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ʄʘʪʝʨʽʘʣ ʜʣʷ ʧʦʚʪʦʨʝʥʥʷ: 

¶ ɸʥʘʣʽʪʠʯʥʘ ʨʝʘʢʮʽʷ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʚʥʘʩʣʽʜʦʢ 

ʚʟʘʻʤʦʜʽʾ ʟ ʘʥʘʣʽʪʠʯʥʠʤ ʨʝʘʛʝʥʪʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʽʟ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʘʥʘʣʽʪʠʯʥʦʾ ʨʝʘʢʮʽʾ (ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʴʦʨʫ, 

ʨʦʟʯʠʥʝʥʥʷ ʦʩʘʜʫ, ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʭʘʨʘʢʪʝʨʥʦʾ ʬʦʨʤʠ, ʧʦʷʚʘ ʘʙʦ 

ʛʘʩʽʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʟʘʙʘʨʚʣʝʥʥʷ ʧʦʣʫʤôʷ ʛʘʟʦʚʦʛʦ ʧʘʣʴʥʠʢʘ ʪʦʱʦ). 

¶ ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ ï ʮʝ ʟʨʘʟʦʢ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʪʦʯʥʦ ʚʽʜʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʚʠʟʥʘʯʫʚʘʥʦʾ ʜʦʤʽʰʢʠ.  

¶ ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ (ʤʘʩʦʚʠʡ ʚʽʜʩʦʪʦʢ) ï ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ 

ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦ ʤʘʩʠ ʨʦʟʯʠʥʫ, ʷʢʝ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʯʘʩʪʢʘʭ ʦʜʠʥʠʮʽ 

ʘʙʦ ʫ % ʽ ʧʦʟʥʘʯʘʶʪʴ % ʤ/ʤ (% w/w). ʂʦʥʮʝʥʪʨʘʮʽʶ ʜʦʤʽʰʦʢ ʧʨʠʡʥʷʪʦ 

ʧʦʟʥʘʯʘʪʠ ʚ ʯʘʩʪʠʥʘʭ ʥʘ ʤʽʣʴʡʦʥ ï ʨʨm (parts per million) ʘʙʦ ʚ ʯʘʩʪʠʥʘʭ ʥʘ 

ʤʽʣʴʷʨʜ ï ppb (part per billion): 

¶ ʨʨm = ʤʣʥ-1 = 1:106 = 10-4 % (ʤʢʛ/ʛ, ʤʛ/ʢʛ) 

¶ ppb = ʤʣʨʜ-1 = 1:109 = 10-7 % (ʥʛ/ʛ, ʤʢʛ/ʢʛ) 

¶ ʄʘʩʦ-ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ (ʤʘʩʦ-ʦʙôʻʤʥʠʡ ʚʽʜʩʦʪʦʢ) ï 

ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦ ʦʙôʻʤʫ ʨʦʟʯʠʥʫ, ʧʦʟʥʘʯʘʶʪʴ ʫʤʦʚʥʦ 

% ʤ/ʦʙ (% w/v, ʘʥʛʣ.) 

¶ ʄʝʞʘ ʚʠʷʚʣʝʥʥʷ (ʚʽʜʢʨʠʚʘʥʠʡ ʤʽʥʽʤʫʤ) ï ʥʘʡʤʝʥʰʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ m ʘʙʦ ɔ, 

ʤʢʛ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʧʝʚʥʦʶ ʘʥʘʣʽʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʚ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʦʙôʻʤʽ ʛʨʘʥʠʯʥʦ ʨʦʟʚʝʜʝʥʦʛʦ ʨʦʟʯʠʥʫ. 

¶ ʆʙôʻʤʥʘ ʯʘʩʪʢʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ (ʦʙôʻʤʥʠʡ ʚʽʜʩʦʪʦʢ) ï ʚʽʜʥʦʰʝʥʥʷ 

ʦʙôʻʤʫ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʜʦ ʦʙôʻʤʫ ʨʦʟʯʠʥʫ, ʧʦʟʥʘʯʘʶʪʴ ʫʤʦʚʥʦ % ʦʙ/ʦʙ 

(% v/v, ʘʥʛʣ.). 

¶ ʈʝʘʢʮʽʷ ʘʥʘʣʽʪʠʯʥʘ ʩʧʝʮʠʬʽʯʥʘ (ʭʘʨʘʢʪʝʨʥʘ) ï ʨʝʘʢʮʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʠʬʽʯʥʦʛʦ ʨʝʘʛʝʥʪʫ ʪʫ ʯʠ ʽʥʰʫ ʨʝʯʦʚʠʥʫ (ʽʦʥ) ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʰʠʭ ʨʝʯʦʚʠʥ (ʽʦʥʽʚ). 

¶ ʏʫʪʣʠʚʽʩʪʴ ʨʝʘʢʮʽʾ - ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪ ɹʨʝʯʦʚʠʥʠ (ʽʦʥʘ), ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʟ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʨʝʘʛʝʥʪʫ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ.  
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ʇʦʥʷʪʪʷ ʷʢʦʩʪʽ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʝʚʥʠʡ ʩʪʫʧʽʥʴ ʯʠʩʪʦʪʠ, 

ʷʢʠʡ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʟʘʛʘʣʴʥʠʭ ʬʘʨʤʘʢʦʧʝʡʥʠʭ ʩʪʘʪʝʡ ʪʘ ʤʦʥʦʛʨʘʬʽʡ.  

ɼʝʨʞʘʚʥʘ ʬʘʨʤʘʢʦʧʝʷ ʥʝ ʚʠʤʘʛʘʻ ʘʙʩʦʣʶʪʥʦʾ ʯʠʩʪʦʪʠ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ, ʘʣʝ 

ʜʦʧʫʩʢʘʻ ʚ ʥʴʦʤʫ ʧʝʚʥʽ ʜʦʤʽʰʢʠ ʚ ʩʫʚʦʨʦ ʚʠʟʥʘʯʝʥʠʭ ʤʝʞʘʭ. ɺʠʟʥʘʯʝʥʥʶ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ (ʜʦʤʽʰʦʢ) ʚ ʣʽʢʘʨʩʴʢʽʡ ʨʝʯʦʚʠʥʽ ʧʨʠʩʚʷʯʝʥʠʡ 

ʨʦʟʜʽʣ ʬʘʨʤʘʢʦʧʝʾ ñɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʯʠʩʪʦʪʫò. ʎʷ ʜʦʧʫʩʪʠʤʘ ʤʝʞʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʬʽʟʽʦʣʦʛʽʯʥʦʶ ʜʽʻʶ ʜʦʤʽʰʢʠ ʥʘ ʦʨʛʘʥʽʟʤ ʪʘ ʚʧʣʠʚʦʤ ʾʾ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʽʢʘʨʩʴʢʦʛʦ 

ʟʘʩʦʙʫ. ʊʦʤʫ ʚ ʨʽʟʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʘʭ ʦʜʥʽ ʡ ʪʽ ʞ ʜʦʤʽʰʢʠ ʜʦʧʫʩʢʘʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʷʭ. 

ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʣʽʢʘʨʩʴʢʽ ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʩʪʦʨʦʥʥʽ ʜʦʤʽʰʢʠ. 

ɰʭ ʥʘʷʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʪʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

¶ ʥʝʜʦʩʪʘʪʥʴʦʶ ʯʠʩʪʦʪʦʶ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʩʠʥʪʝʟʽ 

ʘʙʦ ʚʠʣʫʯʝʥʥʽ ʟ ʩʠʨʦʚʠʥʠ; 

¶ ʫʪʚʦʨʝʥʥʷʤ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ; 

¶ ʝʢʩʪʨʘʢʮʽʻʶ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ ʽʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ; 

¶ ʝʢʩʪʨʘʢʮʽʻʶ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ ʽʟ ʤʘʪʝʨʽʘʣʫ ʨʝʘʢʪʦʨʽʚ ʘʙʦ ʥʘʤʦʣʦʤ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ ʤʣʠʥʽʚ; 

¶ ʨʦʟʢʣʘʜʦʤ ʣʽʢʘʨʩʴʢʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʘʙʦ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʨʦʜʫʢʪʘʤʠ ʨʦʟʢʣʘʜʫ ʪʘʨʦʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʤʽʰʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʽʣʝʥʽ ʥʘ ʜʚʽ 

ʛʨʫʧʠ: 

ð ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʧʨʝʧʘʨʘʪʫ; 

ð ʟʘ ʚʧʣʠʚʦʤ ʥʘ ʬʘʨʤʘʢʦʣʦʛʽʯʥʫ ʜʽʶ. 

ʋ ʬʘʨʤʘʢʦʧʝʡʥʦʤʫ ʘʥʘʣʽʟʽ ʽʩʥʫʶʪʴ ʜʚʘ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ:  

1. ʇʦʨʽʚʥʷʥʥʷ ʟʽ ʩʪʘʥʜʘʨʪʦʤ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʙʘʨʚʣʝʥʥʷ ʘʙʦ ʧʦʤʫʪʥʽʥʥʷ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʫ 

ʨʦʟʯʠʥʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʪʘ ʝʪʘʣʦʥʥʦʤʫ (ʩʪʘʥʜʘʨʪʥʦʤʫ) ʨʦʟʯʠʥʽ.  

2. ɺʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʙʘʨʚʣʝʥʥʷ ʘʙʦ ʧʦʤʫʪʥʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʤʽʰʦʢ ʩʫʜʷʪʴ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʟʠʪʠʚʥʠʤ ʘʙʦ 
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ʥʝʛʘʪʠʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʜʘʥʫ ʜʦʤʽʰʢʫ ʚ ʨʦʟʯʠʥʽ ʧʝʚʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʤʽʰʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʘʢʮʽʾ ʟ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʪʘ 

ʩʧʝʮʠʬʽʯʥʽʩʪʶ.  

ʏʫʪʣʠʚʽʩʪʴ ʨʝʘʢʮʽʾ ʚʠʨʘʞʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʝʯʦʚʠʥʠ (ʽʦʥʘ), ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʨʝʘʛʝʥʪʫ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ 

ʨʝʘʢʮʽʾ.  

ʉʧʝʮʠʬʽʯʥʠʤʠ ʻ ʨʝʘʢʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʭʦʜʠʪʠ ʤʘʣʽ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʰʠʭ ʩʧʦʣʫʢ. ʉʧʝʮʠʬʽʯʥʽʩʪʴ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ 

ʨʝʘʛʝʥʪʫ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʤʝʞʽ ʚʤʽʩʪʫ ʜʦʤʽʰʦʢ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʪʘʣʦʥʥʽ 

ʨʦʟʯʠʥʠ ʟ ʪʦʯʥʦ ʚʽʜʦʤʦʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʽʦʥʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ.  

ʈʦʟʯʠʥʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʪʫʶʪʴ ʟʘ ʤʝʪʦʜʠʢʘʤʠ, ʟʘʟʥʘʯʝʥʠʤʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʥʦʛʨʘʬʽʷʭ. ɺʤʽʩʪ ʣʽʢʘʨʩʴʢʦʾ ʨʝʯʦʚʠʥʠ ʚ ʮʠʭ ʨʦʟʯʠʥʘʭ ʨʦʟʨʘʭʦʚʫʶʪʴ ʪʘʢ, ʱʦʙ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚ ʥʠʭ ʛʨʘʥʠʯʥʦ ʤʦʞʣʠʚʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʢʠ ʾʾ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʪʘ ʝʪʘʣʦʥʥʦʤʫ ʨʦʟʯʠʥʘʭ ʙʫʣʘ ʦʜʥʘʢʦʚʘ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʷʢʽʩʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʢʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ.  

ʋ ʧʨʘʢʪʠʮʽ ʬʘʨʤʘʢʦʧʝʡʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʦʜʽ ʜʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʜʦʧʫʩʪʠʤʫ 

ʤʝʞʫ ʚʤʽʩʪʫ ʜʦʤʽʰʢʠ ʙʝʟ ʟʘʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʫʣʫ:  

 

ʜʝ ʉ ð ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʨʝʯʦʚʠʥʠ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ, %;  

Ceʪ ð ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ, %;  

ɸ ð ʜʦʧʫʩʪʠʤʠʡ ʬʘʨʤʘʢʦʧʝʡʥʦʶ ʩʪʘʪʪʝʶ (ʌʉ), ʘʙʦ ʤʦʥʦʛʨʘʬʽʻʶ, ʚʤʽʩʪ 

ʜʦʤʽʰʢʠ, %.  
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ɼʦʧʫʩʪʠʤʫ ʤʝʞʫ ʚʤʽʩʪʫ ʜʦʤʽʰʢʠ ʚ 1 ʤʣ ʨʦʟʯʠʥʫ ʩʫʙʩʪʘʥʮʽʾ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʟʘ ʤʝʪʦʜʠʢʦʶ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʥʦʛʨʘʬʽʾ, ʨʦʟʨʘʭʦʚʫʶʪʴ 

ʟʘ ʬʦʨʤʫʣʦʶ:  

 

ʜʝ ʉ ð ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ (ʟʘ ʌʉ) ʚʤʽʩʪ ʜʦʤʽʰʢʠ ʚ ʣʽʢʘʨʩʴʢʽʡ 

ʨʝʯʦʚʠʥʽ, %;  

m ð ʤʘʩʘ ʥʘʚʘʞʢʠ ʣʽʢʘʨʩʴʢʦʾ ʨʝʯʦʚʠʥʠ, ʛ;  

V ð ʦʙôʻʤ ʨʦʟʯʠʥʥʠʢʘ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʣʽʢʘʨʩʴʢʦʾ 

ʨʝʯʦʚʠʥʠ, ʤʣ.  

ʄʝʪʦʜʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʤʽʰʦʢ ʽʦʥʽʚ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ 

ʣʽʢʘʨʩʴʢʠʭ ʨʝʯʦʚʠʥʘʭ (Clï, SO4
2ï, Ca2+, Fe3+ ʪʘ ʽʥ.), ʷʢ ʧʨʘʚʠʣʦ, ʥʘʚʦʜʷʪʴ ʫ ʟʘʛʘʣʴʥʽʡ 

ʬʘʨʤʘʢʦʧʝʡʥʽʡ ʩʪʘʪʪʽ çɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʯʠʩʪʦʪʫ ʪʘ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʚʤʽʩʪʫ 

ʜʦʤʽʰʦʢè. ʋ ʮʽʡ ʞʝ ʩʪʘʪʪʽ ʥʘʚʦʜʷʪʴ ʤʝʪʦʜʠʢʫ ʧʨʠʛʦʪʫʚʘʥʥʷ ʝʪʘʣʦʥʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ 

ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʶ.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʯʠʩʪʦʪʠ ʣʽʢʘʨʩʴʢʠʭ ʨʝʯʦʚʠʥ ʪʨʝʙʘ ʩʫʚʦʨʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ 

ʪʘʢʠʭ ʟʘʛʘʣʴʥʠʭ ʟʘʫʚʘʞʝʥʴ:  

1. ɺʦʜʘ ʪʘ ʚʩʽ ʨʝʘʢʪʠʚʠ ʤʘʶʪʴ ʙʫʪʠ ʚʽʣʴʥʠʤʠ ʚʽʜ ʽʦʥʽʚ, ʥʘ ʚʤʽʩʪ ʷʢʠʭ ʧʨʦʚʦʜʷʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ.  

2. ʇʨʦʙʽʨʢʠ, ʫ ʷʢʠʭ ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʝʟʙʘʨʚʥʠʤʠ ʪʘ 

ʦʜʥʘʢʦʚʦʛʦ ʜʽʘʤʝʪʨʘ.  

3. ʅʘʚʘʞʢʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʪʘʣʦʥʥʠʭ ʨʦʟʯʠʥʽʚ ʚʽʜʚʘʞʫʶʪʴ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

0,001 ʛ.  

4. ɽʪʘʣʦʥʥʽ ʨʦʟʯʠʥʠ (ʜʨʫʛʝ ʘʙʦ ʪʨʝʪʻ ʨʦʟʚʝʜʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ɹ ʽ ɺ) ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʟʘʩʪʦʩʫʚʘʥʥʷʤ.  

5. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʤʫʪʽ ʪʘ ʦʧʘʣʝʩʮʝʥʮʽʾ ʨʦʟʯʠʥʽʚ ʧʨʦʚʦʜʷʪʴ ʫ ʩʚʽʪʣʽ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʦʟʯʠʥ ʥʘ ʪʝʤʥʦʤʫ ʬʦʥʽ, ʘ ʟʘʙʘʨʚʣʝʥʥʷ ð ʧʨʠ ʜʝʥʥʦʤʫ 

ʚʽʜʙʠʪʦʤʫ ʩʚʽʪʣʽ ʥʘ ʤʘʪʦʚʦ-ʙʽʣʦʤʫ ʬʦʥʽ.  



 
6 

 

6. ɼʦʜʘʚʘʥʥʷ ʨʝʘʢʪʠʚʽʚ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʘ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥ ʽ ʚ ʤʘʶʪʴ 

ʧʨʦʚʦʜʠʪʠʩʷ ʦʜʥʦʯʘʩʥʦ ʽ ʚ ʦʜʥʘʢʦʚʠʭ ʢʽʣʴʢʦʩʪʷʭ.  

7. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʬʘʨʤʘʢʦʧʝʡʥʽʡ ʩʪʘʪʪʽ, ʘʙʦ ʤʦʥʦʛʨʘʬʽʾ, ʚʢʘʟʘʥʦ, 

ʱʦ ʫ ʮʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʥʝ ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʘʪʠʩʷ ʪʘ ʯʠ ʽʥʰʘ ʜʦʤʽʰʢʘ, 

ʜʽʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ. ɼʦ 10 ʤʣ ʨʦʟʯʠʥʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʜʦʜʘʶʪʴ ʫʩʽ 

ʨʝʘʢʪʠʚʠ, ʢʨʽʤ ʦʩʥʦʚʥʦʛʦ. ʇʦʪʽʤ ʨʦʟʯʠʥ ʨʦʟʣʠʚʘʶʪʴ ʫ ʜʚʽ ʧʨʦʙʽʨʢʠ. ɼʦ ʦʜʥʽʻʾ 

ʟ ʥʠʭ ʜʦʜʘʶʪʴ ʦʩʥʦʚʥʠʡ ʨʝʘʢʪʠʚ ʽ ʦʙʠʜʚʘ ʨʦʟʯʠʥʠ ʧʦʨʽʚʥʶʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʄʽʞ 

ʥʠʤʠ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʦʤʽʪʥʦʾ ʨʽʟʥʠʮʽ. 

 

ɺʠʤʦʛʠ ʜʦ ʧʨʦʙʽʨʦʢ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʇʨʦʙʽʨʢʠ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʙʽʨʢʠ 

ʟ ʙʝʟʙʘʨʚʥʦʛʦ ʩʢʣʘ ʟ ʦʜʥʘʢʦʚʠʤ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ. ɼʥʦ ʢʦʞʥʦʾ ʧʨʦʙʽʨʢʠ ʤʘʻ 

ʙʫʪʠ ʧʨʦʟʦʨʠʤ ʽ ʧʣʦʩʢʠʤ. 

ʐʘʨ ʨʽʜʠʥʠ ʜʦʩʣʽʜʞʫʶʪʴ ʫʟʜʦʚʞ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʧʨʦʙʽʨʢʠ (ʟʚʝʨʭʫ ʚʥʠʟ) ʥʘ 

ʙʽʣʦʤʫ ʘʙʦ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ, ʯʦʨʥʦʤʫ ʬʦʥʽ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʫ ʨʦʟʩʽʷʥʦʤʫ 

ʩʚʽʪʣʽ. 

ʇʨʠʡʥʷʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʙʽʨʢʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ. ʄʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʦʙʽʨʢʠ ʟ ʙʽʣʴʰʠʤ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ. ʇʨʠ ʮʴʦʤʫ ʦʙôʻʤ 

ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʽʜʠʥʠ ʤʘʻ ʙʫʪʠ ʟʙʽʣʴʰʝʥʠʡ ʥʘʩʪʽʣʴʢʠ, ʱʦʙ ʚʠʩʦʪʘ ʰʘʨʫ ʨʽʜʠʥʠ ʫ 

ʪʘʢʠʭ ʧʨʦʙʽʨʢʘʭ ʙʫʣʘ ʥʝ ʥʠʞʯʦʶ, ʥʽʞ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ 

ʦʙ'ʻʤʫ ʨʽʜʠʥʠ ʫ ʧʨʦʙʽʨʢʘʭ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ. 
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ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʽʢʘʨʩʴʢʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʜʦʧʫʩʪʠʤʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʠ ʩʦʣʝʡ ʘʤʦʥʽʶ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʦʜʥʠʤ ʟ ʯʦʪʠʨʴʦʭ 

ʤʝʪʦʜʽʚ. 

ʄɽʊʆɼ ɸ 

ʈʦʟʯʠʥʠ ʩʦʣʝʡ ʘʤʦʥʽʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʪʚʦʨʶʶʪʴ ʟ 

ʨʝʘʢʪʠʚʦʤ ʅʝʩʩʣʝʨʘ ʞʦʚʪʦ-ʙʫʨʠʡ ʦʩʘʜ ʘʙʦ ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ. 

ɻʨʘʥʠʯʥʘ ʯʫʪʣʠʚʽʩʪʴ ʨʝʘʢʮʽʾ 0,0003 ʤʛ (0,3 ʤʢʛ) ʽʦʥʘ ʘʤʦʥʽʶ ʚ 1 ʤʣ ʨʦʟʯʠʥʫ. 

0,002 ʤʛ (2 ʤʢʛ) ʽʦʥʘ ʘʤʦʥʽʶ ʚ 1 ʤʣ ʨʦʟʯʠʥʫ ʜʘʶʪʴ ʧʨʠ ʮʽʡ ʨʝʘʢʮʽʾ ʷʨʢʦ ʞʦʚʪʝ 

ʟʘʙʘʨʚʣʝʥʥʷ 

ɺʠʧʨʦʙʫʚʘʥʠʡ ʨʦʟʯʠʥ. ʈʦʟʯʠʥ, ʟʘʟʥʘʯʝʥʠʡ ʚ ʤʦʥʦʛʨʘʬʽʾ, ʧʦʤʽʱʘʶʪʴ ʫ 

ʧʨʦʙʽʨʢʫ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʟʘʟʥʘʯʝʥʫ ʚ ʤʦʥʦʛʨʘʬʽʾ, ʫ 

ʧʨʦʙʽʨʮʽ ʨʦʟʯʠʥʷʶʪʴ ʫ 14 ʤʣ ʚʦʜʠ ʈ. ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ, ʧʽʜʣʫʞʫʶʪʴ ʨʦʟʯʠʥʦʤ 

ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʚʝʜʝʥʠʤ ʈ ʽ ʜʦʚʦʜʷʪʴ ʚʦʜʦʶ ʈ ʜʦ ʦʙǋʻʤʫ 15 ʤʣ. ɼʦʜʘʶʪʴ 0.3 

ʤʣ ʢʘʣʽʶ ʪʝʪʨʘʡʦʜʤʝʨʢʫʨʘʪʫ ʨʦʟʯʠʥʫ ʣʫʞʥʦʛʦ ʈ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɼʦ 10 ʤʣ ʘʤʦʥʽʶ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ (1 ʨpm NH4) ʈ 

ʜʦʜʘʶʪʴ 5 ʤʣ ʚʦʜʠ ʈ ʽ 0.3 ʤʣ ʢʘʣʽʶ ʪʝʪʨʘʡʦʜʦʤʝʨʢʫʨʘʪʫ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʈ. 

ʇʨʦʙʽʨʢʠ ʟʘʢʨʠʚʘʶʪʴ. 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

 

ʈʝʟʫʣʴʪʘʪ: ʯʝʨʝʟ 5 ʭʚ ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʤʘʻ ʙʫʪʠ 

ʥʝ ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʝʪʘʣʦʥʘ. 

 

NH3 K2[HgI4]+ 2 KOH+
I Hg

NH2

HgI +
I
-+ 5KI + H2O

ɸʤʦʥʽʶ ʩʦʣ ̔
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ʄɽʊʆɼ ɺ 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʤʽʰʢʠ ʩʦʣʝʡ ʘʤʦʥʽʶ ʧʨʦʚʦʜʷʪʴ ʧʽʩʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʤʘʛʥʽʶ 

ʦʢʩʠʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʧʝʨʫ, ʧʨʦʩʦʯʝʥʦʛʦ ʨʦʟʯʠʥʘʤʠ ʘʨˇʝʥʪʫʤʫ ʥʽʪʨʘʪʫ ʪʘ 

ʤʘʥʛʘʥʫ (II) ʩʫʣʴʬʘʪʫ. 

ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ʂʽʣʴʢʽʩʪʴ ʨʝʪʝʣʴʥʦ ʨʦʟʪʝʨʪʦʾ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʟʘʟʥʘʯʝʥʫ ʚ ʤʦʥʦʛʨʘʬʽʾ, ʧʦʤʽʱʘʶʪʴ ʫ ʧʦʩʫʜʠʥʫ ʤʽʩʪʢʽʩʪʶ 25 ʤʣ, 

ʩʧʦʨʷʜʞʝʥʫ ʧʦʣʽʝʪʠʣʝʥʦʚʦʶ ʧʨʦʙʢʦʶ, ʽ ʨʦʟʯʠʥʷʶʪʴ ʘʙʦ ʩʫʩʧʝʥʜʫʶʪʴ ʫ 1 ʤʣ 

ʚʦʜʠ ʈ. ɼʦʜʘʶʪʴ 0.30 ʛ ʤʘʛʥʽʶ ʦʢʩʠʜʫ ʚʘʞʢʦʛʦ ʈ, ʧʦʤʽʱʘʶʪʴ ʫ ʧʦʩʫʜʠʥʫ ʧʽʜ ʧʨʦʙʢʫ 

ʩʤʫʞʢʫ ʩʨʽʙʥʦ-ʤʘʨʛʘʥʮʝʚʦʛʦ ʧʘʧʝʨʫ ʈ, ʟʤʦʯʝʥʫ ʢʽʣʴʢʦʤʘ ʢʨʘʧʣʷʤʠ ʚʦʜʠ ʈ, ʪʘʢʠʤ 

ʇʨʠʤʽʪʢʘ. ʎʽʡ ʨʝʘʢʮʽʾ ʟʘʚʘʞʘʶʪʴ ʣʫʞʥʦʟʝʤʝʣʴʥʽ ʽ ʚʘʞʢʽ ʤʝʪʘʣʠ ʘ ʪʘʢʦʞ 

ʜʦʤʽʰʢʘ ʟʘʣʽʟʘ, ʷʢʱʦ ʾʾ ʟʤʽʩʪ ʚ ʧʨʝʧʘʨʘʪʽ ʧʝʨʝʚʠʱʫʻ 0,03%, ʦʩʢʽʣʴʢʠ ʚ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʥʝʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ ʛʽʜʨʦʢʩʠʜʠ, ʽ ʪʘʢʠʤ 

ʯʠʥʦʤ ʤʘʩʢʫʶʪʴ ʦʩʥʦʚʥʫ ʨʝʘʢʮʽʶ. 
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ʯʠʥʦʤ, ʱʦʙ ʚʽʜʨʽʟʦʢ ʧʘʧʝʨʫ ʨʦʟʤʽʨʦʤ 5 ʭ 5 ʤʤ ʟʥʘʭʦʜʠʚʩʷ ʥʠʞʯʝ ʥʠʞʥʴʦʛʦ ʢʨʘʶ 

ʧʨʦʙʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʩʫʜʠʥʫ ʥʝʛʘʡʥʦ ʟʘʢʨʠʚʘʶʪʴ ʧʨʦʙʢʦʶ. 

ʇʝʨʝʤʽʰʫʶʪʴ ʚʤʽʩʪ ʧʦʩʫʜʠʥʠ ʢʦʣʦʚʠʤʠ ʨʫʭʘʤʠ, ʥʝ ʜʦʧʫʩʢʘʶʯʠ ʧʦʧʘʜʘʥʥʷ 

ʙʨʠʟʦʢ ʥʘ ʧʘʧʽʨ, ʽ ʚʠʪʨʠʤʫʶʪʴ ʫ ʚʦʜʷʥʦʤʫ ʪʝʨʤʦʩʪʘʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 40 Áʉ 

ʧʨʦʪʷʛʦʤ 30 ʭʚ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɼʦ ʟʘʟʥʘʯʝʥʦʾ ʚ ʤʦʥʦʛʨʘʬʽʾ ʢʽʣʴʢʦʩʪʽ ʘʤʦʥʽʶ ʝʪʘʣʦʥʥʦʛʦ 

ʨʦʟʯʠʥʫ (1 ʨpm NH4) ʈ ʜʦʜʘʶʪʴ 1 ʤʣ ʚʦʜʠ ʈ, 0.30 ʛ ʤʘʛʥʽʶ ʦʢʩʠʜʫ ʚʘʞʢʦʛʦ ʈ, 

ʧʦʤʽʱʘʶʪʴ ʫ ʧʦʩʫʜʠʥʫ ʧʽʜ ʧʨʦʙʢʫ ʩʤʫʞʢʫ ʩʨʽʙʥʦ-ʤʘʨʛʘʥʮʝʚʦʛʦ ʧʘʧʝʨʫ ʈ, ʟʤʦʯʝʥʫ 

ʢʽʣʴʢʦʤʘ ʢʨʘʧʣʷʤʠ ʚʦʜʠ ʈ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʽʜʨʽʟʦʢ ʧʘʧʝʨʫ ʨʦʟʤʽʨʦʤ 5 ʭ 5 ʤʤ 

ʟʥʘʭʦʜʠʚʩʷ ʥʠʞʯʝ ʥʠʞʥʴʦʛʦ ʢʨʘʶ ʧʨʦʙʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʩʫʜʠʥʫ ʥʝʛʘʡʥʦ ʟʘʢʨʠʚʘʶʪʴ 

ʧʨʦʙʢʦʶ. ʇʝʨʝʤʽʰʫʶʪʴ ʚʤʽʩʪ ʧʦʩʫʜʠʥʠ ʢʦʣʦʚʠʤʠ ʨʫʭʘʤʠ, ʥʝ ʜʦʧʫʩʢʘʶʯʠ 

ʧʦʧʘʜʘʥʥʷ ʙʨʠʟʦʢ ʥʘ ʧʘʧʽʨ, ʽ ʚʠʪʨʠʤʫʶʪʴ ʫ ʚʦʜʷʥʦʤʫ ʪʝʨʤʦʩʪʘʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

40 Áʉ ʧʨʦʪʷʛʦʤ 30 ʭʚ. 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

MgO + H2O  ­  Mg(OH)2 

2NH4
+ + Mg(OH)2  ­  2NH3¬ +2H2O + Mg2+ 

2AgNO3+MnSO4+4NH3+2H2O ­ 2Ag®+MnO2®+(NH4)2SO4+2NH4NO3 

ʈʝʟʫʣʴʪʘʪ: ʷʢʱʦ ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟ ʚʠʧʨʦʙʦʚʫʚʘʥʠʤ ʨʦʟʯʠʥʦʤ ʩʨʽʙʥʦ-

ʤʘʨʛʘʥʮʝʚʠʡ ʧʘʧʽʨ ʈ ʟʘʙʘʨʚʣʶʻʪʴʩʷ ʚ ʩʽʨʠʡ ʢʦʣʽʨ, ʟʘʙʘʨʚʣʝʥʥʷ ʤʘʻ ʙʫʪʠ ʥʝ 

ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʩʨʽʙʥʦ-ʤʘʨʛʘʥʮʝʚʦʛʦ ʧʘʧʝʨʫ ʈ, ʦʜʝʨʞʘʥʝ ʫ 

ʚʠʧʨʦʙʫʚʘʥʥʽ ʟ ʝʪʘʣʦʥʦʤ. 

 

ʄɽʊʆɼ C 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟʨʘʟʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʣʫʞʥʦʟʝʤʝʣʴʥʽ (Ca2+, Mg2+, Cu2+)  ʽ 

ʚʘʞʢʽ ʤʝʪʘʣʠ (Pb2+). 

ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʟʘʟʥʘʯʝʥʫ ʚ 

ʤʦʥʦʛʨʘʬʽʾ, ʧʦʤʽʱʘʶʪʴ ʫ ʧʨʦʙʽʨʢʫ, ʨʦʟʯʠʥʷʶʪʴ ʫ ʤʽʥʽʤʘʣʴʥʦʤʫ ʦʙ'ʻʤʽ ʚʦʜʠ ʈ, 

ʜʦʜʘʶʪʴ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ 2 ʤʣ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʯʠʥʫ ʨʦʟʚʝʜʝʥʦʛʦ ʈ ʽ 2 ʤʣ 

ʥʘʪʨʽʶ ʢʘʨʙʦʥʘʪʫ ʨʦʟʯʠʥʫ ʈ. ʈʦʟʯʠʥ ʨʦʟʚʦʜʷʪʴ ʚʦʜʦʶ ʈ ʜʦ ʟʘʟʥʘʯʝʥʦʾ ʚ ʤʦʥʦʛʨʘʬʽʾ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ, ʟʙʦʚʪʫʶʪʴ ʽ ʬʽʣʴʪʨʫʶʪʴ. 10 ʤʣ ʦʜʝʨʞʘʥʦʛʦ ʬʽʣʴʪʨʘʪʫ ʧʦʤʽʱʘʶʪʴ ʫ 

ʧʨʦʙʽʨʢʫ, ʜʦʚʦʜʷʪʴ ʦʙ'ʻʤ ʨʦʟʯʠʥʫ ʚʦʜʦʶ ʈ ʜʦ 15 ʤʣ ʽ ʜʦʜʘʶʪʴ 0.3 ʤʣ ʢʘʣʽʶ 

ʪʝʪʨʘʡʦʜʦʤʝʨʢʫʨʘʪʫ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʈ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɼʦ 10 ʤʣ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ ʘʤʦʥʽʶ (1 ʨpm NH4) ʈ 

ʜʦʜʘʶʪʴ 5 ʤʣ ʚʦʜʠ ʈ ʽ 0.3 ʤʣ ʢʘʣʽʶ ʪʝʪʨʘʡʦʜʦʤʝʨʢʫʨʘʪʫ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʈ.  

ʇʨʦʙʽʨʢʠ ʟʘʢʨʠʚʘʶʪʴ. 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

ʇʨʦʚʦʜʷʪʴ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʨʦʟʯʠʥʫ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʚʝʜʝʥʦʛʦ ʽ  

ʨʦʟʯʠʥʫ ʥʘʪʨʽʶ ʢʘʨʙʦʥʘʪʫ  

Me2+ + 2OH- = Me(OH)2 

Me2+ + CO3
2- = MeCO3 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʫ ʬʽʣʴʪʨʘʪʽ: 

 

ʈʝʟʫʣʴʪʘʪ: ʯʝʨʝʟ 5 ʭʚ ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʤʘʻ ʙʫʪʠ 

ʥʝ ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʝʪʘʣʦʥʘ. 

 

ʄɽʊʆɼ D 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟʨʘʟʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʙʽʣʴʰʝ 300 ppm ʜʦʤʽʰʢʠ ʟʘʣʽʟʘ. 

ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʟʘʟʥʘʯʝʥʫ ʚ 

ʤʦʥʦʛʨʘʬʽʾ, ʧʦʤʽʱʘʶʪʴ ʫ ʧʨʦʙʽʨʢʫ, ʨʦʟʯʠʥʷʶʪʴ ʫ 10 ʤʣ ʚʦʜʠ ʈ, ʜʦʜʘʶʪʴ 2 ʢʨʘʧʣʽ 

ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʚʝʜʝʥʦʛʦ ʨʦʟʯʠʥʫ ʈ ʽ 3 ʤʣ ʨʦʟʯʠʥʫ 200 ʛ/ʣ ʢʘʣʽʶ-ʥʘʪʨʽʶ 

ʪʘʨʪʨʘʪʫ ʈ. ʈʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪʴ, ʜʦʚʦʜʷʪʴ ʦʙ¡̒ʤ ʨʦʟʯʠʥʫ ʚʦʜʦʶ ʈ ʜʦ 15 ʤʣ ʽ 

ʜʦʜʘʶʪʴ 0.3 ʤʣ ʢʘʣʽʶ ʪʝʪʨʘʡʦʜʦʤʝʨʢʫʨʘʪʫ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʈ. ʇʨʦʙʽʨʢʫ 

ʟʘʢʨʠʚʘʶʪʴ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɼʦ 10 ʤʣ ʘʤʦʥʽʶ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ (1 ʨpm NH4) ʈ 

ʜʦʜʘʶʪʴ 2 ʢʨʘʧʣʽ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʚʝʜʝʥʦʛʦ ʨʦʟʯʠʥʫ ʈ ʽ 3 ʤʣ ʨʦʟʯʠʥʫ 200 ʛ/ʣ 

NH3 K2[HgI4]+ 2 KOH+
I Hg

NH2

HgI +
I
-+ 5KI + H2O
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ʢʘʣʽʶ-ʥʘʪʨʽʶ ʪʘʨʪʨʘʪʫ ʈ. ʈʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʫʶʪʴ, ʜʦʚʦʜʷʪʴ ʦʙ¡̒ʤ ʨʦʟʯʠʥʫ ʚʦʜʦʶ 

ʈ ʜʦ 15 ʤʣ ʽ ʜʦʜʘʶʪʴ 0.3 ʤʣ ʢʘʣʽʶ ʪʝʪʨʘʡʦʜʦʤʝʨʢʫʨʘʪʫ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ ʈ. 

 

 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

ɼʦʜʘʶʪʴ ʨʦʟʯʠʥ ʢʘʣʽʶ-ʥʘʪʨʽʶ ʪʘʨʪʨʘʪʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʯʠʥʫ ʥʘʪʨʽʶ 

ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʚʝʜʝʥʦʛʦ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʩʦʣʝʡ ʟʘʣʽʟʘ (III) ʫ ʢʦʤʧʣʝʢʩʥʫ ʩʧʦʣʫʢʫ: 

C CH

OO

CH

O

C

O

O
O

Fe  

ʇʽʩʣʷ ʮʴʦʛʦ ʩʦʣʽ ʘʤʦʥʽʶ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʝʘʢʮʽʻʶ ʟ ʣʫʞʥʠʤ ʨʦʟʯʠʥʦʤ ʢʘʣʽʶ 

ʪʝʪʨʘʡʦʜʤʝʨʢʫʨʘʪʫ. 

 

NH3 K2[HgI4]+ 2 KOH+
I Hg

NH2

HgI +
I
-+ 5KI + H2O
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ʈʝʟʫʣʴʪʘʪ: ʯʝʨʝʟ 5 ʭʚ ʞʦʚʪʝ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʤʘʻ ʙʫʪʠ 

ʥʝ ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʝʪʘʣʦʥʘ. 

 

 

ʄɽʊʆɼ ɸ 

ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʫ ʜʚʦʭ ʧʨʠʣʘʜʘʭ: 1 ï ʟ ʚʠʧʨʦʙʦʚʫʚʘʥʦʶ ʩʫʙʩʪʘʥʮʽʻʶ; 

2 ï ʟ ʝʪʘʣʦʥʥʠʤ ʨʦʟʯʠʥʦʤ. ʈʝʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʨʦʟʯʠʥʫ ʩʪʘʥʫʤʫ (ɯɯ) 

ʭʣʦʨʠʜʫ, ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʮʠʥʢʫ, ʢʠʩʣʦʪʠ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʦʾ ʨʦʟʚʝʜʝʥʦʾ ʪʘ ʨʦʟʯʠʥʫ 

ʢʘʣʽʶ ʡʦʜʠʜʫ. 

ʇʨʠʣʘʜ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʥʽʯʥʦʾ ʢʦʣʙʠ ʤʽʩʪʢʽʩʪʶ 100 ʤʣ, ʟʘʢʨʠʪʦʾ 

ʩʢʣʷʥʦʶ ʧʨʠʪʝʨʪʦʶ ʧʨʦʙʢʦʶ, ʢʨʽʟʴ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʩʢʣʷʥʘ ʪʨʫʙʢʘ ʟʘʚʜʦʚʞʢʠ 

ʙʣʠʟʴʢʦ 200 ʤʤ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ. ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʪʨʫʙʢʠ ʚʠʪʷʛʥʫʪʘ ʜʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ 1.0 ʤʤ; ʥʘ ʚʽʜʩʪʘʥʽ 15 ʤʤ ʚʽʜ ʢʽʥʯʠʢʘ ʪʨʫʙʢʠ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʙʽʯʥʠʡ ʦʪʚʽʨ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 2 ʤʤ ʜʦ 3 ʤʤ. ʊʨʫʙʢʘ ʧʦʤʽʱʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʙʽʯʥʠʡ 

ʦʪʚʽʨ ʟʥʘʭʦʜʠʚʩʷ ʤʽʥʽʤʫʤ ʥʘ 3 ʤʤ ʥʠʞʯʝ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʙʢʠ. ɺʝʨʭʥʽʡ ʢʽʥʝʮʴ 

ʪʨʫʙʢʠ ʧʦʚʠʥʝʥ ʤʘʪʠ ʮʽʣʢʦʤ ʧʣʦʩʢʫ ʧʨʠʪʝʨʪʫ ʧʦʚʝʨʭʥʶ, ʨʦʟʪʘʰʦʚʘʥʫ ʧʽʜ ʧʨʷʤʠʤ 

ʢʫʪʦʤ ʜʦ ʦʩʽ ʪʨʫʙʢʠ. ɼʨʫʛʘ ʩʢʣʷʥʘ ʪʨʫʙʢʘ ʟʘʚʜʦʚʞʢʠ 30 ʤʤ ʟ ʪʘʢʠʤ ʩʘʤʠʤ 

ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ ʽ ʪʘʢʦʶ ʩʘʤʦʶ ʧʣʦʩʢʦʶ ʧʨʠʪʝʨʪʦʶ ʧʦʚʝʨʭʥʝʶ ʧʦʤʽʱʘʻʪʴʩʷ 

ʟʚʝʨʭʫ ʧʝʨʰʦʾ ʽ ʱʽʣʴʥʦ ʧʨʠʢʨʽʧʣʶʻʪʴʩʷ ʜʦ ʥʝʾ ʜʚʦʤʘ ʧʨʫʞʠʥʘʤʠ.  

ʅʠʞʥʶ ʪʨʫʙʢʫ ʥʝʱʽʣʴʥʦ ʟʘʧʦʚʥʶʶʪʴ 50-60 ʤʛ ʩʚʠʥʮʝʚʦ-ʘʮʝʪʘʪʥʦʾ ʚʘʪʠ ʈ 

ʘʙʦ ʧʦʤʽʱʘʶʪʴ ʥʝʚʝʣʠʢʠʡ ʚʘʪʷʥʠʡ ʪʘʤʧʦʥ ʽ ʩʢʨʫʯʝʥʫ ʪʨʫʙʦʯʢʦʶ ʩʤʫʞʢʫ ʩʚʠʥʮʝʚʦ-

ʘʮʝʪʘʪʥʦʛʦ ʧʘʧʝʨʫ ʈ ʤʘʩʦʶ 50-60 ʤʛ. ʄʽʞ ʧʣʦʩʢʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʨʫʙʦʢ 

ʧʦʤʽʱʘʶʪʴ ʰʤʘʪʦʯʦʢ ʨʪʫʪʥʦ-ʙʨʦʤʽʜʥʦʛʦ ʧʘʧʝʨʫ ʈ ʪʘʢʦʛʦ ʨʦʟʤʽʨʫ, ʱʦʙ ʟʘʢʨʠʪʠ 

ʦʪʚʽʨ ʪʨʫʙʢʠ (15 ʭ 15 ʤʤ). 

 

ɸʨʩʝʥ 
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ʈʠʩ. 1. ʇʨʠʣʘʜ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʘʨʩʝʥ (ʤʝʪʦʜ ɸ).  

ʈʦʟʤʽʨʠ ʟʘʟʥʘʯʝʥʽ ʫ ʤʽʣʽʤʝʪʨʘʭ 

 

ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ɿʘʟʥʘʯʝʥʫ ʚ ʤʦʥʦʛʨʘʬʽʾ ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ ʧʦʤʽʱʘʶʪʴ ʫ ʢʦʥʽʯʥʫ ʢʦʣʙʫ ʽ ʨʦʟʯʠʥʷʶʪʴ ʫ 25 ʤʣ ʚʦʜʠ ʈ, ʘʙʦ ʟʘʟʥʘʯʝʥʠʡ 

ʚ ʤʦʥʦʛʨʘʬʽʾ ʦʙ'ʻʤ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʧʦʤʽʱʘʶʪʴ ʫ ʢʦʥʽʯʥʫ ʢʦʣʙʫ, ʜʦʚʦʜʷʪʴ 

ʦʙ'ʻʤ ʨʦʟʯʠʥʫ ʚʦʜʦʶ ʈ ʜʦ 25 ʤʣ. ɼʦʜʘʶʪʴ 15 ʤʣ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʦʾ ʢʠʩʣʦʪʠ ʈ, 0.1 ʤʣ 

ʦʣʦʚʘ(II) ʭʣʦʨʠʜʫ ʨʦʟʯʠʥʫ ʈ, 5 ʤʣ ʨʦʟʯʠʥʫ ʢʘʣʽʶ ʡʦʜʠʜʫ ʈ, ʟʘʣʠʰʘʶʪʴ ʥʘ 15 ʭʚ ʽ 

ʧʦʪʽʤ ʜʦʜʘʶʪʴ 5 ʛ ʮʠʥʢʫ ʘʢʪʠʚʦʚʘʥʦʛʦ ʈ. ʅʝʛʘʡʥʦ ʩʧʦʣʫʯʘʶʪʴ ʜʚʽ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ, 

ʢʦʣʙʫ ʧʦʤʽʱʘʶʪʴ ʫ ʚʦʜʷʥʫ ʙʘʥʶ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʻ ʙʫʪʠ ʥʝ ʚʠʱʝ 40 ʉ̄ ̔ ʧʦʩʪʽʡʥʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʦʶ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʝ ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɼʦ 1 ʤʣ ʘʨʩʝʥʫ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ (1 ppm As) ʈ ʽ 24 ʤʣ 

ʚʦʜʠ ʈ ʜʦʜʘʶʪʴ 15 ʤʣ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʦʾ ʢʠʩʣʦʪʠ ʈ, 0.1 ʤʣ ʦʣʦʚʘ (II) ʭʣʦʨʠʜʫ 
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ʨʦʟʯʠʥʫ ʈ, 5 ʤʣ ʨʦʟʯʠʥʫ ʢʘʣʽʶ ʡʦʜʠʜʫ ʈ, ʟʘʣʠʰʘʶʪʴ ʥʘ 15 ʭʚ ʽ ʧʦʪʽʤ ʜʦʜʘʶʪʴ 5 ʛ 

ʮʠʥʢʫ ʘʢʪʠʚʦʚʘʥʦʛʦ ʈ. ʅʝʛʘʡʥʦ ʩʧʦʣʫʯʘʶʪʴ ʜʚʽ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ, ʢʦʣʙʫ ʧʦʤʽʱʘʶʪʴ 

ʫ ʚʦʜʷʥʫ ʙʘʥʶ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʻ ʙʫʪʠ ʥʝ ʚʠʱʝ 40 ʉ̄ ʽ ʧʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ 

ʪʘʢʦʶ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʝ ʚʠʜʽʣʝʥʥʷ ʛʘʟʫ. 

 

 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

ʄʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʽʜʥʦʚʣʝʥʥʽ ʘʨʩʝʥʫ ʟ ʡʦʛʦ ʩʧʦʣʫʢ ʮʠʥʢʦʤ ʫ ʢʠʩʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʜʦ ʣʝʪʢʦʛʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʘʨʩʠʥʫ: 

6Zn  +  As2O3  +  12HCl  ­  2AsH3¬  +  3H2O  +  6ZnCl2 

ɸʨʩʠʥ, ʱʦ ʚʠʜʽʣʠʚʩʷ, ʨʝʘʛʫʻ ʟ ʨʪʫʪʥʦ-ʙʨʦʤʽʜʥʠʤ ʧʘʧʝʨʦʤ, ʧʨʠ ʮʴʦʤʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʧʨʦʜʫʢʪʽʚ: 

AsH3  +  HgBr2  ­  AsH2(HgBr)  +  HBr 

AsH3  +  2HgBr2  ­  AsH(HgBr)2  +  2HBr 

AsH3  +  3HgBr2  ­  As(HgBr)3  +  3HBr 
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AsH3  +  As(HgBr)3  ­  As2Hg3Ź  +  3HBr 

ʈʝʟʫʣʴʪʘʪ: ʯʝʨʝʟ ʥʝ ʤʝʥʰʝ 2 ʛʦʜ ʟʘʙʘʨʚʣʝʥʥʷ ʨʪʫʪʥʦ-ʙʨʦʤʽʜʥʦʛʦ ʧʘʧʝʨʫ, 

ʦʜʝʨʞʘʥʝ ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟ ʚʠʧʨʦʙʦʚʫʚʘʥʠʤ ʨʦʟʯʠʥʦʤ, ʤʘʻ ʙʫʪʠ ʥʝ ʽʥʪʝʥʩʠʚʥʽʰʠʤ 

ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʨʪʫʪʥʦ-ʙʨʦʤʽʜʥʦʛʦ ʧʘʧʝʨʫ, ʦʜʝʨʞʘʥʝ ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟ ʝʪʘʣʦʥʦʤ. 

 

 

 

ʄɽʊʆɼ B 

ʄʝʪʦʜ ɺ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜ ʟ ʘʨʩʝʥʦʤ ʩʝʣʝʥʫ ʽ ʪʝʣʫʨʫ, 

ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʘʨʩʝʥʫ ʚ ʟʨʘʟʢʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʩʫʨʤʫ, ʚʽʩʤʫʪ, ʨʪʫʪʴ ʽ ʩʨʽʙʣʦ, 

ʘ ʪʘʢʦʞ ʩʫʣʴʬʽʜʠ ʽ ʩʫʣʴʬʽʪʠ, ʪʘ ʚ ʜʝʷʢʠʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ. 

ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʟʘʟʥʘʯʝʥʫ ʚ 

ʤʦʥʦʛʨʘʬʽʾ, ʧʦʤʽʱʘʶʪʴ ʫ ʧʨʦʙʽʨʢʫ, ʱʦ ʤʽʩʪʠʪʴ 4 ʤʣ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʦʾ ʢʠʩʣʦʪʠ ʈ ʽ 

ʙʣʠʟʴʢʦ 5 ʤʛ ʢʘʣʽʶ ʡʦʜʠʜʫ ʈ, ʽ ʜʦʜʘʶʪʴ 3 ʤʣ ʛʽʧʦʬʦʩʬʽʪʫ ʨʝʘʢʪʠʚʫ ʈ. ʉʫʤʽʰ 

ʥʘʛʨʽʚʘʶʪʴ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ, ʯʘʩ ʚʽʜ ʯʘʩʫ ʩʪʨʫʰʫʶʯʠ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. 0.5 ʤʣ ʘʨʩʝʥʫ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ (10 ppm As) ʈ 

ʧʦʤʽʱʘʶʪʴ ʫ ʧʨʦʙʽʨʢʫ, ʱʦ ʤʽʩʪʠʪʴ 4 ʤʣ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʦʾ ʢʠʩʣʦʪʠ ʈ ʽ ʙʣʠʟʴʢʦ 5 ʤʛ 

ʢʘʣʽʶ ʡʦʜʠʜʫ ʈ, ʽ ʜʦʜʘʶʪʴ 3 ʤʣ ʛʽʧʦʬʦʩʬʽʪʫ ʨʝʘʢʪʠʚʫ ʈ. ʉʫʤʽʰ ʥʘʛʨʽʚʘʶʪʴ ʥʘ 

ʚʦʜʷʥʽʡ ʙʘʥʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ, ʯʘʩ ʚʽʜ ʯʘʩʫ ʩʪʨʫʰʫʶʯʠ. 

ʇʨʠʤʽʪʢʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʷʥʦʾ ʙʘʥʽ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 40Áʉ. 

ʗʢʽ ʜʦʧʦʤʽʞʥʽ ʨʝʘʢʪʠʚʠ ʽ ʟ ʷʢʦʶ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʜʦʤʽʰʢʠ ʘʨʩʝʥʫ ʤʝʪʦʜʦʤ ɸ? 

ʗʢ ʜʦʧʦʤʽʞʥʽ ʨʝʘʢʪʠʚʠ ʜʦʜʘʶʪʴ ʜʦ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʨʦʟʯʠʥ ʦʣʦʚʘ (II) 

ʭʣʦʨʠʜʫ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʚʽʜʥʦʚʥʠʢʽʚ, ʨʦʟʯʠʥ ʢʘʣʽʶ ʡʦʜʠʜʫ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ 

ʦʢʠʩʥʠʢʽʚ. ʅʠʞʥʶ ʪʨʫʙʢʫ ʧʨʠʣʘʜʫ ʟʘʧʦʚʥʶʶʪʴ ʧʣʶʤʙʫʤ-ʘʮʝʪʘʪʥʦʶ ʚʘʪʦʶ 

ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʛʽʜʨʦʛʝʥʩʫʣʴʬʽʜʫ ʪʘ ʩʫʣʴʬʫʨʫ (IV) ʦʢʩʠʜʫ, ʷʢʽ ʤʦʞʫʪʴ 

ʫʪʚʦʨʠʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ. 
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ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

NaH2PO2  +  HCl  ­  NaCl  +  H3PO2 

As2O3  +  3H3PO2  ­  2AsŹ  +  3H3PO3 

As2O5  +  5H3PO2  ­  2AsŹ  +  5H3PO3 

ʈʝʟʫʣʴʪʘʪ: ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ 

ʨʦʟʯʠʥʫ ʤʘʻ ʙʫʪʠ ʥʝ ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʝʪʘʣʦʥʘ. 

 

 

 

ʅʘ ʯʦʤʫ ˇʨʫʥʪʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʤʽʰʢʠ ʘʨʩʝʥʫ ʟʘ ʤʝʪʦʜʦʤ ɺ? 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʥʦʚʣʝʥʥʽ ʩʧʦʣʫʢ ʘʨʩʝʥʫ ʜʦ ʤʝʪʘʣʝʚʦʛʦ ʘʨʩʝʥʫ 

ʨʝʘʢʮʽʻʶ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʪʨʽʶ ʛʽʧʦʬʦʩʬʽʪʦʤ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʣʦʪʠ 

ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʦʾ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʪʘ ʢʘʣʽʶ ʡʦʜʠʜʫ. 
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ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ɼʦ 0.2 ʤʣ ʢʘʣʴʮʽʶ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ ʩʧʠʨʪʦʚʦʛʦ 

(100 ppm Ca) ʈ ʜʦʜʘʶʪʴ 1 ʤʣ ʘʤʦʥʽʶ ʦʢʩʘʣʘʪʫ ʨʦʟʯʠʥʫ ʈ. ʏʝʨʝʟ 1 ʭʚ ʜʦʜʘʶʪʴ ʩʫʤʽʰ 

1 ʤʣ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʨʦʟʚʝʜʝʥʦʾ ʈ ʽ 15 ʤʣ ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʤʦʥʦʛʨʘʬʽʾ ʨʦʟʯʠʥʫ ʘʙʦ 

ʨʦʟʯʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʟʘʟʥʘʯʝʥʫ ʚ ʤʦʥʦʛʨʘʬʽʾ ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʽ 

ʩʪʨʫʰʫʶʪʴ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɼʦ ʩʫʤʽʰʽ 1 ʤʣ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʨʦʟʚʝʜʝʥʦʾ ʈ, 10 ʤʣ 

ʢʘʣʴʮʽʶ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ ʚʦʜʥʦʛʦ (10 ppm Ca) ʈ ʽ 5 ʤʣ ʚʦʜʠ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʈ 

ʜʦʜʘʶʪʴ 1 ʤʣ ʘʤʦʥʽʶ ʦʢʩʘʣʘʪʫ ʨʦʟʯʠʥʫ ʈ ʽ ʩʪʨʫʰʫʶʪʴ. 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

Ca2+  +  (NH4)2C2O4  ­  CaC2O4Ź  +  2NH4
+ 

ʈʝʟʫʣʴʪʘʪ: ʯʝʨʝʟ 15 ʭʚ ʦʧʘʣʝʩʮʝʥʮʽʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʝ ʤʘʻ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʧʘʣʝʩʮʝʥʮʽʾ ʝʪʘʣʦʥʘ. 

 

 

ʂʘʣʴʮʽʡ 
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ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ɼʦ 15 ʤʣ ʨʦʟʯʠʥʫ, ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʤʦʥʦʛʨʘʬʽʾ, 

ʜʦʜʘʶʪʴ 1 ʤʣ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʨʦʟʚʝʜʝʥʦʾ ʈ ʽ ʚʠʣʠʚʘʶʪʴ ʩʫʤʽʰ ʟʘ ʦʜʠʥ ʨʘʟ ʫ 

ʧʨʦʙʽʨʢʫ, ʱʦ ʤʽʩʪʠʪʴ 1 ʤʣ ʩʨʽʙʣʘ ʥʽʪʨʘʪʫ ʨʦʟʯʠʥʫ ʈ2.  

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɻʦʪʫʶʪʴ ʧʘʨʘʣʝʣʴʥʦ ʟʘ ʮʠʭ ʩʘʤʠʭ ʫʤʦʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʤʽʩʪʴ 15 ʤʣ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ 10 ʤʣ ʭʣʦʨʠʜʫ ʝʪʘʣʦʥʥʦʛʦ 

ʨʦʟʯʠʥʫ (5 ppm Cl) ʈ ʽ 5 ʤʣ ʚʦʜʠ ʈ. ʇʨʦʙʽʨʢʠ ʧʦʤʽʱʘʶʪʴ ʫ ʟʘʭʠʱʝʥʝ ʚʽʜ ʩʚʽʪʣʘ ʤʽʩʮʝ. 

ʏʝʨʝʟ 5 ʭʚ ʧʨʦʙʽʨʢʠ ʧʝʨʝʛʣʷʜʘʶʪʴ ʥʘ ʯʦʨʥʦʤʫ ʬʦʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

(ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʽ ʧʨʦʙʽʨʦʢ). 

 

ʅʘʚʽʱʦ ʜʦ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʶʪʴ ʢʘʣʴʮʽʶ ʝʪʘʣʦʥʥʦʛʦ 

ʨʦʟʯʠʥʫ ʩʧʠʨʪʦʚʦʛʦ (100 ppm Ca) ʈ? 

ʈʦʟʯʠʥ ʢʘʣʴʮʽʶ ʝʪʘʣʦʥʥʦʛʦ ʩʧʠʨʪʦʚʦʛʦ (100 ppm Ca) ʈ ʜʦʜʘʶʪʴ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʨʝʘʢʮʽʾ. 

ɼʣʷ ʷʢʠʭ ʮʽʣʝʡ ʜʦʜʘʶʪʴ ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ ʨʦʟʚʝʜʝʥʫ? 

ʂʠʩʣʦʪʘ ʦʮʪʦʚʘ ʨʦʟʚʝʜʝʥʘ ʩʪʚʦʨʶʻ ʢʠʩʣʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʥʝʦʙʭʽʜʥʝ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ. ʊʦʤʫ ʱʦ, ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʦʣʽ ʢʘʣʴʮʽʶ 

ʚʠʧʘʜʘʶʪʴ ʚ ʦʩʘʜ ʚ ʚʠʛʣʷʜʽ ʛʽʜʨʦʢʩʠʜʽʚ: 

ʨʅι7           Ca2+ + OHȤ Ÿ ʉa(OH)2Ź 

ɸ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʪʚʦʨʶʻʪʴʩʷ ʦʩʘʜ ʢʘʣʴʮʽʶ ʢʘʨʙʦʥʘʪʫ: 

ʨʅ=7   Ca2+ + CO3
2Ȥ Ÿ CaCO3Ź 

 

ʍʣʦʨʠʜʠ 
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ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

Clï  +  AgNO3  ­  AgCl®  +  NO3
ï 

ʈʝʟʫʣʴʪʘʪ: ʦʧʘʣʝʩʮʝʥʮʽʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʦʧʘʣʝʩʮʝʥʮʽʾ ʝʪʘʣʦʥʘ. 

 

 

 

ʅʘʚʽʱʦ ʧʽʜʢʠʩʣʶʶʪʴ ʢʠʩʣʦʪʦʶ ʘʟʦʪʥʦʶ ʨʦʟʚʝʜʝʥʦʶ? 

ɺ ʣʫʞʥʦʤʫ ʪʘ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ ʽʦʥ ʩʨʽʙʣʘ ʫʪʚʦʨʶʻ 

ʥʝʨʦʟʯʠʥʥʽ ʛʽʜʨʦʢʩʠʜ ʘʙʦ ʢʘʨʙʦʥʘʪ ʚʽʜʧʦʚʽʜʥʦ: 

ʨʅι7             Ag+ + OHȤ Ÿ AgOHŹ 

                              2AgOH Ÿ Ag2O Ź + H2O 

ʨʅ=7                     Ag+ + CO3
2Ȥ Ÿ Ag2CO3Ź 
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ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʟʘʟʥʘʯʝʥʫ ʚ 

ʤʦʥʦʛʨʘʬʽʾ, 0.1 ʛ ʧʽʩʢʫ ʈ, ʧʨʦʤʠʪʦʛʦ ʢʠʩʣʦʪʦʶ, ʽ 20 ʤʣ ʩʫʤʽʰʽ ʨʽʚʥʠʭ ʦʙ'ʻʤʽʚ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʈ ʽ ʚʦʜʠ ʈ ʧʦʤʽʱʘʶʪʴ ʫ ʚʥʫʪʨʽʰʥʶ ʧʨʦʙʽʨʢʫ ʧʨʠʣʘʜʫ (ʈʠʩ. 2). 

ʆʙʦʣʦʥʢʫ, ʟʘʧʦʚʥʝʥʫ ʪʝʪʨʘʭʣʦʨʝʪʘʥʦʤ ʈ, ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ 

ʪʝʪʨʘʭʣʦʨʝʪʘʥʫ (146 Áʉ). ʇʨʠʻʜʥʫʶʪʴ ʛʝʥʝʨʘʪʦʨ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʚʽʜʛʘʥʷʶʪʴ ʚʤʽʩʪ 

ʧʨʦʙʽʨʢʠ ʟ ʧʝʨʝʛʨʽʪʦʶ ʚʦʜʷʥʦʶ ʧʘʨʦʶ, ʟʙʠʨʘʶʯʠ ʚʽʜʛʽʥ ʫ ʤʽʨʥʫ ʢʦʣʙʫ ʤʽʩʪʢʽʩʪʶ 

100 ʤʣ, ʷʢʘ ʤʽʩʪʠʪʴ 0.3 ʤʣ 0.1 ʄ ʨʦʟʯʠʥʫ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʽ 0.1 ʤʣ ʬʝʥʦʣʬʪʘʣʝʾʥʫ 

ʨʦʟʯʠʥʫ ʈ. 

ʆʙ'ʻʤ ʨʦʟʯʠʥʫ ʚ ʧʨʦʙʽʨʮʽ ʧʽʜ ʯʘʩ ʚʽʜʛʦʥʫ ʤʘʻ ʙʫʪʠ ʩʪʘʣʠʤ (20 ʤʣ). 

ʇʽʜʪʨʠʤʫʶʪʴ ʣʫʞʥʫ ʨʝʘʢʮʽʶ ʚʤʽʩʪʫ ʤʽʨʥʦʾ ʢʦʣʙʠ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʶʯʠ ʧʦ 

ʢʨʘʧʣʷʭ 0.1 ʄ ʨʦʟʯʠʥ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ. ɼʦʚʦʜʷʪʴ ʦʙ'ʻʤ ʨʦʟʯʠʥʫ ʚʦʜʦʶ ʈ ʜʦ 

ʧʦʟʥʘʯʢʠ ʽ ʧʝʨʝʤʽʰʫʶʪʴ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. 5 ʤʣ ʬʪʦʨʠʜʫ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ (10 ppm F) ʈ, 0.1 ʛ 

ʧʽʩʢʫ ʈ, ʧʨʦʤʠʪʦʛʦ ʢʠʩʣʦʪʦʶ, ʽ 20 ʤʣ ʩʫʤʽʰʽ ʨʽʚʥʠʭ ʦʙ'ʻʤʽʚ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʈ ʽ 

ʚʦʜʠ ʈ ʧʦʤʽʱʘʶʪʴ ʫ ʚʥʫʪʨʽʰʥʶ ʧʨʦʙʽʨʢʫ ʧʨʠʣʘʜʫ (ʈʠʩ. 2). ʆʙʦʣʦʥʢʫ, ʟʘʧʦʚʥʝʥʫ 

ʪʝʪʨʘʭʣʦʨʝʪʘʥʦʤ ʈ, ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʪʝʪʨʘʭʣʦʨʝʪʘʥʫ (146 Áʉ). 

ʇʨʠʻʜʥʫʶʪʴ ʛʝʥʝʨʘʪʦʨ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ ʚʽʜʛʘʥʷʶʪʴ ʚʤʽʩʪ ʧʨʦʙʽʨʢʠ ʟ ʧʝʨʝʛʨʽʪʦʶ 

ʚʦʜʷʥʦʶ ʧʘʨʦʶ, ʟʙʠʨʘʶʯʠ ʚʽʜʛʽʥ ʫ ʤʽʨʥʫ ʢʦʣʙʫ ʤʽʩʪʢʽʩʪʶ 100 ʤʣ, ʷʢʘ ʤʽʩʪʠʪʴ 0.3 

ʤʣ 0.1 ʄ ʨʦʟʯʠʥʫ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʽ 0.1 ʤʣ ʬʝʥʦʣʬʪʘʣʝʾʥʫ ʨʦʟʯʠʥʫ ʈ. 

ʏʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʤʽʩʪʴ ʢʠʩʣʦʪʠ ʘʟʦʪʥʦʾ ʽʥʰʫ 

ʤʽʥʝʨʘʣʴʥʫ ʯʠ ʦʨʛʘʥʽʯʥʫ ʢʠʩʣʦʪʠ? 

ʇʽʜʢʠʩʣʝʥʥʷ ʽʥʰʠʤʠ ʢʠʩʣʦʪʘʤʠ ʥʝ ʜʦʟʚʦʣʷʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʫʪʚʦʨʠʪʠʩʷ ʥʝʨʦʟʯʠʥʥʽ ʩʦʣʽ ʘʨˇʝʥʪʫʤʫ, ʥʘʧʨʠʢʣʘʜ: 

H2SO4                                      Ag+ + SO4
2Ȥ Ÿ Ag2SO4Ź 

ʌʪʦʨʠʜʠ 
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ʈʠʩ 2. ʇʨʠʣʘʜ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʛʨʘʥʠʯʥʦ  

ʜʦʧʫʩʪʠʤʠʡ ʚʤʽʩʪ ʬʪʦʨʠʜʽʚ.  

ʈʦʟʤʽʨʠ ʟʘʟʥʘʯʝʥʽ ʚ ʤʽʣʽʤʝʪʨʘʭ 

 

ʆʙ'ʻʤ ʨʦʟʯʠʥʫ ʚ ʧʨʦʙʽʨʮʽ ʧʽʜ ʯʘʩ ʚʽʜʛʦʥʫ ʤʘʻ ʙʫʪʠ ʩʪʘʣʠʤ (20 ʤʣ). 

ʇʽʜʪʨʠʤʫʶʪʴ ʣʫʞʥʫ ʨʝʘʢʮʽʶ ʚʤʽʩʪʫ ʤʽʨʥʦʾ ʢʦʣʙʠ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʶʯʠ ʧʦ 

ʢʨʘʧʣʷʭ 0.1 ʄ ʨʦʟʯʠʥ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ. ɼʦʚʦʜʷʪʴ ʦʙ'ʻʤ ʨʦʟʯʠʥʫ ʚʦʜʦʶ ʈ ʜʦ 

ʧʦʟʥʘʯʢʠ ʽ ʧʝʨʝʤʽʰʫʶʪʴ. 

ʋ ʮʠʣʽʥʜʨ ʟʽ ʩʢʣʷʥʦʶ ʧʨʠʪʝʨʪʦʶ ʧʨʦʙʢʦʶ ʧʦʤʽʱʘʶʪʴ 20 ʤʣ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʫ ʜʨʫʛʠʡ ʪʘʢʠʡ ʩʘʤʠʡ ʮʠʣʽʥʜʨ ï 20 ʤʣ ʝʪʘʣʦʥʘ, ʧʦʪʽʤ ʫ ʢʦʞʥʠʡ ʮʠʣʽʥʜʨ 

ʜʦʜʘʶʪʴ ʧʦ 5 ʤʣ ʘʤʽʥʦʤʝʪʠʣʘʣʽʟʘʨʠʥʜʽʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʨʝʘʢʪʠʚʫ ʈ. 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 

SiO2 + 6HF  ­  H2[SiF6]¬ + 2H2O 

H2[SiF6] + 2NaOH  ­  Na2[SiF6] + 2H2O 
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ʈʝʟʫʣʴʪʘʪ: ʯʝʨʝʟ 20 ʭʚ ʩʠʥʻ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ 

ʟ'ʷʚʠʣʦʩʷ ʟʘʤʽʩʪʴ ʧʝʨʚʽʩʥʦʛʦ ʯʝʨʚʦʥʦʛʦ, ʤʘʻ ʙʫʪʠ ʥʝ ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ 

ʝʪʘʣʦʥʘ. 

 

 

ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ɼʦ 10 ʤʣ ʨʦʟʯʠʥʫ, ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʤʦʥʦʛʨʘʬʽʾ, 

ʜʦʜʘʶʪʴ 0.1 ʛ ʜʠʥʘʪʨʽʶ ʪʝʪʨʘʙʦʨʘʪʫ ʈ. ɺʠʟʥʘʯʘʶʪʴ ʨʅ ʨʦʟʯʠʥʫ ʽ, ʷʢʱʦ 

ʥʝʦʙʭʽʜʥʦ, ʜʦʚʦʜʷʪʴ ʜʦ ʨʅ 8.8-9.2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʫ ʢʠʩʣʦʪʫ 

ʨʦʟʚʝʜʝʥʫ ʈ ʘʙʦ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʯʠʥ ʨʦʟʚʝʜʝʥʠʡ ʈ. ʈʦʟʯʠʥ ʧʦʤʽʱʘʶʪʴ ʫ 

ʜʽʣʠʣʴʥʫ ʣʽʡʢʫ, ʩʪʨʫʰʫʶʪʴ ʧʨʦʪʷʛʦʤ 1 ʭʚ ʟ ʜʚʦʤʘ ʧʦʨʮʽʷʤʠ ʧʦ 5 ʤʣ ʢʦʞʥʘ ʨʦʟʯʠʥʫ 

1 ʛ/ʣ ʛʽʜʨʦʢʩʠʭʽʥʦʣʽʥʫ ʈ ʫ ʭʣʦʨʦʬʦʨʤʽ ʈ, ʟʘʣʠʰʘʶʪʴ ʜʦ ʨʦʟʰʘʨʫʚʘʥʥʷ ʽ ʚʽʜʢʠʜʘʶʪʴ 

ʄʘʛʥʽʡ 
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ʦʨʛʘʥʽʯʥʠʡ ʰʘʨ. ɼʦ ʚʦʜʥʦʛʦ ʰʘʨʫ ʜʦʜʘʶʪʴ 0.4 ʤʣ ʙʫʪʠʣʘʤʽʥʫ ʈ ʽ 0.1 ʤʣ 

ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ ʈ. ɺʠʟʥʘʯʘʶʪʴ ʨʅ ʨʦʟʯʠʥʫ ʽ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ, ʜʦʚʦʜʷʪʴ ʜʦ ʨʅ 10.5-

11.5. ɼʦʜʘʶʪʴ 4 ʤʣ ʨʦʟʯʠʥʫ 1 ʛ/ʣ ʛʽʜʨʦʢʩʠʭʽʥʦʣʽʥʫ ʈ ʚ ʭʣʦʨʦʬʦʨʤʽ ʈ, ʩʪʨʫʰʫʶʪʴ 

ʧʨʦʪʷʛʦʤ 1 ʭʚ, ʟʘʣʠʰʘʶʪʴ ʜʦ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʥʠʞʥʽʡ ʰʘʨ ʚʽʜʙʠʨʘʶʪʴ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ɽʪʘʣʦʥʥʠʡ ʨʦʟʯʠʥ. ɼʦ ʩʫʤʽʰʽ 1 ʤʣ ʤʘʛʥʽʶ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ (10 ppm Mg) 

ʈ ʠ 9 ʤʣ ʚʦʜʠ ʈ ʜʦʜʘʶʪʴ 0.1 ʛ ʜʠʥʘʪʨʽʶ ʪʝʪʨʘʙʦʨʘʪʫ ʈ. ɺʠʟʥʘʯʘʶʪʴ ʨʅ ʨʦʟʯʠʥʫ 

ʽ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ, ʜʦʚʦʜʷʪʴ ʜʦ ʨʅ 8.8-9.2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʭʣʦʨʠʩʪʦʚʦʜʥʝʚʫ 

ʢʠʩʣʦʪʫ ʨʦʟʚʝʜʝʥʫ ʈ ʘʙʦ ʥʘʪʨʽʶ ʛʽʜʨʦʢʩʠʜʫ ʨʦʟʯʠʥ ʨʦʟʚʝʜʝʥʠʡ ʈ. ʈʦʟʯʠʥ 

ʧʦʤʽʱʘʶʪʴ ʫ ʜʽʣʠʣʴʥʫ ʣʽʡʢʫ, ʩʪʨʫʰʫʶʪʴ ʧʨʦʪʷʛʦʤ 1 ʭʚ ʟ ʜʚʦʤʘ ʧʦʨʮʽʷʤʠ ʧʦ 5 ʤʣ 

ʢʦʞʥʘ ʨʦʟʯʠʥʫ 1 ʛ/ʣ ʛʽʜʨʦʢʩʠʭʽʥʦʣʽʥʫ ʈ ʫ ʭʣʦʨʦʬʦʨʤʽ ʈ, ʟʘʣʠʰʘʶʪʴ ʜʦ 

ʨʦʟʰʘʨʫʚʘʥʥʷ ʽ ʚʽʜʢʠʜʘʶʪʴ ʦʨʛʘʥʽʯʥʠʡ ʰʘʨ. ɼʦ ʚʦʜʥʦʛʦ ʰʘʨʫ ʜʦʜʘʶʪʴ 0.4 ʤʣ 

ʙʫʪʠʣʘʤʽʥʫ ʈ ʽ 0.1 ʤʣ ʪʨʠʝʪʘʥʦʣʘʤʽʥʫ ʈ. ɺʠʟʥʘʯʘʶʪʴ ʨʅ ʨʦʟʯʠʥʫ ʽ, ʷʢʱʦ 

ʥʝʦʙʭʽʜʥʦ, ʜʦʚʦʜʷʪʴ ʜʦ ʨʅ 10.5-11.5. ɼʦʜʘʶʪʴ 4 ʤʣ ʨʦʟʯʠʥʫ 1 ʛ/ʣ ʛʽʜʨʦʢʩʠʭʽʥʦʣʽʥʫ 

ʈ ʚ ʭʣʦʨʦʬʦʨʤʽ ʈ, ʩʪʨʫʰʫʶʪʴ ʧʨʦʪʷʛʦʤ 1 ʭʚ, ʟʘʣʠʰʘʶʪʴ ʜʦ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʥʠʞʥʽʡ 

ʰʘʨ ʚʽʜʙʠʨʘʶʪʴ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 
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ʈʝʟʫʣʴʪʘʪ: ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʤʘʻ ʙʫʪʠ ʥʝ 

ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʝʪʘʣʦʥʘ. 

 

ʏʦʤʫ ʚ ʮʴʦʤʫ ʚʠʧʨʦʙʦʚʫʚʘʥʥʽ ʪʘʢ ʞʦʨʩʪʢʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʨʅ? 

ʨʅ ʜʦʚʦʜʷʪʴ ʜʦ 8.8-9.2, ʪʦʤʫ ʱʦ  ʧʨʠ ʙʽʣʴʰ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʦʩʘʜ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ, ʘ ʧʨʠ ʨʅ ʤʝʥʰʝ 8 ï ʢʘʨʙʦʥʘʪ ʤʘʛʥʽʶ: 

ʨʅι9,5   Mg 2+ + OHȤ Ÿ Mg(OH)2Ź 

ʨʅ=7    Mg2+ + CO3 
2Ȥ Ÿ MgCO3Ź 
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ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. ɼʦ 200 ʤʣ ʚʦʜʠ ʈ ʜʦʜʘʶʪʴ 0.1 ʛ ʛʽʜʨʦʢʩʠʣʘʤʽʥʫ 

ʛʽʜʨʦʭʣʦʨʠʜʫ ʈ, 10 ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ pH 10.0 ʈ, 1 ʤʣ 0.1 ʄ 

ʨʦʟʯʠʥʫ ʮʠʥʢʫ ʩʫʣʴʬʘʪʫ ʽ ʙʣʠʟʴʢʦ 15 ʤʛ ʧʨʦʪʨʘʚʥʦʛʦ ʯʦʨʥʦʛʦ ʽʥʜʠʢʘʪʦʨʥʦʾ ʩʫʤʽʰʽ 

11 P. ʅʘʛʨʽʚʘʶʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦ 40 Áʉ. ʆʜʝʨʞʘʥʠʡ ʨʦʟʯʠʥ ʪʠʪʨʫʶʪʴ 

0.01 ʄ ʨʦʟʯʠʥʦʤ ʥʘʪʨʽʶ ʝʜʝʪʘʪʫ ʜʦ ʧʝʨʝʭʦʜʫ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʚʽʜ 

ʬʽʦʣʝʪʦʚʦʛʦ ʜʦ ʩʠʥʴʦʛʦ.  
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ɼʦ ʦʜʝʨʞʘʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʶʪʴ ʟʘʟʥʘʯʝʥʫ ʚ ʤʦʥʦʛʨʘʬʽʾ ʢʽʣʴʢʽʩʪʴ 

ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʨʦʟʯʠʥʝʥʫ ʚ 100 ʤʣ ʚʦʜʠ ʈ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʟʘʟʥʘʯʝʥʠʡ ʚ ʤʦʥʦʛʨʘʬʽʾ ʨʦʟʯʠʥ. ʗʢʱʦ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʩʪʘʻ ʬʽʦʣʝʪʦʚʠʤ, ʟʥʦʚʫ 

ʪʠʪʨʫʶʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʜʦ ʩʠʥʴʦʛʦ. 

ʈʝʟʫʣʴʪʘʪʠ: ʆʙô̒ʤ 0.01 ʄ ʨʦʟʯʠʥʫ ʥʘʪʨʽʶ ʝʜʝʪʘʪʫ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʜʨʫʛʝ 

ʪʠʪʨʫʚʘʥʥʷ, ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʙ'ʻʤʫ ʪʠʪʨʘʥʪʫ, ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʤʦʥʦʛʨʘʬʽʾ. 

ʄʘʛʥʽʡ ʽ ʣʫʞʥʦʟʝʤʝʣʴʥʽ ʤʝʪʘʣʠ 
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ʋ ʤʝʪʦʜʘʭ, ʦʧʠʩʘʥʠʭ ʥʠʞʯʝ, ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʦʘʮʝʪʘʤʽʜʫ 

ʨʝʘʢʪʠʚʫ ʈ. ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʟʚʠʯʘʡʥʦ ʧʽʜʭʦʜʠʪʴ ʥʘʪʨʽʶ ʩʫʣʴʬʽʜʫ ʨʦʟʯʠʥ ʈ1 (0.1 

ʤʣ). 

ʆʩʢʽʣʴʢʠ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʦʧʠʩʘʥʽ ʚ ʤʦʥʦʛʨʘʬʽʷʭ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʦʘʮʝʪʘʤʽʜʫ ʨʝʘʢʪʠʚʫ ʈ, ʪʦ, ʷʢʱʦ ʟʘʤʽʩʪʴ ʥʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʘʪʨʽʶ ʩʫʣʴʬʽʜʫ ʨʦʟʯʠʥ ʈ, ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʪʘʢʦʞ ʜʣʷ ʤʝʪʦʜʽʚ ɸ, ɺ ʠ ʅ 

ʢʦʥʪʨʦʣʴʥʠʡ ʨʦʟʯʠʥ, ʧʨʠʛʦʪʦʚʘʥʠʡ ʟ ʢʽʣʴʢʦʩʪʽ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʩʫʙʩʪʘʥʮʽʾ, 

ʟʘʟʥʘʯʝʥʦʾ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʜʦ ʷʢʦʾ ʜʦʜʘʥʠʡ ʦʙ'ʻʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʯʠʥʫ 

ʩʚʠʥʮʶ, ʟʘʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʚʚʘʞʘʶʪʴ ʥʝʜʽʡʩʥʠʤ, ʷʢʱʦ ʟʘʙʘʨʚʣʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʝ ʟʘ 

ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ. 

 

ʄɽʊʆɼ ɸ 

ɺʠʧʨʦʙʦʚʫʚʘʥʠʡ ʨʦʟʯʠʥ. 12 ʤʣ ʟʘʟʥʘʯʝʥʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ 

ʩʫʙʩʪʘʥʮʽʾ. 

ɺʘʞʢʽ ʤʝʪʘʣʠ 
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ʈʦʟʯʠʥ ʧʦʨʽʚʥʷʥʥʷ (ʝʪʘʣʦʥ). ɿʤʽʰʫʶʪʴ 10 ʤʣ ʩʚʠʥʮʶ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ 

(1 ppm) ʈ ʘʙʦ ʩʚʠʥʮʶ ʝʪʘʣʦʥʥʦʛʦ ʨʦʟʯʠʥʫ (2 ppm) ʈ, ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʤʦʥʦʛʨʘʬʽʾ, ʽ 2 

ʤʣ ʟʘʟʥʘʯʝʥʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʩʫʙʩʪʘʥʮʽʾ. 

ʍʦʣʦʩʪʠʡ ʨʦʟʯʠʥ. ɿʤʽʰʫʶʪʴ 10 ʤʣ ʚʦʜʠ ʈ ʽ 2 ʤʣ ʟʘʟʥʘʯʝʥʦʛʦ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ ʚʠʧʨʦʙʦʚʫʚʘʥʦʾ ʩʫʙʩʪʘʥʮʽʾ. 

ɼʦ ʢʦʞʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʶʪʴ 2 ʤʣ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ (ʨʅ 3.5) ʈ. 

ʇʝʨʝʤʽʰʫʶʪʴ ʽ ʜʦʜʘʶʪʴ 1.2 ʤʣ ʪʽʦʘʮʝʪʘʤʽʜʫ ʨʝʘʢʪʠʚʫ ʈ, ʥʝʛʘʡʥʦ ʧʝʨʝʤʽʰʫʶʪʴ. 

ʏʝʨʝʟ 2 ʭʚ ʨʦʟʯʠʥʠ ʜʦʩʣʽʜʞʫʶʪʴ. 

ʇʨʠʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ: ʨʦʟʯʠʥ ʧʦʨʽʚʥʷʥʥʷ ʧʦʚʠʥʝʥ ʤʘʪʠ ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʝ 

ʟʘʙʘʨʚʣʝʥʥʷ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʭʦʣʦʩʪʠʤ ʨʦʟʯʠʥʦʤ. 

 

 

ʈʽʚʥʷʥʥʷ ʨʝʘʢʮʽʾ. 
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ʈʝʟʫʣʴʪʘʪ: ʢʦʨʠʯʥʝʚʝ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʧʨʦʙʦʚʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʤʘʻ ʙʫʪʠ ʥʝ 

ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ ʟʘ ʟʘʙʘʨʚʣʝʥʥʷ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ. 

ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʢʣʘʜʥʦ ʦʮʽʥʠʪʠ, ʨʦʟʯʠʥʠ ʬʽʣʴʪʨʫʶʪʴ ʢʨʽʟʴ 

ʧʽʜʭʦʞʠʡ ʤʝʤʙʨʘʥʥʠʡ ʬʽʣʴʪʨ (ʥʦʤʽʥʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʦʨ ð 0.45 ʤʢʤ). ʊʠʩʢ ʥʘ 


