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ɿɸɼɸʅʀʗ ʇɽʈɺʆɻʆ ʊɽʆʈɽʊʀʏɽʉʂʆɻʆ ʊʋʈɸ 

ɼɽɺʗʊʓʁ ʂʃɸʉʉ 

ɿʘʜʘʯʘ 9-1 

ʅʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ɺʘʰʝʤʫ ʚʥʠʤʘʥʠʶ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʚʨʘʱʝʥʠʷ 

ʚʝʱʝʩʪʚ ʍ1 ï ʍ9, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʵʣʝʤʝʥʪ.  

 
ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʩʭʝʤʝ ʚʝʱʝʩʪʚ.  
ɺʝʱʝʩʪʚʦ ʆʢʨʘʩʢʘ ʚʝʱʝʩʪʚʘ  

ʧʨʠ ʥ.ʫ. 

ʉʨʝʜʘ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ  

ʚ ʚʦʜʝ 

Tʧʣ., 
ʦ
ʉ ʊʢʠʧ., 

ʦ
ʉ 

X1 ʅʝ ʦʢʨʘʰʝʥʦ ʅʝʡʪʨʘʣʴʥʘʷ ï210 ï196 

X2 ʅʝ ʦʢʨʘʰʝʥʦ ʑʝʣʦʯʥʘʷ ï78 ï33 

X3 ʅʝ ʦʢʨʘʰʝʥʦ ʅʝʡʪʨʘʣʴʥʘʷ ï164 ï152 

X7 ʉʠʥʷʷ ʂʠʩʣʘʷ ï102 4,5 

 

1. ʋʩʪʘʥʦʚʠʪʝ ʬʦʨʤʫʣʳ ʠ ʥʘʟʚʘʥʠʷ ʚʝʱʝʩʪʚ X1 ï X9. ʆʮʝʥʠʚʘʝʪʩʷ ʣʶʙʦʝ 

ʆɼʅʆ ʠʟ ʧʨʘʚʠʣʴʥʳʭ ʥʘʟʚʘʥʠʡ ʢʘʞʜʦʛʦ ʠʟ ʚʝʱʝʩʪʚ. 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʭʝʤʝ ʨʝʘʢʮʠʡ. 

 

ɿʘʜʘʯʘ 9-2 

ʇʦʣʫʯʝʥʠʝ ʚʝʱʝʩʪʚʘ ʍ ï ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ï 

ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʪʚʦʨʝʥʠʝʤ ʦʢʩʠʜʘ ɸ (9,33 % O) ʚ ʙʝʟʚʦʜʥʦʡ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (CH3COOH) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30ï40 Áʉ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ (ʨʝʘʢʮʠʷ 1). ɺʝʱʝʩʪʚʦ ʍ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ 

ʢ ʚʣʘʛʝ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʦʡ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʦʪʯʘʩ ʚʳʧʘʜʘʝʪ ʯʝʨʥʳʡ 

ʦʩʘʜʦʢ ʦʢʩʠʜʘ B (ʨʝʘʢʮʠʷ 2). ɺʳʙʦʨ ʦʢʩʠʜʘ ɸ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚʘ ʍ 

ʦʧʨʘʚʜʘʥ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʦʣʴʶ ʍ ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʴ Y, 

ʧʦʩʣʝʜʥʷʷ ʩʚʷʟʳʚʘʝʪ ʚʩʶ ʚʳʜʝʣʷʶʱʫʶʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʦʜʫ ʚ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ YĀ2H2O, ʫʩʪʦʡʯʠʚʳʡ ʥʠʞʝ 45Áʉ. ʂʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʩʦʣʠ Y 

ʨʘʩʪʚʦʨʠʤ ʚ ʙʝʟʚʦʜʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝ ʚʝʱʝʩʪʚʘ ʍ. ʆʥʦ 

ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʦʨʮʠʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʩʘʜʢʘ ʍ, ʯʝʨʝʟ ʦʩʪʘʚʰʠʡʩʷ ʧʦʩʣʝ 

ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨ Y ʚ ʙʝʟʚʦʜʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ 
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ʚʦʜʦʦʪʥʠʤʘʶʱʝʛʦ ʨʝʘʛʝʥʪʘ) ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʦʧʫʩʪʠʪʴ ʪʦʢ ʩʫʭʦʛʦ ʭʣʦʨʘ ʧʨʠ 

80Áʉ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʤʝʩʴ X ʠ C (ʨʝʘʢʮʠʷ 3). 

ʇʨʠ ʵʪʦʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ) ʥʝ ʦʩʪʘʝʪʩʷ 

ʥʠʢʘʢʠʭ ʚʝʱʝʩʪʚ, ʢʨʦʤʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʍ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʠʩʭʦʜʠʪ ʨʷʜ ʧʨʝʚʨʘʱʝʥʠʡ (ʫʢʘʟʘʥʳ 

ʪʦʣʴʢʦ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ):   

ʍ Ÿ Y Ÿ D Ÿ E Ÿ A       (ʨʝʘʢʮʠʠ 4ï7). 

ʈʘʩʪʚʦʨʝʥʠʝ ʩʦʣʠ D ʠʣʠ ʦʢʩʠʜʘ E ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʣʠ Y, 

ʧʨʠʯʝʤ ʚ ʩʣʫʯʘʝ D ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʘ.  (ʨʝʘʢʮʠʠ 8 ʠ 9). 

ʇʨʠ ʧʝʨʝʭʦʜʝ E Ÿ A ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 2,39 %. 

ɺʩʝ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʱʝʩʪʚʘ ʩʦʜʝʨʞʘʪ ʵʣʝʤʝʥʪ Z. 

 

ɺʦʧʨʦʩʳ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʚʩʝ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʱʝʩʪʚʘ, ʫʩʪʘʥʦʚʠʪʝ ʵʣʝʤʝʥʪ Z. ʆʪʚʝʪ 

ʦʙʦʩʥʫʡʪʝ. 

2. ʆʧʨʝʜʝʣʠʪʝ ʚʝʱʝʩʪʚʘ AïE, X, Y. ʆʪʚʝʪ ʦʙʦʩʥʫʡʪʝ, ʩʦʩʪʘʚ A ʠ ɽ 

ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ ʚ ʦʧʠʩʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ, ʘ ʪʘʢʞʝ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʍ. 

3. ʇʨʝʜʣʦʞʠʪʝ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʦʢʩʠʜʘ ɺ ʠʟ: ʘ) ɸ, ʙ) Y. 

(ʨʝʘʢʮʠʠ 10 ʠ 11). 

4. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺ ʚ ʧʨʠʩʫʪʩʪʚʠʠ H2SO4 ʩ:  

ʘ) H2O2 (ʚʳʜʝʣʷʝʪʩʷ ʛʘʟ ʩ ʨʝʟʢʠʤ ʟʘʧʘʭʦʤ),   

ʙ) MnSO4 (ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ).  (ʨʝʘʢʮʠʠ 12 ʠ 13). 

5. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʉ ʧʨʠ 25 Üʉ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 1,067 %, ʘ ʧʨʠ 100 Üʉ 

3,203%. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʉ ʠ ʦʙʲʝʤ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʢʨʘʪʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʠʪʴ 1,00 ʛ ʚʝʱʝʩʪʚʘ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢʠʧʷʱʝʛʦ ʨʘʩʪʚʦʨʘ ʜʦ 25 Áʉ. 

 

ɿʘʜʘʯʘ 9-3 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʩʮʚʝʪʥʦʛʦ ʛʘʟʘ ʍ ʂʨʦʢʦʜʠʣ ɻʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣ 

ʩʣʝʜʫʶʱʠʡ ʩʧʦʩʦʙ. ʆʥ ʚʟʷʣ ʠʟ ʙʘʥʢʠ ʥʝʠʟʚʝʩʪʥʳʡ ʩʝʨʝʙʨʠʩʪʦïʙʝʣʳʡ ʤʝʪʘʣʣ Y, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʡ ʦʪ ʢʝʨʦʩʠʥʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʭʨʘʥʠʣʩʷ, ʠ ʩʞʝʛ ʝʛʦ ʥʘ 

ʚʦʟʜʫʭʝ. ʀʟ 3,22 ʛ Y ʧʨʠ ʩʞʠʛʘʥʠʠ ʦʙʨʘʟʦʚʘʣʦʩʴ 5,46 ʛ ʞʸʣʪʦʛʦ ʧʦʨʦʰʢʘ Z. ʕʪʦʪ 

ʧʦʨʦʰʦʢ ʂʨʦʢʦʜʠʣ ʚʥʝʩ ʚ ʭʦʣʦʜʥʫʶ ʚʦʜʫ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʩʪʚʦʨ ʦʥ 

ʧʦʜʢʠʩʣʠʣ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʜʦʙʘʚʣʷʣ ʢ ʥʝʤʫ ʤʝʜʣʝʥʥʦ ʧʦ ʢʘʧʣʷʤ 

ʨʘʟʙʘʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ. ɺʳʜʝʣʠʣʩʷ ʛʘʟ ʍ. ɻʝʥʘ ʣʝʛʢʦ 

ʥʘʧʠʩʘʣ ʩʭʝʤʫ ʨʝʘʢʮʠʠ ʩʦ ʚʩʝʤʠ ʨʝʘʛʝʥʪʘʤʠ ʠ ʧʨʘʚʠʣʴʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʥʦ 

ʟʘʪʝʤ ʥʘʜʦʣʛʦ ʟʘʜʫʤʘʣʩʷ ʥʘʜ ʨʘʩʩʪʘʥʦʚʢʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʦʥ 

ʩʦʩʪʘʚʠʣ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʠʟ 5,46 ʛ ʧʦʨʦʰʢʘ Z ʠ ʧʝʨʤʘʥʛʘʥʘʪʘ 

ʢʘʣʠʷ ʜʦʣʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴʩʷ 4,704 ʣ (ʥ.ʫ.) ʛʘʟʘ ʍ. ʆʜʥʘʢʦ ʨʝʘʣʴʥʦ ʦʥ ʧʦʣʫʯʠʣ 

ʝʛʦ ʚ 3,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʦʞʠʜʘʣ.  

ʂʦʛʜʘ ʏʝʙʫʨʘʰʢʘ ʧʦʚʪʦʨʷʣ ʵʪʦʪ ʦʧʳʪ ʩ ʜʨʫʟʴʷʤʠ ʚ ʰʢʦʣʝ, ʦʥ ʚʟʷʣ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʚʝʞʝʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʧʝʨʤʘʥʛʘʥʘʪʘ 

ʢʘʣʠʷ. ʋ ʥʠʭ ʛʘʟ ʩʥʘʯʘʣʘ ʚʦʦʙʱʝ ʥʝ ʚʳʜʝʣʷʣʩʷ, ʘ ʟʘʪʝʤ (ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ 
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ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ) ʨʝʘʢʮʠʷ çʧʦʰʣʘè, ʥʦ ʛʘʟʘ ʚʳʜʝʣʠʣʦʩʴ ʚ 3 ʨʘʟʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʨʘʩʯʝʪʫ ɻʝʥʳ. 

ʉʪʘʨʫʭʘ ʐʘʧʦʢʣʷʢ, ʧʦʚʪʦʨʷʷ ʦʧʳʪ ʂʨʦʢʦʜʠʣʘ, ʩʨʘʟʫ ʜʦʙʘʚʠʣʘ ʧʦʙʦʣʴʰʝ 

ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʠ ʧʦʰʣʘ ʧʦʜʛʣʷʜʳʚʘʪʴ ʟʘ ʏʝʙʫʨʘʰʢʦʡ, ʥʘʜʦʣʛʦ ʦʩʪʘʚʠʚ 

ʨʝʘʢʮʠʶ ʙʝʟ ʧʨʠʩʤʦʪʨʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʝʝ ʨʝʟʫʣʴʪʘʪ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʠʙʣʠʟʠʣʩʷ ʢ 

ʨʘʩʯʝʪʫ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʂʨʦʢʦʜʠʣʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʝʶ ʛʘʟ ʟʘʥʠʤʘʣ ʦʙʲʝʤ ʚʩʝʛʦ ʚ 

2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʝʛʦ ʜʦʣʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ 

ɻʝʥʳ. 

1. ʋʩʪʘʥʦʚʠʪʝ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʱʝʩʪʚʘ X, Y, Z. ʉʦʩʪʘʚ Z ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ. 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ ʤʝʪʘʣʣʘ Y ʥʘ ʚʦʟʜʫʭʝ. 

2. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʧʦ ʦʙʲʝʤʫ ʚʳʜʝʣʠʚʰʠʭʩʷ ʛʘʟʦʚ, ʟʘʧʠʰʠʪʝ 
ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʚʝʱʝʩʪʚʘ Z ʩ ʨʘʩʪʚʦʨʦʤ 

ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ: 

¶ ʨʝʘʢʮʠʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʏʝʙʫʨʘʰʢʦʡ (ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʩʚʝʞʝʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ 

[ʫʨʘʚʥʝʥʠʝ 1]);  

¶ ʨʝʘʢʮʠʠ, ʥʘʧʠʩʘʥʥʦʡ ʠ ʫʨʘʚʥʝʥʥʦʡ ʂʨʦʢʦʜʠʣʦʤ ɻʝʥʦʡ [ʫʨʘʚʥʝʥʠʝ 2];  

¶ ʨʝʘʢʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʂʨʦʢʦʜʠʣʦʤ ɻʝʥʦʡ [ʫʨʘʚʥʝʥʠʝ 3]; 

¶ ʨʝʘʢʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʉʪʘʨʫʭʦʡ ʐʘʧʦʢʣʷʢ [ʫʨʘʚʥʝʥʠʝ 4].  

ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʫʢʘʞʠʪʝ ʚʝʱʝʩʪʚʦ (ʚʝʱʝʩʪʚʘ) ï ʦʢʠʩʣʠʪʝʣʴ ʠ 

ʚʝʱʝʩʪʚʦ (ʚʝʱʝʩʪʚʘ) ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ. 

3. ɺʳʩʢʘʞʠʪʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʧʦʯʝʤʫ ʚ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʠʣ 

ʏʝʙʫʨʘʰʢʘ ʩ ʜʨʫʟʴʷʤʠ, ʛʘʟ ʩʥʘʯʘʣʘ ʥʝ ʚʳʜʝʣʷʣʩʷ, ʘ ʟʘʪʝʤ ʨʝʘʢʮʠʷ çʧʦʰʣʘè. 

4. ʋʢʘʞʠʪʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʛʘʟʘ, ʢʘʢ ʧʦʣʫʯʠʣʘ ʉʪʘʨʫʭʘ ʐʘʧʦʢʣʷʢ. 

ʇʨʠʤʝʯʘʥʠʝ: ʆʙʲʝʤʳ ʚʩʝʭ ʛʘʟʦʚ ʧʨʠʚʝʜʝʥʳ ʧʨʠ ʥ. ʫ. 

 

ɿʘʜʘʯʘ 9-4 

ʅʝʢʘʷ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪ ʪʨʠ ʚʠʜʘ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ (I  ï

 III ), ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 500 Üʉ ʦʥʠ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʨʠ ʜʨʫʛʠʭ ʩʦʣʠ (IV  ï VI) , ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʩʦʩʪʘʚʦʤ. ʅʘʪʨʠʝʚʳʝ ʩʦʣʠ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʜʦʙʘʚʣʝʥʠʝ ʢ ʥʠʤ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʚʳʟʳʚʘʝʪ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʦʚ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ 2 ʄ 

ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ. ʆʩʘʜʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ 

ʙʘʨʠʷ, ʨʘʩʪʚʦʨʷʶʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ 2 ʄ ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʉʦʣʴ IV, ʧʨʠ 

ʧʨʠʙʘʚʣʝʥʠʠ ʩʦʣʠ ʙʘʨʠʷ ʠʣʠ ʩʝʨʝʙʨʘ, ʦʙʨʘʟʫʝʪ ʩʣʘʙʫʶ ʙʝʣʫʶ ʤʫʪʴ. ɸ ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ ʩʤʝʰʠʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʝ ʧʦʤʫʪʥʝʥʠʝ  ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʧʝʨʚʳʭ ʢʘʧʝʣʴ ʨʝʘʛʝʥʪʘ. 
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ʅʦʤʝʨ 

ʩʦʣʠ 

ʉʚʦʡʩʪʚʘ 

+ ʨ-ʨ AgNO3 

(ʥʝʜʦʩʪ.) 

+ ʨ-ʨ Ba(NO3)2 

(ʥʝʜʦʩʪ.) 

ȹm, 

%
*
 

ʨʅ ʚʦʜʥ.  

ʨ-ʨʘ ʩʦʣʠ 

ʊʚʝʨʜʳʡ ʦʩʪʘʪʦʢ 

ʧʨʦʢʘʣʠʚʘʥʠʷ 

I  ɾʝʣʪʳʡ 

ʦʩʘʜʦʢ 

ɹʝʣʳʡ ʦʩʘʜʦʢ 34,62 ʩʣʘʙʦ ʢʠʩʣʳʡ 

ʨʅ~4,5 
IV  

II  ɾʝʣʪʳʡ 

ʦʩʘʜʦʢ 

ɹʝʣʳʡ ʦʩʘʜʦʢ 62,85 ʩʣʘʙʦ 

ʱʝʣʦʯʥʦʡ 

ʨʅ~9 

V 

III  ɾʝʣʪʳʡ 

ʦʩʘʜʦʢ 

ɹʝʣʳʡ ʦʩʘʜʦʢ 56,84 ʱʝʣʦʯʥʦʡ 

ʨʅ~12 
VI  

VI  ɾʝʣʪʳʡ 

ʦʩʘʜʦʢ 

ɹʝʣʳʡ ʦʩʘʜʦʢ                                                                                                          

V ɹʝʣʳʡ ʦʩʘʜʦʢ ɹʝʣʳʡ ʦʩʘʜʦʢ    

IV  ï ï    
*ȹm, % ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʪʚʝʨʜʳʭ ʬʦʨʤ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

 

ʆʧʨʝʜʝʣʠʪʝ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʩʦʣʝʡ (I  ï III )  ʠ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ (IV  ï VI). ʆʪʚʝʪ ʦʙʦʩʥʫʡʪʝ. 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ: ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ (3 ʫʨʘʚʥʝʥʠʷ), 

ʦʩʘʞʜʝʥʠʷ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ (4 ʫʨʘʚʥʝʥʠʷ) ʠ  ʨʘʩʪʚʦʨʝʥʠʷ ʵʪʠʭ ʦʩʘʜʢʦʚ ʚ NH3 

(1 ʨʝʘʢʮʠʷ); ʦʩʘʞʜʝʥʠʷ ʥʠʪʨʘʪʦʤ ʙʘʨʠʷ (4 ʨʝʘʢʮʠʠ) ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʵʪʠʭ ʦʩʘʜʢʦʚ 

ʚ HNO3 (3 ʨʝʘʢʮʠʠ). ɺʩʝʛʦ 15 ʫʨʘʚʥʝʥʠʡ. 

ʅʘʨʠʩʫʡʪʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ ʩʦʣʝʡ I  ï VI  ʠ 

ʧʨʦʢʦʤʤʝʥʪʠʨʫʡʪʝ ɺʘʰ ʨʠʩʫʥʦʢ. 
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ʕʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, ʪʦ ʝʩʪʴ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ, 

ʯʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴ 1 ʤʦʣʴ ʪʚʝʨʜʦʛʦ ʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʛʘʟ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʠʦʥʦʚ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʵʪʘ ʵʥʝʨʛʠʷ ʨʘʚʥʘ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ  

NaCl(ʪʚ) = Na
+
(ʛ) + Cl

ī
(ʛ). 

ʕʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʥʝʣʴʟʷ ʠʟʤʝʨʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʜʚʫʤʷ ʥʦʙʝʣʝʚʩʢʠʤʠ ʣʘʫʨʝʘʪʘʤʠ ï ʥʝʤʝʮʢʠʤ ʬʠʟʠʢʦʤ ʄ. ɹʦʨʥʦʤ ʠ ʥʝʤʝʮʢʠʤ 

ʭʠʤʠʢʦʤ ʌ. ɻʘʙʝʨʦʤ. 

ʕʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 1 ʤʦʣʴ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠʟ ʪʚʸʨʜʦʛʦ ʥʘʪʨʠʷ ʠ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʭʣʦʨʘ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ: 

Na(ʪʚ) + İ Cl2(ʛ) = NaCl(ʪʚ)  æH = ī411 ʢɼʞ/ʤʦʣʴ. 

(ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʘʷ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ï ʯʪʦ ʨʝʘʢʮʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ.) 

ʀʩʧʦʣʴʟʫʷ ʮʠʢʣ ɹʦʨʥʘïɻʘʙʝʨʘ, ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ 

ʧʷʪʴ ʩʪʘʜʠʡ: 

1. ʇʨʝʚʨʘʱʝʥʠʝ ʪʚʸʨʜʦʛʦ ʥʘʪʨʠʷ ʚ ʛʘʟ: 

Na(ʪʚ) = Na(ʛ)   æH1. 

2. ʇʨʝʚʨʘʱʝʥʠʝ ʘʪʦʤʦʚ ʥʘʪʨʠʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ: 
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Na(ʛ) = Na
+
(ʛ) + e

ī 
 æH2. 

3. ɼʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ ʭʣʦʨʘ ʥʘ ʘʪʦʤʳ: 

Cl2(ʛ) = 2Cl(ʛ)   æH3. 

4. ʇʨʝʚʨʘʱʝʥʠʝ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ: 

Cl(ʛ) + eī = Cl
ī
(ʛ)   æH4. 

5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠ ʭʣʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ NaCl: 

Na
+
(ʛ) + Cl

ī
(ʛ) = NaCl(ʪʚ) æH5. 

ɿʘʜʘʥʠʷ 

1. ɺ ʧʨʘʚʦʡ ʢʦʣʦʥʢʝ ʪʘʙʣʠʮʳ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ æH ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʨʝʘʢʮʠʡ (ʚ ʥʝʚʝʨʥʦʤ ʧʦʨʷʜʢʝ). ʈʘʩʧʦʣʦʞʠʪʝ ʟʥʘʯʝʥʠʷ æH ʨʝʘʢʮʠʡ ʚ ʧʨʘʚʠʣʴʥʦʤ 

ʧʦʨʷʜʢʝ ʚ ʣʝʚʦʡ ʢʦʣʦʥʢʝ. 

 

æH1 =  

? 
ī349 ʢɼʞ/ʤʦʣʴ 

æH2 = 107 ʢɼʞ/ʤʦʣʴ 

æH3 = 244 ʢɼʞ/ʤʦʣʴ 

æH4 = 496 ʢɼʞ/ʤʦʣʴ 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʸʥʥʳʝ ʜʘʥʥʳʝ, ʨʘʩʩʯʠʪʘʡʪʝ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. 

2. ʂʘʢʦʚ ʟʥʘʢ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ 

(ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ?) ʇʦʯʝʤʫ? ʆʙʲʷʩʥʠʪʝ. 

3. ʂʘʯʝʩʪʚʝʥʥʦ ʧʨʝʜʩʢʘʞʠʪʝ, ʢʘʢ ʦʪ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ 

NaCl ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʵʥʝʨʛʠʠ ʨʝʰʸʪʦʢ LiCl, Kʉl, NaF ʠ NaBr (ʙʦʣʴʰʝ ʠʣʠ 

ʤʝʥʴʰʝ). ʇʦʯʝʤʫ? ʆʙʲʷʩʥʠʪʝ. 

4. ʕʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ ʨʘʚʥʘ 

2524 ʢɼʞ/ʤʦʣʴ. ʆʙʲʷʩʥʠʪʝ ʦʪʣʠʯʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʵʥʝʨʛʠʠ ʨʝʰʸʪʢʠ ʭʣʦʨʠʜʘ 

ʥʘʪʨʠʷ. 

5. ʀʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʵʥʪʘʣʴʧʠʠ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʥʘʪʨʠʷ ʠ ʤʘʛʥʠʷ: 

Na
+
(ʛ) = Na

2+
(ʛ) + e

ī
  æH = 4562 ʢɼʞ/ʤʦʣʴ, 

Mg(ʛ) = Mg
+
(ʛ) + e

ī
  æH = 738 ʢɼʞ/ʤʦʣʴ, 

Mg
+
(ʛ) = Mg

2+
(ʛ) + e

ī
  æH = 1451 ʢɼʞ/ʤʦʣʴ. 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʜʘʥʥʳʝ, ʧʨʝʜʣʦʞʠʪʝ ʩʚʦʸ ʦʙʲʷʩʥʝʥʠʝ, ʧʦʯʝʤʫ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘ) NaCl2 ʠ ʙ) MgCl. 

6. ʕʥʪʘʣʴʧʠʠ ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ Na
+
(ʛ) ʠ Cl

ī
(ʛ) ʨʘʚʥʳ ī406 ʢɼʞ/ʤʦʣʴ ʠ 

ī377 ʢɼʞ/ʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʘ) ɺʳʜʝʣʷʝʪʩʷ ʠʣʠ ʧʦʛʣʦʱʘʝʪʩʷ ʪʝʧʣʦʪʘ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʚʦʜʝ? ʆʪʚʝʪ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʸʪʦʤ 

ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʝʥʠʷ. 

ʙ) ʉʢʦʣʴʢʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʠʪʩʷ (ʠʣʠ ʧʦʛʣʦʪʠʪʩʷ) ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ 

46.8 ʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ NaCl? 

ʇʦʣʝʟʥʳʝ ʟʥʘʥʠʷ 

ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʟʘʨʷʜʦʚ ʧʨʦʧʦʨʮʠʠ-

ʦʥʘʣʴʥʘ ʠʭ ʚʝʣʠʯʠʥʘʤ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤʠ. 
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ɼɽʉʗʊʓʁ ʂʃɸʉʉ 

ɿʘʜʘʯʘ 10-1 

ɹʝʣʳʡ, ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʚʦʜʝ ʤʠʥʝʨʘʣ 

(ʚʝʱʝʩʪʚʦ ɸ) ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʍʠʙʠʥʘʭ ʚ 

1979 ʛʦʜʫ. ʄʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʂʦʣʴʩʢʦʤ 

ʧʦʣʫʦʩʪʨʦʚʝ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʂʘʥʘʜʳ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʦʚʘʪʳʭ ʥʘʣʸʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ 

ʧʫʩʪʦʪʘʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ. 

ʅʘʚʝʩʢʫ ʚʝʱʝʩʪʚʘ ɸ ʤʘʩʩʦʡ 1,868 ʛ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʠ ʪʝʧʣʦʚʳʝ 

ʵʬʬʝʢʪʳ ʧʨʠ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚʝʱʝʩʪʚ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ: 
ʊʝʤʧʝʨʘʪʫʨʘ,  

ÁC 

ʇʨʦʜʫʢʪ  

ʨʝʘʢʮʠʠ 

ʇʨʝʚʨʘʱʝʥʠʝ ʇʦʪʝʨʷ ʤʘʩʩʳ, 

ʛ 

ȹrQ,  

ɼʞ 

95 ɹ ɸ Ÿ ɹ 0,378 ï199 

300 ɺ ɹ Ÿ ɺ 0,095 ï189 

 

ɼʨʫʛʫʶ ʥʘʚʝʩʢʫ ɸ ʤʘʩʩʦʡ 1,905 ʛ ʨʘʩʪʚʦʨʠʣʠ ʚ 50 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ, ʦʢʨʘʰʠʚʘʶʱʝʤʫ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʠʥʜʠʢʘʪʦʨʥʫʶ 

ʙʫʤʘʛʫ ʚ ʩʠʥʠʡ ʮʚʝʪ, ʜʦʙʘʚʠʣʠ 50,00 ʤʣ 0,5000 ʄ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ. 

ɺʳʧʘʚʰʠʡ ʧʨʠ ʵʪʦʤ ʙʝʣʳʡ ʦʩʘʜʦʢ ɻ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 20 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʚʳʩʫʰʠʣʠ ʧʨʠ 75 ÜC ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ 1,840 ʛ. 

ɿʘʪʝʤ ʵʪʦʪ ʦʩʘʜʦʢ ʥʘʛʨʝʣʠ ʜʦ 190 ÜC, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʝʱʝʩʪʚʦ 

ɼ ʤʘʩʩʦʡ 1,455 ʛ. ʈʘʩʪʚʦʨ, ʦʩʪʘʚʰʠʡʩʷ ʧʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ɻ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʥʝʩʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʦʙʲʸʤʦʤ 250,0 ʤʣ, ʜʦʙʘʚʠʣʠ ʪʫʜʘ ʞʝ 

ʨʘʩʪʚʦʨ ʦʪ ʧʨʦʤʳʚʘʥʠʷ ʦʩʘʜʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʚʝʣʠ ʨʘʩʪʚʦʨ ʚ ʢʦʣʙʝ ʜʦ ʤʝʪʢʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɸʣʠʢʚʦʪʳ (ʧʨʦʙʳ) ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʲʸʤʦʤ 

25,00 ʤʣ ʪʠʪʨʦʚʘʣʠ 0,1000 ʄ ʨʘʩʪʚʦʨʦʤ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʵʪʠʣʝʥʜʠʘʤʠʥ-

ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʕɼʊɸ, ʊʨʠʣʦʥ ɹ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘʪʦʨʘ 

ʵʨʠʦʭʨʦʤʦʚʦʛʦ ʯʸʨʥʦʛʦ ʊ ʜʦ ʩʠʥʝʡ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ. ʅʘ ʪʠʪʨʦʚʘʥʠʝ ʪʨʸʭ 

ʘʣʠʢʚʦʪ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 14,35, 14,23 ʠ 14,33 ʤʣ ʨʘʩʪʚʦʨʘ ʕɼʊɸ. 

ɿʘʜʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ ɸïɼ. ʆʪʚʝʪ ʦʙʦʩʥʫʡʪʝ, ʩʦʩʪʘʚ 

ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʸʪʘʤʠ.  

2. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʫʩʣʦʚʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʢʨʦʤʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʕɼʊɸ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʳ Ca
2+

 ʦʢʨʘʰʠʚʘʶʪ ʠʥʜʠʢʘʪʦʨ ʚ ʩʠʥʠʡ ʮʚʝʪ, ʥʦ 

ʦʙʨʘʟʫʶʪ ʩ ʕɼʊɸ ʧʨʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 1 : 1; ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ ɸ 

ʩ ʕɼʊɸ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ. ɺʝʱʝʩʪʚʦ ɻ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʜʦʙʨʝʥʠʷ. 

3. ʈʘʩʩʯʠʪʘʡʪʝ, ʩʢʦʣʴʢʦ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ʚʝʱʝʩʪʚʘ ɸ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ, ʝʩʣʠ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʨʘʚʥʘ 2,06 ʛ/ʩʤ
3
. ɽʩʣʠ ɺʳ ʥʝ ʩʤʦʛʣʠ 
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ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ɸ, ʪʦ ʧʨʠʚʝʜʠʪʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʯʠʩʣʘ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ Z 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ ʄ ʚʝʱʝʩʪʚʘ ɸ. 

ɸ ʠʤʝʝʪ ʨʦʤʙʠʯʝʩʢʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʩʦ ʩʪʦʨʦʥʘʤʠ 10,34, 16,82 ʠ 6,60 ¡ 

(1 ¡ = 10
ï10

 ʤ). ɺʩʝ ʫʛʣʳ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʨʘʚʥʳ 90Á. 

4. ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʪʝʧʣʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ ɸ ʠ ɹ Qf
 
(A) ʠ 

Qf
 
(ɹ), ʝʩʣʠ Qf

 
(ɺ) = 3188 ʢɼʞ/ʤʦʣʴ, Qf

 
(H2O) = 286 ʢɼʞ/ʤʦʣʴ. 

 

ɿʘʜʘʯʘ 10-2 

ʈʘʙʦʪʳ ʋʠʣʴʷʤʘ ʅʘʥʥʘ ʃʠʧʩʢʦʤʙʘ (ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ, 1976), 

ʧʦʩʚʷʱʸʥʥʳʝ ʨʷʜʫ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʘ X, ʧʨʦʷʩʥʠʣʠ ʜʦʩʝʣʝ ʥʝʧʦʥʷʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʥʘʟʳʚʘʝʤʳʭ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤʠ. ɺ ʤʦʣʝʢʫʣʘʭ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʜʥʫ 

ʩʚʷʟʴ ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʝʝ ʯʝʤ ʧʦ ʜʚʘ ʵʣʝʢʪʨʦʥʘ.  

ʆʜʥʠʤ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʛʘʟ ɸ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʧʦ ʚʦʟʜʫʭʫ ʦʢʦʣʦ 1, ʚ ʤʦʣʝʢʫʣʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 12 

ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ 8 ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

1. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ ʍ. ʅʘʡʜʠʪʝ ʬʦʨʤʫʣʫ ʛʘʟʘ ɸ ʠ ʠʟʦʙʨʘʟʠʪʝ ʩʪʨʦʝʥʠʝ 

ʝʛʦ ʤʦʣʝʢʫʣʳ. ʉ ʢʘʢʠʤ ʪʨʦʧʠʯʝʩʢʠʤ ʧʣʦʜʦʤ ʠ ʧʦʯʝʤʫ ʩʚʷʟʘʥʦ ʥʘʟʚʘʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ɸ? 

ɸ ʚʝʩʴʤʘ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ: ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʚʦʜʦʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪʳ ɹ (17,48 % ʍ) (ʨʝʘʢʮʠʷ 1), ʥʘ ʚʦʟʜʫʭʝ ʤʦʞʝʪ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ c 

ʚʳʜʝʣʝʥʠʝʤ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ (ʨʝʘʢʮʠʷ 2), ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʵʬʠʨʝ ʦʙʨʘʟʫʝʪ ʚʝʱʝʩʪʚʦ ɺ (28,58 % ʍ) (ʨʝʘʢʮʠʷ 3), 

ʥʘʭʦʜʷʱʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. 

2. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ ɹ ʠ ɺ, ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1ï3. 

ɼʣʷ ʢʘʢʠʭ ʮʝʣʝʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʫʶʪ ʚʝʱʝʩʪʚʦ ɺ? 

ʕʣʝʤʝʥʪ ʍ ʩʧʦʩʦʙʝʥ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʣʘʩʪʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʠ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʍ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʚʫʭʟʘʨʷʜʥʳʝ ʘʥʠʦʥʳ ɻ, 

ɼ ʠ ɽ, ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ɸ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ: 

 

ʂʦʣʠʯʝʩʪʚʦ 

ʚʘʣʝʥʪʥʳʭ ʝĖ 

ʂʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ 

 ʍïʍ 

ʏʠʩʣʦ ʩʪʨʫʢʪʫʨʥʦ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʘʪʦʤʦʚ X 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 

ʍ 

ɸ 12 0 1 78,14 % 

ɻ 22 9 2 91,47 % 

ɼ 26 12 2 91,47 % 

ɽ 30 15 2 91,47 % 

 

3. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʳ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ɻ, ɼ ʠ ɽ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʚʩʝ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʠ ɸ. ʀʟʦʙʨʘʟʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʜʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʀ ʥʘʟʦʚʠʪʝ ʬʠʛʫʨʳ ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ 

ʘʪʦʤʳ X. 
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ɿʘʜʘʯʘ 10-3 

ʈʘʩʩʝʷʥʥʳʡ ʵʣʝʤʝʥʪ 

ʈʘʩʩʝʷʥʥʳʡ ʵʣʝʤʝʥʪ X ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɽʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ï ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʥʳʭ 

ʢʦʨʦʥʦʢ ʜʦ ʠʤʠʪʘʮʠʠ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ. 

ɹʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ A ʵʣʝʤʝʥʪʘ X ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʬʨʘʛʤʝʥʪ 

ʩʣʦʷ ʧʦʢʘʟʘʥ ʥʠʞʝ). ʆʥʦ ʦʙʣʘʜʘʝʪ ʠʥʪʝʨʝʩʥʳʤ ʠ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ: 

ʥʘʥʦʧʣʝʥʢʠ A ʩʣʫʞʘʪ ʦʪʣʠʯʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʜʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʱʝʣʦʯʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ. 

 
ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ A ʚ ʛʦʨʷʯʝʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ 

ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʧʨʦʜʫʢʪʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ (B) ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʘʟʘ. ʀʟ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʳʧʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ ʚʝʱʝʩʪʚʘ ʉ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 900 Üʉ ʪʝʨʷʶʪ ʩʥʘʯʘʣʘ 15,21 %, 

ʧʦʪʦʤ 5,07 % ʠ ʥʘʢʦʥʝʮ ʝʱʝ 45,05 % ʤʘʩʩʳ (ʚʩʝ ʧʨʦʮʝʥʪʳ ï ʦʪ ʠʩʭʦʜʥʦʡ ʤʘʩʩʳ 

ʦʩʘʜʢʘ). ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ï ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ D, ʚ ʢʦʪʦʨʦʤ 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʘ X ʚ 1,52 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʦʝʜʠʥʝʥʠʠ A. ɺʝʱʝʩʪʚʦ D 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ A ʚ ʦʜʥʫ ʩʪʘʜʠʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

D ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ ʪʦʢʘ ï 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

1. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ X ʠ ʫʩʪʘʥʦʚʠʪʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ A ï D. ʆʪʚʝʪ 

ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʘʤʠ. 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ, ʦ ʢʦʪʦʨʳʭ ʠʜʝʪ ʨʝʯʴ ʚ ʟʘʜʘʯʝ (ʚʩʝʛʦ 

ï 5 ʨʝʘʢʮʠʡ). 

3. ʅʘʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚʦʜʳ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

4. ɺ ʚʦʜʦʨʦʜʥʦ-ʢʠʩʣʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʜʳ ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ. ʅʘʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʦ-

ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʫʯʘʩʪʠʠ 

ʵʣʝʢʪʨʦʣʠʪʘ D, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʧʨʦʚʦʜʠʪ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ (ʥʠʢʘʢʠʝ ʜʨʫʛʠʝ 

ʠʦʥʳ ʚ ʧʦʣʫʨʝʘʢʮʠʷʭ ʥʝ ʫʯʘʩʪʚʫʶʪ). 

5. ʂʘʢʫʶ ʩʨʝʜʫ ʠʤʝʝʪ ʨʘʟʙʘʚʣʝʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʚʝʱʝʩʪʚʘ ʉ? ʆʪʚʝʪ 

ʧʦʷʩʥʠʪʝ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ. 

 

ɿʘʜʘʯʘ 10-4 

ʍʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʩʚʝʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʢʘʢ 

ʘʚʪʦʥʦʤʥʦʩʪʴ, ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʘʚʘʨʠʡʥʦï

ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʚ ʜʘʡʚʠʥʛʝ, ʩʧʝʣʝʦʣʦʛʠʠ, 
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ʪʫʨʠʟʤʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʮʝʣʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʩʚʝʪʘ ʩʦʜʝʨʞʘʪ ʩʦʝʜʠʥʝʥʠʝ C, ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʠ ʢʘʢʦʡïʣʠʙʦ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʬʣʶʦʨʦʬʦʨ. ʇʨʠʥʮʠʧ ʠʭ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʦʢʠʩʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ C 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʦʛʦ 

1,2-ʜʠʦʢʩʝʪʘʥ-3,4-ʜʠʦʥʘ (X), ʩʧʦʥʪʘʥʥʦ ʨʘʩʧʘʜʘʶʱʝʛʦʩʷ ʜʦ ʛʘʟʘ Y ʙʝʟ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʝʨʝʭʦʜ ʤʦʣʝʢʫʣ ʬʣʶʦʨʦʬʦʨʘ ʠʟ ʦʩʥʦʚʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʦʟʙʫʞʜʸʥʥʦʝ. ʈʝʣʘʢʩʘʮʠʷ ʚ ʦʩʥʦʚʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ, ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʬʣʶʦʨʦʬʦʨʘ. 

ʉʦʝʜʠʥʝʥʠʝ C ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʟ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʪʨʠ 

ʩʪʘʜʠʠ ʧʦ ʧʨʠʚʝʜʸʥʥʦʡ ʥʠʞʝ ʩʭʝʤʝ. 

 
1. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ A ï C ʠ X ʠ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʬʦʨʤʫʣʫ ʛʘʟʘ Y. ʋʯʪʠʪʝ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ A ʩʦʜʝʨʞʠʪ 44,05 % 

ʭʣʦʨʘ ʧʦ ʤʘʩʩʝ ʠ ʥʝ ʠʤʝʝʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, 

ʩʦʝʜʠʥʝʥʠʝ X ʮʠʢʣʠʯʝʩʢʦʝ, ʘ ʛʘʟ Y ʚʳʟʳʚʘʝʪ ʧʦʤʫʪʥʝʥʠʝ ʠʟʚʝʩʪʢʦʚʦʡ ʚʦʜʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʣʶʦʨʦʬʦʨʦʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʩʚʝʪʘ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʮʠʢʣʳ, ʥʘʧʨʠʤʝʨ, ʚʝʱʝʩʪʚʘ E (ʠʩʧʫʩʢʘʶʱʝʝ ʩʠʥʠʡ ʩʚʝʪ), I  (ʠʩʧʫʩʢʘʶʱʝʝ 

ʟʝʣʸʥʳʡ ʩʚʝʪ) ʠʣʠ ʨʫʙʨʝʥ (ʠʩʧʫʩʢʘʶʱʠʡ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʡ ʩʚʝʪ). ʅʠʞʝ 

ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 
2. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ DïL . 

 

ɿʘʜʘʯʘ 10-5 

ʄʥʦʛʦʣʠʢʠʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʧʨʠ ʩʘʤʳʭ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘ 

ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʜʘʚʣʝʥʠʷʭ. 
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ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʨʠ ï100 ÁC ʠ 

1 ʘʪʤ (ʩʦʩʪʦʷʥʠʝ 1, çʩʫʭʦʡ ʣʝʜè) ʧʦʜʚʝʨʛʣʠ 

ʩʣʝʜʫʶʱʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ: 

1) ʥʘʛʨʝʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʜʦ 

25 ÁC (ʩʦʩʪʦʷʥʠʝ 2), 

2) ʩʞʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝ-ʨʘʪʫʨʝ ʜʦ 60 

ʘʪʤ (ʩʦʩʪʦʷʥʠʝ 3), 

3) ʦʭʣʘʜʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝ-ʥʠʠ ʜʦ ï

100 ÁC (ʩʦʩʪʦʷʥʠʝ 4), 

4) ʚʝʨʥʫʣʠ ʚ ʩʦʩʪʦʷʥʠʝ 1. 

ʇʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ CO2 ʨʘʚʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,56 ʠ 1,10 ʛ/ʩʤ
3
 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

 

1. ɺ ʢʘʢʦʤ ʠʟ ʯʝʪʳʨʝʭ ʩʦʩʪʦʷʥʠʡ ʦʙʲʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ï ʥʘʠʙʦʣʴʰʠʡ? 

ʆʙʲʷʩʥʠʪʝ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʦʥ ʧʨʝʚʳʰʘʝʪ ʦʙʲʝʤ ʚʝʱʝʩʪʚʘ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ? 

2. ʉʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ CO2 ʚ ʢʘʞʜʦʤ ʠʟ 

ʧʨʦʮʝʩʩʦʚ: 1 ­ 2, 2 ­ 3, 3 ­ 4 ʠ 4 ­ 1? 

3. ʀʟʦʙʨʘʟʠʪʝ ʢʘʯʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ CO2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ 1 ­ 2 ­ 3. ʇʦʢʘʞʠʪʝ ʥʘ ʛʨʘʬʠʢʝ ʩʦʩʪʦʷʥʠʷ 1, 2, 3. 

4. ɸʪʤʦʩʬʝʨʘ ɺʝʥʝʨʳ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ ʠʟ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɽʝ 

ʧʣʦʪʥʦʩʪʴ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ (450 ÁC, 100 ʘʪʤ) ʩʦʩʪʘʚʣʷʝʪ 65 ʢʛ/ʤ
3
. ɺ ʢʘʢʦʤ 

ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʠʪʩʷ CO2 ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɺʝʥʝʨʳ? ʆʙʲʷʩʥʠʪʝ. 

5. ɸʪʤʦʩʬʝʨʘ ʄʘʨʩʘ ʪʘʢʞʝ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ ʠʟ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʦʜʥʘʢʦ ʜʘʚʣʝʥʠʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ï ʚ 10 ʪʳʩʷʯ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ɺʝʥʝʨʝ. 

ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʣʦʪʥʦʩʪʴ ʤʘʨʩʠʘʥʩʢʦʡ ʘʪʤʦʩʬʝʨʳ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ ʟʝʤʥʦʡ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ? 

6. ʂʫʩʦʢ çʩʫʭʦʛʦ ʣʴʜʘè ʤʘʩʩʦʡ 50 ʛ ʙʨʦʩʠʣʠ ʚ 1 ʣ ʚʦʜʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʨʘʩʪʚʦʨ ʥʘʛʨʝʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʙʳʯʥʦʤ ʜʘʚʣʝʥʠʠ (25 ÁC, 

1 ʘʪʤ). ʈʘʩʩʯʠʪʘʡʪʝ pH ʨʘʩʪʚʦʨʘ.  

ʂʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʧʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʨʘʚʥʘ 

4,5Ā10
ī7

. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʚʦʜʝ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʚʥʘ 0,9 

ʦʙʲʝʤʦʚ ʥʘ 1 ʦʙʲʝʤ ʚʦʜʳ. 
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ʆɼʀʅʅɸɼʎɸʊʓʁ ʂʃɸʉʉ 

ɿʘʜʘʯʘ 11-1 

ʄʝʪʘʣʣʳ ɸ ʠ ɺ ʩʝʨʝʙʨʠʩʪʦïʩʝʨʦʛʦ ʮʚʝʪʘ ʙʳʣʠ ʦʪʢʨʳʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʦʜʥʦ ʚʨʝʤʷ. A ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ ʨʘʟʣʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣ, 

ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʚ ʘʚʠʘʮʠʠ ʠ ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ. ʄʝʪʘʣʣ ɺ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ 

ʤʥʦʛʠʭ ʩʧʣʘʚʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ 

ʪʘʥʢʦʚʦʡ ʙʨʦʥʠ. ɼʣʷ ɸ ʠ ɺ ʩʘʤʘʷ ʫʩʪʦʡʯʠʚʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +5. 

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʵʢʚʠʤʦʣʷʨʥʦʡ ʥʘʚʝʩʢʠ ʤʝʪʘʣʣʦʚ ɸ ʠ B ʤʘʩʩʦʡ 2,88 ʛ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ, ʝʝ ʤʘʩʩʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 1,02 ʛ.  ʄʦʣʷʨʥʳʡ 

ʦʙʲʝʤ ʤʝʪʘʣʣʘ ɸ ʨʘʚʝʥ 1,08Ț10
ï5

 ʤ
3
/ʤʦʣʴ, ʧʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʘ ʨʘʚʥʘ 8,57 ʛ/ʩʤ

3
. 

ʇʨʠ ʦʙʞʠʛʝ ʤʝʪʘʣʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 500Áʉ ʦʙʨʘʟʫʶʪʩʷ ʚʝʱʝʩʪʚʘ ʉ 

ʙʝʣʦʛʦ ʠ D ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ. ʉ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʚʦʜʦʨʦʜʦʤ ʜʦ ʦʢʩʠʜʘ ɽ (25,6 % ʢʠʩʣʦʨʦʜʘ ʧʦ ʤʘʩʩʝ), ʧʨʠ ʵʪʦʤ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʢʠʩʣʦʨʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 15 % ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 
ʚʝʱʝʩʪʚʦ I  J L 

ɤ(B), ʤʘʩʩ.% 31,2 38,9 36,9 

ɤ(ʆ), ʤʘʩʩ.% 49,1 48,9 11,6 

ɿʘʜʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʚʝʱʝʩʪʚʘ ɸ ï ɽ, ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʨʘʩʪʚʦʨʝʥʠʷ 

ɺ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʉ. 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʩʭʝʤʝ.  

 
ʆʢʨʘʩʢʘ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ 

F G H I  L 

ɹʝʣʳʡ ɹʝʣʳʡ ɹʝʣʳʡ ɻʦʣʫʙʦʡ ɻʦʣʫʙʦʡ 

3. ʇʨʠ ʨʝʘʢʮʠʠ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ G ʩ ʮʠʥʢʦʤ ʩʥʘʯʘʣʘ ʮʚʝʪ ʨʘʩʪʚʦʨʘ 

ʩʪʘʥʦʚʠʪʩʷ ʟʝʣʝʥʳʤ, ʟʘʪʝʤ ʛʦʣʫʙʳʤ, ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʦʥ ʩʪʘʥʦʚʠʪʩʷ 

ʟʝʣʸʥʳʤ, ʧʦʪʦʤ ʬʠʦʣʝʪʦʚʳʤ, ʧʦʩʣʝ ʯʝʛʦ ʦʢʨʘʩʢʘ ʥʝ ʤʝʥʷʝʪʩʷ. ʆʙʲʷʩʥʠʪʝ ʵʪʦʪ 

ʧʨʦʮʝʩʩ, ʥʘʧʠʩʘʚ ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 

4. ʅʘʟʦʚʠʪʝ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʀʖʇɸʂ ʚʝʱʝʩʪʚʘ J, I , L . 

 

ɿʘʜʘʯʘ 11-2 

ʅʝʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ X ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʝʘʢʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʚʝʱʝʩʪʚʘ A ʩ ʧʨʦʩʪʳʤ ʚʝʱʝʩʪʚʦʤ ɹ. 

ɺʧʝʨʚʳʝ ʚʝʱʝʩʪʚʦ X ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 1812 ʛʦʜʫ. ʉ ʪʝʭ ʧʦʨ ʤʥʦʛʠʝ 

ʭʠʤʠʢʠ ʧʳʪʘʣʠʩʴ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʘʷ ʧʨʠ ʵʪʦʤ 

ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 
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ʨʝʘʢʮʠʠ ʬʦʨʤʫʣʘ ʧʨʦʜʫʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʵʣʝʤʝʥʪʦʚ ʕ1, ʕ2 ʠ ʕ3 ʚ ʚʝʱʝʩʪʚʝ X ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ, ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ ʘʪʦʤʥʳʭ ʤʘʩʩʘʭ ʵʣʝʤʝʥʪʦʚ): 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ  
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ ʕ1, ʕ2 ʠ ʕ3 ʚ ʚʝʱʝʩʪʚʝ X 

w(ʕ1), % w(ʕ2), % w(ʕ3), % 

ʄʘʨʰʘʥ, 1840 I  9,80 1,411 88,79 

ɻʣʘʜʩʪʦʫʥ, 1851 II  5,21 0,375 94,42 

ɹʫʥʟʝʥ, 1852 

ʏʘʪʪʘʫʵʡ, 1900 
III  6,80 0,734 92,47 

ɹʫʥʟʝʥ, 1852 IV  4,39 0,189 95,42 

ɻʝʡïʃʶʩʩʘʢ, 1814 

ʐʪʘʣʴʰʤʠʜʪ, 1862 

ʄʘʣʣʝ, 1879 
V 3,55 0,000 96,45 

ɻʘʷʨ, 1884 VI  5,53 0,448 94,02 

 

ʂ ʥʘʯʘʣʫ 20 ʚʝʢʘ ʙʳʣʦ ʥʘʢʦʥʝʮ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ X ï 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ 6,80 % ʕ1, 0,734 % ʕ2 ʠ 92,47 % ʕ3 

(III ), ʘ ʦʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʰʠʙʦʯʥʳ. 

ɿʘʜʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪʳ ʕ1, ʕ2 ʠ ʕ3. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʚʝʱʝʩʪʚʘ X ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʳ X, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (IïVI ). 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ X. 

3. ʇʦʯʝʤʫ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ X ʙʳʣʦ ʪʘʢ ʩʣʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ? 

ɺʝʱʝʩʪʚʫ X ʯʘʩʪʦ ʧʨʠʧʠʩʳʚʘʶʪ ʬʦʨʤʫʣʫ V, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʫʶ ɻʝʡ-

ʃʶʩʩʘʢʦʤ. ʆʜʥʘʢʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚʝʱʝʩʪʚʦ ʩ ʪʘʢʦʡ ʬʦʨʤʫʣʦʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʣʠʰʴ ʚ 1990 ʛʦʜʫ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʘʢʮʠʠ ʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ɺ, 

ʩʦʜʝʨʞʘʱʝʛʦ 56,4 % ʕ1, ʩ ʩʦʝʜʠʥʝʥʠʝʤ ɻ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʬʪʦʨʠʨʦʚʘʥʠʠ ʠʟʙʳʪʢʘ ɹ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï50 ÜC. 

4. ʅʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ɺ ʠ ɻ. 

5. ɺ ʨʝʘʢʮʠʠ ɸ ʠ ɹ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ 

ʧʨʦʜʫʢʪ Y, ʩʦʜʝʨʞʘʱʠʡ 17,5 % ʕ1. ʋʩʪʘʥʦʚʠʪʝ ʬʦʨʤʫʣʫ Y. ʋʢʘʞʠʪʝ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʪʚʝʪ ʦʙʦʩʥʫʡʪʝ. 

 

ɿʘʜʘʯʘ 11-3 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʪʥʦʩʪʴ ʝʛʦ 

ʩʨʝʜʳ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʤʥʦʛʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʝ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ 

ʠʤʝʝʪ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʪ.ʢ. ʜʣʷ ʬʝʨʤʝʥʪʦʚ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʭʘʨʘʢʪʝʨʝʥ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠ ʥʝʙʦʣʴʰʦʡ 

ʠʥʪʝʨʚʘʣ ʢʠʩʣʦʪʥʦʩʪʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʦʥʠ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ. ʇʦʵʪʦʤʫ 

ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ ʠʤʝʶʪ ʙʫʬʝʨʥʳʝ ʩʠʩʪʝʤʳ ï ʨʘʩʪʚʦʨʳ, ʢʠʩʣʦʪʥʦʩʪʴ 

ʩʨʝʜʳ ʢʦʪʦʨʳʭ ʩʣʘʙʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʜʦʙʘʚʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ.  
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ʂʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʨʅ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʜʝʩʷʪʠʯʥʦʤʫ 

ʣʦʛʘʨʠʬʤʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ, (ʨʅ = ïlg[H
+
]) (ʟʜʝʩʴ ʠ 

ʜʘʣʝʝ ʚ ʬʦʨʤʫʣʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ 

ʚ ʤʦʣʴ/ʣ) 

ʇʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʪʴ ʢʠʩʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ çʛʦʣʳʤʠ ʨʫʢʘʤʠè ʯʝʣʦʚʝʢ 

ʥʝ ʤʦʞʝʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ ʠʩʧʦʣʴʟʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ï 

ʚʝʱʝʩʪʚʘ, ʠʟʤʝʥʷʶʱʠʝ ʩʚʦʶ ʦʢʨʘʩʢʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ.  

1. ʏʝʤʫ ʨʘʚʝʥ ʨʅ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ? ʀʟʤʝʥʠʪʩʷ ʣʠ ʨʅ, ʝʩʣʠ ʩʪʘʢʘʥ 

ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʩʪʘʚʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ? 

ʆʙʲʷʩʥʠʪʝ ʚʘʰ ʦʪʚʝʪ. 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʢʘʞʜʳʡ ʠʟ ʚʘʩ ʥʘʚʝʨʥʷʢʘ 

ʚʠʜʝʣ ʠ ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʰʢʦʣʝ ï ʚʝʱʝʩʪʚʦ ɸ, ʚ ʧʨʦʰʣʦʤ ʠʩʧʦʣʴʟʦʚʘʚʰʝʝʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʣʘʙʠʪʝʣʴʥʦʛʦ. ɺʝʱʝʩʪʚʦ ɸ ʧʦʣʫʯʘʶʪ ʢʦʥʜʝʥʩʘʮʠʝʡ ʜʚʫʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ɹ ʠ ɺ (ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʫʛʣʝʨʦʜʘ 76,6 % ʠ 64,9 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʩʨʝʜʳ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ ʥʝʡʪʨʘʣʴʥʦʡ ʚ ʱʝʣʦʯʥʫʶ ɸ 

ʤʝʥʷʝʪ ʙʝʩʮʚʝʪʥʫʶ ʦʢʨʘʩʢʫ ʥʘ ʤʘʣʠʥʦʚʫʶ. ʆʜʥʘʢʦ ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʨʘʩʪʚʦʨ ɸ ʩʥʦʚʘ ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ, ʘ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʦʨʘʥʞʝʚʳʤ. 

2. ʇʨʠʚʝʜʠʪʝ ʦʙʱʝʠʟʚʝʩʪʥʳʝ ʪʨʠʚʠʘʣʴʥʳʝ ʥʘʟʚʘʥʠʷ ʚʝʱʝʩʪʚ ɸ, ɹ ʠ ɺ. 

3. ʅʘ ʨʠʩʫʥʢʘʭ ʠʟʦʙʨʘʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ɸ (ɸ1 ï ɸ4), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʨʅ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ: 

 
 ɸ1    ɸ2   ɸ3    ɸ4 

ʀʥʪʝʨʚʘʣʳ ʨʅ: 

 ʘ) pH < 0 

 ʙ) 0 < pH < 8.2 

 ʚ) 8.2 < pH < 12 

 ʛ) pH > 13 

ʇʨʠʚʝʜʠʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʘʤ ɸ1 ï ɸ4 ʠʥʪʝʨʚʘʣʳ ʨʅ ʘ ï ʛ. 

4. ʅʘʧʠʰʠʪʝ, ʢʘʢʦʡ ʮʚʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɸ ʙʫʜʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ 

ʨʘʩʪʚʦʨʳ: 

 ʘ). ʈʘʟʙʘʚʣʝʥʥʳʡ (~0,001 ʄ) ʨʘʩʪʚʦʨ NaOH 

 ʙ). ʈʘʟʙʘʚʣʝʥʥʳʡ (~0,01 ʄ) ʨʘʩʪʚʦʨ HCl  

 ʚ). ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ (~10 M) ʨʘʩʪʚʦʨ NaOH 

 ʛ). ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ (~10 M) ʨʘʩʪʚʦʨ HCl 

 ʜ). 0,01 ʄ ʨʘʩʪʚʦʨ NiCl2 

ʝ). 0,01 ʄ ʨʘʩʪʚʦʨ Na2CO3, ʂʘ2 = 4,7Ț10
ī11
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 ʞ). 10
ī10

 ʄ ʨʘʩʪʚʦʨ HCl 

 ʟ). 0,01 ʄ ʨʘʩʪʚʦʨ K2SO4 

ɼʨʫʛʦʡ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʡ ʠʥʜʠʢʘʪʦʨ ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ 

ʤʝʪʠʣʦʚʳʡ ʦʨʘʥʞʝʚʳʡ. ɽʛʦ ʩʠʥʪʝʟʠʨʫʶʪ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʩʫʣʴʬʦʢʠʩʣʦʪʳ ɻ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

ɻ ɼ
ɽ

C6H7NO3S

KNO2, HCl

0
o
C

+
N N

K
+
O3

-
S N

 
5. ʘ) ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʝʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʡ 

ʬʦʨʤʳ ɻ ʚ ɼ 

 ʙ) ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʝʱʝʩʪʚ ɻ, ɼ ʠ ɽ 

 ʚ) ʋʢʘʞʠʪʝ ʦʢʨʘʩʢʫ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʚ ʢʠʩʣʦʡ (pH < 3) ʠ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ.  

 ʛ) ʀʟʦʙʨʘʟʠʪʝ ʨʝʟʦʥʘʥʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʝʛʦ çʢʠʩʣʦʪʥʦʡè ʬʦʨʤʳ. 

 

ɿʘʜʘʯʘ 11-4 

ʄʦʥʦʮʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ A, ɺ ʠ ʉ ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ 

ʧʨʦʩʪʝʡʰʫʶ ʬʦʨʤʫʣʫ (ʉxHy)n, ʥʦ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ. ʋʛʣʝʚʦʜʦʨʦʜʳ ɸ 

ʠ ɺ ʩʪʘʙʠʣʴʥʳ, ʦʜʥʘʢʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ɸ 

ʦʙʨʘʟʫʝʪ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ, ʘ ɺ ʜʘʝʪ ʧʨʦʜʫʢʪʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʋʛʣʝʚʦʜʦʨʦʜ 

ʉ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʥʝʫʩʪʦʡʯʠʚ, ʥʦ ʦʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʜʠʘʥʠʦʥʘ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʉ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ D, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ɺ ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʩʭʝʤʝ ʥʠʞʝ. 

 

 
ʉʦʝʜʠʥʝʥʠʝ D ʠʤʝʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʧʦʣʫʩʵʥʜʚʠʯʝʚʫʶè ʩʪʨʫʢʪʫʨʫ, 

ʠʥʦʛʜʘ ʝʛʦ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʶʪ ʩ ʪʘʙʫʨʝʪʦʤ ʜʣʷ ʠʛʨʳ ʥʘ ʬʦʨʪʝʧʠʘʥʦ (piano stool); 

ʩʦʝʜʠʥʝʥʠʝ ʅ ʠʤʝʝʪ ʜʚʘ ʪʠʧʘ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 1 ʠ ʦʩʴ 

ʩʠʤʤʝʪʨʠʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ; ʚʩʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʨʘʚʠʣʫ ʉʠʜʞʚʠʢʘ (ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʝ 

ʦʢʨʫʞʘʝʪ ʩʝʙʷ ʪʘʢʠʤ ʯʠʩʣʦʤ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʦʙʱʝʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ 

ʤʝʪʘʣʣʘ ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʘʪʦʤʝ ʙʣʠʞʘʡʰʝʛʦ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ).  

ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ ɸïJ, ʫʯʠʪʳʚʘʷ, ʯʪʦ J ï 
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ʠʟʦʤʝʨ G, ʘ I  ï ʠʟʦʤʝʨ B. 

ɿʘʜʘʯʘ 11-5 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʘʣʢʝʥʦʚ 

ʈʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʢʝʥʦʚ ʩ ʚʦʜʦʨʦʜʦʤ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʜʝʪ ʜʘʞʝ ʧʨʠ ʩʠʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ, ʦʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʢʦʪʦʨʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʥʘ ʣʝʛʢʦ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʳʩʪʨʦ 

ʠ ʩʦ 100 %ïʥʳʤ ʚʳʭʦʜʦʤ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC ʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ 

(ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ ʛʘʟʦʚ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʚʝʥ 24,46 ʣ/ʤʦʣʴ).  

ɺ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʫʯʘʣʠ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʦʨʦʜʘ ʧʘʣʣʘʜʠʝʚʦʡ 

ʬʦʣʴʛʦʡ ʤʘʩʩʦʡ 0,2048 ʛ (ʧʣʦʪʥʦʩʪʴ 12,02 ʛ/ʩʤ
3
). ɹʳʣʘ ʠʟʤʝʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʙʲʝʤʘ ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʩ ʬʦʣʴʛʦʡ ʦʪ ʚʨʝʤʝʥʠ: 
t, ʤʠʥ 0 10 25 35 50 

V(H2), ʤʣ 20,0 15,0 7,5 3,5 3,5 

 

1. ʉʢʦʣʴʢʦ ʦʙʲʝʤʦʚ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʧʦʛʣʦʪʠʪʴ ʦʜʠʥ ʦʙʲʝʤ ʧʘʣʣʘʜʠʷ ʧʨʠ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ? 

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʚʦʜʦʨʦʜʘ ʩ ʧʘʣʣʘʜʠʝʤ PdHx. ʅʘʡʜʠʪʝ x (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʦʪʳʭ). 

3. ʇʨʠ x ² 0,5 ʛʠʜʨʠʜ PdHx ʪʝʨʷʝʪ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ. ʏʝʨʝʟ ʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ? 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʚʳʜʝʣʠʣʦʩʴ 60 ɼʞ ʪʝʧʣʦʪʳ. ʈʘʩʩʯʠʪʘʡʪʝ ʵʥʝʨʛʠʶ 

ʩʚʷʟʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʩ ʧʘʣʣʘʜʠʝʤ, ʝʩʣʠ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ H2 ʨʘʚʥʘ 

436 ʢɼʞ/ʤʦʣʴ. 

ɺ ʜʨʫʛʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʣʝʥʘ ʠ ʠʟʙʳʪʢʘ 

ʪʷʞʝʣʦʛʦ ʚʦʜʦʨʦʜʘ D2 ʥʘ ʨʘʟʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ. ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʤʝʪʘʣʣʘ ʨʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʜʝʪ, ʪʦʛʜʘ ʢʘʢ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʦʡ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʠʥʝʨʪʥʳʡ 

ʥʦʩʠʪʝʣʴ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʩʤʝʩʴ ʪʨʝʭ ʧʨʦʜʫʢʪʦʚ ʩ ʙʣʠʟʢʠʤʠ ʤʦʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ, ʠʤʝʶʱʘʷ ʧʣʦʪʥʦʩʪʴ 

1,35 ʛ/ʣ.  

5. ʇʨʝʜʧʦʣʦʞʠʪʝ, ʧʦʯʝʤʫ ʥʝ ʠʜʝʪ ʨʝʘʢʮʠʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ. 

6. ʀʟ ʢʘʢʠʭ ʚʝʱʝʩʪʚ ʩʦʩʪʦʷʣʘ ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʧʦʩʣʝ ʨʝʘʢʮʠʠ? ɺ ʢʘʢʦʤ 

ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʙʳʣʠ ʚʟʷʪʳ C2H4 ʠ D2 ʜʣʷ ʦʧʳʪʘ, ʝʩʣʠ ʚʝʩʴ ʠʩʭʦʜʥʳʡ 

ʜʝʡʪʝʨʠʡ ʧʝʨʝʰʝʣ ʚ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ? 

7. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ 4 ʩʪʘʜʠʠ: 

ʘ) D2(ʛ) + Pd Ÿ 2D(ʘʜʩ. ʥʘ Pd) 

ʙ) C2H4(ʛ) + Pd Ÿ C2H4(ʘʜʩ. ʥʘ Pd) 

ʚ) ? 

ʛ) ? 

ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʜʚʫʭ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ. ʂʘʢʘʷ ʠʟ ʥʠʭ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʡ, ʘ ʢʘʢʘʷ ï ʣʠʤʠʪʠʨʫʶʱʝʡ? ʂʨʘʪʢʦ 

ʦʙʲʷʩʥʠʪʝ. 
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ɿɸɼɸʅʀʗ ɺʊʆʈʆɻʆ ʊɽʆʈɽʊʀʏɽʉʂʆɻʆ ʊʋʈɸ 

ʅɽʆʈɻɸʅʀʏɽʉʂɸʗ ʍʀʄʀʗ 

ɿʘʜʘʯʘ 1 

ʏʫʞʘʷ ʘʣʭʠʤʠʷ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʥʘʟʚʘʥʠʷ ʚʝʱʝʩʪʚ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʟʘ 

ʨʫʙʝʞʦʤ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʫ ʥʘʩ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʳ 

ʧʦʧʘʣʠ ʚ ʩʪʘʨʠʥʥʫʶ ʘʥʛʣʠʡʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ, ʛʜʝ ʦʙʥʘʨʫʞʠʣʠ 8 ʧʦʜʧʠʩʘʥʥʳʭ 

ʩʦʩʫʜʦʚ ʩ ʙʝʩʮʚʝʪʥʳʤʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʧʘʨʥʳʤʠ ʩʣʠʚʘʥʠʷʤʠ ʩʦʜʝʨʞʠʤʦʛʦ ʵʪʠʭ ʩʦʩʫʜʦʚ ʚʘʤ 

ʫʜʘʣʦʩʴ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ ʚʩʝʭ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ (ʧʨʦʯʝʨʢ ï ʦʪʩʫʪʩʪʚʠʝ 

ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ). (ʩʤ. ʩʣʝʜʫʶʱʫʶ ʩʪʨʘʥʠʮʫ)  

1. ʆʧʨʝʜʝʣʠʪʝ ʬʦʨʤʫʣʫ ʢʘʞʜʦʛʦ ʠʟ ʚʝʱʝʩʪʚ. 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʨʝʘʢʮʠʡ. 

3. ɺ ʦʜʥʦʡ ʠʟ ʨʝʘʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʤʦʛʫʪ 
ʧʦʣʫʯʠʪʴʩʷ ʣʠʙʦ Tartar, ʣʠʙʦ tartarized Tartar. ʂʘʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʣʠ ʪʘʢ? 

4. ʇʨʝʜʧʦʣʦʞʠʪʝ, ʢʘʢʦʡ ʩʦʩʪʘʚ ʤʦʛʫʪ ʠʤʝʪʴ: blue vitriol , red vitriol , acid 

vitriolated Tartar. 

5. ʇʝʨʝʚʦʜ ʥʝʢʦʪʦʨʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʣʦʚ: acid ï ʢʠʩʣʦʪʘ, oil ï ʤʘʩʣʦ, 

nitre ï ʩʝʣʠʪʨʘ, white ï ʙʝʣʳʡ, blue ï ʛʦʣʫʙʦʡ, red ï ʢʨʘʩʥʳʡ.  
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ʠ 

ʧʨʦʢʘʣʠʚʘʥʠʠ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ɹʝʣʳʡ 
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ʂʦʤʧʣʝʢʩʥʦʝ ʤʦʥʦʷʜʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ A ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʢʩʠʜ B ʪʸʤʥʦ-ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʨʘʩʪʚʦʨʷʶʪ ʚ ʚʦʜʝ ʠ 

ʜʦʙʘʚʣʷʶʪ ʢ ʨʘʩʪʚʦʨʫ ʠʟʙʳʪʦʢ 25%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʢ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʣʷʶʪ ʠʟʙʳʪʦʢ 30%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, 

ʟʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʧʝʨʝʤʝʰʠʚʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʉ ʦʨʘʥʞʝʚʦʛʦ 

ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʬʠʣʴʪʨʘʪʘ ʚʳʧʘʜʘʶʪ ʢʦʨʠʯʥʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ A. 

ʉʦʝʜʠʥʝʥʠʝ ɸ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʠʪ 30,54% ʘʤʤʠʘʢʘ ʠ 

38,32% ʢʠʩʣʦʨʦʜʘ ʧʦ ʤʘʩʩʝ. ʆʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʩ ʨʘʟʣʦʞʝʥʠʝʤ (ʨʝʘʢʮʠʷ 1), 

ʘ ʪʘʢʞʝ ʜʝʪʦʥʠʨʫʝʪ ʩʦ ʚʩʧʳʰʢʦʡ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ (ʨʝʘʢʮʠʷ 2). ʇʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ɸ ʦʙʨʘʟʫʝʪʩʷ ʪʸʤʥʦ-ʟʝʣʝʥʳʡ ʧʦʨʦʰʦʢ D ʠ ʩʤʝʩʴ ʪʨʝʭ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʆʭʣʘʞʜʝʥʠʝʤ ʵʪʦʡ ʩʤʝʩʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ 

ʧʨʠʛʦʪʦʚʠʪʴ ʨʘʩʪʚʦʨ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʜʨʫʛʦʤ, ʦʢʨʘʰʠʚʘʶʱʠʡ ʣʘʢʤʫʩ ʚ 

ʩʠʥʠʡ ʮʚʝʪ. 

ʉʦʝʜʠʥʝʥʠʝ ʉ ʪʘʢʞʝ ʙʫʨʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʨʝʘʢʮʠʷ 3), ʜʘʚʘʷ 

D ʠ ʜʚʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʘ. ʕʪʫ ʨʝʘʢʮʠʶ ʠʩʧʦʣʴʟʫʶʪ ʚ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʤ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʦʧʳʪʝ. 

ɿʘʜʘʥʠʝ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʚʝʱʝʩʪʚʘ ɸ ï D. ʆʪʚʝʪ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʘʤʠ. 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 3, ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ɸ 

(ʨʝʘʢʮʠʷ 4) ʠ C (ʨʝʘʢʮʠʷ 5) ʠʟ B. 

3. ʉʦʟʜʘʪʝʣʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ɸʣʴʬʨʝʜ ɺʝʨʥʝʨ ʙʦʣʝʝ 100 ʣʝʪ 
ʥʘʟʘʜ ʠʟʫʯʘʣ ʩʦʝʜʠʥʝʥʠʝ ɸ ʠ ʧʨʠʧʠʩʘʣ ʮʝʥʪʨʘʣʴʥʦʤʫ ʠʦʥʫ (ʮ.ʠ.) ʥʝʚʝʨʥʫʶ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ (ʩ.ʦ.). ʇʦ ɺʝʨʥʝʨʫ ʚʳʭʦʜʠʣʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʠʘʤʘʛʥʠʪʥʦ, ʥʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʩʜʝʣʘʥʥʳʝ ʧʦʟʜʥʝʝ ʠʟʤʝʨʝʥʠʷ, ɸ ʦʙʣʘʜʘʝʪ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʯʝʤ ʮ.ʠ. ʠʤʝʝʪ ʜʚʘ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ. 

ʆʧʨʝʜʝʣʠʪʝ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʮ.ʠ. ʚ ʩʦʝʜʠʥʝʥʠʠ ɸ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʘ 

ʙʦʣʴʰʝ ʜʚʫʭ (ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʠʩʪʠʥʥʫʶ, ʪʘʢ ʠ ʧʨʠʧʠʩʘʥʥʫʶ 

ɺʝʨʥʝʨʦʤ ʩ.ʦ.). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ɸ ʧʨʠʚʝʜʠʪʝ ʜʚʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʬʦʨʤʫʣʳ: ʧʨʘʚʠʣʴʥʫʶ ʠ ʪʫ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɺʝʨʥʝʨʘ 

(ʠʟʦʤʝʨʠʶ ʥʝ ʫʯʠʪʳʚʘʡʪʝ). ʋʩʪʘʥʦʚʠʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮ.ʠ. ʚ ʦʙʝʠʭ 

ʩʪʨʫʢʪʫʨʘʭ. 

4. ʂʦʤʧʣʝʢʩ ɸ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚʳʜʝʣʷʝʪ ʢʠʩʣʦʨʦʜ ʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʜʘʚʘʪʴ ʣʠʙʦ ʩʦʝʜʠʥʝʥʠʝ E (24,82 % ʤʝʪʘʣʣʘ ʧʦ 

ʤʘʩʩʝ), ʣʠʙʦ ʩʦʝʜʠʥʝʥʠʝ F (22,86 % ʤʝʪʘʣʣʘ ʧʦ ʤʘʩʩʝ). ʇʨʠ ʵʪʦʤ ʮʝʥʪʨʘʣʴʥʳʡ 

ʠʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʩʚʦʶ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ. ʆʧʨʝʜʝʣʠʪʝ 

ʩʦʩʪʘʚ E ʠ F, ʦʪʚʝʪ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʘʤʠ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ɽ (ʨʝʘʢʮʠʷ 6) ʠ F (ʨʝʘʢʮʠʷ 7) ʠʟ A. ʋʩʪʘʥʦʚʠʪʝ ʩʪʨʦʝʥʠʝ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ E ʠ F (ʠʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ), ʝʩʣʠ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ F ʭʦʨʦʰʦ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʪʚʦʨ E 

ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʚʦʜʠʪ. ʆʙʲʷʩʥʠʪʝ ʫʧʦʤʷʥʫʪʦʝ ʨʘʟʣʠʯʠʝ ʚ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʪʩʷ ʧʨʠ 
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ʕʣʝʤʝʥʪ X ʙʳʣ ʦʪʢʨʳʪ ʬʨʘʥʮʫʟʩʢʠʤ ʭʠʤʠʢʦʤ ʃʫʠ ɺʦʢʝʣʝʥʦʤ ʚ 1798 ʛʦʜʫ. 

ʈʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʠʤʝʶʪ ʩʣʘʜʢʠʡ ʚʢʫʩ, ʧʦʵʪʦʤʫ X ʩʥʘʯʘʣʘ 

ʥʘʟʚʘʣʠ çʛʣʠʮʠʝʤè (ʦʪ ʛʨʝʯ. ɔɚɡəɧɠ ï ʩʣʘʜʢʠʡ). ɿʘʪʝʤ ʝʤʫ ʜʘʣʠ ʥʦʚʦʝ ʥʘʟʚʘʥʠʝ, 

ʧʨʦʠʟʦʰʝʜʰʝʝ ʦʪ ʤʠʥʝʨʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʙʳʣ ʦʙʥʘʨʫʞʝʥ. ɺ 30-ʝ ʛʛ. XX 

ʩʪʦʣʝʪʠʷ ʵʣʝʤʝʥʪ X ʩʪʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ çʫʯʘʩʪʥʠʢʦʤè ʦʪʢʨʳʪʠʷ ʥʝʡʪʨʦʥʦʚ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʤʙʘʨʜʠʨʦʚʢʘ X Ŭïʯʘʩʪʠʮʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʣʫʯʝʡ, ʢʦʪʦʨʳʝ, ʢʘʢ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʢʘʟʘʣʦʩʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʪʦʢ ʥʝʡʪʨʦʥʦʚ. 

ʄʝʪʘʣʣ ʄ, ʦʙʨʘʟʫʝʤʳʡ ʵʣʝʤʝʥʪʦʤ X, ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʥʝʤʝʮʢʠʤ ʭʠʤʠʢʦʤ ʌʨʠʜʨʠʭʦʤ ɺʸʣʝʨʦʤ ʚ 1828 ʛʦʜʫ. ʆʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʣʝʛʢʠʭ ʤʝʪʘʣʣʦʚ (ɟ = 1,86 ʛ/ʩʤ
3
), ʠʤʝʶʱʠʤ ʩʨʝʜʠ ʥʠʭ ʦʜʥʫ ʠʟ ʩʘʤʳʭ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ (ʊʧʣ = 1283 Áʉ). ʕʪʦʪ ʤʝʪʘʣʣ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʢ ʨʘʟʣʠʯʥʳʤ ʩʧʣʘʚʘʤ, ʚ ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ, ʪʘʢʞʝ 

ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʵʣʝʤʝʥʪ X: 

 
ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʦ: 

ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ɽ ʧʨʠ 140 Áʉ ʧʦ ʨʝʘʢʮʠʠ ɽ Ÿ ɻ ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 41,86% ʦʪ ʤʘʩʩʳ ʠʩʭʦʜʥʦʡ ʥʘʚʝʩʢʠ; 

ʩʦʝʜʠʥʝʥʠʝ ɾ ̫ʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʦʣʴʶ; 

1,55 ʛ ʩʦʝʜʠʥʝʥʠʷ ʀ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 120 Áʉ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

3,25 ʛ ʚʝʱʝʩʪʚʘ ɼ ʠ 1,77 ʛ Li[BH4] ʚ ʟʘʧʘʷʥʥʦʡ ʪʨʫʙʢʝ; 

ʩʦʝʜʠʥʝʥʠʝ ʂ ʷʚʣʷʝʪʩʷ ʙʠʥʘʨʥʳʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʦʨʬʥʦʝ 

ʚʝʱʝʩʪʚʦ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʶʱʝʝʩʷ ʢʠʩʣʦʪʘʤʠ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʚʦʜʦʨʦʜʘ; 
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ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʩʦʝʜʠʥʝʥʠʷ ɸ ʚ 11 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʚʝʱʝʩʪʚʘ ʂ; 

ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚʝʱʝʩʪʚʘ ɽ ʩ CH3COOH ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʃ, ʩʦʜʝʨʞʘʱʝʝ 8,87 % ʵʣʝʤʝʥʪʘ ʍ ʧʦ ʤʘʩʩʝ. ɺ ʩʪʨʫʢʪʫʨʝ ʃ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʵʣʝʤʝʥʪʘ ʍ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ  ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 4. 

ɿʘʜʘʥʠʷ 

ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ X ʠ ʤʝʪʘʣʣ ʄ. ʇʨʠʚʝʜʠʪʝ ʥʘʟʚʘʥʠʝ ʤʠʥʝʨʘʣʘ, ʚ 

ʢʦʪʦʨʦʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʵʪʦʪ ʵʣʝʤʝʥʪ. 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ. 

ʂʘʢʦʝ ʝʱʝ ʠʟʚʝʩʪʥʦʝ ɺʘʤ ʚʝʱʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʣ ʌʨʠʜʨʠʭ ɺʸʣʝʨ ʚ 1828 

ʛʦʜʫ? 

ʇʨʠʚʝʜʠʪʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ ɸ ï ʃ, ʩʦʩʪʘʚ ɽ, ɻ, ʀ, ʂ, ʃ ʧʦʜʪʚʝʨʜʠʪʝ 

ʨʘʩʯʝʪʦʤ.  

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʨʝʘʢʮʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʩʭʝʤʝ (16 ʨʝʘʢʮʠʡ). 

ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʚʝʱʝʩʪʚʘ ʃ. ʋʢʘʞʠʪʝ, ʢʘʢʠʝ ʯʘʩʪʠʮʳ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʚ ʥʝʤ, ʘ ʢʘʢʠʝ ï ʣʠʛʘʥʜʘʤʠ. ʂʘʢʫʶ 

ʜʝʥʪʘʪʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʵʪʠ ʣʠʛʘʥʜʳ ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ? 

 

ɿʘʜʘʯʘ 4 

ʊʘʢ ʞʝ, ʢʘʢ ʝʩʪʴ ʰʝʩʪʴ ʚʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʝʩʪʴ ï ʷ ʜʦʢʘʟʘʣ ʵʪʦ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ... ï ʰʝʩʪʴ ʚʠʜʦʚ ʧʦʣʫʤʝʪʘʣʣʦʚ... ʗ ʠʤʝʣ 

ʩʯʘʩʪʴʝ ʙʳʪʴ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʝʤ ʥʦʚʦʛʦ ʧʦʣʫʤʝʪʘʣʣʘ,é ʢʦʪʦʨʳʡ ʨʘʥʝʝ 

ʧʫʪʘʣʠ ʩ ʚʠʩʤʫʪʦʤ... 

ʀʟ ʜʥʝʚʥʠʢʘ ɻ. ɹʨʘʥʜʪʘ, 1741 

ʉʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʘ ʍ ʠʟʚʝʩʪʥʳ ʯʝʣʦʚʝʢʫ ʩ ʛʣʫʙʦʢʦʡ ʜʨʝʚʥʦʩʪʠ. ɽʱʝ 

ʜʨʝʚʥʠʝ ʝʛʠʧʪʷʥʝ, ʘʩʩʠʨʠʡʮʳ ʠ ʚʘʚʠʣʦʥʷʥʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʦʢʨʘʰʠʚʘʶʪ ʩʪʝʢʣʦ ʚ ʩʠʥʠʡ ʮʚʝʪ, ʠ ʪʘʢʦʤʫ ʩʪʝʢʣʫ ʥʝʪ ʩʦʧʝʨʥʠʢʦʚ ʧʦ 

ʧʨʦʟʨʘʯʥʦʩʪʠ.  ʊʘʢ, ʚ ʛʨʦʙʥʠʮʝ ʊʫʪʘʥʭʘʤʦʥʘ ʥʘʰʣʠ ʤʥʦʛʦ ʦʩʢʦʣʢʦʚ ʩʪʝʢʣʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʤʝʥʪ ʍ. ʉ 1800 ʛʦʜʘ ʥʘʯʘʣʦʩʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʠʥʝʡ ʢʨʘʩʢʠ ʥʘ 

ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʍ. 

ʈʫʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʍ, ʧʦ ʚʩʝʤ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ ʢʘʟʘʣʠʩʴ ʩʝʨʝʙʨʷʥʳʤʠ, 

ʦʜʥʘʢʦ ʚʳʧʣʘʚʠʪʴ  ʜʨʘʛʦʮʝʥʥʳʡ ʤʝʪʘʣʣ ʥʝ ʫʜʘʚʘʣʦʩʴ. ʍʫʞʝ ʪʦʛʦ, ʚʳʧʣʘʚʢʘ ʨʫʜ, 

ʩʦʜʝʨʞʘʱʠʭ ʍ, ʥʝʨʝʜʢʦ  ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʦʪʨʘʚʣʝʥʠʷʤʠ ʛʦʨʥʷʢʦʚ, ʯʪʦ 

ʧʨʠʧʠʩʳʚʘʣʦʩʴ ʧʨʦʜʝʣʢʘʤ ʟʣʳʭ ʛʦʨʥʳʭ ʜʫʭʦʚ, ʦʪʢʫʜʘ ʠ ʧʨʦʠʟʦʰʣʦ ʥʘʟʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘ. ʉʝʡʯʘʩ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʨʘʚʣʝʥʠʷ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʤʠʥʝʨʘʣʘʭ ʍ ʵʣʝʤʝʥʪʘ, ʧʨʠ ʦʙʞʠʛʝ ʦʙʨʘʟʫʶʱʝʛʦ ʣʝʪʫʯʠʡ ʷʜʦʚʠʪʳʡ ʦʢʩʠʜ. 

ɺ 1735 ʛʦʜʫ ʰʚʝʜʩʢʠʡ ʤʠʥʝʨʘʣʦʛ ɻʝʦʨʛ ɹʨʘʥʜʪ ʩʫʤʝʣ ʚʳʜʝʣʠʪʴ ʠʟ 

çʥʝʯʠʩʪʦʡ ʨʫʜʳè ʥʝʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ ʤʝʪʘʣʣ ʍ.   

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʍ ̫ʚʣʷʝʪʩʷ ʙʠʥʘʨʥʦʝ ʪʸʤʥʦï

ʩʝʨʦʝ ʩʦʝʜʠʥʝʥʠʝ ɸ (73,44 % ʤʘʩʩ. ʍ) ʦʙʨʘʟʫʶʱʝʝʩʷ ʧʨʠ ʦʙʞʠʛʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʫʜ.  ʅʘʛʨʝʚʘʥʠʝ ɸ ʚʳʰʝ 900 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 6,64 % 

ʤʘʩʩʳ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʪʸʤʥʦïʟʝʣʸʥʦʝ ʚʝʱʝʩʪʚʦ ɹ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ɸ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʚʳʜʝʣʷʝʪʩʷ ʙʝʩʮʚʝʪʥʳʡ ʛʘʟ ʙʝʟ ʟʘʧʘʭʘ ɺ,  
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ʭʦʨʦʰʦ ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʛʦʨʝʥʠʝ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʞʝ ʥʘ ɸ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʪʦʞʝ ʚʳʜʝʣʷʝʪʩʷ ʛʘʟ, ʥʦ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʡ ʠ ʩ ʨʝʟʢʠʤ 

ʟʘʧʘʭʦʤ ɻ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʙʣʝʜʥʦ-ʨʦʟʦʚʳʝ ʨʘʩʪʚʦʨʳ ɼ 

ʠ ɽ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʧʦʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʣʶʙʦʡ ʠʟ ʥʠʭ ʱʝʣʦʯʴʶ, ʦʙʨʘʟʫʝʪʩʷ 

ʨʦʟʦʚʳʡ ʦʩʘʜʦʢ ɾ, ʨʘʩʪʚʦʨʷʶʱʠʡʩʷ ʚ ʠʟʙʳʪʢʝ ʱʝʣʦʯʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ɿ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ɾ ʙʨʦʤʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʦʙʨʘʟʫʝʪʩʷ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʝ ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʚ ʚʦʜʝ ʩʦʝʜʠʥʝʥʠʝ ʀ, ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 150 Áʉ ʪʝʨʷʶʱʝʝ 26,97 % ʤʘʩʩʳ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ɸ. 

 
ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ ʍ ʠ ʚʝʱʝʩʪʚʘ ɸïʀ. ʆʪʚʝʪʳ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʸʪʘʤʠ. 

ʂʘʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠʤʝʝʪ ʍ ʚ ʩʦʝʜʠʥʝʥʠʠ ɸ? 

ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ ʩʭʝʤʝ ʨʝʘʢʮʠʡ. 

ʇʨʠʤʝʩʴʶ ʢʘʢʦʛʦ ʵʣʝʤʝʥʪʘ Y ʦʙʫʩʣʦʚʣʝʥʳ ʦʪʨʘʚʣʝʥʠʷ ʛʦʨʥʷʢʦʚ? 

ʆʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ɺʘʤ ʧʦʤʦʞʝʪ ʨʘʩʯʸʪ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʘ ʩʤʘʣʴʪʠʥ. 

ɼʘʥʥʳʡ ʤʠʥʝʨʘʣ  ʷʚʣʷʝʪʩʷ ʙʠʥʘʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʤʦʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ X : 

Y = 1 : 2 ʠ ʩʦʜʝʨʞʠʪ 28,23 % ʤʘʩʩ. ʍ. ʅʘʧʠʰʠʪʝ ʨʝʘʢʮʠʶ, ʧʨʦʠʩʭʦʜʷʱʫʶ ʧʨʠ 

ʦʙʞʠʛʝ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ɽ ʢʠʩʣʦʨʦʜʦʤ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʣʫʪʝʦʩʦʣʠ 

(22,06 % ʤʘʩʩ. ʍ) ʠ ʨʦʟʝʦʩʦʣʠ (21,97 % ʤʘʩʩ. ʍ).  

ʆʧʨʝʜʝʣʠʪʝ ʩʦʩʪʘʚ ʣʫʪʝʦʩʦʣʠ ʠ ʨʦʟʝʦʩʦʣʠ, ʥʘʧʠʰʠʪʝ ʨʝʘʢʮʠʠ ʠʭ 

ʧʦʣʫʯʝʥʠʷ, ʜʘʡʪʝ ʩʦʝʜʠʥʝʥʠʷʤ ʥʦʤʝʥʢʣʘʪʫʨʥʳʝ ʥʘʟʚʘʥʠʷ. ʂʘʢ ʚʳ ʜʫʤʘʝʪʝ, ʚ 

ʢʘʢʠʝ ʮʚʝʪʘ ʦʢʨʘʰʝʥʳ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ?  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɽ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʦʤ ʥʘʪʨʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʠʥʪʝʨʝʩʥʦʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʂ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʍ 31,22 % ʧʦ 

ʤʘʩʩʝ.  

ʅʘʧʠʰʠʪʝ ʨʝʘʢʮʠʶ ʧʦʣʫʯʝʥʠʷ ʂ. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʝʜʩʢʘʞʠʪʝ ʝʛʦ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʥʝ ʤʝʥʝʝ ʜʚʫʭ 

ʨʝʘʢʮʠʡ).  
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ʈʘʟʙʠʨʘʷ ʰʢʘʬ ʩʦ ʩʪʘʨʳʤʠ ʨʝʘʢʪʠʚʘʤʠ, ʶʥʳʡ ʭʠʤʠʢ ʦʙʥʘʨʫʞʠʣ ʪʘʤ 

ʚʩʢʨʳʪʳʡ ʧʦʣʠʵʪʠʣʝʥʦʚʳʡ ʧʘʢʝʪ ʩʦ ʩʚʝʪʣʦ-ʞʝʣʪʳʤ ʪʚʝʨʜʳʤ ʩʦʜʝʨʞʠʤʳʤ. 

ʅʘʜʧʠʩʴ ʥʘ ʧʘʢʝʪʝ ʢʨʘʡʥʝ ʝʛʦ ʩʤʫʪʠʣʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʮʚʝʪʫ 

ʩʦʜʝʨʞʠʤʦʛʦ. ʍʠʤʠʢ ʨʝʰʠʣ ʚʳʷʩʥʷʪʴ, ʯʪʦ ʞʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʢʝʪʝ. 

ʉʦʜʝʨʞʠʤʦʝ ʥʝ ʦʙʣʘʜʘʝʪ ʟʘʧʘʭʦʤ, ʦʢʨʘʰʠʚʘʝʪ ʧʣʘʤʷ ʛʦʨʝʣʢʠ ʚ ʞʝʣʪʳʡ 

ʮʚʝʪ, ʘ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʝʛʦ ʚ ʚʦʜʝ ʨʘʩʪʚʦʨ ʟʘʤʝʪʥʦ ʥʘʛʨʝʚʘʝʪʩʷ. ʈʘʩʪʚʦʨʠʚ 

1,00 ʛ ʩʦʜʝʨʞʠʤʦʛʦ ʧʘʢʝʪʘ ʚ 100 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʭʠʤʠʢ ʧʦʣʫʯʠʣ 

ʩʣʝʛʢʘ ʤʫʪʥʳʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʦʥ ʦʪʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ 

ʦʩʘʜʦʢ ɸ ʧʨʦʢʘʣʠʣ (ʨʝʘʢʮʠʷ 1), ʧʦʣʫʯʠʚ 0,0029 ʛ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ɹ. ʖʥʳʡ 

ʭʠʤʠʢ ʨʘʩʪʚʦʨʠʣ ɹ ʚ ʠʟʙʳʪʢʝ ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 
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(ʨʝʘʢʮʠʷ 2), ʧʦʣʫʯʠʚ ɺ. ʈʘʩʪʚʦʨ ɺ ʚ ʚʦʜʝ ʜʘʝʪ ʷʨʢʦ-ʢʨʘʩʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʦʜʘʥʠʜʦʤ ʢʘʣʠʷ (ʨʝʘʢʮʠʷ 3). ɽʩʣʠ ʧʦʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʘʩʪʚʦʨ 

ɺ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ (ʨʝʘʢʮʠʷ 4), ʘ ʟʘʪʝʤ ʦʨʪʦ-ʬʝʥʘʥʪʨʦʣʠʥʦʤ (ʨʝʘʢʮʠʷ 5, ʩʤ. 

ʨʠʩ.), ʪʦ ʨʘʩʪʚʦʨ ʪʘʢʞʝ ʦʢʨʘʩʠʪʩʷ ʚ ʷʨʢʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ɻ. 

N N  
ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʦʨʪʦ-ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ʇʦʩʣʝ ʦʧʠʩʘʥʥʳʭ ʦʧʳʪʦʚ ʶʥʳʡ ʭʠʤʠʢ ʧʨʠʩʪʫʧʠʣ ʢ ʘʥʘʣʠʟʫ ʨʘʩʪʚʦʨʘ, 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʂ 100 ʤʣ ʙʝʩʮʚʝʪʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʥ ʜʦʙʘʚʠʣ ʠʟʙʳʪʦʢ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʙʘʨʠʷ (ʨʝʘʢʮʠʷ 6), ʧʦʣʫʯʠʚ ʧʨʠ 

ʵʪʦʤ 0,591 ʛ ʦʩʘʜʢʘ ɼ, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚ ʠʟʙʳʪʢʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

(ʨʝʘʢʮʠʷ 7) ʚʳʜʝʣʠʣʩʷ ʙʝʩʮʚʝʪʥʳʡ ʛʘʟ ɽ ʩ ʧʣʦʪʥʦʩʪʴʶ 1,964 ʛ/ʣ (ʥ. ʫ.). 

ɿʘʜʘʥʠʷ: 

1. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʜʝʨʞʠʤʦʝ ʧʘʢʝʪʘ? ʆʧʨʝʜʝʣʠʪʝ ʚʩʝ 

ʫʧʦʤʷʥʫʪʳʝ ʚ ʟʘʜʘʯʝ ʚʝʱʝʩʪʚʘ ɸ ï ɽ. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʷ ɻ. ʂʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʠʤʦʛʦ ʧʘʢʝʪʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ 

ʟʘʜʘʯʠ? 

2. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ 1 ï 7. 

3. ʇʦʩʣʝ ʩʚʦʠʭ ʦʧʳʪʦʚ ʶʥʳʡ ʭʠʤʠʢ ʧʨʦʜʦʣʞʠʣ ʨʘʟʙʠʨʘʪʴ ʰʢʘʬ ʠ 

ʥʘʪʢʥʫʣʩʷ ʥʘ ʝʱʝ ʦʜʠʥ ʪʘʢʦʡ ʞʝ, ʥʦ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʡ ʧʘʢʝʪ (ʥʘʟʚʘʥʠʷ 

ʚʝʱʝʩʪʚ ʥʘ ʵʪʠʢʝʪʢʘʭ ʠʜʝʥʪʠʯʥʳ). ʋʚʠʜʝʚ, ʯʪʦ ʮʚʝʪ ʩʦʜʝʨʞʠʤʦʛʦ ʚʪʦʨʦʛʦ ʧʘʢʝʪʘ 

ʙʝʣʳʡ, ʭʠʤʠʢ ʜʦʛʘʜʘʣʩʷ, ʢʘʢ ʠʤʝʥʥʦ ʧʦʞʝʣʪʝʣʦ çʚʝʱʝʩʪʚʦè ʚ ʧʝʨʚʦʤ ʧʘʢʝʪʝ. 

ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʮʚʝʪ ʩʦʜʝʨʞʠʤʦʛʦ ʧʘʢʝʪʦʚ ʨʘʟʣʠʯʘʣʩʷ. ʇʦʯʝʤʫ ʩʦʜʝʨʞʠʤʦʝ 

ʧʘʢʝʪʦʚ ʥʝʣʴʟʷ ʭʨʘʥʠʪʴ ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʘʨʝ? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʠʩʭʦʜʷʱʝʡ 

ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʠ. 
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ɸ, ɹ ʠ ɺ ï ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ, ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʣʝʛʢʦʛʦ 

ʙʝʩʮʚʝʪʥʦʛʦ ʛʘʟʘ ʂ (ʨʝʘʢʮʠʷ 1). ɸ, ɹ ʠ ɺ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɻ ï ʥʝʘʢʪʠʚʥʳʡ ʤʝʪʘʣʣ, ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ 

(ʨʝʘʢʮʠʷ 2), ʧʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘʟʫʝʪʩʷ ʥʝʦʢʨʘʰʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ɼ. ɽʩʣʠ ʢ 

ʧʦʜʢʠʩʣʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ɼ ʜʦʙʘʚʠʪʴ ʨʘʩʪʚʦʨ ʠʦʜʠʜʘ ʢʘʣʠʷ, ʪʦ ʚʳʧʘʜʘʝʪ ʞʝʣʪʳʡ 

ʦʩʘʜʦʢ ʚʝʱʝʩʪʚʘ ɽ (ʨʝʘʢʮʠʷ 3).  

ʄʝʪʘʣʣ ɻ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʨʘʩʪʚʦʨʘʭ 

ʤʝʪʘʣʣʦʚ ɸ, ɹ ʠʣʠ ɺ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ, ʧʨʠ ʵʪʦʤ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʤʝʥʷʝʪʩʷ ʥʘ 

ʟʝʣʸʥʳʡ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. 

ɺ 1917 ʛʦʜʫ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʨʘʩʪʚʦʨ 

ʤʝʪʘʣʣʦʚ ɸ ʠ ɻ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʧʨʦʧʫʩʢʘʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʠʩʧʦʣʴʟʫʷ 

ʵʣʝʢʪʨʦʜʳ ʠʟ ʤʝʪʘʣʣʘ ɻ.  
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ɿʘ 12 ʯʘʩʦʚ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ ʩʠʣʝ ʪʦʢʘ I = 0,0035 ɸ ʤʘʩʩʘ ʘʥʦʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʤʘʩʩʘ ʢʘʪʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 0,7306 ʛ. ʋʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠʟ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʸʤʥʦ-ʟʝʣʝʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʝ 

ʠʤʝʶʱʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʚʘʢʫʫʤʝ ʦʥʦ ʣʝʛʢʦ ʪʝʨʷʝʪ ʤʘʩʩʫ, ʧʝʨʝʭʦʜʷ ʚ 

ʩʝʨʳʡ ʧʦʨʦʰʦʢ ɾ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʟʫʶʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʜʥʘʢʦ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʠʟʚʝʩʪʥʳ. 

ɺ 1998 ʛʦʜʫ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʠʣʠ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ ɿ, ʢʦʪʦʨʦʝ 

ʧʦʣʫʯʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʩʤʝʩʴ 190 ʤʛ ɺ ʠ 2,27 ʛ ɻ ʥʘʛʨʝʣʠ ʜʦ 900 Áʉ, 

ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ ʦʭʣʘʜʠʣʠ ʨʘʩʧʣʘʚ. ɿ ï ʪʸʤʥʦ-ʩʝʨʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, 

ʨʘʩʪʚʦʨʠʤʦʝ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ. 

ɺ 2001 ʛʦʜʫ ʫʜʘʣʦʩʴ ʠʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ ʀ, ʢʦʪʦʨʦʝ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 59,6 ʤʛ ɹ ʠ 4,00 ʛ ɻ ʚ 30 ʤʣ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ 

(ʨʝʘʢʮʠʷ 4). ʀ ʪʝʨʷʝʪ ʤʘʩʩʫ ʚ ʚʘʢʫʫʤʝ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʩʝʨʳʡ ʘʤʦʨʬʥʳʡ 

ʧʦʨʦʰʦʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʢʠʩʣʦʨʦʜʫ ʠ ʚʣʘʛʝ ʚʦʟʜʫʭʘ, ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 

13,25 %.  

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʨʘʩʪʚʦʨʫ 0,133 ʛ ɿ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʥʝʙʦʣʴʰʦʛʦ 

ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʘ ɽ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʚʳʜʝʣʷʝʪʩʷ 0,150 ʛ ʦʩʘʜʢʘ ɻ (ʨʝʘʢʮʠʷ 5). 

ʄʦʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʚʝʱʝʩʪʚʘʭ ɿ ʠ ʀ ʦʜʠʥʘʢʦʚʳ ʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʪʘʢʦʚʳʤ ʜʣʷ ɾ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʘʚʝʩʦʢ ɾ, ɿ, ʀ ʤʘʩʩʦʡ 0,5 ʛ ʩ ʚʦʜʦʡ 

ʚʳʜʝʣʷʝʪʩʷ 11,45 ʤʣ, 11,08 ʤʣ ʠ 10,27 ʤʣ ʛʘʟʘ ʂ (ʠʟʤʝʨʝʥʦ ʧʨʠ ʥ.ʫ.), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘʢʦʥ ʌʘʨʘʜʝʷ: 
z

M

F

tI
m= , ʛʜʝ m ï ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʵʣʝʢʪʨʦʜʘ (ʛ),  

I  ï ʩʠʣʘ ʪʦʢʘ (ɸ), t ï ʚʨʝʤʷ (ʩ), F = 96485 ʂʣ/ʤʦʣʴ ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ,  

M ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ (ʛ/ʤʦʣʴ), z ï ʟʘʨʷʜ ʠʦʥʘ (ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʜʠʥ ʠʦʥ). 

ɿʘʜʘʥʠʷ: 

1. ʆʧʨʝʜʝʣʠʪʝ ʚʝʱʝʩʪʚʘ (ɸ ï ʀ), ʦʪʚʝʪ ʦʙʦʩʥʫʡʪʝ.  

2. ʉʦʩʪʘʚ ɾ, ɿ, ʀ ʧʦʜʪʚʝʨʜʠʪʝ ʨʘʩʯʝʪʦʤ. 

3. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (1ï5), ʨʝʘʢʮʠʷ 1 ï ʵʪʦ ʨʝʘʢʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ ʠʟ ʤʝʪʘʣʣʦʚ ɸ, ɹ ʠʣʠ ɺ ʩ ʚʦʜʦʡ. ʅʘʧʠʰʠʪʝ 

ʨʝʘʢʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɿ ʩ ʚʦʜʦʡ. 

4. ʉʦʝʜʠʥʝʥʠʷ ɿ ʠ ʀ ʠʤʝʶʪ ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʝʜʣʦʞʠʪʝ ʩʦʩʪʘʚ ʢʘʪʠʦʥʦʚ ʠ 

ʘʥʠʦʥʘ. 

5. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʤʝʪʘʣʣʦʚ ɸ, ɹ ʠ ɺ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ, 

ʯʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʦʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ? 
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ʆʈɻɸʅʀʏɽʉʂɸʗ ʍʀʄʀʗ 

ɿʘʜʘʯʘ 1 

ʅʦʚʳʝ ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ 

ʈʝʘʢʮʠʷ ʤʝʪʘʪʝʟʠʩʘ ʘʣʢʝʥʦʚ, ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʢʦʪʦʨʦʡ 

ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʝʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʀ. ʐʦʚʝʥ, ʈ. ɻʨʘʙʙʩ ʠ 

ʈ. ʐʨʦʢ ʧʦʣʫʯʠʣʠ ʚ 2005 ʛ. ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ, ʫʞʝ ʥʝ ʨʘʟ ʙʳʣʘ ʚ ʟʘʜʘʯʘʭ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʠ ʄʝʥʜʝʣʝʝʚʩʢʦʡ ʦʣʠʤʧʠʘʜ ʧʦ ʭʠʤʠʠ. ɺ ʫʧʨʦʱʸʥʥʦʤ ʚʠʜʝ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʤʝʪʘʪʝʟʠʩʘ ʘʣʢʝʥʦʚ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʬʦʨʤʘʣʴʥʦʝ 

[2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʮʠʢʣʦʙʫʪʘʥʘ ʥʘ ʜʚʘ 

ʘʣʢʝʥʘ. ʈʝʘʣʴʥʳʡ ʞʝ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʠʞʝ.  

 
ʈʝʘʢʮʠʷ ʤʝʪʘʪʝʟʠʩʘ ʘʣʢʝʥʦʚ ʙʳʣʘ ʦʪʢʨʳʪʘ ʚ 1967 ʛ., ʘ ʚ 1985 ʛ. ʧʦʷʚʠʣʩʷ 

ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʤʝʪʘʪʝʟʠʩʘ ʩ ʫʯʘʩʪʠʝʤ ʘʣʢʝʥʘ ʠ ʘʣʢʠʥʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ 

ʘʥʘʣʦʛʠʯʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʕʪʘ ʨʝʘʢʮʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ, ʥʘʧʨʠʤʝʨ, ʚ ʩʠʥʪʝʟʝ 

(Ñ)-ʜʠʬʬʝʨʦʣʠʜʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʢʫʣʴʪʫʨʳ ʘʢʪʠʥʦʤʠʮʝʪʦʚ Streptomyces 

aurantiogriseus. ʉʦʝʜʠʥʝʥʠʝ ɸ ʤʝʜʣʝʥʥʦ ʜʠʤʝʨʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

(Ñ)-ʜʠʬʬʝʨʦʣʠʜʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠʟʦʤʝʨʘ ɺ ʜʘʞʝ ʧʨʠ ʩʪʦʷʥʠʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʠʬʬʝʨʦʣʠʜ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʫʢʘʟʘʥʥʦʡ ʢʫʣʴʪʫʨʝ, ʘ ʷʚʣʷʝʪʩʷ ʘʨʪʝʬʘʢʪʦʤ 

ʚʳʜʝʣʝʥʠʷ: 

 
1. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ɸ ʠ ɺ. 

ʇʦʟʜʥʝʝ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʚ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ ʚʩʪʫʧʘʶʪ ʠ 

ʜʨʫʛʠʝ ʪʠʧʳ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʝʘʢʮʠʶ 

ʤʝʪʘʪʝʟʠʩʘ ʩ ʫʯʘʩʪʠʝʤ ʘʣʢʠʥʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ.  

 
2. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʧʨʦʜʫʢʪʘ (ʉ) ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ 2-[(ʙʫʪ-2-ʠʥ-1-ʠʣ)ʦʢʩʠ]ʙʝʥʟʘʣʴʜʝʛʠʜʘ. 
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ʇʨʠ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ ʘʣʢʝʥʦʚ, ʫ ʥʝʝ ʠʤʝʝʪʩʷ ʠ 

ʥʝʜʦʩʪʘʪʦʢ: ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʶʪʩʷ ʩʤʝʩʠ ʮʠʩ- ʠ ʪʨʘʥʩ-ʘʣʢʝʥʦʚ. ʕʪʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ, ʦʯʝʚʠʜʥʦ, ʣʠʰʝʥʘ ʨʝʘʢʮʠʷ ʤʝʪʘʪʝʟʠʩʘ ʘʣʢʠʥʦʚ. ʇʨʦʜʫʢʪ ʤʝʪʘʪʝʟʠʩʘ 

ʘʣʢʠʥʦʚ ʤʦʞʥʦ ʜʘʣʝʝ ʩʝʣʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʣʠʙʦ ʚ ʮʠʩ-, ʣʠʙʦ ʚ ʪʨʘʥʩ-ʘʣʢʝʥ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʜʘʚʥʦ ʚ ʩʠʥʪʝʟʝ ʢʫʢʫʜʞʦʣʠʜʘ XI, ʬʝʨʦʤʦʥʘ 

ʩʫʨʠʥʘʤʩʢʦʛʦ ʤʫʢʦʝʜʘ Oryzaephilus surinamensis. 

 
3. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ D ï P. 

4. ʋʢʘʞʠʪʝ ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʚ 

ʢʫʢʫʜʞʦʣʠʜʝ XI . 

 

ɿʘʜʘʯʘ 2 

ʈʝʘʢʮʠʷ ʉʝʡʬʝʨʪʘïɻʠʣʙʝʨʪʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʉʝʡʬʝʨʪʘïɻʠʣʙʝʨʪʘ, ʩʭʝʤʘ ʠ ʤʝʭʘʥʠʟʤ 

ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 
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ʅʝʜʦʩʪʘʪʢʦʤ ʨʝʘʢʮʠʠ ʉʝʡʬʝʨʪʘïɻʠʣʙʝʨʪʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʪʨʝʪ-ʙʫʪʠʣʘʪʘ ʢʘʣʠʷ, ʯʪʦ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ 

ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

1. ʇʨʝʜʣʦʞʠʪʝ ʩʪʨʫʢʪʫʨʫ ʚʦʟʤʦʞʥʦʛʦ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟ ʬʝʥʠʣʫʢʩʫʩʥʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʉʝʡʬʝʨʪʘï

ɻʠʣʙʝʨʪʘ. 

ʇʨʦʪʝʢʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʝʩʣʠ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʉʝʡʬʝʨʪʘïɻʠʣʙʝʨʪʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ 

ʆʭʠʨʳïɹʝʩʪʤʘʥʥʘ, ʢʦʛʜʘ ʘʥʠʦʥ Z ʛʝʥʝʨʠʨʫʝʪʩʷ in situ ʠʟ 

ʜʠʤʝʪʠʣ-1-ʜʠʘʟʦ-2-ʦʢʩʦʧʨʦʧʠʣʬʦʩʬʦʥʘʪʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

ʨʝʘʛʝʥʪʘ ʆʭʠʨʳïɹʝʩʪʤʘʥʥʘ, ʜʘʣʝʝ ʙʫʜʝʤ ʝʛʦ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ 

OBR) ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ ʤʝʪʘʥʦʣʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ ʮʝʣʝʚʦʛʦ 

ʘʣʢʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʶ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʥʝ ʧʨʠ ï78 Áʉ. 

2. ʇʨʝʜʣʦʞʠʪʝ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʠʦʥʘ Z ʠʟ ʨʝʘʛʝʥʪʘ ʆʭʠʨʳï

ɹʝʩʪʤʘʥʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ɺ 2013 ʛʦʜʫ ʙʨʘʟʠʣʴʩʢʠʝ ʫʯʸʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʶ ʉʝʡʬʝʨʪʘï

ɻʠʣʙʝʨʪʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʆʭʠʨʳïɹʝʩʪʤʘʥʥʘ ʜʣʷ ʩʠʥʪʝʟʘ ʚʝʱʝʩʪʚʘ CMI-977 ï 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʣʝʯʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʡ ʘʩʪʤʳ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ 

ʟʘʰʠʬʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʵʪʦʛʦ ʩʠʥʪʝʟʘ. 
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3. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ A ï G. ʋʯʪʠʪʝ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʝ C ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʣʶʤʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʉʝʡʬʝʨʪʘïɻʠʣʙʝʨʪʘ ʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʆʭʠʨʳïɹʝʩʪʤʘʥʥʘ ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʧʨʠʤʝʥʷʝʤʦʤ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʠʪʘʡʩʢʦʡ ʤʝʜʠʮʠʥʝ ʨʘʩʪʝʥʠʠ 

Stemona tuberosa ʘʣʢʘʣʦʠʜʘ (ï)-ʩʪʝʤʦʘʤʠʜʘ. 

 

4. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ H ï Q, ʫʯʠʪʳʚʘʷ, ʯʪʦ  

ʆ ï ʙʠʮʠʢʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʘ P ï ʪʨʠʮʠʢʣʠʯʝʩʢʦʝ. 

 

ɿʘʜʘʯʘ 3 

ʅʝʩʪʘʨʝʶʱʝʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ï ʚʘʣʝʨʠʘʥʘ 

ñʉʧʦʢʦʡʩʪʚʠʝ, ʪʦʣʴʢʦ ʩʧʦʢʦʡʩʪʚʠʝ!ò   

ʂʘʨʣʩʦʥ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʦʣʫʯʠʚʰʘʷ ʥʘʟʚʘʥʠʝ ʘʥʥʝʣʠʨʦʚʘʥʠʝ 

ʧʦ ʈʦʙʠʥʩʦʥʫ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʠʥʪʝʟʝ ʩʣʦʞʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠʨʦʜʥʳʭ, ʩʦʝʜʠʥʝʥʠʡ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ ʝʥʦʣʷʪ-ʠʦʥʘ ʢ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʦʤʫ ʢʝʪʦʥʫ; 

ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʘʣʴʜʦʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ.  

 
1. ɼʣʷ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʚʠʥʠʣʤʝʪʠʣʢʝʪʦʥʘ ʢ ʤʝʥʪʦʥʫ ʥʘʧʠʰʠʪʝ 

ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʧʨʦʜʫʢʪʘ ʍ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʦʥ ʩʦʜʝʨʞʠʪ ʯʝʪʚʝʨʪʠʯʥʳʡ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ.  

 
ɺʤʝʩʪʦ ʝʥʦʥʘ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ï 

ʘʤʤʦʥʠʡʥʫʶ ʩʦʣʴ ʪʠʧʘ R3N
Ä
CH2CH2C(O)R¡, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ 

ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥʘ ʠʟ ʢʝʪʦʥʘ, ʘʤʠʥʘ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʧʦ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ. 

ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʧʦ ʈʦʙʠʥʩʦʥʫ ʷʚʣʷʝʪʩʷ 

ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʩʭʝʤʝ ʩʠʥʪʝʟ ʩʝʩʢʚʠʪʝʨʧʝʥʘ ʚʘʣʝʨʘʥʦʥʘ (Z), ʚʘʞʥʦʛʦ 

ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʜʫʰʠʩʪʦʛʦ ʤʘʩʣʘ ʚʘʣʝʨʠʘʥʳ.  

 

2. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ɸ ï G ʠ Z ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ Z ʠʤʝʝʪʩʷ 

ʪʨʠ ʭʠʨʘʣʴʥʳʭ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ.  

ɺʘʣʝʨʠʘʥʘ ï ʵʪʦ ʫʩʧʦʢʦʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʨʦʚʝʨʝʥʥʦʝ ʥʝ ʦʜʥʠʤ 

ʧʦʢʦʣʝʥʠʝʤ. ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʢʘʞʜʦʡ 

ʪʘʙʣʝʪʢʝ ʠʣʠ ʢʘʧʣʝ ʥʘʩʪʦʡʢʠ, ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, 

ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʷʩʴ ʩ ʤʠʛʨʝʥʴʶ, ʙʝʩʩʦʥʥʠʮʝʡ, ʚʝʛʝʪʦʩʦʩʫʜʠʩʪʦʡ ʜʠʩʪʦʥʠʝʡ. 

3. ʇʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʚʘʣʝʨʠʘʥʳ ʧʨʦʜʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʭ. ʊʘʢ, 

ʚʳʧʫʩʢʘʝʪʩʷ ʥʘʩʪʦʡʢʘ ʥʘ 70 %-ʥʦʤ ʩʧʠʨʪʝ (5,57 % ʧʦ ʤʘʩʩʝ ʢʦʨʥʷ ʚʘʣʝʨʠʘʥʳ), 

ʪʘʙʣʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ 0,02 ʛ ʵʢʩʪʨʘʢʪʘ ʚʘʣʝʨʠʘʥʳ, ʪʘʙʣʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʠʟʤʝʣʴʯʝʥʥʳʝ ʢʦʨʥʠ ʚʘʣʝʨʠʘʥʳ ʠ ʪ.ʜ. ɺʟʨʦʩʣʳʤ ʥʘʟʥʘʯʘʶʪ ʧʨʠʥʠʤʘʪʴ ʧʦ 

20 - 30 ʢʘʧʝʣʴ ʥʘʩʪʦʡʢʠ 3 ï 4 ʨʘʟʘ ʚ ʩʫʪʢʠ ʟʘ 20 ï 30 ʤʠʥʫʪ ʜʦ ʝʜʳ. ʈʘʩʩʯʠʪʘʡʪʝ 

ʨʝʢʦʤʝʥʜʫʝʤʫʶ ʜʥʝʚʥʫʶ ʥʦʨʤʫ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʡ ʢʦʨʝʥʴ ʚʘʣʝʨʠʘʥʳ. 

ʆʮʝʥʠʪʝ, ʢʘʢʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʪʘʙʣʝʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʘ ʥʦʨʤʘ. ʇʨʠʤʠʪʝ 
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ʧʣʦʪʥʦʩʪʴ ʥʘʩʪʦʡʢʠ ɟ = 0,920 ʛ/ʤʣ, ʘ ʦʙʲʝʤ ʢʘʧʣʠ V = 20 ʤʢʣ. 

4. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ Z ʫʢʘʞʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʧʦ 

R,S-ʥʦʤʝʥʢʣʘʪʫʨʝ.  

ʅʘ ʩʭʝʤʝ ʥʠʞʝ ʧʨʠʚʝʜʝʥ ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʩʠʥʪʝʟʦʚ ʚʘʣʝʨʘʥʦʥʘ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ 1986 ʛʦʜʫ.  

 
5. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ ʅ ï R, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʝ L  ʩʦʜʝʨʞʠʪ 2 ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʘ, Q ï 3 ʮʠʢʣʘ, O ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʫʢʪʦʤ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʘ J ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʘʪʦʤ ʩʝʨʳ. 
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ʍʀʄʀʗ ʀ ɾʀɿʅʔ 

ɿʘʜʘʯʘ 1 

ɿʘʜʘʯʘ ʥʘ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ 

ʇʝʨʚʦʡ ʧʝʨʚʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʳʭ ʙʝʣʢʦʚ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʜʣʷ 

ʠʥʩʫʣʠʥʘ. ʆʜʠʥ ʠʟ ʘʚʪʦʨʦʚ ʨʘʩʰʠʬʨʦʚʢʠ, ʌʨʝʜʝʨʠʢ ʉʵʥʛʝʨ, ʚ 1958 ʛʦʜʫ ʙʳʣ 

ʫʜʦʩʪʦʝʥ ʟʘ ʵʪʦ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ ʭʠʤʠʠ. 

ʀʥʩʫʣʠʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ, ʩʚʷʟʘʥʥʳʭ 

ʜʚʫʤʷ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʮʠʩʪʝʠʥʦʚʳʭ ʦʩʪʘʪʢʦʚ ïCH2ïSïSïCH2ï. ɺʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʉʵʥʛʝʨʦʤ ʠ ʊʦʤʧʩʦʥʦʤ, ʨʘʩʰʠʬʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʮʝʧʠ A, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ 21 ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. 

ʀʥʩʫʣʠʥ ʙʳʣ ʦʢʠʩʣʝʥ ʥʘʜʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʠ ʵʪʦʤ ʚʩʝ 

ʜʠʩʫʣʴʬʠʜʥʳʝ ʤʦʩʪʠʢʠ ʙʳʣʠ ʨʘʟʦʨʚʘʥʳ, ʠ ʮʝʧʴ ɸ ʙʳʣʘ ʦʪʜʝʣʝʥʘ ʦʪ ʮʝʧʠ B. 

ɼʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʘʤʠʥʦʢʠʩʣʦʪ ʥʝ ʧʨʦʠʟʦʰʣʦ. 

1. ɿʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʙʦʢʦʚʦʡ ʮʝʧʠ ʮʠʩʪʝʠʥʘ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ. 

ʇʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʧʦʣʠʧʝʧʪʠʜʘ A ʦʪ B ʥʘ ʦʩʥʦʚʝ ʦʪʣʠʯʠʷ ʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, 

ʝʛʦ ʧʦʜʚʝʨʛʣʠ ʛʠʜʨʦʣʠʟʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ 

(ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʛʠʜʨʦʣʠʟ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ) ʬʝʨʤʝʥʪʦʚ. ʀʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ 

ʩʢʦʨʦʩʪʷʭ ʛʠʜʨʦʣʠʟʘ ʩʚʷʟʝʡ ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʨʘʟʣʠʯʥʳʤʠ 

ʬʝʨʤʝʥʪʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʩʤʝʩʠ ʥʝʙʦʣʴʰʠʭ ʧʝʧʪʠʜʦʚ. ʕʪʠ ʩʤʝʩʠ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʜʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʝʧʪʠʜʦʚ ʩ ʧʦʤʦʱʴʶ ʙʫʤʘʞʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, 

ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʧʪʠʜʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʢʘʢʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚʭʦʜʷʪ ʚ ʝʛʦ 

ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʢʘʢʘʷ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ N-ʢʦʥʮʝʚʦʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ N-ʢʦʥʮʝʚʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 2,4-ʜʠʥʠʪʨʦʬʪʦʨʙʝʥʟʦʣ, ʢʦʪʦʨʳʡ ʪʝʧʝʨʴ 

ʥʘʟʳʚʘʶʪ ʨʝʘʢʪʠʚʦʤ ʉʵʥʛʝʨʘ. 

2. ɿʘʧʠʰʠʪʝ ʩʭʝʤʫ ʨʝʘʢʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʝʧʪʠʜʘ ʩ ʨʝʘʢʪʠʚʦʤ ʉʵʥʛʝʨʘ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʩʦʩʪʘʚʳ ʥʝʢʦʪʦʨʳʭ ʧʝʧʪʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʚ ʢʘʞʜʦʤ ʠʟ ʜʚʫʭ ʦʧʳʪʦʚ. ʋʯʪʠʪʝ, ʯʪʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Nïʢʦʥʮʝʚʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʚ ʧʝʧʪʠʜʘʭ ʠʟ ʙʦʣʝʝ ʯʝʤ ʜʚʫʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʥʝʠʟʚʝʩʪʝʥ, ʧʦʵʪʦʤʫ ʵʪʠ ʦʩʪʘʪʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʩʪʘʪʢʠ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʧʝʧʪʠʜ ʙʦʣʝʝ ʦʜʥʦʛʦ 

ʨʘʟʘ. (ʅʘʧʨʠʤʝʨ, Asp [Gly, Val, Ser] ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʝʧʪʠʜʘʤ AspïGlyï

ValïSer, AspïSerïSerïValïGlyïSerïGly ʠ ʜʨʫʛʠʤ. Cys ʦʟʥʘʯʘʝʪ ʦʢʠʩʣʝʥʥʳʡ 

ʦʩʪʘʪʦʢ ʮʠʩʪʝʠʥʘ). 

ɺ ʦʪʜʝʣʴʥʦʡ ʪʘʙʣʠʮʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʣʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ ʫʢʘʟʘʥʦ, ʩʢʦʣʴʢʦ ʚʩʝʛʦ 

ʦʩʪʘʪʢʦʚ ʢʘʞʜʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚʭʦʜʠʪ ʚ ʧʦʣʠʧʝʧʪʠʜ A. ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ N-ʢʦʥʮʘ ʮʝʧʠ ʥʘʯʠʥʘʝʪʩʷ 

ʬʨʘʛʤʝʥʪʦʤ (N-ʢʦʥʝʮ)ïGlyïIleïValïGluïGlu. 

ʊʘʙʣʠʮʘ 1 
ʆʧʳʪ 1 ʆʧʳʪ 2 

Glu [Cys, Asp, Tyr] Glu [Cys, Ala] 

Leu [Cys, Asp, Glu, Tyr] Asp [Cys, Tyr] 

LeuïGlu Asp [Cys, Asp, Tyr] 
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ʆʧʳʪ 1 ʆʧʳʪ 2 

Tyr [Glu, Leu] TyrïCys 

SerïLeu Gly [Cys, Glu, Val, Ile] 

IleïVal AspïTyr 

CysïCys Glu [Asp, Tyr] 

Gly [Cys, Glu, Ser, Ala, Val, Leu, Ile] TyrïGlu 

GluïGlu Gly [Glu, Val, Ile] 

Cys [Cys, Ala] Ser [Tyr, Leu] 

CysïAla CysïAsp 

ValïCys Leu [Glu, Tyr] 

SerïVal Ser [Glu, Tyr, Leu] 

GluïCys Ile [Glu, Val] 

 

ʊʘʙʣʠʮʘ 2 

ʆʩʪʘʪʦʢ ʏʠʩʣʦ ʦʩʪʘʪʢʦʚ ʚ ʮʝʧʠ A 

Cys 4 

Asp 2 

Glu 4 

Ser 2 

Gly 1 

Ala 1 

Tyr 2 

Val 2 

Leu 2 

Ile 1 

3. ʋʩʪʘʥʦʚʠʪʝ ʧʦʣʥʫʶ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʝʧʠ A 

ʠʥʩʫʣʠʥʘ. 

4. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚ ʮʝʧʠ A ʠʥʩʫʣʠʥʘ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʦʜʥʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ 

ʚʳʰʝ ʚ ʪʘʙʣʠʮʘʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʟʘʪʦ ʩʦʜʝʨʞʠʪʩʷ ʜʚʘ ʜʨʫʛʠʭ 

(ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʪʘʙʣʠʮʘʭ), ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʜʘʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ɺʳʙʝʨʠʪʝ ʵʪʠ ʜʚʘ ʦʩʪʘʪʢʘ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.  

ʊʘʙʣʠʮʘ 3 
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O
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O
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O
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5. ʌʨʝʜʝʨʠʢ ʉʵʥʛʝʨ ʙʳʣ ʧʦʚʪʦʨʥʦ ʫʜʦʩʪʦʝʥ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ 

ʭʠʤʠʠ ʚ 1980 ʛʦʜʫ ʟʘ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, 

4 ʨʘʟʣʠʯʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʷ. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ 

ʵʪʦʪ ʤʝʪʦʜ? 

 

ɿʘʜʘʯʘ 2 

ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʛʝʥʝʪʠʢʘ 

ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ ɼʅʂ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ ʚʳʧʦʣʥʷʝʪ ʢʨʘʡʥʝ 

ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ï ʭʨʘʥʝʥʠʝ, ʧʝʨʝʜʘʯʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʄʦʣʝʢʫʣʘ ɼʅʂ, ʧʦ ʩʚʦʝʡ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʦʤ, ʤʦʥʦʤʝʨʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʫʢʣʝʦʪʠʜ. ʅʫʢʣʝʦʪʠʜ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʠʪ ʠʟ ʦʩʪʘʪʢʘ 

ʩʘʭʘʨʘ (ʜʝʟʦʢʩʠʨʠʙʦʟʳ), ʦʩʪʘʪʢʘ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʜʥʦʛʦ ʠʟ ʯʝʪʳʨʝʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ï ʘʜʝʥʠʥ (ɸ), ʪʠʤʠʥ (ʊ), ʛʫʘʥʠʥ (G), ʮʠʪʦʟʠʥ (ʉ).  

  
  

ɸ G C ʊ 

ɺ ʞʠʚʦʡ ʢʣʝʪʢʝ ʦʜʥʦʮʝʧʦʯʝʯʥʘʷ ɼʅʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ, ʘ ʚ 

ʦʩʥʦʚʥʦʤ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʨʠʥʮʠʧʫ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ. ʅʦ ʥʝ ʪʘʢ ʜʘʚʥʦ ʭʠʤʠʢʘʤ ʫʜʘʣʦʩʴ ʧʦʧʦʣʥʠʪʴ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʝ çʛʝʥʝʪʠʯʝʩʢʠʝ ʙʫʢʚʳè ʝʱʝ ʜʚʫʤʷ ï Z ʠ U, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʩʪʨʘʠʚʘʪʴ ʚ ɼʅʂ (R ï ʦʩʪʘʪʦʢ ʩʘʭʘʨʘ).  

NH

O

NHO2N

R

H

N

N
N N

O

NH
H

R

Z U  
 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ 










































































































































































































