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-      
-      
-  

 
 

.  -             

-
.

 

   

:

 

1.     -   
.

 

2.      

 

3.   

 

     

- 
.

 

    

:

 

- , ,  ;

 

-  ;

 

-   ;

 

-      .

 

    

:

 

1.  .

 

2.  .

 

3.  .

 

4.    .

 

5.  .

 

6.    .

 

7.    .
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1   

 
   

={xi,p(xi)}   

 
H(x) = M[I(x)] = I(xi)*p(xi) = - p(xi)*logp(xi)     

,         
.

 

    
={ , p(x)}, -    
. , -  

,     -
.

 

:     -
,      -    

,   -
-  .

 

.    
={1,2,3,4}.      
A={0,1}.   

1={00,01,10,11} 
                                                                                       
c2={1,01,001,000} 
                                                                                       
c3={1,10,100,000} 
                                                                                       
c4={0,1,10,01}     

4  

  

 -
.  2      

, . .       -  
.    .        

-
.

 

 

 

,      
( , 3 

 

  ,   
).

 

       
-
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:

 
  ,   -        

-   
.

 
      

.

 
       

-    
.

 

:

 

    
={x,p(x)}        

 

= {c1,c2, ,cm}.   li  i-  .     
: 

 

l =M[l(x)]= li*p(xi)      

 

- 
.  ,      
.  

 

 
1   l =2.  
2   l =2,25.  
3     l =2,25.  

:          
. ,         

,        
.      

,     -     
.

 

     

 

 
- 

.

 

,     .      
,    

.     - 
,     .

 

 
,         

,     - 
,      -

. 

 

 
,            

,     .
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:

 
1)      -

 
 

.     -      
-   

.

 

2) ,   ,  -   
.

  

   

 

 

-  

 

:

 

 
1.

 

     .

 

 
2.

 

      , -      
-

.    ,   .

 

 
3.

 

      
,     .     -  

,    .

  

   

 

 

.  -   
:

 

 
1.

 

     -
.    

 

 
2.

 

    .

 

 
3.

 

      -
.      -    

.

 

          

:

 

1) .       
= 0 ,      -

.

 

2)    >1. 

 

     
, -   

. 

  

   
,      
. 
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-
.  = -1.      

.

 
     

-
:

 
   

,    
.       

:

       

A 
0.5    

0

 

1

    

B 0.2   
0

 

0.5      1

    

C 0.15

  

0

 

0.3    1

   

D 0.1 0

 

0.15   1

    

E 0.05

 

1

       

   

 

,   -    
.

 

  
:

 

1)    ,     
.  ,       

,     

 

  
.

 

2)       
.

 

3)       - 
.

 

4)      k , 

 

     
l =H/log2K. 

5)      

 

µ=Hmax/(l *log2K)    

 

µ=Hmax/l .  



 

9

 

    

 
k = H/(l *log2K).  

1   

 
 

:

 
         

 
      

-    
. 

 

1.  ,     -  
. 

 

a.      - 
,        

. 

 

b.  ,      
;     -  

. 

 

c.         
.

 

2.       ,   
,      - 

.    ,    
. 

 

 
,  , : 

 

1)    : -  
,   H,     

,  R  - 
; 

 

2)    -   
(   ); 

 

3)     l

 

  -  
;  

4)    l

 

  H, - 
; 

 

5)      - 
.
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:

 
_ _ _

  
 

      
     

0.25000

      
     

0.18750

      
     

0.09375

      
     

0.09375

 

     _     0.09375           
0.06250

      

     
0.06250

      

     
0.06250

      

     
0.03125

      

     
0.03125

      

     
0.03125

  

 

: 32

 

-  : 11

 

: 3.13205

 

  
1 : 0.09788

 

    
: 4

 

: 0.21699

  

 

- :

  

0.25000 0    00 

 

0.18750 
0 

1    01 

 

0.09375 0   100 

 

0.09375 0  1010 
_ 0.09375 

0 
1 

1  1011 

 

0.06250 0  1100 

 

0.06250 
0 

1  1101 

 

0.06250 0 11100 

 

0.03125 
0 

1 11101 

 

0.03125 0 11110 

 

0.03125 

1 

1 
1 

1 
1 11111 

  

1875.3
1

k

i
ii lpl 

36275.0
log2

max

kl

H

 

28404.0
log2 kl

H
K
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:

  
0.25000  0.25000  0.25000  0.25000  0.25000  

 
0.18750  0.18750  0.18750  0.18750  0.18750  

 
0.09375  0.09375  0.09375  0.12500  0.15625  

 
0.09375  0.09375  0.09375  0.09375  0.12500  

_ 0.09375  0.09375  0.09375  0.09375  0.09375  

 
0.06250  0.06250  0.09375  0.09375  0.09375 1 

 
0.06250  0.06250  0.06250  0.09375 1 0.09375 0 

 
0.06250  0.06250  0.06250 1 0.06250 0   

 

0.03125  0.06250 1 0.06250 0     

 

0.03125 1 0.03125 0       

 

0.03125 0         

 

0.25000  0.25000  0.34375  0.40625  0.59375 1 
0.18750  0.21875  0.25000  0.34375 1 0.40625 0 

1 

0.18750  0.18750  0.21875 1 0.25000 0    
0.15625  0.18750 1 0.18750 0      
0.12500 1 0.15625 0        
0.09375 0          

  

0.25000 10 

 

0.18750 00 

 

0.09375 010 

 

0.09375 1110 
_ 0.09375 1111 

 

0.06250 1100 

 

0.06250 0110 

 

0.06250 0111 

 

0.03125 11010 

 

0.03125 110111 

 

0.03125 110110  

:  -      
, . .        -  

,         -
.

  

  

:

 

program V2; 
uses crt; 
var ch:array[1..32] of char; 
    p:array[1..32] of real; 
    i,j,k,lc:byte; 
    st:string; 
    n:byte absolute st; 
    h,p1,lcr:real; 
function upcaser(ch:char):char; 
  const b:array[1..32] of char=(' ',' ',' ',' ',' ',' ',' ',' ',' ', 
                                ' ',' ',' ',' ',' ',' ',' ',' ',' ', 
                                ' ',' ',' ',' ',' ',' ',' ',' ',' ', 
                                ' ',' ',' ',' ','_'); 
        m:array[1..32] of char=(' ',' ',' ',' ',' ',' ',' ',' ',' ', 
                                ' ',' ',' ',' ',' ',' ',' ',' ',' ', 
                                ' ',' ',' ',' ',' ',' ',' ',' ',' ', 
                                ' ',' ',' ',' ',' '); 
  var i:byte; 
  begin 
    i:=1; 
    while (i<=32) and (m[i]<>ch) do 
      inc(i); 
    upcaser:=b[i]; 

1875.3
1

k

i
ii lpl 

36275.0
log2

max

kl

H

 

28404.0
log2 kl

H
K
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  end;  

 .  .  .  .  .  .  .  .  .  .    

writeln('    : ',lc);

   
writeln(' : ',1-h/lc:1:5); 

  readkey; 
end.  

2  

 
  

 

:

 

       
n   

,   ,        
.        ( 

(n,k)- ).

  

n 

 

 

  

k 

 

 

 

       
-    

( mod 2). 
:

  

                1+1+1(mod 2)=1 
                1+1+0(mod 2)=0 
                1*1+1*0(mod 2)=1      

-
.  ,       k - 

,    n-k .

 

:

 

  n,k- ,      
- 

n,k- .

 

          

. 

  

   

.   -

  

  

  

  

.

 

  

  

  
.     

:

 

ej= xi*hij,   j=1,n-k 
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ej 

 
 

 
xj 

 
  

 
hij 

 
,   0  1,  -    

.

 
:

 
  (5,3) 

  
                e1= 0*x1+1*x2+1*x3 = x2+x3 

                e2=1*x1+1*x2+0*x3 = x1+x2   

011 

 

x1=0  e1=0 
                                       x2=1  e2=1 
                                       x3=1  e3=1 
                           011 01101

 

  

  

.    -    
.

 

:

 

    {0,1}       
mod 2     

.

 

 
GF(2).     

GF(2)    
2n .   Vk    
2k  .

 

     

.  Vk     k   -
. 

 

 
,  n,k 

 

  -   
k      .       

,   
.   G(n,k). 

: (5,3) 

  

                     1 0 0 01 
                    G(5,3)=  1 1 0 10 
                                   0 1 1 01      

-
.      -

:

 

Mn,k= (2k*2i)      
,  -     

:
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G(n,k)=||Ik Rk,r||,  r=n-k  

   1 0 0 01 
G(5,3)=    0 1 0 11 

   0 0 1 11                       

-
.

 

           

: 

 

H(n,k)=|| RT
k,r, Ir||  

H(5,3)=      0 1 1 10 
                   1 1 0 01   

:

 

1)      -       
r -

, r=n-k 
X*HT(n,k)=[0 0] 

:

 

   =10001

  

X*HT=(10001)  0 1   =(00) 
                                   1 1 
                                   1 0 
                                   1 0 
                                    0 1  

2)     

  

 -     
.

 

,    ,     
s(x).  

s(x)=X*H(n,k) 0 
3)       -  

: G(n,k)* HT(n,k)=0 
4)     -     

.
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5)     Pk,r   

  
Wi  dmin  1. 

6)    ,   -            

.

 
7)    (n,k) 

 
               

dmin  n-k+1  
,  ,     

.

 

:

 

    
,  15 .   -    

.   15 -
.    4 

  

k=4, 2r  n+1  
2r 4+r+1 
2r  5+r  r=3

 

 
,  (7,4)- , dmin=1+1+1.          

.

  

Wi = dmin  1    

 

1000 110 
                 0100 011 
                 0010 101 
                 0001 111   

 

                                   1 0 1 1  100   
            1 1 0 1  010  

                                           0 1 1 1  001   

: x=1010 101 

G(7,4) =

 

H(7,4)

 

=
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e1= x1+x3+x4 

 e2= x1+x2+x4 

 e3= x2+x3+x4   

 
   

,   
.     n     

,   .

 

      
x=x+er, 

   

 

 

 

 

  er 

 

 

 

   

s= x*HT=(x+er)*HT=x*HT+er*HT=er*HT  

,              
.  

,   ,  - 
.           

. 

  

  

 

     

.

 

:

 

   ,      
( 0, 1, , n)  -  

( 1, 2, , n, 0)    -
.

 

          

.   ,      
-     

.

 

          

.
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,      - 

mod. 
1) 

                     
5+ 2+ +1 

 
2+1          

  
    5+ 3        

  
3+ +1

                      
3+ 2+ +1

  

     3+  

  

2+1  
2+1 

  

0 
2)    5+ 2(mod x2+1)     

,          
.    -   

,      
.

 

          

,            

xn+1. 
:

 

    -
(1011)

 

n=4 
1)    1+ 2+ 3   

 

2)   : + 3+ 4 

3) 4+ 3+    4+1

 

4+1         1  
3+ +1

 

(1101)      

 

 

: «     - 
?»   ,  -

,    ,  -    
.

 

:  g(x)    -    
n    ,  

g(x)   xn+1.  ,    
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xn+1.       n-k,  k 

 
 

.

 
:     -   

n=7.  

 
     
k=4,   -  

r = n 

 

k = 3. 
1)  xn+1    n=7: 

     x7+1=(x+1)*(x3+x+1)*(x3+x2+1) 
2)    . , -

,  g(x)=x3+x+1 
3)    V=1010. 

     
c(V)=V*g(x)=(x3+x+1)*(1+x2)=x3+x+1+x5+x3+x2=x5+x2+x+1=1+x
+x2+x5   

c(V)=(1110010)      
-

. 

 

  
:

 

1)   

 

    S(V)=c(V)(mod g(x))      
S(V)=0,    ,  S(V) 0,     

.

 

2)   i=1  si(V)=xi*s(V)(mod g(x)). - 
si    ,   si   -   

 

,    
.

      

 
sm(V)   ,                                                                                              

e(x)=xn-m*sm(x)(mod xn+1).            
-    

c (v)=c(V)+e(x) 

 

  
.
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2   

  
 

:

 
        

.

 
 

1.   (n,k)-

 

      
- 

.

 

  
.

 

      

(      ).

 

     
-

.

 

  
.

  

    
, -   

.

 

     
. ,  -        

.

 

  
,      -

. 

 

 
2.  

 

    

 

     

.

 

       
. -       

.  

 

 .

 

     
.

 

  
,     -        

.

  

  

:

 

0.     6 

 

1. ,  1     7 

 



 

20

 
2. ,  1     20 

 
3.     10 

 
4. ,  2    1 

,   50 

 
5. ,  2    1 

,   15 

 

6. ,  2    1 
,   30 

 

7. ,  2    1 
,   7 

 

8. ,    1     
15 

 

9. ,    1     
120 

 

  

 

 

1.   (n,k)- .

 

,    1     
15 

  

.   15 ,  k = 4 

 

-  

 

r = 3 

 

  

 

   
(7,4) 

 

.

 

dmin =  1 + 1 + 1 = 3    

  

1111000

1010100

1100010

0110001

)4,7(G      
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1001110

0101011

0011101

)4,7(H     

  

1001101

0101011

0011110

)4,7(H       

 

1010101

1100110

1111000

)4,7(H   

  

4311 xxxe

  

4212 xxxe

  

4323 xxxe

  

 

  

10000001er    6110*11
THers 

01000002er    3011*22
THers 

00100003er    5101*33
THers 

00010004er    7111*44
THers 

00001005er    4100*55
THers 

00000106er    2010*66
THers 

00000017er    1001*77
THers      

1001.    
:

  

1001001)4,7(*4 Gxx   

04311 xxxe  

04212 xxxe  

14323 xxxe  
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1001011.  -
,   ?

 
010*

~
THxs     =>    0000010er   =>   6- 

  
,    2 :

 

0100010'er 

001'*' THers   => )0000001(er    

2- 

  

 

2.  (n,k)- .

 

,    1     
15 

  

.   15 ,  k = 4 

 

-  

 

1

2
2

n

n
k    =>   n = 7  =>   r = 3 

r = 3 

 

  

 

   
(7,4) 

 

.

  

    

  

1).  x7 +1  

 

x7 + 1 = (x + 1)(x3 + x + 1)(x3 + x2 + 1)  

2).   

  

g(x) =  x3+x+1    

0011 => x2 + x3  

c(v) = v*g(x) = (x3 + x + 1)( x2 + x3) = x5 + x6 + x3 + x4 + x2 + x3 =  x2 

+ x4  + x5 + x6 

c(v) = 0010111      

.    c(v) = 
0010111, 
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c (v) = 0110111 = x + x2 + x4  + x5 

+ x6  

g(x) =  x3+x+1    

  

s(v) = c (v)(mod g(x)) = x  0  

s1(v) = x*s(v) (mod g(x))  = x2 

s2(v) = x2*s(v) (mod g(x))  = x + 1 
s3(v) = x3*s(v) (mod g(x))  = x2 + x 
s4(v) = x4*s(v) (mod g(x))  = x2 + x + 1 
s5(v) = x5*s(v) (mod g(x))  = x2 + 1 
s6(v) = x6*s(v) (mod g(x))  = 1  =>    

 

 1    

   

e(x) = x7-6*s6(v) (mod (x7+1)) = x     

  

c(v) = c (v) + e(x) = x2 + x4  + x5 + x6     

  

)(*

)(*

)(*

)(

)4,7(

3

2

xgx

xgx

xgx

xg

G

 

346

235

24

3

xx

xx

xx

1xx

)4,7(

x

x

x
G

 

1011000

0101100

0010110

0001011

)4,7(G 
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h(x) = (x7+1)/g(x) = x4 + x2 + x + 1     

)4,7('H 

)(*

)(*

)(

)4,7('
2 xhx

xhx

xh

H

 

2346

235

24

 x  x  x x

 x  x  x x

1  x   x x

)4,7('H 

1011100

0101110

0010111

)4,7('H     

  

0011101

0111010

1110100

)4,7(H      

0101.    
:

 

1110010)4,7(*4 Gxx       

 

x*HT = (000)  

3   

 

 

 

1.   

 

            

,  - 

 

 
.

 

 -       
-       
-  

. 
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:      

                                                                   
 

:       

 

2.    

 

      
-    

.    -        
(     

).   - 
,         
:

 

 
:   :  

 

    

4 1 3 2    

 

   

 

   

 

   

 

   

 

:  

 

  
-   -  

,     .

 

 

 

1.  

 

  

 

    
, - 

k         
. (    k=3  n=50)
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Ck(j)=(j+k)(mod n), n -    

 
,    

    
Ck

-1(j)= n-k=(j+n-k)(mod n) 
2.  .

 
     

: n 

 
-   

,     b,          
,   n         

n.     b   
,      

.   

 

Ca,b(j)=(a*j+b)mod n 
:

 

  :        .   n=8.     
=3  b=5.   

 

C3,5( )=(3*1+5)mod 8=0 a

 

C3,5( )=(3*3+5)mod 8=6

  

  

 

1)   .

 

  
a*j+b    - 

,   . 

 

2)    .

 

 
.

 

      -   
.   -       

.      
.          

.

 

1)  1            2  .    .    .    .    .    . 
          c1            c2  

 

  

,     .

 

2)                        .  
                                    . x1 

                               c1  . 
                                    . x2 

                               c2  . 
3) x1     c1                            x2       c2      .   .    .   .               .     .    .      . 
     .   .    .   .               .     .    .      .     

 

  

.
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    c2      x2                           c1       x1  

3. 

 
      

- 

 
.     :  

,    -
.

                                              

.

 

,

 

-  

 

      

, -   
,     

.    , , ,   , , ,  
,      

  

4.  ( )

 

          

,   .       
.  -      

 

-   
.       

n ( )  -       
.

 

5. 

 

     

 

 
- 

n?n,   n 

 

  .
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. .

 
   

 
    

- 
.

 
: 

1)      , -    
.

 

2)         
,      .

 

3)      , -     
,     

. 

 

     
.   

 

  
.

 

   
,  -

 

 
,   -

(Beaufort,      ), -       
-      

.      
,    ,       

:
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: 

 

Bofd(mi)=(ki mod d-mi)(mod n)    

 

            

-   -
,         .     

,  -  
.  ,    ,       

, -         

.

 

 

 

   
RSA,    

,     
1977 .

 

      

RSA (Copyright (c) Roman Lonely 2:5015/52.38)  
    

:

 

 

 

-    1    .
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-      ,  
1.

 
 

 
i mod j -     

i  j.

 
 

 
 

RSA,   -       
-

:

 

1)   

 

   p  q.

 

2)  n, 

 

  p  q (n= p*q).

 

3)  

 

 ,   d.         
- 

(p-1)*(q-1). 
4)  

 

 ,    -   
(e*d) mod ((p-1)*(q-1))=1. 

5) H 

 

  e  n,    
-  d  n.

 

================================= 
,  

 

    
{e,n},   :

 

 

 

  
,          
M(i)=0,1,2..., n-1( . .   

n-1).  
,   -  

M(i)   C(i)=(M(i)^e)mod n.  ^ -   
.

 

 

 

 
,    

{d,n},  

 

 : 

 

M(i) = (C(i)^d) mod n.     

 

  
M(i), -    

.

 

==========================  

 

:

 

    
" "  - 

RSA.   

 

  (  
-    ).

 

1)  p=3 and q=11. 
2)  n= 3*11=33. 
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3) H

 
(p-1)*(q-1)=20. , d  , 

, 3: (d=3).

 
4) 

 
    : (e*3) mod 

20=1. ,   , , 7: e=7.

 
5) 

 
   -     

0  32 (  n =33).

  
 

=1, =2, =3.

 

  
,    

{7,33} 
C1 = (3^7) mod 33 = 2187 mod 33 = 9; 
C2 = (1^7) mod 33 = 1 mod 33 = 1; 
C3 = (2^7) mod 33 = 128 mod 33 = 29;    

,    
{3,33}. 
M1=(9^3) mod 33 =729 mod 33 = 3( ); 
M2=(1^3) mod 33 =1 mod 33 = 1( ); 
M3=(29^3) mod 33 = 24389 mod 33 = 2( ); 

, 

 

.

 

  

3     

  

 

:

 

   -  

.

 

 

1.    

   

 

,  :

 

     
;

 

   
;

 

     
;

 

     
;

 

    
;

  

  

:

 

1.   .
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2.     .

 
3.    .

 
4.  .

  
!!! 1     .

 
              

: -
, ,     ,     

.

  

   

1:

 

0.  .

 

1.  .

 

2.    .

 

3.   .

 

4.   .

 

5.  .

 

6.   (« »).

 

7.  .

 

8.  .

 

9.  .

  

 

2.   .

  

   

:
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