
 , 2019,  7 14

    
 
 
 338.43:519.8 

JEL Classification: Q1, Q11 
DOI: https://doi.org/10.32317/2221-1055.201907014 

. . ,    

     
     
   DEA  

  –   ,        
    ,     DEA. 

 .    (       -
 ’  ), DEA-  (    ,  ,  -

       ).  
 .      2017-2018 .,  DEA   

,  ,       -
       ,       

   .  
  .     DEA   ,  -

,          -
 .  

 .        -
   ,     . .: 3. .: 1. .: 10.  

 :  ;   ;  ;  DEA; 
 CRS-input;  VRS-input;  ;    . 

   –   ,     ,  
    ( . , .  , 160) 

E-mail: gjanadolgich@gmail.com 
 

©  .  -
     -

     
   

   .  
  M.J. Farrell [10], 

   G. Debreu,  
T.C. Koopmans,    -

  –  . 
   ,   -

 ’    -
   (  

     -
  ),   

 .   
   ,   

  100% .  -
     ,  

'  .    A. 
Charnes, W.W. Cooper, E. Rhodes  -

© . . , 2019 

    
 ’    -

 [8].    
 Data Envelopment Analysis (DEA).  

 DEA    
  '   

    . 
   DEA   

  -
      

    -
. 

    -
.    , -

 ,     
   DEA. ,  

  A. Emrouznejad, B. Parker,  
G. Tavares     1400 

    DEA [9]. 
     

   -
   , -



 , 2019,  7 15

      
 . 
  –   , 

     
     

 ,     DEA. 
   -

.    DEA -
      

.      -
    -
   .   

      -
      

 .    
     -

.      -
,     

   . 

      
  DEA   CRS 

( CR)  VRS.    
  CRS (constant return to scale) 

 CR,    
    . ,  

R.D. Banker, A. Charnes, W.W. Cooper -
  VRS (variable return to 

scale),      -
 [6]. ,   -
 VRS,    

 ( PTE ),    -
 CRS –   (TE ). 

    -
    -

  ( SE ).  
 ,    

    
      -

   ( .).  

 ,   ,    
:  . 

 . 1:  CRS –  -
   CRS,  VRS –  -

   VRS.  , 
     CRS, 

    100% 
  CRS.    CRS 

     -
 VRS    -

  [7].   
  =SE 1.  A, 

D      
VRS,   100%    

VRS      
CRS.    100%  

    ,   
 100%   -

   ,    
   . -

    1<SE .  
     
  –  -

     
 .   

 ,    -



 , 2019,  7 16

    
'       

  . -
,  ,  , 

     
    -

  .   -
   -

  DEA  -
 VRS- ,    -
   .  

CRS-     
   . -

    -
 : 

                         PTESETE ⋅= ,                (1) 
 TE  –  ;  

    SE  –   ; 
    PTE  –   . 
    -
 (1)    -

  ,   -
  , -

 ,    . 
  DEA,    

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

 ,    -
    -

,   ,   , – 
    

    . 
  , 

      
( ,    -

)    -
   ,  

     
  (input-oriented model). 

 ,    
     

(outnput-oriented model),   
    , 

    . -
      
 . 
   CRS-input  

   ’  -
   : 

                         E
kE λλλ ,...,,, 21

min ,                       (2) 

              ∑
=

≥
K

k
kk XEX

1
0 λ ,      

k

K

k
kYY ∑

=

≤
1

0 λ ,          (3) 

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

 E  –   ; 
      kλ –   , 
  ; 
     K  –  ,  -

; 
    0X –    -

,  ; 
     0Y  –    -

,  ; 
    kX –    k -  

; 
     kY  –    k -  

. 
   VRS   (3)-(4) -

 :  

                               1
1

=∑
=

K

k
kλ .                     (5) 

  ’   
(2) – (5) [9]:  

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

 n  –   ;  
     m  –   . 
  ,   -

  2017-2018 .,  DEA -
 ,     

   
     -

     
[2-5].    -

 CRS, VRS,    .  

  : 1) kx1  – , 
      -

, . ; 2) kx2  –    

   1 , ; 3) kx3  –
  ,  -

  1 . , .  : 

1) ky1  –    -

 , . ; 2) ky2  –   
      

,  ( . 1). 

 

 



 , 2019,  7 17

1.       2018 . 

 
/   

    

, 
 

  
 

 
 

  
, 

. 
  

  
  

 
  

 
 1

 
, 

 

 
 

 
 

 
  

1 
. 

, 
.   

  
   

, 
. 

   
  

   
 

 
 

, 
 

1  856,3 768 13 5911,1 3770,0
2  293,3 1645 10 1237,2 1193,0
3  1121,9 446 10 3487,5 1084,0
4  569,2 297 9 1344,4 321,0
5  445,30 639 9 2424,1 1978
6  87,50 195 7 375,9 299
7  956,20 218 11 2233,3 1303
8 -  160,80 4927 9 804,5 585
… …… … … … … …
20  710,20 216 10 2267,7 2176
21  574,80 712 10 3861 3041
22  653,80 1134 12 4644 3827
23  120,60 405 11 586,4 648
24  713,80 478 9 4909,5 4847

:     [2-5]. 

  DEA    
        

 .   . 1  
     

 [1].     
     -

, - ,   
 ,      

   -
 . 

 ,   
’  20=K ,   -
 3=m ,  – 2=n .  (6) -

.  
    

      
     

’  ( . 2).  

2.   ( 22r )        
 2018 . 

  ( 22r ) 
  

kx1 kx2 kx3 ky1  ky 2

    0,16 0,04 0,10 0,05 0,07
    0,22 0,38 0,37 0,29 0,17

:  . 

    

 20=K ,   01,0=α : 
537,0=r .  22r < r  –  -
   . 

   ,  
   , -

   : 
50,03.12 −=r , 25,02.13 =r , 40,01.23 =r .  
    

     

t - : 31,212 −=t , 01,113 =t , 
73,123 =t .     

    
=)16;01,0(t

2,583.  12t , 13t , 23t  

<
t

 –     
  .  

     -
      

,     



 , 2019,  7 18

  -
    2018 . 

   CRS, VRS-input 
 ,    -

   
     -

      
2018 .   . 3. 

3.   (TE ),   ( PTE )   ( SE )  
  CRS, VRS-input      

     , 2018 . 
 

/   TE  (CRS) PTE  (VRS) PTETESE =  

1  0,988 1 0,988 
2  0,610 1 0,610 
3  0,678 0,881 0,7696 
4  0,387 1 0,387 
5  0,771 1 0,771 
6  0,563 0,965 0,583 
7  0,964 0,991 0,973 
8  1 1 1 
9  0,424 1 0,424 
10  0,6898 1 0,6898 
11  0,675 1 0,675 
12  1 1 1 
13  0,975 1 0,975 
14  1 1 1 
15  0,822 1 0,822 
16  0,701 0,851 0,825 
17  0,686 1 0,686 
18  0,955 0,992 0,962 
19  1 1 1 
20  1 1 1 

  5 15 5 
  25 75 25 

 0,387 0,851 0,387 
  0,794 0,984 0,807 

:  .

  ,  2018 . -
   (0,387)  

  -
 ,  (1) – -
, , , , -

 .    
 (0,851)  -

   . -
 (1) –  , -

, , , -
, , , -

, , , , -
, ,   -

 .   
 (0,387)   -

 .  –  
, , , -

,  .  
 , , 

,    -
     

 . 

    -
 CRS-input  2018 .  25%. -
     

VRS- input      75%. 
    

  0,794.    
 ,    -

   
 79,4%    -

     
 .    

  0,984,  -
  – 0,807.  

    
 (1)     

.   -
 PTE   SE    TE ,  -

,   2018 .   
  -

  , , 
, , , 
, , , 



 , 2019,  7 19

,   -
    -

.    -
   

, , , 
,    

    -
  .   

   -
    -

  . 
.   -

     
  -

      

  .  20%  
     

     
. 

  DEA   
   , 

     -
.  ,  DEA   -

   ,  
    100% -

.    -
   ,   

   
 100% . 

 
   

1.  . .     -
        

 : . . , 2009. 184 . 
2.       -

   2018 .   -
 . URL : http://www.ukrstat.gov.ua/. 

3.   -  
     

  2018 .     
. URL : http://www.ukrstat.gov.ua/. 

4.    2018  : . . , 
2019. 220 . 

5.     2017  : . . 
, 2018. 245 . 
6. Banker R. D., Charnes A., Cooper W. W. Some models 

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

7. Bogetoft P., Otto L. Benchmarking with DEA, SFA, and 
R. – Springer, 2011. 351 p. 

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

9. Emrouznejad A., Parker B., Tavares G. Evaluation  
of research in 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. .3.   
P. 151–157. 

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

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. Vykorystannya dobryv i pestytsydiv pid urozhai silsko-
hospodarskykh kultur v 2018 r. [Use of fertilizers and pesti-
cides for agricultural crops in 2018]. (2019). Kyiv: Derzhstat. 
Retrieved from: http://www.ukrstat.gov.ua [In Ukrainian]. 

3. Prydbannia pidpryiemstvamy materialno-tekhnichnykh 
resursiv dlia vyrobnychykh potreb silskohospodarskymy pidpry-
iemstvamy u 2018 rotsi [Acquisition of material and technical 
resources by agricultural enterprises for production needs in 
2018]. (2019). Kyiv: Derzhstat. Retrieved from: 
http://www.ukrstat.gov.ua [In Ukrainian]. 

4. Roslynnytstvo Ukrayiny za 2018 rik: statystychnyi 
zbirnyk [Crop production of Ukraine in 2018: Statistical year-
book]. (2019). Kyiv: Derzhstat [In Ukrainian]. 

5. Silske hospodarstvo Ukrayiny za 2017 rik: statystychnyi 
zbirnyk [Agriculture of Ukraine for 2017: Statistical Yearbook]. 
(2018). Kyiv: Derzhstat [In Ukrainian]. 

6. 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]. 

7. Bogetoft, P. & Otto, L. (2011). Benchmarking with DEA, 
SFA, and R. Springer [In English]. 

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

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

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

 
Dolhikh Ya.V. Assessment and analysis of the efficiency of production of grain and leguminous crops in Ukraine  

by the DEA method 

The purpose of the article is to assess technical, pure technical, and scale efficiency of the production of grain and leguminous 
crops in Ukraine and identify sources of inefficiency by the DEA method. 

Research methods. In the research process were used the following scientific methods: the econometric method (for checking 
the quality of input and output parameters of the research objects); the DEA method (for assessing technical, pure technical, and 
scale efficiency of the studied agricultural enterprises and identifying sources of inefficiency). 

Research results. According to the calculations, in 2018, enterprises of Kirovograd, Odesa, Sumy, Cherkasy, and Chernihiv re-
gions worked at the maximum possible levels of productivity. The average technical efficiency was 0.794. This means that almost  
20 percent of the amount of calculated inputs can be decreased without reducing the amount of output.  

It was revealed that, in 2018, the non-optimal scale was the main source of technical inefficiency of agricultural enterprises of 
Vinnytsia, Volyn, Donetsk, Zhytomyr, Luhansk, Lviv, Mykolaiv, Poltava, Ternopil, and Kherson regions. The main source of technical 
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inefficiency of agricultural enterprises in Dnipropetrovsk, Zaporizhzhia, Kyiv, Kharkiv, and Khmelnytskyi regions was the ineffective 
work of managers in production process management. Partially technical inefficiency of enterprises in these regions was the result 
of non-optimal scale. 

Elements of scientific novelty. Features for the application of the DEA method to assessment of technical, pure technical, and 
scale efficiency of agricultural enterprises and identification of reasons of inefficient work were identified. 

Practical significance. The research results can be used to rank agricultural enterprises by their effectiveness, and eliminate 
the identified reasons of inefficient work. Tabl.: 3. Figs.: 1. Refs.: 10. 

Keywords: technical efficiency; pure technical efficiency; scale efficiency; DEA method; CRS-input model; VRS-input model;  
agricultural enterprises; grain and leguminous crops. 
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