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«ɇɭɠɧɚ … ɨɬɪɚɫɥɶ ɧɚɭɤɢ, ɢɦɟɸɳɚɹ ɫɜɨɟɣ ɡɚɞɚɱɟɣ 
ɩɪɢɥɨɠɟɧɢɟ ɡɚɤɨɧɨɜ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ, ɢɥɢ 
ɮɢɡɢɤɢ ɤ ɪɚɡɜɢɬɢɸ ɨɪɝɚɧɢɱɟɫɤɢɯ ɮɨɪɦ. Ɍɚɤɚɹ  
ɧɚɭɤɚ, ɩɵɬɚɸɳɚɹɫɹ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɮɚɤɬɵ ɛɢɨɥɨɝɢɢ - 
ɦɨɪɮɨɥɨɝɢɢ, ɷɦɛɪɢɨɥɨɝɢɢ ɢ ɮɢɡɢɨɥɨɝɢɢ - ɨɛɪɚɡɭɸɬ 
ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ ɩɪɢɥɨɠɟɧɢɹ ɨɛɳɢɯ ɮɢɡɢɱɟɫɤɢɯ 
ɡɚɤɨɧɨɜ, ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɷɬɢɨɥɨɝɢɢ. Ȼɵɬɶ ɦɨɠɟɬ, 
ɥɭɱɲɟ ɛɵɥɨ ɛɵ ɧɚɡɜɚɬɶ ɟё ɛɢɨɮɢɡɢɤɨɣ.  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɢɨɮɢɡɢɤɚ ɟɳё ɧɟ ɫɞɟɥɚɥɚ 
ɨɫɨɛɟɧɧɨ ɤɪɭɩɧɵɯ ɭɫɩɟɯɨɜ, ɧɨ ɧɟɬ ɧɢɱɟɝɨ 
ɧɟɜɟɪɨɹɬɧɨɝɨ ɜ ɬɨɦ, ɱɬɨ ɟɣ ɩɪɢɧɚɞɥɟɠɢɬ ɤɪɭɩɧɨɟ 
ɛɭɞɭɳɟɟ»  

Ʉɚɪɥ ɉɢɪɫɨɧ (1857-1936)  

1892 ɝ. "Ƚɪɚɦɦɚɬɢɤɚ ɧɚɭɤɢ"  



 Ʉɚɤ ɪɚɡɞɟɥ ɛɢɨɥɨɝɢɢ ɛɢɨɮɢɡɢɤɚ 
ɢɡɭɱɚɟɬ ɮɢɡɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɢ 
ɦɟɯɚɧɢɡɦɵ ɩɪɨɰɟɫɫɨɜ ɜ ɠɢɜɵɯ 
ɫɢɫɬɟɦɚɯ.  
 Ʉɚɤ ɧɚɩɪɚɜɥɟɧɢɟ ɮɢɡɢɤɢ 
ɛɢɨɮɢɡɢɤɚ ɪɚɫɤɪɵɜɚɟɬ ɩɪɢɧɰɢɩɵ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ, ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɢ 
ɷɜɨɥɸɰɢɢ ɠɢɜɵɯ ɫɢɫɬɟɦ.    



ɋɌɊɍɄɌɍɊȺ  ɂ  ɎɍɇɄЦɂɂ  ɀɂȼɈȽɈ  

 ɉɪɢɧɰɢɩɵ  -  ɮɢɡɢɱɟɫɤɢɟ  

 ɂɧɫɬɪɭɦɟɧɬɚɪɢɣ – ɯɢɦɢɱɟɫɤɢɣ  

 Ɇɟɯɚɧɢɡɦɵ  -  ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ  

 Ɏɭɧɤɰɢɢ  -  ɛɢɨɥɨɝɢɱɟɫɤɢɟ  

ɑɌɈ? – ɄАɄ? – ɁАɑȿɆ?  



ȼȺɀɇȿɃɒɂȿ  ȻɂɈɅɈȽɂɑȿɋɄɂȿ  ɉɊɂɁɇȺɄɂ  

ɀɂȼɈȽɈ 

1. ɍɧɢɜɟɪɫɚɥɢɡɦ 

2. Ʉɥɟɬɨɱɧɨɟ ɫɬɪɨɟɧɢɟ, ɞɢɫɤɪɟɬɧɨɫɬɶ    

3. ȿɞɢɧɫɬɜɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɬɪɭɤɬɭɪɵ ɢ 

ɮɭɧɤɰɢɣ  

4. Ɉɛɦɟɧ ɜɟɳɟɫɬɜ, ɷɧɟɪɝɨɡɚɜɢɫɢɦɨɫɬɶ    
5. ɋɚɦɨɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ, ɪɚɡɦɧɨɠɟɧɢɟ, ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɶ ɢ 

ɢɡɦɟɧɱɢɜɨɫɬɶ  
6. Ɋɨɫɬ, ɪɚɡɜɢɬɢɟ, ɨɬɦɢɪɚɧɢɟ  

7. ɋɚɦɨɪɟɝɭɥɹɰɢɹ, ɪɢɬɦɢɱɧɨɫɬɶ    

8. ȼɨɡɛɭɞɢɦɨɫɬɶ (ɪɚɡɞɪɚɠɢɦɨɫɬɶ)    
9. ɉɨɞɜɢɠɧɨɫɬɶ  (ɫɨɤɪɚɬɢɦɨɫɬɶ, ɬɪɨɩɢɡɦɵ – «ɤɭɞа», ɬɚɤɫɢɫɵ – 

«ɧɚ ɱɬɨ») 



ɎɂɁɂɑȿɋɄɂȿ  ɉɊɂɇɐɂɉЫ  
ɈɊȽАɇɂɁАɐɂɂ  ɀɂȼɈɃ  ɆАɌȿɊɂɂ 

 
  ɋɢɫɬɟɦɧɨɫɬɶ (ɫɜɹɡɧɨɫɬɶ ɱɟɪɟɡ ɮɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ, ɜ 

ɛɢɨɥɨɝɢɢ – ɱɟɪɟɡ ɛɢɨɫɢɧɬɟɡ, ɦɟɬɚɛɨɥɢɡɦ ɢ ɮɭɧɤɰɢɢ)   
  ɋɨɩɪɹɠɟɧɢɟ  ɦɢɤɪɨ-  (ɤɜɚɧɬɨɜɨɝɨ) ɢ  ɦɚɤɪɨɭɪɨɜɧɟɣ, 

ɬɜɟɪɞɨɣ, ɠɢɞɤɨɣ ɢ ɝɚɡɨɨɛɪɚɡɧɨɣ ɮɚɡ   
  Ⱦɢɫɤɪɟɬɧɨɫɬɶ (ɫɬɪɭɤɬɭɪɧɚɹ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ - 

ɮɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɞɢɫɤɪɟɬɧɨɫɬɢ) 
  Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ  ɧɟɪɚɜɧɨɜɟɫɧɨɫɬɶ (ɫɬɚɬɢɱɟɫɤɚɹ 

ɢ ɩɪɨɬɨɱɧɚɹ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɣ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ 
ɪɟɫɭɪɫ ɷɧɟɪɝɢɢ, ɚɤɬɢɜɧɵɟ ɫɪɟɞɵ)  
 



  ɇɟɥɢɧɟɣɧɨɫɬɶ, ɫɢɧɟɪɝɢɡɦ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɪɟɦɟɧɧɚɹ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɹ  
  ɋɢɦɦɟɬɪɢɣɧɨɫɬɶ (ɧɟ ɫɬɨɥɶɤɨ ɩɪɨɹɜɥɟɧɢɹ, 

ɫɤɨɥɶɤɨ ɛɚɡɢɫ)  
 ɏɢɪɚɥɶɧɨɫɬɶ (ɫɬɪɭɤɬɭɪ ɢ ɩɪɨɰɟɫɫɨɜ)  
  ɂɟɪɚɪɯɢɱɧɨɫɬɶ (ɫɨɩɪɹɠɟɧɢɟ ɩɪɨɰɟɫɫɨɜ,  

ɪɚɡɧɨɦɚɫɲɬɚɛɧɵɯ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ) 
 ɐɢɤɥɢɱɧɨɫɬɶ  
 Ɇɚɲɢɧɧɨɫɬɶ (ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢ ɦɚɲɢɧɵ)  

 



Ваɠɧɟɣɲɢɦ ɫɢɫɬɟɦɧɵɦ ɛɢɨɥɨɝɢɱɟɫɤɢɦ 

ɩɪɢɡɧаɤɨɦ ɀɢɡɧɢ ɧа Ɂɟɦɥɟ  
ɹɜɥɹɟɬɫɹ ɤɥɟɬɤɚ.  

  

Ваɠɧɟɣɲɢɦ ɫɢɫɬɟɦɧɵɦ ɮɢɡɢɱɟɫɤɢɦ 

ɩɪɢɧɰɢɩɨɦ ɮɨɪɦɢɪɨɜаɧɢɹ ɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢɹ ɀɢɡɧɢ ɧа Ɂɟɦɥɟ 
ɹɜɥɹɸɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɟ ɢ 
ɦаɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɦɚɲɢɧɵ, 

ɩɪɟɨɛɪɚɡɭɸɳɢɟ ɷɧɟɪɝɢɸ, ɜɟɳɟɫɬɜɨ ɢ 
ɢɧɮɨɪɦɚɰɢɸ. ȼ ɧɟɠɢɜɨɣ ɩɪɢɪɨɞɟ ɦɚɲɢɧ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ, ɢɦɟɸɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ 
ɷɧɟɪɝɢɢ ɢ ɜɟɳɟɫɬɜɚ.  



ɉɨɱɟɦɭ ɀɢɡɧɶ ɧɟ ɦɨɝɥɚ ɜɨɡɧɢɤɧɭɬɶ ɜ ɜɢɞɟ 
ɬɨɥɶɤɨ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɥɢ ɠɢɞɤɢɯ ɮɚɡ 
ɜɟɳɟɫɬɜɚ ɢɥɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ?  
 

 Иɫɯɨɞɧɨ «ɠɢɜɨɟ» ɞɨɥɠɧɨ ɨɛɥɚɞɚɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɨɡɞɚɜɚɬɶ ɞɨɥɝɨɠɢɜɭɳɢɟ (ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɩɥɨɜɵɦɢ ɜɪɟɦɟɧɚɦɢ) 
ɤɨɧɫɬɪɭɤɰɢɢ, ɫɩɨɫɨɛɧɵɟ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ 
ɷɧɟɪɝɢɸ, ɜɟɳɟɫɬɜɨ ɢ ɢɧɮɨɪɦɚɰɢɸ, ɨɛɥɚɞɚɬɶ 
ɞɨɥɝɨɠɢɜɭɳɟɣ ɢ ɞɨɫɬɭɩɧɨɣ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɦɹɬɶɸ.   



     Ɇɚɲɢɧɨɣ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ 
(ɤɨɧɫɬɪɭɤɰɢɸ), ɤɨɬɨɪɨɟ ɫɩɨɫɨɛɧɨ ɜ 
ɰɢɤɥɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ 
ɮɨɪɦɭ ɷɧɟɪɝɢɢ, ɫɨɜɟɪɲɚɹ «ɩɨɥɟɡɧɭɸ» 
ɪɚɛɨɬɭ, ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ 
«ɜɵɞɟɥɟɧɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ, ɜ ɬɨɦ 
ɱɢɫɥɟ, ɤɜɚɧɬɨɜɨɦɟɯɚɧɢɱɟɫɤɢɯ) 
ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ» (ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ, 
ɜɪɚɳɚɬɟɥɶɧɵɯ), ɤɢɧɟɬɢɱɟɫɤɢ 
ɪɚɡɞɟɥɹɸɳɢɯ ɪɚɛɨɬɭ ɢ ɞɢɫɫɢɩɚɰɢɸ.  



ɉɨɱɟɦɭ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɚɲɢɧɵ – 

ɧɟ ɬɟɩɥɨɜɵɟ, ɚ ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɢɟ? 

 1. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɄɉȾ 
ɨɪɝɚɧɢɡɦɚɦ ɩɪɢɲɥɨɫɶ ɛɵ ɩɨɞɞɟɪɠɢɜɚɬɶ 
ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ (ɛɨɥɟɟ 
100°ɋ) ɦɟɠɞɭ ɧɚɝɪɟɜɚɬɟɥɟɦ ɢ ɯɨɥɨɞɢɥɶɧɢɤɨɦ, 
ɱɬɨ ɧɟɪɟɚɥɢɡɭɟɦɨ ɜ ɛɢɨɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɵɯ 
ɫɢɫɬɟɦɚɯ.  

 2. Ɇɟɯɚɧɨɯɢɦɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɩɨɡɜɨɥɹɸɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɡɚɩɚɫ 
ɫɜɨɛɨɞɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɩɨɥɟɡɧɭɸ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɢɥɢ ɷɥɟɤɬɪɨɨɫɦɨɬɢɱɟɫɤɭɸ 
ɪɚɛɨɬɭ ɫ ɜɵɫɨɤɢɦ ɄɉȾ, ɦɢɧɭɹ ɬɟɩɥɨɜɵɟ ɫɬɚɞɢɢ.  



ɊȺɁɆȿɊЫ  ɂ  ɊȺɁɆȿɊɇɈɋɌɂ 

 0D  -  ɦɚɥɵɟ ɦɨɥɟɤɭɥɵ, ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɟ 
ɢɨɧɵ  

 1D  -  ɢɧɮɨɪɦɚɰɢɨɧɧɨ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ 
ɥɢɧɟɣɧɵɟ ɩɨɥɢɦɟɪɵ – ɧɭɤɥɟɢɧɨɜɵɟ 
ɤɢɫɥɨɬɵ ɢ ɩɟɩɬɢɞɧɵɟ ɰɟɩɢ ɛɟɥɤɨɜ  

 2D  -  ɤɥɟɬɨɱɧɵɟ ɦɟɦɛɪɚɧɵ  
 3D  -  ɧɚɬɢɜɧɵɟ ɫɬɪɭɤɬɭɪɵ ɦɚɤɪɨɦɨɥɟɤɭɥ, 

ɤɥɟɬɨɱɧɵɟ ɨɪɝɚɧɟɥɥɵ ɢ ɤɥɟɬɤɢ, ɨɪɝɚɧɵ, 
ɨɪɝɚɧɢɡɦɵ, ɛɢɨɰɟɧɨɡɵ, ɛɢɨɫɮɟɪɚ Ɂɟɦɥɢ  
 

 



 

«ʜ˃˔ˍˑˎ˟ˍˑ ˢ ˊː˃ˡ,  
˅˔ˈ ˗ˋˊˋ˚ˈ˔ˍˋˈ  ˓ˈˊ˖ˎ˟˕˃˕˞ a priori 

 ˋˏˈˡ˕ ˔˅ˑˋ ˋ˔˕ˑ˚ːˋˍˋ  ˅ ˔ˋˏˏˈ˕˓ˋˋ»  
ʒ̍ ˓ˏ˃ː ʑˈˌˎ˟  

  

«ʟ˃ˊ˅ˋ˕ˋˈ ʑ˔ˈˎˈːːˑˌ ˔ ˏˑˏˈː˕˃ ˈˈ ˅ˑˊːˋˍːˑ˅ˈːˋˢ ˅˞ˆˎˢˇˋ˕  
ˍ˃ˍ ːˈ˒˓ˈ˓˞˅ː˃ˢ ˒ˑ˔ˎˈˇˑ˅˃˕ˈˎ˟ːˑ˔˕˟ ː˃˓˖˛ˈːˋˌ ˔ˋˏˏˈ˕˓ˋˋ… 

 Фˈːˑˏˈː ˉˋˊːˋ ˈ˔˕ˈ˔˕˅ˈːːˑ ˅˒ˋ˔˞˅˃ˈ˕˔ˢ ˅ ˠ˕˖ ˍ˃˓˕ˋː˖».  
Ф˓ˋˏ˃ː ʓˉ.ʓ˃ˌ˔ˑː 

  

«ʞ˓ˋ˔˖˜˃ˢ ˢ˅ˎˈːˋˢˏ ˔ˋˏˏˈ˕˓ˋˢ – ˠ˕ˑ ˏ˃ˍ˔ˋˏ˃ˎ˟ː˃ˢ ˔ˋˏˏˈ˕˓ˋˢ, 
˔ˑ˅ˏˈ˔˕ˋˏ˃ˢ ˔ ˔˖˜ˈ˔˕˅ˑ˅˃ːˋˈˏ ˢ˅ˎˈːˋˢ. ʝ˒˓ˈˇˈˎˈːː˞ˈ ˠˎˈˏˈː˕˞ 

˔ˋˏˏˈ˕˓ˋˋ ˏˑˆ˖˕ ˔ˑ˔˖˜ˈ˔˕˅ˑ˅˃˕˟ ˔ ˑ˒˓ˈˇˈˎˈːː˞ˏˋ ˢ˅ˎˈːˋˢˏˋ, 
ːˑ ˑːˋ ːˈ ˢ˅ˎˢˡ˕˔ˢ ːˈˑ˄˘ˑˇˋˏ˞ˏˋ; ːˈˑ˄˘ˑˇˋˏˑ ˎˋ˛˟ ˑ˕˔˖˕˔˕˅ˋˈ 

ˑ˒˓ˈˇˈˎˈːː˞˘ ˠˎˈˏˈː˕ˑ˅ ˔ˋˏˏˈ˕˓ˋˋ.  
Иˏˈːːˑ ˃˔ˋˏˏˈ˕˓ˋˢ ˔ˑˊˇ˃ˈ˕ ˢ˅ˎˈːˋˈ»  

ʞ˟ˈ˓ Кˡ˓ˋ ȋ1;Ϳ4Ȍ  



K 

Na 

K 

Na 
Na/K-ɧɚɫɨɫ 

Иɨɧɧɚɹ ɚɫɢɦɦɟɬɪɢɹ 

ɤɥɟɬɤɚ ɩɥɚɡɦɚ 

Na 142 ɦM 

K 4 ɦM 

K 160 ɦM 

Na 10 ɦM 









«Through the Looking-Glass,  

and What Alice Found There»  

Lewis Carroll (1871) 

 ɏɢɪɚɥɶɧɨɫɬɶ (χειρ = рука)  — ɫɜɨɣɫɬɜɨ 
ɦɨɥɟɤɭɥɵ ɢɥɢ ɨɛɴɟɤɬɚ ɛɵɬɶ ɧɟɫɨɜɦɟɫɬɢɦɵɦ 
ɫɨ ɫɜɨɢɦ ɡɟɪɤɚɥɶɧɵɦ ɨɬɨɛɪɚɠɟɧɢɟɦ ɩɪɢ  
ɥɸɛɵɯ ɤɨɦɛɢɧɚɰɢɹɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢ  
ɜɪɚɳɟɧɢɣ ɜ ɬɪёɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

 ȼ ɷɧɚɧɬɢɨɦɟɪɟ (ɷɧɚɧɬɢɨɦɨɪɮɟ)  
ɨɬɫɭɬɫɬɜɭɟɬ ɫɢɦɦɟɬɪɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɬɨɪɨɧ ɢ ɨɫɟɜɚɹ ɫɢɦɦɟɬɪɢɹ.  



 

ȁǱǹǳǾǼǲ   -
ǽǳǾǰǼǼǿǻǼǰǮ   
ȃǶǾǮǹЬǻǼǱǼ  

ǲȁǮǹǶǵǺǮ  
ǰ  ǯǶǼǿȂǳǾǳ   









 



   Эɜɨɥɸɰɢɨɧɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ, ɨɛɥɚɞɚɸɳɚɹ 
ɡɚɩɚɫɨɦ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɢ ɷɥɟɦɟɧɬɚɦɢ 
ɯɢɪɚɥɶɧɨɣ ɚɫɢɦɦɟɬɪɢɢ, ɧɚɯɨɞɹɫɶ ɜ ɩɪɟɞɟɥɚɯ 
ɨɞɧɨɝɨ ɢɟɪɚɪɯɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ, ɫɩɨɫɨɛɧɚ ɜ 
ɩɪɨɰɟɫɫɟ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɢɡɦɟɧɹɬɶ ɬɢɩ 
ɫɢɦɦɟɬɪɢɢ, ɩɨɜɵɲɚɹ ɫɜɨɸ «ɫɥɨɠɧɨɫɬɶ», ɧɨ 
ɫɨɯɪɚɧɹɹ ɡɧɚɤ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɯɢɪɚɥɶɧɨɫɬɢ (D 

ɢɥɢ L).  
   Ɍɚ ɠɟ ɫɢɫɬɟɦɚ, ɩɪɨɯɨɞɹ ɬɨɱɤɢ ɛɢɮɭɪɤɚɰɢɢ, 
ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶ ɬɟɧɞɟɧɰɢɸ ɤ ɫɩɨɧɬɚɧɧɨɦɭ 
ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ ɫ ɱɟɪɟɞɭɸɳɢɦɫɹ ɡɧɚɤɨɦ 
ɯɢɪɚɥɶɧɨɫɬɢ ɡɚɧɨɜɨ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɬɪɭɤɬɭɪ ɢ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɦɚɫɲɬɚɛɚ.  



Ɍɪɚɟɤɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɫ 
ɭɞɜɨɟɧɢɟɦ ɜ ɬɨɱɤɟ ɛɢɮɭɪɤɚɰɢɢ  





ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɧɟɚɦɮɢɮɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ  
ɬɪɢɫ(3(3’-ɤɚɪɛɚɦɨɢɥɚɦɢɧɨ)-2,2’ɛɢɩɢɪɢɞɢɥ)-

ɛɟɧɡɨɥ-1,3,5-ɬɪɢɤɚɪɛɨɧɚɦɢɞɚ 

Danila I et al. J. Am. Chem. Soc. 133 8344 (2011) 
 



 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɩɢɪɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪ 
ɩɨɥɢɚɰɟɬɢɥɟɧɚ ɩɪɢ ɩɪɢɫɨɟɞɢɧɟɧɢɢ 

ɯɢɪɚɥɶɧɵɯ ɝɪɭɩɩ 

 

Yashima E et al. Chem. Rev. 109 6102 (2009)  



Ȼɢɨɦɢɦɟɬɢɤɢ  -  ɬɪɢɮɬɨɪɚɰɟɬɢɥɢɪɨɜɚɧɧɵɟ ɚɦɢɧɨɫɩɢɪɬɵ 
(ɌɎȺȺɋ). Ʉɨɷɮɮɢɰɢɟɧɬɵ ɚɧɢɡɨɦɟɬɪɢɢ  -  1,5 – 2,5  





Ʌɟɜɚя ɫɭɩɟɪɫɩɢɪɚɥɶ ɢɡ ɩɪɚɜɵɯ 
ɫɩɢɪɚɥɟɣ ɩɨɥɢɢɡɨɰɢɚɧɢɞɚ 

Cornelissen J et al. Science 280 1427 (1998) 



ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɭɬɟɣ 
ɮɨɪɦɢɪɨɜɚɧɢя ɚɦɢɥɨɢɞɧɵɯ ɮɢɛɪɢɥɥ ɛɵɱɶɟɝɨ 

ɫɵɜɨɪɨɬɨɱɧɨɝɨ ɚɥɶɛɭɦɢɧɚ 

  Dzwolak W Chirality 26 580 (2014) 
 



Ɏɬɚɥɨɰɢɚɧɢɧ c ɤɪɚɭɧ-

ɷɮɢɪɧɵɦ ɮɪɚɝɦɟɧɬɚɦɢ 

Elemans J A W, Rowan A E, Nolte R J M 
J. Mater. Chem. 13 2661 (2003) 



ɉɨɥɹɪɢɡɚɰɢɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ  
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ (j - ɭɝɨɥ Ȼɪɸɫɬɟɪɚ) 

Ⱦɨɦɟɧɵ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ, ɮɨɪɦɢɪɭɟɦɵɟ ɜ 
ɦɨɧɨɫɥɨɹɯ ɷɧɚɧɬɢɨɦɟɪɨɜ ɢ ɪɚɰɟɦɚɬɚ 
N-R-ɩɚɥɶɦɢɬɨɢɥɬɪɟɨɧɢɧɚ, ɢɦɟɸɬ ɜɢɞ ɫɩɢɪɚɥɟɣ, 
ɡɚɤɪɭɱɟɧɧɵɯ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɫɬɨɪɨɧɵ:  

(a) – D-ɷɧɚɧɬɢɨɦɟɪ, (b) – L-ɷɧɚɧɬɢɨɦɟɪ, (ɫ) – ɪɚɰɟɦɚɬ. 
Ɋɚɡɦɟɪ ɢɡɨɛɪɚɠɟɧɢɹ 350 × 350 ɦɤɦ. 
 

Nilashis Nandi, Dieter Vollhardt  Effect of Molecular Chirality 

on the Morphology of Biomimetic Langmuir Monolayers. 

Chem. Rev. 2003, 103, 4033−4075 4033  



Prem B. Basnet,   Pritam Mandal,   Dominic W. 

Malcolm,   Elizabeth K. Mann and   Sahraoui 

Chaieb Chiral hierarchical self-assembly in 

Langmuir monolayers of diacetylenic lipids     Soft 

Matter, 2013,9, 1437-1446 

Иɡɨɬɟɪɦɵ ɫɠɚɬɢɹ ɜ 
Ʌɟɧɝɦɸɪɨɜɫɤɨɣ ɜɚɧɧɟ, 
ɫɬɪɭɤɬɭɪɵ, ɨɛɪɚɡɭɟɦɵɟ 
ɦɨɥɟɤɭɥɚɦɢ [1,2-bis(10,12-

tricosadiynoyl)-sn- glycero-3-

phosphoethanolamine]  ɜ 
ɩɨɥɹɪɢɡɨɜɚɧɧɨɦ ɫɜɟɬɟ  

 ɉɟɪɟɯɨɞ ɨɬ ɫɩɢɪɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪ ɤ ɤɨɥɶɰɟɜɵɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 28, 
32, 34 ɢ 36 ɝɪɚɞ. ɋ  

http://pubs.rsc.org/en/results?searchtext=Author:Prem B. Basnet
http://pubs.rsc.org/en/results?searchtext=Author:Pritam Mandal
http://pubs.rsc.org/en/results?searchtext=Author:Dominic W. Malcolm
http://pubs.rsc.org/en/results?searchtext=Author:Dominic W. Malcolm
http://pubs.rsc.org/en/results?searchtext=Author:Elizabeth K. Mann
http://pubs.rsc.org/en/results?searchtext=Author:Sahraoui Chaieb
http://pubs.rsc.org/en/results?searchtext=Author:Sahraoui Chaieb




МȜȒȓșȪ чȓȠвȓȞȠичțȩх ȟȠȞȡȘȠȡȞ 

Ɋɢɫ. 3. Хɨɥɟɫɬɟɪɢчɟɫɤɢɟ ɠɢɞɤɢɟ 
ɤɪɢɫɬɚɥɥɵ ɫɨɫɬɚɜɥɟɧɵ ɯɢɪɚɥɶɧɵɦɢ 
ɦɨɥɟɤɭɥɚɦɢ. Вɧɭɬɪɢ ɫɥɨёɜ ɦɨɥɟɤɭɥɵ 
ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɜɞɨɥɶ 
ɞɢɪɟɤɬɨɪɚ. 
А ɫɚɦ ɞɢɪɟɤɬɨɪ ɜɪɚщɚɟɬɫɹ ɜɨɤɪɭɝ 
ɯɨɥɟɫɬɟɪɢчɟɫɤɨɣ ɨɫɢ, ɨɛɪɚɡɭɹ ɫɩɢɪɚɥɶ, 
ɩɨ ɡɧɚɤɭ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɡɧɚɤɭ 
ɯɢɪɚɥɶɧɨɫɬɢ ɦɨɥɟɤɭɥ.

Ɋɢɫ. 4. ɋɯɟɦɚɬɢчɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɯɨɥɟɫɬɟɪɢчɟɫɤɨɣ ɮɚɡɵ ДНК [1].



ȿɳɟ ɨɞɧɨ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɪɚɜɢɥɚ ɫɦɟɧɵ ɡɧɚɤɚ ɯɢɪɚɥɶɧɨɫɬɢ: 
 «ɩɪɚɜɚɹ» D-ɝɥɸɤɨɡɚ ɨɛɪɚɡɭɟɬ  

«ɥɟɜɭɸ» ɫɩɢɪɚɥɶ ɚɦɢɥɨɡɵ 



Мɵ ɫɱɢɬаɟɦ ɝɟɧ, ɢɥɢ, 
ɜɨɡɦɨɠɧɨ, ɜɫɸ ɧɢɬɶ 
ɯɪɨɦɨɫɨɦɵ, аɩɟɪɢɨɞɢɱɟɫɤɢɦ 
ɤɪɢɫɬаɥɥɨɦ. 

Э. Шɪɟɞɢɧɝɟɪ 









̸͙͚͙͚͇͗͑͗ ͇͙͑͌͗͏͔͕͉͕͕͊ 
͓͏͕͑͗͛͏͇͓͔͙͇͒͌ 

14.12.13











 ǼȠȚȓȥȓțȎ ȕȎȘȜțȜȚȓȞțȎȭ 
ȟȚȓțȎ ȕțȎȘȎ ȣȖȞȎșȪțȜȟȠȖ   
                  L-D-L-D  
ȝȞȖ  ȝȓȞȓȣȜȒȓ  țȎ   ȏȜșȓȓ 
ȐȩȟȜȘȖȗ    ȡȞȜȐȓțȪ     
ȟȠȞȡȘȠȡȞțȜ-ȢȡțȘȤȖȜțȎșȪțȜȗ 
ȜȞȑȎțȖȕȎȤȖȖ ȏȓșȘȜȐȩȣ 
ȟȠȞȡȘȠȡȞ  

 

 



ǼȠȚȓȥȓțȜ  ȕȎȘȜțȜȚȓȞțȜȓ 
ȥȓȞȓȒȜȐȎțȖȓ  ȕțȎȘȎ    
ȣȖȞȎșȪțȜȟȠȖ  
                 D-L-D-L      

ȝȞȖ  ȝȓȞȓȣȜȒȓ  țȎ   ȏȜșȓȓ 
ȐȩȟȜȘȖȗ    ȡȞȜȐȓțȪ     
ȟȠȞȡȘȠȡȞțȜ-ȢȡțȘȤȖȜțȎșȪțȜȗ 
ȜȞȑȎțȖȕȎȤȖȖ ǲǻǸ.  







Nelson D.L., Cox, M.M. Lehninger Principles of Biochemistry,  

4th Edn., Worth Publishers, N.Y. (2005) pp. 931-932. 

ɋɭɩɟɪɫɩɢɪɚɥɶ ȾɇɄ 



ɇɭɤɥɟɨɫɨɦɚ:  ȾɇɄ,  ɝɢɫɬɨɧɵ - 
ɤɨɪɨɜɵɣ  ɨɤɬɚɦɟɪ  













ǿȎȗȞȡȟȜȚ ǹȓȐȖțȠȎșȓȚ Ȑ 1968 ȑȜȒȡ 
ȟȢȜȞȚȡșȖȞȜȐȎț ȝȎȞȎȒȜȘȟ:  

«ȝȞȜȚȓȔȡȠȜȘ ȐȞȓȚȓțȖ, ȕȎ ȘȜȠȜȞȩȗ 
ȝȜșȖȝȓȝȠȖȒ ȝȞȖȣȜȒȖȠ Ș ȟȐȜȓȚȡ ȟȘȞȡȥȓțțȜȚȡ 
ȟȜȟȠȜȭțȖȬ, țȎ ȚțȜȑȜ ȝȜȞȭȒȘȜȐ ȚȓțȪȦȓ, ȥȓȚ 
ȓȟșȖ ȏȩ ȝȜșȖȝȓȝȠȖȒ ȝȞȜȟȠȜ ȝȓȞȓȏȖȞȎș Ȑȟȓ 

ȐȜȕȚȜȔțȩȓ ȘȜțȢȖȑȡȞȎȤȖȖ» 

 

ǵțȎȘȜȝȓȞȓȚȓțțȩȓ ȣȖȞȎșȪțȩȓ, 
ȘȜȚȝșȓȚȓțȠȎȞțȩȓ ȒȞȡȑ Ș ȒȞȡȑȡ 

ȝȜȟșȓȒȜȐȎȠȓșȪțȜȟȠȖ ȟȠȞȡȘȠȡȞțȩȣ ȡȞȜȐțȓȗ D-

L-D-L Ȗ  L-D-L-D  Ȓșȭ ǲǻǸ Ȗ ȏȓșȘȜȐ ȜȏȞȎȕȡȬȠ 
«ȒȜȞȜȔțȡȬ ȘȎȞȠȡ», ȘȜȠȜȞȎȭ țȎȝȞȎȐșȭȓȠ 

ȢȜșȒȖțȑ ȚȎȘȞȜȚȜșȓȘȡș ȝȜ țȓȜȏȣȜȒȖȚȜȗ 
ȠȞȎȓȘȠȜȞȖȖ Ȑ șȜȐȡȦȘȡ ǹȓȐȖțȠȎșȭ  



ɌȿɊɆɈȾИɇАɆИЧȿɋКИȿ ɋɈɋɌɈЯɇИЯ ɋИɋɌȿɆ 





Хɢɪɚɥɶɧɨɫɬɶ – «ɫɨɛɚɱɤɚ», 
ɮɢɤɫɢɪɭɸɳɚɹ    
ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ 
ɯɢɪɚɥɶɧɵɟ   ɢɟɪɚɪɯɢɢ,  
ɦɨɬɢɜ, ɩɨɡɜɨɥɹɸɳɢɣ 
ɩɪɟɨɞɨɥɟɬɶ ɩɚɪɚɞɨɤɫ 
Ʌɟɜɢɧɬɚɥɹ ɜ ɩɪɨɰɟɫɫɚɯ 
ɮɨɥɞɢɧɝɚ.  



Ʉɨɦɩɥɟɦɟɧɬɚɪɧɨɫɬɶ 

Ɉɞɢɧ ɢɡ ɝɥɚɜɧɵɯ ɩɪɢɧɰɢɩɨɜ 
ɦɨɥɟɤɭɥɹɪɧɨ-ɛɢɨɥɨɝɢɱɟɫɤɨɣ 
ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɫɬɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ  
ɜ ɨɫɧɨɜɟ ɫɜɨɟɣ ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɯɢɪɚɥɶɧɨɣ: ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ ɨɛɴɟɤɬɵ 
ɧɟ ɞɨɥɠɧɵ ɢɦɟɬɶ ɡɟɪɤɚɥɶɧɨ-

ɩɨɜɨɪɨɬɧɨɣ ɨɫɢ ɫɢɦɦɟɬɪɢɢ  



      ̫͒ͦ ͇͗͌͒͏͎͇͝͏͏ ͝͏͑͒͏͔͕͙͘͞͏ ͇͑͑ 
͖͗͏͔͝͏͖͏͇͔͕͒ͣ͐ ͉͓͔͔͕͗͌͌͐ ͇͇͙͗͑͌͗͜͏͙͘͏͑͏ 
«͓͇͟͏͔͇» ͖͖͕͇͇͙͗͌͋͒͊͌ ͕͈͎͇͙͔͕ͦ͌͒ͣ͌ ͔͇͒͏͞͏͌ 

͘͏͓͓͙͌͗͏͐ ͉ ͕͔͙͚͑͗͑͘͝͏͏, ͇ ͋͒ͦ ͉͋͏͍͔͌͏ͦ ͖͕ ͕͔͙͚͚͑͗ 
͝͏͇͑͒ ͉ «͖͇͉͗͏͔͕͓͒ͣ» ͔͇͖͇͉͔͗͒͌͏͏ – 
͔͌͘͏͓͓͙͌͗͏͔͕͕͊͞ ͓͔͙͇ͤ͒͌͌, ͕͈͇͇͕͒͋ͥ͌͊͠ ͉͕͙͉͕͓͐͘͘ 
«͉͔͙͌͏͒ͦ» ͏͒͏ «͎͇͌͒͑͠͏». ̲͈͇ͥͦ ͓͇͟͏͔͇ ͉͙ͦ͒ͦ͌ͦ͘ 

͜͏͇͔͓͗͒ͣ͢ ͕͈͙͕͓͌͑͡ - ͔͇͔͙ͤ͏͕͓͕͕͓͗͛.  
      ̶͗͏͔͝͏͖͏͇͔͕͒ͣ͐ ͕͕͈͔͔͕͙͌ͣͥ͘͘ ͓͕͚͔͒͌͑͒ͦ͗͢͜ 

͓͇͟͏͔ ͉͙ͦ͒ͦ͌ͦ͘ ͕͕͖͇͙͑͌͗͏͉͔͕͌ ͚͇͙͘͞͏͌ ͉͙͕͗͏͔͢͜͞, 
͙͙͗͌͏͔͢͜͞ (͖͗͏ ͔͇͒͏͞͏͏ ͔͇͓͕͚͔͋͒͌͑͒ͦ͗͢͜ 
͕͓͖͕͉͑͒͌͑͘ - ͙͉͙͌͌͗͞͏͔͢͜͞) ͓͇͕͓͕͚͔͑͗͒͌͑͒ͦ͗͢͜ 
͙͚͙͚͗͑͗͘ ͉ ͝͏͑͒͏͕͌͑͐͘͞ ͇͈͕͙͗͌ ͓͇͟͏͔, ͙͕͞ ͉ 
͎͔͇͞͏͙͔͕͌͒ͣ͐ ͙͖͔͌͌͘͏ ͕͈͖͌͌͘͞͏͉͇͙͌ͦ͘ 

͏͇͌͗͗͜͏͌͑͘͞͏͓ ͕͖͍͔͗ͦ͌͘͏͓͌ ͕͕͙͉͙͙͉͚͌ͥ͘͘͠͏͜ 
«͜͏͇͔͗͒ͣ͢͜» ͙͖͔͌͌͌͐͘ ͉͕͈͕͋͘͢.  







ȿɫɬɟɫɬɜɨɢɫɩɵɬɚɬɟɥɶ 
ɡɧɚɟɬ, ɱɬɨ ɜɨ ɜɫɟɥɟɧɧɨɣ 
ɦɵ ɜɫɬɪɟɱɚɟɦ ɩɨɜɬɨɪɟɧɢɟ 
ɬɢɩɨɜ ɹɜɥɟɧɢɣ.  
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