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ʌɯɿʀʂʆ-ʍɯʄɯʏʅɽ ʆʍɸʈɸʂʊɽʈʀɿʋɺɸʅʅʗ ʂʆʆʈɼʀʅɸʎɯʁʅʀʍ ʅɯʊʈɸʊɯɺ ʈɿɽ ɯ ʃʋɾʅʀʍ 

ʄɽʊɸʃɯɺ ï ʇʈɽʂʋʈʉʆʈɯɺ ʆʂʉʀɼʅʀʍ ʇʆʃɯʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 
 
ʂʦʤʧʣʝʢʩʥʠʤ ʩʠʩʪʝʤʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤʘʭ ʥʽʪʨʘʪʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʽ ɯɸ ʝʣʝʤʝʥʪʽʚ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ï 

ʧʨʝʢʫʨʩʦʨʽʚ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʦʢʩʠʜʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ï ʚʩʪʘʥʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷ ʮʽʣʦʛʦ ʢʣʘʩʫ ʣʫʞʥʠʭ ʢʦʦʨʜʠ-

ʥʘʮʽʡʥʠʭ ʥʽʪʨʘʪʽʚ ʣʘʥʪʘʥʦʾʜʽʚ. ɺʩʽ ʚʦʥʠ ʩʠʥʪʝʟʦʚʘʥʽ ʚ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ʚʠʜʽ. ɰʭʥʽʡ ʩʢʣʘʜ, ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ, ʬʦʨʤʠ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜ-
ʨʽʚ Ln, ʪʠʧʠ ʢʦʦʨʜʠʥʘʮʽʾ ʣʽʛʘʥʜʽʚ, ʨʷʜ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ: ʭʽʤʽʯʥʠʤ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ, 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ, ʢʨʠʩʪʘʣʦʦʧʪʠʯʥʠʤ, ʪʝʨʤʦʛʨʘʬʽʯʥʠʤ, ɻɼɻ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿô̫ʩʦʚʘʥʽ ʦʙô̒ʢʪʠʚʥʽ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʽ 
ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʙʫʜʦʚʠ ʮʴʦʛʦ ʪʠʧʫ ʩʧʦʣʫʢ ʧʦʛʣʠʙʣʶʶʪʴ ʨʦʟʫʤʽʥʥʷ ʧʨʦ: ʭʽʤʽʯʥʽ ʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ Ln, ʾʭ ʢʦʤʧʣʝʩʦʫʪʚʦʨʶʶʯʫ ʟʜʘʪʥʽʩʪʴ; ʤʦʞʣʠʚʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʡ ʽʩʥʫʚʘʥʥʷ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʘʩʦʮʽʡʦʚʘʥʠʭ ʥʦʚʠʭ ʬʘʟ ʽ ʾʭ ʩʪʽʡʢʽʩʪʴ; ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʣʘʥʪʘʥʦʾʜʽʚ ʽ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢ-

ʩʥʠʭ ʘʥʽʦʥʽʚ ʽ ʩʧʦʣʫʢ ʫ ʮʽʣʦʤʫ; ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ Ln ʢʦʤʧʣʝʢʩʽʚ; ʽʩʥʫʚʘʥʥʷ ʽʟʦʪʠʧʥʠʭ ʟʘ ʩʢʣʘʜʦʤ ʽ ʩʪʨʫʢʪʫʨʦʶ ʛʨʫʧ ʩʧʦʣʫʢ ʟʘ ʧʨʠʨʦʜʥʠʤʠ ʨʷʜʘʤʠ ʣʘʥʪʘ-
ʥʦʾʜʽʚ ʽ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ; ʨʦʣʴ NO3

--ʛʨʫʧ ʚ ʩʪʝʨʝʦʭʽʤʽʾ ʮʴʦʛʦ ʢʣʘʩʫ ʥʽʪʨʘʪʽʚ; ʨʦʣʴ ʚʦʜʠ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ ʽʦʥʽʚ 

Ln3+-ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʽʚ. ʆʜʝʨʞʘʥʽ ʜʘʥʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʢʦʥʪʨʦʣʶ ʫʪʚʦʨʶʚʘʥʠʭ ʬʘʟ, ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ 

ʩʢʣʘʜʫ ʽ ʚʤʽʩʪʫ ʧʨʦʙ, ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʽ ʧʦʨʽʚʥʷʥʥʷ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʦʙô̒ ʢʪʽʚ ʫ ʧʽʜʛʦʪʦʚʯʠʭ ʩʪʘʜʽʷʭ ʧʝʨʝʨʦʙʣʝʥʥʷ ʚ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʽʪʨʘʪʥʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʨʽʟʥʠʤʠ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʾʭ ʘʢʪʠʚʘʮʽʾ, 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʢʝʨʦʚʘʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʜʫʢʪʽʚ ʩʠʥʪʝʟʫ. ʅʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʜʫ ʧʨʝʢʫʨʩʦʨʽʚ ʚʢʘʟʫʶʪʴ ʽʩʥʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʛʦ ʢʣʘʩʫ (ʧʦʥʘʜ 70) ʢʦʤʧʣʝʢʩʥʠʭ ʥʽʪʨʘʪʽʚ ʣʘʥʪʘʥʦʾʜʽʚ, 
ʚʠʷʚʣʝʥʥʷ ʩʝʨʝʜ ʥʠʭ ʽʟʦʪʠʧʥʠʭ ʟʘ ʩʢʣʘʜʦʤ ʽ ʩʪʨʫʢʪʫʨʦʶ ʛʨʫʧ ʩʧʦʣʫʢ ʧʨʝʜʩʪʘʚʥʠʢʽʚ Y, La ï Lu; Li  ï Cs, ʧʨʦʷʚ ʢʦʤʧʣʝʢʩʫ ʮʽʥʥʠʭ ʫ ʪʝʭʥʦʣʦ-

ʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʨʠʪʘʤʘʥʥʠʭ ʾʤ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

  ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʫʞʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʥʽʪʨʘʪʠ ʣʘʥʪʘʥʦʾʜʽʚ, ʢʨʠʩʪʘʣʽʯʥʘ ʙʫʜʦʚʘ ʩʧʦʣʫʢ, ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʽ ʜʘʥʽ, ɯʏ-ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ, 
ʫʤʦʚʠ ʫʪʚʦʨʝʥʥʷ, ʚʣʘʩʪʠʚʦʩʪʽ. 
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ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʆɽ ʆʍɸʈɸʂʊɽʈʀɿʀʈʆɺɸʅʀɽ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʅʀʊʈɸʊʆɺ ʈɿʕ 

ʀ ʑɽʃʆʏʅʓʍ ʄɽʊɸʃʃʆɺ ï ʇʈɽʂʋʈʉʆʈʆɺ ʆʂʉʀɼʅʓʍ ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʁ 

ʄɸʊɽʈʀɸʃʆɺ 
ʂʦʤʧʣʝʢʩʥʳʤ ʩʠʩʪʝʤʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʥʠʪʨʘʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ɯɸ ʵʣʝʤʝʥʪʦʚ 
ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ï ʧʨʝʢʫʨʩʦʨʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʦʢʩʠʜʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ï ʫʩʪʘ-
ʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʱʝʣʦʯʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ɺʩʝ ʦʥʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 
ʚʠʜʝ. ʀʭ ʩʦʩʪʘʚ, ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʬʦʨʤʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ Ln, ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ, ʨʷʜ ʠʭ ʩʚʦʡʩʪʚ 
ʠʟʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʭʠʤʠʯʝʩʢʠʤ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ, ʀʂ-ʩʧʝʢʪʨʦ-
ʩʢʦʧʠʯʝʩʢʠʤ, ʢʨʠʩʪʘʣʣʦʦʧʪʠʯʝʩʢʠʤ, ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʤ, ɻɺɻ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʳʷʩʥʝʥʥʳʝ ʦʙʲʝʢʪʠʚʥʳʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦ-
ʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʫʙʣʷʶʪ ʧʦʥʠʤʘʥʠʝ ʦ: ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ Ln, ʠʭ ʢʦʤʧʣʝʩʦʦʙʨʘʟʫʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ; ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʥʦʚʳʭ ʬʘʟ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ; ʚʣʠʷʥʠʠ 
ʧʨʠʨʦʜʳ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʮʝʣʦʤ; ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ Ln ʢʦʤʧʣʝʢʩʦʚ; 
ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠʟʦʪʠʧʥʠʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʧʨʠʨʦʜʥʳʤ ʨʷʜʘʤ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ; ʨʦʣʠ 
NO3

--ʛʨʫʧʧ ʚ ʩʪʝʨʝʦʭʠʤʠʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʠʪʨʘʪʦʚ; ʨʦʣʠ ʚʦʜʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʦʚ Ln3+-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ. 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʢʦʥʪʨʦʣʷ ʩʦʟʜʘʚʘʝʤʳʭ ʬʘʟ, ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦ-
ʜʝʨʞʘʥʠʷ ʧʨʦʙ, ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʘʪʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥ-
ʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʭ ʘʢʪʠʚʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠïʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʫʧʨʘʚʣʷʝʤʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢ-
ʪʦʚ ʩʠʥʪʝʟʘ. ʅʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʚʠʜʘ ʧʨʝʢʫʨʩʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʢʦʛʦ ʢʣʘʩʩʘ 
(ʙʦʣʝʝ 70) ʢʦʤʧʣʝʢʩʥʳʭ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʚʳʷʚʣʝʥʠʝ ʩʨʝʜʠ ʥʠʭ ʠʟʦʪʠʧʥʠʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
Y, La ï Lu; Li ï Cs, ʧʨʦʷʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʮʝʥʥʳʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʫ ʥʠʭ ʩʚʦʡʩʪʚ. 
  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʱʝʣʦʯʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʥʠʪʨʘʪʳ ʣʘʥʪʘʥʦʠʜʦʚ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ, ʀʂ-ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʚʦʡʩʪʚʘ. 
 

O. G. DRYUCHKO, D.O. STOROZHENKO, N. V. BUNYAKINA, B. O.KOROBKO 

PHYSICO-CHEMICAL CHARACTERIZ ATION OF COORDINATIO N NITRATES OF REE AND 

ALKALINE METALS  ï PRECURSORS OF OXIDE POLYFUNCTIONAL M ATERIALS  
 

Complex system research of the interaction of structural components in nitrate systems of rare-earth and IA elements of the periodic system - 
precursors of modern multicomponent oxide polyfunctional materials on their basis - established the formation of a class of alkaline coordination 

nitrates of lanthanides. All of them are synthesized in monocrystalline form. Their composition, atomic-crystalline structure, forms of coordination 

polynuclears Ln, types of coordination of ligands, and a number of their properties were studied using a set of physico-chemical methods:chemical, 
X-ray diffraction, IR spectroscopy, crystallo-optical, thermographic, the generation of the second harmonic of laser radiation. Obtained objective 

crystallochemical laws of the structure of this type of compounds deepen the understanding of: the chemical and physical properties of Ln, their 

composing ability; the possibility of the formation and existence in associated systems of associated new phases and their stability; the influence of 
the nature of lanthanides and alkali metals on the structure of complex anions and compounds in general; Individuality of Ln complexes; the existence of isotypic 

composition and structure of the groups of compounds on the natural rows of lanthanides and alkali metals; the role of NO3-groups in stereochemistry of this class of 

nitrates; the role of water in the formation of the closest environment of Ln3+ ions-complexing agents.The obtained data are the basis for detection, identifying, 
controlling the formed phases, determining the elemental composition and content of the samples, conducting analysis and comparing the phase state of objects in the 

preparatory stages of processing in innovative technologies using nitrate precursors of elements of different electronic structures and various combinational methods 

of their activation, the establishment of technological and functional dependencies, the controlled modification of the properties of synthesis products. The prospect 
of using this kind of precursors is the existence of a rather representative class (more than 70) of complex nitrate lanthanides, revealing among them the 

isotypic composition and structure of the groups of compounds of the representatives of Y, La ï Lu; Li ï Cs, a manifestation of a complex of 

technologically valuable properties inherent to them. 
  Keywords: alkaline coordination nitrates of lanthanides, crystal structure of compounds, X-ray diffraction data, IR absorption spectra, formation 

conditions, properties. 
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ɺʩʪʫʧ. ʋ ʨʦʙʦʪʽ ʪʨʠʚʘʻ ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʪɹʘʪʽʚ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ  ʘʚʪʦʨʘʤʠ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʨʽʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʚʜʘʥʴ 

ʟʽ ʩʪʚʦʨʝʥʥ ̫ʥʦʚʠʭ ʡ ʫʜʦʩʢʦʥʘʣʝʥʥ ̫ʥʘʷʚʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʦʜʝʨʞʘʥʥʷ ʜʦʩʢʦʥʘʣʠʭ ʦʜʥʦʬʘʟʥʠʭ ʦʢʩʠʜʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʧʝʨʝʭʽʜʥʠʭ ʽ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʧʝʨʦʚʩʢʪ̔ʘ, ʛʨʘʥʘʪʘ ʽʟ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʤʝʪʦʜʘʤʠ 

çʤô̫ ʢʦʾ ʭʽʤʽʾè ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʽʪʨʘʪʥʠʭ ʧʨʝʢʫʨ-

ʩʦʨʽʚ. ʎʽ ʩʧʦʣʫʢʠ ʻ ʘʙʩʦʣʶʪʥʠʤʠ ʣʽʜʝʨʘʤʠ ʷʢ ʟʘ ʤʘʩ-

ʰʪʘʙʘʤʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢ ʽ ʱʦʜʦ ʫʚʘʛʠ ʟ ʙʦʢʫ ʜʦ-

ʩʣʽʜʥʠʢʽʚ [1ï10]. ʊʦʤʫ ʩʫʯʘʩʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ ʥʘ 

ʾʭ ʦʩʥʦʚʽ ʧʦʪʨʝʙʫʻ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʧʨʦʩʪʠʭ 

ʟʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʤʘʣʦʩʪʘʜʽʡʥʠʭ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ, 

ʪʘʢʠʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʩʰʪʘʙʥʽʩʪʶ, ʟ ʤʦʞʣʠ-

ʚʽʩʪʶ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʦʜʥʦʨʽʜʥʩ̔-

ʪʶ, ʩʪʘʙʽʣʴʥʽʩʪʶ, ʢʦʤʧʣʝʢʩʦʤ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʫ ʚʢʘʟʘʥʠʭ ʦʢʩʠʜʥʠʭ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [2ï12], ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʧʨʠʥʮʠʧʘʭ. ʆʩʥʦʚʥʠʤʠ ʟ 

ʥʠʭ ʻ:  

Å ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʝʪʦʜ ʪʚʝʨʜʦʬʘʟʥʠʭ ʭʽ-

ʤʽʯʥʠʭ ʨʝʘʢʮʽʡ;  

Å ʢʦʥʜʝʥʩʘʮʽʡʥʽ ʨʽʜʢʦʬʘʟʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʥʦʚʘʥʽ ʥʘ:  

ï ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʟʤʽʰʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦ-

ʥʝʥʪʽʚ (ʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ (ʩʧʽʚʦʩʘʜʞʝʥʥʷ); ʟʦʣʴ -

 ʛʝʣʴ; ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ; ʢʦʤʧʣʝʢʩʦʥʘʪʥʦʾ ʛʦʤʦʛʝʥʽʟʘ-

ʮʽʾ; ʟʘʤʽʥʠ ʨʦʟʯʠʥʥʠʢʘ; ʩʠʥʪʝʟ ʧʽʜ ʜʽʻʶ ʤʽʢʨʦʭʚʠʣʴʦ-

ʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ);  

ï ʰʚʠʜʢʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥ ̔ʧʨʝʢʫʨʩʦʨʽʚ 

ʫ ʨʦʟʯʠʥʽ (ʨʦʟʧʠʣʶʚʘʣʴʥʘ ʩʫʰʢʘ; ʰʚʠʜʢʦʛʦ ʨʦʟʰʠ-

ʨʝʥʥʷ ʥʘʜʢʨʠʪʠʯʥʠʭ ʬʣʶʾʜʥʠʭ ʨʦʟʯʠʥʽʚ; ʢʨʽʦʭʽʤʽʯ-

ʥʠʡ);  

ï ʩʘʤʦʟʘʡʤʘʥʥ ̔(ʛʣʽʮʠʥ-ʥʽʪʨʘʪʥʠʡ; ʤʝʪʦʜ ʇʝʢʽʥʽ; 

ʮʝʣʶʣʦʟʥʘ (ʪʢʘʥʠʥʥʘ, ʧʘʧʝʨʦʚʘ) ʪʝʭʥʦʣʦʛʽʷ; ʧʽʨʦʣʽʟ 

ʧʦʣʽʤʝʨʥʦ-ʩʦʣʴʦʚʠʭ ʧʣʽʚʦʢ).  

ɺʠʙʽʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʦʪʨʠʤʫʚʘʥʠʭ ʩʧʦʣʫʢ, 

ʨʦʟʤʽʨʫ ʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʯʘʩʪʠʥʦʢ 

ʧʨʦʜʫʢʪʽʚ ʩʠʥʪʝʟʫ, ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʷʚʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʙʘʟʠ ʪʦʱʦ. ʎʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʥʝʟʘʣʝʞʥʦ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʪʘʢ ʽ ʚ ʢʦʤʙʽʥʘʮʽʾ. 

ʉʴʦʛʦʜʥʽ ʧʽʜʚʠʱʝʥʘ ʫʚʘʛʘ ʜʦ ʩʢʣʘʜʥʠʭ ʦʢʩʠʜʽʚ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʜʝʬʝʢʪʥʦʛʦ ʧʝʨʦʚʩʢʽʪʘ ((La,Li )TiO3,  

(La(2/3)-xLi 3xV (4/3)-2x)M2ʆ6 (V ï ʚʘʢʘʥʩʽʷ; M ï Nb, Ta)) 

[3ï5] ʽ ʥʘ ʦʩʥʦʚʽ ʛʨʘʥʘʪʘ Li 5La3M2O12 (M ï Nb, Ta) 

[6, 7] ʟʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʽʩʪʶ ɸ-ʜʝʬʽʮʠʪʥʦʾ ʢʨʠʩʪʘʣʽʯ-

ʥʦʾ ʨʝʰʽʪʢʠ: ʥʘʷʚʥʽʩʪʶ ʫ ʙʘʟʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ ʜʦʩʪʘʪ-

ʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʢʘʥʩʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʣʴʥʫ ʤʽʛ-

ʨʘʮʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ï ʽʦʥʽʚ ʣʽʪʽʶ, ʽ ʢʘʥʘʣʽʚ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʟʘ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʦʥʥʝ ʪʨʘʥʩʧʦʨʪʫ-

ʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʩʪʨʫʢʪʫʨʠ ʽ ʙʣʠʟʴ-

ʢʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʤʽʥʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘ-

ʣʽʚ ʚʽʜ ʽʦʥʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʜʦ ʫʣʴʪʨʘʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

(ʅɺʏ) ʜʽʝʣʝʢʪʨʠʢʽʚ ʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ-ʥʘʧʽʚʧʨʦʚʽʜ-

ʥʠʢʽʚ [9]. ʅʠʥʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʣʽʪʽʻʚʠʭ ʚʪʨʘʪ ʽ ʚʽʜʪ-

ʚʦʨʝʥʥʷ ʤʦʥʦʬʘʟʥʠʭ ʟʨʘʟʢʽʚ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʫʧʦʨʷʜ-

ʢʦʚʘʥʽʩʪʶ ʢʘʪʽʦʥʽʚ ʽ ʚʘʢʘʥʩʽʡ ʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʦʟʠʮʽʷʭ ʩʪʨʫʢʪʫʨ ʧʝʨʦʚʩʢʽʪʽʚ ʨʦʟʨʦʙʣʷʶʪʴ ʥʠʟʴʢʦʪʝ-

ʤʧʝʨʘʪʫʨʥʽ ʤʝʪʦʜʠ çʤô̫ ʢʦʾ ʭʽʤʽʾè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽ-

ʜʢʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʥʽʪʨʘʪʥʠʭ ʩʠʩʪʝʤ [10ï12]. 

ɺʽʜʦʤʽ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʜʠʟʘʡʥʫ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʰʘʨʫʚʘʪʠʭ ʧʝʨʦʚʩʢʽʪʦʧʦ-

ʜʦʙʥʠʭ ʩʧʦʣʫʢ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ ʽʦʥʥʦʛʦ 

ʦʙʤʽʥʫ ʚ ʾʭ ʩʪʨʫʢʪʫʨʽ, ʧʨʦʮʝʩʘʭ ʽʥʪʝʨʢʘʣʮ̫ʽʾ, ʪʦʧʦʭ-̔

ʤʽʯʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ [13]. ɺʢʘʟʘʥʽ ʨʝʘʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʦh ʘʨʦʚʠʭ ʛʦʤʦʣʦʛʽʚ 

ʧʝʨʦʚʩʢʽʪʦʧʦʜʦʙʥʠʭ ʦʢʩʠʜʽʚ ʟ ʤʝʥʰ ʩʪʽʡʢʠʭ, ʤʝʪʘ-

ʩʪʘʙʽʣʴʥʠʭ, ʩʪʨʫʢʪʫʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʪʘ ʙʫʪʠ  ʥʘʙʦʨʦʤ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥ ̫ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʆʪʨʠʤʘʥʽ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʥʦʚʽ 

ʨʝʯʦʚʠʥʠ ʟ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʙʝʨʽʛʘʶʪʴ ʩʪʨʫʢ-

ʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʚʦʾʭ ʧʝʨʦʚʩʢʽʪʦʧʦʜʦʙʥʠʭ ʧʦʧʝʨʝʜ-

ʥʠʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʢʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʾʭ ʩʢʣʘʜʫ ʽ 

ʩʪʨʫʢʪʫʨʠ ʧʦʷʩʥʶʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʪʘʤʘʥʥʠʡ ʪʘʢʠʤ ʤʘʪʝʨʽʘʣʘʤ, ʪʘ ʤʦ-

ʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʤʫʣʴʪʠʬʝʨʨʦʾʢʽʚ, ʚʠʩʦʢʦʪʝ-

ʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʩʫʧʝʨʽʦʥʥʠʭ ʧʨʦʚʽʜ-

ʥʠʢʽʚ, ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʢʝʨʘʤʽʢʠ, ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ, 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʣʶʤʽʥʦʬʦʨʽʚ ʪʦʱʦ.  

ʇʨʝʪʝʥʜʫʻ ʥʘ ʫʚʘʛʫ ʥʝʱʦʜʘʚʥʦ ʨʦʟʨʦʙʣʝʥʘ ʛʨʫ-

ʧʦʶ ʘʚʪʦʨʽʚ ʥʦʚʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ (350 ÁC) ʪʝʭʥʦ-

ʣʦʛʽʯʥʘ ʩʭʝʤʘ [14] ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʯʠʩʪʠʭ ʪʘ 

ʣʝʛʦʚʘʥʠʭ ʣʘʥʪʘʥʦʾʜʚʤʽʩʥʠʭ ʩʢʣʘʜʥʠʭ ʦʢʩʠʜʽʚ (ʧʝʨʦʚ-

ʩʢʽʪʦʚʦʛʦ ʽ ʛʨʘʥʘʪʦʚʦʛʦ ʪʠʧʫ, ʷʢ ʧʨʠʢʣʘʜ, LaAlO3) 

ʰʣʷʭʦʤ ʦʙô̒ ʜʥʘʥʥʷ ʪʚʝʨʜʦʪʽʣʥɹʦʾ ʨʝʘʢʮʽʾ ʤʝʪʘʪʝʟʠʩʫ 

(ʩʧʦʥʪʘʥʥʦʛʦ ʦʙʤʽʥʫ ʘʪʦʤʥʠʤʠ / ʽʦʥʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ 

ʤʽʞ ʨʝʘʛʝʥʪʘʤʠ ʧʽʩʣʷ ʢʦʨʦʪʢʦʛʦ ʧʝʨʽʦʜʫ ʽʥʽʮʽʶʚʘʥʥʷ 

(ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽ-

ʥʶʚʘʥʥʷ, ʤʝʭʘʥʽʯʥʦʾ, ʪʝʧʣʦʚʦʾ ʘʢʪʠʚʘʮʽʾ) ʘʙʦ ʨʝʘʢʮʽʾ 

ʟʩʫʚʫ ʪʘ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʥʽʪʨʘʪʫ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ (ʯʠ 

ʩʫʤʽʰʽ ʥʽʪʨʘʪʽʚ ʤʝʪʘʣʽʚ) ʷʢ ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʜʚʦʝʪʘʧʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʻ ʰʚʠʜʢʦʶ, 

ʧʨʦʩʪʦ  ʁʽ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʜʦ-

ʨʦʛʠʭ ʭʽʤʽʢʘʪʽʚ. ʎʝ ʥʝ ʧʦʪʨʝʙʫʻ ʥʽ ʩʢʣʘʜʥʦʛʦ, ʥʽ 

ʜʦʨʦʛʦʚʘʨʪʽʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʥʽ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ. ʅʘʩʢʽʣʴʢʠ ʥʘʤ ʚʽʜʦʤʦ, ʮʝ ʥʘʡ-

ʥʠʞʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʫ, ʷʢʫ ʢʦʣʠ-ʥʝʙʫʜʴ 

ʧʦʚʽʜʦʤʣʷʣʠ ʧʨʦ ʦʜʥʦʬʘʟʥʽ ʧʝʨʦʚʩʢʪ̔ʦʚʽ ʧʦʨʦʰʢʠ. 

ʄʝʪʦʜ ʪʘʢʦʞ ʚʠʷʚʠʚʩʷ ʢʦʨʠʩʥʠʤ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʘʢ-

ʮʝʧʪʦʨ-ʣʝʛʦʚʘʥʠʭ ʧʦʨʦʰʢʽʚ, ʱʦ ʤʘʁʪʴ ʛʘʨʥʽ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʩʧʽʢʘʥʥʷ, ʘ ʦʪʞʝ, ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥ ̫ʝʣʝʢʪʨʦʜʽʚ, ʢʠʩʥʝʚʦ-ʧʨʦʚʽʜʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʪʚʝʨʜʠʭ ʦʢʩʠʜʥʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʘʡʞʝ ʯʠʩʪʫ ʧʨʦʚʽʜʥʽʩʪʴ ʽʦʥʽʚ 

ʢʠʩʥʶ ʧʨʠ ʤʘʣʦʤʫ ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ ʢʠʩʥʶ ʽ ʚʠʩʦ-

ʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʽʜʤʽʥʥʫ ʪʝʨʤʽʯʥʫ ʽ ʭʽʤʽʯʥʫ ʩʪʽʡ-

ʢʽʩʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʢʝʨʘʤʽʯ-

ʥʠʭ ʤʝʤʙʨʘʥ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʢʠʩʥʶ ʪʘ ʯʘʩʪʢʦʚʦʛʦ 

ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ, ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ ʪʘ ʽʥh ʝ.  

ɼʦʚʝʜʝʥʦ, ʱʦ ʬʣʶʩʠ ʨʦʟʧʣʘʚʣʝʥʠʭ ʥʽʪʨʘʪʽʚ ʣʫʞ-

ʥʠʭ ʤʝʪʘʣʽʚ, ʾʭ ʩʫʤʽʰʝʡ ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʝʘʢʮʽʡʥʠʤ ʩʝ-

ʨʝʜʦʚʠʱʝʤ ʜʣʷ ʰʚʠʜʢʦʛʦ ʪʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʠʥʪʝʟʫ ʨʽʟʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʦʢ-

ʩʠʜʥʠʭ ʬʘʟ [15]. ʎʝʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʫʪʚʦ-

ʨʝʥʥʷʤ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʧʨʦʤʽʞʥʠʭ ʥʽʪʨʘʪʥʠʭ ʢʦʤ-

ʧʣʝʢʩʽʚ Ln ʽ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ (ʜʠʚ. ʨʠʩ. 1) ʪʘ, 

ʟʚʠʯʘʡʥʦ,ʯʝʨʝʟ ʾʭ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚ-

ʣʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, NaNO3 tʧʣ. = 303 
ʦ
ʉ), ʚʠʩʦʢʫ ʩʪʽʡ-

ʢʽʩʪʴ ʫ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʫ ʨʦʟʧʣʘ-
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ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè  

ʉʝʨʽʷ: ʍʽʤʽʷ, ʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʝʢʦʣʦʛʽʷ, ˉ 39(1315) 2018 5 

ʚʣʝʥʦʤʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ (~ 550 
ʦ
ʉ) ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʽ ʚʠ-

ʩʦʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ, ʱʦ ʧʦʣʝʛʰʫʻ ʚʽʜʥʦʚʣʝʥʥʷ ʮʽ-

ʣʴʦʚʦʾ ʬʘʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʛʦ ʤʠʪʪʷ. 

 

 
ʈʠʩ. 1 ï ʂʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ Nd(NO3)3 ʫ ʨʦʟʧʣʘʚʽ KNO3, [15] 

 

ɭ ʜʘʥʽ ʟ ʚʠʚʯʝʥʥʷ ʩʠʥʪʝʟʫ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʙʝʟʚʦʜ-

ʥʠʭ ʧʦʪʨʽʡʥʠʭ ʣʽʪʽʻʚʠʭ ʥʽʪʨʘʪʽʚ ʣʘʥʪʘʥʦʾʜʽʚ ʚʽʜʧʦʚʽʜ-

ʥʦ ʪʠʧʫ Li 2[Ln(NO3)5] (Ln ï La, Pr ï Eu) [16]  ʽ ʟ ʦʜʠ-

ʥʠʯʥʠʤʠ ʥʽʪʨʘʪ-ʽʦʥʘʤʠ Li 3[Ln(NO3)5](NO3) (Ln ï Gd ï 

Lu, Y) [17], ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʚʠʭʽʜʥʠʭ 

ʧʦʧʝʨʝʜʥʴʦ ʟʥʝʚʦʜʥʝʥʠʭ ʧʨʠ 180 Áʉ ʧʽʜ ʚʘʢʫʫʤʦʤ 

ʛʽʜʨʘʪʦʚʘʥʠʭ ʥʽʪʨʘʪʽʚ ʈɿɽ ʚ ʨʦʟʧʣʘʚʽ LiNO3. ʅʘʚʦ-

ʜʠʪʴʩʷ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʾʭ ʧʨʝʜʩʪʘʚ-

ʥʠʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ Li2[Ln (NO3)5] (Ln ï La, Pr, Eu) ʪʘ 

Li 3Er (NO3)6, ʦʜʝʨʞʘʥʘ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʨʝʥʪʛʝʥʦ-

ʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʉʢʣʘʜʥʽ ʰʘʨʫʚʘʪʽ ʧʝʨʦʚʩʢʽʪʦʧʦʜʽʙʥʽ ʦʢʩʠʜʠ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʦʤʦʣʦʛʽʯʥʦʛʦ ʨʷʜʫ (A, Ln)n+1TinO3n+1, 

ʜʝ n ï ʯʠʩʣʦ ʥʘʥʦʰʘʨʽʚ ʧʝʨʦʚʩʢʽʪʘ (ʚ̔ ʜʧʦʚʽʜʥʦ, NaNd-

TiO4 ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʤʽʩʪʠʪʴ ʦʜʠʥ ʥʘʥʦʰʘʨ ʧʝʨʦʚʩ-

ʢʽʪʘ, Na2Nd2Ti3O10 ï ʪʨʠ), ï ʬʘʟ ʈʘʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ 

(ALnTiO4 ʽ A2Ln2Ti3O10, ʜʝ A ï H, Li , Na, K, Rb, Cs; Ln 

ï La, Nd) ʪʘ ɼʽʦʥʘ-ʗʢʦʙʩʦʥʘ (ANdTa2O7, ʜʝ A ï H, Li , 

Na, K, Rb, Cs ʽ ANdNb2O7, ʛʜʝ A ï Rb, Cs), ʻ ʥʘʥʦʩʪʨʫ-

ʢʪʫʨʦʚʘʥʠʤʠ ʦʙô̒ ʢʪʘʤʠ. ɺʠʩʦʢʘ ʨʫʭʣʠʚʽʩʪʴ ʤʽʞʰʘʨʦ-

ʚʠʭ ʢʘʪʽʦʥʽʚ ʚ ʥʠʭ ʜʦʟʚʦʣʷʻ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʚʘʨʽʶ-

ʚʘʪʠ ʩʢʣʘʜ ʧʦʜʽʙʥʠʭ ʬʘʟ ʽ ʚʧʣʠʚʘʪʠ ʪʠʤ ʩʘʤʠʤ ʥʘ ʾʭʥʽ 

ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʝʣʝʢʪʨʦʥʥʫ ʙʫʜʦʚʫ ʽ ʬʦʪʦʢʘʪʘʣʽ-

ʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ [18ï20]. ʆʢʨʝʤʽ ʰʘʨʫʚʘʪʽ ʦʢʩʠʜʠ 

ʟʜʘʪʥʽ ʜʦ ʦʙʦʨʦʪʥʦʾ ʽʥʪʝʨʢʘʣʷʮʽʾ ʤʦʣʝʢʫʣ ʚʦʜʠ ʚ ʤʽʞ-

ʰʘʨʦʚʠʡ ʧʨʦʩʪʽʨ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʷʢ ʜʦ ʟʙʽʣʴ-

ʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʘ, 

ʪʘʢ ʽ ʩʧʨʠʷʪʠ ʧʨʦʩʪʦʨʦʚʦʤʫ ʨʦʟʜʽʣʝʥʥʶ ʮʝʥʪʨʽʚ ʦʢʠʩ-

ʣʝʥʥʷ-ʚʽʜʥʦʚʣʝʥʥʷ.  

ʆʩʥʦʚʥʠʤʠ ʮʽʣʷʤʠ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʰʘʨʫʚʘ-

ʪʠʭ ʩʢʣʘʜʥʠʭ ʦʢʩʠʜʽʚ ʻ ʟʤʽʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ 

ʜʽʾ ʟ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʾ ʫ ʚʠʜʠʤʫ ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʥʪʦ-

ʚʦʛʦ ʚʠʭʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʘʚʣʝʥʥʷ ʥʝʙʘʞʘʥʠʭ ʧʦʙʽʯ-

ʥʠʭ ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʝʨʝʜ 

ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʙʽʪ ʩʣʽʜ ʪʘʢʦʞ ʥʘʟʚʘʪʠ 

ʤʦʜʠʬʽʢʘʮʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʦʪʦʢʘʪʘʣʽʟʘʪʦʨʽʚ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʜʦʧʫʚʘʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ. ɺʩʪʘʥʦʚ-

ʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʛʦ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʟ ʩʫʩʧʝʥʟʽʡ ʰʘʨʫʚʘʪʠʭ 

ʧʝʨʦʚʩʢʽʪʦʧʦʜʦʙʥʠʭ ʦʢʩʠʜʽʚ ʚʽʜ ʢʘʪʽʦʥʥʦʛʦ ʩʢʣʘʜʫ 

[20]. ɿô̫ ʩʦʚʘʥʦ, ʱʦ ʥʘʡʙʽʣʴh ʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʚʠʷʚʣʷʶʪʴ ʪʘʥʪʘʣʘʪʠ ʽ ʥ̔ ʦʙʘʪʠ Rb, Cs ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʽʥʪʝʨʢʘʣʷʮʽʾ ʚʦʜʠ ʽ ʩʪʽʡʢʦʩʪʽ ʜʦ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ ʫ ʚʦʜ-

ʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʠʚʯʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥ-

ʥʷ ʧʦʜʽʙʥʠʭ ʦʢʩʠʜʥʠʭ ʬʘʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʽʪʨʘʪʥʠʭ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ. ɼʦʩʣʽʜʞʫ-

ʻʪʴʩʷ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʟʨʘʟʢʽʚ ʫ ʚʟʘʻ-

ʤʦʟʚô̫ ʟʢʫ ʟ ʾʭʥʽʤ ʩʢʣʘʜʦʤ, ʩʧʦʩʦʙʦʤ ʦʜʝʨʞʘʥʥʷ, ʩʪʨʫ-

ʢʪʫʨʦʶ, ʤʦʨʬʦʣʦʛʽʻʶ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʦʶ, ʤʦʞʣʠʚʽʩʪʶ Ln
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ʮʝʨʽʻʚʦʾ ʧʽʜʛʨʫʧʠ ʫ ʥʘʪʨʽʻʚʠʭ ʩʠʩʪʝʤʘʭ ʫʪʚʦʨʶʚʘʪʠ 

ʣʘʥʮʶʛʦʚʽ ʩʪʨʫʢʪʫʨʠ ʪʦʱʦ. 

ʅʘʢʦʧʠʯʝʥʽ ʥʦʚʽ ʟʥʘʥʥʷ ʧʨʦ ʧʨʠʨʦʜʫ ʽ ʤʝʭʘʥʟ̔ʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʚʠʱ, ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʦʢ-

ʩʠʜʥʠʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʥɹʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʾʭ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽ ʚʽʜʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʪʠʢ, ʧʦʰʫʢ ʥʘʧʨʷʤʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʚʠ-

ʛʦʪʦʚʣʝʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʘʧʘʨʘʪʫʨʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʫʤʦʚʠʣʠ ʧʨʦʜʦʚʞʝʥʥʷ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʜʘʥʦʾ 

ʪʝʤʠ. 

ʅʠʥʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʚʽʜʥʦʩʥʦ 

ʨʦʟʧʦʜʽʣʫ ʢʘʪʽʦʥʽʚ ʟʘ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʤʽʩʮʷʤʠ 

ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʢʩʠʜʽʚ ʪʘ ʚʠ̫ ʚʣʝʥʽ ʚʝʣʠʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʽʟʦʤʦʨʬʥʠʭ ʟʘʤʽʱʝʥʴ. ɿô̫ ʩʦʚʫʶʪʴʩʷ ʩʧʦ-

ʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʩʢʣʘʜʫ, 

ʫʤʦʚ ʩʠʥʪʝʟʫ ʽ ʥʘʩʪʫʧʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ. ʇʨʦʮʝʩʠ 

ʦʜʝʨʞʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʠʟʢʫ 

ʩʪʘʜʽʡ ʽ ʩʫʧʨʦʚʦʜʞʫʁʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʬʘʟ. 

ɿʥʘʥʥʷ ʧʨʦ ʾʭ ʩʢʣʘʜ, ʫʤʦʚʠ ʫʪʚʦʨʝʥʥʷ ʡ ʽʩʥʫʚʘʥʥʷ, 

ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʪʘʢʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ 

ʧʨʦʚʦʜʠʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʩʠʥʪʝʟ. 

ʈʝʘʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʥʝʧʨʦʩʪʝ ʚ ʩʠ-

ʣʫ ʦʙʤʝʞʝʥʦʾ ʥʘʷʚʥʦʾ ʜʣʷ ʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʾ, ʩʢʣʘʜʥʦʩʪʽ ʽ 

ʯʘʩʪʦ ʥʝʧʽʟʥʘʥʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʪʚʦʨʝʥʴ, ʥʘʷʚʥʠʭ ʪʨʫʜ-

ʥʦʱʽʚ ʫ ʚʠʷʚʣʝʥʥʽ ʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘʡʙʽʣʴʰ ʫʩʝʨʝʜʥʝʥʠʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʬʦʨʤ, ʰʚʠʜʢʠʭ ʟʤʽʥ ʽ ʥʝʨʽʚʥʦ-

ʚʘʞʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʩʪʽ ʤʦʞʣʠʚʠʭ ʚʧʣʠ-

ʚʽʚ ʪʘ ʜʽʾ ʽʥʰʠʭ ʢʦʥʢʨʝʪʥʠʭ ʯʠʥʥʠʢʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʚʝʜʝʥʥʷ ʩʠʥʪʝʟʫ ʤʦʥʦʢʨʠʩʪʘ-

ʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʽ ʢʦʤʧʣʝʢʩʥʝ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʝ ʦʭʘʨʘʢ-

ʪʝʨʠʟʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʣʫʞʥʠʭ ʢʦ-

ʦʨʜʠʥʘʮʽʡʥʠʭ ʥʽʪʨʘʪʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʥɹʠʭ ʝʣʝʤʝʥʪʽʚ ï 

ʥʽʪʨʘʪʥʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʦʢʩʠʜ-

ʥʠʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝ-

ʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʫʷʚʣʝʥʴ ʽ ʦʜʝʨʞʘʥʥʷ 

ʦʙô̒ ʢʪʠʚʥʠʭ ʟʥʘʥʴ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʩʠ-

ʩʪʝʤʘʭ ʥʽʪʨʘʪʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʫ ʭʦʜʽ ʧʝʨʝʨʦʙʣʝʥʥʷ ʟ 

ʪʝʧʣʦʚʦʶ ʘʢʪʠʚʘʮʽʻʶ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʡ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʡ ʽ ʨʝʛʣʘʤʝʥʪʽʚ ʩʫʯʘʩʥʠʭ ʪʝ-

ʭʥʦʣʦʛʽʡ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʉʠʥʪʝʟ ʤʦʥʦʢʨʠʩʪʘ-

ʣʽʯʥʠʭ ʧʦʜʚʽʡʥʠʭ ʥʽʪʨʘʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʽʟʦʪʝʨʤʽʯʥʦ 

ʤʝʪʦʜʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ ʽʟ ʤʘʪʦʯʥʠʭ ʨʦʟ-

ʯʠʥʽʚ ʚ ʫʤʦʚʘʭ, ʟô̫ ʩʦʚʘʥʠʭ ʽʟ ʜʘʥʠʭ ʟ ʚʠʚʯʝʥʥʷ ʬʘʟʦ-

ʚʠʭ ʜʽʘʛʨʘʤʘʤ ʨʦʟʯʠʥʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʥʽʪʨʘʪʥʠʭ ʩʠ-

ʩʪʝʤ. ʗʢ ʚʠʭʽʜʥʽ ʩʦʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʽʜʨʘʪʦʚʘʥʽ  ̔

ʙʝʟʚʦʜʥʽ ʥʽʪʨʘʪʠ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʨʢʠ çʯ. ʜ. ʘ.è. 

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʤʽʩʪ ʽʦʥʽʚ 

Ln
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, ʘʟʦʪʫ. ɺʤʽʩʪ Ln
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 ʚʠʟʥʘʯʘʣʠ ʪʨʠʣʦʥʦʤʝʪʨʠʯʥʦ; 
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ʘʟʦʪʫ ï ʤʝʪʦʜʦʤ ʚʽʜʛʦʥʢʠ; ʽʦʥʫ Me
+
ï ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ 

ʨʽʟʥʠʮʝʶ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʥʽʪʨʘʪʽʚ, ʽ ʯʘ-

ʩʪʢʦʚʦ ʟʘ ʩʫʭʠʤ ʟʘʣʠʰʢʦʤ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ʭʤ̔ʽʯ-

ʥʠʤ, ʢʨʠʩʪʘʣʦʦʧʪʠʯʥʠʤ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ, ʨʝʥʪʛʝʥʦ-

ʩʪʨʫʢʪʫʨʥʠʤ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ, ʪʝʨʤʦʛʨʘʬʽʯʥʠʤ 

ʘʥʘʣʽʟʦʤ, ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʨʠʩʪʘʣʦʦʧʪʠʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʣʫʢ ʚʠʢʦʥʫʚʘʣʠ 

ʽʤʝʨʩʽʡʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʫ  

ʄʀʅ-8. ʌʘʟʦʚʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ 

ɼʈʆʅ-3ʄ (Cu KŬ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, Ni ï ʬʽʣʴʪʨ) ʟʘ 

ʤʝʪʦʜʦʤ çʧʦʨʦʰʢʘè. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʨʦʟʰʠʬʨʦʚʫ-

ʚʘʣʠ ʟʘ ʢʘʨʪʦʪʝʢʦʶ PDF JCPDS. ɺʠʟʥʘʯʝʥʥʷ ʩʠʤʝʪʨʽʾ, 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʥ̔-

ʪʝʥʩʠʚʥʦʩʪʽ ʜʠʬʨʘʢʮʽʡʥʠʭ ʚʜ̔ʙʠʚʘʥʴ ʚʽʜ ʤʦʥʦ-

ʢʨʠʩʪʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʥʪʛʝ-

ʥʽʚʩʴʢʦʤʫ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽ CAD-4F 

çEnraf ï Noniusè (Mo KŬ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʛʨʘʬʽʪʦ-

ʚʠʡ ʤʦʥʦʭʨʦʤʘʪʦʨ; ɤ / 2ɗ ï ʤʝʪʦʜ). ʋʩʽ ʨʦʟʨʘʭʫʥʢʠ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʡ ʫʪʦʯʥʝʥʥʷ ʘʪʦʤʥʠʭ ʩʪʨʫʢʪʫʨ ʚʠʢʦʥʫʚʘ-

ʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʽʚ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʧʨʦʛʨʘʤ SHELX, XTLïSM, AREN. ɯʏ-ʩʧʝʢʪʨʠ ʧʦʛʣʠ-

ʥʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚ ʦʙʣʘʩʪʽ 400ï4000 ʩʤ
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ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ UR-20, ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʫ ʤʝʪʦʜʠʢʫ ʩʫʩʧʝʥʜʫʚʘʥʥʷ ʫ 

ʚʘʟʝʣʽʥʦʚʦʤʫ ʤʘʩʣʽ. ʊʝʨʤʦʛʨʘʚʽʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʽ Qï1500 D ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ ʚʽʜ 293 ʂ ʜʦ 1273 ʂ ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʘʥʥʷ 10 ʛʨʘʜ./ʭʚ ʪʘ ʨʦʟʨʦʙʣʝʥʦʤʫ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ɼʊɸ [21]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ɼʘʥʽ 

ʟ ʚʠʚʯʝʥʥʷ ʬʘʟʦʚʠʭ ʨʽʚʥʦʚʘʛ ʫ ʚʦʜʥʦ-ʩʦʣʴʦʚʠʭ ʩʠʩʪʝ-

ʤʘʭ ʥʽʪʨʘʪʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʽ ɯɸ ʝʣʝʤʝʥʪʽʚ ʧʝʨʽʦ-

ʜʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʘʤʦʥʽʶ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʚʠʧʫʩʢʘʭ ɺʽʩʥʠʢʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨ-

ʩʠʪʝʪʫ çʍʇɯè [22ï25] ʽ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʘʚʪʦʨʘʤʠ ʫ 

ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ (ʜʠʚ. ʪʘʙʣ. 1). ʆʜʝʨʞʘʥʽ ʚʽʜʦʤʦʩʪʽ ʜʦ-

ʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʧʽʜʛʦʪʦʚʯʽ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʦʢʩʠʜʥʠʭ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʜʢʠʭ ʥʽʪʨʘ-

ʪʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ.  

ʗʢ ʚʽʜʦʤʦ, ʙʫʜʴ-ʷʢʠʡ ʩʠʥʪʝʟ ï ʮʝ ʥʝʨʽʚʥʦʚʘʞʥʠʡ 

ʧʨʦʮʝʩ. ʅʘʷʚʥʽ ʚʠʷʚʣʝʥʽ ʪʝʥʜʝʥʮʽʾ ʬʘʟʦʫʪʚʦʨʝʥʥʷ ʚ 

ʤʦʜʝʣʴʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤʠ ʤʝʞʘʤʠ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʪʝʭʥʦ-

ʣʦʛʽʯʥʠʭ ʦʙô̒ ʢʪʘʭ ʚ ʫʤʦʚʘʭ ʬʦʨʤʫʚʘʥʥʷ ʡ ʦʪʨʠʤʘʥʥʷ 

ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɸ ʤʦʞʣʠʚʽ ʨʝʘʣʴʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚ 

ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤʘʭ ʟʫʤʦʚʣʶʶʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʨʝ-

ʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʩʢʣʘʜʦʤ, ʚʤʽʩʪʦʤ ʨʝʘʛʫʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʟʘ ʫʤʦʚʘʤʠ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ, ʩʢʽʥʯʝʥʥʽʩ-

ʪʶ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʠʬʫʟʽʡʥʠʤʠ ʦʩʦʙʣʠʚʦʩ-

ʪʷʤʠ, ʪʝʧʣʦʻʤʥʽʩʪʶ, ʟʚô̫ ʟʢʽʩʪʶ, ʧʨʠʨʦʜʦʶ ʧʝʨʝʪʚʦ-

ʨʝʥʴ ʥʘ ʤʝʞʽ ʫʪʚʦʨʶʚʘʥʠʭ ʛʝʪʝʨʦ ʬʘʟ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʩʧʦʩʦʙʽʚ ʾʭ ʘʢʪʠʚʘʮʽʾ ʪʘ ʽʥ-

ʰʠʤʠ ʢʦʥʢʨʝʪʥʠʤʠ ʯʠʥʥʠʢʘʤʠ. ɯ ʚʠʷʚʣʝʥʽ ʧʨʦʮʝʩʠ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʥʽʪʨʘʪʽʚ 

ʩʧʨʠʷʶʪʴ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʩʠʩʪʝʤ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝ-

ʥʪʚ̔ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʯʠ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʧʝʨʝʨʦʙʣʝʥʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʪʨʫʢʪʫʨ-

ʥʠʤʠ ʢʦʤʧʦʥʝʥʪʽʘʤʠ ʩʠʩʪʝʤ, ʢʽʣʴʢʽʩʪʴ, ʩʢʣʘʜ, ʭʘʨʘʢ-

ʪʝʨ ʨʦʟʯʠʥʥʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʤʝʞʽ 

ʫʪʚʦʨʝʥʥʷ ʡ ʽʩʥʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʥʦʚʠʭ 

ʬʘʟ, ʩʢʣʘʜ ʝʚʪʦʥʽʯʥʠʭ ʽ ʧʝʨʝʭʽʜʥʠʭ ʪʦʯʦʢ, ʟʨʦʙʣʝʥʦ 

ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʜʚʽʡʥʠʭ ʥʪ̔-

ʨʘʪʽʚ. ʇʨʦʚʝʜʝʥʦ ʩʠʥʪʝʟ ʧʦʜʚʽʡʥʠʭ ʩʧʦʣʫʢ ʽ ʜʦʩʣʽ-

ʜʞʝʥʥ ̫ʬʦʨʤ ʨʦʩʪʫ ʡ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʦʤ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ. 

ʆʜʝʨʞʘʥʽ ʚʽʜʦʤʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʽʜʝʥʪʠʬʽ-

ʢʘʮʽʶ ʫʪʚʦʨʶʚʘʥʠʭ ʥʦʚʠʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʥʽʪʨʘʪʥʠʭ ʬʘʟ. 

ʋʩʽ ʥʦʚʽ ʚʠʷʚʣʝʥʽ ʬʘʟʠ ʩʠʥʪʝʟʦʚʘʥʽ ʫ ʤʦʥʦʢʨʠʩ-

ʪʘʣʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɹʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʤʘ̒ ʽʟʦʤʝʪʨʠʯʥʫ 

ʬʦʨʤʫ, ʨʦʟʤʽʨ 4ï30 ʤʤ. ɰʭʥʽʡ ʩʢʣʘʜ, ʘʪʦʤʥʦ-ʢʨʠʩʪʘ-

ʣʽʯʥʫ ʙʫʜʦʚʫ, ʬʦʨʤʠ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ Ln, 

ʪʠʧʠ ʢʦʦʨʜʠʥʘʮʽʾ ʣʽʛʘʥʜʽʚ, ʨʷʜ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦ-

ʩʣʽʜʞʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ: ʭʽʤʽʯʥʠʤ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ, ʨʝʥʪʛʝʥʦʩʪʨʫʢ-

ʪʫʨʥʠʤ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤ, ʢʨʠʩʪʘʣʦʦʧʪʠʯʥʠʤ, 

ʪʝʨʤʦʛʨʘʬʽʯʥʠʤ, ɻɼɻ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʥ̔ʶʚʘʥʥʷ.  

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʜʽʣʝʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʫʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩ ʝʣʝʤʝʥʪʽʚ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʠʱʝ 

ʬʦʨʤʫʣʘʭ. ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʜʘʥʽ ʟ ʚʠʚʯʝʥʥʷ ʣʽʪʽʻʚʠʭ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʥʽʪʨʘʪʽʚ 

Li 3[Ln2(NO3)9]Ā3H2O (Ln ï La ï Sm) ʥʘʚʝʜʝʥʽ ʘʚʪʦʨʘʤʠ 

ʚ [23]; ʥʘʪʨʽʻʚʠʭ ʩʧʦʣʫʢ Na2[Ln(NO3)5]ĀH2O (Ln ï Laï

Sm) ï ʚ [24]; ʢʘʣʽʻʚʠʭ ʩʧʦʣʫʢ K2[Ln(NO3)5(H2O)2] 

(Ln ï LaïNd), K3[Ln2(NO3)9]ĀnH2O (Ln ï La ï Sm, 

n = 0, 1) ï ʚ [25] (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʦʩʪʘʥʥʽʭ ʫʟ-

ʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʽʰʝ ʚʠʚʯʝʥʠʭ ʨʝʥʪʛʝ-

ʥʦʛʨʘʬʽʯʥʦ ʢʘʣʽʻʚʠʭ ʥʽʪʨʘʪʽʚ ʣʘʥʪʘʥʫ [26], ʧʨʘʟʝʦʜʠ-

ʤʫ [27]); ʨʫʙʽʜʽʻʚʠʭ ʽ ʮʝʟʽʻʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʥʽʪʨʘʪʽʚ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʣʘʥʪʘʥʦʾʜʽʚ ʮʝʨʽ̒ʚʦʾ ʽ 

ʽʪʨʽʻʚʠʭ ʧʽʜʛʨʫʧ, ʱʦ ʥʠʥʽ ʽʥʪʝʥʩʠʚʥʦʚʠʚʯʘʶʪʴʩʷ, ʚʧʝ-

ʨʰʝ ʥʘʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣ. 2ï4. 

ʋʟʘʛʘʣʴʥʝʥʽ ʽ ʚʘʞʣʠʚʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʣʫʞʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʥʽʪʨʘʪʠ ʨʜ̔-

ʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʧʨʝʢʫʨʩʦʨʠ ʧʝʨʩʧʝʢʪʠʚ-

ʥʠʭ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï 

ʱʦʜʦ ʫʤʦʚ ʾʭ ʫʪʚʦʨʝʥʥʷ, ʧʨʠʨʦʜʠ ʭʽʤʽʯʥʦʛʦ ʟʚô̫ ʟʢʫ, 

ʩʢʣʘʜʫ, ʙʫʜʦʚʠ, ʪʠʧʫ ʢʦʦʨʜʠʥʘʮʽʾ ʣʽʛʘʥʜ, ʽʩʥʫʚʘʥʥʷ 

ʽʟʦʪʠʧʥʠʭ ʨʷʜʽʚ ʧʦ ʩʪʝʭʽʦʤʝʪʨʽʾ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʽ, 

ʧʨʠʪʘʤʘʥʥʠʭ ʾʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʘʚʪʦ-

ʨʘʤʠ ʡ ʫ ʥʘʡʙʽʣʴʰ ʥʘʦʯʥʽʡ ʬʦʨʤʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1ï4. 

ɺʠʙʽʨ ʪʘʢʦʾ ʬʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʽ ʢʦʨʠʩʥʠʡ ʧʽʜ ʯʘʩ ʨʦ-

ʟʨʦʙʣʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫ-

ʚʘʪʠ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʢʦʥʦ-

ʤʽʨʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʘʥʘʣʦʛʽʯʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ, ʧʨʘʚʠʣʴʥʦ ʚʠʙʠʨʘ-

ʪʠ ʨʝʞʠʤʠ, ʩʪʘʜʽʡʥʽʩʪʴ, ʩʧʦʩʦʙʠ ʬʦʨʤʫʚʘʥʥʷ ʡ ʦʜʝʨ-

ʞʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ ʩʪʨʫʢʪʫ-

ʨʦ-ʯʫʪʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɯʏ-ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʠ-

ʚʯʘʣʠ ʚ ʦʙʣʘʩʪʽ 400ï4000 ʩʤ
-1
. ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʥʦʚʠʭ ʪʚʝʨʜʠʭ ʬʘʟ ʽ 

ʧʨʦʚʝʜʝʥʦ ʾʭ ʚʽʜʥʝʩʝʥʥʷ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʘʤ ʞʝ  ʧʨʠ-

ʚʝʜʝʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ Nd(NO3)3Ā6H2O. 

ɯʟ ʘʥʘʣʽʟʫ ɯʏ-ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʥʦʚʦ ʫʪʚʦʨ -ʁ

ʚʘʥʠʭ ʬʘʟ (ʷʢ ʧʨʠʢʣʘʜ, ʨʠʩ. 1 ï ʜʚʦʭ ʥʦʚʠʭ ʮʝʟʽʻʚʠʭ 

ʥʽʪʨʘʪʽʚ ʥʝʦʜʠʤʫ) ʚʠʜʥʦ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʩʧʦʣʫʢ ʚʭʦʜʷʪʴ 

ʢʦʦʨʜʠʥʦʚʘʥʽ ʥʽʪʨʘʪʦ-ʛʨʫʧʠ, ʦʩʢʽʣʴʢʠ ʚ ʩʧʝʢʪʨʘʭ ʧʨʠ-

ʩʫʪʥʽ ʚʝʣʠʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛʠ ʧʦʚʥʦʩʠʤʝʪʨʠʯʥʦʛʦ 
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ʢʦʣʠʚʘʥʥʷ ɜ1 ʽ ʨʦʟʱʝʧʣʝʥʥʷ ʩʤʫʛ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʨʦʜʞʝʥʠʤ ʚʘʣʝʥʪʥʦʤʫ ɜ3 ʽ ʜʝʬʦʨʤʘʮʽʡʥʦʤʫ ɜ4 ʢʦʣʠ-

ʚʘʥʥʷʤ. ɺʝʣʠʯʠʥʘ ʨʦʟʱʝʧʣʝʥʥʷ æɜ3 = 200ï210 ʩʤ
-1 

ʚʢʘʟʫʻ ʥʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʢʦʚʘʣʝʥʪʥʦʩʪʽ 

ʟʚô̫ ʟʢʫ ʽʦʥʽʚ Ln
3+
ʟ ʘʪʦʤʘʤʠ ʢʠʩʥʶ ʥʽʪʨʘʪʦ-ʛʨʫʧ. ɺ  

ɯʏ-ʩʧʝʢʪʨʘʭ ʚʽʜʩʫʪʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʥʽʪʨʘʪ-ʽʦʥʘ 

1390 ʩʤ
-1
 ʽ ʚ ʦʙʣʘʩʪʽ 830ï840 ʩʤ

-1
, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʽʦʥ-

ʥʠʭ ʥʽʪʨʘʪʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʚʽʜ-

ʯʠʪʴ, ʱʦ ʫ ʩʢʣʘʜ ʩʧʦʣʫʢ ʤʽʩʪʷʪʴʩʷ ʢʦʦʨʜʠʥʦʚʘʥʽ ʥʽʪʨʘʪʦ-

ʛʨʫʧʠ, ʽ ʧʦʜʚʽʡʥʽ ʥʽʪʨʘʪʠ ʣʘʥʪʘʥʦʾʜʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʢʦʤ-

ʧʣʝʢʩʥʠʤʠ. ʉʧʝʮʠʬʽʢʘ ʧʣʦʩʢʠʭ ʣʽʛʘʥʜʽʚ ʥʝ ʜʦʟʚʦʣʷʻ, ʚʠ-

ʭʦʜʷʯʠ ʪʽʣʴʢʠ ʽʟ ʘʥʘʣʽʟʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʯʘʩʪʦʪ, ʦʜʥʦʟ-

ʥʘʯʥʦ ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʾʭ ʢʦʦʨʜʠʥʘʮʽʾ. ɼʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʝ ʜʦʩ-

ʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʚʠʷʚʣʝʥʠʭ ʩʧʦʣʫʢ (ʜʠʚ. ʪʘʙʣ. 4). 

ʋ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ ʩʧʦ-

ʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʣʝʥʪʥʠʤ, ʜʝ-

ʬʦʨʤʘʮʽʡʥʠʤ, ʣʽʙʨʘʮʽʡʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʤʦʣʝʢʫʣ ʚʦʜʠ, 

ʧʦʷʚʘ ʷʢʠʭ ʧʦʚô̫ ʟʫʻʪʴʩʷ ʟ ʢʦʦʨʜʠʥʘʮʽʻʶ ʤʦʣʝʢʫʣ ʚʦ-

ʜʠ. ʋʪʦʯʥʝʥʥʷ ʩʢʣʘʜʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʽ ʾʭ ʟʘʧʠʩ 

ʫ ʢʦʤʧʣʝʢʩʥʦʚʫ ʚʠʜʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʘʥʠʤʠ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʘʟʘʥʠʤʠ ʚʠʱʝ ʤʝʪʦʜʘʤʠ ʽ 

ʧʨʦʚʝʜʝʥʥʷʤ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʥʪʛʝʥʦʛʨʘʬʽʯ-

ʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʾʭ ʘʪʦʤʥʦ-

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ.  

ʋ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʚʠʷʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷ ʮʽʣʦʛʦ 

ʢʣʘʩʫ ʘʥʽʦʥʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʥʘʣʽʯʫʻ ʧʦʥʘʜ 

70 ʧʨʝʜʩʪʘʚʥʠʢʽʚ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘ-

ʥʦʚʠʪʠ ʥʘʷʚʥʽ ʚʠʜʠ ʩʧʦʣʫʢ, ʤʝʞ̔ ʾʭ ʽʟʦʩʪʝʭʽʦʤʝʪʨʠʯʥʦʩʪʽ 

ʩʢʣʘʜʫ ʽ ʩʭʝʤʠ ʧʝʨʝʭʦʜʫ ʩʪʨʫʢʪʫʨʠ ʟʘ ʧʨʠʨʦʜʥʠʤʠ ʨʷʜʘʤʠ 

ʽʦʥʽʚ ʝʣʝʤʝʥʪʽʚ Y
3+

, La
3+

 ï Lu
3+

; Li
+
 ï Cs

+
, NH4

+
; ʚʠʟʥʘ-

ʯʘʣʴʥʫ ʨʦʣʴ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ Ln ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʙô̒ ʢʪʘʭ; ʥʝʤʦʥʦʪʦʥʥʽʩʪʴ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ Ln ʫ 

ʧʨʦʮʝʩʘʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʦ ʜʦʚʝʜʝʥʦ ʽʩʥʫʚʘʥʥʷ 13 ʛʨʫʧ 

ʽʟʦʪʠʧʥʠʭ ʟʘ ʙʫʜʦʚʦʶ ʩʧʦʣʫʢ (ʪʘʙʣ. 4), 6 ʽʟ ʷʢʠʭ 

ʦʙô̒ ʜʥʫʶʪʴ ʥʝʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʥʽʪʨʘʪʠ 

ʟʜʘʪʥʽ ʚʠʩʪʫʧʘʪʠ ʧô̒ ʟʦ-, ʩʝʛʥʝʪʦ-, ʧʽʨʦʝʣʝʢʪʨʠʢʘʤʠ, 

ʜʚʦʟʘʣʦʤʣʶʚʘʪʠ [25]. 

ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʥʽʪʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʥʘʯʥʦʶ ʤʽ-

ʨʦʶ ʚʠʢʦʥʫʶʪʴʩʷ ʚʠʤʦʛʠ ʩʠʤʝʪʨʽʾ ʽ ʧʣʘʥʘʨʥʠʡ ʤʘʣʠʡ 

ʨʦʟʤʽʨʘʤʠ ʣʽʛʘʥʜ NO3
Ȥ
 ʻ çʟʨʫʯʥʠʤè ʜʣʷ ʫʪʚʦʨʝʥʥʷ  

ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʦʛʦ ʦʪʦʯʝʥʥʷ ʽʦʥʽʚ Ln
3+

. ʆʜʝʨʞʘʥʽ 

ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ ʩʢʣʘʜʘʶʪʴ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʦʣʽʝʜʨʠ, ʱʦ ʪʘʢ ʯʠ 

ʽʥʘʢʰʝ ʟʚô̫ ʟʘʥʽ ʫ ʧʨʦʩʪʦʨʽ [25ï29]:  

ï ʫ Li
+
, K

+
, NH4

+
, Rb

+
 ʥʽʪʨʘʪʥʠʭ ʩʠʩʪʝʤʘʭ ʨʽʜʢʽʩ-

ʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʮʝʨʽʻʚʦʾ ʧʽʜʛʨʫʧʠ, ʫ ʷʢʠʭ ʢʦ-

ʦʨʜʠʥʘʮʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʣʘʥʪʘʥʦʾʜʽʚ  ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʙʝʟ ʫʯʘʩʪʽ ʤʦʣʝʢʫʣ ʚʦʜʠ, ʥʽʪʨʘʪʦ-ʛʨʫʧʘ 

ʦʜʥʦʛʦ ʽʟ 3 ʥʝʟʘʣʝʞʥʠʭ ʘʪʦʤʽʚ ʥʽʪʨʦʛʝʥʫ çʦʙʩʣʫʛʦʚʫʻè 

ʜʚʘ ʥʝʟʘʣʝʞʥʠʭ Ln-ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ, ʘ ʾʾ ʤʦʩʪʠ-

ʢʦʚʽ ʘʪʦʤʠ ʦʢʩʠʛʝʥʫ ʟʚô̫ ʟʫʶʪʴ ʢʦʤʧʣʝʢʩʠ [Ln(NO3)6]
3-
 

ʫ ʪʨʴʦʭʤʽʨʥʠʡ ʢʘʨʢʘʩ ʩʢʣʘʜʫ  [Ln2(NO3)9]
3-
ÐÐÐ; 

ï ʚʭʦʜʞʝʥʥʷ ʚʦʜʠ ʫ ʢʦʦʨʜʠʥʘʮʽʡʥʫ ʩʬʝʨʫ 

Ln-ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ ʟʘʚʘʞʘʻ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʢʦʤ-

ʧʣʝʢʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʤʽʩʪʢʦʚʠʭ ʥʽʪʨʘʪʦ-ʛʨʫʧ ʽ 

ʻ ʫʤʦʚʦʶ ʽʩʥʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ Ln
3+

 

(ɿʚô̫ ʟʦʢ ʢʦʤʧʣʝʢʩʽʚ ʫ ʪʨʴʦʭʤʽʨʥʫ ʧʦʙʫʜʦʚʫ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʦʥʥʠʭ ʟʚô̫ ʟʢʽʚ ʄïʆ);  

ï ʫʥʽʢʘʣʴʥʽʩʪʴ ʥʘʪʨʽʻʚʠʭ ʥʽʪʨʘʪʥʠʭ ʩʠʩʪʝʤ ʈɿɽ  

ʮʝʨʽʻʚʦʾ ʧʽʜʛʨʫʧʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ Ln-ʧʦʣʽʝʜʨʠ, 

ʟô̒ ʜʥʫʶʯʠʩʴ ʩʧʽʣʴʥʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʫʪʚʦʨʶʶʪʴ ʣʘʥ-

ʮʶʞʢʠ ï ʦʩʥʦʚʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʧʦʙʫʜʦʚʠ ʜʘʥʠʭ ʩʧʦʣʫʢ; 

ï ʮʝʟʽʻʚʘ ʬʘʟʘ  Cs[Nd(NO3)4(H2O)3] [28] ʚʠʷʚʣʷʻ 

ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ, ʙʦ ʚ ʥʽʡ ʟʘʬʽʢʩʦʚʘʥʘ ʢʦʦʨʜʠʥʘʮʽʷ  ʥʽʪ-

ʨʘʪʦ-ʛʨʫʧ ʥʝʦʜʠʤʦʤ ʧʦ ʪʠʧʫ ʤʦʥʦʜʝʥʪʘʪʥʦʛʦ ʣʽʛʘʥʜʘ; 

ï ʮʝʟʽʻʚʽ ʢʦʤʧʣʝʢʩʥʽ ʥʽʪʨʘʪʥʽ ʩʧʦʣʫʢʠ ʥʝʦʜʠʤʫ 

[28, 29] ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʚʠʷʚʣʷʶʪʴ ʦʜʥʘʢʦʚʦ ʦʨʛʘʥʽʟʦ-

ʚʘʥʫ ʢʦʦʨʜʠʥʘʮʽʡʥʫ ʩʬʝʨʫ, ʱʦ ʷʩʢʨʘʚʦ ʽʣʶʩʪʨʫʻ ʜʦ-

ʤʽʥʫʚʘʣʴʥʫ ʨʦʣʴ ʽʦʥʫ Ln
3+

 ʫ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʽ ʣʫʞ-

ʥʠʭ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʥʪ̔ʨʘʪʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʩʠʩʪʝʤʘʭ ʣʫʞʥʠʭ ʥʽʪʨʘʪʥʠʭ ʧʦ-

ʧʝʨʝʜʥʠʢʽʚ ʈɿɽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʷʢ ʽʟʦʣʴʦʚʘʥʽ ʢʦʤʧʣʝʢ-

ʩʠ, ʪʘʢ ʽ ʧʦʣʽʤʝʨʠʟʦʚʘʥʽ ʫ ʨʽʟʥʽʡ ʩʪʝʧʝʥʽ: ʜʚʦʷʜʝʨʥʽ 

[Nd2(NO3)11]
5-
, ʣʘʥʮʶʞʢʦʚʽ  [Nd(NO3)5]

2-
Ð, ʢʘʨʢʘʩʥʽ 

[Ln2(NO3)9]
3-
ÐÐÐ. ɹʝʨʫʯʠ ʫʯʘʩʪʴ ʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʩʬʝʨʘʭ Ln  ̔M, NO3
Ȥ
-ʛʨʫʧʠ ʟʙʝʨʽʛʘʶʪʴ ʧʣʦʩʢʫ ʬʦʨʤʫ. 

ɺʦʜʘ, ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʙʽʣʴʰʦʩʪʽ ʣʫʞʥʠʭ ʨʽʜʢʽʩ-

ʥʦʟʝʤʝʣʴʥʠʭ ʥʽʪʨʘʪʽʚ, ʢʦʦʨʜʠʥʘʮʽʡʥʘ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʡ-

ʥʘ, ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ, ʢʦʦʨʜʠʥʘʮʽʡʥʦ ʥʘʩʠʯʫʶʯʠ 

ʽʦʥʠ Ln
3+

 ʽ ʟʜʽʡʩʥʶʶʯʠ ʜʦʜʘʪʢʦʚʽ ʢʦʥʪʘʢʪʠ ʫ ʩʪʨʫʢʪʫ-

ʨʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʜʥʝʚʠʭ ʟʚô̫ ʟʢʽʚ.  

ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ Ln-ʢʦʤʧʣʝʢʩʽʚ ʥʽʪʨʘʪʥʠʭ ʧʨʝ-

ʢʫʨʩʦʨʽʚ ʧʨʦʷʚʣʷʻʪʴʩʷ: ʚ ʦʙʤʝʞʝʥʦʤʫ ʥʘʙʦʨʽ Ln-ʢʦʦʨ-

ʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ; ʫ ʩʭʠʣʴʥʦʩʪʽ ʽʦʥʫ Ln
3+

-ʢʦʤ-

ʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ ʩʪʚʦʨʶʚʘʪʠ ʥʘʚʢʦʣʦ ʩʝʙʝ ʩʠʤʝʪʨʠʯʥʦ 

ʦʨʛʘʥʽʟʦʚʘʥʫ ʢʦʦʨʜʠʥʘʮʽʡʥʫ ʩʬʝʨʫ ʽ ʚ ʪʦʤʫ, ʱʦ ʢʦʤʧʣʝʢ-

ʩʘʤ ʬʦʨʤʘʣʴʥʦ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʽ ʩʪʝʭʽʦʤʝʪʨʽʾ ʤʦʞʫʪʴ ʚʽʜ-

ʧʦʚʽʜʘʪʠ ʦʜʥʘʢʦʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʦʣʝ̔ʜʨʠ. 

ʅʘʷʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʡ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʥʘʡʙʽʣʴʰʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʤʽʥʠ ʩʢʣʘʜʫ ʡ ʩʪʨʫʢʪʫʨʠ 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ 

ʩʧʦʣʫʢ Nd. ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʣʫʞʥʽ ʥʽʪʨʘʪʠ ʥʝ-

ʦʜʠʤʫ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʘʤʦʶ ʥʘʡʙʽʣʴʰ ʯʠʩʝʣʴ-

ʥʦʶ ʛʨʫʧʦʶ ʩʧʦʣʫʢ (ʜʠʚ. ʪʘʙʣ. 1). ʈʘʟʦʤ ʟ ʪʠʤ ʟ ʧʽʜ-

ʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʥʽʪʨʘʪʥʠʭ ʜʦʩʣʽʜʞʝʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʘʜʽʫʩʽʚ ʦʜʥʦʚʘʣʝʥʪʥʠʭ ʢʘʪʽ-

ʦʥʽʚ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʘ ʟʜʘʪʥʽʩʪʴ Nd ʟʨʦʩʪʘʻ (ʫ ʩʠ-

ʩʪʝʤʘʭ ʟ ʫʯʘʩʪʶ Li
+
  ̔Na

+
 ʫʪʚʦʨʶʶʪʴʩʷ ʧʦ ʦʜʥʦʤʫ ʚʠ-

ʜʫ ʩʧʦʣʫʢ; ʟ ʫʯʘʩʪʶ K
+
, NH4

+
, Rb

+
, Cs

+ 
ï ʧʦ ʜʚʘ ʚʠʜʘ). 

ʂʦʦʨʜʠʥʘʮʽʡʥʽ ʯʠʩʣʘ Ln
3+

 ʮʝʨʽʻʚʦʾ ʧʽʜʛʨʫʧʠ ʫ ʣʽ-

ʪʽʻʚʠʭ ï ʨʫʙʽʜʽʻʚʠʭ ʩʧʦʣʫʢʘʭ 12, ʫ ʮʝʟʽʻʚʠʭ ʩʧʦʣʫʢʘʭ 

ʾʭ ʂʏ = 10 ʽ ʢʦʦʨʜʠʥʘʮʽʡʥʘ ʻʤʥʽʩʪʴ NO3
Ȥ
-ʛʨʫʧ ʚʠʢʦʨʠʩ-

ʪʘʥʘ ʥʝ ʧʦʚʥʽʩʪʶ; ʝʣʝʤʝʥʪʠ ʽʪʨʽʻʚʦʾ ʧʽʜʛʨʫʧʠ ʚ ʫʩʽʭ ʩʧʦ-

ʣʫʢʘʭ ʤʘʶʪʴ ʂʏ 10. ɺʠ̫ʚʣʝʥʦ ʚʧʣʠʚ ʧʨʠʨʦʜʠ Me
+
, NH4

+
 

ʥʘ ʬʦʨʤʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʧʦʣʽʝʜʨʽʚ, ʩʧʦʩʽʙ ʫʧʘʢʫʚʘʥʥʷ  

ʢʦʤʧʣʝʢʩʽʚ ʫ ʧʨʦʩʪʦʨʦʚʫ ʙʫʜʦʚʫ, ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢ. 

ʅʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʠʜʫ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʥʽʪʨʘʪʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ 

ʚʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ ʚ [25]. 

ʆʪʨʠʤʘʥʽ ʥʘʜʽʡʥ ̔ ʝʤʧʽʨʠʯʥʽ ʜʘʥ̔ ʧʨʦ ʘʪʦʤʥʦ-

ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʥʽʪʨʘʪʽʚ ʣʘʥ-

ʪʘʥʦʾʜʽʚ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʨʦ-

ʙʦʢ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ 

ʽʥʥʦʚʘʮʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. ʆʜʝʨʞʘʥʽ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʚʽʜʦʤʦʩʪʽ ʩʣʫʛʫʪʁɹ ʜʣʷ ʧʦʷʩʥʝʥʥʷ 

ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʽ ʤʘ-

ʶʪʴ ʷʢ ʩʘʤʦʩʪʽʡʥʫ ʥʘʫʢʦʚʫ, ʪʘʢ ʽ ʧʨʠʢʣʘʜʥʫ ʮʽʥʥʽʩʪʴ.  
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ʊʘʙʣʠʮʷ 1 ï ʉʢʣʘʜ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʫʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʥʽʪʨʘʪʽʚ ʈɿɽ ʡ ʝʣʝʤʝʥʪʽʚ IA ʛʨʫʧʠ, ʚʠʷʚʣʝʥʠʭ ʫ ʚʦ-

ʜʥʦ-ʩʦʣʴʦʚʠʭ ʩʠʩʪʝʤʘʭ  MeNO3 ï Ln(NO3)3 ï H2O  

ʄ\ʈɿɽ La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y 

Li  

Li 3[Ln2(NO3)9]Ā3H2O 

ʢʫʙʽʯ.; P213  

 

ʝʚʪ.  
ʝʚʪ. 

25-100 ÁC 
100 ÁC 100 ÁC 100 ÁC 65-100 ÁC 25-100 ÁC 

Na 

Na2[Ln(NO3)5]ĀH2O 

ʤʦʥʦʢʣʽʥ.; P21/a  
ʝʚʪ. 

25-100 ÁC 
25-100 ÁC 50-100 ÁC  100 ÁC 

K 

K2[Ln(NO3)5(H2O)2] 

ʨʦʤʙʽʯ.; Fdd2  
K[Tb(NO3)4(H2O)2] 

ʧʨʠʤʽʪ. ʨʦʤʙʽʯ.; P21cn 

50-100 ÁC 

25-50 ÁC 

K3[Ln2(NO3)9]ĀH2O 

ʢʫʙʽʯ.; P4332  

100 ÁC 50-100 ÁC 

Rb 

Rb2[Ln(NO3)5(H2O)2] 

ʤʦʥʦʢʣʽʥ.; Cc 

Rb5[Ln2(NO3)11]ĀH2O 

ʤʦʥʦʢʣʽʥ.; C2/c 

 

Rb[Ln(NO3)4(H2O)2] ĀH2O 

ʤʦʥʦʢʣʽʥ. ; P21/n 

25-50 ÁC 

25-100 ÁC 25-50 ÁC  50-100 ÁC 

Rb3[Ln2(NO3)9] ĀH2O 

ʢʫʙʽʯ.; P4332 

50-100 ʦʉ 

Cs 

Cs2[Ln(NO3)5(H2O)2] 

ʤʦʥʦʢʣʽʥ.; C2/c  

 

 

Cs[Ln(NO3)4(H2O)2] ĀH2O 

ʤʦʥʦʢʣʽʥ. ; P21/n 

25-50 ÁC 

 

 

 

25-50 ÁC 25-100 ÁC 

 

Cs[Ln(NO3)4(H2O)3] 

ʪʨʠʢʣʽʥ.; P1  

50 ÁC 50-65 ÁC 

 
ʊʘʙʣʠʮʷ 2ʘ ï ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʨʫʙʽʜʽʻʚʠʭ ʽ ʮʝʟʽʻʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʥʽʪʨʘʪʽʚ ʈɿɽ ʮʝʨʽʻʚʦʾ ʧʽʜʛʨʫʧʠ 

Rb2[La(NO3)5(H2O)2] Rb5[Nd2(NO3)11]ĀH2O Rb3[Nd2(NO3)9] Cs2[Nd(NO3)5(H2O)2] Cs[Nd(NO3)4(H2O)3] 

d, ¡ 
I/I 0, 

 % d, ¡ 

I/I 0, 

 % d, ¡ 

I/I 0, 

  % d, ¡ 
I/I 0, 

 % d, ¡ 

I/I 0, 

 % d, ¡ 
I/I 0, 

 % d, ¡ 

I/I 0, 

 % d, ¡ 
I/I 0, 

  % 

8,76 25 2,7609 21,5 5,21 20 9,66 68 2,029 7 6,799 11,5 2,2191 11 6,667 80,8 

6,916 100 2,7184 14,5 4,64 100 7,90 39 1,965 10 5,9375 15,5 2,1923 28,5 5,4070 19,6 

6,707 8 2,5390 29 4,55 62 4,85 18 1,945 10 5,0980 55 2,1841 26 5,2727 36,5 

6,185 18,5 2,4661 26,5 3,63 71 4,58 100 1,822 11 4,8385 51,5 2,1681 16,5 4,4489 61,9 

5,776 20,5 2,3963 35 3,07 44 4,34 56 1,791 22 4,3708 49,5 2,0597 16 4,2467 29,2 

5,433 23,5 2,3926 28 3,05 51 4,15 90 1,762 17 4,2148 10 2,03162 23 4,1409 11,9 

5,1273 41 2,3767 15 2,907 22 3,96 18 1,747 16 3,6775 100 1,84121 32,5 3,9241 8,8 

5,0634 43,5 2,3575 11,5 2,853 51 3,81 25 1,645 14 3,4241 18,5 ï ï 3,7231 14,2 

4,484 16 2,3258 13,5 2,757 29 3,67 9 1,622 10 3,3334 60 ï ï 3,5700 13,1 

4,370 86,5 2,2839 16 2,693 27 3,43 13 ï ï 3,2995 54,5 ï ï 3,4035 8,8 

4,271 69,5 2,2564 86 2,548 22 3,33 16 ï ï 3,0639 27 ï ï 3,3384 49,6 

4,219 12,5 2,2056 22 2,472 31 3,24 41 ï ï 2,9760 8,5 ï ï 3,2781 52,3 

3,911 21 2,1933 28,5 2,395 82 2,699 63 ï ï 2,9024 36,5 ï ï 3,2314 13,5 

3,5644 8,5 2,1691 20 2,252 44 2,648 12 ï ï 2,8013 11,5 ï ï 2,7152 8,8 

3,5145 7,5 2,1493 16 2,141 36 2,556 98 ï ï 2,7427 23 ï ï 2,6727 100 

3,4714 17,5 2,1007 17,5 2,058 11 2,515 55 ï ï 2,7041 10,5 ï ï 2,5829 11,5 

3,3606 32,5 2,02129 10 2,023 20 2,395 10 ï ï 2,6573 41 ï ï 2,3528 16,5 

3,3164 38,5 1,93168 7,5 1,988 20 2,326 28 ï ï 2,6048 26 ï ï 2,2739 5,8 

3,1662 40,5 1,91250 9,5 1,861 31 2,296 70 ï ï 2,5758 17 ï ï 2,2307 9,6 

3,1443 61,5 1,82943 13,5 ï ï 2,263 18 ï ï 2,5293 18,5 ï ï 2,1882 14,2 

3,0973 8,5 1,70364 35 ï ï 2,233 43 ï ï 2,4149 16 ï ï 1,91250 28,8 

2,9877 37 1,69954 15,5 ï ï 2,176 8 ï ï 2,4012 16 ï ï 1,62366 20,8 

2,9209 55 1,43593 23 ï ï 2,148 43 ï ï 2,3671 22,5 ï ï 1,61946 10 

2,8841 24,5 1,43317 14 ï ï 2,123 21 ï ï 2,3375 27,5 ï ï ï ï 

2,8447 49 1,41883 14,5 ï ï 2,098 15 ï ï 2,2939 15 ï ï ï ï 

2,8394 47,5 1,34424 20 ï ï 2,051 32 ï ï 2,2728 56,5 ï ï ï ï 
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ʊʘʙʣʠʮʷ 2ʙ ï ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʢʘʣʽʻʚʠʭ, ʨʫʙʽʜʽʻʚʠʭ ʽ ʮʝʟʽʻʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʥʪ̔ʨʘʪʽʚ ʈɿɽ ʽʪʨʽʻʚʦʾ ʧʽʜʛʨʫʧʠ 

 

K[Tb(NO3)4(H2O)2] Rb[Tm(NO3)4(H2O)2] ĀH2O Cs[Dy(NO3)4(H2O)2] ĀH2O 

d, ¡ I/I 0, %
 d, ¡ I/I 0,  % d, ¡ I/I 0,  %

 d, ¡ I/I 0,  % d, ¡ I/I 0,  %
 d, ¡ I/I 0,  % 

7,900 19,4 2,6742 22,5 8,934 15 2,1801 38,3 8,934 17,8 2,8823 42,2 

6,511 67,5 2,5829 27,5 6,1338 23,3 2,0606 15,8 7,900 30 2,7427 15 

6,3076 21,9 2,4441 42,5 5,9217 42,5 2,03162 59,2 7,762 18,3 2,7184 28,3 

5,7909 51,3 2,3963 63,1 4,9184 35,8 2,02558 36,3 5,9375 11,7 2,6727 12,8 

5,7461 28,8 2,3914 61,3 4,6620 35 1,98192 22,5 5,6586 7,8 2,6345 10 

5,6586 10 2,3767 22,5 4,4846 34,2 1,90646 25,4 5,3041 25,6 2,5902 41,7 

5,5276 26,9 2,3328 16,9 4,2669 38,3 1,90195 19,2 5,1332 100 2,5715 17,2 

5,3939 17,5 2,3189 40,6 4,1371 40,4 1,87538 19,2 4,8438 65,6 2,4701 13,3 

5,2295 63,8 2,3132 38,8 3,9832 17,5 1,86815 25,4 4,7161 12,2 2,3480 10 

4,9347 24,4 2,2254 38,8 3,8015 12,1 1,84330 59,6 4,4667 86,1 2,3189 36,1 

4,5299 100 2,1493 30 3,6273 11,3 1,83842 25,4 4,3666 18,9 2,2950 15,6 

4,2467 16,3 2,0951 43,8 3,4476 11,7 1,77232 40,4 4,0259 31,7 2,2861 13,9 

3,9656 38,8 2,04294 21,3 3,3212 100 1,76848 22,5 3,9621 64,4 2,2318 16,1 

3,7509 14,4 1,93868 13,8 3,0015 31,3 1,68224 34,2 3,7047 17,2 2,2212 12,8 

3,5927 13,8 1,92396 14,4 2,9265 10,4 1,67940 17,1 3,6186 22,2 2,1701 28,3 

3,5448 15,6 1,87176 23,1 2,6883 14,6 1,60446 15 3,5728 9,4 2,1319 14,4 

3,4528 16,9 1,85103 17,8 2,6136 31,7 1,47124 72,5 3,3606 27,8 2,1101 17,2 

3,3606 43,8 1,73233 36,3 2,5873 25,4 1,46666 34,6 3,2852 13,9 2,00098 9,4 

3,3482 74,4 1,72808 17,5 2,5307 13,8 1,40782 23,8 3,2086 10 1,98695 7,8 

3,2291 75 1,60446 16,3 2,5088 20,4 ï ï 3,1728 11,1 1,96084 6,1 

2,9378 28,1 ï ï 2,3865 8,8 ï ï 3,1015 14,4 1,94811 11,7 

2,8394 17,5 ï ï 2,2839 13,8 ï ï 2,9760 33,9 1,90948 9,4 

2,8185 80 ï ï 2,2521 27,1 ï ï 2,9061 37,8 1,78590 10,6 

ʇʨʠʤʽʪʢʘ: d, ¡ ï ʤʽʞʧʣʦʱʠʥʥʽ ʚʽʜʩʪʘʥʽ; I/I0, % - ʚʽʜʥʦʩʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʬʣʝʢʩʽʚ 

 

 

 

ʊʘʙʣʠʮʷ 3 ï ʍʚʠʣʴʦʚʽ ʯʠʩʣʘ (ʩʤ-1) ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʚ ɯʏ ʩʧʝʢʪʨʘʭ ʧʦʜʚʽʡʥʠʭ ʥʽʪʨʘʪʽʚ 

ʅʦʚʦʫʪʚʦʨʝʥʽ ʩʧʦʣʫʢʠ 
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Li 3[Nd2(NO3)9]Ā3H2O 570-645 720 750 820 
1045 

1055 
1320 1520 1645 

1760 

1800 
3200-3600 200 

Na2[Nd(NO3)5]ĀH2O 
 

570-650 722 750 817 1050 1325 1525 1640 
1760 

1795 
3200-3600 200 

K2[Nd(NO3)5(H2O)2]   570-680 720 750 820 
1045 

1055 
1315 1520 1665 

1760 

1795 
3200-3600 205 

K3[Nd2(NO3)9]ĀH2O ï 730 750 820 1050 
1315 

1335 
1520 1665 

1765 

1800 
3200-3600 205 

Rb5[Nd2(NO3)11]ĀH2O 580-660 730 750 820 
1045 

1055 
1315 1520 1640 

1760 

1800 
3200-3600 205 

Rb3[Nd2(NO3)9]ĀH2O ï 730 750 820 1050 
1315 

1335 
1525 1665 

1760 

1800 
3200-3600 210 

Cs2[Nd(NO3)5(H2O)2] 
 

570-645 720 745 820 
1045 

1055 
1310 1520 1640 

1760 

1800 
3200-3600 210 

Cs[Nd(NO3)4(H2O)3] ï 718 745 820 1045 1310 1520 1640 
1760 

1800 
3200-3600 210 

Nd(NO3)3Ā6H2O 600-680 720 750 820 1045 1320 1460 
1630 

1665 

1760 

1790 
3200-3600 140 
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ʈʠʩ. 1 ï ɯʏ-ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʩʧʦʣʫʢ: ʘ) Cs2[Nd(NO3)5(H2O)2];  ʙ) Cs[Nd(NO3)4(H2O)3] 

 

 

ʊʘʙʣʠʮʷ 4 ï ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʝʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ ʛʨʫʧ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʥʽʪʨʘʪʽʚ 

ʈɿɽ 

ʉʧʦʣʫʢʠ ʉʠʥʛʦʥʽʷ 
ʊʦʯʢʦʚʘ 

ʛʨʫʧʘ 
ʇʨ. ʛʨ. Z 

ʇʘʨʘʤʝʪʨʠ  

ʢʦʤʽʨʢʠ(¡, ʛʨʘʜ. ) 

 

V, ¡3  

Li3[Nd2(NO3)9] Ā3H2O ʢʫʙʽʯ. 23 P213 4 13,220(1) 2308,4 

 

Na2[Nd(NO3)5] ĀH2O 
ʤʦʥʦʢʣʽʥ. 2/m 

 

P21/a 

 

8 

15,157(4) 

21,289(8) 

7,911(5)   90,67(2) 

2552,3 

 

K2[Nd(NO3)5(H2O)2] 
ʨʦʤʙʽʯ. mm2 

 

Fdd2 

 

8 

11,137(1) 

21,272(3) 

12,151(2) 

2878,5 

K3[Nd2(NO3)9] ʢʫʙʽʯ. 432 P4332 4 13,474(3) 2446,6 

 

Rb2[La(NO3)5(H2O)2] 
ʤʦʥʦʢʣʽʥ. m 

 

Cc 

 

 

 

4 

 

 

11,092(2) 

8,984(2) 

17,873(6)  100,85(1) 

1748,2 

 

 

 

Rb5[Nd2(NO3)11]ĀH2O 
ʤʦʥʦʢʣʽʥ. 2/m 

 

C2/c 

 

4 

15,767(4) 

14,593(4) 

14,336(4)  108,28(2) 

3131,9 

Rb3[Nd2(NO3)9] ʢʫʙʽʯ. 432 P4332 4 13,759(2) 2604,7 

 

Cs2[La(NO3)5(H2O)2] 
ʤʦʥʦʢʣʽʥ. 2/m 

 

I2/a 

 

4 

10,868(3) 

9,063(4) 

17,557(4)  103,20(3) 

1683,7 

 

Cs2[Nd(NO3)5(H2O)2] 
ʤʦʥʦʢʣʽʥ. 2/m 

 

C2/c 

 

4 

11,136(7) 

8,750(4) 

16,399(9)  103,43(5) 

 

 

1554,0 

 

 

Cs[Nd(NO3)4(H2O)3] 

ʪʨʠʢʣʽʥ. 1  

 

 

P1  

 

 

2 

6,968(5)   80,58(4) 

7,089(3)  104,68(4) 

13,908(6)  105,33(5) 

697,1 

 

K[Tb(NO3)4(H2O)2] 
ʨʦʤʙʽʯ. mm2 

 

P21cn 

 

4 

7,966(2) 

11,571(9) 

12,694(6) 

1170,1 

 

Rb[Tm(NO3)4(H2O)2]ĀH2O 
ʤʦʥʦʢʣʽʥ. 2/m 

 

P21/n 

 

4 

11,466(2) 

11,641(3) 

10,578(4)  111,30(3) 

1315,4 

 

Cs[Dy(NO3)4(H2O)2]ĀH2O 

 

ʤʦʥʦʢʣʽʥ. 2/m 
 

P21/n 

 

4 

10,859(3) 

11,217(4) 

11,887(3)  108,55(2) 

1372,6 
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ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʦʜʫʢ-

ʪʽʚ ʧʝʨʝʨʦʙʣʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʡ 

ʭʘʨʘʢʪʝʨ ʧʝʨʝʪʚʦʨʝʥʴ, ʾʭ ʩʪʘʜʽʡʥʽʩʪʴ, ʨʦʟʨʦʙʣʷʪʠ ʨʝʛ-

ʣʘʤʝʥʪʠ ʽ ʨʝʞʠʤʠ ʬʦʨʤʫʚʘʥʥʷ, ʧʨʦʚʦʜʠʪʠ ʢʝʨʦʚʘʥʠʡ 

ʩʠʥʪʝʟ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʥʢʨʝʪʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʚʠ-

ʙʠʨʘʪʠ ʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʩʧʦʩʦʙʫ ʧʝʨʝʨʦʙʣʝʥʥʷ. 

ʇʨʠʢʣʘʜʠ ʬʦʨʤʫʚʘʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦ-ʘʢʪʠʚʥʠʭ ʧʝ-

ʨʦʚʩʢʽʪʦʧʦʜʽʙʥʠʭ ʬʘʟ, ʦʧʠʩʘʥʽ ʫ ʨʦʙʦʪʘʭ [11, 14, 20], 

ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʶʪʴ ʮʽʥʥʽʩʪʴ ʦʜʝʨʞʘʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʥʴ 

ʧʨʦ ʧʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʩʠʩʪʝʤʘʭ ʈɿɽ-ʚʤʽʩʥʠʭ ʥʽʪ-

ʨʘʪʥʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ ʽ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʨʘʟʢʽʚ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʥʽʪʨʘʪʽʚ Ln ʜʣʷ ʟô̫ ʩʫʚʘʥʥʷ 

ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʤʽʞ ʩʧʦʩʦʙʦʤ ʧʨʠʛʦʪʫʚʘʥʥʷ, ʚʘʨʽʘʪʠʚ-

ʥʽʩʪʶ ʤʝʪʦʜʫ ʘʢʪʠʚʘʮʽʾ ʩʠʩʪʝʤ, ʤʝʪʦʜʦʣʦʛʽʻʶ ʚʠʛʦʪʦ-

ʚʣʝʥʥʷ ʽ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ, ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʽʪʦʢ, ʚʝ-

ʣʠʯʠʥʦʶ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʤʦʨʬʦʣʦʛʽʻʶ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥʦʢ, ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʟʨʘʟʢʽʚ ʚ ʨʝʘʢʮʽʷʭ 

ʥʝʧʦʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʚʦʜʽʚ ʪʘ ʽʥʰʠʭ ʩʬʝʨʘʭ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ. ʅʘʢʦʧʠʯʝʥʽ ʚʽʜʦʤʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʛʣʠʙʰʝ 

ʨʦʟʽʙʨʘʪʠʩʷ ʚ ʤʝʭʘʥʽʟʤʘʭ ʧʨʦʮʝʩʽʚ ʽ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʽ ʧʝʨʦʚʩʢʽʪʦʧʦʜʽʙʥʽ 

ʩʧʦʣʫʢʠ ʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʷʢ ʧʨʝʢʫʨʩʦʨʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʰʠʭ ʧʝʨʦʚʩʢʽʪʦʧʦʜʽʙʥʠʭ ʬʘʟ ʰʣʷʭʦʤ 

ʨʝʘʢʮʽʡ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʱʦ ʤʦʞʝ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʚʘʪʠ 

ʧʨʦʮʝʜʫʨʠ ʩʠʥʪʝʟʫ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

ɺʠʩʥʦʚʢʠ. 

1. ʂʦʤʧʣʝʢʩʥʠʤ ʩʠʩʪʝʤʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʟʘʻ-

ʤʦʜʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤʘʭ ʥʽʪʨʘʪʽʚ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʽ ɯɸ ʝʣʝʤʝʥʪʽʚ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ï ʧʨʝʢʫʨʩʦʨʽʚ ʩʫʯʘʩʥʠʭ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʦʢʩʠʜ-

ʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ï  ʚʩʪʘʥʦ-

ʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷ ʮʽʣʦʛʦ ʢʣʘʩʫ ʣʫʞʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʥʽʪʨʘʪʽʚ ʣʘʥʪʘʥʦʾʜʽʚ. ʋʩʽ ʚʦʥʠ ʩʠʥʪʝʟʦʚʘʥʽ ʚ ʤʦʥʦʢʨʠ-

ʩʪʘʣʽʯʥʦʤʫ ʚʠʜʽ ʽ ʚʩʝʙʽʯʥʦ ʚʠʚʯʝʥʽ. ɿô̫ ʩʦʚʘʥʽ 

ʦʙô̒ ʢʪʠʚʥʽ ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʙʫʜʦʚʠ 

ʮʴʦʛʦ ʪʠʧʫ ʩʧʦʣʫʢ ʧʦʛʣʠʙʣʶʶʪʴ ʨʦʟʫʤʽʥʥʷ ʧʨʦ:  

ï ʭʽʤʽʯʥʽ ʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ Ln, ʾʭ ʢʦʤʧʣʝʩʦʫʪ-

ʚʦʨʚʁʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ,  

ï ʤʦʞʣʠʚʽʩʪʴ  ʫʪʚʦʨʝʥʥʷ ʡ ʽʩʥʫʚʘʥʥʷ ʚ ʘʥʘʣʦʛʽʯ-
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ʽʦʥʽʚ Ln
3+
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ɽʃɽʂʊʈʆʍɯʄɯʏʅʆɻʆ ʉʀʅʊɽɿʋ ʇɽʈʆʂʉʀʆʎʊʆɺʆɰ ʂʀʉʃʆʊʀ 
 

ʇʝʨʦʢʩʠʦʮʪʦʚʘ ʢʠʩʣʦʪʘ ī ʮʝ ʩʠʣʴʥʠʡ ʜʝʟʽʥʬʝʢʪʘʥʪ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʝʟʽʥʬʽʢʫʶʯʠʡ ʽ 
ʧʨʦʪʠʤʽʢʨʦʙʥʠʡ ʟʘʩʽʙ. ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʦʢʩʠʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ: ʚʽʜʩʫʪʥʽ ʩʪʽʡʢʽ ʪʦʢʩʠʯʥʽ ʧʦʭʽʜʥʽ, ʥʝʟʥʘʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʅ, ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʪʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʢʦʥʪʘʢʪʫ. ɺ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʦʜʝʨʞʫʶʪʴ ʭʽʤʽʯʥʠʤ ʩʠʥʪʝʟʦʤ, ʧʨʦʪʝ ʚʽʥ ʤʘʻ ʙʝʟʣʽʯ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ. ɿʘ-
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ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ, ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʤʦʪʦʨʽʚ 
ʫʪʚʦʨʝʥʥʷ ʧʝʨʦʢʩʦ-ʛʨʫʧ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʘʥʽʦʥʠ, ʘʜʩʦʨʙʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʪʠʥʦʚʦʛʦ 

ʝʣʝʢʪʨʦʜʫ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʰʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. ʄʝʪʦʜʦʤ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʜʦ-

ʙʘʚʦʢ ʽʦʥʽʚ CNSï, Iï, Clï, Brï ʥʘ ʢʽʥʝʪʠʢʫ ʘʥʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 3 ʤʦʣʴ/ʜʤ3 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ3 ʅ2SO4 ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ 
ʝʣʝʢʪʨʦʜʽ. ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʜʦʙʘʚʦʢ ʽʦʥʽʚ CNSï, Iï, Clï, Brï ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʤʽʱʝʥʦʛʦ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ī ʚʠʜʽ-

ʣʝʥʥʷ ʢʠʩʥʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʦʢ (CNSï, Iï, Clï, Brï) ʚ ʜʽʘʧʘʟʦʥʽ 0,001é0,1 ʤʦʣʴ/ʜʤ3 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʞʥʦʾ 

ʘʜʩʦʨʙʮʽʾ ʚʚʝʜʝʥʠʭ ʽʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʪʠʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ. ɼʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʙʘʚʢʠ ʽʦʥʽʚ Iï, Clï, Brï ʜʦ ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʝʣʝʢʪ-
ʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʝʨʦʢʩʠʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, ʙʦ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʜʦʩʷʛʥʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 

(1,4 2,1  %). ɼʦʙʘʚʢʘ ʽʦʥʽʚ CNSï ʥʝ ʝʬʝʢʪʠʚʥʘ, ʾʾ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʝʨʦʢʩʠʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ ʧʝʨʦʢʩʠʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʜʽʘʧʘ-
ʟʦʥʽ ʧʦʪʝʥʮʽʘʣʽʚ 2,4é2,7 ɺ ʪʘ ʚ ʜʽʘʧʘʟʦʥʽ ʛʫʩʪʠʥ ʩʪʨʫʤʫ 500é3500 ɸ/ʤ2. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʮʽʣʴʦ-

ʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

  ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʨʦʢʩʠʦʮʪʦʚʘ ʢʠʩʣʦʪʘ, ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ, ʩʫʣʴʬʘʪʥʘ ʢʠʩʣʦʪʘ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ, ʧʨʦʤʦʪʦʨʠ, ʧʣʘʪʠʥʦʚʠʡ ʘʥʦʜ. 
 

 

ʊ. ɸ. ɹɽʃʆʋʉ, ɸ. ɻ. ʊʋʃʔʉʂɸʗ, ʀ. ʍ. ʐɸʍʀʅ, ʉ. ɸ. ʉɸʄʆʁʃɽʅʂʆ 

ʆɹʆʉʅʆɺɸʅʀɽ ɺʀɹʆʈɸ ʇʈʆʄʆʊʆʈʆɺ ʆɹʈɸɿʆɺɸʅʀʗ ʇɽʈʆʂʉʆ-ɻʈʋʇʇ ɼʃʗ 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆɻʆ ʉʀʅʊɽɿɸ ʇɽʈʆʂʉʀʋʂʉʋʉʅʆʁ ʂʀʉʃʆʊʓ 
 

ʇʝʨʦʢʩʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ī ʵʪʦ ʩʠʣʴʥʳʡ ʜʝʟʠʥʬʝʢʪʘʥʪ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʝʟʠʥʬʠʮʠʨʫʶ-

ʱʝʝ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʝ ʩʨʝʜʩʪʚʦ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ: ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʦʡʢʠʝ ʪʦʢʩʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, 
ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʅ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʝʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦʣʫʯʘʶʪ ʭʠʤʠʯʝʩʢʠʤ 

ʩʠʥʪʝʟʦʤ, ʥʦ ʦʥ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʝʨʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʥʝʧʦʩ-

ʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʩʢʣʶʯʘʝʪ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʭʨʘʥʝʥʠʝʤ. ʇʨʦʜʝʤʦʥʩʪ-
ʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʝʨʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʦʪʦʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʦʢʩʦ-ʛʨʫʧʧ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ 
ʧʦ ʪʦʢʫ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʦʥʳ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʚʣʠʷʶʪ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʥʦ-

ʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʄʝʪʦʜʦʤ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʠʦʥʦʚ CNSï, Iï, Clï, Brï ʥʘ 

ʢʠʥʝʪʠʢʫ ʘʥʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 3 ʤʦʣɹ/ʜʤ3 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ3 ʅ2SO4 ʥʘ ʧʣʘʪʠʥʦʚʦʤ ʵʣʝʢʪʨʦʜʝ. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ 
ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʙʘʚʦʢ ʠʦʥʦʚ CNSï, Iï, Clï, Brï ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʩʦʚʤʝʱʝʥʥʦʛʦ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ī ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʦʢ (CNSï, Iï, Clï, Brï) ʚ ʜʠʘʧʘʟʦʥʝ 0,001é0,1 ʤʦʣʴ/ʜʤ3 ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ ʚʚʝ-

ʜʝʥʥʳʭ ʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʙʘʚʢʠ ʠʦʥʦʚ Iï, Clï, Brï ʢ ʵʣʝʢʪʨʦʣʠʪʫ ʜʣʷ ʵʣʝʢʪʨʦʭʠ-
ʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʝʨʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʦʩʪʠʞʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʭʦʜʘ ʧʦ ʪʦʢʫ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

(1,4 2,1  %). ɼʦʙʘʚʢʘ ʠʦʥʦʚ CNSï ʥʝ ʵʬʬʝʢʪʠʚʥʘ, ʝʝ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʝʨʦʢʩʠʫʢʩʫʩʫʥʦʡ ʢʠʩʣʦ-

ʪʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʧʦ ʪʦʢʫ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʝʨʦʢʩʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦ-
ʚʦʜʠʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ 2,4é2,7 ɺ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ 500é3500 ɸ/ʤ2. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʥɹʳʡ ʚʳʭʦʜ ʧʦ 

ʪʦʢʫ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʦʢʩʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʧʨʦʤʦʪʦʨʳ, ʧʣʘʪʠʥʦʚʳʡ ʘʥʦʜ. 
 

 

T. A. BILOUS, A. G. TULSKAYA, I. H. CHAHINE, S. A. SAMOYLENKO 

JUSTIFICATION OF PRO MOTERS OF PEROXIDE-PARTICLES FORMATION  FOR 

ELECTROCHEMICAL  SYNTHESIS OF PEROXYACETIC ACID  
Peroxyacetic acid is a strong disinfectant with a wide spectrum of antimicrobial activity. It has been widely used in medical and hygiene fields, and 

disinfection of wastewater. The advantages of peroxyacetic acid are: no stable toxic derivates, the dependence on pH is unsignificant, efficiency and 

contact time are nondurable. Peroxyacetic acid is produced on an industrial scale by chemical synthesis. The output product requires specific storage 
conditions. Electrochemical methods of synthesis of peroxyacetic acid are divided into two directions: 1) production of ʈɸɸ by the cathodic 

generation of hydrogen peroxide with the presence of acetic acid; 2) production peroxyacetic acid through the anodic oxidation. The advantages of 

electrochemical synthesis are production of peroxyacetic acid directly ñin situò and synthesis of diluted peroxyacetic acid and acetic acid. However, 
the concentration of peroxyacetic acid is lower comparing to the chemical synthesis, which can be defined as a disadvantage. The need for application 

of peroxide promoters for increasing the current efficiency has been justified. It has been shown the anions that have been adsorbed on the platinum 

surface have a great impact on the anodic selectivity and speed of oxygen providing. The influence of CNSï, Iï, Clï, Brï on the anode kinetics in 
3 mol/dm3 ʉʅ3ʉʆʆʅ + 0,5 mol/dm3 ʅ2SO4 solution has been studied by voltammetry on platinum surface. Addition of CNSï, Iï, Clï, Brï leads to 

decreasing of combined anode process ï oxygen providing. It has been shown that increasing of CNSï, Iï, Clï, Brï concentration in range 
0,001é0,1 mol/dm3 leads to the primary adsorption of these ions on the platinum surface. The addition of Iï, Clï, Brï for electrochemical synthesis of 

peroxyacetic acid is quietly reasonable. They are supposed to encourage the current efficiency (1,42,1  %). The addition of CNSï is non-reasonable 

due to the decreasing of current efficiency. Electrochemical synthesis of peroxyacetic acid should be performed in the range of potential from 2,4 to 
2,7 V in the range of current density from 500 to 3500 A/m2 which corresponds to the maximum current output. 

  Keywords: peroxyacetic acid, acetic acid, sulfuric acid, electrochemical synthesis, promoters, platinum anode. 

   É ʊ. ɸ. ɹʽʣʦʫʩ, ɸ. ɻ. ʊʫʣʴʩʴʢʘ, ɯ. ʍ. ʐʘʭʽʥ, ʉ. ʆ. ʉʘʤʦʡʣʝʥʢʦ, 2018 
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ɺʩʪʫʧ. ʇʝʨʦʢʩʠʦʮʪʦʚʘ ʢʠʩʣʦʪʘ (ʇʆʆʂ) ī ʮʝ ʩʠ-

ʣʴʥʠʡ ʜʝʟʽʥʬʝʢʪʘʥʪ ʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʥʪʠʤʽʢʨʦʙ-

ʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɹʘʢʪʝʨʠʮʠʜʥʘ ʪʘ ʩʧʦʨʦʮʠʜʥʘ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʇʆʆʂ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ 0,0010,3  %, ʘ 

ʥʘʧʨʠʢʣʘʜ, ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ī ʚʽʜʧʦʚʽʜʥʦ 13  %. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʝʟʽʥʬʽʢʫʶʯʠʡ ʽ ʧʨʦʪʠʤʽʢʨʦʙ-

ʥʠʡ ʟʘʩʽʙ ʚ ʤʝʜʠʮʠʥʽ ʪʘ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʣʷ 

ʜʝʟʽʥʬʝʢʮʽʾ ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢ ʧʘʩʪʝʨʠʟʘʪʦʨ ʥʘ ʧʠʚʦʚʘʨ-

ʥʷʭ ʪʘ ʚʠʥʥʠʭ ʟʘʚʦʜʘʭ, ʷʢ ʚʠʙʽʣʶʚʘʣʴʥʠʡ ʘʛʝʥʪ ʚ ʮʝ-

ʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʦʤʫ ʪʘ ʪʝʢʩʪʠʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʩʠʥʪʝʟʫ ʝʧʦʢʩʠʜʥʠʭ ʟô̒ ʜʥʘʥʴ ʽ ʪ.ʧ. 

ʇʝʨʝʚʘʛʠ ʇʆʆʂ: ʚʽʜʩʫʪʥʽ ʩʪʽʡʢʽ ʪʦʢʩʠʯʥʽ ʧʦʭʽʜʥʽ, ʥʝ-

ʟʥʘʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʅ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʢʦʨʦʪʢʠʡ 

ʯʘʩ ʢʦʥʪʘʢʪʫ. ʐʠʨʦʢʦʤʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ ʧʝʨʝʰʢʦ-

ʜʞʘʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʇʆʆʂ ʧʦʚô̫ ʟʘʥʘ ʟ ʦʙʤʝʞʝʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʥʝʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʟʙʝʨʽʛʘʥʥʷ. 

ɺ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʇʆʆʂ ʦʜʝʨʞʫʶʪʴ ʭʽ-

ʤʽʯʥʠʤ ʩʠʥʪʝʟʦʤ, ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ 

ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʥʶ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʫ. ɺ ʷʢʦʩʪʽ ʢʠʩ-

ʣʦʪʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʅ2SO4 [1]. ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʇʆʆʂ ʭʽʤʽʯʥʠʤ ʩʧʦʩʦ-

ʙʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ ʧʝʨʦʢʩʠʜʫ ʚʦ-

ʜʥʶ, ʘ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʙʽ-

ʣʽʟʘʪʦʨʽʚ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

ʇʆʆʂ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʠ-

ʢʣʶʯʘʻ ʚʠʪʨʘʪʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʭʽʤʽʯʥʠʤ ʩʠʥʪʝʟʦʤ, ʪʨʘʥʩ-

ʧʦʨʪʫʚʘʥʥʷʤ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ, ʢʠʩʣʦʪʘ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫ 

ʢʽʣʴʢʦʩʪʽ, ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ [2ī4]. 

ɸʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʩʠʥʪʝʟʫ ʇʆʆʂ ʻ ʧʦʰʫʢ ʧʨʦʤʦʪʦʨʽʚ ʫʪʚʦʨʝʥʥʷ ʧʝʨʦʢ-

ʩʦ-ʛʨʫʧ ʪʘ ʷʢ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʟʘ 

ʩʪʨʫʤʦʤ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʽʜʦʤʦ, ʱʦ ʘʥʽʦʥʠ, ʘʜ-

ʩʦʨʙʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʪʠʥʠ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʝʣʝʢ-

ʪʠʚʥʽʩʪʴ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʰʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʥʷ ʢʠ-

ʩʥʶ. ʊʦʤʫ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʨʦʜʘʥʽʜ- [5] ʪʘ ʛʘʣʦʛʝʥ-ʽʦʥʽʚ ʥʘ ʢʽʥʝ-

ʪʠʢʫ ʘʥʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʦʮʪʦʚʦʾ ʢʠ-

ʩʣʦʪʠ. ʊʠʤ ʙʽʣʴʰ, ʱʦ Cl
ï
 ʪʘ F

ï
 ʷʚʣʷʶʪʴʩʷ ʧʨʦʤʦʪʦʨʘ-

ʤʠ ʧʨʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʧʝʨʦʢʩʠʜʠ-

ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʾʾ ʩʦʣʝʡ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɼʦʩʣʽʜʠʪʠ ʚʣʠʚ ʨʦʜʘʥʽʜ- ʪʘ ʛʘʣʦ-

ʛʝʥ-ʽʦʥʽʚ ʥʘ ʢʽʥʝʪʠʢʫ ʘʥʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʚʦʜʥʦʤʫ ʨʦ-

ʟʯʠʥʽ 3 ʤʦʣʴ/ʜʤ
3
 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ

3
 ʅ2SO4. ʅʘ 

ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʫʚʘʪʠ 

ʩʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴ-

ʥʠʡ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʇʆʆʂ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɽʣʝʢʪʨʦʣʽʪʠ ʛʦʪʫʚʘʣʠ ʟ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʦʮʪʦʚʦʾ ʪʘ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪ ʤʘʨʢʠ çʭʯè. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʫʚʘʣʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʈ-45ʍ. ʐʚʠʜʢʽʩʪʴ ʨʦʟʛʦʨʪʢʠ ʧʦ-

ʪʝʥʮʽʘʣʫ 10 ʤɺ/ʩ. 

ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʚʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠ ʚ ʝʣʝʢʪʨʦʭʽʤʽ-

ʯʥʽʡ ʢʦʤʽʨʮʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 284é287 ʂ. ɺ ʷʢʦʩʪʽ 

ʘʥʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʣʘʪʠʥʦʚʠʡ ʜʠʩʢ ʟ ʨʦʙʦʯʦʶ 

ʧʦʚʝʨʭʥʝʶ 1,13 ʩʤ
2
. ɼʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ ī ʧʣʘʪʠʥʘ. 

ɽʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ī ʭʣʦʨʠʜ-ʩʨʽʙʥʠʡ, ʧʽʜʚʝʜʝʥʠʡ ʜʦ 

ʧʦʚʝʨʭʥʽ ʘʥʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʣʷʥʦʛʦ ʢʣʶʯʘ. ɺʩʽ 

ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʽʜʥʦʩʥʦ ʚʦʜʥʝʚʦ-

ʛʦ ʝʣʝʢʪʨʦʜʫ. 

ɽʣʝʢʪʨʦʣʽʟ ʧʨʦʚʦʜʠʣʠ ʚ ʝʣʝʢʪʨʦʣʽʟʝʨʽ ʟ ʨʦʟʜʽʣʝʥ-

ʥʷʤ ʢʘʪʦʜʥʦʛʦ ʽ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʽʘʬʨʘʛʤʦʶ ʟ ʧʦ-

ʣʽʚʽʥʽʣʭʣʦʨʠʜʫ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʝʣʝʢʪʨʦʣʽʪʫ ʩʢʣʘʜʘʣʘ 

10 ʤʤ. ɿʘʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʝʣʝʢʪʨʦʣʽʪʫ ʧʽʜʪʨʠʤʫʚʘʣʠ 

ʰʣʷʭʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʧʨʦʪʦʯʥʦʾ ʚʦʜʠ (278é281 ʂ) 

ʯʝʨʝʟ ʦʭʦʣʦʜʞʫʶʯʫ ʢʘʤʝʨʫ ʝʣʝʢʪʨʦʣʽʟʝʨʫ. ɼʞʝʨʝʣʦ 

ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ɹ5-46. ɸʥʦʜ ī ʧʣʘʪʠʥʘ, ʟ 

ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ 17,5 ʩʤ
2
. ɼʦʧʦʤʽʞʥʠʡ ʝʣʝʢʪʨʦʜ ī 

12ʍ18ʅ10ʊ. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʥʘʧʨʘʮʴʦʚʘʥʦʾ ʇʆʆʂ ʚʠʟʥʘʯʘʣʠ 

ʤʝʪʦʜʦʤ ʡʦʜʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. 
ʅʘʧʨʷʤʦʢ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʨʦʟʯʠʥʘʭ ʘʮʝʪʘʪʽʚ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝ-

ʩʫ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʤʘʶʪʴ: ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ, ʤʘʪʝʨ̔ -

ʘʣ ʘʥʦʜʫ, ʧʦʪʝʥʮʽʘʣ ʘʥʦʜʫ, ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʷʚʥʽʩʪʴ ʚ 

ʩʢʣʘʜʽ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʦʤʦʪʦʨʽʚ ʪʘ ʽʥʛʙ̔ʽʪʦʨʽʚ [2ī4]. 

ʇʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʣʠʚʝ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽ-

ʯʥʦʛʦ ʩʠʥʪʝʟʫ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʇʆʆʂ) ʙʝʟ ʫʯʘʩʪʽ 

ʧʦʙʽʯʥʠʭ ʩʫʤʽʱʝʥʠʭ ʧʨʦʮʝʩʽʚ [2ī4]. ʄʘʶʯʠ ʟʘ ʤʝʪʫ 

ʛʘʣʴʤʫʚʘʥʥʷ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ 

ʧʨʦʮʝʩ ʝʣʝʢʪʨʦʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʦʜʥʠʭ ʤʘʪʝʨʽʘ-

ʣʽʚ ʟ ʚʠʩʦʢʦʶ ʧʝʨʝʥʘʧʨʫʛʦʶ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ, ʚ ʢʦʥ-

ʮʝʥʪʨʦʚʘʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, ʟ ʜʦ-

ʙʘʚʢʘʤʠ ʧʨʦʤʦʪʦʨʽʚ ʫʪʚʦʨʝʥʥʷ ʧʝʨʦʢʩʦ-ʛʨʫʧ [2ī4]. 

ɺʠʩʦʢʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʝʣʝʢʪʨʦʣʽʪʫ 

(ʢ = 0,6é1,6 Ā 10
-3
 ʉʤ/ʩʤ ʧʨʠ 288 ʂ) ʷʚʣʷʻʪʴʩʷ ʦʜʥʽʻʶ 

ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʝʣʝʢʪʨʦʣʽʟʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʦʮ-

ʪʦʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʟʘʚʘʞʘʻ ʜʦʩʷʛʥʝʥʥʶ ʧʦʪʝʥʮʽʘʣʽʚ 

ʫʪʚʦʨʝʥʥʷ ʇʆʆʂ. ʅʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʮʷ ʧʨʦʙʣʝʤʘ ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʚʚʝʜʝʥʥʷʤ ʜʦ ʩʢʣʘʜʫ ʝʣʝ-

ʢʪʨʦʣʽʪʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʾ ʜʦʙʘʚʢʠ H2SO4 ʚ ʢʽʣʴʢʦʩʪʽ 

0,5 ʤʦʣʴ/ʩʤ
3
 [4]. 

ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʜʣʷ 

3 ʤʦʣʴ/ʜʤ
3
 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ

3
 ʅ2SO4 ʟ ʜʦʙʘʚ-

ʢʘʤʠ ʽʦʥʽʚ: CNS
ï
, I
ï
, Cl

ï
, Br

ï
. ɼʦʙʘʚʢʘ ʽʦʥʽʚ ʟʜʽʡʩʥʶ-

ʚʘʣʘʩʴ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚ ʝʣʝʢʪʨʦʣʽʪ ʚʽʜʧʦʚʽʜʥʠʭ ʩʦ-

ʣʝʡ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʚʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʧʣʦʩʢʦʤʫ ʧʣʘʪʠʥʦʚʦʤʫ ʘʥʦʜʽ ʟ ʽʟʦʣʴʦʚʘʥʦʶ ʪʠʣʴ-

ʥʦʶ ʪʘ ʪʦʨʮʝʚʠʤʠ ʩʪʦʨʦʥʘʤʠ. ʇʣʘʪʠʥʦʚʠʡ ʘʥʦʜ ʙʫʣʦ 

ʦʙʨʘʥʦ ʯʝʨʝʟ ʚʠʩʦʢʫ ʧʝʨʝʥʘʧʨʫʛʫ ʧʨʦʪʽʢʘʥʥʷ ʧʦʙʽʯʥʦ-

ʛʦ ʧʨʦʮʝʩʫ ī ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. ʊʘʢʦʞ ʢʽʥʝʪʠʢʘ ʘʥʦʜ-

ʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʧʣʘʪʠʥʽ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʜʦʙʨʝ ʜʦ-

ʩʣʽʜʞʝʥʘ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʅ ʪʘ ʧʦʪʝʥʮʽʘʣʽʚ 

[2ī4]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 1) ʚʢʘʟʫʶʪʴ ʥʘ ʚʧʣʠʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ CNS
ï
 ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʘʥʦʜ-

ʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʣʘʪʠʥʽ. ɼʦʙʘʚʢʘ NH4CNS ʚ ʢʽʣʴʢʦʩʪʽ 

0,001 ʤʦʣʴ/ʜʤ
3
 ʛʘʣʴʤʫʻ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ ʚ ʫʩʴʦʤʫ ʽʥ-

ʪʝʨʚʘʣʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʫʩʪʠʥ ʩʪʨʫʤʫ (ʨʠʩ. 1, ʣʽʥʽʷ 2). 

ʇʨʠ ʮʴʦʤʫ ʥʘʭʠʣ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʧʦʣʷʨʠʟʘʮʽʡ-

ʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʤʝʥʰʠʚʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʟʘ-

ʣʝʞʥʽʩʪʶ ʜʣʷ ʝʣʝʢʪʨʦʣʽʪʫ ʙʝʟ ʜʦʙʘʚʢʠ CNS
ï
. ɻʘʣʴʤʫ-

ʚʘʥʥʷ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ ʥʘ ʧʣʘʪʠʥʽ ʧʨʠ ʥʠʟʴʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ NH4CNS ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʩʧʝʮʠʬʽʯʥʦʶ 

ʘʜʩʦʨʙʮʽʻʶ CNS
ï
 ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ NH4CNS ʜʦ 

0,01 ʤʦʣʴ/ʜʤ
3
 ʪʘ ʜʘʣʽ (ʨʠʩ. 1) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʞ-

ʥʦʾ ʘʜʩʦʨʙʮʽʾ CNS
ï
 ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʪʘ 

ʟʥʠʞʝʥʥʶ ʧʦʣʷʨʠʟʘʮʽʾ ʘʥʦʜʫ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ, ʱʦ ʚʽ-

ʜʧʦʚʽʜʘʶʪʴ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. ʇʨʷʤʦʣʽʥʽʡʥʘ 
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ʜʽʣʷʥʢʘ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 0,7é1,0 ɺ ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 3 

ʪʘ 4 ʥʘ ʨʠʩʫʥʢʫ 2 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ-

ʛʦ ʦʢʠʩʥʝʥʥʷ CNS
ï
 ʧʦ ʥʘʩʪʫʧʥʦʤʫ ʤʝʭʘʥʽʟʤʫ (ʚ ʢʠʩ-

ʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ): 

e)SCN(PtOPtPtOPtSCN ʘʜʩ ;        (1)  

 
ʘʜʩ 2

2
ʘʜʩ 4

Pt PtO(SCN) 4H O

Pt PtO(CN) SO 8H 6e
.  (2) 

  
ʈʠʩ. 1 ï ɺʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ 

ʦʪʨʠʤʘʥʽ ʚ 3 ʤʦʣʴ/ʜʤ3 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ3 H2SO4  

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʙʘʚʢʠ CNSï, ʤʦʣʴ/ʜʤ3: 1 ī 0; 2 ī 0,001; 

3 ī 0,01; 4 ī 0,1 

 

ʉʪʘʜʽʷ (1) ʧʨʦʪʽʢʘʻ ʰʚʠʜʢʦ, ʘ ʩʪʘʜʽʷ (2) ī ʧʦʚʽʣʴ-

ʥʦ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʦʢʠʩʥʝʥʥʷ 

CNS
ï
 ʧʦ ʜʘʥʦʤʫ ʤʝʭʘʥʽʟʤʫ ʤʦʞʣʠʚʦ ʣʠʰʝ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (> 10
ï3

 ʤʦʣʴ/ʜʤ
3
) ʨʦʜʘʥʽʜʽʚ [6]. 

ʇʨʷʤʦʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 2.5é3 ɺ 

ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 1é4 ʥʘ ʨʠʩʫʥʢʫ 1 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝ-

ʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʇʆʆʂ [2ī4]. ʈʦʙʦʯʽ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

1000é4000 ɸ/ʤ
2
. 

ʈʠʩʫʥʦʢ 2 ʚʢʘʟʫʻ ʥʘ ʚʣʠʧ ʢʦʥʮʝʥʪʨʘʮʽʾ I
ï
 ʚ ʝʣʝʢʪ-

ʨʦʣʽʪʽ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʘʥʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʣʘʪʠʥʽ. ɼʦ-

ʙʘʚʢʘ ʂɯ ʚ ʢʽʣʴʢʦʩʪʽ 0,001 ʤʦʣʴ/ʜʤ
3
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘ-

ʣʴʤʫʚʘʥʥʷ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ ʚ ʫʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʫʩʪʠʥ ʩʪʨʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʠʬʽʯʥʦʾ 

ʘʜʩʦʨʙʮʽʾ I
ï
 ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ (ʨʠʩ. 2, 

ʣʽʥʽʷ 2). 

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʂɯ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʧʝʨʝʚʘʞʥʦʾ ʘʜʩʦʨʙʮʽʾ I
ï
 ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ʪʘ ʟʥʠʞʝʥʥʶ ʧʦʣʷʨʠʟʘʮʽʾ ʘʥʦʜʫ ʧʨʠ ʧʦʪʝʥ-

ʮʽʘʣʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. 

ʇʨʷʤʦʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 1,1é1,4 ɺ ʪʘ 

1,6é2,1 ɺ ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 3 ʪʘ 4 ʥʘ ʨʠʩʫʥʢʫ 2 ʚʽʜʧʦ-

ʚʽʜʘʶʪʴ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ I
ï
 ʧʦ ʥʘ-

ʩʪʫʧʥʦʤʫ ʤʝʭʘʥʽʟʤʫ (ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱ)̔: 

 

  e3II3 3 , (3) 

  536,0E
3II

; 

  e2I3I3 23 , (4) 

  789,0E
23 II

; 

  e10H12IO2OH6I 322 ,  (5) 

  pH0709,0178,1E
32 IOI

; 

   e2H2IOOHIO 423 ,   (6) 

  pH0591,0653,1E
43 IOIO

. 

ɿʛʽʜʥʦ ʧʨʠʚʝʜʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʪʘʜʽʾ (3) ʪʘ (4) 

ʧʨʦʪʽʢʘʶʪʴ ʰʚʠʜʢʦ, ʩʪʘʜʽʾ (5) ʪʘ (6) ī ʧʦʚʽʣʴʥʦ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʂɯ ӕ 0,1 ʤʦʣʴ/ʜʤ
3
 ʧʦʚʽʣʴʥʦ ʧʨʦʪʽʢʘʻ 

ʣʠʰʝ ʩʪʘʜʽʷ (6). 

ʇʨʷʤʦʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 2,3é2,8 ɺ 

ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 1é4 ʥʘ ʨʠʩʫʥʢʫ 2 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝ-

ʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʇʆʆʂ [2ī4], ʨʦʙʦʯʽ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

500é3500 ɸ/ʤ
2
. 

 
ʈʠʩ. 2 ï ɺʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ 

ʦʪʨʠʤʘʥʽ ʚ 3 ʤʦʣʴ/ʜʤ3 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ3 H2SO4  

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʙʘʚʢʠ ɯï, ʤʦʣʴ/ʜʤ3: 1 ī 0; 2 ī 0,001; 

3 ī 0,01; 4 ī 0,1. 

 

ʈʠʩʫʥʦʢ 3 ʚʢʘʟʫʻ ʥʘ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ Cl
ï
 ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʘʥʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʣʘʪʠ-

ʥʽ. ɼʦʙʘʚʢʘ KCl ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

0,001é0,1 ʤʦʣʴ/ʜʤ
3
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʞʥʦʾ ʘʜʩʦʨ-

ʙʮʽʾ Cl
ï
 ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʪʘ ʟʥʠʞʝʥʥʶ 

ʧʦʣʷʨʠʟʘʮʽʾ ʘʥʦʜʫ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. ʇʨʷʤʦʣʥ̔ʽʡʥʘ ʜʽʣʷʥʢʘ ʧʨʠ 

ʧʦʪʝʥʮʽʘʣʘʭ 1,2é1,7 ɺ ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 2é4 ʥʘ ʨʠ-

ʩʫʥʢʫ 3 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʢʠʩ-

ʥʝʥʥʷ Cl
ï
 ʧʦ ʥʘʩʪʫʧʥʦʤʫ ʤʝʭʘʥʽʟʤʫ (ʚ ʢʠʩʣʦʤʫ ʩʝʨʝ-

ʜʦʚʠɦ )̔: 

  e2ClCl2 2 ,   (7) 

  359,1E
2ClCl

; 

  e14H16ClO2OH8Cl 422 ,  8) 

  pH0675,0389,1E
42 ClOCl

. 

ʇʨʷʤʦʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 2,5é2,8 ɺ 

ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 1é4 ʥʘ ʨʠʩʫʥʢʫ 3 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝ-

ʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʇʆʆʂ [2 ī 4], ʨʦʙʦʯʽ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

500é3500 ɸ/ʤ
2
. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʡʤʝʥʰʠʡ ʥʘ-

ʭʠʣ ʜʘʥʦʾ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʩʧʦʩʪʝʨʛ̔ʘʻʪʴʩʷ ʜʣʷ 

ʟʘʣʝʞʥʦʩʪʽ 2 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʥʘ ʨʠʩʫʥʢʫ 3. 
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ʈʠʩʫʥʦʢ 4 ʚʢʘʟʫʻ ʥʘ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ Br
ï
 ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʘʥʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʣʘʪʠʥʽ. 

 
ʈʠʩ. 3 ï ɺʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ 

ʦʪʨʠʤʘʥʽ ʚ 3 ʤʦʣʴ/ʜʤ3 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ3 H2SO4  

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʙʘʚʢʠ Clï, ʤʦʣʴ/ʜʤ3: 1 ī 0; 2 ī 0,001; 

3 ī 0,01; 4 ī 0,1 

 
ʈʠʩ. 4 ï ɺʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ 

ʦʪʨʠʤʘʥʽ ʚ 3 ʤʦʣʴ/ʜʤ3 ʉʅ3ʉʆʆʅ + 0,5 ʤʦʣʴ/ʜʤ3 H2SO4 ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʙʘʚʢʠ Brï, ʤʦʣʴ/ʜʤ3: 1 ī 0; 2 ī 0,001; 

3 ī 0,01; 4 ī 0,1 

 

ɼʦʙʘʚʢʘ KBr ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

0,001é0,1 ʤʦʣʴ/ʜʤ
3
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʞʥʦʾ ʘʜʩʦʨ-

ʙʮʽʾ Br
ï
 ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʪʘ ʟʥʠʞʝʥʥʶ 

ʧʦʣʷʨʠʟʘʮʽʾ ʘʥʦʜʫ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. ʇʨʷʤʦʣʥ̔ʽʡʥʘ ʜʽʣʷʥʢʘ ʧʨʠ 

ʧʦʪʝʥʮʽʘʣʘʭ 1,3é1,8 ɺ ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 2é4 ʥʘ ʨʠ-

ʩʫʥʢʫ 4 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʢʠʩ-

ʥʝʥʥʷ Br
ï
 ʧʦ ʥʘʩʪʫʧʥʦʤʫ ʤʝʭʘʥʽʟʤʫ (ʚ ʢʠʩʣʦʤʫ ʩʝʨʝ-

ʜʦʚʠɦ )̔: 

  e2BrBr3 3 ,    (9) 

  051,1E
3BrBr

; 

  e2Br3Br2 23 , (10) 

  159,1E
23 BrBr

; 

  e10H12BrO2OH6Br3 322 ,  (11) 

  pH0709.0491,1E
32 BrOBr

. 

ʇʨʷʤʦʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 2.3é2.8 ɺ 

ʜʣʷ ʟʘʣʝʞʥʦʩʪʝʡ 1é4 ʥʘ ʨʠʩʫʥʢʫ 4 ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝ-

ʩʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʇʆʆʂ [2ī4], ʨʦʙʦʯʽ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

500é3500 ɸ/ʤ
2
. 

ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʜʦʙʘʚʦʢ ʽʦʥʽʚ 

CNS
ï
, I
ï
, Cl

ï
, Br

ï
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʣʴʤʫʚʘʥʥʷ ʘʥʦʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ī ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. ɿʙʽʣʴʰʝʥʥʷ ʘʥʦʜʥʦʛʦ ʧʦ-

ʪʝʥʮʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʘʜʩʦʨʙʮʽʾ ʥʘ ʧʦʚʝʨʭ-

ʥʽ ʧʣʘʪʠʥʦʚʦʛʦ ʘʥʦʜʫ ʚʚʝʜʝʥʠʭ ʘʥʽʦʥʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʯʠʩʣʘ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. ʉʣʽʜ ʟʘʫʚʘ-

ʞʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʦʢ (CNS
ï
, I
ï
, 

Cl
ï
, Br

ï
) ʚ ʜʽʘʧʘʟʦʥʽ 0,001é0,1 ʤʦʣʴ/ʜʤ

3
 ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʝʨʝʚʘʞʥʦʾ ʘʜʩʦʨʙʮʽʾ ʚʚʝʜʝʥʠʭ ʽʦʥʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʣʘʪʠʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ. 

ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ-

ʛʦ ʩʠʥʪʝʟʫ ʇʆʆʂ ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ 

(Űʝʣʝʢʪʨʦʣʽʟʫ = 30 ʭʚ). 

 
ʊʘʙʣʠʮʷ 1 ī ʈʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʇʆʆʂ ʥʘ 

ʧʣʘʪʠʥʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ 

ʉʢʣʘʜ ʝʣʝʢʪʨʦʣʽ-

ʪʫ, ʤʦʣʴ/ʜʤ3 

ɻʫʩʪʠʥʘ 

ʩʪʨʫʤʫ, 

ʤɸ/ʩʤ2 

ɺʠʭʽʜ ʟʘ 

ʩʪʨʫʤʦʤ 

ʅ2ʆ2,  % 

ɺʠʭʽʜ ʟʘ 

ʩʪʨʫʤʦʤ 

ʇʆʆʂ, 

 % 

ʉʇʆʆʂ, 

 % 

ɺʠʭʽʜʥʠʡ ʨʦʟʯʠʥ 

(ɺʈ): 

ʉʅ3ʉʆʆʅ ī 3 

H2SO4 ī 0,5 

280 0,40 1,42 0,09 

ɺʈ + 

0,001 NH4CNS 
280 0,34 1,21 0,08 

ɺʈ + 0,001 KI 280 0,32 1,75 0,12 

ɺʈ + 0,001 KCl 280 0,31 2,10 0,14 

ʀʈ + 0,001 KBr 280 0,26 1,43 0,11 

 

ɺ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʦ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʙʦʯʠʭ ʨʦʟʯʠʥʽʚ ʧʦ ʇʆʆʂ ʜʣʷ ʥʠʭ. 

 
ʊʘʙʣʠʮʷ 2 ī ʆʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʙʦʯʠʭ 

ʨʦʟʯʠʥʽʚ ʧʦ ʇʆʆʂ 

ʆʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʆʆʂ 
ʂʦʥʮʝʥʪʨʘʮʽʷ ʨʦʙʦʯʠʭ 

ʨʦʟʯʠʥʽʚ ʧʦ ʇʆʆʂ,  % 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʤʦʣʦʯʥʦʾ ʧʨʦʤʠ-

ʩʣʦʚʦʩʪʽ (ʜʝʟʽʥʬʝʢʮʽʷ) 
0,015é0,025 

ʇʨʠʤʽʱʝʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʧʪʘʭʦʧʝʨʝʨʦʙʥʦʛʦ ʮʝʭʫ (ʜʝʟʽʥ-

ʬʝʢʮʽʷ); ʪʫʰʢʠ ʧʪʘʭʽʚ, ʰʢʘʨʣʫ-

ʧʘ ʷʻʮʴ (ʟʥʠʞʝʥʥʷ ʤʽʢʨʦʙʥʦʾ 

ʟʘʙʨʫʜʥʝʥʦʩʪʽ) 

0,02é0,03 

ɺʠʨʦʙʠ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

(ʜʝʟʽʥʬʝʢʮʽʷ ʪʘ ʩʪʝʨʠʣʽʟʘʮʽʷ) 
0,1 

 

ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

(ʪʘʙʣ. 1) ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʥʘ ʚʠʭʽʜ ʟʘ ʩʪʨʫ-

ʤʦʤ ʇʆʆʂ ʥʘ ʧʣʘʪʠʥʦʚʦʤʫ ʘʥʦʜʽ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠ-

ʚʥʦʶ ʷʚʣʷʻʪʴʩʷ ʜʦʙʘʚʢʘ Cl
ï
, ʪʘʢ ʷʢ ʾʾ ʚʚʝʜʝʥʥʷ ʜʦ 

ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʩʧʨʠʷʻ ʜʦʩʷʛʥʝʥʥʶ ʤʘʢʩʠ-

ʤʘʣɹʥʦʛʦ ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʇʆʆʂ = 2,1 %. 

ɼʦʙʘʚʢʘ CNS
ï
 ʥʝ ʝʬʝʢʪʠʚʥʘ, ʙʦ ʾʾ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘ-

ʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʟʙʽʣʴʰʫʻ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥ ʩʪʨʫʤʫ ʧʨʠ ʷʢʠʭ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʇʆʆʂ, 

ʧʨʠ ʮʴʦʤʫ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʽʣʴʦʚʦʛʦ 
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ʧʨʦʜʫʢʪʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʟʤʽʥʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʣʝʢʪ-

ʨʦʣʽʪʦʤ ʙʝʟ ʜʦʙʘʚʦʢ (ʪʘʙʣ. 1). 

ʂʦʥʮʝʥʪʨʘʮʽʾ ʇʆʆʂ, ʦʜʝʨʞʘʥʽ ʧʨʠ ʝʣʝʢʪʨʦʭʽʤʯ̔-

ʥʦʤʫ ʩʠʥʪʝʟʽ (ʪʘʙʣ. 1), ʩʧʽʚʚʽʜʥʦʩʥʽ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʇʆʆʂ ʚ ʨʦʙʦʯʠʭ ʨʦʟʯʠʥʘʭ ʜʣʷ ʜʝʟʽʥʬʝʢʮʽʾ ʪʘ ʪ.ʧ. 

(ʪʘʙʣ. 2). 

ɺʠʩʥʦʚʢʠ. 

ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʇʆʆʂ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 0,080,14  %, ʱʦ ʻ ʜʦʩʪʘʪ-

ʥʽʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʜʦʙʘʚʦʢ ʽʦʥʽʚ 

CNS
ï
, I
ï
, Cl

ï
, Br

ï
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʣʴʤʫʚʘʥʥʷ ʩʫʤʽʱʝ-

ʥʦʛʦ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ī ʚʠʜʽʣʝʥʥʷ ʢʠʩʥʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʦʢ 

(CNS
ï
, I
ï
, Cl

ï
, Br

ï
) ʚ ʜʽʘʧʘʟʦʥʽ 0,001é0,1 ʤʦʣʴ/ʜʤ

3
 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʘʞʥʦʾ ʘʜʩʦʨʙʮʽʾ ʚʚʝʜʝʥʠʭ ʽʦʥʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʣʘʪʠʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ. 

ɼʦʙʘʚʢʘ CNS
ï
 ʥʝ ʝʬʝʢʪʠʚʥʘ, ʾʾ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘ-

ʜʫ ʝʣʝʢʪʨʦʣʽʪʫ ʟʙʽʣʴʰʫʻ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥ ʩʪʨʫʤʫ ʧʨʠ 

ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝ-

ʟʫ ʇʆʆʂ, ʧʨʠ ʮʴʦʤʫ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʪʘ ʢʦʥʮʝʥʪʨʘ-

ʮʽʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʟʤʽʥʥʠʤʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ ʙʝʟ ʜʦʙʘʚʦʢ. 

ɼʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʙʘʚʢʠ ʽʦʥʽʚ I
ï
, Cl

ï
 

ʪʘ Br
ï
 ʜʦ ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʇʆʆʂ, ʙʦ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʜʦʩʷʛʥʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʠʭʦʜʫ ʟʘ ʩʪʨʫʤʦʤ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ (1,42,1  %). 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ ʇʆʆʂ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦ-

ʜʠʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʧʦʪʝʥʮʽʘʣʽʚ 2,4é2,7 ɺ ʪʘ ʚ ʜʽʘʧʘʟʦʥʽ 

ʛʫʩʪʠʥ ʩʪʨʫʤʫ 500é3500 ɸ/ʤ
2
. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘ-
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ʋʄʆɺʀ ʌʆʈʄʋɺɸʅʅʗ ʎʀʅʂ-ʅɯʂɽʃɽɺʆɻʆ ʉʇʃɸɺʋ ɿ ɸʄɯɸʂɸʊʅʆ-ɻʃɯʎʀʅɸʊʅʆɻʆ  

ɽʃɽʂʊʈʆʃɯʊʋ ʅʀɿʔʂʆɰ ʂʆʅʎɽʅʊʈɸʎɯɰ 
 
ɺʩʪʫʧ. ʇʦʢʨʠʪʪʷ ʩʧʣʘʚʘʤʠ ʮʠʥʢ-ʥʽʢʝʣʴ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʟʘʤʽʥʘ ʧʦʢʨʠʪʪʽʚ ʢʘʜʤʽʻʤ. ʂʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʩʧʣʘʚʘʤʠ ʮʠʥʢ-ʥʽʢʝʣʴ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʦʢʨʠʪʪʷ. ʊʘʢ, ʧʨʠ ʚʤʽʩʪʽ ʥʽʢʝʣʶ 8-14 ʚʘʛ.  % (ʧʝʨʝʚʘʞʥʦ ɔ-ʬʘʟʘ) ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʫ 5 ʨʘʟʽʚ 

ʙʽʣʴʰʦʶ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʮʠʥʢʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʾʭ ʦʪʨʠʤʘʥʥʷ ʛʦʣʦʚʥʠʤ ʯʠ-
ʥʦʤ, ʪʠʧʦʤ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʨʝʞʠʤʘʤʠ ʝʣʝʢʪʨʦʣʽʟʫ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʩʢʣʘʜʫ ʘʤʦʥʽʡʥʦ-ʛʣʽʮʠʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʠʟʴʢʦʾ ʢʦʥʮʝ-

ʥʪʨʘʮʽʾ ʥʘ ʝʣʝʢʪʨʦʜʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ ʩʧʣʘʚʦʤ ʮʠʥʢ-ʥʽʢʝʣʴ. ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʽʥʝʪʠʢʫ ʝʣʝʢʪʨʦʜʥʠʭ 
ʧʨʦʮʝʩʽʚ ʥʘ ʮʠʥʢʦʚʠʭ ʪʘ ʥʽʢʝʣʝʚʠʭ ʟʨʘʟʢʘʭ ʧʣʦʱʝʶ ʚʽʜ 1 ʜʦ 5 ʩʤ2 ʚ ʘʤʽʘʢʘʪʥʦ-ʛʣʽʮʠʥʘʪʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʧʦʣʷ-

ʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʩʪʘʪʫ ʇɯ-50.1 ʫ ʪʨʠʝʣʝʢʪʨʦʜʥʽʡ ʢʦʤʽʨʮʽ. ʋ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʥʘʩʠʯʝʥʠʡ ʭʣʦʨʠʜʩʨʽʙʥʠʡ ʝʣʝʢʪʨʦʜ, ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʟʘ ʮʠʤ ʝʣʝʢʪʨʦʜʦʤ. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʦʜʝʨʞʫʚʘʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʦ-
ʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 50 ʤɺ/ʩ. ɿʥʘʯʝʥʥʷ ʨʅ ʝʣʝʢʪʨʦʣʽʪʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ ʨʅ-ʤʝʪʨʦʤ CT-6020A. ʈʝʟʫʣʴʪʘʪʠ. ʄʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʢʠʩʣʦʪʥʦʩʪʽ ʟʤʽʰʘʥʦʛʦ ʘʤʽʘʯʥʦ-ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʩʧʚ̔ʦʩʘʜʞʝʥʥʽ ʥʽʢʝʣʶ ʡ ʮʠʥʢʫ. ʍʽʜ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʜʽʣʝʥʥʷ ʩʧʣʘʚʫ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʩʧʦʚʽʣʴʥʝʥʠʭ ʩʪʘ-

ʜʽʡ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʪʘ ʜʠʬʫʟʽʡʥʦʾ. ɺʠʜʽʣʝʥʥʷ ʩʧʣʘʚʫ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʙʽʣʴʰʦʶ ʧʝʨʝʥʘʧʨʫʛʦʶ ʷʢ ʥʘ ʥʽʢʝʣʝ-

ʚʦʤʫ, ʪʘʢ ʽ ʥʘ ʮʠʥʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʘʭ. ʎʠʥʢ ʧʦʯʠʥʘʻ ʩʧʽʚʦʩʘʜʞʫʚʘʪʠʩʷ ʟ ʥʽʢʝʣʝʤ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ ʙʽʣʴʰ ʚʽʜô̒ ʤʥʠʭ ʟʘ ï1,2 ɺ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʟʤʽʥʶʶʯʠ ʫʤʦʚʠ ʝʣʝʢʪʨʦʣʽʟʫ, ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʮʠʥʢ-ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʟʘʭʠʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
  ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʢʨʠʪʪʷ, ʩʧʣʘʚ, ʮʠʥʢ-ʥʽʢʝʣʴ, ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʢʽʥʝʪʠʢʘ, ʘʤʽʘʢʘʪʥʦ-ʛʣʽʮʠʥʘʪʥʠʡ ʝʣʝʢʪʨʦʣʽʪ.  

 

ɸ. ɸ. ʄɸʁɿɽʃʀʉ, ɺ. ʄ. ɸʈʊɽʄɽʅʂʆ  

ʋʉʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʎʀʅʂ-ʅʀʂɽʃɽɺʆɻʆ ʉʇʃɸɺɸ ʀɿ ɸʄʄʀɸʂɸʊʅʆ-

ɻʃʀʎʀʅɸʊʅʆɻʆ ʕʃɽʂʊʈʆʃʀʊɸ ʅʀɿʂʆʁ ʂʆʅʎɽʅʊʈɸʎʀʀ  
 

ɺʚʝʜʝʥʠʝ. ʇʦʢʨʳʪʠʷ ʩʧʣʘʚʘʤʠ ʮʠʥʢ-ʥʠʢʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʟʘʤʝʥʘ ʧʦʢʨʳʪʠʡ ʢʘʜʤʠʝʤ. ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ ʩʧʣʘʚʘʤʠ 

ʮʠʥʢ-ʥʠʢʝʣʴ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʨʳʪʠʷ. ʊʘʢ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʥʠʢʝʣʷ 8ï14 ʚʝʩ.  % (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɔ-ʬʘʟʘ) ʦʪʣʠʯʘʶʪʩʷ ʢʦʨʨʦ-
ʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ 5 ʨʘʟ ʙʦʣʴʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʥʢʦʚʳʤʠ ʧʦʢʨʳʪʠʷʤʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʣʦʚʠʷʤʠ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʠʧʦʤ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʨʝʞʠʤʘʤʠ ʵʣʝʢʪʨʦʣʠʟʘ. ʎʝʣʴ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʘʤʤʦ-

ʥʠʡʥʦ-ʛʣʠʮʠʥʘʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʵʣʝʢʪʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ ʮʠʥʢ-ʥʠʢʝʣʴ. ʄʘ-

ʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʠʥʝʪʠʢʘ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʮʠʥʢʦʚʳʭ ʠ ʥʠʢʝʣʝʚʳʭ ʦʙʨʘʟʮʘʭ ʧʣʦʱʘʜʴʶ ʦʪ 1 ʜʦ 5 ʩʤ2 ʚ ʘʤʠʘʢʘ-

ʪʥʦ-ʛʣʠʮʠʥʘʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʩʪʘʪʘ ʇʀ-50.1 ʚ 

ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʩʳʱʝʥʥʳʡ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʥʳʡ ʵʣʝʢʪʨʦʜ, ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʤʫ ʵʣʝʢʪʨʦʜʫ. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʧʦʣʫʯʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 50 ʤɺ/ʩ. ɿʥʘʯʝʥʠʝ ʨʅ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʨʅ-ʤʝʪʨʦʤ CT-6020A. ʈʝʟʫʣʴʪʘʪʳ. ʄʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪ-
ʥʦʩʪʠ ʩʤʝʰʘʥʥʦʛʦ ʘʤʤʠʘʯʥʦ-ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʦʦʩʘʞʜʝʥʠʠ ʥʠ-

ʢʝʣʷ ʠ ʮʠʥʢʘ. ʍʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʜʝʣʝʥʠʷ ʩʧʣʘʚʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʜʚʫʭ ʟʘʤʝʜʣʝʥʥʳʭ ʩʪʘʜʠʡ ï ʵʣʝʢʪ-

ʨʦʭʠʤʠʯʝʩʢʦʡ ʠ ʜʠʬʬʫʟʠʦʥʥʦʡ. ɺʳʜʝʣʝʥʠʝ ʩʧʣʘʚʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʨʅ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʙʦʣʴʰʝʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ ʢʘʢ ʥʘ 
ʥʠʢʝʣʝʚʦʤ, ʪʘʢ ʠ ʥʘ ʮʠʥʢʦʚʦʤ ʵʣʝʢʪʨʦʜʘʭ. ʎʠʥʢ ʥʘʯʠʥʘʝʪ ʩʦʦʩʘʞʜʘʪʴʩʷ ʩ ʥʠʢʝʣʝʤ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʝʤ ï1,2 ɺ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʷʷ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦʣʠʟʘ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʮʠʥʢ-ʥʠʢʝʣʝʚʳʝ ʩʧʣʘʚʳ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʟʘʱʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʢʨʳʪʠʷ, ʩʧʣʘʚ, ʮʠʥʢ-ʥʠʢʝʣʴ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʠʥʝʪʠʢʘ, ʘʤʠʘʢʘʪʥʦ-ʛʣʠʮʠʥʘʪʥʳʡ ʵʣʝʢʪʨʦʣʠʪ. 
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CONDITIONS OF ZINC -NICK EL ALLOY FORMATION F ROM AMMONIA -GLYCINATE LOW -

CONCENTRATED ELECTRO LYTE  
 
Introduction.  Zinc-nickel alloys coatings are considered to replace cadmium coatings. The corrosion resistance of the zinc-nickel alloy depends on 

the phase composition of the coating. Thus, the alloy coatings with nickel content of 8ï14 wt.  % (mainly the ɔ-phase) are characterized by corrosion 

resistance 5 times greater than zinc coatings. In turn, the composition and structure of the coatings is determined by the conditions of their production, 
primarily by the type of electrolyte and electrolysis modes. The aim of the work is to determine the effect of the low concentration ammonium 

glycinate electrolyte composition on electrode processes during the formation of coatings with a zinc-nickel alloy. Materials and research methods. 

The kinetics of electrode processes on zinc and nickel samples with surface area from 1 to 5 cm2 in ammonia-glycine electrolyte was studied by 
analyzing polarization dependencies using a PI-50.1 potentiostat with three electrode cell. A saturated silver chloride electrode was used as a 

reference electrode, and the potentials are given according to this electrode. Voltammograms were obtained at a potential scan rate of 50 mV/s. The 

pH value of the electrolytes was monitored using CT-6020A pH meter. Results. The effect of pH value of a mixed ammonium-amino acid electrolyte 
on the kinetic regularities of electrode processes during the nickel and zinc codeposition was determined by the polarization method. The shape of the 

polarization dependences of alloy deposition allows suggesting the presence of two limiting stages ï electrochemical and diffusion. When pH of the 

electrolyte increases the alloy deposition occurs with greater overvoltage on both nickel and zinc electrodes. The zinc codeposition with nickel begins 
at potentials more negative than ï1.2 V. Thus, it is possible to obtain zinc-nickel alloys with the necessary protective characteristics by changing the 

conditions of electrolysis. 
  Keywords: coatings, alloy, zinc-nickel, polarization dependencies, kinetics, ammonia-glycinate electrolyte. 

 

ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʦʪʨʠʤʘʥʥʷ ʩʫʯʘʩ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʷʚʠʣʠ, ʱʦ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʩʧʣʘʚʠ 

ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦ ʢʦʤʧʦʥʝʥʪ-

ʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩ-

ʪʽ, ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ 

ʪʘ ʽʥʰʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʜʦ ʪʦʛʦ ʞ 

ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʽ ʟʘʣʝʞʘʪʴ ʷʢ 

ʚʽʜ ʩʢʣʘʜʫ ʩʧʣʘʚʫ, ʪʘʢ ʽ ʚʽʜ ʫʤʦʚ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ.  

ɼʦ ʯʠʩʣʘ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʩʧʣʘʚʽʚ ʟ ʚʠʩʦʢʠʤʠ ʟʘ-

ʭʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʢʨʠʪʪʷ ʥʘ 

ʦʩʥʦʚʽ Zn ʟ ʤʝʪʘʣʘʤʠ ʧʽʜʛʨʫʧʠ Fe: Zn-Ni, Zn-Co, Zn-

Fe. ʅʘʡʙʽʣʴʰʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ ʧʦʢʨʠʪ-
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ʪʷ ʩʧʣʘʚʘʤʠ Zn-Ni, ʚ ʷʢʠʭ ʫ ʥʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ 

ʧʦʻʜʥʫʻʪʴʩʷ ʘʥʦʜʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʭʠʩʪʫ ʩʪʘʣʝʚʦʾ ʦʩʥʦʚʠ, 

ʱʦ ʚʣʘʩʪʠʚʦ ʮʠʥʢʫ, ʽ ʚʠʩʦʢʠʡ ʭʽʤʽʯʥʠʡ ʦʧʽʨ ʢʦʨʦʟʽʡʥʠʤ 

ʧʨʦʮʝʩʘʤ, ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʥʽʢʝʣʝʚʠʭ ʧʦʢʨʠʪʪʽʚ [1, 2]. 

ʇʦʢʨʠʪʪʷ ʩʧʣʘʚʘʤʠ Zn-Ni ʧʨʠ ʚʤʽʩʪʽ Ni 8ï14 ʚʘʛ.  % 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʫ 5 ʨʘʟʽʚ ʙʽʣʴʰʦʶ 

ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʮʠʥʢʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ [3ï7]. 

ʇʦʢʨʠʪʪʷ ʩʧʣʘʚʘʤʠ ʮʠʥʢ-ʥʽʢʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʪʘʢʦʞ ʟʘʤʽʩʪʴ ʢʘʜʤʽʻʚʠʭ ʚ ʘʚʽʘʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ 

[8, 9]. ʅʘʥʝʩʝʥʥʷ ʧʽʜʰʘʨʫ ʥʽʢʝʣʴ-ʮʠʥʢʦʚʦʛʦ ʩʧʣʘʚʫ 

ʧʝʨʝʜ ʥʽʢʝʣʴ-ʭʨʦʤʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʟʘʙʝʟʧʝʯʫʻ 

ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʦʨʦʟʽʾ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ ʩʪʘʣʝʡ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ ʙʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʾʭ ʦʪʨʠʤʘʥʥʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʪʠʧʦʤ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʨʝʞʠʤʘʤʠ ʝʣʝʢʪʨʦʣʽʟʫ. ʅʘ ʜʘʥʠʡ 

ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ 

ʦʩʘʜʞʝʥʥʷ ʮʠʥʢ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʷʢ ʥʘ 

ʦʩʥʦʚʽ ʧʨʦʩʪʠʭ ʛʽʜʨʘʪʦʚʘʥʠʭ, ʪʘʢ ʽ ʢʦʤʧʣʝʢʩʥʠʭ ʽʦʥʽʚ 

ʤʝʪʘʣʽʚ. ʂʦʤʧʣʝʢʩʥʽ ʝʣʝʢʪʨʦʣʽʪʠ ʤʘʶʪʴ ʥʠʟʢʫ 

ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʩʪʠʤʠ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʢʘʬʝʜʨʽ ʪʝʭʥʽʯʥʦʾ 

ʝʣʝʢʪʨʦʭʽʤʽʾ ʅʊʋ çʍʇɯè ʜʦʩʣʽʜʞʝʥʴ [10ï12] ʧʦʢʘʟʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʩʧʣʘʚʦʤ ʮʠʥʢ-

ʥʽʢʝʣʴ ʟ ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʽʘʯʥʦ-ʛʣʽʮʠʥʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽ-

ʪʽʚ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʩʢʣʘʜʫ ʘʤʦʥʽʡ-

ʥʦ-ʛʣʽʮʠʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ 

ʝʣʝʢʪʨʦʜʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʽʚ ʩʧʣʘ-

ʚʦʤ ʮʠʥʢ-ʥʽʢʝʣʴ.  

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ʂʽʥʝʪʠʢʫ ʝʣʝʢʪʨʦʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʘʤʽʘʢʘʪʥʦ-ʛʣʽʮʠʥʘʪʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞ-

ʥʦʩʪʝʡ. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʦʪʨʠʤʫʚʘʣʠ ʚ 

ʪʨʠʝʣʝʢʪʨʦʜʥʽʡ ʢʦʤʽʨʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʩʪʘʪʫ 

ʇɯ-50.1. ʈʦʙʦʯʽ ʝʣʝʢʪʨʦʜʠ ï ʤʽʜʥ,̔ ʮʠʥʢʦʚʽ, ʥʽʢʝʣʝʚʽ ʪʘ 

ʧʣʘʪʠʥʦʚʽ ʟʨʘʟʢʠ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ ʚʽʜ 1 ʜʦ 5 ʩʤ
2
. 

ɽʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʠʯʝʥʠʡ 

ʭʣʦʨʠʜʩʨʽʙʥʠʡ ʝʣʝʢʪʨʦʜ, ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘʚʝ-

ʜʝʥʦ ʟʘ ʮʠʤ ʝʣʝʢʪʨʦʜʦʤ. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʦʜʝʨʞʫ-

ʚʘʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 50 ʤɺ/ʩ. ɺʩʽ 

ʨʦʟʯʠʥʠ ʛʦʪʫʚʘʣʠ ʟ ʨʝʘʢʪʠʚʽʚ ʤʘʨʢʠ çʭ.ʯ.è ʽ çʯ.ʜ.ʘ.è ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ. ɿʥʘʯʝʥʥʷ ʨʅ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʢʦʥʪʨʦʣʶʚʘʣʠ ʨʅ-ʤʝʪʨʦʤ CT-6020A 

(ʨʠʩ. 1). 
 ʨʅ 7,4 pH 8,7 pH 9,8 
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ɿʥʘʯʝʥʥʷ ʨʅ : ʘ, ʛ ï 7,4; ʙ, ʜ ï 8,7; ʚ, ʝ ï 9,8. 

ʈʠʩ. 1 ï ɺʧʣʠʚ ʨʅ ʥʘ ʢʘʪʦʜʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʮʠʥʢ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ ʥʘ ʝʣʝʢʪʨʦʜʽ ʟ ʥʽʢʝʣʶ (ʘ, ʙ, ʚ) ʪʘ 

ʮʠʥʢʫ (ʛ, ʜ, ʝ) ʚ ʝʣʝʢʪʨʦʣʽʪʽ, ʱʦ ʤʽʩʪʽʪʴ [Ni2+] : [Zn+] = 2 : 1 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʣʘʚʫ 

ʮʠʥʢ-ʥʽʢʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʤʽʘʢʘʪʥʦ-ʛʣʽʮʠʥʘʪʥʠʡ 

ʝʣʝʢʪʨʦʣʽʪ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʤʽʩʪʫ ʣʽʛʘʥʜʽʚ 1:1 (ʧʦ 

0,18 ʤʦʣʴ/ʜʤ
3
 ʘʤʽʘʢʫ ʽ ʛʣʽʮʠʥʫ) ʪʘ ʽʦʥʽʚ ʮʠʥʢʫ ʽ ʥʽʢʝʣʶ 

ʟʘʛʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,06 ʤʦʣʴ/ʜʤ
3
 ʟ ʚʘʨʽʶʚʘʥ-

ʥʷʤ ʨʅ (ʨʠʩ. 1) ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʦʥʽʚ ʤʝʪʘʣʽʚ 

(ʨʠʩ. 2). 

ɺʠʙʽʨ ʝʣʝʢʪʨʦʣʽʪʫ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʫʤʦʚʣʝ-

ʥʠʡ ʥʠʟʴʢʦʶ ʦʙʩʪʘʚʠʥ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʷʢʽʩʪʶ ʧʦʢʨʠʪʪʷ, 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ. 

ɺʽʜʦʤʦ, ʱʦ ʢʽʥʝʪʠʢʘ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʥʘʯ-

ʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʅ ʨʦʟʯʠʥʫ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦ-

ʩʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʜʝ ʚʽʜ ʟʥʘʯʝʥʥʷ ʨʅ 

ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠʩʷ ʩʢʣʘʜ ʽ ʤʽʮʥʽʩʪʴ ʢʦʤʧʣʝʢʩ-

ʥʠʭ ʩʧʦʣʫʢ, ʾʭ ʟʘʨʷʜ, ʯʠʩʣʦ ʛʨʫʧ ʣʽʛʘʥʜʫ ʽ ʧʨʠʨʦʜʘ ʣʽ-

ʤʽʪʫʶʯʦʾ ʩʪʘʜʽʾ. ʊʦʤʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘ-

ʯʠʪʠ, ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ ʧʨʦʚʦʜʠʪʠ ʦʩʘʜʞʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʩʧʣʘʚʦʤ. 

ɼʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʨʅ ʥʘ ʢʽʥʝʪʠʢʫ ʢʘʪʦʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ 

ʥʽʢʝʣʝʚʦʤʫ ʽ ʮʠʥʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʘʭ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʨʅ 

7,4; 8,7 ʪʘ 9,8. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʪʦʜʥʽ 

ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʥʽʢʝʣʝʚʦʤʫ ʽ ʥʘ 

ʮʠʥʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʘʭ. 

ɿ ʨʠʩ. 1 ʘ, ʙ, ʚ ʚʠʜʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʨʅ ʩʧʨʠʷʻ 

ʟʨʦʩʪʘʥʥʶ ʢʘʪʦʜʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʜʽʘʧʘʟʦʥʽ ʛʫʩʪʠʥ 

ʩʪʨʫʤʫ ʚʽʜ 0,5 ʜʦ 2,0 ɸ/ʜʤ
2
, ʪʦʙʪʦ ʚ ʦʙʣʘʩʪʽ ʨʦʙʦʯʠʭ 

ʛʫʩʪʠʥ ʩʪʨʫʤʫ. ʉʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʽʢʝʣʝʚʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ï0,52 ɺ ʜʦ ï0,55 ɺ. 

ʇʦʯʘʪʢʦʚʽ ʜʽʣʷʥʢʠ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘ-

ʶʪʴ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ ʟ ʢʨʠʚʦʶ ʚʠʜʽʣʝʥʥʷ ʥʽʢʝʣʶ ʽ ʟʘ 

ʬʦʨʤʦʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʽʥʝʪʠʮʽ ʚʠʜʽʣʝʥʥʷ ʤʝʪʘʣʽʚ ʟ 
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ʉʝʨʽʷ: ʍʽʤʽʷ, ʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʝʢʦʣʦʛʽʷ, ˉ 39(1315) 2018 21 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʶ ʧʝʨʝʥʘʧʨʫʛʦʶ.  

ɸʥʘʣʦʛʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʧʨʠ ʪʘʢʠʭ ʞʝ 

ʟʥʘʯʝʥʥʷʭ ʨʅ ʥʘ ʮʠʥʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ (ʨʠʩ. 1 ʚ, ʛ, ʜ). 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʪʘʮʽʦʥʘʨʥʽ ʧʦʪʝʥʮʽʘʣ ʮʠʥʢʦʚʦʛʦ 

ʝʣʝʢʪʨʦʜʫ ʫ ʨʦʟʯʠʥʘʭ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʅ 

ʟʤʽʥʶʻʪʴʩʷ ʫ ʙʽʣʴʰ ʰʠʨʦʢʠʭ ʤʝʞʘʭ: ʚʽʜ ï1,05 ɺ ʜʦ ï 

1,18 ɺ, ʘ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʢʨʠʚʽ ʧʦʯʠʥʘʶʪʴʩʷ ʟ 

ʧʦʪʝʥʮʽʘʣʽʚ, ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʭ ʧʨʠʙʣʠʟʥʦ ʥʘ 500 ʤɺ, 

ʥʽʞ ʥʘ ʥʽʢʝʣʝʚʦʤʫ ʝʣʝʢʪʨʦʜʽ. 

ʊʦʙʪʦ, ʧʨʠ ʚʠʜʽʣʝʥʥʽ ʩʧʣʘʚʫ ʥʘ ʮʠʥʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʽ 

ʧʦʯʘʪʢʦʚʘ ʯʘʩʪʠʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʥʝ 

ʬʽʢʩʫʻʪʴʩʷ. ʅʘ ʚʩʽʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʢʨʠʚʠʭ ʩʧʦʩʪʝ-

ʨʽʛʘʻʪʴʩʷ ʧʣʦʱʠʥʢʘ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʫ 

ʚʚʘʞʘʪʠ, ʱʦ ʧʨʠ ʚʠʜʽʣʝʥʥʽ ʩʧʣʘʚʫ ʤʘʶʪʴ ʤʽʩʮʝ ʩʧʦ-

ʚʽʣʴʥʝʥʽ ʩʪʘʜʽʾ  ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʲ ʪʘ ʜʠʬʫʟʽʡʥʦʾ ʧʨʠʨʦʜʠ.  

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 1 ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʜʥʦ, ʱʦ 

ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ ʚʠʜʽʣʝʥʥʷ ʩʧʣʘʚʫ ʷʢ 

ʥʘ ʥʽʢʝʣʝʚʦʤʫ, ʪʘʢ ʽ ʥʘ ʮʠʥʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʙʽʣʴʰʦʶ ʧʝʨʝʥʘʧʨʫʛʦʶ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʦʾ ʚʘʞʣʠʚʦʾ ʢʽʥʝʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʷʢ ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ, ʪʦ ʚ ʦʙʣʘʩʪʽ ʛʫʩʪʠʥ ʩʪʨʫʤʫ, ʥʠʞ-

ʯʠʭ ʟʘ ʛʨʘʥʠʯʥʫ, ʚʦʥʘ ʥʘʡʢʨʘʱʘ ʧʨʠ ʨʅ  7,4 ʥʘ ʝʣʝʢʪʨʦʜʽ 

ʟ ʮʠʥʢʫ ʪʘ ʨʅ 8,7 ï ʥʘ ʝʣʝʢʪʨʦʜʽ ʟ ʥʽʢʝʣʶ, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʛʫʩʪʠʥʘʭ ʩʪʨʫʤʫ, ʙʣʠʟʴʢʠʭ ʜʦ ʛʨʘʥʠʯʥʦʾ.  

ɸʥʘʣʽʟ ʢʘʪʦʜʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʘʤʦʥʽʡʥʦ-ʛʣʽʮʠʥʘʪʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ 

ʥʽʢʝʣʝʚʦʤʫ ʽ ʮʠʥʢʦʚʦʤʫ ʝʣʝʢʪʨʦʜʘʭ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘ-

ʯʝʥʥʷʭ ʨʅ, ʧʦʢʘʟʘʚ, ʱʦ ʩʫʤʽʩʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʥʢʫ ʽ 

ʥʽʢʝʣʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʤʧʘʢʪʥʠʭ ʦʩʘʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʦʙʣʘʩʪʽ 

ʛʫʩʪʠʥ ʩʪʨʫʤʫ ʚʽʜ 0,25 ɸ/ʜʤ
2
 ʜʦ 1,25 ɸ/ʜʤ

2
. 

ʌʦʨʤʫʚʘʥʥʷ ʮʠʥʢ-ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ, ʡʤʦʚʽʨʥʦ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʟʤʽʰʘʥʦʶ ʢʽʥʝʪʠʢʦʶ ʽ ʩʫʧʨʦʚʦʜʞʫ-

ʻʪʴʩʷ ʟʥʘʯʥʦʶ ʧʝʨʝʥʘʧʨʫʛʦʶ ʽ ʧʦʣʷʨʠʟʦʚʥʽʩʪʶ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʨʽʚʥʦʤʽʨʥʠʭ ʟʘ ʪʦʚʱʠʥʦʶ ʧʦʢʨʠʪʪʽʚ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʥʦʜʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʯʠʥʝʥʥʷ ʮʠʥʢʫ ʽ ʥʽʢʝʣʶ, ʦʪʨʠʤʘʥʽ ʚ 

ʘʤʽʘʢʘʪʥʦ-ʛʣʽʮʠʥʘʪʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ ʧʨʠ ʥʝʟʤʽʥʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʽʛʘʥʜʽʚ ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʽʚ, ʤʦʣʴ/ʜʤ
3
: 0,006 ʽ 0,054 (ʨʦʟ-

ʯʠʥ ʅʅʎ), 0,01 ʽ 0,05 (ʨʦʟʯʠʥ ʅʎ), 0,02 ʽ 0,04 (ʨʦʟʯʠʥ 

ʅʎʎ) ʽʦʥʽʚ ʮʠʥʢʫ ʽ ʥʽʢʝʣʶ, ʚʽʜʧʦʚʽʜʥʦ. ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʯʠʥʝʥʥʷ ʮʠʥʢʫ (ʨʠʩ. 2 ʛ, ʜ, ʝ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʪʝʥʮʽʘʣʽʚ, 

ʥʽʞ ʨʦʟʯʠʥʝʥʥʷ ʥʽʢʝʣʶ, ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʙʽʣʴʰʠʭ 

ʛʫʩʪʠʥʘʭ ʩʪʨʫʤʫ. 

 ɽʣʝʢʪʨʦʣʽʪ ʅʅʎ ɽʣʝʢʪʨʦʣʽʪ ʅʎ ɽʣʝʢʪʨʦʣʽʪ ʅʎʎ 
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ɽʣʝʢʪʨʦʣʽʪ: ʘ, ʛ ï ʅʅʎ; ʙ, ʜ ï ʅʎ; ʚ, ʝ ï ʅʎʎ. 

ʈʠʩ. 2 ï ɸʥʦʜʥʝ ʨʦʟʯʠʥʝʥʥʷ ʥʽʢʝʣʶ (ʘ, ʙ, ʚ) ʪʘ ʮʠʥʢʫ (ʛ, ʜ, ʝ) ʚ ʘʤʦʥʽʡʥʦ-ʛʣʽʮʠʥʘʪʥʠʭ ʝʣʝʢʪʨʦʣʽʪʘʭ, ʨʅ 8,7. 

 

ʂʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʮʠʥʢ-ʥʽʢʝʣʝʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ. ɼʣʷ ʚʠ-

ʷʚʣʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʮʠʥʢ-ʥʽʢʝʣʝʚʽ ʧʦʢʨʠʪʪʷ ʦʩʘʜʞʫ-

ʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ ï1,1 ɺ ʜʦ ï1,3 ɺ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʢʘʪʦʜʥʠʤ ʛʫʩʪʠʥʘʤ ʩʪʨʫʤʫ, ʥʠʞʯʠʤ ʟʘ ʛʨʘ-

ʥʠʯʥʫ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ. ʆʩʘʜʞʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʩʧʣʘ-

ʚʫ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʫʤʦʚʘʭ ʟʘʪʨʠʤʢʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʨʠ ʟʘʜʘʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʧʨʦʪʷʛʦʤ 50 ʩ, ʧʽʩʣʷ ʯʦʛʦ 

ʧʨʦʚʦʜʠʣʠ ʨʦʟʯʠʥʝʥʥʷ ʦʪʨʠʤʘʥʦʾ ʧʣʽʚʢʠ ʩʧʣʘʚʫ ʚ 

ʮʴʦʤʫ ʞ ʝʣʝʢʪʨʦʣʽʪʽ ʚ ʫʤʦʚʘʭ ʘʥʦʜʥʦʾ ʧʦʣʨ̫ʠʟʘʮʽʾ.  

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 3 ʘʥʦʜʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʜʥʦ, ʱʦ ʫ ʧʦʢʨʠʪʪʷʭ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʙʽʣʴʰ ʚʽʜô̒ ʤʥʠʭ ʧʦʪʝʥʮʽʘʣʘʭ ʟʘ (ï1,2 ɺ, ʨʠʩ. 3, ʚ), ʟʨʦʩ-

ʪʘʻ ʚʤʽʩʪ ʬʘʟʠ, ʟʙʘʛʘʯʝʥʦʾ ʟʘ ʮʠʥʢʦʤ, ʜʦʩʷʛʘʶʯʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʧʦʢʨʠʪʪʽ, ʦʩʘʜʞʝʥʦʤʫ ʧʨʠ 

ʧʦʪʝʥʮʘ̔ʣʽ ï1,3 ɺ (ʨʠʩ. 3, ʛ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʶʶʯʠ ʫʤʦʚʠ ʝʣʝʢʪʨʦʣʽʟʫ, ʤʦʞʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʮʠʥʢ-ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʟʘʭʠʩʥʠ-

ʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʩʘʤʝ ʟʙʘʛʘʯʝʥʥʷ ʩʧʣʘʚʫ ʟʘ ʮʠʥʢʦʤ 

ʟʘʙʝʟʧʝʯʫʻ ʘʥʦʜʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʭʠʩʪʫ ʩʪʘʣʝʚʦʾ ʦʩʥʦʚʠ ʚʽʜ 

ʢʦʨʦʟʽʾ, ʪʦʜʽ ʷʢ ʟʨʦʩʪʘʥʥʷ ʬʘʟ, ʟʙʘʛʘʯʝʥʠʭ ʟʘ ʥʽʢʝʣʝʤ, 

ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʭʽʤʽʯʥʦʛʦ ʦʧʦʨʫ ʧʦʢʨʠʪʪʷ. 

ɺʠʩʥʦʚʢʠ. ʇʝʨʝʥʘʧʨʫʛʘ ʚʠʜʽʣʝʥʥʷ ʩʧʣʘʚʫ ʮʠʥʢ-

ʥʽʢʝʣʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʅ ʝʣʝʢʪʨʦʣʽʪʫ. 

ʇʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʧʨʠ ʨʦʙʦʯʠʭ ʛʫʩʪʠʥʘʭ ʩʪʨʫʤʫ ʥʘʡ-

ʚʠʱʘ ʧʨʠ ʨʅ 7,4 ʥʘ ʮʠʥʢʫ ʪʘ ʨʅ  8,7 ï ʥʘ ʥʽʢʝʣʽ. ʎʠʥʢ 

ʧʦʯʠʥʘʻ ʩʧʽʚʦʩʘʜʞʫʚʘʪʠʩʷ ʟ ʥʽʢʝʣʝʤ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 

ʙʽʣʴʰ ʚʽʜô̒ ʤʥʠʭ ʟʘ ï1,2 ɺ. 

ɸʤʽʘʢʘʪʥʦ-ʛʣʽʮʠʥʘʪʥʠʡ ʥʽʟʴʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʣʽʪ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʩʧʣʘʚʘʤʠ 

ʮʠʥʢ-ʥʽʢʝʣʴ ʽʟ ʟʘʜʘʥʠʤʠ ʟʘʭʠʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʫʤʦʚ ʝʣʝʢʪʨʦʣʽʟʫ. 
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ɼʣʷ ʛʘʣʴʤʫʚʘʥʥʷ ʢʘʪʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʛʽʧʦʭʣʦʨʠʪ ʽʦʥʽʚ ʧʨʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʤʽʥʠʪʠ ʧʨʠʨʦ-
ʜʫ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘ ʨʘʭʫʥʦʢ ʧʽʜʚʦʜʫ ʜʦ ʛʨʘʥʠʮʽ ʢʘʪʦʜïʝʣʝʢʪʨʦʣʽʪ ʢʠʩʥʶ ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʧʨʠʨʦʜʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ. ɿʤʽʥʘ ʧʨʠʨʦʜʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʨʽʟʥʠʮʶ ʝʣʝʢʪʨʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʐʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʢʠʩʥʶ ʛʘʣʴʤʫʻʪʴʩʷ ʧʽʜʚʽʜ Clʆï ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ. ʇʨʦʮʝʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ ʜʦʩ-
ʣʽʜʞʝʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʘʟʦʜʠʬʫʟʽʡʥʦʛʦ ʢʘʪʦʜʘ ʧʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ. ɺ ʷʢʦʩʪʽ ʧʦʨʫʚʘʪʦʛʦ ʢʘʪʦʜʫ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠ ʛʨʘʬʽʪ ʤʘʨʢʠ ʇɻ-50. ɻʨʘʬʽʪʦʚʠʡ ʝʣʝʢʪʨʦʜ ʘʢʪʠʚʫʚʘʣʠ ʦʙʨʦʙʢʦʶ ʚ ʦʢʠʩʣʶʚʘʯʘʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʘʢʪʠʚʥʠʭ ʩʧʦ-
ʣʫʢ ʚʫʛʣʝʮʶ, ʪʘ ʥʘʥʦʩʠʣʠ ʦʢʩʠʜʠ ʥʽʢʝʣʶ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ. ɻʘʟʦʜʠʬʫʟʽʡʥʠʡ ʨʝʞʠʤ ʩʪʚʦʨʶʚʘʣʠ ʰʣʷʭʦʤ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ ʜʦ ʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʨʫʚʘʪʦʛʦ ʢʘʪʦʜʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʫ ʥʘ ʢʘʪʦʜʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʚʦʜʥʦʤʫ ʨʦʟ-

ʯʠʥʽ NaCl ʥʘ ʧʦʨʫʚʘʪʦʤʫ ʛʨʘʬʽʪʽ ʪʘ ʥʘ ʛʨʘʬʽʪʽ, ʘʢʪʠʚʦʚʘʥʦʤʫ ʥʽʢʝʣʝʤ, ʙʝʟ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ, ʟ ʧʦʤʽʨʥʦʶ ʧʦʜʘʯʝʶ ʧʦʚʽʪʨʷ ʪʘ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟ 
ʥʘʜʣʠʰʢʦʤ. ɻʨʘʬʽʪ, ʘʢʪʠʚʦʚʘʥʠʡ ʦʢʩʠʜʘʤʠ ʥʽʢʝʣʶ, ʧʦʢʘʟʘʚ ʙʽʣʴʰʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʨʝʘʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ. ʈʽʚʥʦʚʘʞʥʽ ʧʦʪʝʥ-

ʮʽʘʣʠ ʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʙʝʟ ʧʦʢʨʠʪʪʷ ʪʘ ʟ ʘʢʪʠʚʫʶʯʠʤ ʧʦʢʨʠʪʪʷʤ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 3 ʤʦʣʜɹʤï3 NaCl. ʆʜʝʨʞʘʥʽ ʧʦʣʷ-

ʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʦʙʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʜʦʚʦʜʷʪʴ, ʱʦ ʧʦʜʘʯʘ ʧʦʚʽʪʨʷ ʚ ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ ʝʣʝʢʪʨʦʜ ʟʤʽʥʶʻ ʭʽʜ ʚʦʣʴʪʘʤʧʝʨʥʦʾ 
ʟʘʣʝʞʥʦʩʪʽ. ɿʥʘʯʥʠʡ ʟʩʫʚ ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ʥʝʛʘʪʠʚʥʠʡ ʙʽʢ ʚʢʘʟʫʻ ʥʘ ʚʧʣʠʚ ʘʜʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥ ̔ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʥʘ ʛʨʘʥʠʮʽ ʝʣʝʢʪʨʦʜïʝʣʝʢʪʨʦʣʽʪ. ɿʘʤʽʥʘ ʧʨʠʨʦʜʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ ʜʦʟʚʦʣʷʻ 

ʟʙʽʣʴʰʠʪʠ ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ ʜʦ 52  % ʽ ʢʦʥʮʝʥʪʨʘʮʽʶ NaClʆ ʜʦ 27 ʛʜʤï3. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʭʘʨʘʢʪʝʨ ʧʨʦʪʽʢʘʥʥʷ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚ-
ʣʝʥʥʷ ʢʠʩʥʶ ʧʨʠ ʟʤʽʥ̔ ʨʝʞʠʤʫ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. ʇʨʦʚʝʜʝʥʠʡ ʙʘʣʘʥʩʦʚʠʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʧʨʦʪʷʛʦʤ 10 ʛʦʜʠʥ ʜʦ-

ʚʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ.  

  ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ ʝʣʝʢʪʨʦʜ, ʝʣʝʢʪʨʦʩʠʥʪʝʟ, ʜʝʧʦʣʷʨʠʟʘʮʽʷ, ʛʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ, ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ, ʚʦʣʴʪʘʤʧʝʨʥʘ ʟʘʣʝʞʥʽʩʪʴ. 
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ʇʈʀʄɽʅɽʅʀɽ ɻɸɿʆɼʀʌʌʋɿʀʆʅʅʆɻʆ ʂɸʊʆɼɸ ɺ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆʄ ʉʀʅʊɽɿɽ 

ɻʀʇʆʍʃʆʈʀʊɸ ʅɸʊʈʀʗ 
 
ɼʣʷ ʪʦʨʤʦʞʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪ ʠʦʥʦʚ ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʧʨʝʜʣʦʞʝʥʦ ʠʟʤʝʥʠʪʴ 

ʧʨʠʨʦʜʫ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʘ ʩʯʝʪ ʧʦʜʚʦʜʘ ʢ ʛʨʘʥʠʮʝ ʢʘʪʦʜïɻ ʣʝʢʪʨʦʣʠʪ ʢʠʩʣʦʨʦʜʘ ʩʦʟʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʳ ʢʘʪʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠ ̫ʚʦʜʦʨʦʜʘ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ. ʀʟʤʝʥʝʥʠʝ ʧʨʠʨʦʜʳ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʨʘʟʥʠ-
ʮʫ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʇʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʢʠʩʣʦʨʦʜʘ ʪʦʨʤʦʟʠʪʩʷ ʧʦʜʚʦʜ Clʆï ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ. ʇʨʦʮʝʩʩ ʵʣʝ-

ʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʢʘʪʦʜʘ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦ-

ʨʠʜʘ ʥʘʪʨʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʠʩʪʦʛʦ ʢʘʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʨʘʬʠʪ ʤʘʨʢʠ ʇɻ-50. ɻʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ ʘʢʪʠʚʠʨʦʚʘʣʠ ʦʙʨʘʙʦʪʢʦʡ ʚ 

ʦʢʠʩʣʠʪʝʣʷʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ, ʠ ʥʘʥʦʩʠʣʠ ʦʢʩʠʜʳ ʥʠʢʝʣʷ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟ-

ʣʦʞʝʥʠʷ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ. ɻʘʟʦʜʠʬʬʫʟʠʦʥʥʳʡ ʨʝʞʠʤ ʩʦʟʜʘʚʘʣʠ ʧʫʪʝʤ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʢ ʪʳʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʦʛʦ ʢʘʪʦʜʘ. ʀʩʩʣʝʜʦʚʘ-

ʥʦ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʥʘ ʢʘʪʦʜʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NaCl ʥʘ ʧʦʨʠʩʪʦʤ ʛʨʘʬʠʪʝ ʠ ʛʨʘʬʠʪʝ, ʘʢʪʠ-
ʚʠʨʦʚʘʥʥʦʤ ʥʠʢʝʣʝʤ, ʙʝʟ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʩ ʫʤʝʨʝʥʥʦʡ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʠ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʩ ʠʟʙʳʪʢʦʤ. ɻʨʘʬʠʪ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʘʤʠ 

ʥʠʢʝʣʷ, ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʈʘʚʥʦʚʝʩʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʛʨʘʬʠʪʦʚʦʛʦ ʵʣʝʢʪ-

ʨʦʜʘ ʙʝʟ ʧʦʢʨʳʪʠʷ ʠ ʩ ʘʢʪʠʚʠʨʫʶʱʠʤ ʧʦʢʨʳʪʠʝʤ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 3 ʤʦʣʜɹʤï3 NaCl. ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʘʯʘ ʚʦʟʜʫʭʘ ʚ ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʳʡ ʵʣʝʢʪʨʦʜ ʤʝʥʷʝʪ ʭʦʜ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩ-

ʪʠ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʣʠʷʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʢʪʨʦʜ-ʵʣʝʢʪʨʦʣʠʪ. ɿʘʤʝʥʘ ʧʨʠʨʦʜʳ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʨʦ-

ʜʘ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʧʦ ʪʦʢʫ ʜʦ 52  % ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ NaCl ʜʦ 27 ʛʜʤï3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʭʘʨʘʢʪʝʨ 

ʧʨʦʪʝʢʘʥʠʷ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʘ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʙʘʣʘʥʩʦʚʡr ʵʣʝʢʪʨʦʭʠʤʠ-
ʯʝʩʢʠʡ ʩʠʥʪʝʟ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʜʦʢʘʟʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʳʡ ʵʣʝʢʪʨʦʜ, ʵʣʝʢʪʨʦʩʠʥʪʝʟ, ʜʝʧʦʣʷʨʠʟʘʮʠʷ, ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʚʦʣʴʪʘ-

ʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. 
 

K. S. RUTKOVSKA, G. G. TULôSKIY, I. V. SENKEVICH, V. M. ARTEMENKO 

APPLICATION OF A GAS  DIFFUSION CATHODE IN  ELECTROCHEMICAL SYNT HESIS OF 

SODIUM HYPOCHLORITE  
During the electrochemical synthesis of sodium hypochlorite, it was proposed to change the nature of the cathode process to eliminate the cathode 
reduction of hypochlorite ions. Changes in the nature of the cathode process from hydrogen evolution to oxygen reduction are created by supplying 

oxygen to the cathode-electrolyte interface. Changing the nature of the cathode process will significantly reduce the difference in electrode potentials. 

By controlling the rate of oxygen supply, the supply of ClOï to the cathode surface is inhibited. The process of electrochemical oxygen reduction was 
investigated using a gas diffusion cathode in the electrolysis of aqueous solutions of sodium chloride. Graphite mark PG-50 was used as a porous 

cathode. The graphite electrode was activated by treatment in oxidizing agents to create a layer of active carbon compounds on its surface. Nickel 

oxides were deposited by thermal decomposition of nickel nitrate. Gas diffusion mode was created by supplying air to the back surface of the porous 
cathode. The effect of the electrode material on the cathode polarization dependences in an aqueous solution of NaCl on porous graffiti and graffiti 

activated by nickel without air supply, with moderate air supply and air supply with excess, is investigated. Graphite, activated by nickel oxides, 

showed great catalytic activity in the oxygen reduction reaction. The equilibrium potentials of a graphite electrode without coating and with an 

activating coating were investigated in an aqueous solution 3 mol dm-3 NaCl. The obtained polarization dependences on the materials under study 

prove that the air supply to the gas diffusion electrode changes the course of the current-voltage dependence. A significant shift of the equilibrium 

potential in the negative direction indicates the influence of adsorption processes in the formation of a double electric layer at the electrode-electrolyte 
interface. Replacing the nature of the cathode process of hydrogen evolution by oxygen reduction allows increasing the current efficiency up to 52  % 

and NaCl concentration up to 27 gĀdmï3. The nature of the flow of the cathode oxygen reduction process when changing the mode of air supply is 

analyzed. The balance electrochemical synthesis of sodium hypochlorite for 10 hours proved the effectiveness of the proposed technical solution. 
  Keywords: a gas diffusion electrode, electrosynthesis, depolarization, hydrochlorite sodium, oxygen recovery, current-voltage dependence. 
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ʞʝʥʥʷ ʪʘ ʜʝʟʦʜʦʨʫʚʘʥʥʷ ʚ ʢʦʤʫʥʘʣʴʥʽʡ ʩʬʝʨʽ, 

ʤʝʜʠʮʠʥʽ [5], ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ [6], ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ.  

ʇʨʠʯʠʥʦʶ ʥʠʟʴʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ NaClʆ [6], ʱʦ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʻ ʚʽʜʥʦʚʥʽ 

ʧʨʦʮʝʩʠ ʧʨʠ ʙʝʟʜʽʘʬʨʘʛʤʦʚʦʤʫ ʝʣʝʢʪʨʦʣʽʟʽ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʪʫ ʥʘʪʨʽʶ [3, 4]. ɯʩʥʫʶʯʽ ʥʘ ʪʝʧʝʨʽʰʥʽʡ 

ʯʘʩ ʤʝʪʦʜʠ ʛʘʣʴʤʫʚʘʥʥʷ ʢʘʪʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ Clʆ
ï
 

ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʩʧʦʣʫʢ ʢʘʣʴʮʽʶ, ʤʘʛʥʽʶ ʪʘ ʭʨʦʤʫ 

ʥʝ ʟʘʚʞʜʠ ʻ ʜʦʧʫʩʪʠʤ̔. 

ɺʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʢʘʪʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ Clʆ
ï
 

[7ï10], ʙʝʟ ʟʘʙʨʫʜʥʝʥʥʷ ʢʽʥʮʝʚʠʭ ʨʦʟʯʠʥʽʚ ʛʽʧʦʭʣʦ-

ʨʠʪʫ ʥʘʪʨʽʶ, ʤʦʞʣʠʚʦ ʧʨʠ ʟʤʽʥʽ ʧʨʠʨʦʜʠ ʢʘʪʦʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʚʝʜʝ-

ʥʦʛʦ ʜʦ ʛʨʘʥʠʮʽ ʢʘʪʦʜïʝʣʝʢʪʨʦʣʽʪ ʢʠʩʥʶ. ɿʤʽʥʘ ʧʨʠ-

ʨʦʜʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ 

ʨʽʟʥʠʮʶ ʝʣʝʢʪʨʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʪʘ ʢʝʨʫʶʯʽ ʰʚʠʜʢʽ-

ʩʪʶ ʧʦʜʘʯʽ ʢʠʩʥʶ ʚʜʘʩʪʴʩʷ ʧʝʨʝʰʢʦʜʞʘʪʠ ʧʽʜʚʦʜʫ 

Clʆ
ï
 ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʣʷ ʧʝʨʝʙʽʛʫ ʥʘ ʢʘʪʦʜʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ 

ʢʘʪʦʜ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʩʪʨʫʤʦʧʽʜʚʦʜʦʤ (ʨʠʩ. 1). ʊʘʢʠʡ 

ʝʣʝʢʪʨʦʜ ʚʦʣʦʜʽʻ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʦʶ ʨʝʘʢʮʽʡʥʦ ʁʧʦ-

ʚʝʨʭʥʝʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʣʽʟʫ, ʽ ʚʠʩʦʢʦʶ ʢʘʪʘʣʽʪʠʯʥʦ ʁ

ʘʢʪʠʚʥʽʩʪʶ ʧʨʦʪʽʢʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʨʦʮʝʩʫ [11]. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʛʘʟʦʜʠʬʫʟʽʡʥʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʢʘʪʦʜʫ:  

1 ï ʛʨʘʬʽʪʦʚʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʘʪʦʜ; 2 ï ʩʪʨʫʤʦ-  ̔

ʛʘʟʦʧʽʜʚʦʜ; 3 ï ʥʘʢʠʜʥʘ ʛʘʡʢʘ 

 

ɺ ʷʢʦʩʪʽ ʧʦʨʫʚʘʪʦʾ ʦʩʥʦʚʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʛʨʘʬʽʪ ʤʘʨʢʠ ʇɻ-50. ɻʘʟʦʜʠʬʫʟʽʡʥʠʡ ʢʘʪʦʜ ʩʢʣʘʜʘʚʩʷ 

ʟ ʪʠʪʘʥʦʚʦʛʦ ʩʪʨʫʤʦ ʽ ʛʘʟʦʚʽʜʚʦʜʫ (ʨʠʩ. 1) ʪʘ ʛʨʘʬʽʪʦ-

ʚʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʟʘʢʨʽʧʣʝʥʦʛʦ ʚ ʩʪʨʫʤʦ- ʽ ʛʘʟʦʧʽʜʚʦʜʽ. 

ɻʨʘʬʽʪʦʚʠʡ ʝʣʝʢʪʨʦʜ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 1) ʤʘʚ 

ʜʽʘʤʝʪʨ 15 ʤʤ ʽ ʪʦʚʱʠʥʫ 5 ʤʤ. ɿ ʪʠʣʴʥʦʾ ʩʪʦʨʦʥʠ 

ʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʙʫʣʘ ʦʨʛʘʥʽʟʦʚʘʥʘ ʧʦʜʘʯʘ ʢʠʩ-

ʥʶ ʚʽʜ ʧʦʚʽʪʨʷʥʦʛʦ ʢʦʤʧʨʝʩʦʨʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʝʨʫ-

ʚʘʥʥʷ ʦʙô̒ ʤʦʤ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ [11].  

ɺʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʝʥʮʽʦʩʪʘʪʘ ʇɯ-50-1. ʐʚʠʜʢʽʩʪʴ 

ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 10 ʤɺ/ʩ. ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʜʦʩʣʽʜ-

ʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʢʦʤʽʨʮʽ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʂʘʪʦʜ ï ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ, 

ʘʥʦʜ ï ʪʠʪʘʥ ʟ ʦʢʩʠʜʥʠʤ ʪʠʪʘʥʦʚʦ ʨʫʪʝʥʽʡʦʚʠʤ ʧʦ-

ʢʨʠʪʪʷʤ (ʆʈʊɸ). ɻʨʘʬʽʪʦʚʠʡ ʝʣʝʢʪʨʦʜ ʘʢʪʠʚʫʚʘʣʠ ʦʙ-

ʨʦʙʢʦʶ ʚ ʦʢʠʩʣʶʚʘʯʘʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʰʘʨʫ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʚʫʛʣʝʮʶ, ʪʘ ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʥʽʪʨʘʪʫ ʥʽʢʝʣʶ ʦʢʩʠʜʠ ʥʽʢʝʣʶ [12]. 

ɽʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ï ʭʣʦʨʠʜʩʨʽʙʥʠʡ. ɺʩʽ ʟʥʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʘʣʽʚ ʧʝʨʝʨʘʭʦʚʘʥʽ ʱʦʜʦ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʧʨʦ-

ʚʦʜʠʣʠ ʫ ʙʝʟ ʜʽʘʬʨʘʛʤʦʚʦʤʫ ʝʣʝʢʪʨʦʣʽʟʝʨʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 290 ʂ ʫ 3 ʤʦʣʜɹʤ
ï3

 NaCl ʽʟ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʘʪʦʜʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʛʘʟʦʜʠʬʫʟʽʡ-

ʥʦʛʦ ʨʝʞʠʤʫ, ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʜʘʯ ̔ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ ʢʘʪʦʜ. ɸʥʦʜ ï ʆʈʊɸ. 

ɺʠʟʥʘʯʝʥʥʷ ʟʤʽʩʪʫ NaClO ʧʨʦʚʦʜʠʣʠ ʡʦʜʦʤʝʪ-

ʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʦʢʠʩʣʝʥʥʽ ʡʦʜʠʜʫ 

ʢʘʣʽʶ. ʁʦʜ, ʷʢʠʡ ʚʠʜʽʣʷʚʩʷ, ʪʠʪʨʫʚʘʣʠ ʨʦʟʯʠʥʦʤ 

ʪʽʦʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʦ 

ʧʦʚʝʨʭʥʽ ʧʦʨʫʚʘʪʦʛʦ ʢʘʪʦʜʫ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ 

ʧʝʨʝʙʽʛʫ ʢʘʪʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ: 

 O2 + 2H2O + 4e = 4OH
ï
, Eʨ = 1,23 ï 0,059pH. 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʫ ʥʘ 

ʢʘʪʦʜʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 

NaCl ʥʘ ʧʦʨʫʚʘʪʦʤʫ ʛʨʘʬʽʪʽ ʪʘ ʥʘ ʛʨʘʬʽʪʽ, ʘʢʪʠʚʦ-

ʚʘʥʦʤʫ ʥʽʢʝʣʝʤ, ʙʝʟ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ (ʨʠʩ. 2, ʢʨ. 1, 1ȭ), ʟ 

ʧʦʤʽʨʥʦʶ ʧʦʜʘʯʝʶ ʧʦʚʽʪʨʷ (ʨʠʩ. 2, ʢʨ. 2, 2ȭ) ʪʘ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ ʟ ʥʘʜʣʠʰʢʦʤ (ʨʠʩ. 2, ʢʨ. 3, 3ȭ). ʅʘ ʦʙʦʭ ʜʦʩʣʽʜ-

ʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʦʜʘʯʘ ʧʦʚʽʪʨʷ ʚ ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ 

ʝʣʝʢʪʨʦʜ ʟʤʽʥʶʻ ʭʽʜ ʚʦʣʴʪʘʤʧʝʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ.  

ɺʦʣʴʪʘʤʧʝʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘ-

ʥʠʭ ʢʘʪʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ ʜʚʽ ʜʽʣʴʥʠʮʽ. ʇʝʨʰʘ ʜʽʣʴ-

ʥʠʮʷ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ ʨʽʚ-

ʥʦʚʘʞʥʦʛʦ ʜʦ ï0,3 ï0,4 ɺ. ɼʨʫʛʘ ʜʽʣʴʥʠʮʷ ʨʦʟʪʘh ʦ-

ʚʘʥʘ ʧʨʠ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʭ ʧʦʪʝʥʮʽʘʣʘʭ. 

ʈʽʚʥʦʚʘʞʥʽ ʧʦʪʝʥʮʽʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʛʨʘʬʽʪʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʙʝʟ ʧʦʢʨʠʪʪʷ ʪʘ ʟ ʘʢʪʠʚʫʯʁʠʤ 

ʧʦʢʨʠʪʪʷʤ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ 3 ʤʦʣʜɹʤ
ï3

 NaCl ʧʨʠ 

290 ʂ ʩʢʣʘʣʠ: 0,07 ɺ ʪʘ 0,314 ɺ ʚʽʜʧʦʚʽʜʥʦ. 

 

 
 

ʈʠʩ. 2 ï ʂʘʪʦʜʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʚʦʜʥʦʤʫ  

ʨʦʟʯʠʥʽ NaCl ï 3 ʤʦʣʜɹʤï3 

ʉʪʘʥʜʘʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʠʩʥʝʚʦʾ ʨʝʘʢʮʽʾ, ʜʣʷ ʥʘ-

ʚʝʜʝʥʠʭ ʫʤʦʚ ʩʢʣʘʜʘʻ ʙʽʣʷ 1,01 ɺ. ɿʥʘʯʥʠʡ ʟʩʫʚ 
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ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè  

ʉʝʨʽʷ: ʍʽʤʽʷ, ʭʽʤʽʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʝʢʦʣʦʛʽʷ, ˉ 39(1315) 2018 25 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫ ʥʝʛʘʪʠʚʥʠʡ ʙʽʢ ʚʢʘʟʫʻ ʥʘ 

ʚʧʣʠʚ ʘʜʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʜʚʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʘʨʫ ʥʘ ʛʨʘʥʠʮʽ ʝʣʝʢʪʨʦʜ-ʝʣʝʢʪʨʦʣʽʪ. 

ʉʪʘʥʜʘʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʦʜʥʝʚʦʾ ʨʝʘʢʮʽʾ, ʜʣʷ ʥʘ-

ʚʝʜʝʥʠʭ ʫʤʦʚ ʩʢʣʘʜʘʻ ʙʽʣʷ ï0,42 ɺ. ʊʦʤʫ, ʜʣʷ ʜʽʣʴʥʠʮʽ 

ʧʝʨʰʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʦʪʝʥʮʽʘʣʽʚ ʤʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʷ 

ʪʽʣʴʢʠ ʢʠʩʥʝʚʦʾ ʨʝʘʢʮʽʾ. 

ʇʨʠ ʢʘʪʦʜʥʽʡ ʧʦʣʷʨʠʟʘʮʽʾ ʟʨʦʩʪʘʻ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ. ɿô̫ ʚʣ̫̒ ʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʜʽʣʷʥʢʘ 

ʩʫʤʽʩʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ ʽ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ. 

ʛʨʘʬʽʪ, ʘʢʪʠʚʦʚʘʥʠʡ ʦʢʩʠʜʘʤʠ ʥʽʢʝʣ ʁʧʦʢʘʟʘʚ ʙʽʣʴʰʫ 

ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʨʝʘʢʮʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ.  

ʆʜʥʘʢ, ʦʢʩʠʜʠ ʥʽʢʝʣʶ ʦʢʘʟʘʣʠ ʢʘʪʘʣʽʪʠʯʥʫ ʜʽʶ 

ʥʝ ʪʽʣʴʢʠ ʥʘ ʨʝʘʢʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ, ʘ ʽ ʥʘ 

ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ. 

ʅʘʡʙʽʣʴʰ ʯʽʪʢʦ ʧʝʨʝʭʽʜ ʚʽʜ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ ʜʦ 

ʜʨʫʛʦʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʚʦʣʴʪ ʘʤʧʝʨʥʠʭ ʟʘʣʝʞʥʦ-

ʩʪʝʡ ʥʘ ʇɻ-50 ʙʝʟ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʢʠʩʝʥʴ, ʨʦʟʯʠʥʝʥʠʡ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ. 

ʈʽʟʢʘ ʟʤʽʥʘ ʭʦʜʫ ʚʦʣʴʪ ʘʤʧʝʨʥʠʭ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚô̫ ʟʘʥʘ 

ʟ ʚʠʪʽʩʥʝʥʥʷʤ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʢʠʩʥʶ ʟ ʧʦʚʝʨʭʥʽ 

ʛʨʘʬʽʪʦʚʦʛʦ ʢʘʪʦʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ, ʧʨʠ 

ʧʦʪʝʥʮʽʘʣʘʭ, ʱʦ ʻ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʠʤʠ ʟʘ 1,1 ɺ. 

ʇʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ ʢʘʪʦʜ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʠʩʥʶ, ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʥʘ 

ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ. ʈʦʙʦʪʘ ʢʘʪʦʜʫ ʫ ʛʘʟʦʜʠʬʫʟʽʡʥʦʤʫ 

ʨʝʞʠʤʽ ʫʩʢʣʘʜʥʶʻ ʧʦʪʨʘʧʣʷʥʥʷ ʤʦʣʝʢʫʣ ʚʦʜʠ ʥʘ ʧʦ-

ʚʝʨʭʥʶ ʢʘʪʦʜʫ. ʉʪʨʫʤ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ, ʚ 

ʛʘʟʦʜʠʬʫʟʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ 22,5 ʨʘʟʠ 

(ʨʠʩ. 2). 

ɸʢʪʠʚʽʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʇɻ-50 ʦʢʩʠʜʘʤʠ ʥʽʢʝʣʶ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʢʘʪʦʜʽ. ʅʘ ʧʝʨʰʽʡ ʜʽʣʴʥʠʮʽ ʩʪʨʫʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ, ʙʝʟ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʟʨʽʩ ʫ 3 ʨʘʟʠ. 

ʑʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʧʦ ʩʧʦʨʽʜʥʝʥʦʩʪ̔ 

ʢʠʩʥʶ ʜʦ ʦʢʩʠʜʽʚ ʥʽʢʝʣʶ. ʉʪʨʫʤ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ 

ʥʘ ʘʢʪʠʚʦʚʘʥʦʤʫ ʢʘʪʦʜʽ, ʚ ʛʘʟʦʜʠʬʫʟʽʡʥʦʤʫ ʨʝʞʠʤʽ, 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ 2 ʨʘʟʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʘʢʪʠʚʦʚʘʥʠʤ 

(ʨʠʩ. 2). 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʤʽʥʠ ʧʨʠʨʦʜʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʚʠʜʽʣʝʥʥʷ ʚʦʜʥʶ 

ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʘʣʘʥʩʦʚʠʡ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʽʟ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷʤ ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʘʪʦʜʫ (ʨʠʩ. 3, ʢʨ. 1) ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʛʘʟʦʜʠʬʫʟʽʡʥʦʛʦ ʨʝʞʠʤʫ, ʪʘ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʧʦʜʘʯ ̔ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ ʢʘʪʦʜ 

(ʨʠʩ. 3, ʢʨ. 2). 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʭʽʜ ʟʘ ʩʪʨʫʤʦʤ 

ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʜʦʩʷʛ-

ʥʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʷ  14 ʛʜʤ
ï3

 NaClO. 

ʇʨʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʫ ʛʘʟʦʜʠʬʫʟʽʡʥʠʡ ʝʣʝʢʪʨʦʜ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʧʝʨʝʚʠʱʫʻ 

ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ. ʛʨʘʥʠʯʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ NaClO ʩʢʣʘʣʘ  27 ʛʜʤ
ï3

, ʧʨʠ ʦʙʨʘʥʦʤʫ 

ʛʘʟʦʜʠʬʫʟʽʡʥʦʤʫ ʨʝʞʠʤʽ. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʛʘʣʴʤʫʚʘʥʥʷ 

ʧʽʜʚʦʜʫ ʽʦʥ̔ʚ ClO
ï
 ʜʦ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʫ, ʱʦ ʩʧʨʠʷ ̒

ʟʥʠʞʝʥʥʶ ʚʪʨʘʪ ClO
ï
 ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʢʘʪʦʜʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ. 

 
ʈʠʩ. 3 ï ɿʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʚʽʜ ʯʘ-

ʩʫ ʝʣʝʢʪʨʦʣʽʟʫ ʧʨʠ j = 0,2 ɸ/ʩʤ2; T = 290 ʂ;  

3 ʤʦʣʜɹʤï3 NaCl 

 

ɺʠʩʥʦʚʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʘʟʦʜʠʬʫʟʽʡʥʦʛʦ ʢʘʪʦʜʫ ʜʦʟʚʦʣʷʻ ʟʘʛʘʣʴʤʫʚʘʪʠ ʧʨʦʮʝʩ 

ʢʘʪʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʛʽʧʦʭʣʦʨʠʪ ʽʦʥʽʚ. ɺʠʭʽʜ ʟʘ 

ʩʪʨʫʤʦʤ ʯʝʨʝʟ 3 ʛʦʜʠʥʠ ʝʣʝʢʪʨʦʣʽʟʫ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʛʘʟʦʜʠʬʫʟʽʡʥʦʛʦ ʢʘʪʦʜʫ, ʟʨʽʩ ʟ 29  % ʜʦ 

52  %. ʦɦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʣʦ ʥʘ ʧʠʪʦʤ ̔ ʚʠʪʨʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʉʪʨʫʤ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ, ʚ ʛʘʟʦʜʠʬʫʟʽʡʥʦʤʫ 

ʨʝʞʠʤʽ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ 2 ʨʘʟʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʦʨʫ-

ʚʘʪʦʛʦ ʛʨʘʬʽʪʦʚʦʛʦ ʢʘʪʦʜʫ ʤʘʨʢʠ ʇɻ-50, ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʥʽʢʝʣʝʤ. 

ɿʤʽʥʶʶʯʠ ʨʝʞʠʤʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʚ 

ʛʘʟʦʜʠʬʫʟʽʡʥʦʤʫ ʢʘʪʦʜʽ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʧʨʦʪʽʢʘʥʥʷʤ 

ʩʫʤʽʱʝʥʠʭ ʢʘʪʦʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʟʘ ʨʘʭʫʥʦʢ ʘʢʪʠʚʘʮʽʾ 

ʧʦʚʝʨʭʥʽ ʛʨʘʬʽʪʦʚʦʛʦ ʛʘʟʦʜʠʬʫʟʽʡʥʦʛʦ ʢʘʪʦʜʫ ʛʨʘʥʠʯ-

ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ NaClO ʟʙʽʣʴʰʠʣʘʩʴ ʟ 14 ʜʦ 27 ʛʜʤ
ï3

. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʙʘʣʘʥʩʦʚʠʡ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʧʨʦʪʛ̫ʦʤ 

10 ʛʦʜʠʥ ʜʦʚʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʉʂʃɸɼʋ ɺʀʍɯɼʅʆɰ ɻɸɿʆɺʆɰ ʉʋʄɯʐɯ ʅɸ ʋʊɺʆʈɽʅʅʗ 

ʎɯɸʅɯʉʊʆɻʆ ɺʆɼʅʖ  
 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʦʢʠʩʥʶʚʘʣʴʥʠʤ 
ʘʤʦʥʦʣʽʟʦʤ ʤʝʪʘʥʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʘʛʝʥʪʽʚ ʫ ʮʽʘʥʽʩʪʠʡ ʚʦʜʝʥʴ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʪʘ-

ʢʦʞ ʽ ʚʽʜ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʽʡ ʩʫʤʽʰʽ. ɼʦʚʝʜʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʽʘʢʫ ʪʘ ʤʝʪʘʥʫ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʩʧʚ̔-

ʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʘʤʽʘʢ/ʤʝʪʘʥ ʫ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ, ʱʦ ʜʦʨʽʚʥʶʻ 0,9ï0,95, ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʦʢʠʩʣʶʚʘʣʴʥʠʤ 
ʘʤʦʥʦʣʽʟʦʤ ʤʝʪʘʥʫ ʩʢʣʘʜʘʻ 62ï72  % ʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʯʘʪʢʦʚʽʡ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʘʤʽʘʢ/ʤʝʪʘʥ, ʱʦ ʜʦʨʽʚʥʶʻ 0,8ï0,9. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʤʝʪʦʜʦʤ ɸʥʜʨʫʩʦʚʘ. ʆʪʨʠʤʘʥʽ ʨʝ-
ʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʩʫʯʘʩʥʠʭ ʘʟʦʪʥʦ-ʪʫʢʦʚʠʭ ʢʦʤʙʽʥʘʪʘʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ ʩʠʥʠʣʴʥʦʾ ʢʠʩʣʦʪʠ. 

 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʽʘʥʽʩʪʠʡ ʚʦʜʝʥʴ, ʩʠʥʠʣʴʥʘ ʢʠʩʣʦʪʘ, ʢʘʪʘʣʟ̔ʘʪʦʨ, ʤʝʪʘʥ, ʘʤʽʘʢ, ʩʠʥʪʝʟ. 

 

ʉ. ʀ. ɸɺʀʅɸ, ɻ. ʀ. ɻʈʀʅʔ, ʊ. ɺ. ʐʂʆʃʔʅʀʂʆɺɸ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʉʆʉʊɸɺɸ ʀʉʍʆɼʅʆʁ ɻɸɿʆɺʆʁ ʉʄɽʉʀ ʅɸ ʆɹʈɸɿʆɺɸʅʀɽ 

ʎʀɸʅʀʉʊʆɻʆ ɺʆɼʆʈʆɼɸ  
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʘʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʦʢʠʩ-
ʣʠʪʝʣʴʥʳʤ ʘʤʤʦʥʦʣʠʟʦʤ ʤʝʪʘʥʘ. ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʠʘʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʦʣʦʪʦʜʦʙʳʯʝ - ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʠʘʥʠʩʪʦʛʦ ʥʘʪʨʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʝʡ-

ʪʨʘʣʠʟʘʮʠʠ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʫʯʝʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ ʤʝʪʘʥʘ, ʘʤʤʠʘʢʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʧʣʘʪʠʥʦʠʜʥʦʤ ʢʘʪʘʣʠʟʘʪʦ-
ʨʝ, ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ. ʕʪʦʪ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʠʟʫʯʝʥ ʠ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʎʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʯʘʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʚʳʭʦʜ ʮʠʘ-

ʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ. ʇʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʘʤʤʦʥʦʣʠʟʝ ʤʝʪʘʥʘ ʩ ʫʯʝʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʜʠʬʬʫʟʠʠ ʛʘʟʦʚ ʠ ʤʝʥʴʰʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʤʝʪʘʥʘ, ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʤʠʘʢʦʤ, ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʮʠʘʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʷʪ ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʤʝʪʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʤʤʠʘʢʘ. ʋʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʜʥʦʛʦ ʠʟ ʨʝʘʛʝʥʪʦʚ ʚ ʥʘʯʘʣʴʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʦʩʣʝ ʨʝʘʢʪʦʨʘ ʩʠʥʪʝʟʘ ʮʠʘʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʢʦʥ-

ʪʘʢʪʥʦʤ ʛʘʟʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʨʝʘʛʝʥ-
ʪʦʚ ʚ ʮʠʘʥʠʩʪʳʡ ʚʦʜʦʨʦʜ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʠ ʦʪ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʘʤʤʠʘʢʘ ʠ ʤʝʪʘʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʘʤʤʠʘʢ/ʤʝʪʘʥ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʨʘʚ-

ʥʦʤ 0,9-0,95, ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʮʠʘʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʘʤʤʦʥʦʣʠʟʦʤ ʤʝʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 62ï72  % ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪ-
ʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʯʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʘʤʤʠʘʢ/ʤʝʪʘʥ ʨʘʚʥʦʤ 0,8-0,9. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʘʥʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʤʝʪʦʜʦʤ ɸʥʜʨʫʩʩʦʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʮʠʘʥʠʩ-

ʪʦʛʦ ʚʦʜʦʨʦʜʘ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʘʤʤʦʥʦʣʠʟʦʤ ʤʝʪʘʥʘ ʦʢʘʟʳʚʘʝʪ  ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ  ʥʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-
ʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʟʦʪʥʦ-ʪʫʢʦʚʳʭ ʢʦʤʙʠʥʘʪʘʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ.  
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S. I. AVINA, G. I. GRYN, T. V. SHKOLNIKOVA 

RESEARCH OF THE INFL UENCE OF THE COMPOSITION OF THE INITIAL GAS MIXTURE ON 

THE FORMATION OF HYD ROGEN CYANIDE  
 
The main results of research on the influence of the composition of the initial gas mixture on the formation of hydrogen cyanide by the oxidative 

ammonolysis of methane is considered. Industrial production of hydrogen cyanide is the basis for the production of one of the important components 

in gold mining, sodium cyanide. Today, the main method of production of sodium cyanide is based on the neutralization of hydrocyanic acid obtained 
by the catalytic synthesis of methane, ammonia and oxygen of the air on a platinum catalyst, with an alkali solution. This method has been little 

studied and has great prospects for its further improvement. The purpose of the study was to establish the optimal ratio of the components of the 

initial gas mixture and their influence on the output of hydrogen cyanide. In oxidative ammonolysis of methane, taking into account the uneven 
diffusion of gases and lower cost of methane, compared with ammonia, the process of producing hydrogen cyanide is carried out with a small excess 

of methane relative to ammonia. It has been established that with a reduced content of one of the reactants in the initial gas mixture after the reactor of 

hydrogen cyanide synthesis, a significant amount of unreacted components of the mixture is present in the contact gas. It was revealed that the degree 

of conversion of reagents into hydrogen cyanide depends not only on the initial concentration, but also on their ratio in the initial mixture. It is proved 

that the maximum degree of conversion of ammonia and methane is achieved when the ratio of ammonia / methane in the reaction mixture is 0.9-

0.95. The maximum yield of hydrogen cyanide by oxidative ammonolysis of methane is 62ï72  % and is achieved when the ratio of components in 
the initial reaction mixture when the ratio of ammonia / methane is 0.8ï0.9. The effect of temperature on the formation of hydrogen cyanide by the 

Andrussov method has been investigated. It has been established that increasing the temperature of the process for producing hydrogen cyanide by the 

oxidative ammonolysis of methane has a positive effect on the yield of the target product. The results obtained can be used in modern nitrogen-
fertilizer plants to optimize the process of synthesis of hydrocyanic acid. 

Keywords: hydrogen cyanide; hydrocyanic acid; catalyst, methane, ammonia, synthesis. 

 

ɺʩʪʫʧ. ʇʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʠʥʠʣʴʥʦʾ ʢʠʩ-

ʣʦʪʠ ʻ ʦʩʥʦʚʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʦʜʥʦʛʦ ʟ ʚʘʞʣʠʚʠʭ ʢʦʤ-

ʧʦʥʝʥʪʽʚ ʚ ʟʦʣʦʪʦʜʦʙʫʚʘʥʥʽ ï ʮʽʘʥʽʜʫ ʥʘʪʨʽʶ [1ï4]. 

ɸʥʘʣʽʟ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʩʧʦʞʠʚʘʥʥʷ ʮʽʘʥʽʜʫ ʥʘʪʨʽʶ 

ʧʦʢʘʟʘʚ, ʱʦ ʧʦʧʠʪ ʥʘ ʥʴʦʛʦ ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ 

ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʚʠʜʦʙʫʪʢʫ ʟʦʣʦʪʘ ʪʘ ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ 

ʨʦʜʦʚʠʱ, ʘ ʪʘʢʦʞ ʘʬʽʥʘʞʫ ʟʦʣʦʪʦʚʤʽʩʥʠʭ ʰʣʘʤʽʚ  

[5ï8], ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʝ ʘʢʪʫʘʣʴ-

ʥʝ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʦʩʥʦʚʥʠʡ ʩʧʦʩʽʙ ʚʠʨʦʙʥʠ-

ʮʪʚʘ ʮʽʘʥʽʩʪʦʛʦ ʥʘʪʨʽʶ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʩʠ-

ʥʠʣʴʥʦʾ ʢʠʩʣʦʪʠ (HCN), ʦʪʨʠʤʘʥʦʾ ʢʘʪʘʣʽʪʠʯʥʠʤ ʩʠʥ-

ʪʝʟʦʤ ʤʝʪʘʥʫ, ʘʤʽʘʢʫ ʽ ʢʠʩʥʶ ʧʦʚʽʪʨʷ ʥʘ 

ʧʣʘʪʠʥʦʾʜʥʦʤʫ ʢʘʪʘʣʽʟʘʪʦʨʽ, ʨʦʟʯʠʥʦʤ ʣʫʛʫ [1, 9ï10]. 

  É ʉ. ɯ. ɸʚʥ̔ʘ, ɻ. ɯ. ɻʨʠʥʴ, ʊ. ɺ. ʐʢʦʣʴʥʢ̔ʦʚʘ, 2018 
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ʈʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʘʫʪʦʪʝʨʤʽʯʥʦ ʙʝʟ ʧʽʜʚʝʜʝʥʥʷ ʪʝ-

ʧʣʘ ʟʟʦʚʥʽ ʽ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 
 

  NH3 + CH4 + 1,5O2 = HCN + 3H2O.     (1) 

ʆʩʥʦʚʥʘ ʨʝʘʢʮʽʷ ʦʪʨʠʤʘʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʩʫ-

ʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʷʜʦʤ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʚʝʜʫʪʴ ʜʦ 

ʚʪʨʘʪʠ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ 

ʛʘʟʫ.  

  NH3 + 0,75 O2 = 0,5 N2 + 1,5 H2O (2) 

 CH4 + 0,5 O2 = CO + 2 H2  (3) 

 CH4 + O2 = CO2 + H2   (4) 

 CH4 + 1,5 O2 = CO + 2 H2O  (5) 

 CO + H2O = CO2 + H2  (6) 

 HCN + H2O = NH3 + CO (7) 

 2 HCN + 1,5 O2 = N2 + 2CO + H2O  (8) 

 2 ʅʉN = ʅ2 + 2ʉ +  N2  (9) 

 ʉʅ4 = ʉ + 2 ʅ2    (10) 

 2 ʉʆ = ʉʆ2 + ʉ.  (11) 

ɺʥʘʩʣʽʜʦʢ ʧʨʦʪʽʢʘʥʥʷ ʮʠʭ ʨʝʘʢʮʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʚʠʪʨʘʪʘ ʘʤʽʘʢʫ ʽ ʤʝʪʘʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʠʥʠʣʴʥʦʾ ʢʠʩʣʦʪʠ.  ʊʘʢʦʞ ʚ ʢʦʥʪʘʢʪʥʠʭ 

ʛʘʟʘʭ ʢʨʽʤ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʧʨʠʩʫʪʥʽ ʛʘʟʠ, ʱʦ ʥʝ ʧʨʦ-

ʨʝʘʛʫʚʘʣʠ (ʤʝʪʘʥ, ʘʤʽʘʢ, ʢʠʩʝʥʴ) ʪʘ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ 

ʪʘʢʽ ʷʢ:  ʦʢʩʠʜ ʚʫʛʣʝʮʶ (II), ʦʢʩʠʜ ʚʫʛʣʝʮʶ (IV) ʽ ʚʦ-

ʜʝʥʴ [10]. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʚʝʨʩʽʾ, ʯʘʩʫ ʢʦ-

ʥʪʘʢʪʫʚʘʥʥʷ, ʩʢʣʘʜʫ ʧʦʯʘʪʢʦʚʦʾ ʩʫʤʽʰʽ ʙʫʜʝ ʟʤʽʥʶʚʘ-

ʪʠʩʷ ʚʠʭʽʜ  ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ. 

ʗʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʦʩʥʦʚʥʫ ʨʝʘʢʮʽʶ (1), ʪʦ 

ʩʢʣʘʜ  ʧʦʯʘʪʢʦʚʦʾ ʩʫʤʽʰʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʩʪʫʧʥʠʤ, 

 % ʦʙ.: NH3ï10,95, CH4ï10,95, ʆ2ï16,4, Nï61,7 ʘʙʦ 

ʤʦʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʤʽʰʽ ʧʦʚʠʥʥʽ 

ʩʪʘʚʠʪʠʩʷ ʷʢ 1:1:1,5 [1,10]. ɸʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʮʝ ʩʧʽʚ ʚʽʜ-

ʥʦʰʝʥʥʷ ʥʝ ʜʦʪʨʠʤʫʻʪʴʩʷ ʽ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʤʝ-

ʞʘʭ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ɸʚ-

ʪʦʨʘʤʠ ʨʦʙʦʪʠ [11] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʚʠʭʽʜ ʧʦ ʮʽʘʥʽʩʪʦʤʫ ʚʦʜʥʶ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʧʦʯʘʪʢʦ-

ʚʦʤʫ ʩʢʣʘʜʽ ʩʫʤʽʰʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ 

(ʘʤʽʘʢ ï 10,92  % ʦʙ., ʤʝʪʘʥ ï- 10,92  % ʦʙ., ʨʝʰʪʘ ʧʦ-

ʚʽʪʨʷ), ʧʨʠ ʮʴʦʤʫ ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ ʜʦʩʷʛʘʻ 68  %. 

ɸʚʪʦʨʠ [12] ʟʘʟʥʘʯʠʣʠ, ʱʦ ʚʦʜʝʥʴ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʩʠʥʪʝʟ ʅʉN. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʦ-

ʜʝʥʴ ʚʟʘʻʤʦʜʽʻ ʟ ʧʣʘʪʠʥʦʶ, ʫʪʚʦʨʶʶʯʠ ʣʝʛʢʦʩʫʙ-

ʣʽʤʦʚʘʥʽ ʛʽʜʨʠʜʠ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʪʨʘʪ ʤʝʪʘʣʽʚ ʧʣʘʪʠʥʦʚʦʾ ʛʨʫʧʠ ʽ ʧʨʠ ʮʴʦʤʫ ʨʦʟʧʫʰʫʻ 

ʧʦʚʝʨʭʥʶ ʧʣʘʪʠʥʦʾʜʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʟʤʝʥ-

ʰʫʻʪʴʩʷ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʩʽʪʦʢ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʋ ʨʦʙʦʪʽ [13] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʜʦʜʘʚʘʥʥʷ ʢʠʩʥʶ ʜʦ ʩʫʤʽʰʽ CH4:NH3=1:1 ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʽ 730 Áʉ ʽ 1150 Áʉ ʚʠʢʣʠʢʘʣʦ ʧʘʜʽʥʥʷ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʽ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ NO 

ʟʙʽʣʴʰʫʚʘʣʘʩʷ. ʊʘʢʦʞ  ʜʦʜʘʚʘʥʥʷ ʢʠʩʥʶ ʟʘʙʝʟʧʝʯʫʻ 

ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʚʫʛʣʝʮʶ ʧʨʠʙʣʠʟʥʦ ʚʽʜ ʤʦ-

ʥʦʰʘʨʫ ʜʦ ʥʝʚʝʣʠʢʦʛʦ ʧʦʢʨʠʪʪʷ. ʂʠʩʝʥʴ ʨʝʘʛʫʻ ʟ ʘʤʽ-

ʘʢʦʤ ʜʦ ʫʪʚʦʨʝʥʥʷ NO ʰʚʠʜʰʝ, ʥʽʞ ʟ ʤʝʪʘʥʦʤ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʉʆ ʧʦ ʨʝʘʢʮʽʷʭ (3, 5), ʭʦʯʘ ʚ ʨʝʘʢʪʦʨʽ ʧʨʠ 

ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ NO, ʚʽʥ ʤʦʞʝ ʨʝʘʛʫʚʘʪʠ ʟ CH4 

ʟ ʫʪʚʦʨʝʥʥʷʤ HCN. ʊʘʢʦʞ ʚʠʷʚʣʝʥʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴ-

ʢʽʩʪʴ CO2, ʷʢʘ ʫʪʚʦʨʠʣʦʩʷ ʟʘ ʨʝʘʢʮʽʤ̫ʠ (4, 6). 

ɸʚʪʦʨʘʤʠ [14] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʦʜʥʶ ʥʘ ʚʠʭʽʜ 

ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʤʝʪʦʜʦʤ ʦʢʠʩʥʶʚʘʣʴʥʦʛʦ ʘʤʦʥʦʣʽʟʫ 

ʤʝʪʘʥʫ ʥʘ ʧʣʘʪʠʥʦʾʜʥʦʤʫ ʢʘʪʘʣʽʟʘʪʦʨʽ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʅ2 ʜʦ ʩʫʤʽʰʽ 

ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ  (CH4+NH3)/O2 = 2 ʟʙʽʣʴʰʫʚʘʣʘʩʷ 

ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʽʘʢʫ ʟ 74  % ʜʦ 82  %, ʪʦʜʽ ʷʢ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʟʘ CH4 ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ. ʆʜʥʘʢ 

ʟʙʽʣʴʰʝʥʥʷ ʩʝʣʝʢʪʠʚʥʦʩʪʽ HCN ʟ ʜʦʜʘʚʘʥʥʷʤ H2 ʩʫ-

ʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʚʝʨʩʽʾ ʘʤʽʘʢʫ ʽ, ʦʪʞʝ, 

ʧʦʜʘʯʘ ʚʦʜʥʶ ʙʫʜʝ ʢʦʨʠʩʥʘ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʘʤʽʘʢ 

ʚʽʜʜʽʣʷʶʪʴ ʚʽʜ ʧʦʪʦʢʫ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʧʦʚʝʨʪʘ-

ʶʪʴ ʥʘʟʘʜ ʚ ʨʝʘʢʪʦʨ. 

ʅʝ ʜʠʚʣʯ̫ʠʩʴ ʥʘ ʪʝ, ʱʦ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʮʽʘʥʽʩ-

ʪʦʛʦ ʚʦʜʥʶ ʤʝʪʦʜʦʤ ʦʢʠʩʣʶʚʘʣʴʥʦʛʦ ʘʤʦʥʦʣʽʟʫ ʤʝʪʘ-

ʥʫ ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʤʝʪʦʜʫ ʚʠʨʦʙʥʠʮʪʚʘ [15ï16], ʚʽʥ ʜʦʩʠʪʴ ʤʘʣʦ ʚʠʚʯʝ-

ʥʠʡ ʽ ʤʘʻ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷ-

ʛʘʣʘ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʯʘʪʢʦʚʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʽ ʚʧʣʠʚ ʥʘ ʚʠ-

ʭʽʜ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿ ʧʨʘʢʪʠʢʠ ʨʦʙʦ-

ʪʠ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʥʠʣʴʥʦʾ ʢʠʩʣʦʪʠ ʚʽʜʦʤʦ, 

ʱʦ ʚʽʜʩʫʪʥʽʡ  ʙʫʜʴ-ʷʢʠʡ ʦʜʠʥ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʨʘ-

ʤʝʪʨ, ʟʤʽʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʫ ʚ ʮʽ-

ʣʦʤʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʦʮʝʩ ʦʢʠʩʥʦʛʦ 

ʘʤʦʥʦʣʽʟʫ ʤʝʪʘʥʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʢʣʘʜʥʫ ʩʠʩ-

ʪʝʤʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʧʣʠʚʦʤ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʠʭʽʜ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ. 

ʋ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦʤʽ-

ʨʥʦʩʪʽ ʜʠʬʫʟʽʾ ʛʘʟʽʚ ʪʘ ʤʝʥʰʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʤʝʪʘʥʫ, 

ʥʽʞ ʘʤʽʘʢʫ, ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʧʨʦ-

ʚʦʜʷʪʴ ʟ ʥʝʚʝʣʠʢʠʤ ʥʘʜʣʠʰʢʦʤ ʤʝʪʘʥʫ ʚʽʜʥʦʩʥʦ ʘʤʽʘ-

ʢʫ. ʉʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʜ ʩʪʝʭʽʦʤʝʪ-

ʨʠʯʥʦʶ ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʝʘʛʝʥʪʽʚ ʥʝʜʦʮʽʣʴʥʦ, 

ʪʦʤʫ ʱʦ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʩʢʦʢ ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʛʦ ʤʝ-

ʪʘʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʮʶ ʥʘ ʧʦʚʝʨ-

ʭʥʽ ʧʣʘʪʠʥʦʾʜʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ. ʂʨʽʤ ʪʦʛʦ ʧʨʠ ʟʥʠʞʝ-

ʥʦʤʫ ʚʤʽʩʪʽ ʦʜʥʦʛʦ ʽʟ ʨʝʘʛʝʥʪʽʚ ʚ ʧʦʯʘʪʢʦʚʽʡ ʛʘʟʦʚʽʡ 

ʩʫʤʽʰʽ ʧʨʠʩʫʪʥʷ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʫ ʥʽʪʨʦʛʝʥʫ ʪʘ 

ʢʠʩʥʶ, ʱʦ ʥʝ ʧʨʦʨʝʘʛʫʚʘʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʨʝʘʛʝʥʪʽʚ ʚ ʮʽʘʥʽʩʪʠʡ ʚʦʜʝʥʴ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʽ ʚʽʜ ʾʭ ʩʧʽʚʚʽʜʥʦh ʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʛʘʟʦʚʦʾ ʩʫ-

ʤʽʰʽ ʥʘ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ  ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʧʨʦʪʦʯʥʦʤʫ ʨʝʘʢʪʦʨʽ ʥʘ 8 ʧʣʘʪʠʥʦʾʜʥʠʭ ʩʽʪʢʘʭ, ʥʘʩʪʫ-

ʧʥʦʛʦ ʩʢʣʘʜʫ,  % ʤʘʩ.: Ptï90, Rhï10. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʫ ʢʦʣʠʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 940ï990 Áʉ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫ʢʦʤʧʦʥʝʥʪ-

ʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ (ʤʝʪʘʥ, ʘʤʽʘʢ, ʧʦʚʽʪʨʷ) ʥʘ ʩʪʫ-

ʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʽʘʢʫ ʚ ʮʽʘʥʽʩʪʠʡ ʚʦʜʝʥʴ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1. ɸʥʘʣʽʟ ʜʘʥʠʭ ʜʦʟʚʦʣʠʚ ʣʠʰʝ ʚʠʷʚʠʪʠ ʪʝʥʜʝ-

ʥʮʽʶ ʚʧʣʠʚʫ ʧʦʯʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ. ɺʠʜʥʦ, ʱʦ ʚ ʰʠ-

ʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʙʽʣʴʰʝʥ-

ʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʤʽʘʢ/ʤʝʪʘʥ ʜʦ 0,9ï0,95 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʽ-

ʘʢʫ ʚ ʮʽʘʥʽʩʪʠʡ ʚʦʜʝʥʴ 60ï65  %.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪ-

ʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʥʘ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ ʚ 

ʮʽʘʥʽʩʪʠʡ ʚʦʜʝʥʴ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɸʥʘʣʽʟ ʛʨʘʬʽʯʥʠʭ 
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ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʘʤʽʘʢ/ʤʝʪʘʥ ʜʦ 0,9ï0,95 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ ʚ ʮʽʘʥʽʩʪʠʡ ʚʦʜʝʥʴ 58ï

62  %.  
 

 
ʈʠʩ. 1 ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʤʽʘʢʫ  

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʤʽʘʢ/ʤʝʪʘʥ  

 

 
ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʘʥʫ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʤʽʘʢ/ʤʝʪʘʥ 

 

ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʨʦʮʝʩʫ ʻ ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʮʽʣʴʦ-

ʚʠʡ ʧʨʦʜʫʢʪ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦ-

ʥʝʥʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʥʘ ʩʪʫʧʽʥʴ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩ-

ʪʦʛʦ ʚʦʜʥʶ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.  

 
ʈʠʩ. 3 ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʤʽʘʢ/ʤʝʪʘʥ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʧʽʚʚʽʜʥʦh ʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʥʘ ʩʪʫʧʽʥʴ ʫʪʚʦʨʝʥʥʷ ʮʽ-

ʘʥʽʩʪʦʛʦ ʚʦʜʥʶ (ʨʠʩ. 3) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʘʤʽʘʢ/ʤʝʪʘʥ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ, ʱʦ 

ʜʦʨʽʚʥʶʻ 0,8ï0,9 ʩʪʘʥʦʚʠʪʴ 62ï70  %, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥ-

ʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʜʦ 

1,1 ʩʪʫʧʽʥʴ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʧʘʜʘʻ ʜʦ 

40  %.  

ʊʘʢʦʞ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʘʪʘʣʽ-

ʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ 

ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 4. 
 

 
ʈʠʩ. 4 ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʷ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ  ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 

ɻʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʧʽʜʚʠɦ ʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʨʠʤʘʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʦʢʠʩʥʶʚʘ-

ʣʴʥʠʤ ʘʤʦʥʦʣʽʟʦʤ ʤʝʪʘʥʫ ʚʧʣʠʚʘʻ ʧʦʟʠʪʠʚʥʦ ʥʘ ʚʠʭʽʜ 

ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʊʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 950 
ʦ
ʉ ʩʪʫ-

ʧʽʥʴ ʫʪʚʦʨʝʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʩʢʣʘʜʘʻ 5,7  %, ʘ ʚʞʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʮʝʩʫ 990 
ʦ
ʉ ʜʦʨʽʚʥʶʻ 7,2  %.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩ-

ʪʫ ʨʝʘʛʝʥʪʽʚ ʫ ʚʠʭʽʜʥʽʡ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ ʥʘ ʚʠʭʽʜ ʮʽʘʥʽʩ-

ʪʦʛʦ ʚʦʜʥʶ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʘʤʽʘʢ/ʤʝʪʘʥ ʧʦʚʠʥʥʦ ʙʫʪʠ 0,8ï0,9 ʧʨʠ ʮʴʦʤʫ ʚʠʭʽʜ ʩʝ-

ʣʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʦ 

62ï72  %.  

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ 

ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ 

ʦʪʨʠʤʘʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʟ ʥʝʚʝʣʠʢʠʤ ʥʘʜʣʠʢhʦʤ 

ʦʜʥʦʛʦ ʽʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʩʘʤʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʨʽʚʥʦ-

ʤʽʨʥʦʩʪʽ ʜʠʬʫʟʽʾ ʛʘʟʽʚ ʪʘ ʤʝʥʰʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʤʝʪʘʥʫ, 

ʥʽʞ ʘʤʽʘʢʫ, ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʮʽʘʥʽʩʪʦʛʦ ʚʦʜʥʶ ʧʨʦ-

ʚʦʜʠʪʩɹ ̫ʟ ʥʘʜʣʠʰʢʦʤ ʤʝʪʘʥʫ ʚʽʜʥʦʩʥʦ ʘʤʽʘʢʫ ʚ ʽʥʪʝ-

ʨʚʘʣʽ 1,1ï1,2.  
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ʥʦʶ ʚô̫ ʟʢʽʩʪʶ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʮʠʢʣʽʥʛʦʚʠʭ ʤʘʩʪʠʣ, ʷʢʽ ʦʪʨʠʤʘʥ ̔ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʟʤʘʱʫʚʘʣʴʥʠʭ ʦʣʠʚ. ʋ ʷʢʦʩʪʽ ʟʘʛʫʱʫʚʘʯʘ 
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ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʤʘʩʪʠʣʘ ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʚô̫ ʟʢʽʩʪʶ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʶʪʴʩʷ ʧʦʣʽʥʦʤʦʤ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ, ʧʨʦ ʱʦ ʩʚʜ̔ʯʘʪʴ 
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ʤʠ ʚʽʜʨʽʟʥʷʣʦʩʷ ʤʘʩʪʠʣʦ ʟ ʤʘʣʦ ʚô̫ ʟʢʦʾ ʛʽʜʨʘʚʣʽʯʥʦʾ ʦʣʠʚʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʢʽʥʝʤʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʚʠʩʪʫʧʘʻ ʪʠʤ ʬʘʢʪʦʨʦʤ ʫ 
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ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʙʘʟʦʚʦʛʦ ʤʘʩʣʘ ʥʘ ʧʨʠʤʝʨʝ ʨʝʮʠʢʣʠʥʛʦʚʳʭ ʤʘʩʝʣ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʠʟ ʦʪʨʘʙʦʪʘʥʥʳʭ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ. ɺ ʢʘʯʝ-
ʩʪʚʝ ʟʘʛʫʩʪʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʪʦʨʠʯʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 % (ʤʘʩʩ.). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʤʘʩʣʘ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʙʘʟʦʚʦʛʦ ʤʘʩʣʘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʧʦʣʠʥʦ-

ʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ (0,93-0,99) ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2. ʀ ʪʘʢ 
ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʙʘʟʦʚʦʛʦ ʤʘʩʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʩʧʘʨʷʝʤʦʩʪʴ ʤʘʩʣʘ, ʧʦʪʝʨʶ ʤʘʩʣʘ ʧʨʠ ʭʨʘʥʝʥʠʠ ʤʘʩʣʘ ʠ ʝʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʫʩʪʠʪʝʣʷ, ʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʣʘ ʩʤʘʟʢʘ, ʧʦʣʫʯʝʥʥʘ ̫ʠʟ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʪʨʘ-

ʥʩʤʠʩʩʠʦʥʥʦʛʦ ʤʘʩʣʘ. ʍʫʜʰʠʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʪʣʠʯʘʣʦʩʴ ʤʘʩʣʦ ʩ ʤʘʣʦ ʚʷʟʢʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʩʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 
ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʙʘʟʦʚʦʛʦ ʤʘʩʣʘ ʚʳʩʪʫʧʘʝʪ ʪʝʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʠʯʥʦʡ ʩʤʘʟʢʠ, ʫʧʨʘʚʣʷʷ ʢʦʪʦʨʳʤ ʤʦʞʥʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʠ ʩʥʠʟʠʪ ɹʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʘʛʫʩʪʠʪʝʣʷ. 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʯʥʘʷ ʩʤʘʟʢʘ, ʙʘʟʦʚʦʝ ʤʘʩʣʦ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʧʦʣʠʵʪʠʣʝʥ, ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ, ʬʘʢʪʦʨ ʩʢʦʨʦʩʪʠ. 

 

A. B. GRIGOROV  

INFLUENCE OF BASIC O IL VISCOSITY ON QUAL ITY INDICATO RS RECYCLING PLASTIC  

LUBRICANTS  

 
The results of laboratory research on determination of dependence between quality indicators of plastic oils and kinematic viscosity of base oil on the 

example of recycling lubricants obtained from spent lubricating oils are presented. As a thickener, secondary polyethylene of low pressure was used at 

a concentration of 5 % (w / w). It was established that the obtained dependences between the determined quality parameters of the lubricant and the 
kinematic viscosity of the base oil are adequately described by the polynomial of the second degree, as evidenced by the very high (0.93-0.99) values 

of the coefficients of reliability of the approximation of  R2. Therefore, the kinematic viscosity of the base oil significantly affects the evaporation of 

the lubricant, the loss of oil during storage of lubricants and its rheological properties. When added the same concentration of thickener, the best 
properties were the lubricant obtained from high-viscosity transmission oil. The worst rheological properties differed from the lubricant with a little 

viscous hydraulic oil. In this regard, the kinematic viscosity of the base oil acts as a factor in the process of production of plastic lubricants, which 

controls, it is possible to form its structure, to predict the properties and reduce the cost, due to the rational use of the thickener. 
  Keywords: plastic lubricant, base oil, kinematic viscosity, polyethylene, quality index, speed factor. 

 

ɺʩʪʫʧ. ɹʘʟʦʚʘ ʦʣʠʚʘ ʻ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ, ʾʾ ʚʤʽʩʪ ʫ ʥʠʭ ʤʦʞʝ ʜʦʭʦʜʠʪʠ ʜʦ 

90  % (ʤʘʩ.), ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʢʽʥʝʤʘʪʠʯʥʘ 

ʚô̫ ʟʢʽʩʪʴ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʘʩʪʠʯ-

ʥʠʭ ʤʘʩʪʠʣ. ɺʠʙʽʨ ʚô̫ ʟʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʤʦ-

ʞʝ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʽʜʙʦʨʽ ʩʠʨʦʚʠʥʠ 

ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ, 

ʢʝʨʫʶʯʠ ʷʢʠʤ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʷʢʽʩʪʴ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ 

ʾʾ ʟʚô̫ ʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯ-

ʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ɺ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣʘʭ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʷʢʦʩʪʽ ʙʘʟʦʚʠʭ ʦʣʠʚ ʷʢ 

ʤʽʥʝʨʘʣʴʥʽ ʦʣʠʚʠ, ʪʘʢ ʽ ʩʠʥʪʝʪʠʯʥʽ. ʉʴʦʛʦʜʥʽ 

ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʠʤʠ ʩʝʨʝʜ ʙʘʟʦʚʠʭ ʦʣʠʚ ʻ 

ʤʽʥʝʨʘʣʴʥʽ, ʘʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʦʣʠʚ ʱʦʨʦ-

ʢʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʙʘʟʦʚʠʭ ʦʣʠʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘ-

ʪʠ ʧʣʘʩʪʠʯʥʝ ʤʘʩʪʠʣʦ ʟ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨ-

ʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ,  ʧʽʜʚʠʱʝʥʦʶ ʭʽʤʽʯʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ, ʥʠʟʴʢʦʶ ʣʝʪʶʯʽʩʪʶ ʪʘ ʚʠʩʦʢʠʤʠ 

ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1].   

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʤʦʞʥʘ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʩʫʤʽʰʽ ʤʽʥʝʨʘʣʴʥʠʭ ʽ ʩʠʥʪʝʪʠʯ-

ʥʠʭ ʙʘʟʦʚʠʭ ʦʣʠʚ. 

ʆʩʥʦʚʥʦʶ ʬʽʟʠʯʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʙʘʟʦʚʦʾ ʦʣʠʚʠ 

ʣʶʙʦʾ ʧʨʠʨʦʜʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ, ʻ ʢʽʥʝʤʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ [2]. 

ɺô̫ ʟʢʽʩʪʴ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʚʠʟʥʘʯʘʻ ʚô̫ ʟʢʽʩʪʴ ʧʣʘʩʪʠʯʥʦ-

ʛʦ ʤʘʩʪʠʣʘ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʜʽʣʫ 

ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ ʙʝʟ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʝʨ-

ʪʷ. ɺô̫ ʟʢʽʩʪʴ ʟʫʤʦʚʣʶʻ ʪʦʚʱʠʥʫ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʰʘʨʫ 
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ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʪʘ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ [3].   

ɺ̔ʜʦʤʦ, ʱʦ ʜʦ ʧʜ̔ʰʠʧʥʠʢʫ ʧʦʪʨʘʧʣʷ ̒ ʙʘʟʦʚʘ 

ʦʣʠʚʘ ʽ ʟʘʛʫʱʫʚʘʯ [4], ʧʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚô̫ ʟʢʦʩʪʽ 

ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʫ ʚʽʥ, 

ʽʤʦʚʽʨʥʽʰʝ ʚʩʴʦʛʦ, ʧʝʨʝʩʪʘʥʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ. ʄʘʣʘ 

ʚô̫ ʟʢʽʩʪʴ ʟʫʤʦʚʣʶʻ ʟʥʦʩ ʧʽʜʰʠʧʥʠʢʫ, ʘ ʚʝʣʠʢʘ ï ʚʠ-

ʥʠʢʥʝʥʥʶ ʫ ʥʴʦʤʫ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ [5]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʙʘʟʦʚʦʾ 

ʦʣʠʚʠ ʚʠʙʠʨʘʶʪʴ ʽ ʢʣʘʩ ʤʘʩʪʠʣʘ ʟʘ NLGI (National Lu-

bricating Grease Institute), ʷʢʠʡ ʚʠʩʪʫʧʘʻ ʤʽʨʦʶ 

ʢʦʥʩʠʩʪʝʥʮʽʾ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʪʠʣʘ.  

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʩʪʠʯʥʠʭ 

ʤʘʩʪʠʣ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʯʝʥʥʷ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʤʝʪʦʜ ʧʦ ʚʠʙʦʨʫ ʚô̫ ʟʢʦʩʪʽ ʙʘʟʦʚʦʾ ʦʣʠʚʠ, ʟʘ-

ʩʥʦʚʘʥʠʡ ʥʘ ʬʘʢʪʦʨʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʥʝʩʫʯʠʭ 

ʝʣʝʤʝʥʪʽʚ (DN) [6]: 

  
2

DD
NDN ʚʟ

,  (1) 

ʜʝ     N ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ.,  

ʟD  ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʽʜʰʠʧʥʠʢʫ ʫ ʤʤ,  

ʚD  ï ʚʥʫʪʨʽʰʥʽʡ ʜ̔ʘʤʝʪʨ ʧʜ̔ʰʠʧʥʠʢʫ ʫ ʤʤ. 

ɺʠʨʘʭʫʚʘʚʰʠ ʰʚʠʜʢʽʩʥʠʡ ʬʘʢʪʦʨ (DN), ʤʘʶʯʽ 

ʜʘʥʥʽ ʧʨʦ ʨʦʙʦʯʫ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʘ ʟʘ ʛʨʘʬʽʢʦʤ 

(ISO) ʚʠʟʥʘʯʠʪʠ ʚô̫ ʟʢ̔ʩʪʴ ʙʘʟʦʚʦ ʾ ʦʣʠʚʠ, ʷʢʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʪʠʣʘ ʪʘ 

ʚʽʜʥʝʩʝʥʥʷ ʡʦʛʦ ʜʦ ʢʣʘʩʫ ʟʘ NLGI. 

ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝ, ʱʦ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘ-

ʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʚô̫ ʟʢʽʩʪʴ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʚʧʣʠʚʘʻ ʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʘʛʫʱʫʚʘʯʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʜʣʷ ʦʪ-

ʨʠʤʘʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʪʠʣʘ ʧʝʚʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ ʪʘ 

ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [7].   

ʆʪʞʝ, ʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʯʠʤ ʚʠʱʝ ʚô̫ ʟʢʽʩʪʴ ʙʘʟʦʚʦʾ ʦʣʠʚʠ, ʪʠʤ ʤʝʥʰʝ ʟʘʛʫʱʫ-

ʚʘʯʘ ʧʦʪʨʽʙʥʦ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʪʠʣʘ ʟ 

ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɸ ʧʦ ʚʝʣʠʯʠʥʽ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʚô̫ ʟʢʦʩʪʽ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʘʪʠ ʛʘ-

ʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʩʪʠʣʘ, ʘ  ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʡʦ-

ʛʦ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɺʠʢʣʘʜʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ. 

ɿ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʘʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʥʘʤʠ 

ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʷʢʽ ʚʢʣʶʯʘʣʠ ʫ ʩʝʙʝ ʪʨʠ ʝʪʘʧʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʩʪʠʯʥʦʛʦ 

ʤʘʩʪʠʣʘ ʫ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʙʫʣʠ ʚʟʷʪʽ ʯʦʪʠʨʠ 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʟʤʘʱʫʚʘʣʴʥʽ ʦʣʠʚʠ ʨʽʟʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʤʦʪʦʨʥʘ ʦʣʠʚʘ 

SAE5W-40 ʪʘ SAE10W-40, ʪʨʘʥʩʤʽʩʽʡʥʘ ʦʣʠʚʘ 

SAE90W-140, ʛʽʜʨʘʚʣʽʯʥʘ ʦʣʠʚʘ HLP-46). ɼʣʷ ʚʠʜʘ-

ʣʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʚʦʜʠ ʮʽ ʦʣʠʚʠ ʙʫʣʠ 

ʦʙʨʦʙʣʝʥʽ ʥʘ ʮʝʥʪʨʠʬʫʟʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 6000 ʦʙ/ʭʚ. 

ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʪʘʥʜʘʨʪʫ ISO 

ʜʘʣʽ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ ʧʨʠ 100 Áʉ 

ʢʦʞʥʦʾ ʧʨʦʙʠ ʦʣʠʚʠ. ʎʷ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʣʘ ʚʠʙʨʘʥʘ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʠʧʫ ʟʘʛʫʱʫʚʘʯʘ, ʷʢʠʡ ʧʣʘʥʫʚʘʣʦʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ɸ ʩʘʤʝ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʨʭʥʴʦʾ ʤʝ-

ʞʠ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ (HTPL), ʷʢʘ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ, ʧʨʠ ʷʢʽʡ ʧʣʘʩʪʠʯʥʝ ʤʘʩʪʠʣʦ 

ʟʘʙʝʟʧʝʯʫʻ ʰʪʘʪʥʫ ʨʦʙʦʪʫ ʧʽʜʰʠʧʥʠʢʫ.  ʇʨʠ 

ʧ̔ ʜʚʠʱʝʥʥʽ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʮʽʻʾ ʤʝʞʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʩʪʨʽʤʢʝ ʧʦʛʽʨʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʪʠʣʘ, ʱʦ ʫ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʛʣʦʜʘʥʥʷ ʪʘ ʚʠʭʦʜʫ 

ʧʽʜʰʠʧʥʠʢʫ ʟʽ ʩʪʨʦʶ. 

ɼʨʫʛʠʡ ʝʪʘʧ ʚʢʣʶʯʘʚ ʫ ʩʝʙʝ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʣʘ-

ʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʥʘ ʙʘʟʽ ʯʦʪʠʨʴʦʭ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʟʤʘ-

ʱʫʚʘʣʴʥʠʭ ʦʣʠʚ ʪʘ ʧʦʜʨʽʙʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʦʙʫʪʦ-

ʚʠʭ ʚʽʜʭʦʜʽʚ. ʇʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ ʫ ʚʠʛʣʷʜʽ ʚʠʨʦʙʽʚ ʟ 

ʧʦʣʽʝʪʠʣʝʥʫ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʧʣʘ-

ʩʪʠʯʥʠʭ ʤʘʩʪʠʣʘʭ ʫ ʷʢʦʩʪʽ ʟʘʛʫʱʫʚʘʯʘ. ʂʽʣʴʢʽʩʪʴ ʟʘ-

ʛʫʱʫʚʘʯʘ, ʱʦ ʜʦʜʘʚʘʚʩʷ ʜʦ ʢʦʞʥʦʾ ʧʨʦʙʠ ʦʣʠʚʠ, 

ʜʦʨʽʚʥʶʚʘʣʘ 5  % (ʤʘʩ.). ɸ ʦʪʨʠʤʘʥʽ ʪʘʢʠʤ ʰʣʷʭʦʤ 

ʧʣʘʩʪʠʯʥʽ ʤʘʩʪʠʣʘ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʨʝʮʠʢʣʽʥʛʦʚʠʤʠ 

ʤʘʩʪʠʣʘʤʠ. ʊʦʤʫ ʱʦ ʦʩʥʦʚʥʠʤʠ ʾʭ ʢʦʤʧʦʥʝʥʪʘʤʠ ï 

ʙʘʟʦʶ ʪʘ ʟʘʛʫʱʫʚʘʯʝʤ, ʚʠʩʪʫʧʘʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʪʘ 

ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ. 

ʊʨʝʪʽʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʚ ʚʠʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʟ ʦʩ-

ʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ (ʧʝʥʝʪʨʘʮʽʷ, ʚʠʧʘʨʦʚʫʚʘ-

ʥʽʩʪʴ, ʢʦʣʦʾʜʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ) ʦʪʨʠʤʘʥʠʭ ʨʝʮʠʢ-

ʣʽʥʛʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʚô̫ ʟʢʫ 

ʤʽʞ ʦʟʥʘʯʝʥʠʤʠ ʚʠʱʝ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʨʝʮʠʢʣʽʥʛ 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʚô̫ ʟʢʽʩʪʶ ʙʘʟʦ-

ʚʠʭ ʦʣʠʚ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʟʨʦ-

ʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ. 

ʅʘ ʨʠʩ. 1ï3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʟʚô̫ ʟʢʫ ʤʽʞ ʧʦʢʘʟ-

ʥʠʢʘʤʠ ʷʢʦʩʪ ̔ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʶ 

ʚô̫ ʟʢʽʩʪʶ ʯʦʪʠʨʴʦʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʟʤʘʱʫʚʘʣʴʥʠʭ 

ʦʣʠʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʙʘʟʦʚʽ ʧʨʠ ʾʭ ʧʨʠʛʦ-

ʪʫʚʘʥʥʽ. 

 
ʈʠʩ. 1 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʧʘʨʦʚʫʚʘʥʽʩʪʶ ʤʘʩʪʠʣ  

ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚô̫ ʟʢʦʩʪ ʁʙʘʟʦʚʠʭ ʦʣʠʚ 

 

 

 
ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʣʦʾʜʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʤʘʩʪʠʣʘ 

ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʚô̫ ʟʢʽʩʪʁ ʙʘʟʦʚʦʾ ʦʣʠʚʠ 
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ɿʘʣʝʞʥʦʩʪʽ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1ï3, ʧʦʢʘʟʫʁ ʪʴ, 

ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʙʘʟʦʚʦʾ 

ʦʣʠʚʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʦʩʪʽ, 

ʢʦʣʦʾʜʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʘ ʧʝʥʝʪʨʘʮʽʾ ʧʣʘʩ-

ʪʠʯʥʦʛʦ ʤʘʩʪʠʣʘ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʦʤ ʜʨʫʛʦʛʦ 

ʩʪʫʧʝʥʷ (ʜʠʚ. ʪʘʙʣ. 1). ʊʘʢ, ʟ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʽʜʧ-

ʨʘʮʴʦʚʘʥʠʭ ʙʘʟʦʚʠʭ ʦʣʠʚ ʥʘʡʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷ ʢʽʥʝ-

ʤʘʪʠʯʥʦʾ ʚô̫ ʟʢʦʩʪʽ ʧʨʠ 100 Áʉ ʚʦʣʦʜʽʻ ʪʨʘʥʩʤʽʩʽʡʥʘ 

ʦʣʠʚʘ. ʆʪʨʠʤʘʥʝ ʥʘ ʾʾ ʦʩʥʦʚʽ ʧʣʘʩʪʠʯʥʝ ʤʘʩʪʠʣʦ 

ʚʦʣʦʜʽʻ ʥʘʡʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʧʘʨʦʚʫʚʘʥʦʩʪʽ, 

ʢʦʣʦʾʜʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʧʝʥʝʪʨʘʮʽʾ. 

 
ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʣʦʾʜʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʤʘʩʪʠʣʘ 

ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʚô̫ ʟʢʽʩʪʁ ʙʘʟʦʚʦʾ ʦʣʠʚʠ 

 
ʈʠʩ. 3 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʝʥʝʪʨʘʮʽʻʶ ʤʘʩʪʠʣʘ  

ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʁ ʚô̫ ʟʢ̔ʩʪʁ ʙʘʟʦʚʦʾ ʦʣʠʚʠ 

 

ʊʘʙʣʠʮʷ 1 ï ɿʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ  

ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʪʠʣʘ ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʚô̫ ʟʢʽʩʪʶ ʙʘʟʦʚʦʾ 

ʦʣʠʚʠ ʧʨʠ ʨ = 0,95 

ˉʧ/

ʧ 

ʅʘʡʤʝʥʫʚʘʥʥ ̫

ʧʘʨʠ ʧʦʢʘʟʥʠʢʽʚ 
ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ R2 

1 

ɺʠʧʘʨʦʚʫʚʘʥʽʩʪʴ 

ʤʘʩʪʠʣʘ ï ʢʽʥʝ-

ʤʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ 

ʦʣʠʚʠ 

5687,00039,00008,0 2 ʭʭʫ  0,99 

2 

ʂʦʣʦʾʜʥʘ ʩʪʘʙʽ-

ʣʴʥʽʩʪʴ ʤʘʩʪʠʣʘ ï 

ʢʽʥʝʤʘʪʠʯʥʘ 

ʚô̫ ʟʢʽʩʪʴ ʦʣʠʚʠ 

33,181005,10229,0 2 ʭʭʫ  0,99 

3 

ʇʝʥʝʪʨʘʮʽʷ ʤʘʩ-

ʪʠʣʘ ï ʢʽʥʝʤʘʪʠ-

ʯʥʘ ʚô̫ ʟʢʽʩʪʴ 

ʦʣʠʚʠ 

0,12904,122,0 2 ʭʭʫ  0,93 

 

ɯ, ʥʘʚʧʘʢʠ, ʤʘʩʪʠʣʦ, ʱʦ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʘʚ-

ʣʽʯʥʦʾ ʦʣʠʚʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʚô̫ ʟʢʦʩʪʽ, ʩʝʨʝʜ ʨʦʟʛʣʷʥʫʪʠʭ ʦʣʠʚ ʤʘʻ ʥʘʡʛʽʨʰʽ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ. ʊʦʙʪʦ, ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʚʠʧʘʨʦʚʫʚʘʥʽʩʪʴ, ʧʽʜʚʠʱʝʥʫ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʚʪʨʘʪʠ ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʟʽ ʩʢʣʘʜʫ ʤʘʩʪʠʣʘ 

ʪʘ ʜʦʩʠʪʴ ʥʝʚʠʩʦʢʽ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘ ʨʠʩ. 4ï6 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʦʩʥʦʚʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ, 

ʷʢʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʦʤ ʜʨʫʛʦʛʦ ʩʪʫʧʝ-

ʥʷ (ʜʠʚ. ʪʘʙʣ. 2).  

 
ʈʠʩ. 4 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʣʦʾʜʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʽʩʪʶ ʤʘʩʪʠʣ 

 
ʈʠʩ. 5 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʧʘʨʦʚʫʚʘʥʽʩʪʶ 

ʪʘ ʧʝʥʝʪʨʘʮʽʻʶ ʤʘʩʪʠʣ 

 

 
ʈʠʩ. 6 ï ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʣʦʾʜʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʪʘ ʧʝʥʝʪʨʘʮʽ̒ ʶ ʤʘʩʪʠʣ 

 

ʊʘʙʣʠʮʷ 2 ï ɿʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʧʣʘʩʪʠʯʥʦ-

ʛʦ ʤʘʩʪʠʣʘ ʧʨʠ ʨ = 0,95 

ˉ ʅʘʡʤʝʥʫʚʘʥʥ ̫

ʧʘʨʠ ʧʦʢʘʟʥʠʢʽʚ 
ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ R2 

1 ʂʦʣʦʾʜʥʘ ʩʪʘʙʽ-

ʣʴʥʽʩʪʴ ï ʚʠʧʘʨʦ-

ʚʫʚʘʥʽʩʪʴ  
9367,3832,13552,28 2 ʭʭʫ  0,99 

2 ɺʠʧʘʨʦʚʫʚʘʥʽʩʪʴ 

ï ʧʝʥʝʪʨʘʮʽʷ  
748,00062,000002,0 2 ʭʭʫ  0,96 

3 ʂʦʣʦʾʜʥʘ ʩʪʘʙʽ-

ʣʴʥʽʩʪʴ ï ʧʝʥʝʪ-

ʨʘʮʽʷ 
171,2569,180005,0 2 ʭʭʫ  0,92 

 

ʍʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4ï6, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ 
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ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣʘʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʙʘʟʽ ʯʦʪʠʨʴʦʭ 

ʟʤʘʱʫʚʘʣʴʥʠʭ ʦʣʠʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘ-

ʯʝʥʥʷ, ʧʽʜʪʚʝʨʜʞʫʻ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [8]. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʤʽʞ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʤʘʩʪʠʣ ʪʘ ʢʽʥʝ-

ʤʘʪʠʯʥʦʶ ʚô̫ ʟʢʽʩʪʶ ʙʘʟʦʚʠʭ ʦʣʠʚ, ʘ ʪʘʢʦʞ ʚʠʢʣʶʯʥʦ 

ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʫʶʪʴʩʷ ʧʦʣʽʥʦʤʦʤ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʜʫʞʝ ʚʠʩʦʢʽ (0,92ï0,99) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽ-

ʮʽʻʥʪʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ R
2
. ʆʪʞʝ ʢʽʥʝʤʘ-

ʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ ʙʘʟʦʚʠʭ ʦʣʠʚ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʧʘ-

ʨʦʚʫʚʘʥʽʩʪʴ ʤʘʩʪʠʣ, ʚʪʨʘʪʫ ʦʣʠʚʠ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ 

ʤʘʩʪʠʣ ʪʘ ʾʾ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʝʮʠʢʣʽʥʛʦʚ ̔ʧʣʘʩʪʠʯʥ ̔

ʤʘʩʪʠʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʚʠʧʘʨʦʚʫʚʘʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʧʣʘʩʪʠʯʥʠʤʠ 

ʤʘʩʪʠʣʘʤʠ. ʎʝ ʻ ʜʫʞʝ ʧʦʟʠʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ, ʷʢʠʡ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʫ ʚʪʨʘʪʫ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘ-

ʣʫ ï ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʰʠʧʥʠʢʫ.  

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʦʜʥʘʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʛʫʱʫʚʘ-

ʯʘ ʥʘ ʨʽʚʥʽ 5 % (ʤʘʩ.) ʥʘʡʣʽʧʰʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʦʣʦʜʽʣʦ ʤʘʩʪʠʣʦ, ʦʪʨʠʤʘʥʝ ʟ ʚʠʩʦʢʦʚô̫ ʟʢʦʾ 

ʪʨʘʥʩʤʽʩʽʡʥʦʾ ʦʣʠʚʠ. ʅʘʡʛʽʨʰʠʤʠ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘ-

ʩʪʠʚʦʩʪʷʤʠ ʚʽʜʨʽʟʥʷʣʦʩʷ ʤʘʩʪʠʣʦ ʟ ʤʘʣʦ ʚô̫ ʟʢʦʾ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʦʣʠʚʠ. ʆʪʞʝ, ʢʽʥʝʤʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ 

ʙʘʟʦʚʦʾ ʦʣʠʚʠ ʚʠʩʪʫʧʘʻ ʪʠʤ ʬʘʢʪʦʨʦʤ ʫ ʧʨʦʮʝʩʽ ʚʠ-

ʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʪʠʣʘ, ʢʝʨʫʶʯʠ ʷʢʠʤ ʤʦʞʥʘ 

ʬʦʨʤʫʚʘʪʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʫ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʘ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʟʘʚʜʷʢʠ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦ-

ʨʠʩʪʘʥʥʶ ʟʘʛʫʱʫʚʘʯʘ. 
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ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʨʘʡʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʦʙô̒ ʤʽʚ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʦʜʫʢʪʠ ʟʛʦʨʘʥʥʷ ʪʨʘʜʠʮʽʡ-
ʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ, - ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. ʇʨʦ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʩʚʽʪʣʦʧʨʦʟʦʨʦʛʦ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘ-

ʢʨʠʚʘʻ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʠʡ ʢʦʨʧʫʩ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʩʦʥʷʯʥʠʡ ʢʦʣʝʢʪʦʨ, ʚ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʽʩʥʫʶʪʴ ʨʦʟʨʽʟʥʝʥʽ ʚʽʜʦʤʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥ-

ʥʷ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʪʨʠʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
ʧʨʠ ʟʤʽʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʩʦʥʷʯʥʦʤʫ ʢʦʣʝʢʪʦʨʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʩʚʽʪʣʦʧʨʦʟʦʨʦʛʦ ʧʦʢ-

ʨʠʪʪʷ ʟ ʩʢʣʘ ʘʙʦ ʩʠʥʪʝʪʠʯʥʦʾ ʧʣʽʚʢʠ ʻ ʤʝʪʦʶ ʨʦʙʦʪʠ. ʅʘ ʩʦʥʷʯʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʟʤʦʥʪʦʚʘʥʽʡ ʥʘ ʜʘʭʫ ʦʜʥʦʛʦ ʟ ʧʘʥʩʽʦʥʘʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʇʽ-

ʚʜʥʽ ʋʢʨʘʾʥʠ, ʥʘ ʜʝʢʽʣʴʢʦʭ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʠʭ ʢʦʨʧʫʩʘʭ, ʚ ʷʢʠʭ ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ ʩʦʥʷʯʥʽ ʢʦʣʝʢʪʦʨʠ, ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʩʚʪ̔-
ʣʦʧʨʦʟʦʨʠʭ ʧʦʢʨʠʪʪʽʚ: ʦʜʠʥ ʰʘʨ ʩʢʣʘ; ʜʚʘ ʰʘʨʠ ʩʢʣʘ; ʪʨʠ ʰʘʨʠ ʩʢʣʘ; ʦʜʠʥ ʰʘʨ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ; ʦʜʠʥ ʰʘʨ ʩʢʣʘ ʽ ʦʜʠʥ ʰʘʨ 

ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ; ʜʚʘ ʰʘʨʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ; ʦʜʠʥ ʰʘʨ ʩʢʣʘ ʽ ʜʚʘ ʰʘʨʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʾ ʧʣʽʚʢʠ. ʇʨʠ ʨʦʙʦʪʽ ʫʩʪʘʥʦʚʢʠ ʚʠʤʽʨʶʚʘʣʠ-

ʩʷ ʪʝʤʧʝʨʘʪʫʨʠ: ʪʝʧʣʦʥʦʩʽʷ ʫʩʝʨʝʜʠʥʽ ʩʦʥʷʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ, ʧʦʚʽʪʨʷ ʤʽʞ ʩʦʥʷʯʥʠʤ ʢʦʣʝʢʪʦʨʦʤ ʽ ʩʚʽʪʣʦʧʨʦʟʦʨʠʤ ʧʦʢʨʠʪʪʷʤ, ʩʪʽʥʦʢ ʽ ʜʥʠʱʘ 
ʢʦʨʧʫʩʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʟʤʽʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ 0,5 ʜʦ 3,5 ʤ3/ʛ. ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʨʦʟʨʘ-

ʭʫʥʦʢ ʱʽʣʴʥʦʩʪʝʡ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʂʂɼ ʚʩʽʭ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʧʦʢʨʠʪʪʽʚ, ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʝʡ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʂʂɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʩʽ ʟʘʣʝʞʥʦʩʪʽ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʨʽʚʥʷʥʥʷʤʠ ʽ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʮ̫ʽʾ. ʆʪʨʠʤʘʥʽ ʫʟʘʛʘʣʴʥʝʥʽ 
ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪ ̔ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʂʂɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʦʥʷʯʥʦʤʫ ʢʦʣʝʢʪʦʨʽ ʧʨʠ ʟʤʽʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ 0,5 ʜʦ 3,5 ʤ3/ʛ ʟʘʣʝʞ-

ʥʦ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʚʽʪʣʦʧʨʦʟʦʨʦʛʦ ʧʦʢʨʠʪʪʷ.  

  ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ, ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʩʦʥʷʯʥʠʡ ʢʦʣʝʢʪʦʨ, ʩʦʥʷʯʥʽ ʫʩʪʘʥʦʚʢʠ, ʩʚʽʪʣʦʧʨʦʟʦʨʝ ʧʦʢʨʠʪʪʷ. 

 

ʖ. ɸ. ʉɽʃʀʍʆɺ, ɺ. ɸ. ʂʆʎɸʈɽʅʂʆ, ʀ. ɹ. ʈʗɹʆɺɸ, ɽ. ɸ. ɻɸʇʆʅʆɺɸ 

ʀʅʊɽɻʈɸʎʀʗ ʊɽʇʃʆʆɹʄɽʅɸ ʉɺɽʊʆʇʈʆɿʈɸʏʅʓʍ ʇʆʂʈʓʊʀʁ ɺ ʉʆʃʅɽʏʅʆʁ 

ʕʅɽʈɻɽʊʀʂɽ 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ - ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ ʧʨʦʮʝʩʩ.  ɺʚʝʜʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʫʣʫʯʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʨʘʡʦʥʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʜʫʢʪʳ ʩʛʦ-

ʨʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, - ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. ʆʙ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ 
ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ ʥʘʢʨʳʚʘʝʪ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʡ ʢʦʨʧʫʩ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʚ ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʨʦʟʥʝʥʥʳʝ ʩʚʝʜʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦ-

ʚʦʛʦ ʧʦʪʦʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʩʦʣʥʝʯʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʚ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʝʢʣʘ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ 

ʮʝʣʴʶ ʨʘʙʦʪʳ. ʅʘ ʩʦʣʥʝʯʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʢʨʳʰʝ ʦʜʥʦʛʦ ʠʟ ʧʘʥʩʠʦʥʘʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʖʛʝ ʋʢʨʘʠʥʳ, ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʦʨʧʫʩʘʭ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʩʚʝʪʦʧʨʦʟʨʘʯ-
ʥʳʭ ʧʦʢʨʳʪʠʡ: ʦʜʠʥ ʩʣʦʡ ʩʪʝʢʣʘ; ʜʚʘ ʩʣʦʷ ʩʪʝʢʣʘ; ʪʨʠ ʩʣʦʷ ʩʪʝʢʣʘ; ʦʜʠʥ ʩʣʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ; ʦʜʠʥ ʩʣʦʡ ʩʪʝʢʣʘ ʠ ʦʜʠʥ ʩʣʦʡ ʧʦʣʠʵ-

ʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ; ʜʚʘ ʩʣʦʷ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ; ʦʜʠʥ ʩʣʦʡ ʩʪʝʢʣʘ ʠ ʜʚʘ ʩʣʦʷ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ. ʇʨʠ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʷʣʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʳ: ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʥʫʪʨʠ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤ ʢʦʣʣʝʢʪʦʨʦʤ ʠ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʩʪʝʥʦʢ 
ʠ ʜʥʠʱʘ ʢʦʨʧʫʩʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ 0,5 ʜʦ 3,5 ʤ3/ʯ. ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʧʣʦʪʥʦʩʪʝʡ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʂʇɼ ʚʩʝʭ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʧʦʩʪ-

ʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʂʇɼ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʩʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷʤʠ ʠ ʦʧʨʝʜʝʣʝʥʳ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ. 

ʇʦʣʫʯʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʂʇɼ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʦʣʥʝʯʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʤʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ 0,5 ʜʦ 3,5 ʤ3/ʯ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ ʧʦʢʨʳʪʠʷ.  
  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʚʝʪʦʧ-

ʨʦʟʨʘʯʥʦʝ ʧʦʢʨʳʪʠʝ. 
 

 

YU. A. SELIKHOV, V. A. KOTSARENKO, I . B. RYABOVA, E. A. GAPONOVA 

INTEGRATION OF HEAT TRANSFER OF LIGHT -TRANSFER COATINGS IN  SOLAR ENERGY 
 

The use of solar energy is an environmentally friendly, energy-saving process. Putting into operation of solar installations improves the ecological 

situation of the region due to a decrease in emissions of pollutants, which include products of combustion of traditional types of energy - organic fuel. 
On the energy efficiency of using some materials as a translucent coating, which covers the thermally insulated casing, in which the solar collector is 

located, there are scattered information in technical literature. The use of other materials and obtaining generalized dependences of the heat flux 

density and efficiency on temperature when the coolant flow rate in a solar collector varies depending on the capacity of a single or multilayer 
translucent glass or synthetic film coating. In a solar installation mounted on the roof of one of the boarding houses located in the South of Ukraine, 

several heat-insulated coatings were installed on several insulated buildings in which solar collectors were placed: one layer of glass; two layers of 

glass; three layers of glass; one layer of plastic film; one layer of glass and one layer of plastic film; two layers of plastic film; one layer of glass and 
two layers of plastic film. During operation, the temperatures were measured: the coolant inside the solar collector, the air between the solar collector 

and the translucent coating, the walls and bottom of the housing. The experiments were carried out with a change in the volumetric flow rate of the 

coolant from 0,5 to 3,5 mį / h. According to the experimental data, the calculation of the density of heat fluxes and the efficiency of all the above listed 
versions of translucent coatings was carried out, the dependences of the densities of heat fluxes and efficiency on temperature were constructed. All 

dependences are approximated by equations and correlation coefficients are determined. The generalized dependences of the heat flux density and 

efficiency on the temperature in the solar collector are obtained when the volumetric flow rate of the coolant varies from 0,5 to 3,5 mį/ h, depending on 
the transmittance of various translucent coating options. 

  Keywords: efficiency, heat flux density, solar collector, solar installations, translucent coating. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ-

ʢʦʧʣʝʥ ʜʦʩʪʘʪʦʯʥʳʡ ʦʧʳʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʩʠʩʪʝʤ ʛʦʨʷʯʝʛʦ ʚʦʜʦ- ʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʨʫʛʣʦʛʦʜʠʯʥʦ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʚʦ-

ʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝ-

ʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ 

ʧʨʠ ʨʝʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʦʮʠ-

ʘʣʴʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʋʢʨʘʠʥʳ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʫʣʫʯ-

ʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʨʘʡʦʥʘ ʧʦʪʨʝʙʣʝʥʠʷ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʜʫʢ-

ʪʳ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʭʦʜ ʩʦʣʥʝʯ-

ʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʋʢʨʘʠʥʳ ʜʣʷ ʨʘʟʥʳʭ ʩʝ-

ʟʦʥʦʚ ʛʦʜʘ ʠ ʨʝʛʠʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʦʪ 290 ʜʦ 

1200 ʢɺʪĀʯ/ʤ
2
. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟ-

ʣʫʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʦʙʝʨʝʞʴʝ ʏʝʨʥʦʛʦ ʠ ɸʟʦʚ-

ʩʢʦʛʦ ʤʦʨʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʧʦ 

ʜʘʥʥʳʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʨʝʜʥʝʛʦʜʦ-

ʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

250. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴ-

ʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʚʥʝʜʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚʦʟʤʦʞʥʘ ʧʨʠ ʪʘʢʦʤ 

ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʥʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʛʜʘ ʟʘ-

ʪʨʘʪʳ ʥʘ ʚʳʨʘʙʦʪʢʫ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ 

ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ ʙʫʜʫʪ ʥʠʞʝ ʫʨʦʚʥʷ ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ 

ʥʘ ʧʦʣʫʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦ-

ʩʦʙʘʤʠ (ʚ ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʵʪʠʤ, ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʦʣʞʝʥ 

ʙʳʪʴ ʩʦʠʟʤʝʨʠʤ ʩ ʛʘʨʘʥʪʠʡʥʳʤ ʩʨʦʢʦʤ ʠʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ 

ʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʤʦʥ-

ʪʘʞ, ʦʙʩʣʫʞʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʣʠ ʙʳ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨ-

ʛʠʠ ʠ ʧʨʝʚʨʘʱʘʪʴ ʝʝ ʚ ʪʝʧʣʦʚʫʶ. ʕʪʦ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʰʸʚʳʭ ʦʪʝʯʝʩʪ-

ʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʫʩʢ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʦʚʘʥ ʚ 

ʜʦʩʪʘʪʦʯʥʳʭ ʦʙʲʝʤʘʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʩʨʦʢʘ.  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʦʣ-

ʥʝʯʥʳʝ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʝʟʦʥʥʦʛʦ 

ʠ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʛʦʨʷʯʝʛʦ ʚʦʜʦ- ʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ, ʢʦʣʣʝʢʪʠʚʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʪʝʧʣʦʚʳʤʠ ʜʫʙʣʝʨʘʤʠ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʣ-

ʥʝʯʥʦʡ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ: ʩʦʣ-

ʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ï ʫʩʪʨʦʡʩʪʚʦ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ; ʦʜʥʦ- ʠʣʠ 

ʤʥʦʛʦʩʣʦʡʥʦʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʝ ʧʦʢʨʳʪʠʝ ʠʟ ʩʪʝʢʣʘ 

ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʝʥʢʠ; ʢʘʨʢʘʩ ï ʠʟ ʤʝʪʘʣʣʘ, ʧʣʘ-

ʩʪʤʘʩʩʳ, ʜʝʨʝʚʘ, ʙʝʪʦʥʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦ-

ʨʦʤ ʨʘʟʤʝʱʘʝʪʩʷ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʪʱʘʪʝʣʴʥʦ 

ʠʟʦʣʠʨʫʝʤʳʡ ʦʪ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʠ ʜʥʘ ʢʘʨʢʘʩʘ. ʕʥʝʨ-

ʛʠʷ, ʧʦʛʣʦʱʘʝʤʘʷ ʩʦʣʥʝʯʥʳʤ ʢʦʣʣʝʢʪʦʨʦʤ, ʟʘʚʠʩʠʪ ʦʪ 

ʫʛʣʘ ʧʘʜʝʥʠʷ ʨʘʜʠʘʮʠʠ ʥʘ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʨʷʤʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʨʘʜʠʘʮʠʝʡ, 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʝʛʦ 

ʟʘʧʳʣʝʥʠʷ, ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ ʠ ʪ. ʜ. ɼʣʷ ʙʳʪʦʚʦʛʦ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʩʪʝʢʦʣʴʥʫʶ 

ʟʘʱʠʪʫ, ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʡ ʦʙʳʯʥʦ ʦʧʨʘʚʜʘʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʩʣʦʝʚ ʩʪʝʢʣʘ, ʚ ʩʠʩʪʝʤʘʭ ʘʙʩʦʨʙʮʠ-

ʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨ-

ʥʦʛʦ ʫʨʦʚʥʷ ʚ ʛʝʥʝʨʘʪʦʨʝ ʪʨʝʙʫʝʪʩʷ ʪʨʠ ʩʣʦʷ ʠʣʠ ʧʨʠ-

ʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʯʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʉʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʠʷ, ʧʨʦʥʠʢʘʶʱʘʷ ʯʝʨʝʟ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʝ ʧʦʢʨʳ-

ʪʠʝ ʚ ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ, ʧʦʛʣʦɦ ʘʝʪʩʷ ʝʛʦ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ ʧʦʚʳ-

ʰʘʝʪʩʷ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʢʦʣʣʝʢʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ ʧʫʪʝʤ ʢʦʥʚʝʢʮʠʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʠʟʣʫʯʝ-

ʥʠʷ ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ 

ʫʨʦʚʥʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ ʩʦʣʥʝʯʥʦʡ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʢʦʣ-

ʣʝʢʪʦʨ, ʧʨʝʚʳʰʘʝʪ ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ, ʧʦʵʪʦʤʫ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʨʘʩʪʝʪ ʜʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʧʣʦ-

ʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʦʩʧʨʠʥʠ-

ʤʘʶʱʘʷ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʛʣʦʱʘʶʱʝʡ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʇʣʦʩʢʠʝ ʢʦʣʣʝʢʪʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʥʘʛʨʝʚʘ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 100 ʛʨʘʜʫʩʦʚ 

ʎʝʣʴʩʠʷ. ʉʦʣʥʝʯʥʳʝ ʣʫʯʠ, ʧʨʦʭʦʜʷ ʩʢʚʦʟʴ ʩʚʝʪʦʧʨʦ-

ʟʨʘʯʥʦʝ ʧʦʢʨʳʪʠʝ ʠ ʧʦʧʘʜʘʷ ʥʘ ʟʘʯʝʨʥʝʥʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʥʘʛʨʝʚʘʶʪ ʧʦʩʣʝʜʥʶʶ, 

ʪʝʧʣʦ ʦʪ ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʶ, ʧʨʦʪʝ-

ʢʘʶʱʝʤʫ ʚ ʧʦʣʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ʅʝ ʛʦʚʦʨʷ 

ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤʘʭ ʠ ʨʘʟʤʝʨʘʭ ʩʦʣʥʝʯʥʳʝ ʚʦ-

ʜʦʥʘʛʨʝʚʘʪʝʣʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʚʝʪʦʧʨʦ-

ʟʨʘʯʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʵʪʠ ʧʦ-

ʢʨʳʪʠʷ ʚʳʧʦʣʥʝʥʳ, ʧʦ ʪʠʧʫ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠ 

ʭʘʨʘʢʪʝʨʫ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʚ ʥʠʭ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʷ, ʧʦ ʪʠʧʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʣʷʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʙ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟ-

ʨʦʟʥʝʥʥʳʝ ʩʚʝʜʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ: ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʪʝʧ-

ʣʦʥʦʩʠʪʝʣʷ ʚ ʩʦʣʥʝʯʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ ʩʪʝʢʣʘ ʠʣʠ ʩʠʥʪʝʪʠʯʝ-

ʩʢʦʡ ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʩʪʘʪʴʠ. ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʫʞʝ ʥʘʢʦʧʣʝʥ 

ʧʦʟʠʪʠʚʥʳʡ ʦʧʳʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ, ʩʦʟʜʘʥʠʶ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʩʦʣʥʝʯʥʳʭ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʢʦʤ-

ʧʣʝʢʩʥʦ ï ʚ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʨʝ-

ʙʠʪʝʣʝʡ. ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʜʦʨʦʛʦʛʦ ʪʦʧʣʠʚʘ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʪʝʧʣʦ-




