1, 2]. ʊʘʢʦʡ ʤʠʥʝʨʘʣʴʥʦ- 

ʫʛʣʝʨʦʜʥʳʡ ʢʘʨʢʘʩ ʜʝʣʘʝʪ ʟʦʣʦʰʣʘʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʫʩʨʝʜʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ɿʐʆ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʫʛʦʣʴʥʳʭ ʊʕʎ 

ʩ ʤʠʥʠʤʘʣʴʥʳʤ (ʘ) ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ(ʙ) ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

 
  ʘ       ʙ 

ʈʠʩʫʥʦʢ 1 ï ʋʩʨʝʜʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ɿʐʆ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʫʛʦʣʴʥʳʭ ʊʕʎ ʩ ʤʠʥʠʤʘʣʴʥʳʤ (ʘ) ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ (ʙ) ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 
 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʘʭ ʨʘʟʣʠʯʥʳʭ ʊʕʎ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʧʝʨʝʨʘʙʦʪʢʠ ʠʭ ʚ ʩʦʨʙʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ. ʊʘʢʞʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ɿʐʆ ʚ ʩʦʨʙʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ; ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʟʦʣʦʦʪʚʘʣʳ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʳʭ ʧʦʣʠʛʦʥʦʚ; ʚʳʧʫʩʢ çʟʝʣʸʥʳʭè ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʦʯʠʩʪʢʠ ʚʦʜʳ, ʚʦʟʜʫʭʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʜʣʷ 

ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦ ʧʨʠʨʦʜʝ ɿʐʆ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʢʨʫʧʥʳʝ ʛʨʫʧʧʳ; ʤʠʥʝʨʘʣʴʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ 

ʩʦʨʙʝʥʪʳ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ, ʱʝʣʦʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʟʦʣ ʊʕʎ; ʠ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʨʙʝʥʪʳ ï ʟʦʣʦʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʦʛʘʱʸʥʥʳʝ ʧʦ 


