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KGZ_2 
ʆʙʱʠʝ ʠʥʩʪʨʫʢʮʠʠ 

¶ ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʩʦʜʝʨʞʠʪ 29 ʩʪʨʘʥʠʮ. 

¶ ɼʦ ʥʘʯʘʣʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʪʫʨʘ, ʚʘʤ ʙʫʜʝʪ ʜʘʥʘ ʢʦʤʘʥʜʘ çReadè ʥʘ ʧʨʦʯʪʝʥʠʝ ʢʦʤʧʣʝʢʪʘ 

ʟʘʜʘʥʠʡ. ɺʘʤ ʚʳʜʝʣʷʝʪʩʷ 15 ʤʠʥʫʪ ʥʘ ʯʪʝʥʠʝ ʟʘʜʘʥʠʡ ʠ ɺʘʤ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʟʘʧʨʝʱʘʝʪʩʷ ʯʪʦ-ʣʠʙʦ 

ʧʠʩʘʪʴ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʣʴʢʫʣʷʪʦʨ. 

¶ ɺʳ ʤʦʞʝʪʝ ʥʘʯʠʥʘʪʴ ʨʘʙʦʪʫ, ʢʘʢ ʪʦʣʴʢʦ ʚʳ ʫʩʣʳʰʠʪʝ ʢʦʤʘʥʜʫ çStartè. ʋ ɺʘʩ ʙʫʜʝʪ 5 ʯʘʩʦʚ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʟʘʜʘʥʠʡ. 

¶ ɺʳ ʤʦʞʝʪʝ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʷ ʚ ʣʶʙʦʤ ʧʦʨʷʜʢʝ, ʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʯʘʪʴ ʩ ʟʘʜʘʯʠ P1. 

¶ ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʪʚʝʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʘʢʢʫʨʘʪʥʦ ʟʘʧʠʩʘʥʳ ʨʫʯʢʦʡ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʦʪʚʝʜʝʥʥʳʭ ʜʣʷ ʵʪʦʛʦ ʷʯʝʡʢʘʭ. ʆʪʚʝʪʳ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʤʝʩʪʝ, ʦʮʝʥʠʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. 

¶ ɽʩʣʠ ɺʘʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʨʥʦʚʠʢ, ʠʩʧʦʣʴʟʫʡʪʝ ʦʙʨʘʪʥʳʝ ʩʪʦʨʦʥʳ ʣʠʩʪʦʚ ʜʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʪʘ. ʇʦʤʥʠʪʝ, ʯʪʦ ʚʩʸ, ʯʪʦ ʥʘʧʠʩʘʥʦ ʚʥʝ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʭ ʷʯʝʝʢ ʦʮʝʥʠʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. 

¶ ɺʳ ʤʦʞʝʪʝ ʧʦʧʨʦʩʠʪʴ ʦʬʠʮʠʘʣʴʥʫʶ ʚʝʨʩʠʶ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʪʝʢʩʪʘ. 

¶ ɽʩʣʠ ɺʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʠʥʫʪʴ ʣʘʙʦʨʘʪʦʨʠʶ (ʧʦʩʝʪʠʪʴ ʫʙʦʨʥʫʶ ʠʣʠ ʧʦʧʠʪʴ ʚʦʜʳ), ʧʦʜʥʠʤʠʪʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʘʨʪʦʯʢʫ. ʃʘʙʦʨʘʥʪ ʙʫʜʝʪ ʚʘʩ ʩʦʧʨʦʚʦʞʜʘʪʴ. 

¶ ʇʦʣʢʠ ʥʘʜ ʨʘʙʦʯʠʤʠ ʩʪʦʣʘʤʠ ʥʝ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʪʫʨʘ ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʨʘʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ. 

¶ ɺʳ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴ ʧʨʘʚʠʣʘ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʧʨʘʚʠʣʘʭ ʄʍʆ. ɽʩʣʠ ɺʳ 

ʥʘʨʫʰʠʪʝ ʧʨʘʚʠʣʘ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʳ ʧʦʣʫʯʠʪʝ ʧʝʨʚʦʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦʪ ʣʘʙʦʨʘʥʪʘ. ʃʶʙʳʝ 
ʥʘʨʫʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʧʨʠʚʝʜʫʪ ʢ ɺʘʰʝʤʫ ʫʜʘʣʝʥʠʶ ʠʟ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠ ʘʥʥʫʣʠʨʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʘ ʟʘ ʧʨʘʢʪʠʯʝʩʢʠʡ ʪʫʨ. 

¶ ɽʩʣʠ ʥʝ ʦʟʚʫʯʝʥʦ ʠʥʦʝ, ʟʘʤʝʥʠʪʴ ʠʣʠ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʧʦʩʫʜʳ ʠ ʨʝʘʢʪʠʚʦʚ ʙʝʟ ʰʪʨʘʬʦʚ ʤʦʞʥʦ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ.  ʂʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʨʠʚʝʜʝʪ ʢ 
ʰʪʨʘʬʫ ʚ 1 ʙʘʣʣ ʠʟ 40 ʟʘ ʧʨʘʢʪʠʯʝʩʢʠʡ ʪʫʨ. 

¶ ʃʘʙʦʨʘʥʪ ʩʜʝʣʘʝʪ ʦʙʲʷʚʣʝʥʠʝ ʟʘ 30 ʤʠʥʫʪ ʜʦ ʢʦʥʮʘ ʪʫʨʘ. 

¶ ɺʳ ʜʦʣʞʥʳ ʥʝʤʝʜʣʝʥʥʦ ʧʨʝʢʨʘʪʠʪʴ ʨʘʙʦʪʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʟʚʫʯʠʪ ʢʦʤʘʥʜʘ çʉʪʦʧè (çStopè). 

ɽʩʣʠ ʚʳ ʥʝ ʧʨʝʢʨʘʪʠʪʝ ʨʘʙʦʪʘʪʴ ʠʣʠ ʧʠʩʘʪʴ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʤʠʥʫʪʳ, ʚʘʰ ʨʝʟʫʣʴʪʘʪ ʟʘ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʪʫʨ ʙʫʜʝʪ ʘʥʥʫʣʠʨʦʚʘʥ. 

¶ ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʟʚʫʯʠʪ ʢʦʤʘʥʜʘ çʉʪʦʧè (çStopè), ʢ ɺʘʤ ʧʦʜʦʡʜʝʪ ʣʘʙʦʨʘʥʪ ʠ ʨʘʩʧʠʰʝʪʩʷ ʥʘ 

ʚʘʰʝʤ ʢʦʤʧʣʝʢʪʝ.  

¶ ɿʘʪʝʤ, ʧʦʜʧʠʰʠʪʝ ʚʘʰ ʢʦʤʧʣʝʢʪ, ʧʦʣʦʞʠʪʝ ʝʛʦ ʚ ʢʦʥʚʝʨʪ ʠ ʩʜʘʡʪʝ ʝʛʦ ʚʤʝʩʪʝ ʩ ʚʘʰʠʤ 

ʧʨʦʜʫʢʪʦʤ ʠ ʧʣʘʩʪʠʥʢʘʤʠ ʊʉʍ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ.  

ʇʨʘʚʠʣʘ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

¶ ɺʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʳ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʟʘʩʪʝʛʥʫʪʦʤ ʭʘʣʘʪʝ ʠ ʟʘʢʨʳʪʦʡ ʦʙʫʚʠ. 

¶ ʈʘʙʦʪʘʡʪʝ ʪʦʣʴʢʦ ʚ ʟʘʱʠʪʥʳʭ ʠʣʠ ʩʦʙʩʪʚʝʥʥʳʭ ʦʯʢʘʭ. ʅʝ ʨʘʟʨʝʰʘʝʪʩʷ ʥʦʩʠʪʴ ʢʦʥʪʘʢʪʥʳʝ 

ʣʠʥʟʳ. 

¶ ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʟʘʧʨʝʱʘʝʪʩʷ ʧʠʪʴ ʚʦʜʫ, ʧʨʠʥʠʤʘʪʴ ʧʠʱʫ ʠʣʠ ʞʝʚʘʪʴ ʞʚʘʯʢʫ. 

¶ ʈʘʙʦʪʘʡʪʝ ʪʦʣʴʢʦ ʚ ʦʪʚʝʜʝʥʥʦʤ ɺʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʜʜʝʨʞʠʚʘʡʪʝ ʯʠʩʪʦʪʫ ʥʘ ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʠ 

ʚ ʤʝʩʪʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 

¶ ɿʘʧʨʝʱʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʦʩʪʦʨʦʥʥʠʝ, ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

¶ ʅʝ ʟʘʧʦʣʥʷʡʪʝ ʧʠʧʝʪʢʠ ʨʪʦʤ. ʀʩʧʦʣʴʟʫʡʪʝ ʜʣʷ ʵʪʦʛʦ ʛʨʫʰʫ. 

¶ ʅʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʫʙʠʨʘʡʪʝ ʨʘʟʙʠʪʫʶ ʧʦʩʫʜʫ ʠ ʨʘʟʣʠʪʳʝ ʞʠʜʢʦʩʪʠ ʩ ʧʦʣʘ ʠ ʚʘʰʝʛʦ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ. 

¶ ɺʩʝ ʦʪʭʦʜʳ ʩʣʝʜʫʝʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʷʤ. ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʤʦʞʥʦ ʩʣʠʚʘʪʴ ʚ 

ʨʘʢʦʚʠʥʫ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʤʝʱʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʤʝʯʝʥʥʳʡ ʢʦʥʪʝʡʥʝʨ. 
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ʌʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʠ ʫʨʘʚʥʝʥʠʷ 

ɺ ʵʪʦʤ ʢʦʤʧʣʝʢʪʝ ʟʘʜʘʯ ʘʢʪʠʚʥʦʩʪʠ ʚʩʝʭ ʯʘʩʪʠʮ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩʯʠʪʘʶʪʩʷ ʨʘʚʥʳʤʠ ʠʭ 

ʤʦʣʷʨʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚ ʤʦʣʴ/ʣ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʬʦʨʤʫʣ ʠ ʚʳʨʘʞʝʥʠʡ ʧʨʠʥʷʪʦ, ʯʪʦ 

ʩʪʘʥʜʘʨʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ cÁ = 1 ʤʦʣʴ/ʣ ʦʧʫʱʝʥʘ. 

 

ʇʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ: NA = 6.022Ā1023 ʤʦʣʴī1 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ: R = 8.314 ɼʞ ʤʦʣʴī1 Kī1 

ʉʪʘʥʜʘʨʪʥʦʝ ʜʘʚʣʝʥʠʝ: pÁ = 1 ʙʘʨ = 105 ʇa 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ: Patm = 1 ʘʪʤ = 1.013 ʙʘʨ = 1.013Ā105 ʇʘ 

ʅʫʣʴ ʧʦ ʰʢʘʣʝ ʎʝʣʴʩʠʷ: 273.15 K 

ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ: F = 9.649Ā104 ʂʣ ʤʦʣʴī1 

ɺʘʪʪ: 1 ɺʪ = 1 ɼʞ ʩī1 

ʢʠʣʦɺʘʪʪ-ʯʘʩ: 1 ʢɺʪẗʯ = 3.6Ā106 ɼʞ 

ʇʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ: h = 6.626Ā10ī34 ɼʞ ʩ 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ: c = 2.998Ā108 ʤ ʩī1 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ: e = 1.6022Ā10ī19 ʂʣ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ: P = ȹEĬI 

ʂʇɼ: ɖ = Pʧʦʣʝʟʥ/Pʧʨʠʤʝʥʝʥʥʦʝ 

ʉʦʦʪʥʦʰʝʥʠʝ ʇʣʘʥʢʘ-ʕʡʥʰʪʝʡʥʘ: E = hc/ɚ 

ʋʨʘʚʥʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ: pV = nRT 

ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ: G = H ï TS 

 
ȹrGÁ = īRT lnKÁ 

ȹrGÁ = īn F EcellÁ 

 ȹrG = ȹrGÁ + RT lnQ 

ʂʦʵʬʬʠʮʠʝʥʪ Q ʜʣʷ ʨʝʘʢʮʠʠ 

a A(aq) + b B(aq) = c C(aq) + d D(aq): ὗ  
CcDd

AaBb
 

ʋʨʘʚʥʝʥʠʝ ɻʝʥʜʝʨʩʦʥʘ-ɻʘʩʩʝʣʴʙʘʭʘ: pH = pKa + log
[!

[!(
 

ʋʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ-ʇʠʪʝʨʩʦʥʘ: E = E
o RT

zF
lnὗ  

ʛʜʝ Q ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʜʣʷ ʧʦʣʫʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

at T = 298 K, 
RT

F
ln10 å 0.059 V 

ɿʘʢʦʥ ʃʘʤʙʝʨʪʘ-ɹʝʨʘ: A = Ůlc 

 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ: 

 

- ʅʫʣʝʚʦʡ ʧʦʨʷʜʦʢ: [A]  = [A] 0 ï kt 

- ʇʝʨʚʳʡ ʧʦʨʷʜʦʢ: ln[A]  = ln[A] 0 ī kt 

- ɺʪʦʨʦʡ ʧʦʨʷʜʦʢ: 1/[A]  = 1/[A] 0 + kt 

ɺʨʝʤʷ ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 
t1/2 = ln2/k 

ʉʨʝʜʥʝʯʠʩʣʦʚʘʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ Mn: ὓÎ  
ВὔÉÉ ὓÉ
ВὔÉÉ

 

ʉʨʝʜʥʝʚʝʩʦʚʘʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ Mw: ὓ×  
ВὔÉÉ ὓÉ

ς

ВὔÉ ὓÉÉ
 

ʀʥʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ Ip: Ip = 
Mw

Mn
 

ʇʨʠʤʝʯʘʥʠʝ 
ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʢʘʟʘʥʳ ʢʘʢ çMè ʠʣʠ çʤʦʣʴ/ʣè:  

1 M = 1 ʤʦʣʴ/ʣ 1 ʤʄ = 10 3 ʤʦʣʴ/ʣ  1 ʤʢʄ = 10 6 ʤʦʣʴ/ʣ 
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ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʪʘʙʣʠʮʘ 

 

 
 

 

 
  

1                                18 

1 

H 

1.008 
2 

  

13 14 15 16 17 

2 

He 

4.003 
3 

Li 
6.94 

4 

Be 

9.01 

5 

B 

10.81 

6 

C 

12.01 

7 

N 

14.01 

8 

O 

16.00 

9 

F 

19.00 

10 

Ne 

20.18 
11 

Na 

22.99 

12 

Mg 

24.31 
3 4 5 6 7 8 9 10 11 12 

13 

Al 
26.98 

14 

Si 
28.09 

15 

P 

30.97 

16 

S 

32.06 

17 

Cl 
35.45 

18 

Ar 

39.95 
19 

K 

39.10 

20 

Ca 

40.08 

21 

Sc 

44.96 

22 

Ti 
47.87 

23 

V 

50.94 

24 

Cr 

52.00 

25 

Mn 

54.94 

26 

Fe 

55.85 

27 

Co 

58.93 

28 

Ni 
58.69 

29 

Cu 

63.55 

30 

Zn 

65.38 

31 

Ga 

69.72 

32 

Ge 

72.63 

33 

As 

74.92 

34 

Se 

78.97 

35 

Br 

79.90 

36 

Kr 

83.80 
37 

Rb 

85.47 

38 

Sr 

87.62 

39 

Y 

88.91 

40 

Zr 

91.22 

41 

Nb 

92.91 

42 

Mo 

95.95 

43 

Tc 

- 

44 

Ru 

101.1 

45 

Rh 

102.9 

46 

Pd 

106.4 

47 

Ag 

107.9 

48 

Cd 

112.4 

49 

In 

114.8 

50 

Sn 

118.7 

51 

Sb 

121.8 

52 

Te 

127.6 

53 

I 

126.9 

54 

Xe 

131.3 
55 

Cs 

132.9 

56 

Ba 

137.3 
57-71 

72 

Hf 

178.5 

73 

Ta 

180.9 

74 

W 

183.8 

75 

Re 

186.2 

76 

Os 

190.2 

77 

Ir 

192.2 

78 

Pt 

195.1 

79 

Au 

197.0 

80 

Hg 

200.6 

81 

Tl 
204.4 

82 

Pb 

207.2 

83 

Bi 
209.0 

84 

Po 

- 

85 

At 

- 

86 

Rn 

- 
87 

Fr 

- 

88 

Ra 

- 

89-
103 

104 

Rf 

- 

105 

Db 

- 

106 

Sg 

- 

107 

Bh 

- 

108 

Hs 

- 

109 

Mt 

- 

110 

Ds 

- 

111 

Rg 

- 

112 

Cn 

- 

113 

Nh 

- 

114 

Fl 
- 

115 

Mc 

- 

116 

Lv 

- 

117 

Ts 

- 

118 

Og 

- 

                                   

   
57 

La 

138.9 

58 

Ce 

140.1 

59 

Pr 

140.9 

60 

Nd 

144.2 

61 

Pm 

- 

62 

Sm 

150.4 

63 

Eu 

152.0 

64 

Gd 

157.3 

65 

Tb 

158.9 

66 

Dy 

162.5 

67 

Ho 

164.9 

68 

Er 

167.3 

69 

Tm 

168.9 

70 

Yb 

173.0 

71 

Lu 

175.0 

   
89 

Ac 

- 

90 

Th 

232.0 

91 

Pa 

231.0 

92 

U 

238.0 

93 

Np 

- 

94 

Pu 

- 

95 

Am 

- 

96 

Cm 

- 

97 

Bk 

- 

98 

Cf 

- 

99 

Es 

- 

100 

Fm 

- 

101 

Md 

- 

102 

No 

- 

103 

Lr 

- 
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Definition of GHS statements 

The GHS hazard statements (H-phrases) associated with the materials used are indicated in the 

problems. Their meanings are as follows. 

Physical hazards 

H225 Highly flammable liquid and vapor. 

H226 Flammable liquid and vapor. 

H228 Flammable solid. 

H271 May cause fire or explosion; strong oxidizer. 

H272 May intensify fire; oxidizer. 

H290 May be corrosive to metals. 

Health hazards 

H301 Toxic if swallowed. 

H302 Harmful if swallowed. 

H304 May be fatal if swallowed and enters airways. 

H311 Toxic in contact with skin. 

H312 Harmful in contact with skin. 

H314 Causes severe skin burns and eye damage. 

H315 Causes skin irritation. 

H317 May cause an allergic skin reaction. 

H318 Causes serious eye damage. 

H319 Causes serious eye irritation. 

H331 Toxic if inhaled. 

H332 Harmful if inhaled. 

H333 May be harmful if inhaled. 

H334 May cause allergy or asthma symptoms or breathing difficulties if inhaled. 

H335 May cause respiratory irritation. 

H336 May cause drowsiness or dizziness. 

H351 Suspected of causing cancer. 

H361 Suspected of damaging fertility or the unborn child. 

H371 May cause damage to organs. 

H372 Causes damage to organs through prolonged or repeated exposure. 

H373 May cause damage to organs through prolonged or repeated exposure. 

Environmental hazards 

H400 Very toxic to aquatic life. 

H402 Harmful to aquatic life. 

H410 Very toxic to aquatic life with long-lasting effects. 

H411 Toxic to aquatic life with long-lasting effects. 

H412 Harmful to aquatic life with long-lasting effects. 
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ʈʝʘʢʪʠʚʳ 

ɼʣʷ ʚʩʝʭ ʟʘʜʘʯ 

ʈʝʘʢʪʠʚ ʄʘʨʢʠʨʦʚʘʥ ʢʘʢ ʂʦʜʳ ʦʧʘʩʥʦʩʪʠ 

ɼʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʚ: 

- ʧʨʦʤʳʚʘʣʢʝ (ʥʘ ʨʘʙʦʯʝʤ 

ʩʪʦʣʝ) 

- ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ (ʥʘ 

ʨʘʙʦʯʝʤ ʩʪʦʣʝ) 

- ʧʣʘʩʪʠʢʦʚʦʡ ʢʘʥʠʩʪʨʝ (ʚ 

ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ) 

Deionized Water ʅʝ ʦʧʘʩʥʦ 

ʕʪʘʥʦʣ ʚ ʧʨʦʤʳʚʘʣʢʝ Ethanol H225, H319 

ʆʙʨʘʟʝʮ ʙʝʣʦʛʦ ʚʠʥʘ, 300 ʤʣ ʚ 

ʪʝʤʥʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʙʘʥʢʝ 
Wine sample H225, H319 

ɼʣʷ ʟʘʜʘʯʠ P1 

ʈʝʘʢʪʠʚ ʄʘʨʢʠʨʦʚʘʥ ʢʘʢ ʂʦʜʳ ʦʧʘʩʥʦʩʪʠ 

4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜ, 1.51 ʛ ʚ 

ʙʘʥʦʯʢʝ ʠʟ ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ 
4-nitrobenzaldehyde H317, H319 

ʕʣʶʝʥʪ A, 20 ʤʣ ʚ ʩʪʝʢʣʷʥʥʦʤ 

ʬʣʘʢʦʥʝ 
Eluent A 

H225, H290, H304, H314, 

H319, H336, H410 

ʕʣʶʝʥʪ B, 20 ʤʣ ʚ ʩʪʝʢʣʷʥʥʦʤ 

ʬʣʘʢʦʥʝ 
Eluent B 

H225, H290, H304, H314, 

H319, H336, H410 

OxoneÈ (ʧʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ 

ʢʘʣʠʷ), 7.87 ʛ ʚ ʧʣʘʩʪʠʢʦʚʦʤ 

ʧʫʟʳʨʴʢʝ 
OxoneÈ H314 

ʆʙʨʘʟʝʮ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ 

ʜʣʷ ʊʉʍ 
TLC standard H317, H319 

ɼʣʷ ʟʘʜʘʯʠ P2 

ʈʝʘʢʪʠʚ ʄʘʨʢʠʨʦʚʘʥ ʢʘʢ ʂʦʜʳ ʦʧʘʩʥʦʩʪʠ 

1 M ʨʘʩʪʚʦʨ ʪʠʦʮʠʘʥʘʪʘ ʢʘʣʠʷ, 

20 ʤʣ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ  
KSCN 1 M H302+H312+H332, H412 

0.00200 M ʨʘʩʪʚʦʨ ʪʠʦʮʠʘʥʘʪʘ 

ʢʘʣʠʷ, 60 ʤʣ ʚ ʧʣʘʩʪʠʢʦʚʦʡ 

ʙʫʪʳʣʢʝ  
KSCN 0.00200 M ʅʝ ʦʧʘʩʥʦ 

1 M ʨʘʩʪʚʦʨ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ, 10 

ʤʣ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
HClO 4 H290, H315, H319 

0.00200 M ʨʘʩʪʚʦʨ ʞʝʣʝʟʘ(III ), 80 

ʤʣ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
Fe(III) 0.00200 M ʅʝ ʦʧʘʩʥʦ 

0.000200 M ʨʘʩʪʚʦʨ ʞʝʣʝʟʘ(III ), 

80 ʤʣ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
Fe(III) 0.000200 M ʅʝ ʦʧʘʩʥʦ 

0.3% ʨʘʩʪʚʦʨ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ, 3 ʤʣ ʚ ʙʫʪʳʣʦʯʢʝ ʠʟ 

ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ 
H2O2 ʅʝ ʦʧʘʩʥʦ 
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ɼʣʷ ʟʘʜʘʯʠ P3 

ʈʝʘʢʪʠʚ ʄʘʨʢʠʨʦʚʘʥ ʢʘʢ ʂʦʜʳ ʦʧʘʩʥʦʩʪʠ 

0.01 M ʨʘʩʪʚʦʨ ʡʦʜʘ, 200 ʤʣ ʚ 

ʙʫʪʳʣʢʝ ʠʟ ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ 
I2 H372 

0.03 M ʨʘʩʪʚʦʨ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, 

200 ʤʣ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
Na2S2O3 ʅʝ ʦʧʘʩʥʦ 

1 M ʨʘʩʪʚʦʨ NaOH, 55 ʤʣ ʚ 

ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
NaOH H290, H314 

2.5 M ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, 

80 ʤʣ ʚ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
H2SO4 H290, H315, H319 

0.5 M ʨʘʩʪʚʦʨ ʠʦʜʠʜʘ ʢʘʣʠʷ, 25 ʤʣ ʚ 

ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
KI  H372 

ʁʦʜʘʪ ʢʘʣʠʷ, ʧʨʠʤʝʨʥʦ 100 ʤʛ 

(ʪʦʯʥʘʷ ʤʘʩʩʘ ʫʢʘʟʘʥʘ ʥʘ ʵʪʠʢʝʪʢʝ), 

ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʣʘʢʦʥʝ 

KIO 3 H272, H315, H319, H335 

ʈʘʩʪʚʦʨ ʢʨʘʭʤʘʣʘ, 25 ʤʣ ʚ 

ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʝ 
Starch ʅʝ ʦʧʘʩʥʦ 
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ʆʙʦʨʫʜʦʚʘʥʠʝ 
ɼʣʷ ʚʩʝʭ ʟʘʜʘʯ 

ʇʝʨʩʦʥʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ 

ʊʨʝʭʭʦʜʦʚʘʷ ʛʨʫʰʘ 1 

ɿʘʱʠʪʥʳʝ ʦʯʢʠ 1 

ʇʣʘʩʪʠʢʦʚʘʷ ʙʫʪʳʣʢʘ ʥʘ 1 ʣ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ, ʤʘʨʢʠʨʦʚʘʥʥʘʷ ʢʘʢ ñOrganic wasteò 
1 

ɹʦʣʴʰʠʝ ʙʫʤʘʞʥʳʝ ʩʘʣʬʝʪʢʠ 15 h ʪ 

ʄʘʣʳʝ ʙʫʤʘʞʥʳʝ ʩʘʣʬʝʪʢʠ ʜʣʷ ʢʶʚʝʪ 30 h ʪ 

ʐʧʘʪʝʣʴ (ʙʦʣʴʰʦʡ) 1 

ʐʧʘʪʝʣʴ (ʤʘʣʝʥʴʢʠʡ) 1 

ʉʝʢʫʥʜʦʤʝʨ (ʯʘʩʳ) 1 

ʂʘʨʘʥʜʘʰ 1 

ʃʘʩʪʠʢ ʜʣʷ ʩʪʠʨʘʥʠʷ ʢʘʨʘʥʜʘʰʘ 1 

ʏʝʨʥʘʷ ʨʫʯʢʘ 1 

ʄʘʨʢʝʨ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʦʩʫʜʳ 1 

ʃʠʥʝʡʢʘ 1 

  

ʆʙʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ 

ʋʌ ʣʘʤʧʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʊʉʍ 2 ʥʘ ʢʦʤʥʘʪʫ 

ʂʦʣʦʨʠʤʝʪʨ 5 ʥʘ ʢʦʤʥʘʪʫ 

ʇʝʨʯʘʪʢʠ 
ɺʩʝ ʨʘʟʤʝʨʳ (S, M, L, XL) 

ʜʦʩʪʫʧʥʳʝ ʥʘ ʦʙʱʝʤ ʩʪʦʣʝ 

ʂʦʥʪʝʡʥʝʨ ʩʦ ʣʴʜʦʤ 1 ʥʘ ʢʦʤʥʘʪʫ 

ɼʣʷ ʟʘʜʘʯʠ P1 

ʇʝʨʩʦʥʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ 

ʐʪʘʪʠʚ ʠ: 

- ʄʫʬʪʘ ʩ ʤʘʣʝʥʴʢʦʡ ʣʘʧʢʦʡ 

- ʄʫʬʪʘ ʩ ʙʦʣʴʰʦʡ ʣʘʧʢʦʡ 

1 

2 

1 

ʂʦʥʠʯʝʩʢʘʷ ʢʦʣʙʘ ʩʦ ʰʣʠʬʦʤ, 100 ʤʣ 1 

ʂʦʥʠʯʝʩʢʘʷ ʢʦʣʙʘ ʩʦ ʰʣʠʬʦʤ, 50 ʤʣ 1 

ʆʙʨʘʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ 1 

ʄʘʛʥʠʪʥʘʷ ʤʝʰʘʣʢʘ ʩ ʥʘʛʨʝʚʦʤ 1 

ʂʨʠʩʪʘʣʣʠʟʘʪʦʨ 1 

ʄʘʛʥʠʪʥʳʡ ʷʢʦʨʸʢ 1 

ʂʦʣʙʘ ɹʫʥʟʝʥʘ  1 

ɺʦʨʦʥʢʘ ɹʶʭʥʝʨʘ ʩ ʨʝʟʠʥʦʚʳʤ ʫʧʣʦʪʥʠʪʝʣʝʤ 1 

ʇʦʣʠʵʪʠʣʝʥʦʚʳʡ ʧʘʢʝʪ ʩ ʟʘʩʪʝʞʢʦʡ ʩ 3 ʢʨʫʛʣʳʤʠ 

ʬʠʣʴʪʨʘʤʠ 
1 

ʏʘʰʢʘ ʇʝʪʨʠ 1 

ʉʪʘʢʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʊʉʍ, ʤʘʨʢʠʨʦʚʘʥʥʳʡ ʢʘʢ 

ñTLC  elution chamberò 
1 

ʇʦʣʠʵʪʠʣʝʥʦʚʳʡ ʧʘʢʝʪ ʩ ʟʘʩʪʝʞʢʦʡ ʩ ʪʨʝʤʷ ʊʉʍ-

ʧʣʘʩʪʠʥʢʘʤʠ (ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ), 

ʤʘʨʢʠʨʦʚʘʥʥʳʡ ʢʦʜʦʤ ʫʯʘʩʪʥʠʢʘ 

1 

ʂʘʧʠʣʣʷʨʳ ʜʣʷ ʊʉʍ (ʚ ʯʘʰʢʝ ʇʝʪʨʠ) 4 

ʇʣʘʩʪʠʢʦʚʳʡ ʧʠʥʮʝʪ 1 

ʉʪʝʢʣʷʥʥʘʷ ʧʘʣʦʯʢʘ 1 

ʄʝʨʥʳʡ ʮʠʣʠʥʜʨ, 25 ʤʣ 1 

ʉʪʘʢʘʥ, 150 ʤʣ 2 
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ʇʦʣʠʵʪʠʣʝʥʦʚʘʷ ʚʦʨʦʥʢʘ ʜʣʷ ʩʳʧʫʯʠʭ ʚʝʱʝʩʪʚ 1 

ʆʜʥʦʨʘʟʦʚʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʧʠʧʝʪʢʠ ʇʘʩʪʝʨʘ 2 

ʉʪʝʢʣʷʥʥʘʷ ʙʘʥʦʯʢʘ ʠʟ ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʦʙʨʘʟʮʘ 

ʊʉʍ, 1.5 ʤʣ, ʩ ʢʨʳʰʢʦʡ, ʤʘʨʢʠʨʦʚʘʥʥʘʷ ʢʘʢ ñCò ʠ 

ñRò 

2 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʘʷ ʙʘʥʦʯʢʘ ʠʟ ʪʝʤʥʦʛʦ 

ʩʪʝʢʣʘ, 10 ʤʣ, ʩ ʢʨʳʰʢʦʡ, ʤʘʨʢʠʨʦʚʘʥʥʘʷ ʢʦʜʦʤ 

ʫʯʘʩʪʥʠʢʘ. 

1 

ʋʜʦʯʢʘ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʷʢʦʨʴʢʘ 1 

ɼʣʷ ʟʘʜʘʯʠ P2 

ʇʝʨʩʦʥʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ 

ʇʠʧʝʪʢʘ ʄʦʨʘ, 10 ʤʣ 1 

ɻʨʘʜʫʠʨʦʚʘʥʥʘʷ ʧʠʧʝʪʢʘ, 10 ʤʣ 3 

ɻʨʘʜʫʠʨʦʚʘʥʥʘʷ ʧʠʧʝʪʢʘ, 5 ʤʣ 3 

ʐʪʘʪʠʚ ʜʣʷ ʧʨʦʙʠʨʦʢ 1 

ʇʨʦʙʠʨʢʠ 15 

ʇʨʦʙʢʠ ʜʣʷ ʧʨʦʙʠʨʦʢ 7 

ʂʶʚʝʪʢʘ ʜʣʷ ʢʦʣʦʨʠʤʝʪʨʘ, ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 

1.0 ʩʤ 
2 

ʉʪʘʢʘʥ, 100 ʤʣ 2 

ʆʜʥʦʨʘʟʦʚʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʧʠʧʝʪʢʠ ʇʘʩʪʝʨʘ 15 

ɼʣʷ ʟʘʜʘʯʠ P3 

ʇʝʨʩʦʥʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʰʪʘʪʠʚ ʩ ʟʘʞʠʤʦʤ ʜʣʷ ʙʶʨʝʪʢʠ 1 

ɹʶʨʝʪʢʘ, 25 ʤʣ 1 

ʉʪʝʢʣʷʥʥʘʷ ʚʦʨʦʥʢʘ 1 

ʂʦʥʠʯʝʩʢʘʷ ʢʦʣʙʘ, 100 ʤʣ 3 

ʂʦʥʠʯʝʩʢʘʷ ʢʦʣʙʘ, 250 ʤʣ 3 

ʉʪʘʢʘʥ, 150 ʤʣ 1 

ʉʪʘʢʘʥ, 100 ʤʣ 2 

ʄʝʨʥʘʷ ʢʦʣʙʘ, 100 ʤʣ, ʩ ʧʨʦʙʢʦʡ 1 

ʇʠʧʝʪʢʘ ʄʦʨʘ, 50 ʤʣ 1 

ʇʠʧʝʪʢʘ ʄʦʨʘ, 25 ʤʣ 1 

ʇʠʧʝʪʢʘ ʄʦʨʘ, 20 ʤʣ 1 

ʄʝʨʥʳʡ ʮʠʣʠʥʜʨ, 25 ʤʣ 1 

ʄʝʨʥʳʡ ʮʠʣʠʥʜʨ, 10 ʤʣ 1 

ʄʝʨʥʳʡ ʮʠʣʠʥʜʨ, 5 ʤʣ 1 

ʆʜʥʦʨʘʟʦʚʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʧʠʧʝʪʢʠ ʇʘʩʪʝʨʘ 3 

ʇʣʝʥʢʘ ñParafilmò 20 ʰʪ  
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ɿʘʜʘʯʘ 
ʈ1 
13 

ʙʘʣʣʦʚ 

ɺʦʧʨʦʩ ɺ ʭrʦʜ ʏʠʩʪʦʪʘ TLC P1.1 P1.2 ɺʩʝʛʦ 

ʄʘʢʩ. 12 12 8 2 3 37 

ʆʯʢʠ       

ɿʘʜʘʯʘ ʈ1. ʆʢʠʩʣʝʥʠʝ ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ. 

ʇʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ (OxoneÈ) ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʣʴʢʦ ʙʝʟʚʨʝʜʥʳʡ ʩʫʣʴʬʘʪ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʚ 

ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʴ ʝʝ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʟʝʣʝʥʳʤ ʨʝʘʢʮʠʷʤè. 

 

ɺʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʦʢʠʩʣʝʥʠʝ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴ 

ʧʨʦʜʫʢʪ, ʠ ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʥʳʭ ʵʣʶʝʥʪʦʚ ʊʉʍ ʜʣʷ ʦʮʝʥʢʠ ʯʠʩʪʦʪʳ 

ʧʨʦʜʫʢʪʘ. 

 

ɺʥʠʤʘʥʠʝ: ʩʣʠʚʳ ʵʪʘʥʦʣʘ ʠ ʵʣʶʝʥʪʘ ʜʦʣʞʥʳ ʩʦʙʠʨʘʪʴʩʷ ʚ ʙʘʥʢʫ ñOrganic wasteò. 

ʄʝʪʦʜʠʢʘ 

I.  ʆʢʠʩʣʝʥʠʝ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ 

1. ʉʤʝʰʘʡʪʝ 20 ʤʣ ʚʦʜʳ ʠ 5 ʤʣ ʵʪʘʥʦʣʘ. 

2. ʇʦʣʦʞʠʪʝ ʤʘʛʥʠʪʥʳʡ ʷʢʦʨʴ ʚ ʧʨʠʰʣʠʬʦʚʘʥʥʫʶ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʥʘ 100 ʤʣ. 

3. ɼʦʙʘʚʴʪʝ ʚʝʩʴ ʚʳʜʘʥʥʳʡ (1.51 ʛ) 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ. ɼʦʙʘʚʴʪʝ 

ʚʩʶ ʩʤʝʩʴ ʚʦʜʘ/ʵʪʘʥʦʣ, ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʨʘʥʝʝ. ɿʘʢʨʝʧʠʪʝ ʢʦʣʙʫ ʚ ʣʘʧʢʝ. ɺʢʣʶʯʠʪʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʟʘʪʝʤ ʜʦʙʘʚʴʪʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʚʝʩʴ ʚʳʜʘʥʥʳʡ (7.87 ʛ) OxoneÈ. 

4. ʇʨʠʩʦʝʜʠʥʠʪʝ ʦʙʨʘʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 1. ʇʦʜʥʠʤʠʪʝ ʚʘʰʫ 

ʢʘʨʪʦʯʢʫ HELP. ʃʘʙʦʨʘʥʪ ʚʢʣʶʯʠʪ ʚʘʤ ʧʦʜʘʯʫ ʚʦʜʳ ʠ ʥʘʛʨʝʚ. 

5. ʅʘʛʨʝʡʪʝ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦ ʩʣʘʙʦʛʦ ʢʠʧʝʥʠʷ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʘ ʢʘʧʣʷ 

ʢʦʥʜʝʥʩʘʪʘ ʚ ʩʝʢʫʥʜʫ) ʠ ʧʨʦʜʦʣʞʘʡʪʝ ʢʠʧʷʪʠʪʴ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ. ʇʦʤʝʪʢʘ ʥʘ ʧʣʠʪʢʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʡ ʚʳʰʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʠʧʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʢʠʧʷʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ.  

Маленькая лапка 

Большая лапка 
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6. ɺʳʢʣʶʯʠʪʝ ʥʘʛʨʝʚʘʥʠʝ ʥʘ ʤʝʰʘʣʢʝ. ʋʙʝʨʠʪʝ ʚ ʩʪʦʨʦʥʫ ʤʝʰʘʣʢʫ ʠ ʦʩʪʘʚʴʪʝ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʪʴʩʷ ʥʘ 10 ʤʠʥʫʪ. ɿʘʪʝʤ ʧʦʤʝʩʪʠʪʝ ʢʦʣʙʫ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ, 

ʥʘʧʦʣʥʝʥʥʳʡ ʩʤʝʩʴʶ ʣʝʜ-ʚʦʜʘ, ʠ ʦʩʪʘʚʴʪʝ ʝʱʝ ʥʘ 10 ʤʠʥʫʪ. 

7. ʉʦʙʝʨʠʪʝ ʠ ʟʘʢʨʝʧʠʪʝ ʥʘ ʰʪʘʪʠʚʝ ʧʨʠ ʧʦʤʦʱʠ ʤʘʣʝʥʴʢʦʡ ʣʘʧʢʠ ʫʩʪʘʥʦʚʢʫ ʜʣʷ 

ʬʠʣʴʪʨʦʚʘʥʠʷ ʚ ʚʘʢʫʫʤʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʦʜʥʠʤʠʪʝ ʩʚʦʶ ʢʘʨʪʦʯʢʫ HELP. 

ʃʘʙʦʨʘʥʪ ʧʦʜʦʡʜʝʪ ʠ ʧʦʢʘʞʝʪ, ʢʘʢ ʧʨʠʩʦʝʜʠʥʠʪʴ ʚʘʰʫ ʫʩʪʘʥʦʚʢʫ ʢ ʚʘʢʫʫʤʫ. 

 

ʈʠʩʫʥʦʢ 2. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʬʠʣʴʪʨʦʚʘʥʠʷ ʚ ʚʘʢʫʫʤʝ. 

8. ʉʤʦʯʠʪʝ ʢʨʫʞʦʢ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ ʚʦʜʦʡ ʠ ʨʘʩʧʦʣʦʞʠʪʝ ʝʛʦ ʚ ʚʦʨʦʥʢʝ ɹʶʭʥʝʨʘ 

ʪʘʢ, ʯʪʦʙʳ ʦʥ ʟʘʢʨʳʣ ʚʩʝ ʝʝ ʦʪʚʝʨʩʪʠʷ. 

9. ʇʝʨʝʥʝʩʠʪʝ ʩʫʩʧʝʥʟʠʶ ʧʨʦʜʫʢʪʘ ʥʘ ʚʦʨʦʥʢʫ ɹʶʭʥʝʨʘ ʠ ʧʦʜʩʦʝʜʠʥʠʪʝ ʚʘʢʫʫʤ. 

ʊʱʘʪʝʣʴʥʦ ʧʨʦʤʦʡʪʝ ʦʩʘʜʦʢ ʥʘ ʬʠʣʴʪʨʝ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (ʢʘʢ ʤʠʥʠʤʫʤ 4Ĭ20 ʤʣ). 

10. ʆʩʪʘʚʴʪʝ ʥʘ 5 ʤʠʥʫʪ ʦʩʘʜʦʢ ʜʣʷ ʩʫʰʢʠ ʥʘ ʬʠʣʴʪʨʝ. ʆʪʩʦʝʜʠʥʠʪʝ ʚʘʢʫʫʤ. ʅʘ ʢʦʥʴʯʠʢʝ 

ʤʘʣʝʥʴʢʦʛʦ ʰʧʘʪʝʣʷ ʦʪʙʝʨʠʪʝ ʧʨʦʜʫʢʪʘ ʚ 1.5-ʤʠʣʣʠʣʠʪʨʦʚʫʶ ʙʘʥʦʯʢʫ ʠʟ ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ ʩ 

ʦʪʤʝʪʢʦʡ ʉ. ɿʘʢʨʦʡʪʝ ʙʘʥʦʯʢʫ ʠ ʩʦʭʨʘʥʠʪʝ ʝʝ ʜʣʷ ʯʘʩʪʠ III  ʵʪʦʡ ʟʘʜʘʯʠ. 

11. ʇʝʨʝʥʝʩʠʪʝ ʩ ʬʠʣʴʪʨʘ ʥʝʦʯʠʱʝʥʥʳʡ ʧʨʦʜʫʢʪ ʚ ʧʨʠʰʣʠʬʦʚʘʥʥʫʶ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ 

ʥʘ 50 ʤʣ. 

12. ɺʳʣʝʡʪʝ ʬʠʣʴʪʨʘʪ ʚ ʙʘʥʢʫ ñOrganic wasteò ʠ ʧʨʦʤʦʡʪʝ ʚʦʨʦʥʢʫ ɹʶʭʥʝʨʘ ʠ ʢʦʣʙʫ 

ɹʫʥʟʝʥʘ ʵʪʘʥʦʣʦʤ ʠ ʚʦʜʦʡ. ʕʪʘʥʦʣ ʩʣʠʚʘʡʪʝ ʚ ʙʘʥʢʫ ñOrganic wasteò. 

  

Воронка Бюхнера 
Фильтровальная бумага 
Резиновый уплотнитель 
 
Маленькая лапка 

Вакуум 
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II. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʜʫʢʪʘ 

1. ʉʤʝʰʘʡʪʝ 9 ʤʣ ʚʦʜʳ ʠ 21 ʤʣ ʵʪʘʥʦʣʘ. 

2. ʇʨʦʚʝʜʠʪʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʥʝʦʯʠʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʰʣʠʬʦʚʘʥʥʦʡ ʢʦʥʠʯʝʩʢʦʡ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 50 ʤʣ, ʠʩʧʦʣʴʟʫʷ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʡ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʩʤʝʩʠ ʠ ʫʩʪʘʥʦʚʢʫ ʠʩʧʦʣʴʟʦʚʘʥʥʫʶ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʢ ʥʘ ʨʠʩ. 

1. ʇʦʜʥʠʤʠʪʝ ʚʘʰʫ ʢʘʨʪʦʯʢʫ HELP. ʃʘʙʦʨʘʥʪ ʧʦʜʦʡʜʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʚʦʜʫ ʠ 

ʥʘʩʪʨʦʠʪʴ ʤʝʰʘʣʢʫ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʦʙʘʚʣʷʡʪʝ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʫʶ ʩʤʝʩʴ ʧʦʨʮʠʷʤʠ ʯʝʨʝʟ 

ʚʝʨʭ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

3. ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ, ʚʦʩʧʦʣʴʟʫʡʪʝʩʴ ʧʨʦʮʝʜʫʨʦʡ, ʦʧʠʩʘʥʥʦʡ 

ʨʘʥʝʝ (I.7 ʜʦ I.10) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʦʩʘʜʦʢ. ʄʘʣʝʥʴʢʠʤ ʰʧʘʪʝʣʝʤ ʦʪʙʝʨʠʪʝ ʥʝʤʥʦʛʦ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʙʘʥʦʯʢʫ ʠʟ ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ ʧʦʜʧʠʩʘʥʥʫʶ R. ɿʘʢʨʦʡʪʝ 

ʙʘʥʦʯʢʫ ʠ ʩʦʭʨʘʥʠʪʝ ʝʸ ʜʣʷ ʯʘʩʪʠ III  ʵʪʦʡ ʟʘʜʘʯʠ. 

4. ʇʝʨʝʥʝʩʠʪʝ ʦʯʠʱʝʥʥʳʡ ʧʨʦʜʫʢʪ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʫʶ ʙʘʥʦʯʢʫ, ʧʦʜʧʠʩʘʥʥʫʶ 

ʚʘʰʠʤ ʢʦʜʦʤ. ɿʘʢʨʦʡʪʝ ʙʘʥʦʯʢʫ. 

5. ɺʳʣʝʡʪʝ ʬʠʣʴʪʨʘʪ ʚ ʙʘʥʢʫ, ʧʦʜʧʠʩʘʥʥʫʶ ñOrganic wasteò, ʠ ʧʦʜʥʠʤʠʪʝ ʚʘʰʫ ʢʘʨʪʦʯʢʫ 

HELP. ʃʘʙʦʨʘʥʪ ʧʦʜʦʡʜʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʢʣʶʯʠʪʴ ʚʦʜʫ. 

III. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʘ ʧʦ ʊʉʍ 

1. ʇʦʜʛʦʪʦʚʢʘ ʩʪʘʢʘʥʘ ʜʣʷ ʊʉʍ. ʅʘʣʝʡʪʝ ʥʘ ʜʥʦ ʩʪʘʢʘʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0.5 ʩʤ ʧʦ 

ʚʳʩʦʪʝ ʵʣʶʝʥʪʘ A. ʅʘʢʨʦʡʪʝ ʩʪʘʢʘʥ ʯʘʰʢʦʡ ʇʝʪʨʠ. ʇʦʜʦʞʜʠʪʝ ʧʦʢʘ ʧʘʨʳ ʵʣʶʝʥʪʘ ʥʘʩʳʪʷʪ 

ʘʪʤʦʩʬʝʨʫ ʚ ʢʘʤʝʨʝ. 

2. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ. ɺʘʤ ʚʳʜʘʥ ʦʙʨʘʟʝʮ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ ʚ ʙʘʥʦʯʢʝ ʠʟ 

ʪʝʤʥʦʛʦ ʩʪʝʢʣʘ, ʧʦʜʧʠʩʘʥʥʦʡ TLC  standard (ʧʦʤʝʯʘʡʪʝ ʝʛʦ S ʥʘ ʧʣʘʩʪʠʥʝ ʊʉʍ). ɼʦʙʘʚʴʪʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʤʣ ʵʪʘʥʦʣʘ ʚ ʢʘʞʜʫʶ ʠʟ ʙʘʥʦʯʝʢ (ʧʦʤʝʯʝʥʥʳʝ ʉ, R, TLC  standard) ʜʣʷ 

ʨʘʩʪʚʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

3. ʇʦʜʛʦʪʦʚʢʘ ʧʣʘʩʪʠʥʳ ʊʉʍ. ɸʢʢʫʨʘʪʥʦ ʢʘʨʘʥʜʘʰʦʤ ʥʘʨʠʩʫʡʪʝ ʣʠʥʠʶ ʩʪʘʨʪʘ (1 ʩʤ 

ʚʳʰʝ ʥʠʞʥʝʛʦ ʢʨʘʷ ʧʣʘʩʪʠʥʳ) ʠ ʦʪʤʝʪʴʪʝ ʪʦʯʢʠ ʥʘʥʝʩʝʥʠʷ 3 ʦʙʨʘʟʮʦʚ. ʇʦʜʧʠʰʠʪʝ ʠʭ S 

(ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ), C (ʥʝʦʯʠʱʝʥʥʳʡ ʧʨʦʜʫʢʪ) and R (ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳʡ ʧʨʦʜʫʢʪ), 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʢʝ 3. ʉʣʝʚʘ ʚʚʝʨʭʫ ʧʣʘʩʪʠʥʳ ʥʘʧʠʰʠʪʝ ɺʘ hʂʦʜ ʫʯʘʩʪʥʠʢʘ. ʉʧʨʘʚʘ 

ʚʚʝʨʭʫ ʧʣʘʩʪʠʥʳ ʥʘʧʠʰʠʪʝ, ʢʘʢʦʡ ʵʣʶʝʥʪ ɺʳ ʠʩʧʦʣʴʟʦʚʘʣʠ (ʩʥʘʯʘʣʘ Eluent A, ʧʦʪʦʤ Eluent 

B). ʅʘʥʝʩʠʪʝ ʪʨʠ ʦʙʨʘʟʮʘ ʥʘ ʢʘʞʜʫʶ ʧʣʘʩʪʠʥʢʫ ʩ ʧʦʤʦʱʴʶ ʢʘʧʧʠʣʷʨʦʚ. 

 
ʈʠʩʫʥʦʢ 3. ʇʦʜʛʦʪʦʚʢʘ ʧʣʘʩʪʠʥʦʢ ʊʉʍ  
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4. ʇʨʦʚʝʜʝʥʠʝ ʊʉʍ ʘʥʘʣʠʟʘ. ʇʨʠ ʧʦʤʦʱʠ ʧʠʥʮʝʪʘ ʧʦʤʝʩʪʠʪʝ ʊʉʍ ʧʣʘʩʪʠʥʫ ʚ ʩʪʘʢʘʥ ʠ 

ʥʘʢʨʦʡʪʝ ʝʛʦ ʯʘʰʢʦʡ ʇʝʪʨʠ. ɼʦʞʜʠʪʝʩʴ, ʧʦʢʘ ʬʨʦʥʪ ʵʣʶʝʥʪʘ ʧʦʜʥʠʤʝʪʩʷ ʜʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

1 ʩʤ ʦʪ ʚʝʨʭʘ ʧʣʘʩʪʠʥʳ. ʀʟʚʣʝʢʠʪʝ ʧʣʘʩʪʠʥʢʫ ʧʠʥʮʝʪʦʤ, ʦʪʤʝʪʴʪʝ ʬʨʦʥʪ ɻ ʣʶʝʥʪʘ ʢʘʨʘʥʜʘʰʦʤ 

ʠ ʜʘʡʪʝ ʧʣʘʩʪʠʥʝ ʚʳʩʦʭʥʫʪʴ ʥʘ ʚʦʟʜʫʭʝ. 

5. ʇʨʦʷʚʣʝʥʠʝ ʊʉʍ ʧʣʘʩʪʠʥʢʠ. ʇʦʤʝʩʪʠʪʝ ʧʣʘʩʪʠʥʢʫ ʧʦʜ ʋʌ ʣʘʤʧʫ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʦʙʱʝʡ ʪʷʛʦʡ. ʆʙʚʝʜʠʪʝ ʢʘʨʘʥʜʘʰʦʤ ʚʩʝ ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʧʷʪʥʘ. 

6. ɺʳʣʝʡʪʝ ʵʣʶʝʥʪ ʚ ʙʫʪʳʣʢʫ ʧʦʜʧʠʩʘʥʥʫʶ ñOrganic wasteò. 

7. ʇʦʚʪʦʨʠʪʝ ʰʘʛʠ 1, 3, 4, 5 ʠ 6 ɻ ʪʦʡ ʯʘʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʵʣʶʝʥʪ B. 

8. ʇʦʤʝʩʪʠʪʝ ɺʘʰʠ ʧʣʘʩʪʠʥʢʠ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʡ ʧʘʢʝʪʠʢ ʩ ɺʘʰʠʤ ʢʦʜʦʤ ʫʯʘʩʪʥʠʢʘ. 
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ʈʝʟʫʣʴʪʘʪʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʟʘʨʠʩʫʡʪʝ ʚʘʰʠ ʧʣʘʩʪʠʢʠ ʊʉʍ). ɺʳ ʤʦʞʝʪʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʨʠʩʫʥʢʠ ʜʣʷ ʚʳʙʦʨʘ ʦʪʚʝʪʦʚ ʚʦʧʨʦʩʳ ʚ ʢʦʥʮʝ ʟʘʜʘʯʠ. ʉʘʤʠ ʨʠʩʫʥʢʠ ʥʝ ʙʫʜʫʪ 

ʦʮʝʥʠʚʘʪʴʩʷ.  

 

ɺ ʢʦʥʮʝ ʪʫʨʘ ʛʣʘʚʥʳʡ ʣʘʙʦʨʘʥʪ ʚʦʟʴʤʸʪ ʫ ʚʘʩ ʩʣʝʜʫʶʱʝʝ: 

- ʉʪʝʢʣʷʥʥʫʶ ʙʘʥʦʯʢʫ ʩ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʧʦʜʧʠʩʘʥʥʫʶ ʚʘʰʠʤ 

ʢʦʜʦʤ ʫʯʘʩʪʥʠʢʘ; 

- ʇʣʘʩʪʠʥʳ ʊʉʍ (ɸ ʠ ɺ) ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʤ ʧʘʢʝʪʝ, ʧʦʜʧʠʩʘʥʥʳʤ ʚʘʰʠʤ ʢʦʜʦʤ 

ʫʯʘʩʪʥʠʢʘ. 

 

ɺʳ ʧʝʨʝʜʘʝʪʝ: 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ Ǐ 

ʊʉʍ ʧʣʘʩʪʠʥʘ A    Ǐ 

ʊʉʍ ʧʣʘʩʪʠʥʘ B    Ǐ 

 

ʇʦʜʧʠʩʠ            

     ʋʯʘʩʪʥʠʢ   ɻʣʘʚʥʳʡ ʣʘʙʦʨʘʥʪ 
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ɺʦʧʨʦʩʳ 

1. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʫ ʢʦʥʝʯʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 4-

ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ OxoneÈ. 

 

 

 

 

 

 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʘʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʊʉʍ ʘʥʘʣʠʟʘ ʜʘʡʪʝ ʦʪʚʝʪʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ. 

¶ ʂʘʢʦʡ ʵʣʶʝʥʪ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʭʦʜʦʤ ʨʝʘʢʮʠʠ? 

Ǐ A       Ǐ B 

¶ ʅʝʦʯʠʱʝʥʥʳʡ ʧʨʦʜʫʢʪ (ʉ) ʩʦʜʝʨʞʠʪ ʩʣʝʜʳ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ: 

Ǐ ʇʨʘʚʜʘ      Ǐ ʃʦʞʴ 

¶ ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ (R) ʩʦʜʝʨʞʠʪ ʩʣʝʜʳ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ: 

Ǐ ʇʨʘʚʜʘ      Ǐ ʃʦʞʴ 
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ɿʘʜʘʯʘ 
P2 
14 

ʙʘʣʣʦʚ  

ɺʦʧʨʦʩ ʂʘʣʠʙʨʦʚʢʘ 
ʆʧʨʝʜʝʣʝʥʠʝ 
ʞʝʣʝʟʘ 

P2.1 P2.2 P2.3 
ʆʧʨʝʜʝʣʝʥʠʝ 
ʬʦʨʤʫʣʳ 
ʢʦʤʧʣʝʢʩʘ 

P2.4 P2.5 ɺʩʝʛʦ 

ʄʘʢʩ. 10 6 3 4 3 9 3 2 40 

ʆʯʢʠ          

ɿʘʜʘʯʘ P2. ɾʝʣʝʟʦ ʚ ʚʠʥʝ 

ɾʝʣʝʟʦ ï ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʥʝ. ɽʩʣʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʚʳʰʘʝʪ 10 - 15 ʤʛ ʥʘ 

ʣʠʪʨ, ʪʦ ʦʢʠʩʣʝʥʠʝ ʞʝʣʝʟʘ(II ) ʜʦ ʞʝʣʝʟʘ(III ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʘʜʢʘ ʠ ʩʥʠʞʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʚʠʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʚʠʥʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 
 

ʇʨʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʞʝʣʝʟʘ ʝʛʦ ʤʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠ, 

ʠʩʧʦʣʴʟʫʷ ʨʝʘʢʮʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ(III ) ʩ ʪʠʦʮʠʘʥʘʪʦʤ SCN . 
 

ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʚ  rʜʦʣʞʥʳ, ʠʩʧʦʣʴʟʫʷ ʢʦʣʦʨʠʤʝʪʨʠʶ, ʠʟʤʝʨʠʪʴ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʞʝʣʝʟʘ ʚ 

ʚʳʜʘʥʥʦʤ ʚʘʤ ʦʙʨʘʟʮʝ ʙʝʣʦʛʦ ʚʠʥʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ 

ʞʝʣʝʟʘ(III ) ʩ ʪʠʦʮʠʘʥʘʪʦʤ. 

 

ɺɸɾʅʆ 

¶ ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʚʘʤ ʚʳʜʘʥʳ ʜʚʘ ʨʘʩʪʚʦʨʘ ʩʦʣʝʡ ʞʝʣʝʟʘ(III ) ʠ ʜʚʘ ʨʘʩʪʚʦʨʘ ʪʠʦʮʠʘʥʘʪʘ 

ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ɹʫʜʴʪʝ ʦʯʝʥʴ ʚʥʠʤʘʪʝʣʴʥʳ, ʯʪʦʙʳ ʥʝ ʧʝʨʝʧʫʪʘʪʴ ʠʭ. 

¶ ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ rʧʨʠʛʦʪʦʚʠʪʝ ʨʘʩʪʚʦʨ ʜʣʷ ʢʦʣʦʨʠʤʝʪʨʠʠ, ʧʨʦʚʦʜʠʪʝ ʠʟʤʝʨʝʥʠʷ ʥʝ 

ʧʦʟʞʝ, ʯʝʤ ʯʝʨʝʟ ʯʘʩ. 

¶ ʂʦʛʜʘ ʚʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʢʦʣʦʨʠʤʝʪʨ, ʧʦʜʥʠʤʠʪʝ ʢʘʨʪʦʯʢʫ HELP. ʃʘʙʦʨʘʥʪ ʧʨʠʥʝʩʝʪ ʚʘʤ 

ʢʦʣʦʨʠʤʝʪʨ. ʂʦʣʦʨʠʤʝʪʨ ʙʫʜʝʪ ʚ ʧʦʣʥʦʤ ʚʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. ʃʘʙʦʨʘʥʪ 

ʧʦʧʨʦʩʠʪ ʚʘʩ ʦʩʚʦʙʦʜʠʪʴ ʢʦʣʦʨʠʤʝʪʨ ʩʨʘʟʫ ʧʦ ʦʢʦʥʯʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʯʝʨʝʟ 15 ʤʠʥʫʪ. ɽʩʣʠ 

ʩʚʦʙʦʜʥʦʛʦ ʢʦʣʦʨʠʤʝʪʨʘ ʥʝ ʦʢʘʞʝʪʩʷ, ʚʘʩ ʟʘʧʠʰʫʪ ʚ ʣʠʩʪ ʦʞʠʜʘʥʠʷ. 

¶ ʀʥʩʪʨʫʢʮʠ ̫ʧʦ ʨʘʙʦʪʝ ʩ ʢʦʣʦʨʠʤʝʪʨʦʤ ʧʨʠʚʝʜʝʥʘ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʪʨʘʥʠʮʝ. 

¶ ʂʦʣʦʨʠʤʝʪʨ ʚʘʤ ʜʘʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʙʦʣʝʝ ʪʨʝʭ ʨʘʟ ʧʦ 15 ʤʠʥʫʪ. 

  



 

51st IChO ï Practical Exam  17 

KGZ_2 

ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʣʦʨʠʤʝʪʨʘ 
 
 

 

 

¶ ɺʩʪʘʚʴʪʝ ʚʠʣʢʫ ʩʝʪʝʚʦʛʦ ʢʘʙʝʣʷ ʚ ʨʦʟʝʪʢʫ. 

¶ ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʚʳʙʨʘʥ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ (ʧʦʜʩʚʝʯʠʚʘʝʪʩʷ çAbsorbtionè). 

ɽʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʪʦ ʚʨʘʱʘʡʪʝ ʜʠʩʢ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʝ 

ʧʦʷʚʠʪʩʷ ʚʦʢʨʫʛ ʥʘʜʧʠʩʠ çAbsorptionè, ʧʦʩʣʝ ʯʝʛʦ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʆʂ. 

¶ ɺʨʘʱʘʡʪʝ ʜʠʩʢ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʝ ʧʦʷʚʠʪʩʷ ʚʦʢʨʫʛ 

ʪʨʝʙʫʝʤʦʡ ʜʣʠʥʳ ʚʦʣʥʳ (470 ʥʤ). ɿʘʪʝʤ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʆʂ. 

¶ ɿʘʧʦʣʥʠʪʝ ʢʶʚʝʪʫ ʨʘʩʪʚʦʨʦʤ ʩʨʘʚʥʝʥʠʷ (ʚʳʩʦʪʘ ʨʘʩʪʚʦʨʘ ʧʨʠʤʝʨʥʦ 3 ʩʤ) ʠ ʧʦʤʝʩʪʠʪʝ 

ʚ ʦʪʩʝʢ ʜʣʷ ʢʶʚʝʪʳ ʜʦ ʫʧʦʨʘ. ɹʫʜʴʪʝ ʚʥʠʤʘʪʝʣʴʥʳ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʢʶʚʝʪʫ 

(ʩʤʦʪʨʠʪʝ ʩʭʝʤʫ ʥʠʞʝ). ɿʘʢʨʦʡʪʝ ʢʨʳʰʢʫ ʢʶʚʝʪʥʦʛʦ ʦʪʩʝʢʘ. 

¶ ɺʨʘʱʘʡʪʝ ʜʠʩʢ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʝ ʧʦʷʚʠʪʩʷ ʚʦʢʨʫʛ 

ʥʘʜʧʠʩʠ ñAbsorbtionò, ʠ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ñʆʂò. ʀʩʧʦʣʴʟʫʷ ʜʠʩʢ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ, ʚʳʜʝʣʠʪʝ 

ñCalibrationò ʠ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ñʆʂò. 

¶ ʇʦʜʦʞʜʠʪʝ, ʧʦʢʘ ʥʘ ʵʢʨʘʥʝ ʥʝ ʧʦʷʚʠʪʩʷ ʟʥʘʯʝʥʠʝ 0.00 (ʠʣʠ 0.00). 

¶ ɿʘʧʦʣʥʠʪʝ ʪʫ ʞʝ ʢʶʚʝʪʫ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʨʘʩʪʚʦʨʦʤ (ʚʳʩʦʪʘ ʨʘʩʪʚʦʨʘ ʧʨʠʤʝʨʥʦ 3 ʩʤ) ʠ 

ʧʦʤʝʩʪʠʪʝ ʚ ʦʪʩʝʢ ʜʣʷ ʢʶʚʝʪʳ ʜʦ ʫʧʦʨʘ. ɿʘʢʨʦʡʪʝ ʢʨʳʰʢʫ ʢʶʚʝʪʥʦʛʦ ʦʪʩʝʢʘ. 

¶ ɿʘʧʠʰʠʪʝ ʟʥʘʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʘʙʣʠʮʫ.  

ɼʠʩʧʣʝʡ 

ʈʝʞʠʤ:r ʩʣʝʚʘ ʧʨʦʧʫʩʢʘʥʠʝ / ʩʧʨʘʚʘ 
ʧʦʛʣʦʱʝʥʠʝò 

ɼʣʠʥʥr  ʚʦʣʥ 

ɼʠʩʢ 
ʚʳʙʦʨʘ 
ʨʝʞʠʤʦʚ 

ʂʥʦʧʢʘ OK 

Направление 
хода светового 

луча 
 

ʆʪʩʝʢ ʜʣʷ 
ʢʶʚʝʪʳ 
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I. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʚʠʥʝ 

ɺ ʵʪʦʡ ʯʘʩʪʠ ʟʘʜʘʯʠ ʚ  rʙʫʜʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 0.000200 M ʨʘʩʪʚʦʨ ʞʝʣʝʟʘ(III ) ʠ 1 M ʨʘʩʪʚʦʨ 

ʪʠʦʮʠʘʥʘʪʘ ʢʘʣʠʷ. 

ʄʝʪʦʜʠʢʘ 

1. ʇʨʠʛʦʪʦʚʴʪʝ ʨʘʩʪʚʦʨʳ ʚ 6 ʧʨʦʙʠʨʢʘʭ, ʩʤʝʰʠʚʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʤʳ ʠʩʭʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ. 

ʅʦʤʝʨ ʧʨʦʙʠʨʢʠ 1 2 3 4 5 6 

0.000200 M ʨʘʩʪʚʦʨ 

ʞʝʣʝʟʘ(III ) 
1.0 ʤʣ 2.0 ʤʣ 4.0 ʤʣ 6.0 ʤʣ   

1 M ʨʘʩʪʚʦʨ ʭʣʦʨʥʦʡ 

ʢʠʩʣʦʪʳ 
1.0 ʤʣ 1.0 ʤʣ 1.0 ʤʣ 1.0 ʤʣ 1.0 ʤʣ 1.0 ʤʣ 

ɺʠʥʦ     10.0 ʤʣ 10.0 ʤʣ 

ʈʘʩʪʚʦʨ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ 
    0.5 ʤʣ 0.5 ʤʣ 

ɼʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ 

ʚʦʜʘ 
9.5 ʤʣ 8.5 ʤʣ 6.5 ʤʣ 4.5 ʤʣ  1.0 ʤʣ 

2. ɿʘʢʨʦʡʪʝ ʧʨʦʙʠʨʢʠ ʧʨʦʙʢʘʤʠ ʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʡʪʝ ʩʦʜʝʨʞʠʤʦʝ ʧʨʦʙʠʨʦʢ. 

3. ɼʦʙʘʚʴʪʝ ʧʦ 1.0 ʤʣ 1 M ʨʘʩʪʚʦʨʘ ʪʠʦʮʠʘʥʘʪʘ ʢʘʣʠʷ ʚ ʧʨʦʙʠʨʢʠ 1, 2 3, 4 ʠ 5. ɺ ʧʨʦʙʠʨʢʫ 

6 ʨʘʩʪʚʦʨ ʪʠʦʮʠʘʥʘʪʘ ʢʘʣʠʷ ʥʝ ʜʦʙʘʚʣʷʡʪʝ. ɿʘʢʨʦʡʪʝ ʧʨʦʙʠʨʢʠ ʧʨʦʙʢʘʤʠ ʠ ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʘʡʪʝ. 

4. ʂʦʛʜʘ ʚʩʝ ʨʘʩʪʚʦʨʳ ʙʫʜʫʪ ʛʦʪʦʚʳ, ʧʦʜʥʠʤʠʪʝ ʢʘʨʪʦʯʢʫ HELP, ʯʪʦʙʳ ʣʘʙʦʨʘʥʪ ʚʳʜʘʣ 

ʚʘʤ ʢʦʣʦʨʠʤʝʪʨ. 

5. ʇʦʜʛʦʪʦʚʴʪʝ ʢʦʣʦʨʠʤʝʪʨ, ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʢʮʠʠ ʥʘ ʩ. 17. ʂʦʣʦʨʠʤʝʪʨ ʜʦʣʞʝʥ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 470 ʥʤ. ɽʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʫʩʪʘʥʦʚʠʪʝ ʜʣʠʥʫ ʚʦʣʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʝʥʠʷ. 

Треугольником 
показано 

направление 
хода светового 

луча 

Отсек для кюветы 

Кювета 
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6. ʀʟʤʝʨʴʪʝ ʟʥʘʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʨʘʩʪʚʦʨʘ ʚ ʢʘʞʜʦʡ ʧʨʦʙʠʨʢʠ (ʦʪ 1 ʜʦ 6) ʥʘ ʵʪʦʡ ʜʣʠʥʝ 

ʚʦʣʥʳ. ɿʘʧʠʰʠʪʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣʠʮʫ. ʇʦʜʥʠʤʠʪʝ ʢʘʨʪʦʯʢʫ HELP, ʯʪʦʙʳ ʦʩʚʦʙʦʜʠʪʴ 

ʢʦʣʦʨʠʤʝʪʨ. 

ʅʦʤʝʨ ʧʨʦʙʠʨʢʠ 1 2 3 4 5 6 

ʇʦʛʣʦʱʝʥʠʝ (ʧʨʠ 470 

ʥʤ) 
      

ɸʥʘʣʠʪʠʯʝʩʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Fe3+ ʚ 

ʧʨʦʙʠʨʢʝ, c(Fe3+) / ʤʢʄ 

16 32 64 96   

ʂʦʜ ʢʦʣʦʨʠʤʝʪʨʘ       
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ɺʦʧʨʦʩʳ 

1. ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ A ʚ ʧʨʦʙʠʨʢʘʭ 1 ï 4 ʦʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Fe3+ ʚ ʧʨʦʙʠʨʢʝ. 

¶ ɺr ʙʝʨʠʪʝ ʪʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʚʳ ʙʫʜʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ 

ʢʨʠʚʦʡ, ʠ ʟʘʧʠʰʠʪʝ ʠʭ ʚ ʪʘʙʣʠʮʫ. 

ʅʦʤʝʨ ʧʨʦʙʠʨʢʠ 1 2 3 4 

ɿʥʘʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ, 

ʚʳʙʨʘʥʥʦʝ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ 

    

2. ʀʩʧʦʣʴʟʫʷ ʚʳʙʨʘʥʥʳʝ ʚʘʤʠ ʪʦʯʢʠ, ʧʨʦʚʝʜʠʪʝ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʧʨʷʤʫʶ ʥʘ ʛʨʘʬʠʢʝ 

ʚʳʰʝ ʠ ʦʧʨʝʜʝʣʠʪʝ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʚ ʤʢʤʦʣʴ Ĭ ʣ1) Fe3+ ʚ ʧʨʦʙʠʨʢʝ 5. 
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c(Fe3+)ʇʈʆɹʀʈʂɸ 5 =     ʤʢʤʦʣʴ Ĭ ʣ1 

ɽʩʣʠ ʚ rʥʝ ʩʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ c(Fe3+), ʜʣʷ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʡʪʝ c(Fe3+) = 50 

ʤʢʤʦʣʴ Ĭ ʣⱷ1. 

3. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʥʘ ʣʠʪʨ) ʞʝʣʝʟʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʦʙʨʘʟʮʝ ʙʝʣʦʛʦ ʚʠʥʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cm(ʞʝʣʝʟʦ) =     ʤʛ Ĭ ʣ1 
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II. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ  

ɺ ʵʪʦʡ ʯʘʩʪʠ ʚʘʤ ʧʦʪʨʝʙʫʝʪʩʷ 0.00200 M ʨʘʩʪʚʦʨ ʞʝʣʝʟʘ(III ) ʠ 0.00200 M ʨʘʩʪʚʦʨ ʪʠʦʮʠʘʥʘʪʘ 

ʢʘʣʠʷ. 

ʄʝʪʦʜʠʢʘ 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʟʘʜʘʯʠ ʚʳ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʞʝʣʝʟʘ (III) ʚ ʚʠʥʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʢʨʘʩʢʠ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩ ʪʠʦʮʠʘʥʘʪʦʤ. ɺ ʯʘʩʪʠ II ʚʘʤ ʧʨʝʜʩʪʦʠʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ 

ʢʦʤʧʣʝʢʩʘ [Fea(SCN)b]
(3a b)+ (ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʥʝ ʧʦʢʘʟʘʥʘ), ʛʜʝ a ʠ b ï ʮʝʣʳʝ ʯʠʩʣʘ ʥʝ 

ʙʦʣʴʰʝ ʪʨʝʭ. 

 

ɼʣʷ ʵʪʦʡ ʯʘʩʪʠ ʚʘʤ ʚʳʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ: 

¶ 0.00200 M ʨʘʩʪʚʦʨ ʞʝʣʝʟʘ (III) (ʧʦʜʢʠʩʣʝʥʥʳʡ) (80 ʤʣ) 

¶ 0.00200 M ʨʘʩʪʚʦʨ ʪʠʦʮʠʘʥʘʪʘ ʢʘʣʠʷ (80 ʤʣ) 

ɺ  r ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʙʠʨʢʠ (ʩ ʧʨʦʙʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʤʳʪʴ ʠ ʩʫʰʠʪʴ), 

ʛʨʘʜʫʠʨʦʚʘʥʥʳʝ ʧʠʧʝʪʢʠ, ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʢʶʚʝʪʘ, ʢʦʣʦʨʠʤʝʪʨ (ʧʦ ʟʘʧʨʦʩʫ) ʠ ʣʶʙʦʝ 

ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʚʘʰʝʤ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʢʦʪʦʨʦʝ ʧʦʢʘʞʝʪʩʷ ʚʘʤ ʧʦʣʝʟʥʳʤ. 

1. ɿʘʧʠʰʠʪʝ ʚ ʧʝʨʚʳʝ ʪʨʠ ʩʪʨʦʢʠ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ ʦʙʲʝʤʳ ʨʘʩʪʚʦʨʦʚ, ʧʦ ʢʦʪʦʨʳʤ 

ʚʳ ʩʤʦʞʝʪʝ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʭʠʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ. ɺʘʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʧʦʣʥʷʪʴ ʚʩʝ ʢʦʣʦʥʢʠ. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʴʥʫʶ ʜʦʣʶ ʞʝʣʝʟʘ 

ʚ ʢʦʤʧʣʝʢʩʝ ʚ ʢʘʞʜʦʡ ʧʨʦʙʠʨʢʝ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ὼ&Å
ὠ

ὠ ὠ  
 

ˉ ʧʨʦʙʠʨʢʠ 7 8 9 10 11 12 13 14 15 

ʆʙʲʝʤ 0.00200 M 

ʨʘʩʪʚʦʨʘ ʞʝʣʝʟʘ(III )  

VFe(III ) / ʤʣ 

         

ʆʙʲʝʤ 0.00200 M 

ʨʘʩʪʚʦʨʘ ʪʠʦʮʠʘʥʘʪʘ 

ʢʘʣʠʷ VSCN  / ʤʣ 

         

ʄʦʣʴʥʘʷ ʜʦʣʷ 

ʞʝʣʝʟʘ (III ) x(Fe3+) 
         

ʆʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ (ʧʨʠ 470 

ʥʤ) 

         

ʂʦʜ ʢʦʣʦʨʠʤʝʪʨʘ          

2. ʇʦʜʛʦʪʦʚʴʪʝ ʧʨʦʙʠʨʢʠ. ʂʦʛʜʘ ʚʩʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʳ, ʧʦʜʥʠʤʠʪʝ ʢʘʨʪʦʯʢʫ HELP, ʠ 

ʣʘʙʦʨʘʥʪ ʚʳʜʘʩʪ ʚʘʤ ʢʦʣʦʨʠʤʝʪʨ. 

3. ʇʦʜʛʦʪʦʚʴʪʝ ʢʦʣʦʨʠʤʝʪʨ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ (ʩʤ. ʩʪʨ. 17. ʋʙʝʜʠʪʝʩʴ ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʘ 

ʜʣʠʥʥʘ ʚʦʣʥʳ 470 ʥʤ. ʂʘʢ ʨʘʩʪʚʦʨ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʡʪʝ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. 

4. ʀʟʤʝʨʴʪʝ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʚ ʢʘʞʜʦʡ ʧʨʦʙʠʨʢʝ ʥʘ ʵʪʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. 

ɿʘʧʠʰʠʪʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣʠʮʫ ʚʳʰʝ. 
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ɺʦʧʨʦʩʳ 

5. ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ A ʨʘʩʪʚʦʨʦʚ ʠʟ ʧʨʦʙʠʨʦʢ ʦʪ 

ʤʦʣʴʥʦʡ ʜʦʣʠ ʞʝʣʝʟʘ (III ).  

6. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʚʘʤʠ ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʠʪʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚʘ 

ʢʦʤʧʣʝʢʩʘ [(Fe)a(SCN)b]
(3a b)+. 

 

a =       b =     
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ɿʘʜʘʯʘ 
P3 
13 

ʙʘʣʣʦʚ 

ɺʦʧʨʦʩ 
ʊʠʪʨʦ-
ʚʘʥʠʝ I 

ʊʠʪʨʦ-
ʚʘʥʠʝ II 

ʊʠʪʨʦ-
ʚʘʥʠʝ III 

P3.1 P3.2 P3.3 P3.4 P3.5 ɺʩʝʛʦ 

ʄʘʢʩ. 10 10 8 4 4 2 2 2 42 

ʆʯʢʠ          

ɿʘʜʘʯʘ P3. ʍʨʘʥʝʥʠʝ ʚʠʥʘ 

ɼʠʦʢʩʠʜ ʩʝʨʳ SO2 ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʝʨʚʘʥʪʘ ʚʠʥ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ SO2 ʢ ʚʠʥʫ ʦʥ ʤʦʞʝʪ 

ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʚʦʜʦʡ, ʜʘʚʘʷ ʙʠʩʫʣʴʬʠʪ-ʠʦʥʳ HSO3  ʠ ʧʨʦʪʦʥʳ H+. ɹʠʩʫʣʴʬʠʪ-ʠʦʥʳ ʤʦʛʫʪ ʜʘʣʝʝ 

ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʩʫʣʴʬʠʪ-ʠʦʥʳ SO3
2 ʧʫʪʝʤ ʦʪʱʝʧʣʝʥʠʷ ʚʪʦʨʦʛʦ ʧʨʦʪʦʥʘ. 

 
SO2 + H2O = H+ + HSO3  

HSO3  = H+ + SO3
2 

 
ʕʪʠ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʚ ʨʘʩʪʚʦʨʝ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʪʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʚʠʥʝ, 

ʢʘʢ ʘʮʝʪʘʣʴʜʝʛʠʜ, ʢʨʘʩʠʪʝʣʠ, ʩʘʭʘʨʘ ʠ ʜʨ. ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ P. ʆʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʝʸ ñʩʚʦʙʦʜʥʳʭò ʬʦʨʤ (SO2, HSO3  ʠ SO3
2) ʠ P. 

 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʩʝʨʚʘʥʪʘ ʥʦʨʤʠʨʫʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʩʫʣʴʬʠʪʳ ʠ ʜʠʦʢʩʠʜ ʩʝʨʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʣʶʜʝʡ. ɺ ɽʚʨʦʧʝʡʩʢʦʤ ʉʦʶʟʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʫʨʦʚʥʝ 100 ʤʛ Ĭ ʣ1 ʜʣʷ ʢʨʘʩʥʦʛʦ ʚʠʥʘ ʠ 150 ʤʛ Ĭ ʣ1 ʜʣʷ ʙʝʣʦʛʦ ʠʣʠ ʨʦʟʦʚʦʛʦ ʚʠʥʘ. 
 

ɺʘʰʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʚ ʚʳʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʙʝʣʦʛʦ ʚʠʥʘ 

ʩ ʧʦʤʦʱʴʶ ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 
 

ʄʝʪʦʜʠʢʘ 

I. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʨʘʩʪʚʦʨʘ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ 

1. ɺʘʤ ʚʳʜʘʥ ʦʙʨʘʟʝʮ ʯʠʩʪʦʛʦ ʡʦʜʘʪʘ ʢʘʣʠʷ KIO3 ʤʘʩʩʦʡ ʧʨʠʤʝʨʥʦ 100 ʤʛ. ʊʦʯʥʘʷ ʤʘʩʩʘ 

ʦʙʨʘʟʮʘ ʫʢʘʟʘʥʘ ʥʘ ʵʪʠʢʝʪʢʝ ʩʦʩʫʜʘ. ɿʘʧʠʰʠʪʝ ɻ ʪʦ ʟʥʘʯʝʥʠʝ ʚ ʧʨʠʚʝʜʝʥʥʫʶ ʥʠʞʝ ʪʘʙʣʠʮʫ. 

2. ʇʨʠʛʦʪʦʚʴʪʝ 100 ʤʣ ʨʘʩʪʚʦʨʘ ʡʦʜʘʪʘ ʢʘʣʠʷ ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʥʘ 100 ʤʣ ʠʟ ʚʩʝʛʦ 

ʚʳʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʡʦʜʘʪʘ ʢʘʣʠʷ ʠ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ. ʕʪʦʪ ʨʘʩʪʚʦʨ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ S. 

3. ɺ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʙʝʟ ʰʣʠʬʘ ʥʘ 100 ʤʣ ʜʦʙʘʚʴʪʝ: 

¶ ʘʣʠʢʚʦʪʫ 20 ʤʣ ʨʘʩʪʚʦʨʘ S ʩ ʧʦʤʦʱʴʶ ʧʠʧʝʪʢʠ ʄʦʨʘ; 

¶ 5 ʤʣ ʨʘʩʪʚʦʨʘ ʠʦʜʠʜʘ ʢʘʣʠʷ (0.5 M) ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʥʘ 5 ʤʣ; 

¶ 10 ʤʣ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (2.5 M) ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʥʘ 10 ʤʣ. 

4. ʂʨʫʛʦʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʧʝʨʝʤʝʰʘʡʪʝ ʩʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ, ʟʘʢʨʦʡʪʝ  ʝʝ ʩ ʧʦʤʦʱʴʶ 

ʧʣʝʥʢʠ Parafilm ʠ ʧʦʩʪʘʚʴʪʝ ʚ ʥʠʞʥʠʡ ʰʢʘʬ ʩʪʦʣʘ ʤʠʥʠʤʫʤ ʥʘ ʧʷʪʴ ʤʠʥʫʪ. 

5. ɿʘʧʦʣʥʠʪʝ ʙʶʨʝʪʢʫ ʚʳʜʘʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʩ ʧʦʤʦʱʴʶ ʩʪʘʢʘʥʯʠʢʘ. 

ʆʪʪʠʪʨʫʡʪʝ ʩʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʘʩʪʚʦʨ 

ʧʨʠʦʙʨʝʪʝʪ ʙʣʝʜʥʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʜʦʙʘʚʴʪʝ 10 ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʢʨʘʭʤʘʣʘ ʠ ʧʨʦʜʦʣʞʘʡʪʝ 

ʪʠʪʨʦʚʘʥʠʝ ʜʦ ʧʦʣʥʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ. ɿʘʧʠʰʠʪʝ ʦʙʲʝʤ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ 

ʪʠʪʨʘʥʪʘ V1 ʚ ʪʘʙʣʠʮʫ. 

6. ʇʦʚʪʦʨʠʪʝ ʪʠʪʨʦʚʘʥʠʝ (ʰʘʛʠ 3-5) ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʨʘʟ. 
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ʄʘʩʩʘ ʡʦʜʘʪʘ ʢʘʣʠʷ  

(ʧʝʨʝʧʠʰʠʪʝ ʟʥʘʯʝʥʠʝ ʩ ʵʪʠʢʝʪʢʠ) 

 

  

ʅʦʤʝʨ ʪʠʪʨʦʚʘʥʠʷ V1 / ʤʣ 

1  

2  

3  

  

  

ʇʨʠʥʷʪʦʝ ɺʘʤʠ ʟʥʘʯʝʥʠʝ V1 / ʤʣ  

II. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʨʘʩʪʚʦʨʘ ʡʦʜʘ 

1. ʉ ʧʦʤʦʱʴʶ ʧʠʧʝʪʢʠ ʄʦʨʘ ʧʝʨʝʥʝʩʠʪʝ ʘʣʠʢʚʦʪʫ 25 ʤʣ ʨʘʩʪʚʦʨʘ ʡʦʜʘ, ʧʦʤʝʯʝʥʥʦʛʦ I2, ʚ 

ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʙʝʟ ʰʣʠʬʘ ʥʘ 100 ʤʣ. 

2. ʆʪʪʠʪʨʫʡʪʝ ʩʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ ʨʘʩʪʚʦʨʦʤ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʪʝʪ ʙʣʝʜʥʦ-ʞʸʣʪʫʶ ʦʢʨʘʩʢʫ, ʜʦʙʘʚʴʪʝ 10 ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʢʨʘʭʤʘʣʘ ʠ 

ʧʨʦʜʦʣʞʘʡʪʝ ʪʠʪʨʦʚʘʥʠʝ ʜʦ ʧʦʣʥʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ. ɿʘʧʠʰʠʪʝ ʦʙʲʝʤ 

ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʪʠʪʨʘʥʪʘ V2. 

3. ʇʦʚʪʦʨʠʪʝ ʪʠʪʨʦʚʘʥʠʝ (ʰʘʛʠ 1-2) ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʨʘʟ. 

 

ʅʦʤʝʨ ʪʠʪʨʦʚʘʥʠʷ V2 / ʤʣ 

1  

2  

3  

  

  

ʇʨʠʥʷʪʦʝ ɺʘʤʠ ʟʥʘʯʝʥʠʝ V2 / ʤʣ  
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III. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 

1. ʉ ʧʦʤʦʱʴʶ ʧʠʧʝʪʢʠ ʄʦʨʘ ʧʝʨʝʥʝʩʠʪʝ ʘʣʠʢʚʦʪʫ 50 ʤʣ ʚʠʥʘ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʦʣʙʫ ʙʝʟ ʰʣʠʬʘ 

ʥʘ 250 ʤʣ. 

2. ʉ ʧʦʤʦʱʴʶ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʥʘ 25 ʤʣ ʜʦʙʘʚʴʪʝ 12 ʤʣ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (1 

M). ɿʘʢʨʦʡʪʝ ʢʦʣʙʫ ʧʣʝʥʢʦʡ Parafilm, ʢʨʫʛʦʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʧʝʨʝʤʝʰʘʡʪʝ ʩʦʜʝʨʞʠʤʦʝ 

ʢʦʣʙʳ ʠ ʦʩʪʘʚʴʪʝ ʩʪʦʷʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 20 ʤʠʥʫʪ. 

3. ʉ ʧʦʤʦʱʴʶ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʜʦʙʘʚʴʪʝ 5 ʤʣ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (2.5 M) ʠ ʩ 

ʧʦʤʦʱʴʶ ʦʜʥʦʨʘʟʦʚʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʧʠʧʝʪʢʠ ʇʘʩʪʝʨʘ - ʧʨʠʤʝʨʥʦ 2 ʤʣ ʨʘʩʪʚʦʨʘ ʢʨʘʭʤʘʣʘ. 

4. ʆʪʪʠʪʨʫʡʪʝ ʩʦʜʝʨʞʠʤʦʝ ʢʦʣʙʳ ʨʘʩʪʚʦʨʦʤ ʡʦʜʘ ʠʟ ʙʁ ʨʝʪʢʠ ʜʦ ʙʝʩʮʚʝʪʥʦʡ ʦʢʨʘʩʢʠ, 

ʫʩʪʦʡʯʠʚʦʡ ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢʫʥʜ. ɿʘʧʠʰʠʪʝ ʦʙʲʝʤ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʪʠʪʨʘʥʪʘ V3 ʚ ʪʘʙʣʠʮʫ. 

5. ʇʦʚʪʦʨʠʪʝ ʪʠʪʨʦʚʘʥʠʝ (ʰʘʛʠ 1-4) ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʨʘʟ. 

 

ʅʦʤʝʨ ʪʠʪʨʦʚʘʥʠʷ V3 / ʤʣ 

1  

2  

3  

  

  

ʇʨʠʥʷʪʦʝ ɺʘʤʠ ʟʥʘʯʝʥʠʝ V3 / ʤʣ  
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ɺʦʧʨʦʩʳ 

1. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. 

 

 

 

 

 

 

2. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʚ ʨʘʩʪʚʦʨʝ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʡʦʜʘʪʘ ʢʘʣʠʷ ʨʘʚʥʘ M(KIO3) = 214.0 ʛ Ĭ ʤʦʣʴ1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c(S2O3
2 ) =     ʤʦʣʴ Ĭ ʣ1 

ɽʩʣʠ ɺ  rʥʝ ʩʤʦʛʣʠ ʨʘʩʩʯʠʪʘʪʴ c(S2O3
2ⱷ), ʧʨʠʤʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʚʥʦʡ c(S2O3

2ⱷ) = 0.0500 

ʤʦʣʴ Ĭ ʣⱷ1 ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

3. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʡʦʜʘ ʚ ʨʘʩʪʚʦʨʝ.  

 

 

 

 

 

 

 

 

 



 

51st IChO ï Practical Exam  28 

KGZ_2 

 

 

 

 

 

c(I 2) =     ʤʦʣʴ Ĭ ʣ1 
ɽʩʣʠ ɺ  rʥʝ ʩʤʦʛʣʠ ʨʘʩʩʯʠʪʘʪʴ c(I2), ʧʨʠʤʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ c(I2) = 0.00700 ʤʦʣʴ Ĭ ʣⱷ1 ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

4. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʨʘʩʪʚʦʨʝ ʤʝʞʜʫ ʡʦʜʦʤ I2 ʠ ʜʠʦʢʩʠʜʦʤ 

ʩʝʨʳ SO2, ʩʯʠʪʘʷ, ʯʪʦ ʜʠʦʢʩʠʜ ʩʝʨʳ ʦʢʠʩʣʷʝʪʩʷ ʚ ʩʫʣʴʬʘʪ-ʠʦʥʳ SO4
2 . 

 

 

 

 

 

5. ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʱʫʶ ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʤʛ/ʣ ʚʩʝʭ ʬʦʨʤ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʚ ʚʠʥʝ. 

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ ʜʠʦʢʩʠʜʘ ʩʝʨʳ M(SO2) = 64.1 ʛ Ĭ ʤʦʣʴ1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cm(SO2) =     ʤʛ Ĭ ʣ1 
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ʐʊʈɸʌʓ 

ʉʦʙʳʪʠʷ ˉ ʇʦʜʧʠʩʴ ʫʯʘʩʪʥʠʢʘ ʇʦʜʧʠʩʴ ʣʘʙʦʨʘʥʪʘ 

1 (ʙʝʟ ʰʪʨʘʬʘ)   

2   

3   

4   

5   

 


