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ʇʈʆɻʅʆɿʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʌɯʃʔʊʈɸʎɯɰ ʊɸ ʄɯɻʈɸʎɯɰ 

ɺʀʉʆʂʆʄɯʅɽʈɸʃɯɿʆɺɸʅʀʍ ʈʆɿʉʆʃɯɺ ɼʇ ñʂɸʃɯʁʅʀʁ ɿɸɺʆɼò  ɺɸʊ 

ñʆʈɯɸʅɸò  ʋ ɺʆɼʆʅʆʉʅʀʍ ʇʃɸʉʊɸʍ ɺ ʇʈʆʎɽʉɯ ɰʍ ɿɸʍʆʈʆʅɽʅʅʗ 

ʆ.ʈ. ʄʘʥʶʢ, ʄ.ɯ. ʄʘʥʶʢ, ɼ.ʄ. ʎʴʦʢ, ʃ.ɺ. ɿʘʣʽʩʴʢʘ, ʅ.ɺ. ɸʥʪʦʥʶʢ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʚʫʣ. ʂʘʨʧʘʪʩʴʢʘ, 15, ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 76019 

manukomv@rambler.ru 

ʇʨʦʙʣʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʨʦʟʩʦʣʽʚ ʟ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ 180 - 350 ʛ ʭ ʜʤ
-3
 ʽ ʙʽʣʴʰʝ ʫ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ɼʦʤʙʨʦʚʩʴʢʦʤʫ ʢʘʨ'ʻʨʽ ʂʘʣʫʰ-ɻʦʣʠʥʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʢʘʣʽʡʥʠʭ ʩʦʣʝʡ ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʽʜʥʽʤʘʣʘʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ 

ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʽ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʷʭ ʪʘ ʟʘʟʥʘʯʝʥʘ ʷʢ ʦʜʥʘ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʫ 

ʅʘʮʽʦʥʘʣʴʥʽʡ ʜʦʧʦʚʽʜʽ ʋʢʨʘʾʥʠ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʋʢʨʘʾʥʠ.  ʆʩʦʙʣʠʚʝ ʟʘʥʝʧʦʢʦʻʥʥʷ ʚʠʢʣʠʢʘʻ ʥʝʢʝʨʦʚʘʥʝ ʥʘʧʦʚʥʝʥʥʷ ʢʘʨ'ʻʨʫ ʚʥʘʩʣʽʜʦʢ 

ʣʽʪʥʴʦʾ ʧʦʚʝʥʽ 2008 ʨʦʢʫ ï ʧʨʦʪʷʛʦʤ 10 ʤʽʩʷʮʽʚ ʚʦʜʦʧʨʠʪʦʢʠ ʚ ʢʘʨ'ʻʨ ʩʪʘʥʦʚʠʣʠ 2,26 

ʤʣʥ.ʤ
3
 ï ʧʦʥʘʜ ʪʨʝʪʠʥʫ ʦʙ'ʻʤʫ ʨʦʟʩʦʣʽʚ, ʥʘʢʦʧʠʯʝʥʠʭ ʧʨʦʪʷʛʦʤ 40 ʨʦʢʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʨʦʟʚʠʪʢʦʤ ʢʘʨʩʪʦʚʦ-ʩʫʬʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʙʽʣʴʰʝʥʥʷʤ ʜʨʝʥʫʶʯʦʛʦ ʚʧʣʠʚʫ 

ʧʨʠʙʦʨʪʦʚʦʾ ʯʘʩʪʠʥʠ ʢʘʨ'ʻʨʫ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ 

ʢʨʠʪʠʯʥʠʡ, ʱʦ ʥʝʩʝ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʠʷ ʨʝʛʽʦʥʫ. 

ʅʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ, ʚʣʘʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʪʘ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʨʦʟʩʦʣʘʤʠ ʥʘ ʦʩʥʦʚʽ ʭʣʦʨʠʜʽʚ ʥʘʪʨʽʶ ʽ ʢʘʣʽʶ ʰʣʷʭʦʤ 

ʟʘʭʦʨʦʥʝʥʥʷ ʾʭ ʫ ʚʦʜʦʥʘʩʠʯʝʥʽ ʧʣʘʩʪʠ ʚʠʯʝʨʧʘʥʠʭ ʚʠʨʦʙʽʪʦʢ ɻʨʠʥʽʚʩʴʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʨʦʜʦʚʠʱʘ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʧʨʦʛʥʦʟʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʤʽʛʨʘʮʽʾ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʨʦʟʩʦʣʽʚ ʫ ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʘʭ. ɺʽʜʧʦʚʽʜʥʦ, ʟʜʽʡʩʥʝʥʦ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʟʘʭʦʨʦʥʝʥʥʷ ʨʦʟʩʦʣʽʚ: 

ʧʨʠʡʤʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʛʣʠʥʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʨʘʜʽʫʩʘ ʨʦʟʪʽʢʘʥʥʷ ʨʦʟʩʦʣʽʚ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʚ ʛʦʨʠʟʦʥʪʽ ʅɼï8ɸ ʟʘ ʦʜʠʥ, ʧôʷʪʴ, ʜʝʩʷʪʴ, ʜʚʘʜʮʷʪʴ, 

ʪʨʠʜʮʷʪʴ ʨʦʢʽʚ. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠʢʫ  

ɺ.ʄ. ɻʦʣʴʜʙʝʨʛʘ (1983). ʈʦʟʨʘʭʫʥʦʢ ʨʘʜʽʫʩʘ ʨʦʟʪʽʢʘʥʥʷ ʨʦʟʩʦʣʫ ʫ ʚʦʜʦʥʦʩʥʦʤʫ 

ʛʦʨʠʟʦʥʪʽ ʪʘ ʦʮʽʥʢʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘʢʘʯʫʚʘʥʠʭ ʨʦʟʩʦʣʽʚ ʚʠʢʦʥʘʥʽ ʥʘ ʙʘʟʽ 

ʧʦʛʣʠʥʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ, ʯʝʨʝʟ ʷʢʫ  ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʥʘʛʥʽʪʘʥʥʷ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʧʨʦʩʫʚʘʥʥʷ ʨʦʟʩʦʣʫ 

ʧʣʘʩʪʦʤ-ʢʦʣʝʢʪʦʨʦʤ ʟ ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʩʪʦʚʙʫʨʘ ʧʦʛʣʠʥʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʆʪʨʠʤʘʥʽ ʞ 

ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʨʦʩʫʚʘʥʥʷ ʨʦʟʩʦʣʫ ʧʦʛʣʠʥʘʣʴʥʠʤ ʧʣʘʩʪʦʤ ʟ ʯʘʩʦʤ ʽ 

ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʨʽʟʢʦ ʛʘʣʴʤʫʶʪʴʩʷ, ʘ ʨʘʜʽʫʩ ʨʦʟʪʽʢʘʥʥʷ 

ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʧʦ ʧʣʘʩʪʽ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʻʤʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʣʘʩʪʘ, ʪʘʢ ʽ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʟʘʢʘʯʘʥʠʭ ʫ ʩʚʝʨʜʣʦʚʠʥʫ ʨʦʟʩʦʣʽʚ. 

ɼʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʨʝʘʣʽʟʦʚʘʥʘ ʚ 

ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Delhi. ʋ ʮʽʡ ʧʨʦʛʨʘʤʽ ʧʝʨʝʜʙʘʯʝʥʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʜʠʥʘʤʽʢʠ 

ʧʦʰʠʨʝʥʥʷ ʬʨʦʥʪʫ ʟʘʙʨʫʜʥʝʥʴ; ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʛʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʣʷ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʛʨʫʶʯʠʭ ʨʝʯʦʚʠʥ. ɿʘʚʜʷʢʠ ʧʨʦʛʨʘʤʥʽʡ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ  ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘʜʘʯʽ ʪʘ ʜʝʪʘʣʴʥʦ 

ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʤʘʩʦʧʝʨʝʥʦʩʫ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʩʦʣʝʡ.  
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ʆʎɯʅʂɸ ʄʆɾʃʀɺʆʉʊɯ ɿɸʍʆʈʆʅɽʅʅʗ ɺʀʉʆʂʆʄɯʅɽʈɸʃɯɿʆɺɸʅʀʍ 

ʈʆɿʉʆʃɯɺ ɼʇ ñʂɸʃɯʁʅʀʁ ɿɸɺʆɼò ɺɸʊ ñʆʈɯɸʅɸò ʋ ɺʀʉʅɸɾɽʅɯ 

ʈʆɿʈʆɹʂʆʖ ʇʆʂʃɸɼʀ ɺʋɻʃɽɺʆɼʅɯɺ 

ʆ.ʈ. ʄʘʥʶʢ, ʄ.ɯ. ʄʘʥʶʢ, ʉ.ʈ. ɹʦʛʘʯʦʚʘ, ʅ.ɿ. ʆʜʦʩʽʡ, ɻ.ɺ. ɻʘʚʨʠʣʽʚ 
ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʚʫʣ. ʂʘʨʧʘʪʩʴʢʘ, 15, ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 76019 

manukomv@rambler.ru 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʦʚʩʶʜʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʢʘʣʽʡʥʠʭ ʩʦʣʝʡ. ʆʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 

ʨʦʜʦʚʠʱ ʢʘʣʽʡʥʠʭ ʩʦʣʝʡ, ʻ ʩʢʠʜʠ ʫ ʧʦʚʝʨʭʥʝʚʽ ʨʽʯʢʦʚʽ ʨʫʩʣʘ ʜʨʝʥʘʞʥʠʭ ʚʦʜ ʽʟ ʩʫʪʪʻʚʦ 

ʧʝʨʝʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʩʦʣʝʡ ʽʟ ʚʦʜʦʟʙʽʨʥʠʢʽʚ ʽ ʰʣʘʤʦʩʭʦʚʠʱ. ɺʝʣʠʢʘ ʝʢʦʣʦʛʽʯʥʘ 

ʥʝʙʝʟʧʝʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʭ ʙʘʩʝʡʥʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʥʮʝʥʪʨʦʚʘʥʽ 

ʨʦʟʩʦʣʠ. ɰʭ ʫʪʠʣʽʟʘʮʽʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʚʜʘʥʴ. 

ʄʝʪʦʜʠ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʽʜ ʯʘʩ ʟʥʝʰʢʦʜʞʝʥʥʷ ʮʠʭ ʚʽʜʭʦʜʽʚ, ʫʞʝ ʥʝ 

ʤʦʞʫʪʴ ʚʚʘʞʘʪʠʩʷ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʠʤʠ, ʽ ʥʘ ʩʴʦʛʦʜʥʽ ʚʞʝ ʥʝ ʚʠʨʽʰʫʶʪʴ ʧʦʚʥʽʩʪʶ 

ʧʠʪʘʥʴ ʫʪʠʣʽʟʘʮʽʾ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʨʦʟʩʦʣʽʚ, ʱʦ ʟ ʯʘʩʦʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʘʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ.  

ʉʘʤʝ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʂʘʣʫʰ-ɻʦʣʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʢʘʣʽʡʥʠʭ ʩʦʣʝʡ  ʨʦʟʩʦʣʠ 

ʬʽʣʴʪʨʫʶʪʴʩʷ ʯʝʨʝʟ ʪʽʣʦ ʜʘʤʙʠ ʙʝʟ ʥʘʣʝʞʥʦʛʦ ʾʭ ʟʙʦʨʫ ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʢʘʯʫʚʘʥʥʷ. 

ɹʣʠʟʴʢʦ 10 ʤʣʥ.ʤ
3
 ʨʽʜʢʦʾ ʬʨʘʢʮʽʾ ʟʘʨʘʟ ʥʘʢʦʧʠʯʝʥʦ ʫ ʢʘʨôʻʨʽ ʪʘ ʦʜʥʦʤʫ ʭʚʦʩʪʦʩʭʦʚʠʱʽ. 

ʂʨʽʟʴ ʪʽʣʦ ʜʘʤʙʠ ʽʥʰʦʛʦ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʫʞʝ ʧʨʦʩʦʯʫʶʪʴʩʷ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʽ 

ʨʦʟʩʦʣʠ, ʟʘʙʨʫʜʥʶʶʯʠ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʨʽʯʢʫ ʂʨʦʧʠʚʥʠʢ. ʑʦʨʽʯʥʦ ʫ 

ɼʦʤʙʨʦʚʩʴʢʦʤʫ ʢʘʨôʻʨʽ ʚʥʘʩʣʽʜʦʢ ʨʦʟʯʠʥʝʥʥʷ ʩʦʣʝʚʤʽʩʥʠʭ ʧʦʨʽʜ ʘʪʤʦʩʬʝʨʥʠʤʠ 

ʦʧʘʜʘʤʠ ʫʪʚʦʨʶʻʪʴʩʷ 1,2-1,4ʤʣʥ.ʤ
3
 ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʨʦʟʩʦʣʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʟʘʧʦʚʥʝʥʥʷ ʚʽʜʭʦʜʘʤʠ ʭʚʦʩʪʦʩʭʦʚʠʱ ʙʣʠʟʴʢʝ ʜʦ ʤʝʞʽ ʧʨʦʝʢʪʥʦʛʦ ʦʙôʻʤʫ. ʋ ʚʠʧʘʜʢʫ 

ʧʨʦʨʠʚʘʥʥʷ ʜʘʤʙ ʮʠʭ ʛʽʜʨʦʩʧʦʨʫʜ ʨʦʟʩʦʣʠ ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʫ ʚʦʜʥʫ ʩʠʩʪʝʤʫ ʨʽʯʢʠ 

ɼʥʽʩʪʝʨ ʪʘ ʩʧʨʠʯʠʥʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʢʘʪʘʩʪʨʦʬʫ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʱʦ ʟʘʛʨʦʞʫʻ 

ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʋʢʨʘʾʥʠ ʽ ʄʦʣʜʦʚʠ.  

ɸʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʫʪʠʣʽʟʘʮʽʾ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʨʦʟʩʦʣʽʚ ʫ 

ʚʠʩʥʘʞʝʥʽ ʨʦʟʨʦʙʢʦʶ ʧʦʢʣʘʜʠ ʚʫʛʣʝʚʦʜʥʽʚ, ʷʢʘ ʻ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʶ ʜʣʷ ʜʦʚʢʽʣʣʷ ʽ 

ʛʘʨʘʥʪʫʻ ʥʘʜʽʡʥʽʩʪʴ ʾʭ ʟʘʭʦʨʦʥʝʥʥʷ  ʥʘ ʩʪʘʣʫ ʧʝʨʩʧʝʢʪʠʚʫ.  

ʇʨʠ ʮʴʦʤʫ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʟʘʭʦʨʦʥʝʥʥʽ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ 

ʨʦʟʩʦʣʽʚ ʫ ʧʦʛʣʠʥʘʶʯʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʚʠʩʥʘʞʝʥʠʭ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʻ ʦʮʽʥʢʘ 

ʩʫʤʽʩʥʦʩʪʽ ʨʦʟʩʦʣʽʚ, ʷʢʽ ʥʘʛʥʽʪʘʶʪʴʩʷ ʫ ʧʣʘʩʪ, ʽ ʧʣʘʩʪʦʚʠʭ ʚʦʜ ʧʦʛʣʠʥʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ, ʥʝʩʫʤʽʩʥʽʩʪʴ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʥʘ ʛʠʨʣʽ 

ʩʚʝʨʜʣʦʚʠʥ ʚʥʘʩʣʽʜʦʢ ʢʦʣʴʤʘʪʘʮʽʾ ʾʾ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʥʝʨʦʟʯʠʥʥʠʤ ʦʩʘʜʦʤ.  

ʇʨʦʚʝʜʝʥʝ ʥʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʨʘʢʪʠʯʥʽ 

ʧʠʪʘʥʥʷ: ʥʘʩʢʽʣʴʢʠ ʩʫʤʽʩʥʽ ʜʨʝʥʘʞʥʽ ʨʦʟʩʦʣʠ ʟ ʧʣʘʩʪʦʚʠʤʠ ʚʦʜʘʤʠ, ʽ ʫ ʷʢʠʭ ʧʨʦʧʦʨʮʽʷʭ 

ʩʣʽʜ ʟʤʽʰʫʚʘʪʠ ʮʽ ʨʦʟʯʠʥʠ ʫ ʧʨʦʮʝʩʽ ʧʽʜʟʝʤʥʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ; ʯʠ ʤʦʞʣʠʚʝ ʚʠʧʘʜʘʥʥʷ 

ʪʚʝʨʜʦʛʦ ʦʩʘʜʫ ʫ ʚʠʧʘʜʢʫ ʚʟʘʻʤʦʜʽʾ ʚʦʜ ʨʽʟʥʦʾ ʩʦʣʦʥʦʩʪʽ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʣʝʢʪʦʨʘ ʪʘ ʟʤʝʥʰʝʥʥʽ ʻʤʥʦʩʪʽ ʤʘʩʠʚʫ.  

ʅʘ ʧʽʜʛʦʪʦʚʯʦʤʫ ʝʪʘʧʽ ʷʢ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʽʚ 

ʧʨʦʙ ʧʣʘʩʪʦʚʠʭ ʨʦʟʩʦʣʽʚ ʽ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʭʚʦʩʪʦʩʭʦʚʠʱ. ʄʝʪʦʜʠʢʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʨʦʟʩʦʣʽʚ ʧʨʠʧʫʩʢʘʣʘ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ. 

ɺʦʥʘ ʧʦʣʷʛʘʣʘ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙ ʚʦʜʠ ʟ ʤʝʪʦʶ 
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ʤ. ʐʦʩʪʢʘ 

66 

ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʫ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ (t=298ʂ ʽ 

ʈ=101,325ʢʇʘ), ʘʣʝ ʽ ʜʣʷ ʨʝʘʣʴʥʠʭ ʧʣʘʩʪʦʚʠʭ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʚʽʜʙʫʚʘʪʠʤʫʪʴʩʷ ʧʨʦʮʝʩʠ 

ʨʦʟʯʠʥʝʥʥʷ-ʦʩʘʜʞʝʥʥʷ (t=300-310ʂ ʽ ʈ=2533,1ʢʇʘ). ʂʨʽʤ ʪʦʛʦ, ʧʽʩʣʷ ʢʦʞʥʦʛʦ 

ʧʝʨʝʨʘʭʫʥʢʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʩʽʭ ʨʦʟʯʠʥʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʩʠʯʝʥʦʩʪʽ 

ʨʦʟʯʠʥʫ ʤʽʥʝʨʘʣʘʤʠ ï ʢʘʣʴʮʠʪʦʤ, ʜʦʣʦʤʽʪʦʤ, ʛʽʧʩʦʤ ï ʩʧʦʣʫʢʘʤʠ, ʱʦ ʥʘʡʚʽʨʦʛʽʜʥʽʰʝ 

ʩʪʘʶʪʴ ʧʨʠʯʠʥʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʯʠʥʽʚ.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʣʘʩʷ ʚʟʘʻʤʦʜʽʷ ʜʨʝʥʘʞʥʠʭ ʨʦʟʩʦʣʽʚ ʟ  ʧʦʨʦʜʦʶ-

ʢʦʣʝʢʪʦʨʦʤ ʧʦʛʣʠʥʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʤʽʨʥʽ ʢʦʣʙʠ ʦʙôʻʤʦʤ 200ʤʣ ʧʦʤʽʱʘʣʠ ʧʦ 40ʛ ʩʫʤʽʰʽ ʢʝʨʥʘ, ʘ ʨʝʰʪʫ 

ʦʙôʻʤʫ ʟʘʧʦʚʥʶʚʘʣʠ: 1) ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤ ʨʦʟʩʦʣʦʤ ʽʟ ɼʦʤʙʨʦʚʩʴʢʦʛʦ ʢʘʨôʻʨʫ; 2) 

ʩʫʤʽʰ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʩʦʣʫ ʪʘ ʚʦʜʠ ʽʟ ʨʽʯʢʠ ʏʝʯʚʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1. 

ɺʤʽʩʪ ʢʦʣʙʠ ʟʙʦʚʪʫʚʘʣʠ ʽ ʟʘʣʠʰʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʘʭ ʥʘ ʜʦʙʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 75
0
ʉ. ɺʽʜʪʘʢ 

ʨʦʟʯʠʥʠ ʬʽʣʴʪʨʫʚʘʣʠ ʽ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʽʟ ʾʭ ʚʤʽʩʪʫ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʩʦʣʫ ʽ ʩʫʤʽʰʽ ʨʦʟʩʦʣʫ ʪʘ ʚʦʜʠ ʽʟ ʨʽʯʢʠ 

ʏʝʯʚʘ ʜʦ ʽ ʧʽʩʣʷ ʢʦʥʪʘʢʪʫ ʟ ʧʽʩʢʦʚʠʢʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʦʟʩʦʣʦʤ ʽ ʧʦʨʦʜʦʶ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ɼʝʷʢʝ 

ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜʽʚ ʧʨʦʭʦʜʠʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʠʰʢʦʚʠʭ ʩʦʣʝʡ 

ʧʣʘʩʪʦʚʠʭ ʚʦʜ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʝʨʥʽ, ʦɦ ʜʘʻ ʧʽʜʩʪʘʚʫ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʭʽʤʽʯʥʦʾ ʢʦʣʴʤʘʪʘʮʽʾ. 

ɼʨʫʛʠʡ ʝʪʘʧ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʚ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʤʽʰʫʚʘʥʥʷ  

 ʧʣʘʩʪʦʚʠʭ ʨʦʟʩʦʣʽʚ ʽ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʠʭ ʢʘʣʴʮʽʻʚʠʭ ʚʦʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ.  

ɿʘ ʚʟʽʨʝʮʴ ʨʦʟʩʦʣʫ ʙʫʣʘ ʚʟʷʪʘ ʧʨʦʙʘ, ʚʽʜʽʙʨʘʥʘ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ɼʦʤʙʨʦʚʩʴʢʦʛʦ 

ʢʘʨôʻʨʫ, ʱʦ ʷʚʣʷʣʘ ʩʦʙʦʶ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʫ ʩʫʤʽʰ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʦʛʦ-

ʩʫʣʴʬʘʪʥʦʛʦ ʪʠʧʫ ʟ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ 200-370 ʛ/ʣ. ɺʟʽʨʮʝʤ ʫʩʝʨʝʜʥʝʥʦʾ ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ 

ʩʣʫʛʫʚʘʣʘ ʩʫʤʽʰ ʚʦʜ, ʚʽʜʽʙʨʘʥʠʭ ʽʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʅɼ ï 8ɸ ʟʽ ʩʚʝʨʜʣʦʚʠʥ 

ɻʨʠʥʽʚʩʴʢʦʛʦ ʛʘʟʦʚʦʛʦ ʨʦʜʦʚʠʱʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʧʦ 5 ʧʨʦʙ ʧʣʘʩʪʦʚʠʭ ʨʦʟʩʦʣʽʚ ʽʟ 

ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ ʪʘ 10 ʧʨʦʙ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʨʦʟʩʦʣʽʚ ʽʟ ɼʦʤʙʨʦʚʩʴʢʦʛʦ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʨʦʟʩʦʣʽʚ ʪʘ ʧʣʘʩʪʦʚʠʭ ʚʦʜ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʥʠʮʴʢʠʭ ʚʟʽʨʮʽʚ 

ʨʦʟʩʦʣʽʚ, ʚʽʜʽʙʨʘʥʠʭ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ɼʦʤʙʨʦʚʩʴʢʦʛʦ ʢʘʨôʻʨʫ, ʽ ʧʣʘʩʪʦʚʠʭ ʚʦʜ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʅɼ ï 8ɸ ʚ ʦʙôʻʤʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 1:1; 1:2; 1:3; 1:4; 1:5. 

ʉʫʤʽʰʽ, ʧʦʤʽʱʝʥʽ ʫ ʪʝʬʣʦʥʦʚʽ ʪʘ ʩʢʣʷʥʽ ʢʦʣʙʠ (ʥʝʡʪʨʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʯʠʥʫ) ʚʠʪʨʠʤʫʚʘʣʠ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʧʨʦʪʷʛʦʤ 30 ʜʥʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʱʦʜʝʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʝ 

ʚʠʷʚʣʝʥʦ ʞʦʜʥʠʭ ʟʤʽʥ: ʨʽʜʠʥʘ ʟʘʣʠʰʘʣʘʩʴ ʙʝʟʙʘʨʚʥʦʶ, ʦʩʘʜ ʥʝ ʫʪʚʦʨʠʚʩʷ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʩʫʤʽʰʽ ʬʽʣʴʪʨʫʚʘʣʠ ʽ ʟʜʽʡʩʥʶʚʘʣʠ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʥʽʚ ʽ ʟʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʨʦʟʯʠʥʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ, ʱʦ ʚʠʢʣʶʯʘʻ ʭʽʤʽʯʥʽ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʩʫʤʽʰʝʡ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʦʜʥʦʪʠʧʥʽʩʪʶ ʡʦʥʥʦ-ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʽ ʘʙʩʦʣʶʪʥʦʶ ʩʫʤʽʩʥʽʩʪʶ 

ʨʦʟʯʠʥʽʚ.  
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ʆʎɯʅʂɸ ɿɸɹʈʋɼʅɽʅʅʗ ɻʈʋʅʊɯɺ ʉʇʆʃʋʂɸʄʀ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ  

ʋ ɿʆʅɯ ɺʇʃʀɺʋ ɺʀʈʆɹʅʀʏʆɰ ɼɯʗʃʔʅʆʉʊɯ  

ʇɸʊ Ăɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂʎɽʄɽӢʅʊò  

ʆ.ʈ. ʄʘʥʶʢ, ʄ.ɯ. ʄʘʥʶʢ, ʄ.ʄ. ɹʦʢʦʯ, ɹ.ʄ. ɯʚʘʥʠʥʘ, ʈ.ɺ. ʇʘʩʷʢʘ 
ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʚʫʣ. ʂʘʨʧʘʪʩʴʢʘ, 15, ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 76019 

manukomv@rambler.ru 

ʇɸʊ Ăɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò ï ʮʝ ʧʦʪʫʞʥʝ ʙʘʛʘʪʦʛʘʣʫʟʝʚʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʷʢʝ 

ʚʠʛʦʪʦʚʣʷʻ ʧʦʥʘʜ 300 ʥʘʡʤʝʥʫʚʘʥʴ ʧʨʦʜʫʢʮʽʾ. ʆʩʥʦʚʥʠʤʠ ʙʫʜʽʚʝʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʷʢʽ ʪʫʪ ʚʠʛʦʪʦʚʣʷʶʪʴ, ʻ ʮʝʤʝʥʪ ʨʽʟʥʠʭ ʤʘʨʦʢ; ʘʟʙʝʩʪʦʮʝʤʝʥʪʥʠʡ ʰʠʬʝʨ ʪʘ ʪʨʫʙʠ; ʛʽʧʩ; 

ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʚʠʨʦʙʠ; ʤʝʜʠʯʥʽ ʛʽʧʩʦʚʽ ʙʠʥʪʠ. 

ʇʨʦʪʝ ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʚʭʦʜʠʪʴ ʜʦ ʧʝʨʝʣʽʢʫ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʦʙôʻʢʪʽʚ, ʱʦ 

ʩʪʘʥʦʚʣʷʪʴ ʧʽʜʚʠʱʝʥʫ ʝʢʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ. ʍʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʮʽʻʾ ʛʘʣʫʟʽ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʚʠʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʠʣʫ ʜʽʘʤʝʪʨʦʤ ʤʝʥʰʝ  10 ʤʢʤ, ʘ ʪʘʢʦʞ ʜʽʦʢʩʠʜʫ 

ʢʨʝʤʥʽʶ, ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʪʘ ʩʧʦʣʫʢ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ɺʄ): ʩʚʠʥʮʶ, ʤʠʰôʷʢʫ, ʨʪʫʪʽ ʪʘ ʽʥ. 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʠʣʫ ʚʠʜʽʣʷʻʪʴʩʷ ʚʽʜ ʦʙʝʨʪʦʚʠʭ ʧʝʯʝʡ, ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ, ʧʦʤʦʣʽ 

ʩʠʨʦʚʠʥʠ ʪʘ ʢʣʽʥʢʝʨʫ. ɿʘʙʨʫʜʥʝʥʥʷ ʩʪʚʦʨʶʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ 

ʙʽʦʮʝʥʦʟʫ. 

ʅʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʇɸʊ Ăɯʚʘʥʦ-ʌʨʘʥʢ̔ʚʩɹʢʮʝʤʝӢʥʪò ʚ 

ʨʘʜʽʫʩʽ 20 ʢʤ. ɼʦʚʢʦʣʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʝʨʝʚʘʞʘʶʪʴ ʯʦʨʥʦʟʝʤʠ ʥʝʛʣʠʙʦʢʽ 

ʩʣʘʙʦʛʫʤʫʩʦʚʘʥʽ ʪʘ ʩʽʨʽ ʦʧʽʜʟʦʣʝʥʽ ʛʨʫʥʪʠ, ʱʦ ʤʘʶʪʴ ʚʠʨʘʞʝʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʢʫʤʫʣʷʮʽʾ 

ɺʄ. ɿʨʘʟʢʠ ʛʨʫʥʪʫ ʚʽʜʙʠʨʘʣʠ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʠ ʚʽʪʨʽʚ ʫ ʧʽʚʥʽʯʥʦʤʫ, ʧʽʚʜʝʥʥʦʤʫ, 

ʟʘʭʽʜʥʦʤʫ ʪʘ ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʥʘ ʚʽʜʩʪʘʥʽ 250, 500, 750, 1000, 1500, 3000, 5000, 7000 

ʪʘ 10000 ʤʝʪʨʽʚ ʚʽʜ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʟʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʨʘʧʠʣʠ ʥʘʩʝʣʝʥʽ 

ʧʫʥʢʪʠ: ʗʤʥʠʮ̫ , ʋʛʨʠʥʽʚ, ɺʦʚʯʠʥʝʮʴ, ʂʣʫʟʽʚ, ʇʽʜʣʫʞʞ̫ , ʂʦʣʦʜʽʾʚʢʘ, ʊʷʟʽʚ, ɺʽʢʪʦʨʽʚ, 

ʂʦʤʘʨʽʚ, ʇʽʜʧʝʯʘʨʠ, ɻʘʥʫʩʽʚʢʘ, ʋʟʠʥ, ʂʨʠʣʦʩ, ɭʟʫʧʽʣʴ, ʉʽʣʝʮʴ, ɻʘʣʠʯ, ɼʫʙʽʚʮʽ, 

ʄʘʨʠʥʦʧʽʣʴ. ʊʦʯʢʦʚʽ ʧʨʦʙʠ ʛʨʫʥʪʫ ʚʽʜʙʠʨʘʣʠ ʥʘ ʛʣʠʙʠʥʫ  20 ʩʤ ʥʘ ʚʽʜʜʘʣʽ 200 ʤ ʚʽʜ 

ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ ʪʘ ʟʘ 50 ʤ ʚʽʜ ʩʝʣʠʱʥʠʭ ʜʦʨʽʛ. ɺʽʜʧʦʚʽʜʥʦ ʧʽʜʛʦʪʦʚʣʶʚʘʣʘʩʴ ʧʨʦʙʘ 

ʤʘʩʦʶ ʙʣʠʟʴʢʦ 1 ʢʛ. ʇʨʠ ʮʴʦʤʫ ʭʽʤʽʯʥʝ ʨʦʟʢʣʘʜʘʥʥʷ ʛʨʫʥʪʫ ʧʨʠ ʚʘʣʦʚʦʤʫ ʚʠʟʥʘʯʝʥʥʽ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ɺʄ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʢʘʨʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʛʨʫʥʪʽʚ ʚ ʟʦʥʽ 

ʚʧʣʠʚʫ ɺɸʊ Ăɯʚʘʥʦ-ʌʨʘʥʢ̔ʚʩɹʢʮʝʤʝӢʥʪò ʩʧʦʣʫʢʘʤʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ɺʄ): ʘʣʶʤʽʥʽʶ ʪʘ 

ʩʚʠʥʮʶ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʧʦ ʩʚʠʥʮʶ ʫ ʧʽʚʥʽʯʥʦʤʫ 

ʪʘ ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʘʭ ʥʘ ʚʽʜʩʪʘʥʽ 1500 ʤ (1,2 ɻɼʂ) ʪʘ ʫ ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ ʚʽʜʩʪʘʥʽ 

500 ʤ (1,2ɻɼʂ). ʇʝʨʝʚʠʱʝʥʥʷ ʞ ʧʨʠʨʦʜʥʦʛʦ ʬʦʥʫ ʧʨʦʩʣʽʜʢʦʚʫʻʤʦ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ: ʧʦ 

ʤʠʰʷʢʫ ʪʘ ʨʪʫʪʽ ʚ 1,2-1,4 ʨʘʟʠ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɸ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʥʘʜʭʦʜʞʝʥʥʷ ʢʘʣʴʮʽʻʚʤʽʩʥʦʛʦ ʧʠʣʫ ʨʘʟʦʤ ʟ 

ʚʠʢʠʜʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʣʫʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʛʦʨʠʟʦʥʪʽʚ ʛʨʫʥʪʫ.  

ʆʪʞʝ, ʷʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, 

ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʠʟʢʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ ʟʘʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʘ  ʇɸʊ 

Ăɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò, ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ 

ʜʦʚʢʽʣʣʷ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʑʦ ʽ ʧʦʪʨʝʙʫʻ ˇʨʫʥʪʦʚʥʠʭ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʧʨʠʻʤʩʪʚʘ ʇɸʊ 

Ăɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò. 
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ʋɼʂ 504.4(477.86) 

 

ʋʊʀʃɯɿɸʎɯʗ ʊɸ ɽʌɽʂʊʀɺʅɸ ʇɽʈɽʈʆɹʂɸ ɼʃʗ ʇʈʆʄʀʉʃʆɺʀʍ ʇʆʊʈɽɹ  

ɿʆʃʆʐʃɸʂʆɺʀʍ ɺɯɼʍʆɼɯɺ ɹʋʈʐʊʀʅʉʔʂʆɰ ʊɽʉ 

ʆ.ʈ. ʄʘʥʶʢ, ʄ.ɯ. ʄʘʥʶʢ, ɯ.ʄ. ʄʘʮʘʣʘʢ, ʅ.ɺ. ɹʦʜʥʘʨ, ʄ.ʖ. ɻʦʣʝʤʙʡʦʚʩʴʢʘ  
ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʚʫʣ. ʂʘʨʧʘʪʩʴʢʘ, 15, ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 76019  
manukomv@rambler.ru 

ʋ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʟʥʘʯʥʽ ʪʝʭʥʦʛʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʧʦʚôʷʟʘʥʽ ʟ ʜʽʷʣʴʥʽʩʪʶ ʛʽʨʥʠʯʦʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʦʢʨʝʤʠʭ ʪʝʨʠʪʦʨʽʷʭ ɻʘʣʠʮʴʢʦʛʦ, ʂʘʣʫʩʴʢʦʛʦ, ʅʘʜʚʽʨʥʷʥʩʴʢʦʛʦ 

ʨʘʡʦʥʽʚ. ɹʘʛʘʪʦʪʦʥʘʞʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʇʨʠʢʘʨʧʘʪʪʷ ʻ ʟʦʣʦʰʣʘʢʦʚʽ ʚʽʜʭʦʜʠ, ʧʦʙʫʪʦʚʽ ʪʘ 

ʰʣʘʤʠ ʚʦʜʦʦʯʠʱʝʥʥʷ,  ʷʢʽ ʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʘʙʦ ʚʽʜʚʘʣʘʭ, ʰʣʘʤʦʥʘʢʦʧʠʯʫʚʘʯʘʭ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ. ɺʦʥʠ ʟʘʡʤʘʶʪʴ 

ʟʥʘʯʥʽ ʧʣʦʱʽ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ, ʫʪʠʣʽʟʫʶʪʴʩʷ ʯʘʩʪʢʦʚʦ (10%), ʘ  ʽʥʰʽ ʚʽʜʭʦʜʠ (ʰʣʘʤʦʚʽ) 

ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ ʫ ʱʝ ʤʝʥʰʠʭ ʢʽʣʴʢʦʩʪʷʭ (ʜʦ 1%). 

ʊʘʢ ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ɹʫʨʰʪʠʥʩʴʢʽʡ ʊɽʉ (ʚ ʩʝʨʝʜʥʴʦʤʫ 800000 ʪ/ʨʽʢ), ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ 204,6 

ʛʘ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʦʣʠ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʥʷ ʚʠʩʦʪʠ ʜʘʤʙʠ, ʷʢʘ ʚʞʝ ʟʘʨʘʟ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʟʘ ʤʝʞʝʶ ʧʨʦʝʢʪʥʦʛʦ ʨʽʚʥʷ. ʇʨʠ ʧʘʚʦʜʢʘʭ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʽ ʟʤʠʚʘʥʥʷ ʚʩʽʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ʰʣʘʤʦʥʘʢʦʧʠʯʫʚʘʯʘ ʚ ʨʽʢʫ 

ɼʥʽʩʪʝʨ ʪʘ ʾʾ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʚʦʥʘ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʇʨʠʢʘʨʧʘʪʪʷ ʽ 

ɹʫʢʦʚʠʥʠ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ɹʫʨʰʪʠʥʩʴʢʦʾ 

ʊɽʉ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʫ ʟʦʣʦʚʽʜʚʘʣʽ ˉ2 ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʽʜʭʦʜʽ (ʟʦʣʘ 

ʧʘʣʠʚʥʘ), ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ (%) ʥʘʩʪʫʧʥʠʡ: SiO2-46.12, 

Al 2O3-18.0, Fe2O3-22.17, CaO-4.0, MgO-1.46,3-0.21, RO2-2.10, TiO2-1.78, Mn3O4-0.14. 

ɺʽʜʧʦʚʽʜʥʦ ʫ ʰʣʘʢʦʚʽʜʚʘʣʽ ˉ3 (ʰʣʘʢ ʧʘʣʠʚʥʠʡ) ʫ %:  SiO2-49,08, Al2O3-22,08, Fe2O3-

18,19, CaO-3,43, MgO-1.9, RO2-2,56, TiO2-1.6, Mn3O4-0.14 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʤʽʥʽʤʽʟʘʮʽʾ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʜʦʚʢʽʣʣʷ ʫ ʩʬʝʨʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʻ ʾʭ ʫʪʠʣʽʟʘʮʽʷ ʪʘ ʝʬʝʢʪʠʚʥʘ ʧʝʨʝʨʦʙʢʘ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʪʨʝʙ. ʊʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ.  

ʐʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟʽʚ ʥʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʪʠʣʽʟʘʮʽʶ ʟʦʣʠ ʊɽʉ ʫ ʩʢʣʦʢʝʨʘʤʽʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ.  

ɺʠʨʦʙʥʠʮʪʚʦ ʩʢʣʦʢʝʨʘʤʽʢʠ ʫ ʮʽʡ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʰʫʚʘʥʥʷ 90% ʤʘʩ. 

ʟʦʣʠ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ NaOʅ, ʘ ʧʦʪʽʤ ʥʘʛʨʽʚ ʜʦ 1350 
ʦ
 C ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ. ʊʘʢ ʦʜʝʨʞʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʩʢʣʦʢʝʨʘʤʽʢʘ ʧʦʢʘʟʫ ̒ʭʦʨʦʰʫ ʭʽʤʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ, ʤʘʻ ʘʤʦʨʬʥʫ ʩʪʨʫʢʪʫʨʫ ʩʢʣʷʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʚʦʣʦʜʽʻ ʜʦʙʨʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʢʩʠʯʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʦʮʝʜʫʨʠ (TCLP), ʧʦʢʘʟʘʣʘ, ʱʦ ʚʘʞʢʽ ʤʝʪʘʣʠ - ʧʣʶʤʙʫʤ, ʭʨʦʤ, ʮʠʥʢ ʽ ʤʘʥʛʘʥ ʫʩʧʽʰʥʦ 

ʩʢʦʚʫʶʪʴʩʷ ʚ ʩʢʣʷʥʦʤʫ ʚʠʨʦʙʽ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɹɯʆɼɽʉʊʈʋʂʎɯɰ  

ʅɸ ʇʆɺɽʈʍʅɯ ʇʆʃɯʄɽʈʅʆɻʆ ʂʆʄʇʆɿʀʊʋ  

ʄ.ʈ.ʏʦʙʽʪ, ɺ.ʉ. ʊʦʢʘʨʝʚ 
ɯʍʍʊ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ Ăʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò 

ʧʣ. ʉʚ. ʖʨʠ 3/4, 79016, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

chobit@polynet.lviv.ua 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʧʦʣʽʤʝʨʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟ ʚʠʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʦʙʫʪʽ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ ʞʠʪʪʷ. ɺ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʮʝʣʶʣʦʟʠ ʤʘʶʪʴ ʙʝʟʟʘʧʝʨʝʯʥʽ ʧʝʨʝʚʘʛʠ, ʩʝʨʝʜ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʤʽʪʠʪʠ ʥʝʘʙʨʘʟʠʚʥʽʩʪʴ, ʟʥʘʯʥʽ ʨʝʩʫʨʩʠ (ʩʚʽʪʦʚʠʡ ʦʙʩʷʛ ʤʽʣʴʡʦʥʠ ʪʦʥ ʱʦʨʽʯʥʦ), ʤʘʣʫ 

ʚʘʨʪʽʩʪʴ ʪʘ ʦʩʦʙʣʠʚʦ ï ʾʭ ʙʽʦʜʝʛʨʘʜʘʙʝʣʴʥʽʩʪʴ. ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʫ ʪʝʭʥʽʮʽ, ʙʫʜʽʚʥʠʮʪʚʽ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʝʙʣʽʚ, ʨʘʟʦʚʦʛʦ ʧʦʩʫʜʫ ʪʦʱʦ. ʊʘʢʽ, 

ʙʽʦʜʝʛʨʘʜʘʙʝʣʴʥʽ ʢʦʤʧʦʟʠʪʠ   ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʫ ʧʨʠʨʦʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʫʪʠʣʽʟʦʚʘʥʽ ʟʘ 

ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʝʢʦʩʠʩʪʝʤʠ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʜʝʩʪʨʫʢʮʽʾ ʙʽʦʜʝʛʨʘʜʘʙʝʣʴʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ. ʄʝʪʦʶ  ʮʽʻʾ 

ʨʦʙʦʪʠ ʻ  ʜʦʩʣʽʜʞʝʥʥʷ  ʧʨʦʮʝʩʫ  ʙʽʦʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʧʦʚʥʝʥʠʭ ʮʝʣʶʣʦʟʦʶ ʫ ʨʽʟʥʠʭ ʝʜʘʬʽʯʥʠʭ  ʫʤʦʚʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ 

ʫʤʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʠʢʣʘʜʽ  ʝʢʦʣʦʛʽʯʥʠʭ  ʩʠʩʪʝʤ  ʣʽʩʦʧʘʨʢʫ ʤ. ʃʴʚʽʚ. 

ɺʧʣʠʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʥʘ ʙʽʦʜʝʩʪʨʫʢʮʽʶ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʟʨʘʟʢʘʭ ʧʦʣʽʤʝʨʥʦʛʦ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʧʨʦʧʽʣʝʥʫ (ʇʇ) ʥʘʧʦʚʥʝʥʦʛʦ ʧʝʨʦʢʩʠʜʦʚʘʥʦʶ 

ʮʝʣʶʣʦʟʦʶ (40%ʤʘʩ.).  ɿʨʘʟʢʠ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ 

ʥʘ ʛʣʠʙʠʥʫ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ (0õ5 ʩʤ). ɿʨʘʟʢʠ ʽʥʢʫʙʫʚʘʣʠʩʴ ʫ ˇʨʫʥʪʽ 

ʚʧʨʦʜʦʚʞ 12 ʤʽʩʷʮʽʚ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘʧʦʚʥʝʥʠʭ ʮʝʣʶʣʦʟʦʶ, ʙʫʣʦ ʟʘʢʣʘʜʝʥʦ ʪʨʘʥʩʝʢʪʫ ʟʘ ʛʨʘʜʽʻʥʪʦʤ 

ʟʚʦʣʦʞʝʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʣʽʩʦʧʘʨʢʫ: ʜʽʣʷʥʢʘ ˉ1 ï ʟʘʧʣʘʚʘ ʧʦʪʽʯʢʘ, ʜʽʣʷʥʢʘ ˉ2 ï 

ʙʫʢʦʚʠʡ ʣʽʩ, ʜʽʣʷʥʢʘ ˉ3 ï ʣʫʢʘ ʽʟ ʪʨʘʚôʷʥʦ-ʯʘʛʘʨʥʠʢʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʚ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʙʽʦʜʝʩʪʨʫʢʮʽʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ: ʥʘʡʧʦʤʽʪʥʽʰʝ ʟʤʽʥʠʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʟʨʘʟʢʫ, 

ʽʥʢʫʙʦʚʘʥʦʛʦ ʚ ʤʝʟʦʬʽʣʴʥʠʭ ʫʤʦʚʘʭ ʙʫʢʦʚʦʛʦ ʣʽʩʫ (ʜʽʣʷʥʢʘ ˉ2). ʎʽ ʟʤʽʥʠ (ʟʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ ʟʨʘʟʢʘ ʢʦʤʧʦʟʠʪʫ) ʚʽʜʙʫʣʠʩʴ, ʛʦʣʦʚʥʦ, ʙʽʣʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʫ, ʪʘ 

ʤʝʥʰʝ ï ʚ ʡʦʛʦ ʤʘʩʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ ʙʽʦʣʦʛʽʯʥʦʾ 

ʢʦʨʦʟʽʾ, ʧʽʜ ʜʽʻʶ ʧʣʽʚʢʠ ʦʨʛʘʥʽʟʤʽʚ-ʜʝʩʪʨʫʢʪʦʨʽʚ ʥʘʩʘʤʧʝʨʝʜ ʟʤʽʥʶʶʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʡ 

ʰʘʨ ʢʦʤʧʦʟʠʪʘ, ʘ ʧʦʪʽʤ ï ʽ ʚʩʷ ʡʦʛʦ ʪʦʚʱʘ. 

ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ ʚ ʥʘʩʣʽʜʦʢ 

ʚʟʘʻʤʦʜʽʾ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʇʨʦʪʝ ʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʟʤʽʥʠ ʥʽʞ ʫ ʩʫʤʘʨʥʽʡ ʝʥʝʨʛʽʾ ʧʦʚʝʨʭʥʽ. ʎʝʡ ʬʘʢʪ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ 

ʭʽʤʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ. 

ɸʥʘʣʽʟ ʟʨʘʟʢʽʚ ʷʢʽ ʚʠʪʨʠʤʫʚʘʣʠʩʴ 1 ʨʽʢ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʘʚ. ʅʘʡʙʽʣʴʰʘ 

ʘʢʪʠʚʥʽʩʪʴ ʱʦ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʮʝʣʶʣʦʟʦʚʤʽʩʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʥʦ-ʥʝʧʦʨʫʰʝʥʽ ʝʜʘʬʦʪʦʧʠ ʧʽʜ ʙʫʢʦʚʠʤ ʣʽʩʦʤ, ʷʢʠʡ ʻ 

ʪʠʧʦʚʠʤ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɹʽʦʜʝʩʪʨʫʢʮʽʷ ʥʘʩʘʤʧʝʨʝʜ ʧʨʦʭʦʜʠʪʴ ʫ 

ʧʦʚʝʨʭʥʝʚʽʡ ʟʦʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʚʽʜʯʘʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʦʚʝʨʭʥʽ. 
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A NOVEL INORGANIC COMPLEX COAGULATION REAGENT PREPARED BY 

RED MUD FOR PHOSPHATE REMOVAL  
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Red mud is a residue of the aluminum industry rejected during the alkaline extraction 

of alumina from bauxite by the Bayer or sintering process. In 2003, the annual world 

production of aluminum approached 28 million metric tons. The production of a ton of 

alumina generates 1 to 2 tons of red mud. The high alkaline content of red mud and its 

enormous quantities caused significant ecological problems and considerable negative 

environmental effects. Many efforts are being made globally to find suitable uses for red mud. 

Some researches focused on the application of red mud in wastewater treatment. Red mud can 

be used as an adsorbent toremove pollutants and toxic materials from water, such as 

Cu
2+

,Cr
3+

, C6H5OH, Zn
2+

, F
ī
 and PO4

3ī
 [1,2]. 

Red mud is rich in calcium, aluminum, iron and silicon, which areessential raw 

materials for the production of water and wastewatertreatment coagulants. Table 1presents the 

typical composition of red mud, especially theirphysicochemical properties. It should be 

noted that thecomposition of red mud depends on the composition of nativebauxite and that 

the latter varies from one mineral deposit toanother. 
 

Table 1 ï Composition and physicochemical properties of red mud [3] 

Composition  Concentration (% w/w)*  

Iron oxide (Fe2O3)  

Aluminum oxide (Al2O3)  

Crystalline silica (quartz, SiO2)  

Titanium dioxide (TiO2)  

Sodium oxide (Na2O)  

Calcium oxide (CaO)  

Sodium hydroxide (NaOH)  

45é55 

15é25 

4é15 

5é15 

2é10 

1é5 

5é10 

Physicochemical properties Values 

pH  

Relative density  

Granulometry (Particle size) 

12é13 

1.3 

<200 ɛm 

*Dry weight basis. 

 

The objective of this work was to study the feasibility of a newcoagulant ï complex 

coagulation reagent, prepared by oxidized red mud for phosphate removal from real 

wastewater and analyzed thephosphate removal, total suspended solid removal as well as 

reduction of turbidityfrom mixture of Grey and Black water. Also were conducted the 

influenceof pH and type of complex coagulation reagent.  

The optimal conditions for the production of complex coagulation reagent include the 

calcination of red mud using H2SO4 (20%w/w)in the ratio of 1:1 at 250 ÁC for 0.5 hour. The 

model was prepared by mixing grey and black water in ratio of 2 part of BW and 8 part of 

GW. The jar test was utilized during 1 hour of coagulation process included: fast mixing for 

30 second, flocculation for 10 minutes and settling for 20 minutes. The process was utilizes at 

different pH: 4,6 and 9. The result of experiment could be seen in Figure 1 and 2. 
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Figure 1 ï Orthophosphate removal by complex coagulation reagent in different pH and 

dosages 

 

 
 

Figure 2 ï Turbidity remʦval by complex coagulation reagent in different pH and dosages 

 

As we can see from the data the new coagulant prepared by red mud and sulfuric acid 

had a good coagulation performance. Itcould reduce the phosphate in values lower than 0.02 

mg/L. The best pH for coagulation process could be suggest as 6. The beneficial properties of 

new complex coagulation reagentwas evaluated. The initial results of laboratory scale 

experiments will be useful for the development of a novel, stabilized and highly effective 

coagulant. 
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Problems of protection against ingress of water basin toxicants contained in industrial 

wastewater is being acquired special urgency. Water scarcity, pollution of the environment, 

which in many cases makes the water unsuitable stocks to real use (even for technological 

purposes) increase the relevance of the development of modern highly efficient and cost-

effective technologies of water purification and water treatment. Protecting the environment 

from pollution by toxic industrial emissions and recycling their waste into valuable produkt- 

actual problem of modern science.  

Reset the natural reservoir of untreated industrial wastewater contaminated with 

organic dyes, impairs hygiene indicators of water. Primarily deteriorate the organoleptic 

indicators - water becomes extraneous color and bad taste. Biotransformation of dyes in the 

environment can take place with an increase of toxicity that adversely affects the inhabitants 

of aquatic ecosystems: animals, birds, fish (including industrial). In the human body harmful 

and toxic substances can enter the drinking water or the food chain.  

In the food industry, according to the classification of food additives, dyes related to 

substances that enhance the color of the products. Dyes are added to foods to restore the 

natural color lost in processing or storage, increasing the intensity of natural color and color 

colorless products (soft drinks, ice cream, confectionery), and to provide products attractive 

appearance and color variety. 

 Processes that are traditionally used for the treatment of industrial waste water, do not 

satisfy the requirements of environmental protection. The most common methods to 

destabilize a stable colloidal system of wastewater (SD) contaminated with dyes is 

coagulation methods, because in addition to reducing the color of the water and chemical and 

biological oxygen consumption they can remove stabilized colloidal impurities that provide 

high water turbidity. Comparison of methods of coagulation and ozonation showed that the 

effect of bleaching in the case of ozonation is higher than the processing coagulants Advanced 

oxidation processes (AOP (Advanced Oxidation Processes)) E effective way to improve water 

treatment for removal of organic compounds. 
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Fig. 1 - Dependence stelinnya remove the dye with time 

To confirm the efficiency of extraction of the dye (food red (E124)) from solution 

using O3 / UV, a series of experiments using a model of water with a concentration of 50 mg / 

l. Eksperymet was carried out at variable pH in the range 4 - 12.  

As seen in Figure 1, with the change of pH degree of dye removal from wastewater is 

reduced. With the proper pH, which creates dye oxidation is much faster. To confirm the 

decomposition of organic pollutants in water, was made spectrophotometric analysis (Figure 

2). When oxidation peaks disappear, proving that in the process of oxidation is not formed 

new compounds. 

 

 
 

Fig.2 ï  Spectrophotometric analysis dye solution after treatment AOP 

 

Experiments showed that the maximum water observed in its own pH, which creates 

dye, namely pH = 5,66. The degree of dye removal from water is 92%. Later planuyetya 

investigate the change in the pH range 5-6 and the effect of concentration on the process of 

oxidation.  
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ɼʆ ɺɯʅɯʃʍʃʆʈʀɼʋ 

ʄ.ʖ.ɼʝʥʠʩʶʢ, ʖ.ʆ.ɹʝʟʥʦʩʠʢ, ɺ.ɺ.ʊʢʘʯ 
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ʇʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʽʥʽʣʭʣʦʨʠʜʫ ʚʭʦʜʠʪʴ ʫ ʧʝʨʰʫ ʜʝʩʷʪʢʫ ʥʘʡʙʽʣʴʰʠʭ 

ʙʘʛʘʪʦʪʦʥʥʘʞʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʩʥʦʚʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ. ɺ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ 

ʚʽʥʽʣʭʣʦʨʠʜʫ ʛʽʜʨʦʭʣʦʨʫʚʘʥʥʷʤ ʝʪʠʥʫ ʣʝʞʠʪʴ ʢʘʪʘʣʽʪʠʯʥʘ ʨʝʘʢʮʽʷ ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ, ʱʦ 

ʧʨʦʪʽʢʘʻ ʟ ʚʝʣʠʢʠʤ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ. ʈʝʘʢʮʽʷ ʧʝʨʝʙʽʛʘʻ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʽ HgCl2, ʷʢʠʡ 

ʥʘʥʝʩʝʥʠʡ ʥʘ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʰʘʨʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʧʨʠ 425-535 ʂ ʽ 

0,2-1,5 ʄʧʘ ʟ ʥʘʩʪʫʧʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʩʪʘʥʪ ʟʘ ʩʪʘʜʽʷʤʠ [1]:   C2H2 + HgCl2 ­ HgCl2 

Ὴ C2H2,  k1 = 10
-4

 exp(9800/RT); 

HCl + HgCl2 ­ HgCl2 Ὴ HCl,  k2 = 6Ὴ10
-4

 exp(8200/RT); 

HgCl2ῊC2H2 +HgCl2ῊHCl+HCl­C2H3Cl+HgCl2ῊHCl+HgCl2, k3=5,9Ὴ10
5
exp(- 2800/RT). 

ʉʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʪʠʥʫ ʩʪʘʥʦʚʠʪʴ 98,5% ʟ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʧʦ ʚʽʥʽʣʭʣʦʨʠʜʫ 

98%. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʫʪʨʠʤʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʭʣʦʨʠʜʫ ʨʪʫʪʽ ʚʚʦʜʷʪʴ ʜʦʙʘʚʢʠ ʘʤʽʥʽʚ. ɽʪʠʥ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ ʽ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʤʽʰʘʥʥʷ ʟ ʭʣʦʨʠʜʦʤ ʚʦʜʥʶ. ʆʪʨʠʤʘʥʘ ʩʫʤʽʰ ʛʘʟʽʚ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦ 

308 ʂ ʥʘʜʭʦʜʠʪʴ ʚ ʪʨʫʙʯʘʪʠʡ ʨʝʘʢʪʦʨ ʛʽʜʨʦʭʣʦʨʫʚʘʥʥʷ. ʊʨʫʙʢʠ ʨʝʘʢʪʦʨʘ ʟʘʧʦʚʥʝʥʽ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ. ʐʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʛʽʜʨʦʭʣʦʨʫʚʘʥʥʷ ʝʪʠʥʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [2]: 
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ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʽʚ ʚ (1), ʦʪʨʠʤʫʻʤʦ: 
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ɺʠʨʘʟ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ (2) ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 
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ʆʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ (3) ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʙʯʘʪʦʛʦ ʨʝʘʢʪʦʨʫ 

ʛʽʜʨʦʭʣʦʨʫʚʘʥʥʷ. 
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ʆʜʥʠʤ ʟ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʫ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ 

ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ. ɿʥʝʰʢʦʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʻʜʠʥʠʤ ʤʝʪʦʜʦʤ, ʘ ʩʘʤʝ ʰʣʷʭʦʤ ʽʟʦʣʷʮʽʾ ʾʭ ʚʽʜ ʙʽʦʩʬʝʨʠ ʥʘ ʪʘʢʠʡ ʯʘʩ, 

ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʜʝʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʨʦʟʧʘʜ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɿʛʽʜʥʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ 

ʋʢʨʘʾʥʠ ʚ ʦʙʣʘʩʪʽ ʧʦʚʦʜʞʝʥʥʷ ʚ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʜʦʚʛʦ ʽʩʥʫʶʯʽ 

ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ ʤʘʶʪʴ ʙʫʪʠ ʟʘʭʦʨʦʥʝʥʥʽ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʭʦʚʠʱʽ. 

ɼʫʞʝ ʯʘʩʪʦ ʦʜʥʝ ʜʞʝʨʝʣʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ñʣʘʥʮʶʛʘò ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʝʢʦʣʦʛʽʾ, ʷʢʽ ʥʝ ʙʫʣʠ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʟʜʘʣʝʛʽʜʴ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ 

ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʧʫʥʢʪʫ ʟʘʭʦʨʦʥʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ 

(ʇɿʈɺ) çɹʫʨʷʢʽʚʢʘè, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʭʦʨʦʥʝʥʥʷ ʪʚʝʨʜʠʭ ʥʠʟʴʢʦ-ʽ ʩʝʨʝʜʥʴʦ 

ʘʢʪʠʚʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʪʘ ʤʝʪʦʜʫ 

ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ.  

ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʇɿʈɺ, ʰʣʷʭʽʚ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʰʣʷʭʽʚ 

ʚʧʣʠʚʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʩʪʨʦʥʮʽʶ ʪʘ ʮʝʟʽʶ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ. ʂʽʥʮʝʚʠʡ 

ʨʠʟʠʢ ʚʢʣʶʯʘʻ ʜʚʘ ʛʦʣʦʚʥʠʭ ʝʣʝʤʝʥʪʠ ï ʨʠʟʠʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʨʠʟʠʢ 

ʣʶʜʩʴʢʦʛʦ ʟʜʦʨʦʚ'ʷ ʥʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʝʣʝʤʝʥʪʽʚ ʨʠʟʠʢʫ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʜʨʫʛʦʛʦ ʨʽʚʥʷ 

ʧʦʜʽʣʷʻʪʴʩʷ ʜʘʣʽ ʥʘ ʜʚʘ ʝʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʨʽʚʥʷ: ʨʠʟʠʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʝʢo-ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʪʘ ʝʢo-ʤʘʪʝʨʽʘʣʴʥʠʡ ʨʠʟʠʢ, ʽ ʘʥʘʣʦʛʽʯʥʦ 

ʨʠʟʠʢ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʽ ʨʠʟʠʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʙʝʟʧʝʢʦʶ. ɽʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʜʘʣʽ ʨʦʟʜʽʣʝʥʽ ʥʘ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʨʠʟʠʢʫ, 

ʥʘʧʨʠʢʣʘʜ ʝʢo-ʪʦʢʩʠʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʨʠʟʠʢ, ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʮʝʟʽʻʤ ʽ ʩʪʨʦʥʮʽʻʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜʘʭ ʪʘ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ. ɽʢo-ʤʘʪʝʨʽʘʣʴʥʠʡ ʨʠʟʠʢ ʨʦʟʜʽʣʝʥʠʡ 

ʥʘ ʧʦʪʨʘʧʣʷʥʥʷ ʫ ʢʦʨʤʘ ʜʣʷ ʩʚʽʡʩʴʢʠʭ ʪʚʘʨʠʥ, ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʜʠʢʠʭ 

ʪʚʘʨʠʥ, ʟʤʽʥʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʠʙʽ. ʊʘʢ ʩʘʤʦ 

ʝʣʝʤʝʥʪ ʪʦʢʩʠʯʥʦʩʪʽ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʟʜʦʨʦʚ'ʷ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʠ ʨʠʟʠʢʫ: ʩʢʝʣʝʪʥʠʡ ʪʠʧ ʥʘʢʦʧʠʯʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʜʠʬʫʟʽʡʥʠʡ ʪʠʧ 

ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ ʽ ʪʢʘʥʠʥʘʭ. ʈʠʟʠʢ ʜʣʷ ʣʶʜʩʴʢʦʛʦ 

ʟʜʦʨʦʚ'ʷ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʧʝʢʠ, ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʥʝʥʘʚʤʠʩʥʝ ʧʦʨʫʰʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʩʭʦʚʠʱʘ, ʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʥʘʚʤʠʩʥʝ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ 

ʩʭʦʚʠʱʘ. ɿ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚʘʛʠ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʨʠʟʠʢʫ ʥʘ ʢʦʞʥʦʤʫ 

ʨʽʚʥʽ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʨʠʟʠʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʝʣʝʤʝʥʪʘʤʠ ʨʠʟʠʢʫ ʽ ʰʣʷʭʘʤʠ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʣʶʜʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠʩʪʫʧʽʥʯʘʪʘ 

ʽʻʨʘʨʭʽʯʥʘ ʤʦʜʝʣʴ ʨʠʟʠʢʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʩʧʨʦʱʝʥʴ ʽ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ 

ʦʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʫ ʨʠʟʠʢʫ. ɼʣʷ ʦʮʽʥʢʠ ʚʘʛ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʽʻʨʘʨʭʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʨʠʟʠʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ. ʉʘʤʘ ʤʝʪʦʜʦʣʦʛʽʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ 

ʧʨʝʜʩʪʘʚʣʷʻ ʪʨʴʦʭ ʩʪʘʜʽʡʥʫ ʧʨʦʮʝʜʫʨʫ, ʚ ʷʢʽʡ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʧʦʧʝʨʝʜʥʽʡ 

ʩʪʘʜʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ ʨʦʟʨʘʭʫʥʢʫ. ʈʦʟʨʘʭʦʚʘʥʦ ʝʢʦʣʦʛʽʯʥʠʡ 

ʨʠʟʠʢ ʦʙôʻʢʪʫ ʟʘʭʦʨʦʥʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ. 

mailto:kxtp@kpi.ua
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɸʉʉʆʇɽʈɽʅʆʉɸ ɿɸɻʈʗɿʅʗʖʑʀʍ ɺɽʑɽʉʊɺ ɺ 

ɻʈʋʅʊɸʍ 

ʊ.ɺ. ɹʦʡʢʦ, ʖ.ɸ. ɿʘʧʦʨʦʞʝʮ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʇʀè 

ʧʨ. ʇʦʙʝʜʳ, 37, ʛ.ʂʠʝʚ, 03056. 

z.juli@bigmir.net 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʠʚʣʝʢʣʦ ʚʥʠʤʘʥʠʝ 

ʫʯʝʥʳʭ ʢ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʯʪʦ ʚʝʜʝʪ 

ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʛʨʫʥʪʦʚ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʯʚʫ, 

ʥʘ ʛʨʫʥʪʳ ʩ ʫʯʝʪʦʤ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ (ʧʨʦʮʝʩʩ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʩʦʨʙʮʠʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʪ.ʜ.) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʤʠʛʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ 

ʠʩʧʦʣʴʟʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ[1]. ʂʦʪʦʨʦʝ 

ʩʦʩʪʦʠʪ ʠʟ ʫʨʘʚʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ, ʫʨʘʚʥʝʥʠʡ ʢʠʥʝʪʠʢʠ ʠ ʨʝʰʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ.  

ʄʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʥʠʪʨʘʪʘ 

ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʘʩʯʝʪʘ ʧʦ 

ʤʦʜʝʣʠ [1] ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʠ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʠ 

ʥʠʪʨʘʪʘ ʉ0=0,8 ʛ/ʣ. ʈʝʰʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʝʪʦʢ. 

 
ʈʠʩ.1 ʈʘʩʯʝʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ  

ɻʜʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʥʠʪʨʘʪʘ ʩ ʛʣʫʙʠʥʦʡ ʟʘ 100 

ʩʝʢʫʥʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʯʚʳ, ʪʦ 

ʝʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʧʨʦʮʝʩʩʝ 

ʬʠʣʴʪʨʘʮʠʠ, ʫʯʠʪʳʚʘʷ ʩʚʦʡʩʪʚʘ ʠ ʩʣʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ 

ʠ ʧʦʯʚʦʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ r

1. ɹʦʡʢʦ, ʊ. ɺ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʫ ˇʨʫʥʪʘʭ [ʊʝʢʩʪ] / ʊ. ɺ. ɹʦʡʢʦ, ɸ.ʆ. ɸʙʨʘʤʦʚʘ, ʖ. ɸ. ɿʘʧʦʨʦʞʝʮʴ // ʉʭʽʜʥʦ-

ʵʚʨʦʧʝʡʩʴʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʍʘʨʢʽʚ, 2013, ˉ6/4 (66) ï ʉ. 14-16. 
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ʇʈʆʎɽʉʀ  ʉʀʅʊɽɿʋ  ʇɯɻʄɽʅʊɯɺ  ʅɸ  ʆʉʅʆɺɯ  ʎʀʅʂ-ʍʈʆʄʆɺʆɰ 

ʐʇɯʅɽʃɯ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɻɯɼʈʆʂʉʀɼɯɺ 

ɯʚʘʥʶʢ ʆ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

ʧʨʦʩʧʝʢʪ ʇʝʨʝʤʦʛʠ, 37, ʢʦʨʧʫʩ 4, ʤ.ʂʠʾʚ,  

olenaivanyuk@ukr.net 

ʇʨʠ ʣʦʢʘʣʴʥʦʤʫ ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ ʛʘʣʴʚʘʥʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦ ʯʠʩʪʽ ʛʽʜʨʦʢʩʠʜʠ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʜʣʷ ʩʠʥʪʝʟʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʧʽʛʤʝʥʪʽʚ ʰʧʽʥʝʣʴʥʦʛʦ ʪʠʧʫ ʟʘʤʽʩʪʴ ʜʦʨʦʛʠʭ 

ʦʢʩʠʜʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ. 

ɻʽʜʨʦʢʩʠʜʠ ʤʝʪʘʣʽʚ, ʱʦ ʧʨʦʜʫʢʫʶʪʴʩʷ ʧʨʠ ʦʯʠʱʝʥʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʘʤʦʨʬʥʽʡ 

ʬʦʨʤʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʚʠʱʝʥʫ ʨʝʘʢʮʽʡʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʾʭ ʧʨʠ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʩʠʥʪʝʟʽ ʧʽʛʤʝʥʪʽʚ. 

ɿʨʘʟʢʠ ʰʠʭʪ ʧʽʛʤʝʥʪʽʚ ʚʠʛʦʪʦʚʣʝʥʦ  ʧʨʠ ʩʫʤʽʩʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʛʽʜʨʦʢʩʠʜʽʚ ʘʙʦ ʟʘ 

ʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʡ ʛʽʜʨʦʢʩʠʜʽʚ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʜʘʣʝʥʥʷʤ 

ʨʽʜʢʦʾ ʬʘʟʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʘʤ ʧʨʠ ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ.  

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʠʥʢ-ʭʨʦʤʦʚʽʡ ʛʽʜʨʦʢʩʠʜʥʽʡ ʪʘ 

ʦʢʩʠʜʥʽʡ  ʩʠʩʪʝʤʘʭ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ Zn(OH)2 : Cr(OH)3 = 1:2 ʪʘ ZnO: Cr2O3 =1:1 

ʚʽʜʧʦʚʽʜʥʦ. ʄʦʣʷʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʦʙʦʭ ʩʠʩʪʝʤʘʭ ʫ ʧʘʨʘʣʝʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʽʜʧʦʚʽʜʘʣʦ ʩʢʣʘʜʫ ʟʤʽʰʘʥʦʾ ʰʧʽʥʝʣʽ: Zn[Cr] 2O4. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʞʘʨʶʚʘʥʥʷ ʰʠʭʪ ʧʽʛʤʝʥʪʽʚ ʦʙʨʘʥʦ (1100, 1273, 1600) ʂ. 

ɯʥʬʨʘʯʝʨʚʦʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1100 ʂ ʚ ʟʘʜʘʥʽʡ  

ʛʽʜʨʦʢʩʠʜʥʽʡ ʩʠʩʪʝʤʽ ʥʘ ɯʏ-ʩʧʝʢʪʨʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ  ʟ ʤʘʢʩʠʤʫʤʦʤ  

(1635-1640)ʩʤ
-1
, ʱʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʷʢ ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʅ-ʆ-ʅ ʚ ʯʘʩʪʢʦʚʦ 

ʜʝʛʽʜʨʘʪʦʚʘʥʦʤʫ ʛʽʜʨʦʢʩʠʜʫ ʭʨʦʤʫ(ɯɯɯ), ʪʘ 1115 ʩʤ
-1
, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʜʝʬʦʨʤʘʮʽʡʥʽ 

ʢʦʣʠʚʘʥʥʷ Cr-O ʟʚ'ʷʟʢʫ. ʉʤʫʛʠ ʢʦʣʠʚʘʥʥʷ (625, 560) ʩʤ
-1
 ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʣʘʩʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ Cr2O3 [1]. 
ɿʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʞʘʨʶʚʘʥʥʷ  ʜʦ 1273 ʂ ʪʘ 1600 ʂ (ʦʩʪʘʥʥʷ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʠʥʪʝʟʫ ʧʽʛʤʝʥʪʫ) ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʢʦʥʬʽʛʫʨʘʮʽʶ 

ɯʏ-ʩʧʝʢʪʨʫ ʧʨʦʜʫʢʪʽʚ ʩʠʥʪʝʟʫ. ɿʥʠʢʘʶʪʴ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ 1635 ʩʤ
-1
 ʪʘ 1115 ʩʤ

-1
 ʪʘ 

ʟ'ʷʚʣʷʶʪʴʩʷ  ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ 640 ʩʤ
-1

 ʽ 370 ʩʤ
-1
 ʪʘ ʤʦʣʦʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ 505 ʩʤ

-1
 ʪʘ 

390 ʩʤ
-1
, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʪʚʦʨʝʥʥʶ ʮʠʥʢ-ʭʨʦʤʦʚʦʾ ʰʧʽʥʝʣʽ. ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʞʘʨʶʚʘʥʥʷ  1600 ʂ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʤʫʛ (505, 390) ʩʤ
-1
 ʟʙʽʣʴʰʫʻʪʴʩʷ. ɺʽʜʧʦʚʽʜʥʦ 

ʫʪʚʦʨʝʥʥʷ ʙʽʨʶʟʦʚʦ-ʟʝʣʝʥʦʾ ʛʘʤʠ ʢʦʣʴʦʨʽʚ ʧʽʛʤʝʥʪʽʚ ʚ ʮʽʡ ʛʽʜʨʦʢʩʠʜʥʽʡ ʩʠʩʪʝʤʽ  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʽʦʥʽʚ ʮʠʥʢʫ ʪʘ ʭʨʦʤʫ ʚ ʪʝʪʨʘ- ʪʘ ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ 

ʦʢʩʠʛʝʥʥʦʛʦ ʢʘʨʢʘʩʫ ʮʠʥʢ-ʭʨʦʤʦʚʦʾ ʰʧʽʥʝʣʽ. 

ʇʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ ʰʠʭʪ ʟ ʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ, ʚ ʪʠʭ ʞʝ ʫʤʦʚʘʭ, ʪʦʙʪʦ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1273ʂ, ʥʘ ɯʏ-ʩʧʝʢʪʨʘʭ ʟ'ʷʚʣʷʶʪʴʩʷ ʣʠʰʝ  ʩʤʫʛʠ (640 ʽ 370)ʩʤ
-1
  ʤʘʣʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1600 ʂ. ɸ ʤʝʭʘʥʽʟʤ ʢʦʣʴʦʨʦʫʪʚʦʨʝʥʥʷ ʚ 

ʧʽʛʤʝʥʪʘʭ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʷʢ ʦʢʩʠʜʥʠʭ ʪʘʢ ʽ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤʘʭ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʩʠʥʪʝʟʫ 

ʧʽʛʤʝʥʪʽʚ  ʥʘ ʦʩʥʦʚʽ ʮʠʥʢ-ʭʨʦʤʦʚʦʾ ʰʧʽʥʝʣʽ, ʪʚʝʨʜʦʬʘʟʥʽ ʨʝʘʢʮʽʾ ʰʧʽʥʝʣʝʫʪʚʦʨʝʥʥʷ  

ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤʠ ʦʢʩʠʜʘʤʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʛʦʩʪʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʩʧʨʠʯʠʥʝʥʠʭ 

ʪʝʭʥʦʛʝʥʥʠʤ ʚʧʣʠʚʦʤ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. ɻʦʣʦʚʥʽ ʘʩʧʝʢʪʠ 

ʮʴʦʛʦ ʚʧʣʠʚʫ ʮʝ - ʚʠʩʥʘʞʝʥʥʷ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʤʽʥʘ ʢʣʽʤʘʪʫ, ʧʦʛʽʨʰʝʥʥʷ 

ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ ʽ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʰʽ. ʊʦʤʫ ʩʪʘʣʘ ʘʢʪʫʘʣʴʥʦʶ ʧʘʨʘʜʠʛʤʘ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʾ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʚʽʜ 

ʣʦʢʘʣʴʥʠʭ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ. ʆʜʥʘ ʽʟ ʟʘʜʘʯ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʮʝ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚ ʩʫʯʘʩʥʦʤʫ ʛʣʦʙʘʣʽʟʦʚʘʥʦʤʫ ʩʚʽʪʽ ʚʘʞʢʦ ʨʦʟʛʣʷʜʘʪʠ ʝʢʦʣʦʛʽʯʥʽ 

ʘʩʧʝʢʪʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʧʨʦʜʫʢʮʽʾ ʽʟʦʣʴʦʚʘʥʦ, ʥʝ ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ. ʇʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ, 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʩʪʘʣʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ çʦʮʽʥʶʚʘʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

è (ʘʥʛʣ. LCA ï Life-cycle assessment), ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʚʽʚ ʩʚʦʶ ʢʦʨʠʩʥʽʩʪʴ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʩʘʤʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ 

ʡʦʛʦ ʧʨʦʜʫʢʮʽʻʶ. ʆʪʨʠʤʘʥʽ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʽʚʥʶʚʘʪʠ 

ʨʽʟʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʞ ʩʦʙʦʶ, ʘ ʪʘʢʦʞ ʽʟ ʩʝʨʝʜʥʽʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʜʽʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʫ 

ʩʚʽʪʽ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʪʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʩʣʽʜ 

ʚʠʜʽʣʠʪʠ ʧʨʦʛʨʘʤʫ SimaPro. ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʾ ʙʫʜʽʥʜʫʩʪʨʽʾ. ʇʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʜʫʢʪʫ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ. 

ɿʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʤʘʻ SimaPro, ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʥʝ ʪʽʣʴʢʠ 

ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʚʧʣʠʚʫ ʦʙʨʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʚ ʋʢʨʘʾʥʽ, ʘ ʡ ʧʦʨʽʚʥʷʪʠ 

ʡʦʛʦ ʟ ʩʝʨʝʜʥʽʤʠ ʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʠʨʦʙʥʠʮʪʚ (ʨʠʩ.1). 

Method: Ecological Scarcity 2006 V1.06 / Ecological scarcity 2006 / Single score
Comparing 1 kg 'Portland calcareous cement, at plant/CH U' with 1 kg 'Portland calcareous cement, at plant/UA U';

Emission into air Emission into surface water Emission into ground water Emission into top soil Energy resources Natural resources Deposited waste

Portland calcareous cement, at plant/CH U Portland calcareous cement, at plant/UA U

k
P

t

0,75

0,7

0,65

0,6

0,55

0,5

0,45

0,4

0,35

0,3

0,25

0,2

0,15

0,1

0,05

 
ʈʠʩ.1 ɿʘʛʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʚʧʣʠʚʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʮʝʤʝʥʪʫ Single score  

(ʫʢʨʘʾʥʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʘʚʦʨʫʯ) 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʜʚʽʯʽ ʙʽʣʴʰʠʡ 

ʥʽʞ ʚʧʣʠʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʠʨʦʙʥʠʮʪʚ ʮʝʤʝʥʪʫ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʭʦʜʠʪʠ ʚ ʋʢʨʘʾʥʽ ʥʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ. 
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ʉʊɺʆʈɽʅʅʗ ʉʆʈɹɽʅʊɯɺ ɿ ɺɯɼʍʆɼɯɺ ɻʃʀʅʆɿɽʄʅʀʍ ɺʀʈʆɹʅʀʎʊɺ 

ʆ.ʖ. ʂʠʨʽʻʥʢʦ, ɯ. ɺ. ʂʦʩʦʛʽʥʘ 
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ʧʨ. ʇʝʨʝʤʦʛʠ 37, ʢʦʨʧʫʩ4, ʤ. ʂʠʾʚ, 03056 

liutik777@mail.ru; kosogina@email.ua 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ - ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ï ʚ 

ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʥʝʦʨʛʘʥʽʯʥʠʭ ʘʥʽʦʥʽʚ, ʪʘʢʠʭ ʷʢ 

ʥʽʪʨʘʪʠ, ʬʪʦʨʠʜʠ ʽ ʬʦʩʬʘʪʠ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʝʥʦʣʴʥʠʭ 

ʩʧʦʣʫʢ, ʥʘʙʫʣʦ ʰʠʨʦʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ [1ï3]. çʏʝʨʚʦʥʠʡ ʰʣʘʤè, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʛʣʠʥʦʟʝʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ, ʻ ʜʞʝʨʝʣʦʤ ʮʽʥʥʦʾ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʷʢʦʩʪʽ ʙʦʢʩʠʪʫ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʫʪʚʦʨʝʥʠʡ çʯʝʨʚʦʥʠʡ ʰʣʘʤè ʤ̔ ʩʪʠʪʴ 

ʦʢʩʠʜʠ ʤʝʪʘʣʽʚ Fe2O3, Al2O3, CaO, SiO2, TiO2, Na2O. ʆʜʥʘʢ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʣʫʞʥʽʩʪʴ ʩʫʩʧʝʥʟʽʾ ʯʝʨʚʦʥʦʛʦ 

ʰʣʘʤʫ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʧʽʜʢʠʩʣʝʥʥʷ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ 

ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ. 

ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʽʦʥʦʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʅʉl, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʛʣʠʥʦʟʝʤʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʠʪʨʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʨʦʟʯʠʥʦʤ ʅʉl ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ 0,1 ʄ NaCl ʪʘ 1 ʄ NaOH. ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʥʘʯʝʥʥʷ ʨʅ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʪʨʠʤʢʠ ʟʨʘʟʢʫ ʚ ʨʦʟʯʠʥʽ ʤʘʻ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰʝ 12 ʛʦʜʠʥ. ʉʫʩʧʝʥʟʽʶ ʧʽʩʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʧʨʦʜʦʚʞ 30 ʭʚʠʣʠʥ ʪʠʪʨʫʚʘʣʘʩʴ 1 ʄ ʨʦʟʯʠʥʦʤ ʅʉl, 

ʟʥʘʯʝʥʥʷ ʨʅ ʬʽʢʩʫʚʘʣʠ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʢʦʞʥʦʾ ʧʦʨʮʽʾ ʪʠʪʨʘʥʪʫ. ʍʦʣʦʩʪʝ ʪʠʪʨʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʠʤ ʞʝ ʯʠʥʦʤ, ʪʽʣʴʢʠ ʙʝʟ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ (ʨʠʩʫʥʦʢ).  

 
ʈʠʩʫʥʦʢ ï ʨʅ-ʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʧʽʜʢʠʩʣʝʥʥʷ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʜʦʟʘ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʨʅ ʩʫʩʧʝʥʟʽʾ ʜʦ 6,5 ʩʢʣʘʣʘ 0,8 ʩʤ
3
 1 ʄ ʅʉl/ʛ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ çʯʝʨʚʦʥʠʡ ʰʣʘʤè ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʝʘʛʝʥʪʦʤ ʚʦʜʦʦʯʠʱʝʥʥʷ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ.  
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ɺʇʃʀɺ ɼʆɿʀ ʂʀʉʃʆʊʀ ʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ɸʂʊʀɺɸʎɯɰ 

 çʏɽʈɺʆʅʀʍ ʐʃɸʄɯɺè 

ɯ. ɺ. ʂʦʩʦʛʽʥʘ, ɭ. ʆ. ʄʘʮʝʧʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

ʧʨ. ʇʝʨʝʤʦʛʠ 37, ʢʦʨʧʫʩ4, ʤ. ʂʠʾʚ, 03056 

kosogina@email.ua 

ʏʝʨʚʦʥʠʡ ʰʣʘʤ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʝʘʛʝʥʪʦʤ ʚʦʜʦʦʯʠʱʝʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ 

ʪʦʢʩʠʯʥʠʭ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʥʝʦʨʛʘʥʽʯʥʠʭ ʘʥʽʦʥʽʚ, ʪʘʢʠʭ ʷʢ ʥʽʪʨʘʪʠ, ʬʪʦʨʠʜʠ ʽ 

ʬʦʩʬʘʪʠ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ. ʂʨʽʤ ʪʦʛʦ, 

ʯʝʨʚʦʥʠʡ ʰʣʘʤ ʤʦʞʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨ ʚ ʧʨʦʮʝʩʘʭ ʛʽʜʨʫʚʘʥʥʷ ʪʘ 

ʦʢʠʩʥʝʥʥʷ [1,2]. 

çʏʝʨʚʦʥʠʡ ʰʣʘʤè, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʽ, ʻ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ 

ʧʝʨʝʨʦʙʢʠ ʙʦʢʩʠʪʽʚ ʤʝʪʦʜʦʤ ɹʘʡʻʨʘ. ɹʦʢʩʠʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʣʶʤʽʥʽʡʚʤʽʩʥʠʭ ʩʧʦʣʫʢ 

(ʛʽʙʩʠʪ, ʙʝʤʽʪ, ʘʤʦʨʬʥʽ ʛʽʜʨʦʢʩʠʜʠ ʘʣʶʤʽʥʽʶ) ʪʘ ʩʧʦʣʫʢ ʬʝʨʫʤʫ (ʛʝʪʠʪ, ʘʣʶʤʦʛʝʪʠʪ, 

ʛʝʤʘʪʠʪ) ʽ ʩʫʧʫʪʥʽʭ ʤʽʥʝʨʘʣʽʚ (ʢʘʦʣʽʥʽʪ, ʢʚʘʨʮ, ʮʠʨʢʦʥ, ʨʫʪʠʣ, ʘʥʘʪʘʟ). 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʘʛʝʥʪʫ ʚʦʜʦʦʯʠʱʝʥʥʷ ʟ ʢʦʘʛʫʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʠʩʣʦʪʥʫ ʘʢʪʠʚʘʮʽʶ ʚʽʜʭʦʜʽʚ ʛʣʠʥʦʟʝʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ çʯʝʨʚʦʥʠʡ 

ʰʣʘʤè ʩʫʣʴʬʘʪʥʦʶ ʢʠʩʣʦʪʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 20 % ʤʘʩ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ 

ʢʠʩʣʦʪʥʦʾ ʘʢʪʠʚʘʮʽʾ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ï 150 Áʉ, ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 60 ʭʚ. 

ʂʦʘʛʫʣʷʮʽʡʥʝ ʦʯʠʱʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʟ ʚʤʽʩʪʦʤ ʙʘʨʚʥʠʢʘ 

çʘʢʪʠʚʥʠʡ ʷʩʢʨʘʚʦ-ʙʣʘʢʠʪʥʠʡ ʂʍè 10 ʤʛ/ʜʤ
3
 ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʟ 

çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʟʨʘʟʢʘʭ ʨʝʘʛʝʥʪʽʚ ʚʦʜʦʦʯʠʱʝʥʥʷ. ɼʦʟʘ 

ʦʪʨʠʤʘʥʦʛʦ ʨʝʘʛʝʥʪʫ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʩʪʘʥʦʚʠʣʘ 2 ʛ/ʜʤ
3
 ʩʪʽʯʥʦʾ ʚʦʜʠ. ʂʦʘʛʫʣʷʮʽʡʥʘ 

ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚʧʨʦʜʦʚʞ 60 ʭʚ. ʟʘ ʨʅ 9é9,5. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʢʦʘʛʫʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʨʝʘʛʝʥʪʫ 

ʚʦʜʦʦʯʠʱʝʥʥʷ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʫʤʦʚʠ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ, ʽ ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ ʻ 

ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʢʠʩʣʦʪʠ ʜʦ ʤʘʩʠ ʰʣʘʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʢʪʠʚʘʮʽʾ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè 

ʦʪʨʠʤʘʥʦ ʪʨʠ ʟʨʘʟʢʠ ʢʦʘʛʫʣʷʥʪʫ ʟ ʨʽʟʥʠʤ ʤʘʩʦʚʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʠ ʢʠʩʣʦʪʠ ʜʦ 

ʤʘʩʠ "ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ" 0,5:1; 1:1; 2:1 ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʦʯʠʱʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʥʘʜʣʠʰʦʢ ʢʠʩʣʦʪʠ ʧʨʠ ʘʢʪʠʚʘʮʽʾ ʯʝʨʚʦʥʠʭ ʰʣʘʤʽʚ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʢʦʘʛʫʣʷʮʽʡʥʦʛʦ ʨʝʘʛʝʥʪʫ, ʦʩʢʽʣʴʢʠ ʨʝʘʛʝʥʪ ʤʽʩʪʠʪʴ ʚʽʣʴʥʫ 

ʢʠʩʣʦʪʫ, ʪʦʤʫ ʧʨʠ ʚʥʝʩʝʥʥʽ ʡʦʛʦ ʫ ʚʦʜʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʽʜʢʠʩʣʝʥʥʷ ʚʦʜʥʦʛʦ 

ʦʙôʻʢʪʫ; ʷʢ ʥʘʩʣʽʜʦʢ, ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʦʯʠʱʝʥʥʷ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʣʫʞʥʦʛʦ ʨʝʘʛʝʥʪʫ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʨʅ ʥʘ ʨʽʚʥʽ 9é9,5. ʅʠʟʴʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʘʛʫʣʷʮʽʡʥʦʛʦ ʨʝʘʛʝʥʪʫ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʧʦʣʦʚʠʥʥʽʡ ʜʦʟʽ ʢʠʩʣʦʪʠ, 

ʧʦʚôʷʟʘʥʘ ʟ ʥʝʧʦʚʥʠʤ ʧʝʨʝʚʝʜʝʥʥʷʤ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ çʯʝʨʚʦʥʦʛʦ 

ʰʣʘʤʫè, ʚ ʩʦʣʴʦʚʫ ʬʦʨʤʫ, ʟʜʘʪʥʫ ʜʦ ʛʽʜʨʦʣʽʟʫ ʚ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʩʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʘʟʦʢ ʢʦʘʛʫʣʷʥʪʫ, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʤʘʩʠ ʢʠʩʣʦʪʠ ʜʦ ʤʘʩʠ 

çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè 1:1, ʻ ʝʬʝʢʪʠʚʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʜʦʟʽ ʨʝʘʛʝʥʪʫ 

ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʱʠʡ ʩʪʫʧʽʥʴ ʟʥʝʙʘʨʚʣʝʥʥʷ ʤʦʜʝʣʴʥʦʾ ʚʦʜʠ, ʟʘʙʨʫʜʥʝʥʦʾ ʙʘʨʚʥʠʢʦʤ 

çʘʢʪʠʚʥʠʡ ʷʩʢʨʘʚʦ-ʙʣʘʢʠʪʥʠʡ ʂʍè ʽʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 10 ʤʛ/ʜʤ
3
, ̫ ʢʠʡ ʩʢʣʘʚ 95 %. 
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ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʽʜʭʦʜʠ ʛʣʠʥʦʟʝʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ï çʯʝʨʚʦʥʠʡ ʰʣʘʤè, 

ʷʢʠʡ ʻ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʨʦʙʢʠ ʙʦʢʩʠʪʽʚ ʤʝʪʦʜʦʤ ɹʘʡʻʨʘ ʽ ʤʽʩʪʠʪʴ ʦʢʩʠʜʠ 

ʤʝʪʘʣʽʚ: Fe2O3, Al2O3, CaO, SiO2, TiO2, Na2O. 

çʏʝʨʚʦʥʠʡ ʰʣʘʤè ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʝʘʛʝʥʪʦʤ ʚʦʜʦʦʯʠʱʝʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ 

ʪʦʢʩʠʯʥʠʭ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʥʝʦʨʛʘʥʽʯʥʠʭ ʘʥʽʦʥʽʚ, ʪʘʢʠʭ ʷʢ ʥʽʪʨʘʪʠ, ʬʪʦʨʠʜʠ ʽ 

ʬʦʩʬʘʪʠ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ [1]. ʆʩʢʽʣʴʢʠ 

ʯʝʨʚʦʥʠʡ ʰʣʘʤ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʝʨʫʤʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʡʦʛʦ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʩʠʨʦʚʠʥʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʘʛʝʥʪʫ ʢʦʘʛʫʣʷʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, 

ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɸʢʪʠʚʘʮʽʶ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʟʜʽʡʩʥʶʚʘʣʠ ʩʫʣʴʬʘʪʥʦʶ ʢʠʩʣʦʪʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 20 %ʤʘʩ ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʤʘʩʠ ʢʠʩʣʦʪʠ ʜʦ ʤʘʩʠ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè 1:1. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʦʪʨʠʤʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʫ ʟʤʽʥʶʚʘʣʠ ʚ ʤʝʞʘʭ 100é350 Áʉ 

ʟʘ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ 60 ʭʚ. ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʘʢʪʠʚʦʚʘʥʦʛʦ ʰʣʘʤʫ ʦʭʦʣʦʜʞʫʚʘʣʠ, 

ʧʦʜʨʽʙʥʶʚʘʣʠ ʪʘ ʧʝʨʝʚʽʨʷʣʠ ʧʦʷʚʫ ʢʦʘʛʫʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʂʦʘʛʫʣʷʮʽʡʥʝ ʦʯʠʱʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʟ ʚʤʽʩʪʦʤ ʙʘʨʚʥʠʢʘ 

çʘʢʪʠʚʥʠʡ ʷʩʢʨʘʚʦ-ʙʣʘʢʠʪʥʠʡ ʂʍè 10 ʤʛ/ʜʤ
3
 ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʟ 

çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʟʨʘʟʢʘʭ ʨʝʘʛʝʥʪʽʚ ʚʦʜʦʦʯʠʱʝʥʥʷ. ɼʦʟʘ 

ʦʪʨʠʤʘʥʦʛʦ ʨʝʘʛʝʥʪʫ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʩʪʘʥʦʚʠʣʘ 2 ʛ/ʜʤ
3
 ʩʪʽʯʥʦʾ ʚʦʜʠ. ʂʦʘʛʫʣʷʮʽʡʥʘ 

ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚʧʨʦʜʦʚʞ 60 ʭʚ. ʟʘ ʨʅ 9é9,5. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʢʦʘʛʫʣʷʥʪ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 150 Üʉ ʻ ʝʬʝʢʪʠʚʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʠʷʚʣʷʻ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʽ ʢʦʘʛʫʣʷʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʧʦʚʥʦʪʦʶ ʧʝʨʝʭʦʜʫ ʦʢʩʠʜʽʚ ʘʣʶʤʽʥʽʶ ʽ ʬʝʨʫʤʫ ʫ ʩʫʣʴʬʘʪʠ ʪʘ ʚʠʜʘʣʝʥʥʷʤ ʤʘʡʞʝ ʫʩʽʻʾ 

ʚʦʣʦʛʠ. ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʙʘʨʚʥʠʢʘ çʘʢʪʠʚʥʠʡ ʷʩʢʨʘʚʦ-ʙʣʘʢʠʪʥʠʡ ʂʍè 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 95 % ʽ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʢʠʩʣʦʪʥʦʾ 

ʘʢʪʠʚʘʮʽʾ ʚʠʱʝ 150Áʉ (ʨʠʩʫʥʦʢ). ɿʨʘʟʢʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 100 Áʉ, ʚʠʷʚʣʷʶʪʴ 

ʛʽʨʰʽ ʢʦʘʛʫʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʘʢʪʠʚʘʮʽʻʶ 

ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ. 

 
ʈʠʩʫʥʦʢ ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʚʠʣʫʯʝʥʥʷ ʙʘʨʚʥʠʢʘ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʘʢʪʠʚʘʮʽʾ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè 
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ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʥʘʡʜʝʥʦ ʩʧʦʩʽʙ ʫʪʠʣʽʟʘʮʽʾ ʙʘʛʘʪʦʪʦʥʘʞʥʦʛʦ ʚʽʜʭʦʜʫ ʥʘ 

ʦʩʥʦʚʽ ʩʫʣʴʬʘʪʫ ʟʘʣʽʟʘ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʽʛʤʝʥʪʥʦʛʦ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ ʥʘ ʇɸʊ 

çʉʫʤʠʭʽʤʧʨʦʤè [1. ʩ. 15]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʦʪʨʠʤʫʶʪʴ ʩʫʤʽʰ ʦʢʩʠʜʽʚ-

ʛʽʜʨʦʢʩʠʜʽʚ ʟʘʣʽʟʘ (ʆɻɿ) ʜʣʷ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʽ ʨʦʟʯʠʥ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ, ʷʢʠʡ ʤʦʞʝ 

ʧʝʨʝʨʦʙʣʷʪʠʩʷ ʥʘ ʤʽʥʝʨʘʣʴʥʝ ʜʦʙʨʠʚʦ. ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʆɻɿ ʚ ʤʝʪʘʣʫʨʛʽʡʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʚʦʜʦʚʙʠʨʥʫ ʜʦʙʘʚʢʫ ʜʦ ʚʦʣʦʛʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʫ ʧʝʨʝʜ ʛʨʘʥʫʣʷʮʽʻʶ. ɺʽʜʦʤʦ, ʱʦ ʨʘʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʚʦʜʦʚʙʠʨʥʘ 

ʜʦʙʘʚʢʘ, ʷʢ ʙʝʪʦʥʽʪ ʟʥʠʞʫʻ ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ ʟʘʛʘʣʴʥʦʛʦ ʟʘʣʽʟʘ ʚ ʨʫʜʽ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʆɻɿ - ʧʽʜʚʠʱʫʻ. ʅʘ ʙʘʛʘʪʴʦʭ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʘʭ ʚʦʣʦʛʠʡ ʢʦʥʮʝʥʪʨʘʪ 

ʧʨʦʭʦʜʠʪʴ ʪʘʢʽ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ: ʛʨʘʥʫʣʷʮʽʷ, ʩʫʰʢʘ, ʪʝʨʤʦʧʽʜʛʦʪʦʚʢʘ ʽ ʧʨʦʛʘʨʪʦʚʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʦʢʘʪʠʰʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʪʨʫʙʯʘʩʪʽʡ ʧʝʯʽ ʜʽʘʤʝʪʨʦʤ 25 ʤʤ, ʯʝʨʝʟ ʷʢʫ 

ʛʨʘʥʫʣʠ ʧʨʦʩʫʚʘʣʠʩʷ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʫ ʪʘʢʦʤʫ ʪʝʤʧʽ, ʱʦʙ ʚ ʩʝʨʝʜʠʥʥʽʡ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʯʘʩʪʠʥʠ ʧʝʯʽ ʚʦʥʠ ʧʝʨʝʙʫʚʘʣʠ 30 ʭʚ. ʋ ʜʘʥʽʡ ʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 1300-1310 Áʉ. ʇʽʩʣʷ ʪʘʢʦʛʦ ʧʨʦʛʘʨʪʦʚʫʚʘʥʥʷ ʛʨʘʥʫʣʠ ʙʫʣʠ 

ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʟʽ ʩʪʘʣʝʚʠʤ ʚʽʜʪʽʥʢʦʤ. ʇʦʚʝʨʭʥʷ ʛʨʘʥʫʣ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ. ʆʙʧʘʣʝʥʽ 

ʛʨʘʥʫʣʠ (ʦʢʘʪʠʰʽ) ʤʘʣʠ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ ʧʨʫʞʥʽʩʪʴ. ʇʨʠ ʩʢʠʜʘʥʥʽ 20 ʨʘʟʽʚ ʟ ʚʠʩʦʪʠ 2 ʤ 

ʨʫʡʥʫʚʘʥʴ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ. ʇʽʩʣʷ ʫʜʘʨʫ ʦʙ ʢʝʨʘʤʽʯʥʫ ʧʣʠʪʫ ʦʢʘʪʠʰ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ 

ʨʦʟʤʽʨʫ (ʙʣʠʟʴʢʦ 3 ʛ) ʧʽʜʩʢʘʢʫʚʘʚ ʥʘ ʚʠʩʦʪʫ 0,8-1 ʤ. ʏʝʨʝʟ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʪʨʫʙʯʘʪʦʾ ʧʝʯʽ ʦʩʥʦʚʥʘ ʤʘʩʘ ʦʢʘʪʠʰʽʚ ʦʙʧʽʢʘʣʘʩʷ ʚ ʪʫʥʝʣʴʥʦʾ ʧʝʯʽ, ʢʫʜʠ ʚʦʥʠ 

ʧʦʤʽʱʘʣʠʩʷ ʚ ʧʣʘʪʠʥʦʚʠʭ ʪʠʛʣʷʭ ʧʦ 25-30 ʰʪ. ʇʨʦʛʘʨʪʦʚʫʚʘʥʥʷ ʚʝʣʦʩʷ ʧʨʠ 1300-1320 

Áʉ. ʇʨʠ ʩʫʰʮʽ ʽ ʧʦʧʝʨʝʜʥʽʡ ʪʝʨʤʦʦʙʨʦʙʮʽ ʦʢʘʪʠʰʽ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ 

ʤʘʣʠ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ, ʧʨʠʯʦʤʫ ʮʽ ʟʤʽʥʠ ʙʫʣʠ ʽʜʝʥʪʠʯʥʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʦʢʘʪʠʰʽ, 

ʧʨʠʛʦʪʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʆɻɿ, ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ ʧʦʤʽʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟ 

ʨʷʜʫ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʦʢʨʝʤʘ, ʦʢʘʪʠʰʽ ʧʨʠʛʦʪʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ, 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʚʘʣʠ ʩʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʚ ʭʦʜʽ ʪʝʨʤʦʦʙʨʦʙʢʠ. ʅʘ ʧʨʦʪʠʚʘʛʫ ʮʴʦʤʫ 

ʦʢʘʪʠʰʽ ʆɻɿ ʯʦʨʥʽ ʚ ʩʠʨʦʤʫ ʩʪʘʥʽ ʧʽʩʣʷ ʩʫʰʽʥʥʷ ʽ ʧʨʦʛʨʽʚʫ ʧʨʠ 450 Áʉ ʥʘʙʫʚʘʣʠ 

ʮʝʛʝʣʴʥʠʡ ʢʦʣʽʨ, ʜʘʣʽ ʧʨʠ 600 Áʉ ʚʦʥʠ ʩʪʘʚʘʣʠ ʪʝʤʥʦ-ʙʫʨʠʤʠ, ʘ ʧʨʠ 700 Áʉ ʯʦʨʥʠʤʠ ʟ 

ʙʫʨʠʤ ʚʽʜʪʽʥʢʦʤ. ʇʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʨʠ 950 Áʉ ʦʢʘʪʠʰʽ ʟ ʆɻɿ ʧʨʠʜʙʘʣʠ 

ʯʦʨʥʠʡ ʢʦʣʽʨ ʙʝʟ ʚʽʜʪʽʥʢʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʠʣʴʥʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʘʪʠʰʽʚ ʟ 

ʆɻɿ ʽʩʪʦʪʥʦ ʟʥʠʟʠʣʠʩʷ ʫ ʟʨʘʟʢʽʚ ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʧʨʠ 700 Áʉ ʽ ʚʠʱʝ. ɼʣʷ ʦʢʘʪʠʰʽʚ ʥʘ 

ʦʩʥʦʚʽ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʟʥʠʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʨʘʟʢʽʚ 

ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ ʧʨʠ 800 Áʉ ʽ ʚʠʱʝ. ʎʝʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʥʠʞʝʥʥʷʤ ʯʘʩʪʢʠ 

ʤʘʛʥʝʪʠʪʫ ʚ ʟʨʘʟʢʘʭ ʽ ʧʦʚʽʰʝʥʥʷʤ ʯʘʩʪʢʠ ʛʝʪʠʪʫ. ʆʢʘʪʠʰʽ, ʧʨʦʞʘʨʝʥʽ ʚ ʪʨʫʙʯʘʩʪʽʡ ʧʝʯʽ, 

ʱʦ ʥʝ ʙʫʣʠ ʜʝʬʦʨʤʦʚʘʥʽ, ʤʘʣʠ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʢʫʣʷʩʪʦʾ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʦʢʘʪʠʰʽ, 

ʦʙʧʘʣʝʥʽ ʚ ʪʫʥʝʣʴʥʽʡ ʧʝʯʽ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʩʧʝʢʣʠʩʷ ʤʽʞ ʩʦʙʦʶ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʫ. 

ɺʠʣʫʯʝʥʥʷ ʪʘʢʠʭ ʦʢʘʪʠʰʽʚ ʟ ʧʣʘʪʠʥʦʚʠʭ ʪʠʛʣʽʚ ʙʫʣʦ ʩʢʨʫʪʥʠʤ. ʉʧʦʩʪʝʨʽʛʘʣʦʩʷ ʷʚʥʝ 

çʟʘʣʽʢʦʚʫʚʘʥʥʷè ʪʨʽʱʠʥ ʥʘ ʦʢʘʪʠʰʘʭ ʟ ʆɻɿ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʜʫʢʪʠ, ʦʪʨʠʤʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʆɻɿ, ʟʘ ʩʚʦʾʤʠ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʜʦ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ. 
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ʉʆɺʄɽʉʊʅɸʗ ʋʊʀʃʀɿɸʎʀʗ ɾɽʃɽɿʆ- ʀ ʅʀʂɽʃʔʉʆɼɽʈɾɸʑʀʍ 

ʉʊʆʏʅʓʍ ɺʆɼ ʌɽʈʈʀʊʅʓʄ ʄɽʊʆɼʆʄ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆʁ ʂʆʅʊɸʂʊʅʆʁ ʅɽʈɸɺʅʆɺɽʉʅʆʁ ʇʃɸɿʄʓ 

ʃ.ɸ. ʌʨʦʣʦʚʘ, ɽ.ɻ. ʎʝʧʠʯ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ 

çɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

49005, ʛ.ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʧʨ.ɻʘʛʘʨʠʥʘ,8 

tsepich@i.ua 

ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʄ), ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʋʢʨʘʠʥʝ ʩʦ 

ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʧʨʦʪʠʚʦʨʝʯʠʚʘ. ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ ʦʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʦ ʩʝʨʴʝʟʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʥʦ ʠ ʦ 

ʨʘʩʪʦʯʠʪʝʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʢ ʨʝʩʫʨʩʘʤ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʊʄ ʩʣʫʞʘʪ ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʦʣʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ. 

 ɸʥʘʣʠʟ ʨʘʙʦʪ ʧʦ ʚʦʧʨʦʩʫ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʦʙʝʟʚʨʝʞʠʚʘʪʴ ʥʠʢʝʣʴ- ʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʬʝʨʨʠʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ (ʂʅʇ) 

ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʬʝʨʨʠʪʠʟʘʮʠʠ. 

ʎʝʣʴ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʠʢʝʣʴ- ʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʂʅʇ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʬʝʨʨʠʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʢʦʥʮʝʥʪʨʘʮʠʷ FeSO4 ï 0,5 

ʤʦʣʴ/ʣ, NiSO4 ï 0,5 ʤʦʣʴ/ʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ NaOH ï 1,5 ʤʦʣʴ/ʣ, ʪʝʤʧʝʨʘʪʫʨʘ ï 25-40 
0
ʉ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-2. ʄʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ.  

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʷʣʘ ʚ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʘʪʦʚ ʞʝʣʝʟʘ ʠ 

ʥʠʢʝʣʷ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʦʩʘʞʜʝʥʠʠ ʱʝʣʦʯʴʶ ʧʦʣʠʛʠʜʨʦʢʦʩʦʢʦʤʧʣʝʢʩʦʚ Fʝ(II)
 
ʠ 

Ni(II), ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʩʫʩʧʝʥʟʠʠ ʂʅʇ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʷʣʠʩʴ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʩʘʜʢʘ, ʝʛʦ ʦʙʲʝʤ ʠ ʦʩʪʘʪʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ 

ʠ ʞʝʣʝʟʘ ʚ ʨʘʩʪʚʦʨʝ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʘʤʝʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʩʘʜʦʢ ʧʨʦʷʚʣʷʝʪ ʧʨʠ 

ʚʩʝʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [Fʝ
2+

]/[Ni
2+

]=20·1. ʇʨʠ ʂ<1 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʘʜʢʘ, ʫʧʨʦʱʝʥʠʷ ʦʪʜʝʣʝʥʠʷ ʦʩʘʜʢʘ ʦʪ ʚʦʜʳ ʥʝ ʠʤʝʶʪ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ, ʛʠʜʨʦʢʩʠʜʦʚ ʠ ʦʢʩʠʛʠʜʨʦʢʩʠʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʦʩʘʜʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

[Fʝ
2+

]/[Ni
2+

]= 14-15. 

ɹʳʣʠ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʘʢʪʥʦʡ ʧʣʘʟʤʦʡ 

(ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʨʝʘʢʪʦʨʘ, ʪʦʢ ʥʘʛʨʫʟʢʠ). 
ʇʨʦʚʝʜʝʥʥʳʡ ʨʝʥʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʫʪʠʣʠʟʘʮʠʠ ʥʠʢʝʣʴ- ʠ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ ʥʘ 99%, ʘ ʪʘʢ ʞʝ 

ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʰʧʠʥʝʣʴʥʳʭ ʬʝʨʨʠʪʦʚ.  

mailto:ugxtu@dicht.dnepropetrovsk.ua
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INVESTIGATION OF DURABILITY OF WATER PIPES FROM LOW -DENSITY 
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Shostka Institute of Sumy State University  

41100, Shostka, Instytutska St., 1 

shi_nir@sm.ukrtel.net 

The intensive development of the national economy and the urbanization of the 

population entails a constant water supply. In this case, metal water pipes have low durability 

and low performance characteristics. That is why it is very important to found the new 

material, which would be more durable. 

Three types of water pipes: metal, plastic and polymer from the high-pressured 

polyethylene were considered during this studying. 

Itôs determined that the durability of the most common water pipes, which are made of 

steel, cast iron, metal plastic and copper varies from 30 to 80 years. They have many 

disadvantages associated with corrosion-resistance, cost, and complexity of assembly of 

branched structures.  

Polyethylene pipes (for research were selected pipes LDPE 15803-020) have good 

technical and economic indicators directly related to the low cost price of operation, low 

installation costs and pipe laying, durability. In addition, they can be disposed of the pipeline, 

which service life has expired. 

The durability tests are not included in the list of mandatory tests for polymer 

products, and therefore to determine the characteristics of the LDPE pipes life prediction was 

calculated by the method of Broido. 

Design life (tʊ)ɻ, is counted in years, is determined with the formula: 

ʤ.ʚ. ʨ

ʤ.ʚ. ʨ ʵ

ʵ

(ɽ ɽ )

(ɽ ɽ ) RT

ʊ 10 ʝ /m

-D -gs

a -D -gs +b
å õ
æ öt =
æ ö
ç ÷

 

Based on the calculations, the durability of LDPE pipes is 89 years old. They are more 

high-tech and environmentally friendly, because they do not oxidize. The using of water pipes 

LDPE 15803-020 is a perspective direction in the development of water supply. 
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ZMIANY WYBRANYCH WĞAśCIOWśCI OSADčW śCIEKOWYCH PODCZAS 

WIROWANIA,  DEZINTEGRACJI ULTRADťWIŇKOWEJ I FILTRACJI 

PRčŧNIOWEJ 
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Ignacego Ğukasiewicza 17, 09-400 Pğock, ʇʦʣʴʰʘ 

 

Streszczenie 

W pracy przedstawiono wyniki badaŒ zmian wybranych wğaŜciwoŜci osad·w 

Ŝciekowych podczas wirowania, dezintegracji ultradŦwiňkowej oraz filtracji pr·Ũniowej. Do 

badaŒ wykorzystano jeden typ osad·w Ŝciekowych, pochodzŃcych z duŨej oczyszczalni 

Ŝciek·w bytowo-gospodarczych o RLM > 99 000. Badania przeprowadzono w warunkach 

laboratoryjnych. W ramach badaŒ proces·w wirowania, dezintegracji ultradŦwiňkowej oraz 

filtracji pr·Ũniowej wykonano szereg oznaczeŒ charakteryzujŃcych osady Ŝciekowe, a 

uzyskane wyniki badaŒ pozwoliğy na ocenň zmian badanych wğaŜciwoŜci.   

Wstňp 

Og·lnym celem oczyszczania Ŝciek·w jest ochrona Ŝrodowiska naturalnego, a przede 

wszystkim ochrona czystoŜci w·d powierzchniowych [1]. Produktem oczyszczania Ŝciek·w 

sŃ osady Ŝciekowe, powstajŃce na skutek szeregu proces·w fizycznych, biologicznych i 

fizycznoïchemicznych zachodzŃcych w oczyszczalniach Ŝciek·w. Budowa nowych 

oczyszczalni i stosowanie nowoczesnych technologii intensyfikujŃcych procesy oczyszczania 

Ŝciek·w komunalnych powoduje wzrost iloŜci powstajŃcych w nich osad·w. Osady te, kt·re z 

samej swojej istoty stanowiŃ odpad zaliczany do odpad·w niebezpiecznych powinny byĺ 

poddawane odzyskowi, a nastňpnie po unieszkodliwianiu podlegaĺ zagospodarowaniu [4, 6].  

Gospodarka osadowa stanowi kosztowny i niezwykle kğopotliwy element 

funkcjonowania kaŨdej oczyszczalni. Komunalne osady Ŝciekowe r·ŨniŃ siň swoimi 

wğaŜciwoŜciami od osad·w pochodzŃcych tylko ze Ŝciek·w przemysğowych. Z uwagi na 

znacznŃ zawartoŜĺ substancji organicznych szybko zagniwajŃ, stajŃc siň Ŧr·dğem odor·w. Ich 

unieszkodliwianie przed ponownym wprowadzeniem do Ŝrodowiska jest wiňc obowiŃzkiem, 

kt·rego speğnienie wiŃŨe siň z wysokimi nakğadami inwestycyjnymi eksploatacyjnymi, 

przekraczajŃcymi czňsto 50% wszystkich koszt·w ponoszonych przez oczyszczalniň [3]. 

ZnajomoŜĺ cech charakterystycznych dla danego osadu jest niezbňdna do wğaŜciwego 

zaprojektowania proces·w technologicznych jego przer·bki i unieszkodliwiania. W kaŨdym 

przypadku sŃ one pochodnŃ Ŧr·dğa powstawania Ŝciek·w oraz zastosowanej technologii ich 

unieszkodliwiania. Struktura osadu, zawartoŜĺ wilgoci, charakterystyka sedymentacyjna, 

podatnoŜĺ na mineralizacjň czy zdolnoŜĺ do oddawania wody, to tylko podstawowe cechy 

decydujŃce o intensywnoŜci i efekcie koŒcowym kolejnych proces·w przer·bki przed ich 

ostatecznym unieszkodliwianiem [3]. 

OsiŃgniňcie tak sformuğowanego celu wymaga zwykle kolejno po sobie 

przebiegajŃcych proces·w jednostkowych [4]. 

Procesy odwadniania i zagňszczania odgrywajŃ istotnŃ rolň w okreŜlaniu og·lnych 

koszt·w oczyszczania Ŝciek·w i osad·w Ŝciekowych. W celu zwiňkszenia podatnoŜci osad·w 

na przebieg wymienionych proces·w przeprowadza siň ich kondycjonowanie (wstňpne 

przygotowanie do mechanicznego odwadniania). Wyb·r sposobu kondycjonowania wynika 

(obok aspekt·w gospodarczych) takŨe z tego, czy osady po odwodnieniu bňdŃ deponowane, 

czy powinny byĺ zagospodarowane inaczej np. w rolnictwie [5].  
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Dezintegracja moŨe byĺ uznana za jeden z proces·w kondycjonowania osadu, czyli 

zmniejszenia siğy wiŃzania czŃstek wody z czŃstkami fazy stağej, co uğatwia zagňszczenie i 

odwadnianie osadu [4]. IdeŃ proces·w dezintegracji jest doprowadzenie do rozerwania bğony 

kom·rkowej i lizy kom·rek mikroorganizm·w, woda biologiczna wczeŜniej zwiŃzana 

wewnŃtrzkom·rkowo zostaje uwolniona, co umoŨliwia uzyskanie wyŨszej efektywnoŜci 

odwadniania osad·w [4]. 

Najprostszym i najtaŒszym sposobem czňŜciowego Ăpozbycia siňò wody z osadu, co 

powoduje znaczne zmniejszenie jego objňtoŜci, jest poddanie osadu procesowi zagňszczania 

[3]. W efekcie zagňszczania uzyskuje siň zmniejszenie uwodnienia do okoğo 92 ï 94%. W 

procesie tym moŨe zostaĺ usuniňta tylko woda wolna (wolna Ăpierwotnie wolnaò lub 

uwolniona w procesie kondycjonowania). Zagňszczanie jest jednym z pierwszych proces·w 

jednostkowych przer·bki osad·w, a jego zastosowanie obniŨa koszty inwestycyjne i 

eksploatacyjne kolejnych etap·w ciŃgu, i wpğywa r·wnieŨ na funkcjonowanie cağej 

oczyszczalni Ŝciek·w [2]. Nawet niewielki spadek uwodnienia pociŃga za sobŃ znaczne 

zmniejszenie objňtoŜci osad·w [1]. 

CzňŜĺ doŜwiadczalna 

Przedmiot i zakres badaŒ 

Badaniom zostağ poddany osad Ŝciekowy pochodzŃcy z mechaniczno ï biologicznej 

oczyszczalni Ŝciek·w z peğnŃ przer·bkŃ osadu i wykorzystaniem biogazu. Oczyszczalnia ta 

obsğuguje teren liczŃcy ok. 130 tys. mieszkaŒc·w. ścieki dopğywajŃce do oczyszczalni 

zawierajŃ r·wnieŨ czňŜĺ w·d opadowych, a wiňc wystňpujŃ wahania iloŜci zaleŨne od 

pogody. ścieki pochodzŃ w ok. 90% od mieszkaŒc·w, a w 10% z przemysğu i innych 

zakğad·w pracy. Do oczyszczalni dowoŨone sŃ takŨe niewielkie iloŜci Ŝciek·w wozami 

asenizacyjnymi. Osady Ŝciekowe poddawane sŃ fermentacji, a nastňpnie doprowadzane sŃ do 

instalacji mechanicznego odwadniania za pomocŃ wir·wek. W dalszej kolejnoŜci osady sŃ 

suszone i wywoŨone do zagospodarowania.  

Zakres badaŒ obejmowağ analizň osadu surowego, osadu surowego odwodnionego za 

pomocŃ wir·wki sedymentacyjnej, a takŨe analizň osadu po dezintegracji ultradŦwiňkowej, 

zagňszczeniu i odwodnieniu. 

 Do zagňszczania osad·w Ŝciekowych zostağ uŨyty Ŝrodek zagňszczajŃcy o nazwie 

handlowej Praestol. Obecnie jest on wykorzystywany w procesie zagňszczania osad·w 

Ŝciekowych w Ŝredniej wielkoŜci oczyszczalni Ŝciek·w o RLM od 1 000 do 99 000. 

Do badaŒ wykorzystano aparaturň i sprzňt dostňpnŃ w laboratorium Zakğadu InŨynierii 

Sanitarnej i Ochrony środowiska Politechniki Warszawskiej w Pğocku. Oznaczenia 

wykonano w spos·b powtarzalny zgodnie z metodykami obowiŃzujŃcymi w Polskich 

Normach dotyczŃcych osad·w Ŝciekowych.  Przedstawione wyniki dotyczŃ fragmentu badaŒ 

realizowanych w ramach pracy dyplomowej inŨynierskiej. 

 Wyniki badaŒ i ich dyskusja 

Pobrany osad charakteryzowağ siň barwŃ brŃzowo ï szarŃ, zapachem roŜlinno ï 

gnilnym oraz bardzo wysokim stopniem uwodnienia. 

Osad surowy zostağ wysuszony, przewaŨony, a nastňpnie spalony, co pozwoliğo  

na oznaczenie takich wğaŜciwoŜci jak: sucha masa [%], wilgotnoŜĺ [%], zawartoŜĺ substancji 

mineralnych [% s. m] oraz zawartoŜĺ substancji organicznych [% s. m]. 

Parametry te oznaczano kolejno po nastňpujŃcych procesach: 

ü po odwodnieniu w wir·wce sedymentacyjnej, 

ü po odwodnieniu w wir·wce sedymentacyjnej po wczeŜniejszym dodaniu flokulantu, 

ü po odwodnieniu w wir·wce sedymentacyjnej, po dezintegracji ultradŦwiňkowej i  

dodaniu flokulantu. 
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ZağoŨono stağy czas wirowania 20 minut, jak r·wnieŨ stağŃ prňdkoŜĺ obrotowŃ r·wnŃ 

5000obr./min. Najkorzystniejsze wyniki otrzymano dla osadu poddanego przed dodaniem 

flokulantu dziağaniu ultradŦwiňk·w: 

ī sucha  masa: 0,97 ï 19,51% 

ī wilgotnoŜĺ: 99,03 ï 80,49% 

ī zawartoŜĺ substancji mineralnych: 31,26 ï 18,56% s.m. 

ī  zawartoŜĺ substancji organicznych: 68,74 ï 81,44% s.m. 

Optymalna dawka Ŝrodka zagňszczajŃcego zostağa ustalona w wyniku 

przeprowadzonych badaŒ i wyniosğa 2,5 cm
3
. 

Tabela 1. Wyniki wykonanych oznaczeŒ wğaŜciwoŜci osad·w Ŝciekowych (opracowanie wğasne) 

Table 1. The results of the determinations of sewage sludge properties (own research) 

Osad surowy 

WilgotnoŜĺ[%] Sucha masa [%] Substancje mineralne [% s.m.] Substancje organiczne [% s.m.] 

99,03 0,97 31,26 68,74 

Osad surowy poddany odwodnieniu w wir·wce sedymentacyjnej  

5 000obr/min 20min 

90,52 9,48 28,15 71,85 

Osad poddany odwodnieniu w wir·wce sedymentacyjnej po dodaniu flokulantu 

89,02 10,98 24,36 75,64 

Osad poddany odwodnieniu w wir·wce sedymentacyjnej po dezintegracji ultradŦwiňkowej i 

dodaniu flokulantu 

80,49 19,51 18,56 81,44 

Zakresem badaŒ objňty byğ takŨe op·r wğaŜciwy filtracji. Odwadnianiu z 

zastosowaniem filtracji pr·Ũniowej zostağy poddane osady surowe, a takŨe osady, kt·re 

wczeŜniej byğy kondycjonowane dziağaniem energii pola ultradŦwiňkowego. Zasada 

oznaczania oporu wğaŜciwego filtracji polegağa na filtracji osadu na tzw. lejku B¿chnera z 

zastosowaniem bezpopioğowego sŃczka o okreŜlonej gruboŜci, gradacji, a takŨe okreŜlonych 

wğaŜciwoŜciach sŃczenia (np. standardowej bibuğy filtracyjnej Whatman o gradacji 

chromatograficznej nr 41) [5]. Filtracja pr·Ũniowa osad·w byğa prowadzona przy dw·ch 

stağych wielkoŜciach podciŜnienia 49 kPa oraz 60 kPa. Po wykonaniu dw·ch pomiar·w 

filtracji oznaczono uwodnienie plack·w. Maksymalny czas prowadzenia procesu wyni·sğ 

18000 s. 

Oznaczono takŨe chemiczne zapotrzebowanie na tlen filtratu oraz okreŜlono jego 

koŒcowŃ objňtoŜĺ. 

 
Rys. 1. Por·wnanie wybranych wğaŜciwoŜci osad·w Ŝciekowych 

Fig. 1. Comparison of selected characteristics of sewage sludge 
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Tabela 2. Wyniki pomiar·w filtracji pr·Ũniowej na lejku B¿chnera (opracowanie wğasne). 

Table 2. The measurement results of the vacuum filtration using a Buchner (own research) 

Oznaczenie Jednostki 
0ÏÄÃÉĢÎÉÅÎÉÅȟ Ë0Á 

49 60 

Osad surowy 

Osad: 
uwodnienie: 
¶ osadu surowego 
¶ osadu po filtracji 
ÏÐĕÒ ×čÁĢÃÉ×Ù ÆÉÌÔÒÁÃÊÉ 

 
 

% 
% 

m/kg  

 
 

99,03 
19,66 
ςȟςφ Ͻ ρπ11 

 
 

99,03 
21,77 
ρȟυψ Ͻ ρπ11 

Filtrat:  
ËÏďÃÏ×Á ÉÌÏĢç ÆÉÌÔÒÁÔÕ 
ChZT 

 
cm3 

mgO2/dm 3 

 
21,25 

219,68 

 
22,5 

215,54 

/ÓÁÄ ÐÏ ËÏÎÄÙÃÊÏÎÏ×ÁÎÉÕ ÕÌÔÒÁÄľ×ÉöËÁÍÉ 

Osad: 
uwodnienie: 
¶ osadu surowego 
¶ osadu po filtracji  
ÏÐĕÒ ×čÁĢÃÉ×Ù ÆÉÌÔÒÁÃÊÉ 

 
 

% 
% 

m/kg  

 
 

99,03 
22,54 
ςȟπυ Ͻ ρπ11 

 
 

99,03 
24,12 
ρȟσς Ͻ ρπ11 

Filtrat:  
ËÏďÃÏ×Á ÉÌÏĢç ÆÉÌÔÒÁÔÕ 
ChZT 

 
cm3 

mgO2/dm 3 

 
22,00 

220,06 

 
22,75 

217,32 

 

 

 
Rys.2.  WartoŜci oporu wğaŜciwego filtracji osad·w przy r·Ũnych wielkoŜciach podciŜnienia 

Fig. 2. The values of the resistivity of the sludge filter varying the vacuum 

 

Wnioski:  

Dziňki sposobom przer·bki w duŨym stopniu zmniejsza siň objňtoŜĺ i szkodliwoŜĺ 

osad·w Ŝciekowych, co daje moŨliwoŜĺ ich poŨytecznego zagospodarowania. 

Przeprowadzone badania na zmiany zawartoŜci wilgotnoŜci, suchej masy, zawartoŜci 

substancji mineralnych i organicznych oraz wartoŜĺ oporu wğaŜciwego filtracji pozwoliğy na 

sformuğowanie nastňpujŃcych wniosk·w: 

¶ Wykorzystany proces wirowania w znaczny spos·b przyczynia siň do zmniejszenia 

zawartoŜci wody w osadzie, a co za tym idzie do zwiňkszenia jego stopnia 

zagňszczenia. 
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¶ Wirowanie jako spos·b mechanicznego zagňszczania znajduje zastosowanie dla 
badanych osad·w. 

¶ Bardzo duŨe znaczenie, w procesie odwadniania osad·w, ma dodanie Ŝrodka 
zagňszczajŃcego, kt·rego dawkň naleŨy zawsze ustalaĺ dla kaŨdego osadu osobno. 

Stosowanie zbyt mağej dawki oraz przedawkowanie Ŝrodka zagňszczajŃcego wpğynie 

na proces negatywnie. 

¶ Zastosowany w badaniach Ŝrodek zagňszczajŃcy jest skuteczny i uğatwia przer·bkň 
badanego osadu. 

¶ Dezintegracja ultradŦwiňkowa jako spos·b kondycjonowania jest skuteczna dla 
badanych osadu. 

¶ Osad poddany dziağaniu energii pola ultradŦwiňkowego przed jego zagňszczaniem 
wykazuje wiňkszŃ zdolnoŜĺ do oddawania zawartej w nim wody. 

¶ Dezintegracja ultradŦwiňkowa wpğywa r·wnieŨ na wğaŜciwoŜci filtracyjne osadu. 
Osad poddany dziağaniu energii pola ultradŦwiňkowego wykazuje mniejszŃ wartoŜĺ 

oporu wğaŜciwego filtracji. 

¶ Dla badanego osadu korzystniejsze jest prowadzenie odwadniania z wykorzystaniem 
lejka B¿chnera przy podciŜnieniu 60 kPa. 
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Abstract: 

This paper presents the results of changes In selected properties of the sewage sludge during 

the centrifugation, ultrasonic disintegration and vacuum filtration. For the study one type of 

sewage sludge from a large sewage treatment plant with RLM>99000 was used. The studies 

were carried in laboratory conditions. In an examination of the centrifugation, ultrasonic 

disintegration and vacuum filtration process a number of determination characterizing the 

sewage sludge were carried out and the obtained results allowed to estimate changes in the 

studied properties. 
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Iron oxide pigments, is one of the most common groups of inorganic pigments. Iron 

oxides are durable, economical, does not have a significant impact on the environment, safe 

for health. The need for iron oxide pigments today is quite high. 

It was of interest to study the possibility of solid-phase synthesis of iron oxide 

pigments from waste products. 

As a raw material was selected green vitriol, the waste of pigment titanium dioxide 

production by PJSC "Sumykhimprom". 

The possibility of obtaining a wide color spectrum of the product (from ocher to 

Cardinal purple) by calcination of green vitriol at 725 ÁC with simultaneous introduction of 

modifying additives was studied. As modifiers employed: sodium chloride, modifier number 

1, modifier number 2. Quantity of the modifier was changed in the range from 1 to 10 % wt. 

The process was carried out under laboratory conditions by dehydrated green vitriol at 

130 
o
C, calcined iron sulphate monohydrate at 725 

o
C for 4 hours, washed and dried reaction 

product. After that, got iron oxides of wide color spectrum of red shades. 

The analysis of derivatograms and micrographs showed that the introduction of 

modifiers had affected the course of chemical reactions in the preparation of red iron oxide on 

this technology. 

Carried IR spectral analysis of the sample allowed ensuring that the resulting iron 

oxide corresponds to the chemical formula close to Fe2O3. 

Thus, it is shown that applying the method of solid phase synthesis, with the 

introduction of modifying additives, it was possible to obtain the iron oxide pigment with a 

wide color range from ocher to Cardinal purple. 
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3. ʂʦʩʪʝʥʢʦ ʖ.ʉ. ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ ʧʠʛʤʝʥʪʦʚ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ / ʖ.ʉ. ʂʦʩʪʝʥʢʦ, ʗ.ɻ. 

ɺʘʟʠʝʚ, ɸ.ʖ. ʄʘʨʘʭʦʚʩʢʘʷ // ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʥʦʚʘʮʠʠ ʚ ʥʘʫʢʝ, 

ʦʙʨʘʟʦʚʘʥʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʪʨʘʥʩʧʦʨʪʝ 2013. ʅʘʫʯʥʦʝ ʠʟʜʘʥʠʝ. ʉʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ Sworld. ɺʳʧʫʩʢ 4. ʊʦʤ 8. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ, ʛ. ʀʚʘʥʦʚʦ, 

2013ʛ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʆɽʅʀʗ ɾɽʃɽɿʆʆʂʉʀɼʅʆɻʆ ʇʀɻʄɽʅʊɸ ʀɿ 

ʆʊʍʆɼʆɺ ʇʈʆʀɿɺʆɼʉʊɺɸ ʊʀʊɸʅ ɼʀʆʂʉʀɼɸ 

ʉ.ʆ. ɻʫʪʘʢ, ʖ.ʉ. ʂʦʩʪʝʥʢʦ, ʗ.ɻ. ɺʘʟʠʝʚ, ʆ.ɺ. ʇʘʚʣʝʥʢʦ  

ʐʦʩʪʢʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʫʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʫʣ. ʀʥʩʪʠʪʫʪʩʢʘʷ, 1, ʛ. ʐʦʩʪʢʘ, 41100 

st_george@inbox.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʠʛʤʝʥʪʦʚ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʙʝʪʦʥʦʚ ʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʠʛʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʢʨʦʤʝ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʧʦʚʳʰʝʥʥʦʡ ʘʪʤʦʩʬʝʨʦ- ʠ ʱʝʣʦʯʝʩʪʦʡʢʦʩʪʴʶ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʙʳʯʥʦ ʦʪʚʝʯʘʶʪ 

ʧʠʛʤʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʢʦʪʦʨʳʭ 

ʦʛʨʘʥʠʯʝʥʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʩʰʠʨʝʥʠʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʛʤʝʥʪʦʚ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʥʳʡ ʢʫʧʦʨʦʩ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʛʤʝʥʪʥʦʡ ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ ʠ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 

93% ʛʝʧʪʘʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʞʝʣʝʟʦʦʢʠʩʥʳʭ ʧʠʛʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʚʦʜʠʣʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʞʝʣʝʟʥʦʛʦ ʢʫʧʦʨʦʩʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʝʛʦ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʜʦ ʦʜʥʦʚʦʜʥʦʛʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʝʱʝʩʪʚʘ ʩ ʧʠʛʤʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʨʷʜʫ ʠʩʧʳʪʘʥʠʡ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʊʋ 

ʋ24.1-05762329-001.  

 
 ʈʠʩ. 1 ʀʂ ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʞʝʣʝʟʥʦʛʦ ʢʫʧʦʨʦʩʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʘ ʨʘʟʣʦʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 400ð

900 Áʉ ʧʦʭʦʞ ʥʘ ʩʧʝʢʪʨ ʧʨʦʪʦʛʝʤʘʪʠʪʘ [2], ʚ ʢʦʪʦʨʦʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʩʤʝʱʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʦʩʘʤ ʛʝʤʘʪʠʪʘ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʘ 

ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ð ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʠ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ, ʯʝʤ ʨʘʟʨʝʰʘʶʪ ʧʨʘʚʠʣʘ ʦʪʙʦʨʘ ʜʣʷ ʛʝʤʘʪʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʦʨʫʥʜʘ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʧʦʩʦʙʝ ʨʝʛʠʩʪʨʘʮʠʠ ʀʂ ʩʧʝʢʪʨʘ 
ʩʪʘʥʜʘʨʪʥʳʝ ʦʩ.ʯ. ʠ ʯ.ʜ.ʘ. Ŭ-Fe2O3 ʨʝʘʢʪʠʚʳ ʧʦ ʩʧʝʢʪʨʫ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʝ 

ʛʝʤʘʪʠʪʘ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʩʧʝʢʪʨ ʧʨʦʪʦʛʝʤʘʪʠʪʘ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 900 Áʉ ʩʧʝʢʪʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʜʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʛʝʤʘʪʠʪʘ. 
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ʇʆʃʋʏɽʅʀɽ ʅɽʆʈɻɸʅʀʏɽʉʂʆɻʆ ʉʆʈɹɽʅʊɸ  

ʅɸ ʆʉʅʆɺɽ ɾɽʃɽɿɸ ʀ ʄɸʈɻɸʅʎɸ 

ɸ.ɺ. ɹʦʥʜʘʨʝʥʢʦ, ɸ.ɻ. ɺʘʟʠʝʚʘ, ʅ.ʆ. ʂʨʫʛʣʦʚʘ, ʆ.ɺ. ʇʘʚʣʝʥʢʦ  

ʐʦʩʪʢʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʫʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

41100, ʛ. ʐʦʩʪʢʘ, ʫʣ. ʀʥʩʪʠʪʫʪʩʢʘʷ, 1 

twin1991@yandex.ua 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʦʯʠʩʪʢʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʚʩʝ ʙʦʣʴʰʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʭʦʜʷʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʨʙʝʥʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʨʙʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦ ʩʪʦʡʢʠʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ 

ʥʝʢʦʪʦʨʳʤ ʨʘʜʠʦʥʫʢʣʠʜʘʤ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ [1].  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ ï ʞʝʣʝʟʥʳʡ ʢʫʧʦʨʦʩ FeSO4 Å 7H2O ʠ ʦʪʭʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʜʨʦʭʠʥʦʥʘ ï ʜʠʦʢʩʠʜ 

ʤʘʨʛʘʥʮʘ MnO2 [2]. 

ʆʙʨʘʟʝʮ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʚʝʩʢʠ ʞʝʣʝʟʥʦʛʦ ʢʫʧʦʨʦʩʘ ʚ ʚʦʜʝ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ. ɼʘʣʝʝ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ, 

ʦʭʣʘʞʜʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ, ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʦʩʘʜʦʢ ʚʳʩʫʰʠʚʘʣʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʦʨʙʮʠʷ ʠʦʥʦʚ ʤʝʜʠ (II). ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ Cu
2+

 ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

ʖʅʀʂʆ 2100. ʉʪʘʥʜʘʨʪʥʳʝ ʨʘʩʪʚʦʨʳ Cu
2 +

 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʛ/ʤʣ ʛʦʪʦʚʠʣʠʩ ɹʧʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ɺ 50 ʤʣ ʨʘʩʪʚʦʨʘ ʤʝʜʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʤʛ/ʤʣ ʧʦʤʝʱʘʣʠ 1 

ʛ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʩʦʨʙʝʥʪʘ, ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15-120 ʤʠʥʫʪ, 

ʬʠʣʴʪʨʦʚʘʣʠ ʠ ʧʨʦʚʝʨʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʤʝʜʠ. 

ɿʥʘʯʝʥʠʷ ʩʪʝʧʝʥʝʡ ʠʟʚʣʝʯʝʥʠʷ (R, %) ʨʘʩʩʯʠʪʳʚʘʣʠʩ ɹʧʦ ʫʨʘʚʥʝʥʠʶ:  

%100
0

0

C

CC
R

-
= , 

ʛʜʝ ʉ0ï ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʤʛ/ʤʣ;  

ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʪʚʦʨʝ ʧʦʩʣʝ ʩʦʨʙʮʠʠ, ʤʛ/ʤʣ;  

 
ʈʠʩ. 1 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ ʤʝʜʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɻ.ɺ. ʄʷʩʦʝʜʦʚʘ, ɺ.ɸ. ʅʠʢʘʰʠʥʘ ʉʦʨʙʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 
ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ ʈʦʩ. ʭʠʤ. ʞ. (ɾ. ʈʦʩ.ʭʠʤ. ʦʙ-ʚʘ ʠʤ. ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚʘ), 2006, ʪ. L, ˉ5  

2. ɹʦʥʜʘʨʝʥʢʦ, ɸ.ɺ. ʇʝʨʩʧʝʢʪʠʚʳ ʚʦʟʤʦʞʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʠʟ ʦʪʭʦʜʦʚ 
ʧʨʦʠʟʚʦʜʩʪʚ / ɸ.ɺ. ɹʦʥʜʘʨʝʥʢʦ, ɸ.ɻ. ɺʘʟʠʝʚʘ // ʍʽʤʽʷ: ʥʘʫʢʘ ʽ ʧʨʘʢʪʠʢʘ: ʟʙʽʨʥʠʢ 

ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʍI ʚʽʜʢʨʠʪʦʛʦ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʩʝʤʽʥʘʨʫ, ʤ. 

ʐʦʩʪʢʘ, 19 ʙʝʨʝʟʥʷ 2014 ʨ. / ɺʽʜʧ. ʟʘ ʚʠʧ. ɸ.ɻ. ɹʘʩʦʚ. - ʉʫʤʠ: ʉʫʤɼʋ, 2014 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʆʈɹʎɯʁʅʆɰ ɿɼɸʊʅʆʉʊɯ Fe-Mn ʉʇʆʃʋʂʀ, ʆʊʈʀʄɸʅʆɰ ɿ 

ʇʈʆʄʀʉʃʆɺʀʍ ɺɯɼʍʆɼɯɺ 

ʇ.ʆ. ʅʘʫʤʦʚʘ, ɸ.ɻ. ɺʘʟʽʻʚʘ, ʆ.ɺ. ʇʘʚʣʝʥʢʦ  

ʐʦʩʪʢʠʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

41100, ʤ. ʐʦʩʪʢʘ, ʚʫʣ. ɯʥʩʪʠʪʫʪʩʢɹʘ, 1 

twin1991@yandex.ua 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʩʚʽʪʽ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʟʘʭʦʨʦʥʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʽ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ, ʱʦ ʟʘʙʨʫʜʥʶʶʪʴ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ 

ʚʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʜʫʞʝ ʘʢʪʫʘʣʴʥʘ ʚ ʜʘʥʠʡ 

ʯʘʩ ʧʨʦʙʣʝʤʘ ʾʭʥʴʦʾ ʫʪʠʣʽʟʘʮʽʾ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘ ʨʠʥʢʫ ʻ ʚʝʣʠʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʦʨʙʝʥʪʠ 

ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ, ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʫʛʣʝʮʝʚʠʭ ʩʦʨʙʝʥʪʽʚ, 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ɸʣʝ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʽ ʩʦʨʙʝʥʪʠ, 

ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ɼʘʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʠʪʠ ʚʽʜʨʘʟʫ ʜʚʽ 

ʧʨʦʙʣʝʤʠ: ʦʯʠʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ [1]. 

ʋ ʩʚʦʾʡ ʨʦʙʦʪʽ ʤʠ ʟʨʦʙʠʣʠ ʩʧʨʦʙʫ ʜʦʩʣʽʜʠʪʠ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʥʦʛʦ ʢʫʧʦʨʦʩʫ FeSO4 Å 7H2O (ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʧʦʙʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʛʤʝʥʪʥʦʛʦ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ, ʙʽʣʴʰʝ 1 ʪ ʥʘ 1 ʪ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦ 90%) ʪʘ ʦʢʩʠʜʫ ʤʘʨʛʘʥʮʶ MnO2 (ʚʽʜʭʜ̔ 

ʚʠʨʦʙʥʠʮʪʚʘ ʛʽʜʨʦʭʽʥʦʥʫ ʤʽʩʪʠʪʴ ʙʣʠʟʴʢʦ 18 - 20% ʦʢʩʠʜʫ ʤʘʨʛʘʥʮʶ). 

ɿʨʘʟʦʢ ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʟʥʝʚʦʜʥʝʥʦʛʦ ʟʘʣʽʟʥʦʛʦ ʢʫʧʦʨʦʩʫ ʽ ʦʢʩʠʜʫ 

ʤʘʨʛʘʥʮʶ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʘʩ 1:1. ɼʘʣʽ ʩʫʤʽʰ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʽʢʘʣʠ ʧʨʠ 725Üʉ 

ʧʨʦʪʷʛʦʤ 4 ʛʦʜ, ʦʭʦʣʦʜʞʫʚʘʣʠ ʽ ʧʝʨʝʚʽʨʷʣʠ ʥʘ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ.  

ʇʨʦʮʝʩ ʩʦʨʙʮʽʾ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʢʘʪʽʦʥʘʭ Cu
2+

 ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ʉʪʘʥʜʘʨʪʥʽ ʨʦʟʯʠʥʠ Cu
2+

 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 1 ʤʛ/ʤʣ ʛʦʪʫʚʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ [2]. ɺ 50 ʤʣ ʨʦʟʯʠʥʫ ʤʽʜʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,5 ʤʛ/ʤʣ ʧʦʤʽʱʘʣʠ ʚʽʜ 1 ʜʦ 5 ʛ 

ʦʪʨʠʤʘʥʦʛʦ ʧʦʨʦʰʢʫ ʩʦʨʙʝʥʪʫ. ʈʦʟʯʠʥ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 90 ʭʚ., ʬʽʣʴʪʨʫʚʘʣʠ ʽ 

ʧʝʨʝʚʽʨʷʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽʦʥʽʚ ʤʽʜʽ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʨʘʬʽʢʫ:  

 
ʈʠʩ. 1 ʟʘʣʝʞʥʦʩʪʽ ʩʪʫʧʝʥʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʤʽʜʽ ʚʽʜ ʤʘʩʠ ʩʦʨʙʝʥʪʫ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʥʝʚʠʩʦʢʦʾ ʩʦʨʙʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥʽʚ Cu
2 +

.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʢʦʨʦʜʫʤʦʚ ɸ.ʅ.  ʇʨʦʠʟʚʦʜʩʪʚʦ  ʩʦʨʙʝʥʪʦʚ  ʠʟ  ʦʪʭʦʜʦʚ  ʠ  ʠʭ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ  

ʜʣʷ ʦʯʠʩʪʢʠ  ʩʪʦʢʦʚ /  ɸ.ʅ. ʉʢʦʨʦʜʫʤʦʚ,  ɻ.ʇ. ʂʫʯʠʥ,  ɸ.ɽ. ɻʫʱʠʥ //  ʕʢʦʣʦʛʠʷ  

ʧʨʦʠʟʚʦʜʩʪʚʘ. 2008. ˉ 6.  

2. ʆʣʴʰʘʥʦʚʘ ʂ.ʄ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ / ʆʣʴʰʘʥʦʚʘ ʂ.ʄ., ʇʠʩʢʘʨʝʚʘ ʉ.ʂ, 

ɹʘʨʘʰʢʦʚ ʂ.ʄ. ï ʄ.: çʍʠʤʠʷè, 1980. ï 397 ʩ. 
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ɺɯɼʍʆɼʀ ɺʀʈʆɹʅʀʎʊɺɸ ʇɯʅʆʉʂʃɸ ʗʂ ʉʀʈʆɺʀʅɸ 

ʋ ɺʀʈʆɹʅʀʎʊɺɯ ʊʈʆʊʋɸʈʅʆɰ ʇʃʀʊʂʀ 

ɺ.ʉ. ɼʫʧʣʠʢ, ɸ.ʄ. ʇʦʣʝʚʠʢ, ʗ.ɻ. ɺʘʟʽʻʚ, ʆ.ɺ. ʇʘʚʣʝʥʢʦ  

ʐʦʩʪʢʠʥʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʉʫʤɼʋ 

41100, ʤ. ʐʦʩʪʢʘ, ʚʫʣ. ɯʥʩʪʠʪʫʪʩʴʢʘ, 1 

ra.november@gmail.com 

ɺʽʜʦʤʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʩʠʨʦʚʠʥʥʫ ʙʘʟʫ ʟʘ 

ʽʩʪʦʪʥʦ ʾ ʝʢʦʥʦʤʽʾ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʽ, ʱʦ ʙʽʣʴʰ ʚʘʞʣʠʚʦ, ʩʧʨʠʷʻ ʦʟʜʦʨʦʚʣʝʥʥʶ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʥʦʩʢʣʘ - ʩʫʯʘʩʥʦʛʦ ʪʝʧʣʦʽʟʦʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ -

ʟʘʣʠʰʘʪ̒ʴʩʷ ʚʽʜʩʽʚ ʩʢʣʦʙʦʷ, ʱʦ ʻ ʚʽʜʭʦʜʦʤ ʽ ʧʽʜʣʷʛʘʻ ʧʦʭʦʚʘʥʥʶ, ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, 

ʱʦ ʩʢʣʦ ʟʜʘʪʥʝ ʟʙʝʨʽʛʘʪʠʩʷ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʨʫʡʥʫʚʘʥʴ ʜʝʩʷʪʢʠ ʽ ʥʘʚʽʪʴ ʩʦʪʥʽ ʨʦʢʽʚ. ʎʷ 

ʧʨʦʙʣʝʤʘ ʚʠʢʣʠʢʘʻ ʦʩʦʙʣʠʚʫ ʪʨʠʚʦʛʫ ʫ ʝʢʦʣʦʛʽʚ ɿʙʠʪʦʢ ʚʽʜ ʧʦʭʦʚʘʥʥʷ ʚʠʨʘʞʘʻʪʴʩʷ ʚ 

ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ, ʽ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʨʦʩʪʘʪʠʤʝ, ʷʢ ʟʨʦʩʪʘʶʪʴ ʦʙ'ʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʽʥʦʩʢʣʘ. 

ʅʘ ʤʝʪʽ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ ʧʽʩʢʫ ʥʘ ʚʽʜʩʽʚ ʩʢʣʦʙʦʷ ʫ ʙʝʪʦʥʥʽʡ 

ʩʫʤʽʰʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʨʦʪʫʘʨʥʦʾ ʧʣʠʪʢʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʤʝʪʦʜʦʤ ʣʠʪʪʷ ʙʫʣʠ 

ʚʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʪʨʦʪʫʘʨʥʦʾ ʧʣʠʪʢʠ. ɺʽʜʭʦʜʠ ʚʚʦʜʠʣʠ ʟʘʤʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ 

(ʟʘ ʤʘʩʦʶ) ʧʽʩʢʫ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʩʢʣʷʥʦʛʦ ʧʦʨʦʰʢʫ ʧʨʦʚʦʜʠʣʦʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ 

8735-88 çʇʝʩʦʢ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡè. ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʝʨʥʦʚʠʡ 

ʩʢʣʘʜ ʽ ʤʦʜʫʣʴ ʚʝʣʠʯʠʥʠ. 

ʇʽʜʙʽʨ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ɻʆʉʊ 27006-86 çɹʝʪʦʥʳ. ʇʨʘʚʠʣʘ ʧʦʜʙʦʨʘ 

ʩʦʩʪʘʚʘè. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʫ ʙʝʪʦʥʫ ʤʘʻ ʥʘ ʤʝʪʽ ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʫ ʚʠʪʨʘʪʫ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ 1 ʤ
3
 ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʟʘ ʷʢʦʾ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʾ 

ʤʽʮʥʦʩʪʽ ʽ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʙʝʪʦʥʫ. 

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʮʝʤʝʥʪ: ʚʽʜʩʽʚ ʩʢʣʘ. ɿ ʧʨʠʛʦʪʦʚʘʥʦʾ ʩʫʤʽʰʽ ʬʦʨʤʫʚʘʣʠ ʟʨʘʟʢʠ ʢʫʙʠ ʟ ʨʦʟʤʽʨʦʤ ʨʝʙʨʘ 10 

ʩʤ. ʄʽʮʥʽʩʪʴ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʘʣʠ ʫ ʚʽʮʽ 28 ʜʽʙ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʥʦʩʢʣʘ ʫ ʷʢʦʩʪʽ ʜʦʙʘʚʢʠ ʫ ʪʨʦʪʫʘʨʥʫ ʧʣʠʪʢʫ ʟ ʧʦʜʘʣʴʰʦʶ ʜʦʨʦʙʢʦʶ 

ʢʽʣʴʢʽʩʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. 
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Phosphogypsum the waste of production phosphoric acid and fertilizers, is dominated 

among the waste containing calcium sulfate. Phosphogypsum ranks first place in the world in 

terms of production and poses an environmental threat to groundwater ecosystems, bringing 

huge area under piles of natural cycles, turning them to droped territory. Development of 

technologies for phosphogypsum utilization is an urgent task, despite many works and 

projects in this field [1-2]. 

The paper evaluated the possibility of obtaining binder from phosphogypsum and use 

it as a template for binding waste production of foamed-glass. The raw materials used 

phosphogypsum of "Sumychemprom"(Ukraine) and waste production of foam-glass 

"Technology"(Ukraine). 

Samples of gypsum binder were prepared in the laboratory [3]. 

After a day of getting out samples of forms and sent to the heat treatment. Some 

samples were heated in an oven at a temperature of 110 ÁC, the other part of samples were 

heated at 850 ÜC in a muffle furnace. The duration of heat treatment for two types of sample 

was 2 hours. 

Samples that have passed both types of heat treatment were tested for water absorption 

(Table 1), which was determined after 24 hours of exposure of the samples in water. 

 

Table 1 Water absorption filled gypsum compositions 

The temperature of 

heat treatment, Á C 

 

Quantity of foam-glass powder in sample,% 

 0 20 50 

110 48,5 39,9 42,9 

850 48,0 29,9 47,2 

 

Found the possibility of making compositions with improved performance suitable for 

use as building products based onfrom phosphogypsum binder. 

The proposed approach allows to utilize waste as phosphogypsum and technogenic 

raw materials - the remnants of foam-glass production, as a consequence, we can be talked 

about the development of a new approach in the field of recycling of industrial waste - "Waste 

neutralize waste". 
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ʥʝʙʝʟʦʧʘʩʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ ʠ ʧʦʵʪʦʤʫ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 
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ʢʦʣʠʯʝʩʪʚ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʩʪʠʛʘʪʴ 100%. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʦ, ʯʪʦ 

ʠʟʚʣʝʢʘʝʤʦʝ ʚʝʱʝʩʪʚʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ 

ʝʛʦ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʝʢʣʷʥʥʦʡ ʢʦʣʦʥʢʝ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ 

ʮʠʣʠʥʜʨʘ, ʜʥʦʤ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʣ ʬʠʣʴʪʨ ʐʦʪʪʘ. ʏʝʨʝʟ ʧʦʨʠʩʪʫʶ ʧʝʨʝʛʦʨʦʜʢʫ 

ʧʦʜʘʚʘʣʠ ʛʘʟ ʠʟ ʙʘʣʣʦʥʘ, ʨʘʩʭʦʜ ʢʦʪʦʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʨʦʪʘʤʝʪʨʦʤ. ʇʨʦʮʝʩʩ 

ʠʟʚʣʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʦ ʧʦʩʪʦʷʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʀʩʭʦʜʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ 20-300 ʤʛ/ʜʤ
3
. ʄʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʄʝ:ʇɸɺ=0,5-3. 

ʈʘʩʭʦʜ ʛʘʟʘ 10-50 ʩʤ
3
/ʤʠʥ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 5-30 ʤʠʥ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚʳʰʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ ʛʝʢʩʘʥʦʣʘ ʠ ʠʟʦʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ  

ʦʙʲʝʤʝ ʬʣʦʪʦʵʢʩʪʨʘʛʝʥʪʘ 5 ʩʤ
3
. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʅ, ʠʩʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʤʝʪʘʣʣʦʚ ʠ ʇɸɺ, ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ʆʧʨʝʜʝʣʝʥʳ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʣʦʪʦʵʢʩʪʨʘʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʜʘʣʷʪʴ 98-99,6% ʧʦʣʶʪʘʥʪʦʚ. 

ɸ ʠʤʝʥʥʦ: 

ü ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʄʝ:ʇɸɺ = 1:2; 

ü ʨʅ 7 ʜʣʷ ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ, ʨʅ 6 ʜʣʷ ʤʝʜʠ; ʨʅ 9 ʜʣʷ ʥʠʢʝʣ̫;  

ü ʧʨʦʜʦʣʞʠʪʝʣʥɹʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʝ ʤʝʥʴh ʝ 15 ʤʠʥʫʪ; 

ü ʨʘʩʭʦʜ ʛʘʟʘ 40 ʩʤ3
/ʤʠʥ. 

ʄʝʪʦʜʘʤʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ, ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʬʦʨʤʳ ʩʫʙʣʘʪʦʚ ʮʠʥʢʘ, ʤʝʜʠ, ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ ʩ ʢʘʣʠʝʚʳʤʠ ʤʳʣʘʤʠ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʇɸɺ ʜʣʷ ʧʨʦʮʝʩʩʘ ʬʣʦʪʦʵʢʩʪʨʘʢʮʠʠ. 
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ʇʦʣʠʭʣʦʨʠʨʦʚʘʥʥʳʝ ʙʠʬʝʥʠʣʳ (ʇʍɹ) ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʢʩʠʯʥʳʤ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʜʠʦʢʩʠʥʦʧʦʜʦʙʥʳʤ ʚʝʱʝʩʪʚʘʤ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

ʦʧʘʩʥʦʩʪʠ [1, 3].  

ʇʍɹ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ 30-ʭ ʛʦʜʦʚ ʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʦʩʥʦʚʥʦʤ, ʚ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʍɹ, ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ, ʩ 1978 ʛʦʜʘ ʟʘʧʨʝʱʝʥʳ ʢ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʞʝ ʚʳʧʫʱʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ.  

ʇʍɹ - ʧʦʣʠʪʨʦʧʥʳʝ ʷʜʳ, ʧʦʨʘʞʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʨʛʘʥʳ ʠ ʩʠʩʪʝʤʳ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ʉ ʥʘʯʘʣʘ 80-ʭ ʛʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʪʠʭ ʦʧʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʚʝʨʥʫʪʦ. ʉʝʡʯʘʩ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʭ ʧʣʘʥʦʤʝʨʥʦʤʫ ʫʥʠʯʪʦʞʝʥʠʶ, ʥʦ ʧʨʦʙʣʝʤʘ 

ʇʍɹ, ʧʦʧʘʚʰʠʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪʘʢ ʠ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ ʚʚʠʜʫ ʠʭ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ.  

ʇʨʠ ʚʩʝʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʠʩʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʧʝʨʵʢʦʪʦʢʩʠʢʘʥʪʦʚ, 

ʧʦʜʘʚʣʷʶʱʘʷ ʠʭ ʯʘʩʪʴ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʨʘʟʚʠʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʧʦʯʚʝ. ʇʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʇʍɹ ʚ ʧʦʯʚʝ ʜʦʩʪʠʛʘʝʪ 5-8 ʣʝʪ [2]. 

ɼʣʠʪʝʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʇʍɹ ʚ ʧʦʯʚʝ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʨʘʩʪʝʥʠʷ, 

ʩʣʫʞʘʱʠʭ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʣʘʝʪ 

ʟʘʜʘʯʫ ʜʝʪʦʢʩʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ ʧʦʯʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʠʩʪʢʘ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ, ʚʝʜʝʪʩʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʧʦʯʚ ʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʭ ʚʪʦʨʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʤʠʢʨʦʙʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʇʍɹ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʇʍɹ ʚ ʧʦʯʚʝ, ʥʦ ʠ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʫʱʝʨʙ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ ʩʣʘʙʳʤʠ ʱʝʣʦʯʥʳʤʠ ʩʨʝʜʘʤʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. 

ʉʫʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʭʠʤʠʢʦ-ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 

ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ - ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ (ʆʆ)), ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʨʦʚʝʜʝʥʠʠ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ: 

¶ ʭʠʤʠʯʝʩʢʦʛʦ ï ʛʠʜʨʦʣʠʟʘ ʇʍɹ ʚ ʚʦʜʥʦ-ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ; 

¶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʪʦʢʩʠʢʘʮʠʠ (ʙʠʦʜʝʛʨʘʜʘʮʠʠ) ï ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʩʪʘʚʰʝʡʩʷ 

ʦʨʛʘʥʠʢʠ ʧʨʠʨʦʜʥʦʡ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ. 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʧʨʦʪʝʢʘʝʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʆʆ ʩ ʚʦʜʥʦ-ʱʝʣʦʯʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʩ ʨʅ 9-13. 

ɻʠʜʨʦʣʠʟ ʆʆ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʟʨʫʰʘʝʪ: 

¶ ʘʤʠʜʥʳʝ ʩʚʷʟʠ (C-N, P-N, S-N) ʢʘʨʙʦʥʦʚʳʭ, ʬʦʩʬʦʨʥʳʭ, ʩʫʣʴʬʦʢʠʩʣʦʪ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, N-ʤʝʪʠʣ-ʢʘʨʙʦʥʘʪʘʭ; 

¶ ʵʬʠʨʥʳʝ (ʉ-O) ʠ ʪʠʦʵʬʠʨʥʳʝ (C-S, P-S) ʩʚʷʟʠ ʚ ʵʬʠʨʘʭ, ʪʠʦʵʬʠʨʘʭ, 

ʩʫʣʴʬʠʜʘʭ, ʩʫʣʴʬʦʥʘʪʘʭ ʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʵʪʦʛʦ ʨʷʜʘ; 

¶ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʛʘʣʦʠʜ (ʉ-Cl, C-F) ʚ ʭʣʦʨ- ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʧʝʩʪʠʮʠʜʘʭ; 
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¶ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ (CN) ʚ ʥʠʪʨʠʣʘʭ. 

ɺʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʝʪʦʜʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʆʆ ʷʚʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʜʝʪʦʢʩʠʢʘʮʠʷ. ɺ ʦʩʥʦʚʫ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʦʞʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʝʥʥʦʡ 

ʤʠʢʨʦʬʣʦʨʳ ʘʩʩʠʤʠʣʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʇʍɹ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʝ.  

 ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʪʦʢʩʠʢʘʮʠʠ ʆʆ ʜʦʩʪʠʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʭʠʤʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʦʯʚʳ ʤʠʢʨʦʬʣʦʨʫ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʦʙʝʟʚʦʞʝʥʥʳʭ ʦʩʘʜʢʘʭ ʛʦʨʦʜʩʢʠʭ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʑʝʣʦʯʥʘʷ ʩʨʝʜʘ ʛʠʜʨʦʣʠʟʘʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʢʠʩʣʦʪʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʛʨʫʥʪʘ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʢʦʛʜʘ ʥʘ ʥʝʤ ʚʦʟʤʦʞʝʥ 

ʧʨʦʜʫʢʪʠʚʥʳʡ ʨʦʩʪ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. ʆʙʠʣʴʥʦ ʨʘʩʪʫʱʘʷ ʥʘ ʜʘʥʥʦʤ ʛʨʫʥʪʝ 

ʟʝʣʝʥʘʷ ʤʘʩʩʘ ʘʢʪʠʚʥʦ ʘʩʩʠʤʠʣʠʨʫʝʪ ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʆʆ  ï ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʘ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʡ ʟʘʱʠʱʘʝʪ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ (ʰʪʘʙʝʣʷ) ʦʪ ʨʘʟʤʳʚʘ ʠʭ ʧʨʠʨʦʜʥʳʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʯʚʝʥʥʦʡ 

ʙʠʦʤʘʩʩʳ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

¶ ʆʩʘʜʢʠ ʩʦʜʝʨʞʘʪ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʚʠʜʦʚ ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʱʝʛʦ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʦʩʘʜʢʘʭ ʚ 1,5-2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʥʘʚʦʟʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʠʢʨʦʬʣʦʨʳ 

(ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ ʆʆ) ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʪʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʝʥʠʡ, ʨʘʩʪʫʱʠʭ ʥʘ ʜʘʥʥʳʭ ʛʨʫʥʪʘʭ. 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʪʦʢʩʠʢʘʮʠʠ ʆʆ ʨʝʰʘʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʩʪʘʮʠʦʥʘʨʥʦ-ʦʨʛʘʥʠʟʫʝʤʦʤ 

ʰʪʘʙʝʣʝ (ʨʠʩʫʥʦʢ 1), ʛʜʝ ʩʦʟʜʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

(ʜʝʩʪʨʫʢʮʠʠ) ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʆʆ. 

 
ʈʠʩ. 1- ʂʦʥʩʪʨʫʢʮʠʷ ʰʪʘʙʝʣʷ  

ɻʜʝ: 1 ï ʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ; 2- ʣʠʛʥʠʥ ʩʦʜʝʨʞʘʱʠʡ  ʩʣʦʡ; 3 ï ʩʣʦʡ ʩʤʝʩʠ 

ʛʠʜʨʦʣʠʟʘʪʘ ʩ ʦʩʘʜʢʘʤʠ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ; 4-ʜʝʨʝʚʷʥʥʘʷ ʦʧʘʣʫʙʢʘ; 5 ï 

ʦʙʚʘʣʦʚʢʘ; 6 ï ʩʣʦʡ , ʫʢʨʝʧʣʝʥʥʳʡ ʢʦʨʥʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

 

ʐʪʘʙʝʣʴ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʩʦʦʨʫʞʝʥʠʝʤ. ɽʛʦ 

ʫʩʪʨʘʠʚʘʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʨʦʚʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʜʣʷ ʟʘʱʠʪʳ 

ʛʨʫʥʪʘ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦ ʝʝ ʦʩʠ ʚʳʢʣʘʜʳʚʘʶʪ ʠʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ ʠʟ 
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ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ: ʙʝʥʪʦʤʘʪ). ɻʝʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʩʣʦʝʤ ʤʷʪʦʡ ʞʠʨʥʦʡ ʛʣʠʥʳ ʚʳʩʦʪʦʡ 30-40ʩʤ, ʧʦʢʨʳʪʦʡ ʩʣʦʝʤ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʧʣʝʥʢʠ (ʨʫʙʝʨʦʠʜ, ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ). ʄʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʣʦʱʘʜʢʠ ʩ ʙʝʪʦʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ.  

ʇʦ ʛʨʘʥʠʮʝ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʚʳʢʣʘʜʳʚʘʶʪ ʜʝʨʝʚʷʥʥʫʶ ʦʧʘʣʫʙʢʫ ʚʳʩʦʪʦʡ ʦʪ 

1,5ʤ ʜʦ 2ʤ.  

ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʜʘʥʥʦʡ ʦʧʘʣʫʙʢʠ ʯʝʨʝʜʫʶʱʠʤʠʩʷ 

ʩʣʦʷʤʠ: 

ɸ) ʣʠʛʥʠʥ ʩʦʜʝʨʞʘʱʠʡ ʧʦʨʠʩʪʳʡ ʩʣʦʡ (ʦʧʠʣʢʠ, ʜʨʝʚʝʩʥʘʷ ʢʦʨʘ, ʱʝʧʘ, 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʣʠʩʪʴʷ, ʙʫʤʘʛʘ); 

ɹ) ʩʣʦʡ ʛʠʜʨʦʣʠʟʘʪʘ (ʩʤʝʩʴ ʆʆ ʩ ʚʦʜʥʦ-ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʥʘʭʦʜʷʘɦʷʩ̫ ʚ 

ʨʝʘʢʮʠʦʥʥʳʭ ʝʤʢʦʩʪʷʭ, ʧʨʠ ʧʦʤʦʱʠ ʩʤʝʩʠʪʝʣʷ ʩʤʝʰʠʚʘʶʪ ʩ ʦʙʝʟʚʦʞʝʥʥʳʤʠ ʦʩʘʜʢʘʤʠ 

ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʦʙʲʝʤʥʦʡ ʧʨʦʧʦʨʮʠʠ ʦʪ 1:6 ʜʦ 1:9). 

ʏʝʨʝʜʦʚʘʥʠʝ ʩʣʦʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʦʧʘʣʫʙʢʠ. 

ɿʘʪʝʤ ʥʘ ʟʘʧʦʣʥʝʥʥʫ  ʁʦʧʘʣʫʙʢʫ ʥʘʩʳʧʘʝʪʩʷ ʛʨʫʥʪʦʚʘ ̫ʦʙʚʘʣʦʚʢʘ. ɼʦʧʫʩʢʘʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʦʙʚʘʣʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʝʟʚʦʞʝʥʥʳʝ ʦʩʘʜʢʠ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ɺʳʩʘʜʢʘ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʚʘʣʦʚʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

(ʤʥʦʛʦʣʝʪʥʠʡ ʪʦʧʠʥʘʤʙʫʨ, ʣʶʮʝʨʥʘ, ʣʶʧʠʥ ʠ ʜʨ.) ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʩʢʣʦʥʦʚ ʦʪ 

ʨʘʟʤʳʪʠʷ ʜʦʞʜʝʚʳʤʠ ʩʪʦʢʘʤʠ.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʪʦʢʩʠʢʘʮʠʠ ʆʆ ʚ ʰʪʘʙʝʣʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʆ, ʪʠʧʘ ʛʨʫʥʪʘ, ʠ ʜʨ. ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʥʦʛʦ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʛʠʜʨʦʣʠʟʘʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 3 ʣʝʪ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʚʦʜʠʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʩʦʩʪʘʚʦʤ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ.  

ʇʨʦʮʝʩʩ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʆʆ ʚ ʰʪʘʙʝʣʝ ʩʯʠʪʘʝʪʩʷ ʟʘʢʦʥʯʝʥʥʳʤ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʤʘʩʩʳ ʰʪʘʙʝʣʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʟʘʢʣʶʯʝʥʠʷ ʦʨʛʘʥʦʚ ʛʦʩʩʘʥʵʧʠʜʥʘʜʟʦʨʘ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʰʪʘʤʤʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ ʇʍɹ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʦʯʚʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ɻʦʩʅʀʀʍʇ ʛʦʪʦʚ ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʇʍɹ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʇʍɹ, ʢʘʢ ʤʝʪʦʜʠʯʝʩʢʠʤʠ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ. 
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Nowadays the problem of surface water pollution is particularly acute in Ukraine. 

Textile factories play a key role in environmental state worsening. Their outlet is highly 

contaminated by organic compounds, especially dyes, for example after the step of fabric 

coloring approximately 10é40% of initial dye amount remains in water. If such water is 

directly thrown into the river, it will crack natural self-purification processes and cause the 

extinction of different flora and fauna species. There are different methods of dyes removal 

from water such as reagent techniques (coagulation, dissolved air flotation), separation 

methods (sorption, reverse osmosis, foam flotation) and destructive processes (biological 

treatment, reagent reduction, electro-catalytical decomposition). However most of them are 

too expensive to be implemented on industrial scale and others like biological technologies 

are efficient only in a case of removing undissolved dyes. Therefore the search for new 

alternative techniques of dyes removal is still remaining actual.  

Solvent sublation is one of the perspective methods of water treatment from organic 

and inorganic pollutants. Its major peculiarities are the following: 1) the ability to work 

efficiently with big volumes of input containing toxic compounds at low concentrations due 

to the independence of percent removal from the ratio of organic solvent to aqueous  phase; 2) 

it is not an equilibrium process and isnôt limited by solvent partition coefficient; 3) high 

selectivity of the process ï the contaminant (hydrophobic compound) is levitated on a bubble 

to the top of aqueous column where it encounters a solvent layer to which it is transferred as 

bubble moves through the solvent layer so both aqueous and organic solvent phases donôt mix 

with each other.  

The aim of this research work was to investigate main characteristics of bromphenol 

blue (BB) (an anionic dye) elimination from water by solvent sublation, to find out optimum 

conditions for achieving the highest efficiency of this process using full factorial design and 

building mathematical model. The task was to determine the characteristic of the dependence 

of residual dye concentration value from the next three parameters: surfactant/BB (mole 

ratio), temperature and the duration of the process.  

The experiment was carried out under such ʩonstant conditions: pH 1; N2 flow rate 40 

cm
3
/h; organic solvent ï isopentanol (5 cm

3
). Reagent-grade hexadecyl-pyridinium chloride 

(was used as a surfactant. The sample solution volume was equal to 250 cm
3
, containing 10 

mg/dm
3
 BB. UV-visible spectra of the sample solutions were measured at the maximum peak 

of 588 nm.  

Central composite orthogonal design (second order) was selected to derive 

mathematical model with the aid of MS Excel 2003. The following model was obtained: 

Y = 66,22 + 0,43ĿZ1 + 6,79ĿZ2 + 2,59ĿZ3 - 0,06ĿZ1ĿZ2 + 0,01ĿZ1ĿZ3 + 0,13ĿZ2ĿZ3 -

0,02ĿZ1
2 
- 2,11ĿZ1

2 
- 0,07ĿZ3

2
, 

according to the next definition: 

Z1 - temperature factor; Z2 - surfactant excess factor; Z3 ï process duration factor. 

To sum up, with the use of mathematical model the following optimum conditions 

were found: temperature 10
o
C, surfactant/dye ratio 1,94:1; process duration ï 15,3 min; 

model adequacy validation proved that it accurately describes the process of bromphenol blue 

removal by solvent sublation and can be used for further simulations.  
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ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʨʦʚʽʜʥʘ ʨʦʣʴ 

ʥʘʣʝʞʠʪʴ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ, ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʘ ʤʘʣʦʚʽʜʭʦʜʥʠʭ ʚʠʨʦʙʥʠʮʪʚ.  

ʊʘʢ, ʚ ʭʽʤʽʯʥʽʡ, ʛʘʟʦʚʽʡ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʨʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʾʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʠʩʪʦʪʠ ʝʣʝʤʝʥʪʽʚ ʛʘʟʦʚʠʭ ʪʨʘʢʪʽʚ 

ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɻʊɸ). 

ʆʪʞʝ, ʟʘʙʨʫʜʥʝʥʘ ʧʦʚʝʨʭʥʷ ʧʦʪʨʝʙʫʻ ʦʯʠʩʪʢʠ. ɼʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʚʽʜʥʦʩʠʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ, ʷʢʽʩʪʴ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ 

ʪʝʭʥʽʯʥʠʭ ʤʠʡʥʠʭ ʟʘʩʦʙʽʚ (ʊʄɿ). ʄʠʡʥʠʡ ʝʬʝʢʪ ʊʄɿ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʛʨʝʜʽʻʥʪʽʚ ʤʠʡʥʦʛʦ ʟʘʩʦʙʫ: ʟʤʦʯʫʚʘʥʦʩʪʽ, 

ʝʤʫʣʴʛʦʚʘʥʦʩʪʽ, ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʩʪʘʙʽʣʽʟʘʮʽʾ, ʢʦʨʦʟʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʩʦʣʝʚʤʽʩʪʫ. 

ʆʩʪʘʥʥʽʡ ʧʦʢʘʟʥʠʢ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ, ʪʘʢ ʷʢ ʚʧʣʠʚʘʻ ʥʘ ʚʠʪʨʘʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦ 

ʝʥʝʨʛʽʾ: ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ ʥʘ ʧʨʦʤʠʚʢʫ ʝʣʝʤʝʥʪʽʚ ɻʊɸ ʧʽʩʣʷ ʜʽʾ 

ʊʄɿ, ʘ ʪʘʢʦʞ ʛʘʟʫ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ. ʊʦʤʫ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʠʭ ʊʄɿ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ʇɸʈ) ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. 

ɺʠʨ̔h ʝʥʥʶ ʮʽʻʾ ʟʘʜʘʯʽ ʩʧʨʠʷʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʚʝʜʝʥʥʷ ʚ ʊʄɿ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʇɸʈ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʽʟʥʠʤʠ ʩʫʯʘʩʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʚʟʘʻʤʦʜʽʶ ʽʥʛʨʝʜʽʻʥʪʽʚ ʟʘʙʨʫʜʥʝʥʴ ɻʊɸ ʟ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ (ʄ).  

ʇʦʧʝʨʝʜʥʽ ʚʠʚʯʝʥʥʷ ʩʢʣʘʜʫ ʟʘʙʨʫʜʥʝʥʴ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʦʨʽʚ ɻʊɸ ʜʦʟʚʦʣʠʣʠ 

ʚʩʪʘʥʦʚʠʪʠ ʧʝʨʝʚʘʞʥʠʡ ʚʤʽʩʪ ʚ ʥʠʭ ʟʘʣʽʟʘ, ʷʢʝ ʚ ʧʨʦʮʝʩʽ ʧʨʦʤʠʚʢʠ ʯʘʩʪʢʦʚʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʪʚʝʨʜʽʡ ʜʠʩʧʝʨʛʦʚʘʥʽʡ ʯʘʩʪʠʥʽ, ʘ ʯʘʩʪʢʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʦʟʯʠʥ. ɺ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʊʄɿ ʽʦʥʠ ʟʘʣʽʟʘ(ɯɯɯ) ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʘʢʪʠʚʽʟʘʮʽʾ ʧʦʚʪʦʨʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ, ʪʦʤʫ ʦʩʦʙʣʠʚʦʾ ʚʘʞʣʠʚʦʩʪʽ ʥʘʙʫʚʘʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟʘʣʽʟʘ(ɯɯɯ) ʟ 

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ. ʉʧʝʢʪʨʠ ʩʚʽʪʦʧʦʛʣʠʥʘʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ɸ=f(ɚ) ʢʦʤʧʣʝʢʩʽʚ 

ʛʽʜʨʘʪʦʚʘʥʠʭ ʽʦʥʽʚ ʟʘʣʽʟʘ ʦʜʝʨʞʘʥʽ ʚ ʽʥʪʝʨʚʘʣʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 230-320 ʥʤ ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʽʻʶ ʩʤʫʛʦʶ ʩʚʽʪʦʧʦʛʣʠʥʘʥʥʷ, 

ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʜʠʬʽʢʘʪʦʨʘ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʣʝʞʥʦʩʪʝʡ ɸ=f([ʄ]) ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ ʚʽʜʥʦʰʝʥʥʷʤ [Fe(III)]: [ʄ] = 1:1. 

 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʩʠʩʪʝʤʘʭ çFe(ɯɯɯ)-

ʤʦʜʠʬʽʢʘʪʦʨè ʚʢʘʟʘʣʠ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʪʘ ʫʤʦʚʠ ʥʘʡʙʽʣʴʰ 

ʧʦʚʥʦʛʦ ʟʚ ʷʟʫʚʘʥʥʷ ʽʦʥʽʚ ʟʘʣʽʟʘ(ɯɯɯ) ʚ ʨʦʟʯʠʥʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʧʦʧʝʨʝʜʞʫʻ 

ʧʨʦʮʝʩʠ ʨʝʩʦʨʙʮʽʾ, ʘ, ʦʪʞʝ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ. 

ʄʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʩʠʩʪʝʤʘʭ.  

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʟʚʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʥʠʟʴʢʫ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚ ʊʄɿ ʜʦʟʚʦʣʷʻ ʚʠʚʝʩʪʠ ʟ ʥʠʭ ʬʦʩʬʘʪʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚ 

ʤʠʡʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʪʘ ʽʥʽʮʽʘʪʦʨʽʚ 

ʤʠʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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USING AOP FOR REMOVING TOXIC POLLUTANTS FROM WATER  

O. Fedorenko, E. Belchikov, E. Bachun, G. Krimets  

Chemical - Technological Department 

National Technical University of Ukraine "Kyiv Polytechnic Institute" 

03056,  Kyiv, Pobeda 37 build. 4 

krimets@xtf.kpi.ua 

 The issue of clean water in the world today is quite acute. All sources of less and less 

suitable for potable water as industrial influence on natural water bodies is increasing every 

year. Among the wide range of pollutants should highlight organochlorine substances have 

been used and are used as a pesticide. Spectrum pesticide used to kill pests and plant 

protection is quite diverse, however, should be allocated among a wide range, some 

particularly toxic and hazardous substances. One of the most dangerous substances are 

hlorpohidni cyclic alkanes, such as hexachlorocyclohexane (hexachloran) and benzene 

derivatives, heksahllorbenzol. 

 For disposal of hazardous pesticide can use different methods. The most common 

methods of disposing of toxic pesticide divided into two groups: hydrolytic and destructive. 

Hydrolytic group of methods is to process toxic pesticide solutions of alkali solution under 

various conditions and recycling received less hazardous pesticide. 

 The basis of the destructive methods of destruction of pesticides is influenced by 

strong oxidants, causing the complete destruction of pesticides to simple organic compounds. 

 The aim of the study was to establish the possibility of disposing of chlorinated 

pesticides using advanced oxidation processes (AOP) based on ozonation combined with UV 

water treatment. 

Experiments were carried out on a laboratory scheme, which is shown in Figure 1. As used 

pollutant commodity product hexachloran (40% - the main substance) dissolved in water. 

 
1-wast water tank, 2- pump,3- UV lamp, 4-ozone generator, 5-injector,  6- ozone destructor 

Figure 1 - Scheme of the laboratory facility for extraction of pesticides 

 Waste water from the waste water tank 1 via pump 2 falls into the UV reactor 3, which 

is irradiated by light with a wavelength of 254 nm. After UV reactor purified water enters the 

injector where 5 of ozone generator 4, ozone arrives. Enriched by ozone water enters the tank 

1, ozone released from the water in the tank 1 is utilized in ozone destructors 6. 

 Previously conducted experiments showed that the effective removal of 

organochlorine pesticides using AOP process is possible when using a dose of 2-4 grams of 

ozone per gram of organochlorine pesticides and time of UV water treatment - 3-5 hours. As a 

result of this treatment in treated water leaving only trace amounts of toxins. 
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ʆʏʀʑɽʅʅʗ ʉʊɯʏʅʀʍ ɺʆɼ ʌɸʈʄɸʎɽɺʊʀʏʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 

ɻɽʊɽʈʆɻɽʅʅʀʄ ʌʆʊʆʂɸʊɸʃɯɿʆʄ 

ɾ.ʖ. ɺʣʘʩʝʥʢʦ, ʊ.ɸ. ɼʦʥʮʦʚʘ, ɯ.ʄ. ɯʚʘʥʝʥʢʦ  
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03056, ʤ.ʂʠʾʚ, ʧʨ. ʇʝʨʝʤʦʛʠ 37, ʢʦʨʧʫʩ 4 

dontsova@ua.fm 

ʌʘʨʤʘʮʝʚʪʠʯʥʽ ʩʪʦʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʍʇʂ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ 

ʚʤʽʩʪ ʚ ʥʠʭ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʧʦʣʶʪʘʥʪʽʚ. ʆʪʞʝ, ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʩʪʦʢʽʚ ʻ ʪʽ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ, ʷʢʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʧʣʠʚ ʥʘ ʟʘʙʨʫʜʥʝʥʫ ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʚʦʜʫ ʦʢʠʩʥʶʚʘʯʽʚ ʘʙʦ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʩʧʽʣʴʥʦ ʟ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʾ ʘʢʪʠʚʘʮʽʻʶ. ʉʝʨʝʜ ʚʩʽʭ ʦʢʠʩʣʶʚʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʛʝʪʝʨʦʛʝʥʥʠʡ ʬʦʪʦʢʘʪʘʣʽʟ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʭʦʜʽʚ) ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ (ʤʦʞʣʠʚʽʩʪʴ ʦʢʠʩʥʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ çʤʽʥʝʨʘʣʽʟʘʮʽʾè ʟʘ ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ). 

ʉʝʨʝʜ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʥʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦ ʚʠʚʯʝʥʠʤ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʪʠʪʘʥʫ (IV) ʦʢʩʠʜ (TiO2) [1].  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʛʣʶʢʦʟʠ (ʷʢ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʦʛʦ ʟʘʙʨʫʜʥʶʚʘʯʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ) ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʤ 

ʤʝʪʦʜʦʤ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʛʣʶʢʦʟʠ 100, 

80, 60, 40, 20 ʤʛ/ʜʤ
3
. ʂʦʥʮʝʥʪʨʘʮʽʷ ʢʘʪʘʣʽʟʘʪʦʨʘ (ʊʽO2 ʘʥʘʪʘʟʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ) ʩʪʘʥʦʚʠʣʘ 

1,5 ʛ/ʜʤ
3
, ʨʅ ʨʦʟʯʠʥʫ 5, ʪʨʠʚʘʣʽʩʪʴ ʢʦʥʪʘʢʪʫ 15-45 ʭʚʠʣʠʥ, ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʫʣʴʪʨʘʬʽʦʣʝʪʫ 253 ʥʤ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʛʣʶʢʦʟʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʪʘ ʚʠʭʽʜʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩʫʥʢʘ 1, ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʛʣʶʢʦʟʘ ʚʠʣʫʯʘʻʪʴʩʷ ʟʘ 

ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. ɿʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 4 

ʤʛ/ʜʤ
3
, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʚʠʤʦʛ ʥʘ ʍʇʂ ʜʣʷ ʩʢʠʜʫ ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʢʘʥʘʣʽʟʘʮʽʶ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. Bakardjieva S. Photoactivity of anataseïrutile TiO2 nanocrystalline mixtures obtained 

by heat treatment of homogeneously precipitated anatase // Appl. Catal. B. ï 2005. ï 

V.58. ï P. 193ï202. 

mailto:dontsova@ua.fm


 

ɽʢʦʣʦʛʽʷ ʪʘ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ̔

 

ɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çʍɯʄɯʏʅɸ ʊɽʍʅʆʃʆɻɯʗ: ʅɸʋʂɸ, ɽʂʆʅʆʄɯʂɸ ʊɸ ɺʀʈʆɹʅʀʎʊɺʆè 27-29 ʣʠʩʪʦʧʘʜʘ 2014 ʨʦʢʫ  

ʤ. ʐʦʩʪʢʘ 

104 

ʋɼʂ 546.814-31  

 

ʉʀʅʊɽɿ ʅɸʅʆɼʀʉʇɽʈʉʅʆɻʆ ʆʂʉʀɼʋ ʉʊɸʅʋʄʋ (IV)  

ɿʆʃʔ-ɻɽʃʔ ʄɽʊʆɼʆʄ 

ʊ.ɸ. ɼʦʥʮʦʚʘ, ɺ.ɺ. ɾʦʨʦʚ  
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ʆʢʩʠʜ ʩʪʘʥʫʤʫ (IV) (SnO2) ʮʝ ʚʘʞʣʠʚʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ, ʱʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʯʫʪʣʠʚʠʡ ʰʘʨ ʜʘʪʯʠʢʽʚ ʛʘʟʫ, ʚ ʷʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʯʫʪʣʠʚʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ, ʩʝʨʝʜ ʷʢʠʭ ʟʦʣʴ-ʛʝʣʴ-ʪʝʭʥʦʣʦʛʽʷ ʥʘʙʫʣʘ 

ʥʘʡʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ. ʆʪʞʝ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ 

SnO2 ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ Snʆ2 ʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥ 

ʭʣʦʨʠʜʫ ʦʣʦʚʘ (IV) ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

0,05 ʤʦʣʴ/ʜʤ
3
. ɼʘʣʽ ʨʦʟʯʠʥ ʥʘʛʨʽʚʘʣʠ ʜʦ 50 ÁC ʽ 

ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦʜʘʚʘʣʠ ʜʦ 

ʥʴʦʛʦ ʧʦ ʢʨʘʧʣʷʭ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʘʤʽʘʢʫ (25-

28% ʤʘʩ.) ʜʦ ʨʅ 7-8 (ʨʠʩʫʥʦʢ 1). ʆʪʨʠʤʘʥʠʡ 

ʪʘʢʠʤ ʯʠʥʦʤ ʛʝʣʴ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʠ 50ǓC 

ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ  ̔ ʧʨʦʪʷʛʦʤ 12 ʛʦʜʠʥ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʇʦʪʽʤ ʛʝʣʴ ʧʨʦʤʠʚʘʣʠ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʩʫʰʠʣʠ ʧʨʠ 100 ÁC 

ʚʧʨʦʜʦʚʞ 2 ʛʦʜʠʥ ʪʘ ʧʨʦʞʘʨʶʚʘʣʠ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 350 ÁC ʥʘ ʧʦʚʽʪʨʽ ʧʨʦʪʷʛʦʤ 

1 ʛʦʜʠʥʠ.  

ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʫ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʤʽʩʽʡʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʇɽʄ100-01. ʇɽʄ-

ʟʦʙʨʘʞʝʥʥʷ ʧʦʨʦʰʢʫ SnO2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 2. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʪʨʠʤʘʥʥʷ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ Snʆ2. 

  
ʈʠʩʫʥʦʢ 2 ï ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʘ. 

 

ʗʢ ʚʠʜʥʦ ʟ ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʘ (ʨʠʩʫʥʦʢ 2), ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ 

SnO2 ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ ʥʽʞ 10 ʥʤ, ʘ ʧʦʨʦʰʦʢ ʤʘʻ ʛʣʦʙʫʣʷʨʥʦ-ʛʫʙʯʘʩʪʫ ʩʪʨʫʢʪʫʨʫ. ʆʪʞʝ, 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʘʥʦʜʠʩʧʝʨʩʥʠʡ 

ʧʦʨʦʰʦʢ SnO2. 
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ʉʀʅʊɽɿ ʄʆʅʆʂʈʀʉʊɸʃɯʏʅʆɻʆ ʆʂʉʀɼʋ ʉʊɸʅʋʄʋ (IV )  

ʉVD ʄɽʊʆɼʆʄ 

ɺ.ɸ. ʃʶʮ, C.ɺ. ʅʘʛʽʨʥʷʢ, ʊ.ɸ. ɼʦʥʮʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯè 

03056, ʤ. ʂʠʾʚ, ʧʨʦʩʧʝʢʪ ʇʝʨʝʤʦʛʠ, 37, ʢʦʨʧʫʩ 4, 

dontsova@ua.fm 

ʆʢʩʠʜ ʩʪʘʥʫʤʫ (IV) ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʴ: ʛʘʟʦʚʽ ʩʝʥʩʦʨʠ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʧʣʽʚʢʠ, ʢʘʪʘʣʽʟʘʪʦʨʠ, ʧʨʦʟʦʨʽ ʝʣʝʢʪʨʦʜʠ, ʪʨʘʥʟʠʩʪʦʨʠ, ʨʽʜʢʦ-

ʢʨʠʩʪʘʣʽʯʥʽ ʜʠʩʧʣʝʾ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ʁʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʪʦʜʽʚ ʪʘ ʫʤʦʚ ʩʠʥʪʝʟʫ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ 

ʦʪʨʠʤʘʥʥʷ SnO2: ʟʦʣʴ-ʛʝʣʴ [1,2], ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ, ʦʩʘʜʞʝʥʥʷ ʟ ʨʽʜʢʦʾ ʪʘ ʛʘʟʦʚʦʾ 

ʬʘʟʠ (CVD ʽ PVD ʤʝʪʦʜʠ), ʩʝʨʝʜ ʷʢʠʭ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ CVD ʽ PVD 

ʤʝʪʦʜʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʦʨʦʰʢʫ SnO2. ʆʩʪʘʥʥʻ ʤʘʻ ʚʝʣʠʯʝʟʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ SnO2 ʷʢ ʯʫʪʣʠʚʽ ʰʘʨʠ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʢʨʘʱʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. 

ɼʣʷ ʩʠʥʪʝʟʫ ʧʦʨʦʰʢʫ SnO2 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʢʩʘʣʘʪ ʩʪʘʥʫʤʫ (ɯI), ʱʦ ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʟʣʠʚʘʥʥʷ ʛʘʨʷʯʠʭ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʫ ʩʪʘʥʫʤʫ SnCl2ϊ2H2O ʪʘ 

ʦʢʩʘʣʘʪʥʦʾ ʢʠʩʣʦʪʠ. ʆʜʝʨʞʘʥʠʡ ʦʢʩʘʣʘʪ ʩʪʘʥʫʤʫ (ɯɯ) ʪʝʨʤʽʯʥʦ ʨʦʟʢʣʘʜʘʣʠ ʚ ʪʨʫʙʯʘʪʽʡ 

ʧʝʯʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1123 ʂ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ ʚ ʽʥʝʨʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʘʟʦʪ).  

ɸʥʘʣʽʟ ʦʢʩʠʜʫ ʩʪʘʥʫʤʫ (IV) ʟʜʽʡʩʥʶʚʘʣʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʤʝʪʦʜʦʤ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ Ultima IV Rigaku. ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʧʦʨʦʰʢʫ SnO2 ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1ʘ. 

ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʤʽʩʽʡʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʇɽʄ100-01. ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʧʦʨʦʰʢʫ SnO2 ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1ʙ. 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʧʦʨʦʰʢʫ SnO2 (ʘ); ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʧʦʨʦʰʢʫ SnO2 (ʙ). 
 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1ʘ, ʫʪʚʦʨʶʻʪʴʩʷ ʯʠʩʪʠʡ SnO2 (ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʢʘʨʪʢʦʶ 

ˉ1000062, USER (COD)). ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 1ʙ) ʩʚʽʜʯʠʪʴ, ʱʦ ʫʪʚʦʨʠʣʠʩʴ 

ʤʦʥʦʢʨʠʩʪʘʣʠ ʦʢʩʠʜʫ ʩʪʘʥʫʤʫ (IV) ʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ 100-150 ʥʤ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. ʀʚʘʥʦʚ ɺ.ɺ., ʉʠʜʦʨʘʢ ʀ.ɸ., ʐʫʙʠʥ ɸ.ɸ. ʠ ʜʨ. ʇʦʣʫʯʝʥʠʝ ʧʦʨʦʰʢʦʚ SnO2 

ʨʘʟʣʦʞʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ // Journal of Siberian Federal 

University. Engineering & Technologies. ï 2010. ï 2(3). ï ʈ. 189-213. 

2. Suryakanth J., Arivazhagan V., Manonmani M.P. Functionalisation of MWCNT with SnO2 

through sol-gel route  // Journal of Optoelectronics and Biomedical Materials. ï 2011. ï 2 (3). 

ï ʈ. 31-38. 
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ʉʀʅʊɽɿ ʄɸɻʅɯʊʆʂɽʈʆɺɸʅʀʍ ʉʆʈɹɽʅʊɯɺ ʅɸ ʆʉʅʆɺɯ ʉɸʇʆʅɯʊʋ ɼʃʗ 

ɺʆɼʆʆʏʀʑɽʅʅʗ 

ʆ.ɺ. ʄʘʢʘʨʯʫʢ, ʊ.ɸ. ɼʦʥʮʦʚʘ, ɺ.ɺ. ʉʧʽʚʘʢ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

03056, ʤ. ʂʠʾʚ, ʧʨ. ʇʝʨʝʤʦʛʠ 37, ʢʦʨʧʫʩ 4 

xtfhn9207@ukr.net 

ɿʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʦʨʛʘʥʽʯʥʠʤʠ ʧʦʣʶʪʘʥʪʘʤʠ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʩʝʨʡʦʟʥʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʈʦʟʨʦʙʣʝʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʻ ʥʝʜʦʩʢʦʥʘʣʠʤʠ ʪʘ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʷʛʪʠ ʥʝʦʙʭʽʜʥʦʾ 

ʛʣʠʙʠʥʠ ʦʯʠʱʝʥʥʷ. 

ɺʝʣʠʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʣʠ ʘʜʩʦʨʙʮʽʡʥʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʟʦʢʨʝʤʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʣʷ ʷʢʠʭ 

ʭʘʨʘʢʪʝʨʥʽ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: ʧʨʠʨʦʜʥʽ ʩʦʨʙʝʥʪʠ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʚ ʋʢʨʘʾʥʽ ʽ ʻ 

ʜʦʩʪʫʧʥʠʤ ʽ ʥʝʜʦʨʦʛʠʤ ʤʘʪʝʨʽʘʣʦʤ; ʪʝʭʥʦʣʦʛʽʾ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʩʦʨʙʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ 

ʦʯʠʱʝʥʥʷ; ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʧʨʠʨʦʜʥʽʡ ʩʦʨʙʝʥʪ ʥʝ ʧʦʪʨʝʙʫʻ ʨʝʛʝʥʝʨʘʮʽʾ, ʡʦʛʦ ʤʦʞʣʠʚʦ 

ʫʪʠʣʽʟʫʚʘʪʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʦʪʨʠʤʘʥʥʷ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ [1]. 

ɺʽʜʦʤʦ, ʱʦ ʩʘʧʦʥʽʪ ï ʮʝ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʩʦʨʙʝʥʪ ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʟ ʚʦʜʥʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢ, ʟʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ 

ʩʢʣʘʜʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʩʘʧʦʥʽʪʫ ʧʽʩʣʷ ʩʦʨʙʮʽʾ ʟ ʚʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʥʘʪʠʚʥʦʶ ʩʘʧʦʥʽʪʦʚʦʶ ʛʣʠʥʦʶ. 

ʉʠʥʪʝʟ ʩʦʨʙʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: ʩʧʽʚʦʩʘʜʞʝʥʥʷʤ (ʄʂʉ1) ʪʘ 

ʰʣʷʭʦʤ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʘʜʩʦʨʙʮʽʾ (ʄʂʉ2) ʯʘʩʪʠʥʦʢ Fe3O4 ʢʦʣʦʾʜʥʦʛʦ ʩʪʫʧʝʥʷ 

ʜʠʩʧʝʨʩʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʚ ʧʦʨʘʭ ʩʘʧʦʥʽʪʫ. ʅʘʥʦʨʦʟʤʽʨʥʠʡ ʤʘʛʥʝʪʠʪ ʦʜʝʨʞʫʚʘʚʩʷ ʟʘ 

ʚʽʜʦʤʠʤ ʩʧʦʩʦʙʦʤ ɽʡʣʝʨʘ. ʄʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʛʥʝʪʠʪ-ʩʘʧʦʥʽʪ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ 

ʩʪʘʥʦʚʠʣʦ 1:50.  

ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʘʜʩʦʨʙʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʽʟʦʪʝʨʤʽʯʥʦʾ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʢʠʧʽʥʥʷ 

ʘʟʦʪʫ (ʊ = 77 ʂ) ʥʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʩʦʨʙʪʦʤʝʪʨʽ Quantachrome Autosorb (Nova 2200e). 

ʉʪʨʫʢʪʫʨʥʦ-ʘʜʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʙʝʥʪʽʚ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 1. ʉʦʨʙʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʣʠʩɹ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʽʾ ʙʘʨʚʥʠʢʽʚ ʟ ʤʦʜʝʣʴʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ: 

ʤʘʣʘʭʽʪʦʚʦʛʦ ʟʝʣʝʥʦʛʦ (ʜʽʘʤʽʥʦʪʨʠʬʝʥʽʣʤʝʪʘʥʦʚʠʡ ʙʘʨʚʥʠʢ), ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ 

(ʧʝʨʚʠʥʥʠʡ ʜʠʩʘʟʦʙʘʨʚʥʠʢ) ʪʘ ʽʥʜʠʛʦ (ʢʫʙʦʚʠʡ ʙʘʨʚʥʠʢ) ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1 ʛ/ʜʤ
3
. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 1 ī ʉʪʨʫʢʪʫʨʥʦ-ʘʜʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʘʧʦʥʽʪ ʄʂʉ1 ʄʂʉ2 

ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ S, ʤ
2
/ʛ 34,64 40,72 51,03 

ʇʦʚʝʨʭʥʷ ʤʽʢʨʦʧʦʨ Smicro, ʤ
2
/ʛ  9,59 17,20 15,20 

ɿʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʧʦʨ Sext, ʤ
2
/ʛ  25,05 23,52 35,83 

ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ Vtotal, ʩʤ
3
/ʛ 0,125 0,133 0,139 

ʆʙôʻʤ ʤʽʢʨʦʧʦʨ Vmicro, ʩʤ
3
/ʛ  0,016 0,018 0,022 

ʆʙôʻʤ ʤʝʟʦʧʦʨʠ Vmeso, ʩʤ
3
/ʛ 0,031 0,024 0,084 

ʆʙôʻʤ ʤʘʢʨʦʧʦʨ Vmacro, ʩʤ
3
/ʛ 0,078 0,092 0,033 

ʉʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʦʨ d, ʥʤ 12,00 10,87 9,36 
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ʊʘʙʣʠʮʷ 2 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʂʉ ʪʘ ʩʘʧʦʥʽʪʫ 
 

ʉʦʨʙʝʥʪ ɹʘʨʚʥʠʢ ʉʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ, % 

ʄʂʉ1 ʄʘʣʘʭʽʪʦʚʠʡ ʟʝʣʝʥʠʡ 87 

ʂʦʥʛʦ ʯʝʨʚʦʥʠʡ 95 

ɯʥʜʽʛʦ 96 

ʄʂʉ2 ʄʘʣʘʭʽʪʦʚʠʡ ʟʝʣʝʥʠʡ 96 

ʂʦʥʛʦ ʯʝʨʚʦʥʠʡ 98 

ɯʥʜʽʛʦ 98 

ʉʘʧʦʥʽʪ ʄʘʣʘʭʽʪʦʚʠʡ ʟʝʣʝʥʠʡ 22 

ʂʦʥʛʦ ʯʝʨʚʦʥʠʡ 61 

ɯʥʜʽʛʦ 89 
 

ʉʘʧʦʥʽʪʦʚʘ ʛʣʠʥʘ ʚʦʣʦʜʽʻ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʫʤʘʨʥʦʛʦ ʦʙôʻʤʫ ʧʦʨ ï 

0,125 ʩʤ
3
/ʛ (ʜʠʚ. ʪʘʙʣ.1). ʏʘʩʪʢʘ ʧʝʨʝʭʽʜʥʠʭ ʧʦʨ ʫ ʩʫʤʘʨʥʦʤʫ ʦʙôʻʤʽ ʩʪʘʥʦʚʠʪʴ 56 %, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠʥʝʥʫ ʤʝʟʦʧʦʨʠʩʪʽʩʪʴ ʫ ʩʘʧʦʥʽʪʽ. ɹʽʣʴʰʽʩʪʴ ʤʝʟʦʧʦʨʠʩʪʠʭ ʩʦʨʙʝʥʪʽʚ 

ʦʜʝʨʞʫʶʪʴ ʩʠʥʪʝʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʦʩʢʽʣʴʢʠ ʧʨʠʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘʢʦʛʦ ʪʠʧʫ 

ʤʘʣʦʧʦʰʠʨʝʥʽ ʘʙʦ ʜʦʩʣʽʜʞʝʥʽ ʚ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʦʙʩʷʟʽ. ɸʜʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ 

ʧʦʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʧʠʪʦʤʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʦʜʠʬʽʢʫʚʘʪʠ 

ʧʨʠʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʩʘʧʦʥʽʪʦʚʦʾ ʛʣʠʥʠ ʥʘʥʦʨʦʟʤʽʨʥʠʤ ʯʘʩʪʠʥʢʘʤʠ ʤʘʛʥʝʪʠʪʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʡʦʛʦ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. ɼʣʷ ʟʨʘʟʢʽʚ ʄʂʉ ʭʘʨʘʢʪʝʨʥʦ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʤʽʢʨʦʧʦʨ: ʜʣʷ ʄʂʉ1 ī 0,018 ʩʤ
3
/ʛ, ʄʂʉ2 ī 0,022 ʩʤ

3
/ʛ ʧʦʨʽʚʥʷʥʦ ʟ 

0,016 ʩʤ
3
/ʛ ʜʣʷ ʥʘʪʠʚʥʦʾ ʩʘʧʦʥʽʪʦʚʦʾ ʛʣʠʥʠ. ʈʦʟʚʠʪʦʢ ʤʽʢʨʦʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʟʨʘʟʢʫ 

ʄʂʉ1 ʦʙʫʤʦʚʣʝʥʠʡ ʦʩʘʜʞʝʥʥʷʤ Fe3O4 ʚ ʤʝʟʦʧʦʨʘʭ. ɼʣʷ ʟʨʘʟʢʘ ʄʂʉ2 ʭʘʨʘʢʪʝʨʥʠʡ ʨʽʩʪ 

ʤʽʢʨʦ- ʪʘ ʤʝʟʦʧʦʨ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫʚʘʪʦʾ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʤʘʛʥʝʪʠʪʫ ʚ ʤʘʢʨʦʧʦʨʠʩʪʽʡ ʩʠʩʪʝʤʽ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʣʠ (ʪʘʙʣ. 2), ʱʦ ʟʽ ʟʥʘʯʥʦ 

ʚʠʱʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʧʦʣʶʪʘʥʪʽʚ (ʙʘʨʚʥʠʢʽʚ) ʟ 

ʚʦʜʥʠʭ ʩʠʩʪʝʤ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ ʪʘ ʤʘʛʥʝʪʠʪʫ (Fe3O4) ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʘʪʠʚʥʠʤ ʢʦʤʧʦʟʠʪʦʤ. ʅʘʷʚʥʠʡ ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʚ ʤʝʟʦʧʦʨʠʩʪʽʡ 

ʩʠʩʪʝʤʽ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʰʘʨʫʚʘʪʦʾ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʤʘʛʥʝʪʠʪʫ. ɼʘʥʠʡ ʬʘʢʪ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ, ʘ ʩʘʤʝ: 

ʜʣʷ ʄʂʉ1 ï 40,72 ʤ
2
/ʛ, ʄʂʉ2 ï 51,03 ʤ

2
/ʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 34,64 ʤ

2
/ʛ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʥʘʪʠʚʥʦʛʦ ʩʘʧʦʥʽʪʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ 

ʩʦʨʙʝʥʪʠ ʟʘʙʝʟʧʝʯʘʪʴ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʧʦʣʶʪʘʥʪʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʦʨʛʘʥʽʯʥʠʭ 

ʙʘʨʚʥʠʢʽʚ ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ) ʟ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʦʥʘʜ 90 %. ɼʣʷ 

ʟʨʘʟʢʘ, ʦʜʝʨʞʘʥʦʛʦ ʰʣʷʭʦʤ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʘʜʩʦʨʙʮʽʾ ʯʘʩʪʠʥʦʢ Fe3O4 (ʄʂʉ2) 

ʚʣʘʩʪʠʚʘ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʘ ʤʽʢʨʦʧʦʨʠʩʪʽʩʪʴ ʪʘ ʟʥʘʯʥʘ ʧʠʪʦʤʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʛʥʽʪʦʢʝʨʦʚʘʥʠʭ ʩʦʨʙʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ 

ʧʽʜʪʚʝʨʜʠʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʚʦʜʦʦʯʠʱʝʥʥʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. ʌʽʟʠʢʦ ï ʭʽʤʽʯʥʽ ʦʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ [ʊʝʢʩʪ]: 

ʇʽʜʨʫʯʥʠʢ / ɸ. ʂ. ɿʘʧʦʣʴʩʴʢʠʡ, ʅ.ɸ. ʄʽʰʢʦʚʘ-ʂʣʠʤʝʥʢʦ, ɯ. ʄ. ɸʩʪʨʝʣʽʥ ʪʘ ʽʥ. ï ʂ.: 

ʃʽʙʨʘ, 2000. ī 552ʩ.
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ɸ.ɯ. ʄʦʣʶʛʘ, ɻ.ɺ. ʂʨʠʤʝʮʴ  
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ɺʠʨʦʙʥʠʮʪʚʦ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ (ɽʌʂ) ʻ ʟʥʘʯʥʠʤ ʜʞʝʨʝʣʦʤ 

ʚʽʜʭʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʦʪʨʠʤʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰ 

ʙʘʛʘʪʦʪʦʥʥʘʞʥʠʭ ʚʽʜʭʦʜʽʚ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ï ʬʦʩʬʦʛʽʧʩ. ʆʙʩʷʛʠ ʫʪʚʦʨʝʥʥʷ  

ʬʦʩʬʦʛʽʧʩʫ ʚ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ  ʩʢʣʘʜʘʶʪʴ å 150 ʤʣʥ. ʪʦʥʥ. ʑʦʨʽʯʥʦ ʧʨʦʙʣʝʤʘ 

ʧʝʨʝʨʦʙʢʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʬʦʩʬʦʛʽʧʩʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʛʦʩʪʨʦ ʘʢʪʫʘʣʴʥʦʶ. 

ʅʝʜʦʣʽʢʘʤʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙʢʠ ʬʦʩʬʦʛʽʧʩʫ ʚ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʻ: 

- ʟʥʘʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ, ʦʙʫʤʦʚʣʝʥʽ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʨʦʮʝʩʫ ʥʘ ʨʽʚʥʽ 900-1200 Üʉ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʠʭ ʨʝʘʢʪʘʥʪʽʚ; 

- ʜʦʚʛʦ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʥʠʟʴʢʽ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ.. 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʫʪʠʣʽʟʘʮʽʾ ʬʦʩʬʦʛʽʧʩʫ ʻ ʡʦʛʦ ʧʝʨʝʨʦʙʢʘ ʚ 

ʢʦʤʧʣʝʢʩʥʽ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʽ ʤʝʣʽʦʨʘʥʪʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ʛʨʫʥʪʽʚ.  

ʈʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʬʦʩʬʦʛʽʧʩʫ ʚ ʤʽʥʝʨʘʣʴʥʝ ʜʦʙʨʠʚʦ ʜʦʟʚʦʣʠʪʴ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ñʧʦʢʣʘʜʠò ʬʦʩʬʦʛʽʧʩʫ. ɺ ʷʢʦʩʪʽ ʬʦʩʬʘʪʥʦʛʦ ʨʝʘʛʝʥʪʫ ʧʝʨʝʜʙʘʯʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʧʨʦʜʫʢʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʝʢʩʪʨʘʢʮʽʡʥʦʾ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ.  

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʧʝʨʝʨʦʙʢʠ ʬʦʩʬʦʛʽʧʩʫ ʫ 

ʢʦʤʧʣʝʢʩʥʝ ʤʽʥʝʨʘʣʴʥʝ NPCaS ʜʦʙʨʠʚʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʜʦʨʦʛʦʛʦ ʽ ʥʝʜʝʬʽʮʠʪʥʦʛʦ 

ʨʝʘʛʝʥʪʫ ï (NH2)2CO.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʮʝʩ ʧʝʨʝʨʦʙʢʠ ʬʦʩʬʦʛʽʧʩʫ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʪʨʠ ʩʪʘʜʽʾ, ʷʢʽ 

ʦʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 

2 2 2 4 2 3( ) 2 ( ) ,NH CO H O NH CO+ ­  
1 

42433244 )()( SONHCaCOCONHCaSO +­+
 

2 
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ɼʣʷ ʢʦʞʥʦʾ ʽʟ ʩʪʘʜʽʡ ʜʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʦʙʛʨʫʥʪʦʚʘʥʦ 

ʨʘʮʽʦʥʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ: 

V ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ CONH 22)(  ʚʽʜ 0,1 ʜʦ 3 %; 

V ñʤË ʷʢʘòʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ ʥʝ ʚʠʱʝ 50 ęʉ; 

V ʄʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʛʝʥʪʽʚ 2:1)(: 224 =CONHCaSO . 
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ɻʘʟʦʚʽ ʩʝʥʩʦʨʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʪʨʠ ʚʝʣʠʢʽ ʛʨʫʧʠ: ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ, ʦʧʪʠʯʥʽ 

ʪʘ ʭʽʤʽʯʥʽ (ʪʚʝʨʜʦʬʘʟʥʽ). ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʩʠʩʪʝʤʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʷʤʦʤʫ ʘʥʘʣʽʟʽ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʘʙʦ ʢʦʣʠʚʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʮʽʣʴʦʚʦʛʦ ʛʘʟʫ. ʎʽ ʜʘʪʯʠʢʠ ʟʜʘʪʥʽ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʶʚʘʪʠ ʩʢʣʘʜ ʨʽʟʥʠʭ ʛʘʟʽʚ [1]. ʆʧʪʠʯʥʽ ʜʘʪʯʠʢʠ 

ʚʠʤʽʨʶʶʪʴ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʛʘʟʫ ʧʽʩʣʷ ʡʦʛʦ ʟʙʫʜʞʝʥʥʷ ʩʚʽʪʣʦʤ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʦʧʪʠʯʥʠʭ ʩʝʥʩʦʨʽʚ ʚʽʜʥʦʩʷʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ 

ʚʽʜʛʫʢʫ, ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʢʽʜʣʠʚʠʭ ʚʧʣʠʚʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ [2]. 

ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʡ ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʻ ʜʦʩʠʪʴ ʜʦʨʦʛʠʤʠ ʜʣʷ ʧʦʙʫʪʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ 

ʾʭ ʽʥʦʜʽ ʩʢʣʘʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʜʚʠʛʫʥʘʭ.  

ʅʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤʠ ʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʪʘʢ ʟʚʘʥʽ ʪʚʝʨʜʦʬʘʟʥʽ ʜʘʪʯʠʢʠ ʘʙʦ 

ʭʽʤʽʯʥʽ ʛʘʟʦʚʽ ʩʝʥʩʦʨʠ, ʱʦ ʤʘʶʪʴ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʫ ʟʚ'ʷʟʢʫ ʟ ʾʭ ʰʚʠʜʢʠʤ ʯʘʩʦʤ ʚʽʜʛʫʢʫ, 

ʧʨʦʩʪʦʪʦʶ ʚʠʢʦʥʘʥʥʷ ʪʘ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ [3,4]. ʍʽʤʽʯʥʽ ʛʘʟʦʚʽ ʩʝʥʩʦʨʠ ï ʧʨʠʩʪʨʦʾ, ʷʢʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʢʣʘʜ ʛʘʟʦʚʦʾ ʬʘʟʠ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. ʆʩʦʙʣʠʚʦʾ 

ʫʚʘʛʠ ʩʝʨʝʜ ʭʽʤʽʯʥʠʭ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʝʥʩʦʨʠ, 

ʧʦʙʫʜʦʚʘʥʽ ʟʘʟʚʠʯʘʡ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʣʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ. ʇʨʠʥʮʠʧ ʜʽʾ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʤʽʥʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʯʫʪʣʠʚʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʩʫʪʥʦʩʪʽ ʛʘʟʫ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [5]. 

ʗʢ ʯʫʪʣʠʚʽ ʰʘʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʮʝʥʪʨʘʮʽʡ 

O3, NOx, Cl2, ClO2, HCl ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʦʢʩʠʜʠ In2O3 [5], WO3 [6], ZnO [7], 

SnO2 [8], ʷʢ ʯʠʩʪʽ, ʪʘʢ ʽ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. ɿʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʾ ʚʘʨʪʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʝʥʩʦʨʠ ʤʘʶʪʴ ʤʘʣʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʪʘ ʥʝʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ. 

ʏʫʪʣʠʚʽʩʪʴ ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ ʯʫʪʣʠʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʦʧʝʨʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʷʚʥʦʩʪʽ ʜʦʙʘʚʦʢ ʽ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʨʝʘʢʮʽʾ ʟʦʥʜʫʚʘʥʥʷ ʧʝʨʝʙʽʛʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʯʫʪʣʠʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʢʦʥʪʨʦʣʴ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ  ʚʠʤʦʛ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ.  

ɺʩʪʘʥʦʚʣʝʥʦ [9], ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʜʦ ʦʙô̒ ʤʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʫ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ 

ʟʘʩʣʫʛʦʚʫʶʪʴ 1D ʥʘʥʦʩʪʨʫʢʪʫʨʠ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 1D ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʚʘʞʣʠʚʠʡ ʽ ʰʠʨʦʢʠʡ ʢʣʘʩ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʧʨʦʚʦʣʦʢʦ-ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʤʦʞʫʪʴ 

ʨʘʮʽʦʥʘʣʴʥʦ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʦ ʩʠʥʪʝʟʫʚʘʪʠʩʷ ʚ ʦʜʥʽʡ ʢʨʠʩʪʘʣʽʯʥʽʡ ʬʦʨʤʽ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʜʽʘʤʝʪʨʦʤ, ʜʦʚʞʠʥʦʶ ʽ ʚʠʩʦʢʦʪʦʯʥʠʤ ʨʽʚʥʝʤ 

ʣʝʛʫʚʘʥʥʷ [10,11]. 1D ʤʝʪʘʣʦʢʩʠʜʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʜʦʩʪʘʪʥʴʦʾ ʭʽʤʽʯʥʦʾ ʽ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʽ ʤʘʣʦʾ ʚʘʛʠ. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ 1D 

ʥʘʥʦʩʪʨʫʢʪʫʨ  ̒ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʛʘʣʫʟʽ ʥʘʥʦʥʘʫʢʠ ʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. 

ʂʽʣʴʢʘ ʤʝʪʦʜʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 1D ʤʝʪʘʣʦʢʩʠʜʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʷʢ ʛʘʟʦʚʽ ʩʝʥʩʦʨʠ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ [12], ʭʽʤʽʯʥʦʛʦ 
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ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ [13], ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ [14], ʪʝʨʤʽʯʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

[15]. 

ʄʝʪʦʜ ʧʘʨʦ-ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ ʧʘʨʘ-ʨʽʜʠʥʘ-

ʢʨʠʩʪʘʣ, ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ, ʪʦʤʫ ʱʦ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ. ʈʝʘʣʽʟʘʮʽʶ ʤʝʪʦʜʫ ʟʜʽʡʩʥʶʶʪʴ ʚ ʪʨʫʙʯʘʩʪʽʡ ʧʝʯʽ 

ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ. ɺ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ 

ʧʨʝʢʫʨʩʦʨʫ ʟʘ ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʪʘ ʢʦʥʜʝʥʩʘʮʽʷ ʦʜʝʨʞʘʥʦʛʦ 

ʧʨʦʜʫʢʪʫ [16]. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʷʢ ʤʦʥʦʢʨʠʩʪʘʣʠ, ʪʘʢ ʽ ʧʦʣʽʢʨʠʩʪʘʣʠ ʜʫʞʝ 

ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʤʦʨʬʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ 1D ʩʪʨʫʢʪʫʨʠ, ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ. 
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ʊʝʤʧʣʘʥʪʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʥʘʙʫʚʘʻ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʥʦʦʙôʻʢʪʽʚ. ʎʠʤ ʩʧʦʩʦʙʦʤ ʚʞʝ 

ʦʪʨʠʤʫʶʪʴ 0D ʽ 1D ʥʘʥʦʩʪʨʫʢʪʫʨʠ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʪʝʤʧʣʘʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʥʽʦʥʥʽ, ʢʘʪʽʦʥʥʽ ʪʘ ʥʝʽʦʥʦʛʝʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʥʦʢ ʦʢʩʠʜʫ ʩʪʘʥʫʤʫ (IV) (SnO2) ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʪʝʤʧʣʘʥʪʫ ʥʝʽʦʥʦʛʝʥʦʛʦ ʪʠʧʫ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʶ (ʇɽɻ). 

ʉʠʥʪʝʟ ʟʨʘʟʢʽʚ SnO2 ʧʨʦʚʦʜʠʚʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʦ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʫ ʩʪʘʥʫʤʫ 

(IV) ʜʦʜʘʚʘʣʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʇɽɻ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ. ɼʘʣʽ ʚ ʦʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʜʦʜʘʚʘʣʠ 

ʧʦ ʢʨʘʧʣʷʭ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ ʘʤʽʘʢʫ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʙʽʣʦʛʦ ʛʝʣʶ. ʇʽʩʣʷ ʮʴʦʛʦ ʛʝʣʴ ʚʠʪʨʠʤʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 24 ʛʦʜʠʥ ʥʘ ʧʦʚʽʪʨʽ, 

ʜʘʣ̔ ʡʦʛʦ ʧʨʦʤʠʚʘʣʠ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʡʦʥʽʚ ʭʣʦʨʫ ʽ ʩʫʰʠʣʠ ʟʘ 100 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ. 

ʆʪʨʠʤʘʥʠʡ ʧʦʨʦʰʦʢ ʧʨʦʞʘʨʶʚʘʣʠ ʧʨʠ 350 Áʉ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʚʘʣʠ 2 ʟʨʘʟʢʘ: 

ʟʨʘʟʦʢ 1 ï ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʇɽɻ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 6000, ʟʨʘʟʦʢ 2 ï ʇɽɻ ʟ 

ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 1500. 

ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ SnO2 ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʥʩʤʽʩʽʡʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʇɽʄ100-01. ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ 1 

(ʨʠʩ.1, ʘ) ʽ 2 (ʨʠʩ. 1, ʙ) ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʗʢ ʚʠʜʥʦ ʟ ʇɽʄ-ʟʦʙʨʘʞʝʥʴ, ʯʘʩʪʠʥʢʠ 

ʦʙʦʭ ʟʨʘʟʢʽʚ ʤʘʶʪʴ ʜʦʩʠʪʴ ʤʘʣʠʡ ʨʦʟʤʽʨ ʽ ʛʣʦʙʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʥʘʛʘʜʫʻ ʘʤʦʨʬʥʽ 

ʦʩʘʜʠ. 

 

 
                        ʘ                                                                       ʙ 

ʈʠʩʫʥʦʢ 1 ï ʇɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʽʚ: ʘ ï ʟʨʘʟʢʫ 1, ʙ ï ʟʨʘʟʢʫ 2. 

 

ɸʥʘʣʽʟ ʟʨʘʟʢʽʚ ʦʢʩʠʜʫ ʩʪʘʥʫʤʫ (IV) ʟʜʽʡʩʥʶʚʘʣʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʽ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ ʤʝʪʦʜʘʤʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ Ultima IV Rigaku. ʈʝʥʪʛʝʥʦʛʨʘʤʘ 

ʟʨʘʟʢʽʚ SnO2 ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 1. 

mailto:dontsova@ua.fm
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ʈʠʩʫʥʦʢ 2 ï ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ. 

 

ʇʦʨʽʚʥʷʥʥʽ ʦʩʥʦʚʥʠʭ ʧʽʢʽʚ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʢʘʨʪʢʦʶ ˉ1000062, ʙʘʟʘ USER (COD) 

ʩʚʽʜʯʠʪʴ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʯʠʩʪʘ ʨʫʪʠʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ SnO2. ɿʘ ʦʪʨʠʤʘʥʠʤʠ 

ʨʝʥʪʛʝʥʦʛʨʘʤʘʤʠ ʜʣʷ ʦʙʦʭ ʟʨʘʟʢʽʚ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʟʨʘʟʢʠ ʤʘʶʪʴ ʤʘʣʝʥʴʢʝ 

ʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʆʂʈ) ʽ ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʥʦʢ ʩʠʣʴʥʦ 

ʥʘʙʣʠʞʝʥʘ ʜʦ ʘʤʦʨʬʥʦʛʦ ʩʪʘʥʫ. ʊʠʤ ʥʝ ʤʝʥʰ, ʜʘʥʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʪʘʙʣ. 1) 

ʚʢʘʟʫʶʪʴ, ʱʦ ʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʤʘʣʝʥʴʢʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ 

(3,5 ʽ 1,8 ʥʤ). 

 

ʊʘʙʣʠʮʷ 1 ï ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ SnO2 

ɿʨʘʟʦʢ hkl 
2ɗ, 

ʛʨʘʜ 

ʈʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʽʚ, ʥʤ 

ʇʘʨʘʤʝʪʨʠ 

ʨʝʰʽʪʢʠ, ʥʤ 

ʘ ʩ 

1 

110 26,88 

3,5 0,473 0,319 101 33,77 

211 52,09 

2 

110 27,03 

1,8 0,476 0,323 101 34,08 

211 51,78 

 

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʤʧʣʘʥʪʫ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʦ ʤʘʣʝʥʴʢʽ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʽ ʢʨʠʩʪʘʣʽʪʽʚ ʧʦʨʦʰʢʽʚ SnO2. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. Munnix S. Surface electronic structure of tin (IV) oxide // Solid State Commun. ï 1982. 

ï Vol. 43. ï P.867. 

2. Lin T. Hydrothermal Synthesis of SnO2 Nanostructures with Different Morphologies 

and Their Optical Properties // Journal of Nanomaterials. ï 2011. ï Vol. 2011. ï Article 

ID 529874. ï 10 pp. 

3. Matthias B. The surface and material science of tin oxide // Progress in Surface Science. 

ï 2005 ï Vol.79. ï P.  7-154. 
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ʋɼʂ 544.723 

 

ɸɼʉʆʈɹʎɯʁʅɽ ɺʀʃʋʏɽʅʅʗ ʉʇʆʃʋʂ ʍʈʆʄʋ(VI) 

ʗ.ʇ. ʉʤʽʪʶʭ, ʊ.ɸ. ɼʦʥʮʦʚʘ,  ɯ.ʄ. ɯʚʘʥʝʥʢʦ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

03056, ʤ. ʂʠʾʚ, ʧʨ. ʇʝʨʝʤʦʛʠ, 37 

e-mail: yana.smityuh@gmail.com 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʻ ʩʢʠʜʘʥʥʷ 

ʥʝʦʯʠʱʝʥʠʭ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʦʯʠʱʝʥʠʭ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ 

ʚʦʜ. ʗʢʦʶ ʙ ʜʦʚʝʨʰʝʥʦʶ ʥʝ ʙʫʣʘ ʦʯʠʩʪʢʘ ʩʪʽʯʥʠʭ ʚʦʜ, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

ʧʦʪʨʘʧʣʷʻ ʚ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʟʘʙʨʫʜʶʶʯʠ ʜʦʚʢʽʣʣʷ. ʇʦʧʘʜʘʶʯʠ ʫ ʛʨʫʥʪ ʽ ʚʦʜʫ 

ʚʦʥʠ ʚʠʢʣʠʢʘʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʽ ʛʝʦʭʽʤʽʯʥʽ ʘʥʦʤʘʣʽʾ ʚ ʘʪʤʦʩʬʝʨʽ, ʛʽʜʨʦʩʬʝʨʽ, ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʦʩʣʘʙʣʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʛʨʫʥʪʦʚʠʭ ʙʘʢʪʝʨʽʡ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʦʜʶʯʽʩʪʴ ʛʨʫʥʪʫ, 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ [1].  

ʈʷʜ ʚʠʨʦʙʥʠʮʪʚ ʩʢʠʜʘʻ ʩʪʽʯʥʽ ʚʦʜʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʩʦʣʽ ʭʨʦʤʫ(ɯɯɯ) ʘʙʦ ʭʨʦʤʦʚʦʾ 

ʢʠʩʣʦʪʠ: ʛʘʣʴʚʘʥʽʯʥʽ ʮʝʭʠ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ, ʧʨʠʣʘʜʦʙʫʜʽʚʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ, 

ʘʚʽʘʮʽʡʥʠʭ ʟʘʚʦʜʽʚ, ʮʝʭʠ ʪʝʢʩʪʠʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʰʢʽʨʷʥʽ ʟʘʚʦʜʠ, ʥʘ ʷʢʠʭ ʧʨʦʚʦʜʷʪʴ 

ʭʨʦʤʦʚʝ ʜʫʙʣʝʥʥʷ, ʭʽʤʽʯʥʽ ʟʘʚʦʜʠ, ʷʢʽ ʚʠʧʫʩʢʘʶʪʴ ʭʨʦʤʧʽʢ, ʭʨʦʤʦʚʽ ʛʘʣʫʥʠ ʪʦʱʦ [2]. 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʭʨʦʤʫ(VI) ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʘʜʩʦʨʙʮʽʡʥʠʡ [3].  

ʄʝʪʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɹɸɺ ʪʘ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟ ʮʠʨʢʦʥʽʶ (IV) 

ʦʢʩʠʜʦʤ ʚ ʧʨʦʮʝʩʽ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʢʘʪʽʦʥʽʚ Cr
6+

 ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʥʷʤ ʘʜʩʦʨʙʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʭʽʜʥʝ ʘʢʪʠʚʥʝ ʚʫʛʽʣʣʷ ʤʘʨʢʠ 

ɹɸɺ ʬʨʘʢʮʽʾ 0,063 ʤʤ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʞʘʨʶʚʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300 
ʦ
ʉ.  

ʅʘʥʦʢʦʤʧʦʟʠʪ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ï ʮʠʨʢʦʥʽʶ(IV) ʦʢʩʠʜ ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ 

ʛʦʤʦʛʝʥʥʦʛʦ ʦʩʘʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʨʦʟʯʠʥʷʣʠ ʫ ʚʦʜʽ ʦʢʩʠʭʣʦʨʠʜ ʮʠʨʢʦʥʽʶ ʽ 

ʩʝʯʦʚʠʥʫ, ʧʦʪʽʤ ʜʦʜʘʚʘʣʠ ʚʫʛʽʣʣʷ; ʦʪʨʠʤʘʥʫ ʩʫʩʧʝʥʟʽʶ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʥʘʛʨʽʚʘʣʠ ʜʦ 

95 
Á
ʉ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ 20 ʭʚʠʣʠʥ; ʦʜʝʨʞʘʥʠʡ ʦʩʘʜ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʥʘ ʣʽʡʮʽ ɹʶʭʥʝʨʘ ʽ ʧʨʦʤʠʚʘʣʠ ʚʽʜ ʽʦʥʽʚ Cl
-
; ʚʽʜʤʠʪʠʡ ʦʩʘʜ 

ʚʠʩʫʰʠʚʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 110 
Á
ʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ, ʘ ʧʦʪʽʤ ʧʨʦʞʘʨʶʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 300 
Á
ʉ ʚʧʨʦʜʦʚʞ 1 ʛʦʜʠʥʠ. 

ɸʜʩʦʨʙʮʽʶ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ, ʚ ʷʢʦʩʪʽ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʘʤʦʥʽʶ ʙʽʭʨʦʤʘʪʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,5; 1,0; 2,0; 3,0; 4,0; 5,0; 6,0 ʪʘ 10,0 ʛ/ʜʤ
3
, 

ʧʨʠ ʨʅ 1,5; 4,0; 5,5. ʄʘʩʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʘʪʽʦʥʽʚ Cr
6+ 
ʚʠʟʥʘʯʘʣʠ ʚ ʟʘʙʘʨʚʣʝʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʜʠʬʝʥʽʣʢʘʨʙʘʟʠʜʦʤ, ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ ʥʘ ʬʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʽ ʂʌʂ-3 ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 540 ʥʤ (ʨʦʟʯʠʥ 

ʧʦʨʽʚʥʷʥʥʷ ï ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʢʶʚʝʪʠ 1 ʩʤ). 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ ʘʜʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʚʠʭʽʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʫʛʽʣʣʷ ɹɸɺ, ʘ ʪʘʢʦʞ ʾʾ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʅ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʘʜʩʦʨʙʘʪʫ. ʅʘʡʙʽʣʴʰʽ (ʩʪʦʚʽʜʩʦʪʢʦʚʽ) ʟʥʘʯʝʥʥʷ ʘʜʩʦʨʙʮʽʾ ʥʘ ʯʠʩʪʦʤʫ ʚʫʛʽʣʣ ̔

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ Cr
6+

 ʜʦ 415  ʤʛ/ʜʤ
3
, ʪʦʙʪʦ ʜʣʷ ʚʤʽʩʪʫ ʩʦʣʽ ʜʦ 1,0 ʛ/ʜʤ

3
 

ʧʨʠ ʨʅ 1,5 (ʨʠʩ. 1, ʘ). ʇʽʜʚʠʱʝʥʥʷ ʣʫʞʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʦʟʯʠʥʽʚ ʘʤʦʥʽʶ ʙʽʭʨʦʤʘʪʫ ʥʝ 

ʩʧʨʠʷʻ ʚʠʣʫʯʝʥʥʶ ʢʘʪʽʦʥʽʚ Cr
6+
, ʪʘʢ, ʪʘ ʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʧʨʠ ʨʅ 4,0 ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 30 %. 
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http://ua-referat.com/%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BD%D0%B5_%D1%81%D0%B5%D1%80%D0%B5%D0%B4%D0%BE%D0%B2%D0%B8%D1%89%D0%B5
http://ua-referat.com/%D0%A0%D0%BE%D0%B4%D1%8E%D1%87%D1%96%D1%81%D1%82%D1%8C_%D0%B3%D1%80%D1%83%D0%BD%D1%82%D1%83
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ʇʦʜʽʙʥʘ ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʘʢʪʠʚʥʦʛʦ 

ʚʫʛʽʣʣʷ (ʜʠʚ. ʨʠʩ. 1, ʙ): ʩʪʦʚʽʜʩʦʪʢʦʚʠʡ ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʧʨʠ ʥʝʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʘ ʪʘʢʦʞ ʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ. ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ 

ʻ ʥʝ ʪʘʢʝ ʩʪʨʽʤʢʝ ʧʘʜʽʥʥʷ ʩʪʫʧʝʥʷ ʘʜʩʦʨʙʮʽʾ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ 

ʨʦʟʯʠʥʽʚ: ʪʘʢ, ʧʨʠ ʚʤʽʩʪʽ 2,5 Cr
6+

 ʛ/ʜʤ
3
 (~6 ʛ/ʜʤ

3
 ʘʤʦʥʽʶ ʙʽʭʨʦʤʘʪʫ) ʍ=30 %, ʘ ʧʨʠ 4,1 

Cr
6+

 ʛ/ʜʤ
3
 (~10 ʛ/ʜʤ

3
 ʘʤʦʥʽʶ ʙʽʭʨʦʤʘʪʫ) ʍ=26,3 %. 

 

  
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʫʧʝʥʴ ʚʠʣʫʯʝʥʥʷ ʢʘʪʽʦʥʽʚ Cr
6+

 ʘʢʪʠʚʥʠʤ ʚʫʛʽʣʣʷʤ ɹɸɺ (ʘ) ʪʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʤ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ï ʮʠʨʢʦʥʽʶ(IV) ʦʢʩʠʜ (ʙ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʽʚ ʘʤʦʥʽʶ ʙʽʭʨʦʤʘʪʫ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɹɸɺ ʪʘ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʟ 

ʮʠʨʢʦʥʽʶ(IV) ʦʢʩʠʜʦʤ ʜʣʷ ʘʜʩʦʨʙʮʽʡʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʩʧʦʣʫʢ ʭʨʦʤʫ(VI) ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʧʨʠ ʥʝʚʠʪʢʠʭ ʨʅ.  

  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. ɹʻʣʦʚ ʉ.ɺ. ʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ / C.ɺ. ɹʻʣʦʚ, ʌ.ɸ. ɹʘʨʙʽʥʦʚ, ɸ.ʌ. 

ʂʦʟʴʷʢʦʚ [ʪʘ ʽʥ.] ï ʄ.: ɺʠʱʘ ʰʢ., 1991. ï 339ʩ. 

2. ɺʦʨʦʥʦʚ ʖ.ɺ. ɺʦʜʦʦʪʚʝʜʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ / ʖ.ɺ. ɺʦʨʦʥʦʚ. ï  ʫʯʝʙʥʠʢ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ɺʋɿʦʚ. ï ʀʟʜ. 4-ʝ, ʜʦʧ. ʠ ʧʝʨʝʨʘʙ. ï ʄ., 2006. ï 704 ʩ. 

3. ʇʝʯʝʥʶʢ ʉ.ʀ. ʉʦʨʙʮʠʷ ʬʦʩʬʘʪ-ʠʦʥʦʚ ʥʘ ʦʢʩʠʛʠʜʨʦʢʩʠʜʘʭ Fe(III), Zr(IV) ʠ Cr(III) ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ [ʊʝʢʩʪ] / ʉ.ʀ. ʇʝʯʝʥʶʢ, ʖ.ʇ. ʉʝʤʫʰʠʥʘ // ɾʫʨʥ. 

ʬʠʟ. ʭʠʤʠʠ, 2007. ï ˉ8. ï ʉ. 1473-1479. 
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ʋɼʂ 543:628.3 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɯɼʍʆɼɯɺ ɻʃʀʅʆɿɽʄʅʀʍ ɺʀʈʆɹʅʀʎʊɺ ʋ ʊɽʍʅʆʃʆɻɯɰ 

ɺʆɼʆʆʏʀʑɽʅʅʗ 

ɹ.ʆ. ɿʙʦʨʦʚʩʴʢʘ, ɯ.ɺ. ʂʦʩʦʛʽʥʘ, ʅ.ʄ. ʊʦʣʩʪʦʧʘʣʦʚʘ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ, ʂʠʾʚ 

zborovskabohdana@gmail.com 

ʋ ʟʚô̫ ʟʢʫ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʫ ʩʚʽʪʽ ʩʢʣʘʣʘʩʷ 

ʢʨʠʪʠʯʥʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ. ʆʜʥʠʤʠ ʽʟ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʻ çʯʝʨʚʦʥʽ ʰʣʘʤʠè ï ʚʽʜʭʦʜʠ, 

ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʣʠʥʦʟʝʤʫ ʟ ʙʦʢʩʠʪʽʚ. ʋʪʚʦʨʝʥʠʡ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʡ 

ʰʣʘʤ ʩʢʣʘʜʘʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟ ʦʢʩʠʜʽʚ ʬʝʨʫʤʫ, ʘʣʶʤʽʥʽʶ, ʢʘʣʴʮʽʶ, ʪʠʪʘʥʫ, 

ʩʠʣʽʮʽʶ ʪʘ ʟʽ ʩʧʦʣʫʢ ʮʽʥʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʨʝʛʝʥʝʨʘʮʽʷ ʷʢʠʭ ʻ ʧʨʦʛʥʦʟʦʚʘʥʦ 

ʨʝʥʪʘʙʝʣʴʥʦʶ. ʑʦʨʽʯʥʦ ʫ ʩʚʽʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʥʘʜ 60 ʤʣʥ. ʪ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè, ʧʨʠ 

ʮʴʦʤʫ ʙʽʣʴʰʽʩʪʴ ʧʨʦʩʪʦ ʚʠʢʠʜʘʻʪʴʩʷ ʚ ʤʦʨʷ ʘʙʦ ʩʢʣʘʜʫʻʪʴʩʷ ʫ ʰʣʘʤʦʩʭʦʚʠʱʘʭ. ɺʽʜʦʤʦ, 

ʱʦ 4 ʞʦʚʪʥʷ 2010 ʨ. ʚ ʋʛʦʨʱʠʥʽ ʥʘ ʛʣʠʥʦʟʝʤʥʦʤʫ ʟʘʚʦʜʽ AjkaiTimfoldgyarZrt  ʩʪʘʚʩʷ 

ʚʠʙʫʭ, ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʜʦ ʏʦʨʥʦʛʦ ʤʦʨʷ ʧʦʪʨʘʧʠʣʦ ʙʣʠʟʴʢʦ 700000 ʤ
3
çʯʝʨʚʦʥʦʛʦ 

ʰʣʘʤʫè [1]. ʊʦʤʫ ʜʘʥʘ ʝʢʦʣʦʛʽʯʥʘ ʧʨʦʙʣʝʤʘ ʧʦʪʨʝʙʫʻ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʢʣʘʜʫʚʘʥʥʷ 

ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ. 

ɿʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [1] çʯʝʨʚʦʥʽ ʰʣʘʤʠè ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʮʝʤʝʥʪ, ʮʝʛʣʘ,ʢʝʨʘʤʽʢʘ, ʢʝʨʘʤʟʠʪ, ʛʘʟʦʙʝʪʦʥ), ʧʣʘʩʪʠʢʫ, 

ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʡ ʢʦʚʪʫʥʽʚ (ʟʘʤʽʩʪʴ ʙʝʥʪʦʥʽʪʦʚʠʭ ʛʣʠʥ), ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʜʦʨʽʛ, ʚ 

ʷʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʽʚ, ʢʦʘʛʫʣʷʥʪʽʚ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ. 

ɺʘʞʣʠʚʠʤ ʩʧʦʩʦʙʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʦʯʠʱʝʥʥʷ, ʘ ʩʘʤʝ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʷʢ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ (ʬʦʩʬʘʪʽʚ, 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘʨʩʝʥʘʪʫ, ʬʪʦʨʠʜ-ʡʦʥʽʚ, ʙʦʨʫ, ʥʽʪʨʘʪʽʚ), ʪʘʢ ʽ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

(ʙʘʨʚʥʠʢʽʚ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʬʝʥʦʣʽʚ). 

ʇʦʚʝʨʭʥʝʚʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʦʢʩʠʜʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ çʯʝʨʚʦʥʦʤʫ ʰʣʘʤʽè, 

ʩʧʨʠʷʻ ʤʦʙʽʣʽʟʘʮʽʾ ʪʘ ʘʜʩʦʨʙʮʽʾ ʡʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (Cu2+, Pb2+, Zn2+, Ni 2+, Cr 6+ɞɌ Cd2+) ʟʽ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʟʥʠʞʫʶʯʠ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ[2].  

ʆʪʞʝ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ çʯʝʨʚʦʥʠʭ 

ʰʣʘʤʽʚè ʫ ʷʢʦʩʪʽ ʘʜʩʦʨʙʝʥʪʫ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʡʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʣʫʯʝʥʥʷ ʡʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ çʯʝʨʚʦʥʠʤ ʰʣʘʤʦʤè 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʚʦʜʠ, ʱʦ ʤʽʩʪʠʪʴ ʉr2ʆ4
2-
 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 20,8 ʤʛ/ʜʤ

3
. 

ʂʠʩʣʦʪʥʫ ʘʢʪʠʚʘʮʽʶ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʠʩʣʦʪ (HCl, 

H2SO4 ʪʘ HNO3) ʟ ʤʝʪʦʶ ʡʦʛʦ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʪʘ ʫʢʨʫʧʥʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʧʨʦʮʝʩʘʤ ʚʦʜʦʦʯʠʱʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʯʘʩ ʘʢʪʠʚʘʮʽʾ ʚʘʨʽʶʚʘʣʠ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʠ ʢʠʩʣʦʪʠ ʜʦ ʤʘʩʠ ʰʣʘʤʫ ʪʘ ʯʘʩʦʤ ʘʢʪʠʚʘʮʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʨʦʮʝʩ ʚʠʜʘʣʝʥʥʷ ʉr2ʆ4
2-
 ʟ ʽʤʽʪʘʪʘ ʩʪʽʯʥʠʭ ʚʦʜ

 
ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ, ʜʦʟʘ ʘʢʪʠʚʦʚʘʥʦʛʦ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè ʪʘ ʯʘʩ ʢʦʥʪʘʢʪʫ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ 

ʩʪʫʧʽʥʴ ʚʠʣʫʯʝʥʥʷ ʭʨʦʤʫ (VI) ʧʨʠ ʜʦʟʽ ʘʢʪʠʚʦʚʘʥʦʛʦ çʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫè 10 ʛ/ʜʤ
3 
ʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʫʭʫ ʨʝʯʦʚʠʥʫ ʩʢʣʘʜʘʻ 29,5 % ʧʨʠ ʨʅ 2. ɸʢʪʠʚʘʮʽʷ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ 

ʥʽʪʨʘʪʥʦʶ ʢʠʩʣʦʪʦʶ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʠʩʣʦʪʠ ʜʦ ʰʣʘʤʫ 2:1 ʪʘ ʯʘʩʦʤ ʘʢʪʠʚʘʮʽʾ ï 1,2 

ʛʦʜ. ʈʦʙʦʪʘ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʦʚʞʫʻʪʴʩʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. Dong-Yan Liu, Chuan-Sheng Wu. Stockpiling and comprehensive utilization of red 

mud research progress.College of Civil Engineering, Chongqing University, China,  2012. 

2. Pulford ID, Hargreaves JS, ńuriġov§ J, Kramulova B, Girard C, Balakrishnan 

M, Batra VS, Rico JL. Carbonised red mud ï a new water treatment product made from a 

waste material.J Environ Manage, 2012. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Pulford%20ID%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=Hargreaves%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=%C4%8Euri%C5%A1ov%C3%A1%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=Kramulova%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=Girard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=Balakrishnan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=Balakrishnan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=Batra%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed?term=Rico%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=22366358
http://www.ncbi.nlm.nih.gov/pubmed/22366358
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ɺʀɿʅɸʏɽʅʅʗ ɺɯɼʅʆʉʅʀʍ ʄɸɻʅɯʊʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ʌɽʈʆʄɸɻʅɯʊʅʆɰ ʈɯɼʀʅʀ 

ʃ.ʃ. ʍʦʤʝʥʢʦ, ʊ.ɸ. ɼʦʥʮʦʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

03056, ʤ. ʂʠʾʚ, ʧʨ. ʇʝʨʝʤʦʛʠ 37, ʢʦʨʧʫʩ 4 

dontsova@ua.fm 

ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʠʥʪʝʟʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʶ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʨʽʜʢʠʭ ʩʠʩʪʝʤ ʟʘʚʜʷʢʠ ʫʥʽʢʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʧʣʠʥʥʦʩʪʽ ʽ ʟʜʘʪʥʦʩʪʽ 

ʧʦʤʽʪʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦ-ʥʦʚʦʤʫ ʨʦʟʚôʷʟʘʪʠ 

ʙʘʛʘʪʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ.  

ʌʝʨʦʤʘʛʥʽʪʥʽ ʨʽʜʢʽ ʩʠʩʪʝʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʚʘʞʝʥʽ ʚ ʨʽʜʠʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ 

ʯʘʩʪʠʥʢʠ, ʷʢʽ ʚʢʨʠʪʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʤʘʛʥʽʪʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʧʨʠʨʦʜʠ, ʪʠʧʫ ʨʦʟʯʠʥʥʠʢʘ ʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʘ 

ʪʘʢʦʞ ʢʽʣʴʢʦʩʪʽ ʦʩʪʘʥʥʴʦʾ, ʤʘʛʥʽʪʥʽ ʨʽʜʠʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʠʣʘʜʠ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽ ʥʝ ʟʘʚʞʜʠ ʻ ʜʦʩʪʫʧʥʠʤʠ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ 

ʟʨʫʯʥʦʩʪʽ ʽ ʰʚʠʜʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʝʨʦʨʽʜʠʥ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʦʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʜʥʦʩʥʠʭ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʨʽʜʠʥ, ʱʦ ʦʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʽ 

ʧʽʜʥʷʪʪʷ ʨʽʜʠʥ [1].  

ɼʣʷ ʮʴʦʛʦ ʙʫʚ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʡ ʧʨʠʣʘʜ (ʜʠʚ. ʨʠʩʫʥʦʢ 1), ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʚʫʟʣʠ: ʢʘʧʽʣʷʨ ʽ ʤʘʛʥʽʪ.  

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʨʽʜʠʥʠ:  

1ïh ʪʘʪʠʚ, 2 ï ʪʨʠʤʘʯ, 3 ï ʣʽʡʢʘ, 4 ï ʢʘʧʽʣʷʨ, 5 ï ʤʘʛʥʽʪ, 6 ï ʟʣʠʚʥʠʡ ʢʨʘʥ. 
 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʠʣʘʜʫ ʚʞʝ ʧʦʢʘʟʘʣʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʣʠʚʦ 

ʷʢʽʩʥʦ ʦʙʠʨʘʪʠ ʤʘʛʥʽʪʥʽ ʨʽʜʠʥʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʝʨʤʠʥʦʚ ʉ.ʄ. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ, ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ // ɺʝʩʪʥʠʢ ʀɻʕʋ. ï 2009. ï ˉ 

3ï ʉ. 54-57. 

mailto:dontsova@ua.fm
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mailto:spivakmax@rambler.ru
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ʉʋʃʔʌɸʊʅʀʁ ʉʇʆʉɯɹ ʉʀʅʊɽɿʋ ʌʆʊʆʂɸʊɸʃɯɿɸʊʆʈʋ  

ʆʂʉʀɼʋ ʊʀʊɸʅʋ (IV ) 

ʖ.ʆ. ʖʱʝʥʢʦ, ʊ.ɸ. ɼʦʥʮʦʚʘ, ɻ.ɺ. ʂʨʠʤʝʮʴ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʫʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

03056, ʤ. ʂʠʾʚ, ʧʨ. ʇʝʨʝʤʦʛʠ, 37, ʢʦʨʧʫʩ 4 

Ulia_uschenko@mail.ru 
ɿʥʝʰʢʦʜʞʝʥʥʷ ʩʪʦʢʽʚ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟʘʚʞʜʠ ʙʫʣʦ ʚʘʞʣʠʚʠʤ 

ʘʩʧʝʢʪʦʤ ʚ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʛʘʣʫʟʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʠʛʦʪʫʚʘʥʥ ̔ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʥʘ 

ʦʩʥʦʚʽ ʘʥʪʠʙʽʦʪʠʢʽʚ ʛʨʫʧʠ ʧʝʥʽʮʠʣʽʥʫ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢʘ 

ʧʦʪʨʝʙʫʻ ʥʝʛʘʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʧʝʨʝʜ ʩʢʠʜʘʥʥʷʤ ʚ ʢʘʥʘʣʽʟʘʮʽʶ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ 

ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʫ ʦʢʩʠʜʫ ʪʠʪʘʥʫ (IV) (TiO2), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʢʠʩʥʶʚʘʪʠ 

ʦʨʛʘʥʽʯʥʽ ʧʦʣʶʪʘʥʪʠ ʜʦ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʚʦʜʠ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʠ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʩʠʥʪʝʟʫ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʫ TiO2 ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ ʚʽʪʯʠʟʥʷʥʦʛʦ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʞʝ ʽʩʥʫʶʯʽ ʧʦʪʫʞʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ TiO2 ʩʫʣʴʬʘʪʥʠʤ ʩʧʦʩʦʙʦʤ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʡʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʉʠʥʪʝʟ ʦʢʩʠʜʫ ʪʠʪʘʥʫ (ɯV) ʧʨʦʚʦʜʠʚʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɻʦʪʦʚʠʣʠ ʨʦʟʯʠʥʠ 

ʦʢʩʠʜ-ʩʫʣʴʬʘʪʫ ʪʠʪʘʥʫ (ɯV) ʧʨʠ ʨʅ 2 ʽ 6 ʪʘ ʧʨʦʚʦʜʠʣʠ ʾʭ ʛʽʜʨʦʣʽʟ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

100 Áʉ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʨʘʟʫ ʫʪʚʦʨʶʚʘʚʩʷ ʢʨʠʩʪʘʣʽʯʥʠʡ ʦʢʩʠʜ ʪʠʪʘʥʫ (ɯV) (ʊʽʆ2), ʷʢʠʡ 

ʜʘʣʽ ʬʽʣʴʪʨʫʚʘʣʠ, ʧʨʦʤʠʚʘʣʠ ʽ ʩʫʰʠʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 100 Áʉ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʊʽʆ2 ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ Rigaku 

Ultima IV X-Ray Diffractomerer. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʠʚʝʜʝʥʽ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʦʪʨʠʤʘʥʠʭ 

ʟʨʘʟʢʽʚ. ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʙʫʣʠ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʘʢʝʪʦʤ ʧʨʦʛʨʘʤ PDXL ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʟ ʜʘʥʠʭ ICDD/PDF-2 ʽ COD ʽ ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʥʦʾ ʢʘʨʪʢʠ 00-001-0562 ʚ 

ʦʙʦʭ ʟʨʘʟʢʘʭ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʘʥʘʪʘʟʥʫ ʤʦʜʠʬʽʢʘʮʽʶ TiO2.  

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʟʨʘʟʢʽʚ TiO2: ʘ ï ʟʨʘʟʢʫ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʅ 2,  

ʙ ï ʟʨʘʟʢʫ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʅ 6. 

 

ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʙʫʣʠ ʧʨʦʪʝʩʪʦʚʘʥʽ ʥʘ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ ʤʝʪʠʣʝʥʦʚʦʛʦ 

ʙʣʘʢʠʪʥʦʛʦ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʟʥʝʙʘʨʚʣʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. 

ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʽʚ ʜʣʷ ʟʥʝʰʢʦʜʞʝʥʥʷ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ.  
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ɽʢʦʣʦʛʽʷ ʪʘ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ̔

 

ɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çʍɯʄɯʏʅɸ ʊɽʍʅʆʃʆɻɯʗ: ʅɸʋʂɸ, ɽʂʆʅʆʄɯʂɸ ʊɸ ɺʀʈʆɹʅʀʎʊɺʆè 27-29 ʣʠʩʪʦʧʘʜʘ 2014 ʨʦʢʫ  

ʤ. ʐʦʩʪʢʘ 

118 

ʋɼʂ 613.147 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʀʃʋʏɽʅʅʗ ʌʆʉʌɸʊɯɺ ɿ ɺʆɼʀ ɿɸʃɯɿʆʆʂʉʀɼʅʀʄʀ 

ʄɸʊɽʈɯɸʃɸʄʀ 

ʄ.ɸ. ʉʘʚʠʮʴʢʘ, ɸ.ɺ. ʃʘʧʽʥʩʴʢʠʡ, , ʅ.ʆ. ʉʪʝʣʴʤʘʭ, ʆ.ɹ. ʂʦʩʪʦʛʣʦʜ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 

ʢʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

03056, ʤ. ʂʠʾʚ, ʧʨ-ʪ ʇʝʨʝʤʦʛʠ 37, ʢʦʨʧ 4. 
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 ɺ ʪʝʧʣʦʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ, ʚ ʩʘʥʽʪʘʨʥʽʡ ʩʧʨʘʚʽ, ʧʨʠ ʧʨʦʤʠʚʘʥʥʽ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʤʦʣʦʯʥʽʡ ʪʘ ʤôʷʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʬʦʩʬʘʪʠ,. ʌʦʩʬʘʪʥʽ ʩʧʦʣʫʢʠ ʚʠʢʦʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʬʫʥʢʮʽʡ - ʧʦʤôʷʢʰʫʶʪʴ ʚʦʜʫ, 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʫʪʚʦʨʝʥʥʶ ʚʘʧʥʷʥʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʤʘʶʪʴ ʘʥʪʠʨʝʩʦʨʙʝʥʪʥʫ ʜʽʶ, 

ʦʤʠʣʶʶʪʴ ʦʨʛʘʥʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʩʧʦʣʫʢʠ. ʇʨʦʪʝ ʬʦʩʬʦʨ ʚʦʜʥʦʯʘʩ ʻ ʙʽʦʛʝʥʥʽʤ 

ʝʣʝʤʝʥʪʦʤ, ʪʦʤʫ ʧʦʪʨʘʧʣʷʥʥʷ ʡʦʛʦ ʜʦ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʥʝʙʘʞʘʥʠʤ ʨʘʟʦʤ ʟ ʪʠʤ, ʫ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʬʦʩʬʘʪʘʤ ʟ ʭʽʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʦʢʠ 

ʱʦ ʥʝʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ ʽ ʙʫʜʴ ʷʢʽ ʟʘʤʽʥʠ ʻ ʧʘʣʽʘʪʠʚʥʠʤʠ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʚʠʣʫʯʝʥʥʷ 

ʬʦʩʬʘʪʽʚ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʥʘʧʨʠʢʣʘʜ, ʤ'ʷʩʦ-ʤʦʣʦʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʧʦʣʶʪʘʥʪʘʤʠ, ʟʘʣʠʰʠʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʱʝ ʙʘʛʘʪʦ ʨʦʢʽʚ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʨʦʙʣʝʤʠ ʚʠʣʫʯʝʥʥʷ ʬʦʩʬʘʪʽʚ ʟʽ ʪʘʢʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʪʨʝʙʘ ʚʠʭʦʜʠʪʠ ʟ ʥʘʩʪʫʧʥʠʭ 

ʦʙʤʝʞʝʥʴ:: ʧʦ-ʧʝʨʰʝ, ʩʪʦʢʠ ʤ'ʷʩʦ-ʤʦʣʦʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʤʠ ʽ 

ʤʦʞʫʪʴ ʧʝʚʥʠʡ ʯʘʩ ʟʙʝʨʽʛʘʪʠʩʷ ʫ ʥʘʢʦʧʠʯʫʚʘʯʘʭ, ʧʦ-ʜʨʫʛʝ, ʪʝʭʥʦʣʦʛʽʷ ʚʠʜʘʣʝʥʥʷ 

ʬʦʩʬʘʪʽʚ ʤʘʻ ʙʫʪʠ ʜʝʰʝʚʦʶ, ʥʝʦʙʪʷʞʣʠʚʦʶ ʽ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʚʘʪʠ ʚʞʝ ʽʩʥʫʶʯʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʟʥʝʰʢʦʜʞʝʥʥʷ.  

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʩʦʨʙʮʽʡʥʦ-ʨʝʘʛʝʥʪʥʦʛʦ ʟʚôʷʟʫʚʘʥʥʷ ʬʦʩʬʘʪʥʠʭ ʩʧʦʣʫʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʛʥʝʪʠʪ (Fe3O4), ʷʢʠʡ ʻ ʚʽʜʭʦʜʦʤ ʧʨʦʢʘʪʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. ʉʫʪʥʽʩʪʴ 

ʟʥʝʰʢʦʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʝʷʢʠʡ ʯʘʩ ʩʪʽʯʥʘ ʚʦʜʘ ʚ ʨʝʞʠʤʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʦʙʨʦʙʣʷʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʜʦʜʘʥʠʤ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʤ ʤʘʛʥʝʪʠʪʦʤ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʦʙʨʦʙʢʠ ʤʘʛʥʝʪʠʪ ʚʠʣʫʯʘʻʪʴʩʷ ʟʽ ʩʪʽʯʥʦʾ ʚʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʡ 

ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʚʦʜʠʪʠ ʟ ʚʦʜʠ ʥʝ ʣʠʰʝ ʩʘʤ ʤʘʛʥʝʪʠʪ, ʘʣʝ ʡ ʽʥʰʽ 

ʨʝʯʦʚʠʥʠ-ʩʦʨʙʝʥʪʠ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʦʾ ʚʦʜʠ. ɺ 

ʮʴʦʤʫ ʨʘʟʽ ʩʦʨʙʝʥʪʠ ʧʦʛʣʠʥʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʪʝʾʥʦʚʽ ʩʧʦʣʫʢʠ, ʤʘʛʥʝʪʠʪ ʬʦʩʬʘʪʥʽ 

ʨʝʯʦʚʠʥʠ ʽ ʚʦʜʥʦʯʘʩ ʧʽʜ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʠʜʘʣʷʻʪʴʩʷ ʽ ʩʘʤ ʽ ʟʘʭʦʧʣʶʻ ʩʦʨʙʝʥʪ.  

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘʤʠ ʚʚʦʜʠʚʩʷ ʤʘʛʥʝʪʠʪ ʫ ʢʽʣʴʢʦʩʪʽ 1 ʛ/100 ʩʤ
3
 ʤʦʜʝʣʴʥʦʾ 

ʩʪʽʯʥʦʾ, ʷʢʘ ʤʽʩʪʠʣʘ ʪʨʠʥʘʪʨʽʡʬʦʩʬʘʪ (Na3PO4) ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦ ʈ2ʆ5 

0,13 ʛ/ʜʤ
3
. ʇʽʩʣʷ 120 ʭʚʠʣʠʥ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦ ʈ2ʆ5 ʩʢʣʘʜʘʣʘ 

0,04 ʛ/ʜʤ
3
, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʪʫʧʝʥʶ ʚʠʣʫʯʝʥʥʷ ʬʦʩʬʘʪʽʚ 69%. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʤʦʞʣʠʚʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʘʛʥʝʪʠʪʦʤ ʽ ʪʨʠʥʘʪʨʽʡʬʦʩʬʘʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʩʝʨʝʜ ʧʨʦʜʫʢʪʽʚ ʚʟʘʻʤʦʜʽʾ ʚʠʷʚʣʝʥʘ ʬʘʟʘ ʟʽ 

ʩʢʣʘʜʦʤ NaFeP2O7, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʌʝʨʫʤʫ ʚ ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ (+3). ʍʽʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ 

ʤʽʞ ʦʢʩʠʜʦʤ ʟʘʣʽʟʘ (ʤʘʛʥʝʪʠʪʦʤ) ʽ ʣʫʞʥʠʤ ʪʨʠʥʘʪʨʽʬʦʩʬʘʪʦʤ ʥʝ ʤʘʻ ʦʩʪʘʪʦʯʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʧʦʷʩʥʝʥʥʷ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʷʚʣʝʥʥʷ 

ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʬʦʩʬʘʪʽʚ ʟʘʣʽʟʘ ʫ ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ. ʇʨʦʪʝ ʚʠʷʚʣʝʥʠʡ ʝʬʝʢʪ 

ʟʚôʷʟʫʚʘʥʥʷ ʬʦʩʬʘʪʽʚ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʤʦʚʫ ʧʨʦ ʧʨʦʤʠʩʣʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʥʝʪʠʪʫ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʦʩʬʘʪʚʤʽʩʥʠʭ ʨʝʯʦʚʠʥ ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ. 
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