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The relevance of the research topic is due to the fact that recently prices for agricultural products
and in particular fish, meat and especially vegetables in Ukraine, show considerable instability and
variability, and predicting the price on the basis of such data is difficult enough.

It is well known that in market conditions the price level is determined by the ratio of the demand
and supply. At the same time, in conditions of the modern agricultural market, imperfect and not efficient
enough, the price of agricultural products is significantly influenced by farm factors, which prevent
agricultural commodity producers from developing the maximum possible selling prices for finished
products. Recently, the situation on the vegetable market has changed: the demand and supply sharply
reduced, rates of decline in demand become prevailing, and in particular due to a significant increase in
prices. At the same time, many types of scarce vegetable products have become over-saturated. The
decrease in the demand for vegetable products is primarily due to the decrease in household incomes, as
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well as the increase in taxes and other payments, with a limited ability to export products. The article
substantiates that the AGMEMOD Model allows to simulate and predict the diversity of political scenarios
for both Ukraine and the EU; dependence of demand and supply of vegetable production on the prices of
their sale is investigated; on the basis of econometric modeling the point of equilibrium of supply and
demand is determined; based on the obtained dependencies, determined the optimal price of selling
vegetables in Ukraine; the optimal cost per hectare of vegetable production in Ukraine is substantiated.

Keywords: demand, price, supply, econometric modeling, market, agricultural products,
approximation, equilibrium, costs

Tabl.: 4. Fig.: 2. Lit. 15.

EKOHOMETPUYHE MOJIEJTIOBAHHSI B ®OPMYBAHHI ONTUMAJIBHOI IITHI
PEAJIBALI MPOAYKLIi CLIBCHKOI'O TOCIMOJAPCTBA

BOJIOHTHP J1.0.,

3EJITHChKA O.B.,

IIOTAIIOBA H.A.,

Kageopa komnsromepHsix HAYK ma eKOHOMIUHOT KibepHemuKu,
Binnuuyskuii nayionanvnuil azpapuuii yHieepcumem,

(m. Binnuus)

Axmyanvricms  memamuxyu  OOCTIONCEHHsL 3YMOGNEHA UM, WO OCMAHHIM 4acom YiHU Ha
CIbCHK020CNO0APChKY NPOOYKYIt0, I 30Kpema puby, m'aco i ocobiuso 08oyi 8 Ykpaini 0eMOHCIMpPYIOmb 3HAUHY
HecmaOibHICMb | 6APIAMUBHICIYb, | CHPOSHO3Y8AMU YIHY HA OCHOBI MAKUX OAHUX 00CUMb CKIAOHO.

3acanvHo8i00MO, WO Y PUHKOBUX YMOBAX DIBEHb YIHU GU3HAUAEMbCS CNIGGIOHOUIEHHAM NONUMY |
nponoszuyii. Pazom 3 mum, 6 yM08ax Cy4yacHo2o acpapHoc0 PUHKY, HEOOCKOHAN020 i HeOdOCMAmMHbO
ehekmusHo20, Ha YIHY CLIbCbKO20CNOOAPCbKOi NPOOYKYIl 3HAUHO 6NAUBAIOMb BHYMPIUHbO2OCNOOAPCHKI
Gaxkmopu, sKi He 0atoMmb 3MO02U CLILCLKO2OCNO0APCHKUM MOBAPOSUPOOHUKAM (OPMYBAMU MAKCUMATHHO
ModCIUBl YiHu peanizayii Ha eupobieny 2omogy npooykyio. OCMAaHHIM H4ACOM HA PUHKY 0804e6oi
NPOOYKYIL SMIHUNACA CUMYAYIs: PI3KO CKOPOMULUCS NONUM | NPONO3UYIsL, NepesadsCaoyumMu Cmaiu memnu
SHUMICEHHA NONUmYy, i 30Kpema 3a paxyHoK 3HauHo2o 3pocmants yin. OOHOUACHO no 0A2amvox GuUOax
0604e60i NpodyKYii i3 deiyumnozo puHOK NEpemeopuscs y nepeHacudeHul. 3MeHuenHss nonumy Ha
NPOOYKYII0 08OUIBHUYMEA 3YMOBIEHO NEPeOYCIM SHUNCEHHAM 00X00i68 HACENCHHS, 4 MAKONIC 3POCIMANHAM
PO3MIPI6 NOOAMKI8 MA THWUX NAAMEHCI8, 0OMENCEHOIO MONCIUBICTINIO eKcnopmy npooykyii. Memoro
O0CHIOMNCEHHSL € PO3GUMOK HAYKOBO-MEMOOUYHUX 34Ca0, PO3POONCHHS NPAKMUYHUX PEKOMEHOAYI U000
NPOSHO3YBAHHA ONMUMANLHUX YIH HA 0604l Ma UMpam Ha iX 6UPOULYEAHHA HA OCHOBI CIMAMUCTUYHOL
iHghopmayii ma 6UKOPUCAHHA eKOHOMEMPUUHUX MEMOOi8 Ma MOOeNel.

KawuoBi cjaoBa: 1iHa, NONWT, TPOIMO3WIIsA, EKOHOMETPUYHE MOJICIIOBAHHS, PWHOK,
CLIBCBKOTOCTIOAPCHKA MTPOAYKITisl, APOKCUMAIisl, PiBHOBAra, BUTPATH.

TabJ.: 4. Puc.: 2. Jlir.: 15.

IKOHOMETPUYECKOI'O MOJAEJIUPOBAHUSA B ®OPMUPOBAHUN
OINITUMAJIBHOM HEHBI PEAJIM3ALIMA IMTPOJIYKIIUU CEJBCKOI'O XO3SMCTBA

BOJIOHTHP JI.A.,

3EJIHHCKAA O.B.,

IIOTAIIOBA H.A.

Kadgheopa komnviomepnuvix nayk u IKOHOMUUECKO KubepHemuKu,
Bunnuykuit nayuoHaIbHBLIL AZPaApHBLIL YHUGEPCUMEN,

(2. Bunnuya)

AxmyanbHocmy memMamuky Uccie008anuss 000CHOBAHA MeM, Ymo NOCAeOHee 8peMsi YeHbl HA
CeNbCKOXO3AUCMBEHHYI0 NPOOYKYUIO, 8 YACMHOCMU HA pblOy, MACO U 0COOEHHO Ha 080wu 6 YKpauue
O0EMOHCMPUPYIOM OUWYMUMYIO HECIAOUTLHOCTb U 6APUAMUBHOCTD, U CHPOSHO3UPOBANb YEH) HA OCHOBE
MAKUX OaGHHBIX OUEHb CTLONHCHO.

Obweuzsecmno, YmMo 6 PLIHOUHBIX YCAOBUAX YeHbl ONpedeNsiomcs COOMHOWEeHUeM CHpoca u
NpeoNlodCeHUs.. emMecme ¢ meM, 8 YCIOBUAX COBPEMEHHO20 A2PAPHO20 DbIHKA, HECOBEPULEHHO20 U
Hea(hpekmueHo20, Ha YEHY CeNbCKOXO3AUCMBEHHOU NPOOYKYUU 3HAYUMENbHO 6IUSIOM  GHYMPEHHe
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NPoU3BO0CmeeHHble  aKmopvl, KOmopvle He O0aiom — 8O3MOJICHOCMU  CENbCKO2OXAUCMBEHbIM
MoBaApoONpPOU3EOOUMENAM POPMUPOBATNL MAKCUMATLHO 803MONCHBIE YEHbl HA NPOU3BEOCHHYIO 20MOBVIO
npooykyuio. B nocnednee 8pemsi Ha pblHKe 0B0WHOU NPOOYVKYUU UBMEHULACh CUMYAyusi. pPe3Ko
VMEHbUUTUCL CHPOC U NPediodicete, npeobaadaem memn YMeHbuleHUs Cnpocd, U 060CHOBbIBAEMCSL IMO
3HauUmMenvHvlM  yeeauueHuem yervl. OOHOBPEMEHHO MO MHO2UM BUOAM OBOWHOU HPOOYVKYUU U3
Oepuyumnoeo pulHox npespamuics 6 uzovimounvtil. CrudiceHue cnpoca Ha nPooyKyuio 080uWes00Ccmad
00YCN081€HO Npedicoe 8ce20 CHUNCEHUEM 00X0008 HACENeHUs, A MAKice YEerudeHuem pazmepa Hano2o8 u
Opyeux niamedicell, O02PAHUYEHHOU BO3MOJICHOCMbIO JKCNOPMA NPOOVKYUU. UYeablo UCCLe008aHUs
ABNAETNCA PA3GUNUE HAYYHO-MEMOOUYECKUX NPUEMOS U NPAKMUYECKUX DEKOMEHOAYUL OMHOCUMETbHO
NPOSHO3UPOBAHUS ONMUMATLHBIX YeH HA O080WU U 3amMpam HA UX HPOU3BOOCMBO HA OCHO8E
CMAamuCmu4eckol UHGOpMayuu 1 UCNOIb306AHUS IKOHOMEMPULECKUX MEMOO08 U MOOeelL.

KaroueBnle ciaoBa: 1ieHa, CIpOC, MPEATIOKEHHE, YKOHOMETPUUYECKOE MOJICIIMPOBAHUE, PBIHOK,
CEITbCKOXO03SIMCTBEHHAS TIPOAYKITUS, alllIPOKCUMAIIHSI, PABHOBECHE, 3aTPATHI.

Ta6a.: 4. Puc.: 2. JIur.: 15.

Problem statement. Ukraine is predominantly an agrarian country, and the industry has been
showing high efficiency in recent times. The level of profitability of enterprises of agriculture, forestry and
fisheries in 2017 amounted to 22.7 percent against 8.9 percent of the total economy of Ukraine. Enterprises
of the industry received almost 79.1 billion UAH of net profit, which is the highest indicator among all
types of economic activity and almost 25 billion USD more than the profit of industry.

Agriculture provided 43.5% of the net profit of all Ukrainian enterprises. In this case, 86.1% of the
enterprises of agriculture, forestry and fishery received profits against 72.5% of the total economy.

According to the experts of the agrarian market, under the appropriate climatic conditions, humidity
and soil condition, the growing of vegetables is initiated by itself. In addition, the geographical location
literally "shouts" about the need to create a competitive local market with an export orientation. This is the
neighborhood with the huge European market and Poland, which was able to become a regional leader in
growing fruit crops, and access to the sea for long-haul supplies (especially to the Middle East and North
Africa). National and international experts call Ukraine one of the world's foremost food producers, along
with the United States, Canada, Russia and Belarus. However, for almost 28 years of independence, at
least close to this potential is still not possible.

There are several reasons why we still cannot reach the leaders and they can be divided into two
groups. The first group - the reasons of the general nature, which affect not only vegetable growing, but
also other segments of the agro-industrial complex. Vegetable production is a specific branch of plant
growing, which includes a large selection of vegetable crops grown under different technologies, with
different shelf life of vegetable products, with different cost and efficiency of its production.

The analysis of the situation on the vegetable market of Ukraine has shown that there is a certain
correlation between the volumes of production, sales and the price of products sales. The price situation of
the vegetable market in recent years is largely determined by the ratio of the demand and supply in the
market. Thus, sales volumes grow when the supply in the market is highest and the level of prices in the
market is set to the lowest.

Lack of constantly operating wholesale sales channels also leads to an increase in the shadow market of
vegetable products. According to experts from the Ukrainian Agrarian Confederation, the shadow market for
vegetables and fruits is about $ 14 billion, or about 60% of the total turnover of vegetable products in Ukraine.

Lack of land market. Because of the moratorium on the sale of agricultural land, enterprises are not
able to independently buy land and develop business in the long run. The fact that Ukraine remains a
country without a land market, along with Cuba, Venezuela, Tajikistan and the Congo, speaks for itself.
Without settling land ownership rights in Ukraine, we cannot talk about any prospects in agriculture at all.

Economic crisis in the country. Of course, the crisis is a complex concept, but if we talk directly
about the development of enterprises, then the main aspect of it is the lack of affordable lending. Today,
the NBU is forced to keep the rate high in terms of inflation targeting, and therefore any factor that can
lead to price increases will automatically affect the potential for attracting credit resources.

The second consequence of the economic crisis was a sharp devaluation of the national currency
and, as a consequence, a rise in the cost of growing vegetables. It is about equipment for planting, collecting
and storing, and directly seed and plant protection products, which are mainly imported in Ukraine.

Lack of proper state support. Under normal conditions, a business must develop independently, but the
agrarian sector is rather an exception, since it is a key to determining the country's food security. Therefore,
state subsidies to agrarians cause hot discussions every year. For today, state support in the vegetable growing
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segment is limited to preferential lending and individual financing programs, often in cooperation with
international donors. Much of the support of the AIC goes to producers of cereals and legumes, which
significantly limits the possibility for the development of producers of crops with higher marginality.

As for directly highly specialized factors, they are largely the result of the actions of the first factors.
However, their understanding is necessary to form a coherent picture of the market and steps to bring
vegetable growing from a deep stagnation.

The purpose of this study is to analyze the price of vegetable sales in Ukraine and determine the
optimal price according to demand and supply, as well as optimal costs for vegetable production.

We used the following methods of research and forecasting prices in the market of vegetables in the
process of research: analysis, synthesis and scientific abstraction (in the study of the categorical-conceptual
apparatus); comparative analysis (when considering the main theoretical concepts explaining the behavior of
prices in the product markets); technical and fundamental analysis (when studying methods of forecasting prices
in the product markets); correlation analysis (in the study of the mutual impact of economic indicators); method
of expert assessments (when developing scientific and methodological bases of forecasting); statistical analysis
(when assessing the response of the food markets to changes in the price of vegetables).

Analysis of recent research and publications. Modern theory of pricing policy at the enterprise is
developed under the influence of scientific concepts of different economic schools. Significant influence
of pricing of agrarian formations was made by such world scientists as V. Petty, D. Ricardo, A. Smith, but
they were more deeply investigated in the works of E. Engel, S. Maxwell, L. Mises, M. Tracy. Among the
domestic scientists should note the work of Yu.P. Voskobynika [1], OV Kopystko [2], NM Khizha [3],
T.A. Shubotovich [4], S.A. Stasinevich [5], I.I. Red [6], O.G. The pestle [7]. It is determined that the most
important component of stimulating agrarian business is price. The price of agricultural products
determines the economic interest of producers in the production of products, indirectly determines the
financial result of management, encourages social responsibility, stimulates the growth of labor
productivity of workers; introduction of innovations.

The conditions in which the agrarian sector operates have a high degree of volatility uncertainty,
and this circumstance requires agricultural producers to find ways to obtain reliable information about the
state of the agricultural market, organizational and functional links between the subjects of the agricultural
market, prices for agricultural products. etc. [9].

Formulation of the problem. The purpose of this study is to:

* price analysis of the sale of vegetables in Ukraine;

* substantiation of the use of the AGMEMOD partial equilibrium model for forecasting vegetable
production in Ukraine;

* determining the dependence of the demand and supply of vegetables on the price of their sale;

* determination of the point of equilibrium of supply and demand and calculation of the optimal
selling price of vegetables in Ukraine;

* to justify the optimal costs of vegetable production.

« analysis of the price of selling vegetables in Ukraine and determining the optimal price according
to supply and demand, as well as the optimal cost of production of vegetables.

We have used the following research and forecasting methods for the vegetable market during the
research process: the analysis, synthesis and scientific abstraction (in the study of categorical-conceptual
apparatus); the comparative analysis (when considering the basic theoretical concepts that explain the
behavior of prices in food markets); the technical and fundamental analysis (in the study of methods for
forecasting prices in food markets); the correlation analysis (in the study of the mutual influence of
economic indicators); the method of expert assessments (in the development of scientific and
methodological principles of forecasting); the statistical analysis (in assessing the reaction of food markets
to change the price of vegetables).

Consequently, based on economical modeling, we will determine the optimal price of vegetables in
Ukraine and optimal costs for their cultivation, namely: material costs, labor costs and depreciation costs
per hectare of vegetable sowing.

Presenting main material. The vast majority of Ukrainian vegetables are grown by households and
are bought up by traders and processors. According to the State Statistics Service, enterprises grow less
than 4% of vegetables in Ukraine. On the one hand, this is explained by the fact that a full-fledged farm
that grows and stores vegetables has a high entrance threshold. To buy the same finished product from the
population easier, removing the costs of maintaining employees and directly land lease. However, on the
other hand, it does not increase the productivity of production, and large enterprises simply will not appear.
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Low seed market development. According to profile associations, 96.7% of vegetable seeds certified
in Ukraine are of Dutch origin. The share of Ukrainian hardly exceeds 3%. It is clear that in households
not all seeds are certified, which is reflected in the shadow of the market. At the same time, the development
of the local market of seeds remains critical for the domestic needs of the vegetable sector of the agro-
industrial complex, and the fact that the vast majority of seeds are imported confirms the weak
technological development of the market.

Lack of modern storage, packaging and transportation technologies. This problem rests on the
problems caused by the economic crisis in Ukraine. The continued lack of incentives for the development
of the industry has led to the fact that the equipment for vegetable growing is not produced in Ukraine and
it should be imported. Absence of long-term planning on the market and devaluation of the hryvnia also
plays a role. In addition, since vegetables are perishable, they cannot be transported over long distances,
not to mention exports.

The result of the influence of these factors was the lack of market leaders - large enterprises with a
complete complex of vegetables and products processing. However, such companies should set the tone
for the entire market and create competition, which is the engine of the market development.

If we talk about indicators of the market development for vegetables in Ukraine, then it has developed -
not so much thanks just contrary to all these factors. To date, in Ukraine there are 12 key vegetable crops. These
are potatoes, cucumbers, tomatoes, cabbage, beets, carrots, onions, garlic, peppers, zucchini, eggplant and
pumpkin. Of these 12 cultures, 9 showed growth in the period 2010-2016. Even without taking into
consideration uncontrolled Crimea and Donbass. This growth was secured by two key factors:

- increase in yield. This was made possible by improving the quality of seed material and natural
technological progress in the processing and application of plants protecting tools.

- increase in export demand for products. Demand, for example, in Ukrainian carrots and onions
grew, and therefore the opportunities for cultivation became more [8].

Price is a complex economic category, practically the only element of marketing, which enables the
company to get real income. Without a proper economic justification of the price level, the normal functioning
of economic entities and entire branches of the economy is impossible, which in turn has a significant impact
on the material well-being of the population. At the same time, the level of the market price depends on the
value of other elements of marketing, as well as the level of competition in the market and the general state of
the economy. Typically, other marketing elements also change (for example, with increasing product
differentiation in order to maximize the price or, at a minimum, the difference between price and cost).

The conditions in which the agricultural sector is functioning have a high level of variability and
uncertainty, and this circumstance requires producers of agricultural products to find ways to obtain
reliable information about the condition of the agricultural products market, organizationalfunctional
connections between the economic market entities, prices of agricultural products, etc [2].

The main goal of the pricing strategy in a market economy is to obtain maximum returns for the planned
sales volume. The pricing strategy should ensure long-term satisfaction of the needs of consumers by optimally
combining the internal strategy of enterprise development and the parameters of the environment.

Consequently, when forming a pricing strategy, each business must determine its main goals for
itself. This can be a maximum of revenue, sales volumes or a certain level of competitiveness while
ensuring relative profitability.

The price strategy consists of a pricing strategy and the strategy of prices management.

The pricing strategy allows you to determine the price level and marginal prices for individual
product groups. Pricing should always be made taking into consideration the nomenclature and quality of
products, its usefulness, significance and purchasing power of consumers and competitors' prices.

The strategy of price management is a set of measures to support the conditional prices in their actual
regulation in accordance with the diversity and characteristics of demand, competition in the market.

The price method of regression is found in determining the empirical formulas of price dependence
on the value of certain quality parameters. At the same time, the price P acts as a function of several
parameters.

This method allows to model the price changes depending on the set of parameters and use the
regression equation to calculate the prices of goods included in this parametric series. As a result, the
interconnected system of commodity prices is formed.

The choice of a model for the agrarian sector depends on the purpose and tasks of the modeling.

The AGMEMOD model is an example of partial equilibrium (PE) models used in agriculture. Main
advantages of partial equilibrium models are simplicity of implemented algorithms, which work is easy to
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trace; relative availability of necessary data; calculations are subjected to adequate economic interpretation,
provide an opportunity to quickly analyze consequences of a decision adoption in the agrarian sector.
However, models of partial equilibrium have some disadvantages. In particular, they do not make it
possible to assess macroeconomic effects, such as changes in national income or employment rates, the
effects that can be derived from the redistribution of resources (labor, capital, etc.) into more efficient
sectors. Application of the models of partial equilibrium allows us to investigate the processes of the
agricultural sector functioning, neglecting the influence of other sectors of the economy [3]. Accordingly,
the use of such tools is possible if the sectorial changes are weakly influenced by other sectors of the
economy. AGMEMOD models can be very useful for a detailed study of many specific factors affecting
the behavior in a specific market, especially when the influence of these factors does not affect other
sectors. These models include diversified political variables and serve to study the effects of their change.

For domestic researchers, it is expedient to use these models, because they have a Ukrainian module
[8], but it is necessary to supplement the program’s filling with vegetable statistics.

The economic system, which can be formalized based on at least one nonlinear element, is called a
linear dynamic system.

Nonlinearity of dynamical systems is characterized by uneven dynamics processes. At the same
time, the process at some stage can be uniformly increasing, and in the future go into a state of uniformly
decreasing quantities.

Let’s consider the process of forming demand and supply for a specific type of product.

We will assume that a number of actual prices per 1 ton of vegetables (UAH) has been observed
over the past 15 years and is shown in Table 1.

Table 1
A number of actual prices for 1 ton of vegetables, UAH.
No. of time period 1 2 3 4 5 6 7 8
actual price 1012,7 1225 1462,1 1547 4 19954 2059,9 1790 2551,6
No. of time period 9 10 11 12 13 14 15
actual price 2139,1 1956,6 2354 25143 3903,4 3924,2 4136,1

Source: own research

Theoretical formalization of price dynamics can be obtained based on approximation methods.
The chart describes the function of the form:
P(t) = (1),
or f(t) = 197,68*X +723,32
R2=0,821

The model was obtained in Excel spreadsheets for the "Data Analysis" add-on.

Analysis of results. The correlation ratio is calculated as 0.91 - the connection between the indicators
on the Chaddock scale is very strong, the determination coefficient is 82.1%, which indicates a variation
in the selling price by 82.1% determined by the change in the year, and the rest by other factor. Testing the
model for F-criterion adequacy by Fischer showed that the calculated value of the 59.6 criterion is much
larger than the table one and is therefore adequate. The influence of unaccounted factors is estimated at
723.3 UAH and each year the price increases by an average of 197.68 UAH per ton.

By the received polynomial of the first degree, we find the theoretical distribution of prices for
vegetables (table 2).

Table 2
Theoretical and actual prices for vegetables, UAH per ton
No. of time period t 1 2 3 4 5 6 7 8
Actual price P(t) 1012,7 | 1225 | 14621 | 15474 | 19954 | 2059,9 | 1790 | 25516
Theoretical price P*(t) 921 1118,68 | 1316,36 | 1514,04 | 1711,72 | 1909,4 | 2107,08 | 2304,76
No. of time period t 9 10 11 12 13 14 15
Actual price P(t) 2139,1 1956,6 2354 2514,3 | 3903,4 | 3924,2 | 4136,1

Theoretical price P*(t) | 2502,44 | 2700,12 | 2897,8 | 3095,48 | 3293,16 | 3490,84 | 3688,52

Source: own research

The graph of actual and theoretical prices is shown in Figure 1.
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Fig.1. Distribution of actual and theoretical prices for vegetables
Source: own research

To estimate the offer and demand, we use the theoretical model of the demand and the supply [2].
For such a model, the demand D (t) and the supply S (t) are values that depend on price dynamics (P). The
theoretical model has the form:

{D(t) = f(p.1)
St)=f(p.t)
To linearize the model, we represent the dependence based on the linear dependencies of the form:
D(t) =a, +b,P*(t)
{S(t) =a, +bP*(t-1)

Where D(t) — demand for vegetables, million tons;

S(t) — supply for vegetables, million tons;

P*(t) — theoretical price for vegetables in the period t, UAH;

P*(t-1) — theoretical price for vegetables in the previous period t-1, UAH.

Thus, to calculate the model, we determine that the demand is a function of changes in the prices of
the current period, and the supply is a function that depends on price changes in previous periods.

To obtain the equations of demand and offer, we use the "add a trend line" procedure. In this case,
we pre-build the graphs of the actual demand (statistical sample data) from the theoretical price of the
current period and the dependence of the actual supply (statistical sample data) on the price of previous
periods. The table of initial data will look like Table 3.

Table 3

Initial data to research the dependence of the demand and supply on the price
No. of time period t 1 2 3 4 5 6 7 8
Actual price P(t) 1012,7 1225 1462,1 | 15474 | 19954 | 20599 1790 2551,6
Theoretical price P*(t) 723,32 921 1118,68 | 1316,36 | 1514,04 | 1711,72 | 19094 | 2107,08
Demand 5430 5478 5663 5927 5509 5975 6312 6581
Supply 6921 7333 7606 8745 7317 8489 8976 8873
No. of time period t 9 10 11 12 13 14 15
Actual price P(t) 2139,1 1956,6 2354 25143 | 39034 | 39242 | 4136,1
Theoretical price P*(t) | 2304,76 | 2502,44 | 2700,12 | 2897,8 | 3095,48 | 3293,16 | 3490,84
Demand 7440 7452 7431 7019 6890 7030 6539
Supply 10562 10815 10668 10323 9792 9998 9286

Source: own research
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Let us approximate the nonlinear model using the least squares method based on a linear function.
To do this, we will use the "Add Trend Line" procedure in Fig. 2.

11000
10000 %
=¢="Sale, UAH tons
9000
== Production
8000
V ——Linear sale, UAH tons
7000
——Polynomial
6000 (production)
5000

0 1000 2000 3000 4000
Theoretical price of sale

Fig. 2. Dependence of production (supply) and consumption (demand) of vegetables on sales price

and their approximation
Source: own research

It was found that for the approximation of vegetable production, the first grade polynomial is best

suited
S(t) = 0,6762*p(t) + 4886,7,

and for the demand — of the third grade :

D(t)= -5E-07*p(t)* + 0,0032*p(t)* - 4,0288*p(t) + 8014,4.

Based on the obtained equations, we determine the state of equilibrium of the system.

Thus, equating the right-hand side of the obtained equations, one can find that the equilibrium of
this system is observed at a price of 6558 UAH for 1 ton of vegetables at given conditions of consumption,
while the demand is equal to the supply and is 9321 thousand tons.

In order to determine the optimal material costs, labor costs and depreciation costs per hectare of
vegetable sowing, we will build on the statistical data one-factor econometric models:

Y=a,+a X

Let us determine the specification of the models: Y - the price of sales of vegetables, UAH / t, X -
costs per 1 hectare of vegetable sowing.

There are a number of methods for testing the hypothesis of the significance of the correlation
coefficient and the reliability of the regression parameters. We will work out this test using the Student’s
criterion.

In this scheme, the hypothesis of the equality of the linear correlation coefficient to zero is adopted
as a null hypothesis: HO: the correlation coefficient is equal to zero; accordingly, the alternative hypothesis
for a two-way alternative (two tail critical region) is: the correlation coefficient is different from zero [6].

According to the empirical value of the correlation coefficient r, we build statistics:

t=—=_Jn-2

J1-R?
where R — the empirical value of the correlation coefficient, the number of pairwise observations,
on which this value was estimated.
This statistic has the Student’s distribution of the degrees of freedom f = n-2. To test the hypothesis,
we choose the level of significance of the criterion a, which is characteristic for a given field of science,
and by its value and the degree of freedom of statistics, we choose the quantization of the distribution of

the Student’s criterion t,,. Zero hypothesis is fair if inequality is true: |t| <Ly .
In this case, it can be argued that there is no linear correlation between the random variable X and Y.
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In that case, if inequality does not come true, then the null hypothesis is considered unfair, but the
alternative is considered an alternative hypothesis, then the linear correlation coefficient is different from
zero. Such a result of the statistical analysis suggests that random variables are interconnected by a
stochastic bond of linear nature.

Let us summarize the information about the calculated models and their estimation characteristics
to the following table (Table 4).

Table 4
Results of the dependence simulation of the selling price type on expenditures
Indicator Model 1 Model 2 Model 3

Dependence of the price Material expense Labor cost Depreciation cost
on:
Econometric model Y=99,82+0,9*X Y =-359,47+10,03*X Y =-192,32+12,42*X
Correlation coefficient 0,82 0,33 0,67
Determination coefficient 67% 11% 44%
Value of the
F — criteria (F=4,6) 26,7 16 103
Value of t — statistics for
correlation coefficient 5,169 1,263069 3,220962
(tep(0,05:13=2,16)
Value of
t — statistics for the 0,221 10,169 0,241
parameter ag
(tep(0,05:13=2,16)
Value of t — statistics for
the parameter ag 5,169 1,263 3,221
(tep(0,05:13=2,16)

Source: own research

For the first model - the dependence of the price on material costs, the content of unaccounted factors
is estimated at 99.82 UAH per hectare; with an increase in material costs of 1 hectare per 1 UAH, the
selling price is increased by UAH 0.9. per ton. Based on F - Fisher's criterion, the model is adequate, the
relationship between the indicators is tight. The value of the linear correlation coefficient is statistically
significantly different from zero.

Accordingly, the second model can be noted that the connection is weak, the calculated correlation
coefficient can be trusted, but in general, the conclusion about the adequacy of the model cannot be made. The
model shows that with an increase in labor costs by 1 UAH per hectare, the price increases by 10.03 UAH per ton.

The third model based on F - Fisher's criterion is adequate; the relationship between the indicators is
mean. With an increase in depreciation costs per 1 hectare per 1 UAH the selling price will increase by 12.42
UA. per ton.The value of the linear correlation coefficient is statistically significantly different from zero.

Based on the calculated models, we will determine the optimal expenses per 1 hectare: material -
7144.2 UAH, labor costs - 689.4 UAH, depreciation costs - 543.4 UAH.

Conclusin. The demand is a function of changes in the prices of the current period, and the supply
is a function that depends on price changes in previous periods. Econometric models of the dependence of
the demand and supply of vegetable production on the price of their sale are constructed. The system
equilibrium is observed at a price of 6558 UAH per 1 ton of vegetables at given conditions of consumption,
while the demand is equal to the supply and is 9321 thousand tons.

Econometric models of price dependence on material costs, labor costs and depreciation are
constructed. According to the first model, it is possible to determine that the content of unaccounted factors
is estimated at UAH 99.82. per hectare; with an increase in material costs of 1 hectare per 1 UAH, the
selling price is increased by UAH 0.9. per ton. Based on F - Fisher's criterion, the model is adequate; the
relationship between the indicators is tight. The relationship between the indicators of the second model is
weak, the calculated correlation coefficient can be trusted, but in general, it is impossible to make a
conclusion on the adequacy of the model. The model shows that with an increase in labor costs by 1 UAH
per hectare, the price increases by 10.03 UAH per ton. The third F-criterion based on Fischer's criterion is
adequate, the link between the indices is average. With an increase in depreciation costs per 1 hectare per
1 UAH, the selling price will increase by 12.42 UAH per ton. The value of the linear correlation coefficient
is statistically significantly different from zero.
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Based on the calculated models, we will determine the optimal expenses per 1 hectare: material -
7144.2 UAH, labor costs - 689.4 UAH, depreciation costs - 543.4 UAH.

Highlights.

1. The AGMEMOD maodel allows you to model and predict the diversity of political scenarios for both
Ukraine and the EU as a whole. The further development of the model should seek to endogenize world prices.

2. Dependence of the demand and supply of vegetables production on the prices of their sale is investigated.

3. The point of equilibrium of the demand and supply and based on this optimum price of the sale
of vegetables in Ukraine is determined.

4. Optimal costs per hectare for the production of vegetable crops in Ukraine are substantiated.
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