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Abstract. The market orientation of the agrarian sector is increasingly requiring agricultural managers not only to be
able to see the prospects of their industry, but also to take effective managerial decisions in the given risky, crisis economic
conditions. The manager, who takes decisions at a modern agroenterprise, must solve the problems of forming the product
range and product yield, must evaluate the existing and expected market needs in this product, that is, solve the tasks of
strategic management. To do this, he must have at his disposal mathematical methods and information technologies
adapted to this subject area.

The purpose of the study is to use fuzzy game models of decision making when planning production at an agrarian en-
terprise. The issue of taking managerial decisions in agriculture requires more detailed mathematical processing and work-
ing out the principles and conditions for improving their efficiency. The methods of fuzzy set theory and game theory are
used to create a manufacture planning model.

Research methods. The article considers the possibility of using fuzzy game models of decision making in manufacture
planning at an agroenterprise. In order to improve the accuracy of manufacture planning forecasts, a production planning
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model based on the data from previous sales has been proposed relying on the joint application of game theory and fuzzy
mathematics.

The main results of research. The use of the proposed model will allow increasing the efficiency and quality of man-
agement decisions due to the integrated usage of mathematical models and methods.

Scientific novelty. To confirm the obtained results practically, the risk matrix, matrix of gain and criteria for decision
making under conditions of uncertainty and risk were assessed, a set of fuzzy rules, which form together with the accepted
conditions Wang-Mendel’s fuzzy inference model, was given, and the value of gain for choosing a manufacture strategy
based on a fuzzy game mode was calculated. The joint application of the game theory and fuzzy mathematics is deter-
mined, firstly by the conditions of uncertainty, and secondly by the refusal from the probabilistic approach applied in the
theory of games. The proposed model allows carrying out calculations using modern information technologies.

Practical significance. The use of mathematical models and modern information technologies for agroenterprises will
allow using the enterprise resources in a more efficient way; optimizing work; minimizing risks; analyzing thoroughly and
accelerating the process of making managerial decisions. To take and implement decisions is the most important function
of management, which successful execution ensures the enterprise to achieve its goals.

Keywords: optimal manufacture planning, games with “nature”, decision making criteria, Wang-Mendel’s fuzzy inference
model, fuzzy game model.

Problem Statement. To take and implement deci- Despite the developed character of the theory of games
sions is the most important function of management, and the diversity of its models and methods, in order to
which successful execution ensures the enterprise to  support decision-making in the matter of choosing a strat-
achieve its goals. The most well-developed subject is the  egy there exist certain problems of their adaptation to a
construction of a mathematical model for optimizing a  particular enterprise, because in most cases the task of
production programme. A large number of models of dif-  choosing a strategy has a unique, individual character.
ferent completeness and complexity have been developed. An overview of literary sources [5, 11, 14] meanwhile
However, there is a certain space for new investigations,  shows that the given difficulties can be eliminated when
especially in the area of adaptation of existing models and  using the apparatus of fuzzy logical conclusions in game
methods of optimizing the production programme to the  models [7, 8, 20, 33], with the help of which both wins and
peculiarities of a particular type of enterprises and a specific  losses, and possible players” strategies are expressed in
enterprise as well [5, 8, 11]. terms of fuzzy sets [7, 8, 12, 15].

The issue of taking managerial decisions in agriculture The works of 0. Altunin, V.Borisov, A.Kofmann A.,
requires more detailed mathematical processing and work- V. Kruglov, S. Orlovsky, D. Pospelov, L. Wang, J. Mendel and
ing out the principles and conditions for improving their  other scholars are devoted to using the methods of the

efficiency [5, 11]. theory of fuzzy sets for solving the tasks of mathematical
The need to consider the significant sources of uncer-  modeling.
tainty in planning at an agrarian enterprise, as well as to The aim of the paper is to study the use of fuzzy
minimize their negative economic consequences, is nowa-  game models of decision making in manufacture planning
days obvious and widely recognized. atan agrarian enterprise.
Review of the Literature. Problems of using the theory Presentation of research material. The problem of

of games for the managing socio-economic facilities were risk and profit is one of the crucial problems in economic
considered in the works of D. Blackwell, V. Burkov, E. Ventsel, ~ activity, in particular in production and finance manage-
M. M. Girshik, M. Gubko, M. Dresher, G. Dyubin, Y.Zaychenko, ~ ment. Risk is defined as the probability (threat) of loss by a
M. Intriligator, ~ S.Karlin,  R.Keeney,  P.Konyukhovsky,  person or organization of part of their resources, lack of
N.Kremer, ~ 0.Larichev, D.McKinsey, 0.Morgenstern, income or the emergence of additional costs as a result of
J.Neumann,  S.Orlovsky, ~ D.Pospelov,  V.Suzdal, the implementation of certain production and financial
E. Trakhthengerts, D. Shapiro, D. Judin and others. policies [5, 11, 14].
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One of the most common methods of strategic analysis,
planning and management of agricultural enterprises are
the methods of economic-mathematical modeling. These
methods give an opportunity to conduct a comprehensive
research of the structure of agricultural enterprises. At the
same time, the methods of economic-mathematical model-
ing are used to make operative and strategic plans for the
activity of agricultural enterprises. This is primarily due to
the fact that these methods allow solving a number of
issues related to the development of alternative ways of
the activity of an enterprise, optimization of the structure of
agricultural enterprises, optimization of production costs
and sales of agricultural products [11, 14].

The use of methods of economic-mathematical model-
ing is firstly related to understanding of production pro-
cesses and restrictions that operate in the manufacturing
and sales of products. These restrictions form the structure
of the economic-mathematical model of enterprise’s activi-
ty and provide the basis for solving the given task. The
restrictions of the economic-mathematical model are by
their nature a mathematical interpretation of the state-
ment of strategic management at agricultural enterprises.

The optimization economic-mathematical model is
based on the restrictions of the activity of an agricultural
enterprise. At the same time, these restrictions are divided
into two groups: inequalities and equations. The first group
of restrictions is the largest. A group of restrictions that con-
sists of inequalities describes the process of manufacturing
and sales of products. A group of restrictions that consist of
equations most often describe the requirements to a task,
but this group is rather rarely used in solving the optimiza-
tion problem, since “hard” restrictions of the task do not
allow conducting the modeling process using alternative
solutions of the tasks [5, 11].

It is important that economic-mathematical modeling
provides the opportunity to conduct a strategic analysis at
all stages of agricultural production. In this case, the use of
economic-mathematical modeling is possible for the analy-
sis of the development of the activity of an enterprise in
future periods, provided that the restrictions of the task will
be established. Therefore, the most important factor influ-
encing the quality of the carried out strategic analysis in
agriculture is defining the restrictions of the enterprise’s
activity and being correctly reflected in the form of equa-
tions and inequalities.
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One of the main advantages of using these methods is
that economic-mathematical modeling provides an oppor-
tunity to investigate the effect of changing the certain re-
strictions of the task on forming the final result, thereby
increasing the number of strategic alternatives without using
a repeated full solution of the problem and finding the fac-
tors that have the largest influence on the final result of the
task. The disadvantage of conducting economic-
mathematical modeling is the lack of a clear mechanism that
would take into account the restrictions of the modeling
tasks of the activity of an enterprise, coming from the exter-
nal environment of an agricultural enterprise [5, 11].

It is possible to optimize the manufacture of agricultur-
al products of a particular enterprise with the help of meth-
ods of economic-mathematical modeling. The solution to
the problem is to find the maximum yield from the sale of
products in the conditions of limited amounts of manufac-
turing resources.

The structural model of the task has the form:

ﬁwzikx
j=1

iﬁmgw
i=1

x>0 1=1

where F — the income from sales of agricultural prod-
ucts (wheat) (thousand UAH);

¢— the selling price of wheat (UAH);

x — the amount of agricultural products (wheat) (t);

a; — the norms of expenses of the i-type of resource for
the production of 1 tonne of wheat (UAH /1);

V;— the actual volume of the i-type of resource (UAH);

m — the number of available resources involved in the
production process.

In order to make decisions in conditions of uncertainty
and risk using the game model, the input information is
presented in the form of a matrix, the lines of which are
possible alternative solutions, and the columns are the
states of the system (environment) [12-13, 15].
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The matrix of possible wins (obtaining a conditionally
net profit) - ”V,-i H is based on the data of Table 1 and Table

2. The set of managerial decisions is a finite number - §; (j =
380,67; 1818,92 — from the minimum production to the
possible maximum), §; is the state of “nature” (in this case,
production volumes for the previous periods). Implementa-
tion of the R; solution in conditions when the “nature” is in
a state will lead to a definite result in a quantitative terms.

The element of the matl’iX”Vji H :

where Vo4, —sales for the first year;
i=18;

(- the purchase price of wheat;

P —the selling prices of wheat;

Vvymbj — the production volume;

j=380,67; 1818,92.

The volume of production is adjusted taking into ac-
count the balances of wheat:

V,

vyrob; =

Vvyrobh1 + (Vvyrobj - Vprodi )' Vvyrobj varodi
Vigron, » Vagron, <V

vyrob; 1 Ty

Several criteria are used to make decisions under the
conditions of uncertainty: Wald’s, Laplace’s, Savage’s,
Hurwitz's. The decision-making criterion is a function that
expresses the benefits of the decision maker (DMP) and
defines the rule according to which the acceptable or opti-
mal solution is chosen [2, 3, 12, 13, 15].

Of course, choosing a decision-making criterion under
the conditions of uncertainty is the most complicated and
responsible step in the study of operations. There are no
general tips or recommendations. The choice of the criteri-
on should be developed by DMP, taking into account the

ro_ (\/vyrobj - \/prodi ) -P— (\/vyrobJ - Vprod, ) -C, I/vyrobj
g (\/prodi _Vvyrobj ) ) P - (\/prodi _Vvyrobj ) ) C’ Vvyrobj = Vprodi

specific character of the problem to be solved and in ac-
cordance with their goals, and also based on past experi-
ence and own intuition.

In order to select the strategies more precisely, we should
consider the same task but only from the standpoint of risk.
Uncertainty predetermines the emergence of situations that do
not have an unambiguous result (decision). Among the various
types of situations faced by enterprises in the process of pro-
duction, risk situations stand out.

The situation of risk should be understood as a combi-
nation, a set of different circumstances and conditions that
create the situation of a particular type of activity. It is
accompanied by three conditions:

- the presence of uncertainty;

- the need to choose an alternative (the refusal to
choose such ones is a kind of alternative);

- a possibility to evaluate the probability of oncoming of
the chosen alternatives.

Thus, if there is a possibility to determine the degree of
probability of one or another option quantitatively or quali-
tatively, then this will be a situation of risk.

In order to exclude the risk situation, business manag-
ers are forced to make decisions and seek to implement
them. The risk for decision-making processes under condi-
tions of uncertainty and risk (under information deficiency
or uncertainty in the reliability of the information) will be
defined as purposeful actions, during which there is an
opportunity to estimate quantitatively and qualitatively the
probability of achieving the desired result, failure and devi-
ation from the goal (positive or negative properties) [15].

The matrix of possible risks (the underdrawal of con-

ventionally net profit) - Hrii “ is based on the data of Table
1 and Table 2. The risk matrix gives a more vivid picture of
an uncertain situation than the matrix of wins. The risk,
therefore, is the difference between the result that can be

obtained if you know the real state of “nature” and the
result obtained with the j-strategy.

The matrix element Hrii “ :

>V

prod;
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In case when the situation is not the same, it is sug-
gested to solve each of the payment matrices with the
help of the apparatus of game theory and to obtain a
solution.

The games will be final, because each player has a finite
number of strategies. The game is classified as a game with
“nature” because there is uncertainty caused by the lack of
information about the conditions in which the action (de-
mand) is carried out [12, 13, 15].

After selecting the optimal strategies (with the maxi-
mum received conditionally net profit and the minimum
underdrawn conditionally net profit), the decision-making
task is considered according to the chosen strategy based
on the fuzzy game model. Classical matrix game models are
used ss models that represent risk, with looking for solu-
tions in the class of mixed strategies, that is, based on the
probabilistic approach [12, 13, 15].

We use the proposed approach [14] to justify the cor-
rect choice of manufacture planning strategy.

This strategy may be: 1) the minimum or average pro-
duction strategy (defined expertly) that can bring losses
(because the potential of the enterprise is not fully used) or
income — d; can be chosen; 2) the optimal strategy (based
on the choice of several criteria of optimality) is fully im-

plemented and will bring a certain income — dy 3) the
maximum production strategy (determined by the optimi-
zation task) can be chosen, which will also bring losses
(since not all manufactured products can be fully sold) or
income — d;. The value of income is counted with a “+”
sign, losses are counted with a “-“ sign. The numerical
values d;, d, and d; are known (or at least their estimates
are known).

Whereas the project is unique. DMP can choose one of
the two behaviour strategies: 1) to adopt an optimal pro-
duction strategy; 2) not to adopt this strateqy.

It is necessary to choose the strategy of DMP behav-
ior in which their gain would, at least, be inseparable,
and in the worst case, the losses would be zero. This
situation is described by the player's A gain matrix A
(DMP) of the matrix game between two players (Ta-
ble 1).

Next the matrix model becomes fuzzy [1, 4, 6]. Expertly
we can determine the degree of belonging to the alterna-

tives of “nature” 7 - the degree of certainty that the
nature will choose the variant Bj. Expert assessments are
selected according to E. Harrington’s scale for formalizing
heuristic information.

Table 1
The matrix of DMP wins
B (minimum or aver- B, (optimal B; (maximum pro-
age production .
strateqy) strategy) duction strategy)
A; (DMP accepts the strategy) d; d, ds
A; (DMP does not accept the strategy) 0% 0% 0¥

* - DMP does not lose or gain anything.

The interpretation of the model in case the player A
chooses the alternative A1 is reflected in this case by a set
of fuzzy production rules:

Ry:if xis By, thenyis d;,

Ry:if xis B,, then yis d,,

Rs:if xis B; then y is ds.

Here the variable x represents the player’s B state (the
state of “nature”), and y is the player's A (DMP) gain (loss).
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The degree of truth of the premise of the first rule (R1) is

obviously 71 , the second - 7> and the third - 73 .

At the same time the set of the given fuzzy rules to-
gether with the accepted conditions build Wang-
Mendel’s fuzzy inference model [4, 10], according to
which the exact value of the output variable (in this
case, the value of the gain Q7) is determined by the
formula:



NPOBNEMU IHOOPMALIMHX TEXHONOT I

If player A selects the strategy A2, the wins (losses)
of DMP obviously are zero Q, = 0.

The question of choosing a strategy is now solved by
checking inequality: ;> Q; or Q; > 0 [14]. If this inequali-
ty is fulfilled, then the strategy should be accepted, if it
is not fulfilled, the strategy should be rejected.

In our case the wins and losses, as well as the degree
of confidence for the “nature” alternatives (set by the
experts) are given in Table 4 (the sum of alternatives are
not necessary equal 1[14]).

According to the output data of Table 2 and Table 3,
the income matrix was determined and established
according to the criteria:

- even without taking into account the choice of
strategies, only at the expense of defining the conven-
tionally received income (at the average price of sales in

2018), the chosen strategy - the production of 1818,29
thousand tons of wheat, then the income will reach its
maximum (1181,89 thousand UAH). For most DMPs in
practice in such cases solutions based on the criterion of
maximizing the average expected income (or minimiz-
ing the expected expenses) are sufficient. Additional
recommendations may be ambiguous, depending on the
susceptibility to DMP risk;

- according to Laplace’s criterion it is the highest ex-
pected gain, according to Wald's criterion — “pessimis-
tic”, the best of the worst strategies, according to Sav-
age’s criterion — the least value in the most unfavoura-
ble situation — the strategy of production of 380,67
thousand tons of wheat is recommended (income —
247,44 thousand UAH);

- according to Hurwitz’s criterion — when the deci-
sion maker tends to pessimism and optimism at 0.5 —
the strategy of production is recommended when the
chosen strategy is the production of 1818,29 thousand
tons of wheat, then the income will reach its maximum
(1181,89 thousand UAH) .

Table 2.
Production of agricultural crops — wheat in Kherson region (according to the website
of the Main Department of Statistics in the Kherson region http://ks.ukrstat.gov.ua)
— ~ o < sl o ~ o]
Year S S S S S = S S
o~ N N o o o N N
I::Susa"d 158997 | 380,67 | 90078 | 142494 | 181829 | 130044 | 169624 | 1531,63
Table 3.

Sales of wheat at agricultural enterprises, except small ones (January-September) (according
to the website of the Main Department of Statistics in the Kherson region http://ks.ukrstat.gov.ua)

— ~ o < N o ~ o]
Year S S S S S > S =
o~ o~ o~ (g o~ o~ o~ (g
Thousand
tons 4938 162,2 196,1 506,0 650,3 617,8 525,3 535,3
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Evaluating the matrix of risks:
- by the size of minimum average risk, according to La-

place’s, Wald's, Savage’s and Hurwitz's criteria the optimal
production of 380,67 thousand tons of wheat (2352,22
thousand UAH — minimal losses) is determined.

In such a way, 380,67 thousand tons of wheat match
the strategy of production: the highest expected gain and
the smallest of the biggest risks. This solution will be opti-
mal because there are signs that this solution is the best
than all the rest.

the “nature” alternatives

Table 4.
Output data for determining strategy adoption
B; (The average strategy | B, (The optimal strategy B (The maximum
. . . .>° | strategy production —
production - the production | production — the production the production  of
of 1330,37 thousand tons of | of 380,67 thousand tons of p
1818,29 thousand tons
wheat) wheat)
of wheat)
The underdrawal of conven- | The  conventionally  net The ur.lderdrawal of
A; (DMP accepts the strate- | .. , conventionally ~ net
) tionally net profit (thousand | profit (thousand UAH) — rofit (thousand UAH) -
9% UAH) - 118,56 245,50 P
183,72
A; (DMP does not accept the
0 0 0
strategy)
the degree of confidence for 02 05 05

After selecting the optimal strategies (the maximum of
conditionally net profit and the minimum of conditionally
underdrawn net profit), the task of decision-making on the
chosen strategy is considered and is based on the fuzzy
game model. The wins and losses, as well as the degree of
confidence of experts for the “nature” alternatives are given
in Table 4 (the sum of which is not necessary equal to 1).
The decision should be taken if the value of the winning is
bigger than zero.

If the values of the conditionally net profit and the con-
ditionally underdrawn net profit have the value indicated in
Table 4, then the value of the wins according to the formula
will be (1):

_ —118,56-0,2+245,50-0,5-183,72-0,5

~ 5,982
0,2+05+0,5

Q

thousand UAH — the value is positive, therefore it is
possible to accept the strategy. 5,982 thousand UAH is a
value which sign determines the choice of one or another
alternative.

This decision was made only as for wheat. On the basis
of the proposed model, all selected strategies should be
considered for reasoning. This scheme should be applied in
the context of each type of agricultural production. After
that the optimization actions in manufacturing all types of
products should be carried out.

The proposed information technology of modeling the
strategy choice for manufacture planning on the basis of a
fuzzy game model, which uses fuzzy set theory and game
theory tools, that allows us to determine the optimal strat-
egy for manufacture planning, has the following algorithm:

1) determination of the maximum possible volume of
production within the scope of the enterprise;

2) the formation of matrices of conditionally net profit
or underdrawal of conditionally net profit (with different
production variants and data from previous sales);

3) selection of manufacture planning strategy accord-
ing to the criteria;

4) in the case the strategies coincide according to dif-
ferent criteria — the winning matrix of DMP is built (the list
of the “nature” strategies is formed, the degrees of belong-

107



NPOBNEMW IHOOPMALIMHIX TEXHOJOT I

ing to the “nature” alternatives are expertly determined,
the values of gain / loss for each “nature” strategy are de-
termined), otherwise, the winning matrices of DMP for all
selected strategies are built or the strategies based on

matrix game solutions and on a fuzzy game model are
selected;

5) a decision on the choice of manufacture planning
strategy is made.

ik | 2011] I [ 2012] I I 2013] [ I 2014] I [ 2013]
tyst 493 8 162,2 196,1 306.0 6303
zakupivel'na cina 6300 gm/'t zakupivel'na cina
serednya cina realizacivi 7150 gm/t serednya cina realizaci
OTRYMANY] PRYBUTOK
| | mp | m | =y |
ozt 433 Tyehayam | 182 byt |k 1861 TybayeEn | 2ok sosp [T ok 503 |vprobayaatvapry |  rameok
Ty ”’-‘4’;;?”" vy I fﬁ““”' vy L g‘:‘l‘m vk i ’;;‘;%‘m vy prodami €503 | mivamev
. wyobnyctva - vyrobnycztva " wyrobnycztva "’ vyrobnycztva vyrobnyctva
1389.97 103348050 0,00 158997 | 917507500 | 142777 301774 | -8932690.00 | 282164 41161 | 286754650 | 000 158997 | -3685160,00 939,67 252964
38067 2743550 0,00 380,67 -1314625,00 | 21847 399,14 -1072240.00 | 403,04 783,71 509411,50 0,00 380,67 24743550 0,00 380,67
900,78 583507.00 0,00 900,78 469334000 | 73838 163036 | 445205500 | 144326 | 234404 | 152362600 | 000 900,78 | -1205425,00 25048 1151,26
1449 926211,00 0,00 142494 | -3102380,00 | 126274 268768 | -7839995,00 | 249158 | 391632 0,00 142494 | 461246300 774,64 2199.58
181829 1181888 50 0,00 181829 |-10659155,00 | 163609 347438 | -10416770,00 | 327828 5096,57 0,00 181829 | -7169240,00 11679 298628 |optymal'ne vyrobnycs
130044 845286,00 0,00 130044 | -7293130,00 | 113824 243868 | -7050745,00 | 224258 354302 0,00 130044 | -3803215,00 630,14 1950,58
169624 1102556.00 0,00 169624 | -9863830,00 | 1353404 323028 | 962344500 | 303418 73042 0,00 169624 | 637391500 [ 104594 274018
153,63 993339,50 0,00 153163 | -8793865,00 | 136943 200106 | -8353480,00 | 270496 | 423639 | 275378350 | 000 153163 | -3303930,00 881,33 241296

Fig. 1. A fragment of building the winning matrix and the calculating the criteria for the selection and implementation of
specific decision options during the planning of wheat production (according to the data of production and sale of wheat
in Kherson region from the site of the Main Department of Statistics in the Kherson region http://ks.ukrstat.gov.ua)

rik | 2011) 2012| 2013| 2014| 2015] 2016] 2017 2018| |
me.T | 40380 | 16220 | 19610 | soe00 | es030 | e17.80 | s2530 | 53530 | |
zakupivel'na cina 6500 grn't zakupivel'na cina 6500,00
serednya cina realizaciyi 7150 grn't serednya cina realizaciyi 7150,00
nedootrymannya umovno chystogo prybutku
o —
znachennya
Sretgmne | 493,80 162,20 196,10 50600 | 65030 | 617.80 53530 e
kryteryj Laplasa
1589.97 71251050 | 92805050 | 90601550 |704580,50 631910,50 | 692035,50 | 685535,50 489285,3333
380,67 7353450 | 14200550 | 11997050 | 81464,50 154134,50 | 94009,50 [100509,50 [ 117611,00[optymalne vyrobnyczivo 78407,33333 optymalno
900,78 264537,00 | 480077,00 | 45804200 |256607,00 [ 162812,00 | 183937,00 [ 244062,00|237562,00|  285954,50) 190636,3333
1424,94 605241,00 | 820781,00 | 798746,00 |597311,00 |503516,00 | 524641,00 | 584766,00 | 578266,00|  626658,50) 417772,3333
1818,29 860918,50 [ 1076458,50 | 1054423,50 |852988,50 [ 759193,50 | 780318,50 [ 840443,50 [ 833943,50 |  882336,00) 588224
1300.44 524316,00 | 73985600 | 71782100 |516386,00 [422591,00 [443716,00 [ 503841,00[497341,00| 54573350 363822,3333
1696.24 781586,00 | 997126,00 | 975091,00 [773656,00]679861,00 | 700986,00 [ 761111.00 [754611.00] 80300350 535335,6667
1531,63 674589,50 | 890129,50 | 86809450 |666659,50 [572864,50 [ 593989,50 [654114,50[ 64761450  696007,00) 464004,6667

Fig. 2. A fragment of building the risk matrix and the calculating the criteria for the selection and implementation of spe-
cific decision options for wheat production (according to the data of production and sale of wheat in Kherson region from
the site of the Main Department of Statistics in the Kherson region http://ks.ukrstat.gov.ua).

]

Vvedit” stupenya vpevnennosti dlya al” ternatyv
“pryrody”

Ccinka vygrashu QPR

vedit” dani dlya odnky strategiyi seredn” ogo

yrobnycztva, tys.grn. (umovno chystyj
prybutek” z "+, nedootrymannya umovno
chystogo prybuthku z ™7

-118,56

=)

Vyznachennya rezultatu

Znacennja matematycnoho vyhrasu pozytyvne - 5,982 tys.hrn,, tomu
dana stratehija vyrobnyctva optymalna

vedit” dani dlya odnky strategiyi potymalnoho
yrobnycztva, tys.grn. (umovno chystyj
prybutok” z "+, nedootrymannya umovno
chystogo prybutku z ™)

245,50

vedit™ dani dlya ocinky strategiyi maksymal'noho -183,72| N
yrobnycztva, tys.grn. (umovno chystyj
prybutok™ z "+, nedootrymannya umovno

chystogo prybutku z ™7

r=

ROZRAHUVATY OCHYSTYTY VYHID

Fig. 3. The screen forms of the results of the program calculation of the DMP’s winning value
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The software implementation of the prototype of in-
formation technology (Fig. 1 - Fig. 3) is carried out on the
data of a particular enterprise using MS Excel and VBA for
MS Excel.

Conclusions. Manufacture planning on the basis of da-
ta from the previous sales, with the help of the joint appli-
cation of the theory of games and fuzzy mathematics al-
lows us to choose the strategy of enterprise development.
The joint application of the theory of games and fuzzy

mathematics is determined, firstly, by the conditions of
uncertainty, and secondly, the refusal from the probabilistic
approach applied in the theory of games. The use of the
proposed model will increase the efficiency and quality of
management decisions due to the multipurpose use of
mathematical models and methods. The approach is real-
ized on the data of the particular enterprise, the proposed
model allows carrying out calculations using modern in-
formation technologies.
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BUKOPUCTAHHSA HEYITKOI IFPOBOI MOLE/I NMPU MIAHYBAHHI
BUPOBHULITBA HA ArPONMIANPUEMCTBI

AHoTauia. PuHKoBa opieHTaLlis arpapHoro cektopa Bce binbLue BUMArae Bifj KepiBHUKIB CiNbCbKOrocnofapcbKux nia-
MPUEMCTB He TiNbKN BMiHHA 0aunTIn NepcnekTUBI CBOEI rany3i, a i NpuitMaTin eQeKTMBHI yNpaBRiHCbKi piLleHHA B cdop-
MOBAHIX PU3MKOBAHMUX, KPU30BMX YMOBAX roCnofiapioBaHHA. KepiBHUK, AKWI NPUIAMAE PiLleHHA Ha Cy4acHOMY CiNbCbKo-
rocnodapcbkomy 06'exTi, NOBMHeH BupilLyBaTy npobnemn GopmMyBaHHA HOMEHKNATYpH i 06CAriB NpoAyKLii, Lo BUMyCKa-
€TbCA, OLiHIOBATY iCHYI0Ui Ta OUiKyBaHi B nepcneKkTUBi NOTpebu puHKY B Liil npoayKuii, TO6TO BUpiLyBaTH 3aAavi cTpate-
riYHOro ynpasniHHA. [1na uboro BiH NOBUHEH MATW B CBOEMY PO3NOPAZKEHHI MAaTeMATUYHi MeToau Ta iHGOpMaLliliHi
TeXHonorii, afanToBaHi Ao AaHOi npeAMeTHOT 06nacTi.

MeTot fOCIfKEHHA € BUKOPUCTAHHA HEUITKIX irpoBUX MOZeNel NPUIHATTA pilleHb Npy NAaHYBaHHI BUPOOHULITBA
Ha arpapHOMy NiaNPUEMCTBI. lTUTaHHA NPUIAHATTA YNPaBAIHCbKIX PiLueHb B CiNbCbKOMY rocnofapcTai noTpebytots binbLu
JieTanbHOI MaTeMaTyHOT 06pobLi Ta BUPOOAEHHA NPUHLMNIB | YMOB LLOAO NIABMLLEHHA iX eGeKTUBHOCTI. [InA CTBOPEHHA
MOZeNi NNaHyBaHHA BUPOOHNLTBA BUKOPUCTAHO METOAM TeOpii HEUITKIX MHOXMH Ta Teopii irop.

MeToau gocnigkeHHa. Y cTaTTi po3rnaHyTo MOMXIMBICTL BUKOPUCTAHHA HEYITKIX irpOBUX MOJenel NPUAHATTA piLleHb
npu NNaHyBaHHi BUPOOHULTBA Ha arponignpuemcTsi. [1nA NiABMLIEHHA TOYHICTb NPOrHO3iB NNaHyBaHHA BUPOOHMLTBA
3anponoHOBaHO MOAENb NNaHyBaHHA BUPOOHNLITBA HA OCHOBI JaHMX NONepeAHiX NPoAaX Ha 6a3i CNiNbHOro 3aCToCyBaH-
HA Teopil irop i HeYiTKoI MaTeMaTuKm.

OcHOBHI pe3ynbTati AOUTIfKEHHA. BUKopucTanHA 3anponoHoBaHoi MoZeni A03BOAUTL NIABULLUTY eGeKTUBHICTD i
AKICTb NPUAHATTA YNPABNIHCbKUX PiLeHb 3 PaXyHOK KOMMNEKCHOr0 BUKOPUCTaHHA MaTeMaTUYHWIA MOeneil Ta MeTogiB.

HaykoBa HOBWM3Ha. [InA NpakTUYHOro NiATBEPAKEHHA OTPUMAHMX Pe3yNbTaTiB OyNu NpoBeAeHi OLHKM MaTpuLi pum-
KiB, MaTpULi BUrpaLuiB Ta KpUTepiiB ANA NPUIAHATTA pilleHb B yMOBAX HEBU3HAYEHOCTi Ta PU3NKY, NpuBeAeHo Habip Heui-
TKIUX NPaBIA, AKi pa3om 3 NPUIAHATAMI YMOBaMM YTBOPIOKOTb MOZENb HEUiTKOro NIOriYHoro BUCHOBKY BaHra-Menpens Ta
PO3paxoBaHO 3HaueHHA BUrpaLL Ana Bubopy crpaterii BUPOOHULTBA Ha OCHOBI HeuiTKoi irpoBoi Mogeni. CninbHe 3actocy-
BaHHA Teopii irop i HeuiTKoI MaTemMaTiki 06yMOBNEHO, No-NepLue, yMOBaMI HEBU3HAUEHOCTI, NO-Apyre, BiAMOBOIO Bif
iMOBIpHICHOTO MiAX0AY, 3aCTOCOBYBAHOIO B TeOpil irop. 3anponoHoBaHa MoJeNb [03BONAE BUKOHYBATU PO3PaXyHKI i3
3aCTOCYBAHHAM CyYaCHUX iIHPOPMALLiHNX TEXHOMOTII.
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[paKTYHA 3HAUNUMICTb. BUKOPUCTAHHA MaTeMaTUYHIX MOZeneli Ta CyyacHuX iHdopmaLliitHnX TexHonoriin A arponi-
ANPUEMCTB [03BONUTL edeKTUBHILIe BUKOPUCTOBYBATM Pecypcit MiANpUEMCTBA; ONTUMI3YyBaTH PobOTY; MiHIMi3yBaTh
PU3NKW; IPYHTOBHO aHani3yBaTi Ta NPULLIBMALLINTIA NPOLEC NPUAHATTA YNPaBAIHCbKNX pilleHb. [IPUIAHATTA Ta peanisavis
pilleHb € HaNBAXNMBILIOW QYHKUI€E YNpaBRiHHA, YCNillHe 3AiACHEHHA AKOI 3abe3neuye JOCATHEHHA NiANPUEMCTBOM
ioro uine.

Knroyoei cnoea: nnarysanHs onmumanbHo20 8upo6HUYMEA, i2pu 3 «<npupodoko», Kpumepii npuliHAMMA pitieHs, Mo-
0eJlb He4imKo20 102i4H020 8UCHOBKY Baraa - Mendens, Hedimka i2posa Mooestb.

m



NPOBJIEMU IHOOPMALIMHUX TEXHONOT I

OrHEBA OkcaHa
K.T.H., BOLIEHT Kadenpbl IHGOPMATUKN 1 KOMMbIOTEPHBIX HayK, XePCOHCKMIA HALMOHANbHDIA TEXHUYECKWI YHUBEPCUTET,
XepcoH, YkpauHa, E-mail: Oksana_Ognieva@meta.ua, 0000-0001-6206-0285;

BbILUEMUPCKAA (BeTnaxa
K.T.H., BOLEHT Kadeapbl MHOPMATUKM M KOMMbIOTEPHBIX HayK, XepCOHCKMIA HALMOHANBHBIN TEXHYECKIT YHUBEpCUTET,
XepcoH, Ykpauna, E-mail: Vish_Sveta@rambler.ru, 0000-0002-6343-7512;

JIAPYEHKO Okcana

K.C.-X.H., JOLLEHT KadeApbl NPUKNAAHOI MaTEMATUKV 1 SKOHOMUYECKOIT KnbepHeTUKY, [ocynapCTBeHHOE Bbicliee yuebHoe 3aBefieHIne
«XepCOHCKMIA rocyAapCTBEHHbII arpapHblil yHUBepcuTeT», XepcoH, YkpanHa, E-mail: matematika_ek2017@ksau.kherson.ua;

KABYH lanuHa

CTapLuvil npenogasatenb Kadeapbl NpuKIaAHOI MaTeMaTUKIN U SKOHOMUYECKON KibepHeTuku, [ocyAapcTBeHHOE BbiciLee yyebHoe 3aBefeHNe
«XepCOHCKMIA rocyapCTBEHHDII arpapHblii yHUBepcuTeT», XepcoH, YkpauHa, E-mail: kavun_g@ksau.kherson.ua.

MCNOJZIb30OBAHUE HEYETKON UTPOBOI MOAENU NPU NJIAHUPOBAHUN
NMPON3BOACTBA HA ArPOMPEANPUATUN

AHHOTaumA. PbiHOYHaA OpUeHTaLMA arpapHoOro cektopa Bce 6onblue TpebyeT oT pykoBoauTeNneil Cenbckoxo3aii-
CTBEHHbIX NPenpUATIAR He TONbKO YMeHUA BIUAETb NepcrekTUBbI CBOe 0TPAUIN, HO U NPUHUMATb IGdEKTUBHbIE ynpaB-
NeHYeCKIe PeLLerna B CI0OKMBLUNXCA PUCKOBAHHDIX, KPU3UCHBIX YCIOBUAX X03ANCTBOBAHMA. PyKoBoAUTENb, NPUHUMAL0-
LIl PELLIEHNA HA COBPEMEHHOM CefbCKOX03AINCTBEHHOM 00beKTe, JOMKeH pelwath npobnembl GopMUpOBaHNA HOMEH-
Knatypbl 1 06bEMOB BbiMyckaeMoi MPOAYKLMM, OLEHUBATb CyLLeCTBYIOLLME 1 0XIAaEMble B NePCrieKTUBe NOTpedHOCTI
PbIHKA B 3TOI NPOAYKLMMU, TO eCTb peLLaTh 3aauu CTpaTernyeckoro ynpasneHna. [ing 31oro oH AOKEH UMETb B (BOEM
PaCnopsXeHUN MaTeMaTiyeckne MeTofbl i MHHOPMALIMOHHbBIE TEXHONOTM, aJaNTUPOBAHHbIE K AAHHON NpefMeTHOI
obnactu. Llenbto nccnenoBanma ABAAETCA UCNONb30BaHNE HEYETKUX UTPOBbIX MOJENe NPUHATUA peLeHuil npi nnaHu-
POBaHUN NPOM3BOACTBA Ha arpapHOM NpeanpuATUN. Bonpoc npuHATMA ynpasneHyeckux peLueHnii B CeNbCKOM X03AiCTBe
TpebyloT bonee feTanbHol MaTemaTiueckoil 06paboTku 1 BbIpabOTKYM NPUHLMNOB U YUI0BIIA MO MOBBILLEHMIO UX IDPeK-
TUBHOCTI. [INA CO3AAaHMA MOAENN NNAHNPOBAHNA NPOU3BOACTBA UCMONb30BaHbI METOAbI TEOPUM HEYETKIUX MHOXECTB U
Teopun urp. MeTofibl nccneoBanmA. B cratbe paccMoTpeHa BO3MOXHOCTb UCMONb30BaHNA HEYETKUX UTPOBbIX MoJeneit
MPUHATUA PELLeHNn NpK NAAHMPOBAHMN NPOU3BOACTBA Ha arponpeanpuATMi. [nA MOBbILLEHNA TOUHOCTW NPOTHO30B
NNaHUPOBaHUA NMPOU3BOACTBA NpeAnoXeHa MoJenb MNAHUPOBAHUA NPOU3BOACTBA HA OCHOBE AAHHbIX MpefblAyLLMX
npojax Ha 6ase COBMECTHOr0 UCMONb30BaHNA TEOPUN UIP N HEYETKOI MaTeMaTiku. OCHOBHbIe pe3ynbTaTbl UCCef0Ba-
HuA. Vicnonb3oBaHue npeanoKeHHol MOAeNN No3BOAUT NOBbICUTb IGGEKTUBHOCTL U KAUeCTBO NPUHATUA YnpaBneHye-
CKUX peLLeHuil 33 CYeT KOMMNIEKCHOTO UCMONb30BaHUA MaTeMaTuyeckux Mogeneil u meTofos. HayuHas HoBusHa. [nd
MPaKTUYeCkoro NOATBEPXAeHUA NONYYEHHBIX Pe3ynbTaToB ObiNu NPOBeAeHbI OLEHKN MATPULLbI PUCKOB, MATPULbl BbIUT-
PbILLEi 1 KpUTepueB A NPUHATUA PeLUeHInii B YCIOBUAX HEONPEAeNEHHOCTIA 1 PUCKa, NpUBESeHbl Habop HeyeTKIX npa-
BII, KOTOPble BMeCTe C MPUHATLIMI YCIOBUAMM 00pa3yloT MOJeNb HeYeTKoro ornyeckoro Bbioda Banra-Menpens u
PaCCUMTaHO 3HaUeHMe BbIMTPbILL ANA BbIGOpa CTpaTerii Npon3BoACTBa Ha OCHOBE HeueTkoli UrpoBoil Mogenn. CoBmecT-
HOe MPUMEHeHIe Teopuu Urp 1 HeveTKoi MaTeMaTiki 06yCoBEeHo, BO-NePBbIX, YUI0BUAMI HEONPeAeNeHHOCTI, BO-
BTOPbIX, 0TKA30M OT BEPOATHOCTHOTO NOAX0Aa, NPUMeHAeMoro B Teopuu urp. lpeanoxeHHas Mofenb No3BonseT Bbl-
NONHATb pacyeTbl C NPUMeHeHNeM COBPeMeHHbIX MHPOPMALIMOHHbIX TexHonori. [pakTuyeckas 3HauumocTb. Mcnonb3o-
BaHWe MaTeMaTiyeckix Mofeneii 1 CoBpeMeHHbIX MHGOPMALMOHHBIX TEXHONOTUI AN arponpeAnpuUATIAR N03BOANT 3¢-
deKTMBHee MCnoONb30BaThb pecypcbl NpeanpuUATIAA; ONTUMU3NPOBATL PaboTy; MUHUMM3MPOBATL PUCKM; OCHOBATENbHO
aHaNN3MpoBaTb 1 YCKOPUTH NPOLECC NPUHATUA YNpaBNeHuYecknx peLueHinit. puHATUe U peanu3auma peLeHnin ABNAeTCA
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BaXKHeilLueil QyHKLMeli ynpaBneHus, yCnewwHoe ocyLiecTBeHne KoTopoil 0becneunBaeT JOCTUKEHNE NpeanpuATeM ero
Lenei.

Knioyeabie cnosa: nnaruposarue onmumansHo20 npou3eodcmad, uzpbl ¢ «npupodoli», Kpumepuu NPUHAMUS peule-

HuL, M0Oe/Tb HeYyemK020 102UYeCK020 8b1800a BaHza - MeHOens, Heyemkas ueposas Mooess.
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