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Abstract . One of the main and the most challenging arithmetic operations is 

considered to be the realization of works of multi-bit numbers. Modern approach to its 
computational efficiency is the use of the convolution theorem in the bases of 
orthogonal functions. 

The possibility of implementing the algorithm multiplying large numbers using a 
new family of basis functions based on mathematical apparatus based transformations. 

Keywords. Discrete orthogonal transformations, convolution theorem, Fourier 
transform, Walsh-Hadamard transform bit. 
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  . 

k(i) = W-ki
N, i = 0, 1,…, N-1; k = 0, 1,…, N-1,        (1) 

WN = exp -j2 /N, 1j            (2) 
 W-ki

N (  )   
    N    k,     i, 
. .: 

W ki
N = W (k+N)i

N = W (i+N)k
N          (3) 

        
 : 

         (4) 

   (5)
 c(k), k=0, 1, …, N–1 –    s(i). 

  . 
        

 .  
 z(n)-     a(n)  b(n): 

1

0

( ) ( ) * ( ), 0... 1
N

m
z n a m b n m n N .         (6) 

   s(n): 

   (7) 

   (8) 
   : 

      (9) 
   : 

            (10) 
 (9)  (10) : 

 (11) 
 A(k)   B(k) -   . 
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,   (11)   ,  
       ,    

  . 
       1. 

 
. 1.    . 

        
.  

 1. :   a  b,   
 . 

a = 19  (1, 0, 0, 1, 1);   
b = 13  (1, 1, 0, 1);   

 .    
    n = N + M – 2 = 8,  N  M 
  a  b . 

       
 8 . 

a:= (1, 0, 0, 1, 1, 0, 0, 0);  b:= (1, 1, 0, 1, 0, 0, 0, 0). 
    (6):   

z = a * b = (1, 1, 0, 2, 2, 1, 1, 1). 
  ,       

  .  

F(n) = 

1 1 1 1 1 1 1 1  

1 -j -1 j  

1 -j -1 j 1 -j -1 j  

1 j -1 -j  

1 -1 1 -1 1 -1 1 -1  

1 -j -1 j  

1 j -1 -j 1 j -1 -j  

 
1 j -1 -j  
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.  ,     . 
  /    8-  

   . 
     
       

 a:= (1, 0, 0, 1, 1, 0, 0, 0):  
A(k) = 3, ,   2+j, ,   1,  ,   2-j, . 

 b:= (1, 1, 0, 1, 0, 0, 0, 0): 
B(k) = 3,      1,     -1,    1,  . 

     
: 

 
-   z: = (1, 1, 0, 2, 2, 1, 1, 1): 

 
      

 . 
   -  ( )   

 . 
         

    {walk(i)} i=0, 1, …, N–1, k =0, 1, …, N–1, 
 N=2n,  n –  . 

          ,  
         
 . 
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 )(iwalk       

 )()(*)( iwaliwaliwal jkjk  
     : 

  (12) 

  (13) 
 ,     ,   : 

c(k)=c(k+nN),  n –  .      
 .  ,  ,    .  

    (    )    
  : 

  (14) 
 c1(k), c2(k) -   

/  a(i)  b(i)    . 

  (15) 
 (15)    ,     

.  )( jib    
   b(i)  j ,  ji  -   

 ,     
        i  j. 

       
.  

 2. :   a  b,   
 . 

a = 19  (1, 0, 0, 1, 1);  
b = 13  (1, 1, 0, 1).  

 .     , 
     ,   i = N + M – 2 = 8,  N  M 

  a  b . 
       

 8 . 
a:= (1, 0, 0, 1, 1, 0, 0, 0); 
b:= (1, 1, 0, 1, 0, 0, 0, 0). 

  i = N + M – 2 = 8. 
      8 . 
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   (15):  z = a * b = (2, 1, 1, 2, 1, 1, 0, 1). 
. ,   ,     . 

  /    
 : 

W(i)  = 

1 1 1 1 1 1 1 1 

1 1 1 1 -1 -1 -1 -1 

1 1 -1 -1 -1 -1 1 1 
1 1 -1 -1 1 1 -1 -1 

1 -1 -1 1 1 -1 -1 1 

1 -1 -1 1 -1 1 1 -1 
1 -1 1 -1 -1 1 -1 1 

1 -1 1 -1 1 -1 1 -1 
  a:= (1, 0, 0, 1, 1, 0, 0, 0): 

A(k) = 3,  1,  -1,  1,  3,  1,-1,  1. 
 b:= (1, 1, 0, 1, 0, 0, 0, 0): 

B(k) = 3,  3,  1,  1,  1,  1,  -1,  -1. 
     

: 
A(k) *B(k) = 9,  3,  -1,  1,  3,  1,  1,  -1.  

   z:  
W(z) = 9,  3,  -1,  1,  3,  1,  1,  -1. 
 

 .  
    [3]   

        
 [4], ,   ,     

  . 
     ( ) ,  

 ,    : 

 (17) 

 (18) 
 3. :   a  b,   

 . 
a = 19  (1, 0, 0, 1, 1);  
b = 13  (1, 1, 0, 1);  
C .      
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  n = N + M – 2 = 8,  N  M  
 a  b . 

       
 8 . 

a:= (1, 0, 0, 1, 1, 0, 0, 0). 
b:= (1, 1, 0, 1, 0, 0, 0, 0). 

  :  z = a * b = (1, 1, 0, 2, 2, 1, 1, 1). 
  :          z = a * b = (2, 1, 1, 2, 1, 1, 0, 1). 

         
    ( )  

    [3].     8 
,   ,   : 

(k) =  

1 -1 -1 1 -1 1 1 -1 
0 0 0 0 1 -1 -1 1 
0 0 1 -1 0 0 -1 1 
0 0 0 0 0 0 1 -1 
0 1 0 -1 0 -1 0 1 
0 0 0 0 0 1 0 -1 
0 0 0 1 0 0 0 -1 
0 0 0 0 0 0 0 1 

 
 a:= (1, 0, 0, 1, 1, 0, 0, 0): 

           A(k) = 1,  0,  -1,  0,  -1,  0, 2, -1. 
 b:= (1, 1, 0, 1, 0, 0, 0, 0): 

           B(k) = 1,  -1,  -1,  1,  0,  0,  1,  -1. 
     : 

A(k) *B(k) = 1,  0,  1,  0,  0,  0,  2,  1.  
   z:  

           Z(k) = 1,  1,  -1,  0,  0,  -1,  2,  -1. 
   z:  

          Z(k) = 2,  -1,  -1,  0,  -1,  1,  2,  -1. 
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Correlative method of leaks searching by using acoustic leak noise on the 
pipeline and on the ground surface above the pipeline is represented. The criterion of 
leakage detection and example of its use is shown. 
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