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ABSTRACT 

Active work is being done to create and develop quantum computers. Traditional digital 

signature systems that are used in practice are vulnerable to quantum computers attacks. The 

security of these systems is based on the problem of factoring large numbers and calculating 

discrete logarithms. Scientists are working on the development of alternatives to RSA, which are 

protected from attacks by quantum computer. One of the alternatives are hash based digital 

signature schemes. In the article hash based one-time signatures are considered, their analysis 

and comparison are done. It is shown that, using Winternitz one-time signature scheme, the 

length of the signature and of the keys is substantially reduced. But this scheme also has 

disadvantages, in the case of generating keys, creating a signature and verifying a signature, one-

way function should be used much more times, than in Lamport signature scheme. So, as we see, 

must be paid serious attention at the choice of this function, it should be quickly executed and 

safe 
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ȺɇɇɈɌȺЦИə 

ȼɟɞɟɬɫɹ ɚɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɧɚɞ ɫɨɡɞɚɧɢɟɦ ɢ ɪɚɡɜɢɬɢɟɦ ɤɜɚɧɬɨɜɵɯ ɤɨɦɩɶɸɬɟɪɨɜ. 
Ɍɪɚɞɢɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɚɤɬɢɤɟ ɭɹɡɜɢɦɵ 
ɤ ɚɬɚɤɚɦ ɤɜɚɧɬɨɜɵɯ ɤɨɦɩɶɸɬɟɪɨɜ. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɨɛɥɟɦɟ 
ɮɚɤɬɨɪɢɡɚɰɢɢ ɛɨɥɶɲɢɯ ɱɢɫɟɥ ɢ ɜɵɱɢɫɥɟɧɢɢ ɞɢɫɤɪɟɬɧɵɯ ɥɨɝɚɪɢɮɦɨɜ. ɍɱɟɧɵɟ ɪɚɛɨɬɚɸɬ 
ɧɚɞ ɪɚɡɪɚɛɨɬɤɨɣ ɚɥɶɬɟɪɧɚɬɢɜ RSA, ɤɨɬɨɪɵɟ ɡɚɳɢɳɟɧɵ ɨɬ ɚɬɚɤ ɤɜɚɧɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ. 
Ɉɞɧɨɣ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɢ ɨɫɧɨɜɚɧɧɵɟ ɧɚ 
ɯɟɲɢɪɨɜɚɧɢɢ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɞɧɨɪɚɡɨɜɵɟ ɩɨɞɩɢɫɢ ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɯɟɲɢɪɨɜɚɧɢɟ, 
ɩɪɨɢɡɜɟɞɟɧ ɢɯ ɚɧɚɥɢɡ ɢ ɫɪɚɜɧɟɧɢɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɫɯɟɦɵ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ 
ȼɢɧɬɟɪɧɢɰɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɞɥɢɧɚ ɩɨɞɩɢɫɢ. ɇɨ ɬɚɤɠɟ ɞɚɧɧɚɹ ɫɯɟɦɚ ɢɦɟɟɬ 
ɧɟɞɨɫɬɚɬɤɢ, ɜ ɫɥɭɱɚɟ ɝɟɧɟɪɚɰɢɢ ɤɥɸɱɟɣ, ɫɨɡɞɚɧɢɹ ɩɨɞɩɢɫɢ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɞɩɢɫɢ ɧɭɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɧɨɫɬɨɪɨɧɧɸɸ ɮɭɧɤɰɢɸ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ ɪɚɡ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɨɞɧɨɪɚɡɨɜɵɯ 
ɫɯɟɦ ɩɨɞɩɢɫɢ Ʌɷɦɩɨɪɬɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɜɵɛɨɪɭ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɞɨɥɠɧɨ ɛɵɬɶ ɭɞɟɥɟɧɨ 
ɫɟɪɶɟɡɧɨɟ ɜɧɢɦɚɧɢɟ, ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɛɵɫɬɪɨ ɢɫɩɨɥɧɢɦɚ ɢ ɛɟɡɨɩɚɫɧɚ 
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 Ʉɨɪɩɨɪɚɰɢɹ Google, NASA ɢ Ⱥɫɫɨɰɢɚɰɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɧɢɜɟɪɫɢɬɟɬɨɜ 
(Universities Space Research Association — USRA) ɨɛɴɟɞɢɧɢɥɢɫɶ ɫ ɤɨɦɩɚɧɢɟɣ DWAFE, 

ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɤɜɚɧɬɨɜɵɯ ɩɪɨɰɟɫɫɨɪɨɜ. D-Wave 2X ɷɬɨ ɤɜɚɧɬɨɜɵɣ 
ɩɪɨɰɟɫɫɨɪ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ 2048 ɮɢɡɢɱɟɫɤɢɯ ɤɭɛɢɬɨɜ. ɂɡ ɧɢɯ 1152 ɤɭɛɢɬɚ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɨɜ. ɋɨɜɪɟɦɟɧɧɵɟ, ɬɪɚɞɢɰɢɨɧɧɵɟ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɢɟ 
ɫɯɟɦɵ ɹɜɥɹɸɬɫɹ ɭɹɡɜɢɦɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɜɚɧɬɨɜɵɦ ɤɨɦɩɶɸɬɟɪɚɦ. Ʉɜɚɧɬɨɜɵɣ 
ɤɨɦɩɶɸɬɟɪ ɫ ɥɟɝɤɨɫɬɶɸ ɦɨɠɟɬ ɜɡɥɨɦɚɬɶ ɜɫɟ ɫɢɫɬɟɦɵ ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɡɚɞɚɱɟ ɮɚɤɬɨɪɢɡɚɰɢɢ 
ɰɟɥɵɯ ɱɢɫɟɥ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ RSA. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɢ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɚɤɬɢɤɟ ɭɹɡɜɢɦɵ ɤ ɚɬɚɤɚɦ ɤɜɚɧɬɨɜɵɯ ɤɨɦɩɶɸɬɟɪɨɜ. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɞɚɧɧɵɯ 
ɫɢɫɬɟɦ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɨɛɥɟɦɟ ɮɚɤɬɨɪɢɡɚɰɢɢ ɛɨɥɶɲɢɯ ɱɢɫɟɥ ɢ ɜɵɱɢɫɥɟɧɢɢ ɞɢɫɤɪɟɬɧɵɯ 
ɥɨɝɚɪɢɮɦɨɜ. 

 ɍɱɟɧɵɟ ɪɚɛɨɬɚɸɬ ɧɚɞ ɪɚɡɪɚɛɨɬɤɨɣ ɚɥɶɬɟɪɧɚɬɢɜ RSA, ɤɨɬɨɪɵɟ ɡɚɳɢɳɟɧɵ ɨɬ ɚɬɚɤ 
ɤɜɚɧɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ. Ɉɞɧɨɣ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɢ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɯɟɲɢɪɨɜɚɧɢɢ. Ⱦɚɧɧɵɟ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɭɸ ɯɟɲ 
ɮɭɧɤɰɢɸ. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɬɨɣɤɨɫɬɢ ɤ 
ɤɨɥɥɢɡɢɹɦ ɯɟɲ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬ[1,2]. 

ɋɯɟɦɚ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ Лэɦɩɨɪɬɚ 

ɋɯɟɦɚ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ Ʌɷɦɩɨɪɬɚ ( Lamport–Diffie one-time signature scheme) ɹɜɥɹɟɬɫɹ 
ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɶɸ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɯɷɲɢɪɨɜɚɧɢɢ, ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɚɥɶɬɟɪɧɚɬɢɜɭ ɞɥɹ 
ɩɨɫɬ ɤɜɚɧɬɨɜɨɣ ɷɩɨɯɢ. Ƚɟɧɟɪɚɰɢɹ ɤɥɸɱɟɣ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: ɤɥɸɱ ɩɨɞɩɢɫɢ X ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɨɫɬɨɢɬ ɢɡ 2n ɫɬɪɨɤ ɞɥɢɧɵ n, ɢ ɜɵɛɢɪɚɟɬɫɹ 
ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ. 

X= (xn-1[0], xn-1[1], …, x0[0], x0[1]) ∈ {0,1} 
n,2n

 

Ʉɥɸɱ ɜɟɪɢɮɢɤɚɰɢɢ Y ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɨɫɬɨɢɬ ɢɡ 2n ɫɬɪɨɤ ɞɥɢɧɵ n. 

Y= (yn-1[0], yn-1[1], …, y0[0], y0[1]) ∈ {0,1} 
n,2n

 

Ⱦɚɧɧɵɣ ɤɥɸɱ ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

yi[j] = f(xi[j]), 0<=i<=n-1, j=0,1 

f – ɷɬɨ ɨɞɧɨɫɬɨɪɨɧɧɹɹ ɮɭɧɤɰɢɹ: 

f: {0,1} 
n
 à{0,1} 

n
; 

Ⱦɥɹ ɝɟɧɟɪɚɰɢɢ ɤɥɸɱɚ ɜɟɪɢɮɢɤɚɰɢɢ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ f 2n ɪɚɡ. 

ɉɨɞɩɢɫɶ ɞɨɤɭɦɟɧɬɚ: Ⱦɥɹ ɩɨɞɩɢɫɢ ɫɨɨɛɳɟɧɢɹ m ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɦɵ ɩɟɪɟɜɨɞɢɦ ɟɝɨ 
ɜ ɪɚɡɦɟɪ n ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ɯɟɲɢɪɨɜɚɧɢɹ: 

h(m)=hash = (hashn-1, … , hash0) 

Ɏɭɧɤɰɢɹ h- ɷɬɨ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɚɹ ɯɟɲ ɮɭɧɤɰɢɹ: 

h: {0,1} 
*
à{0,1} 

n
 

ɉɨɞɩɢɫɶ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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sig= (xn-1[hash n-1],  …, x0[hash0]) ∈ {0,1} 
n,n

 

i-ɚɹ ɫɬɪɨɱɤɚ ɜ ɞɚɧɧɨɣ ɩɨɞɩɢɫɢ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɨɣ xi[0], ɟɫɥɢ i-ɵɣ ɛɢɬ ɜ sign ɪɚɜɟɧ 0. 
ɋɬɪɨɱɤɚ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɨɣ xi[1], ɟɫɥɢ i-ɵɣ ɛɢɬ ɜ sign ɪɚɜɟɧ 1. 

Ⱦɥɢɧɚ ɩɨɞɩɢɫɢ ɩɨɥɭɱɚɟɬɫɹ n
2
 ɢ ɦɵ ɧɢ ɪɚɡɭ ɧɟ ɢɫɩɨɥɶɡɭɟɦ ɮɭɧɤɰɢɸ f ɩɪɢ ɩɨɞɩɢɫɢ. 

Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɞɩɢɫɢ sig = (sign-1, …, sig0), ɜɵɱɢɫɥɹɟɬɫɹ ɯɟɲ ɫɨɨɛɳɟɧɢɹ hash = (hashn-

1, … , hash0) ɢ ɩɪɨɜɟɪɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ: 

(f(sign-1), …, f(sig0)) = (yn-1[hashn-1], …, y0[hash0]) 

ȿɫɥɢ ɪɚɜɟɧɫɬɜɨ ɜɟɪɧɨ, ɬɨ ɩɨɞɩɢɫɶ ɜɟɪɧɚ. 

 Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ f n ɪɚɡ. 

ɋɯɟɦɚ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ ȼɢɧɬɟɪɧɢɰɚ 

Ʉɚɤ ɦɵ ɜɢɞɢɦ, ɜ ɫɯɟɦɟ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ Ʌɷɦɩɨɪɬɚ ɝɟɧɟɪɚɰɢɹ ɤɥɸɱɚ ɢ ɝɟɧɟɪɚɰɢɹ 
ɩɨɞɩɢɫɢ ɞɨɜɨɥɶɧɨ ɷɮɮɟɤɬɢɜɧɵ, ɪɚɡɦɟɪ ɩɨɞɩɢɫɢ ɩɨɥɭɱɚɟɬɫɹ ɪɚɜɧɵɦ n

2
 – ɞɨɜɨɥɶɧɨ 

ɛɨɥɶɲɢɦ. ɉɨɷɬɨɦɭ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɫɯɟɦɚ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ ȼɢɧɬɟɪɧɢɰɚ (Winternitz 

one-time signature scheme). ȼ ɞɚɧɧɨɣ ɫɯɟɦɟ ɨɞɧɨɣ ɫɬɪɨɱɤɨɣ ɤɥɸɱɚ ɩɨɞɩɢɫɵɜɚɸɬɫɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɟɫɤɨɥɶɤɨ ɛɢɬɨɜ ɯɟɲɢɪɨɜɚɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ, ɷɬɢɦ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɦɟɧɶɲɚɟɬɫɹ ɞɥɢɧɚ ɩɨɞɩɢɫɢ[3,4]. Ƚɟɧɟɪɚɰɢɹ ɤɥɸɱɟɣ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɪɨɢɫɯɨɞɢɬ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɤɥɸɱ ɩɨɞɩɢɫɢ X ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɨɫɬɨɢɬ ɢɡ p ɫɬɪɨɤ ɞɥɢɧɵ n, ɤɥɸɱ 
ɜɵɛɢɪɚɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ. ȼɵɛɢɪɚɟɬɫɹ ɩɚɪɚɦɟɬɪ ȼɢɧɬɟɪɧɢɰɚ w>=2, ɪɚɜɧɵɣ 
ɤɨɥɢɱɟɫɬɜɭ ɛɢɬɨɜ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɨɞɩɢɫɢ. ȼɵɱɢɫɥɹɟɬɫɹ p1=n/w ɢ p2=(log2p1 +1+w)/w, 

p= p1+ p2 

Ʉɥɸɱ ɩɨɞɩɢɫɢ X ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɨɫɬɨɢɬ ɢɡ p ɫɬɪɨɤ ɞɥɢɧɵ n, ɜɵɛɪɚɧɧɵɯ ɫɥɭɱɚɣɧɵɦ 
ɨɛɪɚɡɨɦ: 

X= (xp-1[0], …, x0) ∈ {0,1} 
n,p

 

Ʉɥɸɱ ɜɟɪɢɮɢɤɚɰɢɢ ɫɥɟɞɭɸɳɢɣ: 

Y= (yp-1[0], …, y0) ∈ {0,1} 
n,p, ɝɞɟ 

yi=f
2^w-1

(xi), 0<=i<=p-1 

Ⱦɥɢɧɚ ɩɨɞɩɢɫɢ ɢ ɤɥɸɱɚ ɜɟɪɢɮɢɤɚɰɢɢ ɪɚɜɧɚ np ɛɢɬɚɦ, ɚ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɤɥɸɱɚ 
ɜɟɪɢɮɢɤɚɰɢɢ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ f, p(2

w
-1) ɪɚɡ. 

ɉɨɞɩɢɫɶ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: Ɇɵ ɯɟɲɢɪɭɟɦ ɫɨɨɛɳɟɧɢɟ hash=h(m) ɢ 
ɩɪɢɛɚɜɥɹɟɦ ɤ hash ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɭɥɟɣ, ɱɬɨɛɵ ɞɥɢɧɚ hash ɞɟɥɢɥɚɫɶ ɧɚ w. Ɂɚɬɟɦ 
ɞɟɥɢɦ ɟɝɨ ɧɚ p1 ɱɚɫɬɟɣ ɞɥɢɧɵ w. 

hash=kp-1,…, kp—p1 

ɜɵɱɢɫɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶɧɚɹ ɫɭɦɦɚ: 

ɫ=∑i=p—p1
p-1

(2
w
-ki) 

ɬ.ɤ. c<= p12
w, ɞɥɢɧɚ ɟɟ ɞɜɨɢɱɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɟɧɶɲɟ ɱɟɦ log2 p12

w
+1 
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ɉɪɢɛɚɜɥɹɟɦ ɤ ɞɚɧɧɨɦɭ ɞɜɨɢɱɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɭɥɟɣ, ɱɬɨɛɵ 
ɟɝɨ ɞɥɢɧɚ ɞɟɥɢɥɚɫɶ ɧɚ w, ɢ ɞɟɥɢɦ ɟɝɨ ɧɚ p2 ɱɚɫɬɟɣ ɞɥɢɧɵ w. 

ɫ=kp2-1,…, k0 

ɜɵɱɢɫɥɹɟɦ ɩɨɞɩɢɫɶ ɫɨɨɛɳɟɧɢɹ m: 

sig=(f^kp-1(xp-1), …, f^k0(x0)) 

ȼ ɯɭɞɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɩɨɞɩɢɫɢ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ f, p(2
w
-1) ɪɚɡ. Ɋɚɡɦɟɪ 

ɩɨɞɩɢɫɢ ɩɨɥɭɱɚɟɬɫɹ pn. 

Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɞɩɢɫɢ sig = (sign-1, …, sig0) ɜɵɱɢɫɥɹɸɬɫɹ ɛɢɬɨɜɵɟ ɫɬɪɨɤɢ kp-1,…, k0. 

Ɇɵ ɩɪɨɜɟɪɹɟɦ ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ: 

(f^(2
w
-1-kp-1))(sign-1), …, (f^(2

w
-1-k0))(sig0) = yn-1, … y0 

ȿɫɥɢ ɩɨɞɩɢɫɶ ɜɟɪɧɚ, ɬɨ sigi =f^ki(xi), ɬ.ɟ. 

(f^(2
w
-1-ki))(sigi)= (f^(2

w
-1))(xi)=yi ɜɟɪɧɨ ɞɥɹ ɜɫɟɯ i=p-1,…, 0 

ȼ ɯɭɞɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɞɩɢɫɢ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ f p(2
w
-1) ɪɚɡ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɧɚɦɢ ɚɧɚɥɢɡɚ ɫɯɟɦ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ, ɦɵ ɩɨɥɭɱɢɥɢ, ɱɬɨ ɫ 
ɩɨɦɨɳɶɸ ɫɯɟɦɵ ɨɞɧɨɪɚɡɨɜɨɣ ɩɨɞɩɢɫɢ ȼɢɧɬɟɪɧɢɰɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɞɥɢɧɚ 
ɩɨɞɩɢɫɢ, ɚ ɬɚɤɠɟ ɞɥɢɧɚ ɤɥɸɱɟɣ. Ɉɞɧɚɤɨ, ɞɚɧɧɚɹ ɫɯɟɦɚ ɢɦɟɟɬ ɧɟɞɨɫɬɚɬɤɢ ɜ ɫɥɭɱɚɟ 
ɝɟɧɟɪɚɰɢɢ ɤɥɸɱɟɣ, ɫɨɡɞɚɧɢɹ ɩɨɞɩɢɫɢ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɞɩɢɫɢ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɨɞɧɨɫɬɨɪɨɧɧɸɸ ɮɭɧɤɰɢɸ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɨɞɧɨɪɚɡɨɜɵɯ ɫɯɟɦ 
ɩɨɞɩɢɫɢ Ʌɷɦɩɨɪɬɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɜɵɛɨɪɭ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɞɨɥɠɧɨ ɛɵɬɶ ɭɞɟɥɟɧɨ 
ɫɟɪɶɟɡɧɨɟ ɜɧɢɦɚɧɢɟ, ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɛɵɫɬɪɨ ɢɫɩɨɥɧɢɦɚ ɢ ɛɟɡɨɩɚɫɧɚ. 
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