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   n  ’  = ( 1, …, oj, …,

n), j —  ’ , oj — j-  ’ , j = 1, …, n.  ’  m
 (  ) s  (  )   

« - »  « - » (xj, yj), :
—  j-  ’  — xj = (xj1, …, xji, …, xjm), i = 1, …, m;
—  j-  ’  — yj = (yj1, …, yjr, …, yjs), r = 1, …, s.

 ,  ,  ,   :
— X = {xji} n m;
— Y = {yjr} n s:

 : n×m×s
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’ ,          -
        -
  .      -
  , :        

,        1.
          ,
     ,   -
  ( )      ( ).

 1 (  12×2×2).      -
  12  ’ ,       ( -1, -

2)    ( -1  -2), - :   5:1,  
— 1:3.     (0/1)   ’  ( .
1).

. 1

:    5:1    1:3    -
  ( ’  1    1,47    1)

—    (  20  151)  ’     -
 (  100  90).

   DEA-   n
’      ,    ,    

    ’ n  (  
  12) ,     ’    -

 .
,     12 ’  (  1)    -

,     (1- , 2-   3-  ’ )      
:

1        «  »   
 ,  -         -
   ,           -

    ,    
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 ’      -
/   ’ ,      .

 DEA
    ,   
     ’    -
  (decision-making units)        

      (   ).    -
   DEA (Data Envelopment Analysis),   
  envelopment ( )    

 ’ -  ,  
      (  

    (   ),   —
« »   ’ - ,   ’   
— 2.  DEA   

    ’  (  
 ): ,    , , -

  ,  ,       
,  ,   ,  -

,   .
    ’      -
,     :  , , 

     ,    -
  ( ) ;   :     ,
   /  .
   DEA   ,  -

  (deasociety.org),    (deazone.com), -
    (DEA-solver),  
  ,      

(   ).
   DEA3 ,     

’       
        ,   -

        -
 .

2      DEA /  ,  
      :   ,   ,
    ,   .
3 Farrell M. The Measurement of Productive Efficiency, 1957.
  Charnes A., Cooper W., Rhodes E. Measuring the efficiency of decision-making units, 1978.

Emrouznejad A., Parker B.G. Evaluation of research in efficiency and productivity: A survey and
analysis of the first 30 years of scholarly literature in DEA, 2008.
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   DEA: n ’       -
 ,    ,   — ,  
      1,    1.
 ’     ,  
 ,        -
    , , ,    
 , :

— -  , :    -
  ’ ,        
 

— -  , :    
 ’ ,      .

,  -     , 
 .

.         -  ’ ,
p = 1, …, n:

—    — V = (v1, …, vi, …, vm), vi — « » i-  , i
= 1, …, m;

—    — U = (u1, …, ur, …, us), ur — « » r-  -
, r = 1, …, s, :

.  p-  ’  ( ):

ep =
,1 , ,1

,1 , ,1

,srp p r p sp

p i p i m p mp

uy y yUY u u
VX v x v x v x

.  ,      ’   
1 (100 %):

1
j

j

VX
UY

, j = 1, …, n,

   : V  0, U  0.
   ( )     ,  

      ,   -
  ,       - -
  ( ),        -
 ,       

(  ,  ,   ).
      (  -

 ),        -
 Excel [3].
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   (  )
.  V = {vi}, U = {ur}, i = 1, …, m; r = 1, …, s, 

. maxp

p

UY
VX

, p {1, …, n}

. 1
j

j

VX
UY

, j = 1, …, n,

         vi  0, ur  0.

 2 (  3×2×3).    DEA  
   ’ ,       :

    ’    .

  (  )
p = 1.
.  V = {v1, v2}, U = {u1, u2, u3}, 

. max
122111

133122111

xvxv
yuyuyu

. :

1
122111

133122111

xvxv
yuyuyu j = 1,

1
222211

233222211

xvxv
yuyuyu  j = 2,

1
322311

333322311

xvxv
yuyuyu  j = 3,

V   0, U  0.

’  (  = 1):
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-     DEA —  ’ n
  —      = 2  3,  
    .
     ( . 2).

. 2

   (   )   -
 (1-   3-  ’ )   (2-  ’ ),   -
 /    ’ .

  ,     -
 : ’         -

, ,        
  ,      
       ( ),   -

  DEA.

 4

  DEA (    ’     -
  )       A. Charnes, W. Cooper

 E. Rhodes,      ’    -
    ,   
 , : )   ’        -
 - ; )     -

       ; )  
   .
  (  , p = 1):

4   -  (Charnes-Cooper transformation scheme, CC-transformation)
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 V = {v1, v2}, U = {u1, u2, u3}  = { 1, 2},  = {b1, b2, b3}

 max
122111

133122111

xvxv
yuyuyu

b1y11 + b2y12 + b3y13  max

 
 

1
122111

133122111

xvxv
yuyuyu j = 1

1
222211

233222211

xvxv
yuyuyu  j = 2

1
322311

333322311

xvxv
yuyuyu  j = 3

V   0, U  0.

b1y11 + b2y12 + b3y13  a1x11 + a2x12

b1y21 + b2y22 + b3y23  a1x21 + a2x22

b1y31 + b2y32 + b3y33  a1x31 + a2x32

a1x11 + a2x12 = 1
A  0, B  0.

   (  )
.  A = {ai}, B = {br}, i = 1, …, m; r = 1, …, s, 
. BYp  max, p {1, …, n}
. BYj AXj, j = 1, …, n,

AXp = 1,
ai  0, br  0.

:       (AXp = 1)  -
   (BYp).

 
:  ’ n      -

  (  : n  200),    -
  , : )    , 
      , ’    =

= 1; ) ,       - ; ) 
       ’   ; ) -

       .
 ’  ,  

     ,
     ,
      (  -
     ).

    
  =  1    

:
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    . 3.

. 3

 
’ ,  ’  2      ’ -

(   1).
 2-  ’  —      ( -

 )  0,733,      
 ( -1  -2).
,    ,     

 «  »,  -   — 
 , , ,    
 .
   ,   ’     

« »  « »,        -
 (  — «  »  ).

 —       (0,08;
0,053; 0):     -1  -2,  -3 —  -
 ,   -1 « » (0,08)  -2 (0,053),    -

,  .
,     -1 ( 22 =  5)   

   -1  ’ ,   .  
:

—  :  -1 = 6  = 0,85,  -1 = 7  = 0,93 -
, 

— ’    .    
  :   ( 22)    = 1 , 
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 ,     (  b1y21 + b2y22 + b3y23 b2y22
    ),   ’ .

:  -1  7,83   -2 = 7  -3 = 10 ’  2 
     «  »  -

:

   DEA
  ,    

  Excel Solver (  ),    -
        -
 ’   -    .    -
      ,   

  DEA    ’   
     .  

—         
’  (   ),    ( n > 20)   -
      ( n > 200).

  DEA-    -
        -

 (DEA-Software).      DEA-Solver   -
  Excel Solver (  ). ,  

Excel         DEAFron-
tier (www.deafrontier.net [1]),       20 -

 ’ ,  ( )     -
 Excel Solver (  200 ’    )  OpenSolver, -
 : /  — $700/$2900.  [2]    Excel

DEA-Solver (www.saitech-inc.com),      50 ’
(   CD,      $85),  
DEA SolverPro    ’ ,  : /  —
$800/$1600   .

     DEA-   Excel  -
-     - ,    
 -    (     -

).
:    - ,   -

      ( n×m×s)   -
    —  n ’ ,   -
   .  ,     -
       Excel.  

http://www.deafrontier.net
http://www.saitech-inc.com
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   : ’    «  » n = 100 
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