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© Scientific problem. The activity of a modern 
agricultural servicing cooperatives is connected 
with technological (qualitative transition in sub-
ject of labor), logistical (storage, stocking trans-
portation and so on) and other business processes.  

The major part of servicing cooperatives in 
agribusiness are multifunctional and at the 
same time perform separate functions concern-
ing logistical provision of a main type of busi-
ness activity of their members. Hence these 
formations are cooperatives with attendant 
agrilogistics activity. 

Besides among such cooperatives there are 
the agricultural servicing or manufacturing co-
operative with one of the tasks is to provide 
separate logistical process (processes) in the 
activity of their members or other subjects of 
business activity [14]. 

Today specialization in activity of numer-
ous multifunctional cooperatives is connected 
not only with features of providing business 
processes but also with types (fields) of their 
economic activity. 

One of the most widespread formations in 
the world practice is a grain servicing coopera-
tive with attendant logistical activity which is 
an important object of managing.  

Along with that effective business activity 
of participants of such cooperatives requires 
application of appropriate ways of modeling 
managerial decisions.  

Analysis of recent researches and publica-
tions. Problems of preparing managerial deci-
sions with the help of methods and models of 
rationalistic logistics in grain field of agrarian-
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industrial complex are studied in works of such 
Ukrainian scientist as, Ya. Drobotia [1],  
. Savenko [2], N. Tsymbalista [3], 

N. Vasylyeva [4] and others. 
Study of agrarian logistics and features of 

using quantitative methods and models in the 
system of a farming and agrarian servicing co-
operation is the subject of attention of such for-
eign researchers as H. Conte [10], B.L. Dahl 
[16], F. Dooley [8], J.R. Ellis [7], S. Frederico 
[6], A. Krueger [8], D.S. Lobo [10], . Manikas 
[11], Sh.M. Schlecht [13], W.W. Wilson [16] 
and others.  

General models of managing alternatives in 
the system of agrarian cooperation were studied 
by M. Lafleur [9].  

D.S. Lobo and H. Conte considered separate 
methodical approaches to planning modifica-
tion and strategy of logistics in storing coarse 
grains in cattle-breeding cooperatives [10]. 

W.W. Wilson and B.L. Dahl studied features 
of modeling risks and losses in cooperative lo-
gistics and marketing of grain in its general 
chain of export distribution [16]. In their stud-
ies along with Sh.M. Schlecht, they applied lo-
gistical approach MRP for modeling grain flow 
in material flow [13].  

A. Krueger, F. Dooley, R. Berruto and  
D. Maier studied possibilities of imitative mod-
eling expenses and risks in the process of after-
gathering modification of grain on cooperative 
grain elevators [8]. 

However in most studies logistics of grain 
storing is considered only as a component of 
management in the supply chain (SCM) in agri-
business. At the same time the fact that it is one 
of the specialized types of agrilogistics of ration-
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alistic or providing type and works both inside 
and outside the material flow is not considered. 
The fact the logistics is not equal to SCM concept 
but only has partly common basis (integrated lo-
gistics) should also be taken into account. 

Along with that expenses for different techno-
logical, logistical and marketing operations in the 
system of agrarian cooperation are often consid-
ered as expenses for universal marketing activity. 
Furthermore main focus in the studies is concen-
trated on modeling managerial decisions of grain 
servicing cooperatives, not their members. 

The objective of the article. The aim of the 
article is to study the model of preparation of 
decisions in a member of a servicing coopera-
tive in the system of modification and storage 
of grain taking into account possible alterna-
tives and existing limitations in separate tech-
nological and logistical business processes. 

Methodological basis of studies has been a 
combined application of such elements of logis-
tical modeling as a method of the decision tree 
and linear programming. 

Statement of the main results of the study. 
Term “logistical model” is most appropriate to 
be used for mathematical, algorithmical, matrix 
and other informational models which are used 
in the process of solving separate managerial 
tasks in providing logistics (supplying, mainte-
nance of production, distribution) and in other 
functional fields of business activity of enter-
prises (production, marketing, finances, man-
agement and so on) [15]. 

One of the most spread logistical models is 
graphical systematization in the process of de-
cision making in management using the method 
of decision tree (alternatives, possible options, 
classifications and so on). 

However a significant downside of the deci-
sion tree is that its practical application is based 
on heuristic algorithms where each optimal deci-
sion is made locally within each chain. Conse-
quently this algorithm cannot provide optimality 
of the whole tree in general [12]. Besides data 
which include categorical changes with signifi-
cant set of levels (closing), more informative 
weight is provided for those prescribers who 
have a bigger number of levels [5].   

The result of the research is the processing au-
thor’s approach to the solution of the problem of 
optimization in canals of a member of a servicing 
cooperative in the system of modification and 

logistics of grain storing through combination of 
elements in logistical modeling: method of deci-
sion tree and linear programming  

The presented author’s model is focused on 
a legal person – farm enterprise which is one of 
the members of such a cooperative formation.  

In this case enterprise owns some facilities for 
modification and storing of grain which are insuf-
ficient for preparation and temporary storing of 
complete amount of the received produce before 
selling it at the market. Hence for covering the 
lack in own logistical provision an enterprise 
partly uses external services of grain servicing 
cooperatives and commercial grain elevators.  

Along with that a part of services was previ-
ously ordered in the servicing cooperative. In the 
event of its incomplete use due to higher effective-
ness of use of other logistical canals the agricul-
tural enterprise has to pay the cooperative a fine. 

Taking into account these conditions enables 
to form a spectrum of possible decisions for a 
member of a servicing cooperative in the field 
of modification and logistical and marketing 
provision of grain production (Fig.). 

For preparation of the optimal decision con-
cerning amounts of use in alternative canals of 
an agricultural enterprise in modification and 
storing of grain it has been suggested to apply 
the author’s model of economical-mathematical 
task as well as a model of linear programing for 
finding its solution. 

The task is solved for a certain defined period 
of time when after collecting all the unsold grain 
of a member of a servicing cooperative will be 
stored at different (or all possible) logistical canals 
and at that period will not be sold at the market.  

While solving the task for a member of grain 
servicing cooperative concerning modification 
and logistical provision of own manufacturing 
activity in the system of storing grain the fol-
lowing could be taken as variables:  

1 – amount of grain modification, which 
was not ordered for a grain servicing coopera-
tive, on own facilities, tons;  

2 – amount of grain modification, which 
was ordered  for a grain servicing cooperative, 
on own facilities, tons;  

3 – amount of grain modification in the 
grain servicing cooperative, tons;  

4 – amount of grain modification, which 
was not ordered for a grain servicing coopera-
tive, on the commercial grain elevator, tons; 
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5 – amount of grain modification, which 
was ordered by a grain servicing cooperative, 
on the commercial grain elevator, tons; 

6 – amount of grain storing which was not 
ordered for a grain servicing cooperative, in 
own silo bags, tons; 

7 – amount of grain storing which was or-
dered for a grain servicing cooperative, in own 
silo bags, tons; 

8 – amount of floor grain storing, which was 
not ordered for a grain servicing cooperative, on 
own facilities in short-term periods, tons; 

9 – amount of floor grain storing, which 
was ordered for a grain servicing cooperative, 
on own facilities in short-term periods, tons; 

10 – amount of floor grain storing, which 
was not ordered for a grain servicing coopera-
tive, on own facilities in long-term periods, tons;  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Decision tree (alternative) of a member of a servicing cooperative concerning modification, 
logistics of storing and selling of grain 

Source: Author’s development. 

11 – amount of floor grain storing, which 
was ordered for a grain servicing cooperative, 
on own facilities in long-term periods, tons; 

12 – amount of grain storing in grain servic-
ing cooperative, tons; 

13 – amount of grain storing which was not 
ordered for a grain servicing cooperative, on a 
commercial grain elevator, tons;  

14 – amount of grain storing which was or-
dered for a grain servicing cooperative, on a 
commercial grain elevator, tons. 

At that the task could have a set of restric-
tion concerning: 

- ratio in amounts of modification and 
amounts of placing grain for storing: 

Participation in common purchase of separate material technical resources and seeds through the cooperative cooperative 

Study of possibilities to avoid matching in time of gathering different crops 

Exist Does not exist  

Necessity to pay fines for a cooperative while choosing another alternative canal 

Exist Does not exist ex 

Estimation of the level of economical effectiveness in logistical (marketing) canals separately  

Decisions concerning modification, storing and selling of grain with the help of: 

SERVICING COOPERATIVE  
(external logistics) 

 

COMMERCIAL  
GRAIN ELEVATOR  

(external logistics)

OWN FACILITIES  
(internal logistics) 

Coordination of manufacturing programs with other members of cooperative based on features and productivity of its equipment 

Receiving of grain Receiving of grain Receiving of grain 

Cleaning and drying Cleaning and drying Cleaning and drying 

Storing in silos and shipment of 
grain  

 

Storing in silos and shipment of 
grain  

 
Storing in floor storehouses or silo 

bags and shipment of grain 
 

Selling grain at the market 
 

Selling grain at the market 

Payment of fines 
 (if needed) 

           technological operations                logistical operations                marketing operations                reimbursement 
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i J i I
x x ;                       (1) 

- general amount of simultaneous grain stor-
ing by a member of a servicing cooperative: 

                        
j

j J
x M ;                            (2) 

- facilities of own equipment for grain modi-
fication during the necessary period: 

                        
1

i
i L

x V ;                               (3) 

For example in case of the previously defined 
conditions we will get: 

                      1 + 2  V  ;                       (4) 
- own facilities of an enterprise for grain storing 

during the necessary period using different ways: 
                     

2
i

j i
j L

x F , ( 1,  )i n ;             (5) 

For example, facilities for storing grain in 
own silo bags: 

                      6 7 1x x F ;                         (6) 
For example facilities for floor storing of grain 

in own granaries during the short-term period:                                                     
                      8 9 2x x F ;                          (7) 
For example, facilities for floor storing of grain 

in own granaries during the long-term period: 
                      10 11 4.x x F ;                        (8) 
- facilities for storing of grain in grain servic-

ing cooperative: 
                         3 1R ;                              (9) 
- technological possibilities of gathering and 

modification in grain servicing cooperative dur-
ing optimal agritechnical terms: 

                           12 2R ;                         (10) 
- minimal volumes of loading facilities for 

modification of a grain servicing cooperative by 
its member without the need to pay fines: 

                            3x W ;                          (11) 
- realization of the potential of the enterprise 

in loading facilities for storing a grain servicing 
cooperative without the need to pay fines:                                      

                                        
12 j

j J
x x                                   

(12)
 

- amounts of paying fines for incomplete or-
der concerning grain modification: 

                           
1

1 1i
i K

x T ;                       (13) 

- amounts of paying fines for incomplete or-
der concerning grain storing: 

                           
2

2 2i
i K

x T ;                       (14) 

- non-negativity of the calculated variables:                       
                      0 (ix i I J).                  (15) 
Hence the criterion of optimality in the pre-

sent economical-mathematical task is a mini-
mum of expenses for modification and logistics 
in grain storing using different canals, objective 
function implies total value of all own and ex-
ternal services and it equals:                 mini i j j

i I j J
F c x d x               

(16)
 

In objective function tasks of calculating 
prognostic average expenses by a member of a 
cooperative per unit of modification and grain 
storing must meet a set of main requirements. 

Besides in case of using own facilities:  
- considering while calculating all direct and 

indirect constant and temporary expenses; 
- calculation of the level of constant ex-

penses on the basis of the average possible 
prognostic scenario in amounts of loading fa-
cilities; 

- consideration of then necessary level of 
paying fines for orders for not used service of a 
grain servicing cooperative and so on.  

In case of using services of a grain servicing 
cooperative: 

- orientation on plan value of cooperative 
services in accordance with the carried out cal-
culation and advance amounts of orders of its 
members (with reimbursement of the not per-
formed obligations using fines); 

- obligatory inclusion in calculation of extra 
expenses for external transportation of grain of 
a member of a cooperative;  

- increase of calculated amount of logistical ex-
penses on the level of the expected expenses over 
produce from gathering crops in not optimal agri-
technical conditions (with the purpose of avoiding 
time matching for gathering different cultures after 
a long period of time for resetting a separator and 
complete cleaning of the separator and the drying 
machine of a cooperative) and others.  

In case of using services of a commercial 
elevator: 

- orientation on the announced price condi-
tions concerning the price of the corresponding 
services; 

- obligatory inclusion of extra expenses for 
external transportation of grain into calculation; 
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- considering the increase in price of grain de-
livery in case of a line at the grain elevator (due 
to payment for idleness of the rented vehicles); 

- considering the necessary level for pay-
ment of fines for ordered but not used services 
of a grain servicing cooperative; 

- increase of the calculated amount of logisti-
cal expenses for average and multi-year level of 
the expected expenses due to increased indices 
of contamination and humidity of grain during 
its modification at grain elevators and so on. 

Conclusions. The system of modification 
and storing of grain is a technological logistical 
system of agribusiness which is an important 
part of management. Its provision for members 
of a servicing cooperative is connected with 
three key alternatives: own facilities (internal 

logistics), a servicing cooperative (external lo-
gistics) and a commercial grain elevator (exter-
nal logistics). 

Downside of the algorithm concerning provi-
sion of general optimality of the decision tree in 
the system of management of a member of a grain 
servicing cooperative can be decreased through the 
combined application of elements of this approach 
with methods of linear programming. 

Criterion of optimality in the economical 
mathematical task should be minimal expenses 
for modification and logistical storing of grain 
using different canals. Moreover parameters of 
objective function in each canal should consider 
both factual (direct and indirect) expenses and 
extra potential expenses (transformation ex-
penses) of a member of a serving cooperative.  

References 
1. Drobotia, Ya.A. (2011). Upravlinnia logistykoyu materialnykh zapasiv agrarnykh pidpryemstv (Management in logis-

tics of material stocks of agricultural enterprises): avtoref. dys. na zdobuttia nauk. stupenia kand. ekon. nauk: spets. 08.00.04 
«Ekonom ka ta upravl nnia pidpryyemstvamy» (Abstract of thesis for obtaining a degree Candidate of Economical Sciences). 
Poltava: PDDA (in Ukr.). 

2. Savenko, I.I. (2008). Logistychnyi pidkhid v upravlinni potokamy zernozberigayuchykh pidpryiemstv. Teoretyko-
pravovyi ta metodologichnyi aspekty (Logistical approach in managing flows of grain storing enterprises. Theoretical lawful 
and methodological aspects). Odesa:  Poligraf (in Ukr.). 

3. Tsymbalista, N.A. (2012). Investytsiine zabezpechennia zernovykh obslugovuyuchykh kooperatyviv (Investing provision of 
grain servicing cooperatives): avtoref. dys. na zdobuttia nauk. stupenia kand. ekon. nauk: spets. 08.00.04 «Ekonom ka ta upravl nnia 
pidpryyemstvamy» (Abstract of thesis for obtaining a degree Candidate of Economical Sciences). Lviv: LNAU (in Ukr.). 

4. Vasylyeva, N.K. (2007). Matematychni modeli innovatsiinogo rozvytku v agrarnii ekonomitsi (Mathematical models of 
the innovative development in agricultural economy). Dnipropetrovsk: RVV DDAU (in Ukr.).  

5. Deng, H., Runger, G. & Tuv, E. (2011). «Bias of importance measures for multi-valued attributes and solutions». 
Proceedings of the 21st International Conference on Artificial Neural Networks (ICANN). – P. 293-300. 

6. Frederico, S. (2011). The modern agricultural frontier and logistics: the importance of the soybean and grain storage 
system in Brazil. TERRÆ, 8(1-2). – P. 26-34. 

7. Ellis, J.R., Hughes, D.W. & Butche, W.R. (1991). Economic Modeling of Farm Production and Conservation Decisions 
in Response to Alternative Resource and Environmental. Northeastern Journal of Agricultural and Resource Economics, 
20(1). – P. 98-108. 

8. Krueger, A., Dooley, F., Berruto, R. & Maier, D. (2000). “Risk Management Strategies for Grain Elevators Handling 
Identity-Preserved Grains.” IAMA World Food and Agribusiness Congress West Lafayette, IN, June. 

9. Lafleur, M. (2005). Desarrollo económico y cooperativas: un modelo de gestión alternativa. In Lafleur, M., et al. (dir.), 
Reflexiones sobre cooperativismo. México: Escuela de cooperativismo, 1er éd. – P. 5-31. 

10. Lobo, D.S., Conte, H. (2011). Comparison of logistics strategies of two cooperatives in the poultry sector using Stated 
Preference Technique / POMS 23rd Annual Conference Chicago, Illinois, U.S.A. April 20 to April 23. 

11. Manikas, ., Kelemis, A. & Folinas, D. (2013, November). Modeling of logistics processes in the Agrifood Supply 
Chain CIOSTA & CIGR Section, V Conference 2011 29 June - 1 July 2011, Vienna, Austria Retrieved from 
http://www.nas.boku.ac.at/fileadmin/_/H93/H931/CIOSTA_Presentations/manikas.pdf. 

12. Murthy, S. (1998). Automatic construction of decision trees from data: A multidisciplinary survey. Data Mining and 
Knowledge Discovery. 

13. Schlecht, Sh. M.,  Wilson,  W.W. & Dahl, B.L. (2004). Logistical Costs and Strategies for Wheat Segregation. Agri-
business & Applied Economics Report. – P. 551, 34.  

14. Velychko, O. (2013). Cooperative formations in the system of regional providing logistics of agribusiness. 
Ekonomika rozvytku (Economics of Development), 2(66). – P. 20-25. 

15. Velychko, O.P. (2013, November) Logistical modeling of productivity agriproduction system in plant cultivation Re-
trieved from http://agris.fao.org/agris-search/search.do?f=2013/RU/RU1301.xml;RU2013307851.  

16. Wilson,  W.W. & Dahl, B.L. (2000). Logistical Strategies and Risks in Canadian Grain Marketing. Canadian Journal of 
Agricultural Economics, 48, 141-160.  

The article has been received 31.01.2014 
* * * 


