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INFORMATICA CUANTICĂ 

Кɜɚɧɬɨɜɚɹ ɢɧɮɨɪɦɚɬɢɤɚ — ɪɚɡɞɟɥ ɧɚɭɤɢ, ɜɨɡɧɢɤɲɢɣ ɜ ɧɚɱɚɥɟ XXI ɜɟɤɚ ɧɚ
ɫɬɵɤɟ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ, ɬɟɨɪɢɢ ɚɥɝɨɪɢɬɦɨɜ ɢ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ.

ȼ ɤɜɚɧɬɨɜɨɣ ɢɧɮɨɪɦɚɬɢɤɟ ɢɡɭɱɚɸɬɫɹ ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ ɢ ɡɚɤɨɧɵ, ɭɩɪɚɜɥɹɸɳɢɟ
ɞɢɧɚɦɢɤɨɣ ɫɥɨɠɧɵɯ ɤɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ. Ɇɨɞɟɥɶɸ ɬɚɤɢɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɤɜɚɧɬɨɜɵɣ
ɤɨɦɩɶɸɬɟɪ.

Ʉɜɚɧɬɨɜɚɹ ɢɧɮɨɪɦɚɬɢɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɨɩɪɨɫɵ ɤɜɚɧɬɨɜɵɯ ɜɵɱɢɫɥɟɧɢɣ
ɢ ɤɜɚɧɬɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɮɢɡɢɤɭ ɤɜɚɧɬɨɜɵɯ ɤɨɦɩɶɸɬɟɪɨɜ, ɤɜɚɧɬɨɜɨɣ
ɤɪɢɩɬɨɝɪɚɮɢɢ ɢ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɚɫɚɟɬɫɹ
ɨɫɧɨɜɚɧɢɣ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɨɛɥɟɦɵ ɢɡɦɟɪɟɧɢɣ ɢ
ɨɩɢɫɚɧɢɹ ɞɟɤɨɝɟɪɟɧɬɧɨɫɬɢ. ȼɚɠɧɟɣɲɢɦ ɮɢɡɢɱɟɫɤɢɦ ɹɜɥɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɢɡɭɱɚɟɬɫɹ
ɜ ɤɜɚɧɬɨɜɨɣ ɢɧɮɨɪɦɚɬɢɤɟ, ɹɜɥɹɸɬɫɹ ɡɚɩɭɬɚɧɧɵɟ ɤɜɚɧɬɨɜɵɟ ɫɨɫɬɨɹɧɢɹ ɢ
ɩɨɪɨɠɞɚɟɦɵɟ ɢɦɢ ɧɟɥɨɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɤɜɚɧɬɨɜɨɣ ɮɢɡɢɤɢ ɦɧɨɝɢɯ ɬɟɥ.

Ʉɜɚɧɬɨɜɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɤɭɛɢɬɚɯ (quantum bit). Ʉɭɛɢɬɵ ɦɨɝɭɬ
ɧɚɯɨɞɢɬɶɫɹ ɜ ɫɨɫɬɨɹɧɢɢ, ɹɜɥɹɸɳɟɦɫɹ ɫɭɩɟɪɩɨɡɢɰɢɟɣ 0 ɢ 1. ɇɟɫɤɨɥɶɤɨ ɤɭɛɢɬɨɜ
ɦɨɝɭɬ ɛɵɬɶ ɜ ɡɚɩɭɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (entangled).

https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BA%D0%BE%D0%B3%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B7%D0%B0%D0%BF%D1%83%D1%82%D0%B0%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B7%D0%B0%D0%BF%D1%83%D1%82%D0%B0%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C


TОЦК 1. ȼɜɟɞɟɧɢɟ. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɜɚɧɬɨɜɨɣ ɢɧɮɨɪɦɚɬɢɤɢ. ɋɜɹɡɶ ɫ 
ɞɪɭɝɢɦɢ ɧɚɭɤɚɦɢ. Ʉɨɦɩɶɸɬɟɪɵ ɫ ɧɟ-ɮɨɧ ɇɟɣɦɚɧɨɜɫɤɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ. 
Ʉɥɚɫɫɢɱɟɫɤɢɟ ɢ ɤɜɚɧɬɨɜɵɟ ɩɪɢɛɨɪɵ. Ⱥɥɝɨɪɢɬɦɵ: ɤɥɚɫɫɵ ɢɯ ɫɥɨɠɧɨɫɬɢ. 
ɉɚɪɚɞɨɤɫɵ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ - «Ʉɨɬ Шɪɟɞɢɧɝɟɪɚ».

ȼɚɠɧɟɣɲɢɟ ɪɚɡɞɟɥɵ ɤɜɚɧɬɨɜɨɣ ɢɧɮɨɪɦɚɬɢɤɢ:
ɤɜɚɧɬɨɜɚɹ ɤɪɢɩɬɨɝɪɚɮɢɹ — ɷɬɨɬ ɪɚɡɞɟɥ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ
ɫɟɤɪɟɬɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ;

ɬɟɯɧɨɥɨɝɢɢ ɡɚɩɭɬɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ —ɩɨɥɭɱɟɧɢɟ, ɜɟɪɢɮɢɤɚɰɢɹ ɢ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ
ɡɚɩɭɬɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɞɨ ɞɟɫɹɬɤɚ ɱɚɫɬɢɰ (ɮɨɬɨɧɵ, ɡɚɪɹɞɨɜɵɟ ɫɨɫɬɨɹɧɢɹ
ɷɥɟɤɬɪɨɧɨɜ ɢ ɤɭɩɟɪɨɜɫɤɢɯ ɩɚɪ, ɫɩɢɧɵ ɷɥɟɤɬɪɨɧɨɜ ɢ ɹɞɟɪ), ɟɫɬɶ ɨɬɞɟɥɶɧɵɟ
ɩɪɢɥɨɠɟɧɢɹ ɜ ɪɚɛɨɬɚɸɳɢɯ ɩɪɢɛɨɪɚɯ. Ɋɚɛɨɬɚɸɳɢɟ ɩɪɨɨɛɪɚɡɵ ɤɜɚɧɬɨɜɨɝɨ
ɤɨɦɩɶɸɬɟɪɚ (ɦɚɥɨɤɭɛɢɬɧɵɟ — ɞɨ 10 ɤɭɛɢɬɨɜ — ɤɜɚɧɬɨɜɵɟ ɩɪɨɰɟɫɫɨɪɵ ɢ
ɦɧɨɝɨɤɭɛɢɬɧɵɟ – ɛɨɥɟɟ 100 ɤɭɛɢɬɨɜ).

ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɦɧɨɝɢɯ ɱɚɫɬɢɰ — ɧɨɜɵɣ ɢ ɧɚɢɦɟɧɟɟ
ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɪɚɡɞɟɥ, ɨɧ ɜɤɥɸɱɚɟɬ ɝɢɩɨɬɟɬɢɱɟɫɤɢɣ ɫɢɦɭɥɹɬɨɪ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ
ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɧɚ ɤɜɚɧɬɨɜɨɦ ɭɪɨɜɧɟ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɦɨɞɟɥɶ ɤɜɚɧɬɨɜɨɝɨ
ɩɪɨɰɟɫɫɨɪɚ ɫ ɞɟɤɨɝɟɪɟɧɬɧɨɫɬɶɸ; ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɟɞёɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɤɥɚɫɫɢɱɟɫɤɢɯ ɫɢɦɭɥɹɬɨɪɨɜ ɤɜɚɧɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɫ ɛɨɥɶɲɢɦ
ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟɦ, ɪɟɲɟɧɢɟɦ ɤɜɚɧɬɨɜɨɣ ɩɪɨɛɥɟɦɵ ɬɪɟɯ ɬɟɥ.

https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B7%D0%B0%D0%BF%D1%83%D1%82%D0%B0%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D0%BE%D0%BC%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5


ɋȼəɁɖ ɄȼȺɇɌɈȼɈɃ ɂɇɎɈɊɆȺɌɂɄɂ  ɋ ȾɊɍȽɂɆɂ 
ȾɂɋɐɂɉɅɂɇȺɆɂ

ɌȿɈɊɂə ɂɇɎɈɊɆȺɐɂɂ
— ɪɚɡɞɟɥ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ,
ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɢɡɦɟɪɟɧɢɸ
ɤɨɥɢɱɟɫɬɜɚ ɢɧɮɨɪɦɚɰɢɢ (Шɟɧɧɨɧ
ɷɧɬɪɨɩɢɢ), ɟё ɫɜɨɣɫɬɜ ɢ
ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɩɪɟɞɟɥɶɧɵɟ
ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɢ
ɞɚɧɧɵɯ.

ɄȼȺɇɌɈȼȺə ɆȿɏȺɇɂɄȺ
— ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɬɟɨɪɢɹ,
ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɟɬ ɩɪɢɪɨɞɭ ɜ ɦɚɫɲɬɚɛɚɯ
ɚɬɨɦɨɜ ɢ ɫɭɛɚɬɨɦɧɵɯ ɱɚɫɬɢɰ. Ɉɧɚ ɥɟɠɢɬ
ɜ ɨɫɧɨɜɟ ɜɫɟɣ ɤɜɚɧɬɨɜɨɣ ɮɢɡɢɤɢ,
ɜɤɥɸɱɚɸɳɟɣ ɤɜɚɧɬɨɜɭɸ ɯɢɦɢɸ,
ɤɜɚɧɬɨɜɭɸ ɬɟɨɪɢɸ ɩɨɥɹ, ɤɜɚɧɬɨɜɭɸ
ɬɟɯɧɨɥɨɝɢɸ ɢ ɤɜɚɧɬɨɜɭɸ ɢɧɮɨɪɦɚɬɢɤɭ.

ɊȺȾɂɈɌȿɏɇɂɄȺ
— ɧɚɭɤɚ, ɢɡɭɱɚɸɳɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ
ɤɨɥɟɛɚɧɢɹ ɢ ɜɨɥɧɵ ɪɚɞɢɨɞɢɚɩɚɡɨɧɚ, ɦɟɬɨɞɵ
ɝɟɧɟɪɚɰɢɢ, ɭɫɢɥɟɧɢɹ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ,
ɢɡɥɭɱɟɧɢɹ ɢ ɩɪɢёɦɚ ɢ ɨɛɪɚɛɨɬɤɭ ɫɢɝɧɚɥɨɜ, ɚ
ɬɚɤɠɟ ɩɪɢɦɟɧɟɧɢɟ ɢɯ ɞɥɹ ɩɟɪɟɞɚɱɢ
ɢɧɮɨɪɦɚɰɢɢ.

ɋȼȿɊɏɉɊɈȼɈȾɂɆɈɋɌɖ
— ɫɜɨɣɫɬɜɨ ɧɟɤɨɬɨɪɵɯ
ɦɚɬɟɪɢɚɥɨɜ ɨɛɥɚɞɚɬɶ ɫɬɪɨɝɨ
ɧɭɥɟɜыɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ
ɢɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɢɠɟ
ɨɩɪɟɞɟɥёɧɧɨɝɨ ɡɧɚɱɟɧɢɹ
(ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ).

ɌȿɈɊɂə ȼȿɊɈəɌɇɈɋɌȿɃ
— ɪɚɡɞɟɥ ɦɚɬɟɦɚɬɢɤɢ, ɢɡɭɱɚɸɳɢɣ ɫɥɭɱɚɣɧɵɟ
ɫɨɛɵɬɢɹ, ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, ɢɯ ɫɜɨɣɫɬɜɚ ɢ
ɨɩɟɪɚɰɢɢ ɧɚɞ ɧɢɦɢ.

ɄȼȺɇɌɈȼɈȺə 
ɂɇɎɈɊɆȺɌɂɄȺ

ɪɚɡɞɟɥ ɧɚɭɤɢ, ɩɨɫɜɹɳɟɧɧɵɣ
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɤɜɚɧɬɨɜɵɯ ɨɛɴɟɤɬɨɜ
ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɩɟɪɟɞɚɱɢ
ɢɧɮɨɪɦɚɰɢɢ. Ɇɨɞɟɥɶɸ ɬɚɤɢɯ
ɨɛɴɟɤɬɨɜ ɹɜɥɹɟɬɫɹ ɤɜɚɧɬɨɜɵɣ
ɤɨɦɩɶɸɬɟɪ.

ɋɌȺɌɂɋɌɂ́ɑȿɋɄȺə Ɏɂ́ɁɂɄȺ
- ɪɚɡɞɟɥ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɢɡɭɱɚɸɳɢɣ
ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ
ɱɚɫɬɢɰ (ɦɨɥɟɤɭɥ, ɚɬɨɦɨɜ, ɷɥɟɤɬɪɨɧɨɜ ɢ ɬ. ɞ.),
ɢɫɯɨɞɹ ɢɡ ɫɜɨɣɫɬɜ ɷɬɢɯ ɱɚɫɬɢɰ ɢ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɧɢɦɢ. ɂɡɭɱɚɟɦɵɟ
ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɤɥɚɫɫɢɱɟɫɤɢɦɢ, ɬɚɤ
ɢ ɤɜɚɧɬɨɜɵɦɢ.

ɄȼȺɇɌɈȼȺə ɈɉɌɂɄȺ
- ɪɚɡɞɟɥ ɨɩɬɢɤɢ, ɡɚɧɢɦɚɸɳɢɣɫɹ ɢɡɭɱɟɧɢɟɦ
ɹɜɥɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɹɜɥɹɸɬɫɹ ɤɜɚɧɬɨɜɵɟ
ɫɜɨɣɫɬɜɚ ɫɜɟɬɚ. Ʉ ɬɚɤɢɦ ɹɜɥɟɧɢɹɦ
ɨɬɧɨɫɹɬɫɹ:ɬɟɩɥɨɜɨɟИɢɡɥɭɱɟɧɢɟ, ɮɨɬɨɷɮɮɟɤɬ, ɷɮ
ɮɟɤɬ Ʉɨɦɩɬɨɧɚ, ɷɮɮɟɤɬ Ɋɚɦɚɧɚ, ɮɨɬɨɯɢɦɢɱɟɫɤɢɟ
ɩɪɨɰɟɫɫɵ, ɜɵɧɭɠɞɟɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɢ,
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɮɢɡɢɤɚ ɥɚɡɟɪɨɜ.

https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D1%8B%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D0%B2%D0%BE%D0%BB%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A3%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D0%B1%D1%8B%D1%82%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%9A%D0%BE%D0%BC%D0%BF%D1%82%D0%BE%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%A0%D0%B0%D0%BC%D0%B0%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D1%85%D0%B8%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D0%BD%D1%83%D0%B6%D0%B4%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%B7%D0%B5%D1%80


AХХ ЦoНОЫn МoЦpuЭОЫЬ, ЬЭКЫЭТnР ПЫoЦ ПТЫЬЭ РОnОЫКЭТon ЭТХХ ЭСО ПouЫЭС РОnОЫКЭТon,

СКЯО ЭСО КЫМСТЭОМЭuЫО pЫopoЬОН Лв JoСn Яon NОuЦКnn :

•

John von Neumann (right) near 30-tons ENIAC

(Electronic Numerical Integrator and Computer), 1946.

He was the pioneer in

building the mathematical

framework of quantum physics,

in the development of functional

analysis, and in game theory,

introducing or codifying concepts

including cellular automata,

the universal constructor and

the digital computer – proposed

and implemented the “Von
Neumann КЫМСТЭОМЭuЫО” of the

digital computer.

He proposed shared the
same memory for code
(program) and data, -means, a
single-processor, stored-
program computer—the
widespread architecture now
known as a von Neumann
machine or von Neumann

architecture.
Base elements of the ENIAC  

- 18000 vacuum tubes :

All modern computers, starting from the first 

generation till the fourth generation have the 

architecture proposed by John von Neumann

(NeumКnn Jпnos LКjos ; December 28, 1903 – February 8, 1957) 

https://cdn.britannica.com/95/170195-050-EFCB2F83/ENIAC-1946.jpg
https://en.wikipedia.org/wiki/Quantum_physics
https://en.wikipedia.org/wiki/Functional_analysis
https://en.wikipedia.org/wiki/Game_theory
https://en.wikipedia.org/wiki/Cellular_automaton
https://en.wikipedia.org/wiki/Von_Neumann_universal_constructor
https://en.wikipedia.org/wiki/Computer
https://www.britannica.com/technology/von-Neumann-machine


Кɥɨɞ Э́ɥɜɭɞ Шɟ́ɧɧɨɧ (30 ɚɩɪɟɥɹ 1916, Ɇɢɱɢɝɚɧ, ɋШȺ — 24 
ɮɟɜɪɚɥɹ 2001, Ɇɚɫɫɚɱɭɫɟɬɫ, ɋШȺ) —
ɚɦɟɪɢɤɚɧɫɤɢɣ ɢɧɠɟɧɟɪ, ɤɪɢɩɬɨɚɧɚɥɢɬɢɤ ɢ ɦɚɬɟɦɚɬɢɤ. 

əɜɥɹɟɬɫɹ ɨɫɧɨɜɚɬɟɥɟɦ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɨɫɬɚɜɢɥ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɨɧɹɬɢɹ, ɢɞɟɢ ɢ ɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɮɨɪɦɭɥɢɪɨɜɤɢ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɮɨɪɦɢɪɭɸɬ ɨɫɧɨɜɭ ɞɥɹ 
ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ȼ 1948 ɝɨɞɭ ɩɪɟɞɥɨɠɢɥ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɨɜɨ «ɛɢɬ» ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɧɚɢɦɟɧɶɲɟɣ ɟɞɢɧɢɰɵ 
ɢɧɮɨɪɦɚɰɢɢ (ɜ ɫɬɚɬɶɟ «Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɫɜɹɡɢ»). Ʉɪɨɦɟ ɬɨɝɨ, 
ɩɨɧɹɬɢɟ ɷɧɬɪɨɩɢɢ ɛɵɥɨ ɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɟɨɪɢɢ Шɟɧɧɨɧɚ. Ɉɧ 
ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ, ɱɬɨ ɜɜɟɞёɧɧɚɹ ɢɦ ɷɧɬɪɨɩɢɹ ɷɤɜɢɜɚɥɟɧɬɧɚ ɦɟɪɟ 
ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɩɟɪɟɞɚɜɚɟɦɨɦ ɫɨɨɛɳɟɧɢɢ. ɋɬɚɬɶɢ 
Шɟɧɧɨɧɚ «Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɫɜɹɡɢ» ɢ «Ɍɟɨɪɢɹ ɫɜɹɡɢ ɜ 
ɫɟɤɪɟɬɧɵɯ ɫɢɫɬɟɦɚɯ» ɫɱɢɬɚɸɬɫɹ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦɢ ɞɥɹ ɬɟɨɪɢɢ 
ɢɧɮɨɪɦɚɰɢɢ ɢ ɤɪɢɩɬɨɝɪɚɮɢɢ. Ʉɥɨɞ Шɟɧɧɨɧ ɛɵɥ ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ, ɤɬɨ 
ɩɨɞɨɲёɥ ɤ ɤɪɢɩɬɨɝɪɚɮɢɢ ɫ ɧɚɭɱɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɟё 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɢ ɜɜёɥ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɦɧɨɝɢɟ ɨɫɧɨɜɧɵɟ 
ɩɨɧɹɬɢɹ. Шɟɧɧɨɧ ɜɧёɫ ɤɥɸɱɟɜɨɣ ɜɤɥɚɞ ɜ ɬɟɨɪɢɸ ɜɟɪɨɹɬɧɨɫɬɧɵɯ 
ɫɯɟɦ, ɬɟɨɪɢɸ ɢɝɪ, ɬɟɨɪɢɸ ɚɜɬɨɦɚɬɨɜ ɢ ɬɟɨɪɢɸ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ —
ɨɛɥɚɫɬɢ ɧɚɭɤ, ɜɯɨɞɹɳɢɟ ɜ ɩɨɧɹɬɢɟ «ɤɢɛɟɪɧɟɬɢɤɚ».

SСКnnon C. E. A MКЭСОЦКЭТМКХ TСОoЫв oП CoЦЦunТМКЭТon // BОХХ SвЬЭОЦ TОМСnТМКХ 
JouЫnКХ. — 1948. — VoХ. 27. — P. 379—423.
Ʉ. Шеɧɧɨɧ. Ɍеɨɪɢя ɫɜяɡɢ ɜ ɫекɪеɬɧыɯ ɫɢɫɬеɦɚɯ // Ɋɚɛɨɬы ɩɨ ɬеɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ ɢ 
кɢɛеɪɧеɬɢке / ɉеɪ. ɋ. Ʉɚɪɩɨɜɚ. —Ɇ.: ИɅ, 1963. — ɋ. 243—322. — 830 ɫ.

Useless machine ɒɟɧɧɨɧɚ:
1 ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ — ɫɢɦɜɨɥ ɢɥɢ 
ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ 
ɞɜɚ ɡɧɚɱɟɧɢɹ: ɜɤɥɸɱɟɧɨ ɢɥɢ 
ɜɵɤɥɸɱɟɧɨ, ɞɚ ɢɥɢ ɧɟɬ, ɜɵɫɨɤɢɣ ɢɥɢ 
ɧɢɡɤɢɣ; ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ 
ɢɫɱɢɫɥɟɧɢɹ ɷɬɨ 1 (ɟɞɢɧɢɰɚ) ɢɥɢ 0 
(ɧɨɥɶ).

https://ru.wikipedia.org/wiki/30_%D0%B0%D0%BF%D1%80%D0%B5%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/1916_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D1%87%D0%B8%D0%B3%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%A8%D0%90
https://ru.wikipedia.org/wiki/24_%D1%84%D0%B5%D0%B2%D1%80%D0%B0%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/2001_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0%D1%87%D1%83%D1%81%D0%B5%D1%82%D1%81
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D1%91%D0%BD%D0%BD%D1%8B%D0%B5_%D0%A8%D1%82%D0%B0%D1%82%D1%8B_%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%86%D1%8B_%D0%A1%D0%A8%D0%90
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%95%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D1%8B_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F_%D1%91%D0%BC%D0%BA%D0%BE%D1%81%D1%82%D0%B8_%D0%BD%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D0%B5%D0%B9_%D0%B8_%D0%BE%D0%B1%D1%8A%D1%91%D0%BC%D0%B0_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D0%B8_(%D1%81%D1%82%D0%B0%D1%82%D1%8C%D1%8F)
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D0%B8_%D0%B2_%D1%81%D0%B5%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D1%8B%D1%85_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0%D1%85
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B8%D0%B3%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%B1%D0%B5%D1%80%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://commons.wikimedia.org/wiki/File:ClaudeShannon_MFO3807.jpg?uselang=ru
http://cm.bell-labs.com/cm/ms/what/shannonday/shannon1948.pdf
https://ru.wikipedia.org/w/index.php?title=Bell_System_Technical_Journal&action=edit&redlink=1


Шɟɧɧɨɧ ɜɜɟɥ ɩɨɧɹɬɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɷɧɬɪɨɩɢɢ (ɷɧɬɪɨɩɢɹ Шɟɧɧɨɧɚ), 
ɚɧɚɥɨɝɢɱɧɨɟ ɷɧɬɪɨɩɢɢ Ȼɨɥɶɰɦɚɧɚ ɢɡ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɦɟɪɨɣ 
ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ - ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ 2  ɢɧɮɨɪɦɚɰɢɢ 
ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɫɨɨɛɳɟɧɢɹ M:

I = LogM

ɢ ɩɨɤɚɡɚɥ ɟё ɭɞɨɛɫɬɜɨ:

1.Ɉɧɚ ɭɞɨɛɧɚ ɩɪɚɤɬɢɱɟɫɤɢ. ɉɚɪɚɦɟɬɪɵ, ɜɚɠɧɵɟ ɜ ɢɧɠɟɧɟɪɧɵɯ ɩɪɢɥɨɠɟɧɢɹɯ — ɬɚɤɢɟ, ɤɚɤ ɜɪɟɦɹ, ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ, ɱɢɫɥɨ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ ɢ ɬɚɤ ɞɚɥɟɟ — ɨɛɵɱɧɨ ɦɟɧɹɸɬɫɹ ɥɢɧɟɣɧɨ ɩɪɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɢɡɦɟɧɟɧɢɢ 
ɱɢɫɥɚ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ. Ʉ ɩɪɢɦɟɪɭ, ɞɨɛɚɜɥɟɧɢɟ ɨɞɧɨɝɨ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɭɞɜɚɢɜɚɟɬ ɱɢɫɥɨ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ 
ɢɯ ɝɪɭɩɩɵ, ɭɜɟɥɢɱɢɜɚɹ ɧɚ ɟɞɢɧɢɰɭ ɟɝɨ ɥɨɝɚɪɢɮɦ ɩɨ ɨɫɧɨɜɚɧɢɸ 2. ɍɜɟɥɢɱɟɧɢɟ ɜ ɞɜɚ ɪɚɡɚ ɜɪɟɦɟɧɢ ɩɪɢɜɨɞɢɬ ɤ 
ɤɜɚɞɪɚɬɢɱɧɨɦɭ ɪɨɫɬɭ ɱɢɫɥɚ ɫɨɨɛɳɟɧɢɣ, ɢɥɢ ɭɞɜɨɟɧɢɸ ɢɯ ɥɨɝɚɪɢɮɦɚ, ɢ ɬɚɤ ɞɚɥɟɟ.

2.Ɉɧɚ ɛɥɢɡɤɚ ɤ ɧɚɲɟɦɭ ɢɧɬɭɢɬɢɜɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɨ ɬɚɤɨɣ ɦɟɪɟ. ɗɬɨ ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ ɩɪɟɞɵɞɭɳɢɦ ɩɭɧɤɬɨɦ, ɬɚɤ 
ɤɚɤ ɦɵ ɢɧɬɭɢɬɢɜɧɨ ɢɡɦɟɪɹɟɦ ɜɟɥɢɱɢɧɵ, ɥɢɧɟɣɧɨ ɫɪɚɜɧɢɜɚɹ ɢɯ ɫɨ ɫɬɚɧɞɚɪɬɚɦɢ. Ɍɚɤ, ɧɚɦ ɤɚɠɟɬɫɹ, ɱɬɨ ɧɚ ɞɜɭɯ 
ɩɟɪɮɨɤɚɪɬɚɯ ɦɨɠɧɨ ɪɚɡɦɟɫɬɢɬɶ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ ɢɧɮɨɪɦɚɰɢɢ, ɚ ɩɨ ɞɜɭɦ ɨɞɢɧɚɤɨɜɵɦ ɤɚɧɚɥɚɦ — ɩɟɪɟɞɚɬɶ ɟё ɜ ɞɜɚ 
ɪɚɡɚ ɛɨɥɶɲɟ.

3.Ɉɧɚ ɭɞɨɛɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢ. Ɇɧɨɝɢɟ ɩɪɟɞɟɥɶɧɵɟ ɩɟɪɟɯɨɞɵ ɩɪɨɫɬɵ ɜ ɥɨɝɚɪɢɮɦɚɯ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɬɟɪɦɢɧɚɯ ɱɢɫɥɚ 
ɜɚɪɢɚɧɬɨɜ ɨɧɢ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵ.
Ɍɚɤɠɟ ɜɜɟɥ ɩɨɧɹɬɢɟ ɨɛɨɛɳёɧɧɨɣ ɫɢɫɬɟɦɵ ɫɜɹɡɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɢɫɬɨɱɧɢɤɚ ɢɧɮɨɪɦɚɰɢɢ, ɩɟɪɟɞɚɬɱɢɤɚ, ɤɚɧɚɥɚ, 
ɩɪɢɟɦɧɢɤɚ ɢ ɩɭɧɤɬɚ ɧɚɡɧɚɱɟɧɢɹ. ɒɟɧɧɨɧ ɪɚɡɞɟɥɹɟɬ ɜɫɟ ɫɢɫɬɟɦɵ ɧɚ ɞɢɫɤɪɟɬɧɵɟ, ɧɟɩɪɟɪɵɜɧɵɟ ɢ ɫɦɟɲɚɧɧɵɟ.

ɗɧɬɪɨɩɢɹ ɹɜɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ, ɨɩɪɟɞɟɥёɧɧɵɦ ɜ ɤɨɧɬɟɤɫɬɟ ɜɟɪɨɹɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɢɫɬɨɱɧɢɤɚ ɞɚɧɧɵɯ. ɇɚɩɪɢɦɟɪ, ɤɢɞɚɧɢɟ ɦɨɧɟɬɵ 
ɢɦɟɟɬ ɷɧɬɪɨɩɢɸ: -2(1/2log (1/2 )) = -Log ( ½ ) = log2 = 1 ɛɢɬ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɨɞɧɨ ɤɢɞɚɧɢɟ (ɩɪɢ ɭɫɥɨɜɢɢ ɟɝɨ ɧɟɡɚɜɢɫɢɦɨɫɬɢ), ɚ 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ ɪɚɜɧɨ: ɞɜɚ ɜ ɜ ɫɬɟɩɟɧɢ ɟɞɢɧɢɰɚ = 2 ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɹ (ɡɧɚɱɟɧɢɹ) («ɨɪёɥ» ɢ «ɪɟɲɤɚ»).

ɉɪɢɧɰɢɩ Ʌɚɧɞɚɭɷɪɚ ɝɥɚɫɢɬ: ɩɪɢ ɫɬɢɪɚɧɢɢ ɨɞɧɨɝɨ ɛɢɬɚ ɢɧɮɨɪɦɚɰɢɢ ɜɵɞɟɥɹɟɬɫɹ ɷɧɟɪɝɢɹ  Q =kB T log2 = ESNL
ɉɪɢ T = 300 K ɷɧɟɪɝɢɹ ESNL ≈ 0,017 ɷȼ ≈ 2,7×10−21 Ⱦɠ.

https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F_%D0%B2_%D0%BA%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9_%D1%82%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B5
https://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%B3%D0%B0%D1%80%D0%B8%D1%84%D0%BC
https://ru.wikipedia.org/w/index.php?title=%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%88%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%92
https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
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SШХuЭТШЧ: ЧШЧ-ЯШЧ NОumКЧЧ КrМСТЭОМЭurО, brКТЧ-ХТФО 
ArЭТПТМТКХ NОurКХ NОЭаШrФ (ANN) КЧН QuКЧЭum CШmpuЭОr (QUBIT)
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Modern approaches to design the ANN and base elements

12

Artificial neuron based on CMOS 

ArЭТПТМТКХ ЬвЧКpЬО –
bКЬОН ШЧ CMOS 



Modern approaches to design the ANN
13

▪Ɉɬɥɚɞɨɱɧɚɹ ɩɥɚɬɚ ɫ 16 ɧɟɣɪɨɦɨɪɮɧɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ “IBM
TЫЮОNШЫЭС”, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɛɨɥɟɟ 5 ɦɥɪɞ ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ
ɢɦɢɬɢɪɭɟɬ ɪɚɛɨɬɭ ɞɨ 1 ɦɢɥɥɢɨɧɚ ɦɨɞɟɥɶɧɵɯ «ɧɟɣɪɨɧɨɜ» ɢ ɞɨ 250
ɦɢɥɥɢɨɧɨɜ ɫɜɹɡɟɣ ɦɟɠɞɭ ɧɢɦɢ («ɫɢɧɚɩɫɨɜ»).
IBM МШЦpКЧв, AЮРЮЬЭ 2014.
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ʦ̼̏од̼: ̏ к̸̌е̭т̏е ̵̭̥̼̌ ̦̾е̬̐о̴̴̾ект̵̛̦̼̏ ̵̛̬̌текту̬ ̦̌
̭е̐од̛̦̹̦̜́ ̥о̥е̦т ̼̭̏туп̌̀т ̦е-̴о̦ Не̜̥̦̌о̭̏к̛е ̵̭е̥̼ ̦̌ ̍̌̚е
̌д̛̌̍̌т̸̛е̭ко̜ ̭̏е̵̬п̬о̏од̛̦ко̏о̜ ло̛̐к̛. Дл́ т̌к̵̛ ̵̭е̥ ̦ет
̛̦̙̦е̐о по̬о̐̌ ̦̾е̬̐опот̬е̍ле̛̦́ ̦̌ опе̶̛̬̌̀. ʦ ̦̭̌то̺́ее ̬̏е̥́
̵̭е̥̼ ̦̌ ̍̌̚е ̌д̛̌̍̌т̸̛е̭ко̜ ̭̏е̵̬п̬о̏од̛̦ко̏о̜ ло̛̐к̛ ̌кт̛̦̏о
̛̬̌̏̏̌̀̚т̭́ ̛ ̛̭̭леду̀т̭́. Т̌к, ̏ 2020 ̐оду ̼̍л п̬ед̭т̌̏ле̦
п̬о̶е̭̭о̬ ̦̌ ̍̌̚е ̌д̛̌̍̌т̸̛е̭ко̜ ̭̏е̵̬п̬о̏од̛̦ко̏о̜ ло̛̐к̛ ̭
̭у̥̥̬̦̼̥̌ ̦̾е̬̐опот̬е̍ле̛̦е̥ ̦̌ опе̶̛̬̌̀ ~ 15 ̴Д̙ ̦̌ т̌кто̏о̜
̸̭̌тоте 5 ʧʧ̶ , ̏кл̸̀̌́ ̌̚т̬̌т̼ ̦̌ о̵л̙̌де̛̦е, ̸то ̛̭̬̦̥̌̏о ̭
пот̬е̍ле̛̦е̥ 1 т̛̬̦̭̌̚то̬̌!

Д̌т̶̌е̦т̬, ̭о̬̦̦̼̜̍̌ ̛̚ т̌к̵̛ п̬о̶е̭̭о̬о̏, ̍удет ̛̥ет̽
̦̾е̬̐опот̬е̍ле̛̦е около 10 к̛ло̏̌тт ;̏ о̭̦о̦̏о̥ ̌̚ ̸̭ет к̛̬о̐е̵̦̦̼
̛̭̭те̥ о̵л̙̌де̛̦́ п̬о̶е̭̭о̬о̏Ϳ – по ̭̬̦̌̏ѐ̛̦ ̭ т̌к̛̥ ̙е
полуп̬о̏од̛̦ко̼̥̏ д̌т̶̌е̦т̬о̥ пот̬е̍л̛̺̥́̀ 120 ̥е̐̌̏̌тт, т.е. ̦̌
4 по̬́дк̌ ̥е̦̹̽е ̦̾е̬̐опот̬е̍ле̛̦е!
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TОЦК 1. Ʉɜɚɧɬɨɜɚɹ ɢɧɮɨɪɦɚɬɢɤɚ. ȼɜɟɞɟɧɢɟ.

Ʉɜɚɧɬɨɜɚɹ ɢɧɮɨɪɦɚɬɢɤɚ – ɪɚɡɞɟɥ ɧɚɭɤɢ «ɢɧɮɨɪɦɚɬɢɤɚ», ɩɨɫɜɹɳɟɧɧɵɣ
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɤɜɚɧɬɨɜɵɯ ɨɛɴɟɤɬɨɜ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɬɫɹ ɢɧɬɟɧɫɢɜɧɵɟ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɤɜɚɧɬɨɜɨɝɨ
ɤɨɦɩɶɸɬɟɪɚ. ɋɨɡɞɚɸɬɫɹ ɤɜɚɧɬɨɜɵɟ ɛɚɡɨɜɵɟ ɷɥɟɦɟɧɬɵ, ɫɬɪɨɹɬɫɹ ɤɜɚɧɬɨɜɵɟ
ɚɥɝɨɪɢɬɦɵ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɚɪɯɢɬɟɤɬɭɪɚ ɤɜɚɧɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ.

Ⱦɪɭɝɨɟ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɢ ɭɠɟ ɪɚɡɜɢɬɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɤɜɚɧɬɨɜɨɣ ɢɧɮɨɪɦɚɬɢɤɢ –
ɤɜɚɧɬɨɜɚɹ ɤɪɢɩɬɨɝɪɚɮɢɹ. Ʉɜɚɧɬɨɜɵɟ ɦɟɬɨɞɵ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɝɚɪɚɧɬɢɪɭɸɬ
ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɮɪɨɜɤɢ ɫɨɨɛɳɟɧɢɹ. ɂɞɟɹ ɫɨɡɞɚɧɢɹ ɩɟɪɟɩɭɬɚɧɧɵɯ
ɫɨɫɬɨɹɧɢɣ, ɜɵɫɤɚɡɚɧɧɚɹ ɜ ɫɜɨɟ ɜɪɟɦɹ ɗɣɧɲɬɟɣɧɨɦ, ɉɨɞɨɥɶɫɤɢɦ ɢ Ɋɨɡɟɧɨɦ
(ɗɉɊ ɚɥɝɨɪɢɬɦ), ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɞɚɜɚɬɶ ɫɨɨɛɳɟɧɢɹ ɩɨ ɤɜɚɧɬɨɜɨɦɭ ɤɚɧɚɥɭ – ɛɟɡ
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɩɟɪɟɞɚɬɱɢɤɨɦ ɢ ɩɪɢɟɦɧɢɤɨɦ! Ɉɞɧɚɤɨ ɨɞɢɧ Ȼɢɬ
ɢɧɮɨɪɦɚɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢ ɷɬɨɦ ɩɟɪɟɞɚɧ ɩɨ ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɤɚɧɚɥɭ.

Ɉɫɧɨɜɧɵɟ ɩɨɫɬɭɥɚɬɵ ɤɜɚɧɬɨɜɨɣ ɢɧɮɨɪɦɚɬɢɤɢ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ
ɗɪɜɢɧɨɦ ɒɪɟɞɢɧɝɟɪɨɦ ɜ 1935 ɝɨɞɭ ɜ ɟɝɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɪɚɛɨɬɟ:



TОЦК 1.Ʉɜɚɧɬɨɜɚɹ ɢɧɮɨɪɦɚɬɢɤɚ. ȼɜɟɞɟɧɢɟ.

Ɋɚɡɛɟɪɟɦ ɤɚɠɞɵɣ ɢɡ ɱɟɬɵɪɟɯ ɩɨɫɬɭɥɚɬɨɜ 
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Tema 1. ɉɚɪɚɞɨɤɫ ɤɨɬɚ Шɪɟɞɢɧɝɟɪɚ

Кɨɬ Шɪёɞиɧɝɟɪа ɧɟ ɠиɜ и ɧɟ ɦёɪɬɜ

ɷɬɨɬ ɷɤɫɩɟɪɢɦɟɧɬ Шɪёɞɢɧɝɟɪɨɦ ɨɩɢɫɚɧ ɬɚɤ:
«ɇɟɤɢɣ ɤɨɬ ɡɚɩɟɪɬ ɜ ɫɬɚɥɶɧɨɣ ɤɚɦɟɪɟ ɜɦɟɫɬɟ ɫɨ ɫɥɟɞɭɸɳɟɣ ɚɞɫɤɨɣ 
ɦɚɲɢɧɨɣ (ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɡɚɳɢɳɟɧɚ ɨɬ ɩɪɹɦɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ 
ɤɨɬɚ): ɜɧɭɬɪɢ ɫɱёɬɱɢɤɚ Ƚɟɣɝɟɪɚ ɧɚɯɨɞɢɬɫɹ ɤɪɨɯɨɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɫɬɨɥɶ ɧɟɛɨɥɶɲɨɟ, ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ 
ɦɨɠɟɬ ɪɚɫɩɚɫɬɶɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɚɬɨɦ, ɧɨ ɫ ɬɚɤɨɣ ɠɟ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɦɨɠɟɬ ɢ ɧɟ ɪɚɫɩɚɫɬɶɫɹ; ɟɫɥɢ ɠɟ ɷɬɨ ɫɥɭɱɢɬɫɹ, ɫɱɢɬɵɜɚɸɳɚɹ ɬɪɭɛɤɚ 
ɪɚɡɪɹɠɚɟɬɫɹ ɢ ɫɪɚɛɚɬɵɜɚɟɬ ɪɟɥɟ, ɫɩɭɫɤɚɸɳɟɟ ɦɨɥɨɬ, ɤɨɬɨɪɵɣ 
ɪɚɡɛɢɜɚɟɬ ɤɨɥɛɨɱɤɭ ɫ ɫɢɧɢɥɶɧɨɣ ɤɢɫɥɨɬɨɣ. ȿɫɥɢ ɧɚ ɱɚɫ ɩɪɟɞɨɫɬɚɜɢɬɶ 
ɜɫɸ ɷɬɭ ɫɢɫɬɟɦɭ ɫɚɦɨɣ ɫɟɛɟ, ɬɨ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɤɨɬ ɛɭɞɟɬ ɠɢɜ ɩɨ 
ɢɫɬɟɱɟɧɢɢ ɷɬɨɝɨ ɜɪɟɦɟɧɢ, ɤɨɥɶ ɫɤɨɪɨ ɪɚɫɩɚɞɚ ɚɬɨɦɚ ɧɟ ɩɪɨɢɡɨɣɞёɬ. 
ɉɟɪɜɵɣ ɠɟ ɪɚɫɩɚɞ ɚɬɨɦɚ ɨɬɪɚɜɢɥ ɛɵ ɤɨɬɚ. ɉɫɢ-ɮɭɧɤɰɢɹ – ɜɨɥɧɨɜɚɹ 
ɮɭɧɤɰɢɹ  ɫɢɫɬɟɦɵ (ɭɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ ɤɜɚɧɬɨɜɨɟ ɫɨɫɬɨɹɧɢɟ 
ɫɢɫɬɟɦɵ) ɜ ɰɟɥɨɦ ɛɭɞɟɬ ɜɵɪɚɠɚɬɶ ɷɬɨ, ɫɦɟɲɢɜɚɹ ɜ ɫɟɛɟ ɢɥɢ 
«ɪɚɡɦɚɡɵɜɚɹ» ɠɢɜɨɝɨ ɢ ɦёɪɬɜɨɝɨ ɤɨɬɚ ɜ ɪɚɜɧɵɯ ɞɨɥɹɯ...

ȼ ɩɨɞɨɛɧɵɯ ɫɥɭɱɚɹɯ ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɶ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɝɪɚɧɢɱɟɧɧɚɹ 
ɚɬɨɦɧɵɦ ɦɢɪɨɦ, ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɭɸ 
ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɚ ɩɭɬёɦ ɩɪɹɦɨɝɨ 
ɧɚɛɥɸɞɟɧɢɹ. ɗɬɨ ɦɟɲɚɟɬ ɧɚɦ ɩɪɢɧɹɬɶ “ɦɨɞɟɥɶ ɪɚɡɦɵɬɢɹ” ɤɚɤ 
ɨɬɪɚɠɚɸɳɭɸ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɶ. ɋɚɦɨ ɩɨ ɫɟɛɟ ɷɬɨ ɧɟ ɨɡɧɚɱɚɟɬ ɧɢɱɟɝɨ 
ɧɟɹɫɧɨɝɨ ɢɥɢ ɩɪɨɬɢɜɨɪɟɱɢɜɨɝɨ. ȿɫɬɶ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɧɟɱёɬɤɢɦ ɢɥɢ 
ɪɚɫɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɮɨɬɨ ɢ ɫɧɢɦɤɨɦ ɨɛɥɚɤɨɜ ɢɥɢ ɬɭɦɚɧɚ».

ɋɨɫɬɨɹɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɬɨɦɚ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɭɩɟɪɩɨɡɢɰɢɟɣ, ɬɨ ɟɫɬɶ 
ɫɦɟɲɟɧɢɟɦ ɞɜɭɯ ɫɨɫɬɨɹɧɢɣ —
ɪɚɫɩɚɜɲɟɝɨɫɹ ɢ ɧɟ ɪɚɫɩɚɜɲɟɝɨɫɹ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɬ ɢ ɠɢɜ, ɢ ɦёɪɬɜ 
ɨɞɧɨɜɪɟɦɟɧɧɨ. ɇɨ ɟɫɥɢ ɤɬɨ-ɬɨ 
ɨɬɤɪɨɟɬ ɤɪɵɲɤɭ (ɨɫɭɳɟɫɬɜɢɬ 
ɧɚɛɥɸɞɟɧɢɟ), ɬɨ ɤɜɚɧɬɨɜɨɟ 
ɫɨɫɬɨɹɧɢɟ ɫɭɩɟɪɩɨɡɢɰɢɢ ɪɚɡɪɭɲɢɬɫɹ 
ɢ ɧɚɛɥɸɞɚɬɟɥɶ ɭɜɢɞɢɬ ɥɢɛɨ ɠɢɜɨɝɨ, 
ɥɢɛɨ ɦёɪɬɜɨɝɨ ɤɨɬɚ.
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11. Ʉɥɚɫɫɢɱɟɫɤɢɟ ɢ ɤɜɚɧɬɨɜɵɟ ɩɪɢɛɨɪɵ
Ʌɚɡɟɪɧɚɹ ɬɟɯɧɢɤɚ ɨɫɧɨɜɚɧɚ ɧɚ ɡɧɚɧɢɢ ɤɜɚɧɬɨɜɵɯ ɫɩɟɤɬɪɨɜ ɷɥɟɤɬɪɨɧɨɜ ɜ ɝɚɡɚɯ, 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɢ ɞɢɷɥɟɤɬɪɢɤɚɯ.
Ʉ ɜ ɚ ɧ ɬ ɨ ɜ ɚ ɹ ɬɟɨɪɢɹ ɡɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɟɤɬɪɨɜ ɷɥɟɤɬɪɨɧɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɫɥɭɠɢɬ 
ɛɚɡɢɫɨɦ ɮɢɡɢɤɢɬɪɚɧɡɢɫɬɨɪɨɜ. Ⱥɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɩɨɫɬɪɨɟɧɚ ɧɚ ɩɨɧɢɦɚɧɢɢ ɤɜɚɧɬɨɜɵɯ 
ɡɚɤɨɧɨɜ ɫɬɪɨɟɧɢɹ ɚɬɨɦɧɨɝɨ ɹɞɪɚ.
ɏɨɬɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɥɚɡɟɪɨɜ ɢ ɬɪɚɧɡɢɫɬɨɪɨɜ ɨɫɧɨɜɚɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɜɚɧɬɨɜɵɯ 
ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɢ, ɷɬɢ ɩɪɢɛɨɪɵ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɱɚɳɟ ɜɫɟɝɨ ɪɚɛɨɬɚɸɬ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɬɨɤɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɹɜɥɹɸɬɫɹ
ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɫɪɟɞɧɟɧɢɹ ɩɨ ɛɨɥɶɲɨɦɭ ɚɧɫɚɦɛɥɸ 
ɱɚɫɬɢɰ. Ⱥɧɚɥɨɝɢɱɧɨ, ɤɨɝɟɪɟɧɬɧɨɟ ɥɚɡɟɪɧɨɟ ɢɡɥɭɱɟɧɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɚɦɢ ɤɥɚɫɫɢɱɟɫɤɨɣ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢ.
"Ʉɥɚɫɫɢɱɧɨɫɬɶ" ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɛɨɥɶɲɨɝɨ ɚɧɫɚɦɛɥɹ ɤɜɚɧɬɨɜ 
ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɜ ɪɟɠɢɦ ɨɞɢɧɨɱɧɵɯ ɮɨɬɨɧɨɜ (ɨɞɧɨɚɬɨɦɧɵɟ ɥɚɡɟɪɵ) 
ɥɚɡɟɪ ɫɬɚɧɨɜɢɬɫɹ ɤɜɚɧɬɨɜɵɦ ɩɪɢɛɨɪɨɦ ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɧɟ ɬɨɥɶɤɨ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ
ɨɫɧɨɜɚɧɨ ɧɚ ɤɜɚɧɬɨɜɵɯ ɡɚɤɨɧɚɯ, ɧɨ ɢ ɟɝɨ ɢɡɥɭɱɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɜɚɧɬɨɜɵɣ ɨɛɴɟɤɬ, -
ɧɚɩɪɢɦɟɪ ɨɞɢɧɨɱɧɵɣ ɮɨɬɨɧ. Ɍɪɚɧɡɢɫɬɨɪ ɜ ɨɞɧɨɷɥɟɤɬɪɨɧɧɨɦ ɪɟɠɢɦɟ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ 
ɛɚɥɥɢɫɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɬɪɚɧɡɢɫɬɨɪɚ) ɦɨɠɟɬ ɫɬɚɬɶ ɤɜɚɧɬɨɜɵɦ ɩɪɢɛɨɪɨɦ, ɟɫɥɢ ɞɢɧɚɦɢɤɚ 
ɷɥɟɤɬɪɨɧɚ ɨɩɢɫɵɜɚɟɬɫɹ ɤɜɚɧɬɨɜɵɦ ɭɪɚɜɧɟɧɢɟɦ ɒɪёɞɢɧɝɟɪɚ

ψ— ко̥плекс̦о-̦̚ач̦ая ̏ол̦о̏ая фу̦кц̛я

̐де – ̐а̛̥л т̽о̛̦а  ̦с̛сте̥̼.



Tema 1. ɉɚɪɚɞɨɤɫ ɤɨɬɚ Шɪɟɞɢɧɝɟɪɚ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɪɢɛɨɪ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ,
ɬɚɤ ɢ ɜ ɤɜɚɧɬɨɜɨɦ ɪɟɠɢɦɟ. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ «ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ»
ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɢɯ
ɩɟɪɟɦɟɧɧɵɯ.

ɉɨɞ «ɤɜɚɧɬɨɜɵɦ ɩɪɢɛɨɪɨɦ» ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ ɩɪɢɛɨɪ, ɪɚɛɨɬɚɸɳɢɣ ɜ
ɤɜɚɧɬɨɜɨɦ ɪɟɠɢɦɟ - ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɢɧɚɦɢɤɚ ɩɪɢɛɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ
ɒɪёɞɢɧɝɟɪɚ ɞɥɹ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ. Ⱥɪɝɭɦɟɧɬɚɦɢ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ
ɜɵɫɬɭɩɚɸɬ ɤɜɚɧɬɨɜɵɟ ɩɟɪɟɦɟɧɧɵɟ (ɤɨɨɪɞɢɧɚɬɵ, ɢɦɩɭɥɶɫɵ, ɫɩɢɧɵ ɱɚɫɬɢɰ).
ȼɨɥɧɨɜɚɹ ɮɭɧɤɰɢɹ ɤɜɚɧɬɨɜɨɣ ɫɢɫɬɟɦɵ ɨɛɥɚɞɚɟɬ ɤɜɚɧɬɨɜɨɣ ɤɨɝɟɪɟɧɬɧɨɫɬɶɸ ɜ
ɬɨɦ ɨɛɵɱɧɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɨɧɚ ɫɩɨɫɨɛɧɚ ɤ ɩɪɨɹɜɥɟɧɢɸ ɹɜɥɟɧɢɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ
ɩɪɢ ɫɥɨɠɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ. ɋɜɨɣɫɬɜɨ
ɤɨɝɟɪɟɧɬɧɨɫɬɢ ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɤɜɚɧɬɨɜɵɣ ɩɪɢɛɨɪ, ɹɜɥɹɟɬɫɹ
ɟɝɨ ɜɚɠɧɟɣɲɟɣ ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ.

ǯȈȒȖȕȣ ȒȓȈșșȐȟȍșȒȖȑ Ȑ ȒȊȈȕȚȖȊȖȑ ȜȐȏȐȒȐ ȐȔȍȦȚ ȗȘȐȕȞȐȗȐȈȓȤȕȣȍ
ȘȈȏȓȐȟȐȧ. ǷȖȥȚȖȔț ȒȊȈȕȚȖȊȖ-ȒȖȋȍȘȍȕȚȕȣȍ ȗȘȐȉȖȘȣ Ȑ ȒȊȈȕȚȖȊȣȍ ȚȍȝȕȖ-

ȓȖȋȐȐ ȐȔȍȦȚ ȗȘȐȕȞȐȗȐȈȓȤȕȣȍ ȖȚȓȐȟȐȧ ȖȚ ȒȓȈșșȐȟȍșȒȐȝ ȗȘȐȉȖȘȖȊ Ȑ
ȚȍȝȕȖȓȖȋȐȑ ȚȖȋȖ Ȏȍ ȕȈȏȕȈȟȍȕȐȧ.
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1.2. Ⱥɥɝɨɪɢɬɦɵ: ɤɥɚɫɫɵ ɢɯ ɫɥɨɠɧɨɫɬɢ
ɑɬɨɛɵ ɪɟɲɢɬɶ ɡɚɞɚɱɭ, ɤɨɦɩɶɸɬɟɪ, ɤɥɚɫɫɢɱɟɫɤɢɣ ɢɥɢ
ɤɜɚɧɬɨɜɵɣ, ɜɵɩɨɥɧɹɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ
ɨɩɟɪɚɰɢɣ (ɢɧɫɬɪɭɤɰɢɣ). Ɉɩɢɫɚɧɢɟ ɷɬɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ
ɨɩɟɪɚɰɢɣ ɧɚɡɵɜɚɟɬɫɹ ɚɥɝɨɪɢɬɦɨɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 
Ɂɚɞɚɱɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɟɟ ɪɚɡɦɟɪɨɦ n, ɪɚɜɧɵɦ, ɧɚɩɪɢɦɟɪ, ɱɢɫɥɭ 
ɪɚɡɪɹɞɨɜ ɞɜɨɢɱɧɨɝɨ ɱɢɫɥɚ, ɧɚɞ ɤɨɬɨɪɵɦ ɜɵɩɨɥɧɹɟɬɫɹ ɚɥɝɨɪɢɬɦ. 
Ⱥɥɝɨɪɢɬɦ ɪɟɚɥɢɡɭɟɬɫɹ ɧɟɤɨɬɨɪɨɣ ɫɯɟɦɨɣ ɨɩɟɪɚɰɢɣ Nn ɡɚɜɢɫɹɳɟɣ ɨɬ ɩ; 
ɫɯɟɦɚ Nn+i ɩɨɥɭɱɚɟɬɫɹ ɢɡ Nn ɧɚ ɨɫɧɨɜɟ ɩɪɨɫɬɵɯ ɩɪɚɜɢɥ.
ȼ ɬɟɨɪɢɢ ɫɥɨɠɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɢɯɤɨɦɩɶɸɬɟɪɨɜ
ɩɪɢɧɹɬɨ ɪɚɡɞɟɥɹɬɶ ɚɥɝɨɪɢɬɦɵ ɧɚ ɷɮɮɟɤɬɢɜɧɵɟ ɢ ɧɟɷɮɮɟɤɬɢɜɧɵɟ. 
Ⱥɥɝɨɪɢɬɦ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɷɮɮɟɤɬɢɜɧɵɯ, ɟɫɥɢ ɫɯɟɦɚ Nn ɫɨɫɬɨɢɬ ɢɡ 
ɩɨɥɢɧɨɦɢɚɥɶɧɨɝɨ ɱɢɫɥɚ ɨɩɟɪɚɰɢɣ ɝɞɟ d — const, ɩ — ɪɚɡɦɟɪ
ɡɚɞɚɱɢ. ȼɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜɨɡɪɚɫɬɚɟɬ ɫ 
ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ ɡɚɞɚɱɢ ɩɨɥɢɧɨɦɢɚɥɶɧɨ:
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ɂɫɩɨɥɶɡɭɟɦɵɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɟɫɭɪɫɨɦ ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ ɪɚɛɨɬɵ ɤɨɦɩɶɸɬɟɪɚ. Ʉ ɞɪɭɝɢɦ
ɪɟɫɭɪɫɚɦ ɨɬɧɨɫɹɬɫɹ ɨɛɴɟɦ ɩɚɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ ɢ (ɜ ɫɥɭɱɚɟ ɤɜɚɧɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ) ɬɨɱɧɨɫɬɶ
ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ. ɗɮɮɟɤɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɞɨɥɠɟɧ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɢɧɨɦɢɚɥɶɧɨɟ
ɤɨɥɢɱɟɫɬɜɨ ɪɟɫɭɪɫɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦɢ. ɗɮɮɟɤɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɧɚɡɵɜɚɸɬɫɹ ɬɚɤɠɟ
ɩɨɥɢɧɨɦɢɚɥɶɧɵɦɢ (ɤɥɚɫɫ Ɋ).

ЭȜȜȍȒȚȐȊȕȣȔ ȈȓȋȖȘȐȚȔȈȔ ȒȓȈșșȈ Ǹ ȗȘȖȚȐȊȖȗȖșȚȈȊȓȧȦȚșȧ ȕȍȥȜȜȍȒȚȐȊȕȣȍз
ȚȘȍȉțȦȡȐȍ ȥȒșȗȖȕȍȕȞȐȈȓȤȕȖ ȉȖȓȤȠȐȝ ȘȍșțȘșȖȊ гȊȘȍȔȍȕȐз ȗȈȔȧȚȐз ȚȖȟȕȖșȚȐд. ǵȈȗȘȐ-

ȔȍȘз ȍșȓȐ ݐ ∝ ʹ , ȈȓȋȖȘȐȚȔ ȗȘȐȟȐșȓȧȍȚșȧ Ȓ ȕȍȥȜȜȍȒȚȐȊȕȣȔ . ǷȘȐȔȍ-ȘȖȔ ȏȈȌȈȟȐз Ȍȓȧ
ȒȖȚȖȘȖȑ ȕȍ ȕȈȑȌȍȕȖ ȥȜȜȍȒȚȐȊȕȖȋȖ ȈȓȋȖȘȐȚȔȈ ȘȍȠȍȕȐȧ ȕȈ ȒȓȈșșȐȟȍșȒȖȔ ȒȖȔȗȤȦȚȍȘȍз
ȧȊȓȧȍȚșȧ ȏȈȌȈȟȈ Ȗ ȊȣȟȐșȓȍȕȐȐ ȗȘȖșȚȣȝ ȔȕȖȎȐȚȍȓȍȑ ȉȖȓȤȠȐȝ ȗ-ȘȈȏȘȧȌȕȣȝ ȟȐșȍȓ
гȏȈȌȈȟȈ Ȗ ȜȈȒȚȖȘȐȏȈȞȐȐ ȟȐșȍȓд.

ǳțȟȠȐȑ ȐȏȊȍșȚȕȣȑ ȊȍȘȖȧȚȕȖșȚȕȣȑ ȈȓȋȖȘȐȚȔ Ȍȓȧ ȒȓȈșșȐȟȍșȒȐȝ ȒȖȔȗȤȦȚȍȘȖȊ ȚȘȍȉțȍȚ
ȟȐșȓȈ ȖȗȍȘȈȞȐȑ : ʹఈሺ మሻభ/మ
Ǫ 1994 ȋ. ǷȍȚȍȘ ШȖȘ Ȑȏ ǩȍȓȓ-ǳȈȉ ȗȖșȚȘȖȐȓ ȈȓȋȖȘȐȚȔ ȘȍȠȍȕȐȧ ȥȚȖȑ ȏȈȌȈȟȐ ȕȈ
ȒȊȈȕȚȖȊȖȔ ȒȖȔȗȤȦȚȍȘȍз ȒȖȚȖȘȣȑ ȖȒȈȏȈȓșȧ ȗȖȓȐȕȖȔȐȈȓȤȕȖȑ șȓȖȎȕȖșȚȐ: ȕȍȖȉȝȖȌȐȔȖȍ
ȟȐșȓȖ ȖȗȍȘȈȞȐȑ О(ɩ2log2 (log2 ɩ log2ߝ−ଵ)), ȋȌȍ ߝ — ȊȍȘȖȧȚȕȖșȚȤ ȖȠȐȉȖȟȕȖȋȖ ȘȍȏțȓȤȚȈȚȈ
ȊȣȟȐșȓȍȕȐȑ. ɋɟɧɫɚɰɢɨɧɧɵɣ ɪɟɡɭɥɶɬɚɬ - ɨɧ ɨɩɪɨɜɟɪɝɚɟɬ ɷɦɩɢɪɢɱɟɫɤɢɣ ɡɚɤɨɧ ɑёɪɱɚ-Ɍɶɸɪɢɧɝɚ:

ɜɫɟ ɤɨɦɩɶɸɬɟɪɵ ɷɤɜɢɜɚɥɟɧɬɧɵ ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɩɟɪɟɯɨɞ ɨɬ ɨɞɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɤ ɞɪɭɝɨɦɭ ɧɟ
ɢɡɦɟɧɹɟɬ ɤɥɚɫɫɚ ɫɥɨɠɧɨɫɬɢ ɡɚɞɚɱɢ. Ɂɚɤɨɧ ɛɵɥ ɫɮɨɪɦɭɥɢɪɨɜɚɧ ɞɥɹ ɦɧɨɠɟɫɬɜɚ ɤɥɚɫɫɢɱɟɫɤɢɯ
ɤɨɦɩɶɸɬɟɪɨɜ. Ɉɧ ɧɚɪɭɲɚɟɬɫɹ, ɟɫɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɜɚɧɬɨɜɵɟ ɤɨɦɩɶɸɬɟɪɵ.
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ɂɧɮɨɪɦɚɰɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɩɨɧɹɬɢɟɦ. ɇɚɥɢɱɢɟ ɝɥɭɛɨɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ
ɮɢɡɢɤɨɣ ɢ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɷɧɬɪɨɩɢɢ ɜ
ɮɢɡɢɤɟ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɷɧɬɪɨɩɢɢ ɒɟɧɧɨɧɚ ɜ ɬɟɨɪɢɢ ɢɧɮɨɪɦɚɰɢɢ: ɨɧɢ ɫɨɜɩɚɞɚɸɬ ɫ
ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɦɧɨɠɢɬɟɥɹ.

Ɏɢɡɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɢɧɮɨɪɦɚɰɢɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɥɚɫɫɢɱɟɫɤɭɸ ɢ ɤɜɚɧɬɨɜɭɸ ɬɟɨɪɢɢ 
ɢɧɮɨɪɦɚɰɢɢ, ɚ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ (ɫ ɜɤɥɸɱɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ) 
- ɤɥɚɫɫɢɱɟɫɤɭɸ ɢ ɤɜɚɧɬɨɜɭɸ ɢɧɮɨɪɦɚɬɢɤɭ. Ʉ ɡɚɦɟɱɚɬɟɥɶɧɵɦ ɞɨɫɬɢɠɟɧɢɹɦ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɢɧɮɨɪɦɚɰɢɢ ɨɬɧɨɫɢɬɫɹ ɪɟɲɟɧɢɟ ɩɚɪɚɞɨɤɫɚ ɫ ɞɟɦɨɧɨɦ Ɇɚɤɫɜɟɥɥɚ, ɧɚɪɭɲɚɸɳɢɦ ɜɬɨɪɨɣ ɡɚɤɨɧ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ɉɚɪɚɞɨɤɫ ɢɫɱɟɡɚɟɬ, ɟɫɥɢ ɭɱɟɫɬɶ ɫɜɨɣɫɬɜɚ ɩɪɨɰɟɫɫɚ ɫɬɢɪɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ: 
ɧɚɩɨɦɧɸ ɫɤɚɡɚɧɧɨɟ  ɜ ɩɪɟɞɵɞɭɳɟɣ ɥɟɤɰɢɢ, ɱɬɨ ɫɬɢɪɚɧɢɟ 1 ɛɢɬɚ ɢɧɮɨɪɦɚɰɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɡɚɬɪɚɬɨɣ ɷɧɟɪɝɢɢ ESNL =kT ХЧ2 ɢ ɜɨɡɪɚɫɬɚɧɢɟɦ ɷɧɬɪɨɩɢɢ ɧɚ k ХЧ2 (ɩɪɢɧɰɢɩ Ʌɚɧɞɚɭɷɪɚ, IBM 

1961). ɉɪɢ T = 300 K ɷɧɟɪɝɢɹ ESNL ≈ 0,017 ɷȼ ≈ 2,7×10−21 Ⱦɠ.

(ESNL Shannon—von Neumann—Landauer, SNL)
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