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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, 
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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 
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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) 
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ʆʙʣʘʢʘ 

 

ʉʚʝʪ 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ 
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ʅʘʥʦʣʘʟʝʨʳ (2008, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʆʢʩʠʜ ʮʠʥʢʘ, ʚʳʨʘʱʝʥʥʳʡ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʥʘʥʦʩʪʝʨʞʥʝʡ ʜʠʘʤʝʪʨʦʤ 20 ï 150 ʥʤ, 

ʩʧʦʩʦʙʝʥ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʤʠʥʠʘʪʶʨʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʝʣʦʤ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʝʨʞʥʝʡ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʧʦʣʦʞʝʥʠʷ 

ʧʦʜʣʦʞʢʠ ï ʦʩʥʦʚʳ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ. ɼʦʙʠʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʥʦʩʪʝʨʞʥʝʡ ʦʢʩʠʜʘ ʮʠʥʢʘ ʫʜʘʝʪʩʷ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʛʘʟʦʬʘʟʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʘʨʦʚ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʥʠʪʨʠʜʘ ʛʘʣʣʠʷ, ʧʦʢʨʳʪʫʶ 

ʪʦʥʢʠʤ ʩʣʦʝʤ ʟʦʣʦʪʘ.  

1. ʆʮʝʥʠʪʝ, ʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʮʠʥʢʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʘʥʦʩʪʝʨʞʥʷ ʜʠʘʤʝʪʨʦʤ 20 ʥʤ ʠ 

ʜʣʠʥʦʡ 1 ʤʤ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʦʢʩʠʜʘ ʮʠʥʢʘ ʨʘʚʥʘ 5,75 ʛ/ʩʤ
3
? (1 ʙʘʣʣ)  

2. ʇʨʝʜʣʦʞʠʪʝ ʥʝ ʤʝʥʝʝ 4 ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʘ ʮʠʥʢʘ. (2 ʙʘʣʣʘ)  

3. ʆʢʩʠʜ ʮʠʥʢʘ ï ʦʯʝʥʴ ʪʫʛʦʧʣʘʚʦʢ (tʧʣ ~ 2000
ʦ
ʉ). ʂʘʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʘʨʳ ʵʪʦʛʦ 

ʚʝʱʝʩʪʚʘ? ʇʨʝʜʣʦʞʠʪʝ ʤʠʥʠʤʫʤ ʜʚʘ ʩʧʦʩʦʙʘ. (1 ʙʘʣʣ)  

4. ʅʘ ʯʝʤ ʦʩʥʦʚʘʥ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ? (2 ʙʘʣʣʘ)  

5. ʂʘʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʝʪ ʥʘʡʪʠ ʥʘʥʦʣʘʟʝʨ? (1 ʙʘʣʣ)  

 

ʄʠʢʨʦʬʦʪʦʪʦʛʨʘʬʠʠ ʥʘʥʦʩʪʝʨʞʥʝʡ ʦʢʩʠʜʘ ʮʠʥʢʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 
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ʅʘʥʦçʪʶʨʴʤʘè (2008, ʰʢʦʣʴʥʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ɺʦʟʜʫʭ ï ʵʪʦ ʪʦ, ʯʪʦ ʥʘʩ ʧʦʩʪʦʷʥʥʦ ʦʢʨʫʞʘʝʪ, ʵʪʦ ʪʦ, ʯʝʤ ʤʳ ʜʳʰʠʤ, ʙʝʟ ʯʝʛʦ ʤʳ ʥʝ 

ʤʦʞʝʤ ʞʠʪʴ...  

1. ʂʘʢʦʚʦ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʟʜʫʭʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ? 

(2 ʙʘʣʣʘ) ʂʘʢʦʚʦ ʙʫʜʝʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʤʝʪʘʥʘ ʧʨʠ ʵʪʠʭ ʞʝ 

ʫʩʣʦʚʠʷʭ? (1 ʙʘʣʣ)  

2. ʉʨʘʚʥʠʪʝ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʩ ʪʠʧʠʯʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ (ʠʦʥʘʤʠ, 

ʤʦʣʝʢʫʣʘʤʠ) ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ, ʥʘʧʨʠʤʝʨ, ʦʮʝʥʠʪʝ ʵʪʫ ʚʝʣʠʯʠʥʫ ʜʣʷ ʦʙʳʯʥʦʛʦ ʣʴʜʘ? 

(1 ʙʘʣʣ)  

ʃʝʜ ʤʦʞʝʪ ʧʦʛʣʦʱʘʪʴ ʤʝʪʘʥ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚʣʘʞʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 

ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ (ʪʘʢʦʡ ʣʝʜ ʧʨʠ ʧʦʜʞʠʛʘʥʠʠ ʤʦʞʝʪ ʛʦʨʝʪʴ ʠ ʧʣʘʚʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ).  

3. ʂʘʢʦʛʦ ʪʠʧʘ ʚʝʱʝʩʪʚʦ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ, ʢʘʢ ʚʳʛʣʷʜʠʪ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘ, ʢʘʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʤʝʪʘʥʘ? 

(2 ʙʘʣʣʘ)  

4. ʂʘʢʦʚʦ ʧʨʠʤʝʨʥʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʤʝʪʘʥʘ ʚ ʪʘʢʦʤ çʛʦʨʶʯʝʤ ʣʴʜʝè? 

(1 ʙʘʣʣ) ʄʦʞʥʦ ʣʠ ʪʘʢʦʝ ʚʝʱʝʩʪʚʦ ʥʘʟʚʘʪʴ çʥʘʥʦʢʣʝʪʦʯʥʳʤè (çnanocellè)? (1 ʙʘʣʣ)  

5. ɻʜʝ ʚ ʪʝʭʥʠʢʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʘʥʘʣʦʛʠ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ? ʇʦʷʩʥʠʪʝ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. (3 ʙʘʣʣʘ)  

 

ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ "ʩʦʝʜʠʥʝʥʠʡ" 
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ʂʣʘʩʪʝʨʥʳʡ ʥʘʥʦʢʘʪʘʣʠʟ (2008, ʰʢʦʣʴʥʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʩʚʷʟʘʥʦ ʩ ʢʘʪʘʣʠʟʦʤ. ʋ 

ʥʘʥʦʯʘʩʪʠʮ ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʴ/ʦʙʲʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʦʙʲʝʤʥʦʡ ʬʘʟʳ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʩʠʣʴʥʦ ʫʩʢʦʨʷʪʴ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʨʘʟʤʝʨʘ, ʧʦʵʪʦʤʫ ʠʟʤʝʥʷʷ ʨʘʟʤʝʨ, ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʥʘʥʦʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʯʪʠ ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ ʜʠʘʤʝʪʨ 

ʤʝʥʝʝ 10 ʥʤ (100 ¡). ʂʣʘʩʪʝʨʳ ʤʝʪʘʣʣʦʚ ʩʦʟʜʘʶʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʫʧʘʢʦʚʢʠ 

ʩʣʦʝʚ ʠʣʠ ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʂʣʘʩʪʝʨʳ ʩ ʟʘʢʦʥʯʝʥʥʦʡ, 

ʨʝʛʫʣʷʨʥʦʡ ʚʥʝʰʥʝʡ ʛʝʦʤʝʪʨʠʝʡ ʥʘʟʳʚʘʶʪ çʤʘʛʠʯʝʩʢʠʤʠè, ʠʣʠ ʢʣʘʩʪʝʨʘʤʠ ʩ ʟʘʧʦʣʥʝʥʥʦʡ 

ʦʙʦʣʦʯʢʦʡ.  

 

çʄʘʛʠʯʝʩʢʠʝè ʢʣʘʩʪʝʨʳ ʩ ʟʘʧʦʣʥʝʥʥʦʡ ʦʙʦʣʦʯʢʦʡ ʧʨʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪʥʝʡʰʝʡ 

ʫʧʘʢʦʚʢʝ 

1. ʆʧʨʝʜʝʣʠʪʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ n-ʦʡ ʦʙʦʣʦʯʢʝ ʠ ʦʙʱʝʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ 

çʤʘʛʠʯʝʩʢʦʤ ʢʣʘʩʪʝʨʝè, ʩʦʜʝʨʞʘʱʝʤ n ʟʘʧʦʣʥʝʥʥʳʭ ʦʙʦʣʦʯʝʢ. (3 ʙʘʣʣʘ) ʇʨʠ ʢʘʢʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʤ n ʜʦʣʷ ʘʪʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʚʳʰʘʝʪ 30%? (1 ʙʘʣʣ)  

2. ʅʘʥʦʢʣʘʩʪʝʨʳ ʧʘʣʣʘʜʠʷ ʧʦʣʫʯʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ Pd (II) -ʧʦʣʠʤʝʨ 

ʛʘʟʦʦʙʨʘʟʥʳʤ ʚʦʜʦʨʦʜʦʤ: nPd
2+

 + nH2 = Pdn + 2nH
+
. ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʥʘʥʦʢʣʘʩʪʝʨʳ Pdn ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʯʪʠ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʟʘʱʠʱʝʥʥʳʝ ʧʦʣʠʤʝʨʦʤ, ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 

2.05 ʥʤ. ʈʘʩʩʯʠʪʘʡʪʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʧʘʣʣʘʜʠʷ ʚ ʢʣʘʩʪʝʨʝ. (2 ʙʘʣʣʘ) ʀʤʝʶʪ ʣʠ ʵʪʠ 

ʢʣʘʩʪʝʨʳ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʫʶ ʦʙʦʣʦʯʢʫ? (1 ʙʘʣʣ) ʈʘʩʩʯʠʪʘʡʪʝ ʯʠʩʣʦ ʦʙʦʣʦʯʝʢ 

(n) ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ. ʇʣʦʪʥʦʩʪʴ ʧʘʣʣʘʜʠʷ r = 12.02 ʛ/ʩʤ
3
. (1 ʙʘʣʣ)  

3. ʅʘʥʦʢʣʘʩʪʝʨʳ ʧʘʣʣʘʜʠʷ ʩʣʫʞʘʪ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʝʘʢʮʠʡ, ʚʢʣʶʯʘʷ 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʘʣʢʝʥʦʚ, ʦʢʠʩʣʝʥʠʝ CO, ʪʨʠʤʝʨʠʟʘʮʠʶ ʘʮʝʪʠʣʝʥʘ. ʅʠʞʝ ʟʘʰʠʬʨʦʚʘʥ 

ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʭʘʥʠʟʤ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ CO ʢʠʩʣʦʨʦʜʦʤ (ʤʝʭʘʥʠʟʤ 

ʃʵʥʛʤʶʨʘ-ɻʠʥʰʝʣʴʚʫʜʘ):  

CO(ʛ) + X = Y  
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O2(ʛ) + X = 2Z  

Y + Z = A  

A = CO2(ʛ) + X  

ʆʧʨʝʜʝʣʠʪʝ, ʯʪʦ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ X, Y, Z ʠ A (2 ʙʘʣʣʘ).  

4. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ CO ʩ ʧʦʤʦʱʴʶ ʦʢʩʠʜʘ ʘʟʦʪʘ (II), 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʧʘʣʣʘʜʠʷ (1 ʙʘʣʣ). ʇʨʝʜʣʦʞʠʪʝ ʚʦʟʤʦʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʵʪʦʡ ʨʝʘʢʮʠʠ (2 ʙʘʣʣʘ). ʇʦʯʝʤʫ ʨʝʘʢʮʠʷ ʪʦʨʤʦʟʠʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ NO (1 ʙʘʣʣ)?  

5. ʈʝʘʢʮʠʷ CO + NO ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʧʘʣʣʘʜʠʷ Pd20-30 ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

300 ʂ, ʯʪʦ ʥʘ 150 ʂ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ 

ʤʝʪʘʣʣʘ. ʆʮʝʥʠʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʢʣʘʩʪʝʨʳ ʫʤʝʥʴʰʘʶʪ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ (ʩʯʠʪʘʡʪʝ, ʯʪʦ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʥʦʞʠʪʝʣʠ ʚ 

ʫʨʘʚʥʝʥʠʠ ɸʨʨʝʥʠʫʩʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ Pd). (2 ʙʘʣʣʘ) 
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ʆʙʨʘʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (2008, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘʥʦʭʠʤʠʠ. ʇʦʪʝʥʮʠʘʣʴʥʦ 

ʦʥʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʡ ï ʚ ʢʘʪʘʣʠʟʝ, ʵʥʝʨʛʝʪʠʢʝ, ʵʣʝʢʪʨʦʥʠʢʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʪʨʫʙʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʜʘʣʝʝ çʆʊè). 

1. ʏʪʦ ʪʘʢʦʝ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ (ʕʆ) ʦʜʥʦʩʪʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ? 

(1 ʙʘʣʣ) ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʵʥʪʘʣʴʧʠʷ ʢʦʪʦʨʦʡ ʨʘʚʥʘ ʕʆ. (1 ʙʘʣʣ) ɺ 

ʢʘʢʠʭ ʝʜʠʥʠʮʘʭ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʕʆ? (1 ʙʘʣʣ) ʂʘʢʦʡ ʟʥʘʢ ʙʫʜʝʪ ʠʤʝʪʴ ʵʪʘ 

ʚʝʣʠʯʠʥʘ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ? (1 ʙʘʣʣ) 

2. ʇʨʝʜʣʦʞʠʪʝ ʩʘʤʳʡ ʧʨʦʩʪʦʡ, ʧʦ ɺʘʰʝʤʫ ʤʥʝʥʠʶ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʕʆ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ. (2 ʙʘʣʣʘ) 

3. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥʳ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʥʘʯʝ 

ʧʨʠʚʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʩʤʳʩʣʘ. ɺʳʙʝʨʠʪʝ ʠʟ ʧʨʠʚʦʜʠʤʦʛʦ 

ʥʠʞʝ ʩʧʠʩʢʘ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʳʚʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ 

ʦʜʥʦʩʪʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ: (1) ʊʝʤʧʝʨʘʪʫʨʘ, (2) ʧʣʦʪʥʦʩʪʴ, (3) ʚʥʝʰʥʝʝ 

ʜʘʚʣʝʥʠʝ, (4) ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, (5) ʜʣʠʥʘ ʥʘʥʦʪʨʫʙʢʠ, (6) ʜʠʘʤʝʪʨ ʥʘʥʦʪʨʫʙʢʠ, 

(7) ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʙʝʥʟʦʣʝ, (8) ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, (9) ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʛʨʘʤʤ ʚʝʩʘ, (10) ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, (11) 

ʭʠʨʘʣʴʥʦʩʪʴ ʥʘʥʦʪʨʫʙʢʠ. (2 ʙʘʣʣʘ) 

 

ʆʜʥʦʩʪʝʥʥʘʷ ʫʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʢʘ 

 

ʀʤʝʥʥʦ ʦʙ ʵʪʦʡ ʚʝʣʠʯʠʥʝ ʠʜʝʪ ʨʝʯʴ. ʂʘʞʜʳʡ "ʟʥʘʢ" ʚ ʥʝʡ ʠʤʝʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ! 
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ʅʘʥʦʪʨʫʙʢʠ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ (2008, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ɺʦʜʦʨʦʜ ʩʯʠʪʘʶʪ ʩʘʤʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʪʦʧʣʠʚʦʤ: ʦʥ ï ʣʝʛʢʠʡ, 

ʵʥʝʨʛʦʝʤʢʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʫʧʥʳʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʯʠʩʪʳʡ: ʧʨʦʜʫʢʪʦʤ ʝʛʦ ʦʢʠʩʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʯʠʩʪʘʷ ʚʦʜʘ.  

1. ʉʨʘʚʥʠʪʝ ʫʜʝʣʴʥʳʝ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ (ʢɼʞ/ʛ) ʚʦʜʦʨʦʜʘ, ʫʛʣʝʨʦʜʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ï ʤʝʪʘʥʘ ʠ ʙʝʥʟʠʥʘ (C8H18). (3 ʙʘʣʣʘ) ʇʨʦʜʫʢʪʘʤʠ ʩʛʦʨʘʥʠʷ ʩʯʠʪʘʡʪʝ ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ ʠ ʞʠʜʢʫʶ ʚʦʜʫ. ʅʝʦʙʭʦʜʠʤʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʡʜʠʪʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʂʘʢʦʝ ʪʦʧʣʠʚʦ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʦ? (1 ʙʘʣʣ) 

2. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʣʝʟʥʘʷ ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, 

ʨʘʚʥʘ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ. ɺʳʯʠʩʣʠʪʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʘʙʦʪʫ, 

ʩʦʚʝʨʰʘʝʤʫʶ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ ʚʦʜʦʨʦʜʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʚʦʜʦʨʦʜʥʳʤ ʪʦʧʣʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ. (3 ʙʘʣʣʘ) ʂʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʞʝʪ ʧʨʦʝʭʘʪʴ ʟʘ 

ʩʯʝʪ ʵʪʦʡ ʵʥʝʨʛʠʠ ʘʚʪʦʤʦʙʠʣʴ ʤʘʩʩʦʡ 1000 ʢʛ, ʝʩʣʠ ʢʧʜ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʨʘʚʝʥ 

50%? (1 ʙʘʣʣ) ʅʝʦʙʭʦʜʠʤʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʡʜʠʪʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠʤʠʪʝ ʨʘʚʥʳʤ 0.1.  

ʅʘ ʧʫʪʠ ʢ ʰʠʨʦʢʦʤʫ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʘ ʚ ʵʥʝʨʛʝʪʠʢʝ ʥʘʜʦ ʨʝʰʠʪʴ 

ʨʷʜ ʛʣʦʙʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʛʣʘʚʥʘʷ ʠʟ ʢʦʪʦʨʳʭ ï ʢʦʤʧʘʢʪʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ 

ʭʨʘʥʝʥʠʝ ʚʦʜʦʨʦʜʘ. ʀʜʝʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ 

ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʚʦʜʦʨʦʜʘ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʠ ʣʝʛʢʦ ʦʪʜʘʚʘʪʴ ʝʛʦ ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʭʨʘʥʝʥʠʶ ʚʦʜʦʨʦʜʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʥʦʪʨʫʙʦʢ. ɺ çɺʦʜʦʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʝè ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʉʐɸ 

(1992) ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʣʝʜʫʶʱʠʡ ʢʨʠʪʝʨʠʡ: ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʛʣʝʨʦʜʘ 63 ʢʛ H2/ʤ
3
 

(6.5 ʤʘʩ.% H2). ʉ ʪʝʭ ʧʦʨ ʥʘʯʘʣʘʩʴ ʠ ʩʝʡʯʘʩ ʜʦʩʪʠʛʣʘ ʘʧʦʛʝʷ ʛʦʥʢʘ ʟʘ ʧʨʦʮʝʥʪʘʤʠ 

ʚʦʜʦʨʦʜʘ. ʅʘ ʩʝʛʦʜʥʷ ʨʝʢʦʨʜʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ 18 ʤʘʩ.% H.  

3. ɺ ʢʘʢʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʦʨʦʜʘ ʤʘʢʩʠʤʘʣʴʥʘ? (2 ʙʘʣʣʘ) 

ʏʝʤʫ ʦʥʘ ʨʘʚʥʘ? (1 ʙʘʣʣ) ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʠʟʦʪʦʧʳ ʵʣʝʤʝʥʪʦʚ. 

4. ʆʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘʥʦʪʨʫʙʢʘʤʠ ï ʭʝʤʦʩʦʨʙʮʠʷ, ʪʦ ʝʩʪʴ 

ʘʜʩʦʨʙʮʠʷ ʚʦʜʦʨʦʜʘ H2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʠʩʩʦʮʠʘʮʠʝʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ CïH. ʏʝʤʫ ʨʘʚʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʦʨʦʜʘ ʚ ʥʘʥʦʪʨʫʙʢʘʭ ʧʨʠ ʭʝʤʦʩʦʨʙʮʠʠ? (3 ʙʘʣʣʘ) ʏʝʤʫ ʨʘʚʥʘ 

ʜʦʣʷ ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʜʦʨʦʜʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʝʩʣʠ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʦʨʦʜʘ 

ʩʦʩʪʘʚʣʷʝʪ 6.5%? (2 ʙʘʣʣʘ)  
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5. ʍʝʤʦʩʦʨʙʮʠʷ ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʪʘʢ ʢʘʢ ʪʨʫʜʥʦ ʠʟʚʣʝʯʴ 

ʩʚʷʟʘʥʥʳʡ ʚʦʜʦʨʦʜ: ʩʚʷʟʠ CïH ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʳʚʘʶʪʩʷ ʣʠʰʴ ʧʨʠ 600
ʦ
ʉ. ɻʦʨʘʟʜʦ 

ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʘʷ ʬʠʟʠʯʝʩʢʘʷ 

ʘʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʩʧʦʣʴʟʫʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʮʝʥʠʪʝ, ʢʘʢʦʚʘ 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʦʨʦʜʘ H2, ʧʣʦʪʥʦ ʟʘʧʦʣʥʠʚʰʝʛʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ ʜʣʠʥʥʦʡ 

ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ d ʥʤ ʠ ʜʣʠʥʦʡ l ʥʤ (l >> d >> 1). (5 ʙʘʣʣʦʚ) 

ʇʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʪʨʫʙʢʠ ʦʙʨʘʟʦʚʘʥʘ ʧʨʘʚʠʣʴʥʳʤʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘʤʠ ʩʦ ʩʪʦʨʦʥʦʡ 

0.142 ʥʤ. ʄʦʣʝʢʫʣʫ ʚʦʜʦʨʦʜʘ ʩʯʠʪʘʡʪʝ ʰʘʨʦʤ ʜʠʘʤʝʪʨʦʤ 0.3 ʥʤ.  

6. ʅʘʟʦʚʠʪʝ ʜʨʫʛʠʝ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʫʛʣʝʨʦʜʦʤ, ʩʧʦʩʦʙʳ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʠ ʫʢʘʞʠʪʝ 

ʧʦ ʦʜʥʦʤʫ ʠʭ ʛʣʘʚʥʦʤʫ, ʥʘ ʚʘʰ ʚʟʛʣʷʜ, ʧʨʝʠʤʫʱʝʩʪʚʫ ʠ ʥʝʜʦʩʪʘʪʢʫ. (2 ʙʘʣʣʘ)
2
 

 

ʄʦʜʝʣʴ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ  

                                                           
ʉʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ: 1) ʙʘʟʘ ʜʘʥʥʳʭ ʀɺʊɸʅ: http://www.chem.msu.su/rus/handbook/ivtan/welcome.html, 

2) ʙʘʟʘ ʜʘʥʥʳʭ NIST: http://webbook.nist.gov/chemistry/ 
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ʌʫʣʣʝʨʝʥ ʚ ʤʝʜʠʮʠʥʝ (2008, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʌʫʣʣʝʨʝʥ ʉ60 ʧʨʦʷʚʣʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʋʞʝ ʩʝʛʦʜʥʷ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʨʝʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʣʣʝʨʝʥʦʚ ʚ ʤʝʜʠʮʠʥʝ. ɺʦʟʤʦʞʥʦ, ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʚ ʘʧʪʝʢʘʭ 

ʧʦʷʚʷʪʩʷ ʣʝʢʘʨʩʪʚʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʦʡʜʫʪ ʬʫʣʣʝʨʝʥʳ. 

1. ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉ60. ɺʳʙʝʨʠʪʝ ʠʟ ʩʧʠʩʢʘ 

ʩʚʦʡʩʪʚʘ ʬʫʣʣʝʨʝʥʘ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʘʥʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. 

(2 ʙʘʣʣʘ) ʂʦʨʦʪʢʦ ʦʙʲʷʩʥʠʪʝ, ʢʘʢ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʝʜʠʮʠʥʩʢʦʤʫ 

ʜʝʡʩʪʚʠʶ. (1 ʙʘʣʣ) 

ʉʧʠʩʦʢ ʩʚʦʡʩʪʚ:  

¶ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ;  

¶ ʚʥʝʰʥʠʡ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ (ʜʠʘʤʝʪʨ - ʦʢʦʣʦ 1 ʥʤ);  

¶ ʚʳʩʦʢʘʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʬʠʪʦʤ!) ʣʝʪʫʯʝʩʪʴ;  

¶ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ;  

¶ ʦʩʦʙʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ: ʚʳʩʦʢʘʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʣʦʩʪʠ; 

¶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ; 

¶ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʷʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ; 

¶ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ; 

¶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʝʘʢʮʠʷʤ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ; 

¶ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ; 

¶ ʛʠʜʨʦʬʦʙʥʦʩʪʴ; 

¶ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ; 

¶ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ; 

¶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

2. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʬʫʣʣʝʨʝʥʘ ʉ60 ʚ ʚʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʥʫʣʶ (10
ï13

 ʄ, ʩʦʛʣʘʩʥʦ 

ʦʮʝʥʢʘʤ). ʕʪʦ ʩʚʦʡʩʪʚʦ ʬʫʣʣʝʨʝʥʘ ʩʣʫʞʠʪ ʩʝʨʴʝʟʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʝʨʝʚʦʜʘ ʉ60 ʚ 

ʚʦʜʥʫʶ ʩʨʝʜʫ. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʩʧʠʩʦʢ ʠʟ ʜʚʝʥʘʜʮʘʪʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʏʝʪʳʨʝ ʠʟ ʥʠʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʝʨʝʭʦʜʫ ʬʫʣʣʝʨʝʥʘ ʚ ʚʦʜʫ. ʅʘʟʦʚʠʪʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʠ 

ʧʦʷʩʥʠʪʝ ʢʦʨʦʪʢʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʣʶʙʠʣʠʟʘʮʠʠ (ʧʝʨʝʚʦʜʫ ʚ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ) ʉ60 ʚ ʅ2ʆ. (2 ʙʘʣʣʘ) 

ʉʧʠʩʦʢ ʚʝʱʝʩʪʚ:  

¶ ʘʮʝʪʦʥʠʪʨʠʣ, 

¶ ʜʠʤʝʪʠʣʩʫʣʴʬʘʪ, 

¶ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, 
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¶ ʤʘʣʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

¶ ʪʦʣʫʦʣ, 

¶ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ, 

¶ ʭʣʦʨʠʜ ʥʘʪʨʠʷ, 

¶ ɔ ï ʮʠʢʣʦʜʝʢʩʪʨʠʥ, (ʉ12ʅ25SO4Na),  

¶ ʉ6ʅ5ʉʅʆ,  

¶ ʮʠʢʣʦʛʝʢʩʘʥ,  

¶ ʵʪʘʥʦʣ.  

 

ʀʣʣʶʩʪʨʘʮʠʷ (ʘʣʣʝʛʦʨʠʷ)  
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ʊʘʠʥʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ (2008, ʰʢʦʣʴʥʠʢʠ, ʪʚʦʨʯʝʩʢʠʡ ʢʦʥʢʫʨʩ) 

ʀʟʚʝʩʪʥʳʝ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʵʪʠ ʥʘʥʦʦʙʲʝʢʪʳ ʙʳʣʠ ʚʧʝʨʚʳʝ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ 1991 ʛʦʜʫ. ɼʦ ʩʠʭ ʧʦʨ ʠʭ ʢʠʣʦʛʨʘʤʤʘʤʠ ʫʜʘʣʷʶʪ ʠʟ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʪʦʨʦʚ, ʧʨʠʯʝʤ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʛʨʘʤʤʘ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

250 ʜʦʣʣʘʨʦʚ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʠʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʦ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʠʥʪʝʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʫʞʝʥ ʢʘʪʘʣʠʟʘʪʦʨ ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ 

ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ. ʀʭ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʨʝʜʢʦ ʦʧʫʩʢʘʶʪʩʷ ʥʠʞʝ 550
ʦ
ʉ, ʘ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʴʶ ʩʠʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʠʭ ʩʫʩʧʝʥʟʠʷ ʚ 

ʚʦʜʝ ʧʨʠʦʙʨʝʪʘʝʪ ʣʠʰʴ ʩʣʘʙʦ ʢʠʩʣʫʶ ʨʝʘʢʮʠʶ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦ ʨʘʟʤʝʨʫ ʥʝʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ, ʦʜʥʘʢʦ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʀʥʪʝʨʝʩʫʶʱʠʡ ʥʘʩ ʧʨʦʜʫʢʪ - ʩʘʤʳʡ ʧʨʦʯʥʳʡ ʠʟ ʠʟʚʝʩʪʥʳʭ: ʝʛʦ ʤʦʜʫʣʴ ʖʥʛʘ 

ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʘ 10
12

 ʇʘ, ʯʪʦ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʩʪʘʣʝʡ.  

1. ʆ ʯʝʤ ʠʜʝʪ ʨʝʯʴ, ʧʦʷʩʥʠʪʝ? (2 ʙʘʣʣʘ) 

2. ʇʦʯʝʤʫ ʚ ʟʘʜʘʯʝ ʫʧʦʤʠʥʘʝʪʩʷ ʠʤʝʥʥʦ 1991 ʛʦʜ? (1 ʙʘʣʣ)  ɹʳʣʠ ʣʠ ʠʟʚʝʩʪʥʳ ʵʪʠ 

ʦʙʲʝʢʪʳ ʜʦ 1991 ʛʦʜʘ? (1 ʙʘʣʣ) 

3. ʀʟ ʢʘʢʠʭ ʨʝʘʢʪʦʨʦʚ ʵʪʠ ʦʙʲʝʢʪʳ ʫʜʘʣʷʶʪ ʢʠʣʦʛʨʘʤʤʘʤʠ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ 

ʢʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʵʪʠ ʦʙʲʝʢʪʳ ʚ ʵʪʠʭ ʨʝʘʢʪʦʨʘʭ ʦʙʨʘʟʫʶʪʩʷ)? 

(2 ʙʘʣʣʘ) 

4. ʇʦʯʝʤʫ ʮʝʥʘ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʦʩʪʘʚʝ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ 

(1 ʙʘʣʣ)?  

5. ʂʘʢʠʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʨʘʪʢʦ 

ʧʝʨʝʯʠʩʣʠʪʝ ʠ ʧʦʷʩʥʠʪʝ? (2 ʙʘʣʣʘ)  

6. ʂʘʢʦʚʘ ʨʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ? (2 ʙʘʣʣʘ) 

7. ʇʦʯʝʤʫ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʪʘʢ ʫʩʪʦʡʯʠʚ ʢ ʦʢʠʩʣʝʥʠʶ? (2 ʙʘʣʣʘ) 

8. ʀʟ-ʟʘ ʯʝʛʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩʫʩʧʝʥʟʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʣʠʰʴ 

ʩʣʘʙʦ ʢʠʩʣʫʶ ʨʝʘʢʮʠʶ? ʅʘʧʠʰʠʪʝ ʚʦʟʤʦʞʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ? (2 ʙʘʣʣʘ)  

9. ʏʪʦ ʪʘʢʦʝ ʤʝʪʦʜ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (2 ʙʘʣʣʘ) ʠ ʧʦʯʝʤʫ ʵʪʠʤ ʤʝʪʦʜʦʤ ʥʝʣʴʟʷ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʵʪʠʭ ʦʙʲʝʢʪʦʚ? (2 ʙʘʣʣʘ) 

10. ʂʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʯʪʦʙʳ 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʵʪʠʭ ʦʙʲʝʢʪʦʚ? (1 ʙʘʣʣ) ʅʝ ʣʫʯʰʝ ʣʠ 

ʙʫʜʝʪ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʚʝʯʠʚʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ, 

ʧʦʷʩʥʠʪʝ? (1 ʙʘʣʣ)  

11. ʇʦʯʝʤʫ ʧʨʦʯʥʦʩʪʴ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʩʪʘʣʠ? (2 ʙʘʣʣʘ)  
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12. ɻʜʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʢʨʘʪʢʦ ʧʝʨʝʯʠʩʣʠʪʝ ʠ ʢʨʘʪʢʦ ʧʦʷʩʥʠʪʝ 

ʧʦʯʝʤʫ)? (3 ʙʘʣʣʘ)  

 
ɸʚʪʦʨʳ ʨʠʩʫʥʢʘ: ʉʝʤʝʥʦʚʳ ʀʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ʠ ɸʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  



36 
 

çʅʘʥʦè ʠ ʄʝʥʜʝʣʝʝʚ (2008, ʰʢʦʣʴʥʠʢʠ, ʪʚʦʨʯʝʩʢʠʡ ʢʦʥʢʫʨʩ) 

ʆʜʥʘ ʠʟ ʚʝʜʫʱʠʭ ʧʝʨʝʜʘʯʠ çʆʪ ʧʝʨʚʦʛʦ ʣʠʮʘè (ʨʘʜʠʦ çʈʦʩʩʠʷè) ʟʘʜʘʣʘ ʢʘʢ-ʪʦ ʚʦʧʨʦʩ, ʙʳʣ 

ʙʳ ʩʝʡʯʘʩ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʴ ʇʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚ çʥʘ ʫʨʦʚʥʝè ʩ ʪʝʤʠ, 

ʢʪʦ ʠʩʩʣʝʜʫʝʪ ʥʘʥʦʯʘʩʪʠʮʳ ʠ çʥʘʥʦʤʘʪʝʨʠʶè. ʇʫʩʪʴ ʵʪʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʫʜʝʪʝ ɺʳ, 

ʧʨʠʯʝʤ ɺʘʤ, ʥʘʦʙʦʨʦʪ, ʩʣʝʜʫʝʪ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ɺʳ çʥʘ ʫʨʦʚʥʝè, ʧʦʵʪʦʤʫ ʚ ʵʪʦʡ ʟʘʜʘʯʝ 

ɺʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʠʘʣʴʥʦʝ ʦʪʢʨʳʪʠʝ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ ï ʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʵʣʝʤʝʥʪʦʚ (ʇʉʕ).  

1. ʏʪʦ ʪʘʢʦʝ, ʧʦ-ɺʘʰʝʤʫ, ʥʘʥʦʯʘʩʪʠʮʳ? (1 ʙʘʣʣ) ʂʘʢʦʡ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʳ ʠ 

ʨʘʟʤʝʨʘ? (1 ʙʘʣʣ)  

2. ɹʫʜʫʪ ʣʠ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ ʪʘʢʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʠ ʝʩʣʠ ʙʫʜʫʪ, ʪʦ ʧʦʯʝʤʫ? (2 ʙʘʣʣʘ)  

3. ʂʘʢʠʝ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʨʤʝ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʧʨʠʥʮʠʧʝ 

(1 ʙʘʣʣ) ʠ ʫʞʝ ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʘʢʪʠʢʝ (3 ʙʘʣʣʘ) ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʢʘʢʠʝ ʧʦʣʫʯʝʥʳ 

ʙʳʪʴ ʥʝ ʤʦʛʫʪ ʠ ʧʦʯʝʤʫ? (1 ʙʘʣʣ)  

4. ʂʘʢʦʚʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ? (3 ʙʘʣʣʘ)  

5. ʂʘʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ɺʳ ʤʦʞʝʪʝ ʧʨʝʜʣʦʞʠʪʴ? (4 ʙʘʣʣʘ)  

 

ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ 
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ɹʘʪʘʨʝʡʢʠ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ 

ʛʨʘʬʠʪʘ. ʇʨʠ ʟʘʨʷʜʝ ʚ ʪʘʢʦʡ ʵʣʝʢʪʨʦʜ ʚʥʝʜʨʷʶʪʩʷ (ʠʥʪʝʨʢʘʣʠʨʫʶʪ) ʠʦʥʳ ʣʠʪʠʷ: 

C + x Li
+
 + x e

-
Ÿ LixC, (ʝ ī ʵʣʝʢʪʨʦʥ) 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʜʨʝʥʥʦʛʦ ʣʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭ = 1/6, ʪ.ʝ. ʬʦʨʤʫʣʝ LiC6. 

ɺʳʩʢʘʟʳʚʘʣʠʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʝʩʣʠ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʣʠʪʠʶ (x > 1/6). 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, 

ʥʦ, ʚ ʦʙʱʝʤ, ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ x > 1/6, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʘʷ 

ʝʤʢʦʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʝʤʢʦʩʪʴ ʛʨʘʬʠʪʘ. ʏʘʩʪʦ ʧʨʝʧʘʨʘʪʳ ʩ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʩʦʜʝʨʞʘʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʩʘʞʠ ʠ ʪ.ʧ.). ɽʩʪʴ ʜʘʥʥʳʝ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʧʨʝʧʘʨʘʪʘ ʦʪ 

ʧʦʩʪʦʨʦʥʥʠʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʧʦ ʣʠʪʠʶ ʩʥʠʞʘʝʪʩʷ.  

1. ʂʘʢ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ? (2 ʙʘʣʣʘ)  

2. ʏʝʤ ʧʨʦʮʝʩʩ ʠʥʪʝʨʢʘʣʷʮʠʠ ʣʠʪʠʷ ʚ ʦʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʮʝʩʩʘ ʠʥʪʝʨʢʘʣʷʮʠʠ ʚ ʤʥʦʛʦʩʪʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ? 

(1 ʙʘʣʣ) 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʣʠʪʠʡ-ʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʣʠʪʠʨʦʚʘʥʥʳʭ 

ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʙʘʣʴʪʠʪ ʣʠʪʠʷ LiCoO2. ʇʨʠ 

ʟʘʨʷʜʝ ʪʘʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʦʥʳ ʣʠʪʠʷ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʣʠʪʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ, ʘ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: 

LiCoO2Ÿ Li(1īx)CoO2 + x Li
+
 + x e

-
 

ʆʢʩʠʜʳ ʠʤʝʶʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʦʵʪʦʤʫ ʚ ʩʦʩʪʘʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚʩʝʛʜʘ ʚʚʦʜʷʪ çʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʫʶ ʜʦʙʘʚʢʫè ī ʩʘʞʫ ʠʣʠ 

ʜʨʫʛʦʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ. ʆʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ 

ʢʘʯʝʩʪʚʝ çʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʜʦʙʘʚʢʠè. 

3. ʇʦʯʝʤʫ ʠʤʝʥʥʦ ʥʘʥʦʪʨʫʙʢʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʫʜʘʯʥʦʡ çʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ 

ʜʦʙʘʚʢʦʡè? (2 ʙʘʣʣʘ) 

4. ʄʦʞʥʦ ʣʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʦʣʥʦʮʝʥʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʥʝʫʛʣʝʨʦʜʥʳʝ ï ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ? ʆʙʲʷʩʥʠʪʝ ɺʘʰʠ 

ʚʳʚʦʜʳ. (2 ʙʘʣʣʘ) 
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ʊʠʧʠʯʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ 

 

ʊʠʧʠʯʥʘʷ ʥʘʥʦʪʨʫʙʢʘ  
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ʎʝʧʦʯʢʘ ʫʤʦʟʘʢʣʶʯʝʥʠʡ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ɺʝʱʝʩʪʚʦ ʍ ï ʥʘʥʦʤʘʪʝʨʠʘʣ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʬʣʦʪʠʨʫʝʪ ʚ ʚʦʜʝ, ʧʨʠʯʝʤ ʨʘʟʤʝʨ ʝʛʦ ʯʘʩʪʠʮ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʣʠ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. ʇʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʤʘʪʝʨʠʘʣ ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʩʣʘʙʦʢʠʩʣʫʶ 

ʨʝʘʢʮʠʶ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʥʝʤʫ ʘʣʶʤʦʛʠʜʨʠʜʘ ʣʠʪʠʷ ʚ ʜʠʦʢʩʘʥʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʤʳʚʢʦʡ ʵʪʘʥʦʣʦʤ ʠ ʩʣʘʙʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʥʦʝ ʚʝʱʝʩʪʚʦ ʂ, ʧʨʠ ʝʛʦ 

ʦʙʨʘʙʦʪʢʝ ʪʠʦʥʠʣʭʣʦʨʠʜʦʤ ʚ ʧʠʨʠʜʠʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚʝʱʝʩʪʚʦ L, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʝ ʩ 

ʜʠʪʠʣʠʥʦʤ. ʇʨʠ ʵʪʦʤ, ʩʦʛʣʘʩʥʦ ʩʧʝʢʪʨʫ ʇʄʈ, ʮʝʧʦʯʝʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʪʠʣʠʥʘ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ɽʩʣʠ ʞʝ ʩʘʤʦ ʚʝʱʝʩʪʚʦ ʍ ʦʙʨʘʙʦʪʘʪʴ ʭʣʦʨʠʩʪʳʤ ʪʠʦʥʠʣʦʤ, ʪʦ ʧʨʦʜʫʢʪ (Y) 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʠʟʘʵʜʨʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʮʠʢʣʘ. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Y c ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ, ʘ ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ï 

ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʝ ʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ ʩ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʪʨʝʪʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʩ ʫʯʘʩʪʠʝʤ ʚʝʱʝʩʪʚʘ L. 

1. ʉʜʝʣʘʡʪʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ ʫʧʦʤʷʥʫʪʳʭ ʚʝʱʝʩʪʚ (ʥʘʧʠʰʠʪʝ çʮʝʧʦʯʢʫè 

ʧʨʝʚʨʘʱʝʥʠʡ), ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʍ ï ʫʩʪʦʡʯʠʚʦ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 500 
ʦ
ʉ ʠ ʥʘʯʠʥʘʝʪ 

ʟʘʤʝʪʥʦ ʬʣʫʦʨʝʩʮʠʨʦʚʘʪʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 735 ʥʤ ʠ ʚʳʰʝ. 

(7 ʙʘʣʣʦʚ)  

2. ɿʘʯʝʤ ʧʨʦʠʟʚʦʜʷʪ ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ? (3 ʙʘʣʣʘ) 

 

ɸʣʣʝʛʦʨʠʷ... 
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ʅʘʥʦʬʠʙʨʠʣʣʳ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ï 35 ÁC ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ (Hg, Ga, In, Pb ʠʣʠ Bi), ʩʦʜʝʨʞʘʱʠʭ Al, ʦʙʨʘʟʫʶʪʩʷ 

ʥʘʥʦʚʦʣʦʢʥʘ (ʬʠʙʨʠʣʣʳ) ʜʠʘʤʝʪʨʦʤ å 5ʥʤ. ʉʦʩʪʘʚ ʵʪʠʭ ʚʦʣʦʢʥʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ ʙʣʠʟʦʢ ʢ 

Al 2O3ĿnH2O, ʛʜʝ n ʩʥʠʞʘʝʪʩʷ ʦʪ ~ 4 ʜʦ ~ 1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʫʶ ʧʣʦʪʥʦʩʪʴ, ʦʪ 0,02 ʜʦ 0,04 ʛ/ʩʤ
3
, ʠ ʙʦʣʴʰʫʶ ʦʪʢʨʳʪʫʶ ʧʦʨʠʩʪʦʩʪʴ, 

ʙʦʣʝʝ 98 %, ʵʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʤʦʥʦʣʠʪʦʚ 

(ʙʣʦʢʦʚ) ʦʙʲʝʤʦʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʠʪʨʦʚ.  

1. ʂʘʢʦʚ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʥʘʥʦʬʠʙʨʠʣʣ 

Al 2O3ĿnH2O? (3 ʙʘʣʣʘ)  

2. ʂʘʢʦʚʘ ʨʦʣʴ ʨʪʫʪʠ, ʛʘʣʣʠʷ ʠ ʜʨʫʛʠʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʬʠʙʨʠʣ? (2 ʙʘʣʣʘ)  

3. ʄʦʞʥʦ ʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʪʴ ʥʘʥʦʬʠʙʨʠʣʣʳ ʦʢʩʠʜʘ ʮʠʥʢʘ, ʦʢʩʠʜʘ 

ʠʥʜʠʷ, ʦʢʩʠʜʘ ʤʝʜʠ, ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ? (2 ʙʘʣʣʘ) 

4. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʭʦʨʦʰʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʥʦʬʠʙʨʠʣʣ - ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʜʠʘʤʝʪʨʘ 

å 5ʥʤ? (2 ʙʘʣʣʘ)  

5. ʏʝʤ ʤʦʞʝʪ ʧʨʝʜʦʧʨʝʜʝʣʷʪʴʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, 

ʠʤʝʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʘʤʦʨʬʥʦʝ ʘʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ, ʚ ʥʘʥʦʬʠʙʨʠʣʣʳ? (2 ʙʘʣʣʘ) ʀʟ ʢʘʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ, 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʣʠʙʦ "ʤʦʜʫʣʝʡ", ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘʥʦʬʠʙʨʠʣʣʳ 

ʦʢʩʠʛʠʜʨʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ? (1 ʙʘʣʣ) 

6. ɻʜʝ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʥʘʡʪʠ ʩʚʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ? (1 ʙʘʣʣ) 

7. ʆʙʲʷʩʥʠʪʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʥʘʥʦʬʠʙʨʠʣʣʘʤʠ, ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1000 ʠ 1650 
ʦ
ʉ. (3 ʙʘʣʣʘ) 
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ʄʘʢʨʦʙʣʦʢ ʠʟ ʥʘʥʦʬʠʙʨʠʣʣ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

 

ʅʘʥʦʬʠʙʨʠʣʣʳ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ 



42 
 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 1000 
ʦ
ʉ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 1650 
ʦ
ʉ 
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ʕʥʝʨʛʦʫʩʪʘʥʦʚʢʘ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ʕʥʝʨʛʦʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ 50 ʚʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʭ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʝʜʠʥʠʯʥʦʡ 

ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ.  

ɺʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʝʜʠʥʠʯʥʦʡ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ. 

ʅʘʧʨʷʞʝʥʠʝ, ʤɺ ʊʦʢ, ʤɸ 

1017 0 

906 13 

884 25 

869 40 

860 50 

852 63 

841 75 

828 100 

816 125 

807 150 

796 175 

787 200 

779 225 

772 250 

755 300 

742 350 

727 400 

717 450 

706 500 

695 550 

685 600 

676 650 

670 700 

659 750 

631 875 

600 1000 

564 1125 

532 1250 

491 1375 

410 1500 

298 1625 

1. ʅʘʨʠʩʫʡʪʝ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʷʯʝʡʢʠ, ʦʧʠʰʠʪʝ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʫʢʘʞʠʪʝ, ʚ 

ʢʘʢʠʭ ʵʣʝʤʝʥʪʘʭ ʷʯʝʡʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʠʣʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ (ʦʙʩʫʜʠʪʝ ʠʭ ʨʦʣʴ). (5 ʙʘʣʣʦʚ) ʂʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʷʯʝʡʢʠ ʠ ʧʦʯʝʤʫ? (2 ʙʘʣʣʘ) 

2. ʇʦʩʪʨʦʡʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʦʪ ʪʦʢʘ ʠ 

ʦʧʨʝʜʝʣʠʪʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʥʘ ʜʦʩʪʠʛʘʝʪʩʷ. (2 ʙʘʣʣʘ) ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʚʝʣʠʯʠʥʫ 
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ʥʘʧʨʷʞʝʥʠʷ ʚʦʜʦʨʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

(ȹG
ʦ
H2O(ʛʘʟ)= ï237,3 ʢɼʞ/ʤʦʣʴ). (1 ʙʘʣʣ)  

3. ʈʘʩʩʯʠʪʘʡʪʝ ʂʇɼ ʝʜʠʥʠʯʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ 

(ȹʅ
ʦ
H2O(ʛʘʟ)= ï241,8 ʢɼʞ/ʤʦʣʴ). (1 ʙʘʣʣ) ʇʨʠ ʢʘʢʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʝʜʠʥʠʯʥʦʡ ʷʯʝʡʢʝ 

ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʂʇɼ = 56%? (1 ʙʘʣʣ) 

4. ʈʘʩʩʯʠʪʘʡʪʝ ʪʨʝʙʫʝʤʳʝ ʧʦʪʦʢʠ ʚʦʜʦʨʦʜʘ ʠ ʚʦʟʜʫʭʘ (ʣ/ʤʠʥ), ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʚʦʜʳ (ʛ/ʯʘʩ) ʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʝ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. (3 ʙʘʣʣʘ) ʋʪʠʣʠʟʘʮʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʘʥʦʜʝ 

ʩʦʩʪʘʚʣʷʝʪ 70 %, ʘ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ï 30%. ʉʯʠʪʘʪʴ, ʯʪʦ ʛʘʟʳ ʥʘʭʦʜʷʪʩʷ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʀʛʨʫʰʝʯʥʳʡ ʵʣʝʢʪʨʦʧʘʨʘʚʦʟʠʢ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʠʪʘʝʪʩʷ ʚʦʜʦʨʦʜʦ-ʚʦʟʜʫʰʥʳʤ 

ʪʦʧʣʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ (ʬʦʪʦʛʨʘʬʠʷ ʩʦ ʚʪʦʨʦʛʦ ʌʝʩʪʠʚʘʣʷ ʅʘʫʢʠ ʛ. ʄʦʩʢʚʳ ʚ ʄɻʋ) 
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ʕʢʩʧʝʨʪʠʟʘ ʜʦʢʫʤʝʥʪʦʚ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ɺ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʝ ʜʦʢʫʤʝʥʪʦʚ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦʜʤʝʥʳ ʣʠʩʪʦʚ ʚ 

ʜʦʛʦʚʦʨʘʭ. ʇʨʠʯʠʥʘ ʧʦʜʦʙʥʳʭ ʧʦʜʤʝʥ ʧʦʥʷʪʥʘ: ʧʨʝʩʪʫʧʥʠʢʠ ʚʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʫʥʢʪʳ ʚ ʜʦʛʦʚʦʨʘ ʠʣʠ ʫʜʘʣʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ, ʤʝʥʷʶʪ ʩʦʩʪʘʚ ʬʦʨʩ-ʤʘʞʦʨʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠ ʪ.ʜ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ ʧʝʯʘʪʘʶʪ ʥʘ ʣʘʟʝʨʥʳʭ ʧʨʠʥʪʝʨʘʭ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʵʢʩʧʝʨʪʳ ʧʳʪʘʶʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʤʝʥʫ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʪʣʠʯʠʷʤ ʪʝʢʩʪʦʚ, ʢʦʪʦʨʳʝ 

ʚʠʜʥʳ ʧʦʜ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʀʟʫʯʘʶʪ ʭʘʨʘʢʪʝʨ ʥʝʨʦʚʥʦʩʪʝʡ ʙʫʢʚ, ʧʣʦʪʥʦʩʪʴ 

ʥʘʥʝʩʝʥʠʷ ʪʦʥʝʨʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʪʦʥʝʨʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʦʪ ʪʝʢʩʪʘ ʯʘʩʪʠ ʣʠʩʪʘ. 

ʆʜʥʘʢʦ ʥʘʜʦ ʦʪʜʘʚʘʪʴ ʩʝʙʝ ʦʪʯʝʪ, ʯʪʦ ʟʘ ʪʘʢʠʤʠ ʧʦʜʣʦʛʘʤʠ ʩʪʦʷʪ ʦʛʨʦʤʥʳʝ ʜʝʥʴʛʠ. 

ʇʦʵʪʦʤʫ ʧʦʜʤʝʥʫ ʩʪʘʨʘʶʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʝʝ ʥʝ ʦʙʥʘʨʫʞʠʣʠ: ʧʦʜʙʠʨʘʶʪ ʪʘʢʫʶ 

ʞʝ ʙʫʤʘʛʫ, ʚʳʙʠʨʘʶʪ ʧʨʠʥʪʝʨ, ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʧʦʭʦʞʠʝ ʥʘ ʦʨʠʛʠʥʘʣ ʠʟʦʙʨʘʞʝʥʠʷ. 

1. ʂʘʢ, ʠʩʧʦʣʴʟʫʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʥʘʥʦʦʙʲʝʢʪʦʚ, ʦʙʥʘʨʫʞʠʪʴ 

ʧʦʜʤʝʥʫ ʣʠʩʪʦʚ ʚ ʪʝʢʩʪʝ ʜʦʛʦʚʦʨʘ? (3 ʙʘʣʣʘ) ʇʦʷʩʥʠʪʝ ɺʘʰʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ 

ʦʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʵʪʦʡ ʮʝʣʠ ʥʝʣʴʟʷ (ʠʣʠ ʛʦʨʘʟʜʦ ʩʣʦʞʥʝʝ) ʜʦʩʪʠʛʥʫʪʴ ʦʙʳʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ? (3 ʙʘʣʣʘ) 

2. ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ (ʠʣʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ) ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʜʦʢʫʤʝʥʪʦʚ ʠ 

ʮʝʥʥʳʭ ʙʫʤʘʛ ʦʪ ʧʦʜʜʝʣʢʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ? (3 ʙʘʣʣʘ) 

3. ʇʨʝʜʣʦʞʠʪʝ ʧʨʠʤʝʨʥʳʡ ʩʦʩʪʘʚ ʪʦʥʝʨʘ ʜʣʷ ʧʝʯʘʪʠ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ 

ʧʦʜʜʝʣʘʪʴ. (3 ʙʘʣʣʘ) 

 

ɸʣʣʝʛʦʨʠʷ... 
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ʂʦʣʴʮʘ ʃʠʟʝʛʘʥʛʘ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ɺʘʞʥʝʡʰʘʷ ʯʝʨʪʘ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʥʦʩʠʩʪʝʤʘʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʯʘʩʪʦ 

ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤ ʤʘʩʰʪʘʙʦʤ 

ʫʧʦʨʷʜʦʯʝʥʠʷ (ʥʘʥʦ-, ʤʝʟʦ-, ʤʠʢʨʦ- ʠ ʤʘʢʨʦʫʨʦʚʝʥʴ). ʆʜʥʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʷʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʵʚʦʣʶʮʠʷ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ. ʂʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ (ʠ 

ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʥʩʘʤʙʣʠ ʥʘʥʦʯʘʩʪʠʮ) ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʪʢʨʳʪʳʤʠ, ʪʘʢ ʢʘʢ ʤʝʞʜʫ 

ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʵʥʝʨʛʦ- 

ʠ ʤʘʩʩʦʦʙʤʝʥʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʦʣʣʦʠʜʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ ʦʪʥʦʩʷʪʩʷ ʦʪʢʨʳʪʳʝ ʚ 1897 ʛ. ʢʦʣʴʮʘ ʃʠʟʝʛʘʥʛʘ. ʀʭ ʧʦʣʫʯʘʶʪ ʦʙʳʯʥʦ ʧʨʠ 

ʜʠʬʬʫʟʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʯʝʨʝʟ ʛʝʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʜʨʫʛʦʡ ʵʣʝʢʪʨʦʣʠʪ 

ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʥʘʥʦʯʘʩʪʠʮʳ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʚʠʜʝ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʩʝʛʤʝʥʪʦʚ, ʨʘʜʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

1. ʇʨʝʜʣʦʞʠʪʝ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʝʮ ʃʠʟʝʛʘʥʛʘ. (3 ʙʘʣʣʘ) 

2. ʂʘʢʠʝ ʝʱʝ ɺʳ ʤʦʞʝʪʝ ʥʘʟʚʘʪʴ ʧʨʠʤʝʨʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘʥʦʩʠʩʪʝʤ? (3 ʙʘʣʣʦʚ)  

3. ʅʘʟʦʚʠʪʝ ʤʠʥʝʨʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʢʦʣʝʮ ʃʠʟʝʛʘʥʛʘ. (3 ʙʘʣʣʘ) 

4. ʂʘʢʠʝ ʚʳʚʦʜʳ ʦʙ ʫʩʣʦʚʠʷʭ (ʧʨʝʜʳʩʪʦʨʠʠ) ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʘʥʘʣʠʟʠʨʫʷ ʢʦʣʴʮʘ ʃʠʟʝʛʘʥʛʘ ʚ ʤʠʥʝʨʘʣʘʭ, ʧʦʷʩʥʠʪʝ. (5 ʙʘʣʣʦʚ) 

 

ʂʦʣʴʮʘ ʃʠʟʝʛʘʥʛʘ (ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ) 

(ɸ) ʇʦʣʦʩʳ ʦʩʘʜʢʘ ʠʦʜʠʩʪʦʛʦ ʩʚʠʥʮʘ ʚ 1%-ʥʦʤ ʘʛʘʨʦʚʦʤ ʛʝʣʝ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʧʨʦʙʠʨʢʝ. 

ʅʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ: [KI] = 0,17 ʄ, [Pb(NO3)2] = 0,009 ʄ. (B) ʌʨʘʛʤʝʥʪ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʦʩʘʜʢʘ ʜʠʭʨʦʤʘʪʘ ʩʝʨʝʙʨʘ ʚ 5%-ʥʦʤ ʞʝʣʘʪʠʥʦʚʦʤ ʛʝʣʝ ʚ ʯʘʰʢʝ 

ʇʝʪʨʠ. ʅʘʯʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ: [AgNO3] = 0,9 ʄ, [K2Cr2O7] = 0,007 ʄ.   
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ʅʘʥʦʘʣʤʘʟʳ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʘʥʦʘʣʤʘʟʳ ʤʦʛʫʪ 

ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʦʙʣʘʩʪʷʭ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʫʛʣʝʨʦʜʘ, ʛʜʝ ʨʘʚʥʦʚʝʩʥʦʡ ʬʘʟʦʡ 

ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʪ. ʇʨʠʯʠʥʫ ʧʦʜʦʙʥʦʛʦ ʷʚʣʝʥʠʷ ʘʚʪʦʨʳ ʧʫʙʣʠʢʘʮʠʡ ʚʠʜʷʪ ʚ ʪʦʤ, ʯʪʦ 

ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ ʥʘʥʦʨʘʟʤʝʨʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʘʩʩʠʚʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ 

ʊʘʙʣʠʮʝ 1 ʩʦʙʨʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʫʩʧʝʰʥʳʭ ʩʠʥʪʝʟʦʚ ʥʘʥʦʘʣʤʘʟʦʚ.  

 

1. ʆʙʲʷʩʥʠʪʝ ʩʫʪʴ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʘʣʤʘʟʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 1. 

(3 ʙʘʣʣʘ) 

2. ʏʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʛʣʝʨʦʜʘ ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʘʭ ï ʘʣʤʘʟ ʠʣʠ ʛʨʘʬʠʪ, ʧʦʯʝʤʫ? (1 ʙʘʣʣ) ʏʪʦ ʪʘʢʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ? 

(1 ʙʘʣʣ) 

3. ʄʦʞʥʦ ʣʠ ʩʠʥʪʝʟʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 1, ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʊʘʙʣʠʮʝ 2, ʠʣʠ ʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʧʫʱʝʥʠʷ? (5 ʙʘʣʣʦʚ) ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʯʠʪʘʡʪʝ 

ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʘ ʚ ʢʘʞʜʦʤ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʊʘʙʣʠʮʝ 1.  

4. ʆʮʝʥʠʪʝ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʜʠʘʤʝʪʨʦʤ 5 ʥʤ. (3 ʙʘʣʣʘ) 

5. ʈʘʩʩʯʠʪʘʡʪʝ ʵʬʬʝʢʪʠʚʥʫʶ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ 

ʥʘʥʦʘʣʤʘʟʘ (ʨʝʘʢʮʠʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ï ʥʤ
3
/ʩ) ʧʦ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʚ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʥʘʛʨʝʚʘ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʜʘʚʣʝʥʠʠ. (3 ʙʘʣʣʘ) 
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ʉʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠ ʵʪʠ ʢʦʥʩʪʘʥʪʳ ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ EA = 

112 ʢɼʞ/ʤʦʣʴ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʠ ʧʦʯʝʤʫ? (1 ʙʘʣʣ) 

 

ɹʨʠʣʣʠʘʥʪ... 

   



49 
 

ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʠʡʩʷ ʷʜ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ʅʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʪʠʥʘ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʥʦʢʣʘʩʪʝʨʳ ʧʣʘʪʠʥʦʠʜʦʚ) ʷʚʣʷʝʪʩʷ ʧʦʢʘ 

ʯʪʦ ʥʝʟʘʤʝʥʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʦʡ ʛʘʤʤʳ ʚʘʞʥʝʡʰʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʪʠʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʞʠʛʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ, ʯʪʦ ʝʱʝ ʙʦʣʝʝ ʚʘʞʥʦ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀ ʚ ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʦʟʤʦʞʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʥʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʩ ʢʦʪʦʨʳʤ ʧʣʘʪʠʥʘ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʠ ʬʦʨʤʠʨʫʝʪ ʚ ʨʷʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʩʤ. ʨʠʩʫʥʢʠ ʥʠʞʝ). ʂʩʪʘʪʠ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. 

1. ɺ ʢʘʢʠʭ ʫʟʣʘʭ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩ ʢʘʢʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʥʦʜʠʩʧʝʨʩʥʘʷ ʧʣʘʪʠʥʘ, ʚ 

ʢʘʢʠʭ ʪʠʧʘʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʥʘ ʧʨʠʤʝʥʷʝʪʩʷ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 

ʠ ʜʘʡʪʝ ʦʧʠʩʘʥʠʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ. (3 ʙʘʣʣʘ) 

2. ʇʨʝʜʣʦʞʠʪʝ ʤʦʣʝʢʫʣʷʨʥʳʡ (ʵʣʝʤʝʥʪʘʨʥʳʡ) ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʤʦʥʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ, ʦʙʲʷʩʥʠʪʝ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʧʣʘʪʠʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ? (5 ʙʘʣʣʦʚ) ʂʘʢʠʝ ʪʠʧʳ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʦʙʨʘʟʫʝʪ ʧʣʘʪʠʥʘ ʩ ʤʦʥʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ, ʩ ʢʠʩʣʦʨʦʜʦʤ, ʜʠʦʢʩʠʜʦʤ 

ʫʛʣʝʨʦʜʘ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʧʨʦʯʥʝʝ ʠ ʧʦʯʝʤʫ (ʨʘʩʩʤʦʪʨʠʪʝ ʷʚʣʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʦʨʠʠ ʧʦʣʷ ʣʠʛʘʥʜʦʚ)? (3 ʙʘʣʣʘ) ʇʦʯʝʤʫ ʤʦʥʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ çʷʜʦʤè ʜʣʷ 

ʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ? (2 ʙʘʣʣʘ) 

3. ʂ ʢʘʢʦʤʫ ʠʟ ʪʠʧʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ï ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʠʣʠ ʜʠʩʩʠʧʘʪʠʚʥʦʡ, ʧʦʷʩʥʠʪʝ? (3 ʙʘʣʣʘ) 

4. ʂʘʢʦʚʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʢʠʥʝʪʠʢʠ 

ʦʢʠʩʣʝʥʠʷ ʤʦʥʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ)? (5 ʙʘʣʣʦʚ) 
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ʅʘʥʦʪʨʫʙʢʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʩ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ ʧʣʘʪʠʥʳ (ʬʦʪʦ ʌʅʄ ʄɻʋ) 

 

ɺʘʨʠʘʥʪʳ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 
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ɸʚʪʦʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 
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ʅʘʥʦʨʝʘʢʪʦʨ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ʆʜʥʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʆʉʅʊ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ ʠʭ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʨʦʯʥʦʩʪʠ ʛʨʘʬʠʪʦʚʦʛʦ ʣʠʩʪʘ, ʪ.ʝ. ~ 1 ʊʇʘ. ʊʘʢʠʝ ʚʳʜʘʶʱʠʝʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʆʉʅʊ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʘʨʤʠʨʫʶʱʝʡ ʜʦʙʘʚʢʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʜʦʩʪʠʛʥʫʪʳʝ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʥʘʯʝʥʠʷ ʨʝʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʩʪʝʥʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʥʘ ʨʘʟʨʳʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 100 ɻʇʘ, ʯʪʦ ʜʝʣʘʝʪ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʡ ʨʘʟʨʘʙʦʪʢʫ 

ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʆʉʅʊ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʆʉʅʊ ʷʚʣʷʝʪʩʷ ʠʭ ʟʘʧʦʣʥʝʥʠʝ ʠʦʥʥʳʤʠ ʠʣʠ 

ʢʦʚʘʣʝʥʪʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʆʉʅʊ ʬʦʨʤʠʨʫʝʪʩʷ 

çʦʜʥʦʤʝʨʥʳʡ ʢʨʠʩʪʘʣʣè, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʪʝʥʢʘʤʠ ʆʉʅʊ ʧʦʩʨʝʜʩʪʚʦʤ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʠʣʠ ʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌʕʉ ʠ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʥʝʨʛʠʷ ʵʪʦʡ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʝʪ ~ 1 ʵɺ/ʘʪʦʤ. 

1. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʨʝʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʆʉʅʊ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ. (2 ʙʘʣʣʘ) 

2. ʀʩʧʦʣʴʟʫʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚ ʦʙʲʝʤʥʳʭ ʚʝʱʝʩʪʚʘʭ ʠ ʛʨʘʬʠʪʝ, ʦʮʝʥʠʪʝ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʢʦʤʧʦʟʠʪʦʚ KI@ʆʉʅʊ, CuI@ʆʉʅʊ, Te@ʆʉʅʊ, ʧʨʠʥʷʚ 

ʭʠʨʘʣʴʥʦʩʪʴ ʆʉʅʊ ʢʘʢ (10,10) ʠ (19, 0). (5 ʙʘʣʣʦʚ) 

3. ʆʙʩʫʜʠʪʝ, ʢʘʢ ʠʟʤʝʥʷʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʆʉʅʊ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦ 

ʚʥʫʪʨʝʥʥʝʤ ʢʘʥʘʣʝ ʥʘʥʦʪʨʫʙʢʠ ʦʜʥʦʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ KI, CuI, Te. (3 ʙʘʣʣʘ) 

4. ʇʨʝʜʣʦʞʠʪʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʆʉʅʊ, ʟʘʧʦʣʥʝʥʥʳʭ (ʘ) 

ʠʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, (ʙ) ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. (3 ʙʘʣʣʘ) 

 

ʅʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʌʅʄ ʄɻʋ, 

ʬʦʪʦʛʨʘʬʠʷ ʀʂ ʈɸʅ)  
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ʋʩʠʢʠ (2008, ʭʠʤʠʷ / ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʫʯʠʪʴ ʥʘʥʦʧʨʦʚʦʣʦʢʠ (ʥʘʥʦʚʠʩʢʝʨʳ) ʛʝʨʤʘʥʠʷ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ, 

ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʜʣʦʞʢʫ (ʥʘʧʨʠʤʝʨ, ʢʨʝʤʥʠʝʚʫʶ). ʇʨʠ ʵʪʦʤ ʟʦʣʦʪʦ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʦʙʨʘʟʥʦʛʦ çʢʘʪʘʣʠʟʘʪʦʨʘè. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʨʦʚʦʣʦʢ 

ʛʘʟʦʦʙʨʘʟʥʳʡ ʧʨʝʢʫʨʩʦʨ (GeI2) ʨʘʟʣʘʛʘʶʪ ʧʨʠ 800ÁC ʚ ʢʘʤʝʨʝ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 20 ʥʤ ï ʯʘʩʪʠʮ ʟʦʣʦʪʘ. ʈʠʩʫʥʢʠ A-F ʧʦʢʘʟʳʚʘʶʪ ʥʘʙʣʶʜʝʥʠʝ in situ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ.  

 

1. ʀʩʧʦʣʴʟʫʷ ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʩʠʩʪʝʤʳ Ge-Au, ʦʙʲʷʩʥʠʪʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʥʘ ʈʠʩ. B-F (ʈʠʩ. A ï ʠʩʭʦʜʥʘʷ 

ʥʘʥʦʯʘʩʪʠʮʘ ʟʦʣʦʪʘ). (2 ʙʘʣʣʘ) ʇʦʯʝʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʚʠʩʢʝʨʦʚ ʠ ʢʘʢ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʜʠʘʤʝʪʨ? (2 ʙʘʣʣʘ) ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʤʝʭʘʥʠʟʤ 

çʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦè ʠ çʪʝʤʧʣʘʪʥʦʛʦè ʚʣʠʷʥʠʷ ʟʦʣʦʪʘ? (2 ʙʘʣʣʘ) ʂʘʢʦʚʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʥʝʨʛʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ çʚʠʩʢʝʨ-ʛʘʟʦʚʘʷ ʬʘʟʘè, 
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çʚʠʩʢʝʨ-ʟʦʣʦʪʦè, çʟʦʣʦʪʦ-ʛʘʟʦʚʘʷ ʬʘʟʘè ʠ ʧʦʯʝʤʫ? (2 ʙʘʣʣʘ) ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʵʪʦʪ 

ʩʧʦʩʦʙ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ? (1 ʙʘʣʣ) 

2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (>100 ʥʤ) 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ çʧʫʯʢʦʚè 

ʥʘʥʦʧʨʦʚʦʣʦʢ. ʇʦʯʝʤʫ? (1 ʙʘʣʣ) 

3. ʗʚʣʷʶʪʩʷ ʣʠ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠʣʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʧʦʯʝʤʫ? (2 ʙʘʣʣʘ) ʂʘʢʦʚʘ ʦʙʳʯʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʥʘʥʦʧʨʦʚʦʣʦʢ ʠ ʧʦʯʝʤʫ? (3 ʙʘʣʣʘ) 

4. ɻʜʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʧʨʦʚʦʣʦʢʠ? (2 ʙʘʣʣʘ) 
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ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

21 ʚʝʢ ʥʘʟʳʚʘʶʪ ʚʝʢʦʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘʢʦ ʝʱʝ ʤʥʦʛʦ ʚʝʢʦʚ ʥʘʟʘʜ ʯʝʣʦʚʝʯʝʩʪʚʦ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʯʘʩʪʦ ʥʝ ʦʪʜʘʚʘʷ ʩʝʙʝ ʦʪʯʝʪ ʚ ʪʦʤ, ʦʪʢʨʳʪʠʷ ʢʘʢʦʡ 

ʚʘʞʥʦʩʪʠ ʙʳʣʠ ʪʦʛʜʘ ʩʜʝʣʘʥʳ. 

ʄʘʣʦʠʟʚʝʩʪʥʳʤ, ʭʦʪʷ ʥʘʫʯʥʦ ʜʦʢʘʟʘʥʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʙʘʪʘʨʝʡʢʫ ʚʧʝʨʚʳʝ ʧʨʠʜʫʤʘʣʠ ʥʝ ʃʫʠʜʞʠ ɻʘʣʴʚʘʥʠ ʠ ʥʝ ɸʣʝʩʩʘʥʜʨʦ ɺʦʣʴʪʘ, ʘ ʟʘ 22 ʚʝʢʘ 

ʜʦ ʥʠʭ ʜʨʝʚʥʠʝ ʞʠʪʝʣʠ ʧʘʨʬʷʥʩʢʦʛʦ ʮʘʨʩʪʚʘ. ʀʭ ʠʟʦʙʨʝʪʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʟʘʣʠʪʳʡ 

ʩʤʦʣʦʡ ʛʣʠʥʷʥʳʡ ʩʦʩʫʜ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʣʠʩʴ ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʚʠʥʥʳʡ ʫʢʩʫʩ 

ʤʝʜʥʳʡ ʮʠʣʠʥʜʨ ʠ ʞʝʣʝʟʥʳʡ ʩʪʝʨʞʝʥʴ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʥʝʭʠʪʨʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʦʟʚʦʣʷʚʰʝʛʦ ʧʦʣʫʯʘʪʴ ʥʘʧʨʷʞʝʥʠʝ 0.5 ɺ, ʧʘʨʬʷʥʝ ʦʩʘʞʜʘʣʠ ʟʦʣʦʪʳʝ ʧʦʢʨʳʪʠʷ 

ʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠʥʳ. 

1. ʉʢʦʣʴʢʦ ʯʘʩʦʚ ʪʨʝʙʦʚʘʣʦʩʴ ʧʘʨʬʷʥʘʤ, ʯʪʦʙʳ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʠʟ 10 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʙʘʪʘʨʝʝʢ ʦʩʘʜʠʪʴ ʩʣʦʡ ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ 50 ʥʤ ʥʘ 

ʩʪʘʪʫʵʪʢʫ ʙʦʛʘ ʆʩʠʨʠʩʘ ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ 0.5 ʤ
2
? ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʩʪʝʤʳ 

ʧʨʠʤʠʪʝ ʨʘʚʥʳʤ 0.1 ʆʤ, ʟʦʣʦʪʦ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +3, ʨʘʜʠʫʩ ʘʪʦʤʘ ʟʦʣʦʪʘ 0.1 ʥʤ. (2 ʙʘʣʣʘ) 

ɺ 325 ʛʦʜʫ ʜʦ ʥ.ʵ. ʚʝʣʠʢʠʡ ʧʦʣʢʦʚʦʜʝʮ ɸʣʝʢʩʘʥʜʨ ʄʘʢʝʜʦʥʩʢʠʡ ʧʨʠʚʝʣ ʩʚʦʠ ʚʦʡʩʢʘ ʚ 

ʀʥʜʠʶ. ɺ ʣʘʛʝʨʝ ʚʦʡʩʢ ʥʘ ʙʝʨʝʛʫ ʨʝʢʠ ʀʥʜ ʚʥʝʟʘʧʥʦ ʨʘʟʨʘʟʠʣʘʩʴ ʵʧʠʜʝʤʠʷ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʘʷ, ʢʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʥʝ ʟʘʪʨʦʥʫʣʘ ʥʠ ʦʜʥʦʛʦ ʚʦʝʥʘʯʘʣʴʥʠʢʘ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʦʩʪʳʝ ʩʦʣʜʘʪʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʦʣʦʚʷʥʥʦʡ ʧʦʩʫʜʦʡ, ʘ ʠʭ ʢʦʤʘʥʜʠʨʳ ï 

ʩʝʨʝʙʨʷʥʦʡ. 

2. ʏʪʦ ʞʝ ʧʨʦʠʟʦʰʣʦ? ɻʜʝ ʵʪʦ ʷʚʣʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚʧʦʩʣʝʜʩʪʚʠʠ (ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ)? (2 ʙʘʣʣʘ) 

ɺ ʩʨʝʜʥʠʝ ʚʝʢʘ ʚ ʧʦʠʩʢʘʭ çʬʠʣʦʩʦʬʩʢʦʛʦ ʢʘʤʥʷè ʘʣʭʠʤʠʢʠ ʦʪʢʨʳʣʠ ʦʯʝʥʴ ʤʥʦʛʦ 

ʧʦʣʝʟʥʳʭ ʨʝʘʢʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʛʨʝʚʘʥʠʝʤ ʧʘʨʦʦʙʨʘʟʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʥʢʘ ʥʘ 

ʚʦʟʜʫʭʝ ʦʥʠ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʥʘʥʦʯʘʩʪʠʮʳ çʬʠʣʦʩʦʬʩʢʦʡ ʰʝʨʩʪʠè. 

3. ʏʪʦ ʪʘʢʦʝ çʬʠʣʦʩʦʬʩʢʘʷ ʰʝʨʩʪʴè? ɻʜʝ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ ʤʦʛʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʝ 

ʥʘʥʦʯʘʩʪʠʮʳ? (2 ʙʘʣʣʘ) ɻʜʝ ʦʥʘ (ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʡʯʘʩ? 

(2 ʙʘʣʣʘ) 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʥʘʥʦʦʙʲʝʢʪʦʚ. ʆʜʥʘʢʦ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ ʝʱʝ ʜʘʞʝ ʥʝ ʙʳʣ ʠʟʦʙʨʝʪʝʥ, ʘʥʛʣʠʯʘʥʠʥ ɼʞʦʥ ʋʠʣʴʷʤ ʉʪʨʘʪʪ 

ʈʵʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʝʡʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʫʤʝʣ ʦʮʝʥʠʪʴ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʈʵʣʝʷ ʩʦʩʪʦʷʣ ʚ ʩʣʝʜʫʶʱʝʤ. ʂʘʧʣʷ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ ʧʦʤʝʱʘʣʘʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʠʨʪʘ ʠ ʨʘʩʪʝʢʘʣʘʩʴ ʧʦ ʥʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʧʷʪʥʘ. ʇʦʩʣʝ 
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ʠʩʧʘʨʝʥʠʷ ʩʧʠʨʪʘ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʷʪʥʘ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ 0.2 ʤ
2
. ʇʦʩʢʦʣʴʢʫ 

ʪʦʯʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ ʦʜʥʦʡ ʢʘʧʣʠ ʫ ʈʵʣʝʷ ʥʝ ʙʳʣʦ, ʦʥ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ 

100 ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʭ ʢʘʧʝʣʴ ʤʘʩʣʘ ʧʣʦʪʥʦʩʪʴʶ 800 ʢʛ/ʤ
3
 ʚʝʩʷʪ 0.078 ʛ.  

4. ʆʧʨʝʜʝʣʠʪʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʜʣʠʥʫ ʤʦʣʝʢʫʣʳ ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ. ʄʦʞʝʪʝ ʣʠ ɺʳ 

ʧʨʝʜʣʦʞʠʪʴ ʜʨʫʛʠʝ ʧʨʦʩʪʝʡʰʠʝ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ 

ʥʘʥʦʦʙʲʝʢʪʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ? (4 ʙʘʣʣʘ) 

 

ʀʩʪʦʨʠʷ ʛʣʫʙʦʢʦ ʫʭʦʜʠʪ ʢʦʨʥʷʤʠ ʚ ʚʝʢʘ... 
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ʆ ʟʦʣʦʪʝ ʌʘʨʘʜʝʷ ʟʘ ʯʘʰʢʦʡ ʢʦʬʝ (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʋʞʝ ʚʦ ʚʨʝʤʝʥʘ ʄʘʡʢʣʘ ʌʘʨʘʜʝʷ ʙʳʣʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʤʝʣʴʯʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʤʦʣʦʪʦʛʦ ʢʦʬʝ, ʪʝʤ ʜʦʣʴʰʝ ʵʪʠ ʯʘʩʪʠʮʳ ʙʫʜʫʪ ʧʣʘʚʘʪʴ ʚ ʚʦʜʝ ʠ ʪʝʤ ʧʦʣʥʝʝ ʠ ʥʘʩʳʱʝʥʥʝʝ 

ʙʫʜʝʪ ʚʢʫʩ ʥʘʧʠʪʢʘ. ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʢʦʬʝ, ʢʦʪʦʨʳʡ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ 

ʥʘʯʘʣʝ 19 ʚʝʢʘ, ʩʦʩʪʘʚʣʷʣ 10 ʤʠʢʨʦʥ. 

1. ʇʦʯʝʤʫ ʯʘʩʪʠʮʳ ʢʦʬʝ ʚ ʯʘʰʢʝ ʌʘʨʘʜʝʷ ʥʝ ʦʩʝʜʘʣʠ ʥʘ ʜʥʦ ʤʛʥʦʚʝʥʥʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ? (1 ʙʘʣʣ)  

2. ɺ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʠʮʳ ʤʦʛʣʠ ʙʳ ʥʝ ʦʩʝʜʘʪʴ ʥʘ ʜʥʦ ʯʘʰʢʠ, ʘ ʥʘʦʙʦʨʦʪ 

ʚʩʧʣʳʚʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ? ʂʘʢ ʵʪʦʛʦ ʜʦʙʠʪʴʩʷ? (3 ʙʘʣʣʘ)  

3. ɺ ʪʝʯʝʥʠʝ ʢʘʢʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʬʝ ʌʘʨʘʜʝʡ ʤʦʛ ʩʧʦʢʦʡʥʦ 

ʟʘʚʪʨʘʢʘʪʴ, ʥʝ ʙʦʷʩʴ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚʩʝʭ ʯʘʩʪʠʮ ʢʦʬʝ? ɺʳʩʦʪʘ ʯʘʰʢʠ ʌʘʨʘʜʝʷ 

15 ʩʤ. (2 ʙʘʣʣʘ) 
3
 

ʌʘʨʘʜʝʡ ʩʫʤʝʣ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʚʟʚʝʰʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʠ, ʧʨʘʚʜʘ, 

ʥʝ ʜʣʷ ʢʦʬʝ, ʘ ʜʣʷ ʟʦʣʦʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʠʤ ʚ 1845 ʛ. ʟʦʣʠ ʟʦʣʦʪʘ ʥʝ ʚʳʢʘʟʳʚʘʣʠ ʥʠʢʘʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʢʘ ʚʧʣʦʪʴ ʜʦ ʩʤʝʨʪʠ ʫʯʝʥʦʛʦ ʚ 1867 ʛʦʜʫ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʠ 

ʟʦʣʠ ʙʝʟ ʦʩʘʜʢʘ ʩʦʭʨʘʥʠʣʠʩʴ ʜʦ ʩʠʭ ʧʦʨ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʚ ɹʨʠʪʘʥʩʢʦʤ ʤʫʟʝʝ. 

4. ʆʮʝʥʠʪʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʌʘʨʘʜʝʝʤ. 

ɺʳʩʦʪʘ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʙʠʨʢʝ ʌʘʨʘʜʝʷ 25 ʩʤ. (2 ʙʘʣʣʘ)  

5. ʂʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʌʘʨʘʜʝʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʯʘʩʪʠʮʳ ʩʪʦʣʴ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʦʣʝʡ ʟʦʣʦʪʘ. ʇʦʯʝʤʫ ʯʘʩʪʠʮʳ ʚ 

ʟʦʣʝ ʌʘʨʘʜʝʷ ʥʝ çʩʣʠʧʘʶʪʩʷè ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʘʛʨʝʛʘʪʳ? (3 ʙʘʣʣʘ)  

ʆʩʘʞʜʝʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʫʩʢʦʨʝʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. 

6. ʅʘ ʯʝʤ ʦʩʥʦʚʘʥ ʵʪʦʪ ʩʧʦʩʦʙ? (1 ʙʘʣʣ)  

7. ɿʘ ʢʘʢʦʝ ʚʨʝʤʷ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʦʩʘʜʠʪʴ ʟʦʣʴ ʌʘʨʘʜʝʷ ʚ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʝ, ʨʦʪʦʨ 

ʢʦʪʦʨʦʡ ʚʨʘʱʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 1000 ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ? ɺʳʩʦʪʘ ʫʨʦʚʥʷ 

ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʙʠʨʢʝ ʩ ʟʦʣʝʤ ʌʘʨʘʜʝʷ 25 ʩʤ. (3 ʙʘʣʣʘ)  

8. ʅʝ ʧʨʦʠʟʦʡʜʝʪ ʣʠ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʙʠʨʢʠ ʧʨʠ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ ʩ ʪʘʢʦʡ 

ʩʢʦʨʦʩʪʴʶ? ʄʘʩʩʘ ʩʦʜʝʨʞʠʤʦʛʦ ʧʨʦʙʠʨʢʠ 27 ʛ. (2 ʙʘʣʣʘ) 

                                                           
ʇʨʠʤʝʯʘʥʠʝ: ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

v = 2pr
2
(r-rʦ)g/9h, ʛʜʝ r ï ʨʘʟʤʝʨ ʯʘʩʪʠʮ, r ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ, rʦ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, g ï 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, h ï ʚʷʟʢʦʩʪʴ ʚʦʜʳ. ʇʣʦʪʥʦʩʪʴ ʢʦʬʝ ʧʨʠʤʠʪʝ ʨʘʚʥʦʡ 1.1 ʛ/ʩʤ
3
, ʦʩʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʥʘʡʜʠʪʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 
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ʂʪʦ ʩʢʘʟʘʣ, ʯʪʦ çʚʝʯʥʳʝ ʮʝʥʥʦʩʪʠè ʥʝ ʩʪʘʨʝʶʪ?.. (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʦʙʨʘʟʫʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʩʚʦʝʦʙʨʘʟʥʳʡ ʟʘʱʠʪʥʳʡ ʩʣʦʡ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʘʛʨʝʛʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ, ʠʭ ʦʢʠʩʣʝʥʠʶ ʠ ʧʨʦʪʝʢʘʥʠʶ ʜʨʫʛʠʭ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʆʙʳʯʥʦ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʦʣʳ, 

ʘʤʠʥʳ, ʬʦʩʬʠʥʳ, ʬʦʩʬʠʥʦʢʩʠʜʳ ʠ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤ ʩ ʥʝʧʦʜʝʣʝʥʥʦʡ 

ʧʘʨʦʡ ʵʣʝʢʪʨʦʥʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ HAuCl4 ʙʦʨʦʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʜʝʮʠʣʪʠʦʣʘ ʦʙʨʘʟʫʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʜʠʘʤʝʪʨʦʤ 3,9 ʥʤ, ʧʦʢʨʳʪʳʝ 

ʤʦʥʦʩʣʦʝʤ ʪʠʦʣʘ. ʇʨʠ ʩʪʦʷʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʵʪʦʪ çʨʘʩʪʚʦʨè ʧʦʩʪʝʧʝʥʥʦ çʩʪʘʨʝʝʪè. ʇʨʠ ʵʪʦʤ 

ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 6,2 ʥʤ.  

1. ʂʘʢʘʷ ʯʘʩʪʴ (ʚ %) ʤʦʣʝʢʫʣ ʜʦʜʝʮʠʣʪʠʦʣʘ ʧʨʠ çʩʪʘʨʝʥʠʠè ʧʝʨʝʡʜʝʪ ʚ ʨʘʩʪʚʦʨ? ɺ 

ʚʠʜʝ ʢʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʥʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʩʪʚʦʨʝ? (3 ʙʘʣʣʘ)  

ɼʨʫʛʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ NaAuCl4 

ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ (ʪʨʠʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ 3-ʛʠʜʨʦʢʩʠ-3-ʢʘʨʙʦʢʩʠʧʝʥʪʘʥʜʠʦʚʦʡ ʢʠʩʣʦʪʳ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 12-ʘʤʠʥʦʜʦʜʝʮʠʣʪʠʦʣʘ.  

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʡ. ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ ʛʘʟʘ, 

ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 1 ʛ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ. (4 ʙʘʣʣʘ)  

3. ʆʙʝ ʫʢʘʟʘʥʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʦʢʪʘʥʦʣ-ʚʦʜʘ. ɺ ʢʘʢʦʡ 

ʬʘʟʝ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʧʦʣʫʯʝʥʥʳʝ çʨʘʩʪʚʦʨʳè ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ? ʆʙʦʩʥʫʡʪʝ ɺʘʰ 

ʦʪʚʝʪ. (2 ʙʘʣʣʘ) 

 

ʆʙʳʯʥʦʝ ʟʦʣʦʪʦ... 
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ʄʝʪʘʣʣ ʧʦʙʝʜʦʥʦʩʥʦʡ ʙʦʛʠʥʠ (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʇʠʨʦʣʠʟʦʤ é ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʦʢʩʠʜʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʨʠ 950Áʉ ʧʦʣʫʯʝʥʳ é 

ʜʠʘʤʝʪʨʦʤ 3 ï 6 ʥʤ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ- ʪʨʝʭ é . ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʦʪ 

ʧʨʠʤʝʩʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʨʘʙʘʪʳʚʘʷ ʝʛʦ é, ʘ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʂʦʤʧʣʝʢʩ 

ʧʘʣʣʘʜʠʷ ʩ ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥʦʤ (dba) ʩʦʩʪʘʚʘ Pd2(dba)3 ʨʘʩʪʚʦʨʠʣʠ ʚ ʪʦʣʫʦʣʝ, ʨʘʩʪʚʦʨ 

ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʥʝʩʣʠ ʚ ʥʝʛʦ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ é . 

ɺʳʜʝʣʠʚʰʠʡʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʯʝʨʥʳʡ ʦʩʘʜʦʢ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪʜʝʣʠʣʠ ʦʪ ʞʝʣʪʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʧʨʦʤʳʣʠ ʠ ʚʳʩʫʰʠʣʠ. ʀʩʧʘʨʝʥʠʝʤ ʬʠʣʴʪʨʘʪʘ ʤʦʞʥʦ 

ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʚʝʩʴ é, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ.  

1. ɿʘʧʦʣʥʠʪʝ ʤʥʦʛʦʪʦʯʠʷ ʚ ʪʝʢʩʪʝ ʩʣʦʚʘʤʠ. (3 ʙʘʣʣʘ)  

2. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʘʣʠʟʘʪʦʨ? (2 ʙʘʣʣʘ) ʂʘʢ ʦʥ ʚʣʠʷʝʪ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʚ 

ʦʙʨʘʪʠʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ? (2 ʙʘʣʣʘ)  

3. ɺ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʘʣʣʘʜʠʡ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ? (1 ʙʘʣʣ)  

4. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʟʦʚʠʪʝ ʜʚʘ ʚʝʱʝʩʪʚʘ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʠʟʦʤʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʘ. (2 ʙʘʣʣʘ)  

5. ʂʘʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʘ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʧʘʣʣʘʜʠʝʤ? 

ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. (2 ʙʘʣʣʘ)  

6. ʂʘʢʦʚʘ ʧʨʠʨʦʜʘ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ? (1 ʙʘʣʣ)  

7. ʇʨʠʤʝʥʷʝʪʩʷ ʣʠ ʧʘʣʣʘʜʠʡ ʚ ʪʦʧʣʠʚʥʳʭ ʷʯʝʡʢʘʭ ʠ ʧʦʯʝʤʫ? (2 ʙʘʣʣʘ) 
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ʄʳʣʴʥʘʷ ʦʧʝʨʘ (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʂʘʞʜʳʡ ʠʟ ʚʘʩ, ʙʝʟʫʩʣʦʚʥʦ, ʠʤʝʣ ʜʝʣʦ ʩ ʤʳʣʦʤ. ʆʙʳʢʥʦʚʝʥʥʦʝ ʤʳʣʦ ï ʵʪʦ ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ 

ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ C17H35COOH. ʆʜʥʘʢʦ ʚ ʚʦʜʝ ʩ ʥʠʤ ʥʘʯʠʥʘʶʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʘʤʳʝ 

ʥʘʩʪʦʷʱʠʝ ʯʫʜʝʩʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ï ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ. 

1. ʏʪʦ ʪʘʢʦʝ ʇɸɺ? (1 ʙʘʣʣ) ʂʘʢ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ? (2 ʙʘʣʣʘ) 

2. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʶʱʝʝ ʜʝʡʩʪʚʠʝ ʤʳʣʘ? (1 ʙʘʣʣ)  

3. ʇʦʯʝʤʫ ʤʳʣʦ ʣʫʯʰʝ ʤʦʝʪ ʚ ʪʝʧʣʦʡ ʚʦʜʝ? (1 ʙʘʣʣ)  

4. ʇʦʯʝʤʫ ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʳʣʘ ʦʥʦ ʥʘʯʠʥʘʝʪ ʤʳʪʴ ʛʦʨʘʟʜʦ 

ʣʫʯʰʝ, ʘ ʧʦʪʦʤ ï ʛʦʨʘʟʜʦ ʭʫʞʝ? (3 ʙʘʣʣʘ)  

5. ʇʦʯʝʤʫ ʩʪʠʨʢʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ ʚ çʞʝʩʪʢʦʡè ʚʦʜʝ ʠ ʢʘʢ ʩ ʵʪʠʤ 

ʙʦʨʦʪʴʩʷ? (2 ʙʘʣʣʘ)  

6. ʉʤʝʛʤʘ ï ʧʦ-ʛʨʝʯʝʩʢʠ çʤʳʣʦè. ʏʪʦ ʪʘʢʦʝ ʩʤʝʢʪʠʢʠ ʠ ʢʘʢ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ? (2 ʙʘʣʣʘ)  

ʄʳʣʦ ʦʙʨʘʟʫʝʪ ʩʬʝʨʠʯʝʩʢʠʝ ʤʠʮʝʣʣʳ ʨʘʜʠʫʩʦʤ 12.5 ʥʤ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

çʘʥʠʦʥʘ ʤʳʣʘè ʚ ʘʜʩʦʨʙʮʠʦʥʥʦʤ ʥʘʩʳʱʝʥʥʦʤ ʩʣʦʝ ʨʘʚʥʘ 0.25 ʥʤ
2
. ɼʣʠʥʘ çʘʥʠʦʥʘ ʤʳʣʘè 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2.5 ʥʤ. ʄʠʮʝʣʣʳ ʤʳʣʘ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ, ʝʩʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʳʣʘ ʧʨʝʚʳʰʘʝʪ 1.8Ā10
ï5

 ʤʦʣʴ/ʣ. 

7. ʉʢʦʣʴʢʦ ʧʘʯʝʢ ʤʳʣʘ ʥʫʞʥʦ ʨʘʩʪʚʦʨʠʪʴ ʚ ʣʫʞʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʝʨʝʜ ʟʜʘʥʠʝʤ 

ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʴ ʝʝ ʘʜʩʦʨʙʮʠʦʥʥʳʤ 

ʤʦʥʦʩʣʦʝʤ? ʇʣʦʱʘʜʴ ʣʫʞʠ 50 ʤ
2
, ʤʘʩʩʘ ʧʘʯʢʠ 100 ʛ. (2 ʙʘʣʣʘ)  

8. ʉʢʦʣʴʢʦ çʘʥʠʦʥʦʚ ʤʳʣʘè ʬʦʨʤʠʨʫʶʪ ʤʠʮʝʣʣʫ? ʉʢʦʣʴʢʦ ʤʠʮʝʣʣ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʠʟ ʧʘʯʢʠ ʤʳʣʘ? (2 ʙʘʣʣʘ)  

9. ʂʘʢʦʚʦ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ çʘʥʠʦʥʘʤʠ ʤʳʣʘè ʚ ʨʘʩʪʚʦʨʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʪʦʨʦʛʦ 1.8Ā10
ï5

 ʤʦʣʴ/ʣ? (2 ʙʘʣʣʘ) 

 

ɿʥʘʢʦʤʳʝ ʚʩʝʤ ʩ ʜʝʪʩʪʚʘ ʤʳʣʴʥʳʝ ʧʫʟʳʨʠ... 
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ɺʦʪ ʚ ʯʝʤ ʟʘʛʚʦʟʜʢʘ! (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʦʪʝʟʦʚ ʠ ʠʤʧʣʘʥʪʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ çʘʨʤʘʪʫʨʳè ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʣʝʛʢʠʡ, ʪʫʛʦʧʣʘʚʢʠʡ ʠ ʪʚʝʨʜʳʡ ʩʝʨʝʙʨʠʩʪʦ-

ʙʝʣʳʡ ʤʝʪʘʣʣ (ʢʩʪʘʪʠ, ʠʟ ʥʝʛʦ ʞʝ ʯʘʩʪʦ ʜʝʣʘʶʪ ʧʨʦʯʥʳʝ ʢʦʨʧʫʩʘ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ). 

ʆʙʣʘʜʘʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʦʥ ʥʝ ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʣʘʛʦʜʘʨʷ ʧʨʦʯʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʝ. ʅʝʜʘʚʥʦ ʫʯʝʥʳʝ ʥʘʫʯʠʣʠʩʴ 

ʧʨʠʜʘʚʘʪʴ ʦʙʨʘʟʮʘʤ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʥʘʥʦʩʪʨʫʢʪʫʨʫ (ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʚ 100 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʚ 25 ʤʢʤ ʚ 

ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ, ʘʜʛʝʟʠʷ ʢʣʝʪʦʢ ʥʘ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʠ 

ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʥʘ ʦʙʨʘʟʮʘʭ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ.  

1. ʅʘʟʦʚʠʪʝ ʤʝʪʘʣʣ. (1 ʙʘʣʣ) 

2. ʏʪʦ ʩʣʫʞʠʪ ʩʳʨʴʝʤ ʜʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ. 

(2 ʙʘʣʣʘ)  

3. ʂʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʫʜʘʝʪʩʷ ʧʨʠʜʘʪʴ ʤʝʪʘʣʣʫ ʪʘʢʫʶ ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʠ ʧʦʯʝʤʫ ʦʥʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʷʜʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ? 

(4 ʙʘʣʣʘ)  

4. ʇʨʠʚʝʜʠʪʝ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ, ʢʦʛʜʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʢʘʟʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʧʨʦʯʥʳʤ, ʯʝʤ ʤʘʪʝʨʠʘʣ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʥʦ ʥʝ ʦʙʣʘʜʘʶʱʠʡ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ. 

(2 ʙʘʣʣʘ)  

5. ʂʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʤʘʪʝʨʠʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ 

ʠʤʧʣʘʥʪʘʥʪʘ? (2 ʙʘʣʣʘ)  

6. ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ ʢʣʝʪʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʩ ʤʝʪʘʣʣʦʤ, ʠ ʢʘʢ ʚʣʠʷʝʪ  

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʥʘ ʵʪʦʪ ʧʘʨʘʤʝʪʨ? (2 ʙʘʣʣʘ) 

 

ʇʦʜʚʦʜʥʘʷ ʣʦʜʢʘ ʪʦʞʝ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦʪ ʤʝʪʘʣʣ... 
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ʈʘʜʠʢʘʣʴʥʦʝ ʨʝʰʝʥʠʝ (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʇʦʣʠʤʝʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʥʘʥʦʫʩʪʨʦʡʩʪʚ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ (ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ). ʕʪʠ 

ʟʘʜʘʯʠ ʨʝʰʘʝʪ ʤʝʪʦʜ ATRP (ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ), ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʤʝʜʠ (I). 

R-Hal + Cu(+1)Hal(Ligand)n Cu(+2)Hal2(Ligand)n+

kdeact

R-M

(n-1)M

...

R-Mn

R-Mx

Hal

R-M Hal

kact

kdeact

Cu(+1)Hal(Ligand)n +

Cu(+1)Hal(Ligand)n + + Cu(+2)Hal2(Ligand)n

Cu(+2)Hal2(Ligand)n+

kact

+Mkp

R-Mn

R-My + R-M(x+y)R
kt

kdeact

kact

kp

R

 

ɺ ʵʪʦʡ ʩʭʝʤʝ M ï ʤʦʥʦʤʝʨ, Hal ï ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥ ʠʣʠ ʘʪʦʤ ʛʘʣʦʛʝʥʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦ ʠʟ ʧʨʠʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʵʪʠʤ 

ʩʧʦʩʦʙʦʤ. ʅʘʥʦʯʘʩʪʠʮʳ ʞʝʣʝʟʘ ʩʣʫʞʘʪ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʯʠʩʪʢʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʪ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʧʨʦʪʝʢʘʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ.  

1. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʘ) ʥʘ ʧʨʠʤʝʨʝ ʪʝʪʨʘʭʣʦʨʵʪʠʣʝʥʘ, ʙ) ʚ ʦʙʱʝʤ ʚʠʜʝ. (3 ʙʘʣʣʘ)  

2. ʇʦʯʝʤʫ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʞʝʣʝʟʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʧʦʨʦʰʢʘ? (2 ʙʘʣʣʘ)  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʧʦʣʠʤʝʨʘʤʠ (ʧʦʣʠʤʝʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʟʚʝʥʴʷ ʨʘʟʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ). ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʧʫʪʝʤ ATRP: 
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O
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O
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O

S OH

O

O
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CuCl/Ligand CHCl3, 600C

 

ʅʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʠ ʚʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʧʨʦʜʫʢʪʘ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʘʮʝʪʠʣʩʫʣʴʬʘʪʦʤ ʧʦʣʠʤʝʨ ʩʪʘʣ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʠ ʧʨʠʦʙʨʝʣ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʯʥʦ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʯʘʩʪʠʮʘʤʠ Fe (0) ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. 

3. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʦʣʠʤʝʨʦʚ X3 ʠ ʍ4, ʦʪʨʘʞʘʶʱʠʝ ʧʦʨʷʜʦʢ 

ʩʦʝʜʠʥʝʥʠʷ ʟʚʝʥʴʝʚ ʚ ʩʦʧʦʣʠʤʝʨʝ ʠ ʩʪʨʦʝʥʠʝ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʧʦʣʠʤʝʨʘ. (4 ʙʘʣʣʘ)  

4. ɺ ʪʘʙʣʠʮʝ ʧʝʨʝʯʠʩʣʝʥʳ ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʠ ʧʦʣʠʤʝʨʦʚ. ʂʘʢʠʤʠ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ 

ʜʘʥʥʳʡ ʩʦʧʦʣʠʤʝʨ? ʋʢʘʞʠʪʝ, ʢʘʢʦʝ (ʢʘʢʠʝ) ʠʟ ʟʚʝʥʴʝʚ ʩʦʧʦʣʠʤʝʨʘ ʦʪʚʝʯʘʝʪ(ʶʪ) ʟʘ 

ʵʪʦ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʡʢʘʭ ʧʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ 

ʚʳʙʨʘʥʥʳʭ ʟʚʝʥʴʝʚ. (5 ʙʘʣʣʦʚ) 

ʇʦʚʳʰʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʘʩʪʠʮʳ ʢ ʘʛʨʝʛʘʮʠʠ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ  

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʩʧʦʩʦʙʥʳʭ 

ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʭʣʦʨʦʨʛʘʥʠʢʫ 

 

ʋʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ, ʫʩʢʦʨʷʶʱʝʝ 

ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʣʦʨʦʨʛʘʥʠʢʠ  

 

ʉʧʦʩʦʙʥʦʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʥʝʩʤʝʰʠʚʘʶʱʠʝʩʷ ʩ ʚʦʜʦʡ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

 

ʋʣʫʯʰʝʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ, 

ʫʩʢʦʨʷʶʱʝʝ ʦʢʠʩʣʝʥʠʝ ʞʝʣʝʟʘ 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʞʝʣʝʟʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʧʨʦʯʥʦʤʫ 

ʩʚʷʟʳʚʘʥʠʶ ʧʦʣʠʤʝʨʘ ʩ ʞʝʣʝʟʥʦʡ ʥʘʥʦʯʘʩʪʠʮʝʡ  

 

ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʧʦʣʠʤʝʨʘ  

ʇʨʠʜʘʥʠʝ ʧʦʣʠʤʝʨʫ ʦʢʨʘʩʢʠ  

ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ  

ɿʘʱʠʪʘ ʯʘʩʪʠʮʳ ʞʝʣʝʟʘ ʦʪ ʢʦʨʨʦʟʠʠ  
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5. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦ ʤʝʪʦʜʫ ATRP ï ʜʦʨʦʛʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩ. ʂʨʘʪʢʦ ʤʦʪʠʚʠʨʫʡʪʝ, ʧʦʯʝʤʫ ʦʧʠʩʘʥʥʳʡ 

ʩʦʧʦʣʠʤʝʨ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ, ʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʠ ʩʣʦʞʥʳʡ ʤʝʪʦʜ. (2 ʙʘʣʣʘ) 
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ʆʥ ʩʜʝʣʘʣ ʵʪʦ SAM! (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ɼʣʠʥʥʦʮʝʧʦʯʝʯʥʳʝ ʘʣʢʘʥʪʠʦʣʳ ʦʙʨʘʟʫʶʪ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ 

ʩʘʤʦʩʦʙʠʨʘʶʱʠʝʩʷ ʤʦʥʦʩʣʦʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. 

ʌʦʨʤʘʣʴʥʦ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʪʠʦʣʴʥʦʡ ʩʚʷʟʠ SïH ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ AuïS: 

Xï(CH2)nïSH + Au
0
 Ÿ Xï(CH2)nïSAu

1
 +1/2H2.  

ʇʨʠ ʵʪʦʤ ʘʪʦʤʳ ʩʝʨʳ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ (111), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʛʦ ʩʣʦʷ.  

 

ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ SAM 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʣʝʢʫʣʳ ʘʣʢʘʥʪʠʦʣʦʚ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʩʪʨʦʛʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ, ʘ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ. 

1. ʇʦʯʝʤʫ ʤʦʣʝʢʫʣʳ ʚ ʪʘʢʦʤ çʩʘʤʦʩʦʙʠʨʘʶʱʝʤʩʷ ʩʣʦʝè (self-assembling monolayer, 

SAM) ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʭʘʦʪʠʯʥʦ, ʘ ʦʙʨʘʟʫʶʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ? (2 ʙʘʣʣʘ) 

ʇʦʯʝʤʫ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʧʨʠʤʝʥʷʶʪ ʦʙʳʯʥʦ ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ? (2 ʙʘʣʣʘ) 

2. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ ʤʦʥʦʩʣʦʷ ʦʢʪʘʜʝʢʘʥʦʪʠʦʣʘ (CH3(CH2)16CH2SH) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʦʣʦʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ 0.1 ʩʤ. (3 ʙʘʣʣʘ)  

3. ʉʢʦʣʴʢʦ ʘʪʦʤʦʚ ʩʝʨʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 1 ʘʪʦʤ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ? (2 ʙʘʣʣʘ)  

4. ʊʦʣʱʠʥʘ ʩʘʤʦʩʦʙʠʨʘʶʱʝʛʦʩʷ ʩʣʦʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʜʣʠʥʳ ʘʣʢʘʥʦʚʦʡ ʮʝʧʠ, ʥʦ 

ʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʶʪ ʤʦʣʝʢʫʣʳ ʘʢʘʥʪʠʦʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʩʯʠʪʘʡʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʩʣʦʡ ʠʟ ʠʜʝʥʪʠʯʥʳʭ ʤʦʣʝʢʫʣ 

ʘʣʢʘʥʪʠʦʣʦʚ ʙʫʜʝʪ ʪʦʣʱʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʘ, ʯʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʝʩʣʠ 

ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (Ag) ʫʛʦʣ, ʦʙʦʟʥʘʯʝʥʥʳʡ Ŭ ʥʘ ʨʠʩ. 1, ʩʦʩʪʘʚʣʷʝʪ 10
ʦ
, ʘ ʚʦ ʚʪʦʨʦʤ 

(Au) ï 30
ʦ
. (3 ʙʘʣʣʘ) ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʤʠʪʝ ʜʠʘʤʝʪʨ ʘʪʦʤʘ ʟʦʣʦʪʘ ʨʘʚʥʳʤ 0.288 ʥʤ, 

ʘ ʩʝʨʳ ï 0.208 ʥʤ. 
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ʉʚʝʪ + ʢʘʪʘʣʠʟ + ʥʘʥʦ (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʆʜʥʦ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʩʚʷʟʘʥʦ ʩ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ. ʕʪʦ ʠ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʠ ʩʘʤʦʦʯʠʱʘʶʱʠʝʩʷ 

ʧʦʢʨʳʪʠʷ ʠ ʜʘʞʝ é ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ.  

1. ʆʙʲʷʩʥʠʪʝ (ʢʦʨʦʪʢʦ), ʯʪʦ ʪʘʢʦʝ ʬʦʪʦʢʘʪʘʣʠʟ ʠ ʯʝʤ ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ 

ʢʘʪʘʣʠʟʘ. ʅʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʚʝʱʝʩʪʚ ʦʧʠʰʠʪʝ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. (2 ʙʘʣʣʘ) ɻʜʝ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ? (2 ʙʘʣʣʘ)  

ɺ ʦʜʥʦʡ ʠʟ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʢʠʥʝʪʠʢʫ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʪʠʦʬʝʥʘ, 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʩʤʝʩʠ ʥ-ʦʢʪʘʥ/ʚʦʜʘ = 1:1, ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʦʨʦʰʢʘ TiO2. ʇʦʨʦʰʦʢ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʠ ʠʤʝʣ 

ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 110 ʤ
2
/ʛ.  

2. ʂʘʢ ʚʳ ʜʫʤʘʝʪʝ, ʧʦʯʝʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʣ ʪʘʢʦʡ ʨʘʩʪʚʦʨ? ʂʘʢʫʶ ʨʦʣʴ 

ʚ ʥʝʤ ʠʛʨʘʝʪ ʚʦʜʘ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʠʦʬʝʥʘ ʢʠʩʣʦʨʦʜʦʤ ʚ 

ʨʘʩʪʚʦʨʝ. (3 ʙʘʣʣʘ)  

3. ʉʯʠʪʘʷ, ʯʪʦ ʧʦʨʦʰʦʢ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʨʘʟʤʝʨʘ, ʨʘʩʩʯʠʪʘʡʪʝ ʠʭ ʨʘʜʠʫʩ. ʉʢʦʣʴʢʦ ʘʪʦʤʦʚ ʪʠʪʘʥʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚʭʦʜʷʪ ʚ 

ʩʦʩʪʘʚ ʦʜʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ? ʇʣʦʪʥʦʩʪʴ TiO2 ʧʨʠʤʠʪʝ ʨʘʚʥʦʡ 3.6 ʛ/ʩʤ
3
. (4 ʙʘʣʣʘ)  

ʈʝʟʫʣʴʪʘʪʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ:  

ʄʘʩʩʘ TiO2 

ʥʘ 100 ʤʣ ʨʘʩʪʚʦʨʘ 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʦʬʝʥʘ ʩ(ʤʛ/ʣ) ʦʪ 

ʚʨʝʤʝʥʠ t(ʯ) 

0 ln c(t) = ï0.159t + const 

0.05 ln c(t) = ï0.334t + const 

0.1 ln c(t) = ï0.641t + const 

0.15 ln c(t) = ï0.447t + const 

4. ʂʘʢʦʚʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ? ʇʨʝʜʧʦʣʦʞʠʪʝ, ʧʦʯʝʤʫ ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʩʩʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʦʨʤʦʟʠʪ ʨʝʘʢʮʠʶ. (2 ʙʘʣʣʘ) 

5. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ:  

ʘ) ʦʧʨʝʜʝʣʠʪʝ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʪʠʦʬʝʥʘ;  

ʙ) ʨʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʠ ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ ʪʠʦʬʝʥʘ; 

ʚ) ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ, ʦʮʝʥʠʪʝ, ʥʘʩʢʦʣʴʢʦ ʢʘʪʘʣʠʟʘʪʦʨ ʩʥʠʞʘʝʪ 

ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ. (4 ʙʘʣʣʘ) 
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ʉʪʘʨʘʷ ʢʘʢ ʤʠʨ ʬʦʪʦʛʨʘʬʠʷ (2009, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʄʳ ʙʫʜʝʤ ʩʯʘʩʪʣʠʚʳ ï ʙʣʘʛʦʜʘʨʝʥʴʝ ʩʥʠʤʢʫ,  

ʇʫʩʪʴ ʞʠʟʥʴ ʢʦʨʦʪʢʘʷ ʧʨʦʥʦʩʠʪʩʷ ʠ ʪʘʝʪ.  

ʅʘ ʚʝʢʠ ʚʝʯʥʳʝ ʤʳ ʚʩʝ ʪʝʧʝʨʴ ʚ ʦʙʥʠʤʢʫ.  

ʅʘ ʬʦʥʝ ʇʫʰʢʠʥʘ, ʠ ʧʪʠʯʢʘ ʚʳʣʝʪʘʝʪ.  

ɹ.ʆʢʫʜʞʘʚʘ 

 

ʅʝʢʦʪʦʨʳʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠʤʝʶʪ ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ, ʠ ʩʨʝʜʠ ʥʠʭ ï 

ʬʦʪʦʛʨʘʬʠʷ. ɺʳʪʝʩʥʷʝʤʘʷ ʠʟ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʦʙʠʭʦʜʘ ʮʠʬʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ, ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʬʦʪʦʛʨʘʬʠʷ ʩʪʘʥʦʚʠʪʩʷ ʫʜʝʣʦʤ ʭʫʜʦʞʥʠʢʦʚ (ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʠʤʝʝʪ ʫʟʢʦʩʧʝʮʠʘʣʴʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ). ɺʩʧʦʤʥʠʤ ʥʝʢʦʪʦʨʳʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ 

ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ï ʚʩʝ ʝʱʝ ʚ ʘʨʩʝʥʘʣʝ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʬʦʪʦʛʨʘʬʠʠ. 

ɺʝʨʦʷʪʥʦ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʙʳʣ ʠʟʦʙʨʝʪʝʥ ʜʘʛʛʝʨʦʪʠʧ-ʧʨʦʮʝʩʩ.  

1. ʏʪʦ ʷʚʣʷʣʦʩʴ ʬʦʪʦʤʘʪʝʨʠʘʣʦʤ ʚ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʢʘʢ ʝʛʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠ) ʠ ʟʘ ʩʯʝʪ 

ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ? (1 ʙʘʣʣ) 

2. ɺ ʯʝʤ ʟʘʢʣʶʯʘʣʩʷ ʧʨʦʮʝʩʩ ʧʨʦʷʚʣʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ (ʟʘʢʨʝʧʣʝʥʠʷ) ʠʟʦʙʨʘʞʝʥʠʷ? 

(2 ʙʘʣʣʘ). ɿʘʧʠʰʠʪʝ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. 

ʎʠʘʥʦʪʠʧ-ʧʨʦʮʝʩʩ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʭ ʩʝʛʦʜʥʷ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

(ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʬʦʪʦʧʝʯʘʪʴ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʢʘʤʥʝ, ʤʝʪʘʣʣʝ, 

ʩʪʝʢʣʝ), ʭʦʪʷ ʠʩʪʦʨʠʷ ʝʛʦ ʩʪʦʣʴ ʞʝ ʧʦʯʪʝʥʥʘ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʘʛʛʝʨʦʪʠʧʘ. ʈʘʟʨʘʙʦʪʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

3. ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʮʠʘʥʦʪʠʧ-

ʧʨʦʮʝʩʩʘ? (1 ʙʘʣʣ) ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʷʚʣʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ? (2 ʙʘʣʣʘ) 

4. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʮʠʘʥʦʪʠʧʘ ʥʘʟʳʚʘʶʪ ʭʨʠʟʦʪʠʧ-ʧʨʦʮʝʩʩʦʤ. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ 

ʝʛʦ ʨʘʟʥʠʮʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʦʙʳʯʥʳʤ ʮʘʥʦʪʠʧʦʤ? (1 ʙʘʣʣ) 

5. ʇʨʝʜʣʦʞʠʪʝ ʩʚʦʠ ʤʦʜʠʬʠʢʘʮʠʠ (ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ) ʮʠʘʥʦʪʠʧʘ, ʛʜʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʦʩʪʘʚʣʝʥʳ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Cr, Cu ʠʣʠ Pt. ʆʙʦʩʥʫʡʪʝ ʩʚʦʠ ʨʝʰʝʥʠʷ. (2 ʙʘʣʣʘ) 

ɿʘʧʠʰʠʪʝ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʦʪʥʶʜʴ ʥʝ ʚʩʝ ʬʦʪʦʧʨʦʮʝʩʩʳ ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʠ ʩʝʨʝʙʨʘ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ 

ʛʨʫʧʧ ʬʦʪʦʪʝʭʥʦʣʦʛʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʙʠʭʨʦʤʘʪʦʚ ʢʘʣʠʷ (ʠʣʠ ʘʤʤʦʥʠʷ). 

6. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘ: ʛʫʤʤ-ʙʠʭʨʦʤʘʪʥʳʡ ʠ ʢʘʨʙʦʪʠʧ ʧʨʦʮʝʩʩʳ. 

ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʠ 
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ʟʘʢʨʝʧʣʝʥʠʝ? (2 ʙʘʣʣʘ) ɺʦʟʤʦʞʥʦ ʣʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʠʟʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʮʚʝʪʥʦʡ ʬʦʪʦʛʨʘʬʠʠ? (1 ʙʘʣʣ) ɼʘʡʪʝ ʦʙʦʩʥʦʚʘʥʥʳʡ ʦʪʚʝʪ. 

7. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʩʦʚʨʝʤʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʧʨʦʮʝʩʩʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʠʭʨʦʤʘʪʳ? (2 ʙʘʣʣʘ) ɿʘʧʠʰʠʪʝ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

8. ʀ, ʥʘʢʦʥʝʮ, ʢʦʛʜʘ ʤʳ ʩ ʚʘʤʠ ʫʞʝ çʧʦʜʢʦʚʘʥʳè ʚ ʭʠʤʠʠ ʬʦʪʦʧʨʦʮʝʩʩʦʚ, ʥʘʤ 

ʧʨʝʜʩʪʦʠʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʤʘʩʪʝʨʦʚ, ʪ.ʝ. ʫʢʘʟʘʪʴ, ʚ 

ʢʘʢʦʡ ʪʝʭʥʠʢʝ (ʜʘʛʛʝʨʦʪʠʧʘ, ʮʠʘʥʦʪʠʧʘ, ʭʨʠʟʦʪʠʧʘ, ʢʘʨʙʦʪʠʘʧ ʠʣʠ ʛʫʤʤ-

ʙʠʭʨʦʤʘʪʥʦʡ) ʚʳʧʦʣʥʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ ʩʥʠʤʢʠ (2 ʙʘʣʣʘ). ʆʪʚʝʪ ʜʦʣʞʝʥ 

ʙʳʪʴ, ʨʘʟʫʤʝʝʪʩʷ, ʦʙʦʩʥʦʚʘʥʥʳʤ. 

   

ʘ) ʙ) ʚ) 

  

ʛ) ʜ) 
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ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʧʳʣʴ (2009, ʧʨʦʩʪʳʝ ʟʘʜʘʯʠ) 

ɺ ʵʪʦʤ ʛʦʜʫ ʠʩʧʦʣʥʷʝʪʩʷ 175 ʣʝʪ ʩʦ ʜʥʷ ʦʪʢʨʳʪʠʷ ʨʦʩʩʠʡʩʢʠʤ ʫʯʝʥʳʤ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʳʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʤ ʠ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʩʪʘʶʪʩʷ ʚʝʨʥʳʤʠ ʠ ʚ ʥʘʥʦʤʠʨʝ. ʄʝʜʴ, ʩʝʨʝʙʨʦ ʠ 

ʟʦʣʦʪʦ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʨʫʧʧʝ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ, ʟʥʘʯʠʪ, 

ʜʣʷ ʥʠʭ ʜʦʣʞʥʳ ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʪʴʩʷ ʠ ʩʚʦʡʩʪʚʘ.  

ʉʨʘʚʥʠʪʝ ʮʚʝʪ ʦʙʲʝʤʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʜʣʷ 

ʤʝʜʠ, ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ? ʆʙʲʩʥʠʪʝ ʧʨʠʯʠʥʫ ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʘʥʘʣʦʛʠʡ ʠ ʨʘʟʣʠʯʠʡ. 

(4 ʙʘʣʣʘ) 

 

ɿʦʣʦʪʦʛʦ ʛʥʦʤʘ ï "ʛʥʦʤʴʝʡ ʦʣʠʤʧʠʘʜʝ" 
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ʍʠʤʠʯʝʩʢʠʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ (2009, ʧʨʦʩʪʳʝ ʟʘʜʘʯʠ) 

ɺ ʫʢʘʟʘʥʥʳʭ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ 

ʦʙʨʘʟʫʝʪʩʷ ʥʝʢʠʡ ʥʘʥʦʦʙʲʝʢʪ: 

S

S

S

Ru SOMe2

Cl

Cl

[9]ane-S3

8 +    12

N

N

+ 16 NaPF6

MeNO2

bipy

{ [Ru([9]ane-S3)]8bipy12} (PF6)16  

1. ʇʨʝʜʣʦʞʠʪʝ ʩʪʨʫʢʪʫʨʫ ʛʝʢʩʘʜʝʢʘʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ ʧʨʦʜʫʢʪʘ. ʂʘʢʠʝ ʝʱʝ ʩʦʝʜʠʥʝʥʠʷ 

ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ? (3 ʙʘʣʣʘ) 

2. ʇʨʝʜʣʦʞʠʪʝ ʩʪʨʫʢʪʫʨʫ ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 9 ʵʢʚʠʚʘʣʝʥʪʦʚ Ag
+
 ʩ 6 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʫʢʘʟʘʥʥʦʛʦ ʣʠʛʘʥʜʘ (2 ʙʘʣʣʘ): 

N N N N N N

 

1. ʇʨʝʜʣʦʞʠʪʝ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚʝʱʝʩʪʚʘ ɸ (3 

ʙʘʣʣʘ), ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ: ʘ) ʤʘʩʩ-ʩʧʝʢʪʨ ʦʪʚʝʯʘʝʪ ʩʦʩʪʘʚʫ C84H68N16O8; ʙ) ʚ 

ʨʘʩʪʚʦʨʘʭ ɸ ʚ CDCl3 ʠ C6D6 ʩʠʛʥʘʣʳ NH-ʧʨʦʪʦʥʦʚ ʩʜʚʠʥʫʪʳ ʚ ʩʣʘʙʦʝ ʧʦʣʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ; ʚ) ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʧʨʦʪʦʥʦʚ ʤʝʪʘʥʘ, 

ʜʦʙʘʚʣʝʥʥʦʛʦ ʢ ʨʘʩʪʚʦʨʫ ɸ ʚ CDCl3, ʩʦʩʪʘʚʣʷʝʪ ï0.91 ʤ.ʜ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʝʟ ɸ ʚ 

ʨʘʩʪʚʦʨʝ CDCl3 ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0.23 ʤ.ʜ. ɿʘ ʩʯʝʪ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪ? 

(2 ʙʘʣʣʘ) ʆʙʲʷʩʥʠʪʝ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʧʨʦʪʦʥʦʚ ʤʝʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸ (1 ʙʘʣʣ). 

ɸ: 

N

N

NH

NH

HN

HN

N

N

Ph Ph
Ph Ph

O

O

O

O  
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ʇʨʦʠʩʢʠ ʀʚʘʥʘ ɻʦʨʰʢʦʚʘ (2009, ʧʨʦʩʪʳʝ ʟʘʜʘʯʠ) 

ʅʘ ʫʨʦʢʝ ʟʝʣʴʝʚʘʨʝʥʴʷ ʧʨʦʬʝʩʩʦʨ ʉʥʝʡʧ ʜʘʣ ʥʦʚʦʝ ʟʘʜʘʥʠʝ ï ʧʨʠʛʦʪʦʚʠʪʴ ʟʝʣʴʝ 

çRamanlumix magnumè. ʀʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʳʣʠ: ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ ʠ ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ. ʋʯʝʥʠʢʘʤ ʪʨʝʙʦʚʘʣʦʩʴ ʚ ʢʦʪʝʣ ʩ 

ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʜʦʙʘʚʠʪʴ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ, ʘ ʟʘʪʝʤ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʦʣʰʝʙʥʦʡ ʧʘʣʦʯʢʦʡ ï ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ. 

ɻʝʨʤʠʦʥʘ ʤʝʰʘʣʘ ʙʳʩʪʨʦ ʠ ʘʢʢʫʨʘʪʥʦ, ʠ ʫ ʥʝʝ ʧʦʣʫʯʠʣʦʩʴ ʟʝʣʴʝ ʟʝʣʝʥʦʚʘʪʦ-ʦʨʘʥʞʝʚʦʛʦ 

ʮʚʝʪʘ. ɻʘʨʨʠ ʇʦʪʪʝʨ ʤʝʰʘʣ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʪʘʢ, ʯʪʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʫʟʳʨʴʢʠ, ʠ ʟʝʣʴʝ ʫ 

ʥʝʛʦ ʧʦʣʫʯʠʣʦʩʴ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʈʦʥ ʋʠʟʣʠ ʟʘʙʳʣ ʧʦʤʳʪʴ ʩʚʦʡ ʢʦʪʝʣ, ʠ ʥʘ ʩʪʝʥʢʘʭ 

ʢʦʪʣʘ ʩʨʘʟʫ ʦʙʨʘʟʦʚʘʣʩʷ ʯʝʨʥʳʡ ʦʩʘʜʦʢ.  

1. ʏʪʦ ʟʘ ʟʝʣʴʝ ʛʦʪʦʚʠʣʠ ʫʯʝʥʠʢʠ ʍʦʛʚʘʨʪʩʘ? (1 ʙʘʣʣ) 

2. ʇʦʯʝʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʜʠʥʘʢʦʚʳʝ ʠʥʛʨʝʜʠʝʥʪʳ, ʧʦʣʫʯʠʣʩʷ ʨʘʟʥʳʡ ʨʝʟʫʣʴʪʘʪ? 

(2 ʙʘʣʣʘ) 

3. ɼʣʷ ʯʝʛʦ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ? (1 ʙʘʣʣ) 

 

ɸʣʭʠʤʠʯʝʩʢʘʷ ʪʨʦʠʮʘ... 
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ʎʝʦʣʠʪʥʳʡ çʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨè (2009, ʥʘʥʦʭʠʤʠʷ) 

ʅʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʧʦʢʘ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʨʦʩʩʠʡʩʢʦʡ 

ʵʢʦʥʦʤʠʢʠ. ʀ ʧʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʜʘʥʥʦʡ 

ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʀ ʟʜʝʩʴ ʥʘ ʧʦʤʦʱʴ ʥʘʤ ʧʨʠʭʦʜʷʪ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʋʞʝ ʩʝʡʯʘʩ ʚ ʨʝʩʧʫʙʣʠʢʝ ʩʦʟʜʘʶʪʩʷ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘ ʧʦʨʷʜʢʠ ʚʳʰʝ, ʯʝʤ ʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʳʥʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʠʤʠ ʠʟ ʥʘʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ 

ʮʝʦʣʠʪʳ, ʨʘʟʤʝʨ ʧʦʨ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʥʘʥʦʤʝʪʨʘ.  

ʎʝʦʣʠʪʳ ï ʧʨʠʨʦʜʥʳʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʘ ʪʝʪʨʘʵʜʨʘʤʠ [SiO4]
4-

 ʠ [AlO4]
5-
, ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʦʙʱʠʤʠ ʚʝʨʰʠʥʘʤʠ ʚ 

ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ, ʧʨʦʥʠʟʘʥʥʳʡ ʧʦʣʦʩʪʷʤʠ ʠ ʢʘʥʘʣʘʤʠ ʨʘʟʤʝʨʦʤ 0.2 ï 1.5 ʥʤ, ʢʦʪʦʨʳʝ 

ʟʘʥʠʤʘʶʪ ʜʦ 50 % ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʘ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʱʘʜʠ ʘʢʪʠʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʩʠʣ ʢʠʩʣʦʪʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʮʝʥʪʨʦʚ ʃʴʶʠʩʘ ʠ 

ɹʨʝʥʩʪʝʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

1. ʂʘʢʠʝ ʢʣʘʩʩʳ ʮʝʦʣʠʪʦʚ ɺʳ ʟʥʘʝʪʝ? (3 ʙʘʣʣʘ) 

2. ʏʪʦ ʪʘʢʦʝ ʢʠʩʣʦʪʘ ʠ ʦʩʥʦʚʘʥʠʝ ʧʦ ʃʶʴʠʩʫ ʠ ʧʦ ɹʨʝʥʩʪʝʜʫ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ. 

(2 ʙʘʣʣʘ) 

ʅʠʞʝ ʠʟʦʙʨʘʞʝʥʳ ʢʠʩʣʦʪʥʳʝ ʠ ʦʩʥʦʚʥʳʝ ʮʝʥʪʨʳ ʃʴʶʠʩʘ ʠ ɹʨʝʥʩʪʝʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʮʝʦʣʠʪʥʦʛʦ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

 

3. ʉʦʦʪʥʝʩʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʠʩʣʦʪʥʳʝ ʠʣʠ ʦʩʥʦʚʥʳʝ ʮʝʥʪʨʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 

ʮʝʦʣʠʪʘ. (1 ʙʘʣʣ)  

4. ʂʘʢ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʢʠʩʣʦʪʥʳʡ ʮʝʥʪʨ ʃʴʶʠʩʘ ʚ ʢʠʩʣʦʪʥʳʡ ʮʝʥʪʨ ɹʨʝʥʩʪʝʜʘ? 

ʅʘʧʠʰʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʘʢʮʠʠ ʜʣʷ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʮʝʥʪʨʦʚ. (2 ʙʘʣʣʘ) 
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5. ɿʘ ʩʯʝʪ ʯʝʛʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ (ʜʠʘʤʝʪʨ ʧʦʨ 0,2-0,5 ʥʤ) 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʦʜʠʪʴ ʩʝʣʝʢʪʠʚʥʳʡ ʛʠʜʨʦʢʨʝʢʠʥʛ (ʨʘʩʱʝʧʣʝʥʠʝ ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʦʨʦʜʘ) ʣʠʥʝʡʥʳʭ ʥ-ʘʣʢʘʥʦʚ, ʥʝ 

ʟʘʪʨʘʛʠʚʘʷ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʣʢʘʥʳ? (2 ʙʘʣʣʘ) ʇʨʠʚʝʜʠʪʝ ʝʱʝ ʧʨʠʤʝʨʳ ʧʦʜʦʙʥʳʭ 

ʨʝʘʢʮʠʡ. (2 ʙʘʣʣʘ) 

 

ʂʘʥʘʣʳ ʚ ʮʝʦʣʠʪʝ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʦʣʠʪʘ 

 

ʉʪʨʫʢʪʫʨʘ ʮʝʦʣʠʪʘ 
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ɺʝʯʥʘʷ ʧʘʤʷʪʴ (2009, ʥʘʥʦʭʠʤʠʷ) 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʝʣʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ 

ʧʘʤʷʪʠ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʡ ʝʤʢʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʭʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. ʆʜʥʘ ʠʟ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ, ʙʳʣʘ ʥʘ ʧʨʘʢʪʠʢʝ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ çʟʘʧʦʤʠʥʘʶʱʠʭè ʵʣʝʤʝʥʪʦʚ.  

1. ʂ ʢʘʢʦʤʫ ʢʣʘʩʩʫ ʤʦʣʝʢʫʣ ʦʥʘ ʦʪʥʦʩʠʪʩʷ? (1 ʙʘʣʣ) ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʵʣʝʤʝʥʪʳ ʵʪʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʠ ʠʭ ʬʫʥʢʮʠʠ. (2 ʙʘʣʣʘ)  

2. ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʠʩʴ ʥʘ ʪʘʢʫʶ ʤʦʣʝʢʫʣʫ? (2 ʙʘʣʣʘ)  

3. ʇʦʯʝʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʫʯʘʶʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʧʣʝʥʢʫ ʤʦʣʝʢʫʣ, ʭʦʪʷ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʧʨʠ ʵʪʦʤ ʧʘʜʘʝʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʧʠʩʴʶ ʥʘ ʢʘʞʜʫʶ ʤʦʣʝʢʫʣʫ? (1 ʙʘʣʣ) ʂʘʢ (ʩ ʧʦʤʦʱʴʶ ʢʘʢʠʭ 

ʤʝʪʦʜʦʚ) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʢʫʶ ʧʣʝʥʢʫ? (1 ʙʘʣʣ)  

4. ʂʘʢʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʮʝʣʦʤ ʪʘʢʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʢʘʢ ʝʝ 

ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ? (2 ʙʘʣʣʘ) 

5. ʄʦʛʫʪ ʣʠ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʠʤʝʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ çʬʣʵʰ-ʧʘʤʷʪʴʶè, ʤʘʛʥʠʪʦ-

ʦʧʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʟʘʧʠʩʠ, ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʧʠʩʴʶ? (2 ʙʘʣʣʘ) 
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ʊʝʣʝʚʠʟʦʨ ʚ ʪʨʫʙʦʯʢʫ (2009, ʥʘʥʦʭʠʤʠʷ) 

ʍʦʪʠʪʝ ʪʝʣʝʚʠʟʦʨ, ʢʦʪʦʨʳʡ ʩʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʪʨʫʙʦʯʢʫ ʠʣʠ ʩʦʪʦʚʳʡ ʪʝʣʝʬʦʥ ʪʦʣʱʠʥʦʡ ʩ 

ʣʠʩʪʦʢ ʙʫʤʘʛʠ? ʊʦʛʜʘ ʧʨʠʜʫʤʘʡʪʝ, ʢʘʢ ʧʦʣʫʯʠʪʴ OLED ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ 

ʜʠʦʜʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʟ ʢʦʪʦʨʳʭ ʚʩʝ ʯʘʱʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʧʠʢʩʝʣʠ ʙʳʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʪʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʙʫʜʫʱʠʤʠ ʤʦʣʦʜʳʤʠ ʢʘʜʨʘʤʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʧʨʦʭʦʜʠʣʘ ʵʬʬʝʢʪʠʚʥʦ, 

ʥʝʦʙʭʦʜʠʤ ʵʢʩʢʫʨʩ ʚ ʙʘʟʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ 

ʤʦʣʝʢʫʣ. 

ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʠ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʡ ʵʥʝʨʛʠʠ. ʉʢʦʨʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʳʯʥʦ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ɻ) ʠʟʤʝʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ. ʉʧʝʢʪʨʳ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ (t) ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʠ ʠ 

ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ (q) ʜʣʷ ʤʦʣʝʢʫʣ ʵʦʟʠʥʘ ʠ ʵʨʠʪʨʦʟʠʥʘ (ErB) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ: 

 

1. ɺʳʯʠʩʣʠʪʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (tn), ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʫʯʘʝ ʵʦʟʠʥʘ ʠ ErB. (3 ʙʘʣʣʘ) ʂʘʢʘʷ ʠʟ ʩʢʦʨʦʩʪʝʡ ʚʥʦʩʠʪ ʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʚ ʧʦʥʠʞʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ErB? (1 ʙʘʣʣ) 

2. ɺʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1ï10 ʤʩ. ʇʨʠʥʷʪʴ: 

1) ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ 

ʦʙʦʠʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʚʥʳʤ 10 ʤʢʩ; 2) ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʨʘʚʥʳʤʠ ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʯʝʤ ʢʘʢ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʩ 

ʜʣʠʥʘʚʦʣʥʳ, ʥʤ
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ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ, ʪʘʢ ʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʡ. ʆʮʝʥʠʪʝ ʢʚʘʥʪʦʚʳʝ 

ʚʳʭʦʜʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʵʦʟʠʥʘ ʠ ErB ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. (2 ʙʘʣʣʘ)  

3. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʂʘʰʘ, ʠʟʣʫʯʝʥʠʝ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʠʟʰʝʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʥʘʧʨʠʤʝʨ, S1). ɽʩʣʠ ʤʦʣʝʢʫʣʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ S2, 

ʪʦ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 10
ï13
ʩ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ S1 (ʠʟ ʢʦʪʦʨʦʛʦ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ). ʀʩʧʦʣʴʟʫʷ ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʳʯʠʩʣʝʥʥʫʶ ʜʣʷ ʵʦʟʠʥʘ ʚ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ, ʦʧʨʝʜʝʣʠʪʝ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ S2 ʩʦʩʪʦʷʥʠʷ. (1 ʙʘʣʣ) 

4. ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʝʨʠʣʝʥʘ (ʩʤ. ʨʠʩʫʥʦʢ ʥʠʞʝ, ʧʨʘʚʘʷ ʢʨʠʚʘʷ) ʩʦʜʝʨʞʠʪ 

ʥʝʩʢʦʣʴʢʦ ʤʘʢʩʠʤʫʤʦʚ ʠʟʣʫʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʵʥʝʨʛʠʠ 

ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ (ʩʤ. ʜʠʘʛʨʘʤʤʫ ʗʙʣʦʥʩʢʦʛʦ). ʀʩʧʦʣʴʟʫʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ɹʦʣʴʮʤʘʥʘ, ʦʮʝʥʠʪʝ ʜʦʣʶ ʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʝʨʚʦʤ ʚʦʟʙʫʞʜʝʥʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. (2 ʙʘʣʣʘ) 

 

 

5. ɿʘʪʫʭʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʨʠʧʪʦʬʘʥʘ ʧʨʠ pH = 7 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʠʵʢʩʧʦʥʠʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ʇʨʠ 320 ʥʤ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ:  

I(t) = 0.19Öexp(-t/0.62 ʥʩ) + 0.81Öexp(-t/3.33 ʥʩ). 

ʆʮʝʥʠʪʝ ʚʢʣʘʜ ʢʦʤʧʦʥʝʥʪʳ ʠʟʣʫʯʘʶʱʝʡ ʩ t = 0.62 ʥʩ (f1) ʚ ʦʙʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ 320 ʥʤ. (2 ʙʘʣʣʘ) 

 

  

ʜʣʠʥʘʚʦʣʥʳ, ʩʤï1
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ʗʜʦʚʠʪʳʡ ʢʠʩʣʦʨʦʜ ʠ ʧʦʣʝʟʥʳʡ ʤʘʛʥʠʡ (2009, ʥʘʥʦʭʠʤʠʷ) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ, ʚ ʢʦʪʦʨʳʝ ʚʦʚʣʝʯʝʥʳ ʥʘʥʦʦʙʲʝʢʪʳ, ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʛʣʫʙʦʢʠʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʜʘʣʝʢʦ ʠʜʫʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ʎʠʪʘʪʘ ʠʟ ʧʝʨʝʜʘʯʠ ʇʝʨʚʦʛʦ ʊɺ ï ʢʘʥʘʣʘ ʧʦʩʣʝ ʧʦʩʝʱʝʥʠʷ ʎʝʥʪʨʘ ʂʦʣʣʝʢʪʠʚʥʦʛʦ 

ʇʦʣʴʟʦʚʘʥʠʷ ʄɻʋ ʚ 2008 ʛ. ʩʦʜʝʨʞʘʣʘ ʨʷʜ ʤʠʣʳʭ ʥʝʪʦʯʥʦʩʪʝʡ. ʉʫʜʠʪʝ ʩʘʤʠ: çʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʘʥʦʯʘʩʪʠʮ ʢʨʝʤʥʠʷ ʩ ʣʫʯʦʤ (ʇʨʠʤ.: ʣʘʟʝʨʘ), ʢʨʝʤʥʠʡ ʩʚʝʪʠʪʩʷ ʷʨʢʦ-

ʢʨʘʩʥʳʤ. ɼʘʞʝ ʚʦʟʜʫʭ ʨʷʜʦʤ ʩ ʪʘʢʠʤ ʩʚʝʯʝʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʝʟʥʳʤ: ʢʠʩʣʦʨʦʜ ʣʝʯʠʪ 

ʨʘʢʦʚʳʝ ʢʣʝʪʢʠè. 

1.  ʅʘʡʜʠʪʝ ʦʰʠʙʢʠ ʚ ʵʪʦʤ ʫʪʚʝʨʞʜʝʥʠʠ ʠ ʧʦʷʩʥʠʪʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʘʤʦʤ ʜʝʣʝ. 

(2 ʙʘʣʣʘ)  

2. ɻʜʝ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ? (2 ʙʘʣʣʘ)  

3. ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ çʧʦʣʝʟʥʦʛʦ ʚʦʟʜʫʭʘè, ʤʦʞʝʪ ʣʠ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʢʨʝʤʥʠʝʤ? (1 ʙʘʣʣ)  

4. ʇʦʯʝʤʫ ʚʦʟʥʠʢʘʝʪ ʩʚʝʯʝʥʠʝ, (1 ʙʘʣʣ) ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ, ʣʝʛʢʦ 

ʫʟʥʘʚʘʝʤʦʛʦ ʮʚʝʪʘ? (1 ʙʘʣʣ)  

5. ʇʦʯʝʤʫ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʦʛʦ çʧʦʣʝʟʥʦʛʦ ʚʦʟʜʫʭʘè ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʝʥʘ? (2 ʙʘʣʣʘ) 

ʅʝʜʘʚʥʝʝ ʦʪʢʨʳʪʠʝ ʠʟʦʪʦʧʥʦʛʦ ʵʬʬʝʢʪʘ ʤʘʛʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ 

ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʘ (ɸʊʌ) ʩʪʘʣʦ ʧʨʦʨʳʚʦʤ ʚ ʧʦʥʠʤʘʥʠʠ ʨʦʣʠ ʬʝʨʤʝʥʪʦʚ ʢʘʢ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʰʠʥ. ɸʢʪʠʚʥʦʩʪʴ ʬʦʩʬʦʨʠʣʠʨʫʶʱʠʭ ʬʝʨʤʝʥʪʦʚ (ɸʊʌ ʩʠʥʪʝʪʘʟʳ, 

ʬʦʩʬʦʢʨʝʘʪʠʥ ʠ ʬʦʩʬʦʛʠʮʝʨʘʪ ʢʠʥʘʟʳ), ʚ ʢʦʪʦʨʳʭ ʠʦʥ Mg
2+

 ʠʤʝʝʪ ʠʟʦʪʦʧ 
25

Mg, 

ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʩ ʠʦʥʦʤ 
24

Mg
2+

 ʚ 2-3 ʨʘʟʘ.  

6. ʆʙʲʷʩʥʠʪʝ ʧʨʠʯʠʥʫ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ? (4 ʙʘʣʣʘ)  

7. ʏʪʦ ʦʙʲʝʜʠʥʷʝʪ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʯʘʩʪʴ ʟʘʜʘʯʠ? (1 ʙʘʣʣ)  

 

ʄʘʩʪʝʨ ʁʦʜʘ ʩ ʣʘʟʝʨʥʳʤ ʤʝʯʦʤ 
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ɼʝʤʦʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ (2009, ʥʘʥʦʭʠʤʠʷ) 

ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ, ʯʪʦ ʙʨʠʛʘʜʘ ʥʝʫʪʦʤʠʤʳʭ ʠ ʥʝʫʣʦʚʠʤʳʭ (ʘ ʪʘʢʞʝ ʥʝʚʠʜʠʤʳʭ) ʜʝʤʦʥʦʚ 

ʄʘʢʩʚʝʣʣʘ ʪʦʧʦʪʘʢʪʠʯʝʩʢʠ ʧʨʝʚʨʘʱʘʝʪ ʙʨʠʣʣʠʘʥʪ (30 ʢʘʨʘʪ) ʚ ʥʘʥʦʘʣʤʘʟʳ, ʠʤʝʶʱʠʝ 

ʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ, ʧʝʨʝʩʪʘʚʣʷʷ ʧʨʠ ʵʪʦʤ ʘʪʦʤʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʜʠʥ 

ʤʠʣʣʠʘʨʜ ʰʪʫʢ ʚ ʩʝʢʫʥʜʫ.  

 

ɼʝʤʦʥ ʄʘʢʩʚʝʣʣʘ   ʅʘʥʦʘʣʤʘʟ 

1. ʂʪʦ ʪʘʢʠʝ ʜʝʤʦʥʳ ʄʘʢʩʚʝʣʣʘ ʠ ʚ ʯʝʤ ʠʭ ʧʘʨʘʜʦʢʩʘʣʴʥʦʩʪʴ? (1 ʙʘʣʣ) 

2. ʉʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʫ ʥʠʭ ʟʘʡʤʝʪ ʪʘʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʘʣʤʘʟʘ? (1 ʙʘʣʣ) 

3. ʀʟʤʝʥʠʪʩʷ ʣʠ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʢʫʯʢʠ 

ʥʘʥʦʘʣʤʘʟʦʚ, ʠ ʝʩʣʠ ʜʘ, ʪʦ ʢʘʢ? (2 ʙʘʣʣʘ) 

4. ʇʨʦʠʟʦʡʜʝʪ ʣʠ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʘʣʤʘʟʘ ʚ ʥʘʥʦʘʣʤʘʟʳ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ? (1 ʙʘʣʣ)  

5. ʆʮʝʥʠʪʝ, ʢʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʠʣʠ ɼʝʤʦʥʳ ʄʘʢʩʚʝʣʣʘ, ʧʨʝʜʣʦʞʠʪʝ ʩʭʝʤʫ ʨʘʩʯʝʪʘ 

ʵʪʦʡ ʚʝʣʠʯʠʥʳ? (2 ʙʘʣʣʘ)  

6. ʂʘʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ɺʳ ʤʦʛʣʠ ʙʳ ʧʨʝʜʣʦʞʠʪʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ 

ʩʦʚʝʨʰʝʥʥʦʡ ʨʘʙʦʪʳ? (2 ʙʘʣʣʘ) 
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ʕʤʙʨʠʦʢʨʠʩʪʘʣʣʳ (2009, ʥʘʥʦʭʠʤʠʷ) 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʥʘʥʦʦʙʲʝʢʪʦʚ, ʦʙʝʱʘʶʱʠʭ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʆʜʥʘʢʦ ʬʘʢʪʠʯʝʩʢʠ ʦʥʠ ʷʚʣʷʶʪʩʷ 

çʵʤʙʨʠʦʢʨʠʩʪʘʣʣʘʤʠè, ʥʝʜʘʣʝʢʦ ʫʰʝʜʰʠʤʠ ʦʪ çʟʘʨʦʜʳʰʝʡè.  

1. ʉʦʛʣʘʩʥʳ ʣʠ ɺʳ ʩ ʵʪʠʤ ʫʪʚʝʨʞʜʝʥʠʝʤ? (1 ʙʘʣʣ)  

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʦʩʪʨʦ ʚʩʪʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ.  

2. ʇʨʠ ʢʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ? 

(2 ʙʘʣʣʘ)  

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʜʠʘʛʨʘʤʤʘ ʃʘʄʝʨʘ, ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʠʟ ʨʘʩʪʚʦʨʘ.  

 

ɼʠʘʛʨʘʤʤʘ ʃʘʄʝʨʘ. ɸ ï ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪ ʚʨʝʤʝʥʠ, 

ɹ ï ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. Cs ï 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʝʱʝʩʪʚʘ S ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʮʝʩʩʘ ʚ ʩʨʝʜʝ ʥʘʯʠʥʘʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʚʝʱʝʩʪʚʦ S (ʨʠʩ. ɸ). ʂʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ 

C
*
min, ʥʘʯʠʥʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʵʪʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ S ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, 

ʦʜʥʘʢʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝʥʠʷ C
*
max ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ S ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

3. ʇʦʯʝʤʫ ʪʘʢʦʝ ʧʨʦʠʩʭʦʜʠʪ? (2 ʙʘʣʣʘ) 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʟʘʨʦʜʳʰʝʡ. ʇʦʩʣʝ 

ʧʘʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ C
*
min ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʦʜʥʘʢʦ ʨʦʩʪ 

ʟʘʨʦʜʳʰʝʡ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʟʘʤʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʧʣʦʪʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʝʱʝʩʪʚʘ S ʟʥʘʯʝʥʠʷ Cs.  
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ʅʘ ʨʠʩ. ɹ ʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷï

ʢʦʥʮʝʥʪʨʘʮʠʷè. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʩʘʞʜʘʶʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ (ɿʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ 1), ʘ ʚʦ ʚʪʦʨʦʤ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʞʜʘʶʱʝʛʦʩʷ 

ʚʝʱʝʩʪʚʘ ʢ ʟʥʘʯʝʥʠʶ C
*
max (ɿʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ 2).  

4. ɺ ʢʘʢʦʤ ʠʟ ʜʚʫʭ ʧʨʠʚʝʜʝʥʥʳʭ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ 

ʦʩʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ? ʇʦʯʝʤʫ? (3 ʙʘʣʣʘ) 

5. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʨʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʢʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ? (ʧʨʝʜʣʦʞʠʪʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʚʘʨʠʘʥʪʦʚ, ʜʦ 4 

ʙʘʣʣʦʚ) 

6. ʉʫʱʝʩʪʚʫʝʪ ʧʨʠʝʤ ʧʦʣʫʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘ ʧʦʜʣʦʞʢʘʭ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʶʪ ʩ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʆʧʠʰʠʪʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ (ʤʝʭʘʥʠʟʤ 

ʨʝʘʣʠʟʘʮʠʠ) ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. (2 ʙʘʣʣʘ) ʄʦʞʥʦ ʣʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦ ʧʨʦʮʝʩʩ 

ʥʘʟʳʚʘʪʴ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ? (1 ʙʘʣʣ)  
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ɿʘʙʘʚʥʳʝ ʤʘʪʨʝʰʢʠ (2009, ʥʘʥʦʭʠʤʠʷ) 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʥʝ ʫʩʪʘʶʪ ʫʜʠʚʣʷʪʴ. ɸ ʢʘʟʘʣʦʩʴ ʙʳ, ʫ ʥʠʭ ʚʩʝʛʦ-ʪʦ ʥʠʯʝʛʦ ʦʩʥʦʚʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʤʝʨ ʠ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʫʞʝ ʤʦʞʥʦ ʧʳʪʘʪʴʩʷ ʜʝʣʘʪʴ ʤʥʦʛʦ ʧʦʣʝʟʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʜʦ 

ʪʦʣʴʢʦ ʟʥʘʪʴ, ʢʘʢ ʧʦʣʫʯʘʪʴ ʠ ʢʘʢ ʨʘʩʧʦʣʘʛʘʪʴ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

1. ʈʘʩʧʦʣʦʞʠʪʝ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʣʝʜʫʶʱʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ GaN: ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩ ʜʠʘʤʝʪʨʦʤ 160 ʥʤ, 80 ʥʤ, 8 ʥʤ ʠ 4 ʥʤ, 

ʢʫʙʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩ ʨʘʟʤʝʨʦʤ ʛʨʘʥʠ 4 ʥʤ ʠ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩ 

ʨʘʟʤʝʨʦʤ ʛʨʘʥʠ 4 ʥʤ. (3 ʙʘʣʣʘ) 

2. ʉʨʘʚʥʠʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʣʶʦʨʝʩʮʝʥʮʠʠ ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʠʮ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʷʜʨʦ-

ʦʙʦʣʦʯʢʘ: [GaN(ʷʜʨʦ)InN(ʦʙʦʣʦʯʢʘ)], [InN(ʷʜʨʦ)GaN(ʦʙʦʣʦʯʢʘ)], 

[GaN(ʷʜʨʦ)AlN(ʦʙʦʣʦʯʢʘ)] ʠ [AlN(ʷʜʨʦ)GaN(ʦʙʦʣʦʯʢʘ)]. (3 ʙʘʣʣʘ)  

ʄʥʦʛʠʤ ʠʟʚʝʩʪʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʛʨʘ çʞʠʟʥʴè, ʚ ʢʦʪʦʨʦʡ çʢʣʝʪʢʠè ʠʛʨʦʚʦʛʦ ʧʦʣʷ 

ʚʳʞʠʚʘʶʪ ʠʣʠ ʫʤʠʨʘʶʪ (ʦʪ çʦʜʠʥʦʯʝʩʪʚʘè ʣʠ, ʦʪ çʪʝʩʥʦʪʳè ʣʠ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʠʭ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ʊʘʢʠʝ çʢʣʝʪʢʠè ʥʘʟʳʚʘʶʪʩʷ ʢʣʝʪʦʯʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ, ʠ ʠʭ ʘʥʩʘʤʙʣʴ 

ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʠ 

ʠʜʝʠ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʠʟ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ʥʘʧʦʜʦʙʠʝ ʪʦʡ, ʯʪʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ. ʕʣʝʤʝʥʪʘʨʥʳʡ ʧʨʦʮʝʩʩʦʨ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʚ ʜʚʫʭ ʠʟ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʘʝʪʩʷ ʧʦ 

ʵʣʝʢʪʨʦʥʫ.  

 

3. ʂʘʢʠʝ ʪʠʧʳ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʟ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ) ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (2 ʙʘʣʣ) ʠ ʢʘʢ ʠʭ ʤʦʞʥʦ ʩʪʦʣʴ 

ʫʧʦʨʷʜʦʯʝʥʥʦ ʨʘʟʤʝʩʪʠʪʴ? (2 ʙʘʣʣ)  

4. ʂʘʢ ʧʦʣʫʯʠʪʴ ʚʳʙʨʘʥʥʳʝ ɺʘʤʠ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ? (2 ʙʘʣʣʘ)  
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5. ʂʘʢʦʚʳ ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

çʧʨʦʮʝʩʩʦʨʫè ʠ ʧʦʯʝʤʫ? (1 ʙʘʣʣ)  

6. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʩʠʩʪʝʤʝ? (1 ʙʘʣʣ)  

7. ʂʘʢ ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʜʝʣʘʪʴ ʧʨʦʩʪʝʡʰʠʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

çʀè, çʀʃʀè? (2 ʙʘʣʣʘ)  
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ʉʦʩʪʘʚ, ʦʙʲʝʤé ʛʣʘʚʥʦʝ ï ʧʦʚʝʨʭʥʦʩʪʴ! (2009, ʥʘʥʦʭʠʤʠʷ) 

ʄʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʣʣʦʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ, ʦʢʨʫʞʝʥʥʳʭ ʦʙʦʣʦʯʢʦʡ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʛʝʣʷ, ʧʨʠʚʣʝʢʘʶʪ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʙʣʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʢʘʪʘʣʠʟ, ʵʣʝʢʪʨʦʥʠʢʘ, 

ʦʧʪʠʢʘ, ʤʝʜʠʮʠʥʘ ʠ ʜʠʘʛʥʦʩʪʠʢʘ. ʅʘʠʙʦʣʝʝ ʥʝʦʙʳʯʥʳʤʠ ʠ ʠʥʪʝʨʝʩʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʘʥʦʯʘʩʪʠʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʟʦʣʦʪʦʛʦ ʷʜʨʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʦʙʦʣʦʯʢʦʡ ʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʢʨʳʪʘ ʩʣʦʝʤ ʩʰʠʪʦʛʦ ʧʦʣʠ-N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ. ʅʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ HAuCl4 ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.015ʄ CTAB 

(ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜ) ʠ ʟʘʨʦʜʳʰʝʡ ʟʦʣʦʪʘ ʨʘʟʤʝʨʦʤ 15 ʥʤ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʮʠʪʨʘʪʦʤ). ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʠʤʝʣʠ ʩʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ 67 ʥʤ. 

ɼʣʷ ʧʦʢʨʳʪʠʷ ʯʘʩʪʠʮ ʩʣʦʝʤ ʧʦʣʠʩʪʠʨʦʣʘ 150 ʤʣ ʚʟʚʝʩʠ ʥʘʥʦʯʘʩʪʠʮ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ 

ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʨʝʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 150 ʤʣ ʚʦʜʳ. ʂ ʩʫʩʧʝʥʟʠʠ, ʥʘʛʨʝʪʦʡ ʜʦ 30 Áʉ, ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ 10 ʤʢʣ ʩʪʠʨʦʣʘ ʠ 5 ʤʢʣ ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ. ɿʘʪʝʤ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʳʩʠʣʠ ʜʦ 70 Áʉ ʠ ʠʥʠʮʠʠʨʦʚʘʣʠ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2,2'-ʘʟʦʙʠʩ(2-ʤʝʪʠʣʧʨʦʧʠʦʥʘʤʠʥʘ). ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʧʨʦʜʦʣʞʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʙʝʩʮʚʝʪʥʳʡ ʧʨʦʜʫʢʪ ʦʯʠʩʪʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 15 ʤʣ ʚʦʜʳ. 

1. ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣ ʚʚʝʜʝʥ ʙʨʦʤʠʜ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ? 

(2 ʙʘʣʣʘ) 

2. ʇʦʯʝʤʫ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ ʥʝ ʤʦʛ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʳʯʥʳʡ ʠʥʠʮʠʘʪʦʨ 

2,2'-ʘʟʦʙʠʩʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣ? (1 ʙʘʣʣ) 

3. ʆʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʢʠ ʧʦʣʠʤʝʨʘ ʩʯʠʪʘʝʪʩʷ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ 

ʧʝʨʚʘʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʧʨʦʭʦʜʷʱʘʷ ʙʝʟ ʨʘʟʨʳʚʦʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʯʝʨʝʟ ʚʝʩʴ 

ʦʙʨʘʟʝʮ. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʘʷ ʢʦʥʚʝʨʩʠʷ ʤʦʥʦʤʝʨʘ (ʢʦʥʚʝʨʩʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʦʙʨʘʟʫʝʪʩʷ ʩʰʠʪʳʡ ʧʦʣʠʤʝʨ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʪʚʝʪ ʘʨʛʫʤʝʥʪʠʨʫʡʪʝ. (3 ʙʘʣʣʘ) 

4. ʆʮʝʥʠʪʝ ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʰʠʪʦʛʦ 

ʧʦʣʠʩʪʠʨʦʣʘ. (1 ʙʘʣʣ) 

ʉʫʩʧʝʥʟʠʶ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʢʨʳʪʳʭ ʧʦʣʠʩʪʠʨʦʣʦʤ, ʚʘʢʫʫʤʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʠʣʠ 0.1698 ʛ N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ ʠ 0.0234 ʛ N,N'-

ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜʘ. ʇʦʣʠʤʝʨʠʟʘʮʠʶ ʠʥʠʮʠʠʨʦʚʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 
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ʭʣʦʨʠʜʘ 2,2'-ʘʟʦʙʠʩ(2-ʤʝʪʠʣʧʨʦʧʠʦʥʘʤʤʦʥʠʷ). ʈʝʘʢʮʠʶ ʧʨʦʜʦʣʞʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70 Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʦʪʜʝʣʷʣʠ ʠ ʦʯʠʱʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 

5. ɿʥʘʷ, ʯʪʦ ʧʦʣʠ-N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜ ʦʙʣʘʜʘʝʪ ʥʠʞʥʝʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʩʪʚʦʨʝʥʠʷ (Ū = 34 Áʉ), ʦʧʠʰʠʪʝ ʚʠʟʫʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʝʛʦ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. (2 ʙʘʣʣʘ)  

6. ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʦʙʨʝʪʘʶʪ ʢʦʤʧʦʟʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʙʣʘʛʦʜʘʨʷ ʩʣʦʶ ʧʦʣʠ-N-

ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ? (2 ʙʘʣʣʘ) 

7. ʇʦʯʝʤʫ ʚʘʞʥʦ ʜʝʛʘʟʠʨʦʚʘʪʴ ʩʤʝʩʴ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ? ɿʘʧʠʰʠʪʝ 

ʧʨʠʤʝʨʳ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ? 

(2 ʙʘʣʣʘ) 

8. ʂʨʘʪʢʦ ʦʙʦʩʥʫʡʪʝ, ʧʦʯʝʤʫ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ 

ʩʦʭʨʘʥʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʤʦʥʦʣʠʪʥʳʡ ʦʙʨʘʟʝʮ ʛʝʣʷ ʩ 

ʚʢʣʶʯʝʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ, ʧʦʢʨʳʪʳʤʠ ʧʦʣʠʩʪʠʨʦʣʦʤ. (1 ʙʘʣʣ) ʂʘʢ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ ʤʦʥʦʣʠʪʥʳʡ 

ʦʙʨʘʟʝʮ? (1 ʙʘʣʣ) 

9. ʉʯʠʪʘʷ, ʯʪʦ ʢʦʥʚʝʨʩʠʷ ʚʩʝʭ ʤʦʥʦʤʝʨʦʚ ʟʘ ʫʢʘʟʘʥʥʦʝ ʚ ʫʩʣʦʚʠʠ ʚʨʝʤʷ ʙʣʠʟʢʘ ʚ 

100%, ʨʘʩʩʯʠʪʘʡʪʝ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʮʝʧʝʡ ʧʦʣʠ-N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʚʝʪʚʣʝʥʠʷ. (1 ʙʘʣʣ) 

ɼʦʙʘʚʠʚ ʢ ʚʟʚʝʩʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʛʝʣʝʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ CTAB (0.15 ʄ), HAuCl4 

(0.125 ʤʄ) ʠ 0.25 ʤʄ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʜʦʙʠʣʠʩʴ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ 

ʟʦʣʦʪʘ ʜʦ ʜʠʘʤʝʪʨʘ 90 ʥʤ. 

10. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. (2 ʙʘʣʣʘ) 

 

ʄʦʥʦʜʠʩʧʝʨʩʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʠʢʨʦʩʬʝʨʳ (ɸ.ʉ.ʉʠʥʠʮʢʠʡ) 
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ʅʘʥʦʘʣʤʘʟ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʩʠʥʪʝʟʘ (2009, ʥʘʥʦʭʠʤʠʷ) 

ʅʘʥʦʘʣʤʘʟ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʩʠʥʪʝʟʘ (ʅɼʉ) ï ʵʪʦ ʥʦʚʳʡ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ. ɽʛʦ 

ʧʦʣʫʯʘʶʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʟʨʳʚʝ ʪʨʠʥʠʪʨʦʪʦʣʫʦʣʘ ʠʣʠ ʛʝʢʩʘʛʝʥʘ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. ʉʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ ʅɼʉ ï ʧʝʨʚʠʯʥʳʡ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ ʜʠʘʤʝʪʨʦʤ 4-5 ʥʤ.  

1. ʆʮʝʥʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʝ. (2 ʙʘʣʣʘ) 

ʄʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʪʦʤʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɽʛʦ ʪʦʣʱʠʥʘ ï ʦʢʦʣʦ 0.5 ʥʤ.  

2. ʂʘʢʘʷ ʜʦʣʷ (%) ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʝʨʚʠʯʥʦʡ 

ʯʘʩʪʠʮʳ ʅɼʉ? ʇʨʝʜʣʦʞʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ ʦʮʝʥʢʠ ʜʦʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ ʚ 

ʯʘʩʪʠʮʘʭ ʣʶʙʦʛʦ ʜʠʘʤʝʪʨʘ. (3 ʙʘʣʣʘ) 

3. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʧʝʨʚʠʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʅɼʉ ï ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. ʆʥʘ 

ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʧʳʪʘʭ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉ ʯʝʤ ʵʪʦ ʩʚʷʟʘʥʦ? 

(1 ʙʘʣʣ) ʇʨʝʜʣʦʞʠʪʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʅɼʉ 

ʧʨʠ ʚʟʨʳʚʘʭ, ʦʙʲʷʩʥʷʶʱʫʶ ʧʦʩʪʦʷʥʩʪʚʦ ʨʘʟʤʝʨʘ. ʂʘʢʦʚʘ ʨʦʣʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ? (3 ʙʘʣʣʘ) 

4. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1800 ʂ ʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʛʨʘʬʠʪʠʟʘʮʠʷ ʅɼʉ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʣʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ ʧʝʨʝʭʦʜʘ? (1 ʙʘʣʣ) ʆʙʳʯʥʳʡ ʘʣʤʘʟ ʥʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʦʙʳʯʥʳʡ ʛʨʘʬʠʪ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ʇʦʯʝʤʫ? (2 ʙʘʣʣʘ) 

ʉʪʨʦʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ ʅɼʉ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ.  

5. ʀʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʦʙʦʣʦʯʢʘ ʯʘʩʪʠʮʳ? ɽʩʪʴ ʣʠ ʪʘʤ ʛʨʘʬʠʪ, ʠʣʠ ʵʪʦ ʘʣʤʘʟ ʩ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ? (1 ʙʘʣʣ) ʅʘʟʦʚʠʪʝ ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʪʴ ʦʪʚʝʪʳ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ. ʆʧʠʰʠʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ. (5 ʙʘʣʣʦʚ) 

 

ʊʘʢʦʡ ʘʣʤʘʟ ʜʝʪʦʥʘʮʠʦʥʥʳʤ ʩʠʥʪʝʟʦʤ ʥʝ ʧʦʣʫʯʠʰʴ. ɸ ʥʫʞʥʦ ʣʠ? ʅʘʥʦʘʣʤʘʟʳ 

ʠʥʪʝʨʝʩʥʝʝ! 
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ʆʂʈ (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ʉ ʧʦʨʦʰʢʘ ʥʘʥʦʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʧʨʠʤʠʪʠʚʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ), ʩʥʷʪʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ (ʠʟʣʫʯʝʥʠe CuKŬ). ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 

ʧʦʣʦʞʝʥʠʷ ʦʪʨʘʞʝʥʠʡ (100) ʠ (200) ʩʦʩʪʘʚʠʣʠ 2ɗ100 = 29.74 ʠ 2ɗ200 = 61.78ę, ʘ ʧʦʣʥʘʷ 

ʰʠʨʠʥʘ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ ʩʦʩʪʘʚʠʣʘ FWHM100 = 0.994 ʠ FWHM200 = 1.140ę, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

1. ʏʪʦ ʪʘʢʦʝ ʆʂʈ (1 ʙʘʣʣ) ʠ ʢʘʢ ʵʪʘ ʚʝʣʠʯʠʥʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ? (1 ʙʘʣʣ)  

2. ʅʘʡʪʠ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʫʰʠʨʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʦʪ ʚʝʢʪʦʨʘ 

ʨʘʩʩʝʷʥʠʷ ʠ ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ 

ʨʘʩʩʝʷʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʯʘʩʪʠʮ. (3 ʙʘʣʣʘ) ʇʦ ʥʘʢʣʦʥʫ ʟʘʚʠʩʠʤʦʩʪʠ ʫʰʠʨʝʥʠʷ 

ʦʪ ʚʝʢʪʦʨʘ ʨʘʩʩʝʷʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʶ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ. (2 ʙʘʣʣʘ)  

3. ʅʘʡʪʠ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʦʙʲʝʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʜʦʣʶ ʧʦʚʝʨʭʥʦʩʪʥʳʬʭ ʘʪʦʤʦʚ. (1 ʙʘʣʣ)  

 

ʗʯʝʡʢʠ ɹʨʘʚʵ 
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ʅʘʥʦʢʣʝʪʦʯʥʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʢʠ (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʪʝʧʣʦʚʫʶ ʠ ʥʘʦʙʦʨʦʪ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʦʩʥʦʚʝ ʠʭ 

ʨʘʙʦʪʳ ʣʝʞʘʪ ʵʬʬʝʢʪʳ ɿʝʝʙʝʢʘ, ʇʝʣʴʪʴʝ ʠ ʊʦʤʧʩʦʥʘ.  

1. ʏʪʦ ʵʪʦ ʟʘ ʵʬʬʝʢʪʳ? (1 ʙʘʣʣ)  

ʄʝʨʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʫʞʠʪ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ZT, ʦʧʨʝʜʝʣʷʝʤʳʡ ʬʦʨʤʫʣʦʡ 

ZT = S
2
ĀTĀs/k, 

ʛʜʝ S ï ʢʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ ʚ ɺ/K, ʊ = ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ K, s ï 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʉʤ/ʤ, k ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ɺʪ/ʤ/ʂ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ ʠ ʧʦʥʠʟʠʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ.  

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʪʘʢʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ. 

2. ʆʧʠʰʠʪʝ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʚʳʰʝʥʠʶ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ. (4 ʙʘʣʣʘ) 

ʂ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʠʪʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʚʠʩʤʫʪʘ (ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 50 ʥʤ), ʚʥʝʜʨʝʥʥʳʭ ʚ ʤʘʪʨʠʮʫ ʪʝʣʣʫʨʠʜʘ 

ʩʚʠʥʮʘ PbTe.  

3. ʇʨʝʜʣʦʞʠʪʝ ʦʙʲʷʩʥʝʥʠʝ ʷʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. (2 ʙʘʣʣʘ)  

4. ɸʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʦʟʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʯʘʩʪʠʮʳ ʩʫʨʴʤʳ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʦʭʦʞʠʝ ʩʚʦʡʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʦʟʠʪ ʩ ʤʳʰʴʷʢʦʤ ʚʤʝʩʪʦ ʩʫʨʴʤʳ ʥʝ ʦʙʣʘʜʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ. (2 ʙʘʣʣʘ) 
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ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʢʦʚ 

5. ʂʨʝʤʥʠʡ ʠ ʛʝʨʤʘʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʫʟʢʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ, ʠʤʝʶʱʠʤ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʜʥʘʢʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

Si1ïxGex ʚ 10-15 ʨʘʟ ʤʝʥʴʰʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʣʝʛʠʨʦʚʘʥʠʝ 

ʙʦʨʦʤ (ʤʝʥʝʝ 0.3 ʤʘʩʩ.%) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʝʱʝ ʥʘ 15-20 %. 

ʆʙʲʷʩʥʠʪʝ ʵʪʠ ʷʚʣʝʥʠʷ. (2 ʙʘʣʣʘ) 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʷʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʪʠʧʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʥʘʥʦʙʣʦʯʥʳʝ ʦʢʩʠʜʳ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʪʨʦʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʦ ʩʣʦʷʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘ ï ʙʦʣʝʝ 5 ɺʪ/ʤ/ʂ.  

6. ʇʨʝʜʣʦʞʠʪʝ ʦʙʲʷʩʥʝʥʠʷ, ʧʦʯʝʤʫ ʥʘʥʦʙʣʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ 

ʚʳʙʨʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʯʝʤʫ 

ʥʘʠʙʦʣʴʰʫʶ ʜʦʙʨʦʪʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʣʦʯʥʦ-ʥʝʩʦʨʘʟʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

(2 ʙʘʣʣʘ) ʇʨʝʜʣʦʞʠʪʝ ʜʨʫʛʠʝ ʢʣʘʩʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. (2 ʙʘʣʣʘ) 
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ɼʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ʄʳ ʞʠʚʝʤ ʚ ʤʠʨʝ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ʇʦʩʤʦʪʨʠʪʝ ʚʥʠʤʘʪʝʣʴʥʦ ʚʦʢʨʫʛ ʩʝʙʷ. ʊʫʤʘʥ, ʧʳʣʴ, 

ʩʥʝʛ ï ʚʩʝ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʩʣʫʯʘʡʥʳʝ ʤʘʣʝʥʴʢʠʝ ʥʝʧʨʠʷʪʥʦʩʪʠ, ʥʦ ʠ ʧʨʠʤʝʨʳ ʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʠʩʧʝʨʩʥʫʶ ʩʠʩʪʝʤʫ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʬʦʨʤʘʣʴʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦ, ʝʩʣʠ ʝʩʪʴ ʯʪʦ-ʪʦ, ʯʪʦ ʨʘʟʜʨʦʙʣʝʥʦ (ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ) ʚ ʯʝʤ-ʪʦ (ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʨʝʜʝ). ɼʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ (ɼʉ) ï ʵʪʦ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ. ɺʘʞʥʝʡʰʠʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ ɼʉ ʷʚʣʷʶʪʩʷ: 

ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʨʘʟʜʨʦʙʣʝʥʥʦʩʪʴ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʥʘʣʠʯʠʝ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ [1, 2]. ʇʦʣʫʯʝʥʠʝ ʣʶʙʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʠ ʩʫʧʝʨʩʦʚʨʝʤʝʥʥʦʛʦ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ï ʵʪʦ ʵʚʦʣʶʮʠʷ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ. ʏʪʦʙʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʠʩʧʝʨʩʥʫʶ ʩʠʩʪʝʤʫ, ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʠʩʧʝʨʩʥʫʶ ʬʘʟʫ ʠ 

ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʩʨʝʜʫ, ʩʦʜʝʨʞʘʥʠʝ ʬʘʟ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʪ.ʜ.  

 

ʈʠʩ.1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ 

ɺʦʜʥʳʡ 0,5ʄ ʨʘʩʪʚʦʨ  

Ca(NO3)2 

ɺʦʜʥʳʡ 0,5ʄ ʨʘʩʪʚʦʨ 

(NH4)2HPO4 

ʉʫʩʧʝʥʟʠʷ ʉʘ10(ʈʆ4)6(ʆʅ)2 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ NH4NO3 

ʌʠʣʴʪʨʦʚʘʥʠʝ 

ʉʦʦʩʘʞʜʝʥʠʝ, ʊ=60
ʦ
ʉ, ʨʅ=9 

ʉʫʰʢʘ (ʨʠʩ. 2 ï ʧʦʩʣʝ ʩʫʰʢʠ) 

ɼʝʟʘʛʨʝʛʘʮʠʷ (ʨʠʩ.3 ï ʧʦʩʣʝ ʜʝʟʘʛʨʝʛʘʮʠʠ) 

ʇʨʝʩʩʦʚʘʥʠʝ, ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ - 100 ʄʇʘ (ʨʠʩ.5 ï ʩʢʦʣ ʧʨʝʩʩʦʚʢʠ) 

ʆʙʞʠʛ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5
ʦ
ʉ/ʤʠʥ, ʊ ʦʙʞʠʛʘ 1200

ʦ
ʉ, 

ʦʭʣʘʞʜʝʥʠʝ ʩ ʧʝʯʴʶ (ʨʠʩ. 9 ï ʧʦʩʣʝ ʦʙʞʠʛʘ) 

ʉʦʣʴ Ca(NO3)2*4ʅ2ʆ ʉʦʣʴ (NH4)2HPO4 
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ʈʠʩ.2. ʈʌɸ ɻɸʇ ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

 

ʈʠʩ.3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʨʦʰʢʘ ɻɸʇ 

0 1 2 3 4 5 6 7 8 9 10
0

5

10

15

20

25

30

35

40

ʂ
ʦ
ʣ
ʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 
ʯ
ʘ
ʩ
ʪ
ʠ
ʮ
,
 
%

ʈʘʟʤʝʨ ʯʘʩʪʠʮ, ʤʢʤ

 

ʈʠʩ.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ 

 

ʈʠʩ.5. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʨʝʩʩʦʚʢʠ ɻɸʇ 
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ʈʠʩ.6. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʧʦʨʦʰʢʘ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʠ ʜʝʟʘʛʨʝʛʘʮʠʠ ʦʪ 
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ʈʠʩ.7. ʀʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʧʨʝʩʩʦʚʢʠ ɻɸʇ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

10 
ʦ
ʉ/ʤʠʥ 

 

ʈʠʩ.8. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʢʝʨʘʤʠʢʠ ɻɸʇ (1100 
ʦ
ʉ, 6 ʯʘʩʦʚ) 

 

ʈʠʩ.9. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʢʝʨʘʤʠʢʠ ɻɸʇ (1100 
ʦ
ʉ, 6 ʯʘʩʦʚ) 
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ʈʠʩ.10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʨʝʥ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʢʝʨʘʤʠʢʝ ɻɸʇ 

ɺ ʥʘʩʪʦʷʱʝʡ ʟʘʜʘʯʝ ʪʨʝʙʫʝʪʩʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ 

ʩʭʝʤʫ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ (ɻɸʇ, ʉʘ10(ʈʆ4)6(ʆʅ)2), ʦʧʠʩʘʪʴ 

ʵʚʦʣʶʮʠʶ ɼʉ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʝʨʘʤʠʢʠ, ʦʧʠʩʘʚ 

ʜʠʩʧʝʨʩʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ. 

1. ʆʧʠʰʠʪʝ ʵʚʦʣʶʮʠʶ ɼʉ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʩʪʘʜʠʠ ʢ ʜʨʫʛʦʡ. (4 ʙʘʣʣʘ) 

2. ʏʪʦ ʧʨʦʠʟʦʡʜʝʪ ʩ ɼʉ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 9, ʝʩʣʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʢʦʥʝʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʞʠʛʘ ʙʫʜʝʪ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, ʥʘʧʨʠʤʝʨ 2 ʛʦʜʘ? (1 ʙʘʣʣ) 

3. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ɼʉ ʥʘ ʩʪʘʜʠʠ çʩʫʩʧʝʥʟʠʷ ɻɸʇ ʚ ʨʘʩʪʚʦʨʝ ʥʠʪʨʘʪʘ 

ʘʤʤʦʥʠʷè, ʟʥʘʷ, ʯʪʦ ʜʣʷ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 1 ʣ 0,5ʄ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʢʘʣʴʮʠʷ ʠ 

1 ʣ 0,3ʄ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ. (1 ʙʘʣʣ) 

4. ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʠʣʘ 0.36 ʛ/ʩʤ
3
. ʂʘʢʦʚʦ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʝʩʣʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ɻɸʇ ʩʦʩʪʘʚʣʷʝʪ 3,16 ʛ/ʩʤ
3
? 

(1 ʙʘʣʣ) 

5. ʂʘʢʦʚʘ ʧʦʨʠʩʪʦʩʪʴ ʧʨʝʩʩʦʚʢʠ, ʝʩʣʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʝʩʩʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 

40%? (1 ʙʘʣʣ) 

6. ʅʘ ʢʘʢʦʡ ʩʪʘʜʠʠ ʘʛʨʝʛʘʮʠʷ ʧʦʨʦʰʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ? (1 ʙʘʣʣ) 

7. ʏʪʦ ʧʦ ɺʘʰʝʤʫ ʤʥʝʥʠʶ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʣʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ: (1) ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ (2) ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ? (1 ʙʘʣʣ) 

[1] ɸ.ɼ.ɿʠʤʦʥ. ʂʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷ. ï ʄ.: ɸʛʘʨ, 2003.  320 ʩ.  

[2] ʖ.ɻ.ʌʨʦʣʦʚ. ʂʫʨʩ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ (ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʠ ʜʠʩʧʝʨʩʥʳʝ 

ʩʠʩʪʝʤʳ). ï ʄ.:ʍʠʤʠʷ, 1982. 400 ʩ.  
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ʇʦʨʳ ʙʳʚʘʶʪ ʨʘʟʥʳʝ ï ʜʣʠʥʥʳʝ, ʫʟʢʠʝ, ʯʘʩʪʳʝé (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ɺ ʨʷʜʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʢʨʳʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ 

ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ ʟʘ ʩʯʝʪ ʘʥʦʜʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʷ, ʪʠʪʘʥʘ ʠ ʧʨ. ʊʘʢʠʝ ʧʣʝʥʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʳʭ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ.  

1. ʆʧʠʰʠʪʝ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨ ʠ ʦʙʲʷʩʥʠʪʝ, ʤʦʞʥʦ ʣʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʦʪʥʝʩʪʠ ʢ ʷʚʣʝʥʠʷʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. (3 ʙʘʣʣʘ)  

2. ʇʦʯʝʤʫ ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʦʨ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ 

ʢʘʯʝʩʪʚʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ? (2 ʙʘʣʣʘ) 

 

ʄʝʤʙʨʘʥʘ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ: ʚʠʜ ʩʙʦʢʫ (ʘ), ʚʠʜ ʩʚʝʨʭʫ (ʙ). 

3. ʆʧʨʝʜʝʣʠʪʝ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

(10.0 ʩʤ Ĭ 10.0 ʩʤ Ĭ 40.0 ʤʢʤ) ʩ ʧʦʨʘʤʠ ʜʠʘʤʝʪʨʦʤ (ʘ) 250 ʥʤ ʠ (ʙ) 2.50 ʥʤ. 

(2 ʙʘʣʣʘ) ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʜʠʘʤʝʪʨʘ ʧʦʨ ʦʪ 250 ʥʤ ʜʦ 2.50 ʥʤ? (1 ʙʘʣʣ) ʇʦʨʠʩʪʦʩʪʴ ʤʝʤʙʨʘʥʳ (Ů) 

ʩʦʩʪʘʚʣʷʝʪ 55%. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʧʦʨʳ ʦʙʣʘʜʘʶʪ ʮʠʣʠʥʜʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ (ʩʤ. ʨʠʩ.). 

ʉʫʱʝʩʪʚʫʝʪ ʠʟʚʝʩʪʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʢʘʢ ʤʘʪʨʠʮʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ.  

4. ʇʦʯʝʤʫ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʨʳ ʧʦʣʫʯʘʶʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ? (2 ʙʘʣʣʘ)  

5. ʂʘʢ ʤʦʞʥʦ ʚʚʝʩʪʠ ʚ ʧʦʨʳ ʤʘʛʥʠʪʥʳʝ ʟʘʧʠʩʳʚʘʶʱʠʝ ʵʣʝʤʝʥʪʳ? (2 ʙʘʣʣʘ) ʇʦʯʝʤʫ 

ʵʪʠ ʵʣʝʤʝʥʪʳ ʙʫʜʫʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ, ʘ ʥʝ ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʢʘʤʠ? (3 ʙʘʣʣʘ) 

6.  ʆʮʝʥʠʪʝ ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʜʣʷ ʧʣʝʥʢʠ ʪʘʢʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. 

(2 ʙʘʣʣʘ)  

7. ɻʜʝ ʝʱʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʦʨʠʩʪʳʝ ʩʠʩʪʝʤʳ? (2 ʙʘʣʣʘ)  
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ʂʘʧʝʣʴʢʠ (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʥʘʥʦ- ʠ ʤʠʢʨʦʨʝʘʢʪʦʨʘʭ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ 

ʥʘʥʝʩʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʪʘʢʦʛʦ 

ʥʘʥʝʩʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʜʩʦʨʙʮʠʷ ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʩʪʝʥʢʠ ʧʦʨ ʠʟ 

ʞʠʜʢʠʭ ʩʤʝʩʝʡ.  

1. ʂʘʢʠʝ ʠʟ ʢʦʥʬʠʛʫʨʘʮʠʡ ʞʠʜʢʦʛʦ ʤʝʥʠʩʢʘ ʚ ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʧʦʨʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʟʘʧʦʣʥʝʥʠʶ ʧʦʨʳ ʞʠʜʢʦʡ ʩʤʝʩʴʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʢʨʳʪʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʳ? 

(2 ʙʘʣʣʘ)  

2. ʆʧʨʝʜʝʣʠʪʝ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ɓ ʩʪʝʥʦʢ ʧʦʨʳ ʢ ʛʦʨʠʟʦʥʪʘʣʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʝʱʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʧʦʣʥʝʥʠʝ ʧʦʨʳ ʩʤʝʩʴʶ. (2 ʙʘʣʣʘ) ʖʥʛʦʚʩʢʠʡ 

ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ ʩʦʩʪʘʚʣʷʝʪ 95ę.  

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʝʤ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʞʠʜʢʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʢʘʥʘʣʘʭ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʭʦʜʠʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʥʘʣʦʚ 

ʥʘʥʝʩʝʥʠʝʤ ʤʦʥʦʩʣʦʝʚ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ). ʇʨʦʩʪʝʡʰʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʪʘʢʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʧʠʪʢʫ ʢʘʥʘʣʦʚ ʨʘʩʪʚʦʨʦʤ ʇɸɺ, ʘʜʩʦʨʙʮʠʶ ʥʘ ʩʪʝʥʢʠ 

ʢʘʥʘʣʘ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ, ʫʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʠ ʧʨʦʩʫʰʢʫ 

ʢʘʥʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɸɺ ʚ ʨʘʩʪʚʦʨʝ ʩʪʘʥʜʘʨʪʠʟʫʝʪʩʷ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʥʘʣʦʚ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʜʠʫʩʦʚ.  

3. ʆʮʝʥʠʪʝ ʧʨʠʙʣʠʞʝʥʥʦ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ R ʢʘʥʘʣʘ, ʩʪʝʥʢʠ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʢʨʳʪʳ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʤ ʤʦʥʦʩʣʦʝʤ ʇɸɺ ʠʟ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

v = 1 ʦʙ.% ʇɸɺ. (3 ʙʘʣʣʘ) ɼʣʠʥʫ ʤʦʣʝʢʫʣʳ ʇɸɺ ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ l = 1.5 ʥʤ. ʂʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʦʯʥʦʡ ʦʮʝʥʢʠ? (1 ʙʘʣʣ)  
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ʈʝʜʢʠʝ ʟʝʤʣʠ (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

1. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʦʙʲʝʤʥʳʤʠè ɺʳ 

ʤʦʞʝʪʝ ʥʘʟʚʘʪʴ? (2 ʙʘʣʣʘ) 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠʦʥʦʚ Er
3+

 ʚ ʦʙʲʝʤʥʦʤ ʠ ʥʘʥʦʨʘʟʤʝʨʥʦʤ 

ʦʙʨʘʟʮʘʭ Y2O2S (T = 2.6 K).  

2. ʂʘʢʦʡ ʠʟ ʩʧʝʢʪʨʦʚ ʧʨʠʥʘʜʣʝʞʠʪ ʥʘʥʦʨʘʟʤʝʨʥʦʤʫ ʦʙʨʘʟʮʫ? (1 ʙʘʣʣ) ɿʘ ʩʯʝʪ ʯʝʛʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʭ ʦʙʲʝʤʥʦʛʦ ʠ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʦʙʨʘʟʮʦʚ? 

(2 ʙʘʣʣʘ)  

ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʩʣʝʚʘ ʧʨʠʚʝʜʝʥʳ ʫʨʦʚʥʠ Er
3+

.  

3. ʏʪʦ ʦʟʥʘʯʘʶʪ ʩʠʤʚʦʣʳ 7
F5/2 ʠ 

4
I15/2? (2 ʙʘʣʣʘ) 

 

  

ʀ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ

ʕʥʝʨʛʠʷʚʦʟʙʫʞʜʝʥʠʷ(ʩʤï1)               
ʫʨʦʚʥʠEr3+
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ɺʠʭʨʠ ʚʨʘʞʜʝʙʥʳʝé (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ɺ ʦʙʣʘʩʪʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʙʳʣʦ ʚʳʜʘʥʦ ʦʢʦʣʦ 6 ʥʦʙʝʣʝʚʩʢʠʭ ʧʨʝʤʠʡ. 

1. ʇʝʨʝʯʠʩʣʠʪʝ ʠʭ. (1 ʙʘʣʣ)  

ʆʜʥʘ ʠʟ ʥʠʭ ʢʘʩʘʝʪʩʷ ʪʝʦʨʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ, ʯʪʦ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ 2 ʨʦʜʘ 

ʥʝʦʙʭʦʜʠʤʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʮʝʥʪʨʳ ʧʠʥʥʠʛʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʶʱʠʝ ʧʣʦʪʥʦʩʪʴ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ.  

2. ʂʪʦ ʧʦʣʫʯʠʣ ʵʪʫ ʧʨʝʤʠʶ ʠ ʟʘ ʢʘʢʠʝ ʨʘʙʦʪʳ? (1 ʙʘʣʣ) 

3. ʏʪʦ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʮʝʥʪʨʳ ʧʠʥʥʠʥʛʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ? (2 ʙʘʣʣʘ) ʏʪʦ ʦʥʠ çʧʠʥʥʠʥʛʫʶʪè? (1 ʙʘʣʣ) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɺʊʉʇ ï ʢʝʨʘʤʠʢʠ ʩ ʨʝʢʦʨʜʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ çʧʠʢ-ʵʬʬʝʢʪʦʤè ʷʧʦʥʩʢʠʝ ʫʯʝʥʳʝ ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʫʧʨʘʪʥʫʶ 

ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʦʢʩʠʜ ʥʝʦʜʠʤʘ ʠ ʙʘʨʠʷ.  

4. ʏʪʦ ʵʪʦ ʟʘ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢ ʠ ʢʘʢʘʷ ʫ ʥʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ? (1 ʙʘʣʣ) 

ʇʨʝʜʧʦʣʦʞʠʪʝ, ʧʦ ʢʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʤʦʛʫʪ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

(500-600
0
ʉ) ʦʪʞʠʛʝ ʵʪʠ ʵʬʬʝʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʧʠʥʥʠʥʛʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ. (3 ʙʘʣʣʘ) 

5. ʄʦʞʝʪʝ ʣʠ ɺʳ ʧʨʝʜʣʦʞʠʪʴ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʦʙʲʷʩʥʷʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ çʜʝʬʝʢʪʦʚè? 

(2 ʙʘʣʣʘ)  

6. ʉʣʝʜʫʝʪ ʣʠ ʦʪʥʦʩʠʪʴ ʫʢʘʟʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤ ʠʣʠ ʢʝʨʘʤʠʢʝ, 

ʥʘʥʦʢʦʤʧʦʟʠʪʘʤ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ? (1 ʙʘʣʣ) 

7. ʆʙʲʷʩʥʠʪʝ, ʯʝʤ ʤʘʥʠʧʫʣʠʨʫʝʪ ʠʛʣʘ ʉɿʄ ʥʘ ʨʠʩʫʥʢʝ. (1 ʙʘʣʣ) ɼʦʣʞʥʘ ʣʠ ʠʛʣʘ ʩʘʤʘ 

ʦʙʣʘʜʘʪʴ ʢʘʢʠʤʠïʣʠʙʦ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ? (1 ʙʘʣʣ)  
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ɼʘ ʙʫʜʝʪ ʩʚʝʪ! (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ʆʯʝʥʴ ʧʨʦʩʪʦʡ ʚʦʧʨʦʩ ʩ ʥʝʧʨʦʩʪʳʤ ʦʪʚʝʪʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʝʥ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʞʜʝʪ ʥʘʩ ʚ ʥʝʜʘʣʝʢʦʤ ʙʫʜʫʱʝʤ ʚ ʩʚʷʟʠ ʩ ʩʦʟʜʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʜʠʦʜʳ (ʆʉʀɼ). 

ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʥʞʝʢʮʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʜʦʚ ʚ ʆʉʀɼ. (ʜʦ 10 ʙʘʣʣʦʚ) 

 

OLED - ʜʠʩʧʣʝʠ 
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ʅʫ ʧʨʦʩʪʦ ʚʳʣʠʪʳʡ é ʤʘʛʥʠʪ (2009, ʥʘʥʦʤʘʪʝʨʠʘʣʳ) 

ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, ʫʩʪʨʦʡʩʪʚʦ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ, ʛʠʧʝʨʪʝʨʤʠʷ ʠ ʚʝʢʪʦʨʥʘʷ ʜʦʩʪʘʚʢʘ 

ʣʝʢʘʨʩʪʚ, ʜʘ ʤʘʣʦ ʣʠ ʝʱʝ ʯʪʦ ʤʦʛʫʪ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳé ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʦʢʘʟʳʚʘʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʘʤʦʨʬʥʳʭ ʤʘʪʨʠʮ 

(ʩʪʝʢʦʣ), ʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʞʜʝʩʪʚʝʥʝʥ ʪʦʤʫ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ.  

1. ʏʪʦ ʪʘʢʦʝ ʩʪʝʢʣʦʢʝʨʘʤʠʢʘ ʠ ʧʦ ʢʘʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʘʤ ʝʝ ʦʙʳʯʥʦ 

ʧʦʣʫʯʘʶʪ? (2 ʙʘʣʣʘ) ʆʙʲʷʩʥʠʪʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʥʥʦ ʪʘʢʠʭ 

ʨʝʞʠʤʦʚ ʠ ʦʧʠʰʠʪʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

(2 ʙʘʣʣ)  

2. ɺ ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ 

ʤʘʪʨʠʮ ʧʦ ʩʨʘʚʥʝʥʠʶ, ʩʢʘʞʝʤ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʚʝʨʜʦʡ ʬʘʟʳ ʠʟ ʧʘʨʦʚʦʡ ʠʣʠ ʞʠʜʢʦʡ 

ʬʘʟʳ (ʨʘʩʪʚʦʨʘ, ʨʘʩʧʣʘʚʘé)? (3 ʙʘʣʣʘ) 

ʉʪʝʢʣʦʢʝʨʘʤʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʩʘʤʘ ʧʦ ʩʝʙʝ (ças isè). ʊʘʢ, ʦʥʘ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʠʧʦʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ. 

3. ɺ ʯʝʤ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʪʘʢʠʭ ʞʝ ʮʝʣʝʡ? (2 ʙʘʣʣʘ) 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʪʝʭʥʦʣʦʛʠʷ ʝʱʝ ʜʘʣʝʢʘ ʦʪ ʩʦʚʝʨʰʝʥʩʪʚʘ, 

ʧʦʵʪʦʤʫ ʜʘʚʘʡʪʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʪʘʢʦʤ ʜʠʩʢʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ (BaFe12O19), ʠʤʝʶʱʠʝ 

ʜʠʘʤʝʪʨ 3 ʥʤ.  

4. ɺʦʟʤʦʞʥʦ ʣʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʧʠʩʴ ʠ ʩʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩ ʪʘʢʦʛʦ ʜʠʩʢʘ, 

ʝʩʣʠ ʦʥ ʦʭʣʘʞʜʝʥ ʞʠʜʢʠʤ ʛʝʣʠʝʤ, ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʠ ʧʦʯʝʤʫ? ʇʦʜʪʚʝʨʜʠʪʝ 

ʨʘʩʯʝʪʘʤʠ (K1 (BaFe12O19) = 3.3Ĭ10
5
 ɼʞ/ʤ

3
). (5 ʙʘʣʣʦʚ)  

5. ʂʘʢ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʟʘʧʠʩʠ ʢʦʤʧʦʟʠʪ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʥʦ ʥʝ ʧʦʥʠʟʠʪʴ ʧʨʠ ʵʪʦʤ 

ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ? (2 ʙʘʣʣʘ)  

6. ʂʘʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ɺʘʤ 

ʠʟʚʝʩʪʥʳ? (2 ʙʘʣʣʘ)  
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ɺʘʥʥʘ ʠ ʥʝʞʥʳʝ ʧʣʝʥʢʠ (2009, ʥʘʥʦʙʠʦʪʝʭʥʦʣʦʛʠʷ) 

ɺʧʝʨʚʳʝ ʙʠʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʳ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ 

1925 ʛʦʜʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʤʝʪʦʜʘ ʤʦʥʦʩʣʦʝʚ ʃʝʥʛʤʶʨʘ.  

1. ʂʘʢʠʤ ʧʨʦʩʪʳʤ ʠ ʵʣʝʛʘʥʪʥʳʤ ʩʧʦʩʦʙʦʤ ʫʯʝʥʳʝ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʣʠʧʠʜʥʘʷ ʤʝʤʙʨʘʥʘ 

ʢʣʝʪʢʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ? (1 ʙʘʣʣ) 

ʊʝʭʥʠʢʘ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʣʝʥʦʢ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ. ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʧʦʜʣʦʞʢʘ ʦʧʫʩʢʘʝʪʩʷ ʠ(ʠʣʠ) ʧʦʜʥʠʤʘʝʪʩʷ ʩʢʚʦʟʴ ʤʦʥʦʩʣʦʡ 

(ʨʠʩ.1).  

 

ʈʠʩ.1 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʜʣʦʞʢʠ ʚ ʤʝʥʠʩʢʝ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʤʦʥʦʩʣʦʷ ʥʘ 

ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ, ʟʘʥʷʪʘʷ ʤʦʥʦʩʣʦʝʤ ʥʘ ʚʦʜʝ, ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʱʘʜʠ ʧʦʜʣʦʞʢʠ, ʥʘ ʢʦʪʦʨʫʶ ʦʩʝʣ ʤʦʥʦʩʣʦʡ. ɺ 

ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ ʤʦʥʦʩʣʦʷ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʙʘʨʴʝʨʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ ʩʢʚʦʟʴ ʤʦʥʦʩʣʦʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʣʝʥʢʫ ʃʝʥʛʤʶʨʘ ð ɹʣʦʜʞʝʪʪ (ʃɹ) ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ (ʨʠʩ.2). 

ʩʫʙʬʘʟʘ 

ʧʦʜʣʦʞʢʘ 
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ʈʠʩ.2 

ʇʦʦʯʝʨʝʜʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʧʦʜʣʦʞʢʠ ʩʢʚʦʟʴ ʤʦʥʦʩʣʦʡ ʩʚʝʨʭʫ-ʚʥʠʟ ʠ ʩʥʠʟʫ-ʚʚʝʨʭ ʜʘʝʪ 

ʤʫʣʴʪʠʩʣʦʡ Y-ʪʠʧʘ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʣʠʧʠʜʥʳʤ ʙʠʩʣʦʷʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʤʙʨʘʥ. ʕʪʠ ʤʫʣʴʪʠʩʣʦʠ ʥʝʧʦʣʷʨʥʳ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ Y-

ʩʪʨʫʢʪʫʨʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʠʣʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʥʦʩʠʤʦʛʦ ʤʦʥʦʩʣʦʷ, ʧʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʤʫʣʴʪʠʩʣʦʡ Y-ʪʠʧʘ ʧʦʣʫʯʘʪʴ ʣʝʛʯʝ ʚʩʝʛʦ.  

ʉʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʝʥʠʷ ʧʦʣʷʨʥʳʭ ʧʣʝʥʦʢ ʃɹ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʧʦʜʣʦʞʢʠ ʚʥʠʟ ʥʘ ʪʚʝʨʜʦʡ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʥʦʩʣʦʡ, ʚ 

ʢʦʪʦʨʦʤ ʛʠʜʨʦʬʦʙʥʳʝ ʭʚʦʩʪʳ ʤʦʣʝʢʫʣ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʢ ʧʦʜʣʦʞʢʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʤʥʦʛʦʩʣʦʡʥʘʷ ʧʣʝʥʢʘ (ʨʠʩ. 2) ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʍ-ʪʠʧʘ. ʇʨʠ ʜʚʠʞʝʥʠʠ 

ʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʜʣʦʞʢʠ ʩʢʚʦʟʴ ʤʦʥʦʩʣʦʡ ʚʚʝʨʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʥʦʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʢ 

ʧʦʜʣʦʞʢʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʛʠʜʨʦʬʠʣʴʥʳʝ ʛʨʫʧʧʳ ʤʦʣʝʢʫʣ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʤʥʦʛʦʩʣʦʡʥʘʷ ʧʣʝʥʢʘ (ʨʠʩ. 2) ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ Z-ʪʠʧʘ. ʄʫʣʴʪʠʩʣʦʠ ʍ- ʠ Z-ʪʠʧʘ ʥʝ 

ʦʙʣʘʜʘʶʪ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ. ʀʭ ʧʦʣʷʨʥʘʷ ʦʩʴ ʥʘʧʨʘʚʣʝʥʘ ʢ ʥʦʨʤʘʣʠ ʠʣʠ ʦʪ ʥʦʨʤʘʣʠ ʢ 

ʧʦʜʣʦʞʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʥʝʩʪʠ ʤʫʣʴʪʠʩʣʦʠ ʍ- ʠʣʠ Z-ʪʠʧʘ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʦʜʣʦʞʢʠ ʩʢʚʦʟʴ ʤʦʥʦʩʣʦʡ ʚ ʩʫʙʬʘʟʫ ʠ ʦʙʨʘʪʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʚʤʝʩʪʦ ʞʝʣʘʝʤʦʡ ʧʦʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʝʪʩʷ Y-ʩʪʨʫʢʪʫʨʘ.  

Y-ʪʠʧ ʧʣʝʥʢʠ ʃɹ 

Z-ʪʠʧ ʧʣʝʥʢʠ ʃɹ 

X-ʪʠʧ ʧʣʝʥʢʠ ʃɹ 

X 

Y-ʪʠʧ ʧʣʝʥʢʠ ʃɹ 

Z-ʪʠʧ ʧʣʝʥʢʠ ʃɹ 

X-ʪʠʧ ʧʣʝʥʢʠ ʃɹ 

X 

X 
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2. ʇʨʝʜʣʦʞʠʪʝ ʧʦ ʜʚʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʃɹ X- ʠ Z-ʪʠʧʘ, ʩʯʠʪʘʷ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʣʝʥʢʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. (2 ʙʘʣʣʘ) 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʥʦʩʣʦʝʚ ʃʝʥʛʤʶʨʘ ʬʦʩʬʦʣʠʧʠʜʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 2D-

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʞʠʜʢʦ-ʨʘʩʰʠʨʝʥʥʳʤ (LE) ʠ ʞʠʜʢʦ-ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ (LC) 

ʩʦʩʪʦʷʥʠʷʤʠ. ʅʘ ʨʠʩ. ʠʟʦʙʨʘʞʝʥʘ ʠʟʦʪʝʨʤʘ ʩʞʘʪʠʷ ʤʦʥʦʩʣʦʷ ʜʠʤʠʨʠʩʪʦʠʣ-ʛʣʠʮʝʨʦ-

ʬʦʩʬʦʵʪʘʥʦʣʘʤʠʥʘ (DMPE) ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ (p) ʦʪ ʧʣʦʱʘʜʠ 

ʤʦʥʦʩʣʦʷ (ɸ). ʇʣʘʪʦ ʥʘ ʢʨʠʚʦʡ ʦʪʚʝʯʘʝʪ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ.  

 

ʀʟʦʪʝʨʤʘ ʩʞʘʪʠʷ ʤʦʥʦʩʣʦʷ ʜʠʤʠʨʠʩʪʦʠʣ-ʛʣʠʮʝʨʦ-ʬʦʩʬʦʵʪʘʥʦʣʘʤʠʥʘ (DMPE) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʠʟʦʙʨʘʞʝʥʘ ʦʙʣʘʩʪʴ ʤʦʥʦʩʣʦʷ, ʠʟ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʤʦʥʦʩʣʦʷ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ 

ʄʦʥʦʩʣʦʡ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʛʠʜʨʦʬʠʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʤʝʪʦʜʦʤ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ.  

 

ʇʝʨʝʥʦʩ ʤʦʥʦʩʣʦʷ ʬʦʩʬʦʣʠʧʠʜʘ ʥʘ ʛʠʜʨʦʬʠʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ ʩʥʠʟʫ-ʚʚʝʨʭ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʘʚʣʝʥʠʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʇʦʢʘʟʘʥ ʧʝʨʝʥʦʩ ʤʦʥʦʩʣʦʷ ʧʨʠ ʚʳʩʦʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠʟ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ɺ ʤʦʥʦʩʣʦʡ ʬʦʩʬʦʣʠʧʠʜʘ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʜʠʬʠʣʴʥʘʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʝʪʢʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʦʚʤʝʩʪʠʤʘ (ʩʤʝʰʠʚʘʣʘʩʴ) ʪʦʣʴʢʦ ʩ ʤʦʥʦʩʣʦʝʤ ʚ 

ʞʠʜʢʦ-ʨʘʩʰʠʨʝʥʥʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʷʭ.  

 

ʇʦʣʦʩʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ 

ʅʘ ʨʠʩ. ʜʘʥʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʥʦʩʣʦʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʝʨʝʥʦʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʷ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʜʘʚʣʝʥʠʠ 2 ʤʅ/ʤ. ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʣʠʥʠʷ 

ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ; ʩʣʝʚʘ ʦʪ ʥʝʝ ï ʧʦʜʣʦʞʢʘ ʠʟ ʢʨʝʤʥʠʷ, ʩʧʨʘʚʘ ï ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ. 

ʄʦʥʦʩʣʦʡ ʧʝʨʝʥʦʩʠʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʙʝʣʦʡ ʩʪʨʝʣʢʠ. ʉʚʝʪʣʳʝ ʦʙʣʘʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʟʦʥʜʘ. ʇʦ 

ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʯʝʨʝʜʫʶʱʠʭʩʷ ʪʝʤʥʳʭ ʠ ʩʚʝʪʣʳʭ ʧʦʣʦʩ.  

3. ʆʙʲʷʩʥʠʪʝ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʦʩʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ. (3 ʙʘʣʣʘ) ʏʪʦ ʩʦʙʦʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʤʥʳʝ ʠ ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ ʤʦʥʦʩʣʦʷ? (1 ʙʘʣʣ) ʂʘʢ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʰʠʨʠʥʘ ʧʦʣʦʩ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʤʦʥʦʩʣʦʷ? (1 ʙʘʣʣ)  

4. ʇʨʝʜʣʦʞʠʪʝ ʚʘʨʠʘʥʪʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʨʘʟʫʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ. 

(2 ʙʘʣʣʘ)  

 

 

  

ʄʦʥʦʩʣʦʡ ʥʘ  

ʢʨʝʤʥʠʝʚʦʡ 

ʧʣʘʩʪʠʥʢʝ 

ʄʦʥʦʩʣʦʡ ʥʘ  

ʧʦʚʝʨʭʥʦʩʪʠ  

ʚʦʜʳ 
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ʆ ʧʦʣʴʟʝ ʭʨʝʥʘ ʜʣʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ (2009, ʥʘʥʦʙʠʦʪʝʭʥʦʣʦʛʠʷ) 

ʇʦ ʩʦʦʙʱʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʶʣʣʝʪʝʥʷ ʇʝʨʩʪ (ʆ.ɸʣʝʢʩʝʝʚʘ, çʇɽʈʩʧʝʢʪʠʚʥʳʝ 

ʊʝʭʥʦʣʦʛʠʠè, ʠʩʭʦʜʥʘʷ ʩʪʘʪʴʷ - B.L.Allen et al., Nano Lett. 8, 3899 (2008)), ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʭ ʇʠʪʩʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ (ʝʩʪʝʩʪʚʝʥʥʦʛʦ) ʨʘʟʣʦʞʝʥʠʷ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʆʉʅʊ). ʕʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʡ ʚʦʧʨʦʩ, ʚʝʜʴ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʝʧʨʝʢʨʘʱʘʶʱʠʝʩʷ ʜʠʩʢʫʩʩʠʠ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ. ʅʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦ-ʙʠʦʤʝʜʠʮʠʥʳ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʠʚʝʜʫʪ ʢ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʵʪʠʭ ʫʥʠʢʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ in vivo. ʇʨʠ 

ʵʪʦʤ ʜʘʞʝ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʣʝʯʝʥʠʷ, ʦʩʪʘʥʫʪʩʷ ʚ ʪʝʣʝ ʯʝʣʦʚʝʢʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. ʈʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʫʚʝʣʠʯʠʪ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʝ (ʦʪʢʫʜʘ ʯʘʩʪʴ ʠʭ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʧʘʜʝʪ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ). 

ʆʢʘʟʳʚʘʝʪʩʷ, ʥʘʡʪʠ ʧʫʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʆʉʅʊ ʧʦʤʦʞʝʪ ʭʨʝʥ, ʪʦʯʥʝʝ ʬʝʨʤʝʥʪ 

ʧʝʨʦʢʩʠʜʘʟʘ ʠʟ ʝʛʦ ʢʦʨʥʝʡ.  

 

ʇʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʭʨʝʥʘ, ʢʦʥʝʯʥʦ, ʠʟʚʝʩʪʥʳ ʚʩʝʤ. ʆʥ ʩ ʜʘʚʥʠʭ ʧʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʬʠʪʦʥʮʠʜʥʦʝ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʝ 

ʩʨʝʜʩʪʚʦ, ʠʩʪʦʯʥʠʢ ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʄʝʜʠʢʘʤ ʠ ʙʠʦʣʦʛʘʤ ʭʦʨʦʰʦ ʟʥʘʢʦʤʘ 

ʧʝʨʦʢʩʠʜʘʟʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʢʦʨʥʷ ʭʨʝʥʘ ʠ ʚ ʝʛʦ ʢʦʞʫʨʝ. ʆʥʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʧʨʠ ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʦʚʠ ʠ ʤʦʯʠ; 

ʚ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʘʭ ʥʘ ʉʇʀɼ, ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʝʡʰʠʤ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʦʤ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʬʫʥʢʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʦʩʥʦʚʝ ʧʝʨʦʢʩʠʜʘʟʳ ʭʨʝʥʘ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʙʠʦʩʝʥʩʦʨʳ. 
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ʋʯʝʥʳʝ ʇʠʪʩʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʆʉʅʊ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʢʘʪʘʣʠʟʘ. ʇʝʨʦʢʩʠʜʘʟʘ ʭʨʝʥʘ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʢ ʩʫʩʧʝʥʟʠʠ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ. ʀʥʢʫʙʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʚ ʪʝʤʥʦʪʝ ʧʨʠ 4 
ʦ
ʉ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 

ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ (~ 40 Õʄ), ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʦʪʨʫʙʢʠ ʥʝ ʩʥʠʞʘʶʪ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʜʦʣʞʘʣʩʷ 16 ʥʝʜʝʣʴ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʩʨʦʢʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʢʠʩʣʝʥʠʝ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʧʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠʭ ʜʣʠʥʘ (ʝʩʣʠ ʠʩʭʦʜʥʘʷ ʜʣʠʥʘ ʚ ʩʨʝʜʥʝʤ ~ 520 ʥʤ, ʪʦ ʯʝʨʝʟ 8 ʥʝʜʝʣʴ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 

~ 230 ʥʤ), ʯʝʨʝʟ 8 ʥʝʜʝʣʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʛʣʦʙʫʣʷʨʥʦʛʦ ʚʝʱʝʩʪʚʘ; ʯʝʨʝʟ 12 ʥʝʜʝʣʴ ʚ 

ʧʨʦʙʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʣʦʙʫʣʳ; ʯʝʨʝʟ 16 ʥʝʜʝʣʴ ʥʘʥʦʪʨʫʙʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ! 

 

ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʆʉʅʊ: ʘ - ʠʩʭʦʜʥʘʷ ʧʨʦʙʘ; b - ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʠ ʧʦʷʚʣʝʥʠʝ ʛʣʦʙʫʣ ʯʝʨʝʟ 

8 ʥʝʜʝʣʴ; ʩ - ʧʨʦʙʘ ʯʝʨʝʟ 12 ʥʝʜʝʣʴ [1]. 

1. ʇʨʝʜʧʦʣʦʞʠʪʝ, ʢʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩ ʵʪʠʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ. (5 ʙʘʣʣʦʚ) 

2. ʂʘʢʦʚʘ ʨʦʣʴ ʧʝʨʦʢʩʠʜʘʟʳ (3 ʙʘʣʣʘ) ʠ ʧʦʯʝʤʫ ʠʤʝʥʥʦ ʭʨʝʥ ʧʦʟʚʦʣʠʣ ʧʦʢʘʟʘʪʴ ʪʘʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ? (2 ʙʘʣʣʘ) 
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ʅʘʥʦʧʫʥʢʪʫʘʮʠʷ (2010, ʰʢʦʣʴʥʠʢʠ, ʬʠʟʠʢʘ) 

ʏʪʦ ʪʘʢʦʝ ʪʦʯʢʘ, ʟʥʘʶʪ ʚʩʝ. ɸ ʯʪʦ ʪʘʢʦʝ ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘ? ʕʪʦ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʥʘʥʦʢʨʠʩʪʘʣʣ, ʚ ʢʦʪʦʨʦʤ ʜʚʠʞʝʥʠʝ ʟʘʨʷʜʦʚ ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʪʨʝʤ ʠʟʤʝʨʝʥʠʷʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʦʙʲʝʤʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʤʘʪʝʨʠʘʣʝ ʩʫʱʝʩʪʚʫʝʪ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ʠ 

ʟʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʪʜʝʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ. ɽʩʣʠ ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ 

ʧʦʷʚʣʷʝʪʩʷ ʜʳʨʢʘ. ɺ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʝ ʚʤʝʩʪʦ ʟʦʥ ʩʫʱʝʩʪʚʫʶʪ ʜʠʩʢʨʝʪʥʳʝ ʫʨʦʚʥʠ, ʠ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (Eg) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʨʘʟʥʠʮʘ ʵʥʝʨʛʠʡ ʚʳʩʰʝʛʦ ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʠ ʥʠʟʰʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ. 

1. ʂʘʯʝʩʪʚʝʥʥʦ ʠʟʦʙʨʘʟʠʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʟʦʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʜʣʷ ʦʙʲʝʤʥʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠ ʜʣʷ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ. ʅʘ ʦʙʦʠʭ ʨʠʩʫʥʢʘʭ ʦʪʤʝʪʴʪʝ ʟʘʧʨʝʱʝʥʥʫʶ 

ʟʦʥʫ. (2 ʙʘʣʣʘ) 

2. ʏʪʦ ʪʘʢʦʝ ʜʳʨʢʘ? (1 ʙʘʣʣ) 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʜʣʠʥʘ ʚʦʣʥʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

(Eg)
2
 = (Eʦ)

2
 + [2³(h/2p)2

³Eʦ³(p/r)
2
]/m, 

ʛʜʝ Eg ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ, Eʦ ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʦʙʨʘʟʮʘ, r ï ʨʘʜʠʫʩ ʥʘʥʦʢʨʠʩʪʘʣʣʘ (ʤ), m ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ. 

ɼʣʷ ʩʝʣʝʥʠʜʘ ʢʘʜʤʠʷ Eʦ = 2.88³10
-19

 ɼʞ, m = 1.09³10
-31

 ʢʛ.  

3. ʏʪʦ ʪʘʢʦʝ ʣʶʤʠʥʝʩʮʝʥʮʠʷ? (1 ʙʘʣʣ) 

4. ʈʘʩʩʯʠʪʘʡʪʝ, ʯʝʤʫ ʨʘʚʥʘ ʜʣʠʥʘ ʚʦʣʥʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʥʘ 

ʦʪʚʝʯʘʝʪ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ) ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʨʘʜʠʫʩʦʤ 1 ʩʤ, 1 ʥʤ. (2 ʙʘʣʣʘ) 

5. ʂʘʢʦʡ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ? (1 ʙʘʣʣ) ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʘʥʥʳʝ ʥʘʡʜʠʪʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʣʝʥʠʜʘ ʢʘʜʤʠʷ ï ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʣʝʘʪʘ 

ʢʘʜʤʠʷ Cd(C17H33COO)2 ʠ ʪʨʠʦʢʪʠʣʬʦʩʬʠʥʩʝʣʝʥʠʜʘ SeP(C8H17)3 ʚ ʩʨʝʜʝ ʜʠʬʝʥʠʣʦʚʦʛʦ 

ʵʬʠʨʘ (C6H5)2O. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 200 ʉ̄ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʞʜʘʶʪ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʩʝʣʝʥʠʜʘ ʢʘʜʤʠʷ ʦʩʘʞʜʘʶʪ ʘʮʝʪʦʥʦʤ. 

6. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʧʦ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ 

ʤʝʪʦʜʠʢʝ. (1 ʙʘʣʣ) 

7. ɿʘʯʝʤ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʥʫʞʥʳ ʪʘʢʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʘʪʤʦʩʬʝʨʘ 

ʘʨʛʦʥʘ, ʨʝʘʛʝʥʪʳ, ʨʘʩʪʚʦʨʠʪʝʣʠ)? ʄʦʞʝʪ ʧʨʦʱʝ ʩʣʠʪʴ ʛʦʨʷʯʠʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʩʦʣʝʡ ʢʘʜʤʠʷ ʠ ʧʦʜʭʦʜʷʱʝʛʦ ʩʝʣʝʥʠʜʘ? (3 ʙʘʣʣʘ) 
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8. ɻʜʝ, ʧʦ-ʚʘʰʝʤʫ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ (ʠʣʠ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ) ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʥʘ 

ʦʩʥʦʚʝ ʩʝʣʝʥʠʜʘ ʢʘʜʤʠʷ? (2 ʙʘʣʣʘ) 
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ɿʝʨʢʘʣʘ ʥʘʥʦʤʠʨʘ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʜʘʚʥʦ ʫʞʝ ʦʢʨʫʞʘʶʪ ʥʘʩ, ʥʝ ʢʨʠʯʘ ʛʨʦʤʢʦ ʦ ʩʚʦʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ, ʘ 

ʧʨʦʩʪʦ ʧʦʤʦʛʘʷ ʥʘʤ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʎʚʝʪʥʳʝ ʩʪʝʢʣʘ, ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʘʷ ʧʦʩʫʜʘ 

ʜʣʷ çʤʠʢʨʦʚʦʣʥʦʚʢʠè, ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʦʮʝʩʩʦʨʳ ʤʦʱʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʜʠʩʧʣʝʠ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚé ʉ ʩʘʤʦʛʦ ʧʝʨʚʦʛʦ 

ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʨʦʞʜʝʥʠʷ ʏʝʣʦʚʝʯʝʩʪʚʦ ʧʨʦʚʝʣʦ ʫʞʝ ʪʳʩʷʯʝʣʝʪʠʷ ʩʨʝʜʠ ʥʘʥʦʯʘʩʪʠʮ ʠ 

ʥʘʥʦʦʙʲʝʢʪʦʚ. ʅʘʥʦ-, ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʠʨʳ ʚʩʝʛʜʘ ʦʯʝʥʴ ʪʝʩʥʦ ʩʦʧʨʠʢʘʩʘʣʠʩʴ 

ʠ ʙʳʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʨʫʛ ʜʨʫʛʘ.  

ʆʛʣʷʥʠʪʝʩʴ ʚʦʢʨʫʛ. ɺ ʢʘʞʜʦʤ ʜʦʤʝ ʩʦʚʝʨʰʝʥʥʦ ʪʦʯʥʦ ʝʩʪʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʧʨʝʜʤʝʪ, 

ʢʦʪʦʨʦʤʫ ʚʦ ʚʩʝ ʚʝʢʘ ʧʨʠʜʘʚʘʣʠ ʤʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠ ʢʦʪʦʨʳʡ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʜʫʢʪʦʤ çʙʳʪʦʚʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡè - ʵʪʦ ʦʙʳʯʥʦʝ 

ʟʝʨʢʘʣʦ ʩ ʪʦʥʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ (ʩʝʨʝʙʨʷʥʦʡ) ʧʣʝʥʢʦʡ.  

ɺ ʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʝʨʢʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ çʨʝʘʢʮʠʶ ʩʝʨʝʙʨʷʥʦʛʦ ʟʝʨʢʘʣʘè. ʉʤʝʩʴ ʜʣʷ ʩʝʨʝʙʨʝʥʠʷ ʛʦʪʦʚʷʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʧʨʠʣʠʚʘʶʪ ʠʟʙʳʪʦʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʧʘʚʰʝʛʦ ʦʩʘʜʢʘ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ 

ʛʣʶʢʦʟʫ. ʕʪʫ ʩʤʝʩʴ ʚʳʣʠʚʘʶʪ ʥʘ ʩʪʝʢʣʦ, ʢʦʪʦʨʦʝ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʧʨʦʤʳʚʘʶʪ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʩʫʰʘʪ ʧʨʠ 100 ï 150 Áʉ. ʂʦʛʜʘ ʟʝʨʢʘʣʦ ʦʩʪʳʥʝʪ, ʝʛʦ ʧʦʢʨʳʚʘʶʪ 

ʧʨʦʟʨʘʯʥʳʤ ʣʘʢʦʤ.  

1. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʩʝʨʝʙʨʝʥʠʠ. 

(2 ʙʘʣʣʘ) ɽʩʣʠ ʨʘʩʪʚʦʨ ʜʣʷ ʩʝʨʝʙʨʝʥʠʷ ʦʩʪʘʚʠʪʴ ʥʘʜʦʣʛʦ, ʪʦ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ 

ʚʟʨʳʚʯʘʪʳʡ ʦʩʘʜʦʢ. ʂʘʢʦʡ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ ʠ ʦʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʦʥ 

ʪʘʢ ʥʝʭʦʨʦʰʦ ʩʝʙʷ ʚʝʜʝʪ? (2 ʙʘʣʣʘ)  

2. ʂʘʢʦʡ ʦʙʲʝʤ 0.01 ʄ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ, ʯʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ 

ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʟʝʨʢʘʣʦ ʨʘʟʤʝʨʘʤʠ 1 ʤ ʭ 0,5 ʤ ʩ ʪʦʣʱʠʥʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ 

30 ʥʤ? ʋʯʪʠʪʝ, ʯʪʦ ʨʘʜʠʫʩ ʘʪʦʤʘ ʩʝʨʝʙʨʘ 0.14 ʥʤ, ʘʪʦʤʳ ʩʝʨʝʙʨʘ ʚ ʧʦʢʨʳʪʠʠ 

ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʝʡʰʫʶ ʫʧʘʢʦʚʢʫ, ʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ ʫʯʘʩʪʚʫʝʪ 

40 % ʘʪʦʤʦʚ ʩʝʨʝʙʨʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʘʢʮʠʠ. ʉʢʦʣʴʢʦ ʛʨʘʤʤ ʩʝʨʝʙʨʘ ʙʫʜʝʪ 

ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʧʦʣʫʯʝʥʥʦʤ ʟʝʨʢʘʣʝ? (3 ʙʘʣʣʘ) 

3. ʊʦʣʱʠʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ ï ʩʘʤʳʡ ʛʣʘʚʥʳʡ ʧʘʨʘʤʝʪʨ ʟʝʨʢʘʣʘ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʷʪ ʚʩʝ ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʫ ɺʘʩ ʝʩʪʴ ʤʝʪʦʜʠʢʘ 

ʧʦʣʫʯʝʥʠʷ ʟʝʨʢʘʣʘ ʩ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʦʡ ʪʦʣʱʠʥʦʡ 30 ʥʤ, ʘ ɺʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʟʝʨʢʘʣʦ ʩ ʧʣʝʥʢʦʡ ʪʦʣʱʠʥʦʡ 50 ʥʤ. ʂʘʢʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ çʨʝʘʢʮʠʠ 

ʩʝʨʝʙʨʷʥʦʛʦ ʟʝʨʢʘʣʘè ɺʳ ʙʫʜʝʪʝ ʚʘʨʴʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʪʦʣʱʠʥʫ 

ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ? ʂʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʪʴ? (3 ʙʘʣʣʘ)  
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4. ʂʘʢ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ 

ʟʝʨʢʘʣʘ, ʥʝ ʥʘʥʦʩʷ ʝʤʫ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ? ʇʨʝʜʣʦʞʠʪʝ ʩʚʦʠ ʩʧʦʩʦʙʳ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. (2 ʙʘʣʣʘ)  

5. ɻʜʝ ʝʱʝ ʚ ʧʨʠʚʳʯʥʳʭ ɺʘʤ ʚʝʱʘʭ ʤʦʞʥʦ ʥʘʡʪʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ? ɿʘʯʝʤ ʪʘʤ 

ʥʫʞʥʳ ʵʪʠ ʥʘʥʦʯʘʩʪʠʮʳ? (2 ʙʘʣʣʘ)  

6. ɼʣʷ ʯʝʛʦ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ (ʠʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ) ʟʝʨʢʘʣʴʥʳʝ 

ʧʣʝʥʢʠ ʠʟ ʟʦʣʦʪʘ, ʠʨʠʜʠʷ, ʩʫʣʴʬʠʜʘ ʩʚʠʥʮʘ, ʮʝʟʠʷ? (2 ʙʘʣʣʘ) ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ 

ʫʢʘʟʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦʟʚʦʣʷʶʪ ʵʪʦ ʜʝʣʘʪʴ? (2 ʙʘʣʣʘ) ʂʘʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ 

ʧʣʝʥʢʠ? (2 ʙʘʣʣʘ) 
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ɿʦʣʦʪʮʝ ʤʦʝ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ɿʦʣʦʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʤʝʜʠʮʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ 

ʙʣʘʛʦʨʦʜʥʳʡ ʤʝʪʘʣʣ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʨʨʦʟʠʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʠʥʪʝʨʝʩʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʤʘʛʥʠʪʥʳʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

1. ʇʨʠʚʝʜʠʪʝ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʦʣʦʪʘ ʚ ʪʝʭʥʠʢʝ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʂʨʘʪʢʦ 

ʦʧʠʰʠʪʝ ʩʫʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʦʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʚ ʥʝʤ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʤʝʥʥʦ ʟʦʣʦʪʳʭ ʯʘʩʪʠʮ ʥʘʥʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ. (2 ʙʘʣʣʘ)  

ɼʣʷ ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ ʟʦʣʦʪʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʢʘʢ ʤʦʞʥʦ 

ʤʝʥʝʝ ʜʝʬʝʢʪʥʦʡ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʠ ʜʘʞʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʨʦʚʢʘ ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʛʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʝʜʘʚʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʥʘʨʫʞʠʣʠ ʥʝʦʞʠʜʘʥʥʦʝ ʷʚʣʝʥʠʝ: ʨʘʩʪʚʦʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʟʦʣʦʪʘ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II) 

(ʨʝʘʛʝʥʪ ɸ).  

2. ʇʨʠʚʝʜʠʪʝ ʜʚʘ ʧʨʠʤʝʨʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʨʝʘʛʝʥʪʘ, 

ʧʨʦʠʣʣʶʩʪʨʠʨʫʡʪʝ ʠʭ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʡ. (2 ʙʘʣʣʘ)  

3. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʘʛʝʥʪʘ ɸ ʚʦʟʤʦʞʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʤʦʥʦʤʝʨʦʚ. 

ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʩʪʘʜʠʷʭ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʮʝʧʠ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʝʘʛʝʥʪʘ ɸ. ʂʘʢʠʤ ʠʟ ʩʧʦʩʦʙʦʚ (ʚ ʙʣʦʢʝ, ʚ ʨʘʩʪʚʦʨʝ, ʚ ʵʤʫʣʴʩʠʠ) ʚʦʟʤʦʞʥʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘ) ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʙ) ʘʢʨʠʣʘʤʠʜʘ ʧʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ 

ʨʝʘʛʝʥʪʦʤ ɸ? (2 ʙʘʣʣʘ) ɿʘʯʝʤ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ 

ʚ ʧʦʣʠʤʝʨʳ? (1 ʙʘʣʣ)  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʦʣʦʪʦ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʮʠʘʥʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʜʫʭʘ.  

4. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʡ. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ 

ʧʨʠʩʫʪʩʪʚʠʝ ʮʠʘʥʠʜ-ʠʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʪʚʦʨʝʥʠʶ ʟʦʣʦʪʘ. (1 ʙʘʣʣ)  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʘʛʝʥʪʘ ɸ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ, ʘ 

ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʝʨʪʥʘ ʢ ʜʝʡʩʪʚʠʶ ʵʪʦʛʦ ʨʝʘʛʝʥʪʘ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʢʨʘʡʥʝ ʚʘʞʝʥ, 

ʧʦʪʦʤʫ ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʜʝʬʝʢʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʥʪʘʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʥʘ ʚʚʝʜʝʥʠʝ 

ʠʤʧʣʘʥʪʘʥʪʦʚ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʝʥ ʨʝʘʛʝʥʪʫ ɸ, ʧʦʵʪʦʤʫ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʚʳʜʝʣʝʥʠʷ ʟʦʣʦʪʘ (ʪʷʞʝʣʦʛʦ ʤʝʪʘʣʣʘ) ʚ ʦʨʛʘʥʠʟʤʝ.  

ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʘʛʝʥʪʘ ɸ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʝʭʘʥʠʯʝʩʢʠ ʦʪʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʨʝʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 40%. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʘ. 

 

5. ʆʮʝʥʠʪʝ, ʩʢʦʣʴʢʦ ʟʦʣʦʪʘ ʚʳʜʝʣʷʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʥʪʘ ʧʣʦʱʘʜʴʶ 100 ʩʤ
2
 

(ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʤʠʪʝ, ʯʪʦ ʜʝʬʝʢʪʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʣʫʩʬʝʨʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʠʪʝ ʠʟ ʨʠʩʫʥʢʘ). 

ʇʨʠʥʷʚ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʚʳʜʝʣʠʚʰʝʝʩʷ ʟʦʣʦʪʦ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʦʙʲʝʤ 5 ʣ, 

ʧʨʝʜʣʦʞʠʪʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʢʦʣʠʯʝʩʪʚ ʟʦʣʦʪʘ. (4 ʙʘʣʣʘ)  
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ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʷʙʣʦʢʦʚʦʜʩʪʚʘ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ɺ 2009 ʛʦʜʫ ʚ ʧʦʜʤʦʩʢʦʚʥʳʭ ʩʘʜʘʭ ʦʪʤʝʯʘʣʩʷ ʨʝʢʦʨʜʥʳʡ ʫʨʦʞʘʡ ʷʙʣʦʢ (ʚ ʩʨʝʜʥʝʤ ʧʷʪʴ 

ʮʝʥʪʥʝʨʦʚ ʷʙʣʦʢ ʩ ʦʜʥʦʛʦ ʜʘʯʥʦʛʦ ʫʯʘʩʪʢʘ, ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʦʜʥʦʛʦ ʷʙʣʦʢʘ ʩʦʩʪʘʚʠʣʘ 220 ʛ, 

ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʷʙʣʦʢʘ ï 6 ʩʤ). ʆʜʥʘʢʦ ʚʳʨʘʩʪʠʪʴ ʷʙʣʦʢʠ ʥʝʣʝʛʢʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʷʙʣʦʢʘʤʠ ʥʘ ʜʝʨʝʚʝ ʤʦʛʫʪ ʧʠʪʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦ 100 ʚʠʜʦʚ ʚʨʝʜʠʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʣʦʜʦʞʦʨʢʠ, ʣʠʩʪʦʚʝʨʪʢʠ, ʤʝʜʷʥʠʮʳ, ʮʚʝʪʦʝʜʳ, ʱʠʪʦʚʢʠ, ʧʷʜʝʥʠʮʳ, ʤʘʡʩʢʠʝ ʭʨʫʱʠ ʠ 

ʧʨʦʯʠʝ ʤʠʣʳʝ ʩʫʱʝʩʪʚʘ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʵʪʠʤʠ ʚʨʝʜʠʪʝʣʷʤʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʧʘʨʘʪ çʊʠʦʚʠʪ ɼʞʝʪè, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʦʰʦʢ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʳ ʨʘʜʠʫʩʦʤ 100 ʥʤ. ɺ ʠʥʩʪʨʫʢʮʠʠ ʫʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ 

ʜʣʷ ʦʧʨʳʩʢʠʚʘʥʠʷ ʦʜʥʫ ʫʧʘʢʦʚʢʫ ʧʨʝʧʘʨʘʪʘ (5 ʛ) ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʝʩʪʠ ʚ ʜʝʩʷʪʠʣʠʪʨʦʚʦʤ 

ʚʝʜʨʝ ʚʦʜʳ.  

1. ʂʘʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʳ? ʏʪʦ ʪʘʢʦʝ çʞʠʜʢʦʩʪʴ ɺʘʢʢʝʥʨʦʜʝʨʘè? 

(2 ʙʘʣʣʘ)  

2. ʂʘʢ ɺʳ ʜʫʤʘʝʪʝ, ʧʦʯʝʤʫ ʵʪʠ ʥʘʥʦʯʘʩʪʠʮʳ ʥʝ ʩʣʠʧʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʘʯʢʝ ʠ ʚ 

ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ? (2 ʙʘʣʣʘ)  

3. ɺ ʯʝʤ, ʧʦ-ʚʘʰʝʤʫ, ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʧʨʝʧʘʨʘʪʘ? (3 ʙʘʣʣʘ)  

4. ʆʮʝʥʠʪʝ, ʩʢʦʣʴʢʦ ʫʧʘʢʦʚʦʢ ʧʨʝʧʘʨʘʪʘ çʊʠʦʚʠʪ ɼʞʝʪè ʠ ʩʢʦʣʴʢʦ ʚʝʜʝʨ ʚʦʜʳ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʦʧʨʳʩʥʫʪʴ ʚʩʝ ʷʙʣʦʥʠ ʚ ʩʘʜʫ (ʥʘ ʦʜʥʦʤ ʜʘʯʥʦʤ ʫʯʘʩʪʢʝ). ʇʨʠʤʠʪʝ, ʯʪʦ ʷʙʣʦʥʷ 

ʩʯʠʪʘʝʪʩʷ ʦʧʨʳʩʥʫʪʦʡ, ʝʩʣʠ ʢʘʞʜʦʝ ʷʙʣʦʢʦ ʥʘ ʜʝʨʝʚʝ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʪʦ 

ʤʦʥʦʩʣʦʝʤ ʯʘʩʪʠʮ ʩʝʨʳ ʠ ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʳ ʫʣʦʞʝʥʳ ʚ ʩʣʦʝ ʙʝʟ ʧʫʩʪʦʪ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʦʧʨʳʩʢʠʚʘʥʠʠ ʜʝʨʝʚʘ 

ʨʘʙʦʯʠʤ ʨʘʩʪʚʦʨʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʙʣʦʢ ʦʩʝʜʘʝʪ 40 % ʨʘʩʪʚʦʨʘ, ʘ ʦʩʪʘʣʴʥʦʝ 

ʧʦʧʘʜʘʝʪ ʥʘ ʣʠʩʪʴʷ, ʚʝʪʢʠ ʠʣʠ ʩʪʝʢʘʝʪ ʥʘ ʟʝʤʣʶ. (3 ʙʘʣʣʘ) ʇʣʦʪʥʦʩʪʴ ʩʝʨʳ 

2070 ʢʛ/ʤ
3
.  

5. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʟʘʱʠʪʳ 

ʫʨʦʞʘʷ ʷʙʣʦʢ ʥʘ ʜʘʯʝ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʨʝʜʠʪʝʣʝʡ? ʇʨʝʜʣʦʞʠʪʝ ʩʚʦʠ ʠʜʝʠ. 

ʋʯʪʠʪʝ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʤ, ʥʝʜʦʨʦʛʠʤ ʠ ʧʨʠʤʝʥʠʤʳʤ é ʥʘ ʜʘʯʝ. (2 ʙʘʣʣʘ) 
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ʉʪʘʙʠʣʠʟʘʮʠʷ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʚ 

ʞʠʜʢʦʩʪʠ ʯʘʩʪʠʮʳ ʥʘʥʦ- ʠ ʤʠʢʨʦʨʘʟʤʝʨʦʚ ʩʢʣʦʥʥʳ ʢ ʘʛʨʝʛʠʨʦʚʘʥʠʶ ʠ ʚʳʧʘʜʝʥʠʶ ʚ 

ʦʩʘʜʦʢ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʪʝʥʜʝʥʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʚʷʟʳʚʘʥʠʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ 

ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʩʨʦʜʩʪʚʦʤ ʢʘʢ ʢ ʥʠʤ, ʪʘʢ ʠ ʢ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ.  

1. ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ? ʂʘʢ ʠʥʘʯʝ ʥʘʟʳʚʘʶʪʩʷ 

ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ? (1 ʙʘʣʣ)  

2. ʇʨʝʜʣʦʞʠʪʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʧʦ ʦʜʥʦʤʫ ʥʘ 

ʢʘʞʜʫʶ. (ʧʦ 0.5 ʙʘʣʣʘ ʟʘ ʢʘʞʜʳʡ) ʆʧʠʰʠʪʝ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʯʘʩʪʠʮʝʡ, ʠ ʧʦʯʝʤʫ ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ. (ʧʦ 

0.5 ʙʘʣʣʘ ʟʘ ʦʙʲʷʩʥʝʥʠʝ)  

ʘ) CdSe / ʚʦʜʘ  

ʙ) TiO2 / ʚʦʜʘ  

ʚ) NH4Cl / ʙʝʥʟʦʣ  

ʛ) Fe / ʵʪʘʥʦʣ  

ʜ) B / ʦʢʪʘʥ  

3. ʆʮʝʥʠʪʝ, ʧʨʠ ʢʘʢʦʤ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʜʠʫʩʝ ʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʳʧʦʣʥʷʶʱʝʡ ʨʦʣʴ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʧʨʝʚʳʩʠʪ 1%. 

(2 ʙʘʣʣʘ)  

4. ʀʤʝʝʪʩʷ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʯʘʩʪʠʮʳ HgS ʠ ZnS. ʇʨʝʜʣʦʞʠʪʝ 

ʩʧʦʩʦʙ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ ʯʘʩʪʠʮ, ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʠʭ ʨʘʟʨʫʰʝʥʠʝʤ ʠʣʠ ʦʩʘʞʜʝʥʠʝʤ. 

(3 ʙʘʣʣʘ) 
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ʄʘʪʨʝʰʢʠ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ɼʦʩʪʘʪʦʯʥʦ ʟʘʥʠʤʘʪʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ï çʤʘʪʨʝʰʢʠè. ʆʥʠ ʧʨʦʷʚʣʷʶʪ ʥʝʦʙʳʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʚʦʟʤʦʞʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʣʝʜʫʶʱʠʭ ʨʘʟʤʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʷʜʨʦ ï ʥʠʢʝʣʴ, ʜʠʘʤʝʪʨ 20 ʥʤ, ʜʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʣʦʠ ʤʝʜʠ, ʩʝʨʝʙʨʘ 

ʠ ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ 10 ʥʤ ʢʘʞʜʳʡ.  

ʏʘʩʪʠʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ ʠʣʠ ʠʭ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʥʘʥʦʯʘʩʪʠʮʝʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ.  

1. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʦʙʲʷʩʥʠʚ, ʧʦʯʝʤʫ ɺʳ ʚʳʙʨʘʣʠ ʠʤʝʥʥʦ ʪʘʢʠʝ 

ʨʝʘʛʝʥʪʳ. (2 ʙʘʣʣʘ) 

 

(ʄʘʩʰʪʘʙ ʥʘ ʩʭʝʤʝ ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ) 

2. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʠʬʬʫʟʠʠ ʤʝʪʘʣʣʘ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʸʚ ñʤʘʪʨʸʰʢʠò ʥʝʪ, ʪʦ 

ʝʩʪʴ ʩʝʨʝʙʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʤʝʜʠ ʠ ʪʘʢ ʜʘʣʝʝ. ʈʘʩʩʯʠʪʘʡʪʝ, ʢʘʢʠʝ 

ʨʘʟʤʝʨʳ ʜʦʣʞʥʘ ʠʤʝʪʴ ʯʘʩʪʠʮʘ ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʪʘʜʠʡ. (5 ʙʘʣʣʦʚ)  

3. ʇʨʝʜʣʦʞʠʪʝ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʩʭʝʤʫ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʯʘʩʪʠʮʳ ʥʠʢʝʣʷ ʜʠʘʤʝʪʨʦʤ 20 ʥʤ ʩ ʪʨʝʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʤʝʜʠ, 

ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ 10 ʥʤ ʢʘʞʜʳʡ. (2 ʙʘʣʣʘ)  

4. ɼʣʷ ʢʘʢʠʭ ʧʨʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʦ-ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʮʝʣʝʡ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʪʘʢʠʝ çʥʘʥʦʤʘʪʨʝʰʢʠè ʠ ʧʦʯʝʤʫ? (2 ʙʘʣʣʘ) 
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ʃʠʪʠʡ ʠʣʠ ʜʨʦʚʘ? (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʠ ʦʜʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʨʪʘʪʠʚʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝ 

ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ (ʃʀɸ) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ʋʣʴʪʨʘʪʦʥʢʠʝ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʟʘʨʷʞʘʪʴ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʚ ʤʝʩʷʮ, ʩʚʝʨʭʣʝʛʢʠʝ ʥʦʫʪʙʫʢʠ, ʩʧʦʩʦʙʥʳʝ ʢ ʜʣʠʪʝʣʴʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʝ - ʚʩʝ ʵʪʦ, 

ʝʱʝ ʥʝʜʘʚʥʦ ʢʘʟʘʚʰʝʝʩʷ ʥʝʩʙʳʪʦʯʥʦʡ ʤʝʯʪʦʡ, ʩʝʛʦʜʥʷ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ.  

ʇʨʦʩʪʝʡʰʠʡ ʣʠʪʠʡ-ʠʦʥʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʢʘʪʦʜʘ ʠ ʘʥʦʜʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʨʦʚʦʜʥʠʢʦʤ (ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʴʶ) ʠ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨ ʩʦʣʠ ʣʠʪʠʷ 

(LiPF6 ʠʣʠ LiClO4) ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ (ʘʧʨʦʪʦʥʥʦʤ) ʨʘʩʪʚʦʨʠʪʝʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʪʘʥʘʪ ʣʠʪʠʷ Li4Ti5O12, ʪʦʛʜʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʪʦʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʦʣʠʚʠʥ LiFePO4. ʈʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʵʪʠʭ ʵʣʝʢʪʨʦʜʘʭ, ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

Li 4Ti5O12 + 3Li
+
 + 3e ɲ Li 7Ti5O12 (1) 

LiFePO4 ɲ Li
+
 + e + FePO4 (2) 

1. ʇʦʯʝʤʫ ʚ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʣʠʪʠʡ, ʭʦʪʷ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ 

ʥʘ ɿʝʤʣʝ ʦʥ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ ʣʠʰʴ 32 ʤʝʩʪʦ, ʢ ʪʦʤʫ ʞʝ ʜʦʨʦʛ ʠ ʭʠʤʠʯʝʩʢʠ 

ʘʛʨʝʩʩʠʚʝʥ? ʅʝʣʴʟʷ ʣʠ ʝʛʦ ʯʝʤ-ʥʠʙʫʜʴ ʟʘʤʝʥʠʪʴ? (3 ʙʘʣʣʘ)  

2. ʇʦʷʩʥʠʪʝ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʝʢʘʶʪ ʧʦʣʫʨʝʘʢʮʠʠ (1) ʠ (2) ʧʨʠ ʟʘʨʷʜʢʝ ʠ 

ʨʘʟʨʷʜʢʝ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɿʘ ʩʯʝʪ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ? (2 ʙʘʣʣʘ) 

ʇʦʯʝʤʫ ʚʳʙʨʘʥʳ ʠʤʝʥʥʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ? (2 ʙʘʣʣʘ)  

3. ɺ ʙʦʣʝʝ ʩʪʘʨʳʭ ʤʦʜʝʣʷʭ ʃʀɸ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʦʙʘʣʴʪʠʪ ʣʠʪʠʷ LiCoO2, ʪʦʛʜʘ ʢʘʪʦʜʥʘʷ ʧʦʣʫʨʝʘʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: LiCoO2 ɲ Li
+
 + e + CoO2. ʆʜʥʘʢʦ, ʫʩʪʨʦʡʩʪʚʘ ʩ ʪʘʢʠʤʠ 

ʢʘʪʦʜʘʤʠ ʦʢʘʟʘʣʠʩʴ ʦʧʘʩʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʤʠʨʝ ʝʞʝʛʦʜʥʦ ʚ ʨʫʢʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʚʟʨʳʚʘʣʦʩʴ ʙʦʣʝʝ 100 ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. ʉ ʯʝʤ ʵʪʦ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ? ʂʘʢ 

ɺʳ ʜʫʤʘʝʪʝ, ʧʦʯʝʤʫ LiFePO4 ʢʘʢ ʢʘʪʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʣʫʯʰʝ, ʯʝʤ LiCoO2? (2 ʙʘʣʣʘ)  

4. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʃʀɸ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʦʙʨʘʪʠʤʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ, ʪʦ ʝʩʪʴ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʨʘʪʠʤʦ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʜʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʠʟʚʣʝʢʘʪʴʩʷ ʠʟ ʥʝʛʦ ʚ ʭʦʜʝ ʮʠʢʣʘ ʟʘʨʷʜʘ-

ʨʘʟʨʷʜʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʦʙʳʯʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʤʠʣʣʠʘʤʧʝʨʘʭ*ʯʘʩ/ʛʨʘʤʤ. ʈʘʩʩʯʠʪʘʡʪʝ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ 

ʦʣʠʚʠʥʘ FePO4. (1 ʙʘʣʣ)  

5. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚʩʝʛʜʘ ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʝʤʢʦʩʪʠ, ʙʣʠʟʢʠʝ ʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ, 
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ʜʦʩʪʠʛʘʶʪʩʷ ʜʣʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʦʯʝʤʫ ʠʤʝʥʥʦ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ? (2 ʙʘʣʣʘ)  

6. ʇʨʝʜʣʦʞʠʪʝ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ LiFePO4 ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʂʘʢ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʥʘʥʦʯʘʩʪʠʮ 

ʦʣʠʚʠʥʘ ʧʨʠ ʩʠʥʪʝʟʝ? (2 ʙʘʣʣʘ) ɿʘʯʝʤ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪé ʦʙʳʯʥʳʡ ʩʘʭʘʨ? (2 ʙʘʣʣʘ)  

7. ʉʦʚʨʝʤʝʥʥʳʡ ʥʦʫʪʙʫʢ, ʩʧʦʩʦʙʥʳʡ ʨʘʙʦʪʘʪʴ ʜʦ 10 ʯʘʩʦʚ ʙʝʟ ʧʦʜʟʘʨʷʜʢʠ, ʩʦʜʝʨʞʠʪ 

ʦʢʦʣʦ 3 ʢʛ LiFePO4. ʆʮʝʥʠʪʝ, ʩʢʦʣʴʢʦ ʜʨʦʚ ʩ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ 10
6
 ɼʞ/ʢʛ 

ʧʦʥʘʜʦʙʠʣʦʩʴ ʙʳ ʩʞʝʯʴ, ʯʪʦʙʳ ʚʳʜʝʣʠʚʰʝʡʩʷ ʵʥʝʨʛʠʠ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʦʡ ʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʦʫʪʙʫʢʘ. ʋʯʪʠʪʝ, ʯʪʦ ʦʙʨʘʪʠʤʘʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 95 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʘ 

ʥʘʧʨʷʞʝʥʠʝ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʃʀɸ ʩʦʩʪʘʚʣʷʝʪ 3.5 ɺ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 

ʩʛʦʨʘʥʠʠ ʜʨʦʚ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʥʝ ʙʦʣʝʝ 25 % ʚʳʜʝʣʠʚʰʝʡʩʷ 

ʵʥʝʨʛʠʠ. (2 ʙʘʣʣʘ) 
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ɹʦʝʚʦʡ ʥʘʥʦʘʣʤʘʟ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʥʦʘʣʤʘʟʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʚʟʨʳʚʝ ʥʝʢʦʪʦʨʳʭ ʚʟʨʳʚʯʘʪʳʭ 

ʚʝʱʝʩʪʚ (ɺɺ).  

1. ʂʘʢʠʝ ʠʟ ʩʣʝʜʫʶʱʠʭ ɺɺ ʛʦʜʷʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʘʣʤʘʟʦʚ: ʜʳʤʥʳʡ ʧʦʨʦʭ, ʊʅʊ, 

ɹʊʌ, ʛʝʢʩʦʛʝʥ, ʪʨʠʥʠʪʨʦʛʣʠʮʝʨʠʥ, ʧʠʨʦʢʩʠʣʠʥ? ʆʪʚʝʪ ʦʙʦʩʥʫʡʪʝ (3 ʙʘʣʣʘ),  

ʧʨʠʚʝʜʠʪʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʘʥʥʳʭ ɺɺ. (1 ʙʘʣʣ) 

ʇʘʨʘʤʝʪʨʳ ʚʟʨʳʚʘ ɺɺ  

ɺɺ  ʜʳʤʥʳʡ ʧʦʨʦʭ ʊʅʊ ɹʊʌ ʛʝʢʩʦʛʝʥ ʥʠʪʨʦʛʣʠʮʝʨʠʥ 

P. ɻʇʘ  <1 19 33 35 25 

ʊ, ʂ  2400 2800 5100 3400 3100 

2. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʫʛʣʝʨʦʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ 

ʜʠʘʛʨʘʤʤʳ ʠ ʜʘʥʥʳʭ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʚʳʙʝʨʠʪʝ ʜʚʘ ɺɺ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʟʨʳʚʝ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʦ ʤʘʩʩʝ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʘʥʦʘʣʤʘʟʦʚ. ʆʙʦʩʥʫʡʪʝ ʩʚʦʡ ʚʳʙʦʨ. (3 ʙʘʣʣʘ) 

 

ʆʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ): 

1 ð ʞʠʜʢʦʩʪʴ; 2 ð ʩʪʘʙʠʣʴʥʳʡ ʘʣʤʘʟ; 3 ð ʩʪʘʙʠʣʴʥʳʡ ʛʨʘʬʠʪ; 4 ð ʩʪʘʙʠʣʴʥʳʡ 

ʘʣʤʘʟ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʛʨʘʬʠʪ; 5 ð ʩʪʘʙʠʣʴʥʳʡ ʛʨʘʬʠʪ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ 

ʘʣʤʘʟ. 

3. ɺ ʦʜʥʦʡ ʩʪʘʪʴʝ ʫʧʦʤʠʥʘʣʘʩʴ ʧʨʝʜʣʦʞʝʥʠʝ çʠʩʢʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

<ʘʣʤʘʟʦʚ> ʥʘ ʧʦʣʷʭ ʩʨʘʞʝʥʠʡ ʠ ʤʝʩʪʘʭ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʙʦʝʚè. ʆʮʝʥʠʪʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʨʘʙʦʪʢʠ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. (1 ʙʘʣʣ)  

4. ʄʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪʴ ʥʘʥʦʘʣʤʘʟʳ ʢʘʢʠʤʠ ï ʣʠʙʦ ʠʥʳʤʠ ʩʧʦʩʦʙʘʤʠ? (2 ʙʘʣʣʘ)  

5. ɼʣʷ ʢʘʢʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʧʦʣʫʯʘʶʪ ʥʘʥʦʘʣʤʘʟʳ? (2 ʙʘʣʣʘ) 
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ʂʣʠʥʦʢ ʉʘʣʘʥʜʠʥʘ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʂʣʠʥʦʢ ʘʨʘʙʩʢʦʛʦ ʧʨʠʥʮʘ ʉʘʣʘʥʜʠʥʘ, ʦʧʠʩʘʥʥʳʡ ɺʘʣʴʪʝʨʦʤ ʉʢʦʪʪʦʤ ʚ ʨʦʤʘʥʝ 

çʊʘʣʠʩʤʘʥè, ʙʳʣ ʦʙʷʟʘʥ ʩʚʦʠʤʠ ʫʜʠʚʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʚʫʮʫ ï ʤʘʪʝʨʠʘʣʫ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʦʥ ʠʟʛʦʪʦʚʣʝʥ. ɺʦ ʚʨʝʤʷ ʢʦʚʢʠ ʚʫʮʘ ʪʦʣʱʠʥʘ ʠʟʜʝʣʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ. ʉʯʠʪʘʶʪ, ʯʪʦ ʚʫʮ ʠʟʦʙʨʝʣʠ ʤʝʪʘʣʣʫʨʛʠ ɼʨʝʚʥʝʡ ʀʥʜʠʠ. ɼʣʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʚ 

ʛʣʠʥʷʥʳʡ ʛʦʨʰʦʢ ʧʦʤʝʱʘʣʠ ʩʤʝʩʴ ʠʟʤʝʣʴʯʝʥʥʦʡ ʞʝʣʝʟʥʦʡ ʢʨʠʮʳ ʠ ʜʨʝʚʝʩʥʦʛʦ ʫʛʣʷ. 

ʊʠʛʝʣʴ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʣʦʛʦ ʢʘʣʝʥʠʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʧʨʠ ʚʩʪʨʷʭʠʚʘʥʠʠ ʪʠʛʣʷ ʥʝ ʩʣʳʰʘʣʩʷ ʭʣʶʧʘʶʱʠʡ ʟʚʫʢ. ʇʦʩʣʝ ʵʪʦʛʦ ʪʠʛʝʣʴ ʤʝʜʣʝʥʥʦ 

ʦʭʣʘʞʜʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʇʦʣʫʯʝʥʥʳʡ ʩʣʠʪʦʢ ʥʝ ʧʦʜʜʘʝʪʩʷ ʢʦʚʢʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï ʦʥ ʩʣʠʰʢʦʤ ʭʨʫʧʢʠʡ. ʇʦʵʪʦʤʫ ʯʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ ʢʣʠʥʦʢ, ʤʘʩʪʝʨ 

ʥʘʛʨʝʚʘʣ ʟʘʛʦʪʦʚʢʫ ʚ ʧʝʯʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʘ ʥʝ ʩʪʘʥʦʚʠʣʘʩʴ çʮʚʝʪʘ ʢʦʨʦʣʝʚʩʢʦʛʦ 

ʧʫʨʧʫʨʘè, ʘ ʟʘʪʝʤ ʢʦʚʘʣ. ʇʦ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʪʨʘʜʠʮʠʠ ʛʦʨʷʯʠʡ ʢʣʠʥʦʢ ʧʦʣʦʞʝʥʦ ʙʳʣʦ 

ʚʦʥʟʠʪʴ ʚ ʪʝʣʦ ʤʦʣʦʜʦʛʦ ʨʘʙʘ, ʪʘʢ ʢʘʢ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʠʣʘ ʨʘʙʘ ʧʝʨʝʭʦʜʠʪ ʢʣʠʥʢʫ. ɽʩʣʠ 

ʚʤʝʩʪʦ ʵʪʦʛʦ, ʤʘʩʪʝʨ ʦʩʪʘʚʣʷʣ ʨʘʩʢʘʣʝʥʥʳʡ ʢʣʠʥʦʢ ʦʩʪʳʚʘʪʴ ʥʘ ʚʦʟʜʫʭʝ, ʭʦʨʦʰʠʡ ʢʣʠʥʦʢ 

ʥʝ ʧʦʣʫʯʘʣʩʷ.  

1. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʫʮ ʩ ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ? (1 ʙʘʣʣ)  

2. ʂʘʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʣʠʯʘʶʪ ʚʫʮ ʦʪ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʣʠʥʢʦʚ ʠ ʩʘʙʝʣʴ? 

(2 ʙʘʣʣʘ)  

3. ʏʪʦ ʪʘʢʦʝ ʢʨʠʮʘ, ʢʘʢ ʝʝ ʧʦʣʫʯʘʣʠ? (2 ʙʘʣʣʘ)  

4. ʏʪʦ ʦʟʥʘʯʘʣʦ ʧʦʷʚʣʝʥʠʝ ʭʣʶʧʘʶʱʝʛʦ ʟʚʫʢʘ? (1 ʙʘʣʣ)  

5. ɿʘʯʝʤ ʪʠʛʝʣʴ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ, ʘ ʧʦʪʦʤ ʥʘʛʨʝʚʘʣʠ ʜʦ çʮʚʝʪʘ ʧʫʨʧʫʨʘè? 

(2 ʙʘʣʣʘ)  

6. ʂʘʢ ʚʣʠʷʝʪ ʢʦʚʢʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʷ? (2 ʙʘʣʣʘ)  

7. ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʨʘʩʢʘʣʝʥʥʳʡ ʢʣʠʥʦʢ ʚʦʥʟʘʣʠ ʚ ʨʘʙʘ? ʂʘʢʫʶ ʟʘʤʝʥʫ ʵʪʦʡ ʞʝʩʪʦʢʦʡ 

ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʧʨʦʮʝʜʫʨʝ ʚʳ ʤʦʞʝʪʝ ʧʨʝʜʣʦʞʠʪʴ? (2 ʙʘʣʣʘ)  

8. ʂʣʠʥʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʚʫʮʘ, ʯʘʩʪʦ ʠʤʝʶʪ ʢʨʘʩʠʚʳʡ ʫʟʦʨ (ʩʤ. ʨʠʩʫʥʦʢ). ʂʘʢ ʝʛʦ 

ʧʦʣʫʯʘʶʪ? ʏʝʤ ʦʥ ʦʙʨʘʟʦʚʘʥ? (2 ʙʘʣʣʘ)  
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ɹʠʦʤʠʤʝʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʇʨʦʯʠʪʘʡʪʝ ʦʪʨʳʚʦʢ ʠʟ ʥʘʫʯʥʦʛʦ ʦʙʟʦʨʘ:  

çɺ ʦʩʥʦʚʝ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʥʘ ééé ʣʝʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʦʢʩʠʥʦʚ ʩ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʦʣʠʛʦʧʝʧʪʠʜʘʤʠ. ʌʘʢʪʠʯʝʩʢʠ ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʟʜʘʥʠʠ ʧʨʦʪʦʪʠʧʘ ʨʝʮʝʧʪʦʨʘ 

Ah, ʨʝʘʛʠʨʫʶʱʝʛʦ ʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ. ɺʳʩʦʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʨʝʮʝʧʪʦʨʘ ʥʘʚʝʣʘ ʫʯʝʥʳʭ ʥʘ ʤʳʩʣʴ ʦ ʩʦʟʜʘʥʠʠ ʝʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʦʛʘ, ʩʣʫʞʘʱʝʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʦʢʩʠʥʦʚ. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ AhRdioxin, 

ʦʙʨʘʟʫʝʤʦʛʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʮʝʧʪʦʨʘ ʩ ʜʠʦʢʩʠʥʦʤ, ʧʦʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʘʪʴ ʤʝʭʘʥʠʟʤ ʝʛʦ ʜʝʡʩʪʚʠʷ ʠ ʟʘʪʨʫʜʥʷʝʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʮʝʧʪʦʨʘ ʚʥʘʯʘʣʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

éé. Phe-Gln-Gly, ʘ ʟʘʪʝʤ ï ʩʝʨʠʶ éé.., ʥʘʧʨʠʤʝʨ, Asn-Phe-Gly-Gln-Ile. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʙʝʛʘʶʪ ʢ ʭʝʤʦʩʦʨʙʮʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʭʝʤʦʩʦʨʙʮʠʝʡ ʪʠʦʣʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ é. . ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ 

ʢʨʘʷʤ ʜʦʧʦʣʥʷʝʪʩʷ ʦʩʪʘʪʢʘʤʠ é..ʩʦʜʝʨʞʘʱʝʡ ʘʤʠʥʦʢʠʩʣʦʪʳ éé.., ʢʦʪʦʨʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʦʥʢʠʤ ʩʣʦʝʤ ʟʦʣʦʪʘ, ʥʘʧʳʣʝʥʥʳʤ ʥʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣ ʢʚʘʨʮʘ 

ʤʠʢʨʦʚʝʩʦʚ. ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʧʝʧʪʠʜʦʚ A, B ʠ ʉ ʧʨʦʚʦʜʠʣʠ ʧʦʛʨʫʞʝʥʠʝʤ ʧʦʢʨʳʪʦʡ 

ʟʦʣʦʪʦʤ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʚ 1 mM ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ (1:1 ʧʦ ʦʙʲʝʤʫ) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ 

ʧʝʧʪʠʜʘ ʩ ééé ʥʦʩʠʪ é.. ʭʘʨʘʢʪʝʨ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ éé. ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ. 

ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ éé ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʚʷʟʳʚʘʥʠʶ ʜʠʦʢʩʠʥʦʚ ʦʣʠʛʦʧʝʧʪʠʜʦʤ, 

ʬʠʢʩʠʨʫʶʪ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʢʚʘʨʮʝʚʦʛʦ ʢʨʠcʪʘʣʣʘè  

1. ɿʘʧʦʣʥʠʪʝ ʧʨʦʧʫʩʢʠ. (5 ʙʘʣʣʦʚ)  

2. ʏʪʦ ʥʘʟʳʚʘʶʪ ʙʠʦʤʠʤʝʪʠʢʦʡ? (2 ʙʘʣʣʘ)  

3. ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʥʘ ʢʚʘʨʮʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʩʷʪ ʩʣʦʡ ʟʦʣʦʪʘ? (2 ʙʘʣʣʘ) 

4. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤʤʦʙʠʣʠʟʦʚʘʪʴ ʧʝʧʪʠʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ? (2 ʙʘʣʣʘ)  

5. ʉʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʭ ʧʝʥʪʘʧʝʧʪʠʜʦʚ, ʠʟʦʤʝʨʥʳʭ Asn-Phe-Gly-Gln-Ile? 

(1 ʙʘʣʣ)  

6. ʆʮʝʥʠʪʝ, ʥʘʩʢʦʣʴʢʦ ʠʟʤʝʥʠʪʩʷ ʤʘʩʩʘ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʧʣʦʱʘʜʴʶ 1 ʤʤ
2
 

(ʪʦʣʱʠʥʦʡ ʧʨʝʥʝʙʨʝʯʴ), ʥʘ ʢʘʞʜʦʤ ʢʚʘʜʨʘʪʥʦʤ ʤʠʢʨʦʤʝʪʨʝ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʨʝʜʥʝʤ 104 ʧʦʣʠʧʝʧʪʠʜʦʚ Asn-Phe-Gly-Gln-Ile, ʧʨʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 2,3,7,8-

ʪʝʪʨʘʭʣʦʨʜʠʙʝʥʟʦ-ʨ-ʜʠʦʢʩʠʥʦʤ. (2 ʙʘʣʣʘ) 
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ɹʠʦʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʢʘʞʜʦʤ ʠʟ ʥʘʩ (2010, ʰʢʦʣʴʥʠʢʠ, ʭʠʤʠʷ) 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʜʢʦ ʧʨʦʪʝʢʘʶʪ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʈʦʣʴ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʳʧʦʣʥʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʝʣʢʠ, ʥʘʟʳʚʘʝʤʳʝ 

ʬʝʨʤʝʥʪʘʤʠ. ɺʩʝʤ ʬʝʨʤʝʥʪʘʤ ʩʚʦʡʩʪʚʝʥʥʘ ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ. 

ʉʢʦʨʦʩʪʴ ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

 

ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʥʘʟʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ ʪʘʢʠʝ: ʦʙʳʯʥʦ ʬʝʨʤʝʥʪʳ ʠʤʝʥʫʶʪ ʧʦ ʪʠʧʫ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ, ʜʦʙʘʚʣʷʷ ʩʫʬʬʠʢʩ ïʘʟʘ ʢ ʥʘʟʚʘʥʠʶ ʩʫʙʩʪʨʘʪʘ (ʥʘʧʨʠʤʝʨ, 

ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʘ ï ʬʝʨʤʝʥʪ ʢʣʘʩʩʘ ʜʝʛʠʜʨʦʛʝʥʘʟ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʦʢʠʩʣʝʥʠʝ 

ʩʧʠʨʪʦʚ ʜʦ ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʝʪʦʥʦʚ; ʣʘʢʪʘʟʘ ï ʬʝʨʤʝʥʪ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʧʨʝʚʨʘʱʝʥʠʠ 

ʣʘʢʪʦʟʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʦʜʠʥʘʢʦʚʫʶ ʬʫʥʢʮʠʶ, 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʥʘʟʚʘʥʠʝ. ʊʘʢʠʝ ʬʝʨʤʝʥʪʳ ʨʘʟʣʠʯʘʶʪ ʧʦ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ, ʥʘʧʨʠʤʝʨ, 

ʧʦ ʦʧʪʠʤʘʣʴʥʦʤʫ pH (ʱʝʣʦʯʥʘʷ ʬʦʩʬʦʪʘʟʘ) ʠʣʠ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʢʣʝʪʢʝ 

(ʤʝʤʙʨʘʥʥʘʷɸʊʌʘʟʘ).  

1. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʥʘʟʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ, ʥʘʟʦʚʠʪʝ ʩʫʙʩʪʨʘʪ ʠ ʧʨʠʚʝʜʠʪʝ 

ʨʝʘʢʮʠʶ, ʢʦʪʦʨʫʶ ʢʘʪʘʣʠʟʠʨʫʝʪ ʬʝʨʤʝʥʪ ʫʨʝʘʟʘ? (1 ʙʘʣʣ) 

ɺʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʬʝʨʤʝʥʪ-ʩʫʙʩʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʫʙʩʪʨʘʪ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ 

ʫʯʘʩʪʢʫ ʥʘ ʬʝʨʤʝʥʪʝ, ʥʘʟʳʚʘʝʤʦʤʫ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ. ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ ï ʪʨʝʭʤʝʨʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʠ ʵʪʦʤ ʥʘ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʧʨʠʭʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘʷ ʯʘʩʪʴ ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʬʝʨʤʝʥʪʘ. ʉʫʙʩʪʨʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ ʩʚʷʟʘʥʳ ʩ ʬʝʨʤʝʥʪʘʤʠ ï ʵʥʝʨʛʠʷ 

ʩʚʷʟʠ ʦʪ 10 ʜʦ 50 ʢɼʞ/ʤʦʣʴ. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ï ʩʫʙʩʪʨʘʪ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ, ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʤʫ ʧʦ ʬʦʨʤʝ. ʕʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ. ʈʦʣʴ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʬʝʨʤʝʥʪʘʭ ʯʘʱʝ ʚʩʝʛʦ 

ʠʛʨʘʶʪ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʪʘʢ ʥʘʧʨʠʤʝʨ, 

ʠʦʥʳ ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʦʚ ʦʢʩʠʜʘʟ, ʠʦʥʳ ʥʠʢʝʣʷ ï 
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ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʛʠʜʨʦʣʘʟ ʠ ʛʠʜʨʦʛʝʥʘʟ, ʠʦʥʳ ʮʠʥʢʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝʘʢʪʠʚʥʦʛʦ 

ʮʝʥʪʨʘ ʛʠʜʨʦʣʘʟ.  

2. ʇʨʠʚʝʜʠʪʝ ʩʪʨʦʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʫʨʝʘʟʳ (1 ʙʘʣʣ) ʠ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʩ ʩʫʙʩʪʨʘʪʦʤ. (3 ʙʘʣʣʘ) 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʝʨʤʝʥʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʝʥʩʦʨʦʚ, ʢ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʠʭ ʩʝʥʩʦʨʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʭʦʨʦʰʝʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ.  

3. ʇʨʝʜʣʦʞʠʪʝ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʫʨʝʘʟʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʩʫʙʩʪʨʘʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʙʫʜʝʪ ʩʣʫʞʠʪʴ 

ʩʝʥʩʦʨʥʳʤ ʩʠʛʥʘʣʦʤ? (5 ʙʘʣʣʦʚ) ʇʨʠ ʵʪʦʤ ʫʯʪʠʪʝ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʨʘʩʪʚʦʨʳ ʙʝʣʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪʳ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʠʪʴ ʦʪ ʨʘʩʪʚʦʨʘ. 

ʆʙʱʝʧʨʠʟʥʘʥʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʙʝʣʢʦʚ, ʪʦ ʝʩʪʴ 

ʟʘʢʨʝʧʣʝʥʠʝ ʙʝʣʢʘ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

4. ɺʳʙʝʨʠʪʝ ʤʝʪʦʜ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣ, ʥʘ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʫʨʝʘʟʳ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚʦ ʚʨʝʤʝʥʠ. (4 ʙʘʣʣʘ) ʂʘʢʠʝ ʚʥʝʰʥʠʝ 

ʬʘʢʪʦʨʳ ʠ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʚʳʚʝʩʪʠ ʪʘʢʦʡ ʙʠʦʩʝʥʩʦʨ ʠʟ ʩʪʨʦʷ ʠʣʠ 

ʧʨʠʚʝʩʪʠ ʢ ʚʳʜʘʯʠ ʠʤ ʣʦʞʥʳʭ ʩʠʛʥʘʣʦʚ? (2 ʙʘʣʣʘ) 
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ʐʧʠʦʥʩʢʘʷ ʠʩʪʦʨʠʷ (2010, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ) 

ʖʥʳʡ ʭʠʤʠʢ ɼʞʝʡʤʩ ʫʟʥʘʣ, ʯʪʦ ʥʘ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʉʇɽʂʊʈ ʜʣʷ ʟʘʱʠʪʳ 

ʟʣʦʜʝʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʧʝʨʙʝʪʦʥ. ʇʦ ʜʦʥʝʩʝʥʠʷʤ ʘʛʝʥʪʦʚ ʦʥ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʩʫʧʝʨʙʝʪʦʥ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʯʘʡʰʝʡ ʧʨʦʯʥʦʩʪʴʶ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʭʦʨʦʰʦ 

ʟʘʱʠʱʘʝʪ ʦʪ ʚʩʝʭ ʚʠʜʦʚ ʧʨʦʥʠʢʘʶʱʝʡ ʨʘʜʠʘʮʠʠ ʠ ʙʣʦʢʠʨʫʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʫʜʘʨʳ.  

ɺʟʦʨʚʘʚ ʧʦ ʧʨʠʚʳʯʢʝ ʩʪʘʥʮʠʶ ʉʇɽʂʊʈ-ʘ, ʦʥ ʨʝʰʠʣ ʦʙʦʨʫʜʦʚʘʪʴ ʧʦʜʦʙʥʦʡ ʟʘʱʠʪʦʡ ʩʚʦʡ 

ʜʘʯʥʳʡ ʜʦʤʠʢ. ʇʨʠʪʘʱʠʚ ʢʫʩʦʯʝʢ ʙʝʪʦʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʜʦʢʪʦʨʫ ʂʴʶ, ɼʞʝʡʤʩ ʩ 

ʥʝʪʝʨʧʝʥʠʝʤ ʩʪʘʣ ʞʜʘʪʴ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʂʴʶ ʦʙʨʘʙʦʪʘʣ ʦʙʨʘʟʝʮ ʠʟʙʳʪʢʦʤ ʨʘʩʪʚʦʨʘ ʱʸʣʦʯʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʜʝʡʩʪʚʠʠ 

ʫʣʴʪʨʘʟʚʫʢʘ. ʇʨʠ ʵʪʦʤ ʦʥ ʧʦʣʫʯʠʣ ʯʸʨʥʳʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʦʩʣʘʙʣʷʣ ʠʤʧʫʣʴʩʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʦ ʥʝ ʦʙʣʘʜʘʣ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ. ʂʴʶ ʵʪʦ ʫʜʠʚʠʣʦ, 

ʧʦʩʢʦʣʴʢʫ ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ ʤʦʞʥʦ ʙʳʣʦ ʥʘʤʘʛʥʠʪʠʪʴ. ɼʘʣʝʝ ʂʴʶ ʦʙʨʘʙʦʪʘʣ ʪʘʢʫʶ ʞʝ 

ʥʘʚʝʩʢʫ ʦʙʨʘʟʮʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ʆʙʨʘʟʝʮ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʣʩʷ, ʦʙʨʘʟʦʚʘʚ ʨʳʞʝʚʘʪʦ-

ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ. ʆʙʨʘʙʦʪʘʚ ʩʦʣʷʥʦʢʠʩʣʳʡ ʨʘʩʪʚʦʨ ʠʟʙʳʪʢʦʤ ʘʤʤʠʘʢʘ, ʧʨʦʬʠʣʴʪʨʦʚʘʚ 

ʠ ʫʧʘʨʠʚ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ, ʂʴʶ ʧʦʣʫʯʠʣ ʯʠʩʪʳʡ ʭʣʦʨʠʜ ʘʤʤʦʥʠʷ. ʇʨʦʢʘʣʠʚ ʦʩʘʜʦʢ ʧʨʠ 

700 Áʉ ʠ ʧʨʦʚʝʜʷ ʝʛʦ ʘʥʘʣʠʟ, ʦʥ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʪʦʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʝʱʝʩʪʚ ʠ ʠʤʝʝʪ ʷʨʢʦ-

ʢʨʘʩʥʳʡ ʮʚʝʪ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʫʪʝʨʷʥʳ. ʂʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʠʩʣʦʪʦʡ, 

ʪʘʢ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʱʸʣʦʯʴʶ ʚʳʜʝʣʷʣʩʷ ʣʸʛʢʠʡ ʙʝʩʮʚʝʪʥʳʡ ʛʘʟ, ʢʦʪʦʨʳʡ ʂʴʶ 

ʠʩʧʦʣʴʟʦʚʘʣ ʜʣʷ ʫʚʝʩʝʣʝʥʠʷ ʩʚʦʠʭ ʚʥʫʢʦʚ.  

ɺ ʧʨʠʥʮʠʧʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʦʚ ʂʴʶ ʫʞʝ ʩʤʦʛ ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ ʵʪʦʛʦ ʙʝʪʦʥʘ. 

ɺʳʧʠʩʘʚ ʚ ʦʪʜʝʣʝ ʩʥʘʙʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ, ʦʥ ʧʦʧʳʪʘʣʩʷ ʧʨʠʛʦʪʦʚʠʪʴ ʙʝʪʦʥ, ʥʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʷʪʴ ʧʦʣʫʯʠʣ ʢʘʢʦʝ-ʪʦ ʦʨʫʞʠʝ. ʈʝʟʫʣʴʪʘʪ ʝʛʦ ʦʟʘʜʘʯʠʣ, ʠ ʦʥ ʧʨʦʚʸʣ ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ʀʩʩʣʝʜʦʚʘʚ ʢʘʧʣʶ ʯʸʨʥʦʛʦ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʜ ʘʪʦʤʥʦ-ʩʠʣʦʚʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ, ʂʴʶ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʪʚʸʨʜʳʝ ʯʘʩʪʠʮʳ, ʚʭʦʜʷʱʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚ ʠʤʝʶʪ 

ʜʠʘʤʝʪʨ 15 ʥʤ. ʊʱʘʪʝʣʴʥʦ ʦʙʝʩʩʦʣʠʚ ʱʝʣʦʯʥʦʡ ʨʘʩʪʚʦʨ ʠ ʦʩʘʜʠʚ ʯʘʩʪʠʮʳ ʥʘ ʮʝʥʪʨʠʬʫʛʝ 

ï ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʠʟ 1 ʛʨʘʤʤʘ ʙʝʪʦʥʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 0,7 ʛ ʥʘʥʦʯʘʩʪʠʮ. ʊʘʢʞʝ ʠʟ 1 ʛʨʘʤʤʘ 

ʙʝʪʦʥʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪʳ ʠʣʠ ʱʸʣʦʯʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 249 ʤʣ ʛʘʟʘ (ʥ.ʫ.). ʉʦʧʦʩʪʘʚʠʚ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʂʴʶ ʧʦʥʷʣ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʙʳʣʠ ʧʦʢʨʳʪʳ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ 

ʦʙʦʣʦʯʢʦʡ. ɺʦʩʩʦʟʜʘʚ ʝʸ, ʦʥ ʩʤʦʛ ʧʦʣʫʯʠʪʴ ʩʫʧʝʨʙʝʪʦʥ.  

1. ʇʦʯʝʤʫ ʨʘʩʪʚʦʨ ʥʝ ʦʙʣʘʜʘʣ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ? ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʵʪʦ 

ʷʚʣʝʥʠʝ? ʇʦʯʝʤʫ ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ ʤʦʞʥʦ ʙʳʣʦ ʥʘʤʘʛʥʠʪʠʪʴ? (2 ʙʘʣʣʘ)  

2. ʂʘʢʦʝ ʦʨʫʞʠʝ ʧʦʣʫʯʠʣ ʂʴʶ ʚ ʧʝʨʚʦʤ ʦʧʳʪʝ? (1 ʙʘʣʣ)  

3. ʂʘʢ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʙʝʩʩʦʣʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ? (1 ʙʘʣʣ)  

4. ʈʘʩʰʠʬʨʫʡʪʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʘ. ʆʧʠʰʠʪʝ ʥʘʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. (4 ʙʘʣʣʘ)  
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5. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚ ʟʘʜʘʯʝ ʨʝʘʢʮʠʡ. (3 ʙʘʣʣʘ)  

6. ʈʘʩʩʯʠʪʘʡʪʝ ʪʦʣʱʠʥʫ ʦʙʦʣʦʯʢʠ ʥʘ ʥʘʥʦʯʘʩʪʠʮʘʭ. (2 ʙʘʣʣʘ)  

7. ʄʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʙʝʪʦʥ ʚ ʭʦʣʦʜʥʦʤ ʢʣʠʤʘʪʝ? ʇʦʯʝʤʫ? (1 ʙʘʣʣ)  

8. ʂʘʢʦʡ ʪʠʧ ʧʨʦʥʠʢʘʶʱʝʡ ʨʘʜʠʘʮʠʠ ʜʘʥʥʳʡ ʙʝʪʦʥ ʟʘʜʝʨʞʠʚʘʝʪ ʩʣʘʙʦ? (1 ʙʘʣʣ)   
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ʖʥʳʡ ʥʘʥʦʪʝʭʥʦʣʦʛ (2010, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ) 

ʅʘʥʦʪʝʭʥʦʣʦʛ ɺʘʩʷ ʧʦʣʫʯʠʣ ʟʘʜʘʥʠʝ ʠʟʛʦʪʦʚʠʪʴ ʧʨʦʯʥʳʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ 

ʫʜʘʨʫ ʤʘʪʝʨʠʘʣ. ʇʦʨʘʟʤʳʩʣʠʚ, ɺʘʩʷ ʨʝʰʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʢʚʘʨʮ, ʢʘʢ 

ʜʦʩʪʫʧʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʭʦʨʦʰʝʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. ʍʨʫʧʢʦʩʪʴ ʠ ʥʝʧʨʦʯʥʦʩʪʴ ʢʚʘʨʮʘ ʦʥ 

ʨʝʰʠʣ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʚʝʜʝʥʠʝʤ ʩʝʪʢʠ ʠʟ ʢʦʤʧʦʟʠʪʘ ʤʝʪʘʣʣʘ ʠ ʥʘʥʦʪʨʫʙʦʢ. ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʦ-ʫʛʣʝʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ɺʘʩʷ ʟʘʢʘʟʘʣ ʧʨʦʚʦʣʦʢʫ ʚʳʩʦʢʦʯʠʩʪʦʛʦ 

ʘʣʶʤʠʥʠʷ ʠ ʘʨʛʦʥ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʵʣʝʢʪʨʦʚʟʨʳʚʘ ʧʨʦʚʦʜʥʠʢʘ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ, ʦʥ 

ʧʦʣʫʯʠʣ ʥʘʥʦʧʦʨʦʰʦʢ ʤʝʪʘʣʣʘ. ʉʤʝʰʘʚ ʝʛʦ ʩ ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʧʝʨʝʤʦʣʦʚ ʚ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ ʩ ʪʠʪʘʥʦʚʳʤʠ ʰʘʨʘʤʠ, ɺʘʩʷ ʧʦʣʫʯʠʣ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʟʠʪ, ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʨʛ ʧʨʝʩʩʦʚʘʥʠʶ ʚ ʚʘʢʫʫʤʝ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ɺʘʩʷ ʦʧʨʝʜʝʣʠʣ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʯʪʦ ʧʦʢʘʟʘʣʦ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʘʨʙʠʜʦʚ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʮʝʣʳʤʠ ʠ ʥʝʚʨʝʜʠʤʳʤʠ ʥʘʥʦʪʨʫʙʦʢ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʦʚʧʘʣ ʩ ʨʘʩʯʸʪʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʧʦʧʳʪʢʝ ʵʢʩʪʨʫʟʠʠ ʜʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ɺʘʩʷ ʧʦʣʫʯʠʣ ʭʨʫʧʢʠʝ ʧʨʫʪʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʊʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʝʱʝʩʪʚʦ, ʦʥ ʦʙʥʘʨʫʞʠʣ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʠʤʝʩʴ 

ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ, ʚʝʨʦʷʪʥʦ ʧʦʧʘʣ ʚ ʚʝʱʝʩʪʚʦ ʠʟ ʘʨʛʦʥʘ. ʇʨʦʚʝʜʷ ʦʯʠʩʪʢʫ ʘʨʛʦʥʘ ʦʪ 

ʢʠʩʣʦʨʦʜʘ ʠ ʧʦʚʪʦʨʠʚ ʧʨʦʮʝʜʫʨʫ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ, ɺʘʩʷ ʩʤʦʛ ʠʟʛʦʪʦʚʠʪʴ 

ʘʨʤʠʨʫʶʱʫʶ ʨʝʰʸʪʢʫ. ɼʘʣʝʝ ɺʘʩʷ ʚʟʷʣ ʚʳʩʦʢʦʯʠʩʪʳʡ ʢʚʘʨʮ ʠ ʧʨʠʛʦʪʦʚʠʣ ʝʛʦ ʨʘʩʧʣʘʚ ʚ 

ʘʣʫʥʜʦʚʦʤ ʪʠʛʣʝ. ʅʘ ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʥ ʟʘʣʠʣ ʵʪʠʤ ʨʘʩʧʣʘʚʦʤ 

ʘʨʤʠʨʫʶʱʫʶ ʩʝʪʢʫ ʠ ʧʦʣʫʯʠʣ ʤʘʪʝʨʠʘʣ.  

1. ʆʧʠʰʠʪʝ ʧʨʠʥʮʠʧ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʚʟʨʳʚʘ ʧʨʦʚʦʜʥʠʢʘ. ʅʘʩʢʦʣʴʢʦ ʦʥ 

ʧʝʨʩʧʝʢʪʠʚʝʥ ʢʘʢ ʠʩʪʦʯʥʠʢ ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ? (2 ʙʘʣʣʘ)  

2. ʅʘʩʢʦʣʴʢʦ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʠʪʘʥʦʚʳʭ ʰʘʨʦʚ? (1 ʙʘʣʣ)  

3. ʇʦʯʝʤʫ ʧʨʠʤʝʩʴ ʢʠʩʣʦʨʦʜʘ ʚ ʘʨʛʦʥʝ ʠʩʧʦʨʪʠʣʘ ʢʦʤʧʦʟʠʪ? (1 ʙʘʣʣ)  

4. ʆʧʠʰʠʪʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʘʨʛʦʥʘ ʦʪ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ. (1 ʙʘʣʣ)  

5. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʦʩʪʘʚ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ɺʘʩʝʡ. 

ʆʧʠʰʠʪʝ, ʢʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʨʦʯʥʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʪ.ʜ.) ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ. 

ʉʦʚʤʝʩʪʠʤʳ ʣʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʩ ʭʠʤʠʯʝʩʢʦʡ ʠé ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ? 

ʇʦʷʩʥʠʪʝ ʭʦʜ ɺʘʰʠʭ ʨʘʩʩʫʞʜʝʥʠʡ. (3 ʙʘʣʣʘ) 
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ɼʚʫʣʠʢʠʡ ʗʥʫʩ (2010, ʥʘʥʦʭʠʤʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ)  

çʅʘʥʦʨʘʢʝʪʳè, çʥʘʥʦʧʣʦʚʮʳè ʠ ʧʨʦʯʠʝ ʩʘʤʦʜʚʠʞʫʱʠʝʩʷ ʯʘʩʪʠʮʳ ï ʦʜʥʠ ʠʟ ʩʘʤʳʭ 

ʫʚʣʝʢʘʪʝʣʴʥʳʭ ʞʠʪʝʣʝʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʤʠʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ çʧʣʦʚʮʘè 

ʩʬʝʨʠʯʝʩʢʫʶ ʯʘʩʪʠʮʫ-ʷʥʫʩ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʧʦʣʦʚʠʥʦʢ: ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ (ʯʘʩʪʠʮʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʩʬʝʨʘ ʢʦʪʦʨʦʛʦ ʧʦʢʨʳʪʘ ʧʣʘʪʠʥʦʡ), 

ʧʦʤʝʱʝʥʥʫʶ ʚ ʨʘʩʪʚʦʨ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 1a).  

1. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʧʨʦʪʝʢʘʪʴ ʥʘ ʧʦʣʫʩʬʝʨʘʭ ʯʘʩʪʠʮʳ? ɿʘʧʠʰʠʪʝ 

ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. (1 ʙʘʣʣ)  

2. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪ ʪʘʢʠʝ (ʠ ʠʤ ʧʦʜʦʙʥʳʝ) ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʯʘʩʪʠʮʳ (ʨʠʩ. 

1b)? (2 ʙʘʣʣʘ) 

 

ʈʠʩ. 1. (a) ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, 

ʥʘʧʦʣʦʚʠʥʫ ʧʦʢʨʳʪʦʡ ʧʣʘʪʠʥʦʡ. (b) ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʪʘʢʦʡ ʤʠʢʨʦʩʬʝʨʳ 

ʇʫʩʪʴ  

¶ Ro ï ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʛʘʟʘ ʥʘ ʦʜʥʦʡ ʠʟ ʧʦʣʫʩʬʝʨ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʝʛʦ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ; 

¶ Rd ï ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ, ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʦʥ ʤʦʞʝʪ ʦʪʦʨʚʘʪʴʩʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ; 

¶ drive ï ʜʚʠʞʫʱʘʷ ʩʠʣʘ; 

¶ drag ï ʩʠʣʘ ʚʷʟʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

¶  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ; 

¶ bub ï ʩʢʦʨʦʩʪʴ ʦʪʨʳʚʘ ʧʫʟʳʨʴʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ o; 

¶  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʳ. 

3. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʥʳʝ ɺʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʚʝʣʠʯʠʥʳ, ʚʳʚʝʜʠʪʝ ʬʦʨʤʫʣʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʘʪʴ ʯʘʩʪʦʪʫ 
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ʚʨʘʱʝʥʠʷ ʪʘʢʦʡ ʯʘʩʪʠʮʳ; ʦʙʦʩʥʫʡʪʝ ʧʨʝʜʣʦʞʝʥʥʫʶ ʤʦʜʝʣʴ. ʆʮʝʥʠʪʝ, ʢʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ? (3 ʙʘʣʣʘ) 

4. ʇʨʝʜʧʦʣʦʞʠʪʝ, ʧʦ ʢʘʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʪʘʢʠʝ ʯʘʩʪʠʮʳ, ʦʪʚʝʪ 

ʦʙʦʩʥʫʡʪʝ. (1 ʙʘʣʣ)  

5. ɼʣʷ ʯʝʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʘʩʪʠʮʳ-ʷʥʫʩʳ? (2 ʙʘʣʣʘ) 
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ʄʦʣʝʢʫʣʷʨʥʳʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ (2010, ʥʘʥʦʭʠʤʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ)   

ʈʘʟʤʝʨʳ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ɻʠʛʘʥʪʳ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʜʫʩʪʨʠʠ Intel ʠ AMD ʚʧʣʦʪʥʫʶ ʧʦʜʦʰʣʠ ʢ ʪʝʭʧʨʦʮʝʩʩʘʤ 20 ʥʤ ʠ 13 ʥʤ, 

ʥʦ ʚʩʢʦʨʝ ʠ ʵʪʠ ʨʫʙʝʞʠ ʙʫʜʫʪ ʧʦʢʦʨʝʥʳ, ʘ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʧʣʦʪʥʫʶ ʧʨʠʙʣʠʟʠʪʩʷ ʢ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʧʨʝʜʝʣʫ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ ʜʦʣʞʥʳ ʧʨʦʠʟʦʡʪʠ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʩʦʟʜʘʥʠʷ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʚ ʤʝʪʦʜʘʭ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʅʝʜʘʚʥʦ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ "self-assembled 

monolayer (SAM)" (ʉʉʉ ï ʩʘʤʦʩʦʙʠʨʘʶʱʝʛʦʩʷ (ʤʦʥʦ)ʩʣʦʷ), ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʤʦʣʝʢʫʣ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʠʜʘ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ 1-ʘʤʠʥʦ-2,4-ʜʠʙʨʦʤʙʝʥʟʦʣ (A). ɼʣʷ ʟʘʱʠʪʳ 

ʘʤʠʥʦʛʨʫʧʧʳ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʝʱʝʩʪʚʦ B (ʚʳʭʦʜ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 88 %) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚʘ ʉ, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʠʪʨʦʚʘʥʠʶ ʚ ʩʤʝʩʠ 

ʢʠʩʣʦʪ D ʠ E ʩ ʚʳʭʦʜʦʤ 69 % ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚʘ F. ɼʘʣʴʥʝʡʰʘʷ ʨʝʘʢʮʠʷ ʚʝʱʝʩʪʚʘ 

F ʩ ʵʪʠʥʙʝʥʟʦʣʦʤ (ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pd(PPh3)2Cl2, PPh3, CuI, NEt3 ʩ 

ʚʳʭʦʜʦʤ 42 % ʦʙʨʘʟʫʝʪʩʷ ʚʝʱʝʩʪʚʦ G ʩʣʝʜʫʶʱʝʛʦ ʩʪʨʦʝʥʠʷ (ʈʠʩ. 1) 

 

ʈʠʩ.1. ɺʝʱʝʩʪʚʦ G 

ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ G ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ 3 ʄ ʨʘʩʪʚʦʨʦʤ HCl ʚ ʩʨʝʜʝ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠ ʩ ʚʳʭʦʜʦʤ ʧʦʯʪʠ 100 % ʧʨʝʚʨʘʱʘʣʦʩʴ ʚ ʚʝʱʝʩʪʚʦ H, ʢʦʪʦʨʦʝ ʟʘʪʝʤ 

ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʚʝʱʝʩʪʚʦʤ (ʨʠʩ. 2) ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʪʦʛʦ ʞʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʠ ʚ 

ʩʣʫʯʘʝ ʵʪʠʥʙʝʥʟʦʣʘ (ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʚʳʭʦʜʦʤ ʚ 67 % ʦʙʨʘʟʫʝʪʩʷ 

ʚʝʱʝʩʪʚʦ K, ʢʦʪʦʨʦʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʜʘʸʪ ʚʝʱʝʩʪʚʦ L. 
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ʈʠʩ.2. 

1. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʨʝʘʢʮʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʚʩʝʭ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʱʝʩʪʚ. ʋʢʘʞʠʪʝ ʚʩʝ 

ʥʦʤʝʥʢʣʘʪʫʨʥʳʝ ʥʘʟʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ A ï L. (3 ʙʘʣʣʘ)  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʣʝʢʫʣ ʩ ʧʦʤʦʱʴʶ ʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Si (100) ʙʳʣʘ ʩʦʟʜʘʥʘ "ʷʤʢʘ" ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʟʘʚʝʨʰʘʣʘʩʴ 

ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 30 ʥʤ. ʅʘ ʦʜʥʫ ʠʟ ʩʪʦʨʦʥ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʥʝʩʣʠ ʩʣʦʡ 

ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ 200 ʥʤ, ʘ ʚ "ʷʤʢʫ" ʟʘʣʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ L, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʢ ʦʙʨʘʟʦʚʘʥʠʶ SAM. ʏʝʨʝʟ ʜʚʦʝ ʩʫʪʦʢ ʫʢʘʟʘʥʥʫʶ ʚʳʰʝ ʧʦʜʣʦʞʢʫ 

ʧʨʦʤʳʣʠ ʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʧʳʣʠʣʠ ʚʪʦʨʦʡ ʩʣʦʡ ʟʦʣʦʪʘ, ʘ ʟʘʪʝʤ ʠʟʤʝʨʠʣʠ ɺɸʍ 

(ʈʠʩ. 3). 

 

ʈʠʩ.3. ʇʦʣʫʯʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ɺɸʍ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 K. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʫʯʸʥʳʝ ʥʘʙʣʶʜʘʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

2. ʇʦʯʝʤʫ ʦʪʚʝʨʩʪʠʝ ʠʤʝʝʪ ʩʪʦʣʴ ʤʘʣʝʥʴʢʠʡ ʜʠʘʤʝʪʨ? (1 ʙʘʣʣ)  

3. ʂʘʢ ʠʟʤʝʥʠʪʴʩʷ ɺɸʍ, ʝʩʣʠ ʚʤʝʩʪʦ ʚʝʱʝʩʪʚʘ L ʜʣʷ ʩʘʤʦʩʙʦʨʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʝʱʝʩʪʚʦ K. (2 ʙʘʣʣʘ)  
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4. ʇʨʝʜʣʦʞʠʪʝ ʤʝʭʘʥʠʟʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʧʠʢʘ ʥʘ ɺɸʍ. 

(2 ʙʘʣʣʘ)  

5. ʇʨʝʜʧʦʣʦʞʠʪʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩ ɺɸʍ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

ʢʦʤʥʘʪʥʦʡ. (1 ʙʘʣʣ)  

6. ɺ ʯʸʤ ʟʘʢʣʶʯʘʝʪʩʷ ʵʬʬʝʢʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ? 

ɼʣʷ ʯʝʛʦ ʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʭʥʠʢʝ? (1 ʙʘʣʣ) 

4
 

  

                                                           
ʇʨʠʣʦʞʝʥʠʝ: 

ɺ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ "ʵʪʠʥʙʝʥʟʦʣ" ʩʣʝʜʫʝʪ ʥʘʟʳʚʘʪʴ ʵʪʠʥʠʣʙʝʥʟʦʣʦʤ ʠʣʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ. ɺ 

ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʫʩʣʦʚʠʠ ï 1 ʙʘʣʣ ʟʘ ʠʭ ʫʩʪʨʘʥʝʥʠʝ (ʟʘ ʢʘʞʜʦʝ) ʧʨʠ ʧʦʜʘʯʝ ʨʝʰʝʥʠʷ 

(ʧʦʩʣʝ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʙʣʝʤʳ ʠ ɺʘʰʝʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ - ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʦʩʥʦʚʥʦʤʫ ʨʝʰʝʥʠʶ). 

 

ʀʩʧʨʘʚʣʝʥʥʘʷ ʬʦʨʤʫʣʘ ʚʝʱʝʩʪʚʘ G (ʝʩʣʠ ɺʳ ʧʨʝʜʣʦʞʠʜʠ ʫʞʝ ʨʝʰʝʥʠʝ ʩ ʧʨʝʜʳʜʫʱʝʡ ʬʦʨʤʫʣʦʡ, ɺʘʤ ʙʫʜʫʪ 

ʥʘʯʠʩʣʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʘʣʣ) 

 

ʀʩʧʨʘʚʣʝʥʥʘʷ ʬʦʨʤʫʣʘ ʨʠʩ.2 (ʝʩʣʠ ɺʳ ʧʨʝʜʣʦʞʠʜʠ ʫʞʝ ʨʝʰʝʥʠʝ ʩ ʧʨʝʜʳʜʫʱʝʡ ʬʦʨʤʫʣʦʡ, ɺʘʤ ʙʫʜʫʪ 

ʥʘʯʠʩʣʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʙʘʣʣ) 
































































































































































































































































































































































































































































































































































































































































































































































































