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ɿʘʜʘʥʠʷ ʧʝʨʚʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ 

ɼʝʚʷʪʳʡ ʢʣʘʩʩ 

ɿʘʜʘʯʘ 9-1 

ʅʝʠʟʚʝʩʪʥʦʝ ʚʝʱʝʩʪʚʦ 

ʍ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʝʨʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʦʨʦʰʦʢ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ 

ʙʳʣ ʩʦʙʨʘʥ ʧʨʠʙʦʨ, 

ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ. 

 

ɺ ʣʦʜʦʯʢʫ ʧʦʤʝʱʘʣʠ 

ʥʘʚʝʩʢʫ ʍ ʠ ʧʨʦʚʦʜʠʣʠ ʥʘʛʨʝʚʘʥʠʝ ʚ ʪʦʢʝ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʣʦʜʦʯʢʠ ʬʠʢʩʠʨʦʚʘʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ. 

ʅʦʤʝʨ 

ʦʧʳʪʘ 

ʋʩʣʦʚʠʷ 

ʦʧʳʪʘ 
 (m) ï ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ 

ʣʦʜʦʯʢʝ  
(% ʦʪ m(ʍ)) 

ʅʘʙʣʶʜʝʥʠʷ 

1 Ar, 300 C 0 ʅʠʢʘʢʠʭ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

2 O2, 300 C 82, 45 ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʟʝʣʝʥʳʡ ʧʦʨʦʰʦʢ ʚ ʣʦʜʦʯʢʝ 

3 H2, 300 C 29,33 ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ ʚ ʣʦʜʦʯʢʝ 

4 Cl2, 300 C 63,39 ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʬʠʦʣʝʪʦʚʳʡ ʧʦʨʦʰʦʢ ʚ ʣʦʜʦʯʢʝ 

5 Cl2, 

1150 C 

100 ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʯʝʰʫʡʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʩʪʝʥʢʘʭ ʨʝʘʢʪʦʨʘ 

6 Ar, 500 C 29,33 ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʣʦʜʦʯʢʝ 

7 Ar, 

1100 C 

88,0 ɺʳʜʝʣʝʥʠʝ ʬʠʦʣʝʪʦʚʳʭ ʧʘʨʦʚ, ʤʝʣʢʠʝ 

ʙʣʝʩʪʷʱʠʝ ʢʨʠʩʪʘʣʣʳ ʚ ʣʦʜʦʯʢʝ 

1. ʆʧʨʝʜʝʣʠʪʝ ʚʝʱʝʩʪʚʦ ʍ, ʟʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʦʜʪʚʝʨʜʠʚ ʠʭ 

ʨʘʩʯʝʪʦʤ ʧʦʪʝʨʠ ʤʘʩʩʳ (m) ʚʝʱʝʩʪʚʘ ʚ ʣʦʜʦʯʢʝ (% ʦʪ ʤʘʩʩʳ ʍ).  
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2. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʍ ʩ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ (ʨʝʘʢʮʠʷ 1), ʱʝʣʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ (ʨʝʘʢʮʠʷ 2). 

 

ɿʘʜʘʯʘ 9-2 

ɼʘ ʟʜʨʘʚʩʪʚʫʝʪ ʤʳʣʦ ʜʫʰʠʩʪʦʝ, ʠ ʧʦʣʦʪʝʥʮʝ ʧʫʰʠʩʪʦʝ! 

ʂ. ʏʫʢʦʚʩʢʠʡ, çʄʦʡʜʦʜʳʨè, 1921 ʛ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʳʣʘ ʠ ʜʨʫʛʠʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ 

ʟʘʚʠʩʠʪ ʦʪ ʞʝʩʪʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚʦʜʳ. ɾʝʩʪʢʦʩʪʴʶ ʚʦʜʳ ʥʘʟʳʚʘʶʪ 

ʩʫʤʤʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʪʠʦʥʦʚ, ʜʘʶʱʠʭ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʦʩʘʜʢʠ ʩ ʩʦʣʷʤʠ 

ʚʳʩʰʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ɺɾʂ), ʦʙʣʘʜʘʶʱʠʭ ʤʦʶʱʠʤ ʜʝʡʩʪʚʠʝʤ.  

1.ɾʝʩʪʢʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ 

ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʠʣʠ ʚʨʝʤʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ). 

ʊʚʝʨʜʦʝ ʤʳʣʦ ʠʤʝʝʪ ʩʦʩʪʘʚ C17H35COONa (ʩʪʝʘʨʘʪ ʥʘʪʨʠʷ). ʆʙʨʘʟʦʚʘʥʠʝ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʣʦʭʦʛʦ ʤʦʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʤʳʣʘ ʚ 

ʞʝʩʪʢʦʡ ʚʦʜʝ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʡ (ʜʚʘ 

ʫʨʘʚʥʝʥʠʷ). 

2. ɺʨʝʤʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ ʫʩʪʨʘʥʷʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

1) ʢʠʧʷʯʝʥʠʝʤ ʚʦʜʳ (ʥʘʢʠʧʴ ʚ ʯʘʡʥʠʢʝ ʦʙʨʘʟʫʝʪʩʷ ʠʤʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʣʦʞʝʥʠʷ ʩʦʣʝʡ ʞʝʩʪʢʦʩʪʠ). 

2) ʧʨʦʧʫʩʢʘʥʠʝʤ ʚʦʜʳ ʯʝʨʝʟ ʠʦʥʦʦʙʤʝʥʥʠʢ (Na
+
Ion

-
) ï ʪʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ, 

ʩʧʦʩʦʙʥʳʡ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʢʘʪʠʦʥʘ, ʟʘʤʝʥʷʶʱʠʡ ʠʦʥʳ 

ʞʝʩʪʢʦʩʪʠ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Na
+
. 

3) ʆʙʨʘʙʦʪʢʦʡ ʪʦʯʥʦ ʦʪʤʝʨʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ 

Na2CO3. 

ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʦ 

ʩʧʦʩʦʙʘʤ 1, 2 ʠ 3 (ʚʩʝʛʦ 6 ʫʨʘʚʥʝʥʠʡ). 

3. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʤʳʣʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʥʝ ʤʝʥʝʝ 0.001 ʤʦʣʴ/ʣ, ʚʦʜʘ ʠʟ-ʧʦʜ ʢʨʘʥʘ ʩʦʜʝʨʞʠʪ ʧʦ 0.0025 ʤʦʣʴ/ʣ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ. 
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ʇʨʝʥʝʙʨʝʛʘʷ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʠ ʤʘʩʩʳ ʨʘʩʪʚʦʨʘ, ʦʧʨʝʜʝʣʠʪʝ ʦʙʲʝʤ, ʚ 

ʢʦʪʦʨʦʤ ʢʫʩʦʢ ʤʳʣʘ ʤʘʩʩʦʡ 200 ʛ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʤʦʶʱʝʝ ʜʝʡʩʪʚʠʝ: 

1) ʚʦʜʳ ʠʟ-ʧʦʜ ʢʨʘʥʘ; 2) ʚʦʜʳ ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ, ʩʯʠʪʘʷ, ʯʪʦ ʚʳʭʦʜ ʨʝʘʢʮʠʡ 

ʨʘʟʣʦʞʝʥʠʷ 80%. 

4. ɺ ʥʘʯʘʣʝ 20-ʛʦ ʚʝʢʘ ʤʳʣʦ (ʩʪʝʘʨʘʪ ʥʘʨʪʠʷ) ʧʦʣʫʯʘʣʠ ʧʨʠ ʩʧʣʘʚʣʝʥʠʠ 

NaOH ʩ ʞʠʨʘʤʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʠʷ 

ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʙʳʪʢʘ NaOH ʩʦ ʩʪʝʘʨʠʥʦʚʳʤ ʞʠʨʦʤ, 

ʠʤʝʶʱʠʤ ʩʪʨʫʢʪʫʨʫ: 

CH2OOCC17H35

CHOOCC17H35

CH2OOCC17H35  

5. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʦʩʘʜʢʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʯʘʡʥʠʢʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚʦʜʳ 

ʠʟ-ʧʦʜ ʢʨʘʥʘ ʦʙʲʝʤʦʤ 3 ʣ, ʩʦʜʝʨʞʘʱʝʡ ʧʦ 0.0025 ʤʦʣʴ/ʣ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ, 

ʝʩʣʠ ʚʳʭʦʜ ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 80%. ʆʪʥʦʰʝʥʠʝ  Mg : Ca ʚ 

ʨʘʩʪʚʦʨʝ ʥʝʠʟʤʝʥʥʦ. 

6.1.ʇʨʝʜʣʦʞʠʪʝ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʨʠʯʠʥʫ 

ʧʦʷʚʣʝʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚ ʚʦʜʝ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  

6.2. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʵʪʠ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʠʥʦʛʜʘ ʧʨʠʚʦʜʷʪ ʢ çʧʨʦʚʘʣʘʤè ʚ ʟʝʤʣʝ. ʂʘʢ ʥʘ ʯʘʩʪʦʪʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʧʨʦʚʘʣʦʚè ʚ ʪʘʢʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʚʣʠʷʶʪ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʯʚʫ? ʆʪʚʝʪ ʧʦʷʩʥʠʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʠʥʮʠʧʘ ʃʝ-ʐʘʪʝʣʴʝ. 

6.3. ʆʙʲʷʩʥʠʪʝ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʷʚʣʝʥʠʝ ʙʫʨʦʡ ʤʫʪʠ ʚ ʧʨʦʟʨʘʯʥʦʡ ʚʦʜʝ ʠʟ 

ʨʦʜʥʠʢʘ, ʩʦʜʝʨʞʘʱʝʡ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ, ʧʨʠ ʝʝ ʩʪʦʷʥʠʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʨʝʜʣʦʞʠʪʝ 

ʭʠʤʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦʤʫ ʷʚʣʝʥʠʶ (ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ). 

 

ɿʘʜʘʯʘ 9-3 

ʄʦʥʦʭʣʦʨʠʜ ʡʦʜʘ - ʠʥʪʝʨʛʘʣʦʛʝʥʠʜ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʝʨʚʳʤ ʧʦʣʫʯʝʥ ʩʨʝʜʠ 

ʚʩʝʭ ʧʨʦʯʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʨʘʩʥʫʶ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ (ʦʢʦʣʦ 97
ʦ
ʉ) ʧʝʨʝʭʦʜʠʪ ʚ 
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ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʯʘʩʪʠʯʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ.  

ɺ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʭʣʦʨʠʜ ʡʦʜʘ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʘʚʪʦʠʦʥʠʟʘʮʠʠ ICl. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʘʚʪʦʠʦʥʠʟʘʮʠʠ ʜʝʣʘʝʪ ʭʣʦʨʠʜ ʡʦʜʘ ʚʦ ʤʥʦʛʦʤ 

ʧʦʭʦʞʠʤ ʥʘ ʚʦʜʫ: ʚ ʥʝʤ ʠʜʫʪ ʘʥʘʣʦʛʠʯʥʳʝ ʚʦʜʝ ʧʨʦʮʝʩʩʳ ʩʦʣʴʚʘʪʘʮʠʠ, 

ʘʥʘʣʦʛʠʯʥʳʝ çʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠè. ʇʨʠ ʘʚʪʦʠʦʥʠʟʘʮʠʠ ICl ʦʙʨʘʟʫʶʪʩʷ 

ʤʥʦʛʦʘʪʦʤʥʳʝ ʠʦʥʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʣʦʨʠʜ r ʢʘʣʠʷ ʠ ʘʣʶʤʠʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʭʣʦʨʠʜʘ ʠʦʜʘ, ʧʨʠ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʘʚʪʦʠʦʥʠʟʘʮʠʠ ʭʣʦʨʠʜʘ ʠʦʜʘ, ʪ.ʝ. ʂʉl ʠ AlCl 3 ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ  ʢʠʩʣʦʪʳ ʠ 

ʦʩʥʦʚʘʥʠʷ.  

1. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʘʚʪʦʠʦʥʠʟʘʮʠʠ ʭʣʦʨʠʜʘ ʡʦʜʘ, ʠ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 

ʚ ʠʦʥʥʦʤ ʚʠʜʝ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ ʠ ʭʣʦʨʠʜʘ 

ʢʘʣʠʷ.  ʂʘʢʦʡ ʠʟ ʵʪʠʭ ʭʣʦʨʠʜʦʚ ʷʚʣʷʝʪʩʷ "ʢʠʩʣʦʪʦʡ". 

ɹʝʩʮʚʝʪʥʳʝ ʭʣʦʨʠʜʳ ɸ, ɹ ʠ ɺ (ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʭʣʦʨʘ: 54.4%, 85.1%, 60.7% 

ʧʦ ʤʘʩʩʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʚʟʷʪʳʝ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʦ 0.001 ʤʦʣʴ), ʙʳʣʠ 

ʨʘʩʪʚʦʨʝʥʳ ʚ ʨʘʚʥʳʭ ʧʦʨʮʠʷʭ ICl (ʧʦ 100 ʛ). ʇʨʠ ʵʪʦʤ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʝʡ ʢʘʞʜʦʡ ʠʟ ʧʨʦʙ, ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʚ ʧʨʦʙʝ ʩ 

ʚʝʱʝʩʪʚʦʤ ɸ ʚ 1.5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʦʙʝ ʩ ɺ.  

2. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʳ ʭʣʦʨʠʜʦʚ ɸ, ɹ ʠ ɺ. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ɺ 

ʠ ɸ ʩ ʭʣʦʨʠʜʦʤ ʡʦʜʘ (ʪʘʢʞʝ ʚ ʠʦʥʥʦʤ ʚʠʜʝ). ʇʣʦʪʥʦʩʪʴ ʧʘʨʦʚ ɸ ʙʦʣʴʰʝ 9 ʛ/ʣ 

ʧʨʠ ʥ.ʫ. 

3. ɼʣʷ ʧʨʦʙʳ ʩ ʚʝʱʝʩʪʚʦʤ ɹ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʚ 

ʥʝʡ ʨʘʚʥʦ ʪʘʢʦʚʦʤʫ ʚ ʧʨʦʙʝ ʩ ʚʝʱʝʩʪʚʦʤ ɺ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʚʝʱʝʩʪʚʘ ɹ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ICl. ɿʘʧʠʰʠʪʝ ʦʙʝ 

ʨʝʘʢʮʠʠ ɹ ʩ ICl ʚ ʠʦʥʥʦʤ ʚʠʜʝ, ʘ ʪʘʢʞʝ ʥʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ (ʩ 

ʫʯʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ) ʠʦʥʦʚ ʚ ʚʦʟʤʦʞʥʳʭ 

ʧʨʦʜʫʢʪʘʭ. ʋʢʘʞʠʪʝ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ. 

ʇʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ɹ ʨʘʩʪʚʦʨʘ ɸ 
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ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʣʘʩʴ, ʘ ʟʘʪʝʤ ʚʥʦʚʴ ʩʪʘʣʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ.  

4. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʠʪʝ, ʢʘʢʘʷ ʠʟ ʜʚʫʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ɺʘʤʠ 

ʨʝʘʢʮʠʡ ʠʟ ʧ. 3 ʠʜʝʪ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʇʨʠʚʝʜʠʪʝ ʩʦʢʨʘʱʝʥʥʦʝ ʠʦʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʦʙʲʷʩʥʷʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

ʩʣʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ɸ ʠ ɹ.  

5. ʂʘʢʦʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ɸ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʢ ʨʘʩʪʚʦʨʫ ɹ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ? ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʚ 

ʤʦʣʴ/ʣ) ʢʘʪʠʦʥʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʨʘʩʪʚʦʨʝ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʣʦʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʨʘʚʥʘ 3.24 ʛ/ʤʣ.  
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ʅʘ ʫʨʦʢʝ ʟʝʣʴʝʚʘʨʝʥʠʷ ʧʨʦʬʝʩʩʦʨ ʉʝʚʝʨʫʩ ʉʥʝʛ ʧʦʢʘʟʘʣ ʧʝʨʚʦʢʫʨʩʥʠʢʘʤ 

ʥʝʩʢʦʣʴʢʦ ʚʦʣʰʝʙʥʳʭ ʦʧʳʪʦʚ. ʅʘ ʩʪʦʣʝ ʫ ʥʝʛʦ ʩʪʦʷʣʦ ʪʨʠ ʢʦʣʙʳ, ʥʘ ʧʝʨʚʳʡ 

ʚʟʛʣʷʜ, ʩ ʦʜʠʥʘʢʦʚʳʤʠ, ʙʝʩʮʚʝʪʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ. ʇʨʦʬʝʩʩʦʨ ʦʩʪʦʨʦʞʥʦ ʚʟʷʣ ʚ 

ʨʫʢʠ ʧʠʧʝʪʢʫ ʠ ʢʘʧʥʫʣ ʧʦʦʯʝʨʝʜʥʦ ʚ ʢʘʞʜʫʶ ʢʦʣʙʦʯʢʫ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʞʠʜʢʦʩʪʠ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ (ʨʘʩʪʚʦʨʘ  ʚʝʱʝʩʪʚʘ ɸ). ɺ ʧʝʨʚʦʡ ʢʦʣʙʝ ʞʠʜʢʦʩʪʴ 

ʧʦʤʫʪʥʝʣʘ, ʧʦʪʦʤ ʜʥʦ ʧʦʢʨʳʣʦʩʴ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʟʝʣʸʥʦʛʦ ʦʩʘʜʢʘ (ʨʝʘʢʮʠʷ 1). 

ʏʫʜʝʩʘ! ɺʦ ʚʪʦʨʦʡ ʢʦʣʙʝ ʚʩʝ ʟʘʰʠʧʝʣʦ, ʟʘʙʫʨʣʠʣʦ, ʠ ʠʟ ʛʦʨʣʳʰʢʘ ʧʦʚʘʣʠʣʘ ʧʝʥʘ 

(ʨʝʘʢʮʠʷ 2). ʈʘʩʪʚʦʨ ʚ ʪʨʝʪʴʝʡ ʢʦʣʙʝ ʦʩʪʘʣʩʷ ʧʨʦʟʨʘʯʥʳʤ, ʥʦ ʮʚʝʪ ʩʪʘʣ 

ʷʜʦʚʠʪʦ-ʪʨʘʚʷʥʦʛʦ ʦʪʪʝʥʢʘ (ʨʝʘʢʮʠʷ 3). ɺʦʪ ʵʪʦ ʜʘ! - ʚʩʢʨʠʢʥʫʣʠ ʫʜʠʚʣʝʥʥʦ 

ʈʦʥ ʠ ɻʘʨʨʠ. ʅʠʢʪʦ ʥʝ ʧʦʥʠʤʘʣ, ʯʪʦ ʞʝ ʙʳʣʦ ʚ ʢʦʣʙʘʭ, ʢʨʦʤʝ, ʢʦʥʝʯʥʦ, 

ɻʝʨʤʠʦʥʳ. 

ʇʦʩʣʝ ʫʨʦʢʘ ʜʨʫʟʴʷ ʨʝʰʠʣʠ ʫʟʥʘʪʴ ʫ ɻʝʨʤʠʦʥʳ, ʯʪʦ ʞʝ ʪʘʢʦʝ ʜʦʙʘʚʣʷʣ 

ʧʨʦʬʝʩʩʦʨ, ʠ, ʯʪʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʢʦʣʙʘʭ. ɻʝʨʤʠʦʥʘ ʭʦʪʝʣʘ, ʯʪʦʙʳ ʝʝ ʜʨʫʟʴʷ ʣʫʯʰʝ 

ʫʟʥʘʣʠ ʭʠʤʠʶ, ʠ ʧʦʵʪʦʤʫ ʥʘʯʘʣʘ ʛʦʚʦʨʠʪʴ ʟʘʛʘʜʢʘʤʠ.  

- ɻʦʣʫʙʦʡ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ ɸ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʚʦʜʝ 

ʧʨʠʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʩʠʥʝʛʦ ʮʚʝʪʘ,  ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʍ. ʄʝʪʘʣʣ ʍ 

ʠʤʝʝʪ ʞʝʣʪʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ. ʇʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʤʠʥʝʨʘʣʘ ʮʚʝʪ ʝʛʦ ʙʣʝʜʥʝʝʪ ʠ 

ʧʦʣʫʯʘʝʪʩʷ ʚʝʱʝʩʪʚʦ ʙʝʣʦʛʦ ʮʚʝʪʘ (Y) (ʨʝʘʢʮʠʷ 4ʘ). ʇʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 
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36.1%. ʇʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʚʝʱʝʩʪʚʘ Y ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʥʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ (Z1) ʠ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʛʘʟʘ: 

ʨʝʟʢʦʧʘʭʥʫʱʠʡ Z2 ʠ ʛʘʟ Z3, ʩʦʩʪʘʚʣʷʶʱʠʡ 21% ʚ ʚʦʟʜʫʭʝ (ʨʝʘʢʮʠʷ 4ʙ)  

- ʉʦʜʝʨʞʠʤʦʝ ʧʝʨʚʦʡ ʢʦʣʙʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʦʧʫʩʢʘʷ ʛʘʟ B ʩ 

ʧʣʦʪʥʦʩʪʴʶ 1,964 ʛ/ʣ (ʥ.ʫ.) ʯʝʨʝʟ ʠʟʙʳʪʦʢ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ 

(ʨʝʘʢʮʠʷ 5). 

- ʉʦʜʝʨʞʠʤʦʝ ʚʪʦʨʦʡ ʢʦʣʙʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʝʡʩʪʚʠʝʤ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʙʠʥʘʨʥʦʝ ʚʝʱʝʩʪʚʦ D (ʨʝʘʢʮʠʷ 6), ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ 18,93% 

ʢʠʩʣʦʨʦʜʘ. ʊʫʜʘ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʩʝʢʨʝʪʥʳʡ ʠʥʛʨʝʜʠʝʥʪ, ʦʙʣʘʜʘʶʱʠʡ 

ʩʠʣʴʥʳʤ ʟʘʧʘʭʦʤ, ʢʦʪʦʨʳʡ ʦʢʨʘʰʠʚʘʝʪ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ ʍ ʚ ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ, 

ʠʥʘʯʝ ʦʧʳʪ ʥʝ ʧʦʣʫʯʠʪʩʷ.  

- ɺ ʪʨʝʪʴʝʡ ʢʦʣʙʝ ʥʘʭʦʜʠʪʩʷ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ C. ɺʝʱʝʩʪʚʦ ʉ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʝʡʩʪʚʠʝʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ  H2SO4 (çʢʫʧʦʨʦʩʥʦʛʦ ʤʘʩʣʘè) 

ʥʘ ʪʚʝʨʜʳʡ  ʭʣʦʨʠʜ ʥʘʪʨʠʷ  (ʨʝʘʢʮʠʷ 7).  

ɼʨʫʟʴʷ ʦʙʨʘʜʦʚʘʣʠʩʴ, ʢʦʛʜʘ ʫʟʥʘʣʠ, ʯʪʦ ʪʦ, ʯʪʦ ʧʦʢʘʟʳʚʘʣ ʧʨʦʬʝʩʩʦʨ, 

ʚʦʚʩʝ ʥʝ ʤʘʛʠʷ, ʘ ʭʠʤʠʷ, ʠ ʧʨʠʜʫʤʘʣʠ ʩʚʦʸ çʤʘʣʝʥʴʢʦʝ ʯʫʜʦè. ɼʣʷ ʵʪʦʛʦ ʚ ʘʧʪʝʢʝ 

ʦʥʠ ʢʫʧʠʣʠ ʬʠʦʣʝʪʦʚʦ-ʯʝʨʥʳʡ ʧʦʨʦʰʦʢ ɽ (ʩʝʛʦʜʥʷ ʝʛʦ ʫʞʝ ʥʝ ʢʫʧʠʰʴ), ʧʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚ ʚʦʜʝ ʧʦʣʫʯʠʣʠ ʬʠʦʣʝʪʦʚʳʡ ʨʘʩʪʚʦʨ E.  

- ɺ ʧʝʨʚʫʶ ʧʨʦʙʠʨʢʫ ʦʥʠ ʧʦʤʝʩʪʠʣʠ ʪʦ ʞʝ ʩʘʤʦʝ ʚʝʱʝʩʪʚʦ, ʯʪʦ ʙʳʣʦ ʫ 

ʧʨʦʬʝʩʩʦʨʘ ʚʦ ʚʪʦʨʦʡ ʢʦʣʙʝ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʘ 

E ʚ ʧʨʦʙʠʨʢʫ ʚʩʝ ʟʘʰʠʧʝʣʦ (ʨʝʘʢʮʠʷ 8), ʠ ʧʦʪʦʤ ʟʘʙʫʨʣʠʣʦ ʠ ʚʩʧʝʥʠʣʦʩʴ 

(ʨʝʘʢʮʠʷ 9). 

- ɺʦ ʚʪʦʨʫʶ ʧʨʦʙʠʨʢʫ ʧʦʤʝʩʪʠʣʠ ʧʨʦʜʫʢʪ ʧʨʦʧʫʩʢʘʥʠʷ ʩʝʨʥʠʩʪʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ 

(ʨʝʘʢʮʠʷ 10). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ E ʨʘʩʪʚʦʨ ʚʦ ʚʪʦʨʦʡ ʧʨʦʙʠʨʢʝ ʩʪʘʣ 

ʷʜʦʚʠʪʦ ʟʝʣʝʥʳʤ (ʨʝʘʢʮʠʷ 11).  

- ɿʘʪʝʤ ʦʥʠ ʢʘʧʥʫʣʠ ʨʘʩʪʚʦʨ E ʚ ʪʨʝʪʴʶ ʧʨʦʙʠʨʢʫ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʘʩʴ 

ʞʠʜʢʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ  

(ʧʣʦʪʥʦʩʪʴ ʧʦ ʚʦʟʜʫʭʫ 1,310) ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ 

ʩʨʝʜʳ (ʨʝʘʢʮʠʷ 12). ɺ ʧʨʦʙʠʨʢʝ ʚʜʨʫʛ ʧʦʷʚʠʣʘʩʴ çʧʦʯʚʘè (ʨʝʘʢʮʠʷ 13). 
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1. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʫ ʚʝʱʝʩʪʚʘ ɸ ʠ ʩʦʜʝʨʞʠʤʦʝ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʢʦʣʙ. 

ʇʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 - 7. 

2. ʆʧʨʝʜʝʣʠʪʝ ʩʦʩʪʘʚ ʬʠʦʣʝʪʦʚʦ-ʯʝʨʥʦʛʦ ʧʦʨʦʰʢʘ  E, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʤʦʝ 

ʪʨʝʭ ʧʨʦʙʠʨʦʢ, ʢʦʪʦʨʳʝ ʧʦʥʘʜʦʙʠʣʠʩʴ ʜʨʫʟʴʷʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʚʦʝʛʦ 

çʤʘʣʝʥʴʢʦʛʦ ʯʫʜʘè. ʇʨʠʚʝʜʠʪʝ ʨʘʩʯʝʪʳ. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 

8 - 13. 
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ʆʛʦʥʴ ʠ ʣʸʜ 

ɺ 60-ʭ ʛʦʜʘʭ XX ʚʝʢʘ ʧʨʦʠʟʦʰʸʣ ʫʜʠʚʠʪʝʣʴʥʳʡ ʩʣʫʯʘʡ. ʅʘ ʦʜʥʦʤ ʠʟ 

ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʉʐɸ ʟʘʢʫʧʦʨʠʣʦ ʪʨʫʙʳ. ʂʦʛʜʘ ʠʭ ʚʩʢʨʳʣʠ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʥʠ 

ʟʘʙʠʪʳ ʩʥʝʛʦʤ. ɼʝʣʦ ʙʳʣʦ ʣʝʪʦʤ, ʪʨʫʙʳ ʣʝʞʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʢʘʟʘʣʦʩʴ 

ʥʝʧʦʩʪʠʞʠʤʳʤ, ʯʪʦ ʚʦʜʷʥʳʝ ʧʘʨʳ (ʘ ʦʥʠ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʛʘʟʝ) ʤʦʛʣʠ 

ʩʢʦʥʜʝʥʩʠʨʦʚʘʪʴʩʷ ʠ ʟʘʤʝʨʟʥʫʪʴ ʧʨʠ 20 Á ʪʝʧʣʘ. ʇʦʟʞʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠʯʠʥʘ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ï ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʳ ʜʘʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʦʝʜʠʥʝʥʠʷ 

ʚʢʣʶʯʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʝ ʢʣʘʪʨʘʪʘʤʠ. 

ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʢʣʘʪʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʪ ʤʝʪʘʥʘ xʉʅ4ĬyH2O. ʕʪʦʪ 

ʛʠʜʨʘʪ ʩʯʠʪʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʧʣʠʚʘ ʚ ʙʫʜʫʱʝʤ. ʇʦ ʦʮʝʥʢʘʤ 

ʫʯʸʥʳʭ, ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10
15

 ʪ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫʣʫ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ, 10.00 ʛ ʦʙʨʘʟʮʘ 

ʚʝʱʝʩʪʚʘ ʩʦʞʛʣʠ (ʨʝʘʢʮʠʷ 1) ʚ ʠʟʙʳʪʢʝ ʢʠʩʣʦʨʦʜʘ ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʩʦʩʫʜʝ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʚ ʩʦʩʫʜʝ ʦʢʘʟʘʣʦʩʴ 11.67 ʛ ʚʦʜʳ ʠ ʛʘʟ. 

ʇʦʣʫʯʝʥʥʳʡ ʛʘʟ ʧʨʦʧʫʩʪʠʣʠ ʯʝʨʝʟ ʠʟʚʝʩʪʢʦʚʫʶ ʚʦʜʫ (ʨʝʘʢʮʠʷ 2), ʧʨʠ ʵʪʦʤ 

ʚʳʧʘʣ ʦʩʘʜʦʢ ʤʘʩʩʦʡ 8.37 ʛ. 

1. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (1), (2). ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʬʦʨʤʫʣʫ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ, ʝʩʣʠ ʝʛʦ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 956 ʛ/ʤʦʣʴ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦ ʤʘʩʩʝ ʤʝʪʘʥʘ ʚ ʛʠʜʨʘʪʝ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʙʝʩʢʦʥʝʯʥʦ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʫʙʠʢʠ (ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ) ʩʦ 

ʩʪʦʨʦʥʦʡ 1.2 ʥʤ. ɺ ʩʦʩʪʘʚ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʢʫʙʠʢʘ ʚʭʦʜʷʪ x ʤʦʣʝʢʫʣ ʤʝʪʘʥʘ ʠ y 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

10 

ʤʦʣʝʢʫʣ ʚʦʜʳ. 

2. ʀʩʧʦʣʴʟʫʷ ʜʣʠʥʫ ʨʝʙʨʘ ʠ ʤʘʩʩʫ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʦʧʨʝʜʝʣʠʪʝ 

ʧʣʦʪʥʦʩʪʴ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ. (ʀʩʧʦʣʴʟʫʡʪʝ ʟʥʘʯʝʥʠʷ x ʠ y ʠʟ ʧʫʥʢʪʘ 1). ʉʢʦʣʴʢʦ 

ʣʠʪʨʦʚ ʤʝʪʘʥʘ (298 ʂ, 1 ʘʪʤ) ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʦʜʥʦʛʦ ʣʠʪʨʘ ʛʠʜʨʘʪʘ? 

ʇʨʠ ʩʞʠʛʘʥʠʠ 1 ʤʦʣʴ xʉʅ4ĬyH2O ʚ ʠʟʙʳʪʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

298 ʂ ʚʳʜʝʣʷʝʪʩʷ 6690.4 ʢɼʞ ʪʝʧʣʦʪʳ. 

3. ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʸʥʥʳʝ ʥʠʞʝ ʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʠʪʝ ʪʝʧʣʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ 

xʉʅ4ĬyH2O: 

ʘ) ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ; ʙ) ʠʟ ʤʝʪʘʥʘ ʠ ʚʦʜʳ. 

ɺʝʱʝʩʪʚʦ CH4 (ʛʘʟ) H2O (ʞ) CO2 (ʛʘʟ) 

Qʦʙʨ, ʢɼʞ/ʤʦʣʴ 74.8 285.8 393.5 

4. ɻʠʜʨʘʪ ʤʝʪʘʥʘ ʪʨʫʜʥʦʜʦʩʪʫʧʝʥ, ʝʛʦ ʟʘʣʝʞʠ ʥʘʭʦʜʷʪʩʷ ʚ ʛʣʫʙʠʥʘʭ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʥʘ ʩʫʰʝ ʧʦʜ ʩʣʦʝʤ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 500 ʤ ʜʦ 

10 ʢʤ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʢʣʠʟʤʦʚ ʟʝʤʥʘʷ 

ʢʦʨʘ ʩʠʣʴʥʦ ʥʘʛʨʝʝʪʩʷ ʠ ʚʝʩʴ ʛʠʜʨʘʪ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʥʝʡ, ʨʘʩʪʘʝʪ, ʪʦ ʩʢʦʣʴʢʦ 

ʤʝʪʘʥʘ (ʚ ʦʙʲʸʤʥʳʭ %) ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʟʝʤʥʘʷ ʘʪʤʦʩʬʝʨʘ? ʄʘʩʩʘ ʘʪʤʦʩʬʝʨʳ 

ʨʘʚʥʘ 5.110
18

 ʢʛ. 
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ɼʝʩʷʪʳʡ ʢʣʘʩʩ 

ɿʘʜʘʯʘ 10-1 

 
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ X ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ 

ʤʝʪʦʜ. ɺʝʱʝʩʪʚʦ A ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ ʧʦʨʦʰʢʦʤ ʤʝʪʘʣʣʘ B. 

(ʍʦʪʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1,00 ʛ X ʥʝʦʙʭʦʜʠʤʦ 1,81 ʛ A 

ʠ 0,69 ʛ B, ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘʜʮʘʪʠʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ B). ʇʦʣʫʯʝʥʥʘʷ 

ʩʤʝʩʴ ʩʧʨʝʩʩʦʚʳʚʘʝʪʩʷ ʚ ʧʘʣʦʯʢʠ, ʢʦʪʦʨʳʝ ʥʘʛʨʝʚʘʶʪ ʜʦ 400 ÁC ʚ ʧʨʠʙʦʨʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ ʢʚʘʨʮʝʚʫʶ ʪʨʫʙʢʫ 1, ʩʦʝʜʠʥʝʥʥʫʶ ʩ ʦʭʣʘʞʜʘʝʤʦʡ 

ʣʦʚʫʰʢʦʡ 2, ʘʤʧʫʣʘʤʠ ʜʣʷ ʩʙʦʨʘ ʧʨʦʜʫʢʪʘ 3 ʠ ʚʳʩʦʢʦʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ. ɺʩʝ 

ʯʘʩʪʠ ʧʨʠʙʦʨʘ ʩʦʝʜʠʥʷʶʪʩʷ ʧʫʪʝʤ ʩʧʘʠʚʘʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʣʠʬʦʚ. 

ʈʝʘʢʮʠʷ A ʠ B ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʨʫʙʢʝ ʜʦ 600 ÁC. 

ʇʘʨʳ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʝʱʝʩʪʚʘ X ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʚ ʣʦʚʫʰʢʝ, ʘ 

ʪʘʢʞʝ ʥʘ ʭʦʣʦʜʥʳʭ ʯʘʩʪʷʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʪʨʫʙʦʢ ʚ ʚʠʜʝ ʟʝʨʢʘʣʴʥʦʛʦ ʥʘʣʝʪʘ, 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ. ʂʦʛʜʘ ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ 

ʙʦʣʴʰʝ ʥʝ ʦʩʪʘʝʪʩʷ ʞʠʜʢʦʩʪʠ, ʥʘʛʨʝʚʘʥʠʝ ʧʨʝʢʨʘʱʘʶʪ ʠ ʦʪʧʘʠʚʘʶʪ ʢʚʘʨʮʝʚʫʶ 

ʪʨʫʙʢʫ ʦʪ ʣʦʚʫʰʢʠ, ʥʝ ʦʪʢʣʶʯʘʷ ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ, ʘ ʟʘʪʝʤ ʦʪʛʦʥʷʶʪ ʧʨʦʜʫʢʪ ʠʟ 

ʣʦʚʫʰʢʠ ʚ ʘʤʧʫʣʳ. ɿʘʧʦʣʥʝʥʥʳʝ ʚʝʱʝʩʪʚʦʤ X ʘʤʧʫʣʳ ʦʪʧʘʠʚʘʶʪ ʠ ʭʨʘʥʷʪ ʜʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. (ʄʝʩʪʘ ʦʪʧʘʡʢʠ ʦʙʦʟʥʘʯʝʥʳ ʢʨʝʩʪʘʤʠ ʥʘ ʨʠʩʫʥʢʝ). 

1. ʅʝ ʧʨʦʠʟʚʦʜʷ ʚʳʯʠʩʣʝʥʠʡ, ʦʪʚʝʪʴʪʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ 

ʢʘʢʦʡ ʛʨʫʧʧʳ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʚʳʰʝʦʧʠʩʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʆʪʚʝʪ ʦʙʦʩʥʫʡʪʝ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ ʚ ʪʨʫʙʢʝ ʦʩʪʘʶʪʩʷ ʜʚʘ ʦʢʩʠʜʘ ʠ ʠʟʙʳʪʦʢ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ B. ɺ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʦʢʩʠʜʦʚ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʝʣʝʥʳʡ, ʘ ʜʨʫʛʦʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ. 

2. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʳ ʚʩʝʭ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʧʠʰʠʪʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ. 

ɹʦʣʴʰʦʡ ʠʟʙʳʪʦʢ B ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʦʜʫʢʪʘ. 

3. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʦʜʫʢʪʘ, 

ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʝʪ ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ, ʘ ʜʨʫʛʘʷ ï ʚ ʧʨʠʝʤʥʠʢʝ. ʇʦʯʝʤʫ 

ʵʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʧʫʪʝʤ ʧʝʨʝʛʦʥʢʠ? 

ʏʠʩʪʦʝ ʚʝʱʝʩʪʚʦ X ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Y 

ʚ ʨʝʘʢʮʠʠ ʩ ʩʫʨʴʤʦʡ. 

4. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ. ʅʘ ʢʘʢʦʤ ʩʚʦʡʩʪʚʝ ʚʝʱʝʩʪʚʘ Y, 

ʚʦʟʥʠʢʘʶʱʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʦ ʝʛʦ 

ʦʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ? ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʨʠʩʫʱʝ ʠ ʚʝʱʝʩʪʚʫ X. 

 

ɿʘʜʘʯʘ 10-2 

ʕʣʝʤʝʥʪ ʍ ʦʙʨʘʟʫʝʪ ʚʳʩʰʠʝ ʛʘʣʦʛʝʥʠʜʳ ɸ, ɹ, ɺ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʯʠʩʪʳʡ 

ʛʘʟʦʦʙʨʘʟʥʳʡ ɸ ʩʠʥʪʝʟʠʨʫʶʪ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʣʠ ɻ, ʩʦʜʝʨʞʘʱʝʡ 37,55 % ʉ, 

2,62% H ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ. ʇʨʠ ʝʝ ʨʘʟʣʦʞʝʥʠʠ ʦʙʨʘʟʫʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ɼ ʠ ʩʤʝʩʴ ɸ ʩ ʥʝʢʦʪʦʨʳʤ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ Y ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, 

ʢʦʪʦʨʘʷ ʧʨʠ 300 ʂ ʠ 1 ʘʪʤ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 1,946 ʛ/ʣ (ɟ1) (ʨʝʘʢʮʠʷ 1). ʇʦʩʣʝ 

ʧʨʦʧʫʩʢʘʥʠʷ ʵʪʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʚʦʜʫ ʧʣʦʪʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 1,138 ʛ/ʣ (ɟ2) 

(ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ) (ʨʝʘʢʮʠʷ 2).  

ʇʨʠʚʝʜʝʥʥʳʡ ʩʧʦʩʦʙ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ: ʯʘʱʝ ʚʩʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɸ ʠʩʧʦʣʴʟʫʶʪ ʨʝʘʢʮʠʶ ʦʢʩʠʜʘ 

ʵʣʝʤʝʥʪʘ ʍ ʩ ʤʠʥʝʨʘʣʦʤ Z ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ (ʨʝʘʢʮʠʷ 3). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ɹ ʠ ʞʠʜʢʦʛʦ ɺ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʚʝʩʪʠ ʦʙʤʝʥʥʫʶ ʨʝʘʢʮʠʶ ɸ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʘʣʦʛʝʥʠʜʦʤ ʘʣʶʤʠʥʠʷ 

(ʨʝʘʢʮʠʠ 4 ʠ 5). ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ɹ ʧʦʣʫʯʘʶʪ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝʤ ʦʢʩʠʜʘ 

ʵʣʝʤʝʥʪʘ ʍ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʷ (ʨʝʘʢʮʠʷ 6).  

ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʤʝʞʜʫ ʩʦʙʦʡ ɸ, ɹ ʠ ɺ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʦʙʤʝʥʥʳʝ 
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ʨʝʘʢʮʠʠ, ʧʨʠʯʝʤ ʚ ʩʤʝʩʠ ʙʳʩʪʨʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪ (ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʚʝʱʝʩʪʚʦ ʩ ʢʦʨʦʪʢʠʤ 

ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʟʘʪʝʤ 

ʨʝʘʛʠʨʫʶʱʠʝ ʜʘʣʝʝ ʜʦ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ), ʜʚʠʞʫʱʠʤ ʤʝʭʘʥʠʟʤʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ï ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ 

(ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ ï ʩʦʝʜʠʥʝʥʠʝ, ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 

ʥʝʟʘʥʷʪʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʦʨʙʠʪʘʣʴ).  

ɺʦʧʨʦʩʳ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʩʦʝʜʠʥʝʥʠʷ ɸ ï ɼ, ʛʘʟ Y, ʤʠʥʝʨʘʣ Z. ʇʨʠʚʝʜʠʪʝ ʨʘʩʯʝʪʳ, 

ʧʨʦʚʝʜʝʥʥʳʝ ɺʘʤʠ ʚ ʭʦʜʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʫʣ ʚʝʱʝʩʪʚ. ʅʘʟʦʚʠʪʝ ʤʠʥʝʨʘʣ Z.  

2. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 6. 

3. ʇʨʝʜʧʦʣʦʞʠʪʝ ʩʪʨʦʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʦʙʤʝʥʘ 

ʤʝʞʜʫ ɸ ʠ ɹ. 

4. ʇʨʝʜʣʦʞʠʪʝ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʩʠʥʪʝʟʘ ʯʝʪʚʝʨʪʦʛʦ, ʥʝ ʫʧʦʤʷʥʫʪʦʛʦ 

ʚ ʟʘʜʘʯʝ ʚʳʩʰʝʛʦ ʛʘʣʦʛʝʥʠʜʘ ʍ. ɿʘʧʠʰʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʠʥʳʝ ʛʘʣʦʛʝʥʠʜʳ ʍ. ʅʘʧʨʠʤʝʨ, ʭʣʦʨʠʜ ɽ, ʤʦʣʝʢʫʣʘ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ 8 ʘʪʦʤʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʪʣʦʝ ʞʝʣʪʦ-ʟʝʣʝʥʦʝ 

ʚʝʱʝʩʪʚʦ. ɽ ʚʩʪʫʧʘʝʪ ʚ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʨʝʘʢʮʠʡ: ʩ (ʉʅ3)3SnH (ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ) 

ɽ ʜʘʝʪ ʚʦʜʦʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ɾ (81,10% ʍ ʧʦ ʤʘʩʩʝ), ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ 

ʩʪʦʣʴʢʦ ʞʝ ʘʪʦʤʦʚ ʍ ʚ ʤʦʣʝʢʫʣʝ, ʩʢʦʣʴʢʦ ʠ ɽ. ɸ ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʪʨʝʪ-

ʙʫʪʠʣʣʠʪʠʝʤ ɽ ʜʘʝʪ ʩʪʝʢʣʦʦʙʨʘʟʥʳʡ ɿ, ʩʦʜʝʨʞʘʱʠʡ ʪʘʢʦʝ ʞʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʍ ʚ 

ʤʦʣʝʢʫʣʝ. ɿ ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ. 

5. ʆʧʨʝʜʝʣʠʪʝ ʛʘʣʦʛʝʥʠʜ ɽ, ʚʝʱʝʩʪʚʘ ɾ ʠ ɿ. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ 

ʬʦʨʤʫʣʫ ɿ. 

 

ɿʘʜʘʯʘ 10-3 

ɹʠʥʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ɸn, ʵʣʝʤʝʥʪʦʚ (1) ʠ (2) ʧʦʣʫʯʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʦʡ: 
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ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʟʥʦʩʪʠ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʵʣʝʤʝʥʪʦʚ (1) ʠ (2) ʚ ʠʭ ʩʦʩʪʘʚʝ, ʘ 

ʪʘʢʞʝ ʦ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ: 

ɺʝʱʝʩʪʚʦ ɸ1 ɸ2 ɸ3 ɸ4 ɸ5 ɸ6 

ɤ1īɤ2, % 5,2 63,2 19,3 5,2 ī15 ī22,4 

ʉʚʦʡʩʪʚʘ 
ʩʚ.-ʞʸʣʪ. 

ʞʠʜʢʦʩʪʴ 

ʞʸʣʪʳʡ 

ʛʘʟ 
ʥʝʫʩʪʦʡʯʠʚ 

ʞʸʣʪʳʡ 

ʛʘʟ 

ʢʨʘʩʥʦ-

ʙʫʨ. 

ʞʠʜʢʦʩʪʴ 

ʙʝʩʮʚ. 

ʞʠʜʢʦʩʪʴ 

 

ɺʦʧʨʦʩʳ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʚʝʱʝʩʪʚʘ A1 ï A6. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ A1 ï A6. 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʭʝʤʝ (9 ʨʝʘʢʮʠʡ). 

2. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʚʝʱʝʩʪʚʘ KY  ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʦʯʠʩʪʠʪʴ KZ  ʦʪ ʚʦʟʤʦʞʥʳʭ 

ʧʨʠʤʝʩʝʡ. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ KZ . 

3. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʤʝʞʜʫ Na2[Pb(OH)4] ʠ ɸ4. 

 

ɿʘʜʘʯʘ 10-4 

ɺ 1960 ʛ. ʩʦʚʝʪʩʢʠʤʠ ʫʯʝʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʢʝʪʥʦʛʦ 

ʪʦʧʣʠʚʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʠʥ - 1-ʤʝʪʠʣ-1,2-ʜʠʮʠʢʣʦʧʨʦʧʠʣʮʠʢʣʦʧʨʦʧʘʥ. ɺ 

1980ï1990-ʭ ʛʛ. ʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʪʦʧʣʠʚʦ ʚ ʨʘʢʝʪʝ-ʥʦʩʠʪʝʣʝ çʉʦʶʟ-ʋ2è, ʚ 

ʨʘʟʛʦʥʥʳʭ ʙʣʦʢʘʭ çɼʄè ʠ ʜʚʠʛʘʪʝʣʝ ʢʦʨʘʙʣʷ çɹʫʨʘʥè. ʅʘ ʬʦʥʝ ʜʨʫʛʠʭ ʞʠʜʢʠʭ 

ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ ʩʠʥʪʠʥ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ, 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʪʝʢʫʯʝʩʪʴʶ ʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ï 

ʝʛʦ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʉʉʈ ʠʟ-ʟʘ 

ʚr ʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʳʣʦ ʧʨʝʢʨʘʱʝʥʦ. 
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ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʩʠʥʪʠʥʘ ʠʟ ʵʪʘʥʦʣʘ: 

 

ɺʝʱʝʩʪʚʦ ɽ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʘʢʞʝ ʠʟ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ, ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 

1. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ AïK, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʧʨʝʚʨʘʱʝʥʠʝ G ʚ ʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʫʶ ʢʦʥʜʝʥʩʘʮʠʶ. 

2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʩʠʥʪʠʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 56:44 ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʮʠʩ-ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ 

ʤʝʥʝʝ ʩʪʘʙʠʣʝʥ, ʯʝʤ ʪʨʘʥʩ-ʠʟʦʤʝʨ ʥʘ 2.5 ʢɼʞ/ʤʦʣʴ. ʉʪʘʥʜʘʨʪʥʘʷ ʪʝʧʣʦʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʡ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʡʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʨʘʚʥʘ -133.0 

ʢɼʞ/ʤʦʣʴ. ʆʧʨʝʜʝʣʠʪʝ, ʯʝʤʫ ʨʘʚʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ 

ʠʟʦʤʝʨʘ ʩʠʥʪʠʥʘ.  

3. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʩʛʦʨʘʥʠʷ ʩʠʥʪʠʥʘ ʚ ʢʠʩʣʦʨʦʜʝ. ʆʧʨʝʜʝʣʠʪʝ 

ʤʦʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʩʛʦʨʘʥʠʷ ʩʠʥʪʠʥʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ ʩʠʥʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʝ.  

ʉʪʘʥʜʘʨʪʥʳʝ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ: ʛʘʟʦʦʙʨʘʟʥʦʡ ʚʦʜʳ: 241.8 ʢɼʞ/ʤʦʣʴ, ʘ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ: 393.5 ʢɼʞ/ʤʦʣʴ. (ɿʘʚʠʩʠʤʦʩʪʴʶ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʝʜʫʝʪ ʧʨʝʥʝʙʨʝʯʴ) 

 

ɿʘʜʘʯʘ 10-5 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ ï ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʥʘ ʨʘʟʨʳʚ 1 ʤʦʣʴ ʩʚʷʟʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʂʘʢ ʚ ʵʪʦʡ ʟʘʜʘʯʝ, 

ʪʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʨʘʩʯʝʪʘʭ, ʧʦʜ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʧʦʥʠʤʘʝʪʩʷ ʩʨʝʜʥʷʷ 

ʵʥʝʨʛʠʷ ʨʘʟʨʳʚʘ ʚʩʝʭ ʩʚʷʟʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚ ʤʦʣʝʢʫʣʝ.  

ɺ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, 
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ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʧʨʠʙʣʠʞʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʉïʍ ʜʣʷ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʚʠʜʘ ʘʪʦʤʦʚ ʍ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʕʪʦ 

ʧʨʠʙʣʠʞʝʥʠʝ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʦʧʨʘʚʜʘʥʥʳʤ. 

ʆʜʥʘʢʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʪʘʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʩʨʘʙʘʪʳʚʘʝʪ ʜʣʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ ClïF ʚ ʨʘʟʣʠʯʥʳʭ ʬʪʦʨʠʜʘʭ 

ʭʣʦʨʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ: ʚ ClF3 ʦʥʘ ʥʘ 14,2 % ʙʦʣʴʰʝ, ʯʝʤ ʚ ClF5, ʠ ʥʘ 31,2 % 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ClF.  

1. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʝʧʣʦʪ ʨʝʘʢʮʠʡ, ʦʧʨʝʜʝʣʠʪʝ ʩʨʝʜʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ Clï

F ʚ ʪʨʸʭ ʬʪʦʨʠʜʘʭ ʭʣʦʨʘ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ F2.  

ClF + F2 Ÿ ClF3   Q1 = 108,58 ʢɼʞ/ʤʦʣʴ 

ClF + 2F2 Ÿ ClF5 Q2 = 188,20 ʢɼʞ/ʤʦʣʴ 

2. ɿʥʘʷ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʭʣʦʨʘ ʨʘʚʥʘ 242,6 ʢɼʞ/ʤʦʣʴ, 

ʦʧʨʝʜʝʣʠʪʝ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʸʭ ʬʪʦʨʠʜʦʚ ʭʣʦʨʘ. 

ʇʨʠ ʨʝʘʢʮʠʷʭ ʬʪʦʨʘ ʩ ʭʣʦʨʦʤ ʧʨʠ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʨʝʘʛʝʥʪʦʚ 

ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʥʳʝ ʬʪʦʨʠʜʳ ʭʣʦʨʘ ʠʣʠ ʠʭ ʩʤʝʩʠ. ʅʘ ʚʳʭʦʜ ʢʘʞʜʦʛʦ ʬʪʦʨʠʜʘ 

ʚʣʠʷʶʪ ʝʛʦ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

3. ʈʘʚʥʦʚʝʩʥʳʡ ʚʳʭʦʜ ʢʘʢʦʛʦ ʬʪʦʨʠʜʘ ʭʣʦʨʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ ʚʳʭʦʜʘʤʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ? ʆʪʚʝʪ ʦʙʲʷʩʥʠʪʝ.  

ɺ ʩʦʩʫʜ ʦʙʲʸʤʦʤ 0,750 ʣ ʧʦʤʝʩʪʠʣʠ ʩʤʝʩʴ ʭʣʦʨʘ ʩ ʬʪʦʨʦʤ, ʢʦʪʦʨʘʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ ʩʦʟʜʘʚʘʣʘ ʜʘʚʣʝʥʠʝ 1,502 ʙʘʨ. ʉʤʝʩʴ ʥʘʛʨʝʣʠ, ʧʦʜʚʝʨʛʣʠ 

ʦʙʣʫʯʝʥʠʶ ʩʚʝʪʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʦʭʣʘʜʠʣʠ ʜʦ 280 ʂ. ʂʦʥʝʯʥʳʝ ʜʘʚʣʝʥʠʝ ʠ 

ʧʣʦʪʥʦʩʪʴ ʧʨʠ 280 ʂ ʩʦʩʪʘʚʠʣʠ 0,788 ʙʘʨ ʠ 2,781 ʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʩʦʩʫʜʝ ʩʦʜʝʨʞʘʣʦʩʴ 4 ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚʘ, ʠʟ 

ʢʦʪʦʨʳʭ ʦʜʥʦ ï ʧʨʦʩʪʦʝ. 

4. ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʦʝ ʠʤʝʥʥʦ ʧʨʦʩʪʦʝ ʚʝʱʝʩʪʚʦ ʩʦʜʝʨʞʘʣʦʩʴ ʚ ʩʦʩʫʜʝ ʧʦʩʣʝ 

ʦʧʳʪʘ, ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ClF5 ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚ ʜʨʫʛʠʭ ʬʪʦʨʠʜʦʚ 

ʭʣʦʨʘ. ʆʪʚʝʪ ʦʙʲʷʩʥʠʪʝ. ʆʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʛʦ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʜʦ ʠ 

ʧʦʩʣʝ ʦʧʳʪʘ. 

5. ʆʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʦʥʝʯʥʦʡ ʩʤʝʩʠ, ʝʩʣʠ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʡʩʷ ʟʘ ʩʯʸʪ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʪʳ 

ʨʘʚʥʦ 3,144 ʢɼʞ. ɺ ʨʝʰʝʥʠʠ ʧʨʠʚʝʜʠʪʝ ɺʘʰʠ ʨʘʩʯʸʪʳ. 
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ʆʜʠʥʥʘʜʮʘʪʳʡ ʢʣʘʩʩ 

ɿʘʜʘʯʘ 11-1 

160 ʣʝʪ ʥʘʟʘʜ, ʚ 1857 ʛʦʜʫ, ʨʦʩʩʠʡʩʢʠʤ ʭʠʤʠʢʦʤ ʃ.ʅ. ʐʠʰʢʦʚʳʤ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ɸ ʠ ɹ. ʐʠʰʢʦʚʳʤ ɹ ʧʦʣʫʯʝʥʦ ʨʝʘʢʮʠʝʡ ɸ ʩʦ 

ʩʤʝʩʴʶ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ (ʨʝʘʢʮʠʷ 1). ɸ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ 

ʢʠʩʣʦʪʳ ɺ ʧʨʠ ʝʝ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ. 

ɺʝʱʝʩʪʚʦ ɸ ï ʦʜʥʦʦʩʥʦʚʥʘʷ ʢʠʩʣʦʪʘ ʩʨʝʜʥʝʡ ʩʠʣʳ (pKa = 0,17). 2,00 ʛ ɸ 

ʨʘʩʪʚʦʨʠʣʠ ʚ ʚʦʜʝ ʠ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʜʦʚʝʣʠ ʜʦ 100,00 ʤʣ (ʨʘʩʪʚʦʨ 1). ɸʣʠʢʚʦʪʫ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʲʝʤʦʤ 10,00 ʤʣ ʦʪʪʠʪʨʦʚʘʣʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʦʙʲʝʤ ʱʝʣʦʯʠ, ʧʦʰʝʜʰʠʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ, 

ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 4,69 ʤʣ. ʇʨʠ ʵʪʦʤ ʥʘ ʪʠʪʨʦʚʘʥʠʝ 10,00 ʤʣ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʦʰʣʦ 20,99 ʤʣ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,1345 ʄ. 

1. ʆʧʨʝʜʝʣʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʚ ʨʘʩʪʚʦʨʝ-ʪʠʪʨʘʥʪʝ 

(ʜʘʣʝʝ ʚ ʟʘʜʘʯʝ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʦʪ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ) 

2. ɺʳʯʠʩʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ɸ.  

3. ʈʘʩʩʯʠʪʘʡʪʝ ʨʅ ʨʘʩʪʚʦʨʘ 1 ʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʚ ʥʸʤ. 

ɺʝʱʝʩʪʚʦ ɹ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʫʶ ʤʘʩʣʷʥʠʩʪʫʶ ʞʠʜʢʦʩʪʴ 

(ʧʣʦʪʥʦʩʪʴ 1,639 ʛ/ʤʣ), ʢʦʪʦʨʘʷ ʢʠʧʠʪ ʙʝʟ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 125,7Áʉ 

ʠ ʜʘʚʣʝʥʠʠ 101325ʇʘ (ʧʣʦʪʥʦʩʪʴ ʧʘʨʦʚ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 5,99 ʛ/ʣ). 

ʇʨʠ ʛʠʜʨʦʣʠʟʝ 1,00 ʤʣ ɹ ʚ 100 ʤʣ ʪʝʧʣʦʡ ʚʦʜʳ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟ ʣʝʛʯʝ 

ʚʦʟʜʫʭʘ, ʘ ʚ ʨʘʩʪʚʦʨʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ (ʨʝʘʢʮʠʷ 2). ʆʙʲʸʤ ʵʪʦʛʦ 

ʨʘʩʪʚʦʨʘ ʜʦʚʝʣʠ ʜʦ 250 ʤʣ, ʥʘ ʪʠʪʨʦʚʘʥʠʝ ʘʣʠʢʚʦʪʳ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʲʸʤʦʤ 

10 ʤʣ ʧʦʰʣʦ 4,74 ʤʣ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. 

ɹ ʦʙʲʝʤʦʤ 5,00 ʤʣ ʨʘʩʪʚʦʨʠʣʠ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʛʠʜʨʦʢʩʠʜʘ 

ʢʘʣʠʷ (ʨʝʘʢʮʠʷ 3), ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʦʙʲʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʦʚʝʣʠ ʜʦ 250 ʤʣ (ʨʘʩʪʚʦʨ 2).  

ʂ ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʘ 2 ʦʙʲʸʤʦʤ 5,00 ʤʣ ʜʦʙʘʚʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ 

ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʙʫʨʦʛʦ ʮʚʝʪʘ (ʨʝʘʢʮʠʠ 4ʘ ʠ 4ʙ). ʕʪʘ ʩʤʝʩʴ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʚ ʙʘʨʠʪʦʚʫʶ 

ʚʦʜʫ ʜʘʝʪ ʙʝʣʳʡ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʢʠʩʣʦʪʘʭ ʦʩʘʜʦʢ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝ 
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ʧʨʦʩʫʰʢʠ ʩʦʩʪʘʚʣʷʝʪ 0,165 ʛ. 

ɽʩʣʠ ʢ ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʘ 2 ʜʦʙʘʚʠʪʴ ʨʘʟʙʘʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʜʦ ʢʠʩʣʦʡ ʩʨʝʜʳ, ʘ ʟʘʪʝʤ ʠʟʙʳʪʦʢ ʪʚʝʨʜʦʛʦ ʡʦʜʠʜʘ ʢʘʣʠʷ, ʪʦ ʨʘʩʪʚʦʨ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠʥʪʝʥʩʠʚʥʫʶ ʢʦʨʠʯʥʝʚʫʶ ʦʢʨʘʩʢʫ (ʨʝʘʢʮʠʷ 5). ʀʟ ʨʘʩʪʚʦʨʘ ʧʨʠ 

ʵʪʦʤ ʚʳʜʝʣʷʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʙʠʥʘʨʥʳʡ ʛʘʟ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʜʫʭʘ.  

4. ʆʧʨʝʜʝʣʠʪʝ ʚʝʱʝʩʪʚʘ ɸ ʠ ɹ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ɹ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʪʨʝʭ 

ʵʣʝʤʝʥʪʦʚ. ʉʦʩʪʘʚ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ. ʅʘʟʦʚʠʪʝ ʵʪʠ ʚʝʱʝʩʪʚʘ. 

5. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 5. 

6. ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ɺ. 

ʂʠʩʣʦʪʘ ɸ ʠ ʘʥʠʦʥ ʢʠʩʣʦʪʳ ɸ
-
 ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʘʫʪʦʤʝʨʘ ɸ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ, ʠ ʜʚʝ ʨʝʟʦʥʘʥʩʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ɸ
-
. 

7. ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʪʘʫʪʦʤʝʨʦʚ ɸ ʠ ʨʝʟʦʥʘʥʩʥʳʭ ʩʪʨʫʢʪʫʨ 

ɸ
-
. ʂʘʢʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʤʠ? 

 

ɿʘʜʘʯʘ 11-2 

ʄʠʥʝʨʘʣʳ Y1, Y2 ʠ Y3 ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʸʭ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʳʝ ʥʝʛʠʛʨʦʩʢʦʧʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʚʳʰʝ 200 ęC ʚʩʝ ʦʥʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʚʝʱʝʩʪʚʦ X, ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʚ 

ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʘ. 

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 10 ʛ Y1 ʠ 10 ʛ Y3 ʚ 100 ʛ ʚʦʜʳ ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨ 

ʚʝʱʝʩʪʚʘ X ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 10 %. 

ʅʘʩʳʱʝʥʥʳʡ ʧʨʠ 25 ęC ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ X ʤʦʞʥʦ ʧʨʠʛʦʪʦʚʠʪʴ, 

ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʚʦʨʷʷ 26,75 ʛ Y2 ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ ʚ 100 ʛ ʚʦʜʳ. ʇʨʠ 

ʩʤʝʰʝʥʠʠ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʨʘʩʪʚʦʨʘ ʩ ʠʟʙʳʪʢʦʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʙʘʨʠʷ 

ʦʙʨʘʟʫʝʪʩʷ 29,125 ʛ ʙʝʣʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʥʝ ʨʘʩʪʚʦʨʠʤ ʥʠ ʚ ʱʝʣʦʯʘʭ, ʥʠ ʚ 

ʢʠʩʣʦʪʘʭ.  

Y2 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ Y1 ʦʩʪʦʨʦʞʥʳʤ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ 63 ęC. ʇʨʠ ʵʪʦʤ 
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ʤʘʩʩʘ ʪʚʸʨʜʦʛʦ ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʵʪʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 85,60 % ʦʪ ʠʩʭʦʜʥʦʡ. 

1. ʆʧʨʝʜʝʣʠʪʝ ʩʦʩʪʘʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʝʢʩʪʝ ʟʘʜʘʯʠ ʤʠʥʝʨʘʣʦʚ. 

2. ʂʘʢʫʶ ʦʢʨʘʩʢʫ ʠʤʝʶʪ ʤʠʥʝʨʘʣʳ Y1 ״ Y3 ʠ ʚʝʱʝʩʪʚʦ X? ʆʙʦʩʥʫʡʪʝ 

ʩʜʝʣʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ 

ʚʝʱʝʩʪʚʦ X:  

 

ɺʝʱʝʩʪʚʘ A, ɹ, ɺ  ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ɺʝʱʝʩʪʚʦ ɾ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ 

ʪʝʨʝ̫ʪ 10,59 % ʩʚʦʝʡ ʤʘʩʩʳ ʠ ʩʪʘʥʦʚʷʪʩʷ ʩʢʣʦʥʥʳʤʠ ʢ ʜʝʪʦʥʘʮʠʠ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 1.840 ʛ ɿ ʩ 1.126 ʛ KCſCCH3 ʨʘʩʪʚʦʨ ʩʪʘʥʦʚʠʪʩʷ ʟʝʣʝʥʳʤ, ʘ 

ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʚʘʢʫʫʤʝ, 

ʦʩʪʘʝʪʩʷ 0.738 ʛ ʞʝʣʪʦʛʦ ʀ. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 0,01 ʤʦʣʴ E ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʚʳʜʝʣʷʝʪʩʷ 112 ʤʣ (ʥ.ʫ.) ʙʝʩʮʚʝʪʥʦʛʦ ʛʘʟʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ 

ʛʦʨʝʥʠʝ. 

3. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ ɽ, ɾ, ɿ ʠ ʀ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ 

ʫʧʦʤʷʥʫʪʳʭ ʚ ʩʭʝʤʝ ʨʝʘʢʮʠʡ (10 ʨʝʘʢʮʠʡ). 

 

ɿʘʜʘʯʘ 11-3 

ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʤ ʩʪʨʘʜʘʝʪ ʦʢʦʣʦ 1% ʣʶʜʝʡ ʩʪʘʨʰʝ 60 

ʣʝʪ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʩʠʤʧʪʦʤʘʤʠ ʵʪʦʡ ʙʦʣʝʟʥʠ ʷʚʣʷʶʪʩʷ ʤʳʰʝʯʥʘʷ ʨʠʛʠʜʥʦʩʪʴ, 

ʪʨʝʤʦʨ, ʥʠʟʢʘʷ ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʜʨ. ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ ʚʳʟʚʘʥʘ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʛʠʙʝʣʴʶ ʥʝʡʨʦʥʦʚ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʥʝʡʨʦʤʝʜʠʘʪʦʨ 
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ʜʦʬʘʤʠʥ (2-(3,4-ʜʠʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʵʪʠʣʘʤʠʥ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʟʥʴ 

ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʠʟʣʝʯʠʤʦʡ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʣʝʢʘʨʩʪʚ, 

ʦʙʣʝʛʯʘʶʱʠʭ ʝʸ ʩʠʤʧʪʦʤʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 

ʘʥʪʠʧʘʨʢʠʥʩʦʥʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ ʷʚʣʷʝʪʩʷ çʣʝʚʦʜʦʧʘè, ʜʝʡʩʪʚʫʶʱʠʤ 

ʚʝʱʝʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ L-Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʘ X, ʢʦʪʦʨʘʷ ʚ ʦʨʛʘʥʠʟʤʝ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʦʬʘʤʠʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ. 

1. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʜʦʬʘʤʠʥʘ ʠ ʩʦʝʜʠʥʝʥʠʷ X (ʩ 

ʫʢʘʟʘʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ). 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʣʝʯʝʥʠʶ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, ʨʘʩʱʝʧʣʷʶʱʠʭ 

ʜʦʬʘʤʠʥ. ʂ ʪʘʢʠʤ ʧʨʝʧʘʨʘʪʘʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʘʛʠʣʠʥ (Y) ʠ ʩʝʣʝʛʠʣʠʥ (Z), 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪ ʤʦʥʦʘʤʠʥʦʦʢʩʠʜʘʟʫ ʪʠʧʘ ɹ (ʄɸʆ-ɹ). ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʩʭʝʤʳ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʜʣʷ Y ʧʨʠʚʝʜʸʥ ʩʠʥʪʝʟ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ 

ʵʥʘʥʪʠʦʤʝʨʦʚ). 

 

2. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ AïJ, Y ʠ Z. ɼʣʷ 

ʩʦʝʜʠʥʝʥʠʡ E-J ʠ Z ʫʢʘʞʠʪʝ ʩʪʝʨʝʦʭʠʤʠʶ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʩʪʝʨʝʦʭʠʤʠʠ ʢʘʞʜʘʷ ʩʪʨʫʢʪʫʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʘʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ). 
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ɿʘʜʘʯʘ 11-4 

ɿʜʦʨʦʚʳʡ ʩʦʥ ʠ ʦʪʣʠʯʥʦʝ ʥʘʩʪʨʦʝʥʠʝ 

ɽʜʠʥʩʪʚʦ ʠ ʙʦʨʴʙʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ 

ʕʥʛʝʣʴʩ, ʦʜʠʥ ʠʟ ʟʘʢʦʥʦʚ ʜʠʘʣʝʢʪʠʢʠ 

ʈʝʛʫʣʷʮʠʶ ʩʥʘ ʠ ʙʠʦʨʠʪʤʦʚ ʯʝʣʦʚʝʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ 

ʦʩʚʝʱʸʥʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʨʤʦʥʘ 

ʤʝʣʘʪʦʥʠʥʘ (Z) ʚ ʢʨʦʚʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɺ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʤʝʣʘʪʦʥʠʥ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠʟ ʩʝʨʦʪʦʥʠʥʘ (X), ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪʳ ʪʨʠʧʪʦʬʘʥʘ ʚ ʜʚʫʭʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʛʠʜʨʦʢʩʠʣʘʟʳ ʠ ʜʝʢʘʨʙʦʢʩʠʣʘʟʳ. ʆʜʥʘʢʦ ʤʝʣʘʪʦʥʠʥ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʩʝʨʦʪʦʥʠʥʘ ʠ ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ 

ʩʭʝʤʝ. 

 

ʉʝʨʦʪʦʥʠʥ ʷʚʣʷʝʪʩʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʤʥʦʛʠʝ ʬʫʥʢʮʠʠ ʚ 

ʦʨʛʘʥʠʟʤʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʵʤʦʮʠʠ, ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʚʦʨʯʝʩʢʦʝ 

ʤʳʰʣʝʥʠʝ ʠ ʜʚʠʛʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ. ɼʝʬʠʮʠʪ ʩʝʨʦʪʦʥʠʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʫʩʪʘʣʦʩʪʠ ʠ ʥʘʨʫʰʘʝʪ ʚʳʨʘʙʦʪʢʫ ʤʝʣʘʪʦʥʠʥʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʩʥʘ. ɼʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʫʪʦʯʥʳʭ ʨʠʪʤʦʚ ʤʝʣʘʪʦʥʠʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʚ ʪʘʙʣʝʪʢʘʭ ʜʣʷ 

ʦʙʣʝʛʯʝʥʠʷ ʟʘʩʳʧʘʥʠʷ ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʘ. 

1. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʶʪ ʬʝʨʤʝʥʪʘʤʠ? ʏʝʤ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ? 

2. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʝʨʦʪʦʥʠʥʘ X ʠ ʚʝʱʝʩʪʚʘ Y. 

3. ʇʨʝʚʨʘʱʝʥʠʝ ʍ ʚ Y ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʍ ʠʟʙʳʪʢʦʤ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ (ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʍ) ʥʘʨʷʜʫ ʩ Y ʦʙʨʘʟʫʶʪʩʷ ʠ ʜʨʫʛʠʝ 

ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʱʝʣʦʯʴʶ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ Y. ʇʨʠʚʝʜʠʪʝ 
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ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʧʦʙʦʯʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʭʠʤʠʯʝʩʢʠʡ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʝʨʦʪʦʥʠʥʘ X ʠʟ ʙʝʥʟʘʣʴʜʝʛʠʜʘ. 

 

4. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʜʠʷ ʧʨʝʚʨʘʱʝʥʠʷ E ʚ F ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʘ G ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ. ʈʘʩʰʠʬʨʫʡʪʝ ʩʭʝʤʫ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʥʘʧʠʰʠʪʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʨʦʜʫʢʪʦʚ AïI .  

 

ɿʘʜʘʯʘ 11-5 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʦʜʦʨʦʜʦʤ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʠʟʫʯʘʝʤʳʭ 

ʨʝʘʢʮʠʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ɽʝ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪ, ʥʘʜʝʷʩʴ ʫʤʝʥʴʰʠʪʴ ʧʘʨʥʠʢʦʚʳʡ 

ʵʬʬʝʢʪ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʥʘʫʯʠʪʴʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʜʝʰʝʚʦʝ ʪʦʧʣʠʚʦ ʠʟ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʥʝʩʸʥʥʳʝ ʥʘ ʠʥʝʨʪʥʫʶ ʧʦʜʣʦʞʢʫ. 

ɺ ʦʜʥʦʤ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʤʝʩʴ CO2 ʠ H2, ʚʟʷʪʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ, ʥʘʛʨʝʚʘʣʠ ʚ ʢʘʤʝʨʝ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ ʜʦ 350 Áʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Rh ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʢʫʙʠʢʠ ʤʝʪʘʣʣʘ ʨʘʟʤʝʨʦʤ 

37 ʥʤ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ Al2O3. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʶʪ ʪʦʣʴʢʦ ʜʚʝ 

ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʨʝʘʢʮʠʠ ï ʦʜʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʤʦʣʝʢʫʣ (ʧʨʦʜʫʢʪ I ), 

ʜʨʫʛʘʷ ï ʙʝʟ (ʧʨʦʜʫʢʪ II ).  

1. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʦʙʝʠʭ ʨʝʘʢʮʠʡ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʧʨʦʜʫʢʪʳ 

ʣʝʛʯʝ ʚʦʟʜʫʭʘ. 
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ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

ˉ 

ʵʢʩʧ. 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ʂ 

ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʘʪʤ 

ɼʘʚʣʝʥʠʝ ʯʝʨʝʟ 5 ʤʠʥ, 

ʘʪʤ 

p0(CO2) p0(H2) ʆʙʱʝʝ p(H2O) 

1 623 0.20 1.00 1.08 0.16 

2 623 0.20 1.50 1.52  

3 623 0.10 0.50 0.56  

4 663 0.20 1.00 0.90  

 

2. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʜʫʢʪʫ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʜʦʣʶ ʨʝʘʛʝʥʪʘ, ʧʨʝʚʨʘʪʠʚʰʝʛʦʩʷ ʚ ʵʪʦʪ ʧʨʦʜʫʢʪ, ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʨʝʘʛʝʥʪʘ. ʅʘʡʜʠʪʝ ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ I  ʠ II  ʚ ʧʝʨʚʦʤ ʦʧʳʪʝ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ I . 

3. ʆʧʨʝʜʝʣʠʪʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʦʨʷʜʢʠ ʧʦ ʨʝʘʛʝʥʪʘʤ ʚ ʨʝʘʢʮʠʠ 1, ʪ. ʝ. 

ʢʦʵʬʬʠʮʠʝʥʪʳ x ʠ y ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ: 

2 2

I

CO H

x yp
r kp p

t
 

ʈʘʩʩʯʠʪʘʡʪʝ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ I. 

4. ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ: ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ I  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 10 ʨʘʟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 623 ʂ, ʪʦʛʜʘ 

ʢʘʢ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ II  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʆʮʝʥʠʪʝ 

ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ I . 

5. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ I  ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʦʡ: 

  CO2(ʛ) + 2é  é + é 

  H2(ʛ) + 2é  2é 

  é + é  CHO* + é 

  CHO* + é  é + é 

  é + 3é  CH4(ʛ) + 4é 

  é + 2é  H2O(ʛ) + 3é 
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ɺʩʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʢʘʟʘʥʳ, ʥʝ ʚʩʝ ʨʝʘʢʮʠʠ 

ʵʣʝʤʝʥʪʘʨʥʳ. ɿʘʧʦʣʥʠʪʝ ʧʨʦʧʫʱʝʥʥʳʝ ʤʝʩʪʘ (ʩʚʦʙʦʜʥʳʡ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʦʟʥʘʯʴʪʝ (*), ʣʶʙʫʶ ʯʘʩʪʠʮʫ X ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ï 

X*). 

6. ʅʘʥʦʯʘʩʪʠʮʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʛʦʪʦʚʠʣʠ ʠʟ 12 ʤʛ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ 

ʭʣʦʨʠʜʘ ʨʦʜʠʷ RhCl3 3H2O ʠ ʥʘʥʝʩʣʠ ʥʘ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

10 ʤ
2
. ʈʘʩʩʯʠʪʘʡʪʝ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʨʦʜʠʷ (ʚ ʤ

2
/ʛ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʧʦʜʣʦʞʢʦʡ ʥʝ ʫʯʠʪʳʚʘʡʪʝ). ʉʯʠʪʘʷ, ʯʪʦ 

ʢʘʪʘʣʠʟʘʪʦʨ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʧʦʜʣʦʞʢʝ ʨʘʚʥʦʤʝʨʥʦ, ʦʮʝʥʠʪʝ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʦʜʣʦʞʢʝ ʙʦʣʴʰʝ ʨʘʟʤʝʨʘ 

ʩʘʤʠʭ ʯʘʩʪʠʮ?  

ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ: 

ʇʣʦʪʥʦʩʪʴ ʨʦʜʠʷ 12.4 ʛ/ ʩʤ
3
. 

ʋʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ: ln ( ) const aE
k T

RT
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ɿʘʜʘʥʠʷ ʚʪʦʨʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ 

ɼʦʨʦʛʠʝ ʫʯʘʩʪʥʠʢʠ! 

ɺʦ ʚʪʦʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʪʫʨ ʚʢʣʶʯʝʥʳ ʯʝʪʳʨʝ ʙʣʦʢʘ ʟʘʜʘʯ: 

çʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷè, çʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷè, çʍʠʤʠʷ ʠ ʞʠʟʥʴè ʠ 

çʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷè. ʂʘʞʜʘʷ ʟʘʜʘʯʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 25 ʙʘʣʣʦʚ. ɺ ɺʘʰ ʘʢʪʠʚ 

ʙʫʜʫʪ ʟʘʯʪʝʥʳ ʯʝʪʳʨʝ (4) ʨʝʰʸʥʥʳʝ ɺʘʤʠ ʟʘʜʘʯʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ.  

ʆʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ: 

- ʫʯʘʩʪʥʠʢʠ ʠʟ 9 ʢʣʘʩʩʦʚ ʚʳʙʠʨʘʶʪ ʟʘʜʘʯʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʠʟ ʜʚʫʭ (2) 

ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʦʚ; 

- ʫʯʘʩʪʥʠʢʠ ʠʟ 10 ʢʣʘʩʩʦʚ ʚʳʙʠʨʘʶʪ ʟʘʜʘʯʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʠʟ ʪʨʸʭ (3) 

ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʦʚ, ʧʨʠʯʝʤ ʠʟ ʙʣʦʢʘ çʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ 

ʪʦʣʴʢʦ ʠʟ ʟʘʜʘʯ 5, 6, 7, 8; 

- ʫʯʘʩʪʥʠʢʠ ʠʟ 11 ʢʣʘʩʩʦʚ ʚʳʙʠʨʘʶʪ ʧʦ ʦʜʥʦʡ ʟʘʜʘʯʝ ʠʟ ʢʘʞʜʦʛʦ ʙʣʦʢʘ, 

ʧʨʠʯʝʤ ʠʟ ʙʣʦʢʘ çʅʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʪʦʣʴʢʦ ʠʟ 

ʟʘʜʘʯ 7, 8. 

ɾʝʣʘʝʤ ʫʜʘʯʠ! 
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ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɿʘʜʘʯʘ 1 (9 ʢʣʘʩʩ) 

ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʩʠʣʦʡ 0,2 A ʯʝʨʝʟ 50 ʤʣ ʞʠʜʢʦʩʪʠ 

X ʥʘ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʧʣʘʪʠʥʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩʨʘʟʫ ʞʝ (t0) ʥʘʯʘʣʦʩʴ ʚʳʜʝʣʝʥʠʝ 

ʛʘʟʘ (ʢʘʪʦʜʥʦʝ ʠ ʘʥʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʜʝʣʝʥʳ). ɺʩʢʦʨʝ (t1 = 51 ʤʠʥ. 30 ʩʝʢ.) 

ʛʘʟ ʥʘʯʘʣ ʚʳʜʝʣʷʪʴʩʷ ʠ ʥʘ ʚʪʦʨʦʤ ʵʣʝʢʪʨʦʜʝ. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ (t2) 

ʵʣʝʢʪʨʦʣʠʟ ʟʘʢʦʥʯʠʣʠ. ɻʘʟʳ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ, ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʡʦʜʠʜʘ ʢʘʣʠʷ. ʉʜʝʣʘʥʥʳʝ ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ: 

ʄʦʤʝʥʪ 

ʦʪʙʦʨʘ 

ʧʨʦʙʳ 

ʛʘʟʘ 

ʅʘʙʣʶʜʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʡʦʜʠʜʘ ʢʘʣʠʷ... 

...ʛʘʟʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʥʘ 

ʧʝʨʚʦʤ ʵʣʝʢʪʨʦʜʝ 

...ʛʘʟʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʥʘ 

ʚʪʦʨʦʤ ʵʣʝʢʪʨʦʜʝ 

t0 

ʈʘʩʪʚʦʨ ʚʥʘʯʘʣʝ ʧʨʠʦʙʨʸʣ ʢʦʨʠʯʥʝʚʫʶ 

ʦʢʨʘʩʢʫ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ʠʩʯʝʟʣʘ. 

 ״

t1 

ʈʘʩʪʚʦʨ ʚʥʘʯʘʣʝ ʧʨʠʦʙʨʸʣ ʢʦʨʠʯʥʝʚʫʶ 

ʦʢʨʘʩʢʫ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ʠʩʯʝʟʣʘ. 

ɺʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ 

ʧʨʦʠʟʦʰʣʦ. 

t2 ɺʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʦʠʟʦʰʣʦ 
ɺʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ 

ʧʨʦʠʟʦʰʣʦ. 

ʕʣʝʢʪʨʦʜʳ ʠʟʚʣʝʢʣʠ ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʚʟʚʝʩʠʣʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʘʩʩʘ ʚʪʦʨʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 0,2048 ʛ. 

1. ʆʧʨʝʜʝʣʠʪʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʩʩʳ ʦʩʘʜʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʤʝʰʝʥʠʠ 

ʨʘʚʥʳʭ ʦʙʲʸʤʦʚ ʵʪʦʡ ʞʠʜʢʦʩʪʠ (50 ʤʣ) ʩʦ ʚʟʷʪʳʤʠ ʚ ʠʟʙʳʪʢʝ ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʬʦʩʬʘʪʘ ʥʘʪʨʠʷ ʠ ʘʮʝʪʘʪʘ ʩʚʠʥʮʘ (II), ʨʘʚʥʳ 0,5080 ʠ 1,2541 ʛ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ʂʘʢʦʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʣʠʟ (t2 ״ ?), ʝʩʣʠ ʦʙʲʸʤʳ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʚʳʜʝʣʠʚʰʠʭʩʷ ʥʘ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʘʭ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳ? 

3. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʚ ʪʝʢʩʪʝ ʟʘʜʘʯʠ ʨʝʘʢʮʠʡ. 

ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʡʪʝ ʬʦʨʤʫʣʫ: 

m = (MĀIĀt)/(zĀF), 
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ʛʜʝ m ״ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘ ʢʘʪʦʜʝ ʠʣʠ ʘʥʦʜʝ, [ʛ], M ״ ʝʛʦ 

ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ, [ʛ/ʤʦʣʴ]; I ״ ʩʠʣʘ ʪʦʢʘ, [A]; t ״ ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ, [c]; z ״ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʤʳʭ ʠʣʠ ʦʪʜʘʚʘʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 1 

ʤʦʣʝʢʫʣʫ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʚʝʱʝʩʪʚʘ, F = 96485 ʂʣ/ʤʦʣʴ ״ 

ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ (ʟʘʨʷʜ 1 ʤʦʣʴ ʵʣʝʢʪʨʦʥʦʚ). 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʤʠʪʝ, ʯʪʦ ʚʳʭʦʜʳ ʧʦ ʪʦʢʫ ʩʦʩʪʘʚʣʷʶʪ 100%. 

 

ɿʘʜʘʯʘ 2 (9 ʢʣʘʩʩ) 

ʞʠʚʦʪʥʦʝ + ʩʘʤʦʣʝʪ 

(ʟʘʛʘʜʢʘ) 

ʇʨʦʩʪʦʝ ʚʝʱʝʩʪʚʦ ɸ ʫʯʘʩʪʚʫʝʪ ʚ ʮʝʧʦʯʢʝ ʧʨʝʚʨʘʱʝʥʠʡ: 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ 

ʚʦʜʝ ʜʘʶʱʠʡ ʢʠʩʣʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ, C ï ʙʝʩʮʚʝʪʥʫʶ ʷʜʦʚʠʪʫʶ ʞʠʜʢʦʩʪʴ, ʘ G 

ï ʙʝʩʮʚʝʪʥʳʡ ʷʜʦʚʠʪʳʡ ʛʘʟ. ʉʦʝʜʠʥʝʥʠʝ ʅ ï ʧʝʨʚʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 

ɸ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʜʫʨʥʦ ʧʘʭʥʫʱʫʶ ʞʠʜʢʦʩʪʴ (7.08% ʢʠʩʣʦʨʦʜʘ, 21.24% 

ʫʛʣʝʨʦʜʘ ʧʦ ʤʘʩʩʝ), ï ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʘ ɽ ʥʘ ʚʦʜʥʳʡ ʘʮʝʪʘʪ 

ʢʘʣʠʷ. ʈʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ɿʘʜʘʥʠʝ: 

1. ʆʧʨʝʜʝʣʠʪʝ, ʦ ʢʘʢʠʭ ʚʝʱʝʩʪʚʘʭ ʠʜʝʪ ʨʝʯʴ ʚ ʟʘʜʘʯʝ (ʚʝʱʝʩʪʚʘ A ï G), 

ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʭʝʤʝ ʨʝʘʢʮʠʡ (10 ʨʝʘʢʮʠʡ). 

2. ʆʧʨʝʜʝʣʠʪʝ ʩʦʩʪʘʚ ʅ ʠ ʧʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

3. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ɽ ʥʝ ʦʙʨʘʟʫʝʪ ʜʠʤʝʨʦʚ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

AlCl 3? 

4. ʈʝʘʢʮʠʷ G Ÿ A ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʝʡ ʜʝʥʴ, 

ʧʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʪʣʠʯʠʪʴ ɸ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ 
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ʚʠʜʝ ʩʝʨʦʛʦ ʥʘʣʝʪʘ, ʦʪ ʝʛʦ ʙʦʣʝʝ ʪʷʞʝʣʦʛʦ ʘʥʘʣʦʛʘ ʧʦ ʪʘʙʣʠʮʝ 

ʄʝʥʜʝʣʝʝʚʘ? 

 

ɿʘʜʘʯʘ 3 (9 ʢʣʘʩʩ) 

ʖʥʳʡ ʭʠʤʠʢ ʚʟʷʣ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ɸ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʤʝʥʪ ʍ, ʨʘʩʪʚʦʨʠʣ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ  (ʨ-ʮʠʷ 1). ʇʦʩʣʝ ʵʪʦʛʦ 

ʜʦʙʘʚʠʣ ʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʠʟʙʳʪʦʢ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ 

ʧʨʦʧʫʩʪʠʣ ʯʝʨʝʟ ʥʝʛʦ ʪʦʢ ʭʣʦʨʘ (ʨ-ʮʠʷ 2). ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʣʩʷ ʙʝʩʮʚʝʪʥʳʡ 

ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ ɹ. 

ʈʘʩʪʚʦʨ ʩʦʣʠ ɹ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʣʩʷ ʪʘʢʞʝ ʠʟʙʳʪʦʢ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, 

ʖʥʳʡ ʭʠʤʠʢ ʩʤʝʰʘʣ ʩ ʨʘʩʪʚʦʨʦʤ ʙʣʝʜʥʦ-ʨʦʟʦʚʦʡ ʩʦʣʠ B ʤʝʪʘʣʣʘ Y. ʇʨʠ ʵʪʦʤ 

ʧʦʣʫʯʠʣʩʷ ʷʨʢʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ (ʨ-ʮʠʷ 3), ʧʨʠ ʚʳʩʘʣʠʚʘʥʠʠ
1
 ʵʪʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʣ ʦʩʘʜʦʢ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ ɻ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʖʥʳʡ ʭʠʤʠʢ ʥʘʛʨʝʚʘʣ 0,5000 ʛ ɻ ʝʛʦ 

ʧʨʠ 150Áʉ ʧʦʢʘ ʤʘʩʩʘ ʥʝ ʧʝʨʝʩʪʘʣʘ ʠʟʤʝʥʷʪʴʩʷ, ʤʘʩʩʘ ʦʩʪʘʪʢʘ ʩʦʩʪʘʚʠʣʘ 

0,3664 ʛ (ʨ-ʮʠʷ 4). ɼʘʣʝʝ ʖʥʳʡ ʭʠʤʠʢ ʧʨʦʧʫʩʪʠʣ ʚ ʪʦʢ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ ʚ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 0,5000ʛ ɻ  (ʨ-ʮʠʷ 5). ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʨʝʘʢʮʠʠ ʦʥ ʥʘʛʨʝʣ 

ʨʘʩʪʚʦʨ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʨʘʟʜʝʣʠʣ ʝʛʦ ʥʘ ʜʚʝ 

ʨʘʚʥʝr ʯʘʩʪʠ. ʂ ʧʝʨʚʦʡ ʦʥ ʜʦʙʘʚʠʣ ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ 

(ʨ-ʮʠʷ 6). ʇʨʠ ʵʪʦʤ ʚʳʧʘʣ ʞʝʣʪʦʚʘʪʳʡ ʦʩʘʜʦʢ ɼ ʤʘʩʩʦʡ 0,1452 ʛ. ɸ ʧʦʩʣʝ 

ʦʪʜʝʣʝʥʠʷ ʦʩʘʜʢʘ ʢ ʬʠʣʴʪʨʘʪʫ ʖʥʳʡ ʭʠʤʠʢ ʜʦʙʘʚʠʣ ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ 

ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʙʘʨʠʷ (ʨ-ʮʠʷ 7). ɺʳʧʘʚʰʠʡ ʙʝʣʳʡ ʦʩʘʜʦʢ ɽ ʦʥ ʦʪʜʝʣʠʣ 

ʚʳʩʫʰʠʣ ʠ ʚʟʚʝʩʠʣ, ʝʛʦ ʤʘʩʩʘ ʩʦʩʪʘʚʠʣʘ 0,6252 ʛ. ɺʪʦʨʫʶ ʯʘʩʪ ɹʨʘʩʪʚʦʨʘ ʖʥʳʡ 

ʭʠʤʠʢ ʦʭʣʘʜʠʣ ʠ ʜʦʙʘʚʠʣ ʢ ʥʝʡ ʨʘʩʪʚʦʨ ʛʠʜʨʦʩʫʣʴʬʠʜʘ ʘʤʤʦʥʠʷ (ʨ-ʮʠʷ 8). ʇʨʠ 

ʵʪʦʤ ʦʙʨʘʟʦʚʘʣʩʷ ʦʩʘʜʦʢ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ ɾ, ʩʦʜʝʨʞʘʱʠʡ ʤʝʪʘʣʣ Y, ʢʦʪʦʨʳʡ 

ʖʥʳʡ ʭʠʤʠʢ ʦʪʜʝʣʠʣ ʠ ʚʳʩʫʰʠʣ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ 100Áʉ, ʤʘʩʩʘ ʦʩʘʜʢʘ 

ʩʦʩʪʘʚʠʣʘ 0,0179 ʛ. 

  

                                           

1
 ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩʥʠʞʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʝʱʝʩʪʚʘ ɻ 
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ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

ɺʝʱʝʩʪʚʦ ɸ ʩʧʦʩʦʙʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʫʛʘʨʥʳʤ ʛʘʟʦʤ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (ʨ-ʮʠʷ 9). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʪʦʝ 

ʚʝʱʝʩʪʚʦ ɿ, ʢʦʪʦʨʦʝ ʦʢʨʘʰʠʚʘʝʪ ʢʨʘʭʤʘʣ, ʠ ʙʝʩʮʚʝʪʥʳʡ ʛʘʟ ʀ, ʚʭʦʜʷʱʠʡ ʚ 

ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦ ʚʦʜʦʨʦʜʫ ʨʘʚʥʦʡ 21.83. 

ɺʝʱʝʩʪʚʦ ɹ ʷʚʣʷʝʪʩʷ ʩʦʣʴʶ ʢʠʩʣʦʪʳ ʂ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʩʨʝʜʥʶʶ ʩʦʣʴ 

ʩʝʨʝʙʨʘ ʃ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʣʴ ɺ ʜʘʝʪ ʦʩʘʜʦʢ ɽ ʩ ʩʦʣʷʤʠ ʙʘʨʠʷ. ɺ ʧʨʠʨʦʜʝ ʤʝʪʘʣʣ Y 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʢʩʠʜʘ M . 

ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʵʣʝʤʝʥʪʦʚ ʍ ʠ Y ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʷʭ: 

 A ɹ B ɼ ʃ M 

(X), % 76.04 43.18  54.05 16.65  

(Y), %   19.84   63.20 

ɺʦʧʨʦʩʳ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪʳ X, Y, ʚʝʱʝʩʪʚʘ ɸ - ʄ. ʆʪʚʝʪ ʦʙʦʩʥʫʡʪʝ. ʉʦʩʪʘʚ ɸ, 

ɹ, ɺ, ɼ, ʃ, ʄ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ. 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠ ̫ ʨʝʘʢʮʠʡ (1 ï 9). ʈʝʘʢʮʠʠ 6 - 8 ʥʘʧʠʰʠʪʝ ʚ 

ʩʦʢʨʘʱʝʥʥʦʡ ʠʦʥʥʦʡ ʬʦʨʤʝ. 

3. ʇʦʯʝʤʫ ʚʝʱʝʩʪʚʦ ɾ ʁ ʥʳʡ ʭʠʤʠʢ ʩʫʰʠʣ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ? ʏʪʦ 

ʧʨʦʠʟʦʡʜʝʪ, ʝʩʣʠ ʥʘʛʨʝʚʘʪʴ ʵʪʦ ʚʝʱʝʩʪʚʦ ʥʘ ʚʦʟʜʫʭʝ, ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ. 

 

ɿʘʜʘʯʘ 4 (9 ʢʣʘʩʩ) 

ʉʦʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʢʠʩʣʦʪʳ ʍ1, ʩʦʜʝʨʞʘʱʝʡ ʵʣʝʤʝʥʪ ɸ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ  ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʠʥʘʨʥʦʛʦ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ɸ1 ʠ 

ʢʠʩʣʳʭ ʩʦʣʝʡ ʢʠʩʣʦʪʳ ʍ2 (ʨʝʘʢʮʠʷ 1). ʈʘʩʪʚʦʨ ʙʝʟʚʦʜʥʦʡ ʢʠʩʣʦʪ r ʍ1 ʚ 

ʜʠʵʣʦʚʦʤ ʵʬʠʨʝ ʨʘʟʣʘʛʘʝʪʩʷ ʚʳʰʝ -5
ʦ
ʉ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ɸ1 ʠ A2 - ʘʥʛʠʜʨʠʜ 

ʫʩʪʦʡʯʠʚʦʡ ʢʠʩʣʦʪʳ ʍ3 (ʨʝʘʢʮʠʷ 2).  

ʅʘʪʨʠʝʚʫʶ ʩʦʣʴ ɸ3 ʢʠʩʣʦʪʳ ʍ1 ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ çʬʠʢʩʘʞè ʚ ʬʦʪʦʛʨʘʬʠʠ 

ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʙʨʦʤʠʜʘ ʩʝʨʝʙʨʘ (ʨʝʘʢʮʠʷ 3). ʀʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 
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ʚʳʜʝʣʝʥʘ ʩʦʣʴ ɸ4, ʩʦʜʝʨʞʘʱʘʷ 19.32 % ʩʝʨʝʙʨʘ ʠ 34.35 % ʵʣʝʤʝʥʪʘ ɸ. 

ʂʠʩʣʳʝ ʩʦʣʠ ʢʠʩʣʦʪʳ ʍ2 ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʫʤʝʨʝʥʥʦʡ ʩʠʣʳ. ɺ ʨʝʘʢʮʠʠ ʩ 

ʠʦʜʦʤ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʦʙʲʝʤʥʦʤ ʘʥʘʣʠʟʝ, ʧʦʣʫʯʘʶʪʩʷ ʩʦʣʠ ʢʠʩʣʦʪʳ ʍ3 

(ʨʝʘʢʮʠʷ 4). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ 

ʘʥʛʠʜʨʠʜʦʤ ʢʠʩʣʦʪʳ ʍ2 ʧʦʣʫʯʘʝʪʩʷ ʩʦʣ ɹʢʠʩʣʦʪʳ ʍ4 (ʨʝʘʢʮʠʷ 5). ɹʝʟʚʦʜʥʘʷ 

ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ɸ5 ʢʠʩʣʦʪʳ ʍ4 ʩʦʜʝʨʞʠʪ 26.43% ʥʘʪʨʠʷ. ʉʦʣʴ ɸ5  ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ ʜʘʝʪ ɸ3  (ʨʝʘʢʮʠʷ 6)  

ʂʠʩʣʦʪʘ ʍ5 ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʥʪʠʥʘʢʠʧʠʥʘ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɸ2 ʩ 

ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʤʤʠʘʢʘ (ʨʝʘʢʮʠʷ 7). ʉʦʣʠ ʢʠʩʣʦʪʳ ʍ5 ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʠʨʦʪʝʭʥʠʢʝ. ʂʘʣʠʡʥʫʶ ʩʦʣʴ ɸ6 ʢʠʩʣʦʪʳ ʍ5 ʧʦʣʫʯʘʶʪ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪʳ ʍ5 ʩ ʢʠʩʣʦʡ ʩʦʣʴʶ ʢʠʩʣʦʪʳ ʍ3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ (ʨʝʘʢʮʠʷ 8). 

1. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ ɸ. ʆʪʚʝʪ ʦʙʦʩʥʫʡʪʝ. 

2. ʋʩʪʘʥʦʚʠʪʝ ʬʦʨʤʫʣ rʩʦʝʜʠʥʝʥʠʡ ʍ1 ï ʍ5 ʠ ɸ1 ï ɸ6. ɺʦ ʚʩʝ ʫʧʦʤʷʥʫʪʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʠʪ ʵʣʝʤʝʥʪ ɸ. 

3. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 8. ʈʝʘʢʮʠʠ 1, 4, 5 ʥʘʧʠʰʠʪʝ ʚ 

ʩʦʢʨʘʱʝʥʥʦʡ ʠʦʥʥʦʡ ʬʦʨʤʝ. 

4. ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʤʦʣʝʢʫʣʳ ɸ2 ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʪʨʠʤʝʨʦʤ. 

ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʳ ɸ2, ʪʨʠʤʝʨʘ ɸ2, ʘʥʠʦʥʘ ʢʠʩʣʦʪʳ ʍ4 ʠ ʢʠʩʣʦʪʳ 

ʍ5. 
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ʕʣʝʤʝʥʪ X ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʘ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʦʢʨʘʩʢʫ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘ X ʚʦ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʝʤʫ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʚʝʱʝʩʪʚʘ A, ʨʘʟʙʘʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ (ʤʘʣʠʥʦʚʦʛʦ 

ʮʚʝʪʘ) ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʳʪʫ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʨʠʤʝʨʳ ʧʦʜʦʙʥʳʭ ʩʠʥʪʝʟʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʩʭʝʤʝ. 
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ɺʩʝ ʟʘʰʠʬʨʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʪ ʵʣʝʤʝʥʪ X. A, C ï M  ï 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ B ï ʞʠʜʢʦʩʪʴ. ʆʢʨʘʩʢʘ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ X ʚ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʉʦʝʜʠʥʝʥʠʝ ʎʚʝʪ ʩʦʝʜʠʥʝʥʠʷ 
ʄʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʘ X, % 

A ʊʝʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ 34,76 

B 
ʊʝʤʥʦ-ʟʝʣʝʥʳʡ (ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ), 

ʪʝʤʥʦ-ʢʨʘʩʥʳʡ (ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ) 
49,55 

C ʏʝʨʥʳʡ 15,88 

D ʊʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ (ʙʫʨʳʡ)  

E ʊʝʤʥʦ-ʟʝʣʝʥʳʡ  

F ʉʠʥʠʡ  

G ʉʚʝʪʣʦ-ʨʦʟʦʚʳʡ 22,42 

H ɿʦʣʦʪʠʩʪʳʡ  

J ʉʠʥʝʚʘʪʦ-ʬʠʦʣʝʪʦʚʳʡ 13,03 

K ɹʝʣʳʡ  

L ʉʚʝʪʣʦ-ʨʦʟʦʚʳʡ 30,69 

M ʂʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʳʡ 11,20 

ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ 0,1 ʤʦʣʴ ʚʝʱʝʩʪʚʘ ʉ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 14,9 ʛ KCl ʠ ʫʜʫʰʣʠʚʳʡ ʞʝʣʪʦ-ʟʝʣʝʥʳʡ ʛʘʟ 

(ʨʝʘʢʮʠʷ 14), ʥʘ ʧʦʣʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ 160 ʤʣ 1,25 ʄ ʛʦʨʷʯʝʛʦ 

ʨʘʩʪʚʦʨʘ NaOH (ʨʝʘʢʮʠʷ 15). 
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ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 0,1 ʤʦʣʴ ʚʝʱʝʩʪʚʘ F ʚ ʚʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ 

ʚʝʱʝʩʪʚʘ E (pH > 7) ʠ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ D ʤʘʩʩʦʡ 4,35 ʛ (ʨʝʘʢʮʠʷ 16). 

ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʟʝʣʝʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʚʳʧʘʜʝʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʘ D ʠ ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʥʘ 

ʤʘʣʠʥʦʚʫʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ A (ʨʝʘʢʮʠʷ 17). 

ɺ ʩʦʝʜʠʥʝʥʠʷʭ G, J ʠ L  ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ X ʦʜʠʥʘʢʦʚʘʷ; ʚ J, K  ʠ M  

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʨʘʚʥʦ ʰʝʩʪʠ; ʵʪʘʥʦʣ ʚ ʨʝʘʢʮʠʠ 8, 

ʪʨʠʵʪʠʣʘʣʶʤʠʥʠʡ ʚ ʨʝʘʢʮʠʠ 9 ʠ ʘʣʶʤʠʥʠʡ ʚ ʨʝʘʢʮʠʠ 11 ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. 

ɺʦʧʨʦʩʳ: 

1. ʅʘʧʠʰʠʪʝ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʩʭʝʤʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 

(13 ʫʨʘʚʥʝʥʠʡ). ʋʩʪʘʥʦʚʠʪʝ ʠ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ 

A, B, C, G, J, L  ʠ M . 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 14 ï 17. 

3. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ H. 
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X ï ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʳʡ ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʩʧʣʘʚʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ
2
. ʊʦʥʢʠʡ ʧʦʨʦʰʦʢ ʤʝʪʘʣʣʘ ʍ ʨʝʘʛʠʨʫʝʪ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ ɸ, ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʙʝʣʳʤ ʧʠʛʤʝʥʪʦʤ ʚ ʢʨʘʩʢʘʭ. ʉʧʝʢʘʥʠʝʤ ʤʝʪʘʣʣʘ ʍ ʩ ʝʛʦ ʦʢʩʠʜʦʤ ɸ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ɺ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɸ ʩ ʫʛʣʝʤ ʠ ʭʣʦʨʦʤ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʉ, ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʪʦ ʞʠʜʢʦʩʪʴ.  

ʄʝʪʘʣʣ X ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʬʠʦʣʝʪʦʚʳʡ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ D. ʄʝʪʘʣʣ ʍ ʨʝʘʛʠʨʫʝʪ ʩ ʠʦʜʦʤ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

(CH3CN), ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʚʠʜʝ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʚʝʱʝʩʪʚʦ E. ɺ ʵʪʦʤ ʠʦʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʘʪʠʦʥ ʤʝʪʘʣʣʘ ʍ 

                                           
2
 ʉʧʣʘʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ  ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʝ 

ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ 



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

33 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ
3
 ʘʪʦʤʦʚ ʘʟʦʪʘ, ʘ ʚʩʝ  ʘʥʠʦʥʳ ʠʜʝʥʪʠʯʥʳ.  

ɺʝʱʝʩʪʚʦ ʉ ʛʠʛʨʦʩʢʦʧʠʯʥʦ ʠ çʜʳʤʠʪè ʥʘ ʚʦʟʜʫʭʝ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉ ʩ 

ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ ʦʙʨʘʟʫʝʪʩʷ ʙʝʣʦʝ ʚʝʱʝʩʪʚʦ F, ʥʘʛʨʝʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ɸ. ɺʝʱʝʩʪʚʦ F ʥʘʟʳʚʘʶʪ ʢʠʩʣʦʪʦʡ, ʥʦ ʩ ʱʝʣʦʯʘʤʠ ʦʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʝʘʛʠʨʫʝʪ, ʟʘʪʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚʘ G, 

ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʨʘʩʪʚʦʨʝ. ɽʩʣʠ ʢ ʨʘʩʪʚʦʨʫ G ʜʦʙʘʚʠʪʴ ʧʝʨʝʢʠʩʴ 

ʚʦʜʦʨʦʜʘ ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʠʟʙʳʪʦʢ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʘ 

ʘʤʤʠʘʢʘ, ʪʦ ʧʨʠ ʨʅ=6 ʧʦʯʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʳʧʘʜʘʝʪ ʜʠʘʤʘʛʥʠʪʥʦʝ 

ʚʝʱʝʩʪʚʦ H. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʉ ʢ ʨʘʩʪʚʦʨʫ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʥʘʪʨʠʷ ʚ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ (ʊɻʌ) ʦʙʨʘʟʫʝʪʩʷ ʚʝʱʝʩʪʚʦ I, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʦ ʠʟ ʪʦʣʫʦʣʘ.  

J ʩʠʥʪʝʟʠʨʫʶʪ, ʜʦʙʘʚʣʷʷ ʨʘʩʪʚʦʨ I   ʢ ʨʘʩʪʚʦʨʫ ʥʘʪʨʠʷ ʠ ʥʘʬʪʘʣʠʥʘ ʚ ʊɻʌ 

ʧʨʠ 25Áʉ. ʇʠʨʦʬʦʨʥʳʝ ʢʨʠʩʪʘʣʣʳ J ʧʦʣʫʯʘʶʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʙʝʥʟʦʣʘ.   

 

ɺ-ʚʦ ( ʍ), % ʎʚʝʪ   ɺ-ʚʦ ( ʍ), % ʎʚʝʪ  

ɺ 66.6 ʬʠʦʣʝʪʦʚʳʡ  H 20.9 ʷʨʢʦ-ʞʝʣʪʳʡ 

E 3.33 ʯʝʨʥʳʡ  I  19.2 ʷʨʢʦ-ʢʨʘʩʥʳʡ 

F 41.3 ʙʝʣʳʡ  J 26.9 ʟʝʣyʥʳʡ 

1) ʆʧʨʝʜʝʣʠʪʝ ʤʝʪʘʣʣ ʍ ʠ ʚʝʱʝʩʪʚʘ A - J, ʦʪʚʝʪ ʦʙʦʩʥʫʡʪʝ. ʉʦʩʪʘʚ ɺ, E, F,  

H, I , J ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ. 

2) ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ. 

3) ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ F ʩ ʨʘʩʪʚʦʨʦʤ NaOH ʠ ɸ ʩ ʨʘʩʧʣʘʚʦʤ 

NaOH. 

4) ʇʨʠʚʝʜʠʪʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʥʘʟʚʘʥʠʝ ʤʠʥʝʨʘʣʘ ʤʝʪʘʣʣʘ ʍ. 

                                           
3
 ɺʦʢʨʫʛ ʘʪʦʤʘ ʍ ʙʣʠʞʘʡʰʠʝ ʩʦʩʝʜʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʘ (ʧʨʘʚʠʣʴʥʳʡ 

ʤʥʦʛʦʛʨʘʥʥʠʢ ʩ ʰʝʩʪʴʶ ʚʝʨʰʠʥʘʤʠ) 

A C
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ɿʘʜʘʯʘ 7 (9,10,11 ʢʣʘʩʩ)r 

ʃʝʪʫʯʝʝ ʢʨʘʩʥʦʝ ʙʠʥʘʨʥʦʝ ʚʝʱʝʩʪʚʦ Y (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʙʦʣʝʝ ʪʷʞʸʣʦʛʦ 

ʵʣʝʤʝʥʪʘ 63,12%) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʠʣʴʥʝʡʰʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʦ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʧʫʪʸʤ ʥʘʛʨʝʚʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʝ ʦʜʥʦʛʦ ʠʟ 

ʥʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ʜʨʫʛʦʛʦ (ʨʝʘʢʮʠʷ 1). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ Y ʩʧʦʩʦʙʥʦ ʨʘʟʣʘʛʘʪʴʩʷ, 

ʜʘʚʘʷ ʚ ʯʠʩʣʝ ʧʨʦʯʠʭ ʧʨʦʜʫʢʪʦʚ Y1 (ʨʝʘʢʮʠʷ 2). ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʪʦʣʴʢʦ ʜʦ Y1 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 6,15%. Y1 ʪʘʢʞʝ ʠʤʝʝʪ ʢʨʘʩʥʳʡ ʮʚʝʪ, ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ 

ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʪʝʪʨʘʤʝʨ, ʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʤʦʥʦʤʝʨʥʦ ʠ ʩʧʦʩʦʙʥʦ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʪʴ ʥʘ Y ʠ Y2 (ʨʝʘʢʮʠʷ 3). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ 1, 2 ʠ 3 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʙʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʘ ʢʦʨʠʯʥʝʚʦʛʦ ʥʘʣʸʪʘ, 

ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʩʦʣʴʶ I, ʩʦʜʝʨʞʘʱʝʡ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ 3 ʵʣʝʤʝʥʪʘ (ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʩʘʤʦʛʦ ʪʷʞʸʣʦʛʦ ʵʣʝʤʝʥʪʘ 57,20%). ʕʪʘ ʩʦʣʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠʤʝʝʪ 

ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʘ (ʚʦʟʛʦʥʷʝʪʩʷ ʧʨʠ 100
ʦ
ʉ), 

ʭʦʪʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ. ʉʦʣʴ I  ʦʙʨʘʟʫʝʪʩʷ ʚ ʭʦʜʝ 

ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟ-ʟʘ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ʙʝʩʮʚʝʪʥʦʛʦ ʛʘʟʘ X (ʦʜʥʦʛʦ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʟʜʫʭʘ) ʩ Y (ʨʝʘʢʮʠʷ 4) ʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʫʢʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 1:1 ʍ ʠ Y, ʦʜʥʘʢʦ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ I  ʥʘʪʦʣʢʥʫʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘ ʤʳʩʣʴ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ çʩʦʣʠ IIè 

(ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʩʦʜʝʨʞʘʪʴ 3 ʵʣʝʤʝʥʪʘ, ʘ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʘʤʦʛʦ 

ʪʷʞʸʣʦʛʦ ʠʟ ʥʠʭ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʩʦʩʪʘʚʣʷʪʴ 44,30%) ʧʨʠ ʟʘʤʝʥʝ ʍ ʥʘ 

ʙʝʩʮʚʝʪʥʳʡ ʪʷʞʸʣʳʡ ʛʘʟ ɸ (çʨʝʘʢʮʠʷ 5è) ʧʦ ʧʨʠʯʠʥʝ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʥʝʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʤʦʣʝʢʫʣ ʵʪʠʭ ʛʘʟʦʚ. ʈʝʘʢʮʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʣʘ ʤʝʩʪʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʚʸʨʜʳʝ ʧʨʦʜʫʢʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʝʧʝʨʝʭʦʜʥʳʡ ʵʣʝʤʝʥʪ Z (ʵʪʦ, ʧʦ ʩʫʪʠ, ʧʦʣʦʞʠʣʦ ʥʘʯʘʣʦ ʭʠʤʠʠ 

ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʨʘʟʚʝʷʣʦ ʤʥʦʛʠʝ ʤʠʬʳ, ʙʳʪʦʚʘʚʰʠʝ ʚʦʢʨʫʛ ʵʣʝʤʝʥʪʘ Z ʠ 

ʝʛʦ ʘʥʘʣʦʛʦʚ). 

ɺʩʢʦʨʝ ʠʟ ɸ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʠʥʘʨʥʳʝ ʚʝʱʝʩʪʚʘ ɺ, ʉ ʠ D, 

ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʙʦʣʝʝ ʣʸʛʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ 22,4%, 36,7% ʠ 
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46,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʘʛʝʥʪ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʨʝʘʢʮʠʠ 6-8). ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʠʭ ʚʝʱʝʩʪʚ 

ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ɸ ʠ Y çʩʦʣʴ II è ʥʝ 

ʦʙʨʘʟʫʝʪʩʷ, ʘ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʞʥʘʷ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʩʦʣʴ III  (ʨʝʘʢʮʠʷ 9), ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʢʘʢ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ɺ ʠ Y1, ʘ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ï ʢʘʢ ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ɸ ʠ Y ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:2. 

ʉ ʠ D ʨʝʘʛʠʨʫʶʪ ʩ ʚʦʜʦʡ, ʚ ʩʣʫʯʘʝ ʉ ʧʨʦʜʫʢʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ Z, 

ʷʚʣʷʶʪʩʷ ɸ ʠ ɽ (ʜʦʣʷ Z 73,23% ʚ ʙʝʟʚʦʜʥʦʤ ʚʝʱʝʩʪʚʝ) (ʨʝʘʢʮʠʷ 10), ʘ ʚ ʩʣʫʯʘʝ 

D ï ʪʦʣʴʢʦ ɽ (ʨʝʘʢʮʠʷ 11), ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, 

ʥʦ ʚʝʩʴʤʘ ʚʟʨʳʚʦʦʧʘʩʥʦ ʚ ʙʝʟʚʦʜʥʦʤ ʚʠʜʝ. ʈʘʩʪʚʦʨ ɽ, ʝʩʣʠ ʝʛʦ ʦʩʪʦʨʦʞʥʦ 

ʦʙʨʘʙʦʪʘʪʴ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ, ʜʘʸʪ ʤʦʥʦʟʘʤʝʱʸʥʥʫʶ ʩʦʣʴ F (ʨʝʘʢʮʠʷ 12), 

ʢʦʪʦʨʘʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʛʘʟʘ ɸ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʡ ʩʦʣʠ G, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪ Z ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ Z 41,13%) (ʨʝʘʢʮʠʷ 13). 

ʆʙʨʘʙʦʪʢʘ ʙʘʨʠʝʚʦʛʦ ʘʥʘʣʦʛʘ ʩʦʣʠ G ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʪʣʦ-ʞʸʣʪʦʛʦ 

ʚʟʨʳʚʯʘʪʦʛʦ ʛʘʟʘ H (ʨʝʘʢʮʠʷ 14). 

1. ʈʘʩʰʠʬʨʫʡʪʝ ʚʩʝ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʱʝʩʪʚʘ, ʝʩʣʠ ʫʢʘʟʘʥʳ ʤʘʩʩʦʚʳʝ ʜʦʣʠ 

ʵʣʝʤʝʥʪʦʚ ï ʧʦʜʪʚʝʨʜʠʪʝ ʩʦʩʪʘʚ ʨʘʩʯʸʪʦʤ. 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ 

3. ʋʢʘʞʠʪʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʣʠ I  

4. ʋʢʘʞʠʪʝ ʛʝʦʤʝʪʨʠʶ ɺ, C ʠ D. ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʚʝʩʴʤʘ ʦʙʦʛʘʪʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. 

5. ʂʘʢʦʡ ʧʘʨʘʤʝʪʨ, ʚʘʞʥʳʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʩ Y, ʙʣʠʟʦʢ ʫ 

ʛʘʟʦʚ ɸ ʠ ʍ? 
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ɿʘʜʘʯʘ 8 (9,10,11 ʢʣʘʩʩ)r 

çʍʠʤʠʯʝʩʢʠʡ ʜʠʥʦʟʘʚʨè 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ X ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʳʤ ʥʘ 

ʦʩʥʦʚʝ ʇʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ. ɺʧʝʨʚʳʝ X ʙʳʣ ʧʦʣʫʯʝʥ ʠʩʢʫʩʩʪʚʝʥʥʦ, ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʵʣʝʤʝʥʪʘ Z ʷʜʨʘʤʠ ʜʝʡʪʝʨʠʷ. ʇʨʠ ʵʪʦʤ 

ʧʦʤʠʤʦ X ʚ ʭʦʜʝ ʢʘʞʜʦʛʦ ʘʢʪʘ ʧʨʝʚʨʘʱʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʦʜʠʥ ʥʝʡʪʨʦʥ. ʇʦʟʜʥʝʝ 

ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʨʫʜ Z ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ X ʚ ʢʦʣʠʯʝʩʪʚʝ 10
-14

-10
-10

 

ʛ/ʢʛ ʨʫʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʝʜʠʥʝʥʠʷ X ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʦʧʫʭʦʣʝʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʧʘʪʦʣʦʛʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʱʥʳʭ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʘʛʝʥʪʦʚ.  

 

ɹʫʢʚʦʡ X ʚ ʩʭʝʤʝ ʧʨʝʚʨʘʱʝʥʠʡ ʦʙʦʟʥʘʯʝʥʦ ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʦʝ ʧʨʦʩʪʦʝ 

ʚʝʱʝʩʪʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ.  

ʇʨʠ 450Áʉ ʚ ʪʦʢʝ ʩʫʭʦʛʦ ʢʠʩʣʦʨʦʜʘ ʍ ʦʢʠʩʣʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸ, 

ʢʦʪʦʨʦʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʸʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʍ ʚ ɸ ʩʦʩʪʘʚʣʷʝʪ 63.85%. ʍ 

ʨʝʘʛʠʨʫʝʪ ʩʦ ʬʪʦʨʦʤ ʚ ʟʘʢʨʳʪʦʤ ʥʠʢʝʣʝʚʦʤ ʩʦʩʫʜʝ ʧʨʠ 400Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ B. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ X c ʭʣʦʨʦʤ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʉ ʠ D. ʊʘʢ, ʚ ʠʟʙʳʪʢʝ ʭʣʦʨʘ, ʧʨʠ 
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ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ Cl2 : X = 6 ʦʙʨʘʟʫʝʪʩʷ ʉ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʍ ï 41.09%). ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ D ʚ ʘʤʧʫʣʫ ʥʘʤʦʨʘʞʠʚʘʶʪ 0.10 ʛ Cl2 ʠ ʧʦʤʝʱʘʶʪ ʪʫʜʘ 0.14 ʛ ʍ, 

ʧʦʩʣʝ ʯʝʛʦ ʘʤʧʫʣʫ ʚʘʢʫʫʤʠʨʫʶʪ, ʦʪʧʘʠʚʘʶʪ ʠ ʥʘʛʨʝʚʘʶʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ.  

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ɸ ʨʘʩʪʚʦʨʘ 

ʘʤʤʠʘʢʘ ʚʳʧʘʜʘʝʪ ʙʝʣʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʩʦʣʠ ɽ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʯʠʩʪʦʝ X. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɸ ʩ ʨʘʩʪʚʦʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʦʙʨʘʟʫʝʪʩʷ F. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ɽ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʦʙʨʘʟʫʝʪʩʷ ʞʝʣʪʦʝ ʅ.  

ʉʦʛʣʘʩʥʦ ʜʨʫʛʦʤʫ ʤʝʪʦʜʫ ʧʦʣʫʯʝʥʠʷ ʅ, ʢ ʨʘʩʪʚʦʨʫ 0.3 ʛ F ʚ 25 ʤʣ 11.3 ʄ 

ʨʘʩʪʚʦʨʝ HCl ʜʦʙʘʚʣʷʶʪ 0.74 ʛ ʡʦʜʠʜʘ ʢʘʣʠʷ. ʈʘʩʪʚʦʨ ʧʨʠ ʵʪʦʤ ʥʝʤʝʜʣʝʥʥʦ 

ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʩʥʳʤ ʠ ʥʘʯʠʥʘʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʢʨʘʩʥʘʷ ʩʦʣʴ G. ʇʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ G ʠʟ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ H. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 0.1332 ʛ A c 0.3164 ʛ XeF6 ʚ ʙʝʟʚʦʜʥʦʤ HF 

ʦʩʘʞʜʘʝʪʩʷ ʞʝʣʪʦʝ I. ɽʩʣʠ ʢ ʪʦʤʫ ʞʝ ʢʦʣʠʯʝʩʪʚʫ ɸ ʜʦʙʘʚʠʪʴ 0.5273 ʛ XeF6, 

ʦʩʘʜʦʢ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʥʦ ʟʘʪʝʤ ʨʘʩʪʚʦʨʷʝʪʩʷ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʣʠ J, ʨʘʩʪʚʦʨʠʤʦʡ ʚ HF. 

ɺʝʱʝʩʪʚʦ ʉ ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʦʵʪʦʤʫ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 

ʢʠʧʷʱʝʤ ʙʝʟʚʦʜʥʦʤ ʊɻʌ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʶʪ ʜʦ 

-20ϊʉ ʠ ʯʝʨʝʟ 12 ʯʘʩʦʚ ʦʪʜʝʣʷʶʪ ʞʝʣʪʦʝ ʂ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ L  ʚ ʥʠʢʝʣʝʚʳʡ ʩʦʩʫʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 

ʧʦʤʝʱʘʶʪ 0.2427 ʛ ɺ ʠ 0.13ʛ NO, ʟʘʪʝʤ ʩʦʩʫʜ ʟʘʢʨʳʚʘʶʪ, ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʝʛʦ 

ʧʦʚʳʰʘʶʪ ʜʦ ʢʦʤʥʘʪʥʦʡ, ʯʝʨʝʟ ʯʘʩ ʩʦʩʫʜ ʦʭʣʘʞʜʘʶʪ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -78ϊʉ 

ʠʩʧʘʨʷʶʪ ʚ ʚʘʢʫʫʤʝ ʠʟʙʳʪʦʢ NO ʠ ʦʩʪʘʝʪʩʷ 0.2769 ʛ ʩʦʣʠ L  ʞʝʣʪʦʛʦ ʮʚʝʪʘ.  

  



 É ʎʇʄʂ ɺʩʆʐ ʧʦ ʭʠʤʠʠ 

38 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ: 

ɺ ʪʚʝʨʜʳʭ ʩʦʝʜʠʥʝʥʠʷʭ B, C, G, H, I , J, K , L  ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

(ʢ.ʯ.)
4
 X ʨʘʚʥʦ 6. ɺ ʩʦʝʜʠʥʝʥʠʷʭ A, E, F ʢ.ʯ. =4, ʘ ʚ D  ʢ.ʯ. =5. 

ɺʝʱʝʩʪʚʦ ɺ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʢʘʢ ʚ ʛʘʟʦʚʦʡ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ. 

ʉʦʝʜʠʥʝʥʠʷ H ʠ G ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ
5
, ʧʨʠ ʵʪʦʤ ʠʟ 0.1000 ʛ G ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ 0.0787 ʛ H(ʚʳʭʦʜ 75%)  

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʝʱʝʩʪʚʘ I  ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʞʝ ʚʝʱʝʩʪʚʦ ʄ, ʥʝ 

ʩʦʜʝʨʞʘʱʝʝ ʍ, ʠʤʝʶʱʝʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 7.17% ʢʠʩʣʦʨʦʜʘ. 

ɺʩʝ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʚʟʷʪʳ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʝʩʣʠ ʥʝ 

ʫʢʘʟʘʥʦ ʠʥʦʛʦ.  

ɺʦʧʨʦʩʳ 

1. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ X. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ 

ʍ. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ Z. 

2. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʴʬʘ- ʠ ʙʝʪʘ-ʨʘʩʧʘʜʦʚ ʜʦʣʞʥʦ ʧʨʝʪʝʨʧʝʪʴ ʷʜʨʦ 
235

U ʚ 

ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʘʣʩʷ ʠʟʦʪʦʧ X? ʊʦʪ ʞʝ ʠʟʦʪʦʧ X ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʧʨʠ ʜʝʣʝʥʠʠ ʷʜʨʘ 
235

U ʥʘ ʜʚʘ ʷʜʨʘ, ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʚʳʜʝʣʷʝʪʩʷ 

ʦʜʠʥ ʥʝʡʪʨʦʥ.  

3. ʆʧʨʝʜʝʣʠʪʝ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚ A-ʄ. ʆʪʚʝʪ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʸʪʘʤʠ.  

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ, ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ ʩʭʝʤʝ (14 ʫʨʘʚʥʝʥʠʡ). 

4. ʀʟʦʙʨʘʟʠʪʝ ʚʦʟʤʦʞʥʳʝ ʠʟʦʤʝʨʳ ʚʝʱʝʩʪʚʘ ʂ. 

 

 

                                           

4
 ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ï ʵʪʦ ʯʠʩʣʦ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

5
 ʀʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʩʦʩʪʘʚ, ʥʦ ʦʜʠʥʘʢʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 
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ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɿʘʜʘʯʘ 1 

ʉʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ ʨʝʛʫʣʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʫ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʩʪʝʨʦʠʜʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʠʟ ʯʝʪʳʨʸʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʮʠʢʣʦʚ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʰʝʩʪʠʯʣʝʥʥʳʝ, ʘ ʦʜʠʥ ʧʷʪʠʯʣʝʥʥʳʡ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʞʝʥʩʢʠʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʛʝʩʪʝʨʦʥ (Z), ʠʛʨʘʶʱʠʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʙʝʨʝʤʝʥʥʦʩʪʠ. ʇʝʨʚʳʡ ʧʦʣʥʳʡ ʩʠʥʪʝʟ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 15 ʩʪʘʜʠʡ, 

ʧʨʦʛʝʩʪʝʨʦʥʘ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ɺ. ɼʞʦʥʩʦʥʦʤ ʚ 1971 ʛʦʜʫ. ʕʪʦʪ ʩʠʥʪʝʟ ʤʦʞʥʦ 

ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʇʨʦʜʫʢʪʦʤ ʧʝʨʚʦʡ ʷʚʣʷʝʪʩʷ (ɽ)-4-ʤʝʪʠʣʜʝʮ-3-ʝʥ-8-ʠʥʘʣʴ 

(ʍ), ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʘʣʝʝ ʚ ʩʠʥʪʝʟʝ ʧʨʦʛʝʩʪʝʨʦʥʘ. 

 

1. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ AïC, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʧʨʝʚʨʘʱʝʥʠʝ A ʚ B ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʂʣʷʡʟʝʥʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ɼʞʦʥʩʦʥʘ-

ʂʣʷʡʟʝʥʘ). 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʩʠʥʪʝʟʘ ʧʦʢʘʟʘʥʘ ʥʘ ʩʭʝʤʝ ʥʠʞʝ: 

2. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ DïL, ʫʯʠʪʳʚʘʷ ʯʪʦ ʚ G 

ʩʦʜʝʨʞʠʪʩʷ ʜʚʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ʇʨʠʤʝʯʘʥʠʝ: Me = ʤʝʪʠʣ; Et = ʵʪʠʣ; Bu = ʙʫʪʠʣ; Ph = ʬʝʥʠʣ;  

 

 

ɿʘʜʘʯʘ 2 

ʇʦʣʳʥʴ ʶʪʠʪʩʷ ʫ ʟʘʙʦʨʦʚ, 

 ʅʘ ʢʨʳʰʘʭ ʙʘʥʴ ʠ ʧʦʛʨʝʙʦʚ, 

 ʎʚʝʪʸʪ ʥʘ ʩʢʣʦʥʘʭ ʢʦʩʦʛʦʨʦʚ, 

 ɺ ʢʘʥʘʚʘʭ, ʦʢʦʣʦ ʩʪʦʣʙʦʚé 

 (çʇʦʣʳʥʴè, ʊʠʤʦʬʝʡ ɹʝʣʦʟʝʨʦʚ) 

ɸʨʪʝʤʠʟʠʥʠʥ (Z) ʙʳʣ ʦʪʢʨʳʪ ʚ 1971 ʛ. ʢʠʪʘʡʩʢʠʤ ʬʘʨʤʘʢʦʣʦʛʦʤ ʊʫ ʖʶ ʚ 

ʭʦʜʝ ʧʦʠʩʢʘ ʣʝʢʘʨʩʪʚ ʦʪ ʤʘʣʷʨʠʠ ʚʦ ʚʨʝʤʷ ʚʴʝʪʥʘʤʩʢʦʡ ʚʦʡʥʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʨʝʮʝʧʪʝ, ʦʧʠʩʘʥʥʦʤ ʚ ʢʥʠʛʝ, ʥʘʧʠʩʘʥʥʦʡ ʚ 340 ʛʦʜʫ ʥ.ʵ., ʦʥʘ ʚʳʜʝʣʠʣʘ Z ʠʟ 

ʧʦʣʳʥʠ ʦʜʥʦʣʝʪʥʝʡ. ɺ 1973 ʛ. ʦʥʘ ʧʦʣʫʯʠʣʘ ʜʠʛʠʜʨʦʘʨʪʝʤʠʟʠʥʠʥ (ɸ), ʠʤʝʶʱʠʡ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʥʪʠʤʘʣʷʨʠʡʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ Z, ʘ ʟʘʪʝʤ ʠ ʜʨʫʛʠʝ ʘʢʪʠʚʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ. ɿʘ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 2015 ʛʦʜʫ ʝʡ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʅʦʙʝʣʝʚʩʢʘʷ 

ʧʨʝʤʠʷ ʧʦ ʤʝʜʠʮʠʥʝ ʠ ʬʠʟʠʦʣʦʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʨʪʝʤʠʟʠʥʠʥ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ (ʘʨʪʝʤʝʪʝʨ, ʘʨʪʝʩʫʥʘʪ) ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʣʝʯʝʥʠʷ ʤʘʣʷʨʠʠ ʚʦ 

ʚʩʝʤ ʤʠʨʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ Z, ʠ ʩʝʡʯʘʩ ʦʥʦ ʪʝʩʪʠʨʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ 

ʧʨʦʪʠʚ ʨʘʢʘ. 

 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ Z 

ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʝʛʦ ʧʦʣʫʯʝʥʠʷ, 
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ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʧʘʨʘʪʘ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ Z ʠʟ ʘʨʪʝʤʠʟʠʥʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʚ ʧʦʣʳʥʠ 

ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʘʤʦʛʦ ʘʨʪʝʤʠʟʠʥʠʥʘ. 

 

1. ʈʘʩʰʠʬʨʫʡʪʝ ʩʭʝʤʫ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʥʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʧʨʦʜʫʢʪʦʚ BïE. 

ʉʦʝʜʠʥʝʥʠʝ B ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʪʘʢʞʝ ʠʟ ʜʦʩʪʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ï ʠʟʦʧʫʣʝʛʦʣʘ ʠ ʮʠʪʨʦʥʝʣʣʘʣʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʵʬʠʨʥʳʭ ʤʘʩʣʘʭ. 

 

2. ʈʘʩʰʠʬʨʫʡʪʝ ʩʭʝʤʫ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʥʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʧʨʦʜʫʢʪʦʚ GïS. 
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ɿʘʜʘʯʘ 3 

çɺ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʤʦʞʥʦ ʥʘʡʪʠ ʠ ʚʳʟʦʚ, ʠ ʜʝʨʟʘʥʠʝ 

ʧʨʠʢʣʶʯʝʥʠʷ, ʠ ʦʟʘʨʝʥʠʝ, ʠ ʚʜʦʭʥʦʚʝʥʠʝ ʠʩʢʫʩʩʪʚʘ.è 

ʈ. ɹ. ɺʫʜʚʦʨʜ 

çʉʪʨʘʥʘ, ʚ ʢʦʪʦʨʫʶ ʙʫʨʷ ʟʘʥʝʩʣʘ ɻʫʣʣʠʚʝʨʘ, 

ʥʘʟʳʚʘʣʘʩʴ ʃʠʣʠʧʫʪʠʷè 

ɼʞ. ʉʚʠʬʪ 

ɺ ʦʢʪʷʙʨʝ 2016 ʛ. ʠʩʧʦʣʥʠʣʦʩʴ 85 ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʂʝʥʢʠʯʠ 

ʉʦʥʦʛʘʰʠʨʳ, ʢʦʪʦʨʳʡ ʚ 1975 ʛ. ʦʧʠʩʘʣ ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʤʝʞʜʫ 

ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʠ ʘʣʢʠʥʘʤʠ, ʧʨʦʪʝʢʘʶʱʫʶ ʚ ʦʯʝʥʴ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ.  

 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʉʦʥʦʛʘʰʠʨʘ ʠʩʧʦʣʴʟʦʚʘʣ ʢʦʤʧʣʝʢʩ Y, 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ ʩʦʣʠ Z ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ. ʉʦʣʴ Z 

ʧʦʣʫʯʘʶʪ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʚʫʭ ʛʘʣʦʛʝʥʠʜʦʚ Q 

ʠ R. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚ Q, Z ʠ Y ʩʦʩʪʘʚʣʷʝʪ 

60.01%, 36.17% ʠ 15.16% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

1. ʆʧʨʝʜʝʣʠʪʝ ʛʘʣʦʛʝʥʠʜʳ Q ʠ R, ʩʦʣʴ Z ʠ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ Y. 

ʇʨʝʜʣʦʞʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʢʦʤʧʣʝʢʩʘ Y. 

ʈʝʘʢʮʠʷ ʉʦʥʦʛʘʰʠʨʳ ʧʨʦʯʥʦ ʚʦʰʣʘ ʚ ʘʨʩʝʥʘʣ ʭʠʤʠʢʦʚ-ʩʠʥʪʝʪʠʢʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʜʝʞʥʦʛʦ ʠ ʦʙʱʝʛʦ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ sp
2
-sp-ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ. ɺ 

2003 ʛ. ʭʠʤʠʢʠ ʠʟ ʊʝʭʘʩʘ ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʘʣʠ ʧʦʣʫʯʝʥʠʝ 

çʥʘʥʦʧʫʪʦʚè (NanoPutians), çʯʝʣʦʚʝʢʦʧʦʜʦʙʥʳʭè ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

çʨʦʩʪʦʤè ʧʨʠʤʝʨʥʦ 2 ʥʤ. ʊʘʢ, ʥʘ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʝ ʩʠʥʪʝʟʘ çʥʘʥʦʨʝʙʸʥʢʘè 

ʨʝʘʢʮʠʷ ʉʦʥʦʛʘʰʠʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 4 ʨʘʟʘ. 
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2. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ A-L  ʠ çʥʘʥʦʨʝʙʸʥʢʘè (N). 

  

ɿʘʜʘʯʘ 4 

ɺ 1992 ʛʦʜʫ ʠʟ ʧʣʝʩʥʝʚʦʛʦ ʛʨʠʙʘ Penicillium Simplicissimum ʙʳʣ ʚʳʜʝʣʝʥ 

ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʩʭʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʘʟʚʘʥʥʳʭ ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ 20 ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʙʫʢʚʝʥʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʦʪ A ʜʦ O (ʥʘʧʨʠʤʝʨ, çʜʝʢʘʨʝʩʪʨʠʢʪʠʥ A1è). ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʩʣʝʜʩʪʚʠʝ ʦʙʥʘʨʫʞʝʥʥʦʡ ʫ 

ʥʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʩʠʥʪʝʟ ʭʦʣʝʩʪʝʨʠʥʘ, ʧʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʦʚ. ʊʘʢ, ʚ 2015 ʛʦʜʫ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ ʩʭʝʤʝ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʸʥ ʧʝʨʚʳʡ ʩʠʥʪʝʟ ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʘ G, ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʣʘʢʪʦʥʘ ʩ 

ʜʝʩʷʪʠʯʣʝʥʥʳʤ ʮʠʢʣʦʤ. 

 

1. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ AïE ʠ ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʘ G 

(ʙʝʟ ʫʢʘʟʘʥʠʷ ʩʪʝʨʝʦʭʠʤʠʠ). ʋʯʪʠʪʝ, ʯʪʦ: ʘ) ʩʠʩʪʝʤʘ OsO4/NMO ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʡ ʨʝʘʛʝʥʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚʤʝʩʪʦ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ KMnO4; ʙ) N,Nô-ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʤʠʜ (Cy-
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N=C=N-Cy) ʦʙʣʝʛʯʘʝʪ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ, ʩʚʷʟʳʚʘʷ ʤʦʣʝʢʫʣʫ ʚʦʜʳ. 

ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʢʪʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʦʚ, ʜʝʢʘʨʝʩʪʨʠʢʪʠʥ L ʥʝ 

ʷʚʣʷʝʪʩʷ ʣʘʢʪʦʥʦʤ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʜʝʩʷʪʠʯʣʝʥʥʳʡ ʮʠʢʣ. ʆʜʥʘʢʦ ʝʛʦ ʚʳʩʦʢʘʷ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʠʣʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʥʝʤʫ ʩʦ ʩʪʦʨʦʥʳ 

ʭʠʤʠʢʦʚ-ʩʠʥʪʝʪʠʢʦʚ. ʅʘ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʚʳʡ ʩʠʥʪʝʟ ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʘ L, 

ʦʩʫʱʝʩʪʚʣʸʥʥʳʡ ʝʱʸ ʚ 1993 ʛʦʜʫ. 

 

2. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ FïP ʠ ʜʝʢʘʨʝʩʪʨʠʢʪʠʥʘ L, 

ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ: ʘ) ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʵʧʦʢʩʠʜʥʳʡ 

ʮʠʢʣ, ʧʨʠʯʸʤ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʨʦʜʩʪʚʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ SN2; ʙ) 

ʩʦʝʜʠʥʝʥʠʝ L  ʩʦʜʝʨʞʠʪ ʜʚʘ ʮʠʢʣʘ. 
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ʍʠʤʠʷ ʠ ɾʠʟʥʴ 

ɿʘʜʘʯʘ 1 

"ɺ ʢʘʞʜʦʤ ʙʦʣʴʰʦʤ ʜʝʣʝ ʚʩʝʛʜʘ ʧʨʠʭʦʜʠʪʩʷ  

ʢʘʢʫʶ-ʪʦ ʯʘʩʪʴ ʦʩʪʘʚʠʪʴ ʥʘ ʜʦʣʶ ʩʣʫʯʘʷ" 

ʅʘʧʦʣʝʦʥ É 

ɿʘ ʚʩʶ ʠʩʪʦʨʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝ ʙʳʣʦ ʣʝʢʘʨʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʧʘʩʣʦ ʙʳ 

ʩʪʦʣʴʢʦ ʞʠʟʥʝʡ, ʩʢʦʣʴʢʦ ʧʝʥʠʮʠʣʣʠʥ. ʆʪʢʨʳʪʠʝʤ ʵʪʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʤʳ 

ʦʙʷʟʘʥʳ ʰʦʪʣʘʥʜʩʢʦʤʫ ʤʠʢʨʦʙʠʦʣʦʛʫ ɸʣʝʢʩʘʥʜʨʫ ʌʣʝʤʠʥʛʫ, ʘ ʪʦʯʥʝʝ, ʝʛʦ 

ʠʥʪʝʨʝʩʥʦʡ ʧʨʠʚʳʯʢʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʠʭ ʘʢʢʫʨʘʪʥʳʭ ʢʦʣʣʝʛ, ʌʣʝʤʠʥʛ ʜʦ 

ʧʦʩʣʝʜʥʝʛʦ ʦʪʢʣʘʜʳʚʘʣ ʤʳʪʴʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʳ, ʠ ʣʠʰʴ ʢʦʛʜʘ ʥʘ ʩʪʦʣʝ 

ʥʘʢʘʧʣʠʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʦʢ ʯʘʰʝʢ ʇʝʪʨʠ, ʫʯʝʥʳʡ ʩ ʥʝʦʭʦʪʦʡ ʧʨʠʥʠʤʘʣʩʷ 

ʟʘ ʩʪʦʣʴ ʤʘʣʦʧʨʠʷʪʥʫʶ ʨʘʙʦʪʫ.  

ʀ ʚʦʪ ʦʜʥʘʞʜʳ, ʟʘʥʠʤʘʷʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʠʣʦʢʦʢʢʘ, ʚ 

ʦʜʥʦʡ ʠʟ ʯʘʰʝʢ ʌʣʝʤʠʥʛ ʦʙʥʘʨʫʞʠʣ ʧʣʝʩʝʥʴ. ʂ ʫʜʠʚʣʝʥʠʶ ʫʯʝʥʦʛʦ, ʵʪʦʪ 

ʧʣʝʩʥʝʚʳʡ ʛʨʠʙʦʢ ʨʘʩʪʚʦʨʠʣ ʦʙʠʪʘʚʰʫʶ ʚ ʯʘʰʢʝ ʢʦʣʦʥʠʶ ʙʘʢʪʝʨʠʡ, ʦʩʪʘʚʠʚ ʥʘ 

ʝʝ ʤʝʩʪʝ ʣʠʰʴ ʢʘʧʝʣʴʢʠ ʢʘʢʦʡ-ʪʦ ʩʪʨʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʭʦʞʝʡ ʥʘ ʨʦʩʫ. ʏʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʙʠʦʭʠʤʠʢʘʤ ʏʝʡʥʫ ʠ ʌʣʦʨʠ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʥʝʫʩʪʦʡʯʠʚʦʝ ʚʝʱʝʩʪʚʦ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʝʥʠʮʠʣʣʠʥʘ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʝʛʦ ʧʝʨʚʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʠʥʪʝʟ. 

1.  

 

ʈʘʩʰʠʬʨʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ A-F ʠ ʧʝʥʠʮʠʣʣʠʥʘ G, ʝʩʣʠ 

ʠʟʚʝʩʪʥʦ: 

1) ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʝʥʠʮʠʣʣʠʥʦʚ, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 
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ʘʢʪʠʚʥʦʩʪʴ,  ʷʚʣʷʝʪʩʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʙʠʮʠʢʣʠʯʝʩʢʘʷ Ç-ʣʘʢʪʘʤ-

ʪʠʘʟʦʣʠʜʠʥʦʚʘʷ ʩʠʩʪʝʤʘ: 

 

2) ʉʦʝʜʠʥʝʥʠʷ ɸ, ɺ ʠ D - ʙʠʮʠʢʣʠʯʝʩʢʠʝ 

ɹʠʦʩʠʥʪʝʟ ʧʝʥʠʮʠʣʣʠʥʘ G ʠʜʝʪ ʚ ʪʨʠ ʩʪʘʜʠʠ ʠʟ L-ʮʠʩʪʝʠʥʘ, D-ʚʘʣʠʥʘ ʠ L-

Ŭ-ʘʤʠʥʦ-ʘʜʠʧʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʝʪ ʝʝ ŭ-ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ), 

ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ACV-ʪʨʠʧʝʧʪʠʜʘ ʠ ʠʟʦʧʝʥʠʮʠʣʣʠʥʘ N.  

 

2. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʫ ACV-ʪʨʠʧʝʧʪʠʜʘ ʠ ʦʪʤʝʪʴʪʝ ʚʩʝ ʭʠʨʘʣʴʥʳʝ 

ʮʝʥʪʨʳ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʥʠʮʠʣʣʠʥʘ G. 

ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʧʝʥʠʮʠʣʣʠʥʘ ʠ ʝʛʦ ʘʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʣʶʜʠ ʥʘʯʘʣʠ ʟʘʤʝʯʘʪʴ ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʥʦʛʠʝ ʙʘʢʪʝʨʠʠ ʥʘʫʯʠʣʠʩʴ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʬʝʨʤʝʥʪʳ ɓ-ʣʘʢʪʘʤʘʟʳ, ʜʝʣʘʚʰʠʝ ʩʚʦʠʭ ʭʦʟʷʝʚ 

ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʜʝʡʩʪʚʠʶ ʧʝʥʠʮʠʣʣʠʥʘ. ɺ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ɓ-ʣʘʢʪʘʤʘʟ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʘʷ ʨʝʘʢʮʠʷ: 

 

HX

    - ʦʩʪʘʪʦʢ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ɓ-ʣʘʢʪʘʤʘʟʳ.  

3. ɸʪʦʤʦʤ ʢʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʛ ʙʳ ʙʳʪʴ ʍ?  
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 ʅʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʝ ʩʦʙʠʨʘʣʦʩʴ ʧʨʠʟʥʘʚʘʪʴ ʩʚʦʝ ʧʦʨʘʞʝʥʠʝ ʠ ʥʘʯʘʣʦ 

ʠʩʢʘʪʴ ʚʳʭʦʜ. ɺʩʢʦʨʝ ʦʥ ʙʳʣ ʥʘʡʜʝʥ, ʠ ʥʘ ʩʚʝʪ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ï 

ʠʥʛʠʙʠʪʦʨʳ ɓ-ʣʘʢʪʘʤʘʟ. ʉʪʨʫʢʪʫʨʥʦ ʦʥʠ ʩʭʦʞʠ ʩ ʧʝʥʠʮʠʣʣʠʥʘʤʠ, ʥʦ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʥʠʭ, ʠʥʛʠʙʠʪʦʨʳ ɓ-ʣʘʢʪʘʤʘʟ ʦʙʨʘʟʫʶʪ ʩ ʬʝʨʤʝʥʪʦʤ ʢʦʚʘʣʝʥʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʥʝ ʧʦʜʚʝʨʛʘʶʱʝʝʩʷ ʛʠʜʨʦʣʠʟʫ, ʧʨʝʧʷʪʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʬʝʨʤʝʥʪʘ ʩ ʘʥʪʠʙʠʦʪʠʢʦʤ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʢʣʘʚʫʣʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ʷʚʣʷʶʱʘʷʩʷ ʤʝʪʘʙʦʣʠʪʦʤ ʝʱʝ ʦʜʥʦʛʦ ʧʣʝʩʥʝʚʦʛʦ ʛʨʠʙʢʘ, ʢʦʪʦʨʳʡ 

ʩʠʥʪʝʟʠʨʫʝʪ ʝʝ ʠʟ ʘʨʛʠʥʠʥʘ ʠ ʛʣʠʮʝʨʘʣʴʜʝʛʠʜ-3-ʬʦʩʬʘʪʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 

 

 

ʌʝʨʤʝʥʪʳ (ʧʦʜʧʠʩʘʥʳ ʥʘʜ ʩʪʨʝʣʢʘʤʠ):  

1) N
2
-(2-ʢʘʨʙʦʢʩʠʣʵʪʠʣ)-ʘʨʛʠʥʠʥ-ʩʠʥʪʘʟʘ - ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 

ʪʨʘʥʩʬʝʨʘʟ, ʪʦ ʝʩʪʴ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʝʨʝʥʦʩ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧ; 2) ɓ-ʣʘʢʪʘʤ-

ʩʠʥʪʝʪʘʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʩ ʟʘʪʨʘʪʦʡ ɸʊʌ; 3) 

ʢʣʘʚʘʤʠʥʘʪ-ʩʠʥʪʘʟʘ - ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʤʦʥʦʦʢʩʠʜʘʟ, ʪʦ ʝʩʪʴ ʧʨʠʩʦʝʜʠʥʷʝʪ 

ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ (ʢ ʩʦʩʝʜʥʝʤʫ ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʯʪʦ 

ʚ ʩʣʫʯʘʝ ʥʝʩʪʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʦʪʱʝʧʣʝʥʠʶ ʚʦʜʳ); 4) ʘʤʠʜʠʥʦʛʠʜʨʦʣʘʟʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʬʝʨʤʝʥʪʦʚ, 

ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʛʠʜʨʦʣʠʟ; 5) ʬʝʨʤʝʥʪ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 










































