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ɍȾК 004.0- 621.3 

 
ɋɨɡɧɚɧɢɟ, ɨɛɪɚɬɧɚя ɫɜяɡɶ ɢ ɧɟɝɚɬɢɜɧɵɟ ɪɟɮɥɟɤɫɢɜɧɵɟ ɛɭɥɟɜɵ 

ɮɭɧɤɰɢɢ  
 

Ⱥ.ɂ. Ⱥɧɞɪюɯɢɧ,  
Ⱦɨɧɟɰɤɢɣ ɧаɰɢɨɧаɥɶɧыɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ⱦɨɧɟɰɤ,  

alexandruckin@ramber.ru 

  
  

Ⱥɧдрɸɯɢɧ A.ɂ. Сɨɡɧɚɧɢɟ, ɨɛрɚɬɧɚɹ ɫɜɹɡɶ ɢ ɧɟɝɚɬɢɜɧɵɟ рɟɮɥɟɤɫɢɜɧɵɟ ɛɭɥɟɜɵ ɮɭɧɤɰɢɢ. Эɬɚ ɪɚɛɨɬɚ 
ɨɬɧɨɫɢɬɫя ɤ фɭɧɞɚɦеɧɬɚɥɶɧɨɣ ɩɪɨɛɥеɦе ɨɩɪеɞеɥеɧɢя ɝɢɩɨɬеɬɢчеɫɤɢɯ ɛɚɡɨɜɵɯ ɩɪɢɦɢɬɢɜɨɜ ɫɚɦɨɫɨɡɧɚɧɢя. 
ɑеɥɨɜечеɫɤɢɣ ɦɨɡɝ ɨɫɧɨɜɵɜɚяɫɶ ɧɚ  ɢɯ ɫɜɨɣɫɬɜɚɯ,  ɫɩɨɫɨɛеɧ ɫɚɦɨɨɪɝɚɧɢɡɨɜɵɜɚɬɶɫя ɢ ɚɞɚɩɬɢɪɨɜɚɬɶɫя ɜɨ 
ɜɧеɲɧеɣ ɫɪеɞе. ɉɪеɞɫɬɚɜɥеɧɵ ɨɫɧɨɜɧɵе ɧɚɩɪɚɜɥеɧɢя ɩɪɨɝɪɚɦɦɵ «Brain»,  ɨɫɧɨɜɧɵе ɤɨɧɰеɩɬɵ ɧеɣɪɨɫɢɫɬеɦ. ȼ 
ɪɚɛɨɬе ɨɩɪеɞеɥеɧɵ ɤɥɚɫɫɵ ɧеɝɚɬɢɜɧɵɯ ɪефɥеɤɫɢɜɧɵɯ ɛɭɥеɜɵɯ фɭɧɤɰɢɣ.  ȼɵɩɨɥɧеɧɚ ɢɯ ɤɥɚɫɫɢфɢɤɚɰɢя. ȼɫе 
ɧеɝɚɬɢɜɧɵе ɪефɥеɤɫɢɜɧɵе ɛɭɥеɜɵ фɭɧɤɰɢɢ ɨɬ ɞɜɭɯ ɢ ɬɪеɯ ɩеɪеɦеɧɧɵɯ ɩɪɢɜеɞеɧɵ.  Ɍɚɤɠе ɜɫе ɪефɥеɤɫɢɜɧɵе 
ɛɭɥеɜɵ фɭɧɤɰɢɢ ɨɬ чеɬɵɪеɯ ɩеɪеɦеɧɧɵɯ ɨɩɪеɞеɥеɧɵ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɰɢɥяɰɢɢ ɫɢɝɧɚɥɨɜ ɜ ɛɚɡɨɜɵɯ 
ɷɥеɦеɧɬɚɯ, ɤɨɬɨɪɵе ɪеɚɥɢɡɭɸɬ ɧеɝɚɬɢɜɧɵе ɪефɥеɤɫɢɜɧɵе фɭɧɤɰɢɢ. Реɡɭɥɶɬɚɬɵ ɤɨɦɩɶɸɬеɪɧɵɯ 
ɷɤɫɩеɪɢɦеɧɬɨɜ  ɩɪɢɜеɞеɧɵ. ɉɪɨɝɪɚɦɦɧɚя ɫɢɫɬеɦɚ  ȼɨɥɶфɪɚɦ Ɇɚɬеɦɚɬɢɤɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ    ɜ ɪɚɫчеɬɚɯ.  

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪефɥеɤɫɢя, ɛɭɥеɜɵ фɭɧɤɰɢɢ, ɫɚɦɨɨɪɝɚɧɢɡɚɰɢя, ɫɚɦɨɫɨɡɧɚɧɢе, ɦɨɡɝ 

 

ȼɜɟɞɟɧɢɟ 

 

ɉɪɨɛɥɟɦа ɪɟаɥɢɡаɰɢɢ ɫɨɡɧаɧɢɹ ɨɬɧɨɫɢɬɫɹ 

ɤ ɛаɡɨɜыɦ ɩɪɨɛɥɟɦаɦ ɧаɭɤɢ ɢ ɥюɛыɟ ɩɪɨɪыɜы ɜ 
ɧɟɣ ɩɨɜɥɟɤɭɬ ɡа ɫɨɛɨɣ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɜ ɠɢɡɧɢ 
ɱɟɥɨɜɟɱɟɫɬɜа.  

Оɫɧɨɜɧаɹ ɡаɞаɱа ɪаɛɨɬы ɡаɤɥюɱаɟɬɫɹ ɜ 
ɩɪɨɜɟɪɤɟ ɫɜɨɣɫɬɜ ɷɥɟɦɟɧɬɨɜ ɪɟɮɥɟɤɫɢɜɧɨɣ 
ɛɭɥɟɜɨɣ ɥɨɝɢɤɢ ɛыɬɶ ɛаɡɨɜыɦɢ ɷɥɟɦɟɧɬаɦɢ 
ɫɨɡɧаɧɢɹ ɫɢɫɬɟɦы ɦɨɡɝа.  

ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɫɢɫɬɟɦа, ɩɨɫɬɪɨɟɧɧаɹ ɢɡ 
ɢɫɫɥɟɞɭɟɦыɯ ɧɟɝаɬɢɜɧыɯ ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ 
ɷɥɟɦɟɧɬɨɜ, ɞɨɥɠɧа ɫаɦа ɛыɬɶ ɪɟɮɥɟɤɫɢɜɧɨɣ. 

Ɍɨɝɞа ɩɪɢ ɬаɤɨɦ  ɩɨɞɯɨɞɟ ɩɨɫɬɪɨɟɧɢɹ , 
ɫɢɫɬɟɦы ɩɨɞɨɛɧɨɝɨ ɪɨɞа   ɹɜɥɹюɬɫɹ 
ɫаɦɨɩɨɞɨɛɧыɦɢ ɢ ɪɟɮɥɟɤɫɢɜɧыɦɢ, ɢ ɫɥɟɞɨɜаɥɶɧɨ, 
ɨɛɥаɞаюɬ ɮɪаɤɬаɥɶɧыɦɢ ɫɜɨɣɫɬɜаɦɢ, ɬ.ɟ. ɬɟɦɢ 
ɫɜɨɣɫɬɜаɦɢ, ɤɨɬɨɪыɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɱɟɥɨɜɟɱɟɫɤɢɣ 
ɦɨɡɝ. 

ɉɪɨɝɪɚɦɦɚ BRAIN 

 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɞɥɹ ɩɪɨɛɥɟɦы 
ɪɟаɥɢɡаɰɢɢ ɫɨɡɧаɧɢɹ ɟɟ ɧɟɨɛыɱаɣɧɨ ɜаɠɧɨɟ 
ɜɨɟɧɧɨɟ ɡɧаɱɟɧɢɟ. Ɍаɤ ɜɨɟɧɧыɟ ɋɒȺ ɩɪɨɜɨɞɹɬ 
ɢɫɫɥɟɞɨɜаɧɢɹ, ɩɨɡɜɨɥɹюɳɢɟ ɜɨɡɞɟɣɫɬɜɨɜаɬɶ ɧа 
ɧɟɪɜɧɭю ɫɢɫɬɟɦɭ ɫ ɬɨɱɧɨɫɬɶю ɜ ɧɟɣɪɨɧ. Оɫɧɨɜɨɣ 
ɢɯ ɞɟɹɬɟɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ аɧɨɧɫɢɪɨɜаɧɧаɹ ɜ 2013 

ɝ. ɩɪɟɡɢɞɟɧɬɨɦ ɋɒȺ ɝɨɫɭɞаɪɫɬɜɟɧɧаɹ ɢɧɢɰɢаɬɢɜа 
BRAIN (Brain Research through Advancing 

Innovative Neurotechnologies)[1].  

В ɧɟɣ ɨɫɧɨɜɧыɦ ɫɨɞɟɪɠаɧɢɟɦ ɹɜɥɹɟɬɫɹ 
ɪаɡɪаɛɨɬɤа ɬɟɯɧɨɥɨɝɢɣ, ɩɨɡɜɨɥɹюɳɢɯ:  

1) ɢɡɭɱаɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢɟ ɤɥɟɬɨɤ ɦɨɡɝа; 
2) ɩɨɧɢɦаɬɶ ɩɪɨɰɟɫɫы ɦыɲɥɟɧɢɹ ɢ 

ɡаɩɨɦɢɧаɧɢɹ; 

3)ɦɨɞɟɥɢɪɨɜаɬɶ ɩɪɨɰɟɫɫы, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ 
ɱɟɥɨɜɟɱɟɫɤɨɦ ɦɨɡɝɭ. 

ɋɨɝɥаɫɧɨ ɩɥаɧаɦ ɮɢɧаɧɫɢɪɨɜаɧɢɹ 
ɨɫɧɨɜɧыɦɢ ɬɟɦаɦɢ ɢɫɫɥɟɞɨɜаɧɢɣ ɞɥɹ ɜɨɟɧɧыɯ ɢ 
ɪаɡɜɟɞɤɢ ɹɜɥɹюɬɫɹ:  

1)ɪаɫɲɢɪɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦыɲɥɟɧɢɹ,  
2)ɪɟаɛɢɥɢɬаɰɢɹ ɞɟɮɟɤɬɨɜ ɢ ɩɨɜɪɟɠɞɟɧɢɣ 

ɧɟɪɜɧɨɣ ɫɢɫɬɟɦы,  
3)ɩɨɫɬɪɨɟɧɢɟ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 

ɢɧɬɟɥɥɟɤɬа, ɮɭɧɤɰɢɨɧɢɪɭюɳɢɯ ɩɨɞɨɛɧɨ ɦɨɡɝɭ 

ɱɟɥɨɜɟɤа, 
4)ɪаɡɪаɛɨɬɤа ɷɮɮɟɤɬɢɜɧыɯ ɢɧɬɟɪɮɟɣɫɨɜ 

ɱɟɥɨɜɟɤ — ɤɨɦɩɶюɬɟɪ, ɬ.ɟ. ɬɪаɧɫɥɹɰɢɹ ɦыɫɥɟɧɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ  ɱɟɥɨɜɟɤа ɜ ɞɢɫɤɪɟɬɧɭю  ɮɨɪɦɭ ɢ 
ɨɛɪаɬɧɨ. 

Оɫɧɨɜɨɣ ɷɬɢɯ ɪаɡɪаɛɨɬɨɤ ɹɜɥɹɟɬɫɹ ɬаɤ 
ɧаɡыɜаɟɦаɹ «ɧɟɣɪɨɧɧаɹ ɩыɥɶ», ɤɨɬɨɪаɹ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜаɬɶ  ɫɨɜɟɪɲɟɧɧɨ ɧɨɜыɣ ɫɩɨɫɨɛ ɢɡɭɱɟɧɢɹ 
ɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɹ ɫ ɦɨɡɝɨɦД2-4Ж. ɗɬɨ 
ɛɟɫɩɪɨɜɨɞɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢɦɟɟɬ ɪаɡɦɟɪы, 
ɩɨɡɜɨɥɹюɳɢɟ ɟɦɭ ɛыɬɶ ɢɦɩɥаɧɬɢɪɨɜаɧɧыɦ ɜ 
ɨɬɞɟɥɶɧыɟ ɧɟɪɜы. Оɧɨ ɫɩɨɫɨɛɧɨ ɨɛɧаɪɭɠɢɬɶ 
ɷɥɟɤɬɪɢɱɟɫɤɭю аɤɬɢɜɧɨɫɬɶ ɧɟɪɜɨɜ ɢ ɦыɲɰ 
ɝɥɭɛɨɤɨ ɜɧɭɬɪɢ ɬɟɥа ɢ ɢɫɩɨɥɶɡɭюɟɬ ɭɥɶɬɪаɡɜɭɤ 
ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ, ɩɢɬаɧɢɹ ɢ ɫɜɹɡɢ. В ɨɩыɬɧыɯ 
ɪаɡɪаɛɨɬɤаɯ ɤаɠɞыɣ ɧɟɪɜɧаɹ ɩыɥɢɧɤа (3 
ɦɢɥɥɢɦɟɬɪа ɜ ɞɥɢɧɭ, 1 ɦɢɥɥɢɦɟɬɪ ɜ ɜыɫɨɬɭ ɢ 4/5 
ɦɢɥɥɢɦɟɬɪа ɬɨɥɳɢɧɨɣ) ɢɦɟɟɬ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɤɪɢɫɬаɥɥ, ɤɨɬɨɪыɣ ɦɨɠɟɬ ɩɪɟɨɛɪаɡɨɜыɜаɬɶ 
ɦɟɯаɧɢɱɟɫɤɭю ɷɧɟɪɝɢю ɢɡ ɭɥɶɬɪаɡɜɭɤɨɜыɯ 
ɢɦɩɭɥɶɫɨɜ, ɩɟɪɟɞаɜаɟɦыɯ ɢɡɜɧɟ ɬɟɥа ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭю ɷɧɟɪɝɢю. ɗɧɟɪɝɢɹ ɷɬɢɯ 60 
ɭɥɶɬɪаɡɜɭɤɨɜыɯ ɢɦɩɭɥɶɫɨɜ, ɩɟɪɟɞаɜаɟɦыɯ 
ɤаɠɞɭю ɫɟɤɭɧɞɭ, ɩɪɢɜɨɞɢɬ ɜ ɞɜɢɠɟɧɢɟ ɞаɬɱɢɤɢ ɢ 
ɞɪɭɝɭю ɷɥɟɤɬɪɨɧɢɤɭ. 
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ɉɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɤɪɢɫɬаɥɥы ɨɬɪаɠаюɬ 
ɧɟɤɨɬɨɪыɟ ɜɯɨɞɹɳɢɟ ɭɥɶɬɪаɡɜɭɤɨɜыɟ ɢɦɩɭɥɶɫы. 
ɗɥɟɤɬɪɨɧɢɤа ɜ ɧɟɪɜɧɨɣ ɩыɥɢ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶ 
ɢɦɩɭɥɶɫы, ɤɨɬɨɪыɟ ɪаɫɫɟɢɜаюɬɫɹ ɧаɪɭɠɭ, ɢ 
ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɩɟɪɟɞаɜаɬɶ ɞаɧɧыɟ, ɩɟɪɟɞаɜаɟɦыɟ 
ɩɨ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ. В ɷɤɫɩɟɪɢɦɟɧɬаɯ ɫ 
ɤɪыɫаɦɢ ɭɱɟɧыɟ ɨɛɧаɪɭɠɢɥɢ, ɱɬɨ ɧɟɪɜɧыɟ 
ɩыɥɢɧɤɢ, ɢɦɩɥаɧɬɢɪɨɜаɧɧыɟ ɜ ɧɟɪɜɧыɟ ɢ 
ɦыɲɟɱɧыɟ ɜɨɥɨɤɧа ɜ ɧɨɝɟ, ɦɨɝɭɬ ɡаɩɢɫыɜаɬɶ ɢ 
ɩɟɪɟɞаɜаɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ  

Каɠɞаɹ ɱаɫɬɢɰа ɧɟɪɜɧɨɣ ɩыɥɢ ɫɨɫɬɨɢɬ ɢɡ 
ɫɬаɧɞаɪɬɧыɯ ɫɯɟɦ CMOS ɢ ɞаɬɱɢɤɨɜ, ɤɨɬɨɪыɟ 
ɢɡɦɟɪɹюɬ ɷɥɟɤɬɪɢɱɟɫɤɭю аɤɬɢɜɧɨɫɬɶ ɜ ɫɨɫɟɞɧɢɯ 
ɧɟɣɪɨɧаɯ. ɗɬɨ ɫɜɹɡаɧɨ ɫ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɦаɬɟɪɢаɥɨɦ, ɤɨɬɨɪыɣ ɩɪɟɨɛɪаɡɭɟɬ ɫɜɟɪɯɡɜɭɤɨɜыɟ 
ɡɜɭɤɨɜыɟ ɜɨɥɧы ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɝɧаɥы ɢ 
ɧаɨɛɨɪɨɬ. 

ɋɢɫɬɟɦа ɢɦɟɟɬ ɦаɥɭю ɦɨɳɧɨɫɬɶ, ɜыɫɨɤɨɟ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɟ ɪаɡɪɟɲɟɧɢɟ ɢ ɥɟɝɤɨ 
ɩɟɪɟɧɨɫɢɦа. Оɧа ɬаɤɠɟ ɩɪɨɱɧа ɢ ɩɨɬɟɧɰɢаɥɶɧɨ 
ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɫɜɹɡɶ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧыɯ 
ɩɟɪɢɨɞɨɜ ɜɪɟɦɟɧɢ. ɗɬɢɦ ɫɧɢɦаɟɬɫɹ ɝɥаɜɧɨɟ 

ɩɪɟɩɹɬɫɬɜɢɟ ɜ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɦɨɡɝ-ɤɨɦɩɶюɬɟɪ, 
ɤɨɬɨɪыɦ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɢɦɩɥаɧɬɢɪɭɟɦɨɝɨ ɜ 
ɧɟɪɜɧɭю ɫɢɫɬɟɦɭ ɢɧɬɟɪɮɟɣɫа, ɤɨɬɨɪыɣ ɨɫɬаɟɬɫɹ 
ɠɢɡɧɟɫɩɨɫɨɛɧыɦ ɜ ɬɟɱɟɧɢɟ ɜɫɟɣ ɠɢɡɧɢ. 

Ɍɪɭɞɧɨɫɬɶ ɡаɤɥюɱаɟɬɫɹ ɜ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ 
ɢ ɫɨɡɞаɧɢɢ ɬаɤɨɣ ɫɢɫɬɟɦы, ɢ ɫɟɝɨɞɧɹɲɧɹɹ ɪаɛɨɬа 
ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜаɧɢɟ 
ɷɬɢɯ ɩɪɨɛɥɟɦ. Вɨ-ɩɟɪɜыɯ, ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦа 
ɩɪɨɟɤɬɢɪɨɜаɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɧɟɣɪɨɧɧыɯ ɱаɫɬɢɰ 
ɩыɥɢ ɜ ɦаɫɲɬаɛɟ ɩɪɢɦɟɪɧɨ 100 ɦɢɤɪɨɦɟɬɪɨɜ, 
ɤɨɬɨɪыɟ ɦɨɝɭɬ ɩɟɪɟɞаɜаɬɶ ɢ ɩɪɢɧɢɦаɬɶ ɫɢɝɧаɥы ɜ 
ɫɭɪɨɜыɯ ɭɫɥɨɜɢɹɯ, ɬɟɩɥɨɣ ɢ ɲɭɦɧɨɣ ɨɛɫɬаɧɨɜɤɟ 
ɜɧɭɬɪɢ ɬɟɥа. 

 

Ɋɢɫɭɧɨɤ 1. –  ɇɟɣɪɨɧɧаɹ ɩыɥɶ.  
 

ɋɨɜɪɟɦɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɥɨɝɢɤɚ 

 

Ɂɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɪаɛɨɬы [4-5]. 

В [5]  ɞɥɹ ɫɨɡɞаɧɢɹ ɫɯɟɦɧɨɣ ɦɨɞɟɥɢ 
ɢɞɟаɥɢɡɢɪɨɜаɧɧɨɝɨ ɧɟɣɪɨɧа  ɢɫɩɨɥɶɡɭюɬ 
ɨɛɳɟɩɪɢɧɹɬыɟ ɫɜɨɣɫɬɜа ɧɟɣɪɨɧɨɜ, ɤɨɬɨɪыɟ 
ɯɨɪɨɲɨ ɢɡɭɱɟɧы. В ɧɟɣ ɩɪɟɞɥаɝаюɬɫɹ ɛаɡɨɜыɟ 
ɧɟɣɪɨɧɧыɟ ɩɨɞɫɯɟɦы, ɤɨɬɨɪыɟ ɫɩɟɰɢаɥɢɫɬы 
ɞɨɥɠɧы ɧаɣɬɢ ɞɨɫɬаɬɨɱɧɨ ɢɧɬɟɪɟɫɧыɦɢ. ɗɬɢ 
ɩɨɞɫɯɟɦы ɩɪɟɞɥаɝаюɬ ɩɪаɜɞɨɩɨɞɨɛɧɭю ɧɨɜɭю 
ɫɢɫɬɟɦɭ ɞɥɹ ɫɨɡɧаɧɢɹ, ɤɨɬɨɪаɹ ɧɟ ɛɭɞɟɬ ɨɱɟɜɢɞɧа 
ɜ ɪаɦɤаɯ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ ɢ ɛɢɨɯɢɦɢɢ. 
Ⱥɜɬɨɪ  ɫɱɢɬаɟɬ ɫɩɪаɜɟɞɥɢɜыɦ ɩɪɢɧɰɢɩ, ɱɬɨ ɦɨɡɝ 
ɧɟ ɧаɪɭɲаɟɬ ɤаɤɨɣ-ɥɢɛɨ ɢɡɜɟɫɬɧыɣ ɩɪɢɧɰɢɩ 

ɮɢɡɢɤɢ ɢ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɨɪɢɢ ɰɟɩɟɣ ɢ 
ɫɢɫɬɟɦ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɬɪɨɟɧɢɹ ɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢɹ ɦɨɡɝа. Ɇɨɡɝ ɱɟɥɨɜɟɤа 
ɦɨɞɟɥɢɪɭɟɬɫɹ ɤаɤ ɫɢɫɬɟɦа ɩɭɥɶɫɢɪɭюɳɢɯ 
ɧɟɣɪɨɧɨɜ, ɜ ɤɨɦɩɥɟɤɬɟ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ 
ɫɨɟɞɢɧɟɧɢɹɦɢ ɫ ɞɪɭɝɢɦɢ ɩɭɥɶɫɢɪɭюɳɢɦɢ 
ɧɟɣɪɨɧаɦɢ. Ⱦɥɹ ɞɟɦɨɧɫɬɪаɰɢɢ ɷɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ 
ɛɨɥɟɟ ɞɟɬаɥɶɧɨ ɦɨɞɟɥɢɪɨɜаɬɶ ɫɢɧаɩɫы ɢ ɩаɦɹɬɶ, 
ɢɫɩɨɥɶɡɭɹ ɧɨɜыɟ ɢ ɡаɯɜаɬыɜаюɳɢɟ ɷɥɟɦɟɧɬы 
ɫɯɟɦы, ɛɟɡ ɤɨɬɨɪыɯ ɦɨɡɝ ɧɟ ɦɨɠɟɬ 
ɮɭɧɤɰɢɨɧɢɪɨɜаɬɶ ɤаɤ ɫɢɫɬɟɦа. В ɪɟɡɭɥɶɬаɬɟ 
ɩɪɟɞɥаɝаɟɬɫɹ ɧɨɜаɹ ɫɢɫɬɟɦа ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɩɨɬɨɤа 
ɫɨɡɧаɧɢɹ. Ɇɨɠɧɨ ɨɰɟɧɢɬɶ ɷɬɢ ɢɫɫɥɟɞɨɜаɧɢɹ, ɤаɤ 
ɧɨɜɭю ɨɛɥаɫɬɶ NОЮЫШ МТЫМЮТЭ ɢ NОЮЫШ systems 

(NCANS).  

ɉɪɟɞɥаɝаɟɦыɟ ɷɥɟɦɟɧɬы ɫɯɟɦ ɢ ɫɢɫɬɟɦы 
ɜɜɨɞɹɬɫɹ ɢ ɩɪɨɜɟɪɹюɬɫɹ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɦɨɡɝа. 

Ɇɨɞɟɥɶ ɫɢɫɬɟɦы ɩɨɬɨɤа ɫɨɡɧаɧɢɹ ɦɨɠɟɬ 
ɛыɬɶ ɨɩɢɫаɧа  ɫɥɟɞɭюɳɢɦ ɨɛɪаɡɨɦ. ɇаɛɨɪ 
аɬɪɢɛɭɬɨɜ ɜ STM (ɤɪаɬɤɨɜɪɟɦɟɧɧаɹ ɩаɦɹɬɶ) 
ɹɜɥɹɟɬɫɹ ɫɢɝɧаɥаɦɢ ɞɥɹ ɩɨɢɫɤа ɫɜɹɡаɧɧыɯ 
ɢɡɨɛɪаɠɟɧɢɣ ɜ аɫɫɨɰɢаɬɢɜɧɨɦ LTM 
(ɞɨɥɝɨɜɪɟɦɟɧɧаɹ ɩаɦɹɬɶ). Оɬɤɥɢɤ ɫ ɜыɫɲɢɦ 
ɩɪɢɨɪɢɬɟɬɨɦ ɜыɛɢɪаɟɬɫɹ ɢɡ ɩɨɥɭɱɟɧɧыɯ 
ɪɟɡɭɥɶɬаɬɨɜ ɢ ɩɟɪɟɡаɩɢɫыɜаɟɬ ɫɨɞɟɪɠɢɦɨɟ 
ɡаɬɭɯаюɳɟɝɨ STM. ɉɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ, ɞаɜаɹ 
ɞɜɢɠɭɳɭюɫɹ ɤаɪɬɢɧɭ ɜ ɫɨɡɧаɬɟɥɶɧɨɦ STM. 
 

 
 

Ɋɢɫɭɧɨɤ 2. –  ɋɢɫɬɟɦа ɩɨɬɨɤа ɫɨɡɧаɧɢɹ.  
 

ɉɪɨɰɟɫɫы ɦɨɡɝа ɜ ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɨɩɢɫыɜаюɬɫɹ ɫ ɩɨɦɨɳɶю ɨɫɧɨɜɧыɯ ɤɨɧɰɟɩɬɨɜ 
ɧɟɪɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. К ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɤаɤ 
ɫɬɪɭɤɬɭɪɧыɟ ɷɥɟɦɟɧɬы, ɬаɤɢɟ ɤаɤ ɧɟɣɪɨɧ ɢ 
ɦɟɦɛɪаɧа, ɬаɤ ɢ ɩɪɨɰɟɫы ɜɨɡɛɭɠɞɟɧɢɹ ɢ 
ɬɨɪɦɨɠɟɧɢɹ.  

Оɫɧɨɜɧыɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɧɟɣɪɨɧɧɨɝɨ 
ɢɦɩɭɥɶɫа ɩɪɟɞɫɬаɜɥɟɧы ɧа ɪɢɫ.3. 
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Ɋɢɫɭɧɨɤ 3. – ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɧɟɣɪɨɧɧɨɝɨ 
ɢɦɩɭɥɶɫа[5]. 

 
 

Ɋɢɫɭɧɨɤ 4. –  Ɇɨɞɟɥɢ ɫɢɧаɩɬɢɱɟɫɤɨɝɨ 
ɤɨɧɬаɤɬа: ɜɨɡɛɭɠɞаюɳɢɣ, ɜɨɡɛɭɠɞаюɳɢɣ ɫ 

ɟɞɢɧɢɱɧыɦ ɢɦɩɭɥɶɫɨɦ, ɬɨɪɦɨɡɹɳɢɣ.  

 

 
Ɋɢɫɭɧɨɤ 5. – Cɪаɛаɬыɜаɧɢɟ ɦɟɦɛɪаɧы ɩɪɢ 

ɟɟ ɜɨɡɛɭɠɞɟɧɢɢ ɧɟɣɪɨɬɪаɧɫɦɢɬɬɟɪɧыɦɢ ɢɨɧаɦɢ.  

 

ɇа ɪɢɫ. 6 ɩɪɢɜɟɞɟɧы ɫɢɦɜɨɥы ɞɥɹ 
ɧɟɣɪɨɧɧɨɣ ɥɨɝɢɤɢ, ɤɨɬɨɪыɟ ɩɨɡɜɨɥɹюɬ ɛɨɥɟɟ 
ɬɨɱɧɨ ɨɩɢɫыɜаɬɶ ɦɨɡɝɨɜɭю ɞɟɹɬɟɥɶɧɨɫɬɶД5Ж. 
Выɞɟɥɹюɬɫɹ ɞɟɧɞɪɢɬɧыɟ ɩɪɢɦɢɬɢɜы ɢ ɫɢɧаɩɫы 
ɧаɪɹɞɭ ɫ ɨɛыɱɧыɦɢ ɥɨɝɢɱɟɫɤɢɦɢ ɜɟɧɬɢɥɹɦɢ( 
Enabled). 

Каɤ ɩɪаɜɢɥɨ, ɜɯɨɞы ɢ ɜыɯɨɞы ɫɱɢɬаюɬɫɹ 
ɢɦɩɭɥɶɫаɦɢ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦы. D ɨɬɧɨɫɢɬɫɹ ɤ 
ɞɟɧɞɪɢɬаɦɢ ɢ E ɨɬɧɨɫɢɬɫɹ ɤ ɪаɡɪɟɲаюɳɟɣ ɥɨɝɢɤɟ.  

  

 
Ɋɢɫɭɧɨɤ 6. –  ɇɟɣɪɨɧɧыɟ ɥɨɝɢɤɢ.  

 

Ɂаɞɟɪɠɤа ɧɟ ɫɱɢɬаɟɬɫɹ ɥɨɝɢɱɟɫɤɢɦ 
ɷɥɟɦɟɧɬɨɦ, ɯɨɬɹ ɨɧа ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ 
ɱаɫɬɶю ɞɟɧɞɪɢɬɧыɯ ɫɢɫɬɟɦ ɢ ɜаɠɧа ɞɥɹ 
ɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦы.  

Ⱦɟɧɞɪɢɬɧыɟ AND, БOR ɬɪɟɛɭюɬ, ɱɬɨɛы 
ɢɦɩɭɥɶɫы ɩɨɫɬɭɩаɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ⱦɟɧɞɪɢɬɧаɹ 
ɥɨɝɢɤа ɩɨɞɜɟɪɠɟɧа ɨɛɪаɬɧыɦ ɪаɫɩɪɨɫɬɪаɧɟɧɢɹɦ, 
ɬаɤ ɱɬɨ ɩɨɬɨɤ ɫɢɝɧаɥɨɜ ɦɨɠɟɬ ɜɨɡɜɪаɳаɬɶɫɹ ɫ 
ɜыɯɨɞа ɧа ɜɯɨɞ ɢ ɞɟɧɞɪɢɬɧыɟ ɷɥɟɦɟɧɬы ɂɅɂ, 
БOR ɪаɡɪɟɲаюɬ ɩɪɨɯɨɞ ɫɥаɛɨɝɨ ɫɢɝɧаɥа ɜ 
ɨɛɪаɬɧɨɦ ɧаɩɪаɜɥɟɧɢɢ.  

Вɤɥюɱɟɧɧаɹ ɥɨɝɢɤа ɦɨɠɟɬ ɢɦɟɬɶ аɤɫɨɧ, 
ɤɨɬɨɪыɣ ɩɪɨɜɨɞɢɬ ɜыɯɨɞɧɨɣ ɢɦɩɭɥɶɫ. Ⱥɤɫɨɧы 
ɫɨɩɪɨɬɢɜɥɹюɬɫɹ ɨɛɪаɬɧɨɦɭ ɪаɫɩɪɨɫɬɪаɧɟɧɢю. ɇɟ 
ɫɭɳɟɫɬɜɭɟɬ ɪаɡɪɟɲɟɧɧɨɝɨ БOR, ɢɫɩɨɥɶɡɭюɳɟɝɨ 
ɨɞɢɧ ɧɟɣɪɨɧ, ɯɨɬɹ ɦɨɠɧɨ ɛыɥɨ ɛы ɪаɫɫɦɨɬɪɟɬɶ 
ɞɜа ɫɥɨɹ ɧɟɣɪɨɧɨɜ ɫɨ ɫɩɟɰɢаɥɶɧыɦɢ ɭɫɥɨɜɢɹɦɢ ɧа 
ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ. ɋɢɦɜɨɥы ɛɭɮɟɪа ɢ NOT 
ɩɨɯɨɠɢ ɧа ɫɢɧаɩɬɢɱɟɫɤɢɟ ɫɢɦɜɨɥы. Кɨɧɬɟɤɫɬ 
ɢɫɩɨɥɶɡɨɜаɧɢɹ ɷɬɢɯ ɩɪɢɦɢɬɢɜɨɜ ɞɨɥɠɟɧ ɛыɬɶ 
ɱɟɬɤɢɦ ɢɥɢ ɞɨɥɠɧы ɱɟɬɤɨ ɢɫɩɨɥɶɡɨɜаɬɶɫɹ 
ɨɛɨɡɧаɱɟɧɢɹ Н ɢ О. 

Ɋɚɡɪɟɲɚɸɳɚɹ ɥɨɝɢɤɚ ɜ ɞɟɧɞɪɢɬɚɯ ɢ 
ɫɨɦɟ 

 

Вɤɥюɱɟɧɧаɹ ɥɨɝɢɤа ɡаɜɢɫɢɬ ɨɬ ɩɪɢɦɟɧɟɧɢɹ 
ɡаɪɹɞа ɤ ɜɯɨɞɧɨɣ ɟɦɤɨɫɬɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤа ɧɟ 
ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬ ɩɨɪɨɝ ɫɪаɛаɬыɜаɧɢɹ.  

В ɱаɫɬɧɨɫɬɢ, ɦы ɢɦɟɟɦ ɥɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ 
ɂ , ɟɫɥɢ ɨɞɢɧ ɜɯɨɞ ɩɨɞаɟɬ ɩɨɥɨɜɢɧɭ ɬɪɟɛɭɟɦɨɝɨ 
ɡаɪɹɞа, а ɞɪɭɝɨɣ ɜɯɨɞ ɩɨɞаɟɬ ɜɬɨɪɭю ɩɨɥɨɜɢɧɭ, 
ɱɬɨɛы ɢɧɢɰɢɢɪɨɜаɬɶ ɢɦɩɭɥɶɫɧыɣ ɢɦɩɭɥɶɫ. В 
ɨɛыɱɧɨɣ ɥɨɝɢɤɟ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɱɬɨɛы ɢɦɩɭɥɶɫы 
ɩɨɫɬɭɩаɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɩɨɷɬɨɦɭ ɜ ɷɬɨɦ ɫɦыɫɥɟ 
ɜ ɧɟɣ ɷɬɨ ɩɪɨɳɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɢɦɩɭɥɶɫы ɜɫɟ 
ɪаɜɧɨ ɞɨɥɠɧы ɩɨɫɬɭɩаɬɶ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɩɟɪɢɨɞа ɜɪɟɦɟɧɢ, ɢɥɢ ɫɭɳɟɫɬɜɭюɳɢɣ ɡаɪɹɞ ɛɭɞɟɬ 
ɪаɫɫɟɢɜаɬɶɫɹ. Ɍɪɟɛɭɟɬɫɹ ɦɟɫɬɨ ɞɥɹ ɧаɤɨɩɥɟɧɢɹ 
ɡаɪɹɞа, ɱаɫɬɨ ɩɪɢɧɢɦаɟɦɨɟ ɡа ɟɦɤɨɫɬɶ ɛɨɥɶɲɟɣ 
ɫɨɦы ɜ ɧɟɣɪɨɧɟ;  
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ɇа ɤаɠɞыɣ ɧɟɣɪɨɧ ɩɪɢɯɨɞɢɬɫɹ ɜɫɟɝɨ ɨɞɧа 
ɫɨɦа, ɩɨɷɬɨɦɭ ɧа ɤаɠɞыɣ ɧɟɣɪɨɧ ɛɭɞɟɬ ɦɟɧɶɲɟ 
ɡаɞɟɣɫɬɜɨɜаɧɧыɯ ɜɟɧɬɢɥɟɣ. Вɤɥюɱɟɧɧаɹ ɥɨɝɢɤа 
ɫɪɨɞɧɢ ɢɫɤɭɫɫɬɜɟɧɧыɦ ɤɨɧɰɟɩɰɢɹɦ ɧɟɣɪɨɧɧɨɣ 
ɫɟɬɢ, ɩɪɢ ɤɨɬɨɪыɯ (ɨɛыɱɧɨ DC) ɜɯɨɞы 
ɫɭɦɦɢɪɭюɬɫɹ ɥɢɧɟɣɧɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɩɨɪɨɝɨɜɨɝɨ ɡɧаɱɟɧɢɹ. Оɞɧаɤɨ ɜɡɜɟɲɢɜаɧɢɟ ɜɯɨɞɨɜ 
ɨɛыɱɧɨ ɮɢɤɫɢɪɭɟɬɫɹ ɜ аɤɬɢɜɢɪɨɜаɧɧɨɣ ɥɨɝɢɤɟ, 
ɩɨɫɤɨɥɶɤɭ ɢɦɩɭɥɶɫы ɫ аɤɬɢɜɧɨɣ ɦɟɦɛɪаɧы 
ɨɛыɱɧɨ ɢɦɟюɬ ɮɢɤɫɢɪɨɜаɧɧыɟ ɮɨɪɦы ɫɢɝɧаɥа. 
ɋɩɟɰɢаɥɢɡɢɪɨɜаɧɧыɟ ɧɟɣɪɨɧы ɦɨɝɭɬ ɩɪɨɢɡɜɨɞɢɬɶ 
ɪаɡɧыɣ ɢɦɩɭɥɶɫ ɜ ɢɦɩɭɥɶɫɟ ɢ ɞаɠɟ ɜ ɪаɡɧыɯ 
ɮɨɪɦаɯ, ɨɞɧаɤɨ, ɩɨɷɬɨɦɭ ɜɨɡɦɨɠɧы ɛɨɥɟɟ 
ɷɤɡɨɬɢɱɟɫɤɢɟ ɮɨɪɦы ɜɡɜɟɲɢɜаɧɢɹ. 

Ɂаɞɟɪɠɤа ɜ ɞɟɧɞɪɢɬаɯ ɨɰɟɧɢɜаɟɬɫɹ (ɨɱɟɧɶ 
ɝɪɭɛɨ) ɜ 15 ɫɦ/ ɦɫ. Ɂаɞɟɪɠɤа ɫɢɝɧаɥа ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɞɥɢɧɨɣ ɩɭɬɢ, а ɬаɤɠɟ ɟɦɤɨɫɬɶю ɦɟɦɛɪаɧы ɩɭɬɢ ɢ 
ɬаɤɢɦɢ ɩаɪаɦɟɬɪаɦɢ ɬɨɤа ɡаɪɹɞɤɢ, ɤаɤ ɩɥɨɬɧɨɫɬɶ 
ɩɪɨɜɨɞɹɳɢɯ ɩɨɪ (ɢɥɢ ɢɨɧɧыɯ ɤаɧаɥɨɜ) ɢ ɬ.ɩ. 
Ɇɨɞɟɥɢ ɞɟɧɞɪɢɬɧɨɣ ɥɨɝɢɤɢ ɩɪɟɞɫɬаɜɥɟɧы ɧа 
ɪɢɫ.7-9. 

 

 
Ɋɢɫɭɧɨɤ 7. –  Ɏɭɧɤɰɢɨɧɢɪɨɜаɧɢɟ ɞɟɧɞɪɢɬɧɨɝɨ 

ɷɥɟɦɟɧɬа ɇȿ. 
 

 
Ɋɢɫɭɧɨɤ 8. – Ⱦɟɧɞɪɢɬɧыɟ ɷɥɟɦɟɧɬы ɂ ɢ ɂɅɂ. 

 

 
Ɋɢɫɭɧɨɤ 9. –  ȺND-ɷɥɟɦɟɧɬ 

 

ɋɢɧɚɩɫɵ  
 

ɋɢɧаɩɫ - ɷɬɨ ɰɟɥɟɧаɩɪаɜɥɟɧɧыɣ ɪаɡɪыɜ 
ɦɟɠɞɭ ɛɭɬɨɧɨɦ ɧа ɨɤɨɧɱаɧɢɹɯ аɤɫɨɧа ɢ 
ɪɟɰɟɩɬɨɪɨɦ, ɨɛыɱɧɨ ɪаɫɩɨɥɨɠɟɧɧыɦ ɧа 

ɩɨɡɜɨɧɨɱɧɢɤɟ ɞɟɧɞɪɢɬа. ɗɬɨɬ ɩɪɨɦɟɠɭɬɨɤ 
ɧаɡыɜаɟɬɫɹ ɫɢɧаɩɬɢɱɟɫɤɨɣ ɳɟɥɶю. Оɧ ɨɛыɱɧɨ 
ɢɦɟɟɬ ɲɢɪɢɧɭ ɨɤɨɥɨ 20 ɧɦ (20*10-9

 ɦ). ɉɨ 
ɨɰɟɧɤаɦ, ɦɨɡɝ ɫɨɞɟɪɠɢɬ ɧаɦɧɨɝɨ ɛɨɥɶɲɟ 
ɫɢɧаɩɫɨɜ, ɱɟɦ ɧɟɣɪɨɧɨɜ, ɜɨɡɦɨɠɧɨ, 500 
ɬɪɢɥɥɢɨɧɨɜ (1012

 ɧɟɣɪɨɧɨɜ). ɗɬɨ ɜ ɫɪɟɞɧɟɦ ɨɤɨɥɨ 
103 ɫɢɧаɩɫɨɜ ɧа ɤаɠɞыɣ ɧɟɣɪɨɧ, ɧɟɤɨɬɨɪыɟ 
ɛɨɥɶɲɟ, ɧɟɤɨɬɨɪыɟ ɦɟɧɶɲɟ. ɇɟɣɪɨɧы ɨɛыɱɧɨ ɧɟ 
ɤаɫаюɬɫɹ ɞɪɭɝ ɞɪɭɝа ɮɢɡɢɱɟɫɤɢ. 

В ɨɬɥɢɱɢɟ ɨɬ ɨɛɳɟɝɨ ɫɢɧаɩɫа ɢɧɨɝɞа 
ɬɪɟɛɭɟɬɫɹ ɫɥаɛыɣ ɫɢɧаɩɫ, ɤɨɬɨɪыɣ ɫɬɢɦɭɥɢɪɭɟɬ 
ɨɞɢɧɨɱɧыɣ ɢɦɩɭɥɶɫ ɜ ɟɝɨ ɞɟɧɞɪɢɬɧɨɦ ɪɟɰɟɩɬɨɪɟ, 
ɨɛɨɡɧаɱɟɧɧыɣ ɞаɥɟɟ ɢɦɩɭɥɶɫ (1) ɢ ɤɨɬɨɪыɣ 
ɮɢɡɢɱɟɫɤɢ ɧаɛɥюɞаɟɦ. Ɂаɱаɫɬɭю ɨɞɢɧ ɬɨɱɧыɣ 
ɞɟɧɞɪɢɬɧыɣ ɢɦɩɭɥɶɫ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɬɨɱɧɨɝɨ 
ɨɬɫɱɟɬа ɜɪɟɦɟɧɢ. 

Оɫɧɨɜɧыɟ ɦɨɞɟɥɢ ɩɪɢ ɨɩɢɫаɧɢɢ ɫɢɧаɩɫɨɜ 
ɩɪɟɞɫɬаɜɥɟɧы ɧа ɪɢɫ.10-11. 

Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɣ ɦɨɞɟɥɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢɹ ɧɟɪɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɝɢɛɪɢɞɧыɟ ɫɯɟɦы 
(ɫɦ.ɪɢɫ.). 

 

 
Ɋɢɫɭɧɨɤ 10. –  Ɇɨɞɟɥɢ ɫɢɧаɩɫɨɜ: а) ɞɨɥɝɨɫɪɨɱɧаɹ 
ɟɦɤɨɫɬɶ;ɛ) ɮɢɡɢɱɟɫɤɢɣ ɤɨɧɬаɤɬ ɫ ɛɨɥɶɲɢɦ 
ɨɛɴɟɤɬɨɦ.  

 
 

Ɋɢɫɭɧɨɤ 11.. –    ɋɥаɛыɣ ɫɢɧаɩɫ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ 
ɢɦɩɭɥɶɫа 
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Ɋɢɫɭɧɨɤ 12. –  Ƚɢɛɪɢɞɧаɹ ɫɯɟɦа LTM (S4,S5-

ɫɥаɛыɟ ɫɢɧаɩɫы 

 

Ⱦɥɹ ɞаɧɧɨɣ ɪаɛɨɬы ɧаɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧа 
ɪɟɤɭɪɫɢɜɧаɹ ɧɟɣɪɨɧɧаɹ ɫɟɬɶ ɧа ɪɢɫ.13.  

 

 

Ɋɢɫɭɧɨɤ 13. –  Ɋɟɤɭɪɫɢɜɧаɹ ɧɟɣɪɨɧɧаɹ ɫɟɬɶ 
 

 

Ɉɛɪɚɬɧɚɹ ɫɜɹɡɶ ɜ ɞɢɫɤɪɟɬɧɵɯ 
ɭɫɬɪɨɣɫɬɜɚɯ 

 

Ʌюɛаɹ ɧɟɬɪɢɜɢаɥɶɧаɹ ɫɢɫɬɟɦа 
(аɞаɩɬɢɜɧаɹ ɫɢɫɬɟɦа) ɞɨɥɠɧа ɢɦɟɬɶ ɨɛɪаɬɧыɟ 
ɫɜɹɡɢ ɢ ɩɨɷɬɨɦɭ ɜыɩɨɥɧɢɦ ɧɟɛɨɥɶɲɨɣ ɨɛɡɨɪ 
ɢɫɩɨɥɶɡɨɜаɧɢɹ ɨɛɪаɬɧɨɣ ɫɜɹɡɢ ɜ ɞɢɫɤɪɟɬɧыɯ 
ɭɫɬɪɨɣɫɬɜаɯ ɩɟɪɟɞ аɧаɥɢɡɨɦ ɧɟɝаɬɢɜɧыɯ 
ɪɟɮɥɟɤɫɢɜɧыɯ ɮɭɧɤɰɢɣ.  

ɇа ɪɢɫ.14 ɩɪɟɞɫɬаɜɥɟɧа ɪɟаɥɢɡаɰɢɹ 
ɩɪɨɫɬɟɣɲɟɝɨ ɷɥɟɦɟɧɬа ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɧɨɣ 
ɥɨɝɢɤɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 14. –  ɉɪɨɫɬɟɣɲɢɣ ɷɥɟɦɟɧɬ 
ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɧɨɣ ɥɨɝɢɤɢ 

 

 
 

Ɋɢɫɭɧɨɤ 15. –  Оɋ ɫ ɛаɡɨɜыɦɢ ɜɟɧɬɢɥɹɦɢ   
 

ɉɪɟɞɫɬаɜɥɟɧɧыɟ ɧа ɪɢɫ 15 ɜаɪɢаɧɬы Оɋ 
ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜаɬɶ ɪаɡɥɢɱɧыɦ ɫɩɨɫɨɛɨɦ, ɜ 
ɱаɫɬɧɨɫɬɢ  

Ⱥ) Кɨɧɴюɧɤɬɢɜɧаɹ Оɋ ɩɨɡɜɨɥɹɟɬ 
ɪɟаɥɢɡɨɜаɬɶ ɬаɤɢɟ ɨɩɟɪаɰɢɢ, ɤаɤ ɤɨɧɴюɧɤɬɢɜɧɨɟ 
(ɦɢɧɢɦаɥɶɧɨɟ) ɭɩɪаɜɥɟɧɢɟ, ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɟ 
ɫɨɜɩаɞɟɧɢю ɫɢɝɧаɥɨɜ, ɡаɞɟɪɠɤɭ ɩɨ ɮɪɨɧɬɭ ɢ 
ɡаɞɟɪɠɤɭ ɩɨ ɫɪɟɡɭ ɤɨɧɴюɧɤɬɢɜɧɨɟ ɡаɳɟɥɤɢɜаɧɢɟ, 
ɫɢɧɯɪɨɧɧыɣ ɡаɩɭɫɤ ɫɢɝɧаɥɨɜ ɬɪɟɛɭɟɦɨɣ 
ɤɨɧɮɢɝɭɪаɰɢɢ, ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɱаɫɬɨɬы; 

Ȼ) Ⱦɢɡɴюɧɤɬɢɜɧаɹ Оɋ, аɧаɥɨɝɢɱɧɨ 
ɤɨɧɴюɧɤɬɢɜɧɨɣ,  ɩɨɡɜɨɥɹɟɬ ɪɟаɥɢɡɨɜаɬɶ 
ɞɢɡɴюɧɤɬɢɜɧɨɟ (ɦаɤɫɢɦаɥɶɧɨɟ) ɭɩɪаɜɥɟɧɢɟ, 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɟ ɪаɫɯɨɠɞɟɧɢю ɫɢɝɧаɥɨɜ, 
ɩɟɪɟɜɨɞɢɬɶ ɢɡ ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ,  
ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɢɡɴюɧɤɬɢɜɧɨɟ ɡаɳɟɥɤɢɜаɧɢɟ, 
ɩɪɟɨɛɪаɡɨɜаɧɢɟ ɱаɫɬɨɬы, ɫɢɧɯɪɨɧɧыɣ ɡаɩɭɫɤ 
ɫɢɧɯɪɨɧɧыɯ ɫɢɝɧаɥɨɜ ɧɟɨɛɯɨɞɢɦɨɣ 
ɤɨɧɮɢɝɭɪаɰɢɢ, ɡаɞɟɪɠɤɭ ɩɨ ɮɪɨɧɬɭ ɢ ɫɪɟɡɭ 

В) Ɂаɩɪɟɳаюɳаɹ Оɋ  ɩɨɡɜɨɥɹɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɭɩɪаɜɥɹюɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ, 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɟ ɡаɞɟɪɠɤɟ ɫɢɝɧаɥа ɢ ɪаɡɥɢɱɧыɟ 
ɞɪɭɝɢɟ ɜɨɡɞɟɣɫɬɜɢɹ. 

Ƚ) Оɋ «ɫɥɨɠɟɧɢɟ ɩɨ ɦɨɞɭɥю 2»(EXOR) 

ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɭɩɪаɜɥɟɧɢɟ, 
ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɟ ɪаɡɧɨɫɬɢ ɫɢɝɧаɥɨɜ.  

Оɛɨɛɳɟɧɢɟɦ ɩɪɟɞыɞɭɳɢɯ ɜаɪɢаɧɬɨɜ 
ɦɨɠɟɦ ɫɱɢɬаɬɶ ɪɢɫ.16 , ɜ ɤɨɬɨɪɨɦ 
ɤɨɦɛɢɧаɰɢɨɧɧаɹ ɥɨɝɢɱɟɫɤаɹ Оɋ ɩɨɡɜɨɥɹɟɬ 
ɩɨɫɬɪɨɢɬɶ ɭɫɬɪɨɣɫɬɜа ɫ ɭɩɪаɜɥɹɟɦɨɫɬɶю ɩɨ 
ɬɪɟɛɭɟɦɨɦɭ ɡаɤɨɧɭ. 

 

 
Ɋɢɫɭɧɨɤ 16. –  Оɛɨɛɳɟɧɢɟ Оɋ ɫ ɛаɡɨɜыɦɢ 
ɜɟɧɬɢɥɹɦɢ   
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ɇɟɝɚɬɢɜɧɵɟ ɪɟɮɥɟɤɫɢɜɧɵɟ ɛɭɥɟɜɵ 

 

ɉɨ аɧаɥɨɝɢɢ ɫ ɪɟɡɭɥɶɬаɬаɦɢ  ɪаɛɨɬы Д6Ж 
ɪаɫɫɦɨɬɪɢɦ ɧɟɝаɬɢɜɧыɟ ɪɟɮɥɟɤɫɢɜɧыɟ ɛɭɥɟɜы 
ɮɭɧɤɰɢɢ i-ɨɝɨ ɩɨɪɹɞɤа, ɤɨɬɨɪыɟ ɨɛɥаɞаюɬ 

ɫɜɨɣɫɬɜɨɦ 

Ɏ(б1,x2,..xi-1,  Ɏ(б1,x2,..xn),xi+1,..,xn) = Ɏ(б1,x2,..xn). 

Оɛɨɡɧаɱɢɦ ɱɟɪɟɡ Ɏi,j ɦɧɨɠɟɫɬɜɨ 
ɧɟɝаɬɢɜɧыɯ ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ i-

ɩɨɪɹɞɤа ɨɬ j ɩɟɪɟɦɟɧɧыɯ. Ɍаɤɠɟ ɨɛɨɡɧаɱɢɦ ɱɟɪɟɡ 
Ɏj ɦɧɨɠɟɫɬɜɨ ɧɟɝаɬɢɜɧыɯ ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ 
ɮɭɧɤɰɢɣ ɨɬ j ɩɟɪɟɦɟɧɧыɯ. 

Ɋɟɲаɟɦаɹ ɜ ɫɬаɬɶɟ ɡаɞаɱа ɫɨɫɬɨɢɬ ɜ 
ɪаɫɲɢɪɟɧɢɢ ɪɟɡɭɥɶɬаɬɨɜ [6] ɢ ɩɨɫɬɪɨɟɧɢɢ 
ɧɟɝаɬɢɜɧыɯ ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ 
ɡаɜɢɫɹɳɢɯ ɨɬ 2, 3, 4 ɢ ɛɨɥɟɟ ɩɟɪɟɦɟɧɧыɯ ɢ 
ɢɡɭɱɟɧɢɢ ɢɯ ɨɩɪɟɞɟɥɟɧɧыɯ ɫɜɨɣɫɬɜ. 

 

ɇɟɝɚɬɢɜɧɵɟ ɪɟɮɥɟɤɫɢɜɧɵɟ 
ɛɭɥɟɜɵ ɮɭɧɤɰɢɢ ɨɬ ɞɜɭɯ  ɩɟɪɟɦɟɧɧɵɯ 

 

Оɛɳɟɟ ɱɢɫɥɨ ɜɫɟɯ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ ɨɬ n 

ɩɟɪɟɦɟɧɧыɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 2f(n), ɝɞɟ 
f(n)=2

n
. Оɬɫюɞа ɫɥɟɞɭɟɬ ɢɡɜɟɫɬɧыɣ ɪɟɡɭɥɶɬаɬ, ɱɬɨ 

ɱɢɫɥɨ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ ɨɬ 2 ɩɟɪɟɦɟɧɧыɯ ɪаɜɧɨ 
16, ɱɢɫɥɨ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ ɨɬ 3 ɩɟɪɟɦɟɧɧыɯ 
ɪаɜɧɨ 256, ɱɢɫɥɨ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ ɨɬ 4 
ɩɟɪɟɦɟɧɧыɯ ɪаɜɧɨ 65536 ɢ ɬ.ɞ. 

Ⱦɥɹ ɧɟɝаɬɢɜɧыɯ ɮɭɧɤɰɢɣ ɨɬ ɞɜɭɯ 
ɩɪɟɦɟɧɧыɯ ɦы ɢɦɟɟɦ ɪɟɮɥɟɤɫɢɜɧыɟ ɮɨɪɦы 1 ɢ 2 
ɩɨɪɹɞɤа, ɩɪɟɞɫɬаɜɥɟɧɧыɟ ɧа ɪɢɫ.3. 
 

 
Ɋɢɫɭɧɨɤ 17 –  ɇɟɝаɬɢɜɧыɟ ɪɟɮɥɟɤɫɢɜɧыɟ 

ɛɭɥɟɜы ɮɭɧɤɰɢɢ 1 ɢ 2 ɩɨɪɹɞɤа. 
 

ɇɢɠɟ ɩɪɟɞɫɬаɜɥɟɧ ɫɩɢɫɨɤ ɢɡ 4 (ɢɡ ɨɛɳɟɝɨ 
ɱɢɫɥа 9) ɧɟɬɪɢɜɢаɥɶɧыɯ ɛɭɥɟɜыɯ ɜыɪаɠɟɧɢɣ 1-

ɩɨɪɹɞɤа ɨɬ ɞɜɭɯ ɩɟɪɟɦɟɧɧыɯ, ɞɥɹ ɤɨɬɨɪыɯ 
ɜыɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ Ɏ(б1,  

 

б2)=Ɏ(Ɏ(б1,б2), б2) ɢ ɜ ɜыɪаɠɟɧɢɢ ɞɥɹ 
ɷɬɢɯ ɮɭɧɤɰɢɣ ɩɪɢɫɭɬɫɬɜɭюɬ ɨɛɟ ɩɟɪɟɦɟɧɧыɟ б1, 
x2. 

   1     1    x1/\x2 

   2     2    x1/\x2 

   3     7   x1\/x2 

   4    11   x1\/x2     

Ⱥɧаɥɨɝɢɱɧɨ ɦы ɦɨɠɟɦ ɩɪɟɞɫɬаɜɢɬɶ 
ɫɩɢɫɨɤ ɢɡ 4 (ɢɡ ɨɛɳɟɝɨ ɱɢɫɥа 9) ɧɟɬɪɢɜɢаɥɶɧыɯ 
ɛɭɥɟɜыɯ ɜыɪаɠɟɧɢɣ 2-ɩɨɪɹɞɤа ɨɬ ɞɜɭɯ 
ɩɟɪɟɦɟɧɧыɯ, ɞɥɹ ɤɨɬɨɪыɯ ɜыɩɨɥɧɹɟɬɫɹ 

ɫɨɨɬɧɨɲɟɧɢɟ Ɏ(б1, б2)=Ɏ(б1,Ɏ(б1,б2)) ɢ ɜ 
ɜыɪаɠɟɧɢɢ ɞɥɹ ɷɬɢɯ ɮɭɧɤɰɢɣ ɩɪɢɫɭɬɫɬɜɭюɬ ɨɛɟ 

ɩɟɪɟɦɟɧɧыɟ x1, x2. 

  1     1   x1/\x2 

   2     4   x1/\x2 

   3     7   x1\/x2 

   4    13   x1\/x2 

Вɬɨɪɨɟ ɱɢɫɥɨ ɜ ɫɬɪɨɤɟ ɨɩɢɫаɧɢɹ ɷɬɢɯ 
ɮɭɧɤɰɢɣ ɢ ɞаɥɟɟ ɜ ɞɪɭɝɢɯ ɫɩɢɫɤаɯ ɨɡɧаɱаɟɬ ɢɯ 
ɧɨɦɟɪ ɜ ɫɢɫɬɟɦɟ АШХПЫКЦ MКЭСОЦКЭТМК (ɨɩɟɪаɬɨɪ 
BooleanFunction). 

ɉɟɪɟɫɟɱɟɧɢɟɦ ɦɧɨɠɟɫɬɜ Ɏ1,2    ɢ Ɏ2,2 

ɹɜɥɹюɬɫɹ ɮɭɧɤɰɢɢ x1/\x2 ɢ  x1\/x2. 

 

ɇɟɝɚɬɢɜɧɵɟ ɪɟɮɥɟɤɫɢɜɧɵɟ 
ɛɭɥɟɜɵ ɮɭɧɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 
ɬɪɟɯ ɩɟɪɟɦɟɧɧɵɯ 

 

ɇаɱɢɧаɹ ɫ ɷɬɨɝɨ ɪаɡɞɟɥа ɛɭɞɟɦ 
ɢɫɩɨɥɶɡɨɜаɬɶ ɜɦɟɫɬɨ ɡɧаɤа ɨɬɪɢɰаɧɢɹ  ɫɢɦɜɨɥ !. 
ɇа ɪɢɫ.18  ɪɟɞɫɬаɜɥɟɧа ɧɟɝаɬɢɜɧɨ-ɪɟɮɥɟɤɫɢɜɧаɹ 
ɛɭɥɟɜа ɮɭɧɤɰɢɹ 1 ɩɨɪɹɞɤа, ɬаɤ ɤаɤ  

Ɏ(x1, x2,x3)=Ɏ(Ɏ(x1,x2, x3),x2, x3). 

 
 

Ɋɢɫɭɧɨɤ 18. –ɇɟɝаɬɢɜɧаɹ ɪɟɮɥɟɤɫɢɜɧаɹ 
ɛɭɥɟɜа  ɮɭɧɤɰɢɹ ɨɬ ɬɪɟɯ ɩɟɪɟɦɟɧɧыɯ 1 ɩɨɪɹɞɤа   

 

ɇɢɠɟ ɩɪɟɞɫɬаɜɥɟɧ ɫɩɢɫɨɤ ɢɡ 56  
ɧɟɬɪɢɜɢаɥɶɧыɯ ɛɭɥɟɜыɯ ɜыɪаɠɟɧɢɣ ɨɬ ɬɪɟɯ 
ɩɟɪɟɦɟɧɧыɯ 1 ɩɨɪɹɞɤа. 

1 1  !x1 /\ !x2 /\ !x3 

 2 4  !x1 /\ x2 /\ !x3 

 3 7  (!x1 /\ !x2) \/ (!x1 /\ !x3) 

 4 13  (!x1 /\ x2) \/ (!x1 /\ !x3) 
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 5 16  x1 /\ !x2 /\ !x3 

 6 19  (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 7 20  (x1 /\ !x2 /\ !x3) \/ (!x1 /\ x2 /\ !x3) 

 8 21  (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 9 23  (!x1 /\ !x2) \/ (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 10 28  (x1 /\ !x2 /\ !x3) \/ (!x1 /\ x2) 

 11 29  (!x1 /\ x2) \/ (!x2 /\ !x3) 

 12 31  !x1 \/ (!x2 /\ !x3) 

 13 49  (x1 /\ !x2) \/ (!x2 /\ !x3) 

 14 52  (x1 /\ !x2) \/ (!x1 /\ x2 /\ !x3) 

 15 53  (x1 /\ !x2) \/ (!x1 /\ !x3) 

 16 55  (!x1 /\ !x3) \/ !x2 

 17 61  (x1 /\ !x2) \/ (!x1 /\ x2) \/ (!x2 /\ !x3) 

 18 64  x1 /\ x2 /\ !x3 

 19 65  (x1 /\ x2 /\ !x3) \/ (!x1 /\ !x2 /\ !x3) 

 20 67  (x1 /\ x2 /\ !x3) \/ (!x1 /\ !x2) 

 21 69  (!x1 /\ !x3) \/ (x2 /\ !x3) 

 22 71  (!x1 /\ !x2) \/ (x2 /\ !x3) 

 23 76  (!x1 /\ x2) \/ (x2 /\ !x3) 

 24 77  (!x1 /\ x2) \/ (!x1 /\ !x3) \/ (x2 /\ !x3) 

 25 79  !x1 \/ (x2 /\ !x3) 

 26 81  (x1 /\ !x3) \/ (!x2 /\ !x3) 

 27 83  (x1 /\ !x3) \/ (!x1 /\ !x2) 

 28 84  (x1 /\ !x3) \/ (x2 /\ !x3) 

 29 87  (!x1 /\ !x2) \/ !x3 

 30 92  (x1 /\ !x3) \/ (!x1 /\ x2) 

 31 93  (!x1 /\ x2) \/ !x3 

 32 112  (x1 /\ !x2) \/ (x1 /\ !x3) 

 33 113  (x1 /\ !x2) \/ (x1 /\ !x3) \/ (!x2 /\ !x3) 

 34 115  (x1 /\ !x3) \/ !x2 

 35 116  (x1 /\ !x2) \/ (x2 /\ !x3) 

 36 117  (x1 /\ !x2) \/ !x3 

 37 124  (x1 /\ !x2) \/ (!x1 /\ x2) \/ (x2 /\ !x3) 

 38 125  (x1 /\ !x2) \/ (!x1 /\ x2) \/ !x3 

 39 127  !x1 \/ !x2 \/ !x3 

 40 193  (x1 /\ x2) \/ (!x1 /\ !x2 /\ !x3) 

 41 196  (x1 /\ x2) \/ (x2 /\ !x3) 

 42 197  (x1 /\ x2) \/ (!x1 /\ !x3) 

 43 199  (x1 /\ x2) \/ (!x1 /\ !x2) \/ (x2 /\ !x3) 

 44 205  (!x1 /\ !x3) \/ x2 

 45 208  (x1 /\ x2) \/ (x1 /\ !x3) 

 46 209  (x1 /\ x2) \/ (!x2 /\ !x3) 

 47 211  (x1 /\ x2) \/ (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 48 212  (x1 /\ x2) \/ (x1 /\ !x3) \/ (x2 /\ !x3) 

 49 213  (x1 /\ x2) \/ !x3 

 50 215  (x1 /\ x2) \/ (!x1 /\ !x2) \/ !x3 

 51 220  (x1 /\ !x3) \/ x2 

 52 223  !x1 \/ x2 \/ !x3 

 53 241  x1 \/ (!x2 /\ !x3) 

 54 244  x1 \/ (x2 /\ !x3) 

 55 247  x1 \/ !x2 \/ !x3 

 56 253  x1 \/ x2 \/ !x3 

Ɋɟɮɥɟɤɫɢɜɧɵɟ ɛɭɥɟɜɵ ɮɭɧɤɰɢɢ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ ɬɪɟɯ ɩɟɪɟɦɟɧɧɵɯ 

 

ɇа ɪɢɫ.19  ɩɪɟɞɫɬаɜɥɟɧа ɧɟɝаɬɢɜɧɨ-

ɪɟɮɥɟɤɫɢɜɧаɹ ɛɭɥɟɜа ɮɭɧɤɰɢɹ 2 ɩɨɪɹɞɤа, ɬаɤ ɤаɤ  

Ɏ(x1, x2,x3)=Ɏ(x1,Ɏ(x1,x2, x3), x3). 

 
Ɋɢɫɭɧɨɤ 19. –ɇɟɝаɬɢɜɧɨ-ɪɟɮɥɟɤɫɢɜɧаɹ 

ɛɭɥɟɜа  ɮɭɧɤɰɢɹ ɨɬ ɬɪɟɯ ɩɟɪɟɦɟɧɧыɯ 2 ɩɨɪɹɞɤа 

 

ɇɢɠɟ ɩɪɟɞɫɬаɜɥɟɧ ɫɩɢɫɨɤ ɢɡ 54  
ɧɟɬɪɢɜɢаɥɶɧыɯ ɛɭɥɟɜыɯ ɜыɪаɠɟɧɢɣ ɨɬ ɬɪɟɯ 
ɩɟɪɟɦɟɧɧыɯ 2 ɩɨɪɹɞɤа 

1 1  !x1 /\ !x2 /\ !x3 

 2 2  !x1 /\ !x2 /\ x3 

 3 7  (!x1 /\ !x2) \/ (!x1 /\ !x3) 

 4 11  (!x1 /\ !x2) \/ (!x1 /\ x3) 

 5 16  x1 /\ !x2 /\ !x3 

 6 18  (x1 /\ !x2 /\ !x3) \/ (!x1 /\ !x2 /\ x3) 

 7 19  (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 8 21  (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 9 23  (!x1 /\ !x2) \/ (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 10 26  (x1 /\ !x2 /\ !x3) \/ (!x1 /\ x3) 

 11 27  (!x1 /\ !x2) \/ (!x1 /\ x3) \/ (!x2 /\ !x3) 

 12 31  !x1 \/ (!x2 /\ !x3) 

 13 32  x1 /\ !x2 /\ x3 

 14 33  (x1 /\ !x2 /\ x3) \/ (!x1 /\ !x2 /\ !x3) 

 15 35  (!x1 /\ !x2) \/ (!x2 /\ x3) 

 16 37  (x1 /\ !x2 /\ x3) \/ (!x1 /\ !x3) 

 17 39  (!x1 /\ !x2) \/ (!x1 /\ !x3) \/ (!x2 /\ x3) 

 18 42  (!x1 /\ x3) \/ (!x2 /\ x3) 

 19 43  (!x1 /\ !x2) \/ (!x1 /\ x3) \/ (!x2 /\ x3) 

 20 47  !x1 \/ (!x2 /\ x3) 

 21 49  (x1 /\ !x2) \/ (!x2 /\ !x3) 

 22 50  (x1 /\ !x2) \/ (!x2 /\ x3) 

 23 53  (x1 /\ !x2) \/ (!x1 /\ !x3) 

 24 55  (!x1 /\ !x3) \/ !x2 

 25 58  (x1 /\ !x2) \/ (!x1 /\ x3) 

 26 59  (!x1 /\ x3) \/ !x2 

 27 81  (x1 /\ !x3) \/ (!x2 /\ !x3) 

 28 82  (x1 /\ !x3) \/ (!x1 /\ !x2 /\ x3) 

 29 83  (x1 /\ !x3) \/ (!x1 /\ !x2) 

 30 87  (!x1 /\ !x2) \/ !x3 

 31 112  (x1 /\ !x2) \/ (x1 /\ !x3) 

 32 113  (x1 /\ !x2) \/ (x1 /\ !x3) \/ (!x2 /\ !x3) 

 33 114  (x1 /\ !x2) \/ (x1 /\ !x3) \/ (!x2 /\ x3) 

 34 115  (x1 /\ !x3) \/ !x2 

 35 117  (x1 /\ !x2) \/ !x3 

 36 122  (x1 /\ !x2) \/ (x1 /\ !x3) \/ (!x1 /\ x3) 

 37 123  (x1 /\ !x3) \/ (!x1 /\ x3) \/ !x2 

 38 127  !x1 \/ !x2 \/ !x3 

 39 161  (x1 /\ x3) \/ (!x1 /\ !x2 /\ !x3) 

 40 162  (x1 /\ x3) \/ (!x2 /\ x3) 

 41 163  (x1 /\ x3) \/ (!x1 /\ !x2) 
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 42 171  (!x1 /\ !x2) \/ x3 

 43 176  (x1 /\ !x2) \/ (x1 /\ x3) 

 44 177  (x1 /\ !x2) \/ (x1 /\ x3) \/ (!x2 /\ !x3) 

 45 178  (x1 /\ !x2) \/ (x1 /\ x3) \/ (!x2 /\ x3) 

 46 179  (x1 /\ x3) \/ !x2 

 47 181  (x1 /\ !x2) \/ (x1 /\ x3) \/ (!x1 /\ !x3) 

 48 183  (x1 /\ x3) \/ (!x1 /\ !x3) \/ !x2 

 49 186  (x1 /\ !x2) \/ x3 

 50 191  !x1 \/ !x2 \/ x3 

 51 241  x1 \/ (!x2 /\ !x3) 

 52 242  x1 \/ (!x2 /\ x3) 

 53 247  x1 \/ !x2 \/ !x3 

 54 251  x1 \/ !x2 \/ x3 

 

 

ɇɟɝɚɬɢɜɧɵɟ ɪɟɮɥɟɤɫɢɜɧɵɟ 
ɛɭɥɟɜɵ ɮɭɧɤɰɢɢ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɨɬ 
ɬɪɟɯ ɩɟɪɟɦɟɧɧɵɯ 

 

ɑɢɫɥɨ ɜɫɟɯ ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ 
ɮɭɧɤɰɢɣ ɪаɜɧɨ 81, ɬаɤ ɤаɤ ɩɨɦɢɦɨ ɧɟɬɪɢɜɢаɥɶɧыɯ 
ɤ ɧɢɦ ɞɨɛаɜɥɹюɬɫɹ FКХЬО, TЫЮО, б1 ɢ ɧɟɤɨɬɪыɟ 
ɞɪɭɝɢɟ. 

ɇа ɪɢɫ.20 ɪɟɞɫɬаɜɥɟɧа ɧɟɝаɬɢɜɧɨ-

ɪɟɮɥɟɤɫɢɜɧаɹ ɛɭɥɟɜа ɮɭɧɤɰɢɹ 3 ɩɨɪɹɞɤа, ɬаɤ ɤаɤ  
Ɏ(б1, б2,б3)=Ɏ(б1, б2,Ɏ(б1,б2, б3)). 
 

 
 

 

Ɋɢɫɭɧɨɤ 20. –ɇɟɝаɬɢɜɧɨ-ɪɟɮɥɟɤɫɢɜɧаɹ 
ɛɭɥɟɜа  ɮɭɧɤɰɢɹ ɨɬ ɬɪɟɯ ɩɟɪɟɦɟɧɧыɯ 3 ɩɨɪɹɞɤа. 

 

ɇɢɠɟ ɩɪɟɞɫɬаɜɥɟɧ ɫɩɢɫɨɤ ɢɡ 56  
ɧɟɬɪɢɜɢаɥɶɧыɯ ɛɭɥɟɜыɯ ɜыɪаɠɟɧɢɣ ɨɬ ɬɪɟɯ 
ɩɟɪɟɦɟɧɧыɯ, ɤɨɬɨɪыɟ ɨɩɪɟɞɟɥɟɧы ɤаɤ   
ɧɟɝаɬɢɜɧыɟ ɪɟɮɥɟɤɫɢɜɧыɟ ɛɭɥɟɜы ɮɭɧɤɰɢɢ 3 
ɩɨɪɹɞɤа. 

Ɇы ɫɱɢɬаɟɦ ɢɯ ɧɟɬɪɢɜɢаɥɶɧыɦɢ, ɬаɤ ɤаɤ 
ɜ ɜыɪаɠɟɧɢɢ ɞɥɹ ɷɬɢɯ ɮɭɧɤɰɢɣ ɩɪɢɫɭɬɫɬɜɭюɬ ɜɫɟ 
ɬɪɢ ɩɟɪɟɦɟɧɧыɟ б1, б2, б3.  

 

1 1  !x1 /\ !x2 /\ !x3 

 2 4  !x1 /\ x2 /\ !x3 

 3 7  (!x1 /\ !x2) \/ (!x1 /\ !x3) 

 4 13  (!x1 /\ x2) \/ (!x1 /\ !x3) 

 5 16  x1 /\ !x2 /\ !x3 

 6 19  (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 7 20  (x1 /\ !x2 /\ !x3) \/ (!x1 /\ x2 /\ !x3) 

 8 21  (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 9 23  (!x1 /\ !x2) \/ (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 10 28  (x1 /\ !x2 /\ !x3) \/ (!x1 /\ x2) 

 11 29  (!x1 /\ x2) \/ (!x2 /\ !x3) 

 12 31  !x1 \/ (!x2 /\ !x3) 

 13 49  (x1 /\ !x2) \/ (!x2 /\ !x3) 

 14 52  (x1 /\ !x2) \/ (!x1 /\ x2 /\ !x3) 

 15 53  (x1 /\ !x2) \/ (!x1 /\ !x3) 

 16 55  (!x1 /\ !x3) \/ !x2 

 17 61  (x1 /\ !x2) \/ (!x1 /\ x2) \/ (!x2 /\ !x3) 

 18 64  x1 /\ x2 /\ !x3 

 19 65  (x1 /\ x2 /\ !x3) \/ (!x1 /\ !x2 /\ !x3) 

 20 67  (x1 /\ x2 /\ !x3) \/ (!x1 /\ !x2) 

 21 69  (!x1 /\ !x3) \/ (x2 /\ !x3) 

 22 71  (!x1 /\ !x2) \/ (x2 /\ !x3) 

 23 76  (!x1 /\ x2) \/ (x2 /\ !x3) 

 24 77  (!x1 /\ x2) \/ (!x1 /\ !x3) \/ (x2 /\ !x3) 

 25 79  !x1 \/ (x2 /\ !x3) 

 26 81  (x1 /\ !x3) \/ (!x2 /\ !x3) 

 27 83  (x1 /\ !x3) \/ (!x1 /\ !x2) 

 28 84  (x1 /\ !x3) \/ (x2 /\ !x3) 

 29 87  (!x1 /\ !x2) \/ !x3 

 30 92  (x1 /\ !x3) \/ (!x1 /\ x2) 

 31 93  (!x1 /\ x2) \/ !x3 

 32 112  (x1 /\ !x2) \/ (x1 /\ !x3) 

 33 113  (x1 /\ !x2) \/ (x1 /\ !x3) \/ (!x2 /\ !x3) 

 34 115  (x1 /\ !x3) \/ !x2 

 35 116  (x1 /\ !x2) \/ (x2 /\ !x3) 

 36 117  (x1 /\ !x2) \/ !x3 

 37 124  (x1 /\ !x2) \/ (!x1 /\ x2) \/ (x2 /\ !x3) 

 38 125  (x1 /\ !x2) \/ (!x1 /\ x2) \/ !x3 

 39 127  !x1 \/ !x2 \/ !x3 

 40 193  (x1 /\ x2) \/ (!x1 /\ !x2 /\ !x3) 

 41 196  (x1 /\ x2) \/ (x2 /\ !x3) 

 42 197  (x1 /\ x2) \/ (!x1 /\ !x3) 

 43 199  (x1 /\ x2) \/ (!x1 /\ !x2) \/ (x2 /\ !x3) 

 44 205  (!x1 /\ !x3) \/ x2 

 45 208  (x1 /\ x2) \/ (x1 /\ !x3) 

 46 209  (x1 /\ x2) \/ (!x2 /\ !x3) 

 47 211  (x1 /\ x2) \/ (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 48 212  (x1 /\ x2) \/ (x1 /\ !x3) \/ (x2 /\ !x3) 

 49 213  (x1 /\ x2) \/ !x3 

 50 215  (x1 /\ x2) \/ (!x1 /\ !x2) \/ !x3 

 51 220  (x1 /\ !x3) \/ x2 

 52 223  !x1 \/ x2 \/ !x3 

 53 241  x1 \/ (!x2 /\ !x3) 

 54 244  x1 \/ (x2 /\ !x3) 

 55 247  x1 \/ !x2 \/ !x3 

 56 253  x1 \/ x2 \/ !x3 

 

 

ɋɬɪɭɤɬɭɪɚ ɦɧɨɠɟɫɬɜɚ 
ɧɟɝɚɬɢɜɧɵɯ ɪɟɮɥɟɤɫɢɜɧɵɯ  ɛɭɥɟɜɵɯ 
ɮɭɧɤɰɢɣ ɨɬ ɬɪɟɯ  ɩɟɪɟɦɟɧɧɵɯ 

 

ɋɬɪɭɤɬɭɪа N3 ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ.21 ɢ 

ɫɩɪаɜɟɞɥɢɜа ɮɨɪɦɭɥа N3= N1,3N2,3 N3,3. 
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Ɋɢɫɭɧɨɤ 21. –ɋɬɪɭɤɬɭɪа ɦɧɨɠɟɫɬɜа N3. 

 

 ɉɟɪɟɫɟɱɟɧɢɟ ɦɧɨɠɟɫɬɜ N1,3 ɢ N2,3 

ɜɤɥюɱаɟɬ ɫɥɟɞɭюɳɢɟ ɮɭɧɤɰɢɢ: 
  

 1  64  x1 /\ x2 /\ !x3 

 2  84  (x1 /\ !x3) \/ (x2 /\ !x3) 

 3  128  x1 /\ x2 /\ x3 

 4  168  (x1 /\ x3) \/ (x2 /\ x3) 

 5  196  (x1 /\ x2) \/ (x2 /\ !x3) 

 6  200  (x1 /\ x2) \/ (x2 /\ x3) 

 7  208  (x1 /\ x2) \/ (x1 /\ !x3) 

 8  212  (x1 /\ x2) \/ (x1 /\ !x3) \/ (x2 /\ !x3) 

 9  213  (x1 /\ x2) \/ !x3 

 10  216  (x1 /\ x2) \/ (x1 /\ !x3) \/ (x2 /\ x3) 

 11  220  (x1 /\ !x3) \/ x2 

 12  224  (x1 /\ x2) \/ (x1 /\ x3) 

 13  228  (x1 /\ x2) \/ (x1 /\ x3) \/ (x2 /\ !x3) 

 14  232  (x1 /\ x2) \/ (x1 /\ x3) \/ (x2 /\ x3) 

 15  234  (x1 /\ x2) \/ x3 

 16  236  (x1 /\ x3) \/ x2 

 17  244  x1 \/ (x2 /\ !x3) 

 18  248  x1 \/ (x2 /\ x3) 

 19  253  x1 \/ x2 \/ !x3 

 20  254  x1 \/ x2 \/ x3. 

 

ɉɟɪɟɫɟɱɟɧɢɟ ɦɧɨɠɟɫɬɜ N1,3 ɢ N3,3 

ɩɪɟɞɫɬаɜɥɟɧɨ ɧɢɠɟ. 
  

 1 1  !x1 /\ !x2 /\ !x3 

 2 4  !x1 /\ x2 /\ !x3 

 3 7  (!x1 /\ !x2) \/ (!x1 /\ !x3) 

 4 13  (!x1 /\ x2) \/ (!x1 /\ !x3) 

 5 19  (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 6 21  (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 7 23  (!x1 /\ !x2) \/ (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 8 29  (!x1 /\ x2) \/ (!x2 /\ !x3) 

 9 31  !x1 \/ (!x2 /\ !x3) 

 10 55  (!x1 /\ !x3) \/ !x2 

 11 69  (!x1 /\ !x3) \/ (x2 /\ !x3) 

 12 71  (!x1 /\ !x2) \/ (x2 /\ !x3) 

 13 76  (!x1 /\ x2) \/ (x2 /\ !x3) 

 14 77  (!x1 /\ x2) \/ (!x1 /\ !x3) \/ (x2 /\ !x3) 

 15 79  !x1 \/ (x2 /\ !x3) 

 16 87  (!x1 /\ !x2) \/ !x3 

 17 93  (!x1 /\ x2) \/ !x3 

 18 127  !x1 \/ !x2 \/ !x3 

  

 

19 205  (!x1 /\ !x3) \/ x2 

 20 223  !x1 \/ x2 \/ !x3 

 

 

ɉɟɪɟɫɟɱɟɧɢɟɦ ɦɧɨɠɟɫɬɜ N2,3 ɢ N3,3 

ɹɜɥɹɟɬɫɹ ɫɥɟɞɭюɳɢɣ ɫɩɢɫɨɤ ɮɭɧɤɰɢɣ. 
  

 1 1  !x1 /\ !x2 /\ !x3 

 2 7  (!x1 /\ !x2) \/ (!x1 /\ !x3) 

 3 16  x1 /\ !x2 /\ !x3 

 4 19  (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 5 21  (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 6 23  (!x1 /\ !x2) \/ (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 7 31  !x1 \/ (!x2 /\ !x3) 

 8 49  (x1 /\ !x2) \/ (!x2 /\ !x3) 

 9 53  (x1 /\ !x2) \/ (!x1 /\ !x3) 

 10 55  (!x1 /\ !x3) \/ !x2 

 11 81  (x1 /\ !x3) \/ (!x2 /\ !x3) 

 12 83  (x1 /\ !x3) \/ (!x1 /\ !x2) 

 13 87  (!x1 /\ !x2) \/ !x3 

 14 112  (x1 /\ !x2) \/ (x1 /\ !x3) 

 15 113  (x1 /\ !x2) \/ (x1 /\ !x3) \/ (!x2 /\ !x3) 

 16 115  (x1 /\ !x3) \/ !x2 

 17 117  (x1 /\ !x2) \/ !x3 

 18 127  !x1 \/ !x2 \/ !x3 

 19 241  x1 \/ (!x2 /\ !x3) 

 20 247  x1 \/ !x2 \/ !x3 

 

 

ɗɥɟɦɟɧɬаɦɢ ɩɟɪɟɫɟɱɟɧɢɟɦ ɦɧɨɠɟɫɬɜ N1,3 

ɢ N2,3 , а ɬаɤɠɟ N2,3 ɹɜɥɹюɬɫɹ ɮɭɧɤɰɢɢ ɜ 
ɫɥɟɞɭюɳɟɦ ɫɩɢɫɤɟ. 

 

1 1  !x1 /\ !x2 /\ !x3 

 2 7  (!x1 /\ !x2) \/ (!x1 /\ !x3) 

 3 19  (!x1 /\ !x2) \/ (!x2 /\ !x3) 

 4 21  (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 5 23  (!x1 /\ !x2) \/ (!x1 /\ !x3) \/ (!x2 /\ !x3) 

 6 31  !x1 \/ (!x2 /\ !x3) 

 7 55  (!x1 /\ !x3) \/ !x2 

 8 87  (!x1 /\ !x2) \/ !x3 

 9 127  !x1 \/ !x2 \/ !x3 

 

 

ɇɟɝɚɬɢɜɧɵɟ ɪɟɮɥɟɤɫɢɜɧɵɟ 
ɛɭɥɟɜɵ ɮɭɧɤɰɢɢ ɨɬ ɱɟɬɵɪɟɯ ɩɟɪɟɦɟɧɧɵɯ 

 

 

ɋɬɪɭɤɬɭɪа N4 ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ.22 ɢ 

ɫɩɪаɜɟɞɥɢɜа ɮɨɪɦɭɥа N4= N1,4N2,4 N3,4 N4,4. 
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Ɋɢɫɭɧɨɤ 22. –ɋɬɪɭɤɬɭɪа ɦɧɨɠɟɫɬɜа N4. 

 

ɇа ɨɫɧɨɜаɧɢɢ ɤɨɦɩɶюɬɟɪɧɨɝɨ ɪаɫɱɟɬа ɫ 
ɩɨɦɨɳɶю ɦɨɞɢɮɢɰɢɪɨɜаɧɧɨɣ ɩɪɨɝɪаɦɦы ɛыɥɢ 

ɩɨɥɭɱɟɧы ɪɟɡɭɥɶɬаɬы  ɬаɛɥɢɰы 1.  

В ɧɟɣ ɩɪɟɞɫɬаɜɥɟɧы ɯаɪаɤɬɟɪɢɫɬɢɤɢ 
ɪɟɮɥɟɤɫɢɜɧыɯ ɢ ɧɟɝаɬɢɜɧыɯ ɪɟɮɥɟɤɫɢɜɧыɯ 

ɮɭɧɤɰɢɣ. 

ɉɨɞ ɩɨɥɧыɦɢ ɩɨɧɢɦаɟɦ ɮɭɧɤɰɢɢ ɭ 

ɤɨɬɨɪыɯ ɜ ɡаɩɢɫɢ ɩɪɢɫɭɬɫɬɜɭюɬ ɜɫɟ 4 
ɩɟɪɟɦɟɧɧыɟ. 

 

Ɍаɛɥɢɰа 1.ɑɢɫɥɨ ɮɭɧɤɰɢɣ ɨɬ 4 ɩɟɪɟɦɟɧɧыɯ  ɫ 
ɡаɞаɧɧыɦɢ ɩɨɪɹɞɤаɦɢ 

ɇɨɦɟɪ  ɉɨɪɹɞ
ɤɢ 

Ɋɟɮɥɟɤɫɢɜɧыɟ ɇɟɝаɬɢɜɧɨ-

ɪɟɮɥɟɤɫɢɜɧыɟ 

Вɫɟ ɉɨɥɧыɟ Вɫɟ ɉɨɥɧыɟ 

1 1 6293 5860 6225 5792 

2 2 5826 5397 5884 5455 

3 3 5946 5513 5946 5513 

4 4 5946 5513 5946 5513 

5 1,2 1276 1088 1264 1076 

6 1,3 1238 1047 1240 1054 

7 1,4 1276 1088 1272 1084 

8 2,3 1166 982 1202 1018 

9 2,4 1232 1046 1254 1068 

10 3,4 1285 1097 1285 1097 

11 1,2,3 396 302 396 302 

12 1,2,4 396 302 396 302 

13 1,3,4 398 304 398 304 

14 2,3,4 386 292 400 306 

15 1,2,3,4 168 114 168 114 

 

 əɫɧɨ, ɱɬɨ ɢɯ ɜɫɟ ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ 
ɜ ɞаɧɧɨɣ ɫɬаɬɶɟ.  

ɉɪɢɜɟɞɟɦ ɬɨɥɶɤɨ ɦɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɫ 
ɧɨɦɟɪɨɦ 15, ɤɨɬɨɪыɟ ɨɛɥаɞаюɬ ɫɜɨɣɫɬɜаɦɢ 
ɪɟɮɥɟɤɫɢɜɧɨɫɬɢ ɥюɛɨɝɨ ɩɨɪɹɞɤа ɢɡ 4. 

 

 1 32768  x1/\x2/\x3/\x4 

 2 32896  x2/\x3/\x4 

 3 34816  x1/\x3/\x4 

 4 34944  (x1/\x3/\x4)\/(x2/\x3/\x4) 

 5 34952  x3/\x4 

 6 40960  x1/\x2/\x4 

 7 41088  (x1/\x2/\x4)\/(x2/\x3/\x4) 

 8 41120  x2/\x4 

 9 43008  (x1/\x2/\x4)\/(x1/\x3/\x4) 

 10 43136  (x1/\x2/\x4)\/(x1/\x3/\x4)\/(x2/\x3/\x4) 

 11 43144  (x1/\x2/\x4)\/(x3/\x4) 

 12 43168  (x1/\x3/\x4)\/(x2/\x4) 

 13 43176  (x2/\x4)\/(x3/\x4) 

 14 43520  x1/\x4 

 15 43648  (x1/\x4)\/(x2/\x3/\x4) 

 16 43656  (x1/\x4)\/(x3/\x4) 

 17 43680  (x1/\x4)\/(x2/\x4) 

 18 43688  (x1/\x4)\/(x2/\x4)\/(x3/\x4) 

 19 43690  x4 

 20 49152  x1/\x2/\x3 

 21 49280  (x1/\x2/\x3)\/(x2/\x3/\x4) 

 22 49344  x2/\x3 

 23 51200  (x1/\x2/\x3)\/(x1/\x3/\x4) 

 24 51328  (x1/\x2/\x3)\/(x1/\x3/\x4)\/(x2/\x3/\x4) 

 25 51336  (x1/\x2/\x3)\/(x3/\x4) 

 26 51392  (x1/\x3/\x4)\/(x2/\x3) 

 27 51400  (x2/\x3)\/(x3/\x4) 

 28 52224  x1/\x3 

 29 52352  (x1/\x3)\/(x2/\x3/\x4) 

 30 52360  (x1/\x3)\/(x3/\x4) 

 31 52416  (x1/\x3)\/(x2/\x3) 

 32 52424  (x1/\x3)\/(x2/\x3)\/(x3/\x4) 

 33 52428  x3 

 34 57344  (x1/\x2/\x3)\/(x1/\x2/\x4) 

 35 57472  (x1/\x2/\x3)\/(x1/\x2/\x4)\/(x2/\x3/\x4) 

 36 57504  (x1/\x2/\x3)\/(x2/\x4) 

 37 57536  (x1/\x2/\x4)\/(x2/\x3) 

 38 57568  (x2/\x3)\/(x2/\x4) 

 39 59392  (x1/\x2/\x3)\/(x1/\x2/\x4)\/(x1/\x3/\x4) 

 40 59520  

(x1/\x2/\x3)\/(x1/\x2/\x4)\/(x1/\x3/\x4)\/(x2/\x3/\x4) 

 41 59528  (x1/\x2/\x3)\/(x1/\x2/\x4)\/(x3/\x4) 

 42 59552  (x1/\x2/\x3)\/(x1/\x3/\x4)\/(x2/\x4) 

 43 59560  (x1/\x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 44 59584  (x1/\x2/\x4)\/(x1/\x3/\x4)\/(x2/\x3) 

 45 59592  (x1/\x2/\x4)\/(x2/\x3)\/(x3/\x4) 

 46 59616  (x1/\x3/\x4)\/(x2/\x3)\/(x2/\x4) 

 47 59624  (x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 48 59904  (x1/\x2/\x3)\/(x1/\x4) 

 49 60032  (x1/\x2/\x3)\/(x1/\x4)\/(x2/\x3/\x4) 

 50 60040  (x1/\x2/\x3)\/(x1/\x4)\/(x3/\x4) 

 51 60064  (x1/\x2/\x3)\/(x1/\x4)\/(x2/\x4) 

 52 60072  (x1/\x2/\x3)\/(x1/\x4)\/(x2/\x4)\/(x3/\x4) 

 53 60074  (x1/\x2/\x3)\/x4 

 54 60096  (x1/\x4)\/(x2/\x3) 

 55 60104  (x1/\x4)\/(x2/\x3)\/(x3/\x4) 

 56 60128  (x1/\x4)\/(x2/\x3)\/(x2/\x4) 

 57 60136  (x1/\x4)\/(x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 58 60138  (x2/\x3)\/x4 

 59 60416  (x1/\x2/\x4)\/(x1/\x3) 

 60 60544  (x1/\x2/\x4)\/(x1/\x3)\/(x2/\x3/\x4) 

 61 60552  (x1/\x2/\x4)\/(x1/\x3)\/(x3/\x4) 

 62 60576  (x1/\x3)\/(x2/\x4) 

 63 60584  (x1/\x3)\/(x2/\x4)\/(x3/\x4) 

 64 60608  (x1/\x2/\x4)\/(x1/\x3)\/(x2/\x3) 
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 65 60616  (x1/\x2/\x4)\/(x1/\x3)\/(x2/\x3)\/(x3/\x4) 

 66 60620  (x1/\x2/\x4)\/x3 

 67 60640  (x1/\x3)\/(x2/\x3)\/(x2/\x4) 

 68 60648  (x1/\x3)\/(x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 69 60652  (x2/\x4)\/x3 

 70 60928  (x1/\x3)\/(x1/\x4) 

 71 61056  (x1/\x3)\/(x1/\x4)\/(x2/\x3/\x4) 

 72 61064  (x1/\x3)\/(x1/\x4)\/(x3/\x4) 

 73 61088  (x1/\x3)\/(x1/\x4)\/(x2/\x4) 

 74 61096  (x1/\x3)\/(x1/\x4)\/(x2/\x4)\/(x3/\x4) 

 75 61098  (x1/\x3)\/x4 

 76 61120  (x1/\x3)\/(x1/\x4)\/(x2/\x3) 

 77 61128  (x1/\x3)\/(x1/\x4)\/(x2/\x3)\/(x3/\x4) 

 78 61132  (x1/\x4)\/x3 

 79 61152  (x1/\x3)\/(x1/\x4)\/(x2/\x3)\/(x2/\x4) 

 80 61160  

(x1/\x3)\/(x1/\x4)\/(x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 81 61162  (x1/\x3)\/(x2/\x3)\/x4 

 82 61164  (x1/\x4)\/(x2/\x4)\/x3 

 83 61166  x3\/x4 

 84 61440  x1/\x2 

 85 61568  (x1/\x2)\/(x2/\x3/\x4) 

 86 61600  (x1/\x2)\/(x2/\x4) 

 87 61632  (x1/\x2)\/(x2/\x3) 

 88 61664  (x1/\x2)\/(x2/\x3)\/(x2/\x4) 

 89 61680  x2 

 90 63488  (x1/\x2)\/(x1/\x3/\x4) 

 91 63616  (x1/\x2)\/(x1/\x3/\x4)\/(x2/\x3/\x4) 

 92 63624  (x1/\x2)\/(x3/\x4) 

 93 63648  (x1/\x2)\/(x1/\x3/\x4)\/(x2/\x4) 

 94 63656  (x1/\x2)\/(x2/\x4)\/(x3/\x4) 

 95 63680  (x1/\x2)\/(x1/\x3/\x4)\/(x2/\x3) 

 96 63688  (x1/\x2)\/(x2/\x3)\/(x3/\x4) 

 97 63712  (x1/\x2)\/(x1/\x3/\x4)\/(x2/\x3)\/(x2/\x4) 

 98 63720  (x1/\x2)\/(x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 99 63728  (x1/\x3/\x4)\/x2 

 100 63736  x2\/(x3/\x4) 

 101 64000  (x1/\x2)\/(x1/\x4) 

 102 64128  (x1/\x2)\/(x1/\x4)\/(x2/\x3/\x4) 

 103 64136  (x1/\x2)\/(x1/\x4)\/(x3/\x4) 

 104 64160  (x1/\x2)\/(x1/\x4)\/(x2/\x4) 

 105 64168  (x1/\x2)\/(x1/\x4)\/(x2/\x4)\/(x3/\x4) 

 106 64170  (x1/\x2)\/x4 

 107 64192  (x1/\x2)\/(x1/\x4)\/(x2/\x3) 

 108 64200  (x1/\x2)\/(x1/\x4)\/(x2/\x3)\/(x3/\x4) 

 109 64224  (x1/\x2)\/(x1/\x4)\/(x2/\x3)\/(x2/\x4) 

 110 64232  

(x1/\x2)\/(x1/\x4)\/(x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 111 64234  (x1/\x2)\/(x2/\x3)\/x4 

 112 64240  (x1/\x4)\/x2 

 113 64248  (x1/\x4)\/x2\/(x3/\x4) 

 114 64250  x2\/x4 

 115 64512  (x1/\x2)\/(x1/\x3) 

 116 64640  (x1/\x2)\/(x1/\x3)\/(x2/\x3/\x4) 

 117 64648  (x1/\x2)\/(x1/\x3)\/(x3/\x4) 

 118 64672  (x1/\x2)\/(x1/\x3)\/(x2/\x4) 

 119 64680  (x1/\x2)\/(x1/\x3)\/(x2/\x4)\/(x3/\x4) 

 120 64704  (x1/\x2)\/(x1/\x3)\/(x2/\x3) 

 121 64712  (x1/\x2)\/(x1/\x3)\/(x2/\x3)\/(x3/\x4) 

 122 64716  (x1/\x2)\/x3 

 123 64736  (x1/\x2)\/(x1/\x3)\/(x2/\x3)\/(x2/\x4) 

 124 64744  

(x1/\x2)\/(x1/\x3)\/(x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 125 64748  (x1/\x2)\/(x2/\x4)\/x3 

 126 64752  (x1/\x3)\/x2 

 127 64760  (x1/\x3)\/x2\/(x3/\x4) 

 128 64764  x2\/x3 

 129 65024  (x1/\x2)\/(x1/\x3)\/(x1/\x4) 

 130 65152  (x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x2/\x3/\x4) 

 131 65160  (x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x3/\x4) 

 132 65184  (x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x2/\x4) 

 133 65192  

(x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x2/\x4)\/(x3/\x4) 

 134 65194  (x1/\x2)\/(x1/\x3)\/x4 

 135 65216  (x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x2/\x3) 

 136 65224  

(x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x2/\x3)\/(x3/\x4) 

 137 65228  (x1/\x2)\/(x1/\x4)\/x3 

 138 65248  

(x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x2/\x3)\/(x2/\x4) 

 139 65256  

(x1/\x2)\/(x1/\x3)\/(x1/\x4)\/(x2/\x3)\/(x2/\x4)\/(x3/\x

4) 

 140 65258  (x1/\x2)\/(x1/\x3)\/(x2/\x3)\/x4 

 141 65260  (x1/\x2)\/(x1/\x4)\/(x2/\x4)\/x3 

 142 65262  (x1/\x2)\/x3\/x4 

 143 65264  (x1/\x3)\/(x1/\x4)\/x2 

 144 65272  (x1/\x3)\/(x1/\x4)\/x2\/(x3/\x4) 

 145 65274  (x1/\x3)\/x2\/x4 

 146 65276  (x1/\x4)\/x2\/x3 

 147 65278  x2\/x3\/x4 

 148 65280  x1 

 149 65408  x1\/(x2/\x3/\x4) 

 150 65416  x1\/(x3/\x4) 

 151 65440  x1\/(x2/\x4) 

 152 65448  x1\/(x2/\x4)\/(x3/\x4) 

 153 65450  x1\/x4 

 154 65472  x1\/(x2/\x3) 

 155 65480  x1\/(x2/\x3)\/(x3/\x4) 

 156 65484  x1\/x3 

 157 65504  x1\/(x2/\x3)\/(x2/\x4) 

 158 65512  x1\/(x2/\x3)\/(x2/\x4)\/(x3/\x4) 

 159 65514  x1\/(x2/\x3)\/x4 

 160 65516  x1\/(x2/\x4)\/x3 

 161 65518  x1\/x3\/x4 

 162 65520  x1\/x2 

 163 65528  x1\/x2\/(x3/\x4) 

 164 65530  x1\/x2\/x4 

 165 65532  x1\/x2\/x3 

 166 65534  x1\/x2\/x3\/x4 

 167 65535  True 

 168 65536  False 

Ɋаɫɱɟɬы ɞɥɹ ɮɭɧɤɰɢɣ ɨɬ ɩɹɬɢ ɩɟɪɟɦɟɧɧыɯ 
ɦаɥɨɨɫɭɳɟɫɬɜɢɦы. 
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Ɋаɫɱɟɬы ɞɥɹ ɮɭɧɤɰɢɣ ɨɬ ɲɟɫɬɢ  ɢ ɛɨɥɟɟ 
ɩɟɪɟɦɟɧɧыɯ ɧа ɞаɧɧɨɦ ɷɬаɩɟ ɹɜɥɹюɬɫɹ 

ɧɟɜɨɡɦɨɠɧыɦɢ.  

 

Ⱥɧɚɥɢɡ ɧɟɝɚɬɢɜɧɵɯ ɪɟɮɥɟɤɫɢɜɧɵɯ 
ɛɭɥɟɜɵɯ ɮɭɧɤɰɢɣ 

 

ɉɪɢɜɟɞɟɦ ɜ ɷɬɨɦ ɪаɡɞɟɥɟ ɬɢɩɢɱɧыɟ 
ɝɪаɮɢɤɢ ɞɥɹ ɧɟɩɪɟɪыɜɧыɯ ɮɭɧɤɰɢɢ, ɤɨɬɨɪыɟ ɩɪɢ 
ɛɭɥɟɜыɯ ɡɧаɱɟɧɢɹɯ ɩɟɪɟɦɟɧɧыɯ ɢɦɟɟɬ ɧɟɝаɬɢɜɧыɟ 
ɪɟɮɥɟɤɫɢɜɧыɟ ɡɧаɱɟɧɢɹ ɞɥɹ ɷɥɟɦɟɧɬа ɧа ɪɢɫ.23. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨɡɦɨɠɧы 
ɢɧыɟ ɜаɪɢаɧɬы ɧɟɩɪɟɪыɜɧыɯ ɮɭɧɤɰɢɢ, ɤɨɬɨɪыɟ 
ɩɪɢ ɛɭɥɟɜыɯ ɡɧаɱɟɧɢɹɯ ɩɟɪɟɦɟɧɧыɯ ɢɦɟɟɬ 
ɧɟɝаɬɢɜɧыɟ ɪɟɮɥɟɤɫɢɜɧыɟ ɡɧаɱɟɧɢɹ. 

   

 

 
 

Ɋɢɫɭɧɨɤ 23.  –ɇɟɝаɬɢɜɧыɣ ɪɟɮɥɟɤɫɢɜɧыɣ  
ɷɥɟɦɟɧɬа. 

 

 

 
 

Ɋɢɫɭɧɨɤ 24. – Ƚɪаɮɢɤ P1(x1,x3)= 1 - x1 - x3 + 

x1*x3. 

 

 

 
 

Ɋɢɫɭɧɨɤ 25. – Ƚɪаɮɢɤ P2(x1,x3)= 2 - x1 - (1 - x1) (1 

- x3) - x3. 

 

 

 Ɋɢɫɭɧɨɤ 26. – Ƚɪаɮɢɤ P3(x1,x3)= x1 (1 - x3).  

 
Ɋɢɫɭɧɨɤ 27. – Ƚɪаɮɢɤ P3(б1,б3)= 1 + x1 - x1 (1 - 

x3) - x3. 

 

Ɉɫɰɢɥɥɹɰɢɢ ɜ ɛɚɡɨɜɵɯ 
ɧɟɝɚɬɢɜɧɵɯ ɪɟɮɥɟɤɫɢɜɧɵɯ ɛɭɥɟɜɵɯ 
ɷɥɟɦɟɧɬɚɯ 

 

Оɫɧɨɜɧыɦ ɫɜɨɣɫɬɜɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ 
ɧɟɣɪɨɧа ɹɜɥɹɟɬɫɹ ɝɟɧɟɪаɰɢɹ ɢɦɩɭɥɶɫɨɜ ɢ 
ɟɫɬɟɫɬɜɟɧɧɨ ɡаɞаɬɶ ɜɨɩɪɨɫ:  ɜɨɡɦɨɠɧы ɥɢ 
ɨɫɰɢɥɥɹɰɢɢ ɞɥɹ  ɛаɡɨɜɨɝɨ ɪɟɮɥɟɤɫɢɜɧɨɝɨ 
ɛɭɥɟɜɨɝɨ ɷɥɟɦɟɧɬа ɢɡɨɛɪаɠɟɧɧɨɝɨ ɧа ɪɢɫ.23 ?. 

Ɋаɫɫɦаɬɪɢɜаɹ ɨɞɧɨ ɢɡ ɭɫɬɨɣɱɢɜыɯ 
ɫɨɫɬɨɹɧɢɣ ɢ ɭɱɢɬыɜаɹ, ɱɬɨ ɩɨɥɹɪɧыɟ ɜɯɨɞы 
ɧɟɣɬɪаɥɢɡɭюɬ ɞɪɭɝ ɞɪɭɝа, ɦɨɠɟɦ ɡаɩɢɫаɬɶ ɞɥɹ 
ɨɛɪаɬɧɨɣ ɫɜɹɡɢ ɩɨ ɬɪɟɬɶɟɦɭ ɜɯɨɞɭ, ɱɬɨ X(t-)-

X(t)=0. Ɂɞɟɫɶ -ɜɟɥɢɱɢɧа ɡаɞɟɪɠɤɢ, ɤɨɬɨɪɭю ɦы 
ɫɱɢɬаɟɦ ɜ ɧаɲɟɣ ɦɨɞɟɥɢ ɩɨɫɬɨɹɧɧɨɣ. ɂɫɩɨɥɶɡɭɹ 
ɮɨɪɦɭɥɭ Ɍɟɣɥɨɪа ɞɥɹ 3, 4, 5 ɩɨɪɹɞɤа ɦаɥɨɫɬɢ 
ɩɨɥɭɱаɟɦ ɭɪаɜɧɟɧɢɹ (1), (2), (3) ɩɪɢɜɟɞɟɧɧыɟ 
ɧɢɠɟ. −ΔX′[t] + ଵଶ ΔଶX′′[t] − ଵ଺ ΔଷXሺଷሻ[t] = Ͳ                (1) 

 −Δ ∗ X′[t] + ଵଶ ΔଶX′′[t] − ଵ଺ ΔଷXሺଷሻ[t] + ଵଶସ ΔସXሺସሻ[v] =Ͳ                                                  (2)                             

 −ΔX′[t] + ଵଶ ΔଶX′′[t] − ଵ଺ ΔଷXሺଷሻ[t] + ଵଶସ ΔସXሺସሻ[t] −ଵଵଶ଴ ΔହXሺହሻ[t] = Ͳ                         (3) 
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Оɛɳɢɟ ɪɟɲɟɧɢɹ ɫ ɬɨɱɧɨɫɬɶю 5 ɡɧаɤɨɜ  ɞɥɹ 
ɷɬɢɯ ɭɪаɜɧɟɧɢɣ ɢɦɟюɬ ɜɢɞ:  
Ⱥ)  ɞɥɹ (1) ܺ[ݐ] = ͵ܥ + Ͳ.Ͳ͸ͶͷͶ∗ ݁ଵ.ହ௧� �  ቆሺ−ͷܥͳ + ͵.ͺ͹ʹͻͺ∗ ሻCosʹܥ [ͳ.ͻ͵͸Ͷͻݐ� ]+ ሺ͵.ͺ͹ʹͻͺܥͳ+ ͷܥʹሻSin [ͳ.ͻ͵͸Ͷͻͳݐ� ]ቇ ; 
Ȼ)  ɞɥɹ (2) ܺ[ݐ] = Ͳ.͵ͷͻͲʹ ∗ ݁ଶ.଻଼ହଶଽଶ௧� +ͳܥ� ሺͲ.Ͳ͹ͲͶͺͷ + Ͳ.͵͵͵ʹͻⅈሻ݁ሺ଴.଺଴଻ଷହ −ଶ.଼଻ଵ଼ଽⅈሻ௧� +ʹܥ� ሺͲ.Ͳ͹ͲͶͺͷ − Ͳ.͵͵͵ʹͻⅈሻ݁ሺ଴.଺଴଻ଷହ +ଶ.଼଻ଵ଼ଽⅈሻ௧� +͵ܥ�  ;Ͷܥ
 

В )ɞɥɹ (3) ܺ[ݐ]= ሺ−Ͳ.Ͳͳͷͷ͵ + Ͳ.ʹͺͻͺ͵ⅈሻ݁−ሺ଴.ଵ଼ସଷହ଼ +ଷ.ସସ଴ଷ଻ⅈሻ௧� −ͳܥ� ሺͲ.Ͳͳͷͷ͵  + Ͳ.ʹͺͻͺ͵ⅈሻ݁−ሺ଴.ଵ଼ସଷହ଼ −ଷ.ସସ଴ଷ଻ⅈሻ௧� +ʹܥ� ሺͲ.ʹ͸ͷͷ͵  + Ͳ.ͳ͸ͺͷͷⅈሻ݁ሺଶ.଺଼ସଷହ଼ −ଵ.଻଴ଷଽଽⅈሻ௧� +͵ܥ� ሺͲ.ʹ͸ͷͷ͵  − Ͳ.ͳ͸ͺͷͷⅈሻ݁ሺଶ.଺଼ସଷହ଼ +ଵ.଻଴ଷଽଽⅈሻ௧� +Ͷܥ�  .ͷܥ
 

 

Вɢɞ ɪɟɲɟɧɢɹ ɡаɜɢɫɢɬ ɨɬ ɧаɱаɥɶɧыɯ 
ɞаɧɧыɯ. Ɍаɤ ɩɪɢ =-1, X[0] == 0, X'[0] == 7, X''[0] 

== -7  (ɞɥɹ 2 ɢ 3 ɭɪаɜɧɟɧɢɣ ɢɦɟɟɦ ɧɭɥɟɜыɟ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ ɩɪɨɢɡɜɨɞɧыɟ)  ɫɥɟɞɭюɳɢɟ 
ɪɟɲɟɧɢɹ ɪɢɫ.28-30 : 

 

 

 
Ɋɢɫɭɧɨɤ 28. – Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢɹ (1). 
 

 

 

 
Ɋɢɫɭɧɨɤ 29. – Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢɹ (2). 
 

 

 

Ɋɢɫɭɧɨɤ 30. – Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢɹ (3). 
 

 

ɉɪɢɦɟɧɟɧɢɟ ɪɟɮɥɟɤɫɢɜɧɵɯ 
ɛɭɥɟɜɵɯ ɪɚɫɫɭɠɞɟɧɢɣ  

 

Ɋаɫɫɦɨɬɪɢɦ ɨɛɳɢɣ ɯɨɞ ɪɟɮɥɟɤɫɢɜɧыɯ 
ɪаɫɫɭɠɞɟɧɢɣ Ɏɪɟɝɟ ɫ ɢɯ ɞɨɫɬаɬɨɱɧɨ ɡɧаɱɢɦыɦ 
ɜыɜɨɞɨɦ ɜ Д6Ж. 

Ƚ.Ɏɪɟɝɟ ɩɨɤаɡыɜаɟɬ ɧа ɨɫɧɨɜɟ ɫɪаɜɧɟɧɢɹ 
ɛɢɧаɪɧыɯ ɩɪɢɡɧаɤɨɜ ɫɜɨɣɫɬɜ ɫɭɳɧɨɫɬɟɣ аɧаɥɢɡа ,  
ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɬɪɟɬɶɹ ɨɛɥаɫɬɶ ɩɨɦɢɦɨ ɨɛɥаɫɬɢ 
ɩɪɟɞɫɬаɜɥɟɧɢɣ ɱɟɥɨɜɟɤа ɢ ɨɛɥаɫɬɢ ɨɛɴɟɤɬɨɜ 
ɜɧɟɲɧɟɝɨ ɦɢɪа.  

ɋɨɝɥаɫɧɨ ɥɨɝɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜаɧɢɹɦ 
Ɏɪɟɝɟ, ɦыɫɥɶ ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɴɟɤɬɨɦ ɜɧɟɲɧɟɝɨ 
ɦɢɪа,а ɬаɤɠɟ ɧɟ ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦ 
ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɱɟɥɨɜɟɤа, ɬ. ɟ. ɫɭɳɟɫɬɜɭɟɬ ɦɢɪ 
ɦыɫɥɟɣ, ɨɬɞɟɥɶɧɨ ɨɬ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɦɢɪа. Ɍаɤ 
ɩɪɟɞɫɬаɜɥɟɧɢɹ ɧɟ ɦɨɝɭɬ ɛыɬɶ ɜɨɫɩɪɢɧɹɬы 
ɫɟɧɫɨɪɧыɦɢ ɫɢɫɬɟɦаɦɢ (ɫɥɭɯ, ɡɪɟɧɢɟ…) 
ɩɪɟɞɫɬаɜɥɟɧɢɹɦɢ ɨɛɥаɞаюɬ , ɬ.ɟ. ɩɪɟɞɫɬаɜɥɟɧɢɹ 
ɬɪɟɛɭюɬ ɫɭɳɟɫɬɜɨɜаɧɢɟ ɧɨɫɢɬɟɥɹ ɢ ɢɦɟюɬ ɬɨɥɶɤɨ 
ɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ.Оɧɢ  ɪаɡɞɟɥɹюɬ ɜɧɭɬɪɟɧɧɢɣ ɢ 
ɜɧɟɲɧɢɣ ɦɢɪ ɞɥɹ ɱɟɥɨɜɟɤа. 

Ɇыɫɥɶ ɧɟ ɹɜɥɹɟɬɫɹ ɧɢ ɜɧɭɬɪɟɧɧɢɦ 

ɩɪɟɞɫɬаɜɥɟɧɢɟɦ, ɧɢ ɨɛɴɟɤɬɨɦ ɜɧɟɲɧɟɝɨ ɦɢɪа. 

ɋɭɳɟɫɬɜɭɟɬ 3-ɹ ɨɛɥаɫɬɶ, ɷɥɟɦɟɧɬы 
ɤɨɬɨɪɨɣ ɦыɫɥɢ –  ɫɨɜɩаɞаюɬ ɫ ɩɪɟɞɫɬаɜɥɟɧɢɹɦɢ, 
ɜ ɬɨɦ ɨɬɧɨɲɟɧɢɢ, ɱɬɨ ɨɧɢ ɧɟ ɦɨɝɭɬ ɛыɬɶ 
ɜɨɫɩɪɢɧɹɬы ɫɟɧɫɨɪɧыɦɢ ɩɨɞɫɢɫɬɟɦаɦɢ, 
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ɱɭɜɫɬɜаɦɢ. 
ɋ ɨɛɴɟɤɬаɦɢ ɜɧɟɲɧɟɝɨ ɦɢɪа ɦыɫɥɢ 

ɫɨɜɩаɞаюɬ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɧɟ ɩɪɟɞɩɨɥаɝаюɬ 
ɧɨɫɢɬɟɥɹ (ɧɟ ɡаɜɢɫɹɬ ɨɬ ɫɭɛɴɟɤɬа). 

ɉɪɢɦɟɪ – ɦыɫɥɶ, ɜыɪаɠɟɧɧаɹ ɜ ɬɟɨɪɟɦɟ 
ɉɢɮаɝɨɪа, ɹɜɥɹɟɬɫɹ ɢɫɬɢɧɧɨɣ ɛɟɡɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨ 
ɜɪɟɦɟɧɢ. 

Ⱥɧаɥɨɝɢɱɧыɣ ɩɨɞɯɨɞ  ɦы ɜɢɞɢɦ ɩɪɢ 
аɧаɥɢɡɟ ɢɡɜɟɫɬɧыɯ  ɹɡыɤɨɜыɯ ɜыɫɤаɡыɜаɧɢɣ ɜ Д8-

10].  В [11] ɪаɫɫɦаɬɪɢɜаɟɬɫɹ ɜɥɢɹɧɢɟ 
ɪɟɮɥɟɤɫɢɜɧыɯ ɩɪɨɰɟɫɫɨɜ ɜ ɷɜɨɥюɰɢɢ ɫɨɰɢаɥɶɧыɯ 
ɨɬɧɨɲɟɧɢɣ ɢ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ.  

 

 

 

 

Ɂɚɤɥɸɱɟɧɢɟ 

  

В ɪаɛɨɬɟ ɞаɧы ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɝаɬɢɜɧыɯ 
ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ. Оɧɢ 
ɪаɫɫɦаɬɪɢɜаюɬɫɹ,  ɤаɤ ɛаɡɨɜыɟ ɩɪɢɦɢɬɢɜы 
ɫаɦɨɫɨɡɧаɧɢɹ. 

В ɪаɛɨɬɟ ɨɩɪɟɞɟɥɟɧы ɤɥаɫɫы ɧɟɝаɬɢɜɧыɯ 
ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ ɮɭɧɤɰɢɣ ɢ  ɜыɩɨɥɧɟɧа ɢɯ 
ɤɥаɫɫɢɮɢɤаɰɢɹ. ɉɪɢɜɟɞɟɧы ɜɫɟ ɧɟɝаɬɢɜɧыɟ 
ɪɟɮɥɟɤɫɢɜɧыɟ ɛɭɥɟɜы ɮɭɧɤɰɢɢ ɨɬ ɞɜɭɯ ɢ ɬɪɟɯ 
ɩɟɪɟɦɟɧɧыɯ  Ɍаɤɠɟ ɜыɱɢɫɥɟɧы ɜɫɟ ɧɟɝаɬɢɜɧыɟ 
ɪɟɮɥɟɤɫɢɜɧыɟ ɛɭɥɟɜы ɮɭɧɤɰɢɢ ɨɬ ɱɟɬыɪɟɯ 
ɩɟɪɟɦɟɧɧыɯ. 

 ɇɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɩɪɢɫɭɬɫɬɜɢɟ 
ɨɛɪаɬɧыɯ ɫɜɹɡɟɣ  ɜ ɧаɲɟɦ ɩɪɢɦɢɬɢɜɟ (ɤаɤ  
ɞɟɧɞɪɢɬɧыɟ ɷɥɟɦɟɧɬы ɂɅɂ, БOR) ɪаɡɪɟɲаɟɬ 
ɩɪɨɯɨɞ ɫɥаɛɨɝɨ ɫɢɝɧаɥа ɜ ɨɛɪаɬɧɨɦ ɧаɩɪаɜɥɟɧɢɢ. 

ɉɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɰɢɥɥɢɪɨɜаɧɢɹ 
ɞɥɹ  ɛаɡɨɜɨɝɨ ɪɟɮɥɟɤɫɢɜɧɨɝɨ ɛɭɥɟɜɨɝɨ ɷɥɟɦɟɧɬа.  

ɋɢɫɬɟɦа ɩɨɫɬɪɨɟɧɧаɹ ɢɡ ɢɫɫɥɟɞɭɟɦыɯ 
ɧɟɝаɬɢɜɧыɯ ɪɟɮɥɟɤɫɢɜɧыɯ ɛɭɥɟɜыɯ ɷɥɟɦɟɧɬɨɜ 
ɫаɦа ɹɜɥɹɟɬɫɹ ɪɟɮɥɟɤɫɢɜɧɨɣ. ɬ.ɟ. ɹɜɥɹɟɬɫɹ 
ɫаɦɨɩɨɞɨɛɧɨɣ ɢ ɫɥɟɞɨɜаɥɶɧɨ, ɨɛɥаɞаɟɬ 
ɮɪаɤɬаɥɶɧыɦɢ ɫɜɨɣɫɬɜаɦɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɧɨɜɧаɹ ɱаɫɬɶ 
ɢɡɥɨɠɟɧɧыɯ ɪɟɡɭɥɶɬаɬɨɜ ɩɨɥɭɱɟɧа ɧа ɤɨɦɩɶюɬɟɪɟ 
ɢ ɨɬɧɨɫɢɬɫɹ, ɩɨ ɨɛɪаɡɧɨɦɭ ɜыɪаɠɟɧɢю 
ɋ.Вɨɥɶɮɪаɦа, ɤ «ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɣ 
ɦаɬɟɦаɬɢɤɟ». ȿɫɥɢ ɨɫɧɨɜɧɨɣ ɪаɛɨɬɨɣ ɦаɬɟɦаɬɢɤа 
ɢɥɢ ɫɭɳɧɨɫɬɶю ɦаɬɟɦаɬɢɤɢ ɫɱɢɬаɬɶ 
ɮɨɪɦɭɥɢɪɨɜɤɭ ɢ ɞɨɤаɡаɬɟɥɶɫɬɜɨ ɬɟɨɪɟɦ, ɬɨ ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɷɬɨɣ  ɞɟɹɬɟɥɶɧɨɫɬɢ ɜыɪаɠɟɧɢɟ 
«ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧаɹ ɦаɬɟɦаɬɢɤа» ɜыɝɥɹɞɢɬ ɩɨ 
ɤɪаɣɧɟɣ ɦɟɪɟ ɫɬɪаɧɧыɦ.  

ɇɨ аɪɝɭɦɟɧɬы ɏɟɪɲа ɨ ɝɭɦаɧɢɫɬɢɱɟɫɤɨɣ 
ɮɢɥɨɫɨɮɢɢ ɦаɬɟɦаɬɢɤɢ  ɫɬаɧɨɜɹɬɫɹ ɟɳɟ ɛɨɥɟɟ 
ɭɛɟɞɢɬɟɥɶɧыɦɢ ɜ  ɫɨɜɪɟɦɟɧɧɨɦ ɨɤɪɭɠɟɧɢɢ Д12Ж. 

1. Ɇаɬɟɦаɬɢɤа - ɷɬɨ ɱɟɥɨɜɟɤ. Оɧа ɹɜɥɹɟɬɫɹ 
ɱаɫɬɶю ɤɭɥɶɬɭɪы ɱɟɥɨɜɟɱɟɫɬɜа. ɗɬɨ ɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɰɟɩɰɢɢ Ɏɪɟɝɟ аɛɫɬɪаɤɬɧɨɣ, 

ɜɧɟɜɪɟɦɟɧɧɨɣ(ɢɥɢ ɛɟɡɜɪɟɦɟɧɧɨɣ), ɨɛɴɟɤɬɢɜɧɨɣ 
ɪɟаɥɶɧɨɫɬɢ. 

2. Ɇаɬɟɦаɬɢɱɟɫɤɨɟ ɡɧаɧɢɟ ɨɲɢɛɨɱɧɨ. Каɤ ɜ 
ɧаɭɤɟ, ɦаɬɟɦаɬɢɤа ɦɨɠɟɬ ɩɪɨɞɜɢɝаɬɶɫɹ, ɞɟɥаɹ 
ɨɲɢɛɤɢ, а ɡаɬɟɦ ɢɫɩɪаɜɥɹɹ ɢɥɢ ɞаɠɟ ɤɨɪɪɟɤɬɢɪɭɹ 
ɢɯ. ɗɬɢ ɫɜɨɣɫɬɜа ɦаɬɟɦаɬɢɤɢ ɛɥɟɫɬɹɳɟ 
ɞɨɤаɡыɜаɟɬɫɹ ɜ «Ⱦɨɤаɡаɬɟɥɶɫɬɜаɯ ɢ 
ɨɩɪɨɜɟɪɠɟɧɢɹɯ» Ʌаɤаɬɨɫа. 

3. ɋɭɳɟɫɬɜɭюɬ ɪаɡɧыɟ ɧɨɪɦы ɫɬɪɨɝɨɫɬɢ 
ɞɨɤаɡаɬɟɥɶɫɬɜ. ɇɨɪɦы ɫɬɪɨɝɨɫɬɢ ɦɨɝɭɬ 
ɜаɪɶɢɪɨɜаɬɶɫɹ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ, ɦɟɫɬа ɢ 
ɞɪɭɝɢɯ ɮаɤɬɨɪɨɜ. ɂɫɩɨɥɶɡɨɜаɧɢɟ ɤɨɦɩɶюɬɟɪɧыɯ 
ɞɨɤаɡаɬɟɥɶɫɬɜ, ɩɪɢɦɟɪɨɦ ɤɨɬɨɪыɯ ɫɥɭɠɢɬ 
ɤɨɦɩɶюɬɟɪɧɨɟ ɞɨɤаɡаɬɟɥɶɫɬɜɨ ɱɟɬыɪɟɯɰɜɟɬɧɨɣ 
ɬɟɨɪɟɦы ɨ 4 ɤɪаɫɤаɯ, ɹɜɥɹɟɬɫɹ ɥɢɲɶ ɨɞɧɢɦ ɢɡ 
ɩɪɢɦɟɪɨɜ ɩɨɹɜɥɟɧɢɹ ɧɟɬɪаɞɢɰɢɨɧɧɨɝɨ ɫɬаɧɞаɪɬа 
ɫɬɪɨɝɨɫɬɢ. 

4. ɗɦɩɢɪɢɱɟɫɤɢɟ ɞаɧɧыɟ, ɱɢɫɥɟɧɧыɟ 
ɷɤɫɩɟɪɢɦɟɧɬы ɢ ɜɟɪɨɹɬɧɨɫɬɧыɟ ɞɨɤаɡаɬɟɥɶɫɬɜа 
ɦɨɝɭɬ ɩɨɦɨɱɶ ɧаɦ ɪɟɲɢɬɶ, ɱɟɦɭ ɜɟɪɢɬɶ ɜ 
ɦаɬɟɦаɬɢɤɟ. Ⱥɪɢɫɬɨɬɟɥɟɜɫɤаɹ ɥɨɝɢɤа ɧɟ 
ɨɛɹɡаɬɟɥɶɧɨ ɜɫɟɝɞа ɹɜɥɹɟɬɫɹ ɥɭɱɲɢɦ ɫɩɨɫɨɛɨɦ 
ɪɟɲɟɧɢɹ. 

5. Ɇаɬɟɦаɬɢɱɟɫɤɢɟ ɨɛɴɟɤɬы ɹɜɥɹюɬɫɹ 
ɨɫɨɛыɦ ɪаɡɧɨɨɛɪаɡɢɟɦ ɫɨɰɢаɥɶɧɨ-ɤɭɥɶɬɭɪɧɨ-

ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬа. Вɨɩɪɟɤɢ ɭɬɜɟɪɠɞɟɧɢɹɦ 
ɧɟɤɨɬɨɪыɯ ɩɨɫɬɦɨɞɟɪɧɢɫɬɫɤɢɯ ɯɭɥɢɬɟɥɟɣ 
ɦаɬɟɦаɬɢɤа ɧɟ ɦɨɠɟɬ ɛыɬɶ ɨɬɛɪɨɲɟɧа ɤаɤ ɩɪɨɫɬɨ 
ɧɨɜаɹ ɮɨɪɦа ɥɢɬɟɪаɬɭɪы ɢɥɢ ɪɟɥɢɝɢɢ (ɨɞɧаɤɨ 
ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɞɨɛɧыɟ ɦыɫɥɢ 
ɜыɫɤаɡыɜаɥ ɢ Ⱦɠ. ɮɨɧ ɇɟɣɦаɧ).  

Ɇɧɨɝɢɟ ɦаɬɟɦаɬɢɱɟɫɤɢɟ ɨɛɴɟɤɬы ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬɶ ɤаɤ ɨɛɳɢɟ ɢɞɟɢ, ɬаɤɢɟ ɤаɤ «Ɇɨɛɢ 
Ⱦɢɤ» ɜ ɥɢɬɟɪаɬɭɪɟ ɢɥɢ «ɇɟɩɨɪɨɱɧɨɟ ɡаɱаɬɢɟ ɜ 
ɪɟɥɢɝɢɢ». 

В ɥюɛɨɦ ɫɥɭɱаɟ ɦаɬɟɦаɬɢɤа ɹɜɥɹɟɬɫɹ ɢ 
ɨɫɬаɧɟɬɫɹ ɭɧɢɤаɥɶɧыɦ ɱɟɥɨɜɟɱɟɫɤɢɦ ɧаɱɢɧаɧɢɟɦ.  

ɋɨɰɢаɥɶɧыɣ ɤɨɧɫɬɪɭɤɬɢɜɢɫɬɫɤɢɣ ɬɟɡɢɫ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɦаɬɟɦаɬɢɤа - ɷɬɨ ɫɨɰɢаɥɶɧɨɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɤɭɥɶɬɭɪɧыɣ ɩɪɨɞɭɤɬ, ɨɲɢɛɨɱɧыɣ, 
ɤаɤ ɥюɛаɹ ɞɪɭɝаɹ ɨɬɪаɫɥɶ ɡɧаɧɢɣ. 

В ɞаɧɧɨɣ ɪаɛɨɬɟ ɤɨɦɩɶюɬɟɪ ɢɝɪаɥ 
ɰɟɧɬɪаɥɶɧɭю ɪɨɥɶ,  ɩɨɦɨɝ ɨɩɪɟɞɟɥɢɬɶ ɧɟɤɨɬɨɪыɟ 
ɨɛɴɟɤɬы ɢ ɛɨɥɟɟ ɹɫɧɨ ɢ ɤɨɧɤɪɟɬɧɨ ɡаɞаɬɶ 
ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɧɢɦ ɜɨɩɪɨɫы.  
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Ⱥɧдрɸɯɢɧ O.І Сɜɿдɨɦɿɫɬɶ, ɡɜɨрɨɬɧɢɣ ɡɜ'ɹɡɨɤ ɿ ɧɟɝɚɬɢɜɧɿ рɟɮɥɟɤɫɢɜɧɿ ɛɭɥɟɜɿ ɮɭɧɤɰɿʀ. ɐя ɪɨɛɨɬɚ 
ɜɿɞɧɨɫɢɬɶɫя ɞɨ фɭɧɞɚɦеɧɬɚɥɶɧɨʀ ɩɪɨɛɥеɦɢ ɜɢɡɧɚчеɧɧя ɝɿɩɨɬеɬɢчɧɢɯ ɛɚɡɨɜɢɯ ɩɪɢɦɿɬɢɜɿɜ ɫɚɦɨɫɜɿɞɨɦɨɫɬɿ. 
Ʌɸɞɫɶɤɢɣ ɦɨɡɨɤ ɝɪɭɧɬɭɸчɢɫɶ ɧɚ ʀɯ ɜɥɚɫɬɢɜɨɫɬɿ, ɡɞɚɬɧɢɣ ɫɚɦɨɨɪɝɚɧɿɡɨɜɭɜɚɬɢɫя ɿ ɚɞɚɩɬɭɜɚɬɢɫя ɜ ɡɨɜɧɿɲɧɶɨɦɭ 
ɫеɪеɞɨɜɢɳɿ. ɉɪеɞɫɬɚɜɥеɧɿ ɨɫɧɨɜɧɿ ɧɚɩɪяɦɤɢ ɩɪɨɝɪɚɦɢ «BrКТЧ», ɨɫɧɨɜɧɿ ɤɨɧɰеɩɬɢ ɧеɣɪɨɫɢɫɬеɦ. ȼ ɪɨɛɨɬɿ 
ɜɢɡɧɚчеɧɿ ɤɥɚɫɢ ɧеɝɚɬɢɜɧɢɯ ɪефɥеɤɫɢɜɧɢɯ ɛɭɥеɜɢɯ фɭɧɤɰɿɣ. ȼɢɤɨɧɚɧɚ ʀɯ ɤɥɚɫɢфɿɤɚɰɿя. ȼɫɿ ɧеɝɚɬɢɜɧɿ ɪефɥеɤɫɢɜɧɿ 
ɛɭɥеɜɿ фɭɧɤɰɿʀ ɜɿɞ ɞɜɨɯ ɿ ɬɪɶɨɯ ɡɦɿɧɧɢɯ ɧɚɜеɞеɧɿ. Ɍɚɤɨɠ ɜɫɿ ɪефɥеɤɫɢɜɧɿ ɛɭɥеɜɿ фɭɧɤɰɿʀ ɜɿɞ чɨɬɢɪɶɨɯ ɡɦɿɧɧɢɯ 
ɜɢɡɧɚчеɧɿ. ɉɨɤɚɡɚɧɚ ɦɨɠɥɢɜɿɫɬɶ ɨɫɰɢɥяɰɿʀ ɫɢɝɧɚɥɿɜ ɜ ɛɚɡɨɜɢɯ еɥеɦеɧɬɚɯ, яɤɿ ɪеɚɥɿɡɭɸɬɶ ɧеɝɚɬɢɜɧɿ ɪефɥеɤɫɢɜɧɿ 
фɭɧɤɰɿʀ. Реɡɭɥɶɬɚɬɢ ɤɨɦɩ'ɸɬеɪɧɢɯ еɤɫɩеɪɢɦеɧɬɿɜ ɧɚɜеɞеɧɿ. ɉɪɨɝɪɚɦɧɚ ɫɢɫɬеɦɚ ȼɨɥɶфɪɚɦ Ɇɚɬеɦɚɬɢɤɚ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫя ɜ ɪɨɡɪɚɯɭɧɤɚɯ. 
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