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Abstract. This paper examines the effectiveness of grouping agricultural enterprises
according to the wheat harvested area and assesses their profitability. We have de-
veloped linear and non-linear regression equations to predict the income for said
groups of enterprises. The methodology is designed for cases when future market
prices are probabilistic in nature. With the help of the developed methodology, it is
possible to calculate the necessary production volumes in the conditions of price
fluctuations. We have used the Goldfeld—Quandt parametric test to test the model
for heteroscedasticity. Calculations show that agricultural holdings are indeed ineffi-
cient, and preference should be given to enterprises with medium crop areas. Appli-
cation of the Lagrange multipliers method when solving the problem of agricultural
enterprise optimization makes it possible to increase profitability. The case of price
risk, when future market prices are not deterministic, is considered. Therefore, it is
necessary to be guided by two criteria when making managerial decisions: to
maximize the expected total net income and to minimize the variance of the total net
income.

Keywords: economic and mathematical models, heteroscedasticity, models of re-
gression analysis, profitability, income, linear regression, nonlinear model, full-scale
russian invasion of Ukraine.

INTRODUCTION

Wheat is one of the most important crops for food security worldwide. Growing
wheat is also a source of income for the considerable part of Ukraine's population.
Among the agricultural crops in Ukraine, wheat occupies more than half of the
sown area. In the recent years, nation had entered the top ten major grain produc-
ing countries and became one of the world's leading exporters of wheat (Fig. 1).
Moreover, wheat exports to Africa, Southeast Asia and the Western Hemisphere
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Fig. 1. Leading 10 wheat producers worldwide in 2022/2023 (in 1.000 metric tons)
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were expected to increase in 2022/23. Unfortunately, as of May 2023 we can ob-
serve negative effects of war, as the economy exported 41.6 million tons of grain
in the 2022/23 July-June season within the Black Sea Grain Initiative and overall
wheat export is predicted to peak at 24 million tons. The negative trend is ex-
pected to remain, as the prognosis for the following period 2023/24 season stands
at the threshold of 26 million tons [1].

A starting point in understanding the Ukraine's grain producing sector, is to
analyse and group the enterprises by the size of the harvested area of wheat in
2021. In percentage terms, the ratio is as follows (Fig. 2). There are 24.016 wheat-
growing enterprises in total. 61.6% of those are the small enterprises, in particular
those with harvesting area of up to 100 hectares. Their aggregated volume of pro-
duction is 1.986 thousand tons of wheat, which is accordingly 7.7% of the total
volume of wheat production in Ukraine. There are only 123 enterprises with a
total area of more than 3.000 hectares, the volume of production of which is
2.852.1 thousand tons, which is 11.1% of the total volume of wheat production in
Ukraine [2].

1<100
2—100-200

3 —200-500

4 —500-1000
5—1000-2000
6 — 2000-3000
7 —>3000

Fig. 2. Enterprises grouping by wheat production (thousand tons) in 2021
Source: Source: authors’ elaboration on the data of [3]

The yield of wheat differs according to various groups of enterprises as fol-
lows: enterprises with an area of up to 100 hectares have a yield of 35 t/ha; with
an area of 500-1000, respectively, 50.3 cwt/ha; for the enterprises with more than
3.000 hectares, the yield is 65.4 t/ha. By volume of harvested wheat to the total
volume of production: enterprises with an area of up to 100 hectares collect 4%;
with an area of 500-1000, respectively, 16.6%; with an area of 10002000 —
23.4%; with an area of 2.000-3.000 hectares — 12.8%; enterprises over 3.000
hectares 28.7%.

And the trend of overall wheat production in the previous years shows con-
stant increase up to 2022 (Fig. 3), that is explained by the consequences of russian
aggression towards Ukraine. As war escalates, under constant bombing and shell-
ing, Ukrainian farmers are not able to harvest the grain. Moreover, fields, that are
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under russian occurrence are unreachable and inaccessible to them. Those crops,
if being harvested at all, are at the disposal of occupiers and are being expropri-
ated by them and consequently, their sale bypasses Ukraine. Hence, 25687.2
thousand tons of wheat were grown in 2021. Ukrainians consume about 20% of
local wheat — the rest is being exported. That is, 20549.76 thousand tons were
exported in 2021.
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Fig. 3. Wheat harvest in Ukraine in previous years (1 cwt per hectare)
Source: authors’ elaboration on the data of [4]

Due to the use of the higher-quality seeds, modern technology and plant pro-
tection products, this year, despite the war, farmers managed to harvest a quite
proficient harvest. All this contributed to the increase in productivity. For the first
time in 20 years, there was no drought in Ukraine. The best harvesting results
were observed in Vinnytsia (6.7 million tons), Chernihiv (6.2 million tons), and
Poltava regions (5.7 million tons) [4]. According to the groupings of agricultural
producers, the productivity is as follows (Fig. 4): with an area of 100 hectares, as
a percentage of the total 61%: with an area of 200—500 hectares — 11.8%; with
an area of 500—1000, respectively, 8%; with an area of 1000-2000 — 5.5%; with
an area of 2.000-3.000 hectares — 1.6%; enterprises over 3.000 hectares 1.5%.
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Fig. 4. Enterprises grouping by wheat yield in 2021 (centner per 1 hectare)
Source: authors’ elaboration on the data of [3]

Compared to 2019, in 2022 the overall grain production trends were as fol-
lows: soybean harvest increased by 17; 40 million tons of corn were harvested; as
well as 32 million tons of wheat (8 million tons more than in 2020). According to
the press service of the Ukrainian Grain Association, the record wheat harvest
guarantees the country's food security. By the end of 2021, all countries of the
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world expect to harvest a record 2.8 billion tons of grain, the Food and Agricul-
ture Organization of the United Nations (FAO) predicts.

Exports of agricultural products, during the 11 months of the war, amounted
to $24.4 billion, which is 22% higher than last year, according to customs data.
Ukrainian products are mostly imported to China, India and the Netherlands [5].
For 2023, the National Bank of Ukraine (NBU) forecasts consumer inflation (De-
cember to December) at the level of 18.7% and an average annual rate of 20.3%
(in 2022 it was 26.6% and 20.2%, respectively, in 2021 — 10% and 9.4%, in
2020 — 5% and 2.7%). According to NBU estimates, the average unemployment
rate in Ukraine in 2023 will be 26.1% (in 2022 — 25.8%, in 2021 — 9.8%, in
2020 — 9.5%) [21].

Optimizing in the war time

Theoretical issues of land management were developed in the works of: Schluter G.
[6, p. 747], who investigated the extent to which an increase in the minimum
wage will affect food prices; Sanchez-Fung J. [7], who deals with the stability of
macro indicators; Rasool H. [11, p. 87], who investigates the relationship between
rural wages and food inflation; Dorward A. [12, p. 633], food safety specialist; as
well as Sitikantha P. [10, p. 244], Bhattacharya R. [11, p.144], Duckett T. [12, p. 17],
Bhattacharya R. [13, p. 146], Nwaolisa E. [17] Wilson L. [19, p. 505].

During the war, the problem of optimizing the groupings of agricultural pro-
ducers is relevant both at the micro and macro level, since a significant part of the
Ukraine's agrarian-industrial complex products is being exported. Moreover, agri-
cultural production is characterized by seasonality. The manufacturer periodically
builds up stocks of products that will possibly be sold in the future. The proposed
methodology is designed for cases when the price of agricultural products is
probabilistic. Its use will allow the owner of agricultural products to protect his
economic interests to the maximum possible extent. The methods of substantiat-
ing management decisions in conditions of risk and uncertainty are to be consid-
ered from Taha H. [10].

Literature review. Models and metods

Since enterprises growing wheat have different areas, and accordingly will re-
ceive different income, it is advisable to monitor their income. To do this, to be-
gin with, the variance of the residuals for different groups of enterprises was cal-
culated, that is, it was checked for heteroskedasticity. The presence of
heteroskedasticity causes a violation of the properties of model parameter esti-
mates when calculating them using the least squares method. Therefore, it is al-
ways necessary to study this phenomenon and, if it exists, to use the generalized
least squares method (Aitken's method) to estimate the model parameters. Here, in
order to determine heteroskedasticity we have used the Goldfeld—Quandt para-
metric test.

In an econometric model that characterizes the dependence of consumption
costs on income, the variance of the residuals may change for observations that
belong to different groups of the population in terms of income.

We have developed a technique for optimizing the grouping of enterprises in
wartime. Since future market prices are not deterministic, the decision must be
guided by two criteria: maximizing expected total net income and minimizing the
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variance of total net income. The Lagrange method is used to solve the problem.
The developed methodology is designed for the probabilistic nature of future
market prices for products and makes it possible to take inflation into account.

Let us consider the method for optimizing the grouping of enterprises in the
conditions of the price risk and price fluctuations, in a wartime. Since future mar-
ket prices are not deterministic, the decision must be guided by two criteria:
maximizing expected total net income and minimizing the variance of total net
income. To solve the problem, the Lagrange method is used. Hence, using the
Lagrange method we develop a methodise, designed for cases when the price of
agricultural products has a probabilistic nature. We find the maximum income
according to formula:

T
Emax = z(pt—ct)xt ’
t=1

z_.. — maximum income; p; — the sale price of a product unit at the given

max
time t; ¢, — costs associated with the storage of a product unit until the time
tzl,_T; 6(2)min — minimal dispersion; a — production volume; 77 — planning
period. Then the maximum dispersion is:

Next, the worst values of the criterion indicators are calculated for a set of
effective variants of the calendar plan:

a
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Therefore, we calculate the range of variation of criterion indicators:

Zon SZp<Z

mii

max; G(Z)min < c50 < cymax .
The optimal calendar plan for the sale of stocks of agricultural products is
determined. This plan x" =(x{,...,x;) is computed by solving the convex pro-

gramming problem, given that s — development criteria:

s —> max,
T
Z(ﬁt_ct)‘xt ZEO—i_S(Zmax_EO)’ (1)
t=1
2.2 2 2 2
th x; <05 —5(65 =67 (2) min)s 2
t=1
T
DX =a, 3)
t=1
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%20, (=1,T. )

It should be added that the optimal value s*will show whether the accept-
able levels of criterion indicators chosen by the product owner were true (at

s*>0)ornot(at s*<0).

MODELLING THE DEPENDENCE OF ENTERPRISE’S INCOME ON THE
HARVESTED AREA

To build this model, the original data set, which includes 7 observations, is used.
These data and calculations based on them are given in Table 1. Based on the na-
ture of the relationship between the value of income of enterprises from the har-
vested area, it can be assumed that the variance of the residuals is not constant for
each observation, that is, there may be a phenomenon of heteroscedasticity.
Therefore, in order to choose the right method for estimating the parameters of
the model, it is necessary to check whether heteroscedasticity is inherent in the
given input data.

Table 1.Inputdata and calculations

Enterprises Volume of | Crop yields, | Production |Price per ton |Revenue,

by area, production, thou-| 1 centner | expenditures | including | UAH
thousand hectares | sand centners | per hectare | per ton, UAH | costs, UAH | billion
up to 100.00 1986.0 39.2 630.37 7299.63 14.498
10001-200.00 2010.3 452 539.21 7390.78 14.858
200.01-500.00 5044.5 47.0 508.08 7421.92 37.44
500.01-1000.00 6000.8 48.3 494.38 7435.62 44.62
1000.01-2000.00 5806.4 494 493.27 7436.73 | 43.181
2000.01-3000.00 1987.1 49.6 489.98 7440.02 | 14.785
over 3000.00 2852.1 49.1 464.14 7465.86 | 21.294

Source: authors’ developments.

We consider the price per ton of wheat to be a constant value, which in 2022
is 7930 UAH. The cost of wheat production on one hectare of land is 22 thousand
UAH. Thus, with an average yield of 5.37 centners/hectare (Fig. 4), the cost of 1
ton of production will be equal to 4.1 thousand UAH. At the selling price of
wheat of 7931 UAH/ton, the profit per hectare will be 20 thousand UAH, which
will provide the profitability of more than 90%. Data for the Goldfeld—Quandt
parametric test is given in Table 2.

Table 2. Data for the Goldfeld—Quandt parametric test

Y X x? Xy Y | (@-7) | (v-7)
14.498 1986 3944196 28793.028 13.57 0.928 0.861184
14.858 2010.3 4041306.09 | 29869.0374 | 13.74 1.118 1.249924
37.44 5044.5 25446980.25 | 188866.081 | 34.98 2.46 6.0516
44.62 6000.8 36009600.64 | 267755.696 | 41.67 2.95 8.7025
43.181 5806.4 33714280.96 | 250726.158 | 40.31 2.871 8.242641
14.785 1987.1 3948566.41 29379.2735 | 13.57 1.215 1.476225
21.294 2852.1 8134474.41 60732.6174 | 19.63 1.664 2.768896

Source: authors’ developments.
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Identification of variables: Y = f(X,u), where Y — dependent variable
(revenue); X — independent variable (area size); u — stochastic component.
Model specification:
Using the Goldfeld—Kwandt algorithm, we determine the presence of hetero-
scedasticity. We find C observations that are in the middle of the population:
Cc 4 *
_:_, E:i’ C:4 7’ sz,
n 15 7 15 15
Then n =3, n, =3=3. Let us estimate an econometric model for the popu-

lation n; = 3. Let us quantitatively estimate the model parameters based on OLS:
nag+a; 2x=2Y,
{ao Yx+a Xxt=Yxy.
For each model we find the sum of squares of residuals:
Sy =ujuy =X (Y, - %), Sy =ubuy = (Y, —Y,)*, S,=8.16, S,=12.48.

Finding the criterion R:

12.48
St g2 sk =667,
S, 8.16

Because of R < Fi,,; grouping of enterprises by the size of the harvested

area of wheat heteroscedasticity is absent. If there is no heteroscedasticity, the
least squares method can be applied (Table 2).
Calculating the coefficients of linear pairwise correlation (r,, ) and determi-

R=

nation (R ): RY =77, =17 ~0.9999 .

Most often, in case of a system of linear equations, the linear method of least
squares is used. For our case, the linear regression formula is obtained: Y =
=0.0075%C;—0.1215 . Using this formula, we can calculate exactly how much
the income will increase when the area increases by one unit. In our case, an increase
in area by 1 hectare will lead to an increase in income by 0.13 (billion UAH).

Further on, we find and analyse the power regression equation y = ax’, for

the inputs x; and y; from Table 3.

Table 3. Additional values for calculating linear pairwise correlation (7, )

and determination (R12 ) coefficient

X Vi | Vi | (=) | (x —()_c))2 3; EI? A; c AEll.2
1986 |14.4|14.6| -1683.5 |2834364.65|-0.188| 0.035 | 0.001 - -
2010.3|14.8|14.8| -1659.5 |2754129.91/-0.007 |0.0001|0.0005|0.1811|0.0328
5044.5|37.4|37.4| 13749 |1890467.86|-0.051 | 0.002 | 0.0014{0.0438[0.0019
6000.8 | 44.6 |44.6 | 2331.2 |5434693.25/-0.001| 0 0 ]0.0496(0.0025
5806.4|43.1|43.1| 2136.8 [4566097.39| 0.008 [0.00010.0002|0.0105 |0.0001
1987.1|14.7 | 14.6| -1682.4 |280662.037| 0.090 | 0.008 | 0.006 | 0.081 | 0.006
2852.1121.2|21.1| -817.45 |668236.18| — |0.068 | 0.028 - 0.047
Source: authors’ developments.

NN KW~
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Assessing the significance of regression and correlation parameters

In order to estimate the significance of regression and correlation parameters,
let's find the average value x =3669,56; make a table of additional values,

where

The average approximation error (Table 3):

F — Fisher criteria Fi;,; = 6.67.

and y; for Table 4.

& =Y—Vi &=y, —Vi; 4=

A=ny Y75 1000, = 0,43%.

Vi

Ji _JA}i

As it is known, the least squares method is a method of finding an approxi-
mate solution of an over determined system, which is used in regression analysis.
The most commonly linear least squares method is used in the case of a system of
linear equations. For our case, we obtain the linear regression formula:
Y =0.0075*C3-0.1215.

Using this formula, we can calculate, how much income will increase with

an increase in area per unit. In our case, an increase in area by 1 hectare will lead
to an increase in income by 0.13(billion UAH).

Let us find and analyse the power regression equation p = ax”, for data X,

Table 4. Auxiliary variables for calculating power regression

i X, », Inx, In® x, Iny, Inx Iny,

1 1986 14.498 7.59 57.66 2.67 20.30

2 2010.3 14.858 7.61 57.84 2.69 20.52

3 5044.5 37.44 8.52 72.69 3.62 30.88

4 6000.8 44.62 8.69 75.68 3.79 33.04

5 5806.4 43.181 8.66 75.11 3.76 32.63

6 1987.1 14.785 7.59 57.67 2.69 20.45

7 2852.1 21.294 7.95 63.29 3.06 24.33
Total | 25686.9 190.676 56.64 459.97 22.31 182.18

Source: authors’ developments.

the known formulas:
_nX(lnx; xIny)—2lnx; *Xlny; 7%182.19-56.64x22.31
nYIn’x, —(Xlnx,)

Cucmemni docnioxcenna ma ingpopmayiiini mexuonoeii, 2024, Ne 1

Let us calculate the coefficients a and b of the power regression equation by

b

a= exp[lzmy,- —EZlnxij = exp[%*22.31—
n n

Nonlinear regression equation Y = 0,007 * x

7%459.97 — 56.64>

1.0064

1,0064

~1.0064 ;

* 55.64J =~ 0.007 .

Let’s compare the calculations with linear and power regression.

The data obtained by calculations, linear and power regression actually
match. Thus, both relational models can be used.
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Needless to say, that in order to create economic and mathematical models
of agricultural enterprises in market conditions, it is necessary to take into account
all factors, in particular: land resources, labour resources, fixed assets, movable
assets, financial resources, information resources, costs. The combination of these
indicators makes it possible to forecast income more accurately.

Thus, the study showed the efficiency of different groups of enterprises in
terms of the size of the harvested area of wheat. Their profitability and income
were estimated. Since the best results are obtained from enterprises with a har-
vested area of 200-2000 thousand hectares (Fig. 5), this is obviously the best op-
tion for an agricultural enterprise. Nevertheless, in a war time and respective post-
war times, small businesses become more manoeuvrable and accessible to the

population.
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Fig. 5. Comparison of linear and power regression calculations
Source: authors’ developments

General problem of conditional optimization

The general problem of conditional optimization with equality constraints is re-
duced to the problem of unconditional minimization using the Lagrange function,
which is written in the form:

F(xl,XQ,X3,X4,X5,X6,X7,7\.1,7\.2) = f(xl,XZ,X3,X4,x5,x6,X7)—

= M (X, %5, X3, X4, X5, X, X7) = A (U(Xy, X9, X3, X4, X5, X5 X7 = Zppax ) -

An indispensable condition for using expression (2) is that the number of re-
strictions must be less than the number of variables. If this condition is not ful-
filled, then there is no optimization problem, since the number of connections of
variables exceeds their number. Thus, the task is reduced to finding the minimum
of the function:

OF (x ;) )\ 0o
Ox

A necessary condition for the minimum of the function (2) is the equality of
its gradient to zero, which leads to the system of equations. Consequently, solving
this system of equations leads to finding unknown quantities.

70 ISSN 1681-6048 System Research & Information Technologies, 2024, Ne 1



Study on the profitability of agricultural enterprises in Ukraine during the russian military ...

The calculations were conducted in MathCAD, using the following formula
for the maximum income:

(15X 5 X3, X5 X5, X5 X7, A, Ay) =

=12800x124+490x22+80x324+516x42+566x 52+ 733 x62+2800x72

variance:
u(Xy, X, X3, X4, Xs, X6, X7) =

=T7290x1+7421x2+7435x3+ 7436 x5+ 7440 x 6+ 7440 x 6 + 7465 x 7 .

Solving the equation, we obtain optimal production volumes. We observe
that there has been a shift towards enterprises with an area of 200.01-500.00 thou-
sand hectares. Taking into account inflation, in order to achieve the received in-
come, it is necessary to obtain the production volumes indicated in Table 5.

Table 5. Auxiliary variables for calculating power regression

[5]

@ - = g .2 . = = o
STy SEwel 2T s2 Ed, ESv|ESgEx
=358 uE 5| v= S = 2 SE L|5ELES
o= = ESS2|2cRP | EE BEZ| « ESE|(ESESE
IN =23 s 2 = o= | == ® = S=sT
b, 29 ESE2E| 285 > R = < 3:‘-5—:3:‘-52-—';:
£z22 |S82% ~tf 2T TS 28 S|2SS2E
s o S = = -

12838.5| 920

—
N
[\
(e

1| upto 100.00 1986.0 | 7299.63 | 14.498

2| 100.01-200.00 2010.3 | 7390.78 | 14.858 490.9 | 2550 560
3| 200.01-500.00 5044.5 | 7421.92 | 37.44 80.7 | 16500 18000
4| 500.01-1000.00 | 6000.8 |7435.62|44.62 | 22.7 | 514.5 | 2530 2800
5
6
7

N
o=
o|N|w

NS

1000.01-2000.00 | 5806.4 |7436.73 |43.181| 23.8 | 566.1 | 1940 1940
2000.01-3000.00 | 1987.1 |7440.02 (14.785| 27.1 | 733.5 | 1200 630
over 3000.00 2852.1 |7465.86121.294| 52.9 |2800.8 | 0.18 1

Source: authors’ developments

Solving the system of partial differential equations (1)—(4), we obtain the op-
timal volumes of production, with the inflation taken into account. The results are
shown in Table 5. We observe that there has been a shift towards enterprises with
an area of 200.01-500.00 thousand hectares. That is, enterprises with an area of
200.000-500.000 hectares are the most efficient and provide the optimal volumes
of wheat production. It becomes clear, considering this study, that enterprises
with an area of 200-500, 500-1000 and 1000-2000 thousand hectares are effi-
cient and competitive, and it is most expedient to develop precisely them.

The problem was solved using the Lagrange method and the probabilistic na-
ture of prices was taken into account. The developed technique makes it possible
to calculate the necessary volumes of production during the period of inflation.
Calculations show that agricultural holdings are not efficient, and preference
should be given to enterprises with average cultivated areas.

CONCLUSIONS

In a current paper we study the grouping of enterprises by the size of the har-
vested area of wheat. Wheat is one of the most important sources of income for
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the part of the population of Ukraine. Over the years, Ukraine has had agricultural
land (71%), 78% of which is arable land; 97.2% of agricultural land is systemati-
cally used for economic purposes.

Here we examine the income of various groups of enterprises, using The
Goldfeld—Quandt parametric test in order to determine heteroskedasticity.

Our analysis of yield, volume of production, income of each group of enter-
prises showed, that the best results are obtained by enterprises with an area of
200-2000 thousand hectares. Meaning, that large agricultural holdings proved to
be not efficient, and preference should be given to enterprises with medium areas.

Since the phenomenon of heteroscedasticity was not detected, a linear re-
gression formula was constructed using the method of least squares. For compari-
son, a power-law regression equation was found and analysed.

In order to predict the income for each group of enterprises by the size of the
harvested area of wheat, we have developed equations of linear and nonlinear re-
gression.

The scientific novelty of the work is that the equations of linear and nonlin-
ear regression were developed to predict the income of each group of enterprises
by the size of the harvested area of wheat. Application of the Lagrange method
multipliers when solving the problem of optimization of agricultural enterprises
makes it possible to increase profitability.

Developed models can be used to analyse the income and profitability of ag-
ricultural producers.
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JOCHIA)KEHHSI PEHTABEJBHOCTI CLIBCBKOTOCIHIOJAPCBKUX
NIANPUEMCTB B YKPAIHI MIJI YAC BIMCBKOBOI'O BTOPIHEHHS
POCII B YKPAIHY / O.B. llecnis, T.A. [ynaesa, F0.0. €pemiko, O.C. Ilecnis

AHoranisi. JlocmipkeHo e()eKTUBHICTh TPYIYyBaHHS CUIbCHKOTOCIOAAPCHKUX IMif-
MIPUEMCTB 32 PO3MipOM 30MpaibHOI IUTOIII MIIEHUII Ta AaHO OLIHKY iX MpHUOYTKO-
BocTi. Po3po0OiieHo miHilHI Ta HeNiHIHHI PIBHAHHA perpecii IUis MpOrHO3yBaHHSA J0-
XOmy JUIS 3a3HAUCHUX TPYI HiJIPHEMCTB. METOMUKY pO3poOIeHO Ul BHIAJKIB,
KoM MaiiOyTHI PHHKOBI WiHM MalOTh IMOBIPHICHMI XapakTep. 3a JOIOMOTOI0
PO3pO0JICHOT METOJMKH MOXHAa pO3paxyBaTH HEOOXiAHI OOCSITH BHPOOHHUIITBA
B YMOBax KOJHMBaHHS wLiH. Bukopuctano napamerpuunuii tect [onadensma—
KBanjTa ju1s nepeBipkd MOZielIi Ha FeTePOCKEeIaCTHYHICTh. Po3paxyHKH MOKa3yroTh,
IO arpoXOJIMHIM HAacmpaBli HeeeKTWBHi, 1 mepeBary cClii BiagaBaTu
MIIIPUEMCTBAM 13 CepeIHIMH MOCIBHUMH IUIOMAMH. 3aCTOCYBaHHS METOLY MHOKHHKIB
Jlarpamka s BHUpIIEHHS 3aBAaHHS ONTHMi3alii  CUIBCHKOTOCIIONAPCHKUX
HiINPUEMCTB Ja€ 3MOTY IIIBHINUTH pPEHTA0eNbHICTh. PO3MNIIHYTO BHIALOK
I[IHOBOTO PHU3HKY, KOIU MaiOyTHI PUHKOBI L[IHK HE € JeTepMiHOBaHUMH. Tomy mix
Yac NPUHHSATTS YNPaBIIHCHKHUX pIlIEHb HEOOXIAHO KepyBaTHCS JBOMA ILIISIMH-
KPHUTEPIsIMU: MaKCHMI3yBaTH OYIKYBaHUH CYKyIHHH YHCTHI JOXiI i MiHIMi3yBaTH
JMCIIEPCII0 CYKYITHOTO YUCTOTO IOXOY.

Kawu4oBi c10Ba: eKOHOMIKO-MaTEeMaTHYHI MOJIENi, T€TEPOCKENACTUIHICTh, MOJIEI1
perpeciiiHoro aHanizy, npuOyTKOBICTb, IOXi[, JiHiiiHA perpecis, HeliHiiiHa MOzelb,
MOBHOMACIITaOHe BTOPIHEHHS pocii B YkpaiHy.
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