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ʂʀʈʀʐ (ʬʘʥ ʜʦʢʪʦʨʠ (DSc) ʜʠʩʩʝʨʪʘʮʠʷʩʠ ʘʥʥʦʪʘʮʠʷʩʠ) 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ.׳ʦʟʠʨʜʘʜʫʥʸʜʘ 

ʵʢʠʥʛʘ ʷʨʦץʣʠ ʝʨʣʘʨʥʠ ʢʘʤʘʡʠʰʠ ʚʘ ʘ״ʦʣʠʥʠ ˄ʩʠʰʠ ʪʫʬʘʡʣʠ ʦʟʠץ-ʦʚץʘʪ 

ʤʫʘʤʤʦʩʠ ʢʫʯʘʡʤʦץʜʘ. ʐʫ ʞʠ״ʘʪʜʘʥ ʦʟʠץ-ʦʚץʘʪ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ 

ʩʘʥʦʘʪʠʥʠʥʛ ʫʩʪʫʚʦʨ ʚʘʟʠʬʘʣʘʨʠʜʘʥ ʙʠʨʠ ʘ״ʦʣʠʥʠ ʦʟʠץ-ʦʚץʘʪ ʙʠʣʘʥ 

ʪʘʲʤʠʥʣʘʰʜʘʥ ʠʙʦʨʘʪ. ɹʫ ˄ʨʠʥʜʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ ʵʢʠʥʣʘʨʠʜʘʥ ʶץʦʨʠ ʚʘ 

ʩʠʬʘʪʣʠ ״ʦʩʠʣ ʝʪʠʰʪʠʨʠʰʥʠʥʛ ʘʩʦʩʠʡ ʦʤʠʣʣʘʨʠʜʘʥ ʙʠʨʠ ʙ˄ʣʛʘʥ ʤʠʥʝʨʘʣ 

  .ʜʘץʘʨʠʰʛʘ ʢʘʪʪʘ ʵʲʪʠʙʦʨ ʙʝʨʠʣʤʦץʠʪʣʘʨ ʠʰʣʘʙ ʯʠס˄

ʄʫʩʪʘץʠʣʣʠʢʢʘ ʵʨʠʰʛʘʥʜʘʥ ʢʝʡʠʥ ʤʘʤʣʘʢʘʪʠʤʠʟʜʘ ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʭʦʤ 

ʘʰʸ ʨʝʩʫʨʩʣʘʨʠ ʘʩʦʩʠʜʘ ʷʥʛʠ ʪʝʭʥʠʢ ʝʯʠʤ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ץ˄ʣʣʘʰ 

ʦʨץʘʣʠ ʩʠʬʘʪʣʠ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠ ʪʘʡʸʨʣʘʰʛʘ ʢʘʪʪʘ ʵʲʪʠʙʦʨ ץʘʨʘʪʠʣʤʦץʜʘ. 

ʍʫʩʫʩʘʥ çʄʘʚʞʫʜ ʙ˄ʣʛʘʥ ʬʦʩʬʘʪ ʭʦʤʘʰʸʩʠʥʠ ʙʦʡʠʪʠʰ ʙ˄ʡʠʯʘ ʠʰʣʘʙ 

ʯʠץʘʨʠʰʥʠ ʢʝʥʛʘʡʪʠʨʠʰè ʣʦʡʠ״ʘʩʠʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʜʦʠʨʘʩʠʜʘ פʠʟʠʣץʫʤ 

ʬʦʩʬʦʨʠʪ ʢʦʤʙʠʥʘʪʠʜʘ (ʂʌʂ) ʶʚʠʙ ʢʫʡʜʠʨʠʣʛʘʥ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʠ 

(ʖʂʌʂ) ʠʰʣʘʙ ʯʠץʘʨʠʰ ץʫʚʚʘʪʠ  ˄ʨʪʘʯʘ 26% ʈ2ʆ5 ʪʫʪʛʘʥ 716 ʤʠʥʛ 

ʪʦʥʥʘʛʘʯʘ ʦʰʠʨʠʣʜʠ. ɹʫ ʵʩʘ ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨ ʠʰʣʘʙ ʯʠץʘʨʫʚʯʠ 

ʢʦʨʭʦʥʘʣʘʨʠʥʠ ʩʠʬʘʪʣʠ ʬʦʩʬʦʨʠʪ ʭʦʤ ʘʰʸʩʠ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʠʰʠʛʘ ʠʤʢʦʥ 

ʙʝʨʤʦץʜʘ.  

ɾʘ״ʦʥʤʠץʸʩʠʜʘ ʧʘʩʪ ʥʘʚʣʠ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʙʦʡʠʪʠʰʥʠʥʛ ʷʥʛʠ 

ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʛʘ ʘʣʦ״ʠʜʘ ʵʲʪʠʙʦʨ ץʘʨʘʪʠʣʠʙ, ʙʫ ʙʦʨʘʜʘ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʘʸʪʛʘʥ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨʜʘ ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʘʨʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʙ ʶץʦʨʠ ʩʠʬʘʪʣʠ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʠ ʦʣʠʰ  ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ 

ʠʰʣʘʙ ʯʠץʠʰ ʤʫ״ʠʤ ʚʘʟʠʬʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʇʘʩʪ ʥʘʚʣʠ 

ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʙʫ ʢʠʩʣʦʪʘʣʘʨ ʙʠʣʘʥ ʙʦʡʠʪʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʠʰʣʘʙ 

ʯʠץʠʰʜʘ ץʘʪʦʨ, ʞʫʤʣʘʜʘʥ, ץʫʡʠʜʘʛʠ ʡ˄ʥʘʣʠʰʣʘʨʜʘ ʪʝʛʠʰʣʠ ʠʣʤʠʡ 

ʝʯʠʤʣʘʨʥʠ ʘʩʦʩʣʘʰ ʟʘʨʫʨ: ʧʘʩʪ ʥʘʚʣʠ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠʥʠ ʢʠʤʸʚʠʡ 

ʙʦʡʠʪʠʰʥʠʥʛ ʩʘʤʘʨʘʣʠ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ; ʶץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ 

ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ ʙʦʡʠʪʠʰʜʘ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠʛʘʥ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪʠ ʚʘ ʭʣʦʨʠʜʠʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʥ ʘʞʨʘʪʠʙ 

ʦʣʠʰ ʞʘʨʘʸʥʠʥʠ ʤʘץʙʫʣ ʰʘʨʦʠʪʣʘʨʠʥʠ ʘʥʠץʣʘʰ; ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʣʛʘʥ 

ʩʠʬʘʪʣʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʥ ʵʢʩʪʨʘʢʮʠʦʥ ʬʦʩʬʘʪ ʢʠʩʣʦʪʘ, ʧʨʝʮʠʧʠʪʘʪ ʚʘ 

ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨ ʦʣʠʰ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ʷʨʘʪʠʰ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʫʰʙʫ ʡ˄ʥʘʣʠʰʣʘʨʜʘ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨʥʠ ʘʤʘʣʛʘ 

ʦʰʠʨʠʰ ʙʠʣʘʥ ʠʟʦ״ʣʘʥʘʜʠ.  

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2015 ʡʠʣ 4 ʤʘʨʪʜʘʛʠ ʇʌ-

4707-ʩʦʥ ç2015-2019 ʡʠʣʣʘʨʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʪʘʨʢʠʙʠʡ ˄ʟʛʘʨʪʠʨʠʰ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ץʠʣʠʰʥʠ ʪʘʲʤʠʥʣʘʰ ʙ˄ʡʠʯʘ ʯʦʨʘ-

ʪʘʜʙʠʨʣʘʨ ʜʘʩʪʫʨʠ ʪ˄סʨʠʩʠʜʘèʛʠ ʌʘʨʤʦʥʠ ʚʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘʩʠʥʠʥʛ 2015 ʡʠʣ 22 ʷʥʚʘʨʜʘʛʠ 8-ʩʦʥ çʉʘʥʦʘʪʜʘ ʠʰʣʘʙ 

ʯʠץʘʨʠʰ ʭʘʨʘʞʘʪʣʘʨʠʥʠ ץʠʩץʘʨʪʠʨʠʰʛʘ ʚʘ ʤʘ״ʩʫʣʦʪ ʪʘʥʥʘʨʭʠʥʠ 

ʧʘʩʘʡʪʠʨʠʰʛʘ ʜʦʠʨ ץ˄ʰʠʤʯʘ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʪ˄סʨʠʩʠʜʘèʛʠ ץʘʨʦʨʠ, ״ʘʤʜʘ 

ʤʘʟʢʫʨ ʬʘʦʣʠʷʪʛʘ ʪʝʛʠʰʣʠ ʙʦʰץʘ ʤʝʲʸʨʠʡ-״ʫץʫץʠʡ ״ʫʞʞʘʪʣʘʨʜʘ 

ʙʝʣʛʠʣʘʥʛʘʥ ʚʘʟʠʬʘʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ ʫʰʙʫ ʜʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠ 

ʤʫʘʡʷʥ ʜʘʨʘʞʘʜʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ. 
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ʊʘʜץʠץʦʪʥʠʥʛ ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʨʠʚʦʞʣʘʥʠʰʠ-

ʥʠʥʛ ʘʩʦʩʠʡ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʙʦסʣʠץʣʠʛʠ. ʄʘʟʢʫʨ ʪʘʜץʠץʦʪ 

ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ VII. çʂʠʤʸʚʠʡ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʚʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʣʘʨè ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʠʛʘ ʤʫʚʦʬʠ״ ץʦʣʜʘ 

ʙʘʞʘʨʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ ʙ˄ʡʠʯʘ ʭʦʨʠʞʠʡ ʠʣʤʠʡ-ʪʘʜץʠץʦʪʣʘʨ ʰʘʨ״ʠ
1
. 

ʌʦʩʬʘʪ ʭʦʤ ʘʰʸʥʠ ʙʦʡʠʪʠʰ ʚʘ ʢʦʥʮʝʥʪʨʘʪʠʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʘʩʦʩʠʜʘ ʦʜʜʠʡ 

ʚʘ ʢʦʤʧʣʝʢʩʣʠ ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨ ʦʣʠʰ ʙ˄ʡʠʯʘ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʠʣʤʠʡ 

ʠʟʣʘʥʠʰʣʘʨ ʞʘ״ʦʥʥʠʥʛ ʝʪʘʢʯʠ ʠʣʤʠʡ ʤʘʨʢʘʟʣʘʨʠ ״ʘʤʜʘ ʦʣʠʡ ʪʘʲʣʠʤ 

ʤʫʘʩʩʘʩʘʣʘʨʠ, ʞʫʤʣʘʜʘʥFlorida Industrial and Phosphate Research Institute 

(ɸפʐ), Engineering Dobersek GmbH (ɻʝʨʤʘʥʠʷ), Fertilizer Research Institute 

(ʇʦʣʴʰʘ), The Chemical Society of Japan (ʗʧʦʥʠʷ), University of Science and 

Technology(ʍʠʪʦʡ), Department of Chemistry(׳ʠʥʜʠʩʪʦʥ), Department of 

Mining & Metallurgical Engineering (ʕʨʦʥ), çʌʦʩɸʛʨʦ-ʏʝʨʝʧʦʚʝʮèɸɾ 

 ʦʪ ʠʥʩʪʠʪʫʪʠè ɸɾץʠץʠʪʣʘʨ ʚʘ ʠʥʩʝʢʪʦʬʫʥʛʠʮʠʜʣʘʨ ʠʣʤʠʡ-ʪʘʜסʦʰʠʜʘʛʠ  çɶץ

(ʈʦʩʩʠʷ) ״ʘʤʜʘ ʋʤʫʤʠʡ ʚʘ ʥʦʦʨʛʘʥʠʢ ʢʠʤʸ ʠʥʩʪʠʪʫʪʠʜʘ(ɶʟʙʝʢʠʩʪʦʥ) ʦʣʠʙ 

ʙʦʨʠʣʤʦץʜʘ. 

ʌʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠʥʠ ʙʦʡʠʪʠʰ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ״ʘʤʜʘ ʫʣʘʨʥʠ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʛʘ ʜʦʠʨ ʞʘ״ʦʥʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʪʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ 

 ʡʠʜʘʛʠ ʥʘʪʠʞʘʣʘʨ ʦʣʠʥʛʘʥ: ʬʣʦʪʦʨʝʘʛʝʥʪʣʘʨ ʸʨʜʘʤʠʜʘ˄ץ ,ʘʪʦʨ, ʞʫʤʣʘʜʘʥץ

ʘʧʘʪʠʪ ʨʫʜʘʩʠʜʘʛʠ ץ˄ʰʠʤʯʘʣʘʨʜʘʥ ʬʦʩʬʘʪ ʤʠʥʝʨʘʣʠ ʘʞʨʘʪʠʙ ʦʣʠʰʜʘ 

ʬʣʦʪʘʮʠʦʥ ʙʦʡʠʪʠʰ ʫʩʫʣʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ(Florida Industrial and Phosphate 

Research Institute, ɸפʐ; çʌʦʩɸʛʨʦ-ʏʝʨʝʧʦʚʝʮè ɸɾ ץʦʰʠʜʘʛʠ  çɶסʠʪʣʘʨ ʚʘ 

ʠʥʩʝʢʪʦʬʫʥʛʠʮʠʜʣʘʨ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʥʩʪʠʪʫʪʠè ɸɾ, ʈʦʩʩʠʷ); ʬʦʩʬʦʨʠʪ 

ʨʫʜʘʣʘʨʠʥʠ ʶץʦʨʠ ״ʘʨʦʨʘʪʜʘ (900-1000
ʦ
ʉ) ʙʦʡʠʪʠʰʥʠʥʛ ʫʩʫʣʠ ʷʨʘʪʠʣʛʘʥ 

(Department of Chemical Engineering, ʀʦʨʜʘʥʠʷ; Engineering Dobersek GmbH, 

ɻʝʨʤʘʥʠʷ); ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠʥʠ ʙʠʦʬʣʦʪʘʮʠʦʥ, ʙʠʦʩʦʨʙʮʠʦʥ, 

ʙʠʦʢʦʥʚʝʨʩʠʦʥ, ʙʠʦʬʘʦʣʣʘʰʪʠʨʠʰ ʚʘ ʙʠʦʢʠʤʸʚʠʡ ʫʩʫʣʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʛʘʥ 

ʤʠʢʨʦʙʠʦʣʦʛʠʢ ʙʦʡʠʪʠʰ ʫʩʫʣʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ (çʌʦʩɸʛʨʦ-ʏʝʨʝʧʦʚʝʮè ɸɾ 

 ,ʦʪ ʠʥʩʪʠʪʫʪʠèɸɾץʠץʠʪʣʘʨ ʚʘ ʠʥʩʝʢʪʦʬʫʥʛʠʮʠʜʣʘʨ ʠʣʤʠʡ-ʪʘʜסʦʰʠʜʘʛʠ çɶץ

ʈʦʩʩʠʷ); ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʤʝʭʘʥʠʢ ʫʩʫʣʜʘ ʙʦʡʠʪʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʠʣʤʠʡ 

ʘʩʦʩʣʘʨʠ ʷʨʘʪʠʣʛʘʥ (University of Science and Technology, ʍʠʪʦʡ). 

ɼʫʥʸʜʘ ʘʧʘʪʠʪ ʚʘ ʬʦʩʬʦʨʠʪ ʨʫʜʘʣʘʨʠʥʠ ʪʫʨʣʠ ʭʠʣ ʫʩʫʣʣʘʨʜʘ ʙʦʡʠʪʠʰ 

ʙ˄ʡʠʯʘ ץʘʪʦʨ, ʞʫʤʣʘʜʘʥ, ץʫʡʠʜʘʛʠ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʜʘ ʪʘʜץʠץʦʪʣʘʨ ʦʣʠʙ 

ʙʦʨʠʣʤʦץʜʘ: ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠʥʠ ʤʠʥʝʨʘʣ ʢʠʩʣʦʪʘʣʘʨ (ʥʠʪʨʘʪ, ʭʣʦʨʠʜ ʚʘ 

ʬʦʩʬʘʪ ʢʠʩʣʦʪʘʣʘʨʠ ʸʨʜʘʤʠʜʘ) ʸʨʜʘʤʠʜʘ ʙʦʡʠʪʠʰ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ; 

ʬʦʩʬʦʨʠʪʥʠ ʬʣʦʪʘʮʠʦʥ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʷʥʛʠ 

ʬʣʦʪʦʨʝʘʛʝʥʪʣʘʨ ʷʨʘʪʠʰ; ʶץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʢʠʩʣʦʪʘʣʘʨ 

ʙʠʣʘʥ ʙʦʡʠʪʠʰʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʢʘʣʴʮʠʡʣʠ ʪʫʟʣʘʨʥʠ ʘʡʣʘʥʤʘ ʵʨʠʪʤʘʣʘʨ 

ʠʰʪʠʨʦʢʠʜʘ ʘʞʨʘʪʠʰ ʫʩʫʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ; ʢʘʨʙʦʥʘʪʣʠ ʬʦʩʬʘʪ ʭʦʤ 

ʘʰʸʩʠʥʠ ʪʝʨʤʠʢ ʙʦʡʠʪʠʰ ʫʩʫʣʠʥʠ ʷʥʘʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ; ʬʦʩʬʦʨʠʪ 

                                                           
 
1
ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ ʙ˄ʡʠʯʘ ʭʦʨʠʞʠʡ ʠʣʤʠʡ-ʪʘʜץʠץʦʪʣʘʨ ʰʘʨ״ʠ: https://www.fipr.state.fl.us, 

https://www.dobersek.com, https://www.ichp.pl, https://www.csj.jp, https://en.ustc.edu.cn, https://chem.iitm.ac.in, 

https:// dmpe.aut.ac.ir, https:// www.niuif.ru, https:// www.ionx.uzʚʘ ʙʦʰץʘ ʤʘʥʙʘʣʘʨ ʘʩʦʩʠʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ.   

http://www.researchgate.net/institution/Fertilizer_Research_Institute
https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=https%3A%2F%2Fwww.csj.jp%2Findex-e.html&ei=imdxVOfUG4TqOPalgfgP&usg=AFQjCNH7nmK931FDGGILQMyp5nu5lpCFSw&bvm=bv.80185997,d.ZWU
http://www.fipr.state.fl.us/
http://www.csj.jp/
http://www.niuif.ru/
http://www.ionx.uz/
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ʢʦʥʮʝʥʪʨʘʪʠʥʠ ʤʠʥʝʨʘʣ ˄סʠʪʣʘʨʛʘ ץʘʡʪʘ ʠʰʣʘʰʥʠʥʛ ʷʥʛʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ 

ʷʨʘʪʠʰ. 

ʄʫʘʤʤʦʥʠʥʛ ˄ʨʛʘʥʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ. ʀʣʤʠʡ-ʪʝʭʥʠʢ ʘʜʘʙʠʸʪʣʘʨʜʘ 

ʶץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʤʠʥʝʨʘʣ ʢʠʩʣʦʪʘʣʘʨ ʸʨʜʘʤʠʜʘ 

ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰ ʙ˄ʡʠʯʘ ʢʝʥʛ ʤʘʲʣʫʤʦʪʣʘʨ ʤʘʥʙʘʠ ʤʘʚʞʫʜ (ʅʘʙʠʝʚ ʄ.ʅ., 

ʂʘʨʤʳʰʦʚ ɺ.ʌ., ɸʤʠʨʦʚʘ ɸ.ʄ., ʅʘʤʘʟʦʚ ʐ.ʉ., ʄʘʜʘʣʠʝʚʘ ʉ.ʍ., ʇʘʛʘʥʷʩ 

ʀ.ʂ., ʇʷʛʘʡ ɸ.ɻ.). ɸʤʤʦ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʜʘʛʠ ʢʘʨʙʦʥʘʪʣʘʨʥʠ 

ʤʠʥʝʨʘʣ ʢʠʩʣʦʪʘʣʘʨ ʵʨʠʪʤʘʣʘʨʠ ʸʨʜʘʤʠʜʘ ʪʘʥʣʘʙ ʡ˄ץʦʪʠʰʛʘ ʫʨʠʥʠʰʣʘʨ 

ʠʞʦʙʠʡ ʥʘʪʠʞʘ ʙʝʨʤʘʛʘʥ, ʤʦʜʦʤʠʢʠ ʙʫ ʢʠʩʣʦʪʘʣʘʨ ʙʠʨ ʚʘץʪʥʠʥʛ ˄ʟʠʜʘ 

ʬʦʩʬʘʪ ʤʠʥʝʨʘʣʠʥʠ ״ʘʤ ʵʨʠʪʘʜʠ. 

ɼʫʥʸʜʘʛʠ ʢ˄ʧʛʠʥʘ ʪʘʜץʠץʦʪʣʘʨ ʪʫʨʣʠ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʦʨʛʘʥʠʢ 

ʢʠʩʣʦʪʘʣʘʨ ʸʨʜʘʤʠʜʘ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰʛʘ ʙʘסʠʰʣʘʥʛʘʥ (ɻʨʠʛʦʨʷʥ ɻ.ʆ., 

Ashraf M., Zafar Z.I., Ansari T.M., Gharabaghi M., Irannajad M., Noaparast M.). 

ɹʫ ʙʦʡʠʪʠʰ ʫʩʫʣʠ ʘʨʟʦʥʜʘʡ ʪʫʶʣʩʘʜʘ ʤʘ״ʘʣʣʠʡ ʦʨʛʘʥʠʢ ʢʠʩʣʦʪʘ ʚʘ ʫʣʘʨʥʠ 

ʨʝʛʝʥʝʨʘʮʠʷ ץʠʣʠʰ ʥʘʨʭʣʘʨʠʛʘ ʙʦסʣʠץ ʙ˄ʣʛʘʥ ״ʦʣʜʘ ״ʘʨ ʙʠʨ ʬʦʩʬʘʪ 

ʨʫʜʘʩʠʫʯʫʥ ʠץʪʠʩʦʜʠʡ ʙʘ״ʦʣʘʰʥʠ ʪʘʣʘʙ ʵʪʘʜʠ. 

ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʥʠ 

ʵʪʘʥʦʣ ʸʨʜʘʤʠʜʘ ʦʣʠʙ ʙʦʨʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠ (ɼʝץ״ʘʥʦʚ ɿ.פ., ʅʘʤʘʟʦʚ 

ʐ.ʉ.)ʙʠʨ ץʘʪʦʨ ʢʘʤʯʠʣʠʢʣʘʨʛʘ ʵʛʘ: ʪʝʭʥʦʣʦʛʠʷʥʠ ʤʫʨʘʢʢʘʙʣʠʛʠ; 

ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʛʠʥʠ ʢʘʤʣʠʛʠ; ʦʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘ ʢ˄ʧ 

ʤʠץʜʦʨʜʘ Ca(NO3)2 ʥʠ ץʦʣʠʙ ʢʝʪʠʰʠ; ʫʥʠ ʘʞʨʘʪʠʰʜʘ ʪʝʟ ʘʣʘʥʛʘʣʘʥʫʚʯʘʥ 

ʵʪʠʣ ʩʧʠʨʪʠʥʠ ʠʰʣʘʪʠʣʠʰʠ ʚʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʶʚʠʰ ʫʯʫʥ ʵʪʘʥʦʣʥʠ 

ʮʠʢʣʛʘ ץʘʡʪʘʨʠʰ ʟʘʨʫʨʘʪʠ ״ʠʩʦʙʠʛʘ ץ˄ʰʠʤʯʘ ʵʥʝʨʛʠʷʥʠ ʩʘʨʬʣʘʥʠʰʠʜʠʨ. 

ɹʫ ʙʦʡʠʪʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʘʩʦʩʠʡ ʤʦ״ʠʷʪʠ ʰʫʥʜʘʥ ʠʙʦʨʘʪʢʠ, 

ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʧʘʨʯʘʣʘʰ ʤʘ״ʩʫʣʦʪʣʘʨʠʜʘʥ Ca(NO3)2 ʥʠ 

ʵʪʘʥʦʣ ʙʠʣʘʥ ʵʤʘʩ ʙʘʣʢʠ ʘʚʚʘʣ Ca(NO3)2 ʥʠʥʛ ʘʡʣʘʥʤʘ ʵʨʠʪʤʘʩʠ ʙʠʣʘʥ, ʢʝʡʠʥ 

ʵʩʘ ʩʫʚ ʙʠʣʘʥ ʘʞʨʘʪʠʙ ʦʣʠʥʘʜʠ. ɹʫʥʜʘ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠ ʩʠʬʘʪʠ 

ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʷʭʰʠʣʘʥʘʜʠ ʚʘ ʪʝʭʥʦʣʦʛʠʢ ʩʭʝʤʘ ץʠʩץʘʨʘʜʠ. ʀʣʤʠʡ-

ʪʝʭʥʠʢ ʘʜʘʙʠʸʪʣʘʨʜʘ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ 

ʢʠʩʣʦʪʘʣʘʨʠ ʸʨʜʘʤʠʜʘ ʙʦʡʠʪʠʰ, ʢʝʡʠʥʯʘʣʠʢ ʙ˄ʪץʘʜʘʥ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪ ʚʘ 

ʭʣʦʨʠʜʣʘʨʥʠ Ca(NO3)2, ʉʘʉl2 ʵʨʠʪʤʘʣʘʨʠ ʚʘ ʩʫʚ ʸʨʜʘʤʠʜʘ ʘʞʨʘʪʠʙ ʦʣʠʰ 

ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ ʤʘʚʞʫʜ ʵʤʘʩ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʠʩʩʝʨʪʘʮʠʷ ʙʘʞʘʨʠʣʘʸʪʛʘʥ ʠʣʤʠʡ-

ʪʘʜץʠץʦʪ ʤʫʘʩʩʘʩʠʥʠʥʛ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠ ʋʤʫʤʠʡ ʚʘ ʥʦʦʨʛʘʥʠʢ ʢʠʤʸ ʠʥʩʪʠʪʫʪʠʥʠʥʛ ʠʣʤʠʡ-

ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʨʝʞʘʩʠʥʠʥʛ ʌɸ-ɸ12-ʊ171 ʨʘץʘʤʣʠ çʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ 

ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰʥʠʥʛ ʩʘʤʘʨʘʜʦʨ, ʨʝʩʫʨʩʪʝʞʘʤʢʦʨ 

ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʚʘ ʶץʦʨʠ ʢʦʥʮʝʥʪʨʣʘʥʛʘʥ ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨ 

ʦʣʠʰè (2012-2014 ʡʡ.), ʌʊפʌ ʊ.4-14 ʨʘץʘʤʣʠ çɶסʠʪʣʠ ʧʨʝʮʠʧʠʪʘʪ ʦʣʠʰ 

ʞʘʨʘʸʥʣʘʨʠʥʠ ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʘʩʦʩʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰè (2014-2015 ʡʡ.) ʚʘ 

ʌɸ-ʌ12-138 çʇʘʩʪ ʩʠʬʘʪʣʠ ʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʭʣʦʨʠʜ 

ʢʠʩʣʦʪʘʣʠ ץʘʡʪʘ ʠʰʣʘʰ ʘʩʦʩʠʜʘ ˄סʠʪʣʠ ʧʨʝʮʠʧʠʪʘʪ ʦʣʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ 

ʠʰʣʘʙ ʯʠץʠʰè (2015-2017 ʡʡ.) ʤʘʚʟʫʣʘʨʠʜʘʛʠ ʬʫʥʜʘʤʝʥʪʘʣ ʚʘ ʘʤʘʣʠʡ 

ʣʦʡʠ״ʘʣʘʨ ʜʦʠʨʘʩʠʜʘ ʙʘʞʘʨʠʣʛʘʥ. 
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ʊʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ ʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ ʧʘʩʪ ʥʘʚʣʠ ʬʦʩʬʦʨʠʪʣʘʨʠ 

ʚʘ ʫʣʘʨʥʠʥʛ ʯʠץʠʥʜʠʣʘʨʠʥʠ ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʘʨʠ ʸʨʜʘʤʠʜʘ ʢʠʤʸʚʠʡ 

ʙʦʡʠʪʠʰʥʠʥʛ ʩʘʤʘʨʘʜʦʨ ʚʘ ʪʝʞʘʤʢʦʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʚʘ 

ʦʣʠʥʛʘʥ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠ ˄סʠʪʣʠ ʧʨʝʮʠʧʠʪʘʪ ʚʘ ʢʦʤʧʣʝʢʩ ˄סʠʪʣʘʨʛʘ 

 .ʘʡʪʘ ʠʰʣʘʰʜʘʥʠʙʦʨʘʪץ

ʊʘʜץʠץʦʪ ʚʘʟʠʬʘʣʘʨʠ: 
ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʘʨ ʙʠʣʘʥ ʙʦʡʠʪʠʰʥʠʥʛ 

ʤʘץʙʫʣ ʰʘʨʦʠʪʣʘʨʠʥʠʪʦʧʠʰ; 

ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʜʘ ʢ˄ʧʠʢ ״ʦʩʠʣ ʙ˄ʣʠʰ 

ʞʘʨʘʸʥʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ;   

ʦʣʠʥʛʘʥ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ 

(ʂɹʌʂ)ʩʝʜʠʤʝʥʪʘʮʠʦʥ ʪʘ״ʣʠʣ ʵʪʠʰ; 

ʂ-9 ʚʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜ (ʇɸɸ) ʢʦʘʛʫʣʷʥʪʣʘʨʠʥʠʥʛ ʥʠʪʨʦʢʘʣʴʮʠʡʬʦʩʬʘʪ 

ʚʘ ʭʣʦʨʠʜʢʘʣʴʮʠʡʬʦʩʬʘʪ ʩʫʩʧʝʥʟʠʷʣʘʨʠʥʠ ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʛʠʛʘ 

ʪʘʲʩʠʨʠʥʠ ˄ʨʛʘʥʠʰ; 

ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠʥʛ ʙʘʲʟʠ ʬʠʟʠʢ-ʢʠʤʸʚʠʡ 

ʭʦʩʩʘʣʘʨʠʥʠ ʘʥʠץʣʘʰ; 

ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʥ ʜʠʛʠʜʨʘʪʣʠ ʫʩʫʣʜʘ ʕʌʂ ʦʣʠʰ 

ʞʘʨʘʸʥʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ. ɸʩʦʩʠʡ ʪʝʭʥʦʣʦʛʠʢ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʂɹʌʂ ʥʠ 

ʧʘʨʯʘʣʘʥʠʰ, ʈ2ʆ5 ʥʠ ʘʞʨʘʪʠʙ ʦʣʠʰ, ʶʚʠʣʠʰ ʜʘʨʘʞʘʩʠ ʚʘ ʪʝʭʥʦʣʦʛʠʢ 

ʯʠץʠʰʠʛʘ ʪʘʲʩʠʨʠʥʠ ʘʥʠץʣʘʰ; 

ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʙʦʡʠʪʠʰʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʥʠʪʨʦʢʘʣʴʮʠʡʬʦʩʬʘʪ 

ʩʫʩʧʝʥʟʠʷʣʘʨʠ ʘʩʦʩʠʜʘ ʢʦʤʧʣʝʢʩ ˄סʠʪʣʘʨ ʦʣʠʰ ʞʘʨʘʸʥʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ; 

ʂɹʌʂʘʩʦʩʠʜʘ ˄סʠʪʣʠ ʧʨʝʮʠʧʠʪʘʪ ʚʘ ʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ ʠʰʪʠʨʦʢʠʜʘ NP-

 ;ʠʪʣʘʨ ʦʣʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ˄ʨʛʘʥʠʰס˄

ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʠ ʦʣʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ 

ʣʘʙʦʨʘʪʦʨʠʷ ʚʘ ʡʠʨʠʢʣʘʰʪʠʨʠʣʛʘʥ ץʫʨʠʣʤʘʣʘʨʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʰ; 

ʂɹʌʂ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʷʨʘʪʠʰ, ʤʘʪʝʨʠʘʣ ʦץʠʤʠ ʚʘ 

ʫʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʠʰʛʘ ʪʘʜʙʠץ ʵʪʠʰʥʠʥʛ ʠץʪʠʩʦʜʠʡ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 

 .ʠʩʦʙʣʘʰ״

ʊʘʜץʠץʦʪʥʠʥʛ ʦʙʲʝʢʪʠ:ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠ, ʥʠʪʨʘʪ, ʭʣʦʨʠʜ ʚʘ ʩʫʣʴʬʘʪ 

ʢʠʩʣʦʪʘʣʘʨʠ,ʥʠʪʨʦʢʘʣʴʮʠʡʬʦʩʬʘʪ ʩʫʩʧʝʥʟʠʷʩʠ (ʅʂʌʉ) ʚʘ 

ʭʣʦʨʠʜʢʘʣʴʮʠʡʬʦʩʬʘʪ ʩʫʩʧʝʥʟʠʷʩʠ (ʍʂʌʉ), ʂɹʌʂ, ʕʌʂ, ˄סʠʪʣʠ 

ʧʨʝʮʠʧʠʪʘʪ, ʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ, ʦʜʜʠʡ ʚʘ ʤʫʨʘʢʢʘʙ ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʧʨʝʜʤʝʪʠ. ʄפ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʙʦʡʠʪʠʰ ʚʘ ʂɹʌʂʥʠ 

ʕʌʂ, ʦʜʜʠʡ ʬʦʩʬʦʨʣʠ ʚʘ ʤʫʨʘʢʢʘʙ ˄סʠʪʣʘʨʛʘ ʢʠʤʸʚʠʡ ץʘʡʪʘ ʠʰʣʘʰ 

ʞʘʨʘʸʥʣʘʨʠ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʫʩʫʣʣʘʨʠ. ɼʠʩʩʝʨʪʘʮʠʷʜʘ ʢʠʤʸʚʠʡ (ʘʥʘʣʠʪʠʢ ʢʠʤʸ), 

ʬʠʟʠʢ-ʢʠʤʸʚʠʡʪʘ״ʣʠʣ ʫʩʫʣʣʘʨʠ ץ˄ʣʣʘʥʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʙʠʨʠʥʯʠ ʤʘʨʦʪʘʙʘ ʶץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ 

ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ ʙʦʡʠʪʠʰ, ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪʥʠ ʅʂʌʉʥʠ 

ʬʠʣʴʪʨʣʘʰ ʦʨץʘʣʠ ʘʞʨʘʪʠʰ ʚʘ ʥʘʤ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠ ʘʡʣʘʥʤʘ 

Ca(NO3)2 ʵʨʠʪʤʘʩʠ ʚʘ ʩʫʚ ʙʠʣʘʥ ʶʚʠʰ ʤʫʤʢʠʥʣʠʛʠ ʢ˄ʨʩʘʪʠʣʛʘʥ, ״ʘʤʜʘ 

ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʠ ʪʘʨʢʠʙʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘ ʤʝʲʸʨʠ ʚʘ 
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ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ, ʬʦʩʬʦʨʠʪʥʠ 10% ʣʠ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪ ʵʨʠʪʤʘʩʠ, ʩʫʚʛʘ 

ʦסʠʨʣʠʢ ʥʠʩʙʘʪʠ ʚʘ ʶʚʠʰ ʢʘʨʨʘʣʠʛʠʛʘ ˄ʟʘʨʦ ʙʦסʣʠץʣʠʛʠ ʘʥʠץʣʘʥʛʘʥ ʚʘ ʪʫʨʣʠ 

ʥʘʚʣʠ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʙʦʡʠʪʠʰʥʠ ʤʘץʙʫʣ ʰʘʨʦʠʪʣʘʨʠ ʪʦʧʠʣʛʘʥ; 

ʤʠʥʝʨʘʣʣʘʰʛʘʥ ʤʘʩʩʘʥʠ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʜʘʛʠ ʢ˄ʧʠʢʣʘʥʠʰ 

ʞʘʨʘʸʥʣʘʨʠʛʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘ ʤʝʲʸʨʠ, ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʚʘ ʘʡʣʘʥʪʠʨʛʠʯ 

ʪʝʟʣʠʛʠʥʠ ʪʘʲʩʠʨʠ ʪ˄סʨʠʩʠʜʘ ʷʥʛʠ ʠʣʤʠʡ ʤʘʲʣʫʤʦʪʣʘʨ ʦʣʠʥʠʙ, ʶץʦʨʠ ʈ2ʆ5 

ʚʘ ʢʠʯʠʢ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʠ ʦʣʠʰ 

ʞʘʨʘʸʥʣʘʨʠʥʠʥʛ ʤʘץʙʫʣ ʰʘʨʦʠʪʣʘʨʠ ʪʦʧʠʣʛʘʥ; 

 ,ʠʪʣʠ ʧʨʝʮʠʧʠʪʘʪ ʪʘʨʢʠʙʠʥʠ ʅCl ʥʠ ʤʝʲʸʨʠ, ʢʦʥʮʝʥʪʨʘʮʠʷʩʠס˄

ʯ˄ʢʪʠʨʫʚʯʠ ʉʘ(ʆʅ)2 ʥʠ ʤʝʲʸʨʠ ʚʘ ʬʦʩʬʦʨʠʪ:ʅ2ʆ ʥʠʥʛ ʦסʠʨʣʠʢ ʥʠʩʙʘʪʣʘʨʠʛʘ 

˄ʟʘʨʦ ʙʦסʣʠץ ʤʫʥʦʩʘʙʘʪʣʘʨʠ ʘʥʠץʣʘʥʛʘʥ; 

ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ ʙʠʣʘʥ ʬʘʦʣʣʘʰʪʠʨʠʰ 

ʘʩʦʩʠʜʘ ʤʫʨʘʢʢʘʙ-ʘʨʘʣʘʰ ˄סʠʪʣʘʨ ʦʣʠʰʥʠ ʩʘʤʘʨʘʜʦʨ ʪʝʭʥʦʣʦʛʠʷʩʠ ʠʰʣʘʙ 

ʯʠץʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ ʢʠʤʸʚʠʡ 

ʙʦʡʠʪʠʰʜʘ ʢʠʯʠʢ ʢʘʣʴʮʠʡ ʤʦʜʫʣʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʂɹʌʂ ʦʣʠʥʘʜʠ ʚʘ ʙʫ ʵʩʘ ʭʦʤ 

ʘʰʸʥʠ ʕʌʂ ʛʘ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʪʘʥץʠʩ ʩʫʣʴʬʘʪ ʢʠʩʣʦʪʘ ʩʘʨʬʠʥʠ ʩʝʟʠʣʘʨʣʠ 

ʜʘʨʘʞʘʜʘ ʢʘʤʘʡʪʠʨʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ; 

ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ ʯʠץʠʥʜʠ ʩʠʬʘʪʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʉʘ(NO3)2 

ʵʨʠʪʤʘʩʠʥʠ ʩʫʶץ ʘʟʦʪʢʘʣʴʮʠʡʣʠ ˄סʠʪ ʩʠʬʘʪʠʜʘ ʠʰʣʘʪʠʰ ʸʢʠ ʜʦʥʘʜʦʨʣʘʥʛʘʥ 

ʢʘʣʴʮʠʡ ʥʠʪʨʘʪʛʘ ץʘʡʪʘ ʠʰʣʘʰ ʸʢʠ ʙ˄ʣʤʘʩʘ ʫʥʠ ʉʆ2 ʚʘ NH3 ʸʨʜʘʤʠʜʘ 

ʘʤʤʦʥʠʡ ʥʠʪʨʘʪʠ ʚʘ ʙ˄ʨʛʘ ʘʡʣʘʥʪʠʨʠʣʠʰ ʪʘʚʩʠʷ ʵʪʠʣʘʜʠ; 

ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰ ʥʘʪʠʞʘʩʠʜʘ ʦʣʠʥʛʘʥ ʂɹʌʂʩʘʤʘʨʘʣʠ 

ʬʦʩʬʦʨʣʠ ˄סʠʪ ï ʧʨʝʮʠʧʠʪʘʪ ʚʘ ʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ ʠʰʪʠʨʦʢʠʜʘ ʤʫʨʘʢʢʘʙ-

ʘʨʘʣʘʰ ˄סʠʪʣʘʨʠʰʣʘʙ ʯʠץʘʨʠʰ ʫʯʫʥ ʘʩʦʩʠʡ ʭʦʤ ʘʰʸ ʩʠʬʘʪʠʜʘ ʠʰʣʘʪʠʣʠʰʠ 

ʤʫʤʢʠʥ; 

ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰ ʚʘ ʧʨʝʮʠʧʠʪʘʪ ʦʣʠʰʜʘ ʤʦʩ ʨʘʚʠʰʜʘ 

 ʫʤ ʬʦʩʬʦʨʠʪ ʢʦʤʙʠʥʘʪʠʜʘʛʠ ʶʚʠʙ ʢʫʡʜʠʨʠʣʛʘʥ ʬʦʩʬʦʨʠʪץʠʟʠʣפ

ʢʦʥʮʝʥʪʨʘʪʠ ʚʘ ñʅʘʚʦʠʘʟʦʪòɸɾ ʜʘʛʠ ʢʘʫʩʪʠʢ ʩʦʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ 

ʯʠץʠʥʜʠʣʘʨʠ ʙ˄ʣʛʘʥ ʤʠʥʝʨʘʣʣʘʰʛʘʥ ʤʘʩʩʘ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʩʠ ʠʰʣʘʪʠʣʘʜʠ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʰʦʥʯʣʠʣʠʛʠ.ʌʦʡʜʘʣʘʥʠʣʛʘʥ ʢʠʤʸʚʠʡ 

(ʘʥʘʣʠʪʠʢ ʢʠʤʸ) ʚʘ ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʪʘ״ʣʠʣʥʘʪʠʞʘʣʘʨʠ ʪʘʞʨʠʙʘ-ʩʘʥʦʘʪ 

 .ʣʘʥʘʜʠץʫʨʠʣʤʘʣʘʨʠʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʛʘʥʣʠʛʠ ʙʠʣʘʥ ʪʘʩʜʠץ

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ. ʊʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʘ״ʘʤʠʷʪʠ ʶץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ 

ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʘʨʠ ʙʠʣʘʥ ʙʦʡʠʪʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʚʘ ʶץʦʨʠ 

ʩʠʬʘʪʣʠ ʂɹʌʂ ʦʣʠʰʥʠ ʥʘʟʘʨʠʡ ʘʩʦʩʣʘʨʠʥʠ ʷʨʘʪʠʰ; ʅʂʌʉ ʚʘ ʍʂʌʉ ʣʘʨʥʠ 

ʬʠʣʴʪʨʣʘʰ ʞʘʨʘʸʥʠʥʠ ʞʘʜʘʣʣʘʰʪʠʨʠʰ; ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʜʘ 

ʢ˄ʧʠʢʣʘʥʠʰʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʚʘ ʦʣʠʥʛʘʥ ʂɹʌʂʣʘʨʥʠ ʘʡʨʠʤ ʬʠʟʠʢ-ʢʠʤʸʚʠʡ 

ʭʦʩʩʘʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ; ʂɹʌʂ ʥʠ ʕʌʂ ʛʘ ץʘʡʪʘ ʠʰʣʘʰ; ʂɹʌʂ ʜʘʥ ˄סʠʪʣʠ 

ʧʨʝʮʠʧʠʪʘʪ ʚʘ ʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ ʠʰʪʠʨʦʢʠʜʘ NP-˄סʠʪʣʘʨ ʦʣʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ 

ʪʘʜץʠץ ʵʪʠʰʜʘʥ ʠʙʦʨʘʪ ʵʢʘʥʣʠʛʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ 

ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰʥʠʥʛ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨ ʚʘ ʪʝʞʘʤʢʦʨ ʪʝʭʥʦʣʦʛʠʷʩʠ ʠʰʣʘʙ 
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ʯʠץʠʰ, ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨʛʘ ץʘʡʪʘ 

ʠʰʣʘh ʥʘʪʠʞʘʩʠʜʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠʥʛ ʤʠʥʝʨʘʣ ˄סʠʪʣʘʨʛʘ ʙ˄ʣʛʘʥ 

ʵ״ʪʠʸʞʠʥʠ ץʘʥʦʘʪʣʘʥʪʠʨʘʜʠ. ʂɹʌʂʜʘ ʢʘʣʴʮʠʡ ʤʦʜʫʣʥʠʥʛ ʢʘʤ 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʛʘ ʵʛʘ ʙ˄ʣʠʰʠ, ʫʰʙʫ ʭʦʤ ʘʰʸʥʠ ʕʌʂ ʛʘ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʩʫʣʴʬʘʪ 

ʢʠʩʣʦʪʘʩʠ ʩʘʨʬʠʥʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʤʘʡʪʠʨʠʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʘʜʠ.ʅʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʥʠʥʛ ץ˄ʰʠʤʯʘ ʤʘ״ʩʫʣʦʪʠ ʩʠʬʘʪʠʜʘ 

ʘʡʥʠץʩʘ ʰ˄ʨʣʘʥʛʘʥ ʪʫʧʨʦץʣʘʨʜʘ ʧʘʭʪʘ ʚʘ ʙʦʰץʘ ʵʢʠʥʣʘʨʛʘ ʞʫʜʘ ʟʘʨʫʨ ʙ˄ʣʛʘʥ 

ʤʫ״ʠʤ ʬʠʟʠʦʣʦʛʠʢ ʠʰץʦʨʠʡ ˄סʠʪ ï ʢʘʣʴʮʠʡ ʥʠʪʨʘʪ ʵʨʠʪʤʘʩʠ ʦʣʠʥʘʜʠ. 

ʂʠʤʸʚʠʡ ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʵʢʩʧʦʨʪʛʘ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʪʫʨʣʠ ʭʠʣ 

ʜʦʥʘʜʦʨʣʘʥʛʘʥ ˄סʠʪʣʘʨ ʦʣʠʰ ʫʯʫʥ ʠʰʣʘʪʠʣʠʰʠ ʤʫʤʢʠʥ. ʂɹʌʂ ʜʘ ʶץʦʨʠ 

ʥʠʩʙʠʡ ʤʠץʜʦʨʜʘʛʠ ˄ʩʠʤʣʠʢ ˄ʟʣʘʰʫʚʯʘʥ ʬʦʩʬʦʨ ʙ˄ʣʛʘʥʣʠʛʠ ʪʫʬʘʡʣʠ 

ʫʣʘʨʥʠʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ ʙʠʣʘʥ ʢʦʥʮʝʥʪʨʣʘʥʛʘʥ ʤʫʨʘʢʢʘʙ-ʘʨʘʣʘʰ ʜʦʥʘʜʦʨ 

  .ʘʡʪʘ ʠʰʣʘʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠץ ʠʪʣʘʨʛʘס˄

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʞʦʨʠʡ ץʠʣʠʥʠʰʠ. ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ 

ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʘʨʠ ʙʠʣʘʥ ʙʦʡʠʪʠʰ, ״ʦʩʠʣ ʙ˄ʣʛʘʥ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʕʌʂ, ʧʨʝʮʠʧʠʪʘʪ ʚʘ ʢʦʤʧʣʝʢʩ ˄סʠʪʣʘʨʛʘ ץʘʡʪʘ ʠʰʣʘʰ 

ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʙ˄ʡʠʯʘ ʦʣʠʥʛʘʥ ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ: 

ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ ʙʦʡʠʪʠʰ ʫʩʫʣʠʛʘ 

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʀʥʪʝʣʣʝʢʪʫʘʣ ʤʫʣʢ ʘʛʝʥʪʣʠʛʠ ʪʦʤʦʥʠʜʘʥ ʠʭʪʠʨʦ 

ʧʘʪʝʥʪʠ ʦʣʠʥʛʘʥ (ˉIAP 02846). ʅʘʪʠʞʘʜʘ ʧʘʩʪ ʥʘʚʣʠ ʄפ ʬʦʩʬʦʨʠʪʠʜʘʛʠ 

ʢʘʣʴʮʠʡ ʤʦʜʫʣʠʥʠ 2,48 ʜʘʥ 1,71ï1,78 ʛʘʯʘ ʢʘʤʘʡʪʠʨʠʰ ʚʘ ʰʫ ʦʨץʘʣʠ ʫʥʠ 

 ʠʩ ʩʫʣʴʬʘʪ ʢʠʩʣʦʪʘʩʠ ʩʘʨʬʠʥʠ 35%ץʘʡʪʘ ʠʰʣʘʰʜʘ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ˄ʪʘ ʪʘʥץ

ʛʘ ץʠʩץʘʨʪʠʨʠʰ ʠʤʢʦʥʠʷʪʠ ʷʨʘʪʠʣʘʜʠ; 

ʄפ ʧʘʩʪ ʥʘʚʣʠ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰ 

ʪʝʭʥʦʣʦʛʠʷʩʠ çʉʘʤʘʨץʘʥʜʢʠʤʸè ʘʢʮʠʷʜʦʨʣʠʢ ʞʘʤʠʷʪʠʜʘ ʘʤʘʣʠʸʪʛʘ ʪʘʜʙʠץ 

ʵʪʠʣʠʙ, ʷʥʛʠ ʪʫʨʜʘʛʠ ʶץʦʨʠ ʩʠʬʘʪʣʠ ʬʦʩʬʘʪ ʭʦʤ-ʘʰʸʩʠ ʦʣʠʥʛʘʥ 

(çɶʟʢʠʤʸʩʘʥʦʘʪè ɸɾʥʠʥʛ 2017 ʡʠʣ 7 ʠʶʣʜʘʛʠ 01-2805/ʇ-ʩʦʥ 

ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ).ʋʰʙʫ ʥʘʪʠʞʘʣʘʨʥʠ ʘʤʘʣʠʸʪʛʘ ʞʦʨʠʡ ץʠʣʠʰ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʥʥʘʨʭʠʥʠ ʘʤʘʣʜʘʛʠ ʶʚʠʙ ʢʫʡʜʠʨʠʣʛʘʥ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʠʜʘʥ 1,2 ʙʘʨʦʙʘʨʛʘ ʘʨʟʦʥʣʘʰʪʠʨʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʙʝʨʘʜʠ.  

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʧʨʦʙʘʮʠʷʩʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʰʠʥʠʥʛ 

ʤʘʪʝʨʠʘʣʣʘʨʠ ץʫʡʠʜʘʛʠ ʍʘʣץʘʨʦ ʚʘ ʈʝʩʧʫʙʣʠʢʘ ʠʣʤʠʡ-ʘʤʘʣʠʡ 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ çEuropejska nauka XXI powiekŃ - 2013è (PrzemyŜl, Poland, 

2013);V-ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ ʧʦ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʂʠʝʚ, 2014); çʇʝʨʩʧʝʢʪʠʚʳ 

ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʋʟʙʝʢʠʩʪʘʥʝè (ʅʘʚʦʠʡ, 

2014); çɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ: ʇʨʦʙʣʝʤʳ ʠ ʠʭ ʨʝʰʝʥʠʷè 

(ʆʣʤʘʣʠ2015 ,ץ); çThe Development of Science in the 21
st
 Century: Natural and 

TechnicalSciencesè (NewYork, 2015); ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ: 

ʜʦʩʪʠʞʝʥʠʷ, ʧʨʦʙʣʝʤʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ (ʅʘʚʦʠʡ, 2015, 

2016, 2017); çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 21 ʚʝʢʝè 

(ʄʘʭʘʯʢʘʣʘ, 2016); çɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝè 

(ʄʦʩʢʚʘ, 2016); çʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʬʦʩʬʦʨʠʪʦʚ 

ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ ʚ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʫʜʦʙʨʝʥʠʷ ʠ ʬʦʩʬʦʨʥʳʝ 

ʩʦʣʠè (ʆʣʤʘʣʠ2016 ,ץ); çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠè 
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(ʊʝʨʤʠʟ, 2017); 2017ʡʠʣ 5 ʠ ʣʁʜʘ ʋʤʫʤʠʡ ʚʘ ʥʦʦʨʛʘʥʠʢ ʢʠʤʸ ʠʥʩʪʠʪʫʪʠ ʚʘ 

ʊʦʰʢʝʥʪ ʢʠʤʸ-ʪʝʭʥʦʣʦʛʠʷ ʠʥʩʪʠʪʫʪʠ ״ʫʟʫʨʠʜʘʛʠ ʠʣʤʠʡ ʜʘʨʘʞʘʣʘʨ ʙʝʨʫʚʯʠ 

DSc.27.06.2017.ʂ/ʊ.35.01 ʨʘץʘʤʣʠ ʀʣʤʠʡ ʢʝʥʛʘʰ ץʦʰʠʜʘʛʠ 02.00.13 ï 

ʅʦʦʨʛʘʥʠʢ ʤʦʜʜʘʣʘʨ ʚʘ ʫʣʘʨ ʘʩʦʩʠʜʘʛʠ ʤʘʪʝʨʠʘʣʣʘʨ ʪʝʭʥʦʣʦʛʠʷʩʠ 

ʠʭʪʠʩʦʩʣʠʛʠ ʙ˄ʡʠʯʘ ʠʣʤʠʡ ʩʝʤʠʥʘʨʜʘ ʤʫ״ʦʢʘʤʘʜʘʥ ˄ʪʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʥʠʥʛ ʵʲʣʦʥ ץʠʣʠʥʠʰʠ.ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ 

ʙ˄ʡʠʯʘ ʞʘʤʠ 32 ʪʘ ʠʣʤʠʡ ʠʰʠ ʯʦʧ ʵʪʠʣʛʘʥ, ʰʫʣʘʨʜʘʥ, ɶʟʙʝʢʠʩʪʦʥ 

ʈʝʩʧʫʙʣʠʢʘʩʠ ʆʣʠʡ ʘʪʪʝʩʪʘʮʠʷ ʢʦʤʠʩʩʠʷʩʠʥʠʥʛ ʜʦʢʪʦʨʣʠʢ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨʠ 

ʘʩʦʩʠʡ ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨʠʥʠ ʯʦʧ ʵʪʠʰ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʠʣʤʠʡ ʥʘʰʨʣʘʨʜʘ14 ʪʘ 

ʤʘץʦʣʘ, ʞʫʤʣʘʜʘʥ, 12 ʪʘʩʠ ʨʝʩʧʫʙʣʠʢʘ ʚʘ 2 ʪʘʩʠ ʭʦʨʠʞʠʡ ʞʫʨʥʘʣʣʘʨʜʘ ʥʘʰʨ 

ʵʪʠʣʛʘʥ ״ʘʤʜʘ 1 ʪʘ ʠʭʪʠʨʦʛʘ ʧʘʪʝʥʪ ʦʣʠʥʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ״ʘʞʤʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʨʢʠʙʠ ʢʠʨʠʰ, 

ʪ˄ʨʪʪʘ ʙʦʙ, ʭʫʣʦʩʘ, ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʨ˄ʡʭʘʪʠ ʚʘ ʠʣʦʚʘʣʘʨʜʘʥ 

ʠʙʦʨʘʪ. ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ״ʘʞʤʠ 191 ʙʝʪʥʠ ʪʘʰʢʠʣ ʵʪʛʘʥ. 

   

ɼʀʉʉɽʈʊɸʎʀʗʅʀʅɻ ɸʉʆʉʀʁ ʄɸɿʄʋʅʀ 

 

ʂʠʨʠʰ ץʠʩʤʠʜʘ ʠʰʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ ʘʩʦʩʣʘʥʛʘʥ, 

ʪʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ ʚʘ ʘʩʦʩʠʡ ʚʘʟʠʬʘʣʘʨʠ ʪʘʚʩʠʬʣʘʥʛʘʥ, ɶʟʙʝʢʠʩʪʦʥ 

ʈʝʩʧʫʙʣʠʢʘʩʠ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʩʠ ʪʘʨʘץץʠʸʪʠʥʠʥʛ ʫʩʪʠʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ 

ʤʦʩʣʠʛʠ, ʪʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ʚʘ ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠ ʙʘʸʥ 

 ,ʘʤʠʷʪʠ ʦʯʠʙ ʙʝʨʠʣʛʘʥ״ʠʣʠʥʛʘʥ, ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘץ

ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠ ʘʤʘʣʠʸʪʛʘ ʞʦʨʠʡ ʵʪʠʰ, ʯʦʧ ʵʪʠʣʛʘʥ ʠʣʤʠʡ ʠʰʣʘʨ ʚʘ 

ʜʠʩʩʝʨʪʘʮʠʷ ʪʫʟʠʣʠʰʠ ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ ʢʝʣʪʠʨʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛçפʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠ: ʫʣʘʨʥʠ ʙʦʡʠʪʠʰ ʚʘ 

ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨʛʘ ץʘʡʪʘ ʠh ʣʘʰ ʡ˄ʣʣʘʨʠèʜʝʙ ʥʦʤʣʘʥʛʘʥ ʙʠʨʠʥʯʠ 

ʙʦʙʠʜʘ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʪʘʚʩʠʬʠ ʚʘ ʫʣʘʨʥʠ ʙʦʰץʘ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠʜʘʥ 

˄ʟʠʛʘ ʭʦʩ ʬʘʨץʣʘʨʠ, ʬʣʦʪʘʮʠʦʥ, ʪʝʨʤʠʢ ʚʘ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰ ʫʩʫʣʣʘʨʠ, ״ʘʤʜʘ 

 ʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠ ʚʘ ʫʣʘʨʥʠ ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʠʥʠץʠʟʠʣפ

ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨʛʘ ץʘʡʪʘ ʠʰʣʘʰ ʫʩʫʣʣʘʨʠ ʙʘʸʥ ץʠʣʠʥʛʘʥ. ʌʦʩʬʘʪ 

ʭʦʤʘʰʸʩʠʥʠ ʙʦʡʠʪʠʰ ʙ˄ʡʠʯʘ ʪʘʜץʠץʦʪʣʘʨ ʤʘʞʤʫʘʩʠ ʙʘʪʘʬʩʠʣ ʚʘ ʯʫץʫʨ 

ʪʘʥץʠʜʠʡ ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥ ״ʦʣʜʘ ʤʘʟʢʫʨ ʠʰʥʠʥʛ ʤʘץʩʘʜ ʚʘ ʚʘʟʠʬʘʣʘʨʠ 

ʰʘʢʣʣʘʥʪʠʨʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ çʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ 

ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ʪʘʜץʠץ ʵʪʠʰè ʜʝʙ 

ʥʦʤʣʘʥʛʘʥ ʠʢʢʠʥʯʠ ʙʦʙʠʜʘ ʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʢʠʤʸʚʠʡ 

ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ ʥʘʪʘʞʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʃʘʙʦʨʘʪʦʨʠʷ 

ʰʘʨʦʠʪʠʜʘ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ʪʘʜץʠץ ʵʪʠʰ ʫʯʫʥ (ʦסʠʨ.,%): 18,80 ʈ2ʆ5; 

46,71 ʉʘʆ; ʉʘʆ:ʈ2ʆ5=2,48; 15,19 ʉʆ2; 1,60 SO3; 1,05 Fe2O3; 1,24 Al 2O3; 1,75 

ʄgʆ; 2,0 F; 0,1 Cl; ʚʘ 1,94 ʵʨʠʤʘʡʜʠʛʘʥ ץʦʣʜʠץʪʘʨʢʠʙʣʠ ʬʦʩʬʘʪ ʭʦʤ 

ʘʰʸʩʠʜʘʥ ʬʦʡʜʘʥʘʣʠʥʜʠ. HNO3 ʥʠʥʛ ʤʝʲʸʨʠ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʜʘʛʠ (ʌʍɸ) 

ʉʘʉʆ3 ʥʠ ʧʘʨʯʘʣʘʰʛʘ ʥʠʩʙʘʪʘʥ  68 ʜʘʥ 136,5% ʛʘʯʘ ʚʘ ʫʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 

ʵʩʘ  40 ʜʘʥ 60% ʛʘʯʘ ʦʣʠʥʜʠ. ɾʘʨʘʸʥ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʥʠ ʧʘʩʪ ʤʝʲʸʨʣʘʨʠʜʘ 

ʦʣʠʙ ʙʦʨʠʣʛʘʥʣʠʛʠ ʪʫʬʘʡʣʠʢʘʪʪʘ ״ʘʞʤʜʘʛʠ ʢ˄ʧʠʢ ״ʦʩʠʣ ʙ˄ʣʠʰʠ 

ʢʫʟʘʪʠʣʤʘʜʠ. ʇʘʨʯʘʣʘʥʠʰ ʤʘ״ʩʫʣʦʪʣʘʨʠʜʘʥ ʉʘ(NO3)2 ʥʠ ʘʚʚʘʣ ʢʘʣʴʮʠʡ 
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ʥʠʪʨʘʪ ʵʨʠʪʤʘʩʠ ʙʠʣʘʥ ʢʝʡʠʥ ʵʩʘ ʩʫʚ ʙʠʣʘʥ ʘʞʨʘʪʠʙ ʦʣʜʠʢ. ʊʘʞʨʠʙʘʣʘʨ 

ʘʩʦʩʠʜʘ ʶʚʫʚʯʠ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪ ʵʨʠʪʤʘʩʠʥʠʥʛ ʤʘץʙʫʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ï 10% 

ʵʢʘʥʣʠʛʠ ʪʦʧʠʣʜʠ. ʊʘʞʨʠʙʘʥʠ ץʫʡʠʜʘʛʠʯʘ ʦʣʠʙ ʙʦʨʜʠʢ: ʧʘʨʯʘʣʘʥʠʰ 

ʤʘ״ʩʫʣʦʪʣʘʨʠʛʘ 10% ʣʠ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ץ˄ʰʠʣʜʠ. ʌʍɸʥʠ 10%-ʣʠ 

ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠʛʘ ʦסʠʨʣʠʢ ʥʠʩʙʘʪʠ 1:2,5 ʛʘ ʪʝʥʛ. ʂʦʤʧʦʥʝʥʪʣʘʨ  

ʘʨʘʣʘʰʤʘʩʠ ʘʨʘʣʘʰʪʠʨʠʣʛʘʥʜʘʥ ʩ˄ʥʛ ʦʣʠʥʛʘʥ ʙ˄ʪץʘʥʠ ʜʝʢʘʥʪʘʮʠʷ ʦʨץʘʣʠ 

ʘʞʨʘʪʠʣʜʠ. פʫʶץ ץʠʩʤ ʵʩʘ ʌʍɸ:ʅ2ʆ=1:2 ʦסʠʨʣʠʢ ʥʠʩʙʘʪʜʘ ʩʫʚ ʙʠʣʘʥ 

ʶʚʠʣʜʠ. ɹʫ ״ʦʣʘʪʜʘ ״ʘʤ ʙ˄ʪץʘʣʘʨ ʜʝʢʘʥʪʘʮʠʷ ʦʨץʘʣʠ ʘʞʨʘʪʠʣʜʠ. ɹ˄ʪץʘʣʘʨʥʠ 

ʪʠʥʠʰ ʚʘץʪʠ - 3 ʜʘץʠץʘ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ 1ʘ-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 

ʅʘʪʠʞʘʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, 52,5%-ʣʠ HNO3ʥʠʥʛ ʤʘץʙʫʣ ʤʝʲʸʨʠ 90,88 

-108,0% ʦʨʘʣʠץʜʘ ʙ˄ʣʘʜʠ. ɹʫʥʜʘ  ʈ2ʆ5 ʥʠʥʛ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠ 

50,63-52,25% ʪʝʥʛ ʙ˄ʣʠʙ ʫʥʠʥʛ ʪʘʨʢʠʙʠʜʘ 26,79-26,90% ʈ2ʆ5, 46,64-47,30% 

ʉʘʆ, 4,13-6,15% ʉʆ2 ʙ˄ʣʠʙ, ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣ ɹ 1,74-1,76 ʪʝʥʛ. HNO3ʥʠʥʛ 

ʢʝʣʪʠʨʠʣʛʘʥ ʤʝʲʸʨʠ ʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʠʜʘ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠʥʠ 

ʢʘʨʙʦʥʘʪʩʠʟʣʘʥʠʰ ʜʘʨʘʞʘʩʠ ʤʦʩ ʨʘʚʠʰʜʘ 85,17 ʜʘʥ 90,26% ʛʘʯʘ ʚʘ 79,21 ʜʘʥ 

88,00% ʛʘʯʘ ʙ˄ʣʘʜʠ (1ʙ-ʨʘʩʤ). ʆʣʠʥʛʘʥ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʄפ 

ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘ ʙʠʣʘʥ ʙʦʡʠʪʠʰ ʤʫʤʢʠʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. 

ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʙʦʡʠʪʠʰ ʫʩʫʣʠʛʘ ɶʟʈ ʧʘʪʝʥʪʠ (ˉ02846 

IAP è) ʦʣʠʥʛʘʥ. 

ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰ 

ʪʝʭʥʦʣʦʛʠʷʩʠʥʠʥʛ ʘʩʦʩʠʡ ʙ˄סʠʥʠ ץʘʪʪʠץ ʚʘ ʩʫʶץ ʬʘʟʘʣʘʨʥʠ ʘʞʨʘʪʠʰ 

 ʪʠʩʦʜʠʡץʠʩʦʙʣʘʥʘʜʠ. ʄʘʲʣʫʤʢʠ, ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʘʞʨʘʪʠʰ ʫʩʫʣʣʘʨʠʜʘʥ ʠ״

ʞʠ״ʘʪʠʜʘʥ ʩʘʤʘʨʘʣʠʨʦץ ʙ˄ʣʛʘʥʠ ʙʫ ʜʝʢʘʥʪʘʮʠʷ ʫʩʫʣʠʜʠʨ. ʐʫʥʠʥʛ ʫʯʫʥ 

ʢʝʡʠʥʛʠ ʪʘʜץʠץʦʪʣʘʨʜʘ ץʘʪʪʠץ ʚʘ ʩʫʶץ ʬʘʟʘʣʘʨʥʠ ʜʝʢʘʥʪʘʮʠʷ ʫʩʫʣʠʜʘ 

ʘʞʨʘʪʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʩʠʬʘʪʠʛʘ ʪʠʥʠʰ ʚʘץʪʠʥʠ ʪʘʲʩʠʨʠ 

˄ʨʛʘʥʠʣʜʠ.  

 
 

1-ʨʘʩʤ. HNO3 ʥʠ ʤʝʲʸʨʠ (1) ʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ (2) ʈ2ʆ5 ʥʠʥʛ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ 

ʯʠץʠʰ ʫʥʫʤʠʛʘ (ʘ) ʚʘ ʢʘʨʙʦʥʘʪʩʠʟʣʘʥʠʰ ʜʘʨʘʞʘʩʠʛʘ (ʙ) ʪʘʲʩʠʨʠ. 
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ʊʘʞʨʠʙʘʣʘʨʥʠ ˄ʪʢʘʟʠʰ ʰʘʨʦʠʪʣʘʨʠ ץʫʡʠʜʘʛʠʯʘ ʙ˄ʣʜʠ: ʥʠʪʨʘʪ ʢʠʩʣʦʪʘ 

ʤʝʲʸʨʣʘʨʠ 90,88 ʚʘ 102,30%, ʌʍɸ:10%-ʣʠ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʦסʠʨʣʠʢ 

ʥʠʩʙʘʪʠ 1:2,5.ʊʠʥʜʠʨʠʰ ʚʘץʪʣʘʨʠ 3 ʜʘʥ 10 ʜʘץʠץʘʛʘʯʘ ʙ˄ʣʜʠ. ʊʘʞʨʠʙʘ 

ʥʘʪʠʞʘʣʘʨʠ 1-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ.  

1-ʞʘʜʚʘʣ 

ʀʢʢʠ ʙʦʩץʠʯʣʠ ʶʚʠʰʜʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʩʠʬʘʪʠʛʘ ʪʠʥʜʠʨʠʰ 

ʚʘץʪʠʥʠ ʪʘʲʩʠʨʠ 

ʊʘʞ. 

ʨʘץ. 

HNO3 

ʤʝʲʸʨʠ, 

% 

ʊʠʥ. 

ʚʘץʪʠ, 

ʜʘץ. 

ɸʩʦʩʠʡ ʤʦʜʜʘʣʘʨ ʤʠץʜʦʨʠ, %  
ʉʘʆ: 

ʈ2ʆ5 

 

ʌʦʩʬʦ-

ʢʦʥʮʝʥ- 

ʪʨʘʪʥʠʥʛ 

ʯʠץʠʰ 

ʫʥʫʤʠ, 

% 

ʈ2ʆ5 ʥʠ 

ʬʦʩʬʦ- 

ʢʦʥʮʝʥ- 

ʪʨʘʪʛʘ 

ʯʠץʠʰ 

ʫʥʫʤʠ, % 

ʈ2ʆ5 

ʫʤʫʤ. 

ʈ2ʆ5 

˄ʟ. 

ʉʘʆ 

ʫʤʫʤ. 
ʉʆ2 N 

1 

90,88 

3 26,68 1,94 46,96 6,22 0,67 1,76 36,80 52,22 

2 4 26,70 1,92 47,26 6,20 0,64 1,77 37,44 53,17 

3 5 26,74 1,88 47,60 6,04 0,62 1,78 38,40 54,62 

4 6 26,77 1,87 47,92 5,93 0,60 1,79 38,56 54,91 

5 10 26,00 1,79 46,80 5,85 0,56 1,80 39,04 53,99 

6 

102,30 

3 26,71 2,37 47,01 4,96 0,75 1,76 36,72 52,17 

7 4 26,74 2,32 47,06 4,81 0,72 1,76 37,36 53,14 

8 5 26,78 2,30 48,20 4,40 0,70 1,80 38,32 54,59 

9 6 26,80 2,28 48,51 4,32 0,69 1,81 38,48 54,85 

10 10 26,01 2,17 47,08 4,22 0,66 1,81 39,00 53,96 

 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʥʠ ʤʝʲʸʨʠ ʚʘ 

ʪʠʥʜʠʨʠʰ ʚʘץʪʠʥʠ ʤʦʩ ʨʘʚʠʰʜʘ 90,88-102,30% ʚʘ 3-10 ʜʘץʠץʘ ʦʨʘʣʠסʠʜʘ  

˄ʟʛʘʨʠʰʠ ʙʠʣʘʥ  ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠʥʛ ʘʩʦʩʠʡ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ʙʠʨ ʤʫʥʯʘ 

˄ʟʛʘʨʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. 

ʂʠʩʣʦʪʘ ʤʝʲʸʨʠ 90,88% ʚʘ ʪʠʥʜʠʨʠʰ ʚʘץʪʠ 3-4 ʜʘץ. ʙ˄ʣʛʘʥʜʘ ʂɹʌʂʥʠ 

ʯʠץʠʰ ʫʥʫʤʠ 36,80-37,44%, ʈ2ʆ5 ʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠ ʵʩʘ 

52,22-53,17% ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ, ʙʫʥʜʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘ ʈ2ʆ5 ʥʠʥʛ  

ʤʠץʜʦʨʠ 26,68-26,70% ʚʘ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣʴ ʵʩʘ 1,76-1,77 ʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ. 

ʊʠʥʜʠʨʠʰ ʚʘץʪʠʥʠ 5-6 ʜʘץʠץʘʛʘ ʦʨʪʠʰʠ ʙʠʣʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʯʠץʠʰ 

ʫʥʫʤʠ ʚʘ ʈ2ʆ5 ʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ 

ʢ˄ʪʘʨʠʣʠʰʠ ʢʫʟʘʪʠʣʘʜʠ ʚʘ ʫ ʤʦʩ ʨʘʚʠʰʜʘ  38,40-38,56% ʚʘ 54,62-54,91% ʛʘ, 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʛʠ  ʈ2ʆ5ʥʠʥʛ ʤʠץʜʦʨʠ ʵʩʘ 26,74-26,77% ʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ. 

ɹʫʥʜʘ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣʴ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ˄ʟʛʘʨʤʘʡʜʠ ʚʘ ʫ 1,78-1,79 

ʙ˄ʣʛʘʥ ʦʨʘʣʠץʜʘ ʸʪʘʜʠ. ʊʠʥʜʠʨʠʰ ʚʘץʪʠʥʠ 10 ʜʘץʠץʘʛʘ ʦʨʪʠʰʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠʥʛ ʘʩʦʩʠʡ ʢ˄ʨʩʘʪʛʠʯʣʘʨʠʛʘ ʜʝʷʨʣʠ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʤʘʡʜʠ. 

ʅʠʪʨʘʪ ʢʠʩʣʦʪʘʥʠ ʤʝʲʸʨʠ  102,30% ʙ˄ʣʛʘʥʜʘ ʶץʦʨʠʜʘʛʠ ʢʘʙʠ ˄ʭʰʘʰ ״ʦʣʘʪ 

ʢʫʟʘʪʠʣʘʜʠ. 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʜʘʥ ʰʫʥʜʘʡ ʭʫʣʦʩʘʛʘ ʢʝʣʠʰ ʤʫʤʢʠʥʢʠ, ץʘʪʪʠץ 

ʬʘʟʘʥʠ ʯ˄ʢʠʰʠ ʵʨʢʠʥ ״ʦʣʜʘ ʙ˄ʣʠʙ, ʉʘ(Nʆ3)2 ʵʨʠʪʤʘʩʠ ʚʘ ʩʫʚ ʙʠʣʘʥ ʶʚʠʰʜʘ 

 ʠ ʬʦʩʬʘʪ ʭʦʤסʘ ʦʨʘʣʠץʠץʪʠ 5-6 ʜʘץʦʩʠʣ ʙ˄ʣʛʘʥ ʩʫʩʧʝʥʟʠʷʣʘʨʥʠ ʪʠʥʠʰ ʚʘ״

ʘʰʸʩʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʥʠ ʤʘץʙʫʣ ʢʘʪʪʘʣʠʢʣʘʨʠʙ˄ʣʠʙ 

 ʜʦʨʠʥʠץʠʨʣʠʢ ʤʠסʦʪʣʘʨʜʘ ʉʘ(Nʆ3)2 ʵʨʠʪʤʘʩʠ ʦץʠץʠʩʦʙʣʘʥʘʜʠ. ʂʝʡʠʥʛʠ ʪʘʜ״

ʦʣʠʥʛʘʥ ʂɹʌʂʥʠ ʩʠʬʘʪ ʢʨ˄ʩʘʪʢʠʯʣʘʨʠ ʪʘʲʩʠʨʠʥʠ ʪʘʜץʠץ ʵʪʠʰ ʤʘץʩʘʜʛʘ 
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ʤʫʚʦʬʠץʜʠʨ. ʐʫʥʠʥʛʫʯʫʥ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʥʠ 90,88, 102,30 ʚʘ 108,0% 

ʤʝʲʸʨʣʘʨʠʜʘ ʧʘʨʯʘʣʘʥʠʰ ʤʘ״ʩʫʣʦʪʣʘʨʠ 10%-ʣʠ ʉʘ(Nʆ3)2 ʵʨʠʪʤʘʩʠ ʙʠʣʘʥ 

ʬʦʩʬʦʨʠʪ ʭʦʤ ʘʰʸʩʠʛʘ ʥʠʩʙʘʪʘʥ 1:(1,5-3,5) ʙ˄ʣʛʘʥ ʦʨʘʣʠץʜʘ ʶʚʠʣʠʰʠ 

˄ʨʛʘʥʠʣʜʠ (2-ʨʘʩʤ).ʅʘʪʠʞʘʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʈ2ʆ5 ʥʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠʛʘ ʘʩʦʩʘʥ ʅNO3 ʤʝʲʸʨʠ ʚʘ ʉʘ(NO3)2 

ʵʨʠʪʤʘʩʠʥʠʥʛ ʤʠץʜʦʨʠ ʢ˄ʨʩʘʪʘʜʠ. ʌʍɸ:10%-ʣʠ ʉʘ(NO3)2 ʨɻʠʪʤʘʩʠ=1:2,5 

ʥʠʩʙʘʪʜʘ ʅNO3 ʤʝʲʸʨʠʥʠ 90,88 ʜʘʥ 102,30% ʦʨʪʠʰʠ ʥʘʪʠʞʘʩʠʜʘ  ʈ2ʆ5 ʥʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠ  ʙʦʨ-ʡ˄סʠ 52,16 ʜʘʥ 52,62% ʛʘ,  ʌʍɸ:10%-

ʣʠ ʉʘ(NO3)2 ɻ ʨʠʪʤʘʩʠ=1:3,5 ʥʠʩʙʘʪʜʘ ʵʩʘ 53,41 ʜʘʥ 54,06% ʛʘ ץʘʜʘʨʦʨʪʠʰʠ 

 

 
 2-ʨʘʩʤ. ʅNʆ3 ʤʝʲʸʨʠ ʚʘ ʌʍɸ:ʉʘ(NO3)2 

ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠʥʠ ʈ2ʆ5 ʥʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠʛʘ 

ʪʘʲʩʠʨʠ. 

3-ʨʘʩʤ.ʈ2ʆ5 ʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ 

ʯʠץʠʰ ʫʥʫʤʠʛʘ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʪʘʲʩʠʨʠ. HNO3 

ʤʝʲʸʨʠ, %: 1 ï 90,88; 2 ï 102,30; 3 - 

113,63. 

 

ʢʫʟʘʪʠʣʘʜʠ ʭʦʣʦʩ. ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʈ2ʆ5 ʥʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠʛʘ ʪʘʲʩʠʨʠʥʠ ˄ʨʛʘʥʠʰ ʫʯʫʥ ״ʘʤ ʙʠʨ ץʘʪʦʨ 

ʣʘʙʦʨʘʪʦʨʠʷ ʪʘʞʨʠʙʘʣʘʨʠ ˄ʪʢʘʟʠʣʜʠ.  ɹʫʥʠʥʛ ʫʯʫʥ ʉʘ(Nʆ3)2ʥʠ ʢʠʤʸʚʠʡ ʪʦʟʘ 

ʥʘʤʫʥʘʩʠʜʘʥ 5; 10; 15; ʚʘ 25%-ʣʠ ʵʨʠʪʤʘʣʘʨʠ ʪʘʡʸʨʣʘʥʜʠ. HNO3 ʥʠʥʛ ʤʝʲʸʨʠ 

ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʜʘʛʠ ʉʆ2 ʛʘ ʥʠʩʙʘʪʘʥ 90,88, 102,30 ʚʘ 113,63% ʜʝʙ ʦʣʠʥʜʠ. 

ʃʘʙʦʨʘʪʦʨʠʷ ʪʘʞʨʠʙʘʣʘʨʠʥʠ ʥʘʪʠʞʘʣʘʨʠ 3-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ.  ʅNO3 

ʤʝʲʸʨʠ ʚʘ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʦʨʪʠʰʠ ʙʠʣʘʥ ʈ2ʆ5 ʥʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠ ʢʘʤʘʡʠʰʠ ʘʥʠץʣʘʥʜʠ.  

ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ 

ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʣʛʘʥʜʘ ʢʠʩʣʦʪʘʣʠ ʤʘ״ʩʫʣʦʪʣʘʨʥʠ ʉʘ(Nʆ3)2 ʵʨʠʪʤʘʩʠ ʚʘ ʩʫʚ 

ʙʠʣʘʥ ʠʢʢʠ ʙʦʩץʠʯʣʠ ʶʚʠʰʜʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʙʠʨ ץʘʪʦʨʜʘ ʪʘʨʢʠʙʠʜʘ  

9,69% ʉʘʆ, 2,94% ʈ2ʆ5, 2,8% N ʠ 70,35% ʅ2ʆ ʙ˄ʣʛʘʥ ʥʠʪʨʦʢʘʣʴʮʠʡʬʦʩʬʘʪ 

ʩʫʩʧʝʥʟʠʷʩʠ (ʅʂʌʉ) ״ʦʩʠʣ ʙ˄ʣʘʜʠ.  ʅʂʌʉ ʥʠ NPCa-˄סʠʪʛʘ ץʘʡʪʘ ʠʰʣʘʰ 

ʫʯʫʥ ʫʥʛʘ ʢʝʨʘʢʣʠ ʤʠץʜʦʨʜʘ 52,5%-ʣʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘ ץ˄ʰʠʙ, ʦʣʠʥʛʘʥ 



15 

ʘʨʘʣʘʰʤʘ ʸʨʜʘʤʠʜʘ  46,70% ʉʘʆ, 18,80% ʈ2ʆ5 ʚʘ 15,19% ʉʆ2 ʪʘʨʢʠʙʛʘ ʵʛʘ 

ʙ˄ʣʛʘʥ ʄפ ʬʦʩʬʦʨʠʪʠ 50
ʦ
ʉ ״ʘʨʦʨʘʪʜʘ ʧʘʨʯʘʣʘʥʜʠ. ɹʘʞʘʨʠʣʛʘʥ 

ʪʘʞʨʠʙʘʣʘʨʜʘ ʵʨʠʪʤʘʥʠ ʨʅ ʤʫ״ʠʪʠ 0,5-3,0 ʚʘ ʌʍɸ:ʅʂʌʉ ʥʠʩʙʘʪʠ 1:0,5 ʜʘʥ 

1:1,0 ʙ˄ʣʛʘʥ ʦʨʘʣʠץʣʘʨʜʘ ʦʣʠʥʜʠ. ʇʘʨʯʘʣʘʥʠʰʜʘʥ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʙ˄ʪץʘʣʘʨ 

NPCa-ʢʦʤʧʣʝʢʩ ˄סʠʪ ʦʣʠʰ ʤʘץʩʘʜʠʜʘ ץʫʨʠʪʠʣʜʠ ʚʘ ʜʦʥʘʜʦʨʣʘʥʜʠ. NPCa-

ʢʦʤʧʣʝʢʩ ˄סʠʪ ʦʣʠʰʥʠʥʛ ʤʘץʙʫʣ ʢʘʪʪʘʣʠʢʣʘʨʠ ʘʥʠץʣʘʥʜʠ: ʅʂʌʉ ʥʠ ʨʅʠ 1,0 

ʚʘ ʌʍɸ:ʅʂʌʉ ʥʠʩʙʘʪʠ 1:0,75. ɹʫʥʜʘ ʪʘʨʢʠʙʠʜʘ  15,17% ʈ2ʆ5ʫʤʫʤ.; ʣʠʤʦʥ 

ʢʠʩʣʦʪʘʩʠ ʙ˄ʡʠʯʘ 8,20% ʈ2ʆ5˄ʟ.; ʪʨʠʣʦʥ-ɹ ʙ˄ʡʠʯʘ 6,83% ʈ2ʆ5˄ʟ.; 9,38% ʉʘʆʩʫʚ. 

ʚʘ 4,70% N ʙ˄ʣʛʘʥ NPCa-ʢʦʤʧʣʝʢʩ ˄סʠʪʠ ʦʣʠʥʘʜʠ. 

ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʶץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʙʦʡʠʪʠʰ 

ʫʩʫʣʠʥʠʥʛ ʘʩʦʩʠʡ ʢʘʤʯʠʣʠʢʣʘʨʠ ץʫʡʠʜʘʛʠʣʘʨʜʠʨ: ʤʘץʩʘʜʣʠ ʤʘ״ʩʫʣʦʪ - 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠʥʛ ʯʠץʠʰ ʫʥʫʤʠʥʠ ʧʘʩʪʣʠʛʠ (35-36%); ʈ2ʆ5 ʥʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠ ʧʘʩʪʣʠʛʠ (56-60%) ʚʘ ʙʦʡʠʪʠʰʜʘ ״ʦʩʠʣ 

ʙ˄ʣʛʘʥ ʅʂʌʉʣʘʨʥʠ ץʘʡʪʘ ʠʰʣʘʰʥʠ ץʠʡʠʥʯʠʣʠʛʠ. 

 ʄפ ʧʘʩʪ ʥʘʚʣʠ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰʜʘʛʠ 

ʶץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʢʘʤʯʠʣʠʢʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʚʘ ʶץʦʨʠ ʩʘʤʘʨʘʜʦʨ 

ʙʦʡʠʪʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʷʨʘʪʠʰ ʫʯʫʥ ʙʫ ʤʫʘʤʤʦ ʫʩʪʠʜʘ ʙʠʟ ʪʘʨʘʬʜʘʥ 

ʤʫʥʪʘʟʘʤ ʪʘʜץʠץʦʪʣʘʨ ʦʣʠʙ ʙʦʨʠʣʜʠ. çʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ 

ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʩʠ ʙʠʣʘʥ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰʥʠ 

ʪʘʢʦʤʠʣʣʘʰʛʘʥ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʠʰʣʘʙ ʯʠץʠʰè ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʫʯʠʥʯʠ 

ʙʦʙʠ ʫʰʙʫ ʤʘʩʘʣʘʣʘʨʛʘ ʙʘסʠʰʣʘʥʛʘʥ.  

ɹʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ ʪʘʜץʠץ ʵʪʠʰ ʫʯʫʥ (ʦסʠʨ.,%): ʈ2ʆ5-17,52; ʉʘʆ-

47,53; ʉʆ2-15,23; SO3-2,00; Fe2O3-1,24; Al 2O3-1,05; F-2,00; Cl-0,1; 

ʉʘʆ:ʈ2ʆ5=2,71 ʚʘ ʵʨʠʤʘʡʜʠʛʘʥ ץʦʣʜʠ7,8- ץ ʪʘʨʢʠʙʣʠ ʶץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ 

ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠ ʚʘ HNO3ʥʠʥʛ 58,78%-ʣʠ ʵʨʠʪʤʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. 

HNO3 ʥʠʥʛ ʤʝʲʸʨʠ ʌʍɸʜʘʛʠ  ʉʘʉʆ3 ʥʠ ʧʘʨʯʘʣʘʰʛʘ ʥʠʩʙʘʪʘʥ  107; 119 ʚʘ 

143% ʜʝʙ ʦʣʠʥʜʠ, ʙʫ ʵʩʘ ʭʦʤ ʘʰʸʜʘʛʠ ʉʘʆ ʛʘ  ʥʠʩʙʘʪʘʥ 45; 50 ʚʘ 60% ʥʠ 

ʪʘʰʢʠʣ ʵʪʘʜʠ.  ʈ2ʆ5 ʥʠ ʵʨʠʪʤʘʛʘ ˄ʪʠʙ ʢʝʪʠʰʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʤʘץʩʘʜʠʜʘ 

ʅʂʌʉ ʘʚʚʘʣ ʤʫ״ʠʪ ʨʅ=3 ʙ˄ʣʛʫʥʯʘ ʘʤʤʠʘʢ ʛʘʟʠ ʙʠʣʘʥ ʥʝʡʪʨʘʣʣʘʥʘʜʠ ʚʘ 

ʩ˄ʥʛʨʘ ʩʫʶץ ʚʘ ץʘʪʪʠץ ʬʘʟʘ ʚʘʢʫʫʤ ʦʩʪʠʜʘ ʬʠʣʴʪʨʣʘʰ ʫʩʫʣʠʜʘ ʘʞʨʘʪʠʣʘʜʠ.  

ɸʤʤʠʘʢ ʛʘʟʠ ʙʠʣʘʥ ʥʝʡʪʨʘʣʣʘʛʘʥʜʘ ʤʦʥʦʢʘʣʴʮʠʡ ʬʦʩʬʘʪ, ʢʘʣʴʮʠʡ ʥʠʪʨʘʪ ʚʘ 

ʘʤʤʠʘʢ ˄ʨʪʘʩʠʜʘ ץʫʡʠʜʘʛʠ ʨʝʘʢʮʠʷ ʩʦʜʠʨ ʙ˄ʣʘʜʠ:  

Ca(H2PO4)2 + Ca(NO3)2 + 2NH3 = 2CaHPO4 +Ȣ 2NH4NO3 

ɹʫʥʜʘ CaHPO4 ʪʫʟʠ ʯ˄ʢʤʘʛʘ ʪʫʰʘʜʠ ʚʘ ʘʤʤʦʥʠʡ ʥʠʪʨʘʪ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. 

ɺʘʢʫʫʤ ʦʩʪʠʜʘ ʬʠʣʴʪʨʣʘʥʠʰ ʧʘʡʪʠʜʘ ʜʠʢʘʣʴʮʠʡʬʦʩʬʘʪ ʪʫʟʠ ץʘʪʪʠץ ʬʘʟʘʜʘ 

 ʘʪʜʘʥ ʙʘʨʯʘ ʬʦʩʬʦʨ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ״ʠʩʦʙʠʛʘ ʘʤʘʣʠʡ ʞʠ״ ʦʣʠʰʠץ

ʪʘʨʢʠʙʠʜʘ ץʦʣʘʜʠ. ɹʫ ʵʩʘ HNO3 ʥʠ ʶץʦʨʠ ʤʝʲʸʨʣʘʨʠʥʠ ʠʰʣʘʪʠʰʛʘ ʚʘ 

ʦʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘʛʠ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣʥʠ (ʉʘʆ:ʈ2ʆ5) ʵʩʘ 

ʷʥʘʜʘ ʢʘʤʘʡʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ɹʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘ ʢʘʣʴʮʠʡʣʠ 

ʤʦʜʫʣ ɹץʘʥʯʘ ʢʘʤ ʙ˄ʣʩʘ, ʫʥʛʘ ʩʫʣʴʬʘʪ ʢʠʩʣʦʪʘʣʠ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʰʫʥʯʘ ʢʘʤ 

ʢʠʩʣʦʪʘ ʪʘʣʘʙ ʵʪʠʣʘʜʠ ʚʘ ʰʫʥʯʘ ʢʘʤ ʤʠץʜʦʨʜʘ ʬʦʩʬʦʛʠʧʩ ʯʠץʠʥʜʠʩʠ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠ. ʅNʆ3 ʤʝʲʸʨʠʥʠ ˄ʨʛʘʥʠʣʛʘʥ ʌʍɸ:10%-ʣʠ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ 

ʥʠʩʙʘʪʣʘʨʠʜʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘʛʠ ʈ2ʆ5 ʤʠץʜʦʨʠ ʚʘ ʢʘʣʴʮʠʡʣʠ 

ʤʦʜʫʣʛʘ ʪʘʲʩʠʨʠ 4-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ʅʘʪʠʞʘʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, 

ʌʍɸ:10%-ʣʠ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠ 1:2,5 ʜʘ ʅNO3 ʥʠ ʤʝʲʸʨʠ 45 ʜʘʥ 
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60% ʛʘʯʘ ʦʨʪʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʦʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘ   ʈ2ʆ5ʫʤʫʤ. 

ʤʠץʜʦʨʠ 24,67 ʜʘʥ 26,67% ʛʘʯʘ ʦʨʪʘʜʠ (1-ʯʠʟʠץ) ʚʘ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣ ɹʵʩʘ 

1,66 ʜʘʥ 1,48 ʛʘʯʘ ʢʘʤʘʷʜʠ (3-ʯʠʟʠץ).   ʌʍɸ:10%-ʣʠ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ 

ʥʠʩʙʘʪʠ 1:3,0 ʜʘ ʦʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘ   ʈ2ʆ5ʫʤʫʤ. ʤʠץʜʦʨʠ 

25,36 ʜʘʥ 26,96% ʛʘʯʘ ʦʨʪʘʜʠ (2-ʯʠʟʠץ) ʚʘ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣ ɹʵʩʘ 1,60 ʜʘʥ 1,45 

ʛʘʯʘ ʢʘʤʘʷʜʠ (4-ʯʠʟʠץ). ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠ 

ʤʘץʙʫʣ ʢʘʪʪʘʣʠʢʣʘʨʠ ʘʥʠץʣʘʥʜʠ: ʅNʆ3 ʤʝʲʸʨʠ - 50%;  ʉʘ(NO3)2 ʥʠ ʶʚʫʚʯʠ 

ʵʨʠʪʤʘʩʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ-10% ʚʘ ʌʍɸ:ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠ 1:2,5. 

ɹʫʥʜʘ 26,25% ʈ2ʆ5ʫʤʫʤ.; ʣʠʤʦʥ ʢʠʩʣʦʪʘʩʠ ʙ˄ʡʠʯʘ 11,88% ʈ2ʆ5˄ʟ.; ʪʨʠʣʦʥ-ɹ 

ʙ˄ʡʠʯʘ 7,99% ʈ2ʆ5˄ʟ.; 39,81% ʉʘʆʫʤʫʤ.; ʣʠʤʦʥ ʢʠʩʣʦʪʘʩʠ ʙ˄ʡʠʯʘ 18,50% 

ʉʘʆ˄ʟ.; 2,32% ʉʆ2 ʚʘ 0,92% N ʙ˄ʣʛʘʥ ʪʘʨʢʠʙʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ 

 ʦʩʠʣ ʙ˄ʣʘʜʠ. ɹʫ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ 1,52 ʢʘʣʴʮʠʡ ʤʦʜʫʣʠʛʘ ʵʛʘ ʙ˄ʣʠʙ, ʫʥʠʥʛ״

ʉʘ(Nʆ3)2 ʜʘʥ ʶʚʠʣʠʰ ʜʘʨʘʞʘʩʠ 94,41% ʪʝʥʛ. ʉʠʬʘʪʣʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʚʘ 

ʷʥʘʜʘ ʢʦʥʮʝʥʪʨʣʘʥʛʘʥ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪ ʵʨʠʪʤʘʣʘʨʠʥʠ ʦʣʠʰ ʫʯʫʥ ʢʘʣʴʮʠʡ 

ʥʠʪʨʘʪʥʠ ʘʞʨʘʪʠʙ ʦʣʫʚʯʠ ʵʨʠʪʤʘʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʪʘʲʩʠʨʠ ʪʘʜץʠץ 

ʵʪʠʣʜʠ. ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʘʞʨʘʪʠʙ ʦʣʫʚʯʠ ʢʘʣʴʮʠʡ 

ʥʠʪʨʘʪ ʵʨʠʪʤʘʩʠʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʦʨʪʠʰʠ ʙʠʣʘʥ ʯʠץʠʙ ʢʝʪʘʸʪʛʘʥ ʩʫʶץ 

ʬʘʟʘʣʘʨ ʘʨʘʣʘʰʤʘʩʠʜʘʛʠ ʫʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʦʨʪʘʜʠ.ɾʘʨʘʸʥʥʠ ʤʘץʙʫʣ 

ʢʘʪʪʘʣʠʢʣʘʨʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥʜʘ ʪʘʨʢʠʙʠʜʘ 6,42% ʉʘʆʩʫʚ. ʙ˄ʣʛʘʥ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʶʚʫʚʯʠ ʵʨʠʪʤʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. 

 
4-ʨʘʩʤ. ʨʅ=3 ʙ˄ʣʛʘʥʜʘ ʅNʆ3 ʤʝʲʸʨʠʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘʛʠ ʈ2ʆ5 

ʤʠץʜʦʨʠ ʚʘ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣʛʘ ʪʘʲʩʠʨʠ. 1,3-ʌʍɸ:10%-ʣʠ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ 

ʥʠʩʙʘʪʠ 1:2,5; 2,4- ʌʍɸ:10%-ʣʠ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠ 1:3,0. 
 



17 

ʂʠʤʸʚʠʡ ʙʦʡʠʪʠʰ ʥʘʪʠʞʘʩʠʜʘ ʦʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʷʛʦʥʘ 

ʢʘʤʯʠʣʠʛʠ ʙʫ ʫʥʠʥʛ ʪʘʨʢʠʙʠʜʘ ʉʘʆʩʫʚ. ʥʠ ʢ˄ʧʣʠʛʠʜʠʨ. ɹʫ ʵʩʘ ʫʥʠ 

ʸʧʠʰץʦץʣʠʛʠʥʠ ʦʰʠʨʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ ʢʝʡʠʥʛʠ ʪʘʞʨʠʙʘʣʘʨʜʘ ʩʫʚʥʠʥʛ 

ʤʠץʜʦʨʠ ʚʘ ״ʘʨʦʨʘʪʠʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʩʠʬʘʪʠʛʘ ʪʘʲʩʠʨʠ ˄ʨʛʘʥʠʣʜʠ. 

ʌʍɸ:ʅ2ʆ ʚʘ ʌʍɸ:ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠʥʠ ʂɹʌʂ ʜʘʛʠ ʉʘʆʩʫʚ. ʥʠʥʛ 

ʤʠץʜʦʨʠʛʘ ʪʘʲʩʠʨʠ 5-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ɹʫʥʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ, ʩʫʚ 

ʤʠץʜʦʨʠʥʠ ʦʨʪʠʰʠ ʙʠʣʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʛʠ ʉʘʆʩʫʚ. ʥʠʥʛ ʤʠץʜʦʨʠ 

ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʤʘʷʜʠ. ʉʫʚ ʤʠץʜʦʨʠ ץʘʥʯʘ ʢ˄ʧ ʙ˄ʣʩʘ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʛʠ ʉʘʆʩʫʚ. ʥʠʥʛ ʤʠץʜʦʨʠ ʰʫʥʯʘ ʢʘʤ ʙ˄ʣʘʜʠ. ɼʝʤʘʢ ʙʫʥʜʘ 

ʩʫʚʥʠʥʛ ʤʠץʜʦʨʠ ʦʨʪʠʰʠ ʙʠʣʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʛʠ ʉʘ(NO3)2 ʥʠ ʤʠץʜʦʨʠ 

ʢʘʤʘʷʜʠ, ʷʲʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠʥʛ ʶʚʠʣʠʰ ʜʘʨʘʞʘʩʠ ʦʨʪʘʜʠ ʚʘ ʢʘʣʴʮʠʡ 

ʤʦʜʫʣʠ ʢʘʤʘʷʜʠ. 

ʐʫʥʠ ʪʘʲʢʠʜʣʘʰ ʣʦʟʠʤʢʠ, ʶץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʌʍɸ:ʅ2ʆ ʥʠʩʙʘʪʣʘʨʜʘ 

ʂɹʌʂʜʘʥ ʉʘ(NO3)2 ʥʠ ʪ˄ʣʠץ ʘʞʨʘʪʠʙ ʙ˄ʣʤʘʡʜʠ. ʖʚʫʚʯʠʩʫʚ ʤʠץʜʦʨʠʥʠ  

ʦʨʪʠʰʠ ʙʠʣʘʥ ״ʦʩʠʣ ʙ˄ʣʘʸʪʛʘʥ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 

ʢʘʤʘʷʜʠ. ʅʘʤ ״ʦʣʜʘʛʠ ʂɹʌʂ ʥʠ ʶʚʠʰʜʘ ʩʫʚʥʠʥʛ ʤʠץʜʦʨʠʜʘʥ ʪʘʰץʘʨʠ ʫʥʠʥʛ 

 ʠʤ ʨʦʣʴ ˄ʡʥʘʡʜʠ. ʄʘʲʣʫʤʢʠ, ʉʘ(NO3)2 ʥʠʥʛ ʩʫʚʜʘʛʠ״ʘʤ ʤʫ״ ʘʨʦʨʘʪʠ״

ʵʨʫʚʯʘʥʣʠʛʠ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץʜʠʨ. ʄʘʩʘʣʘʥ, 20
ʦ
ʉ ʜʘ 100 ʛ ʩʫʚʜʘ 128,8 ʛ 

ʉʘ(NO3)2 ʵʨʠʩʘ,   30
ʦ
ʉ ʜʘ 149,4 ʛ,  40

ʦ
ʉ ʜʘ 189,0 ʛ, 60

ʦ
ʉ ʜʘ 359,0 ʛ ʚʘ 100

ʦ
ʉ ʜʘ 

363,0 ʛ ʵʨʠʡʜʠ. ɹʫ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʘʩʦʩʣʘʥʠʙ ʶʚʫʚʯʠ ʩʫʚʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ 

ʂɹʌʂ ʩʠʬʘʪʠʛʘ ʪʘʲʩʠʨʠ ˄ʨʛʘʥʠʣʜʠ. ʌʍɸ:ʉʘ(NO3)2 ʥʠ 10%-ʣʠ ʵʨʠʪʤʘʩʠ 

ʥʠʩʙʘʪʠ 1:2,0 ʚʘ 1:2,5  ʙ˄ʣʛʘʥʜʘ ʶʚʫʚʯʠ ʩʫʚ ״ʘʨʦʨʘʪʠʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ 

ʪʘʨʢʠʙʠʜʘʛʠ  ʉʘʆʩʫʚ. ʥʠ ʤʠץʜʦʨʠʛʘ ʪʘʲʩʠʨʠ ʥʘʪʠʞʘʣʘʨʠ 6-ʨʘʩʤʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ.  
 

 
5-ʨʘʩʤ. ʌʍɸ:ʅ2ʆ ʚʘ ʌʍɸ:ʉʘ(NO3)2 

ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ 

ʪʘʨʢʠʙʠʜʘʛʠ  ʉʘʆʩʫʚ.ʥʠ ʤʠץʜʦʨʠʛʘ 

ʪʘʲʩʠʨʠ. ʅNO3ʤʝʲʸʨʠ, %:1- 45; 2-50. 
 

6-ʨʘʩʤ. ʖʚʫʚʯʠ ʩʫʚʥʠ ״ʘʨʦʨʘʪʠʥʠ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘʛʠ  ʉʘʆʩʫʚ. 

ʥʠ ʤʠץʜʦʨʠʛʘ ʪʘʲʩʠʨʠ.ʌʍɸ:ʉʘ(NO3)2 ʥʠ 

10%-ʣʠ ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠ 1:2,0 (1) ʚʘ 

1:2,5 (2) 
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6-ʨʘʩʤ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʶʚʫʚʯʠ ʩʫʚ ״ʘʨʦʨʘʪʠ 

ʢ˄ʪʘʨʠʣʠʰʠ ʙʠʣʘʥ ʂɹʌʂ ʜʘʛʠ ʉʘʆʩʫʚ. ʤʠץʜʦʨʠ ʢʘʤʘʷʜʠ.  ʂɹʌʂ ʜʘʛʠ ʉʘʆʩʫʚ. 

ʤʠץʜʦʨʠʩʫʚʥʠ ״ʘʨʦʨʘʪʠ 60-70
ʦ
ʉ ʜʘ ʵʥʛ ʢʘʤ ץʠʡʤʘʪʣʘʨʛʘ ʵʛʘ ʙ˄ʣʘʜʠ.ɹʫ ʵʩʘ 

ʥʘʤ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʶʚʠʰʜʘ ʷʥʘ ʙʠʨ ʙʦʨ ʩʫʚʥʠ ״ʘʨʦʨʘʪʠ ʶץʦʨʠʜʘ 

ʢ˄ʨʩʘʪʠʣʛʘʥ ״ʘʨʦʨʘʪʜʘ ʙ˄ʣʠʰʠ ʣʦʟʠʤʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʡʜʠ. ɹʫʥʜʘ 

ʈ2ʆ5ʫʤʫʤ.=27,04-27,10%; ʣʠʤʦʥ ʢʠʩʣʦʪʘʣʠ ʈ2ʆ5˄ʟ.=12,26-12,28%; ʪʨʠʣʦʥ-ɹ ʣʠ 

ʈ2ʆ5˄ʟ.=8,25-8,29%; ʉʘʆʫʤʫʤ.=39,10-39,21%; ʣʠʤʦʥ ʢʠʩʣʦʪʘʣʠ ʉʘʆ˄ʟ.=18,24-

18,27%; ʉʘʆʩʫʚ.=1,48-1,54%; ʉʆ2=2,38-2,39; N=0,74-0,77; ʉʘʆ:ʈ2ʆ5=1,44ï1,45 

ʪʘʨʢʠʙʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. 

ʌʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ ʉʘ(NO3)2 ʜʘʥ ʶʚʠʣʠʰ ʜʘʨʘʞʘʩʠ ʵʩʘ 95,68-95,88% ʛʘ 

ʪʝʥʛ. ʂʝʡʠʥʛʠʪʘʞʨʠʙʘʣʘʨʜʘ 2-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʪʫʨʣʠ ʭʠʣ ʪʘʨʢʠʙʣʠ 

ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ.  

2-ʞʘʜʚʘʣ 

ʊʫʨʣʠ ʥʘʚʣʠ ʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʢʠʤʸʚʠʡ 

ʪʘʨʢʠʙʠ   
 

ʌʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠ 

ʪʫʨʠ 

ɸʩʦʩʠʡ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʠץʜʦʨʠ,% ɹʦʰץʘ-

ʣʘʨ  
ʉʘʆ:ʈ2ʆ5 ʈ2ʆ5 ʉʘʆ ʉʆ2 

ʄʠʥʝʨ.ʤʘʩʩʘ (ʄʄ) 15,06 44,27 14,11 26,56 2,94 

ʌʦʩʬʦʨʠʪ ʫʥʠ (ʌʋ) 16,33 47,13 17,23 19,31 2,89 

 

ʄʘʲʣʫʤʢʠ, ʄʄ ʁ ʚʠʙ ʢʫʡʜʠʨʠʣʛʘʥ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʠ ʠʰʣʘʙ 

ʯʠץʘʨʠʰʜʘ ʢʘʪʪʘ ʤʠץʜʦʨʣʘʨʜʘ ʯʠץʠʥʜʠ ʩʠʬʘʪʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ʖץʦʨʠʜʘ 

ʢʝʣʪʠʨʠʣʛʘʥ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʠʰʣʘʪʠʣʛʘʥ ״ʦʣʜʘ ˄ʪʢʘʟʠʣʛʘʥ ʣʘʙʦʨʘʪʦʨʠʷ 

ʪʘʞʨʠʙʘʣʘʨʠ ʥʘʪʠʞʘʩʠʜʘ ʫʣʘʨʥʠ ʙʦʡʠʪʠʰʥʠ ʤʘץʙʫʣ ʰʘʨʦʠʪʣʘʨʠ ʘʥʠץʣʘʥʜʠ: 

ʌʋ ʫʯʫʥ ʅNO3 ʥʠʥʛ ʤʝʲʸʨʠ 50% ʚʘ ʄʄ ʫʯʫʥ ʵʩʘ 60%; ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠʥʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ï 10% ʚʘ ʌʍɸ:ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠ 1:2,5. ʂɹʌʂ ʥʠʥʛ 

ʪʘʨʢʠʙʠ ʚʘ ʙʦʰץʘ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ 3-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ.   

ɹʫ ʞʘʜʚʘʣ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣʴ ʄʄ 

ʚʘ ʌʋ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʜʘ ʜʘʩʪʣʘʙʢʠ ʬʦʩʬʦʨʠʪʣʘʨʛʘ 

ʥʠʩʙʘʪʘʥ ʤʦʩ ʨʘʚʠʰʜʘ 1,88 ʚʘ 1,82 ʤʘʨʪʘ ʢʘʤʘʷʜʠ. ʋʣʘʨʜʘʛʠ ʈ2ʆ5 ʥʠʥʛ 2%-ʣʠ 

ʣʠʤʦʥ ʢʠʩʣʦʪʘʣʠ ʰʘʢʣʠʥʠ ʥʠʩʙʠʡ ʤʠץʜʦʨʠ ʤʦʩ ʨʘʚʠʰʜʘ 45,47 ʚʘ 45,32% ʛʘ 

ʪʝʥʛ. 

3-ʞʘʜʚʘʣ    

ʌʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠ 
 

ʌʦʩʬʘʪ ʭʦʤ 

ʘʰʸʩʠ ʪʫʨʠ 

ɸʩʦʩʠʡ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʠץʜʦʨʠ,% 

ʉʘʆ: 

ʈ2ʆ5 

ʈ2ʆ5 ʥʠ 

ʬ/ʢʛʘ 

ʯʠץʠʰ 

ʫʥʫʤʠ, 

% 

ʌ/ʂ ʥʠ 

ʉʘ(NO3)2 

ʜʘʥ 

ʶʚ.ʜʘʨ., 

% 

ʈ2ʆ5 

ʫʤʫʤ

. 

ʈ2ʆ5 

˄ʟʣ. 

ʉʘʆ 

ʫʤʫʤ. 
ʉʆ2 N 

ʄʄ 24,54 11,16 38,28 2,23 1,07 1,56 100 93,47 

ʌʋ 25,02 11,34 39,38 2,38 0,99 1,59 100 94,25 
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ɹʫ ״ʦʣʘʪ ʰʫʥʜʘʥ ʜʘʣʦʣʘʪ ʙʝʨʘʜʠʢʠ, ʦʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʥʘʬʘץʘʪ 

ʩʫʣʴʬʘʪ ʢʠʩʣʦʪʘʣʠ ץʘʡʪʘ ʠʰʣʘʰʛʘ ʷʨʦץʣʠ, ʙʘʣʢʠ ʙʦʰץʘ ʪʫʨʜʘʛʠ 

ʬʘʦʣʣʘʰʪʠʨʠʣʛʘʥ ʬʦʩʬʦʨ ʪʫʪʛʘʥ ˄סʠʪʣʘʨ ʦʣʠʰ ʫʯʫʥ ״ʘʤ ʪʘʡʸʨ ʷʨʠʤ 

ʤʘ״ʩʫʣʦʪʜʠʨ. ʄʘʲʣʫʤʢʠ, ʶץʦʨʠʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʜʘʥ ʥʠʪʨʘʪ 

ʢʠʩʣʦʪʘ ʸʨʜʘʤʠʜʘ ʂɹʌʂ ʦʣʠʰʜʘ ʵʥʛ ʩʝʢʠʥ ʙʦʩץʠʯʠ ʙʫ ʅʂʌʉ ʣʘʨʥʠ 

ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʢʣʘʨʠʜʠʨ. ʐʫ ʩʘʙʘʙʣʠ ʢʝʡʠʥʛʠ ʢʝʡʠʥʛʠ ʠʰʣʘʨʜʘ ʅʂʌʉ 

ʥʠ ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʢʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ (4-ʞʘʜʚʘʣ). ɾʘʜʚʘʣʜʘʛʠ 

ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʥʠ 45-50% 

ʤʝʲʸʨʠʣʘʨʠʜʘʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʟʘʨʨʘʯʘʣʘʨʠʥʠʥʛ ˄ʣʯʘʤʠ 19,84 ʤʢʤ ʛʘ ʪʝʥʛ, 

60% ʣʠ ʤʝʲʸʨʜʘ ʵʩʘ ʫ 15,68 ʤʢʤ ʛʘ ʪʝʥʛ. ɼʝʤʘʢ ʅNO3 ʤʝʲʸʨʠʥʠ ʦʨʪʠʰʠ 

ʙʠʣʘʥ ʂɹʌʂ ʟʘʨʨʘʯʘʣʘʨʠʥʠ ˄ʣʯʘʤʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʤʘʷʜʠ. ʂɹʌʂ 

ʟʘʨʨʘʯʘʣʘʨʠʥʠ ˄ʣʯʘʤʠ ʢʠʯʠʢʣʠʛʠ ʪʫʬʘʡʣʠ ʬʦʩʬʦʨʠʪ ʩʫʩʧʝʥʟʠʷʩʠʥʠ ʅNO3 

ʥʠʥʛ ʤʘץʙʫʣ ʤʝʲʸʨʣʘʨʠʜʘ (45-50%) ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʛʠ 212,6-232,0 ʢʛ/ʩϽʤ2 

ʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ, ʙʫ ʵʩʘ ʬʦʩʬʘʪʢʠʩʣʦʪʘʛʠʧʩʣʠ ʙ˄ʪץʘʥʠʥʛ ʬʠʣʴʪʨʣʘʥʠʰ 

ʪʝʟʣʠʛʠʜʘʥ 3-4 ʤʘʨʪʘ ʢʘʤʜʠʨ.  

4-ʞʘʜʚʘʣ 

ʌʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ ʜʠʩʧʝʨʩ ʪʘʨʢʠʙʠʥʠ ʫʣʘʨʥʠ ʬʠʣʴʪʨʣʘʥʠʰ 

ʪʝʟʣʠʢʣʘʨʠ ʚʘ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪʜʘʥ ʶʚʠʣʠʰ ʜʘʨʘʞʘʣʘʨʠʛʘ ʪʘʲʩʠʨʠ 
 
ʅNO3 

ʤʝʲʸʨʠ, % 

ɿʘʨʨʘʯʘʣʘʨʥʠ 

˄ʣʯʘʤʠr˄ʨʪ., ʤʢʤ 

ʌʠʣʴʪʨʣʘʥʠʰ 

ʪʝʟʣʠʛʠ,  

ʢʛ/ʩϽʤ2
 

ʌ/ʂ ʥʠ ʉʘ(NO3)2 

ʜʘʥ ʶʚ. 

ʜʘʨʘʞʘʩʠ, % 

35-40 13,03 183,6 93,35 

45-50 19,84 232,0 94,60 

60 15,68 212,6 94,11 

 

ʐʫ ʪʫʬʘʡʣʠ ʢʝʡʠʥʛʠ ʪʘʜץʠץʦʪʣʘʨʠʤʠʟʜʘ ʅʂʌʉ ʣʘʨʥʠ ʪʫʨʣʠ ʭʠʣ 

ʢʦʘʛʫʣʷʥʪʣʘʨ ʸʨʜʘʤʠʜʘ ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʢʣʘʨʠʥʠ ʦʰʠʨʠʰʛʘ ״ʘʨʘʢʘʪ 

 ʠʣʜʠʢ. ʄʘʲʣʫʤʢʠ, ʢʦʘʛʫʣʷʥʪʣʘʨ ʟʘʨʨʘʯʘʣʘʨʥʠ ʡʠʨʠʢʣʘʰʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠץ

ʚʘ ʥʘʪʠʞʘʜʘ  ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʢʣʘʨʠ ʦʨʪʘʜʠ. ʊʘʜץʠץʦʪʣʘʨ ʫʯʫʥ ʪʫʨ ʭʠʣ 

ʢʦʘʛʫʣʷʥʪʣʘʨ ʪʘʥʣʘʙ ʦʣʠʥʜʠ: ɻʠʧʘʥ-ʋʄ, Al2(SO4)3, ʈʉ-2-3, ʂ-9 ʚʘ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜ (ʇɸɸ). ʂʦʘʛʫʣʷʥʪʣʘʨʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʠʥʠ 0,1 ʜʘʥ 0,5% 

ʛʘʯʘ ʦʣʠʥʜʠ. ʂʦʘʛʫʣʷʥʪʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʅʂʌʉ ʣʘʨʥʠ ʬʠʣʴʪʨʣʘʥʠʰ 

ʪʝʟʣʠʢʣʘʨʠʛʘ ʪʘʲʩʠʨʠ 8-ʨʘʩʤʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ. 8-ʨʘʩʤʜʘʛʠ ʢʝʣʪʠʨʠʣʛʘʥ 

ʥʘʪʠʞʘʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʪʘʥʣʘʙ ʦʣʠʥʛʘʥ ʢʦʘʛʫʣʷʥʪʣʘʨʜʘʥ ʂ-9 ʚʘ 

ʇɸɸ ʅʂʌʉ ʥʠ ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʛʠʛʘ ʵʥʛ ʢ˄ʧ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ. ʂ-9 

 ʣʣʘʥʠʣʛʘʥʜʘ ʫʥʠʥʛ ʩʫʚʣʠ ʵʨʠʪʤʘʩʠʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 0,1 ʜʘʥ 0,5% ʛʘʯʘ˄ץ

ʦʨʪʛʘʥʜʘ ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʛʠ 350 ʜʘʥ 525 ʢʛ/ʩϽʤ2
ʛʘʯʘ ʚʘ ʇɸɸ ʥʠʥʛ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 0,1 ʜʘʥ 0,5% ʛʘ ʦʨʪʛʘʥʜʘ ʵʩʘ ʬʠʣʴʪʨʣʘʥʠʰ ʪʝʟʣʠʛʠ 786 ʜʘʥ 

1029 ʢʛ/ʩϽʤ2
ʛʘʯʘ ʦʨʪʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. ʇɸɸ ץ˄ʣʣʘʥʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ 

ʙ˄ʣʛʘʥ ʂɹʌʂ ʜʘ ʉʘʆʩʫʚ. ʥʠʥʛ ʤʠץʜʦʨʠ 0,65 ʜʘʥ 1,35% ʛʘʯʘ ʦʨʪʠʰʠ 

ʢʫʟʘʪʠʣʘʜʠ.P2O5ʫʤʫʤ. ʚʘ ʉʘʆʫʤʫʤ. ʤʠץʜʦʨʣʘʨʠ ʵʩʘ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ 

˄ʟʛʘʨʤʘʡʜʠ.ɸʤʤʦ ʇɸɸ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 0,3 ʜʘʥ 0,5% ʛʘʯʘ ʙ˄ʣʛʘʥʜʘ ʦʣʠʥʛʘʥ 

ʂɹʌʂ ʜʘʛʠ ʉʘʆʩʫʚ. ʤʠץʜʦʨʠ ʦʨʪʘʜʠ. 
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ʐʫʥʠʥʛ ʫʯʫʥ ʇɸɸ ʥʠʥʛ ʤʘץʙʫʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ 0,1 ʚʘ 0,2% ʜʝʙ 

  .ʠʩʦʙʣʘʰ ʤʫʤʢʠʥ״

 

 
 

7-ʨʘʩʤ. ʂʦʘʛʫʣʷʥʪʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʠʥʠ ʅʂʌʉ ʣʘʨʥʠ ʬʠʣʴʪʨʣʘʥʠʰ 

ʪʝʟʣʠʢʣʘʨʠʛʘ ʪʘʲʩʠʨʠ:ɻʠʧʘʥ-ʋʄ (1); Al 2(SO4)3 (2); ʈʉ-2-3 (3); ʂ-9 (4); ʇɸɸ (5). 

 

ʖץʦʨʠʜʘʛʠ ʢʝʣʪʠʨʠʣʛʘʥ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, 

ʤʘץʙʫʣ ʢʘʪʪʘʣʠʢʣʘʨʜʘ ʦʣʠʥʛʘʥ ʂɹʌʂ ʪʘʨʢʠʙʠʜʘ 4,4-4,5% ʉʘ(NO3)2 ʩʘץʣʘʡʜʠ. 

ʐʫ ʪʫʬʘʡʣʠ ʂɹʌʂ ʸʧʠʰʠʙ ץʦʣʘʜʠ, ʙʫ ʵʩʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ ʩʘץʣʘʰ, 

ʪʘʰʠʰ ʚʘ ʫʥʠ ˄סʠʪʣʘʨʛʘ ץʘʡʪʘ ʠʰʣʘʰʜʘ ץʠʡʠʥʯʠʣʠʢʣʘʨʥʠ ʢʝʣʪʠʨʠʙ 

ʯʠץʘʨʘʜʠ. ʆʣʠʥʛʘʥ ʂɹʌʂ ʜʘ ʉʘ(NO3)2 ʥʠ ʤʠץʜʦʨʠʥʠ ʵʥʛ ʢʘʤ ʙ˄ʣʠʰʠʥʠ 

ʪʘʲʤʠʥʣʘʰ ʤʘץʩʘʜʠʜʘ ʥʘʤ ʂɹʌʂ ʥʠ ʕʌʂ ʪʝʭʥʦʣʦʛʠʷʩʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ 

ʬʦʩʬʦʛʠʧʩʥʠ ʫʯ ʙʦʩץʠʯʣʠ ʶʚʠʰ ʞʘʨʘʸʥʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ʗʲʥʠ ʥʘʤ 

 ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ״ ʦʣʜʘʛʠ ʬʦʩʬʦʨʠʪ ʯ˄ʢʤʘʩʠʥʠ ʶʚʠʰʜʘ ʘʚʚʘʣʛʠ ʮʠʢʣʜʘ״

ʠʢʢʠʥʯʠ ʚʘ ʫʯʠʥʯʠ ʬʠʣʴʪʨʘʪʣʘʨ ʙʠʣʘʥ, ʦʭʠʨʠʜʘ ʵʩʘ (ʫʯʠʥʯʠ ʶʚʠʰ) ʩʫʚ ʙʠʣʘʥ 

ʶʚʠʣʘʜʠ.ɹʫ ʵʩʘ ʙʠʨʠʥʯʠʜʘʥ, ʂɹʌʂ ʥʠ ʉʘ(NO3)2 ʜʘʥ ʶץʦʨʠ ʜʘʨʘʞʘʜʘ 

ʶʚʠʣʠʰʠʛʘ, ʠʢʢʠʥʯʠʜʘʥ ʵʩʘ ʂɹʌʂ ʥʠ ʶʚʠʰ ʫʯʫʥ ʩʫʚ ʩʘʨʬʠʥʠ 

ʢʘʤʘʡʪʠʨʠʣʠʰʠʛʘ ʚʘ ʫʯʠʥʯʠʜʘʥ, ʤʘץʩʘʜʣʠ ʤʘ״ʩʫʣʦʪʣʘʨʛʘ ץʘʡʪʘ ʠʰʣʘʥʠʰʠ 

ʦʩʦʥ ʙ˄ʣʘʜʠʛʘʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʘʥʯʘ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠʥʠ 

ʦʣʠʥʠʰʠʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ 5-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 

ʅʘʪʠʞʘʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʘʛʘʨ ʥʘʤ ʂɹʌʂ ʌʍɸ:ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ 

=1,0:(1,60; 2,29; 2,97) ʥʠʩʙʘʪʜʘ ʚʘ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʥʠʥʛ ʤʝʲʸʨʠ 50% ʙ˄ʣʛʘʥʜʘ 

ʫʯ ʙʦʩץʠʯʣʠ ʶʚʠʰ ʞʘʨʘʸʥʠʜʘ ʪʘʨʢʠʙʠ ʈ2ʆ5ʫʤʫʤ.=25,90-26,11%; ʣʠʤʦʥ 

ʢʠʩʣʦʪʘʣʠ ʈ2ʆ5˄ʟ.=11,92-12,32%; ʪʨʠʣʦʥ-ɹ ʣʠ ʈ2ʆ5˄ʟ.=8,16ï8,48%; 

ʉʘʆʫʤʫʤ.=39,94ï41,13%; ʣʠʤʦʥ ʢʠʩʣʦʪʘʣʠ ʉʘʆ˄ʟ.=19,12ï19,37; %; 

ʉʘʆʩʫʚ.=0,34-1,08%; ʉʆ2=2,29-2,34; N=0,17-0,55; ʉʘʆ:ʈ2ʆ5=1,53-1,59 ʙ˄ʣʛʘʥ 

ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨ ʦʣʠʥʘʜʠ. ɹʫ ʝʨʜʘ ʂɹʌʂ ʥʠ ʉʘ(NO3)2 ʜʘʥ ʶʚʠʣʠʰ 

ʜʘʨʘʞʘʩʠ 96,52-98,92% ʛʘ ʪʝʥʛ ʚʘ ʦʣʠʥʛʘʥ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪʥʠʥʛ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 19,91 ʜʘʥ 35,01% ʦʨʘʣʠסʠʜʘ ʙ˄ʣʘʜʠ. 
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5-ʞʘʜʚʘʣ 

ʋʯ ʤʘʨʪʘʣʠ ʶʚʠʰʥʠ ץ˄ʣʣʘʰ ʥʘʪʠʞʘʩʠʜʘ ʦʣʠʥʛʘʥ ʢʠʤʸʚʠʡ 

ʙʦʡʠʪʠʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ ʪʘʨʢʠʙʠ 

 
ʌʍɸ: 

ʉʘ(NO3)2 

ʵʨʠʪʤʘʩʠ 

ʥʠʩʙʘʪʠ 

 % ,ʦʣʜʘʛʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠ״ ʫʨʠʪʠʣʛʘʥפ

ʉʘʆ: 

ʈ2ʆ5 ʌ
/
ʂ
 
ʥ
ʠ
 

ʉ
ʘ
(

N
O

3
) 2
ʜ
ʘ
ʥ
 
ʶ
ʚ
.
 

ʜ
ʘ
ʨ
ʘ
ʞ
ʘ
.
,
 
%

 

P2O5 

ʫʤʫʤ. 

ʃʠʤ. ʢ-

ʪʘʣʠ 

P2O5 

˄ʟʣ. 

 

ʊʨ-ɹ ʣʠ 

P2O5 

˄ʟʣ. 

 

 

CaO 

ʫʤʫʤ. 

CaO 

˄ʟʣ. 

CaO 

ʩʫʚ. 

N 

ʫʤʫʤ. 
ʉʆ2 

ɸʚʚʘʣʛʠ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ ʪʝʭʥʦʣʦʛʠʢ ʩʭʝʤʘ ʙ˄ʡʠʯʘ (2-ʤʘʨʪʘʣʠ ʶʚʠʰ) 

1,0:2,0 25,63 11,55 7,54 40,53 18,32 2,52 1,25 2,45 1,58 92,00 

1,0:2,5 26,25 11,88 7,99 39,81 18,50 1,86 0,92 2,32 1,52 94,41 

1,0:3,0 26,50 12,06 8,17 39,62 18,60 1,71 0,85 2,27 1,50 94,97 

ʗʥʛʠ ʪʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ ʪʝʭʥʦʣʦʛʠʢ ʩʭʝʤʘ ʙ˄ʡʠʯʘ (3-ʤʘʨʪʘʣʠ ʶʚʠʰ) 

1,0:1,60 25,90 11,92 8,16 41,13 19,12 1,08 0,55 2,34 1,59 96,52 

1,0:2,29 26,02 12,19 8,32 40,01 19,20 0,42 0,20 2,32 1,54 98,66 

1,0:2,97 26,11 12,32 8,48 39,94 19,37 0,34 0,17 2,29 1,53 98,92 

 

ʃʘʙʦʨʘʪʦʨʠʷ ʪʘʞʨʠʙʘʣʘʨʠ ʚʘ ʩʠʥʦʚʣʘʨʠ ʥʘʪʠʞʘʣʘʨʠ ʘʩʦʩʠʜʘ 

ʣʘʙʦʨʘʪʦʨʠʷ ʚʘ çʉʘʤʘʨץʘʥʜʢʠʤʸè ɸɾ ʜʘʛʠ ʡʠʨʠʢʣʘʰʪʠʨʠʣʛʘʥ ʪʘʞʨʠʙʘ-

ʩʠʥʦʚ ץʫʨʠʣʤʘʣʘʨʠʜʘ ʧʘʩʪ ʥʘʚʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ 

ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰʥʠ ʘʩʦʩʠʡ ʪʝʭʥʦʣʦʛʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʘʥʠץʣʘʥʜʠ.  

 
8-ʨʘʩʤ. ʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʢʠʤʸʚʠʡ 

ʙʦʡʠʪʠʰʥʠ ʪʝʭʥʦʣʦʛʠʢ ʪʠʟʠʤʠ: 1-ʬʦʩʬʦʨʠʪ ʫʯʫʥ ʙʫʥʢʝʨ; 2-ʣʝʥʪʘʣʠ ʦסʠʨʣʠʢ 

ʩʘʨʬʣʘʛʠʯ: 3-HNO3ʫʯʫʥ ʙʦʩʠʤʣʠ ʙʘʢ; 4-ʙʦʪʠʨʠʣʛʘʥ ʥʘʩʦʩ; 5-HNO3ʫʯʫʥ ʩʘʨʬʣʘʛʠʯ; 

6-ʬʦʩʬʦʨʪʥʠ ʢʘʨʙʦʥʘʪʩʠʟʣʘʥʪʠʨʠʰ ʨʝʘʢʪʦʨʠ; 7-ʘʨʘʣʘʰʪʠʨʛʠʯʣʠ ʨʝʧʫʣʴʧʘʪʦʨ; 8-

ʘʨʘʣʠʰʪʠʨʛʠʯʣʘʨ; 9-ʚʘʢʫʫʤʣʠ ʬʠʣʴʪʨ; 10-ʬʠʣʴʪʨʘʪʣʘʨ ʫʯʫʥ ʡʠסʛʠʯʣʘʨ;11-

ʤʘʨʢʘʟʜʘʥ ץʦʯʤʘ ʥʘʩʦʩʣʘʨ. 
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ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʜʘʥ ʂɹʌʂ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ 

ʤʦʜʜʠʡ ʦץʠʤʠ ״ʠʩʦʙʣʘʥʜʠ ʚʘ ʪʝʭʥʦʣʦʛʠʢ ʩʭʝʤʘʩʠ ʪʘʢʣʠʬ ʵʪʠʣʜʠ (8-ʨʘʩʤ). 

ɹʫʥʜʘ ʥʠʩʙʘʪʘʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠ ʚʘ ʫʥʠ ʩʫʶס˄ ץʠʪ ʩʠʬʘʪʠʜʘ ʪ˄סʨʠʜʘʥ-ʪ˄סʨʠ ʠʰʣʘʪʠʰ ʸʢʠ ʘʤʤʠʘʢ ʚʘ 

ʢʘʨʙʦʥʘʪ ʘʥʛʠʜʨʠʜ ʠʰʪʠʨʦʢʠʜʘ ʢʦʥʚʝʨʩʠʷ ץʠʣʠʙ ʘʤʤʠʘʢʣʠ ʩʝʣʠʪʨʘ ʚʘ ʙ˄ʨʛʘ 

ʘʡʣʘʥʪʠʨʠʰ ʤʫʤʢʠʥ. ʌʦʩʬʦʨʠʪʣʘʨʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʜʘ ʦʣʠʥʛʘʥ 

26% ʣʠ ʈ2ʆ5 ʙʠʨ ʪʦʥʥʘ ʂɹʌʂ ʥʠʥʛ ʪʘʥʥʘʨʭʠ 213 104 ʩ˄ʤ ʙ˄ʣʠʙ, ʫ ʖʂʌʂ ʛʘ 

ʥʠʩʙʘʪʘʥ 28 016 ʩ˄ʤ ʘʨʟʦʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ çʄʘʨʢʘʟʠʡ פʠʟʠʣץʫʤ ʧʘʩʪ ʥʘʚʣʠ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ 

ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰè ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʪ˄ʨʪʠʥʯʠ ʙʦʙʠʜʘ 

ʪʫʨʣʠ ʥʘʚʜʘʛʠ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ץʘʡʪʘ ʠʰʣʘʰʜʘ ʢ˄ʧʠʢʣʘʥʠʰ 

ʚʘ ʙʫ ʬʦʩʬʦʨʠʪʣʘʨʥʠ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠ, ʦʣʠʥʛʘʥ ʂɹʌʂ ʣʘʨʥʠ ʙʘʲʟʠ 

ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʭʦʩʩʘʣʘʨʠ ʚʘ ʫʣʘʨ ʘʩʦʩʠʜʘ ʬʦʩʬʦʨʣʠ ˄סʠʪʣʘʨ ʦʣʠʰ 

ʤʘʲʣʫʤʦʪʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. 

ʄʘʲʣʫʤʢʠ, ʶץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʤʠʥʝʨʘʣ ʢʠʩʣʦʪʣʘʨ, 

ʘʡʥʠץʩʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘ ʙʠʣʘʥ ʨʝʘʢʮʠʷʣʘʨʠ ʢʘʪʪʘ ʪʝʟʣʠʢʜʘ ʚʘ ʞʫʜʘ ʢ˄ʧ 

ʜʘʨʘʞʘʜʘ ʢ˄ʧʠʢʣʘʨ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʙʠʣʘʥ ʙʦʨʘʜʠ. ʐʫ ʩʘʙʘʙʣʠ ʶץʦʨʠ 

ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ץʘʡʪʘ ʠʰʣʘʰ 

ʞʘʨʘʸʥʣʘʨʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʢ˄ʧʠʢʣʘʥʠʰ ״ʦʣʘʪʣʘʨʠʛʘ ʪʫʨʣʠ ʪʝʭʥʦʣʦʛʠʢ 

ʢʘʪʪʘʣʠʢʣʘʨʥʠ ʪʘʲʩʠʨʠ ˄ʨʛʘʥʠʣʜʠ. ʃʘʙʦʨʘʪʦʨʠʷ ʪʘʞʨʠʙʘʣʘʨʠ ˄ʪʢʘʟʠʰ ʫʯʫʥ 

ʈ2ʆ5-14,60%, ʉʘʆ-43,99%, ʉʆ2-14,11% ʪʘʨʢʠʙʣʠ ʄʄ ʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. 

ʌʦʩʬʘʪʣʠ ʭʦʤ ʘʰʸʥʠ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʧʘʨʯʘʣʘʰʜʘ ʢ˄ʧʠʢʥʠʥʛ ʢʘʨʨʘʣʠʛʠ ʚʘ 

ʢʘʨʙʦʥʘʪʩʠʟʣʘʥʠʰ ʜʘʨʘʞʘʩʠ ˄ʨʛʘʥʠʣʜʠ. ɹʫʥʜʘ ʘʩʦʩʠʡ ʪʝʭʥʦʣʦʛʠʢ 

ʢʘʪʪʘʣʠʢʣʘʨ ʩʠʬʘʪʠʜʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘ ʤʝʲʸʨʠ ʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ, ʫʥʠʥʛ 

ʩʘʨʬʣʘʥʠʰ ʚʘ ʘʨʘʣʘʰʪʠʨʛʠʯʥʠ ʪʝʟʣʠʛʠ ʦʣʠʥʜʠ.HCl ʥʠʥʛ ʤʝʲʸʨʠ ʉʘʉʆ3 ʛʘ 

ʥʠʩʙʘʪʘʥ  95,36 ʜʘʥ 143,04% ʛʘʯʘ(ʉʘʆ ʛʘ ץʘʡʪʘ ״ʠʩʦʙʣʘʛʘʥʜʘ 40 ʜʘʥ 60% 

ʛʘʯʘ), ʫʥʠʥʛ 10, 16 ʚʘ 32%ʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ, HCl ʥʠʥʛ ʩʘʨʬʣʘʥʠʰ ʪʝʟʣʠʛʠ 

0,728-2,184 ʛ/ʜʘץ. ʚʘ ʘʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʛʠ 500-1500 ʘʡʣ./ʜʘץ.  ʙ˄ʣʛʘʥ 

ʦʨʘʣʠץʜʘ ʦʣʠʥʜʠ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʙʫʥʜʘʡ ״ʦʣʜʘʛʠ 

ʙʦʡʠʪʠʰ ʫʩʫʣʠʜʘ ʢ˄ʧʠʢ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʤʘʷʜʠ. 

ʂʧ˄ʠʢʥʠ ʵʥʛ ʢʘʪʪʘ ʜʘʨʘʞʘʜʘʛʠ ץʠʡʤʘʪʠ ʚʘ ʢʘʨʨʘʣʠʛʠ ʞʘʨʘʸʥʥʠʥʛ 5-21 

ʜʘץʠץʘʣʘʨʠʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠ, ʯʫʥʢʠ ʙʫ ʚʘץʪ ʦʨʘʣʠסʠʜʘ ʬʦʩʬʦʨʠʪ ʞʘʜʘʣ 

ʧʘʨʯʘʣʘʥʘʜʠ ʚʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʛʘʟʩʠʤʦʥ ʤʦʜʜʘʣʘʨ (ʉʆ2, ʅF ʠ Si4נ) ʵʥʛ ʢ˄ʧ 

ʤʠץʜʦʨʜʘ ʙ˄ʣʘʜʠ. ɺʘץʪʥʠʥʛ ʢʝʡʠʥʛʠ ״ʦʣʘʪʣʘʨʠʜʘ ʵʩʘ ʙʫ ʛʘʟʩʠʤʦʥ 

ʤʦʜʜʘʣʘʨʥʠ ʤʠץʜʦʨʠʥʠ ʢʘʤʘʡʠʰʠ ʪʫʬʘʡʣʠ ʢ˄ʧʠʢʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ 

ʢʘʤʘʷʜʠ. ɶʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘʣʘʨ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʪʘʜץʠץ ʵʪʠʣʛʘʥ 

ʢʠʩʣʦʪʘʥʠʥʛ ʙʘʨʯʘ ʤʝʲʸʨʣʘʨʠʜʘ ʚʘ ʫʥʠʥʛ ʩʘʨʬʣʘʥʠʰ ʪʝʟʣʠʛʠʜʘ ʢ˄ʧʠʢʣʘʨ 

ʘʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʢʣʘʨʠʛʘ ʞʫʜʘ ʩʝʟʛʠʨʜʠʨ (9-ʨʘʩʤ). ɹʫ ״ʘʞʤʠʡ 

ʜʠʘʛʨʘʤʤʘʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ, ʘʨʘʣʘʰʪʠʨʛʠʯʥʠ ʪʝʟʣʠʛʠʥʠ ʦʨʪʠʰʠ ʙʠʣʘʥ 

ʢ˄ʧʠʢʥʠʥʛ ʙʘʣʘʥʜʣʠʛʠ ʢʘʤʘʷʜʠ.  
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9-ʨʘʩʤ. ɸʨʘʣʘʰʪʠʨʛʠʯ ʚʘ ʅʉl ʥʠ ʩʘʨʬʣʘʥʠʰ ʪʝʟʣʠʛʠʥʠ ʢ˄ʧʠʢ ʙʘʣʘʥʜʣʠʣʠʛʠʛʘ 

ʪʘʲʩʠʨʠ. ʅʉl ʤʝʲʸʨʠ, %: 1 - 40; 2 - 50 ʚʘ 3 - 60. 

 

ʄʘʩʘʣʘʥ, ʘʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʛʠ 500 ʘʡʣ/ʜʘץ. ʚʘ HCl ʥʠʥʛ ʩʘʨʬʣʘʥʠʰ 

ʪʝʟʣʠʛʠ 0,728 ʛ/ʜʘץ. ʙ˄ʣʛʘʥʜʘ ʢ˄ʧʠʢʥʠ ʙʘʣʘʥʜʣʠʛʠ ʚʘ ʢʘʨʨʘʣʠʛʠ HCl ʥʠʥʛ 

40% ʣʠ ʤʝʲʸʨʠʜʘ 39,0 ʤʤ ʚʘ 2,05 ʛʘ, 50% ʣʠʩʠʜʘ 46,0 ʤʤ ʚʘ 2,42 ʛʘ, ״ʘʤʜʘ 

60% ʣʠ ʤʝʲʸʨʜʘ ʵʩʘ 54,0 ʤʤ ʚʘ 2,08 ʛʘ ʪʝʥʛ ʙ˄ʣʠʰʠ ʢʫʟʘʪʠʣʜʠ. ʂʠʩʣʦʪʘ ʩʘʨʬʠ 

ʪʝʟʣʠʛʠʥʠ ʦʨʪʠʰʠ ʙʠʣʘʥ ʢ˄ʧʠʢʥʠ ʙʘʣʘʥʜʣʠʛʠ ʚʘ ʢʘʨʨʘʣʠʛʠʥʠ ʩʝʟʠʣʘʨʣʠ 

ʜʘʨʘʞʘʜʘ ʦʨʪʠʰʠ ʢʫʟʘʪʠʣʜʠ. ʄʘʩʘʣʘʥ, ʘʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʛʠ 500 ʘʡʣ/ʜʘץ. 

ʙ˄ʣʛʘʥʜʘ ʢʠʩʣʦʪʘ ʩʘʨʬʠ ʪʝʟʣʠʛʠʥʠ 0,728 ʜʘʥ 2,184 ʛ/ʜʘץ. ʛʘʯʘ ʦʨʪʠʰʠ 

ʥʘʪʠʞʘʩʠʜʘ ʢʠʩʣʦʪʘʥʠ 40, 50 ʚʘ 60% ʤʝʲʸʨʣʘʨʠʛʘ ʤʦʩ ʨʘʚʠʰʜʘ ʢ˄ʧʠʢ 

ʙʘʣʘʥʜʣʠʛʠ ʚʘ ʢʘʨʨʘʣʠʛʠ 39,0 ʜʘʥ 55,0 ʤʤ ʛʘʯʘ ʚʘ 2,05 ʜʘʥ 2,89 ʛʘʯʘ; 46,0 ʜʘʥ 

65,0 ʤʤ ʛʘʯʘ ʚʘ 2,42 ʜʘʥ 3,42 ʛʘʯʘ; 54,0 ʜʘʥ 77,0 ʛʘʯʘ ʚʘ 2,84 ʜʘʥ 4,05 ʛʘʯʘ 

ʦʨʪʘʜʠ. ɸʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʛʠʥʠ ʦʨʪʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʵʩʘ ʢ˄ʧʠʢʥʠʥʛ 

ʙʘʣʘʥʜʣʠʛʠ ʚʘ ʢʘʨʨʘʣʠʛʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʢʘʤʘʡʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. HCl ʥʠ 

ʩʘʨʬʣʘʥʠʰ ʪʝʟʣʠʛʠ 0,728 ʛ/ʜʘץ.ʜʘ ʚʘ ʫʥʠʥʛ 40, 50 ʚʘ 60% ʤʝʲʸʨʣʘʨʠʜʘ 

ʘʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʛʠʥʠ 500 ʜʘʥ 1500 ʘʡʣ/ʜʘץ. ʛʘʯʘ ʦʨʪʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 

ʢ˄ʧʠʢ ʙʘʣʘʥʜʣʠʛʠ ʚʘ ʢʘʨʨʘʣʠʛʠ ʤʦʩ ʨʘʚʠʰʜʘ 39,0 ʜʘʥ 16,0 ʤʤ ʛʘʯʘ ʚʘ 2,05 

ʜʘʥ 0,84 ʛʘʯʘ; 46,0 ʜʘʥ 19,0 ʤʤ ʛʘʯʘ ʚʘ 2,42 ʜʘʥ 1,00 ʛʘʯʘ; 54,0 ʜʘʥ 22,0 ʤʤ 

ʛʘʯʘ ʚʘ 2,84 ʜʘʥ 1,16 ʛʘʯʘ ʢʘʤʘʡʠʰʠ ʢʫʟʘʪʠʣʜʠ. ɹʫ ʤʘʲʣʫʤʦʪʣʘʨʜʘʥ 

ʢ˄ʨʠʥʘʜʠʢʠ, ʘʨʘʣʘʰʪʠʨʛʠʯʥʠ ʪʝʟʣʠʛʠ 1000 ʘʡʣ/ʜʘץ. ʜʘʥ ʢʘʤ ʙ˄ʣʤʘʩʣʠʛʠ 

ʢʝʨʘʢ. 

ʂʝʡʠʥʛʠ ʪʘʜץʠץʦʪʣʘʨʜʘ ʪʫʨʣʠ ʭʠʣ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʣʘʨʠʥʠ ʭʣʦʨʠʜ 

ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ.   ɸʚʚʘʣ ʈ2ʆ5-17,09%, ʉʘʆ-
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45,36%, ʉʆ2-14,89% (ʉʘʆ:ʈ2ʆ5=2,65) ʪʘʨʢʠʙʣʠ ʌʋ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ 

ʙʦʡʠʪʠʣʜʠ. ɹʫʥʜʘ çʅʘʚʦʠʡʘʟʦʪè ɸɾʥʠʥʛ ʢʘʫʩʪʠʢ ʩʦʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ 

 ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʥʠʥʛ 32%-ʣʠ״ ʩʫʣʦʪ ʩʠʬʘʪʠʜʘ״ʰʠʤʯʘ ʤʘ˄ץ

ʵʨʠʪʤʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ʍʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʛʘ ʈ2ʆ5-14,60%, 

ʉʘʆ-43,99%, ʉʆ2-14,11% (ʉʘʆ:ʈ2ʆ5=3,01) ʪʘʨʢʠʙʣʠ ʭʣʦʨʜʘʥ ʶʚʠʰʜʘʥ ʦʣʜʠʥ 

ʬʦʩʬʦʨʠʪ ʨʫʜʘʩʠʥʠ ʩʘʨʘʣʘʰʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʯʠץʠʥʜʠ ʨʫʜʘ ʜʝʙ ʘʪʘʣʫʚʯʠ 

ʄʄ ״ʘʤ ʫʯʨʘʪʠʣʜʠ. ׳ʦʟʠʨʜʘ ʙʫʥʜʘʡ ʪʫʨʜʘʛʠ ʯʠץʠʥʜʠʥʠʥʛ ʤʠץʜʦʨʠ 10 ʤʣʥ. 

ʪʦʥʥʘʜʘʥ ʦʨʪʘʜʠ. ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʢʠʩʣʦʪʘ ʤʝʲʸʨʠʥʠ 

ʦʨʪʠʰʠ ʙʠʣʘʥ ʈ2ʆ5 ʥʠ ʩʫʶץ ʬʘʟʘʛʘ ˄ʪʠʰʠ ʤʦʩ ʨʘʚʠʰʜʘ ʄʄ ʚʘ ʌʋ ʫʯʫʥ 

21,14 ʚʘ 20,11% ʦʨʪʘʜʠ (10ʘ-ʨʘʩʤ). ʋʥʠʥʛ ʩʫʶץ ʬʘʟʘʛʘ ˄ʪʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 

ʦʣʠʥʘʜʠʛʘʥ ʂɹʌʂ ʣʘʨʜʘʛʠ ʈ2ʆ5 ʥʠʥʛ ʤʠץʜʦʨʠ ʢʘʤʘʷʜʠ. 10ʙ-ʨʘʩʤʜʘ ʪʫʨʣʠ 

ʭʠʣ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʣʘʨʠʥʠ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʥʠ ʤʝʲʸʨʣʘʨʠʛʘ ʙʦסʣʠץ ʨʘʚʠʰʜʘ 

ʢʘʨʙʦʥʘʪʩʠʟʣʘʥʠʰ ʜʘʨʘʞʘʣʘʨʠʥʠ ˄ʟʛʘʨʠʰʠ ʢʝʣʪʠʨʠʣʛʘʥ. 

 

 
 

10-ʨʘʩʤ. ʅʉl ʥʠʥʛ ʪʫʨʣʠ ʤʝʲʸʨʣʘʨʠʜʘ ʈ2ʆ5 ʥʠ ʩʫʶץ ʬʘʟʘʛʘ ˄ʪʠʰ (ʘ) ʚʘ 

ʢʘʨʙʦʥʘʪʩʠʟʣʘʥʠʰ (ʙ) ʜʘʨʘʞʘʩʠʛʘ ʪʘʲʩʠʨʠ. 

 

ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʢʠʩʣʦʪʘ ʤʝʲʸʨʠ 70 ʜʘʥ 120% ʛʘʯʘ 

ʦʨʪʛʘʥʜʘ ʄʄ ʚʘ ʌʋ ʣʘʨʥʠʥʛ ʢʘʨʙʦʥʘʪʩʠʟʣʘʥʠʰ ʜʘʨʘʞʘʣʘʨʠʥʠ ʦʨʪʠʰʠ 

ʢʫʟʘʪʠʣʠʙ, ʫ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʣʘʨʛʘ ʤʦʩ ʨʘʚʠʰʜʘ 70,00 ʜʘʥ 81,42% ʛʘʯʘ ʚʘ 

73,75 ʜʘʥ 83,26% ʛʘʯʘ ʦʨʪʠʰʠ ʘʥʠץʣʘʥʜʠ. ʆʣʠʥʘʜʠʛʘʥ ʂɹʌʂ ʜʘ ʈ2ʆ5 ʥʠ 

ʤʠץʜʦʨʠʥʠ ʦʰʠʨʠʰ, ʷʲʥʠ ʫʥʠ ʩʫʶץ ʬʘʟʘʛʘ ˄ʪʠʙ ʢʝʪʠʰʠʥʠ ʢʘʤʘʡʪʠʨʠʰ 

ʤʘץʩʘʜʠʜʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʥʠ ʤʝʲʸʨʣʘʨʠ ʚʘ ʥʝʡʪʨʘʣʣʦʚʯʠ ʤʦʜʜʘ ʪʫʨʣʘʨʠ, 

 ʘʨʦʨʘʪʠʥʠ ʂɹʌʂ ʥʠ ʩʠʬʘʪ ʢʘʪʪʘʣʠʢʣʘʨʠʛʘ ʪʘʲʩʠʨʠ״ ʘʤʜʘ ʩʫʚʥʠʥʛ״

˄ʨʛʘʥʠʣʜʠ. ʄʄ ʥʠ ʙʦʡʠʪʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʰʫʥʠ 

ʢ˄ʨʩʘʪʘʜʠʢʠ, ʥʝʡʪʨʘʣʣʦʚʯʠ ʤʦʜʜʘ ʩʠʬʘʪʠʜʘ ʉʘ(ʆʅ)2 ʜʘʥ ʬʦʡʜʘʣʘʥʠʰ 

ʥʘʪʠʞʘʩʠʜʘ ʢʠʩʣʦʪʘ ʤʝʲʸʨʠʥʠ 40 ʜʘʥ 60% ʛʘʯʘ ʦʰʠʨʠʣʛʘʥʜʘ ʈ2ʆ5 ʥʠ ʩʫʶץ 

ʬʘʟʘʛʘ ˄ʪʠʰʠ ʘʪʠʛʠ 0,61% ʛʘ, ʷʲʥʠ ʫʥʠ ʡ˄ץʦʣʠʰʠ 2,04 ʜʘʥ 2,65% ʛʘʯʘ ʦʨʪʘʜʠ 
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ʭʦʣʦʩ. ɸʤʤʦ ʙʫʥʜʘ ʦʣʠʥʛʘʥ ʂɹʌʂ ʜʘʛʠ ʈ2ʆ5ʫʤʫʤ. ʥʠ ʤʠץʜʦʨʠ 22,09 ʜʘʥ 

23,24% ʛʘʯʘ ʦʨʪʠʰʠ ʚʘ ʘʢʩʠʥʯʘ ʉʘʆʫʤʫʤ. ʥʠ ʵʩʘ 39,79 ʜʘʥ 38,45% ʛʘʯʘ 

ʢʘʤʘʡʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. ʆʣʠʥʛʘʥ ʂɹʌʂ ʣʘʨʜʘʛʠ ʉʘʆʩʫʚ. ʚʘ ʉl ʣʘʨʥʠ 

ʤʠץʜʦʨʣʘʨʠ ʤʦʩ ʨʘʚʠʰʜʘ 1,25 ʜʘʥ 1,46% ʛʘʯʘ ʚʘ 1,56 ʜʘʥ 1,85% ʛʘʯʘ ʪʝʥʛ 

ʙ˄ʣʘʜʠ. ʂʘʣʴʮʠʡʣʠ ʤʦʜʫʣʥʠ 1,80 ʜʘʥ 1,65 ʛʘʯʘ ʢʘʤʘʡʠʰʠ ʢʫʟʘʪʠʣʜʠ. ʆʣʠʥʛʘʥ 

ʙ˄ʪץʘʣʘʨʥʠ ʛʘʟʩʠʤʦʥ NH3 ʥʝʡʪʨʘʣʣʘʛʘʥʜʘ ʈ2ʆ5 ʥʠ ʩʫʶץ ʬʘʟʘʛʘ ˄ʪʠʰʠ 

ʙʘʪʘʤʦʤ ʪ˄ʭʪʘʪʠʣʘʜʠ, ʷʲʥʠ ʈ2ʆ5 ʥʠ ʙʘʨʯʘʩʠ ʂɹʌʂ ʜʘ ץʦʣʘʜʠ. ɹʫʥʜʘ ״ʦʩʠʣ 

ʙ˄ʣʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪ ʪʘʨʢʠʙʠʜʘ ʈ2ʆ5ʚʘ ʉʘʆ ʤʦʩ ʨʘʚʠʰʜʘ 22,58 ʜʘʥ 

23,87% ʛʘʯʘ ʚʘ 37,59 ʜʘʥ 38,52% ʛʘʯʘ ʙ˄ʣʘʜʠ. ʂʘʣʴʮʠʡʣʠ ʤʦʜʫʣ ɹ1,71 ʜʘʥ 

1,57 ʛʘʯʘ ʢʘʤʘʷʜʠ. ʆʣʠʥʛʘʥ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʜʘʛʠ ʉʘʆʩʫʚ. ʚʘ ʉl ʣʘʨʥʠ 

ʤʠץʜʦʨʣʘʨʠ ʤʦʩ ʨʘʚʠʰʜʘ 1,13 ʜʘʥ 1,37% ʛʘʯʘ ʚʘ 1,43 ʜʘʥ 1,74% ʛʘʯʘ ʙ˄ʣʘʜʠ. 

ɹʫʥʜʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʩʠʬʘʪʠ ʙʠʨ ʦʟ ʷʭʰʠʣʘʥʘʜʠ. ʐʫ ʢʘʙʠ ״ʦʣʘʪʣʘʨ ʌʋ 

ʥʠ ʙʦʡʠʪʠʰʜʘ ״ʘʤ ʢʫʟʘʪʠʣʘʜʠ. ʃʝʢʠʥ ʰʫʥʛʘ ץʘʨʘʤʘʡ, ʦʣʠʥʛʘʥ ʂɹʌʂ ʜʘ ʢ˄ʧ 

ʤʠץʜʦʨʜʘ ʉʘʆʩʫʚ. ʚʘ ʉl ץʦʣʘʜʠ.  

ʄʘʲʣʫʤʢʠ ʢʘʣʴʮʠʡ ʚʘ ʘʤʤʦʥʠʡ ʭʣʦʨʠʜ ʪʫʟʣʘʨʠʥʠ ʩʫʚʜʘʛʠ ʵʨʫʚʯʘʥʣʠʛʠ 

ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץʜʠʨ. ʄʘʩʘʣʘʥ, 20̄ ʉ ʜʘ ʢʘʣʴʮʠʡ ʚʘ 

ʘʤʤʦʥʠʡ ʭʣʦʨʠʜʠ ʪʫʟʣʘʨʠʥʠ ʵʨʫʚʯʘʥʣʠʛʠ ʤʦʩ ʨʘʚʠʰʜʘ 74,5 ʛ ʚʘ 37,2 ʛ ʛʘ ʪʝʥʛ 

ʚʘ 100
ʦ
ʉ ʜʘ ʵʩʘ 158 ʛ ʚʘ 78,6 ʛ ʛʘ ʪʝʥʛ. ʐʫʥʠʥʛ ʫʯʫʥ ʢʝʡʠʥʛʠ ʣʘʙʦʨʘʪʦʨʠʷ 

ʪʘʜץʠץʦʪʣʘʨʠʜʘ ʥʘʤ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʣʘʨʥʠ ʶʚʠʰ ʫʯʫʥ ״ʘʨʦʨʘʪʠ 80-85̄ ʉ 

ʙ˄ʣʛʘʥ ʩʫʚ ʠʰʣʘʪʠʣʜʠ. ɹʫʥʜʘʡ ״ʘʨʦʨʘʪʜʘʛʠ ʩʫʚʥʠ ʠʰʣʘʪʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 

ʦʜʜʠʡ ״ʘʨʦʨʘʪʣʠ (20-25
ʦ
ʉ ʣʠ) ʩʫʚʥʠ ʠʰʣʘʪʠʣʠʰʠʛʘ ʥʠʩʙʘʪʘʥ ʂɹʌʂ ʜʘʛʠ 

ʭʣʦʨʥʠ 2,19-2,25 ʤʘʨʪʘ ʢʘʤʘʡʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ʊʘʨʢʠʙʠʜʘ 0,66-0,79% 

ʉlʪʫʪʛʘʥ ʂɹʌʂ ʩʫʣʴʬʘʪ ʢʠʩʣʦʪʘʣʠ ץʘʡʪʘ ʠʰʣʘʰʛʘ ʷʨʦץʣʠ ʙ˄ʣʤʘʩʘʜʘ, 

ʢʦʥʮʝʥʪʨʣʘʥʛʘʥ ʬʦʩʬʦʨʣʠ ˄סʠʪ - ʧʨʝʮʠʧʠʪʘʪ ʚʘ ʙʦʰץʘ ʪʫʨʜʘʛʠ 

ʬʘʦʣʣʘʰʪʠʨʠʣʛʘʥ ʬʦʩʬʦʨ ʪʫʪʛʘʥ ʢʦʤʧʣʝʢʩ ˄סʠʪʣʘʨ ʦʣʠʰ ʫʯʫʥ ʠʰʣʘʪʠʣʠʰʠ 

ʤʫʤʢʠʥ. 

ʂɹʌʂ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʤʦʜʜʠʡ ʦץʠʤʠ ״ʠʩʦʙʣʘʥʜʠ ʚʘ ʪʝʭʥʦʣʦʛʠʢ 

ʪʠʟʠʤʠ ʪʘʢʣʠʬ ʵʪʠʣʜʠ.ʍʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʜʘ ʦʣʠʥʘʜʠʛʘʥ ʙʠʨ ʪʦʥʥʘ 

ʂɹʌʂ ʥʠ ʪʘʥʥʘʨʭʠ 203 959 ʩ˄ʤ ʙ˄ʣʠʙ, ʫ ʖʂʌʂ ʛʘ ץʘʨʘʛʘʥʜʘ 37 161 ʩ˄ʤʛʘ 

ʘʨʟʦʥʜʠʨ. 

         ʄʄ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʂɹʌʂ ʜʘʥ ˄סʠʪʣʠ ʧʨʝʮʠʧʠʪʘʪ ʦʣʠʰʥʠʥʛ ʤʘץʙʫʣ 

ʪʝʭʥʦʣʦʛʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ʘʥʠץʣʘʥʜʠ: ʅʉl ʤʝʲʸʨʠ 100%; ʅʉlʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 

25-32%; ʉʘ(ʆʅ)2 ʥʠʥʛ ʤʝʲʸʨʠ100-110%; ץʫʨʫץ ʯ˄ʢʤʘ:ʅ2ʆ ʥʠʩʙʘʪʠ1:2,5 ʚʘ 

1:2,0. ɹʫʥʜʘ ʧʨʝʮʠʧʠʪʘʪʣʘʥʠʰ ʜʘʨʘʞʘʩʠ 94,79-97,41% ʦʨʘʣʠסʠʜʘ ʙ˄ʣʘʜʠ ʚʘ 

ʦʣʠʥʛʘʥ ʧʨʝʮʠʧʠʪʘʪ ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ ʪʘʨʢʠʙʠ ץʫʡʠʜʘʛʠʯʘ (ʦסʠʨ., %): ʈ2ʆ5ʫʤʫʤ. 

26,02-26,47; ʈ2ʆ5˄ʟʣ. ʣʠʤʦʥ ʢʠʩʣʦʪʘʩʠ ʙ˄ʡʠʯʘ 22,24-22,73; ʈ2ʆ5ʩʫʚ.ʵʨʫʚ. 1,02-

1,28; ʉʘʆʫʤʫʤ. 28,01-29,41; ʉʘʆ˄ʟʣ. ʣʠʤʦʥ ʢʠʩʣʦʪʘʩʠ ʙ˄ʡʠʯʘ 24,18-25,20; 

ʉʘʆʩʫʚ.ʵʨʫʚ. 1,20-1,30; ʉl 0,96-1,10. ʂɹʌʂ ʥʠ ʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ ʙʠʣʘʥ 

ʘʨʘʣʘʰʪʠʨʠʰ ʘʩʦʩʠʜʘ NP-ʪʘʨʢʠʙʣʠ ʤʫʨʘʢʢʘʙ-ʘʨʘʣʘʰʤʘʣʠ ˄סʠʪʣʘʨ ʦʣʠʥʜʠ. 

ʆʣʠʥʛʘʥ ˄סʠʪʣʘʨ ʪʘʨʢʠʙʠʜʘʛʠ ʦʟʫץʘ ʢʦʤʧʦʥʝʥʪʣʘʨʠ (NPʉʘ) N:P2O5 ʥʠʥʛ 

ʥʠʩʙʘʪʠʛʘ ʙʦסʣʠץ ʨʘʚʠʰʜʘ (1,0:0,3 ʜʘʥ 1,0:1,0 ʛʘʯʘ) 27,60 ʜʘʥ 41,71% ʛʘʯʘ 
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ʙ˄ʣʘʜʠ. NP-˄סʠʪ ʜʦʥʘʣʘʨʠ ʝʪʘʨʣʠ ʤʫʩʪʘ״ʢʘʤʣʠʢʛʘ ʵʛʘ(3,02 ʜʘʥ 4,31 ʄʇʘ 

ʛʘʯʘ).  

 

ʍʋʃʆʉɸ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʰʠʥʠ ʙʘʞʘʨʠʰʜʘ ʦʣʠʥʛʘʥ ʘʩʦʩʠʡ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ 

ʥʘʪʠʞʘʣʘʨ ץʫʡʠʜʘʛʠʣʘʨ ״ʠʩʦʙʣʘʥʘʜʠ: 

 ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ פʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄץʘʨ ʭʠʣ ʪʫʨʜʘʛʠ ʶ׳ .1

ʢʠʩʣʦʪʘʥʠ ʬʦʩʬʘʪ ʭʦʤ ʘʰʸʩʠʜʘʛʠ ʉʘʆ ʛʘ ץʘʡʪʘ ״ʠʩʦʙʣʘʛʘʥʜʘ 30 ʜʘʥ 60% ʛʘʯʘ 

ʤʝʲʸʨʣʘʨʠʜʘ ץʘʡʪʘ ʠʰʣʘʙ, ʩ˄ʥʛʨʘ ʥʠʪʨʦʢʘʣʴʮʠʡʬʦʩʬʘʪ ʙ˄ʪץʘʩʠʜʘʥ ʢʘʣʴʮʠʡ 

ʥʠʪʨʘʪʥʠ ʘʡʣʘʥʤʘ  ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠ ʙʠʣʘʥ ʘʞʨʘʪʠʰ, ץʘʪʪʠץ ʚʘ ʩʫʶץ 

ʬʘʟʘʣʘʨʥʠ ʪʠʥʜʠʨʠʰ ʦʨץʘʣʠ ʘʞʨʘʪʠʰ ʚʘ ץʫʶץ ץʠʩʤʥʠ ʩʫʚ ʙʠʣʘʥ ʶʚʠʰ 

ʦʨץʘʣʠʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰ ʙ˄ʡʠʯʘ ʤʫʥʪʘʟʘʤ ʪʘʜץʠץʦʪʣʘʨ ʦʣʠʙ 

ʙʦʨʠʣʜʠ. ɶʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘʣʘʨ ʘʩʦʩʠʜʘ ʞʘʨʘʸʥʥʠʥʛ ʤʘץʙʫʣ ʰʘʨʦʠʪʣʘʨʠ 

ʘʥʠץʣʘʥʜʠ: ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ï 10%; 10%-ʣʠ 

ʉʘ(NO3)2ʵʨʠʪʤʘʩʠʥʠ ʌʍɸ ʛʘ ʦסʠʨʣʠʢ ʥʠʩʙʘʪʠ 2,5:1; ʅNO3 ʥʠ ï 40-50%; 

ʅNO3 ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 52,5-57,0%; ʪʠʥʜʠʨʠʰ ʚʘץʪʠ ï 5-6 ʜʘץʠץʘ. ʄʘץʙʫʣ 

ʰʘʨʦʠʪʣʘʨʜʘ ʈ2ʆ5 ʥʠʥʛ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʛʘ ʯʠץʠʰ ʫʥʫʤʠ 54,59-54,91%, 

ʫʥʜʘʛʠ ʈ2ʆ5 ʥʠʥʛ ʤʠץʜʦʨʠ ï 26,74-26,80% ʛʘ ʪʝʥʛ ʚʘ ʢʘʣʴʮʠʡ ʤʦʜʫʣʴ ʵʩʘ 1,78-

1,81 ʦʨʘʣʠץʜʘ ʙ˄ʣʘʜʠ. 

 ʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʙʫ ʙʦʡʠʪʠʰ ʫʩʫʣʠʥʠ ʘʩʦʩʠʡ ʢʘʤʯʠʣʠʢʣʘʨʠץʠʟʠʣפ 

 ʠʰ ʫʥʫʤʠʥʠ ʧʘʩʪʣʠʛʠ (35-36%) ʚʘץʩʫʣʦʪʥʠ ʯʠ״ʩʘʜʣʠ ʤʘץʫʡʠʜʘʛʠʣʘʨʜʠʨ: ʤʘץ

ʈ2ʆ5 ʥʠ ʂɹʌʂ ʛʘ ʯʠץʠʰ ʫʥʫʤʠʥʠ ʢʘʤʣʠʛʠ (56-60%), ʙʦʡʠʪʠʰʜʘ ץ˄ʰʠʤʯʘ 

ʤʘ״ʩʫʣʦʪ ʩʠʬʘʪʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʩʫʶץ ʅʂʌʉʣʘʨʥʠ ץʘʡʪʘ ʠʰʣʘʰʥʠ 

        .ʠʡʠʥʯʠʣʠʛʠץ

 ,ʫʤ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʥʠ ʧʘʩʪ ʤʝʲʸʨʣʘʨʠʜʘ ʧʘʨʯʘʣʘʙץʠʟʠʣפ .2

ʩ˄ʥʛʨʘ ʥʠʪʨʦʢʘʣʴʮʠʡʬʦʩʬʘʪ ʙ˄ʪץʘʩʠʛʘ ʘʡʣʘʥʤʘ ʢʘʣʴʮʠʡ ʥʠʪʨʘʪ ʵʨʠʪʤʘʩʠ 

(ɸʂʅʕ) ץ˄ʰʠʙ, ʦʣʠʥʛʘʥ ʅʂʌʉ ʥʠ ʨʅ=3 ʛʘʯʘ ʘʤʤʠʘʢ ʙʠʣʘʥ ʥʝʡʪʨʘʣʣʘʙ, 

ʫʥʜʘʥ ʉʘ(NO3)2ʥʠ ʬʠʣʴʪʨʘʮʠʷ ʡ˄ʣʠ ʙʠʣʘʥ  ʘʞʨʘʪʠʰ ʚʘ ʥʘʤ ʬʦʩʬʦʨʠʪ 

ʢʦʥʮʝʥʪʨʘʪʠʥʠ ʘʚʚʘʣ ɸʂʅʕ ʙʠʣʘʥ, ʩ˄ʥʛʨʘ ʩʫʚ ʙʠʣʘʥ ʶʚʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ 

ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰʥʠʥʛ ʤʫʢʘʤʘʣʣʘʰʛʘʥ ʪʝʭʥʦʣʦʛʠʷʩʠ ʷʨʘʪʠʣʜʠ.   ʉʘ(NO3)2 ʥʠ 

ʤʠץʜʦʨʠ ʚʘ ʢʘʣʴʮʠʡʣʠ ʤʦʜʫʣʴ˄ʟʛʘʨʠʰʠʥʠ ʅNO3 ʤʝʲʸʨʠ, ʌʍɸ: ʉʘ(NO3)2 

ʵʨʠʪʤʘʩʠ ʥʠʩʙʘʪʠ ʚʘ ʶʚʫʚʯʠ ʩʫʚʥʠʥʛ ״ʘʨʦʨʘʪʠʛʘ ʙʦסʣʠץʣʠʛʠ ʘʥʠץʣʘʥʜʠ.  

ʂɹʌʂ ʣʘʨʜʘ ʉʘ(NO3)2 ʢ˄ʨʠʥʠʰʜʘʛʠ ʉʘʆʩʫʚ. ʰʘʢʣʠʥʠ ʵʥʛ ʢʘʤ ʤʠץʜʦʨʛʘ 

ʪʫʰʠʨʠʰ ʫʯʫʥ ʕʌʂ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠʜʘ ʬʦʩʬʦʛʠʧʩʥʠ ʶʚʠʰʜʘ 

ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʩʭʝʤʘʥʠ ʥʘʤ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʶʚʠʰʛʘ ʪʘʜʙʠץ ʵʪʠʰ 

ʪʘʚʩʠʷ ʵʪʠʣʘʜʠ. ʌʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʶʚʠʰʜʘ ʘʚʚʘʣʛʠ ʮʠʢʣʜʘ ״ʦʩʠʣ 

ʙ˄ʣʘʜʠʛʘʥ ʠʢʢʠʥʯʠ ʚʘ ʫʯʠʥʯʠ ʬʠʣʴʪʨʘʪʣʘʨ ʙʠʣʘʥ, ʦʭʠʨʠʜʘ ʵʩʘ (ʫʯʠʥʯʠ 

ʶʚʠʰ) ʩʫʚ ʙʠʣʘʥ ʶʚʠʣʘʜʠ. ɹʫ ʫʩʫʣʥʠʥʛ ʘʩʦʩʠʡ ʫʩʪʫʥʣʠʛʠ ץʫʡʠʜʘʛʠʣʘʨʜʠʨ: 

ʉʘ(NO3)2 ʥʠ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʜʘʥ ʢ˄ʧʨʦץ ʘʞʨʘʪʠʙ ʦʣʠʰ ʚʘ ʫʥʠʥʛ ʥʠʩʙʘʪʘʥ   

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʵʨʠʪʤʘʩʠʥʠ ʦʣʠʰ. ʌʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠ ʫʯ 

ʢʘʨʨʘʣʠ ʶʚʠʰ ʩʭʝʤʘʩʠʜʘ ʌʍɸ:ʉʘ(NO3)2 ʵʨʠʪʤʘʩʠʛʘ ʦסʠʨʣʠʢ ʥʠʩʙʘʪʠ 1,0 : 
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1,60; 1,0 : 2,29; 1,0 : 2,97 ʙʠʣʘʥ ʤʦʩ ʨʘʚʠʰʜʘ ʚʘ ʅNO3 ʤʝʲʸʨʠ 50% ʙ˄ʣʛʘʥʜʘ 

(ʦסʠʨ.,%): 25,90-26,11 ʈ2ʆ5ʫʤ.; ʣʠʤʦʥ ʢʠʩʣʦʪʘʩʠ ʙʡ˄ʠʯʘ11,92-12,32 ʈ2ʆ5˄ʟʣ.;  

ʪʨʠʣʦʥ-ɹ ʙ˄ʡʠʯʘ8,16-8,48 ʈ2ʆ5˄ʟʣ.; 39,94-41,13 ʉʘʆʫʤ.; 19,12-19,37 ʉʘʆ˄ʟʣ.;,34-

1,08 ʉʘʆʩʫʚ.; 2,29 ʉʆ2; 0,17-0,55 N; ʉʘʆ : ʈ2ʆ5 = 1,53-1,59. ɹʫʥʜʘ ʉʘ(NO3)2 

ʥʠʥʛ ʶʚʠʣʠʰ ʜʘʨʘʞʘʩʠ 96,52 ʜʘʥ 98,92% ʛʘʯʘ ʦʨʪʘʜʠ. 

3. ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰ 

ʞʘʨʘʸʥʣʘʨʠ ʣʘʙʦʨʘʪʦʨʠʷ ʪʘʞʨʠʙʘ-ʩʠʥʦʚ ץʫʨʠʣʤʘʩʠʜʘ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʰ 

ʦʨץʘʣʠ ʣʘʙʦʨʘʪʦʨʠʷ ʪʘʜץʠץʦʪʣʘʨʠ ʥʘʪʠʞʘʣʘʨʠ ʪ˄ʣʘ ʪʘʩʜʠץʣʘʥʜʠ. 

çʉʘʤʘʨץʘʥʜʢʠʤʸè ɸɾ ʥʠʥʛ ʪʘʞʨʠʙʘ-ʩʘʥʦʘʪ ץʫʨʠʣʤʘʩʠʜʘ פʠʟʠʣץʫʤ 

ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʢʠʩʣʦʪʘʣʠ ʢʠʤʸʚʠʡ ʙʦʡʠʪʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʩʠʥʦʚʜʘʥ 

˄ʪʢʘʟʠʣʜʠ, ʙʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ʙʦʡʠʪʠʰʥʠʥʛ ʘʩʦʩʠʡ ʪʝʭʥʦʣʦʛʠʢ 

ʢʘʪʪʘʣʠʢʣʘʨʠʘʥʠץʣʘʥʜʠ. ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʜʘʥ ʂɹʌʂ 

ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʤʦʜʜʠʡ ʦץʠʤʠ ״ʠʩʦʙʣʘʥʜʠ ʚʘ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ 

ʪʝʭʥʦʣʦʛʠʢ ʨʝʛʣʘʤʝʥʪʠ ʠʰʣʘʙ ʯʠץʠʣʜʠ. ʅNO3 ʥʠʥʛ ״ʘʨ ʙʠʨ 40 ʚʘ 50% 

ʤʝʲʸʨʣʘʨʠ ʫʯʫʥʤʦʩ ʨʘʚʠʰʜʘ ʬʦʩʬʦʢʦʥʮʝʥʪʨʘʪʥʠʥʛ 200 ʢʛʜʘʥ ʪʘʞʨʠʙʘ 

ʧʘʨʪʠʷʩʠ ʠʰʣʘʙ ʯʠץʘʨʠʣʜʠ. 

4. ʄʄ ʥʠʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʠ ʙʦʡʠʪʠʰʜʘ ʢ˄ʧʠʢʣʘʥʠʰ ʞʘʨʘʸʥʠʜʘ ʢ˄ʧʠʢ 

ʢʘʨʨʘʣʠʛʠʛʘ ʅʉl ʥʠʥʛ ʤʝʲʸʨʠ, ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʚʘ ʫʟʘʪʠʙ ʙʝʨʠʰ ʪʝʟʣʠʛʠ, 

 ʦʪʣʘʨץʠץʘʤʜʘ ʘʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʛʠʥʠʥʛ ʪʘʲʩʠʨʠ ˄ʨʛʘʥʠʰ ʙ˄ʡʠʯʘ ʪʘʜ״

˄ʪʢʘʟʠʣʜʠ. ɹʦʡʠʪʠʰʥʠ ʤʘץʙʫʣ ʰʘʨʦʠʪʣʘʨʠ ʘʥʠץʣʘʥʜʠ: ʅʉl ʤʝʲʸʨʠ 50-60%; 

ʅʉl ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 25% ʜʘʥ ʢʘʤ ʵʤʘʩ; ʅʉl ʥʠ ʫʟʘʪʠʙ ʙʝʨʠʰ ʪʝʟʣʠʛʠ 0,728-

1,092 ʛ/ʜʘץ.; ʘʨʘʣʘʰʪʠʨʛʠʯ ʪʝʟʣʠʛʠ 1000 ʘʡʣ/ʜʘץ. ʜʘʥ ʢʘʤ ʵʤʘʩ. 

ʍʣʦʨʠʜʢʠʩʣʦʪʘʣʠ ʙ˄ʪץʘʥʠ ʢʘʣʴʮʠʡ ʛʠʜʨʦʢʩʠʜ ʩʫʩʧʝʥʟʠʷʩʠ ʸʢʠ ʘʤʤʠʘʢ ʙʠʣʘʥ 

ʥʝʡʪʨʘʣʣʘʙ, ʢʘʣʴʮʠʡʭʣʦʨʠʜʬʦʩʬʘʪ ʵʨʠʪʤʘʩʠʜʘʥ ʢʘʣʴʮʠʡ ʭʣʦʨʠʜʥʠ 

ʬʠʣʴʪʨʣʘʰ ʦʨץʘʣʠ ʘʞʨʘʪʠʰ ʚʘ ץʘʪʪʠץ ʬʘʟʘʥʠ ʉʘCl2 ʥʠʥʛ ʘʡʣʘʥʤʘ ʵʨʠʪʤʘʩʠ 

ʙʠʣʘʥ ʶʚʠʰ ʦʨץʘʣʠ ʄʄ ʜʘʥ (ʦסʠʨ. %): 22,74 ʈ2ʆ5; 39,00 ʉʘʆ; 3,52 ʉʆ2; 0,78 

Cl; ʉʘʆ:ʈ2ʆ5=1,72 ʚʘ  ʌʋ ʜʘʥ 26,36ʈ2ʆ5; 40,07ʉʘʆ; 3,60ʉʆ2; 0,79Cl; 

ʉʘʆ:ʈ2ʆ5=1,52 ʪʘʨʢʠʙʣʠ ʬʦʩʬʦʨʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʠ ʦʣʠʰ ʤʫʤʢʠʥʣʠʛʠ 

ʢ˄ʨʩʘʪʠʣʜʠ.  

5. ʄʄ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʂɹʌʂ ʜʘʥ ˄סʠʪʣʠ ʧʨʝʮʠʧʠʪʘʪ ʦʣʠʰʥʠʥʛ ʤʘץʙʫʣ 

ʪʝʭʥʦʣʦʛʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ʘʥʠץʣʘʥʜʠ: ʅʉl ʥʠʥʛ ʤʝʲʸʨʠ ʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 

ʤʦʩ ʨʘʚʠʰʜʘ 100 ʚʘ 25-32%; ʯ˄ʢʪʠʨʫʚʯʠ ʉʘ(ʆʅ)2 ʥʠʥʛ ʤʝʲʸʨʠ 100-110%; 

ʯ˄ʢʤʘ:ʅ2ʆ ʥʠʥʛ ʦסʠʨʣʠʢ ʥʠʩʙʘʪʣʘʨʠ 1:2,5 ʚʘ 1:2,0. ɹʫʥʜʘ ʧʨʝʮʠʧʠʪʘʪʣʘʥʠʰ 

ʜʘʨʘʞʘʩʠ ˄ʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘ ʰʘʨʦʠʪʣʘʨʠʛʘ ץʘʨʘʙ 94,79-97,41% ʦʨʘʣʠסʠʜʘ 

ʙ˄ ʣʘʜʠ. ʆʣʠʥʛʘʥ ʧʨʝʮʠʧʠʪʘʪʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠ (ʦסʠʨ.,%): ʈ2ʆ5ʫʤ. 26,02 ʜʘʥ 

26,47 ʛʘʯʘ; ʈ2ʆ5˄ʟʣ. ʣʠʤʦʥ ʢʠʩʣʦʪʘʩʠ ʙ˄ʡʠʯʘ 22,24 ʜʘʥ 22,73 ʛʘʯʘ; ʈ2ʆ5ʩʫʚ. 1,02 

ʜʘʥ 1,28 ʛʘʯʘ; ʉʘʆʫʤ. 28,01 ʜʘʥ 29,41 ʛʘʯʘ; ʉʘʆ˄ʟʣ. 24,18 ʜʘʥ 25,20 ʛʘʯʘ ʉʘʆʩʫʚ. 

1,20 ʜʘʥ 1,30 ʛʘʯʘ; ʉl 0,96 ʜʘʥ 1,10 ʛʘʯʘ ˄ʟʛʘʨʘʜʠ.  

 ʂɹʌʂ ʥʠ ʘʤʤʦʥʠʡ ʪʫʟʣʘʨʠ ʙʠʣʘʥ ʘʨʘʣʘʰʪʠʨʠʰ ʘʩʦʩʠʜʘ ʪʘʨʢʠʙʠʜʘʛʠ 

ʦʟʫץʘ ʢʦʤʧʦʥʝʥʪʣʘʨʠ 27,60 ʜʘʥ 41,71% ʛʘʯʘ NP-ʪʘʨʢʠʙʣʠ ʤʫʨʘʢʢʘʙ-

ʘʨʘʣʘʰʤʘʣʠ ˄סʠʪʣʘʨ ʦʣʠʥʜʠ. ɹʘʨʯʘ ʪʫʨʜʘʛʠ NP-˄סʠʪ ʜʦʥʘʣʘʨʠ ʝʪʘʨʣʠ 

ʜʘʨʘʞʘʜʘ ʤʫʩʪʘ״ʢʘʤʣʠʢʛʘ ʵʛʘ (3,02 ʜʘʥ 4,31 ʄʇʘ ʛʘʯʘ).  
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6. ʖץʦʨʠ ʢʘʨʙʦʥʘʪʣʠ ʄפ ʬʦʩʬʦʨʠʪʣʘʨʠʥʠ ʥʠʪʨʘʪ ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘʣʘʨʠ 

ʸʨʜʘʤʠʜʘ ʙʦʡʠʪʠʰʥʠ ʪʝʭʥʠʢ-ʠץʪʠʩʦʜʠʡ ״ʠʩʦʙʣʘʨʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. ʅʠʪʨʘʪ 

ʚʘ ʭʣʦʨʠʜ ʢʠʩʣʦʪʘ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ 26% ʈ2ʆ5 ʪʫʪʛʘʥ ʙʠʨ ʪʦʥʥʘ ʂɹʌʂ ʥʠʥʛ 

ʪʘʥʥʘʨʭʠ 213104 ʚʘ 203959 ʩ˄ʤ ʙ˄ʣʠʙ, ʫ ʖʂʌʂ-26 ʛʘ ʥʠʩʙʘʪʘʥ ʤʦʩ ʨʘʚʠʰʜʘ 

28016 ʚʘ 37161 ʩ˄ʤʛʘ ʘʨʟʦʥ. 
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