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  (Thick Frontier Approach – 
TFA); 

2) :    
(Data Envelopment Analysis – DEA);  -

  (Free Disposal Hull – FDH). 
    

     -
,     

  .  ,  -
     

  ,   
  . 

     
DEA-   ,  -

   -
 ' ,     

   ,   
   -

.    DEA  -
   

   . 
    -

.    , -
 ,     



 , 2018,  10 51

   DEA   
 .   [14]  

   1400   -
  DEA.    -
  DEA   20  

  [17].   -
    DEA 

     -
     

.  [4].    
 DEA    -

  , -
      -
 . 

  –    
  -

  DEA,    
. 

   -
.    -

 DEA.   ’ , 
    -

   ,  -
  ),...,,( 21 rξξξξ = . -

   ’   -
  ,  -

    

),...,,( 21 mxxxX = ,   , -
    

).,...,,( 21 nyyyY =    -

  ),...,,( 21
∗∗∗∗ = mxxxX    

 ),...,,( 21
∗∗∗∗ = nyyyY ,   -

    –  [16], 
   ),( ξ∗∗ = XQY . 

    
  .  [15] -

     –  
 Y,     -

  (  -
),       

 .     
  . , .   

.  [12],    -
   ’   -

 .   
   Data Envelopment Analysis 

(DEA). 
   DEA  

     -
.       

    
  .    
     -

     -
 .    

     CRS 
( CR)  VRS  DEA.   

   CRS (constant 
return to scale)  CR,  

     -
.   . , .   .  

[11]   VRS (variable 
return to scale),     

 . ,   
 VRS,    

,     
CRS –  .  

  -
     -

,    -
    -

 .     
  DEA-

   VRS- . 
  DEA,   

 (input-oriented)     
(outnput-oriented).  ,  

 ,    -
    -

,   ,   , 
    

    -
.   -

,      -
   , 

   ,  -
     -

  (input-oriented model). 
 ,   -

     -
 (outnput-oriented model),  -

    , 
    . 

     
 VRS-input.    

VRS-input     
’     -

 [4]: 
−

=

+= ∑ dXEX
K

k
kk

1
0 λ ;                     (1) 

 +

=

−= ∑ dYY k

K

k
k

1
0 λ ;                    (2) 

 Kk
K

k
k ,1,1

1
==∑

=

λ ;                    (3) 

  Kkk ,1,0 =≥λ ;                     (4) 

0, ≥+− dd ,                           (5) 



 , 2018,  10 52

 E  –    -
; 

     K  –  ,  -
; 

     kλ –   , 
  ; 

     0X , 0Y –     
  ’ ,  

; 

     kX , kY  –     

 k-   ’ ; 

      
+− dd , –  . 

  ’   
(1) – (5) [14]:  

{ })(3;max mnnmK +×≥ ,          (6) 
 n –   ; 

    m  –   . 
     -

 ’ ,   
DEA,  ,   -

      
    , 

 ,    “ ” 
,    -

.     -
    

    
[13],     : 

0
0

1
1

E
ETCngMind ⋅= ,                  (7) 

 
1
0

0
0

1
1

0
1

E
E

E
ETCng ⋅=  –   , 

   ; 
0
0E  –  ,  -

   0T ; 
1
1E  –     

1T ; 
1
0E  –    -

   0T    -
    1T ; 

0
1E  –    -

   1T    -

    0T .  

     
   -

     -
  : 

1)    t   
  ; 

2)   Kk ,1=  -
,   .  

   ( ,  
    

,       -
    .); 
3)   mi ,1=  . -

     ikx , 

mi ,1= , Kk ,1= ,     
      

 .   
    -

     ; 

4)   nj ,1=  . 
    -

 jky , nj ,1= , Kk ,1= ,   -

     
     

.    -
    -

    ; 
5)    (6). 

  (6)  , – -
  . 2), 3), 4); 

6)   ikx , jky   -

 “  ”     -
  [1]; 

7)     
 .   -

     -
     -
.     -

,    . 3)  -
   . -

     -
,     -

 .   -
     -

  .   
     

 .  ,  
    ikx  , -
     -

.     -



 , 2018,  10 53

    -
: 1)    ; 

2)     -
; 3)    . .; 
8)    -

     
VRS-input;  

9)     t >1, -
   (7)   -

 ; 
10)    . 
     -

   2016–2017 . [2, 3, 5–
10],  DEA    

  -
      

    . 
   -

  2016–2017 . 

  : 1) kx1  – ,  
     -

, . ; 2) kx 2  –    
   1 , ; 3) kx3  –

  ,  -
  1 . , .  : 

1) ky1  –    -
 , . ; 2) ky 2  –  -

   , . .  
. 1     -

    2016 .  

1.       2016 . 

 
.   

    

, 
 

  
 

 
 

  
, 

. 
  

   
  

 
 

 1
 

, 
   

 
  

  
 

  
1 

. 
, 

.   
 

    
, 

 
. 

 

  
 

    
, 

. 
 

1  867,2 5827 13 5563,5 2714,1
2  294,5 27781 9 1109,7 440,1
3 1092,8 22283 11 3480,80 1734,1
4 * 543,3 31274 11 1793,40 907,8
5  391,20 18806 10 2093,9 899,6
… …. … … … … …
22  659 22918 12 4091,7 2374,0
23  122,5 19294 11 507,4 127,7
24  653,9 26746 10 3739,9 2583,5

*             . 
:     [2, 6, 8, 10]. 

 ,   
’  24=K ,    

3=m ,  – 2=n .  (6) -
.  

    -
 “ ”      

   . 2  -
   ( 22r ).  

22r < 497,0=r (  24=K ,   
01,0=α ) –     

“ ”.  

2.    ( 22r )   “ ”   
  2016 . 

  

  ( 22r )   “ ” 

      

kx1  kx2 kx3 ky1  ky2
   

“ ” 0,07 0,23 0,28 0,09 0,13 

   
“ ” 0,20 0,09 0,42 0,28 0,32 

:  . 



 , 2018,  10 54

   ,  
  ,  -

  : 017,03.12 −=r , 
25,02.13 =r , 15,01.23 =r      

  .  08,012 =t , 
18,113 =t , 69,023 =t  < 086,2)20;025,0( =t  –  

    -
 .  

,    -
 [3, 5, 7, 9]    -

    2017 .  . 3 
   -

  ( 22r )   “ ”  
   2017 .  22r <

r  – “ ” . 

3.    ( 22r )   “ ”   
  2017 . 

  

  ( 22r )   “ ” 

      

kx1  kx2 kx3 ky1  ky2
   

“ ” 0,06 0,18 0,26 0,09 0,09 

   
“ ” 0,19 0,35 0,32 0,16 0,26 

:  . 

    
  ( 002,03.12 =r , 29,02.13 =r , 

16,01.23 =r )      -
 ( 01,012 =t , 36,113 =t , 23t =0,73< t ) -

      
 . 

   -
      

    -

   -
  2017 . 

    -
   

      
     2016 ., 

2017 .  ,   
     2016–

2017 . ( . 4).  

4.        
  2016 ., 2017 .,        

2016–2017 . 
 
.   

 TCng  Mind  2016 . 2017 .
1  1 1 0,96 0,96
2  0,68 0,72 0,97 1,03
3  0,78 0,85 0,76 0,84
4 * 0,66 0,79 0,96 1,16
5  0,88 0,86 0,98 0,96
6  1 1 1 1
7  0,69 0,76 0,99 1,08
8 -  1 0,99 0,99 0,99
9  1 1 1 1
10  0,74 0,61 0,97 0,8
11 * 0,8 0,7 1,33 1,17
12  0,81 0,83 1,03 1,05
13  0,78 0,93 1,02 1,22
14  1 1 1 1
15  1 1 1 1
16  0,94 0,95 0,99 1,01
17  1 1 1 1
18  1 1 1 1
19  0,89 0,84 0,99 0,93



 , 2018,  10 55

 . 4 
20  0,82 0,93 1,07 1,21
21  0,94 1 0,96 1,03
22  1 0,82 0,96 0,79
23  0,87 0,97 1 1,12
24  1 1 1 1

*             . 
:  . 

  ,  
2016–2017 .  , -

    
 ,   4,2%  

  2017 . 37,5%.  , 
62,5%    -

     -
  ,  -
  .  

 . 5  ,  -
     -

  .  
5.     2016–2017 . 

 
.  TCng  Mind  

1  0,99 1,01 
2    Mind  =1, %  29,2 
3    Mind  >1, %  41,7 
4    Mind  <1, %  29,2 

:  . 
  2016–2017 .  

   01,1=Mind  -
,     ,  

     -
 ,   . 

.  DEA  -
   ,  

    -
      . 

     
   DEA  

    -
 ,  

  .  DEA  
     

 ,  
    .  

   -
    , 

    
  . 

    

1.  . .     -
        

 : . . , 2009. 184 . 
2.       -

    -
  2016  : . . , 2016. 56 . 

3.       -
    -

  2017  : . . , 2017. 42 . 
4.  .,  .    

(DEA).     
. Halle: Institute of agricultural development of 

Central and Eastern Europe, Germany, 2003. 32 p. 
5.  -    -

     
2017  : . . , 2017. 38 . 

6.     -
   2016 . : . . 

, 2017. 54 . 
7.     -

   -  2017 . : 
. . , 2017. 24 . 
8.    2016  : . . , 

2017. 166 . 
9.    2017  : . . , 

2018. 222 . 

References 

1. Babenko, V.V. (2009). Osnovy teoriyi ymovirnostey i 
statystychni metody analizu danykh u psykholohichnykh i peda-
hohichnykh eksperymentakh : navch. posibnyk [Fundamentals of 
probability theory and statistical methods for data analysis in 
psychological and pedagogical experiments: tutorial]. Lviv [In 
Ukrainian].  

2. Vnesennya mineralnykh ta orhanichnykh dobryv u silsko-
hospodarskykh pidpryyemstvakh pid urozhay silskohospodarskykh 
kultur 2016 roku: stat. buleten [The introduction of mineral and 
organic fertilizers by agricultural enterprises for the crop in 
2016: statistical bulletin]. (2016). Kyiv: Derzhstat [In Ukrainian]. 

3. Vnesennya mineralnykh ta orhanichnykh dobryv u 
silskohospodarskykh pidpryyemstvakh pid urozhay silskohospo-
darskykh kultur 2017 roku: stat. buleten [The introduction of 
mineral and organic fertilizers by agricultural enterprises for 
the crop of crops in 2017: statistical bulletin]. (2017). Kyiv: 
Derzhstat [In Ukrainian]. 

4. Lissitsa, . (2003). Analiz obolochki dannyih (DEA). Sov-
remennaya metodika opredeleniya effektivnosti proizvodstva 
[Data wrapping analysis (DEA). Modern methods for determining 
production efficiency]. Halle: Institute of agricultural develop-
ment of Central and Eastern Europe, Germany [In Russian]. 

5.  Prydbannya materialno-tekhnichnykh resursiv dlya vy-
robnychykh potreb silskohospodarskymy pidpryyemstvamy za 
2017 rik: stat. buleten [Acquisition of material and technical 
resources for production needs by agricultural enterprises for 
2017: statistical bulletin]. (2017). Kyiv: Derzhstat [In Ukrainian]. 



 , 2018,  10 56

10.      2016  : . . 
, 2017. 246 . 
11.  Banker R. D., Charnes A., Cooper W. W. Some models 

for estimating technical and scale inefficiencies in Data 
Envelopment Analysis. Management science. 1984. Vol. 30. N 9. 
P. 1078–1092. 

12.  Charnes A., Cooper W. W., Rhodes E. Measuring the 
efficiency of decision making units. European Journal of 
Operational Research. 1978. Vol. 2. N 6. P. 429–444.  

13.  Cooper W. W., Seiford L. M., Zhu J. Handbook on Data 
Envelopment Analysis. Kluwer Academic Publishers. 2004. 593 p. 

14.  Emrouznejad A., Parker B., Tavares G. Evaluation of 
researchin efficiency and productivity: A survey and analysis of 
the first 30 years of scholarly literature in DEA. Journal of 
Socio-Economic Planning Science. 2008. Vol. 42. N 3. P. 151–
157. 

15.  Farrell M. J. The Measurement of Productive 
Efficiency. Journal of the Royal Statistical Society. Series A, 
1957. Vol.120. N 3. P. 253–290. 

16.  Koopmans T. C. Analysis of Production as an Efficient 
Combination of Activities. Ed. Activity Analysis of Production 
and Allocation. New York: Wiley. 1951. P. 33–97. 

17.  Seiford L. M. Data Envelopment Analysis: The evolution 
of the state of the art (1978-1995). The Journal of Productivity 
Analysis. 1996. N 7. P. 99–137. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Realizatsiya produktsiyi silskoho hospodarstva silskohos-
podarskymy pidpryyemstvamy u 2016 r.: stat. buleten [Realiza-
tion of agricultural products by agricultural enterprises in 2016: 
statistical bulletin]. (2017). Kyiv: Derzhstat [In Ukrainian]. 

7. Realizatsiya produktsiyi silskoho hospodarstva silsko-
hospodarskymy pidpryyemstvamy u sichni-lystopadi 2017 r.: 
stat. buleten [Realisation of agricultural products by agricul-
tural enterprises in January-November 2017: statistical bulle-
tin]. (2017). Kyiv: Derzhstat [In Ukrainian]. 

8. Roslynnytstvo Ukrayiny za 2016 rik: stat. zb. [Plant 
Growing of Ukraine in 2016: statistical collection]. (2017). 
Kyiv: Derzhstat [In Ukrainian]. 

9. Roslynnytstvo Ukrayiny za 2017 rik: stat. zb. [Plant 
Growing of Ukraine in 2017: statistical collection]. (2018). 
Kyiv: Derzhstat [In Ukrainian]. 

10. Silske hospodarstvo Ukrayiny za 2016 rik: stat. zb. [Ag-
riculture of Ukraine for 2016: statistical collection]. (2017). 
Kyiv: Derzhstat [In Ukrainian]. 

11. Banker, R.D., Charnes, A., & Cooper, W.W. (1984). 
Some models for estimating technical and scale inefficiencies in 
Data Envelopment Analysis. Management science, 30(9), pp. 
1078–1092 [In English]. 

12.  Charnes, A., Cooper, W.W., & Rhodes, E. (1978). 
Measuring the efficiency of decision making units. European 
Journal of Operational Research, 2(6), pp. 429–444 [In English].  

13.  Cooper, W.W., Seiford, L.M., & Zhu, J. (2004). Hand-
book on data envelopment analysis. Kluwer Academic Publish-
ers [In English]. 

14.  Emrouznejad, A., Parker, B., & Tavares, G. (2008). Evalu-
ation of research in efficiency and productivity: A survey and anal-
ysis of the first 30 years of scholarly literature in DEA. Journal of 
Socio-Economic Planning Science, 42(3), pp. 151–157 [In English]. 

15.  Farrell, M.J. (1957). The measurement of productive 
efficiency. Journal of the Royal Statistical Society. Series A, 
120 (3), pp. 253–290 [In English]. 

16.  Koopmans, T.C. (1951). Analysis of production as an ef-
ficient combination of activities. New York: Wiley [In English]. 

17.  Seiford, L.M. (1996). Data envelopment analysis: the 
evolution of the state of the art (1978-1995). The Journal of 
Productivity Analysis, 7, pp. 99–137 [In English]. 

 
Dolhikh Ya.V. Algorithmizing of an efficiency estimation’s procedure in agricultural enterprises by the DEA method 

The purpose of the article is to develop an algorithm for estimating efficiency of agricultural enterprises by the DEA method 
and dynamics of change their efficiency.  

Research methods. In the research process have been used the following scientific methods: econometric method for checking 
quality of input and output parameters of the research objects; the DEA method for estimating level of net technical efficiency of 
the investigated agricultural enterprises.  

Research results. The theoretical and methodological aspects of determination of net technical efficiency of agricultural en-
terprises by DEA method have been analysed. The expediency of using VRS, namely input model for the estimation of net technical 
efficiency of production activity of agricultural enterprises, has been substantiated. Features of analysis of the change in their 
efficiency in relation to the previous period by the DEA method have been determined. Algorithm of estimation of net technical 
efficiency of agricultural enterprises and dynamics of its change has been offered.  

In the research proposed on basis of statistical information for 2016-2017, the method DEA has been used to define values of net tech-
nical efficiency of agricultural enterprises of Ukrainian regions in production and sale of grain crops. Dynamics of efficiency in the period 
between 2016 and 2017 has been analysed. According to calculations, during 2016 and 2017 a share of regions whose agricultural enterpris-
es formed an effective front fell by 4.2% worth 37.5% in 2017. Thus, 62.5% of the regions can improve production performance by reducing 
the amount of resources used in production. The average value of the Malmqvist index calculated for 2016 and 2017 has indicated that an 
average amount of resources used in production of the same number of products has practically remained unchanged.  

Elements of scientific novelty. The algorithm of estimation of net technical efficiency of agricultural enterprises and their dy-
namics has been developed. 

Practical significance. Research results can be used to rank the agricultural enterprises of Ukraine by efficiency, for estima-
tion dynamics in their effectiveness, identify causes of these changes. Tabl.: 5. Refs.: 17.  

Keywords: input and output parameters; net technical efficiency; DEA method; model VRS-input; Malmquist index; agricultural 
enterprises.  
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