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ʂʘʢ ʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʠʤ ʩʙʦʨʥʠʢʦʤ?  

ï ʂʘʢ ʭʦʨʦʰʝʡ ʵʥʮʠʢʣʦʧʝʜʠʝʡ, ʪʦ ʝʩʪʴ ʯʠʪʘʪʴ ʩ ʣʶʙʦʛʦ ʤʝʩʪʘ ʠ ʚ ʣʶʙʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʉʙʦʨʥʠʢ ʩʦʩʪʦʠʪ ʠʟ 7 ʨʘʟʜʝʣʦʚ:  

1. ʍʠʤʠʷ ʠ ʥʘʫʢʘ ʦ ʤʘʪʝʨʠʘʣʘʭ 

2. ʌʠʟʠʢʘ ʥʘʥʦʩʠʩʪʝʤ, ʥʘʥʦʫʩʪʨʦʡʩʪʚʘ, ʥʘʥʦʠʥʞʝʥʝʨʠʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 

3. ʄʘʪʝʤʘʪʠʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʥʦʫʩʪʨʦʡʩʪʚ 

4. ɹʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʘ 

5. ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

6. ɺʠʢʪʦʨʠʥʳ, ʪʝʩʪʳ, ʫʛʘʜʘʡʢʠ. 

7. ʅʘʯʠʥʘʶʱʠʝ ʚ ʥʘʥʦ, ʠʛʨʳ, ʪʚʦʨʯʝʩʢʠʝ ʟʘʜʘʥʠʷ 

ɺ ʢʘʞʜʦʤ ʨʘʟʜʝʣʝ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʩ 

2007 ʛʦʜʘ. ʋʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦ ʝʝ ʜʣʠʥʝ, ʥʦ ʠ 

ʧʦ ʯʠʩʣʫ ʙʘʣʣʦʚ, ʢʦʪʦʨʦʝ ʟʘ ʥʝʝ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʣʠʤʧʠʘʜʝ. ʂʨʦʤʝ ʙʘʣʣʦʚ 

ʫʢʘʟʘʥʘ ʠ ʢʘʪʝʛʦʨʠʷ ʫʯʘʩʪʥʠʢʦʚ ï ʰʢʦʣʴʥʠʢʠ, ʩʪʫʜʝʥʪʳ, ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʠ ʪ.ʜ. ʅʘ ʵʪʫ 

ʟʘʧʠʩʴ ʤʳ ʩʦʚʝʪʫʝʤ ʥʝ ʦʙʨʘʱʘʪʴ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʟʘʜʘʯʘʭ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʝʩʪʴ 

ʤʥʦʛʦ ʠʥʪʝʨʝʩʥʳʭ ʚʦʧʨʦʩʦʚ ʠ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʠ ʥʘʦʙʦʨʦʪ. ʅʝ ʦʛʦʨʯʘʡʪʝʩʴ, ʝʩʣʠ ʤʥʦʛʠʝ 

ʟʘʜʘʯʠ ʧʦʢʘʞʫʪʩʷ ʚʘʤ ʩʣʦʞʥʳʤʠ. ʕʪʦ ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ. ʋʯʪʠʪʝ, ʯʪʦ ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʟʘʦʯʥʦʛʦ ʪʫʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʥʦʛʜʘ 

ʜʦʩʪʠʛʘʣʘ ʤʝʩʷʮʘ. ʕʪʦ ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʣʠʪʝʨʘʪʫʨʦʡ, ʧʦʢʦʧʘʪʴʩʷ ʚ 

ʠʥʪʝʨʥʝʪʝ, ʧʦʩʦʚʝʪʦʚʘʪʴʩʷ ʩ ʜʨʫʟʴʷʤʠ ʠ ʫʯʠʪʝʣʷʤʠ. ʄʳ ʨʝʢʦʤʝʥʜʫʝʤ ɺʘʤ ʧʦʯʘʱʝ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʩʘʡʪʫ www.nanometer.ru, ʛʜʝ ʤʦʞʥʦ ʥʘʡʪʠ ʦʪʚʝʪʳ ʠʣʠ ʧʦʜʩʢʘʟʢʠ ʢʦ ʤʥʦʛʠʤ 

ʠʟ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚʦʧʨʦʩʦʚ. 

ɽʩʣʠ ʚʳ ʚʩʝ ʞʝ ʥʝ ʨʝʰʠʣʠ ʟʘʜʘʯʫ ʧʦʣʥʦʩʪʴʶ, ʥʦ ʭʦʪʠʪʝ ʫʟʥʘʪʴ, ʚ ʯʝʤ ʪʘʤ ʜʝʣʦ, ʪʦ ʚ ʢʦʥʮʝ 

ʢʘʞʜʦʛʦ ʟʘʜʘʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʘʚʪʦʨʩʢʦʝ ʨʝʰʝʥʠʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳ ʧʦʣʫʯʠʪʝ ʦʪʚʝʪʳ ʥʘ ʪʝ 

ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʦʩʪʘʣʠʩʴ ʥʝʧʦʥʷʪʥʳʤʠ. ʈʘʟʫʤʝʝʪʩʷ, ʘʚʪʦʨʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝ ʦʙʷʟʘʥʦ ʙʳʪʴ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ, ʠ ʝʩʣʠ ʚʳ ʧʨʠʜʫʤʘʣʠ ʜʨʫʛʦʝ, ʧʦʜʝʣʠʪʝʩʴ ʩ ʥʘʤʠ ʯʝʨʝʟ 

ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʩʘʡʪ ʠ ʤʳ ʨʘʩʩʢʘʞʝʤ ʦ ʚʘʰʝʤ ʨʝʰʝʥʠʠ ʚʩʝʤ ʣʶʜʷʤ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʚ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ. 

ɾʝʣʘʝʤ ʚʘʤ ʧʨʠʷʪʥʦʛʦ ʯʪʝʥʠʷ ʠ ʫʚʣʝʢʘʪʝʣʴʥʦʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ! 

  

http://www.nanometer.ru/
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ʋʉʃʆɺʀʗ 

 

ʃʫʥʥʳʡ ʚʦʟʜʫʭ (2007, ʟʘʜʘʥʠʝ ʜʣʷ ʪʝʭ, ʢʪʦ ʟʥʘʝʪ ʦʩʥʦʚʳ ʭʠʤʠʠ) 

ɸʵʨʦʛʝʣʠ ï ʫʜʠʚʠʪʝʣʴʥʳʡ ʢʣʘʩʩ ʥʘʥʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʘ 99% ʩʦʩʪʦʷʪ ʠʟ 

ʚʦʟʜʫʭʘ (99% ʧʦʨʠʩʪʦʩʪʠ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 1000 ʤ
2
/ʛ, ʧʣʦʪʥʦʩʪʴ ʦʢʦʣʦ 0.05 ʛ/ʩʤ

3
). 

ʆʥʠ ʦʯʝʥʴ ʢʨʘʩʠʚʳ ʚʥʝʰʥʝ ï ʧʦʭʦʞʠ ʥʘ çʣʫʥʥʳʡ ʢʘʤʝʥʴè. ʊʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʛʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʝʤʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ 

ʩʫʰʢʠ.  

1. ɺ ʯʝʤ ʩʫʱʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʧʨʠʝʤʘ? (2 ʙʘʣʣʘ) 

2. ʂʘʢ ʩ ʧʦʤʦʱʴʶ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʩʫʰʢʠ ʧʦʣʫʯʠʪʴ ʘʵʨʦʛʝʣʠ SiO2, BaTiO3, V2O5? 

(3 ʙʘʣʣʘ) 

3. ɼʣʷ ʯʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ? (2 ʙʘʣʣʘ) ʇʦʯʝʤʫ ʪʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʱʫʧʴ ʢʘʞʫʪʩʷ çʛʦʨʷʯʠʤʠè? (1 ʙʘʣʣ) ɺ ʯʝʤ ʦʪʣʠʯʠʝ ʩʪʨʫʢʪʫʨʳ 

ʘʵʨʦʛʝʣʝʡ ʦʪ ʩʪʨʫʢʪʫʨʳ çʦʙʳʯʥʳʭè ʛʝʣʝʡ? (2 ʙʘʣʣʘ) 

 

 

ɺʥʝʰʥʠʡ ʚʠʜ ʢʫʩʦʯʢʦʚ ʘʵʨʦʛʝʣʷ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ 

(ʬʦʪʦ ï ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ) 
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ʀʟʳʩʢʘʥʥʳʝ ʬʦʨʤʳ ʥʘʥʦʤʠʨʘ (2007, ʩʪʫʜʝʥʯʝʩʢʠʡ ʫʨʦʚʝʥʴ) 

ʂʫʙʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʤʘʟʘ (ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʚ ʤʠʨʝ, ʪʚʝʨʜʦʩʪʴ 10 ʧʦ 

ʰʢʘʣʝ ʄʦʦʩʘ) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʢʘʟʳʚʘʝʪʩʷ, 

ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ çʥʘʥʦʘʣʤʘʟʫè ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩ ʣʝʛʢʦʩʪʴʶ ʠʟʤʝʥʷʶʪ ʩʚʦʝʡ ʦʙʳʯʥʦʡ 

ʫʧʘʢʦʚʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʠʦʙʨʝʪʘʶʪ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ.  

1. ʆʧʠʰʠʪʝ, ʢʘʢ ʫʩʪʨʦʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʘʣʤʘʟʘ ʚ ʦʙʲʝʤʥʦʤ ʩʦʩʪʦʷʥʠʠ? 

(1 ʙʘʣʣ) 

2. ʆʧʠʰʠʪʝ, ʢʘʢ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʦʝʥʘ çʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘè ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʛʦ 

ʥʘʥʦʘʣʤʘʟʘ? (2 ʙʘʣʣʘ) 

3. ʂʘʢʘʷ ʠʟ ʨʝʰʝʪʦʢ ʩʪʘʙʠʣʴʥʝʝ ʠ ʧʦʯʝʤʫ? (3 ʙʘʣʣʘ) 

4. ʂʘʢ ʠʟʤʝʥʷʪʩʷ ʭʠʤʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʘʣʤʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤ ʢʨʠʩʪʘʣʣʦʤ? (4 ʙʘʣʣʘ) 

 

ʉʪʨʦʝʥʠʝ ʥʘʥʦʢʣʘʩʪʝʨʘ (ʠʟ ʨʘʙʦʪ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ɺ.ʗ.ʐʝʚʯʝʥʢʦ) 
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ʇʣʘʪʠʥʠʨʦʚʘʥʥʘʷ ʫʛʣʝʨʦʜʥʘʷ ʙʫʤʘʛʘ (2007, ʩʪʫʜʝʥʯʝʩʢʠʡ ʫʨʦʚʝʥʴ) 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʛʘʟʦʧʨʦʥʠʮʘʝʤʫʶ ʫʛʣʝʨʦʜʥʫʶ ʙʫʤʘʛʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʥʘ 

ʢʦʪʦʨʫʶ ʥʘʥʝʩʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʣʘʪʠʥʫ ʥʘʥʦʩʠʣʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝʤ ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ ʩʦʩʪʘʚʘ 0.1 M HClO4 + 2 ʤM H2PtCl6 (ʧʣʦʱʘʜʴ 

ʵʣʝʢʪʨʦʜʘ Ag = 1 ʩʤ
2
, ʧʦʪʝʥʮʠʘʣ 0.1 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ) 

ʚ ʪʝʯʝʥʠʝ t = 4 ʤʠʥ.  

1. ʈʘʩʩʯʠʪʘʡʪʝ ʫʜʝʣʴʥʫʶ ʤʘʩʩʫ ʦʩʘʞʜʝʥʥʦʛʦ ʤʝʪʘʣʣʘ (W, ʚ ʤʢʛ ʥʘ 1 ʩʤ
2
 ʧʦʜʣʦʞʢʠ), 

ʝʩʣʠ ʩʨʝʜʥʷʷ ʩʠʣʘ ʪʦʢʘ I ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʩʦʩʪʘʚʠʣʘ 0.09 ʤɸ. (2 ʙʘʣʣʘ) 

2. ʈʝʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʧʣʘʪʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ Ar, ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ, ʩʦʩʪʘʚʠʣʘ 1.9 ʩʤ
2
. ʈʘʩʩʯʠʪʘʡʪʝ ʝʛʦ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

S (ʤ
2
/ʛ). (1 ʙʘʣʣ) 

3. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʣʘʪʠʥʳ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʦʙʨʘʟʫʶʪ 

ʤʦʥʦʩʣʦʡ ʥʘ ʧʦʜʣʦʞʢʝ, ʨʘʩʩʯʠʪʘʡʪʝ ʠʭ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ d (ʥʤ) ʠ ʧʣʦʪʥʦʩʪʴ N (ʩʤ
-

2
). (1 ʙʘʣʣ) 

4. ʂʨʘʡʥʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ar ʢ ʟʘʥʠʤʘʝʤʦʤʫ ʠʤ ʦʙʲʸʤʫ (ʩʤ
2
/ʩʤ

3
). 

ʈʘʩʩʯʠʪʘʡʪʝ ʝʛʦ: (ʘ) ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ, (ʙ) ʜʣʷ ʤʦʥʦʩʣʦʷ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, (ʚ) ʜʣʷ ʧʣʘʪʠʥʦʚʦʛʦ ʰʘʨʘ ʦʙʲʝʤʦʤ 1 ʩʤ
3
. ʂʘʢ ɺʳ ʩʯʠʪʘʝʪʝ, 

ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ? (2 ʙʘʣʣʘ) 

5. ɼʣʷ ʯʝʛʦ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ H2PtCl6, ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ 

HClO4? (1 ʙʘʣʣ) 

6. ʂʘʢ, ʥʘ ɺʘʰ ʚʟʛʣʷʜ, ʠʟʤʝʥʠʪʩʷ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʧʣʘʪʠʥʳ N ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ? (1 ʙʘʣʣ) 

7. ʂʘʢ ʥʘ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ ʧʣʘʪʠʥʳ d ʦʪʨʘʟʠʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ H2PtCl6 ʚ 

ʵʣʝʢʪʨʦʣʠʪʝ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦ ʚʨʝʤʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ)? (1 ʙʘʣʣ) 

8. ɿʘʯʝʤ çʫʛʣʝʨʦʜʥʫʶ ʙʫʤʘʛʫè ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʦʚ 

ʧʣʘʪʠʥʠʨʫʶʪ? (1 ʙʘʣʣ) ʇʨʝʜʣʦʞʠʪʝ ʩʧʦʩʦʙʳ ʧʣʘʪʠʥʠʨʦʚʘʥʠʷ ʠ ʥʘʧʠʰʠʪʝ 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ. (1 ʙʘʣʣ) ʆʧʠʰʠʪʝ ʜʝʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʨʘʙʦʪʫ ʤʝʪʘʥʦʣʴʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ï ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ (ʯʘʩʪʷʭ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ). (4 ʙʘʣʣʘ) 
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"ʅʘʥʦ"ʢʣʘʩʪʝʨʳ ʧʣʘʪʠʥʳ ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʥʘʭ ʧʦ ʜʘʥʥʳʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʬʦʪʦ ʠʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ) 

 

1
 

 

 

 

  

                                                           
ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ: ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʧʣʘʪʠʥʳ M = 195.1 ʛ/ʤʦʣʴ, ʧʣʦʪʥʦʩʪʴ ʧʣʘʪʠʥʳ ɟ = 21.4 ʛ/ʩʤ

3
, 

ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ F = 96485 ʂʣ/ʤʦʣʴ, ʢʦʚʘʣʝʥʪʥʳʡ ʨʘʜʠʫʩ ʘʪʦʤʘ ʧʣʘʪʠʥʳ r = 0,13 ʥʤ. 
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ʆʯʝʥʴ ʤʘʣʝʥʴʢʠʝ ʤʘʛʥʠʪʳ (2007, ʩʪʫʜʝʥʯʝʩʢʠʡ ʠ ʘʩʧʠʨʘʥʪʩʢʠʡ ʫʨʦʚʝʥʴ) 

ɺʳ, ʢʦʥʝʯʥʦ, ʟʥʘʝʪʝ, ʯʪʦ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʠʤʝʶʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʧʨʠʩʪʘʚʢʘ çʬʝʨʨʦè ʦʟʥʘʯʘʝʪ ʠʤʝʥʥʦ ʵʪʦ, ʘ ʥʝ ʯʘʩʪʴ 

ʣʘʪʠʥʩʢʦʛʦ ʥʘʟʚʘʥʠʷ ʞʝʣʝʟʘ çʬʝʨʨʫʤè). ɽʩʣʠ ʤʳ ʥʘʯʥʝʤ ʫʤʝʥʴʰʘʪʴ ʨʘʟʤʝʨ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʤʠʢʨʦʤʝʪʨʦʚ-ʥʘʥʦʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʷʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ.  

1. ʆʧʠʰʠʪʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ. (2 ʙʘʣʣʘ)  

2. ʂʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʢʘʢ ʦʧʨʝʜʝʣʷʶʪ ʵʪʠ ʵʬʬʝʢʪʳ? (3 ʙʘʣʣʘ)  

3. ʅʘʨʠʩʫʡʪʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ ʜʣʷ 

ʘʥʩʘʤʙʣʷ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʠʮ, ʦʙʲʷʩʥʠʚ 

ʦʩʥʦʚʥʳʝ ʫʯʘʩʪʢʠ ʢʨʠʚʳʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʨʘʟʤʝʨ ï ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷè. 

(5 ʙʘʣʣʦʚ)  

4. ʅʘʨʠʩʫʡʪʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʢʨʠʚʫʶ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʘʥʩʘʤʙʣʷ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ ʘ) ʚ ʝʜʠʥʠʮʳ ʥʘʥʦʤʝʪʨʦʚ, ʙ) ʜʝʩʷʪʢʠ-

ʩʦʪʥʠ ʥʘʥʦʤʝʪʨʦʚ ʠ ʚ) ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ. (3 ʙʘʣʣʘ) ʅʘʨʠʩʫʡʪʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʢʨʠʚʫʶ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮʳ ʥʠʢʝʣʷ, ʧʦʢʨʳʪʦʡ ʦʙʦʣʦʯʢʦʡ ʠʟ ʦʢʩʠʜʘ 

ʥʠʢʝʣʷ. (1 ʙʘʣʣ)  

5. ʆʮʝʥʠʪʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ t ʜʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʘʭʦʜʷʱʝʡʩʷ ʧʨʠ ʊ = 300 K ʩʠʩʪʝʤʳ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. (1 ʙʘʣʣ) ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 

R = 30 ʥʤ, ʘ ʢʦʥʩʪʘʥʪʫ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ K300 = 1Ŀ10
4
 ɼʞ/ʤ

3
. ʆʧʨʝʜʝʣʠʪʝ 

ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮʳ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ Dʢʨ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ ʧʝʨʝʡʜʝʪ ʚ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 300 K, ʧʦʣʘʛʘʷ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ t ʨʘʚʥʳʤ 100 ʩ. (1 ʙʘʣʣ) ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ: t = tʦexp(E/(kBT)), ʛʜʝ E ï ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʊ ï  

ʪʝʤʧʝʨʘʪʫʨʘ, kB ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, tʦ ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, 

ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 10
-9

 ʩ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʙʲʝʤʘ ʯʘʩʪʠʮʳ V ʥʘ ʢʦʥʩʪʘʥʪʫ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ K (ʨʘʟʥʦʩʪʴ 

ʵʥʝʨʛʠʡ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʧʦ 

ʦʩʷʤ ʪʨʫʜʥʦʛʦ ʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ).  

6. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʜʠʘʤʝʪʨʝ ʯʘʩʪʠʮ, ʧʨʝʚʳʰʘʶʱʝʤ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʡ ʧʨʝʜʝʣ, ʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢʠʝ ʠʟ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʙʫʜʫʪ ʣʫʯʰʝ 

ʨʘʟʦʛʨʝʚʘʪʴʩʷ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ï ʩʦʜʝʨʞʘʱʠʝ ʯʘʩʪʠʮʳ ʣʠʪʠʡ-

ʤʘʨʛʘʥʮʝʚʦʡ ʰʧʠʥʝʣʠ, ʦʨʪʦʬʝʨʨʠʪʘ ʠʪʪʨʠʷ, ʤʘʛʥʝʪʠʪʘ, ʤʘʛʛʝʤʠʪʘ, ʛʝʤʘʪʠʪʘ, 



14 
 

ʘʣʴʥʠʢʦ, ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ, ʧʣʘʪʠʥʳ ʠʣʠ ʤʝʜʠ? (2 ʙʘʣʣʘ) ʆʙʲʷʩʥʠʪʝ, ʢʘʢʦʚʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʳ ʨʘʟʦʛʨʝʚʘ ʪʘʢʠʭ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. (1 ʙʘʣʣ) ʂʘʢʠʝ ʠʟ ʵʪʠʭ ʯʘʩʪʠʮ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʥʘʠʤʝʥʴʰʝʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʛʠʧʝʨʪʝʨʤʠʠ ʨʘʢʦʚʳʭ ʦʧʫʭʦʣʝʡ? (1 ʙʘʣʣ) 

 

ʍʫʜʦʞʝʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʨʘʟʦʛʨʝʚʘʶʱʝʡʩʷ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ 
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ɼʝʣʘʝʤ ʥʘʥʦʢʝʨʘʤʠʢʫ (2007, ʩʪʫʜʝʥʯʝʩʢʠʡ ʠ ʘʩʧʠʨʘʥʪʩʢʠʡ ʫʨʦʚʝʥʴ) 

ʋʩʠʣʠʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ-ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʪʦʧʣʠʚʥʳʭ 

ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʘʶʪ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɺ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʝ ʨʝʘʛʝʥʪʳ ʨʘʟʜʝʣʝʥʳ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʤʝʤʙʨʘʥʦʡ, ʚʥʝʰʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʠʛʨʘʶʪ ʨʦʣʴ ʘʥʦʜʘ ʠ ʢʘʪʦʜʘ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʥʠʤʠ ʟʘʧʦʣʥʷʝʪ ʪʚʝʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ, ʩʧʦʩʦʙʥʳʡ ʧʝʨʝʥʦʩʠʪʴ ʢʘʪʠʦʥʳ ʠʣʠ ʘʥʠʦʥʳ. 

1. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ ʚ 

ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʢʠʩʣʦʨʦʜʦʤ ʠ ʚʦʜʦʨʦʜʦʤ, ʝʩʣʠ ʵʣʝʢʪʨʦʣʠʪ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʥʦʩʯʠʢʦʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ O
2-

 ʠʣʠ ʠʦʥʦʚ H
+
. (3 ʙʘʣʣʘ) ʏʪʦ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ 

ʚʤʝʩʪʦ ʚʦʜʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴ CO? (1 ʙʘʣʣ)  

ɺ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ ʩʚʦʝ ʚʝʩʦʤʦʝ ʩʣʦʚʦ ʧʨʠʟʚʘʥʘ ʩʢʘʟʘʪʴ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ. ʅʠʞʝ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʘʥʦʜʘ ʜʣʷ ʪʦʧʣʠʚʥʦʡ 

ʷʯʝʡʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʟʠʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ Ni - 

ZrO2(Y2O3), ʪ.ʝ. ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ.  

2. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʶʪ ʢʦʤʧʦʥʝʥʪʳ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʨʘʙʦʪʝ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ? 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʥʳʤ ʩʪʘʜʠʷʤ ʩʠʥʪʝʟʘ ʠ 

ʦʙʲʷʩʥʠʪʝ, ʢʘʢ ʧʦʵʪʘʧʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. (3 ʙʘʣʣʘ)  

3. Zr(OC2H5)4 ʠ 2-ʭ ʢʨʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ NaOH ʨʘʩʪʚʦʨʷʶʪ ʩʦʚʤʝʩʪʥʦ ʚ ʠʟʙʳʪʢʝ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ (CH2OH)2, ʟʘʪʝʤ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʦʪʛʦʥʷʶʪ ʚ ʚʘʢʫʫʤʝ. ʂʘʢʘʷ ʨʝʘʢʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ? ʂʘʢʦʚʘ ʨʦʣʴ ʵʪʠʣʝʥʛʣʠʢʦʣʷ? (2 ʙʘʣʣʘ)  

4. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠʙʘʚʣʷʶʪ ʢ ʠʟʙʳʪʢʫ ʚʦʜʳ ʩ ʜʦʙʘʚʢʘʤʠ ʙʨʦʤʠʜʘ N-ʮʝʪʠʣ-

N,N,N-ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ [(CH3)3N(ʉH2)14CH3]Br (3 ʚʝʩʦʚʳʭ %) ʠ ʵʢʚʠʚʘʣʝʥʪʘ 

NaOH. ɺʩʝ ʧʝʨʝʤʝʰʠʚʘʶʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ? (2 ʙʘʣʣʘ)  

5. ʊʫʜʘ ʞʝ ʜʦʙʘʚʣʷʶʪ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ. ɺʩʝ ʧʝʨʝʤʝʰʠʚʘʶʪ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ. (2 ʙʘʣʣʘ) ɻʜʝ 

ʚʳʜʝʣʷʝʪʩʷ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ? (1 ʙʘʣʣ)  

6. ɼʘʣʝʝ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʶʪ ʧʨʠ 80ʦ
ʉ. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ? (1 ʙʘʣʣ)  

7. ʇʨʦʜʫʢʪ ʦʪʜʝʣʷʶʪ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʥʘʛʨʝʚʘʶʪ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 450
o
C. ʏʪʦ 

ʧʨʦʠʩʭʦʜʠʪ? (1 ʙʘʣʣ)  

8. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʧʨʠ 400
o
C. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ? 

(1 ʙʘʣʣ)  

9. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʘʝʤ ʥʘʥʦʢʦʤʧʦʟʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʫʧʘʢʦʚʢʫ ʘʞʫʨʥʳʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙʦʢ ʠʟ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʠ ʪʦʣʱʠʥʦʡ 

ʩʪʝʥʦʢ 3ï5 ʥʤ, ʩʚʦʙʦʜʥʦ ʧʨʦʧʫʩʢʘʶʱʠʭ ʛʘʟʦʦʙʨʘʟʥʳʡ ʚʦʜʦʨʦʜ, ʠ ʥʘʯʠʥʝʥʥʳʭ 

ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ. ʆʙʲʷʩʥʠʪʝ, ʢʘʢ ʵʪʦ ʧʦʣʫʯʠʣʦʩʴ? (3 ʙʘʣʣʘ) 
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ɸʛʨʝʛʘʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʢʠ 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʜʠʦʜʳ (2007, ʘʩʧʠʨʘʥʪʩʢʠʡ ʫʨʦʚʝʥʴ) 

ʅʝʜʘʚʥʦ ʫʯʝʥʳʝ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸʨʠʟʦʥʳ ʦʙʲʷʚʠʣʠ ʦ ʩʦʟʜʘʥʠʠ çʙʝʣʦʛʦè ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʜʠʦʜʘ (OLED) (Adv. Mater. 2007, 19, 197ï202) ʩ ʚʳʩʦʢʦʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

1. ʇʦʯʝʤʫ ʠʤʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʠʪʴʩʷ 100% ʚʥʫʪʨʝʥʥʝʡ ʢʚʘʥʪʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ OLED? (1 ʙʘʣʣ) ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʠʨʠʜʠʷ(III) ʠ ʧʣʘʪʠʥʳ(II), ʜʣʷ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ 

100% ʚʥʫʪʨʝʥʥʝʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ? (3 ʙʘʣʣʘ)  

2. ʄʦʞʥʦ ʣʠ ʩʦʟʜʘʪʴ çʙʝʣʳʝè OLED ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʵʤʠʩʩʠʦʥʥʳʭ ʩʣʦʝʚ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩʝʣʝʥʠʜʘ ʢʘʜʤʠʷ? 

(2 ʙʘʣʣʘ) ʇʨʝʜʣʦʞʠʪʝ ʤʝʪʦʜʳ ʠʭ ʧʦʣʫʯʝʥʠʷ. (2 ʙʘʣʣʘ)  

3. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʥʝʰʥʶʶ ʢʚʘʥʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ OLED? 

(2 ʙʘʣʣʘ) ʄʦʞʥʦ ʣʠ ʜʦʙʠʪʴʩʷ ʝʝ ʫʚʝʣʠʯʝʥʠʷ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʚʪʦʨʘʤʠ OLED ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʩʣʦʝʚ? (2 ʙʘʣʣʘ)  

4. ʇʨʝʜʣʦʞʠʪʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʪʝʨʠʘʣ ʘʥʦʜʘ ï çʠʥʜʠʡ-ʦʣʦʚʷʥʥʳʡ ʦʢʩʠʜè (ITO)? (3 ʙʘʣʣʘ) 

ʂʘʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʵʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ? (1 ʙʘʣʣ)  

5. ʇʦʯʝʤʫ ʚ OLED ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʥʢʠʝ, çʥʘʥʦʨʘʟʤʝʨʥʳʝè ʧʣʝʥʢʠ? (4 

ʙʘʣʣʘ)  

 

ʂʘʨʪʠʥʢʘ ʠʟ ʙʫʜʫʱʝʛʦ (ʬʦʪʦ ʩʘʡʪʘ ʊʨʘʥʩʛʫʤʘʥʠʟʤ) 
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ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ OLED 

 

  



19 
 

ʇʨʦʠʩʢʠ ʥʝʚʥʠʤʘʪʝʣʴʥʦʛʦ ʩʪʫʜʝʥʪʘ (2007, ʩʪʫʜʝʥʯʝʩʢʠʡ ʠ ʘʩʧʠʨʘʥʪʩʢʠʡ ʫʨʦʚʝʥʴ) 

ʅʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ: 

A graduate student attempted to prepare highly luminescent CdSe nanoparticles. He heated 

TOPO and dissolved the required amount of trioctylphosphine and dimethylcadmium in it but 

accidentally added trioctylphosphine sulfide instead of trioctylphosphine selenide as the source 

of selenium. After nanoparticles grew to approximately 2 nm in diameter, he noticed the mistake 

and immediately stopped the reaction. In attempt to save the experiment he redispersed the 

nanoparticles in TOPO, added trioctylphosphine selenide, and continued heating the reaction 

mixture. After nanoparticles grew to approximately 4 nm in diameter, he stopped the synthesis 

and attempted to measure the quantum yield of their luminescence; however, no luminescence 

has been detected. (14 points) 

1. How the student stopped the reactions?  

2. Why luminescence has not been observed for nanoparticles grown by the student? 

3. If you were the studentôs advisor, what would you suggest him to do to obtain 

luminescent nanoparticles with high quantum yield from the nanoparticles he has already 

made? 

4. How would you covalently attach a protein molecule to the latter nanoparticles? Describe 

steps of the attachment and give a brief rationale for each of the steps. 

 

ʅʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ: 

ʉʪʫʜʝʥʪ ʧʦʧʳʪʘʣʩʷ ʧʨʠʛʦʪʦʚʠʪʴ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʘ CdSe c ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʆʥ ʥʘʛʨʝʣ TOPO (çʪʨʠʦʢʪʠʣ-ʬʦʩʬʠʥ-ʦʢʩʠʜè) ʠ ʨʘʩʪʚʦʨʠʣ ʪʨʝʙʫʝʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʘ ʠ ʜʠʤʝʪʠʣʢʘʜʤʠʷ, ʦʜʥʘʢʦ ʩʦʚʝʨʰʝʥʥʦ ʩʣʫʯʘʡʥʦ ʜʦʙʘʚʠʣ 

ʩʫʣʴʬʠʜ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʘ ʚʤʝʩʪʦ ʩʝʣʝʥʠʜʘ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʥʘʥʦʯʘʩʪʠʮʳ ʚʳʨʦʩʣʠ ʜʦ ~ 2 ʥʤ ʚ ʜʠʘʤʝʪʨʝ, ʩʪʫʜʝʥʪ ʦʩʦʟʥʘʣ ʩʚʦʶ ʦʰʠʙʢʫ ʠ ʧʦʧʳʪʘʣʩʷ 

ʥʝʤʝʜʣʝʥʥʦ ʦʩʪʘʥʦʚʠʪʴ ʨʝʘʢʮʠʶ. ɺ ʧʦʧʳʪʢʝ ʵʪʦ ʩʜʝʣʘʪʴ ʠ ʩʧʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʦʥ ʧʝʨʝʥʝʩ 

ʥʘʥʦʯʘʩʪʠʮʳ ʚ TOPO, ʜʦʙʘʚʠʣ ʥʘ ʵʪʦʪ ʨʘʟ ʧʨʘʚʠʣʴʥʳʡ ʨʝʘʛʝʥʪ ï ʩʝʣʝʥʠʜ 

ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʘ ʠ ʩʦ ʩʧʦʢʦʡʥʦʡ ʩʦʚʝʩʪʴʶ ʧʨʦʜʦʣʞʠʣ ʥʘʛʨʝʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʥʦʯʘʩʪʠʮʳ ʜʦʨʦʩʣʠ ʜʦ ~ 4 ʥʤ ʚ ʜʠʘʤʝʪʨʝ, ʦʥ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʩʪʘʥʦʚʠʣ 

ʩʠʥʪʝʟ ʠ ʧʦʧʳʪʘʣʩʷ ʠʟʤʝʨʠʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ. ʂ ʝʛʦ ʛʣʫʙʦʯʘʡʰʝʤʫ ʩʦʞʘʣʝʥʠʶ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʫ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ.  

1. ʂʘʢʦʚ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ? 

(5 ʙʘʣʣʦʚ)  

2. ɿʘ ʩʯʝʪ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ? (3 ʙʘʣʣʦʚ)  
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3. ʂʘʢ ʩʪʫʜʝʥʪ ʦʩʪʘʥʘʚʣʠʚʘʣ ʨʝʘʢʮʠʠ ʠ ʧʦʯʝʤʫ ʵʪʦ ʝʤʫ ʫʜʘʚʘʣʦʩʴ ʩʜʝʣʘʪʴ? (2 ʙʘʣʣʘ)  

4. ʇʦʯʝʤʫ ʫ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ? (5 ʙʘʣʣʦʚ)  

5. ʏʪʦ ʙʳ ɺʳ ʧʦʩʦʚʝʪʦʚʘʣʠ ʩʪʫʜʝʥʪʫ, ʯʪʦʙʳ ʚʩʝ-ʪʘʢʠ ʧʦʣʫʯʠʪʴ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʠʟ ʫʞʝ ʧʦʣʫʯʝʥʥʳʭ ʠʤ ʥʘʥʦʯʘʩʪʠʮ, 

ʯʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʩʠʪʫʘʮʠʶ ʠ ʧʦʣʫʯʠʪʴ ʟʘʯʝʪ ʫ ʧʨʦʬʝʩʩʦʨʘ ʧʦ ʩʧʝʮʧʨʘʢʪʠʢʫʤʫ? 

(5 ʙʘʣʣʦʚ)  

6. ʂʘʢ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʚʷʟʘʪʴ ʤʦʣʝʢʫʣʫ ʙʝʣʢʘ ʢ ʪʘʢʠʤ ʥʘʥʦʯʘʩʪʠʮʘʤ ï 

ʤʘʨʢʝʨʘʤ (ʦʙʲʷʩʥʠʪʝ ʢʦʨʦʪʢʦ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ɺʘʤʠ ʤʝʪʦʜʠʢʠ)? 

(5 ʙʘʣʣʦʚ)  

 

 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʧʨʘʚʠʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩʝʣʝʥʠʜʘ ʢʘʜʤʠʷ 
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ʇʠʨʦʤʘʥʠʷ (2008, ʰʢʦʣʴʥʠʢʠ, ʨʘʟʤʠʥʢʘ) 

ʇʠʨʦʬʦʨʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ, ʧʨʠ ʵʪʦʤ, ʩʢʘʞʝʤ, ʧʠʨʦʬʦʨʥʦʝ ʞʝʣʝʟʦ ʜʘʝʪ ʩʥʦʧ ʢʨʘʩʠʚʳʭ ʠʩʢʨ (ʵʪʦ 

ʠʟʚʝʩʪʥʳʡ ʰʢʦʣʴʥʳʡ ʦʧʳʪ). 

1. ʂʘʢ ʧʦʣʫʯʠʪʴ ʧʠʨʦʬʦʨʥʦʝ ʞʝʣʝʟʦ? (2 ʙʘʣʣʘ) 

2. ʇʦʯʝʤʫ ʦʥʦ ʧʠʨʦʬʦʨʥʦ? (2 ʙʘʣʣʘ) 

3. ʏʪʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʝʛʦ ʦʢʠʩʣʝʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ? (2 ʙʘʣʣʘ) 

4. ʏʪʦ ʪʘʢʦʝ ʚʶʩʪʠʪ ʠ ʯʪʦ ʩ ʥʠʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 500 
ʦ
ʉ ʠ 

ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ? (3 ʙʘʣʣʘ) 

5. ɻʜʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ? (3 ʙʘʣʣʘ)  

 

ʀʩʢʨʳ 
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ʇʣʘʪʠʥʦʚʦʝ ʦʛʥʠʚʦ (2008, ʰʢʦʣʴʥʠʢʠ, ʨʘʟʤʠʥʢʘ) 

ɺ ʩʤʝʩʴ ʚʦʜʦʨʦʜʘ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʥʘʭʦʜʠʚʰʫʶʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (2:1 ʧʦ 

ʦʙʲʝʤʫ), ʚʥʝʩʣʠ ʘʩʙʝʩʪ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʣʘʪʠʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʟʦʰʝʣ ʚʟʨʳʚ. 

1. ʇʦʯʝʤʫ ʩʤʝʩʴ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʥʘʟʳʚʘʶʪ ʛʨʝʤʫʯʠʤ ʛʘʟʦʤ ʠ ʧʦʯʝʤʫ ʵʪʘ ʩʤʝʩʴ 

ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʚʟʨʳʚʘʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ? (2 ʙʘʣʣʘ)  

2. ʂʘʢʦʚʘ ʨʦʣʴ ʧʣʘʪʠʥʳ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ? (2 ʙʘʣʣʘ)  

3. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʦʨʦʜʘ ʩ ʢʠʩʣʦʨʦʜʦʤ (ʟʘ ʯʪʦ 

ʘʢʘʜʝʤʠʢ ʅ.ʅ.ʉʝʤʝʥʦʚ ʧʦʣʫʯʠʣ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ)? (2 ʙʘʣʣʘ) ʂʘʢ ʵʪʦʪ 

ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ, ʝʩʣʠ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʣʘʪʠʥʳ? 

(1 ʙʘʣʣ)  

4. ʂʘʢ ʧʦʣʫʯʠʪʴ ʪʘʢʦʝ çʧʣʘʪʠʥʦʚʦʝ ʦʛʥʠʚʦè? (1 ʙʘʣʣ ʟʘ ʢʘʞʜʳʡ ʦʙʦʩʥʦʚʘʥʥʳʡ 

ʩʧʦʩʦʙ)  

5. ʏʪʦ ʙʫʜʝʪ, ʝʩʣʠ ʧʣʘʪʠʥʫ ʟʘʤʝʥʠʪʴ ʥʘ ʧʘʣʣʘʜʠʡ, ʞʝʣʝʟʦ ʠʣʠ ʦʢʩʠʜ ʭʨʦʤʘ (III)? 

(2 ʙʘʣʣʘ) 

 

ʀʣʣʶʩʪʨʘʮʠʷ (ʧʨʦʩʪʦ ʚʟʨʳʚ) 
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ʉʝʨʝʙʨʦ ʠ ʛʘʣʦʛʝʥʳ (2008, ʰʢʦʣʴʥʠʢʠ, ʨʘʟʤʠʥʢʘ) 

ʏʪʦʙʳ ʚ ʧʨʘʟʜʥʠʢʠ ʨʘʟʦʛʥʘʪʴ ʦʙʣʘʢʘ ʥʘʜ ʩʪʦʣʠʮʝʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʇʨʘʚʠʪʝʣʴʩʪʚʦ 

ʄʦʩʢʚʳ ʥʘʧʨʘʚʣʷʝʪ ʩʘʤʦʣʝʪʳ, ʨʘʩʧʳʣʘʶʱʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ, 

ʥʘ ʢʦʪʦʨʳʭ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʢʘʧʣʠ ʜʦʞʜʷ...  

1. ɺʦʟʤʦʞʝʥ ʣʠ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʠʜʘ 

ʩʝʨʝʙʨʘ? (2 ʙʘʣʣʘ) ʂʘʢʦʚʳ ʙʫʜʫʪ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʨʦʩʪʘ ʢʘʧʝʣʴ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ? (3 ʙʘʣʣʘ)  

2. ʇʨʠ ʵʢʩʧʦʟʠʮʠʠ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʦʙʨʘʟʫʶʪʩʷ 

ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʩʝʨʝʙʨʘ (ʩʢʨʳʪʦʝ ʠʟʦʙʨʘʞʝʥʠʝ). ʂʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ? (1 ʙʘʣʣ) 

3. ʇʦʯʝʤʫ ʛʠʜʨʦʭʠʥʦʥ ʧʨʦʷʚʣʷʝʪ ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʝ (2 ʙʘʣʣʘ) ʠ ʟʘʯʝʤ ʥʫʞʝʥ 

çʟʘʤʝʜʣʠʪʝʣʴè? ʂʘʢʠʝ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ? (3 ʙʘʣʣʘ) 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ ï ʝʱʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʣʘʚʣʝʥʠʷ - ʚ 

ʥʝʤ ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ ʦʜʥʘ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʨʝʰʝʪʦʢ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ.  

4. ʂʘʢʘʷ ʠʟ ʧʦʜʨʝʰʝʪʦʢ ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʝʪʩʷ? (1 ʙʘʣʣ) ʇʦʯʝʤʫ ʠʟʤʝʥʷʝʪʩʷ ʵʥʪʨʦʧʠʷ 

ʩʠʩʪʝʤʳ? (2 ʙʘʣʣʘ) ʂ ʢʘʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

(ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ) ʩʚʦʡʩʪʚ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ ʧʨʠʚʦʜʠʪ ʦʙʩʫʞʜʘʝʤʦʝ ʷʚʣʝʥʠʝ? 

(1 ʙʘʣʣ)  

5. ʀʟʤʝʥʷʪʩʷ ʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʝʩʣʠ ʤʳ 

ʚʦʟʴʤʝʤ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʦʜʠʜ ʩʝʨʝʙʨʘ, ʧʦʷʩʥʠʪʝ ɺʘʰ ʦʪʚʝʪ? (3 ʙʘʣʣʘ) 

6. ʀʟʤʝʥʷʪʩʷ ʣʠ ʩʚʦʡʩʪʚʘ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ (ʠ ʧʦʯʝʤʫ), ʝʩʣʠ ʝʛʦ ʥʘʥʝʩʪʠ ʥʘ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʢʩʠʜ ʢʨʝʤʥʠʷ ʠʣʠ ʘʣʶʤʠʥʠʷ? (2 ʙʘʣʣʘ) ʂʘʢ ʥʘʟʳʚʘʶʪʩʷ 

ʪʘʢʠʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ? (1 ʙʘʣʣ) 

 



24 
 

ʆʙʣʘʢʘ 

 

ʉʚʝʪ 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ 

  




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































