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ɺɺɽɼɽʅʀɽ 

ɺ ʩʚʷʟʠ ʩʦ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʝʡ ʧʨʦʚʝʜʝʥʠʝ ʯʘʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʭʠʤʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʝ ʦʧʳʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʂʦʤʧʴʶʪʝʨʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦ ʭʠʤʠʠ ʧʦʤʠʤʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʥɹʦʛʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʜʥʝʚʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʥʦ ʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 

ʟʘʦʯʥʦʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ. 

 ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʯʘʩʪʴ, ʩʦʟʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ɸʫʜʠʪʦʨʥʦʝ ʚʨʝʤʷ ʟʘʥʷʪʠʡ ʙʦʣʝʝ ʧʦʣʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʙʦʣʝʝ ʦʩʥʦʚʘʪʝʣʴʥʦʛʦ 

ʨʘʟʙʦʨʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʦʭʚʘʪʳʚʘʶʪ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʧʦ ʛʨʫʧʧʘʤ ʠ ʧʦʜʛʨʫʧʧʘʤ, ʪʘʢʞʝ ʠʟʫʯʘʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʘʪʦʤʦʚ ʠ ʪʠʧʳ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʥʘ ʧʨʠʤʝʨʘʭ ʤʦʣʝʢʫʣ ʥʝʢʦʪʦʨʳʭ 

ʚʝʱʝʩʪʚ, ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʠʟʫʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʵʣʝʢʪʨʦʣʠʟʘ. 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, 

ʷʚʣʷʶʱʠʝʩʷ ʦʙʱʠʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʝʩʪʝʩʪʚʝʥʥʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʧʦ ʭʠʤʠʠ 

ʉʪʫʜʝʥʪ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʪʯʝʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʥʘʟʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʮʝʣʴ, ʢʨʘʪʢʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʠ ʦʪʚʝʪʳ ʥʘ ʧʨʝʜʣʘʛʘʝʤʳʝ ʚʦʧʨʦʩʳ. 

ʉʪʫʜʝʥʪ, ʥʝ ʧʦʜʛʦʪʦʚʠʚʰʠʡʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʛʦʪʦʚʠʪʩʷ ʢ ʥʝʡ ʚʦ 

ʚʨʝʤʷ ʟʘʥʷʪʠʷ ʧʦʜ ʥʘʙʣʶʜʝʥʠʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʨʘʙʦʪʝ, ʝʩʣʠ ʦʩʪʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʨʝʤʝʥʠ ʜʣʷ ʝʝ ʚʧrʦʣʥʝʥʠʷ. ɽʩʣʠ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʩʪʫʜʝʥʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʦʪʨʘʙʦʪʢʫ ʧʨʦʧʫʱʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʜʨʫʛʫʶ ʛʨʫʧʧʫ 

(ʠʣʠ ʥʘ ʚʨʝʤʷ ʢʦʥʩʫʣʴʪʘʮʠʡ) ʧʦ ʨʘʩʧʠʩʘʥʠʶ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  

ʉʪʫʜʝʥʪ ʚʳʧʦʣʥʷʝʪ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ, ʚʥʦʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʦʪʯʝʪʘ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʜʝʥʠʷ: ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʥʘʙʣʶʜʝʥʠʷ, ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʚʦʜʳ. ɺ 

ʢʦʥʮʝ ʟʘʥʷʪʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʦʮʝʥʠʚʘʝʪ ʨʘʙʦʪʫ ʠ ʩʪʘʚʠʪ ʩʚʦʶ ʧʦʜʧʠʩʴ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚ ʢʦʥʮʝ ʟʘʥʷʪʠʷ ʚʳʜʘʝʪ ʢʘʞʜʦʤʫ ʩʪʫʜʝʥʪʫ 3-4 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʯʠ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʪʫʜʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʥʘ ʩʣʝʜʫʶʱʝʤ ʟʘʥʷʪʠʠ. 

ʉʪʫʜʝʥʪʳ, ʥʝ ʟʘʱʠʪʠʚʰʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʚ ʩʨʦʢ, ʟʘʱʠʱʘʶʪ ʚʩʝ ʚʳʧʦʣʥʝʥʥʳʝ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʥʘ ʟʘʥʷʪʠʠ, ʚʳʜʝʣʝʥʥʦʤ ʜʣʷ ʟʘʱʠʪ r ʧʘʢʝʪʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʪʫʜʝʥʪʳ, ʫʞʝ ʟʘʱʠʪʠʚʰʠʝ ʯʘʩʪʴ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʟʘʱʠʱʘʶʪ ʧʦʩʣʝʜʥʶʶ ʠʟ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ.  

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʩʯʠʪʘʝʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤ, ʝʩʣʠ ʩʪʫʜʝʥʪ ʦʪʨʘʙʦʪʘʣ ʠ ʟʘʱʠʪʠʣ ʚʩʝ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ. 

 

ɼʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ 
ɼʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ ʚʳʜʘʝʪʩʷ ʩʪʫʜʝʥʪʫ ʥʘ 5-6 ʥʝʜʝʣʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʥʘʙʦʨ ʟʘʜʘʯ. ɺʘʨʠʘʥʪ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʦʩʣʝʜʥʠʤʠ ʮʠʬʨʘʤʠ ʥʦʤʝʨʘ 

ʟʘʯʝʪʥʦʡ ʢʥʠʞʢʠ. ɺʩʝ ʚʘʨʠʘʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ çʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷʭ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʟʘʥʷʪʠʷʤè. 

ʈʝʰʝʥʠʝ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ ʩʪʫʜʝʥʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʪʦʥʢʦʡ ʪʝʪʨʘʜʠ ʠʣʠ 

ʥʘ ʦʪʜʝʣʴʥʳʭ ʣʠʩʪʘʭ, ʧʨʠ ʵʪʦʤ ʥʘ ʪʠʪʫʣʴʥʦʤ ʣʠʩʪʝ ʫʢʘʟʳʚʘʝʪʩʷ ʛʨʫʧʧʘ, ʌʀʆ ʩʪʫʜʝʥʪʘ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ˉ ʚʘʨʠʘʥʪʘ ʠ ˉˉ ʟʘʜʘʯ. ʈʝʰʝʥʠʝ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʤ 

ʣʠʩʪʝ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʥʘʣʠʯʠʝʤ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʨʦʙʥʳʤ ʩ 

ʧʦʜʩʪʘʥʦʚʢʦʡ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʠ ʫʢʘʟʘʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʦʪʚʝʪʝ. 

ʇʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʥʦʝ ʜʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ 12-14 ʥʝʜʝʣʝ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʩʦʙʝʩʝʜʦʚʘʥʠʝʤ (ʟʘʱʠʪʦʡ). ɼʦʤʘʰʥʝʝ ʟʘʜʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʚʨʘʱʝʥʦ ʩʪʫʜʝʥʪʫ ʜʣʷ 

ʜʦʨʘʙʦʪʢʠ.  

ɿʘʯʝʪ 
ʉʪʫʜʝʥʪ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʟʘʯʝʪʫ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʠ ʩʜʘʯʠ 

ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ.  

ɿʘʯʝʪ ʧʨʦʚʦʜʠʪʩʷ ʚ ʬʦʨʤʝ ʧʠʩʴʤʝʥʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚʦʧʨʦʩʳ ʠ ʟʘʜʘʯʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʜʝʨʞʘʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ. ɽʩʣʠ ʩʪʫʜʝʥʪ 

ʚʳʧʦʣʥʠʣ ʟʘʯʝʪʥʫʶ ʨʘʙʦʪʫ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʪʦ ʦʥ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʟʘʯʝʪ ʧʦʩʣʝ ʩʦʙʝʩʝʜʦʚʘʥʠʷ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠʣʠ ʧʝʨʝʧʠʩʘʚ ʟʘʯʝʪʥʫʶ ʨʘʙʦʪʫ ʧʦʚʪʦʨʥʦ.  

 

ʀʪʦʛʦʚʳʡ ʟʘʯʝʪ 
ʉʪʫʜʝʥʪ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʤʫ ʟʘʯʝʪʫ ʧʦʩʣʝ ʩʜʘʯʠ ʟʘʯʝʪʘ ʧʦ ʣʘʙʦʨʘʪʦʨʥʳʤ 

ʨʘʙʦʪʘʤ.  

ʀʪʦʛʦʚʳʡ ʟʘʯʝʪ ʧʨʦʚʦʜʠʪʩʷ ʚ ʬʦʨʤʝ ʧʠʩʴʤʝʥʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚʦʧʨʦʩʳ ʠ 

ʟʘʜʘʯʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʜʝʨʞʘʥʠʶ ʣʝʢʮʠʦʥʥʦʛʦ ʢʫʨʩʘ ʠ ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ. ɽʩʣʠ 

ʩʪʫʜʝʥʪ ʚʳʧʦʣʥʠʣ ʟʘʯʝʪʥʫʶ ʨʘʙʦʪʫ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʪʦ ʦʥ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʟʘʯʝʪ ʧʦʩʣʝ 

ʩʦʙʝʩʝʜʦʚʘʥʠʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠʣʠ ʧʝʨʝʧʠʩʘʚ ʟʘʯʝʪʥʫʶ ʨʘʙʦʪʫ ʧʦʚʪʦʨʥʦ.  
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ1 

ʀɿʋʏɽʅʀɽ ʉɺʆʁʉʊɺ ɺʆɼʆʈʆɼɸ 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

1. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʤʦʣʝʢʫʣʳ 2H , OH2 , 22OH . 

2. ʀʟʫʯʠʪʴ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

3. ʀʟʫʯʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʡʦʜʠʜʘ 

ʢʘʣʠʷ ʠ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ. 

2. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢ ʧʦʣʫʯʘʶʪ ʚʦʜʦʨʦʜ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ? ʇʨʠʚʝʩʪʠ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ. 

2. ʆʧʠʰʠʪʝ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. ʅʘʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ. ɺ ʯʝʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ? 

3. ʅʘʟʦʚʠʪʝ ʠʟʦʪʦʧʳ ʚʦʜʦʨʦʜʘ, ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʠʭ. 

4. ʆʧʠʩʘʪʴ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ. 

5. ʆʧʠʩʘʪʴ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

6. ʋʢʘʟʘʪʴ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ʆʧʠʩʘʪʴ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ 22OH . 

7. ʍʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʠʭ ʚʠʜʳ. ʇʝʨʝʯʠʩʣʠʪʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʠʥʜʠʢʘʪʦʨʳ, ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʠʭ. 

8. ʂʘʢʠʝ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ? ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʢʠʩʣʠʪʝʣʷʤ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤ. 

9. ʂʘʢʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠ ̫ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦʜʦʨʦʜ ʚ ʨʝʘʢʮʠ̫ ʭ? 

10. ɼʦ ʢʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʢʠʩʣʝʥʘ ʚʦʜʘ: 

ʘ) ʜʦ O  ʠ H ; ʙ) ʜʦ OH ; ʚ) ʜʦ OH2 ? 

11. ʉʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ 

ʨʝʘʢʮʠʡ ʠ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʚʦʜʦʨʦʜ ʩʣʫʞʠʪ ʦʢʠʩʣʠʪʝʣʝʤ, ʘ ʚ ʢʘʢʠʭ ï 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ: 

ʘ) 23 H3AlCl3HCl6Al3 ; 

ʙ) OH2OH2 222 ; 

ʚ) 22 HNaOH2OH2Na2 ; 

ʛ) 2222 H2OHBaOH2BaH . 

3. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʝʝ ʚʧrʦʣʥʝʥʠʶ 

ʅʘ çʨʘʙʦʯʝʤ ʩʪʦʣʝè ʇʂ ʥʘʡʜʠʪʝ ʟʥʘʯʦʢ ʧʨʦʛʨʘʤʤʳ ç1C: ʍʠʤʠʷè. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ 

ʧʨʦʛʨʘʤʤʳ, ʥʘʡʜʠʪʝ ʚʢʣʘʜʢʫ çɸʣʴʙʦʤè / çɺʦʜʦʨʦʜè. 

1. ʀʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʤʦʣʝʢʫʣ r 2H , OH2 , 22OH . 

1.1. ɿʘʨʠʩʦʚʘʪʴ ʘʪʦʤ ʚʦʜʦʨʦʜʘ. 

1.2. ɿʘʨʠʩʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʛʝʦʤʝʪʨʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ. 

1.3. ɿʘʨʠʩʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. 

1.4. ɿʘʨʠʩʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʛʝʦʤʝʪʨʠʶ ʠ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

1.5. ʇʝʨʝʯʠʩʣʠʪʝ ʠʟʦʪʦʧʳ ʚʦʜʦʨʦʜʘ. 

1.6. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʣʴʜʘ, ʠʟʫʯʠʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʟ̫ʠ. 

2. ʅʘʙʣʶʜʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʧʳʪʦʚ ʠ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. 

2.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʘ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʝʪʩʷ 

ʚʦʜʦʨʦʜ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʮʠʷ ʫʩʢʦʨʷʝʪʩʷ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʟʘʤʝʜʣʷʝʪʩʷ. 
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2.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʘ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ. ɺʦʜʦʨʦʜ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. 

2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʡʦʜʠʜʘ ʢʘʣʠʷ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ. ɺʳʜʝʣʝ̫ʪʩʷ ʡʦʜ. 

2.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʩ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ɽʩʣʠ 

ʧʨʠʣʠʪ ɹʢ ʧʝʨʤʘʥʛʘʥʘʪʫ ʢʘʣʠʷ ʨʘʩʪʚʦʨ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

2.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʣʴʬʠʜʘ ʩʚʠʥʮʘ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ. ʇʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ 

ʦʢʠʩʣʷʝʪ ʩʫʣʴʬʠʜ ʩʚʠʥʮʘ ʠ ʦʙʨʘʟʫʝʪʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ ʩʫʣʴʬʘʪʘ ʩʚʠʥʮʘ. 

2.6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʪʨʠʷ ʩ ʚʦʜʦʡ. ʉʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ ʬʝʥʦʣʬʪʘʣʝʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ. ʀʜʝʪ ʙʫʨʥʘʷ ʨʝʘʢʮʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ. 

2.7. ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

2.7.1. ʂʦʥʚʝʨʩʠʷ ʤʝʪʘʥʘ. 

2.7.2. ʅʝʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ. 

2.7.3. ʂʦʥʚʝʨʩʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II). 

3. ɺ ʢʘʞʜʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ ð ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʩʪʘʚʠʪʴ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʠ ʟʘʧʠʩʘʪʴ ʧʦʣʫʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

4. ʈʘʩʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʳʰʝ ʨʝʘʢʮʠʷʭ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʛʨʫʧʧʘʤ: ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʦʢʩʠʜʳ, ʱʝʣʦʯʠ (ʦʩʥʦʚʘʥʠʷ), ʢʠʩʣʦʪʳ, ʩʦʣʠ. 

5. ʅʘʧʠʩʘʪʴ ʥʘʟʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠ̫ ʭ. 

ʇʨʠʣʦʞʝʥʠʝ 

ʍʠʤʠʷ ʚʦʜʦʨʦʜʘ 

1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ. 

2. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʣʫʯʝʥʠʝ. 

3. ʇʨʠʤʝʥʝʥʠʝ. ʊʦʢʩʠʢʦʣʦʛʠʷ. 

1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʨʠʨʦʜʫ ʚʦʜʦʨʦʜʘ ʢʘʢ ʦʩʦʙʦʛʦ ʛʘʟʘ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʠʣ ʂʘʚʝʥʜʠʰ ʚ 

1766 ʛ. 

ɺʦʜʦʨʦʜ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʧʨʠʨʦʜʝ ʵʣʝʤʝʥʪʘʤ. ʆʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʚʦʜʳ, ʛʣʠʥʳ, ʢʘʤʝʥʥʦʛʦ ʠ ʙʫʨʦʛʦ ʫʛʣʷ, ʥʝʬʪʠ, ʚʦ ʚʩʝ ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ. ɺ 

ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦʜʦʨʦʜ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ (ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʛʘʟʘʭ). 

ɺʦʜʦʨʦʜ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʵʣʝʤʝʥʪ ʢʦʩʤʦʩʘ: ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʜʦ ʧʦʣʦʚʠʥʳ ʤʘʩʩʳ 

ʉʦʣʥʮʘ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʟʚʸʟʜ. ɻʠʛʘʥʪʩʢʠʝ ʧʣʘʥʝʪʳ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʖʧʠʪʝʨ ʠ ʉʘʪʫʨʥ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʚʦʜʦʨʦʜʘ. ʆʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʘʪʤʦʩʬʝʨʝ ʨʷʜʘ ʧʣʘʥʝʪ, ʚ ʢʦʤʝʪʘʭ, ʚ 

ʛʘʟʦʚʳʭ ʪʫʤʘʥʥʦʩʪʷʭ, ʚ ʤʝʞʟʚʸʟʜʥʦʤ ʛʘʟʝ. 

 ɽʛʦ ʢʣʘʨʢ ʨʘʚʝʥ 1%. 

ʂʣʘʨʢ - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ (ʚ ʤʘʩʩʦʚʳʭ ʜʦʣʷʭ, ʚʳʨʘʞʝʥʥʘʷ ʚ %) 

ʵʣʝʤʝʥʪʘ ʚ ʪʘʢʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʷʭ ɿʝʤʣʠ, ʢʘʢ ʝʝ ʢʘʤʝʥʥʘʷ ʢʦʨʘ ʛʣʫʙʠʥʦʡ ʜʦ 16 ʢʤ ʦʪ ʫʨʦʚʥʷ 

ʤʦʨʷ, ʚʦʜʳ ʦʢʝʘʥʦʚ, ʤʦʨʝʡ, ʦʟʝʨ ʠ ʨʝʢ, ʚʦʟʜʫʰʥʘʷ ʦʙʦʣʦʯʢʘ ʚʳʩʦʪʦʡ ʜʦ 50 ʢʤ (ʛʨʘʥʠʮʘ 

ʩʪʨʘʪʦʩʬʝʨʳ). 

ɺʦʜʦʨʦʜ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʥʠ ʢ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʥ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʪʝ ʠʣʠ ʠʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʭʦʜʥʳʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʦʯʪʠ ʚʩʝʭ ɸ-ʛʨʫʧʧ. ɸʪʦʤ 

ʚʦʜʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʤʝʝʪ ʩʘʤʫʶ ʧʨʦʩʪʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 1s1  - ʦʜʠʥ ʵʣʝʢʪʨʦʥ ʥʘ ʦʜʥʦʡ s-ɸʆ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʚʦʜʦʨʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʢʨʦʤʝ ʛʝʣʠʷ) ʚ ʝʛʦ 

ʘʪʦʤʝ ʚʘʣʝʥʪʥʳʡ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʬʝʨʝ ʜʝʡʩʪʚʠʷ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ï ʫ 

ʥʝʛʦ ʥʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ. ʇʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʠʦʥ ʚʦʜʦʨʦʜʘ H  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʣʝʤʝʥʪʘʨʥʫʶ ʯʘʩʪʠʮʫ ʧʨʦʪʦʥ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ 

ʨʝʰʠʪʴ, ʚ ʢʘʢʦʡ ʛʨʫʧʧʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʥ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ 

ʠʩʭʦʜʠʪʴ ʠʟ ʯʠʩʣʘ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʝʛʦ ʘʪʦʤʘ, ʪʦ ʚʦʜʦʨʦʜ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʝʨʚʦʡ 
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ʛʨʫʧʧʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʩʭʦʜʩʪʚʦʤ ʩʧʝʢʪʨʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚʦʜʦʨʦʜʘ. ʉʦ 

ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʩʙʣʠʞʘʝʪ ʚʦʜʦʨʦʜ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʚʘʪʴ ʚ ʨʘʩʪʚʦʨʘʭ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʜʥʦʟʘʨʷʜʥʳʡ ʠʦʥ H  (ʨ). ʆʜʥʘʢʦ ʚ ʩʦʩʪʦʷʥʠʠ ʩʚʦʙʦʜʥʦʛʦ 

ʠʦʥʘ H  (ʛ) ï ʧʨʦʪʦʥʘ ï ʦʥ ʥʝ ʠʤʝʝʪ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩ ʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʨʠ ʦʛʨʦʤʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʦʨʦʜ ʜʦʣʞʝʥ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʝʚʨʘʱʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʘʪʦʤʥʳʡ ʠ ʜʦʣʞʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, ʚ 

ʫʟʣʘʭ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʧʨʦʪʦʥʳ, ʘ ʵʣʝʢʪʨʦʥʳ ʩʪʘʥʦʚʷʪʩʷ ʦʙɦ ʠʤʠ ʜʣʷ ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ; 

ʪʘʢʦʡ ʢʨʠʩʪʘʣʣ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʅʦ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɽʩʣʠ ʞʝ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ ʘʪʦʤʫ 

ʚʦʜʦʨʦʜʘ ʥʝ ʭʚʘʪʘʝʪ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʪʦ ʚʦʜʦʨʦʜ ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʚ VII  ʛʨʫʧʧʫ. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ, ʢʘʢ ʠ ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʦʥʠʟʘʮʠʠ. 

ʈʘʟʤʝʱʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ I ʠʣʠ VII  ʛʨʫʧʧʝ ʪʘʙʣʠʮʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʩʣʦʚʥʦ. 

ɺʦʜʦʨʦʜ, ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚ ʧʨʠʨʦʜʝ, ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʜʚʫʭ ʠʟʦʪʦʧʦʚ: H1

1  - ʧʨʦʪʠʷ 

(99,984%) ʠ H2

1  (ʠʣʠ D )- ʜʝʡʪʝʨʠʷ (0,016%). ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ - ʪʨʠʪʠʡ H3

1  ʠʣʠ T  

ʧʦʩʪʦ̫ ʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʡʪʨʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʥʘ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʛʘʟʦʚ. ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ ʪʨʠʪʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1-150 ʘʪʦʤʦʚ ʥʘ 1018 ʘʪʦʤʦʚ ʧʨʦʪʠʷ. 

ɺ ʚʠʜʝ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʤʦʣʝʢʫʣ 2H ) ʦʥ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʠʭ 

ʚʳʩʦʪʘʭ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʯʘʩʪʠʯʥʦ ʚ ʘʪʦʤʘʨʥʦʤ, ʘ ʯʘʩʪʠʯʥʦ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ( H , 

H). ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 2H  ʚʙʣʠʟʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 5Ĭ10
-5

%. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʨʦʜʝ ʚʦʜʘ, ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʜʨʫʛʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. 

2. ʌʠʟʠʢʦ - ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺʦʜʦʨʦʜ ï ʛʘʟ ʙʝʟ ʮʚʝʪʘ, ʚʢʫʩʘ ʠ ʟʘʧʘʭʘ. ɺʦ ʚʩʝʭ ʪʨʝʭ 

ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ 2H . ɽʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï 

259,20Üʉ, ʢʠʧʝʥʠʷ ï 252,80Üʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 1ʣ ʚʦʜʳ ʧʨʠ 250Üʉ ʩʦʩʪʘʚʣʷʝʪ 0,0175 ʣ (ʧʨʠ 

0Üʉ ʠ 0,1 ʄʇʘ). ʇʣʦʪʥʦʩʪʴ ʚʦʜʦʨʦʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʟʜʫʭʫ ʨʘʚʥʘ 0,06952. ɺ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʦʜʦʨʦʜ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʠʜʝʘʣʴʥʳʡ ʛʘʟ. 

ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ 25% ʧʘʨʘ-ʚʦʜʦʨʦʜʘ ʠ 75% ʦʨʪʦ-ʚʦʜʦʨʦʜʘ. ʆʥ ʩʧʦʩʦʙʝʥ ʜʘʚʘʪʴ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ. 

ɺʦʜʦʨʦʜ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʚʟʨʳʚʘʝʪʩʷ ʦʪ ʠʩʢʨʳ ʠ ʧʣʘʤʝʥʠ: 

OH2OH2 222  

ʉʤʝʩʠ 2H  ʠ 2F  ʚʟʨʳʚʘʶʪʩʷ ʚ ʪʝʤʥʦʪʝ: 

HF2FH 22  

ʍʣʦʨ ʛʦʨʠʪ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ: 

ʛHCl2ʛClʛH 22 , A
298H 184 ʢɼʞ. 

ʈʝʘʢʮʠʠ ʚʦʜʦʨʦʜʘ ʩ ʙʨʦʤʦʤ ʠ ʠʦʜʦʤ ʧʨʦʪʝʢʘʶʪ ʦʙʨʘʪʠʤʦ. ʉ ʩʝʨʦʡ ʠ ʩʝʣʝʥʦʤ ʚʦʜʦʨʦʜ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ SH2  ʠ SeH 2 . ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʚʦʜʦʨʦʜ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʘʟʦʪʦʤ, ʫʛʣʝʨʦʜʦʤ, ʢʨʝʤʥʠʝʤ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʚʦʜʦʨʦʜ ʧʨʦʷʚʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ, ʠʤʝʶʱʠʤ 

ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʦʣʝʝ +0,7 ɻ ɺ (Hg , Ag , Pd, Au ): 

ʨHNO2ʢAg2ʛHʨAgNO2 323  

ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ H  ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ 

ʧʨʦʤʳʣhʝʥʥʦʩʪʠ: 
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OH2GeH2GeO 222  

OH3WH3WO 223  

HCl3SiHSiHCl 23  

ɸʪʦʤʘʨʥʳʡ ʚʦʜʦʨʦʜ ʭʠʤʠʯʝʩʢʠ ʦʯʝʥʴ ʘʢʪʠʚʝʥ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ  ʧʨʠ ʊ=180Üʉ ʠ ʙʦʣʝʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʜʦ ʤʝʪʘʣʣʦʚ ʤʥʦʛʠʝ ʦʢʩʠʜʳ: OAg 2 , 32OBi , CdO , PbO, HgO ʠ ʜʨʫʛʠʝ. 

ʅʝʢʦʪʦʨʳʝ ʤʝʪʘʣʣʳ ʨʘʩʪʚʦʨʷʶʪ ʚʦʜʦʨʦʜ ( Ni , Pt , Pd). ʑʝʣʦʯʥʳʝ, ʝɦʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʝ 

ʤʝʪʘʣʣʳ, ʘ ʪʘʢʞʝ ʪʠʪʘʥ, ʮʠʨʢʦʥʠʡ, ʫʨʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʠʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʜʦʚ 

( KH , 2CaH , 3UH , 2TiH  ʠ ʜʨʫʛʠʝ). ɺʦʜʦʨʦʜ ʠʛʨʘʝʪ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʷ: 
1

2

0

HNa2HNa2  

ɺʦʜʦʨʦʜ ʚʳʟʳʚʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʢʦʨʨʦʟʠʶ Fe ʠ ʩʪʘʣʠ ï ʤʝʪʘʣʣʳ ʩʪʘʥʦʚʷʪʩʷ ʭʨʫʧʢʠʤʠ ʠ 

ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʨʘʩʩʣʘʠʚʘʶʪʩʷ. 

ʇʦʣʫʯʝʥʠʝ.  ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦʜʦʨʦʜ ʧʦʣʫʯʘʶʪ ʛʣʘʚʥʳʤ  ʦʙʨʘʟʦʤ  ʠʟ ʧʨʠʨʦʜʥʳʭ ʠ 

ʧʦʧʫʪʥʳʭ ʛʘʟʦʚ (ʜʦ 90% ʤʝʪʘʥʘ), ʧʨʦʜʫʢʪʦʚ ʛʘʟʠʬʠʢʘʮʠʠ ʪʦʧʣʠʚʘ (ʚʦʜʷʥʦʛʦ ʠ ʧʘʨʦ-

ʚʦʟʜʫʰʥʦʛʦ ʛʘʟʦʚ) ʠ ʢʦʢʩʦʚʦʛʦ ʛʘʟʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʦʜʘ ʦʩʥʦʚʘʥʦ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ (ʢʦʥʚʝʨʩʠʠ) ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʤʝʪʘʥʘ) ʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʇ), ʥʘʧʨʠʤʝʨ ʥʘʜ ʥʠʢʝʣʝʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʨʠ ʊ = 800Üʉ:  

2224 COH4OH2CH , A
298H 161 ʢɼʞ. 

224 H3COOHCH  

222 HCOOHCO  

2

0

24

1

H4CO2OHC2  

ɿʘʪʝʤ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʛʘʟʦʚ ʫʜʘʣʷʶʪ 2CO , ʩʥʘʯʘʣʘ ʧʦʛʣʦʱʘʷ ʝʛʦ ʚʦʜʦʡ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʘ ʟʘʪʝʤ ï ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʵʪʘʥʦʣ-ʘʤʤʠʘʢʘ. 

ʅʘʠʙʦʣʝʝ ʯʠʩʪʳʡ ʚʦʜʦʨʦʜ ʧʦʣʫʯʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ NaOH ʠ KOH : 

ʥʘ ʢʘʪʦʜʝ Fe : OH2He2OH2 22 , 

ʥʘ ʘʥʦʜʝ C : OHO5,0e2OH2 22 . 

ʊʘʢʞʝ 2H  ʧʦʣʫʯʘʶʪ ʧʦ ʨʝʘʢʮʠʠ: 

2222 OHCaH2OHCaH  

ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ: 

22 ZnCl2HHClZn  

ʠ ʠʟ ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ ʧʨʠ ʪʝʨʤʦʨʘʟʣʦʞʝʥʠʠ: 

TiHTiH 22  

ɻʠʜʨʠʜʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʙʠʥʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ H  ʩ ʙʦʣʝʝ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʥɹʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚʩʝ ʛʠʜʨʠʜʳ ʜʝʣʷʪ ʥʘ ʠʦʥʥʳʝ (ʩʦʣʝʦʙʨʘʟʥʳʝ), 

ʢʦʚʘʣʝʥʪʥʳʝ ʠ ʤʝʪʘʣʣʦʦʙʨʘʟʥʳʝ. 

ʀʦʥʥʳʝ ʛʠʜʨʠʜʳ - ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɺʩʝ ʦʥʠ ʩʠʣʴʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. ʀʦʥʥʳʝ ʛʠʜʨʠʜʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 

ʩʦʜʝʨʞʘʪ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʠ ʛʠʜʨʠʜʥʳʡ ʘʥʠʦʥ H , ʢʦʪʦʨʳʡ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠʦʥʥʳʭ ʛʠʜʨʠʜʦʚ. ʉʪʘʥʜʘʨʪʥʳʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʨʝʘʢʮʠʠ: 

HeH5,0 2 , A 2,24 ɺ. 

ʇʦʵʪʦʤʫ ʘʥʠʦʥ H  ʧʨʦʷʚʣʷʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʤʥʦʛʠʤ ʚʝʱʝʩʪʚʘʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ: 
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2HHH  

2222 H2OHBaOH2BaH  

ʀʦʥʥʳʝ ʛʠʜʨʠʜʳ ʦʙʨʘʟʫʶʪ ʚʩʝ ʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʣʘʥʪʘʥʦʠʜʳ ʚ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (+II), ʥʘʧʨʠʤʝʨ 2EuH , 2YbH . 

ʍʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʥʳʭ ʛʠʜʨʠʜʦʚ ʚʦʟʨʘʩʪʘʝʪ ʦʪ LiH  ʢ 2CsH  ʠ ʦʪ 2CaH  ʢ 2RaH . 

ɻʠʜʨʠʜʳ Rb  ʠ Cs ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ: 

OHORbORbH2 222  

ʆʥʠ (ʠʦʥʥʳʝ ʛʠʜʨʠʜʳ) ʨʝʘʛʠʨʫʶʪ ʩ HCl  ʠ 2CO : 

222 H2SKSHKH2  

2HKClHClKH  

HCOOKCOKH 2  

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʊÜ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʤʝʪʘʣʣ ʠ ʚʦʜʦʨʦʜ: 

Cs2HtCsH2 2  

ʂʦʚʘʣʝʥʪʥʳʝ ʛʠʜʨʠʜʳ ʥʝʢʦʪʦʨʳʭ ʨ-ʵʣʝʤʝʥʪʦʚ ï ʛʘʟʦʦʙʨʘʟʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʚʝʱʝʩʪʚʘ ʩʦ 

ʩʚʦʝʦʙʨʘʟʥʳʤ ʟʘʧʘʭʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʚʦʜʦʡ ʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʛʠʜʨʦʢʩʠʜʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ: 

23224 H4SiOHOH3SiH  

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ 3PH  ʠ 3AsH , ʥʘ ʢʦʪʦʨʳʝ ʥʠ ʚʦʜʘ, ʥʠ ʨʘʩʪʚʦʨ KOH  ʥʝ ʜʝʡʩʪʚʫʶʪ. 

ʉʠʣʘʥ ʠ ʜʠʙʦʨʘʥ ʩʛʦʨʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ: 

OH3OBO3HB 232262  

OHTiOOTiH 222  

OH2SiOO2SiH 2224  

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʠʜʨʠʜʳ ʨʘʩʧʘʜʘʶʪʩʷ: 

2

t

3 H3As2AsH2  

22 HZrZrH  

SiH2SiH 2

t

4  

ɹʦʨ ʠ ʢʨʝʤʥʠʡ ʝʱʝ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʳʝ ʛʠʜʨʠʜʳ ʮʝʧʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʦʛʫʱʠʝ ʚʢʣʶʯʘʪʴ ʜʦ 

20 ʘʪʦʤʦʚ ʙʦʨʘ ( 1620HB ) ʠ ʜʦ 6 ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ (146HSi ). 

ʄʝʪʘʣʣʦʦʙʨʘʟʫʶʱʠʝ ʛʠʜʨʠʜʳ ʦʙʨʘʟʫʶʪ ʥʝʢʦʪʦʨʳʝ d- ʣɻʝʤʝʥʪʳ. ɺ ʪʘʢʠʭ ʛʠʜʨʠʜʘʭ 

ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʧʦʣʷʨʥʘʷ ʢʦʚʘʣʝʥʪʥʘʷ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ H  ʠʣʠ H  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʤʝʪʘʣʣʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʀʭ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʟʥʠʢʘʶʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 

ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ. ʅʘʧʨʠʤʝʨ, ʚ ʛʠʜʨʠʜʝ nMH  ʫ ʤʝʪʘʣʣʘ m ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʘ 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ ʪʦʣʴʢʦ n H -ʠʦʥʦʚ, ʪʦ ʨʘʟʥʦʩʪʴ (m - n) ʜʘʝʪ ʯʠʩʣʦ 

ʵʣʝʢʪʨʦʥʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʂʦʛʜʘ m = n, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʯʝʟʘʁ ʪ ʠ ʛʠʜʨʠʜʳ ʩʪʘʥʦʚʷʪʩʷ ʠʦʥʥʳʤʠ. 

ʉ ʢʠʩʣʦʪʘʤʠ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʚʳʜʝʣʷʷ ʚʦʜʦʨʦʜ: 

232 H5,2TiClHCl3TiH  

ɺʦʜʦʨʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ 

çʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦè ʪʦʧʣʠʚʘ (ʛʦʨʶʯʝʛʦ). ʇʨʠ ʛʦʨʝʥʠʠ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ ʚʦʟʥʠʢʘʝʪ 

ʚʩrʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʜʦ 2600Üʉ), ʧʦʟʚʦʣʷʶʱʘʷ ʩʚʘʨʠʚʘʪʴ ʠ ʨʝʟʘʪʴ ʪʫʛʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ, ʢʚʘʨʮ 

ʠ ʧʨ. 
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ɺ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ ʛʝʣʠʷ ʠʤʝʶʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟʦʪʦʧʳ ʚʦʜʦʨʦʜʘ ï ʪʨʠʪʠʡ ʠ ʜʝʡʪʝʨʠʡ. 

ɺʦʜʦʨʦʜ ï ʦʩʥʦʚʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʱʝʛʦ. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ2 

ɻɸʃʆɻɽʅʓ ï ʈ-ʕʃɽʄɽʅʊʓ VII  ɻʈʋʇʇʓ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

ɼ.ʀ.ʄɽʅɼɽʃɽɽɺɸ 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

1. ʀʟʫʯʠʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ VII  ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɸ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ. 

2. ʅʘ ʧʨʠʤʝʨʝ ʛʘʣʦʛʝʥʦʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚ ʪʘʙʣʠʮʝ 

ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ. 

3. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʪʦʤʦʚ (ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ, ʵʥʝʨʛʠʷ 

ʩʨʦʜʩʪʚʘ ʘʪʦʤʘ ʢ ɻ ʣʝʢʪʨʦʥʫ, ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʥɹʦʩʪʴ). 

4. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʤʦʣʝʢʫʣ 2Cl ; HCl . 

2. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1.  ʂʘʢʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʘʣʦʛʝʥʦʚ? 

2. ʆʧʠʩʘʪʴ ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʩʣʦʡ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ. 

3. ʏʪʦ ʥʘʟʳʚʘʶʪ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ? 

4. ʏʪʦ ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ? 

5. ʂʘʢʠʝ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤʠ? ʇʨʠʚʝʩʪʠ ʧʨʠʤʝʨ. 

6. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʘʣʦʛʝʥʦʚ ʚ ʧʨʠʨʦʜʝ. 

7. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʣʦʛʝʥʦʚ. 

8. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʘʣʦʛʝʥʦʚ. 

9. ʅʘʟʦʚʠʪʝ ʠ ʧʨʠʚʝʜʠʪʝ ʬʦʨʤʫʣʳ ʥʝʢʦʪʦʨʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʛʘʣʦʛʝʥʦʚ. 

10. ʅʘʧʠʰʠʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʥʦʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʨʘʩʪʚʦʨʝ. 

11. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʩʠʣʘ ʢʠʩʣʦʪ ʠ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʨʷʜʫ: ʭʣʦʨʥʦʚʘʪʠʩʪʘʷ 

ʢʠʩʣʦʪʘ ï ʭʣʦʨʠʩʪʘʷ ï ʭʣʦʨʥʦʚʘʪʘʷ ï ʭʣʦʨʥʘʷ? 

3. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʝʝ ʚʧrʦʣʥʝʥʠʶ 

ʅʘ çʨʘʙʦʯʝʤ ʩʪʦʣʝè ʇʂ ʥʘʡʜʠʪʝ ʟʥʘʯʦʢ ʧʨʦʛʨʘʤʤʳ ç1ʉ:ʍʠʤʠʷè. 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤʳ, ʥʘʡʜʠʪʝ ʚʢʣʘʜʢʫ ç ɸʣʴʙʦʤè / çɻʘʣʦʛʝʥʳ ï ʨ-ʵʣʝʤʝʥʪʳ VII 

ʛʨʫʧʧʳè. 

1. ʀʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ 2Cl ; HCl . 

1.1. ɿʘʨʠʩʦʚʘʪʴ ʘʪʦʤ ʭʣʦʨʘ. 

1.2. ɿʘʨʠʩʦʚʘʪʴ ʘʪʦʤ ʬʪʦʨʘ. 

1.3. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʤʦʣʝʢʫʣʳ 2Cl  ʠ ʝʝ ʛʝʦʤʝʪʨʠʶ. 

1.4. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʠ ʛʝʦʤʝʪʨʠʶ ʤʦʣʝʢʫʣʳ HCl . 

2. ʅʘʙʣʶʜʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʧʳʪʦʚ ʠ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. 

2.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʭʣʦʨʦʚʦʜʦʨʦʜ. 

2.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʭʣʦʨʠʜʦʤ ʢʘʣʠʷ, ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ, ʡʦʜʠʜʦʤ ʢʘʣʠʷ. 

ɺʳʧʘʜʘʶʪ ʦʩʘʜʢʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ. 

2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʠʜʘ ʥʘʪʨʠʷ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʙʨʦʤʦʚʦʜʦʨʦʜ ʠ 

ʙʨʦʤ. 

2.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʶʤʠʥʠʷ ʩ ʡʦʜʦʤ. ʆʙʨʘʟʫʝʪʩʷ ʡʦʜʠʜ ʘʣʶʤʠʥʠʷ. 

2.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʘ ʠ ʡʦʜʠʜʘ ʢʘʣʠʷ. 

2.6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʠʜʘ ʩʚʠʥʮʘ ʩ ʡʦʜʠʜʦʤ ʢʘʣʠʷ. ʆʙʨʘʟʫʝʪʩʷ ʦʩʘʜʦʢ ʡʦʜʠʜʘ ʩʚʠʥʮʘ. 

2.7. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʠʜʘ ʤʝʜʠ (II) ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. 
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2.8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʠʜʘ ʢʘʣʠʷ ʩ ʙʨʦʤʘʪʦʤ ʢʘʣʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɺʳʜʝʣʝ̫ʪʩʷ ʙʨʦʤ. 

2.9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʘ ʩʦ ʱʝʣʦʯʴʶ. ʆʙʨʘʟʫʝʪʩʷ ʙʨʦʤʠʜ ʠ ʙʨʦʤʘʪ ʥʘʪʨʠʷ. 

2.10. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʩ ʡʦʜʠʜʦʤ ʢʘʣʠʷ. ʆʙʨʘʟʫʝʪʩʷ ʡʦʜ. 

2.11. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʭʣʦʨ. 

3. ɺ ʢʘʞʜʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʩʪʘʚʠʪʴ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʠ ʟʘʧʠʩʘʪʴ ʧʦʣʫʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

4. ʅʘʧʠʩʘʪʴ ʥʘʟʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠ̫ ʭ. 

ʇʨʠʣʦʞʝʥʠʝ 

ʕʣʝʤʝʥʪʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɸ VII  ʛʨʫʧʧʳ ʠʤʝʶʪ ʛʨʫʧʧʦʚʦʝ ʥʘʟʚʘʥʠʝ çʛʘʣʦʛʝʥʳè, 

ʠʥʘʯʝ çʩʦʣʝʦʙʨʘʟʦʚʘʪʝʣʠè. ʂ ʵʪʠʤ ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ F  ï ʬʪʦʨ, Clï ʭʣʦʨ, Brï ʙʨʦʤ, Iï 

ʡʦʜ, Atï ʘʩʪʘʪ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ: 

F  ï 522 p2s2s1  (ʬʪʦʨ); 

Cl  ï 52622 p3s3p2s2s1  (ʭʣʦʨ); 

Br  ï 510262622 p4d3s4p3s3p2s2s1  (ʙʨʦʤ); 

I  ï 5102610262622 p5d4s5p4d3s4p3s3p2s2s1  (ʡʦʜ); 

At  - 5101426102610262622 p6d5f4s6p5d4s5p4d3s4p3s3p2s2s1  (ʘʩʪʘʪ). 

ɺʩʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʘʪʦʤʘ, ʟʘʢʦʥʦʤʝʨʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʧʝʨʠʦʜʘʤ ʠ ʛʨʫʧʧʘʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʨʷʜʫ ʵʣʝʤʝʥʪʦʚ-ʘʥʘʣʦʛʦʚ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʭʦʜʥʳ, ʥʦ ʥʝʪʦʞʜʝʩʪʚʝʥʥʳ. 

ʋ ʛʘʣʦʛʝʥʦʚ ʚ ʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʯʝʪʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʪ (-I) ʜʦ (+VII ), 

ʨʘʚʥʦʡ ʥʦʤʝʨʫ ʛʨʫʧʧʳ. ʊʦʣʴʢʦ ʬʪʦʨ ʠʤʝʝʪ ʦʜʥʫ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ (-I), ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ 

ʚʩʝʛʜʘ ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʛʘʣʦʛʝʥʦʚ ʠ ʦʪʚʝʯʘʶʱʠʝ ʠʤ ʩʦʝʜʠʥʝʥʠʷ 

1F  HF , OF2 , 22OF , KF  

0F  2F  

1Cl  HCl , KCl  
0Cl  2Cl  

1Cl  OCl2 , HClO , KClO  
3Cl  2HClO , 2NaClO  
4Cl  2ClO  

5Cl  3HClO , 
23ClOBa  

7Cl  72OCl , 4HClO , 4LiClO  

1Br  HBr , KBr  
0Br  2Br  

1Br  OBr2 , HBrO , NaBrO  

5Br  3HBrO , 3KBrO  

1I  HI , KI  
0I  2I  

1I  HIO , KIO  
5I  52OI , 3HIO , 3NaIO  

7I  72OI , 65IOH , 65IOK  
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ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʘʣʦʛʝʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʠʨʦʜʝ ʪʦʣʴʢʦ ʚ 

ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʩʦʣʝʡ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʳʭ ʢʠʩʣʦʪ). 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ ʭʣʦʨ (0,19%) ʠ ʬʪʦʨ (0,03%). ʆʩʥʦʚʥʳʝ ʤʘʩʩʳ ʭʣʦʨʘ ʠ 

ʙʨʦʤʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʚʦʜʘʭ ʦʢʝʘʥʦʚ, ʤʦʨʝʡ ʠ ʩʦʣʷʥʳʭ ʦʟʝʨ. ɹʨʦʤ, ʠʦʜ ʠ ʘʩʪʘʪ ï ʨʘʩʩʝʷʥʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʥʝ ʦʙʨʘʟʫʶʱʠʝ ʩʚʦʠʭ ʤʠʥʝʨʘʣʦʚ. ʌʪʦʨ ʩʦʜʝʨʞʠʪʩʷ ʚ ʤʠʥʝʨʘʣʘʭ: ʬʣʶʦʨʠʪ 

(ʧʣʘʚʠʢʦʚʳʡ ʰʧʘʪ) 2CaF, ʢʨʠʦʣʠʪ 63 AlFNa , ʬʪʦʨʘʧʘʪʠʪ 2243 Cl,FCaPOCa3 . ʇʣʘʚʠʢʦʚʳʡ 

ʰʧʘʪ ʧʦʣʫʯʠʣ ʵʪʦ ʥʘʟʚʘʥʠʝ ʧʦʪʦʤʫ, ʯʪʦ ʝʛʦ ʧʨʠʙʘʚʣʝʥʠʝ ʢ ʞʝʣʝʟʥʳʤ ʨʫʜʘʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʣʝʛʢʦʧʣʘʚʢʠʭ ʰʣʘʢʦʚ ʧʨʠ ʚʳʧʣʘʚʢʝ ʯʫʛʫʥʘ. ʌʣʶʦʨʠʪ ï ʦʯʝʥʴ ʮʝʥʥʦʝ ʩʳʨʴʝ, ʥʦ 

ʟʘʧʘʩʳ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʥʘ ʠʩʭʦʜʝ. ʂʨʠʦʣʠʪ (çʣʝʜʷʥʦʡ ʢʘʤʝʥʴè) ʙʦʛʘʯʝ ʬʪʦʨʦʤ, ʯʝʤ ʬʣʶʦʨʠʪ, 

ʥʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʘ ɿʝʤʣʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʨʠʦʣʠʪʘ ʚ ɻʨʝʥʣʘʥʜʠʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʠʩʯʝʨʧʘʥʦ. ʍʣʦʨ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʢ ʛʘʣʠʪ NaCl, ʩʠʣʴʚʠʥ KCl , ʢʘʨʥʘʣʣʠʪ 

OH6MgClKCl 22 . ʄʦʨʩʢʘʷ ʚʦʜʘ ï ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʘ ʠ 

ʙʨʦʤʘ. ɹʫʨʦʚʳʝ ʚʦʜʳ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʣhʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʠʦʜʘ ʠ 

ʙʨʦʤʘ; ʩʦʜʝʨʞʘʥʠʝ ʙʨʦʤʘ ʟʜʝʩʴ ʜʦʩʪʠʛʘʝʪ 0,01%, ʘ ʠʦʜʘ ï 0,003%. ʉʫʱʝʩʪʚʫʁ ʪ ʥʝʢʦʪʦʨʳʝ 

ʚʦʜʦʨʦʩʣʠ, ʢʦʪʦʨʳʝ ʥʘʢʘʧʣʠʚʘʶʪ ʚ ʩʚʦʠʭ ʪʢʘʥʷʭ ʠʦʜ, ʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠʤʝʶʪʩʷ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. ɿʦʣʘ ʵʪʠʭ ʚʦʜʦʨʦʩʣʝʡ ʩʣʫʞʠʪ ʩʳʨʝɹʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʦʜʘ. ɸʩʪʘʪ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʝʜʢʠʭ ʥʘ ɿʝʤʣʝ ʵʣʝʤʝʥʪʦʚ: ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʟʝʤʥʦʡ ʢʦʨʳ 

ʪʦʣʱʠʥʦʡ 1,6 ʢʤ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 70 ʤʛ ʘʩʪʘʪʘ. 

ɺʩʝ ʛʘʣʦʛʝʥʳ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʨʝʟʢʠʤ ʟʘʧʘʭʦʤ. ɺʜʳʭʘʥʠʝ ʠʭ ʜʘʞʝ ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʨʘʟʜʨʘʞʝʥʠʝ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ ʚʦʩʧʘʣʝʥʠʝ ʩʣʠʟʠʩʪʳʭ 

ʦʙʦʣʦʯʝʢ. ɹʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʛʘʣʦʛʝʥʦʚ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʪʷʞʝʣʦʝ ʦʪʨʘʚʣʝʥʠʝ. 

ʌʪʦʨ ï ʩʚʝʪʣʦ-ʞʝʣʪʳʡ ʛʘʟ (ʊ ʧʣ. -220Üʉ, ʊ ʢʠʧ. -188Üʉ), ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ 

ʧʨʦʩʪʳʤ ʚʝʱʝʩʪʚʦʤ.  

ʍʣʦʨ, ʙʨʦʤ ʠ ʡʦʜ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦ̫ ʥʠʶ: ʭʣʦʨ ï ʞʝʣʪʦ-

ʟʝʣʝʥʳʡ ʛʘʟ, ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ (ʊ ʧʣ. -101Üʉ, ʊ ʢʠʧ. -34Üʉ), ʙʨʦʤ ï ʪʷʞʝʣʘʷ 

ʙʫʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʘʷ ʞʠʜʢʦʩʪʴ (ʊ ʧʣ. -7Üʉ, ʊ ʢʠʧ.-59Üʉ), ʘ ʡʦʜ ï ʪʚʝʨʜʳʝ ʯʝʨʥʦ-ʬʠʦʣʝʪʦʚʦʛʦ 

ʮʚʝʪʘ ʢʨʠʩʪʘʣʣʳ, ʧʣʘʚʷʱʠʝʩʷ ʩ ʯʘʩʪʠʯʥʦʡ ʚʦʟʛʦʥʢʦʡ ʧʨʠ 114Üʉ (ʊ ʢʠʧ. ʨʘʩʧʣʘʚʘ -186Üʉ).  

ɻʘʣʦʛʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ʆʜʠʥ ʦʙʲʝʤ ʚʦʜʳ ʨʘʩʪʚʦʨʷʝʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 2,5 ʦʙʲʝʤʦʚ ʭʣʦʨʘ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʙʨʦʤʘ ʧʨʠ 20Üʉ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 3,5 ʛ, ʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʡʦʜʘ ʚʩʝʛʦ 0,02 ʛ ʥʘ 100 ʛ ʚʦʜʳ. 

ʌʪʦʨ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥ ʚ ʚʦʜʝ, ʪʘʢ ʢʘʢ ʵʥʝʨʛʠʯʥʦ ʨʘʟʣʘʛʘʝʪ ʝʝ: 

222 OHF4OH2F2  

ɿʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ ʚ ʚʦʜʝ, ʙʨʦʤ ʠ ʠʦʜ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: 

ʩʝʨʦʫʛʣʝʨʦʜʝ, ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ, ʭʣʦʨʦʬʦʨʤʝ, ʙʝʥʟʦʣʝ. ʕʪʠʤ ʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʙʨʦʤʘ ʠ ʠʦʜʘ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʉʚʦʙʦʜʥʳʝ ʛʘʣʦʛʝʥʳ ʧʨʦʷʚʣʷʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʆʩʦʙʝʥʥʦ ʙʳʩʪʨʦ ʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ ʛʘʣʦʛʝʥʦʚ ʩ ʤʝʪʘʣʣʘʤʠ. ʄʝʜʴ, ʦʣʦʚʦ, ʞʝʣʝʟʦ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ ʩʛʦʨʘʶʪ ʚ 

ʭʣʦʨʝ, ʦʙʨʘʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʣʠ. ʇʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ ʨʝʘʛʠʨʫʶʪ ʩ ʤʝʪʘʣʣʘʤʠ ʙʨʦʤ ʠ 

ʠʦʜ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʛʘʣʦʛʝʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ: 

NaCl2ClNa2 2  

ʌʪʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʧʨʦʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʨʦʤʝ He , 

Ne , Ar , ʧʨʦʷʚʣʷʷ ʩʚʦʡʩʪʚʘ ʩʠʣʴʥʝʡʰʝʛʦ ʦʢʠʩʣʠʪʝʣʷ. ʉʦ ʤʥʦʛʠʤʠ ʥʝʤʝʪʘʣʣʘʤʠ ʬʪʦʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʘ ʭʦʣʦʜʫ; ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩʦ ʚʟʨʳʚʦʤ ʠʣʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʘʤʝʥʠ: 

HF2FH 22          (+541,4 ʢɼʞ). 

ʍʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʘʣʦʛʝʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʬʪʦʨʘ ʢ ʘʩʪʘʪʫ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳ ʫ 
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ʬʪʦʨʘ, ʭʣʦʨʘ ʠ ʙʨʦʤʘ. ʇʨʦʷʚʣʷʶʪʩʷ ʦʥʠ ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʣʦʛʝʥʦʚ ʩʦ ʩʣʦʞʥʳʤʠ 

ʚʝʝɦʩʪʚʘʤʠ: 

1. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʭʣʦʨʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (II) ʧʦʩʣʝʜʥʠʡ ʦʢʠʩʣʷʝʪʩʷ ʚ 

ʭʣʦʨʠʜ ʞʝʣʝʟʘ (III), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʠʟ ʙʣʝʜʥʦ-ʟʝʣʝʥʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʞʝʣʪʳʤ: 

322 FeCl2ClFeCl2  

2. ɽʩʣʠ ʢ ʞʝʣʪʦʚʘʪʦʤʫ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʠʦʜʘ ʜʦʙʘʚʠʪʴ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʚʦʜʳ (ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ SH2 ), ʪʦ ʞʠʜʢʦʩʪʴ ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʤʫʪʥʦʡ ʦʪ ʚʳʜʝʣʠʚʰʝʡʩʷ ʩʝʨʳ: 

HI2SISH 22
 

ʀʦʜ ʦʙʣʘʜʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʦʥ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʝʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ SH 2  ʠ 2SO ; ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʦʜ ʧʨʦʷʚʣʝ̫ʪ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 3HNO  ʠ 22OH . 

3. ʇʨʠ ʜʝʡʩʪʚʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʨʦʤʘ ʥʘ ʨʘʩʪʚʦʨ ʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ 32SONa  ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ, ʪʘʢ ʢʘʢ ʙʨʦʤ ʦʢʠʩʣʷʝʪ ʩʫʣʴʬʠʪ ʜʦ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʘ ʩʘʤ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʙʝʩʮʚʝʪʥʳʡ ʙʨʦʤʦʚʦʜʦʨʦʜ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʫʯʘʩʪʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

HBr2SONaOHBrSONa 422232  

ʍʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʪʦʨʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘ. ʀʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʬʪʦʨ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʨʝʘʛʠʨʫʝʪ ʪʦʣʴʢʦ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ (ʚ ʚʠʜʝ ʘʣʤʘʟʘ). ʌʪʦʨ 

ʦʯʝʥʴ ʵʥʝʨʛʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʣʦʞʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʜʘʞʝ ʪʘʢʠʝ ʫʩʪʦʡʯʠʚʳʝ, ʢʘʢ ʩʪʝʢʣʦ 

(ʚ ʚʠʜʝ ʚʘʪʳ): 

2422 OSiFF2SiO            (+657 ʢɼʞ) 

ʂʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʛʘʣʦʛʝʥʦʚ. ʀʟ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʛʘʣʦʛʝʥʦʚ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʩʦʣʠ ʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ, ʥʘʠʤʝʥʝʝ ï ʦʢʩʠʜʳ ʠ ʢʠʩʣʦʪʳ. ɺʦ 

ʚʩʝʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʛʘʣʦʛʝʥʳ, ʢʨʦʤʝ ʬʪʦʨʘ, ʧʨʦʷʚʣʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʫʶ ʩʝʤʠ. 

ʂʠʩʣʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʘʣʦʛʝʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ. 

ʌʪʦʨʠʜ ʢʠʩʣʦʨʦʜʘ 2OF  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʧʫʩʢʘʥʠʝʤ ʬʪʦʨʘ ʚ ʦʭʣʘʞʜʝʥʥʳʡ 2% ʨʘʩʪʚʦʨ 

NaOH: 

222 OFOHNaF2NaOH2F2  

ʌʪʦʨʠʜ ʢʠʩʣʦʨʦʜʘ ʦʯʝʥʴ ʷʜʦʚʠʪ, ʧʨʦʷʚʣʷʝʪ ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʥɹʳʝ ʩʚʦʡʩʪʚʘ. 

ʍʣʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ HOCl  ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʭʣʦʨʘ: 

HOClHClOHCl 22          (-25 ʢɼʞ) 

ʍʣʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ï ʦʯʝʥʴ ʩʣʘʙʘʷ ʢʠʩʣʦʪʘ (ʂ = 5Ĭ10
-8

) ʠ ʦʯʝʥʴ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ. 

ɽʩʣʠ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʱʝʣʦʯʴ, ʪʦ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ ʩʜʚʠʛʘʝʪʩʷ 

ʚʧʨʘʚʦ; ʨʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʭʦʜʠʪ ʜʦ ʢʦʥʮʘ: 

OH2KOClKClKOH2HOClHCl 2  

ɺ ʨʘʩʪʚʦʨʝ ʭʣʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ʠʩʧʳʪʳʚʘʝʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ: 

2OHCl2HOCl2  (1) 

OClOHHOCl2 22  (2) 

3HClOHCl2HOCl3  (3) 

ʀʟʤʝʥʷʷ ʫʩʣʦʚʠʷ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʡʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʮʝʣʦ ʧʦ 

ʢʘʢʦʤʫ-ʥʠʙʫʜʴ ʦʜʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 
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ʈʝʘʢʮʠʷ ʪʠʧʘ (3) ʦʩʦʙʝʥʥʦ ʣʝʛʢʦ ʠʜʝʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʧʨʦʧʫʩʢʘʪʴ ʭʣʦʨ ʚ 

ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ, ʪʦ ʚʤʝʩʪʦ KClO  ʩʨʘʟʫ ʧʦʣʫʯʘʝʪʩʷ 3KClO : 

OH3KClOKCl5KOH6Cl3 232
 

ʇʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʜ ʢʘʣʠʷ ʠ ʭʣʦʨʘʪ ʢʘʣʠʷ 3KClO  - ʩʦʣʴ ʭʣʦʨʥʦʚʘʪʦʡ 

ʢʠʩʣʦʪʳ 3HClO . ʇʦʩʢʦʣʴʢʫ ʭʣʦʨʘʪ ʢʘʣʠʷ (ʠʣʠ ʙʝʨʪʦʣʝʪʦʚʘ ʩʦʣʴ) ʤʘʣʦʨʘʩʪʚʦʨʠʤ ʚ ʭʦʣʦʜʥʦʡ 

ʚʦʜʝ, ʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʦʥ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 3KClO , ʚrʜʝʣʷʝʪʩʷ ʞʝʣʪʦ-ʙʫʨʳʡ ʛʘʟ 

ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ ï ʜʠʦʢʩʠʜ ʭʣʦʨʘ 2ClO . ʕʪʦ ʦʯʝʥʴ ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʦʝʜʠʥʝʥʠʝ; ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʛʦ ʩ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʤʝʜʣʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ: 

OHKClOKClOKOH2ClO2 2232  

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʜʚʫʭ ʢʠʩʣʦʪ ï ʭʣʦʨʥʦʚʘʪʦʡ 3HClO  ʠ ʭʣʦʨʠʩʪʦʡ 2HClO . ʍʣʦʨʠʩʪʘʷ 

ʢʠʩʣʦʪʘ ʤʘʣʦʫʩʪʦʡʯʠʚʘ. 

ʇʨʠ ʦʩʪʦʨʦʞʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʭʣʦʨʘʪʘ ʢʘʣʠʷ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ: 

KClKClO3KClO4 43  

ɼʝʡʩʪʚʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ 4KClO , ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʩʚʦʙʦʜʥʘʷ ʭʣʦʨʥʘʷ ʢʠʩʣʦʪʘ 4HClO  (ʙʝʩʮʚʝʪʥʘʷ, ʜʳʤʷʱʘʷ ʥʘ ʚʦʟʜʫʭʝ ʞʠʜʢʦʩʪʴ). ɹʝʟʚʦʜʥʘʷ 

4HClO  ʤʘʣʦʫʩʪʦʡʯʠʚʘ ʠ ʠʥʦʛʜʘ ʚʟʨʳʚʘʝʪʩʷ ʧʨʠ ʭʨʘʥʝʥʠʠ; ʩʘʤʘʷ ʩʠʣʴʥʘʷ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʢʠʩʣʦʪ. 

ʍʘʨʘʢʪʝʨʥʦ ʚʳʪʝʩʥʝʥʠʝ ʙʦʣʝʝ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʛʘʣʦʛʝʥʘ ʠʟ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʤʝʪʘʣʣʘʤʠ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʛʘʣʦʛʝʥʦʤ. ʅʘʧʨʠʤʝʨ, 2F  ʚʳʪʝʩʥʷʝʪ ʜʨʫʛʠʝ 

ʛʘʣʦʛʝʥʳ ʠʟ ʠʭ ʛʘʣʦʛʝʥʠʜʦʚ, ʘ ʙʨʦʤ ï ʪʦʣʴʢʦ ʠʦʜ ʠʟ ʠʦʜʠʜʦʚ ʤʝʪʘʣʣʦʚ: Br2IBrI2 22 . 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʛʘʣʦʛʝʥʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

( , ɺ), ʨʘʚʥʳʭ ʜʣʷ 2F , 2Cl , 2Br  ʠ 2I  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2,87; 1,36; 1,09; 0,54 (ʜʣʷ ʢʠʩʣʳʭ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ). 

ʇʨʠʯʠʥʦʡ ʚʳʩʦʢʦʛʦ ʩʨʦʜʩʪʚʘ ʛʘʣʦʛʝʥʦʚ ʢ ʵʣʝʢʪʨʦʥʫ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʷʪʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʘʪʦʤʥʦʡ ʨ-ʦʨʙʠʪʘʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʜʥʦʛʦ ʥʝʩʧʘʨʝʥʥʦʛʦ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʣʦʛʝʥʠʜʥʳʭ ʠʦʥʦʚ (F , Cl , Br , I  ʠ At ) ʩ ʫʩʪʦʡʯʠʚʦʡ 8-ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʙʦʣʦʯʢʦʡ ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʛʘʣʦʛʝʥʦʤ ʙʣʘʛʦʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʍʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʵʣʝʤʝʥʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʝʛʦ ʘʪʦʤʘ ʪʝʨʷʪʴ ʠ 

ʧʨʠʦʙʨʝʪʘʪʴ ʵʣʝʢʪʨʦʥʳ. ʕʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʝʥʘ ʜʚʫʤʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ, ɽʠ (ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ) ʘʪʦʤʘ ʠ ʝʛʦ ʵʥʝʨʛʠʝʡ 

ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ F. 
ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ - ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʠʟ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʘʪʦʤʘ (ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʦʥʘ) ʚ ʝʛʦ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʙʝʟ ʩʦʦʙʱʝʥʠʷ ʵʣʝʢʪʨʦʥʫ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʈʘʟʤʝʨʥʦʩʪʴ (ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ) [ɽʠ] ~ 

[ʢɼʞ / ʤʦʣʴ]  ʠʣʠ ~ [ʵɺ / ʤʦʣʴ] (ʵʣʝʢʪʨʦʥ ï ʚʦʣʴʪ ʥʘ ʤʦʣʴ). 

ɿʥʘʯʝʥʠʝ Eu ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ. ʅʘʧʨʠʤʝʨ, Eu ʚʦʜʦʨʦʜʘ H(r) = H
+
(r) + e

-
, ʨʘʚʥʘʷ 

+1312,1 ʢɼʞ\ʤʦʣʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʭʦʜ ʩ 1s ïɸʆ (E1) ʥʘ ɸʆ ʩ n=  c E  =0. 

ʋ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʘʪʦʤʦʚ ʨʘʟʣʠʯʘʶʪ ʧʝʨʚʫʶ (E1u), ʚʪʦʨʫʶ (E2u), ʪʨʝʪʴʶ (E3u) ʠ ʪ.ʜ. 

ʵʥʝʨʛʠʶ ʠʦʥʠʟʘʮʠʠ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʫʜʘʣʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʷʜʨʘ ʘʪʦʤʘ. ʇʨʠ ʵʪʦʤ 

E1u< E2u < E3u , ʧʦʩʢʦʣʴʢʫ ʚʪʦʨʦʡ, ʪʨʝʪʠʡ ʵʣʝʢʪʨʦʥ ʧʨʠʭʦʜʠʪʴʩʷ ʦʪʨʳʚʘʪʴ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨ̫ʞʝʥʥʦʛʦ ʠʦʥʘ, ʟʘʨʷʜ ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʣʠʪʠʷ E1u =521,1 ʢɼʞ\ʤʦʣʴ, E2u =7295,4 ʢɼʞ\ʤʦʣʴ, E3u =11817,6 ʢɼʞ\ʤʦʣʴ. 

ʅʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʦʙʣʘʜʘʶʪ ʘʪʦʤʳ ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ, 

ʠʤʝʶʱʠʝ ʧʦʣʥʦʩʪʴʶ ʟʘʩʝʣʝʥʥʳʡ ʵʣʝʢʪʨʦʥʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ns
2
np

6
. ʅʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʦʙʥʘʨʫʞʝʥʦ ʫ ʘʪʦʤʦʚ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʘ 
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ʚʥʝʰʥʝʡ ns ï ɸʆ ʥʘʭʦʜʠʪʩʷ ʚʩʝʛʦ ʦʜʠʥ ʵʣʝʢʪʨʦʥ, ʥʘʜʝʞʥʦ ʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʷʜʨʘ 8-ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʘʛʦʨʦʜʥʦʛʦ ʛʘʟʘ (ʢʨʦʤʝ Li). 

ʎʝʣʴ ʧʨʠʤʝʥʝʥʠʷ ɽʠ ʚ ʭʠʤʠʠ: 

1.  ʆʮʝʥʢʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʘʪʦʤʦʚ (ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʣʶʙʳʭ ʘʪʦʤʦʚ). 

2.  ʊʘʢ ʢʘʢ ʤʝʪʘʣʣʳ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ɽʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. ʏʝʤ ʤʝʥʴʰʝ ɽʠ, ʪʝʤ ʙʦʣʴʰʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʦʚ, ʪʝʤ ʘʢʪʠʚʥʝʝ ʤʝʪʘʣʣ. 

ʆʜʥʘʢʦ, ɽʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʦʮʝʥʢʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

(ʦʙʨʘʟʫʶʪ ʤʦʣʝʢʫʣʳ ï F2 ï ʣʠʙʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʠʣʠ ʨʝʰʝʪʢʠ ʜʨʫʛʦʛʦ ʪʠʧʘ). 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʝʱʝʩʪʚʦ ʚʩʪʫʧʠʣʦ ʚ ʨʝʘʢʮʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʦʪʨʳʚʘʪʴ 

ʵʣʝʢʪʨʦʥʳ ʦʪ ʘʪʦʤʦʚ, ʥʦ ʠ ʨʘʟʨʳʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʦʯʝʥʴ 

ʧʨʦʯʥʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ɽʠ ʯʘʩʪʦ ʠʛʨʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʝʘʣʴʥʳʡ 

ʵʬʬʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʯʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

ʀʟʤʝʥʝʥʠʝ ɽʠ ʘʪʦʤʦʚ ʚʜʦʣʴ ʧʝʨʠʦʜʘ. ɺʜʦʣʴ ʧʝʨʠʦʜʘ ʨʘʜʠʫʩ ʘʪʦʤʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʚʟ̫ʠ ɻʣʝʢʪʨʦʥʘ ʩ ʷʜʨʦʤ Ÿ ʫʚʝʣʠʯʝʥʠʝ ɽʠ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ (ʨʠʩ. 1.). ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ɽʠ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʜʚʫʭ 

ʧʨʠʯʠʥ: 

1) ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʘʪʦʤʦʚ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʵʣʝʢʪʨʦʥʳ. 
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ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʚ ʧʝʨʠʦʜʝ 

2) ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʥʳʤʠ (ʠʣʠ ʧʦʣʥʦʩʪʴʶ) 

ʢʚʘʥʪʦʚʳʤʠ ʷʯʝʡʢʘʤʠ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, ʠ ʵʣʝʢʪʨʦʥʳ ʠʟ ʥʠʭ ʪʨʫʜʥʝʝ ʫʜʘʣʷʪʴ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ. 

ʉʣʝʚʘ ʥʘʧʨʘʚʦ ʫʙʳʚʘʶʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʦʚ (ʥʦ ʥʝʤʦʥʦʪʦʥʥʦ). 

ʀʟʤʝʥʝʥʠʝ ɽʠ ʚ ʧʦʜʛʨʫʧʧʘʭ. ʉʚʝʨʭʫ ʚʥʠʟ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʨʘʜʠʫʩʘ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ 

ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ɽʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʦʩʥʦʚʥʘʷ ʪʝʥʜʝʥʮʠʷ. ʅʦ ʪʘʢ ʢʘʢ 

ʨʘʜʠʫʩ ʘʪʦʤʦʚ ʠʟʤʝʥʷʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʦ (ʚ ʧʦʜʛʨʫʧʧʘʭ p- ʠ d-ʤʝʪʘʣʣʦʚ ï ʵʬʬʝʢʪ 

ʚʪʦʨʠʯʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ), ʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ɽʠ. ɺ ʪʦʯʢʘʭ, 

ʛʜʝ ʩʣʫʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ɽʠ (ʩʤ. ʨʠʩ. 

2, 3). 

ɺʳʚʦʜ: ɽʠ d-ʤʝʪʘʣʣʦʚ IV ʠ V ʧʝʨʠʦʜʦʚ ʦʯʝʥʴ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ɽʠ ʤʝʪʘʣʣʘ VI 

ʧʝʨʠʦʜʘ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʟʥʘʯʠʪ, ʧʨʝʚʳʰʘʝʪ ɽʠ IV. ɺ ʧʦʙʦʯʥʳʭ ʧʦʜʛʨʫʧʧʘʭ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʩʣʘʙʣʝ̫ʪʩʷ. 

ɼʘʞʝ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ɽʠ V ʧʝʨʠʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IV ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʚʦʡʩʪʚʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ 
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ʦʪ ɽʠ, ʥʦ ʠ ʦʪ ɽ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʢʦʪʦʨʘʷ ʚ ʧʦʜʛʨʫʧʧʘʭ ʩʚʝʨʭʫ ʚʥʠʟ ʚʩʝʛʜʘ 

ʚʦʟʨʘʩʪʘʝʪ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ tÁ ʧʣʘʚʣʝʥʠʷ ʩʚʝʨʭʫ ʚʥʠʟ ʚ ʧʦʙʦʯʥʳʭ 

ʧʦʜʛʨʫʧʧʘʭ). 
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ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʚ ʧʦʜʛʨʫʧʧʝ ʨ-ʤʝʪʘʣʣʦʚ 
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʚ ʧʦʜʛʨʫʧʧʝ d-ʤʝʪʘʣʣʦʚ 

ʕʥʝʨʛʠʷ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ (F). ʆʧʨʝʜʝʣʝʥʠʝ: ʕʥʝʨʛʠʝʡ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ 

ʥʘʟʳʚʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʢ ʘʪʦʤʫ. 

[F] = ʢʢʘʣ/ʤʦʣʴ. [F] ~ [ʢɼʞ / ʤʦʣʴ] ʠʣʠ ~ [ʵɺ / ʤʦʣʴ]. 

ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʩʣʝʜʫʶʱʠʡ ʧʨʦʮʝʩʩ: 

ʕ + ǛŸʕ
-
            F1 

ʕ
-
 + ǛŸʕ

2-
          F2 

ʏʝʤ ʧʨʦʯʥʝʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʪʦʤʦʤ ʠʟʙʳʪʦʯʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʪʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʷ 

ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʤʝʪʘʣʣʦʚ. ʄʝʪʘʣʣʳ 

ʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʩʦʝʜʠʥʷʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, F ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʩ 

ʷʜʨʦʤ ʠʟʙʳʪʦʯʥʳʭ (ʯʫʞʠʭ) ʵʣʝʢʪʨʦʥʦʚ. ʆʙʳʯʥʦ ʘʪʦʤ ʥʝ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʠʪʴ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʘʚʠʣʦʤ ʦʢʪʝʪʘ. ʌʪʦʨ 

ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʠʪʴ 1 ʵʣʝʢʪʨʦʥ, ʢʠʩʣʦʨʦʜ ï 2 ɻ ʣʝʢʪʨʦʥʘ. 

ʉʣʝʜʩʪʚʠʝ: F ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʘʪʦʤʦʚ, ʘ ʚ ʩʣʫʯʘʝ 

ʪʠʧʠʯʥʳʭ ʥʝʤʝʪʘʣʣʦʚ ï ʜʣʷ ʦʮʝʥʢʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ 
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ʪʠʧʠʯʥʳʭ ʥʝʤʝʪʘʣʣʦʚ (Cl2, F2, Br2) ʭʘʨʘʢʪʝʨʥʦ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ, ʪ.ʝ. ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʠʪʝʣʷʤʠ. 

ʇʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʧʨʠʩʦʝʜʠʥʠʚʰʠʭʩʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʷʜʨʦʤ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʘʪʦʤʘ: rŹ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʷʟʴ ʧʨʦʯʥʝʝ, Fŷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, F ʤʝʥʷʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʧʦ ʪʝʤ ʞʝ ʟʘʢʦʥʘʤ, ʯʪʦ ʠ ɽʠ. ʆʜʥʘʢʦ F ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʛʨʫʧʧ, ʢʦʥʢʨʝʪʥʦ ï ʜʣʷ ʧʦʜʛʨʫʧʧ ʪʠʧʠʯʥʳʭ ʥʝʤʝʪʘʣʣʦʚ (VI, VII , V 

ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ). 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ (ɢ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʦʚ ʧʨʠʪʷʛʠʚʘʪʴ ʢ ʩʝʙʝ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʚ ʩʦʝʜʠʥʝʥʠʠ. 

ʊʦʛʜʘ ʘʪʦʤ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʝʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʥɹʦʩʪʴʶ ʠ ʧʨʠʪʷʛʠʚʘʶʱʠʡ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʘ ʜʨʫʛʦʡ ï 

ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʥɹʳʤ. 

ɺʧʝʨʚʳʝ ʧʦʥʷʪʠʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʙʳʣʦ ʚʚʝʜʝʥʦ ʭʠʤʠʢʦʤ ʇʦʣʠʥʛʦʤ. ʆʥ 

ʚʚʝʣ 4ʭ-ʙʘʣʣʴʥʫʶ ʰʢʘʣʫ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 4 ʠʤʝʝʪ ʬʪʦʨ. 

ʆʜʥʘʢʦ ʧʦ ʰʢʘʣʝ ʇʦʣʠʥʛʘ ɢ ʣʠʰʝʥʘ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʝɦʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʰʢʘʣʳ ʠʟʤʝʨʝʥʠʷ ɢ, ʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʘ ʰʢʘʣʘ ɢ ʧʦ 

ʄʘʣʣʠʢʝʥʫ. ɿʜʝʩʴ ɢ ʠʤʝʝʪ ʯʝʪʢʠʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ: 

ɢ =1/2 (ɽʠ + F) 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʘʥʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ 

ʩʚʦʙʦʜʥʦʛʦ ʘʪʦʤʘ ʫʜʝʨʞʠʚʘʪʴ ʩʚʦʠ ʚʥʝʰʥʠʝ ʵʣʝʢʪʨʦʥʳ (ɽʠ ʘʪʦʤʘ), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ ʘʪʦʤʘ ʧʨʠʪʷʛʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʳ (ʩʨʦʜʩʪʚʦ ʘʪʦʤʘ ʢ 

ʵʣʝʢʪʨʦʥʫ). ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʵʪʠʭ 

ʜʚʫʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɽʠ ʠ F, ʪʦ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ɢ. 

ɺ ʧʝʨʠʦʜʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ Fŷ Eʠŷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɢ ŷ (ʪ.ʢ. ʨʘʜʠʫʩ ʫʤʝʥʴʰʘʝʪʩʷ). ɺ 

ʧʦʜʛʨʫʧʧʘʭ ʩʚʝʨʭʫ ʚʥʠʟ rŷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɢŹ (ʦʩʥʦʚʥʘʷ ʪʝʥʜʝʥʮʠʷ). ʂʘʢ ʠ ʚ ʭʘʨʘʢʪʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ɽʠ ʚ ʧʦʜʛʨʫʧʧʘʭ ʧʦ ʪʝʤ ʞʝ ʟʘʢʦʥʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʚʪʦʨʠʯʥʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ. 

ʇʦʥʷʪʠʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʳʤ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʦʤʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʪʷʛʠʚʘʪʴ ʥʘ ʩʝʙʷ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʦʤʘʤʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ. ʀʤʝʝʪʩʷ ʦʢʦʣʦ 20 ʰʢʘʣ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. ɿʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʨʘʟʥʳʭ ʰʢʘʣ ʨʘʟʣʠʯʘʶʪʩʷ, ʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʷʜʫ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪ ʰʢʘʣʘ ʇʦʣʠʥʛʘ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ s- ʠ p-ʵʣʝʤʝʥʪʦʚ ʚ ʠʭ ʩʪʘʙʠʣʴʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. 

 

I A II  A III  A IV  A V A VI A VII  A 

Li  

1,0 

Be 

1,5 

B 

2,0 

C 

2,5 

N 

3,0 

O 

3,5 

F 

4,0 

Na 

0,9 

Mg 

1,3 

Al  

1,5 

Si 

1,8 

P 

2,2 

S 

2,6 

Cl 

3,16 

K 

0,8 

Ca 

1,0 

Ga 

1,6 

Ge 

1,8 

As 

2,0 

Se 

2,4 

Br 

2,8 
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Rb 

0,8 

Sr 

1,0 

Jn 

1,7 

Sn 

1,8 

Sb 

1,9 

Te 

2,1 

J 

2,5 

Cs 

0,7 

Ba 

0,9 

Tl 

(III)  

1,8 

Pb (II)  

1,6 

Bi 

1,9 

Po 

2,0 

At 

2,2 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 3 

ʂʀʉʃʆʈʆɼ ʀ ʉɽʈɸ ï ʈ-ʕʃɽʄɽʅʊʓ VI  ɻʈʋʇʇʓ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

ɼ.ʀ.ʄɽʅɼɽʃɽɽɺɸ 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

1. ʀʟʫʯʠʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ VI ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɸ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ ʥʘ ʧʨʠʤʝʨ ʪʠʧʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ. 

2. ʅʘ ʧʨʠʤʝʨʝ ʵʣʝʤʝʥʪʦʚ VI ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɸ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚ ʪʘʙʣʠʮʝ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ. 

3. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʘʣʣʦʪʨʦʧʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʥʘ ʧʨʠʤʝʨʝ ʩʝʨʳ. 

4. ʀʟʫʯʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʨʳ. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʝʘʢʮʠʷʤʠ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ. 

2. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ ʘʪʦʤʦʚ ʠʤʝʁ ʪ ʵʣʝʤʝʥʪʳ VI ʛʨʫʧʧʳ 

ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɸ? ʅʘʟʦʚʠʪʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʵʪʦʡ 

ʧʦʜʛʨʫʧʧʳ. 

2. ʇʦʥʷʪʠʝ ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʝʨʳ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʩʝʨʳ ʚ ʩʣʝʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʷʭ: 2SO ; SH 2 ; 32SONa ; 

2CS ; 42SOH . 

4. ʂʘʢʠʝ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʨʝʘʢʮʠʷʤʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨ. 

5. ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ, ʧʨʦʷʚʣʷʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 

ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ? ʏʝʤ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ? 

3. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʝʸ ʚʧrʦʣʥʝʥʠʶ 

ʅʘ çʨʘʙʦʯʝʤ ʩʪʦʣʝè ʇʂ ʥʘʡʜʠʪʝ ʟʥʘʯʦʢ ʧʨʦʛʨʘʤʤʳ ç1ʉ:ʍʠʤʠʷè.  

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤʳ, ʥʘʡʜʠʪʝ ʚʢʣʘʜʢʫ çɸʣʙɹʦʤè/èʕʣʝʤʝʥʪʳ V ʛʨʫʧʧʳè. 

1. ʀʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ. 

1.1. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʩʝʨʳ 

(VI) 3SO . 

1.2. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ 2O . 

1.3. ɿʘʨʠʩʦʚʘʪʴ ʩʭʝʤʫ ʩʪʨʦʝʥʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ. 

1.4. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʦʟʦʥʘ. 

1.5. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʩʝʨʳ 8S . 

1.6. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʩʝʨʦʚʦʜʦʨʦʜʘ. 

1.7. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʩʝʨʥʠʩʪʦʡ ʢʠʩʣʦʪʳ 

32SOH . 

1.8. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ (ʜʠʦʢʩʠʜʘ ʩʝʨʳ) 

ʦʢʩʠʜʘ ʩʝʨʳ (IV) 2SO . 

1.9. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

42SOH . 

2. ʅʘʙʣʶʜʘʪʴ ʦʧʳʪʳ ʠ ʥʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 

2.1. ɻʦʨʝʥʠʝ ʣʠʪʠʷ. 

2.2. ɻʦʨʝʥʠʝ ʬʦʩʬʦʨʘ ʥʘ ʚʦʟʜʫʭʝ. 

2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ ʩ ʫʛʣʸʤ. ʅʠʪʨʘʪ ï ʠʦʥ ʚ ʨʘʩʧʣʘʚʝ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʝʤ. 

2.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʶʤʠʥʠʷ ʩ ʩʝʨʦʡ. ʆʙʨʘʟʫʝʪʩʷ ʩʫʣʴʬʠʜ ʘʣʤʁʠʥʠʷ. 

2.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʘ ʩ ʩʝʨʦʡ. ʆʙʨʘʟʫʝʪʩʷ ʩʫʣʴʬʠʜ ʮʠʥʢʘ. 
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2.6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʝʨʳ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʦʢʩʠʜ ʩʝʨʳ 

(IV) 2SO . 

2.7. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (II) ʩ ʩʫʣʴʬʠʜʦʤ ʥʘʪʨʠʷ. ʆʙʨʘʟʫʝʪʩʷ ʦʩʘʜʦʢ 

ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ (II). 

2.8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʠʜʘ ʩʚʠʥʮʘ ʩ ʩʫʣʴʬʠʜʦʤ ʥʘʪʨʠʷ. ɺʳʜʝʣʝ̫ʪʩʷ ʩʫʣʴʬʠʜ ʩʚʠʥʮʘ. 

2.9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʘ ʩ ʩʫʣʴʬʠʜʦʤ ʥʘʪʨʠʷ. ɺʳʜʝʣʝ̫ʪʩʷ ʩʝʨʘ ʚ ʚʠʜʝ ʙʝʣʦʡ ʤʫʪʠ. 

2.10. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʩʫʣʴʬʠʜʦʤ ʥʘʪʨʠʷ. ʆʙʨʘʟʫʝʪʩʷ ʛʠʜʨʦʢʩʠʜ 

ʘʣʶʤʠʥʠʷ ʠ ʩʝʨʦʚʦʜʦʨʦʜ. 

2.11. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ ʩ ʩʫʣʴʬʠʪʦʤ ʥʘʪʨʠʷ. ɺʳʜʝʣʷʝʪʩʷ ʩʝʨʘ ʚ ʚʠʜʝ 

ʙʝʣʦʛʦ ʦʩʘʜʢʘ. 

2.12. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ ʩ ʙʠʭʨʦʤʘʪʦʤ ʢʘʣʠʷ. ʆʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ 

ʭʨʦʤʘ (III ) 
342 SOCr . 

2.13. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʜʠ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʩʝʨʥʠʩʪʳʡ ʛʘʟ. 

2.14. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ ʩ ʙʠʭʨʦʤʘʪʦʤ ʢʘʣʠʷ. ʆʙʨʘʟʫʝʪʩʷ ʩʫʣʴʬʘʪ ʭʨʦʤʘ 

(III ). 

2.15. ʈʘʟʣʦʞʝʥʠʝ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ OnHCuSO 24 . 

2.16. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʩ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ. ʉʫʣʴʬʘʪ ʙʘʨʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʦʩʘʜʢʘ. 

2.17. ʈʘʟʣʦʞʝʥʠʝ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ. 

2.18. ʆʢʠʩʣʝʥʠʝ ʦʢʩʠʜʘ ʩʝʨʳ (IV). 

2.19. ʆʙʞʠʛ ʧʠʨʠʪʘ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ 2FeS . 

3. ɺ ʢʘʞʜʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʩʪʘʚʠʪʴ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʠ ʟʘʧʠʩʘʪʴ ʧʦʣʫʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

4. ʅʘʧʠʩʘʪʴ ʥʘʟʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠ̫ ʭ. 

ʇʨʠʣʦʞʝʥʠʝ 

ʂ ʵʣʝʤʝʥʪʘʤ VI ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɸ ʦʪʥʦʩʷʪʩʷ ʪʠʧʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ: O  ï 

ʢʠʩʣʦʨʦʜ, S  ï ʩʝʨʘ ʠ ʵʣʝʤʝʥʪʳ ʧʦʜʛʨʫʧʧʳ ʩʝʣʝʥʘ: Se ï ʩʝʣʝʥ, Te ï ʪʝʣʣʫʨ, Po ï ʧʦʣʦʥʠʡ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ: 

O - 422 p2s2s1  (ʢʠʩʣʦʨʦʜ); 

S- 42622 p3s3p2s2s1  (ʩʝʨʘ); 

Se- 410262622 p4d3s4p3s3p2s2s1  (ʩʝʣʝʥ); 

Te- 4102610262622 p5d4s5p4d3s4p3s3p2s2s1  (ʪʝʣʣʫʨ); 

Po- 4101426102610262622 p6d5f4s6p5d4s5p4d3s4p3s3p2s2s1  (ʧʦʣʦʥʠʡ). 

ɺ ʨʷʜʫ O , S , Se, Te, Po ʫʤʝʥʴʰʘʶʪʩʷ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʟʤʝʨʳ 

ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ. ʕʪʦ ʦʩʣʘʙʣʷʝʪ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʵʣʝʤʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ: O  ï ʢʠʩʣʦʨʦʜ, S  ï ʩʝʨʘ ï ʵʣʝʤʝʥʪʳ ʥʝʤʝʪʘʣʣʳ, Po - ʧʦʣʦʥʠʡ ï ʤʝʪʘʣʣ. 

ʕʣʝʤʝʥʪʳ VI ɸ ʧʦʜʛʨʫʧʧʳ ʠʤʝʶʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 42ps . ɺ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ ʚʦʚʣʝʢʘʶʪʩʷ ʥʝʧʘʨʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʘ ʪʘʢʞʝ ʦʜʥʘ ʠʣʠ ʜʚʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʧʘʨʳ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʯʝʪʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ: -2; +2; +4; +6.  

ʂʠʩʣʦʨʦʜ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʵʣʝʤʝʥʪ ʥʘ ɿʝʤʣʝ. ʇʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ 

ʂʦʩʤʦʩʝ ʢʠʩʣʦʨʦʜ ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʚʦʜʦʨʦʜʫ ʠ ʛʝʣʠʶ. ʂʠʩʣʦʨʦʜ ʦʙʨʘʟʫʝʪ ʩʦʝʜʠʥʝʥʠʷ ʧʦʯʪʠ 

ʩʦ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʢʨʦʤʝ ʛʝʣʠʷ, ʥʝʦʥʘ, ʘʨʛʦʥʘ). ɺʩʣʝʜʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʝʦʙʣʘʜʘʥʠʷ ʠ ʙʦʣʴʰʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ɿʝʤʣʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʀʟʚʝʩʪʥʦ ʩʚʳʰʝ 1400 ʤʠʥʝʨʘʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʨʦʜ. ʇʦ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʠʩʣʦʨʦʜ ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʬʪʦʨʫ F , 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʚʥʘ -2 ( ONa2 , 
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CaO, 32OAl , MgO. ʂʨʦʤʝ ʪʦʛʦ, ʢʠʩʣʦʨʦʜ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2 ʠ +4, ʘ ʪʘʢʞʝ +1 ʠ -

1 ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦ ʩʚʟ̫ʴʶ OO .  
ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2; +1; 0 ʧʨʦʷʚʣʷʶʪʩʷ ʫ ʢʠʩʣʦʨʦʜʘ ʚ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦ ʬʪʦʨʦʤ, 

ʥʘʧʨʠʤʝʨ: ʜʠʬʪʦʨʠʜ ʢʠʩʣʦʨʦʜʘ 1

2

2FO ; ʜʠʦʢʩʠʜʠʬʪʦʨʠʜ 1

2

1

2 FO : FOOF ; ʥʠʪʨʦʬʪʦʨʠʜ 
FNO3 : FONO 0

2 . 
ɼʠʬʪʦʨʠʜ ʢʠʩʣʦʨʦʜʘ 2OF  ʧʦʣʫʯʘʶʪ ʧʨʠ ʙʳʩʪʨʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʬʪʦʨʘ ʯʝʨʝʟ 2%-ʥʳʡ 

ʨʘʩʪʚʦʨ ʱʝʣʦʯʠ: 

OHNaF2OFNaOH2F2 222  

ɼʠʬʪʦʨʠʜ ʢʠʩʣʦʨʦʜʘ ï ʷʜʦʚʠʪʳʡ ʛʘʟ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ; ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ, 

ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ. 

ɼʠʦʢʩʠʜʠʬʪʦʨʠʜ 22FO  ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʨʘʟʨʷʜʝ: 

2222 FOFO  

ʉʦʝʜʠʥʝʥʠʝ ʢʨʘʡʥʝ ʥʝʫʩʪʦʡʯʠʚʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʨʘʟʨʳʚʘ ʩʚʷʟʠ FO  

(75 ʢɼʞ/ʤʦʣʴ). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʚ ʢʦʪʦʨʦʤ ʢʠʩʣʦʨʦʜ ʧʨʦʷʚʣʷʝʪ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +4, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʣʣʦʪʨʦʧʠʯʝʩʢʫʶ (ʘʣʣʦʪʨʦʧʥʫʶ) ʤʦʜʠʬʠʢʘʮʠʶ ʢʠʩʣʦʨʦʜʘ ï ʦʟʦʥ 3O  2

4OO . 

ʄʦʣʝʢʫʣʘ ʦʟʦʥʘ ʜʠʘʤʘʛʥʠʪʥʘ, ʠʤʝʝʪ ʫʛʣʦʚʫʶ ʬʦʨʤʫ ʠ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʦʡ ʧʦʣʷʨʥʦʩʪʴʶ 

(¿=0,17Ĭ10
-29

 ʂʣĬʤ). 

ʆʟʦʥ ï ʛʘʟ ʩʠʥʝʛʦ ʮʚʝʪʘ ʩ ʨʝʟʢʠʤ ʨʘʟʜʨʘʞʘʶʱʠʤ ʟʘʧʘʭʦʤ, ʦʯʝʥʴ ʪʦʢʩʠʯʝʥ. ɾʠʜʢʠʡ ʦʟʦʥ ï 

ʪʝʤʥʦ-ʩʠʥʷʷ ʞʠʜʢʦʩʪʴ, ʪʚʝʨʜʳʡ ï ʪʝʤʥʦ-ʬʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ (ʊ ʧʣ. -192,7Áʉ). ʇʦʩʢʦʣʴʢʫ 

ʤʦʣʝʢʫʣʘ 3O  ʦʙʣʘʜʘʝʪ ʧʦʣʷʨʥʦʩʪʴʶ ʠ ʙʦʣʴʰʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ, ʦʟʦʥ ʠʤʝʝʪ ʙʦʣʝʝ ʚʩrʦʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ (-111,9Áʉ), ʯʝʤ ʢʠʩʣʦʨʦʜ. 

ʂʘʢ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʢ ʪʦʤʫ ʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠ çʯʠʩʪʳʡè, ʦʟʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʯʠʩʪʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʚʦʟʜʫʭʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʘʭ, ʜʣʷ 

ʦʯʠʩʪʢʠ ʤʦʨʝʡ ʦʪ ʨʘʟʣʠʪʦʡ ʥʝʬʪʠ. 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ -1 ʢʠʩʣʦʨʦʜ ʧʨʦʷʚʣʷʝʪ ʚ ʧʝʨʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʅʘʠʙʦʣʴʰʝʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ (ʧʝʨʝʢʠʩʴ) 22OH . ʉʪʨʦʝʥʠʝ 

ʤʦʣʝʢʫʣʳ HOOH (ʥʦ ʥʝ ʣʠʥʝʡʥʦʝ, ʘ ʫʛʣʦʚʦʝ). 

ʇʝʨʦʢʩʠʜ ï ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ. ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʙʝʣʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʨʝʢʠʩʠ ʥʘ ʙʫʤʘʛʫ, ʦʧʠʣʢʠ ʠʣʠ ʜʨʫʛʠʝ 

ʛʦʨʶʯʠʝ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ. ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʧʨʠʤʝʥʷʶʪ ʢʘʢ 

ʦʢʠʩʣʠʪʝʣʴ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ.  

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 22OH  ʧʨʦʷʚʣʷʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʘʢʠʤ ʩʠʣʴʥʳʤ 

ʦʢʠʩʣʠʪʝʣʷʤ, ʢʘʢ ʠʦʥʳ 4MnO : 

OH8SOKO5SOMn2SOH3OH5OKMn2 242
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1

224

7  

ʉʝʨʘ ï ʪʠʧʠʯʥʳʡ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ. ʇʦ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ 

ʛʘʣʦʛʝʥʘʤ, ʢʠʩʣʦʨʦʜʫ ʠ ʘʟʦʪʫ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʝʪʥʳʝ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʩʝʨʳ (-2,+2,+4,+6). ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʝʨʳ ʚʳʩʰʘʷ ʠ ʥʠʟʰʘʷ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ. ʀʟʚʝʩʪʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʧʦʯʪʠ ʩʦ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʝʨʘ ï ʚʝʩʴʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʥʘ ɿʝʤʣʝ ʵʣʝʤʝʥʪ. ʇʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʂʦʩʤʦʩʝ ʩʝʨʘ ʟʘʥʠʤʘʝʪ 9 ʤʝʩʪʦ 

ʧʦʩʣʝ H , He , O , Ne , N , C , Si , Mg. ʉʝʨʘ ï ʙʠʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ. ʆʥʘ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʝʬʪʠ, ʫʛʣʷʭ, ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ ʩʝʨʘ ʚ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ 

ʩʫʣʴʬʠʜʥʳʭ (ZnS, HgS , PbS, SCu2 , 2FeS , 2CuFeS  ʠ ʜʨ.) ʠ ʩʫʣʴʬʘʪʥʳʭ (OH10SONa 242 , 

OH2CaSO 24 , 4BaSO  ʠ ʜʨ.) ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʚ ʩʘʤʦʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʝʨʫ ʧʦʣʫʯʘʶʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʚʳʧʣʘʚʢʦʡ ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʝʸ ʟʘʣʝʛʘʥʠʷ ʧʦʜ ʟʝʤʣʸʡ. ʆʥʘ 
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ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʜʣʷ ʚʫʣʢʘʥʠʟʘʮʠʠ ʢʘʫʯʫʢʘ. ʂʘʢ ʠʥʩʝʢʪʠʮʠʜ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʪ.ʜ.  

ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, 

ʥʘʟʳʚʘʝʤʳʭ ʘʣʣʦʪʨʦʧʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ʗʚʣʝʥʠʝ ʘʣʣʦʪʨʦʧʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʣʠʙʦ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʤʦʣʝʢʫʣ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʘʣʣʦʪʨʦʧʠʷ ʩʦʩʪʘʚʘ), 

ʣʠʙʦ ʩʧʦʩʦʙʦʤ ʨʘʟʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣ ʠʣʠ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ (ʘʣʣʦʪʨʦʧʠʷ ʬʦʨʤʳ). 

ʉʝʨʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʠʩʣʦʨʦʜʘ, ʩʧʦʩʦʙʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʣʣʦʪʨʦʧʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ (ʛʦʤʦʮʝʧʠ) 

SSS , ʠʤʝʶʱʠʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ (ʨʠʩ.1), ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʵʣʝʢʪʨʦʥʳ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨ-ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʘ. ʅʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ 8S , ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʢʦʨʦʥʳ (ʨʠʩ.2). 

ɺʦʟʤʦʞʥʳ ʤʦʣʝʢʫʣʳ 6S , 4S  ʠ ʩ ʦʪʢʨʳʪʳʤʠ ʮʝʧʷʤʠ S  (ʧʣʘʩʪʠʯʝʩʢʘʷ ʩʝʨʘ, 

ʤʘʣʦʫʩʪʦʡʯʠʚʘʷ). 

ɼʚʝ ʫʩʪʦʡʯʠʚʳʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʜʠʬʠʢʘʮʠʠ: ʨʦʤʙʠʯʝʩʢʘʷ e  - S  (ʧʣʦʪʥʦʩʪʴ 2,07 

ʛ/ʩʤ
3
; ʊ ʧʣ. ï 112,8Üʉ) ʠ ʤʦʥʦʢʣʠʥʥʘʷ f - S  (ʧʣʦʪʥʦʩʪʴ 1,96 ʛ/ʩʤ

3
; ʊ ʧʣ. ï 119,3Üʉ) (8S ). 

ʅʝʫʩʪʦʡʯʠʚʳʝ ʤʦʜʠʬʠʢʘʮʠʠ: 2S (ʧʫʨʧʫʨʥʘʷ); 6S (ʦʨʘʥʞʝʚʦ-ʞʝʣʪʘʷ) ʠ ʜʨ. 

 
ʈʠʩ. 1. ɸʣʣʦʪʨʦʧʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʝʨʳ (ʛʦʤʦʮʝʧʴ) 

 
ʈʠʩ. 2. ɸʣʣʦʪʨʦʧʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʝʨʳ 8S  

ɽʩʣʠ ʥʘʛʨʝʚʘʪʴ ʨʘʩʧʣʘʚʣʝʥʥʫʶ ʩʝʨʫ, ʦʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʝʛʢʦ ʧʦʜʚʠʞʥʫʶ ʞʠʜʢʦʩʪʴ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t=160Üʉ ʪʝʤʥʝʝʪ ʠ ʝʸ ʚʷʟʢʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

200Üʉ ʩʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ ʠ ʚʷʟʢʦʡ, ʢʘʢ ʩʤʦʣʘ (ʢʦʣʴʮʝʚʳʝ ʤʦʣʝʢʫʣʳ 8S  

ʨʘʟʨʫʰʘʁ ʪʩʷ ʠ ʦʙʨʘʟʫʶʪʩʷ ʮʝʧʠ S ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 250Üʉ ʮʝʧʠ ʨʘʟʨʳʚʘʶʪʩʷ ʠ 

ʞʠʜʢʦʩʪʴ ʩʥʦʚʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʚʠʞʥʦʡ. ʇʨʠ 444,6Üʉ ʩʝʨʘ ʟʘʢʠʧʘʝʪ. 

ɺʷʟʢʦʩʪʴ ʩʝʨʳ l=1 ʧʨʠ t=100Üʉ. ʆʢʦʣʦ 190Üʉ l ʚʷʟʢʦʩʪʴ ʧʨʠʤʝʨʥʦ ʚ 9000 ʨʘʟ ʙʦʣʴʰʝ, 

ʯʝʤ ʧʨʠ 160Üʉ (ʩʤ. ʨʠʩ. 3). 

ʉʝʨʘ ï ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʡ ʥʝʤʝʪʘʣʣ. ɼʘʞʝ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʦʥʘ ʦʢʠʩʣʷʝʪ 

ʤʥʦʛʠʝ ʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʩʘʤʘ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʠ ʛʘʣʦʛʝʥʘʤʠ: 

32

Mg.ʛʦʨʷʱ
SAlSAl  ʩʫʣʴʬʠʜ ʘʣʶʤʠʥʠʷ 

ZnSSZn
Mg.ʛʦʨʷʱ  cʫʣʴʬʠʜ ʮʠʥʢʘ 

ʉʝʨʘ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ:  

T0 NaOH6S3 OH3SONaSNa2 232

2

2  

ɺ ʪʝʭʥʠʢʝ ʦʢʩʠʜ ʩʝʨʳ (VI) ʧʦʣʫʯʘʪʁ ʦʢʠʩʣʝʥʠʝʤ 2SO  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʧʣʘʪʠʥʘ ʠʣʠ ʦʢʩʠʜ ʚʘʥʘʜʠʷ): 

322 SO2OSO2  

ʘ ʪʘʢʞʝ ʦʙʞʠʛʦʤ ʧʠʨʠʪʘ: 

32222 OFe2SO8O11FeS4  

l 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʩʝʨʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ɼʠʦʢʩʠʜʳ ʩʝʨʳ 2SO  ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ; ʚ ʙʫʤʘʞʥʦʤ ʠ 

ʪʝʢʩʪʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʙʝʣʠʚʘʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, ʜʣʷ ʢʦʥʩʝʨʚʘʮʠʠ ʧʣʦʜʦʚ. 

ɾʠʜʢʠʡ 2SO  ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʝʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʠʥʪʝʟʦʚ. 

ʄʘʣʦʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ Cu , Sb ʠ ʜʨ., ʘ ʪʘʢʞʝ ʙʨʦʤʦʚʦʜʦʨʦʜ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʤʝʪʘʣʣʳ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʜʦ 2SO : 

OH2SOCuSOSOH2Cu 22442  

OH2SOBrSOHHBr2 22242 OH2SO2COSOH2C 22242)ʫʛʦʣʴ(  

ɸʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ (Mg , Zn  ʠ ʪ.ʧ.) ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ 42SOH  ʜʦ 

ʩʚʦʙʦʜʥʦʡ ʩʝʨʳ ʠʣʠ ʩʝʨʦʚʦʜʦʨʦʜʘ: 

OH4SMgSO3SOH4Mg3 2442  

OH4SHZnSO4SOH5Zn4 22442  

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʫʣʴʬʠʪʳ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʁ ʪ: 

SNaSONa3SONa4 24232  

ʀʦʥ 2

3SO
 
ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪ ʚ ʠʦʥ 2

4SO ʪ.ʢ. ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʳʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

OH2SOe2OHSO 2

32

2

4 , B93,0298

A . 

ʉʫʣʴʬʠʪʳ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʩʪʝʧʝʥʥʦ ʦʢʠʩʣʷʶʪʩʷ ʜʘʞʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ: 

2

42

2

3 SO2e2OSO2  

342272232 SOCrKOH2NaOH6OH4OCrKSONa3  

[ʛʠʜʨʦʣʠʟ NaOHNaHSOHOHSONa 332 ] 

ʉʝʨʘ (IV) ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʧʨʦʷʚʣʷʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ: 

OH2S3SH2OS 2

02

22

4  
2

3322 SOH2HSOHOHSO  

ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʣʝʛʢʦ ʩʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ: 

OHSONaSONaOH2 2322  
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ʤʫʪʴ
232

ʨʨ
2 S3NaOH6OH3SONaSNa2  

[ʛʠʜʨʦʣʠʟ NaOHNaHSHOHSNa2 ] 

SHNaOHHOHNaHS 2  

ʉʝʨʘ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +6 ʦʙʨʘʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ 

ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʝʤ ʟʘ ʩʯʝʪ ʩʝʨʳ (VI). ʈʘʟʙʘʚʣʝʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʦʢʠʩʣʷʝʪ ʩʚʦʠʤ ʠʦʥʦʤ 

ʚʦʜʦʨʦʜʘ. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 4 

ʕʃɽʄɽʅʊʓ V ɻʈʋʇʇʓ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ɼ.ʀ.ʄɽʅɼɽʃɽɽɺɸ 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

1. ʀʟʫʯʠʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ V ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ. 
2. ʀʟʫʯʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʘʟʦʪʘ. 
3. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʘʣʣʦʪʨʦʧʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʥʘ ʧʨʠʤʝʨʝ ʬʦʩʬʦʨʘ. 
4. ʀʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤ ʨʘʟʣʦʞʝʥʠʷ ʩʦʣʝʡ ʘʤʤʦʥʠʷ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

2. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʅʘʧʠʰʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ ʘʪʦʤʦʚ  ʵʣʝʤʝʥʪʦʚ V ʛʨʫʧʧʳ 

ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ? ʅʘʟʦʚʠʪʝ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʵʪʦʡ 

ʧʦʜʛʨʫʧʧʳ. 

2. ʇʝʨʝʯʠʩʣʠʪʝ ʪʠʧʳ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʅʘʟʦʚʠʪʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʩʚʷʟʠ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ, ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʠ. 

3. ʇʦʯʝʤʫ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ? ʆʧʠʰʠʪʝ 

ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ. ʂʘʢʦʡ ʪʠʧ ʩʚʷʟʠ ʨʝʘʣʠʟʦʚʘʥ ʚ ʤʦʣʝʢʫʣʝ ʘʟʦʪʘ? 

4. ʆʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ NH3, NH4
+
, N2O, HNO3. 

5. ʅʘʟʦʚʠʪʝ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ, ʠʤʝʶʱʠʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

6. ʆʙʲʷʩʥʠʪʝ, ʚ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʥʘ ʧʨʠʤʝʨʝ V ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ 

ʧʦʜʛʨʫʧʧʳ. 

7. ɼʦ ʢʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 3HNO  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ? 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. 

8. ʅʘʧʠʰʠʪʝ ʠ ʧʦʷʩʥʠʪʝ ʨʝʘʢʮʠʶ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

9. ʈʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʷʭ: 

OHNONOCu.ʢʦʥʮHNOCu 22233  

OHONNOMg.ʨʘʟʙHNOMg 22233  

10. ʇʨʦʜʦʣʞʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ çʮʘʨʩʢʦʡ 

ʚʦʜʢʠè ʦʙʫʩʣʦʚʣʝʥʦ ʭʣʦʨʦʤ. ʈʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ:  
2NOClHNOHCl 3  

11. ʉʨʘʚʥʠʪʝ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠ ʚʘʣʝʥʪʥʦʩʪʴ ʘʟʦʪʘ ʚ ʭʣʦʨʠʜʝ ʥʠʪʨʦʟʠʣʘ. 

 

 

 

3. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʝʸ ʚʧrʦʣʥʝʥʠʶ 

ʅʘ çʨʘʙʦʯʝʤ ʩʪʦʣʝè ʇʂ ʥʘʡʜʠʪʝ ʟʥʘʯʦʢ ʧʨʦʛʨʘʤʤʳ ç1ʉ:ʍʠʤʠʷè.  

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤʳ, ʥʘʡʜʠʪʝ ʚʢʣʘʜʢʫ çɸʣʙɹʦʤè/èʕʣʝʤʝʥʪʳ V ʛʨʫʧʧʳè. 

1. ʀʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ. 
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1.1. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʬʦʩʬʦʨʘ (III ) 

64OP . 

1.2. ɿʘʨʠʩʦʚʘʪʴ ʩʭʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. 

1.3. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʙʝʣʦʛʦ ʬʦʩʬʦʨʘ 4P . 

1.4. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ 3NH . 

1.5. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ 2N . 

1.6. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʬʦʩʬʠʥʘ 3PH . 

1.7. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ 

2HNO . 

1.8. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

3HNO . 

1.9. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ 

43POH . 

1.10. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʬʦʩʬʦʨʠʩʪʦʡ 

ʢʠʩʣʦʪʳ 33POH . 

1.11. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʬʦʩʬʦʨʘ (V) 

104OP . 

1.12. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣ ʦʢʩʠʜʦʚ ʘʟʦʪʘ: ʦʢʩʠʜ 

ʘʟʦʪʘ (I) ï ON2 ; ʦʢʩʠʜ ʘʟʦʪʘ (II) ï NO; ʦʢʩʠʜ ʘʟʦʪʘ (IV) ï 2NO . 

2. ʅʘʙʣʶʜʘʪʴ ʦʧʳʪʳ ʠ ʥʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ: 

2.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʬʦʩʬʘʪʦʤ ʥʘʪʨʠʷ. ʆʙʨʘʟʫʝʪʩʷ ʬʦʩʬʘʪ ʩʝʨʝʙʨʘ. 

2.2. ʈʘʟʣʦʞʝʥʠʝ ʙʠʭʨʦʤʘʪʘ ʘʤʤʦʥʠʷ. 

2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʩʬʦʨʘ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. 

2.4. ʈʘʟʣʦʞʝʥʠʝ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʙʨʘʟʫʝʪʩʷ ʘʤʤʠʘʢ ʠ ʭʣʦʨʦʚʦʜʦʨʦʜ. 

2.5. ʈʘʟʣʦʞʝʥʠʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ.  

2.6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʠʜʘ ʩʝʨʝʙʨʘ ʩ ʘʤʤʠʘʢʦʤ. 

2.7. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʘʣʴʛʘʤʘ ʥʘʪʨʠʷ ʩ ʭʣʦʨʠʜʦʤ ʘʤʤʦʥʠʷ. 

2.8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ʆʙʨʘʟʫʝʪʩʷ ʙʫʨʳʡ ʛʘʟ ʦʢʩʠʜʘ 

ʘʟʦʪʘ (IV). 

2.9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʜʠ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʦʢʩʠʜ ʘʟʦʪʘ (IV), ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʮʠʷ ʫʩʢʦʨʷʝʪʩʷ. 

2.10. ʈʘʟʣʦʞʝʥʠʝ ʥʠʪʨʘʪʘ ʤʝʜʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʘʟʦʪʘ (IV) ʙʫʨʦʛʦ ʮʚʝʪʘ 

ʠ ʦʢʩʠʜ ʤʝʜʠ (II) ʯʝʨʥʦʛʦ ʮʚʝʪʘ. 

2.11. ʈʘʟʣʦʞʝʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʘʟʦʪʘ (IV) 2NO . 

2.12. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʦʢʩʠʜ ʘʟʦʪʘ 

(I) ON2 . ɹʝʟ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

2.13. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʠʜʘ ʬʦʩʬʦʨʘ (V) ʩ ʚʦʜʦʡ. 

2.14. ʆʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ. 

3. ɺ ʢʘʞʜʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʩʪʘʚʠʪʴ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʠ ʟʘʧʠʩʘʪʴ ʧʦʣʫʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

4. ʅʘʧʠʩʘʪʴ ʥʘʟʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠ̫ ʭ. 

ʇʨʠʣʦʞʝʥʠʝ 

ʂ ʵʣʝʤʝʥʪʘʤ V ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ ɸ ʦʪʥʦʩʷʪʩʷ: N  ï ʘʟʦʪ, P  ï ʬʦʩʬʦʨ, As  ï 

ʤʳʰʴʷʢ, Sb ï ʩʫʨʴʤʘ, Bi  ï ʚʠʩʤʫʪ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ: 

322 p2s2s1N  (ʘʟʦʪ); 
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32622 p3s3p2s2s1P  (ʬʦʩʬʦʨ); 
321062622 p4s4d3p3s3p2s2s1As  (ʤʳʰʴʷʢ); 

3210621062622 p5s5d4p4s4d3p3s3p2s2s1Sb  (ʩʫʨʴʤʘ); 
3210621410621062622 p6s6d5p5s5f4d4p4s4d3p3s3p2s2s1Bi  (ʚʠʩʤʫʪ). 

ɸʟʦʪ ʠ ʬʦʩʬʦʨ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ, ʘ ʤʳʰʴʷʢ, ʩʫʨʴʤʫ ʠ ʚʠʩʤʫʪ 

ʦʙʲʝʜʠʥʷʶʪ ʚ ʧʦʜʛʨʫʧʧʫ ʤʳʰʴʷʢʘ. ʈʘʟʤʝʨʳ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʛʨʫʧʧʝ ʩʚʝʨʭʫ 

ʚʥʠʟ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪ N  ʢ Bi, ʘ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʫʤʝʥʴʰʘʶʪʩʷ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʩʣʘʙʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɸʟʦʪ ï ʪʠʧʠʯʥʳʡ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʧʦ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʫʩʪʫʧʘʝʪ ʣʠʰʴ 

ʬʪʦʨʫ ʠ ʢʠʩʣʦʨʦʜʫ. 

ʕʣʝʤʝʥʪʳ ʧʦʜʛʨʫʧʧʳ ʤʳʰʴʷʢʘ ʠʤʝʶʪ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʋʩʪʦʡʯʠʚʳʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʜʠʬʠʢʘʮʠʠ ï ʩʝʨʳʡ ʤʳʰʴʷʢ, ʩʝʨʘʷ ʩʫʨʴʤʘ, ʚʠʩʤʫʪ ï 

ʠʤʝʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʠʜ, ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʭʨʫʧʢʠʝ ʠʟ-ʟʘ ʩʦʣʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʪʠʧʘ ʯʝʨʥʦʛʦ ʬʦʩʬʦʨʘ). 

ɸʟʦʪ  ʟʘʥʠʤʘʝʪ 5 ʤʝʩʪʦ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʂʦʩʤʦʩʝ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʝʛʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ ʚ ʚʠʜʝ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ɸʟʦʪ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʙʝʣʢʦʚʳʭ ʪʝʣ ʚʩʝʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʙʥʘʨʫʞʝʥ ʚ ʛʘʟʦʚʳʭ 

ʪʫʤʘʥʥʦʩʪʷʭ ʠ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʥʘ ʋʨʘʥʝ ʠ ʅʝʧʪʫʥʝ. ʉʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʟʦʪʘ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ -3; -1; +1; +3; +5, ʘ ʪʘʢʞʝ -2, +2 ʠ +4. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʘʟʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʣʠʰʴ ʣʠʪʠʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ NLi 3 . ʇʨʠ ʘʢʪʠʚʘʮʠʠ ʤʦʣʝʢʫʣ 2N  (ʥʘʛʨʝʚʘʥʠʠ, 

ʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʨʘʟʨʷʜʘ ʠʣʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ) ʘʟʦʪ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴ, ʘ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʪʦʨʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ ʢʘʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʘʟʦʪ 

ʧʦʣʫʯʘʶʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʧʝʨʝʛʦʥʢʦʡ ʞʠʜʢʦʛʦ ʚʦʟʜʫʭʘ, ʚ ʣʘʙʦʨʘʪʦʨʠʠ ï ʪʝʨʤʠʯʝʩʢʠʤ 

ʨʘʟʣʦʞʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ, ʯʘʱʝ ʚʩʝʛʦ ʥʠʪʨʘʪʘ ʘʤʤʠʘʢʘ 24NONH : 

OH2NNONH 2224  

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʣʫʯʘʝʤʦʛʦ ʘʟʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʢʦʪʦʨʦʛʦ ʠʜʝʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʨʫʛʠʭ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʟʦʪ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʘʤʧʘʭ, ʧʨʠ ʧʝʨʝʢʘʯʢʝ ʛʦʨʶʯʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʪ.ʧ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʟʦʪ 

ʦʢʠʩʣʷʝʪ ʤʥʦʛʠʝ ʤʝʪʘʣʣʳ ʠ ʥʝʤʝʪʘʣʣʳ, ʦʙʨʘʟʫʷ ʥʠʪʨʠʜʳ: 

232 NMgNMg3 ï ʥʠʪʨʠʜ ʤʘʛʥʠʷ 

NH2NH3 322 ï ʥʠʪʨʠʜ ʚʦʜʦʨʦʜʘ (ʠʣʠ 3NH ï ʘʤʤʠʘʢ) 

ʀʟ ʥʠʪʨʠʜʦʚ ʥʘʠʙʦʣʴʰʝʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʘʤʤʠʘʢ. ʉʨʝʜʠ ʚʦʜʦʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ pïɻ ʣʝʤʝʥʪʦʚ V ʛʨʫʧʧʳ ʘʤʤʠʘʢ ʟʘʥʠʤʘʝʪ ʪʘʢʦʝ ʞʝ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ, ʢʘʢ ʚʦʜʘ 

ʩʨʝʜʠ ʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ pïɻ ʣʝʤʝʥʪʦʚ VI ʛʨʫʧʧʳ. ɺ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʘʤʤʠʘʢ 

ʜʦʚʦʣʴʥʦ ʘʢʪʠʚʝʥ; ʦʥ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʤʥʦʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɸʟʦʪ ʚ ʘʤʤʠʘʢʝ 

ʠʤʝʝʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ (-3). ʇʦʵʪʦʤʫ ʘʤʤʠʘʢ ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

2223 N2OH6O3NH4  

2 0

2

3 Ne6N2   
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

(ʦʢʠʩʣʝʥʠʝ); 

  12  

3 20

2 O2e4O   
ʦʢʠʩʣʠʪʝʣʴ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ); 
20

2

0

2

3 O6N2O3N4  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʨʝʘʢʮʠʠ: 



31 

 

NO4OH6O5NH4 2

kt,C750t

23

A

 

4 23 Ne5N   
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

(ʦʢʠʩʣʝʥʠʝ); 

  20  

5 20

2 O2e4O   
ʦʢʠʩʣʠʪʝʣʴ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ); 
220

2

3 O10N4O5N4  

ɸʪʦʤ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʝ ʘʤʤʠʘʢʘ ʩʚʷʟʘʥ ʪʨʝʤʷ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʤ̫ʠ ʩ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ 

ʠ ʩʦʭʨʘʥʷʝʪ ʧʨʠ ʵʪʦʤ ʦʜʥʫ ʥʝʧʦʜʝʣʸʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʘʨʫ: 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʵʪʦ ʦʪʚʝʯʘʝʪ 3sp ï ʛʠʙʨʠʜʠʟʘʮʠʠ 

ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʘ ʘʟʦʪʘ. ʀʟ ʯʝʪʳʨʸʭ 3sp ï ʛʠʙʨʠʜʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʘʟʦʪʘ ʪʨʠ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʪʨʸʭ Ê - ʩʚʷʟʝʡ NïH, ʘ ʯʝʪʚʝʨʪʫʶ 

ʦʨʙʠʪʘʣʴ ʟʘʥʠʤʘʝʪ ʥʝʩʚʷʟʳʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʘʨʘ. ʇʦʩʢʦʣʴʢʫ 

ʥʝʩʚʷʟʳʚʘʶʱʝʝ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ ʦʪʯʸʪʣʠʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʤʦʣʝʢʫʣʘ 3NH ï ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʡ ʜʦʥʦʨ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʠ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʧʦʣʷʨʥʦʩʪʴʶ (¿ = 0,49Ĭ10
-29

 ʂʣĬʤ). ɺr ʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ, ʘʤʤʠʘʢ ʩʧʦʩʦʙʝʥ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʦʥʦʚ ʘʤʤʦʥʠʷ 4NH , ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ: 

44334 SONHCuNH4CuSO  

OHNHOHNH 423  

OH2NHCuNH4OHCu
2

4332  

ɸʤʤʠʘʢ ʦʯʝʥʴ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ, ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʠʦʥʠʟʘʮʠʷ ï ʧʦʷʚʣʷʶʪʩʷ 

ʠʦʥʳ ʘʤʤʦʥʠʷ 4NH
 
ʠ ʠʦʥʳ OH . ʉʨʝʜʘ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʥʘʷ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʥʦʚ 4NH

 
ʠ 

OH
 
ʚʥʦʚʴ ʦʙʨʘʟʫʶʪʩʷ ʤʦʣʝʢʫʣʳ 3NH  ʠ OH2 , ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʦʟʥʠʢʘʝʪ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ. 

ʀʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ OHNH 4  (ʛʠʜʨʦʢʩʠʜ ʘʤʤʦʥʠʷ) ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʅʦ ʧʦ ʪʨʘʜʠʮʠʠ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ ʦʙʦʟʥʘʯʘʝʪ ʬʦʨʤʫʣʦʡ OHNH 4 . 

ʉʦʣʠ ʘʤʤʦʥʠʷ ʪʝʨʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʥʠ ʨʘʟʣʘʛʘʶʪʩʷ ʦʙʨʘʪʠʤʦ ʠʣʠ 

ʥʝʦʙʨʘʪʠʤʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʠʩʣʠʪʝʣʥɹʳʭ ʩʚʦʡʩʪʚ ʘʥʠʦʥʘ. ɽʩʣʠ ʘʥʠʦʥ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʝʤ ʠʣʠ ʚ ʩʣʘʙʦʡ ʩʪʝʧʝʥʠ ʧʨʦ̫ ʚʣʷʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ 

ʦʙʨʘʪʠʤ: 

HClNHClNH 34  

ɽʩʣʠ ʘʥʠʦʥ ʧʨʦʷʚʣʷʝʪ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʦʣʠ ʨʘʩʧʘʜʘʶʪʩʷ 

ʥʝʦʙʨʘʪʠʤʦ: 

OH2ONNONH 2234
 

ɸʟʦʪ ʦʙʨʘʟʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ ʨʷʜ ʦʢʩʠʜʦʚ: ʦʢʩʠʜ ʘʟʦʪʘ (I) ON2  (ʟʘʢʠʩʴ ʘʟʦʪʘ); ʦʢʩʠʜ ʘʟʦʪʘ 
(II) NO, ʦʢʩʠʜ ʘʟʦʪʘ (IV) 2NO  (ʜʠʦʢʩʠʜ ʣʠ ʜʚʫʦʢʠʩʴ); ʦʢʩʠʜ ʘʟʦʪʘ (III ) 32ON  (ʘʟʦʪʠʩʪʳʡ 
ʘʥʛʠʜʨʠʜ). 
ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 2NO . ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ 

OH2 , ʦʙʨʘʟʫʶʪ ʘʟʦʪʥʫʶ 3HNO  ʠ ʘʟʦʪʠʩʪʫʶ 2HNO  ʢʠʩʣʦʪʳ. 

ɸʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ʥʝʩʪʦʡʢʘ ʠ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʝʪʩʷ: 

OHNO2HNOHNO 232  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
NO2HNO4OHNO6 322  

NO  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 2NO  ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʦʣʥʦʩʪʴʶ 
ʧʝʨʝʭʦʜʠʪ ʚ 3HNO : 
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3222 HNO4OH2ONO4  

ɼʠʦʢʩʠʜ ʘʟʦʪʘ ï ʦʯʝʥʴ ʵʥʝʨʛʠʯʥʳʡ ʦʢʠʩʣʠʪʝʣʴ. ʄʥʦʛʠʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʛʦʨʝʪʴ ʚ 
ʘʪʤʦʩʬʝʨʝ 2NO , ʦʪʥʠʤʘʷ ʦʪ ʥʝʛʦ ʢʠʩʣʦʨʦʜ. ʅʘ ʵʪʦʤ ʩʚʦʡʩʪʚʝ ʦʩʥʦʚʘʥ ʥʠʪʨʦʟʥʳʡ ʤʝʪʦʜ 
ʧʦʣʫʯʝʥʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ: 

NOSOHOHNOSO 42222  

ɺ ʘʪʤʦʩʬʝʨʝ 2NO  ʛʦʨʷʪ ʫʛʦʣʴ, ʩʝʨʘ, ʬʦʩʬʦʨ. ɼʠʦʢʩʠʜ ʘʟʦʪʘ ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʥʠʪʨʫʶʱʠʡ ʘʛʝʥʪ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʚʦʜʥʳʭ ʥʠʪʨʘʪʦʚ. 

ɸʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

OH2NOe3H4NO 23  

OHNOe3H2NO 223  

ʆʥʘ ʨʘʟʨʫʰʘʝʪ ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʪʢʘʥʠ, ʦʢʠʩʣʷʝʪ ʧʦʯʪʠ ʚʩʝ ʤʝʪʘʣʣʳ ʠ 

ʥʝʤʝʪʘʣʣʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʝʭ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 3HNO , 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʦʩʪʘʪʦʯʥʦ ʨʘʟʙʘʚʣʝʥʥʘʷ ʢʠʩʣʦʪʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 34NONH , ʩ ʧʦʚʳʰʝʥʠʝʤ ʝʸ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝNO; ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 3HNO  ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 2NO : 

OHNONOCu.ʢʦʥʮHNOCu 22233  

OHNONOCu.ʨʘʟʙʘʚʣHNOCu 2233  

OHNONHNOZn.ʨʘʟʙʘʚʣʦʯʝʥʴHNOZn 234233  

ʌʦʩʬʦʨ ʚʩʣʝʜʩʪʚʠʝ ʣʝʛʢʦʡ ʦʢʠʩʣʷʝʤʦʩʪʠ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʨʠʨʦʜʝ ʥʝ 

ʚʩʪʨʝʯʘʝʪʩʷ. ʀʟ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʩʘʤʳʤ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʨʪʦʬʦʩʬʘʪ 

ʢʘʣʴʮʠʷ 
243 POCa , ʢʦʪʦʨʳʡ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʘ ʬʦʩʬʦʨʠʪʘ ʠʥʦʛʜʘ ʦʙʨʘʟʫʝʪ ʙʦʣʴʰʠʝ ʟʘʣʝʞʠ. 

ʄʠʥʝʨʘʣ ʘʧʘʪʠʪ ʩʦʜʝʨʞʠʪ, ʢʨʦʤʝ 
243 POCa , ʝʱʝ 2CaF  ʠʣʠ 2CaCl . ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʩʬʦʨʘ 

ʧʨʠʨʦʜʥʳʡ ʬʦʩʬʦʨʠʪ ʠʣʠ ʘʧʘʪʠʪ ʠʟʤʝʣʴʯʘʶʪ, ʩʤʝʰʠʚʘʶʪ ʩ ʧʝʩʢʦʤ ʠ ʫʛʣʝʤ ʠ ʥʘʢʘʣʠʚʘʶʪ ʚ 

ʧʝʯʘʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ: 

5232243 OPCaSiO3SiO3POCa  

CO5P2C5OP 52  

ʌʦʩʬʦʨ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʘʨʦʚ, ʢʦʪʦʨʳʝ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʚ ʧʨʠʝʤʥʠʢʝ ʧʦʜ ʚʦʜʦʡ. 

ʌʦʩʬʦʨ ʦʙʨʘʟʫʝʪ ʥʝʩʢʦʣʴʢʦ ʘʣʣʦʪʨʦʧʥʳʭ ʚʠʜʦʠʟʤʝʥʝʥʠʡ: ʙʝʣʳʡ ʬʦʩʬʦʨ, ʢʨʘʩʥʳʡ ʠ 

ʯʝʨʥʳʡ. 

ʆʜʥʘ ʠʟ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʬʦʩʬʦʨʘ ï ʧʦʣʫʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ: ʬʦʩʬʠʜʘ 

ʛʘʣʣʠʷ GaP, ʬʦʩʬʠʜʘ ʠʥʜʠʷ InP. ɺ ʩʦʩʪʘʚ ʜʨʫʛʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʥ ʚʚʦʜʠʪʩʷ ʚ ʦʯʝʥʴ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦʡ ʜʦʙʘʚʢʠ. 

ʆʢʩʠʜ ʬʦʩʬʦʨʘ (III), ʠʣʠ ʬʦʩʬʦʨʠʩʪʳʡ ʘʥʛʠʜʨʠʜ, 32OP  ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʦʢʠʩʣʝʥʠʠ ʬʦʩʬʦʨʘ ʠʣʠ ʢʦʛʜʘ ʬʦʩʬʦʨ ʩʛʦʨʘʝʪ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʜʦʩʪʫʧʝ ʢʠʩʣʦʨʦʜʘ. ʕʪʦ 

ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʣʘʚʷʱʠʝʩʷ ʧʨʠ 23,8Üʉ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʭʦʣʦʜʥʦʡ ʚʦʜʳ 32OP  ʤʝʜʣʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʝʡ, ʦʙʨʘʟʫʷ ʬʦʩʬʦʨʠʩʪʫʶ ʢʠʩʣʦʪʫ 33POH . ʆʢʩʠʜ ʠ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʶʪ 

ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʢʩʠʜ ʬʦʩʬʦʨʘ (V), ʠʣʠ ʬʦʩʬʦʨʥʳʡ ʘʥʛʠʜʨʠʜ, 52OP  ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʛʦʨʝʥʠʠ ʬʦʩʬʦʨʘ ʥʘ 

ʚʦʟʜʫʭʝ ʠʣʠ ʚ ʢʠʩʣʦʨʦʜʝ ʚ ʚʠʜʝ ʙʝʣʦʡ ʦʙʲʝʤʠʩʪʦʡ ʩʥʝʛʦʦʙʨʘʟʥʦʡ ʤʘʩʩʳ; ʞʘʜʥʦ ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʚʦʜʦʡ ʠ ʧʦʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʚʦʜʦʦʪʥʠʤʘʶʱʝʝ ʩʨʝʜʩʪʚʦ. ʆʢʩʠʜʫ ʬʦʩʬʦʨʘ (V) 

ʦʪʚʝʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʠʩʣʦʪ. ɺʘʞʥʝʡʰʘʷ ʠʟ ʥʠʭ ï ʵʪʦ ʦʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ 43POH . ʆʥʘ 

ʦʙʨʘʟʫʝʪ ʙʝʩʮʚʝʪʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʣʘʚʷʱʠʝʩʷ ʧʨʠ 42,35Üʉ. ɺ ʚʦʜʝ ʦʥʘ ʨʘʩʪʚʦʨʷʝʪʩʷ 

ʦʯʝʥʴ ʭʦʨʦh ʦ. 

ʆʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ. ʂʦʥʩʪʘʥʪʳ ʝʝ 

ʜʠʩʩʦʮʠʘʮʠʠ ʨʘʚʥʳ: 
3

1 108ʂ , 
8

2 106ʂ , 12

3 10ʂ . ɹʫʜʫʯʠ ʪʨʝʭʦʩʥʦʚʥʦʡ, ʦʥʘ 
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ʦʙʨʘʟʫʝʪ ʪʨʠ ʨʷʜʘ ʩʦʣʝʡ: ʩʨʝʜʥʠʝ ʠ ʢʠʩʣʳʝ ʩ ʦʜʥʠʤ ʠʣʠ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʚ 

ʢʠʩʣʦʪʥʦʤ ʦʩʪʘʪʢʝ: 

43PONa ; 
243 POCa  - ʪʨʝʭʟʘʤʝʱʝʥʥʳʝ, ʠʣʠ ʩʨʝʜʥʠʝ ʬʦʩʬʘʪʳ 

42HPONa ; 4CaHPO  - ʜʚʫʭʟʘʤʝʱʝʥʥʳʝ ʬʦʩʬʘʪʳ, ʠʣʠ ʛʠʜʨʦʬʦʩʬʘʪʳ 

42PONaH ; 
242POHCa  - ʦʜʥʦʟʘʤʝʱʝʥʥʳʝ ʬʦʩʬʘʪʳ, ʠʣʠ ʜʠʛʠʜʨʦʬʦʩʬʘʪʳ. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʬʦʩʬʦʨʥʫʶ ʢʠʩʣʦʪʫ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʦʢʠʩʣʝʥʠʝʤ ʬʦʩʬʦʨʘ 30%-ʥʦʡ 3HNO . 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 

NO5POH3OH2HNO5P3 4323
 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʬʦʩʬʦʨʥʫʶ ʢʠʩʣʦʪʫ ʧʦʣʫʯʘʶʪ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʵʢʩʪʨʘʢʮʠʦʥʥʳʤ ʠ 

ʪʝʨʤʠʯʝʩʢʠʤ. ɺ ʦʩʥʦʚʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʦʙʨʘʙʦʪʢʘ ʧʨʠʨʦʜʥʳʭ ʬʦʩʬʘʪʦʚ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ: 

43442243 POH2CaSO3SOH3POCa  

ʆʙʨʘʟʫʶʱʫʶʩʷ ʬʦʩʬʦʨʥʫʶ ʢʠʩʣʦʪʫ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʦʪ ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ ʠ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʚʳʧʘʨʠʚʘʥʠʝʤ. ʊʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʬʦʩʬʘʪʦʚ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʬʦʩʬʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʩʞʠʛʘʥʠʝʤ ʠ ʨʘʩʪʚʦʨʝʥʠʝʤ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʬʦʩʬʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʚ ʚʦʜʝ. ʇʦʣʫʯʘʝʤʘʷ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʪʝʨʤʠʯʝʩʢʘʷ 

ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 5 

ʈ-ʕʃɽʄɽʅʊʓ IV ɻʈʋʇʇʓ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ɼ.ʀ. ʄɽʅɼɽʃɽɽɺɸ 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

1. ʀʟʫʯʠʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ IV ʛʨʫʧʧʳ ʛʣʘʚʥʦʡ ɸ ʧʦʜʛʨʫʧʧʳ ʥʘ 
ʧʨʠʤʝʨʝ ʪʠʧʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʛʣʝʨʦʜʘ C  ʠ ʢʨʝʤʥʠʷ Si . 

2. ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ -ʩʚʷʟʝʡ ʠ ʛʠʙʨʠʜʠʟʘʮʠʶ 
ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ( 3sp , 2sp , sp). 

2. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʘʣʣʦʪʨʦʧʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠ ʫʢʘʟʘʪʴ ʧʨʠʯʠʥʫ ʨʘʟʣʠʯʠʷ ʠʭ ʩʚʦʡʩʪʚ. 

2. ʂʘʢʠʝ ʪʠʧʳ ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʫʛʣʝʨʦʜʘ? 

3. ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʛʦʨʝʥʠʠ ʫʛʣʷ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (II) - CO? 

4. ɼʘʪʴ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʨʝʤʥʠʶ, ʫʢʘʟʘʚ: ʘ) ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ ʠ ʝʛʦ ʚʘʣʝʥʪʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ; ʙ) ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ. 

5. ʆʧʠʩʘʪʴ ʩʚʦʡʩʪʚʘ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ. 

6. ʋʢʘʟʘʪʴ ʪʠʧ ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʢʨʝʤʥʠʷ ʚ ʤʦʣʝʢʫʣʘʭ 4SiH  ʠ 4SiF . ʇʦʣʷʨʥʳ ʣʠ 

ʵʪʠ ʤʦʣʝʢʫʣʳ? 

7. ɺʦʜʷʥʦʡ ʛʘʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʨʘʚʥʳʭ ʦʙʲʝʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II). ʅʘʡʪʠ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 112 ʣ ʚʦʜʷʥʦʛʦ ʛʘʟʘ, ʚʟʷʪʦʛʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

3. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʝʝ ʚʳʧʦʣʥʝʥʠ ʁ

ʅʘ çʨʘʙʦʯʝʤ ʩʪʦʣʝè ʇʂ ʥʘʡʜʠʪʝ ʟʥʘʯʦʢ ʧʨʦʛʨʘʤʤʳ ç 1C: ʍʠʤʠʷè. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤʳ, 

ʥʘʡʜʠʪʝ ʚʢʣʘʜʢʫ çɸʣʴʙʦʤè / çʕʣʝʤʝʥʪʳ IV ʛʨʫʧʧʳ: C ,Siè. 

1. ʀʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʘʪʦʤʦʚ C  ʠ Si  ʠ ʤʦʣʝʢʫʣ ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʦʢʩʠʜʦʚ ʠ ʢʠʩʣʦʪ. 

1.1. ɿʘʨʠʩʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʘʪʦʤʦʚ C  ʠ Si . 

1.2. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 2SiO . 

1.3. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II) CO . 

1.4. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (IV) 2CO . 

1.5. 3ʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʳ ʤʦʣʝʢʫʣʳ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ 32COH  

1.6. ɿʘʨʠʩʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʤʦʣʝʢʫʣʳ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ 32SiOH . 

2. ʅʘʙʣʶʜʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʧʳʪʦʚ ʠ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: 

2.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ ʩ ʚʦʜʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘʪʦʨʘ ʬʝʥʦʣʬʪʘʣʝʠʥʘ. 

ɺʳʜʝʣʷʝʪʩʷ ʘʮʝʪʠʣʝʥ. 

2.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʨʘʤʦʨʘ (ʠʣʠ ʤʝʣʘ) ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. 

2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʩ ʚʦʜʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʳ ʩʦ 

ʱʝʣʦʯʥʦʡ ʥʘ ʢʠʩʣʫʶ ʠ ʚʥʦʚʴ ʥʘ ʱʝʣʦʯʥʫʶ. 

2.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʩ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩ ̫ʦʩʘʜʦʢ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʡ ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʨʠ ʠʟʙʳʪʢʝ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ. 

2.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʳʜʝʣʷʝʪʩʷ ʦʩʘʜʦʢ ʢʨʝʤʥʠʝʚʦʡ 

ʢʠʩʣʦʪʳ. 

2.6.  ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II). 

2.6.1. ʇʨʦʧʫʩʢʘʥʠʝ ʚʦʟʜʫʭʘ ʠʣʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʯʝʨʝʟ ʨʘʩʢʘʣʝʥʥʳʡ ʫʛʦʣʴ. 

2.6.2. ɻʘʟʠʬʠʢʘʮʠʷ ʫʛʣʷ. 

3. ɺ ʢʘʞʜʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʩʪʘʚʠʪʴ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 
ʠ ʟʘʧʠʩʘʪʴ ʧʦʣʫʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

4. ʅʘʧʠʩʘʪʴ ʥʘʟʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. 
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5. ɼʣʷ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʜʫʢʪʘ, ʥʘʧʠʩʘʪʴ 
ʫʨʘʚʥʝʥʠʝ ʛʠʜʨʦʣʠʟʘ. 

ʇʨʠʣʦʞʝʥʠʝ 

ɺ IV ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʫʛʣʝʨʦʜ C, ʢʨʝʤʥʠʡ Si, ʛʝʨʤʘʥʠʡ Ge, ʦʣʦʚʦ Sn ʠ ʩʚʠʥʝʮ Pb . ʕʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ 2ns  2np (ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ), ʧʨʠʯʝʤ ʥʘ ʨ-

ʦʨʙʠʪʘʣʷʭ ʥʘʭʦʜʠʪʩʷ 2 ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ (ʧʨʘʚʠʣʦ ɻʫʥʜʘ): 
2ns    2np  

     

ɺ ʩʚʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʵʣʝʤʝʥʪʳ IV-A- ʛʨʫʧʧʳ, ʠʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ: (+II) 

ʠʣʠ (+IV). ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ (+II) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʉ ʢ ʈb, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʯʘʩʪʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝʤ  ɻ ʥʝʨʛʠʠ ɻʠʙʙʩʘ: 

GnO2GeGeO2           A
298G 41 ʢɼʞ 

SnO2SnSnO2           A
298G 6 ʢɼʞ 

PbO2PbPbO2 , A
298G 185 ʢɼʞ 

ʀʟ ʟʥʘʯʝʥʠʡ A
298G  ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ Ge (II) ʜʦʣʞʥʳ ʙʳʪʴ ʩʠʣʴʥʳʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʘ ʩʦʝʜʠʥʝʥʠʷ Pb (IV) - ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ (2PbO , 2PbCl ). 
ʕʣʝʤʝʥʪʳ IV - ɸ - ʛʨʫʧʧʳ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (+IV) ʦʙʨʘʟʫʶʪ ʩʣʘʙʳʝ ʢʠʩʣʦʪʳ (32COH , 

44SiOH , 62 OHGeH , 62 OHSiH , 62 OHPbH ), ʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ (+II) ï 
ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʦʩʥʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ 446 OHOSn , 446 OHOPb , ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ 
ʘʤʬʦʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʛʠʜʨʠʜʦʚ ʨʝʟʢʦ ʧʘʜʘʝʪ ʦʪ ʤʝʪʘʥʘ 4CH  ( A

298G 51 
ʢɼʞ/ʤʦʣʴ) ʢ ʧʣʶʤʙʘʪʫ 4PbH . ʋʞʝ ʤʦʥʦʩʠʣʘʥ 4SiH  ʷʚʣʷʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ 
( A

298G 57ʢɼʞ/ʤʦʣʴ). 
ɻʠʜʨʦʣʠʟ ʚʩʝʭ ʪʝʪʨʘʛʘʣʦʛʝʥʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʦʟʤʦʞʝʥ:  

Pʞ24 HCl4COOH2CCl             A
298G 380 ʢɼʞ 

P2ɾ2ɾ4 HCl4SiOOH2SiCl              A
298G 278 ʢɼʞ 

ʋʛʣʝʨʦʜ, ʢʨʝʤʥʠʡ ʠ ʛʝʨʤʘʥʠʡ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʘʣʣʦʪʨʦʧʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʝ̫ʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩ ʘʪʦʤʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʘʣʤʘʟʘ. 

ɸʣʤʘʟ - ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʛʣʝʨʦʜʘ. ɺ ʝʛʦ ʢʨʠʩʪʘʣʣʘʭ ʢʘʞʜʳʡ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʦʢʨʫʞʝʥ 4 ʪʘʢʠʤʠ ʞʝ ʘʪʦʤʘʤʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʚ ʚʝʨʰʠʥʘʭ 

ʧʨʘʚʠʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʘ. 

ɻʨʘʬʠʪ - ʩʪʘʙʠʣʴʥʘʷ ʘʣʣʦʪʨʦʧʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʫʛʣʝʨʦʜʘ ʩʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʰʝʩʪʠʯʣʝʥʥʳʭ ʙʝʩʢʦʥʝʯʥʳʭ ʢʦʣʝʮ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʛʨʘʬʠʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʝʨʝʭʦʜʥʦʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʘʤʠ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ ʪʨʝʪʴʝʡ ʘʣʣʦʪʨʦʧʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʛʣʝʨʦʜʘ - ʢʘʨʙʠʥʘ ʩʦʩʪʦʠʪ ʠʟ ʣʠʥʝʡʥʳʭ ʮʝʧʝʡ: 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʤʝʥʴʰʝ, ʯʝʤ ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʨʘʬʠʪʘ, ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂʘʨʙʠʥ ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣʳ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʋ ʫʛʣʝʨʦʜʘ ʜʦʧʫʩʢʘʶʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʱʝ ʜʚʫʭ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʫʛʣʝʨʦʜ (III) ʠ 

ʫʛʣʝʨʦʜʘ 8C ). ʍʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʫʛʣʝʨʦʜʘ (ʛʨʘʬʠʪ) ʢ ʛʝʨʤʘʥʠʶ, ʘ ʩʨʝʜʠ 

ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ ʥʘʠʤʝʥʝʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʝʥ ʘʣʤʘʟ. ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ, 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʯʝʨʝʟ ʩʠʣʴʥʦ ʥʘʛʨʝʪʳʝ C , Si  ʠʣʠ Ge ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʨʝʘʢʮʠʠ: 

22 HCOOHC  

222 H2SiOOH2Si  
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ɺ ʢʠʩʣʦʨʦʜʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ C , Si , Ge ʩʛʦʨʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ CO , 2CO , 

2SiO  ʠ 2GeO . 
ʉ ʚʦʜʦʨʦʜʦʤ C , Si , Ge ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʘ ʩ 2N  ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʪʦʣʴʢʦ 

Si  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ t ʚʳʰʝ 1300 Áʉ ʙʝʣʦʛʦ ʚʝɦ ʝʩʪʚʘ ʩʦʩʪʘʚʘ ʪʝʪʨʘʥʠʪʨʠʜʘ ʪʨʠʢʨʝʤʥʠʷ 43NSi . 
ʂʨʝʤʥʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ Ge, ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ C2000  ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ SiC  -ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦ ʪʚʝʨʜʦʩʪʠ ʫʩʪʫʧʘʶʱʝʛʦ 
ʪʦʣʴʢʦ ʘʣʤʘʟʫ. 
ʅʘ ʫʛʣʝʨʦʜ ʠ ʢʨʝʤʥʠʡ ʘʟʦʪʥʘʷ, ʩʝʨʥʘʷ, ʭʣʦʨʥʘʷ ʠ ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʝ ʢʠʩʣʦʪʳ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝ ʜʝʡʩʪʚʫʶʪ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʨʦʰʢʘ ʤʝʜʠ ʢʨʝʤʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʝʟʚʦʜʥʳʤ HCl : 

23

C250
HSiHClHCl3Si

0

 

ʕʪʘ ʨʝʘʢʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʪʨʠʭʣʦʨʩʠʣʘʥʘ. 

ɸʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ C (ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʠʣʠ ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ) ʙʦʣʝʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʝʥ. ɸʟʦʪʥʘʷ 

ʢʠʩʣʦʪʘ 3HNO  ʦʢʠʩʣʷʝʪ ʝʛʦ ʜʦ 2CO : 

OH2NO4COHNO4C 2223
 

ɺ 3HNO  ʛʝʨʤʘʥʠʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʘʩʩʠʚʠʨʦʚʘʥʠʶ, ʥʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʝʜʣʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 
ʧʦ ʨʝʘʢʮʠʠ: 

OHNO4GeOHHNOGe 22323
 

ʆʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʘʩʪʚʦʨʘʤʠ 22OH  ʠ HF : 

OHGeOHOH2Ge 23222  

262 H2GeFHHF6Ge  

ʈʘʩʧʣʘʚʳ ʠ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ KOH  ʠ NaOH  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʢɹʦ ʩ Si  ʠ Ge: 

244 H2SiOKKOH4Si  

OH3GeOKOH2KOH2Ge 23222  

ʋʛʣʝʨʦʜ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ ʩ ʛʘʣʦʛʝʥʘʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʉʦ ʬʪʦʨʦʤ  ʫʛʣʝʨʦʜ ʦʙʨʘʟʫʝʪ ʧʨʦʜʫʢʪʳ 
ʩʦʩʪʘʚʘ nCF , ʛʜʝ n Ó 1 (CF , 62FC , nCF  ʠ ʪ.ʜ.), ʘ ʩ ʜʨʫʛʠʤʠ ʛʘʣʦʛʝʥʘʤʠ çnè ʫʤʝʥʴh ʘʝʪʩʷ ʜʦ n=4, 
ʥʘʧʨʠʤʝʨ 4CCl , 4Cl . 
ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ (CO , 2CO , 23OC ) ʠ ʧʦ 2 ʦʢʩʠʜʘ Si  ʠ Ge (SiO , GeO , 2SiO , 

2GeO ). ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ CO  ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʚʦʜʦʨʦʜʘ ʚ 
ʨʝʘʢʮʠʠ: 

222 HCOOHCO  
42 Ce2C  - ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

0

2He2H2  - ʦʢʠʩʣʠʪʝʣʴ 

CO  ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ: 

HCOOKKOHCO
C1200

 - ʬʦʨʤʠʘʪ ʢʘʣʠʷ 

0,5 ʤʇʘ 

ʉ ʤʝʪʘʣʣʘʤʠ CO  ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʠʜ:r 

4CONiCONi  

ɼʣʷ ʩʠʥʪʝʟʘ CO  ʧʨʠʤʝʥʷʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠʠ:  

CO2OC2 2  - ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

                           t 
OHCOHCOOH 2SOH 42

 

                          t 
OHCOCOOCH 22SOH22

42
 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ 
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ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ - 2CO  - ʛʘʟ ʙʝʟ ʮʚʝʪʘ ʠ ʟʘʧʘʭʘ, ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ. ʊʚʝʨʜʳʡ 2CO  ʚʦʟʛʦʥʷʝʪʩʷ ʙʝʟ 
ʧʣʘʚʣʝʥʠʷ ʧʨʠ 78ÁC. ɺ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʧʦʜ 
ʜʘʚʣʝʥʠʝʤ. ʄʦʣʝʢʫʣʘ 2CO  ʣʠʥʝʡʥʘʷ, ʜʣʠʥʘ ʩʚʷʟʠ C  - O  ʨʘʚʥʘ  
116 ʧʤ: 
ɺ ʚʦʜʝ 2CO  ʨʘʩʪʚʦʨʷʝʪʩʷ: 1 ʣ ʚʦʜʳ ʧʨʠ 25Áʉ ʠ 0,1 ʤʇʘ ʧʦʛʣʦʱʘʝʪ 0,76 ʣ 2CO . 

ʊʦʣʴʢʦ 1% 2CO  ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʦʜʦʡ, ʦʙʨʘʟʫʷ ʫʛʦʣʴʥʫʶ ʢʠʩʣʦʪʫ: 

3222 COHOHCO  

ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʧʨʝʚʨʘʱʘʝʪ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʘʛʥʠʷ ʚ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ʧʨʠ ʠʟʙʳʪʢʝ 2CO : 

2322 HCOBaCO2OHBa  

ɻʠʜʨʦʢʩʠʜʳ ʠ ʦʢʩʠʜʳ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʧʦʛʣʦʱʘʶʪ 2CO  ʠʟ ʚʦʟʜʫʭʘ: 

OHCOKCOKOH2 2322  

ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ (ʉ4000 , ʤʇʘ30 ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʩʤʝʩʴ ZnO ʠ 32OCr ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʥʦʣʘ: 

OHOHCHH3CO 2322  

2CO  ʧʦʣʫʯʘʶʪ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʠʟʚʝʩʪʥʷʢʘ: 

23 COCaOCaCO  

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʝʛʦ ʧʦʣʫʯʘʶʪ ʧʦ ʨʝʘʢʮʠʠ: 

OHCOCaClHCl2CaCO 22223  

ɺ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʤʦʥʦʤʝʨʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʢʠʩʣʦʪʳ ʫʛʣʝʨʦʜʘ, ʢʨʝʤʥʠʷ ʠ ʛʝʨʤʘʥʠʷ (32COH , 

44SiOH , 44GeOH ) ʥʝ ʧʦʣʫʯʝʥʳ. 
ʂʘʨʙʦʥʘʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ ʚʳʜʝʣʷʶʪ CO : 

OHCOKCl2HCl2COK 2232
 

ʇʨʦʪʦʣʠʟ 32COH  ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʦʪʝʢʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ 

ʘʥʠʦʥʦʚ. 

33232 HCOOHOHCOH  

CK 07 251045,4  

ɸʥʠʦʥʥʘʷ ʢʠʩʣʦʪʘ 3HCO  ̫ ʚʣʷʝʪʩʷ ʝʱʝ ʙʦʣʝʝ ʩʣʘʙʦʡ: 

3323 COOHOHHCO  

CK 011 25106,5  

ʂʨʝʤʥʠʝʚʳʝ ʠ ʛʝʨʤʘʥʠʝʚʳʝ ʢʠʩʣʦʪʳ ʩʣʘʙʝʝ ʫʛʦʣʴʥʦʡ, ʦʥʠ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ 

2CO  ʯʝʨʝʟ ʠʭ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ. 

OCO
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 6 

ʕʃɽʂʊʈʆʃʀɿ 

1. ʎʝʣʴ ʨʘʙʦʪʳ 

1. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʧʨʠ ɻ ʣʝʢʪʨʦʣʠʟʝ. 

2. ʅʘʫʯʠʪʴʩʷ ʟʘʧʠʩʳʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʪʚʦʨʦʚ ʠ ʨʘʩʧʣʘʚʦʚ ʩʦʣʝʡ, ʱʝʣʦʯʝʡ 

ʠ ʢʠʩʣʦʪ. 

2. ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʣʠʟʦʤ? 

2. ʂʘʢʘʷ ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ çʧʦʪʝʥʮʠʘʣʦʤ ʨʘʟʣʦʞʝʥʠʷè? 

3. ʂʘʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʧʦʜʯʠʥʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ  ʧʨʠ ɻ ʣʝʢʪʨʦʣʠʟʝ? 

4. ʆʪ ʢʘʢʠʭ ʬʘʢʪʦʨʦʚ ʟʘʚʠʩʠʪ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʣʠʟʘ, ʥʘ ʢʘʢʠʝ ʛʨʫʧʧʳ ʦʥ ʜʝʣʠʪʩʷ? 

5. .ɹʫʜʫʪ ʣʠ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʩʦʩʪʘʚʫ ʧʨʦʜʫʢʪʳ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʧʣʘʚʘ ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 2CaCl ? 

6. ʉʦʩʪʘʚʠʪʴ ʩʭʝʤʳ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 42SOH , 2CuCl , 
23NOPb  ʩ ʧʣʘʪʠʥʦʚʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ. 

7. ʅʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

3FeCl  ʠ 
24NOCa  ʩ ʠʥʝʨʪʥʳʤ ʘʥʦʜʦʤ. 

8. ʉʦʩʪʘʚʠʪʴ ʩʭʝʤʳ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ, ʝʩʣʠ: 

ʘ) ʘʥʦʜ ʤʝʜʥʳʡ; ʙ) ʘʥʦʜ ʫʛʦʣʴʥʳʡ. 

9. ɺ ʢʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʫʜʫʪ ʚʳʜʝʣʷʪʴʩʷ ʤʝʪʘʣʣʳ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʳ ʥʠʢʝʣʷ, ʩʝʨʝʙʨʘ, ʤʝʜʠ? 

10. ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʦʚ 2CuCl  ʥʘ ʘʥʦʜʝ ʚʳʜʝʣʠʣʦʩʴ 560 ʤʣ ʛʘʟʘ (ʫʩʣʦʚʠʷ ʥʦʨʤʘʣʴʥʳʝ). 

ʅʘʡʪʠ ʤʘʩʩʫ ʤʝʜʠ, ʚʳʜʝʣʠʚʰʝʡʩʷ ʥʘ ʢʘʪʦʜʝ. 

11. ɺʳʯʠʩʣʠʪʴ ʤʘʩʩʫ ʩʝʨʝʙʨʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʥʘ ʢʘʪʦʜʝ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʩʠʣʦʡ 6ɸ ʯʝʨʝʟ 

ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. 

3. ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʢ ʝʝ ʚʳʧʦʣʥʝʥʠ ʁ

ʅʘ çʨʘʙʦʯʝʤ ʩʪʦʣʝè ʇʂ ʥʘʡʜʠʪʝ ʟʥʘʯʦʢ ʧʨʦʛʨʘʤʤʳ ç 1C: ʍʠʤʠʷè. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʨʦʛʨʘʤʤʳ, 

ʥʘʡʜʠʪʝ ʚʢʣʘʜʢʫ çɸʣʴʙʦʤè. 

1. ʇʦʩʪʝʧʝʥʥʦ ʦʪʢʨʳʚʘʷ ʛʠʧʝʨʪʝʢʩʪʦʚʳʝ ʩʩʳʣʢʠ, ʫʢʘʟʘʥʥʳʝ ʥʠʞʝ, ʥʘʙʣʶʜʘʡʪʝ ʧʨʦʚʝʜʝʥʠʝ 

ʦʧʳʪʦʚ ʠ ʟʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ɻ ʣʝʢʪʨʦʣʠʟʘ: 

 ʩʩʳʣʢʘ çɺʦʜʦʨʦʜè 

1.1.ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ. 

 ʩʩʳʣʢʘ çɻʘʣʦʛʝʥʳè 

1.2.ʕʣʝʢʪʨʦʣʠʟ ʬʪʦʨʦʚʦʜʦʨʦʜʘ. 

1.3.ʕʣʝʢʪʨʦʣʠʟ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. 

 ʩʩʳʣʢʘ ç ʕʣʝʤʝʥʪʳ III  ʛʨʫʧʧʳè 

1.4.ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʪʚʦʨʘ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʢʨʠʦʣʠʪʝ. 

 ʩʩʳʣʢʘ ç ʕʣʝʤʝʥʪʳ II  ʛʨʫʧʧʳè 

1.5.ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʘ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ. 

 ʩʩʳʣʢʘ ç ʕʣʝʤʝʥʪʳ I ʛʨʫʧʧʳè 

1.6 ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. 

1.7 ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʘ ʭʣʦʨʠʜʘ ʢʘʣʠʷ. 

 ʩʩʳʣʢʘ ç ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳè 

1.8 ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʤʘʨʛʘʥʮʘ. 

1.9 ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʬʠʥʠʨʦʚʘʥʠʝ ʤʝʜʠ. 

2. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʳ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʣʠʟʘ. 
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ʇʨʠʣʦʞʝʥʠʝ 

ʕʣʝʢʪʨʦʣʠʟʦʤ ʥʘʟʳʚʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʠʣʠ ʨʘʩʧʣʘʚ 

ʵʣʝʢʪʨʦʣʠʪʘ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʧʦʩʪʦ̫ ʥʥʦʛʦ ʪʦʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʫʶ. 

ʕʣʝʢʪʨʦʣʠʟʝʨʦʤ ʥʘʟʳʚʘʶʪ ʷʯʝʡʢʫ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʝʥʳ ʜʚʘ ʵʣʝʢʪʨʦʜʘ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʦʚ 

ʵʣʝʢʪʨʦʣʠʟʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʢʘʪʦʜʝ ʠ ʘʥʦʜʝ, ʧʨʠʤʝʥʷʶʪ ʜʠʘʬʨʘʛʤʳ ʠʣʠ ʤʝʤʙʨʘʥʳ. ʅʘʧʨʠʤʝʨ, 

ʠʦʥʦʦʙʤʝʥʥʳʝ ʤʝʤʙʨʘʥʳ, ʧʨʦʥʠʮʘʝʤʳʝ ʪʦʣʴʢʦ ʜʣʷ ʠʦʥʦʚ ʦʜʥʦʛʦ ʟʥʘʢʘ. ʆʙʳʯʥʦ ʢʘʪʦʜʳ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʛʨʘʬʠʪʘ, ʩʪʘʣʠ, ʨʪʫʪʠ, ʧʣʘʪʠʥʳ ʠ ʥʠʢʝʣʷ; ʘʥʦʜʳ - ʠʟ ʥʝʨʞʘʚʝʶɦ ʝʡ ʩʪʘʣʠ, ʛʨʘʬʠʪʘ, 

ʧʣʘʪʠʥʳ, ʥʠʢʝʣʷ, ʘ ʪʘʢʞʝ ʠʟ ʪʠʪʘʥʘ, ʧʦʢʨʳʪʦʛʦ ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʕʣʝʢʪʨʦʣʠʟ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʚʥʝʰʥʝʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʥʘʟʳʚʘʝʤʦʤ 

ʥʘʧʨʷʞʝʥʠʝʤ (ʧʦʪʝʥʮʠʘʣʦʤ) ʨʘʟʣʦʞʝʥʠʷ U ʥʨ. ʇʦʪʝʥʮʠʘʣ ʨʘʟʣʦʞʝʥʠʷ - ʵʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʥʝʰʥʝʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʵʣʝʢʪʨʦʜʘʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʵʣʝʢʪʨʦʣʠʟ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʝʣʠʯʠʥʘ, ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ. 

ɼʣʷ ʧʨʦʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ HCl , HBr , HI  ʠ ʜʨ. U ʥʨ ʧʦʯʪʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ʧʨʦʮʝʩʩʦʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʧʦʜʯʠʥʷʶʪʩʷ ʦʙʱʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʚʩʝʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ - ʟʘʢʦʥʘʤ ʌʘʨʘʜʝʷ. ʀʭ ʦʙʱʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ: ʤʘʩʩʘ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʧʦʜʚʝʨʛʘʶʱʘʷʩʷ ʧʨʝʚʨʘʱʝʥʠʶ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ, ʘ ʪʘʢ ʞʝ ʤʘʩʩʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ 

ʚʝʱʝʩʪʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʠʣʠ ʨʘʩʧʣʘʚ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʤʘʩʩʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ: 

F

tIʕ
m , ʛʜʝ 

m ï ʤʘʩʩʘ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʠʣʠ ʧʦʜʚʝʨʛʰʝʛʦʩʷ ʧʨʝʚʨʘʱʝʥʠʶ ʚʝʱʝʩʪʚʘ; ʕ ï ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ; 

I ï ʩʠʣʘ ʪʦʢʘ; t ï ʚʨʝʤʷ; ʤʦʣʴʂʣF 96500  - ʯʠʩʣʦ ʌʘʨʘʜʝʷ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʚʝʱʝʩʪʚʘ. 

ʍʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ, ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʦʚ ʠ ʨʝʞʠʤ ʵʣʝʢʪʨʦʣʠʟʘ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʧʨʷʞʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʜʨ.). 

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʛʨʫʧʧʳ: 

1. ʵʣʝʢʪʨʦʣʠʟ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʭʠʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ; 

2. ʵʣʝʢʪʨʦʣʠʟ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʭʠʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ; 

3. ʵʣʝʢʪʨʦʣʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʩ ʨʘʩʪʚʦʨʠʤʳʤʠ ʘʥʦʜʘʤʠ ʠʟ ʪʝʭ ʞʝ ʤʝʪʘʣʣʦʚ. 

ʏʘʩʪʦ 1 ʠ 2 ʛʨʫʧʧʳ ʦʙʲʝʜʠʥʷʶʪ ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʟʘ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ 

(ʠʥʝʨʪʥʳʤʠ) ʘʥʦʜʘʤʠ. ʀʥʝʨʪʥʳʝ ʘʥʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʭʠʤʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʘ ʩʣʫʞʘʪ 

ʣʠʰʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʚʥʝʥhʶʶ ʮʝʧʴ. 

ʇʨʠʤʝʨʳ ʵʣʝʢʪʨʦʣʠʟʘ: 

1) ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ HCl  ʩ ʠʥʝʨʪʥʳʤ ʘʥʦʜʦʤ. 

ʀʦʥʳ H  ʠ Cl , ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ HCl , ʧʝʨʝʥʦʩʷʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʫʯʘʩʪʚʫʶʪ ʚ 

ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʦʞʝʥʠʶ ʵʣʝʢʪʨʦʣʠʪʘ ï HCl : 

22

2

2

ClHHCl2

He2H2:K

e2ClCl2:A

 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʚʝʩʴ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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)))))))))) ()))))))))) '&
e2ClCl2He2H2

OHOH

ɸʥʦʜClHʂʘʪʦʜ

22

22  

22 ClHHCl2  

ɺ ʭʦʜʝ ʵʣʝʢʪʨʦʣʠʟʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ HCl  ʚ ʵʣʝʢʪʨʦʣʠʪʝ. 

2) ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ KOH  ʩ ʧʣʘʪʠʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʀʦʥʳ K  ʠ OH , ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ KOH, ʧʝʨʝʥʦʩʷʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʥʦ ʚ 

ʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʮʝʩʩʝ (ʘʥʦʜʥʦʤ) ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʚʠʜ ʠʦʥʦʚ, OH , ʯʪʦ ʥʝ ʚʝʜʝʪ ʢ ʨʘʟʣʦʞʝʥʠʶ 

ʵʣʝʢʪʨʦʣʠʪʘ: 

2

1

OH2OH2

OH2He2OH2:K

OH2e4OOH4:A

222

22

22

 

B828,0
OH2,H

OH2

2

2A  

ʅʘ ʢʘʪʦʜʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʢʘʪʦʜʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʚʦʟʤʦʞʝʥ ʧʨʦʮʝʩʩ: 

KeK ; B924,2
K

KA  

ʆʜʥʘʢʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʨʘʟʣʦʞʝʥʠʝ KOH  ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʤʝʥʷʝʪʩʷ, ʥʦ ʩʨʝʜʘ ʫ ʘʥʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʢʠʩʣʦʪʥʦʡ, ʘ ʫ 

ʢʘʪʦʜʘ ʙʦʣʝʝ ʱʝʣʦʯʥʦʡ. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ: 

)))))))))))))) ()))))))))))))) '&
OH2e4OOH4OHHe2OH22

OHOH

ɸʥʦʜOHKʂʘʪʦʜ

2222

22

P tP t

 

2222 OOH2OH4H2OH4OH4  

222 OH2OH2  

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʣʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ NaOH, 42SONa  ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʢʠʩʣʦʪ. 

3) ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 2CuCl  ʩ ʤʝʜʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʀʦʥʳ 2Cu  ʠ Cl , ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ 2CuCl , ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʥʦ ʚ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʣʠʰʴ ʠʦʥʳ 2Cu , ʧʦʵʪʦʤʫ ʢʘʪʦʜʥʳʡ 

ʧʨʦʮʝʩʩ ʦʙʨʘʪʝʥ ʘʥʦʜʥʦʤʫ: 

e2CuCu:A 2  

Cue2Cu:K 2  

ʍʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʚʭrʦʜʦʚ ʧʦ ʪʦʢʫ ʦʜʠʥʘʢʦʚʳ 

ʜʣʷ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʥʦʩʘ ʠʦʥʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 2CuCl  ʦʢʦʣʦ ʵʣʝʢʪʨʦʜʦʚ: ʚ ʢʘʪʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚ 

ʘʥʦʜʥʦʤ - ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ: 
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e2CuCuCue2Cu

OHOH

ɸʥʦʜCl2Cuʂʘʪʦʜ

22

22

Cu2Cu

 

 

ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʦʪʝʢʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʣʝʢʪʨʦʣʠʪʝ 

ʥʘʭʦʜʠʪʩʷ ʣʠʰʴ ʦʜʠʥ ʚʠʜ ʢʘʪʠʦʥʦʚ ʠ ʦʜʠʥ ʚʠʜ ʘʥʠʦʥʦʚ: 

ClNaNaCl  

2

2

ClNa2NaCl2

Na2e2Na2:K

e2ClCl2:A

 

ʉʭʝʤʘ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ: 

))))))))))) ())))))))))) '&
e2ClCl2Nae2Na2

OHOH

ɸʥʦʜClNaʂʘʪʦʜ

2

22

ʛʨʘʬʠʪCʛʨʘʬʠʪʉ

 

2ClNa2NaCl2  

ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʣʦʞʝʥ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʩʢʦʣʢɹʠʭ ʚʠʜʦʚ ʢʘʪʠʦʥʦʚ ʠ 

ʘʥʠʦʥʦʚ, ʘ ʪʘʢ ʞʝ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʂʦʛʜʘ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʵʣʝʢʪʨʦʜʝ ʚʦʟʤʦʞʥʦ 

ʧʨʦʪʝʢʘʥʠʝ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʧʨʦʮʝʩʩʦʚ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʝʥ ʪʦʪ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʦ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʪʨʘʪʦʡ ʵʥʝʨʛʠʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʚʝʣʠʯʠʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʥʘ ʢʘʪʦʜʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

(ʦʢʠʩʣʠʪʝʣʠ) ʩ ʥʘʠʙʦʣʴʰʠʤ (ʥʘʠʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤ) ʵʣʝʢʪʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʘ ʥʘ ʘʥʦʜʝ 

ʦʢʠʩʣʷʶʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʬʦʨʤʳ (ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ) ʩ ʥʘʠʤʝʥʴʰʠʤ (ʥʘʠʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ) 

ʵʣʝʢʪʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. 
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ʍʀʄʀʗ 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 
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