
Азотсодержащие органические соединения 

ɺ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʨʦʤʝ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʯʘʩʪʦ ʚʭʦʜʠʪ ʘʟʦʪ. ʇʨʦʩʪʝʡʰʠʝ 
ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ð ʵʪʦ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ, ʵʬʠʨʳ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ 
ʘʤʠʥʳ. 
Нитросоединения ð ʵʪʦ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʟʘʤʝʱʝʥ ʥʘ ʥʠʪʨʦʛʨʫʧʧʫ ïNO2. ʀʭ 

ʥʘʟʚʘʥʠʷ ʦʙʨʘʟʫʶʪ, ʧʨʠʙʘʚʣʷʷ ʢ ʥʘʟʚʘʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜʘ ʧʨʠʩʪʘʚʢʫ ʥʠʪʨʦ- (ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʩ ʫʢʘʟʘʥʠʝʤ 
ʧʦʣʦʞʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧʳ). ʅʘʧʨʠʤʝʨ: ʉʅ3ʉʅ2ʉʅ2NO2 ð 1-ʥʠʪʨʦʧʨʦʧʘʥ, ʉʅ3ʉʅ(NO2)Cʅ3 ð 2-ʥʠʪʨʦʧʨʦʧʘʥ. 
ʈʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʘʥʦʚ ʥʘʟʚʘʥʘ ʧʦ ʬʘʤʠʣʠʠ ʩʚʦʝʛʦ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷ ʨʝʘʢʮʠʝʡ 

ʂʦʥʦʚʘʣʦʚʘ. ʆʥʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʘʜʠʢʘʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ (400 ï 500̄ ): 

 
ʉʅ4  +  HNO3  = CH3NO2 +  H2O 

 ʥʠʪʨʦʤʝʪʘʥ  
 
ɺ ʵʪʦʡ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʝʪ ʨʘʜʠʢʘʣ NO2, ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʟ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 
ʏʪʦʙʳ ʚʚʝʩʪʠ ʥʠʪʨʦʛʨʫʧʧʫ ʚ ʩʦʩʪʘʚ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʤʝʥʷʶʪ ʥʠʪʨʫʶʱʫʶ ʩʤʝʩʴ ð ʩʤʝʩʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ: 

HNO3  +  2H2SO4  = +
2NO  +  2

-

4HSO  +  H3O+ 

ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʙʨʘʟʫʝʪʩʷ ʯʘʩʪʠʮʘ +
2NO . ʆʥʘ ʟʘʤʝʱʘʝʪ ʚʦʜʦʨʦʜ ʚ ʙʝʥʟʦʣʴʥʦʤ ʷʜʨʝ: 

ʉ6ʅ6  +  NO2
+ = 

 

ʉ6ʅ5NO2 
 

+  H+ 
 ʅʠʪʨʦʙʝʥʟʦ

ʣ 
 

 
ʅʠʪʨʦʛʨʫʧʧʘ, ʢʨʦʤʝ ʩʚʦʝʡ ʤʘʩʩʳ, ʧʨʠʚʥʦʩʠʪ ʚ ʤʦʣʝʢʫʣʫ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʣʷʨʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʩʠʣʳ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ ʚʝʣʠʢʠ, ʠ ʜʘʞʝ ʩʘʤʦʝ ʣʝʛʢʦʝ ʠʟ ʥʠʭ ð ʥʠʪʨʦʤʝʪʘʥ 
ð ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʩʪʴʶ, ʘ ʥʝ ʛʘʟʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʦʥʦʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʝ ð ʞʠʜʢʦʩʪʠ ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ. 
ɺʝʱʝʩʪʚʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʠʪʨʦʛʨʫʧʧʘʤʠ ʚ ʤʦʣʝʢʫʣʝ (ʥʘʧʨʠʤʝʨ, ʪʨʠʥʠʪʨʦʪʦʣʫʦʣ ʠ ʪʨʠʥʠʪʨʦʬʝʥʦʣ) ð 
ʪʚʝʨʜʳʝ, ʦʢʨʘʰʝʥʳ ʚ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʝ ʪʦʥʘ. 
ʅʠʪʨʦʛʨʫʧʧʘ ʩʦʩʪʦʠʪ ʠʟ ʩʠʣʴʥʦ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʪʦʤʦʚ (ʢʠʩʣʦʨʦʜ ð ʚʪʦʨʦʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝ ʬʪʦʨʘ 

ʧʦ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ, ʘʟʦʪ ð ʪʨʝʪʠʡ). ɺ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʠʪʨʦʛʨʫʧʧʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʙʝʥʟʦʣʴʥʳʤ ʷʜʨʦʤ, ʚʳʪʷʛʠʚʘʝʪ ʠʟ ʥʝʛʦ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʟʘʪʨʫʜʥʷʝʪ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɺʚʝʩʪʠ ʚʪʦʨʦʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʚ ʪʘʢʠʭ ʚʝʱʝʩʪʚʘʭ, 

ʢʘʢ ʥʠʪʨʦʙʝʥʟʦʣ, ʦʯʝʥʴ ʪʨʫʜʥʦ, ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʠ ʘʛʨʝʩʩʠʚʥʳʝ ʨʝʘʛʝʥʪʳ. ɽʩʣʠ 

ʟʘʤʝʱʝʥʠʝ ʚʩʝ ʞʝ ʧʨʦʠʩʭʦʜʠʪ, ʪʦ ʥʠʪʨʦʛʨʫʧʧʘ ʥʘʧʨʘʚʣʷʝʪ ʚʪʦʨʦʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʝ: 

NO2

 

+  NO2
+ ­ 

NO2

NO2  

+  H+ 

ʂʦʛʜʘ ʚ ʤʦʣʝʢʫʣʝ ʫʞʝ ʝʩʪʴ ʟʘʤʝʩʪʠʪʝʣʴ, ʧʦʜʘʶʱʠʡ ʚ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ (ʉnH2n + 1ï
, OHï ʠ ʪ.ʧ.), ʟʘʤʝʱʝʥʠʝ ʧʨʦʭʦʜʠʪ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʠ ʚʦʟʤʦʞʥʦ ʚʚʝʩʪʠ ʚ ʤʦʣʝʢʫʣʫ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ 
ʥʠʪʨʦʛʨʫʧʧ. ɺ ʟʘʤʝʱʝʥʥʳʭ ʘʨʝʥʘʭ ʠ ʬʝʥʦʣʝ ʤʦʞʥʦ ʟʘʤʝʩʪʠʪʴ ʪʨʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ð ʚ ʧʘʨʘ- ʠ ʦʨʪʦ-
ʧʦʣʦʞʝʥʠʷʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤʫ ʨʘʜʠʢʘʣʫ ʠʣʠ ʆʅ-ʛʨʫʧʧʝ: 
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 ʪʨʠʥʠʪʨʦʬʝʥʦʣ 

 

ʊʘʢ ʧʦʣʫʯʘʶʪ ʪʨʠʥʠʪʨʦʪʦʣʫʦʣ ʠ ʪʨʠʥʠʪʨʦʬʝʥʦʣ (ʩʤ. ʃʝʢʮʠʶ 19). 
ʇʨʠʩʫʪʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʠʪʨʦʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ ʜʝʣʘʝʪ ʝʝ ʥʝʩʪʘʙʠʣʥɹʦʡ. ɼʠ- ʠ ʪʨʠʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʝ 

ʷʚʣʷʶʪʩʷ ʚʟʨʳʚʯʘʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺʦʟʤʦʞʥʦ, ʚʘʤ ʠʟʚʝʩʪʥʳ ʜʨʫʛʠʝ ʥʘʟʚʘʥʠʷ ʪʨʠʥʠʪʨʦʪʦʣʫʦʣʘ ð ʪʨʦʪʠʣ, 
ʪʦʣ; ʪʨʠʥʠʪʨʦʬʝʥʦʣʘ ð ʧʠʢʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʊʨʠʥʠʪʨʦʪʦʣʫʦʣ ð ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʩʪʘʨʳʭ (ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʚ 
1863 ʛʦʜʫ) ʠ ʩʘʤʳʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. ʊʨʠʥʠʪʨʦʬʝʥʦʣ ð ʧʠʢʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ð 
ʪʦʞʝ ʩʣʫʞʠʣ ʚʦʝʥʥʳʤ ʩ ʢʦʥʮʘ XIX ʚʝʢʘ, ʠʤ ʩʥʘʨʷʞʘʣʠ ʩʥʘʨʷʜʳ, ʙʦʤʙʳ, ʤʠʥʳ. ʉʝʡʯʘʩ ʵʪʦ ʞʝʣʪʦʝ ʚʝʱʝʩʪʚʦ 
ʧʨʠʤʝʥʷʶʪ ʚ ʤʠʨʥʳʭ ʮʝʣʷʭ ð ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʧʨʠ ʩʠʥʪʝʟʝ ʥʝʢʦʪʦʨʳʭ 
ʢʨʘʩʠʪʝʣʝʡ. 
ʂʩʪʘʪʠ, ʧʦʯʝʤʫ ʪʨʠʥʠʪʨʦʬʝʥʦʣ ʥʘʟʳʚʘʶʪ ʢʠʩʣʦʪʦʡ? ɺʝʜʴ ʚ ʝʛʦ ʤʦʣʝʢʫʣʝ ʥʝʪ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʕʪʦ 

ð ʝʱʝ ʦʜʠʥ ʧʨʠʤʝʨ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʘʪʦʤʦʚ. ʊʨʠ ʥʠʪʨʦʛʨʫʧʧʳ ʪʘʢ ʩʠʣʴʥʦ ʚʳʪʷʛʠʚʘʶʪ ʵʣʝʢʪʨʦʥʥʫʶ 
ʧʣʦʪʥʦʩʪʴ ʠʟ ʙʝʥʟʦʣʴʥʦʛʦ ʷʜʨʘ, ʯʪʦ ʦʥʦ ʩʪʨʝʤʠʪʩʷ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʫ ʧʦʪʝʨʶ ʟʘ ʩʯʝʪ ʦʪʪʷʛʠʚʘʥʠʷ 
ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʆʅ-ʛʨʫʧʧʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʅ+ ʦʪʱʝʧʣʝ̫ʪʩʷ ʦʪ ʪʨʠʥʠʪʨʦʬʝʥʦʣʘ ʛʦʨʘʟʜʦ ʣʝʛʯʝ, ʯʝʤ ʦʪ 
ʬʝʥʦʣʘ. ʇʠʢʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʦ ʩʠʣʝ ʩʨʘʚʥʠʤʘ ʩ ʜʠʩʩʦʮʠʘʮʠʝʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ð ʝʝ 
ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʨʘʚʥʘ 4,2 Ö 10ï1, ʥʘ ʜʝʚʷʪʴ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʬʝʥʦʣʘ: 1 Ö 10ï
10 (ʝʩʣʠ ʚʳ ʧʦʤʥʠʪʝ, ʬʝʥʦʣ ʧʨʦʷʚʣʷʝʪ ʩʣʘʙʳʝ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ). ʇʠʢʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʨʝʘʛʠʨʫʷ ʩ 
ʘʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʱʝʣʦʯʘʤʠ, ʘʤʤʠʘʢʦʤ, ʦʙʨʘʟʫʝʪ ʩʦʣʠ ð ʧʠʢʨʘʪʳ: 
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ʇʨʠ ʜʝʡʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʥʠʪʨʦʛʨʫʧʧʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 
ʘʤʠʥʦʛʨʫʧʧʫ ïNH2. ʕʪʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʦʪʢʨʳʪʘ ʨʫʩʩʢʠʤ ʫʯʝʥʳʤ ɿʠʥʠʥʳʤ ʚ 1842 ʛ ʠ ʥʘʟʳʚʘʝʪʩʷ ʨʝʘʢʮʠʝʡ 
ɿʠʥʠʥʘ: 

NO2

  +  3 H2    ½½½½ ­½
ʨʢʘʪʘʣʠʟʘʪʦ

    

NH2

  +  2 H2O 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩ ʨʝʘʢʮʠʠ ɿʠʥʠʥʘ ʥʘʯʘʣʘʩʴ ʵʧʦʭʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʩʠʥʪʝʟʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʙʝʥʟʦʣʘ ï ʵʪʦ ʧʝʨʚʘʷ ʨʝʘʢʮʠʷ, ʢʦʪʦʨʫʶ ʩʪʘʣʠ ʧʨʦʚʦʜʠʪʴ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʤʘʩʰʪʘʙʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ð ʘʤʠʥʦʙʝʥʟʦʣʘ (ʘʥʠʣʠʥʘ), ʘ ʠʟ ʥʝʛʦ ð ʘʥʠʣʠʥʦʚʳʭ 
ʢʨʘʩʠʪʝʣʝʡ. ʄʝʪʦʜ ʥʝ ʫʩʪʘʨʝʣ, ʘʥʠʣʠʥ ʪʘʢ ʧʦʣʫʯʘʶʪ ʜʦ ʩʠʭ ʧʦʨ. 

 
Эфиры азотной кислоты. ʂʘʢ ʚʳ ʫʞʝ ʟʥʘʝʪʝ, ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʦʙʨʘʟʫʁ ʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʧʠʨʪʦʚ ʩ 

ʢʠʩʣʦʪʘʤʠ. ʂʠʩʣʦʪʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʢʘʨʙʦʥʦʚʦʡ: ʪʘʢ, ʚ ʣʝʢʮʠʠ 18 ʫʧʦʤʠʥʘʣʠʩʴ ʵʬʠʨʳ ʩʝʨʥʦʡ 
ʢʠʩʣʦʪʳ. ʉʧʠʨʪʳ ʪʘʢʞʝ ʨʝʘʛʠʨʫʶʪ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʬʠʨʦʚ: 

 
ʉ2ʅ5ïʆʅ  +  ʅïʆNO2  ­ C2H5ïONO2 +  H2O 

 ʵʪʠʣʥʠʪʨʘʪ  
 
ʄʥʦʛʦʘʪʦʤʥʳʝ ʩʧʠʨʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʵʬʠʨʳ ʩ ʫʯʘʩʪʠʝʤ ʚʩʝʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ: ʪʘʢ, ʧʨʠ ʨʝʘʢʮʠʠ 

ʛʣʠʮʝʨʠʥʘ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦʣʫʯʘʝʪʩʷ ʪʨʠʥʠʪʨʦʛʣʠʮʝʨʠʥ (ʩʤ. ʃʝʢʮʠʶ 19): 

 CH2 

ONO2 ONO2 ONO2 

CH2 CH 

 

ʕʪʦ ʚʝʱʝʩʪʚʦ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʵʬʠʨʳ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʚʟʨʳʚʯʘʪʦ ʠ ʥʘʨʷʜʫ ʩ ʜʠʥʠʪʨʦʵʪʠʣʝʥʛʣʠʢʦʣʝʤ  

CH2

ONO2

CH2

ONO2
 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʠʥʘʤʠʪʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʨʠʥʠʪʨʦʛʣʠʮʝʨʠʥ ʪʘʢʞʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 
ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. 



 
Амины. ɸʤʠʥʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʘʤʤʠʘʢʘ NH3. ɽʩʣʠ ʟʘʤʝʥʠʪʴ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʚ ʘʤʤʠʘʢʝ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʜʠʢʘʣ, ʧʦʣʫʯʠʪʩʷ ʧʝʨʚʠʯʥʳʡ ʘʤʠʥ RNH2. ɿʘʤʝʥʘ ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʘʪʦʤʦʚ 
ʚʦʜʦʨʦʜʘ ʜʘʝʪ ʚʪʦʨʠʯʥʳʝ R2NH ʠ ʪʨʝʪʠʯʥʳʝ R3N ʘʤʠʥʳ. ʂʦʥʝʯʥʦ, ʨʘʜʠʢʘʣʳ ʚ ʩʦʩʪʘʚʝ ʚʪʦʨʠʯʥʳʭ ʠ ʪʨʝʪʠʯʥʳʭ 
ʘʤʠʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠ ʨʘʟʥʳʤʠ. 
ʅʘʟʚʘʥʠʷ ʘʤʠʥʦʚ ʩʪʨʦʷʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʢʦʨʥʷ ñʘʤʠʥò. ʂ ʥʝʤʫ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʧʨʠʩʪʘʚʢʠ, ʦʙʦʟʥʘʯʘʶʱʠʝ 

ʨʘʜʠʢʘʣʳ. ʅʘʧʨʠʤʝʨ, ʚʝʱʝʩʪʚʦ ʉʅ3NH2 ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʠʣʘʤʠʥ; (ʉ2ʅ5)2ʉʅ3N ð ʤʝʪʠʣʜʠʵʪʠʣʘʤʠʥ. 
 
Получение аминов. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʤʳ ʫʞʝ ʨʘʩʩʤʦʪʨʝʣʠ ð ʵʪʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ (ʨʝʘʢʮʠʷ ɿʠʥʠʥʘ). 
ʄʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʛʘʣʦʛʝʥʘʣʢʘʥ ʚ ʘʤʠʥ, ʜʝʡʩʪʚʫʷ ʥʘ ʥʝʛʦ ʘʤʤʠʘʢʦʤ. ʇʨʠ ʵʪʦʤ ʘʪʦʤ ʛʘʣʦʛʝʥʘ ʟʘʤʝʱʘʝʪʩʷ 

ʥʘ ʘʤʠʥʦʛʨʫʧʧʫ: 

ʉʅ3Br  +  NH3 ­ CH3NH2  +  HBr. 

ɺ ʠʟʙʳʪʢʝ ʛʘʣʦʛʝʥʘʣʢʘʥʘ ʦʙʨʘʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʠ ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʳ: 

ʉH3NH2  +  CH3Br ­ (CH3)2NH  +  HBr 

(CH3)2NH  +  CH3Br ­ (CH3)3N  +  HBr. 

Физические свойства аминов. ɹʦʣʴʰʠʥʩʪʚʦ ʘʤʠʥʦʚ ð ʞʠʜʢʦʩʪʠ, ʣʠʰʴ ʧʝʨʚʳʝ ʯʣʝʥʳ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ 
ʨʷʜʘ ʤʝʪʠʣʘʤʠʥ ʠ ʵʪʠʣʘʤʠʥ ð ʛʘʟʳ. ɸʤʠʥʳ ʠʤʝʶʪ ʨʝʟʢʠʡ ʟʘʧʘʭ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʭʦʞʠʡ ʥʘ ʟʘʧʘʭ ʘʤʤʠʘʢʘ, 
ʘ ʩ ʜʨʫʛʦʡ ð ʥʘ ʟʘʧʘʭ ʛʥʠʶʱʝʡ ʨʳʙʳ (ʚ ʧʨʦʮʝʩʩʝ ʛʥʠʝʥʠʷ ʨʳʙʳ ʦʙʨʘʟʫʝʪʩʷ ʪʨʠʤʝʪʠʣʘʤʠʥ, ʦʥ-ʪʦ ʠ ʧʨʠʜʘʝʪ 
ʝʡ ʥʝʧʦʚʪʦʨʠʤʳʡ ñʘʨʦʤʘʪò). ɸʤʠʥʳ ʝʩʪʴ ʚ ʧʨʦʜʫʢʪʘʭ ʨʘʟʣʦʞʝʥʠʷ ʙʝʣʢʦʚ, ʧʦʵʪʦʤʫ ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 
ʦʪʭʦʜʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʠʭ ʦʩʪʘʥʢʦʚ. ʅʝʢʦʪʦʨʳʝ ʘʤʠʥʳ ʩʠʣʴʥʦ 
ʷʜʦʚʠʪʳ ð ʜʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʘʤʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʯʘʣʥɹʦ ʠʟʚʝʩʪʥʳʝ ʪʨʫʧʥʳʝ ʷʜʳ. 
ɸʤʠʥʳ ʧʦʣʷʨʥʳ, ʘ ʧʦʪʦʤʫ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ (ʚʩʧʦʤʥʠʪʝ: ʧʦʜʦʙʥʦʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʧʦʜʦʙʥʦʤ). ɸʪʦʤ ʘʟʦʪʘ 

ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʚʦʜʦʡ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʨʘʩʪʚʦʨʝʥʠʝ. 
ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʪʨʝʪʠʯʥʳʭ ʘʤʠʥʦʚ ʤʝʥʴʰʝ. ɸʤʠʥʳ ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʨʘʩʪʚʦʨʷʶʪʩʷ 
ʧʣʦʭʦ (ʩʨʘʚʥʠʪʝ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʧʠʨʪʦʚ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ). 

 
Химические свойства аминов. ɹʫʜʫʯʠ ʩʭʦʜʥʳ ʧʦ ʩʪʨʦʝʥʠʶ ʩ ʘʤʤʠʘʢʦʤ ʠ ʩ ʘʣʢʘʥʘʤʠ, ʘʤʠʥʳ ʧʨʦʷʚʣʷʶʪ 

ʠ ʩʭʦʞʠʝ ʩʚʦʡʩʪʚʘ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʘʤʠʥʦʛʨʫʧʧʘ ʚʣʠʷʝʪ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʜʠʢʘʣ, ʘ ʦʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ 
ʘʤʠʥʦʛʨʫʧʧʫ, ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤ ʧʦʚʪʦʨʝʥʠʝʤ ʩʚʦʡʩʪʚ ʘʤʤʠʘʢʘ ʠ ʘʣʢʘʥʦʚ. 
ʇʨʠ ʧʦʜʞʠʛʘʥʠʠ ʘʤʠʥʳ, ʢʘʢ ʠ ʘʣʢʘʥʳ, ʛʦʨʷʪ ʥʘ ʚʦʟʜʫʭʝ. ɸʟʦʪ ʘʤʠʥʦʛʨʫʧʧʳ ʧʨʠ ʵʪʦʤ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ, ʘ ʥʝ ʜʦ ʦʢʩʠʜʘ ʘʟʦʪʘ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʢʩʠʜʳ ʘʟʦʪʘ ʤʘʣʦʫʩʪʦʡʯʠʚʳ. 

4 ʉ2H5NH2  +  15 O2  ­  8 CO2  +  14 H2O  +  2 N2. 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʫ ʘʤʤʠʘʢʘ, ʘʪʦʤ ʘʟʦʪʘ ʚ ʘʤʠʥʘʭ ʠʤʝʝʪ ʥʝʧʦʜʝʣʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʘʨʫ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ 
ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʘʷ ʩʚʷʟʴ ʩ ʠʦʥʦʤ ʚʦʜʦʨʦʜʘ: 

252 HNHC ##  +  H+  ­  C2H5NH3
+ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʙʥʦ ʘʤʤʠʘʢʫ, ʘʤʠʥʳ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʡ: 

NH3 + H2O Ӫ NH4OH 

ʉ2ʅ5NH2 + H2O Ӫ C2H5NH3OH 

NH3 + HBr ­ NH4Br 
 ʙʨʦʤʠʜ 

ʘʤʤʦʥʠʷ 
 

ʉ2ʅ5NH2 + HBr ­ C2H5NH3Br 
 ʙʨʦʤʠʜ 

ʵʪʠʣʘʤʤʦʥʠʷ 
 
ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʩʪʚʦʨʠʤʳʭ ʘʤʠʥʦʚ ʠʤʝʶʪ ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ, ʩ ʢʠʩʣʦʪʘʤʠ ʦʙʨʘʟʫʶʪ ʩʦʣʠ 

ʘʣʢʠʣʘʤʤʦʥʠʷ. ʉʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ ð ʱʝʣʦʯʠ ð ʚʳʪʝʩʥʷʶʪ ʠʟ ʵʪʠʭ ʩʦʣʝʡ ʘʤʠʥʳ: 

NH4Cl  +  KOH  ­  NH3¬  +  KCl  +  H2O 

CH3NH3Cl  +  KOH  ­  CH3NH2¬  +  KCl  + H2O 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʚ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʫ ʘʤʤʠʘʢʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ ʩ 
ʠʦʥʦʤ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʪʝʤ ʣʝʛʯʝ, ʯʝʤ ʚʳʰʝ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʚ 
ʘʤʤʠʘʢʝ ʥʝ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʘʪʦʤʫ ʘʟʦʪʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ: ʚʝʜʴ ʫ ʥʠʭ ʚʩʝʛʦ ʧʦ 
ʦʜʥʦʤʫ ʵʣʝʢʪʨʦʥʫ. ʋʛʣʝʚʦʜʦʨʦʜʥʳʝ ʞʝ ʨʘʜʠʢʘʣʳ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʵʣʝʢʪʨʦʥʦʚ ʠ ʦʭʦʪʥʦ ñʜʝʣʷʪʩʷò ʠʤʠ ʩ 
ʘʪʦʤʦʤ ʘʟʦʪʘ. 
ɸʤʠʥʳ, ʧʦʜʦʙʥʦ ʘʤʤʠʘʢʫ, ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʛʘʣʦʛʝʥʘʣʢʘʥʘʤʠ, ʟʘʤʝʱʘʷ ʘʪʦʤ ʛʘʣʦʛʝʥʘ (ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ ʟʘʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ ñʇʦʣʫʯʝʥʠʝ ʘʤʠʥʦʚò). ʆʩʪʘʝʪʩʷ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʟʘʤʝʱʘʪʴ ʛʘʣʦʛʝʥ ʤʦʛʫʪ ʠ 
ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʳ, ʪʘʢ ʯʪʦ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʦʡʪʠ ʠ ʜʘʣʴʰʝ: 

(CH3)3N  +  CH3Br  ­  (CH3)4N+Br 
ï. 

ʆʙʨʘʟʫʝʪʩʷ ʯʝʪʚʝʨʪʠʯʥʘʷ ʘʤʤʦʥʠʝʚʘʷ ʩʦʣʴ (CH3)4NBr ð ʙʨʦʤʠʜ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ. 



 
Анилин и другие ароматические амины. ʇʨʦʩʪʝʡʰʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʘʩʩʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ð 

ʘʥʠʣʠʥ. ʕʪʦ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ, ʥʝʤʥʦʛʦ ʨʘʩʪʚʦʨʠʤʘʷ ʚ ʚʦʜʝ. 
ɸʥʠʣʠʥ ʩʦʩʪʦʠʪ ʠʟ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʢ ʥʝʤʫ ʘʤʠʥʦʛʨʫʧʧʳ, ʪ. ʝ. ʬʦʨʤʘʣʴʥʦ ʘʥʠʣʠʥ 

ð ʧʝʨʚʠʯʥʳʡ ʘʤʠʥ. ʆʜʥʘʢʦ ʩʚʦʡʩʪʚʘ ʘʥʠʣʠʥʘ (ʠ ʧʨʦʯʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ) ʜʦʚʦʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʁ ʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ. 
ɽʩʣʠ ʚʳ ʚʩʧʦʤʥʠʪʝ ʧʨʦ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʬʝʥʦʣʘ, ʪʦ, ʚʦʟʤʦʞʥʦ, ʩʦʦʙʨʘʟʠʪʝ, ʢʘʢ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚʘ ʩʦʯʝʪʘʥʠʝ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠ ʟʘʤʝʩʪʠʪʝʣʷ, ʠʤʝʶʱʝʛʦ ʥʝʧʦʜʝʣʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ 
ʧʘʨʫ. 

 NH2 : 

 

ʘʥʠʣʠʥ 

ʅʝʧʦʜʝʣʝʥʥʘʷ ʧʘʨʘ ʘʪʦʤʘ ʘʟʦʪʘ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʦʙʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. 
ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ, ʢ ʯʝʤʫ ʵʪʦ ʧʨʠʚʦʜʠʪ. 
ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʚ ʠ ʘʤʤʠʘʢʘ ʧʨʦʷʚʣʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʝ. ʆʜʥʘʢʦ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʘʨʘ ʘʥʠʣʠʥʘ ñʚʪʷʥʫʪʘò ʚ ʢʦʣʴʮʦ, ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ ʘʟʦʪʝ ʘʥʠʣʠʥʘ ʧʦʥʠʞʝʥʘ. ɿʥʘʯʠʪ, 
ʘʥʠʣʠʥ ʙʫʜʝʪ ʙʦʣʝʝ ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʯʝʤ ʘʤʠʥʳ ʠ ʘʤʤʠʘʢ (ʩʨʘʚʥʠʪʝ ʩ ʬʝʥʦʣʦʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ, ʯʝʤ ʩʧʠʨʪʳ ʠ ʚʦʜʘ). 
ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʫ ʘʥʠʣʠʥʘ, ʥʘʧʨʦʪʠʚ, ʧʦʚʳʰʝʥʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʣʝʛʯʝʥʠʶ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʥʝʝ ʘʢʪʠʚʥʦʛʦ ʚ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʷʭ ʙʝʥʟʦʣʘ, ʘʥʠʣʠʥ ʨʝʘʛʠʨʫʝʪ 
ʩ ʙʨʦʤʥʦʡ ʚʦʜʦʡ, ʧʨʠ ʵʪʦʤ ʩʨʘʟʫ ʦʙʨʘʟʫʝʪʩʷ 2,4,6-ʪʨʠʙʨʦʤʘʥʠʣʠʥ ð ʙʝʣʳʡ ʦʩʘʜʦʢ: 

 NH2 

  

+  3 Br2  ­  

NH2

Br

Br

Br

 

+  3 HBr 

ʕʪʦ ð ʢʘʯʝʩʪʚʝʥʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʘʥʠʣʠʥ ʠ ʜʨʫʛʠʝ ʘʤʠʥʦʙʝʥʟʦʣʳ. 
ɺʳʩʦʢʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʢʦʣʴʮʝ ʦʙʣʝʛʯʘʝʪ ʪʘʢʞʝ ʝʛʦ ʦʢʠʩʣʝʥʠʝ. ʊʘʢ, ʘʥʠʣʠʥ ʦʙʳʯʥʦ ʦʢʨʘʰʝʥ ʚ 

ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʴ ʝʛʦ ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʜʘʞʝ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
(ʥʘʧʦʤʥʠʤ, ʯʪʦ ʬʝʥʦʣ ʪʘʢʞʝ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʝʥʟʦʣʘ). ʀʟ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ 
ʧʦʣʫʯʘʶʪ ʘʥʠʣʠʥʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʪʦʡʢʦʩʪʴʶ ʠ ʷʨʢʦʩʪʴʶ. 
ʄʥʦʛʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳ. ʀʟ ʘʥʠʣʠʥʘ ʧʦʣʫʯʘʶʪ 

ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʨʢʦʟʘ ʘʥʝʩʪʝʟʠʥ ʠ ʥʦʚʦʢʘʠʥ; ʧʨʦʪʠʚʦʙʘʢʪʝʨʠʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʩʪʨʝʧʪʦʮʠʜ 
(ʧʘʨʘ-ʘʤʠʥʦʙʝʥʟʦʣʩʫʣʴʬʘʤʠʜ); ʧʦʧʫʣʷʨʥʦʝ ʦʙʝʟʙʦʣʠʚʘʶʱʝʝ ʠ ʞʘʨʦʧʦʥʠʞʘʶʱʝʝ ʩʨʝʜʩʪʚʦ ʧʘʨʘʮʝʪʘʤʦʣ 
(ʧʘʨʘ-ʘʮʝʪʦʘʤʠʥʦʬʝʥʦʣ) ð ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʯʘʣʦ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʘʢ ʵʬʬʝʨʘʣʛʘʥ, ʧʘʥʘʜʦʣ, ʢʘʣʧʦʣ, 
ʪʘʡʣʝʥʦʣ. 

 

OH

NH

C

CH3

O

 

 

COOCH2ïCH2N(C2H5)2 

NH2 

 
SO2NH2

NH2

 
COOC2H5

NH2

 

ʧʘʨʘʮʝʪʘʤʦʣ ɸʥʝʩʪʝʟʠʥ ʥʦʚʦʢʘʠʥ ʩʪʨʝʧʪʦʮʠʜ 

 
ɸʥʠʣʠʥ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʤʘʩʩ, ʬʦʪʦʨʝʘʢʪʠʚʦʚ, ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. (ʆʜʥʦ 

ʠʟ ʥʠʭ, ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʛʝʢʩʘʥʠʪʨʦʜʠʬʝʥʠʣʘʤʠʥ ʠʣʠ ʛʝʢʩʠʣ, ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ.  

 

NH 

NO2 NO2 

NO2 NO2 

NO2 NO2 

 



ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʩʢʦʣʴʢʦ ʚ ʥʝʤ ʥʠʪʨʦʛʨʫʧʧ, ð ʠʤʝʥʥʦ ʠʤ ʵʪʦ ʚʝʱʝʩʪʚʦ ʦʙʷʟʘʥʦ ʩʚʦʠʤʠ ʚʟʨʳʚʯʘʪʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ.) 

 


