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 .  

  
1-    :  
    

  n    
  :  

1 -1-      
  i    j  

   : 
  

X1 = X11 + X12 + X13 + ………. + X1n + Y1 
X2 = X21 + X22 + X23 + ………. + X2n + Y2 
X3 = X31 + X32 + X33 + ………. + X3n + Y3 
.        .      .                                                   .         …………….. (2.1) 
.        .      .                                                   . 
.        .      .                                                   . 
Xn = Xn1 + Xn2 + Xn3 + ………. + Xnn + Yn 
 

i  :  
= +  ………………(2.2) 

 ,  
iX : i  

ijX : i j 
iY  : i    
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  ijX    i    jX   j   ij  

 :  

ij=  ………………. ( .2 3) 
   :  

ij = ij * j …………….. ( .2 4) 
 :  

ij  :i  
j    
  x  ) 2.4 ( )2.1 :  (  

X1 = X1 + X2 + X3 + ………. + Xn + Y1 
X2 = X1 + X2 + X3 + ………. + Xn + Y2 
X3 = X1 + X2 + X3 + ………. + Xn + Y3 
.        .      .                                                                    .      …………….. (2.5) 
.        .      .                                                                    . 
.        .      .                                                                    . 
Xn = X1 + X2 + X3 + ………. + Xn + Yn 

) 2.2 :  (  
i = ij j + i

n
=1  ………………….(2.6) 

 .  

1 -2-          
        j      i      

  : 
  

X1 = X11 + X21 + X31 + ………. + X n1 + V1 
X2 = X12 + X22 + X32 + ………. + X n2 + V2 
X3 = X13 + X23 + X33 + ………. + X n3 + V3 
.        .      .                                                    .      …………….. (2.7) 
.        .      .                                                    . 
.        .      .                                                    . 
Xn = X1n + X2n + X3n + ………. + Xnn + Vn 
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j  :  
= + V  ………………..(2.8) 

  
jX : j  

ijX : j  i   
jV :  j    

    x  ) 2.4   () 2.7 (
 :  

X1 = X1 + X2 +  X3 + ………. + Xn + V1 
X2 =  X1 + X2 +  X3 + ………. + Xn + V2 
X3 =  X1 + X2 + X3 + ………. + Xn + V3  
.        .      .                                                                     .        …………….. (2.9) 
.        .      .                                                                     . 
.        .      .                                                                     . 
Xn = X1 + X2 + X3 + ………. + Xn + Vn 

) 2.8 :  (  

j = ij j + j
n
=1  ……………………..(2.10) 

  . 

1 -3-  :  ) 2.6  (
) 2.10 ( :  
-  :  

n
i=1 =  ij j +  i

n
i=1

n
=1

n
i=1  …………………..(2.11) 

-  :  
n
j=1 =  ij j + j

n
j=1

n
i=1

n
=1  ……………………(2.12) 

 

) 2.11)  (2.12 (n
j=1 = n

i=1      
  ,  

  ij j =  ij j
n
i=1

n
=1  n

=1
n
i=1      

 .  
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  n
j=1 = n

i=1      
 .  

  
2-   
2 -1-    :  

 ) 2.5   (
 :  

  
X1  11 12 13  1n  X1  Y1 
X2  21 22 23 2n  X2  Y2 
X3 = 31 32 33 3n  X3 +  Y3 
          
          
Xn  n1 n2 n3 nn  Xn  Yn 

 
) 2.6 :  (  

X = A X + Y …………….. ( .2 13) 
  

X :  
A :  
Y :  
       )2.13(      :  

        /
.      ( )    

   ,
 :  

  
X = A X + Y  X   A X =  Y 

                            (I – A)X = Y  

                           X = (I – A)  Y ………………………(2.14) 
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   ) 2.14 ( :  ,  

1-A) –(I     :      
.  

2 -2-          
 n  n  ,,  

      (I-A)    n      
 .( )   

2 -3-     –    Simon Conditions)-Hawkins(  :

 .   
-          

  A                
  A    0   X  >  

      - 
    :  

)1 (     det ( )  > 0 

)2  (    

= L > 0, =  > 0 ……….  =  
…

> 0 

 :  
 : n  
 L :  

     ,
  

 .  
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 )1 ( :   :  

 1S 2S 3S CI CF iX 

1S 150 800 400   3000 
2S 450 400 200   4000 
3S 300 500 100   2000 

CI       
VA       

jX 3000 4000 2000    
  
1-   
2-   
3-      350  ,550    400    

 .  
4 -  .  

  
 :  

-   
 CI    

-   i j  :  
                 =  

  :  
CI1= 150 + 800 + 400 = 1350 
CI2= 450 + 400 + 200 = 1050 
CI3= 300 + 500 + 100 = 900 

-  j   i  :  
 =  

  :  
CI1= 150 + 450 + 300 = 900 
CI2= 800 + 400 + 500 = 1700 
CI3= 400+  200+ 100 = 700 

 CF:  
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i   
    =   

 :  
CF1= 3000 – 1350  = 1650 
CF2= 4000 – 1050  = 2950 
CF3= 2000 – 900    = 1100 

 VA: 
j   

    =   
 :  

VA1= 3000 – 900  = 2100 
VA2= 4000 – 1700  = 2300 
VA3= 2000 – 700    = 1300 

   

 1S 2S 3S CI CF iX 

1S 150 800 400 1350 1650 3000 
2S 450 400 200 1050 2950 4000 
3S 300 500 100 900 1100 2000 

CI 900 1500 800 3300   
VA 1400 1200 800  5700  

jX 3000 4000 2000   9000 
  

  
-   

ij =  ij

n

i=1

n

=1
= 3300 

n

=1

n

i=1
 

-  =   
n

j=1
=

n

i=1
= 5700   

- )  = (  ( )   
n

j=1
=

n

i=1
 = 9000 

-  ( )  +  =  
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n

i=1
 =  

n

i=1
+

n

i=1
= 5700 + 3300 = 9000 

- ) = (    +   
n

j=1
=

n

j=1
+

n

j=1
= 5700 + 3300 = 9000 

  :  

A = ij   / ij=  

 

A =  
0.05 0.2 0.2
0.15 0.1 0.1
0.1 0.125 0.05

 

  :  
-  :  
  

(I – A) =    
1 0 0
0 1 0
0 0 1

    -  
0.05 0.2 0.2
0.15 0.1 0.1
0.1 0.125 0.05

   

 
(I –A) =  

0.95 0.2 0.2
0.15 0.9 0.1
0.1 0.125 0.95

 

 
-    1-A)–(I :                  

  : A) –(I adj 
 ( )

=  1-A)–(I  :  
* adj(I –A)    
* det(I –A)   
-  :  

 

adj(I – A) =    
0.8425 0.215 0.16
0.1525 0.8825 0.125
0.1087 0.1387 0.825

 

-  :  
det(I-A)= 0.748 
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(I – A)-1 =   
1.126 0.287 0.267
0.204 1.180 0.167
0.145 0.185 1.103

  

   
 :Y 1-A) –X = (I   

-      350  ,550    400    
  

Y =   
2000
3500
1500

 

-   

X =    
1.126 0.287 0.267
0.204 1.180 0.167
0.145 0.185 1.103

      
2000
3500
1500

 

 

X =   
3657

4788.5
2592

 

  
  3657 ,  4788.5    

 ,2592  .  
-  :  
-     

ij=    ij = ij * j 

X11 = 0.05 * 3657= 182 
X12 = 0.2 * 4788.5= 957 
X13 = 0.2 * 2592= 518 
X21 = 0.15 * 3657= 549.5 
X22 = 0.10 * 4788.5= 479 
X23 = 0.10 * 2592= 260 
X31 = 0.10 * 3657= 365 
X32 = 0.125 * 4788.5= 598 
X33 = 0.05 * 2592= 129 
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-  :   
 .  

 1S 2S 3S CI CF iX 

1S 182 957 518 1657 2000 3657 
2S 549 479 260.5 1288.5 3500 4788.5 
3S 365 598 129 1092 1500 2592 

CI 1096 2034 907.5 4037.5   
VA 2561 2754.5 1684.5  7000  

jX 3657 4788.5 2592   11037.5 
  

     
  )i X ( 657 

 ,788.5    592    
   ,

  )i Y (     ) 350  ,550   400  
 (     ,

       (  Xij)  307 
 ,238.5 192  .  

  
  
3-  
3 -1-    

        
  :  

ij = piXij
pjXj

 =  pi
pj

 ij ..........................(2.15) 

 

 :pi i j    pj  .  
  

 :  
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iX  DF  Sn  ……. S2  S1   

1X 1P  1Y 1P  n1X 1P  ……. 12X1 P  11X 1P S1  
2X2 P  2Y 2P  n2X2 P  ……. 22X2 P  21X2 P S2  

…….  ……. ……. ……. ……. ……. ……. 
nX nP  nY nP  nnX nP  ……. 2nX nP  1nXn  P Sn  

    niX iP   ……. 2iX iP   1iX iP  CI  
    nV  ……. 2V  1V VA  
    nX nP  …….  2X 2P  1X 1P jX 

  
  :  

X1 = p1 X11 + p2 X21 + p3 X31 + ………. + pn X n1 + V1 
X2 = p1 X12 + p2 X22 + p3 X32 + ………. + pn X n2 + V2 
X3 = p1 X13 + p2 X23 + p3 X33 + ………. + pn X n3 + V3 
.        .      .                                                    .                      …………….. (2.16) 
.        .      .                                                    . 
.        .      .                                                    . 
Xn = p1 X1n + p2 X2n + p3 X3n + ………. + pn Xnn + Vn 
 

j  :  
 = + V  …………………….(2.17) 

jX  :  
j  = i ij

+ j
n
=1  ……………………….(2.18) 

     :j =  Vj
Xj

   j 

 :  

p1 = p1 + p2 +  p3 + ………. + pn + v1 
p2 =  p1 + p2 +  p3 + ………. + pn + v2 
p3 =  p1 + p2 + p3 + ………. + pn + v3  
.        .      .                                                               .            …………….. (2.19) 
.        .      .                                                               . 
.        .      .                                                               . 
pn = p1 + p2 + p3 + ………. + pn + vn 

  
 :  
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p1  11 21 13  n1  p1  v1 
p2  12 22 32 n2  p2  v 2 
p3 = 13 23 33 n3  p3 + v 3 
          
          
pn  1n 2n 3n nn  pn  v n 

  
 :  

P  =  A  P + V …………….. (2.20) 
  

X :  
tA :  

V :  
-  -  –  :  

 = [(  –  )  ]    …………….. (2.21) 

  
             

  i    j   .
1  )  .( 

 

3 -2-        

  
 .  

  0p  :  

 P0  = [(I – A) 1 ]
t
  V0 

 
1                              

    ,   : 
Roland E.Miller & Peter D. Blair, Input –Output analysis : Foundations and Extensions   
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) t=1 (1p  :  

   P1  = [(I – A) 1 ]
t
  V1 

( p) ( V)  :  

P1 – P0 = (I – A) 1 t  V1 – (I – A) 1 t  V0 P1 – P0  = (I – A) 1 t    (V1 – V0) 

                                                                                    P = [(I – A) 1 ]t  V    ……(2.22) 

3-  3-      
    

 , .
  

 :  

=   

  
P : .  
0jp  1jp :j   .  
0jq: j   .  
  

   )2(  :        
    :  

  
Xi III  II  I    

2300 0.25 0.296 0.043 I  
2700 0.187 0.074 0.217 II  
1600 0.062 0.185 0.130 III  

1-   
25 %   200     

2-   
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3-  
800  ,1500    600     ,100  200    200    

20%  .  
  

  
  

-  :  
 

 I II III CI CF iX 

I 100 800 400 1300 1000 2300 
II 500 200 300 1000 1700 2700 

III 300 500 100 900 700 1600 
VA 1400 1200 800    

jX 2300 2700 1600    
 

-  
  

 : 
-   :  

                                    = 14001V  

:  200           1000 =200  –1200 =2V  
:  25 %          :1000 (800) * 1.25 = =3V  

  

-   :=   nv 

          = (0.608    0.370    0.625  ) 
 

-  1-A)-(I :  
1.209 0.470 0.416
0.331 1.254 0.339
0.234 0.313 1.192

 = 1-A)-(I 
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-      nV t ]1 -A) –(I =[  nP   
  

   Pn =   
1.209 0.331 0.234
0.470 1.254 0.313
0.416 0.339 1.192

   
0.608
0.370
0.625

 = 
1

0.945
1.123

 

  

     P)1 =  – n(P   :  

:                               1 = 0 –1 =  1P     

       :     0.055 -1 =  –= 0.945  2P   
:            1 =  0.123 –= 1.123  3P  

      12.3%   
 5.5 %  .  

  

 :   
  

IP = . ( )  . ( )
 = 1 

                                                                                                      IP= IP – 1= 0        

  . 
:   

  

IP = . ( )  . ( )
 = 1.0272 

                                                                                             IP= IP – 1= 0.0272       

  2.72%  
 18.5  :  
X = 3400 * 0.2 * 0.0272 = 18.5 

  
  
  
  
  
  


