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 1
A b c
0 0 0
0 1 1
1 0 1
1 1 0

. 1.   (n=3),
, -

-

-
, 

  .1 (1  2) [10]. 
, 

2, . 
m- n- . 

n-m m

, -
, 

.

-
  , 
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 2, 
 m- , 

 MatLaB
[12]. -

:

% 
%  ( )

N=15;% 
i=1:N;

u=ones(1,N);% 
A(i)=u;

T=(2^N)-1;% 
for t=1:T
RndBin(t)=A(N);% out

a=xor(A(1),A(N));
B1(1)=a;

for k=1:N-1
B(k+1)=A1(k);

end
clear A;
A=B;
clear B;
clear a;

end
clear A i k t u;
plot( RndBin)

, ,
, , -

, -
 P(0)=P(1)=1/2.

. 2 -
 n –

-
 2 .
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 2

n m
n-m 2n-1 n m

n-m 2n-1

3 1 7 18 7 262 143
4 1 15 20 3 1 048 575
5 2 31 21 2 2 097 151
6 1 63 22 1 4 194 303
7 1  3 127 23 5  9 8 388 607
9 4 511 25 3  7 33 554431

10 3     1 023 28 3, 9 
13 268 435455

11 2     2 047 31 3, 6 ,7,
13

2 147 438
647

15 1, 4 
7    32 767 33 13 8 589 934

591

, -
, . -

,   -
, -

, , 
  

 « ».
 1.

-
 « » ( -
,   ), , 

. , -
p=2n-1 , 

 2n-1 ,  – .
 2.  ( . -

, )
 1 (0  1),  2 (00 
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11) . 
.

 3.  (0 
1) 1 , 2 , 

































−−
−

−±−±=
−
−

=∑
−

= +−
=

othervisen
n

nnkn
n

n

i kiaiank
,

112

22

),...12(2),12(,0,
12
12

12

112
1)(ψ  (1)

, 
, .

1.1. 
 “ ”

 “ ”. 

:  “ ”  “ ”.  , , -
, -

. -
:

r1i –  “ ”  i;
r2i –  “ ”  i;

∑
=

=
1

1i1k

n

ki
rR –  “ ” , -

 k (n1 – 
”);

∑
=

=
2

22

n

ki
rR ik –  “ ” , 

 k;
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∑
=

=
1

1k1

n

1k
rR –  “ ”.

∑
=

=
2

21k21

n

1k
rR –     “ ”.

2R1RR += – .
  

R1k, R2k, R1, R2, R -
, -

 P . 
   R -

.  n (n>20) 
 [ 7 ]:

)5,0(5,0)( R
MRzzRP

σ
−+Φ+≈≤ .   (2)

, -

2
2+= nMR ; 4

1)1
11(4

−≈
−

−= n
n

nDR ,

 (2) 

)
15.0
2

2
2
1

(5,0)(
−

+−+
Φ+≈≤

n

nz
zRP .   (3)

20≥n . Up
, -

100)(5,0)( P
pUpUUP =Φ−=> , 

)11(2
1)( −++== npUnRpzz ,   (4)

 (3)  (4)

100)( P
pzRP ≈< .    (5)

 R1
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20≥n

4
2

2
1

1
+=≈ nMRMR      (6)

16
1)1

11(16
2

1
+≈

−
−+= n

n
nDR ,   (7)

 R1
 P/100 %:

)1(4
1)1( ++≈ npUnRpz .   (8)

 R1k  k > 2 -
,  n .

 k 

aea
kRP −≈= !)1(

υ
υ

υ ,

12 +
=

k
na .     (9)

, -
 “ ”  “ ”  k , 

121)01(1)11( +
−

−≈=−=≥ k
n

ekRPkRP .  (10)
k, ,

P(R1k>1)
.

 5% , -
 P = 0,95,  (4), (8)  (10)

);165,11(2
1 −++≈ nnpz     (11)

)165,1(4
1)2()1( ++≈≈ nnRpzRpz ;   (12)
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12lg

)95,0lnlg(
)( −

−
≈

n
kpz .    (13)

 ( ) 

.
  ,  “ ”, -

, ,  “ ”, – .  [7]
  

 ( ) 
. -

. 
, -

:

N=10000; % 
for n=1:N;
   U(n)=Ka(n);
end

   clear n;
n=1:N;
for k=1:12;% k – 
A(n)=zeros(1,N);
timer=0;
for i=k+1:N
    if U(i)==0
         A((i-k):(i-1))=1;
         if and(A,U)==A;
            timer=timer+1;
        end
         A((i-k):(i-1))=0;
    end
end
E(k)=timer;
clear  l j i timer ;
end
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.
   N 

:
U(i)==0. i , (i-k, i-1)-

A, -
U, , k – -

. -
A U   timer. 

(k),
 k . -

 “ ”. 
 “ ” 
U(n)=Ka(n) U(n)=1-Ka(n).

1.2. 

-

: 2χ ,
2ω [5, 7]. 

, -
.

  

∑
=

−
=

l

1i
i2

inp
inpγ

χ ,    (14)

iγ  – ,  i- -
;

inp  – , -
 i- .

2χ -
-

. p  ( -
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, , -
), -

, 
H, , X -

: . 
p , -

-
. -

H , , ,
.

-
 – . 

    -
. . 

-
 F*(x) -

 [5, 7]:
)F(x)*Fmax(D −= .

-
 D . 

. . . -
, , -

 F(x)  X, -
 n -

λ≥nD

∑ −⋅−−=
∞

−∞=k
kk eP 222)1(1)( λλ .  (15)

 P( ),  (15)
 3.



15

 3

)(λP )(λP )(λP

0,0 1,000 0,7 0,711 1,4 0,040
0,1 1,000 0,8 0,544 1,5 0,022
0,2 1,000 0,9 0,393 1,6 0,012
0,3 1.000 1,0 0,270 1,7 0,006
0,4 0,997 1,1 0,178 1,8 0,003
0,5 0,964 1,2 0,112 1,9 0,002
0,6 0,864 1,3 0,068 2,0 0,001

1.3.
-

-

.
  
  

,   
  -

-
-

. -

 [7]. , -
, 

, 
:
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) 
.

% 

% [0:1] 

M=round(N);% 
n=1:M;
for k=1:T/M

 E(k,n)=dec2bin(RndBin((k-1)*M+1:k*M));
%E(k,n)-

  % 
M.
end
clear n Ka k;
D=bin2dec(E);% D- , 

,
%  D.
clear B i j  ;
n=1:M;
Norma2(1,n)=dec2bin(ones(1,M));
% 
N
Norma10=bin2dec(Norma2);
Randsig=D./(Norma10);
clear Norma2 Norma10;
korr=(1/(T/M))*xcov(Randsig);
mu=round(T/M);
korrelation=korr(mu:2*mu1)

clear Randsig
k=1:11;
plot((k-1),korrelation(1:11)); % 
% 
% 
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for i=1:11
    if i==1
        hh(i,1)=1/12;
    else hh(i,1)=0;
    end
end
error=sqrt((hh(1:11)-korrelation(1:11)).^2);%

clear D H M N Randsig1 T hh i k korr korrelation n

.

 E,  M. -
 M ,

 E -
-

. , 
 D, , -

 E, 
  Norma10. -

 Randsig, 
 [0,1] 

.  xcov – -
 MatLab  -

 ( )  – korre-
lation [12]. , -

.

1.4. 
,

-
:  

, -
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.

 “ ”  “ ”  i 

2221 +
≈= i

n
iMriMr ,    (16)

n – ;
i – .

. 4 
11-

 “ ”. -
n=10000 .

 (1.10), 

0,713
10000

e1112
n

e11)1,14P(R =
−

−=+
−

−=≥ .  (17)

 (15) , -
.

 (11), 
 P = 0,95:

4918)1n1,651(n2
1(R)pz =−−+= .

, 
n = 10000 4918≤R , -

.
-

, . 

.
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 4

 i
r1i r2i ri Mr1

i=Mr2i

MR
1k

MR
k

1 1264,9 1243,9 2508,8 1250 2500 5000
2 640,4 628,2 1268,6 625 1250 2500
3 310,9 312 622,9 312,5 625 1250
4 160,4 159,2 319,6 156,25 312,5 625
5 80,6 75,2 155,8 78 156,25 312,5
6 38,9 34,8 73,7 39 78 156,25
7 21,6 17,7 39,3 19,5 39 78
8 12,5 8,9 21,4 9,75 19,5 39
9 7,2 5 12,2 4,87 9,75 19,5
10 2,1 2,4 4,5 2,435 4,87 9,75
11 1,6 1,4 3 1,217 2,435 4,87
12 0,6 0,7 1,3 0,685 1,217 2,435

 10-
5033,1

-
-

P = 0,95  4918

-

 Xn , N=1,2…,n,
-

 [7].  

2)
1

0
(

)1(
11

01
1)( ∑

−

=
⋅

−⋅
−∑

−

= +⋅⋅
−

=
N

i iXNN
N

i iXiXNB ττ
)

, (18)

 t=0,1,… m
-
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







≠

==
0,0

,0,12
1

)(
τ

ττB     (19)

,  P 

112
)()(

−⋅
⋅≤−

NptBB χττ
)

,  (20)

1=χ 1≥τ , 2=χ 0=τ .
 (18) , Xi –

 0  1 
. 12

1B(0)=  – -

0=τ
Xi.

-
, , 

n = 10000 . -
.2.

P = 0.99, tp = 2,58 [ 7]

-
 t . 5.

  ,  (20) -
.

  , , -
XN, N = 1,2…,10000 . -

, -
.
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 5

T 0 1 2 3 4 5 6 7 8 9

)()( ττ BB −
)

1.2
801
e-
006

0,0006 0,0008 0,0004 0,0006 0,002 0,0003 0,0008 0,0002 0,0002

112 −⋅
⋅

N
t p

χ 0,0
03 0,0022 0,0022 0,0022 0,0022 0,0022 0,0022 0,0022 0.0022 0,0022

. 2.  

-

2χ   ( ) -
.  4096 

, 
. ,

, . 6.
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 6

1 2 3 4 5 6 7 8 9 10

1-
423 412 400 419 399 398 394 407 417 426

2-
417 427 406 414 394 405 392 419 405 416

3-
419 421 401 423 393 413 401 410 400 414

4-
411 420 402 418 398 413 399 426 391 417

 (14),   2χ
:

2,89742
1 =χ ; 2,72772

2 =χ ; 2,30652
3 =χ ; 2,84862

3 =χ .
, -

ρ
64104 =−=−= lρ .

2χ ρ  = 6 . 3 . [ 5]
  P , 2pχ  c ρ -

, 2χ . 
  -

P = 0.8. -
, , -

-
.
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x2
2x

e
x

1f(x) ⋅
−

⋅
⋅

=  – -

.

, . . Y(t),
, 
Ryy(x)

:

    (21)
n = Cn(mx, x, Ai) - , 

-
, :

  , (22)

 ,  .

-
,  (21) -

+

 (23)

 (23) rxx )
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Ryy ( ), , -
. 

Su( )

-
Sx( )
, 

Rxx( ), -
:

Sx( ), -
 .

-

 [4] -

, , , .
 x(t) -

 R( ),  = ti – tj. 
 t1,t2,…,ti,…,tj,…,tn.















−+++=

+++=

++=

;12......1211)(
...........................................

;1......3221)2(
;......2211)1(

nncncncntx

nnccctx
nnccctx

ηηη

ηηη

ηηη

  (24)

i – -
, , 2 .

 ck , 
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2)1...121()1( σ⋅⋅+−+++⋅+⋅=− ncknckcckcctktR  .   (25)

 (24) , -
.  -

, 
, 

 x(t).
  [7].

-

,...22

...11...2211
qnqbnb

nbpnxpanxanxanx

−++−+

+−+−++−+−=

ζζ

ζ
   (26)

p –  ai ;
q –  bi ;
(p q );
xi=xn-1,xn-2, ,xn-p – -

;
ηζσζ ⋅=n  – , xn+1;

2
ζσ  – nζ ;

qnnni −−−= ζζζζ ,...,2,1  – 
;

2
ζσ  = 0 ζm = 0).

-
-

, 
.

, -
,   . 4.
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. 4. -
: 1 –  

 (RND), 2 –  , 3 –  -

-
,  x(t) 

, 
, -

-
  

, 
, -

. -
-
-

 [7] 
-

.

3. 
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-

,
  . 3, .

:
– -

, -
Cn,
;

–  -
  , -

-
.

-
-

.

3.1.  1

   ( ) -

:
Ryy )= y

2 e / 
0 ,

0=1 .

-
-

N0 = 10-4  [ 2 ] -
.

• .
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-
:

–  ( ):

–  ( ):

fy y( )
y

σy( )2
e

y2−

2 σy( )2⋅
⋅:=

.
-

:

∞−

x
xf x( )

⌠

⌡

d
∞−

y
yf y( )

⌠

⌡

d:=

.
-

 y, :

Y x( ) 2 σy⋅ ln 2( ) ln 1 erf
x

2σx








−







−⋅:=
.

  . 5.
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4 3 2 1 0 1 2 3 4
0

1

2

3

44

0

Y x( )

44− x

. 5.  -

•  Cn .

:

C12 0.4173869306= C2( )2 0.0226963099=

C32 2.69544923714 10 3−×= .

•

y(t)  [0,3] .  (23)
) (0), -

.

. 6.



31

0 0.001 0.002 0.003 0.004
0

0.2

0.4

0.6

0.8

1

Rx

2.25

Ryy k( )

τ Rx( ) k,

. 6.  
  

•
.

-
 , -

 1-
0 . 
1,05 .

• .

-
, . 7.

-
. 8.

. 9   ( ) 
 ( ) 

.
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. 9.  ( ) 
 ( )

3.2.   2

 ( ) -

-
:

Ryy )= y
2 e / 

0 ,
0=1 .

-
-

 N0=10-4  [ 2 ] -
.

• . 
:

 ( ):
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 ( ):

fy y( )
y

my
e

y−

my
⋅:=fy y( )

y
my

e

y−

my
⋅:=

.
-

:

∞−

x
xf x( )

⌠

⌡

d
∞−

y
yf y( )

⌠

⌡

d:=

.
-

 y, :

Y x( ) my ln 2( ) ln 1 erf
x

2σx








−







−







⋅:= my
.

  .10.

4 3 2 1 0 1 2 3 4
0

2

4

6

8

10

Y x( )

x

c. 10.  -
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•  Cn.

:

C12 0.8157653366= ; C2( )2 0.3547817645= ;

C32 4.01084021327 10 2−
×= .

•
.

y(t)  [0,3] .  (23)
 ( ) (0), -

.
-

 11.

0 0.001 0.002 0.003 0.004
0

0.2

0.4

0.6

0.8

1
1.1

0

Rx

Ryy k( )

0.0050 τ Rx( ) k,

.11 
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•
.

-
, -

 1-
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1,05 .

• .

-
, . 12.

-
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. 13. 
  

. 14.  ( ) 
 ( )

.   14  ( ) 
 ( ) 

.

3.3.  3
   ( ) -

 :

Ryy ξ( ) σy( )2
e

ξ−

τ cos 2 π⋅ f0⋅ ξ⋅( )⋅







⋅:= ,

0 = 2 , f0 = 1 , Y = 1 .
-
-

 N0=10-4  [ 2 ] -
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.
• .

-
:

–  ( ):

–  (  ):
K si( )

1
my

0 si≤ my≤if

0 otherwise

:=

,
  yσ⋅= 3my .

-
:

∞−

x
xf x( )

⌠

⌡

d
∞−

y
yf y( )

⌠

⌡

d:=

.
-

 y, :

Y x( )
my
2

erf
x

2 σx








1+







⋅:=
my

. 15 -
:
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4 3 2 1 0 1 2 3 4
0

1

2

y x( )

x
c. 15. -

•  Cn.

-
: C12 0.2387324146= C2( )2 0= C32 5.96831036595 10 2−

×= .
•

.

y(t)  [0,3] .
 (23) -

 ( ) (0), 
.
-

.16
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