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i  
i  i 
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  i i - i   –  4,06, 
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i  i  –  5,49,  i  -
i  i  –  5,38,   

i  –  8,28,   i  i  –  
5,41 .  

 ,     ,  
  2001 ., ,       2013 ., 

 288,4 %,    .     
       ,   

,       
 ,    .  
,   ,    . 1.3   

  ,     
       

  (      
)      
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  ,     
      

      . 
      . 

      . ,  
53   ,     –     

’     : “   
         

    ” [84]. 
   “   ”  17  2002  
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2007 – 2012 . ,       

   ( . 1.3).  
       

         
: 2007 . – 13,5  30,8  ; 2008 . –  19,2  41,8  ; 

2009 . – 21,4  45,4  ; 2010 . – 24,5  52,2  ; 2011 . – 
26,6  52,4  ;  2012 . – 26,9  52,7   [2]. 
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.    ,  2012 – 2013   
   489     –   334 –  – 

IV  ,    2013 – 2014   – 478  325 
 ( . 1.4) [26].  
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 – IV     [1; 26; 205] 
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   ,   ,  

     -
     .   – 

IV   –  , ,   
,    ,   . 

         
 ,   , :      

  –     742  489,    – IV  
 – ,  –  149  334 [205] ( . . 1.4).  

       
  ,     ( . 1.4 ).  
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  284 904 72,0 205 131 
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  5%  95% .      
,     ,  

   ,     
.    p-  0,05   

“  ”   [33].   
      

 i  i  i    
i  - i  i ,   

  ,   .     
    ( .3.5).  

  : F(8, 72)=3,8478, p=,00081

_2004
_2005

_2006
_2007

_2008
_2009

_2010
_2011

_2012
-40000

-20000

0

20000

40000

60000

80000

1E5

1,2E5

1,4E5

1,6E5

1,8E5

2E5

 
, 

.
.

 
 

.3.5.       
        ANOVA 

 
  ,   2004  2012 .  

       
   24473,54    100913,1     

 .      
      “  ” [177]  “  

 ” [160].      
       ,  

 .      
      ,  

       ( . 3.6).  
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. 3.6.       

  
 

     ,  
        

( . 3.7).  
F(16, 142)=3,0813, p=,00018

      

_2004 _2005 _2006 _2007 _2008 _2009 _2010 _2011 _2012
0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

5500

 
. 3.7.   ,    ,  

         
   ANOVA 

 
,       

(     )   

 
  

 
 

 
, 

.
. 
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  . ,  2004 – 2005 .    
– V    ,    2006 .  

      ,    
   .    

  ,     
     ,     

       
        ( . 3.8).  

 
 

 

  = -103E2 + 24,804 * 
  

r = 0,80, p<0,001

0 1000 2000 3000 4000 5000 6000 7000 8000

  

-20000
0

20000
40000
60000
80000

1E5
1,2E5
1,4E5
1,6E5
1,8E5

2E5
2,2E5
2,4E5

 
, 

95% confidence  
  = 1488,2 + 0,04*  

r = 0,716, p<0,001

-20000 0 20000 40000 60000 80000 1E5 1,2E5 1,4E5 1,6

 

0

1000

2000

3000

4000

5000

6000

7000

8000

 

95% confide
3 

  = 1546,1 + ,05459 *  
r = ,80798, p<0,001

-20000 0 20000 40000 60000 80000 1E5 1,2E5

 

0

1000

2000

3000

4000

5000

6000

7000

8000

 

95% confidence
 

 
. 3.8.        

    ,     
(r –   ) 
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i-
 
 

i  
i -

 i 
i -

 

4393 + 3437,20   + 
+ 785,04  2 2030,29  3 + 
+ 950,58  4  192,17  5 + 
+ 15,49  6 + 0,25  7 – 
– 0,11  x8 + 0,01  x9 

-
 

 
i i -

-
i  
i -

 

9899  6909,42   + 
+ 18574,63  2  

 19401,50  3 + 
+ 10365,15  4  3166,04  
 5 + 575,15  6  61,44  
 7 + 3,56  x8 – 0,09  x9 

 

 
i -

 
i   

i -
 

22452  72769,71   + 
+ 191116,18  2  

 193425,92  3 + 
+ 102001,14  4  31189,54  
  5 + 5727,31  6  
 622,41  7 + 36,87  x8 –  

– 0,92  x9 
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    -   
      

   ( . 3.10 ),      
   ( . 3.10 ). 

,    -  
        
   2004 .,    ,    

    7,5  3,5 . 

 

 
. 3.10.    ( )    

   ( )        
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 ,   ,      
       ,  
    ,   

     , , 
  . 

      
         
, ,    ,  

,       ,   
  ( ) ,   

  .      
   ,    
  .  ,   

  ,       
 ,       

 .     ,  
      ,   

,      [236] ( . 3.11). 

0 50000 1E5 1,5E5 2E5 2,5E5 3E5

 

 

 ( )

 ( )

 

  

/

 

 

 
. 3.11.        
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     ,   
   , ,   

,   ,  -    
         

  -     
   –  ,   

  ( . 3.12).  
 

 ( . ) = 543,90 - 86,93  * /
r = -0,22, p>0,05

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0

/  

0

200

400

600

800

1000

1200

 (
. 

)

95% confidence  
  = 321,40 - 57,55  * /

r = -0,23, p>0,05

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0

/  

-100

0

100

200

300

400

500

600

700

800

 (
)

95% confidence  
. 3.12.     -

  ( )       
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     ,  
         

   ,    . 
       

 ,        
.       

        
  ’     . 

     Y     
  ƒ ( 1, 2,.., Xk),  1, 2, .., Xk  –  (  ) 

,  . ’    Y     X 
    Y= ƒ ( 1, 2,.., Xk),   

   Y     i   
.         

  ,      . 
,      : Y = ( 1, 2, n) – 

    = ( 1, 2, n) –   ,   
  n . ,     Y   
  ,    [236] 

Y= ƒ ( )= ƒ ( 1, 2,..,Xk) =  + x.                              (3.19) 

,    X  Y     ’ . 
        ,  

         ,   
 .     ,   

’    (  )   : 

yi =   + xi + i,                            (3.20) 

    –   ;  
        –  ,    ,  
    ;  
       i  –   (  ). 

        i  
.   > 0,   i i i  ,    < 0 

–  . 
  i   ,   i   

  i,     ,    
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.  ,   (3.20)     i 
      –   + xi   i. 

     : 

ýi =   + xi                                           (3.21) 

   -      
     –   . 

       
  .     , 

      ( ),  
       ,  

   – :  
 1.      -  

   .       
,  ,       

       .   : 

 ( i) = 0                              (3.22) 

,      ,   
(2)  ,       

 -    ,   ,  
 ,    .  

2.   (1)  i (    i )   
,      i –  .   

 ,        
   .  

3.  -      
’     . ,   

      ,     
     ,    

     .   
     .  

  ( i) =  ( j) = 0,      : 

 ( i, j) = 0; ( i  j ).                                       (3.23) 

 i i j   (    
   ).  ,    (  
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    )  .     
i  (3)     i. 

4.         
.       ,   

     ,     
       . 

 , ,  2 ( i)  2 ,   
  : 

D( i) = 2  .                                                  (3.24) 

  ,  ,   ,  
        

  ,      ,   
  ( ).  2 , , .  

       
 . 
    –    
   .   ,   

   ,       
 .   ,   , 

,   ,   , 
   .   ,  

    .    
 ,       

.  
  ,    

 .      
 .     

 ,        
,   .    

      .  
       

       
       

-      
(     ).  

 ,     , 
   ( . 3.13),    -  
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( . 3.14)        
        .  
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, 
 

95% confidence  
. 3.13.       

      ,   
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, 
 

95% confidence  
. 3.14.       
  -      
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     : 

f (  ) = 1352,954 – 286,001 ×   / 
  + 5,994 ×  -  , 

    * – 3,757 ×  -
 ,     *  

+ 0,009 ×  *, R2 = 0,7854, F(4,58) = 57,734, p<0,001.* 
–       . 

f (  ) = 141,7731 – 343,7301 ×   / 
 * + 3,5580 ×  -  , 

    * – 2,054 ×  -
 ,      + 

0,0140 ×  *, R2= 0,74, F(4,58)=45,89, p<0,001. 

,       
   ,    
    ,   ,  

 ,   ,   
      .  

      
      

    ,     
     .    

     -  
       

. 
 
3.3.        

      
 

      
   ,    , 

       .  
    , , 
,         

 .        
     .    

  (   )      
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 ,       ,  
’        

 . 
  ,   ,  

    .   
 ,    ,      

    ,   
 ,    . 

 
3.3.1.       

    
 

  y    ,  -  
           .  

    ,    ’  
          = f (x).   

,   ’       ,   
 ’     {xi, yi} [8].  

 ,      {xi} 
      {yi} (  = n,0 ).  
  , ,  .   
         ,  

  xi.       , 
     . 

           
         

  -   (   , )  
  ”,   ’   = f (x) . 

      ( )  – 
 f (x)    ( )  
  ( ) ,   (   )  ( )  f (x)  

   .     ( )  
. 
,   ,   f (x)    

 ,     :   
       ( ),    



 

 138

 ,      
         f (x)  

.     –    
( )    f (x)   x,   

   .    –        
 ( )      ( )  f (x).      ( ) 

     ( ): 

( )=a0 + a1x + a2x2 +…+ amxm               (3.25) 

    ,    
 ,    .    
      ( ,   [a; 

b]),     ( ). 
       .  

   :     = f (x)         
 ( ),      (  = n,0 )    ,   

 f (x),   ( ) = f (xi),      [a; b]   
 f (x)   f (x)   .  x   

  ,   ( ) –  . 
    ( )     

  m [8].  
     .  

    ( ) = Pn (x)        
f ( )      ,   m = n (m – 

   ),    
. 

       
   .      ( ) 

.  ,     
        

,  0 <  < n.       
     (  < 0, x > n).  

  . 
 ,       

         
.        . 
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,        
      (  ’    

 –  ).  ,    
    (      ). , 

      .    
      ,   

    . 
,        

   n   .   ,  
 ,     ,   

    n,  n + 1 ,     
. 

    : , , 
,   [47].  

      . ,  
    ,     

       ,   
    .  

      : 
1)   –     n-  ; 
2)        

( ,     ),   
    –     

  . 
     

     [224].  
     n( ),  

      
 .      ,  

  . 

   f (x)                 
 (  = 0, 1, 2, … , n). 

  1-    ,   
, ,     [47]:  
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1 0
0 1

1 0

2 1
1 2

2 1

; ;

; ;

; .

j i
i j

j i

f x f x
f x x

x x

f x f x
f x x

x x
f x f x

f x x
x x

     (3.26) 

     : 

                   

1 2 0 1
0 1 2

2 0

2 3 1 2
1 2 3

3 1

; ;
; ; ;

; ;
; ; ;

; ;
; ; .

j k i j
i j k

k i

f x x f x x
f x x x

x x
f x x f x x

f x x x
x x

f x x f x x
f x x x

x x

           (3.27) 

   k-     
  (k  1)    : 

1 2 1 1
1

; ;...; ; ;...;
; ;...; .i i i k i i i k

i i i k
i k i

f x x x f x x x
f x x x

x x    (3.28) 

      
 .  , ,    0. 
     1-   f (x; x0), : 

0 0
0

0 0

( ) ( ) ( ) ( )( ; ) ;f x f x f x f xf x x
x x x x  

0
0 0 0 0 0

0

( ) ( )( ; ) ( ) ( ) ( ; ).f x f xf x x y f x y x x f x x
x x  

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

1

0 0 1 1 0 1

; ;
; ; ;

; ; ( ) ; ; .

f x x f x x
f x x x

x x
f x x f x x x x f x x x

 

      f (x): 

0 0 0 1 1 0 1

0 0 0 1 0 1 0 1

; ; ;

; ; ; .

f x y x x f x x x x f x x x

y x x f x x x x x x f x x x  

  ,  (  n+1  ): 

0 0 0 1 0 1 0 1 2

0 1 1 0 1 2 1

0 1 0 1

0 1 0 1

; ; ;

... ... ; ; ... ;

... ; ; ; ...

... ; ; ; ... .

n n n

n n

n n n

f x y x x f x x x x x x f x x x

x x x x x x f x x x x x

x x x x x x f x x x x

P x x x x x x x f x x x x

   (3.29) 

 n(x)      f (x),   
        f (x) ( , 

,    ): 

n(x ) = f(x ) = , (  = n,0 ), 

      

0 1 0 1... ; ; ; ... 0 .n n nR x x x x x x x f x x x x  

(    0, 1, … , n,      
 0,         ). 

  (3.29)  : 

0 0 0 1 0 1

1 0 1 2 1

0 0 1 1 0 1
1

1

0 0 1
1 0

; ... ...

... ; ; ;...; ;

... ; ;...;

; ;...; .

n

n n n

n

k k
k

kn

i k
k i

P x y x x f x x x x x x

x x f x x x x x

y x x x x x x f x x x

y x x f x x x

            (3.30) 
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     .    
       
  ,      , 

   . 3.1       
    .       2004  

2013,     –  .    
      Maple 7 Release. 

 3.1 

      
  ,      

 

 
 

 
 

   

i-
 
 

i  
i -

 i 
i -

 

4393 + 3437,20   + 
+ 785,04  2  2030,29  
 3 + 950,58  4   

– 192,17  5 + 15,49  6 + 
+ 0,25  7 – 0,11  x8 + 
+ 0,01  x9 

 

 
i -

 
i   

i -
 

22452  72769,71   + 
+ 191116,18  2  

193425,92  3 + 
+ 102001,14  4  

 31189,54  5 + 
+ 5727,31  6  

 622,41  7 + 36,87  x8 – 
– 0,92  x9 

 

-
 

 
i -

 

2522 + 25592,23    
 66588,38  2 + 

+ 67981,40  3  
 36104,59  4 + 

+ 11070,83  5  
 2030,60  6 + 

+ 219,73  7 –  
– 12,93  x8 + 0,32  x9  
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 ,      
        

.  . 3.2      .  
      2012   
 6 = 1,          

  6     . 

 3.2 

   2004 – 2012 . 

 2004 2005 2006 2007 2008 2009 2010 2011 2012 

 0 1 2 3 4 5 6 7 8 

 
 1,123 1,103 1,116 1,166 1,223 1,123 1,091 1,046 0,998 

 

,       
         : 

                              
j

ji
ij

j n

pa
K

6

;      j=0…8 ,              (3.31) 

  aj      j-  ;  

     nj       j-  . 

   (3.31)     
     ,  
           

   .  
      

 Maple 7 Release.     
    . 3.3,      

  2004  2012,     –   . 
      

         
,         
  .  
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 3.3 

      
 ,       

 

  -
  

   

i  
 i  

i  i 
i  

12,238  32,221   + 
+ 69,047  2  62,780  3 + 
+ 29,562  4  7,761  5 + 
+ 1,145  6 – 0,089  7 + 
+ 0,003  x8 

 

 
i  

i   
i  

7,644 + 34,692    
 82,520  2 + 76,315  3  

– 35,753  4 + 9,345  5  
 1,380  6 + 0,108  7 – 

– 0,003  x8 

 

 
 

i  

4,112  30,755   + 
+ 80,183  2  76,917  3 + 
+ 36,822  4  9,696  5 + 
+ 1,427  6 – 0,110  7 + 
+ 0,003  x8 

 

       
     ,    

i  - i  i    
i  i  i .  ,  

      
      
     ,  
       

   . 
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3.3.2.      

        
  

 
       

   ,     ,  
   .   

   [8] 
 

Y   = Y   lK ,    (3.32) 
 

  Y . –  ,     (   
 );  

        ;  
      l –   (  ). 

       . 
       

  ,     n   
  

                                                         
1n

KK i .                              (3.33) 

 
      i  

         
 

                                             
1

.n
i

n

Y
Y                               (3.34) 

 
         

        
   .  

       
       
    ( . 3.4;   . 3.15). 
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 3.4 
   

 Y  i 
2004 4393 - 
2005 7359 1,675165 
2006 8223 1,117407 
2007 8469 1,029916 
2008 8953 1,057150 
2009 9002 1,005473 
2010 8211 0,912131 
2011 7347 0,894775 
2012 6940 0,944603 
2013 5957 0,858357 

  9,494977 

.,, 0549974441
110

4949779
 

 

   ,    
 ,       

(3.32): Y11 = 5957 1,054997444 = 6284,62. 
     

   [8]: 

St =  · Xt + (1 – ) · St-1 ,    (3.35) 

:  St –   ;  
       t –    ;  
      St – 1 –   ;  
          (  = 0…1). 

   = 0…1 –     
,        
,          

  .        
  0,5.       

        
. 3.5. 
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. 3.15.      
 2005 – 2013 . 

 
 

 3.5 

   

  ,  
  

 
 

2004 4393 4393 
2005 7359 5876 
2006 8223 7049,5 
2007 8469 7759,25 
2008 8953 8356 
2009 9002 8679 
2010 8211 8445 
2011 7347 7896 
2012 6940 7418 
2013 5957 6687,5 
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     . 

S1 = 4393;        

S2 = 0,5 · 7359 + (1 – 0,5) · 4393 = 5876;   

S3 = 0,5 · 8223 + (1 – 0,5) · 5876 = 7049,5;  

S4 = 0,5 · 8469 + (1 – 0,5) · 7049,5 = 7759,25;  

S5 = 0,5 · ·8953 + (1 – 0,5) · 7759,25 = 8356;  

S6 = 0,5 · 9002 + (1 – 0,5) · 8356 = 8679;  

S7 = 0,5 · 8211 + (1 – 0,5) · 8679 = 8445;  

S8 = 0,5 · 7347 + (1 – 0,5) · 8445 = 7896;  

S9 = 0,5 · 6940 + (1 – 0,5) · 7896 = 7418;  

S10 = 0,5 · 5957 + (1 – 0,5) · 7418 = 6687,5. 

       
     (3.35),  

  ( . 3.6; . 3.16).  

 3.6 

      
  

 Y i 

2004 4393 – 

2005 5876 1,33758 
2006 7049,5 1,19971 
2007 7759,25 1,10068 
2008 8356 1,07691 
2009 8679 1,03865 
2010 8445 0,97304 
2011 7896 0,93499 
2012 7418 0,93946 
2013 6687,5 0,90152 

  9,50254 

05584,1
110

50254,9
ekcn  
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. 3.16.       
   2005 – 2013 . 

 
      

      
     (3.35): 

                            Y11 = 6687,5 · 1,05584 = 7060,93. 

         
 .        

   [8]: 

                      

2

1 1 1

2 3

1 1 1 1

2 3 4 2

1 1 1 1

;

;

.

n n n

n n n n

n n n n

A n B t C t Y

A t B t C t Y t

A t B t C t Y t

                   (3.36) 

    t  ,  0
1

n
t . 

      : 
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2

1 1

2

1 1

2 4 2

1 1 1

;

;

.

n n

n n

n n n

A n C t Y

B t Y t

A t C t Y t

                   (3.37) 

   ,   
,     . 3.7. 

 3.7 
      

 Y  t t2 t4 Y t Y t2 
2004 4393 -4,5 20,25 410,0625 -19768,5 88958,25 
2005 7359 -3,5 12,25 150,0625 -25756,5 90147,75 
2006 8223 -2,5 6,25 39,0625 -20557,5 51393,75 
2007 8469 -1,5 2,25 5,0625 -12703,5 19055,25 
2008 8953 -0,5 0,25 0,0625 -4476,5 2238,25 
2009 9022 0,5 0,25 0,0625 4511,0 2255,5 
2010 8211 1,5 2,25 5,0625 12316,5 18474,75 
2011 7347 2,5 6,25 39,0625 18367,5 45918,75 
2012 6940 3,5 12,25 150,0625 24290,0 85015 
2013 5957 4,5 20,25 410,0625 26806,5 120629,25 

 74854 0 82,5 1208,625 3029 524086,5 
 

  . 3.7,   : 
 

                     
., ,C  2,5A

; ,B
; ,C  A

552408662512088
3029582

7485458210

          (3.38) 

 
’   ,    
:  

        = 8945,696875;        = 36,71515152;       = – 177,0056818. 

,          : 

Y  = 8945,696875 + 36,71515152 · t  177,0056818 · t2                     (3.39) 
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   (3.36)  . 3.8. 
 3.8 

      
 Y  Y  Y  - Y  (Y -Y )2 

2004 4393 5196,114 -803,114 644992,097 
2005 7359 6648,874 710,126 504278,936 
2006 8223 7747,623 475,377 225983,292 
2007 8469 8492,361 -23,361 545,736 
2008 8953 8883,088 69,912 4887,688 
2009 9022 8919,803 102,197 10444,227 
2010 8211 8602,507 -391,507 153277,731 
2011 7347 7931,199 -584,199 341288,472 
2012 6940 6905,880 34,12 1164,174 
2013 5957 5526,550 430,45 185287,203 

 74854 74853,999 0,001  
 

      .  
: 

 
1 1

2

1 1

1 ;

.

n n

n n

A n B Y
t

A t B t Y t
                           (3.40)  

 

 ,     , 
   : 

 

                                                
10 74854;
82,5 3029.

A
B                       (3.41) 

 

  = 7485,4;    = 36,715    : 
 

Y  = 7485,4 + 36,715  t    (3.42) 
 

     t  . 3.8,  
  Y .  

   (3.42)       
( . 3.9).  
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 3.9 
     

 Y  t t2 Y t Y  Y  - Y  (Y -Y )2 

2004 4393 -4,5 20,25 -19768,5 7320,18 -2927,18 8568382,75 

2005 7359 -3,5 12,25 -25756,5 7356,90 2,10 4,41 

2006 8223 -2,5 6,25 -20557,5 7393,61 829,39 687887,77 

2007 8469 -1,5 2,25 -12703,5 7430,33 1038,67 1078835,37 

2008 8953 -0,5 0,25 -4476,5 7467,04 1485,96 2208077,12 

2009 9022 0,5 0,25 4511,0 7503,76 1518,24 2305052,70 

2010 8211 1,5 2,25 12316,5 7540,47 670,53 449610,48 

2011 7347 2,5 6,25 18367,5 7577,19 -230,19 52987,44 

2012 6940 3,5 12,25 24290,0 7613,90 -673,90 454141,21 

2013 5957 4,5 20,25 26806,5 7650,62 -1693,62 2868348,70 

 74854 0 82,5 3029 74854.00 0  
 

 

      
   , ,    

         
. 3.17. 
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7000

8000
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. 3.17.        , 
       

 2005 – 2013 . 
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      :  

                                        S=
n

1
(Y -Y )2 min. 

 . 3.4  3.7  ,      
         

,    ,      
 . 

        
        

 (  (3.36)): 

 Y11 = 8945,696875 + 36,71515152 · 5,5  177,0056818 · 5,52 = 5093,2.  

        
   ( . 3.18). 

4 000
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/  , x   
, y x*x Y^2 xy 

1 2005 7359 4020025 54154881 14754795 

2 2006 8223 4024036 67617729 16495338 

3 2007 8469 4028049 71723961 16997283 

4 2008 8953 4032064 80156209 17977624 

5 2009 9002 4036081 81036004 18085018 

6 2010 8211 4040100 67420521 16504110 

7 2011 7347 4044121 53978409 14774817 

8 2012 6940 4048144 48163600 13963280 

 16068 64504 32272620 524251314 129552265 
 

1.   , : 
 

690476,95
1606016060322726208
6450416068129552268ˆ   ( -  . / ) 

64504 16068ˆ ˆˆ 95, 690476
8 8

200257, 3214.

i iy x
y x

n n  

,      : 
 

xY 690476,953214,002572 . 
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 ,     .  )( Yy  
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ˆ
n

i
i yyESS ;    

2

1

n

i
ieRSS  

 
/  

, 
x 
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y 
iŷ  2

yyi  2ˆ ii yy  2
ˆ yyi  

1 2005 7359 8397,916667 1079347,84 112169,1736 495616 

2 2006 8223 8302,22619 6276,789257 57229,17021 25600 

3 2007 8469 8206,535714 68887,50128 20602,50128 164836 

4 2008 8953 8110,845238 709224,643 2289,166808 792100 

5 2009 9002 8015,154762 973863,524 2289,166808 881721 

6 2010 8211 7919,464286 84993,0727 20602,50128 21904 

7 2011 7347 7823,77381 227313,2654 57229,17021 512656 

8 2012 6940 7728,083333 621075,3403 112169,1736 1261129 

 1  64504 3770981,976 384580,0238 4155562 

 
 , RSS = 384580,0238  ESS = 4155562   TSS=3770981,976. 
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n
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 i 
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4393 + 3437,20   + 
+ 785,04  2 2030,29  3 + 
+ 950,58  4  192,17  5 + 
+ 15,49  6 + 0,25  7 – 
– 0,11  x8 + 0,01  x9 

-
 

 
i i -

-
i  
i -

 

9899  6909,42   + 
+ 18574,63  2  

 19401,50  3 + 
+ 10365,15  4  3166,04  
 5 + 575,15  6  61,44  
 7 + 3,56  x8 – 0,09  x9 

 

 
i -

 
i   

i -
 

22452  72769,71   + 
+ 191116,18  2  

 193425,92  3 + 
+ 102001,14  4  31189,54  
  5 + 5727,31  6  
 622,41  7 + 36,87  x8 –  

– 0,92  x9 
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I -
 

 
i -

 
i -

 

3349  2589,26  x  + 
+ 6530,72  x 2  6365,46  x 3 + 
+ 3287,62  x 4  993,17  x 5 +  
+ 181,01  x 6  19,58  x 7 + 
+ 1,16  x 8 –  0,03  x 9 

' -
i -

 
i -

 
i -

 

6031  183,49  x – 745,82  x2 + 
+2750,02  x 3  1837,99  x 4 + 
+ 555,13  x 5  89,34  x 6 + 
+ 7,84  x 7  – 0,35  x 8 + 
+  0,01  x 9 

 

-
 

 
i -

 
i -

 

6215 + 718,33  x 1704,09  x2 +
+ 1920,99  x 3  1036,00  x 4 + 
+ 316,90  x 5  58,04  x 6 + 
+ 6,28  x 7 – 0,37  x 8 +  
+ 0,01  x 9 

 

 
i -

 
-

i -
 

i -
 

17306  220371,74  x + 
+ 576619,44  x 2  586304,75  x 3 + 
+ 310558,67  x 4  95010,48  x 5 +  
+ 17389,10  x 6  1877,82  x 7 + 
+ 110,29  x 8  – 2,72  x 9 
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2522 + 25592,23  x  
 66588,38  x 2 + 67981,40  x 3 

 36104,59  x 4 + 11070,83  x 5 

 2030,60  x 6 + 219,73  x 7 –  
– 12,93  x 8 + 0,32  x 9 

-
 

i -
 

i -
 

9844 + 3475,27  x  
 8252,09  x 2 + 8049,05  x 3  
 4062,66  x 4 + 1184,56  x 5  
 207,52  x 6 + 21,58  x 7 – 

– 1,23  x 8 + 0,03  x 9 

 

 
 

2026,7 – 867,3  x + 
+ 2803,05  x 2  2926,78  x 3 + 
+ 1578,70  x 4  493,46  x 5 + 
+ 92,55  x 6 – 10,26  x 7 + 
+ 0,62  x 8 – 0,02  x 9 
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12,238  32,221  x + 69,047  x 2 – 
 62,780  x 3 + 29,562  x 4  
 7,761  x 5 + 1,145  x 6 – 

– 0,089  x 7 + 0,003  x 8 

 

-
 

 
i i -

-
i  
i -

 

4,75  112,118  x + 290,605  x 2  
 288,566  x 3 + 146,638  x 4  
 41,817  x 5 + 6,766  x 6 – 

– 0,580  x 7 + 0,020  x 8 

 

 
i -

 
i   

i -
 

7,644 + 34,692  x  82,520  x 2+
+ 76,315  x 3  35,753  x 4 + 
+ 9,345  x 5  1,380  x 6 + 
+ 0,108  x 7 – 0,003  x 8 

 

I -
 

 
i -

 
i -

 

4,675  17,860  x + 47,606  x 2

 45,132  x 3 + 21,297  x 4  
 5,523  x 5 + 0,801  x 6 – 

– 0,061  x 7 + 0,002  x 8 



 

 244

' -
i -

 
i -

 
i -

 

5,299 – 12,070  x  + 36,326  x 2  
 37,252  x 3 + 18,516  x 4  
 4,981  x 5 + 0,743  x 6 – 

– 0,058  x 7 + 0,002  x 8 

-
 

 
i -

 
i -

 

4,047   23,154  x + 60,241  x 2  
 57,078  x 3 + 27,028  x 4  
 7,044  x 5 + 1,026  x 6 – 

– 0,078  x 7 + 0,002  x 8 

 

 
i -

 
-

i -
 

i -
 

4,578 + 62,813  x  147,999  x 2 +
+ 141,219  x 3  68,187  x 4 + 
+ 18,144  x 5  2,694  x 6 + 
+ 0,209  x 7 – 0,007  x 8 

 

-
 

 
i -

 

4,112  30,755  x + 80,183  x 2  
 76,917  x 3 + 36,822  x 4  
 9,696  x 5 + 1,427  x 6 – 

– 0,110  x 7+ 0,003  x 8 

 

-
 

i -
 

i -
 

6,056 – 20,882  x + 60,228  x 2  
 58,951  x 3 + 28,733  x 4  
 7,711  x 5 + 1,157  x 6 –  

– 0,091  x 7 + 0,003  x 8 
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    . 1  . 1. 
 1 

   
 Y  i 

2004 12,238 – 
2005 9,144 0,7471809 
2006 9,031 0,9876422 
2007 9,689 1,0728601 
2008 11,497 1,1866034 
2009 10,561 0,9185875 
2010 12,205 1,1556671 
2011 13,127 1,0755428 
2012 13,362 1,0179020 

  8,161986 

1,020248
19

161986,8
c  

 

0,60

0,70

0,80

0,90

1,00
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. 1.         
  2005 – 2012 . 
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,        , 

   

                                         Y   = Y   lK  ,                             (1) 

  Y . –  ,     (   

 );  

         ;  

      l –   (  ). 

     :  
Y10 = 13,362 · 1,020248 = 13,63256. 

     
  : 

                                St =  · Xt + (1 – ) · St-1 ,       (2) 

:     St –   ; 
t –    ; 

St–1 –   ; 
 = 0…1   . 

   = 0…1     
,       
,          

  .        
  0,5.      

        
      . 2. 

 2 
   

       
  

  
 

 

1 12,238 12,238 
2 9,144 10,691 
3 9,031 9,861 
4 9,689 9,775 
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 . 2 

       
  

  
 

 

5 11,497 10,636 
6 10,561 10,5985 
7 12,205 11,40175 
8 13,127 12,26438 
9 13,362 12,81319 

 
     . 

S1 = 12,238. 

S2 = 0,5 · 12,238 + (1 – 0,5) · 9,144 = 10,691. 

S3 = 0,5 · 10,691 + (1 – 0,5) · 9,031 = 9,861. 

S4 = 0,5 · 9,861 + (1 – 0,5) · 9,689 = 9,775. 

S5 = 0,5 · 9,775 + (1 – 0,5) · 11,497 = 10,636. 

S6 = 0,5 · 10,636 + (1 – 0,5) · 10,561 = 10,5985. 

S7 = 0,5 · 10,5985 + (1 – 0,5) · 12,205 = 11,40175. 

S8 = 0,5 · 11,40175+ (1 – 0,5) · 13,362= 12,26438. 

S9 = 0,5 · 12,26438 + (1 – 0,5) · 13,127= 12,81319. 

       
   (2),    ( . 3, . 2).  

 3 

      
  

 Y i 

1 12,238 – 

2 9,144 0,855299 
3 9,031 0,91583 
4 9,689 0,991202 
5 11,497 1,080951 



 

 248

 . 3 

 Y i 

6 10,561 0,996462 
7 12,205 1,07045 
8 13,127 1,070335 
9 13,362 1,042832 

  9,023361 

1,12792
19

023361,7
ekcn  

 

0,70

0,80

0,90

1,00

1,10

1,20

 
 

 
 

 

    2005      2006        2007       2008       2009       2010      2011      2012

 

. 2.       
  2004 – 2012 . 

 

       
       

     (2):  

                                Y9 = 13,362 · 1,12792 = 15,07127. 

         
 .        

: 
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nnnn

nnnn

nnn

tYtCtBtA

tYtCtBtA

YtCtBnA

1

2

1

4

1

3

1

2

11

3

1

2

1

11

2

1

    (3) 

 

    t  ,  0
1

n
t . 

     : 
 

nnn

nn

nn

tYtCtA

tYtB

YtCnA

1

2

1

4

1

2

11

2

11

2

    (4) 

 

   ,   
,     . 4. 

 4 
      

 Y  t t2 t4 Y×t Y×t2 

2005 9,144 -3,5 12,25 150,06 -32,00 112,01 

2006 9,031 -2,5 6,25 39,0625 -22,58 56,444 

2007 9,689 -1,5 2,25 5,06 -14,53 21,8 

2008 11,497 -0,5 0,25 0,0625 -5,75 2,8743 

2009 10,561 0,5 0,25 0,06 5,28 2,6403 

2010 12,205 1,5 2,25 5,0625 18,31 27,461 

2011 13,127 2,5 6,25 39,06 32,82 82,044 

2012 13,362 3,5 12,25 150,0625 46,77 163,68 

 88,616 0 42 388,49 28,31 468,96 
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  . 4,   : 

.96,468 49,388C  42A
;31,28 42B

;616,88 42C  8A

     (5) 

’   ,    
:  = 10,98498;    = 0,674024;   = – 0,01753.  
,        : 

                 Y  = 10,98498 + 0,674024 · t – 0,01753 · t2.                 (6) 

   (6)  . 5 
 5 

      
 Y  Y  Y  – Y  (Y  – Y )2 

2005 9,144 8,411154167 -0,732845833 0,537063015 
2006 9,031 9,190357976 0,159357976 0,025394965 
2007 9,689 9,934501786 0,245501786 0,060271127 
2008 11,497 10,6435856 -0,853414405 0,728316146 
2009 10,561 11,3176094 0,756609405 0,572457791 
2010 12,205 11,95657321 -0,248426786 0,061715868 
2011 13,127 12,56047702 -0,566522976 0,320948283 
2012 13,362 13,12932083 -0,232679167 0,054139595 

 88,616 88,616 0 2,360306789 
 

      .  
:  

                              nn

nn

tYtBtA

Y
t

BnA

11

2

11

1

                              (7) 

 
 ,     , 

   : 
 

                                     31,2842
616,888

B
A

                               (8) 
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  = 11,077;   = 0,674047619     : 
 

                                      Y =11,077+0,67 t.                                           (9) 
     t  . 5,  

  Y .    (9)    
   ( . 6). 

 6 
     

 Y  t t2 Y t Y  Y  – Y  (Y  – Y )2 
2005 9,144 -3,5 12,25 -32,00 8,732 0,412 0,170 
2006 9,031 -2,5 6,25 -22,58 9,402 -0,371 0,138 
2007 9,689 -1,5 2,25 -14,53 10,072 -0,383 0,147 
2008 11,497 -0,5 0,25 -5,75 10,742 0,755 0,570 
2009 10,561 0,5 0,25 5,28 11,412 -0,851 0,724 
2010 12,205 1,5 2,25 18,31 12,082 0,123 0,015 
2011 13,127 2,5 6,25 32,82 12,752 0,375 0,141 
2012 13,362 3,5 12,25 46,77 13,422 -0,060 0,004 

 88,616 0 42 28,31 88,616 0 1,908 
 

      
   , ,    

        
     . 3. 

8

9

10

11

12

13

14

     2005        2006        2007         2008         2009         2010        2011        2012   
 

 

. 3.      , ,  
        

      2005 – 2012 . 
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      :    

                                     S=
n

1
(Y -Y )2 min. 

 . 3  4  ,       
        ,    

,       .  
       

        :   

Y  = 9,1690625 + 0,3305952381· 4,5 + 0,224702381 · 4,52  =14,21.  

      ( . 4). 
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