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ɺʉʊʋʇ 

 

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʻ ʟʘʩʦʙʦʤ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ï ʭʽʤʽʯʥʦʾ, ʤʝʪʘʣʫʨʛʽʡʥʦʾ, 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ, ʥʘʬʪʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʽʥʜʫʩʪʨʽʾ. ɺʽʜ 

ʨʽʚʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʦʩʥʘʱʝʥʦʩʪʽ ʣʘʙʦʨʘʪʦʨʽʡ ʧʨʠʣʘʜʘʤʠ, ʤʝʪʦʜʘʤʠ 

ʪʘ ʨʝʘʛʝʥʪʘʤʠ ʟʘʣʝʞʠʪʴ ʨʦʟʚʠʪʦʢ ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʥʘʫʢʠ. 

ʅʘʫʢʦʚʦʶ ʦʩʥʦʚʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʻ ʘʥʘʣʽʪʠʯʥʘ ʭʽʤʽʷ, ʷʢʘ 

ʧʨʦʪʷʛʦʤ ʩʪʦʨʽʯ ʙʫʣʘ ʦʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʭʽʤʽʾ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʘʥʘʣʽʪʠʯʥʘ 

ʭʽʤʽʷ ʚ ʟʥʘʯʥʦʤʫ ʩʪʫʧʝʥʽ ʟʤʽʥʠʣʘʩʷ, ʟʨʦʩʣʠ ʾʾ ʤʦʞʣʠʚʦʩʪʽ, ʧʦʰʠʨʠʣʠʩʴ 

ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ.  

ɸʥʘʣʽʟ ʢʦʥʢʨʝʪʥʠʭ ʦʙôʻʢʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʩʠʨʦʚʠʥʠ, ʰʣʘʢʽʚ, ʛʘʟʽʚ, 

ʩʪʽʯʥʠʭ ʚʦʜ, ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʠʣʫ ʟ ʤʝʪʦʶ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɹʝʟ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʝʤʦʞʣʠʚʘ ʫʩʧʽʰʥʘ ʨʦʙʦʪʘ ʙʫʜʴ-

ʷʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʦʧʝʨʘʮʽʻʶ ʙʫʜʴ-ʷʢʦʛʦ ʘʥʘʣʽʟʫ ʻ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʻ ʦʩʥʦʚʥʠʤ ʥʦʩʽʻʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʷʢʽʩʥʠʡ ʪʘ 

ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʦʙôʻʢʪʘ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. ʂʽʣʴʢʽʩʪʴ ʽ ʨʽʟʥʦʚʠʜ ʤʝʪʦʜʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʩʫʯʘʩʥʦʤʫ ʨʦʟʚʠʪʢʫ ʘʥʘʣʽʟʫ ʯʠʤʘʣʽ. 

ʈʦʟʫʤʽʥʥʷ ʽ ʟʥʘʥʥʷ ʦʩʥʦʚ ʙʫʜʴ-ʷʢʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʦʩʥʦʚʥʦʾ 

ʘʥʘʣʽʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʫʩʽʭ ʤʝʪʦʜʘʭ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʧʨʦʜʫʢʮʽʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʚʝʣʠʢʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʣʷ 

ʤʘʡʙʫʪʥʴʦʛʦ ʩʧʝʮʽʘʣʽʩʪʘ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çɸʥʘʣʽʪʠʯʥʠʡ 

ʢʦʥʪʨʦʣʴè ʜʦʧʦʤʦʞʝ ʩʪʫʜʝʥʪʘʤ ʢʨʘʱʝ ʦʚʦʣʦʜʽʪʠ ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʧʦʢʨʘʱʠʪʠ ʧʨʦʬʝʩʽʡʥʫ ʧʽʜʛʦʪʦʚʢʫ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʜʘʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʧʦʣʷʛʘʻ ʚ ʦʨʛʘʥʽʯʥʦʤʫ 

ʧʦʻʜʥʘʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ʟ ʦʩʥʦʚʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ, ʨʦʟʨʽʟʥʝʥʠʤʠ ʚ ʦʢʨʝʤʠʭ ʢʥʠʛʘʭ ʟ ʷʢʽʩʥʦʛʦ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ 

ʘʥʘʣʽʟʫ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ. 
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ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʧʦʩʽʙʥʠʢʘ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʧʽʜʨʫʯʥʠʢʽʚ, ʟʘʜʘʯʥʠʢʽʚ, ʤʦʥʦʛʨʘʬʽʡ ʪʘ ʜʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʙʫʣʠ ʧʝʨʝʨʦʙʣʝʥʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʫʯʘʩʥʦʾ ʭʽʤʽʯʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʧʦʟʥʘʯʝʥʴ, ʦʜʠʥʠʮʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ. 

ʋ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ çɸʥʘʣʽʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴè ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ, ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʭʽʤʽʯʥʽ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʪʘ ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ. ɺʝʣʠʢʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʝʦʨʽʾ ʭʽʤʽʯʥʠʭ, ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʟʫ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʢʦʥʘʭ ʬʽʟʠʢʠ ʪʘ ʭʽʤʽʾ. ɺ ʧʝʨʰʫ 

ʯʝʨʛʫ ʨʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʭʽʤʽʢʦ ï ʘʥʘʣʽʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. ʂʨʽʤ ʪʦʛʦ, ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʾʭ ʟʥʘʯʝʥʥʶ, 

ʤʦʞʣʠʚʦʩʪʷʤ ʪʘ ʦʙʤʝʞʝʥʥʷʤ. 

 ʇʽʩʣʷ ʚʠʢʣʘʜʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʽʚ, ʧʨʦʧʦʥʫʶʪʴʩʷ ʧʨʠʢʣʘʜʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʪʘ ʟʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ. ʎʝ, 

ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʤʘʻ ʩʪʠʤʫʣʶʚʘʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʝ ʚʠʚʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ.  
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1. ʂʃɸʉʀʌɯʂɸʎɯʗ ʄɽʊʆɼɯɺ ʍɯʄɯʏʅʆɻʆ ɸʅɸʃɯɿʋ 

 

ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ï ʩʢʣʘʜʥʠʡ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʡ ʧʨʦʮʝʩ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ 

ʘʥʘʣʽʟʫ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʢʪʘ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʽ, ʚʠʙʽʨ ʤʝʪʦʜʫ ʽ ʩʭʝʤʠ ʘʥʘʣʽʟʫ, ʚʽʜʙʽʨ ʧʨʦʙʠ, ʧʽʜʛʦʪʦʚʢʘ ʧʨʦʙʠ ʜʦ 

ʘʥʘʣʽʟʫ, ʚʠʤʽʨʶʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʫ. ʎʝʡ 

ʧʦʜʽʣ ʫʤʦʚʥʠʡ, ʙʦ ʢʦʞʥʠʡ ʝʪʘʧ ʤʦʞʝ ʙʫʪʠ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʤ ʽ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ 

ʙʘʛʘʪʦ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ. 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʙʽʨ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʨʦʜʽ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʦʙôʻʢʪʘ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʘ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʻ ʚ ʣʘʙʦʨʘʪʦʨʽʾ, ʚʠʪʨʘʪ ʯʘʩʫ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ, ʚʽʜ ʪʦʯʥʦʩʪʽ ʽ ʯʫʪʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ. ʋʩʽ 

ʤʝʪʦʜʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʟʘʻʤʥʦʤʫ ʟʚôʷʟʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 

ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ. 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʠ ʘʥʘʣʽʟʫ ʨʦʟʨʽʟʥʷʶʪʴ: 

- ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʧʨʦʚʦʜʷʪʴ ʟ ʤʝʪʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʝʯʦʚʠʥʠ ï 

ʚʩʪʘʥʦʚʣʶʶʪʴ, ʷʢʽ ʩʘʤʝ ʝʣʝʤʝʥʪʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ; 

- ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ï ʚʩʪʘʥʦʚʣʶʶʪʴ ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʦʙôʻʢʪʘ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ; 

- ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ï ʚʠʟʥʘʯʘʶʪʴ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʨʝʯʦʚʠʥ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʤʘʪʝʨʽʘʣʽ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ (ʥʘʫʢʦʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ) 

ʨʦʟʨʽʟʥʷʶʪʴ: 

1. ʍʽʤʽʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

 ʉʢʣʘʜ ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ɺ ʷʢʽʩʥʦʤʫ 

ʘʥʘʣʽʟʽ ʨʝʘʢʮʽʾ ʧʦʚʠʥʥʽ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʴ ʟʦʚʥʽʰʥʽʤ ʝʬʝʢʪʦʤ: ʟʤʽʥʦʶ 

ʟʘʙʘʨʚʣʝʥʥʷ, ʧʦʷʚʦʶ ʯʠ ʨʦʟʯʠʥʥʽʩʪʶ ʦʩʘʜʫ, ʚʠʜʽʣʝʥʥʷʤ ʛʘʟʫ. ɺ ʢʽʣʴʢʽʩʥʦʤʫ 

ʘʥʘʣʽʟʽ ʨʝʘʢʮʽʾ ʧʦʚʠʥʥʽ ʧʨʦʪʽʢʘʪʠ ʜʫʞʝ ʰʚʠʜʢʦ ʽ ʢʽʣʴʢʽʩʥʦ, ʥʝ ʧʦʚʠʥʥʽ 

ʧʨʦʪʽʢʘʪʠ ʧʦʙʽʯʥʽ ʨʝʘʢʮʽʾ, ʪʨʝʙʘ ʤʘʪʠ ʤʝʪʦʜ ʬʽʢʩʘʮʽʾ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʨʝʯʦʚʠʥʠ 

ʧʨʦʨʝʘʛʫʶʪʴ ʚ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʢʽʣʴʢʦʩʪʽ. ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʨʝʘʢʮʽʡ: 

ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʚʠʙʽʨʢʦʚʽʩʪʴ ʨʝʘʢʮʽʡ. 

 ɼʦ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʛʨʘʚʽʤʝʪʨʠʯʥʠʡ, ʪʠʪʨʠʤʝʪʨʠʯʥʠʡ, 

ʛʘʟʦʦʙôʻʤʥʠʡ  ʤʝʪʦʜʠ. ʏʫʪʣʠʚʽʩʪʴ ʮʠʭ ʤʝʪʦʜʽʚ ʩʢʣʘʜʘʻ %1010 32 -- · . 
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2. ʌʽʟʠʢʦ ï ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ 

 ʎʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ  ʚʠʤʽʨʶʚʘʥʥʽ ʪʘʢʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ 

ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ. ɼʦ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʥʦʩʷʪʴʩʷ 

ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʩʠʣʘ 

ʩʪʨʫʤʫ, ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʪʦʱʦ. ʊʠʧʦʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʻ ʧʦʪʝʥʮʽʦʤʝʪʨʽʷ, ʢʦʥʜʫʢʪʦʤʝʪʨʽʷ, ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ, ʬʦʪʦʤʝʪʨʽʷ ʪʘ 

ʽʥʰʽ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ, ʾʭ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦʨʽʚʥʶʻ %1010 64 -- · . 

3. ʌʽʟʠʯʥʽ ʤʝʪʦʜʠ 

 ʋ ʮʠʭ ʤʝʪʦʜʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʽʚ ʚʠʤʽʨʶʶʪʴ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʩʢʣʘʜ. ʇʨʠ ʮʴʦʤʫ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʘʪʦʤʥʦ ï ʘʙʩʦʨʙʮʽʡʥʠʡ 

ʘʥʘʣʽʟ, ʘʪʦʤʥʦ ï ʝʤʽʩʽʡʥʠʡ ʘʥʘʣʽʟ, ʷʜʝʨʥʠʡ - ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ ʪʘ ʽʥʰʽ. ʋ 

ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʢʣʘʜʥʽ ʧʨʠʣʘʜʠ, ʘʣʝ ʚʦʥʠ ʜʫʞʝ ʯʫʪʣʠʚʽ - 

%1010 116 -- · . 

 ʅʘ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠʡʥʷʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ 

ʧʦʢʣʘʜʝʥʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʨʦʙʥʠʯʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʟʨʽʟʥʷʶʪʴ: 

1. ʄʘʨʢʽʨʫʚʘʣʴʥʽ ʤʝʪʦʜʠ 

ʎʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʮʠʭ ʤʝʪʦʜʽʚ ʻ 

ʪʦʯʥʽʩʪʴ. ʐʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ï ʮʝ ʜʨʫʛʦʨʷʜʥʠʡ ʯʠʥʥʠʢ. ʏʝʨʝʟ ʮʝ ʜʦ 

ʮʽʻʾ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʭʽʤʽʯʥʽ ʽ ʜʝʷʢʽ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ. 

2. ʂʦʥʪʨʦʣʴʥʽ (ʘʨʙʽʪʨʘʞʥʽ) ʤʝʪʦʜʠ  

ʎʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʫ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʽ ʩʧʦʞʠʚʘʯʝʤ. ʆʩʥʦʚʥʘ ʚʠʤʦʛʘ ʜʦ ʮʠʭ ʤʝʪʦʜʽʚ ï ʚʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ. ɺ ʷʢʦʩʪʽ ʘʨʙʽʪʨʘʞʥʠʭ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽ ʞ ʩʘʤʽ ʤʝʪʦʜʠ, ʱʦ 

ʡ ʚ ʤʘʨʢʽʨʫʚʘʣʴʥʠʭ. 

3. ɽʢʩʧʨʝʩʥʽ ʤʝʪʦʜʠ  

ɰʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʭʦʜʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʩʥʦʚʥʘ ʚʠʤʦʛʘ ʜʦ ʮʠʭ ʤʝʪʦʜʽʚ ï ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ. ɺ ʷʢʦʩʪʽ ʝʢʩʧʨʝʩʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ (ʬʽʟʠʯʥʽ ʽ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʽ). 
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 ʅʘ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʫ ʭʦʜʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʧʣʠʚʘʻ ʚʽʨʥʦ 

ʚʠʙʨʘʥʘ ʤʘʩʘ ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʾ ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ, ʥʘʚʝʜʝʥʠʤ ʚ 

ʪʘʙʣʠʮʽ 1.1. 

                                                                                                          ʊʘʙʣʠʮʷ 1.1 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʠ ʧʨʦʙʠ 

ʄʝʪʦʜ ʄʘʢʨʦ ʅʘʧʽʚ- 

ʤʽʢʨʦ 

ʄʽʢʨʦ ʋʣʴʪʨʘ- 

ʤʽʢʨʦ 

ʉʫʙʤʽʢʨʦ 

ʄʘʩʘ ʧʨʦʙʠ, ʛ 110-  210-  310-  610-  910-  

  

ʋʩʽ ʤʝʪʦʜʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʪʨʠʤʘʥʥʽ ʽ ʚʠʤʽʨʶʚʘʥʥʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʦʙʪʦ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʷʚʣʝʥʥʷ ʭʽʤʽʯʥʦʾ ʘʙʦ ʬʽʟʠʯʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʷʢʽʩʥʦʛʦ 

ʩʢʣʘʜʫ ʦʙôʻʢʪʘ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʘʙʦ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʘ, 

ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʮʴʦʤʫ ʦʙôʻʢʪʽ. ʊʦʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ï 

ʛʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʙʝʟ ʷʢʦʛʦ ʥʝʤʦʞʣʠʚʝ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ.  

 ɿʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʘʥʘʣʽʪʠʯʥʽ ʩʠʛʥʘʣʠ ʩʧʝʮʠʬʽʯʥʽ, ʪʦʙʪʦ ʚʣʘʩʪʠʚʽ 

ʪʽʣʴʢʠ ʜʘʥʠʤ ʢʦʥʢʨʝʪʥʠʤ ʘʪʦʤʘʤ ʘʙʦ ʤʦʣʝʢʫʣʘʤ ʨʝʯʦʚʠʥʠ. ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʠʟʥʘʯʠʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ ʚʽʟʫʘʣʴʥʦ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʽʚ. 

ʊʘʙʣʠʮʷ 1.2 

ʊʠʧʠ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

 ̄ ʄʝʪʦʜ ɸʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣ 

1 ɻʨʘʚʽʤʝʪʨʽʷ ʤʘʩʘ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ 

2 ʊʠʪʨʠʤʝʪʨʽʷ ʦʙôʻʤ ʨʝʘʛʝʥʪʫ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʶ 

ʟ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ 

3 ʇʦʪʝʥʮʽʦʤʝʪʨʽʷ ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ 

4 ʇʦʣʷʨʦʛʨʘʬʽʷ ʩʠʣʘ ʩʪʨʫʤʫ 

5 ʂʫʣʦʥʦʤʝʪʨʽʷ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ 

6 ʂʦʥʜʫʢʪʦʤʝʪʨʽʷ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ 

7 ɽʣʝʢʪʨʦʛʨʘʚʽʤʝʪʨʽʷ ʤʘʩʘ ʦʩʘʜʫ ʥʘ ʝʣʝʢʪʨʦʜ ̔

8 ʌʦʪʦʤʝʪʨʽʷ ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ 

9 ʉʧʝʢʪʨʘʣʴʥʠʡ ʚʽʜʥʦʩʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ 
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2. ʈʆɿʏʀʅʀ. ʉʇʆʉʆɹʀ ɺʀʈɸɾɽʅʅʗ ʂʆʅʎɽʅʊʈɸʎɯɰ 

ʈʆɿʏʀʅɯɺ 

 

 ʈʦʟʯʠʥʘʤʠ ʥʘʟʠʚʘʶʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʽ ʨʽʚʥʦʚʘʞʥʽ ʩʠʩʪʝʤʠ 

ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ ʟ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʦʡ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʢʽʣʴʢʽʩʥʦ 

ʧʝʨʝʚʘʞʘʻ ʽ ʟʙʝʨʽʛʘʻ ʩʚʽʡ ʘʛʨʝʛʘʪʠʚʥʠʡ ʩʪʘʥ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʨʦʟʯʠʥʫ, 

ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʨʦʟʯʠʥʥʠʢʦʤ, ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ï ʨʦʟʯʠʥʝʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ. ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʷʢʘ ʧʦʢʘʟʫʻ 

ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʤʘʩʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʨʦʟʯʠʥʫ ʘʙʦ ʚ 

ʦʜʠʥʠʮʽ ʤʘʩʠ ʨʦʟʯʠʥʥʠʢʘ (ʨʦʟʯʠʥʫ). 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʾ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʦʙôʻʤʥʽ ʪʘ ʤʘʩʦʚʽ. 

 ʆʙôʻʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʤʘʩʠ ʨʦʟʯʠʥʝʥʦʾ 

ʨʝʯʦʚʠʥʠ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʨʦʟʯʠʥʫ. ʎʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʫʞʝ ʟʨʫʯʥʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ, ʘʣʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʜʠʥʠʮʴ ʤʘʩʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʦʜʠʥʠʮʴ 

ʦʙôʻʤʽʚ ʨʦʟʯʠʥʫ ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ: 

1.  ʄʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ (ʤʦʣʷʨʥʽʩʪʴ) ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʤʦʣʽʚ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʣʽʪʨʽ ʨʦʟʯʠʥʫ. ʈʦʟʤʽʨʥʽʩʪʴ: 

ʤʦʣʴ/ʣ. 

 ʄʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ (ʉM) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ  

                                                   
ii

i

M
VM

1000m
C

Ö

Ö
= ,                                             (2.1)                                         

ʜʝ  mi ï ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ; ʄi ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʛ/ʤʦʣʴ; V i -  ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʤʣ; 1000 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʤʽʣʽʣʽʪʨʽʚ ʜʦ ʣʽʪʨʽʚ. 

 2. ʄʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʚʽʚʘʣʝʥʪʘ (ʥʦʨʤʘʣʴʥʽʩʪʴ) ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ 

ʤʦʣʴ-ʝʢʚʽʚʘʣʝʥʪʽʚ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʣʽʪʨʽ 

ʨʦʟʯʠʥʫ. ʈʦʟʤʽʨʥʽʩʪʴ: ʤʦʣʴ-ʝʢʚ/ʣ. 

 ʄʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʚʽʚʘʣʝʥʪʘ (ʉʅ) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                                 
ii,e

i
H

VM

1000m
C

Ö

Ö
= ,                                               (2.2) 
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ʜʝ  mi ï ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ; ʄe,i ï ʤʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ 

ʨʝʯʦʚʠʥʠ, ʛ/ʤʦʣʴ-ʝʢʚ; V i - ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʤʣ; 1000 ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʤʽʣʽʣʽʪʨʽʚ ʜʦ ʣʽʪʨʽʚ. 

 3. ʊʠʪʨ ʨʦʟʯʠʥʫ ï ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦ ʦʙôʻʤʫ 

ʨʦʟʯʠʥʫ. ʈʦʟʤʽʨʥʽʩʪʴ: ʛ/ʤʣ. 

ʊʠʪʨ ʨʦʟʯʠʥʫ (ʊ)̔ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤʠ  

                                                     
i

i
i

V

m
T = ,                                                       (2.3) 

ʜʝ  
i

m  ï ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ; 
i

V  -  ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʤʣ. ʗʢʱʦ ʚʽʜʦʤʘ 

ʥʦʨʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ 

                                               
1000

ʄC
T

ʽ,ʝi,ʅ

i

Ö
=  ,                                                 (2.4) 

ʜʝ  
i,ʅ

C  ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʚʽʚʘʣʝʥʪʘ ʨʝʯʦʚʠʥʠ, ʤʦʣʴ-ʝʢʚ/ʣ; 

i,e
M  - ʤʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʨʝʯʦʚʠʥʠ, ʛ/ʤʦʣʴ-ʝʢʚ. 

 ɺ ʢʽʣʴʢʽʩʥʦʤʫ ʘʥʘʣʽʟ ̔ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ï ʪʠʪʨ ʨʦʟʯʠʥʫ ʟʘ 

ʨʝʯʦʚʠʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ (ʊɺ/ɸ). ɺʽʥ ʧʦʢʘʟʫʻ, ʩʢʽʣʴʢʠ ʛʨʘʤʽʚ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʨʝʘʛʫʻ ʟ 1ʤʣ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                                  
iB,e

A,eB

A
B

VM

Mm
T

Ö

Ö
= ,                                            (2.5) 

ʜʝ  ʊɺ/ɸ  - ʪʠʪʨ ʨʦʟʯʠʥʫ ɺ ʟʘ ʨʝʯʦʚʠʥʦʶ ɸ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʛ/ʤʣ; m ï ʤʘʩʘ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ɺ, ʛ; V i -  ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʤʣ; ʄʝ,ɸ  ʽ ʄʝ,ɺ ï ʤʦʣʷʨʥʽ ʤʘʩʠ 

ʝʢʚʽʚʘʣʝʥʪʽʚ ʨʝʯʦʚʠʥ ɸ ʽ ɺ, ʛ/ʤʦʣʴ-ʝʢʚ. ʗʢʱʦ ʚʽʜʦʤʘ ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʝʢʚʽʚʘʣʝʥʪʫ ʪʠʪʨʘʥʪʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ 

                                                   
1000

MC
T

A,eB,ʅ

A
B

Ö
= ,                                         (2.6) 

ʜʝ  
ɺ,ʅ

C  ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʚʽʚʘʣʝʥʪʘ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ɺ, ʤʦʣʴ-

ʝʢʚ/ʣ; 
A,e

M  - ʤʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʨʝʯʦʚʠʥʠ ɸ, ʛ/ʤʦʣʴ-ʝʢʚ. 

 ʄʘʩʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʤʘʩʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ 

ʚ ʦʜʠʥʠʮʽ ʤʘʩʠ ʨʦʟʯʠʥʥʠʢʘ (ʨʦʟʯʠʥʫ). ʎʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʘʣʝ ʥʝ ʜʫʞʝ ʟʨʫʯʥʽ ʫ ʨʦʙʦʪʽ, ʙʦ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʾ ʦʧʝʨʘʮʽʾ 

ʟʚʘʞʫʚʘʥʥʷ. ʈʦʟʨʽʟʥʷʶʪʴ: 

 1. ʄʦʣʷʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ (ʤʦʣʷʣʴʥʽʩʪʴ) ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ 1ʢʛ ʨʦʟʯʠʥʥʠʢʘ. ʈʦʟʤʽʨʥʽʩʪʴ: ʤʦʣʴ/ʢʛ. 
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 ʄʦʣʷʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ (ʉm) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                                     
Pi

i
m

mM

m
C

Ö
= ,                                             (2.7) 

ʜʝ  mi ï ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ; mʈ ï ʤʘʩʘ ʨʦʟʯʠʥʥʠʢʘ, ʢʛ; ʄi ï ʤʦʣʷʨʥʘ 

ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ/ʤʦʣʴ. 

 2. ʄʦʣʴʥʘ ʯʘʩʪʢʘ (ʍi) ʧʦʢʘʟʫʻ, ʷʢʫ ʯʘʩʪʠʥʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʤʦʣʝʡ ʨʦʟʯʠʥʫ ʩʢʣʘʜʘʻ ʨʦʟʯʠʥʝʥʘ ʨʝʯʦʚʠʥʘ ʘʙʦ ʨʦʟʯʠʥʥʠʢ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ  

                                                        
ä
=

i

i
i

n

n
X ,                                                   (2.8) 

ʜʝ  niï ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʽ-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʦʟʯʠʥʽ, ʤʦʣʴ;  ä i
n - ʩʫʤʘ ʤʦʣʝʡ 

ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʯʠʥʫ, ʤʦʣʴ. 

 ɼʣʷ ʙʽʥʘʨʥʠʭ ʨʦʟʯʠʥʽʚ ʩʫʤʘ ʤʦʣʴʥʠʭ ʯʘʩʪʦʢ ʨʦʟʯʠʥʥʠʢʘ (ʍʦ) ʽ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ (ʍ̔) ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

                                                    ʍ̔    +  ʍʦ  = 1.                                                    (2.9) 

ʄʦʣʴʥʽ ʯʘʩʪʢʠ ʚʠʨʘʞʘʶʪʴ ʫ ʯʘʩʪʠʥʘʭ ʚʽʜ ʦʜʠʥʠʮʽ ʘʙʦ ʫ ʚʽʜʩʦʪʢʘʭ. 

 3. ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʫ ʚʽʜʩʦʪʢʘʭ (,%w ) ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʛʨʘʤʽʚ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʚ 100ʛ ʨʦʟʯʠʥʫ. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                  
ʥʫʨ

i

m

100m
,%w

-

Ö
= ,                                             (2.10) 

ʜʝ  mi ï ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ, ʛ; mʨ-ʥʫ ï ʤʘʩʘ ʨʦʟʯʠʥʫ, ʛ. 

 ʈʦʟʯʠʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʦʶ ʛʫʩʪʠʥʦʶ ɟ (ʛ/ʤʣ ʘʙʦ ʢʛ/ʜʤ
3
), ʷʢʫ 

ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʽʜ ʤʘʩʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ ʦʙôʻʤʥʠʭ, ʽ 

ʥʘʚʧʘʢʠ. 

                                   
i

i

V

m
=r ,                                                         (2.11) 

ʜʝ  mi ï ʤʘʩʘ ʨʦʟʯʠʥʫ, ʛ; V i- ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʤʣ. 

 ʈʽʚʥʷʥʥʷ, ʱʦ ʧʦʚôʷʟʫʶʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʟ ʤʦʣʷʨʥʽʩʪʶ, ʥʦʨʤʘʣʴʥʽʩʪʶ ʪʘ 

ʤʦʣʷʣʴʥʽʩʪʶ  ʨʦʟʯʠʥʽʚ, ʤʘʶʪʴ ʚʠʛʣʷʜ 

                           
i

M
M

,%w10
C

ÖrÖ
= ,                                               (2.12) 

                           
i,e

H
M

,%w10
C

ÖrÖ
= ,                                                (2.13) 
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( ),%w100M

,%w1000
C

i

m
-Ö

Ö
= .                                      (2.14) 

 

2.1. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

 ɿʘʜʘʯʘ 1. ɺʠʟʥʘʯʪʝ ʤʦʣʷʨʥʫ ʠ ʤʦʣʷʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 87,69 %-ʛʦ 

ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ ɟ=1,86 ʛ/ʤʣ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʻʤʦ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʅ2SO4 ʟʘ ʨʽʚʥʷʥʥʷʤ 

(2.12)    

                             
i

M
M

,%w10
C

ÖrÖ
= , 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʛ/ʤʣ; ,%w - ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʨʦʟʯʠʥʫ, %; ʄi ï ʤʦʣʷʨʥʘ 

ʤʘʩʘ ʢʠʩʣʦʪʠ, ʛ/ʤʦʣʴ. 
42SOH

M = 98ʛ/ʤʦʣʴ. 

64,16
98

69,8786,110
CM =

ÖÖ
= ʤʦʣʴ/ʣ. 

ʄʦʣʷʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.14) 

( ) ( )
7,72

9869,87100

69,871000

,%w100M

,%w1000
Cm =

Ö-

Ö
=

-Ö

Ö
= ʤʦʣʴ/ʢʛ. 

 

 ɿʘʜʘʯʘ 2. ʈʦʟʨʘʭʫʡʪʝ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʢʚʽʚʘʣʝʥʪʘ ʪʘ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʫ ʚʽʜʩʦʪʢʘʭ ʨʦʟʯʠʥʫ ʅʉɯ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 7,3 ʛ ʅʉɯ ʚ 

150 ʤʣ ʚʦʜʠ. ɻʫʩʪʠʥʘ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʨʽʚʥʶʻ 1,02 ʛ/ʤʣ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʻʤʦ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʢʚʽʚʘʣʝʥʪʘ ʨʦʟʯʠʥʫ 

ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.2) 

VM

1000m
C

i,e

i
H

Ö

Ö
= . 

 ʆʙôʻʤ ʨʦʟʯʠʥʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

r
= i

i

m
V , 

ʜʝ  mi ï ʤʘʩʘ ʨʦʟʯʠʥʫ, ʛ; ɟ ï ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʛ/ʤʣ. 

 ʗʢʱʦ ʛʫʩʪʠʥʘ ʚʦʜʠ ʜʦʨʽʚʥʶʻ 1 ʛ/ʤʣ, ʪʦ ʾʾ ʦʙôʻʤ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ 

ʜʦ ʤʘʩʠ. ʊʦʜʽ ʤʘʩʘ ʨʦʟʯʠʥʫ ʩʪʘʥʦʚʠʪʠʤʝ 

3,1573,7150mmm
HCIOH2

=+=+= ʛ. 
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 ɿʥʘʡʜʝʤʦ ʦʙôʻʤ ʨʦʟʯʠʥʫ 

2,154
02,1

3,157
V == ʤʣ. 

 ʄʦʣʷʨʥʫ ʤʘʩʫ ʝʢʚʽʚʘʣʝʥʪʘ ʅʉɯ ʚʠʟʥʘʯʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

5,36
1

5,36

n

M
M

H

HCI
HCI,e ===

+

ʛ/ʤʦʣʴ-ʝʢʚ. 

 ʄʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʚʽʚʘʣʝʥʪʘ ʨʦʟʯʠʥʫ ʅʉɯ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

3,1
2,1545,36

10003,7
C

H
=

Ö

Ö
= ʤʦʣʴ-ʝʢʚ/ʣ. 

 ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʅʉɯ ʫ ʚʽʜʩʦʪʢʘʭ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.10) 

%64,4
3,157

1003,7

m

100m
,%w

ʥʫʨ

HCI =
Ö

=
Ö

=
-

. 

 

 ɿʘʜʘʯʘ 3. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʫ ʚʽʜʩʦʪʢʘʭ, ʤʦʣʷʣʴʥʽʩʪʴ, ʪʠʪʨ 

ʨʦʟʯʠʥʫ ʽ ʤʦʣʴʥʫ ʯʘʩʪʢʫ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʧʽʩʣʷ ʨʦʟʯʠʥʝʥʥʷ 8ʛ ʥʘʪʨʽʡ 

ʛʽʜʨʦʢʩʠʜʫ ʚ 200 ʛ ʚʦʜʠ. ɟ=1,01 ʛ/ʤʣ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʄʘʩʦʚʫ ʯʘʩʪʢʫ NaOH ʫ ʚʽʜʩʦʪʢʘʭ ʚ ʦʪʨʠʤʘʥʦʤʫ ʨʦʟʯʠʥʽ 

ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.10) 

ʥʫʨ

i

m

100m
,%w

-

Ö
= . 

ʄʘʩʘ ʨʦʟʯʠʥʫ ʩʪʘʥʦʚʠʪʠʤʝ 

2088200mmm NaOHOHʥʫp 2
=+=+=- ʛ. 

ʊʦʜʽ 

%85,3
208

1008
,%w =

Ö
= . 

 ʄʦʣʷʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.7). 

 1
2,040

8

mM

m
C

OHNaOH

NaOH
m

2

=
Ö

=
Ö

= ʤʦʣʴ/ʢʛ. 

 ɿʥʘʡʜʝʤʦ ʪʠʪʨ ʨʦʟʯʠʥʫ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.3)  

ʥʫʨ

NaOH

V

m
T

-

= . 

 ʆʩʢʽʣʴʢʠ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ʜʦʨʽʚʥʶʻ 1,01 ʛ/ʤʣ, ʪʦ  
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9,205
01,1

208m
V

ʥʫʨ

ʥʫʨ ==
r

=
-

- ʤʣ. 

ʊʦʜʽ 

03885,0
9,205

8
T == ʛ/ʤʣ. 

ʄʦʣʴʥʫ ʯʘʩʪʢʫ NaOH ʫ ʨʦʟʯʠʥʽ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.8) 

OHNaOH

NaOH

NaOH

2
nn

n
X

+
= . 

 ʂʽʣʴʢʽʩʪʴ ʤʦʣʝʡ NaOH ʜʦʨʽʚʥʶʻ 

NaOH

NaOH

NaOH
M

m
n = , 

ʜʝ  ʄNaOH ï ʤʦʣʷʨʥʘ ʤʘʩʘ NaOH, ʛ/ʤʦʣʴ. ʄNaOH=40ʛ/ʤʦʣʴ. 

2,0
40

8
nNaOH == ʤʦʣʴ. 

 ʂʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʅ2ʆ ʜʦʨʽʚʥʶʻ 

1,11
18

200

M

m
n

OH

OH

OH

2

2

2
=== ʤʦʣʴ. 

ʊʦʜʽ 

018,0
1,112,0

2,0
X NaOH =

+
= . 

 

 ɿʘʜʘʯʘ 4. ʆʙʯʠʩʣʽʪʴ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʩʠʣʽʢʦʚʘʥʘʜʽʶ, ʷʢʠʡ ʚʤʽʱʫʻ 

48 % ɺʘʥʘʜʽʶ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 10 ʪ ʩʪʘʣʽ ʽʟ ʚʤʽʩʪʦʤ ɺʘʥʘʜʽʶ 1,5 %. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ɺʘʥʘʜʽʶ, ʱʦ ʚʤʽʱʫʻʪʴʩʷ ʚ 10 ʪ 

ʩʪʘʣʽ ʽʟ ʚʤʽʩʪʦʤ ɺʘʥʘʜʽʶ 1,5 %, ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʧʦʨʮʽʾ 

100 ʪ ʩʪʘʣʽ ʚʤʽʱʫʻ 1,5 ʪ ɺʘʥʘʜʽʶ, 

10 ʪ ʩʪʘʣʽ ʚʤʽʱʫʻ ʍ ʪ ɺʘʥʘʜʽʶ. 

15,0
100

5,110
X =

Ö
= ʪ =150 ʢʛ. 

 ʂʽʣʴʢʽʩʪʴ ʩʠʣʽʢʦʚʘʥʘʜʽʶ, ʱʦ ʚʤʽʱʫʚʘʪʠʤʝ 150 ʢʛ ɺʘʥʘʜʽʶ, ʟʥʘʭʦʜʠʤʦ ʟ 

ʥʘʩʪʫʧʥʦʾ ʧʨʦʧʦʨʮʽʾ 

100 ʢʛ ʩʠʣʽʢʦʚʘʥʘʜʽʶ ʤʽʩʪʠʪʴ 48 ʢʛ ɺʘʥʘʜʽʶ, 

ʍ ʢʛ ʩʠʣʽʢʦʚʘʥʘʜʽʶ ʤʽʩʪʠʪʴ 150 ʢʛ ɺʘʥʘʜʽʶ. 
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5,312
48

150100
X =

Ö
=  ʢʛ. 

 

 ɿʘʜʘʯʘ 5. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʽ ʤʦʣʷʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ 200 ʤʣ 50 %-ʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ 

ʛʫʩʪʠʥʦʶ 1,4 ʛ/ʤʣ ʟ 2 ʣ 10,6 %-ʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ  

1,07 ʛ/ʤʣ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɺʠʟʥʘʯʠʤʦ ʤʘʩʫ 50 %-ʛʦ ʽ 10,6 %-ʛʦ ʨʦʟʯʠʥʽʚ H2SO4 ʟʘ 

ʨʽʚʥʷʥʥʷʤ rÖ=Vm  

2804,1200m
1

=Ö= ʛ;   214007,12000m
2

=Ö= ʛ. 

 ʊʦʜʽ ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʩʪʘʥʦʚʠʪʠʤʝ 

24202140280mmm
21

=+=+= ʛ. 

 ʈʦʟʨʘʭʫʻʤʦ ʚʤʽʩʪ H2SO4 ʚ 50 %-ʤʫ ʽ 10,6 %-ʤʫ ʨʦʟʯʠʥʘʭ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 

100

m,%w
m

p

SOH 42

Ö
= , 

140
100

28050
m

42SOH,1 =
Ö

= ʛ, 

84,226
100

214060,10
m

42SOH,2 =
Ö

= ʛ. 

 ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʢʠʩʣʦʪʠ ʚ ʦʪʨʠʤʘʥʦʤʫ ʨʦʟʯʠʥʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

84,36684,226140mmm
424242 SOH,2SOH,1SOH =+=+= ʛ. 

 ʄʘʩʦʚʫ ʯʘʩʪʢʫ H2SO4 ʫ ʚʽʜʩʦʪʢʘʭ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.10) 

%16,15
2420

10084,366

m

100m
,%w

ʥʫʨ

SOH 42 =
Ö

=
Ö

=
-

. 

 ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʣʷʣʴʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʟʥʘʡʜʝʤʦ ʤʘʩʫ ʚʦʜʠ 

ʟʘ ʨʽʚʥʷʥʥʷʤ 

16,205384,3662420mmm
422 SOHpOH =-=-= ʛ=05,2 ʢʛ. 

 ʄʦʣʷʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʦʙʯʠʩʣʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (2.7) 

82,1
05,298

84,366

mM

m
C

OHSOH

SOH

m

242

42 =
Ö

=
Ö

= ʤʦʣʴ/ʢʛ. 
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2.2. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ʆʙʯʠʩʣʽʪʴ, ʩʢʽʣʴʢʠ ʛʨʘʤʽʚ ʢʘʣʽʡ ʛʽʜʨʦʢʩʠʜʫ ʚʤʽʱʫʻ 200 ʤʣ 0,092 ʥ ʨʦʟʯʠʥʫ. 

ʄʂʆʅ=56 ʛ/ʤʦʣʴ. 

 ɺʽʜʧʦʚʽʜʴ: 1,0304 ʛ. 

2. ɺʠʟʥʘʯʪʝ ʦʙôʻʤ 56 %-ʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,46 ʛ/ʤʣ, 

ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 5 ʣ 2 ʥ ʨʦʟʯʠʥʫ. ʄ H2SO4=98 ʛ/ʤʦʣʴ. 

 ɺʽʜʧʦʚʽʜʴ: 599,32 ʤʣ. 

3. ʈʦʟʨʘʭʫʡʪʝ, ʩʢʽʣʴʢʠ ʤʽʣʽʣʽʪʨʽʚ 2 ʥ ʨʦʟʯʠʥʫ ʅʘʪʨʽʡ ʢʘʨʙʦʥʘʪʫ ʪʨʝʙʘ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ 250 ʤʣ 0,35 ʥ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ Na2CO3. 

 ɺʽʜʧʦʚʽʜʴ: 43,75 ʤʣ. 

4. 1 ʣ ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ CaSO4 ʚʤʽʱʫʻ 2 ʛ ʩʦʣʽ. ɿʥʘʡʜʽʪʴ ʤʦʣʷʨʥʫ, ʤʦʣʷʣʴʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʨʦʟʯʠʥʫ. ʇʨʠʡʥʷʪʠ ɟ=1 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 7,1Ā10
-3 
ʤʦʣʴ/ʣ; 7,1Ā10

-3
 ʤʦʣʴ/ʢʛʅ2ʆ; 0,1 %. 

5. ɺʠʟʥʘʯʪʝ ʢʽʣʴʢʽʩʪʴ ʛʨʘʤʽʚ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʚ 100 ʤʣ 5 ʄ ʨʦʟʯʠʥʫ. 

 ɺʽʜʧʦʚʽʜʴ: 49 ʛ. 

6. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʽ ʤʦʣʴʥʫ ʯʘʩʪʢʫ 5 ʄ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ 

ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,29 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 37,98 %;   0,1011. 

7. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʦʪʨʠʤʘʥʦʛʦ 

ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ 200 ʤʣ 5ʄ ʨʦʟʯʠʥʫ H2SO4 ʛʫʩʪʠʥʦʶ 1,29 ʛ/ʤʣ ʟ 350 ʤʣ 

ʚʦʜʠ. 

 ɺʽʜʧʦʚʽʜʴ: 16,12 %. 

8. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʽ ʪʠʪʨ ʨʦʟʯʠʥʫ ʧʽʩʣʷ ʨʦʟʯʠʥʝʥʥʷ 100 ʤʣ 8,8 ʄ 

ʨʦʟʯʠʥʫ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,425 ʛ/ʤʣ ʚ 400 ʤʣ ʚʦʜʠ. 

 ɺʽʜʧʦʚʽʜʴ: 15,9 %; 0,1725 ʛ/ʤʣ. 

9. ʆʙʯʠʩʣʽʪʴ ʤʦʣʷʣʴʥʽʩʪʴ ʽ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) 10 ʄ ʨʦʟʯʠʥʫ ʦʨʪʦʬʦʩʬʘʪʥʦʾ 

ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,48 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 20 ʤʦʣʴ/ʢʛʅ2ʆ; 66,22 %. 

10. ʈʦʟʨʘʭʫʡʪʝ ʥʦʨʤʘʣʴʥʽʩʪʴ ʽ ʪʠʪʨ ʨʦʟʯʠʥʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ  

14,6 ʛ ʛʽʜʨʦʛʝʥ ʭʣʦʨʠʜʫ ʚ 200 ʤʣ ʚʦʜʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

 ɺʽʜʧʦʚʽʜʴ: 2 ʛ-ʝʢʚ/ʣ; 0,073 ʛ/ʤʣ. 

11. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʽ ʤʦʣʷʨʥʽʩʪʴ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, 

ʤʦʣʷʣʴʥʽʩʪʴ ʷʢʦʾ ʜʦʨʽʚʥʶʻ 72,7 ʤʦʣʴ/ʢʛ. ɻʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ï 1,8 ʛ/ʤʣ. 
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 ɺʽʜʧʦʚʽʜʴ: 87,69 %; 16,11 ʤʦʣʴ/ʣ. 

12. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʽ ʪʠʪʨ HCI ʟʘ ʩʨʽʙʣʦʤ, ʷʢʱʦ ʤʦʣʷʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʜʦʨʽʚʥʶʻ 12,11 ʤʦʣʴ/ʣ, ʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ -

1,185 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 37,3 %; 1,3079 ʛ/ʤʣ. 

13. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʨʦʟʯʠʥʫ, ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ 

40 ʤʣ 12,11 ʄ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,185 ʛ/ʤʣ ʟ 500 ʤʣ ʚʦʜʠ. 

 ɺʽʜʧʦʚʽʜʴ: 3,23 %. 

14. ʆʙʯʠʩʣʽʪʴ ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ 10 ʄ ʨʦʟʯʠʥʫ ʦʨʪʦʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ 

ʛʫʩʪʠʥʦʶ 1,485 ʛ/ʤʣ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 3 ʣ 10 %-ʛʦ ʨʦʟʯʠʥʫ ʛʫʩʪʠʥʦʶ 

1,055 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 323 ʤʣ.  

15. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʽ ʤʦʣʷʣʴʥʽʩʪʴ 7 ʄ ʨʦʟʯʠʥʫ ʭʣʦʨʥʦʾ ʢʠʩʣʦʪʠ 

ʛʫʩʪʠʥʦʶ 1,41 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 49,9 %; 9,9 ʤʦʣʴ/ʢʛʅ2ʆ. 

16. ɺʠʟʥʘʯʪʝ ʤʦʣʷʨʥʽʩʪʴ ʽ ʤʦʣʷʣʴʥʽʩʪʴ 45 %-ʛʦ ʨʦʟʯʠʥʫ ʢʘʣʽʡ ʛʽʜʨʦʢʩʠʜʫ 

ʛʫʩʪʠʥʦʶ 1,45 ʛ/ʤʣ. 

 ɺʜ̔ʧʦʚʽʜʴ: 11,65 ʤʦʣʴ/ʣ; 14,61 ʤʦʣʴ/ʢʛʅ2ʆ. 

17. ʈʦʟʨʘʭʫʡʪʝ ʤʦʣʷʨʥʽʩʪʴ  ʽ ʪʠʪʨ ʨʦʟʯʠʥʫ, ʦʪʨʠʤʘʥʦʛʦ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ 

20 ʤʣ 30 %-ʛʦ ʨʦʟʯʠʥʫ ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʫ ʛʫʩʪʠʥʦʶ 1,33 ʛ/ʤʣ ʟ 250 ʤʣ ʚʦʜʠ. 

 ɺʽʜʧʦʚʽʜʴ: 0,74 ʤʦʣʴ/ʣ; 

18. ʆʙʯʠʩʣʽʪʴ ʤʦʣʷʨʥʽʩʪʴ ʽ ʤʦʣʴʥʫ ʯʘʩʪʢʫ 14 %-ʛʦ ʨʦʟʯʠʥʫ ʅʘʪʨʽʡ ʢʘʨʙʦʥʘʪʫ 

ʛʫʩʪʠʥʦʶ 1,145 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 1,51 ʤʦʣʴ/ʣ;  0,027. 

19. ɺʠʟʥʘʯʪʝ, ʩʢʽʣʴʢʠ ʛʨʘʤʽʚ ʅʘʪʨʽʡ ʭʣʦʨʠʜʫ ʽ ʚʦʜʠ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ 5 ʣ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ (3 % ʨʦʟʯʠʥ NaCI). ɟ=1,05 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 154,5 ʛ. 

20. ɿʥʘʡʜʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ 70 ʤʣ  

70 %-ʛʦ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,415 ʛ/ʤʣ ʟ 1000 ʤʣ 3 %-ʛʦ 

ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,1 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 8,53 %. 

21. ʈʦʟʨʘʭʫʡʪʝ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʬʝʨʦʤʘʥʛʘʥʫ, ʷʢʠʡ ʚʤʽʱʫʻ 35 % ʄʘʥʛʘʥʫ, 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ 100 ʪ ʩʪʘʣʽ ʟ ʚʤʽʩʪʦʤ ʄʘʥʛʘʥʫ 2 %. 

 ɺʽʜʧʦʚʽʜʴ: 5,7 ʪ. 
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22. ʆʙʯʠʩʣʽʪʴ, ʩʢʽʣʴʢʠ ʛʨʘʤʽʚ ZnSO4Ā7H2O ʧʦʪʨʽʙʥʦ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 200 ʤʣ 

0,5 ʥ ʨʦʟʯʠʥʫ ʟʘ Zn. 

 ɺʽʜʧʦʚʽʜʴ: 14,35 ʛ. 

23. ʆʙʯʠʩʣʽʪʴ, ʩʢʽʣʴʢʠ ʛʨʘʤʽʚ ʉuSO4Ā5H2O ʧʦʪʨʽʙʥʦ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 10 ʣ 

3%-ʛʦ ʨʦʟʯʠʥʫ ʟʘ ʉu. ɟ=1,03 ʛ/ʤʣ.  

 ɺʽʜʧʦʚʽʜʴ: 1221,29 ʛ. 

24. ʈʦʟʨʘʭʫʡʪʝ ʤʦʣʷʨʥʽʩʪʴ ʽ ʤʦʣʴʥʫ ʯʘʩʪʢʫ ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ 

ʟʤʽʰʫʚʘʥʥʽ 70 ʤʣ 70 %-ʛʦ ʨʦʟʯʠʥʫ ʭʣʦʨʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,671 ʛ/ʤʣ ʟ 

1000 ʤʣ 3%-ʛʦ ʨʦʟʯʠʥʫ HNO3 ʛʫʩʪʠʥʦʶ 1,019 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 1,05 ʤʦʣʴ/ʣ; 0,0195. 

25. ɺʠʟʥʘʯʪʝ ʪʠʪʨ ʽ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) 2,3 ʄ ʨʦʟʯʠʥʫ ʦʨʪʦʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ 

ʛʫʩʪʠʥʦʶ 1,115 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 0,2254 ʛ/ʤʣ; 20,21 %. 

26. ɺʠʟʥʘʯʪʝ ʤʦʣʴʥʫ ʯʘʩʪʢʫ ʽ ʤʦʣʷʨʥʽʩʪʴ 20,25 %-ʛʦ ʨʦʟʯʠʥʫ ʦʨʪʦʬʦʩʬʘʪʥʦʾ 

ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,115 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 0,0447; 2,3 ʤʦʣʴ/ʣ. 

27. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʯʠʥʝʥʥʷ 30 ʣ SO3 ʚ 200 ʤʣ H2O ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

 ɺʽʜʧʦʚʽʜʴ: 34,9 %. 

28. ʈʦʟʨʘʭʫʡʪʝ ʤʦʣʷʨʥʽʩʪʴ ʽ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ 

ʨʦʟʯʠʥʝʥʥʽ 44,8 ʣ ʘʤʽʘʢʫ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʚ 200 ʤʣ ʚʦʜʠ. 

 ɺʽʜʧʦʚʽʜʴ: 10 ʤʦʣʴ/ʣ; 14,53 %. 

29. ɺʠʟʥʘʯʪʝ ʤʦʣʷʨʥʽʩʪʴ ʽ ʤʘʩʦʚʫ ʯʘʩʪʢʫ (%) ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ 

ʨʦʟʯʠʥʝʥʥʽ 34 ʛ ʘʤʽʘʢʫ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʚ 200 ʤʣ ʚʦʜʠ. 

 ɺʽʜʧʦʚʽʜʴ: 10 ʤʦʣʴ/ʣ; 14,53 %. 

30. ʈʦʟʨʘʭʫʡʪʝ, ʩʢʽʣʴʢʠ ʤʽʣʽʣʽʪʨʽʚ 70%-ʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ 

ʛʫʩʪʠʥʦʶ 1,61 ʛ/ʤʣ ʽ 10,56 %-ʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ  

1,07 ʛ/ʤʣ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 1,5 ʢʛ 25 %-ʛʦ ʨʦʟʯʠʥʫ 

ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,178 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 226,34 ʤʣ (70 %); 1061,31 ʤʣ (10,56 %). 
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3. ʊɽʆʈɽʊʀʏʅɯ ʆʉʅʆɺʀ ʈɽɸʂʎɯʁ ʂʀʉʃʆʊʅʆ-ʆʉʅʆɺʅʆɰ 

ɺɿɸɭʄʆɼɯɰ 

 

3.1. ɺʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ. ʁʦʥʥʠʡ ʜʦʙʫʪʦʢ ʚʦʜʠ. ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ 

 ʈʝʘʢʮʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ, ʥʘʡʯʘʩʪʽʰʝ ʧʨʦʪʽʢʘʶʪʴ ʫ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. ɺʦʜʘ ʻ ʜʦʩʠʪʴ ʩʣʘʙʢʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʠʩʦʮʽʘʮʽʾ ʷʢʦʛʦ ʫ ʨʦʟʯʠʥ ʥʘʜʭʦʜʷʪʴ ʡʦʥʠ ʛʽʜʨʦʛʝʥʫ ʪʘ ʛʽʜʨʦʢʩʠʜʫ. ʉʧʨʦʱʝʥʦ 

ʜʠʩʦʮʽʘʮʽʶ ʚʦʜʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʩʪʘʜʽʾ ʫʪʚʦʨʝʥʥʷ ʡʦʥʫ ʛʽʜʨʦʢʩʦʥʽʶ +OH
3

 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ  

-++Ú OHHOH2 . 

 ɼʣʷ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʚʦʜʠ ʤʘʻ ʚʠʛʣʷʜ 

                                  
[ ][ ]
[ ]

16

2

1086,1
OH

OHH
K -

-+

Ö=
Ö

= ʤʦʣʴ/ʣ.                               (3.1) 

 ʆʩʢʽʣʴʢʠ ʚ ʜʠʩʦʮʽʡʦʚʘʥʽʡ ʬʦʨʤʽ ʧʝʨʝʙʫʚʘʻ ʤʽʟʝʨʥʘ ʯʘʩʪʠʥʘ ʤʦʣʝʢʫʣ 

ʚʦʜʠ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʾʾ ʥʝʜʠʩʦʮʽʡʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ʚʚʘʞʘʶʪʴ ʩʪʘʣʦʶ 

ʚʝʣʠʯʠʥʦʶ. ʈʽʚʥʷʥʥʷ (3.1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

                                  [ ][ ][ ] OH2 2
KOHHOHK =Ö= -+ ,                                           (3.2) 

ʜʝ -OH2
K   ʡʦʥʥʠʡ ʜʦʙʫʪʦʢ ʚʦʜʠ. 

 ʗʢ ʙʠ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʥʽʚ +H  ʘʙʦ -OH , ʾʭ ʜʦʙʫʪʦʢ ʫ 

ʙʫʜʴ-ʷʢʦʤʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʁʦʥʥʠʡ ʜʦʙʫʪʦʢ ʚʦʜʠ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʦʥʥʠʡ ʜʦʙʫʪʦʢ ʚʦʜʠ. ʇʨʠ C250  14

OH 101K
2

-Ö= , ʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʪʘ ʛʽʜʨʦʢʩʠʜʫ ʦʜʥʘʢʦʚʽ: 

[ ][ ] ʤʦʣʴ/ʣ.101OHH 7--+ Ö==  ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʡʦʥʽʚ 

ʛʽʜʨʦʛʝʥʫ ʪʘ ʛʽʜʨʦʢʩʠʜʫ ʩʧʨʘʚʝʜʣʠʚʝ ʥʝ ʣʠʰʝ ʜʣʷ ʯʠʩʪʦʾ ʚʦʜʠ, ʘʣʝ ʡ ʜʣʷ ʙʫʜʴ-

ʷʢʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. 

 ɺʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʥʽʚ +H  ʪʘ -OH  ʟʘʣʝʞʠʪʴ ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ. 

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ, ʥʘ ʧʨʘʢʪʠʮʽ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʦʜʥʝʚʠʤ ʧʦʢʘʟʥʠʢʦʤ pH  

                             [ ]+-= HlgpH .                                                    (3.3) 

 ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ï ʮʝ ʚʽʜô̒ ʤʥʠʡ ʜʝʩʷʪʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ. 
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 ɿʘ ʘʥʘʣʦʛʽʻʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʜʨʦʢʩʠʜʥʠʡ ʧʦʢʘʟʥʠʢ pOH 

                             [ ]--= OHlgpOH .                                                (3.4) 

 ɺʝʣʠʯʠʥʠ pH  ʽ pOH, ʷʢ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʡʦʥʽʚ, ʟʘʣʝʞʘʪʴ 

ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʇʨʦʣʦʛʘʨʠʬʤʫʚʘʚʰʠ ʨʽʚʥʷʥʥʷ [ ][ ] 1410OHH --+ =Ö , ʜʽʩʪʘʥʝʤʦ 

           [ ] [ ] 1410lgOHlgHlg --+ =+ ; 14pOHpH =+ .                               (3.5) 

ɼʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ [ ][ ] 710OHH --+ == ,  7pOHpH == . 

ɼʣʷ ʢʠʩʣʦʛʦ ʨʦʟʯʠʥʫ   [ ] 710H -+ > ,    7pH< ,  ʘ  7pOH> . 

ɼʣʷ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ  [ ] 710H -+ < ,    7pH> ,  ʘ  7pOH< . 

ɺʝʣʠʯʠʥʫ ʨʅ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʪʘ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʅ ï ʤʝʪʨʽʚ. 

 

3.2. ɽʣʝʢʪʨʦʣʽʪʠʯʥʘ ʜʠʩʦʮʽʘʮʽʷ. ʈʦʟʯʠʥʠ ʝʣʝʢʪʨʦʣʽʪʽʚ 

 

ɼʝʷʢʽ ʨʦʟʯʠʥʠ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʝʣʝʢʪʨʦʣʽʪʘʤʠ, ʚʟʘʻʤʦʜʽʶʯʠ ʟ 

ʧʦʣʷʨʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʨʦʟʯʠʥʥʠʢʘ, ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨʷʜʞʝʥʽ 

ʯʘʩʪʠʥʢʠ - ʡʦʥʠ ʽ ʫʪʚʦʨʶʶʪʴ ʨʦʟʯʠʥʠ, ʱʦ ʧʨʦʚʦʜʷʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ. 

ʈʦʟʱʝʧʣʝʥʥʷ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʡʦʥʠ ʧʽʜ ʜʽʻʶ ʤʦʣʝʢʫʣ ʨʦʟʯʠʥʥʠʢʘ 

ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʶ ʜʠʩʦʮʽʘʮʽʻʶ. ɿʘ ʨʘʭʫʥʦʢ ʡʦʥ - ʜʠʧʦʣʴʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʨʦʟʯʠʥʥʠʢʘ ʟ ʡʦʥʘʤʠ ʝʣʝʢʪʨʦʣʽʪʫ ʫʪʚʦʨʶʶʪʴʩʷ 

ʩʦʣʴʚʘʪʦʚʘʥʽ (ʛʽʜʨʘʪʦʚʘʥʽ) ʡʦʥʠ. 

ʇʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʻ ʦʙʦʨʦʪʥʠʤ. ʂʽʣʴʢʽʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʦʚʥʦʪʠ 

ʧʝʨʝʙʽʛʫ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʾ ʜʠʩʦʮʽʘʮʽʾ ʻ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ a - ʚʽʜʥʦʰʝʥʥʷ 

ʯʠʩʣʘ ʤʦʣʝʢʫʣ 
i

n , ʱʦ ʨʦʟʧʘʣʠʩʷ ʥʘ ʡʦʥʠ, ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʚʩʽʭ ʤʦʣʝʢʫʣ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ä i
n  

                              
ä
=a

i

i

n

n
.                                                      (3.6) 

 ɿʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʜʠʩʦʮʽʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʩʠʣʴʥʽ ʽ 

ʩʣʘʙʢʽ. ʉʠʣʴʥʽ ʝʣʝʢʪʨʦʣʽʪʠ ʚ ʨʦʟʙʘʚʣʝʥʠʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʜʠʩʦʮʽʶʶʪʴ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ, ʪʦʙʪʦ ʥʝʦʙʦʨʦʪʥʦ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʣʴʥʽ ʢʠʩʣʦʪʠ, 

ʣʫʛʠ, ʘ ʪʘʢʦʞ ʫʩʽ ʨʦʟʯʠʥʥʽ ʩʦʣʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʷʢʠʤ ʙʠ ʩʠʣʴʥʠʤ ʥʝ ʙʫʚ  

ʝʣʝʢʪʨʦʣʽʪ, ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʜʠʩʦʮʽʘʮʽʾ ʤʦʞʝ ʪʽʣʴʢʠ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ 100% 

(ʘʙʦ ʜʦ 1,0), ʘʣʝ ʥʽʢʦʣʠ ʮʽʻʾ ʤʝʞʽ ʜʦʩ̫ʛʪʠ ʥʝ ʤʦʞʝ. ʉʣʘʙʢʽ ʝʣʝʢʪʨʦʣʽʪʠ ʚ 



22 

 

ʨʦʟʯʠʥʘʭ ʜʠʩʦʮʽʶʶʪʴ ʯʘʩʪʢʦʚʦ, ʪʦʙʪʦ ʧʨʦʮʝʩ ʾʭ ʜʠʩʦʮʽʘʮʽʾ ʻ ʦʙʦʨʦʪʥʠʤ. ɼʣʷ 

ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ 10 <<a< . 

 ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʦʮʝʩʫ ʜʠʩʦʮʽʘʮʽʾ ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʻ 

ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ 
ɼ
ʂ. ɼʣʷ ʙʽʥʘʨʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ  

-++Ú AKKA . 

ʊʦʜʽ ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʮʴʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

[ ][ ]
[ ]KA

AK
ʂɼ

-+Ö
= . 

ʂʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʦʚô̫ ʟʘʥʘ ʟʽ ʩʪʫʧʝʥʝʤ ʜʠʩʦʮʽʘʮʽʾ 

ʟʘʢʦʥʦʤ ʨʦʟʚʝʜʝʥʥʷ ʆʩʪʚʘʣʴʜʘ 

                               
a-

Öa
=

1

C
ʂ M

2

ɼ ,                                                 (3.7) 

ʜʝ 
M

C  - ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʣʘʙʢʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʤʦʣʴ/ʣ. 

 ɺʨʘʭʫʚʘʚʰʠ, ʱʦ ʜʣʷ ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʟʥʘʯʥʦ 

ʤʝʥʰʠʡ ʟʘ ʦʜʠʥʠʮʶ (1<<a ), ʨʽʚʥʷʥʥʷ (3.7) ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ. ʊʦʜʽ ʟʘʢʦʥ 

ʨʦʟʚʝʜʝʥʥʷ ʆʩʪʚʘʣʴʜʘ  ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

                                   
ʄ

ɼ

ʉ

ʂ
=a  .                                                  (3.8) 

 ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ, ʟʘʤʽʩʪʴ ʢʦʥʩʪʘʥʪʠ ʜʠʩʦʮʽʘʮʽʾ, ʜʫʞʝ ʯʘʩʪʦ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ ʢʦʥʩʪʘʥʪʠ ʜʠʩʦʮʽʘʮʽʾ pK, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 

                                   
ɼ

KlgpK -= .                                              (3.9) 

 ʈʦʟʯʠʥʠ ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘʚʽʪʴ ʧʨʠ ʜʫʞʝ ʚʝʣʠʢʦʤʫ ʨʦʟʚʝʜʝʥʥʽ ʥʝ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʜʝʘʣʴʥʠʭ. ʎʝ ʨʝʘʣʴʥʽ ʨʦʟʯʠʥʠ, ʜʝ ʢʦʞʥʠʡ ʡʦʥ ʚʟʘʻʤʦʜʽʻ ʟ 

ʫʩʽʤʘ ʦʪʦʯʫʶʯʠʤʠ ʡʦʛʦ ʡʦʥʘʤʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʚʽʜʭʠʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʜʝʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ʑʦʙ ʚʨʘʭʫʚʘʪʠ 

ʚʽʜʭʠʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʚʚʝʣʠ ʧʦʥʷʪʪʷ ʘʢʪʠʚʥʽʩʪʴ - a. 

 ɸʢʪʠʚʥʽʩʪʴ ï ʮʝ ʬʫʥʢʮʽʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʧʽʜʩʪʘʥʦʚʢʘ ʷʢʦʾ ʚ ʨʽʚʥʷʥʥʷ ʟʘʢʦʥʽʚ, ʜʽʡʩʥʠʭ ʜʣʷ ʽʜʝʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʜʦʟʚʦʣʷʻ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɸʢʪʠʚʥʽʩʪʴ 

ʧʦʚôʷʟʘʥʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʦʟʯʠʥʫ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪ ʘʢʪʠʚʥʦʩʪʽ 

                                iii C gÖ=a  ,                                               (3.10) 
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ʜʝ  -
i

C  ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʣʽʪʫ, ʤʦʣʴ/ʣ; -g
i

 ʢʦʝʬʽʮʽʻʥʪ 

ʘʢʪʠʚʥʦʩʪʽ. 

 ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʘʢʪʠʚʥʦʩʪʽ ʚ ʜʫʞʝ ʨʦʟʚʝʜʝʥʠʭ ʨʦʟʯʠʥʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʪʝʦʨʽʾ ɼʝʙʘʷ - ɻʶʢʢʝʣʷ  

                       IZZ5,0lg ÖÖÖ-=g -+° ,                                       (3.11) 

ʜʝ  -+ÖZZ  ʜʦʙʫʪʦʢ ʟʘʨʷʜʽʚ ʢʘʪʽʦʥʫ ʽ ʘʥʽʦʥʫ; -I ʡʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ, ʷʢʫ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                              ( )ä Ö= 2

ii
ZC

2

1
I .                                                (3.12) 

ʈʽʚʥʷʥʥʷ (3.11) ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʨʦʟʯʠʥʽʚ ʟ 01,0I< . 

 ʗʢʱʦ 5,0I01,0 << , ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʘʢʪʠʚʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʪʝʦʨʽʾ ɼʝʙʘʷ ï ɻʶʢʢʝʣʷ 

     
I1

IZZ5,0
lg

+

ÖÖÖ
-=g -+

°
, ʟʚʽʜʢʠ  

°

-+

g
Ö

=g lg
ZZ

Z
lg

2

i

i
.             (3.13) 

 ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʻ ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʪʘ ʯʠ ʽʥʰʘ ʨʝʘʢʮʽʷ. ʆʩʢʽʣʴʢʠ 

ʢʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʪʦ ʪʨʝʙʘ 

ʚʤʽʪʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʠʭ ʡʦʥʽʚ ʚ ʨʦʟʯʠʥʘʭ ʩʠʣʴʥʠʭ ʽ ʩʣʘʙʢʠʭ 

ʢʠʩʣʦʪ ʪʘ ʦʩʥʦʚ.  

 ɼʣʷ ʨʦʟʯʠʥʫ ʦʜʥʦʦʩʥʦʚʥʦʾ ʩʠʣʴʥʦʾ ʢʠʩʣʦʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ 

ʛʽʜʨʦʛʝʥʫ ʪʘ ʾʾ ʢʠʩʣʦʪʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ  

                 [ ]
ʪʠʢ

CH
-

+ = ,   
ʪʠʢ

Clgʨʅ
-

-= ,                                        (3.14) 

ʜʝ -
-ʪʠʢ

C  ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʜʥʦʦʩʥʦʚʥʦʾ ʩʠʣʴʥʦʾ ʢʠʩʣʦʪʠ, ʤʦʣʴ/ʣ. 

 ɼʣʷ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ, 

ʚʠʨʘʞʝʥʠʡ ʯʝʨʝʟ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ 

                              +a-=a H
lgp  .                                                   (3.15) 

 ɼʣʷ ʩʠʣʴʥʠʭ ʦʜʥʦʢʠʩʣʦʪʥʠʭ ʦʩʥʦʚ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ +ʅ  ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʨʽʚʥʷʥʥʷʤʠ 

                  [ ]
.ʦʩʥ

14

C

10
H

-

+ = ,   
.ʦʩʥ

Clg14ʨʅ += ,                                  (3.16) 

ʜʝ -
.ʦʩʥ

C ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʜʥʦʢʠʩʣʦʪʥʦʾ ʩʠʣʴʥʦʾ ʦʩʥʦʚʠ, ʤʦʣʴ/ʣ. 
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 ʂʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʘʭ ʦʜʥʦʦʩʥʦʚʥʦʾ ʩʣʘʙʢʦʾ 

ʢʠʩʣʦʪʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ   

                       [ ]
ʪʠʢʪʠʢ,ɼ

ʉKH
--

+ Ö= ,                                           (3.17) 

ʜʝ -
-ʪʠʢ,ɼ

ʂ  ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʩʣʘʙʢʦʾ ʢʠʩʣʦʪʠ; -
-ʪʠʢ

C  ʤʦʣʷʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʣʘʙʢʦʾ ʢʠʩʣʦʪʠ, ʤʦʣʴ/ʣ. 

ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʪʘʢʠʭ ʢʠʩʣʦʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                      
ʪʠʢʪʠʢ,ɼ

ʉlg
2

1
pK

2

1
pH

--
-= ,                                      (3.18) 

ʜʝ 
ʪʠʢ,ɼʪʠʢ,ɼ

KlgpK
--

-= . 

 ɼʣʷ ʩʣʘʙʢʠʭ ʦʜʥʦʢʠʩʣʦʪʥʠʭ ʦʩʥʦʚ 

                      [ ]
.ʦʩʥ.ʦʩʥ,ɼ

14

ʉʂ

10
H

Ö
=

-

+ ,                                                 (3.19) 

ʜʝ -
.ʦʩʥ,ɼ

ʂ  ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʦʜʥʦʢʠʩʣʦʪʥʦʾ ʩʣʘʙʢʦʾ ʦʩʥʦʚʠ; -
ʦʩʥ

C ʤʦʣʷʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʣʘʙʢʦʾ ʦʩʥʦʚʠ, ʤʦʣʴ/ʣ. 

 ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʩʣʘʙʢʠʭ ʦʩʥʦʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                   
.ʦʩʥ.ʦʩʥ,ɼ

Clg
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1
pK

2

1
14ʨʅ +-= ,                                    (3.20) 

ʜʝ 
.ʦʩʥ,ɼ.ʦʩʥ,ɼ

Klgʨʂ -= . 

 

3.3. ɻʽʜʨʦʣʽʟ ʩʦʣʝʡ ʚ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ 

 

 ɺʦʜʥʽ ʨʦʟʯʠʥʠ ʙʘʛʘʪʴʦʭ ʥʝʡʪʨʘʣʴʥʠʭ (ʩʝʨʝʜʥʽʭ) ʩʦʣʝʡ ʥʝ ʻ 

ʥʝʡʪʨʘʣʴʥʠʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʾʭ ʡʦʥʽʚ ʽʟ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ. 

ʇʨʠʯʠʥʘ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʢʨʠʻʪʴʩʷ ʫ ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. 

 ɻʽʜʨʦʣʽʟ ï ʮʝ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʩʦʣʝʡ ʟ ʧʦʣʷʨʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ. 

 ɼʦ ʛʽʜʨʦʣʽʟʫ ʩʭʠʣʴʥʽ ʩʦʣʽ, ʱʦ ʫʪʚʦʨʝʥʽ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʠʣʴʥʦʶ 

ʦʩʥʦʚʦʶ, ʩʠʣʴʥʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʣʘʙʢʦʶ ʦʩʥʦʚʦʶ ʪʘ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ 

ʩʣʘʙʢʦʶ ʦʩʥʦʚʦʶ. 

 ʂʽʣʴʢʽʩʥʦ ʛʽʜʨʦʣʽʟ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ, ʷʢ ʽ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ, ʜʚʦʤʘ 

ʚʝʣʠʯʠʥʘʤʠ: 
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1) ʩʪʫʧʝʥʝʤ ʛʽʜʨʦʣʽʟʫ  
ɻ

h , ʱʦ ʧʦʢʘʟʫʻ, ʷʢʘ ʯʘʩʪʠʥʘ ʨʦʟʯʠʥʝʥʦʾ ʩʦʣʽ 

ʧʨʦʛʽʜʨʦʣʽʟʫʚʘʣʘ ʫ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ; 

2) ʢʦʥʩʪʘʥʪʦʶ ʛʽʜʨʦʣʽʟʫ 
ɻ
ʂ, ʷʢ ʦʙʦʨʦʪʥʦʛʦ ʧʨʦʮʝʩʫ, ʚ  ʷʢʦʤʫ ʯʝʨʝʟ 

ʜʝʷʢʠʡ ʯʘʩ ʥʘʩʪʘʻ ʨʽʚʥʦʚʘʛʘ. 

 

ɻʽʜʨʦʣʽʟ ʩʦʣʽ, ʫʪʚʦʨʝʥʦʾ ʦʜʥʦʦʩʥʦʚʥʦʶ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʠʣʴʥʦʶ 

ʦʩʥʦʚʦʶ 

 

ɻʽʜʨʦʣʽʟ ʪʘʢʠʭ ʩʦʣʝʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʨʝʘʢʮʽʷʤʠ ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ ʪʘ 

ʡʦʥʥʦ - ʤʦʣʝʢʫʣʷʨʥʽʡ ʬʦʨʤʘʭ 

NaOHCOOHCHOHCOONaCH
323

+Ú+ , 

-- +Ú+ OHCOOHCHOHCOOCH
323

. 

ʂʦʥʩʪʘʥʪʫ ʽ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʩʦʣʝʡ ʮʴʦʛʦ ʪʠʧʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤʠ: 
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 ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʽʜʨʦʣʽʟʫ ʚ ʨʦʟʯʠʥʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ  ʡʦʥʠ ʆʅ,̆ ʟʤʽʥʶʶʯʠ 

ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ ʮʴʦʤʫ                
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ʩʦʣʽ

ʪʠʢ,ɼ

14

ʉ

K10
H

-

-

+
Ö

=   ʘʙʦ  ʩʦʣʽʪʠʢ,ɼ Clg
2

1
pK

2

1
7ʨʅ ++= - .             (3.23) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʅ ʨʦʟʯʠʥʫ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʦʣʽ ʪʘ 

ʚʝʣʠʯʠʥʠ  
ʪʠʢ,ɼ

pK
-

. 

 

ɻʽʜʨʦʣʽʟ ʩʦʣʽ, ʫʪʚʦʨʝʥʦʾ ʜʚʦʦʩʥʦʚʥʦʶ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʠʣʴʥʦʶ 

ʦʩʥʦʚʦʶ 

 

ɻʽʜʨʦʣʽʟ ʩʦʣʝʡ ʜʚʦ- ʪʘ ʙʘʛʘʪʦʦʩʥʦʚʥʠʭ ʢʠʩʣʦʪ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʫʧʽʥʯʘʩʪʦʾ ʜʠʩʦʮʽʘʮʽʾ ʦʩʪʘʥʥʽʭ ʧʨʦʮʝʩ ʛʽʜʨʦʣʽʟʫ ʪʘʢʦʞ 

ʧʨʦʪʽʢʘʻ ʩʪʫʧʽʥʯʘʩʪʦ. ʅʘʧʨʠʢʣʘʜ, ʛʽʜʨʦʣʽʟ ʩʦʣʽ 
32

CONa  ʧʨʦʪʽʢʘʻ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʩʪʫʧʝʥʷʤʠ: 
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ʧʝʨʰʠʡ ʩʪʫʧʽʥʴ                    NaOHNaHCOOHCONa
3232
+Ú+ , 

                                         --- +Ú+ OHHCOOHCO
32

2

3
; 

ʜʨʫʛʠʡ ʩʪʫʧʽʥʴ                       NaOHCOHOHNaHCO
3223
+Ú+ , 

                                                    -- +Ú+ OHCOHOHHCO
3223

. 

 ʉʦʣʽ ʮʴʦʛʦ ʪʠʧʫ ʛʽʜʨʦʣʽʟʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟʘ ʧʝʨʰʠʤ ʩʪʫʧʝʥʝʤ, ʱʦ 

ʚʠʧʣʠʚʘʻ ʟ ʧʦʨʽʚʥʷʥʥʷ ʢʦʥʩʪʘʥʪ ʜʠʩʦʮʽʘʮʽʾ ʢʠʩʣʦʪʠ ʟʘ ʧʝʨʰʠʤ ʪʘ ʜʨʫʛʠʤ 

ʩʪʫʧʝʥʝʤ. ɻʽʜʨʦʣʽʟ ʟʘ ʜʨʫʛʠʤ ʩʪʫʧʝʥʝʤ ʤʘʡʞʝ ʥʝ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʞʝ 

ʥʘ ʧʝʨʰʦʤʫ ʩʪʫʧʝʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʙʽʣʴʰ ʩʣʘʙʢʘ ʢʠʩʣʦʪʘ -

3
HCO  ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʽʻʶ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʨʫʛʠʤ ʩʪʫʧʝʥʝʤ 32COH . 

+-+Ú HHCOCOH 332                  7

1,ɼ
105,4ʂ -Ö= ; 

+-- +Ú HCOHCO 2

33
                    11

2,ɼ
107,4ʂ -Ö= . 

<<
2,ɼ

ʂ
1,ɼ

ʂ . ʆʪʞʝ ʧʝʨʰʠʡ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʻ ʥʘʡʚʽʨʦʛʽʜʥʽʰʠʤ ʽ ʟʘʚʝʨʰʝʥʠʤ. 

ʉʭʝʤʘʪʠʯʥʦ ʛʽʜʨʦʣʽʟ ʪʘʢʠʭ ʩʦʣʝʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ  

--- +Ú+ OHHAOHA 2
2 . 

 ʂʦʥʩʪʘʥʪʫ ʛʽʜʨʦʣʽʟʫ ʩʦʣʝʡ ʮʴʦʛʦ ʪʠʧʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ʜʝ -ʅɸ,ɼ
K - ʢʦʥʩʪʘʥʪʘ ʜʠʩʦʮʽʘʮʽʾ ʩʣʘʙʢʦʾ ʢʠʩʣʦʪʠ ʟʘ ʧʝʨʰʠʤ ʩʪʫʧʝʥʝʤ. 

ʉʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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ʂʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ ʪʘʢʦʾ ʩʦʣʽ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 
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ɻʽʜʨʦʣʽʟ ʢʠʩʣʦʾ ʩʦʣʽ, ʫʪʚʦʨʝʥʦʾ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʠʣʴʥʦʶ 

ʦʩʥʦʚʦʶ 

 

 ʉʭʝʤʘ ʛʽʜʨʦʣʽʟʫ -- +Ú+ OHAHOHHA
22

. 

 ʂʦʥʩʪʘʥʪʫ ʪʘ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʮʠʭ ʩʦʣʝʡ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 
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ʜʝ ɸʅ,ɼ 2
K  ʽ -ʅɸ,ɼ

K  - ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʩʪʘʥʪʠ ʜʠʩʦʮʽʘʮʽʾ ʢʠʩʣʦʪʠ ʟʘ ʧʝʨʰʠʤ ʪʘ 

ʜʨʫʛʠʤ ʩʪʫʧʝʥʝʤ. 

 ʂʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ ʩʦʣʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

       [ ] -Ö=+
ʅɸ,ɼɸʅ,ɼ ʂʂH
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  ʘʙʦ  

.ʅɸ,ɼɸʅ,ɼ pK
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ɻʽʜʨʦʣʽʟ ʩʦʣʽ, ʫʪʚʦʨʝʥʦʾ ʩʣʘʙʢʦʶ ʦʩʥʦʚʦʶ ʽ ʩʠʣʴʥʦʶ ʢʠʩʣʦʪʦʶ 

 

 ɻʽʜʨʦʣʽʟ ʪʘʢʠʭ ʩʦʣʝʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʨʝʘʢʮʽʷʤʠ ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ ʪʘ 

ʡʦʥʥʦ - ʤʦʣʝʢʫʣʷʨʥʽʡ ʬʦʨʤʘʭ 

HCIOHNHOHCINH
424
+Ú+ , 

++ +Ú+ HOHNHOHNH
424

. 

 ʉʭʝʤʘ ʛʽʜʨʦʣʽʟʫ ʮʠʭ ʩʦʣʝʡ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 
++ +Ú+ HMeOHOHMe

2
. 

 ʋ ʧʨʦʮʝʩʽ ʛʽʜʨʦʣʽʟʫ ʪʘʢʠʭ ʩʦʣʝʡ ʫ ʨʦʟʯʠʥʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʡʦʥʠ 

ʛʽʜʨʦʛʝʥʫ. ʂʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 
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 ʂʦʥʩʪʘʥʪʫ ʪʘ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 
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ɻʽʜʨʦʣʽʟ ʩʦʣʽ, ʫʪʚʦʨʝʥʦʾ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʣʘʙʢʦʶ ʦʩʥʦʚʦʶ 

 

 ɻʽʜʨʦʣʽʟ ʪʘʢʠʭ ʩʦʣʝʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʨʝʘʢʮʽʻʶ ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ 

ʬʦʨʤʽ 
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HCNOHNHOHCNNH
424
+Ú+ . 

 ʊʘʢʽ ʨʝʘʢʮʽʾ ʻ ʤʘʡʞʝ ʥʝʦʙʦʨʦʪʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʝʙʽʛʫ 

ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʘ ʩʣʘʙʢʠʭ ʝʣʝʢʪʨʦʣʽʪʠ.  

 ʉʭʝʤʘ ʛʽʜʨʦʣʽʟʫ   HɸMeOHOHAMe
2

+Ú++ -+ . 

 ʂʦʥʩʪʘʥʪʘ ʛʽʜʨʦʣʽʟʫ ʪʘʢʦʾ ʩʦʣʽ ʜʦʨʽʚʥʶʻ 
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 ʉʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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 ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 
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3.4. ɹʫʬʝʨʥʽ ʨʦʟʯʠʥʠ 

 

 ɹʫʬʝʨʥʽ ʨʦʟʯʠʥʠ ï ʮʝ ʩʫʤʽʰʽ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʩʣʘʙʢʦʾ ʢʠʩʣʦʪʠ 

ʘʙʦ ʦʩʥʦʚʠ ʪʘ ʾʾ ʩʦʣʽ, ʱʦ ʫʪʚʦʨʝʥʘ ʩʠʣʴʥʦʶ ʦʩʥʦʚʦʶ ʘʙʦ ʢʠʩʣʦʪʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʩʫʤʽʰʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʘʮʝʪʘʪʫ ʥʘʪʨʽʶ (ʢʠʩʣʠʡ ʙʫʬʝʨʥʠʡ 

ʨʦʟʯʠʥ), ʩʫʤʽʰ ʛʽʜʨʦʢʩʠʜʫ ʪʘ ʭʣʦʨʠʜʫ ʘʤʦʥʽʶ (ʦʩʥʦʚʥʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ). 

 ɿʥʘʯʝʥʥʷ ʮʠʭ ʨʦʟʯʠʥʽʚ ʫ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʜʫʞʝ ʚʝʣʠʢʝ, ʪʘʢ ʷʢ ʽʟ 

ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʢʠʩʣʦʪʥʠʭ ʫʤʦʚ. 

 ʇʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʙʫʬʝʨʥʦʾ ʩʫʤʽʰʽ ʨʦʟʯʠʥʫ ʩʠʣʴʥʦʾ ʢʠʩʣʦʪʠ ʘʙʦ ʩʠʣʴʥʦʾ 

ʦʩʥʦʚʠ ʟʤʽʥʶʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʣʘʙʢʦʾ ʢʠʩʣʦʪʠ ʘʙʦ ʦʩʥʦʚʠ, ʧʨʦʪʝ ʨʅ 

ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʩʣʘʙʢʘ 

ʢʠʩʣʦʪʘ ʘʙʦ ʩʣʘʙʢʘ ʦʩʥʦʚʘ ʚʟʘʛʘʣʽ ʤʘʣʦ ʜʠʩʦʮʽʶʻ, ʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʦʜʥʦʡʤʝʥʥʠʭ ʡʦʥʽʚ ʾʾ ʩʦʣʽ ʜʠʩʦʮʽʘʮʽʷ ʙʫʜʝ ʱʝ ʤʝʥʰ ʚʽʜʯʫʪʥʦʶ. ʈʦʟʚʝʜʝʥʥʷ 

ʨʦʟʯʠʥʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʨʅ, ʦʩʢʽʣʴʢʠ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʝʞʠʪʴ ʣʠʰʝ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʦʣʽ (
ʩʦʣʽ

C ) ʪʘ ʢʠʩʣʦʪʠ  (
ʪʠʢ

C
-
) ʽ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʪʫʧʝʥʷ ʨʦʟʚʝʜʝʥʥʷ. 

 ɼʣʷ ʢʠʩʣʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ, ʫʪʚʦʨʝʥʦʛʦ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʪʘ ʾʾ 

ʩʽʣʣʶ, ʢʠʩʣʦʪʥʽʩʪʴ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 
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       [ ]
ʩʦʣʽ

ʪʠʢ
ʪʠʢ,ɼ
ʉ

ʉ
KH -

-

+ =   ʘʙʦ 
ʩʦʣʽ

ʪʠʢ
ʪʠʢ

ʉ

ʉ
lgpKʨʅ -

- -= .                (3.36) 

 ɼʣʷ ʦʩʥʦʚʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ, ʫʪʚʦʨʝʥʦʛʦ ʩʣʘʙʢʦʶ ʦʩʥʦʚʦʶ ʪʘ ʾʾ 

ʩʽʣʣʶ, ʢʠʩʣʦʪʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤʠ 

      [ ]
ʩʦʣʽ

.ʦʩʥ
.ʦʩʥ,ɼ
ʉ

ʉ
KOH =-   ʘʙʦ 

ʩʦʣʽ

.ʦʩʥ
.ʦʩʥ

ʉ

ʉ
lgpK14ʨʅ +-= .            (3.37) 

 

3.5. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 1. ɺʠʟʥʘʯʪʝ pH  ʽ +aH
p  ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ  

10 ʤʣ 70 %-ʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,61 ʛ/ʤʣ ʚ 250 ʤʣ ʚʦʜʠ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʄʘʩʘ 10 ʤʣ ʨʦʟʯʠʥʫ H2SO4 ʜʦʨʽʚʥʶʻ 

1,1661,110Vm
p

=Ö=rÖ= ʛ. 

ʄʘʩʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʚ 10 ʤʣ 70%-ʛʦ ʨʦʟʯʠʥʫ ʟʥʘʡʜʝʤʦ ʟ ʥʘʩʪʫʧʥʦʾ    

ʧʨʦʧʦʨʮʽʾ 

100 ʛ ʨʦʟʯʠʥʫ ʚʤʽʱʫʻ 70 ʛ H2SO4, 

16,1 ʛ ʨʦʟʯʠʥʫ ʚʤʽʱʫʻ ʍ ʛ H2SO4, 

27,11
100

701,16
X =

Ö
= ʛ H2SO4. 

ʂʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʢʠʩʣʦʪʠ ʚʠʟʥʘʯʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

115,0
98

27,11

M

m
n

42

42

42

SOH

SOH

SOH === ʤʦʣʴ. 

ʊʦʜʽ ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ H2SO4, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʙôʻʤ 

ʦʜʝʨʞʘʥʦʛʦ ʨʦʟʯʠʥʫ Vp=V( H2SO4)+V(H2O)=10+250=260 ʤʣ, ʩʪʘʥʦʚʠʪʠʤʝ 

44,0
260

1000115,0

V

1000n
C

p

SOH

M
42 =

Ö
=

Ö
= ʤʦʣʴ/ʣ. 

ʊʘʢ ʷʢ H2SO4  - ʜʚʦʦʩʥʦʚʥʘ ʢʠʩʣʦʪʘ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ 

ʨʦʟʯʠʥʽ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ ʜʠʩʦʮʽʘʮʽʾ -++Ú 2

442
SOH2SOH , ʙʫʜʝ ʚ ʜʚʘ ʨʘʟʠ 

ʙʽʣʴʰʦʶ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʠʩʣʦʪʠ. 

[ ] 88,044,02C2H
M

=Ö==+ ʤʦʣʴ/ʣ. 

ɿʚʽʜʩʠ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

[ ] .055,088,0lgHlgpH =-=-= +  
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 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʚʠʨʘʞʝʥʦʛʦ ʯʝʨʝʟ ʘʢʪʠʚʥʽʩʪʴ 

ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʨʦʟʨʘʭʫʻʤʦ ʡʦʥʥʫ ʩʠʣʫ ʨʦʟʯʠʥʫ ʟʘ ʬʦʨʤʫʣʦʶ (3.12) 

( ) ( )ä =Ö+Ö=Ö+Ö= --++ 32,1244,0188,0
2

1
ZCZC

2

1
I 222

SOSO

2

HH 2
4

2
4

. 

 ɿʥʘʶʯʠ ʡʦʥʥʫ ʩʠʣʫ ʨʦʟʯʠʥʫ, ʢʦʝʬʽʮʽʻʥʪ ʘʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʠʤʦ ʟʘ 

ʨʽʚʥʷʥʥʷʤ (3.13) 

27,0
32,11

32,115,0
lg

2

-=
+

ÖÖ
-=g+ , 

54,0=g+ . 

 ʊʦʜʽ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.10) ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

475,054,088,0C
HH

=Ö=gÖ=a +++ ʤʦʣʴ/ʣ, 

ʘ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ   +aH
p = +a-

H
lg = 475,0lg- = 0,32. 

 

ɿʘʜʘʯʘ 2. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʽ ʩʪʫʧʽʥʴ  ʛʽʜʨʦʣʽʟʫ 

ʩʦʣʽ ʚ 800 ʤʣ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ 10,6 ʛ ʅʘʪʨʽʡ ʛʽʜʨʦʛʝʥ ʢʘʨʙʦʥʘʪʫ. 

ʂʦʥʩʪʘʥʪʠ ʜʠʩʦʮʽʘʮʽʾ ʢʘʨʙʦʥʘʪʥʦʾ ʢʠʩʣʦʪʠ ʟʘ ʩʪʫʧʝʥʷʤʠ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʨʽʚʥʶʶʪʴ 7

COʅ,ɼ 105,4K
32

-Ö= ;  11

ʅCO,ɼ
108,4K

3

-Ö=- . 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɼʣʷ ʢʠʩʣʦʾ ʩʦʣʽ, ʫʪʚʦʨʝʥʦʾ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʠʣʴʥʦʶ 

ʦʩʥʦʚʦʶ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.29) 

[ ] 9117

ʅCO,ɼCOʅ,ɼ 1065,4108,4105,4ʂʂH
332

---+ Ö=ÖÖÖ=Ö= - ʤʦʣʴ/ʣ. 

 ɼʣʷ  ʨʦʟʨʘʭʫʥʢʫ ʩʪʫʧʝʥʷ ʛʽʜʨʦʣʽʟʫ ʪʨʝʙʘ ʟʥʘʡʪʠ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʩʦʣʽ. ɼʣʷ ʯʦʛʦ ʨʦʟʨʘʭʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʨʦʟʯʠʥʝʥʦʾ ʩʦʣʽ 

126,0
84

6,10

M

m
n

3

3

3

NaHCO

NaHCO

NaHCO === ʤʦʣʴ, 

ʜʝ 
3NaHCOM - ʤʦʣʷʨʥʘ ʤʘʩʘ ʩʦʣʽ, ʛ/ʤʦʣʴ. 84M

3NaHCO =  ʛ/ʤʦʣʴ. 

 ʊʦʜʽ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʦʣʽ ʚʠʟʥʘʯʠʤʦ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʧʦʨʮʽʾ: 

800 ʤʣ ʨʦʟʯʠʥʫ ʚʤʽʱʫʻ 0,126 ʤʦʣʷ NaHCO3, 

1000 ʤʣ ʨʦʟʯʠʥʫ ʚʤʽʱʫ ̒ʍ ʤʦʣʴ NaHCO3, 

16,0
800

126,01000
X =

Ö
= ʤʦʣʴ/ʣ. 

 ʉʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.28) 
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5

117

14

ʅCO,ɼCOʅ,ɼʩʦʣʽ

14

ɻ 1034,1
108,4105,416,0

10

ʂʂC

10
h

332

-

--

--

Ö=
ÖÖÖÖ

=
ÖÖ

=
-

. 

  

 ɿʘʜʘʯʘ 3. ʉʢʽʣʴʢʠ ʛʨʘʤʽʚ ʩʦʣʽ NaAc ʪʨʝʙʘ ʜʦʜʘʪʠ ʜʦ 500 ʤʣ 0,1 ʄ 

ʨʦʟʯʠʥʫ ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ  (ʉʅ3ʉʆʆʅ), ʱʦʙ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ 

ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ ʫ 1000 ʨʘʟʽʚ? 5

ʅAc,ɼ 1074,1K -Ö= . 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʻʤʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ 0,1 ʄ 

ʨʦʟʯʠʥʽ ʅɸʩ ʟʘ ʬʦʨʤʫʣʦʶ (3.17) 

[ ] 35

ʪʠʢʪʠʢ,ɼ 1032,11,01074,1ʉKH --

--

+ Ö=ÖÖ=Ö=  ʤʦʣʴ/ʣ. 

 ʉʫʤʽʰ ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʾʾ ʩʽʣʣʶ ï ʮʝ ʢʠʩʣʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʙʫʬʝʨʥʦʤʫ ʨʦʟʯʠʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ (3.36) 

[ ]
ʩʦʣʽ

ʪʠʢ
ʪʠʢ,ɼ
ʉ

ʉ
KH -

-

+= . 

 ɿʚʽʜʢʠ                           
[ ]+
-

-=
ʅ

ʉ
KC ʪʠʢ

ʪʠʢ,ɼʩʦʣʽ . 

 ɿʘ ʫʤʦʚʦʶ ʟʘʜʘʯʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʧʦʚʠʥʥʘ ʟʤʝʥʰʠʪʠʩʷ ʫ 

1000 ʨʘʟʽʚ, ʪʦʙʪʦ [ ] 61032,1H -+ Ö= ʤʦʣʴ/ʣ. 

ʊʦʜʽ                      32,1
1032,1

1,0
1074,1C

6

5

NaAc =
Ö

Ö=
-

- ʤʦʣʴ/ʣ. 

 ʄʘʩʘ ʩʦʣʽ, ʷʢʫ ʪʨʝʙʘ ʜʦʜʘʪʠ ʜʦ 1ʣ ʨʦʟʯʠʥʫ, ʱʦʙ ʟʤʝʥʰʠʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʫ 1000, ʜʦʨʽʚʥʶʚʘʪʠʤʝ  

2,1088232,1MCm NaAcNaAcNaAc =Ö=Ö= ʛ/ʣ. 

ɼʦ 500ʤʣ ʨʦʟʯʠʥʫ ʪʨʝʙʘ ʜʦʜʘʪʠ ʫ ʜʚʘ ʨʘʟʠ ʤʝʥʰʝ ʩʦʣʽ, ʪʦʙʪʦ 54,1ʛ NaAc. 

 

ɿʘʜʘʯʘ 4. ʨʅ 0,2ʄ ʨʦʟʯʠʥʫ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʩʣʘʙʢʦʾ ʦʜʥʦʦʩʥʦʚʥʦʾ ʢʠʩʣʦʪʠ 

ʜʦʨʽʚʥʶʻ 10. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʩʪʘʥʪʫ ʽ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʥʩʪʘʥʪʫ ʽ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ, 

ʫʪʚʦʨʝʥʦʾ ʩʣʘʙʢʦʶ ʢʠʩʣʦʪʦʶ ʽ ʩʠʣʴʥʦʶ ʦʩʥʦʚʦʶ, ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʫ 

ʜʠʩʦʮʽʘʮʽʾ ʢʠʩʣʦʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.26) 

[ ]
ʩʦʣʽ

HA,ɼ

14

ʉ

K10
H

-Ö
=

-

+    ʽ 
[ ]

14

ʩʦʣʽ

2

ʪʠʢ,ɼ
10

ʉʅ
K

-

+

-

Ö
= . 
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ʆʩʢʽʣʴʢʠ ʨʅ=10, ʪʦ [ ] 1010H -+= ʤʦʣʴ/ʣ. 

ʊʦʜʽ                             7
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ʂʦʥʩʪʘʥʪʫ ʛʽʜʨʦʣʽʟʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ  (3.21) 
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ʉʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ï ʟʘ ʨʽʚʥʷʥʥʷʤ (3.22) 
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3.6. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ɺʠʟʥʘʯʪʝ ʨʅ ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 1,12 ʣ HCI ʚ 500 ʤʣ ʚʦʜʠ 

ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

 ɺʽʜʧʦʚʽʜʴ: 1. 

2. ɺʠʟʥʘʯʪʝ ʨʅ ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 4 ʛ ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʫ ʚ 

10 ʣ ʚʦʜʠ. 

 ɺ̔ ʜʧʦʚʽʜʴ: 12. 

3. ʈʦʟʨʘʭʫʡʪʝ ʨʅ ʨʦʟʯʠʥʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʨʦʟʚʝʜʝʥʥʽ 50 ʤʣ 40,2 %-ʛʦ 

ʨʦʟʯʠʥʫ ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚʦʜʦʶ ʜʦ 1000 ʤʣ. ɟ=1,05 ʛ/ʤʣ. 5

ʅɸ,ɼ 1074,1K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 2,6. 

4. ʆʙʯʠʩʣʽʪʴ ʨʅ ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 2,24 ʣ HCI ʚ 6000 ʤʣ 

ʚʦʜʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

 ɺʽʜʧʦʚʽʜʴ: 1,8. 

5. ʈʦʟʨʘʭʫʡʪʝ ʨʆʅ ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʨʦʟʚʝʜʝʥʥʽ 100 ʤʣ 10 %-ʛʦ 

ʨʦʟʯʠʥʫ ʤʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚʦʜʦʶ ʜʦ 1500 ʤʣ. ʂɼ,ʅʉʆʆʅ=1,8Ā10
-4
. ɟ=1,05 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 11,23. 

6. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʽ ʛʽʜʨʦʢʩʠʜʫ ʚ ʨʦʟʯʠʥʽ, 250 ʤʣ 

ʷʢʦʛʦ ʤʽʩʪʠʪʴ 10,6 ʛ Na2CO3. 
11

HCO,ɼ
108,4K

3

-Ö=- . 

 ɺʽʜʧʦʚʽʜʴ: 6,9Ā10
-13
; 1,45Ā10

-2
. 

7. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʡʦʥʽʚ ʛʽʜʨʦʢʩʠʜʫ ʽ ʩʪʫʧʽʥʴ 

ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ ʚ ʨʦʟʯʠʥʽ, 500 ʤʣ ʷʢʦʛʦ ʤʽʩʪʠʪʴ 8,2 ʛ Naɸʩ. ʂɼ,ʅɸʩ=1,74Ā10
-5
. 

 ɺʜ̔ʧʦʚʽʜʴ: 5,8Ā10
-10
; 1,22Ā10

-5
; 3,4Ā10

-5
. 
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8. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʢʩʠʜʫ ʽ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ ʚ ʨʦʟʯʠʥʽ, 

200ʤʣ ʷʢʦʛʦ ʤʽʩʪʠʪʴ 1,06 ʛ NaʅCO3. 
7

COH,ɼ 105,4K
32

-Ö= . 11

HCO,ɼ
108,4K

3

-Ö=- . 

 ɺʽʜʧʦʚʽʜʴ: 1,075Ā10
-2
; 5,7Ā10

-2
. 

9. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʘʭ: ʘ) 0,5 ʄ ʨʦʟʯʠʥ 

Naʅ2ʈO4; ʙ) 0,3 ʄ ʨʦʟʯʠʥ Na2ʅʈO4. ʨʂ1=1,96. ʨʂ2=6,76. ʨʂ3=12,44. 

 ɺʽʜʧʦʚʽʜʴ: ʘ)4,36Ā10
-5
; ʙ)2,5Ā10

-10
. 

10. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʢʩʠʜʫ ʽ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ 

ɸʤʦʥʽʡ ʭʣʦʨʠʜʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 2,675 ʛ NH4CI ʚ 500 ʤʣ ʚʦʜʠ. 

5

OHNH,ɼ 1076,1K
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1,3Ā10
-9  
ʛ-ʽʦʥ/ʣ; 2,3Ā10

-5
. 

11. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʽ ʛʽʜʨʦʢʩʠʜʫ ʚ ʨʦʟʯʠʥʽ NH4ɸʩ, 

ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 3,85 ʛ ʩʦʣʽ ʚ 250 ʤʣ ʚʦʜʠ. ʂɼ,ʅɸʩ=1,74Ā10
-5
. 

5

OHNH,ɼ 1076,1K
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1Ā10
-7  
ʛ-ʽʦʥ/ʣ;  1Ā10

-7  
ʛ-ʽʦʥ/ʣ. 

12. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʽ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʯʠʥʫ, 

ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 6 ʛ Nʘɸʩ  ʽ 12 ʛ ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ 1 ʣ ʚʦʜʠ. 

ʂɼ,ʅɸʩ=1,74Ā10
-5
. 

 ɺʽʜʧʦʚʽʜʴ: 4,77Ā10
-5
 ʛ-ʽʦʥ/ʣ;  3,32. 

13. ɺ 250 ʤʣ ʚʦʜʠ ʨʦʟʯʠʥʠʣʠ 50 ʤʣ 40 %-ʛʦ ʨʦʟʯʠʥʫ ʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʫ 

ʛʫʩʪʠʥʦʶ 0,88 ʛ/ʤʣ ʽ 17,8 ʛ ɸʤʦʥʽʡ ʭʣʦʨʠʜʫ. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ 

ʛʽʜʨʦʢʩʠʜʫ ʽ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʦʜʝʨʞʘʥʦʛʦ ʨʦʟʯʠʥʫ. 5

OHNH,ɼ 1076,1K
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 3,7Ā10
-10

 ʛ-ʽʦʥ/ʣ;  9,43. 

14. ɺʠʟʥʘʯʪʝ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ, ʦʪʨʠʤʘʥʦʤʫ ʧʨʠ 

ʨʦʟʯʠʥʝʥʥʽ 1,12 ʣ ɻʽʜʨʦʛʝʥ ʭʣʦʨʠʜʫ ʚ 500 ʤʣ ʚʦʜʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. 

 ɺʽʜʧʦʚʽʜʴ: 0,071 ʛ-ʽʦʥ/ʣ. 

15. ɺ 500 ʤʣ ʚʦʜʠ ʨʦʟʯʠʥʠʣʠ 150 ʤʣ 40,2 %-ʛʦ ʨʦʟʯʠʥʫ ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ 

ʛʫʩʪʠʥʦʶ 1,05 ʛ/ʤʣ. ʂɼ,ʅɸʩ=1,74Ā10
-5
. ɺʠʟʥʘʯʪʝ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʪʘ 

ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʢʠʩʣʦʪʠ ʚ ʦʪʨʠʤʘʥʦʤʫ ʨʦʟʯʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 4,9Ā10
-3 
ʛ-ʽʦʥ/ʣ; 3,27Ā10

-3
. 

16. ʈʦʟʨʘʭʫʡʪʝ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ, ʷʢʠʡ ʦʪʨʠʤʘʣʠ ʰʣʷʭʦʤ 

ʟʤʽʰʫʚʘʥʥʷ 50 ʤʣ 40 %-ʛʦ ʨʦʟʯʠʥʫ H2SO4  ʛʫʩʪʠʥʦʶ 1,3 ʛ/ʤʣ ʽ 300 ʤʣ ʚʦʜʠ. 

 ɺʽʜʧʦʚʽʜʴ: 0,23 ʛ-ʽʦʥ/ʣ. 
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17. ɺʠʟʥʘʯʪʝ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ, ʷʢʠʡ ʦʪʨʠʤʘʣʠ ʰʣʷʭʦʤ 

ʟʤʽʰʫʚʘʥʥʷ 50 ʤʣ 40 %-ʛʦ ʨʦʟʯʠʥʫ ʦʨʪʦʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ  

1,46 ʛ/ʤʣ ʽ 12,5 ʛ ʅʘʪʨʽʡ ʦʨʪʦʬʦʩʬʘʪʫ ʟ 500 ʤʣ ʚʦʜʠ, ʚʨʘʭʦʚʫʶʯʠ ʪʽʣʴʢʠ 

ʧʝʨʠhʡ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʢʠʩʣʦʪʠ. 3

POH,ɼ 106,7K
43

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 5,65Ā10
-3 
ʛ-ʽʦʥ/ʣ. 

18. ʈʦʟʨʘʭʫʡʪʝ, ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʤʽʥʠʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʷʢʱʦ 

ʚ 500 ʤʣ 0,1 ʄ ʨʦʟʯʠʥʫ ʤʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ ʨʦʟʯʠʥʠʪʠ 13,6 ʛ ʅʘʪʨʽʡ ʬʦʨʤʽʘʪʫ. 

 ɺʽʜʧʦʚʽʜʴ: ʟʤʝʥʰʠʪʴʩʷ ʫ 100 ʨʘʟʽʚ. 

19. ʉʢʽʣʴʢʠ ʛʨʘʤʽʚ ʅʘʪʨʽʡ ʘʮʝʪʘʪʫ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʜʦ 400 ʤʣ 0,1 ʄ ʝʪʘʥʦʚʦʾ 

ʢʠʩʣʦʪʠ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ ʚ 100 ʨʘʟʽʚ? 

ʂɼ,ʅɸʩ=1,74Ā10
-5
. 

 ɺʽʜʧʦʚʽʜʴ: 4,33 ʛ. 

20. ʉʢʽʣʴʢʠ ʤʽʣʽʣʽʪʨʽʚ 30 %-ʛʦ ʨʦʟʯʠʥʫ ʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʫ ʛʫʩʪʠʥʦʶ  

0,892 ʛ/ʤʣ ʪʨʝʙʘ ʜʦʜʘʪʠ ʜʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʚʤʽʱʫʻ 10,7 ʛ ɸʤʦʥʽʡ ʭʣʦʨʠʜʫ ʚ  

500 ʤʣ ʨʦʟʯʠʥʫ, ʱʦʙ ʨʅ=9,5? 5

OHNH,ɼ 1076,1K
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 96 ʤʣ. 

21. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʨʅ ʨʦʟʯʠʥʫ, 

ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ 6,675 ʛ ɸʣʶʤʽʥʽʡ ʭʣʦʨʠʜʫ ʚ 500 ʤʣ ʨʦʟʯʠʥʫ. 

ʂʦʥʩʪʘʥʪʘ ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ ʜʦʨʽʚʥʶʻ 1,35Ā10
-5
. 

 ɺʽʜʧʦʚʽʜʴ: 8,6Ā10
-3 
ʛ-ʽʦʥ/ʣ; 3,44Ā10

-3 
ʛ-ʽʦʥ/ʣ. 

22. ʉʢʽʣʴʢʠ ʛʨʘʤʽʚ ʌʝʨʫʤ (III) ʭʣʦʨʠʜʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʯʠʥʠʪʠ ʚ 500 ʤʣ 

ʨʦʟʯʠʥʫ, ʱʦʙ ʨʅ=1,9? ʂʦʥʩʪʘʥʪʘ ʛʽʜʨʦʣʽʟʫ ʩʦʣʽ ʜʦʨʽʚʥʶʻ 3,0Ā10
-3
. 

 ɺʽʜʧʦʚʽʜʴ: 4,39Ā10
-3
 ʛ. 

23. ʉʢʽʣʴʢʠ ʛʨʘʤʽʚ ʝʪʘʥʜʽʦʚʦʾ ʢʠʩʣʦʪʠ ʪʨʝʙʘ ʨʦʟʯʠʥʠʪʠ ʚ 100 ʤʣ ʨʦʟʯʠʥʫ, ʱʦʙ 

ʨʅ ʨʦʟʯʠʥʫ ʜʦʨʽʚʥʶʚʘʚ 8,5? 2

1,OCH 106,5K
422

-Ö= ; 5

2,OCH 104,5K
422

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1,65Ā10
-2
 ʛ. 

24. ɺʠʟʥʘʯʪʝ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʽ ʨʅ ʨʦʟʯʠʥʫ, ʦʜʝʨʞʘʥʦʛʦ ʧʨʠ  ʨʦʟʯʠʥʝʥʥʽ  

50 ʤʣ 30 %-ʛʦ ʨʦʟʯʠʥʫ ʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʫ ʛʫʩʪʠʥʦʶ 0,892 ʛ/ʤʣ ʚ 200 ʤʣ ʚʦʜʠ. 

5

OHNH,ɼ 1076,1K
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 3,3Ā10
-3
; 11,72. 

25. 500 ʤʣ ʨʦʟʯʠʥʫ ʚʤʽʱʫʻ 4,3 ʛ ʧʨʦʧʝʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʨʅ ʨʦʟʯʠʥʫ ʽ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʢʠʩʣʦʪʠ ʚ ʮʴʦʤʫ ʨʦʟʯʠʥʽ. 

5

COOHCHCH,ɼ 1035,1K
23

-Ö= . 



35 

 

 ɺʽʜʧʦʚʽʜʴ: 1,25Ā10
-3 
ʛ-ʽʦʥ/ʣ; 2,9; 1,08Ā10

-2
. 

26. ʉʢʽʣʴʢʠ ʛʨʘʤʽʚ ɸʤʦʥʽʡ ʭʣʦʨʠʜʫ  ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʜʦ 200 ʤʣ 0,1 ʄ 

ʨʦʟʯʠʥʫ ʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʫ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʢʩʠʜʫ ʚ 

100 ʨʘʟʽʚ? 5

OHNH,ɼ 1076,1K
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1,44 ʛ. 

27. 500 ʤʣ ʨʦʟʯʠʥʫ ʚʤʽʱʫʻ 6,2 ʛ ʦʨʪʦʙʦʨʘʪʥʦʾ ʢʠʩʣʦʪʠ.  ʗʢ ʟʤʽʥʠʪʴʩʷ ʨʅ 

ʨʦʟʯʠʥʫ, ʷʢʱʦ ʜʦʜʘʪʠ 20,2 ʛ ʅʘʪʨʽʡ ʪʝʪʨʘʙʦʨʘʪʫ? 10

BOH,ɼ 108,5K
33

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 9,24. 

28. ʨʅ 0,1 ʄ ʨʦʟʯʠʥʫ ʢʘʣʽʻʚʦʾ ʩʦʣʽ ʩʣʘʙʢʦʾ ʦʜʥʦʦʩʥʦʚʥʦʾ ʢʠʩʣʦʪʠ ʜʦʨʽʚʥʶʻ 

9,07. ɺʠʟʥʘʯʪʝ ʢʦʥʩʪʘʥʪʫ ʽ ʩʪʫʧʽʥʴ ʛʽʜʨʦʣʽʟʫ ʮʽʻʾ ʩʦʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 1,4Ā10
-9
; 1,2Ā10

-4
. 

29. ɼʦ 30 ʤʣ ʚʦʜʠ ʜʦʜʘʣʠ 5 ʤʣ 3 ʄ ʨʦʟʯʠʥʫ 2KNO . ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʡʦʥʽʚ ʛʽʜʨʦʢʩʠʜʫ ʽ ʨʅ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ. 4

HNO,ɼ 101,5K
2

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 10
-5
; 9. 

30. ʉʢʽʣʴʢʠ ʤʽʣʽʛʨʘʤʽʚ ʂʘʣʽʡ ʮʽʘʥʽʜʫ ʤʽʩʪʠʪʴʩʷ ʚ 100 ʤʣ  ʨʦʟʯʠʥʫ, ʨʅ ʷʢʦʛʦ 

ʜʦʨʽʚʥʶʻ 10,46? 10

HCN,ɼ 102,6K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 16,8 ʤʛ. 

 

 

4. ʈɯɺʅʆɺɸɻɸ ɺ  ʉʀʉʊɽʄɸʍ ʆʉɸɼ - ʈʆɿʏʀʅ. ɼʆɹʋʊʆʂ 

ʈʆɿʏʀʅʅʆʉʊɯ 

 

 ɺ ʘʥʘʣʽʪʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʜʫʞʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʮʝʩʠ 

ʫʪʚʦʨʝʥʥʷ ʽ ʨʦʟʯʠʥʝʥʥʷ ʦʩʘʜʽʚ. ʈʦʟʯʠʥʥʽʩʪʴ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ  

ʨʦʟʯʠʥʥʠʢʫ ʘʙʦ ʦʜʥʽʻʾ ʨʝʯʦʚʠʥʠ ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʫ 

ʜʫʞʝ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʂʽʣʴʢʽʩʥʦ ʨʦʟʯʠʥʥʽʩʪʴ ʚʠʟʥʘʯʘʶʪʴ ʚʤʽʩʪʦʤ ʨʝʯʦʚʠʥʠ 

(ʢʦʥʮʝʥʪʨʘʮʽʻʶ) ʫ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ, ʪʦʙʪʦ ʪʘʢʦʤʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʠʥʘʤʽʯʥʦʶ ʨʽʚʥʦʚʘʛʦʶ ʟʘ ʫʤʦʚʠ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ: 

ʥʝʨʦʟʯʠʥʝʥʘ ʨʝʯʦʚʠʥʘ (ʦʩʘʜ) ź ʨʝʯʦʚʠʥʘ ʫ ʨʦʟʯʠʥʽ. 

 ɺʩʽ ʩʦʣʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʘʣʦʨʦʟʯʠʥʥʽ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʠʣʴʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ. ʏʝʨʝʟ ʮʝ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʯʠ ʨʦʟʯʠʥʝʥʥʽ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ʩʦʣʽ ʫ 

ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʦʩʘʜʦʤ ʟʥʘʭʦʜʷʪʴʩʷ ʪʽʣʴʢʠ ʡʦʥʠ ʩʦʣʽ. ʈʽʚʥʷʥʥʷ 

ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʤʘʻ ʚʠʛʣʷʜ 
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-++Ú AMeMeA . 

 ʋ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʟʘ ʫʤʦʚʠ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʚ 

ʨʦʟʯʠʥ ʧʝʨʝʭʦʜʠʪʴ ʪʘʢʘ ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʢʠ, ʷʢʘ ʟʘ ʮʝʡ ʞʝ ʯʘʩ ʟ ʨʦʟʯʠʥʫ 

ʚʠʧʘʜʘʻ ʚ ʦʩʘʜ. ʎʷ ʜʠʥʘʤʽʯʥʘ ʛʝʪʝʨʦʛʝʥʥʘ ʨʽʚʥʦʚʘʛʘ ʦʧʠʩʫʻʪʴʩʷ ʧʨʘʚʠʣʦʤ 

ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ. 

 ʋ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʙʫʪʦʢ ʘʢʪʠʚʥʦʩʪʝʡ 

ʡʦʥʽʚ ʤʘʣʦʨʦʟʯʠʥʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʻ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʦʙʫʪʢʦʤ ʨʦʟʯʠʥʥʦʩʪʽ (ɼʈ). 

                                 -+ aÖa=
AMe

ɼʈ   ʘʙʦ                                                      (4.1) 

                                 [ ][ ] -+ gÖgÖÖ= -+

AMe
AMeɼʈ ,                                            (4.2) 

ʜʝ +a
Me

 ʽ -aA
  ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʽʩʪʴ ʢʘʪʽʦʥʽʚ ʽ ʘʥʽʦʥʽʚ; 

[ ]+Me  ʽ [ ]-A  - ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥʽʚ ʽ ʘʥʽʦʥʽʚ;  

+gMe
  ̔ -gA

- ʢʦʝʬʽʮʽʻʥʪʠ ʘʢʪʠʚʥʦʩʪʝʡ ʢʘʪʽʦʥʽʚ ʽ ʘʥʽʦʥʽʚ. 

 ʆʩʢʽʣʴʢʠ ʨʦʟʯʠʥʥʽʩʪʴ ʤʘʣʦʨʦʟʯʠʥʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʫ  ʚʦʜʽ ʜʫʞʝ ʤʘʣʘ, 

ʪʦ ʡ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʫ ʨʦʟʯʠʥʽ ʙʫʜʝ ʤʘʣʦʶ, ʘ ʡʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ ʙʫʜʝ 

ʙʣʠʟʴʢʦʶ ʜʦ ʥʫʣʷ. ʊʦʤʫ ʢʦʝʬʽʮʽʻʥʪʠ ʘʢʪʠʚʥʦʩʪʝʡ ʡʦʥʽʚ ʚ ʪʘʢʠʭ ʨʦʟʯʠʥʘʭ 

ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥʠʮʽ ʘʙʦ ʥʘʙʣʠʞʘʪʠʤʫʪʴʩʷ ʜʦ ʥʝʾ. ʏʝʨʝʟ ʮʝ ʫ ʚʠʨʘʟʘʭ 

ʜʦʙʫʪʢʽʚ ʨʦʟʯʠʥʥʦʩʪʽ ʤʦʞʥʘ ʟʘʤʽʩʪʴ ʜʦʙʫʪʢʫ ʘʢʪʠʚʥʦʩʪʝʡ ʙʨʘʪʠ ʜʦʙʫʪʦʢ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʡʦʥʽʚ. 

                                                   [ ][ ]-+Ö= AMeɼʈ .                                             (4.3) 

 ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʨʦʟʨʘʭʫʥʢʠ ʨʦʟʯʠʥʥʦʩʪʽ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ. 

 ɺʠʨʘʟ ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ʩʧʦʣʫʢʠ nmAMe  , ʱʦ 

ʜʠʩʦʮʽʶʻ ʟʘ ʨʽʚʥʷʥʥʷʤ 
-++Ú mn

nm
nAmMeAMe , 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

                                                [ ] [ ]nmmn AMeɼʈ -+ Ö= .                                          (4.4) 

 ʋʤʦʚʠ ʚʠʜʽʣʝʥʥʷ ʪʘ ʨʦʟʯʠʥʝʥʥʷ ʦʩʘʜʫ ʝʣʝʢʪʨʦʣʽʪʫ: 

- ʷʢʱʦ [ ] [ ] ɼʈAMe
nmmn >Ö -+ , ʪʦ ʨʦʟʯʠʥ ʧʝʨʝʩʠʯʝʥʠʡ, ʦʩʘʜ ʚʠʧʘʜʘʻ; 

- ʷʢʱʦ [ ] [ ] ɼʈAMe
nmmn =Ö -+ , ʪʦ ʨʦʟʯʠʥ ʥʘʩʠʯʝʥʠʡ, ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ; 

- ʷʢʱʦ [ ] [ ] ɼʈAMe
nmmn <Ö -+ , ʪʦ ʨʦʟʯʠʥ ʥʝʥʘʩʠʯʝʥʠʡ, ʦʩʘʜ ʨʦʟʯʠʥʷʻʪʴʩʷ. 
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ʆʩʘʜʞʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʧʦʚʥʠʤ, ʷʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʚ ʨʦʟʯʠʥʽ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 10
-6
ʤʦʣʴ/ʣ ʘʙʦ 10

-4
ʛ/ʣ (ʤʝʞʘ ʯʫʪʣʠʚʦʩʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʽʚ). 

ɺʝʣʠʯʠʥʘ ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʨʽʟʥʠʭ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʩʘʜʞʝʥʥʷʤ ʡʦʥʽʚ ʫ ʚʠʛʣʷʜʽ 

ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ, ʘʣʝ ʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʫʤʦʚ ʧʝʨʝʚʝʜʝʥʥʷ 

ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʦʩʘʜʽʚ ʫ ʨʦʟʯʠʥ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʤʘʣʦʨʦʟʯʠʥʥʠʭ 

ʩʧʦʣʫʢ ʻ ʾʭ ʨʦʟʯʠʥʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. 

ɼʣʷ ʙʽʥʘʨʥʦʾ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ʩʧʦʣʫʢʠ MeA  ʨʦʟʯʠʥʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                            MeAMeA ɼʈP = ,                                                 (4.5) 

ʜʣʷ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʪʠʧʫ 
nm

AMe  

                                                nm
nm

AMe

AMe
nm

ɼʈ
P nm

nm

+

Ö
= .                                         (4.6) 

 ɼʣʷ ʨʦʟʯʠʥʝʥʥʷ ʦʩʘʜʫ ʪʨʝʙʘ ʟʤʝʥʰʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʟ  

ʡʦʥʽʚ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ʩʧʦʣʫʢʠ. ʎʝ ʤʦʞʣʠʚʦ ʚʥʘʩʣʽʜʦʢ 

ʫʪʚʦʨʝʥʥʷ ʩʣʘʙʢʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʩʪʽʡʢʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʡʦʥʽʚ, ʟʚôʷʟʫʚʘʥʥʷ 

ʡʦʥʽʚ ʫ ʣʝʪʢʫ ʩʧʦʣʫʢʫ ʪʘ ʟʤʽʥʠ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ. 

 

4.1. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 1. ɺʠʟʥʘʯʪʝ ʢʽʣʴʢʽʩʪʴ ʛʨʘʤʽʚ ʡʦʥʽʚ +2Ba  ʚ 1 ʣ ʥʘʩʠʯʝʥʦʛʦ 

ʨʦʟʯʠʥʫ ɹʘʨʽʡ ʦʨʪʦʬʦʩʬʘʪʫ. ʈʦʟʨʘʭʫʡʪʝ, ʷʢ ʟʤʽʥʠʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ 
+2Ba , ʷʢʱʦ ʚ 1 ʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʨʦʟʯʠʥʠʪʠ 16,4 ʛ ʅʘʪʨʽʡ ʦʨʪʦʬʦʩʬʘʪʫ. 

( )
39

POBa 1003,6ɼʈ
243

-Ö= . 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɺʘ3(ʈʆ4)2 ï ʮʝ ʤʘʣʦʨʦʟʯʠʥʥʘ ʩʧʦʣʫʢʘ, ʷʢʘ ʜʠʩʦʮʽʶʻ ʟʘ 

ʨʽʚʥʷʥʥʷʤ                             ( ) -++Ú 3

4

2

243 PO2Ba3POBa . 

 ʆʩʢʽʣʴʢʠ ʟ ʦʜʥʽʻʾ ʤʦʣʝʢʫʣʠ ʩʦʣʽ ɺʘ3(ʈʆ4)2 ʫʪʚʦʨʶʶʪʴʩʷ 3  ʡʦʥʠ     
+2Ba  

ʽ 2 ʡʦʥʠ -3

4PO , ʪʦ ʧʨʠʡʥʷʚʰʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʦʣʽ ʚ ʨʦʟʯʠʥʽ ʟʘ ʍ, ʦʜʝʨʞʠʤʦ 

[ ] X3Ba2 =+  ʽ [ ] X2PO3

4
=- . ʊʦʜʽ 

( ) [ ][ ] ( )( )2323

4

32

POBa X2X3POBaɼʈ
243

Ö=Ö= -+ . 

 ʈʦʟʨʘʭʫʻʤʦ ʨʦʟʯʠʥʥʽʩʪʴ ʮʽʻʾ ʩʧʦʣʫʢʠ ʟʘ ʨʽʚʥʷʥʥʷʤ (4.6) 
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( ) ʣ/ʤʦʣʴ108
23

1003,6

nm

ɼʈ
P 923

23

39

nm
nm

AMe

POBa
nm

243

-+

-

+ Ö=
Ö

Ö
=

Ö
= . 

 ʂʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ +2Ba  ʫ ʨʦʟʯʠʥʽ ʜʦʨʽʚʥʶʻ 

[ ] 992 10241083X3Ba --+ Ö=ÖÖ== ʤʦʣʴ/ʣ, 

 ʘ ʚ ʛ/ʣ [ ] [ ] 692

ɺʘ

2 1029,31024137ɺʘɸBa --++ Ö=ÖÖ=Ö= ʛ/ʣ. 

 ʇʨʠ ʚʚʝʜʝʥʥʽ ʚ ʨʦʟʯʠʥ ʩʦʣʽ Na3PO4 ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʟʘʛʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ -3

4
PO  ʚ ʨʦʟʯʠʥʽ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʽʻʾ ʩʦʣʽ. 

ʂʦʥʮʝʥʪʨʘʮʽʻʶ ʡʦʥʽʚ -3

4
PO , ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ ɺʘ3(ʈʆ4)2, 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʨʦʟʯʠʥʥʽʩʪʴ ʮʽʻʾ ʩʧʦʣʫʢʠ ʜʫʞʝ ʤʘʣʘ. 

 ɺʠʟʥʘʯʠʤʦ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʦʣʽ Na3PO4: 

164M
43PONa = ʛ/ʤʦʣʴ;     1,0

164

4,16
C

M
== ʤʦʣʴ/ʣ;    [ ] 1,0ʉʈʆ

ʄ

3

4
==- ʤʦʣʴ/ʣ. 

 ɺʠʨʘʟ ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ ɺʘ3(ʈʆ4)2 ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʫ ʨʦʟʯʠʥ ʩʦʣʽ 

Na3PO4 ʤʘʪʠʤʝ ʚʠʛʣʷʜ      ( ) [ ] 232

POBa
1,0Baɼʈ

243
Ö= + . 

ɿʚʽʜʩʠ         [ ] ( ) 133
2

39

3
2

POBa2 1045,8
10

1003,6

1,0

ɼʈ
Ba 243 -

-

-
+ Ö=

Ö
== ʤʦʣʴ/ʣ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ +2Ba  ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦ 1 ʣ ʨʦʟʯʠʥʫ 16,4 ʛ Na3PO4 

ʟʤʝʥʰʠʣʘʩʴ ʫ  

4

13

9

1084,2
1045,8

1024
Ö=

Ö

Ö
-

-

ʨʘʟʽʚ. 

ɿʘʜʘʯʘ 2. ɺʠʟʥʘʯʪʝ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ʉʪʨʦʥʮʽʡ ʢʘʨʙʦʥʘʪʫ, ʷʢʱʦ 

ʡʦʛʦ ʨʦʟʯʠʥʥʽʩʪʴ ʧʨʠ 25
ʦ
ʉ ʜʦʨʽʚʥʶʻ 0,001554 ʛ/ʣ. 148M

3SrCO = ʛ/ʤʦʣʴ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɺʠʟʥʘʯʠʤʦ ʨʦʟʯʠʥʥʽʩʪʴ 
3

SrCO  ʚ ʤʦʣʴ/ʣ 

5

SrCO 1005,1
148

001554,0
P

3

-Ö== ʤʦʣʴ/ʣ. 

 ʉʪʨʦʥʮʽʡ ʢʘʨʙʦʥʘʪʫ ʜʠʩʦʮʽʶʻ ʟʘ ʩʭʝʤʦʶ 

-++Ú 2

3

2

3 COSrSrCO . 

 ɺʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ ʜʠʩʦʮʽʘʮʽʾ, ʦʜʝʨʞʫʻʤʦ ʬʦʨʤʫʣʫ ʜʦʙʫʪʢʫ 

ʨʦʟʯʠʥʥʦʩʪʽ  

[ ][ ]( ) 10252

3

2 101,11005,1COSrɼʈ ---+ Ö=Ö=Ö= . 
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ɿʘʜʘʯʘ 3. ʈʦʟʨʘʭʫʡʪʝ ʚʝʣʠʯʠʥʠ ʨʅ, ʧʨʠ ʷʢʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ 

ʦʩʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪ ʛʽʜʨʦʢʩʠʜʫ ʟ 0,1 ʄ ʨʦʟʯʠʥʫ ʂʦʙʘʣʴʪ ʩʫʣʴʬʘʪʫ. 

( )
15

OHCo 100,2ɼʈ
2

-Ö= . 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʋ ʨʦʟʯʠʥʽ ( )
2

OHCo  ʜʠʩʦʮʽʶʻ ʟʘ ʩʭʝʤʦʶ 

( ) -++Ú OH2CoOHCo 2

2
. 

ʊʦʜʽ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ʩʪʘʥʦʚʠʪʠʤʝ 

( ) [ ][ ]22

OHCo OHCoɼʈ
2

-+Ö= . 

ʆʩʢʽʣʴʢʠ 
4

CoSO - ʩʠʣʴʥʠʡ ʝʣʝʢʪʨʦʣʽʪ ʽ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ ʦʜʥʽʻʾ ʤʦʣʝʢʫʣʠ 

ʩʦʣʽ 
4

CoSO  ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʠʥ ʡʦʥ +2Co , ʪʦ [ ] 1,0CCo
ʩʦʣʽ

2 ==+  ʤʦʣʴ/ʣ, ʘ  

( ) [ ]2OHCo OH1,0ɼʈ
2

-Ö= . 

ɿʚʽʜʩʠ  

[ ] ( ) 7

1

15
OHCo

1041,1
10

102

1,0

ɼʈ
OH 2 -

-

-
- Ö=

Ö
== ʤʦʣʴ/ʣ. 

ɺʠʭʦʜʷʯʠ ʟ ʡʦʥʥʦʛʦ ʜʦʙʫʪʢʫ ʚʦʜʠ, ʤʘʻʤʦ 

[ ]
[ ]

8

7

1414

101,7
1041,1

10

OH

10
H -

-

-

-

-

+ Ö=
Ö

== ʤʦʣʴ/ʣ. 

ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʨʦʟʯʠʥʫ ʥʘ ʧʦʯʘʪʢʫ ʦʩʘʜʞʝʥʥʷ ( )
2

OHCo  ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 

[ ] 15,7101,7lgHlgpH 8=Ö-=-= -+ . 

ɺ ʢʽʥʮʽ ʦʩʘʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ +2Co  ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ 10
-6 
ʤʦʣʴ/ʣ. 

ʊʦʜʽ                                   [ ] 5

6

15

1047,4
10

102
OH -

-

-

- Ö=
Ö

= , 

[ ] 10

5

14

1024,2
1047,4

10
H -

-

-

+ Ö=
Ö

= , 

ʘ [ ] 65,91024,2lgHlgpH 10=Ö-=-= -+ . 

 ɿʘʜʘʯʘ 4. ɺʠʟʥʘʯʪʝ, ʯʠ ʚʠʧʘʜʝ ʦʩʘʜ ʅʽʢʝʣʴ ʩʫʣʴʬʽʜʫ ʟ 0,1 ʄ ʨʦʟʯʠʥʫ 

ʅʽʢʝʣʴ ʩʫʣʴʬʘʪʫ, ʱʦ ʤʽʩʪʠʪʴ 0,2 ʄ ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʨʦʟʯʠʥʫ 

ʜʠʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʦʤ  ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.  19

NiS 102,3ɼʈ -Ö= . 

20

SH,ɼ 102,1K
2

-Ö= . ʄ1,0C Sʅ,ʥʘʩ2
= . 5

HAc,ɼ 1074,1K -Ö= . 
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 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɼʠʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ ï ʩʣʘʙʢʘ ʢʠʩʣʦʪʘ, ʷʢʘ ʜʠʩʦʮʽʶʻ ʟʘ 

ʩʭʝʤʦʶ                                            -++Ú 2

2 SH2SH . 

ɿʚʽʜʩʠ  

[ ][ ]
[ ]SH

SH
K

2

22

SH,ɼ 2

-+ Ö
= , 

ʘ  [ ]
[ ]

[ ]2
2SH,ɼ2

H

SHK
S 2

+

-
Ö

= . 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ ʩʣʘʙʢʦʾ ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ 

ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.17) 

[ ] 315

HAcHAc,ɼ 1087,11021074,1ʉKH ---+ Ö=ÖÖÖ=Ö= ʤʦʣʴ/ʣ. 

ʊʦʜʽ  

[ ]
( )

16

23

120
2 104,3

1087,1

10102,1
S -

-

--
- Ö=

Ö

ÖÖ
= ʤʦʣʴ/ʣ. 

ʆʩʢʽʣʴʢʠ 
4

NiSO  - ʩʠʣʴʥʠʡ ʝʣʝʢʪʨʦʣʽʪ, ʪʦ [ ] 1,0CNi ʩʦʣʽ

2 ==+ ʤʦʣʴ/ʣ. 

ʆʩʘʜʦʢ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ʩʧʦʣʫʢʠ ʙʫʜʝ ʚʠʧʘʜʘʪʠ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ 

[ ][ ]
NiS

22 ɼʈSNi >Ö -+ . 

[ ][ ] 191716122 102,3104,3104,310SNi -----+ Ö>Ö=ÖÖ=Ö . 

ʆʪʞʝ, ʟʘ ʮʠʭ ʫʤʦʚ ʦʩʘʜ NiS ʙʫʜʝ ʚʠʧʘʜʘʪʠ. 

ɿʘʜʘʯʘ 5. ʗʢ ʟʤʽʥʠʪʴʩʷ ʨʦʟʯʠʥʥʽʩʪʴ ( )
243 AsOBa  ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʡʦʛʦ 

ʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ 0,1 ʄ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʫ ʙʘʨʽʶ. ( )
13

AsOBa 101,1ɼʈ
243

-Ö= .   

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɺ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʦʩʘʜ ( )
243 AsOBa  ʜʠʩʦʮʽʶʻ ʟʘ 

ʩʭʝʤʦʶ                  ( ) -++­ 3

4

2

243 AsO2Ba3AsOBa . 

ɼʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ʩʪʘʥʦʚʠʪʠʤʝ ( ) [ ][ ]23

4

32

AsOBa AsOBaɼʈ
243

-+ Ö= . 

ʈʦʟʯʠʥʥʽʩʪʴ ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (4.6) 

( ) ʣ/ʤʦʣʴ101
23

101,1

nm

ɼʈ
P 323

23

13

nm
nm

AMe

AsOBa
nm

243

-+

-

+ Ö=
Ö

Ö
=

Ö
= . 

ʇʨʠ ʜʦʜʘʚʘʥʥʽ 0,1 ʄ ʨʦʟʯʠʥʫ 2BaCl  ʨʦʟʯʠʥʥʽʩʪʴ ʩʪʘʥʦʚʠʪʠʤʝ 

 

( ) [ ]
ʣ/ʤʦʣʴ1005,1

1,0

101,1

Ba

ɼʈ
P 5

23
3

13

32
AsOBa 243

-
+

-

+
Ö=

Ö
== . 
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ʈʦʟʯʠʥʥʽʩʪʴ ʟʤʝʥʰʠʣʘʩʴ  

100
1005,1

101
5

3

º
Ö

Ö
-

-

ʨʘʟʽʚ. 

 

 

4.2. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ɺʠʟʥʘʯʪʝ ʨʦʟʯʠʥʥʽʩʪʴ ʬʝʨʫʤ (ɯɯɯ) ʛʽʜʨʦʢʩʠʜʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ Fe
3+

 

(ʛ/ʣ) ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ. ( )
38

OHFe 102,3ɼʈ
3

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1,8Ā10
-10  
ʛ-ʽʦʥ/ʣ; 2Ā10

-8  
ʛ/ʣ. 

2. ɺʠʟʥʘʯʪʝ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ʂʘʣʴʮʽʡ ʢʘʨʙʦʥʘʪʫ, ʷʢʱʦ ʡʦʛʦ ʨʦʟʯʠʥʥʽʩʪʴ 

ʜʦʨʽʚʥʶʻ 0,00069 ʛ/ʣ ʧʨʠ 25
ʦ
ʉ. 

 ɺʽʜʧʦʚʽʜʴ: 4,8Ā10
-9
. 

3. ʈʦʟʯʠʥʥʽʩʪʴ ʂʘʣʴʮʽʡ ʢʘʨʙʦʥʘʪʫ ʧʨʠ 25
0
ʉ ʜʦʨʽʚʥʶʻ 0,00069 ʛ/ʣ. ɺʠʟʥʘʯʪʝ, ʫ 

ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʤʝʥʰʠʪʴʩʷ ʨʦʟʯʠʥʥʽʩʪʴ ʂʘʣʴʮʽʡ ʢʘʨʙʦʥʘʪʫ, ʷʢʱʦ ʜʦ 0,5 ʣ ʮʴʦʛʦ 

ʨʦʟʯʠʥʫ ʜʦʜʘʪʠ 10,6 ʛ 
32

CONa . 9

CaCO 108,4ɼʈ
3

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʟʤʝʥʰʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʫ 10
-6
 ʨʘʟʽʚ. 

4. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʚʠʧʘʜʘʪʠ ʦʩʘʜ ʇʣʶʤʙʫʤ (ɯɯ) ʭʣʦʨʠʜʫ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ 

0,05 ʥ ʨʦʟʯʠʥʫ ʇʣʶʤʙʫʤ (ɯɯ) ʥʽʪʨʘʪʫ ʟ ʨʽʚʥʠʤ ʦʙôʻʤʦʤ 0,05 ʥ ʨʦʟʯʠʥʫ 

ʛʽʜʨʦʛʝʥ ʭʣʦʨʠʜʫ. 5

PbCI 106,1ɼʈ
2

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʥʝ ʚʠʧʘʜʘʻ. 

5. ʆʙʯʠʩʣʽʪʴ, ʯʠ ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʦʩʘʜ ʉʪʨʦʥʮʽʡ ʩʫʣʴʬʘʪʫ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ 

ʨʽʚʥʠʭ ʦʙôʻʤʽʚ 0,001 ʄ ʨʦʟʯʠʥʽʚ 
2

SrCI   ̔  42SOK . 7

SrSO 102,3ɼʈ
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʥʝ ʚʠʧʘʜʘʻ. 

6. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʚʠʧʘʜʘʪʠ ʦʩʘʜ ɹʘʨʽʡ ʩʫʣʴʬʘʪʫ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʨʽʚʥʠʭ 

ʦʙôʻʤʽʚ 0,001 ʄ ʨʦʟʯʠʥʽʚ 
2

BaCI  ʽ 
42

SOK .  10

BaSO 101,1ɼʈ
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʚʠʧʘʜʝ. 

7. ʂʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ -2S  ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʜʠʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ ʜʦʨʽʚʥʶʻ 

1,2Ā10
-13

 ʤʦʣʴ/ʣ. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʚʠʧʘʜʘʪʠ ʦʩʘʜ ʇʣʶʤʙʫʤ ʩʫʣʴʬʽʜʫ ʚ 

ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʇʣʶʤʙʫʤ (ɯɯ) ʭʣʦʨʠʜʫ. 5

PbCI 106,1ɼʈ
2

-Ö= ; 

27

PbS 105,2ɼʈ -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʚʠʧʘʜʝ. 
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8. ʈʦʟʨʘʭʫʡʪʝ, ʯʠ ʙʫʜʝ ʚʠʧʘʜʘʪʠ ʦʩʘʜ ʇʣʶʤʙʫʤ ʩʫʣʴʬʘʪʫ, ʷʢʱʦ ʟʤʽʰʘʪʠ ʨʽʚʥʽ 

ʦʙôʻʤʠ 10
-4 
ʄ ʨʦʟʯʠʥʫ ( )

23
NOPb  ʽ 10

-3 
ʄ ʨʦʟʯʠʥʫ ( )

342
SOFe . 

.106,1ɼʈ 8

PbSO4

-Ö=  

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʚʠʧʘʜʝ. 

9. ʆʙʯʠʩʣʽʪʴ ʚʝʣʠʯʠʥʠ ʨʅ, ʧʨʠ ʷʢʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ 

ʘʣʶʤʽʥʽʡ (ɯɯɯ) ʛʽʜʨʦʢʩʠʜʫ, ʷʢʱʦ ( )
32

OHAI 101ɼʈ
3

-Ö= , ʘ ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʡʦʥʽʚ +3AI  ʚ ʨʦʟʯʠʥʽ ï 0,1 ʤʦʣʴ/ʣ. 

 ɺʽʜʧʦʚʽʜʴ: ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ ʨʅ=3; ʢʽʥʝʮʴ ʦʩʘʜʞʝʥʥʷ ʨʅ=5,3. 

10. ɺʠʟʥʘʯʪʝ ʢʽʣʴʢʽʩʪʴ ʛʨʘʤʽʚ  ʡʦʥʽʚ +3Au  ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ( )
3

OHAu . 

( )
53

OHAu 10ɼʈ
3

-= . 

 ɺʽʜʧʦʚʽʜʴ: 4,75Ā10
-12 
ʛ/ʣ. 

11. ʈʦʟʨʘʭʫʡʪʝ ʢʽʣʴʢʽʩʪʴ ʛʨʘʤʽʚ ʡʦʥʽʚ +2Ca ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʂʘʣʴʮʽʡ 

ʦʨʪʦʘʨʩʝʥʘʪʫ. ( )
19

AsOCa 108,6ɼʈ
243

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 3,64Ā10
-3 
ʛ/ʣ. 

12. ɺʠʟʥʘʯʪʝ ʢʽʣʴʢʽʩʪʴ ʛʨʘʤʽʚ ʡʦʥʽʚ +3Fe   ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʙʝʨʣʽʥʩʴʢʦʾ 

ʙʣʘʢʠʪʽ. ( )[ ]
41

CNFeFe 103ɼʈ
364

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 2,6Ā10
-5
 ʛ/ʣ. 

13. ʆʙʯʠʩʣʽʪʴ ʚʝʣʠʯʠʥʠ ʨʅ, ʧʨʠ ʷʢʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ 

ʂʘʜʤʽʡ ʩʫʣʴʬʽʜʫ ʟ 0,01 ʄ ʨʦʟʯʠʥʫ ʂʘʜʤʽʡ ʩʫʣʴʬʘʪʫ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʜʠʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʦʤ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1 ʄ. 27

CdS
109,7ɼʈ -Ö= . 

20

SH,ɼ 102,1K
2

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ ʨʅ=-1,59; ʢʽʥʝʮʴ ʦʩʘʜʞʝʥʥʷ ʨʅ=-0,41. 

14. ʈʦʟʨʘʭʫʡʪʝ ʚʝʣʠʯʠʥʠ ʨʅ, ʧʨʠ ʷʢʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ 

ʄʘʥʛʘʥ ʩʫʣʴʬʽʜʫ ʟ 0,001ʄ ʨʦʟʯʠʥʫ ʄʘʥʛʘʥ (ɯɯ) ʭʣʦʨʠʜʫ ʧʨʠ ʥʘʩʠʯʝʥʥʽ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʜʠʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʦʤ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1ʄ. 

13

MnS 105,2ɼʈ -Ö= . 20

SH,ɼ 102,1K
2

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ ʨʅ=5,66; ʢʽʥʝʮʴ ʦʩʘʜʞʝʥʥʷ ʨʅ=7,16. 

15. ɺʠʟʥʘʯʪʝ ʚʝʣʠʯʠʥʠ ʨʅ, ʧʨʠ ʷʢʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ 

ʬʝʨʫʤ (ɯɯ) ʛʽʜʨʦʢʩʠʜʫ ʽ ʬʝʨʫʤ (ɯɯɯ) ʛʽʜʨʦʢʩʠʜʫ ʟ 0,1 ʄ ʨʦʟʯʠʥʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 
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ʩʦʣʝʡ. ʇʦʷʩʥʽʪʴ ʨʽʟʥʠʮʶ ʚ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʽʚ. ( )
15

OHFe 101ɼʈ
2

-Ö= ; 

( )
38

OHFe 102,3ɼʈ
3

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ Fe(OH)2 ʨʅ=7; ʢʽʥʝʮʴ ʦʩʘʜʞʝʥʥʷ ʨʅ=9,5. 

ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ Fe(OH)3 ʨʅ=1,12; ʢʽʥʝʮʴ ʦʩʘʜʞʝʥʥʷ ʨʅ=3,5. 

16. ʆʙʯʠʩʣʽʪʴ ʚʝʣʠʯʠʥʫ ʨʅ, ʧʨʠ ʷʢʽʡ ʧʦʯʠʥʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʭʨʦʤ (ɯɯ) 

ʛʽʜʨʦʢʩʠʜʫ ʽ ʭʨʦʤ (ɯɯɯ) ʛʽʜʨʦʢʩʠʜʫ ʟ 0,1ʄ ʨʦʟʯʠʥʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʣʝʡ. 

ʇʦʷʩʥʽʪʴ, ʷʢʦʤʫ ʩʪʫʧʝʥʶ ʦʢʠʩʣʝʥʥʷ ʭʨʦʤʫ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʧʨʠ ʡʦʛʦ 

ʚʽʜʜʽʣʝʥʥʽ ʰʣʷʭʦʤ ʦʩʘʜʞʝʥʥʷ ʨʦʟʯʠʥʦʤ ʘʤʽʘʢʫ. ( )
17

OHCr 101ɼʈ
2

-Ö= . 

( )
31

OHCr 103,6ɼʈ
3

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ Cr(OH)2  ʨʅ=5; ʢʽʥʝʮʴ ʦʩʘʜʞʝʥʥʷ 

ʨʅ=8,5; ʧʦʯʘʪʦʢ ʦʩʘʜʞʝʥʥʷ Cr(OH)3 ʨʅ=4,4; ʢʽʥʝʮʴ ʦʩʘʜʞʝʥʥʷ ʨʅ=6,4. 

17. ʈʦʟʨʘʭʫʡʪʝ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ɹʘʨʽʡ ʧʽʨʦʬʦʩʬʘʪʫ, ʷʢʱʦ ʚ 100ʤʣ 

ʨʦʟʯʠʥʫ ʤʽʩʪʠʪʴʩʷ 90,552Ā10
-4 
ʛ 722 OPBa . 

 ɺʽʜʧʦʚʽʜʴ: 3Ā10
-11

. 

18. ɺʠʟʥʘʯʪʝ, ʯʠ ʚʠʧʘʜʝ ʦʩʘʜ 
44

POMgNH , ʷʢʱʦ ʟʤʽʰʘʪʠ ʨʽʚʥʽ ʦʙôʻʤʠ 0,01ʄ 

ʨʦʟʯʠʥʽʚ 
2

MgCI , OHNH
4

 ʽ 
42

HPONa . 13

POMgNH 105,2ɼʈ
44

-Ö= . 

5

OHNH,ɼ 1076,1K
4

-Ö= . 13

HPO,ɼ
104,4K 2

4

-Ö=- . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʚʠʧʘʜʘʻ. 

19. ʋ 500 ʤʣ  ʤʽʩʪʠʪʴʩʷ 0,16ʛ ʙʨʦʤ-ʽʦʥʫ. ɺʠʟʥʘʯʪʝ ʢʽʣʴʢʽʩʪʴ ʤʽʣʽʣʽʪʨʽʚ 1 ʄ 

ʨʦʟʯʠʥʫ ʇʣʶʤʙʫʤ (ɯɯ) ʥʽʪʨʘʪʫ, ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʜʣʷ ʦʩʘʜʞʝʥʥʷ  2PbBr . 

6

PbBr 109,1ɼʈ
3

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 100 ʤʣ. 

20. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʜʦʩʷʛʥʫʪʝ ʧʦʚʥʝ ʦʩʘʜʞʝʥʥʷ ʂʦʙʘʣʴʪ ʩʫʣʴʬʽʜʫ, ʷʢʱʦ 

ʧʨʦʧʫʩʢʘʪʠ ʜʠʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ ʜʦ ʥʘʩʠʯʝʥʥʷ ʯʝʨʝʟ 0,01 ʄ ʨʦʟʯʠʥ ʂʦʙʘʣʴʪ 

(ɯɯ) ʭʣʦʨʠʜʫ ʧʨʠ ʨʅ=7. 21

CoS 104ɼʈ -Ö= . 20

SH,ɼ 102,1K
2

-Ö= . M1,0C SH,ʥʘʩ2
= . 

 ɺʽʜʧʦʚʽʜʴ: ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʦʩʘʜʞʝʥʥʷ. 

21. ʏʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʦʟʯʠʥ ɸʨʛʝʥʪʫʤ ʦʨʪʦʬʦʩʬʘʪʫ ʥʘʩʠʯʝʥʠʤ, ʷʢʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ +Ag  ʚ ʮʴʦʤʫ ʨʦʟʯʠʥʽ ʜʦʨʽʚʥʶʻ 9,6Ā10
-6
 ʤʦʣʴ/ʣ? 

20

POAg 103,1ɼʈ
43

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʨʦʟʯʠʥ ʥʘʩʠʯʝʥʠʡ. 
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22. ʈʦʟʨʘʭʫʡʪʝ, ʯʠ ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʦʩʘʜ ʤʘʛʥʽʡ (ɯɯ) ʛʽʜʨʦʢʩʠʜʫ ʟ 0,02 ʄ 

ʨʦʟʯʠʥʫ ʄʘʛʥʽʡ (ɯɯ) ʭʣʦʨʠʜʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 0,02 ʄ ʨʦʟʯʠʥʫ ɸʤʦʥʽʡ ʭʣʦʨʠʜʫ. 

( )
10

OHMg 106ɼʈ
2

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ. 

23. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʨʦʤʘʪ-ʽʦʥʽʚ ʥʘ ʧʦʯʘʪʢʫ ʦʩʘʜʞʝʥʥʷ ʇʣʶʤʙʫʤ 

ʭʨʦʤʘʪʫ ʟ 0,01 ʄ ʨʦʟʯʠʥʫ ʇʣʶʤʙʫʤ (ɯɯ) ʥʽʪʨʘʪʫ. 14

PbCrO 108,1ɼʈ
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1,8Ā10
-12

 ʛ-ʽʦʥ/ʣ. 

24. ʏʠ ʤʦʞʣʠʚʝ ʦʩʘʜʞʝʥʥʷ ʎʠʥʢ ʩʫʣʴʬʽʜʫ ʟ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 0,04 ʤʦʣʴ/ʣ 

ʎʠʥʢ ʩʫʣʴʬʘʪʫ  ̔0,4 ʤʦʣʴ/ʣ ɸʤʦʥʽʡ  ʭʣʦʨʠʜʫ, ʥʘʩʠʯʝʥʦʛʦ ʜʠʛʽʜʨʦʛʝʥ 

ʩʫʣʴʬʽʜʦʤ? 24

ZnS 106,1ɼʈ -Ö= . 20

SH,ɼ 102,1K
2

-Ö= . M1,0C SH,ʥʘʩ2
= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜʞʝʥʥʷ ʤʦʞʣʠʚʝ. 

25. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʤʦʥʽʡ ʛʽʜʨʦʢʩʠʜʫ, ʧʨʠ ʷʢʽʡ ʧʦʯʠʥʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʬʝʨʫʤ (ɯɯɯ) ʛʽʜʨʦʢʩʠʜʫ ʟ 0,001 ʄ ʨʦʟʯʠʥʫ ʌʝʨʫʤ (ɯɯɯ) 

ʭʣʦʨʠʜʫ. ( )
38

OHFe 102,3ɼʈ
3

-Ö= . 5

OHNH,ɼ 1076,1K
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1Ā10
-18

 ʛ-ʽʦʥ/ʣ. 

26. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +2Pb : ʘ) ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʇʣʶʤʙʫʤ 

ʭʨʦʤʘʪʫ; ʙ) ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʇʣʶʤʙʫʤ ʭʨʦʤʘʪʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 0,01 ʄ 

ʨʦʟʯʠʥʫ  
42

CrONa ; ʚ) ʚ ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ʇʣʶʤʙʫʤ ʭʨʦʤʘʪʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

0,01 ʄ ʨʦʟʯʠʥʫ  ( )
23

NOPb .  14

PbCrO 108,1ɼʈ
4

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʘ)1,34Ā10
-7
 ʛ-ʽʦʥ/ʣ; ʙ)1,8Ā10

-12
 ʛ-ʽʦʥ/ʣ; ʚ)10

-2
 ʛ-ʽʦʥ/ʣ. 

27. ʈʦʟʨʘʭʫʡʪʝ, ʯʠ ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʦʩʘʜ ʄʘʥʛʘʥ ʩʫʣʴʬʽʜʫ ʧʨʠ ʥʘʩʠʯʝʥʥʽ 

ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʦʤ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 0,01 ʄ 
4

MnSO , 0,1 ʄ CINH
4

 ʽ  

0,01 ʄ OHNH
4

. 10

MnS 105,2ɼʈ -Ö= . 5

OHNH,ɼ 1076,1K
4

-Ö= . 20

SH,ɼ 102,1K
2

-Ö= . 

M1,0C SH,ʥʘʩ2
= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʫʪʚʦʨʶʻʪʴʩʷ. 

28. ɺʠʟʥʘʯʪʝ ʨʅ ʨʦʟʯʠʥʫ, ʧʨʠ ʷʢʦʤʫ ʟ 0,01 ʄ ʌʝʨʫʤ (ɯɯ) ʩʫʣʴʬʘʪʫ ʥʝ ʙʫʜʝ 

ʚʠʧʘʜʘʪʠ ʦʩʘʜ ʌʝʨʫʤ (ɯɯ) ʩʫʣʴʬʽʜʫ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʜʠʛʽʜʨʦʛʝʥ 

ʩʫʣʴʬʽʜʦʤ. 18

FeS 105ɼʈ -Ö= . 20

SH,ɼ 102,1K
2

-Ö= . M1,0C SH,ʥʘʩ2
= . 

 ɺʽʜʧʦʚʽʜʴ: 5,81. 

29. ɺʠʟʥʘʯʪʝ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ʇʣʶʤʙʫʤ (ɯɯ) ʡʦʜʠʜʫ, ʷʢʱʦ ʜʣʷ 

ʨʦʟʯʠʥʝʥʥʷ 1,2 ʛ ʮʽʻʾ ʩʦʣʽ ʧʦʪʨʽʙʥʦ 4 ʣ ʚʦʜʠ.  
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 ɺʽʜʧʦʚʽʜʴ: 1,1Ā10
-9
. 

30. ɺʠʟʥʘʯʪʝ ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʡʦʥʽʚ +Ag  (ʛ/ʣ) ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʨʦʟʯʠʥʫ 

ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʦʤ ʧʨʠ ʨʅ=1. 20

SH,ɼ 102,1K
2

-Ö= . M1,0C SH,ʥʘʩ2
= . 

50

SAg 103,6ɼʈ
2

-Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 7,8Ā10
-13

 ʛ/ʣ. 

 

 

5. ʈɽɸʂʎɯɰ ʂʆʄʇʃɽʂʉʆʋʊɺʆʈʖɺɸʅʅʗ ɯ ʆʂʀʉʃɽʅʅʗ ï 

ɺɯɼʅʆɺʃɽʅʅʗ ɺ ʍɯʄɯʏʅʆʄʋ ɸʅɸʃɯɿɯ 

 

 ʂʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʚ ʷʢʽʩʥʦʤʫ, ʪʘʢ ʽ ʚ 

ʢʽʣʴʢʽʩʥʦʤʫ ʘʥʘʣʽʟʽ ʨʝʯʦʚʠʥ. ʅʘʡʯʘʩʪʽʰʝ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʛʨʘʚʽʤʝʪʨʠʯʥʦʤʫ, 

ʪʠʪʨʠʤʝʪʨʠʯʥʦʤʫ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʧʨʠ ʤʘʩʢʫʚʘʥʥʽ 

ʩʪʦʨʦʥʥʽʭ ʡʦʥʽʚ ʪʘ ʨʦʟʯʠʥʝʥʥʽ ʦʩʘʜʽʚ. 

 ʋ ʤʦʣʝʢʫʣʽ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ʮʝʥʪʨʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʟʘʡʤʘʻ 

ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʡ ʡʦʥ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʝʤ. ɿ ʥʠʤ 

ʟʚôʷʟʘʥʽ ʡʦʥʠ ʘʙʦ ʤʦʣʝʢʫʣʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʣʽʛʘʥʜʘʤʠ. ʈʘʟʦʤ ʟ ʮʝʥʪʨʘʣʴʥʠʤ 

ʡʦʥʦʤ ʣʽʛʘʥʜʠ ʫʪʚʦʨʶʶʪʴ ʚʥʫʪʨʽʰʥʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ, ʷʢʫ ʧʨʠ 

ʥʘʧʠʩʘʥʥʽ ʙʝʨʫʪʴ ʫ ʢʚʘʜʨʘʪʥʽ ʜʫʞʢʠ. ʁʦʥʠ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʟʘ 

ʚʥʫʪʨʽʰʥʴʦʶ ʩʬʝʨʦʶ, ʫʪʚʦʨʶʶʪʴ ʟʦʚʥʽʰʥʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ. 

 ʋ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʜʠʩʦʮʽʶʶʪʴ ʟʘ ʪʠʧʦʤ ʩʠʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʧʨʦʩʪʽ ʪʘ ʢʦʤʧʣʝʢʩʥʽ ʡʦʥʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʤʧʣʝʢʩʥʽ ʡʦʥʠ ʫ 

ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʜʠʩʦʮʽʶʶʪʴ ʷʢ ʩʣʘʙʢʽ ʝʣʝʢʪʨʦʣʽʪʠ. 

[ ] -++ª mLMeMeL np
m . 

 ʄʽʮʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʡʦʥʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʥʝʩʪʽʡʢʦʩʪʽ 

ʢʦʤʧʣʝʢʩʫ. 

                                                  
[ ][]
[ ][ ]pm

mn

H
MeL

LMe
K

-+Ö
= ,                                       (5.1) 

ʜʝ [ ]+nMe  - ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯʘ;  

[]-L  - ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʣʽʛʘʥʜʫ ʚ ʩʪʫʧʝʥʽ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʢʦʦʨʜʠʥʘʮʽʡʥʦʤʫ ʯʠʩʣʫ ï m; [ ][ ]pmMeL  - ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʡʦʥʘ ʚ ʨʦʟʯʠʥʽ; ʨ ï ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʡʦʥʘ. 
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 ʂʦʤʧʣʝʢʩʥʠʡ ʡʦʥ ʪʠʤ ʩʪʽʡʢʽʰʠʡ, ʯʠʤ ʤʝʥʰʘ ʡʦʛʦ ʢʦʥʩʪʘʥʪʘ 

ʥʝʩʪʽʡʢʦʩʪʽ. ɺʝʣʠʯʠʥʠ ʢʦʥʩʪʘʥʪ ʥʝʩʪʽʡʢʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʢʦʤʧʣʝʢʩʫ 

ʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

 ʈʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ï ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʦʞ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ 

ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʨʝʘʢʮʽʾ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʡʦʥʽʚ ʘʙʦ ʘʪʦʤʽʚ ʦʜʥʠʭ ʨʝʯʦʚʠʥ ʜʦ ʽʥʰʠʭ. 

 ʂʽʣʴʢʽʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʝʘʢʮʽʡ ʦʢʠʩʥʝʥʥʷ ï ʚʽʜʥʦʚʣʝʥʥʷ ʻ 

ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʅʘ ʝʣʝʢʪʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʦʾ 

ʩʠʩʪʝʤʠ ʚʧʣʠʚʘʶʪʴ ʘʢʪʠʚʥʦʩʪʽ (ʢʦʥʮʝʥʪʨʘʮʽʾ) ʦʢʠʩʥʦʾ ʽ ʚʽʜʥʦʚʥʦʾ ʬʦʨʤʠ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʽ, ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʨʅ ʩʝʨʝʜʦʚʠʱʘ. ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ (ű) ʚʽʜ ʮʠʭ ʬʘʢʪʦʨʽʚ ʚʠʨʘʞʘʻ ʨʽʚʥʷʥʥʷ ʅʝʨʥʩʪʘ 

                              
.ʚʽʜʥ

.ʦʢo ln
nF

RT

a

a
+j=j  ,                                       (5.2) 

ʜʝ ű
ʦ
 ï ʩʪʘʥʜʘʨʪʥʠʡ ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʘʥʦʾ ʩʠʩʪʝʤʠ, ɺ; F ï ʩʪʘʣʘ 

ʌʘʨʘʜʝʷ ( 96484 ʂʣ/ʤʦʣʴ ); R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ ( 8,31 ɼʞ/ʤʦʣʴĀʂ ); 

n ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʮʝʩʽ; .ʦʢa  ʽ  

.ʚʽʜʥa  - ʘʢʪʠʚʥʦʩʪʽ ʦʢʠʩʥʦʾ ʽ ʚʽʜʥʦʚʥʦʾ ʬʦʨʤ ʩʠʩʪʝʤʠ; ʊ ï ʘʙʩʦʣʶʪʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

 ʗʢʱʦ ʚ ʨʽʚʥʷʥʥʽ ʅʝʨʥʩʪʘ ʟʘʤʽʩʪʴ ʙʫʢʚʝʥʠʭ ʧʦʟʥʘʯʝʥʴ ʚʥʝʩʪʠ ʾʭ ʯʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ, ʚʟʷʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 298ʂ, ʟʘʤʽʥʠʪʠ ʥʘʪʫʨʘʣʴʥʠʡ ʣʦʛʘʨʠʬʤ 

ʜʝʩʷʪʢʦʚʠʤ, ʪʦ ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʅʝʨʥʩʪʘ, ʟʨʫʯʥʝ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʦʪʝʥʮʽʘʣʫ ʦʢʠʩʥʦ ï ʚ̔ ʜʥʦʚʥʦʾ ʩʠʩʪʝʤʠ 

                               
.ʚʽʜʥ

.ʦʢo lg
n

059,0
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a
+j=j .                                      (5.3) 

 ɼʣʷ ʨʦʟʙʘʚʣʝʥʠʭ ʨʦʟʯʠʥʽʚ ʘʢʪʠʚʥʽʩʪʴ ʦʢʠʩʥʦʾ ʪʘ ʚʽʜʥʦʚʥʦʾ ʬʦʨʤ ʤʦʞʥʘ 

ʟʘʤʽʥʠʪʠ ʾʭ ʨʽʚʥʦʚʘʞʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʅʝʨʥʩʪʘ ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ 
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+j=j .                                              (5.4) 

 ɼʣʷ ʤʝʪʘʣʝʚʠʭ ʨʝʜʦʢʩ ï ʩʠʩʪʝʤ on MeenMe =++  ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ 

ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

       +a+j=j nMe

o lg
n

059,0
  ʘʙʦ  [ ]++j=j no Melg

n

059,0
.              (5.5) 
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 ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʦʢʩʠʛʝʥʚʤʽʩʥʘ ʦʢʠʩʥʘ ʬʦʨʤʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʚʽʜʥʦʚʥʫ 

ʟʘ ʫʯʘʩʪʶ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʪʨʝʙʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʦʪʝʥʮʽʘʣʫ ʚʨʘʭʦʚʫʚʘʪʠ ʨʅ 

ʩʝʨʝʜʦʚʠʱʘ 

  
.ʚʽʜʥ

m

H.ʦʢo lg
n
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a

aÖa
+j=j

+

  ʘʙʦ 
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H.ʦʢo

C
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lg
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059,0 +Ö
+j=j ,       (5.6) 

ʜʝ ,.ʦʢa  ,.ʚʽʜʥa  ,ʉ .ʦʢ .ʚʽʜʥʉ  - ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʦʩʪʽ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʠʩʥʦʾ ʪʘ 

ʚʽʜʥʦʚʥʦʾ ʬʦʨʤ ʩʠʩʪʝʤʠ; ,
H+
a ,ʉ

H+
 - ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʽʩʪʴ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ ʨʦʟʯʠʥʽ, m ï ʯʠʩʣʦ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ 

ʨʝʘʢʮʽʾ. 

 ʇʦʪʝʥʮʽʘʣ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

+++ -=a=j
HH

H
H2

pa059,0lg059,0
2

 ʘʙʦ  [ ] pH059,0Hlg059,0
2H

H2
-==j +

+ ,   (5.7) 

ʜʝ +aH
,  [ ]+H   -  ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʽʩʪʴ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʚ 

ʨʦʟʯʠʥʽ;  ,p
H+
a  pH  - ʚʽʜʧʦʚʽʜʥʦ ʧʦʢʘʟʥʠʢ ʘʢʪʠʚʥʦʩʪʽ ʡʦʥʽʚ ʛʽʜʨʦʛʝʥʫ ʽ 

ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ. 

 ɽʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦ  ʁ

                                                      AKE j-j= ,                                                  (5.8) 

ʜʝ Kj   ̔   Aj   - ʚʽʜʧʦʚʽʜʥʦ ʧʦʪʝʥʮʽʘʣ ʢʘʪʦʜʘ ʽ ʘʥʦʜʘ, ɺ. 

 ɽʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʟʘʥʫʨʝʥʠʭ ʫ ʨʦʟʯʠʥʠ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʩʘʤʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                                
2

1lg
n

059,0
E

a

a
= ,                                                 (5.9) 

ʜʝ 1a  ̔   2a   - ʘʢʪʠʚʥʦʩʪʽ ʡʦʥʽʚ ʤʝʪʘʣʫ ʚ ʨʦʟʯʠʥʘʭ ʟʘ ʫʤʦʚʠ, ʱʦ 1a > 2a . 

 ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʦʾ ʨʝʘʢʮʽʾ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 
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ʜʝ ʦ.ʦʢj , ʦ

.ʚʽʜʥj  - ʩʪʘʥʜʘʨʪʥʽ ʧʦʪʝʥʮʽʘʣʠ ʦʢʠʩʥʠʢʘ ʽ ʚʽʜʥʦʚʥʠʢʘ, ɺ; n ï ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʽʡ ʨʝʘʢʮʽʾ. 
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5.1. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

          ɿʘʜʘʯʘ 1. ɺʠʟʥʘʯʪʝ, ʷʢ ʟʤʽʥʠʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ  +2Co  ʚ 0,1 ʄ 

ʨʦʟʯʠʥʽ ( )[ ] 243 CINHCo , ʷʢʱʦ ʜʦ ʥʴʦʛʦ ʜʦʜʘʪʠ 1ʄ ʨʦʟʯʠʥ ʘʤʽʘʢʫ. 

6

H 105,8K -Ö= . 

 ʈʦʟʚô̫ ʟʫʚʘʥʥʷ. ɼʠʩʦʮʽʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ( )[ ] 243 CINHCo  

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ 

( )[ ] ( )[ ] -+
+Ú CI2NHCoCINHCo

2

43243 , 

( )[ ] 3

22

43 NH4CoNHCo +Ú ++
. 

 ʂʦʥʩʪʘʥʪʘ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʡʦʥʫ ʤʘʻ ʚʠʛʣʷʜ 

[ ][ ]
( )[ ][ ]+
+Ö

=
2

43

4

3

2

H
NHCo

NHCo
K . 

 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʜʠʩʦʮʽʶʻ x  ʢʦʤʧʣʝʢʩʥʠʭ ʡʦʥʽʚ ( )[ ]+2
43NHCo , ʪʦ  

ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ x  ʡʦʥʽʚ +2Co  ʽ 4x  3NH . ʆʩʢʽʣʴʢʠ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ 

ʢʦʤʧʣʝʢʩʫ ʤʘʣʘ, ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ( )[ ][ ] 1,0NHCo
2

43 =
+

 ʤʦʣʴ/ʣ.  

ʊʦʜʽ                                       
( )

1,0

x4x
K

4

H

Ö
= . 

ɿʚʽʜʩʠ 

[ ] 25

6

5
4

H2 102
256

1,0105,8

4

1,0K
Cox -

-
+ Ö=

ÖÖ
=

Ö
== ʤʦʣʴ/ʣ. 

ʗʢʱʦ ʜʦ ʨʦʟʯʠʥʫ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ ʜʦʜʘʪʠ 1 ʄ ʨʦʟʯʠʥ 3NH , ʪʦ 

[ ]
1

42

H
10

1Co
K

-

+Ö
= , ʘ  [ ] 7

16

4

1

H2 105,8
1

10105,8

1

10K
Co -

---
+ Ö=

ÖÖ
=

Ö
= ʤʦʣʴ/ʣ. 

         ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦ ʨʦʟʯʠʥʫ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʦʣʫʢʠ 1 ʄ ʨʦʟʯʠʥʫ 3NH ,  

ʜʠʩʦʮʽʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʡʦʥʫ ʟʥʠʟʠʣʘʩʴ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ +2Co  

ʟʤʝʥʰʠʣʘʩʴ ʫ  23530
105,8

102
7

2

=
Ö

Ö
-

-

 ʨʘʟʽʚ. 

 

  ɿʘʜʘʯʘ 2. ɺʠʟʥʘʯʪʝ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʽ ʥʘʧʨʷʤʦʢ ʨʝʘʢʮʽʾ  

( ) ( ) ( )
3323232 NOFe2Hg2NOFe2NOHg +Ú+ . 
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ʈʦʟʚô̫ ʟʫʚʘʥʥʷ. ɺ ʨʝʘʢʮʽʾ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʜʚʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʠʩʪʝʤʠ: 

,Hge2Hg2

2 =++    B79,0o

Hg
Hg2

2

=j + , 

,eFeFe 32 += ++    B77,0o

Fe
Fe

2

3 =j
+

+ . 

 ʂʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʦʾ ʨʝʘʢʮʽʾ ʨʦʟʨʘʭʫʻʤʦ ʟʘ 

ʨʽʚʥʷʥʥʷʤ (5.10) 

( ) ( )
678,0

059,0

277,079,0

059,0

n
Klg

ʦ

.ʚʽʜʥ

ʦ

.ʦʢ

.ʨʽʚʥ =
Ö-

=
Öj-j

= . 

 

ɿʚʽʜʩʠ                                     76,410K 678,0

.ʨʽʚʥ == . 

           ʆʩʢʽʣʴʢʠ ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʜʠʥʠʮʽ, ʪʦ 

ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ.  

 

          ɿʘʜʘʯʘ 3. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʦʩʘʜ ɸʨʛʝʥʪʫʤ ʡʦʜʠʜʫ, ʷʢʱʦ 

ʜʦ 0,1 ʄ ʨʦʟʯʠʥʫ ( )[ ]2CNAgK  ʜʦʜʘʪʠ 16,6 ʛ KJ ? 21

H 101K -Ö= . 

17

AgJ 103,8ɼʈ -Ö= . 

 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʂʦʤʧʣʝʢʩʥʘ ʩʧʦʣʫʢʘ ʜʠʩʦʮʽʶʻ ʟʘ ʩʭʝʤʦʶ 

                             ( )[ ] ( )[ ]-++Ú 22 CNAgKCNAgK , 

                                             ( )[ ] -+
-

+Ú CN2AgCNAg 2 . 

ʂʦʥʩʪʘʥʪʘ ʥʝʩʪʽʡʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʡʦʥʫ ʤʘʻ ʚʠʛʣʷʜ 

[ ][ ]
( )[ ][ ]-

-+Ö
=

2

2

H
CNAg

CNAg
K . 

ʗʢʱʦ ʜʠʩʦʮʽʶʻ x  ʢʦʤʧʣʝʢʩʥʠʭ ʡʦʥʽʚ ( )[ ]-2CNAg , ʪʦ ʫʪʚʦʨʶʻʪʴʩʷ x  

ʡʦʥʽʚAg
+
 ʽ  2x  ʡʦʥʽʚ -CN . ʆʩʢʽʣʴʢʠ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʤʘʣʠʡ, ʪʦ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ ( )[ ][ ]-2CNAg =0,1 ʤʦʣʴ/ʣ. ʊʦʜʽ 

( )
1,0

x2x
K

2

H

Ö
= . 

 ɿʚʽʜʩʠ 
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[ ] 83

121

3 H 109,2
4

10101

4

1,0K
Agx -

--
+ Ö=

ÖÖ
=

Ö
== ʤʦʣʴ/ʣ. 

ʈʦʟʨʘʭʫʻʤʦ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʡ ʜʦʜʘʥʦʾ ʩʦʣʽ KJ  

ʤʦʣʴ1,0
166

6,16

M

m
n

KJ

KJ

KJ === . 

ʆʩʢʽʣʴʢʠ KJ - ʩʠʣʴʥʠʡ ʝʣʝʢʪʨʦʣʽʪ, ʪʦ [][ ] 1,0KJJ ==-  ʤʦʣʴ. ʆʩʘʜ AgJ ʙʫʜʝ 

ʚʠʧʘʜʘʪʠ, ʷʢʱʦ [ ][] AgJɼʈJAg >Ö-+ . 

[ ][] 1798 107,8109,21,0109,2JAg ----+ Ö>Ö=ÖÖ=Ö . 

 ʊʘʢ ʷʢ ʟʥʘʡʜʝʥʘ ʚʝʣʠʯʠʥʘ, ʙʽʣʴʰʘ ʟʘ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ AgJ, ʪʦ ʦʩʘʜ 

ʫʪʚʦʨʶʻʪʴʩʷ. 

 

          ɿʘʜʘʯʘ 4. ɺʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ Ag/Ag+  ʚ 

ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ ɸʨʛʝʥʪʫʤ ʡʦʜʠʜʫ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʚ ʨʦʟʯʠʥ  

3,32 ʛ/ʣ  ʂʘʣʽʡ ʡʦʜʠʜʫ. ʇʦʷʩʥʽʪʴ ʧʨʠʯʠʥʠ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ. 17

AgJ 103,8ɼʈ -Ö= ; 

B799,0o

Ag/Ag
=j + . 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʇʦʪʝʥʮʽʘʣ ʩʨʽʙʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʟʘʥʫʨʝʥʦʛʦ ʫ ʥʘʩʠʯʝʥʠʡ 

ʨʦʟʯʠʥ ɸʨʛʝʥʪʫʤ ʡʦʜʠʜʫ, ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ ʅʝʨʥʩʪʘ (5.5) 

]Aglg[059,0o

Ag/AgAg/Ag

++j=j ++ . 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +Ag  ʫ ʨʦʟʯʠʥʽ ʨʦʟʨʘʭʫʻʤʦ, ʚʠʭʦʜʷʯʠ ʟ ʜʦʙʫʪʢʫ 

ʨʦʟʯʠʥʥʦʩʪʽ AgJ. 

[ ][]-+Ö= JAgɼʈAgJ . 

-++= JAgAgJ , ʦʩʢʽʣʴʢʠ [ ][]-+=JAg , ʪʦ 

[ ] 917

AgJ 101,9103,8ɼʈAg --+ Ö=Ö== ʤʦʣʴ/ʣ. 

ʊʦʜʽ 

325,0101,9lg059,0799,0 9

Ag/Ag
=Ö+=j -

+ ɺ. 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʫ ʨʦʟʯʠʥ ʩʦʣʽ KJ  ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ -J  ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʾ ʩʦʣʽ ʟ ʦʜʥʦʡʤʝʥʥʠʤ ʘʥʽʦʥʦʤ, ʱʦ 

ʩʪʘʥʦʚʠʪʠʤʝ 
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2

KJ

KJ
KJ 102

166

32,3

M

m
n -Ö=== ʤʦʣʴ. 

 ɿ ʜʦʙʫʪʢʫ ʨʦʟʯʠʥʥʦʩʪʽ AgJ ʟʥʘʡʜʝʤʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +Ag  

 

[ ]
[]

15

2

17
AgJ

1015,4
102

103,8

J

ɼʈ
Ag -

-

-

-

+ Ö=
Ö

Ö
== ʤʦʣʴ/ʣ. 

ʊʦʜʽ 

0495,01015,4lg059,0799,0 15

Ag/Ag
-=Ö+=j -

+ ɺ. 

ʇʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʜʘ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ,  ʧʝʨʝʭʦʜʷʯʠ ʚ ʥʝʛʘʪʠʚʥʫ 

ʦʙʣʘʩʪʴ, ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʷ ʜʠʩʦʮʽʘʮʽʾ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ʩʧʦʣʫʢʠ 

ʟʘʚʜʷʢʠ ʜʦʜʘʚʘʥʥʶ ʩʦʣʽ ʟ ʦʜʥʦʡʤʝʥʥʠʤ ʡʦʥʦʤ. 

 

5.2. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +2Ni ʚ ʨʦʟʯʠʥʘʭ: ʘ) M1,0 2NiCI ; ʙ) M1,0  

( )[ ]
263 CINHNi ; ʚ) M1,0  ( )[ ]

263 CINHNi   ʚ ʧʨʠʩʫʪʥʦʩʪʽ M1  ʨʦʟʯʠʥʫ 3NH . 

9

H 106K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʘ)10
-1
 ʤʦʣʴ/ʣ; ʙ)10

-2
 ʤʦʣʴ/ʣ; ʚ)6Ā10

-10
 ʤʦʣʴ/ʣ. 

2. ʂʦʥʩʪʘʥʪʘ ʥʝʩʪʽʡʢʦʩʪʽ ʡʦʥʽʚ ( )[ ]-2CNAg  ʩʢʣʘʜʘʻ 21101 -Ö . ɺʠʟʥʘʯʪʝ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +Ag  ʚ M10 2- ʨʦʟʯʠʥʽ ( )[ ]-2CNAg , ʘ ʪʘʢʦʞ ʧʽʩʣʷ 

ʜʦʜʘʚʘʥʥʷ ʜʦ ʮʴʦʛʦ  ʨʦʟʯʠʥʫ M10 2-  KCN. ʇʦʷʩʥʽʪʴ ʨʽʟʥʠʮʶ. 

 ɺʽʜʧʦʚʽʜʴ: 2,3Ā10
-7
 ʛ- ʦ̔ʥ/ʣ; 10

-21
 ʛ- ʦ̔ʥ/ʣ. 

3. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʩʪʘʥʪʫ ʥʝʩʪʽʡʢʦʩʪʽ ʡʦʥʽʚ  ( )[ ]+3
43NHAu , ʷʢʱʦ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦʨʽʚʥʶʻ 0,997ɺ 

( )[ ] Au/MAuCl1,0//M1,0CNSAu/Au
34

-
. 

 ɺʽʜʧʦʚʽʜʴ: 10
-42

. 

4. ʆʙʯʠʩʣʽʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +2Cd  ʚ M10 2-  ʨʦʟʯʠʥʽ ( )[ ]42 CNCdK  ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ 6,5 ʛ/ʣ KCN . 17

H 104,1K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 1,4Ā10
-12

 ʛ-ʽʦʥ/ʣ. 

5. ʄʽʜʥʠʡ ʝʣʝʢʪʨʦʜ ʟʘʥʫʨʝʥʠʡ ʚ M1,0  ʨʦʟʯʠʥʠ: ʘ)( )[ ]CINHCu
23 ; 

ʙ) ( )[ ]2CNCuK ; ʚ)[ ]
2CuCINa . ʂʦʥʩʪʘʥʪʠ ʥʝʩʪʽʡʢʦʩʪʽ ʮʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ 111038,1 -Ö , 24101 -Ö , 61047,4 -Ö . ɺʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ 

ʝʣʝʢʪʨʦʜʘ ʚ ʢʦʞʥʦʤʫ ʨʦʟʯʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: ʘ)-0,37 ɺ; ʙ)-0,933 ɺ; ʚ)-0,019 ɺ. 

6. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʦʩʘʜ ɸʨʛʝʥʪʫʤ ʭʣʦʨʠʜʫ, ʷʢʱʦ ʜʦ M1,0  

ʨʦʟʯʠʥʫ ( )[ ] 323 NONHAg  ʜʦʜʘʪʠ 0,1 ʤʦʣʴ ʭʣʦʨʠʜ-ʽʦʥʫ. 10

AgCI 1078,1ɼʈ -Ö= , 

8

H 108,6K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʫʪʚʦʨʶʻʪʴʩʷ. 

7. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʚʠʧʘʜʘʪʠ ʦʩʘʜ AgBr , ʷʢʱʦ ʜʦ M1,0 ʨʦʟʯʠʥʫ 

( )[ ] 323 NONHAg , ʷʢʠʡ ʚʤʽʱʫʻ 0,1 ʤʦʣʴ/ʣ  3NH , ʜʦʜʘʪʠ 0,01 ʤʦʣʴ/ʣ KBr .  

8

H 108,6K -Ö= ; 13

AgBr 103,5ɼʈ -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʫʪʚʦʨʶʻʪʴʩʷ. 

8. ɺʠʟʥʘʯʪʝ, ʯʠ ʚʠʧʘʜʝ ʦʩʘʜ ɸʨʛʝʥʪʫʤ ʙʨʦʤʽʜʫ, ʷʢʱʦ ʜʦ 0,01 ʄ ʨʦʟʯʠʥʫ 

( )[ ]-2CNAg ʜʦʜʘʪʠ 0,1 ʄ KBr . 13

AgBr 103,5ɼʈ -Ö= ,  21

H 101K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʫʪʚʦʨʶʻʪʴʩʷ. 

9. ʉʢʽʣʴʢʠ ʤʦʣʝʡ ʘʤʽʘʢʫ ʧʦʚʠʥʝʥ ʚʤʽʱʫʚʘʪʠ 1 ʣ 0,1 ʄ ʨʦʟʯʠʥʫ 

( )[ ] 323 NONHAg , ʱʦʙ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʛ645,0 KCI   ʥʝ 

ʫʪʚʦʨʶʚʘʚʩʷ ʦʩʘʜ AgCI ? 10

AgCI 1078,1ɼʈ -Ö= , 8

H 108,6K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 0,825 ʤʦʣʴ/ʣ. 

10. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʫ ʡʦʥʽʚ +2Co , ʱʦ ʚʤʽʱʫʻ 1 ʣ 0,1 ʄ  ʨʦʟʯʠʥʫ  

( )[ ] 263 CINHCo . 5

H 1025,1K -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 2,48 ʛ/ʣ. 

11. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ ʧʨʠ 1pH=  ʽ 9pH=   

HJ2AsOHOH2HAsOJ 43222 +Ú++  ʪʘ ʚʠʟʥʘʯʪʝ, ʚ ʷʢʠʡ ʙʽʢ ʟʩʫʥʫʪʘ 

ʨʽʚʥʦʚʘʛʘ ʮʽʻʾ ʨʝʘʢʮʽʾ. ʂʦʥʮʝʥʪʨʘʮʽʾ ʦʢʠʩʥʦʾ ʪʘ ʚʽʜʥʦʚʥʦʾ ʬʦʨʤ ʦʜʥʘʢʦʚʽ. 

B56,00

AsO 2AsO/3
4

=j --
; B536,00

J2/J2

=j - . 

 ɺʽʜʧʦʚʽʜʴ: 15,27, ʨʽʚʥʦʚʘʛʘ; 3,1Ā10
15
, ʥʘ 100 % ʧʨʘʚʦʨʫʯ. 

12. ʈʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʥʘʧʽʚʨʝʘʢʮʽʾ Ú+ +H2AsOH 43 OH2HAsO 22+  ʧʨʠ 

1pH= , [ ] ʣ/ʤʦʣʴ10AsOH 2

43

-= ; [ ] ʣ/ʤʦʣʴ10HAsO 1

2

-= . B56,00

AsO 2AsO/3
4

=j --
. 

 ɺʽʜʧʦʚʽʜʴ: 0,53 ɺ. 
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13. ʈʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʥʘʧʽʚʨʝʘʢʮʽʾ --- +Ú+ OH4AsOOH2AsO 22

3

4  ʧʨʠ  

9pH= , [ ] ʣ/ʤʦʣʴ10AsO 23

4

--= ;[ ] ʣ/ʤʦʣʴ10AsO 1

2

--=  ʪʘ  ʚʠʟʥʘʯʪʝ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʫ ʟʜʘʪʥʽʩʪʴ ʮʽʻʾ ʩʠʩʪʝʤʠ. B56,00

AsO 2AsO/3
4

=j --
. 

 ɺʽʜʧʦʚʽʜʴ: -0,0095 ɺ. 

14. ʅʘʧʠʰʽʪʴ ʡʦʥʥʦ-ʝʣʝʢʪʨʦʥʥʝ  ʨʽʚʥʷʥʥʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ 

-

4MnO / +2Mn  ʪʘ ʨʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʮʽʻʾ ʧʘʨʠ ʧʨʠ 1pH= , 

[ ] ʣ/ʤʦʣʴ10MnO 2

4

--= ,  [ ] ʣ/ʤʦʣʴ10Mn 12 -+= . ʗʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʜʽʻ 

ʜʘʥʘ ʩʠʩʪʝʤʘ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʷʭ? B54,12
4 Mn/MnO

=j +- . 

 ɺʽʜʧʦʚʽʜʴ: .OH4MnH8e5MnO
2

22

4
+­+= ++-  1,434ɺ, ʦʢʠʩʥʠʢ. 

15. ʉʢʣʘʜʽʪʴ ʡʦʥʥʦ-ʝʣʝʢʪʨʦʥʥʝ ʨʽʚʥʷʥʥʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ -

4MnO / 2MnO  

ʪʘ ʚʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʮʽʻʾ ʧʘʨʠ ʧʨʠ 7pH= ; [ ] ʣ/ʤʦʣʴ10MnO 1

4

--= ; 

B6,0o

MnO/MnO 24

=j - . 

 ɺʽʜʧʦʚʽʜʴ: 0,03 ɺ. 

16. ʉʢʣʘʜʽʪʴ ʡʦʥʥʦ-ʝʣʝʢʪʨʦʥʥʝ ʨʽʚʥʷʥʥʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ 

-2

4CrO / ( )3OHCr  ʪʘ ʚʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʮʽʻʾ ʧʘʨʠ ʧʨʠ 9pH= , 

[ ] ʣ/ʤʦʣʴ10CrO 12

4

--= ; B13,0o

)OH(Cr/CrO 3
2
4

-=j - . 

 ɺʽʜʧʦʚʽʜʴ: -1,03 ɺ. 

17. ɺʠʟʥʘʯʪʝ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ɸʨʛʝʥʪʫʤ   ʭʣʦʨʠʜʫ, ʷʢʱʦ ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ 

ʩʠʣʘ ʝʣʝʤʝʥʪʘ Ag/AgCI,KCI//)M10a(H/H,Pt .ʥʘʩ

1

2

-+ =  ʜʦʨʽʚʥʶʻ 0,101ɺ. 

B224,00

Ag/AgCl =j . 

 ɺʽʜʧʦʚʽʜʴ: 8,9Ā10
-10

. 

18. ʈʦʟʨʘʭʫʡʪʝ ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ɸʨʛʝʥʪʫʤ ʭʣʦʨʠʜʫ, ʷʢʱʦ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ 

Ag/AgNO,M1,0//KCI,AgCI/Ag 3.ʥʘʩ , ʜʦʨʽʚʥʶʻ 0,808ɺ. B224,00

Ag/AgCl =j , 

B799,00

Ag/Ag
=j + . 

 ɺʽʜʧʦʚʽʜʴ: 1,74Ā10
-10

. 

19. ɽʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ Pt,H/SOH//NiSO/Ni 2424 , 

ʜʦʨʽʚʥʶʻ B309,0 . ɺʠʟʥʘʯʪʝ ʘʢʪʠʚʥʽʩʪʴ ʡʦʥʽʚ +2Ni , ʷʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ 

+H  ʩʪʘʥʦʚʠʪʴ 1ʤʦʣʴ/ʣ. B23,00

Ni/Ni2
-=j + . 
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 ɺʽʜʧʦʚʽʜʴ: 2,1Ā10
-3
 ʛ-ʽʦʥ/ʣ. 

20. ɺʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ -

4MnO / +2Mn  ʧʨʠ 7pH= ,  

=a -
4MnO

10
-1
ʤʦʣʴ/ʣ, =+2Mn

a 10
-2
ʤʦʣʴ/ʣ, B54,12

4 Mn/MnO
=j +- . 

 ɺʽʜʧʦʚʽʜʴ: 0,891 ɺ. 

21. ɺʠʟʥʘʯʪʝ ʢʠʩʣʦʪʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʱʦ ʧʦʪʝʥʮʽʘʣ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ 

-

4MnO / +2Mn  ʧʨʠ =a +2Mn
10

-1
ʤʦʣʴ/ʣ; =a -

4MnO
10

-4
ʤʦʣʴ/ʣ, ʜʦʨʽʚʥʶʻ B778,0 . 

B54,12
4 Mn/MnO

=j +- . 

 ɺʽʜʧʦʚʽʜʴ: 2,5Ā10
-8
, ʣʫʞʥʝ. 

22. ʈʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʩʨʽʙʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʟʘʥʫʨʝʥʦʛʦ ʚ ʥʘʩʠʯʝʥʠʡ ʨʦʟʯʠʥ 

AgJ, ʱʦ ʚʤʽʱʫʻ ʡʦʜʠʜ-ʽʦʥʠ, ʘʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʜʦʨʽʚʥʶʻ 1ʤʦʣʴ/ʣ. 

B799,00

Ag/Ag
=j + , 17

AgJ 103,8ɼʈ -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: 0,086 ɺ. 

23. ɽʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʣʘʪʠʥʦʚʦʛʦ ʪʘ ʥʘʩʠʯʝʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʽʚ, ʟʘʥʫʨʝʥʠʭ ʫ ʨʦʟʯʠʥ ʟ 

ʡʦʥʘʤʠ  +2Fe  ʪʘ +3Fe , ʜʦʨʽʚʥʶʻ B558,0 . ɿʥʘʡʜʽʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
+

+

a

a

2

3

Fe

Fe .  

B77,00

Fe/Fe 23 =j ++ , B2438,00

.ʢʘʣ=j . 

 ɺʽʜʧʦʚʽʜʴ: 3,5. 

24. ɺʠʟʥʘʯʪʝ, ʯʠ ʙʫʜʝ ʚʠʧʘʜʘʪʠ ʦʩʘʜ ɸʨʛʝʥʪʫʤ ʡʦʜʠʜʫ, ʷʢʱʦ ʜʦ  M1,0  

ʨʦʟʯʠʥʫ( )[ ]2CNAgK  ʜʦʜʘʪʠ 16,6ʛ KJ . 21

H 101K -Ö= ,  17

AgJ 103,8ɼʈ -Ö= . 

 ɺʽʜʧʦʚʽʜʴ: ʦʩʘʜ ʚʠʧʘʜʘʻ. 

25. ʈʦʟʨʘʭʫʡʪʝ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ ʽ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʨʝʘʢʮʽʾ, ʱʦ 

ʧʨʦʪʽʢʘʻ ʚ ʛʘʣʴʚʘʥʽʯʥʦʤʫ ʝʣʝʤʝʥʪʽ ( ) ( )Sn/M01,0Sn//M01,0Zn/Zn 22 ++ . 

B763,00

Zn/Zn2 -=j + , B140,00

Sn/Sn2 -=j + . ʅʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

 ɺʽʜʧʦʚʽʜʴ: 1,3Ā10
21

. 

26. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ  ʨʝʘʢʮʽʡ, ʚ ʷʢʠʭ ʫʧʝʨʝʜ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʽʙʨʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ:  

 ʘ) OHFeHOFe 2

3

2

2 +­++ +++ , B77,00

Fe/Fe 23 =j ++ ,          B229,1o

OH/O 22
=j ;        
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ʙ) +---+ ++­++ HSOMnOOHOSMn 2

442

2

82

2 ,            B54,1o

Mn/MnO 2
4

=j +- , 

.B0,2o

SO/OS 2
4

2
82

=j --  

 ɺʽʜʧʦʚʽʜʴ: ʘ) 6,1Ā10
32

;  ʙ) 9,2Ā10
77

. 

27. ɼʣʷ ʨʝʘʢʮʽʾ +-++Ú++ H2J2AsOHOH2HAsOJ 43222  ʨʦʟʨʘʭʫʡʪʝ  

ʢʦʥʩʪʘʥʪʫ ʨʽʚʥʦʚʘʛʠ ʧʨʠ 2pH=  ʽ 8pH= , ʧʨʠʡʥʷʚʰʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʠʩʥʦʾ ʪʘ 

ʚʽʜʥʦʚʥʦʾ ʬʦʨʤ ʦʜʥʘʢʦʚʠʤʠ. ɺʢʘʞʽʪʴ ʥʘʧʨʷʤ ʨʝʘʢʮʽʾ ʟʘ ʜʘʥʠʭ ʫʤʦʚ. 

 B56,0o

AsO/AsO 2
3
4

=j -- ;   B536,0o

J2/J2

=j - . 

 ɺʽʜʧʦʚʽʜʴ: 1,5Ā10
3 
ʧʨʘʚʦʨʫʯ; 10

16 
ʧʨʘʚʦʨʫʯ. 

28. ɼʣʷ ʨʝʘʢʮʽʾ OH3BrH6BrOBr 223 +Ú++ +--  ʨʦʟʨʘʭʫʡʪʝ ʢʦʥʩʪʘʥʪʫ 

ʨʽʚʥʦʚʘʛʠ ʧʨʠ  1pH=  ʽ 10pH= , ʧʨʠʡʥʷʚʰʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʠʩʥʦʾ ʪʘ 

ʚʽʜʥʦʚʥʦʾ ʬʦʨʤ ʦʜʥʘʢʦʚʠʤʠ. ɺʢʘʞʽʪʴ, ʚ ʷʢʠʡ ʙʽʢ ʟʩʫʥʫʪʘ ʨʽʚʥʦʚʘʛʘ ʮʽʻʾ 

ʨʝʘʢʮʽʾ ʟʘ ʜʘʥʠʭ ʫʤʦʚ?  B52,1o

Br/BrO 23

=j - ,  B087,1o

Br2/Br2
=j - . 

 ɺʽʜʧʦʚʽʜʴ: 4,8Ā10
30

 ʧʨʘʚʦʨʫʯ; 9,6Ā10
53

 ʧʨʘʚʦʨʫʯ. 

29. ʈʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʟʘʥʫʨʝʥʦʛʦ: ʘ) ʚ ʯʠʩʪʫ ʚʦʜʫ; 

ʙ) ʚ ʨʦʟʯʠʥ ʟ 5,3pH= ; ʚ) ʚ ʨʦʟʯʠʥ ʟ 11pH= . 

 ɺʽʜʧʦʚʽʜʴ: ʘ)-0,413 ɺ; ʙ)-0,2065 ɺ; ʚ)-0,649 ɺ. 

30. ʈʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʟʘʥʫʨʝʥʦʛʦ: ʘ) ʚ M5,0  ʨʦʟʯʠʥ 

ʝʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ, 5

HAc,ɼ 1074,1K -Ö= ; ʙ) ʚ %10  ʨʦʟʯʠʥ ʅCN, 

10

ʅCN,ɼ 102,6K -Ö= ; ʚ) ʚ ʨʦʟʯʠʥ, ʣ1  ʷʢʦʛʦ ʚʤʽʱʫʻ 5,6ʛ KOH . 

 ɺʽʜʧʦʚʽʜʴ: ʘ)-0,150 ɺ; ʙ)-0,255 ɺ; ʚ)-0,767 ɺ. 

 

6. ʄɽʊʈʆʃʆɻɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʄɽʊʆɼɯɺ ɸʅɸʃɯɿʋ 

 

 ʄʝʪʨʦʣʦʛʽʷ ï ʮʝ ʥʘʫʢʘ ʧʨʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʦʮʽʥʢʫ ʧʦʭʠʙʦʢ ʮʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. 

 ɼʣʷ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʩʣʽʜ 

ʟʘʩʚʦʾʪʠ ʘʥʘʣʽʪʠʯʥʫ ʽ ʤʘʪʝʤʘʪʠʯʥʫ ʪʝʨʤʽʥʦʣʦʛʽʶ ʚ ʪʝʦʨʽʾ ʧʦʭʠʙʦʢ. ʅʠʞʯʝ 

ʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ. 

 ʆʜʠʥʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ (ʦʢʨʝʤʠʡ ʨʝʟʫʣʴʪʘʪ) ï ʦʜʥʦʢʨʘʪʥʝ ʧʨʦʚʝʜʝʥʥʷ 

ʫʩʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʟʘ ʤʝʪʦʜʠʢʦʶ ʘʥʘʣʽʟʫ. ɺʘʨʽʘʥʪʘ (ʍ) ï ʮʝ ʯʠʩʣʦʚʝ 

ʟʥʘʯʝʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. 
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 ʇʘʨʘʣʝʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ï ʦʪʨʠʤʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʜʠʥʠʯʥʠʭ 

ʚʠʟʥʘʯʝʥʴ ʜʣʷ ʦʜʥʽʻʾ ʧʨʦʙʠ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ. 

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʘʨʘʣʝʣʴʥʠʭ 

ʚʠʟʥʘʯʝʥʴ ʟ ʫʢʘʟʘʥʠʤ ʜʦʚʽʨʯʠʤ ʽʥʪʝʨʚʘʣʦʤ. 

 ɺʠʙʽʨʢʘ ï ʩʫʢʫʧʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ɺʠʙʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʘʨʽʘʥʪ - ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ, 

ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ. ɺ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ ʯʠʩʣʦ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʻ 

ʥʝʚʝʣʠʢʠʤ ʽ ʩʫʢʫʧʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʟʠʚʘʶʪʴ ʚʠʙʽʨʥʦʶ 

ʩʫʢʫʧʥʽʩʪʶ ʘʙʦ ʚʠʧʘʜʢʦʚʦʶ ʚʠʙʽʨʢʦʶ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʧʘʜʢʦʚʦʾ ʚʠʙʽʨʢʠ ʥʘʟʠʚʘʶʪʴ ʚʠʙʽʨʢʦʚʠʤ ʩʝʨʝʜʥʽʤ. 

 ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ï ʦʮʽʥʢʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘ ʨʦʟʩʽʷʥʥʷ ʚʘʨʽʘʥʪʽʚ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʚʠʙʽʨʢʫ, - ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʘʙʦ ʤʝʜʽʘʥʘ. ɺʦʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʩʫʤʘ ʚʘʨʽʘʥʪ, ʧʦʜʽʣʝʥʘ ʥʘ ʯʠʩʣʦ ʚʘʨʽʘʥʪ (X). ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʦʪʨʠʤʘʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ, ʥʘʟʠʚʘʶʪʴ ʛʝʥʝʨʘʣʴʥʠʤ ʩʝʨʝʜʥʽʤ. 

 ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ï ʽʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʙʦ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʚ 

ʷʢʦʤʫ ʽʟ ʟʘʜʘʥʦʶ ʜʦʚʽʨʯʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ ʤʽʩʪʠʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ. 

 

6.1. ʇʨʘʚʠʣʘ ʧʦʚʦʜʞʝʥʥʷ ʟʽ ʟʥʘʯʫɦ ʠʤʠ ʮʠʬʨʘʤʠ 

 

ʑʦʙ ʧʽʜʨʘʭʫʚʘʪʠ ʯʠʩʣʦ ʟʥʘʯʫʱʠʭ ʮʠʬʨ, ʚʽʜʢʠʜʘʶʪʴ ʚʩʽ ʥʫʣʽ ʟʣʽʚʘ ʚʽʜ 

ʧʝʨʰʦʾ ʮʠʬʨʠ. ʅʫʣʽ ʧʨʘʚʦʨʫʯ ʚʭʦʜʷʪʴ ʫ ʯʠʩʣʦ ʟʥʘʯʫʱʠʭ ʮʠʬʨ, ʪʦʤʫ ʱʦ ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʦʯʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʯʠʩʣʘ 0,247; 247 ʽ 0,00247 ʤʘʶʪʴ ʪʨʠ 

ʟʥʘʯʫʱʽ ʮʠʬʨʠ. ɸʣʝ ʯʠʩʣʦ 24700 ʤʘʻ ʧ'ʷʪʴ ʟʥʘʯʫʱʠʭ ʮʠʬʨ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟʽ ʟʥʘʯʫʱʠʤʠ ʮʠʬʨʘʤʠ ʻ: 

1. ʏʠʩʣʦ, ʷʢʠʤ ʚʠʨʘʞʘʶʪʴ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʘʙʦ ʽʥʰʦʛʦ ʚʠʤʨ̔ʶʚʘʥʥʷ, 

ʧʦʚʠʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, ʘ ʡ 

ʚʽʜʪʚʦʨʚʁʘʥʽʩʪʴ ʤʝʪʦʜʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʝʙʘ ʧʠʩʘʪʠ ʩʪʽʣʴʢʠ 

ʟʥʘʯʫʱʠʭ ʮʠʬʨ, ʱʦʙ ʦʩʪʘʥʥʷ ʮʠʬʨʘ ʙʫʣʘ ʩʫʤʥʽʚʥʦʶ, ʘ ʧʝʨʝʜʦʩʪʘʥʥʷ ï 

ʚʽʨʦʛʽʜʥʦʶ. ʅʘʧʨʠʢʣʘʜ, ʻ ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʥʘʚʘʞʢʠ 

ʛ1000,0  ʽ ʛ10,0 . ʇʝʨʰʝ ʯʠʩʣʦ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʚʘʞʢʫ ʚ ʦʜʥʫ ʜʝʩʷʪʫ ʯʘʩʪʢʫ 

ʛʨʘʤʘ ʙʨʘʣʠ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʘʭ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʦʜʥʽʻʾ ʜʝʩʷʪʠʪʠʩʷʯʥʦʾ 

ʛʨʘʤʘ, ʘ ʜʨʫʛʝ ï ʱʦ ʪʫ ʩʘʤʫ ʥʘʚʘʞʢʫ ʙʨʘʣʠ ʥʘ ʪʝʭʥʽʯʥʠʭ ʪʝʨʝʟʘʭ ʟ ʪʦʯʥʽʩʪʶ 

ʙʣʠʟʴʢʦ ʦʜʥʽʻʾ ʩʦʪʦʾ ʛʨʘʤʘ. ʗʢʱʦ ʚʠʤʽʨʷʣʠ 25 ʩʤ
3
 ʨʦʟʯʠʥʫ ʤ̔ʨʥʠʤ ʮʠʣʽʥʜʨʦʤ 
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(ʱʦ ʤʦʞʝ ʜʘʪʠ ʧʦʭʠʙʢʫ Ñ1 ʩʤ
3
), ʪʦ ʩʣʽʜ ʧʠʩʘʪʠ, ʱʦ ʚʟʷʪʦ 25 ʩʤ

3
, ʙʦ ʦʩʪʘʥʥʽʡ 

ʟʥʘʢ ʯʠʩʣʘ  ̒ʩʫʤʥʽʚʥʠʤ. ʗʢʱʦ ʞ ʚʠʤʽʨʷʣʠ 25 ʩʤ
3
 ʨʦʟʯʠʥʫ ʜʦʙʨʝ ʧʝʨʝʚʽʨʝʥʦʶ 

ʧʽʧʝʪʢʦʶ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,01 ʩʤ
3
, ʪʦʜʽ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʮʠʬʨʦʶ 25,00 ʩʤ
3
. 

2. ʅʽʷʢʽ ʘʨʠʬʤʝʪʠʯʥʽ ʜʽʾ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʝ ʤʦʞʫʪʴ 

ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ ʮʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʪʦʯʥʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʪɹʘʪʫ. ʊʦʤʫ, 

ʷʢʱʦ ʚ ʣʘʥʮʶʛʫ ʦʙʯʠʩʣʝʥʴ (ʘʙʦ ʚʠʤʽʨʶʚʘʥʴ) ʻ ʙʫʜʴ-ʷʢʝ ʥʝ ʜʫʞʝ ʥʘʜʽʡʥʝ 

ʯʠʩʣʦ, ʪʦ ʪʦʯʥʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʣ̔ʴʰʦʶ, ʥʽʞ ʪʦʯʥʽʩʪʴ 

ʥʘʡʤʝʥʰ ʥʘʜʽʡʥʦʾ ʣʘʥʢʠ. ɿ ʮʴʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʪʘʢʽ 

ʢʦʥʢʨʝʪʥʽ ʯʘʩʪʢʦʚʽ ʧʨʘʚʠʣʘ: 

ʘ) ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʽ ʚʽʜʥʽʤʘʥʥʽ ʚʝʣʠʯʠʥ ʩʣʽʜ ʟʙʝʨʽʛʘʪʠ ʚ ʢʽʥʮʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʽ (ʷʢ ʽ ʚ ʜʦʜʘʪʢʘʭ) ʥʝ ʙʽʣʴʰʝ ʮʠʬʨ ʧʽʩʣʷ ʢʦʤʠ, ʥʽʞ ʾʭ ʻ ʚ ʥʘʡʤʝʥʰ 

ʚʽʨʦʛʽʜʥʦʤʫ ʯʠʩʣʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʦʣʷʨʥʦʾ ʤʘʩʠ ʦʢʩʠʜʫ ʟʘʣʽʟʘ 

(III) ʥʝʧʨʘʚʠʣʥɹʠʤ ʙʫʜʝ ʦʙʯʠʩʣʝʥʥʷ 

55,847 Ĭ 2 + 15,9994 Ĭ 3 = 159,6922 ʛ/ʤʦʣʴ, 

ʘ ʧʨʘʚʠʣʴʥʠʤ ï 

55,847 Ĭ 2 + 15,999 Ĭ 3 = 159,691 ʛ/ʤʦʣʴ. 

ʙ) ʧʨʠ ʤʥʦʞʝʥʥʽ ʽ ʜʽʣʝʥʥʽ ʚʝʣʠʯʠʥ ʩʣʽʜ ʟʙʝʨʽʛʘʪʠ ʚ ʢʽʥʮʝʚʦʤʫ 

ʨʝʟʫʣʴʪʘʪʽ (ʽ ʚ ʧʨʦʤʽʞʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ) ʥʝ ʙʽʣʴʰʝ ʟʥʘʯʫʱʠʭ ʮʠʬʨ, ʥʽʞ ʾʭ ʻ ʚ 

ʥʘʡʤʝʥʰ ʚʽʨʦʛʽʜʥʦʤʫ ʯʠʩʣʽ. 

ʇʨʠʢʣʘʜ. ʅʘʚʘʞʢʫ 1,0009 ʛ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ ʩʽʨʢʫ, ʦʙʨʦʙʠʣʠ ʧʝʚʥʠʤ 

ʯʠʥʦʤ ʽ ʦʜʝʨʞʘʣʠ 0,0118 ʛ ʧʨʦʞʘʨʝʥʦʛʦ ʦʩʘʜʫ 
4

BaSO. ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʚʤʽʩʪʫ ʩʽʨʢʠ ʤʘʻ ʚʠʛʣʷʜ 

()
4

4

BaSOʤʘʩʘʤʦʣʴʥʘʥʘʚʘʞʢʠʤʘʩʘ

100SʤʘʩʘʤʦʣʴʥʘBaSOʤʘʩʘ
%S

³

³³
= . 

 ʅʝʚʽʨʥʠʤ ʙʫʜʝ ʟʘʧʠʩ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

()
402,2330009,1

100064,320118,0
%S

³

³³
= . 

ɼʽʡʩʥʦ, ʥʘʡʤʝʥʰ ʚʽʨʦʛʽʜʥʠʤ ʯʠʩʣʦʤ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʤʘʩʘ ʦʩʘʜʫ 

4
BaSO, ʱʦ ʤʽʩʪʠʪʴ ʪʨʠ ʟʥʘʯʫʱʠʭ ʮʠʬʨʠ. ʊʦʤʫ ʪʨʝʙʘ ʽ ʚ ʨʝʰʪʽ ʯʠʩʝʣ, ʘ ʪʘʢʦʞ 

ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʥʷ, ʟʘʣʠʰʠʪʠ ʪʽʣʴʢʠ ʪʨʠ ʟʥʘʯʫʱʽ ʮʠʬʨʠ 

() 163,0
23300,1

1001,320118,0
%S =

³

³³
= . 
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6.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʦʭʠʙʦʢ ʘʥʘʣʽʟʫ 

 

ʗʢ ʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ, ʫ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʟʥʘʯʝʥʴ 

ʟʘʚʞʜʠ ʤʽʩʪʠʪʴʩʷ ʧʝʚʥʘ ʧʦʭʠʙʢʘ. ʆʮʽʥʢʘ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʻ ʯʘʩʪʠʥʦʶ 

ʘʥʘʣʽʟʫ, ʘ ʩʘʤʘ ʧʦʭʠʙʢʘ ï ʡʦʛʦ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. 

ʇʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʨ̔ʶʚʘʥʥʷ 

ʚʽʜ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ. 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʘʥʘʣʽʟʫ (
i

XD ) ï ʮʝ ʨʽʟʥʠʮʷ ʤʽʞ ʦʪʨʠʤʘʥʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʽ ʜʽʡʩʥʠʤ. ɺʦʥʘ ʜʦʨʽʚʥʶʻ 

                                                
.ʜʽʡʩʥ.ʦʜi

XXX -=D ,                                              (6.1) 

ʜʝ 
.ʦʜ

X  ï ʦʜʝʨʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ; 
.ʜʽʡʩʥ

X  ï ʜʽʡʩʥʠʡ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ 

ʘʥʘʣʽʟʫ̒ ʪʴʩʷ. 

ɺʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ ()d ʥʘʟʠʚʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 

ʜʦ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ɿʘʟʚʠʯʘʡ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ 

ʚʠʨʘʞʘʁ ʪʴ ʫ ʚʽʜʩʦʪʢʘʭ 

                                      () 100
X

XX
100

X

X
%

.ʜʽʡʩʥ

.ʜʽʡʩʥ.ʦʜ

.ʜʽʡʩʥ

i ³
-

=³
D

=d .                       (6.2) 

ʈʦʟʨʽʟʥʷʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʽ ʪʘ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ. 

ʉʠʩʪʝʤʘʪʠʯʥʦʶ ʥʘʟʠʚʘʶʪʴ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʧʨʠ ʧʦʚʪʦʨʥʠʭ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ ʟʘ ʚʝʣʠʯʠʥʦʶ ʽ ʟʥʘʢʦʤ ʘʙʦ ʟʤʽʥʶ̒ ʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʦ. ɼʞʝʨʝʣʦʤ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ 

ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ, ʟʘʙʨʫʜʥʝʥʽ ʨʝʘʢʪʠʚʠ, ʥʝ ʪʦʯʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʘʣʽʪʠʢʘ ʪʦʱʦ. ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʻ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ 

ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʜʦʜʘʪʢʽʚ, ʘʥʘʣʽʟ 

ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ. ɺʠʟʥʘʯʠʚʰʠ ʧʨʠʯʠʥʫ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ, ʾʾ 

ʫʩʫʚʘʶʪʴ ʘʙʦ ʚʚʦʜʷʪʴ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽ̒ ʥʪ. 

ɺʠʧʘʜʢʦʚʦʶ ʧʦʭʠʙʢʦʶ ʥʘʟʠʚʘʶʪʴ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʱʦ ʧʨʠ 

ʧʦʚʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʟʤʽʥʶʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ (ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ 

ʚʝʣʠʯʠʥʘ ʧʦʭʠʙʢʠ, ʘʣʝ ʽ ʾʾ ʟʥʘʢ). ʇʦʷʚʘ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʚʠʧʘʜʢʦʚʝ ʷʚʠʱʝ, ʾʭ ʥʝ ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʽ ʫʩʫʥʫʪʠ. ɿʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʜʦʩʷʛʘ̒ ʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷʤ 
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ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʪʘ ʦʙʨʦʙʢʦʶ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʗʢʱʦ ʦʜʠʥ (ʯʠ ʜʝʢʽʣʴʢʘ) ʟ ʧʘʨʘʣʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʻʪʩɹʷ ʚʽʜ ʽʥʰʠʭ, ʪʦ ʡʦʛʦ ʚʚʘʞʘʶʪʴ ʛʨʫʙʦʶ ʚʠʧʘʜʢʦʚʦʶ ʧʦʭʠʙʢʦʶ 

(ʧʨʦʤʘʭʦʤ). ɺʩʪʘʥʦʚʠʚʰʠ ʥʘʷʚʥʽʩʪʴ ʛʨʫʙʦʾ ʧʦʭʠʙʢʠ, ʮʝʡ ʨʝʟʫʣʴʪʘʪ 

ʚʽʜʢʠʜʘʁ ʪʴ ʽ ʧʦʚʪʦʨʶʶʪʴ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ. 

 

6.3. ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ 

 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʫʜʴ-ʷʢʦʛʦ ʦʙ'ʻʢʪʘ ʻ ʾʭ ʧʨʘʚʠʣʴʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ (ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ). 

ɿʘʚʜʷʢʠ ʧʦʭʠʙʢʘʤ ʟʘʤʽʩʪʴ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ. ʊʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ ï ʜʫʞʝ 

ʚʘʞʣʠʚʘ ʤʝʪʨʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʫ, ʱʦ ʧʦʢʘʟʫʻ ʥʘʙʣʠʞʝʥʽʩʪʴ ʜʦ 

ʥʫʣʷ ʚʩʽʭ ʚʠʜʽʚ ʧʦʭʠʙʦʢ. ʊʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ ʤʘʻ ʜʚʽ ʩʪʦʨʦʥʠ: ʧʨʘʚʠʣʴʥʽʩʪʴ ʽ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ. 

ʇʨʘʚʠʣʴʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʘʥʘʣʽʟʫ ʜʽʡʩʥʦʤʫ 

ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʙ'ʻʢʪʽ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. ɺʦʥʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʩʠʩʪʝʤʘʪʠʯʥʠʤʠ ʧʦʭʠʙʢʘʤʠ. 

ɺʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʢʠʜʘʥʽʩʪʴ ʦʢʨʝʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɰʾ 

ʦʮʽʥʶʶʪʴ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʘʙʦ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʢʽʣʴʢʘ 

ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʜʘʶʪʴ ʤʘʣʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʮʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʩʦʢʫ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʦʙʦʪʠ. ʆʪʞʝ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʻ 

ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽ ʪʝʭʥʽʢʠ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. ɺʦʥʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ. ɸʣʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʚʠʩʦʢʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʾʭ ʧʨʘʚʠʣʥɹʽʩʪʴ. 

ɺʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ. ɺ 

ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʘʭ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ ʙʽʣʴʰʝ, ʥʽʞ ʚ ʭʽʤʽʯʥʠʭ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʣʘʜʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. ʏʝʨʝʟ ʮʝ ʪʦʯʥʽʩʪʴ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʤʝʥʰʘ, ʥʽʞ ʫ ʭʽʤʽʯʥʠʭ. ʅʘʡʙʽʣʴʰ ʚʽʜʪʚʦʨʶʚʘʥʠʤ ʽ ʪʦʯʥʠʤ ʻ ʛʨʘʚʽʤʝʪʨʠʯʥʠʡ 

ʤʝʪʦʜ. 
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ɺʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʪɹʘʪʽʚ. 

ɺʠʷʚʠʪʠ ʧʦʭʠʙʢʠ, ʱʦ ʚʠʥʠʢʣʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʚʽʨʢʠ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʟʘʢʦʥʽ 

ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ, ʨʦʟʨʦʙʣʝʥʦʤʫ ɻʘʫʩʦʤ. 

ʇʨʠ ʦʜʠʥʠʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʤʦʞʝ ʙʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʽʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚ ʙʫʜʴ ï ʷʢʠʡ ʙʽʢ. ʗʢʱʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʪʦʨʶʶʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʦ, ʪʦ 

ʦʪʨʠʤʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʽʟʥʠʤʠ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʟʥʘʢʦʤ 

ʚʝʣʠʯʠʥʘʤʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ. ʗʢʱʦ ʯʠʩʣʦ ʜʦʩʣʽʜʽʚ ¤­n , ʪʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʛʝʥʝʨʘʣʴʥʘ ʩʫʢʫʧʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʽʚ ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ 
X

S , ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ɻʘʫʩʘ (ʨʠʩ. 6.1). 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʚʝʣʠʢʽ ʧʦʭʠʙʢʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʨʽʜʰʝ ʟʘ ʥʝʚʝʣʠʢʽ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ, ʱʦ ʧʨʠ 

ʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʚʠʟʥʘʯʝʥʴ ʦʜʥʘʢʦʚʽ ʧʦʭʠʙʢʠ ʨʽʟʥʦʛʦ ʟʥʘʢʫ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʦʜʥʘʢʦʚʦ ʯʘʩʪʦ. ʎʽ ʽ ʜʝʷʢʽ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʦʧʠʩʫʶʪʴʩʷ 

ʥʦʨʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ. ʂʨʠʚʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6.1, ʟ 

ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʦʢʨʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʫ S, 

ʪʠʤ ʙʽʣʴʰʝ ʧʦʣʦʛʦʶ ʻ ʢʨʠʚʘ (ʢʨʠʚʘ 3). 

 

ʈʠʩ. 6.1. ʈʦʟʧʦʜʽʣ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʟʘ ʟʘʢʦʥʦʤ ɻʘʫʩʘ 

 

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ X  

ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʤʫ ʚʤʽʩʪʫ ʢʦʤʧʦʥʝʥʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʨʦʙʽ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ. ʊʦʜʽ ʚʝʣʠʯʠʥʘ 
X

S  ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʧʘʜʢʦʚʫ ʧʦʭʠʙʢʫ. ɺʩʝʨʝʜʠʥʽ 

ʬʽʛʫʨʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʢʨʠʚʦʶ ɻʘʫʩʘ ʪʘ ʚʽʩʩʶ ʘʙʩʮʠʩ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 
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ʧʣʦʱʠʥʫ (ʟʘʰʪʨʠʭʦʚʘʥʘ ʥʘ ʨʠʩ. 6.1), ʚ ʷʢʫ ʧʦʧʘʜʘʶʪʴ 100ʈ% ʚʽʜ ʫʩʽʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʴ. ɼʣʷ ʦʜʠʥʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʘ ʈ ʻ 

ʚʽʨʦʛʽʜʥʽʩʪʶ, ʟ ʷʢʦʶ ʟʥʘʯʝʥʥʷ 
i

X , ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʘʰʪʨʠʭʦʚʘʥʽʡ ʧʣʦʱʠʥʽ, 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ X  ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ. ʏʠʤ 

ʙʽʣʴʰʘ ʟʘʰʪʨʠʭʦʚʘʥʘ ʧʣʦʱʠʥʘ, ʪʠʤ ʤʝʥʰʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʭʠʙʢʠ. 

ʇʦ ʦʩʽ ʘʙʩʮʠʩ ʟʘʰʪʨʠʭʦʚʘʥʘ ʧʣʦʱʠʥʘ ʢʨʠʚʦʾ ɻʘʫʩʘ ʦʙʤʝʞʫʻ ʜʦʚʽʨʯʠʡ 

ʽʥʪʝʨʚʘʣ, ʚ ʷʢʦʤʫ ʽʟ ʟʘʜʘʥʦʶ ʜʦʚʽʨʯʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ ʟʥʘʭʦʜʠʪʴʩʷ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. 

 ʇʨʠ ʚʠʢʦʥʘʥʥʽ n ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʦʪʨʠʤʫʶʪʴ 
1

X , 
2

X , é , 
n

X  

ʯʠʩʣʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʚʠʙʽʨʢʫ ʟ ʛʝʥʝʨʘʣʴʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ. ʊʦʤʫ ʩʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʚʚʘʞʘʶʪʴ 

ʧʨʘʚʠʣʴʥʠʤ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʣʠʰʝ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ, ʦʜʝʨʞʘʥʦʛʦ ʟ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʘʥʘʣʽʟʽʚ. ʂʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʧʦʭʠʙʦʢ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʽ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ, ʚʠʷʚʠʣʘʩʴ 

ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦʶ ʧʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʙʦ ʧʨʠʚʦʜʠʣʘ 

ʜʦ ʟʘʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʧʦʭʠʙʦʢ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʦʟʧʦʜʽʣʽ ʧʦʷʚʘ ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ ʤʝʥʰ ʚʽʨʦʛʽʜʥʘ, ʥʽʞ ʤʘʣʠʭ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ 

ʯʠʩʣʘ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʙ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʷʚʠ ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʎʷ ʥʝʥʘʜʽʡʥʽʩʪʴ, ʱʦ ʧʦʚôʷʟʘʥʘ  ʟ ʯʠʩʣʦʤ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʙ, ʚʨʘʭʦʚʫʻʪʴʩʷ t-

ʨʦʟʧʦʜʽʣʦʤ ʉʪʴʶʜʝʥʪʘ, ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʽʣʴʰʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʷʚʠ 

ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ, ʘ ʤʘʣʠʭ ʤʝʥʰʘ, ʥʽʞ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ. ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʧʝʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʶʪʴ ʥʝ ʙʽʣʴʰʝ 4-5 

ʧʘʨʘʣʝʣʥɹʠʭ ʘʥʘʣʽʟʽʚ, ʪʦʤʫ ʱʦ ʾʭ ʟʙʽʣʴʰʝʥʥʷ ʤʘʣʦ ʚʧʣʠʚʘʻ ʥʘ ʢʨʠʪʝʨʽʡ 

ʉʪʴʶʜʝʥʪʘ ʽ ʪʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ. ʈʦʟʛʣʷʥʝʤʦ ʩʘʤʝ ʮʝʡ ʚʘʨʽʘʥʪ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 

ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʪɹʘʪʽʚ 

ʘʥʘʣʽʟʫ ()X  ʟʘ ʬʦʨʤʫʣʦʶ 

                         
n

X

n

X...XX
X

n

1i
i

n21

ä
==

+++
= ,                                    (6.3) 

ʜʝ 
n321

X,,X,X,X 2  ï ʨʝʟʫʣʴʪʘʪʠ ʧʘʨʘʣʝʣʴʥʠʭ ʘʥʘʣʽʟʽʚ; n  ï ʯʠʩʣʦ 

ʧʘʨʘʣʝʣʴʥʠʭ ʘʥʘʣʽʟʽʚ. 

ʇʦʪʽʤ ʦʙʯʠʩʣʶʶʪʴ ʩʝʨʝʜʥʶ ʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ (ʩʪʘʥʜʘʨʪʥʝ 

ʚʜ̔ʭʠʣʝʥʥʷ ʦʢʨʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʫ) ʟʘ ʬʦʨʤʫʣʦʶ 
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( )

1n

XX

S

n

1i

2

i

-

-

=
ä
= . 

                      (6.4) 

ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

n

S
S

X
=                         (6.5) 

ʽ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʫ ʧʦʭʠʙʢʫ ʘʥʘʣʟ̔ʫ ʟʘ ʨʽʚʥʷʥʥʷʤ 

       
Xf,p

St Ö=d ,                       (6.6) 

ʜʝ 
f,p

t  ï ʢʨʠʪʝʨʽʡ (ʢʦʝʬʽʮʽʻʥʪ) ʉʪʴʶʜʝʥʪʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʨʽʟʥʠʮʶ ʤʽʞ 

ʥʦʨʤʘʣʴʥʠʤ ʪʘ t-ʨʦʟʧʦʜʽʣʦʤ. ʂʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʽʨʯʦʾ 

ʽʤʦʚʽʨʥʦʩʪʽ (ʈ) ʽ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ( )1nff -= . ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʉʪʴʜʁʝʥʪʘ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 6.1. 

ʊʦʯʥʽʩʪʴ (ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ) ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʝʣʠʯʠʥʦʶ 

ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

d°X . ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʨʝʟʫʣʴʪʘʪʫ ʘʥʘʣʽʟʫ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʶʪʴ ʜʣʷ 

ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ 0,95 (95%). 

ɿ ʬʦʨʤʫʣʠ (6.4) ʚʠʧʣʠʚʘʻ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʦʜʠʥʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʻ 

ʩʪʘʪʠʩʪʠʯʥʦ ʥʝʜʦʩʪʦʚʽʨʥʠʤ, ʪʦʤʫ ʱʦ ʧʨʠ 1n=  ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ S ʽ 

ʽʤʦʚʽʨʥʘ ʧʦʭʠʙʢʘ ʘʥʘʣʽʟʫ d ʧʨʠʡʤʘʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʫ ʚʝʣʠʯʠʥʫ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʩʪʘʪʠʩʪʠʯʥʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ X, ʪʦʙʪʦ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʘʨʘʣʝʣʴʥʠʭ 

ʘʥʘʣʽʟʽʚ ʥʝ ʙʫʣʦ ʜʦʧʫʱʝʥʦ ʚʠʧʘʜʢʦʚʦʾ ʛʨʫʙʦʾ ʧʦʭʠʙʢʠ. ʇʨʠ ʥʝʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʥʷʭ n  ʚʠʧʘʜʢʦʚʽ ʛʨʫʙʽ ʧʦʭʠʙʢʠ ʟʥʘʭʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʤʘʭʫ 

ʚʘʨʽʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʽʜʥʦʰʝʥʥʷ 

                                              
R

XX

XX

XX
Q 21

minmax

21
-

=
-

-
= ,                                 (6.7) 

ʜʝ 
1

X  ï ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚ; 
2

X  ï ʩʫʩʽʜʥʻ ʟʥʘʯʝʥʥʷ; R ï ʨʦʟʤʘʭ 

ʚʘʨʽʶʚʘʥʥʷ, ʮʝ ʨʽʟʥʠʮʷ ʤʽʞ  ʤʘʢʩʠʤʘʣʴʥʠʤ (
max

X ) ʽ ʤʽʥʽʤʘʣʴʥʠʤ (
min

X ) 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʤʽʨʫ. ʈʦʟʨʘʭʦʚʘʥʫ ʚʝʣʠʯʠʥʫ Q  ʧʦʨʽʚʥʶʶʪʴ ʽʟ ʟʥʘʯʝʥʥʷʤʠ 

( )n,p
Q , ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 6.2. ʗʢʱʦ ( )n,p

QQ> , ʪʦ ʮʝ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʛʨʫʙʦʾ ʧʦʭʠʙʢʠ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʚʽʜʧʦʚʽʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʦʜʠʥʠʯʥʦʛʦ 
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ʚʠʤʽʨʶʚʘʥʥʷ ( )
1

X  ʚʽʜʢʠʜʘʶʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ, ʱʦ ʣʠʰʠʣʠʩʴ, ʟʥʦʚ 

ʦʙʨʦʙʣʷʶʪʴ ʩʪʘʪʠʩʪʠʯʥʦ. 

ʊʘʙʣʠʮʷ 6.1 

ɿʘʣʝʞʥʽʩʪʴ t- ʨʦʟʧʦʜʽʣʫ (ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ) ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʥɹʠʭ 

ʘʥʘʣʽʟʽʚ (n) ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʝʡ (ʈ) 

 

n  
f,p

t  

90,0=P  95,0=P  99,0=P  

2 6,31 12,7 63,7 

3 2,92 4,30 9,92 

4 2,35 3,18 5,84 

5 2,13 2,78 4,60 

6 2,01 2,57 4,03 

7 1,94 2,45 3,71 

8 1,89 2,36 3,50 

9 1,86 2,31 3,36 

10 1,83 2,26 3,25 

120 1,66 1,98 2,62 

¤ 1,64 1,96 2,58 

 

ʊʘʙʣʠʮʷ 6.2 

ɿʘʣʝʞʥʽʩʪʴ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ( )n,p
Q  ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʘʥʘʣʽʟʽʚ (n) ʜʣʷ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʽʤʦʚʽʨʥʦʩʪʽ (ʈ) 

 

n  
( )n,p

Q  

90,0P=  95,0P=  99,0P=  

3 0,89 0,94 0,99 

4 0,68 0,77 0,89 

5 0,56 0,64 0,76 

6 0,48 0,56 0,70 

7 0,43 0,51 0,64 

8 0,40 0,48 0,58 
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ʅʘʷʚʥʽʩʪʴ ʛʨʫʙʠʭ ʧʦʭʠʙʦʢ ʩʝʨʝʜ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʦʛʦ ʤʝʪʦʜʫ. ɼʦ ʛʨʫʙʠʭ ʧʦʭʠʙʦʢ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ 

ʟʥʘʯʝʥʥʷ, ʫ ʷʢʠʭ ʘʙʩʦʣʶʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʜʝ 

ʙʽʣʴʰʠʤ ʟʘ ʧʦʪʨʽʡʥʫ ʚʝʣʠʯʠʥʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ, ʪʦʙʪʦ 

                                            
Xi

S3XX >- ,                                              (6.8) 

ʜʝ 
i

X  - ʟʥʘʯʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚ; X  - ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; 
X

S  - ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

 

ʇʨʠʢʣʘʜ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʮʝʥʪʥʦʛʦ ʚʤʽʩʪʫ ʭʨʦʤʫ ʫ ʩʪʘʣʽ ʙʫʣʦ ʧʨʦ-

ʚʝʜʝʥʦ 5 ʧʘʨʘʣʝʣʴʥʠʭ ʚʠʟʥʘʯʝʥʴ ʽ ʦʜʝʨʞʘʥʽ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 5,87; 5,90; 5,91; 

5,91; 5,95. ɿʨʦʙʠʤʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 

ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʙʫʜʝ 

91,5
5

95,591,591,590,587,5
X =

++++
= . 

ʉʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 

( ) ( ) ( ) ( )

.1087,2

0287,0
15

91,595,591,591,5291,590,591,587,5
S

2

2222

-Ö=

==
-

-+-Ö+-+-
=

 

ʂʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʜʦʚʽʨʯʽʡ ʽʤʦʚʽʨʥʦʩʪʽ 0,95 ʽ ʧ'ʷʪʠ ʧʘʨʘʣʝʣʴʥʠʭ 

ʚʠʟʥʘʯʝʥʥʷʭ ʜʦʨʽʚʥʶʻ 2,78, ʘ ʽʤʦʚʽʨʥʘ ʧʦʭʠʙʢʘ ʘʥʘʣʽʟʫ ʤʘʻ ʟʥʘʯʝʥʥʷ 

04,00357,0
5

1087,2
78,2

2

==
Ö

Ö=d
-

. 

ɼʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʭʨʦʤʫ ʚ ʩʪʘʣʽ ʙʫʜʝ ʟʥʘ-

ʭʦʜʠʪʠʩʴ ʫ ʤʝʞʘʭ 04,091,5 °  (ʪʦʙʪʦ ʚʽʜ 5,87 ʜʦ 5,95%) ʽ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʜʦʚʽʨʯʘ ʽʤʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʘʥʘʣʽʟʫ ʭʨʦʤʫ ʚ ʩʪʘʣʽ ʚ ʮʠʭ 

ʤʝʞʘʭ ʩʪʘʥʦʚʠʪʴ 95%. 

ɺʠʟʥʘʯʠʤʦ, ʯʠ ʥʝ ʻ ʨʝʟʫʣʴʪʘʪ 5,95 ʛʨʫʙʦʶ ʧʦʭʠʙʢʦʶ ʽ ʯʠ ʥʝ ʩʣʽʜ ʡʦʛʦ 

ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʨʘʭʫʥʢʽʚ. 

50,0
87,595,5

92,595,5
Q =

-

-
= . 
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ɿ ʪʘʙʣʠʮʽ 6.2. ( ) 64,0Q
5;95,0
= . ʊʘʢʠʤ ʯʠʥʦʤ ʤʘʻʤʦ ( )n,p

QQ< , ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʛʨʫʙʦʾ ʧʦʭʠʙʢʠ ʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʩʝʨʝʜʥʴʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʫ. 

ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ  ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ. ʋʩʽ ʧʨʦʛʨʘʤʠ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʧʨʦʬʝʩʽʡʥʽ, ʧʦʧʫʣʷʨʥʽ ʪʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ. ʉʪʘʪʠʩʪʠʯʥʽ ʧʨʦʛʨʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʫʢʦʚʦʻʤʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʮʽʥʘ ʾʭ ʜʫʞʝ ʯʘʩʪʦ ʥʝʜʦʩʷʞʥʘ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʩʧʦʞʠʚʘʯʘ. ʇʨʦʬʝʩʽʡʥʽ ʧʘʢʝʪʠ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, 

ʧʦʧʫʣʷʨʥʽ ʧʘʢʝʪʠ ï ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʘʢʝʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʫʟʴʢʫ ʦʙʣʘʩʪʴ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ. ɺʽʜʩʫʪʥʽʩʪʴ ʫ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʥʠʢʽʚ ʚʽʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʟʘʩʚʦʻʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʧʨʦʛʨʘʤ ʨʦʙʠʪʴ ʩʢʣʘʜʥʠʤ ʾʭ ʚʠʙʽʨ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʻ ʜʦʜʘʪʦʢ MS 

Excel ʟ ʧʘʢʝʪʘ ʦʬʽʩʥʠʭ ʧʨʦʛʨʘʤ  MS Office. ʇʨʠʯʠʥʦʶ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʥʘʷʚʥʽʩʪʴ ʨʦʩʽʡʩʴʢʦʤʦʚʥʦʾ 

ʚʝʨʩʽʾ, ʪʽʩʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟ MS Word i Power Point. ɸʣʝ  MS Excel ï ʮʝ 

ʝʣʝʢʪʨʦʥʥʘ ʪʘʙʣʠʮʷ ʟ ʜʦʩʪʘʪʥʴʦ ʧʦʪʫʞʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, 

ʜʝ ʜʝʷʢʽ ʩʪʘʪʠʩʪʠʯʥʽ ʬʫʥʢʮʽʾ ʻ ʧʨʦʩʪʦ ʜʦʜʘʪʢʦʚʠʤʠ ʚʙʫʜʦʚʘʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

ʊʘʢʦʞ ʚ MS Excel ʥʝʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ ʷʢʽʩʥʽ ʛʨʘʬʽʢʠ. ɹʝʟʫʤʦʚʥʦ, ʱʦ MS 

Excel ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ, ʧʨʦʤʽʞʥʦʾ ʦʙʨʦʙʢʠ, 

ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʝʷʢʠʭ ʪʠʧʽʚ ʜʽʘʛʨʘʤ. 

ʉʝʨʝʜ ʨʦʩʽʡʩʴʢʦʤʦʚʥʠʭ ʧʨʦʛʨʘʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʦʞʥʘ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʧʨʦʛʨʘʤʠ SPSS ʽ STATISTICA. 

SPSS ï ʮʝ ʧʦʪʫʞʥʠʡ, ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʡ ʧʘʢʝʪ ʟ ʧʨʦʩʪʠʤ ʽ ʟʨʦʟʫʤʽʣʠʤ 

ʽʥʪʝʨʬʝʡʩʦʤ ʥʘʚʽʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ï ʧʦʯʘʪʢʽʚʮʽʚ. 

STATISTICA ï ʮʝ ʧʘʢʝʪ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ ʽ ʧʨʦʬʝʩʽʦʥʘʣʽʚ, ʷʢʠʤ ʧʦʪʨʽʙʥʘ 

ʧʽʜʢʘʟʢʘ ʽ ʨʦʟʛʦʨʥʫʪʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, ʧʦʪʫʞʥʠʡ ʜʦʜʘʪʦʢ ʟ ʧʨʦʬʝʩʽʡʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ɼʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʦʙʤʝʞʫʶʪʴʩʷ ʚ ʩʚʦʾʭ ʜʦʩʣʽʜʘʭ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʘʥʛʣʦʤʦʚʥʫ ʧʨʦʛʨʘʤʫ Prist.  
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7. ʍɯʄɯʏʅɯ ʄɽʊʆɼʀ ɸʅɸʃɯɿʋ 

 

 ɼʦ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʽʜʥʦʩʷʪʴʩʷ ʛʨʘʚʽʤʝʪʨʠʯʥʠʡ (ʚʘʛʦʚʠʡ), 

ʪʠʪʨʠʤʝʪʨʠʯʥʠʡ (ʦʙôʻʤʥʠʡ) ʽ ʛʘʟʦʦʙôʻʤʥʠʡ ʤʝʪʦʜʠ. 

 

7.1. ɻʨʘʚʽʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ɻʨʘʚʽʤʝʪʨʠʯʥʠʤ (ʚʘʛʦʚʠʤ) ʘʥʘʣʽʟʦʤ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜ ʢʽʣʴʢʽʩʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʯʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ ʤʘʩʠ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʤʘʩʘ ʢʦʤʧʦʥʝʥʪʘ, ʷʢʠʡ ʚʠʜʽʣʷʻʪʴʩʷ ʚ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʚʠʛʣʷʜʽ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʤʘʣʦʨʦʟʯʠʥʥʦʾ ʩʧʦʣʫʢʠ, ʘʙʦ ʤʘʩʘ 

ʟʘʣʠʰʢʫ ʧʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴ ʤʘʩʫ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʙʘʛʘʪʴʦʭ 

ʨʝʯʦʚʠʥ: ʤʝʪʘʣʽʚ, ʥʝʤʝʪʘʣʽʚ, ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʦʢ ʩʧʣʘʚʽʚ, ʨʫʜ, ʧʨʠʨʦʜʥʠʭ ʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ. ɻʨʘʚʽʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʚʤʽʩʪ ʨʝʯʦʚʠʥʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,01-0,005%, ʘʣʝ ʮʝʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ 

ʯʘʩʫ ʽ ʧʨʘʮʽ. 

 ɻʨʘʚʽʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʜʽʣʷʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʤʝʪʦʜʠ ʚʠʜʽʣʝʥʥʷ, 

ʚʽʜʛʦʥʢʠ ʽ ʦʩʘʜʞʝʥʥʷ.  

 ʋ ʤʝʪʦʜʘʭ ʚʠʜʽʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ, ʚʠʜʽʣʷʶʪʴ ʫ 

ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ ʽ ʟʚʘʞʫʶʪʴ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʘʭ. 

 ʋ ʤʝʪʦʜʘʭ ʚʽʜʛʦʥʢʠ ʝʣʝʤʝʥʪ ʘʙʦ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ, 

ʧʝʨʝʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʘʢʪʠʚʫ ʫ ʣʝʪʢʫ ʨʝʯʦʚʠʥʫ, ʧʦʪʽʤ ʾʾ 

ʚʽʜʛʘʥʷʶʪʴ ʽ ʧʦʛʣʠʥʘʶʪʴ. ʇʦ ʟʙʽʣʴʰʝʥʥʶ ʤʘʩʠ ʧʦʛʣʠʥʘʯʘ ʚʠʟʥʘʯʘʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. ʎʝ ʧʨʷʤʠʡ ʤʝʪʦʜ ʚʽʜʛʦʥʢʠ. 

 ʋ ʥʝʧʨʷʤʠʭ ʤʝʪʦʜʘʭ ʚʽʜʛʦʥʢʠ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ, ʚʽʜʛʘʥʷʶʪʴ, ʘ 

ʡʦʛʦ ʤʘʩʫ ʟʥʘʭʦʜʷʪʴ ʷʢ ʨʽʟʥʠʮʶ ʤʽʞ ʤʘʩʘʤʠ ʨʝʯʦʚʠʥʠ ʜʦ ʽ ʧʽʩʣʷ ʚʽʜʛʦʥʢʠ. 

 ʋ ʤʝʪʦʜʘʭ ʦʩʘʜʞʝʥʥʷ ʥʘʚʘʞʢʫ ʨʝʯʦʚʠʥʠ, ʷʢʫ ʘʥʘʣʽʟʫʶʪʴ, ʧʝʨʝʚʦʜʷʪʴ ʫ 

ʨʦʟʯʠʥ, ʧʦʪʽʤ ʝʣʝʤʝʥʪ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ, ʦʩʘʜʞʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʤʘʣʦʨʦʟʯʠʥʥʦʾ 

ʩʧʦʣʫʢʠ. ʆʩʘʜ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʚʽʜ ʨʦʟʯʠʥʫ ʬʽʣʴʪʨʫʚʘʥʥʷʤ, ʧʦʪʽʤ ʡʦʛʦ 

ʧʨʦʤʠʚʘʶʪʴ, ʚʠʩʫʰʫʶʪʴ, ʧʨʦʞʘʨʶʶʪʴ, ʦʭʦʣʦʜʞʫʶʪʴ ʽ ʟʚʘʞʫʶʪʴ. ɺʠʭʦʜʷʯʠ ʟ 

ʤʘʩʠ ʦʩʘʜʫ, ʱʦ ʦʜʝʨʞʘʣʠ ʧʽʩʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ, ʦʙʯʠʩʣʶʶʪʴ ʤʘʩʫ ʝʣʝʤʝʥʪʘ, 

ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ, ʽ ʡʦʛʦ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʫ ʨʝʯʦʚʠʥʽ, ʱʦ ʘʥʘʣʽʟʫʚʘʣʠ. 
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 ɿ ʫʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʡʙʽʣʴʰ  ʚʘʞʣʠʚʦʶ ʻ ʦʧʝʨʘʮʽʷ 

ʦʩʘʜʞʝʥʥʷ. ɼʣʷ ʦʩʘʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʣʽʦʬʦʙʥʠʭ ʽ ʘʤʦʨʬʥʠʭ ʣʽʦʬʽʣʴʥʠʭ 

ʦʩʘʜʽʚ ʨʝʢʦʤʝʥʜʫʶʪʴ ʙʨʘʪʠ ʧʦʣʫʪʦʨʥʠʡ ʥʘʜʣʠʰʦʢ ʦʩʘʜʞʫʚʘʯʘ ʽ ʩʪʚʦʨʶʚʘʪʠ 

ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʙʫʜʝ ʜʦʩʷʛʥʫʪʝ ʧʦʚʥʝ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ. ɿʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʫ 

ʨʦʟʯʠʥʽ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 10
-6
ʤʦʣʴ/ʣ ʘʙʦ 10

-4
ʛ/ʣ - ʤʝʞʘ ʯʫʪʣʠʚʦʩʪʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʽʚ. ʅʘʡʢʨʘʱʠʤ ʦʩʘʜʞʫʚʘʯʝʤ ʻ ʪʘʢʠʡ, ʷʢʠʡ ʫʪʚʦʨʶʻ 

ʥʘʡʤʝʥʰ ʨʦʟʯʠʥʥʫ ʩʧʦʣʫʢʫ. ɹʘʞʘʥʦ, ʱʦʙ ʚʽʥ ʙʫʚ ʣʝʪʢʦʶ ʨʝʯʦʚʠʥʦʶ, ʪʦʜʽ 

ʜʦʤʽʰʢʠ ʡʦʛʦ ʚ ʦʩʘʜʽ ʙʫʜʫʪʴ ʚʠʜʘʣʷʪʠʩʴ ʧʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ. ʆʢʨʽʤ ʪʦʛʦ, 

ʦʩʘʜʞʫʚʘʯ ʧʦʚʠʥʝʥ ʨʝʘʛʫʚʘʪʠ ʪʽʣʴʢʠ ʟ ʡʦʥʘʤʠ, ʷʢʽ ʦʩʘʜʞʫʶʪʴ, ʽ ʥʝ ʨʝʘʛʫʚʘʪʠ 

ʟ ʽʥʰʠʤʠ, ʪʦʙʪʦ ʙʫʪʠ ʩʧʝʮʠʬʽʯʥʠʤ. ʉʧʝʮʠʬʽʯʥʽʩʪʴ ʨʝʘʢʮʽʾ ʜʦʩʷʛʘʶʪʴ 

ʫʤʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʮʽʻʾ ʨʝʘʢʮʽʾ: ʧʝʚʥʦʶ ʢʠʩʣʦʪʥʽʩʪʶ ʪʘ ʚʚʝʜʝʥʥʷʤ 

ʤʘʩʢʫʶʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʟʚôʷʟʫʶʪʴ ʡʦʥʠ,  ʱʦ ʟʘʚʘʞʘʶʪʴ ʚʠʟʥʘʯʝʥʥʶ. 

 ʋ ʛʨʘʚʽʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʨʦʟʨʽʟʥʷʶʪʴ ʬʦʨʤʫ ʦʩʘʜʞʝʥʥʷ ʪʘ 

ʛʨʘʚʽʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʦʩʘʜʫ. ʊʘ ʬʦʨʤʘ, ʫ ʚʠʛʣʷʜʽ ʷʢʦʾ ʧʝʨʝʚʦʜʷʪʴ ʢʦʤʧʦʥʝʥʪ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ, ʚ ʦʩʘʜ, ʥʘʟʠʚʘʻʪʴʩʷ ʬʦʨʤʦʶ ʦʩʘʜʞʝʥʥʷ, ʘ ʬʦʨʤʘ ʩʧʦʣʫʢʠ, ʷʢʫ 

ʦʪʨʠʤʫʶʪʴ ʧʽʩʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʦʩʘʜʫ, ï ʛʨʘʚʽʤʝʪʨʠʯʥʦʶ. 

 ʌʦʨʤʘ ʦʩʘʜʞʝʥʥʷ ʽ ʛʨʘʚʽʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʨʷʜʫ 

ʚʠʤʦʛ. 

 ʉʧʦʣʫʢʘ, ʱʦ ʻ ʬʦʨʤʦʶ ʦʩʘʜʞʝʥʥʷ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʘʣʦʨʦʟʯʠʥʥʦʶ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ. ɹʘʞʘʥʦ, ʱʦʙ 

ʩʪʨʫʢʪʫʨʘ ʦʩʘʜʫ ʜʘʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʟ ʜʦʩʪʘʪʥʴʦʶ ʰʚʠʜʢʽʩʪʶ ʚʝʩʪʠ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʽ ʚʽʜʤʠʚʘʥʥʷ ʡʦʛʦ ʚʽʜ ʜʦʤʽʰʦʢ. ʎʽʡ ʚʠʤʦʟʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʽʯʥʽ ʦʩʘʜʠ. ʇʨʠ ʧʨʦʞʘʨʶʚʘʥʥʽ ʬʦʨʤʘ ʦʩʘʜʞʝʥʥʷ ʧʦʚʠʥʥʘ 

ʣʝʛʢʦ ʽ ʧʦʚʥʽʩʪʶ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʴ ʫ ʛʨʘʚʽʤʝʪʨʠʯʥʫ ʬʦʨʤʫ. 

 ɻʨʘʚʽʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: ʩʢʣʘʜ 

ʾʾ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʽʡ ʭʽʤʽʯʥʽʡ ʬʦʨʤʫʣʽ, ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʪʽʡʢʦʶ 

ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʝ ʨʝʘʛʫʚʘʪʠ ʽ ʥʝ ʘʜʩʦʨʙʫʚʘʪʠ ʚʦʣʦʛʠ ʪʘ 

ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʟ ʧʦʚʽʪʨʷ. ɹʘʞʘʥʦ, ʱʦʙ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʘ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʶʪʴ, ʫ ʛʨʘʚʽʤʝʪʨʠʯʥʽʡ ʬʦʨʤʽ ʙʫʣʘ ʷʢʦʤʦʛʘ ʤʝʥʰʦʶ. ʇʨʠ ʮʴʦʤʫ 

ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʙʫʜʝ ʪʘʢʦʞ ʤʝʥʰʦʶ. 

 ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʤʘʩʘ ʥʘʚʘʞʢʠ 

ʨʝʯʦʚʠʥʠ, ʷʢʫ ʘʥʘʣʽʟʫʶʪʴ. ɰʾ ʤʘʩʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽ ʭʘʨʘʢʪʝʨʫ 

ʦʩʘʜʫ. ɺʦʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʚʝʣʠʢʦʶ ʘʙʦ ʤʘʣʦʶ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 
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ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʩʘʜʫ, ʧʨʦʤʠʪʠ ʷʢʠʡ ʙʫʜʝ ʜʫʞʝ ʚʘʞʢʦ. ʗʢʱʦ ʞ ʥʘʚʘʞʢʘ 

ʟʘʥʘʜʪʦ ʤʘʣʘ, ʪʦ ʙʫʜʝ ʚʝʣʠʢʘ ʧʦʭʠʙʢʘ ʧʨʠ ʟʚʘʞʫʚʘʥʥʽ ʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʽʥʰʠʭ 

ʦʧʝʨʘʮʽʡ ʘʥʘʣʽʟʫ. 

 ɼʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʠʣʠ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʦʶ ʥʘʚʘʞʢʦʶ ʨʝʯʦʚʠʥʠ, 

ʷʢʫ ʘʥʘʣʽʟʫʶʪʴ, ʙʫʜʝ ʪʘʢʘ, ʟ ʷʢʦʾ ʦʪʨʠʤʫʶʪʴ ʧʨʠʙʣʠʟʥʦ 0,5 ʛ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ, ʷʢʱʦ ʬʦʨʤʘ ʦʩʘʜʞʝʥʥʷ ʻ ʢʨʠʩʪʘʣʽʯʥʠʤ ʣʽʦʬʦʙʥʠʤ ʦʩʘʜʦʤ ʽ 0,1-0,3 ʛ 

ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʷʢʱʦ ʬʦʨʤʘ ʦʩʘʜʞʝʥʥʷ ʻ ʘʤʦʨʬʥʠʤ ʣʽʦʬʽʣʴʥʠʤ 

ʦʩʘʜʦʤ. ʆʙʯʠʩʣʠʪʠ ʤʘʩʫ ʥʘʚʘʞʢʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʤʦʞʥʘ, 

ʢʦʨʠʩʪʫʶʯʠʩʴ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

- ʬʦʨʤʘ ʦʩʘʜʞʝʥʥʷ ʻ ʢʨʠʩʪʘʣʽʯʥʠʤ ʦʩʘʜʦʤ 

                                               
.ʬ.ʛʨ

.ʨ.ʚʠʟ

.ʥʘʚ
nM

mM5,0
m

Ö
=  ;                                           (7.1) 

- ʬʦʨʤʘ ʦʩʘʜʞʝʥʥʷ ʻ ʘʤʦʨʬʥʠʤ ʦʩʘʜʦʤ 

                                             
.ʬ.ʛʨ

.ʨ.ʚʠʟ

.ʥʘʚ
nM

mM1,0
m

Ö
= ,                                              (7.2) 

ʜʝ 
.ʨ.ʚʠʟ

M - ʤʦʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ, ʛ/ʤʦʣʴ; 
.ʬ.ʛʨ

M - ʤʦʣʷʨʥʘ 

ʤʘʩʘ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʛ/ʤʦʣʴ; m  ʽ n  - ʢʦʝʬʽʮʽʻʥʪʠ, ʛ; 0,5 ʽ 0,1 ï 

ʨʘʮʽʦʥʘʣʴʥʽ ʥʘʚʘʞʢʠ ʨʝʯʦʚʠʥʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʦʩʘʜʫ ʬʦʨʤʠ 

ʦʩʘʜʞʝʥʥʷ. 

 ʈʽʚʥʷʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʤʘʶʪʴ 

ʪʘʢʠʡ ʚʠʛʣʷʜ 

                                                    
.ʥʘʚ

mFʛ,m Ö= ,                                                  (7.3) 

                                             
.ʥʘʚ

.ʬ.ʛʨ

m

100Fm
,%w

ÖÖ
= ,                                              (7.4) 

ʜʝ 
.ʬ.ʛʨ

m - ʤʘʩʘ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʛ; 
.ʥʘʚ

m - ʤʘʩʘ ʥʘʚʘʞʢʠ, ʛ; F- 

ʘʥʘʣʽʪʠʯʥʠʡ ʤʥʦʞʥʠʢ (ʬʘʢʪʦʨ ʧʝʨʝʨʘʭʫʥʢʫ). 

 ɸʥʘʣʽʪʠʯʥʠʡ ʤʥʦʞʥʠʢ ʘʙʦ ʬʘʢʪʦʨ ʧʝʨʝʨʘʭʫʥʢʫ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ 

ʤʦʣʷʨʥʦʾ (ʘʪʦʤʥʦʾ) ʤʘʩʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ, ʜʦ ʤʦʣʷʨʥʦʾ ʤʘʩʠ 

ʩʧʦʣʫʢʠ, ʷʢʘ ʻ ʛʨʘʚʽʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ. ʄʦʣʷʨʥʽ (ʘʪʦʤʥʽ) ʤʘʩʠ ʨʝʯʦʚʠʥ 

ʙʝʨʫʪʴʩʷ ʟ ʪʘʢʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʦʜʥʘ ʦʜʥʽʡ, 

ʪʦʙʪʦ, ʱʦʙ ʚʦʥʠ ʤʽʩʪʠʣʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʶʪʴ 
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.ʬ.ʛʨ

.ʨ.ʚʠʟ

nM

mM
F= ,                                                 (7.5) 

ʜʝ 
.ʨ.ʚʠʟ

M - ʤʦʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ, ʛ/ʤʦʣʴ; 
.ʬ.ʛʨ

M - ʤʦʣʷʨʥʘ 

ʤʘʩʘ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʛ/ʤʦʣʴ; m  ʽ n  - ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

 

7.1.1. ʈʦʟʚô̫ ʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

ɿʘʜʘʯʘ 1. ʈʦʟʨʘʭʫʡʪʝ ʬʘʢʪʦʨʠ ʧʝʨʝʨʘʭʫʥʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ: ʘ) Mg  ʫ 

ʚʠʛʣʷʜʽ 
722

OPMg ;  ʙ)
43

OFe  ʫ ʚʠʛʣʷʜʽ 
32

OFe ; ʚ)S ʫ ʚʠʛʣʷʜʽ 
4

BaSO ; 

ʛ)
83

OKAlSi  ʫ ʚʠʛʣʷʜʽ 
2

SiO . 

 ʈʦʟʚô̫ ʟʫʚʘʥʥʷ. ɺʠʟʥʘʯʠʤʦ ʬʘʢʪʦʨ ʧʝʨʝʨʘʭʫʥʢʫ ʟʘ ʨʽʚʥʷʥʥʷʤ (7.5) 

ʘ) 2164,0
222

242

M

A2
F

722 OPMg

Mg
=

Ö
== ; 

ʙ) 9667,0
1603

2322

M3

M2
F

32

43

OFe

OFe
=

Ö

Ö
== ; 

                                         ʚ) 1373,0
233

32

M

A
F

.BaSO

S

4

=== ; 

ʛ) 5444,1
603

278

M3

M
F

2

83

SiO

OKAlSi
=

Ö
=

Ö
= . 

 

ɿʘʜʘʯʘ 2. ɺʠʟʥʘʯʪʝ ʚʤʽʩʪ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʫ ʟʨʘʟʢʫ, ʷʢʱʦ ʟ ʥʘʚʘʞʢʠ ʤʘʩʦʶ 

1,0000 ʛ ʦʪʨʠʤʘʣʠ 0,2040 ʛ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ AgCI . 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜ-

ʽʦʥʽʚ ï ʮʝ ʾʭ ʦʩʘʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ɸʨʛʝʥʪʫʤ ʭʣʦʨʠʜʫ. 

®Ú+ +- AgCIAgCl . 

 ʇʝʨʝʚʝʜʝʥʥʷ ʬʦʨʤʠ ʦʩʘʜʞʝʥʥʷ ʫ ʛʨʘʚʽʤʝʪʨʠʯʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʩʫʰʫʚʘʥʥʷ ʦʩʘʜʫ 

.ʬ.ʛʨ

Ct

.ʬ.ʦʩ AgClAgCI
o
,½­½ . 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʤʽʩʪʫ ʭʣʦʨʠʜ-ʽʦʥʽʚ ʪʨʝʙʘ ʨʦʟʨʘʭʫʚʘʪʠ ʬʘʢʪʦʨ ʧʝʨʝʨʘʭʫʥʢʫ 

ʟʘ ʨʽʚʥʷʥʥʷʤ (7.5) 
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ɿʘʜʘʯʘ 3. ʈʦʟʨʘʭʫʡʪʝ ʦʙôʻʤ 0,5 ʄ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʡʦʥʽʚ +2Ba  ʟ ʥʘʚʘʞʢʠ ʤʘʩʦʶ 0,5000 ʛ, 

ʱʦ ʚʤʽʱʫʻ OH2BaCI
22

Ö . 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʤʽʩʪʫ ʡʦʥʽʚ +2Ba  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʝʘʢʮʽʶ ʦʩʘʜʞʝʥʥʷ 

®Ú+ -+

4

2

4

2 BaSOSOBa . 

           ʄ( OH2BaCI
22

Ö ) = 244ʛ/ʤʦʣʴ;                  ʄ(
42

SOH ) = 98ʛ/ʤʦʣʴ. 

 ɿ ʨʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ ʜʣʷ ʦʩʘʜʞʝʥʥʷ 1 ʤʦʣʷ ʩʦʣʽ ʙʘʨʽʶ ʧʦʪʨʽʙʝʥ 1 ʤʦʣʴ 

ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ. ʉʢʣʘʜʝʤʦ ʧʨʦʧʦʨʮʽʶ ʽ ʚʠʟʥʘʯʠʤʦ ʤʘʩʫ ʢʠʩʣʦʪʠ: 

ʟ 244 ʛ ʩʦʣʽ ʙʘʨʽʶ ʚʩʪʫʧʘʻ ʫ ʚʟʘʻʤʦʜʽʶ 98 ʛ 
42

SOH , 

ʟ 0,5 ʛ ʩʦʣʽ ʙʘʨʽʶ ʚʩʪʫʧʘʻ ʫ ʚʟʘʻʤʦʜʽʶ ʍ ʛ 
42

SOH . 

2,0
244

985,0
m

42SOH =
Ö

= ʛ. 

 ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʣʷ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʡʦʥʽʚ +2Ba  ʧʦʪʨʽʙʝʥ 

ʧʦʣʫʪʦʨʥʠʡ ʥʘʜʣʠʰʦʢ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʤʘʩʘ ʢʠʩʣʦʪʠ ʩʪʘʥʦʚʠʪʠʤʝ 

3,02,05,1 =³ ʛ. 

 ʆʙôʻʤ ʢʠʩʣʦʪʠ ʟʘʜʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʚʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ +2Ba , ʚʠʟʥʘʯʠʤʦ ʟ ʨʽʚʥʷʥʥʷ 
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Ö
=
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Ö
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7.1.2. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ OH7MgSO
24

Ö  ʫ ʪʝʭʥʽʯʥʦʤʫ ʧʨʝʧʘʨʘʪʽ ʄʘʛʥʽʡ 

ʩʫʣʴʬʘʪʫ, ʷʢʱʦ ʟ ʥʘʚʘʞʢʠ ʤʘʩʦʶ 0,4285 ʛ ʦʪʨʠʤʘʣʠ 0,1920 ʛ 
722

OPMg . 

 ɺʽʜʧʦʚʽʜʴ: 98,86 %. 
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2. ɿ ʥʘʚʘʞʢʠ ʙʨʦʥʟʠ ʤʘʩʦʶ 0,4867 ʛ ʦʪʨʠʤʘʣʠ 0,2706 ʛ 
2

SnO. ɺʠʟʥʘʯʪʝ 

ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʉʪʘʥʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 43,08 %. 

3. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʫ ʥʘʚʘʞʢʠ ʩʪʘʣʽ, ʱʦ ʚʤʽʱʫʻ 0,05 % ʉʫʣʴʬʫʨʫ, ʷʢʫ ʪʨʝʙʘ 

ʚʟʷʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 0,0075 ʛ ʦʩʘʜʫ 
4

BaSO . 

 ɺʽʜʧʦʚʽʜʴ: 0,4572 ʛ. 

4. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɸʨʛʝʥʪʫʤʫ ʚ ʩʧʣʘʚʽ, ʷʢʱʦ ʟ ʥʘʚʘʞʢʠ ʩʧʣʘʚʫ 

ʤʘʩʦʶ 0,3000 ʛ ʦʪʨʠʤʘʣʠ 0,1528 ʛ AgCI  . 

 ɺʽʜʧʦʚʽʜʴ: 38,33 %. 

5. ɿ 0,6422 ʛ ʜʦʣʦʤʽʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʣʠ 0,4520 ʛ 
4

CaMoO .  

ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʂʘʣʴʮʽʶ ʽ ʂʘʣʴʮʽʡ ʢʘʨʙʦʥʘʪʫ ʫ ʜʦʣʦʤʽʪʽ. 

 ɺʽʜʧʦʚʽʜʴ: 14,08 %; 35,19 %. 

6. ɿ ʥʘʚʘʞʢʠ 0,6254 ʛ ʛʣʠʥʠ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʽ ʧʨʦʞʘʨʶʚʘʥʥʷ 

ʦʪʨʠʤʘʣʠ 0,2484 ʛ CaO ʽ 0,0754 ʛ MgO. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʂʘʣʴʮʽʶ ʽ 

ʄʘʛʥʽʶ ʫ ʛʣʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 28,37 %; 6,6 %. 

7. ɿ ʥʘʚʘʞʢʠ 0,3628 ʛ ʄʘʥʛʘʥ ʢʘʨʙʦʥʘʪʫ ʚʠʜʽʣʠʣʠ ʦʩʘʜ 
44

POMnNH , ʧʽʩʣʷ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʷʢʦʛʦ ʦʪʨʠʤʘʣʠ 0,4326 ʛ 
722

OPMn . ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʄʘʥʛʘʥʫ ʫ ʪʝʭʥʽʯʥʦʤʫ 
3

MnCO . 

 ɺʽʜʧʦʚʽʜʴ: 46,18 %. 

8. ɿ ʥʘʚʘʞʢʠ 1,0000 ʛ ʙʘʙʽʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʘ)Sb, ʙ)Sn, ʚ)Cu, ʛ)Pb ʽ ʜ)Zn, ʧʽʩʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʣʠ 0,0915 ʛ 
32

SSb , 0,2107 ʛ 
2

SnO , 0,0229 ʛ 

CuCNS, 0,0093 ʛ 
4

PbCrO  ʽ 0,0046 ʛ 
722

OPZn . ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: ʘ)6,57 %; ʙ)16,32 %; ʚ)1,19 %; ʛ)0,6 %; ʜ)0,2 %. 

9. ʇʨʠ ʘʥʘʣʽʟʽ ʧʨʦʙʠ ʛʨʘʥʽʪʫ ʟ ʥʘʚʘʞʢʠ 1,0960 ʛ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 0,0198 ʛ 

ʧʨʦʞʘʨʝʥʦʛʦ ʦʩʘʜʫ 
352

MoO24OP Ö . ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʌʦʩʬʦʨʫ ʫ 

ʛʨʘʥʽʪʽ. 

 ɺʽʜʧʦʚʽʜʴ: 0,034 %. 

10. ɺʤʽʩʪ ɸʣʶʤʽʥʽʶ ʫ ʙʦʢʩʠʪʽ ʩʢʣʘʜʘʻ 30% (ʧʦ ʤʘʩʽ). ʗʢʫ ʥʘʚʘʞʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʟʷʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɸʣʶʤʽʥʽʶ, ʱʦʙ ʤʘʩʘ ʧʨʦʞʘʨʝʥʦʛʦ ʦʩʘʜʫ 
32

OAI  

ʩʪʘʥʦʚʠʣʘ 0,1500 ʛ? 

 ɺʽʜʧʦʚʽʜʴ: 0,3 ʛ. 
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11. ɿ ʥʘʚʘʞʢʠ 1,0000 ʛ ʩʪʘʣʽ ʦʪʨʠʤʘʣʠ ʦʩʘʜ SiO2   ̔ WO3 ʟʘʛʘʣʴʥʦʶ ʤʘʩʦʶ 

0,1021 ʛ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʦʩʘʜʫ HF ʽ ʚʠʜʘʣʝʥʥʷ SiO2 ʤʘʩʘ ʟʘʣʠʰʢʫ WO3 

ʜʦʨʽʚʥʶʚʘʣʘ 0,0712 ʛ. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʉʠʣʽʮʽʶ ʽ ɺʦʣʴʬʨʘʤʫ ʚ 

ʩʪʘʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 1,97 %;  56,47 %. 

12. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʅʽʢʦʣʫ ʚ ʩʪʘʣʽ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʫʟʷʣʠ ʥʘʚʘʞʢʫ 

ʩʪʘʣʽ 0,8450 ʛ. ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʤʘʩʘ ʛʨʘʚʽʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ NiO  

ʜʦʨʽʚʥʶʚʘʣʘ 0,2140 ʛ. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʜʦʣʶ ʅʽʢʦʣʫ ʚ ʩʪʘʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 19,9 %. 

13. ʅʘʚʘʞʢʘ ʩʪʘʣʽ 1,0000 ʛ ʨʦʟʯʠʥʝʥʘ ʫ ʢʠʩʣʦʪʽ. ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʦ 0,1425 ʛ 
3

WO . ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɺʦʣʴʬʨʘʤʫ ʚ ʩʪʘʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 11,3 %. 

14. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ɸʣʶʤʽʥʽʶ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘʚʘʞʢʘ ʩʧʣʘʚʫ 

0,4620 ʛ ʙʫʣʘ ʨʦʟʯʠʥʝʥʘ ʚ ʤʽʨʥʽʡ ʢʦʣʙʽ ʻʤʢʽʩʪʶ 100 ʤʣ. ɼʣʷ ʘʥʘʣʽʟʫ ʫʟʷʣʠ  

25 ʤʣ ʨʦʟʯʠʥʫ ʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʣʠ 0,2042 ʛ 
32

OAI . 

ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɸʣʶʤʽʥʽʶ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 93,6 %. 

15. ɿ ʥʘʚʘʞʢʠ ʮʝʤʝʥʪʫ ʤʘʩʦʶ 1,5000 ʛ ʦʪʨʠʤʘʣʠ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ 

0,2105 ʛ ʧʨʦʞʘʨʝʥʦʛʦ ʦʩʘʜʫ 
722

OPMg . ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ MgO ʫ 

ʮʝʤʝʥʪʽ. 

 ɺʽʜʧʦʚʽʜʴ: 5,03 %. 

16. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʜʶʨʘʣʶʤʽʥʽʶ, ʷʢʱʦ ʟ ʡʦʛʦ 

ʥʘʚʘʞʢʠ 0,5000 ʛ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʣʠ 0,8020 ʛ 
32

OAI ; 0,0091 ʛ 

722
OPMg ; 0,0025 ʛ 

43
OMg  ʽ 0,0385 ʛ CuS. 

 ɺʽʜʧʦʚʽʜʴ: Al  -83,92 %; Mg-0,3917 %; Mn-0,3060 %; Cu-5,05 %. 

17. ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʂʘʣʴʮʽʶ ʚ ʜʦʣʦʤʽʪʽ ʩʢʣʘʜʘʻ 14,1 %. ɺʠʟʥʘʯʪʝ ʤʘʩʫ ʥʘʚʘʞʢʠ 

ʜʦʣʦʤʽʪʫ, ʷʢʱʦ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʣʠ 0,4490 ʛ 
4

CaMoO . 

 ɺʽʜʧʦʚʽʜʴ: 0,64 ʛ. 

18. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʂʦʙʘʣʴʪʫ ʚ ʩʧʣʘʚʽ, ʷʢʱʦ ʟ ʥʘʚʘʞʢʠ 0,2100 ʛ 

ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʽ ʧʨʦʞʘʨʶʚʘʥʥʷ ʦʪʨʠʤʘʣʠ 0,1012 ʛ 
32

OCo . 

 ɺʽʜʧʦʚʽʜʴ: 34,26 %. 

19. ɿ ʥʘʚʘʞʢʠ ʩʧʣʘʚʫ 0,4267 ʛ ʦʪʨʠʤʘʣʠ 0,2304 ʛ 
2

SnO. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʉʪʘʥʫʤʫ ʚ ʮʴʦʤʫ ʩʧʣʘʚʽ. 
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 ɺʽʜʧʦʚʽʜʴ: 41,84 %. 

20. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʫ ʥʘʚʘʞʢʠ  ʩʠʣʽʢʘʪʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ 21,74 % 
2

SiO . ʇʨʠ 

ʧʨʦʞʘʨʶʚʘʥʥʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 0,0724 ʛ 
2

SiO . 

 ɺʽʜʧʦʚʽʜʴ: 0,3330 ʛ. 

21. ɿ ʥʘʚʘʞʢʠ ʯʘʚʫʥʥʦʾ ʩʪʨʫʞʢʠ ʤʘʩʦʶ 1,5462 ʛ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʽ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʦʪʨʠʤʘʣʠ 0,1436 ʛ 
2

SiO  ʽ 2,1140 ʛ 
32

OFe . ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʉʠʣʽʮʽʶ ʽ ʌʝʨʫʤʫ ʚ ʯʘʚʫʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 4,23 %; 95,71 %. 

 22. ʅʘʚʘʞʢʫ ʨʫʜʠ 0,4124 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʦʙʨʦʙʠʣʠ ʚʽʜʧʦʚʽʜʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʽʩʣʷ ʧʨʦʞʘʨʶʚʘʥʥʷ ʦʪʨʠʤʘʣʠ 0,2514 ʛ 
32

SSb . ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʉʪʠʙʽʶ ʚ ʨʫʜʽ.  

 ɺʽʜʧʦʚʽʜʴ: 43,74 %. 

23. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ 1,0000 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʣʠ 

0,2500 ʛ ( )
2

OHCu . ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ CuO ʫ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 20,15 %. 

24. ɺʤʽʩʪ ʌʝʨʫʤʫ ʚ ʨʫʜʽ ʩʢʣʘʜʘʻ 49,52 %. ʗʢʫ ʥʘʚʘʞʢʫ ʨʫʜʠ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ, 

ʱʦʙ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʪʠ 0,4150 ʛ 
32

OFe ? 

 ɺʽʜʧʦʚʽʜʴ: 0,5866 ʛ. 

25. ɿ ʨʦʟʯʠʥʫ ʩʦʣʽ ʂʘʣʽʶ ʦʪʨʠʤʘʣʠ ʦʩʘʜ 
4

KCIO , ʤʘʩʘ ʷʢʦʛʦ ʧʽʩʣʷ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʩʢʣʘʜʘʣʘ 0,1528 ʛ. ɺʠʟʥʘʯʪʝ ʤʘʩʫ ʂʘʣʽʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ 

ʨʦʟʯʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 0,0430 ʛ. 

26. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 
43

OFe ʫ ʤʘʛʥʽʪʥʦʤʫ ʟʘʣʽʟʥʷʢʫ, ʷʢʱʦ ʟ 0,6000 ʛ 

ʪʝʭʥʽʯʥʦʛʦ ʟʘʣʽʟʥʷʢʫ ʦʪʨʠʤʘʣʠ 0.4326 ʛ 
32

OFe . 

 ɺʽʜʧʦʚʽʜʴ: 74,59 %. 

27. ɿ ʥʘʚʘʞʢʠ ʩʧʣʘʚʫ ʤʘʩʦʶ 0,5783 ʛ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʚʠʜʽʣʠʣʠ 

ʂʫʧʨʫʤ ʫ ʚʠʛʣʷʜʽ SCu
2
, ʤʘʩʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʚʘʣʘ 0,1274 ʛ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʂʫʧʨʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 17,57 %. 

28. ɿ ʥʘʚʘʞʢʠ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ 2,6248 ʛ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʣʠ 

0,3248 ʛ 
4

BaSO. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʉʫʣʴʬʫʨʫ ʚ ʢʘʤôʷʥʦʤʫ ʚʫʛʽʣʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 1,7 %. 



74 

 

29. ɿ ʥʘʚʘʞʢʠ 0,5808 ʛ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʧʽʩʣʷ ʨʦʟʯʠʥʝʥʥʷ, ʦʩʘʜʞʝʥʥʷ ʽ 

ʧʨʦʞʘʨʶʚʘʥʥʷ ʦʩʘʜʫ ʦʪʨʠʤʘʣʠ 0,3582 ʛ 
32

OFe . ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʌʝʨʫʤʫ ʚ ʨʫʜʽ. 

 ɺʽʜʧʦʚʽʜʴ: 43,17 %. 

30. ɿʨʘʟʦʢ ʚʤʽʱʫʻ AI , Mg  ʽ Pb. ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʣʠ 0,5620 ʛ 

( )
369

ONHCAI ; 0,4380 ʛ 
722

OPMg  ʽ 0,5220 ʛ 
4

PbSO. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʟʨʘʟʢʫ. 

 ɺʽʜʧʦʚʽʜʴ: Al-2,22 %; Mg-6,01 %; Pb-23,77 %. 

 

7.2. ʊʠʪʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ʇʦʨʽʚʥʶʶʯʠ ʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʽ ʪʠʪʨʠʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟʠ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʚʦʥʠ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʽ ʤʝʪʦʜʠʢʦʶ ʨʦʙʦʪʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʗʢʱʦ ʫ 

ʛʨʘʚʽʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʚʠʤʽʨʶʶʪʴ ʤʘʩʫ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ, ʪʦ ʚ 

ʪʠʪʨʠʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʚʠʤʽʨʶʶʪʴ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʨʝʘʢʪʠʚʫ ʚʽʜʦʤʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʠʡ ʚʠʪʨʘʯʝʥʦ ʥʘ ʚʟʘʻʤʦʜʽʶ ʟ ʨʦʟʯʠʥʦʤ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ. 

 ɻʨʘʚʽʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʭ ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. ɸʣʝ ʚʽʥ ʤʘʻ ʽ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ, ʷʢʠʡ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʡʦʛʦ 

ʪʨʠʚʘʣʦʩʪʽ. ʊʠʪʨʠʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʤʘʻ ʚʝʣʠʢʽ  ʧʝʨʝʚʘʛʠ. 

ɺʽʥ ʙʽʣʴʰ ʰʚʠʜʢʠʡ. 

 ʆʩʥʦʚʥʘ ʦʧʝʨʘʮʽʷ ʤʝʪʦʜʫ ï ʪʠʪʨʫʚʘʥʥʷ. ʊʠʪʨʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ 

ʧʦʩʪʫʧʦʚʦʛʦ ʜʦʜʘʚʘʥʥʷ ʨʦʟʯʠʥʫ ʚʽʜʦʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟ ʙʶʨʝʪʢʠ ʜʦ ʨʦʟʯʠʥʫ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. ʈʦʟʯʠʥ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʚʽʜʦʤʘ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʪʠʪʨʦʚʘʥʠʤ, ʩʪʘʥʜʘʨʪʥʠʤ, ʨʦʙʦʯʠʤ ʘʙʦ ʪʠʪʨʘʥʪʦʤ. 

ʊʠʪʨʫʚʘʥʥʷ ʚʝʜʫʪʴ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ï ʮʝ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʨʝʯʦʚʠʥʠ ʧʨʦʨʝʘʛʫʶʪʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʢʦʥʫ ʝʢʚʽʚʘʣʝʥʪʽʚ. ʊʦʯʢʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʽʚ. ɯʥʜʠʢʘʪʦʨ ï ʮʝ 

ʨʝʯʦʚʠʥʘ, ʷʢʘ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʟʤʽʥʶʻ ʩʚʽʡ ʢʦʣʽʨ. ɺʠʙʽʨ ʽʥʜʠʢʘʪʦʨʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʠʧʫ ʨʝʘʢʮʽʾ. 

 ɼʦʩʷʛʥʫʚʰʠ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʪʠʪʨʫʚʘʥʥʷ ʧʨʠʧʠʥʷʶʪʴ. ʄʦʤʝʥʪ, 

ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʽ ʧʨʠʧʠʥʷʻʪʴʩʷ ʪʠʪʨʫʚʘʥʥʷ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʦʶ ʢʽʥʮʷ ʪʠʪʨʫʚʘʥʥʷ. 
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 ʇʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʪʠʪʨʫʚʘʥʥʷ ʚʠʤʽʨʶʶʪʴ ʦʙôʻʤ ʪʠʪʨʘʥʪʫ, ʚʠʪʨʘʯʝʥʦʛʦ 

ʥʘ ʨʝʘʢʮʽʶ ʟ ʨʝʯʦʚʠʥʦʶ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ, ʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʤʽʩʪ ʨʝʯʦʚʠʥʠ. 

 

 

7.2.1. ɺʠʤʦʛʠ ʜʦ ʨʝʘʢʮʽʡ ʚ ʪʠʪʨʠʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ 

 

 ʈʝʘʢʮʽʾ ʚ ʪʠʪʨʠʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʘʩʪʫʧʥʠʤ 

ʚʠʤʦʛʘʤ: 

        1. ʈʝʘʢʮʽʾ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦ, ʪʦʙʪʦ, ʧʨʦʭʦʜʠʪʠ ʟʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤ ʨʝʘʢʮʽʾ. 

        2. ʈʝʘʢʮʽʾ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʢʽʣʴʢʽʩʥʦ, ʪʦʙʪʦ, ʧʦʚʥʦʪʘ ʧʨʦʭʦʜʞʝʥʥʷ 

ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰʝ 99,9 %. 

        3. ʉʪʘʥʜʘʨʪʥʠʡ (ʪʠʪʨʦʚʘʥʠʡ) ʨʦʟʯʠʥ ʨʝʘʢʪʠʚʫ ʧʦʚʠʥʝʥ ʨʝʘʛʫʚʘʪʠ ʪʽʣʴʢʠ 

ʟ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʦʙʪʦ, ʨʝʘʢʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʧʝʮʠʬʽʯʥʦʶ. 

        4. ʈʝʘʢʮʽʷ ʤʽʞ ʪʠʪʨʦʚʘʥʠʤ ʨʦʟʯʠʥʦʤ ʽ ʨʦʟʯʠʥʦʤ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʧʦʚʠʥʥʘ ʧʨʦʭʦʜʠʪʠ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ. 

        5. ʅʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘʜʽʡʥʠʡ ʩʧʦʩʽʙ ʬʽʢʩʫʚʘʥʥʷ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

        6. ɺ ʨʦʟʯʠʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʟʘʚʘʞʘʶʪʴ 

ʧʨʦʭʦʜʞʝʥʥʶ ʦʩʥʦʚʥʦʾ ʨʝʘʢʮʽʾ ʘʙʦ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʬʽʢʩʫʚʘʪʠ ʪʦʯʢʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

 

7.2.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʪʠʪʨʠʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʨʝʘʢʮʽʾ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʪʠʪʨʫʚʘʥʥʷ, 

ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ. 

 

         1. ʄʝʪʦʜ ʢʠʩʣʦʪʥʦ ï ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ 

 ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʣʝʞʘʪʴ ʢʠʩʣʦʪʥʦ ï ʦʩʥʦʚʥʽ ʨʝʘʢʮʽʾ, ʧʦʚôʷʟʘʥʽ ʽʟ 

ʟʤʽʥʦʶ ʢʠʩʣʦʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʫ ʧʨʦʮʝʩʽ ʪʠʪʨʫʚʘʥʥʷ. ʈʽʟʢʘ ʟʤʽʥʘ ʨʅ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʪʦʯʮʽ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ɼʣʷ ʾʾ ʬʽʢʩʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʅ-

ʽʥʜʠʢʘʪʦʨʠ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʩʚʦʻ ʟʘʙʘʨʚʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʅ ʨʦʟʯʠʥʫ. 

         2. ʄʝʪʦʜ ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ 

 ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʣʝʞʘʪʴ ʨʝʘʢʮʽʾ ʦʢʠʩʣʝʥʥʷ ï ʚʽʜʥʦʚʣʝʥʥʷ. ɺ 

ʧʨʦʮʝʩʽ ʪʠʪʨʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʨʦʟʯʠʥʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ 
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ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʢʠʩʥʦ ï ʚʽʜʥʦʚʥʽ (ʨʝʜʦʢʩ) ʽʥʜʠʢʘʪʦʨʠ, ʷʢʽ 

ʟʤʽʥʶʶʪʴ ʩʚʦʻ ʟʘʙʘʨʚʣʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʯʠʥʫ. 

          3. ʄʝʪʦʜ ʦʩʘʜʞʝʥʥʷ ʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʥʥʷ 

 ʊʠʪʨʠʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʢʮʽʡ ʦʩʘʜʞʝʥʥʷ ʽ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʥʥʷ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʥʫ ʛʨʫʧʫ ʤʝʪʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ 

ʨʝʘʢʮʽʡ ʦʩʘʜʞʝʥʥʷ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʻ ʽ ʨʝʘʢʮʽʷʤʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʥʥʷ, ʽ 

ʥʘʚʧʘʢʠ, ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʥʥʷ ʟʘʢʽʥʯʫʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ. 

 ʊʦʯʢʫ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚ ʮʠʭ ʤʝʪʦʜʘʭ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʽʥʜʠʢʘʪʦʨʥʠʤʠ, ʪʘʢ 

ʽ ʙʝʟʽʥʜʠʢʘʪʦʨʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

 ɿʘ ʩʧʦʩʦʙʦʤ ʪʠʪʨʫʚʘʥʥʷ ʨʦʟʨʽʟʥʷʶʪʴ ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ ʽ ʥʝʧʨʷʤʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ. 

 ɺ ʤʝʪʦʜʘʭ ʧʨʷʤʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʡʦʥ ʯʠ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, 

ʪʠʪʨʫʶʪʴ ʪʠʪʨʦʚʘʥʠʤ ʨʦʟʯʠʥʦʤ ʘʙʦ ʥʘʚʧʘʢʠ. 

 ɼʦ ʤʝʪʦʜʽʚ ʥʝʧʨʷʤʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜ ʟʘʤʽʱʝʥʥʷ ʪʘ ʤʝʪʦʜ 

ʟʚʦʨʦʪʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ (ʤʝʪʦʜ ʟʘʣʠʰʢʽʚ). 

 ʄʝʪʦʜ ʟʘʤʽʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʡʦʥʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ, 

ʟʘʤʽʱʫʶʪʴ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʰʠʭ ʡʦʥʽʚ, ʷʢʽ ʚʞʝ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʧʨʷʤʠʤ ʪʠʪʨʫʚʘʥʥʷʤ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʷʢʱʦ ʻ ʪʨʫʜʥʦʱʽ ʟ 

ʬʽʢʩʘʮʽʻʶ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

 ʄʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ (ʤʝʪʦʜ ʟʘʣʠʰʢʽʚ) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʦ 

ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʜʦʜʘʶʪʴ ʪʦʯʥʦ ʚʽʜʦʤʠʡ ʥʘʜʣʠʰʦʢ ʪʠʪʨʦʚʘʥʦʛʦ 

ʨʦʟʯʠʥʫ ʨʝʘʢʪʠʚʫ ʽ ʪʠʪʨʫʶʪʴ ʮʝʡ ʥʘʜʣʠʰʦʢ ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʙʦʯʠʤ ʨʦʟʯʠʥʦʤ. 

ʄʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝʤʘʻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʘʙʦ, ʢʦʣʠ ʨʝʘʢʮʽʷ ʧʨʦʭʦʜʠʪʴ ʥʘʜʪʦ 

ʧʦʚʽʣʴʥʦ. 

 

7.2.3. ʈʦʟʨʘʭʫʥʢʠ ʚ ʪʠʪʨʠʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ 

 

1. ʈʦʟʨʘʭʫʥʦʢ ʤʘʩʠ  ʥʘʚʘʞʢʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ 

ʦʙôʻʤʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜʦʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

                                                 
1000

MVC
m

i,eii,H

i

ÖÖ
= ,                                            (7.6) 
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ʜʝ 
i,H

C -ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʚʽʚʘʣʝʥʪʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʣʴ-ʝʢʚ/ʣ; 

-
i,e

M ʤʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʨʝʯʦʚʠʥʠ,  ʛ/ʤʦʣʴ-ʝʢʚ; -
i

V ʦʙôʻʤ ʨʦʟʯʠʥʫ, 

ʤʣ. 

        2. ʈʦʟʨʘʭʫʥʢʠ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ ʟʘ ʤʝʪʦʜʦʤ ʦʢʨʝʤʠʭ ʥʘʚʘʞʦʢ ʧʨʠ 

ʧʨʷʤʦʤʫ ʪʠʪʨʫʚʘʥʥʽ 

                                           
1000

MVC
m

A,e.ʪʠʪʨ.ʪʠʪʨ

A

ÖÖ
= ;                                         (7.7) 

                                                    A/B.ʪʠʪʨA TVm Ö= ;                                            (7.8) 

                                     
.ʥʘʚ

ɸ,e.ʪʠʪʨ.ʪʠʪʨ,H

A
m1000

100MVC
,%w

Ö

ÖÖÖ
= ,                                 (7.9) 

ʜʝ -
.ʪʠʪʨ

V ʦʙôʻʤ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʣ; -
.ʪʠʪʨ,H

C ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʝʢʚʽʚʘʣʝʥʪʘ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʣʴ-ʝʢʚ/ʣ; -
ɸ,e

M ʤʦʣʷʨʥʘ ʤʘʩʘ 

ʝʢʚʽʚʘʣʝʥʪʘ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʛ/ʤʦʣʴ-ʝʢʚ; -A/Bʊ  ʪʠʪʨ ʪʠʪʨʦʚʘʥʦʛʦ 

ʨʦʟʯʠʥʫ ɺ ʟʘ ʨʝʯʦʚʠʥʦʶ ɸ, ʛ/ʤʣ; -
.ʥʘʚ

m  ʤʘʩʘ ʥʘʚʘʞʢʠ, ʛ. 

   3. ʈʦʟʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ ʧʨʠ ʪʠʪʨʫʚʘʥʥʽ ʤʝʪʦʜʦʤ ʘʣʽʢʚʦʪʫʚʘʥʥʷ 

                            
.ʘʣ.ʥʘʚ

.ʢ.ʤɸ,e.ʪʠʪʨ.ʪʠʪʨ,H

A
Vm1000

100VMVC
,%w

ÖÖ

ÖÖÖÖ
= ,                                 (7.10) 

ʜʝ -
.ʪʠʪʨ

V ʦʙôʻʤ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʣ; -
.ʪʠʪʨ,H

C ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʝʢʚʽʚʘʣʝʥʪʘ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʣʴ-ʝʢʚ/ʣ; -
ɸ,e

M ʤʦʣʷʨʥʘ ʤʘʩʘ 

ʝʢʚʽʚʘʣʝʥʪʘ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʛ/ʤʦʣʴ-ʝʢʚ; -
.ʥʘʚ

m  ʤʘʩʘ ʥʘʚʘʞʢʠ, ʛ; 

-
.ʘʣ

V ʦʙôʻʤ ʘʣʽʢʚʦʪʠ, ʱʦ ʙʨʘʣʠ ʜʣʷ ʪʠʪʨʫʚʘʥʥʷ, ʤʣ; -
.ʂ.ʄ

V  ʦʙôʻʤ ʤʽʨʥʦʾ 

ʢʦʣʙʠ, ʤʣ. 

       4. ʈʦʟʨʘʭʫʥʢʠ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʪʠʪʨʫʚʘʥʥʽ 

                  
.ʥʘʚ

ɸ,e.ʪʠʪʨ.ʪʠʪʨ,ʅ.ʥʘʜʣ.ʥʘʜʣ,H

A
m1000

100M)VʉVC(
,%w

Ö

ÖÖÖ-Ö
= ,                      (7.11) 

ʜʝ -
.ʥʘʜʣ,H

C ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʢʚʽʚʘʣʝʥʪʘ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʥʘʜʣʠʰʦʢ 

ʷʢʦʛʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʤʦʣʴ-ʝʢʚ/ʣ; -
.ʥʘʜʣ

V ʦʙôʻʤ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʣ; -
.ʪʠʪʨ,H

C ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʝʢʚʽʚʘʣʝʥʪʘ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʤ ʪʠʪʨʫʻʪʴʩʷ ʥʘʜʣʠʰʦʢ, ʤʦʣʴ-ʝʢʚ/ʣ; 

-
.ʪʠʪʨ

V ʦʙôʻʤ ʮʴʦʛʦ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʣ; -
ɸ,e

M ʤʦʣʷʨʥʘ ʤʘʩʘ    
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ʝʢʚʽʚʘʣʝʥʪʘ    ʨʝʯʦʚʠʥʠ,   ʱʦ   ʚʠʟʥʘʯʘʻʪʴʩʷ,   ʛ/ʤʦʣʴ-ʝʢʚ; -
.ʥʘʚ

m ʤʘʩʘ 

ʥʘʚʘʞʢʠ, ʛ. 

       5. ʈʦʟʨʘʭʫʥʢʠ ʤʦʣʷʨʥʦʾ ʤʘʩʠ ʝʢʚʽʚʘʣʝʥʪʘ: 

           - ʢʠʩʣʦʪʠ                           
+

=

H

.ʢ

.ʢ,e
n

M
M ,                                               (7.12) 

ʜʝ  -
.ʢ

M  ʤʦʣʷʨʥʘ ʤʘʩʘ ʢʠʩʣʦʪʠ, ʛ/ʤʦʣʴ; +H
n - ʯʠʩʣʦ ʡʦʥʽʚ ʅ

+
, ʱʦ ʤʽʩʪʠʪʴ 

ʢʠʩʣʦʪʘ; 

          - ʦʩʥʦʚʠ                             
-

=

ʆH

.ʦʩʥ

.ʦʩʥ,e
n

M
M ,                                            (7.13) 

ʜʝ  -
.ʦʩʥ

M  ʤʦʣʷʨʥʘ ʤʘʩʘ ʦʩʥʦʚʠ, ʛ/ʤʦʣʴ; -ʆH
n - ʯʠʩʣʦ ʡʦʥʽʚ ʆʅ

-
, ʱʦ ʤʽʩʪʠʪʴ 

ʦʩʥʦʚʘ; 

          - ʩʦʣʽ                                  
MeMe

.ʩ

.ʩ,e
Zn

M
M

Ö
= ,                                         (7.14) 

ʜʝ  -
.ʩ

M  ʤʦʣʷʨʥʘ ʤʘʩʘ ʩʦʣʽ, ʛ/ʤʦʣʴ; 
Me

n - ʢʽʣʴʢʽʩʪʴ ʡʦʥʽʚ ʤʝʪʘʣʫ; 
Me

Z - ʟʘʨʷʜ 

ʡʦʥʽʚ ʤʝʪʘʣʫ. 

ɼʣʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʨʝʘʢʮʽʡ ʤʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʧʨʠʡʤʘʻ ʚ ʥʽʡ ʫʯʘʩʪʴ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                                         
n

M
M i

i,e
= ,                                                (7.15) 

ʜʝ  -
i

M  ʤʦʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ, ʛ/ʤʦʣʴ; n - ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ 

ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʤʫ ʧʨʦʮʝʩʽ ʮʽʻʾ ʨʝʯʦʚʠʥʠ. 

 

7.2.4. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

 ɿʘʜʘʯʘ 1. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ 

ʚʟʷʣʠ ʥʘʚʘʞʢʫ 5,206 ʛ ʅʘʪʨʽʡ ʢʘʨʙʦʥʘʪʫ. ʅʘʚʘʞʢʫ ʨʦʟʯʠʥʠʣʠ ʫ ʚʦʜʽ ʽ ʜʦʚʝʣʠ 

ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 500 ʤʣ. ʅʘ ʪʠʪʨʫʚʘʥʥʷ 25 ʤʣ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʧʦʪʨʽʙʥʦ 

26,2 ʤʣ ʨʦʟʯʠʥʫ ʢʠʩʣʦʪʠ. ʈʦʟʨʘʭʫʡʪʝ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʢʚʽʚʘʣʝʥʪʘ, 

ʪʠʪʨ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʽ ʪʠʪʨ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʟʘ NaOH. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ.  ʇʨʠ ʪʠʪʨʫʚʘʥʥʽ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʨʦʟʯʠʥʦʤ 

ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʧʨʦʪʽʢʘʻ ʨʝʘʢʮʽʷ 

NaCI2COHHCI2CONa
3232
+=+ . 



79 

 

ʄʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʢʚʽʚʘʣʝʥʪʘ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʚʠʟʥʘʯʠʤʦ ʟʘ 

ʨʽʚʥʷʥʥʷʤ  

32

32

CONa,eHCI.ʂ.ʄ

.ʘʣCONa

HCI,H
MVV

1000Vm
C

ÖÖ

ÖÖ
= . 

 ʄʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʅʘʪʨʽʡ ʢʘʨʙʦʥʘʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʘʢʮʽʾ 

ʜʦʨʽʚʥʶʻ                     53
2

106

2

M
M 32

32

CONa

CONa,e === ʛ/ʤʦʣʴ-ʝʢʚ. 

 ʊʦʜʽ               1875,0
532,26500

100025206,5
C

HCI,H
=

ÖÖ

ÖÖ
= ʤʦʣʴ-ʝʢʚ/ʣ. 

 ʊʠʪʨ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

1000

MC
ʊ

HCI,eHCI,H

HCI

Ö
= . 

 ʄʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʜʦʨʽʚʥʶʻ 
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= ʛ/ʤʣ. 

 ʊʠʪʨ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʟʘ ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʦʤ ʨʦʟʨʘʭʫʻʤʦ ʟʘ 

ʨʽʚʥʷʥʥʷʤ              0075,0
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401875,0
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HCI
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Ö
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ʜʝ                          40
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40

n

M
M

ʆH

NaOH

NaOH,e
===

-

ʛ/ʤʦʣʴ-ʝʢʚ. 

 ɿʘʜʘʯʘ 2. ʅʘʚʘʞʢʫ ʨʫʜʠ ʤʘʩʦʶ 0,5124 ʛ ʨʦʟʯʠʥʠʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ 

ʨʦʟʯʠʥʥʠʢʫ. ʅʘ ʪʠʪʨʫʚʘʥʥʷ ʡʦʥʽʚ +2Fe  ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 21,3 ʤʣ 0,1052 ʥ 

ʨʦʟʯʠʥʫ 
722

OCrK . ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʌʝʨʫʤʫ ʚ ʨʦʟʯʠʥʽ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʇʨʠ ʪʠʪʨʫʚʘʥʥʽ ʨʦʟʯʠʥʫ 
722

OCrK , ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʧʨʦʪʽʢʘʻ ʨʝʘʢʮʽʷ  

    ( ) ( ) OH7SOKSOCrSOFe3SOH7OCrKFeSO6
242342342427224

+++=++ . 

e1FeFe 32 += ++ , 

OH7Cr2e6H14OCr
2

32

72
+=++ ++- . 

 ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʌʝʨʫʤʫ ʫ ʨʫʜʽ ʚʠʟʥʘʯʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (7.9) 
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 ʄʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʌʝʨʫʤʫ ʜʦʨʽʚʥʶʻ 

56
1

56

n

M
M Fe

Fe,e
=== ʛ/ʤʦʣʴ-ʝʢʚ. 

 ʊʦʜʽ                     %5,24
5124,01000

100563,211052,0
,%w

Fe
=

Ö

ÖÖÖ
= . 

 ɿʘʜʘʯʘ 3. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʫ ʥʘʚʘʞʢʠ 
722

OCrK , ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ 1,5 ʣ 0,1021 ʥ ʨʦʟʯʠʥʫ 
722

OCrK . ʈʦʟʯʠʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʄʘʩʫ ʥʘʚʘʞʢʠ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʟʘʜʘʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʦʙôʻʤʫ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (7.6) 

1000

MVC
m
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 ʆʩʢʽʣʴʢʠ ʨʝʘʢʪʠʚ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ, ʪʦ 

ʤʦʣʷʨʥʫ ʤʘʩʫ ʝʢʚʽʚʘʣʝʥʪʘ 
722

OCrK  ʦʙʯʠʩʣʠʤʦ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ  
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 ʊʦʜʽ                     5,7
1000

4915001021,0
m

722 OCrK =
ÖÖ

= ʛ. 

 ɿʘʜʘʯʘ 4. ʅʘʚʘʞʢʫ ʨʫʜʠ ʤʘʩʦʶ 1,5243 ʛ ʨʦʟʯʠʥʠʣʠ ʚ ʤʽʨʥʽʡ ʢʦʣʙʽ 

ʦʙôʻʤʦʤ 500ʤʣ. ʅʘ ʪʠʪʨʫʚʘʥʥʷ 10ʤʣ ʨʦʟʯʠʥʫ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 17,3 ʤʣ 0,01 ʥ 

ʨʦʟʯʠʥʫ 
722

OCrK . ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʌʝʨʫʤʫ ʚ ʨʫʜʽ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɺʤʽʩʪ ʌʝʨʫʤʫ ʚ ʨʫʜʽ ʧʨʠ ʪʠʪʨʫʚʘʥʥʽ ʨʦʟʯʠʥʫ ʤʝʪʦʜʦʤ 

ʘʣʽʢʚʦʪʫʚʘʥʥʷ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (7.10) 
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 ʄʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʌʝʨʫʤʫ ʜʦʨʽʚʥʶʻ 
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 ɿʘʜʘʯʘ 5. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʂʘʣʴʮʽʶ ʥʘʚʘʞʢʫ ʰʣʘʢʫ ʤʘʩʦʶ  

0,5215 ʛ ʨʦʟʯʠʥʠʣʠ ʚ 50 ʤʣ 0,1018 ʥ ʨʦʟʯʠʥʫ HCI. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʝʘʢʮʽʾ 
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ʥʘʜʣʠʰʦʢ HCI  ʚʽʜʪʠʪʨʫʚʘʣʠ 23,7 ʤʣ 0,1037 ʥ ʨʦʟʯʠʥʫ NaOH. ʈʦʟʨʘʭʫʡʪʝ 

ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʂʘʣʴʮʽʶ ʚ ʰʣʘʮʽ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʂʘʣʴʮʽʶ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. ɺ ʨʦʟʯʠʥʽ ʧʨʦʪʽʢʘʶʪʴ ʨʝʘʢʮʽʾ 

OHCaCIHCI2CaO
22.ʥʘʜʣ

+=+ , 

OHNaCINaOHHCI
2.ʥʘʜʣ

+=+ . 

 ɺʤʽʩʪ ʂʘʣʴʮʽʶ ʚʠʟʥʘʯʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (7.11) 
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 ʄʦʣʷʨʥʘ ʤʘʩʘ ʝʢʚʽʚʘʣʝʥʪʘ ʂʘʣʴʮʽʶ ʜʦʨʽʚʥʶʻ  
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7.2.5. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ɺʠʟʥʘʯʪʝ, ʷʢʫ ʥʘʚʘʞʢʫ 95 % ʢʘʫʩʪʠʯʥʦʾ ʩʦʜʠ ʪʨʝʙʘ ʚʟʷʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘ 

ʚʤʽʩʪ NaOH, ʱʦʙ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʟ ʥʝʾ ʨʦʟʯʠʥʫ ʧʽʰʣʦ 30 ʤʣ 

0,1241 ʥ ʨʦʟʯʠʥʫ ʛʽʜʨʦʛʝʥ ʭʣʦʨʠʜʫ. 

 ɺʽʜʧʦʚʽʜʴ: 0,16ʛ. 

2. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʫ ʂʘʣʴʮʽʡ ʭʣʦʨʠʜʫ, ʷʢʱʦ ʥʘ ʡʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʧʽʰʣʦ  

18,45 ʤʣ 0,2112 ʥ ʨʦʟʯʠʥʫ ʛʽʜʨʦʛʝʥ ʭʣʦʨʠʜʫ. 

 ɺʽʜʧʦʚʽʜʴ: 0,2163 ʛ. 

3. ɺ ʤʽʨʥʽʡ ʢʦʣʙʽ ʻʤʢʽʩʪʶ 250 ʤʣ ʧʨʠʛʦʪʫʚʘʣʠ ʨʦʟʯʠʥ ʟʨʘʟʢʘ, ʱʦ ʤʽʩʪʠʪʴ 

KOH. ʅʘ ʪʠʪʨʫʚʘʥʥʷ 50 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʚʠʪʨʘʯʝʥʦ 38,46 ʤʣ 0,0503 ʥ 

ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʫ KOH  ʚ ʟʨʘʟʢʫ. 

 ɺʽʜʧʦʚʽʜʴ: 2,17 ʛ. 

4. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʉʫʣʴʬʫʨʫ ʚ ʩʪʘʣʽ ʥʘʚʘʞʢʫ 4,0000ʛ ʩʧʘʣʠʣʠ ʚ ʧʝʯʽ ʫ ʧʦʪʦʮʽ 

ʆʢʩʠʛʝʥʫ. ʆʪʨʠʤʘʥʠʡ ʛʘʟ 
2

SO   ʧʦʛʣʠʥʫʣʠ ʚʦʜʦʶ ʽ ʚʽʜʪʠʪʨʫʚʘʣʠ 1,6 ʤʣ 

ʨʦʟʯʠʥʫ 
2

J , ʪʠʪʨ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 0,0066 ʛ/ʤʣ. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʉʫʣʴʬʫʨʫ ʚ ʩʪʘʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 0,07 %. 



82 

 

5. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʎʠʥʢʫ ʚ ʨʫʜʽ, ʷʢʱʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʨʦʟʯʠʥʫ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʥʘʚʘʞʢʠ ʨʫʜʠ 0,9030 ʛ, ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 19,51 ʤʣ 0,1015 ʥ 

ʨʦʟʯʠʥʫ ʊʨʠʣʦʥʫ ɹ. 

 ɺ̔ ʜʧʦʚʽʜʴ: 14,25 %. 

6. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ 0,7420 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʂʫʧʨʫʤʫ ʙʫʣʦ 

ʚʠʪʨʘʯʝʥʦ 15,21 ʤʣ 0,1024ʥ ʨʦʟʯʠʥʫ NaCNS. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʂʫʧʨʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 13,22 %. 

7. ɺʠʟʥʘʯʪʝ ʤʘʩʫ ʥʘʚʘʞʢʠ ʭʽʤʽʯʥʦ ʯʠʩʪʦʛʦ 
722

OCrK , ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ 0,5 ʣ 0,1125 ʥ ʨʦʟʯʠʥʫ 
722

OCrK . ʈʝʘʢʪʠʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʤʝʪʦʜʽ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. 

 ɺʽʜʧʦʚʽʜʴ: 2,7563 ʛ. 

8. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ ʂʫʧʨʫʤ, ʤʘʩʦʶ 0,1200 ʛ ʧʝʨʝʚʝʣʠ ʫ ʨʦʟʯʠʥ. 

ʅʘ ʪʠʪʨʫʚʘʥʥʷ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 13,80 ʤʣ KCNS  ʟ ʪʠʪʨʦʤ 

ʨʦʟʯʠʥʫ ʟʘ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, 0,0066 ʛ/ʤʣ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʂʫʧʨʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 21,81 %. 

9. ʅʘʚʘʞʢʫ ʨʫʜʠ 2,0410ʛ ʨʦʟʯʠʥʠʣʠ ʫ ʤʽʨʥʽʡ ʢʦʣʙʽ ʻʤʢʽʩʪʶ 200 ʤʣ. ʅʘ 

ʪʠʪʨʫʚʘʥʥʷ 10 ʤʣ ʨʦʟʯʠʥʫ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 12,46 ʤʣ 0,1041 ʥ ʨʦʟʯʠʥʫ 
4

KMnO . 

ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʌʝʨʫʤʫ ʚ ʨʫʜʽ. 

 ɺʽʜʧʦʚʽʜʴ: 71,15 %. 

10. ɺʠʟʥʘʯʪʝ ʚʤʽʩʪ ʂʘʣʽʡ ʭʣʦʨʠʜʫ ʚ 250 ʤʣ ʨʦʟʯʠʥʫ, ʷʢʱʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ  

25 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʚʠʪʨʘʯʝʥʦ 34 ʤʣ 0,1050 ʥ ʨʦʟʯʠʥʫ 
3

AgNO . 

 ɺʽʜʧʦʚʽʜʴ: 2,6597 ʛ. 

11. ʆʙʯʠʩʣʽʪʴ ʤʘʩʫ ʥʘʚʘʞʢʠ ʭʽʤʽʯʥʦ ʯʠʩʪʦʛʦ 
722

OCrK , ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʫʟʷʪʠ 

ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 250 ʤʣ ʨʦʟʯʠʥʫ ʟ ʪʠʪʨʦʤ ʨʦʟʯʠʥʫ 
722

OCrK  ʟʘ ʟʘʣʽʟʦʤ 

0,0061 ʛ/ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 1,3344 ʛ. 

12. ɺʠʟʥʘʯʪʝ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʢʚʽʚʘʣʝʥʪʘ ʽ ʪʠʪʨ ʨʦʟʯʠʥʫ ʢʘʣʽʡ 

ʛʽʜʨʦʢʩʠʜʫ, ʷʢʱʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʥʘʚʘʞʢʠ 0,1495 ʛ 
4442

OHCH , ʷʢʘ ʙʫʣʘ 

ʨʦʟʯʠʥʝʥʘ ʫ ʚʦʜʽ, ʚʠʪʨʘʯʝʥʦ 25,2 ʤʣ ʨʦʟʯʠʥʫ ʣʫʛʫ. 

 ɺʽʜʧʦʚʽʜʴ: 0,1006 ʤʦʣʴ-ʝʢʚ/ʣ; 0,0075 ʛ/ʤʣ. 
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13. ɼʦ ʥʘʚʘʞʢʠ ʤʘʩʦʶ 0,1508 ʛ 
722

OCrK  ʜʦʜʘʣʠ ʥʘʜʣʠʰʦʢ KJ  ʽ HCI. ʅʘ 

ʪʠʪʨʫʚʘʥʥʷ ʡʦʜʫ, ʱʦ ʚʠʜʽʣʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ, ʧʽʰʣʦ 22,55 ʤʣ ʨʦʟʯʠʥʫ 

322
OSNa . ʈʦʟʨʘʭʫʡʪʝ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽ ʪʠʪʨ ʨʦʟʯʠʥʫ 

322
OSNa  ʟʘ 

ʡʦʜʦʤ. 

 ɺʽʜʧʦʚʽʜʴ: 0,273 ʤʦʣʴ/ʣ; 0,0431 ʛ/ʤʣ. 

14. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ OH2OCH
2422

Ö  ʚ ʧʨʝʧʘʨʘʪʽ ʝʪʘʥʜʽʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʷʢʱʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʥʘʚʘʞʢʠ 0,1500 ʛ ʢʠʩʣʦʪʠ, ʷʢʘ ʙʫʣʘ ʨʦʟʯʠʥʝʥʘ ʫ ʚʦʜʽ, 

ʚʠʪʨʘʯʝʥʦ 25,6 ʤʣ 0,0900 ʥ ʨʦʟʯʠʥʫ KOH . 

 ɺʽʜʧʦʚʽʜʴ: 96,77 %. 

15. ʆʙʯʠʩʣʽʪʴ ʪʠʪʨ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʟʘ ʢʘʣʴʮʽʡ ʦʢʩʠʜʦʤ, ʷʢʱʦ ʥʘ 

ʪʠʪʨʫʚʘʥʥʷ ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ 0,1114 ʛ 
3

CaCO, ʚʠʪʨʘʯʝʥʦ 27,65 ʤʣ ʨʦʟʯʠʥʫ 

ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ. 

 ɺʽʜʧʦʚʽʜʴ: 0,0023 ʛ/ʤʣ. 

16. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ 2,2448 ʛ ʨʦʟʯʠʥʠʣʠ ʫ ʤʽʨʥʽʡ ʢʦʣʙʽ ʻʤʢʽʩʪʶ 250 ʤʣ. ʅʘ 

ʪʠʪʨʫʚʘʥʥʷ 25 ʤʣ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʪʨʘʯʝʥʦ 30 ʤʣ 0,1021 ʥ ʨʦʟʯʠʥʫ 

4
KMnO . ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʉʪʘʥʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ:81,19 %. 

17. ʅʘʚʘʞʢʫ ʰʣʘʢʫ 1,2436 ʛ ʨʦʟʯʠʥʠʣʠ ʚ 50 ʤʣ 0,1 ʥ ʨʦʟʯʠʥʫ ʭʣʦʨʠʜʥʦʾ 

ʢʠʩʣʦʪʠ. ʅʘ ʪʠʪʨʫʚʘʥʥʷ ʥʘʜʣʠʰʢʫ ʢʠʩʣʦʪʠ ʚʠʪʨʘʯʝʥʦ 30 ʤʣ 0,1 ʥ ʨʦʟʯʠʥʫ 

ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʫ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ CaO ʚ ʰʣʘʮʽ. 

 ɺʽʜʧʦʚʽʜʴ: 4,5 %. 

18. ɺʠʟʥʘʯʪʝ ʤʘʩʫ ʥʘʚʘʞʢʠ ʭʽʤʽʯʥʦ ʯʠʩʪʦʛʦ ʂʘʣʽʡ ʡʦʜʠʜʫ, ʥʝʦʙʭʽʜʥʫ  ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ 200 ʤʣ ʨʦʟʯʠʥʫ ʪʘʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʱʦʙ ʥʘ ʪʠʪʨʫʚʘʥʥʷ 20 ʤʣ 

ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʧʽʰʣʦ 15 ʤʣ 0,1 ʥ ʨʦʟʯʠʥʫ ʂʫʧʨʫʤ(II) ʩʫʣʴʬʘʪʫ. 

 ɺʽʜʧʦʚʽʜʴ: 12,45 ʛ. 

19. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ 1,0000 ʛ ʨʦʟʯʠʥʠʣʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʠʩʣʦʪʽ. ʈʦʟʯʠʥ, ʱʦ 

ʤʽʩʪʠʪʴ ʂʫʧʨʫʤ, ʚʽʜʪʠʪʨʫʚʘʣʠ 15,76 ʤʣ 0,3250 ʥ ʨʦʟʯʠʥʦʤ ʂʘʣʽʡ ʮʽʘʥʽʜʫ. 

ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ CuO ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 20,23 %. 

20. ɺʤʽʩʪ ʌʝʨʫʤʫ ʚ ʨʫʜʽ ʩʢʣʘʜʘʻ 49,52 %. ɺʠʟʥʘʯʪʝ ʤʘʩʫ ʥʘʚʘʞʢʠ ʨʫʜʠ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʫʟʷʪʠ, ʱʦʙ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʧʽʰʣʦ 20 ʤʣ 0,2594 ʥ ʨʦʟʯʠʥʫ 

4
KMnO . 

 ɺʽʜʧʦʚʽʜʴ: 0,5859 ʛ. 
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21. ʅʘʚʘʞʢʫ ʤʘʨʤʫʨʫ ʤʘʩʦʶ 0,5668  ʛ ʨʦʟʯʠʥʠʣʠ ʫ 30 ʤʣ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʟ 

002871,0ʊ
HCI
= ʛ/ʤʣ. ʅʘʜʣʠʰʦʢ ʢʠʩʣʦʪʠ ʚʽʜʪʠʪʨʫʚʘʣʠ 14,1 ʤʣ 0,8718 ʄ 

ʨʦʟʯʠʥʫ ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʫ. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʥʝ ʢʘʨʙʦʥʘʪʥʠʭ ʜʦʤʽʰʦʢ 

ʫ ʤʘʨʤʫʨʽ. 

 ɺʽʜʧʦʚʽʜʴ: 3,9 %. 

22. ɼʦ ʨʦʟʯʠʥʫ ( )
424

SONH  ʜʦʜʘʣʠ 25 ʤʣ ʨʦʟʯʠʥʫ NaOH ʟ 008922,0ʊ= ʛ/ʤʣ. 

ʈʦʟʯʠʥ ʢʠʧôʷʪʠʣʠ ʜʦ ʧʦʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʘʤʽʘʢʫ. ʅʘ ʪʠʪʨʫʚʘʥʥʷ ʥʘʜʣʠʰʢʫ 

NaOH ʚʠʪʨʘʪʠʣʠ 8,65 ʤʣ ʨʦʟʯʠʥʫ HCI  ʟ 007236,0ʊ= ʛ/ʤʣ. ʆʙʯʠʩʣʽʪʴ ʤʘʩʫ 

( )
424

SONH  ʫ ʨʦʟʯʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 0,3515 ʛ. 

23. ʅʘʚʘʞʢʫ ʙʫʨʠ ʤʘʩʦʶ 2,0712 ʛ ʨʦʟʯʠʥʠʣʠ ʫ ʚʦʜʽ ʽ ʦʪʨʠʤʘʣʠ 100 ʤʣ 

ʨʦʟʯʠʥʫ. ʅʘ ʪʠʪʨʫʚʘʥʥʷ 20ʤʣ ʨʦʟʯʠʥʫ ʚʠʪʨʘʪʠʣʠ 21,8 ʤʣ ʨʦʟʯʠʥʫ HCI . 

003974,0ʊ NaOH/HCL = ʛ/ʤʣ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʅʘʪʨʽʡ ʪʝʪʨʘʙʦʨʘʪʫ 

( )OH10OBNa
2742

Ö  ʫ ʙʫʨʽ, ʷʢʫ ʘʥʘʣʽʟʫʚʘʣʠ. 

 ɺʽʜʧʦʚʽʜʴ: 99,86 %. 

24. ɺʠʟʥʘʯʪʝ ʥʘʚʘʞʢʫ ʝʪʘʥʜʽʦʚʦʾ ʢʠʩʣʦʪʠ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 200 ʤʣ ʨʦʟʯʠʥʫ, 

ʷʢʱʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ 20 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʚʠʪʨʘʪʠʣʠ 40 ʤʣ 0,1 ʄ ʨʦʟʯʠʥʫ 

ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʫ. 

 ɺʽʜʧʦʚʽʜʴ: 1,8 ʛ. 

25. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ, ʱʦ ʤʽʩʪʠʪʴ ɸʨʛʝʥʪʫʤ, ʤʘʩʦʶ 0,2832 ʛ ʨʦʟʯʠʥʠʣʠ ʚ 

ʨʦʟʯʠʥʽ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ. ʅʘ ʪʠʪʨʫʚʘʥʥʷ ʡʦʥʽʚ +Ag   ʚʠʪʨʘʪʠʣʠ 22,4 ʤʣ  

0,1 ʄ ʨʦʟʯʠʥʫ SCNNH
4

. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɸʨʛʝʥʪʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 85,42 %. 

26. ʅʘʚʘʞʢʫ OH2OCH
2422

Ö  ʤʘʩʦʶ 0,7500 ʛ ʨʦʟʯʠʥʠʣʠ ʫ ʚʦʜʽ, ʜʦʜʘʣʠ 25 ʤʣ 

ʨʦʟʯʠʥʫ KOH. ʅʘʜʣʠʰʦʢ KOH  ʚʽʜʪʠʪʨʫʚʘʣʠ 4,02 ʤʣ 0,125 ʥ ʨʦʟʯʠʥʫ HCI . 

ʈʦʟʨʘʭʫʡʪʝ ʤʦʣʷʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʢʚʽʚʘʣʝʥʪʘ ʨʦʟʯʠʥʫ ʢʘʣʽʡ ʛʽʜʨʦʢʩʠʜʫ. 

 ɺʽʜʧʦʚʽʜʴ: 0,4559 ʛ. 

27. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ɸʣʶʤʽʥʽʶ ʫ ʨʦʟʯʠʥʽ ʜʦ ʥʴʦʛʦ ʜʦʜʘʣʠ 15 ʤʣ 0,11 ʄ 

ʨʦʟʯʠʥʫ ʢʦʤʧʣʝʢʩʦʥʫ III. ʅʘʜʣʠʰʦʢ ʨʝʘʢʪʠʚʫ ʚʽʜʪʠʪʨʫʚʘʣʠ 12 ʤʣ 0,1021 ʄ 

ʨʦʟʯʠʥʦʤ 
2

CaCI  ʟ ʤʫʨʝʢʩʠʜʦʤ. ʆʙʯʠʩʣʽʪʴ ʤʘʩʫ ɸʣʶʤʽʥʽʶ ʫ ʨʦʟʯʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 0,025 ʛ. 

28. ʅʘʚʘʞʢʫ ʚʘʧʥʷʢʫ 0,1836 ʛ ʨʦʟʯʠʥʠʣʠ ʫ ʭʣʦʨʦʚʦʜʥʝʚʽʡ ʢʠʩʣʦʪʽ. ʂʘʣʴʮʽʡ 

ʦʩʘʜʠʣʠ ʫ ʚʠʛʣʷʜʽ 
42

OCaC . ʇʦʪʽʤ ʧʨʦʤʠʪʠʡ ʦʩʘʜ ʨʦʟʯʠʥʠʣʠ ʫ ʩʽʨʯʘʥʽʡ 
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ʢʠʩʣʦʪʽ. ʈʦʟʯʠʥ ʚʽʜʪʠʪʨʫʚʘʣʠ  22,3 ʤʣ 
4

KMnO ʟ 005820,0ʊ
34 CaCO/KMnO = ʛ/ʤʣ. 

ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 
3

CaCO  ʫ ʚʘʧʥʷʢʫ. 

 ɺʽʜʧʦʚʽʜʴ: 70,69 %. 

29. ɺʠʟʥʘʯʪʝ ʥʘʚʘʞʢʫ ʨʫʜʠ, ʱʦ ʚʤʽʱʫʻ 70% 
32

OFe , ʷʢʫ ʪʨʝʙʘ ʚʟʷʪʠ ʜʣʷ 

ʘʥʘʣʽʟʫ, ʱʦʙ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʩʦʣʽ ʌʝʨʫʤʫ(II) ʙʫʣʦ 

ʚʠʪʨʘʯʝʥʦ 30 ʤʣ 0,1 ʥ ʨʦʟʯʠʥʫ 
4

KMnO . 

 ɺʽʜʧʦʚʽʜʴ: 0,168 ʛ. 

30. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʌʝʨʫʤʫ ʚ ʟʘʣʽʟʥʦʤʫ ʜʨʦʪʽ, ʷʢʱʦ ʧʽʩʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʥʘʚʘʞʢʠ ʜʨʦʪʫ ʤʘʩʦʶ 0,1400ʛ ʦʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ 
4

FeSO 

ʚʽʜʪʠʪʨʫʚʘʣʠ 24,85 ʤʣ 0,1 ʥ ʨʦʟʯʠʥʫ 
4

KMnO . 

 ɺʽʜʧʦʚʽʜʴ: 99,4 %. 

 

8. ɽʃɽʂʊʈʆʍɯʄɯʏʅɯ ʄɽʊʆɼʀ ɸʅɸʃɯɿʋ 

 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ 

ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ. 

   1. ɹʽʣʴʰ ʚʝʣʠʢʘ ʯʫʪʣʠʚʽʩʪʴ, ʤʦʞʣʠʚʝ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥ ʫ ʨʦʟʯʠʥʘʭ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦ 10
-8
ʤʦʣʴ/ʣ. 

   2. ɹʽʣʴʰ ʚʝʣʠʢʘ ʚʠʙʽʨʢʦʚʽʩʪʴ, ʱʦ ʽʥʦʜʽ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʩʝʣʝʢʪʠʚʥʦʩʪʽ. 

   3. ɺʽʜʩʫʪʥʽʩʪʴ ʩʫʙôʻʢʪʠʚʥʦʾ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ. 

   4. ʄʦʞʣʠʚʽʩʪʴ ʪʠʪʨʫʚʘʥʥʷ ʟʘʙʘʨʚʣʝʥʠʭ ʽ ʢʘʣʘʤʫʪʥʠʭ ʨʦʟʯʠʥʽʚ. 

   5. ʄʦʞʣʠʚʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʟ ʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʜʝʢʽʣʴʢʦʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʱʦ ʾʭ ʧʦʪʝʥʮʽʘʣʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ 0,2 - 0,3ɺ. 

   6. ɼʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ. 

   7. ʄʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʘʥʘʣʽʟʫ. 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʘʥʘʣʽʟʽ, 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʝʢʽʣʴʢʘ ʛʨʫʧ. 

   1. ʄʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʙʽʛʫ ʝʣʝʢʪʨʦʜʥʠʭ ʨʝʘʢʮʽʡ ʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ (I=0) ï ʧʦʪʝʥʮʽʦʤʝʪʨʽʷ. 

   2. ʄʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʙʽʛʫ ʝʣʝʢʪʨʦʜʥʠʭ ʨʝʘʢʮʽʡ ʧʽʜ ʜʽʻʶ ʩʪʨʫʤʫ (IÍ0) 

ï ʧʦʣʷʨʦʛʨʘʬʽʷ, ʘʤʧʝʨʤʝʪʨʽʷ, ʝʣʝʢʪʨʦʛʨʘʚʽʤʝʪʨʽʷ, ʢʫʣʦʥʦʤʝʪʨʽʷ. 

   3. ʄʝʪʦʜʠ, ʚ ʷʢʠʭ ʝʣʝʢʪʨʦʜʥʽ ʨʝʘʢʮʽʾ ʥʝ ʧʨʦʪʽʢʘʶʪʴ ï ʢʦʥʜʫʢʪʦʤʝʪʨʽʷ. 
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 ɺ ʫʩʽʭ ʮʠʭ ʤʝʪʦʜʘʭ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʘʥʘʣʽʟʫʶʪʴ, ʘʙʦ ʤʘʩʫ 

ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʧʨʷʤʠʤ ʘʙʦ ʧʦʙʽʯʥʠʤ (ʥʝʧʨʷʤʠʤ) ʤʝʪʦʜʦʤ. 

 ʋ ʧʨʷʤʦʤʫ ʤʝʪʦʜʽ ʚʠʤʽʨʶʶʪʴ ʘʥʘʣʽʪʠʯʥʠʡ (ʬʽʟʠʯʥʠʡ) ʩʠʛʥʘʣ ʽ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ ï ʧʦʪʝʥʮʽʦʤʝʪʨʽʷ, ʢʫʣʦʥʦʤʝʪʨʽʷ, 

ʧʦʣʷʨʦʛʨʘʬʽʷ. 

 ʋ ʧʦʙʽʯʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʯʠʥ ʟ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ, ʪʠʪʨʫʶʪʴ 

ʨʝʘʛʝʥʪʦʤ ʪʦʯʥʦ ʚʽʜʦʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʙʫʜʫʶʪʴ ʢʨʠʚʫ ʪʠʪʨʫʚʘʥʥʷ, ʧʦ ʷʢʽʡ 

ʚʠʟʥʘʯʘʶʪʴ ʢʽʥʮʝʚʫ ʪʦʯʢʫ ʪʠʪʨʫʚʘʥʥʷ, ʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ.  

 

8.1. ʇʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ɺ ʦʩʥʦʚʽ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʣʝʞʠʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ (ʢʦʥʮʝʥʪʨʘʮʽʾ) ʨʝʘʛʫʶʯʠʭ 

ʨʝʯʦʚʠʥ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʅʝʨʥʩʪʘ 

                                        
.ʚʽʜʥ

.ʦʢo ln
nF

RT

a

a
+j=j .                                                    (8.1) 

 ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ ʤʝʪʦʜʠ: ʧʨʷʤʘ ʧʦʪʝʥʮʽʦʤʝʪʨʽʷ ʽ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ. 

 ʇʨʷʤʘ ʧʦʪʝʥʮʽʦʤʝʪʨʽʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʅʝʨʥʩʪʘ. 

 ɺ ʦʩʥʦʚʽ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʣʝʞʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ ʚ ʨʦʟʯʠʥʽ, ʷʢʠʡ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʚ ʧʨʦʮʝʩʽ 

ʪʠʪʨʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʪʦʯʢʠ ʢʽʥʮʷ ʪʠʪʨʫʚʘʥʥʷ. ʊʦʯʢʫ ʢʽʥʮʷ 

ʪʠʪʨʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʚʦʾ ʪʠʪʨʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʦʾ ʫ 

ʢʦʦʨʜʠʥʘʪʘʭ ű-V. ʇʦʪʽʤ ʚʠʟʥʘʯʘʶʪʴ ʦʙôʻʤ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʽ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʘʙʦ ʤʘʩʫ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. 

 ʇʨʠ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʤʫ ʪʠʪʨʫʚʘʥʥʽ ʤʦʞʥʘ ʦʙʽʡʪʠʩʴ ʽ ʙʝʟ ʧʦʙʫʜʦʚʠ 

ʢʨʠʚʠʭ ʪʠʪʨʫʚʘʥʥʷ, ʟʘʬʽʢʩʫʚʘʚʰʠ ʪʦʯʢʫ ʢʽʥʮʷ ʪʠʪʨʫʚʘʥʥʷ ʧʦ ʨʽʟʢʦʤʫ 

ʚʽʜʭʠʣʝʥʥʶ ʩʪʨʽʣʢʠ ʛʘʣʴʚʘʥʦʤʝʪʨʘ. ɺʠʤʽʨʶʶʪʴ ʦʙôʻʤ ʨʝʘʢʪʠʚʫ, ʷʢʠʡ ʙʫʣʦ 

ʚʠʪʨʘʯʝʥʦ ʥʘ ʨʝʘʢʮʽʶ ʟ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʤʽʩʪ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʦʟʯʠʥʽ. 
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 ɺ ʧʦʪʝʥʮʽʦʤʝʪʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʪʠʧʠ ʝʣʝʢʪʨʦʜʽʚ: ʽʥʜʠʢʘʪʦʨʥʠʡ ʪʘ 

ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ. 

 ɯʥʜʠʢʘʪʦʨʥʠʡ ʝʣʝʢʪʨʦʜ ï ʮʝ ʝʣʝʢʪʨʦʜ, ʷʢʠʡ ʰʚʠʜʢʦ ʽ ʪʦʯʥʦ ʨʝʘʛʫʻ ʥʘ 

ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʫ ʧʨʦʮʝʩʽ ʪʠʪʨʫʚʘʥʥʷ. 

 ɽʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ ï ʮʝ ʝʣʝʢʪʨʦʜ, ʧʦʪʝʥʮʽʘʣ ʷʢʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʣʠʤ ʫ ʧʨʦʮʝʩʽ ʪʠʪʨʫʚʘʥʥʷ. 

 

8.2. ɽʣʝʢʪʨʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ɺ ʝʣʝʢʪʨʦʛʨʘʚʽʤʝʪʨʽʾ ʨʦʟʯʠʥ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʧʽʜʣʷʛʘʻ ʝʣʝʢʪʨʦʣʽʟʫ ʽ ʧʦ 

ʟʙʽʣʴʰʝʥʥʶ ʤʘʩʠ ʝʣʝʢʪʨʦʜʽʚ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ. ɺ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʣʝʞʠʪʴ ʟʘʢʦʥ 

ʌʘʨʘʜʝʷ  

                                                 
Fn

MQ
m

Ö

Ö
= ,                                                      (8.2) 

ʜʝ m- ʤʘʩʘ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʽ ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʣʽʟʫ, ʛ; 

M - ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʽ, ʛ/ʤʦʣʴ; 

tÖ=IQ - ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʂʣ; I - ʩʠʣʘ ʩʪʨʫʤʫ, ɸ; t- ʯʘʩ ʝʣʝʢʪʨʦʣʽʟʫ, ʩ; n - 

ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ; F- ʯʠʩʣʦ 

ʌʘʨʘʜʝʷ. 

 ɽʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                                   
Fn

M
M

e,i
Ö

= .                                                   (8.3) 

ɺʽʥ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʽ ʟʘ ʫʤʦʚʠ 

ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʨʦʟʯʠʥ 1 ʢʫʣʦʥʘ ʝʣʝʢʪʨʠʢʠ. 

ʅʘʧʨʫʛʘ ʨʦʟʢʣʘʜʫ ʨʝʯʦʚʠʥʠ ʧʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                        ( )( ) RIE ʢʢaaRIʢa.ʟ Ö+h-j-h+j=j-j= Ö+ ,                       (8.4) 

ʜʝ 
.ʟ

E - ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ, ɺ; 
a
j ʽ 

ʢ
j- 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʪʝʥʮʽʘʣ ʘʥʦʜʘ ʽ ʢʘʪʦʜʘ ʧʨʠ ʝʣʝʢʪʨʦʣʽʟʽ, ɺ; 
a
h ʽ 

ʢ
h- ʚʽʜʧʦʚʽʜʥʦ 

ʘʥʦʜʥʘ ʽ ʢʘʪʦʜʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʝʣʝʢʪʨʦʜʽʚ, ɺ; I - ʩʠʣʘ ʩʪʨʫʤʫ ʝʣʝʢʪʨʦʣʽʟʫ, ɸ; 

R - ʦʧʽʨ ʝʣʝʢʪʨʦʣʽʟʫ, ʆʤ. 

 ɺ ʝʣʝʢʪʨʦʛʨʘʚʽʤʝʪʨʠʯʥʦʤʫ ʤʝʪʦʜʽ ʘʥʘʣʽʟʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʣʘʪʠʥʦʚʽ ʝʣʝʢʪʨʦʜʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ, ʱʦ 

ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʘ: 
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1. ɽʣʝʢʪʨʦʜ ʥʝ ʧʦʚʠʥʝʥ ʨʦʟʯʠʥʷʪʠʩʷ ʥʽ ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʣʽʟʫ, ʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʧʨʠʩʫʪʥʽ ʚ ʨʦʟʯʠʥʽ. 

2. ɽʣʝʢʪʨʦʜ ʥʝ ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʩʢʣʘʜ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʡʦʛʦ ʥʘ ʧʦʚʽʪʨʽ. 

3. ɽʣʝʢʪʨʦʜ, ʥʘ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʤʝʪʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʷʢ ʤʦʞʥʘ ʙʽʣʴʰʫ ʧʦʚʝʨʭʥʶ ʽ ʷʢ ʤʦʞʥʘ ʤʝʥʰʫ ʤʘʩʫ. ɺʽʥ ʥʝ 

ʧʦʚʠʥʝʥ ʟʘʚʘʞʘʪʠ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʨʦʟʯʠʥʫ. ʎʠʤ ʚʠʤʦʛʘʤ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʽʪʯʘʩʪʽ ʝʣʝʢʪʨʦʜʠ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʠ ʝʣʝʢʪʨʦʣʽʟʫ: ʟ ʥʘʢʣʘʜʝʥʥʷʤ 

ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʚʽʜ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʙʝʟ 

ʥʘʢʣʘʜʝʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ (ʚʥʫʪʨʽʰʥʽʡ ʝʣʝʢʪʨʦʣʽʟ). 

                                    

8.3. ʂʫʣʦʥʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ʂʫʣʦʥʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʠʢʠ, ʚʠʪʨʘʯʝʥʦʾ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʥʽʚ  ʘʙʦ ʝʣʝʤʝʥʪʽʚ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʟʘʢʦʥʦʤ ʌʘʨʘʜʝʷ (8.2). 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ, ʜʫʞʝ ʯʘʩʪʦ ʚʨʘʭʦʚʫʶʪʴ 

ʚʠʭʽʜ ʨʝʯʦʚʠʥʠ ʟʘ ʩʪʨʫʤʦʤ (h) 

                                               
Fn

MI
m

Ö

hÖÖtÖ
= ,                                                  (8.5) 

ʜʝ ɖ ï ʚʠʭʽʜ ʨʝʯʦʚʠʥʠ ʟʘ ʩʪʨʫʤʦʤ, ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                                     
ä
=h

i

i

q

q
,                                                      (8.6) 

ʜʝ qi ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʱʦ ʚʠʪʨʘʯʝʥʘ ʥʘ ʜʘʥʫ ʨʝʘʢʮʽʶ; ä iq  - ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʱʦ ʧʨʦʡʰʣʘ ʯʝʨʝʟ ʨʦʟʯʠʥ. 

 ʇʨʦʚʦʜʷʯʠ ʙʫʜʴ-ʷʢʝ ʢʫʣʦʥʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ, ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʪʘʢʽ 

ʫʤʦʚʠ ʝʣʝʢʪʨʦʣʽʟʫ, ʱʦʙ ʩʪʨʫʤ ʚʠʪʨʘʯʘʚʩʷ ʪʽʣʴʢʠ ʥʘ ʧʦʪʨʽʙʥʫ ʥʘʤ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʽ ʱʦʙ ʙʫʣʠ ʚʠʢʣʶʯʝʥʽ ʧʦʙʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ 

ʟ ʚʠʪʨʘʪʦʶ ʝʣʝʢʪʨʠʢʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʪʨʝʙʘ ʪʦʯʥʦ ʚʩʪʘʥʦʚʠʪʠ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʟʘʢʽʥʯʠʪʴʩʷ. 

 ʈʦʟʨʽʟʥʷʶʪʴ ʧʨʷʤʫ ʢʫʣʦʥʦʤʝʪʨʽʶ ʽ ʢʫʣʦʥʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ. 

 ʋ ʧʨʷʤʽʡ ʢʫʣʦʥʦʤʝʪʨʽʾ ʨʝʯʦʚʠʥʘ, ʷʢʫ ʘʥʘʣʽʟʫʶʪʴ, ʧʽʜʣʷʛʘʻ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʫʣʦʥʦʤʝʪʨʠʯʥʽʡ ʢʦʤʽʨʮʽ. 

ɺʠʤʽʨʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʣʦʥʦʤʝʪʨʽʚ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ, ʚʠʪʨʘʯʝʥʦʾ ʥʘ 
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ʧʝʨʝʙʽʛ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʽ ʟʘ ʟʘʢʦʥʦʤ ʌʘʨʘʜʝʷ ʨʦʟʨʘʭʦʚʫʶʪʴ ʤʘʩʫ ʘʙʦ 

ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʨʝʯʦʚʠʥʠ. 

 ʂʫʣʦʥʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʾ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʟ ʪʠʪʨʦʚʘʥʠʤ ʨʦʟʯʠʥʦʤ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʝʣʝʢʪʨʦʣʽʟʽ 

ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʦʛʦ ʨʦʟʯʠʥʫ  ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʫʣʦʥʦʤʝʪʨʠʯʥʽʡ ʢʦʤʽʨʮʽ. 

ʏʝʨʝʟ ʪʝ, ʱʦ ʪʠʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ ʛʝʥʝʨʫʻʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ 

ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʦ ʧʦ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʠʢʠ, 

ʚʠʪʨʘʯʝʥʦʾ ʥʘ ʛʝʥʝʨʘʮʽʶ ʪʠʪʨʘʥʪʫ, ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʤʽʩʪ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ. 

 ʂʫʣʦʥʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ (0,1-

0,5%) ʽ ʯʫʪʣʠʚʽʩʪʶ (10
-7
%) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʽʚ ʜʦ 10

-6
ʤʦʣʴ/ʣ. ʄʝʪʦʜ ʥʝ 

ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ (ʪʠʪʨʦʚʘʥʠʭ) ʨʦʟʯʠʥʽʚ, 

ʛʨʘʜʫʡʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʩʪʽʡʢʽ ʨʦʟʯʠʥʠ, ʤʦʞʝ 

ʙʫʪʠ ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ. 

 

8.4. ʇʦʣʷʨʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ɺ ʦʩʥʦʚʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʣʝʞʠʪʴ ʦʪʨʠʤʘʥʥʷ ʽ ʚʠʚʯʝʥʥʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ 

ʢʨʠʚʠʭ (ʧʦʣʷʨʦʛʨʘʤ). ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʢʨʠʚʽ ʦʪʨʠʤʫʶʪʴ ʧʨʠ 

ʝʣʝʢʪʨʦʚʽʜʥʦʚʣʝʥʥʽ ʘʙʦ ʝʣʝʢʪʨʦʦʢʠʩʥʝʥʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʥʘ 

ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ. ʄʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʝʯʦʚʠʥʠ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʚ ʨʦʟʯʠʥʽ 

ʽ ʛʨʘʥʠʯʥʠʤ ʜʠʬʫʟʽʡʥʠʤ ʩʪʨʫʤʦʤ ʥʘ ʨʪʫʪʥʦʤʫ ʝʣʝʢʪʨʦʜʽ ʻ ʧʨʦʧʦʨʮʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɯʣʴʢʦʚʠʯʘ 

                               Cmɼn605I 6/13/22/1 ÖtÖÖÖ= ,                                             (8.7)  

ʜʝ I - ʛʨʘʥʠʯʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ, ʤʢɸ; n - ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ 

ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʮʝʩʽ; m- ʤʘʩʘ ʨʪʫʪʽ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʢʘʧʽʣʷʨʘ 

ʟʘ 1ʩ, ʤʛ; t- ʯʘʩ ʚʠʪʽʢʘʥʥʷ ʢʨʘʧʣʽ ʨʪʫʪʽ, ʩ; C - ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʤʦʣʴ/ʣ. 

 ɺ ʧʦʣʷʨʦʛʨʘʬʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

                                                 CʢI Ö= ,                                                          (8.8) 

ʜʝ 6/13/22/1 mɼn605ʢ tÖÖÖ= . 
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 ɼʣʷ ʢʽʣʴʢʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ ʚ ʨʦʟʯʠʥʽ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ: ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʨʽʚʥʷʥʥʷʤ ɯʣʴʢʦʚʠʯʘ, ʤʝʪʦʜ 

ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ, ʤʝʪʦʜ ʛʨʘʜʫʡʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ, ʤʝʪʦʜ ʜʦʜʘʪʢʽʚ. 

 ʋ ʤʝʪʦʜʽ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʢʦʨʠʩʪʫʶʪʴʩʷ ʬʦʨʤʫʣʦʶ 

                                               
.ʩʪ

x.ʩʪ

x
h

hC
C

Ö
= ,                                                   (8.9) 

ʜʝ 
x

C  ʽ  
.ʩʪ

C  - ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʣ; 
x

h  ʽ 
.ʩʪ

h  - ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʪʘ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʾ 

ʭʚʠʣʽ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʤ. 

 ʋ ʤʝʪʦʜʽ ʜʦʜʘʪʢʽʚ ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʤʽʩʪ ʨʝʯʦʚʠʥʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

               
xx.ʩʪx

x.ʩʪ.ʩʪ

x
V)hh(

hVC
C

Ö-
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=

+

    ʘʙʦ   
x.ʩʪx

x.ʩʪ.ʩʪ

x
hh

hVC
m

-

ÖÖ
=

+

,                           (8.10) 

ʜʝ  
.ʩʪ

V  ʽ 
x

V   - ʚʽʜʧʦʚʽʜʥʦ ʦʙôʻʤʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ ʽ ʨʦʟʯʠʥʫ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʤʣ; 
x

h  ʽ 
.ʩʪx

h
+

- ʚʠʩʦʪʘ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʾ ʭʚʠʣʽ ʨʦʟʯʠʥʫ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʮʴʦʛʦ ʞ ʨʦʟʯʠʥʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʤ. 

 ʄʝʪʦʜ ʛʨʘʜʫʡʦʚʘʥʦʛʦ ʛʨʘʬʽʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʚʤʽʩʪʫ 

ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʫʡʦʚʘʥʦʛʦ ʛʨʘʬʽʢʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʣʝʞʥʽʩʪʴ 

ʚʠʩʦʪʠ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʾ ʭʚʠʣʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ. 

 ɸʤʧʝʨʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ ï ʮʝ ʨʽʟʥʦʚʠʜ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʝʯʦʚʠʥʠ, ʷʢʘ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʮʝʩʽ ʽ ʦʙʫʤʦʚʣʶʻ 

ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ. 

 ʗʢʱʦ ʧʨʠ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʝʣʝʢʪʨʦʜʥʫ 

ʨʝʘʢʮʽʶ ʜʘʚʘʚ ʡʦʥ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʦ ʧʨʠ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʤʫ ʪʠʪʨʫʚʘʥʥʽ ʮʝ 

ʥʝ ʦʙʦʚôʷʟʢʦʚʦ. ɼʦʩʪʘʪʥʴʦ, ʱʦʙ ʥʘ ʝʣʝʢʪʨʦʜʽ ʦʢʠʩʣʶʚʘʚʩʷ ʘʙʦ ʚʽʜʥʦʚʣʶʚʘʚʩʷ 

ʦʜʠʥ ʟ ʫʯʘʩʥʠʢʽʚ ʨʝʘʢʮʽʾ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʪʠʪʨʫʚʘʥʥʽ. ʊʦʯʢʫ ʢʽʥʮʷ 

ʪʠʪʨʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʧʦ ʨʽʟʢʽʡ ʟʤʽʥʽ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʨʦʟʯʠʥ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ. ʊʠʪʨʫʚʘʥʥʷ ʧʨʠʧʠʥʷʶʪʴ, ʚʠʤʽʨʶʶʪʴ 

ʦʙôʻʤ ʪʠʪʨʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ ʥʘ ʨʝʘʢʮʽʶ ʟ ʨʝʯʦʚʠʥʦʶ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʚʤʽʩʪ ʨʝʯʦʚʠʥʠ ʚ ʨʦʟʯʠʥʽ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʦʙʫʤʦʚʣʝʥʝ 

ʩʫʪʪʻʚʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ. ɺʽʥ ʜʫʞʝ ʧʨʦʩʪʠʡ ʚ ʘʧʘʨʘʪʫʨʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʽ ʜʣʷ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʝ ʧʦʪʨʽʙʥʘ ʩʧʝʮʽʘʣʴʥʘ ʪʝʭʥʽʢʘ. ʈʷʜ 
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ʦʙʤʝʞʝʥʴ, ʱʦ ʽʩʥʫʶʪʴ ʚ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʥʘʧʨʠʢʣʘʜ, ʧʦʛʘʥʘ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ ʪʚʝʨʜʠʤʠ ʤʽʢʨʦʝʣʝʢʪʨʦʜʘʤʠ, ʚ ʘʤʧʝʨʦʤʝʪʨʽʾ ʥʝ 

ʚʘʞʣʠʚʽ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜ ʻ ʚʽʜʥʦʩʥʠʤ ï ʪʨʝʙʘ ʪʽʣʴʢʠ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʟʤʽʥʦʶ 

ʩʪʨʫʤʫ ʚ ʭʦʜʽ ʦʜʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ. ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠ ʪʠʪʨʫʚʘʥʥʽ 

ʜʨʫʛʦʾ ʘʥʘʣʦʛʽʯʥʦʾ ʧʨʦʙʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʰʠʤʠ. ʇʦ ʮʠʤ ʞʝ ʧʨʠʯʠʥʘʤ ʥʝ 

ʧʦʪʨʽʙʥʝ ʽ ʪʦʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, ʪʘʢ ʷʢ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʤʦʞʥʘ 

ʧʨʦʩʪʦ ʚʠʟʥʘʯʠʪʠ ʟʘ ʧʦʜʽʣʢʘʤʠ ʰʢʘʣʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʚ ʘʤʧʝʨʦʤʝʪʨʽʾ ʥʝ ʧʦʪʨʽʙʥʽ ʙʘʛʘʪʦʨʘʟʦʚʽ ʚʽʜʣʽʢʠ ʚ ʭʦʜʽ ʪʠʪʨʫʚʘʥʥʷ, 

ʦʩʦʙʣʠʚʦ ʧʦʙʣʠʟʫ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʪʠʪʨʫʚʘʥʥʷ. 

ʅʘʚʧʘʢʠ, ʦʩʢʽʣʴʢʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʽ ʩʘʤʝ 

ʚ ʮʽʡ ʦʙʣʘʩʪʽ, ʧʨʠ ʪʠʪʨʫʚʘʥʥʽ ʚ ʘʤʧʝʨʦʤʝʪʨʽʾ ʜʦʩʪʘʪʥʴʦ ʦʪʨʠʤʘʪʠ ʜʝʢʽʣʴʢʘ 

ʪʦʯʦʢ ʥʘ ʧʦʯʘʪʢʫ ʽ ʧʨʠ ʟʥʘʯʥʦʤʫ ʥʘʜʣʠʰʢʫ ʪʠʪʨʘʥʪʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ 

ʜʚʽ ʧʦʭʠʣʽ ʣʽʥʽʾ ʥʘ ʛʨʘʬʽʢʫ, ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. ʄʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʪʠʪʨʫʚʘʪʠ ʨʦʟʯʠʥʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 43 1010 -- · ʄ, ʘ ʚ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ ʜʦ 810-ʄ. 

ʂʨʠʚʽ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ 

           

                           ʘ)                                ʙ)                                 ʚ) 

ʈʠʩ. 8.1. ʂʨʠʚʽ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ, ʢʦʣʠ ʝʣʝʢʪʨʦʜʥʫ 

ʨʝʘʢʮʽʶ ʜʘʻ: ʘ) ʪʠʪʨʘʥʪ; ʙ) ʨʝʯʦʚʠʥʘ, ʱʦ ʪʠʪʨʫʻʪʴʩʷ; ʚ) ʨʝʯʦʚʠʥʘ, ʱʦ 

ʪʠʪʨʫʻʪʴʩʷ, ʽ ʪʠʪʨʘʥʪ 

 

8.5. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

 ɿʘʜʘʯʘ 1. ʇʦʪʝʥʮʽʘʣ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʟʘʥʫʨʝʥʦʛʦ ʚ ʨʦʟʯʠʥ 

COOHCH
3

, ʚʠʤʽʨʷʥʠʡ ʚʽʜʥʦʩʥʦ ʥʘʩʠʯʝʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʧʨʠ 

298ʂ, ʜʦʨʽʚʥʶʻ 0,528ɺ. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +H  ʚ ʨʦʟʯʠʥʽ ʽ ʨʅ 

ʮʴʦʛʦ ʨʦʟʯʠʥʫ. 2438,0
.ʢʘʣ.,ʥʘʩ
=j ɺ. 
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 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʉʭʝʤʘ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʻ ʚʠʛʣʷʜ 

Hg/CIHgCI//H/H,Pt
22,2

-+ . 

 ɽʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 

AK
E j-j= , 

ʜʝ 
K
j - ʧʦʪʝʥʮʽʘʣ ʢʘʪʦʜʘ (ʢʘʣʦʤʝʣʴʥʠʡ ʝʣʝʢʪʨʦʜ), ɺ; 

A
j - ʧʦʪʝʥʮʽʘʣ ʘʥʦʜʘ 

(ʚʦʜʥʝʚʠʡ ʝʣʝʢʪʨʦʜ), ɺ. 

 ɿʚʽʜʩʠ ʧʦʪʝʥʮʽʘʣ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ ʜʦʨʽʚʥʶʻ 

2842,0528,02438,0E
KA

-=-=-j=j ɺ. 

 ʂʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +H  ʫ ʨʦʟʯʠʥʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʚʠʭʦʜʷʯʠ ʟ 

ʨʽʚʥʷʥʥʷ ʅʝʨʥʩʪʘ  

[ ]++j=j ++ Hlg059,0o

H
H2

H
H2

22

. 

 ʇʦʪʝʥʮʽʘʣ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʦʜʽ 

 

[ ] 82,4
059,0

2842,0

059,0
Hlg 2H

H2

-=-=

j

=

+

+ , 

ʘ [ ] 5105,1H -+ Ö= ʤʦʣʴ/ʣ. 

         ʆʩʢʽʣʴʢʠ [ ] 82,4Hlg =- + , ʪʦ [ ] 82,4HlgpH =-= + . 

 

 ɿʘʜʘʯʘ 2. ʇʦʙʫʜʫʚʘʪʠ ʪʨʠ ʚʠʜʠ ʢʨʠʚʠʭ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ( )ʣ/ʛCOOHCH
3

, ʷʢʱʦ ʧʨʠ ʪʠʪʨʫʚʘʥʥʽ 

10ʤʣ ʮʽʻʾ ʢʠʩʣʦʪʠ 0,1ʄ ʨʦʟʯʠʥʦʤ ʂʆʅ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ  

 

ʤʣV
,KOH

 00,10  00,13  00,14  5,14  9,14  00,15  10,15  5,15  00,16  

pH  05,5  36,5  67,5  19,6  92,6  82,8  59,10  29,11  58,11  

  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʫ ʢʦʦʨʜʠʥʘʪʘʭ VpH-D  ʠ VpH2 -D  ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʨʽʟʥʠʮʶ 
12

pHpH -  

 

pHD  31,0  31,0  52,0  73,0  9,1  77,1  7,0  29,0  

pH2D   21,0  21,0  42,0  17,1  13,0-  07,1-  41,0-  
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            ʈʠʩ. 8.2. ɿʘʣʝʞʥʽʩʪʴ pH  ʨʦʟʯʠʥʫ ʚʽʜ ʦʙôʻʤʫ ʪʠʪʨʘʥʪʫ 
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       ʈʠʩ. 8.3. ɿʘʣʝʞʥʽʩʪʴ VpH-D  ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʪʠʪʨʘʥʪʫ ʫ  

                       ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ ʪʠʪʨʫʚʘʥʥʷ 

  

15,2 

15,2 
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ʈʠʩ. 8.4. ɿʘʣʝʞʥʽʩʪʴ VpH2 -D  ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʪʠʪʨʘʥʪʫ ʚ  

               ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ ʪʠʪʨʫʚʘʥʥʷ 

 

ɯʟ ʧʦʙʫʜʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʪʠʪʨʘʥʪʫ, ʱʦ ʧʽʰʦʚ ʥʘ  ʪʠʪʨʫʚʘʥʥʷ, ʜʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ  

VpH-D  ʠ VpH2 -D . ɺʠʟʥʘʯʠʚʰʠ ʤʣ2,15V
T
= , ʨʦʟʨʘʭʫʻʤʦ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʢʠʩʣʦʪʠ, ʚʠʭʦʜʷʯʠ  ʽʟ ʟʘʢʦʥʫ ʝʢʚʽʚʘʣʝʥʪʽʚ 

ʃʃKK
VCVC Ö=Ö ; 

M152,0
10

2,151,0

V

VC
C

K

ʃʃ

K
=

Ö
=

Ö
= . 

 ʄʘʩʫ ʢʠʩʣʦʪʠ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

KKK
MCm Ö= , 

ʜʝ 
K

M - ʤʦʣʷʨʥʘ ʤʘʩʘ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, 
ʤʦʣʴ
ʛ60 . 

ʣ
ʛ120,9152,060m

K
=Ö= . 

  

 ɿʘʜʘʯʘ 3. ʏʝʨʝʟ ʨʦʟʯʠʥ ʂʦʙʘʣʴʪ ʭʣʦʨʠʜʫ ʧʨʦʭʦʜʠʚ ʩʪʨʫʤ ʩʠʣʦʶ 2,5 ɸ 

ʧʨʦʪʷʛʦʤ 40 ʭʚʠʣʠʥ. ɺʢʘʞʽʪʴ, ʷʢʽ ʨʝʯʦʚʠʥʠ ʙʫʜʫʪʴ ʚʠʜʽʣʷʪʠʩʴ ʥʘ ʢʘʪʦʜʽ ʪʘ 
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ʘʥʦʜʽ ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʣʽʟʫ. ʉʢʽʣʴʢʠ ʛʨʘʤʽʚ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ ʽ ʤʽʣʽʣʽʪʨʽʚ ʛʘʟʫ 

ʚʠʜʽʣʠʪʴʩʷ ʥʘ ʢʘʪʦʜʽ ʪʘ ʘʥʦʜʽ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ? 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʣʽʟʫ ʧʽʜʜʘʻʪʴʩʷ ʝʣʝʢʪʨʦʣʽʪ, ʱʦ 

ʜʠʩʦʮʽʶʻ ʟʘ ʩʭʝʤʦʶ                   
-++= CI2CoCoCI 2

2
, 

ʪʦ ʥʘ ʢʘʪʦʜʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʡʦʥʠ +2Co :   Coe2Co2 =++ , ʘ ʥʘ ʘʥʦʜʽ 

ʦʢʠʩʣʶʶʪʴʩʷ ʡʦʥʠ -CI :   e2CICI2
2
+=- . 

ʆʪʞʝ, ʥʘ ʢʘʪʦʜʽ ʚʠʜʽʣʷʻʪʴʩʷ ʤʝʪʘʣʝʚʠʡ ʂʦʙʘʣʴʪ, ʘ ʥʘ ʘʥʦʜʽ ï ʛʘʟʦʧʦʜʽʙʥʠʡ 

ʍʣʦʨ. 

 ʈʦʟʨʘʭʫʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥ, ʱʦ ʚʠʜʽʣʠʣʠʩʴ ʥʘ ʝʣʝʢʪʨʦʜʘʭ, ʚʠʢʦʥʘʻʤʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ  

834,1
965002

5960405,2

Fn

MI
m Co

Co
=

Ö

ÖÖÖ
=

Ö

ÖtÖ
= ʛ, 

21,2
965002

7160405,2
m

2CI
=

Ö

ÖÖÖ
= ʛ. 

 ʆʩʢʽʣʴʢʠ 71 ʛ 
2

CI  ʟʘʡʤʘʻ ʦʙôʻʤ 22,4ʣ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʪʦ 2,21 ʛ 
2

CI  

ʟʘʡʤʝ ʦʙôʻʤ ʍ ʣ. 

697,0
71

4,2221,2
X =

Ö
= ʣ=697ʤʣ. 

 

 ɿʘʜʘʯʘ 4. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ ʤʘʩʦʶ 0,5000 ʛ ʨʦʟʯʠʥʠʣʠ ʚ 100 ʤʣ ʢʠʩʣʦʪʠ. 

20 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʨʦʟʙʘʚʠʣʠ ʜʦ 50 ʤʣ ʽ ʟʥʷʣʠ 

ʧʦʣʷʨʦʛʨʘʤʫ, ʚʠʩʦʪʘ ʭʚʠʣʽ ʷʢʦʾ ʩʢʣʘʜʘʣʘ 30 ʤʤ. ʇʦʪʽʤ ʫ ʮʝʡ ʞʝ ʨʦʟʯʠʥ 

ʜʦʜʘʣʠ 1ʤʣ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʤʘʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +2Cd  10ʤʛ/ʤʣ. 

ɺʠʩʦʪʘ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʾ ʭʚʠʣʽ ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʣʘ 55 ʤʤ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʂʘʜʤʽʶ ʚ ʩʧʣʘʚʽ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʄʘʩʫ ʂʘʜʤʽʶ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ  

15
3055

30110

hh

hVC
m

x.ʩʪx

x.ʩʪ.ʩʪ

Cd
=

-

ÖÖ
=

-

ÖÖ
=

+

ʤʛ=15Ā10
-3
ʛ. 

 ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʂʘʜʤʽʶ ʩʪʘʥʦʚʠʪʠʤʝ 

15
205,0

1001001015

Vm

100Vm
,%w

3

.ʘʣ.ʥʘʚ

.ʢCd

Cd
=

Ö

ÖÖÖ
=

Ö

ÖÖ
=

-

%. 
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         ɿʘʜʘʯʘ 5. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʯʠʥʫ, ʱʦ ʚʤʽʱʫʻ 

ʡʦʥʠ ɻʘʣʽʶ, ʧʦʙʫʜʫʡʪʝ ʧʦʣʷʨʦʛʨʘʤʫ ʪʘ ʚʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʧʽʚʭʚʠʣʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʨʦʛʨʘʤʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦ ï ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʧʦ ʟʘʣʝʞʥʦʩʪʽ 

()jf
II

I

ʧʨ

=
-

lg . 

 

B,j-  0,50 0,70 0,80 0,90 1,00 1,10 1,20 1,30 1,40 1,50 

ʤʢɸ,I  20 20 50 80 120 170 190 210 220 220 

  

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʦʙʫʜʫʻʤʦ 

ʧʦʣʷʨʦʛʨʘʬʽʯʥʫ ʭʚʠʣʶ. 

 

                          

                          ʈʠʩ. 8.5. ɿʘʣʝʞʥʽʩʪʴ ʩʠʣʠ ʜʠʬʫʟʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜ  

                                         ʧʦʪʝʥʮʽʘʣʫ ʨʦʟʯʠʥʫ 

 

ʇʦʪʝʥʮʽʘʣ ʧʽʚʭʚʠʣʽ ï ʮʝ ʧʦʪʝʥʮʽʘʣ ʩʝʨʝʜʠʥʠ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʾ ʭʚʠʣʽ. ɺʽʥ 

ʜʦʨʽʚʥʶʻ 9,0
2

1
-=j ɺ. 

ʈʦʟʨʘʭʫʻʤʦ ʚʝʣʠʯʠʥʫ 
II

I

ʧʨ-
lg  

II

I

ʧʨ-
lg  -1 -1 -0,53 -0,24 0,08 0,53 0,8 

   

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʧʽʚʭʚʠʣʽ ʨʦʟʨʘʭʫʥʢʦʚʦ ï ʛʨʘʬʽʯʥʠʤ  

ʤʝʪʦʜʦʤ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ()jf
II

I

ʧʨ

=
-

lg . 
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-1,2

-0,8

-0,4

0

0,4

0,8

1,2

0 0,5 1 1,5 2

-j, ɺ

Lg I/Iʧʨ-I

 

ʈʠʩ. 8.6. ɿʘʣʝʞʥʽʩʪʴ 
II

I

ʧʨ-
lg  ʚʽʜ ʧʦʪʝʥʮʽʘʣʫ 

ʗʢ ʚʠʜʥʦ ʟ ʧʦʙʫʜʦʚʘʥʠʭ ʛʨʘʬʽʢʽʚ, ʧʦ ʟʘʣʝʞʥʦʩʪʽ ()jfI =  ʪʦʯʥʝ 

ʚʠʟʥʘʯʝʥʥʷ 
2

1j  ʫʩʢʣʘʜʥʝʥʦ, ʧʨʦʪʝ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ()jf
II

I

ʧʨ

=
-

lg  -  ʧʝʨʝʪʠʥ 

ʛʨʘʬʽʢʘ ʟ ʚʽʩʩʶ ʘʙʩʮʠʩ ʜʘʻ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ B9,0
2

1 -=j . 

 ɿʘʜʘʯʘ 6. ʅʘʚʘʞʢʫ ʽʨʠʜʽʡ-ʧʘʣʘʜʽʻʚʦʛʦ ʩʧʣʘʚʫ ʤʘʩʦʶ 0,1000ʛ ʨʦʟʯʠʥʠʣʠ 

ʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʨʦʟʙʘʚʠʣʠ ʜʦ 100ʤʣ. ʇʦʪʽʤ 5ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ 

ʚʽʜʪʠʪʨʫʚʘʣʠ ʧʨʠ 1=j ɺ 0,01ʥ ʨʦʟʯʠʥʦʤ ʪʽʦʦʢʩʠʥʫ. ʆʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

 

ʤʣ,V  0,0 0,1 0,2 0,3 0,4 0,6 0,7 0,8 0,9 1,0 

ʤʢɸ,I  5 18 38 52 55 55 55 65 80 100 

 

ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɯʨʠʜʽʶ ʪʘ ʇʘʣʘʜʽʶ ʚ ʩʧʣʘʚʽ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʩʧʦʯʘʪʢʫ ʟ ʨʝʘʢʪʠʚʦʤ ʚʟʘʻʤʦʜʽʻ ɯʨʠʜʽʡ, ʘ ʧʦʪʽʤ ʇʘʣʘʜʽʡ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ 

)V(fI= , ʨʠʩ. 8.6. 

         ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʘ ʚʠʟʥʘʯʠʤʦ ʦʙôʻʤ ʨʦʟʯʠʥʫ (V1), ʷʢʠʡ ʙʫʣʦ 

ʚʠʪʨʘʯʝʥʦ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ɯʨʠʜʽʶ, ʽ ʦʙôʻʤ ʨʦʟʯʠʥʫ (V2), ʷʢʠʡ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 

ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ɯʨʠʜʽʶ ʪʘ ʇʘʣʘʜʽʶ. ʈʽʟʥʠʮʷ V2- V1- ʮʝ 

ʦʙôʻʤ ʪʽʦʦʢʩʠʥʫ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʪʠʪʨʫʚʘʥʥʷ ʇʘʣʘʜʽʶ. 

47,023,07,0VV
12

=-=- ʤʣ. 
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                    ʈʠʩ. 8.7. ɿʘʣʝʞʥʽʩʪʴ ʩʠʣʠ ʩʪʨʫʤʫ ʚʽʜ ʦʙôʻʤʫ ʪʠʪʨʘʥʪʫ 

  

 ʄʘʩʦʚʽ ʯʘʩʪʢʠ ɯʨʠʜʽʶ ʪʘ ʇʘʣʘʜʽʶ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤʠ: 

8,8
100051,0

10010019223,001,0

1000Vm

100VʄVC
,%w

.ʘʣ.ʥʘʚ

ʢIr,ʝ.ʪʠʪʨ.ʪʠʪʨ

Ir
=

ÖÖ

ÖÖÖÖ
=

ÖÖ

ÖÖÖÖ
= %, 

96,9
100051,0

10010010647,001,0

1000Vm

100VʄVC
,%w

.ʘʣ.ʥʘʚ

ʢPd,ʝ.ʪʠʪʨ.ʪʠʪʨ

Pd
=

ÖÖ

ÖÖÖÖ
=

ÖÖ

ÖÖÖÖ
= %. 

 

8.6. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ʈʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʤʽʜʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʟʘʥʫʨʝʥʦʛʦ ʚ 0,001 ʄ ʨʦʟʯʠʥ 

23
)NO(Cu . 336,0o

Cu/2Cu
=j

+
 ɺ. 

 ɺʽʜʧʦʚʽʜʴ: 0,247 ɺ. 

2. ʆʙʯʠʩʣʽʪʴ ʧʦʪʝʥʮʽʘʣ ʪʦʯʢʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ OHVOFeH2VOFe
2

23

2

2 ++=++ +++++ . 9994,0o

VO/VO 2
2

=j -+ ɺ, 

77,0o

Fe/Fe 23 =j ++ ɺ. 

 ɺʽʜʧʦʚʽʜʴ: 0,885 ɺ. 

3. ʅʘʚʘʞʢʫ ʩʧʣʘʚʫ ʢʦʣʴʦʨʦʚʦʛʦ ʤʝʪʘʣʫ ʤʘʩʦʶ 2,5000 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʦʙôʻʤ 

ʨʦʟʯʠʥʫ ʜʦʚʝʣʠ ʜʦ 50 ʤʣ. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʇʣʶʤʙʫʤʫ ʚ ʩʧʣʘʚʽ, 

ʷʢʱʦ ʚʠʩʦʪʘ ʭʚʠʣʽ ʥʘ ʡʦʛʦ ʧʦʣʷʨʦʛʨʘʤʽ ʜʦʨʽʚʥʶʻ 6 ʤʤ, ʘ ʥʘ ʧʦʣʷʨʦʛʨʘʤʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʚʤʽʱʫʻ 10
-6 
ʛ/ʤʣ ʇʣʶʤʙʫʤʫ, ʩʢʣʘʜʘʻ 8 ʤʤ. 

 ɺʽʜʧʦʚʽʜʴ: 0,0015 %. 
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4. ʆʙʯʠʩʣʽʪʴ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʦʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʂʘʜʤʽʶ ʧʨʠ ʝʣʝʢʪʨʦʣʽʟʽ 

20 ʤʣ 0,2 ʥ ʨʦʟʯʠʥʫ  
4

CdSO  ʧʨʠ ʩʠʣʽ ʩʪʨʫʤʫ 0,1 ɸ, ʷʢʱʦ ʚʠʭʽʜ ʂʘʜʤʽʶ ʟʘ 

ʩʪʨʫʤʦʤ ʩʢʣʘʜʘʻ 93 %. 4,112M
Cd
= ʛ/ʤʦʣʴ. 

 ɺʽʜʧʦʚʽʜʴ: 41398 ʩʝʢ. 

5. ʇʨʠ ʪʠʪʨʫʚʘʥʥʽ 5 ʤʣ ʨʦʟʯʠʥʫ NaCI 0,15 ʥ ʨʦʟʯʠʥʦʤ 
3

AgNO  ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʣ,V

 

15 17 19 19,5 19,9 20 20,1 20,5 22 

B,j  0,328 0,342 0,370 0,388 0,428 0,517 0,606 0,646 0,655 

ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ NaCI ʚ ʨʦʟʯʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 0,6 ʤʦʣʴ-ʝʢʚ/ʣ. 

6. ɽʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ Ag/AgCI,CI//Co/Co 2 -+  ʧʨʠ 

25
ʦ
ʉ ʜʦʨʽʚʥʶʻ 0,524 ɺ. B22,0

Ag/AgCI,CI
=j - , B28,0o

Co/Co2 -=j + . ʈʦʟʨʘʭʫʡʪʝ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +2Co  ʫ ʨʦʟʯʠʥʽ. 

 ɺʽʜʧʦʚʽʜʴ: 2,9Ā10
-8
 ʤʦʣʴ/ʣ. 

7. ɽʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʛʘʣʴʚʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʠʯʝʥʦʛʦ 

ʢʘʣʦʤʝʣʴʥʦʛʦ (ʝʣʝʢʪʨʦʜ ʧʦʨʽʚʥʷʥʥʷ) ʽ ʩʨʽʙʥʦʛʦ (ʽʥʜʠʢʘʪʦʨʥʠʡ) ʝʣʝʢʪʨʦʜʽʚ 

ʧʨʠ 25
ʦ
ʉ ʜʦʨʽʚʥʶʻ 0,491 ɺ. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +Ag  ʫ ʨʦʟʯʠʥʽ. 

ɺ2438,0
.ʢʘʣ.ʥʘʩ
=j ; B799,0o

Ag/Ag
=j + . 

 ɺ̔ ʜʧʦʚʽʜʴ: 4,58Ā10
-10

 ʤʦʣʴ/ʣ. 

8. ɺʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʩʨʽʙʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚ ʨʦʟʯʠʥʽ, ʥʘʩʠʯʝʥʦʤʫ ʚʽʜʥʦʩʥʦ 

AgBr  ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʡʦʥʽʚ -Br , ʱʦ ʜʦʨʽʚʥʶʻ 1 ʤʦʣʴ/ʣ. 13

AgBr
103,5ɼʈ -Ö= ; 

B799,0o

Ag/Ag
=j + . 

 ɺʽʜʧʦʚʽʜʴ: 0,243 ɺ. 

9. ʈʦʟʨʘʭʫʡʪʝ ʧʦʪʝʥʮʽʘʣ ʧʣʘʪʠʥʦʚʦʛʦ ʝʣʝʢʪʨʦʜʘ ʚ ʨʦʟʯʠʥʽ 1 ʄ ʢʠʩʣʦʪʠ, ʱʦ 

ʚʤʽʱʫʻ 0,2 ʄ -2

72
OCr  ʽ 0,1 ʄ +3Cr  ʚʽʜʥʦʩʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʥʝʚʦʛʦ ʝʣʝʢʪʨʦʜʘ 

ʽ ʥʘʩʠʯʝʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʘ. ɺ2438,0
.ʢʘʣ.ʥʘʩ
=j ; B33,1o

Cr2/OCr 32
72

=j +- . 

 ɺʽʜʧʦʚʽʜʴ: 1,0992 ɺ. 

10. ɺ ʨʦʟʯʠʥ ʟʘʥʫʨʝʥʽ ʜʚʘ ʝʣʝʢʪʨʦʜʠ: ʽʥʜʠʢʘʪʦʨʥʠʡ ï ʩʨʽʙʥʠʡ ʽ ʝʣʝʢʪʨʦʜ 

ʧʦʨʽʚʥʷʥʥʷ ï ʥʦʨʤʘʣʴʥʠʡ ʚʦʜʥʝʚʠʡ. ʆʙʯʠʩʣʽʪʴ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ 
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ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʡʦʥʽʚ +Ag  ʚ ʨʦʟʯʠʥʽ ʜʦʨʽʚʥʶʻ  

0,1 ʤʦʣʴ/ʣ. B799,0o

Ag/Ag
=j + . 

 ɺʽʜʧʦʚʽʜʴ: 0,74 ɺ. 

11. ʏʝʨʝʟ ʨʦʟʯʠʥ ʅʽʢʦʣ ʭʣʦʨʠʜʫ ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ ʩʠʣʦʶ 3,5 ɸ ʧʨʦʪʷʛʦʤ  

40 ʭʚʠʣʠʥ. ʆʙʯʠʩʣʽʪʴ, ʩʢʽʣʴʢʠ ʛʨʘʤʽʚ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ ʽ ʤʽʣʽʣʽʪʨʽʚ ʛʘʟʫ 

ʚʠʜʽʣʠʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ? ɺʢʘʞʽʪʴ, ʷʢʽ ʨʝʯʦʚʠʥʠ 

ʚʠʜʽʣʷʪʠʤʫʪʴʩʷ ʥʘ ʢʘʪʦʜʽ ʪʘ ʘʥʦʜʽ? ʅʘʧʠʰʽʪʴ ʝʣʝʢʪʨʦʜʥʽ ʨʝʘʢʮʽʾ. 

 ɺʽʜʧʦʚʽʜʴ: Ni ï 2,57 ʛ; Cl2 ï 975 ʤʣ. 

12. ʇʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʨʦʟʯʠʥʫ 
3

AgNO  ʩʪʨʫʤʦʤ ʩʠʣʦʶ 1,5 ɸ ʤʘʩʘ ʢʘʪʦʜʘ 

ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 4 ʛ. ɺʠʟʥʘʯʪʝ ʯʘʩ ʧʝʨʝʙʽʛʫ ʝʣʝʢʪʨʦʜʥʦʾ ʨʝʘʢʮʽʾ ʧʨʠ 

ʝʣʝʢʪʨʦʣʽʟʽ. 

 ɺʽʜʧʦʚʽʜʴ: 2383 ʩʝʢ. 

13. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʨʦʟʯʠʥ ʩʪʨʫʤʫ ʩʠʣʦʶ 1,5 ɸ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ 

ʥʘ ʢʘʪʦʜʽ ʚʠʜʽʣʠʣʦʩʴ 1,071 ʛ ʤʝʪʘʣʫ. ʆʙʯʠʩʣʽʪʴ ʘʪʦʤʥʫ ʤʘʩʫ ʤʝʪʘʣʫ ʪʘ 

ʚʠʟʥʘʯʪʝ ʩʘʤ ʝʣʝʤʝʥʪ. 

 ɺʽʜʧʦʚʽʜʴ: 115 ʛ/ʘʪʦʤ, ɯʥʜʽʡ. 

14. ʅʘʚʘʞʢʫ ʮʠʥʢʦʚʦʾ ʨʫʜʠ ʤʘʩʦʶ 1,4000 ʛ ʧʝʨʝʚʝʣʠ ʚ ʨʦʟʯʠʥ ʽ ʧʦʚʥʽʩʪʶ 

ʚʠʜʽʣʠʣʠ ʟ ʥʴʦʛʦ ʎʠʥʢ ʥʘ ʢʘʪʦʜʽ ʟʘ 15 ʭʚʠʣʠʥ. ʉʠʣʘ ʩʪʨʫʤʫ 1,0 ɸ. ʈʦʟʨʘʭʫʡʪʝ 

ʤʘʩʫ ʎʠʥʢʫ ʪʘ ʡʦʛʦ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʫ ʚʠʛʣʷʜʽ ZnO ʚ ʨʫʜʽ. 

 ɺʽʜʧʦʚʽʜʴ: Zn - 0,303 ʛ; ZnO - 17,37 %. 

15. ʅʘʚʘʞʢʫ ʩʨʽʙʥʦʛʦ ʩʧʣʘʚʫ ʤʘʩʦʶ 2,1550 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʦʙʨʦʙʢʠ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 100 ʤʣ. ʇʨʠ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʤʫ 

ʪʠʪʨʫʚʘʥʥʽ 25 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ 0,105 ʄ ʨʦʟʯʠʥʦʤ NaCI ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ 

ʤʣ,V
NaCI

 16,0 18,0 19,0 19,5 19,9 20,0 20,1 20,5 21,0 

ʤɺ,j  689 670 652 634 594 518 440 401 383 

ʇʦʙʫʜʫʡʪʝ ʢʨʠʚʫ ʪʠʪʨʫʚʘʥʥʷ, ʟʥʘʡʜʽʪʴ ʦʙôʻʤ ʅʘʪʨʽʡ ʭʣʦʨʠʜʫ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ 

ʪʠʪʨʫʚʘʥʥʷ, ʦʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɸʨʛʝʥʪʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 20 ʤʣ; 49,1 %. 

16. ʅʘʚʘʞʢʫ ʙʨʦʥʟʠ ʤʘʩʦʶ 0,7500 ʛ ʨʦʟʯʠʥʠʣʠ, ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦʚʝʣʠ ʜʦ  

200 ʤʣ. ʇʦʪʽʤ ʧʨʦʚʝʣʠ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ 20 ʤʣ ʨʦʟʯʠʥʫ, ʷʢʠʡ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʨʦʟʯʠʥʦʤ 
322

OSNa  ʟ ʪʠʪʨʦʤ ʟʘ ʂʫʧʨʫʤʦʤ, ʱʦ ʜʦʨʽʚʥʶʻ  



101 

 

0,01664 ʛ/ʤʣ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʂʫʧʨʫʤʫ ʚ ʩʧʣʘʚʽ, ʷʢʱʦ ʧʨʠ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʤʫ ʪʠʪʨʫʚʘʥʥʽ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʤʣ,V
322 OSNa  1,5 1,9 2,0 2,05 2,08 2,1 2,12 2,20 

ʤɺ,j  475 445 424 405 382 305 186 162 

ɺʽʜʧʦʚʽʜʴ: 46,13 %. 

17. ʅʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 1,0150 ʛ ʨʦʟʯʠʥʠʣʠ, ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʙôʻʤ 

ʨʦʟʯʠʥʫ ʜʦʚʝʣʠ ʜʦ 100 ʤʣ. ʇʦʪʽʤ 20 ʤʣ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʚʽʜʪʠʪʨʫʚʘʣʠ 0,0985 ʥ ʨʦʟʯʠʥʦʤ ʩʦʣʽ ʄʦʨʘ ʽ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʤʣ,V
4FeSO  3,0 4,0 4,5 5,0 6,0 7,0 8,0 9,0 9,5 10,0 10,5 

ʤɺ,j  930 920 700 520 500 480 460 440 420 360 300 

ʇʦʙʫʜʫʡʪʝ ʢʨʠʚʫ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʄʘʥʛʘʥʫ ʽ ɺʘʥʘʜʽʶ ʚ ʩʪʘʣʽ, ʟʥʘʶʯʠ, ʱʦ ʧʝʨʰʠʡ ʩʪʨʠʙʦʢ ʧʦʪʝʥʮʽʘʣʫ ʥʘ 

ʢʨʠʚʽʡ ʪʠʪʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʢʽʥʮʷ ʪʠʪʨʫʚʘʥʥʷ ʄʘʥʛʘʥʫ, ʘ ʜʨʫʛʠʡ ï 

ʩʫʤʽ ʄʘʥʛʘʥʫ ʽ ɺʘʥʘʜʽʶ. 

 ɺʽʜʧʦʚʽʜʴ: 4,9 %; 26,23 %. 

18. ʅʘʚʘʞʢʫ ʤʘʥʛʘʥʦʚʦʾ ʨʫʜʠ ʤʘʩʦʶ 1,0000 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʦʙʨʦʙʢʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦʚʝʣʠ ʜʦ 100ʤʣ. ʇʦʪʽʤ 25 ʤʣ ʨʦʟʯʠʥʫ, ʷʢʠʡ 

ʘʥʘʣʽʟʫʚʘʣʠ, ʚʽʜʪʠʪʨʫʚʘʣʠ ʨʦʟʯʠʥʦʤ ʩʦʣʽ ʄʦʨʘ ʟ ʪʠʪʨʦʤ ʟʘ ʄʘʥʛʘʥʦʤ, ʱʦ 

ʜʦʨʽʚʥʶʻ 0,0002564 ʛ/ʤʣ, ʽ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʤʣ,V
4FeSO  7,0 8,0 9,0 10,0 10,5 11,0 11,5 12,0 13,0 

ʤɺ,j  950 940 930 920 700 520 500 480 470 

ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʄʘʥʛʘʥʫ ʚ ʨʫʜʽ.  

 ɺʽʜʧʦʚʽʜʴ: 1,08 %. 

19. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʯʠʥʫ, ʱʦ ʚʤʽʱʫʻ ʡʦʥʠ +2Cd , 

ʥʘ ʬʦʥʽ ʘʤʦʥʽʡʥʦ-ʘʤʽʘʯʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʪʫʪʥʦʛʦ ʢʘʧʘʶʯʦʛʦ 

ʝʣʝʢʪʨʦʜʘ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ɺ,j-  0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 1,0 

ʤʤ,h  2 2 3 3,5 4,5 25 45 46 47 

ɺʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʧʽʚʭʚʠʣʽ ʂʘʜʤʽʶ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ. 

 ɺʽʜʧʦʚʽʜʴ: -0,6 ɺ. 

20. ʇʨʠ ʟʥʽʤʘʥʥʽ ʧʦʣʷʨʦʛʨʘʤʠ ʨʦʟʯʠʥʫ ɻʘʣʽʶ ʥʘ ʬʦʥʽ ʊʨʠʣʦʥʫ ɹ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ 
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ɺ,j  0,5 0,65 0,675 0,70 0,725 0,750 0,775 0,800 0,900 

ʤʢɸ,I  0 1,1 3,6 6,9 15,0 26,8 35,8 41,0 45,0 

ɺʠʟʥʘʯʪʝ ʧʦʪʝʥʮʽʘʣ ʧʽʚʭʚʠʣʽ ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʛʨʘʥʠʯʥʠʡ 

ʜʠʬʫʟʽʡʥʠʡ ʩʪʨʫʤ ʜʦʨʽʚʥʶʻ 45 ʤʢɸ. 

 ɺʽʜʧʦʚʽʜʴ: -0,9 ɺ. 

21. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +2Zn  ʚ ʨʦʟʯʠʥʽ ʧʦʣʷʨʦʛʨʘʬʽʯʥʠʤ 

ʤʝʪʦʜʦʤ, ʷʢʱʦ m=2 ʤʛ/ʩ; D=0,42Ā10
-5 

cʤ
2
/ʩ; Ű=4,4 ʩ; I=10 ʤʢɸ. 

 ɺʽʜʧʦʚʽʜʴ: 4,61 ʤʦʣʴ/ʣ. 

22. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʤʽʰʢʠ ʇʣʶʤʙʫʤʫ ʚ ʤʝʪʘʣʝʚʦʤʫ ɸʣʶʤʽʥʽʾ ʥʘʚʘʞʢʫ 

ʩʧʣʘʚʫ ʤʘʩʦʶ 2,5000 ʛ ʨʦʟʯʠʥʠʣʠ, ʧʝʨʝʥʝʩʣʠ ʚ ʤʽʨʥʫ ʢʦʣʙʫ ʥʘ 50ʤʣ ʽ ʜʦʚʝʣʠ 

ʦʙôʻʤ ʚʦʜʦʶ ʜʦ ʧʦʟʥʘʯʢʠ. ɺʠʩʦʪʘ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʾ ʭʚʠʣʽ ʮʴʦʛʦ ʨʦʟʯʠʥʫ 

ʜʦʨʽʚʥʶʻ 10,0 ʤʤ. ʇʨʠ ʧʦʣʷʨʦʛʨʘʬʫʚʘʥʥʽ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʇʣʶʤʙʫʤʫ 

ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʣ/ʛ,10C 3

Pb
Ö  0,5 1,0 1,5 2,0 2,5 

ʤʤ,h  4,0 8,0 12,0 16,0 20,0 

ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʇʣʶʤʙʫʤʫ ʚ ʤʝʪʘʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 2,2 %. 

23. ʅʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 0,1000 ʛ, ʱʦ ʚʤʽʱʫʻ ʂʫʧʨʫʤ, ʨʦʟʯʠʥʠʣʠ ʽ ʜʦʚʝʣʠ 

ʦʙôʻʤ  ʨʦʟʯʠʥʫ ʜʦ 25 ʤʣ. ɸʣʽʢʚʦʪʫ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʚ 5 ʤʣ ʨʦʟʙʘʚʠʣʠ ʬʦʥʦʤ ʜʦ 

25 ʤʣ, ʟʥʷʣʠ ʧʦʣʷʨʦʛʨʘʤʫ ʽ ʦʪʨʠʤʘʣʠ ʚʠʩʦʪʫ ʭʚʠʣʽ 37,5 ʤʤ. ʈʦʟʨʘʭʫʡʪʝ 

ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʂʫʧʨʫʤʫ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʧʨʠ ʧʦʣʷʨʦʛʨʘʬʫʚʘʥʥʽ 5 ʤʣ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ ʂʫʧʨʫʤʫ ʟ ʪʠʪʨʦʤ 0,000064 ʛ/ʤʣ, ʧʽʩʣʷ ʨʦʟʚʝʜʝʥʥʷ 

ʬʦʥʦʤ ʜʦ 25 ʤʣ ʦʪʨʠʤʘʣʠ ʧʦʣʷʨʦʛʨʘʤʫ ʟ ʚʠʩʦʪʦʶ ʭʚʠʣʽ, ʱʦ ʜʦʨʽʚʥʶʻ  

30,0 ʤʤ. 

 ɺʽʜʧʦʚʽʜʴ: 17 %. 

24. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʇʣʶʤʙʫʤʫ ʚ ʮʠʥʢʦʚʽʡ ʨʫʜʽ ʥʘʚʘʞʢʫ ʨʫʜʠ ʤʘʩʦʶ 

1,000ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦʚʝʣʠ ʜʦ 200ʤʣ. 

ɿʥʷʣʠ ʧʦʣʷʨʦʛʨʘʤʫ 20ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ, ʦʪʨʠʤʘʚʰʠ ʚʠʩʦʪʫ ʧʦʣʷʨʦʛʨʘʬʽʯʥʦʾ 

ʭʚʠʣʽ 25ʤʤ. ʇʦʪʽʤ ʫ ʨʦʟʯʠʥ ʜʦʜʘʣʠ 5ʤʣ 0,008ʄ ʨʦʟʯʠʥʫ ʇʣʶʤʙʫʤʫ ʽ 

ʦʪʨʠʤʘʣʠ ʭʚʠʣʶ ʚʠʩʦʪʦʶ ʫ 35ʤʤ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʇʣʶʤʙʫʤʫ ʚ ʨʫʜʽ. 

 ɺʽʜʧʦʚʽʜʴ: 20,7%. 

25. ʈʦʟʨʘʭʫʡʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +2Zn  (ʛ/ʤʣ) ʚ ʨʦʟʯʠʥʽ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʷʢʱʦ ʧʨʠ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʤʫ ʪʠʪʨʫʚʘʥʥʽ 1 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʨʦʟʯʠʥʦʤ 

[ ]
64

)CN(FeK  ʟ ʪʠʪʨʦʤ ʟʘ ʎʠʥʢʦʤ 0,00244 ʛ/ʤʣ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 
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[ ]ʤʣ,V
64 )CN(FeK  0,0 0,2 0,4 0,5 1,0 1,5 2,0 2,5 3,0 

ʤʢɸ,I  30 29 31 32 32 60 137 220 300 

 ɺʽʜʧʦʚʽʜʴ: 0,00342 ʛ/ʤʣ. 

26. ɺʠʟʥʘʯʪʝ ʢʦʥʮʝʥʪʨʘʮʽʶ ʡʦʥʽʚ +3Fe  ʽ +2Cu  (ʛ/ʤʣ) ʚ ʨʦʟʯʠʥʽ, ʷʢʠʡ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʷʢʱʦ ʧʨʠ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʤʫ ʪʠʪʨʫʚʘʥʥʽ 2 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ 

0,015 ʄ ʨʦʟʯʠʥʦʤ ʤʝʨʢʘʧʪʦʭʽʥʦʣʽʪʫ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʤʣ,V  0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,1 1,2 

ʤʢɸ,I  15 20 25 30 35 40 50 50 50 55 65 85 100 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʘʥʘʣʽʟʫ ʩʧʦʯʘʪʢʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ ʨʝʘʢʪʠʚʦʤ ʜʘʶʪʴ 

ʡʦʥʠ  +3Fe (1:1), ʘ ʧʦʪʽʤ ʤʝʨʢʘʧʪʦʭʽʥʦʣʽʪ ʚʟʘʻʤʦʜʽʻ ʟ ʡʦʥʘʤʠ  +2Cu (1:2). 

 ɺʽʜʧʦʚʽʜʴ: 0,00225 ʛ/ʤʣ; 0,00014 ʛ/ʤʣ. 

27. ʅʘʚʘʞʢʫ ʟʘʣʽʟʥʦʾ ʨʫʜʠ 0,1 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʨʦʙʢʠ 

ʚʽʜʪʠʪʨʫʚʘʣʠ 0,1 ʥ ʨʦʟʯʠʥʦʤ  
722

OCrK . ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʌʝʨʫʤʫ ʚ 

ʨʫʜʽ ʟʘ  ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ 

ʤʣ,V
722 OCrK  0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 

ʤʢɸ,I  100 80 60 40 20 10 10 10 

 ɺʽʜʧʦʚʽʜʴ: 50,4 %. 

28. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʇʣʶʤʙʫʤʫ ʚ ʨʫʜʽ, ʷʢʱʦ ʧʽʩʣʷ ʨʦʟʯʠʥʝʥʥʷ 

ʥʘʚʘʞʢʠ ʨʫʜʠ ʤʘʩʦʶ 1,0000 ʛ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦʚʝʣʠ ʜʦ 100ʤʣ. ʇʽʩʣʷ ʮʴʦʛʦ  

10 ʤʣ ʨʦʟʯʠʥʫ ʚʽʜʪʠʪʨʫʚʘʣʠ 0,05 ʥ ʨʦʟʯʠʥʦʤ ʅʘʪʨʽʡ ʩʫʣʴʬʘʪʫ ʽ ʦʪʨʠʤʘʣʠ 

ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʤʣ,V
42SONa  0,0 0,5 1,0 1,5 2,0 2,5 3,0 

ʤʢɸ,I  215 163 113 60 40 39 38 

 ɺʽʜʧʦʚʽʜʴ: 17,6 %. 

29. ʇʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʦʪʨʠʤʘʣʠ ʧʨʠ ʨʦʟʯʠʥʝʥʥʽ ʥʘʚʘʞʢʠ ʩʧʣʘʚʫ 

ʤʘʩʦʶ 1,5000 ʛ, ʩʪʨʫʤʦʤ ʩʠʣʦʶ 0,2 ɸ ʧʨʦʪʷʛʦʤ 60 ʭʚʠʣʠʥ ʥʘ ʢʘʪʦʜʽ 

ʚʠʜʽʣʠʚʩʷ ʂʫʧʨʫʤ, ʘ ʥʘ ʘʥʦʜʽ ï ʧʣʶʤʙʫʤ (IV) ʦʢʩʠʜʫ. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ 

ʯʘʩʪʢʫ ʂʫʧʨʫʤʫ ʽ ʇʣʶʤʙʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: Cu - 15,67 %; Pb - 51,48 %. 

30. ʇʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʨʦʟʯʠʥʫ ʂʘʜʤʽʡ ʭʣʦʨʠʜʫ ʥʘ ʘʥʦʜʽ ʚʠʜʽʣʠʣʦʩʴ 600 ʤʣ ʛʘʟʫ 

ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. ɺʠʟʥʘʯʪʝ ʤʘʩʫ ʂʘʜʤʽʶ, ʱʦ ʚʠʜʽʣʠʣʘʩʴ ʥʘ ʢʘʪʦʜʽ. 

 ɺʽʜʧʦʚʽʜʴ: 3 ʛ. 
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9. ʆʇʊʀʏʅɯ ʄɽʊʆɼʀ ɸʅɸʃɯɿʋ  

 

 ɺ ʘʥʘʣʽʪʠʯʥʦʤʫ ʢʦʥʪʨʦʣʽ ʧʨʦʜʫʢʮʽʾ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʪʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʚʟʘʻʤʦʜʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

 ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟ 

ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʨʦʟʨʽʟʥʷʶʪʴ: 

1. ɸʙʩʦʨʙʮʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ 

ʧʦʛʣʠʥʘʥʥʷ ʨʝʯʦʚʠʥʦʶ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʚʽʜ 

ʩʪʦʨʦʥʥʴʦʛʦ ʜʞʝʨʝʣʘ. ɼʦ ʥʴʦʛʦ ʚʽʜʥʦʩʷʪʴʩʷ ʤʦʣʝʢʫʣʷʨʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʘʥʘʣʽʟ (ʬʦʪʦʤʝʪʨʽʷ) ʽ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. 

2. ɽʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʚʠʚʯʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʘʙʦ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʽ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. ɼʣʷ 

ʮʠʭ ʤʝʪʦʜʽʚ ʭʘʨʘʢʪʝʨʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ 

ʰʚʠʜʢʽʩʪʴ. ʋʩʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʘʥʘʣʽʟ ʽ ʷʚʣʷʶʪʴʩʷ 

ʝʢʩʧʨʝʩʥʠʤʠ.  

 

9.1. ʌʦʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ʌʦʪʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʙʽʨʢʦʚʦʤʫ ʧʦʛʣʠʥʘʥʥʽ 

ʤʦʣʝʢʫʣʘʤʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʩʧʝʢʪʨʘ. 

 ʄʝʪʦʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: 

1. ʇʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʷʢʘ ʧʝʨʝʚʦʜʠʪʴ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʫ 

ʟʘʙʘʨʚʣʝʥʫ ʩʧʦʣʫʢʫ. ʅʝʦʙʭʽʜʥʦ, ʱʦʙ ʟʘʙʘʨʚʣʝʥʘ ʩʧʦʣʫʢʘ ʙʫʣʘ ʤʽʮʥʦʶ ʽ ʤʘʣʘ 

ʧʦʩʪʽʡʥʠʡ ʩʢʣʘʜ, ʘ ʢʦʣʽʨ ʾʾ ʙʫʚ ʽʥʪʝʥʩʠʚʥʠʤ. ʈʝʘʢʮʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʯʫʪʣʠʚʠʤʠ 

ʽ ʚʠʙʽʨʢʦʚʠʤʠ. 

2. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʟʘʙʘʨʚʣʝʥʠʤ ʨʦʟʯʠʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʣʘʜʽʚ ʘʙʦ ʚʽʟʫʘʣʴʥʦ.   

 ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʽ ʚʤʽʩʪʦʤ 

ʟʘʙʘʨʚʣʝʥʦʾ ʩʧʦʣʫʢʠ ʫ ʮʴʦʤʫ ʨʦʟʯʠʥʽ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ɹʫʛʝʨʘ ï ʃʘʤʙʝʨʪʘ 

ï ɹʝʨʘ             
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                                           Cl
I

I
lgA o ÖÖe== ,                                                 (9.1) 

ʜʝ   A  - ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʟʘʙʘʨʚʣʝʥʦʛʦ ʨʦʟʯʠʥʫ; l - ʪʦʚʱʠʥʘ ʧʦʛʣʠʥʘʶʯʦʛʦ 

ʰʘʨʫ ʟʘʙʘʨʚʣʝʥʦʛʦ ʨʦʟʯʠʥʫ, ʩʤ; 
o

I  ʽ I - ʚʽʜʧʦʚʽʜʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʱʦ ʧʘʜʘʻ ʥʘ ʟʘʙʘʨʚʣʝʥʠʡ ʨʦʟʯʠʥ ʪʘ ʱʦ ʧʨʦʡʰʦʚ ʢʨʽʟʴ ʥʴʦʛʦ; C - 

ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʣ; e- ʤʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, 

ʣ/ʤʦʣʴĀʩʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʥʷ (9.1), ʤʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʦʧʪʠʯʥʽʡ ʛʫʩʪʠʥʽ ʦʜʥʦʤʦʣʷʨʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʪʦʚʱʠʥʽ 

ʧʦʛʣʠʥʘʶʯʦʛʦ ʰʘʨʫ 1ʩʤ. ʄʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, ʪʦʚʱʠʥʠ ʧʦʛʣʠʥʘʶʯʦʛʦ ʰʘʨʫ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʦʩʚʽʪʣʝʥʥʷ. ʏʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʤʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, ʪʠʤ 

ʯʫʪʣʠʚʽʰʦʶ ʻ ʨʝʘʢʮʽʷ. 

 ɺʤʽʩʪ ʨʝʯʦʚʠʥʠ ʫ ʨʦʟʯʠʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ.   

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʩʪʘʥʜʘʨʪʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʫ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ 
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C  ʽ 
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C  - ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʣ; 
x

A  ʽ 
.ʩʪ

A - ʚʽʜʧʦʚʽʜʥʦ ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ 

ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ. 

 ʄʝʪʦʜ ʧʨʦʩʪʠʡ, ʰʚʠʜʢʠʡ, ʘʣʝ ʤʝʥʰ ʪʦʯʥʠʡ. 

 ɿʘ ʤʝʪʦʜʦʤ ʜʦʜʘʪʢʘ ʛʦʪʫʶʪʴ ʜʚʘ ʨʦʟʯʠʥʠ, ʦʜʠʥ ï ʟ ʘʣʽʢʚʦʪʠ ʨʝʯʦʚʠʥʠ, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʜʨʫʛʠʡ ï ʟ ʘʣʽʢʚʦʪʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʘ ʟ 

ʜʦʜʘʪʢʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜʦʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʆʙʠʜʚʘ ʨʦʟʯʠʥʠ 

ʬʦʪʦʤʝʪʨʫʶʪʴ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ. ʂʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʟʥʘʭʦʜʷʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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,                                                     (9.3) 

ʜʝ 
x

C  ʽ 
.ʩʪ

C  - ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʨʦʟʯʠʥʫ ʟ 

ʜʦʜʘʪʢʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʤʦʣʴ/ʣ; 
x

A  ʽ 
.ʩʪx

A
+

 - ʚʽʜʧʦʚʽʜʥʦ ʦʧʪʠʯʥʘ 

ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʨʦʟʯʠʥʫ ʟ ʜʦʜʘʪʢʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʨʦʟʯʠʥʫ. 
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 ʈʠʩ. 9.1. ɻʨʘʜʫʡʦʚʘʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʯʥʦʾ  

                         ʛʫʩʪʠʥʠ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʢʦʥʫ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʛʨʘʬʽʢ ʫ ʢʦʦʨʜʠʥʘʪʘʭ 

ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʻ ʙʫʪʠ ʣʽʥʽʡʥʠʤ ʽ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʧʦʯʘʪʦʢ 

ʢʦʦʨʜʠʥʘʪ. ɻʨʘʜʫʡʦʚʘʥʠʡ ʛʨʘʬʽʢ ʟʘʟʚʠʯʘʡ ʙʫʜʫʶʪʴ ʤʽʥʽʤʫʤ ʟʘ ʪʨʴʦʤʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʉʧʦʯʘʪʢʫ ʛʦʪʫʶʪʴ ʟʘʙʘʨʚʣʝʥʽ 

ʨʦʟʯʠʥʠ, ʧʦʪʽʤ ʾʭ ʬʦʪʦʤʝʪʨʫʶʪʴ ʽ ʙʫʜʫʶʪʴ ʛʨʘʬʽʢ ()CfA= . ɼʘʣʽ ʚʠʤʽʨʶʶʪʴ 

ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʫʡʦʚʘʥʦʛʦ 

ʛʨʘʬʽʢʘ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʴʦʛʦ ʨʦʟʯʠʥʫ. ʄʝʪʦʜ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽ 

ʪʦʯʥʠʡ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʛʦ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ. 

 

9.2. ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʜʘʪʥʦʩʪʽ ʚʽʣʴʥʠʭ ʘʪʦʤʽʚ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʩʝʣʝʢʪʠʚʥʦ ʧʦʛʣʠʥʘʪʠ ʨʝʟʦʥʘʥʩʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦʾ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ʈʝʯʦʚʠʥʫ, 

ʱʦ ʘʥʘʣʽʟʫʶʪʴ, ʧʝʨʝʚʦʜʷʪʴ ʫ ʨʦʟʯʠʥ ʟʚʠʯʘʡʥʠʤ ʩʧʦʩʦʙʦʤ. ʇʦʪʽʤ ʨʦʟʯʠʥ 

ʚʜʫʚʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʘʝʨʦʟʦʣʶ ʚ ʧʦʣʫʤôʷ ʧʘʣʴʥʠʢʘ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʪʝʨʤʽʯʥʘ ʜʠʩʦʮʽʘʮʽʷ ʤʦʣʝʢʫʣ. ɹʽʣʴʰʽʩʪʴ ʘʪʦʤʽʚ ʧʨʠ ʮʴʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ. ɺʦʥʠ ʟʜʘʪʥʽ ʧʦʛʣʠʥʘʪʠ ʚʣʘʩʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʣʫʤôʷ ʧʘʣʴʥʠʢʘ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʞʝʨʝʣʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʣʘʤʧʠ ʟ ʧʦʨʦʞʥʠʩʪʠʤ ʢʘʪʦʜʦʤ, ʷʢʠʡ 

ʚʠʨʦʙʣʷʶʪʴ ʟ ʤʝʪʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. 
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 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʘʪʦʤʘʤʠ ʨʝʯʦʚʠʥʠ ʚ ʧʦʣʫʤôʾ  

ʘʥʘʣʦʛʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʩʚʽʪʦʧʦʛʣʠʥʘʥʥʷ ʚ ʬʦʪʦʤʝʪʨʽʾ. 

 ʂʦʥʮʝʥʪʨʘʮʽʶ ʨʝʯʦʚʠʥ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʫʡʦʚʘʥʦʛʦ 

ʛʨʘʬʽʢʘ ʘʙʦ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ. ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʯʫʪʣʠʚʽʩʪʶ, ʷʢʘ ʜʦʩʷʛʘʻ 10
-5 

- 10
-7  
%  ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ. ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ 1-4 %. ʄʝʪʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʽ ʧʨʦʩʪʦʪʦʶ ʚʠʢʦʥʘʥʥʷ, ʤʘʣʦʶ ʚʠʪʨʘʪʦʶ 

ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ.  

         

9.3. ɸʪʦʤʥʦ-ʝʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ 

 

 ɸʪʦʤʥʦ-ʝʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ 

ʘʪʦʤʥʠʭ ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 ɸʪʦʤʠ ʽ ʽʦʥʠ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʽ 

ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ. ʋ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ ʘʪʦʤʠ ʚʦʣʦʜʽʶʪʴ ʤʽʥʽʤʘʣʴʥʦʶ 

ʝʥʝʨʛʽʻʶ ʽ ʥʝ ʚʠʧʨʦʤʽʥʶʶʪʴ ʾʾ. ʇʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ 

(ʪʝʤʧʝʨʘʪʫʨʠ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʽʚʝʥʴ. ɼʞʝʨʝʣʦʤ ʟʙʫʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʣʫʤôʷ, ʜʫʛʘ ʘʙʦ 

ʽʩʢʨʘ. ʋ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ ʝʣʝʢʪʨʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʟʴʢʦ 10
-8 
ʩ ʽ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘ ʥʠʞʯʠʡ ʨʽʚʝʥʴ, ʚʠʧʨʦʤʽʥʶʶʯʠ ʢʚʘʥʪ ʝʥʝʨʛʽʾ 

                                     
l

Ö
=nÖ=-=D

ch
hEEE

12
,                                           (9.4) 

ʜʝ 
2

E  ʽ 
1

E  - ʚʽʜʧʦʚʽʜʥʦ ʝʥʝʨʛʽʷ ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ ʨʽʚʥʽʚ, ʝɺ; n - ʯʘʩʪʦʪʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ɻʮ; h  - ʩʪʘʣʘ ʇʣʘʥʢʘ (6,624Ā10
-34

 ɼʞĀʩ ʘʙʦ 4,1354Ā10
-15

 ʝɺĀʩ); 

ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʤ; c - ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ (3Ā10
10 
ʩʤ/ʩ). 

ɽʥʝʨʛʽʷ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ, ʤʘʻ ʨʽʟʥʫ ʯʘʩʪʦʪʫ ʽ ʜʦʚʞʠʥʫ ʭʚʠʣʽ 

                                                   
E

chc

D

Ö
=
n
=l .                                                    (9.5) 

 ʏʘʩʪʦʪʘ ʩʚʽʪʣʦʚʠʭ ʢʦʣʠʚʘʥʴ ʫ ʛʝʨʮʘʭ ʚʠʨʘʞʘʻʪʴʩʷ ʜʫʞʝ ʚʝʣʠʢʠʤ 

ʯʠʩʣʦʤ. ʏʝʨʝʟ ʮʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʣʠʯʠʥʫ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʭʚʠʣʴʦʚʠʤ 

ʯʠʩʣʦʤ (w ) 

                                                   
l
=

1
w (ʩʤ 

-1
; ʤ 

-1
).                                           (9.6) 
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 ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʧʝʢʪʨʘ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʥʝʚʽʜʦʤʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ (ɚʭ) ʫ ʩʧʝʢʪʨʽ 

ʧʦʨʽʚʥʷʥʥʷ ʚʠʙʠʨʘʶʪʴ ʜʚʽ ʨʽʟʢʽ ʣʽʥʽʾ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ1 ʪʘ ɚ2 ʪʘʢ, ʱʦʙ ʣʽʥʽʷ, 

ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʟʥʘʭʦʜʠʣʘʩʴ ʤʽʞ ʥʠʤʠ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʣʽʥʽʷʤʠ ʚʠʤʽʨʶʶʪʴ ʚ 

ʤʽʣʽʤʝʪʨʘʭ. ɼʦʚʞʠʥʫ ʭʚʠʣʽ  ʥʝʚʽʜʦʤʦʾ ʣʽʥʽʾ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ 

                                               ( )
d

d
x

121x
l-l+l=l ,                                         (9.7) 

ʜʝ d - ʚʽʜʩʪʘʥʴ ʤʽʞ ɚ1 ʽ ɚ2, ʤʤ; x
d - ʚʽʜʩʪʘʥʴ ʤʽʞ ɚ1 ʽ ɚʭ, ʤʤ. 

 ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʨʝʯʦʚʠʥʠ. 

 ʗʢʽʩʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʩʧʝʢʪʨʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʅʘʷʚʥʽʩʪʴ ʫ ʩʧʝʢʪʨʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ,  

ʭʘʨʘʢʪʝʨʥʠʭ ñʦʩʪʘʥʥʽʭò ʣʽʥʽʡ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʘ ʻ ʦʟʥʘʢʦʶ ʧʨʠʩʫʪʥʦʩʪʽ 

ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʟʨʘʟʢʫ. 

ɺ ʦʩʥʦʚʽ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʣʝʞʠʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʤʝʥʪʘ ʚ ʟʨʘʟʢʫ. 

                                                    ʚcaI Ö= ,                                                          (9.8) 

ʜʝ  I  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ; c - ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʘ ʚ ʟʨʘʟʢʫ; 

a- ʩʪʘʣʘ, ʱʦ ʦʙôʻʜʥʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʣʽʥʽʾ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʜʠʬʫʟʽʾ ʝʣʝʤʝʥʪʘ; ʚ- ʩʪʘʣʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʫʪʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ. 

 ʇʨʠ ʬʦʪʦʛʨʘʬʽʯʥʽʡ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʘ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʧʦʯʦʨʥʽʥʥʷ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʮʽ, ʱʦ ʚʠʟʠʚʘʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʦʶ ʣʽʥʽʻʶ, 

ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ  

                                                   
I

I
lgS o= ,                                                           (9.9) 

ʜʝ S- ʱʣ̔ʴʥʽʩʪʴ ʧʦʯʦʨʥʽʥʥʷ ʧʣʘʩʪʠʥʢʠ; 
o

I - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʱʦ ʧʨʦʡʰʣʦ 

ʢʨʽʟʴ ʧʨʦʟʦʨʫ ʯʘʩʪʠʥʫ ʧʣʘʩʪʠʥʢʠ; I - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ, ʷʢʝ ʧʨʦʡʰʣʦ ʢʨʽʟʴ 

ʩʧʝʢʪʨʘʣʴʥʫ ʣʽʥʽʶ. 

 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʘ ʚ ʧʨʦʙʽ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʪʨʴʦʭ ʝʪʘʣʦʥʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʜʫʡʦʚʘʥʦʛʦ ʛʨʘʬʽʢʘ. 

ʎʝʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʥʘ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʬʦʪʦʧʣʘʩʪʠʥʮʽ 

ʬʦʪʦʛʨʘʬʫʶʪʴ ʩʧʝʢʪʨʠ ʪʨʴʦʭ ʝʪʘʣʦʥʽʚ ʟ ʚʽʜʦʤʠʤ ʚʤʽʩʪʦʤ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ, ʽ ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ. ʇʦʪʽʤ ʚʠʤʽʨʶʶʪʴ 
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ʧʦʯʦʨʥʽʥʥʷ ʚʠʙʨʘʥʠʭ ʣʽʥʽʡ, ʙʫʜʫʶʪʴ ʛʨʘʜʫʡʦʚʘʥʠʡ ʛʨʘʬʽʢ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ClgS-D , ʜʝ SD - ʨʽʟʥʠʮʷ ʚ ʧʦʯʦʨʥʽʥʥʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʘ ʣʽʥʽʾ ʧʦʨʽʚʥʷʥʥʷ. 

 

9.4. ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

 

 ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʚʯʝʥʥʽ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʽ ʩʧʝʢʪʨʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʣʝʞʘʪʴ ʚ ʨʝʥʪʛʝʥʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ. ɽʥʝʨʛʽʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 

1000 ʜʦ 100000ʝɺ. ʂʦʞʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʢʚʘʥʪʘ ʧʝʚʥʦʾ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʝʣʝʢʪʨʦʥʘ ʫ ʚʥʫʪʨʽʰʥʽʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʽʚʥʷʭ. ɸʪʦʤʠ ʝʣʝʤʝʥʪʽʚ ʚʠʧʨʦʤʽʥʶʶʪʴ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʢʚʘʥʪʠ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ, ʥʘʙʽʨ ʷʢʠʭ ʩʢʣʘʜʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨ. 

ʈʝʥʪʛʝʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨ ï ʦʜʥʦʤʘʥʽʪʥʠʡ ʽ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʠʡ ʟʘ ʦʧʪʠʯʥʠʡ, ʧʦ 

ʥʴʦʤʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʨʝʯʦʚʠʥʠ. 

 ʆʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʷʢʽʩʥʦʛʦ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ï ʮʝ 

ʨʽʚʥʷʥʥʷ ɺʫʣʴʬʘ-ɹʨʝʛʛʘ                       

                                                  q=lÖ sind2n ,                                                (9.10) 

ʜʝ ɗ ï ʢʫʪ ʤʽʞ ʧʘʜʘʶʯʠʤ ʧʨʦʤʝʥʝʤ ʽ ʧʣʦʱʠʥʦʶ ʢʨʠʩʪʘʣʘ; n - ʧʦʨʷʜʦʢ 

ʩʧʝʢʪʨʘ; d - ʤʽʞʘʪʦʤʥʘ ʚʽʜʩʪʘʥʴ ʫ ʢʨʠʩʪʘʣʽ. 

 ʂʽʣʴʢʽʩʥʠʡ ʚʤʽʩʪ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʘ 

                                                 CaI Ö= ,                                                            (9.11) 

ʜʝ a - ʢʦʥʩʪʘʥʪʘ; C- ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ. 

 ʏʫʪʣʠʚʽʩʪʴ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʥʘʯʥʦ ʥʠʞʯʘ ʟʘ ʘʪʦʤʥʦ-

ʝʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʝʣʝʤʝʥʪʘ 

ʽ ʩʢʣʘʜʘʻ 10
-2
 ï 10

-3
%. ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ 0,5 ï 2%. ʆʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ, ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,01 ʜʦ 100%.  

 ɯʩʥʫʶʪʴ ʪʨʠ ʤʝʪʦʜʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ: 1) ʟʘ ʧʝʨʚʠʥʥʠʤʠ 

ʩʧʝʢʪʨʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 2) ʟʘ ʚʪʦʨʠʥʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(ʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʘʥʘʣʽʟ); 3) ʟʘ ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʽʜʥʦʩʥʦ ʨʽʜʢʦ. 

 ʇʦʷʚʘ ʢʚʘʥʪʦʤʝʪʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʚʘʢʫʫʤʥʽ ʽ ʨʝʥʪʛʝʥʽʚʩʴʢ,̔ ʧʨʠʚʝʣʘ ʜʦ 

ʧʦʚʥʦʾ ʟʤʽʥʠ ʦʨʛʘʥʽʟʘʮʽʾ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʯʦʨʥʦʾ 
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ʤʝʪʘʣʫʨʛʽʾ. ɼʫʞʝ ʩʠʣʴʥʦ ʟʨʦʩʣʘ ʯʘʩʪʢʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʭʽʤʽʯʥʠʤʠ. ɿʘʨʘʟ ʟʘʛʘʣʴʥʘ ʯʘʩʪʢʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʽʚ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 50%. 

ɽʤʽʩʽʡʥʠʡ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʘʻ ʜʫʞʝ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʟʘʨʘʟ 

ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʩʝʨʝʜ ʤʝʪʦʜʽʚ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʘʥʘʣʽʪʠʯʥʽʡ ʧʨʘʢʪʠʮʽ. 

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ï ʮʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ 

ʷʢʠʭ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʠ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʘʪʠ ʙʘʛʘʪʦ ʝʣʝʤʝʥʪʽʚ ʚ 

ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʧʨʦʙʽ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʾʭ ʨʦʟʜʽʣʝʥʥʷ. ʐʠʨʦʢʠʤ ʻ ʜʽʘʧʘʟʦʥ 

ʢʦʥʮʝʥʪʨʘʮʽʡ, ʧʨʠ ʷʢʦʤʫ ʧʨʘʮʶʻ ʮʝʡ ʤʝʪʦʜ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʡʦʛʦ 

ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ, ʷʢʘ ʨʦʙʠʪʴ ʤʝʪʦʜ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ 

%1010 41 --·  ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʧʨʦʙʠ ʽ ʜʦ %1010 87 -- ·  ʧʨʠ ʭʽʤʽʢʦ ï 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʝʪʦʜʘʭ. ɿʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʚ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʤʝʪʦʜ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʚʤʽʩʪ ʷʢʠʭ ʚ ʟʨʘʟʢʘʭ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ, ʩʢʣʘʜʘʻ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʜʦ ʜʝʩʷʪʢʽʚ ʚʽʜʩʦʪʢʽʚ, ʷʢʱʦ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʜʫʞʝ 

ʚʝʣʠʢʽ. 

ʊʦʯʥʽʩʪʴ ʝʤʽʩʽʡʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʫʞʝ ʰʠʨʦʢʠʭ 

ʤʝʞʘʭ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ. ɺʦʥʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʠ, ʾʾ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʪʫʧʝʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ, ʫʤʦʚ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʟʙʫʜʞʝʥʥʷ, ʩʧʦʩʦʙʫ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʽʚ 

ʪʦʱʦ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʫʞʝ ʤʘʣʠʭ ʽ ʜʫʞʝ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʭʠʙʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʩʢʣʘʜʘʪʠ %3010· . ʇʦʨʽʚʥʷʣʴʥʦ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʘʥʘʣʽʟʫ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚ ʽʥʪʝʨʚʘʣʽ %1010 31 --· . ʇʨʠ 

ʘʢʫʨʘʪʥʽʡ ʽ ʫʚʘʞʥʽʡ ʨʦʙʦʪʽ ʪʘ ʜʦʪʨʠʤʫʚʘʥʥʽ ʚʩʽʭ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ 

ʪʦʯʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʝ ʩʢʣʘʜʘʪʠ %52- . 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʻ ʰʚʠʜʢʽʩʪʴ ʾʭ 

ʚʠʢʦʥʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʩʝʨʽʡʥʠʭ ʘʥʘʣʽʟʘʭ. ʉʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ. ɺ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʦʩʦʙʣʠʚʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʢʚʘʥʪʦʤʝʪʨʠ, ʚ ʷʢʠʭ ʩʧʝʢʪʨʠ ʥʝ ʬʦʪʦʛʨʘʬʫʶʪʴ, ʘ ʧʨʷʤʦ 

ʚʠʤʽʨʶʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʚʥʠʭ ʣʽʥʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʣʘʜʽʚ. ɸʚʪʦʤʘʪʠʯʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʜʘʥʽ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡ 

ʧʝʨʝʚʦʜʠʪʴ ʫ ʢʦʥʮʝʥʪʨʘʮʽʶ, ʧʨʠʯʦʤʫ ʧʨʠʣʘʜ ʧʨʷʤʦ ʜʨʫʢʫʻ ʨʝʟʫʣʴʪʘʪʠ 
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ʘʥʘʣʽʟʫ ʚ ʤʘʩʦʚʠʭ ʚʽʜʩʦʪʢʘʭ. ʂʚʘʥʪʦʤʝʪʨʠ ʢʽʣʴʢʽʩʥʦ ʘʥʘʣʽʟʫʶʪʴ ʚʽʜʨʘʟʫ ʜʦ 

ʜʚʘʜʮʷʪʠ ʝʣʝʤʝʥʪʽʚ ʧʨʦʪʷʛʦʤ 5 ï 8 ʭʚʠʣʠʥ ʟ ʪʦʯʥʽʩʪʶ, ʷʢʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʤʝʞʘʭ %52- . ʏʝʨʝʟ ʮʝ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʢʚʘʥʪʦʤʝʪʨʠ 

ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʽ 

ʤʝʪʘʣʦʦʙʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʆʩʦʙʣʠʚʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʦʥʠ ʦʪʨʠʤʘʣʠ 

ʥʘ ʚʝʣʠʢʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʟʘʚʦʜʘʭ, ʜʝ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ 

ʥʘʧʽʚʧʨʦʜʫʢʪʽʚ ʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʥʪʨʦʣʶ ʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʪʠʧʽʚ ʩʧʣʘʚʽʚ ʟ ʪʦʯʥʦ ʟʘʜʘʥʠʤ 

ʚʤʽʩʪʦʤ ʨʽʟʥʠʭ ʣʝʛʫʶʯʠʭ ʩʢʣʘʜʦʚʠʭ. 

ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʟ ʬʦʪʦʨʝʻʩʪʨʘʮʽʻʶ ʩʧʝʢʪʨʘ 

ʻ ʜʦʢʫʤʝʥʪʘʣʴʥʽʩʪʴ ʝʤʽʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʆʪʨʠʤʘʥʽ ʩʧʝʢʪʨʦʛʨʘʤʠ ʤʦʞʫʪʴ 

ʟʙʝʨʽʛʘʪʠʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʠʡ ʯʘʩ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʦʚʫ. 

ʂʨʽʤ ʮʴʦʛʦ, ʜʝʷʢʽ ʚʘʨʽʘʥʪʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʝʪʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʽʩʢʨʦʚʽ 

ʤʝʪʦʜʠ ʟʙʫʜʞʝʥʥʷ) ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʨʫʡʥʫʚʘʪʠ ʧʨʦʙʫ, ʪʦʙʪʦ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʛʦʪʦʚʽ ʚʠʨʦʙʠ ʙʝʟ ʩʫʪʪʻʚʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʚʦʥʠ ʥʝ ʘʙʩʦʣʶʪʥʽ, ʘ ʚʽʜʥʦʩʥʽ, ʪʦʙʪʦ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʽ 

ʩʪʘʥʜʘʨʪʥʽ ʟʨʘʟʢʠ ʟ ʚʽʜʦʤʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ, 

ʢʦʪʨʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʷʢ ʤʦʞʥʘ ʙʽʣʴʰ ʙʣʠʟʴʢʠʤʠ ʟʘ ʩʢʣʘʜʦʤ ʽ ʩʪʨʫʢʪʫʨʦʶ ʜʦ 

ʧʨʦʙʠ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ.  

 

9.5. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʟʘʜʘʯ 

 

 ɿʘʜʘʯʘ 1. ʍʘʨʘʢʪʝʨʥʘ ʣʽʥʽʷ ʌʝʨʫʤʫ ʚ ʩʧʝʢʪʨʽ ʟʘʣʽʟʘ ʤʘʻ ʜʦʚʞʠʥʫ ʭʚʠʣʽ 

288,08ʥʤ. ʈʦʟʨʘʭʫʡʪʝ ʯʘʩʪʦʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʽ ʝʥʝʨʛʽʶ 

ʬʦʪʦʥʘ. 

 ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɽʥʝʨʛʽʶ ʬʦʪʦʥʘ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (9.4) 

3,4
08,288

101354,4103ch
E

1517

=
ÖÖÖ

=
l

Ö
=D

-

ʝɺ. 

 ʏʘʩʪʦʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʟʥʘʯʠʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (9.5) 

15

17

1004,1
08,288

103c
Ö=

Ö
=
l
=n ɻʮ. 

 ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ (9.6) 
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58,34712
1008,288

11
w

7
=

Ö
=
l
=

-
ʩʤ 

-1
. 

 

 ɿʘʜʘʯʘ 2. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʄʘʥʛʘʥʫ ʚ ʩʪʘʣʽ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʜʘʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

,%C
Mn

 0,59 0,74 1,43 ʍ 

Mn
S  0,896 1,02 1,349 1,105 

Fe
S  0,764 0,748 0,763 0,76 

                     

                          ʈʠʩ.9.2. ɿʘʣʝʞʥʽʩʪʴ  )C(lgfS
Mn

=D  

 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʨʦʟʨʘʭʫʻʤʦ 

ʨʽʟʥʠʮʶ ʧʦʯʦʨʥʽʥʴ 
FeMn

SSS -=D  ʪʘ ʧʨʦʣʦʛʘʨʠʬʤʫʻʤʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʄʘʥʛʘʥʫ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʘʭ. 

 

SD  0,132 0,272 0,586 0,345 

Mn
Clg  -0,229 -0,131 0,155 

x
Clg  

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʫ ʢʦʦʨʜʠʥʘʪʘʭ 
Mn

ClgS-D . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʘ ʚʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ 
x

Clg .  %87,0C
Mn
= .  

 

 ɿʘʜʘʯʘ 3. ɼʣʷ ʷʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʩʧʣʘʚʽ ʥʘ 

ʦʩʥʦʚʽ ʌʝʨʫʤʫ, ʙʫʣʠ ʚʠʙʨʘʥʽ ʣʽʥʽʾ ʌʝʨʫʤʫ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 53,349
1
=l ʥʤ ʽ 

65,350
2
=l ʥʤ. ʌʦʪʦʤʝʪʨʠʯʥʦ ʚʠʟʥʘʯʠʣʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʣʽʥʽʷʤʠ ʌʝʨʫʤʫ 
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53,0d= ʤʤ ʪʘ ʤʽʞ ʧʝʨʰʦʶ ʣʽʥʽʻʶ ʌʝʨʫʤʫ (ɚ1) ʽ ʣʽʥʽʻʶ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, 27,0d
x
= ʤʤ. ɺʠʟʥʘʯʪʝ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ. 

ʈʦʟʚô̫ ʟʫʚʘʥʥʷ. ɼʦʚʞʠʥʫ ʭʚʠʣʽ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʨʦʟʨʘʭʫʻʤʦ 

ʟʘ ʨʽʚʥʷʥʥʷʤ (9.7) 

( ) 04,350
53,0

27,0
)53,34965,350(53,349

d

d
x

121x
=-+=l-l+l=l ʥʤ. 

 

ɿʘʜʘʯʘ 4. ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʚ ʢʶʚʝʪʽ 

ʪʦʚʱʠʥʦʶ 5 ʩʤ ʜʦʨʽʚʥʶʻ 0,9, ʘ ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ 

ʚʤʽʱʫʻ 6 ʤʢʛ/ʤʣ ʝʣʝʤʝʥʪʘ, ʚ ʢʶʚʝʪʽ 3 ʩʤ ʜʦʨʽʚʥʶʻ 0,6. ɺʠʟʥʘʯʪʝ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʪʘ  

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ (9.1) 

xxx
ClA ÖÖe= , 

.ʩʪ.ʩʪ.ʩʪ
ClA ÖÖe= . 

ɺʠʨʽʰʠʚʰʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ 
x

C , ʦʪʨʠʤʘʻʤʦ 

4,5
56,0

369,0

ʉɸ

lCA
C

x.ʩʪ

.ʩʪ.ʩʪx

x
=

Ö

ÖÖ
=

Ö

ÖÖ
= ʤʢʛ/ʤʣ. 

 

ɿʘʜʘʯʘ 5. ʅʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 1,0000 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ 

ʨʦʟʯʠʥʫ ʜʦ 200 ʤʣ. ʇʦʪʽʤ 25 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʧʦʤʽʩʪʠʣʠ ʚ ʢʦʣʙʫ ʥʘ 50 ʤʣ, 

ʩʪʚʦʨʠʣʠ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʽ ʚʠʟʥʘʯʠʣʠ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʨʦʟʯʠʥʫ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʷʢʘ ʜʦʨʽʚʥʶʚʘʣʘ 0,6. ʇʘʨʘʣʝʣʴʥʦ ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʚʽʜʦʤʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʡʦʥʽʚ ʮʝʨʽʶ ʽ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʛ,C
Ce

 0,2 0,4 0,6 0,8 1,0 1,2 

A  0,170 0,325 0,460 0,650 0,820 0,980 

 

ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʎʝʨʽʶ ʚ ʩʪʘʣʽ. 

ʈʦʟʚô̫ ʟʫʚʘʥʥʷ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʤʦ ʛʨʘʜʫʡʦʚʘʥʠʡ ʛʨʘʬʽʢ 

)C(fA= . 
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ʈʠʩ. 9.3. ɻʨʘʜʫʡʦʚʘʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ  

               ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʘ, ʟʥʘʶʯʠ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʨʦʟʯʠʥʫ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ, ʟʥʘʭʦʜʠʤʦ ʚʤʽʩʪ ʎʝʨʽʶ ʚ ʘʣʽʢʚʦʪʽ 76,0m
Ce
= ʤʛ. 

ɺʤʽʩʪ ʎʝʨʽʶ ʚ ʩʪʘʣʽ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 

608,0
0,115

100200106,7

mV

100Vm
,%w
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.ʥʘʚ.ʘʣ

.ʢCe

Ce
=

Ö

ÖÖÖ
=

Ö

ÖÖ
=

-

%. 

ɿʘʜʘʯʘ 6. ʅʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 0,9848 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ 

ʨʦʟʯʠʥʫ ʜʦ 100 ʤʣ. ʋ ʜʚʽ ʢʦʣʙʠ ʥʘ 50 ʤʣ ʚʽʜʽʙʨʘʣʠ ʧʦ 10 ʤʣ ʦʪʨʠʤʘʥʦʛʦ 

ʨʦʟʯʠʥʫ. ɺ ʦʜʥʫ ʟ ʢʦʣʙ ʜʦʜʘʣʠ ʨʦʟʯʠʥ, ʷʢʠʡ ʚʤʽʱʫʻ 0,006 ʛ ʍʨʦʤʫ. ʇʽʩʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʦʜʥʘʢʦʚʦʾ ʦʙʨʦʙʢʠ ʦʙʠʜʚʘ ʨʦʟʯʠʥʠ ʬʦʪʦʤʝʪʨʫʚʘʣʠ ʽ ʦʪʨʠʤʘʣʠ 

ʥʘʩʪʫʧʥʽ ʚʝʣʠʯʠʥʠ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 3,0A
x
=  ʽ 42,0A

.ʩʪx
=

+
. ʈʦʟʨʘʭʫʡʪʝ 

ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʍʨʦʤʫ ʚ ʩʪʘʣʽ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ʂʽʣʴʢʽʩʪʴ ʍʨʦʤʫ ʚ ʘʣʽʢʚʦʪʽ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, 

ʚʠʟʥʘʯʠʤʦ ʟʘ ʤʝʪʦʜʦʤ ʜʦʜʘʪʢʘ (9.3) 
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ʄʘʩʦʚʫ ʯʘʩʪʢʫ ʍʨʦʤʫ ʚ ʩʪʘʣʽ ʨʦʟʨʘʭʫʻʤʦ ʟʘ ʨʽʚʥʷʥʥʷʤ 
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9.6. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

 

1. ʍʘʨʘʢʪʝʨʥʘ ʣʽʥʽʷ ʉʠʣʽʮʽʶ ʚ ʩʧʝʢʪʨʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʨʽʚʥʶʻ 250,69 ʥʤ. 

ɺʠʟʥʘʯʪʝ ʯʘʩʪʦʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʽ ʝʥʝʨʛʽʶ ʬʦʪʦʥʘ. 

 ɺʽʜʧʦʚʽʜʴ: w=39889,9 ʩʤ
-1
. ɜ=1,2Ā10

15 
ɻʮ. æɽ=4,95 ʝɺ. 

2. ɺʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʌʝʨʫʤʫ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʴ  

57,307
1
=l ʥʤ ʽ  37,308

2
=l ʥʤ ʜʦʨʽʚʥʶʻ 10,5 ʤʤ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʜʨʫʛʦʾ ʣʽʥʽʾ 

ʌʝʨʫʤʫ ʜʦ ʣʽʥʽʾ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʩʪʘʥʦʚʠʪʴ 2,1 ʤʤ. ʈʦʟʨʘʭʫʡʪʝ 

ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʯʘʩʪʦʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 ɺʽʜʧʦʚʽʜʴ: 308,21 ʥʤ. 

3. ɽʥʝʨʛʽʷ ʬʦʪʦʥʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ 10,2 ʝɺ. ɺʠʟʥʘʯʪʝ ʯʘʩʪʦʪʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʽ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ. 

 ɺʽʜʧʦʚʽʜʴ: ɜ=2,5Ā10
15 
ɻʮ. ɚ=121,63 ʥʤ. w=82216,55 ʩʤ

-1
. 

4. ʏʘʩʪʦʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟʙʫʜʞʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʪʘʥʦʚʠʪʴ 3,1Ā10
15 
ɻʮ. 

ʈʦʟʨʘʭʫʡʪʝ ʜʦʚʞʠʥʫ ʭʚʠʣʽ, ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ ʽ ʝʥʝʨʛʽʶ ʬʦʪʦʥʘ. 

 ɺʽʜʧʦʚʽʜʴ: ɚ=96,77ʥʤ. w=103337,81ʩʤ
-1
. æɽ=12,82ʝɺ. 

5. ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʨʽʚʥʶʻ 84340 ʩʤ 
-1
. ɺʠʟʥʘʯʪʝ ʜʦʚʞʠʥʫ 

ʭʚʠʣʽ, ʯʘʩʪʦʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʝʥʝʨʛʽʶ ʬʦʪʦʥʘ. 

 ɺʽʜʧʦʚʽʜʴ: ɚ=118,56ʥʤ. ɜ=2,53Ā10
15
ɻʮ. æɽ=10,46ʝɺ. 

6. ʇʦʪʝʥʮʽʘʣ ʟʙʫʜʞʝʥʥʷ ʝʣʝʤʝʥʪʘ ʩʪʘʥʦʚʠʪʴ 8,5 ʝɺ. ʆʙʯʠʩʣʽʪʴ ʜʦʚʞʠʥʫ ʭʚʠʣʽ, 

ʯʘʩʪʦʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʽ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ. 

 ɺʽʜʧʦʚʽʜʴ: ɚ=145,95 ʥʤ. ɜ=2,055Ā10
15 
ɻʮ. w=68516,61 ʩʤ

-1
. 

7. ɺʠʟʥʘʯʪʝ ʚʽʜʩʪʘʥʴ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʅʽʢʦʣʫ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 278,07ʥʤ 

ʚʽʜ ʣʽʥʽʾ ʌʝʨʫʤʫ ʟ 93,277
1
=l ʥʤ, ʷʢʱʦ ʚʽʜʩʪʘʥʴ ʚʽʜ ʥʝʾ ʜʦ ʜʨʫʛʦʾ ʣʽʥʽʾ ʌʝʨʫʤʫ 

ʟ 1,278
2
=l  ʥʤ ʜʦʨʽʚʥʶʻ 3,8 ʤʤ. 

 ɺʽʜʧʦʚʽʜʴ: 3,1 ʤʤ. 

8. ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʂʫʧʨʫʤʫ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʴ 

32,515
1
=l ʥʤ ʽ 35,518

2
=l ʥʤ ʜʦʨʽʚʥʶʻ 10 ʤʤ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʧʝʨʰʦʾ ʣʽʥʽʾ 

ʂʫʧʨʫʤʫ ʜʦ ʣʽʥʽʾ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʩʪʘʥʦʚʠʪʴ 7,5 ʤʤ. ɺʠʟʥʘʯʪʝ 

ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʝʣʝʤʝʥʪʘ ʽ ʝʥʝʨʛʽʶ ʬʦʪʦʥʘ. 

 ɺʽʜʧʦʚʽʜʴ: 517,59 ʥʤ. 

9. ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʴ 41,250
1
=l ʥʤ ʽ 45,254

2
=l ʥʤ ʩʪʘʥʦʚʠʪʴ 8,5 ʤʤ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʜʨʫʛʦʾ 

ʣʽʥʽʾ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦ ʣʽʥʽʾ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ  
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3,5 ʤʤ. ʈʦʟʨʘʭʫʡʪʝ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʪʘ ʯʘʩʪʦʪʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ. 

 ɺʽʜʧʦʚʽʜʴ: ɚ=145,95 ʥʤ. ɜ=1,19Ā10
15 
ɻʮ. 

 10. ɺʠʟʥʘʯʪʝ ʚʽʜʩʪʘʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʂʫʧʨʫʤʫ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  

515,32 ʥʤ ʚʽʜ ʣʽʥʽʾ ʌʝʨʫʤʫ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 27,512
1
=l ʥʤ, ʷʢʱʦ ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʂʫʧʨʫʤʫ ʜʦ ʜʨʫʛʦʾ ʣʽʥʽʾ ʌʝʨʫʤʫ ʟ 08,518
2
=l ʥʤ 

ʩʢʣʘʜʘʻ 4,5 ʤʤ. 

 ɺʽʜʧʦʚʽʜʴ: 2,36 ʤʤ. 

11. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʄʘʛʥʽʶ ʚ ʤʽʜʥʦʤʫ ʩʧʣʘʚʽ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʟʨʘʟʦʢ 

I II  III  ɿʨʘʟʦʢ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ 

,%C
Mg

 0,22 0,45 0,98 ʍ 

Mg
S  0,732 0,833 0,958 0,755 

Cu
S  0,531 0,545 0,560 0,550 

 ɺʽʜʧʦʚʽʜʴ: 0,232 %. 

12. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʂʫʧʨʫʤʫ ʚ ʘʣʶʤʽʥʽʻʚʦʤʫ ʩʧʣʘʚʽ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʜʘʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʟʨʘʟʦʢ 

I II  III  ɿʨʘʟʦʢ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ 

,%C
Cu

 0,25 0,80 1,20 ʍ 

Cu
S  0,25 0,54 0,61 0,48 

Al
S  0,50 0,51 0,55 0,52 

 ɺʽʜʧʦʚʽʜʴ: 0,609 %. 

13. ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ɻʝʨʤʘʥʽʡ ʬʝʥʽʣʬʣʫʦʨʦʥʘʪʫ, ʷʢʠʡ ʚʤʽʱʫʻ 5 ʤʢʛ 

Ge ʚ 50 ʤʣ ʨʦʟʯʠʥʫ, ʜʦʨʽʚʥʶʻ 0,450. ʇʨʠ ʮʴʦʤʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʢʶʚʝʪʘ 

ʪʦʚʱʠʥʦʶ 1 ʩʤ. ʆʙʯʠʩʣʽʪʴ ʚʝʣʠʯʠʥʫ ʤʦʣʷʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ. 

 ɺʽʜʧʦʚʽʜʴ: 3,21Ā10
5.
 

14. ʅʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 0,5000 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 50 ʤʣ. 

ʇʦʪʽʤ 5 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʧʝʨʝʥʝʩʣʠ ʚ ʢʦʣʙʫ ʥʘ 50 ʤʣ ʽ, ʩʪʚʦʨʠʚʰʠ ʥʝʦʙʭʽʜʥʽ 

ʫʤʦʚʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʅʽʢʦʣ ʜʠʤʝʪʠʣʛʣʽʦʢʩʠʤʘʪʫ, ʬʦʪʦʤʝʪʨʫʚʘʣʠ ʟʘʙʘʨʚʣʝʥʠʡ 

ʨʦʟʯʠʥ ʚ ʢʶʚʝʪʽ ʥʘ 1 ʩʤ. ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ʩʪʘʥʦʚʠʣʘ 0,350. ɺʠʟʥʘʯʪʝ 
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ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʅʽʢʦʣʫ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʤʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ  

ʜʦʨʽʚʥʶʻ 4,5Ā10
4 
ʣ/ʤʦʣʴĀʩʤ.  

 ɺʽʜʧʦʚʽʜʴ: 0,016 %. 

15. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʄʦʣʽʙʜʝʥʫ ʚ ʩʪʘʣʽ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʟʨʘʟʦʢ 

I II  III  ɿʨʘʟʦʢ, ʰʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ 

,%C
Mo

 0,80 1,23 4,17 ʍ 

Mo
S  0,562 0,574 0,590 0,570 

Fe
S  0,402 0,449 0,582 0,500 

 ɺʽʜʧʦʚʽʜʴ: 2,02 %. 

16. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʅʽʢʦʣʫ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʟʨʘʟʦʢ 

I II  III  ɿʨʘʟʦʢ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ 

,%C
Ni

 1,86 3,8 10,23 ʍ 

Ni
S  0,082 0,108 0,122 0,105 

Fe
S  0,062 0,066 0,047 0,067 

 ɺʽʜʧʦʚʽʜʴ: 3,55 %. 

17. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʍʨʦʤʫ ʚ ʩʪʘʣʽ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʉʪʘʥʜʘʨʪʥʠʡ 

ʟʨʘʟʦʢ 

I II  III  ɿʨʘʟʦʢ, ʱʦ 

ʘʥʘʣʽʟʫʻʪʴʩʷ 

,%C
Cr

 0,50 1,23 4,17 ʍ 

Cr
S  0,07 0,29 0,86 0,73 

Fe
S  0,27 0,25 0,23 0,30 

 ɺʽʜʧʦʚʽʜʴ: 2,92 %. 

18. ɺʠʟʥʘʯʪʝ ʥʘʡʤʝʥʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʫ ɸʫʨʫʤʫ, ʷʢʱʦ ʤʽʥʽʤʘʣʴʥʘ 

ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʮʴʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʘ ʚʠʤʽʨʶʚʘʣʘʩʴ ʚ ʢʶʚʝʪʽ ʪʦʚʱʠʥʦʶ 2 ʩʤ, 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 0,05, ʘ ʤʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʜʦʨʽʚʥʶʻ 

4,1Ā10
4 
ʣ/ʤʦʣʴĀʩʤ. 

 ɺʽʜʧʦʚʽʜʴ: 0,61Ā10
-6  
ʤʦʣʴ/ʣ. 
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19. ɺʠʟʥʘʯʪʝ ʦʙôʻʤ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʚʤʽʱʫʻ 1ʤʢʛ/ʤʣ ʅʽʢʦʣʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʘʙʘʨʚʣʝʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʦʧʪʠʯʥʦʶ ʛʫʩʪʠʥʦʶ 0,6, ʷʢʱʦ ʤʦʣʷʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʟʘʙʘʨʚʣʝʥʦʾ ʩʧʦʣʫʢʠ ʜʦʨʽʚʥʶʻ 3,7Ā10
4 
ʣ/ʤʦʣʴĀʩʤ, ʘ 

ʪʦʚʱʠʥʘ ʢʶʚʝʪʠ 2 ʩʤ. 

 ɺʽʜʧʦʚʽʜʴ: 0,5 ʤʣ. 

20. ʄʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʧʦʪʨʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɻʝʨʤʘʥʽʡ ï 

ʬʝʥʽʣʬʣʫʦʨʦʥ ï ʇɸʈ ʜʦʨʽʚʥʶʻ 2,4Ā10
5 
ʣ/ʤʦʣʴĀʩʤ. ʈʦʟʨʘʭʫʡʪʝ ʦʙôʻʤ ʨʦʟʯʠʥʫ, 

ʱʦ ʚʤʽʱʫʻ 1ʤʢʛ/ʤʣ ɻʝʨʤʘʥʽʶ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʯʠʥʫ ʟ 

ʦʧʪʠʯʥʦʶ ʛʫʩʪʠʥʦʶ 0,65. ʊʦʚʱʠʥʘ ʢʶʚʝʪʠ 1 ʩʤ, ʢʦʣʙʘ ʜʣʷ ʨʦʟʚʝʜʝʥʥʷ 50 ʤʣ. 

 ɺʽʜʧʦʚʽʜʴ: 0,2 ʤʣ. 

21. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ɸʫʨʫʤʫ ʚ ʩʧʣʘʚʽ ʟʘ ʤʝʪʦʜʦʤ ʜʦʜʘʪʢʘ ʥʘʚʘʞʢʫ ʩʧʣʘʚʫ  

ʤʘʩʦʶ 0,2000 ʛ ʧʝʨʝʚʝʣʠ ʫ ʨʦʟʯʠʥ, ʦʙôʻʤ  ʷʢʦʛʦ ʜʦʚʝʣʠ ʜʦ 50 ʤʣ. ʋ ʜʚʽ ʤʽʨʥʽ 

ʢʦʣʙʠ ʥʘ 50 ʤʣ ʚʽʜʽʙʨʘʣʠ ʘʣʽʢʚʦʪʠ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʚ 1 ʤʣ. ɺ ʦʜʥʫ ʢʦʣʙʫ 

ʜʦʜʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ, ʱʦ ʚʤʽʱʫʻ 0,0005 ʛ ɸʫʨʫʤʫ, ʪʘ ʫʩʽ ʥʝʦʙʭʽʜʥʽ 

ʨʝʘʢʪʠʚʠ. ʇʦʪʽʤ ʦʙôʻʤ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʜʦʚʝʣʠ ʜʦ 50 ʤʣ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ: 

ɸʭ=0,3,  ɸʭ+ʩʪ.=0,45. ʆʙʯʠʩʣʽʪʴ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɸʫʨʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 25 %. 

22. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʄʘʥʛʘʥʫ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʥʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 

0,5000 ʛ ʨʦʟʯʠʥʠʣʠ ʚ ʢʦʣʙʽ ʥʘ 100 ʤʣ. ʅʘ ʬʦʪʦʤʝʪʨʫʚʘʥʥʷ ʚʽʜʽʙʨʘʣʠ 20 ʤʣ 

ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʽ ʚʠʢʦʥʘʣʠ ʡʦʛʦ ʟʘ ʪʘʢʠʭ ʞʝ ʫʤʦʚ, ʱʦ ʽ ʩʪʘʥʜʘʨʪʥʽ 

ʨʦʟʯʠʥʠ. ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʜʦʨʽʚʥʶʚʘʣʘ 0,520. 

ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʯʠʥʽʚ ʩʪʘʥʦʚʠʣʘ 

ʤʣ/ʤʛ,C
Mn

 1 2 5 8 12 

ɸ 0,080 0,180 0,420 0,660 0,980 

ɺʽʜʧʦʚʽʜʴ: 0,64 %. 

23. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʍʨʦʤʫ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʥʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 

0,2500 ʛ ʨʦʟʯʠʥʠʣʠ ʚ ʢʦʣʙʽ ʥʘ 100 ʤʣ. ʅʘ ʬʦʪʦʤʝʪʨʫʚʘʥʥʷ ʚʽʜʽʙʨʘʣʠ 25 ʤʣ 

ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʽ ʧʨʦʚʦʜʠʣʠ ʡʦʛʦ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ, ʱʦ ʽ ʩʪʘʥʜʘʨʪʥʽ ʨʦʟʯʠʥʠ. 

ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʤʣ/ʤʛ,C
Cr

 1 2 4 8 12 

ɸ 0,100 0,210 0,430 0,810 1,200 

ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ 0,620. 

 ɺʽʜʧʦʚʽʜʴ: 1,01 %. 
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24. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɺʘʥʘʜʽʶ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʥʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 

0,3000 ʛ ʨʦʟʯʠʥʠʣʠ ʚ ʢʦʣʙʽ ʥʘ 100ʤʣ. ʅʘ ʬʦʪʦʤʝʪʨʫʚʘʥʥʷ ʚʽʜʽʙʨʘʣʠ 25 ʤʣ 

ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʽ ʧʨʦʚʝʣʠ ʡʦʛʦ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ, ʱʦ ʽ ʩʪʘʥʜʘʨʪʥʽ ʨʦʟʯʠʥʠ, ʜʣʷ 

ʷʢʠʭ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʜʘʥʽ 

ʤʣ/ʤʛ,C
V

 4 8 16 26 

ɸ 0,2 0,4 0,8 1,3 

ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ 0,748. 

 ɺʽʜʧʦʚʽʜʴ: 20 %. 

25. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʄʦʣʽʙʜʝʥʫ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʥʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 

0,5100 ʛ ʨʦʟʯʠʥʠʣʠ ʚ ʢʦʣʙʽ ʥʘ 100 ʤʣ. ʅʘ ʬʦʪʦʤʝʪʨʫʚʘʥʥʷ ʚʽʜʽʙʨʘʣʠ 20 ʤʣ 

ʮʴʦʛʦ ʨʦʟʯʠʥʫ. ʌʦʪʦʤʝʪʨʫʚʘʣʠ ʨʦʟʯʠʥ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ, ʱʦ ʽ 

ʩʪʘʥʜʘʨʪʥʽ ʨʦʟʯʠʥʠ, ʜʣʷ ʷʢʠʭ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʣ/ʤʛ,C
Mo

 1 2 4 8 

ɸ 0,150 0,310 0,640 1,200 

ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ 0,680. 

 ɺʽʜʧʦʚʽʜʴ: 1,2 %. 

26. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʊʠʪʘʥʫ ʚ ʩʧʣʘʚʽ ʟʘ ʤʝʪʦʜʦʤ ʜʦʜʘʪʢʘ ʥʘʚʘʞʢʫ ʩʧʣʘʚʫ 

ʤʘʩʦʶ 0,5020 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 100 ʤʣ. ɸʣʽʢʚʦʪʫ 

ʨʦʟʯʠʥʫ ʚ 20 ʤʣ ʚʽʜʽʙʨʘʣʠ ʚ ʜʚʽ ʤʽʨʥʽ ʢʦʣʙʠ. ʇʦʪʽʤ ʚ ʦʜʥʫ ʟ ʥʠʭ ʜʦʜʘʣʠ 

ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ, ʱʦ ʤʽʩʪʠʪʴ 0,0010 ʛ ʊʠʪʘʥʫ, ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʘʢʪʠʚʠ ʽ 

ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 50 ʤʣ. ʈʦʟʯʠʥ ʬʦʪʦʤʝʪʨʫʚʘʣʠ ʽ ʦʪʨʠʤʘʣʠ 

ʨʝʟʫʣʴʪʘʪʠ: ɸʭ=0,320, ɸʭ+ʩʪ.=0,435. ʈʦʟʨʘʭʫʡʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʊʠʪʘʥʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 2,99 %. 

27. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʊʠʪʘʥʫ ʚ ʩʪʘʣʽ, ʷʢʱʦ ʥʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ  

1,0000 ʛ ʨʦʟʯʠʥʠʣʠ ʚ 200 ʤʣ. ʅʘ ʬʦʪʦʤʝʪʨʫʚʘʥʥʷ ʚʽʜʽʙʨʘʣʠ 25 ʤʣ ʮʴʦʛʦ 

ʨʦʟʯʠʥʫ ʽ ʚʠʢʦʥʘʣʠ ʡʦʛʦ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ, ʱʦ ʽ ʩʪʘʥʜʘʨʪʥʽ ʨʦʟʯʠʥʠ. ɹʫʣʠ 

ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʣ/ʤʛ,C
Ti

 1 2 4 8 

ɸ 0,080 0,175 0,350 0,720 

ʆʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ 0,545. 

 ɺʽʜʧʦʚʽʜʴ: 4,8 %. 

28. ʅʘʚʘʞʢʫ ʩʪʘʣʽ ʤʘʩʦʶ 1,1000 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ  

100 ʤʣ. ʋ ʜʚʽ ʢʦʣʙʠ ʥʘ 100 ʤʣ ʚʽʜʽʙʨʘʣʠ ʘʣʽʢʚʦʪʠ ʧʦ 15 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ. ɺ 

ʦʜʥʫ ʟ ʢʦʣʙ ʜʦʜʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ, ʱʦ ʚʤʽʱʫʻ 0,0015 ʛ ʄʦʣʽʙʜʝʥʫ, ʪʘ 
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ʥʝʦʙʭʽʜʥʽ ʨʝʘʢʪʠʚʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 100 ʤʣ. ʇʽʩʣʷ ʬʦʪʦʤʝʪʨʫʚʘʥʥʷ 

ʦʙʦʭ ʨʦʟʯʠʥʽʚ ʦʪʨʠʤʘʣʠ ʨʝʟʫʣʴʪʘʪʠ: ɸʭ=0,220 ʽ ɸʭ+ʩʪ.=0,315. ʈʦʟʨʘʭʫʡʪʝ 

ʤʘʩʦʚʫ ʯʘʩʪʢʫ  ʄʦʣʽʙʜʝʥʫ ʚ ʩʪʘʣʽ. 

 ɺʽʜʧʦʚʽʜʴ: 2,12%. 

29. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʤʽʩʪʫ ɸʫʨʫʤʫ ʚ ʩʧʣʘʚʽ ʟʘ ʤʝʪʦʜʦʤ ʜʦʜʘʪʢʫ ʥʘʚʘʞʢʫ 

ʮʴʦʛʦ ʩʧʣʘʚʫ ʤʘʩʦʶ 0,1500 ʛ ʧʝʨʝʚʝʣʠ ʚ ʨʦʟʯʠʥ ʪʘ ʜʦʚʝʣʠ ʡʦʛʦ ʦʙôʻʤ ʜʦ 

100ʤʣ. ɺ ʜʚʽ ʤʽʨʥʽ ʢʦʣʙʠ ʥʘ 50 ʤʣ ʚʽʜʽʙʨʘʣʠ ʘʣʽʢʚʦʪʠ ʧʦ 2 ʤʣ ʦʪʨʠʤʘʥʦʛʦ 

ʨʦʟʯʠʥʫ. ɺ ʦʜʥʫ ʟ ʢʦʣʙ ʜʦʜʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ, ʱʦ ʚʤʽʱʫʻ 0,0003 ʛ 

ɸʫʨʫʤʫ, ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʘʢʪʠʚʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 50 ʤʣ. ʇʨʠ 

ʬʦʪʦʤʝʪʨʫʚʘʥʥʽ ʨʦʟʯʠʥʽʚ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ɸʭ=0,246, 

ɸʭ+ʩʪ.=0,352. ɺʠʟʥʘʯʪʝ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ɸʫʨʫʤʫ ʚ ʩʧʣʘʚʽ. 

 ɺʽʜʧʦʚʽʜʴ: 23,3 %. 

30. ʅʘʚʘʞʢʫ ʟʨʘʟʢʘ ʤʘʩʦʶ 0,1500 ʛ ʨʦʟʯʠʥʠʣʠ ʽ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ  

100 ʤʣ. ʋ ʜʚʽ ʢʦʣʙʠ ʥʘ 50 ʤʣ ʚʽʜʽʙʨʘʣʠ ʘʣʽʢʚʦʪʠ ʧʦ 10 ʤʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ. ɺ 

ʦʜʥʫ ʟ ʢʦʣʙ ʜʦʜʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ ʨʦʟʯʠʥ, ʷʢʠʡ ʚʤʽʱʫʻ 0,0010 ʛ ʆʩʤʽʶ. ʇʽʩʣʷ 

ʜʦʜʘʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʯʠʥʽʚ ʜʦʚʝʣʠ ʦʙôʻʤ ʨʦʟʯʠʥʫ ʜʦ 50 ʤʣ ʽ ʦʪʨʠʤʘʣʠ 

ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ʬʦʪʦʤʝʪʨʫʚʘʥʥʷ: ɸʭ=0,240, ɸʭ+ʩʪ.=0,365. ɺʠʟʥʘʯʪʝ 

ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʆʩʤʽʶ ʚ ʟʨʘʟʢʫ.  

 ɺʽʜʧʦʚʽʜʴ: 12,7 %. 




