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 - .       

        

,      [83, 113, 114]. 

84 

  [83, 113].    
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     ( . 3.2). 
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 ,      (  
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   (    , ,  

),   -  .     

        , 

    ,     ,  

  . 

         

   , ,  ,   

 - .       

        

,      [83, 113, 114]. 



85 

       

        ,    

 ,         

          

  . 

        

           

10     ( . 3.3). 
 

 
. 3.3.         

  
:    

 

   ,    , 

    [98].      

   . 3.3. 

 3.3 

       

  

 
 /   , 

.  
  . 

 
 , 

. 
1 0,647 0,114 0,178 
2 0,499 0,167 0,124 
3 0,475 0,211 0,191 
4 0,439 0,223 0,165 
5 0,497 0,198 0,191 
6 0,540 0,211 0,125 
7 0,523 0,185 0,139 

:    [93] 
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. 3.3.         
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   ,    , 

    [98].      

   . 3.3. 

 3.3 

       

  

 
 /   , 

.  
  . 

 
 , 

. 
1 0,647 0,114 0,178 
2 0,499 0,167 0,124 
3 0,475 0,211 0,191 
4 0,439 0,223 0,165 
5 0,497 0,198 0,191 
6 0,540 0,211 0,125 
7 0,523 0,185 0,139 

:    [93] 
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3.3. 3D-      

  

 

       

  ,   ,   

   ,   ,  

       (FTS).  

        

     ( ),     

     .   

  4D-  (   + )  
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    ,   

      [76, 79, 101, 111]:  

-   –     

      2D  3D;  

-    –   

    (   ,   

 , 4D-  );  

-      (   

,   ,   ). 

       

        

      ,    

’  .   ,   ,  
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–   – 4D-   ;  
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-     .   – 

  ,     
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' .       '  

  ( . 3.4) [  ]. 

 «  »    : «  »  

«  ». 
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        (  

) [85]. 
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' .       '  

  ( . 3.4) [  ]. 
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   (x1);    

   (x2);    (x3); 

   (x4);   

 (x5); -    (x6); 

   (x7);     

 (x8).  

   8-     

     ( . 4.1). 

 4.1 

      

    

 x1 x2 x3 x4 x5 x6 x7 x8 y 

x1 1,0 0,1505 0,0203 –0,0757 0,5365 0,0687 0,7465 0,5973 0,6917 

x2   1,0 –0,1291 0,3033 0,3238 0,0275 0,2912 0,3575 0,5793 

x3     1,0 0,1521 –0,0635 0,1241 –0,1015 0,0746 0,2542 

x4       1,0 –0,0500 0,0190 0,0714 –0,1026 0,3542 

x5         1,0 –0,0721 0,1547 0,5536 0,6055 

x6           1,0 0,0041 –0,0443 0,2504 

x7             1,0 0,4231 0,5978 

x8               1,0 0,6110 

y                 1,0 

     *       – [  ]. –  
            : http://www.ukrstat.gov.ua 

:    
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   (x1);    

   (x2);    (x3); 

   (x4);   

 (x5); -    (x6); 

   (x7);     

 (x8).  

   8-     

     ( . 4.1). 

 4.1 

      

    

 x1 x2 x3 x4 x5 x6 x7 x8 y 

x1 1,0 0,1505 0,0203 –0,0757 0,5365 0,0687 0,7465 0,5973 0,6917 

x2   1,0 –0,1291 0,3033 0,3238 0,0275 0,2912 0,3575 0,5793 

x3     1,0 0,1521 –0,0635 0,1241 –0,1015 0,0746 0,2542 

x4       1,0 –0,0500 0,0190 0,0714 –0,1026 0,3542 

x5         1,0 –0,0721 0,1547 0,5536 0,6055 

x6           1,0 0,0041 –0,0443 0,2504 

x7             1,0 0,4231 0,5978 

x8               1,0 0,6110 

y                 1,0 

     *       – [  ]. –  
            : http://www.ukrstat.gov.ua 

:    
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2 2i j

i jki kj

x x

ki i kj j

x x x x
r

x x x x
          (4.1)    

 

ijr  –     -   j-   

. 

  : 

0,16110,05978,02504,06055,03542,02542,05793,06919,0
6110,00,14231,00443,05536,01026,00746,03575,05974,0
5978,04231,00,10041,01547,00714,01015,02912,07465,0
2504,00443,00041,00,10721,00190,01241,00275,00687,0
6055,05536,01547,00721,00,105,00635,03238,05365,0
3542,01026,00714,00190,00500,00,11521,03033,00757,0
2542,00746,01015,01241,00635,01521,00,11291,00204,0
5793,03575,02912,00275,03238,03033,01291,00,11504,0
6917,05973,07465,00687,05365,00757,00203,01505,00,1

r  

 

        

   ,     t-  

.    ,   

 t-    .   

 4.2 

 t-    

 x1 x2 x3 x4 x5 x6 x7 x8  

t  10,72 7,031 2,192 3,271 7,713 2,152 7,501 7,864  

t  1,997 (  = 0,05)  

        :    
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2 2i j

i jki kj

x x

ki i kj j

x x x x
r

x x x x
          (4.1)    

 

ijr  –     -   j-   

. 

  : 

0,16110,05978,02504,06055,03542,02542,05793,06919,0
6110,00,14231,00443,05536,01026,00746,03575,05974,0
5978,04231,00,10041,01547,00714,01015,02912,07465,0
2504,00443,00041,00,10721,00190,01241,00275,00687,0
6055,05536,01547,00721,00,105,00635,03238,05365,0
3542,01026,00714,00190,00500,00,11521,03033,00757,0
2542,00746,01015,01241,00635,01521,00,11291,00204,0
5793,03575,02912,00275,03238,03033,01291,00,11504,0
6917,05973,07465,00687,05365,00757,00203,01505,00,1

r  

 

        

   ,     t-  

.    ,   

 t-    .   

 4.2 

 t-    

 x1 x2 x3 x4 x5 x6 x7 x8  

t  10,72 7,031 2,192 3,271 7,713 2,152 7,501 7,864  

t  1,997 (  = 0,05)  

        :    
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   21
1

R
mnRt      (4.2)              

 

 R –      

n –   

m –    

 

 ,        t-  

   ,  ,  '   

    – ,    

 – . 

     '  ( ) 

  ,   ’    ( 1- 8)  

  (  ). 

    Stat Soft Statistica 6.0.  

    . 4.3.  

 4.3 

  ’     

    

    B B t 

a     0,173765 0,010109 17,1895 

x1 0,143891 0,069586 0,035871 0,017347 2,06782 

x2 0,256388 0,039734 0,073716 0,011424 6,45257 

x3 0,268509 0,032829 0,074314 0,009086 8,17909 

x4 0,248481 0,033849 0,069229 0,009431 7,34093 

x5 0,386871 0,048078 0,109031 0,013550 8,04671 

x6 0,226314 0,031362 0,060476 0,008381 7,21621 

x7 0,323035 0,059476 0,097351 0,017924 5,43134 

x8 0,098010 0,043312 0,028309 0,012510 2,26286 

           :    
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1

R
mnRt      (4.2)              

 

 R –      

n –   

m –    

 

 ,        t-  

   ,  ,  '   

    – ,    

 – . 

     '  ( ) 

  ,   ’    ( 1- 8)  

  (  ). 

    Stat Soft Statistica 6.0.  

    . 4.3.  

 4.3 

  ’     

    

    B B t 

a     0,173765 0,010109 17,1895 

x1 0,143891 0,069586 0,035871 0,017347 2,06782 

x2 0,256388 0,039734 0,073716 0,011424 6,45257 

x3 0,268509 0,032829 0,074314 0,009086 8,17909 

x4 0,248481 0,033849 0,069229 0,009431 7,34093 

x5 0,386871 0,048078 0,109031 0,013550 8,04671 

x6 0,226314 0,031362 0,060476 0,008381 7,21621 

x7 0,323035 0,059476 0,097351 0,017924 5,43134 

x8 0,098010 0,043312 0,028309 0,012510 2,26286 

           :    
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  –    ;  –   ; B – 

    ;  – - ;  – 

  - ; t –  . 

–   :       %1001
1

n

m m

m

y
u

n       (4.3) 

-        

     ,  

      . 

 -       

      . 

 4.4 

   -    

  
 
 

 

 
 

  
  

  
 

 
1 Y = 0,354+0,1725x1 0,6919 0,4787 58,778 0,0728 
2 Y = 0,288+0,154x1 +0,140x2 0,8425 0,7098 77,060 0,0547 

3 Y = 0,237+0,151x1+ 
0,152x2+0,0860x3 

0,8968 0,8042 84,872 0,0453 

4 
Y = 0,218+0,158x1+ 
0,129x2+0,073x3+ 
+0,063x4  

0,9207 0,8477 84,864 0,0403 

5 
Y = 0,208+0,131x1+ 
0,111x2+0,075x3+ 
+0,069x4+0,064x5 

0,9388 0,8813 89,067 0,0359 

6 

Y = 0,191+0,124x1+ 
0,107x2+0,068x3+ 
+0,070x4+0,073x5+ 
+0,051x6 

0,9570 0,9157 106,851  0,0305 

7 

Y = 0,182+0,045x1 
+0,083x2+ 0,079x3+ 
0,064x4+0,116x5+ 
+0,059x6+ 0,099x7 

0,9714 0,9436 138, 700  0,0251 

8 

Y = 0,1738+0,0359x1+ 
+0,0737x2+0,0743x3 
+0,0692x4+ 
0,1090x5+0,0605x6+ 
+0,0974x7+ 0,0283x8 

0,9738 0,9483 130,622  0,0242 

:   [108] 
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y  –  . 
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 .  ,    , 

    .   

      .  

F-  (  ),   (    
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 –    . 

0...210 maaaa  

                             
m
mn

R
RFp

1
1 2

2

,                       (4.6)       

   

                            rmn ln52
6
112 ,                    (4.7)        

 -   [108]    

      

          



105 

.   ,      

. 

    0,9738,   
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    ,    

  94,83%        

(        ). 

    F  = 130,622  ,  

  .     0,0242, 

 2,42%.   ,      

  5-10%,  ,      

 ’     

        

 . 

 ,      

   [108]: 

87654321 0283,00974,00605,01090,00692,00743,00737,00359,01738,0 xxxxxxxxY  (4.8) 
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     ).  
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 . ,     , 
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    0,9738,   
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(        ). 

    F  = 130,622  ,  

  .     0,0242, 

 2,42%.   ,      

  5-10%,  ,      

 ’     

        

 . 

 ,      

   [108]: 

87654321 0283,00974,00605,01090,00692,00743,00737,00359,01738,0 xxxxxxxxY  (4.8) 
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     ).  

    ’      

    « »   

« »    ,     

  ,      . 
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 . ,     , 



106 

     .      

,      ,    

,      .  . 3.3, 

    . 4.5  . 4.6 

 4.5 

   

   « »    

  -      

 
. x1 x2 x3 x4 x5 x6 x7 x8 Y 

2013 11 7 26 12 22 22 16 69 0,464

2014 9 38 31 22 16 18 38 77 0,425

2015 75 7 29 35 10 13 16 72 0,421

 :        
 

       ,  

      

« »      (100%),  

   42-46%. 

 4.6 

   

 « »     

-      

 
. x1 x2 x3 x4 x5 x6 x7 x8 Y 

2013 50 45 70 49 124 60 45 77 0,249

2014 98 124 68 47 127 56 124 69 0,131

2015 30 34 47 42 17 27 51 72 0,353

 :        
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     .      

,      ,    

,      .  . 3.3, 

    . 4.5  . 4.6 

 4.5 

   

   « »    

  -      

 
. x1 x2 x3 x4 x5 x6 x7 x8 Y 

2013 11 7 26 12 22 22 16 69 0,464

2014 9 38 31 22 16 18 38 77 0,425

2015 75 7 29 35 10 13 16 72 0,421

 :        
 

       ,  

      

« »      (100%),  

   42-46%. 

 4.6 

   

 « »     

-      

 
. x1 x2 x3 x4 x5 x6 x7 x8 Y 

2013 50 45 70 49 124 60 45 77 0,249

2014 98 124 68 47 127 56 124 69 0,131

2015 30 34 47 42 17 27 51 72 0,353

 :        
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 + )     13-35% 
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      . 

 

4.2.      
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     –    

 , -  ,  , 

 ,     - , 
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   [89, 110]. 

        

    '  ,    

 , ,    ,  

   '       

       

  ,     , 

        

.  
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 , -  ,  , 

 ,     - , 
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   [89, 110]. 
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.  



108 

       

        

     ,  

   ,      

  . 

       

       

  [76, 79, 81, 84, 91]: 
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     ,   
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 . 
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, ,     .    

  ,     
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)  ’        

  [81, 95]. 

   , - ,   

   ,     , 

   ; - ,   

   (   , ,  

 ). 

        

    : 

       

    ,     
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  (  ,  ,   

)        
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    ,  , 

      , 

      [80]. 

         

         

,       

    .     
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  ,     

   ,   , 

  ,   , 

   , ’      

 . ,  ,     
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)  ’        

  [81, 95]. 

   , - ,   

   ,     , 

   ; - ,   

   (   , ,  

 ). 

        

    : 

       

    ,     
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  (  ,  ,   

)        
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    ,  , 
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      [80]. 

         

         

,       
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  ,     

   ,   , 
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 ,      , 
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 ,   : 

  ; 
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       . 

         

  ,       . 

       

       .  

   ,    

      , 

        

. 

     (      

 )        

       

,       

 .      - ,  

   ,      

,     -   

   . 

      

   ( )  

.       

[77, 85, 107].  
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     . 

       ,   

      [90, 94, 115]. 

   « »   

,       -  ,  

  ,     5%  . 

 ,         

          

  « ». 

,        , 

   « »     . 

         

     ,   

« ». 

« »    ,   
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,        

,     .   . 

       

         

        

     « »   

 [90, 113]. 
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   ,       
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      [90, 94, 115]. 
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« »    ,   

,  ,       

     (   ) 

,        

,     .   . 

       

         

        

     « »   

 [90, 113]. 
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     ,   

,   . , ,  ,  

 ,          , 

   .      

   ,     

        , 

       

   ,  . .    . 

       

 ' .       

    ' ,    

,       

  ,     

,      .  

   CAD/CAM/CAE ,     3D-

  '  [81, 84, 90, 95]. 

  3D-       

.     

    ,     

 .     

  ,    ,    

       . 

       ,  

  ( ) ,     

   , , ,  

,   . 
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 ,          , 
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   ,     

        , 
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,      .  

   CAD/CAM/CAE ,     3D-

  '  [81, 84, 90, 95]. 
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.     

    ,     
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  ,    ,    

       . 

       ,  

  ( ) ,     

   , , ,  

,   . 
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'    ,         

         

’  . 

  3D-  [82, 84, 85]    

       

  ' ,      (manifold).  

      

  (nonmanifold),     

 ’ ,          

 – ,        . 

     ,    

        

      .  

   ’     -

’   ( . 4.1). 

      

   ’ ,        

  -  . 

 
. 4.1.      ’     

   
:      3D-  

 

  , ,     (1-  ) 

,    -   .    
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'    ,         

         

’  . 

  3D-  [82, 84, 85]    

       

  ' ,      (manifold).  

      

  (nonmanifold),     

 ’ ,          

 – ,        . 

     ,    

        

      .  

   ’     -

’   ( . 4.1). 

      

   ’ ,        

  -  . 

 
. 4.1.      ’     

   
:      3D-  

 

  , ,     (1-  ) 

,    -   .    
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’      . 

        

      

,       

  (NARX) [86]. 

        

  ,       

         

 .          

  .        

 ,    ( MSE ),  

     ( MAE ). 

 ,       

    ,     

  ( RMSE )      

 ( MAPE )       

( . 4.7). 

 4.7 

      

RMSE , MAPE    
 10%  

10% - 20%  
20% - 40%  
40% - 50%  

 50%  
 

       

       

   ,     

  [93, 98]. 

    –    -
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,       
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  ,       

         

 .          

  .        

 ,    ( MSE ),  

     ( MAE ). 

 ,       

    ,     

  ( RMSE )      

 ( MAPE )       

( . 4.7). 

 4.7 

      

RMSE , MAPE    
 10%  

10% - 20%  
20% - 40%  
40% - 50%  

 50%  
 

       

       

   ,     

  [93, 98]. 
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 ( )     : 

9n ; 1m ; 40N . 

        Lw : 

11)1(91
1

401Lw
42log1

41
0

0  

6   Lw 452  . 

 ,     Lw    

,       L :  

  6  : 10
19

6L 6,  ; 

  452  : 5445,2
19

452L  . 
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 ,          

 ,     .  
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     12 Z ,  Z  –  

 . 
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( . 4.8),   –    

.  

 4.8  
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 ( )     : 

9n ; 1m ; 40N . 

        Lw : 

11)1(91
1

401Lw
42log1
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0

0  

6   Lw 452  . 

 ,     Lw    

,       L :  

  6  : 10
19

6L 6,  ; 

  452  : 5445,2
19

452L  . 

         

  ,     

 ,          

 ,     .  

         

. 

   ,      

     12 Z ,  Z  –  

 . 

      (   ) 

( . 4.8),   –    

.  

 4.8  

,       
 

   
  

-   
     

   
 -    
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  4.8 
     

  -  
 -    

-  
     

       

     
  -     -  

-   
      

      

     
  

   
    

           
       

      

          
  

:      -  

 

       

 ,        

  ( . 4.9). 

 4.9 

     

   « » 

 /   , 
. 

   
, . 

 , 
. 

1 0,469 0,203 0,193 
2 0,479 0,155 0,135 
3 0,489 0,236 0,145 
4 0,498 0,237 0,197 
5 0,515 0,169 0,114 
6 0,505 0,177 0,137 
7 0,502 0,236 0,169 
8 0,525 0,191 0,153 
9 0,527 0,281 0,147 

10 0,533 0,195 0,160 
11 0,495 0,251 0,185 

:       
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  4.8 
     

  -  
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  -     -  
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:      -  

 

       

 ,        

  ( . 4.9). 

 4.9 

     

   « » 

 /   , 
. 

   
, . 

 , 
. 

1 0,469 0,203 0,193 
2 0,479 0,155 0,135 
3 0,489 0,236 0,145 
4 0,498 0,237 0,197 
5 0,515 0,169 0,114 
6 0,505 0,177 0,137 
7 0,502 0,236 0,169 
8 0,525 0,191 0,153 
9 0,527 0,281 0,147 

10 0,533 0,195 0,160 
11 0,495 0,251 0,185 

:       
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  « »,   . 4.9.    

 (MAPE)   20%,     

      ,  

   « » [105]. 

 ,    : 

        

      NARX 

      

        

  [86]. 

 ,    

        

    ,   

        

        

  .    

     

     ( kY ),   

  [86, 93, 90, 95, 98, 115]: 

,min

P
PYk  (4.9) 

 minP  –         

 ; 

P  –         

 . 

   : 

 kY  > 1,       

,        
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  « »,   . 4.9.    

 (MAPE)   20%,     

      ,  

   « » [105]. 

 ,    : 

        

      NARX 

      

        

  [86]. 

 ,    

        

    ,   

        

        

  .    

     

     ( kY ),   

  [86, 93, 90, 95, 98, 115]: 

,min

P
PYk  (4.9) 

 minP  –         

 ; 

P  –         

 . 

   : 

 kY  > 1,       

,        
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; 

kY  < 1,       , 

          

     ; 

kY  = 1, -  . 

       

       

  ,    

          

      [80].  

 ,       

         

   .    

       

      .  

  

4.3.     

      

 

        

     .  

         

,   ,   

  ,    

       

 (    ). 

        

 ,     ,   

   ( ) [88, 90, 105, 111]. 
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kY  < 1,       , 
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kY  = 1, -  . 
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      [80].  

 ,       

         

   .    

       

      .  

  

4.3.     

      

 

        

     .  

         

,   ,   

  ,    

       

 (    ). 

        

 ,     ,   

   ( ) [88, 90, 105, 111]. 
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  : 

1) ,   '  : 
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  : 

1) ,   '  : 

–   "1"  ,      

 ;  (   

);        

; 

–   "0" –  ,         

     . 

2)     : 

–   "1" –       

 ,      ; 

       ;  

   ; 

–   "0" –        

  ,       

 ;      ; 

,    ,  ;   

 . 

3)        : 

–   "1" –      ; 

          ; 

   ;      

; 

–   "0" –     ;  

    ;     

;     . 

4)       : 

–   "1" –        

   ,  , '    



124 

 ,       

    ; 

–   "0" –    ;    

 ;    ;   

   ;   

 . 

5)      : 

–   "1" –         

   ,    , , 

 ,    ; 

–   "0" –       

 ,       , 

  ,     , 

   . 

   ,  ,   29-

         

     .    

  . 4.10. 

 4.10  

        

     , 

   

 
 X1 X2 X3 X4 X5 EXP 
1 1 1 1 1 1 70 
2 0 0 0 0 0 3 
3 0 0 0 1 1 10 
4 0 0 0 0 1 8 
5 0 0 0 1 0 5 
6 0 0 1 0 0 13 
7 1 0 0 0 0 10 
8 1 0 0 1 0 15 
9 0 1 0 0 0 0 

10 0 0 1 1 0 15 
11 0 0 1 0 1 25 
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 ,       

    ; 

–   "0" –    ;    

 ;    ;   

   ;   

 . 

5)      : 

–   "1" –         

   ,    , , 

 ,    ; 

–   "0" –       

 ,       , 

  ,     , 

   . 

   ,  ,   29-

         

     .    

  . 4.10. 

 4.10  

        

     , 

   

 
 X1 X2 X3 X4 X5 EXP 
1 1 1 1 1 1 70 
2 0 0 0 0 0 3 
3 0 0 0 1 1 10 
4 0 0 0 0 1 8 
5 0 0 0 1 0 5 
6 0 0 1 0 0 13 
7 1 0 0 0 0 10 
8 1 0 0 1 0 15 
9 0 1 0 0 0 0 

10 0 0 1 1 0 15 
11 0 0 1 0 1 25 
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  4.10 
12 1 1 0 0 0 5 
13 1 0 0 0 1 20 
14 0 1 1 0 0 10 
15 0 1 1 0 1 15 
16 1 1 1 0 0 20 
17 1 1 1 0 1 65 
18 0 1 0 1 0 3 
19 1 0 0 1 1 35 
20 1 0 1 1 1 100 
21 1 0 1 0 0 30 
22 0 1 1 1 1 20 
23 1 0 1 1 0 40 
24 0 0 1 1 1 30 
25 1 1 1 1 0 35 
26 1 0 1 0 1 80 
27 1 0 1 0 0 37 
28 0 1 0 1 0 9 
29 1 0 0 0 0 43 

:        

         

   [81, 114]. 

 

   (  ): X1, X2, X3, X4, X5 

   (  ): EXP 

 

     : 

X1 = (X1-0,5) / 0,5 

X2 = (X2-0,5) / 0,5 

X3 = (X3-0,5) / 0,5 

X4 = (X4-0,5) / 0,5 

X5 = (X5-0,5) / 0,5 

 

 : 

1(A) =A / (0,1+|A|) 

2(A) =A / (0,1+|A|) 

3(A) =A / (0,1+|A|) 
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  4.10 
12 1 1 0 0 0 5 
13 1 0 0 0 1 20 
14 0 1 1 0 0 10 
15 0 1 1 0 1 15 
16 1 1 1 0 0 20 
17 1 1 1 0 1 65 
18 0 1 0 1 0 3 
19 1 0 0 1 1 35 
20 1 0 1 1 1 100 
21 1 0 1 0 0 30 
22 0 1 1 1 1 20 
23 1 0 1 1 0 40 
24 0 0 1 1 1 30 
25 1 1 1 1 0 35 
26 1 0 1 0 1 80 
27 1 0 1 0 0 37 
28 0 1 0 1 0 9 
29 1 0 0 0 0 43 

:        

         

   [81, 114]. 

 

   (  ): X1, X2, X3, X4, X5 

   (  ): EXP 

 

     : 

X1 = (X1-0,5) / 0,5 

X2 = (X2-0,5) / 0,5 

X3 = (X3-0,5) / 0,5 

X4 = (X4-0,5) / 0,5 

X5 = (X5-0,5) / 0,5 

 

 : 

1(A) =A / (0,1+|A|) 

2(A) =A / (0,1+|A|) 

3(A) =A / (0,1+|A|) 
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 1-  : 
 

1_1 = 1 (0,05823203*X1 - 0,1213136*X2 + 0,03646167*X3 -

0,1178368*X5 + 0, 2012148) 

1_2 = 1 (-0,1298162*X1 - 0,06717832*X3 - 0,02071069*X4 -

0,07378492*X5 + 0,1879927) 

1_3 = 1 (-0,2709474*X1 + 0,1346104*X3 + 0,01916438*X4  

+ 0,107602*X5) 
 2-  : 
 

2_1 = 2 (0,2187901* 1_2  + 0,1126397* 1_3) 

2_2 = 2(0,2296853* 1_1 - 0,1501314* 1_2 -

0,06354368* 1_3 - 0,1609641) 

 
 3-  : 
 

3_1 = 3 (0,2247215* 2_1 + 0,1179873* 2_2  

+ 0,1612298) 

3_2 = 3(-0,2800951* 2_1 - 0,2629335* 2_2 

+ 0,2680423) 
 : 

 
EXP = 3_1 - 3_2 + 0,2206153 

  : EXP = ( (EXP*100) +100) / 2) 

 4.11 

      
      

  
 

0, 201 0,479 0,137 0,349 0,167 0 
0,280 0,354 0,370 0,373 0,307 10 
0,434 0,408 0,697 0,384 0,531 20 
0,601 0,210 0,827 0,577 0,567 30 
0,905 0,241 0,760 0,904 0,335 40 
0,972 0,310 0,858 0,830 0,337 50 
0,998 0,899 0,990 0,399 0,945 60 
0,999 0,742 0,999 0,406 0,993 70 

:        
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 1-  : 
 

1_1 = 1 (0,05823203*X1 - 0,1213136*X2 + 0,03646167*X3 -

0,1178368*X5 + 0, 2012148) 

1_2 = 1 (-0,1298162*X1 - 0,06717832*X3 - 0,02071069*X4 -

0,07378492*X5 + 0,1879927) 

1_3 = 1 (-0,2709474*X1 + 0,1346104*X3 + 0,01916438*X4  

+ 0,107602*X5) 
 2-  : 
 

2_1 = 2 (0,2187901* 1_2  + 0,1126397* 1_3) 

2_2 = 2(0,2296853* 1_1 - 0,1501314* 1_2 -

0,06354368* 1_3 - 0,1609641) 

 
 3-  : 
 

3_1 = 3 (0,2247215* 2_1 + 0,1179873* 2_2  
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0,905 0,241 0,760 0,904 0,335 40 
0,972 0,310 0,858 0,830 0,337 50 
0,998 0,899 0,990 0,399 0,945 60 
0,999 0,742 0,999 0,406 0,993 70 
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