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ɍȾК 004.0- 519.854.001 

ɂɧɬɟɪɜɚɥɶɧɵɟ ɨɰɟɧɤɢ ɩɨɪɨɝɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɯɚɨɬɢɱɟɫɤɢɯ ɱɢɩɨɜ 

Ⱥ.ɂ. Ⱥɧɞɪɸɯɢɧ  

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ⱦɨɧɟɰɤ,  
alexandruckin@ramber.ru 

  
  
Ⱥɧɞɪɸɯɢɧ A.ɂ ɂɧɬɟɪɜɚɥɶɧɵɟ ɨɰɟɧɤɢ ɩɨɪɨɝɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɯɚɨɬɢɱɟɫɤɢɯ ɱɢɩɨɜ. Эɬɚ ɪɚɛɨɬɚ 
ɨɬɧɨɫɢɬɫɹ ɤ ɝлɨɛɚлɶɧɨɣ ɩɪɨɛлɟɦɟ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶɸɬɟɪɨɜ ɧɨɜɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ 
ɫɚɦɨɨɪɝɚɧɢɡɨɜɵɜɚɬɶɫɹ ɢ ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɜɨ ɜɧɟɲɧɟɣ ɫɪɟɞɟ ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɢɟ 
ɨɛɨɫɧɨɜɚɧɢɹ ɞлɹ ɫɨɡɞɚɧɢɹ ɜɫɟɯ ɨɫɧɨɜɧɵɯ лɨɝɢɱɟɫɤɢɯ ɷлɟɦɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɣ ɯɚɨɬɢɱɟɫɤɨɣ ɧɟлɢɧɟɣɧɨɣ 
ɫɢɫɬɟɦɵ. Ɋɟɲɚɟɦɚɹ ɜ ɫɬɚɬɶɟ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɩɨɫɬɪɨɟɧɢɢ ɢɧɬɟɪɜɚлɶɧɵɯ ɨцɟɧɨɤ ɩɨɪɨɝɨɜɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨлɶɡɨɜɚɧɢɹ ɢ ɭɩɪɚɜлɟɧɢɹ ɯɚɨɬɢɱɟɫɤɨɣ ɜɪɟɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɝɟɧɟɪɢɪɭɸɳɟɣ ɧɟлɢɧɟɣɧɵɟ 
ɜɪɟɦɟɧɧɵɟ ɪɹɞɵ ɫ цɟлɶɸ ɩɨлɭɱɢɬɶ ɝɢɛɤɢɟ ɢ ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ ɜɵɱɢɫлɢɬɟлɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. 
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭлɶɬɚɬɵ ɤɨɦɩɶɸɬɟɪɧɵɯ ɪɚɫɱɟɬɨɜ. ȼ ɪɚɫɱɟɬɚɯ ɢɫɩɨлɶɡɨɜɚлɫɹ  ɩɚɤɟɬ MatСОЦatТМa.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ:ɯɚɨɬɢɱɟɫɤɢɣ ɱɢɩ, ɢɧɬɟɪɜɚлɶɧɚɹ ɨцɟɧɤɚ, ɫɚɦɨɨɪɝɚɧɢɡɚцɢɹ  

Вɜɟɞɟɧɢɟ 
 

ɋɨɜɪɟɦɟɧɧɵɟ ɤɨɦɩɶɸɬɟɪɵ ɩɪɟɞɫɬɚɜɥяɸɬ 
ɫɨɛɨɣ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɫ ɨɱɟɧɶ 
ɛɨɥɶɲɢɦ, ɧɨ ɤɨɧɟɱɧɵɦ ɱɢɫɥɨɦ ɫɨɫɬɨяɧɢɣ. Жɢɜɨɣ 
ɨɪɝɚɧɢɡɦ ɞɥя ɫɭɳɟɫɬɜɨɜɚɧɢя ɜ ɢɡɦɟɧɱɢɜɨɣ ɫɪɟɞɟ 
ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɷɥɟɦɟɧɬɚɦɢ ɯɚɨɬɢɱɟɫɤɨɝɨ 
ɩɨɜɟɞɟɧɢя. ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɧɵɟ 
ɷɮɮɟɤɬɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɦɟɧяɸɳɟɣɫя 
ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ, ɞɨɥɠɧɵ ɛɵɬɶ ɜ ɤɚɤɨɣ-ɬɨ ɦɟɪɟ 
ɯɚɨɬɢɱɧɵɦɢ.  

ɋɨɡɞɚɧɢɟ  ɤɨɦɩɶɸɬɟɪɨɜ ɧɨɜɨɝɨ ɬɢɩɚ - 

ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢя ɬɟɪɦɨɞɢɧɚɦɢɤɢ , 
ɫɩɨɫɨɛɧɵɯ ɫɚɦɨɨɪɝɚɧɢɡɨɜɚɬɶɫя ɢ ɚɞɚɩɬɢɪɨɜɚɬɶɫя 
ɜɨ ɜɧɟɲɧɟɣ ɫɪɟɞɟ-ɷɬɨ ɡɚɞɚɱɚ ɭɠɟ ɫɟɝɨɞɧяɲɧɟɝɨ 
ɞɧя (ɝɨɫɩɪɨɝɪɚɦɦɚ ɋɒȺ BRAIN-2013).  

ɋɟɣɱɚɫ ɧɚ ɨɫɧɨɜɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɯɚɨɫɚ 
ɫɨɡɞɚɸɬ ɚɩɩɚɪɚɬɧɨ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɱɢɩɵ.   
Пɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɚя ɨɛɥɚɫɬɶ 
ɩɨɫɬɪɨɟɧɢя  ɧɨɜɵɯ ɬɢɩɨɜ ɬɪɚɧɡɢɫɬɨɪɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɮɢɡɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ.  

Ɉɫɧɨɜɧɵɦɢ ɢɡ ɷɬɢɯ ɧɚɩɪɚɜɥɟɧɢɣ 
яɜɥяɸɬɫя: 

1) Ɍɪɚɧɡɢɫɬɨɪɵ ɭɩɪɚɜɥяɟɦɵɟ ɨɞɧɢɦ 
ɷɥɟɤɬɪɨɧɨɦ Single-electron transistors SET. 

2) Кɜɚɧɬɨɜɵɟ ɤɥɟɬɨɱɧɵɟ ɚɜɬɨɦɚɬɵ 
(QCA-qЮКЧЭЮЦ МОХХЮХКr КЮЭШЦКЭК) ɛɚɡɢɪɭɸɳɢɟɫя 
ɧɚ ɨɫɧɨɟ ɤɜɚɧɬɨɜɨɣ ɬɨɱɤɢ (QЮКЧЭЮЦ НШЭ). 

3) Ɍɭɧɧɟɥɢɪɨɜɚɧɧɵɟ ɞɢɨɞɵ (RTD-

)Resonant tunneling diode 

4) ɍɫɬɪɨɣɫɬɜɚ ɧɚ ɛɵɫɬɪɨɣ 
ɨɞɧɨɤɜɚɧɬɨɜɨɣ ɥɨɝɢɤɟ (RКpТН sТЧРХО-flux quantum 

(RSFQ) device) 

5) Ɍɪɚɧɡɢɫɬɨɪ ɧɚ ɨɫɧɨɜɟ 
ɤɚɪɛɨɧɨɜɵɯ ɬɪɭɛɨɤ  (Carbon nanotube FET) 

6) ȾɇК-ɜɵɱɢɫɥɟɧɢя (DNA 

computing) 

 

ɇɟɤɨɬɨɪɵɟ ɧɟɞɨɫɬɚɬɤɢ ɢ ɢɯ ɩɟɪɫɩɟɤɬɢɜɵ 
ɪɚɡɜɢɬɢя ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Д1Ж   

ɂɡɜɟɫɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ яɜɥяɟɬɫя 
ɪɟɚɥɢɡɚɰɢя ɜɫɟɯ ɨɫɧɨɜɧɵɯ ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 
ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɯɚɨɬɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵД2-5Ж. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɪɚɟɭɝɨɥɶɧɵɦ 
ɤɚɦɧɟɦ ɫɨɜɪɟɦɟɧɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ 
яɜɥяɟɬɫя ɛɢɧɚɪɧɚя ɰɢɮɪɨɜɚя ɥɨɝɢɤɚ, ɥɨɝɢɤɚ 
ɢɫɬɢɧɧɨɝɨ ɢ ɥɨɠɧɨɝɨ. Ȼɭɥɟɜɚ ɥɨɝɢɤɚ ɨɬɥɢɱɚɟɬɫя 
ɫɜɨɟɣ ɤɨɧɰɟɩɬɭɚɥɶɧɨɣ ɩɪɨɫɬɨɬɨɣ.  

ɋɬɪɨɝɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɥɸɛɚя ɥɨɝɢɱɟɫɤɚя 
ɨɩɟɪɚɰɢя ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɩɭɬɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɚɞɟɤɜɚɬɧɨɝɨ 
ɩɨɞɤɥɸɱɟɧɢя NOR ɢ/ɢɥɢ NAND ɜɟɧɬɢɥɟɣ, ɬ.ɟ. 
ɩɨɫɬɪɨɟɧɢɟ  ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɢ ɫɜяɡɚɧɨ ɫ ɪɟɚɥɢɡɚɰɢɟɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
NOR ɢ NAND ɜɟɧɬɢɥɟɣ. 

В ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫя ɬɟɨɪɟɬɢɱɟɫɤɢɟ 
ɨɛɨɫɧɨɜɚɧɢя ɞɥя ɩɨɥɭɱɟɧɢя ɜɫɟɯ ɨɫɧɨɜɧɵɯ 
ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɣ 
ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ.  

Ɋɟɲɚɟɦɚя ɜ ɫɬɚɬɶɟ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ 
ɩɨɫɬɪɨɟɧɢɢ ɢɧɬɟɪɜɚɥɶɧɵɯ ɨɰɟɧɨɤ ɩɨɪɨɝɨɜɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢя ɢ ɭɩɪɚɜɥɟɧɢя 
ɯɚɨɬɢɱɟɫɤɨɣ ɜɪɟɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, 
ɝɟɧɟɪɢɪɭɸɳɟɣ ɧɟɥɢɧɟɣɧɵɟ ɜɪɟɦɟɧɧɵɟ ɪяɞɵ ɫ 
ɰɟɥɶɸ ɩɨɥɭɱɢɬɶ ɝɢɛɤɢɟ ɢ ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ.  
 
Ɂɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɯɚɨɬɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɨɪɚ 

Ɋɚɫɫɦɨɬɪɢɦ ɯɚɨɬɢɱɟɫɤɭɸ ɱɢɩ ɢɥɢ 
ɩɪɨɰɟɫɫɨɪ, ɨɫɧɨɜɨɣ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ 
ɨɞɧɨɦɟɪɧɚя ɫɢɫɬɟɦɚ, ɫɨɫɬɨяɧɢɟ ɤɨɬɨɪɨɣ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɟɪɟɦɟɧɧɨɣ ɯ, ɢ ɞɢɧɚɦɢɤɚ ɤɨɬɨɪɨɣ 
ɡɚɞɚɟɬɫя ɧɟɥɢɧɟɣɧɵɦ ɨɬɨɛɪɚɠɟɧɢɟɦ F(ɏ).  
Пɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬ: ·  

ɜɵɛɨɪ ɬɢɩɨɜ ɚɬɬɪɚɤɬɨɪɨɜ, ɩɪɢɝɨɞɧɵɯ ɞɥя 
ɪɚɛɨɬɵ ɫ ɢɧɮɨɪɦɚɰɢɟɣ;  
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ɜɵɛɨɪ ɞɢɧɚɦɢɱɟɫɤɢɯ яɜɥɟɧɢɣ ɞɥя 
ɪɟɚɥɢɡɚɰɢɢ ɛɚɡɨɜɵɯ ɨɩɟɪɚɰɢɣ ɨɛɪɚɛɨɬɤɢ 
ɢɧɮɨɪɦɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɚɨɫɚ;   

ɪɚɡɪɚɛɨɬɤɭ ɩɪɢɧɰɢɩɨɜ, ɩɨɡɜɨɥяɸɳɢɯ 
ɫɬɚɜɢɬɶ ɜɨ ɜɡɚɢɦɧɨ-ɨɞɧɨɡɧɚɱɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɢɧɮɨɪɦɚɰɢɸ ɢ ɬɪɚɟɤɬɨɪɢɢ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ;  

ɪɚɡɪɚɛɨɬɤɭ ɤɨɧɤɪɟɬɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ, ɩɨɡɜɨɥяɸɳɢɯ ɪɚɛɨɬɚɬɶ ɫ ɢɧɮɨɪɦɚɰɢɟɣ 
ɤɚɤ ɫ ɬɪɚɟɤɬɨɪɢяɦɢ ɨɬɨɛɪɚɠɟɧɢɣ ɢ  

ɭɩɪɚɜɥяɬɶ ɞɢɧɚɦɢɱɟɫɤɢɦɢ яɜɥɟɧɢяɦɢ ɞɥя 
ɪɟɚɥɢɡɚɰɢɢ  ɛɚɡɨɜɵɯ ɨɩɟɪɚɰɢɣ ɯɚɨɬɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɨɪɚ;  

ɫɨɡɞɚɧɢɟ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɞɥя 
ɫɢɦɭɥяɰɢɢ ɯɚɨɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ ɧɚ 
ɤɨɦɩɶɸɬɟɪɚɯ; ·  

ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɟɥɢ ɯɚɨɬɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɨɪɚ; ·  

ɪɟɲɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɯɚɨɬɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɨɪɚ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɩɥɨɯɨ ɪɟɲɚɟɦɵɯ ɩɪɢ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɨɞɯɨɞɚɯ 

 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 

 

Ɉɬɨɛɪɚɠɟɧɢɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢя ɜɫɟɯ 2-ɜɯɨɞɨɜɵɯ 
ɜɟɧɬɢɥɟɣ NAND, NOR, XOR, AND, OR ɢ XNOR 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛя ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ: 
Ʌɨɝɢɱɟɫɤɢɟ ɜɯɨɞɵ I1 ɢ I2 ɞɥя ɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ 2-ɜɯɨɞɨɜɵɯ ɜɟɧɬɢɥɟɣ ɤɨɞɢɪɭɸɬ 
ɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨяɧɢɟ ɫɢɫɬɟɦɵ ɯ0 ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: 

1)X0 → xgate + ɏ1 + ɏ2, ɝɞɟ ɮɢɡɢɱɟɫɤɚя 
ɜɟɥɢɱɢɧɚ ɏ1, ɏ2 , ɤɨɬɨɪɨɣ ɨɛɵɱɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɧɚɩɪяɠɟɧɢɟ, ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ 0, ɤɨɝɞɚ ɥɨɝɢɱɟɫɤɢɟ 
ɡɧɚɱɟɧɢя ɜɯɨɞɨɜ I1,I2 ɪɚɜɧɨ 0, ɢ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ 

Lin ɤɨɝɞɚ ɥɨɝɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢя ɜɯɨɞɨɜ I1, I2 ɪɚɜɧɵ 
1, ɝɞɟ Lin –ɪɚɧɟɟ ɨɝɨɜɨɪɟɧɧɚя ɩɨɥɨɠɢɬɟɥɶɧɚя 
ɤɨɧɫɬɚɧɬɚ ( ɧɢɠɧɢɣ ɩɨɪɨɝ). Ⱥɧɚɥɨɝɢɱɧɨ  X1 ɢ X2, 

xgate яɜɥяɟɬɫя ɩɨɪɨɝɨɜɵɦ ɧɚɩɪяɠɟɧɢɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜɟɧɬɢɥя, ɤɨɬɨɪɨɟ ɦɵ ɦɨɠɟɦ 
ɢɡɦɟɧяɬɶ.  

2. Ⱦɢɧɚɦɢɱɟɫɤɚя ɷɜɨɥɸɰɢя ɜ  n 

ɜɪɟɦɟɧɧɵɯ ɲɚɝɨɜ (n-я ɢɬɟɪɚɰɢя ɧɚɱɚɥɶɧɨɝɨ 
ɫɨɫɬɨяɧɢя), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɨɛɧɨɜɥɟɧɧɨɦ 
ɫɨɫɬɨяɧɢɢ X → Fn(X0), Кɨɧɤɪɟɬɧɨ ɦɵ ɜɨɡɶɦɟɦ n = 

1 ɡɞɟɫɶ, ɬɨ ɟɫɬɶ X = F1( X0). 

3. Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɯɨɞɚ: ɥɨɝɢɱɟɫɤɨɟ 
ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɚ ɪɚɜɟɧ 0, ɟɫɥɢ F(ɏ0)< Hout ɢ 
ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɚ ɪɚɜɟɧ 1, ɟɫɥɢ F( ɏ0)> Hout ɝɞɟ 
Hout - ɪɚɧɟɟ ɨɝɨɜɨɪɟɧɧɚя ɩɨɥɨɠɢɬɟɥɶɧɚя ɤɨɧɫɬɚɧɬɚ 
( ɜɟɪɯɧɢɣ ɩɨɪɨɝ). 

Ɍɚɤ ɤɚɤ F  ɧɟɥɢɧɟɣɧɚ, ɱɬɨɛɵ ɬɨɱɧɨ ɡɚɞɚɬɶ 
ɧɚɱɚɥɶɧɨɟ ɏ0, ɧɭɠɟɧ ɦɟɯɚɧɢɡɦ ɭɩɪɚɜɥɟɧɢя 
ɩɨɪɨɝɨɦ ɞɥя ɭɫɬɚɧɨɜɤɢ ɧɚɱɚɥɶɧɨɝɨ ɏ0, ɬ.ɟ. 
ɨɩɪɟɞɟɥɢɬɶ Lin , Hout  , xgate ɞɥя ɤɚɠɞɨɝɨ ɜɟɧɬɢɥя 
(ɠɟɥɚɬɟɥɶɧɨ ɞɥя ɭɩɪɨɳɟɧɢя ɭɩɪɚɜɥɟɧɢя Lin 

ɨɩɪɟɞɟɥяɬɶ ɟɞɢɧɵɦ).  
Ⱦɥя ɬɨɝɨ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɜɫɟ ɠɟɥɚɟɦɵɟ 

ɡɧɚɱɟɧɢя ɨɬɤɥɢɤɨɜ ɪɚɡɥɢɱɧɵɯ ɜɟɧɬɢɥɟɣ, ɦɵ 
ɞɨɥɠɧɵ ɫ ɩɨɦɨɳɶɸ ɩɨɪɨɝɨɜɨɝɨ ɦɟɯɚɧɢɡɦɚ 

ɭɩɪɚɜɥɟɧɢя ɭɞɨɜɥɟɬɜɨɪяɬɶ ɭɫɥɨɜɢяɦ, 
ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 1 ɨɞɧɨɜɪɟɦɟɧɧɨ. 

 

Ɍɚɛɥɢɰɚ 1. Ʌɨɝɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢя ɜɵɯɨɞɨɜ 
ɞɜɭɯɜɯɨɞɨɜɵɯ ɜɟɧɬɢɥɟɣ 

I1 I2 And Nand Or Nor Xor NXor 

0 0 0 1 0 1 0 1 

0 1 0 1 1 0 1 0 

1 0 0 1 1 0 1 0 

1 1 1 0 1 0 0 1 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥ.2 ɜɨ 2 ɢ 3 ɫɬɪɨɱɤɚɯ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɬɨɱɧɵɟ 
ɪɟɲɟɧɢя ɞɥя Hout  , xgate ɩɪɢ Lin=1/4 , ɤɨɬɨɪɵɟ 
ɭɞɨɜɥɟɬɜɨɪяɸɬ ɭɫɥɨɜɢяɦ ɜ ɬɚɛɥɢɰɟ 1 ɢ 
ɞɢɧɚɦɢɱɟɫɤɚя ɷɜɨɥɸɰɢя ɨɩɪɟɞɟɥяɟɬɫя 
ɥɨɝɢɫɬɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ F(x) = rɯ( 1-ɯ). 

ɇɚ ɪɢɫ.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ 
ɨɬɨɛɪɚɠɟɧɢя Fn(X), ɝɞɟ Fn(X)=F(Fn-1(X)) ɢ    ɡɞɟɫɶ 
ɩɚɪɚɦɟɬɪ ɧɟɥɢɧɟɣɧɨɫɬɢ r = 4 ɢ ɩɨɪɨɝ Lin = 1/4, 

ɨɛɳɢɣ ɞɥя ɜɫɟɯ ɥɨɝɢɱɟɫɤɢɯ ɜɟɧɬɢɥɟɣ.  
Вɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɵɯ 

ɨɬɨɛɪɚɠɟɧɢɣ, ɤ ɩɪɢɦɟɪɭ F(X) = 6.5ɯ2
( 1-ɯ), 

xn+1=2xn/(1+xn
10

)[5]. 

 
Ɋɢɫɭɧɨɤ 2. – Ƚɪɚɮɢɤɢ ɨɬɨɛɪɚɠɟɧɢя Fn(X). 

ɋɜɨɣɫɬɜɚ ɨɬɨɛɪɚɠɟɧɢɹ F(X) = rɯ( 1-ɯ). 

Пɪɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɨɬɨɛɪɚɠɟɧɢя  F(X) = 

rɯ( 1-ɯ) ɞɥя ɷɜɨɥɸɰɢɢ ɩɨɩɭɥяɰɢɢ (Ɏɟɪɯɨɥɶɫɬ) 
ɢɦɟɟɦ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢя ɩɚɪɚɦɟɬɪɚ   

1). 0<  r < 1, ɩɨɩɭɥяɰɢя  ɜɵɦɪɟɬ, 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. 

2). 1<  r < 2, ɱɢɫɥɟɧɧɨɫɬɶ ɩɨɩɭɥяɰɢɢ 
ɛɵɫɬɪɨ ɜɵɣɞɟɬ ɧɚ ɫɬɚɰɢɨɧɚɪɧɨɟ ɡɧɚɱɟɧɢɟ (r-1)/r, 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. 
3).2<  r < 3, ɱɢɫɥɟɧɧɨɫɬɶ ɩɨɩɭɥяɰɢɢ 

ɩɪɢɞёɬ ɤ ɫɬɚɰɢɨɧɚɪɧɨɦɭ ɡɧɚɱɟɧɢɸ (r-1)/r , ɧɨ 
ɜɧɚɱɚɥɟ ɛɭɞɟɬ  ɤɨɥɟɛɚɬɶɫя ɜɨɤɪɭɝ ɧɟɝɨ. ɋɤɨɪɨɫɬɶ 
ɫɯɨɞɢɦɨɫɬɢ ɥɢɧɟɣɧɚ ɜɟɡɞɟ, ɤɪɨɦɟ ɡɧɚɱɟɧɢя   r=3, 

ɩɪɢ ɤɨɬɨɪɨɦ ɨɧɚ ɤɪɚɣɧɟ ɦɚɥɚ. 
4). 3< r < 1+6   3.45, ɱɢɫɥɟɧɧɨɫɬɶ 

ɩɨɩɭɥяɰɢɢ ɛɭɞɟɬ ɛɟɫɤɨɧɟɱɧɨ ɤɨɥɟɛɚɬɶɫя ɦɟɠɞɭ 2 
ɡɧɚɱɟɧɢяɦɢ. 

5). 3.45 <  r <  3.54 ,    ɱɢɫɥɟɧɧɨɫɬɶ 
ɩɨɩɭɥяɰɢɢ ɛɭɞɟɬ ɛɟɫɤɨɧɟɱɧɨ ɤɨɥɟɛɚɬɶɫя ɦɟɠɞɭ 4 
ɡɧɚɱɟɧɢяɦɢ. 
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6). r > 3.54, ɱɢɫɥɟɧɧɨɫɬɶ ɩɨɩɭɥяɰɢɢ ɛɭɞɟɬ 
ɤɨɥɟɛɚɬɶɫя ɦɟɠɞɭ 8 ɡɧɚɱɟɧɢяɦɢ, ɩɨɬɨɦ 16, 32 ɢ 
ɬ.ɞ.  

Ⱦɥɢɧɚ ɢɧɬɟɪɜɚɥɚ ɢɡɦɟɧɟɧɢя ɩɚɪɚɦɟɬɪɚ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɸɬɫя ɤɨɥɟɛɚɧɢя ɦɟɠɞɭ 
ɨɞɢɧɚɤɨɜɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɡɧɚɱɟɧɢɣ, ɭɦɟɧɶɲɚɟɬɫя 
ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢя  r.  

Ɉɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɞɜɭɦя ɞɥɢɧɚɦɢ 
ɫɦɟɠɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɫɬɪɟɦɢɬɫя ɤ ɱɢɫɥɭ 
Ɏɟɣɝɟɧɛɚɭɦɚ δ ≈ 4.669...  

ɗɬɚ ɫɢɬɭɚɰɢя яɜɥяɟɬɫя ɬɢɩɢɱɧɵɦ 
ɩɪɢɦɟɪɨɦ ɤɚɫɤɚɞɚ ɛɢɮɭɪɤɚɰɢɣ   ɭɞɜɨɟɧɢя 
ɩɟɪɢɨɞɚ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.. 

 

 
 

Ɋɢɫɭɧɨɤ 2. – Ȼɢɮɭɪɤɚɰɢɨɧɧɚя ɞɢɚɝɪɚɦɦɚ. 
 

Пɪɢ   r  ≈ 3.57, ɧɚɱɢɧɚɟɬɫя ɯɚɨɬɢɱɟɫɤɨɟ 
ɩɨɜɟɞɟɧɢɟ, ɚ ɤɚɫɤɚɞ ɭɞɜɨɟɧɢɣ ɡɚɤɚɧɱɢɜɚɟɬɫя.  

Кɨɥɟɛɚɧɢя ɛɨɥɶɲɟ ɧɟ ɧɚɛɥɸɞɚɸɬɫя.  
ɇɟɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢя ɜ ɧɚɱɚɥɶɧɵɯ 

ɭɫɥɨɜɢяɯ ɩɪɢɜɨɞяɬ ɤ ɛɨɥɶɲɢɦ ɨɬɥɢɱɢяɦ 
ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɜɟɞɟɧɢя ɫɢɫɬɟɦɵ ɜɨ ɜɪɟɦɟɧɢ. 

 ɗɬɨ яɜɥяɟɬɫя ɝɥɚɜɧɵɦ ɩɪɢɡɧɚɤɨɦ  
ɯɚɨɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢя. 

Пɪɢ r > 3.57 ɨɛɵɱɧɨ ɢɦɟɟɦ ɯɚɨɬɢɱɟɫɤɨɟ 
ɩɨɜɟɞɟɧɢɟ, ɨɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɬ ɧɟɛɨɥɶɲɢɟ 
ɢɡɨɥɢɪɨɜɚɧɧɵɟ  ɢɧɬɟɪɜɚɥɵ ɡɧɚɱɟɧɢɣ  r, ɩɪɢ 
ɤɨɬɨɪɵɯ ɫɢɫɬɟɦɚ ɜɟɞɟɬ ɫɟɛя ɪɟɝɭɥяɪɧɨ,  

ɂɯ ɧɚɡɵɜɚɸɬ «ɨɤɧɚɦɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ».  
К ɩɪɢɦɟɪɭ, ɧɚɱɢɧɚя ɫɨ ɡɧɚɱɟɧɢя  1+8   

3.83, ɫɭɳɟɫɬɜɭɟɬ ɢɧɬɟɪɜɚɥ ɩɚɪɚɦɟɬɪɨɜ  r, ɩɪɢ 
ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɸɬɫя ɤɨɥɟɛɚɧɢя ɦɟɠɞɭ 3  
ɡɧɚɱɟɧɢяɦɢ.  

 Ⱦɥя ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ  r - ɦɟɠɞɭ 6 
ɡɧɚɱɟɧɢяɦɢ, ɩɨɬɨɦ 12 ɢ ɬ. ɞ.  

В ɫɢɫɬɟɦɟ ɦɨɠɧɨ ɧɚɣɬɢ ɩɟɪɢɨɞɢɱɟɫɤɢɟ 
ɤɨɥɟɛɚɧɢя ɫ ɥɸɛɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɡɧɚɱɟɧɢɣ.  

Пɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɦɟɧɵ ɤɨɥɢɱɟɫɬɜɚ 
ɡɧɚɱɟɧɢɣ ɭɞɨɜɥɟɬɜɨɪяɟɬ ɩɨɪяɞɤɭ ɒɚɪɤɨɜɫɤɨɝɨ. 

Пɪɢ r >4, ɡɧɚɱɟɧɢя ɨɬɨɛɪɚɠɟɧɢя 
ɩɨɤɢɞɚɸɬ ɢɧɬɟɪɜɚɥ Д0,1Ж ɢ ɪɚɫɯɨɞяɬɫя ɩɪɢ ɥɸɛɵɯ 
ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢяɯ. 
 

 Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɯɚɨɬɢɱɟɫɤɢɯ ɤɨɦɩɶɸɬɟɪɨɜ 

В ɬɚɛɥ.2 ɜɨ 2 ɢ 3 ɫɬɪɨɱɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɧɢɣ 
ɢ ɜɟɪɯɧɢɣ ɩɨɪɨɝɢ ɞɥя ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ(ɨɩɟɪɚɰɢɣ). ɂɬɟɪɚɬɢɜɧɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɯɚɨɬɢɱɟɫɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɨɬɨɛɪɚɠɟɧɢя ɩɨɡɜɨɥяɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɢ ɥɨɝɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ ɫ ɢɧɨɣ 
ɥɨɝɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ, ɬ.ɟ. ɜɵɩɨɥɧяɬɶ ɢɯ 
ɪɟɤɨɧɮɢɝɭɪɚɰɢɸ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя. Пɨɞɱɟɪɤɧɟɦ, ɱɬɨ 
ɧɚɱɚɥɶɧɵɣ ɧɢɠɧɢɣ ɩɨɪɨɝ ɪɚɜɟɧ 0.316. 

 

Ɍɚɛɥɢɰɚ 2. Ɂɧɚɱɟɧɢя ɩɨɪɨɝɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɞɜɭɯɜɯɨɞɨɜɵɯ ɜɟɧɬɢɥɟɣ 

Ɉɩɟɪɚɰɢя Nand And Nor Xor Or 

Lop(xgate) 3/8 0 * 1/4 1/8 

Hop(Hout) 11/16 3/4 * 3/4 11/16 

ɂɬɟɪɚɰɢя 1 2 3 4 5 

ɋɨɫɬɨяɧɢɟ 

ɱɢɩɚ 

X1 X2 X3 X4 X5 

Вɯɨɞɵ (0,0)  
X0=0.316 

 

0.864   0.468 0.996   0.016 0.063   

Ʌɨɝɢɱ. 
ɡɧɚɱɟɧɢɟ 

1 0 1 0 0 

Вɯɨɞɵ 
(1,0)/(0,1)  

X0=0.566 

 

0.982   0.068 0.255   0.760  0.729   

Ʌɨɝɢɱ. 
ɡɧɚɱɟɧɢɟ 

1 0 0 1 1 

Вɯɨɞɵ (1,1)  
X0=0.816 

 

0.601 0.959 0.155 0.525 0.997      

Ʌɨɝɢɱ. 
ɡɧɚɱɟɧɢɟ 

0 1 0 0 1 

    

Ɋɢɫɭɧɨɤ 3ɚ. –ɂɬɟɪɚɬɢɜɧɚя 
ɪɟɤɨɧɮɢɝɭɪɚɰɢя ɯɚɨɬɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ 

 

ɂɧɨɣ ɩɨɞɯɨɞ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.3ɛ, ɝɞɟ 
ɪɟɤɨɧɮɢɝɭɪɚɰɢя ɜɵɩɨɥɧяɟɬɫя ɫ ɩɨɦɨɳɶɸ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɩɨɪɨɝɚ ɋ ɬɚɤ, ɱɬɨ ɩɪɢ 
ɨɞɧɨɦ ɡɧɚɱɟɧɢɢ ɋ ɷɥɟɦɟɧɬ ɜɵɩɨɥɧяɟɬ ɮɭɧɤɰɢɸ 
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Nand, ɚ ɩɪɢ ɞɪɭɝɨɦ ɡɧɚɱɟɧɢɸ ɮɭɧɤɰɢɸ Nor  ɢ 
ɬ.ɩ.Д5]. 

 

 

 

 
 

 

Ɋɢɫɭɧɨɤ 3ɛ. –Ɋɟɤɨɧɮɢɝɭɪɚɰɢя ɯɚɨɬɢɱɟɫɤɨɝɨ 
ɷɥɟɦɟɧɬɚ ɫɢɝɧɚɥɨɦ ɋ. 

 

В ɪɚɛɨɬɟ ɩɨɫɬɪɨɟɧɵ ɢɧɬɟɪɜɚɥɶɧɵɟ ɨɰɟɧɤɢ  
ɩɨɪɨɝɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ Lop , Hop ɢ Lin ɞɥя ɜɫɟɯ 
ɞɜɭɯɜɯɨɞɨɜɵɯ ɜɟɧɬɢɥɟɣ ɢ ɧɚ ɪɢɫ.5-22 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɞɥя ɜɟɧɬɢɥɟɣ NAND ɢ 
AND,  [6,7] .   

 

Эɥɟɦɟɧɬ NAND 
 
Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɞɨɥɠɧɨ 

ɭɞɨɜɥɟɬɜɨɪяɬɶ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢяɦ 

1) F(Lnand) > Hop,  

2) F(Lnand +Lin)>Hop,  

3) F(Lnand +2Lin) <Hop. 

4) Hop> Lnand +2Lin 

Ɂɞɟɫɶ Lnand=Lop=xgate ɢ Hnand= Hop. 

 

 

Ɋɢɫɭɧɨɤ 4. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 
ɞɥя ɷɥɟɦɟɧɬɚ NAND ɧɚ 1 ɢɬɟɪɚɰɢɢ. 

 

 

Ɋɢɫɭɧɨɤ 5. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 
ɞɥя ɷɥɟɦɟɧɬɚ NAND ɩɪɢ Lin=0.25. 

 

Эɥɟɦɟɧɬ AND 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɞɨɥɠɧɨ 
ɭɞɨɜɥɟɬɜɨɪяɬɶ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢяɦ 

1) F(Land)< Hop,  

2) F(Land +Lin) < Hop,  

3) F(Land +2Lin)> Hop. 

4) Hop> Land +2Lin 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɫɥɭɱɚɸ, 
Land=Lop=xgate ɢ Hand= Hop. 

 

 
 

Ɋɢɫɭɧɨɤ 6. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 
ɞɥя ɷɥɟɦɟɧɬɚ AND ɧɚ 2 ɢɬɟɪɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 7. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 
ɞɥя ɷɥɟɦɟɧɬɚ AND ɩɪɢ Lin=0.25 ɧɚ 2 ɢɬɟɪɚɰɢɢ. 

 

 

 

 
 

 

Ɋɢɫɭɧɨɤ 8. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 
ɞɥя ɷɥɟɦɟɧɬɚ AND ɧɚ 1 ɢɬɟɪɚɰɢɢ. 

 
Ɋɢɫɭɧɨɤ 9. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 

ɞɥя ɷɥɟɦɟɧɬɚ AND ɩɪɢ Lin=0.25 ɧɚ 1 ɢɬɟɪɚɰɢɢ. 
 

 

Эɥɟɦɟɧɬ NOR 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɞɨɥɠɧɨ 
ɭɞɨɜɥɟɬɜɨɪяɬɶ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢяɦ 

1) F(Land)> Hop,  

2) F(Land +Lin) < Hop,  

3) F(Land +2Lin)< Hop. 

4) Hop> Land +2Lin 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɫɥɭɱɚɸ, 
Land=Lop=xgate ɢ Hand= Hop. 

 

 

Ɋɢɫɭɧɨɤ 10. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 
ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ NOR ɧɚ 3 ɢɬɟɪɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 11. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ NOR ɩɪɢ Lin=0.25 ɧɚ 3 
ɢɬɟɪɚɰɢɢ. 

 
Ɋɢɫɭɧɨɤ 12. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ NOR ɧɚ 1 ɢɬɟɪɚɰɢɢ. 

 
Ɋɢɫɭɧɨɤ 13. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ NOR ɩɪɢ Lin=0.25 ɧɚ 1 

ɢɬɟɪɚɰɢɢ. 

 

Эɥɟɦɟɧɬ XOR 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɞɨɥɠɧɨ 
ɭɞɨɜɥɟɬɜɨɪяɬɶ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢяɦ 

1) F(Land)< Hop,  

2) F(Land +Lin) > Hop,  

3) F(Land +2Lin)< Hop. 

4) Hop> Land +2Lin 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɫɥɭɱɚɸ, 
Land=Lop=xgate ɢ Hand= Hop. 

 

 
Ɋɢɫɭɧɨɤ 14. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ XOR ɧɚ 4 ɢɬɟɪɚɰɢɢ. 

 

 
Ɋɢɫɭɧɨɤ 15. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ XOR ɩɪɢ Lin=0.25 ɧɚ 4 
ɢɬɟɪɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 16. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ XOR ɧɚ 1 ɢɬɟɪɚɰɢɢ. 

 

 
Ɋɢɫɭɧɨɤ 17. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ XOR ɩɪɢ Lin=0.25 ɧɚ 1 

ɢɬɟɪɚɰɢɢ 

 

ɂɧɬɟɪɜɚɥɶɧɵɟ ɨɰɟɧɤɢ ɩɨɪɨɝɨɜ ɷɥɟɦɟɧɬ 
OR ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɟ 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɞɨɥɠɧɨ 
ɭɞɨɜɥɟɬɜɨɪяɬɶ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢяɦ 

1) F(Land)> Hop,  

2) F(Land +Lin) < Hop,  

3) F(Land +2Lin)> Hop. 

4) Hop> Land +2Lin 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɫɥɭɱɚɸ, 
Land=Lop=xgate ɢ Hand= Hop. 

ɋɨɝɥɚɫɧɨ  ɪɢɫ.19 ɦɵ ɦɨɠɟɦ ɫ ɧɟɤɨɬɨɪɨɣ 
ɞɨɥɟɣ ɭɜɟɪɟɧɧɨɫɬɢ ɩɨɞɨɡɪɟɜɚɬɶ, ɱɬɨ ɧɟɬ ɪɟɲɟɧɧɢɣ 
ɩɪɢ   Lin=0.25, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɪɢɫ. 20. 

 

 

 

Ɋɢɫɭɧɨɤ 19. – 3-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ 
ɞɥя ɷɥɟɦɟɧɬɚ OR ɧɚ  5 ɢɬɟɪɚɰɢɢ. 
 

 
Ɋɢɫɭɧɨɤ 20. –Пɭɫɬɚя  2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 
ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ OR ɩɪɢ Lin=0.25 ɧɚ 5 
ɢɬɟɪɚɰɢɢ 

ɋɭɳɟɫɬɜɭɸɬ ɪɟɳɟɧɢя  ɞɥя ɩɨɪɨɝɨɜɨɣ 
ɫɢɫɬɟɦɵ ɩɪɢ Lin=0.2, ɱɬɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ.21. 

ɗɬɨɬ ɩɪɢɦɟɪ ɩɨɤɚɡɵɜɟɬ, ɱɬɨ ɩɪɨɫɬɚя 
ɜɢɡɭɚɥɢɡɚɰɢя ɫɨɨɬɧɨɲɟɧɢя ɩɨɥɪɨɝɨɜɵɯ ɜɟɥɢɱɢɧ ɜ 
ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɡɜɨɥяɟɬ ɨɩɪɟɞɟɥяɬɶ 
ɜɨɡɦɨɠɧɵɟ ɪɟɲɟɧɢя, ɤɨɬɨɪɵɟ ɟɫɬɟɫɬɜɟɧɧɨ ɦɵ 
ɛɨɥɟɟ ɧɚɩɪɚɜɥɟɧɨ ɢɫɫɥɟɞɨɜɚɬɶ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɚɠɭɳɢɣɫя 
ɫɚɦɵɦ ɩɪɨɫɬɵɦ ɢɡ ɛɚɡɨɜɵɯ ɜɟɧɬɢɥɟɣ ɷɥɟɦɟɧɬ OR 

ɫ ɬɨɱɤɢ ɡɪɟɧɢя ɨɩɪɟɞɟɥɟɧɢя ɨɰɟɧɨɤ ɩɨɪɨɝɨɜ 
яɜɥяɟɬɫя ɫɚɦɵɦ ɤɚɩɪɢɡɧɵɦ ɢ ɞɩɠɟ ɧɚ 1 ɢɬɟɪɚɰɢɢ 
ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ ɧɟɜɟɥɢɤɚ 
(ɫɦ.ɪɢɫ.22).. 
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Ɋɢɫɭɧɨɤ 21. –ɇɟɩɭɫɬɚя  2-D ɨɛɥɚɫɬɶ 

ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ OR ɩɪɢ Lin=0.2 

ɧɚ 5 ɢɬɟɪɚɰɢɢ. 

 

 

 
Ɋɢɫɭɧɨɤ 22. – 2-D ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ 

ɪɟɲɟɧɢɣ ɞɥя ɷɥɟɦɟɧɬɚ OR ɩɪɢ Lin=0.25 ɧɚ 1 

ɢɬɟɪɚɰɢɢ. 

 

Аɩɩɚɪɚɬɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɨɪɨɝɨɜɨɝɨ 
ɦɟɯɚɧɢɡɦɚ 
 

Ɉɛɳɚя ɫɯɟɦɚ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɨɪɨɝɨɜɨɝɨ 
ɦɟɯɚɧɢɡɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.22  , ɝɞɟ  V 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɪɨɝɨɜɨɦɭ ɡɧɚɱɟɧɢɸ.  
 

 

  

 
 

Ɋɢɫɭɧɨɤ 22- Ⱥɩɩɚɪɚɬɧɚя ɪɟɚɥɢɡɚɰɢя ɩɨɪɨɝɨɜɨɝɨ 
ɦɟɯɚɧɢɡɦɚ 

 
Вɵɜɨɞɵ  

 

ɇɟɞɚɜɧɨ ɮɢɪɦɨɣ ChaoLogix Inc. 

ɪɚɡɪɚɛɨɬɚɧ ɢ ɢɡɝɨɬɨɜɥɟɧ ɱɢɩ, ɤɨɬɨɪɵɣ 
ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢя 
ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɵɯ ɯɚɨɬɢɱɟɫɤɢɟ ɥɨɝɢɱɟɫɤɢɟ 
ɜɟɧɬɢɥɟɣ(ɫɬɚɧɞɚɪɬɧɚя CMOS-ɬɟɯɧɨɥɨɝɢя, 0,18 μ, 

ɩɪɨɰɟɫɫ TSMC, ɱɚɫɬɨɬɚ 30 ɆȽɰ,  ɪɚɡɦɟɪ ɦɚɬɪɢɰɵ 
3,1 × 3.1 mm, ɧɚɪяɠɟɧɢɟ 1,8 ɜ).  

Ɉɫɧɨɜɧɨɣ  ɛɥɨɤ ChaoGate ɫɯɟɦɚɬɢɱɟɫɤɢ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 5.  

ChaoGates ɜɤɥɸɱɟɧɵ ɜ ɦɚɫɫɢɜ ChaoGate ɜ 
ɱɢɩɟ ɋȻɂɋ, ɱɬɨɛɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɡɚ ɜɪɟɦя, ɦɟɧɟɟ ɱɟɦ ɡɚ ɨɞɢɧ 
ɬɚɤɬ ɜ: 

Ⱥ)ɜ ɧɟɛɨɥɶɲɨɦ ȺɅɍ, (ɦɧɨɠɢɬɟɥɶ ɢ 
ɫɭɦɦɚɬɨɪ).  

Ȼ) ɜ ɩɪɨɬɨɤɨɥɚɯ ɫɜяɡɢ (CP), ɜ ɱɚɫɬɧɨɫɬɢ ɜ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɩɟɪɢɮɟɪɢɣɧɨɦ ɢɧɬɟɪɮɟɣɫɟ 
(SPI, ɫɢɧɯɪɨɧɧɵɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɤɚɧɚɥ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ) ɢ ɪɟɚɥɢɡɚɰɢɦ ɲɢɧɚ IЧЭОr 
Integrated Circuit Control (I2C). 

В ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɭɫɢɥɢя ɫɨɫɪɟɞɨɬɨɱɟɧɵ 
ɧɚ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɨɞɧɨɝɨ CСКШGКЭО ɞɨ 
ɭɪɨɜɧɟɣ, ɝɞɟ ɨɧɢ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɨɞɧɢɦ ɜɟɧɬɢɥɟɦ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢя ɦɨɳɧɨɫɬɢ ɢ ɪɚɡɦɟɪɨɜ ɢ ɫɩɨɫɨɛɧɵ 
ɦɟɧяɬɶ ɫɜɨɟ ɩɨɜɟɞɟɧɢɟ ɜ ɝɪɚɧɢɰɚɯ ɨɞɧɨɝɨ  
ɬɚɤɬɨɜɨɝɨ ɰɢɤɥɚ.  

Пɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɩɨɤɚɡɵɜɚɸɬ, 
ɱɬɨ ɷɬɚ ɰɟɥɶ ɞɨɫɬɢɠɢɦɚ, ɬ.ɟ ɜɫɟ ɜɟɧɬɢɥɢ ɜ 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥя ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɶɸɬɟɪɨɜ ɦɨɝɭɬ 
ɛɵɬɶ ɡɚɦɟɧɟɧɵ CСКШGКЭОs ɞɥя ɨɛɟɫɩɟɱɟɧɢя 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɝɢɛɤɨɫɬɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1.Wong H.-S. P. Beyond the conventional transistor/ 

IBM Journal RES. & DEV. Vol. 46 no. 2/3 

March/May 2002 .pp.133-168. 

2. William L. Ditto,1 A. Miliotis,2 K. Murali,3 

Sudeshna Sinha,4, Mark L. Spano. Chaogates: 

Morphing logic gates that  exploit 

dynamical patterns  // CHAOS 20, 037107 

(2010). 

3.William L. Ditto, K. Murali and Sudeshna Sinha. 

Construction of  a Chaotic  Computer  Chip.  

4.ɘ.В.Ⱥɧɞɪɟɟɜ,Ⱥ.ɋ. Ⱦɦɢɬɪɢɟɜ, Ⱦ.Ⱥ.Кɭɦɢɧɨɜ 

ɏɚɨɬɢɱɟɫɤɢɟ  ɩɪɨɰɟɫɫɨɪɵ//ɍɫɩɟɯɢ  ɫɨɜɪɟɦɟɧɧɨɣ 



                                                        ɂɇɎɈɊɆȺɌɂКȺ ɂ КɂȻȿɊɇȿɌɂКȺ                               № 3(5), 2016     

                                                                                                                                                   Ⱦɨɧɟɰɤ ȾɨɧɇɌɍ                                 
                                                                                                                              

                                          

12 

 

Ɋɚɞɢɨɷɥɟɤɬɪɨɧɢɤɢ, No10,1997 

5.ɋ.П. ɒɚɪɵɣ. Кɨɧɟɱɧɨɦɟɪɧɵɣ ɢɧɬɟɪɜɚɥɶɧɵɣ 
ɚɧɚɥɢɡ, 2013. – 613 ɫ. – http://www.nsc. ru/interval 

6. Ⱥɧɞɪɸɯɢɧ  Ⱥ.ɂ.  Ɉɰɟɧɤɚ ɜɚɪɢɚɰɢɣ ɩɚɪɚɦɟɬɪɨɜ 
ɧɟɣɪɨɦɨɪɮɧɵɯ ɫɟɬɟɣ // ɇɚɭɤɨɜɿ ɩɪɚɰɿ Ⱦɨɧɟɰɶɤɨɝɨ 
ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ,  

ɫɟɪɿя: «Пɪɨɛɥɟɦɢ ɦɨɞɟɥɸɜɚɧɧя ɬɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ 
ɩɪɨɟɤɬɭɜɚɧɧя» № 1 (10)-2(11), 2012,ɫ.122-131.  

 

7. Miliotis, K. Murali, S. Sinha, W. L. Ditto, and M. 

L. Spano, Chaos, Solitons Fractals 42, 809 2009

 

 
 

Ⱥɧɞɪɸɯɢɧ A.І Іɧɬɟɪɜɚɥɶɧі ɨɰіɧɤɢ ɩɚɪɚɦɟɬɪіɜ ɯɚɨɬɢɱɧɢɯ ɱіɩіɜ. ɐɹ ɪɨɛɨɬɚ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɝлɨɛɚлɶɧɨʀ 
ɩɪɨɛлɟɦɢ ɩɨɛɭɞɨɜɢ ɤɨɦɩ'ɸɬɟɪɿɜ ɧɨɜɨɝɨ ɬɢɩɭ, ɹɤɿ ɡɞɚɬɧɿ ɫɚɦɨɨɪɝɚɧɿɡɭɜɚɬɢɫɹ ɿ ɚɞɚɩɬɭɜɚɬɢɫɹ ɜ 
ɡɨɜɧɿɲɧɶɨɦɭ ɫɟɪɟɞɨɜɢɳɿ ȼ ɪɨɛɨɬɿ ɪɨɡɝлɹɞɚɸɬɶɫɹ ɬɟɨɪɟɬɢɱɧɿ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɞлɹ ɫɬɜɨɪɟɧɧɹ ɜɫɿɯ 
ɨɫɧɨɜɧɢɯ лɨɝɿɱɧɢɯ ɟлɟɦɟɧɬɿɜ ɧɚ ɨɫɧɨɜɿ ɨɞɧɿєʀ ɯɚɨɬɢɱɧɨʀ ɧɟлɿɧɿɣɧɨʀ ɫɢɫɬɟɦɢ. Ɋɨɡɜ'ɹɡɭɜɚɧɚ ɜ ɫɬɚɬɬɿ 
ɡɚɜɞɚɧɧɹ ɩɨлɹɝɚє ɜ ɩɨɛɭɞɨɜɿ ɿɧɬɟɪɜɚлɶɧɢɯ ɨцɿɧɨɤ ɩɨɪɨɝɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɚ ɭɩɪɚɜлɿɧɧɹ 
ɯɚɨɬɢɱɧɨʀ ɱɚɫɨɜɨʀ ɫɬɪɭɤɬɭɪɢ, ɹɤɚ ɝɟɧɟɪɭє ɧɟлɿɧɿɣɧɿ ɱɚɫɨɜɿ ɪɹɞɢ ɡ ɦɟɬɨɸ ɨɬɪɢɦɚɬɢ ɝɧɭɱɤɿ ɿ 
ɪɟɤɨɧɮɿɝɭɪɨɜɚɧɿ ɨɛɱɢɫлɸɜɚлɶɧɿ ɩɪɢɫɬɪɨʀ. ɇɚɜɟɞɟɧɨ  ɪɟɡɭлɶɬɚɬɢ ɤɨɦɩ'ɸɬɟɪɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ. ɍ 
ɪɨɡɪɚɯɭɧɤɚɯ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɩɚɤɟɬ MatСОЦatТМa. 
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Andruckin A.I. Interval estimates of parameters of chaotic chips. This work refers to the global problem of 

building a new type of computers that are able to self-organize and adapt in the environment The paper 

discusses the theoretical foundations for the creation of all basic logic elements on the basis of a chaotic 
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