
  

__________________________________________________________________ 

И Д-2013 68 

    
      

. . , . . , . .  ( - ) 

 

 

     ,   -

 , ,        -

           

-  ,     . 

 ,      -  (   

),      :  

,  ,      -

 ,  ,      -

 [1].         -

 ,    ,    

    .       

   [1],         

 ,     , -

           

 [2-8].  ,        -

        , -

           -

,  , ,  [2-4,6-8],      

 ( )       [6-9].  

          -

 ,       -

   ,      [6-9]. 

           

  ,     [6-9].  

     , - ,   -

  ,       

      , , - ,    

        

,        . 

 ,          

 ,      [1,7,8].  -

         

       [10].   -

       ,   -

   ,      -

,       .  

1.  , ,  

        -

 (      ,   ,  -

     )    ( -

).     A ( )      -

   ( )      [9]. -

     :  

<A, C, P, F>.       (1) 



  

__________________________________________________________________ 

И Д-2013 69

    : A –   ( -

); C – ; F – ; P – . 

        Ω 

[9].   –         D, 

Cnst, Fn, Pr: D: π→Aπ , π∈Srt; Cnst: cnst→ c; Fn: fn → f; Pr: pr → p. 

 π  Srt   .    -

  .       

 a
π

1,...,a
π

n∈Aπ ( 1
)   c

π
1,...,c

π
k∈Cπ.   π -

     (    ). 

  F   P   .   p  

  P      r.    -

   (1)   : <A, C, R, F>. 

   (  . . )   (  

) <A, C, R>   <A, C, F>.  <A, C, R>   -

    A,   - .   

f∈F  <A, C,F>     ,  -

  .  ,      -

,      . 

        -

- ,    -    -

 .       ,    

    - . 

    -     

  ,     ,   . 

           .   

,         .  -

,    .      -

  ,    –    . 

 , ,  -   - , 

  .      : 

  = -  +   → - . 

,       ,   -

  -  .    -

       4.   -

     n-    -

 n10 .       O (n10).  

         0. 

     O(2).     n10–2. 

       

            

,           

( )  .     , –  preprocessing.   

     n10      n2  : 

n2=log210⋅n10=3,32⋅n10.      , . .  

         .  -

       –     -

,          . -

                                           
1            

. 



  

__________________________________________________________________ 

И Д-2013 70 

       ,    -

 n10–2  3,32⋅n10, .    ,    

         2  -

 ,       . 

    ,    

 «  »,     ,  -

 .  ,   ,  -

      .     . 

   «  »      ,   

 ,    ,  -

 ,       ,   

. 

   ,       

,    ,      -

.   .       

    ,       

. 

        - . 

          .  

    .      

            

       .    

     .  ,  , 

    . 

          

 ,         

. ,      ,  

        ,  -

  . 

,          -

 .     ,   

   ,    . 

        : -

      ,    ( -

)  .   ,     -

    .        

     ( . 1). 
 

 1 

    
     

 -

 

 -

  

 

  

 

     

     

 

2.       

2.1. С    

          

       . 



  

__________________________________________________________________ 

И Д-2013 71

   C     ⏐D⏐=N. -

 N    .    

     4 :   (2),   

 (k),  (k∞)     (∞).  

  A   X  ⏐X⏐=m.   

( )  X×X×…×X =X
n 

   n-  (x1, x2,…,xn) 

 n–  .  n=2  X×X     -

. 

 n-   R
n⊆X

n
   n-  (     n- )  n-

   ( ) X
n
.     

  R
2
=R,   p    (xi, xj).  -

  G,   p       -

. -  R=∅,      ( )  -

,    p=0.  ,     -

 («       »),    -

 2-   p=m×m=m
2
.   n-   (n-  -

 R
n
)     n,   . -

 ,        

ctr=(m, p, p
n
).    l ,    -

   l × 3. 

  D       -

  f: D×...×D→D.       

,   (  ) n    k  .  

       smax. 

      smax 

 ,        .   -

    . 

      ,  smax 

 .   ,   smax     

         .    , 

        -

  .        . 

         

         . -

          

      (  ). 

      f=(smax, n),  

 k-   –   k × 2. 

     = (N, m, p, p
n, smax, n).  -

         

 (  ).        -

     ,       -

. 

         

        -

.           -

    .      

 . 



  

__________________________________________________________________ 

И Д-2013 72 

     .    

    - .    -

   .     -

,  n-   –   .    

  ,   - ,  n-  

  n  . 

    ,    -

  ,          -

.          -

     , ,    

  .       -

     .  ,   

     .    -

       .   

           

   . 

 

2.2. С    

    ,    , 

    ,    .   

   ( )    . 

   ,    -

     ,    

          .  -

          .  

           -

 ,     –  .    -

 .          

  ( ).       

    .       -

      .    

   . 

 ,         

            

  ,      .   -

 : 

   =    1 +   

 2 +   (1, 2) +   (2, 1). 

         

  .        -

     .      ,  

     ( ),   -

     Kat Φ,   ( ) -

    ( )  ,    -

 Kat D,      , 

    .     -

  G: Φ → D       

xi ∈ Ob Φ    di ∈ Ob D,      <xi, 

xj> ∈ MorΦ(X,X)     ψij ∈ MorD(G(<xi, xj>)), -

  [8]  .     -



  

__________________________________________________________________ 

И Д-2013 73

        , 

,        -

,           . 

  ( )        -

         .  

        

  [7-8].   ,     -

         

 ,       -

 [7-8].  

3.     

 ,     . -

  -    ( ) -

 [3-4].            

    .      -

     .    -

   ,      -

. ,  ,      ,  -

    .     -

  ,         

   .  

     ,  -

  .     

   ,       

  . 

-     .    

  .      -

 :    ;      

 ;     ;  

    . 

    2,    . 

 2 

  
  

 

   

 

-  1 …….. -  N n m 

 

 

O(n, m)  

1      1   

2      2   

3      3   

 n –   ,  m –   ( , ). 

       .  

    .     -

  .      -

  [0, 1].   k     

  k=1,      k≤1.    -

    .  ,  -

     ,  ,    

    .     



  

__________________________________________________________________ 

И Д-2013 74 

   ,   .     

    . 

4.     

      -

    [11].      . 

      . 

   n-     =(c1,…,cj,…,cn). 

  .      ,   

   ,   ,      -

  .     ,    -

   (yj=cj). ,   j-    xi  -

    cj (cj±Δyj)        

 . 

     xi∈X  j-     

 cj   ,    j-     

: 

⎪⎪⎩

⎪⎪⎨
⎧

<−
−

>−
−

=
jij

jj

jij

jij

jj

jij

ij

cy
yc

cy

cy
cy

cy

y

;

;

min,

max,               (2) 

    yj∈[c ,j, c ,j]  -

  0 (δy ij=0),     .    yij  

   [c ,j, c ,j]      

(2),   cj     [c ,j, c ,j]. 

         -

   yj≥cj  yj≤cj     cj 

  :      cj,     -

.  . 1      (yj≥cj)    -

 cj,    –   .  

 

. 1.      cj    (yj≥cj) 

   [yj,min, c,j]   cj   cj – 

yj(xk),      . ,   -

 yj(xi)    cj,  cj – yj(xi)   

    .    (yj≤cj)  -

    . 

    cj   , -

      : 



  

__________________________________________________________________ 

И Д-2013 75

⎪⎪⎩
⎪⎪⎨
⎧

<−
−

>−
−

=
jij

jj

ijj

jij

jj

ijj

cy
yc

yc

cy
cy

yc

yij

;

;

min,

max,             (3) 

      : 

⎪⎪⎩
⎪⎪⎨
⎧

<−
−

>−
−

=
jij

jj

jij

jij

jj

jij

cy
yc

cy

cy
cy

cy

yij

;

;

min,

max,             (4) 

   yij      δyij -

 ,       –  ( .2).  

 

 

. 2.     « »  « » 

 

, ,  j-   yj,1       

 (+δyj,1),     –    (–δyj,1). 

 ,   δy ij  δy ij    -

 [–1, +1],       [0, +1]   

,    [–1, 0] –  . 

  ,      -

,    ,     -

.      ,   

       : 

1 1 1 1
δ δ δ δ δ

nn n n

j j ji ij ij ij ijjj j j j
w w w wy y y y y= = = = ⋅= + + +∑ ∑ ∑ ∑            (5) 

       -

 ,  n +n +n +n =n,  n –   ,  wj – 

 ( ) j-  , 1
1

=∑=
n

j
jw .      ,  

  wj=1/n, j= n,1 . 



  

__________________________________________________________________ 

И Д-2013 76 

 δyi      -

.   (5)     (  )  -

 (  ).  ,    -

     –   .  δyi  -

  –1,          

 +1,     .   -

 0        ,    

       (  -

). 

    ,  -

       δymin<0  -

   +δymax.    δyi  

  ,   δymin<0      , 

   : 

δyi'=δyi–δymin. 

   x
*
,    -

   : 
*

( ))arg(min δ
x X

iyx ⋅∈=             (6) 

       -

    δyi, Ni ,1= .    x
*
 ,  , 

     . 

  ,        -

   ,   2    (5),   

     ,      

.         -

,     . 

      ,   

 ,         -

.   ,         

,         . 

5.     

         

 i-       . 

I.   –   D. 

   D: 

⎟⎟
⎟⎟
⎟⎟

⎠

⎞

⎜⎜
⎜⎜
⎜⎜

⎝

⎛

∞∞∞
∞∞
∞∞∞
∞∞∞

∞
=

04

042

06

09

3690

1D

 
II.  ( )  

1.  i-         : ( ){ } .,1,,min,min 111 njidddd jk

s

ij
j

s

ik

s

ik =+= −−              (7) 

2.       

    vi  vk  : 



  

__________________________________________________________________ 

И Д-2013 77

⎟⎠
⎞⎜⎝

⎛=⎭⎬
⎫

⎩⎨
⎧ += −−− 111 minarg;min,min s

ij
j

tk
s
ij

j

s
ik

s
ik dtdddd .   (8) 

3.      i-        

       -

 [11-12]. 

III.      

1. У  i-       (7) 

 :     – n;   -

 – n–1;     – 1.     

   : n+n–1+1=2⋅n.    n : 2⋅n⋅n=2⋅n2
; -

  i-         – n–1.   -

  2⋅n2⋅(n–1). 

2. А    Д  

 :       -

 – n–1;          -

  – 1;      – 1.  -

     : n+1.    -

           n+1–

i; .1,1 −= ni       n  : ∑−= −+1

1

1
n

i

in =n⋅(n–1). 

3.       i-      

     

 :     – n;    -

  – 1.       : n+ 1. -

   n : (n+ 1)⋅n.   i-      -

   – n–1.     1-    (n+1)⋅n⋅(n–1)=n⋅(n2
–

1).       – n⋅(n–1)/2.     

   n⋅(n2
–1)+n⋅(n–1)/2. 

           -

 .      .    

     ,   -

 ,      -

  ,       2⋅n  . -

,   ,      -

 .       (    -

),      ,    

 i-     .        -

 ,       ,   .    

       ( . 3). 

 3 

         
№№ 

/  

  ( )  

(   ) 

 

1     (n–1) 2⋅n2⋅(n–1) 

2   (n–1) n⋅(n–1) 

3     

 
(n–1)⋅(n–1) n⋅(n2–1) +n⋅(n–1)/2 

  max min 



  

__________________________________________________________________ 

И Д-2013 78 

 

   . 3      -

.       2-   3-  . 

        ,     

.       3-  , -

   .      

 ,   ( ). 

 

 

          -

    .    -

          

.         -

  -    .      

 .       

 . -      -

,   ,    –   -

 .       -

       

 .    -   -

   ,     -

  .        

,         

.         

  . 

        (  № № 

 11-08-01016, 11-08-00767, 12-07-13119- - - , 12-07-00302, 13-07-00279, 13-08-

00702, 13-08-01250, 13-01-00912),     

 (  № 2.11),  ESTLATRUS 2.1/ELRI –184/2011/14 «Integrated Intelligent 

Platform for Monitoring the Cross-Border Natural-Technological Systems» (2012–2013 .), 

 ESTLATRUS/1.2./ELRI-121/2011/13 «Baltic ICT Platform». 

 

 

1.  . .,  . .     ( -

 ). – .: , 1987. 

2.  . .,  . .,  . .,  . .  -

  // IV   . «  -95», . -

. – , 1995. 

3.  . .,  . .    -

 // . . . – 1991. – №  7. 

4.  . .      //    

«       »:  . . . . – 

– .: , 1977. – . 157–87. 

5.  . .,  . .   . – .: -

, 1990. – 216. 

6.    / . . , . . , . .  

 .:  . . . .   . – .: ; : , 1988. 

7.  . .,  . .       

    // . .    . – 2004. 

– № 6. – С. 5–16. 



  

__________________________________________________________________ 

И Д-2013 79

8.  . .,  . .,  . .   -

       . –  .: , 

2006. – 410 . 

9.  .   .     

AnyLogic 5. – .: - , 2005. – 400 . 

10.  . .,  . .  . – .: , 2006. – 255 . 

11.  . .      : . 

. – .: , 2009, 272 . 

12.  . .    : , , , 

: . . – .: -  « », 2012. –192 . 


