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ɺɺɽɼɽʅʀɽ 

ʍʠʤʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʱʝʪʝʭʥʠʯʝʩʢʦʡ, ʥʦ ʠ ʦʙʱʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʥʘʫʢʦʡ. ʀʥʞʝʥʝʨ ʣʶʙʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʣʶʙʦʡ ʬʦʨʤʳ ʦʙʫ-

ʯʝʥʠʷ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ ʟʥʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ, ʯʪʦ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʌʝʜʝʨʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ.  

ʀʟʫʯʝʥʠʝ ʢʫʨʩʘ ʭʠʤʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʫ ʩʪʫʜʝʥʪʦʚ ʣʦʛʠ-

ʯʝʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʜʠʘʣʝʢʪʠʢʦ-ʤʘʪʝʨʠʘʣʠʩʪʠʯʝʩʢʦʛʦ 

ʤʠʨʦʚʦʟʟʨʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʢʫʨʩʘ ʩʪʫʜʝʥʪʳ ʧʦʣʫʯʘʶʪ ʩʦ-

ʚʨʝʤʝʥʥʦʝ ʥʘʫʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʘʪʝʨʠʠ ʠ ʬʦʨʤʘʭ ʝʝ ʜʚʠʞʝʥʠʷ, ʦ 

ʚʝʱʝʩʪʚʝ ʢʘʢ ʦʜʥʦʤ ʠʟ ʚʠʜʦʚ ʜʚʠʞʫʱʝʡʩ̫ ʤʘʪʝʨʠʠ, ʦ ʤʝʭʘʥʠʟʤʝ ʧʨʝ-

ʚʨʘʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦ ʨʦʣʠ ʭʠʤʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʡ̫ʩʪʚʝ.  

ʆʙʱʘʷ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ, ʷʚ-

ʣʷʶʱʘʷʩʷ ʙʘʟʦʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʱʝʥʘʫʯ-

ʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʇʦʵʪʦ-

ʤʫ ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʧʨʦʯʥʦ ʫʩʚʦʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʠ ʧʦʥʷʪʠʷ 

ʭʠʤʠʠ; ʦʚʣʘʜʝʪʴ ʪʝʭʥʠʢʦʡ ʭʠʤʠʯʝʩʢʦʛʦ ʧʠʩʴʤʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʘʩ-

ʯʝʪʦʚ; ʚʳʨʘʙʦʪʘʪʴ ʥʘʚʳʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʭʠʤʠʯʝ-

ʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; ʫʤʝʪʴ ʦʙʦʙʱʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ ʠ, 

ʛʣʘʚʥʦʝ, ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʥʘʫʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʟʥʘʥʠʷ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʚʘʞʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʜʝʷʪʝʣʥɹʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʚʠʜ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʩʪʫʜʝʥʪʦʚ-ʟʘʦʯʥʠʢʦʚ ï ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʥʘʜ ʫʯʝʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʩʚʦʝʥʠʝ ʢʫʨʩʘ ʭʠʤʠʠ ʧʨʝ-

ʜʫʩʤʘʪʨʠʚʘʝʪ: 

ï ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʫʯʝʙʥʠʢʘʤ ʠ ʫʯʝʙʥʳʤ 

ʧʦʩʦʙʠʷʤ;  

ï ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ;  

ï ʧʦʩʝʱʝʥʠʝ ʫʩʪʘʥʦʚʦʯʥʳʭ ʣʝʢʮʠʡ ʠ ʢʦʥʩʫʣʴʪʘʮʠʡ;  

ï ʘʫʜʠʪʦʨʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ;  

ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʛʨʫʧʧʦʚʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ;  

ï ʦʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠʢʫʤʫ ʠ ʩʜʘʯʘ ʵʢʟʘʤʝʥʘ. 
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ʀʟʫʯʝʥʠʝ ʢʫʨʩʘ ʭʠʤʠʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ. 

ʈʘʙʦʪʘ ʩ ʢʥʠʛʦʡ. ʀʟʫʯʘʪʴ ʢʫʨʩ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ ʪʝʤʘʤ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤʝ ʢʫʨʩʘ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ. 

ʀʟʫʯʘʷ ʢʫʨʩ, ʧʦʣʴʟʫʡʪʝʩʴ ʧʨʝʜʤʝʪʥʳʤ ʫʢʘʟʘʪʝʣʝʤ ʚ ʢʦʥʮʝ ʢʥʠʛʠ. 

ʇʨʠ ʧʝʨʚʦʤ ʯʪʝʥʠʠ ʥʝ ʟʘʜʝʨʞʠʚʘʡʪʝʩʴ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʚʦʜʘʭ, 

ʩʦʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ; ʩʪʘʨʘʡʪʝʩʴ ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦʙ ʠʟʣʘʛʘʝʤʳʭ ʚʦʧʨʦʩʘʭ, ʘ ʪʘʢʞʝ ʦʪʤʝʯʘʡʪʝ ʪʨʫʜʥʳʝ 

ʠʣʠ ʥʝʷʩʥʳʝ ʤʝʩʪʘ. ɺʥʠʤʘʪʝʣʴʥʦ ʧʨʦʯʠʪʘʡʪʝ ʚʳʜʝʣʝʥʥʳʡ ʪʝʢʩʪ. 

ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʠʟʫʯʝʥʠʠ ʪʝʤʳ ʫʩʚʦʡʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʠʭ ʚʳʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ ʩʦ-

ʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ. ɺʥʠʢʘʡʪʝ ʚ ʩʫʥɦʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʦʧʨʦʩʘ, ʘ ʥʝ ʧʳʪʘʡʪʝʩʴ ʟʘʧʦʤʥʠʪʴ ʦʪʜʝʣʴʥʳʝ ʬʘʢʪʳ ʠ ʷʚʣʝʥʠʷ. 

ʀʟʫʯʝʥʠʝ ʣʶʙʦʛʦ ʚʦʧʨʦʩʘ ʥʘ ʫʨʦʚʥʝ ʩʫʱʥʦʩʪʠ, ʘ ʥʝ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴ-

ʥʳʭ ʷʚʣʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʠ ʧʨʦʯʥʦʤʫ ʫʩʚʦʝʥʠʶ ʤʘ-

ʪʝʨʠʘʣʘ.  

ʏʪʦʙʳ ʣʫʯʰʝ ʟʘʧʦʤʥʠʪʴ ʠ ʫʩʚʦʠʪʴ ʠʟʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʥʘʜʦ ʚ 

ʨʘʙʦʯʫʶ ʪʝʪʨʘʜʴ ʟʘʥʦʩʠʪʴ ʬʦʨʤʫʣʠʨʦʚʢʠ ʟʘʢʦʥʦʚ ʠ ʦʩʥʦʚʥʳʭ ʧʦʥʷ-

ʪʠʡ ʭʠʤʠʠ, ʥʦʚʳʝ ʪʝʨʤʠʥʳ ʠ ʥʘʟʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ ʠ 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʚʳʚʦʜʳ ʠ ʪ. ʧ. ɺʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʤʘʪʝʨʠʘʣ ʧʦʜʜʘʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʷʡʪʝ 

ʛʨʘʬʠʢʠ, ʩʭʝʤʳ, ʜʠʘʛʨʘʤʤʳ, ʪʘʙʣʠʮʳ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʟʘʧʦʤʠʥʘʥʠʝ ʠ 

ʫʤʝʥʴʰʘʝʪ ʦʙʲʝʤ ʢʦʥʩʧʝʢʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʢʘ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʨʘʟʜʝʣ ʥʝ ʫʩʚʦʝʥ, ʧʝʨʝʭʦʜʠʪʴ ʢ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ ʨʘʟʜʝʣʦʚ ʥʝ ʩʣʝʜʫʝʪ. 

ʂʨʘʪʢʠʡ ʢʦʥʩʧʝʢʪ ʢʫʨʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʣʶʙʦʤʫ ʧʨʝʜʤʝʪʫ, ʚʩʝʛʜʘ ʧʦ-

ʣʝʟʝʥ ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʢʟʘʤʝʥʫ. 

ʀʟʫʯʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʜʝʣʦʚ ʢʫʨʩʘ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʚʳʧʦʣʥʝʥʠʝʤ ʫʧʨʘʞʥʝʥʠʡ ʠ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ (ʩʤ. ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ 

ʩʧʠʩʦʢ). ʈʝʰʝʥʠʝ ʟʘʜʘʯ ï ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʤʝʪʦʜʦʚ ʧʨʦʯʥʦʛʦ ʫʩʚʦʝ-

ʥʠ̫, ʧʨʦʚʝʨʢʠ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʢʫʨʩʘ ʭʠʤʠʠ ʩʪʫ-

ʜʝʥʪ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ ʜʚʝ ʢʦʥʪʨʦʣʴʥʳʝ ʨʘʙʦʪʳ. ʂ ʚʳʧʦʣʥʝʥʠʶ 

ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʫʜʝʪ 



5 

ʧʨʦʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʘʩʪʴ ʢʫʨʩʘ ʠ ʪʱʘʪʝʣʴʥʦ ʨʘʟʦʙʨʘʥʳ 

ʨʝʰʝʥʠʷ ʧʨʠʤʝʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʧʝʨʝʜ ʟʘʜʘʯʘʤʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʪʝʤʘʤ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʠ ʦʪʚʝʪʳ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʦʨʦʪʢʦ, ʥʦ ʯʝʪʢʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ, 

ʢʦʛʜʘ ʧʦ ʩʫʱʝʩʪʚʫ ʚʦʧʨʦʩʘ ʪʘʢʘʷ ʤʦʪʠʚʠʨʦʚʢʘ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʥʘʧʨʠ-

ʤʝʨ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤʫʣ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ, ʝʩʣʠ 

ʪʨʝʙʫʝʪʩʷ ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʠ ʪ. ʧ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʩʣʝʜʫʝʪ ʧʨʠʚʦʜʠʪʴ ʚʝʩʴ ʭʦʜ ʨʝʰʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʠ ʚʩʝ ʨʘʩʯʝʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʚʝʜʝʥʳ ʜʦ ʢʦʥ-

ʮʘ ʠ ʠʟʣʦʞʝʥʳ ʯʝʪʢʦ, ʷʩʥʦ, ʯʪʦʙʳ ʨʝʮʝʥʟʝʥʪ ʤʦʛ ʧʨʦʚʝʨʠʪʴ ʦʙʲʝʢ-

ʪʠʚʥʦ ʠ ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ. 

ʈʘʙʦʪʳ, ʥʘʙʨʘʥʥʳʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʠ ʨʘʩʧʝʯʘʪʘʥʥʳʝ, ʥʘ ʧʨʦ-

ʚʝʨʢʫ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ! 

ʂʘʞʜʘʷ ʢʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʬʦʨʤʣʝʥʘ ʚ ʦʪ-

ʜʝʣʴʥʦʡ ʪʝʪʨʘʜʠ ʩ ʫʢʘʟʘʥʠʝʤ ʜʘʪʳ ʚʳʧʦʣʥʝʥʠʷ; ʜʣʷ ʟʘʤʝʯʘʥʠʡ 

ʨʝʮʝʥʟʝʥʪʘ ʥʘʜʦ ʦʩʪʘʚʣʷʪʴ ʰʠʨʦʢʠʝ ʧʦʣʷ; ʧʠʩʘʪʴ ʩʣʝʜʫʝʪ ʯʝʪʢʦ ʠ 

ʘʢʢʫʨʘʪʥʦ; ʥʦʤʝʨʘ ʠ ʫʩʣʦʚʠʷ ʟʘʜʘʯ ʧʝʨʝʧʠʩʳʚʘʪʴ ʚ ʪʦʤ ʧʦʨʷʜʢʝ, 

ʚ ʢʘʢʦʤ ʦʥʠ ʫʢʘʟʘʥʳ ʚ ʟʘʜʘʥʠʠ. ʅʝʨʷʰʣʠʚʦ ʦʬʦʨʤʣʝʥʥʳʝ ʠʣʠ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʙʫʜʫʪ ʚʦʟʚʨʘʱʝʥʳ ʩʪʫʜʝʥʪʫ 

ʙʝʟ ʧʨʦʚʝʨʢʠ.  

ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʦʤ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʥʘ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʘ ʢʦʥʩʫʣʴʪʘʮʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʦʚʦ-

ʜʷʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʫʯʝʙʥʦʛʦ ʩʝʤʝʩʪʨʘ ʧʦ ʨʘʩʧʠʩʘʥʠ.ʁ 

ɽʩʣʠ ʢʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʥʝ ʟʘʯʪʝʥʘ, ʝʝ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚʪʦʨʦʡ 

ʨʘʟ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʠʷʤʠ ʨʝʮʝʥʟʝʥʪʘ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʧʦʚʪʦʨ-

ʥʦʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʚʤʝʩʪʝ ʩ ʥʝʟʘʯʪʝʥʥʦʡ ʨʘʙʦʪʦʡ. ʀʩʧʨʘʚʣʝʥʠʷ ʩʣʝ-

ʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʚ ʵʪʦʡ ʞʝ ʪʝʪʨʘʜʠ ʥʘ ʯʠʩʪʳʭ ʣʠʩʪʘʭ, ʘ ʥʝ ʚ ʨʝʮʝʥʟʠ-

ʨʦʚʘʥʥʦʤ ʪʝʢʩʪʝ, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʦʬʦʨʤʣʝ-

ʥʠʶ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʯ. ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʚʘʨʠʘʥʪʫ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʥʝ ʨʝʮʝʥʟʠʨʫʝʪʩʷ ʠ ʥʝ ʟʘʯʠʪʳʚʘʝʪʩʷ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ. ɼʣʷ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ ʢʘʢ ʥʘʫ-

ʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʣʘʙʦʨʘʪʦʨ-
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ʥʳʝ ʨʘʙʦʪʳ ʚ ʧʝʨʠʦʜ ʣʘʙʦʨʘʪʦʨʥʦ-ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʩʝʩʩʠʠ. ɼʣʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʣʘʙʦʨʘ-

ʪʦʨʥʳʡ ʞʫʨʥʘʣ (ʪʝʪʨʘʜʴ). ʇʨʠ ʦʬʦʨʤʣʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ. 

ʉʪʫʜʝʥʪʳ, ʧʨʦʧʫʩʪʠʚʰʠʝ ʦʪʜʝʣʴʥʳʝ ʪʝʤʳ ʟʘʥʷʪʠʡ, ʦʪʨʘʙʘʪʳʚʘʁ ʪ ʠʭ 

ʥʘ ʢʘʬʝʜʨʝ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʚʝʜʫʱʠʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. 

ʂʦʥʩʫʣʴʪʘʮʠʠ. ɽʩʣʠ ʫ ʩʪʫʜʝʥʪʘ ʚʦʟʥʠʢʘʶʪ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʠʟʫ-

ʯʝʥʠʠ ʢʫʨʩʘ, ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴʩʷ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʝʡ ʚ ʫʥʠʚʝʨʩʠʪʝʪ ʢ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ, ʧʨʦʚʦʜʷʱʝʤʫ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦ ʨʘʩʧʠʩʘʥʠʶ. ʂʦʥ-

ʩʫʣʴʪʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʢ ʧʦ ʚʦʧʨʦʩʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʧʦ ʜʨʫʛʠʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ ʚʦ-

ʧʨʦʩʘʤ, ʢʘʩʘʶʱʠʤʩʷ ʠʟʫʯʝʥʠʷ ʢʫʨʩʘ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʃʝʢʮʠʠ. ɺ ʧʦʤʦʱʴ ʩʪʫʜʝʥʪʘʤ ʥʘ ʫʩʪʘʥʦʚʦʯʥʳʭ ʩʝʩʩʠʷʭ ʯʠʪʘʶʪʩʷ 

ʣʝʢʮʠʠ ʧʦ ʚʘʞʥʝʡʰʠʤ ʨʘʟʜʝʣʘʤ ʢʫʨʩʘ. 

ʆʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ. ɺʳʧʦʣʥʠʚ ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʧʨʘʢʪʠʢʫʤ, ʩʪʫʜʝʥʪʳ ʩʜʘʶʪ ʦʪʯʝʪ. ɺʦ ʚʨʝʤʷ ʩʜʘʯʠ ʦʪʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʣʦʞʠʪʴ ʭʦʜ ʨʘʙʦʪʳ, ʦʧʠʩʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ, ʦʙʲʷʩʥʠʪʴ ʨʝ-

ʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʦʧʳʪʦʚ ʠ ʚʳʚʦʜʳ ʠʟ ʥʠʭ, ʫʤʝʪʴ ʩʦʩʪʘʚʣʷʪʴ 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. ʉʪʫʜʝʥʪʳ, ʩʜʘʶʱʠʝ ʦʪʯʝʪ, ʧʨʝʜʲʷʚʣʷʶʪ ʣʘʙʦʨʘ-

ʪʦʨʥʳʡ ʞʫʨʥʘʣ ʩ ʧʦʤʝʪʢʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʨʘʙʦʪ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʣʘʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. 

ʕʢʟʘʤʝʥ. ʂ ʩʜʘʯʝ ʵʢʟʘʤʝʥʘ ʜʦʧʫʩʢʘʶʪʩʷ ʩʪʫʜʝʥʪʳ, ʚʳʧʦʣʥʠʚʰʠʝ 

ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ ʠ ʩʜʘʚʰʠʝ ʦʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠʢʫʤʫ. 

ʕʢʟʘʤʝʥʘʪʦʨʫ ʩʪʫʜʝʥʪʳ ʧʨʝʜʲʷʚʣʷʶʪ ʟʘʯʝʪʥʫʶ ʢʥʠʞʢʫ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʥʘ ʵʢʟʘʤʝʥ ʠ ʟʘʯʪʝʥʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʨʘʙʦʪʳ. 

ʇʈʆɻʈɸʄʄɸ ʂʋʈʉɸ 

ʇʨʦʛʨʘʤʤʘ ʢʫʨʩʘ ʭʠʤʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʟʘʦʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʉʘʤɻʊʋ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʜʚʘ ʩʝʤʝʩʪʨʘ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ:  

ï ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʣʠ 

çʆʙʱʘʷ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷè ʚ 1 ʩʝʤʝʩʪʨʝ;  
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ï çʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʣʘʚʳ. ʍʠʤʠʷ ʵʣʝ-

ʤʝʥʪʦʚè ʚʦ 2 ʩʝʤʝʩʪʨʝ.  

ɼʘʥʥʘʷ ʫʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ʠʟʫʯʘʝʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʩʣʝʜʫʶʱʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ: 18.03.01, 18.03.02, 19.03.01, 19.03.02. 

ʇʨʦʛʨʘʤʤʘ ʢʫʨʩʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʦʡ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʢʫʨʩʘ ʭʠʤʠʠ  

ʅʦʤʝʨ 

ʨʘʟʜʝʣʘ 
ʊʝʤʘ ʠ ʧʝʨʝʯʝʥʴ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

ʈʘʟʜʝʣ 1 ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʭʠʤʠʠ 

 ʊʝʤʘ 1.1. ɺʚʝʜʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʭʠʤʠʠ. ʂʣʘʩʩʠ-

ʬʠʢʘʮʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʚʝʜʝʥʠʝ. ʍʠʤʠʷ ʢʘʢ ʧʨʝʜʤʝʪ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ʆʩʥʦʚʥʳʝ 

ʧʦʥʷʪʠʷ ʠ ʟʘʢʦʥʳ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ.  

ʇʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʚʝʱʝʩʪʚʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʚʝʱʝʩʪʚ. ʇʦʣʫʯʝʥʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪ-

ʚʘ, ʩʪʨʫʢʪʫʨʥʦ-ʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʦʢʩʠʜʦʚ, ʢʠʩʣʦʪ, ʦʩʥʦ-

ʚʘʥʠʡ, ʩʦʣʝʡ 

 ʊʝʤʘ 1.2. ʍʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ. ɿʘʢʦʥ ʵʢʚʠʚʘʣʝʥʪʦʚ.  

ʍʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ, ʬʘʢʪʦʨ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʯʠʩʣʦ ʵʢ-

ʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʧʨʦʩʪʳʭ ʠ 

ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʠʭ ʬʦʨʤʫʣʘʤ ʠ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ. 

ʄʦʣʷʨʥʳʡ ʦʙʲʝʤ ʵʢʚʠʚʘʣʝʥʪʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. ɿʘʢʦʥ 

ʵʢʚʠʚʘʣʝʥʪʦʚ  

 ʊʝʤʘ 1.3. ʉʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ. 

ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʘʪʦʤʘ. ʂʚʘʥʪʦʚʳʡ ʭʘʨʘʢʪʝʨ 

ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ. ʋʨʘʚʥʝʥʠʝ ʇʣʘʥʢʘ. ʂʦʨ-

ʧʫʩʢʫʣʷʨʥʳʝ ʠ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʤʠʢʨʦʦʙʲʝʢʪʦʚ. ʉʦʦʪʥʦ-

ʰʝʥʠʝ ʃʫʠ ʜʝ ɹʨʦʡʣʷ. ʇʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ɻʝʡʟʝʥ-

ʙʝʨʛʘ. ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ ʩʠʩʪʝʤʦʡ 

ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ; s-, p-, d- ʠ f-ʦʨʙʠʪʘʣʠ. ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʦʚ: ʟʘʧʨʝʪ ʇʘʫʣʠ, ʧʨʘʚʠʣʦ 

ɻʫʥʜʘ, ʧʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʠ (ʧʨʘʚʠʣʦ ʂʣʝʯʢʦʚʩʢʦ-

ʛʦ). ʕʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʵʣʝʤʝʥʪʦʚ. ʗʚʣʝʥʠʝ çʧʨʦʩʢʦʢʘè 

(çʧʨʦʚʘʣʘè) ʵʣʝʢʪʨʦʥʦʚ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.1 
 

ʅʦʤʝʨ 

ʨʘʟʜʝʣʘ 
ʊʝʤʘ ʠ ʧʝʨʝʯʝʥʴ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

 ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥ ʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʘʢ ʝʩʪʝʩʪ-

ʚʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ 

ʘʪʦʤʦʚ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ. ʇʝʨʠʦʜʳ, ʛʨʫʧʧʳ, ʧʦʜʛʨʫʧʧʳ. 

ʆʙʟʦʨ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʧʦʣʦʞʝʥʠʝʤ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ.  

ʉʚʦʡʩʪʚʘ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ (ʘʪʦʤʥʳʝ ʠ ʠʦʥʥʳʝ ʨʘʜʠʫ-

ʩʳ, ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ, ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ, ʵʣʝʢʪʨʦʦʪʨʠ-

ʮʘʪʝʣʥɹʦʩʪʴ). ɺʠʜʳ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

 ʊʝʤʘ 1.4. ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ. 

ʄʝʪʦʜʳ ʝʝ ʦʧʠʩʘʥʠʷ: ʤʝʪʦʜ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʠ ʤʝʪʦʜ ʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ.  

ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ: ʥʘ-

ʩʳʱʘʝʤʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʆʜʠʥʘʨʥʳʝ ʠ ʢʨʘʪʥʳʝ ʩʚʷʟʠ. 

ʇʦʥ̫ʪʠʝ ʦ ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ. 

ʉʚʷʟʳʚʘʶʱʠʝ ʠ ʨʘʟʨʳʭʣʷʶʱʠʝ ʦʨʙʠʪʘʣʠ. ɺʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ ʦʨʙʠʪʘʣʷʤ ʥʘ ʧʦ-

ʨʷʜʦʢ ʩʚʷʟʠ. ɼʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ ʵʣʝʤʝʥʪʦʚ 1 ʠ 2 ʧʝʨʠʦʜʦʚ. 

ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʠ ʧʦʣʷʨʥʦʩʪʴ ʩʚʷʟʠ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦ-

ʤʝʥʪ ʜʠʧʦʣʷ. ɿʦʥʥʘʷ ʪʝʦʨʠʷ ʩʪʨʦʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʄʝʪʘʣ-

ʣʳ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʜʠʵʣʝʢʪʨʠʢʠ ʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ. 

ʀʦʥʥʳʝ ʩʚʷʟʠ. ʉʚʦʡʩʪʚʘ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ. 

ɼʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʷʟʠ. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʣʠʛʘʥ-

ʜʳ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ.  

ʇʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ. ʂʦʤʧʣʝʢʩʥʳʝ ʠ ʜʚʦʡ-

ʥʳʝ ʩʦʣʠ. ʇʦʥʷʪʠʝ ʦ ʢʦʥʩʪʘʥʪʝ ʥʝʩʪʦʡʢʦʩʪʠ 

ʈʘʟʜʝʣ 2 ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

 ʊʝʤʘ 2.1. ʕʥʝʨʛʝʪʠʢʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʇʦʥʷʪʠʝ ʦ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠ ʵʥʪʘʣʴʧʠʠ. ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʝ 

ʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʊʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ. ɿʘ-

ʢʦʥ ɻʝʩʩʘ ʠ ʩʣʝʜʩʪʚʠʝ ʠʟ ʥʝʛʦ. ʊʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ.  

ʇʦʥʷʪʠʝ ʦʙ ʵʥʪʨʦʧʠʠ. ʕʥʝʨʛʠʷ  ɻʠʙʙʩʘ ʢʘʢ ʢʨʠʪʝʨʠʡ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.1 
 

ʅʦʤʝʨ 

ʨʘʟʜʝʣʘ 
ʊʝʤʘ ʠ ʧʝʨʝʯʝʥʴ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

 ʊʝʤʘ 2.2. ʍʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʠ ʨʘʚʥʦʚʝʩʠʝ. 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ. ʌʘʢʪʦʨʳ, 

ʚʣʠ̫ ʶʱʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɿʘʢʦʥ ʜʝʡʩʪʚʠʷ 

ʤʘʩʩ. ʇʨʘʚʠʣʦ ɺʘʥʪ-ɻʦʬʬʘ. ʇʦʥʷʪʠʝ ʦʙ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ. 

ʂʘʪʘʣʠʟ. 

 ʆʙʨʘʪʠʤʳʝ ʠ ʥʝʦʙʨʘʪʠʤʳʝ ʨʝʘʢʮʠʠ. ʍʠʤʠʯʝʩʢʦʝ ʨʘʚʥʦ-

ʚʝʩʠʝ. ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʠ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. 

ʇʨʠʥʮʠʧ ʃʝ ʐʘʪʝʣʴʝ-ɹʨʘʫʥʘ 

ʈʘʟʜʝʣ 3 ʊʝʦʨʠʷ ʨʘʩʪʚʦʨʦʚ 

 ʊʝʤʘ 3.1. ʈʘʩʪʚʦʨʳ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚʝʱʝʩʪʚ. ʉʧʦʩʦʙʳ 

ʚʳʨʘʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ.  

ʕʣʝʢʪʨʦʣʠʪʳ ʠ ʥʝʵʣʝʢʪʨʦʣʠʪʳ. ʈʘʩʪʚʦʨʳ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. ʉʪʝʧʝʥʴ ʜʠʩʩʦ-

ʮʠʘʮʠʠ, ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʉʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ 

ʵʣʝʢʪʨʦʣʠʪʳ. ʂʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ɿʘʢʦʥ ʨʘʟʙʘʚʣʝʥʠʷ ʆʩʪʚʘʣʴʜʘ.  

ʉʦʩʪʦʷʥʠʝ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʨʘʩʪʚʦʨʝ. ʂʦʣʣʠʛʘ-

ʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ. ʀʟʦʪʦʥʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʇʦʥʷʪʠʝ ʦʙ ʘʢʪʠʚʥʦʩʪʠ. ʀʦʥʥʘʷ ʩʠʣʘ ʨʘʩʪʚʦʨʘ. ʋʨʘʚʥʝʥʠʝ 

ɼʝʙʘʷ-ɻʶʢʢʝʣʷ. 

ʀʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʜʳ. ʨʅ ʠ ʨʆʅ. ɻʠʜʨʦʣʠʟ ʩʦʣʝʡ. 

ʆʩʥʦʚʥʳʝ ʩʣʫʯʘʠ ʛʠʜʨʦʣʠʟʘ. ʇʦʥʷʪʠʝ ʦ ʢʦʥʩʪʘʥʪʝ ʠ ʩʪʝʧʝʥʠ 

ʛʠʜʨʦʣʠʟʘ.  

ɻʝʪʝʨʦʛʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʇʦ-

ʥʷʪʠʝ ʦ ʧʨʦʠʟʚʝʜʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʋʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

ʈʘʟʜʝʣ 4 ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

 ʊʝʤʘ 4.1. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ. ɺʘʞʥʝʡʰʠʝ ʦʢʠʩʣʠʪʝʣʠ ʠ ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ. ʄʝʪʦʜʳ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʆɺʈ 

ʊʝʤʘ 4.2. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʇʦʥʷʪʠʝ ʦʙ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʕʣʝʢʪʨʦʜʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʥʘ ʛʨʘʥʠʮʝ çʤʝʪʘʣʣ-ʨʘʩʪʚʦʨè ʵʣʝʢʪʨʦʣʠʪʘ. ʈʷʜ 

ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʌʦʨʤʫʣʘ ʅʝʨʥʩʪʘ 
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ʅʦʤʝʨ 

ʨʘʟʜʝʣʘ 
ʊʝʤʘ ʠ ʧʝʨʝʯʝʥʴ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

 ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. 
ʕʣʝʢʪʨʦʣʠʟ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʥʦʜʥʳʭ ʠ ʢʘʪʦʜʥʳʭ 
ʧʨʦʮʝʩʩʦʚ. ʕʣʝʢʪʨʦʣʠʟ ʩ ʨʘʩʪʚʦʨʠʤʳʤ ʘʥʦʜʦʤ ʠ ʠʥʝʨʪʥʳʤʠ 
ʵʣʝʢʪʨʦʜʘʤʠ.  
ɿʘʢʦʥʳ ʵʣʝʢʪʨʦʣʠʟʘ. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʣʠʟʘ ʚ ʭʠʤʠʯʝ 

ʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 
ʊʝʤʘ 4.3. ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ. ʉʧʦʩʦʙʳ ʟʘʱʠʪʳ ʦʪ 
ʢʦʨʨʦʟʠʠ. 
ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 
ʤʝʭʘʥʠʟʤ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  
ʉʧʦʩʦʙʳ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʦʪ ʢʦʨʨʦʟʠʠ: ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ, ʧʨʦʪʝʢʪʦʨʥʘʷ ʠ ʢʘʪʦʜʥʘʷ ʟʘʠɦ-
ʪʘ, ʧʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ 

ʈʘʟʜʝʣ 5 
ʉʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʥʝʢʦʪʦʨʳʭ ʧʦʜʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝ-
ʩʢʦʡ ʩʠʩʪʝʤʳ 

 

 

 

 

ʊʝʤʘ 5.1. ʆʙʟʦʨ ʩʚʦʡʩʪʚ ʨ-ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ 
IVA -ʛʨʫʧʧʘ. ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢ-
ʪʫʨʳ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ IVA -ʛʨʫʧʧʳ ʠ ʚʣʠʷʥʠʝ ʝʝ ʥʘ ʬʠʟʠ-
ʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʋʛʣʝʨʦʜ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʫʛ-
ʣʝʨʦʜʘ ʚ ʧʨʠʨʦʜʝ, ʘʣʣʦʪʨʦʧʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ. ɺʘʣʝʥʪʥʳʝ 
ʩʦʩʪʦʷʥʠʷ ʫʛʣʝʨʦʜʘ. ʂʠʩʣʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ. 
ʋʛʦʣʴʥʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʩʦʣʠ. ʉʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ ʩ ʛʘʣʦʛʝ-
ʥʘʤʠ, ʘʟʦʪʦʤ, ʩʝʨʦʡ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ.  
ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʩʚʦʡʩʪʚ ʢʨʝʤʥʠʷ. ʆʢʩʠʜʳ ʢʨʝʤʥʠʷ. ʂʨʝʤ-
ʥʝʚʳʝ ʢʠʩʣʦʪʳ. ʉʠʣʠʢʘʪʳ.  
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝ-
ʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ ʛʝʨʤʘʥʠʷ. ʆʪʥʦʰʝʥʠʝ ʢ ʢʠʩʣʦʪʘʤ, ʱʝʣʦ-
ʯʘʤ ʠ  ʚʦʜʝ. ʆʢʩʠʜʳ  ʠ ʛʠʜʨʦʢʠʩʜʳ. ʉʪʘʥʥʘʪʳ ʠ ʩʪʘʥʥʠʪʳ, 
ʧʣʶʤʙʘʪʳ ʠ ʧʣʶʤʙʠʪʳ. ʉʦʣʠ ʛʝʨʤʘʥʠʷ, ʦʣʦʚʘ, ʩʚʠʥʮʘ ʠ ʠʭ 
ʩʚʦʡʩʪʚʘ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ 

 VA-ʛʨʫʧʧʘ. ʕʣʝʤʝʥʪʳ ʧʦʜʛʨʫʧʧʳ ʘʟʦʪʘ. ʆʙʱʘʷ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘ. ɸʟʦʪ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʚʦʜʦʨʦʜʦʤ: ʘʤʤʠʘʢ, ʛʠʜʨʘʟʠʥ, 
ʛʠʜʨʦʢʩʠʣʘʤʠʥ. ʆʢʩʠʜʳ ʘʟʦʪʘ. ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʢʠʩʣʦʪʳ, 
ʠʭ ʩʦʣʠ, ʩʚʦʡʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ. ʇʦʣʫʯʝʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 
ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʌʦʩʬʦʨ. ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʢʩʠʜʳ 
ʬʦʩʬʦʨʘ. ʉʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʘ ʩ ʚʦʜʦʨʦʜʦʤ ʠ ʛʘʣʦʛʝʥʘʤʠ. 
ʂʠʩʣʦʪʳ ʬʦʩʬʦʨʘ. 
ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʩʝʤʝʡʩʪʚʘ ʤʳʰʴʷʢʘ 
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ʅʦʤʝʨ 

ʨʘʟʜʝʣʘ 
ʊʝʤʘ ʠ ʧʝʨʝʯʝʥʴ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

 VIA -ʛʨʫʧʧʘ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʦʡʩʪʚ ʨ-ʵʣʝʤʝʥʪʦʚ 
VIA -ʛʨʫʧʧʳ. ʂʠʩʣʦʨʦʜ, ʦʟʦʥ. ʆʢʩʠʜʳ, ʧʝʨʦʢʩʠʜʳ, ʩʫʧʝʨʦʢ-
ʩʠʜʳ, ʦʟʦʥʠʜʳ. ʉʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ. 
ʕʣʝʤʝʥʪʳ ʧʦʜʛʨʫʧʧʳ ʩʝʨʳ ï ʭʘʣʴʢʦʛʝʥʳ. ʉʝʨʘ. ʌʠʟʠʯʝ-
ʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʝʨʦʚʦʜʦʨʦʜ, ʩʫʣʴʬʘʥʳ. ʉʫʣʴ-
ʬʠʜʳ. ʆʢʩʠʜʳ ʩʝʨʳ. ʂʠʩʣʦʪʳ ʩʝʨʳ: ʩʝʨʥʠʩʪʘʷ, ʩʝʨʥʘʷ, ʦʣʝ-
ʫʤ, ʪʠʦʩʝʨʥʘʷ. ʉʚʦʡʩʪʚʘ ʩʦʣʝʡ ʵʪʠʭ ʢʠʩʣʦʪ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ 

 VIIA -ʛʨʫʧʧʘ. ɻʘʣʦʛʝʥʳ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʨʠʤʝ-
ʥʝʥʠʝ. ɺʦʜʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʂʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʢʠ-
ʩʣʦʪʳ ʭʣʦʨʘ, ʙʨʦʤʘ ʠ ʡʦʜʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʠʣʘ ʢʠʩʣʦʪ. 
ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʝʡ. 
ʇʨʠʤʝʥʝʥʠʝ 

IIIA -ʛʨʫʧʧʘ. ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ IIIɸ-
ʛʨʫʧʧʳ. ɹʦʨ ʠ ʘʣʶʤʠʥʠʡ. ʆʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: 
ʦʪʥʦʰʝʥʠʝ ʢ ʵʣʝʤʝʥʪʘʨʥʳʤ ʦʢʠʩʣʠʪʝʣʷʤ, ʢ ʢʠʩʣʦʪʘʤ, ʱʝ-
ʣʦʯʘʤ ʠ ʚʦʜʝ. ɺʘʞʥʝʡʰʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʦʨʘ ʠ ʘʣʶʤʠʥʠʷ 

 ʊʝʤʘ 5.2. ʆʙʟʦʨ ʩʚʦʡʩʪʚ d-ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ 

VIB -ʛʨʫʧʧʘ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ 
ʧʦʜʛʨʫʧʧʳ ʭʨʦʤʘ. ʅʘʭʦʞʜʝʥʠʝ ʚ ʧʨʠʨʦʜʝ, ʧʦʣʫʯʝʥʠʝ, ʧʨʠ-
ʤʝʥʝʥʠʝ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʦʪʥʦʰʝʥʠʝ ʢ ʵʣʝʤʝʥʪʘʨʥʳʤ 
ʦʢʠʩʣʠʪʝʣʷʤ, ʢʠʩʣʦʪʘʤ, ʱʝʣʦʯʘʤ, ʚʦʜʝ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡ-
ʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2,+3,+6. ʂʠʩʣʦʪ-
ʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʍʨʦʤʠʪʳ, ʭʨʦʤʘʪʳ ʠ ʜʠʭʨʦʤʘʪʳ 

 VIIB -ʛʨʫʧʧʘ. ʇʦʜʛʨʫʧʧʘ ʤʘʨʛʘʥʮʘ. ʅʘʭʦʞʜʝʥʠʝ ʚ ʧʨʠʨʦ-
ʜʝ, ʧʦʣʫʯʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʦʪʥʦʰʝ-
ʥʠʝ ʢ ʢʠʩʣʦʪʘʤ, ʱʝʣʦʯʘʤ, ʚʦʜʝ ʠ ʦʢʠʩʣʠʪʝʣʷʤ. ʍʠʤʠʯʝʩʢʠʝ 
ʩʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2, +4, +6, +7. 
ʀʭ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʨʛʘʥʮʝʚʳʝ ʢʠʩʣʦʪʳ, 
ʠʭ ʩʦʣʠ ʠ ʧʨʠʤʝʥʝʥʠʝ 

 VIIIB -ʛʨʫʧʧʘ. ʉʝʤʝʡʩʪʚʦ ʞʝʣʝʟʘ. ɺʘʞʥʝʡʰʠʝ ʩʦʝʜʠʥʝʥʠʷ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʠʤʝʥʝʥʠʝ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡ-
ʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2, +3, +6.  
ʍʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ +2, +3. ʂʦʤ-
ʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ. ʆʩʥʦʚʥʳʝ 
ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʩʚʦʡʩʪʚ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʚʘʞ-
ʥʝʡhʠʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.1 
 

ʅʦʤʝʨ 

ʨʘʟʜʝʣʘ 
ʊʝʤʘ ʠ ʧʝʨʝʯʝʥʴ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

 IIB -ʛʨʫʧʧʘ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʛʨʫʧʧʳ ʮʠʥʢʘ. ʆʪʥʦʰʝʥʠʝ ʢ ʢʠʩʣʦʪʘʤ, ʱʝʣʦʯʘʤ ʠ ʚʦʜʝ. 

ɺʘʞʥʝʡʰʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʦʢʩʠʜʳ, ʛʠʜʨʦʢʩʠʜʳ, ʩʦʣʠ, ʠʭ 

ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ. 

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʩʚʦʡʩʪʚ d-ʵʣʝʤʝʥʪʦʚ VB, IVB, IIIB, IB -

ʛʨʫʧʧ. ɺʘʞʥʝʡʰʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ 

 ʊʝʤʘ 5.2. ʆʙʟʦʨ ʩʚʦʡʩʪʚ s-ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʩʚʦʡʩʪʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʅʘʭʦʞʜʝʥʠʝ ʚ ʧʨʠʨʦʜʝ, ʧʦʣʫʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ. 

ʇʦʥʷʪʠʝ ʦ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ. ʉʧʦʩʦʙʳ ʫʩʪʨʘʥʝʥʠʷ ʩʦʣʝʡ ʞʝ-

ʩʪʢʦʩʪʠ ʠ ʤʝʪʦʜʳ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ 

 ʊʝʤʘ 5.4. ʆʙʟʦʨ ʩʚʦʡʩʪʚ f-ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʦʡʩʪʚ f-ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠ-

ʥʝʥʠʡ. ʇʦʣʫʯʝʥʠʝ ʠ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʘʢʪʠ-

ʥʦʠʜʦʚ ʠ ʠʭ ʦʩʥʦʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

1. ʕʂɺʀɺɸʃɽʅʊ.  

ʄʆʃʗʈʅʓɽ ʄɸʉʉʓ ʕʂɺʀɺɸʃɽʅʊʆɺ ɺɽʑɽʉʊɺ.  

ɿɸʂʆʅ ʕʂɺʀɺɸʃɽʅʊʆɺ 

ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʵʣʝʤʝʥʪʘ ʠʣʠ ʧʨʦʩʪʦʛʦ ʚʝʝɦ-

ʩʪʚʘ (ʕ) ï ʵʪʦ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘ ʠʣʠ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦ-

ʪʦʨʦʝ ʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʨʝʘʢʮʠʷʭ ʧʨʠʩʦʝʜʠʥʷʝʪ ʠʣʠ ʟʘʤʝʱʘʝʪ 

1 ʤʦʣʴ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ (ʅ
+
) [1-4]. ʀʟʤʝʨʷʝʪʩʷ ʚ ʤʦʣʷʭ. ʈʘʩʩʯʠʪʳʚʘ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ɺ

1
ʕ= , 

ʛʜʝ ɺ ï ʚʘʣʝʥʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ. 

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ (ʄ )ɻ ï ʵʪʦ ʤʘʩʩʘ ʦʜʥʦʛʦ ʤʦʣʷ ʵʢʚʠ-

ʚʘʣʝʥʪʦʚ ʵʣʝʤʝʥʪʘ, ʧʨʦʩʪʦʛʦ ʠʣʠ ʩʣʦʞʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʟʤʝʨʷʝʪʩʷ ʚ 

ʛ/ʤʦʣʴ. ɼʣʷ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ ʠ ʚʘʣʝʥʪ-

ʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ: 
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B

A
Mʵ= , 

ʛʜʝ ɸ ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʵʣʝʤʝʥʪʘ (ʛ/ʤʦʣʴ);  

ɺ ï ʚʘʣʝʥʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ 

ʵʣʝʤʝʥʪʘ, ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʣʦʞʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʟʘʚʠʩʷʪ ʦʪ ʚʘʣʝʥʪʥʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʦʪ ʪʦʛʦ, 

ʚ ʢʘʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʝʪ ʚʝʱʝʩʪʚʦ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ 

ʚʠʜʫ, ʯʪʦ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ï ʧʦʥʷʪʠʷ ʥʝ ʠʜʝʥ-

ʪʠʯʥʳʝ. ʄʘʩʩʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʢʠʣʦʛʨʘʤʤʘʭ (ʛʨʘʤʤʘʭ), ʢʦʣʠʯʝʩʪʚʦ ʚʝ-

ʱʝʩʪʚʘ ï ʚ ʤʦʣʷʭ. 

ʊʘʢ, ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʘʟʦʪʘ, ʩʝʨʳ ʠ ʭʣʦʨʘ ʚ ʩʦ-

ʝʜʠʥʝʥʠʷʭ NH3, H2S ʠ ʅʉl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 1/3 ʤʦʣʴ, 1/2 ʤʦʣʴ, 

1 ʤʦʣʴ. ʀʩʭʦʜʷ ʠʟ ʘʪʦʤʥʳʭ ʤʘʩʩ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢ-

ʚʠʚʘʣʝʥʪʘ ʩʦʩʪʘʚʣʷʶʪ  

67,414
3

1
)N(Mʵ =Ö=  ʛ/ʤʦʣʴ; 

1632
2

1
)S(Mʵ =Ö=  ʛ/ʤʦʣʴ; 

45,3545,351)Cl(Mʵ =Ö=  ʛ/ʤʦʣʴ. 

ɿʥʘʷ ʄ ɻʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʫʶ ʚʘʣʝʥʪʥʦʩʪʴ (ɺ) 

ʵʣʝʤʝʥʪʘ: 

ʵʄ

ɸ
ɺ= , 

ʛʜʝ ɸ ï ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʘ, ʛ/ʤʦʣʴ;  

ʄ  ɻï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ, ʛ/ʤʦʣʴ. 

ʆʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ ʠʣʠ ʢʠʩʣʦʪʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷ ʨʘʚʥʳ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ 

ʵʄ

M
n= , 

ʛʜʝ ʄ ï ʤʦʣʨʷʥʘʷ ʤʘʩʩʘ ʢʠʩʣʦʪʳ ʠʣʠ ʦʩʥʦʚʘʥʠʷ, ʛ/ʤʦʣʴ. 
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ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʵʢʚʠʚʘʣʝʥʪʦʚ, ʤʘʩʩʳ ʨʝʘʛʠʨʫʱʠʭ ʚʝʱʝʩʪʚ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʤʦʣʷʨʥʳʤ ʤʘʩʩʘʤ ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʪʠʭ ʚʝʱʝʩʪʚ: 

)2(M

)1(M

m

m

ʵ

ʵ

2

1 = . 

ɽʩʣʠ ʦʜʥʦ ʠʟ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʤ, ʪʦ ʚ 

ʚʳʨʘʞʝʥʠʠ ʟʘʢʦʥʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʤʘʩʩʳ ʜʣʷ ʥʝʛʦ ʟʘʤʝʥʷʶʪʩʷ ʦʙʲʝʤʘʤʠ: 

)2(V

)2(V

)1(M

m

ʵʵ

1 = , 

ʛʜʝ V ï ʦʙʲʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʥ.ʫ., ʣ;  

V  ɻ ï ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʵʢʚʠʚʘʣʝʥʪʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʣ/ʤʦʣʴ. 

ʄʦʣʷʨʥʳʡ ʦʙʲʝʤ ʵʢʚʠʚʘʣʝʥʪʘ ʛʘʟʘ ï ʵʪʦ ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ 

1 ʤʦʣʴ ʵʢʚʠʚʘʣʝʥʪʦʚ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 

ʄ

4,22ʄ
V ʵ
ʵ

Ö
= , ʣ/ʤʦʣʴ, 

ʛʜʝ ʄ  ɻï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ/ʤʦʣʴ; 

22,4 ï ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ, ʣ/ʤʦʣʴ;  

ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ, ʛ/ʤʦʣʴ. 

ʀʟ ʟʘʢʦʥʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʵʢʚʠ-

ʚʘʣʝʥʪʘ (ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ) ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʥʦ 

ʩʫʤʤʝ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚ ʵʢʚʠʚʘʣʝʥʪʦʚ (ʤʦʣʷʨʥʳʭ ʤʘʩʩ ʵʢʚʠʚʘʣʝʥ-

ʪʦʚ) ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʯʘʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟ 3,85 ʛ 

ʥʠʪʨʘʪʘ ʤʝʪʘʣʣʘ ʧʦʣʫʯʝʥʦ 1,60 ʝʛʦ ʛʠʜʨʦʢʩʠʜʘ, ʪʦ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 

ʵʢʚʠʚʘʣʝʥʪʘ ʤʝʪʘʣʣʘ ʄ (ɻMe) ʚʳʯʠʩʣʷʶʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

)OH(ʄ)ʄʝ(ʄ

)NO(ʄ)ʄʝ(ʄ

60,1

85,3

ʵʵ

3ʵʵ

-

-

+

+
= ; 

;
17(Me)ʄ

62(Me)ʄ

1,60

3,85

ʵ

ʵ

+

+
=  ʦʪʩʶʜʘ ʄ(ɻʄʝ) = 15 ʛ/ʤʦʣʴ. 

ʅʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʵʢʚʠʚʘʣʝʥʪʦʚ ʚʳʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ ï 

ʦʢʩʠʜʦʚ, ʢʠʩʣʦʪ, ʦʩʥʦʚʘʥʠʡ ʠ ʩʦʣʝʡ: 
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ʵʣʝʤʝʥʪʘʴʚʘʣʝʥʪʥʦʩʪʵʣʝʤʝʥʪʘʘʪʦʤʦʚʯʠʩʣʦ

.)ʦʢ(ʄ
.)ʦʢ(ʄʵ

Ö
= ; 

ʢʠʩʣʦʪʳʦʩʥʦʚʥʦʩʪʴ

.)ʢʠʩʣ(ʄ
.)ʢʠʩʣ(ʄʵ = ; 

ʦʩʥʦʚʘʥʠʷʴʢʩʠʣʦʪʥʦʩʪ

.)ʦʢ(ʄ
.)ʦʩʥ(ʄʵ = ; 

)ʢʘʪʠʦʥʦʚʠʣʠ(ʘʥʠʦʥʦʚʟʘʨʷʜʩʫʤʤʘʨʥʳʡ

)ʩʦʣʠ(ʄ

ʤʝʪʘʣʣʘʴʚʘʣʝʥʪʥʦʩʪʤʝʪʘʣʣʘʘʪʦʤʦʚʯʠʩʣʦ

)ʩʦʣʠ(ʄ
)ʩʦʣʠ(ʄʵ

=

=
Ö

=

 

ʛʜʝ ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ, ʛ/ʤʦʣʴ;  

ʄ  ɻï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ, ʛ/ʤʦʣʴ.  

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦ-

ʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʟʘʤʝʱʘʶʪʩʷ ʥʘ 

ʢʘʪʠʦʥʳ ʦʩʥʦʚʥʦʛʦ ʦʩʪʘʪʢʘ, ʘ ʢʠʩʣʦʪʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʠʩʣʦʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʟʘʤʝʱʘʶʱʠʭʩʷ ʥʘ ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʘ ʩʣʦʞʥʦʛʦ ʚʝʝɦ-

ʩʪʚʘ ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʝʛʦ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ (ʄ) ʥʘ ʩʫʤʤʫ ʟʘʨʷʜʦʚ 

ʟʘʤʝʱʝʥʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʅ
+
; ʆʅ

ï
; Kat

n+
, ɸn

nï
). ʅʘʧʨʠʤʝʨ: 

1) NaHSʆ4 + NaCl = Na2SO4 + HCl; 

2) ZnOHNʆ3+HNO3 = Zn(NO3)2 + H2O; 

3) H2SO4 + NaCl = NaHSO4 + HCl; 

4) NaHCO3 + CaSO4 = CaCO3Ź + NaHSO4; 

5) Fe(OH)2Cl + 2HCl = FeCl3 + 2H2O; 

6) H2SO4 + 2KOH = K2Sʆ4 + 2H2O; 

7) AlOHSO4 + 3HC1 = AlCl3 + H2SO4 + H2O; 

8) Al (OH)3 + 3HNO3 = Al(NO)3 + 3H2O; 

9) KAl(SO4)2 + 2BaCl2 = KCl + AlCl3 + 2BaSO4. 

ɺ ʨʝʘʢʮʠʷʭ 1-3 ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚ ʵʢʚʠʚʘʣʝʥʪʦʚ NaHSO4, 

ZnOHNO3, H2SO4 ʨʘʚʥʳ 1 ʤʦʣʴ, ʘ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ï 

ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ (ʄ) ʵʪʠʭ ʚʝʱʝʩʪʚ, ʜʝʣʝʥʥʦʡ ʥʘ ʝʜʠʥʠʮʫ, ʪʘʢ ʢʘʢ ʚ 
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ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʘ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʟʘʤʝʱʘʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʦʜʥʦʚʘʣʝʥʪ-

ʥʦʤʫ ʨʘʜʠʢʘʣʫ. ɺ ʨʝʘʢʮʠʷʭ 4-6 ʢʦʣʠʯʝʩʪʚʘ ʚʝɦʝʩʪʚ ʵʢʚʠʚʘʣʝʥʪʦʚ 

N-HCO3, Fe(OH)2Cl ʠ H2SO4 ʨʘʚʥʳ 1/2 ʤʦʣʴ, ʘ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠ-

ʚʘʣʝʥʪʦʚ ï ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ (ʄ) ʵʪʠʭ ʚʝʱʝʩʪʚ, ʜʝʣʝʥʥʦʡ ʥʘ ʜʚʘ, ʪʘʢ 

ʢʘʢ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʟʘʤʝʱʘʝʪʩʷ ʧʦ ʜʚʘ ʦʜʥʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʢʘʣʘ. ɺ 

ʨʝʘʢʮʠʷʭ 7, 8 ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚ ʵʢʚʠʚʘʣʝʥʪʦʚ AlOHSO4 ʠ ɸl(ʆʅ)3 

ʨʘʚʥʳ 1/3 ʤʦʣʴ, ʘ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ï ʄ/3. ɺ ʨʝʘʢʮʠʠ 9 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʵʢʚʠʚʘʣʝʥʪʘ KA1(SO4)2 ʨʘʚʥʦ 1/4 ʤʦʣʴ, ʘ ʤʦ-

ʣʨ̫ʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ï M/4, ʪʘʢ ʢʘʢ ʩʫʤʤʘ ʚʘʣʝʥʪʥʦʩʪʝʡ ʟʘʤʝ-

ʱʝʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʨʘʚʥʘ ʯʝʪʳʨʝʤ. 

 

ʇʨʠʤʝʨ 1. ʆʧʨʝʜʝʣʠʪʴ ʵʢʚʠʚʘʣʝʥʪ ʠ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥ-

ʪʘ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʅɺr, ʅ2ʆ ʠ Nʅ3. 

ʈʝʰʝʥʠʝ. ɺ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʦʜʥʠʤ ʤʦʣʝʤ ʘʪʦʤʦʚ ʚʦʜʦ-

ʨʦʜʘ ʩʦʝʜʠʥʷʝʪʩʷ 1 ʤʦʣʴ ʘʪʦʤʦʚ ʙʨʦʤʘ, 1/2 ʤʦʣʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ 

1/3 ʤʦʣʷ ʘʪʦʤʦʚ ʘʟʦʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʵʢʚʠ-

ʚʘʣʝʥʪʳ ʙʨʦʤʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1 ʤʦʣʴ, 1/2 ʠ 

1/3 ʤʦʣʴ. ʀʩʭʦʜʷ ʠʟ ʘʪʦʤʥʳʭ ʤʘʩʩ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʠʤ, ʯʪʦ ʢɻ-

ʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ ʙʨʦʤʘ ʨʘʚʥʘ 79,9 ʛ/ʤʦʣʴ, ʢʠʩʣʦʨʦʜʘ 

16:2 = 8 ʛ/ʤʦʣʴ, ʘʟʦʪʘ ï 14:3 = 4,67 ʛ/ʤʦʣʴ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʘ (ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʘ) 

ʵʣʝʤʝʥʪʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʩʭʦʜʠʪʴ ʠʟ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʦʜʦʨʦʜʦʤ. ʕʢ-

ʚʠʚʘʣʝʥʪ (ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ) ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʩʦʩʪʘʚʫ 

ʩʦʝʜʠʥʝʥʠʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʣʶʙʳʤ ʜʨʫʛʠʤ, ʵʢʚʠʚʘʣʝʥʪ ʢʦʪʦʨʦʛʦ 

ʠʟʚʝʩʪʝʥ [5, 6]. 

ʇʨʠʤʝʨ 2. ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ 5,6 ʛ ʞʝʣʝʟʘ ʩ ʩʝʨʦʡ ʦʙʨʘʟʦʚʘʣʦʩʴ 

8,8 ʛ ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ. ʅʘʡʪʠ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʞʝʣʝʟʘ ʠ 

ʝʛʦ ʵʢʚʠʚʘʣʝʥʪ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʩʝʨʳ 

ʨʘʚʥʘ 16 ʛ/ʤʦʣʴ. 

ʈʝʰʝʥʠʝ. ʀʟ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʫʣʴʬʠʜʝ ʞʝʣʝʟʘ ʥʘ 

5,6 ʛ ʞʝʣʝʟʘ ʧʨʠʭʦʜʠʪʩʷ 8,8 ï 5,6=3,2 ʛ ʩʝʨʳ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʵʢʚʠʚʘ-

ʣʝʥʪʦʚ, ʤʘʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥɹʳ 

ʤʦʣʷʨʥʳʤ ʤʘʩʩʘʤ ʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ: 
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)2(M

)1(M

m

m

ʵ

ʵ

2

1 = . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

5,6 ʛ ʞʝʣʝʟʘ ʵʢʚʠʚʘʣʝʥʪʥʳ 3,2 ʛ ʩʝʨʳ, 

ʄ  ɻʛ/ʤʦʣʴ ʞʝʣʝʟʘ ʵʢʚʠʚʘʣʝʥʪʥʳ 16 ʛ/ʤʦʣʴ ʩʝʨʳ. 

ʆʪʩʶʜʘ 0,28
2,3

0,166,5
)Fe(ʄʵ =

Ö
=  ʛ/ʤʦʣʴ.  

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʘʪʦʤʦʚ ʞʝʣʝʟʘ, ʯʠʩʣʝʥʥʦ ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʝʛʦ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʨʘʚʥʘ 56 ʛ/ʤʦʣʴ. ʇʦʩʢʦʣʴʢʫ ʤʦ-

ʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʞʝʣʝʟʘ (28 ʛ/ʤʦʣʴ) ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʤʦʣʴ-

ʥʦʡ ʤʘʩʩʳ ʝʛʦ ʘʪʦʤʦʚ, ʪʦ ʚ 1 ʤʦʣʝ ʞʝʣʝʟʘ ʩʦʜʝʨʞʠʪʩʷ 2 ʵʢʚʠʚʘʣʝʥʪʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʚʠʚʘʣʝʥʪ ʞʝʣʝʟʘ ʨʘʚʝʥ 1/2 ʤʦʣʷ. 

ʇʨʠʤʝʨ 3. ʅʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʘ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘ-

ʣʝʥʪʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 28 ʛ/ʤʦʣʴ, ʚʳʪʝʩʥʷʝʪ ʠʟ ʢʠʩʣʦʪʳ 0,7 ʣ ʚʦʜʦʨʦʜʘ, 

ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ ʤʝʪʘʣʣʘ. 

ʈʝʰʝʥʠʝ. ɿʥʘʷ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʦʙʝ̡ʤ ʚʦʜʦʨʦʜʘ ʨʘʚʝʥ 

11,2 ʣ/ʤʦʣʴ, ʩʦʩʪʘʚʣʷʝʤ ʧʨʦʧʦʨʮʠʶ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʘ ʵʢʚʠʚʘʣʝʥʪʦʚ: 

28 ʛ ʤʝʪʘʣʣʘ ʵʢʚʠʚʘʣʝʥʪʥʳ 11,2 ʣ ʚʦʜʦʨʦʜʘ, 

m ʛ ʤʝʪʘʣʣʘ ï 0,7 ʣ ʚʦʜʦʨʦʜʘ 

ʠʣʠ 

)ʅ(V

)ʄʝ(M

)H(V

)Me(m

2
0
ʵ

ʵ

2
0

= . 

ʆʪʩʶʜʘ 75,1
2,11

287,0

)ʅ(V

)ʄʝ(M)H(V
)Me(m

2
0
ʵ

ʵ2
0

=
Ö

=
Ö

=  ʛ. 

V
0
 ʠ V

0
 ɻï ʦʙʲʝʤʳ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʪ.ʝ. ʪʝʤʧʝʨʘʪʫʨʘ T
0
 = 0 Áʉ (ʠʣʠ 273 ʂ), ʘ ʜʘʚ-

ʣʝʥʠʝ ï ʈ
0
 = 101,325 ʢʇʘ (ʠʣʠ 760 ʤʤ ʨʪ. ʩʪ.). ɽʩʣʠ ʫʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʳʭ, ʪʦ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʦʙʲʝʤʘ ʛʘʟʘ ʢ ʥʦʨ-

ʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ (ʥ.ʫ.) ʧʦʣʴʟʫʶʪʩʷ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ, ʦʙʲʝʜʠʥʷʶ-

ʱʝʡ ʛʘʟʦʚʳʝ ʟʘʢʦʥʳ ɹʦʡʣʷ ï ʄʘʨʠʦʪʪʘ ʠ ɻʝʡ-ʃʶʩʩʘʢʘ:  

0

00

T

VP

T

PV
= , 
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ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

1. ʆʣʦʚʦ ʦʙʨʘʟʫʝʪ ʜʚʘ ʦʢʩʠʜʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 

88,12 % ʤʘʩ., ʘ ʜʨʫʛʦʡ ï 78,77 % ʤʘʩ. ʦʣʦʚʘ. ʆʧʨʝʜʝʣʠʪʝ ʚʘʣʝʥʪʥʦʩʪʴ 

ʦʣʦʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʠʜʘʭ ʠ ʩʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʵʪʠʭ ʦʢʩʠʜʦʚ. 

ʂʘʢ ʦʪʥʦʩʷʪʩʷ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʘ ʦʣʦʚʘ ʜʨʫʛ ʢ ʜʨʫʛʫ? 

2. ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝ-

ʪʘʣʣʘ, 1,12 ʛ ʢʦʪʦʨʦʛʦ ʚʳʪʝʩʥʷʶʪ ʠʟ ʨʘʩʪʚʦʨʘ ʩʝʨʝʙʨʷʥʦʡ ʩʦʣʠ 2,16 ʛ 

Ag, ʘ ʩʝʨʝʙʨʦ ï ʦʜʥʦʚʘʣʝʥʪʥʦ. ʅʘʟʦʚʠʪʝ ʵʪʦʪ ʤʝʪʘʣʣ. 

3. ɺʳʯʠʩʣʠʪʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʩʠʜʝ ʯʝʪʳ-

ʨʝʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ, ʟʥʘʷ, ʯʪʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʤʝʪʘʣ-

ʣʘ ʨʘʚʥʘ 29,6 ʛ/ʤʦʣʴ. ʆʧʨʝʜʝʣʠʚ ʥʘʟʚʘʥʠʝ ʤʝʪʘʣʣʘ, ʩʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʫ 

ʝʛʦ ʦʢʩʠʜʘ. 

4. 1 ʛ ʤʝʪʘʣʣʘ ʨʝʘʛʠʨʫʝʪ ʩ ʤʘʩʩʦʡ ʭʣʦʨʘ, ʟʘʥʠʤʘʶʱʝʡ 336 ʤʣ ʧʨʠ 

37 Áʉ ʠ 98 ʢʇʘ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʤʝʪʘʣʣʘ. 

5. ʅʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ 3,665 ʛ ʬʦʩʬʦʨʥʦʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʅ3ʈʆ2 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ 2,222 ʛ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩ-

ʩʫ ʵʢʚʠʚʘʣʝʥʪʘ, ʬʘʢʪʦʨ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠ ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʜʝʣʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ.  

6. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 3,24 ʛ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʢʠʩʣʦʪʦʡ 

ʚʳʜʝʣʷʝʪʩʷ 4,03 ʣ ʚʦʜʦʨʦʜʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺʳʯʠʩʣʠʪʝ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʤʘʩʩʫ ʤʝʪʘʣʣʘ ʠ ʦʧʨʝʜʝʣʠʪʝ ʝʛʦ ʧʦʨʷʜʢʦ-

ʚʳʡ ʥʦʤʝʨ. 

7. ʇʨʠ ʦʢʠʩʣʝʥʠʠ 16,74 ʛ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʨʘʟʦʚʘʣʦʩʴ 

21,54 ʛ ʦʢʩʠʜʘ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʘ ʤʝʪʘʣʣʘ ʠ 

ʝʛʦ ʦʢʩʠʜʘ. ʏʝʤʫ ʨʘʚʥʘ ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʤʝʪʘʣʣʘ? 

8. ʅʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʘ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 27,9 ʛ/ʤʦʣʴ, ʚʳʪʝʩʥʷʝʪ ʠʟ ʢʠʩʣʦʪʳ 700 ʤʣ ʚʦʜʦʨʦʜʘ, 

ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʤʝʪʘʣʣʘ, 

ʚʩʪʫʧʠʚʰʝʛʦ ʚ ʨʝʘʢʮʠʶ. 

9. ɺ ʩʫʣʴʬʠʜʝ ʤʳʰʴʷʢʘ ʩʦʜʝʨʞʠʪʩʷ 39,0 % ʩʝʨʳ. ɺʳʯʠʩʣʠʪʝ ʤʦ-

ʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʚʘʣʝʥʪʥʦʩʪʴ ʤʳʰʴ̫ʢʘ. ʅʘʧʠʰʠʪʝ ʫʨʘʚ-

ʥʝʥʠʝ ʨʝʘʢʮʠʠ. 

10. ʅʘ ʩʞʠʛʘʥʠʝ 0,5 ʛ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

312 ʤʣ ʢʠʩʣʦʨʦʜʘ. ʆʙʲʝʤ ʢʠʩʣʦʨʦʜʘ ʠʟʤʝʨʝʥ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʷʭ. ʂʘʢʦʡ ʵʪʦ ʤʝʪʘʣʣ? 
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11. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ 8,99 ʛ/ʤʦʣʴ. 

ʂʘʢʦʡ ʦʙʲʝʤ ʚʦʜʦʨʦʜʘ ʧʦʣʫʯʠʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 0,4495 ʛ ʤʝ-

ʪʘʣʣʘ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ t = ï3 Áʉ ʠ ʜʘʚ-

ʣʝʥʠʝ ʈ = 98 ʢʇʘ? 

12. ɺʳʯʠʩʣʠʪʝ ʚʘʣʝʥʪʥʦʩʪʴ ʩʚʠʥʮʘ ʚ ʝʛʦ ʦʢʩʠʜʝ, ʚ ʢʦʪʦʨʦʤ ʥʘ 1 ʛ 

ʩʚʠʥʮʘ ʧʨʠʭʦʜʠʪʩʷ 0,1544 ʛ ʢʠʩʣʦʨʦʜʘ. 

13. ɺ 2,48 ʛ ʦʢʩʠʜʘ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ ʩʦʜʝʨʞʠʪʩʷ 1,84 ʛ ʤʝ-

ʪʘʣʣʘ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʘ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʦʢʩʠʜʘ. 

14. ʅʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ 9,797 ʛ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟʨʘʩʭʦ-

ʜʦʚʘʥʦ 7,998 ʛ NaOH. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʦʩ-

ʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʘ ʥʘʧʠʰʠʪʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ. 

15. ʏʝʤʫ ʨʘʚʝʥ ʦʙʲʝʤ (ʥ.ʫ.) ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʘ ʚʦʜʦʨʦ-

ʜʘ? ʉʢʦʣʴʢʦ ʣʠʪʨʦʚ ʚʦʜʦʨʦʜʘ (ʥ.ʫ.) ʚʳʜʝʣʠʣʦʩʴ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ 

ʢʠʩʣʦʪʝ 0,45 ʛ ʤʝʪʘʣʣʘ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 

20 ʛ/ʤʦʣʴ? 

16. ʅʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ 0,944 ʛ ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ ʅ3ʈʆ3 ʠʟ-

ʨʘʩʭʦʜʦʚʘʥʦ 1,291 ʛ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 

ʵʢʚʠʚʘʣʝʥʪʘ, ʬʘʢʪʦʨ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠ ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʠ ʚʳʯʠʩʣʝʥʠʡ ʩʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ. 

17. ʆʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʤʦʣʷʨʥʳʝ 

ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ ʚ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʷʭ: 

Fe(OH)3 + 3HCl = FeCl3 + 3H2O, 

Fe(OH)3 + 2HCl = (FeOH)Cl2 + 2H2O, 

Fe(OH)3 + HCl = Fe(OH)2Cl + H2O. 

18. 0,934 ʛ ʤʝʪʘʣʣʘ ʚʳʪʝʩʥʠʣʠ ʠʟ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 348 ʤʣ ʚʦʜʦ-

ʨʦʜʘ ʧʨʠ t =20 ÁC ʠ ʈ = 100 ʢʇʘ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘ-

ʣʝʥʪʘ ʤʝʪʘʣʣʘ. 

19. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʤʘʛʥʠʷ ʥʘʜʦ ʚʟʷʪʴ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ ʞʝ 

ʦʙʲʝʤ ʚʦʜʦʨʦʜʘ, ʢʘʢʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 26,97 ʛ 

ʘʣʶʤʠʥʠʷ ʩ ʢʠʩʣʦʪʦʡ? ʄʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʘ ʤʘʛʥʠʷ ʠ ʘʣʁ-

ʤʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 12,16 ʠ 8,99 ʛ/ʤʦʣʴ. 
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20. ʆʜʥʘ ʠ ʪʘ ʞʝ ʤʘʩʩʘ ʤʝʪʘʣʣʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ 1,591 ʛ ʛʘʣʦʛʝʥʘ ʠ ʩ 

70,2 ʤʣ ʢʠʩʣʦʨʦʜʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʳʯʠʩʣʠ-

ʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʛʘʣʦʛʝʥʘ. 

2. ʆʉʅʆɺʅʓɽ ʂʃɸʉʉʓ ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʩʝ ʚʝʱʝʩʪʚʘ ʜʝʣʷʪʩʷ ʥʘ ʧʨʦʩʪʳʝ ʠʣʠ ʩʣʦʞʥʳʝ. 

ʇʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ, ʥʘ-

ʧʨʠʤʝʨ, ʤʝʪʘʣʣ ʞʝʣʝʟʦ ï Fe, ʛʘʟ ʭʣʦʨ Cl2, ʢʠʩʣʦʨʦʜ ï ʆ2 ʠ ʪ.ʜ. ʇʦ ʬʠ-

ʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ ʢʣʘʩʩʠʬʠʮʠʨʫ-

ʶʪʩʷ ʥʘ ʤʝʪʘʣʣʳ ʠ ʥʝʤʝʪʘʣʣʳ. ʉʣʦʞʥʳʝ ʚʝʱʝʩʪʚʘ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ 

ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʄʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʦʢʩʠʜʳ, 

ʦʩʥʦʚʘʥʠʷ, ʢʠʩʣʦʪʳ ʠ ʩʦʣʠ (ʪʘʙʣ. 2) [1 ï 4, 7]. 

ʆʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʢʠʩʣʦʪʳ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʢʘʢ ʛʠʜʨʘʪʳ ʦʢʩʠʜʦʚ ʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʳʡ ʢʣʘʩʩ ʛʠʜʨʦʢʩʠ-

ʜʦʚ, ʠʤʝʶʱʠʭ ʦʩʥʦʚʥʳʡ ʠʣʠ ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʆʢʩʠʜʳ ï ʙʠʥʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʇʦ 

ʩʚʦʡʩʪʚʘʤ ʨʘʟʣʠʯʘʶʪ ʦʩʥʦʚʥʳʝ, ʢʠʩʣʦʪʥʳʝ ʠ ʘʤʬʦʪʝʨʥʳʝ.  
 

ʊʘʙʣʠʮʘ 2 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [8] 
 

ʆʢʩʠʜʳ 

 

ʦʩʥʦʚʥʳʝ  K2O, Na2O, MgO, CaO, BaO, SrO, CuO, FeO, CrO 

ʢʠʩʣʦʪʥʳʝ 
CO2, SO2, SO3, P2O5, N2O5, CrO3, Cl2O7, MnO3, 

Mn2O7 

ʘʤʬʦʪʝʨʥʳʝ 
BeO, ZnO, PbO, SnO, PbO2, MnO2, SnO2, Cr2O3, 

Fe2O3 

ʆʩʥʦʚʘʥʠʷ 
KOH, NaOH, Mg(OH)2, Ca(OH)2, Ba(OH)2, 

Sr(OH)2, Cu(OH)2 

ʂʠʩʣʦʪʳ 
H2CO3, H2SO3, H2SO4, H3PO4, HNO3, H2CrO4, 

HClO4, HCl 

 

ʉʦʣʠ 

 

ʩʨʝʜʥʠʝ 
KCl, Na2CO3, Ca(NO3)2, Ba3(PO4)2, LiClO4, 

Na2MnO4, Rb2S 

ʢʠʩʣʳʝ 
NaHCO3, Al(HSO4)3, Ca(H2PO4)2, KHS, MgHPO4, 

K2HPO4 

ʦʩʥʦʚʥʳʝ 
AlOHSO4, [Al(OH)2]2SO4, (CaOH)2CO3, 

MgOHCH3COO 
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ʆʩʥʦʚʥʳʤ ʦʢʩʠʜʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʘʥʠʷ. ʕʪʦ ʦʢʩʠʜʳ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ d-ʵʣʝʤʝʥʪʦʚ, ʦʙʳʯʥʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝ-

ʥʠʷ +1, +2 ʠ ʠʥʦʛʜʘ +3. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʥʳʭ ʦʢʩʠʜʦʚ: 

1) ʦʩʥʦʚʥʳʝ ʦʢʩʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʠʩʣʦʪʘʤʠ: 

ʦʩʥʦʚʥʳʡ ʦʢʩʠʜ + ʢʠʩʣʦʪʘ = ʩʦʣʴ + (ʚʦʜʘ). 

ʉʘO + 2HNO3 = Ca(NO3)2 + H2O; 

2) ʦʩʥʦʚʥʳʝ ʦʢʩʠʜʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʢʩʠʜʳ s-ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʦʢʩʠʜʳ ʩʢʘʥʜʠʷ, ʠʪʪʨʠʷ, ʣʘʥʪʘʥʘ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʛʠʨʫʶʪ ʩ ʚʦ-

ʜʦʡ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʦʩʥʦʚʘʥʠʡ: 

ʦʩʥʦʚʥʳʡ ʦʢʩʠʜ + ʚʦʜʘ = ʦʩʥʦʚʘʥʠʝ. 

CaO + H2O = Ca(OH)2; 

Rb2O + H2O = 2RbOH; 

3) ʦʩʥʦʚʥʳʝ ʦʢʩʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʠʩʣʦʪʥʳʤʠ ʦʢʩʠʜʘʤʠ 

(ʦʙʳʯʥʦ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ): 

ʦʩʥʦʚʥʳʡ ʦʢʩʠʜ + ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ = ʩʦʣʴ. 

ʉʘO + N2O5 = Ca(NO3)2; 

Na2O + CO2 = Na2CO3. 

ʂʠʩʣʦʪʥʳʤ ʦʢʩʠʜʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʠʩʣʦʪʳ. ʂ ʢʠʩʣʦʪʥʳʤ ʦʢʩʠ-

ʜʘʤ ʦʪʥʦʩʷʪʩʷ ʦʢʩʠʜʳ ʥʝʤʝʪʘʣʣʦʚ (ʙʦʣʴʰʠʥʩʪʚʘ ʨ-ʵʣʝʤʝʥʪʦʚ) ʦʙʳʯʥʦ 

ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3, +4, +5, +6, +7, ʥʘʧʨʠʤʝʨ, B2O3, CO2, P2O5, 

SO3, Cl2O7, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ (d-ʵʣʝʤʝʥʪʦʚ) ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ, ʥʘʧʨʠʤʝʨ Ta2O5, MoO3, Mn2O7.  

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ:  

1) ʢʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ ʨʝʘʛʠʨʫʶʪ ʩ ʚʦʜʦʡ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʢʠʩʣʦʪ: 

ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ + ʚʦʜʘ = ʢʠʩʣʦʪʘ. 

ʉO2 + H2O = H2CO3; 

P2O5 + 3H2O = 2H3PO4; 

SO3 + H2O = H2SO4; 

2CrO3 + H2O = H2Cr2O7; 

2) ʢʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʠʣʠ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ: 
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ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ + ʦʩʥʦʚʘʥʠʝ = ʩʦʣʴ + ʚʦʜʘ. 

ʉʆ2 + ʉʘ(ʆʅ)2 = ʉʘʉʆ3Ź + ʅ2ʆ; 

SiO2 + 2NaOH = Na2SiO3 + H2O; 

3) ʦʢʩʠʜʳ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʤʝʞʫ ʩʦʙʦʡ: 

ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ + ʦʩʥʦʚʥʳʡ ʦʢʩʠʜ = ʩʦʣʴ. 

CO2 + CaO = CaCO3; 

P2O5 + 3BaO = Ba3(PO4)2; 

SO2 + K2O = K2SO3. 

ɸʤʬʦʪʝʨʥʳʝ ʦʢʩʠʜʳ ï ʪɻʦ ʦʢʩʠʜʳ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩ-

ʣʦʚʠʡ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʢʘʢ ʦʩʥʦʚʥʳʭ, ʪʘʢ ʠ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ, 

ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ 

BeO, Al 2O3, MnO2, ZnO, Cr2O3, PbO, SnO, PbO2, SnO2 ʠ ʪ.ʜ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʠʩʣʦʪʘʤʠ ʠ ʢʠʩʣʦʪʥʳʤʠ ʦʢʩʠʜʘʤʠ ʘʤʬʦ-

ʪʝʨʥʳʝ ʦʢʩʠʜʳ ʧʨʦʷʚʣʷʶʪ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ: 

BeO + 2HNO3 = Be(NO3)2 + H2O; 

BeO + CO2 = BeCO3. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʦʩʥʦʚʥʳʤʠ ʦʢʩʠʜʘʤʠ ʘʤ-

ʬʦʪʝʨʥʳʝ ʦʢʩʠʜʳ ʧʨʦʷʚʣʷʶʪ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ: 

BeO + 2NaOH = Na2BeO2 + H2O; 

BeO + Na2O + Na2BeO2. 

ʂʠʩʣʦʪʳ ï ʵʪʦ ʵʣʝʢʪʨʦʣʠʪʳ, ʢʦʪʦʨʳʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʠʩʩʦ-

ʮʠʠʨʫʶʪ ʥʘ ʢʘʪʠʦʥʳ ʚʦʜʦʨʦʜʘ ʠ ʘʥʠʦʥʳ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʜʝʣʷʪʩʷ ʥʘ ʩʠʣʴʥʳʝ (HCl, 

HBr, HNO3, H2SO4 ʠ ʜʨ.) ʠ ʩʣʘʙʳʝ (HNO2, H2CO3, H3PO4 ʠ ʜʨ.). ʆʩ-

ʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʠʦʥʦʚ ʅ
+
, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝ-

ʘʢʮʠʠ ʩ ʦʩʥʦʚʘʥʠʝʤ, ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʅʘʧʨʠʤʝʨ: 

ʅɿʈʆ4 Ө ʅ
+
 + ʅ2ʈʆ

-
4, ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ ʨʘʚʥʘ 1; 

ʅɿʈʆ4 + NaOH = Naʅ2ʈʆ4 + H2O; 

ʅɿʈʆ4 Ө2ʅ
+
 + ʅʈʆ-24 , ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ ʨʘʚʥʘ 2; 

ʅɿʈʆ4 + 2NaOH = Na2ʅʈʆ4 + 2H2O; 

ʅɿʈʆ4 Ө3ʅ
+
 + ʈʆ-34 , ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ ʨʘʚʥʘ 3; 

ʅɿʈʆ4 + 3NaOH = Na3ʈʆ4 + 3H2O. 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʨʘʚʥʦ ʥʘʠʙʦʣʴʰʝʡ ʦʩ-

ʥʦʚʥʦʩʪʠ ʢʠʩʣʦʪʳ. ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʘʥʠʦʥʘ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʢʘʪʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ. 

ɺʘʞʥʝʡʰʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʠʩʣʦʪ: 

1) ʢʠʩʣʦʪʘ + ʦʩʥʦʚʥʳʡ ʦʢʩʠʜ = ʩʦʣʴ + ʚʦʜʘ; 

2) ʢʠʩʣʦʪʘ + ʦʩʥʦʚʘʥʠʝ = ʩʦʣʴ + ʚʦʜʘ; 

3) ʢʠʩʣʦʪʘ + ʘʤʬʦʪʝʨʥʳʡ ʦʢʩʠʜ = ʩʦʣʴ + ʚʦʜʘ; 

4) ʢʠʩʣʦʪʘ + ʘʤʬʦʪʝʨʥʦʝ ʦʩʥʦʚʘʥʠʝ = ʩʦʣʴ + ʚʦʜʘ; 

5) ʢʠʩʣʦʪʘ + ʦʩʥʦʚʥʘʷ ʩʦʣʴ = ʩʨʝʜʥʷʷ ʩʦʣʴ (ʠʣʠ ʜʚʝ ʩʨʝʜʥʠʝ ʩʦʣʠ) 

+ ʚʦʜʘ; 

6) ʤʥʦʛʦʦʩʥʦʚʥʘʷ ʢʠʩʣʦʪʘ + ʩʨʝʜʥʷʷ ʩʦʣʴ ʵʪʦʡ ʢʠʩʣʦʪʳ = ʢʠʩʣʘʷ 

ʩʦʣʴ. 

ʆʩʥʦʚʘʥʠʷ ï ʵʪʦ ʵʣʝʢʪʨʦʣʠʪʳ, ʢʦʪʦʨʳʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʠʩ-

ʩʦʮʠʠʨʫʶʪ ʥʘ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʳ ʠ ʢʘʪʠʦʥʳ ʦʩʥʦʚʥʦʛʦ ʦʩʪʘʪʢʘ. ʏʠʩʣʦ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʦʥʦʚ ʆʅ
ï
 ʦʧʨʝʜʝʣʷʝʪ ʢʠʩʣʦʪʥʦʩʪʴ ʦʩʥʦʚʘʥʠʷ, ʥʘ-

ʧʨʠʤʝʨ:  

Cʘ(OH)2 Ө (CʘOH)
+
 + OH

ï
, ʢʠʩʣʦʪʥʦʩʪʴ ʨʘʚʥʘ 1; 

Cʘ(OH)2 Ө Cʘ
2+

 + 2OH
ï
, ʢʠʩʣʦʪʥʦʩʪʴ ʨʘʚʥʘ 2. 

ɺʘʞʥʝʡʰʠʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʚʦʟʤʦʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ: 

1) ʦʩʥʦʚʘʥʠʝ + ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ = ʩʦʣʴ + ʚʦʜʘ; 

2) ʦʩʥʦʚʘʥʠʝ + ʢʠʩʣʦʪʘ = ʩʦʣʴ + ʚʦʜʘ; 

3) ʦʩʥʦʚʘʥʠʝ + ʘʤʬʦʪʝʨʥʳʡ ʦʢʩʠʜ = ʩʦʣʴ + ʚʦʜʘ; 

4) ʦʩʥʦʚʘʥʠʝ + ʘʤʬʦʪʝʨʥʦʝ ʦʩʥʦʚʘʥʠʝ + ʩʦʣʴ + ʚʦʜʘ;  

5) ʦʩʥʦʚʘʥʠʝ + ʢʠʩʣʘʷ ʩʦʣʴ = ʩʨʝʜʥʷʷ ʩʦʣʴ + ʚʦʜʘ; 

6) ʦʩʥʦʚʘʥʠʝ + ʩʨʝʜʥʷʷ ʩʦʣʴ = ʥʦʚʦʝ ʦʩʥʦʚʘʥʠʝ + ʩʦʣʴ. 

ɸʤʬʦʪʝʨʥʳʝ ʦʩʥʦʚʘʥʠʷ ï ʵʪʦ ʩʣʦʞʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʣʘ-

ʜʘʶʪ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪʳ, ʪ.ʝ., ʢʘʢ ʠ ʘʤʬʦ-

ʪʝʨʥʳʝ ʦʢʩʠʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦ-

ʩʪʴʶ, ʠ ʠʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪʳ: 

Al (OH)3 Ө H3AlO3. 

ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ:  
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1) ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʩ ʢʠʩʣʦʪʘʤʠ 

Al (OH)3 + 3HCl = AlCl 3 + 3H2O; 

2) ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʩ ʦʩʥʦʚʘʥʠʷʤʠ 

H3AlO3 + 3ʂʆʅ ½½½ ½
ʩʧʣʘʚʣʝʥʠʝ

 ʂ3AlO3 + 3ʅ2ʆ; 

Al (OH)3 + 3KOH ½½½½½½ ½
ʨʘʩʪʚʦʨʝʚʦʜʥʦʤʚ

 K3[Al (OH)6]. 

ʉʦʣʠ ï ʚʝʱʝʩʪʚʘ ʠʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʜʠʩʩʦʮʠʠʨʫʶʪ ʥʘ ʠʦʥʳ ʦʩʥʦʚʥʦʛʦ ʠ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ:  

Na2SO4 Ө 2Na
+
 + SO -2

4 . 

ʇʦ ʩʦʩʪʘʚʫ ʨʘʟʣʠʯʘʶʪ ʩʦʣʠ: 

ʩʨʝʜʥʠʝ (ʥʦʨʤʘʣʴʥʳʝ) ï ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪʳ 

ʦʩʥʦʚʘʥʠʝʤ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦ-

ʜʘ ʚ ʤʦʣʝʢʫʣʝ ʢʠʩʣʦʪʳ: 

ʉu(OH)2 + H2SO4 = CuSO4 + 2H2O; 

ʢʠʩʣʳʝ ï ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ; ʢʠʩ-

ʣʳʝ ʩʦʣʠ ʦʙʨʘʟʫʶʪʩ ̫ʧʨʠ ʠʟʙʳʪʢʝ ʤʥʦʛʦʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪ: 

ʉu(OH)2 + 2H2SO4 = Cu(ʅSO4)2 + 2H2O; 

ʦʩʥʦʚʥʳʝ ï ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʛʠʜʨʦʢʩʦʛʨʫʧʧ ʆʅ
ï
 ʚ 

ʤʦʣʝʢʫʣʝ ʦʩʥʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ: 

2ʉu(OH)2 + H2SO4 = (Cuʆʅ)2SO4 + 2H2O. 

ʆʩʥʦʚʥʳʝ ʩʦʣʠ ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʛʦʢʠʩʣʦʪʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ. 

ʅʘʟʚʘʥʠʷ ʢʠʩʣʦʡ ʩʦʣʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʥʘʟʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʩʨʝʜʥʝʡ ʩʦʣʠ ʩ ʧʨʠʩʪʘʚʢʦʡ çʛʠʜʨʦè, çʜʠʛʠʜʨʦè ʠ ʪ.ʜ. (ʚ ʟʘʠʩʠʤʦ-

ʩʪʠ ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʪʥʦʤ ʦʩʪʘʪʢʝ). ʅʘʧʨʠʤʝʨ: 

ʂʅʉʆ3 ï ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʢʘʣʠʷ; ʉʘ(ʅ2ʈʆ4)2 ï ʜʠʛʠʜʨʦʬʦʩʬʘʪ ʢʘʣʴʮʠʷ. 

ʅʘʟʚʘʥʠʝ ʦʩʥʦʚʥʦʡ ʩʦʣʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʥʘʟʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪ-

ʚʫʁ ʱʝʡ ʩʨʝʜʥʝʡ ʩʦʣʠ ʩ ʧʨʠʙʘʚʣʝʥʠʝʤ ʧʨʠʩʪʘʚʢʠ çʛʠʜʨʦʢʩʦè, çʜʠ-

ʛʠʜʨʦʢʩʦè ʠ ʪ.ʜ. (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʛʨʫʧʧ ʆʅ
ï
 ʚ ʦʩʥʦʚʥʦʤ ʦʩ-

ʪʘʪʢʝ). ʅʘʧʨʠʤʝʨ: (BeOH)2CO3 ï ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪ ʙʝʨʠʣʣʠʷ; 

Al(OH)2NO3 ï ʜʠʛʠʜʨʦʢʩʦʥʠʪʨʘʪ ʘʣʶʤʠʥʠʷ.  

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʪʳ ʦʩʥʦʚʥʳʝ ʩʦʣʠ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪ ʚ ʩʨʝʜʥʠʝ:  

Al(OH)2NO3 + 2HNO3 = Al(NO3)3 + 2H2O. 
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ɼʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʢʠʩʣʦʡ ʩʦʣʠ ʚ ʥʦʨʤʘʣʴʥʫʶ (ʩʨʝʜʥʶʶ) ʩʣʝʜʫʝʪ 

ʜʦʙʘʚʠʪʴ ʱʝʣʦʯʠ (ʦʩʥʦʚʘʥʠʷ): 

Cu(ʅSO4)2 + ʉu(OH)2 = 2CuSO4 + 2H2O. 

ʇʨʠʥʮʠʧʳ ʥʘʫʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʧʦʩʦ-

ʙʳ ʧʦʣʫʯʝʥʠʷ, ʚʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʥʘʟʚʘʥʠʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʭ ʚʘʞʥʝʡʰʠʭ ʢʣʘʩʩʦʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʨʦʙʥʦ ʦʧʠ-

ʩʘʥʳ ʚ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

21. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʭʣʦʨʘʪʘ ʤʘʛ-

ʥʠʷ, ʥʠʪʨʘʪʘ ʙʘʨʠʷ ʠ ʧʠʨʦʬʦʩʬʘʪʘ ʢʘʣʴʮʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ: ʘ) ʦʩʥʦʚʥʦʛʦ ʠ ʢʠʩʣʦʪʥʦʛʦ ʦʢʩʠʜʦʚ; ʙ) ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪʥʦʛʦ 

ʦʢʩʠʜʘ; ʚ) ʦʩʥʦʚʥʦʛʦ ʦʢʩʠʜʘ ʠ ʢʠʩʣʦʪʳ; ʛ) ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪʳ. 

22. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʜʦʢʘʟʳʚʘʶʱʠʭ ʢʠʩʣʦʪʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʩʣʝʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʜʠʦʢʩʠʜ ʩʝʣʝʥʘ, ʪʨʠʦʢʩʠʜ ʩʝʨʳ, ʦʢʩʠʜ 

ʤʘʨʛʘʥʮʘ (VII), ʦʢʩʠʜ ʦʣʦʚʘ (IV), ʬʦʩʬʦʨʠʩʪʘʷ ʢʠʩʣʦʪʘ. 

23. ʄʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪʴ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ:      ʘ) 

ʛʠʜʨʦʢʩʠʜ ʙʘʨʠʷ ʠ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ; ʙ) ʬʦʩʬʘʪ ʥʘʪʨʠʷ ʠ ʘʮʝʪʘʪ ʩʚʠʥʮʘ; 

ʚ) ʭʣʦʨʠʜ ʢʘʣʠʷ ʠ ʥʠʪʨʘʪ ʮʠʥʢʘ; ʛ) ʭʣʦʨʠʜ ʢʘʣʴʮʠʷ ʠ ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ? 

ʇʦʷʩʥʠʪʝ, ʢʘʢʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʥʝʚʦʟʤʦʞʥʳ ʠ ʧʦʯʝʤʫ. 

24. ʅʘʟʦʚʠʪʝ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: K2O2, MnO2, BaO2, MnO, 

CrO3, V2O5. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

25. ʂʘʢʠʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʦʢʩʠʜʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢʘʢ ʦʩʫʰʠ-

ʪʝʣʠ: CaO, CuO, SiO2, P2O5, BaO, Fe2O3? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʦʟ-

ʤʦʞʥʳʭ ʨʝʘʢʮʠʡ. ʂʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʵʪʠ ʦʢʩʠʜʳ? ʇʨʠʚʝ-

ʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ ʩʚʦʡʩʪʚʘ. 

26. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦ-

ʣʝʡ ʠʟ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʣʠ ʥʘ-

ʟʦʚʠʪʝ.  

27. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ:  
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ʞʝʣʝʟʦ Ÿ ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ (III ) Ÿ ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ (III ) Ÿ ʦʢʩʠʜ 

ʞʝʣʝʟʘ (III) Ÿ ʭʣʦʨʠʜ ʞʝʣʝʟʘ (III ) Ÿ ʜʠʛʠʜʨʦʢʩʦʭʣʦʨʠʜ ʞʝʣʝʟʘ(III ). 

28. ʉ ʢʘʢʠʤʠ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʱʝʩʪʚ: N2O5, Zn(OH)2, BaO, 

Cr2O3, Cd(OH)2, FeO ʨʝʘʛʠʨʫʝʪ ʛʠʜʨʦʢʩʠʜ ʢʘʣʴʮʠʷ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚ-

ʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

29. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦʣʝʡ: 

ʬʦʩʬʘʪ ʙʘʨʠʷ Ÿ ʛʠʜʨʦʬʦʩʬʘʪ ʙʘʨʠʷ Ÿ ʛʠʜʨʦʢʩʦʬʦʩʬʘʪ ʙʘʨʠʷ Ÿ 

ʜʠʛʠʜʨʦʬʦʩʬʘʪ ʙʘʨʠʷ Ÿ ʛʠʜʨʦʬʦʩʬʘʪ ʙʘʨʠʷ Ÿ ʬʦʩʬʘʪ ʙʘʨʠʷ. 

30. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ ʠ ʦʧʨʝʜʝʣʠʪʝ, 

ʧʨʠ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪʩʷ ʛʠʜʨʦʢʩʦ-

ʩʫʣʴʬʘʪ, ʜʠʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪ ʠ ʛʠʜʨʦʩʫʣʴʬʘʪ ʭʨʦʤʘ (III)? ɺʩʝ ʫʢʘʟʘʥ-

ʥʳʝ ʩʦʣʠ ʧʝʨʝʚʝʜʠʪʝ ʚ ʩʫʣʴʬʘʪ ʭʨʦʤʘ (III ). 

31. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ: ʦʢʩʠʜ ʤʝʜʠ (II), ʦʢʩʠʜ ʘʟʦʪʘ (V), ʛʠʜʨʦʢʩʠʜ ʞʝ-

ʣʝʟʘ (III ). 

32. ʂʘʢ ʜʦʢʘʟʘʪʴ ʘʤʬʦʪʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʠ ʛʠʜʨʦ-

ʢʩʠʜʘ ʘʣʶʤʠʥʠʷ? ʅʘʧʠʰʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ, ʫʯʠʪʳʚʘʷ 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʩʦ ʱʝʣʦʯʘʤʠ (ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʩʧʣʘʚʣʝʥʠʝ), ʘ ʪʘʢʞʝ 

ʨʝʘʢʮʠʶ ʩ ʢʠʩʣʦʪʥʳʤ ʦʢʩʠʜʦʤ ʠ ʩ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ. 

33. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʦʣʫʯʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ (ʩʨʝʜ-

ʥʠʭ), ʢʠʩʣʳʭ ʠ ʦʩʥʦʚʥʳʭ ʩʦʣʝʡ ʥʠʢʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʛʠʜʨʦʢʩʠʜ ʥʠʢʝʣʷ ʠ 

ʬʦʩʬʦʨʥʫʶ ʢʠʩʣʦʪʫ. ʂʠʩʣʳʝ ʠ ʦʩʥʦʚʥʳʝ ʩʦʣʠ ʧʝʨʝʚʝʜʠʪʝ ʚ ʥʦʨʤʘʣʴ-

ʥʫʶ ʩʦʣʴ. 

34. ʉ ʢʘʢʠʤʠ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʝʱʝʩʪʚ P2O5, Sn(OH)2, CoO, 

AgNO3, H2S, Al 2O3 ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ. ʉʦʩʪʘʚʴʪʝ 

ʠʦʥʥʳʝ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ. 

35. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ 

(III), ʢʘʨʙʦʥʘʪʘ ʩʪʨʦʥʮʠʷ, ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ: ʘ) ʦʩʥʦʚʥʦʛʦ ʠ ʢʠʩʣʦʪʥʦʛʦ ʦʢʩʠʜʦʚ; ʙ) ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪ-

ʥʦʛʦ ʦʢʩʠʜʘ; ʚ) ʦʩʥʦʚʥʦʛʦ ʦʢʩʠʜʘ ʠ ʢʠʩʣʦʪʳ; ʛ) ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪʳ. 

36. ʅʘʧʠʰʠʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʥʠʭ ʩʦʣʝʡ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ, ʧʦʜʦʙʨʘʚ 

ʜʣʷ ʵʪʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʘʛʝʥʪ: 
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ʘ) ʜʠʛʠʜʦʢʩʦʥʠʪʨʘʪ ʘʣʶʤʠʥʠʷ Ÿ ʥʠʪʨʘʪ ʘʣʶʤʠʥʠʷ + ʭʣʦʨʠʜ 

ʘʣʶʤʠʥʠʷ; 

ʙ) ʛʠʜʨʦʢʩʦʭʣʦʨʠʜ ʭʨʦʤʘ(III) Ÿ ʭʣʦʨʠʜ ʭʨʦʤʘ(III ); 

ʚ) ʜʠʛʠʜʨʦʬʦʩʬʘʪ ʤʘʛʥʠʷ Ÿ ʬʦʩʬʘʪ ʤʘʛʥʠʷ; 

ʛ) ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ Ÿ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ + ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ; 

ʜ) ʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪ ʮʠʥʢʘ Ÿ ʩʫʣʴʬʘʪ ʮʠʥʢʘ + ʭʣʦʨʠʜ ʮʠʥʢʘ. 

ɺ ʫʨʘʚʥʝʥʠʷʭ ʨʝʘʢʮʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

37. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ: Zn Ÿ Na2ZnO2; K Ÿ ʩʫʣʴʬʠʪ 

ʢʘʣʠʷ; Cu Ÿ ʩʫʣʴʬʠʜ ʤʝʜʠ(II ); Fe Ÿ Fe(OH)2. 

38. ʉʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʚʩʝʭ ʩʦʣʝʡ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ:  

ʘ) ʛʠʜʨʦʢʩʠʜʘ ʚʠʩʤʫʪʘ (III) ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ;  

ʙ) ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʩ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ;  

ʚ) ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʩ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʣʠ ʥʘʟʦʚʠʪʝ. 

39. ʂʘʢʠʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʛʘʟʦʚ ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʩ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ: ʭʣʦʨʦʚʦʜʦʨʦʜ; ʩʝʨʦʚʦʜʦʨʦʜ; ʜʠʦʢʩʠʜ ʘʟʦ-

ʪʘ; ʩʝʨʥʠʩʪʳʡ ʛʘʟ; ʘʤʤʠʘʢ; ʤʦʣʝʢʫʣʷʨʥʳʡ ʭʣʦʨ; ʘʪʤʦʩʬʝʨʥʳʡ ʘʟʦʪ. 

ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʥʘʟʦʚʠʪʝ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ. 

40. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʫʢʘʟʘʥʥʳʭ ʥʠʞʝ ʩʦʣʝʡ ʠʟ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ: ʘ) ʬʦʩʬʘʪ ʭʨʦʤʘ (II); ʙ) ʛʠʜʨʦʢʘʨ-

ʙʦʥʘʪ ʙʘʨʠʷ; ʚ) ʜʠʛʠʜʨʦʢʩʦʩʫʣʴʬʘʪ ʘʣʶʤʠʥʠʷ. 

3. ʉʊʈʆɽʅʀɽ ɸʊʆʄɸ 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ [5,6]. 

ʇʨʠʤʝʨ 1. ʉʦʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤʫʣ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ 

ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʵʣʝʢʪʨʦʥʦʚ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ. ʅʘ-

ʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦʤʘ ʵʣʝʤʝʥʪʘ ʠ ʥʘʟʦʚʠʪʝ ʝʛʦ, ʝʩʣʠ 

ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ (n, l, ml ms) ʵʣʝʢʪʨʦʥʦʚ ʥʘʨʫʞʥʦʛʦ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʩʣʦʷ ʩʣʝʜʫʶʱʠʝ: 4, 1, ï1, +1/2;  4, 1, 0, +1/2;  4, 1, +1, +1/2. 
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ʈʝʰʝʥʠʝ. ʉʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘʨʫʞʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʥʘʙʦʨʦʤ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ: 

1-ʡ ʵʣʝʢʪʨʦʥ:  n = 4,  l =1,   ml = ï1,  ms = + 1/2; 

2-ʡ ʵʣʝʢʪʨʦʥ:  n = 4,  l =1,   ml = 0,  ms = + 1/2; 

3-ʡ ʵʣʝʢʪʨʦʥ:  n = 4,  l =1,   ml = +1,  ms = + 1/2; 

ɻʣʘʚʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ ʨʘʚʥʦ ʯʝʪʳʨʝʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʵʣʝʢʪʨʦ-

ʥʳ ʥʘʭʦʜʷʪʩʷ ʥʘ 4-ʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʆʨʙʠʪʘʣʴʥʦʝ ʢʚʘʥʪʦʚʦʝ 

ʯʠʩʣʦ ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ ʦʨʙʠʪʘʣʠ. ɽʩʣʠ l = 1, ʪʦ ʦʨʙʠʪʘʣʴ ʥʘʟʳʚʘʝʪʩʷ 

ʨ-ʦʨʙʠʪʘʣʴʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʨʠ ʵʣʝʢʪʨʦʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨ-ʧʦʜʫʨʦʚʥʝ 

4-ʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʄʘʛʥʠʪʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ ml (ï1, 0, 

+1) ʦʧʨʝʜʝʣʷʝʪ ʦʨʠʝʥʪʘʮʠʶ ʦʨʙʠʪʘʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʚʩʝʭ ʪʨʝʭ 

ʨ-ʦʨʙʠʪʘʣʷʭ (ʨʭ, ʨʫ, ʨz) ʥʘʭʦʜʠʪʩʷ ʧʦ ʦʜʥʦʤʫ ʵʣʝʢʪʨʦʥʫ (ms = +l/2). ʅʘ-

ʨʫʞʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʘʪʦʤʘ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʜʝʨʞʠʪ ʧʷʪʴ 

ʵʣʝʢʪʨʦʥʦʚ: ...4s
2
4p

3
. ʊʘʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʥʘʨʫʞʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠʤʝʝʪ ʘʪʦʤ ʤʳʰʴʷʢʘ As, ʵʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫ-

ʣʘ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʶʱʘʷ: Is
2
2s

2
2p

6
3s

2
3p

6
3d

10
4s

2
4p

3
. 

ʇʨʠʤʝʨ 2. ʀʟʦʙʨʘʞʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʦʚ ʵʣʝ-

ʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʷʯʝʝʢ. ʇʦʣʴʟʫʷʩʴ ʧʨʘʚʠʣʦʤ ɻʫʥʜʘ, 

ʨʘʩʧʨʝʜʝʣʠʪʝ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʷʯʝʡʢʘʤ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ 

ʵʣʝʤʝʥʪʘ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ 40. 

ʈʝʰʝʥʠʝ. ʕʣʝʤʝʥʪ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ 40 ï ʮʠʨʢʦʥʠʡ Zr, ʥʘ-

ʭʦʜʠʪʩʷ ʦʥ ʚ ʧʷʪʦʤ ʧʝʨʠʦʜʝ, IVɺ-ʧʦʜʛʨʫʧʧʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʠʨʢʦ-

ʥʠʡ ï ʵʪʦ d-ʵʣʝʤʝʥʪ, ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʫ ʥʝʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʯʝʪr -

ʨʝ. ʕʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ ʘʪʦʤʘ ʮʠʨʢʦʥʠʷ ï Zr 

Is
2
2s

2
2p

6
3s

2
3p

6
3d

10
4s

2
4p

6
4d

2
5s

2
; 4 ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʚʥʝʰʥʝʤ 5s-ʧʦʜʫʨʦʚʥʝ ʠ ʥʘ ʧʨʝʜʚʥʝʰʥʝʤ 4d-ʧʦʜʫʨʦʚʥʝ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʘʚʠʣʦ ɻʫʥʜʘ, ʟʘʧʦʣʥʠʤ ʚʘʣʝʥʪʥʳʝ 

ʘʪʦʤʥʳʝ ʦʨʙʠʪʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

    4d
2
        5s

2
  

ŷ ŷ     ŷŹ 

 

ʇʨʠʤʝʨ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʜʣʷ ʵʣʝʢʪʨʦ-

ʥʦʚ ʘʪʦʤʘ ʵʣʝʤʝʥʪʘ. ɼʣ̫ ʘʪʦʤʘ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 1s
2
2s

2
p

1
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ʥʘʡʜʠʪʝ ʟʥʘʯʝʥʠʷ ʯʝʪʳʨʝʭ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ n, l, ml, ms, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʢʘʞʜʳʡ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʈʝʰʝʥʠʝ. ʕʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 1s
2
2s

2
p

1
 ʠʤʝʝʪ ʘʪʦʤ ʙʦʨʘ. ɿʥʘ-

ʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʙʦʨʘ ʥʘʜʦ ʦʧʨʝʜʝʣʷʪʴ ʩ 

ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʘ ʇʘʫʣʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚ ʘʪʦʤʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʘʞʝ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ, ʫ ʢʦʪʦʨʳʭ ʚʩʝ ʯʝʪʳʨʝ ʢʚʘʥʪʦʚʳʭ ʯʠʩʣʘ ʙʳʣʠ 

ʙʳ ʦʜʠʥʘʢʦʚʳʤʠ. 1-ʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʘʪʦʤʘ ʙʦʨʘ ʩʦʜʝʨʞʠʪ 

ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʚ s-ʩʦʩʪʦʷʥʠʠ. ʕʪʠ ʵʣʝʢʪʨʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝ-

ʜʫʁ ʱʠʤ ʥʘʙʦʨʦʤ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ: 1, 0, 0, Ñ1/2. ʕʣʝʢʪʨʦʥʳ ʚ 

s-ʩʦʩʪʦʷʥʠʠ ʚʪʦʨʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦ-

ʚʳʭ ʯʠʩʝʣ: 2, 0, 0, Ñ1/2. 

ʂʚʘʥʪʦʚʳʝ ʯʠʩʣʘ 2, 1, ï1, +1/2 ʦʧʠʩʳʚʘʶʪ ʨ-ʵʣʝʢʪʨʦʥ ʚʪʦʨʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʙʦʨʘ ʚ ʨ-ʩʦʩʪʦʷʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʷ 

ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʧʷʪʠ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʙʦʨʘ ʩʣʝʜʫʶɦ ʠʝ: 
 

ʂʚʘʥʪʦʚʦʝ 

ʯʠʩʣʦ 

ʕʣʝʢʪʨʦʥ 

1 2 3 4 5 

n 1 1 2 2 2 

l 0 0 0 0 1 

ml 0 0 0 0 ï1 

ms +1/2 ï1/2 +1/2 ï1/2 +1/2 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

41. ʉʢʦʣʴʢʦ ʵʣʝʢʪʨʦʥʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʘʞʜʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʠ ʧʦʜʫʨʦʚʥʝ ʫ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ ʩ ʟʘʨʷʜʦʤ ʷʜʨʘ +42; +28; +19? 

ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʘʪʦʤʦʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

42. ʂʘʢʠʝ ʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʦ-

ʤʫ, ʚʦʟʙʫʞʜʝʥʥʦʤʫ ʠʣʠ ʟʘʧʨʝʱʝʥʥʦʤʫ (ʥʝʚʦʟʤʦʞʥʦʤʫ) ʩʦʩʪʦʷʥʠʶ: 

ʘ) 1s
2
2s

2
2p

5
3s

3
;     ʙ) 1s

2
2s

2
2p

6
3s

1
3p

5
3d

1
;  

ʚ) 1s
2
2s

2
2p

6
3s

2
3p

6
4s

2
4p

6
4d

4
5s

1
;  ʛ) 1s

2
2s

1
2p

7
. 

43. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʠ ʝʛʦ ʠʦʥʦʚ ʆ
+
, ʆ
ï
, ʆ

2ï
. 
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44. ʉʢʦʣʴʢʦ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʩʦʜʝʨʞʘʪ ʷʜʨʘ ʠʟʦʪʦʧʦʚ Fe56
26  

ʠ Fe54
26 . ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʜʘʥʥʦʛʦ ʘʪʦʤʘ, ʧʦʜʯʝʨʢ-

ʥʠʪʝ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ. ʈʘʩʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʥʳ ʵʪʦʛʦ ʘʪʦʤʘ ʧʦ 

ʢʚʘʥʪʦʚʳʤ ʷʯʝʡʢʘʤ. ʂ ʢʘʢʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ʦʪʥʦʩʠʪʩʷ 

ʵʪʦʪ ʵʣʝʤʝʥʪ? 

45. ʉʢʦʣʴʢʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʢʘʭ ʘʪʦʤʦʚ ʭʣʦʨʘ, 

ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ? ʆʪʚʝʪ ʧʦʷʩʥʠʪʝ ʵʣʝʢʪʨʦʥʥʦ-ʛʨʘʬʠʯʝʩʢʠʤʠ ʬʦʨʤʫ-

ʣʘʤʠ ʚʘʣʝʥʪʥʦʛʦ ʩʣʦʷ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

46. ʉʪʨʫʢʪʫʨʳ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ ʜʚʫʭ ʨʘʟ-

ʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: ʘ) 5s
2
5p

4
; ʙ) 4s

2
4p

6
4d

5
5s

1
. 

ʅʘʧʠʰʠʪʝ ʧʦʣʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʵʣʝʤʝʥʪʦʚ, ʫʢʘʞʠʪʝ, ʢ ʢʘ-

ʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʪʠʧʘʤ ʦʥʠ ʦʪʥʦʩʷʪʩʷ. ɺʳʜʝʣʠʪʝ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢ-

ʪʨʦʥʳ. ʂ ʢʘʢʦʤʫ ʧʝʨʠʦʜʫ ʦʪʥʦʩʷʪʩʷ ʵʪʠ ʵʣʝʤʝʥʪʳ? ʅʘʧʠʰʠʪʝ ʬʦʨʤʫ-

ʣʳ ʚʳʩʰʠʭ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪʝ ʠʭ ʭʘʨʘʢʪʝʨ. 

47. ɺ ʩʪʨʫʢʪʫʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ ʠʤʝʶʪ-

ʩʷ ʢʦʥʬʠʛʫʨʘʮʠʠ: ʘ) 6ʨ
3
; ʙ) 5f

11
; ʚ)7s

1
; ʛ) 4d

7
. ʂ ʢʘʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʪʠʧʘʤ ʦʪʥʦʩʷʪʩʷ ʵʪʠ ʵʣʝʤʝʥʪʳ? ʉʦʩʪʘʚʴʪʝ ʠʭ ʧʦʣʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʬʦʨʤʫʣʳ. 

48. ʉʨʝʜʠ ʩʣʝʜʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʜʝʣʠʪʝ ʵʣʝʤʝʥʪ ʩ 

ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 40, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʷʜʨʦ ʘʪʦʤʘ ʝʛʦ ʩʦʜʝʨʞʠʪ 18 ʧʨʦʪʦ-

ʥʦʚ. ʆʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʥʦʚ ʠ ʧʨʠʚʝʜʠʪʝ ʧʦʣʥʫʶ ʵʣʝʢ-

ʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ, ʫʢʘʟʘʚ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʘʣʝʥʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ: ʘ) 
18
9 Fr; ʙ) 

40
20Ca; ʚ) 

91
40Zr; ʛ) 

40
18Ar. 

49. ʂʘʢʠʝ ʦʨʙʠʪʘʣʠ ʘʪʦʤʘ ʟʘʧʦʣʥʷʶʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ ʨʘʥʴʰʝ: ʘ) 4s 

ʠʣʠ 3d; ʙ) 5s ʠʣʠ 4ʨ; ʚ) 5p ʠʣʠ 4d? ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ  ʩ ʟʘʨʷʜʦʤ ʷʜʨʘ +53 ʠ +80. 

50. ʉʢʦʣʴʢʦ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʩʦʜʝʨʞʘʪ ʷʜʨʘ ʠʟʦʪʦʧʦʚ Se78
34  ʠ 

Se82
34 . ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʜʘʥʥʦʛʦ ʘʪʦʤʘ, ʧʦʜʯʝʨʢ-

ʥʠʪʝ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ. ʈʘʩʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʥʳ ʵʪʦʛʦ ʘʪʦʤʘ ʧʦ 

ʢʚʘʥʪʦʚʳʤ ʷʯʝʡʢʘʤ. ʂ ʢʘʢʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ʦʪʥʦʩʠʪʩʷ 

ʵʪʦʪ ʵʣʝʤʝʥʪ? 
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51. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʟʘʧʦʣʥʝʥʠʠ ʘʪʦʤʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʫ ʘʪʦʤʦʚ d-ʵʣʝʤʝʥʪʦʚ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ 

ʠʭ ʫ ʘʪʦʤʦʚ s- ʠ ʨ-ʵʣʝʤʝʥʪʦʚ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦʤʘ 

ʵʣʝʤʝʥʪʘ ʩ ʟʘʨʷʜʦʤ ʷʜʨʘ +46. ɺ ʯʝʤ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʘʣʝʥʪʥʦʛʦ ʩʣʦʷ ʵʪʦʛʦ ʘʪʦʤʘ? ʂʘʢʠʝ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʝʛʦ? 

52. ʇʨʠʚʝʜʠʪʝ ʧʦ ʜʚʘ ʧʨʠʤʝʨʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ s-, p- ʠ 

d-ʵʣʝʢʪʨʦʥʥʳʤ ʩʝʤʝʡʩʪʚʘʤ. ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ ʩʪʨʦʝʥʠʝʤ ʚʥʝʰʥʠʭ ʠ 

ʧʨʝʜʚʥʝʰʥʠʭ (ʜʣʷ d-ʵʣʝʤʝʥʪʦʚ) ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʘʪʦʤʦʚ. 

53. ɿʘʧʦʣʥʠʪʝ ʛʨʘʬʳ ʚ ʪʘʙʣʠʮʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʉʫʤʤʘ ʮʠʬʨ 3-ʛʦ, 4-ʛʦ ʠ 5-ʛʦ ʩʪʦʣʙʮʦʚ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʡ ʘʪʦʤʥʦʡ ʤʘʩʩʝ ʵʣʝʤʝʥʪʘ, ʚ ʷʜʨʝ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ 34 

ʧʨʦʪʦʥʘ. 
 

ʉʠʤʚʦʣ 

ʵʣʝʤʝʥʪʘ 

ʕʣʝʢʪʨʦʥʥʳʝ  

ʬʦʨʤʫʣʳ 

ʇʦʨʜ̫ʢʦʚʳʡ  

 ̄

ˉ  

ʧʝʨʠʦʜʘ 

ˉ  

ʛʨʫʧʧ  r

  5   

 é3p
6
3d

10
4s

1 
   

   2 4 

 1s
2
2s

2
2p

6
3s

2
3p

3 
   

 

54. ʂʘʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ n, l, ml ʠ ms, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ? ɼʦʢʘʞʠʪʝ, ʯʪʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ ʘʣʶʤʠʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʠʥʮʠʧʦʤ ɺ. ʇʘʫʣʠ. 

55. ʉʢʦʣʴʢʦ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʩʦʜʝʨʞʘʪ ʷʜʨʘ ʠʟʦʪʦʧʦʚ Br81
35  

ʠ Br79
35 . ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʜʘʥʥʦʛʦ ʘʪʦʤʘ, ʧʦʜʯʝʨʢ-

ʥʠʪʝ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ. ʈʘʩʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʥʳ ʵʪʦʛʦ ʘʪʦʤʘ ʧʦ 

ʢʚʘʥʪʦʚʳʤ ʷʯʝʡʢʘʤ. ʂ ʢʘʢʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ʦʪʥʦʩʠʪʩʷ 

ʵʪʦʪ ʵʣʝʤʝʥʪ? 

56. ʅʘʧʠʰʠʪʝ ʧʦʣʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ: 

ʘ) Fe ʠ Fe
3+
; ʙ) S ʠ S

2ï
; ʚ) Cu ʠ Cu

2+
. 

57. ʅʘʧʠʰʠʪʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʜʣʷ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ 

ʘʪʦʤʦʚ ʙʝʨʠʣʣʠʷ, ʘʟʦʪʘ ʠ ʬʪʦʨʘ. ʇʦʷʩʥʠʪʝ, ʩʦʙʣʶʜʘʶʪʩʷ ʣʠ ʧʨʠ ʨʘʩ-
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ʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʘʚʠʣʦ ɻʫʥʜʘ 

ʠ ʧʨʠʥʮʠʧ ʟʘʧʨʝʪʘ ʇʘʫʣʠ? 

58. ɿʘʧʦʣʥʠʪʝ ʛʨʘʬʳ ʚ ʪʘʙʣʠʮʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʉʫʤʤʘ ʮʠʬʨ 3-ʛʦ, 4-ʛʦ ʠ 5-ʛʦ ʩʪʦʣʙʮʦʚ ʨʘʚʥʘ ʦʪʥʦʩʠʪʝʣʥɹʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʦʜʥʦʡ ʠʟ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ. 
 

 ʉʠʤʚʦʣ 

ʵʣʝʤʝʥʪʘ 

ʕʣʝʢʪʨʦʥʥʳʝ 

ʬʦʨʤʫʣʳ 

ʇʦʨʷʜʢʦʚʳʡ  

 ̄

ˉ  

ʧʝʨʠʦʜʘ 

ˉ  

ʛʨʫʧʧ  r

  4   

 1s
2
2s

2
2p

3
    

   2 4 

 1s
2
2s

2
2p

6
3s

2
3p

6 
   

 

59. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʥʦʛʦ  ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ ʭʣʦʨʘ ʠ ʝʛʦ ʠʦʥʦʚ Cl
ï
, Cl

+
, Cl

+5
. 

60. ʂʘʢʠʝ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ n, l, ml ʠ ms ʜʣʷ ʩʣʝ-

ʜʫʶʱʠʭ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ: ʘ) 4s, ʙ) 2ʨ; ʚ) 3d; ʛ) 4f? 

4. ʇɽʈʀʆɼʀʏɽʉʂʀʁ ɿɸʂʆʅ ɼ.ʀ.ʄɽʅɼɽʃɽɽɺɸ  

ʀ ʉʊʈʆɽʅʀɽ ɸʊʆʄʆɺ 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥ ʠ ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʩʝʭ ʧʨʠʥʮʠʧʦʚ ʜʠʘʣʝʢʪʠ-

ʢʠ. ʊʘʢʠʝ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʜʠʘʣʝʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʠʟʤʘ, ʢʘʢ ʟʘʢʦʥ 

ʧʝʨʝʭʦʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝʥʥʳʝ, ʟʘʢʦʥ ʦʪʨʠʮʘ-

ʥʠʷ, ʟʘʢʦʥ ʝʜʠʥʩʪʚʘ ʠ ʙʦʨʴʙʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʩ ʥʘʠʙʦʣʴʰʝʡ ʥʘ-

ʛʣʷʜʥʦʩʪʴʶ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ. 

ʉʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʦʝʥʠʝʤ ʠʭ ʘʪʦʤʦʚ [1-4]. ʇʝ-

ʨʠʦʜʠʯʝʩʢʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʠʦ-

ʜʠʯʝʩʢʠʤ ʧʦʚʪʦʨʝʥʠʝʤ ʩʭʦʜʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʘʪʦʤʦʚ. 

ʅʘʧʨʠʤʝʨ: ʚʩʝ ʘʪʦʤʳ ʵʣʝʤʝʥʪʦʚ I ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ʅ, Li , Na, ʂ, Rb, 

Cs, Fr ʠʤʝʶʪ ʥʘ ʚʥʝʰʥʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʦ ʦʜʥʦʤʫ 

s-ʵʣʝʢʪʨʦʥʫ; ʚʩʝ ʘʪʦʤʳ ʵʣʝʤʝʥʪʦʚ II  ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ Be, Mg, Ca, 

Sr, Ba, Ra ï ʧʦ ʜʚʘ s-ʵʣʝʢʪʨʦʥʘ (ʵʪʦ ï s-ʵʣʝʤʝʥʪʳ); ʘʪʦʤʳ ʵʣʝʤʝʥʪʦʚ 
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III  ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɺ, Al , Ga, In, Tl ï ʜʚʘ s-ʵʣʝʢʪʨʦʥʘ ʠ ʦʜʠʥ 

ʨ-ʵʣʝʢʪʨʦʥ; ʘʪʦʤʳ ʵʣʝʤʝʥʪʦʚ IV ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ʉ, Si, Ge, Sn, Pb 

ï ʜʚʘ s-ʵʣʝʢʪʨʦʥʘ ʠ ʜʚʘ ʨ-ʵʣʝʢʪʨʦʥʘ (ʪ. ʝ. ʚʥʝʰʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʘʪʦʤʦʚ IV ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʫʶ ʵʣʝʢʪʨʦʥ-

ʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ s
2
p

2
). ʂʦʥʬʠʛʫʨʘʮʠʷ ʚʥʝʰʥʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ V ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ï s
2
p

3
, VI  ʛʣʘʚʥʦʡ 

ʧʦʜʛʨʫʧʧʳ ï s
2
p

4
, VII  ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ï s

2
p

5
, VIII  ʛʣʘʚʥʦʡ ʧʦʜ-

ʛʨʫʧʧʳ ï s
2
p

6
. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʣʝʤʝʥʪʳ III -VIII  ʛʣʘʚʥʳʭ ʧʦʜʛʨʫʧʧ 

ʥʘʟʳʚʘʶʪʩʷ ʨ-ʵʣʝʤʝʥʪʘʤʠ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨ-ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝʤʝʡʩʪ-

ʚʫ. ʕʣʝʤʝʥʪʳ ʧʦʙʦʯʥʳʭ ʧʦʜʛʨʫʧʧ ʧʨʠʥʘʜʣʝʞʘʪ ʢ d-ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝ-

ʤʝʡʩʪʚʫ. ʕʣʝʤʝʥʪʳ, ʩʣʝʜʫʶʱʠʝ ʟʘ ʣʘʥʪʘʥʦʤ (ʣʘʥʪʘʥʦʠʜʳ) ʠ ʟʘ ʘʢʪʠ-

ʥʠʝʤ (ʘʢʪʠʥʦʠʜʳ), ʧʨʠʥʘʜʣʝʞʘʪ ʢ f-ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ. 

ʍʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʵʣʝʤʝʥʪʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʝʛʦ ʘʪʦʤʘ ʪʝʨʷʪʴ ʠ ʧʨʠʦʙʨʝʪʘʪʴ ʵʣʝʢʪʨʦʥʳ. ʕʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʝʥʘ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʠ ʝʛʦ ʩʨʦʜʩʪ-

ʚʦʤ ʢ ʵʣʝʢʪʨʦʥʫ. 

ʕʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ʥʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ 

ʜʣʷ ʦʪʨʳʚʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʥʝʚʦʟʙʫʞʜʝʥʥʦʛʦ ʘʪʦʤʘ. ʉʨʦʜʩʪʚʦʤ ʢ ʵʣʝʢ-

ʪʨʦʥʫ ʥʘʟʳʚʘʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʮʝʩʩʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ ʝʛʦ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʡ ʠʦʥ. ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʩʣʫʞʠʪ ʤʝʨʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ, 

ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ. ʕʥʝʨ-

ʛʠʷ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʦʩʚʝʥʥʦ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʘʪʦʤʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʦʪʪʷʛʠʚʘʥʠʶ ʥʘ ʩʝʙʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʜʘʝʪ ʚʝ-

ʣʠʯʠʥʘ, ʥʘʟʳʚʘʝʤʘʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ (ʕʆ). ʉʦʛʣʘʩʥʦ ʦʧ-

ʨʝʜʝʣʝʥʠʶ ʄʘʣʣʠʢʝʥʘ, ʕʆ ʘʪʦʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ ʘʨʠʬʤʝ-

ʪʠʯʝʩʢʘʷ ʧʦʣʫʩʫʤʤʘ ʝʛʦ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʠ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ. 

ʏʝʤ ʙʦʣʴʰʝ ʵʪʘ ʚʝʣʠʯʠʥʘ, ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʣʝʤʝʥʪ ʧʨʦʷʚʣʷʝʪ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʘʙʣ. 3). ʅʘʠʙʦʣʴʰʝʡ ʕʆ ʦʙʣʘʜʘʝʪ F (4,0), 

ʥʘʠʤʝʥʴʰʝʡ ï Cs, Fr (0,7). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʕʆ ʤʝʪʘʣʣʦʚ Ò1,8 

ʠ ʤʝʥʴʰʝ. 
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ɺ ʧʨʝʜʝʣʘʭ ʛʣʘʚʥʳʭ ʧʦʜʛʨʫʧʧ ʩʚʝʨʭʫ ʚʥʠʟ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ, 

ʵʥʝʨʛʠʷ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ ʠ ʕʆ ʫʤʝʥʴʰʘʶʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ 

ʛʣʘʚʥʳʭ ʧʦʜʛʨʫʧʧʘʭ ʩʚʝʨʭʫ ʚʥʠʟ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʢʩʠʜʦʚ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
 

ʊʘʙʣʠʮʘ 3 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ɢ (ʧʦ ʇʦʣʠʥʛʫ) [8] 
 

H 

2,1 

 

Li  

0,98 

Be 

1,5 

B 

2,0 

C 

2,5 

N 

3,07 

O 

3,5 

F 

4,0 

Na 

0,93 

Mg 

1,2 

Al  

1,6 

Si 

1,8 

P 

2,2 

S 

2,6 

Cl 

3,0 

K 

0,91 

Ca 

1,04 

Ga 

1,8 

Ge 

1,8 

As 

2,1 

Se 

2,5 

Br 

2,8 

Rb 

0,89 

Sr 

0,99 

In  

1,5 

Sn 

1,8 

Sb 

1,8 

Te 

2,1 

J 

2,6 

Cs 

0,70 

Ba 

0,9 

Tl  

1,8 

Pb 

1,8 

Bi 

1,8 

Po 

2,0 

At  

2,2 

 

ɺ ʧʝʨʠʦʜʘʭ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ, ʵʥʝʨʛʠʷ ʩʨʦʜʩʪʚʘ ʢ 

ʵʣʝʢʪʨʦʥʫ ʠ ʕʆ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʚ ʧʝ-

ʨʠʦʜʘʭ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʠ ʥʘʨʘʩʪʘʥʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʉʘʤʳʡ ʘʢʪʠʚʥʳʡ ʥʝʤʝʪʘʣʣ ʬʪʦʨ (F) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ 

ʦʢʠʩʣʠʪʝʣʝʤ, ʩʘʤʳʝ ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ Rb, Cs, Fr ï ʥʘʠʙʦʣʝʝ ʩʠʣʴʥr -

ʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʘ ʠʭ ʛʠʜʨʦʢʩʠʜʳ ï ʩʘʤʳʝ ʩʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ, 

ʪ.ʝ. ʱʝʣʦʯʠ. 

ʅʦʤʝʨ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʵʣʝʤʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩh ʝʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʝʛʦ ʘʪʦʤʘ. ʊʘʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʦʞʝʪ ʧʨʦʷʚ-

ʣʷʪʴʩʷ ʥʝ ʫ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ (ʢʠʩʣʦʨʦʜ, ʬʪʦʨ) ɼʣʷ ʥʝʢʦʪʦ-

ʨʳʭ ʵʣʝʤʝʥʪʦʚ (ʤʝʜʴ, ʩʝʨʝʙʨʦ ʠ ʟʦʣʦʪʦ), ʥʘʦʙʦʨʦʪ, ʠʟʚʝʩʪʥʳ ʩʦʝʜʠʥʝʥʠʷ, 
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ʛʜʝ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʙʦʣʴʰʫʶ, ʯʝʤ ʥʦʤʝʨ ʛʨʫʧʧʳ. ɼʣʷ 

ʥʝʤʝʪʘʣʣʦʚ ʥʠʟʰʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʵʣʝʢʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʘʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ 

ʚʦʩʴʤʠʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʊʘʢ, ʜʣʷ ʨ-ʵʣʝʤʝʥʪʦʚ VII , VI, V ʠ IV 

ʛʨʫʧʧ ʦʥʘ ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ -1, -2, -3,     -4. 

ʌʦʨʤʘ ʠ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʝʤʳʭ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ, 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʝʛʦ ʘʪʦʤʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʬʦʨʤʫʣʳ 

ʛʘʬʥʠʝʚʦʡ ʅ2ʅfO3 ʠ ʢʫʨʯʘʪʦʚʦʡ ʅ2KuO3 ʢʠʩʣʦʪ ʙʫʜʫʪ ʘʥʘʣʦʛʠʯʥʳ 

ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʅ2ʉO3. ʉʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ ʠ 

ʛʠʜʨʦʢʩʠʜʦʚ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭ ʠʭ ʵʣʝʤʝʥ-

ʪʦʚ. ɽʩʣʠ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʦʷʚʣʷʝʪ ʧʝʨʝʤʝʥʥʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʠ ʦʙʨʘʟʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ, ʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝ-

ʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʥʠʭ ʤʝʥʷʶʪʩʷ ʦʪ ʦʩʥʦʚʥʳʭ ʯʝʨʝʟ ʘʤ-

ʬʦʪʝʨʥʳʝ ʢ ʢʠʩʣʦʪʥʳʤ. 

ʇʨʠʤʝʨ 1. ʀʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʷ ʢʘʣʠʷ, ʨʫʙʠʜʠʷ, ʙʨʦʤʘ, ʩʝʣʝʥʘ ʠ 

ʘʟʦʪʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʴʪʝ 

ʬʦʨʤʫʣʳ ʩʣʝʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʙʨʦʤʠʜʘ ʢʘʣʠʷ, ʩʝʣʝʥʠʜʘ ʨʫʙʠʜʠʷ, 

ʥʠʪʨʠʜʘ ʢʘʣʴʮʠʷ. 

ʈʝʰʝʥʠʝ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝ-

ʥʠʷ ʪʠʧʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (K, Rb, Ca) ʩ ʪʠʧʠʯʥʳʤʠ ʥʝʤʝʪʘʣʣʘʤʠ (Br, Se, 

N), ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʥʠʝ ʧʨʦʷʚʣʷʶʪ ʥʠʟʰʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ. K ʠ 

Rb ï ʵʣʝʤʝʥʪʳ I ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +1. ʉʘ ï ʵʣʝʤʝʥʪ II  ʛʣʘʚʥʦʡ ʧʦʜ-

ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2 [6]. 

ʅʠʟʰʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ ʫʩʣʦʚʥʳʤ ʟʘʨʷʜʦʤ, 

ʢʦʪʦʨʳʡ ʧʨʠʦʙʨʝʪʘʝʪ ʘʪʦʤ, ʧʨʠʩʦʝʜʠʥʷʷ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦ-

ʥʦʚ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʚʦʩʴʤʠʵʣʝʢ-

ʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ Br, Se, N ʥʘʭʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ VII , VI  ʠ V 

ʛʣʘʚʥʳʭ ʧʦʜʛʨʫʧʧʘʭ ʠ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʚʥʝʰʥʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ 4s
2
4p

5
; 4s

2
4p

4
; 2s

2
2p

3
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʟʰʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝ-

ʥʠʷ ʫ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʫʪ ʨʘʚʥʳ: -1 (ɺʛ), -2 (Se), -3 (N). 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳ 

(ʪ. ʝ. ʩʫʤʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʨʘʚʥʘ ʥʫʣʶ), 
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ʩʦʩʪʘʚʣʷʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʳ: ʙʨʦʤʠʜ ʢʘʣʠʷ KBr; ʩʝʣʝʥʠʜ 

ʨʫʙʠʜʠʷ Rb2Se; ʥʠʪʨʠʜ ʢʘʣʴʮʠʷ Ca3N2. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

61. ʀʩʭʦʜʷ ʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʜʘʡʪʝ 

ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: ʢʘʢʦʡ ʠʟ ʜʚʫʭ ʛʠʜʨʦʢʩʠʜʦʚ ʙʦʣʝʝ 

ʩʠʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ: NaOH ʠʣʠ RbOH; Ca(OH)2 ʠʣʠ ʉu(OH)2; Zn(OH)2 

ʠʣʠ Sr(OH)2? 

62. ʉʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ ʵʣʝʤʝʥʪʦʚ ʪʨʝʪʴʝ-

ʛʦ ʧʝʨʠʦʜʘ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʪʚʝʯʘʶʱʠʭ ʠʭ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʘʪʨʠʷ ʢ ʭʣʦʨʫ? ʇʦʯʝʤʫ? 

63. ʀʩʭʦʜʷ ʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʜʘʡʪʝ 

ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: ʧʦʯʝʤʫ ʨʝʘʢʮʠʷ ʤʝʪʘʣʣʦʚ Sr, Ba, Ra 

ʩ ʚʦʜʦʡ ʧʨʦʪʝʢʘʝʪ ʵʥʝʨʛʠʯʥʝʝ, ʯʝʤ ʪʘ ʞʝ ʩʘʤʘʷ ʨʝʘʢʮʠʷ ʩ Mg ʠ ʉʘ? 

ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

64. ʀʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʷ ʛʝʨʤʘʥʠʷ, ʮʝʟʠʷ ʠ ʪʝʭʥʝʮʠʷ ʚ ʇʝʨʠʦʜʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʩʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʩʣʝʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʤʝʪʘ- ʠ 

ʦʨʪʦʛʝʨʤʘʥʠʝʚʦʡ ʢʠʩʣʦʪ, ʛʠʜʨʦʬʦʩʬʘʪʘ ʮʝʟʠʷ ʠ ʦʢʩʠʜʘ ʪʝʭʥʝʮʠʷ, ʦʪ-

ʚʝʯʘʶʱʠʭ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ Ge, Cs ʠ Tc. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

65. ʏʪʦ ʪʘʢʦʝ çʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠè? ɺ ʢʘʢʠʭ ʝʜʠʥʠʮʘʭ ʦʥʘ ʚʳʨʘ-

ʞʘʝʪʩʷ? ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚ ʨʷʜʫ S Ÿ Se Ÿ Te? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ ʩʪʨʦʝʥʠʝʤ 

ʘʪʦʤʦʚ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

66. ʏʪʦ ʪʘʢʦʝ çʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴè? ʂʘʢ ʠʟʤʝʥʷʶʪʩʷ ʥʝʤʝ-

ʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʷʜʘʭ Si Ÿ P Ÿ Cl; ʠ ʉl Ÿ Br Ÿ J? ʇʦʯʝʤʫ? 

67. ʂʘʢ ʚʣʠʷʝʪ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʦʙʨʘʟʫʝʤʳʭ ʠʤ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ? ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʙʲʷʩ-

ʥʠʪʝ, ʢʘʢ ʤʝʥʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ Mn
+2

, Mn
+4

, Mn
+7

 ʠ 

ʛʠʜʨʦʢʩʠʜʦʚ Mn(OH)2, Mn(OH)4, HMnO4. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢ-

ʮʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ. 
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68. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʩ ʚʦʜʦʨʦʜʦʤ? ɺ ʢʘʢʠʭ ʛʨʫʧʧʘʭ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ-

ʭʦʜʷʪʩʷ ʵʪʠ ʵʣʝʤʝʥʪʳ? ʉʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʚʦʜʦʨʦʜʥʳʭ ʠ ʢʠʩʣʦʨʦʜ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʣʦʨʘ, ʪʝʣʣʫʨʘ ʠ ʩʫʨʴʤʳ, ʦʪʚʝʯʘʶʱʠʭ ʠʭ ʥʠʟʰʝʡ ʠ 

ʚʳʩʰʝʡ ʩʪʝʧʝʥʷʤ ʦʢʠʩʣʝʥʠʷ. ʂʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʢʠʩʣʦʪʥʳʤʠ ʠʣʠ 

ʦʩʥʦʚʥʳʤʠ ï ʦʥʠ ʦʙʣʘʜʘʶʪ ʠ ʧʦʯʝʤʫ? 

69. ʆʧʨʝʜʝʣʠʪʝ, ʚ ʛʣʘʚʥʳʭ ʧʦʜʛʨʫʧʧʘʭ ʢʘʢʠʭ ʛʨʫʧʧ ʪʘʙʣʠʮʳ 

ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʥʘʭʦʜʷʪʩʷ ʵʣʝʤʝʥʪʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʢʦʪʦ-

ʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ. ɹʫʢʚʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʘʤ, ʜʘʜʫʪ ʥʘʟʚʘʥʠʝ ʦʜʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ. 

ʂʘʢʘʷ ʵʪʦ ʯʘʩʪʠʮʘ? 
 

ʕʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ 
ɻʨʫʧʧʳ 

I II  IV V VII  

1s
2
2s

2
2p

2
  ɦ ʞ  ɻ  ̫  ʁ
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2
2s

2
2p

6
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 ʢ ʣ ʤ ʥ ʦ 
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2s

1
 ʝ ʟ ʯ ʭ ʮ 
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2
2p

6
3s

2
3p

3 
ʜ ʛ ʠ ʢ ʩ 
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2s
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6
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2
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6
3d
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6
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1
 ʪ ʫ ʚ  r ʘ 
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2
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2
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6
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2
3p

5 
ʙ ʡ ʧ ʪ ʨ 

1s
2
2s

2
2p

6
3s

2
3p

6
3d

10
4s

2
4p

2
 ʝ  r ʦ ʘ ʫ 

1s
2
2s

2
2p

5
 ʣ ʤ ʞ ʩ ʥ 

 

70. ʂʘʢʫʶ ʥʠʟʰʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʭʣʦʨ, ʩʝʨʘ, ʘʟʦʪ 

ʠ ʫʛʣʝʨʦʜ? ʇʦʯʝʤʫ? ʆʙʨʘʟʦʚʘʥʠʝ ʠʦʥʦʚ ʧʦʢʘʞʠʪʝ ʩʭʝʤʘʤʠ ʧʨʠʩʦʝʜʠ-

ʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʚ, ʠʤʝʶʱʝʛʦ ʤʝʩʪʦ ʚ 

ʚʘʣʝʥʪʥʦʤ ʩʣʦʝ ʘʪʦʤʦʚ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʩʦ-

ʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʷ ʩ ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʥʘʟʦʚʠʪʝ ʠʭ. 

71. ʋ ʢʘʢʦʛʦ ʠʟ ʨ-ʵʣʝʤʝʥʪʦʚ ʧʷʪʦʡ ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʳ ï ʬʦʩʬʦʨʘ ʠʣʠ ʩʫʨʴʤʳ ï ʩʠʣʴʥʝʝ ʚʳʨʘʞʝʥʳ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ? ʇʦʯʝʤʫ? ʂʘʢʦʡ ʠʟ ʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʥʝʨʛʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ 

ʩʪʨʦʝʥʠʝʤ ʘʪʦʤʦʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 
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72. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤʫʣ ʥʘʡʜʠʪʝ ʘʪʦʤ 

ʵʣʝʤʝʥʪʘ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʪʘʙʣʠʮʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʦʧʨʝʜʝʣʝ-

ʥʦ ʥʝʧʨʘʚʠʣʴʥʦ: 

ʘ) 1s22s2 2ʨ63s23p63d24s2 ï IV ʧʝʨʠʦʜ, II  ʛʨʫʧʧʘ, ʧʦʙʦʯʥʘʷ ʧʦʜ-

ʛʨʫʧʧʘ; 

ʙ) 1s22s22ʨ63s23p63d54s2 ï IV ʧʝʨʠʦʜ, VII  ʛʨʫʧʧʘ, ʧʦʙʦʯʥʘʷ ʧʦʜ-

ʛʨʫʧʧʘ; 

ʚ) 1s22s22ʨ63s23p63d14s2 ï IV ʧʝʨʠʦʜ, III  ʛʨʫʧʧʘ, ʧʦʙʦʯʥʘʷ ʧʦʜ-

ʛʨʫʧʧʘ; 

ʛ) 1s22s22ʨ63s23p63d54s1 ï IV ʧʝʨʠʦʜ, VI ʛʨʫʧʧʘ, ʧʦʙʦʯʥʘʷ ʧʦʜ-

ʛʨʫʧʧʘ. 

73. ɺʥʝʰʥʠʡ ʠ ʧʨʝʜʚʥʝʰʥʠʡ ʫʨʦʚʝʥʴ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 4s
2
4p

6
4d

2
5s

2
 ʠ 5d

10
6s

2
6p

1
. ɺ ʢʘʢʦʤ ʧʝʨʠʦʜʝ ʠ ʚ ʢʘʢʦʡ 

ʧʦʜʛʨʫʧʧʝ ʥʘʭʦʜʷʪʩʷ ʢʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ? ʂ ʢʘʢʠʤ ʵʣʝʢ-

ʪʨʦʥʥʳʤ ʩʝʤʝʡʩʪʚʘʤ ʦʥʠ ʦʪʥʦʩʷʪʩʷ? ʂʘʢʦʚʘ ʠʭ ʚʳʩʰʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩ-

ʣʝʥʠʷ? ʉʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʦʢʩʠʜʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

74. ʉ ʘʪʦʤʦʤ ʢʘʢʦʛʦ ʨ-ʵʣʝʤʝʥʪʘ 8 ʛʨʫʧʧʳ ʠ ʩ ʠʦʥʦʤ ʢʘʢʦʛʦ ʛʘʣʦ-

ʛʝʥʘ ʩʭʦʜʝʥ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ ʩʫʣʴʬʠʜ-ʠʦʥ? ʇʨʠʚʝʜʠʪʝ 

ʩʭʝʤʫ ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʚʘʣʝʥʪʥʳʭ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ. 

75. ʉ ʘʪʦʤʘʤʠ ʢʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʭʦʜʥʳ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝ-

ʥʠʶ ʠʦʥʳ: Cr
3+

, Al
3+

, S
+4

? ʇʨʠʚʝʜʠʪʝ ʩʭʝʤʳ ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʠ ʧʦʜʫʨʦʚʥʝʡ ʚʘʣʝʥʪʥʦʛʦ ʩʣʦʷ ʫʢʘʟʘʥʥʳʭ 

ʠʦʥʦʚ. 

76. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʚ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ ʘʨ-

ʛʦʥ, ʢʦʙʘʣʴʪ, ʪʝʣʣʫʨ ʠ ʪʦʨʠʡ ʧʦʤʝʱʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʝʜ ʢʘʣʠʝʤ, 

ʥʠʢʝʣʝʤ, ʡʦʜʦʤ ʠ ʧʨʦʪʘʢʪʠʥʠʝʤ, ʭʦʪʷ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʘʪʦʤʥʫʶ 

ʤʘʩʩʫ? 

77. ɺʥʝʰʥʠʝ ʫʨʦʚʥʠ ʘʪʦʤʦʚ ʠʤʝʶʪ ʚʠʜ: 2s
2
2p

1
; 4s

2
4p

3
; 5s

2
5p

4
; 6s

1
; 

7s
2
7p

2
. ɺ ʢʘʢʠʭ ʧʝʨʠʦʜʘʭ ʠ ʚ ʢʘʢʠʭ ʧʦʜʛʨʫʧʧʘʭ ʥʘʭʦʜʷʪʩʷ ʵʪʠ ʵʣʝʤʝʥ-

ʪʳ? ʂ ʢʘʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʝʤʝʡʩʪʚʘʤ ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ? 

78. ʆʧʨʝʜʝʣʠʪʝ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʦʧʠʩʘʥʠʶ: ʘ) ʱʝʣʦʯʥʦʡ ʤʝʪʘʣʣ, ʫ 

ʢʦʪʦʨʦʛʦ ʚʘʣʝʥʪʥʳʤ ʷʚʣʷʝʪʩʷ 4s
1
-ʵʣʝʢʪʨʦʥ; ʙ) ʙʣʘʛʦʨʦʜʥʳʡ ʛʘʟ, ʩʦ-
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ʜʝʨʞʘʱʠʡ ʥʘ ʚʥʝʰʥʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʝʥʴʰʝ ʚʦʩʴʤʠ ʵʣʝʢ-

ʪʨʦʥʦʚ; ʚ) ʵʣʝʤʝʥʪ ʩ ʦʜʥʠʤ ʥʝʩʧʘʨʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ; ʛ) ʣʝʛʢʠʡ ʵʣʝ-

ʤʝʥʪ, ʚʥʝʰʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʨʭ, ʨʫ, ʨz ï

ʵʣʝʢʪʨʦʥʳ. ʆʪʚʝʪ ʧʦʷʩʥʠʪʝ. 

79. ʏʪʦ ʪʘʢʦʝ çʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠè ʠ çʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠè? 

ʂʘʢʦʡ ʠʟ ʤʝʪʘʣʣʦʚ ï ʢʘʣʠʡ, ʨʫʙʠʜʠʡ, ʮʝʟʠʡ ʠʣʠ ʬʨʘʥʮʠʡ ï ʣʝʛʯʝ ʚʩʝ-

ʛʦ ʦʢʠʩʣʷʝʪʩʷ? ʇʦʯʝʤʫ? ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʩʠʣʘ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʨʷʜʫ 

KOH Ÿ FrOH? ɼʘʡʪʝ ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ.  

80. ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʠʝ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʨʦʝʥʠʝ ʘʪʦ-

ʤʘ ʠ ʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʪʘʙʣʠʮʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɹʫʢʚʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʘʤ, ʦʙʨʘʟʫ-

ʶʪ ʥʘʟʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʪʢʨʳʪʦʛʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ 

ʚ 1868 ʛʦʜʫ: 
 

ʉʪʨʦʝʥʠʝ ʘʪʦʤʘ 

ʇʦʣʦʞʝʥʠʝ ʚ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ 

ʇʦʨʷʜʢʦʚʳʡ ˉ ˉ ʧʝʨʠʦʜʘ 
ˉ  

ʛʨʫʧʧ  r

ɿʘʨʷʜ ʷʜʨʘ ʛ ʜ ʞ 

ʏʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ ʝ ʟ ʢ 

ʏʠʩʣʦ ʧʨʦʪʦʥʦʚ ʣ ʤ ʥ 

ʏʠʩʣʦ ʥʝʡʪʨʦʥʦʚ  ʁ ʫ ʩ 

ʏʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʘʨʫʞʥʦʤ 

ʩʣʦʝ 
ʦ ʧ ʠ 

ʏʠʩʣʦ ʵʣʝʢʪʨʦʥʥʳʭ ʩʣʦʝʚ ʯ ʡ  ̫

5. ʍʀʄʀʏɽʉʂɸʗ ʉɺʗɿʔ ʀ ʉʊʈʆɽʅʀɽ ʄʆʃɽʂʋʃ 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʪʦʤʦʚ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʘʝʪ ʭʠʤʠʯʝʩʢʘʷ 

ʩʚʷʟʴ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ ʤʥʦʛʦʘʪʦʤʥʦʡ ʩʠʩʪʝʤʳ 

ï ʤʦʣʝʢʫʣʳ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ, ʢʨʠʩʪʘʣʣʘ. 

ʇʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ [1-4]. 

ʈʘʟʣʠʯʘʶʪ ʢʦʚʘʣʝʥʪʥʫʶ, ʠʦʥʥʫʶ ʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʚʷʟʠ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦ-
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ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʫʧʨʦʱʝʥʥʳʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʤʝʪʦʜ 

ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ (ʄɺʉ) ʠ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʄʄʆ). 

ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʣʝʞʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. 

ʉʚʷʟʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʦʙʱʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ, ʥʘʟʳʚʘʶʪ 

ʢʦʚʘʣʝʥʪʥʦʡ. ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʜʚʫʭʮʝʥʪʨʦʚʘʷ, ʜʚʫʭʵʣʝʢʪʨʦʥʥʘʷ. 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ: ʥʘʩʳʱʘʝʤʦʩʪʴ, ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʴ, ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ. ʅʘʩʳʱʘʝʤʦʩʪʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫ ʘʪʦʤʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ 

ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɺʘʣʝʥʪʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʦʙʱʠʤ ʯʠʩʣʦʤ 

ʠʤʝʶɦʠʭʩʷ ʚ ʘʪʦʤʝ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ, ʥʘʟʳʚʘʶʪ ʩʧʠʥ-ʚʘʣʝʥʪʥʦʩʪʴʶ. 

ʋ ʘʪʦʤʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʯʠʩʣʦ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ ʚ ʦʩʥʦʚʥʦʤ 

ʠʣʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘʧʨʠʤʝʨ, ʘʪʦʤ ʩʝʨʳ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ 

ʧʝʨʝʤʝʥʥʫʶ ʚʘʣʝʥʪʥʦʩʪʴ. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʘʪʦʤʘ ʩʝʨʳ ʧʦ ʢʚʘʥʪʦʚʳʤ ʷʯʝʡʢʘʤ: 

16S 

ŷŹ  ŷŹ ŷ ŷ       

      3s
2
  3p

4
    3d

0
 

ʪ.ʝ. ʯʠʩʣʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ï 2, ʚʘʣʝʥʪʥʦʩʪʴ ʨʘʚʥʘ 2. 

ɸʪʦʤ ʩʝʨʳ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʝ d-ʦʨʙʠʪʘʣʠ, ʜʣʷ ʥʝʛʦ ʚʦʟʤʦʞʥʳ ʚʦʟ-

ʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʝʨʝʭʦʜʦʤ ʦʜʥʦʛʦ 

3ʨ-ʵʣʝʢʪʨʦʥʘ ʠ ʦʜʥʦʛʦ 3s-ʵʣʝʢʪʨʦʥʘ ʥʘ 3d-ʧʦʜʫʨʦʚʝʥʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʠʩʣʘ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ: 

16S* 

ŷŹ  ŷ ŷ ŷ  ŷ     

      3s
2
  3p

3
    3d

1
 

ʯʠʩʣʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ï 4, ʚʘʣʝʥʪʥʦʩʪʴ ï 4; 

16S**  

ŷ  ŷ ŷ ŷ  ŷ ŷ    

      3s
2
1 3p

3
    3d

2
 

ʯʠʩʣʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ï 6, ʚʘʣʝʥʪʥʦʩʪʴ ï 6. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʪʦʤʘ ʩʝʨʳ, ʫ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢʘʢ ʵʣʝʤʝʥʪʘ ʚʪʦʨʦ-

ʛʦ ʧʝʨʠʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ d-ʧʦʜʫʨʦʚʝʥʴ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʪ. 

ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ:  

8ʆ  

ŷŹ  ŷŹ ŷ ŷ 

      3s
2
  3p

4
  

ʥʦ ʯʠʩʣʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ï 2, ʧʦʵʪʦʤʫ ʚʘʣʝʥʪʥʦʩʪʴ ï 2. 

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʣʘʢʘ ʘʪʦʤʘ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʄɺʉ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʟ̫ʝʡ ʥʝ 

ʪʦʣʴʢʦ çʯʠʩʪʳʭè ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʥʦ ʠ çʩʤʝʰʘʥʥʳʭè, ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʳʭ ʛʠʙʨʠʜʥʳʭ ɸʆ. ʇʨʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʬʦʨʤʘ ʠ 

ʥɻʝʨʛʠʠ ʦʨʙʠʪʘʣʝʡ (ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ) ʚʟʘʠʤʥʦ ʠʟʤʝʥʷʶʪʩʷ ʠ ʦʙ-

ʨʘʟʫʶʪʩʷ ʦʨʙʠʪʘʣʠ ʥʦʚʦʡ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ ʠ ʦʜʠʥʘʢʦʚʦʡ ʵʥʝʨʛʠʠ. 

ʏʠʩʣʦ ʛʠʙʨʠʜʥʳʭ ʦʨʙʠʪʘʣʝʡ ʨʘʚʥʦ ʯʠʩʣʫ ʠʩʭʦʜʥʳʭ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʦʜʥʦʡ s- ʠ ʦʜʥʦʡ ʨ-ʦʨʙʠʪʘʣʠ ʧʨʦʠʩʭʦʜʠʪ 

sp-ʛʠʙʨʠʜʠʟʘʮʠʷ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

q-ʦʨʙʠʪʘʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʫʛʣʦʤ 180Á. ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʦʜʥʦʡ 

s-ʦʨʙʠʪʘʣʠ ʠ ʜʚʫʭ ʨ-ʦʨʙʠʪʘʣʝʡ (sʨ
2
-ʛʠʙʨʠʜʠʟʘʮʠʷ) ʦʙʨʘʟʫʝʪʩʷ ʪʨʠ 

ʛʠʙʨʠʜʥʳʭ q-ʦʨʙʠʪʘʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʫʛʣʦʤ 

120Á. ʇʨʠ sp
3
-ʛʠʙʨʠʜʠʟʘʮʠʠ ʯʝʪʳʨʝ q-ʦʨʙʠʪʘʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛ-

ʣʦʤ 109Á28
/
(ʪʝʪʨʘʵʜʨ), ʘ ʧʨʠ sp

3
d

2
 ï ʰʝʩʪʴ q-ʦʨʙʠʪʘʣʝʡ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʦʜ ʫʛʣʦʤ 90Á (ʦʢʪʘʵʜʨ). 

ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢ-

ʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʦʙʨʘʟʫʶʱʠʭ ʤʦʣʝʢʫʣʫ ʘʪʦʤʦʚ. ʕʣʝʢʪʨʦʥʥʦʝ 

ʦʙʣʘʢʦ ʩʚʷʟʠ (ʵʣʝʢʪʨʦʥʥʘʷ ʧʘʨʘ) ʩʜʚʠʛʘʝʪʩʷ ʢ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘ-

ʪʝʣʴʥʦʤʫ ʘʪʦʤʫ, ʠ ʚ ʤʦʣʝʢʫʣʝ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʪʷʞʝʩʪʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ ʥʘʟʳʚʘʶʪ 

ʜʠʧʦʣʷʤʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʪʷʞʝʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʦʚ ʥʘʟʳʚʘʶʪ ʜʣʠʥʦʡ ʜʠʧʦʣʷ. ʇʦʣʷʨʥʦʩʪʴ ʤʦʣʝ-

ʢʫʣʳ, ʢʘʢ ʠ ʧʦʣʷʨʥʦʩʪʴ ʩʚʷʟʠ, ʦʮʝʥʠʚʘʶʪ ʚʝʣʠʯʠʥʦʡ ʝʝ ʜʠʧʦʣʴʥʦʛʦ 
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ʤʦʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥʳ ʜʠʧʦʣʷ ʥʘ ʘʙ-

ʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ:  m = 1ĀǛ. 

ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʣʠʯʠʝ ʚ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʜʚʫʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʪʝʤ ʙʦʣʝʝ ʧʦʣʷʨʥʘ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʭ ʘʪʦʤʘʤʠ. ʀʦʥ-

ʥʳʡ ʪʠʧ ʩʚʷʟʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʨʘʡʥʠʡ ʩʣʫʯʘʡ ʧʦʣʷʨʥʦʡ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦ-

ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʪʠʧʠʯʥʳʤʠ ʥʝʤʝʪʘʣʣʘʤʠ (ʥʘʧʨʠʤʝʨ, ʩ ʛʘʣʦ-

ʛʝʥʘʤʠ) ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ (ʛʘʣʦʛʝʥʠʜʳ) ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʝʜʠ-

ʥʝʥʠʷʤ ʩ ʠʦʥʥʳʤ ʪʠʧʦʤ ʩʚʷʟʠ (NaCl, CsF, KBr ʠ ʪ. ʜ.). ʉʚʷʟʴ ʪʘʢʦʛʦ 

ʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʨʠʪʷʞʝʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ. ʅʦ ʧʨʠ ʵʪʦʤ ʩʣʝ-

ʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʜʘʞʝ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣ-

ʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʦʚ, ʪ. ʝ. 

ʧʦʣʥʦʛʦ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʦʜʥʦʛʦ ʘʪʦʤʘ ʢ ʜʨʫʛʦʤʫ. 

ʇʦ ʩʧʦʩʦʙʫ ʧʝʨʝʢʨʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʨʘʟʣʠʯʘʶʪ ů-, ˊ- 

ʠ ŭ-ʩʚʷʟʠ. ɽʩʣʠ ʧʝʨʝʢʨʳʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʠʜʝʪ ʧʦ ʣʠʥʠʠ, 

ʩʦʝʜʠʥʷʶʱʝʡ ʮʝʥʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ, ʪʦ ʪʘʢʫʶ ʩʚʷʟʴ ʥʘ-

ʟʳʚʘʶʪ ů-ʩʚʷʟʴʶ. ɽʩʣʠ ʧʝʨʝʢʨʳʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʠʜʝʪ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʷʜʨʘ ʘʪʦʤʦʚ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ 

ʥʝʝ, ʪʦ ʩʚʷʟʴ ʥʘʟʳʚʘʶʪ ˊ-ʩʚʷʟʴʶ. ɽʩʣʠ d-ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʣʘʢʘ, ʨʘʩʧʦ-

ʣʦʞʝʥʥr ʝ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚʩʝʤʠ ʯʝ-

ʪʳʨʴʤʷ ʣʝʧʝʩʪʢʘʤʠ, ʪʦ ʪʘʢʫʶ ʩʚʷʟʴ ʥʘʟʳʚʘʶʪ ŭ-ʩʚʷʟʴʶ. ɺ ʤʦʣʝʢʫʣʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʚʦʡʥʳʝ ʠ ʪʨʦʡʥʳʝ ʩʚʷʟʠ, ʠʤʝʶʪʩʷ ů- ʠ ˊ-ʩʚ̫ʟʠ. 

ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʘʢʞʝ ʧʦ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʉʚʷʟʴ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʦʜʥʦʡ ʠʟ ʯʘʩʪʠʮ (ʜʦʥʦʨʘ) ʠ ʩʚʦ-

ʙʦʜʥʦʡ ʢʚʘʥʪʦʚʦʡ ʷʯʝʡʢʠ ʜʨʫʛʦʛʦ ʘʪʦʤʘ (ʘʢʮʝʧʪʦʨʘ), ʥʘʟʳʚʘʶʪ ʜʦ-

ʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ. ʕʪʦʪ ʪʠʧ ʩʚʷʟʠ ʠʤʝʝʪ 

ʤʝʩʪʦ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʞ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ [Zn(NH3)4]
2+

. Zn ï d-ʵʣʝʤʝʥʪ. ʉʪʨʦʝʥʠʝ 

ʚʥʝʰʥʝʛʦ ʠ ʧʨʝʜʚʥʝʰʥʝʛʦ d-ʧʦʜʫʨʦʚʥʷ ʘʪʦʤʘ Zn ʠ ʜʚʫʭʟʘʨʷʜʥʦʛʦ 

ʠʦʥʘ Zn
2+

 ʠʤʝʝʪ ʚʠʜ 
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Zn
0
          3d

10
          4s

2
        4p

0 

ŷŹ ŷŹ ŷŹ ŷŹ ŷŹ  ŷŹ     

 

Zn
2+

          3d
10

          4s
0
        4p

0 

ŷŹ ŷŹ ŷŹ ŷŹ ŷŹ       

 

ʀʤʝʝʪ ʤʝʩʪʦ sp
3
-ʛʠʙʨʠʜʠʟʘʮʠʷ. 

ʂʘʞʜʘʷ ʠʟ ʯʝʪʳʨʝʭ ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ (Nʅ3) ʧʦʩʪʘʚʣʷʝʪ ʧʦ ʧʨʠ-

ʥʘʜʣʝʞʘʱʝʡ ʘʪʦʤʫ ʘʟʦʪʘ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʝ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʟʘ-

ʥʠʤʘʶʪ ʯʝʪʳʨʝ ʛʠʙʨʠʜʥʳʝ sp
3
-ʦʨʙʠʪʘʣʠ ʮʠʥʢʘ (+2). ʂʦʤʧʣʝʢʩ ʠʤʝʝʪ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ʀʦʥ ʮʠʥʢʘ Zn
2+

 ï ʘʢʮʝʧʪʦʨ, ʘʟʦʪ ʤʦʣʝʢʫʣʳ 

ʘʤʤʠʘʢʘ (ʘʪʦʤ ʘʟʦʪʘ) ï ʜʦʥʦʨ ʵʣʝʢʪʨʦʥʦʚ. 

ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʘʪʦʤ ʚʦʜʦʨʦʜʘ, ʭʠʤʠʯʝ-

ʩʢʠ ʩʚʷʟʘʥʥʳʡ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʩ ʘʪʦʤʦʤ ʵʣʝʤʝʥʪʘ ʩ ʚʳʩʦʢʦʡ ʕʆ 

(ʥʘʧʨʠʤʝʨ, ʬʪʦʨʘ, ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʘʟʦʪʘ), ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʘʪʦʤʦʤ 

ʵʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʠʣʠ ʜʨʫʛʠʤ ʧʦʜʦʙʥʳʤ ʘʪʦʤʦʤ ʠʟ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ. 

ɺʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʦʙʦʟʥʘʯʘʶʪ ʧʫʥʢʪʠʨʦʤ (ʠʣʠ ʪʨʝʤʷ ʪʦʯʢʘʤʠ), ʥʘ-

ʧʨʠʤʝʨ ʅðF---HðF---HðF. ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʨʠʪʷʞʝʥʠʝʤ ʠ ʜʦʥʦʨ-

ʥʦ-ʘʢʮʝʧʪʦʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʦʥʘ ʤʝʥʝʝ ʧʨʦʯʥʘ, ʯʝʤ ʦʙʳʯʥʘʷ 

ʭʠʤʠʯʝʩʢʘʷ, ʥʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ. ʅʘ-

ʧʨʠʤʝʨ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʬʪʦʨʠʩʪʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʦʪʨʳʚ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ 

ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʢʠʧʝ-

ʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ. 

ʋʯʝʥʠʝ ʦ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ï ʮʝʥʪʨʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʭʠʤʠʠ. ʅʝ ʟʥʘʷ ʧʨʠʨʦʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʚ ʚʝʱʝʩʪʚʝ, ʥʝʣʴʟʷ 

ʧʦʥʷʪʴ ʧʨʠʯʠʥʳ ʤʥʦʛʦʦʙʨʘʟʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʩʚʦʡʩʪʚ, 

ʩʪʨʦʝʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʘʪʦʤʳ ʠ 

ʤʦʣʝʢʫʣʳ ʥʝ ʩʫʱʝʩʪʚʫʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʆʥʠ ʚʩʝʛʜʘ ʩʦʩʪʘʚʣʷʶʪ 

ʪʦʣʴʢʦ ʯʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʫʯʘ-

ʩʪʚʫʶʱʝʛʦ ʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. 
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ʇʨʠʤʝʨ 1. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʩʭʝʤʫ ʤʦʣʝʢʫʣʳ ʅʉl. ʂʘʢ ʠʟ-

ʤʝʥʷʝʪʩʷ ʧʦʣʷʨʥʦʩʪʴ ʩʚʷʟʠ ʚ ʨʷʜʫ ʅʉl Ÿ HBrŸ HI? 

ʈʝʰʝʥʠʝ. ɺ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤʘʭ ʵʣʝʢʪʨʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 

ʚʥʝʰʥʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʦʙʦʟʥʘʯʘʶʪ ʪʦʯʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʤʠ ʚʦʢʨʫʛ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʤʚʦʣʘ ʘʪʦʤʘ [5, 6, 9]. ʆʙʱʠʝ ʜʣʷ ʜʚʫʭ 

ʘʪʦʤʦʚ ʵʣʝʢʪʨʦʥʳ ʧʦʢʘʟʳʚʘʶʪ ʪʦʯʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʞʜʫ ʠʭ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʠʤʚʦʣʘʤʠ. 

I7C1  3s
2
3p
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ʄʦʣʝʢʫʣʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠʤʝʝʪ ʚʠʜ   

 

ɺ ʨʷʜʫ ʅʉl Ÿ HBr Ÿ HI ʧʦʣʷʨʥʦʩʪʴ ʩʚʷʟʠ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʘʪʦʤʦʚ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʅʉl ʢ ʅɺr ʠ HI (ʩʤ. ʪʘʙʣ. 3): 

ȹʕʆʅʉl = 3,0 ï 2,1 = 0,9;  

ȹʕʆʅɺʛ = 2,8 ï 2,1 = 0,7;  

ȹʕʆʅJ = 2,6 ï 2,1 = 0,5. 

ʇʨʠʤʝʨ 2. ʆʧʠʰʠʪʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ [ʉʛʉl6]
3ï
. ʋʢʘ-

ʞʠʪʝ ʜʦʥʦʨ ʠ ʘʢʮʝʧʪʦʨ. ʂʘʢ ʤʝʪʦʜ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ (ɺʉ) ʦʙʲʷʩʥʷʝʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʵʪʦʛʦ ʠʦʥʘ? 

ʈʝʰʝʥʠʝ. ʂʦʤʧʣʝʢʩʥʳʡ ʠʦʥ [ʉʛʉl6]
3ï

 ʦʙʨʘʟʦʚʘʥ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ. ʉʪʨʦʝʥʠʝ ʚʥʝʰʥʝʛʦ ʠ ʧʨʝʜʚʥʝʰ-

ʥʝʛʦ ʫʨʦʚʥʝʡ ʘʪʦʤʘ ʭʨʦʤʘ ʩʣʝʜʫʶʱʝʝ: 
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ʪ.ʝ. ʚ ʥʘʣʠʯʠʠ ʚʘʢʘʥʪʥʳʝ ʦʨʙʠʪʘʣʠ 3d
2
4s

1
4p

3
. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʘ 

ʚʥʝʰʥʝʤ ʠ ʧʨʝʜʚʥʝʰʥʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʠʤʝʝʪʩʷ 6 ʩʚʦʙʦʜ-

ʥʳʭ ʦʨʙʠʪʘʣʝʡ: ʜʚʝ d-ʦʨʙʠʪʘʣʠ, ʦʜʥʘ s-ʦʨʙʠʪʘʣʴ, ʪʨʠ ʨ-ʦʨʙʠʪʘʣʠ, ʪ. ʝ. 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ d
2
sʨ

3
-ʛʠʙʨʠʜʠʟʘʮʠʷ. ʂʘʞʜʳʡ ʠʟ ʰʝʩʪʠ ʠʦʥʦʚ ʭʣʦʨʘ 

CI
ï
 ʧʦʩʪʘʚʣʷʝʪ ʧʦ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʝ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 

ʰʝʩʪʴ d
2
sʨ

3
-ʛʠʙʨʠʜʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠʦʥʘ ʉr

3+
. ʂʦʤʧʣʝʢʩ ʠʤʝʝʪ ʦʢʪʘ-

ʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ʀʦʥʳ ʉ1
ï
 ï ʜʦʥʦʨʳ, ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜʘʤʠ; ʠʦʥ 

ʉr
3+

 ï ʘʢʮʝʧʪʦʨ, ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʤ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

81. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʧʦʥʷʪʠʝ ʦ ů- ʠ ˊ-ʩʚʷʟʳʚʘʥʠʷʭ (ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʣʝʢʫʣʳ ʉʆ2). ʏʪʦ ʪʘʢʦʝ çʢʨʘʪʥʳʝ ʩʚʷʟʠè? ʆʙʲʷʩʥʠʪʝ ʵʪʦ ʥʘ ʧʨʠʤʝ-

ʨʘʭ ʤʦʣʝʢʫʣ ʵʪʘʥʘ, ʵʪʠʣʝʥʘ ʠ ʘʮʝʪʠʣʝʥʘ. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʨʠʯʠʥʫ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ů-ʩʚʷʟʝʡ ʠ ʧʨʠʯʠʥʫ ʦʪʩʫʪʩʪʚʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʫ 

-́ʩʚʷʟʝʡ. 

82. ʀʟʦʙʨʘʟʠʪʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʜʠʦʢʩʠʜʘ ʠ 

ʪʨʠʦʢʩʠʜʘ ʩʝʨʳ. ʏʝʤ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʠʝ ʚ ʩʠʤʤʝʪʨʠʠ ʵʪʠʭ ʤʦʣʝʢʫʣ? 

ʇʦʯʝʤʫ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʳ ʚ ʨʝʘʢʮʠʷʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳ-

ʰʝ, ʯʝʤ ʫ ʪʨʠʦʢʩʠʜʘ ʩʝʨʳ? ʀʤʝʝʪʩʷ ʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʨʨʝʣʷʮʠʷ ʤʝ-

ʞʜʫ ʩʪʨʦʝʥʠʝʤ ʤʦʣʝʢʫʣ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ? 

83. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʘʪʦʤʘʭ ʙʝʨʠʣʣʠʷ ʠ ʙʦʨʘ 2ʨ-ʦʨʙʠʪʘʣʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚʜʦʣʴ ʦʩʝʡ x, y ʠ z ʩ ʫʛʣʘʤʠ ʤʝʞʜʫ ʥʠʤʠ ʧʦ 90Á. ʇʦʯʝʤʫ ʤʦ-

ʣʝʢʫʣʘ BeF2 ʣʠʥʝʡʥʘʷ (ʘ ʥʝ ʫʛʣʦʚʘʷ), ʘ ʤʦʣʝʢʫʣʘ BF3 ʧʣʦʩʢʘʷ (ʘ ʥʝ 

ʧʠʨʘʤʠʜʘʣʴʥʘʷ)? 

84. ʇʦʣʴʟʫʷʩʴ ʤʝʪʦʜʦʤ ʃʂɸʆ-ʄʆ, ʦʧʨʝʜʝʣʠʪʝ ʯʠʩʣʦ ʠ ʬʦʨʤʫ 

ʦʨʙʠʪʘʣʝʡ ʤʦʣʝʢʫʣʳ ʬʪʦʨʘ. ʉʦʩʪʘʚʴʪʝ ʧʨʠʙʣʠʞʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʵʪʦʡ ʤʦʣʝʢʫʣʳ ʠ ʧʨʠʚʝʜʠʪʝ ʝʸ ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ. 

85. ʂʘʢ ʤʝʪʦʜ ɺʉ ʦʙʲʷʩʥʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷ-

ʟʠ? ʂʘʢ ʦʙʨʘʟʫʝʪʩʷ ʠ ʢʘʢʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʝʪ ʤʦʣʝʢʫʣʘ ʘʤʤʠʘʢʘ? ʇʦ-
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ʯʝʤʫ ʫʛʦʣ ʤʝʞʜʫ ʩʚʷʟʷʤʠ H-N  ʚ ʤʦʣʝʢʫʣʝ NH3  ʙʣʠʟʦʢ ʢ ʪʝʪʨʘʵʜʨʠ-

ʯʝʩʢʦʤʫ? 

86. ʂʘʢ ʧʦ ʤʝʪʦʜʫ ɺʉ ʦʙʲʷʩʥʠʪʴ ʣʠʥʝʡʥʫʶ ʬʦʨʤʫ ʤʦʣʝʢʫʣ ʭʣʦ-

ʨʠʜʘ ʙʝʨʠʣʣʠʷ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ? ʂʘʢʘʷ ʠʟ ʩʚʷʟʝʡ BeïCl ʠʣʠ ʉïO 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʠʦʥʥʦʩʪʠ? 

87. ʂʘʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʦʪʨʘʞʘʝʪ ʩʪʨʦʝʥʠʝ ʛʦʤʦʷʜʝʨʥʦʡ ʤʦʣʝʢʫ-

ʣʳ N2 ʠ ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʤʦʣʝʢʫʣʳ ʉʆ ʚ ʤʝʪʦʜʝ ʄʆ? ʂʘʢ ʤʝʪʦʜ ʄʆ 

ʦʙʲʷʩʥʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʚ ʩʚʦʡʩʪʚʘʭ N2 ʠ ʉʆ? 

88. ʈʘʩʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʧʦ ʢʚʘʥʪʦʚʳʤ 

ʷʯʝʡʢʘʤ. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʧʠʥʚʘʣʝʥʪʥʦʩʪʠ ʜʣʷ ʘʟʦ-

ʪʘ ʧʷʪʠʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʜʣʷ ʬʦʩʬʦʨʘ ï ʚʦʟʤʦʞʥʦ. 

89. ʂʘʢʘʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʚʷʟʝʡ ʧʦʣʷʨʥʘ? ʋʢʘʞʠʪʝ ʜʣʷ ʢʘʞʜʦʡ 

ʧʦʣʷʨʥʦʡ ʩʚʷʟʠ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʡ ʘʪʦʤ ʠ ʩʚʷʟʠ ʨʘʩʧʦʣʦ-

ʞʠʪʝ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʩʪʝʧʝʥʠ ʠʭ ʧʦʣʷʨʥʦʩʪʠ: ʘ) ClïI; ʙ) PïP; ʚ) 

CïN; ʛ) FïF; ʜ) OïH. 

90. ʂʘʢʫʶ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʥʘʟʳʚʘʶʪ ů, ˊ, ŭ-ʩʚʷʟʴʶ? ʂʘʢ ʤʝʪʦʜ 

ɺʉ ʦʙʲʷʩʥʷʝʪ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ, ʬʪʦʨʘ ʠ ʘʟʦʪʘ? ʇʨʠʚʝʜʠʪʝ 

ʩʭʝʤʳ ʧʝʨʝʢʨʳʚʘʥʠʷ ʦʨʙʠʪʘʣʝʡ ʚ ʥʠʭ. 

91. ɺ ʯʝʤ ʩʫʱʥʦʩʪʴ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ? ʏʝʤʫ ʨʘʚʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʘʣʝʥʪʥʦʩʪʴ ʘʟʦʪʘ? 

ʂʘʢʠʝ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʠʦʥʘʭ NH+
4  ʠ [BeF4]

2ï
? 

92. ʏʪʦ ʪʘʢʦʝ çʛʠʙʨʠʜʠʟʘʮʠʷ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡè? ʂʘʢʦʝ ʩʪʨʦʝ-

ʥʠʝ ʠʤʝʶʪ ʤʦʣʝʢʫʣʳ ʪʠʧʘ ɸɺn, ʝʩʣʠ ʩʚʷʟʴ ʚ ʥʠʭ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

sp-, sp
2
, sp

3
, sp

3
d ʠ sp

3
d

2
-ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʘ ɸ? ʇʨʠʚʝʜʠʪʝ 

ʧʨʠʤʝʨʳ ʤʦʣʝʢʫʣ ʩ ʫʢʘʟʘʥʥʳʤʠ ʪʠʧʘʤʠ ʛʠʙʨʠʜʠʟʘʮʠʠ. 

93. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʚʝʱʝʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʩʚʷʟʠ ʥʦʩʠʣʠ ʙʳ ʭʘ-

ʨʘʢʪʝʨ: ʘ) ʠʦʥʥʳʡ; ʙ) ʢʦʚʘʣʝʥʪʥʳʡ ï ʧʦʣʷʨʥʳʡ ʠ ʥʝʧʦʣʷʨʥʳʡ; ʚ) ʢʦ-

ʦʨʜʠʥʘʪʠʚʥʳʡ (ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʡ); ʛ) ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦ-

ʨʦʜʥʳʝ ʩʚʷʟʠ. ɼʘʡʪʝ ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ. 

94. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʜʠʧʦʣʷ? ɺ ʢʘʢʠʭ 

ʝʜʠʥʠʮʘʭ ʦʥ ʚʳʨʘʞʘʝʪʩʷ? ʂʘʢʠʝ ʠʟ ʤʦʣʝʢʫʣ HF, HCl, ICl, HI ʠʤʝʶʪ 

ʥʘʠʙʦʣʴʰʠʡ ʤʦʤʝʥʪ ʜʠʧʦʣʷ? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ, ʠʩʭʦʜʷ ʠʟ ʵʣʝʢʪʨʦ-

ʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 
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95. ʂʘʢ ʤʝʪʦʜ ʄʆ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ ʅʝ+2  

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ, ʪʦʛʜʘ ʢʘʢ ʤʦʣʝʢʫʣʘ ʅʝ2 ʥʝ ʩʫʱʝʩʪʚʫʝʪ? ʆʙ-

ʣʘʜʘʝʪ ʣʠ ʠʦʥ ʅʝ+
2  ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ? ʇʦʯʝʤʫ? 

96. ʍʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʉïʆ ʠ ʅïʆ ʧʦʣʷʨʥʳ. ʇʨʝʜʩʪʘʚʴʪʝ ʩʪʨʦʝʥʠʝ 

ʤʦʣʝʢʫʣ ʉʆ2 ʠ ʅ2ʆ ʛʨʘʬʠʯʝʩʢʠ ʠ ʜʘʡʪʝ ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ, ʧʦ-

ʯʝʤʫ ʤʦʣʝʢʫʣʘ ʉʆ2 ʠʤʝʝʪ ʣʠʥʝʡʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʥʝʧʦʣʷʨʥʘ, ʘ ʤʦʣʝʢʫʣʘ 

ʅ2ʆ  ʠʤʝʝʪ ʫʛʣʦʚʦʝ ʩʪʨʦʝʥʠʝ ʠ ʷʚʣʷʝʪʩʷ ʜʠʧʦʣʝʤ. 

97. ʉ ʫʯʝʪʦʤ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ï 

ʥʘʩʳʱʘʝʤʦʩʪʠ ï ʧʨʝʜʣʦʞʠʪʝ ʜʦʚʦʜʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʫʱʝʩʪʚʫʶʪ 

ʤʦʣʝʢʫʣʳ H2 ʠ F2, ʥʦ ʥʝ ʦʙʨʘʟʫʶʪʩʷ H3, H4, H5 ʠ F3, F4, F5. 

98. ʈʘʩʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʥʳ ʠʦʥʦʚ ʆ
+
 ʠ ʆ

ï
 ʠ ʘʪʦʤʘ ʆ

0
 ʧʦ ʢʚʘʥʪʦ-

ʚʳʤ ʷʯʝʡʢʘʤ. ʂʘʢʫʶ ʚʘʣʝʥʪʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʦʥʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ? ʂʘʢ 

ʤʝʪʦʜ ɺʉ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʇ)? 

ʇʨʠʚʝʜʠʪʝ ʝʝ ʩʪʨʫʢʪʫʨʫ. 

99. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢʠʭ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʤʦʣʝʢʫʣ ʩʦʛʣʘʩʥʦ 

ʪʝʦʨʠʠ ɺʉ ʥʝʚʦʟʤʦʞʥʦ: ʘ) POCl3; ʙ) NCl3; ʚ) SF7; ʛ) SF4; ʜ) ICl3? ʇʦ-

ʯʝʤʫ? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ ʩʭʝʤʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʝʨʝ-

ʢʨʳʚʘʥʠʷ ʦʨʙʠʪʘʣʝʡ. 

100. ʇʨʠʚʝʜʠʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ ʆ2 ʧʦ 

ʤʝʪʦʜʫ ʄʆ. ʂʘʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʦʪʨʘʞʘʝʪ ʩʪʨʦʝʥʠʝ ʵʪʦʡ ʤʦʣʝʢʫʣʳ? 

ʂʘʢ ʤʝʪʦʜ ʄʆ ʦʙʲʷʩʥʷʝʪ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʢʠʩʣʦʨʦʜʘ? 

6. ʕʅɽʈɻɽʊʀʂɸ ʍʀʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ  

ʀ ʍʀʄʀʏɽʉʂʆɽ ʉʈʆɼʉʊɺʆ  

(ʊɽʈʄʆʍʀʄʀʏɽʉʂʀɽ ʀ ʅɽʂʆʊʆʈʓɽ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ 

ʈɸʉʏɽʊʓ) 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ [5, 6, 9]. ʇʨʠ ʨʝ-

ʰʝʥʠʠ ʟʘʜʘʯ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʨʘʚʦʯʥʳʤʠ ʜʘʥ-

ʥʳʤʠ (ʪʘʙʣ. 4). 

 

ʇʨʠʤʝʨ 1. ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ  

1/2Na2O(ʢ) + 1/2H2O(ʞ) = NaOH(ʢ). 
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ɿʘʧʠʰʠʪʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ. 

ʈʝʰʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʩʪʚʠʷ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ ʤʦʞʥʦ ʟʘ-

ʧʠʩʘʪʴ 

) O)(HȹH
2

1
 O)(NaȹH

2

1
( (NaOH)ȹHȹH 2

0
298 ʦʙʨ.2

0
298 ʦʙʨ.

0
298 ʦʙʨ.

0
298 +-= . 

ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ ʩ ʫʯʝʪʦʤ ʠʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʩʤ. ʪʘʙʣ. 5), 

ʧʦʣʫʯʠʤ 
0
298ȹʅ = -426,60 ï (-215,30 ï 142,92) = -68,38 ʢɼʞ. 

ʊʝʨʤʦʭʠʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

1/2Na2O(ʢ) + 1/2H2O(ʞ) = NaOH(ʢ); 
0
298ȹʅ  = -68,38 ʢɼʞ. 

ʇʨʠʤʝʨ 2. ʈʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚʳʨʘʞʘʝʪʩʷ ʪʝʨʤʦ-

ʭʠʤʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ  

ʉ2ʅ5ʆʅ(ʞ) + 3ʆ2(ʛ) = 2ʉʆ2(ʛ) +3ʅ2ʆ(ʞ)); 
0
298ȹʅ  = ? 

ɺʳʯʠʩʣʠʪʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʷʨ-

ʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʉ2ʅ5ʆʅ(ʞ) ʨʘʚʥʘ +42,36 ʢɼʞ, ʵʥʪʘʣʴ-

ʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʘʥʦʣʘ 
0

298 ʦʙʨ.ȹʅ  = -235,31 ʢɼʞ/ʤʦʣʴ. ʅʝʜʦʩʪʘʶʱʠʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5. 

ʈʝʰʝʥʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
0
298ȹʅ  ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʝʧ-

ʣʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʘʥʦʣʘ ʉ2ʅ5ʆʅ(ʞ): 

ʉ2ʅ5ʆʅ(ʞ) = ʉ2ʅ5ʆʅ(ʛ); 
0
298ȹʅ = +42,36 ʢɼʞ. 

ɿʘʧʠʰʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʩʪʚʠʷ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ 

)ʞ,OHHC(H)ʛ,OHHC(HH 52
0

298.ʦʙʨ52
0

298.ʦʙʨ
0
298 D-D=D , 

+42,36 = -235,31 ï )ʞ,OHHC(H 52
0

298.ʦʙʨD . 

ʆʪʩʶʜʘ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ 

)ʞ,OHHC(H 52
0

298.ʦʙʨD  = -235,31 ï 42,36 = -277,67 ʢɼʞ/ʤʦʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʝʨʴ ʠʤʝʶʪʩʷ ʚʩʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʦ-

ʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʠ. 

)ʞ,OHHC(H))OH(H3)CO(H2(H 52
0

298.ʦʙʨ2
0

298.ʦʙʨ2
0

298.ʦʙʨ
0
298 D-D+D=D , 

0
298ȹʅ =2(-393,51) + 3(-285,84) ï (-277,67) = -1366,87 ʢɼʞ. 
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ʊʘʙʣʠʮʘ 4 
 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ [8] 
 

ɺʝʱʝʩʪʚʦ 

0
298ȹʅ , 

ʢɼʞ/ʤʦʣʴ 

0
298ȹG , 

ʢɼʞ/ʤʦʣʴ 

0
298ȹS , 

ɼʞ/(ʤʦʣʴĀʛʨʘʜ.) 

ɺʘʆ (ʢ) -553,90 -525, 70,5 

ɺʘʉʆ3 (ʢ) -1217,10 -1137,2 113,0 

ɺʝʆ (ʢ) -598,70 -581,60 14,10 

ɺʝʉʆ3 (ʢ) -981,57 -944,75 199,40 

ʉ (ʘʣʤʘʟ) 1,828 2,834 2,37 

ʉ (ʛʨʘʬʠʪ) 0 0 5,74 

ʉʆ (ʛ) -110,5 -137,27 197,4 

ʉʆ2 (ʛ) -393,51 -394,38 213,6 

ʉ2ʅ2 (ʛ) 226,75 209,20 200,80 

ʉ2ʅ4 (ʛ)  52,28 68,12 219,40 

ʉʅ4 (ʛ) -74,85 -50,79 186,19 

ʉʅ3ʆʅ (ʞ) -238,70 -166,31 126,7 

ʉʘʆ (ʢ) -635,10 -604,20 39,70 

ʉʘ(ʆʅ)2 (ʢ) -986,20 -896,76 83,40 

ʉʘʉʆ3 (ʢ) -1206,00 -1128,80 92,90 

FeO (ʢ) -263,68 -244,35 58,79 

Fe2O3 (ʢ) -821,32 -740,99 89,96 

Fe(OH)2 (ʢ) -562,10 -480,10 88,00 

Fe(OH)3 (ʢ) -824,25 -694,54 96,23 

ʅ2ʆ (ʛ) -241,84 -228,80 188,74 

ʅ2ʆ (ʞ) -285,84 -237,50 69,96 

HCl (ʛ) -92,30 -95,27 186,70 

ʅʉl (ʞ) -167,50 -131,2 55,20 

NH3 (ʛ) -46,19 -16,64 192,5 

NH4Cl (ʢ) -315,39 -343,64 94,56 

NH4NO3(ʢ) -365,4 -183,9 151,1 

NO (ʛ) 90,37 86,69 210,62 

Na2O(ʢ) -430,6 -376,6 71,1 

NaOH(ʂ) -426,6 -377,0 64,18 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 4 

ɺʝʱʝʩʪʚʦ 

0
298ȹʅ , 

ʢɼʞ/ʤʦʣʴ 

0
298ȹG , 

ʢɼʞ/ʤʦʣʴ 

0
298ȹS , 

ɼʞ/(ʤʦʣʴĀʛʨʘʜ.) 

Na2CO3 (ʢ) -1129,00 -1047,70 136,00 

Na2CO3Ā10ʅ2ʆ(ʢ) -4083,50 -3424,30 564,70 

ʈ2ʆ5 (ʢ) -1492,00 -1348,8 114,50 

N2 (ʛ) 0 0 191,50 

ʅ2 (ʛ) 0 0 130,70 

ʆ2 0 0 205,03 

Cl2 0 0 222,9 

Fe 0 0 27,2 

ZnS(ʢ) -201,00 -198,32 57,7 

ZnO(ʢ) -349,0 -318,19 43,5 

H2S(ʛ) -20,15 -33,02 205,64 

SO2(ʛ) -296,9 -300,37 248,10 

SO3(ʛ) -395,2 -370,37 256,23 

CS2(ʛ) 115,30 65,10 237,80 

ʉS2(ʞ) 87,80 63,60 151,00 
 

ʇʨʠʤʝʨ 3. ʅʝ ʧʨʦʠʟʚʦʜʷ ʚʳʯʠʩʣʝʥʠʡ, ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʢ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʨʦʧʠʠ (ȹS) ʚ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʷʭ:  

1) Nʅ4NO3(ʢ) = N2O (ʛ) + 2ʅ2ʆ (ʛ); 

2) 2ʅ2S + 3O2(ʛ) = 2ʅ2ʆ(ʞ) + 2SO2(ʛ). 

ʈʝʰʝʥʠʝ. ɺ ʨʝʘʢʮʠʠ (1) 1 ʤʦʣʴ ʚʝʱʝʩʪʚʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʦʙʨʘʟʫʝʪ 3 ʤʦʣʷ ʛʘʟʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ 

ȹS > 0. ɺ ʨʝʘʢʮʠʠ (2) ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʤʦʣʝʡ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝ-

ʱʝʩʪʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʪʨʦʧʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʪ. ʝ. ȹS < 0. 

ʇʨʠʤʝʨ 4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʧʣʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʙ-

ʩʦʣʶʪʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʨʦʧʠʡ ʚʝʱʝʩʪʚ (ʩʤ. ʪʘʙʣ. 5) ʚʳʯʠʩʣʠʪʝ ʠʟ-

ʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ʉʆ(ʛ) + ʅ2ʆ(ʞ) = ʉʆ2(ʛ) + ʅ2(ʛ). 

ʈʝʰʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 



51 

ȹG
ʦ
 = ȹH

o
 ï TȹS

o
, 

ʛʜʝ ȹH
o
 ï ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ,  

ȹS
o
 ï ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʨʝʘʢʮʠʠ.  

ʇʦʩʢʦʣʴʢʫ ȹH
o
 ʠ ȹS

o
 ï ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, ʪʦ ʩʦʛʣʘʩʥʦ 

ʩʣʝʜʩʪʚʠʶ ʠʟ ʟʘʢʦʥʘ ɻʝʩʩʘ ʠʤʝʝʤ 

ää -= .)ʠʩʭ(ʅn .)ʧʨʦʜ(ʅnȹH 0
298 ʦʙʨ.

0
298 ʦʙʨ.

0
298 ȹȹ ; 

ää -= .)ʠʩʭ(Sn .)ʧʨʦʜ(SnȹS 0
298 ʦʙʨ.

0
298 ʦʙʨ.

0
298 ȹȹ . 

ʆʪʩʶʜʘ  

))ʞ,ʆH(H)Cʆ(H())H(H)CO(H(H 2
0

298.ʦʙʨ
0

298.ʦʙʨ2
0

298.ʦʙʨ2
0

298.ʦʙʨ
0
298 D+D-D+D=D , 

ʪ.ʝ.  
0
298ȹʅ  = (-393,51+0) ï (-110,52 - 285,84),= +2,85 ʢɼʞ. 

ɸʥʘʣʦʛʠʯʥʦ 

))ʞ,ʆH(S)Cʆ(S())H(S)CO(S(S 2
0

298.ʦʙʨ
0

298.ʦʙʨ2
0

298.ʦʙʨ2
0

298.ʦʙʨ
0
298 D+D-D+D=D ; 

0
298ȹS  = (213,65 + 130,59) ï (197,91 + 69,94) = +76,39 ɼʞ/ʛʨʘʜ  

ʠʣʠ 0,07639 ʢɼʞ/ʛʨʘʜ.  

ʊʦʛʜʘ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ  

ȹG
ʦ
 = +2,85 ï 298Ā(0,07639) = -19,91 ʢɼʞ. 

ʇʦʩʢʦʣʴʢʫ ȹG
ʦ
 < 0, ʪʦ ʨʝʘʢʮʠʷ ʚʦʟʤʦʞʥʘ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʇʨʠʤʝʨ 5. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ Fe2O3 ʚʦʜʦʨʦʜʦʤ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʫʨʘʚʥʝʥʠʶ  

Fe2O3(ʢ) + 3H2(ʛ) = 2Fe(ʢ) + 3ʅ2ʆ(ʛ); 
0
298ȹʅ  = +96,61 ʢɼʞ.  

ɺʦʟʤʦʞʥʘ ʣʠ ʵʪʘ ʨʝʘʢʮʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʠʟʤʝ-

ʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʩʦʩʪʘʚʣʷʝʪ 
0
298ȹS  = +0,1387 ʢɼʞ/ʛʨʘʜ? ʇʨʠ ʢʘʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʯʥʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III )?  

ʈʝʰʝʥʠʝ. ɺr ʯʠʩʣʷʝʤ ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ:  

ȹG
ʦ
 = ȹH

ʦ
 ï TȹS

ʦ
 = +96,61 ï 298Ŀ0,1387 = +55,28 ʢɼʞ. 

ʊʘʢ ʢʘʢ ȹGÁ > 0, ʪʦ ʨʝʘʢʮʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʚʦʟ-

ʤʦʞʥʘ; ʥʘʦʙʦʨʦʪ, ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʜʝʪ ʦʙʨʘʪʥʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝ-

ʥʠʷ ʞʝʣʝʟʘ (ʢʦʨʨʦʟʠʷ).  

ʅʘʡʜʝʤ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ȹGÁ = 0 ʢɼʞ: 
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ȹʅ
ʦ
 = ʊĀȹS

ʦ
. 

ʆʪʩʶʜʘ K696,5
0,1387

96,61

ȹS

ȹH
T

ʦ

ʦ

=== . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ å696,5 ʂ ʥʘʯʠʥʘʝʪʩʷ ʨʝʘʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe2O3. ʀʥʦʛʜʘ ʵʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʟʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ. 
 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

101. ɺʳʯʠʩʣʠʪʝ ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ oGD ʜʣʷ ʨʝʘʢʮʠʡ 

ɺʘʉʆ3(ʢ) = ɺʘʆ(ʢ) + ʉʆ2(ʛ), 

ʉʘʉʆ3(ʢ) = ʉʘʆ(ʢ) + ʉʆ2(ʛ) 

ʠ ʦʧʨʝʜʝʣʠʪʝ, ʢʘʢʦʡ ʠʟ ʢʘʨʙʦʥʘʪʦʚ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

102. ɺʳʯʠʩʣʠʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʧʝʨʝʭʦʜʘ ʢʠʩʣʦʨʦʜʘ ʚ ʦʟʦʥ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʜʘʥʥʳʤ: 

As2O3(ʪʚ.) + O2(ʛ) Ÿ As2O5(ʪʚ.); 

As2O3(ʪʚ.) + O3(ʛ) Ÿ As2O5(ʪʚ.), 

ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 
0
298ȹʅ  (1) = -260,62 ʢɼʞ, ʘ ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ 

0
298ȹʅ  (2) = -1066,94ʢɼʞ. 

ʂʘʢʦʡ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʟʦʥ? 

103. ɺʳʯʠʩʣʠʪʝ 
0
298ȹG  ʜʣʷ ʨʝʘʢʮʠʠ  

Fe(OH)2(ʢ) + ʆ2(ʛ) + ʅ2ʆ(ʞ) Ÿ Fe(OH)3(ʢ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ, ʢʘʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʞʝʣʝʟʘ. 

104. ʂʘʢʠʝ ʠʟ ʢʘʨʙʦʥʘʪʦʚ ï ɺʝʉʆ3, ʉʘʉʆ3 ʠʣʠ ɺʘʉʆ3 ï ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʦ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʠʜʦʚ ʩ 

ʉʆ2? ʂʘʢʘʷ ʨʝʘʢʮʠ ̫ʠʜʝʪ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʠʯʥʦ? ɺʳʚʦʜ ʩʜʝʣʘʡʪʝ, ʚʳ-

ʯʠʩʣʠʚ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚʩʝʭ ʨʝʘʢʮʠʡ.  

105. ʆʧʨʝʜʝʣʠʪʝ 
0
298ȹʅ  ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʣʝʥʘ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶ-

ʱʠʝ ʜʘʥʥʳʝ: 

ʉ2ʅ4(ʛ) + 3ʆ2(ʛ) = 2ʉʆ2(ʛ) + 2ʅ2ʆ(ʛ);  
0
298ȹʅ  = -1323 ʢɼʞ; 
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ʉ(ʛʨʘʬʠʪ) + ʆ2(ʛ) = ʉʆ2(ʛ);    
0
298ȹʅ  = -393,5 ʢɼʞ; 

ʅ2(ʛ) + 1/2ʆ2(ʛ) + ʅ2ʆ(ʛ);    
0
298ȹʅ  = -241,8 ʢɼʞ. 

ʂʘʢʦʡ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ? 

106. ʉʦʞʞʝʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʅ2ʆ(ʛ) ʨʘʚʥʳʝ ʦʙʲʝʤʳ ʚʦʜʦʨʦʜʘ ʠ 

ʘʮʝʪʠʣʝʥʘ, ʚʟʷʪʳʝ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʚʳʜʝ-

ʣʠʪʩʷ ʙʦʣʴʰʝ ʪʝʧʣʦʪʳ? ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ? 

107. ɿʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ Na2CO3 ʠ 

Na2CO3Ā10ʅ2ʆ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ -25,10 ʠ +66,94 ʢɼʞ/ʤʦʣʴ. 

ɺʳʯʠʩʣʠʪʝ ʵʥʪʘʣʴʧʠʶ ʛʠʜʨʘʪʘʮʠʠ Na2CO3. 

108. ʈʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʘʮʝʪʠʣʝʥʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ 

ʉ2ʅ2(ʛ) + 5/2ʆ2(ʛ) =  ʉʆ2(ʛ) + ʅ2ʆ(ʛ). 

ʀʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʷ 
0
298ȹʅ  ʠ 

0
298ȹS  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʚʳ-

ʯʠʩʣʠʪʝ 
0
298ȹG  ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʠ ʦʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʚ ʥʝʡ ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʨʦʧʠʠ æS
o
 < 0. 

109. ɺʳʯʠʩʣʠʪʝ ʟʥʘʯʝʥʠʷ 
0
298ȹG  ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (II ): 

ʘ) FeO(ʢ) + 1/2C(ʛʨʘʬʠʪ) = Fe(ʢ) + 1/2CO2(ʢ), 

ʙ) FeO(ʢ) + C(ʛʨʘʬʠʪ) = Fe(ʢ) + CO(ʢ), 

ʚ) FeO(ʢ) + Cʆ(ʛ) = Fe(ʢ) + CO2(ʛ). 

ʇʨʦʪʝʢʘʥʠʝ ʢʘʢʦʡ ʠʟ ʵʪʠʭ ʨʝʘʢʮʠʡ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ? ʇʦʯʝʤʫ? 

110. ɺʳʯʠʩʣʠʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 

2ʉʅ4(ʛ) = ʉ2ʅ2(ʛ) + 3ʅ2(ʛ), 

ʉ(ʛʨʘʬʠʪ) + ʆ2(ʛ) = ʉʆ2(ʛ). 

ʇʦʯʝʤʫ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ȹS
ʦ
 ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ < 0, å 0? 

111. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʷʚ-

ʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʥʘ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ:  

ʉʅ4(ʛ) + ʅ2ʆ(ʛ) = ʉʆ(ʛ) + 3ʅ2(ʛ). 

ʈʘʩʩʯʠʪʘʡʪʝ 
0
298ȹʅ , 

0
298ȹS  ʠ 

0
298ȹG  ʵʪʦʡ ʨʝʘʢʮʠʠ ʠ ʫʢʘʞʠʪʝ, ʙʫʜʝʪ 

ʣʠ ʦʥʘ ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

112. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʤʝʪʘʥʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʦʙʨʘʟʫʝʪʩʷ ʩʝʨʦʫʛʣʝʨʦʜ CS2(ʛ) ʠ ʚʦʜʦʨʦʜ. ʅʘʧʠʰʠʪʝ ʪʝʨʤʦʭʠʤʠʯʝ-
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ʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʚʳʯʠʩʣʠʚ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢ-

ʮʠʠ 
0
298ȹʅ . 

113. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʚʦʜʦʨʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʫʨʘʚʥʝʥʠʶ 

Fe2O3(ʢ) + 3H2(ʛ) = Fe(ʢ) + 3H2O(ʛ); 
0
298ȹʅ  = +96,61 ʢɼʞ. 

ɺʦʟʤʦʞʥʘ ʣʠ ʵʪʘ ʨʝʘʢʮʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʠʟʤʝ-

ʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʝʝ 
0
298rSȹ  = 0,1387 ʢɼʞ/ʛʨʘʜ.? ʇʨʠ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʯʠʥʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Fe2O3? 

114. ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ɻʝʩʩʘ, ʨʘʩʩʯʠʪʘʡʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ 
0
298ȹʅ  ʩʫʣɹʬʘʪʘ ʮʠʥʢʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

2ZnS + 3O2 = 2ZnO + 2SO2;  
0
298ȹʅ  = -890,0 ʢɼʞ; 

2SO2 + O2 = 2SO3;    
0
298ȹʅ  = -196,6 ʢɼʞ; 

ZnSO4 = ZnO + SO3;    
0
298ȹʅ  = +234,0 ʢɼʞ. 

115. ʉʢʦʣʴʢʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 10 ʣ ʤʝʪʘʥʘ (ʥ.ʫ.)? 

ʀʩʭʦʜʷ ʠʟ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʉʅ3ʆʅ(ʞ) + 3/2ʆ2(ʛ) = ʉʆ2(ʛ) + 2ʅ2ʆ(ʞ); 
0
298ȹʅ  = -726,5 ʢɼʞ, 

ʚʳʯʠʩʣʠʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 
0
298ȹʅ  ʤʝʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. 

116. ʇʨʠ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʪʫʧʠʪ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ 

4HCl(ʛ) + ʆ2(ʛ) Ө 2ʅ2ʆ(ʛ) + 2Cl2(ʛ); 
0
298ȹʅ  = -114,42 ʢɼʞ? 

ʏʪʦ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ï ʭʣʦʨ 

ʠʣʠ ʢʠʩʣʦʨʦʜ? ʇʨʠ ʢʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ? 

117. ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 
0
298ȹʅ  

ʬʦʩʬʠʥʘ ʈʅ3, ʠʩʭʦʜʷ ʠʟ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

2ʈʅ3(ʛ) + 4ʆ2(ʛ) = ʈ2ʆ5(ʢ) + 3ʅ2ʆ(ʞ); 
0
298ȹʅ  = -2360 ʢɼʞ. 

118. ʆʧʨʝʜʝʣʠʪʝ 
0
298rGȹ  ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʫʨʘʚʥʝʥʠ  ʁ

4Nʅ3(ʛ) + 5ʆ2(ʛ) = 4Nʆ(ʛ) + 6ʅ2ʆ(ʞ). 

ɺʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʠʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʠ ʘʙʩʦʣʶʪʥʳʭ ʵʥʪʨʦʧʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ (ʩʤ. 

ʪʘʙʣ. 5). ɺʦʟʤʦʞʥʘ ʣʠ ʵʪʘ ʨʝʘʢʮʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ?  
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119. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʭʣʦʨʠʜ ʘʤʤʦʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ NH3 ʠ HCl. ʇʨʠʚʝʜʠʪʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʚʳʯʠʩʣʠʚ ʝʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ. ʉʢʦʣʴʢʦ ʪʝʧ-

ʣʦʪʳ ʚʳʜʝʣʠʪʩʷ, ʝʩʣʠ ʚ ʨʝʘʢʮʠʠ ʙʳʣʦ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 10 ʣ ʘʤʤʠʘʢʘ ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʥ.ʫ.? 

120. ʈʘʩʩʯʠʪʘʡʪʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʪʫʧʠʪ 

ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ 

ʉʆ(ʛ) + 2ʅ2(ʛ) Ө ʉʅ3ʆʅ(ʞ); 
0
298ȹʅ  = -128,05 ʢɼʞ? 

7. ʍʀʄʀʏɽʉʂɸʗ ʂʀʅɽʊʀʂɸ 

ʉʢʦʨʦʩʪʴ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʟʘʚʠ-

ʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ï ʢʦʥʮʝʥʪʨʘʮʠʷ, ʬʠʟʠ-

ʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʣʠʯʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ [1-4]. 

ʉʢʦʨʦʩʪʴʶ ʛʦʤʦʛʝʥʥʦʡ (ʛʝʪʝʨʦʛʝʥʥʦʡ) ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʠʟʤʝ-

ʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʚʩʪʫʧʘʶʱʝʛʦ ʠʣʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ (ʥʘ ʝʜʠʥʠʮʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʠʣʠ ʦʙʲʝʤʘ ʪʚʝʨʜʦʡ ʬʘʟʳ):  

ȹŰ

ȹʉ

ŰŰ

ʉʉ
V

12

12 °=
-

-
= , 

ʛʜʝ ʉ ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʦʣʴ/ʣ;  

Ű ï ʚʨʝʤʷ, ʩ. 

ɼʣʷ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʦʣʴ/(ʣĀʩ), ʜʣʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ï ʤʦʣʴ/(ʤ
2
Āʩ). 

ʄʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʛʦʤʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ: 
dŰ

dc
V °= .  

ʉʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʝʩʣʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʝʩʣʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ ʚʝɦ ʝʩʪʚ (ʨʝʘʛʝʥʪʦʚ). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʢʦʥʘ ʜʝʡʩʪʚʠʷ ʤʘʩʩ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ 

ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʩʪʴ ʠ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ [10]. ʄʦʣʝʢʫʣʷʨʥʦʩʪʴ ʨʝʘʢʮʠʠ 

ï ʵʪʦ ʯʠʩʣʦ ʤʦʣʝʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʘʢʪʝ ʭʠʤʠʯʝʩʢʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʏʝʤ ʚʳʰʝ ʤʦʣʝʢʫʣʷʨʥʦʩʪʴ ʨʝʘʢʮʠʠ, ʪʝʤ ʤʝʥʴʰʝ ʝʝ 

ʚʝʨʦʷʪʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳ ʦʜʥʦ- ʠ ʜʚʫʭʤʦʣʝʢʫʣʷʨʥʳʝ ʨʝʘʢʮʠʠ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʝʢʘʶʪ ʧʦʩʪʘʜʠʡʥʦ, ʠ 

ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʥʘʠʙʦʣʝʝ ʤʝʜ-

ʣʝʥʥʦʡ (ʣʠʤʠʪʠʨʫʶʱʝʡ) ʩʪʘʜʠʠ. ʇʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦ-

ʣʝʢʫʣʷʨʥʦʩʪʴʶ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ɽʩʣʠ ʨʝʘʢʮʠʷ 

ʠʜʝʪ ʧʦ ʩʪʘʜʠʷʤ, ʪʦ ʝʝ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʝʥ ʤʦʣʝʢʫʣʷʨʥʦʩʪʠ ʨʝ-

ʘʢʮʠʠ. ɿʘʢʦʥ ʜʝʡʩʪʚʠʷ ʤʘʩʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʤʦʥʦ-, ʙʠ- ʠ, ʨʝʞʝ, ʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʘʢʮʠʡ. ɼʣʷ ʩʣʦʞʥʳʭ 

ʨʝʘʢʮʠʡ ʟʘʢʦʥ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʧʨʠʤʝʥʠʤ ʢ ʦʪʜʝʣʴʥʳʤ ʝʝ ʩʪʘʜʠʷʤ 

ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ  

2HI + H2O2 = I2 + 2H2O 

ʷʚʣʷʝʪʩʷ ʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ, ʥʦ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʩʪʘʜʠʠ: 

HI + H2O2 = IOH + H2O  (1), 

IOʅ + HI = I2 + ʅ2O   (2), 

2HI + H2O2 = I2 + 2H2O 

ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʩʪʘʜʠʠ (1) ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʩʪʘ-

ʜʠʠ (2), ʪʦ ʜʘʥʥʘʷ ʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ, ʠ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʟʘʢʦʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ 

ʠʤʝʝʪ ʚʠʜ  

V = kĀ[HI ]Ā[ʅ2ʆ2], ʘ ʥʝ V = kĀ[HI]
2
Ā[H2O2]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ ʨʝʘʢʮʠʠ, ʠʜʫʱʝʡ ʧʦ ʫʨʘʚʥʝʥʠʶ  

ʘA + bB = cC + dD, 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʛʦ ʟʘʢʦʥʘ ʠʤʝʝʪ ʚʠʜ 

V = kĀ[A]
a 
Ā[B]

b
, 

ʛʜʝ ʘ, b ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ,  

(a + b) ï ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʝʩʪʴ ʩʫʤʤʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝ-

ʥʝʡ ʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʟʘʢʦʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ, ʟʥʘʯʝʥʠʷ a 

ʠ b ʦʧʨʝʜʝʣʷʶʪ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. ʇʨʠ ʨʘʩʯʝʪʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ 
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10

1t2t

1t2t
ɔVV

-

= , 

ʛʜʝ Vt2  ʠ Vt1 ï ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

ɔ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʢʮʠʠ, ʪ. ʝ. ʯʠʩʣʦ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʠʩʪʝʤʳ ʥʘ 

10Á. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʢʮʠʡ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ɔ ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʷ ʦʪ 2 ʜʦ 4. 

ʅʝ ʚʩʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣ ʚʝʜʫʪ ʢ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʏʪʦ-

ʙʳ ʧʨʦʠʟʦʰʣʘ ʨʝʘʢʮʠʷ, ʩʪʘʣʢʠʚʘʶʱʠʝʩʷ ʤʦʣʝʢʫʣʳ ʜʦʣʞʥʳ ʦʙʣʘ-

ʜʘʪʴ ʵʥʝʨʛʠʝʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʚʩʝʭ ʤʦʣʝ-

ʢʫʣ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ ʥʘʟʳʚʘʶʪ ʘʢʪʠʚʥʳʤʠ. ʕʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʷ ʘʢʪʠʚʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ, ʥʘʟʳʚʘʶʪ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʢɼʞ/ʤʦʣʴ. ʏʝʤ ʙʦʣʴʰʝ 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ʪʝʤ ʤʝʥʴʰʝ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʠ ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʠʜʝʪ ʨʝʘʢʮʠʷ. ʆʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʟʘ-

ʚʠʩʠʪ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ɔ. ɿʥʘ-

ʯʝʥʠʷ ʝʛʦ 2, 3, 4 ʧʨʠ ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ 60, 90 ʠ 120 ʢɼʞ/ʤʦʣʴ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʤʦʣʝʢʫʣ ʠ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ. 

ɺʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ ȹG
o
 < 0 ʥʝ ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʬʘʢʪʠʯʝ-

ʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʮʝʥ-

ʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʢʮʠʠ. ʏʘʩʪʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤ ʢʘʪʘʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʫʩʢʦʨʷʝʪ ʭʠʤʠʯʝʩʢʫʶ ʨʝ-

ʘʢʮʠʶ, ʠ ʪʦʛʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʨʝʘʛʠʨʫʶ-

ʱʠʭ ʚʝʱʝʩʪʚ. 

ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʥʝ ʚʩʝ ʤʦʣʝʢʫʣʳ, ʘ ʣʠʰʴ ʪʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʝʦʜʦʣʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ 

ʚʦʡʪʠ ʚ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ 

ʥʘʟʳʚʘʶʪʩʷ ʘʢʪʠʚʥʳʤʠ, ʘ ʠʟʙʳʪʦʯʥʘʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʦʡ ʦʥʠ ʦʙʣʘ-

ʜʘʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʝʢʫʣʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʨʝʜʥʠʡ ʟʘʧʘʩ ʵʥʝʨ-

ʛʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ɽʘʢʪ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʞʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ɸʨʨʝʥʠʫʩʘ [3, 4]:  
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RT

ʘʢʪE

eAk
-

Ö=  ʠʣʠ lgk = lgA ï 
2,3RT

Eʘʢʪ, 

ʛʜʝ ɸ ï ʧʨʝʜʵʢʩʧʦʥʝʥʪʘ,  

ɸ = PZ, 

ʛʜʝ Z ï ʯʘʩʪʦʪʥʳʡ ʬʘʢʪʦʨ (ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ);  

ʈ ï ʩʪʝʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʫʯʠʪʳʚʘʝʪ ʦʨʠʝʥʪʘʮʠʶ ʤʦʣʝʢʫʣ ʧʨʠ ʠʭ 

ʩʪʦʣʢʥʦʚʝʥʠʠ), ʈ=10
-9
·1;  

ɽʘʢʪ ï ɻ ʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ʢɼʞ/ʤʦʣʴ. 

 

ʇʨʠʤʝʨ 1. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ 

ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ 2SO2(ʛ) + O2(ʛ) Ө 2SOʟ(ʛ), ʝʩʣʠ ʦʙʲʝʤ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 

ʫʤʝʥʴʰʠʪʴ ʚ ʪʨʠ ʨʘʟʘ? ɺ ʢʘʢʫʶ ʩʪʦʨʦʥʫ ʩʤʝʩʪʠʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝ-

ʤʳ? 

ʈʝʰʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʜʝʡʩʪʚʠʷ ʤʘʩʩ, ʚʳʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʜʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʠʤʝʶʪ ʚʠʜ 

];[O][SOkV 2
2

21 ÖÖ=  

2
31 ][SOkV Ö= , 

ʛʜʝ k  ʠ k  ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝ-

ʘʢʮʠʠ [5, 6]. 

ʇʦʩʣʝ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʪʨʠ ʨʘʟʘ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʫʚʝʣʠʯʠʪʩ ̫ʚ ʪʨʠ ʨʘʟʘ, 

ʪʦʛʜʘ: 3Ā[SO2], 3Ā[ʆ2] ʠ 3Ā[SO3]. ʇʨʠ ʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʢʦʨʦʩʪʠ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʩʣʝʜʫʶʱʠʝ: 

][O][SOk27])[O3(])[SO3(kV 2
2

22
2

22 ÖÖ=ÖÖ= ; 

].[SOk9])[SO3(kV 3
2

32 Ö=Ö=  

ʆʪʩʶʜʘ: 27;
][O][SO

][O][SO

k

k27

V

V

22

2
2

2

1

2 =
Ö

Ö
=    .9
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k
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V

V

3

2
3

1

2 =
Ö

=  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 27 ʨʘʟ, ʘ 

ʦʙʨʘʪʥʦʡ ʪʦʣʴʢʦ ʚ 9 ʨʘʟ. ʈʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ ʩʤʝʩʪʠʣʦʩʴ ʚ ʩʪʦʨʦʥʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʘ ʩʝʨʳ (VI). 
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ʇʨʠʤʝʨ 2. ʈʘʩʩʯʠʪʘʡʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝ-

ʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

30 ʜʦ 70 Áʉ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʢʮʠʠ ʨʘʚʝʥ 2. 

ʈʝʰʝʥʠʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʨʘʚʠʣʦʤ ɺʘʥʪ-ɻʦʬʬʘ ʧʦ ʬʦʨʤʫʣʝ 

;ɔVV 10

1t2t

1t2t

-

Ö=   ʦʪʩʶʜʘ: .V162V2VV
1t

4

1t
10

3070

1t2t
Ö=Ö=Ö=

-

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 
2t

V , ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 70 Áʉ, ʫʚʝʣʠʯʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʝʘʢʮʠʠ 
1t

V , 

ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 Áʉ, ʚ 16 ʨʘʟ. 

ʇʨʠʤʝʨ 3. ʈʘʩʩʯʠʪʘʡʪʝ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ, ʝʩʣʠ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 273 ʠ 283 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 4,04Ā10
ï5

 ʠ 

7,75Ā10
ï5
ʩ
ï1

. 

ʈʝʰʝʥʠʝ. ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ: 
21

12ʘʢʪ

T2

T1

T19,147T

)T(Tɽ

k

k
lg

-
= ; 

ʤʦʣʴ/ʢɼʞ58375ʤʦʣʴ/ɼʞ58750
273283

28327319,147
104,04

107,75
lg

TT

TT19,147
T

T
lg

ɽ

5

5

12

21
1

2

ʘʢʪ

==
-

ÖÖÖ
Ö

Ö

=

=
-

ÖÖÖ

=

-

-
  

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

121. ɺ ʩʠʩʪʝʤʝ ʉʆ + Cl2 = COCl2 ʢʦʥʮʝʥʪʨʘʮʠʶ ʉʆ ʫʚʝʣʠʯʠʣʠ ʦʪ 

0,03 ʜʦ 0,12 ʤʦʣʴ/ʣ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʘ ï ʦʪ 0,02 ʜʦ 0,06 ʤʦʣʴ/ʣ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. 

122. ɼʚʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʠ 25 Áʉ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ ʨʘʚʝʥ 2, ʘ 

ʚʪʦʨʦʡ ï 2,5. ʅʘʡʜʠʪʝ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ 

95 Áʉ. 

123. ʅʘʧʠʰʠʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʛʝʪʝʨʦ-

ʛʝʥʥʦʡ ʨʝʘʢʮʠʠ 
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2ʉ(ʛʨʘʬʠʪ) + 3ʅ2(ʛ) = ʉ2ʅ6(ʛ) 

ʠ ʦʧʨʝʜʝʣʠʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ 3 ʨʘʟʘ? 

124. ʅʘ ʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʥʫʞʥʦ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʪʦʙʳ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚʦʟʨʦʩʣʘ ʚ 90 ʨʘʟ? ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʚʝʥ 2,7. 

125. ʈʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʘʤʤʠʘʢʘ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

4NH3(ʛ) + 3ʆ2(ʛ) = 2N2(ʛ) + 6ʅ2ʆ(ʞ). 

ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʚ 4 ʨʘʟʘ? 

126. ɺʳʯʠʩʣʠʪʝ, ʧʨʠ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʷ ʟʘʢʦʥʯʠʪʩʷ ʟʘ 

45 ʩ, ʝʩʣʠ ʧʨʠ 293 ʂ ʥʘ ʵʪʦ ʪʨʝʙʫʝʪʩʷ 3 ʯ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʚʝʥ 3,2.  

127. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʡʦʜʦʚʦʜʦʨʦʜʘ 2HI Ө H2 + I2 ʨʘʚʝʥ 2. ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ 

ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 684 ʂ, ʝʩʣʠ ʧʨʠ 629 ʂ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ 

8,9Ā10
ï5

 ʣĀʤʦʣʴ
ï1
Āʩ
ï1

. 

128. ʇʨʠ 393 ʂ ʨʝʘʢʮʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʟʘ 18 ʤʠʥ. ʏʝʨʝʟ ʩʢʦʣʴʢʦ 

ʚʨʝʤʝʥʠ ʵʪʘ ʨʝʘʢʮʠʷ ʟʘʢʦʥʯʠʪʩʷ ʧʨʠ 453 ʂ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 3? 

129. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ 2HI Ө H2 + I2 ʨʘʚʥʘ 

186,4 ʢɼʞ/ʤʦʣʴ.  

ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 700 ʂ, ʝʩʣʠ  

ʂ456ʂ = 9,42Ā10
ï7 
ʣĀʤʦʣʴ

ï1
Āʤʠʥ

ï1
. 

130. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ  

N2O5 = N2O4 + 1/2O2 

ʩʦʩʪʘʚʣʷʝʪ 103,5 ʢɼʞ/ʤʦʣʴ. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 

298 ʂ ʨʘʚʥʘ 2,03Ā10
ï3

 ʩ
ï1
. ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ 

ʧʨʠ 288 ʂ. 

131. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 273 ʠ 298 ʂ ʨʘʚ-

ʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,17 ʠ 6,56 ʣĀʤʦʣʴ
ï1
Āʤʠʥ

ï1
. ʅʘʡʜʠʪʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦɻʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. 
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132. ʅʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ  

ʉʆ + ʅ2ʆ = ʉʆ2 + ʅ2 

ʩʦʩʪʘʚʣʷʣʠ (ʤʦʣʴ/ʣ): [ʉʆ] = 0,3; [H2O] = 0,4; [CO2] = 0,4; [H2] = 0,05. 

ʏʝʤʫ ʩʪʘʥʫʪ ʨʘʚʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʚʝʱʝʩʪʚ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʨʦ-

ʨʝʘʛʠʨʫʝʪ 50 % ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II )? 

133. ʅʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ 

N2 + 3H2 = 2NH3, 

ʨʘʚʥʳ (ʤʦʣʴ/ʣ): [N2] = 0,2; [H2] = 0,3; [NH3] = 0. ʂʘʢʦʚʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ ʩʪʘʥʝʪ ʨʘʚ-

ʥʦʡ 0,1 ʤʦʣʴ/ʣ? 

134. ʈʝʘʢʮʠʷ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ ɸ ʠ ɺ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

ɸ + 2ɺ = ʉ. 

ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ [A] = 0,3 ʤʦʣʴ/ʣ, [B] = 0,5 ʤʦʣʴ/ʣ. ʂʦʥ-

ʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʚʥʘ k = 0,4. ʅʘʡʜʠʪʝ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦ ʠʩʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 0,1 ʤʦʣʴ. 

135. ʇʨʠ 150 Áʉ ʥʝʢʦʪʦʨʘʷ ʨʝʘʢʮʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʟʘ 16 ʤʠʥ. 

ʇʨʠʥʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʨʘʚʥʳʤ 

2,5, ʨʘʩʩʯʠʪʘʡʪʝ, ʯʝʨʝʟ ʩʢʦʣʴʢʦ ʤʠʥʫʪ ʟʘʚʝʨʰʠʣʘʩʴ ʙʳ ʵʪʘ ʞʝ ʨʝʘʢʮʠʷ 

ʧʨʠ 200 Áʉ ʠ 80 Áʉ. 

136. ʈʝʘʢʮʠʷ ʠʜʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ 4HCl + O2 Ө 2H2O + 2Cl2. ʂʘʢ 

ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʫʚʝʣʠʯʠʪʴ ʚ 

3 ʨʘʟʘ? 

137. ʆʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ  

4NH3 + 5O2 = 4NO + 6H2O. 

ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘ-

ʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʙʳʣʠ (ʤʦʣʴ/ʣ): [NH3] = 0,9; [O2] = 2,0; [NO] = 0,3. 

ɺʳʯʠʩʣʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʳ [H2O] ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʠ ʥʘʯʘʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʠ ʢʠʩʣʦʨʦʜʘ.  

138. ʇʨʠʚʝʜʠʪʝ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʢʦʥʘ ʜʝʡʩʪʚʠʷ ʤʘʩʩ. ʈʘʩʩʯʠʪʘʡ-

ʪʝ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʘʥʦʣʘ 

ʉ2ʅ4ʆ5(ʞ) +3ʆ2(ʛ) = 2ʉʆ2(ʛ) + 3ʅ2ʆ(ʞ), 

ʝʩʣʠ ʧʦʚʳʩʠʪʴ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʚ 5 ʨʘʟ. 
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139. ʈʘʟʣʦʞʝʥʠʝ çʚʝʩʝʣʷʱʝʛʦ ʛʘʟʘè ʧʨʦʪʝʢʘʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ 

2N2O Ө NO2 + O2. 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ k = 5Ā10
ï4
, ʘ ʥʘʯʘʣʴʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ [N2ʆ] = 4,0 ʤʦʣʴ/ʣ. 

ʆʧʨʝʜʝʣʠʪʝ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠ ʧʨʠ ʨʘʟʣʦ-

ʞʝʥʠʠ 25 % ʦʢʩʠʜʘ ʘʟʦʪʘ (I). 

140. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝʢʦʪʦʨʦʡ ʨʝʘʢʮʠʠ ʨʘʚʥʘ 

ɽʘ = 195,59 ʢɼʞ/ʤʦʣʴ. ʈʘʩʩʯʠʪʘʡʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʩʢʦ-

ʨʦʩʪʴ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʠʩʪʝʤʝ ʧʦʚʳʩʠʪʩʷ ʦʪ 25 ʜʦ 

50 Áʉ. 

8. ʍʀʄʀʏɽʉʂʆɽ ʈɸɺʅʆɺɽʉʀɽ 

ʄʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠʚʝʜʝʥʘ ʚ ʠʩʪʦʯʥʠʢʘʭ [5, 6, 9].  

ʇʨʠʤʝʨ 1. ʕʥʜʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʨʘʟʣʦʞʝʥʠʷ ʭʣʦʨʠʜʘ ʬʦʩ-

ʬʦʨʘ (V) ʧʨʦʪʝʢʘʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ  

PCl5(ʛ) = ɿʈʉl3(ʛ) + ʉl2(ʛ);  
0
298rHD  = +92,59 ʢɼʞ. 

ʂʘʢ ʥʘʜʦ ʠʟʤʝʥʠʪʴ: ʘ) ʪʝʤʧʝʨʘʪʫʨʫ; ʙ) ʜʘʚʣʝʥʠʝ; ʚ) ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ, ʯʪʦʙʳ ʩʤʝʩʪʠʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ, ʪ.ʝ. ʨʘʟ-

ʣʦʞʝʥʠʷ ʈʉ15? 

ʈʝʰʝʥʠʝ. ʉʤʝʱʝʥʠʝʤ ʠʣʠ ʩʜʚʠʛʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘ-

ʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝɦ ʝʩʪʚ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ. ʅʘʧʨʘʚʣʝʥʠʝ, ʚ 

ʢʦʪʦʨʦʤ ʩʤʝʩʪʠʣʦʩʴ ʨʘʚʥʦʚʝʩʠʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʃʝ ʐʘʪʝ-

ʣʴʝ:  

ʘ) ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʨʘʟʣʦʞʝʥʠʷ ʈʉ15 ʵʥʜʦʪʝʨʤʠʯʝʩʢʘʷ (
0
298rHD > 0), 

ʪʦ ʜʣʷ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʥʫʞʥʦ ʧʦʚʳ-

ʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ;  

ʙ) ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʨʘʟʣʦʞʝʥʠʝ ʈʉ15 ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʙʝ̡ʤʘ, (ʠʟ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʛʘʟʘ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʤʦʣʝ-

ʢʫʣʳ), ʪʦ ʜʣʷ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʥʘʜʦ 

ʫʤʝʥʴʰʠʪʴ ʜʘʚʣʝʥʠʝ;  
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ʚ) ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ ʜʦʩʪʠʛ-

ʥʫʪʴ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈʉl5, ʪʘʢ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʈʉ13 ʠʣʠ ʉl2. 

ʇʨʠʤʝʨ 2. ɼʣʷ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ N2 + 3H2 Ө 2NH3 ʨʘʚ-

ʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʤʦʣʴ/ʣ) N2, H2 ʠ NH3  ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

3,00; 2,00 ʠ 0,30. ʅʘʡʜʠʪʝ ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ N2 ʠ H2. 

ʈʝʰʝʥʠʝ. ʆʙʦʟʥʘʯʠʤ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʢʘʢ ʉ ʠ n, ʘ ʠʩʭʦʜʥʳʝ ï ʢʘʢ ʉ0 ʠ n0. ʊʦʛʜʘ 

ɜ(N2) = ɜ0(N2) ï ɜ(N2)ʧʨʦʨ, ʦʪʢʫʜʘ ɜ0(N2) = ɜ(N2) + ɜ(N2)ʧʨʦʨ; 

ɜ(ʅ2) = ɜ0(ʅ2) ï ɜ(ʅ2)ʧʨʦʨ, ʦʪʢʫʜʘ ɜ0(ʅ2) = ɜ(ʅ2) + ɜ(ʅ2)ʧʨʦʨ. 

ʅʘʭʦʜʠʤ n(N2)ʧʨʦʨ ʠ n(H2)ʧʨʦʨ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʦʚʘʚ-

ʰʝʛʦʩʷ ʘʤʤʠʘʢʘ. ʉʦʩʪʘʚʣʷʝʤ ʧʨʦʧʦʨʮʠʠ: 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 2 ʤʦʣʴ NH3  ½½½½ ½
ʷʨʘʩʭʦʜʫʝʪʩ

 1 ʤʦʣʴ N2; 

                           0,30 ʤʦʣʴ      ððð            ʭ.        

ʆʪʩʶʜʘ 15,0
2

13,0
ʭ =

Ö
= ʤʦʣʴ; 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 2 ʤʦʣʴ NH3 ½½½½ ½
ʷʨʘʩʭʦʜʫʝʪʩ

 3 ʤʦʣʴ ʅ2; 

                          0,30 ʤʦʣʴ      ððð            ʫ.        

ʆʪʩʶʜʘ 45,0
2

33,0
y =

Ö
= ʤʦʣʴ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ɜ0(N2) = 3,0 + 0,15 = 3,15 ʤʦʣʴ; 

ɜ0(ʅ2) = 2,0 + 0,45 = 2,45 ʤʦʣʴ; 

15,3
1

15,3
)N(C 20 == ʤʦʣʴ/ʣ;         45,2

1

45,2
)H(C 20 == ʤʦʣʴ/ʣ.   

ʇʨʠʤʝʨ 3. ʉʤʝʰʘʣʠ 7 ʣ NO ʠ 3 ʣ ʆ2. ʅʘʡʜʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘ-

ʟʦʚ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ, ʝʩʣʠ ʚ ʤʦʤʝʥʪ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦ-

ʨʝʘʛʠʨʦʚʘʣʦ 14 % ʤʦʣʝʢʫʣ NO. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ. 

ʈʝʰʝʥʠʝ. ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 

2Nʆ + O2 Ө 2Nʆ2. 

ʀʩʭʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʨʝʘʛʠʨʫʶʱʠʭ ʛʘʟʦʚ ʩʦʩʪʘʚʣʷʝʪ: 

ɜ0(Nʆ) = 7/22,4 = 0,313 ʤʦʣʴ; 

ɜ0(ʆ2) = 3/22,4 = 0,134 ʤʦʣʴ. 
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ʀʩʭʦʜʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢ-

ʪʘ ʨʝʘʢʮʠʠ ʨʘʩʩʯʠʪʘʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ NO ʠ ʆ2,  ʘ 

ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ NO2: 

ɜ(Nʆ)ʧʨʦʨ = 0,14Ā ɜ0(Nʆ) = 0,14Ā 0,313 = 0,044 ʤʦʣʴ; 

ɜ(ʆ2)ʧʨʦʨ = 1/2ɜ(Nʆ)ʧʨʦʨ = 0,022 ʤʦʣʴ; 

ɜ(Nʆ2)ʦʙʨ = ɜ(Nʆ)ʧʨʦʨ = 0,044 ʤʦʣʴ. 

ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʩʦʩʪʘʚʣʷʶʪ: 

ɜ(Nʆ) = ɜ0(Nʆ) ï ɜ(Nʆ)ʧʨʦʨ = 0,313 ï 0,044 = 0,269 ʤʦʣʴ; 

ɜ(ʆ2) = ɜ0(ʆ2) ï ɜ(ʆ2)ʧʨʦʨ = 0,0134 ï 0,022 = 0,112 ʤʦʣʴ; 

ɜ(Nʆ2) = ɜ(Nʆ2)ʦʙʨ = 0,044 ʤʦʣʴ. 

ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʚʥʳ: 

269,0
1

269,0
)Nʆ(C == ʤʦʣʴ/ʣ;          

112,0
1

090,0
)ʆ(C 20 == ʤʦʣʴ/ʣ.   

044,0
1

044,0
)Nʆ(C 2 == ʤʦʣʴ/ʣ;         

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

141. ʈʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚʳʨʘʞʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ 

ʉʆ2 + ʉ Ө 2ʉʆ;  
0
298ȹʅ  = +172,22 ʢɼʞ. 

ɺ ʢʘʢʫʶ ʩʪʦʨʦʥʫ ʩʤʝʩʪʠʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ? ʇʦʯʝʤʫ? ʅʘʨʫʰʠʪʩʷ ʣʠ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ  

ʚ 4 ʨʘʟʘ? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ ʨʘʩʯʝʪʘʤʠ. 

142. ʈʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 2SO2 + O2 Ө 2SO3 ʫʩʪʘʥʦʚʠʣʦʩʴ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ (ʤʦʣʴ/ʣ): 

[SO2] = 0,1; [O2] = 0,05; [SO3] = 0,9. ʈʘʩʩʯʠʪʘʡʪʝ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦ-

ʨʦʩʪʴ ʧʨʷʤʦʡ ʠ ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ, ʝʩʣʠ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ, 

ʟʘʥʠʤʘʝʤʳʡ ʛʘʟʘʤʠ, ʚ ʜʚʘ ʨʘʟʘ. ʉʤʝʩʪʠʪʩʷ ʣʠ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦʚʝʩʠʝ? 

ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʩʯʝʪʘʤʠ. 
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143. ʈʘʩʩʯʠʪʘʡʪʝ, ʢʘʢ ʠʟʤʝʥʷʪʩʷ ʩʢʦʨʦʩʪʠ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʨʝ-

ʘʢʮʠʡ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ ʅ2 + I2 Ө 2HI ʠ 2Nʆ + O2 Ө 2NO2 ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚʜʚʦʝ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ, ʨʝh ʠʪʝ, 

ʢʘʢ ʦʪʨʘʟʠʪʩʷ ʫʢʘʟʘʥʥʦʝ ʚʳʰʝ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʚʥʦʚʝʩʠʠ 

ʵʪʠʭ ʩʠʩʪʝʤ. 

144. ʂʘʢ ʧʦʚʣʠʷʝʪ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ  ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤ: 

ʘ) 2HBr Ө H2 + Br2 ;   
0
298ȹʅ  = +72,45 ʢɼʞ; 

ʙ) 2ʉʆ + ʆ2 Ө 2ʉʆ2;   
0
298ȹʅ  = -566,49 ʢɼʞ; 

ʚ) N2 + ʆ2 Ө 2Nʆ;   
0
298ȹʅ  = +181,01 ʢɼʞ? 

ɺ ʢʘʢʫʶ ʩʪʦʨʦʥʫ ʩʤʝʩʪʷʪʩʷ ʨʘʚʥʦʚʝʩʠʷ ʘ) ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ; ʙ) ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ? ʇʦʯʝʤʫ? 

145. ʇʨʠ 1000 Áʉ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ FeO + CO Ө 

Fe + CO2 ʨʘʚʥʘ ʂ = 0,5. ʂʘʢʦʚʳ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʠ ʜʠ-

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʝʩʣʠ ʥʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚ-

ʣʷʣʠ: [CO] = 0,05 ʤʦʣʴ/ʣ, [CO2] = 0,01 ʤʦʣʴ/ʣ? 

146. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʜʦ ʥʝʢʦ-

ʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 2NO2 Ө 2NO + O2 ʫʩʪʘʥʦʚʠ-

ʣʦʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʨʘʚʥʦʡ 0,8 ʤʦʣʴ/ʣ, ʦʢʩʠʜʘ 

ʘʟʦʪʘ ï 2,2 ʤʦʣʴ/ʣ, ʢʠʩʣʦʨʦʜʘ ï 1,1 ʤʦʣʴ/ʣ. ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚ-

ʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ ʜʣʷ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʩʭʦʜʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ. 

147. ʀʟʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ 
0

298.ʦʙʨGD  NH3 ʨʘʚʥʘ -16,64 ʢɼʞ/ʤʦʣʴ. ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦ-

ʚʝʩʠʷ ʂ ʨʝʘʢʮʠʠ N2 + 3H2 Ө 2NH3 ʜʣʷ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʚ ʜʘʥ-

ʥʦʡ ʩʠʩʪʝʤʝ. 

148. ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ K ʨʝʘʢʮʠʠ 2NO + Cl2 Ө 

2NOCl ʧʨʠ 298 ʂ ʧʦ ʩʣʝʜʫʶʱʠʤ ʜʘʥʥʳʤ: 



66 

ɺʝʱʝʩʪʚʦ NO Cl2 NOCl 

0
298.ʦʙʨHD , ʢɼʞ/ʤʦʣʴ 90,37 0 53,55 

0
298.ʦʙʨSD , ɼʞ/(ʤʦʣʴĀʛʨʘʜ.) 210,62 223,0 263,6 

 

149. ʅʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʡ 

1) 2SO2 + O2 Ө 2SO3; 

2) ʉʅ4 + ʉʆ2 Ө 2ʉO + ʅ2. 

ɺ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʦʡʜʝʪ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʧʦ-

ʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ 3 ʨʘʟʘ? ʆʪʚʝʪ ʧʦʷʩʥʠʪʝ ʨʘʩʯʝʪʘʤʠ. 

150. ɺ ʩʪʦʨʦʥʫ ʢʘʢʦʡ ʨʝʘʢʮʠʠ ï ʧʨʷʤʦʡ ʠʣʠ ʦʙʨʘʪʥʦʡ ï ʩʤʝʩʪʠʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ  

2NO + ʉl2 Ө 2NOCl;  
0
298ȹʅ  = -73,6 ʢɼʞ, 

ʝʩʣʠ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 30 Áʉ. ʇʨʠʚʝʜʠʪʝ ʨʘʩʯʝʪ, ʝʩʣʠ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ɔ = 2, ʘ ʦʙʨʘʪʥʦʡ ï ɔ = 3. 

151. ʇʨʠʤʝʥʷʷ ʧʨʠʥʮʠʧ ʃʝ ʐʘʪʝʣʴʝ ï ɹʨʘʫʥʘ, ʫʢʘʞʠʪʝ, ʚ ʢʘʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʦʡʜʝʪ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ 

ʉʆ + ʅ2ʆ Ө ʉʆ2 + ʅ2;  
0
298ȹʅ  = +2,85 ʢɼʞ, 

ʝʩʣʠ ʘ) ʫʚʝʣʠʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʘ, ʙ) ʧʦʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʚ) ʫʤʝʥʴʰʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ? 

152. ʇʨʠ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ N2O4 Ө 2NO2 ʩʦʩʪʘʚʣʷʝʪ K = 0,26. ʈʘʚʥʦʚʝʩʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ [NO2] = 0,28 ʤʦʣʴ/ʣ. ɺʳʯʠʩʣʠʪʝ ʨʘʚʥʦ-

ʚʝʩʥʫʶ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ N2O4. ʂʘʢʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

(%) ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʜʠʩʩʦʮʠʠʨʦʚʘʣʘ ʢ ʤʦʤʝʥʪʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚ-

ʥʦʚʝʩʠʷ?  

153. ɺ ʨʝʘʢʮʠʠ I2 + H2 Ө 2HI ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ [I2] ʠ [H2] 

ʨʘʚʥʳ ʢʘʞʜʘʷ 1 ʤʦʣʴ/ʣ. ɺʳʯʠʩʣʠʪʝ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ 

ʚʝʱʝʩʪʚ, ʝʩʣʠ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʘʚʥʘ 50. 
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154. ʈʘʚʥʦʚʝʩʠʝ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ 2NO + O2 Ө 2NO2 ʫʩʪʘʥʦ-

ʚʠʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʚʝʱʝʩʪʚ: 

[NO] = 0,08 ʤʦʣʴ/ʣ; [O2] = 0,03 ʤʦʣʴ/ʣ; [NO2] = 0,01 ʤʦʣʴ/ʣ. ɺʳʯʠʩʣʠ-

ʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ʠ ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʠ ʆ2.  

155. ʈʘʩʩʯʠʪʘʡʪʝ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝ-

ʘʢʮʠʡ ʚ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʝ 2SO2 + O2 Ө 2SO3, ʝʩʣʠ ʫʤʝʥʴʰʠʪʴ ʦʙ̡-

ʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʛʘʟʘʤʠ, ʚ 2 ʨʘʟʘ. ʉʤʝʩʪʠʪʩʷ ʣʠ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦʚʝʩʠʝ 

ʩʠʩʪʝʤʳ? 

156. ʈʘʚʥʦʚʝʩʠʝ ʛʦʤʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ʉO + ʉl2 Ө COCl2 ʫʩʪʘʥʦ-

ʚʠʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ: 

[ʉO] = [ʉl2] = [ʉOʉl2] = 0,001 ʤʦʣʴ/ʣ. ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝ-

ʩʠʷ ʠ ʦʧʨʝʜʝʣʠʪʝ ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉO ʠ ʉl2.  

157. ʂʘʢ ʚʣʠʷʝʪ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʉ(ʢ) + ʉʆ2(ʛ) Ө 2ʉʆ(ʛ);  
0
298ȹʅ  = +119,8 ʢɼʞ 

ʘ) ʜʦʙʘʚʣʝʥʠʝ ʉʆ2(ʛ); ʙ) ʜʦʙʘʚʣʝʥʠʝ ʉ(ʢ); ʚ) ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ; 

ʛ) ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ; ʜ) ʚʚʝʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ;  ʝ) ʫʜʘʣʝʥʠʝ ʉʆ(ʛ)? 

158. ɼʣʷ ʨʘʚʥʦʚʝʩʠʷ C(ʛʨʘʬʠʪ) + ʅ2ʆ Ө ʉʆ2(ʛ)+ ʅ2(ʛ) ʢʦʥʩʪʘʥʪʳ ʨʘʚ-

ʥʦʚʝʩʠʷ ʂ ʧʨʠ 1100 ʂ ʠ 1200 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 9,10Ŀ10
ï2

 ʠ 

31,60. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʙʫʜʫʪ ʧʨʝʦʙʣʘʜʘʪʴ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʧʨʠ 

ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ? ʆʧʨʝʜʝʣʠʪʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ K = 1, ʧʨʠ-

ʥʠʤʘʷ, ʯʪʦ ȹʅT ʠ ȹST ʚ ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʩʪʦʷʥʥʳ. 

159. ʇʦʯʝʤʫ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʤʝʱʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ N2 

+ 3H2 Ө 2NH3 ʠ ʥʝ ʩʤʝʱʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ N2 + O2 Ө 2NO? ʆʪ-

ʚʝʪʴʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʚ 

ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

160. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʟʘ-

ʢʨʳʪʦʤ ʩʦʩʫʜʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʉʆ2 + ʅ2 Ө ʉO + ʅ2ʆ. 

ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ 850 Áʉ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʉʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ 

ʉʆ2 ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʶ ʚ ʉʆ ʧʨʠ 850 Áʉ, ʝʩʣʠ ʚ ʨʝʘʢʮʠʶ 

ʚʩʪʫʧʠʣʦ [CO2] = 1, [H2] = 5 ʤʦʣʴ/ʣ? 
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9. ʈɸʉʊɺʆʈʓ.  

ʉʇʆʉʆɹʓ ɺʓʈɸɾɽʅʀʗ ʂʆʅʎɽʅʊʈɸʎʀʀ ʈɸʉʊɺʆʈʆɺ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʨʘʩʪʚʦ-

ʨʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ 

(ʨʘʟʤʝʨʥʘʷ ʠʣʠ ʙʝʟʨʘʟʤʝʨʥʘʷ), ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʨʘʩʪʚʦʨʘ, ʨʘʩʧʣʘʚʘ ʠʣʠ ʣʶʙʦʡ ʩʤʝʩʠ [1-4]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʚʳʨʘʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ɤ) ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ 

ʤʘʩʩʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʤʘʩʩʝ ʨʘʩʪʚʦʨʘ mP:  

%100
)ʨʘʨ(m

)ʚʘʚ(m
)ʚʘʚ( Ö

-

-
=-w , 

ʛʜʝ w(ʚ-ʚʘ)  ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, %;  

m(ʚ-ʚʘ)  ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ;  

m(ʨ-ʨʘ) ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʘ, ʛ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ w(ʚ-ʚʘ) ʧʦʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 100 ʛʨʘʤʤʘʭ ʨʘʩʪʚʦʨʘ. ʕʪʦ ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠ-

ʯʠʥʘ, ʝʝ ʚʳʨʘʞʘʶʪ ʦʙʳʯʥʦ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮʳ ʠʣʠ ʧʨʦʮʝʥʪʘʭ.  

ʅʘʧʨʠʤʝʨ, ʟʘʧʠʩʴ w(Hʉl) = 0,2 ʦʙʦʟʥʘʯʘʝʪ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʭʣʦʨʦ-

ʚʦʜʦʨʦʜʘ ʨʘʚʥʘ 20 %, ʠʣʠ ʚ 100 ʛ ʨʘʩʪʚʦʨʘ ʩʦʜʝʨʞʠʪʩʷ 20 ʛ HCl.  

ʄʘʩʩʘ ʨʘʩʪʚʦʨʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ V(ʨ-ʨʘ) ʥʘ 

ʝʛʦ ʧʣʦʪʥʦʩʪʴ r: m(ʨ-ʨʘ) = r ÖV(ʨ-ʨʘ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

100%
ʨʘ)-ɟV(ʨ

ʚʘ)-m(ʚ
ʚʘ)-ɤ(ʚ Ö= . 

ʄʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ (CM ʠʣʠ M, ʤʦʣʴ/ʣ) ʧʦʢʘʟʳʚʘʝʪ, 

ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 1 ʣʠʪʨʝ ʨʘʩ-

ʪʚʦʨʘ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢ ʦʙʲʝʤʫ ʨʘʩʪʚʦʨʘ: 

)ʨʘʨ(VM

)ʚʘʚ(m

)ʨʘʨ(V

)ʚʘʚ(n
CM

-Ö

-
=

-

-
= , 

ʛʜʝ m(ʚ-ʚʘ) ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ;  

ʄ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ/ʤʦʣʴ;  
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V(ʨ-ʨʘ) ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʣ.  

ɿʘʧʠʩʠ 0,1 ʤʦʣʴ/ʣ KCl ʠʣʠ 0,1ʄ Kʉl ʦʟʥʘʯʘʶʪ ʜʝʮʠʤʦʣʷʨʥʳʡ  ʨʘʩ-

ʪʚʦʨ ʭʣʦʨʠʜʘ ʢʘʣʠʷ. 

ʄʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʘ ʚʝʱʝʩʪʚʘ (ʥʦʨʤʘʣʴʥʦʩʪʴ 

ʨʘʩʪʚʦʨʘ, ʠʣʠ ʥʦʨʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ) (ʉN ʠʣʠ N, ʥ., ʤʦʣʴ/ʣ) ʧʦʢʘ-

ʟʳʚʘʝʪ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʚʠʚʘʣʝʥʪʦʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦ-

ʜʝʨʞʠʪʩʷ ʚ 1 ʣ ʨʘʩʪʚʦʨʘ (ʤʦʣʴ/ʣ), ʠ ʨʘʚʥʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʚʝʱʝʩʪʚʘ nʵʢʚ(ʚ-ʚʘ) ʢ ʦʙʲʝʤʫ ʨʘʩʪʚʦʨʘ 

V(ʨ-ʨʘ): 

)ʨʘʨ(V)ʚʘʚ(M

)ʚʘʚ(m

)ʨʘʨ(V

)ʚʘʚ(n
)ʚʘʚ(C

ʕ

ʵʢʚ
N

-Ö-

-
=

-

-
=- , 

ʛʜʝ m(ʚ-ʚʘ) ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ;  

ʄʕ(ʚ-ʚʘ) ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʛ/ʤʦʣʴ.  

ʆʙʦʟʥʘʯʝʥʠʝ ʉN(ʉuCl2) = 0,01 ʤʦʣʴ/ʣ ʠʣʠ 0,01ʥ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʘʥʪʠʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʭʣʦʨʠʜʘ ʤʝʜʠ (II), ʚ 1 ʣ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨ-

ʞʠʪʩʷ 0,01 ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʘʩʩ ʵʪʦʡ ʩʦʣʠ. 

ʄʦʣʷʣʴʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʠʣʠ ʤʦʣʷʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (Cm ʠʣʠ m, 

ʤʦʣʴ/ʢʛ) ʧʦʢʘʟʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʯʠʩʣʘ ʤʦʣʝʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪ-

ʚʘ ʚ 1 ʢʛ (ʠʣʠ 1000 ʛ) ʨʘʩʪʚʦʨʠʪʝʣʷ: 

)ʣʷʨ(mM

1000)ʚʘʚ(m
Cm

-Ö

Ö-
= , 

ʛʜʝ ʉm ï ʤʦʣʷʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʦʣʴ/ʢʛ ʨ-ʣʷ;  

m(ʚ-ʚʘ)  ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ;  

ʄ  ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛ/ʤʦʣʴ;  

m(ʨ-ʣʷ) ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʛ. 

ʆʙʦʟʥʘʯʝʥʠʝ ʉm(HCl, H2O) = 2,0 ʤʦʣʴ/ʢʛ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʠʣʠ ʚ ʩʤʝʩʠ ʥʘ ʢʘʞʜʳʡ ʢʠʣʦʛʨʘʤʤ ʚʦʜʳ ʢʘʢ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ ʧʨʠʭʦʜʠʪʩʷ 2 ʤʦʣʴ ʭʣʦʨʦʚʦʜʦʨʦʜʘ. 

ʊʠʪʨ ʨʘʩʪʚʦʨʘ ʚʝʱʝʩʪʚʘ (ʊ, ʛ/ʤʣ) ʧʦʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʛʨʘʤʤʦʚ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 1 ʤʣ ʨʘʩʪʚʦʨʘ:  
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)ʨʘʨ(V

)ʚʘʚ(m
T

-

-
= , 

ʊʠʪʨ ʩʚʷʟʘʥ ʩ ʥʦʨʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʦʪʥʦʰʝʥʠʝʤ 

1000

M)ʚʘʚ(ʉ
)ʢ(T ʕN Ö-
= , 

ʄʦʣʴʥʘʷ ʜʦʣʷ (N) ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʯʠʩʣʘ ʤʦʣʝʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʤʦʣʝʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷ: 

%100
)ʣʷʨ(n)ʚʘʚ(n

)ʚʘʚ(n
)ʚʘʚ(N Ö

-+-

-
=- , 

ʛʜʝ n(ʚ-ʚʘ) ʠ n(ʨ-ʣʷ) ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʕʪʦ ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʚʳʨʘʞʘʝʪʩʷ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮʳ ʠʣʠ ʧʨʦ-

ʮʝʥʪʘʭ [5,9].  

ʇʨʠʤʝʨ 1. ɺʟʘʠʤʦʩʚʷʟʴ ʩʧʦʩʦʙʦʚ ʚʳʨʘʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩ-

ʪʚʦʨʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II) ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʝ̫ʪ 12 % ʤʘʩ., 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ɟ = 1,122 ʛ/ʤʣ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ ʠ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥʪʘ FeSO4 ʚ ʨʘʩʪʚʦʨʝ ʠ ʤʦ-

ʣʷʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʝʛʦ. 

ʈʝʰʝʥʠʝ: ʄʘʩʩʘ 1 ʣ ʨʘʩʪʚʦʨʘ FeSO4 ʩʦʩʪʘʚʣʷʝʪ [6]  

1122122,11000ɟVm =Ö=Ö=  ʛ. 

ʄʘʩʩʘ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II) ʚ 1 ʣ ʨʘʩʪʚʦʨʘ  

134,6
100

112212

100

m)ɤ(FeSO
)M(FeSO 4

4 =
Ö

=
Ö

=  ʛ. 

ɿʥʘʷ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ M(FeSO4) = 152 ʛ/ʤʦʣʴ, ʥʘʭʦʜʠʤ ʢʦʣʠʯʝʩʪ-

ʚʦ ʚʝʱʝʩʪʚʘ FeSO4 ʚ 1 ʣ ʨʘʩʪʚʦʨʘ: 

0,8855
152

134,6

)M(FeSO

)m(FeSO
)n(FeSO

4

4
4 ===  ʤʦʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ FeSO4 ʚ ʨʘʩʪʚʦʨʝ 

ʉʄ(FeSO4) = 0,8855 ʤʦʣʴ/ʣ. 
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ʄʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʘ (ʥʦʨʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ) 

FeSO4 ʚ ʨʘʩʪʚʦʨʝ 

V)(FeSOʄ

)m(FeSO
)(FeSOC

4ʵʢʚ.

4
4ʥ

Ö
= . 

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

76
12

152

nB

)M(FeSO
)(FeSOM 4

4ʵʢʚ. =
Ö

=
Ö

=  ʛ/ʤʦʣʴ, 

ʛʜʝ ɺ ï ʚʘʣʝʥʪʥʦʩʪʴ (ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ) ʞʝʣʝʟʘ;  

n ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʤʦʣʝʢʫʣʝ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II ). 

ʆʪʩʶʜʘ 1,771
176

134,6

V)(FeSOʄ

)m(FeSO
)(FeSOC

4ʵʢʚ.

4
4ʥ =

Ö
=

Ö
=  ʤʦʣʴ/ʣ. 

ʈʝʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʘʥʘʣʦ-

ʛʠʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ɼʣʷ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II ) fʵʢʚ(FeSO4) = 1/2. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʘ ʩʦʩʪʘʚʠʪ 

1,771
1/2

0,8855

)(FeSOf

)(FeSOC
)(FeSOC

4ʵʢʚ.

4M
4ʥ ===  ʤʦʣʴ/ʣ. 

ʆʧʨʝʜʝʣʠʤ ʤʦʣʷʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ. ɺ 100 ʛ 12%-ʥʦʛʦ 

ʨʘʩʪʚʦʨʘ FeSO4 ʩʦʜʝʨʞʠʪʩʷ 12 ʛ FeSO4 ʠ 88 ʛ ʅ2ʆ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʣʷʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ 

897,0
088,0152

12

O)(Hm)M(FeSO

)FeSO(m

m

n
b

24

4 =
Ö

=
Ö

==  ʤʦʣʴ/ʢʛ. 

 

ʇʨʠʤʝʨ 2. ʆʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʦʣʷʨʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʢʚʠ-

ʚʘʣʝʥʪʘ ʠ ʦʙʲʝʤʘʤʠ ʨʘʩʪʚʦʨʦʚ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 50 ʤʣ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟʨʘʩʭʦʜʦʚʘ-

ʥʦ 25 ʤʣ 0,4 ʥ. ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ. ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ ʵʢʚʠʚʘʣʝʥʪʘ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʈʝʰʝʥʠʝ. ʀʟ ʟʘʢʦʥʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʚʝʱʝʩʪʚʘ ʨʝʘ-

ʛʠʨʫʶʪ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚʩʝ-

ʛʜʘ ʩʦʙʣʶʜʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

22ʥ11ʥ
VCVC Ö=Ö , 

ʛʜʝ ʉʥ ï ʤʦʣʷʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʢʚʠʚʘʣʝʥʪʦʚ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝ-

ʱʝʩʪʚ, ʤʦʣʴ/ʣ;  
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V1 ʠ V2 ï ʦʙʲʝʤʳ ʨʘʩʪʚʦʨʦʚ, ʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʨʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʚʝʱʝʩʪʚ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥɹʳ ʠʭ ʦʙʲʝʤʘʤ, ʪ.ʝ.  
1

2
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ʉ

ʉ
= .  

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʝʘʢʮʠʠ .
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ʉ
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ʢ

ʱ

ʱ

ʢ=   

ʆʪʩʶʜʘ 2,0
50

254,0

V
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ʉ

ʢ

ʱʱ
ʢ =

Ö
=

Ö
=  ʥ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

161. ʈʘʩʩʯʠʪʘʡʪʝ: ʘ) ʥʦʨʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʘʥʪʠʤʦʣʷʨʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ; ʙ) ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʝʮʠʥʦʨ-

ʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ (II ). 

162. ɺʳʯʠʩʣʠʪʝ ʤʘʩʩʦʚʫʶ ʜʦʣʶ (% ʤʘʩ.) ʠ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 75 ʛ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ 300 ʛ ʚʦʜʳ, ʝʩʣʠ 

ʧʣʦʪʥʦʩʪʴ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ɟ = 1,12 ʛ/ʤʣ. 

163. ʄʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʘ (ʥʦʨʤʘʣʴʥʦʩʪʴ) ʬʦʩ-

ʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʤʦʣʴ/ʣ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʶ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ. 

164. ʂʘʢʦʡ ʧʨʦʮʝʥʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (% ʤʘʩ.) ʧʦʣʫʯʠʪʩʷ ʨʘʩʪʚʦʨ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʝʩʣʠ ʢ 500 ʤʣ ʝʝ 32%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʧʣʦʪʥʦʩʪʴ 

ɟ = 1,2 ʛ/ʤʣ) ʧʨʠʙʘʚʠʪʴ 1 ʣ ʚʦʜʳ? 

165. ʂʘʢʦʡ ʦʙʲʝʤ 0,20 ʥ. ʨʘʩʪʚʦʨʘ ʂʆʅ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʦʩʘʜʠʪʴ 

ʚ ʚʠʜʝ Fe(OH)3 ʚʩʝ ʞʝʣʝʟʦ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ 0,028 ʣ 1,4 ʥ. ʨʘʩʪʚʦʨʘ 

FeCl3? 

166. ʂʘʢʦʡ ʦʙʲʝʤ 0,25 ʥ. ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʤʦʞʥʦ ʥʝʡʪʨʘ-

ʣʠʟʦʚʘʪʴ ʧʨʠʙʘʚʣʝʥʠʝʤ 0,6 ʣ 0,15 ʥ. ʨʘʩʪʚʦʨʘ ʉʘ(ʆʅ)2? 

167. ɺ ʢʘʢʦʤ ʦʙʲʝʤʝ 1ʄ ʨʘʩʪʚʦʨʘ ʠ ʚ ʢʘʢʦʤ ʦʙʲʝʤʝ 1 ʥ. ʨʘʩʪʚʦʨʘ 

ʩʦʜʝʨʞʠʪʩʷ 114 ʛ ʩʫʣʴʬʘʪʘ ʘʣʶʤʠʥʠʷ? 

168. ʇʣʦʪʥʦʩʪʴ 40%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʨʘʚʥʘ 

1,25 ʛ/ʤʣ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʦʩʪʴ ʠ ʤʦʣʷʣʴʥʦʩʪʴ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ. 
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169. ʅʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ 40 ʤʣ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʧʦʰʣʦ 24 ʤʣ 0,5 ʥ. 

ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʂʘʢʦʚʘ ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥ-

ʪʘ (ʥʦʨʤʘʣʴʥʦʩʪʴ) ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ? ʉʢʦʣʴʢʦ ʤʣ 0,5 ʥ. HCl ʧʦʪʨʝʙʦ-

ʚʘʣʦʩʴ ʜʣʷ ʵʪʦʡ ʞʝ ʮʝʣʠ? 

170. ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 20 ʤʣ 0,1 ʥ. ʨʘʩʪʚʦʨʘ ʢʠʩʣʦʪʳ ʧʦʪʨʝʙʦʚʘ-

ʣʦʩʴ 8 ʤʣ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʝʜʢʦʛʦ ʥʘʪʨʘ 

ʩʦʜʝʨʞʠʪ 1 ʣ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ? 

171. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥʪʘ (ʥʦʨ-

ʤʘʣʴʥʦʩʪʴ) ʠ ʪʠʪʨ 18%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʣʦʪʥʦʩʪʴʶ 

ɟ =1,203 ʛ/ʤʣ.  

172. ʂʘʢʦʡ ʦʙʲʝʤ 96%-ʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (ʧʣʦʪʥʦʩʪʴ 

ɟ = 1,84 ʛ/ʤʣ) ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 3 ʣ 0,4 ʥ. ʨʘʩʪʚʦʨʘ?  

173. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 5,0 ʛ ʪʦʣʫʦʣʘ ʉ7ʅ8 ʚ 225 ʛ ʙʝʥʟʦʣʘ, 

ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ ɟ = 0,876 ʛ/ʤʣ. ɺʳʯʠʩʣʠʪʝ ʤʘʩʩʦʚʫʶ ʜʦʣʶ (% ʤʘʩ.) 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʝʛʦ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ.  

174. ɺ 750 ʤʣ ʨʘʩʪʚʦʨʘ ʩʦʜʝʨʞʠʪʩʷ 10 ʛ H2SO4. ɺʳʯʠʩʣʠʪʝ ʤʦ-

ʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʥʦʨʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʥʦʨʤʘʣʴʥʦʩʪʴ) 

ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ.  

175. ʉʢʦʣʴʢʦ ʣʠʪʨʦʚ 0,2 ʄ ʨʘʩʪʚʦʨʘ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʠʟ 300 ʛ NaCl?  

176. ʂ 100 ʤʣ 96%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (ʧʣʦʪʥʦʩʪʴ 

ɟ = 1,84 ʛ/ʤʣ) ʧʨʠʙʘʚʠʣʠ 400 ʤʣ ʚʦʜʳ. ʇʦʣʫʯʠʣʩʷ ʨʘʩʪʚʦʨ ʩ ʧʣʦʪʥʦ-

ʩʪʴʶ ɟ = 1,225 ʛ/ʤʣ. ʏʝʤʫ ʨʘʚʥʳ ʤʘʩʩʦʚʘʷ ʜʦʣʷ (% ʤʘʩ.) ʠ ʤʦʣʷʨʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʘ (ʥʦʨʤʘʣʴʥʦʩʪʴ) ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ?  

177. ʅʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʂʆʅ, ʥʘʭʦʜʷʱʝ-

ʛʦʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʠʟʨʘʩʭʦʜʦʚʘʥʦ 30 ʤʣ ʨʘʩʪʚʦʨʘ H2SO4, ʤʦʣʷʨʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʘ (ʥʦʨʤʘʣʴʥʦʩʪʴ) ʢʦʪʦʨʦʛʦ 0,1 ʤʦʣʴ/ʣ. ʆʧʨʝʜʝ-

ʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ (ʤʦʣʴ) ʱʝʣʦʯʠ ʚ ʨʘʩʪʚʦʨʝ. 

178. ɼʣʷ ʦʩʘʞʜʝʥʠʷ ʚʩʝʛʦ ʭʣʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 15 ʤʣ ʨʘʩʪʚʦʨʘ 

NaCl, ʠʟʨʘʩʭʦʜʦʚʘʥʦ 25 ʤʣ 0,1 ʥ. ʨʘʩʪʚʦʨʘ AgNO3. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ 

NaCl ʩʦʜʝʨʞʠʪ 1 ʣ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ? 

179. ʉʢʦʣʴʢʦ ʤʣ 70%-ʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʣʦʪʥʦʩʪʴʶ 1,622 ʛ/ʤʣ 

ʥʘʜʦ ʚʟʷʪʴ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 25 ʤʣ 2ʄ ʨʘʩʪʚʦʨʘ ʝʝ? 
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180. ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 20 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 2,25 ʛ ʢʠ-

ʩʣʦʪʳ, ʧʦʪʨʝʙʦʚʘʣʦʩʴ 25 ʤʣ 2 ʥ. ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ. ʆʧʨʝʜʝʣʠʪʝ ʵʢʚʠ-

ʚʘʣʝʥʪʥʫʶ ʤʘʩʩʫ ʢʠʩʣʦʪʳ. 

10. ʀʆʅʅʆ-ʄʆʃɽʂʋʃʗʈʅʓɽ (ʀʆʅʅʓɽ) ʈɽɸʂʎʀʀ ʆɹʄɽʅɸ 

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ [5, 6]. 

ʇʨʠʤʝʨ 1. ʅʘʧʠʰʠʪʝ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʬʦʨʤʘʭ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʝʜʫʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ: 

ʘ) BaCl2 ʠ Na2SO4; ʙ) Na2SO3 ʠ HCl; ʚ) CH3COOK ʠ H2SO4; ʛ) ʂʆʅ 

ʠ HCl. 

ʈʝʰʝʥʠʝ. ʆʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʣʠʪʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʙʨʘʪʠʤʳ ʠ ʠʜʫʪ ʜʦ ʢʦʥʮʘ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ 

(ʩʤ. ʪʘʙʣ. 5), ʤʘʣʦʜʠʩʩʦʮʠʠʨʫʶʱʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ, ʤʘʣʦʜʠʩʩʦʮʠʠʨʫʶʱʠʝ ʠ ʛʘʟʦ-

ʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ ʟʘʧʠʩʳʚʘʶʪ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ, ʘ ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠ-

ʪʳ ʚ ʚʠʜʝ ʠʦʥʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ ʜʠʩʩʦʮʠʠʨʫʶʪ. ʊʦʛʜʘ ʨʝʘʢʮʠʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʠʦʥʥʦʤ 

ʚʠʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʘ) BaCl2 + Na2SO4 = BaSO4Ź + 2NaCl ï ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ; 

Ba
2+

 + 2Cl
ï
 + 2Na

+
 + SO -2

4  = BaSO4Ź + 2Na
+
 + 2Cl

ï
 ï ʧʦʣʥʦʝ ʠʦʥ-

ʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ; 

Ba
2+

 + SO -2
4  = BaSO4Ź ï ʩʦʢʨʘʱʝʥʥʦʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚ-

ʥʝʥʠʝ. 

ʙ) Na2SO3 + 2HCl = 2NaCl + SO2ŷ +H2O; 

2Na
+
 + SO

-2
3  + 2H

+
 + 2Cl

ï
 = 2Na

+
 + 2Cl

ï
 + SO2ŷ +H2O; 

SO
-2

3  + 2H
+
 = SO2ŷ +H2O; 

 

ʚ) 2CH3COOK + H2SO4 = K2SO4 + 2CH3COOH; 

2CH3COO
ï
+ 2K

+
 + 2H

+
 +  SO -2

4  = 2K
+
 + SO -2

4  + 2CH3COOH 

CH3COO
ï
 + H

+
  = CH3COOH; 
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ʛ) KOH + HCl = KCl + H2O; 

K
+
 + OH

-
 + H

+
 + Cl

ï
 = K

+
 + Cl

ï
 + H2O; 

OH
ï
 + H

+
 = H2O. 

 

ʊʘʙʣʠʮʘ 5 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʩʦʣʝʡ ʠ ʦʩʥʦʚʘʥʠʡ ʚ ʚʦʜʝ [8] 
 

ʂʘʪʠʦʥʳ ɸʥʠʦʥʳ 

 Cl
ï 
Br
ï
 J
ï
 NO

-
3

 CH3COO
ï 

S
2ï 

SO
-2

3
 
SO

-2
4

 CO
-2

3
 
SiO

-2
3

 
CrO

-2
4

 
PO

-3
4

 OH
ï 

Li
+ p p p p p p p p ʥ p p p p 

Na
+ 

p p p p p p p p ʥ p p p p 

K
+ p p p p p p p p ʥ p p p p 

NH4
+ p p p p p p p p ʥ ð p p p 

Cu
2+ 

p p ï p p ʥ ʥ p ï ʥ ʥ ʥ ʥ 

Ag
+ ʥ ʥ ʥ p p ʥ ʥ ʤ ʥ ï ʥ ʥ ï 

Mg
2+ p p p p p ï ʥ p ʥ ʥ p ʥ ʥ 

Ca
2+ p p p p p p ʥ ʤ ʥ ʥ ʤ ʥ ʤ 

Sr
2+ p p p p p p ʥ ʥ ʥ ʥ ʤ ʥ ʤ 

Ba
2+ p p p p p p ʥ ʥ ʥ ʥ ʥ ʥ p 

Zn
2+ p p p p p ʥ ʥ p ʥ ʥ ʥ ʥ ʥ 

Hg
2+

 p ʤ ʥ p p ʥ ʥ ï ï ï ʥ ʥ ï 

Hg +2

2
 ʥ ʥ ʥ p ʤ ʥ ï ʤ ʥ ï ï ʥ ï 

Al
3+

 p p p p p ï ï p ï ʥ ï ʥ ʥ 

Sn
2+ p p p ï ï ʥ ï p ï ï ï ʥ ʥ 

Pb
2+ 

ʤ ʤ ʥ p p ʥ ʥ ʥ ʥ ʥ ʥ ʥ ʥ 

Bi
3+

 ï ï ï p ï ʥ ʥ ï ʥ ï ʥ ʥ ʥ 

Cr
3+

 p p p p ï ï ï p ï ï p ʥ ʥ 

Mn
2+ 

p p ʥ ï p ʥ ʥ p ʥ ʥ ʥ ʥ ʥ 

Fe
2+

 p p ï p ï ʥ ï p ï ʥ ï ʥ ʥ 

Fe
3+ p p p p p ʥ ʥ p ʥ ʥ ï ʥ ʥ 

Ni
2+

 p p p p p ʥ ʥ p ʥ ʥ ï ʥ ʥ 
 

ʇʨʠʤʝʯʘʥʠʝ: ʨ ï ʨʘʩʪʚʦʨʠʤʦʝ, ʤ ï ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʝ, ʥ ï ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ-

ʨʘʩʪʚʦʨʠʤʦʝ ʚʝʱʝʩʪʚʦ; ʧʨʦʯʝʨʢ ç ï è ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠʣʠ 

ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʨʘʪʠʤʦʛʦ ʛʠʜʨʦʣʠʟʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʙʳʯʥʦ ʟʘ-

ʢʣʶʯʘʶʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʠʦʥʘʤʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝ-

ʱʝʩʪʚ. ʍʦʪʷ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʠʧʫ ʪʘʢ ʥʘ-

ʟʳʚʘʝʤʳʭ ʨʝʘʢʮʠʡ ʦʙʤʝʥʘ, ʥʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʦʥʥʦʡ ʪʝʦʨʠʠ, ʩʫɦ-

ʥʦʩʪʴ ʠʭ ʩʚʦʜʠʪʩʷ ʢ ʩʦʝʜʠʥʝʥʠʶ ʠʦʥʦʚ ʚ ʤʦʣʝʢʫʣʳ ʥʦʚʳʭ ʚʝɦ ʝʩʪʚ. 

ʆʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʝ ʠʦʥʦʚ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʦʙʨʘʟʫʶʱʝʝʩʷ ʚʝʱʝʩʪʚʦ ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʠʤʦ ʠʣʠ ʷʚʣʝ̫ʪʩʷ ʩʣʘ-

ʙʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

181. ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ: ʘ) ʛʘʰʝʥʘʷ ʠʟ-

ʚʝʩʪʴ ʠ FeCl3; ʙ) CH3COOH ʠ Fe(OH)3; ʚ) CaCO3 ʠ HCl; ʛ) CrCl3 ʠ ʠʟ-

ʙʳʪʦʢ ʙʘʨʠʪʦʚʦʡ ʚʦʜʳ. 

182. ʅʘʧʠʰʠʪʝ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʠʦʥʥʦʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ ʩʣʝ-

ʜʫʁ ʱʠʭ ʨʝʘʢʮʠʡ ʠ ʫʢʘʞʠʪʝ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝ-

ʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ: ʘ) ʥʠʪ-

ʨʘʪ ʩʝʨʝʙʨʘ ʠ ʭʣʦʨʠʜ ʞʝʣʝʟʘ (III); ʙ) ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ ʠ HCl; 

ʚ) ʛʠʜʨʦʢʩʠʜ ʙʘʨʠʷ ʠ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ; ʛ) ʭʣʦʨʠʜ ʘʤʤʦʥʠʷ ʠ ʛʠʜʨʦ-

ʢʩʠʜ ʢʘʣʮɹʠʷ. 

183. ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʨʝʘʢʮʠʡ: ʘ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʙʨʦʤʠʜʦʤ ʘʣʶʤʠʥʠʷ ʠ ʘʮʝʪʘʪʦʤ 

ʩʝʨʝʙʨʘ; ʙ) ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʛʠʜʨʦʢʩʠʜʦʤ ʙʘʨʠʷ; 

ʚ) ʜʝʡʩʪʚʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ ʥʘ ʩʫʣʴʬʘʪ ʥʠʢʝʣʷ (II ); ʛ) ʨʘʩʪʚʦʨʝʥʠʷ ʛʠʜ-

ʨʦʢʩʠʜʘ ʤʘʛʥʠʷ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. 

184. ɺ ʨrʘʟʠʪʝ ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ: 

ʘ) ʨʘʩʪʚʦʨʝʥʠʝ ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ (II) ʠ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʚ ʩʝʨ-

ʥʦʡ ʢʠʩʣʦʪʝ; ʙ) ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʝʜʢʠʤ ʥʘʪʨʦʤ; 

ʚ) ʜʝʡʩʪʚʠʝ ʠʟʙʳʪʢʘ ʱʝʣʦʯʠ ʥʘ ʛʠʜʨʦʢʩʠʜ ʦʣʦʚʘ (II ). 

185. ʉʤʝʰʠʚʘʶʪ ʧʦʧʘʨʥʦ ʨʘʩʪʚʦʨ  rʬʦʩʬʘʪʘ ʥʘʪʨʠʷ, ʩʫʣʴʬʘʪʘ ʤʝ-

ʜʠ (II), ʭʣʦʨʠʜʘ ʮʠʥʢʘ ʠ ʩʫʣʴʬʠʜʘ ʢʘʣʠʷ (ʚʩʝʛʦ ʰʝʩʪʴ ʢʦʤʙʠʥʘʮʠʡ). 

ʆʙʲʷʩʥʠʪʝ, ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʦʡʜʫʪ ʨʝʘʢʮʠʠ, ʠ ʚʳʨʘʟʠʪʝ ʠʭ ʠʦʥ-

ʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 
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186. ɺʳʨʘʟʠʪʝ ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩʫʣʴ-

ʬʠʜʘ ʮʠʥʢʘ ʠ ʛʠʜʨʦʢʩʠʜʘ ʮʠʥʢʘ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠ ʨʝʘʢʮʠʠ, ʧʨʦʠʩ-

ʭʦʜʷʱʠʝ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʙʘʨʠʷ ʩ ʨʘʩʪʚʦʨʘʤʠ 

ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʠ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ. 

187. ʉʤʝʰʠʚʘʶʪ ʧʦʧʘʨʥʦ ʨʘʩʪʚʦʨʳ ʥʠʪʨʘʪʘ ʩʚʠʥʮʘ, ʩʫʣʴʬʠʜʘ ʥʘ-

ʪʨʠʷ, ʩʫʣʴʬʘʪʘ ʤʝʜʠ (II) ʠ ʭʣʦʨʠʜʘ ʢʘʣʠʷ (ʚʩʝʛʦ ʰʝʩʪʴ ʢʦʤʙʠʥʘʮʠʡ). ɺ 

ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʦʡʜʫʪ ʨʝʘʢʮʠʠ? ʉʦʩʪʘʚʴʪʝ ʜʣʷ ʥʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʧʦʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʚʦʟʤʦʞʥʦ ʠʭ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ. 

188. ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦ-

ʠʩʭʦʜʷʱʠʭ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʞʜʫ ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʠ ʩʫʣʴʬʘʪʦʤ ʢʦʙʘʣʴʪʘ; 

ʛʠʜʨʦʬʦʩʬʘʪʦʤ ʢʘʣʠʷ ʠ ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ; ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʤ 

ʩʪʨʦʥʮʠʷ ʠ ʛʠʜʨʦʢʩʠʜʦʤ ʩʪʨʦʥʮʠʷ. 

189. ɺʳʨʘʟʠʪʝ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʠ, ʧʨʦʭʦʜʷ-

ʱʠʝ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʞʜʫ ʭʣʦʨʠʜʦʤ ʢʘʣʴʮʠʷ ʠ ʢʘʨʙʦʥʘʪʦʤ ʘʤʤʦʥʠʷ, 

ʥʠʪʨʘʪʦʤ ʢʘʣʴʮʠʷ ʠ ʩʦʜʦʡ, ʙʨʦʤʠʜʦʤ ʢʘʣʴʮʠʷ ʠ ʧʦʪʘʰʦʤ. ɺ ʯʝʤ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʵʪʠʭ ʨʝʘʢʮʠʡ? ʂʘʢʠʤ ʦʜʥʠʤ ʠʦʥʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʵʪʠ ʨʝʘʢʮʠʠ? 

190. ɺʳʨʘʟʠʪʝ ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʨʘʩʪʚʦʨʘʭ ʤʝʞʜʫ: ʘ) ʢʘʨʙʦʥʘʪʦʤ ʙʘʨʠʷ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ; ʙ) ʥʝʨʘʩ-

ʪʚʦʨʠʤʳʤ ʜʠʛʠʜʨʦʢʩʦʥʠʪʨʘʪʦʤ ʚʠʩʤʫʪʘ (III) ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ; 

ʚ) ʛʠʜʨʦʢʩʠʜʦʤ ʙʘʨʠʷ ʠ ʭʣʦʨʠʜʦʤ ʥʠʢʝʣʷ (II ). 

191. ʇʦʜʙʝʨʠʪʝ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʳʨʘʞʘʣʦʩʴ ʙʳ ʩʣʝʜʫʶʱʠʤʠ ʠʦʥʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ʘ) NO-
2  + H

+
 = HNO2;  ʙ) H

+
 + OH

ï
 = H2O; 

ʚ) SO
-2

3  + 2H
+
 = SO2ŷ + H2O;  ʛ) Ni

2+
 + 2OH

ï
 = Ni(OH)2Ź. 

ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʵʪʠʭ ʨʝʘʢʮʠʡ? 

192. ʉʦʩʪʘʚʴʪʝ ʧʦ ʜʚʘ ʧʦʣʥʳʭ (ʤʦʣʝʢʫʣʷʨʥʳʭ) ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʘ-

ʞʜʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʠʩʘʚ ʠʦʥʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ:  

ʘ) Cu
2+

 + ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ = ʩʫʣʬɹʠʜ ʤʝʜʠ (II ) + 2ʅ
+
; 

ʙ) ʛʠʜʨʦʢʩʠʜ ʤʘʛʥʠʷ + 2ʅ
+
 = ʩʦʣʴ ʤʘʛʥʠʷ + ʚʦʜʘ; 
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ʚ) ʢʘʨʙʦʥʘʪ-ʠʦʥ + ʉʘ
2+

 = ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ. 

ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʵʪʠʭ ʨʝʘʢʮʠʡ? 

193. ʉʤʝʰʘʥʳ ʨʘʩʪʚʦʨʳ ʚʝʱʝʩʪʚ:  

ʘ) ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ  ʠ ʭʣʦʨʠʜ ʙʘʨʠʷ;  

ʙ) ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ (II) ʠ ʩʫʣʴʬʠʜ ʘʤʤʦʥʠʷ;  

ʚ) ʜʠʛʠʜʨʦʬʦʩʬʘʪ ʢʘʣʴʮʠʷ ʠ ʛʠʜʨʦʢʩʠʜ ʢʘʣʴʮʠʷ;  

ʛ) ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʮʠʥʢʘ ʠ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ.  

ʅʘʧʠʰʠʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʵʪʠʭ ʨʝʘʢʮʠʡ. 

194. ɿʘʢʦʥʯʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʠ ʧʨʝʜʩʪʘʚʴʪʝ ʠʭ ʚ ʚʠʜʝ ʩʦ-

ʢʨʘʱʝʥʥʳʭ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʡ:  

ʘ) ʛʠʜʨʦʢʩʠʜ ʘʤʦʥʠʷ + ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ;  

ʙ) ʭʣʦʨʠʜ ʙʘʨʠʷ + ʭʨʦʤʘʪ ʢʘʣʠʷ;  

ʚ) ʛʠʜʨʦʩʫʣʴʬʠʜ ʥʘʪʨʠʷ + ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ;  

ʛ) ʱʝʣʦʯʴ + ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ. 

195. ʇʦʜʙʝʨʠʪʝ ʧʦ ʪʨʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝ-

ʥʠʷʤʠ: 

ʘ) ʅ
+
 + ʆʅ

ï
 = ʅ2ʆ;  ʙ) ɺʘ

2+
  +  ʉʆ

-2
3  = ɺʘʉʆ3Ź. 

ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʵʪʠʭ ʨʝʘʢʮʠʡ? 

196. ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ: 

ʘ) Cu
2+

 + H2S = CuS + 2H
+
; 

ʙ) Mg
2+

 + CO
-2

3  = MgCO3Ź; 

ʚ) NH+
4  + OH

ï
 = NH4OH. 

197. ʇʦʜʙʝʨʠʪʝ ʧʦ ʜʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʡ, ʢʦ-

ʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷ-

ʤʠ: 

ʘ) Cr
3+

 + 6OH
ï
 = [Cr(OH)6]

3+
; 

ʙ) Ba
2+

 + SO -2
4  = BaSO4Ź. 

ʚ) Ca
2+

 + ʬʦʩʬʘʪ-ʠʦʥ = ʬʦʩʬʘʪ ʢʘʣʴʮʠʷ (ʦʩʘʜʦʢ). 

198. ʂʘʢʠʝ ʠʟ ʚʝʱʝʩʪʚ: ʛʠʜʨʦʢʩʠʜ ʩʚʠʥʮʘ (II); ʛʠʜʨʦʢʩʠʜ ʙʘʨʠʷ; 

ʩʝʨʥʠʩʪʘʷ ʢʠʩʣʦʪʘ; ʛʠʜʨʦʬʦʩʬʘʪ ʥʘʪʨʠʷ ï ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 
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ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ? ɺʳʨʘʟʠʪʝ ʵʪʠ ʨʝʘʢʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠ ʠʦʥʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

199. ʂ ʨʘʩʪʚʦʨʘʤ ʘʤʤʠʘʢʘ, ʩʫʣʴʬʠʜʘ ʢʘʣʠʷ, ʥʠʪʨʘʪʘ ʩʚʠʥʮʘ, ʬʦʩ-

ʬʘʪʘ ʙʘʨʠʷ, ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ (ʢ ʢʘʞʜʦʤʫ ʚ ʦʪʜʝʣʴʥʦʩʪʠ) ʧʨʠʙʘʚʠʣʠ ʩʦ-

ʣʷʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʦʰʣʠ ʨʝʘʢʮʠʠ? ɺʳʨʘʟʠʪʝ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

200. ʉʣʠʚʘʶʪ ʨʘʩʪʚʦʨʳ:  

ʘ) ʭʣʦʨʠʜ ʙʘʨʠʷ + ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ;  

ʙ) ʭʣʦʨʠʜ ʢʘʣʠʷ ʠ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ;  

ʚ) ʛʠʜʨʦʢʩʠʜ ʙʘʨʠ ̫(ʙʦʣʴʰʦʡ ʠʟʙrʪʦʢ) + ʥʠʪʨʘʪ ʩʚʠʥʮʘ;  

ʛ) ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ + ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ.  

ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʦʡʜʫʪ ʨʝʘʢʮʠʠ? ʉʦʩʪʘʚʴʪʝ ʜʣʷ ʥʠʭ ʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

11. ʈɸʉʊɺʆʈʓ ʕʃɽʂʊʈʆʃʀʊʆɺ.  

ʀʆʅʅʆɽ ʇʈʆʀɿɺɽɼɽʅʀɽ ɺʆɼʓ. ɺʆɼʆʈʆɼʅʓʁ ʇʆʂɸɿɸʊɽʃʔ 

ʇʦ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ Ŭ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʳ ʜʝʣʷʪʩʷ ʥʘ 

ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ:  

ʦʙʱ.

ʠʦʥ.

N

N
Ŭ= , 

ʛʜʝ Nʠʦʥ ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʵʣʝʢʪʨʦʣʠʪʘ, ʨʘʩʧʘʚʰʠʭʩʷ ʥʘ ʠʦʥʳ;  

Nʦʙ ɦï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʦʣʝʢʫʣ [3, 4]. 

ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮʳ ʠʣʠ ʚ 

ʧʨʦʮʝʥʪʘʭ. ʕʣʝʢʪʨʦʣʠʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ Ŭ < 1, ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʘʙʳʤ, ʫ 

ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ Ŭ å 1. 

ʂ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʦʣʠʪʘʤ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʯʪʠ 

ʚʩʝ ʩʦʣʠ, ʤʥʦʛʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ (HCl, HBr, HI, HNO3, 

HMnO4, HClO4, H2SO4 ʠ ʜʨ.), ʛʠʜʨʦʢʩʠʜʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝ-

ʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ʉʠʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʠʩʩʦ-

ʮʠʠʨʫʶʪ ʥʘ ʠʦʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ, ʠ ʠʭ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ 

ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ.  
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ʉʣʘʙʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʜʠʩʩʦʮʠʠʨʫʶʪ ʥʝ ʧʦʣʥʦʩʪʴʶ. ɺ ʠʭ ʨʘʩʪʚʦ-

ʨʘʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝ-

ʢʫʣʘʤʠ ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ï ʠʦʥʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ  

HCN Ө H
+
 + CN

ï
. 

ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ (ʪʘʙʣ. 6):  

[HCN]

]][CN[H
Kʜʠʩ.

-+

= . 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʨʘʟʙʘʚʣʝʥʠʷ ʆʩʪʚʘʣʴʜʘ, ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ 

ʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 

Ŭ1

Ŭʉ
K

2

-

Ö
= , 

ʛʜʝ ʉ ï ʠʩʭʦʜʥʘʷ ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ, ʤʦʣʴ/ʣ.  

ɽʩʣʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʧʨʠ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ 1 ï Ŭ å 1. ʊʦʛʜʘ ʚʳ-

ʨʘʞʝʥʠʝ ʟʘʢʦʥʘ ʨʘʟʙʘʚʣʝʥʠʷ ʫʧʨʦʱʘʝʪʩʷ: ʂ = Ŭ
2
Āʩ, ʩʣʝʜʦʚʘʪʝʣʥɹʦ 

ʉ

K
Ŭ= . 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ, ʪ.ʝ. 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʉ, ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ 

ʵʣʝʢʪʨʦʣʠʪʘ  ʚʦʟʨʘʩʪʘʝʪ. 

ɺ ʣʶʙʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʦʥʳ ʅ
+ 
 

ʠ ʆʅ
ï
. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʵʪʠʭ ʠʦʥʦʚ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ ʠ ʥʘʟʳʚʘʝʪʩʷ ʠʦʥʥʳʤ ʧʨʦ-

ʠʟʚʝʜʝʥʠʝʤ ʚʦʜʳ ʂw:  

1410]][OH[HK --+ ==w . 

ʈʘʩʪʚʦʨʳ, ʚ ʢʦʪʦʨʳʭ [H
+
] = [OH

ï
], ʥʘʟʳʚʘʶʪʩʷ ʥʝʡʪʨʘʣʴʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ. ʇʨʠ 25 Áʉ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ [H
+
] = [OH

ï
] = 10

-7
 ʤʦʣʴ/ʣ. 

ɺ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ [H
+
] > [OH

ï
], ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ [H

+
] < [OH

ï
].  
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ʊʘʙʣʠʮʘ 6 

ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʂʠʩʣʦʪʘ  ʌʦʨʤʫʣʘ t,ÁC ʂʜ 
ɺʦʜʘ  ʅ2ʆ 25 1,8Ā10

ï16
 

ɸʟʦʪʠʩʪʘʷ                             ʂ1 HNO2 18 4Ā10
ï4

 

ɹʦʨʥʘʷ (ʦʨʪʦ)                                                        

                                              

                                              

ʂ1 

H3BO3 

25 5,83Ā10
ï10

 

ʂ2 20 1,8Ā10
ï13

 

ʂ3 20 1,6Ā10
ï14

 

ɹʦʨʥʘʷ (ʪʝʪʨʘ)                     

 

ʂ1 
H2B4O7 

20 1Ā10
9 

 ʂ2 

 

25 2Ā10
ï1

 

 ɺʦʜʦʨʦʜʘ ʧʝʨʦʢʩʠʜ 

 
 H2O2 

 

25 2Ā10
ï12

 

ʂʨʝʤʥʝʚʘʷ (ʤʝʪʘ)         

                                       

 

ʂ1 
H2SiO3 

25 2,0Ā10
2
 

ʂ2 18 å1,0Ā10
ï2

 

 ʄʘʨʛʘʥʮʦʚʠʩʪʘʷ          

                                       

 

ʂ1 
H2MnO4 

25 1,0Ā10
ï6

 

 ʂ2 25 5,89Ā10
ï3

 

 ʄʫʨʘʚʴʠʥʘʷ   ʂ1 ʅʉʆʆʅ 25 1,772Ā10
ï14 

 ʉʝʨʥʠʩʪʘʷ                      

 

ʂ1 
H2SO3 

25 1,58Ā10
ï2

 

 ʂ2 

 

25 6,31Ā10
ï8 

 ʉʝʨʦʚʦʜʦʨʦʜʥʘʷ           

                                       

 

ʂ1 
H2S 

25 1,1Ā10
ï7 

 ʂ2 25 1Ā10
ï14 

 ʋʛʦʣʴʥʘʷ                       

 

ʂ1 
H2ʉO3 

25 4,45Ā10
ï7

 

 ʂ2 

 

25 4,69Ā10
ï11

 

 ʋʢʩʫʩʥʘʷ    ʂ1 ʉʅ3ʉʆʆʅ 25 1,754Ā10
ï5 

 ʌʦʩʬʦʨʥʘʷ (ʦʨʪʦ)         

 

ʂ1 

H3PO4 

25 7,52Ā10
ï3 

 ʂ2 25 6,31Ā10
ï8 

 ʂ3 25 1,26Ā10
ï12 

 ʍʨʦʤʦʚʘʷ                       

 

ʂ1 
H2CrO4 

25 1,8Ā10
ï1 

 ʂ2 25 3,16Ā10
ï7 

 ʎʠʘʥʦʚʦʜʦʨʦʜʥʘʷ ʂ1 HCN 25 7,9Ā10
ï10

 

ʑʘʚʝʣʝʚʘʷ  ʂ1 
ʉ2ʅ4ʆ4 

25 5,36Ā10
ï2 

 ʂ2 

 

25 5,42Ā10
ï5 

 ɻʠʜʨʦʢʩʠʜ ʘʤʤʦʥʠʷ ʂ1 NH4OH 

 

25 1,77Ā10
ï5 
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ɺʤʝʩʪʦ ʢʦʥʮʝʥʪʨʘʮʠʡ [ʅ
+
] ʠ [ʆʅ

ï
] ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʠʭ 

ʜʝʩʷʪʠʯʥʳʝ ʣʦʛʘʨʠʬʤʳ, ʚʟʷʪʳʝ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ. ʕʪʠ ʚʝʣʠʯʠʥʳ 

ʦʙʦʟʥʘʯʘʶʪ ʩʠʤʚʦʣʘʤʠ ʨʅ ʠ ʨʆʅ ʠ ʥʘʟʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʚʝʥʥʦ ʚʦʜʦ-

ʨʦʜʥʳʤ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤ  ʧʦʢʘʟʘʪʝʣʷʤʠ: 

pʅ = ïlg[H
+
];   pOH = ïlg[OH

ï
]. 

ʃʦʛʘʨʠʬʤʠʨʫʷ ʠʦʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʜʳ [H
+
][OH

ï
] = 10

ï14 
ʠ ʧʦ-

ʤʝʥʷʚ ʟʥʘʢʠ ʥʘ ʦʙʨʘʪʥʳʝ, ʧʦʣʫʯʠʤ: ʨʅ + ʨʆʅ = 14.  

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ  

[H
+
] = 10

-7
 ʤʦʣʴ/ʣ, 

ʪʦʛʜʘ 

ʨʅ = ïlg[H
+
] = ïlg(10

ï7
) = 7, ʪ.ʝ. ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʨʅ = 7. 

ʃʝʛʢʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʨʅ < 7, ʘ ʚ ʱʝʣʦʯʥʳʭ ï 

ʨʅ > 7. 

ʇʨʠʤʝʨ 1. ʈʘʩʩʯʠʪʘʡʪʝ ʨʅ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʘʤʤʦʥʠʷ, ʝʩʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ NH4OH ʩʦʩʪʘʚʣʷʝʪ C = 0,5 ʄ, ʘ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ 

ʂʜʠʩ. = 1,77Ā10
ï5

. 

ʈʝʰʝʥʠʝ. ɻʠʜʨʦʢʩʠʜʘ ʘʤʤʦʥʠʷ ï ʩʣʘʙʳʡ ʵʣʝʢʪʨʦʣʠʪ, ʥʦ ʯʘʩʪʠʯʥʦ 

ʜʠʩʩʦʮʠʠʨʫʝʪ: NH4OH Ө NH
+
 + OH

ï
. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠʦʥʦʚ [OH
ï
] = ŬĀʉ. ʇʦʩʢʦʣʴʢʫ ʢʦʥ-

ʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ NH4OH ʤʘʣʘ, ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘ-

ʮʠʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʦʡ [6, 9] 

.1095,5
5,0

1077,1

c

K
Ŭ 3

5
-

-

Ö=
Ö

==  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

[OH
-
] = 5,95Ā10

ï5
Ā0,5 = 2,97Ā10

ï3
; 

pOH = ïlg[OH
ï
] = ïlg(2,97Ā10

ï3
) = 2,52. 

ʇʦʩʢʦʣʴʢʫ ʨʅ + ʨʆʅ = 14, ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʨʘʩ-

ʪʚʦʨʝ ʛʠʜʨʦʢʩʠʜʘ ʘʤʤʦʥʠʷ ʨʅ = 11,48. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

201. ʄʦʛʫʪ ʣʠ ʨʅ ʠ ʨʆʅ ʙʳʪʴ ʨʘʚʥʳʤʠ ʥʫʣʶ? ʄʝʥʴʰʝ ʥʫʣʷ? ʏʝ-

ʤʫ ʨʘʚʥʳ ʨʅ ʠ ʨʆʅ  ʨʘʩʪʚʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʢʦʪʦ-

ʨʦʤ ʨʘʚʥʘ 3,5Ā10
ï4

? 
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202. ʏʪʦ ʥʘʟʳʚʘʶʪ ʚʦʜʦʨʦʜʥʳʤ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤʠ? 

ɺʳʯʠʩʣʠʪʝ ʨʅ ʠ ʨʆʅ 0,1 ʥ. ʨʘʩʪʚʦʨʘ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ. ʂʦʥʩʪʘʥʪʘ 

ʠʦʥʠʟʘʮʠʠ HCN ʨʘʚʥʘ 7,2Ā10
ï10

. 

203. ɺ 10 ʣ ʨʘʩʪʚʦʨʘ ʩʦʜʝʨʞʠʪʩʷ 1 ʛ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ɺʳʯʠʩ-

ʣʠʪʝ ʨʅ ʠ ʨʆʅ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ Ŭ = 1. 

204. ʉʤʝʰʘʣʠ ʨʘʚʥʳʝ ʦʙʲʝʤʳ ʨʘʩʪʚʦʨʦʚ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʩ ʨʅ =1 

ʠ ʨʅ=2. ɺʳʯʠʩʣʠʪʝ ʨʅ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

205. ɺʳʯʠʩʣʠʪʝ ʨʅ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩʤʝʰʝʥʠʝʤ ʨʘʚʥʳʭ 

ʦʙʲʝʤʦʚ ʨʘʩʪʚʦʨʦʚ ʱʝʣʦʯʝʡ ʩ ʨʅ =12 ʠ ʨʅ =11. 

206. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥ-

ʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥʪʘ (ʥʦʨʤʘʣʴʥʦʩʪʴ) ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʝʩʣʠ 

ʨʅ = 2,2.  

207. ɺʳʯʠʩʣʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʅ
+
 ʠ ʆʅ

ï
 ʚ ʨʘʩʪʚʦʨʘʭ, ʜʣʷ 

ʢʦʪʦʨʳʭ: ʘ) ʨʅ = 4,3; ʙ) ʨʆʅ = 4,3. 

208. ʉʤʝʰʘʣʠ ʨʘʚʥʳʝ ʦʙʲʝʤʳ ʨʘʩʪʚʦʨʦʚ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʠ ʱʝ-

ʣʦʯʠ, ʚ ʢʦʪʦʨʳʭ ʨʅ = 2 ʠ ʨʅ = 11. ɺʳʯʠʩʣʠʪʝ ʨʅ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ. 

209. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʨʅ 0,2 ʄ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʢ ʥʝʤʫ ʨʘʚʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ?  

210. ʅʘʩʢʦʣʴʢʦ ʠʟʤʝʥʠʪʩʷ ʨʅ ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢ 

300 ʤʣ 0,3 ʥ. ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ 200 ʤʣ ʚʦʜʳ?  

211. ɺʳʯʠʩʣʠʪʴ ʨʅ ʠ ʨʆʅ ʩʣʝʜʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦ-

ʣʠʪʦʚ: ʘ) 0,02 ʄ ʛʠʜʨʦʢʩʠʜʘ ʘʤʤʦʥʠʷ; ʂʜ = 1,77Ā10
ï5
; ʙ) 0,1 ʄ ʩʠʥʠʣʴ-

ʥʦʡ ʢʠʩʣʦʪʳ; ʂʜ = 4,9Ā10
ï10
; ʚ) 0,05 ʥ. ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʅʉʆʆʅ, 

ʂʜ = 1,772Ā10
ï4

. 

212. ɺʳʯʠʩʣʠʪʝ ʨʅ ʨʘʩʪʚʦʨʘ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ [OH
ï
] 

ʨʘʚʥʘ (ʤʦʣʴ/ʣ): ʘ) 2,52Ā10
ï5

; ʙ) 1,78Ā10
ï7

; ʚ) 4,92Ā10
ï3

; ʛ) 4,0Ā10
ï6

. 

213. ʆʧʨʝʜʝʣʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ [H
+
] ʠ [OH

ï
] ʚ ʨʘʩʪʚʦʨʘʭ, ʚʦʜʦ-

ʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʦʪʦʨʳʭ ʨʘʚʝʥ; 3,3; 5,8; 11,4; 6,5. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ 

ʢʦʥʮʝʥʪʨʘʮʠʠ [H
+
] ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ [OH

ï
] ʚ ʵʪʠʭ 

ʨʘʩʪʚʦʨʘʭ? 

214. ʈʘʩʩʯʠʪʘʡʪʝ, ʯʝʤʫ ʨʘʚʥʘ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ, 

ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʝ ʩʦʩʪʘʚʣʷʝʪ 0,08 ʥ., ʘ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʨʅ = 2,4. 
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215. ɺʳʯʠʩʣʠʪʝ ʨʅ ʠ ʨʆʅ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ (ɤ = 0,05 %). 

ʇʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʩʯʠʪʘʡʪʝ ʨʘʚʥʳ-

ʤʠ ʝʜʠʥʠʮʝ. 

216. ɺʳʯʠʩʣʠʪʝ ʨʅ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʝʩʣʠ 0,01 ʣ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (ɤ = 30 %; Ŭ = 70 %) ʧʣʦʪʥʦʩʪʴʶ 1328 ʢʛ/ ʤ
3
 ʨʘʟ-

ʙʘʚʠʣʠ ʚʦʜʦʡ ʜʦ ʦʙʲʝʤʘ 0,75 ʣ. 

217. ʆʧʨʝʜʝʣʠʪʝ ʨʅ ʨʘʩʪʚʦʨʘ, ʚ 3 ʣ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ 

8,1Ā10
-4
 ʤʦʣʴ ʠʦʥʦʚ ʆʅ

ï
. 

218. ʂʘʢʘʷ ʤʘʩʩʘ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʩʦʜʝʨʞʠʪʩʷ ʚ 0,3 ʣ ʨʘʩʪʚʦ-

ʨʘ ʵʪʦʡ ʢʠʩʣʦʪʳ, ʠʤʝʶʱʝʡ ʨʅ = 6,04? ʂʜ = 1,77Ā10
ï4

.  

219. 2 ʤʣ 96%-ʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (ɟ =1,84 ʛ/ʤʣ) ʨʘʟʙʘʚʠʣʠ ʜʦ 

ʦʙʲʝʤʘ 3 ʣ. ɺʳʯʠʩʣʠʪʝ ʨʅ ʠ ʨʆʅ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ, ʝʩʣʠ Ŭ = 1. 

220. 1 ʛ 75%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʨʘʟʙʘʚʠʣʠ ʜʦ ʦʙʲʝʤʘ 

3,3 ʣ. ʏʝʤʫ ʙʫʜʝʪ ʨʘʚʥʦ ʨʆʅ ʨʘʩʪʚʦʨʘ ʧʨʠ Ŭ = 1? 

12. ɻʀɼʈʆʃʀɿ ʉʆʃɽʁ 

ɻʠʜʨʦʣʠʟʦʤ ʩʦʣʠ ʥʘʟʳʚʘʝʪʩʷ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʠʦʥʦʚ ʨʘʩ-

ʪʚʦʨʝʥʥʦʡ ʩʦʣʠ ʩ ʚʦʜʦʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʤʝʥʝʥʠ-

ʝʤ ʨʝʘʢʮʠʠ ʩʨʝʜʳ, ʪ.ʝ. ʨʅ ʨʘʩʪʚʦʨʘ [3,4]. ɻʠʜʨʦʣʠʟʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʦ-

ʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ:  

ʘ) ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ, ʥʘʧʨʠʤʝʨ Na2CO3, 

K3PO4; ʚ ʨʘʩʪʚʦʨʘʭ ʪʘʢʠʭ ʩʦʣʝʡ ʦʙʳʯʥʦ ʨʅ > 7, ʪ.ʝ. ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ;  

ʙ) ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ, ʥʘʧʨʠʤʝʨ NH4Cl, 

Al 2(SO4)3; ʨʅ < 7, ʩʨʝʜʘ ʢʠʩʣʘʷ;  

ʚ) ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ, ʥʘʧʨʠʤʝʨ 

CH3COONH4, Al 2S3; ʨʅ å 7, ʩʨʝʜʘ ʧʦʯʪʠ ʥʝʡʪʨʘʣʴʥʘʷ.  

ʉʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, 

ʛʠʜʨʦʣʠʟʫ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ NaCl. 

ʋʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʩʦʩʪʘʚʣʷʶʪ ʘʥʘʣʦʛʠʯʥʦ ʠʦʥʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʤ ʫʨʘʚʥʝʥʠʷʤ: ʤʘʣʦʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʝ, ʚʢʣʶʯʘʷ ʚʦʜʫ, 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ, ʘ ʪʘʢʞʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ ʟʘʧʠʩʳʚʘʶʪ ʚ ʚʠʜʝ 

ʤʦʣʝʢʫʣ, ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ï ʚ ʚʠʜʝ ʠʦʥʦʚ. ʋʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ 

ʩʦʣʝʡ ʤʥʦʛʦʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪ ʠ ʤʥʦʛʦʢʠʩʣʦʪʥʳʭ ʦʩʥʦʚʘʥʠʡ ʧʨʠʥʷʪʦ 

ʟʘʧʠʩʳʚʘʪʴ ʧʦ ʩʪʘʜʠʷʤ, ʘʥʘʣʦʛʠʯʥʦ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ [1-4].  
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ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʠʜʨʦʣʠʟʘ ʷʚʣʷʶʪʩʷ ʢʦʥ-

ʩʪʘʥʪʘ ʠ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ. 

ʂʦʥʩʪʘʥʪʘ ʛʠʜʨʦʣʠʟʘ ʂʛ ʠ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ h ʩʚʷʟʘʥʳ ʩ ʠʦʥʥʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʦʜʳ O2HK  ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʠʜʨʦʣʠʟʫʶʱʝʡʩʷ ʩʦʣʠ 

ʉ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

1) ʛʠʜʨʦʣʠʟ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʣʘʙʦʡ 

ʢʠʩʣʦʪʦʡ: 

ʉK

K
h,

ʉ

K
h ,

ʂ

ʂ
K

ʂʩʣ.ʢʠʩʣ.

O2Hʛ

ʩʣ.ʢʠʩʣ.

ʆ2ʅ

ʛ
Ö

=== , 

ʛʜʝ ʂʩʣ.ʢʠʩʣ ï ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ; 

2) ʛʠʜʨʦʣʠʟ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʠʣʴʥʦʡ 

ʢʠʩʣʦʪʦʡ: 

ʉK

K
h,

ʉ

K
h,

ʂ

ʂ
K

ʂʩʣ.ʦʩʥʦʚ.

O2Hʛ

ʩʣ.ʦʩʥʦʚ.

ʆ2ʅ

ʛ
Ö

=== , 

ʂʩʣ.ʦʩʥʦʚ. ï ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʘʙʦʛʦ ʦʩʥʦʚʘʥʠʷ; 

3) ʛʠʜʨʦʣʠʟ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ, ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʣʘʙʦʡ ʢʠ-

ʩʣʦʪʦʡ: 

.
KK

K

1h

h
,

ʉ

K

1h

h
,

Kʂ

ʂ
K

ʩʣ.ʦʩʥʦʚʂʩʣ.ʢʠʩʣ.

O2Hʛ

ʩʣ.ʦʩʥʦʚ.ʩʣ.ʢʠʩʣ.

ʆ2ʅ

ʛ
ʉÖÖ

=
-

=
-Ö

=  

ʇʨʠʤʝʨ 1. ɺʳʯʠʩʣʠʪʝ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ 0,001 ʥ. ʨʘʩʪʚʦʨʘ ʘʮʝʪʘ-

ʪʘ ʥʘʪʨʠʷ ʠ ʨʅ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ, ʝʩʣʠ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʨʘʚʥʘ ʂʜʠʩ. = 1,754Ā10
ï5

. 

ʈʘʩʯʝʪ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ [5-7]:  

4

5

14

ʂʩʣ.ʢʠʩʣ.

O2H
1055,7

001,010754,1

10

K

K
h -

-

-

Ö=
ÖÖ

=
Ö

=
ʉ

. 

ʋʨʘʚʥʝʥʠʝ ʛʠʜʨʦʣʠʟʘ: ʘʮʝʪʘʪ ʥʘʪʨʠʷ ï ʩʦʣʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʩʠʣʴ-

ʥʳʤ ʦʩʥʦʚʘʥʠʝʤ NaOH ʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ ʉʅ3ʉʆʆʅ, ʧʦʵʪʦʤʫ ʛʠʜ-

ʨʦʣʠʟ ʠʜʝʪ ʧʦ ʘʥʠʦʥʫ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ [6]. ʋʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʧʨʠ-

ʥʷʪʦ ʩʦʩʪʘʚʣʷʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʘ) ʩʦʩʪʘʚʣʷʶʪ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʩʦʣʠ:  

CH3COONa Ө CH3COO
ï
 + Na

+
; 
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ʙ) ʤʦʞʥʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʠʦʥʳ ʥʘʪʨʠʷ, ʢʘʢ ʢʘʪʠʦʥʳ ʩʠʣʴʥʦʛʦ ʦʩʥʦ-

ʚʘʥʠʷ ʩ ʚʦʜʦʡ ʥʝ ʨʝʘʛʠʨʫʶʪ: Na
+
 + H2O Í; 

ʚ) ʧʦʪɻʦʤʫ ʛʦʚʦʨʷʪ, ʯʪʦ ʛʠʜʨʦʣʠʟ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʜʝʪ ʧʦ 

ʘʥʠʦʥʫ: 

ʉʅ3ʉʆʆ
ï
 + ʅʆʅ Ө ʉʅ3ʉʆʆʅ + ʆʅ

ï
, 

ʚ ʨʘʩʪʚʦʨʝ ʩʦʟʜʘʝʪʩʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ ʆʅ
ï
, ʪ.ʝ. ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ ʠ ʨʅ >7. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʅ ʩʨʝʜʳ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠʦʥʦʚ:  

[OH
ï
] = hĀC = 7,55Ā10

ï4
Ā0,001= 7,55Ā10

ï7
 ʤʦʣʴ/ʣ. 

ʆʪʩʶʜʘ ʣʝʛʢʦ ʥʘʡʪʠ ʨʆʅ:  pʆʅ = ïlg[OH
ï
] = ïlg(7,55Ā10

ï7
) =6,12. 

ɿʥʘʷ, ʯʪʦ ʩʫʤʤʘ ʨʅ + ʨʆʅ = 14, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ  

ʨʅ =14 ï ʨʆʅ =14 ï 6,12 = 7,88. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʙʥʘ-

ʨʫʞʠʚʘʝʪʩʷ ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ, ʧʦʩʢʦʣʴʢʫ ʨʅ > 7. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

221. ʈʘʩʪʚʦʨʳ ʢʠʩʣʦʪʳ ʠ ʦʩʥʦʚʘʥʠʷ ʩʤʝʰʘʣʠ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ: ʘ) NH4OH + HCl; ʙ) NaOH + HCl; ʚ) NaOH + 

CH3COOH. ʂʘʢ ʦʢʨʘʩʠʪʩʷ ʣʘʢʤʫʩ ʚ ʨʘʩʪʚʦʨʘʭ? ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʘʢʮʠʡ. 

222. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ 

ʛʠʜʨʦʣʠʟʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ. ʂʘʢʦʚʘ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʵʪʦʡ ʩʦʣʠ ʚ 

0,025 ʄ ʨʘʩʪʚʦʨʝ ʠ ʨʅ ʨʘʩʪʚʦʨʘ? 

223. ʂʘʢʘʷ ʠʟ ʜʚʫʭ ʩʦʣʝʡ ʧʨʠ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ: ʘ) ʘʮʝʪʘʪ ʥʘʪʨʠʷ ʠʣʠ ʬʦʨʤʠʘʪ ʥʘʪʨʠʷ; 

ʙ) ʩʫʣʴʬʠʜ ʢʘʣʠʷ ʠʣʠ ʪʝʣʣʫʨʠʜ ʢʘʣʠʷ? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ ʩʦʪʚʝʪʩʪ-

ʚʫʶʱʠʤʠ ʨʘʩʯʝʪʘʤʠ ʢʦʥʩʪʘʥʪʳ ʛʠʜʨʦʣʠʟʘ ʠ ʩʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ 

ʛʠʜʨʦʣʠʟʘ ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ. 

224. ʂ ʨʘʩʪʚʦʨʫ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III ) ʜʦʙʘʚʠʣʠ: ʘ) HCl; ʙ)NaOH; 

ʚ) ZnCl2; ʛ) Na2CO3; ʜ)ʅ2ʆ. ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʛʠʜʨʦʣʠʟ FeCl3 ʫʩʠʣʠʪʩʷ? 
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ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

225. ʇʨʠʚʝʜʠʪʝ ʧʦ ʜʚʘ ʧʨʠʤʝʨʘ ʩʦʣʝʡ, ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʦʪʦ-

ʨʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʥʘʙʣʶʜʘʝʪʩʷ: ʘ) ʨʅ < 7, ʙ) ʨʅ å 7, 

ʚ) ʨʅ > 7. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ ʩʦʣʝʡ ʚ ʠʦʥ-

ʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ. 

226. ʂʘʢʠʝ ʠʟ ʧʘʨ ʩʦʣʝʡ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʟʘʠʤʥʦ ʫʩʠʣʠʚʘʶʪ 

ʛʠʜʨʦʣʠʟ ʜʨʫʛ ʜʨʫʛʘ ʠ ʧʦʯʝʤʫ: ʘ) ʭʣʦʨʠʜ ʘʣʶʤʠʥʠʷ ʠ ʩʫʣʴʬʠʜ ʥʘʪʨʠʷ; 

ʙ) ʭʣʦʨʠʜ ʭʨʦʤʘ (III) ʠ ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ; ʚ) ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ (III) ʠ ʭʣʦ-

ʨʠʜ ʮʠʥʢʘ; ʛ) ʥʠʪʨʘʪ ʭʨʦʤʘ (III) ʠ ʭʣʦʨʠʜ ʤʘʛʥʠʷ; ʜ) ʭʣʦʨʠʜ ʞʝʣʝʟʘ 

(III) ʠ ʩʫʣʴʬʠʪ ʥʘʪʨʠʷ? ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

227. ʇʨʠ ʨʅ Ò 3,1 ʠʥʜʠʢʘʪʦʨ ʤʝʪʠʣʦʚʳʡ ʢʨʘʩʥʳʡ ʦʢʨʘʰʝʥ ʚ 

ʢʨʘʩʥʳʡ ʮʚʝʪ, ʧʨʠ ʨʅ Ó 6,3 ï ʚ ʞʝʣʪʳʡ ʮʚʝʪ, ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ ï ʚ ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ. ʂʘʢʦʚʘ ʙʫʜʝʪ ʦʢʨʘʩʢʘ ʵʪʦʛʦ ʠʥʜʠ-

ʢʘʪʦʨʘ ʚ 0,1 ʄ ʨʘʩʪʚʦʨʝ ʙʨʦʤʠʜʘ ʘʤʤʦʥʠʷ? ɼʘʡʪʝ ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ 

ʦʪʚʝʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

228. ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʭʨʦʤʘ (III) ʠ ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ. 

229. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ 

ʛʠʜʨʦʣʠʟʘ ʬʦʨʤʠʘʪʘ ʥʘʪʨʠʷ. ʂʘʢʦʚʘ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʵʪʦʡ ʩʦʣʠ ʚ 

0,1ʄ ʨʘʩʪʚʦʨʝ ʠ ʨʅ ʨʘʩʪʚʦʨʘ? 

230. ʂ ʨʘʩʪʚʦʨʘʤ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ, ʩʫʣʴʬʘʪʘ 

ʘʣʶʤʠʥʠʷ, ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ (III) ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ ʩʦʜʳ Na2CO3. ɺ ʢʘ-

ʢʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʦʯʝʤʫ? 

ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

231. ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 0,003 ʥ. ʨʘʩʪʚʦʨʘ ʛʠʧʦʭʣʦʨʠʪʘ ʢʘʣʠʷ 

ʨʘʚʝʥ 9,5. ɺʳʯʠʩʣʠʪʝ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʵʪʦʡ ʩʦʣʠ ʠ ʩʦʩʪʘʚʴʪʝ ʫʨʘʚ-

ʥʝʥʠʝ ʚ ʠʦʥʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ. 

232. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʬʦʨʤʠʘʪʘ ʥʘʪʨʠʷ, ʬʦʨʤʠʘʪʘ 

ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʳ ʠʭ ʛʠʜʨʦʣʠʟʘ ʠ 
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ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʦʪ ʧʨʠʨʦʜʳ ʢʠʩʣʦ-

ʪʳ ʠ ʦʩʥʦʚʘʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʘ ʜʘʥʥʘʷ ʩʦʣʴ.  

233. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʠ ʥʘʡ-

ʜʠʪʝ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ: 0,0001 ʥ.; 

0,001 ʥ.; 0,01 ʥ.; 1,0 ʥ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʛʠʜʨʦʣʠʟʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ. 

234. ʆʧʨʝʜʝʣʠʪʝ ʨʅ 0,02 ʥ. ʨʘʩʪʚʦʨʘ ʩʦʜʳ Na2CO3, ʫʯʠʪʳʚʘʷ 

ʪʦʣʴʢʦ ʧʝʨʚʫʶ ʩʪʫʧʝʥʴ ʛʠʜʨʦʣʠʟʘ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ 

ʦʙʝʠʭ ʩʪʘʜʠʡ ʛʠʜʨʦʣʠʟʘ ʚ ʠʦʥʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʘʭ. 

235. ʀʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ, ʫʢʘʞʠʪʝ ʨʝʘʢʮʠʶ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʣʝʜʫʶʱʠʭ 

ʩʦʣʝʡ: NH4CN, NH4F, (NH4)2S. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ 

ʩʦʣʝʡ. 

236. ʆʧʨʝʜʝʣʠʪʝ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʠ ʨʅ 0,005 ʥ. ʨʘʩʪʚʦʨʘ ʮʠʘʥʠ-

ʜʘ ʢʘʣʠʷ, ʝʩʣʠ ʂHCN = 4,9Ā10
ï10
. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʛʠʜʨʦʣʠʟʘ ʫʢʘ-

ʟʘʥʥʦʡ ʩʦʣʠ ʚ ʠʦʥʥʦʡ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʘʭ.  

237. ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ: 

CdSO4; In(NO3)3; ZrCl4; Rb2S. ʂʘʢʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ ʠʤʝʶʪ ʵʪʠ ʨʘʩ-

ʪʚʦʨʳ? ʂʘʢ ʤʦʞʥʦ ʫʩʠʣʠʪʴ ʠʣʠ ʫʤʝʥʴʰʠʪʴ ʠʭ ʛʠʜʨʦʣʠʟ? 

238. ʂʘʢʫʶ ʨʝʘʢʮʠʶ ʠʤʝʶʪ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ: ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ, 

ʩʫʣʴʬʠʪʘ ʢʘʣʠʷ, ʩʫʣʴʬʘʪʘ ʮʠʥʢʘ, ʭʣʦʨʠʜʘ ʭʨʦʤʘ (III)? ʆʪʚʝʪ ʧʦʜʪʚʝʨ-

ʜʠʪʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʛʠʜʨʦʣʠ-

ʟʘ ʵʪʠʭ ʩʦʣʝʡ. 

239. ʂʘʢʦʝ ʟʥʘʯʝʥʠʝ ʨʅ (ʙʦʣʴʰʝ 7, ʨʘʚʥʦ 7, ʤʝʥʴʰʝ 7) ʠʤʝʶʪ ʨʘʩ-

ʪʚʦʨʳ Na3PO4, CoSO4, CH3COONH4, KNO3? ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ ʩʦʣʝʡ ʧʦ 

ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ. 

240. ʂʘʢ ʟʘʚʠʩʠʪ ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʟʙʘʚʣʝ-

ʥʠʷ? ʇʦʯʝʤʫ? ɺ ʢʘʢʫʶ ʩʪʦʨʦʥʫ ʩʤʝʩʪʠʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʛʠʜʨʦʣʠʟʘ ʘʮʝ-

ʪʘʪʘ ʙʘʨʠʷ, ʝʩʣʠ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʪʴ: ʘ) ʱʝʣʦʯʴ, ʙ) ʢʠʩʣʦʪʫ, ʚ) ʚʦʜʫ, 

ʛ) ʭʣʦʨʠʜ ʘʤʤʦʥʠʷ? 
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13. ʆʂʀʉʃʀʊɽʃʔʅʆ-ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓɽ ʈɽɸʂʎʀʀ 

ʈʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʘʟʳʚʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ. ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʦʪʪʷ-

ʛʠʚʘʥʠʝʤ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʝʩʪʴ ʫʩ-

ʣʦʚʥʳʡ ʟʘʨʷʜ ʘʪʦʤʘ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʠʦʥʥʳʤʠ [1-4, 11]. 

ʆʢʠʩʣʝʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʦʪʜʘʯʠ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʦʤ, ʤʦʣʝʢʫʣʦʡ 

ʠʣʠ ʠʦʥʦʤ, ʥʘʧʨʠʤʝʨ: 

Fʝ
0
 ï 3Ǜ = Fe

3+
;  

ʅ0
2  ï 2Ǜ = 2ʅ

+
; 

S
2ï

 ï 2Ǜ = S
0
. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ï ʧʨʦʮʝʩʩ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʦʤ, 

ʤʦʣʝʢʫʣʦʡ ʠʣʠ ʠʦʥʦʤ, ʥʘʧʨʠʤʝʨ: 

Al
3+

 + 3Ǜ = ɸ1
0
; 

I 0
2  + 2Ǜ = 2I

ï
; 

ʄn
+7

 + 5Ǜ = Mn
2+

. 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʦʥʠʞʘʝʪʩʷ. 

ɸʪʦʤʳ, ʤʦʣʝʢʫʣʳ ʠʣʠ ʠʦʥʳ, ʦʪʜʘʶʱʠʝ ʵʣʝʢʪʨʦʥʳ, ʷʚʣʷʶʪʩʷ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʷʤʠ. ɺʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʦʥʠ ʦʢʠʩʣʷʶʪʩʷ. ɸʪʦʤʳ, ʤʦʣʝʢʫ-

ʣʳ ʠʣʠ ʠʦʥʳ, ʧʨʠʩʦʝʜʠʥʷʶʱʠʝ ʵʣʝʢʪʨʦʥʳ, ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʠʪʝʣʷʤʠ. 

ɺʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʦʥʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. ʊʘʢ ʢʘʢ ʘʪʦʤʳ, ʤʦʣʝʢʫʣʳ ʠ 

ʠʦʥʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʪʦ ʵʪʠ ʚʝʱʝʩʪʚʘ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʷʚʣʷʶʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʠʣʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. 

ʆʢʠʩʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ï ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦ-

ʪʝʢʘʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ: ʦʢʠʩʣʝʥʠʝ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝʤ, ʠ, ʥʘʦʙʦʨʦʪ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ ʦʢʠʩʣʝʥʠʝʤ. 

ʇʨʠ ʵʪʦʤ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʦʪʜʘʚʘʝʤʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʨʘʚʥʦ ʯʠʩ-

ʣʫ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʦʢʠʩʣʠʪʝʣʝʤ. 
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ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʷʪʴ ʦʢʠʩʣʠʪʝʣɹ-

ʥʳʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʩʪʝʧʝʥʠ ʦʢʠʩ-

ʣʝʥʠʷ ʘʪʦʤʦʚ, ʥʝʩʫʱʠʭ ʵʪʠ ʬʫʥʢʮʠʠ. ɸʪʦʤ ʵʣʝʤʝʥʪʘ ʚ ʩʦʩʪʦʷʥʠʠ 

ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʧʨʦʷʚʣʷʝʪ ʣʠʰʴ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʪʦʣʴʢʦ ʧʨʠʥʠʤʘʪʴ ʵʣʝʢʪʨʦʥʳ, ʥʘʧʨʠʤʝʨ, ʅ2S
+6

O4, 

ʅN
+5
ʆ3, ʂʄn

+7
ʆ4 ʠ ʜʨ. ɸʪʦʤ ʵʣʝʤʝʥʪʘ ʚ ʥʠʟʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʧʨʦʷʚʣʷʝʪ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʪʦʣʴʢʦ 

ʦʪʜʘʚʘʪʴ ʵʣʝʢʪʨʦʥʳ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʅ2S, Nʅ3, HCl, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʩʝʨʳ, ʘʟʦʪʘ ʠ ʭʣʦʨʘ ʠʤʝʶʪ 

ʥʠʟʰʠʝ ʩʪʝʧʝʥʠ ʠʭ ʦʢʠʩʣʝʥʠʷ, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ -2, -3 ʠ -1.  

ɽʩʣʠ ʞʝ ʚʝʱʝʩʪʚʦ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ, ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʦʥʦ ʤʦ-

ʞʝʪ ʙʳʪʴ ʣʠʙʦ ʦʢʠʩʣʠʪʝʣʝʤ, ʣʠʙʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ: ʅ2S
+4

O3 ʠ ʅN
+3

O2 

ʠ ʜʨ. ʊʘʢʠʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʜʚʦʡʩʪʚʝʥʥʦʩʪʴʶ.  

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʣʘʥʩʘ. 

ɽʩʣʠ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ ʫʢʘʟʘʥʳ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʜʫʢʪʳ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʩʦʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ ʩʚʦʜʠʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʢ ʥʘʭʦʞʜʝʥʠʶ ʠ ʨʘʩʩʪʘʥʦʚʢʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʪʦʜʦʤ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʵʪʦʤ ʤʝʪʦ-

ʜʝ ʩʨʘʚʥʠʚʘʶʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʚ ʠʩʭʦʜʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʚʝ-

ʱʝʩʪʚʘʭ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʨʘʚʠʣʦʤ: ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʦʪʜʘʥʥʳʭ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʝʤ, ʜʦʣʞʥʦ ʨʘʚʥʷʪʴʩʷ ʯʠʩʣʫ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʤ. 

ʉʦʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢ-

ʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ï ʟʘʧʠʩʳʚʘʶʪ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʩʦ ʚʩʝʤʠ ʫʯʘʩʪʚʫʶʱʠʤʠ
 
ʚ ʥʝʡ 

ʚʝʱʝʩʪʚʘʤʠ ʙʝʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; 

ï ʚʳʜʝʣʷʶʪ ʘʪʦʤʳ ʵʣʝʤʝʥʪʦʚ, ʠʟʤʝʥʷʶʱʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ, ʠ ʦʧʨʝʜʝʣʷʶʪ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʦʪʜʘʥʥʳʭ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʝʤ ʠ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʦʢʠʩʣʠʪʝʣʝʤ; 
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ï ʫʨʘʚʥʠʚʘʶʪ ʯʠʩʣʦ ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʠ ʦʪʜʘʚʘʝʤʳʭ ʵʣʝʤʝʥʪʘʤʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜ ʬʦʨʤʫʣʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ, ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʠʟ-

ʤʝʥʷʶʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ; 

ï ʧʦʜʙʠʨʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʝ-

ʘʢʮʠʠ. 

ʇʨʠʤʝʨ 1. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʠʜʫʱʝʡ ʧʦ ʩʭʝʤʝ  

ʅ2S + ʂMnO4 + ʅ2SO4 Ÿ S + ʄnSO4 + ʂ2SO4 + H2O. 

ʈʝʰʝʥʠʝ. ʇʦʢʘʞʝʤ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʜʦ ʠ 

ʧʦʩʣʝ ʨʝʘʢʮʠʠ [6]:  

ʅ2S
ï2

 + ʂʄn
+7

O4 + ʅ2SO4 Ÿ S
0
 + ʄn

+2
SO4 + ʂ2SO4 + H2O. 

ʕʪʘ ʨʝʘʢʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ, ʪʘʢ ʢʘʢ ʠʟʤʝʥʷʶʪ-

ʩʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʩʝʨʳ ʠ ʤʘʨʛʘʥʮʘ. ʅ2S ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, 

ʂʄnʆ4 ï ʦʢʠʩʣʠʪʝʣʴ. ʉʦʩʪʘʚʣʷʝʤ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪ. ʝ. ʟʘʧʠ-

ʩʳʚʘʝʤ ʧʨʦʮʝʩʩʳ ʦʪʜʘʯʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ: 

 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ  S
2
 ï 2Ǜ = S

0
     | 5  ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ; 

ʦʢʠʩʣʠʪʝʣʴ  ʄn
+7

 + 5Ǜ = ʄn
2+

 | 2  ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

 

ʆʙʱʝʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʦʪʜʘʥʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʜʦʣʞʥʦ 

ʙʳʪʴ ʨʘʚʥʦ ʯʠʩʣʫ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʩʦʝʜʠʥʷʝʪ ʦʢʠʩʣʠʪʝʣʴ. 

ʆʙʱʠʤ ʥʘʠʤʝʥʴʰʠʤ ʢʨʘʪʥʳʤ ʜʣʷ ʦʪʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ 10. ʈʘʟʜʝʣʠʚ ʵʪʦ ʯʠʩʣʦ ʥʘ 5, ʧʦʣʫʯʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ 2 

ʜʣʷ ʦʢʠʩʣʠʪʝʣʷ KMnO4 ʠ ʧʨʦʜʫʢʪʘ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ï MnSO4. ʇʨʠ 

ʜʝʣʝʥʠʠ 10 ʥʘ 2 ʧʦʣʫʯʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï H2S ʠ 

ʧʨʦʜʫʢʪʘ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ï S. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʩʣʝʜʫʝʪ ʚʟʷʪʴ 5 ʤʦʣʴ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ 2 ʤʦʣʴ ʧʝʨʤʘʥʛʘ-

ʥʘʪʘ ʢʘʣʠʷ. ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʪʩʷ 5 ʤʦʣʴ ʘʪʦʤʦʚ S ʠ 2 ʤʦʣʴ ʄnSO4. ʂʦ-

ʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜ ʬʦʨʤʫʣʘʤʠ ʚʝʱʝʩʪʚ, ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʥʝ ʠʟʤʝʥʷʶʪ 

ʩʚʦʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʥʘʭʦʜʷʪ, ʥʘʦʙʦʨʦʪ, ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʯʠʩʣʘ 

ʘʪʦʤʦʚ ʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʷ. ɺ ʨʘʟʙʠʨʘʝʤʦʤ ʧʨʠʤʝʨʝ 

ʦʙʨʘʟʫʝʪʩʷ 1 ʤʦʣʴ ʂ2SO4 ʠ 8 ʤʦʣʴ ʚʦʜʳ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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5ʅ2S + 2ʂMnO4 + 3ʅ2SO4 = 5S + 2ʄnSO4 + ʂ2SO4 + 8H2O. 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʨʦʚʝʨʷʝʪʩʷ ʦʙʳʯʥʦ ʧʦʜ-

ʩʯʝʪʦʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ: ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʠʭ (2Ā4 + 3Ā4) = 20 ʠ ʚ ʧʨʘʚʦʡ 

(2Ā4 + 4Ā8) = 20. ʇʨʘʚʠʣʴʥʦ ʥʘʧʠʩʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚr ʨʘʞʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʚʝʱʝʩʪʚ, ʧʦʵʪʦʤʫ ʯʠʩʣʦ ʦʜʥʠʭ 

ʠ ʪʝʭ ʞʝ ʘʪʦʤʦʚ ʚ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ. 

ɻʦʚʦʨʷ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢ-

ʮʠʡ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ. 

1. ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʢʠʩ-

ʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚʘʭ. ʈʘʩʩʤʦʪʨʝʥ-

ʥʘʷ ʚ ʧʨʠʤʝʨʝ 1 ʨʝʘʢʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʵʪʦʤʫ ʪʠʧʫ. 

2. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ. ɺ ʥʠʭ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʚʝʱʝʩʪʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʪʦʤ ʩ ʙʦʣʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʦʢʠʩʣʷʝʪ ʘʪʦʤ ʩ ʤʝʥʴʰʝʡ ʩʪʝ-

ʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ. ʇʨʦʩʪʝʡʰʠʤʠ ʧʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʧʨʦʮʝʩʩʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʣʦʞʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

ʙʦʣʝʝ ʧʨʦʩʪʳʝ: 

2NaN
+5

O3 = 2NaN
+3

O2 + O0
2 . 

3. ʈʝʘʢʮʠʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʜʥʦʚʨʝ-

ʤʝʥʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʠ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʦʜʥʦ-

ʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ. ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʝʱʝʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʡ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ: 
 

3ʅN
+3

O2 = ʅN
+5

O3 + 2N
+2

O + H2O 

N
+3

 ï 2Ǜ = N
+5

  | 1     

N
+3

 + 1Ǜ = N
+2

  | 2 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ 3 ʤʦʣʴ ʅNʆ2; 1 ʤʦʣʴ ʷʚʣʷʝʪ-

ʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʘ 2 ʤʦʣʴ ï ʦʢʠʩʣʠʪʝʣʝʤ. 

 

3 
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ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

241. ʀʩʭʦʜʷ ʠʟ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʘʨʛʘʥʮʘ, ʩʝʨʳ ʠ ʘʟʦʪʘ ʚ ʩʦ-

ʝʜʠʥʝʥʠʷʭ KMnO4, H2S ʠ HNO2, ʦʙʲʷʩʥʠʪʝ, ʢʘʢʦʝ ʠʟ ʚʝʱʝʩʪʚ ʧʨʦʷʚ-

ʣʷʝʪ: ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ; ʪʦʣʴʢʦ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ; ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʜʚʦʡʩʪʚʝʥ-

ʥʦʩʪʴ? ʇʦʯʝʤʫ? ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

KMnO4 + H2SO4 +  NH3 Ÿ N2 + MnSO4 + K2SO4 + H2O. 

242*. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʷʭ ʨʝʘʢʮʠʡ, ʠʜʫʱʠʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʭʝʤʘʤ:   

Fe(OH)2 + O2 + H2O Ÿ Fe(OH)3; 

SO2 + NO2 + H2O Ÿ H2SO4 + NO; 

FeSO4 + KClO3 + H2SO4 Ÿ Fe2(SO4)3 + KCl + H2O. 

ɼʣʷ ʢʘʞʜʦʡ ʨʝʘʢʮʠʠ ʫʢʘʞʠʪʝ, ʢʘʢʦʝ ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝ-

ʣʝʤ, ʢʘʢʦʝ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ; ʢʘʢʦʝ ʚʝʱʝʩʪʚʦ ʦʢʠʩʣʷʝʪʩʷ, ʢʘʢʦʝ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

243
*
.  ʘ) K2Cr2O7 + KI  + H2SO4 Ÿ K2SO4 + I2 + Cr2(SO4)3 + H2O; 

ʙ) AsH3 + HNO3 Ÿ H3AsO4 + NO2 + H2O. 

244. ʀʩʭʦʜʷ ʠʟ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʭʨʦʤʘ ʚ ʚʝʱʝʩʪʚʘʭ Cr, KCrO2, 

K2CrO4, ʦʧʨʝʜʝʣʠʪʝ, ʢʘʢʦʝ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʠʪʝ-

ʣʝʤ, ʪʦʣʴʢʦ ʦʢʠʩʣʠʪʝʣʝʤ ʠʣʠ ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ? ʇʦʯʝʤʫ? ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ 

KCrO2 + ʂʆʅ + Br2 Ÿ K2CrO4 + KBr + H2O. 

245*.  ʘ) KMnO4 + H2SO4 + K2SO3 Ÿ MnSO4 + K2SO4 + H2O; 

ʙ) Cl2 + Ba(OH)2 (ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ) Ÿ BaCl2 + Ba(ClO3)2 + H2O. 

246. ʀʩʭʦʜʷ ʠʟ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩʝʨʳ, ʦʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʩʝʨ-

ʥʠʩʪʘʷ ʢʠʩʣʦʪʘ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ? ʇʦʜʙʝʨʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʨʝʘʢʮʠʷʭ, ʠʜʫʱʠʭ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʭʝʤʘʤ: 

ʘ) H2S + H2SO3 Ÿ S + H2O; 

ʙ) HClO4 + H2SO3 Ÿ HCl + H2SO4. 
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247. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ  ʠ ʫʢʘʞʠʪʝ, ʢʘʢʦʡ ʧʨʦʮʝʩʩ 

(ʦʢʠʩʣʝʥʠʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘ-

ʱʝʥʠʷʭ: ʘ) Se Ÿ K2SeO4; ʙ)Cl2 Ÿ HClO3; ʚ)HNO3Ÿ NH3. ʅʘ ʦʩʥʦʚʘ-

ʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ 

ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʩʭʝʤʝ 

Zn + HNO3 Ÿ Zn(NO3)2 + NH4NO3 + H2O. 

ʋʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. 

248. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʷʭ, ʫʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ:  

ʘ) ʅ2ʆ2 Ÿ ʆ2 + ʅ2ʆ;  

ʙ) ʈʅ3 + ʆ2 Ÿ ʈ2ʆ5 + ʅ2ʆ;  

ʚ) HClO3 Ÿ HCl + HClO4. 

249*. ɿʘʢʦʥʯʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

ʘ) Pb + HNO3(ʢʦʥʮʝʥʪʨʠʨ)Ÿ é; 

ʙ) Zn + HNO3(ʨʘʟʙʘʚʣ.)Ÿ é; 

ʚ) Al  + HNO3(ʦʯʝʥʴ ʨʘʟʙʘʚʣʝʥʥʘʷ) Ÿ ... . 

250. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ  ʠ ʫʢʘʞʠʪʝ, ʢʘʢʦʡ ʧʨʦʮʝʩʩ 

(ʦʢʠʩʣʝʥʠʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘ-

ʱʝʥʠʷʭ: ʘ) Cl
ï
 Ÿ Cl

+7
; ʙ) Cr

+3 
Ÿ Cr

+6
; ʚ) S

+6 
ŸS

2ï
. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ, 

ʠʜʫʱʝʡ ʧʦ ʩʭʝʤʝ  

Fe + H2SO4(ʢʦʥʮ.) Ÿ Fe2(SO4)3 + H2S + H2O. 

ʋʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. 

251*. ʘ) Fe2(SO4)3+Br2+NaOH Ÿ Na2SO4 + Na2FeO4 + NaBr+H2O; 

ʙ) Na2SO3 + O2 ŸNa2SO4. 

252. ʀʩʭʦʜʷ ʠʟ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩʝʨʳ ʚ ʩʦʝʜʠʥʝʥʠʷ H2S, H2SO3, 

H2SO4, ʦʧʨʝʜʝʣʠʪʝ, ʢʘʢʦʝ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, 

ʪʦʣʴʢʦ ʦʢʠʩʣʠʪʝʣʝʤ ʠʣʠ ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ 

ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ? ʇʦʯʝʤʫ? ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩ-

ʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ 

H2S + Br2 + H2O Ÿ H2SO4 + HBr. 
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ʋʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. 

253*. ʘ) ʅ2ʆ2 + KMnO4 + H2SO4 Ÿ ʆ2 + MnSO4 + K2SO4 + H2O; 

ʙ) S + H2SO4(ʢʦʥʮ)Ÿ SO2 + H2O. 

254. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ, ʫʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ:  

ʘ) S + KOH Ÿ K2S + K2SO3 + H2O; 

ʙ) KMnO4 Ÿ K2MnO4 + MnO2 + O2. 

255*. ɿʘʢʦʥʯʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ:  

ʘ) Pb + H2SO4(ʢʦʥʮʝʥʪʨʠʨ)Ÿ é; 

ʙ) Zn + H2SO4 (ʨʘʟʙ.)Ÿ é; 

ʚ) Zn + HNO3(ʢʦʥʮ.,ʛʦʨʷʯʘʷ) Ÿ é . 

256*. ʘ) H2S + HClO Ÿ H2SO4 + HCl; 

ʙ) HgS + HNO3 + HCl Ÿ HgCl2 + S + NO + H2O. 

257*. ʘ) PbS + H2O2 ŸPbSO4 + H2O; 

ʙ) K2Cr2O7+ H2SO4 + N2H4 Ÿ N2 + Cr2(SO4)3 + K2SO4 + H2O. 

258. ʀʩʭʦʜʷ ʠʟ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʬʦʩʬʦʨʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʈH3, 

H3ʈO3, H3ʈO4, ʦʧʨʝʜʝʣʠʪʝ, ʢʘʢʦʝ ʠʟ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʝʤ, ʪʦʣʴʢʦ ʦʢʠʩʣʠʪʝʣʝʤ ʠʣʠ ʧʨʦʷʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ? ʇʦʯʝʤʫ? ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ 

PbS + HNO3 Ÿ S + Pb(NO3)2 + NO + H2O. 

ʋʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. 

259*. ʘ) H3AsO3+H2SO4+KMnO4 Ÿ H3AsO4+MnSO4+K2SO4+H2O; 

ʙ) P + HClO3 + H2O Ÿ HCl + H3PO4. 

260. ɼʘʡʪʝ ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ, ʤʦʛʫʪ ʣʠ ʧʨʦʠʩʭʦʜʠʪʴ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ: ʘ) PH3 ʠ HBr; 

ʙ) K2Cr2O7 ʠ H3PO2; ʚ) HNO3 ʠ H2S? ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʨʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ 

ʧʦ ʩʭʝʤʝ  

MnSO4 + PbO2 + HNO3 Ÿ HMnO4 + Pb(NO3)2 + PbSO4 + H2O. 

ʋʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

*  ʉʤ. ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ 241. 
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14. ʕʃɽʂʊʈʆɼʅʓɽ ʇʆʊɽʅʎʀɸʃʓ. ɻɸʃʔɺɸʅʀʏɽʉʂʀɽ ʕʃɽʄɽʅʊʓ 

ɺ ʩʠʣʫ ʥʘʣʠʯʠʷ ʫ ʤʝʪʘʣʣʦʚ ʦʩʦʙʦʛʦ ʪʠʧʘ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪ-

ʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʝʪʘʣʣʘ ʚʩʝʛʜʘ ʠʤʝʝʪ 

ʤʝʩʪʦ ʨʘʚʥʦʚʝʩʠʝ Me
0
 ï nǛ Ө Me

n+
 [3, 4, 11]. 

ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʤʝʪʘʣʣʘ ʚ ʚʦʜʫ ʠʣʠ ʚ ʨʘʩʪʚʦʨ ʝʛʦ ʩʦʣʠ ʢʘʪʠʦʥʳ 

ʤʝʪʘʣʣʘ ʛʠʜʨʘʪʠʨʫʶʪʩʷ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʚʦʜʫ ʠʣʠ ʚ ʨʘʩʪʚʦʨ. ʇʨʠ ʵʪʦʤ 

ʤʝʪʘʣʣ ʦʢʠʩʣʷʝʪʩʷ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʥʘ ʤʝʪʘʣʣʝ ʵʣʝʢʪʨʦʥʳ ʟʘʨʷʞʘʶʪ 

ʧʣʘʩʪʠʥʢʫ ʤʝʪʘʣʣʘ ʦʪʨʠʮʘʪʝʣʴʥʦ. ɺʦʟʥʠʢʘʝʪ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʣʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʛʨʘʥʠʮʝ çʤʝʪʘʣʣ ï 

ʨʘʩʪʚʦʨè, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ 

ʚ ʨʘʩʪʚʦʨʝ. ʀʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʠʦ-

ʥʦʚ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ-

ʚʝʩʥʦʛʦ ʩʢʘʯʢʘ. ɺʦʟʥʠʢʘʶʱʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘʟʳʚʘʝʪʩʷ 

ʵʣʝʢʪʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɿʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʦʧ-

ʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʨʠ-

ʥʷʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʛʦ, ʥʘʟʳʚʘʝʤʳʡ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʠʣʠ ʥʦʨʤʘʣʴʥʳʤ, ʫʩʣʦʚʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʠ ʦʙʦ-

ʟʥʘʯʘʝʪʩʷ ɺ0,00

2ʅ/ʅ2
=j + . 

ʉʪʘʥʜʘʨʪʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʤʝʪʘʣʣʦʚ ű
0
 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7 ʚ 

ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠʭ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ. ɺʳʩʪʨʦʝʥʥʳʝ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ ű
0
 ʤʝʪʘʣʣʳ ʦʙʨʘʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʨʷʜ ʥʘʧʨʷʞʝʥʠʡ 

ʤʝʪʘʣʣʦʚ. ʇʦʣʦʞʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʵʪʦʤ ʨʷʜʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʥɹʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʦʥʘ ï ʢʘʪʠʦʥʘ. ʏʝʤ ʤʝʥʴʰʝ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦ-

ʪʝʥʮʠʘʣ, ʪʝʤ ʘʢʪʠʚʥʝʝ ʤʝʪʘʣʣ. ʂʘʞʜʳʡ ʤʝʪʘʣʣ, ʘ ʪʘʢʞʝ ʚʦʜʦʨʦʜ, 

ʩʧʦʩʦʙʝʥ ʚʳʪʝʩʥʠʪʴ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʟʘ ʥʠʤ ʚ ʨʷʜʫ ʥʘʧʨʷʞʝʥʠʡ 

ʤʝʪʘʣʣʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠʭ ʩʦʣʝʡ. ɺʩʝ ʤʝʪʘʣʣʳ, ʩʪʦʷʱʠʝ ʜʦ ʚʦʜʦʨʦʜʘ, 

ʚʳʪʝʩʥʷʶʪ ʝʛʦ ʠʟ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʠʩʣʦʪ (ʢʨʦʤʝ HNO3 ʣʁ -

ʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ). 

ʇʨʠʤʝʨ 1. ʉʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʠʢʝʣʷ ʙʦʣʴʰʝ, 

ʯʝʤ ʢʦʙʘʣʴʪʘ (ʪʘʙʣ. 7). ʀʟʤʝʥʠʪʩʷ ʣʠ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ, ʝʩʣʠ ʠʟʤʝʨʠʪʴ 
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ʧʦʪʝʥʮʠʘʣ ʥʠʢʝʣʷ ʚ ʨʘʩʪʚʦʨʝ ʝʛʦ ʠʦʥʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,001 ʤʦʣʴ/ʣ, 

ʘ ʢʦʙʘʣʴʪʘ ï 0,1 ʤʦʣʴ/ʣ. 

ʈʝʰʝʥʠʝ. ʆʧʨʝʜʝʣʠʤ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʧʨʠ 

ʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ [6, 9]: 

]lg[Me
n

0,059 n0 ++j=j , 

ʛʜʝ n ï ʯʠʩʣʦ ʦʪʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ;  

[Me
n+

] ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʤʦʣʴ/ʣ. 
 

ʊʘʙʣʠʮʘ 7 
 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ű
0
 ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ  

(ʨʷʜ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʨʷʜ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʣʣʦʚ) [8] 
 

ʕʣʝʢʪʨʦʜ ű
0
, ɺ ʕʣʝʢʪʨʦʜ ű

0
, ɺ 

Li
+
/Li  -3,045 Cd

2+
/Cd -0,403 

Rb
+
/Rb -2,925 ʉʦ

2+
/ʉʦ -0,277 

ʂ
+
/ʂ -2,924 Ni

2+
/Ni -0,25 

ʉs
+
/ʉs -2,923 Sn

2+
/Sn -0,136 

ɺʘ
2+
/ɺʘ -2,90 ʈb

2+
/ʈb -0,126 

ʉʘ
2+
/ʉʘ -2,87 Fʝ

3+
/Fe -0,037 

Nʘ
+
/Nʘ -2,714 2ʅ

+
/ʅ2 0,000 

ʄg
2+/
ʄg -2,37 Sb

3+
/Sb +0,20 

ɸl
3+

/ɸl -1,70 ɺi
3+

/Bi +0,215 

Ti
3+

/Ti -1,603 ʉu
2+

/ʉu +0,34 

Zr
4+

/Zr -1,58 ʉu
+
/ʉu +0,52 

ʄn
2+

/ʄn -1,18 Hg
+2

2 /2Hg +0,79 

V
2+

/V -1,18 ɸg
+
/ɸg +0,80 

ʉr
3+/
ʉr -0,913 ʅg

2+
/ʅg +0,85 

Zn
2+

/Zn -0,763 Pt
2+

/Pt +1,2 

ʉr
ɿ+

/ʉr -0,74 ɸu
3+

/ɸu +1,5 

Fe
2+

/Fʝ -0,44 Au
+
/Au +1,7 

 

ʕʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ű
0
 ʜʣʷ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʨʘʚʥʳ -0,25 ʠ -0,277 ɺ. ʊʦʛʜʘ, ʧʦʜʩʪʘʚʠʚ ʚʩʝ ʜʘʥʥʳʝ ʚ ʫʨʘʚʥʝʥʠʝ 

ʅʝʨʥʩʪʘ, ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ 
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;ɺ3385,010lg
2

059,0
25,0 3

/Ni2Ni
-=+-=j -

+  

.ɺ3065,010lg
2

059,0
277,0 1

/Co2Co
-=+-=j -

+  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʟʤʝʥʠʚʰʝʡʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʜʥʳʡ 

ʧʦʪʝʥʮʠʘʣ  ʢʦʙʘʣʴʪʘ ʩʪʘʣ ʙʦʣʴʰʝ ʧʦʪʝʥʮʠʘʣʘ ʥʠʢʝʣʷ. 

ʇʨʠʤʝʨ 2. ʇʣʘʩʪʠʥʢʫ ʠʟ ʤʘʛʥʠ ̫ʦʧʫʩʪʠʣʠ ʚ ʨʘʩʪʚʦʨ ʝʛʦ ʩʦʣʠ. 

ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʘʛʥʠʷ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ -2,41 ɺ. 

ɺʳʯʠʩʣʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ Mg
2+

 ʚ ʤʦʣʴ/ʣ. 

ʈʝʰʝʥʠʝ. ʇʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʪʘʢʞʝ ʨʝʰʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚ-

ʥʝʥʠʷ ʅʝʨʥʩʪʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʠʟʚʝʩʪʥʘʷ ʚʝʣʠʯʠʥʘ [Mg
2+
] ʠ 

ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦ ʩʣʝʜʫʶʱʝʝ: 

.3559,1
0295,0

04,0
]Mglg[

];Mglg[0295,004,0

];Mglg[
2

059,0
37,241,2

2

2

2

-=-=

=-

+-=-

+

+

+

 

ʆʪʩʶʜʘ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʤʘʛʥʠʷ:  

[Mg
2+

] = 4,41Ā10
ï2

 ʤʦʣʴ/ʣ. 

ʇʨʠʤʝʨ 3. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʤ 

ʵʣʝʢʪʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʝʚʘʷ ʠ ʮʠʥʢʦʚʘʷ ʧʣʘʩʪʠʥʢʠ, ʧʦʛʨʫʞʝʥ-

ʥʳʝ ʚ ʨʘʩʪʚʦʨʳ ʠʭ ʠʦʥʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʦʣʴ/ʣ. ʂʘʢʦʡ ʤʝʪʘʣʣ ʷʚ-

ʣʷʝʪʩʷ ʘʥʦʜʦʤ, ʢʘʢʦʡ ʢʘʪʦʜʦʤ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʵʪʦʤ ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ 

ʵʣʝʤʝʥʪʝ, ʠ ʚʳʯʠʩʣʠʪʝ ʝʛʦ ʕɼʉ. 

ʈʝʰʝʥʠʝ. ʉʭʝʤʘ ʜʘʥʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

A(-) ʄgƅʄg
2+
ƐZn

2+
ƅZn (+)K 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʯʝʨʪʘ ʦʙʦʟʥʘʯʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʤʝ-

ʪʘʣʣʦʤ ʠ ʨʘʩʪʚʦʨʦʤ, ʘ ʜʚʝ ʯʝʨʪʦʯʢʠ ï ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʠʭ 

ʬʘʟ ï ʧʦʨʠʩʪʫʶ ʧʝʨʝʛʦʨʦʜʢʫ ʠʣʠ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʪʨʫʙʢʫ, ʟʘʧʦʣʥʝʥ-

ʥʫʶ ʨʘʩʪʚʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʄʘʛʥʠʡ ʠʤʝʝʪ ʤʝʥʴʰʠʡ ʧʦʪʝʥʮʠʘʣ (-2,37 ɺ) ʠ, ʢʘʢ ʙʦʣʝʝ ʘʢʪʠʚ-

ʥʳʡ ʤʝʪʘʣʣ, ʷʚʣʷʝʪʩʷ ʘʥʦʜʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ: 
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A(-): Mg
0
 ï 2Ǜ = Mg

2+
. 

ʎʠʥʢ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʛʦ -0,763 ɺ, ï ʢʘʪʦʜ, ʪ. ʝ. ʵʣʝʢʪʨʦʜ, ʥʘ 

ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ: 

K(+): Zn
2+

 + 2Ǜ = Zn
0
. 

ʋʨʘʚʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ, ʩʣʦʞʠʚ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦ-

ʮʝʩʩʦʚ:  

Mg + Zn
2+

 = Mg
2+

 + Zn. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʟ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʘʪʦʜʘ ʩʣʝʜʫʝʪ ʚʳʯʝʩʪʴ ʧʦʪʝʥ-

ʮʠʘʣ ʘʥʦʜʘ. ʊʘʢ ʢʘʢ ʧʦ ʫʩʣʦʚʠʶ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩʦ-

ʩʪʘʚʣʷʝʪ 1 ʤʦʣʴ/ʣ, ʪʦ ʕɼʉ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʜʚʫʭ ʝʛʦ ʵʣʝʢʪʨʦʜʦʚ: 

1,607ɺ2,37)(0,763ʕɼʉ 0

/MgMg

0

/ZnZn 22
=---=j-j=

++ . 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

261. ʕʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʝʜʥʦʛʦ ʠ 

ʮʠʥʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʦʜʥʦʤʦʣʷʨʥʳʝ ʨʘʩʪʚʦʨʳ ʩʫʣʴ-

ʬʘʪʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ, ʨʘʚʥʘ 1,1 ɺ. ʈʘʩʩʯʠʪʘʡʪʝ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʕɼʉ, 

ʝʩʣʠ ʚʟʷʪʴ 2 ʄ ʨʘʩʪʚʦʨ CuSO4 ʠ 0,001 ʥ. ʨʘʩʪʚʦʨ ZnSO4. 

262. ʋʚʝʣʠʯʠʪʩʷ, ʫʤʝʥʴʰʠʪʩʷ ʠʣʠ ʦʩʪʘʥʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʘ 

ʢʘʜʤʠʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʝ ʩ ʨʘʩʪʚʦʨʘʤʠ: ʘ) ɸgNʆ3; 

ʙ) Zn(Nʆ3)2; ʚ) ʈb(Nʆ3)2? ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

263. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʳ ʜʚʫʭ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʜʥʦʤ ʠʟ 

ʢʦʪʦʨʳʭ ʤʝʜʴ ʙʳʣʘ ʙʳ ʢʘʪʦʜʦʤ, ʘ ʚ ʜʨʫʛʦʤ ï ʘʥʦʜʦʤ. ʅʘʧʠʰʠʪʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝ-

ʢʘʶʱʠʭ ʥʘ ʢʘʪʦʜʝ ʠ ʥʘ ʘʥʦʜʝ, ʨʘʩʩʯʠʪʘʡʪʝ ʕɼʉ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ 1 ʥ. 

264. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ, ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʠ ʚʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʚʠʥ-
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ʮʦʚʦʡ ʠ ʤʘʛʥʠʝʚʦʡ ʧʣʘʩʪʠʥ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʘʭ ʠʭ ʩʦʣʝʡ ʩ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ [ʈb
2+
] = 0,5, [ʄg

2+
] = 0,01 ʤʦʣʴ/ʣ. ʀʟʤʝʥʠʪʩʷ ʣʠ 

ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʞʜʦʛʦ ʠʟ ʠʦʥʦʚ ʫʚʝʣʠʯʠʪʴ 

ʚ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʨʘʟ? 

265. ʂʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ 

ʟʘʨʷʜʢʝ ʠ ʨʘʟʨʷʜʢʝ ʞʝʣʝʟʦʥʠʢʝʣʝʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ? 

266. ɾʝʣʝʟʥʘʷ ʠ ʤʝʜʥʘʷ ʧʣʘʩʪʠʥʢʠ ʧʦʛʨʫʞʝʥʳ ʚ 0,001 ʄ ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ ʩʚʦʠʭ ʩʦʣʝʡ. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ, ʥʘʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚ-

ʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

267. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʫ ʵʣʝʢʪʨʦʜʦʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʝʜʥʦʡ ʠ ʥʠʢʝʣʝʚʦʡ ʧʣʘʩʪʠʥʦʢ, ʧʦʛʨʫʞʝʥ-

ʥʳʭ ʚ ʦʜʥʦʥʦʨʤʘʣʴʥʳʡ ʨʘʩʪʚʦʨ ʉuSO4 ʠ ʜʚʫʤʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨ 

NiSO4? ʈʘʩʩʯʠʪʘʡʪʝ ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. 

268. ʈʘʩʩʯʠʪʘʡʪʝ ʕɼʉ ʵʣʝʤʝʥʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʢʘʜʤʠʝʚʳʤ ʵʣʝʢ-

ʪʨʦʜʦʤ, ʧʦʛʨʫʞʝʥʥʳʤ ʚ 0,01 ʥ. ʨʘʩʪʚʦʨ ʉdCl2, ʠ ʤʝʜʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, 

ʧʦʛʨʫʞʝʥʥʳʤ ʚ 1 ʄ ʨʘʩʪʚʦʨ ʉuCl2. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʠ ʥʘʧʠʰʠʪʝ 

ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʨʘʙʦʪʝ 

ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. 

269. ʂʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ 

ʟʘʨʷʜʢʝ ʠ ʨʘʟʨʷʜʢʝ ʞʝʣʝʟʦ-ʥʠʢʝʣʝʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ? 

270. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʦʩʥʦʚʝ ʢʦ-

ʪʦʨʦʛʦ ʣʝʞʠʪ ʨʝʘʢʮʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ 

Ni + Pb(NO3)2 = Ni(NO3)2 + Pb. 

ʅʘʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩ-

ʩʦʚ. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʝʩʣʠ [Ni
2+
] = 0,01 ʤʦʣʴ/ʣ, 

[ʈb
2+

] = 0,0001 ʤʦʣʴ/ʣ. 

271. ɺ ʜʚʝ ʧʨʦʙʠʨʢʠ ʩ ʨʦʟʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʢʦʙʘʣʴʪʘ (II ) 

ʧʦʤʝʩʪʠʣʠ ʞʝʣʝʟʥʫʶ ʠ ʩʝʨʝʙʨʷʥʫʶ ʧʨʦʚʦʣʦʯʢʠ. ɺ ʢʘʢʦʡ ʧʨʦʙʠʨʢʝ 

ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠ ʧʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʠ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʕɼʉ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

272. ʂʘʪʦʜʦʤ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʚʠʥʝʮ. ʇʦʜʙʝ-

ʨʠʪʝ ʤʝʪʘʣʣ ʜʣʷ ʘʥʦʜʘ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝ-
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ʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩ-

ʩʦʚ, ʠʦʥʥʦʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʧʨʠ 

ʨʘʙʦʪʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

273. ʅʠʢʝʣʝʚʳʡ ʠ ʢʦʙʘʣʴʪʦʚʳʡ ʵʣʝʢʪʨʦʜʳ ʥʘʭʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʚ ʨʘʩʪʚʦʨʘʭ Ni(NO3)2 ʠ ʉʦ(Nʆ3)2. ɺ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʵʪʠʭ ʤʝʪʘʣʣʦʚ, ʯʪʦʙʳ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥ-

ʮʠʘʣʳ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʦʚ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ?  

274. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʳ ʜʚʫʭ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʜʥʦʤ ʠʟ 

ʢʦʪʦʨʳʭ ʥʠʢʝʣʴ ʷʚʣʷʝʪʩʷ ʢʘʪʦʜʦʤ, ʘ ʚ ʜʨʫʛʦʤ ï ʘʥʦʜʦʤ. ʅʘʧʠʰʠʪʝ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦ-

ʪʝʢʘʶʱʠʭ ʥʘ ʢʘʪʦʜʝ ʠ ʘʥʦʜʝ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʡʪʝ ʕɼʉ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʡ. 

275. ʅʘ ʦʩʥʦʚʝ ʢʘʢʦʡ ʠʟ ʨʝʘʢʮʠʡ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ 

ʄn + FeSʆ4 = ʄnSʆ4 + Fe? 

ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʨʝʘʢ-

ʮʠʡ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. 

276. ʂʘʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʮʠʥʢʘ ʚ ʨʘʩʪʚʦʨʝ, 

ʯʪʦʙʳ ʵʣʝʤʝʥʪ  

(ï) MgƅMg
2+
ƐZn

2+
ƅZn (+) 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʩʦʣʠ ʤʘʛʥʠʷ [ʄg
2+
] =1 ʤʦʣʴ/ʣ, ʦʙʝʩʧʝʯʠʚʘʣ 

ʪʦʢ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʕɼʉ =1,60 ɺ?  

277. ʇʨʠ ʢʘʢʦʤ ʫʩʣʦʚʠʠ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, 

ʵʣʝʢʪʨʦʜʳ ʢʦʪʦʨʦʛʦ ʩʜʝʣʘʥʳ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʝʪʘʣʣʘ? ʉʦʩʪʘʚʴʪʝ 

ʩʭʝʤʫ ʵʣʝʤʝʥʪʘ, ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳ-

ʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʜʠʥ ʥʠʢʝʣʝʚʳʡ 

ʵʣʝʢʪʨʦʜ ʥʘʭʦʜʠʪʩʷ ʚ 0,001 ʄ ʨʘʩʪʚʦʨʝ, ʘ ʜʨʫʛʦʡ ʪʘʢʦʡ ʞʝ ʵʣʝʢʪʨʦʜ ï 

ʚ 0,01 ʥ. ʨʘʩʪʚʦʨʝ ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ. 

278. ɺ ʜʚʘ ʩʦʩʫʜʘ ʩ ʟʝʣʝʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ ʧʦʤʝʩʪʠʣʠ 

ʮʠʥʢʦʚʫʶ ʠ ʩʝʨʝʙʨʷʥʫʶ ʧʣʘʩʪʠʥʢʠ. ɺ ʢʘʢʦʤ ʩʦʩʫʜʝ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʧʦ-

ʩʪʝʧʝʥʥʦ ʧʨʦʧʘʜʘʝʪ? ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 
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279. ʄʘʨʛʘʥʮʝʚʳʡ ʵʣʝʢʪʨʦʜ ʚ ʨʘʩʪʚʦʨʝ ʝʛʦ ʩʦʣʠ ʠʤʝʝʪ ʵʣʝʢʪʨʦʜ-

ʥʳʡ ʧʦʪʝʥʮʠʘʣ ű = -1,23 ɺ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

(ʤʦʣʴ/ʣ) ʠʦʥʦʚ [Mn
2+

]. 

280. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʨʘʙʦʪʳ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʙʨʘʟʦ-

ʚʘʥʥʦʛʦ ʞʝʣʝʟʦʤ (II ) ʠ ʩʚʠʥʮʦʤ, ʧʦʛʨʫʞʝʥʥʳʤʠ ʚ 0,001 ʥ. ʨʘʩʪʚʦʨʳ 

ʠʭ ʩʦʣʝʡ. ʈʘʩʩʯʠʪʘʡʪʝ ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

15. ʕʃɽʂʊʈʆʃʀɿ. ɿɸʂʆʅʓ ʌɸʈɸɼɽʗ 

ʕʣʝʢʪʨʦʣʠʟ ï ʵʪʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ, ʧʨʦ-

ʪʝʢʘʶʱʘʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ 

ʨʘʩʧʣʘʚ ʠʣʠ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʘ [1-4, 11]. 

ʉʫʱʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʟʘ ʩʦʩʪʦʠʪ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʢʘʪʦʜʝ ʠ 

ʦʢʠʩʣʝʥʠʷ ʥʘ ʘʥʦʜʝ. ʇʨʠ ʵʪʦʤ ʢʘʪʦʜ ʦʪʜʘʝʪ ʵʣʝʢʪʨʦʥʳ ʢʘʪʠʦʥʘʤ, ʘ 

ʘʥʦʜ ʧʨʠʥʠʤʘʝʪ ʵʣʝʢʪʨʦʥʳ ʦʪ ʘʥʠʦʥʦʚ. ʈʘʟʨʷʜʢʘ ʨʘʟʥʳʭ ʠʦʥʦʚ ʚ ʥʝʡ-

ʪʨʘʣʴʥʳʝ ʘʪʦʤʳ ʪʨʝʙʫʝʪ ʨʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʏʝʤ ʘʢʪʠʚʥʝʝ ʤʝʪʘʣʣ, ʪ.ʝ. ʤʝʥʴʰʝ ʝʛʦ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪʝʤ 

ʪʨʫʜʥʝʝ ʚʳʜʝʣʠʪʴ ʝʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ.  

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʷʜʫ ʥʘʧʨʷ-

ʞʝʥʠʡ ʦʪ Li
+
 ʜʦ Al

3+
 ʚʢʣʶʯʠʪʝʣʴʥʦ, ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʥʘ ʢʘʪʦʜʝ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ: 2ʅ2ʆ + 2Ǜ = ʅ2 +2ʆʅ
ï
, ʪʘʢ ʢʘʢ ʩʪʘʥ-

ʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ű
0
 = -0,83 ɺ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʠʦʥʦʚ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ (ʩʤ. ʪʘʙʣ. 7). 

ʂʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʷʜʫ ʥʘʧʨʷʞʝʥʠʡ ʦʪ Mn
2+

 

ʜʦ ʅ
0
 ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʟʘ ʩʯʝʪ ʧʝʨʝʥʘ-

ʧʨʷʞʝʥʠʷ [4, 11].  

ʂʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʠʡ ʩʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʯʝʤ ʫ ʚʦʜʦʨʦʜʘ (ʦʪ ʉu
2+

 ʜʦ ɸu
3+
), ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ. 

ʍʘʨʘʢʪʝʨ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʘʥʦʜʝ, ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʧʨʠʩʫʪ-

ʩʪʚʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʪʘʢ ʠ ʦʪ ʚʝʱʝʩʪʚʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʜʝʣʘʥ ʘʥʦʜ. ʅʘ 
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ʠʥʝʨʪʥʦʤ (ʥʝʨʘʩʪʚʦʨʠʤʦʤ) ʘʥʦʜʝ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʪʚʦʨʦʚ 

ʩʦʣʝʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʢʠʩʣʷʶʪʩʷ ʘʥʠʦʥʳ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ, 

ʥʘʧʨʠʤʝʨ S
2ï

, I
ï
, ɺr

ï
, ʉl

ï
. ɽʩʣʠ ʞʝ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ ʘʥʠʦʥʳ ʢʠʩʣʦ-

ʨʦʜʥʳʭ ʢʠʩʣʦʪ, ʪʦ ʥʘ ʘʥʦʜʝ ʦʢʠʩʣʷʶʪʩʷ ʥʝ  ʵʪʠ ʠʦʥʳ, ʘ ʤʦʣʝʢʫʣʳ ʚʦ-

ʜʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ: 2ʅ2ʆ ï 4Ǜ = ʆ2 + 4ʅ
+
, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢ-

ʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ű
0
 = +1,23ɺ ʧʨʝʚʳʰʘʝʪ ʩʪʘʥʜʘʨʪ-

ʥʳʝ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʘʥʠʦʥʦʚ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ. ʇʦ-

ʵʪʦʤʫ ʥʘ ʘʥʦʜʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʜʝʪ ʦʢʠʩʣʝʥʠʝ ʘʥʠʦʥʦʚ, ʘ ʥʝ ʤʦʣʝ-

ʢʫʣ ʚʦʜʳ. 

ɺ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʠʤʳʭ ʘʥʦʜʦʚ ʵʣʝʢʪʨʦʥʳ ʚʦ ʚʥʝʰʥʶʶ ʮʝʧʴ ʧʦ-

ʩʪʫʧʘʶʪ ʦʪ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʜʝʣʘʥ ʘʥʦʜ, ʠ ʦʥ ʧʨʠ ʵʪʦʤ 

ʨʘʩʪʚʦʨʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ ʉu
0
 ï 2Ǜ = ʉu

2+
. 

ʇʨʠʤʝʨʳ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʚ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [5-7]. ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʦʢʠʩʣʷʶ-

ʱʝʛʦʩʷ ʥʘ ʘʥʦʜʝ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʥʘ ʢʘʪʦʜʝ ʠʣʠ ʦʙʨʘʟʫʶʱʝʛʦ-

ʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʦʚ ʌʘʨʘʜʝʷ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʧʦ ʬʦʨʤʫʣʝ 

96500

ŰIM
m ʵ ÖÖ= , 

ʛʜʝ m ï ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʛ;  

ʄ  ɻï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʚʝʝɦʩʪʚʘ, ʛ/ʤʦʣʴ;  

I ï cʠʣʘ ʪʦʢʘ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ, ɸ;  

Ű ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʟʘ, ʩ;  

96500 ï ʯʠʩʣʦ ʌʘʨʘʜʝʷ, ʂʣ/ʤʦʣʴ. 

ʇʨʠʤʝʨ 1. ɺʳʯʠʩʣʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʤʘʩʩʫ ʤʝʪʘʣʣʘ, ʟʥʘʷ, ʯʪʦ 

ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʭʣʦʨʠʜʘ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʟʘʪʨʘʯʝʥʦ 3880 ʂʣ ʵʣʝʢʪʨʠʯʝ-

ʩʪʚʘ ʠ ʥʘ ʢʘʪʦʜʝ ʚʳʜʝʣʷʝʪʩʷ 11,742 ʛ ʤʝʪʘʣʣʘ.  

ʈʝʰʝʥʠʝ. ʀʟ ʬʦʨʤʫʣʳ ʟʘʢʦʥʘ ʌʘʨʘʜʝʷ [6]  

29,35
38800

9650011,742

ŰI

96500m
ʄʵ =

Ö
=

Ö

Ö
=  ʛ, 

ʛʜʝ IĀŰ ï ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʂʣ, ʪ.ʝ. IĀŰ = 3880 ʂʣ.  
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ʇʨʠʤʝʨ 2. ʊʦʢ ʩʠʣʦʡ 6 ɸ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʚ ʪʝʯʝʥʠʝ 1,5 ʯ. ɺʳʯʠʩʣʠʪʴ ʦʙʲʝʤʳ ʚʳʜʝʣʠʚʰʠʭʩʷ 

ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʛʘʟʦʚ (ʫʩʣʦʚʠʷ ʥʦʨʤʘʣʴʥʳʝ). 

ʈʝʰʝʥʠʝ. ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʩʫʣʴʬʘʪʘ 

ʥʘʪʨʠʷ: 

Na2SO4 Ө 2Na
+
 + SO -2

4 . 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʦʥʳ ʥʘʧʨʘʚʣʷʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʢʘ ʢ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʤ ʵʣʝʢʪʨʦʜʘʤ: ʢʘʪʠʦʥʳ ï ʢ ʢʘʪʦʜʫ, ʘ ʘʥʠʦʥʳ 

ï ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʵʣʝʢʪʨʦʜʫ, ʪ.ʝ. ʢ ʘʥʦʜʫ. ʀʦʥʳ Na
+
 ʠ SO -2

4  ʚ ʚʦʜ-

ʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝ ʤʦʛʫʪ ʨʘʟʨʷʞʘʪʴʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʦʙʦʠʭ ʵʣʝʢʪʨʦ-

ʜʘʭ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚʦʜʳ: ʥʘ ʢʘʪʦʜʝ ï 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʝ, ʘ ʥʘ ʘʥʦʜʝ ï ʦʢʠʩʣʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʥɦʦʩʪʴ 

ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʵʣʝʢʪʨʦʣʠʟʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʵʣʝʢ-

ʪʨʦʜʥʳʤʠ ʨʝʘʢʮʠʷʤʠ:  

ʢʘʪʦʜ ʂ(ï):  2ʅ2ʆ + 2Ǜ = ʅ2 +2ʆʅ
ï
; 

ʘʥʦʜ ɸ(+):   2ʅ2ʆ ï 4Ǜ = ʆ2 + 4ʅ
+
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʥʘ ʢʘʪʦʜʝ 

ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ, ʘ ʥʘ ʘʥʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʦʙʲʝʤʦʚ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʧʨʝʜʩʪʘʚʠʤ ʫʨʘʚ-

ʥʝʥʠʝ ʟʘʢʦʥʘ ʌʘʨʘʜʝʷ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ, ʜʣʷ ʯʝʛʦ ʤʘʩʩʫ ʠ ʵʢʚʠʚʘ-

ʣʝʥʪʥʫʶ ʤʘʩʩʫ ʛʘʟʘ ʟʘʤʝʥʷʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʲʝʤʦʤ V
0
 ʠ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʤ ʦʙʲʝʤʦʤ V
o
:ɻ .

96500

ŰIV
V

ʦ
ʵo ÖÖ

=  ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩ-

ʣʦʚʠʷʭ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʦʙʲʝʤ ʚʦʜʦʨʦʜʘ ʨʘʚʝʥ 11,2 ʣ/ʤʦʣʴ, ʘ ʢʠʩʣʦʨʦʜʘ 

ï 5,6ʣ/ʤʦʣʴ, ʪʦ ʧʦʣʫʯʘʝʤ 

76,3
96500

540062,11
Vʦ

2ʅ
=

ÖÖ
=  ʣ; 

88,1
96500

540066,5
Vʦ

2ʆ
=

ÖÖ
=  ʣ. 

ɿʜʝʩʴ 1,5 ʯ = 5400 ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ ʚ ʩʝʢʫʥʜʘʭ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

281. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʘ 2(ɸĀʯ) 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʘ ʘʥʦʜʝ ʦʢʠʩʣʠʣʦʩʴ 1,196 ʛ ʩʫʣʴʬʠʜ-ʠʦʥʘ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʚ ʛ/(ɸĀʯ) ʠ ʤʦʣʷʨʥʫʶ 

ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʩʝʨʳ. 

282. ʇʨʠ ʪʦʢʝ ʩʠʣʦʡ 2ɸ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ. ʅʘ ʢʘʪʦʜʝ ʚʳʜʝʣʠʣʦʩʴ 

4,542 ʛ ʥʝʢʦʪʦʨʦʛʦ ʤʝʪʘʣʣʘ. ɺʳʯʠʩʣʠʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘ-

ʣʝʥʪ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʚ ʛ/(ɸĀʯ). 

283. ʊʦʢʦʤ ʩʠʣʦʡ 1000 ɸ ʟʘ 2 ʯ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʥʘ ʢʘʪʦʜʝ 243,9 ʛ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ. 

ʂʘʢʦʡ ʵʪʦ ʤʝʪʘʣʣ?  

284. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ. 

ɺʳʯʠʩʣʠʪʝ ʦʙʲʝʤʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʥʘ 

ʠʥʝʨʪʥʳʭ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʵʪʦʡ ʱʝʣʦʯʠ 

ʪʦʢʘ ʩʠʣʦʡ 5 ɸ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ. 

285. ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʠʣʝ ʪʦ-

ʢʘ 5 ɸ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, ʚʳʯʠʩʣʠʪʝ ʦʙʲʝʤ ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ ʚʝʱʝʩʪʚ. 

286. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʜʝʣʷʪʩʷ ʧʨʠ ʧʨʦʭʦ-

ʞʜʝʥʠʠ 48250 ʂʣ ʯʝʨʝʟ ʨʘʩʧʣʘʚ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ? ʇʨʠʚʝʜʠʪʝ ʩʭʝʤʫ 

ʵʣʝʢʪʨʦʣʠʟʘ.  

287. ɿʘ 10 ʤʠʥ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʧʣʘʪʠʥʦʚʦʡ ʩʦʣʠ 

ʪʦʢʘ ʩʠʣʦʡ 5ɸ ʚʳʜʝʣʠʣʦʩʴ 1,517 ʛ ʧʣʘʪʠʥʳ. ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʫʶ 

ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʚʘʣʝʥʪʥʦʩʪʴ ʧʣʘʪʠʥʳ. 

288. ɺʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ  ʩʤʝʩʴ ʢʘʪʠʦʥʦʚ: ʉu
2+

, Zn
2+

, Ag
+
, 

Ni
2+
. ɺ ʢʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʫʜʫʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʫʢʘʟʘʥʥʳʝ 

ʠʦʥʳ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ? ʉʢʦʣʴʢʦ ʂʣ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʫʞʥʦ ʧʨʦʧʫʩʪʠʪʴ 

ʯʝʨʝʟ ʨʘʩʪʚʦʨ, ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʧʦ 1 ʛ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ? 

289. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ 

ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ (ʵʣʝʢʪʨʦʜʳ ʥʠʢʝʣʝʚʳʝ)? ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʤʘʩʩʘ ʘʥʦ-

ʜʘ, ʝʩʣʠ ʯʝʨʝʟ ʫʢʘʟʘʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʧʫʩʪʠʪʴ ʪʦʢ ʩʠʣʦʡ 3 ɸ ʚ ʪʝʯʝ-

ʥʠʝ 2 ʯ? 
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290. ʏʝʨʝʟ ʨʘʩʪʚʦʨʳ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʠ ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ (II) ʧʨʦ-

ʧʫʩʪʠʣʠ ʦʜʠʥʘʢʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʘ 

ʢʘʪʦʜʝ ʚʳʜʝʣʠʣʦʩʴ 5,4 ʛ ʩʝʨʝʙʨʘ. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʥʠʢʝʣʷ ʚʳʜʝʣʠʪʩʷ 

ʥʘ ʢʘʪʦʜʝ ʠʟ ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʘ? 

291. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ 

ʢʘʜʤʠʷ ʧʨʠ ʫʛʦʣʴʥʦʤ ʘʥʦʜʝ. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʢʘʜʤʠʷ ʚʳʜʝʣʠʪʩʷ ʥʘ 

ʢʘʪʦʜʝ, ʝʩʣʠ ʥʘ ʘʥʦʜʝ ʦʙʨʘʟʫʝʪʩʷ 1,12 ʣ ʢʠʩʣʦʨʦʜʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ? 

292. ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʦʣʦʚʘ ʪʦʢʦʤ ʩʠʣʦʡ 40 ɸ ʚ ʪʝ-

ʯʝʥʠʝ 1,5 ʯ ʧʦʣʫʯʝʥʦ 136,26 ʛ ʦʣʦʚʘ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʢɻ-

ʚʠʚʘʣʝʥʪʘ ʦʣʦʚʘ. ʏʝʤʫ ʨʘʚʥʘ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʦʣʦʚʘ ʚ ʩʦʣʠ?  

293. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʮʠʥ-

ʢʘ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘʣʝʥʪʘ ʮʠʥʢʘ, ʝʩʣʠ ʧʨʠ ʧʨʦʧʫʩ-

ʢʘʥʠʠ ʯʝʨʝʟ ʵʪʦʪ ʨʘʩʪʚʦʨ ʪʦʢʘ 4 ɸ ʚ ʪʝʯʝʥʠʝ 1470 ʩ ʥʘ ʢʘʪʦʜʝ ʚʳʜʝʣʠ-

ʣʦʩʴ 2 ʛ ʮʠʥʢʘ. 

294. ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʥʝʢʦʪʦʨʦʛʦ ʤʝʪʘʣʣʘ ʧʨʦ-

ʚʦʜʠʣʠ ʧʨʠ ʩʠʣʝ ʪʦʢʘ 6 ɸ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʢʘ-

ʪʦʜʝ ʚʳʜʝʣʠʣʦʩʴ 5,49 ʛ ʤʝʪʘʣʣʘ. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʵʢʚʠʚʘ-

ʣʝʥʪʘ ʤʝʪʘʣʣʘ. 

295. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʧʣʘʚʘ ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ  ʩʫʣʴʬʘʪʘ 

ʘʣ ʤʁʠʥʠʷ ʚ ʩʣʫʯʘʝ ʫʛʦʣʴʥʦʛʦ ʘʥʦʜʘ; ʚ ʩʣʫʯʘʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʘʥʦʜʘ. 

296. ʅʘ ɻʣʝʢʪʨʦʣʠʟ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 

10722,2 ʂʣ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʵʣʝʢʪʨʦʣʠʟʘ ʠ ʚʳʯʠʩʣʠʪʝ 

ʤʘʩʩʳ ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʚʝʱʝʩʪʚ. 

297. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ 

ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʮʠʥʢʘ (ʘʥʦʜ ï ʫʛʦʣʴʥʳʡ)? ʂʘʢʦʡ ʦʙʲʝʤ ʢʠʩʣʦʨʦʜʘ, 

ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʘʥʦʜʝ, ʝʩʣʠ ʥʘ 

ʢʘʪʦʜʝ ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʠʪʩʷ 0,65 ʛ ʮʠʥʢʘ. 

298. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʜʝʣʷʪʩʷ ʥʘ ʧʣʘʪʠʥʦ-

ʚʳʭ ʵʣʝʢʪʨʦʜʘʭ ʠʟ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʤʘʨʛʘʥʮʘ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʪʦʢʦʤ 

ʩʠʣʦʡ ʚ 3 ɸ ʟʘ 10 ʤʠʥʫʪ? ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʳ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦ-

ʮʝʩʩʦʚ. 
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299. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʤʝʪʘʣʣʘ ʚʳʜʝʣʠʣʦʩʴ ʥʘ ʢʘʪʦʜʝ ʧʨʠ ʧʨʦʭʦ-

ʞʜʝʥʠʠ ʪʦʢʘ ʚ 0,5 ɸ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ (ʇ)? 

ʂʘʢʦʝ ʚʝʱʝʩʪʚʦ ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʜʝʣʠʣʦʩʴ ʧʨʠ ʵʪʦʤ ʥʘ ʘʥʦʜʝ? 

300. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʠ ʨʘʩʧʣʘʚʘ 

ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ. 

16. ʂʆʈʈʆɿʀʗ ʄɽʊɸʃʃʆɺ 

ʂʦʨʨʦʟʠʷ ï ʵʪʦ ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʢʨʫ-

ʞʘʁ ʱʝʡ ʩʨʝʜʳ. ʕʪʦ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ [3, 4, 11]. ʇʦ ʤʝʭʘʥʠʟʤʫ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟ-

ʨʫhʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʢʦʨʨʦʟʠʠ: ʭʠʤʠʯʝʩʢʫʶ ʠ ʵʣʝʢʪʨʦʭʠʤʠ-

ʯʝʩʢʫʶ. 

ɺ ʩʣʫʯʘʝ ʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝ-

ʪʘʣʣʘ ʩ ʢʦʨʨʦʟʠʦʥʥʦ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ-ʥʝʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʛʘʟʘʤʠ. ʅʘʠʙʦʣʴʰʠʡ ʚʨʝʜ ʧʨʠʥʦʩʠʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦ-

ʟʠʷ. ɽʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʚʦʟʥʠʢʘʶʱʝʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʪʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢ-

ʨʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠʤʝʨ 1. ɺ ʞʝʣʝʟʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʘʪʩʷ ʜʝʪʘʣʠ ʠʟ ʤʝʜʠ. 

ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʂʘʢ 

ʦʪʨʘʟʠʪʩʷ ʢʦʥʪʘʢʪ ʞʝʣʝʟʘ ʩ ʤʝʜʴʶ ʥʘ ʧʨʦʮʝʩʩʝ ʢʦʨʨʦʟʠʠ? 

ʈʝʰʝʥʠʝ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʞʝʣʝʟʘ ʩ ʤʝʜʴʶ, ʪ. ʝ. ʤʝʪʘʣʣʦʚ, ʦʪʣʠʯʘʶ-

ʱʠʭʩʷ ʧʦ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʪʢʦ-

ʟʘʤʢʥʫʪʳʡ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʞʝʣʝʟʦ, ʢʘʢ ʙʦʣʝʝ ʘʢ-

ʪʠʚʥʳʡ ʤʝʪʘʣʣ (ű
ʦ
 = -0,44 ɺ), ʠʛʨʘʝʪ ʨʦʣʴ ʘʥʦʜʘ, ʘ ʤʝʜʴ ï ʤʝʥʝʝ ʘʢ-

ʪʠʚʥʳʡ ʤʝʪʘʣʣ (ű
ʦ
 = +0,34 ɺ) ï ʷʚʣʷʝʪʩʷ ʢʘʪʦʜʦʤ. ʉʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ [6, 9]: 

ɸ(ï)Fʝƅʅʉlƅʉu(+)K 

ʉʭʝʤʫ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ (ʘʥʦʜʥʳʡ ʠ ʢʘ-

ʪʦʜʥʳʡ ʧʨʦʮʝʩʩʳ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ɸ(-): Fe ï 2e = Fe
2+

; 
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ʂ(+): 2ʅ
+
 + 2ʝ = ʅ2. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʨʨʦʟʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʤʝʪʘʣʣ, ʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʝʝ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠʦʥʳ 

ʚʦʜʦʨʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʨʨʦ-

ʟʠʷ ʞʝʣʝʟʘ ʙʫʜʝʪ ʫʩʠʣʝʥʘ. 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣ ʨʘʟʨʫʰʘʝʪʩʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʦʪ ʢʦʨʨʦʟʠʠ, ʥʘʧʨʠʤʝʨ 

ʟʘɦ ʠʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʢʨʳʪʠʷ ʤʝʪʘʣʣʦʚ; ʩʦʟʜʘʥʠʝ ʩʧʣʘʚʦʚ ʩ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; ʧʨʦʪʝʢʪʦʨʥʘʷ ʟʘʱʠʪʘ ʠ ʵʣʝʢʪʨʦ-

ʟʘʱʠʪʘ (ʢʘʪʦʜʥʘʷ ʟʘʱʠʪʘ); ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʨʝʜʳ (ʚʚʝʜʝʥʠʝ ʠʥ-

ʛʠʙʠʪʦʨʦʚ) [1-4].  

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

301. ʇʨʠ ʢʦʨʨʦʟʠʠ ʭʨʦʤʘ, ʩʧʘʷʥʥʦʛʦ ʩʦ ʩʚʠʥʮʦʤ, ʚ ʩʝʨʥʦʢʠʩʣʦʡ 

ʩʨʝʜʝ ʦʙʨʘʟʫʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘ-

ʝʪʩʷ ʪʦʢ ʩʠʣʦʡ 6 ɸ. ʈʘʩʩʯʠʪʘʡʪʝ, ʢʘʢʘʷ ʤʘʩʩʘ ʭʨʦʤʘ ʦʢʠʩʣʠʪʩʷ ʠ 

ʩʢʦʣʴʢʦ ʣʠʪʨʦʚ ʚʦʜʦʨʦʜʘ ʚʳʜʝʣʠʪʩʷ ʟʘ 55 ʩ ʨʘʙʦʪʳ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ? 

ʇʨʠʚʝʜʠʪʝ ʩʭʝʤʫ ʚʦʟʥʠʢʘʶʱʝʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʥʘʧʠ-

ʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ. 

302. ɺ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦ-

ʨʦʜ, ʧʦʤʝʩʪʠʣʠ ʮʠʥʢʦʚʫʶ ʧʣʘʩʪʠʥʢʫ ʠ ʮʠʥʢʦʚʫʶ ʧʣʘʩʪʠʥʢʫ, ʯʘʩʪʠʯ-

ʥʦ ʧʦʢʨʳʪʫʶ ʘʣʶʤʠʥʠʝʤ. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦ-

ʟʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʝʝ? ʏʪʦ ʨʘʟʨʫʰʘʝʪʩʷ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ 

ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ. 

303. ʇʦʯʝʤʫ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʝ ʞʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʪʦʡʢʠʤ 

ʧʨʦʪʠʚ ʢʦʨʨʦʟʠʠ, ʯʝʤ ʪʝʭʥʠʯʝʩʢʦʝ ʞʝʣʝʟʦ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ 

ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʢʦʨʨʦʟʠʠ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʚʦ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ ʠ ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ. 

304. ʉʢʣʝʧʘʥʳ ʜʚʘ ʤʝʪʘʣʣʘ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ: 

ʘ) ʮʠʥʢ ʩ ʩʝʨʝʙʨʦʤ; ʙ) ʘʣʶʤʠʥʠʡ ʩ ʤʘʨʛʘʥʮʝʤ. ʋʢʘʞʠʪʝ, ʢʘʢʦʡ ʠʟ ʤʝ-

ʪʘʣʣʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʨʨʦʟʠʠ. ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ. 
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305. ʂʘʢʠʝ ʤʝʪʘʣʣʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʢʦʨʨʦʟʠʠ ʧʨʦʪʝʢ-

ʪʦʨʥʳʤ ʩʧʦʩʦʙʦʤ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʝʢʪʦʨʦʚ ʙʨʘʪʴ ʤʘʛʥʠʡ, ʮʠʥʢ? 

ʂʘʢʫʶ ʨʦʣʴ ï ʢʘʪʦʜʘ ʠʣʠ ʘʥʦʜʘ ï ʠʛʨʘʝʪ ʧʨʦʪʝʢʪʦʨ? ʉʦʩʪʘʚʴʪʝ ʩʭʝ-

ʤʳ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʠ ʤʘʛʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʞʝʣʝʟʦʤ ʚʦ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ, ʘ ʮʠʥʢʘ ï ʚ ʢʦʥʪʘʢʪʝ ʩʦ ʩʚʠʥʮʦʤ ʚ ʢʠ-

ʩʣʦʡ ʩʨʝʜʝ. 

306. ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʜʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʥʘ ʘʣʶʤʠʥʠʠ ʙʫʜʝʪ ʢʦʨʨʦʟʠʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʛʘʣʴʚʘʥʦʧʘʨ  r

ɸ(ï) 2Al/2Al
3+

| H2SO4 | (Cu)H2/6H
+
 (+)ʂ. 

ɿʘ 45 ʩʝʢʫʥʜ ʨʘʙʦʪʳ ʵʪʦʡ ʛʘʣʴʚʘʥʦʧʘʨʳ ʥʘ ʢʘʪʦʜʝ ʚʳʜʝʣʠʣʦʩʴ 

0,09 ʣ ʚʦʜʦʨʦʜʘ (ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʥ.ʫ.). ʈʘʩʩʯʠʪʘʡʪʝ, ʩʢʦʣʴʢʦ ʛʨʘʤʤʦʚ 

ʘʣʶʤʠʥʠʷ ʨʘʩʪʚʦʨʠʣʦʩʴ ʟʘ ʵʪʦ ʚʨʝʤʷ ʠ ʢʘʢʫʶ ʩʠʣʫ ʪʦʢʘ ʜʘʝʪ ʵʪʘ ʛʘʣʴ-

ʚʘʥʦʧʘʨʘ? 

307. ʄʝʜʴ ʧʦʢʨʳʪʘ ʦʣʦʚʦʤ. ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʦʣʦʚʷʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʦʙʨʘʟʫʝʪʩʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʪʦʢ ʩʠʣʦʡ 7,5 ɸ 

(cʨʝʜʘ ʢʠʩʣʘʷ ï HCl). ʂʘʢʘʷ ʤʘʩʩʘ ʦʣʦʚʘ ʨʘʩʪʚʦʨʠʪʩʷ ʠ ʩʢʦʣʴʢʦ ʣʠʪ-

ʨʦʚ ʚʦʜʦʨʦʜʘ ʚʳʜʝʣʠʪʩʷ ʥʘ ʤʝʜʥʦʤ ʢʘʪʦʜʝ ʟʘ 25 ʤʠʥʫʪ ʢʦʨʨʦʟʠʠ? ʉʦ-

ʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʵʣʝʢʪʨʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ.  

308. ɾʝʣʝʟʥʘʷ ʧʣʘʩʪʠʥʢʘ, ʩʢʣʝʧʘʥʥʘʷ ʩ ʤʝʜʥʦʡ, ʧʦʛʨʫʞʝʥʘ ʚ ʨʘʟ-

ʙʘʚʣʝʥʥʫʶ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ. ʅʘ ʢʘʢʦʡ ʧʣʘʩʪʠʥʢʝ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ 

ʚʦʜʦʨʦʜ? ʇʦʯʝʤʫ? ʇʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ ʠʟʦʙʨʘʟʠʪʝ ʵʣʝʢʪʨʦʥʥʳ-

ʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

309. ɾʝʣʝʟʥʦʝ ʠʟʜʝʣʠʝ ʧʦʢʨʳʣʠ ʢʘʜʤʠʝʤ. ʂʘʢʦʝ ʵʪʦ ʧʦʢʨʳʪʠʝ ð 

ʘʥʦʜʥʦʝ ʠʣʠ ʢʘʪʦʜʥʦʝ? ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʠ ʵʪʦʛʦ ʠʟʜʝʣʠʷ ʧʨʠ ʥʘʨʫʰʝ-

ʥʠʠ ʧʦʢʨʳʪʠʷ ʚʦ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ ʠ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ. ʂʘʢʠʝ ʧʨʦ-

ʜʫʢʪʳ ʢʦʨʨʦʟʠʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʝʨʚʦʤ ʠ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʷʭ? 

310. ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʘʪʤʦʩʬʝʨʥʘʷ ʢʦʨʨʦʟʠʷ ʣʫʞʝʥʦʛʦ ʠ ʦʮʠʥʢʦ-

ʚʘʥʥʦʛʦ ʞʝʣʝʟʘ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʧʦʢʨʳʪʠʷ? ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʳ ʛʘʣʴʚʘ-

ʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʦʚ. 

311. ɽʩʣʠ ʛʚʦʟʜʴ ʚʙʠʪʴ ʚʦ ʚʣʘʞʥʦʝ ʜʝʨʝʚʦ, ʪʦ ʨʞʘʚʯʠʥʦʡ ʧʦʢʨʳ-

ʚʘʝʪʩʷ ʪʘ ʝʛʦ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʜʝʨʝʚʘ. ʏʝʤ ʵʪʦ ʤʦʞʥʦ 
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ʦʙʲʷʩʥʠʪʴ? ɸʥʦʜʦʤ ʠʣʠ ʢʘʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʵʪʘ ʯʘʩʪʴ ʛʚʦʟʜʷ? ʉʦʩʪʘʚʴʪʝ 

ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

312. ʄʝʜʴ ʥʝ ʚʳʪʝʩʥʷʝʪ ʚʦʜʦʨʦʜ ʠʟ ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʠʩʣʦʪ. ʆʜʥʘʢʦ, 

ʝʩʣʠ ʢ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʢʝ, ʦʧʫʱʝʥʥʦʡ ʚ ʢʠʩʣʦʪʫ, ʧʨʠʢʦʩʥʫʪʴʩʷ ʮʠʥʢʦ-

ʚʦʡ, ʪʦ ʥʘ ʤʝʜʠ ʥʘʯʠʥʘʝʪʩʷ ʙʫʨʥʦʝ ʚʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ. ɼʘʡʪʝ ʵʪʦʤʫ 

ʦʙʲʷʩʥʝʥʠʝ, ʩʦʩʪʘʚʠʚ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʦʚ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʪʝʢʘʶʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

313. ɸʣʶʤʠʥʠʝʚʫʶ ʠ ʞʝʣʝʟʥʫʶ ʧʣʘʩʪʠʥʢʠ ʦʧʫʩʪʠʣʠ ʚ ʨʘʩʪʚʦʨ 

ʭʣʦʨʠʜʘ ʤʝʜʠ. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʧʣʘʩʪʠʥʦʢ. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ 

ʧʨʦʭʦʜʠʪʴ ʥʘ ʧʣʘʩʪʠʥʢʘʭ, ʝʩʣʠ ʥʘʨʫʞʥʳʝ ʢʦʥʮʳ ʠʭ ʩʦʝʜʠʥʠʪʴ ʧʨʦ-

ʚʦʜʥʠʢʦʤ? 

314. ʂʘʢʦʡ ʤʝʪʘʣʣ ʙʫʜʝʪ ʦʢʠʩʣʷʪʴʩʷ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʝʩʣʠ: ʘ) ʤʝʜʴ ʧʦʢʨʳʪʘ ʘʣʶʤʠʥʠʝʤ; ʙ) ʥʠʢʝʣʴ ʧʦʢʨʳʪ ʩʝʨʝʙʨʦʤ? ʉʦ-

ʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʳʭ ʠ ʢʘʪʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʨ-

ʨʦʟʠʠ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

315. ʂʘʢʦʡ ʤʝʪʘʣʣ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʳʙʨʘʪʴ ʜʣʷ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘ-

ʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʩʚʠʥʮʦʚʦʡ ʦʙʦʣʦʯʢʠ ʢʘʙʝʣʷ: ʮʠʥʢ, ʤʘʛʥʠʡ ʠʣʠ 

ʭʨʦʤ? ʇʦʯʝʤʫ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩ-

ʭʦʜʷʱʠʭ ʧʨʠ ʢʦʨʨʦʟʠʠ ʧʨʦʪʝʢʪʦʨʘ ʚ ʢʠʩʣʳʭ ʧʦʯʚʝʥʥʳʭ ʚʦʜʘʭ. 

316. ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʞʝʣʝʟʝ ʠʜʝʪ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʛʘʣʴʚʘʥʦʧʘʨʳ 

ɸ(ï) Zn/Zn
2+

| H2SO4 | (Fe)H2/2H
+
 (+)ʂ.  

ɿʘ 48 ʩʝʢʫʥʜ ʨʘʙʦʪʳ ʵʪʦʡ ʛʘʣʴʚʘʥʦʧʘʨʳ ʯʝʨʝʟ ʚʥʝʰʥʶʶ ʮʝʧʴ 

ʧʨʦʪʝʢʣʦ 550 ʂʣ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʮʠʥʢʘ ʨʘʩʪʚʦʨʠʣʦʩʴ 

ʧʨʠ ʵʪʦʤ ʠ ʩʢʦʣʴʢʦ ʣʠʪʨʦʚ ʚʦʜʦʨʦʜʘ ʚʳʜʝʣʠʣʦʩʴ ʥʘ ʞʝʣʝʟʥʦʤ ʢʘʪʦʜʝ? 

317. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʞʝʣʝʟʦ ʧʦʢʨʳʣʠ: ʘ) ʮʠʥʢʦʤ; ʙ) ʦʣʦ-

ʚʦʤ; ʚ) ʥʠʢʝʣʝʤ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʳʭ ʠ ʢʘʪʦʜʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. 

318. ɺ ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ, ʦʙʨʘʟʫʶʱʝʤʩʷ ʧʨʠ ʢʦʨʨʦʟʠʠ 

ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʭʨʦʤʦʤ ʚ ʚʦʜʝ, ʥʘʩʳʱʝʥ-

ʥʦʡ ʢʠʩʣʦʨʦʜʦʤ, ʟʘ 1 ʤʠʥʫʪʫ 20 ʩʝʢʫʥʜ ʝʛʦ ʨʘʙʦʪʳ ʥʘ ʭʨʦʤʦʚʦʤ ʢʘʪʦ-
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ʜʝ ʚʦʩʩʪʘʥʦʚʠʣʦʩʴ 0,034 ʣ ʢʠʩʣʦʨʦʜʘ. ʆʧʨʝʜʝʣʠʪʝ, ʥʘ ʩʢʦʣʴʢʦ ʫʤʝʥʴ-

ʰʠʣʘʩʴ ʧʨʠ ʵʪʦʤ ʤʘʩʩʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʯʝʤʫ ʨʘʚʥʘ ʩʠʣʘ 

ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʚʥʝʰʥʝʡ ʮʝʧʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ.  

319. ɽʩʣʠ ʥʘ ʩʪʘʣʴʥʦʡ ʧʨʝʜʤʝʪ ʥʘʥʝʩʪʠ ʢʘʧʣʶ ʚʦʜʳ, ʪʦ ʢʦʨʨʦʟʠʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʨʝʜʥʷʷ, ʘ ʥʝ ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʩʤʦʯʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʇʦʩʣʝ 

ʚʳʩʳʭʘʥʠʷ ʢʘʧʣʠ ʚ ʝʝ ʮʝʥʪʨʝ ʧʦʷʚʣʷʝʪʩʷ ʧʷʪʥʦ ʨʞʘʚʯʠʥʳ. ʏʝʤ ʵʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ? ʂʘʢʦʡ ʫʯʘʩʪʦʢ ʤʝʪʘʣʣʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʦʜ ʢʘʧʣʝʡ 

ʚʦʜʳ, ʷʚʣʷʝʪʩʷ ʘʥʦʜʥʳʤ, ʘ ʢʘʢʦʡ ʢʘʪʦʜʥʳʤ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

320. ʇʨʠ ʨʘʙʦʪʝ ʛʘʣʴʚʘʥʦʧʘʨʳ  

ɸ(ï) 2Fe/2Fe
2+

| H2O, O2 |(C)4OH
ï
/2H2O, O2 (+)ʂ 

ʟʘ 1,5 ʤʠʥʫʪʳ ʦʙʨʘʟʦʚʘʣʦʩʴ 0,125 ʛ Fe(OH)2. ɺʳʯʠʩʣʠʪʝ ʦʙʝ̡ʤ ʢʠʩʣʦ-

ʨʦʜʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʥʘ ʧʦʣʫʯʝʥʠʝ Fe(OH)2. ʉʢʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʧʨʦʪʝʢʣʦ ʧʦ ʚʥʝʰʥʝʡ ʮʝʧʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘ ʵʪʦ ʚʨʝʤʷ? 

17. ʂʆʄʇʃɽʂʉʅʓɽ ʉʆɽɼʀʅɽʅʀʗ 

ʀʦʥʳ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠʩʦʝʜʠ-

ʥʷʪʴ ʢ ʩʝʙʝ ʧʦʣʷʨʥʳʝ ʤʦʣʝʢʫʣʳ ʠʣʠ ʜʨʫʛʠʝ ʠʦʥʳ, ʦʙʨʘʟʫʷ ʩʦʝʜʠʥʝʥʠʷ 

ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ [1-4]. ʎʝʥ-

ʪʨʘʣʴʥʳʡ ʠʦʥ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʠʩʦʝʜʠʥʷʶʱʠʝʩʷ ʢ 

ʥʝʤʫ ʯʘʩʪʠʮʳ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʘ ʩʘʤʠ ʯʘʩʪʠ-

ʮ  rï ʣʠʛʘʥʜʘʤʠ. ʂʘʞʜʳʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠ-

ʥʠʪʴ ʢ ʩʝʙʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʣʠʛʘʥʜʦʚ. ʕʪʦ ʯʠʩʣʦ ʥʘʟʳʚʘʝʪʩʷ ʢʦ-

ʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ ʠʤʝʶʪ 

ʧʝʨʝʤʝʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 6 ʠ 4, ʭʦʪʷ ʚʦʟʤʦʞʥʳ ʠ 2, ʨʝʞʝ 8.  

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʚʥʫʪʨʝʥʥʶʶ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ. ʀʦʥʳ ʞʝ, ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʳʝ ʦʪ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʩʦ-

ʩʪʘʚʣʷʶʪ ʚʥʝʰʥʶʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ. ɺ ʬʦʨʤʫʣʘʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ ʟʘʢʣʶʯʘʶʪ ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ. 
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ʇʨʠʤʝʨ 1. ʊʘʢ ʥʘʟʳʚʘʝʤʘʷ ʞʝʣʪʘʷ ʢʨʦʚʷʥʘʷ ʩʦʣʴ K4[Fe(CN)6] ï 

ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʘʥʠʜʦʚ ʧʦ 

ʨʝʘʢʮʠʠ 

4KCN + Fe(CN)2 = K4[Fe(CN)6]. 

ɺ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ [Fe(CN)6]
4ï

 ï ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ, Fe
2+

 ï ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ, CN
ï
 ï ʣʠʛʘʥʜʳ; ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠʦʥʘ 

Fe
2+ 
ʨʘʚʥʦ 6 [6]. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ Fe

2+
 ʠ ʰʝʩʪʴ ʮʠʘʥʠʜʥʳʭ ʠʦ-

ʥʦʚ-ʣʠʛʘʥʜʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 

ʠ ʩʦʩʪʘʚʣʷʶʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ, ʘ ʯʝʪʳʨʝ ʠʦʥʘ ʂ
+
 ʥʘ-

ʭʦʜʷʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. 

ʃʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʜʥʦʨʦʜʥʳʝ, ʪʘʢ ʠ ʨʘʟʥʦʨʦʜʥʳʝ. ʂʦʤ-

ʧʣʝʢʩʥʳʡ ʠʦʥ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ 

ʢʘʢ ʤʦʣʝʢʫʣʳ, ʪʘʢ ʠ ʠʦʥʳ. ʊʘʢ, ʠʦʥ Cr
3+

 ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ: [Cr(H2O)6]
3+

; 

[Cr(NH3)3(H2O)3]
3+

; [Cr(NH3)6]
3+

; [Cr(H2O)5Cl]
2+

 ʠ ʜʨ.  

ɽʩʣʠ ʚʩʷ ʚʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ ʟʘʧʦʣʥʝʥʘ ʪʦʣʴʢʦ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦ-

ʣʝʢʫʣʘʤʠ-ʣʠʛʘʥʜʘʤʠ, ʪʦ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʨʘʚʝʥ ʟʘʨʷʜʫ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ (ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ ʢʘʪʠʦʥʥʦʛʦ ʪʠʧʘ). ʅʘʧʨʠʤʝʨ, 

[Zn(NH3)4]
2+

 ʨʘʚʝʥ +2. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʨʘ-

ʚʝʥ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʟʘʨʷʜʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʣʠʛʘʥ-

ʜʦʚ. ɿʥʘʷ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʠ ʟʘʨʷʜʳ ʣʠʛʘʥʜʦʚ, ʤʦʞʥʦ ʚʳʯʠʩ-

ʣʠʪʴ ʟʘʨʷʜ ʠʣʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʅʘʧʨʠʤʝʨ, 

ʧʦ ʟʘʨʷʜʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ [Pt
ʭ
 NH

0
3  Cl

-
5 ]
ï
 ʥʘʭʦʜʠʤ ʟʘʨʷʜ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʚʳʯʠʪʘʷ ʠʟ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʟʘʨʷʜʳ ʧʷʪʠ 

ʣʠʛʘʥʜʦʚ ʉl
ï
, ʘ ʤʦʣʝʢʫʣʘ NH

0
3

 
ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫ-

ʯʘʝʤ: ʭ + 0 ï 1Ā5 = ï1, ʦʪʩʶʜʘ ʥʘʭʦʜʠʤ ʭ = +4, ʪ.ʝ. ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʪʝʣʝʤ  ʚ ʵʪʦʤ ʠʦʥʝ ʷʚʣʷʝʪʩʷ Pt
4+

. 

ʈʘʩʪʚʦʨʷʷʩʴ ʚ ʚʦʜʝ, ʢʦʤʧʣʝʢʩʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʜʠʩʩʦʮʠʠʨʫʶʪ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ ʠ ʠʦʥʳ, ʚʭʦʜʷʱʠʝ ʚʦ ʚʥʝʰʥʶʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 

ʩʬʝʨʫ (ʧʝʨʚʠʯʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ). ʅʘʧʨʠʤʝʨ: 

K2[Cd(CN)4] Ө 2K
+
 + [Cd(CN)4]

2ï
; 

[Cu(NH3)4](OH)2 Ө [Cu(NH3)4]
2+

 + 2OH
ï
. 
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ʂʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ ʩʧʦʩʦʙʥʳ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʠʭ ʯʘʩʪʠʮʳ: ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʣʠʛʘʥʜʳ (ʚʪʦʨʠʯʥʘʷ ʜʠʩʩʦʠʘ-

ʮʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʨʘʩʪʚʦʨʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʦʥʘʤʠ ʠ ʦʙʨʘʟʫʶʱʠʤʠ ʠʭ 

ʯʘʩʪʠʮʘʤʠ:  

[Cd(CN)4]
2ï

 Ө ʉd
2+

 + 4CN
ï
; 

[Cu(NH3)4]
2+

 Ө Cu
2+

 + 4NH3. 

ʂʦʥʩʪʘʥʪʘ ʵʪʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʥʝʩʪʦʡʢʦ-

ʩʪʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦ-

ʥʘ. ʏʝʤ ʤʝʥʴʰʝ ʢʦʥʩʪʘʥʪʘ ʥʝʩʪʦʡʢʦʩʪʠ, ʪʝʤ ʧʨʦʯʥʝʝ ʢʦʤʧʣʝʢʩ. ʅʘ-

ʧʨʠʤʝʨ: 

[ ]

[ ]
.101,0

][Ag(CN)

][CN][Ag
K

;105,9
])Ag(NH[

][NH][Ag
K

21

2

2

]2[Ag(CN)

8

23

2
3

)]3[Ag(NH

-

-

-+

-

-

+

+

+

Ö=
Ö

=

Ö=
Ö

=

 

ʕʪʠ ʢʦʥʩʪʘʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʮʠʘʥʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩʝʨʝʙʨʘ 

[Ag(ʉN)4]
ï
 ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʦʯʥʝʝ ʝʛʦ ʘʤʤʠʘʢʘʪʘ [Ag(NH3)4]

+
. 

ʇʨʠ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ ʢʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ 

ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʙʨʘʟʫʶʱʠʝ ʝʛʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʣʠʛʘʥʜʳ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʜʚʦʡʥʳʝ ʩʦʣʠ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʯʝʥʴ ʤʘʣʦʡ 

ʩʪʦʡʢʦʩʪʠ. ʊʘʢ, ʜʚʦʡʥʘʷ ʩʦʣʴ KAl (SO4)2 ʬʦʨʤʘʣʴʥʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʠʦʥ [Al(SO4)2]
ï
, ʢʦʪʦʨʳʡ 

ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʩʦʩʪʘʚʥʳʝ 

ʯʘʩʪʠ, ʪ.ʝ. ʜʠʩʩʦʮʠʘʮʠʷ ʜʚʦʡʥʦʡ ʩʦʣʠ ï ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ: 

KAl (SO4)2 Ө K
+
 + Al

3+
 + 2SO -2

4 , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʪʠʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʘʣʶʤʠʥʠʷ K3[Al (OH)6] ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʠʦʥʳ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʩʬʝʨʳ: K3[Al (OH)6] Ө 3K
+
 + [Al (OH)6]

3ï
  

ɺ ʪʘʢʦʤ ʨʘʩʪʚʦʨʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʪ ʩʚʦʙʦʜʥʳʭ ʢʘʪʠʦʥʦʚ Al
3+

, 

ʯʪʦ ʣʝʛʢʦ ʜʦʢʘʟʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʝʡ: ʧʨʠʙʘʚʣʝʥʠʝ NaOH ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ Al (OH)3, ʘ ʩ ʨʘʩʪʚʦʨʦʤ ʜʚʦʡʥʦʡ ʩʦʣʠ 

ʦʩʘʜʦʢ ʚʳʧʘʜʘʝʪ: 
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2KAl(SO4)2 + 6NaOH = 2Al(OH)3Ź + K2SO4 + 3Na2SO4. 

ʇʨʠʤʝʨ 2. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ. ɺ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʩʦʣʠ ʩʦʩʪʘʚʘ ʉʦ(NO2)2Ā4NH3ĀCl ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʥʝ ʦʙ-

ʥʘʨʫʞʝʥʳ ʠʦʥʳ ʢʦʙʘʣʴʪʘ, NO-
2  ʠ ʘʤʤʠʘʢ. ʍʣʦʨ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʵʪʦʡ 

ʩʦʣʠ, ʦʙʨʘʟʫʝʪ ʦʩʘʜʦʢ AgCl ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʩʦʣʠ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ. ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦ-

ʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʩʦʣʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʠʦʥʘ. ʆʧʨʝʜʝʣʠ-

ʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʜʘʥʥʦʡ ʩʦʣʠ, ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʦʝ ʯʠʩʣʦ, ʘ ʪʘʢʞʝ ʟʘʨʷʜ ʠʦʥʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʉʦʩʪʘʚʴʪʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ 

ʠʦʥʥʦʤ ʚʠʜʝ. 

ʈʝʰʝʥʠʝ. ʀʦʥʳ ʢʦʙʘʣʴʪʘ, ʥʠʪʨʠʪ-ʠʦʥʳ ʠ ʘʤʤʠʘʢ ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

ʚ ʨʘʩʪʚʦʨʝ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʭʣʦʨʠʜ-ʠʦʥ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ 

[6, 7]. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ʜʚʘ ʠʦʥʘ: 

ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ (ʚʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ) ʠ ʠʦʥ ʭʣʦʨʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʬʘʢʪʦʚ ʬʦʨʤʫʣʫ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

[Co(NO2)2(NH3)4]Cl. ʃʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ ʘʥʠʦʥʳ NO-2  ʠ ʧʦʣʷʨʥʳʝ 

ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʨʘʚʥʦ 6 ï ʜʚʘ ʥʠʪʨʠʪ-

ʠʦʥʘ ʠ 4 ʤʦʣʝʢʫʣʳ NH3.  

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠʦʥʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʥʘʭʦʜʠʤ ʧʦ ʟʘʨʷʜʫ 

ʚʥʝʰʥʝʡ ʩʬʝʨʳ. ɿʘʨʷʜ ʘʥʠʦʥʘ ʭʣʦʨʘ Cl
ï
 ʨʘʚʝʥ -1, ʟʥʘʯʠʪ, ʟʘʨʷʜ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʨʘʚʝʥ +1, [Co(NO2)2(NH3)4]
+
. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ 

ʟʘʨʷʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ, ʨʘʚʥʘ ʟʘʨʷʜʫ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʠʦʥʘ. ɿʘʨʷʜ ʤʦʣʝʢʫʣʳ NH3 ʨʘʚʝʥ 0, ʟʘʨʷʜ ʠʦʥʘ NO-
2  = -1. 

ɿʘʨʷʜ ʠʦʥʘ ʢʦʙʘʣʴʪʘ ʨʘʚʝʥ ʭ. ʆʪʩʶʜʘ ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ  

ʭ + (ï1)Ā2 + 4Ā0 = +1, ʪ.ʝ. ʭ = 3. 

ɿʥʘʯʠʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʦʙʘʣʴʪʘ +3.  

ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ ʜʠʩʩʦʮʠʠʨʫʶʪ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʘʢ ʩʠʣʴ-

ʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ ʠ ʠʦʥʳ ʚʥʝʰʥʝʡ ʩʬʝʨʳ: 

Co(NO2)2(NH3)4]Cl Ө [Co(NO2)2(NH3)4]
+
 + Cl

ï
. 
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ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ:  

[Co(NO2)2(NH3)4]Cl + AgNO3 = [Co(NO2)2(NH3)4]NO3 + AgClŹ. 

ɺ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʤ: 

[Co(NO2)2(NH3)4]
+
 + Cl

ï
 + Ag

+
 + NO

-
3  = [Co(NO2)2(NH3)4]

+
 + AgClŹ. 

ɺ ʩʦʢʨʘʱʝʥʥʦ-ʠʦʥʥʦʤ ʚʠʜʝ: Ag
+
 + Cl

ï
 = AgClŹ. 

ʇʨʠʤʝʨ 3. ɼʘʡʪʝ ʥʘʟʚʘʥʠʷ, ʧʦʣʴʟʫʷʩʴ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʀʖʇɸʂ, 

ʩʣʝʜʫʶʱʠʤ ʢʦʤʧʣʝʢʩʘʤ: K4[Fe(CN)6], Na[Co(NO3)4(NH3)2], 

[Cr(H2O)5Cl]Cl2, [Pt(NH3)2(H2O)OH]NO3. 

ʈʝʰʝʥʠʝ. ɺ ʥʘʟʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʥʷʪʦ ʧʝʨʚʳʤ 

ʥʘʟʳʚʘʪʴ ʚ ʠʤʝʥʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ ʘʥʠʦʥ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ ʷʚʣʷʝʪ-

ʩʷ ʣʠ ʦʥ ʢʦʤʧʣʝʢʩʥʳʤ ʠʣʠ ʧʨʦʩʪʦ ʢʠʩʣʦʪʥʳʤ ʦʩʪʘʪʢʦʤ (ʘʥʠʦʥʦʤ) 

[6]. ʅʘʧʨʠʤʝʨ: NaCl ï ʭʣʦʨʠʜ ʥʘʪʨʠʷ; Cu(NO3)2 ï ʥʠʪʨʘʪ ʤʝʜʠ (II) ʠ 

ʪ.ʜ. ʕʪʘ ʨʝʢʦʤʝʥʜʘʮʠʷ ʩʪʨʦʛʦ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʠ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʥʘ-

ʟʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʝʨʚʳʤ ʚ ʠʤʝʥʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ 

ʥʘʟʳʚʘʶʪ ʘʥʠʦʥ, ʘ ʧʦʪʦʤ ʚ ʨʦʜʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ ï ʢʘʪʠʦʥ, ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʦʪʦʨʳʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ. ʂ ʥʘʟʚʘʥʠ̫ ʤ 

ʣʠʛʘʥʜʦʚ-ʘʥʠʦʥʦʚ ʧʨʠʙʘʚʣʷʝʪʩʷ ʩʫʬʬʠʢʩ -ʦ- (Cl
ï
 ï ʭʣʦʨʦ, CN

ï
 ï 

ʮʠʘʥʦ, NO-
2  ï

 
ʥʠʪʨʠʪʦ). ʅʘʟʚʘʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʢʨʦʤʝ ʤʦ-

ʣʝʢʫʣ ʚʦʜʳ, ʫʢʘʟʘʥʥʦʛʦ ʩʫʬʬʠʢʩʘ ʥʝ ʠʤʝʶʪ, ʤʦʣʝʢʫʣʫ ʘʤʤʠʘʢʘ NH3 

ʥʘʟʳʚʘʶʪ ï ʘʤʤʠʥ.  

ʏʠʩʣʦ ʣʠʛʘʥʜʦʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʶ, ʫʢʘ-

ʟʳʚʘʝʪʩʷ ʧʨʠʩʪʘʚʢʘʤʠ: ʤʦʥʦ-, ʜʠ-, ʪʨʠ-, ʪʝʪʨʘ-, ʧʝʥʪʘ- ʠ ʪ. ʜ., ʦʙʨʘʟʦ-

ʚʘʥʥʳʤʠ ʦʪ ʛʨʝʯʝʩʢʠʭ ʯʠʩʣʠʪʝʣʴʥʳʭ, ʧʨʠʯʝʤ ʧʨʠʩʪʘʚʢʫ ʤʦʥʦ- ʯʘʩʪʦ 

ʦʧʫʩʢʘʶʪ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʦʙʦʟʥʘʯʘʶʪ ʨʠʤ-

ʩʢʦʡ ʮʠʬʨʦʡ ʚ ʩʢʦʙʢʘʭ ʧʦʩʣʝ ʥʘʟʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ. ɽʩʣʠ ʦʥ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ, ʪʦ ʠʩʧʦʣʴʟʫʶʪ ʨʫʩʩʢʦʝ ʥʘʟʚʘ-

ʥʠʝ ʵʣʝʤʝʥʪʘ. ɽʩʣʠ ʞʝ ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ ʷʚʣʷʝʪʩʷ ʘʥʠʦʥʦʤ, ʪʦ ʫʧʦʪ-

ʨʝʙʣʷʶʪ ʣʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʦʩʣʝ ʥʝʛʦ ʨʠʤʩʢʦʡ 

ʮʠʬʨʦʡ ʦʙʦʟʥʘʯʘʁ ʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʚ ʢʦʥʮʝ ʧʨʠʙʘʚʣʷʶʪ ʩʫʬʬʠʢʩ 

çïʘʪè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʧʨʘʚʠʣʘʤ ʀʖʇɸʂ ʵʪʠ ʩʦʣʠ ʠʤʝʶʪ ʩʣʝ-

ʜʫʁ ʱʠʝ ʥʘʟʚʘʥʠʷ: 

K4[Fe(CN)6] ï ʛʝʢʩʘʮʠʘʥʦʬʝʨʨʘʪ (II) ʢʘʣʠʷ; 
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Na[Co(NO3)4(NH3)2] ï ʪʝʪʨʘʥʠʪʨʦʜʠʘʤʤʠʥʢʦʙʘʣʴʪʘʪ (III) ʥʘʪʨʠʷ; 

[Cr(H2O)5Cl]Cl2 ï ʭʣʦʨʠʜ ʭʣʦʨʦʧʝʥʪʘʘʢʚʘʭʨʦʤʘ (III ); 

[Pt(NH3)2(H2O)OH]NO3 ï ʥʠʪʨʘʪ ʛʠʜʨʦʢʩʦʜʠʘʤʤʠʥʘʢʚʘʧʣʘʪʠʥʳ (II ). 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

321. ʅʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: 

ʘ) ʪʝʪʨʘʮʠʘʥʦʮʠʥʢʘʪ ʪʝʪʨʘʘʤʠʜʤʝʜʠ (II); ʙ) ʪʨʠʦʢʩʘʣʘʪʦʨʦʜʠʘʪ (III ) 

ʢʘʣʠʷ; ʚ) ʭʣʦʨʠʜ ʙʨʦʤʦʪʝʪʨʘʘʤʤʠʥʘʢʚʦʭʨʦʤʘ (III); ʛ) ʪʨʠʭʣʦʨʦ-

ʪʨʠʘʤʤʠʥʢʦʙʘʣʴʪ (III). ʂ ʢʘʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʢʘʞʜʦʝ ʠʟ ʫʢʘʟʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ? 

322. ʂʘʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʟʳʚʘʶʪ ʜʚʦʡʥʳʤʠ ʩʦʣʷ-

ʤʠ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʩʦʣʝʡ: ʛʝʢʩʘʮʠʘ-

ʥʦʬʝʨʨʘʪ (II) ʢʘʣʠʷ ʠ (NH4)2Fe(SO4)2. ʂ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʨʠʣʠʣʠ ʨʘʩ-

ʪʚʦʨ ʱʝʣʦʯʠ. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ ʛʠʜʨʦʢʩʠʜʘ ʞʝʣʝʟʘ ʠ 

ʧʦʯʝʤʫ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. 

323. ʇʨʠ ʧʨʠʙʘʚʣʝʥʠʠ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʢ ʨʘʩʪʚʦʨʫ ʩʫʣʴʬʘʪʘ ʪʝʪʨʘ-

ʘʤʤʠʥʮʠʥʢʘ ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨʠʤʳʡ ʪʝʪʨʘʮʠʘʥʦʮʠʥʢʘʪ ʢʘʣʠʷ. ʅʘ-

ʧʠʰʠʪʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʠ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʂʦʥʩʪʘʥʪʘ ʥʝʩʪʦʡʢʦʩʪʠ ʢʘʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʙʦʣʴʰʝ? ʇʦʯʝʤʫ? 

324. ʉʦʩʪʘʚʴʪʝ ʜʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʘ CoClSO4Ŀ5NH3, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʦ ʠʟ ʥʠʭ, ʨʝʘʛʠʨʫʷ ʩ 

ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ, ʜʘʝʪ ʦʩʘʜʦʢ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ, ʘ ʜʨʫʛʦʝ, ʨʝʘʛʠʨʫʷ ʩ 

ʥʠʪʨʘʪʦʤ ʙʘʨʠʷ, ʦʙʨʘʟʫʝʪ ʦʩʘʜʦʢ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ ʉʦ
3+

 ʨʘʚʥʦ 6. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʚʝ-

ʱʝʩʪʚ ʠ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʠʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

325. ɻʠʜʨʦʢʩʠʜʳ ʙʝʨʠʣʣʠʷ ʠ ʮʠʥʢʘ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʘʤʤʠʘʢʝ ʠ 

ʠʟʙʳʪʢʝ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ. ʂʘʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ 

ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ? ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ ʠ ʧʨʠʚʝʜʠʪʝ ʚʳʨʘʞʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ. 

326. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʣʝʡ 

ʛʝʢʩʘʮʠʘʥʦʬʝʨʨʘʪʘ (III) ʥʘʪʨʠʷ ʠ KFe(SO4)2. ʂ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʨʠʣʠʣʠ 

ʨʘʩʪʚʦʨ ʨʦʜʘʥʠʜʘ ʘʤʤʦʥʠʷ. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʘʝʪ ʭʘ-
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ʨʘʢʪʝʨʥʳʡ ʚʠʰʥʝʚʳʡ ʮʚʝʪ ʨʦʜʘʥʠʜʘ ʞʝʣʝʟʘ (III )? ʇʨʠʚʝʜʠʪʝ ʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. 

327. ʉʦʩʪʘʚʴʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʠ ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝ-

ʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʙʘʣʴʪʘ: 

ʉoBr3Ŀ4NH3Ŀ2H2O; CoCl3Ŀ4NH3; CoCl3Ŀ4NH3ĿH2O; Co(CN)3Ŀ3KCN. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʉʦ
3+

 ʨʘʚʥʦ 6. 

328. ʉʦʩʪʘʚʴʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʩʝʤʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʩʦʯʝʪʘʥʠʷ ʯʘʩʪʠʮ: Cr
3+

, NH3, 

Cl
-
, H2O. ɺʩʝ ʢʦʤʧʣʝʢʩʳ ʥʘʟʦʚʠʪʝ. ʂʘʢʦʝ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤ ʥʝʵʣʝʢʪʨʦʣʠʪʦʤ? ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʉr
3+

 ʨʘʚʥʦ 6.  

329. ʆʧʨʝʜʝʣʠʪʝ  ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʦʝʜʠ-

ʥʝʥʠʷʭ: [Ni(NH3)6]Cl3; Na[Ag(NO2)2]; K2[MoF8]; [Cr(H2O)4Br2]Br. ʉʦ-

ʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʥʘʟʦʚʠʪʝ ʠʭ. 

330. ʂʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ 

[Ag(SCN)2]
ï
; [Ag(S2O3)2]

3ï
; [Ag(NO2)2]

ï
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 

ʂʥʝʩʪ. = 2,0Ŀ10
ï11

, ʂʥʝʩʪ.= 1Ŀ10
ï13 
ʠ ʂʥʝʩʪ.= 1,3Ŀ10

ï3
. ɺ ʢʘʢʦʤ ʠʟ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʝʤ ʵʪʠ ʠʦʥʳ ʚ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠʦʥʦʚ ʩʝʨʝʙʨʘ, 

ʪ.ʝ. ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʙʦʣʴʰʝ ʠ ʧʦʯʝʤʫ? 

331. ʀʦʜʠʜ ʩʝʨʝʙʨʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʮʠʘʥʠʜʝ ʢʘʣʠʷ ʠ ʥʝ ʨʘʩʪʚʦʨʷ-

ʝʪʩʷ ʚ ʘʤʤʠʘʢʝ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʨʝʰʠʪʝ, ʢʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʠʦʥ ï ʘʤʤʠʘʯʥʳʡ ʠʣʠ ʮʠʘʥʠʜʥʳʡ ï ʠʤʝ-

ʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ 

ʜʠʩʩʦʮʠʘʮʠʠ ʠʭ ʠ ʚʳʨʘʞʝʥʠʷ ʂʥʝʩʪ. 

332. ʆʧʨʝʜʝʣʠʪʝ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʩʫʨʴʤʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ: 

Rb[SbBr6]; Cu[SbCl2(SO3)2]2; Na[Sb(SO4)2]. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩ-

ʩʦʮʠʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʥʘʟʦʚʠʪʝ ʠʭ. 

333. ʉʦʩʪʘʚʴʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʩʝʤʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʩʦʯʝʪʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʯʘʩ-

ʪʠʮ: Co
3+

, NH3, NO-
2 , Na

+
. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ  ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʂʘʢʦʝ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ 

ʥʝʵʣʝʢʪʨʦʣʠʪʦʤ? ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʉʦ
3+

 ʨʘʚʥʦ 6. 
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334. ʆʧʨʝʜʝʣʠʪʝ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʣʝ-

ʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʷʭ: [Cr(H2O)6]PO4; [Cr(H2O)2(NH3)4Br]Cl; 

[Cr(H2O)4Br2]Br. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʘʭ ʠ ʥʘʟʦʚʠʪʝ ʠʭ. 

335. ʉʦʩʪʘʚʴʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʠ ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝ-

ʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʪʠʥʳ: PtCl2Ŀ4NH3; 

PtCl2Ŀ3NH3; PtCl2Ŀ2NH3; PtCl2ĿKClĿNH3; PtCl2Ŀ2KCl. ʂʘʢʦʝ ʠʟ ʵʪʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʥʝʵʣʝʢʪʨʦʣʠʪʦʤ? ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ Pt
2+

 ʨʘʚʥʦ 4. 

336. ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜ (ʭ) ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ: 

ʘ) [Pd(NH3)2(H2O)Cl]
x
; ʙ) [Co(NO2)4(NH3)2]

x
; ʚ) [PtCl(OH)5]

x
; 

ʛ) [Au(CN)2Cl2]
x
, ʝʩʣʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ +2, +3, +4 ʠ +3. ʅʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ. 

337. ʈʘʩʪʚʦʨʳ ʩʦʣʝʡ ʢʘʜʤʠʷ ʦʙʨʘʟʫʶʪ ʩʦ ʱʝʣʦʯʘʤʠ ʦʩʘʜʦʢ 

Cd(OH)2, ʘ ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ ï ʦʩʘʜʦʢ CdS. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢ-

ʮʠʡ. ʏʝʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʯʪʦ ʨʘʩʪʚʦʨ ʪʝʪʨʘʮʠʘʥʦʢʘʜʤʘʪʘ (II) ʢʘʣʠʷ 

ʦʙʨʘʟʫʝʪ ʦʩʘʜʦʢ ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʠ ʥʝ ʜʘʝʪ ʦʩʘʜʢʘ ʩʦ ʱʝʣʦʯʴʶ. ʉʦ-

ʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʨʝʘʢʮʠʡ. 

338. ʂʘʢ ʤʝʪʦʜ ɺʉ ʦʙʲʷʩʥʷʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʘʨʙʦʥʠʣʘ 

ʭʨʦʤʘ? ʇʦʯʝʤʫ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ Cr ʨʘʚ-

ʥʦ 6? ʆʪʚʝʪ ʧʦʷʩʥʠʪʝ ʩʭʝʤʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʭʨʦʤʘ ʚ ʧʦʣʝ ʣʠʛʘʥʜʦʚ ʉʆ. 

339. ʂʘʢʠʝ ʦʨʙʠʪʘʣʠ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚ-

ʥʝʡ ʭʨʦʤʘ (III) ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʚʥʝʰʥʝʦʨʙʠʪʘʣʴʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʦʥʘ [Cr(H2O)6]
3+
? ʂʘʢ ʤʝʪʦʜ ɺʉ ʦʙʲʷʩʥʷʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ? 

340. ʂʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ [HgCl4]
2ï

; 

[HgBr4]
2ï

 ʠ [HgI4]
2ï

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ ʂʥʝʩʪ.= 8,5Ŀ10
ï18

,  

ʂʥʝʩʪ. = 1,0Ŀ10
ï21 
ʠ ʂʥʝʩʪ.= 1,5Ŀ10

ï30
. ʂʘʢʦʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʠʦʥʦʚ ʦʙʣʘʜʘʝʪ 

ʙʦʣhɹʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ? ʇʦʯʝʤʫ? ʇʨʠʚʝʜʠʪʝ ʚʳʨʘʞʝʥʠʝ ʢʦʥʩʪʘʥʪʳ 

ʥʝʩʪʦʡʢʦʩʪʠ ʵʪʦʛʦ ʠʦʥʘ. 
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18. ʉɺʆʁʉʊɺɸ S-ʕʃɽʄɽʅʊʆɺ ʀ ʀʍ ʉʆɽɼʀʅɽʅʀʁ 

ʆʙʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ s-ʵʣʝʤʝʥʪʦʚ ...ns
1-2
, ʛʜʝ n ï ʛʣʘʚʥʦʝ 

ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ. ɺʦʜʦʨʦʜ ʠ ʛʝʣʠʡ, ʷʚʣʷʷʩʴ s-ʵʣʝʤʝʥʪʘʤʠ, ʧʦ ʩʚʦʠʤ 

ʩʚʦʡʩʪʚʘʤ ʙʣʠʞʝ ʢ ʨ-ʵʣʝʤʝʥʪʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ VIIɸ ʠ VIIIɸ ʛʨʫʧʧ, 

ʛʜʝ ʦʥʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. S-ʤʝʪʘʣʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ Iɸ ʠ IIɸ 

ʛʨʫʧʧʘʭ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ [1, 12]. 

ʕʪʠ ʵʣʝʤʝʥʪʳ, ʠʤʝʷ ʥʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ 

(4-9 ʵɺ), ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʋʚʝʣʠʯʝʥʠʝ 

ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʫʩʠʣʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ s-ʤʝʪʘʣʣʦʚ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʠʭ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝ-

ʨʘ, ʪ. ʝ. ʩʚʝʨʭʫ ʚʥʠʟ ʚ ʛʨʫʧʧʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʦʪʥʦʝh-

ʥʠʶ ʢ s-ʤʝʪʘʣʣʘʤ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦ-

ʩʪʴʶ ï ʦʢʠʩʣʠʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʜʦʨʦʜ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʩ ʵʪʠʤʠ ʤʝ-

ʪʘʣʣʘʤʠ ʛʠʜʨʠʜʳ, ʦʢʩʠʜʳ, ʧʝʨʦʢʩʠʜʳ ʠ ʩʫʧʝʨʦʢʩʠʜʳ, ʩʫʣʴʬʠʜʳ ʠ ʧʦ-

ʣʠʩʫʣʬɹʠʜʳ ʠ ʪ. ʧ.  

S-ʤʝʪʘʣʣʳ Iɸ-ʛʨʫʧʧʳ ʥʘʟʳʚʘʶʪ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʆʥʠ ʦʙ-

ʨʘʟʫʶʪ ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʱʝʣʦʯʠ. 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʨʘʚʥʘ +1. ʈʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʛʠʜʨʦʢʩʠʜʦʚ s-ʵʣʝʤʝʥʪʦʚ IIɸ-ʛʨʫʧʧʳ, ʥʘʟʚʘʥʥʳʭ ʱʝʣʦʯ-

ʥʦ-ʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʛʠʜʨʦʢʩʠʜʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ɺʝ(ʆʅ)2 ʠ ʄg(ʆʅ)2. ɻʠʜʨʦ-

ʢʩʠʜʳ ʉʘ(ʆʅ)2, Sr(ʆʅ)2 ʠ ɺʘ(ʆʅ)2 ï ʩʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ. ʀʭ ʨʘʩʪʚʦ-

ʨʠʤʦʩʪʴ ʠ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʷʜʫ ʉʘ Ÿ Sr Ÿ ɺʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʛʠʜʨʦʢʩʠʜʦʚ ʚʩʝʭ s-ʵʣʝʤʝʥʪʦʚ ɺʝ(ʆʅ)2 ʦʙʣʘʜʘʝʪ ʘʤʬʦʪʝʨ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʠʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ ʠʦʥʘ 

(0,034 ʥʄ) ʠ ʥʘʣʠʯʠʝʤ ʪʦʣʴʢʦ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʚ (n-1) ʢʚʘʥʪʦʚʦʤ 

ʩʣʦʝ, ʪʦʛʜʘ ʢʘʢ ʫ ʦʩʪʘʣʴʥʳʭ s-ʤʝʪʘʣʣʦʚ (n-1) ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʚʦʩʝʤʴ 

ʵʣʝʢʪʨʦʥʦʚ, ʢʨʦʤʝ ʣʠʪʠʷ. ʉʪʨʦʝʥʠʝ ʘʪʦʤʘ ʣʠʪʠʷ (ʥʝʙʦʣʴʰʦʡ ʨʘʜʠʫʩ) 

ʦʙʫʩʣʦʚʠʣʦ ʙʦʣʴʰʫʶ ʛʠʜʨʘʪʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʝʛʦ ʠʦʥʘ ʠ ʚ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʨʷʜʫ ʥʘʧʨʷʞʝʥʠʡ ï ʣʝʚʝʝ ʚʩʝʭ  s-ʤʝʪʘʣʣʦʚ 

(-3,02 ɺ). ʕʣʝʤʝʥʪʳ IIɸ-ʛʨʫʧʧʳ ʚʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʤʝʶʪ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ + 2. 
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S-ʤʝʪʘʣʣʳ ʧʦʣʫʯʘʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʦʣʠʟʦʤ ʠʭ ʨʘʩ-

ʧʣʘʚʣʝʥʥʳʭ ʩʦʣʝʡ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʝʨʠʣʣʠʷ ʠ ʤʘʛʥʠʷ, s-ʤʝʪʘʣʣʳ 

ʦʢʨʘʰʠʚʘʶʪ ʧʣʘʤʷ ʛʦʨʝʣʢʠ ʚ ʭʘʨʘʢʪʝʨʥʳʝ ʮʚʝʪʘ: Li  ï ʢʘʨʤʠʥʦʚʦ-

ʢʨʘʩʥʳʡ, Na ï ʞʝʣʪʳʡ, ʂ ï ʬʠʦʣʝʪʦʚʦ-ʩʠʨʝʥʝʚʳʡ, Rb ï ʛʦʣʫʙʦʚʘʪʦ-

ʢʨʘʩʥʳʡ, ʉs ï ʬʠʦʣʝʪʦʚʦ-ʩʠʥʠʡ, ʉʘ ï ʦʨʘʥʞʝʚʳʡ, Sr ï ʢʨʘʩʥʳʡ, ɺʘ ï 

ʪʨʘʚʷʥʠʩʪʦ-ʟʝʣʝʥʳʡ. 

ʆʩʪʘʥʦʚʠʪʝʩʴ ʥʘ ʦʯʝʥʴ ʚʘʞʥʦʤ ʚʦʧʨʦʩʝ ï ʞʝʩʪʢʦʩʪʠ ʧʨʠʨʦʜʥʦʡ 

ʚʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʝʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʦʣʝʡ 

ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ɾʝʩʪʢʦʩʪʴ ʚʦʜʳ ʚʳʨʘʞʘʝʪʩʷ ʩʫʤʤʦʡ ʤʠʣʣʠʵʢʚʠʚʘ-

ʣʝʥʪʦʚ ʠʦʥʦʚ ʉʘ
2+

 ʠ ʄg
2+ 
ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʦʣʝʡ, ʩʦʜʝʨʞʘ-

ʱʠʭʩʷ ʚ 1 ʣ ʚʦʜʳ (ʤʤʦʣʴ ʵʢʚ/ʣ): 

Vʄ

m
ɾ

ʵÖ
= , (ʤʤʦʣʴĀʵʢʚ/ʣ), 

ʛʜʝ m ï ʤʘʩʩʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ, ʥʘʭʦʜʷ-

ʱʝʡʩʷ ʚ ʚʦʜʝ, ʤʛ;  

ʄ  ɻï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʠʣʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʡ ʩʦʣʠ, ʤʛ/ʤʦʣʴ;  

V ï ʦʙʲʝʤ ʚʦʜʳ, ʣ. 

1 ʤʵʢʚ ʞʝʩʪʢʦʩʪʠ ʦʪʚʝʯʘʝʪ ʩʦʜʝʨʞʘʥʠʶ 20,04 ʤʛ/ʣ ʉʘ
2+

 ʠʣʠ 

12,26 ʤʛ/ʣ ʄg
2+

. ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʪʠʪʨʦʚʘʥʠʝʤ ʧʨʦʙʳ ʚʦʜʳ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʨʠʣʦʥʘ-ɹ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘʪʦʨʘ ʭʨʦʤʦʛʝʥʘ ʯʝʨʥʦʛʦ, ʘ ʚʨʝʤʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ï 

ʪʠʪʨʦʚʘʥʠʝʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦ-

ʛʦ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

V

1000ʉV
ɾ ʥʢ ÖÖ
= , 

ʛʜʝ Vʢ ʠ ʉʢ ï ʦʙʲʝʤ ʠ ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʦʚ (ʥʦʨ-

ʤʘʣʴʥʦʩʪʴ) ʨʘʩʪʚʦʨʘ ʩʦʣʥ̫ʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʪʨʠʣʦʥʘ-ɹ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʞʝʩʪʢʦʩʪʴʶ ʚʦʜʳ, ʥʘʜʦ ʧʨʠʤʝ-

ʥʷʪʴ ʟʘʢʦʥ ʵʢʚʠʚʘʣʝʥʪʦʚ. ʅʝ ʩʦʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ, ʩʨʘʟʫ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ, ʨʘʚʥʦʡ 

2,2 ʤʤʦʣʴ ʵʢʚ, ʥʫʞʥʦ 2,2 ʤʤʦʣʴ ʵʢʚ ʚʝʱʝʩʪʚʘ, ʫʩʪʨʘʥʷʶʱʝʛʦ ʞʝʩʪ-

ʢʦʩʪʴ; ʝʩʣʠ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʚ 1 ʣ ʚʦʜʳ ʧʦʰʣʦ 3 ʤʤʦʣʴ ʵʢʚ 

ʚʝʝɦʩʪʚʘ, ʪʦ ʠ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ ʙʫʜʝʪ ʨʘʚʥʘ 3 ʤʤʦʣʴ ʵʢʚ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

341. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʝʜʢʦʛʦ 

ʥʘʪʨʘ: ʘ) ʭʣʦʨʦʤ; ʙ) ʩʝʨʥʠʩʪʳʤ ʛʘʟʦʤ; ʚ) ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ; 

ʛ) ʩʝʨʦʚʦʜʦʨʦʜʦʤ; ʜ) ʠʟʙʳʪʢʦʤ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʚʦʜʳ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚ-

ʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʨʝʘʢʮʠʡ ʠ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʟʦʚʠʪʝ. 

342. ʇʦʯʝʤʫ ʛʘʰʝʥʘʷ ʠʟʚʝʩʪʴ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʥʘ 

ʚʦʟʜʫʭʝ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ? ɺʳʨʘʟʠʪʝ ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʥʝʡ ʠʟ-

ʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶɦʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

343. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʢʠʩʣʦʪʝ 5 ʛ ʥʝʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ, ʩʦʜʝʨʞʘ-

ʱʝʡ ʧʨʠʤʝʩʴ ʉʘʉʆ3, ʚʳʜʝʣʠʣʦʩʴ 140 ʤʣ ʛʘʟʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ ʥʦʨ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʩʦʜʝʨʞʘʣʘ 

ʠʟʚʝʩʪʴ? 

344. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʘ ʥʘʪʨʠʷ, 

ʩʫʣʴʬʠʜʘ ʤʘʛʥʠʷ ʠ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʚʦʜʦʡ. 

ʆʧʠʰʠʪʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʨʝʘʢʮʠʡ. 

345. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪ ʤʝʪʘʣʣʳ ʧʦʜʛʨʫʧʧʳ IIɸ ʚ ʯʠʩʪʦʤ 

ʚʠʜʝ? ʇʦʯʝʤʫ ʠʭ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʦʣʠʟʦʤ ʨʘʩʪʚʦʨʦʚ ʠʭ ʩʦʣʝʡ? 

ʇʨʠʚʝʜʠʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʘ CaCl2 ʠ ʨʘʩʧʣʘʚʘ CaCl2. 

346. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʦʢʩʠʜʘ ʥʘ-

ʪʨʠʷ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʩ ʚʦʜʦʡ. ɼʣʷ ʦʢʠʩʣʠʪʝʣɹ-

ʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʩʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʘ 

ʜʣʷ ʦʙʤʝʥʥʳʭ ï ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ. 

347*. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦ-

ʚʝʩʪʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ: 

Na Ÿ Na2O2 Ÿ NaOH Ÿ NaHCO3 Ÿ Na2CO3. 

ʂ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʨʝʘʢʮʠʷʤ ʩʦʩʪʘʚʴʪʝ ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʢ ʦʙʤʝʥʥʳʤ ʨʝʘʢʮʠʷʤ ï ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ. 

348
*
. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ: 

Be Ÿ BeCl2 Ÿ Be(OH)2 Ÿ K2[Be(OH)4] Ÿ BeSO4. 

349. ʈʘʩʪʚʦʨ ʩʦʜʝʨʞʠʪ ʩʤʝʩʴ ʩʫʣʴʬʘʪʦʚ ʙʝʨʠʣʣʠʷ ʠ ʤʘʛʥʠʷ. 

ʂʘʢʠʤʠ ʨʝʘʢʮʠʷʤʠ ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʠʦʥʳ ʙʝʨʠʣʣʠʷ ʦʪ ʠʦʥʦʚ 
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ʤʘʛʥʠʷ? ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

350. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʥʘʪʨʠʷ ʩ ʚʦʜʦʨʦʜʦʤ, ʢʠʩʣʦʨʦ-

ʜʦʤ, ʘʟʦʪʦʤ ʠ ʩʝʨʦʡ. ʂʘʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʘʪʦʤʳ 

ʦʢʠʩʣʠʪʝʣʷ ʚ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʨʝʘʢʮʠʡ? ʏʪʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʦʜʦʡ? 

351. ʂʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ ʢʘʣʠʷ ʚ ʠʟʙʳʪʢʝ 

ʢʠʩʣʦʨʦʜʘ? ʂʠʩʣʦʨʦʜ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʛʦ: ʘ) ʩ 

ʚʦʜʦʡ, ʙ) ʩ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ, ʧʨʠ-

ʦʙʨʝʪʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ -1 ʠ 0. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ. 

352. ʏʪʦ ʪʘʢʦʝ ʧʦʪʘʰ? ʂʘʢ ʦʥ ʧʦʣʫʯʘʝʪʩʷ ʠ ʚ ʢʘʢʠʭ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘʭ ʧʨʠʤʝʥʷʝʪʩʷ? ʂʘʢ ʧʦʣʫʯʠʪʴ ʧʦʪʘʰ, ʠʤʝʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʣʝ-

ʜʫʶʱʠʝ ʚʝʱʝʩʪʚʘ: ʩʫʣʴʬʘʪ ʢʘʣʠʷ, ʛʠʜʨʦʢʩʠʜ ʙʘʨʠʷ, ʢʘʨʙʦʥʘʪ ʢʘʣʴ-

ʮʠʷ, ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ ʠ ʚʦʜʫ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʭ 

ʨʝʘʢʮʠʡ. 

353. ʇʝʨʦʢʩʠʜ ʥʘʪʨʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʟʦʣʠʨʫʶʱʠʭ ʧʨʦʪʠʚʦ-

ʛʘʟʘʭ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʧʝʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘ-

ʟʦʤ. ʂ ʢʘʢʦʤʫ ʪʠʧʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʪʥʦʩʠʪʩʷ ʵʪʘ ʨʝʘʢʮʠʷ? 

354. ʂʘʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʚʦʜʦʨʦʜ ʚ ʩʚʦʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʚʦʜʦʨʦʜ ʠʛʨʘʝʪ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʷ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʨʦʣʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

355. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

ʘ) ʙʝʨʠʣʣʠʷ ʩ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ; ʙ) ʩʧʣʘʚʣʝʥʠʷ ʙʝʨʠʣʣʠʷ ʩ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʱʝʣʦʯʴʶ; ʚ) ʤʘʛʥʠʷ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ  ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʠʤʝʷ ʚ ʚʠʜʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝʜʥʝʡ. 

356. ʇʨʠ ʩʧʣʘʚʣʝʥʠʠ ʦʢʩʠʜ ʙʝʨʠʣʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʠʦʢʩʠ-

ʜʦʤ ʢʨʝʤʥʠʷ ʠ ʦʢʩʠʜʦʤ ʙʘʨʠʷ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʨʝʘʢʮʠʡ. ʆ ʢʘʢʠʭ ʩʚʦʡʩʪʚʘʭ ɺʝʆ ʛʦʚʦʨʷʪ ʵʪʠ ʨʝʘʢʮʠʠ? ʆʧʨʝʜʝ-

ʣʠʪʝ ʨʦʣʴ ɺʝʆ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. 
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357. ʂʘʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʠʜʨʦʢʩʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ? ʇʦ-

ʯʝʤʫ ʝʜʢʠʝ ʱʝʣʦʯʠ ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʚ ʭʦʨʦʰʦ ʟʘʢʨʳʪʦʡ ʧʦʩʫʜʝ? 

ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʝʜʢʦʛʦ 

ʥʘʪʨʘ: ʘ) ʭʣʦʨʦʤ; ʙ) ʩʝʨʥʠʩʪʳʤ ʛʘʟʦʤ; ʚ) ʩʝʨʦʚʦʜʦʨʦʜʦʤ. 

358. ʏʝʤ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʫʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ? ʇʨʠ ʩʧʣʘʚʣʝʥʠʠ ʝʜʢʦʛʦ ʥʘʪʨʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʥʘʪʨʠʝʤ ʧʦʩʣʝʜʥʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʚʦʜʦʨʦʜ ʱʝʣʦʯʠ ʚ ʛʠʜʨʠʜ-ʠʦʥ. 

ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ. 

359
*
. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ: 

Ca Ÿ CaH2 Ÿ Ca(OH)2 Ÿ CaCO3 Ÿ Ca(HCO3)2 Ÿ CaCl2 Ÿ Ca(NO3)2. 

360. ɺʦ ʯʪʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʢʘʣʴʮʠʡ ʧʨʠ ʩʛʦʨʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ? ʇʦ-

ʯʝʤʫ ʧʨʠ ʩʤʘʯʠʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʦʜʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳ-

ʜʝʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ ʠ ʦʱʫʱʘʝʪʩʷ ʟʘʧʘʭ ʘʤʤʠʘ-

ʢʘ? ʂʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ? 

361. ʇʨʠʩʫʪʩʪʚʠʝ ʢʘʢʠʭ ʩʦʣʝʡ ʚ ʧʨʠʨʦʜʥʦʡ ʚʦʜʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʝ 

ʚʨʝʤʝʥʥʫʶ ʠ ʧʦʩʪʦʷʥʥʫʶ ʞʝʩʪʢʦʩʪʴ? ʂʘʢ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʚʨʝʤʝʥ-

ʥʫʶ ʠ ʧʦʩʪʦʷʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ? ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. 

ɺʳʯʠʩʣʠʪʝ ʤʘʩʩʫ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ 1 ʤ
3
 ʚʦ-

ʜʳ, ʚʨʝʤʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʦʡ ʨʘʚʥʘ 2 ʤʤʦʣʴ ʵʢʚ/ʣ. 

362*. Mg Ÿ Mg(NO3)2 Ÿ Mg(OH)2 Ÿ MgO. 

363*. Be Ÿ Be(NO3)2 Ÿ Be(OH)2 Ÿ K2[Be(OH)4]. 

364*. Na Ÿ NaH Ÿ NaOH Ÿ NaClO. 

365. ʏʝʤʫ ʨʘʚʥʘ ʢʘʨʙʦʥʘʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ, ʝʩʣʠ ʚ 1 ʣ ʝʝ ʩʦ-

ʜʝʨʞʠʪʩʷ 0,292 ʛ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʤʘʛʥʠʷ ʠ 0,2025 ʛ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ 

ʢʘʣɹʮʠʷ? 

366. ʏʝʤʫ ʨʘʚʥʘ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ, ʝʩʣʠ ʜʣʷ ʝʝ ʫʩʪʨʘʥʝʥʠʷ ʢ 50 ʣ 

ʚʦʜʳ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʨʠʙʘʚʠʪʴ 21,2 ʛ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ? 

367. ʂʘʢʠʝ ʠʦʥʳ ʥʘʜʦ ʫʜʘʣʠʪʴ ʠʟ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʝʝ ʤʷʛʢʦʡ? ɺʚʝʜʝʥʠʝʤ ʢʘʢʠʭ ʠʦʥʦʚ ʤʦʞʥʦ ʫʤʷʛʯʠʪʴ ʚʦʜʫ? ʉʦʩʪʘʚʴʪʝ 

ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ? 

368*. K Ÿ KOH Ÿ K2[Be(OH)4] Ÿ K2BeO2. 

369*. Ca Ÿ Ca(OH)2 Ÿ CaOCl2 Ÿ CaCl2. 
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370. ɺʳʯʠʩʣʠʪʝ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ, ʝʩʣʠ ʥʘ ʨʝʘʢʮʠʶ ʩ ʛʠʜʨʦʢʘʨʙʦ-

ʥʘʪʦʤ ʤʘʛʥʠʷ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ 1 ʤ
3
 ʵʪʦʡ ʚʦʜʳ, ʧʦʰʣʦ 25 ʤʣ 0,1 ʛ. 

ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

371. ɺ 1 ʣ ʚʦʜʳ ʩʦʜʝʨʞʠʪʩʷ 19 ʤʛ ʠʦʥʦʚ ʤʘʛʥʠʷ ʠ 54 ʤʛ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ. ɺʳʯʠʩʣʠʪʝ ʞʝʩʪʢʦʩʪʴ ʵʪʦʡ ʚʦʜʳ. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʠʦʥʥʦ-

ʦʙʤʝʥʥʳʡ ʩʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ? 

372. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʥʘʜʦ ʧʨʠʙʘʚʠʪʴ ʢ 

275 ʣ ʚʦʜʳ, ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʝʝ ʢʘʨʙʦʥʘʪʥʫʶ ʞʝʩʪʢʦʩʪʴ, ʨʘʚʥʫʶ 

5,5 ʤʤʦʣʴ ʵʢʚ/ʣ? 

373. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ: ʘ) ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʞʝʩʪʢʦʡ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʛʠʜʨʦʢʘʨ-

ʙʦʥʘʪ ʤʘʛʥʠʷ; ʙ) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʥʝʡ ʛʘʰʝʥʦʡ ʠʟʚʝʩʪʠ. ʆʧʨʝʜʝʣʠʪʝ 

ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ 1 ʣ ʝʝ ʩʦʜʝʨʞʠʪʩʷ 0,732 ʛ ʛʠʜʨʦ-

ʢʘʨʙʦʥʘʪʘ ʤʘʛʥʠʷ. 

374. ʄʠʥʝʨʘʣʴʥʘʷ ʚʦʜʘ ʩʦʜʝʨʞʠʪ 0,3894 ʛ/ʣ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ 

0,0844 ʛ/ʣ ʠʦʥʦʚ ʤʘʛʥʠʷ. ʂʘʢʦʚʘ ʞʝʩʪʢʦʩʪʴ ʵʪʦʡ ʚʦʜʳ?  

375. ʆʟʦʥʠʜ ʢʘʣʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʟʦʥʘ ʥʘ ʪʚʝʨʜʳʡ 

ʂʆʅ. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʷ 

ʪɻʦʡ ʨʝʘʢʮʠʠ. ʆʟʦʥ, ʦʢʠʩʣʷʷ ʛʠʜʨʦʢʩʠʜ-ʠʦʥ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʦʟʦʥʠʜ-ʠʦʥʘ ʆ
-
3 . 

376. ɺ ʯʝʤ ʩʫʱʥʦʩʪʴ ʠʦʥʠʪʥʦʛʦ ʩʧʦʩʦʙʘ ʫʩʪʨʘʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ 

ʚʦʜʳ? ʈʘʩʩʯʠʪʘʡʪʝ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʚ 1 ʣ 0,005 ʤʦʣʴ ʛʠʜ-

ʨʦʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ. 

377*. K Ÿ KOH Ÿ KClO3 Ÿ KCl. 

378*. Mg Ÿ MgO Ÿ MgCO3 Ÿ Mg(HCO3)2 Ÿ Mg(OH)2. 

379*. Li  Ÿ LiOH Ÿ Li 3[Al (OH)6] Ÿ Al 2(SO4)3. 

380*. Ba Ÿ Ba(OH)2 Ÿ Ba(ClO3)2 Ÿ BaCl2. 

*Cʤ. ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ 347. 

19. ʉɺʆʁʉʊɺɸ ʈ-ʕʃɽʄɽʅʊʆɺ ʀ ʀʍ ʉʆɽɼʀʅɽʅʀʁ 

ʆʙʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ ʨ-ʵʣʝʤʝʥʪʦʚ ...ns
2
np

1-6
, ʛʜʝ ʧ ï ʛʣʘʚ-

ʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ. ɹʦʣʴʰʠʥʩʪʚʦ ʨ-ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʪ̫ ʢ ʥʝʤʝʪʘʣʣʘʤ 

[12]. ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ Al , Ga, In, Tl, Ge, Sn, Pb, Sb, Bi, Po, ʫʩʣʦʚʥʦ 
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ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʭʦʪʷ ʦʥʠ ʠ ʩʦʭʨʘʥʷʶʪ ʤʥʦʛʠʝ 

ʩʚʦʡʩʪʚʘ ʥʝʤʝʪʘʣʣʦʚ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʯʠʩʣʘ ʨ-ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʠʦʜʝ (ʦʪ IIIɸ ʜʦ VIIɸ ʛʨʫʧʧ) ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʜʠʫʩ 

ʘʪʦʤʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ, ʪ. ʝ. ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʤʝʥʪʦʚ s- (ʢʨʦʤʝ ʅ), d- ʠ f-ʩʝʤʝʡʩʪʚ, ʢʦʪʦ-

ʨʳʝ ʧʨʦʷʚʣʷʶʪ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʨ-ʵʣʝʤʝʥʪʳ, ʷʚ-

ʣʷʷʩʴ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ. ʇʦʵʪʦʤʫ 

ʙʦʣʴʰʠʥʩʪʚʦ ʨ-ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʥʳ ʢ ʨʝʘʢʮʠʷʤ ʜʠʩ-

ʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ: 

ʉʘʆ + ɿʉ = ʉʘʉ2 + ʉʆ; 

2As + 3NaOH = AsH3 + Na3AsO3; 

3S + 6KOH = 2K2S + K2Sʆ3 + 3H2ʆ. 

ɸʪʦʤʳ ʨ-ʵʣʝʤʝʥʪʦʚ ʧʨʦʷʚʣʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʘʪʦʤʳ ʨ-ʵʣʝʤʝʥʪʦʚ ʧʨʦʷʚʣʷʶʪ ʧʝ-

ʨʝʤʝʥʥʫʶ ʚʘʣʝʥʪʥʦʩʪʴ, ʧʨʠʯʝʤ ʚ ʯʝʪʥʳʭ ʛʨʫʧʧʘʭ ʦʥʘ ʯʝʪʥʘʷ, ʘ ʚ ʥʝ-

ʯʝʪʥʳʭ ï ʥʝʯʝʪʥʘʷ. ʊʘʢ ʢʘʢ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʚ ʧʨʝ-

ʜʝʣʘʭ ʛʨʫʧʧʳ ʩʚʝʨʭʫ ʚʥʠʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨ-ʵʣʝʤʝʥʪʦʚ 

ʫʤʝʥʴʰʘʶʪʩʷ ʠ ʨʘʩʪʫʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʪʦ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘʷ ʩʪʝ-

ʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʭʘʨʘʢʪʝʨʥʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩ-

ʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ: ʚ ʪʨʝʪʴʝʤ ʧʝʨʠʦʜʝ ï AI
+3

; Si
+4

; P
+5

; S
+6

, ʚ ʰʝʩʪʦʤ ʧʝ-

ʨʠʦʜʝ ï TI
+1

; Pb
+4

; Bi
+5

; Po
+4
. ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦ-

ʝʜʠʥʝʥʠʷ TI
+3

; Pb
+4

; Bi
+5

 ï ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ, ʘ ʩʦʝʜʠʥʝʥʠʷ Ga
+1

, 

Ge
+2

, As
+3

 ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. ʇʨʦʯʥʦʩʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʛʨʫʧʧʘʭ ʩʚʝʨʭʫ ʚʥʠʟ ʙʣʘʛʦʜʘʨʷ ʨʦʩʪʫ ʨʘʜʠʫʩʘ ʘʪʦʤʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ 

ʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʅʘʧʨʠʤʝʨ: 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʠʣʠʚʘʶʪʩʷ 

ʉʅ4, SiH4, GeH4, SnH4> PbH4 NHS, PH3) AsH3, SbH3, BH3 

ʧʨʦʯʥʦʩʪʴ ʫʩʠʣʠʚʘʝʪʩʷ 

 

ʇʦʯʪʠ ʚʩʝ ʨ-ʵʣʝʤʝʥʪʳ ï ʢʠʩʣʦʪʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʨʠʯʝʤ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʠ ʩʠʣʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʠʭ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʅʉlO4 > ʅʉ1ʆ3 > ʅʉ1ʆ2 > ʅʉ1ʆ; 

H2SO4 > H2SO3;  HNO3 > HNO2 ʠ ʪ. ʧ.  
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ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ 

ʨ-ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠʭ ʘʪʦʤʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ 

ʨ-ʵʣʝʤʝʥʪʘ ʧʨʦʷʚʣʷʝʪ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʤʦʛʫʪ ʧʨʦ-

ʷʚʣʷʪʴ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (ʅ2ʆ2, 

N2H4, NH2OH, HNO2, ʅ3ʈʆ2, H2SO3 ʠ ʪ. ʧ.). 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʅ2ʆ2 ʚʳʨʘʞʘʶʪ ʵʣʝʢ-

ʪʨʦʥʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ  ʆ-2
2  ï 2Ǜ = ʆ02 ; 

ʦʢʠʩʣʠʪʝʣʴ   ʆ0
2  + 2Ǜ = ʆ-22 . 

ʕʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʦʟʦʥʘ:  

ʆ
0
3  + Ǜ =ʆ

-
3 , 

ʆ
0
3  + 2Ǜ = ʆ2 + ʆ

ï2
. 

ʌʦʨʤʘʣʴʥʦ ʧʝʨʦʢʩʦʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʢʠʩʣʦʨʦʜ ʪʘʢʞʝ ʚ ʩʪʝ-

ʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ï1 ʠ ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʦʜʥʦʛʦ ʠʣʠ ʦʙʦʠʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʅ2ʆ2 ʤʝʪʘʣʣʘʤʠ 

ʠʣʠ ʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʧʝʨʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʧʝʨʦʢ-

ʩʦʢʠʩʣʦʪʳ ʠʣʠ ʧʝʨʦʢʩʦʜʠʢʠʩʣʦʪʳ: NaHʆ2 ï ʛʠʜʨʦ-ʧʝʨʦʢʩʠʜ ʥʘʪʨʠʷ 

Naïʆïʆïʅ; Na2ʆ2 ï ʧʝʨʦʢʩʠʜ ʥʘʪʨʠʷ NaïOïʆïNa. ʇʝʨʦʢʩʦʩʝʨʥʘʷ 

ʢʠʩʣʦʪʘ (ʢʠʩʣʦʪʘ ʂʘʨʦ) ʅ2SO5, ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʅïOïOïSO3H ʠ 

ʪ.ʜ. 

ɺ ʤʦʣʝʢʫʣʝ ʛʠʜʨʘʟʠʥʘ N2H4 ʢʘʞʜʳʡ ʘʪʦʤ ʘʟʦʪʘ ʠʤʝʝʪ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ï2, ʧʦʵʪʦʤʫ ʛʠʜʨʘʟʠʥ, ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, 

ʧʨʠʯʝʤ ʦʢʠʩʣʷʝʪʩʷ ʦʥ ʦʙʳʯʥʦ ʜʦ ʘʟʦʪʘ, ʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ NH+
4 : 

N2H4+2I2 = N2 + 4HI 

2N
ï2

 ï 4Ǜ = N2 | 1 ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

I2 + 2Ǜ = 2I
ï
 | 2 ï ʦʢʠʩʣʠʪʝʣʴ 

 

ʄʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʠ ʩʣʘʙʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ 

ʛʠʜʨʘʟʠʥ  ʦʙʳʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ NH+
4 : 



127 

2TiCl3 + N2H4 + 4HC1 = 2TiCl4 + 2NH4C1. 

ɺ ʛʠʜʨʦʢʩʠʣʘʤʠʥʝ NH2OH ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʟʦʪʘ ʨʘʚʥʘ -1. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʥʘʨʷʜʫ ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʦ-

ʚʦʣʴʥʦ ʭʘʨʘʢʪʝʨʥʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ: 

2Fe(ʆʅ)2 + Nʅ2ʆʅ + ʅ2O = 2Fe(OH)3 + NH3. 

ʌʦʩʬʦʨʥʦʚʘʪʠʩʪʘʷ ʠ ʬʦʩʬʦʨʠʩʪʘʷ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʦʨ 

ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʦʢʠʩʣʠʪʝʣʥɹʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴʶ, ʥʦ ʷʨʯʝ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ 

ʵʥʝʨʛʠʯʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ: 

5ʅ3ʈʆ2 + 4ʂʄnʆ4 + 6H2SO4 = 5ʅ3ʈʆ4 + 4MnSO4 + 2K2SO4 + 6ʅ2ʆ 

ʈ
+
 ï 4Ǜ = ʈ

5+
  | 1 ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

Mn
+7

 + 5Ǜ = Mn
2+

 | 2 ï ʦʢʠʩʣʠʪʝʣʴ 

 

ʌʦʩʬʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʩʦʣʠ ʛʠʧʦʬʦʩʬʠʪʳ ʩʧʦʩʦʙʥʳ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʦʥʳ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ (Ni
2+

, Cu
2+

, Hg
2+

, Pd
2+

, 

Au
3
+, Ag+ ʠ ʜʨ.) ʠʟ ʨʘʩʪʚʦʨʦʚ ʠʭ ʩʦʣʝʡ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʯʪʦ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʅʘʧʨʠʤʝʨ: 

2HgCl2 + HH2PO2 + 2H2O = 2Hg + ʅ3ʈʆ4 + 4ʅʉ1; 

2NiCl2 + NaH2PO2 + 2ʅ2ʆ = Ni + NaH2Pʆ4 + 4HC1. 

ʌʦʩʬʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ï ʩʣʘʙʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʥʦ ʩʠʣʴʥʳʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʥʘʧʨʠʤʝʨ ʘʪʦʤʘʨʥʳʤ ʚʦʜʦʨʦʜʦʤ, ʤʦʞʝʪ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʪʴʩʷ ʜʦ ʈʅ3: 

ʅ3ʈʆ2 + 4ʅ = ʈʅ3 + 2ʅ2ʆ 

ʈ
+
 + 4Ǜ = ʈ

ï3
 | 1 ï ʦʢʠʩʣʠʪʝʣʴ 

ʅ
0
 ï Ǜ = ʅ

+
 | 4 ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʩʘʤʦ-

ʦʢʠʩʣʝʥʠʷ-ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ  ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ: 

4ʅ3ʈʆ3 = 3ʅ3ʈʆ4 + ʈʅ3 

ʈ
+3

 ï 2Ǜ = ʈ
ï5

 | 3 ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

ʈ
+3

 + 6Ǜ = ʈ
ï3

 | 1 ï ʦʢʠʩʣʠʪʝʣʴ 
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ ʩʣʝʜʫʝʪ ʦʙʨʘ-

ʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʝʩʣʠ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʦʢʠʩ-

ʣʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʥʝʩʝʪ ʠʦʥ ʅ
+
, ʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ï 

cʫʣɹʬʘʪ-ʠʦʥ Sʆ -2
4 , ʪʦ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʣʶʙʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩ-

ʣʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʥʝʩʝʪ ʥʠʪʨʘʪ-ʠʦʥ NO
-
3 . ʇʦʵʪʦʤʫ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʜʨʫʛʠʭ ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʠʩʣʦʪ ʠʟ ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʥʠ-

ʢʘʢʦʡ ʤʝʪʘʣʣ ʥʝ ʚʳʪʝʩʥʷʝʪ ʚʦʜʦʨʦʜ. ʍʘʨʘʢʪʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʪ-

ʥʦʡ ʢʠʩʣʦʪʳ ʦʪ NO2 ʜʦ NH+
4 , a ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʦʪ SO2 ʜʦ H2S ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠʨʦʜʳ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ʇʨʠ ʦʙʳʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʘʟʦʪʥʘʷ ʠ ʩʝʨʥʘʷ 

ʢʠʩʣʦʪʳ ʧʘʩʩʠʚʠʨʫʶʪ ʥʝʢʦʪʦʨʳʝ ʤʝʪʘʣʣʳ ʠ ʩ ʥʠʤʠ ʥʝ ʨʝʘʛʠʨʫʶʪ (Al , 

Cr, Fe ʠ ʜʨ.). ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʠʩʣʦʪʳ HNʆ3 ʠ H2SO4 ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʪ ʩʦ ʤʥʦʛʠʤʠ ʥʝʤʝʪʘʣʣʘʤʠ. ʅʘʧʨʠʤʝʨ: 

ɺ + ɿʅNʆ3 = ʅ3ɺʆ3 + 3NO2; 

S + 2HNO3 = H2SO4 + 2NO; 

ʉ + 2H2SO4 = CO2 + 2SO2 + 2ʅ2ʆ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨ-ʵʣʝʤʝʥʪʦʚ VIIIɸ-ʛʨʫʧʧʳ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦ̫ɦ ʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʜʝʩʷʪʢʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʧʨʠ-

ʤʝʨ, XeF2, XeF4, XeF6, XeOF2, XeOF4, Xeʆ3 ʠ ʜʨ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ 

ʬʪʦʨʠʜʳ ʢʩʝʥʦʥʘ ʧʨʠ ʦʙʳʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʙʝʣʦʛʦ ʮʚʝʪʘ. ɻʝʢʩʘʬʪʦʨʠʜ ʢʩʝʥʦʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫ-

ʝʪ, ʥʘʧʨʠʤʝʨ, ʩ ʢʨʝʤʥʝʟʝʤʦʤ: 

2XeF6 + SiO2 = 2XeOF4 + SiF4. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʦʢʩʠʪʝʪʨʘʬʪʦʨʠʜ ʢʩʝʥʦʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ï ʣʝʪʫʯʘʷ ʞʠʜʢʦʩʪʴ. ʇʨʠ ʛʠʜʨʦʣʠʟʝ XeF2 ʦʙʨʘʟʫʶʪʩʷ ʢʩʝʥʦʥ, 

ʢʠʩʣʦʨʦʜ ʠ ʬʪʦʨʦʚʦʜʦʨʦʜ. ʇʦʣʫʯʝʥ ʪʘʢʞʝ ʪʚʝʨʜʳʡ ʦʢʩʠʜ ʢʩʝʥʦʥʘ 

(VI) ʍʝʆ3 ï ʢʨʘʡʥʝ ʚʟʨʳʚʦʦʧʘʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɼʝʡʩʪʚʠʝʤ ʦʟʦʥʘ ʥʘ 

ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ ʍʝʆ3 ʧʦʣʫʯʝʥ ʪʝʪʨʘʥʘʪʨʠʡʢʩʝʥʦʥʘʪ (ʢʩʝʥʦʥʘʪ ʥʘ-

ʪʨʠʷ), ʛʜʝ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʩʝʥʦʥʘ ʨʘʚʥʘ +8. 



129 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ (ɻʘʣʦʛʝʥʳ) 

381. ʂʘʢ ʧʦʣʫʯʠʪʴ ʭʣʦʨʥʫʶ ʠʟʚʝʩʪʴ, ʠʩʭʦʜʷ ʠʟ ʥʘʣʠʯʠʷ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ ʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ? ʋʢʘʞʠʪʝ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʥʦʡ ʠʟʚʝʩʪʠ ʠʟ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʚʝʱʝʩʪʚ. ʂʘʢʠʝ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪʩʷ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ? 

382. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʡʦʜ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ: ʘ) ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ; ʙ) ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ; ʚ) ʠʦʜʠʜʘ ʢʘʣʠʷ. ʉʦ-

ʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʨʝʘʢʮʠʡ. 

383. ɼʦʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʠ ʦʙʲʷʩʥʠʪʝ ʚʳʙʦʨ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʷ ʚ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʷʭ: 

 ʘ) Cl2 + I2 + H2O Ÿ é ; 

 ʙ) HI + HIO3 Ÿ é ; 

 ʚ) HClO4 + C Ÿ é . 

384. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʝ, ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ:  

 ʘ) NaClO3 + MnO2 + NaOH Ÿ é ; 

 ʙ) HClO4 + H2SO3 Ÿ é ; 

 ʚ) Cl2 + Ba(OH)2 ½½
t

 é . 

385. ʍʣʦʨ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʦʢʠʩʣʝʥʠʝʤ ʝʝ 

ʜʠʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ ʠʣʠ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʘʨ-

ʛʘʥʝʮ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝ-

ʥʠʷ ʨʝʘʢʮʠʡ ʠ ʫʩʪʘʥʦʚʠʪʝ, ʚ ʢʘʢʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʝ ʭʣʦʨʘ ʠ 

ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʢʦʣʠʯʝʩʪʚʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

386. ʀʤʝʝʪʩʷ ʨʘʩʪʚʦʨ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʠ ʥʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʝʤ ʩʦ-

ʜʝʨʞʠʪʩʷ ï ʙʨʦʤ ʠʣʠ ʡʦʜ. ʂʘʢ ʵʪʦ ʫʩʪʘʥʦʚʠʪʴ? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ 

ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

387. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʡʦʜʘʪʘ ʢʘʣʠʷ 

ʨʘʩʪʚʦʨʘ ʩʝʨʥʠʩʪʦʡ ʢʠʩʣʦʪʳ? ʂʘʢʘʷ ʨʘʟʥʠʮʘ ʧʦʷʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʠ ʨʝ-

ʘʢʮʠʠ ʠ ʚʥʝʰʥʝʤ ʝʝ ʧʨʦʷʚʣʝʥʠʠ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʠ ʠʟʙʳʪʢʝ ʩʝʨʥʠʩʪʦʡ 

ʢʠʩʣʦʪʳ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

388. ʅʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʠʣʴʥʦʡ ʠʟʚʝʩʪʠ ʧʨʠʙʘʚʠʣʠ ʢ 

ʧʦʜʢʠʩʣʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʡʦʜʠʜʘ ʢʘʣʠʷ. ʄʘʩʩʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʡʦʜʘ 
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0,258 ʛ. ʉʢʦʣʴʢʦ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʦʙʝ ʙʝʣʠʣʴʥʦʡ 

ʠʟʚʝʩʪʠ? 

389. ʅʘ ʦʢʠʩʣʝʥʠʝ ʡʦʜʘ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 2,34 ʣ ʭʣʦʨʘ ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʉʢʦʣʴʢʦ ʡʦʜʥʦʚʘʪʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʵʪʦʤ ʦʙʨʘ-

ʟʦʚʘʣʦʩʴ? 

390. ʍʣʦʨʥʘʷ ʚʦʜʘ ʠʤʝʝʪ ʟʘʧʘʭ ʭʣʦʨʘ. ʇʨʠ ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ 

ʭʣʦʨʥʦʡ ʚʦʜʳ ʟʘʧʘʭ ʠʩʯʝʟʘʝʪ, ʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʜʢʠʩʣʝʥʠʠ ʧʦʚ̫-

ʣʷʝʪʩʷ ʚʥʦʚʴ. ʆʙʲʷʩʥʠʪʝ ʥʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ ʠ ʧʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝ-

ʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

391. ʋʢʘʞʠʪʝ, ʢʘʢʠʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʛʘʟʦ-

ʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ ʯʝʨʝʟ ʭʦʣʦʜʥʳʡ ʠ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨʳ ʢʘʨʙʦʥʘʪʘ ʥʘ-

ʪʨʠʷ? ʆʪʚʝʪ ʤʦʪʠʚʠʨʫʡʪʝ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʡ. 

392. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʭʣʦʨʘ ʠʟ ʭʣʦ-

ʨʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʢʠʩʣʠʪʝʣʠ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʨʝ-

ʘʢʮʠʡ ʧʦʣʫʯʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ. ʆʜʠʥʘʢʦʚʳʡ ʠʣʠ ʨʘʟʥʳʡ ʦʙʲ-

ʝʤ ʭʣʦʨʘ ʧʦʣʫʯʠʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 1 ʤʦʣʷ ʪʚʝʨʜʳʭ ʂ2Cr2O7, 

MnO2, KMnO4, KClO3 ʩ ʠʟʙʳʪʢʦʤ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ? ɼʘʡʪʝ 

ʤʦʪʠʚʠʨʦʚʘʥʥʳʡ ʦʪʚʝʪ. 

393. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 

 ʘ) KI + H3PO4(ʢʦʥʮʝʥʪʨʠʨ) Ÿ é ; 

 ʙ) KI  + HCl(ʨʘʩʪʚʦʨ) + KNO2 Ÿ é ; 

 ʚ) HI(ʛʘʟ) + NO2 Ÿ é . 

394. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝ-

ʩʪʚʠʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʨʪʦʣʝʪʦʚʦʡ ʩʦʣʠ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʝʜʢʠʤ 

ʢʘʣʠʝʤ, ʜʠʦʢʩʠʜʦʤ  ʤʘʨʛʘʥʮʘ ʠ ʚʦʜʦʡ. ʈʘʩʩʯʠʪʘʡʪʝ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʝʨʪʦʣʝʪʦʚʦʡ ʩʦʣʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 168 ʛ ʝʜʢʦʛʦ ʢʘʣʠʷ. 

395. ʏʝʨʝʟ ʨʘʩʪʚʦʨ ʡʦʜʠʜʘ ʢʘʣʠʷ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʦʧʫʩʢʘʣʠ ʩʪʨʫʶ ʭʣʦʨʘ, ʘ ʟʘʪʝʤ ʠʩʧʳʪʘʣʠ ʨʘʩʪʚʦʨ ʥʘ ʧʨʠ-

ʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʡʦʜʘ ʢʨʘʭʤʘʣʦʤ. ʆʜʥʘʢʦ ʧʦʩʠʥʝʥʠʷ ʢʨʘʭʤʘʣʘ ʥʝ 

ʦʙʥʘʨʫʞʠʣʦʩʴ. ʏʝʤ ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ? ɺʳʨʘʟʠʪʝ ʨʝʘʢʮʠʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ. 

396. ʂʘʢ ʧʦʣʫʯʠʪʴ ʡʦʜʥʦʚʘʪʫʶ ʢʠʩʣʦʪʫ, ʠʩʭʦʜʷ ʠʟ ʜʠʦʢʩʠʜʘ 

ʤʘʨʛʘʥʮʘ, ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʩʚʦʙʦʜʥʦʛʦ ʡʦʜʘ ʠ 
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ʚʦʜʳ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ.  

397. ʇʝʨʝʯʠʩʣʠʪʝ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʢʠʩʣʦʪʳ ʭʣʦʨʘ. ʂʘʢʘʷ ʠʟ 

ʥʠʭ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʘʷ ʠ ʢʘʢʘʷ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ? ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʘʚʴ-

ʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʩ ʭʣʦʨʠʜʦʤ ʭʨʦʤʘ (III) ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

398. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʠ ʘʤʤʠʘʢʘ ʩ ʭʣʦʨʘʪʦʤ ʥʘʪʨʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʋʯʪʠʪʝ, ʯʪʦ 

ʧʨʠ ʵʪʦʤ ʘʟʦʪ ʦʢʠʩʣʷʝʪʩʷ, ʘ ʭʣʦʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝ-

ʥʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦ. 

399. ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ 

ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʙʨʦʤ? ʇʦʯʝʤʫ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ  ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʙʨʦʤʘ ʩ ʛʦʨʷʯʠʤ ʨʘʩʪʚʦʨʦʤ ʩʦʜʳ. ʂ ʢʘʢʦ-

ʤʫ ʪʠʧʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʦʥʘ ʦʪʥʦʩʠʪʩʷ? 

400. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʭʣʦʨʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʡʦʜʠʜʘ ʢʘʣʠʷ 

ʧʦʷʚʣʷʶʱʘʷʩʷ ʙʫʨʘʷ ʦʢʨʘʩʢʘ ʚʩʢʦʨʝ ʠʩʯʝʟʘʝʪ. ʏʝʤ ʵʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʨʝʘʢʮʠʡ. 

20. ʉɺʆʁʉʊɺɸ ʅɽʂʆʊʆʈʓʍ D-ʕʃɽʄɽʅʊʆɺ ʀ ʀʍ ʉʆɽɼʀʅɽʅʀʁ 

ʆʙʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ d-ʵʣʝʤʝʥʪʦʚ ...(n-1)
1-10

ns
0-2
, ʛʜʝ ʧ ï 

ʛʣʘʚʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ. ɽʜʠʥʩʪʚʝʥʥʳʡ d-ʵʣʝʤʝʥʪ ʧʘʣʣʘʜʠʡ, ʥʘʭʦ-

ʜʷʩʴ ʚ ʧʷʪʦʤ ʧʝʨʠʦʜʝ, ʥʘ ʧʷʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʝ ʩʦʜʝʨʞʠʪ 

ʥʠ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. ɺʩʝ 32 d-ʵʣʝʤʝʥʪʘ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ï ʤʝʪʘʣʣʳ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ s- ʠ ʨ-ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʘʪʦʤʦʚ d-ʵʣʝʤʝʥʪʦʚ ʟʘ ʩʯʝʪ d- ʠ 

f-ʦʨʙʠʪʘʣʝʡ ʭʘʨʘʢʪʝʨʝʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʀʭ ʢʠ-

ʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝ-

ʥʷʪʁʩʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ [1, 13]. 

ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʝʟʘʚʝʨʰʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ d-ʵʣʝʢʪʨʦʥʦʚ ʩʦ-

ʝʜʠʥʝʥʠʷ d-ʵʣʝʤʝʥʪʦʚ ʯʘʱʝ ʚʩʝʛʦ ʦʢʨʘʰʝʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝ-

ʥʠʡ s- ʠ ʨ-ʵʣʝʤʝʥʪʦʚ. ʇʦʯʪʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʤʝʡ-
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ʩʪʚʘ ï ʭʦʨʦʰʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʊʘʢ ʥʘʧʨʠʤʝʨ, ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʯʘʩʪʠʯʥʦ ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʭ ʫʨʦʚʥʝʡ ʘʪʦʤ ʭʨʦʤʘ, ʠʤʝʝʪ ʢʦʥ-

ʬʠʛʫʨʘʮʠʶ ...3d
5
4s

1
, ʘ ʥʝ ...3d

4
4s

2
; ʤʝʜʴ ï ...3d

10
4s

1
, ʘ ʥʝ ...3d

9
4s

2
. ʅʘ-

ʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ çʧʨʦʚʘʣʘè ʵʣʝʢʪʨʦʥʘ. ʉʪʘʙʠʣʴʥʦʩʪʴʶ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ 3d
5
 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠ-

ʥʝʥʠʡ ʭʨʦʤʘ (II) ʠ ʤʘʨʛʘʥʮʘ (III). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʩʝ d-ʵʣʝʤʝʥʪʳ ʤʦʞ-

ʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʦʜʥʘ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d
l
s

2
 

ʜʦ d
5
s

2
 ʠ ʚʪʦʨʘʷ ï d

6
s

2
 ʜʦ d

10
s

2
. ɼʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ (Sc, Ti, V, ʉʛ, ʄn) 

ʭʘʨʘʢʪʝʨʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝ-

ʥʠʷ ʘʪʦʤʦʚ. ʕʣʝʤʝʥʪʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ (ʢʨʦʤʝ Ru ʠ Os) ʧʨʦʷʚʣ̫ ʶʪ ʙʦ-

ʣʝʝ ʥʠʟʢʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʇʦʵʪʦʤʫ, ʝʩʣʠ TiO, VO, ʉrʆ ï ʩʠʣɹ-

ʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ (ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ), ʪʦ 

CuO, ZnO, NiO ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝ ʦʙʣʘʜʘʁ ʪ. ʅʘʦʙʦ-

ʨʦʪ, ʉu2ʆʟ, Ni2ʆ3 ʧʨʦ̫ʚʣʷʶʪ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ɸ ʠ ɺ ʧʦʜʛʨʫʧʧ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʛʨʫʧʧʳ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ  ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʩʚʦʡʩʪʚʘ ʙʣʠʟʢʠ, ʢʦ-

ʛʜʘ ʵʣʝʤʝʥʪʳ ʵʪʠʭ ʛʨʫʧʧ ʧʨʦʷʚʣʷʶʪ ʚʳʩʰʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʠ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʥʠʟʰʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʄn2ʆ7 

ʠ Cl2O7 ʙʣʠʟʢʠ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ: ʦʙʘ ʧʨʦʷʚ-

ʣʷʶʪ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʦʩʥʦʚʥʳʝ ʩʠʣʴʥʳʝ 

ʢʠʩʣʦʪʳ ʅʄnʆ4 ʠ ʅʉlʆ4. ʉʦʝʜʠʥʝʥʠʷ ʞʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʄnʆ ʠ 

ʉ12ʆ ʦʙʱʠʭ ʩʚʦʡʩʪʚ ʥʝ ʠʤʝʶʪ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨ-ʵʣʝʤʝʥʪʦʚ, d-ʵʣʝʤʝʥʪʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʆʥʠ, ʥʘʧʨʠʤʝʨ, ʥʝ ʦʙʨʘʟʫʶʪ ʛʘʟʦʦʙʨʘʟ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʦʜʦʨʦʜʦʤ. ɽʩʣʠ ʫ ʨ-ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʫʧʧʝ ʩʚʝʨʭʫ 

ʚʥʠʟ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʨʦʷʚʣʝʥʠʶ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩ-

ʣʝʥʠʷ, ʪʦ ʫ d-ʵʣʝʤʝʥʪʦʚ, ʥʘʦʙʦʨʦʪ, ʪʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʘʥʘʜʠʡ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2, +3 ʠ +4, 

ʪʦ ʜʣʷ ʥʠʦʙʠʷ ʠ ʪʘʥʪʘʣʘ ʪʘʢʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʥʝ ʭʘʨʘʢʪʝʨʥʳ; 

ʜʣʷ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʭʘʨʘʢʪʝʨʥʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʨʘʚʥʘ 

+6, ʪʦʛʜʘ ʢʘʢ ʭʨʦʤ ʫʩʪʦʡʯʠʚ ʚ ʩʚʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʛʜʝ ʝʛʦ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ +3. ʆʪʩʶʜʘ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʚʳʩʰʝʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ d-ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʫʧʧʝ ʩʚʝʨʭʫ 

ʚʥʠʟ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ: 
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ʅ2ʉrʆ4 > ʅ2ʄʦʆ4 > H2Wʆ4 

ʅʄnʆ4 > ʅʊʩʆ4 > HReO4 

ʦʩʣʘʙʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ  

ʆʢʩʠʜ ʤʘʨʛʘʥʮʘ (VII) ʄn2ʆ7 ʥʝʫʩʪʦʡʯʠʚ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʩʦ 

ʚʟʨʳʚʦʤ: 

2ʄn2ʆ7 = 4ʄnʆ3 + 3ʆ2. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʩʠʜʳ ʪʝʭʥʝʮʠʷ ʠ ʨʝʥʠʷ ʊʩ2ʆ7 ʠ Re2O7 ï ʫʩ-

ʪʦʡʯʠʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʤʘʨʛʘʥʮʘ ʠ ʨʝʥʠʷ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʙʫʜʫʪ ʧʨʦʪʝʢʘʪʴ ʨʘʟʣʠʯ-

ʥʦ: 

Mn + 4HNʆ3 = Mn(Nʆ3)2 + 2Nʆ2 + 2ʅ2ʆ; 

Re + 7HNO3 = HReO4 + 7Nʆ2 + 3H2ʆ. 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʢʩʠʜʦʚ d-ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʟʘ-

ʚʠʩʷʪ ʦʪ ʠʭ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʢʩʠʜʘ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʦʩʥʦʚʥʳʭ ʯʝʨʝʟ ʘʤʬʦ-

ʪʝʨʥʳʝ ʢ ʢʠʩʣʦʪʥʳʤ. ʅʘʧʨʠʤʝʨ: 
 

+2 +3 +6 

Fe(OH)2 Fe(OH)3 H2Feʆ4 

ʦʩʥʦʚʥʳʡ ʘʤʬʦʪʝʨʥʳʡ ʢʠʩʣʦʪʥʳʡ 
 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʛʠʜʨʦʢʩʠʜʳ d-ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʦʥʠ 

ʧʨʦʷʚʣʷʶʪ ʚʳʩʰʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʘʤʬʦ-

ʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʦ ʪʘʢ ʢʘʢ ʦʜʥʦʘʪʦʤʥʳʡ ʢʘʪʠʦʥ ʩ ʚʳʩʦʢʠʤ ʟʘʨʷʜʦʤ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʩʪʚʦʨʝ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʞʝʪ, ʪʦ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʞ-

ʥʳʝ ʢʘʪʠʦʥʳ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠ ʘʥʠʦʥʳ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʪ ʢʠʩʣʦʨʦʜ. ʅʘ-

ʧʨʠʤʝʨ: 
 

ʂʘʪʠʦʥ ʅʘʟʚʘʥʠʝ ʂʘʪʠʦʥ ɸʥʠʦʥ ʅʘʟʚʘʥʠʝ 

TiO
2+ 

ʊʠʪʘʥʠʣ Ŷ Ti
4+
Ÿ TiO

+2
3  ʊʠʪʘʥʘʪ 

VO
2+ 

ɺʘʥʘʜʠʣ(+4) Ŷ V
4+
Ÿ V4O

-2
9  ɺʘʥʘʜʠʪ 

VO
3+

; VO+
2

 ɺʘʥʘʜʠʣ(+5) Ŷ Vi
5+
Ÿ Vʆ

-
3  ɺʘʥʘʜʘʪ 

MoO +2
2  ʄʦʣʠʙʜʝʥʠʣ Ŷ Mo

6+
Ÿ MoO -2

4  ʄʦʣʠʙʜʘʪ 
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ɺ ʛʨʫʧʧʝ ʘʥʘʣʦʛʦʚ ʩʚʝʨʭʫ ʚʥʠʟ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʢʩʠʜʦʚ 

ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʵʣʝʤʝʥʪʘʤʠ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʧʘʜʘʶʪ. 

ʅʘʧʨʠʤʝʨ: 

HVO3 > HNbʆ3 > HTaO3 

H2Mnʆ4 > ʅ2ʊʩʆ4 > H2Reʆ4 

ʦʩʣʘʙʣʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ 

ʉʦʝʜʠʥʝʥʠʷ d-ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʧʨʦʤʝʞʫʪʦʯʥʫʶ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʦʙʣʘʜʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʚʦʡ-

ʩʪʚʝʥʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ: 

Fe2ʆ3 + 3KNO3 + 4ʂʆʅ = 2K2Feʆ4 + 3KNO2 + 2ʅ2ʆ; 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

Fe2O3 + ʉu + 6ʅʉ1 = 2Fʝʉ12 + ʉuʉ12 + ɿʅ2; 

ʦʢʠʩʣʠʪʝʣʴ 

2ʄnO2 + ʆ2 + 4ʂʆʅ = 2ʂ2ʄnʆ4 + 2ʅ2ʆ; 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

ʄnO2 + 4ʅʉ1 = ʄnʉ12 + ʉl2 + 2ʅ2O. 

      ʦʢʠʩʣʠʪʝʣʴ 

ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ d-ʤʝʪʘʣʣʦʚ ʠʟ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʧʨʠʤʝʥʷʶʪ ʨʷʜ ʤʝʪʦʜʦʚ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ. 

ʇʠʨʦʤʝʪʘʣʣʫʨʛʠʷ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʦʚ ʚʦʜʦʨʦʜʦʤ, ʫʛʣʝʨʦ-

ʜʦʤ, ʢʨʝʤʥʠʝʤ, ʤʝʪʘʥʦʤ ʠ ʜʨ.: 

ʄʦʆ3 + ɿʅ2 = ʄʦ + ɿʅ2ʆ; 

ZnO + C = Zn + CO; 

2NiO + Si = 2Ni + SiO2; 

ʉʦ2ʆ3 + ʉʅ4 = 2ʉʦ + ʉʆ + 2ʅ2O. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʦʢʩʠʜʦʚ (ʪʠʪʘʥʘ, ʚʘʥʘʜʠʷ, 

ʭʨʦʤʘ, ʤʘʨʛʘʥʮʘ ʠ ʜʨ.) ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʠʤʝʥʷʶʪ ʘʢʪʠʚ-

ʥʳʝ ʤʝʪʘʣʣʳ: ʤʘʛʥʠʡ, ʢʘʣʴʮʠʡ, ʘʣʶʤʠʥʠʡ ʠ ʜʨ. (ʧʨʦʮʝʩʩ ʤʝʪʘʣʣʦʪʝʨ-

ʤʠʠ ï ʤʘʛʥʠʝʪʝʨʤʠʷ, ʢʘʣʴʮʠʝʪʝʨʤʠʷ, ʘʣʶʤʦʪʝʨʤʠʷ ʠ ʪ. ʧ.): 

N2O5 + 5ʉʘ = 2V + 5ʉʘʆ; 

Cr2O3 +2A1 = 2ʉr + ɸ12ʆ3; 

ɿʄn3ʆ4 + 8ɸ1 = 9ʄn + 4ɸ12ʆ3; 
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TiCl4 + 2Mg  = Ti + 2MgCI2; 

2ʊʘʉ15 + 5Mg = 2ʊʘ + 5MgCl2. 

ɻʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷ ï ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʨʘʩʪʚʦʨʷʁʪ 

ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʘʭ: ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʩʦʜʘ, ʛʠʜʨʦʢʩʠʜ 

ʥʘʪʨʠʷ, ʘʤʤʠʘʢ, ʮʠʘʥʠʜʳ, ʪʠʦʩʫʣʴʬʘʪʳ ʠ ʜʨ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʪʘʣʣ ʚʳʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʠʣʠ ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ: 

4Au + 8NaCN + O2 + H2O = 4Na[Au(CN)2] + 4NaOH; 

2Na[Au(CN)2] + Zn = 2Au + Na2[Au(CN)4]; 

Cu2S + 5Fe2(SO4)3 + 4H2O = 2CuSO4 + 10FeSO4 + 4H2SO4; 

CuSO4 + Fe = Cu + FeSO4. 

ʕʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʷ ï ʣɻʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʝʪʘʣ-

ʣʳ ʧʦʣʫʯʘʶʪ ʢʘʢ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʪʘʢ ʠ ʠʟ ʨʘʩʧʣʘʚʦʚ ʩʦʣʝʡ. ʄʘʣʦʘʢ-

ʪʠʚʥʳʝ ʤʝʪʘʣʣʳ ï ʤʝʜʴ, ʩʝʨʝʙʨʦ, ʟʦʣʦʪʦ, ʧʣʘʪʠʥʘ, ʨʫʪʝʥʠʡ, ʦʩʤʠʡ, 

ʠʨʠʜʠʡ, ʨʪʫʪʴ, ʧʘʣʣʘʜʠʡ, ʨʦʜʠʡ ï ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʩʘʤʦ-

ʨʦʜʥʦʤ ʩʦʩʪʦ̫ ʥʠʠ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ 

401. ʂʘʢʠʝ ʬʘʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ 

(III) ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ? ʇʦʯʝʤʫ ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʘʣʴʮʠʥʠʨʦ-

ʚʘʥʥʦʡ ʩʦʜʳ ʥʘ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʚʤʝʩʪʦ ʢʘʨʙʦʥʘʪʘ ʞʝʣʝʟʘ 

ʧʦʣʫʯʘʝʪʩʷ ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʠʩʭʦʜʷʱʝʡ 

ʨʝʘʢʮʠʠ, ʨʘʟʙʠʚ ʝʝ ʥʘ ʜʚʝ ʩʪʘʜʠʠ. 

402. ʆʩʫʱʝʩʪʚʠʪʝ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ: 

Ag Ÿ AgNO3 Ÿ AgCl Ÿ [Ag(NH3)2]Cl Ÿ AgCl. 

ʂ ʦʙʤʝʥʥʳʤ ʨʝʘʢʮʠʷʤ ʩʦʩʪʘʚʴʪʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʢ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ï ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

403. ʄʝʜʴ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʷʝʪʩʷ. ʏʝʤ ʵʪʦ 

ʦʙʲʷʩʥʠʪʴ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢ-

ʮʠʡ. 

404. ʆʩʫʱʝʩʪʚʠʪʝ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ: 

Cd Ÿ Cd(NO3)2 Ÿ Cd(OH)2 Ÿ CdSO4 Ÿ [Cd(NH3)4]SO4. 
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ʂ ʦʙʤʝʥʥʳʤ ʨʝʘʢʮʠʷʤ ʩʦʩʪʘʚʴʪʝ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʢ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ï ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

405. ʈʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ ʢʦʙʘʣʴʪʘ (II) ʜʘʝʪ ʩʦ ʱʝʣʦʯʴʶ ʧʨʠ ʥʘʛʨʝ-

ʚʘʥʠʠ ʛʨʷʟʥʦ-ʨʦʟʦʚʳʡ ʦʩʘʜʦʢ, ʘ ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ (II ) ï ʙʣʝʜ-

ʥʦ-ʟʝʣʝʥʳʡ ʦʩʘʜʦʢ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʙʨʦʤʘ ʦʙʘ ʦʩʘʜʢʘ 

ʩʪʘʥʦʚʷʪʩʷ ʯʝʨʥʳʤʠ. ɺʳʨʘʟʠʪʝ ʧʨʦʠʩʭʦʜʷʱʠʝ ʨʝʘʢʮʠʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

406. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ (V) ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʷ 

ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2: 

 ʘ) V2O5 + Zn + HCl Ÿ é ; 

 ʙ) VOCl3 + H2 Ÿ é ; 

 ʚ) V2O5 + V Ÿ é . 

407. ʇʘʣʣʘʜʠʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʪʠʥʳ ʣʝʛʢʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʘʟʦʪ-

ʥʦʡ ʠ ʛʦʨʷʯʝʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʘʭ. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʨʘʩʪʚʦʨʝʥʠʷ  ʧʘʣʣʘʜʠʷ ʚ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ, ʘ ʧʣʘʪʠʥʳ ï ʚ ʮʘʨʩʢʦʡ ʚʦʜʢʝ, ʫʯʠʪʳʚʘʷ ʥʘʠʙʦʣʝʝ ʭʘ-

ʨʘʢʪʝʨʥʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʤʝʪʘʣʣʦʚ. 

408. ʂʘʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʤʝʜʴ, 

ʩʝʨʝʙʨʦ ʠ ʟʦʣʦʪʦ? ʂʘʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ: ʘ) ʟʦʣʦʪʘ ʩ ʛʦʨʷʯʝʡ ʙʝʟʚʦʜʥʦʡ ʩʝʣʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ; ʙ) ʤʝʜʠ ʩ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. 

409. ʂʘʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʪʠʪʘʥʘ? 

ɿʘʢʦʥʯʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʩʦʩʪʘʚʠʚ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʫʨʘʚʥʝʥʠʷ: 

 ʘ) TiCl3 + H2O Ÿé ; 

 ʙ) Ti + HNO3 + H2O Ÿé ; 

 ʚ) TiCl3 + AuCl3 Ÿé . 

410. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʠʜʫʱʠʭ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʛʠʜʨʦʢʩʠʜ Ni(OH)3 ʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 

ʦʢʩʠʜ ʢʦʙʘʣʴʪʘ (III). ʂʘʢʠʝ ʝʱʝ ʠʟ ʠʟʚʝʩʪʥʳʭ ʚʘʤ ʦʢʩʠʜʦʚ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ? 
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411. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ ʚ ʩʝʨʝʙʨʷʥʦʡ ʤʦʥʝʪʝ 

ʢʫʩʦʯʝʢ ʤʦʥʝʪʳ ʤʘʩʩʦʡ 0,3 ʛ ʨʘʩʪʚʦʨʠʣʠ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʠ ʦʩʘʜʠʣʠ 

ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʨʝʙʨʦ ʧʨʠ ʧʦʤʦʱʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʄʘʩ-

ʩʘ ʦʩʘʜʢʘ ʧʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ ʠ ʚʳʩʫʰʠʚʘʥʠʷ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 0,199 ʛ. 

ʈʘʩʩʯʠʪʘʡʪʝ, ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʩʝʨʝʙʨʘ ʩʦʜʝʨʞʘʣʘ ʤʦʥʝʪʘ. 

412. ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʨʪʫʪʴ ʯʘʩʪʦ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʭ çʥʝʙʣʘʛʦʨʦʜʥʳʭè ʤʝʪʘʣʣʦʚ ï ʮʠʥʢʘ, ʦʣʦʚʘ, ʩʚʠʥʮʘ. ɼʣʷ ʠʭ ʫʜʘ-

ʣʝʥʠʷ ʨʪʫʪʴ ʚʟʙʘʣʪʳʚʘʶʪ ʩ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʨʪʫʪʠ 

(II). ʅʘ ʯʝʤ ʦʩʥʦʚʘʥ ʪʘʢʦʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʨʪʫʪʠ? ɺʳʨʘʟʠʪʝ ʧʨʦʠʩʭʦ-

ʜʷʱʠʝ ʨʝʘʢʮʠʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

413. ʂʫʩʦʯʝʢ ʣʘʪʫʥʠ ʨʘʩʪʚʦʨʠʣʠ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ. ʈʘʩʪʚʦʨ ʨʘʟ-

ʜʝʣʠʣʠ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʢ ʦʜʥʦʡ ʯʘʩʪʠ ʧʨʠʙʘʚʠʣʠ ʠʟʙʳʪʦʢ ʘʤʤʠʘʢʘ, ʘ ʢ 

ʜʨʫʛʦʡ ï ʠʟʙʳʪʦʢ ʱʝʣʦʯʠ. ɺ ʨʘʩʪʚʦʨʝ ʠʣʠ ʚ ʦʩʘʜʢʝ ʠ ʚ ʚʠʜʝ ʢʘʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʮʠʥʢ ʠ ʤʝʜʴ ʧʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ ʘʤʤʠʘʢʘ ʠ ʧʦʩʣʝ 

ʧʨʠʙʘʚʣʝʥʠʷ ʱʝʣʦʯʠ? 

414. ʄʦʛʫʪ ʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩʣʝʜʫʶʱʠʝ ʚʝʱʝʩʪʚʘ: 

ʘ) Cr(OH)3 ʠ NaOH; ʙ) KʄnO4 ʠ HCl; ʚ) Ni(OH)3 ʠ ʂʆʅ? ɼʣʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. ʂ ʦʙʤʝʥʥʳʤ ʨʝ-

ʘʢʮʠʷʤ ʧʨʠʚʝʜʠʪʝ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʢ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ï ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʷ 

ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  

415. ʉʦʩʪʘʚʴʪʝ ʚ ʠʦʥʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʘʭ ʨʝʘʢʮʠʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ ZnCl2, CdCl2 ʠ Hg(NO3)2 ʩ ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʩʠ-

ʜʘ ʥʘʪʨʠʷ. ʆʙʲʷʩʥʠʪʝ ʩʫʱʥʦʩʪʴ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʱʫʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʨʷʜʫ ZnO Ÿ HgO. 

416. ʗʚʣʷʷʩʴ ʭʦʨʦʰʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʮʠʥʢʦʚʘʷ ʧʳʣʴ ʧʨʠ ʢʠ-

ʧʷʯʝʥʠʠ ʩ ʩʠʣʴʥʦ-ʱʝʣʦʯʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʥʠʪʨʘʪʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʠʭ ʤʘʢʩʠʤʘʣʴʥʦ. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʵʪʦʡ ʨʝʘʢʮʠʠ, ʦʜʠʥ ʠʟ ʧʨʦʜʫʢʪʦʚ ʢʦʪʦʨʦʡ ï ʪʝʪʨʘʛʠʜʨʦʢʩʦʮʠʥʢʘʪ ʥʘ-

ʪʨʠʷ. 

417. Tʠʪʘʥ, ʮʠʨʢʦʥʠʡ ʠ ʛʘʬʥʠʡ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʢʠʩʣʦʪʘʭ, ʝʩʣʠ 

ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʘʥʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ 
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ʪɻʠ ʤʝʪʘʣʣʳ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 

 ʘ) Ti + HNO3 + HF Ÿ é ; 

 ʙ) Hf + HF Ÿ é ; 

 ʚ) Zr + H2SO4(ʢʦʥʮ.) Ÿ é . 

418. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʪʠʪʘʥʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦ-

ʪʝ ʧʦʩʣʝʜʥʷʷ  ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ, ʘ ʪʠʪʘʥ ʧʝʨʝʭʦʜʠʪ ʚ ʢʘ-

ʪʠʦʥ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ. 

419. ʂʘʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʨʦʷʚʣʷʝʪ ʚʘʥʘʜʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ? 

ʉʦʩʪʘʚʴʪʝ ʬʦʨʤʫʣʳ ʦʢʩʠʜʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʵʪʠʤ ʩʪʝʧʝʥʷʤ ʦʢʠʩʣʝʥʠʷ. 

ʂʘʢ ʠʟʤʝʥʷʶʪʩʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʦʚ ʚʘʥʘʜʠʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʥʠʟʰʝʡ ʢ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʝʛʦ ʦʢʠʩʣʝʥʠʷ? ʉʦʩʪʘʚʴʪʝ 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: ʘ) ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ (III) ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ; ʙ) ʦʢ-

ʩʠʜʘ ʚʘʥʘʜʠʷ (V) ʩʦ ʱʝʣʦʯʴʶ. 

420. ɽʩʣʠ ʙʨʳʟʛʠ ʱʝʣʦʯʠ ʧʦʧʘʜʘʶʪ ʥʘ ʪʢʘʥʴ, ʦʢʨʘʰʝʥʥʫʶ ʙʝʨ-

ʣʠʥʩʢʦʡ ʣʘʟʫʨʴʶ, ʪʦ ʥʘ ʪʢʘʥʠ ʧʦʷʚʣʷʶʪʩʷ ʙʫʨʳʝ ʧʷʪʥʘ, ʠʩʯʝʟʘʶʱʠʝ 

ʧʨʠ ʩʤʘʯʠʚʘʥʠʠ ʠʭ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ʆʙʲʷʩʥʠʪʝ ʵʪʠ 

ʷʚʣʝʥʠʷ ʠ ʚʳʨʘʟʠʪʝ ʧʨʦʠʩʭʦʜʷʱʠʝ ʨʝʘʢʮʠʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ (ʍʨʦʤ. ʄʘʨʛʘʥʝʮ) 

421. ʂ ʨʘʩʪʚʦʨʫ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ (III ) ʧʨʠʙʘʚʠʣʠ ʠʟʙʳʪʦʢ ʱʝʣʦʯʠ 

ʠ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ  ʜʦʙʘʚʣʷʣʠ ʧʦ ʢʘʧʣʷʤ ʙʨʦʤʥʫʶ ʚʦʜʫ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʟʝʣʝʥʘʷ ʦʢʨʘʩʢʘ ʞʠʜʢʦʩʪʠ ʥʝ ʧʝʨʝʰʣʘ ʚ ʞʝʣʪʫʶ. ɺʳʨʘʟʠʪʝ 

ʫʨʘʚʥʝʥʠʷʤʠ ʚʩʝ ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʨʝʘʢʮʠʠ. 

422. ʂʘʢ ʧʦʣʫʯʠʪʴ ʪʨʠʦʢʩʠʜ ʭʨʦʤʘ ʠʣʠ ʭʨʦʤʦʚʳʡ ʘʥʛʠʜʨʠʜ ʠʟ 

ʭʣʦʨʠʜʘ ʭʨʦʤʘ (III)? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʤʠ ʚʳ ʚʦʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʙʳ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. 

423. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʯʝʨʝʟ ʧʦʜʢʠʩʣʝʥʥʳʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʨʘʩʪʚʦʨ ʜʠʭʨʦʤʘʪʘ ʢʘʣʠʷ ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʟʝʣʝʥʳʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʜʝʣʷʝʪʩʷ ʩʝʨʘ. ʆʙʲʷʩʥʠʪʝ ʠʟ-

ʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʠ ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʠʩʭʦʜʷʱʝʡ ʨʝʘʢʮʠʠ.  
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424. ʂ ʨʘʩʪʚʦʨʘʤ ʭʨʦʤʘʪʘ ʢʘʣʠʷ, ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ, ʩʝʣʝʥʘʪʘ ʢʘʣʠʷ 

ʠ ʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʧʨʠʙʘʚʣʝʥʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʢʘʢʠʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʟʦʰʣʠ ʨʝʘʢʮʠʠ? ɺʳʨʘʟʠʪʝ ʠʭ ʫʨʘʚʥʝʥʠʤ̫ʠ. 

425. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʢʠʩ-

ʣʝʥʠʷ 7,6 ʛ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II) ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʠ ʚ ʢʠʩʣʦʤ ʨʘʩʪʚʦʨʘʭ? 

426. ʀʤʝʶʪʩʷ ʨʘʩʪʚʦʨʳ ʝʜʢʦʛʦ ʥʘʪʨʘ, ʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ ʠ ʜʠʭʨʦ-

ʤʘʪʘ ʢʘʣʠʷ. ʂʘʢʠʤʠ ʠʟ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦ-

ʛʣʦʱʝʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ, ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

427. ʂʘʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʭʨʦʤʘ? ʅʘ 

ʢʘʢʦʤ ʩʚʦʡʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ ʭʨʦʤʘ (II) ʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʷʥʦ-

ʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ CrCl2 ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 

 ʘ) CrCl2 + O2 + HCl Ÿ é ; 

 ʙ) CrCl2 + H2O Ÿ é . 

428. ʂʘʢ ʧʝʨʝʚʝʩʪʠ ʭʨʦʤʘʪ ʢʘʣʠʷ ʚ ʜʠʭʨʦʤʘʪ ʠ, ʥʘʦʙʦʨʦʪ, ʜʠʭʨʦ-

ʤʘʪ ʢʘʣʠʷ ʚ ʭʨʦʤʘʪ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝ-

ʥʠʷ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ Cr2O3 ʩʤʝʩʴʶ ʥʠʪʨʘʪʘ ʠ 

ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ. 

429. ʏʝʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʫ ʭʨʦʤʘ (VI)? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 

 ʘ) K2Cr2O7 + H3PO3 + H2SO4 Ÿ é ; 

 ʙ) K2Cr2O7 + H2SO3  + H2SO4 Ÿ é . 

430. ʂʘʢ ʚʣʠʷʝʪ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʝʛʦ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ? ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʝʪ ʛʠʜʨʦʢʩʠʜ 

ʤʘʨʛʘʥʮʘ(IV)? ʀʟʦʙʨʘʟʠʪʝ ʛʨʘʬʠʯʝʩʢʠ ʬʦʨʤʫʣʫ ʛʘʫʩʤʘʥʠʪʘ (Mn3O4), 

ʷʚʣʷʶʱʝʛʦʩʷ ʩʦʣʴʶ ʤʘʨʛʘʥʮʘ ʦʨʪʦʤʘʨʛʘʥʮʝʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʳ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʘʚʴʪʝ ʧʦʣʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 

Mn3O4 + KNO3 + K2CO3 Ÿ é . 

431. ʇʦʯʝʤʫ ʩʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ (VI) ʩʧʦʩʦʙʥʳ ʢ ʨʝʘʢʮʠʷʤ ʜʠʩ-

ʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ? ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚ-

ʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 




