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ʉʦʜʝʨʞʘʥʠʝ  

ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 5 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʅʆɺʆɻʆ ʇʆʃʀʄɽʈʅʆɻʆ ʉɽʈʆɹɽʊʆʅɸ 
ɸʤʘʥʦʚʘ ʅʦʜʠʨʘ ɼʘʚʣʷʪʦʚʥʘ 
ʊʫʨʘʝʚ ʍʘʡʠʪ ʍʫʜʦʡʥʘʟʘʨʦʚʠʯ  
ɹʝʢʥʘʟʘʨʦʚ ʍʘʩʘʥ ʉʦʡʠʙʥʘʟʘʨʦʚʠʯ  

5 

ʆ ɺʅɽɼʈɽʅʀʀ ɹɽɿʆʊʍʆɼʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʂʆɾɽɺɽʅʅʆ-ʄɽʍʆɺʆʁ 
ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 
ɹʝʢʦʚ ʋʣʫʛʙʝʢ ʉʘʬʘʨʦʚʠʯ 

9 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆʃʋʏɽʅʀʗ ʂʆʅʎɽʅʊʈʀʈʆɺɸʅʅʆɻʆ  
ʀ ɹɽɿɹɸʃʃɸʉʊʅʆɻʆ ʍʃʆʈɸʊ-ʄɸɻʅʀɽɺʆɻʆ ɼɽʌʆʃʀɸʅʊɸ 
ʄʘʤʠʨʦʚ ʀʣʭʦʤʞʦʥ ɻʦʬʠʨʞʘʥʦʚʠʯ 
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ʉʃʆɾʅʓɽ ʋɼʆɹʈɽʅʀʗ ʅɸ ʆʉʅʆɺɽ ɸɿʆʊʅʆʂʀʉʃʆʊʅʆʁ ʇɽʈɽʈɸɹʆʊʂʀ 
ʅɽʆɹʆɻɸʑɪʅʅʆʁ ʌʆʉʌʆʈʀʊʅʆʁ ʄʋʂʀ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʅʀʊʈɸʊɸ ɸʄʄʆʅʀʗ 
ʅʘʟʠʨʦʚʘ ʈʘʭʥʘʤʦʭʦʥ ʄʫʭʪʘʨʦʚʥʘ 
ʊʘʜʞʠʝʚ ʉʘʡʬʠʜʠʥ ʄʫʭʠʜʜʠʥʦʚʠʯ 
ʄʠʨʩʘʣʠʤʦʚʘ ʉʘʦʜʘʪ ʈʘʭʤʘʪʞʘʥʦʚʥʘ 
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ʉʀʅʊɽɿ ʈɸʉʊɺʆʈʀʄʆʁ ʀʅɻʀɹʀʈʋʖʑɽʁ ʂʆʈʈʆɿʀʀ ɺ ɺʆɼɽ, ʅɽʌʊʀ, ɻɸɿʆɺʆʄ 
ʂʆʅɼɽʅʉɸʊɽ, ʉʆɼɽʈɾɸʑɽʄ ɸʄʀʅʆʂʀʉʃʆʊʓ, ʀ ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ 
ɸʃʖʄʀʅʀʗ ʅɸ ʄɽʊɸʃʃ 
ʅʘʨʟʫʣʣʘʝʚ ɸʢʤʘʣ ʍʦʣʣʠʥʦʨʦʚʠʯ  
ɹʝʢʥʘʟʘʨʦʚ ʍʘʩʘʥ ʉʦʡʠʙʥʘʟʘʨʦʚʠʯ  
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ɸʣʠʤʫʭʘʤʝʜʦʚ ʄʫʟʘʬʘʨ ɻʘʥʠʝʚʠʯ 
ɸʜʠʣʦʚ ʈʘʚʰʘʥ ʀʨʢʠʥʦʚʠʯ 
ʅʠʟʘʤʦʚ ʊʫʣʢʫʥ ɸʙʜʫʩʘʤʘʪʦʚʠʯ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʅɻʀɹʀʈʆɺɸʅʀʗ ʂʆʈʈʆɿʀʀ ʉʊɸʃʀ ʉʊ20  
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ʅɸ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʆʃʀʄɽʈʆɺ  
ʉʘʜʠʢʦʚʘ ʄʫʭʘʸ ʄʫʨʘʪʦʚʥʘ  
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ʀɿʋʏɽʅʀɽ ʉʆʉʊɸɺɸ ʆʉʅʆɺʅʓʍ ʇʈʆɼʋʂʊʆɺ ʇʀʈʆʃʀɿɸ ʇɸʈɸʌʀʅʆɺʓʍ 
ʋɻʃɽɺʆɼʆʈʆɼʆɺ ʆʊ ɼʃʀʅʓ ʎɽʇʀ 
ʉʘʬʘʨʦʚ ɹʘʭʨʠ ɾʫʤʘʝʚʠʯ 
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41 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɺʆʁʉʊɺ 
ʂʀʉʃʆʈʆɼʉʆɼɽʈɾɸʑɽɻʆ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʄʆɼʀʌʀʂɸʊʆʈɸ ʅɸ ʆʉʅʆɺɽ 
ʀɿʆʇʈʆʇʀʃʆɺʆɻʆ ʉʇʀʈʊɸ ʀ ʂɸʈɹɸʄʀɼɸ (ʄɸʈʂʀ ʆʇ-10) 
ʋʤʠʨʦʚ ʅʫʨʙʝʢ ʅʦʨʙʫʪʘʝʚʠʯ 
ʅʫʨʢʫʣʦʚ ʌʘʡʟʫʣʣʘ ʅʫʨʤʫʤʠʥʦʚʠʯ  
ɼʞʘʣʠʣʦʚ ɸʙʜʫʣʘʭʘʪ ʊʫʨʘʧʦʚʠʯ  

46 

ʎɽʊɸʅʆʇʆɺʓʐɸʖʑʀʁ ʀ ɸʅʊʀʂʆʈʈʆɿʀʆʅʅʓʁ ʄʆɼʀʌʀʂɸʊʆʈ ʄɸʈʂʀ ʋʅɼɾ-20 
ʋʤʠʨʦʚ ʅʫʨʙʝʢ ʅʦʨʙʫʪʘʝʚʠʯ 
ʅʫʨʢʫʣʦʚ ʌʘʡʟʫʣʣʘ ʅʫʨʤʫʤʠʥʦʚʠʯ  
ɼʞʘʣʠʣʦʚ ɸʙʜʫʣʘʭʘʪ ʊʫʨʘʧʦʚʠʯ  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʉʊɸɺɸ ʀ ʉʊʈʋʂʊʋʈʓ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ ʉɽʈʆɹɽʊʆʅɸ  
ʍʘʡʠʪʦʚʘ ɾʘʚʭʘʨ ʄʫʨʘʪʘʣʠʝʚʥʘ 
ʊʫʨʘʝʚ ʍʘʡʠʪ ʍʫʜʦʡʥʘʟʘʨʦʚʠʯ  
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ʈɸɿʃʆɾɽʅʀɽ ʌʆʉʌʆʈʀʊʆɺ ʎɽʅʊʈɸʃʔʅʓʍ ʂʓɿʓʃʂʋʄʆɺ ɸɿʆʊʅʆʁ ʂʀʉʃʆʊʆʁ  
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ʉʘʧʘʝʚ ʍʫʰʥʫʜ ɹʘʙʘʜʞʘʥʦʚʠʯ 
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ʋɺɽʃʀʏɽʅʀʗ ʂʆʅɼɽʅʉɸʊʆʆʊɼɸʏʀ ʇʃɸʉʊɸ 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʥʦʚʳʡ ʇʉɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʩʝʨʳ, ʣʝʪʫʯʝʡ ʟʦʣʳ, ʘ ʪʘʢʞʝ ʢʨʦʪʦʥʦʚʦʡ ʬʨʘʢʮʠʠ ʠ ʤʝʣʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʩʝʨʳ ʥʘ ʦʩʥʦʚʝ ʢʨʦʪʦʥʦʚʦʡ ʬʨʘʢʮʠʠ, ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʙʣʘʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ. 

ABSTRACT 

In this study, a new PSB was characterized using industrial sulfur by-products, fly ash, and the croton fraction and 

fine filler. It was found that the polymerization of sulfur based on the croton fraction, at high temperature, has a satisfac-

tory binding ability. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʨʘ, ʤʦʜʠʬʠʢʘʮʠʷ, ʩʝʨʦʙʝʪʦʥ, ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʧʦʣʠʤʝʨʥʘʷ ʩʝʨʦʙʝʪʦʥ. 

Keywords: sulfur, modification, sulfur concrete, portland cement, polymer sulfur concrete. 
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ɺʚʝʜʝʥʠʝ. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʪʨʝʙʫʝʪ ʦʙʞʠʛʘ ʠʟ-

ʚʝʩʪʥʷʢʘ ʠ ʛʣʠʥʳ ʚ ʧʝʯʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 1400 
oʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʠʥ-

ʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟʚʝʩʪʥʷʢʘ 

ʚ ʦʢʩʠʜ ʢʘʣʴʮʠʷ ʛʝʥʝʨʠʨʫʝʪ ʦʢʦʣʦ ʦʜʥʦʡ ʪʦʥʥʳ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʢʘʞʜʫʶ ʪʦʥʥʫ ʮʝʤʝʥʪʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 

5% ʛʣʦʙʘʣʴʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ CO2 

[1]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝ-

ʤʝʥʪʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʩʝʨʳ ʥʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʠ ʠʣʠ ʧʨʷʤʦʛʦ ʚʳʙʨʦʩʘ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʘ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʠʤ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ 

ʚ ʥʝʬʪʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʝʝ 10 ʤʘʩ.%, ʠ ʝʝ ʠʟʚʣʝ-

ʯʝʥʠʝ ʠʟ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʳ ʜʦʩʪʫʧʥʦ 

ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ [2]. ʂʨʦʤʝ 
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ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʩʘʤʘ ʩʝʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳ-

ʙʨʦʩʦʚ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʩʝʨʳ. ɹʝʪʦʥ ʥʘ 

ʦʩʥʦʚʝ ʩʝʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ 

ʢʦʤʧʦʟʠʪ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʩʝʨʳ. ʈʘʥ-

ʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʩʝʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʥʝʝ ʝʩʪʴ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʩ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʘʷ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ 

[4]. ʇʦʵʪʦʤʫ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʧʦʣʠʤʝʨʠʟʫʶʪ ʩʝʨʫ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʠʣʠ ʫʩʪʨʘʥʠʪʴ 

ʪʚʝʨʜʦʬʘʟʥʳʡ ʧʝʨʝʭʦʜ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʚʝʣʠʯʠʪʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʩʝʨʳ, ʙʳʣʠ ʨʘʥʝʝ 

ʠʟʫʯʝʥʳ [5]. ʕʪʦʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʝʨʦʙʝʪʦʥ 

ʥʘʟʳʚʘʶʪ ʧʦʣʠʤʝʨʥʳʤ ʩʝʨʦʙʝʪʦʥʦʤ (ʇʉɹ). ʆʥ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʣʘ-

ʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʢʠʩʣʦʪʥʳʤ ʠ 

ʩʦʣʝʚʳʤ ʩʨʝʜʘʤ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʵʪʦ ʩʚʷʟʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ/ʦʪʚʝʨʜʝʚʘʝʪ ʟʘ-

ʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ [6]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʠʭ ʮʝʤʝʥʪʥʳʭ ʙʝʪʦʥʦʚ, ʇʉɹ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ 

ʚʦʜʝ ʠ ʤʦʞʝʪ ʜʦʩʪʠʯʴ ʧʦʣʥʦʡ ʧʨʦʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 28 ʜʥʷʤʠ ʜʣʷ ʦʙʳʯ-

ʥʳʭ ʙʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʚʦʛʦ ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʦʛʦ ʇʉɹ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʊʘʰʢʝʥʪʩʢʦʤ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ (ʊʅʀʀʍʊ) [7]. ɺʤʝʩʪʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ ʩʧʦʩʦʙʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʢʨʦʪʦʥʦʚʘʷ ʬʨʘʢ-

ʮʠʷ (60-65 % ʢʨʦʪʦʥʦʚʳʡ ʘʣʴʜʝʛʠʜ, ʘ ʦʩʪʘʣʴʥʦʝ ʜʨʫ-

ʛʠʝ ʘʣʴʜʝʛʠʜʳ) ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʩʝʨʳ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝ-

ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝ-

ʩʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʇʉɹ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʦʡ ʦʪ-

ʭʦʜ, ʣʝʪʫʯʘʷ ʟʦʣʘ (ʥʘʧʨʠʤʝʨ, ʟʦʣʦʫʥʦʩ ɸʥʛʨʝʥʩʢʦʡ 

ʊʕʉ) ʠ ʧʝʩʦʢ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʦʩʥʦʚʥʳʭ ʠʥ-

ʛʨʝʜʠʝʥʪʦʚ ʜʣʷ ʥʦʚʦʛʦ ʇʉɹ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥ-

ʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ (ʪ.ʝ. ʩʝʨʘ, ʣʝʪʫʯʘʷ ʟʦʣʘ ʠ 

ʢʨʦʪʦʥʦʚʘʷ ʬʨʘʢʮʠʷ), ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʥʝʜʦʨʦʛʦʝ 

ʨʝʰʝʥʠʝ ʨʘʩʰʠʨʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʉɹ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʩʝʢʪʦʨʝ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʘʣʘ ʥʦʚʦʛʦ 

ʇʉɹ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʤʠʢ-

ʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ, ʯʪʦʙʳ ʦʮʝ-

ʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʇʉɹ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʠʩʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʣʝʪʫ-

ʯʘʷ ʟʦʣʘ ɸʥʛʨʝʥʩʢʦʡ ʊʕʉ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʝ-

ʚʦʛʦ ʘʛʨʝʛʘʪʘ) ʩ ʢʨʦʪʦʥʦʚʦʡ ʬʨʘʢʮʠʝʡ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʡ ʩʝʨʳ. ɹʳʣʘ 

ʚʳʙʨʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʨʦʧʦʨʮʠʷ ʩʤʝʩʠ: 54 ʤʘʩ.% ʧʝ-

ʩʦʢ, 18 ʤʘʩ.% ʣʝʪʫʯʘʷ ʟʦʣʘ, 26 ʤʘʩ.%, ʩʝʨʘ ʠ 2 ʤʘʩ.% 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʦʜʠʬʠʢʘʪʦʨ (ʪʘʙʣʠʮʘ 1). ɺ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʦʙʳʯʥʳʭ ʮʝʤʝʥʪʥʳʭ ʙʝʪʦʥʦʚ ʣʝʪʫʯʘʷ ʟʦʣʘ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ ʝʛʦ ʧʫʮʮʦʣʘʥʦʚʦʡ ʨʝʘʢʮʠʠ, ʘ ʚ ʇʉɹ 

ʚʤʝʩʪʝ ʩ ʧʝʩʢʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʤʝʩʪʘ ʨʝʘʢʮʠʠ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʣ-

ʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɼʦʙʘʚ-

ʣʝʥʠʝ ʣʝʪʫʯʝʡ ʟʦʣʳ ʚ ʇʉɹ ʧʦʣʝʟʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʩʠʩʪʝʥʮʠʠ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʩʤʝʩʠ ʙʣʘʛʦʜʘʨʷ 

ʝʝ ʢʨʫʛʣʦʡ ʬʦʨʤʝ ʠ ʧʦʜʭʦʜʷʱʝʤʫ ʨʘʟʤʝʨʫ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ. ʅʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʳ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʤʦʜʠʬʠʢʘ-

ʪʦʨ ʩʤʝʰʠʚʘʣʠ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 170-

180Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ʄʘʪʝʨʠʘʣʳ ʙʳʣʠ ʦʙʲʝʜʠ-

ʥʝʥʳ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ ʠ ʦʙʨʘʙʦʪʘʥʳ ʯʝʨʝʟ ʤʝʣʴ-

ʥʠʮʫ ʩ ʧʦʧʝʨʝʯʥʦʡ ʤʝʰʘʣʢʦʡ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ 1 ʤʤ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ɿʘʪʝʤ ʩʤʝʩʴ ʥʘʛʨʝ-

ʚʘʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʠ 135-145 ÁC ʚ ʪʝʯʝʥʠʝ 4-6 ʯʘʩʦʚ ʠ ʚʳʣʠʚʘʣʠ ʚ 

ʬʦʨʤʳ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩ. 1). ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 2282 (Ñ 41) ʢʛ/ʤ3. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʝʨʦʙʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʇʉɹ 

ʊʘʙʣʠʮʘ 1. 

ʈʝʮʝʧʪʫʨʘ ʩʤʝʩʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʝʨʦʙʝʪʦʥʘ 

ɼʦʙʘʚʢʠ  ʉʝʨʘ ʇʝʩʦʢ ʃʝʪʫʯʘʷ ʟʦʣʘ ʆʨʛʘʥʠʯʝʩʢʠʡ ʤʦʜʠʬʠʢʘʪʦʨ ɺʩʝʛʦ 

ʤʘʩ.% 26 54 18 2 100 

 

ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʠ ʇʉɹ 

ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘ-

ʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ, PerkinElmer ɼʉʂ 

6000). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʝʮ 30 

ʤʛ ʟʘʛʨʫʞʘʣʠ ʚ ʘʣʶʤʠʥʠʝʚʳʡ ʪʠʛʝʣʴ ʠ ʥʘʛʨʝʚʘʣʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 5 Áʉ/ʤʠʥ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʝ ʩ ʧʨʦ-

ʪʦʯʥʳʤ ʠʥʝʨʪʥʳʤ ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʟʦʪʦʤ. ɹʳʣ ʚʳʙʨʘʥ 

ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 200 Áʉ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 90ÁC ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʚʦʡʩʪʚ ʥʝ ʙʳʣʦ ʬʠʢʩʠʨʦʚʘʥʦ, ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ 90-180 ÁC, 

(ʨʠʩ. 2).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʥʘ-

ʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʢʨʦʪʦʥʦʚʦʡ ʬʨʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊʫ 5475-69 [8]. ʇʦʣʫʯʝʥʦ ʡʦʜʥʦʝ 

ʟʥʘʯʝʥʠʝ 51,9 Ñ 4,7. ʏʝʤ ʚʳʰʝ ʡʦʜʥʦʝ ʯʠʩʣʦ, ʪʝʤ 
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ʚʳʰʝ ʧʨʦʮʝʥʪ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʜʦ-

ʩʪʫʧʥʳʭ ʜʣʷ ʨʝʘʢʮʠʠ ʩ ʩʝʨʦʡ. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʦʪʦʥʦ-

ʚʦʡ ʬʨʘʢʮʠʠ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʝʨʳ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʠʣʠ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʘʢʪʠʚʘʪʦʨʘʤʠ. 

ʉʪʘʙʠʣʴʥʦʡ ʬʦʨʤʦʡ ʩʝʨʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʨʦʤʙʠʯʝʩʢʘʷ (SŬ), ʘ ʜʨʫʛʠʤʠ 

ʦʩʥʦʚʥʳʤʠ ʘʣʣʦʪʨʦʧʘʤʠ ʷʚʣʷʶʪʩʷ ʤʦʥʦʢʣʠʥʥʘʷ (Sɓ) 

ʠ ʧʦʣʠʤʝʨʥʘʷ ʩʝʨʘ (SÐ)[6]. SŬ ʠ Sɓ ʩʦʩʪʦʷʪ ʠʟ ʢʦʣʝʮ S8, 

ʘ SÐ ʠʤʝʝʪ ʜʣʠʥʥʳʝ ʮʝʧʠ ʜʣʠʥʦʡ ʜʦ 106 ʘʪʦʤʦʚ [9]. 

ʂʨʦʤʝ ʪʦʛʦ, Sɚ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʩʝʨʳ ʥʠʞʝ 

159 Áʉ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʤʦʣʝʢʫʣ S8, ʪʦʛʜʘ ʢʘʢ Sɛ 

ʦʙʦʟʥʘʯʘʝʪ ʨʘʚʥʦʚʝʩʥʫʶ ʩʤʝʩʴ ʤʦʣʝʢʫʣ SÐ ʠ S8, ʢʦʪʦ-

ʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 159 Áʉ. 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ɼʉʂ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʟʫʯʝ-

ʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʪʦ ʝʩʪʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝ-

ʭʦʜʘ ʘʣʣʦʪʨʦʧʥʦʡ ʬʦʨʤʳ ʩʝʨʳ) ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʩʝʨʳ, ʪʘʢ ʠ ʇʉɹ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘ-

ʣʠʟʦʚ ɼʉʂ. ɺ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ (ʢʨʘʩʥʘʷ ʣʠ-

ʥʠʷ) ʧʝʨʚʳʡ ʧʠʢ ʧʨʠ 108,9 Á ʉ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʭʦʜ 

SŬ ʚ Sɓ. ɺʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʧʠʢ ʧʨʠ 118,9 Áʉ ʠ ʧʦʩʣʝʜ-

ʥʠʡ ʧʠʢ ʧʨʠ 165 Áʉ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʝʭʦʜ Sɓ ʚ Sɔ ʠ ʧʝ-

ʨʝʭʦʜ Sɔ ʚ Sɛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪ-

ʩʪʚʠʝ ʧʦʣʠʤʝʨʥʦʡ ʩʝʨʳ ʚ ʇʉɹ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴ-

ʰʝʥʠʝ ʧʝʨʚʦʛʦ ʧʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝ-

ʭʦʜ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʦʜʘʚʣʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʝʨʳ [9]. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʚʣʝʥʠʝ SŬ, 

ʥʘʙʣʶʜʘʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ɼʉʂ, ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʙʦ-

ʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (102,0 Áʉ), ʯʝʤ ʚ ʩʣʫʯʘʝ ʵʣʝ-

ʤʝʥʪʘʨʥʦʡ ʩʝʨʳ (108,9 Áʉ). ɹʦʣʝʝ ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʧʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʣʠ ʫʢʘʟʘʥʠʝʤ ʥʘ ʥʝ-

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʩʝʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʦʙʨʘʟʮʝ ʇʉɹ. ʄʝʜʣʝʥʥʦʝ, ʥʝʧʨʝ-

ʨʳʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʨʤʦʛʨʘʤʤʳ ʜʣʷ ʇʉɹ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʘʨʪʝʬʘʢʪʦʤ, ʢʦʪʦʨʳʡ ʥʘʭʦ-

ʜʠʣʩʷ ʚ Al ʪʠʛʣʝ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʝʨʦʙʝʪʦʥ 

ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʣʣʦʪʨʦʧʠʯʝʩʢʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ 

ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ [6]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʠʤʝʝʪ 

ʤʝʥʴʰʫʶ ʫʩʘʜʢʫ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʊʝʢʫʱʠʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪ ʩ ɼʉʂ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʝʩʪʘʙʠʣʴʥʳʡ ʪʚʝʨʜʦ-

ʬʘʟʥʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 108,9 Áʉ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʵʣʝʤʝʥ-

ʪʘʨʥʦʡ ʩʝʨʝ. ʅʘʧʨʦʪʠʚ, ʚ ʇʉɹ ʵʥʜʦʪʝʨʤʳ ʜʣʷ 

ʧʝʨʝʭʦʜʘ SŬ ʧʦʯʪʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

 

 

ʈʠʩʫʥʦʢ 2. ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʝʨʦʙʝʪʦʥʘ 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʠ ʠʟʛʠʙ. ʉʨʝʜʥʷʷ ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʩʞʘʪʠʝ ʜʣʷ ʰʝʩʪʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚ-

ʣʷʝʪ 62,3 Ñ 3,8 ʄʇʘ ʠ 59,6 Ñ 4,5 ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (20Áʉ) ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ (50Áʉ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʤʝʨʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʪʠʧʠʯʥʳʭ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɿʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ, ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ʊʘʙʣʠʮʘ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʇʉɹ 

ʊʝʤʧʝʨʘʪʫʨʘ  20 ʦʉ 50 ʦʉ 

ʇʨʦʯʥʦʩʪʴ ʇʉɹ ʥʘ ʩʞʘʪʠʝ (ʄʇʘ) 62,3 (3,8) 59,6 (4,5) 

ʇʨʦʯʥʦʩʪʴ ʇʉɹ ʥʘ ʠʟʛʠʙ (ʄʇʘ) 8,1 (1,1) 8,0 (2,0) 
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ɿʘʢʣʶʯʝʥʠʝ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʦʭʘʨʘʢ-

ʪʝʨʠʟʦʚʘʥ ʥʦʚʳʡ ʇʉɹ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʝʨʳ, ʣʝʪʫʯʝʡ ʟʦʣʳ, ʘ ʪʘʢʞʝ 

ʢʨʦʪʦʥʦʚʦʡ ʬʨʘʢʮʠʠ ʠ ʤʝʣʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ʇʦ-

ʩʢʦʣʴʢʫ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʇʉɹ ʦʩʥʦʚʘʥ ʥʘ ʥʝʜʦʨʦʛʦʤ 

ʭʠʤʠʯʝʩʢʦʤ ʤʦʜʠʬʠʢʘʪʦʨʝ (ʪʦ ʝʩʪʴ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʟʘʚʦʜʘ ɸʆ ʅʘʚʦʠʘʟʦʪ), ʤʘʪʝ-

ʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʇʉɹ ʤʦʞʝʪ ʙʳʪʴ ʧʨʘʢʪʠʯʥʳʤ ʠ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɹʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʝʨʳ, 

ʚʳʟʚʘʥʥʘʷ ʢʨʦʪʦʥʦʚʦʡ ʬʨʘʢʮʠʝʡ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ, ʦʙʣʘʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʩʚʷʟʳʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʜʝʨʞʠʚʘʪʴ ʟʦʣʴʥʫʶ ʧʳʣʴ ʠ ʤʝʣʢʠʡ 

ʥʘʧʦʣʥʠʪʝʣʴ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʉɹ ʥʝ ʥʠʞʝ ʯʝʤ ʦʙʳʯ-

ʥʳʭ ʙʝʪʦʥʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ɼʉʂ ʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ ʠ ʇʉɹ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʥʠʞʝʥʠʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ SŬ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʧʝʰʥʦʡ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ.  
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ABSTRACT 

ʊhe article discusses the problems of introducing non-waste technologies in the leather industry and their solutions, 

provides practical results on improving the environment and finding opportunities in the leather and fur industries for the 

production of new types of protein-related products. 
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ɺʚʝʜʝʥʠʝ:  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʠ ʨʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʠ ʤʝʭʘ ʦʩʪʘʝʪʩʷ ʘʢ-

ʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʥʘʪʫʨʘʣʴ-

ʥʦʡ ʢʦʞʠ ʠ ʤʝʭʘ ʧʦʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝ-

ʩʪʚʘ ʦʪʭʦʜʦʚ (ʜʦ 50 ʧʨʦʮʝʥʪʦʚ ʦʪ ʤʘʩʩʳ ʩʳʨʴʷ, ʪʘʢʠʭ 

ʢʘʢ ʦʪʭʦʜʳ ʠ ʜʦ 50 ʧʨʦʮʝʥʪʦʚ ʙʝʣʢʘ). ʧʨʦʮʝʥʪʦʚ) ʦʪ-

ʭʦʜʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʪʘʢʞʝ 

ʩʚʷʟʘʥʘ ʩ ʫʭʫʜʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʞʠ ʠ ʤʝʭʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʫʪʠʣʠʟʠʨʫ-

ʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʪʝʨʷʤ [1,4,5]. 

ʕʪʘ ʬʦʨʤʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

- ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ - ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ ʫʛʨʦʟʳ: ʜʝʛʨʘʜʘʮʠʷ ʟʝʤʝʣʴ 

(ʠʟʤʝʥʝʥʠʷ ʚ ʪʦʧʦʛʨʘʬʠʠ, ʩʦʩʪʘʚʝ ʠ ʢʘʯʝʩʪʚʝ ʧʦʯʚʳ), 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʠʩ-

ʪʦʱʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ, ʫʭʫʜʰʝ-

ʥʠʝ ʫʩʣʦʚʠʡ ʞʠʟʥʠ. ʠ ʦʙʱʝʩʪʚʝʥʥʦʝ ʟʜʨʘʚʦʦʭʨʘʥʝ-

ʥʠʝ [2,3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʭʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʦʙʨʘʙʦ-

ʪʘʥʥʳʡ ʢʦʣʣʘʛʝʥ, ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ 

ʢʣʝʪʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ 

ʨʘʟʣʠʯʥʳʭ ʚʠʨʫʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʭʨʘʥʝʥʠʝ ʦʪʭʦʜʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʩʦʚʦʤʫ ʟʘ-

ʛʨʷʟʥʝʥʠʶ ʧʦʯʚʳ ʠ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʪʦʢʫ 

ʚ ʦʪʢʨʳʪʳʝ ʚʦʜʦʝʤʳ. ʇʦʯʚʘ, ʚ ʢʦʪʦʨʦʡ ʩʢʦʧʠʣʦʩʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʠʡ, ʙʫʜʝʪ ʜʦʣʛʦ ʦʩʪʘ-

ʚʘʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ ʠ ʧʠʱʫ ʚ ʨʘʩʪʝʥʠʷʭ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠ-

ʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ) ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭ-

ʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʧʨʠ ʘʙʩʦʨʙʮʠʠ ʦʪʭʦʜʦʚ ʢʦʞʠ ʠ ʤʝʭʘ ʧʦʯʚʘ ʷʚʣʷ-

ʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʨʝʛʫʣʠʨʫʝʤʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʧʦ-

ʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʘ. ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 

ʋʯʠʪʳʚʘʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʦʪ-

ʭʦʜʦʚ, ʧʨʦʙʣʝʤʘ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʦʩʪʘʝʪʩʷ ʦʩʦʙʝʥʥʦ 

ʦʩʪʨʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

[1,6,7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ:  
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʨʦʤʦʚʦʝ ʜʫʙʣʝʥʠʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʩʝʭ ʢʦʞʝʚʝʥʥʳʭ ʟʘʚʦʜʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʝʪʩʷ ʤʷʛʢʠʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʠʦʥʳ 

Cr+3 ʠ ʙʝʣʢʠ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʢʦʞʠ 

ʧʦʩʣʝ ʭʨʦʤʠʨʦʚʘʥʠʷ. ʕʪʠ ʦʪʭʦʜʳ ʥʘʟʳʚʘʶʪʩʷ çʭʨʦʤ 

ʤʝʟʜʨʘè ʠ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪ-

ʭʦʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʟʘʛʨʷʟʥʝʥʘ 

ʠʦʥʘʤʠ Cr+3, ʢʦʪʦʨʳʝ ʯʨʝʟʚʳʯʘʡʥʦ ʪʦʢʩʠʯʥʳ, ʘ ʢʦʣ-

ʣʘʛʝʥʦʚʳʝ ʙʝʣʢʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯ-

ʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʝʦʙʨʘʙʦʪʘʥ-

ʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ [2,7]. 

http://7universum.com/ru/tech/archive/item/9522
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ʂʦʞʘʥʳʝ ʪʢʘʥʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʘʤʠ ʜʠʭʨʦ-

ʤʘʪʘ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʢʦʞʥʘʷ 

ʪʢʘʥʴ ʧʦʛʣʦʱʘʝʪ ʜʠʭʨʦʤʥʫʶ ʢʠʩʣʦʪʫ, ʧʦʛʣʦʱʝʥʥʘʷ 

ʢʠʩʣʦʪʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʝʣʢʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʟʨʝʚʘʥʠʷ ʜʝʨʤʳ ʩʦʩʪʘʚʣʷʝʪ 1-20Áʉ, ʘ 

ʢʦʛʜʘ ʜʝʨʤʘ ʚʳʩʳʭʘʝʪ, ʝʝ ʩʪʨʫʢʪʫʨʘ ʩʦʭʨʘʥʷʝʪ ʯʘ-

ʩʪʠʯʥʫʶ ʧʦʨʠʩʪʦʩʪʴ. ɼʣʠʪʝʣʴʥʦʝ ʤʳʪʴʝ ʭʨʦʤʠʨʦʚʘʥ-

ʥʳʭ ʚʦʣʦʩ ʠ ʪʢʘʥʝʡ ʢʦʞʠ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʜʠ-

ʭʨʦʤʥʦʡ ʢʠʩʣʦʪʳ. 

ɸʙʩʦʨʙʮʠʷ ʜʠʭʨʦʤʥʦʡ ʢʠʩʣʦʪʳ ʚ ʙʝʣʢʘʭ ʥʘʤʥʦʛʦ 

ʚʳʰʝ, ʯʝʤ ʚ ʜʠʭʨʦʤʘʪʝ, ʦʩʦʙʝʥʥʦ ʤʦʥʦʭʨʦʤʘʪʝ. ʂʦʞ-

ʥʘʷ ʪʢʘʥʴ ʧʦʛʣʦʱʘʝʪ ʚ 30 ʨʘʟ ʤʝʥʴʰʝ ʤʦʥʦʭʨʦʤʘʪʘ, 

ʯʝʤ ʜʠʭʨʦʤʦʚʘʷ ʢʠʩʣʦʪʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʭʨʦʤʘʪʦʚʦʡ ʢʠʩʣʦʪʳ ʠʟ ʜʠʭʨʦ-

ʤʘʪʘ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ. 

 

K2Cr2O7 + 2HCI ƄƄ> H2Cr2O7 + 2KCI 

 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʶ ʥʘ 1 ʤʦʣʴ ʭʨʦʤʘ ʢʘ-

ʣʠʷ ʪʨʝʙʫʝʪʩʷ 1 ʤʦʣʴ ʙʝʟʚʦʜʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʧʦʪʨʝʙʣʷʝʪ ʤʝʥʴʰʝ 

ʢʠʩʣʦʪʳ, ʧʦʪʦʤʫ ʯʪʦ ʠʟʙʳʪʦʢ ʩʦʣʷʥʦʡ ʠʣʠ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʝ ʫʤʝʥʴʰʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʜʠʭʨʦʤ-

ʥʦʡ ʢʠʩʣʦʪʳ ʚ ʙʝʣʢʝ. 

ʆʢʦʥʯʘʥʠʝ ʧʨʦʮʝʩʩʘ ʭʨʦʤʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʪʢʘʥʠ ʢʦʞʠ ʚʳʨʝʟʘʶʪʩʷ ʠʟ ʧʣʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʠ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʨʦʚʥʳʡ ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ. ʕʪʦʪ ʧʨʦ-

ʮʝʩʩ ʟʘʥʠʤʘʝʪ 3-4 ʯʘʩʘ. 

ʍʨʦʤʠʨʦʚʘʥʥʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʨʘʩʪʚʦʨʦʤ ʛʠʧʦʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʣʣʘʛʝʥʦʚʳʝ ʚʦʣʦʢʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʭʨʦʤʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʩʠʜʘ ʭʨʦʤʘ, ʪʦ ʝʩʪʴ ʩʣʦʞʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʭʨʦʤʘ ʩ ʦʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʦʣʣʘʛʝʥʘ. ʂʘʢ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʜʠʭʨʦʤʦʚʘʷ ʢʠʩʣʦʪʘ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ ʢʦʣʣʘʛʝʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʝʜʠʥʝ-

ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʜʝʩʴ, ʩʚʷʟʘʥʳ ʩ 

ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʛʨʫʧʧʘʤʠ. 

ɺʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʪʜʝʣʝʥʠʶ ʠʦʥʦʚ Cr+3 ʠ 

ʙʝʣʢʦʚ ʢʦʣʣʘʛʝʥʘ ʦʪ ʭʚʦʩʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʤʥʦʛʦʪʦʥʥʳʭ ʦʪʭʦʜʦʚ ʢʦʞʝʚʝʥʥʦ-ʤʝʭʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ - çʭʨʦʤʦʚʦʛʦ ʤʝʟʜʨʳè. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʜʦʩʪʠʛʥʫʪʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʣʫʯ-

ʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʠʩʢʫ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʚ ʢʦʞʝʚʝʥʥʦʡ ʠ ʤʝʭʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʚʠʜʦʚ 

ʧʨʦʜʫʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʣʢʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʚʥʝʜʨʝʥʠʷ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʥʠʝ ʦʪʭʦʜʳ 

"ʭʨʦʤʦʚʦʛʦ ʤʝʟʜʨʘ" ʩ ʢʦʞʝʚʝʥʥʦʡ ʬʘʙʨʠʢʠ. ɽʛʦ ʩʦ-

ʩʪʘʚ: ʚʣʘʞʥʦʩʪʴ 40-50%; Cr2O3 ʧʨʠʥʠʤʘʣʠ ʟʘ 3,4-

3,5%, ʘ ʙʝʣʦʢ ʢʦʣʣʘʛʝʥ - ʟʘ 45-47%. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʛʨʝʛʘʮʠʠ ʭʨʦʤʘ ʠʦʥʳ Cr+3 ʚ ʢʦʞʝ 

ʦʙʨʘʟʫʶʪ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ çʤʝʟʜʨʝ ʭʨʦʤʘè. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʠʦʥʦʚ Cr+3 ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳ, ʠ ʠʟ ʥʠʭ ʩʣʦʞʥʝʝ ʦʪʜʝʣʠʪʴ ʠʦʥʳ Cr+3. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʫʧʠʣʠʩʴ. ʇʨʠ 80-

90ʦʉ ʜʦʩʪʠʛʘʣʩʷ ʨʘʟʜʝʣʝʥʠʝ Cr+3 ʥʘ 80-85% ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʨʅ = 10-12. 

ʇʦʩʢʦʣʴʢʫ ʠʦʥʳ Cr+3 ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʦʪʜʝʣʝʥʳ ʦʪ ʵʪʠʭ ʦʪʭʦʜʦʚ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʤ ʠ ʫʛʣʫʙʣʝʥʥʦʤ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ. 

ʆʢʠʩʣʝʥʠʝ H2O2 ʚ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (NH4OH) 

ʙʳʣʦ ʠʟʫʯʝʥʦ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʠʪʴ ʠʦʥʳ Cr+3 

ʚ ʤʝʟʜʝ ʭʨʦʤʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ NH4OH, 

H2O2 ʠ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ 

ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ Cr+3 ʚ çʭʨʦʤʦʚʦʤ ʤʝʟʜʨʝè, 

ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ: 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ Cr(III ) 

m (ʦʪʭʦʜ ʚ ʛʨ.) K : S V (H2O2), ml, S = 30% V(NH4OH) ml, S = 25% t, S % Cr 2O3 

2 1 : 2 - 5 20 - 

2 1 : 2 - 10 20 - 

2 1 : 2 - 5 50 - 

2 1 : 2 - 5 80 - 

2 1 : 2 2 - 20 10,5 

2 1 : 2 4 - 20 12,2 

2 1 : 2 8 - 20 12,8 

2 1 : 2 4 - 50 14,3 

2 1 : 2 4 - 80 15,2 

2 1 : 2 2 2 20 62,3 

2 1 : 2 2 4 20 78,1 

2 1 : 2 2 6 20 80,6 

2 1 : 2 4 4 20 86,5 

2 1 : 2 4 10 20 98,1 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʚʳʰʝ, ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʟʜʝ-

ʣʝʥʠʷ ʠʦʥʦʚ Cr+3 ʚ çʤʝʟʜʨʝ ʭʨʦʤʘè ʧʦʣʫʯʘʶʪ ʧʨʠ pH 

= 9,2-9,4 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟ ʨʘʩʪʚʦʨʘ 

30% H2O2 ʠ 25% NH4OH ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʲ-

ʝʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ Cr+3. ʠʦʥʳ ʦʢʠʩʣʷʶʪʩʷ ʜʦ 

ʠʦʥʦʚ ʭʨʦʤʘʪʘ ʠ ʦʙʨʘʟʫʝʪʩʷ ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ. 

ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʨʘʩ-

ʪʚʦʨ ʥʝ ʷʚʣʷʝʪʩʷ ʘʤʤʠʘʯʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʭʨʦʤʘ, ʙʳʣ 
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ʠʟʫʯʝʥ ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʦʚ ʠʦʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ Cr+3 ʠ Cr+6. 

 

 

ʈʠʩʫʥʦʢ 1. ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʨʘʩʪʚʦʨʦʚ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cr+3 ʠ Cr+6 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʢʪʨʫ ʥʘ ʠʟʦʙʨʘ-

ʞʝʥʠʠ, ʠ ʧʦʵʪʦʤʫ ʦʙʨʘʟʫʶʪʩʷ ʭʨʦʤʘʪ-ʠʦʥʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʨʝʘʢʮʠʷ ʨʘʩʪʚʦʨʘ ʩ ʨʘʩʪʚʦʨʦʤ 

BaCl2 ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʙʨʘʟʦʚʘʣʩʷ ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʩ 

ʠʦʥʘʤʠ Cr+3, ʦʢʠʩʣʝʥʥʳʤʠ ʜʦ ʠʦʥʦʚ Cr+6. 

ɺʳʚʦʜ: 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦʜ ʦʢʠʩʣʝʥʠʷ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦ-

ʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʘʙʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʨʅ = 9,2-9,4) 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʦʥʦʚ Cr+3 ʚ 

çʤʝʟʜʨʝ ʭʨʦʤʘè ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ɸʅʅʆʊɸʎʀʗ 

ɼʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʘʪ-

ʤʘʛʥʠʝʚʦʛʦ ʜʝʬʦʣʠʘʥʪʘ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘ-

ʪʫʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʠʟʫʘʣʴʥʦ-ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦ-

ʨʘʪʦʤ ʥʘʪʨʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʘʪʘ ʤʘʛʥʠʷ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ 

ʩ 37,14 %-ʥʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠʩʭʦʜʥʳʭ ʩʦʣʝʡ 2:1 ʚ ʪʝʯʝʥʠʝ 60 

ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 373 ʂ. 

ABSTRACT 

The interaction of components in water systems in a wide range of temperatures and concentrations using the visual-

polythermal method has been studied for the physical and chemical justification and recommendation of the technology 

for obtaining a concentrated chlorate-magnesium defoliant. The process of conversion of magnesium chloride with so-

dium chlorate depending on the temperature and duration of time is studied. The results of carried out research have 

showed that for the production of magnesium chlorate, it is optimal to perform the conversion of sodium chlorate with 

37.14 % aqueous solution of magnesium chloride at a molar ratio of the initial salts of 2:1 for 60 minutes at a temperature 

of 373 K. 

 

ʂʣʶʯʝʚʝr ʩʣʦʚʘ: ʭʣʦʨʘʪ ʤʘʛʥʠʷ, ʩʠʩʪʝʤʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʦʣʫʯʝʥʠʝ, ʚʠʟʫʘʣʴʥʦ-ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ, 
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Keywords: magnesium chlorate; system; concentration; preparation; visual-polythermal method; temperature; 

solubility; conversion; reaction kinetics. 

________________________________________________________________________________________________ 

 

ʍʣʦʨʘʪ ʤʘʛʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʝʬʦʣʠʘʥʪ-ʜʝʩʠʢʘʥʪʦʚ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʇʨʦʤʳʰʣʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʘʪʘ ʤʘʛ-

ʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ ʩ ʰʝ-

ʩʪʠʚʦʜʥʳʤ ʭʣʦʨʠʜʦʤ ʤʘʛʥʠʷ (ʙʠʰʦʬʠʪʦʤ) ʦʙʤʝʥʥʦʡ 

ʨʝʘʢʮʠʝʡ. 

 

MgCl2Ŀ6H2O+2NaClO3 Ÿ 

Mg(ClO3)2Ŀ6H2O+2NaCl.  (1) 

 

ʍʣʦʨʘʪ ʤʘʛʥʠʷ, ʚʳʧʫʩʢʘʝʤʳʡ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʆɸʆ çFerganaazotè ʋʟʙʝʢʠʩʪʘʥ) 

ʧʦʜ ʪʦʚʘʨʥʳʤ ʥʘʟʚʘʥʠʝʤ çʍʣʦʨʘʪ-ʤʘʛʥʠʝʚʳʡ ʜʝʬʦ-

ʣʠʘʥʪ (ʍʄɼ)è, ʩʦʜʝʨʞʠʪ ʩʤʝʩʠ ʭʣʦʨʠʜʦʚ ʤʘʛʥʠʷ ʠ 

ʥʘʪʨʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʘʣʣʘʩʪʦʤ ʠ ʥʝ ʦʙʣʘʜʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʀʟ ʛʦ-

ʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʍʄɼ) ʧʦʣʥʦʩʪʴʶ ʥʝ ʫʜʘʣʷʶʪʩʷ 

ʠʦʥʳ ʭʣʦʨʘ ʠ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʜʝʬʦʣʠʘʥʪʘ ʥʘʨʫʰʘʶʪ ʨʘʚ-

ʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʘʪʘ 

ʥʘʪʨʠʷ ʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʍʄɼ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʫʪʠ ʧʦʚʳʰʝ-

ʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʥʠʞʝ-

ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʠʜʦʚ ʚ ʭʣʦʨʘʪ-ʤʘʛʥʠʝʚʦʤ ʜʝʬʦ-

ʣʠʘʥʪʝ. 

ɼʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ-

ʥʦʛʦ ʞʠʜʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʭʣʦʨʘʪ-ʤʘʛʥʠʝʚʦʛʦ ʜʝʬʦʣʠ-

ʘʥʪʘ ʢʦʥʚʝʨʩʠʝʡ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ ʥʘʪʨʠʷ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʚ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʚʝʜʝʥʠʷ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʚʦ ʚʟʘʠʤʥʦʡ ʩʠʩʪʝʤʝ 2Na+, Mg2+//2Cl ï, 2ClOï3 

ïH2O, ʦʙʦʩʥʦʚʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʘʪʘ 

http://7universum.com/ru/tech/archive/item/9622
mailto:ferpi_info@edu.uz
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ʤʘʛʥʠʷ ʢʦʥʚʝʨʩʠʝʡ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ 

ʥʘʪʨʠʷ, ʠʤʝʶʪʩʷ ʣʠʰʴ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 80 Áʉ [2].  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨ-

ʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ ʥʘʪʨʠʷ ʠʟʫʯʝʥʘ ʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʜʠʘʛʦʥʘʣʴʥʳʭ ʩʝʯʝʥʠʡ MgCl2 ï NaClO3 ï 

H2O ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʯʝʪʚʝʨʥʦʡ ʚʟʘʠʤʥʦʡ ʚʦʜʥʦʡ ʩʠ-

ʩʪʝʤʳ. ʀʟʫʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠ ʚʠʟʫʘʣʴʥʦ-ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʤ ʤʝ-

ʪʦʜʦʤ [4].  

ʀʟʫʯʝʥʠʝʤ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ çʭʣʦʨʠʜ ʤʘʛʥʠʷ ï 

ʚʦʜʘè ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʚʝʪʚʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʣʴʜʘ, ʜʚʝʥʘʜʮʘʪʠ-, ʚʦʩʴʤʠ- ʠ ʰʝʩʪʠʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ 

ʤʘʛʥʠʷ. ʂʨʠʦʛʠʜʨʘʪʥʘʷ ʪʦʯʢʘ ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

21,0 % ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ, 79,0 % ʚʦʜʳ ʧʨʠ ï35,5 Áʉ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥ-

ʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [3]. 

ʉʠʩʪʝʤʘ çʭʣʦʨʘʪ ʥʘʪʨʠʷ ï ʚʦʜʘè ʙʳʣʘ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʷʜʘ ʘʚʪʦʨʦʚ [1]. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʝʝ ʵʚʪʝʢʪʠʢʫ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʝ çʭʣʦʨʠʜ ʤʘʛʥʠʷ ï ʭʣʦ-

ʨʘʪ ʥʘʪʨʠʷ ï ʚʦʜʘè ʠʟʫʯʝʥʘ ʜʝʩʷʪʴʶ ʚʥʫʪʨʝʥʥʠʤʠ 

ʨʘʟʨʝʟʘʤʠ. ʈʘʟʨʝʟʳ IïVI  ʧʨʦʚʝʜʝʥʳ ʦʪ ʩʪʦʨʦʥʳ ʭʣʦ-

ʨʠʜʘ ʤʘʛʥʠʷ ʢ ʚʝʨʰʠʥʝ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ, ʘ VIIïX ï ʦʪ 

ʩʪʦʨʦʥʳ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ ʢ ʧʦʣʶʩʫ MgCl2Ŀ6H2O. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ ʧʦʣʠʪʝʨʤʠʯʝ-

ʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʠʩʪʝʤʳ MgCl2 ï 

NaClO3 ï H2O ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ï41,2 ʜʦ 100 Áʉ 

(ʨʠʩ. 1). 

ʇʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʟʫ-

ʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʪʚʝʨʜʳʭ ʬʘʟ: ʣʴʜʘ, ʭʣʦʨʠʜʘ ʠ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ, ʜʚʝʥʘ-

ʜʮʘʪʠ-, ʚʦʩʴʤʠ- ʠ ʰʝʩʪʠʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ʇʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʠʩʪʝʤʳ çʭʣʦʨʠʜ ʤʘʛʥʠʷ ï ʭʣʦʨʘʪ ʥʘʪʨʠʷ ï 

ʚʦʜʘè 
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ʇʦʣʷ ʩʭʦʜʷʪʩʷ ʚ ʯʝʪʳʨʝʭ ʪʨʦʡʥʳʭ ʥʦʥʚʘʨʠʘʥʪ-

ʥʳʭ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʩʦʚʤʝʩʪʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʬʘʟ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ɼʚʦʡʥʳʝ ʠ ʪʨʦʡʥʳʝ ʪʦʯʢʠ ʩʠʩʪʝʤʳ çʭʣʦʨʠʜ ʤʘʛʥʠʷ ï ʭʣʦʨʘʪ ʥʘʪʨʠʷ ï ʚʦʜʘè 

ʉʦʩʪʘʚ ʞʠʜʢʦʡ ʬʘʟʳ, % ʊʝʤʧ. 

ʢʨʠʩʪ., 

Áʉ 

ʊʚʝʨʜʘʷ ʬʘʟʘ 
MgCl 2 NaClO3 H2O 

39,80 

35,80 

34,60 

34,20 

32,80 

32,20 

32,00 

29,80 

21,00 

19,50 

11,00 

16,50 

7,00 

3,00 

ï 

1,00 

0,60 

0,40 

0,20 

0,30 

ï 

0,40 

0,50 

ï 

0,70 

0,80 

ï 

8,80 

17,80 

13,00 

29,60 

39,60 

42,00 

48,80 

59,50 

64,60 

60,00 

63,90 

65,40 

65,40 

66,70 

67,80 

67,30 

69,40 

79,00 

71,70 

71,20 

70,50 

63,40 

57,40 

58,00 

50,20 

39,90 

35,00 

81,0 

26,0 

ï3,4 

ï3,9 

ï12 

ï16,7 

ï17,0 

ï16,5 

ï35,5 

ï41,2 

ï38,8 

ï38,0 

ï28,4 

ï23,6 

ï18,5 

24,2 

60,4 

78,6 

MgCl2Ŀ6H2O + NaCl 

ʊʦ ʞʝ 

MgCl2Ŀ6H2O + MgCl2Ŀ8H2O 

MgCl2Ŀ6H2O + MgCl2Ŀ8H2O + NaCl 

MgCl2Ŀ8H2O + NaCl 

MgCl2Ŀ12H2O + MgCl2Ŀ8H2O 

MgCl2Ŀ12H2O + MgCl2Ŀ8H2O + NaCl 

MgCl2Ŀ12H2O + NaCl 

ʃʝʜ + MgCl2Ŀ12H2O  

ʃʝʜ + MgCl2Ŀ12H2O + NaCl 

ʃʝʜ + NaCl 

ʊʦ ʞʝ 

ʊʦ ʞʝ 

ʃʝʜ + NaClʆ3 + NaCl 

ʃʝʜ + NaClʆ3 

NaClʆ3 + NaCl 

ʊʦ ʞʝ 

ʊʦ ʞʝ 

 

ʅʘ ʧʦʣʠʪʝʨʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʥʘʥʝ-

ʩʝʥʳ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʯʝʨʝʟ 

ʢʘʞʜʳʝ 10 Áʉ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ï30 Áʉ ï100 Áʉ. 

ʇʦʩʪʨʦʝʥʳ ʧʨʦʝʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʙʦʢʦʚʳʝ ʩʪʦʨʦʥʳ 

çʭʣʦʨʠʜ ʤʘʛʥʠʷ ï ʚʦʜʘè ʠ çʭʣʦʨʘʪ ʥʘʪʨʠʷ ï ʚʦʜʘè. 

¶  ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʧʦʣʠʪʝʨʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʩʠʩʪʝʤʳ çʭʣʦʨʠʜ ʤʘʛʥʠʷ ï ʭʣʦʨʘʪ ʥʘʪʨʠʷ ï ʚʦʜʘè ʟʘ-

ʥʠʤʘʝʪ ʧʦʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ 

ʢʦʥʚʝʨʩʠʠ ï ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟ-

ʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

¶  ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦ-

ʨʘʪʦʤ ʥʘʪʨʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʭʣʦʨʘʪʘ ʤʘʛʥʠʷ, ʧʦʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʙʣʘ-

ʛʦʜʘʨʷ ʝʛʦ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʠʟʫʯʝʥʥʦʤ ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʘʭ ʥʘ ʜʠʘ-

ʛʨʘʤʤʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʠʩʪʝʤʳ MgCl2 ï NaClO3 ï 

H2O ʦʪʩʫʪʩʪʚʫʝʪ. 

¶  ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʟʫʯʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʡ 

ʬʘʟʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʧʦʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩ ʧʦʚʳʰʝ-

ʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʚʝʨʩʠʷ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦ-

ʨʘʪʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʦʪʝʢʘʝʪ ʣʝʛʢʦ ʠ ʙʦʣʝʝ 

ʧʦʣʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ ʧʨʠ 90ï

100 Áʉ. ʇʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʚʳʟʳʚʘʶʱʘʷ 

ʢʦʥʚʝʨʩʠʶ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʣʦʨʠʜʘ 

ʥʘʪʨʠʷ ʠ ʭʣʦʨʘʪʘ ʤʘʛʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ 0,15ï0,17 %. 

ʉ ʮʝʣʴʶ ʚʳʜʘʯʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʭʣʦʨʘʪ-ʤʘʛʥʠʝʚʦʛʦ ʜʝʬʦʣʠʘʥʪʘ ʠʩʩʣʝʜʦ-

ʚʘʥ ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ 

ʥʘʪʨʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠ-

ʪʝʣɹʥʦʩʪʠ ʚʨʝʤʝʥʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 50, 75, 100 Áʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʧʳʪʦʚ 15, 30, 45, 60, 90, 120 ʤʠʥʫʪ. ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ 

ʢʦʣʙʫ ʚʤʝʩʪʠʤʦʩʪʴʶ 250 ʩʤ3, ʩʥʘʙʞʝʥʥʫʶ ʤʝʰʘʣ-

ʢʦʡ, ʟʘʛʨʫʞʘʣʠ 100 ʛ 37,14 %-ʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʘʪʘ 

ʥʘʪʨʠʷ. ʂʦʣʙʫ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʩ ʟʘʜʘʥʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʏʝʨʝʟ ʥʝʦʙ-

ʭʦʜʠʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪʜʝʣʷʣʠ ʞʠʜʢʫʶ 

ʬʘʟʫ ʦʪ ʦʩʘʜʢʘ ʠ ʧʨʦʚʦʜʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʭʠʤʠ-

ʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘ-

ʪʦʤ ʥʘʪʨʠʷ ʠ ʨʘʩʭʦʜʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʢʦʥʚʝʨʩʠʠ (ʨʠʩ. 2 ʠ 3). 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʚʳʰʘʝʪʩʷ ʩ ʝʝ ʨʦ-

ʩʪʦʤ. ɺ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 323, 348 ʠ 373 ʂ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

40,1; 49,9 ʠ 62,9 %. ʏʝʨʝʟ 60 ʤʠʥʫʪ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʜʦ 48,7; 60,8 ʠ 71,98 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 323; 348 ʠ 373 ʂ. ʇʦʩʣʝʜʫʶʱʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ 

ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ ʥʘʪʨʠʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

373 ʂ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʧʳʪʘ 120 ʤʠʥʫʪ ʩʪʝʧʝʥʴ 

ʢʦʥʚʝʨʩʠʠ ʩʦʩʪʘʚʠʣʘ 72,3 %. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʧʳʪʘ ʩ 60 ʜʦ 120 

ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ 

ʚʩʝʛʦ ʣʠʰʴ ʥʘ 0,32 %. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 60 ʤʠʥʫʪ ʢʦʥʚʝʨʩʠʠ ʦʙʨʘ-

ʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʧʦ ʨʝ-

ʘʢʮʠʠ (2), ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠ-

ʷʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 
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MgCl2 + 2NaClO3 = Mg(ClO3)2 + 2NaCl.  (2) 

 

ɸʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʨʘʩʭʦʜʘ ʭʣʦʨʠʜʘ 

ʤʘʛʥʠʷ ʠ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ ʥʘ 100 ʛ 37,14 %-ʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʨʩʠʠ ʧʨʠ 323ï

373 ʂ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʨʘʩʭʦʜʦʚʘʥ-

ʥʳʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʝʨʚʳʝ 60 

ʤʠʥʫʪ (ʨʠʩ. 3), ʘ ʯʝʨʝʟ 60 ʤʠʥʫʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝ-

ʥʷʝʪʩʷ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 323 ʜʦ 373 ʂ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʨʘʩʭʦʜʘ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʠ 

ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʢʦʥʚʝʨʩʠʠ.  
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ ʥʘʪʨʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʨʷʜʢʘ ʨʝʘʢʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨ-

ʩʠʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʘʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [1]. 

 

ʂ = 2,303/Ű Ŀ lg C0 / (C0 ï CŰ),           (3) 

 

ʛʜʝ ʉ0 ʠ ʉŰ ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ (ʠʣʠ 

ʥʘʪʨʠʷ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʢʦʥʚʝʨ-

ʩʠʠ ʠ ʟʘ ʠʩʪʝʢʰʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (Ű), 

ʂ ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ.  

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʦʨʷʜʦʢ ʧʨʦ-

ʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ ʥʘʪʨʠʷ 

ʨʘʚʝʥ ʝʜʠʥʠʮʝ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (2) ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ (ʪʘʙʣ. 2). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʷʤʦʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ lg(C0 ï CŰ) ʦʪ Ű ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʚʦʤ 

ʧʦʨʷʜʢʝ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘ-

ʪʦʤ ʥʘʪʨʠʷ (ʨʠʩ. 4). ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ 

ʧʦʚʳʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣ. 2). ɿʘʚʠʩʠ-

ʤʦʩʪʴ ʝʛʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ɸʨʨʝ-

ʥʠʫʩʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʛʨʘʬʠʯʝ-

ʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ lg K ʦʪ 1/ʊ (ʨʠʩ. 4). 
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ʈʠʩʫʥʦʢ 3. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʘ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ (1) ʠ ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ (2) ʥʘ 100 ʛ 37,14 %-ʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ 

 

ʊʘʙʣʠʮʘ 2. 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʩ ʭʣʦʨʘʪʦʤ ʥʘʪʨʠʷ 

Ű, ʤʠʥ 

 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ, 

ʂĿ10ï2ʤʠʥ 
ɽ, ʢɼʞ/ʤʦʣʴ 

 323 ʂ 348 ʂ 373 ʂ  

15 

30 

45 

60 

 

1,154 

1,165 

1,139 

1,113 

 

 

1,590 

1,590 

1,581 

1,561 

 

2,144 

2,104 

2,204 

2,121 

 

12,622 

ï 

ï 

ï 

ʉʨʝʜʥʠʡ 1,142 1,580 2,143  

 

lg(Co-Cr)

20 40 50
t,ʤʠʥ

348
K

0

373
K

0

323 K
0

1,2

1,4

1,6

1

1,8

2,0

lgK

-2,0

-1,9

-1,8

2

-1,7

-1,6

0,26 0,28 0,30
1/T 10

-2

lgK
=
0,09613-658,96

1/T
.

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ lg(C0 ï CŰ) ʦʪ Ű ʠ lg K ʦʪ 1/ʊ (2) 
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ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪʳ ʩʢʦ-

ʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʳʯʠʩ-

ʣʝʥʳ ʧʦʩʪʦʷʥʥʳʝ (ʂ0) ʥʘ ʫʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ: 

 

ʂ=ʂ0ʝ ɽ/RT    (3) 

 

ʠ ʚʳʚʝʜʝʥʦ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ lg K ʦʪ 1/ʊ. 

ʇʨʝʦʙʨʘʟʫʝʤ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʠ ʚ ʣʠʥʝʡ-

ʥʳʝ. ʇʦʩʣʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (3) ʧʦʣʫ-

ʯʠʤ: 

 

lg K=lgK0 - E/2.303Å1.987 Ŀ1/T  (4) 

 

ɺʚʦʜʠʤ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʠʩʠ ʥʦʚʳʝ ʦʙʦ-

ʟʥʘʯʝʥʠʷ: 

 

lg K=ɖ; lg K0=Ń ;b= E/2.303Å1.987=E/4,575;1/T=ɝ 

 

ʇʦʣʫʯʠʤ: 

 

ɖ= Ń ï ʚÅɝ.   (5) 

 

ʉʦʩʪʘʚʠʚ ʦʪʥʦʰʝʥʠʷ: 

 

b2,1= ɖ2ïɖ1/ɝ1 ï ɝ2;b3,2= ɖ3ïɖ2/ɝ2 ï ɝ3;b3, = ɖ3ïɖ1/ɝ1 ï ɝ3 

 

ʠ ʧʨʦʠʟʚʝʜʷ ʚʳʯʠʩʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ b 

ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 2), 

ʥʘʭʦʜʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ b. 

ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ń ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ń = Ɇɖ + bĿɆɝ/3.    (6). 

 

ʇʦʜʩʪʘʚʣʷʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ Ń ʠ b ʚ ʫʨʘʚ-

ʥʝʥʠʝ (5), ʙʫʜʝʤ ʠʤʝʪʴ: 

 

ɖ = 0,096130 ï 658,96Ŀɝ;    (7) 

lgK = 0,09613 ï 658,96Ŀ1/T.    (8) 

 

ɿʥʘʯʝʥʠʝ ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (ɽ), ʚʳ-

ʯʠʩʣʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ ɽ = bÅ4,575, ʩʦʩʪʘʚʠʣʦ 3014,73 

ʢʘʣ/ʤʦʣʴ, ʠʣʠ 12,622 ʢɼʞ/ʤʦʣʴ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʯʠʩ-

ʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ a ʚ lgK0 = a, ʧʦʣʫʯʠʤ: 

 

lgK0 = 0,09631. 

 

ʆʪʩʶʜʘ ʂ0 = 1,2477. 

ʇʦʩʣʝ ʧʦʜʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʂ0 ʠ ɽ ʵʤʧʠʨʠʯʝ-

ʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ (3) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

ʂ=1,2477 ʝʭʨ(ï3014,73/RT).   (9) 

 

ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ (8) ʠ (9) ʨʘʩʩʯʠʪʘʥʳ ʢʦʥ-

ʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʠʥʪʝʨʚʘʣʝ 323ï373 ʂ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 

ʂ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨ-

ʩʠʠ (ʪʘʙʣʠʮʘ 3). 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 ʂ ʚ ʠʥʪʝʨʚʘʣʝ 323ï373 ʂ ʧʦʚʳʰʘ-

ʝʪʩʷ ʚ 1,22ï1,146 ʨʘʟʘ.  

ʊʘʙʣʠʮʘ 3. 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ, 

ʂĿ10ï2 ʤʠʥ-1 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ, (ɔ) 

323 

333 

343 

353 

363 

373 

1,142 

1,310 

1,496 

1,696 

1,909 

2,143 

ï 

1,146 

1,142 

1,134 

1,126 

1,122 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʘʪʘ ʤʘʛ-

ʥʠʷ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʚʝʨʩʠʠ 

ʭʣʦʨʘʪʘ ʥʘʪʨʠʷ ʩ 37,14 %-ʥʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠʩʭʦʜ-

ʥʳʭ ʩʦʣʝʡ 2:1 ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

373 ʂ. 
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ɸʟʦʪʥʦʢʠʩʣʦʪʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ 

ʩʳʨʴʷ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʦʨʠʪʦʚ, ʥʦ ʠ ʘʥʠʦʥʳ NO3
- ʚ ʚʠʜʝ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʪʘ-

ʶʪʩʷ ʚ ʩʣʦʞʥʦʤ ʫʜʦʙʨʝʥʠʠ. 

ʉʫʪʴ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʧʦʣʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʥʦʨʤʳ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʂʳʟʳʣʢʫʤʩʢʠʭ ʬʦʩʬʦʨʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 16-22 % ʈ2ʆ5. ʇʨʠ ʵʪʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 

ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʘʪʥʦʛʦ ʤʠʥʝʨʘʣʘ ʩʳʨʴʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʩʚʦʷʝʤʳʭ ʬʦʨʤ ʬʦʩʬʘʪʦʚ (ʤʦʥʦ- ʠ ʜʠʢʘʣʴʮʠʡʬʦʩ-

ʬʘʪʳ). ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʪ.ʝ. ʉʆ2-ʛʨʫʧʧ ʠʟ ʩʪʨʫʢʪʫʨʳ ʩʳʨʴʷ ʧʦʣʫʯʝʥʥʳʡ ʬʦʩʬʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ. 
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ABSTRACT 

The nitric acid method of processing phosphate raw materials allows the complex use of raw material components. 

The main advantage of nitric acid processing is that not only the chemical energy of nitric acid is used to decompose 

phosphorites, but also NO3ï anions in the form of a nutrient remain in complex fertilizer. 

The essence of intensive technology is the use of an incomplete stoichiometric norm of nitric acid for the decompo-

sition of Kyzylkum phosphorites containing 16-22 % ʈ2ʆ5. However, complete decomposition of the phosphate mineral 

of the raw material does not occur with the formation of assimilable forms of phosphates (mono- and dicalcium phos-

phates). After extraction of carbonate minerals i.e. CO2 groups from the structure of the feedstock the resulting phosphate 

complex becomes more active. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʬʦʩʤʫʢʘ, ʩʣʦʞʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʥʝʡʪʨʘʣʠʟʘʮʠʷ, ʬʦʩʬʦʨʥʦ-ʘʟʦʪʥʦʢʠʩʣʦʪ-

ʥʘʷ ʧʫʣʴʧʘ, ʥʦʨʤʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ, ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ. 

Keywords: nitric acid, phosphamic acid, complex fertilizers, neutralization, phosphoric-nitric acid pulp, nitric acid 

norm, ammonium nitrate, ammonium nitrate. 

________________________________________________________________________________________________ 

 

ɺʚʝʜʝʥʠʝ: ɺʳʩʦʢʘʷ ʘʛʨʦʭʠʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʭ ʚ ʦʧʪʠ-

ʤʘʣʴʥʦʤ, ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

N:ʈ2ʆ5:ʂ2ʆ=1:0,7:0,5. ɺ ʨʝʩʧʫʙʣʠʢʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦ-

ʦʪʥʦʰʝʥʠʷʤʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʣʦʞʥʳʭ ʫʜʦʙ-

ʨʝʥʠʡ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʬʦʩʬʘʪʦʚ ʧʦ-

ʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʢʦʤ-

ʧʣʝʢʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʬʦʩʬʘʪʥʦʛʦ ʩʳ-

ʨʴʷ ʩ ʧʦʣʫʯʝʥʠʝʤ, ʥʘʨʷʜʫ ʩ ʫʜʦʙʨʝʥʠʷʤʠ, ʨʷʜʘ ʜʨʫ-

ʛʠʭ ʮʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʟʦʪʥʦʢʠʩʣʦʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʬʦʩʬʦʨʠʪʦʚ ʷʚʣʷ-

ʝʪʩʷ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʠ ʵʢʦʥʦʤʠʯʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫ-

ʯʝʥʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ, 

ʥʦ ʠ ʘʥʠʦʥʳ NO3
- ʚ ʚʠʜʝ ʧʠʪʘʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʩʪʘʶʪʩʷ ʚ ʛʦʪʦʚʦʤ ʧʨʦʜʫʢʪʝ.  

ʆʩʥʦʚʥʳʝ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʝ ʬʦʩʬʦʨʠʪʥʦʡ 

ʤʫʢʠ ʧʨʠ ʧʦʣʥʦʡ ʥʦʨʤʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʩʣʝʜʫʶʱʠʝ:  

 

2Cʘ5(ʈʆ4)3F + 14HNO3 = 3ʉʘ(ʅ2ʈʆ4)2 + 

7ʉʘ(NO3)2 + 2HF 

ʉʘ5(ʈʆ4)3F + 4HNO3 = 3ʉʘʅʈʆ4+ 2ʉʘ(NO3)2 + 

HF 

 

ʇʨʠ ʥʝʧʦʣʥʦʡ ʥʦʨʤʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʦʣʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʦʨʠʪʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʈʝʘʢʮʠʶ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

 

ʉʘ5(ʈʆ4)3F + 6HNO3 = Ca(H2PO4)2 + Ca-

HPO4+3Ca(NO3)2 + HF 

 

ɸʢʪʠʚʘʮʠʷ ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʟ ʫʟʣʦʚ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʬʪʦʨʢʘʨʙʦʥʘʪʘʧʘʪʠʪʘ, ʠʟʦʤʦʨʬʥʦ 

ʟʘʤʝʱʝʥʥʳʭ ʉʆ2-ʛʨʫʧʧ. ʕʪʦ ʧʨʠʜʘʝʪ ʬʦʩʬʘʪʘʤ ʥʝ-

ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘ ʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷ-

ʟʝʡ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ ʩ ʘʟʦʪ-

ʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʠʩʣʦʪʘ ʨʝʘʛʠʨʫʝʪ ʩ 

ʢʘʨʙʦʥʘʪʘʤʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʘʪʦʚ: 

 

ʉʘʉʆ3 +2 HNO3 = ʉʘ(NO3)2 + CO2 + ʅ2ʆ 

ʄg ʉʆ3 +2 HNO3 = ʄg(NO3)2 + CO2 + 3ʅ2ʆ 

 

ɺʳʜʝʣʷʶʱʘʷʩʷ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʬʦʩʬʦʨʠʪʘ ʦʙʨʘʟʫʝʪ ʫʩʪʦʡ-

ʯʠʚʳʝ ʧʝʥʳ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʘʷ ʥʘ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʨʘ-

ʮʠʦʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʥʦʛʘʱʝʥʠʷ ʧʨʠ 

ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʚʳʩʦʢʦʢʘʨʙʦʥʘʪʥʳʭ 

ʬʦʩʬʦʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  

ʅʘ ʆɸʆ çʉʘʤʘʨʢʘʥʜʢʠʤʸè ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʝʥʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʦʞʝʥʠʝ ʬʦʩʤʫʢʠ ʧʨʦʚʦʜʠʪ ʚ ʛʫʩʪʦʡ 

ʩʨʝʜʝ (ʧʣʦʪʥʦʩʪʴ ʧʫʣʴʧʳ 1,5-1,7 ʛ/ʩʤ3). ʇʨʠ ʵʪʦʤ ʚʳ-

ʜʝʣʷʶʱʠʝ ʧʫʟʳʨʴʢʠ ʛʘʟʘ ʣʦʧʘʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟ-

ʜʝʣʘ ʬʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʦʣʫʯʝʥʥʘʷ ʥʠʪʨʦʬʦʩʥʘʷ ʧʫʣʴʧʘ ʩʦʜʝʨʞʠʪ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʝʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʢʘʨʙʦ-

ʥʘʪʥʫʶ ʬʦʩʬʦʨʠʪʥʫʶ ʤʫʢʫ.  

 

 2ʅNʆ3 + ʉʘʉʆ3 = ʉʘ(Nʆ3)2 + ʉʆ2 + ʅ2ʆ 

 

ʇʨʦʮʝʩʩ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʡ ʧʫʣʴʧʳ ʩ ʬʦʩʤʫ-

ʢʦʡ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʝʝ ʧʝʨʝʤʝʰʠʚʘʥʠʠ.  

ʇʦʣʫʯʝʥʥʳʡ ʥʠʪʨʦʬʦʩ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʜʠ-

ʢʘʣʴʮʠʡʬʦʩʬʘʪʘ ʉʘʅʈʆ4, ʤʦʥʦʢʘʣʴʮʠʡʬʦʩʬʘʪʘ 

ʉʘ(ʅ2ʈʆ4)2 ʠ ʩʤʝʩʠ ʩʦʣʝʡ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ ʩ ʨʘʟʣʠʯ-

ʥʦʡ ʛʠʜʨʘʪʥʦʩʪʴʶ ʉʘ(NO3)2¶4H2O, ʉʘ(NO3)2¶3H2O, 

ʉʘ(NO3)2¶2H2O, ʘ ʪʘʢʞʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦ-

ʨʠʪʘ. ʅʠʪʨʦʬʦʩ ʩʦʜʝʨʞʠʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʳ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʜʦ 16 % ʈ2ʆ5, ʜʦ 6 % N, ʜʦ 12 % 

ʉʘʆ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʧʦʣʥʦʩʪʴʶ ʦʩʪʘ-

ʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʫʜʦʙʨʝʥʠʷ ʚ ʚʠʜʝ ʘʟʦʪʥʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ. 

ʈʘʥʝʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ NP ʫʜʦʙʨʝʥʠʡ 

ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʥʝʦʙʦʛʘʱʝʥʥʦʡ ʬʦʩʬʦ-

ʨʠʪʥʦʡ ʤʫʢʠ ʧʨʠ ʥʝʧʦʣʥʦʡ ʥʦʨʤʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɼʣʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʦ-

ʚʳʭ ʚʠʜʦʚ ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʟʦʪʥʦʢʠʩ-

ʣʦʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʦʙʦʛʘʱʸʥʥʦʡ ʬʦʩʬʦʨʠʪʥʦʡ 
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ʤʫʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʬʦʩʬʦʨʠʪʥʫʶ ʤʫʢʫ ʊʘʰʢʫʨʘ, ʩʦʜʝʨʞʘʱʝʡ ʈ2ʆ5 17,72 

%, ʉʘʆ 45,90 %, ʉʆ2 16,03 %, ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ ʆɸʆ 

çʄʘʢʩʘʤ-ʏʠʨʯʠʢè ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 59 % HNO3 ʠ ʘʤ-

ʤʠʘʯʥʫʶ ʩʝʣʠʪʨʫ (N 34,4 %) ʆɸʆ çʌʘʨʛʦʥʘʘʟʦʪè. 

ʅʦʨʤʫ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʬʦʩʬʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʬʦʩʬʦʨʠʪʘ ʧʦ 

ʩʪʝʭʠʦʤʝʪʨʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ: ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʦʡ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʨʤʳ ʢʠʩ-

ʣʦʪʳ ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʘʪʥʦʛʦ 

ʤʠʥʝʨʘʣʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʦʙʦʛʘʱʝʥʥʦʡ ʬʦʩʬʦʨʠʪ-

ʥʦʡ ʤʫʢʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʥʦʨʤʳ 20 % ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʜʫʢʪ ʩ ʚʣʘʞʥʦʩʪʴʶ  

7,54 %. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʥʦʨʤʳ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʥʘʯʘʣʝ ʤʘʞʫʱʝʡʩʷ 

ʤʘʩʩʳ, ʜʘʣʝʝ ʪʨʫʜʥʦ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʡ ʛʫʩʪʦʡ 

ʧʫʣʴʧʳ. ɺ ʧʨʦʜʫʢʪʝ ʘʟʦʪ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʥʠʪʨʘʪʘ 

ʘʤʤʦʥʠʷ ʠ ʩʠʣʴʥʦ ʛʠʛʨʦʩʢʦʧʠʯʥʦʛʦ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ. 

ɼʘʣʝʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ ʦʙʨʘʙʦʪʢʫ ʬʦʩʬʘʪʥʦʡ ʤʫʢʠ ʧʨʦ-

ʚʦʜʠʣʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʘʤ-

ʤʦʥʠʷ, ʪ.ʝ. ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʩʳʨʴʷ ʦʩʫʱʝʩʪʚ-

ʣʷʣʠ ʘʟʦʪʥʦʢʠʩʣʳʤ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 100 ʛ 56 % -ʥʳʡ ʨʘʩ-

ʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʨʘʩʪʚʦʨʷʣʠ 90 ʛ ʛʨʘʥʫʣʠʨʦʚʘʥ-

ʥʦʡ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨ-

ʞʘʣ 28,47 % ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, 43,37 % ʘʤʤʠʘʯʥʦʡ 

ʩʝʣʠʪʨʳ ʠ 24,16 % ʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʥʦʨʤʳ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʦʨʠʪʘ. ʈʘʟʣʦʞʝ-

ʥʠʝ ʥʝʦʙʦʛʘʱʝʥʥʦʡ ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ ʧʨʠ 33 % -

ʥʦʡ ʥʦʨʤʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʣʦʞʥʦʝ ʫʜʦʙʨʝʥʠʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ N:P2O5 = 1:1. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʥʦʨʤʳ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʳ, ʭʦʪʷ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʫʜʦʙʨʝʥʠʠ ʚʦʟʨʘʩʪʘʝʪ, 

ʫʭʫʜʰʘʶʪʩʷ ʪʦʚʘʨʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʛʦ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʛʦ ʫʜʦʙʨʝ-

ʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʪʦʚʘʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟʫʯʝʥ 

ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ (ʘʢʪʠʚʘʮʠʠ) ʥʝʦʙʦʛʘʱʝʥʥʦʡ 

ʬʦʩʤʫʢʠ ʩ ʥʘʯʘʣʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʟʘʪʝʤ ʩ ʥʠʪʨʘ-

ʪʦʤ ʘʤʤʦʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʦʨʤʳ (10-60 % 

ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʣʴʮʠʡʬʦʩ-

ʬʘʪʘ ʠ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ) ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʩʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʩʬʦʨʠʪʥʫʶ 

ʤʫʢʫ ʊʘʰʢʫʨʘ, ʩʦʜʝʨʞʘʱʝʡ ʈ2ʆ5 17,72 %, ʉʘʆ 45,90 

%, ʉʆ2 16,03 %, ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ ʆɸʆ çʄʘʢʩʘʤ-

ʏʠʨʯʠʢè ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 59 % HNO3 ʠ ʘʤʤʠʘʯʥʫʶ 

ʩʝʣʠʪʨʫ (N 34,4 %) ʆɸʆ çʌʘʨʛʦʥʘʘʟʦʪè. ʆʧʳʪʳ ʧʨʦ-

ʚʦʜʠʣʠ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʧʦʩʦʙʫ. 

ʌʦʩʬʦʨʠʪʥʫʶ ʤʫʢʫ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʯʝʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʝ 5-10 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʫʶ ʘʢʪʠʚʠ-

ʨʦʚʘʥʥʫʶ ʬʦʩʬʦʨʠʪʥʫʶ ʤʫʢʫ ʛʨʘʥʫʣʠʨʦʚʘʣʠ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʨʘʩʯʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʪʘʨʝʣʴʯʘʪʦʤ ʛʨʘʥʫʣʷʪʦʨʝ. ɼʘʣʝʝ ʛʨʘ-

ʥʫʣʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʫʰʠʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-105 ʦʉ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʪʘʙʣʠʮʘʭ 1-4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʞʥʳʭ ʘʟʦʪʥʦ-ʬʦʩʬʦʨ-

ʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʳ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʳ. ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ ʩ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʪʝʢʘʝʪ ʠʥʪʝʥʩʠʚʥʦ, ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʙʝʟ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʫ-

ʟʳʨʴʢʠ ʨʘʟʨʫʰʘʶʪʩʷ ʚ ʨʘʟʜʝʣʝ ʬʘʟ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʝ-

ʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʳ ʩʦʩʪʘʚʣʷʝʪ 

30-40 ʦʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʥʦʨʤʳ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ 

ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ. 

ʊʘʙʣʠʮʘ 1. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ɸʂʇʌ ʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʥʦʨʤʝ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ï 10 % 

ʉʦʦʪʥʦʰʝʥ. 
P2O5, % 

N, 

% 
CaOʦʙʱ., % CaOʚʦʜ., % Ca(NO3)2, % H2O, % 

ʉʦʩʪʦʷʥʠʝ 

Nʈʋ*  P2O5 N 

1,0 0,1 16,11 1,61 41,72 2,70 7,90 4,22 ʉʫʭʦʝ 

1,0 0,2 15,41 3,08 39,91 2,58 7,55 3,91 - çè - 

1,0 0,3 14,76 4,43 83,25 2,47 7,24 3,50 - çè - 

1,0 0,4 14,29 5,72 37,01 2,39 7,00 2,98 - çè - 

1,0 0,5 13,71 6,86 35,26 2,30 6,72 1,93 - çè - 

1,0 0,6 13,22 7,93 34,25 2,21 4,48 2,24 - çè - 

1,0 0,7 12,96 9,07 33,57 2,17 6,35 1,20 - çè - 

1,0 0,8 12,57 10,06 32,57 2,10 6,17 1,17 - çè - 

1,0 0,9 12,05 10,85 31,22 2,02 5,91 1,63 - çè - 

1,0 1,0 11,73 11,73 30,40 1,34 3,91 1,65 - çè - 

*ʇʨʠʤʝʯʘʥʠʝ: Nʈʋ ï ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʝ ʫʜʦʙʨʝʥʠʝ 

  

ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʬʦʩʤʫʢʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ 

(ʥʦʨʤʘ 10-20 % ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ) ʧʦʣʫʯʘʝʪʩʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʩʫʭʦʝ ʩʣʦʞʥʦʝ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʝ ʫʜʦʙʨʝʥʠʝ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʚʦʜʠʤʦʛʦ ʧʨʠ ʛʨʘʥʫʣʷʮʠʠ 

ʠ ʩʫʰʢʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʫʜʦʙ-

ʨʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʜʦʙʨʝʥʠʷ. ʇʦʣʫʯʝʥ-

ʥʘʷ ʤʘʩʩʘ ʭʦʨʦʰʦ ʛʨʘʥʫʣʠʨʫʝʪʩʷ. ʊʦʚʘʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʣʦʞʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʫʪʝʤ ʚʚʝʜʝ-

ʥʠʷ ʚ ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʤʫʢʠ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʳ ʧʨʠ ʝʝ ʥʦʨʤʝ 10-20 % ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʤʦʞʥʦ 
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ʧʦʣʫʯʘʪʴ ʫʜʦʙʨʝʥʠʝ ʥʫʞʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʦʨʤʳ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʚʦʜʠʤʦʛʦ 

ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʉʘʆ (ʚ ʚʠʜʝ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ) ʩʦʩʪʘʚʣʷʝʪ 2-5 %.  

 ʊʘʙʣʠʮʘ 2. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ɸʂʇʌ ʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʥʦʨʤʝ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ï 20 % 

ʉʦʦʪʥʦʰʝʥ. 
P2O5, % 

N, 

% 
CaOʦʙʱ., % CaOʚʦʜ., % Ca(NO3)2, % H2O, % 

ʉʦʩʪʦʷʥʠʝ 

Nʈʋ P2O5 N 

ɼʦ ʩʫʰʢʠ 

1,0 0,2 15,37 3,07 39,84 5,15 15,10 7,74 ɺʣʘʞʥʦʝ 

1,0 0,3 14,74 4,42 38,18 4,94 14,47 6,84 - çè - 

1,0 0,5 13,50 6,73 34,28 4,53 13,23 6,85 - çè - 

1,0 0,7 12,74 8,91 33,04 4,27 12,51 6,47 - çè - 

1,0 0,9 11,93 10,74 30,91 4,00 11,72 6,06 - çè - 

1,0 1,0 11,45 11,45 29,65 3,83 12,94 5,81 - çè - 

ʇʦʩʣʝ ʩʫʰʢʠ 

1,0 0,2 16,37 3,27 42,42 5,49 16,08 1,77 ʉʫʭʦʝ 

1,0 0,3 15,65 4,70 10,54 5,25 15,37 1,94 - çè - 

1,0 0,5 14,38 7,19 34,25 4,82 14,12 1,86 - çè - 

1,0 0,7 13,35 9,34 34,59 4,47 13,11 1,73 - çè - 

1,0 0,9 12,41 11,17 32,16 4,16 12,19 1,54 - çè - 

1,0 1,0 11,99 11,99 31,05 4,02 11,77 1,35 - çè - 

 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʥʦʨʤʳ ʘʟʦʪʥʦʡ ʢʠʩ-

ʣʦʪʳ (20-30 % ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ) ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʬʦʩ-

ʬʦʨʠʪʥʦʡ ʤʫʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʣʦ-

ʞʝʥʠʷ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʉʘʆ. ɸ 

ʚʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʭʫʜʰʘʝʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʦʚʘʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʣʦʞʥʦʛʦ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʛʦ ʫʜʦʙʨʝʥʠʷ.  

ʊʘʙʣʠʮʘ 3. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ɸʂʇʌ ʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʥʦʨʤʝ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ï 30 % 

ʉʦʦʪʥʦʰʝʥ. P2O5,  

% 

N,  

% 

CaOʦʙʱ., 

% 

CaOʚʦʜ., 

% 

Ca(NO3)2, % H2O, 

% 

ʉʦʩʪʦʷʥʠʝ  

Nʈʋ P2O5 N 

ɼʦ ʩʫʰʢʠ 

1,0 0,3 12,91 3,87 33,45 6,49 19,03 6,84 ɺʣʘʞʥʦʝ  

1,0 0,5 12,63 6,31 32,71 6,35 18,61 6,42 - çè - 

1,0 0,7 11,76 8,23 30,46 5,91 17,32 6,25 - çè - 

1,0 0,9 11,05 9,95 28,63 5,56 16,29 5,98 - çè - 

1,0 1,0 10,74 10,74 27,82 5,40 15,82 6,39 - çè - 

ʇʦʩʣʝ ʩʫʰʢʠ 

1,0 0,3 14,15 4,25 36,66 7,11 20,85 1,20 ʉʫʭʦʝ  

1,0 0,5 13,22 6,61 34,25 6,65 19,48 1,64 - çè - 

1,0 0,7 12,33 8,62 31,94 6,20 18,17 1,67 - çè - 

1,0 0,9 11,56 10,40 29,90 5,81 17,03 1,50 - çè - 

1,0 1,0 11,28 11,28 29,23 5,67 16,63 1,46 - çè - 

 

ʊʘʙʣʠʮʘ 4. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ɸʂʇʌ ʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠ ʥʦʨʤʝ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ï 40 % 

ʉʦʦʪʥʦʰʝʥ. P2O5,  

% 

N,  

% 
CaOʦʙʱ., % CaOʚʦʜ., % Ca(NO3)2, % H2O, % 

ʉʦʩʪʦʷʥʠʝ  

Nʈʋ  P2O5 N 

ɼʦ ʩʫʰʢʠ 

1,0 0,4 12,60 5,04 32,64 8,45 24,75 12,80 ʊʝʢʫʯʝʝ  

1,0 0,5 12,22 6,11 31,65 8,19 24,00 11,72 - çè - 

1,0 0,7 11,94 8,86 30,93 8,00 23,45 11,45 - çè - 

1,0 0,9 11,02 9,92 28,54 7,38 21,64 9,14 - çè - 

1,0 1,0 10,61 10,61 27,48 7,11 20,83 9,58 - çè - 
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ʇʦʩʣʝ ʩʫʰʢʠ 

1,0 0,4 14,12 5,65 36,57 9,46 27,73 2,07 ʉʫʭʦʝ  

1,0 0,5 13,62 6,81 35,28 9,13 26,75 1,92 - çè - 

1,0 0,7 12,78 8,91 32,79 8,53 25,00 1,94 - çè - 

1,0 0,9 11,91 10,72 30,85 7,98 23,39 1,81 - çè - 

1,0 1,0 11,59 11,59 30,02 7,77 22,76 1,89 - çè - 

 

ɿʘʢʣʶʯʝʥʠʝ: ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʤʫʢʠ ʠ ʩʤʝ-

ʰʝʥʠʷ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʚʣʘʞʥʘʷ ʤʘʩʩʘ, 

ʩʦʜʝʨʞʘʱʘʷ 6-12 % ʅ2ʆ. ʊʦʚʘʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢ-

ʪʦʚ ʧʦʩʣʝ ʩʫʰʢʠ ʠ ʛʨʘʥʫʣʷʮʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ. 

ɿʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ ʠ 

ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʩʣʦʞʥʦʤ ʫʜʦʙʨʝʥʠʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʚʣʘʛʦʝʤʢʦʩʪʴ. ʇʦʵʪʦʤʫ ʩʣʦʞʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʦ-

ʩʣʝ ʛʨʘʥʫʣʷʮʠʠ ʠ ʩʫʰʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʧʘʢʦʚʘʪʴ ʚ ʧʦ-

ʣʠʵʪʠʣʝʥʦʚʳʝ ʤʝʰʢʠ.  
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ: ʅʘʨʟʫʣʣʘʝʚ ɸ.ʍ., ɹʝʢʥʘʟʘʨʦʚ ʍ.ʉ., ʅʠʸʟʢʫʣʦʚ ʐ.ʐ. ʉʠʥʪʝʟ ʨʘʩʪʚʦʨʠʤʦʡ ʠʥʛʠʙʠ-

ʨʫʶʱʝʡ ʢʦʨʨʦʟʠʠ ʚ ʚʦʜʝ, ʥʝʬʪʠ, ʛʘʟʦʚʦʤ ʢʦʥʜʝʥʩʘʪʝ, ʩʦʜʝʨʞʘʱʝʤ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʠ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʘʣʶʤʠʥʠʷ 

ʥʘ ʤʝʪʘʣʣ // Universum: ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ : ʵʣʝʢʪʨʦʥ. ʥʘʫʯʥ. ʞʫʨʥ. 2020. ˉ 6(75). URL: 

http://7universum.com/ru/tech/archive/item/9674  

ʉʀʅʊɽɿ ʈɸʉʊɺʆʈʀʄʆʁ ʀʅɻʀɹʀʈʋʖʑɽʁ ʂʆʈʈʆɿʀʀ ɺ ɺʆɼɽ, ʅɽʌʊʀ, ɻɸɿʆɺʆʄ  

ʂʆʅɼɽʅʉɸʊɽ, ʉʆɼɽʈɾɸʑɽʄ ɸʄʀʅʆʂʀʉʃʆʊʓ, ʀ ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ  

ɸʃʖʄʀʅʀʗ ʅɸ ʄɽʊɸʃʃ 
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ɸʅʅʆʊɸʎʀʗ 
ʀʩʩʣʝʜʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʀʂ-1 ʠ ʀʂ-2 ʧʨʠ ʟʘʱʠʪʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʦʪ ʢʦʨʨʦʟʠʠ. ʆʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʠʥʛʠʙʠʪʦʨʘ, ʚʟʷʪʦʛʦ ʚ ʚʦʜʥʦʤ ʠ ʤʘʩʣʷʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʧʦ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ. ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ï ʞʝʣʝʟʦ (Al ï Fe) 

ɸɾ1 - AlFe 1,15 % ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʥʛʠʙʠʪʦʨʘ ʀʂ-

1 ʠ ʀʂ-2. ʋʩʪʘʥʦʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʀʂ-1 ʠ ʀʂ-2. 

ABSTRACT 

The effectiveness of corrosion inhibitors IK-1 and IK-2 in protecting metal parts operating in aggressive environments 

from corrosion has been investigated. The amount of inhibitor taken in aqueous and oily solution was determined. 

Corrosion tests were carried out. Aluminum alloys of the aluminum-iron (Al-Fe) system ɸɾ1 - AlFe 1.15% in aggressive 

environments in the absence and presence of various concentrations of the inhibitor IK-1 and IK-2. The optimum 

operating temperature of corrosion inhibitors IK-1 and IK-2 was established.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ, ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʘʜʜʫʢʪ ʮʠʥʢʘ, ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ, ʛʠʜʨʦʢʩʠʣ 

ʥʘʪʨʠʷ, ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʘʟʦʪ-ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʠʥʛʠʙʠʪʦʨʳ, ʘʤʠʥʥʳʝ ʛʨʫʧʧʳ.  

Keywords: corrosion inhibitors, oleic acid, zinc adduct, corrosion of metal, sodium hydroxyl, phosphoric acid, 

nitrogen phosphorus inhibitors, amine groups. 
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ʤʝʪʘʣʣʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʩʪʘʣʠ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʚ ʤʠʨʝ ʢʘʞʜʳʡ ʛʦʜ, 1/4 ʝʝ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ [3].  

ʂʦʤʧʦʥʝʥʪʳ ʜʦʙʳʚʘʝʤʳʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʨʦʜʫʢ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʘʛʨʝʩʩʠʚʥʫʶ ʩʨʝʜʫ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʝ ʩʦʙʦʡ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ, ʩʝʨʦʚʦʜʦʨʦʜ, ʚʦʜʳ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʩʪ, ʩʦʩʪʘʚʣʷʶʪ ʜʦ 10 % ʦʪ ʚʩʝʡ 

ʤʘʩʩʳ ʜʦʙʳʚʘʝʤʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [11]. ʕʪʦ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʢʘʞʜʦʛʦ ʧʨʠʙʦʨʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʟ-ʟʘ ʩʚʦʡʩʪʚʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʰʣʘʤʳ, ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ, ʢʘʨʙʦʥʘʪʥʳʝ ʩʦʣʠ, ʚʦʜʘ ʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʝʱʝʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʫʛʣʝ-

ʚʦʜʦʨʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʳʟʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʢʦʨʨʦ-

ʟʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. ʉʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶ-

ʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ, ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʛʣʫʙʣʝʥʠʶ ʢʦʨʨʦʟʠʠ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [10; 7]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʝʜʤʝʪʳ, 

ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʘʣʶʤʠʥʠʡ, ʘʜʩʦʨʙʠʨʫʶʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʘʛʫ ʩ ʚʦʟʜʫʭʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʧʦʢʨʳʚʘʝʪʩʷ ʪʦʥʢʠʤ ʩʣʦʝʤ ʚʦʜʳ. 

ʀʟ-ʟʘ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʙʨʘʟʫʶʪʩʷ 

ʚʦʜʦʨʦʜ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʠʦʥʳ, ʧʨʦʷʚʣʷʷ ʩʚʦʡʩʪʚʘ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ [6]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʳ 

ʘʣʶʤʠʥʠʷ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʠʦʥʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠ-

ʥʠʷ: 

 

2Alï 6eï = 2Al3+ 

6H+ +6eï = 3H2 

2Al3+ + 6OHï = 2Al(OH)3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʘʣʶʤʠʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʢʦʨʨʦʟʠʷ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [8]. ʆʥʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʠʟʤʝʥʷʶʱʠʝ ʩʦʩʪʘʚ ʩʨʝʜʳ ʠ ʤʝʞʬʘʟʥʳʝ ʠʥʛʠʙʠʪʦʨʳ. 

ʀʥʛʠʙʠʪʦʨʳ ʞʠʜʢʦʡ ʬʘʟʳ ʧʦʧʘʜʘʶʪ ʚ ʢʘʪʝʛʦʨʠʶ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʠʥʛʠʙʠʪʦʨʳ ʢʘʪʦʜʥʦʛʦ, ʘʥʦʜʥʦʛʦ ʠ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ 

ʢʘʪʦʜʝ ʠ ʘʥʦʜʝ.  

 

 

ʈʠʩʫʥʦʢ 0. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ ʘʣʶʤʠʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ 

ʤʘʨʢʠ ʀʂ-2 (ʩʦʜʝʨʞʠʪ ʘʟʦʪ, ʬʦʩʬʦʨ, ʩʝʨʫ) ʥʘ 

ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ 

(ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ï ʞʝʣʝʟʦ 

(Al ï Fe) ɸɾ1 ï AlFe 1,15 %) (50ï90 Áʉ) ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ, ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʙʦʪʝ [9]. ʂʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʦʡ ʩʣʫ-

ʞʠʣʘ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʩʨʝʜʥʝ ʞʝʩʪʢʘʷ ʠʣʠ ʫʤʝʨʝʥʥʦ ʞʝʩʪʢʘʷ. ʉʢʦʨʦʩʪʴ ʢʦʨ-

ʨʦʟʠʠ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩʦ-

ʛʣʘʩʥʦ ɻʆʉʊ 9.506ï87 ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʵʨʘʮʠʠ, 

ʪʝʤʧʝʨʘʪʫʨʝ 35ï90 Áʉ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

1,2 ʤ/ʩ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ (ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ 

ʘʣʶʤʠʥʠʡ ï ʞʝʣʝʟʦ (Al ï Fe) ɸɾ1 ï Al Fe 1,15 %) ʚ 

ʚʠʜʝ ʧʣʘʩʪʠʥ ʨʘʟʤʝʨʘʤʠ 10 Ĭ 18 Ĭ 1 ʤʤ [2; 4]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʣʠʛʦʤʝʨʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʘʣʢʘʥʦʣʘʤʠʥʘ ʠ ʘʜʜʫʢʪʘ ʮʠʥʢʘ ʀʂ-2, ʀʂ-4. ʉʧʦʩʦʙ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʚ 

ʨʝʘʢʪʦʨ, ʩʥʘʙʞʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʦʡ ʠ ʨʫ-

ʙʘʰʢʦʡ, ʥʘʣʠʚʘʶʪ ʚʦʜʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 50 ʤʣ ʠ ʜʦʙʘʚ-

ʣʷʶʪ 0,2ï2,0 ʛ ʤʥʦʛʦʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ, ʟʘʪʝʤ ʜʦʙʘʚ-

ʣʷʶʪ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʀʂ-2, ʀʂ-4. ʇʦʩʣʝ 

ʵʪʦʛʦ ʜʦʙʘʚʣʷʶʪ ʦʢʠʩʴ ʮʠʥʢʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 4,2 ʛ ʠ ʧʝ-

ʨʝʤʝʰʠʚʘʶʪ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʟʨʘʯʥʦʡ ʞʠʜʢʦʩʪʠ. ɿʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʨʠʙʘʚʣʷʶʪ (4,3 ʛ) ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʦ-
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ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʥʘʪʨʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝ-

ʨʝʤʝʰʠʚʘʶʪ. ʇʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʧʨʝʜʝʣʘʭ 35ï90 Áʉ. ɺʳʭʦʜ ï ʥʝ ʤʝʥʝʝ 95 % [5]. 

ʄʝʪʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ ʦʧʨʝʜʝʣʷʣʠ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʘ (ʢʦʨ-

ʨʦʟʠʦʥʥʳʡ ʪʦʢ) i0
c, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʮʠʦ-

ʥʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ɽʩʪ, ʘ ʪʘʢʞʝ ʢʦʨʨʦʟʠʦʥʥʳʡ ʪʦʢ ic 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ɽʩʪ, ʠ, ʩʦʧʦʩʪʘʚʣʷʷ ʥʘʡʜʝʥ-

ʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʠ ʠʥʛʠʙʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʦʮʝ-

ʥʠʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ ï ʧʣʝʥʢʦʦʙʨʘʟʦ-

ʚʘʪʝʣʝʡ ʠ ʧʘʩʩʠʚʘʪʦʨʦʚ; ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣ (1), (2) 

ʥʘʭʦʜʠʣʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʦʨʤʦʞʝʥʠʷ ɔ ʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ Z %. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʦʨʤʦʞʝʥʠʷ: 

 

  ;    (1) 

 

ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ: 

ὤ ϽρππϷ,   (2) 

 

ʛʜʝ ic ʠ i0c ï ʪʦʢʠ ʢʦʨʨʦʟʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʪ-

ʩʫʪʩʪʚʠʝ ʠ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʩʤʝʩʠ ʀʂ-1, 

ʀʂ-2 ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʟʘʱʠ-

ʱʘʝʤʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲ-

ʷʩʥʝʥʦ ʷʚʣʝʥʠʝʤ ʩʠʥʝʨʛʠʟʤʘ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʛʠʙʠ-

ʪʦʨʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. 

ʋʨʦʚʝʥʴ ʟʘʱʠʪʳ ʠʥʛʠʙʠʪʦʨʘ ʀʂ-2 ʚ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʩʨʝʜʝ 

ˉ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʦʢʦʥʜʝʥ-

ʩʘʪʘ ʅ2S, ʛ/ʣ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠ-

ʙʠʪʦʨʘ, ʤʛ/ʣ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʘʷ ʧʣʦʱʘʜʴ, 

S, ʤ2 

ʉʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ, 

ʤʤ/ʛ 

ʉʪʝʧʝʥʴ ʟʘ-

ʱʠʪʳ, 

Z, % 

24 ʯʘʩʘ 

1. 2,2ï3,6 

ɹʝʟ ʠʥʛʠʙʠʪʦʨʘ 0,002236 0,4068 ï 

100 0,002149 0,0225 94,53 

150 0,002109 0,0226 94,08 

200 0,002152 0,0196 95,12 

250 0,002000 0,0082 97,91 

300 0,002212 0,0162 94,20 

240 ʯʘʩʦʚ 

2. 3,9ï4,4 

ɹʝʟ ʠʥʛʠʙʠʪʦʨʘ 0,003326 0,9060 ï 

100 0,002249 0,1045 88,43 

150 0,002329 0,0971 89,28 

200 0,002152 0,0716 92,09 

250 0,002010 0,0082 99,09 

300 0,002219 0,0462 94,90 

 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ȹG ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʘʜʩʦʨʙʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʧʦʥʪʘʥʥʦ. ʍʦʪʷ ʟʥʘʯʝʥʠʝ ȹH, 

ʧʨʝʚʳʰʘʶʱʝʝ 25 ʢɼʞ/ʤʦʣʴ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʝ-

ʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʠ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʷʛʢʦʡ ʩʪʘʣʠ ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʘʜ-

ʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚ 

0,5 ʄ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ ʀʂ-2 ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ 

[5], ʪʦʛʜʘ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʦʢʘʟʘʣʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʀʂ-2. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʝʣʴʥʦ ʨʘʟʙʘʚ-

ʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦ-

ʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʡ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ 300 ʤʛ/ʣ. ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʦʨʤʦʞʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʥ-

ʛʠʙʠʪʦʨʦʚ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʥʛʠ-

ʙʠʪʦʨʘ Puro-tech 1011A ʧʦʢʘʟʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ (ʪʘʙʣ. 2) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ ʀʂ-1, 

ʀʂ-2 ʠ ʀʂ-3. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʟʘʱʠʪʳ ʠʥʛʠʙʠʪʦʨʦʚ ʀʂ-1, ʀʂ-2 ʠ ʀʂ-3 ʥʝ-

ʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚʘʭ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʦʙ ʫʩʠʣʝʥʠʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [5]. 
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ʊʘʙʣʠʮʘ 2. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ (ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ï 

ʞʝʣʝʟʦ (Al ï Fe) ɸɾ1 ï Al Fe 1,15 %) ʚ ʨʘʩʪʚʦʨʝ 0,5 ʄ HCl ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʀʂ-2, ʀʂ-3, ʀʂ-4, ʀʂ-5 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʀʥʛʠʙʠʪʦʨ ʊ, Áʉ ʉʠʥʛ., ʤʛ/ʣ ïɽʩʪ, ɺ i, ʤɸ/ʩʤ2, ɔ Z, % 

ʌʦʥ 

35 

ï 0,870 375,20 ï ï 

ʀʂ-2 

250 

0,535 22,02 17,03 94,13 

ʀʂ-3 0,530 22,35 16,78 94,04 

ʀʂ-4 0,540 23,73 15,81 93,67 

ʀʂ-5 0,530 33,65 16,05 91,03 

Puro-tech 1011A 0,525 32,14 11,67 91,43 

ʌʦʥ 

90 

ï 0,890 416,7 ï ï 

ʀʂ-2 

250 

0,530 19,65 21,20 95,28 

ʀʂ-3 0,560 19,82 21,02 95,24 

ʀʂ-4 0,546 20,75 20,08 95,02 

ʀʂ-5 0,545 32,61 12,78 92,17 

Puro-tech 1011A 0,553 20,86 19,97 94,99 

 

 
 

ʈʠʩʫʥʦʢ 1. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʩʪʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʚ ʬʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ ʌʦʥ ʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʀʂ-1, ʀʂ-2, ʀʂ-3 ʠ 

ʀʂ-4 100 ʤʛ/ʣ ʚ ʨʘʩʪʚʦʨʝ 0,5 ʄ HCl 

 

ʈʠʩʫʥʦʢ 2. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʩʪʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 250 ʤʛ/ʣ ʠʥʛʠʙʠʪʦʨʘ ʀʂ-2 ʚ 

ʨʘʩʪʚʦʨʝ 0,5 ʄ HCl 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʛʠʙʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʠʭ ʩʪʨʫʢʪʫʨʳ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʢʦʨʨʦʟʠʠ ʷʚ-

ʣʷʶʪʩʷ ʠʥʛʠʙʠʪʦʨʳ ʀʂ-2, ʀʂ-3 ʠ ʀʂ-4. ɺ ʤʦʣʝʢʫʣʝ 

ʠʥʛʠʙʠʪʦʨʦʚ ʠʤʝʶʪʩʷ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʣʢʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʠ ʛʝʪʝʨʦʘʪʦʤʳ ʩʝʨʳ, ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʢʦʪʦ-

ʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʩ ʘʪʦʤʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʦʙʨʘʟʫʷ ʭʝʤʦ-

ʩʦʨʙʮʠʦʥʥʫʶ ʧʣʝʥʢʫ (ʨʠʩ. 3, 4) [1].  
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ʈʠʩʫʥʦʢ 3. ɺʦʟʜʝʡʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʘ ʀʂ-2 ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʘʣʶʤʠʥʠʡ ʤʘʨʢʠ (ʘʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ ï ʞʝʣʝʟʦ (Al ï Fe) ɸɾ1 ï 

Al Fe 1,15 %) ʚ ʪʝʯʝʥʠʝ 240 ʯʘʩʦʚ 

ʈʠʩʫʥʦʢ 4. ʌʘʢʪʦʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʢʦʨʨʦʟʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 

 

ɿʘʢʣʶʯʝʥʠʝ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʟʘʱʠʪʝ ʦʪ 

ʢʦʨʨʦʟʠʠ ʠʥʛʠʙʠʪʦʨʳ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʬʦʩʬʦ-

ʨʠʣʴʥʦʡ ʛʨʫʧʧʝ. ɿʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʘʟʦʪ-ʬʦʩʬʦʨʩʦ-

ʜʝʨʞʘʱʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʣʠ.  

ɼʦʩʪʠʛʥʫʪ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʤʥʦʛʦʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʣʠʤʝʨʥʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ, ʜʦ 5 % 

ʧʨʝʚʳʰʘʶʱʠʡ ʪʘʢʦʚʦʡ ʠʤʧʦʨʪʠʨʫʝʤʳʭ ʠʥʛʠ-

ʙʠʪʦʨʦʚ. 

ʇʦʢʘʟʘʥʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʦʙʦʨʦʪʥʳʭ ʚʦʜʘʭ, 

ʘ ʪʘʢʞʝ ʚ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ, ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʩʦʩʪʘʚʣʷʶʱʘʷ 95,15 %. 
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ɸʅʅʆʊɸʎʀʗ 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʬʫʨʘʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʝʡ ʬʫʨʬʫ-

ʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʤʠ ʧʨʝʜʧʦʣʠʤʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʬʫʨʘ-

ʥʦʚʳʝ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʝ ʘʤʤʦʥʠʝʚʳʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʛʦ ʪʠʧʘ. ʀʟʫʯʝʥʳ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʞʝʩʪʢʠʝ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʳ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʫʨʘʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʥʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʞʝʩʪʢʠʭ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚ. 

ABSTRACT 

The reactive polycondensation furan oligomers have been synthesized by the reaction of furfuryl alcohol with hy-

droxylcontaining prepolymers of various structure and functionality, and furan hydroxylcontaining ammonium basesï

polymerization type. Their physicochemical properties were studied. Using synthesized oligomers as hydroxylcontaining 

compounds, rigid polyurethane foams have been developed. The influence of the nature of the synthesized furan oligo-

mers on the performance properties of rigid polyurethane foams is presented. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʣʠʛʦʤʝʨ, ʬʫʨʬʫʨʠʣʦʚʳʡ ʩʧʠʨʪ, ʧʨʝʜʧʦʣʠʤʝʨ, ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ, ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʝ 

ʬʫʨʘʥʦʚʳʝ ʠʦʥʝʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ, ʧʘʨʘʤʝʪʨʳ ʚʩʧʝʥʠʚʘʥʠʷ, ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

Keywords: Oligomer, furfuryl alcohol, prepolymer, polycondensation, polymerization furan ionene oligomers, phys-

icochemical properties, polyurethane foam, foaming parameters, strength properties.  

________________________________________________________________________________________________ 

 

ʈʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦ-

ʢʠʝ ʪʝʤʧʳ ʨʦʩʪʘ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘ-

ʙʦʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʦʣʠʛʦʤʝʨʦʚ. ʂ 

ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʠ ʭʠʤʠʯʝʩʢʦʝ ʬʦʨʤʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶ-

ʱʝʝ ʩʦʯʝʪʘʪʴ ʚ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʧʦʣʫ-

ʯʝʥʠʝ ʧʦʣʠʤʝʨʘ ʠ ʠʟʜʝʣʠʷ. ʄʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʬʦʨ-

ʤʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʣʠʛʦʤʝʨʦʚ, ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʝ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʚʠʩʷʪ ʦʪ ʫʩʧʝʭʘ ʭʠʤʠʠ ʦʣʠʛʦʤʝʨʦʚ 

(ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ, ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʨʫʧʧ) 

[3]. 

ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʬʫʨʘʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ, ʧʦʣʠʤʝʨʳ 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠ-

ʜʦʤ ʩʳʨʴʷ. ʆʜʥʘʢʦ ʧʣʦʭʘʷ ʘʜʛʝʟʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤ, ʙʦʣʴʰʘʷ ʫʩʘʜʢʘ ʧʦʩʣʝ ʦʪʚʝʨʞʜʝʥʠʷ ʠ 

ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ ʭʨʫʧʢʦʩʪʴ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʬʫʨʘʥʦʚʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦ ʤʥʦ-

ʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘ-

ʟʘʥʥʦʛʦ, ʠʟʳʩʢʘʥʠʝ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʬʫʨʘʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

ʩʪʨʦʝʥʠʷʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʠ-

ʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [5] ʙʳʣʠ ʠʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʛʦʤʦ-

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʌʉ) ʠ ʝʛʦ 

ʛʝʪʝʨʦʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ (ʌɼ) 

[11]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʟʘ 1,5ï2 ʯ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 96ï98 Áʉ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʠʩʣʦʪ-

ʥʦʩʪʠ ʩʨʝʜʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭʩʷ 

ʤʦʥʦʤʝʨʦʚ ʧʦʚʳʰʘʶʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ. ɻʦʤʦʧʦʣʠ-

ʢʦʥʜʝʥʩʘʮʠʝʡ ʌʉ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʦʥʦʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʬʫʨʬʫʨʠʣʦʚʳʝ 

ʦʣʠʛʦʤʝʨʳ (ʌʆ), ʩʦʜʝʨʞʘʱʠʝ ʬʫʨʘʥʦʚʳʝ ʛʝʪʝʨʦ-

ʮʠʢʣʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʠʣʝʥʦʚʳʤʠ ʩʚʷ-

ʟʷʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʦʤʦʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʌʉ, ʧʨʠ 

ʝʛʦ ʛʝʪʝʨʦʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʩ ʌɼ ʦʙʨʘʟʫʶʪʩʷ ʙʠ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʫʨʬʫʨʠʣ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʦʣʠ-

ʛʦʤʝʨʳ (ʌʌʆ), ʢʦʪʦʨʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦ ʬʫʨ-

ʬʫʨʠʣʦʚʳʤʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʤʝʥʷʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦ-

ʥʦʤʝʨʦʚ, ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʌʆ, ʌʌʆ 

ʦʣʠʛʦʤʝʨʳ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʢʦʨʦʪʢʠʝ ïʉʅ2ï, ïʉʅ2ïʆïʉʅ2ï ʩʚʷʟʠ, ʩʦʝʜʠʥʷʶʱʠʝ 

ʬʫʨʘʥʦʚʳʝ ʮʠʢʣʳ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʘ-

ʨʘʤʝʪʨʦʚ ʬʦʨʤʦʚʘʥʠʷ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ʂʦʤʧʦʟʠʮʠʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʞʝʩʪʢʠʝ 

ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʳ (ʇʇʋ) ʥʘ ʦʩʥʦʚʝ ʌʆ ʠ ʌʌʆ, ʭʦʪʷ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʛʦʨʶʯʝʩʪʴʶ, ʦʙʣʘʜʘʶʪ ʧʣʦʭʦʡ ʘʜʛʝ-

ʟʠʝʡ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʭʨʫʧʢʠ ʠ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʉ 

ʮʝʣʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʨʘʥʝʝ ʧʨʦ-

ʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [2; 12] ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʜʣʠ-

ʥʠʪʝʣʠ ʮʝʧʠ, ʩʰʠʚʘʶʱʠʝ ʘʛʝʥʪʳ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ 

ʧʨʠʨʦʜʳ. 

ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʬʫʨʘʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜ-

ʧʦʣʦʞʠʪ ɹʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʣʠʛʦʤʝʨʦʚ, ʩʦʯʝʪʘ-

ʶʱʠʭ ʞʝʩʪʢʠʝ ʬʫʨʘʥʦʚʳʝ ʠ ʛʠʙʢʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ 

ʙʣʦʢʠ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʞʝʩʪʢʠʭ ʇʇʋ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʧʦʣʠʢʦʥʜʝʥ-

ʩʘʮʠʦʥʥʳʭ ʌʆ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠ ʚ ʮʝʧʠ ʣʝ-

ʞʠʪ ʩʠʥʪʝʟ ʧʨʝʜʧʦʣʠʤʝʨʘ ʠʟ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʜʠʢʘʨʙʦ-

ʥʦʚʳʭ ʢʠʩʣʦʪ (ʘʜʠʧʠʥʦʚʘʷ, ʩʝʙʘʮʠʥʦʚʘʷ), ʠʭ 

ʘʥʛʠʜʨʠʜʦʚ (ʤʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ) ʠ ʘʣʠʬʘʪʠʯʝ-

ʩʢʦʛʦ ʜʠʦʣʘ (ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʴ). ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʥʳʝ ʧʨʝʜʧʦʣʠʤʝʨʳ ʧʦʜʚʝʨʛʘʣʠ ʢʦʥʜʝʥʩʘʮʠʠ 

ʩ ʌʉ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [8; 9]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʯʘʶʪʩʷ ʦʣʠʛʦʤʝʨʳ ʩ ʨʘʟ-

ʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʞʝʩʪʢʠʭ ʠ ʵʣʘʩʪʠʯʥʳʭ ʙʣʦ-

ʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʳʷʚʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʠʥʪʝʟʘ ʦʣʠʛʦʤʝʨʦʚ, ʥʝʢʦʪʦ-

ʨʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.  

ʊʘʙʣʠʮʘ 1. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ 

ʇʦʢʘʟʘʪʝʣʠ 

ʌʫʨʘʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ 

ʇʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʇʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʝ 

ʆɼʕʄʌ ʆɼʕɸʌ ʆɼʕʉʌ ʆʌɻʕʕʇɸʍ ʆʌɸɻʕʕʇɸʍ 

1 2 3 4 5 6 

ʉʨʝʜʥʝʯʠʩʣʝʥʥʘʷ ʤʦʣʝ-

ʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

 

500ï700 

 

550ï850 

 

550ï1300 

 

700ï900 

 

1000ï1200 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, 

ʧʨʠ 25 Áʉ, ʤʇʘ*ʩ 

 

2500ï20000 

 

500ï1200 

 

1500ï10000 

 

3000ï3200 

 

2800ï3000 



ˉ 6 (75)                                                                   ʠʶʥʴ, 2020 ʛ. 
 

30 

ʉʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴ-

ʥʳʭ ʛʨʫʧʧ, % 

 

4,8ï6,8 

 

4,0ï6,0 

 

3,0ï6,0 

 

7,5ï8,5 

 

7,0ï8,0 

ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, 

ʤʛʂʆʅ/ʛ 

 

4,0ï6,0 

 

6,0 

 

6,0ï7,0 

 

ï 

 

ï 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 1150ï1220 1126ï1130 1134ï1200 1230ï1240 1150ï1180 

ʉʨʝʜʥʝʯʠʩʣʝʥʥʘʷ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦ ʛʠʜʨʦʢ-

ʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ 

 

 

1,9ï2,1 

 

 

1,9ï2,1 

 

 

1,9ï2,1 

 

 

4,6ï5,4 

 

 

4,6ï5,4 

ʇʨʠʤʝʯʘʥʠʝ: ʆɼʕʄʌ ï ʦʣʠʛʦʜʠʵʪʠʣʝʥʤʘʣʝʠʥʘʪʬʫʨʘʥʦʣ; 

ʆɼʕɸʌ ï ʦʣʠʛʦʜʠʵʪʠʣʝʥʘʜʠʧʠʥʘʪʬʫʨʘʥʦʣ; 

ʆɼʕʉʌ ï ʦʣʠʛʦʜʠʵʪʠʣʝʥʩʝʙʘʮʠʥʘʪʬʫʨʘʥʦʣ; 

ʆʌɻʕʕʇɸʍ ï ʦʣʠʛʦʤʝʨ N-ʬʫʨʬʫʨʠʣʠʜʝʥ-N-2-ʛʠʜʨʦʢʩʠʵʪʠʣ-N-2,3-ʵʧʦʢʩʠʧʨʦʧʠʣ ʘʤʤʦʥʠʡ ʭʣʦʨʠʜ; 

ʆʌɸɻʕʕʇɸʍ ï ʦʣʠʛʦʤʝʨ N-ʬʫʨʠʣʘʢʨʦʣʠʜʝʥ-N-2-ʛʠʜʨʦʢʩʠʵʪʠʣ-N-2,3-ʵʧʦʢʩʠʧʨʦʧʠʣ ʘʤʤʦʥʠʡ ʭʣʦʨʠʜ. 

 

ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ (ʛʨʘʬʳ 2, 3, 4), ʯʪʦ 

ʚʷʟʢʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʯʠʭ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʨʘʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʷʟʢʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 

ʧʦʨʷʜʦʢ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʆɼʕɸʌ ʢ ʆɼʕʉʌ ʠ 

ʆɼʕʄʌ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ, ʩʫʱʝʩʪʚʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʤʦʣʝ-

ʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʤʝʞʜʫ 

ʮʝʧʷʤʠ ʦʣʠʛʦʤʝʨʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʥʪʝʟʘ ʨʝʘʢʮʠ-

ʦʥʥʦʩʧʦʩʦʙʥʳʭ ʬʫʨʘʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦ-

ʣʠʤʝʨʠʟʘʮʠʷ. ʀʟʚʝʩʪʥʦ [10], ʯʪʦ ʵʧʠʭʣʦʨʛʠʜʨʠʥ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫ-

ʶʱʠʝʩʷ ʘʤʤʦʥʠʝʚʳʝ ʩʦʣʠ ʤʦʛʫʪ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ 

ʟʘ ʩʯʝʪ ʨʘʩʢʨʳʪʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʤʦʥʠʝʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝ-

ʨʦʚ. ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʩʠʥʪʝʟʫ ʬʫʨʘʥʦʚʳʭ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʘʤʤʦ-

ʥʠʝʚʳʭ ʦʩʥʦʚʘʥʠʡ (ɻɸʆ), ʧʨʦʪʝʢʘʶʱʝʤʫ ʧʨʠ ʭʠʤʠ-

ʯʝʩʢʦʤ ʘʢʪʠʚʠʨʦʚʘʥʠʠ ʬʫʨʘʥʩʦʜʝʨʞʘʱʠʭ ʪʨʝʪʠʯʥʳʭ 

ʘʤʠʥʦʚ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ. ʇʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʬʫʨʬʫʨʠʣʠʜʝʥʘʤʠʥʦʵʪʘʥʦʣʘ (ʌɸʕ) ʠ ʬʫʨʠ-

ʣʘʢʨʦʣʠʜʝʥʘʤʠʥʦʵʪʘʥʦʣʘ (ʌɸɸʕ) ʩ ʵʧʠʭʣʦʨʛʠʜʨʠ-

ʥʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʦʥʝʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ 

(ʆʌɻʕʕʇɸʍ ʠ ʆʌɸɻʕʕʇɸʍ) (ʪʘʙʣ. 1). ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ 

ʤʦʥʦʤʝʨʘ ʢʘʢ ʌɸʕ, ʪʘʢ ʠ ʌɸɸʕ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʚʝʨʪʠʯʥʦʡ ʘʤʤʦʥʠʝʚʦʡ 

ʩʦʣʠ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʣʠʛʦʤʝʨʠʟʘʮʠʷ 

ʟʘ ʩʯʝʪ ʨʘʩʢʨʳʪʠʷ ʵʧʦʢʩʠʜʥʳʭ ʮʠʢʣʦʚ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʦʣʠʛʦʤʝʨʦʚ. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʬʫʨʘʥʦʚʳʭ 

ɻɸʆ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [6; 1]. 

ʉʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʦʥʝʥʦʚʳʭ ʦʣʠʛʦʤʝ-

ʨʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 (ʛʨʘʬʳ 5, 6).  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʠʥʪʝʟʠ-

ʨʦʚʘʪʴ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʦʣʠʛʦʤʝʨʳ ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʰʠ-

ʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʇʋ 

ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʠʩʧʦʣʴʟʫʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʣʠ-

ʛʦʤʝʨʳ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʳ ʞʝʩʪʢʠʝ ʇʇʋ. ʇʘʨʘʤʝʪʨʳ ʚʩʧʝʥʠ-

ʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʚʦʡʩʪʚʘ ʇʇʋ, ʩʦʜʝʨʞʘʱʠʭ 

ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝ-

ʨʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʇʘʨʘʤʝʪʨʳ ʚʩʧʝʥʠʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʚʦʡʩʪʚʘ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʇʦʢʘʟʘʪʝʣʠ 
ʇʇʋ ʥʘ ʦʩʥʦʚʝ 

ʇʇʋ-307 
ʆɼʕʄʌ ʆɼʕɸʌ ʆɼʕʉʌ ʆʌɻʕʕʇɸʍ  ʆʌɸɻʕʕʇɸʍ  

1 2 3 4 5 6 7 

ɺʨʝʤʷ ʩʪʘʨʪʘ, ʩ 16 14 12 16 13 20 

ɺʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʩ 37 27 30 37 32 55 

ɺʨʝʤʷ ʧʦʜʲʝʤʘ, ʩ 65 65 71 70 62 108 

ʂʘʞʫʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ2 100 100 100 100 100 100 

ʅʘʧʨʷʞʝʥʠʝ ʩʞʘʪʠʷ ʧʨʠ 10%-ʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʄʇʘ 
0,92 1,0 0,87 1,37 1,17 0,78 

ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟ-

ʛʠʙʝ, ʄʇʘ 
1,75 2,3 2,75 1,01 0,83 ï 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʢɼʞ/ʤ2 0,45 0,64 0,91 0,56 0,49 0,31 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʩʤ3/ʤ2 137 125 110 72 100 0,22* 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ɺʠʢʘ, ʂ 391 382 376 446 441 395 

ɻʦʨʶʯʝʩʪʴ (ʦʛʥʝʚʘʷ ʪʨʫʙʘ) 

ʧʦʪʝʨʷ ʤʘʩʩʳ, % 
63,1 65,2 84 31 43 100 

ʇʨʠʤʝʯʘʥʠʝ: * ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʚ ʢʛ/ʤ2. 
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ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 2 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʆɼʕʄʌ ʢ ʆɼʕɸʌ, ʘ ʟʘʪʝʤ ʢ ʆɼʕʉʌ ʧʘʨʘʤʝʪʨʳ 

ʚʩʧʝʥʠʚʘʥʠʷ (ʚʨʝʤʷ ʩʪʘʨʪʘ, ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʲ-

ʝʤʘ) ʦʩʪʘʶʪʩʷ ʧʦʯʪʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ, ʪʝʢʫʯʝʩʪʴ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪʩʷ. ɹʦʣʝʝ ʷʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʜʣʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʇʇʋ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʆɼʕʄʌ ʢ ʆɼʕʉʌ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʢʘʞʫʱʝʡʩʷ ʧʣʦʪʥʦʩʪʠ ʇʇʋ ʩʥʠʞʘʶʪʩʷ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʦʪ 0,92 ʜʦ 0,87 ʄʇʘ, ʚʦʜʦʧʦ-

ʛʣʦʱʝʥʠʝ ï 137 ʜʦ 110 ʩʤ3/ʤ2, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ 

ɺʠʢʘ ï ʦʪ 391 ʜʦ 376 ʂ, ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʶʪʩʷ ʨʘʟʨʫ-

ʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʦʪ 1,75 ʜʦ 2,75 ʄʇʘ, 

ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ï ʦʪ 0,45 ʜʦ 0,91 ʢɼʞ/ʤ2, ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚ ʦʛʥʝʚʦʡ ʪʨʫʙʝ ï ʦʪ 63 ʜʦ 84 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 2, ʛʨʘʬʳ 2ï4). ʕʪʦ, ʧʦ-ʚʠʜʠ-

ʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʩʪʦʤ ʜʦʣʠ ʛʠʙʢʠʭ ʘʣʠʬʘʪʠʯʝ-

ʩʢʠʭ ʩʝʛʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʦʣʠʛʦʵʬʠʨʬʫʨʘʥʦʣʦʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʥʘ ʫʟʝʣ 

ʨʘʟʚʝʪʚʣʝʥʠʷ, ʩʨʝʜʥʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʛʠʙʢʦʩʪʠ ʤʘʢʨʦʮʝʧʠ ʧʦʣʠʤʝʨ-ʦʩʥʦʚʳ 

ʧʝʥʦʧʣʘʩʪʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʩʦʩʪʘʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʬʫʨʘʥʦʚʳʭ ɻɸʆ ʛʘʣʦʠʜ ʠʦʥʘ, ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʛʝʪʝʨʦʮʠʢʣʘ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ, ʚʩʪʫʧʘʶʱʠʭ ʚ 

ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ ʢʦʤʧʦʟʠʮʠʠ ʘʥʪʠʧʠʨʝʥʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʩʪ-

ʢʠʭ ʇʇʋ [4]. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʭʣʦʨ-

ʠʦʥʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [7]. 

ɺ ʨʷʜʫ ʆʌɻʕʕʇɸʍ, ʆʌɸɻʕʕʇɸʍ ʚʦʟʨʘʩʪʘʶʪ 

ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʣʠʛʦʤʝ-

ʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʩʰʠʚʢʠ, ʭʨʫʧʢʦʩʪʠ ʧʦʣʠʤʝʨ-ʦʩʥʦʚʳ ʞʝʩʪʢʠʭ ʇʇʋ, 

ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʥʠʞʝʥʠʠ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʩʞʘʪʠʠ ʦʪ 1,37 ʜʦ 1,17 ʄʇʘ, ʨʘʟʨʫʰʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʠʟʛʠʙʝ ï ʦʪ 1,01 ʜʦ 0,83 ʄʇʘ, ʫʜʘʨ-

ʥʦʡ ʚʷʟʢʦʩʪʠ ï ʦʪ 0,56 ʜʦ 0,49 ʢɼʞ/ʤ2 ʜʣʷ 

ʆʌɻʕʕʇɸʍ, ʆʌɸɻʕʕʇɸʍ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 

ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʠ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʧʨʠ ʛʦʨʝʥʠʠ ʚ ʦʛʥʝʚʦʡ ʪʨʫʙʝ ʧʦʚʳʰʘʶʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥ-

ʥʦʡ (ʪʘʙʣ. 2, ʛʨʘʬʳ 5, 6). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʩʠʩʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʥʳʭ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʠʢʦʥʜʝʥʩʘ-

ʮʠʦʥʥʳʭ ʬʫʨʘʥʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʙʣʦʢʘʤʠ ʚ ʮʝʧʠ, ʘ ʪʘʢʞʝ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʭ ʬʫʨʘ-

ʥʦʚʳʭ ɻɸʆ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʩʧʝʥʠʚʘ-

ʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʞʝʩʪʢʠʭ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʚ; ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʠʭ 

ʧʨʠʨʦʜʳ, ʩʪʨʦʝʥʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʬʦʨʤʦʚʘʥʠʷ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʥʦ-

ʧʦʣʠʫʨʝʪʘʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʶʯʝʩʪʠ. ʉʨʘʚʥʝʥʠʝ 

ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʧʝʥʦʧʣʘʩʪʦʚ ʧʦʢʘʟʳʚʘʝʪ (ʪʘʙʣ. 2), ʯʪʦ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʝ ʇʇʋ ʧʦ ʦʩʥʦʚʥʳʤ ʧʨʦʯʥʦʩʪʥʳʤ ʧʦʢʘʟʘʪʝ-

ʣʷʤ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʠ ʛʦʨʶʯʝʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ 

ʘʥʘʣʦʛ. 

ɺʳʚʦʜʳ 

ʇʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʛʠʜ-

ʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʤʠ ʧʨʝʜʧʦʣʠʤʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʝʡ ʬʫʨʘʥʦʚʳʭ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʘʤʤʦʥʠʝʚʳʭ 

ʦʩʥʦʚʘʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʬʫ-

ʨʘʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʠʟʠʢʦ-ʭʠ-

ʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʬʫʨʘʥʦʚʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʞʝʩʪʢʠʝ ʇʇʋ ʩ ʫʣʫʯʰʝʥ-

ʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʝʥʦʧʣʘʩʪʦʤ.  
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥ ʠʥʛʠʙʠʪʦʨ ʀʂʌ-1 ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʢʨʦʪʦʥʦʣʜʠʘʤʠʜʦʬʦʩʬʘʪʘ, ʢʦʪʦʨʳʡ, ʜʝʡʩʪʚʫʷ ʢʘʢ ʥʦ-

ʚʳʝ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ ʜʣʷ ʩʪʘʣʠ ʉʪ20 ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (HCl), ʙʳʣ ʦʮʝʥʝʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ, ʠʟʤʝʨʝʥʠʝʤ ʧʦʪʝʨʠ ʚʝʩʘ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ. ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟ-

ʤʝʨʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʠʥʛʠʙʠʪʦʨ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʩʤʝʰʘʥ-

ʥʦʛʦ ʪʠʧʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ, ʫʤʝʥʴʰʘʝʪʩʷ 

ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ HCl ʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ABSTRACT  
The article investigated an ICF-1 inhibitor based on polycrotonol-diamidophosphate, which, acting as new corrosion 

inhibitors for steel St20 in a solution of hydrochloric acid (HCl), were evaluated by electrochemical measurements, weight 

loss measurements, and scanning electron microscopy. The potentiodynamic measurement of polarization shows that the 

synthesized inhibitor are effective mixed type inhibitors. The effectiveness of inhibition increases with increasing con-

centration of the inhibitor, decreases with increasing concentration of HCl and temperature. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʢʨʦʪʦʥʦʣʜʠʘʤʠʜʦʬʦʩʬʘʪ, ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ, ʢʨʦʪʦʥʦʚʳʡ ʘʣʴʜʝʛʠʜ, ʜʠʘʤʠʜʦʬʦʩ-

ʬʘʪ, ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ. 

Keywords: polycrotonol diamidophosphate, corrosion inhibitor, crotonic aldehyde, diamidophosphate, metal corro-

sion. 
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ɺʚʝʜʝʥʠʝ. ʂʠʩʣʦʪʥʳʝ ʨʘʩʪʚʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʦʯʠʩʪʢʠ, ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠ ʪʨʘʚʣʝʥʠʷ ʨʘʟ-

ʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [4]. ʂʠʩʣʦʪʥʦʝ ʪʨʘʚʣʝʥʠʝ ʩʪʘʣʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʢ-

ʩʠʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʪʞʠʛʝ ʠ ʛʦʨʷʯʝʡ ʧʨʦʢʘʪʢʝ 

[5]. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨ-

ʨʦʟʠʠ ʚʦ ʚʨʝʤʷ ʢʠʩʣʦʪʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʩʪʘʣʠ, ʢʘʞʝʪʩʷ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʠ ʦʙʰʠʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [8], ʢʦʪʦ-

ʨʦʝ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʭ ʤʝʪʦ-

ʜʦʚ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʨʘʩʪʚʦʨʝʥʠʷ [7]. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦ-

ʛʠʷʤʠ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦ-

ʨʦʚ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʤʥʦʛʦʦʙʝʱʘ-

ʶʱʠʤ ʤʝʪʦʜʦʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʠʟʢʘʷ ʩʪʦʠ-

ʤʦʩʪʴ, ʧʨʦʩʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪ.ʜ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʛʠʙʠ-

ʪʦʨʘ ʢʦʨʨʦʟʠʠ ʠ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʉʪ20 ʚ 

ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (HCl) ʩ ʧʦʤʦʱʴʶ ʀʂʌ-1 

(ʧʦʣʠʢʨʦʪʦʥʦʣʜʠʘʤʠʜʦʬʦʩʬʘʪ).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ʇʦʣʠʢʨʦʪʦʥʦʣʜʠʘ-

ʤʠʜʦʬʦʩʬʘʪ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʢʨʦʪʦʥʦ-

ʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʜʠʘʤʠʜʦʬʦʩʬʘʪʘ. ʀʩʩʣʝʜʦʚʘʥʦ ʧʦ-

ʚʝʜʝʥʠʝ ʠʥʛʠʙʠʨʦʚʘʥʥʦʡ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ (ʉʪ20) ʚ 

ʨʘʩʪʚʦʨʝ HCl ʩ ʧʦʤʦʱʴʶ ʀʂʌ-1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ, ʠʟ-

ʤʝʨʝʥʠʷ ʧʦʪʝʨʠ ʚʝʩʘ ʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʄʝʞʜʫ ʪʝʤ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠ-

ʙʠʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ HCl ʥʘ ʠʥʛʠʙʠ-

ʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ.  

ʈʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ʠ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ, 

ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʩʪʘʣʠ (ʉʪ20). ʆʙʨʘʟʮʳ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʥʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʠ ʚʝʩʘ ʠ ʘʥʘʣʠʟʘ, ʩ ʧʦ-

ʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ʙʳʣʠ ʨʘʟʨʝʟʘʥʳ ʥʘ ʨʘʟʤʝʨʳ 50 ʤʤ Ĭ 20 ʤʤ Ĭ 5 ʤʤ. 

ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʚʩʝ ʦʙʨʘʟʮʳ ʤʝʭʘʥʠʯʝʩʢʠ ʰʣʠʬʦ-

ʚʘʣʠ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ, ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦ-

ʚʘʥʥʦʡ ʚʦʜʦʡ, ʦʙʝʟʞʠʨʠʚʘʣʠ ʚ ʘʮʝʪʦʥʝ ʠ ʟʘʪʝʤ ʩʫ-

ʰʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʀʩʧʳʪʫʝʤʳʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ HCl (37 %) ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ. ɺʦ ʚʨʝʤʷ ʧʦʪʝʨʠ ʚʝʩʘ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟ-

ʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʣʠ ʚʦʜʷʥʳʤ ʪʝʨʤʦʩʪʘʪʦʤ DF-101S (ʂʠʪʘʡ) ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ Ñ0,1 Áʉ, ʠ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦ-

ʚʝʜʝʥʳ ʥʘ ʚʦʟʜʫʭʝ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦ-

ʩʢʦʧʘ ʠʟʫʯʘʣʠ ʤʦʨʬʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʠʩʧʳʪʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢ-

ʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (SEM, Tescan Vega III) ʚ ʚʳʩʦ-

ʢʦʤ ʚʘʢʫʫʤʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ (EOCP) ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʟ 

ʩʪʘʣʠ ʉʪ20 ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʛʨʫʞʝʥʠʷ (t) ʚ 1,0 ʄ HCl ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 60 ʤʛ/ʣ ʀʂʌ-1 ʧʨʠ 303 

K. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʯʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʜʚʠʛʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʧʦʩʪʝ-

ʧʝʥʥʦ ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʟʥʘʯʝʥʠʝʤ, ʯʪʦ ʘʥʘʣʦ-

ʛʠʯʥʦ ʧʨʝʜʳʜʫʱʠʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʢʨʠʚʳʤ EOCP 

ʚʨʝʤʝʥʠ ʜʣʷ ʩʪʘʣʠ ʚ 1,0 ʄ HCl [3; 1]. ʄʝʞʜʫ ʪʝʤ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʧʦʩʣʝ 30-ʤʠʥʫʪʥʦʛʦ ʧʦʛʨʫʞʝ-

ʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚ EOCP. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʯʝʨʝʟ 40 ʤʠʥ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩ-

ʧʳʪʘʥʠʡ. ɿʥʘʯʝʥʠʝ EOCP ʧʨʠ 30 ʤʠʥ ʚ HCl ʙʝʟ ʠʥʛʠ-

ʙʠʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 0,4588 ɺ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SCE). 

ʇʦʪʝʥʮʠʘʣ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʢ 1,0 ʄ 

ʨʘʩʪʚʦʨʫ HCl, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʦʨʨʦʟʠʷ 

ʩʪʘʣʠ ʉʪ20 ʟʘʤʝʜʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ʀʂʌ-1. 

 

 

ʈʠʩʫʥʦʢ 1. ʂʨʠʚʳʝ ʧʦʪʝʥʮʠʘʣʘ ʚʨʝʤʝʥʠ ʜʣʷ ʩʪʘʣʠ ʉʪ20 ʚ 1,0 ʄ HCl ʚ ʦʪʩʫʪʩʪʚʠʝ  

ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 60 ʤʛĀʣï1 ʀʂʌ-1 ʧʨʠ 303 ʂ 
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ʈʠʩʫʥʦʢ 2. ʇʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʩʪʘʣʠ ʉʪ20 ʚ 1,0 ʄ HCl ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠ 

ʥʘʣʠʯʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʀʂʌ-1 ʧʨʠ 303 ʂ 

 

ʇʨʠ 303 ʂ ʢʨʠʚʳʝ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷ-

ʨʠʟʘʮʠʠ ʩʪʘʣʠ ʉʪ20 ʚ 1,0 ʄ HCl ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʀʂʌ-1 ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩ. 2. ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ, 

ʚʢʣʶʯʘʷ ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ Ecorr (ʤV), ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʢʦʨʨʦʟʠʠ icorr (ɛA ʩʤï2) ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʨʤʦ-

ʞʝʥʠʷ ɖʪ (%), ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1. 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʜʣʷ ʩʪʘʣʠ ʉʪ20 ʚ 1,0 ʄ 

HCl ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʀʂʌ-1 ʧʨʠ 303 ʂ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠ-

ʪʦʨʘ, ʤʛĀʣï1 
Ecorr, mV icorr, ɛA ʩʤï2 ɖʪ, % 

0 ï482 1413,68 ï 

20 ï487 675,46 94,21 

40 ï495 276,53 95,63 

60 ï502 257,62 96,74 

80 ï513 248,07 98,35 

100 ï516 242,38 98,78 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2 ʠ ʚ ʪʘʙʣʠʮʝ 1, ʢʘʢ ʘʥʦʜʥʘʷ, 

ʪʘʢ ʠ ʢʘʪʦʜʥʘʷ ʢʨʠʚʳʝ ʩʜʚʠʛʘʶʪʩʷ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ 

ʧʣʦʪʥʦʩʪʷʤ ʪʦʢʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʥʛʠʙʠʪʦʨ 

ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʘʥʦʜʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʩʪʘʣʠ ʠ ʟʘ-

ʤʝʜʣʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. ʕʬʬʝʢʪ ʠʥ-

ʛʠʙʠʨʦʚʘʥʠʷ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʀʂʌ-1 ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʩʦʨʙʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠʟ ʩʪʘʣʠ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞ-

ʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʷ ʪʨʝʭ ʠʥʛʠʙʠʪʦ-

ʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʫʶ ʧʘʨʫ ʛʝ-

ʪʝʨʦʘʪʦʤʦʚ (N ʠ O) ʠ ˊ-ʵʣʝʢʪʨʦʥʦʚ C = O ʠ P = O ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʀʂʌ-1, ʢʦʪʦʨʳʡ ʙʣʦʢʠʨʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ ʠ ʩʥʠʞʘʝʪ ʢʦʨʨʦʟʠʦʥʥʦʝ ʧʨʠʪʷʞʝ-

ʥʠʝ ʩʪʘʣʠ ʚ ʩʨʝʜʝ HCl.  

ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʣʦʪʥʦʩʪʴ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʦʢʘ 

ʧʨʠ ʢʦʨʨʦʟʠʠ ʚ ʩʪʘʣʠ ʚ HCl ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʚ ʦʪ-

ʩʫʪʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʟʘ-

ʙʣʦʢʠʨʦʚʘʥʥʦʡ ʜʦʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠʟ ʩʪʘʣʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʩʦʨʙʮʠʠ. ɺ 1,0 ʄ HCl ʩ 100 ʤʛĀʣï1 ʠʥ-

ʛʠʙʠʪʦʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤ 98,78 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʘ ʧʦʣʠʢʨʦʪʦʥʦʣʜʠʪʠʦʬʦʩʬʘʪʘ 

(ʀʂʌ-1) ʜʣʷ ʩʪʘʣʠ ʉʪ20 ʚ ʨʘʩʪʚʦʨʝ HCl ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʛʠʙʠʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠ-

ʨʦʚʘʥ ʢʘʢ ʢʘʪʦʜʥʳʡ ʠʣʠ ʘʥʦʜʥʳʡ, ʝʩʣʠ ʩʤʝʱʝʥʠʝ ʚ 

ʧʦʪʝʥʮʠʘʣʝ ʢʦʨʨʦʟʠʠ ʧʨʝʚʳʰʘʝʪ 82 ʤV ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ ʟʘʛʦʪʦʚʢʠ [2]. ʇʦʪʝʥʮʠ-

ʘʣʳ ʢʦʨʨʦʟʠʠ ʩʣʝʛʢʘ ʩʤʝʱʘʶʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʫʢʘʟʘʥʥʦʤ ʚ ʪʘʙ-

ʣʠʮʝ 1. ɺʝʩʴ ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ ʚ 1,0 ʄ HCl ʩ 

ʀʂʌ-1 ʧʨʠ 303 ʂ ʩʜʚʠʛʘʝʪʩʷ ʤʝʥʝʝ ʯʝʤ ʥʘ 82 ʤV, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʀʂʌ-1 ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ 

ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ. 
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ʊʘʙʣʠʮʘ 2. 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʜʣʷ ʩʪʘʣʠ ʉʪ20 ʚ 1,0 ʄ HCl ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʀʂʌ-1 ʧʨʠ 303 ʂ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʘ, ʤʛĀʣï1 v, (ʛʨ/ʯ) ɖʪ, % 

0 40,51 ï 

20 2,654 94,33 

40 1,435 95,92 

60 1,016 96,23 

80 0,567 98,12 

100 0,478 98,65 

 

ʀʟ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʠ ʚʝʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (ɖʪ, %) ʀʂʌ-1 ʜʣʷ ʩʪʘʣʠ 

ʚ 1,0 ʄ HCl ʧʨʠ 303 ʂ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. ɺ ʵʪʦʡ 

ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʠʥʛʠʙʠʪʦʨʘ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 60 ʤʛ/ʣ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʘʣʴʥʝʡ-

ʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ. ʀʥʛʠʙʠ-

ʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʘʜʩʦʨʙʮʠʝʡ ʢʦʤʧʦ-

ʥʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʛʝʪʝʨʦʘʪʦʤʳ (N, P ʠ O) ʠ ɖ-

ʵʣʝʢʪʨʦʥʦʚ ʈ = ʆ ʠ ʉ = ʆ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥ-

ʛʠʙʠʪʦʨʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʉʪ20. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠ-

ʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʀʂʌ-1 ʜʦ 

100 ʤʛ/ʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

98,78 ʠ 98,65, ʯʪʦ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦʪ ʠʥʛʠʙʠ-

ʪʦʨ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʛʠʙʠʪʦʨʳ 

ʢʦʨʨʦʟʠʠ ʜʣʷ ʩʪʘʣʠ ʉʪ20 ʚ ʩʦʣʷʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ. 

 

  

ʈʠʩʫʥʦʢ 3. ʉʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʪʘʣʠ ʉʪ20, ʧʦʛʨʫʞʝʥʥʦʡ ʚ 1,0 ʄ HCl ʙʝʟ (ʘ) ʠ (ʙ) ʩ 60 ʤʛ/ʣ 

ʠʥʛʠʙʠʪʦʨʘ ʀʂʌ-1 ʧʨʠ 303 ʂ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ 

 

ʅʘ ʨʠʩ. 3 (a ʠ ʙ) ʧʦʢʘʟʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʩʢʘʥʠʨʫ-

ʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (SEM) ʩʪʘʣʠ ʉʪ20, 

ʧʦʛʨʫʞʝʥʥʦʡ ʚ 1,0 ʄ HCl ʙʝʟ ʠ ʩ 60 ʤʛ/ʣ ʠʥʛʠʙʠʪʦʨʘ 

ʀʂʌ-1 ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 303 ʂ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʝʜʰʝʡ ʚʦ 

ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʘ ʀʂʌ-1. ʇʦʛʨʫʞʝʥʠʝ ʩʪʘʣʠ ʚ ʥʝʟʘ-

ʛʨʷʟʥʝʥʥʳʡ ʨʘʩʪʚʦʨ (ʩʦʣʷʥʦʢʠʩʣʦʪʥʳʡ ʨʘʩʪʚʦʨ) 

ʥʘʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʚʦʨʝ-

ʥʠʷ ʩʪʘʣʠ ʚ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʤ ʨʘʩʪʚʦʨʝ 1,0 ʄ HCl (ʩʤ. 

ʨʠʩ. 3 (ʘ)), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʚʦʣʴʥʦ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʪʘʣʠ ʩʠʣʴʥʦ ʢʦʨʨʦʜʠʨʫʝʪ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʥʛʠʙʠʪʦʨʘ ʚ 

1,0 ʄ HCl. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3 

(ʙ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ 60 ʤʛ/ʣ ʀʂʌ-1 ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦʚʨʝʞʜʘʝʪʩʷ, ʯʪʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʠ ʘʜ-

ʩʦʨʙʮʠʶ ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʉʪ20. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦ-

ʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ, ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ HCl ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʦ-

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ 

ʧʦʪʝʥʮʠʘʣ ʢʦʨʨʦʟʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʀʂʌ-1 ʚ ʨʘʩʪʚʦʨ HCl, ʠ ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʳʡ ʠʥʛʠʙʠʪʦʨ ʦʢʘʟʳʚʘʝʪʩʷ ʠʥʛʠʙʠʪʦʨʦʤ ʩʤʝʰʘʥ-

ʥʦʛʦ ʪʠʧʘ.  

 

 


