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ɉɪɟɞɥɨɠɟɧɵ ɬɪɢ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɛɢɧɚɪɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɨɩɬɢɦɚɥɶɧɵɦ 
ɡɧɚɱɟɧɢɟɦ ɩɢɤ-ɮɚɤɬɨɪɚ ɫɩɟɤɬɪɚ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ C-ɤɨɞɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɬɟɯɧɨɥɨɝɢɢ CDMA. ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɫɢɧɬɟɡɚ ɛɟɫɤɨɧɟɱɧɵɯ ɫɟɦɟɣɫɬɜ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɨɛɥɚɞɚɸɳɢɯ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɦ ɩɢɤ-ɮɚɤɬɨɪɚ ɫɩɟɤɬɪɚ 
ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜа: ɨɩɬɢɦɚɥɶɧɚɹ ɤɨɞɢɪɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, CDMA, C-ɤɨɞ, 
ɛɟɧɬ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɩɢɤ-ɮɚɤɬɨɪ. 

Вɜɟɞɟɧɢɟ 

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɞɨɫɬɭɩɚ ɹɜɥɹɟɬɫɹ 
ɬɟɯɧɨɥɨɝɢɹ MC-CDMA (Multi-Code Code Division MultТplО AММОss), ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 
ɤɥɸɱɟɜɨɣ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦ ɫɜɹɡɢ ɱɟɬɜɟɪɬɨɝɨ ɢ ɩɹɬɨɝɨ ɩɨɤɨɥɟɧɢɣ G4 ɢ G5 [1]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɬɟɯɧɨɥɨɝɢɢ MC-CDMA ɢɫɯɨɞɧɵɣ ɛɢɧɚɪɧɵɣ ɜɟɤɬɨɪ ɞɚɧɧɵɯ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɨɦɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ. ȼɯɨɞɧɵɟ ɛɢɬɵ ɢɡɦɟɧɹɸɬ ɡɧɚɤ ɨɞɧɨɣ ɢɡ 
ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɮɭɧɤɰɢɣ ɞɢɫɤɪɟɬɧɨɝɨ ɜɪɟɦɟɧɢ )(thi , ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ ɱɚɳɟ ɜɫɟɝɨ 
ɩɪɢɦɟɧɹɸɬɫɹ ɮɭɧɤɰɢɢ ɍɨɥɲɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɜ ɤɚɧɚɥ ɫɜɹɡɢ ɫɢɝɧɚɥ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ 

[2]. 

Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɬɚɤɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɬɟɯɧɨɥɨɝɢɢ MC-

CDMA ɤɚɤ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɢɤ-ɮɚɤɬɨɪɚ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ )(tSc , ɤɨɬɨɪɵɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɫɢɝɧɚɥɚ maxP  ɤ ɟɝɨ ɫɪɟɞɧɟɣ 
ɦɨɳɧɨɫɬɢ ɫɪP  

 2max 1
max ( )c

tɫɪ

P
S t

P N
   , (1) 

ɝɞɟ N  — ɞɥɢɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ )(thi . 

ȼɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɢɤ-ɮɚɤɬɨɪɚ ɢɡɥɭɱɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢɜɨɞɹɬ ɤ ɧɟɪɚɰɢɨɧɚɥɶɧɨɦɭ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɦɨɳɧɨɫɬɢ ɩɟɪɟɞɚɬɱɢɤɚ, ɢɫɤɚɠɟɧɢɹɦ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ, 
ɭɫɥɨɠɧɟɧɢɸ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɗɬɨ ɞɢɤɬɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɢɫɤɚ ɦɟɬɨɞɨɜ 
ɫɧɢɠɟɧɢɹ ɜɟɥɢɱɢɧɵ   [3]. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ 
ɩɢɤ-ɮɚɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɤɨɞɢɪɨɜɚɧɢɢ ɢɫɯɨɞɧɵɯ ɫɨɨɛɳɟɧɢɣ id  

ɬɚɤɢɦɢ ɤɨɞɨɜɵɦɢ ɫɥɨɜɚɦɢ C-ɤɨɞɚ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɥɢ ɛɵ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɢɤ-

ɮɚɤɬɨɪɚ   (ɪɢɫ. 1) [2]. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɤɨɞɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɨɫɧɨɜɟ C-ɤɨɞɚ 

 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ C-ɤɨɞɚ ɧɚɢɥɭɱɲɢɦɢ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɢɧɢɦɢɡɚɰɢɢ ɩɢɤ-ɮɚɤɬɨɪɚ, 

ɤɨɞɨɜɵɦɢ ɫɥɨɜɚɦɢ ɹɜɥɹɸɬɫɹ ɛɟɧɬ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ [4] — ɛɢɧɚɪɧɵɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ],...,,...,,[ 110  Ni bbbbB , ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ {1, 1}ib   , ɱɟɬɧɨɣ ɞɥɢɧɵ 

m
N

22 , ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɪɚɜɧɨɦɟɪɧɵɦ ɩɨ ɦɨɞɭɥɸ ɫɩɟɤɬɪɨɦ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ [5], 

ɩɪɟɞɫɬɚɜɢɦɵɦ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ 

10ω,)ω(  ,NABW NB
, (2) 

ɝɞɟ NA  — ɦɚɬɪɢɰɚ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɩɨɪɹɞɤɚ m
N

22 .  

ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɛɟɧɬ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ, ɟɫɥɢ ɢɯ ɞɥɢɧɚ 
ɨɩɪɟɞɟɥɟɧɚ ɱɟɬɧɨɣ ɫɬɟɩɟɧɶɸ ɞɜɨɣɤɢ, ɬ.ɟ. ...1024,256,64,16,4,2N , ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɞɥɹ ɪɚɡɪɹɞɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ 
ɬɟɯɧɨɥɨɝɢɢ MC-CDMA ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɭɪɪɟɧɬɧɵɯ ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧ ɧɟɱɟɬɧɨɣ ɫɬɟɩɟɧɢ ɞɜɨɣɤɢ ( ,...512,128,32,82 12  m

N ), 

ɨɛɥɚɞɚɸɳɢɯ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɢɤ-ɮɚɤɬɨɪɚ 2  . 

Ɉпɪɟɞɟлɟɧиɟ 1. Ɉɩɬɢɦɚɥɶɧɨɣ ɤɨɞɢɪɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ (ɈɄɉ) ɧɚɡɨɜɟɦ 
ɬɚɤɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɡɧɚɱɟɧɢɟɦ ɩɢɤ-ɮɚɤɬɨɪɚ ɫɩɟɤɬɪɚ ɍɨɥɲɚ-

Ⱥɞɚɦɚɪɚ 2  . 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɩɢɤ-ɮɚɤɬɨɪɚ 2   

ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɞɥɹ ɞɥɢɧ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ...3,2,1,2 12  
mN

m . 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ 
ɩɢɤ-ɮɚɤɬɨɪɚ 2   ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɚɧɚɥɨɝɢ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɪɚɛɨɬɟ [6] ɞɥɹ ɫɢɧɬɟɡɚ ɛɟɧɬ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɨɛɨɛɳɟɧ ɢɡɜɟɫɬɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɛɟɧɬ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ  
Ɇɚɣɨɪɚɧɚ-ɆɚɤɎɚɪɥɚɧɞɚ (Ɇɟɬɨɞ 1), ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧɵ ɞɜɚ ɧɨɜɵɯ ɦɟɬɨɞɚ (Ɇɟɬɨɞ 2, 
Ɇɟɬɨɞ 3) ɪɟɤɭɪɪɟɧɬɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɈɄɉ. 

Ɇɟɬɨɞ 1 (ɨɛɨɛщɟɧɧɵɣ ɦɟɬɨɞ Ɇаɣɨɪаɧа-ɆаɤɎаɪɥаɧɞа) 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢɹ ɛɟɧɬ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɪɨɢɡɜɨɥɶɧɨɣ ɞɥɢɧɵ m
N

22  ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ Ɇɚɣɨɪɚɧɚ-

ɆɚɤɎɚɪɥɚɧɞɚ [5,7], ɤɨɬɨɪɚɹ ɨɫɧɨɜɚɧɚ ɧɚ ɤɨɧɤɚɬɟɧɚɰɢɢ ɫɬɪɨɤ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ 
LA  

ɩɨɪɹɞɤɚ NL  , ɚ ɬɚɤɠɟ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ !L  ɩɟɪɟɫɬɚɧɨɜɨɤ ɟё ɫɬɪɨɤ ɢ L2  ɡɧɚɤɨɜɵɯ 
ɤɨɞɢɪɨɜɚɧɢɣ. Ɍɨɝɞɚ ɤɚɤ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɚɬɪɢɰɚ Ⱥɞɚɦɚɪɚ A  ɤɚɠɞɨɝɨ ɫɥɟɞɭɸɳɟɝɨ 
ɩɨɪɹɞɤɚ k

L 2  ɫɬɪɨɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɜɟɫɬɧɵɦ ɪɟɤɭɪɪɟɧɬɧɵɦ ɩɪɚɜɢɥɨɦ Д1] 

1 1

1 1

2 2

2

2 2

k k

k

k k

A A
A

A A

 

 

 
  

  
, (3) 
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ɝɞɟ 11 A . 

ɇɚɩɪɢɦɟɪ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3) ɩɨɫɬɪɨɢɦ ɦɚɬɪɢɰɭ Ⱥɞɚɦɚɪɚ 
8A  (ɝɞɟ ɞɥɹ ɤɪɚɬɤɨɫɬɢ 

1  ɨɛɨɡɧɚɱɟɧɵ ɤɚɤ “+”, ɚ 1  ɤɚɤ “–”) 










































8A , (4) 

ɢ, ɩɪɢɦɟɧɹɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɤɨɧɤɚɬɟɧɚɰɢɸ ɟё ɫɬɪɨɤ, ɩɨɥɭɱɚɟɦ ɛɟɧɬ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɥɢɧɵ 64N  , ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2) ɟё ɫɩɟɤɬɪ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ 

[+++++++++ + + + ++ ++ + ++ +

        ++++ + + + +++ +++ + ++ ];

[ 8  8  8  8  8  8  8  8  8 -8  8  -8  8  -8  8  -8  8  8 -8 -8  8  8 -8 -8  8

         -8 -8  8  8 -8 -8  8  8  8  8  8 

B

B

W

            
               


-8 -8 -8 -8  8 -8  8 -8 -8  8 -8  8  8  8

         -8 -8 -8 -8  8  8  8 -8 -8  8 -8  8  8 -8],

 (5) 

ɬ.ɟ. ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (5) ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɩɪɟɞɟɥɟɧɢɸ ɛɟɧɬ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧ  

...512,128,32,8N , ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɫɟɝɦɟɧɬɚɪɧɨɣ ɤɨɧɤɚɬɟɧɚɰɢɢ ɫɬɪɨɤ ɦɚɬɪɢɰɵ ɍɨɥɲɚ-

Ⱥɞɚɦɚɪɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɢɤ-ɮɚɤɬɨɪɚ 

2  . 

Ɋɚɫɫɦɨɬɪɢɦ, ɧɚɩɪɢɦɟɪ, ɦɚɬɪɢɰɭ Ⱥɞɚɦɚɪɚ ɜɨɫɶɦɨɝɨ ɩɨɪɹɞɤɚ 8A  (4). ɉɭɬɟɦ 
ɤɨɧɤɚɬɟɧɚɰɢɢ ɟё ɩɟɪɜɵɯ ɱɟɬɵɪɟɯ ɫɬɪɨɤ ɩɨɥɭɱɚɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ   ɞɥɢɧɵ 32N   

ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɟё ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ 32W A  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

].8  0  0  0  0  8-  8-  8  8  0  0  0  0  8-  8  8-  8  0  0  0  0  8  8  8  [8

];+++++++++++++++++++[+





W

 (6) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɢɤ-ɮɚɤɬɨɪ ɩɨɫɬɪɨɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1) ɤɚɤ 28 32 2   , ɱɬɨ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɷɦɩɢɪɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɹɜɥɹɟɬɫɹ ɧɚɢɥɭɱɲɢɦ (ɨɩɬɢɦɚɥɶɧɵɦ) ɡɧɚɱɟɧɢɟɦ ɫɪɟɞɢ ɜɫɟɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧɵ 
32N , ɬ.ɟ. ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (6) ɹɜɥɹɟɬɫɹ ɈɄɉ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɢɫɥɨ ɈɄɉ ɞɥɢɧɵ 32, ɦɨɠɟɬ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɟɧɨ ɫ 

ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɢɯ ɩɪɚɜɢɥ ɪɚɡɦɧɨɠɟɧɢɹ. 
ɉɪавилɨ 1. ȼɵɛɨɪ ɫɬɪɨɤ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɩɨɪɹɞɤɚ L  ɞɥɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧɵ N   ɪɚɡɥɢɱɧɵɦɢ 2/L

LC  ɫɩɨɫɨɛɚɦɢ. 
ȼ ɫɥɭɱɚɟ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧɵ 32N  ɫ ɩɨɦɨɳɶɸ 

ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɩɨɪɹɞɤɚ 8L  ɩɨɥɭɱɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ ɫɨɱɟɬɚɧɢɣ 
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)!48(!4

!84

8 


C . (7) 

ɉɪавилɨ 2. Ʉɨɧɤɚɬɟɧɚɰɢɸ ɜɵɛɪɚɧɧɵɯ   ɫɬɪɨɤ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ 
ɪɚɡɥɢɱɧɵɦɢ !  ɫɩɨɫɨɛɚɦɢ, ɝɞɟ 2L  , ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɩɢɤ-ɮɚɤɬɨɪɚ. 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧɵ 32N  ɫ 
ɩɨɦɨɳɶɸ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ ɩɨɪɹɞɤɚ 8L  ɦɵ ɩɪɨɢɡɜɨɞɢɦ ɤɨɧɤɚɬɟɧɚɰɢɸ 4   ɫɬɪɨɤ 
ɦɚɬɪɢɰɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 











:,α:,α:,α:,α

4321

4321
,,, AAAA

, (8) 

ɝɞɟ «,» — ɫɢɦɜɨɥ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɤɨɧɤɚɬɟɧɚɰɢɢ, «:»— ɫɢɦɜɨɥ ɜɵɛɨɪɚ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ 
ɩɨ ɫɬɨɥɛɰɚɦ. 

əɫɧɨ, ɱɬɨ ɜ ɩɪɢɜɟɞɟɧɧɨɦ ɩɪɢɦɟɪɟ ɤɨɧɤɚɬɟɧɢɪɭɟɦɵɟ ɫɬɪɨɤɢ :,iA  ɦɨɝɭɬ ɛɵɬɶ 
ɩɟɪɟɫɬɚɜɥɟɧɵ 24!4   ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. 

ɉɪавилɨ 3. Ʉɚɠɞɵɣ ɫɟɝɦɟɧɬ ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɵ Ⱥɞɚɦɚɪɚ, ɭɱɚɫɬɜɭɸɳɢɣ ɜ 
ɤɨɧɤɚɬɟɧɚɰɢɢ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬ ɡɧɚɤɨɜɨɦɭ ɤɨɞɢɪɨɜɚɧɢɸ 2/2L  ɪɚɡɥɢɱɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ. 

Ɍɚɤ, ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧɵ 32N , ɫɟɝɦɟɧɬɵ 
ɦɚɬɪɢɰɵ ɦɨɝɭɬ ɛɵɬɶ ɡɚɤɨɞɢɪɨɜɚɧɵ 16-ɸ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɬ.ɟ. 

31 2 4

1 2 3 4,: ,: ,: ,:[( 1) , ( 1) , ( 1) , ( 1) ]A A A A
  

        , (9) 

ɝɞɟ 1 4,...., {0,1}   . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɉɪɚɜɢɥ 1, 2, 3 ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧ ɩɟɪɜɵɣ ɤɥɚɫɫ ɈɄɉ 

ɦɨɳɧɨɫɬɢ 

 /2 /2

1 ! 2
2

L L

L
LJ C   . (10) 

Ɍɚɤ, ɩɪɢ 823 N  ɧɚ ɨɫɧɨɜɟ Ɇɟɬɨɞɚ 1 ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɨ 48426 J  

ɈɄɉ. ɉɭɬɟɦ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ, ɧɚɣɞɟɧɨ, ɱɬɨ ɜɫɟɝɨ ɈɄɉ ɞɥɢɧɵ 8N  ɫɭɳɟɫɬɜɭɟɬ 
1128 J , ɞɟɫɹɬɢɱɧɵɟ ɷɤɜɢɜɚɥɟɧɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɟɣ 

ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

FCFAF9F6F5F3EEEDEBE8E7E4E2E1DEDD

DBD8D7D4D2D1CFCAC9C6C5C0BEBDBBB8

B7B4B2B1AFACA9A6A3A09F9C9A959390

8E8D8B88878482817E7D7B7877747271

6F6C6A6563605F5C595653504E4D4B48

474442413F3A393635302E2D2B282724

22211E1D1B18171412110C0A09060503

. (11) 

ɇɚɩɪɢɦɟɪ, }{}11000000{03  . ɇɚɯɨɞɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɍɨɥɲɚ-

Ⱥɞɚɦɚɪɚ (2) ɞɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ }04040404{ W , 

ɭɛɟɠɞɚɟɦɫɹ, ɱɬɨ ɨɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɈɄɉ. 
ɇɚɣɞɟɧɧɵɟ 1128 J  ɈɄɉ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɨɠɟɧɵ ɜ ɨɫɧɨɜɭ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ 

ɞɪɭɝɢɯ ɞɜɭɯ ɤɥɚɫɫɨɜ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɞɢɪɭɸɳɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 
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Ɇɟɬɨɞ 2 

ɉɪɨɜɟɞɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɧɨɝɨ ɤɥɚɫɫɚ ɢɡ 1128 J  

ɨɩɬɢɦɚɥɶɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɢɧɵ 8N  ɩɨɡɜɨɥɢɥɢ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɟɝɨ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɟɫɨɜɵɯ ɫɬɪɭɤɬɭɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ  

285628

642

ɟльɧɨɫɬɟɣпɨɫлɟɞɨваɬКɨличɟɫɬвɨ
ɟльɧɨɫɬипɨɫлɟɞɨваɬВɟɫ

. (12) 

Ʉɚɠɞɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɥɢɧɵ 22 k  ɢɡ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɢɤ-ɮɚɤɬɨɪɚ, 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɢɧɵ k2  ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɚɜɢɥɚɦ (ɫ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɵɯ 
ɡɧɚɤɨɜɵɯ ɤɨɞɢɪɨɜɚɧɢɣ) 

,,,,
2
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ɈКɉ k  (13) 

ɝɞɟ r — ɥɸɛɚɹ ɈɄɉ ɞɥɢɧɵ 22 k , k  — ɧɟɱɟɬɧɨɟ. 
ɇɚɩɪɢɦɟɪ, ɪɚɫɫɦɨɬɪɢɦ ɢɫɯɨɞɧɭɸ ɈɄɉ ɞɥɢɧɵ 8N  

][ r , (14) 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (13) ɧɚ ɟё ɨɫɧɨɜɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɵ 4 ɧɨɜɵɟ ɈɄɉ ɞɥɢɧɵ 32N , 

ɨɛɥɚɞɚɸɳɢɟ ɡɧɚɱɟɧɢɟɦ ɩɢɤ-ɮɚɤɬɨɪɚ 2   



























++++++++++++++++++++

++++++++++++++++++++

++++++++++++++++++++

++++++++++++++++++++

ɈКɉ , (15) 

Ɉɬɦɟɬɢɦ, ɱɬɨ Ɇɟɬɨɞ 2 ɭɜɟɥɢɱɢɜɚɟɬ ɦɨɳɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ ɈɄɉ ɜ 4 ɪɚɡɚ ɧɚ ɤɚɠɞɨɣ 
ɢɬɟɪɚɰɢɢ ɭɜɟɥɢɱɟɧɢɹ ɞɥɢɧɵ. 

Ɇɟɬɨɞ 3 

ɉɨɫɬɪɨɟɧɢɟ ɈɄɉ ɛɨɥɶɲɟɣ ɞɥɢɧɵ k2  ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɨɫɧɨɜɟ 2-ɯ 
ɪɚɡɥɢɱɧɵɯ ɈɄɉ ɦɟɧɶɲɟɣ ɞɥɢɧɵ 22 k  ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ (ɢ ɟё 
ɜɨɡɦɨɠɧɨɝɨ ɡɧɚɤɨɜɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ) 







































q

q

s

s

q

q

s

s

ɈКɉ k ,
2

, (16) 

ɝɞɟ s  ɢ q  — ɥɸɛɵɟ ɪɚɡɥɢɱɧɵɟ ɈɄɉ ɞɥɢɧɵ 22 k ,  k  — ɧɟɱɟɬɧɨɟ. 
ɉɪɢ ɝɟɧɟɪɚɰɢɢ ɈɄɉ ɞɥɢɧɵ 32N  ɩɪɢ ɩɨɦɨɳɢ ɦɧɨɠɟɫɬɜɚ ɈɄɉ ɞɥɢɧɵ 8N  

ɜɵɛɨɪ ɢɫɯɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ s  ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧ 112 ɪɚɡɥɢɱɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ, ɬɨɝɞɚ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ r  ɜɨɡɦɨɠɧɨ ɜɵɛɪɚɬɶ ɥɢɲɶ 111 ɪɚɡɥɢɱɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ ɬɚɤ, ɱɬɨɛɵ ɨɧɢ ɛɵɥɢ ɪɚɡɧɵɦɢ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɦɨɳɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ ɈɄɉ 



Ɇ.ɂ. Ɇɚɡɭɪɤɨɜ, Ⱥ.ȼ. ɋɨɤɨɥɨɜ  

 208 

ɧɚ ɤɚɠɞɨɣ ɩɨɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ Ɇɟɬɨɞɚ 3 ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɩɪɚɜɢɥ ɪɚɡɦɧɨɠɟɧɢɹ ɫ 
ɩɨɦɨɳɶɸ ɡɧɚɤɨɜɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ ɢ ɩɟɪɟɫɬɚɧɨɜɨɤ ɫɟɝɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

)1(2 22 222
  kkk JJJ . (17) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɱɢɬɵɜɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɨɛɨɛɳɟɧɧɨɝɨ ɜ ɫɬɚɬɶɟ Ɇɟɬɨɞɚ 1 

(ɨɛɨɛɳɟɧɧɵɣ ɦɟɬɨɞ Ɇɚɣɨɪɚɧɚ-ɆɚɤɎɚɪɥɚɧɚɞɚ) ɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ Ɇɟɬɨɞɨɜ 2, 3, 

ɩɪɢɜɟɞɟɦ ɚɥɝɨɪɢɬɦ ɫɢɧɬɟɡɚ ɛɟɫɤɨɧɟɱɧɵɯ ɫɟɦɟɣɫɬɜ ɈɄɉ: 
ɒɚɝ 1. Ɇɟɬɨɞɨɦ ɩɟɪɟɛɨɪɚ ɧɚɯɨɞɢɦ ɩɨɥɧɵɣ ɤɥɚɫɫ ɈɄɉ ɞɥɢɧɵ 8N  ɢ ɦɨɳɧɨɫɬɢ 

1128 J . 

ɒɚɝ 2. ɋ ɩɨɦɨɳɶɸ Ʉɨɧɫɬɪɭɤɰɢɢ 1 ɤɨɧɫɬɪɭɢɪɭɟɦ ɤɥɚɫɫ ɈɄɉ ɞɥɢɧɵ 324 N  ɢ 

ɦɨɳɧɨɫɬɢ 2688032,1 J . 

ɒɚɝ 3. ɂɫɩɨɥɶɡɭɹ Ʉɨɧɫɬɪɭɤɰɢɢ 2 ɢ 3 ɫɢɧɬɟɡɢɪɭɟɦ ɤɥɚɫɫɵ ɈɄɉ ɞɥɢɧɵ 324 N  

ɦɨɳɧɨɫɬɟɣ 448112432,2 J  ɢ 24864111112232,3 J . 

ɒɚɝ 4. ɉɨɦɟɳɚɟɦ ɜɫɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɨɞɢɧ ɦɚɫɫɢɜ ɨɛɴɟɦɚ 
52192248644482688032,332,232,132  JJJJ . ȿɫɥɢ ɡɚɞɚɧɧɚɹ ɞɥɢɧɚ ɞɨɫɬɢɝɧɭɬɚ 

— ɨɫɬɚɧɨɜ, ɢɧɚɱɟ ɜɨɡɜɪɚɳɚɟɦɫɹ ɧɚ ɒɚɝ 2, ɢɫɩɨɥɶɡɭɹ ɧɚɣɞɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɤɚɤ ɢɫɯɨɞɧɵɟ. 

ɋ ɩɨɦɨɳɶɸ ɬɚɛɥ. 1 ɩɪɨɢɥɥɸɫɬɪɢɪɭɟɦ ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɤɥɚɫɫɚ ɈɄɉ ɫ ɪɨɫɬɨɦ 
ɢɯ ɞɥɢɧɵ N  ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

 

Ɍаɛɥɢɰа 1. 
ɍɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɤɥɚɫɫɚ ɈɄɉ 

Ⱦɥɢɧɚ n  8 32 128 512 2048 8192 

Ɇɨɳɧɨɫɬɶ 

Ʉɨɧɫɬɪɭɤɰɢɢ 
1 

48 26880 11103284.1   
26102420.8   

63100711.2   
145106061.5   

Ɇɨɳɧɨɫɬɶ 
Ʉɨɧɫɬɪɭɤɰɢɢ 

2 

— 448 101248 11101.6   
27102969.3   

63102844.8   

Ɇɨɳɧɨɫɬɶ 
Ʉɨɧɫɬɪɭɤɰɢɢ 

3 

— 24864 10100.2   
22106513.4   

54103587.1   
126105789.8   

  112 52192 1110525.1   
26102422.8   

63100711.2   
145106061.5   

 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. 1 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɪɚɫɬɭɳɢɦ 
ɪɟɤɭɪɪɟɧɬɧɵɦ ɤɥɚɫɫɨɦ ɈɄɉ, ɩɨɞɨɛɧɨ ɪɟɤɭɪɪɟɧɬɧɨɦɭ ɤɥɚɫɫɭ ɛɟɧɬ-ɮɭɧɤɰɢɣ ɹɜɥɹɟɬɫɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ (ɨɛɨɛɳɟɧɧɚɹ) ɤɨɧɫɬɪɭɤɰɢɹ Ɇɚɣɨɪɚɧɚ-ɆɚɤɎɚɪɥɚɧɞɚ. 

Вɵɜɨɞɵ 

1. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɪɟɤɭɪɪɟɧɬɧɨɝɨ ɫɢɧɬɟɡɚ ɛɟɧɬ-

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ Ɇɚɣɨɪɚɧɚ-ɆɚɤɎɚɪɥɚɧɚɞɚ, ɤɨɬɨɪɵɣ ɛɵɥ ɨɛɨɛɳɟɧ ɧɚ ɫɥɭɱɚɣ ɞɥɢɧ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ,...512,128,32,82 12  m

N , ɞɥɹ ɫɢɧɬɟɡɚ ɈɄɉ (Ɇɟɬɨɞ 1). 
2. ɉɪɟɞɥɨɠɟɧɵ ɞɜɚ ɦɟɬɨɞɚ (Ɇɟɬɨɞ 2 ɢ Ɇɟɬɨɞ 3) ɪɟɤɭɪɪɟɧɬɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 

ɞɥɢɧɵ ɈɄɉ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɥɧɵɟ ɦɧɨɠɟɫɬɜɚ ɈɄɉ 
ɦɟɧɶɲɟɣ ɞɥɢɧɵ N  ɢ ɩɨɡɜɨɥɹɸɳɢɟ ɫɢɧɬɟɡ ɛɨ́ɥɶɲɢɯ ɦɧɨɠɟɫɬɜ ɈɄɉ ɞɥɢɧɵ N4 .  

3. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɪɟɤɭɪɪɟɧɬɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɈɄɉ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɚɯ. Ɍɚɤ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɧɨɟ ɦɧɨɠɟɫɬɜɨ ɈɄɉ ɞɥɢɧɵ 8N  ɢ 
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ɦɨɳɧɨɫɬɢ 1128 J , ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɨ, ɧɚɩɪɢɦɟɪ, ɦɧɨɠɟɫɬɜɨ ɈɄɉ ɞɥɢɧɵ 128N  

ɦɨɳɧɨɫɬɢ 11

128 10525.1 J . 

ɉɨɫɬɪɨɟɧɧɵɟ ɈɄɉ ɦɨɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɫɢɫɬɟɦɚɯ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɬɟɯɧɨɥɨɝɢɢ CDMA, ɜ ɱɚɫɬɧɨɫɬɢ, MC-

CDMA ɜ ɤɚɱɟɫɬɜɟ ɤɨɞɨɜɵɯ ɫɥɨɜ C-ɤɨɞɚ, ɨɛɥɚɞɚɸɳɢɯ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɢɤ-

ɮɚɤɬɨɪɚ 2   ɫɩɟɤɬɪɚ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ. 
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Ɉɞɟɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, 
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Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɬɪɢ ɦɟɬɨɞɢ ɫɢɧɬɟɡɭ ɛɿɧɚɪɧɢɯ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɡ ɨɩɬɢɦɚɥɶɧɢɦ 
ɡɧɚɱɟɧɧɹɦ ɩɿɤ-ɮɚɤɬɨɪɭ ɫɩɟɤɬɪɚ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ, ɹɤɿ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ 
ɩɨɛɭɞɨɜɢ C-ɤɨɞɿɜ, ɳɨ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɜ ɬɟɯɧɨɥɨɝɿʀ CDMA. ɇɚ ɨɫɧɨɜɿ ɞɚɧɢɯ 
ɤɨɧɫɬɪɭɤɰɿɣ ɪɨɡɪɨɛɥɟɧɢɣ ɚɥɝɨɪɢɬɦ ɫɢɧɬɟɡɭ ɧɟɫɤɿɧɱɟɧɧɢɯ ɫɿɦɟɣɫɬɜ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ, 
ɳɨ ɜɨɥɨɞɿɸɬɶ ɨɩɬɢɦɚɥɶɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɩɿɤ-ɮɚɤɬɨɪɭ ɫɩɟɤɬɪɚ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ. 
Ʉɥɸɱɨɜі ɫɥɨɜа: ɨɩɬɢɦɚɥɶɧɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ, ɹɤɚ ɤɨɞɭє, CDMA, C-ɤɨɞ, ɛɟɧɬ-

ɩɨɫɥɿɞɨɜɧɿɫɬɶ, ɩɿɤ-ɮɚɤɬɨɪ. 
 

 

 

RECURRENT SYNTHESIS METHODS OF THE SEQUENCES WITH OPTIMAL PEAK-TO-

AVERAGE POWER RATIO VALUE OF WALSH-HADAMARD SPECTRUM 

M.I. Mazurkov, A.V. Sokolov 
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In this paper three methods of synthesis of binary sequences with optimal value of the 

peak-to-average power ratio of Walsh-Hadamard spectrum which may be used to construct 

C-codes used in the CDMA technology are proposed. On the basis of these structures an 

synthesis algorithm of infinite families of sequences having optimal value of peak-to-

average power ratio of Walsh-Hadamard spectrum is developed. 

Keywords: optimal coding sequence, CDMA, C-code, bent-sequence, PAPR. 


