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ECONOMIC-MATHEMATICAL MODELING OF THE EFFICIENCY
GROWTH OF THE AGRARIAN SECTOR OF THE UKRAINIAN
ECONOMY

EKOHOMIKO-MATEMATHUYHE MOJEJIOBAHHSA HIABUILIEHHSA
E®EKTUBHOCTI ATPAPHOI'O CEKTOPY EKOHOMIKH YKPATHU

The article analyzes all stages of production of both raw materials and finished
agricultural products common for the modern agricultural production in Ukraine. Both the
external and internal factors influencing the primary and secondary production of agricultural
products were studied. The markets for agricultural raw materials and finished products, namely,
the national and international markets for agricultural products, were also considered.

Based on the results of analysis, the economic-mathematical model of production and
processing of agricultural products as a single economic system has been constructed . The model
was built taking into account the most vital requirements of each of the selected stages,. Each of
the five stages of production, that were distinguished, was described using mathematical formulas.
For some of the steps, the Cobb-Douglas multiplicative production function, modernized for the
specifics of agricultural production, was used. The function used includes the influence of the
areal factor on the gross agricultural production, as well as classic labor and capital factors. The
problem of increasing the efficiency of the agricultural sector of Ukraine's economy was
formulated and solved

Using this economic-mathematical model of production in the development of agricultural
policy and macroeconomic planning will allow to consider changes in the economy of the
agricultural and processing industry, to assess the possible consequences of new activities in state
economic policy, implementation and monitoring of the long-term negative and positive trends of
production and processing of agricultural products. Moreover, due to this model, it could be
possible to increase the volume of earnings inforeign currency, which, in turn, can be used as
investment not only in agricultural but also in other sectors of the national economy.

Keywords: agriculture, agricultural production, mathematical modeling, economy of
Ukraine.

YV cmammi npoananizosano yci emanu 6upobHuymea 5K CUpOSUHU, MAK [ 20MOG0I
npoOyKYii  cinbcbkoeo — 2ocnodapcmea, Wo €  XapakmepHumu Ol CYYACHO2O
CIIbCLbKO20CN00APCHKO020 8UPOOHUYO20 npoyecy YKpainu. Byno posenanymo Ak 308HiwHi, max i
6HympiwHi  pakmopu, wWo 6nIUEAIOMb HA  NEpeUHHe Mma  6MOPUHHE  BUPOOHUYMBO
CLIbCbKO20CN00apcbKoi npodykyii. Takooic 610 po3enaHymo purKku 30ymy CilbCbKO20Cno0apcbKoi



CUPOBUHU Ma 20MOB0i NPOOYKYIi, a came HAYIOHANbHUL Ma MINCHAPOOHUL PUHOK MO8apie
CIIbCbKO20 20CN00apcmaa.

3a pezyromamamu ananizy nob6yo008aHO eKOHOMIKO-MAMEMAMUYHY MOOelb BUPOOHUYMEA
ma nepepooKuU  CilbCbKO2OCNOOAPCHKOI NPOOYKYii 5K €OUHOi eKOHOMIuHOI cucmemu, 3
VPAXy8aHHAM BUMO2 KOJNCHO20 3 eulinenux emanie. Koocen 3 5 guoineHux emanié eupoOHUYmaea
0y6 onucanuil 34 00NOMO20I0 MAMeMamudHux Gopmya. /[ns 0eakux 3 emanie Oyio GUKOPUCAHO
MYTbMUNIIKamueHow eupobHuuor @yukyieto Kobba-/[yenaca, moodepHizosany nio cneyughixy
CIbCLKO20CN00ApchKo2o 8upooHuymea. @Pynkyia, wo 0OyIa SUKOPUCMAHA, BDPAX08VE GNIUB
3eMeNbHo20 hakmopa Ha 8anose CLlbCbKO20CNOOapcbKe GUPOOHUYMBO, HAPSOY 3 KIACUYHUMU
gaxkmopamu npayi ma xanimany. byna nocmaenrena ma eupiwiena npobrema nio8uUUeHHs
eghexmuerHocmi CilbCbKO20CN00APCLKO20 CEKMOPA eKOHOMIKU YKpaiHu.

Bukxopucmanns yiei ekonomiko-mamemamuynoi mooeni 8upoOHuymea npu pos3pooyi
CIIbCLKO2OCNOOAPCHKOI  NONIMUKU  mMa  MAKPOEKOHOMIYHOM)Y  NIAHYBAHHI HAOACMb  3MO2Y
PO32NAHYMU 3MIHU 8 eKOHOMIYI CLIbCLKO2OCNOOAPCHKOL Ma nepepoOHOi npOMUCIOBOCMI, OYIHUMU
MOJICIUBL HACTIOKU HOBUX BUOI8 OISIbHOCMI ) 0epIUCABHIU eKOHOMIUHIL NOaimuyi, eusuumu
HeoOXIOHUll cmyniHb c60000u ix peanizayii ma nposecmu MOHIMOPUHE 00B2OCHPOKOBUX
He2amusHUx ma NO3UMUBHUX MEeHOeHYIl y UpoOHUYmei ma nepepobyi CilbCbKO20Cn00apcbKoi
npooykyii. Takooc, 3a605Ku yitl MOOeNi, MONXCHA 30L1buumu 00ca2e 8aNOMHUX HAOXOOHCEHD, SKI, Y
CB010 4epay, MONCYMb BUKOPUCTNOBYBAMUCH SIK IHBeCUYI] He MITbKU Y CLIbCbKO20CNOOApChKy, d i
8 IHW 2any3i HAYIOHAILHOT eKOHOMIKU.

KiarouoBi ciaoBa: ciibChbKe TOCHOJAPCTBO, CLIHCHKOTOCHOJAPChKE BHUPOOHMIITBO,
MaTeMaTHYHE MOJICITFOBAHHS, CKOHOMIKAa YKpaiHu.

Introduction. Ukraine has a significant potential for the development of the
agrarian sector. Rural territories make up about 90% of its territory, a third of the
population lives here. In addition, Ukraine has a convenient geographical location,
mild climate and rich resource potential.

For Ukraine the agricultural sector has always been one of the prioritized areas
of both internal and external economic development. Nowadays, agriculture forms
12% of GDP, and the agrarian sector itself has become the largest source of
currency that comes to the state, which provides the power of the Ukrainian hryvnia
[1]. With the reorientation of Ukraine's economic development into the EU, the
agricultural sector has gained new possible markets that need to be saturated.
However, for this purpose it is necessary to improve the management systems of
agricultural enterprises at the state level.

This research topic is very important due to the need to solve numerous
problems in the field of production management of numerous national agro-
industrial enterprises.

There are numerous works devoted to the problems of economic-mathematical
modeling in the production management. Such scientists as S. VVolkov, S. Tsarev,
A. Varlamov, K. Kiryukhina, A. Kupchinenko, L. Tverdovskaya and others have
described the systems of macroeconomic models of planning and analysis of the
development of the agro-industrial sector on the national and regional levels.

Setting objectives. The aim of the research is to construct an economic-
mathematical model, which describes all the processes that take place during
production at the enterprises of agroindustrial complex at macro level and to



develop organizational and economic principles and constructive proposals
regarding the formation of effective production management system of agricultural
enterprises.

The aim determines the following tasks:

— to analyze the current state, trends and problems of the agroindustrial complex;

— to mathematically describe processes of agricultural production and unite them
into a single model;

— to optimize the activities of the industry in the light of current trends and needs
in the national and world markets;

— to develop scientific and practical recommendations for implementation of
effective methods of managing the production activities of enterprises at
different levels.

Methodology. The main method of research is the method of modeling
economic processes in agriculture, which determines the complex of various
techniques that have become widespread in science and practice in recent years.
Theoretical basis of the study is accumulated scientific experience in the works of
domestic and foreign scientists.

The information basis for the study included legal and normative documents,
materials and reports of state services and scientific institutions, special literature, as
well as the results of monographic and sociological studies of other researchers.

Research results. The main production processes are being modeled, ie, direct
agricultural production and food production without the production of feed,
equipment, machinery, construction, infrastructure, etc. The model is based on the
dividing of economic and technological processes happening in agriculture into 5
stages, according to the specifics of agribusiness:

1. Goods processes in agriculture.

2. Primary production in agriculture.

3. Sale of agricultural raw materials.

4. Secondary production in agriculture.

5. Sale of agricultural goods.

Despite the fact that the authors of the original model singled out only 4 stages,
we added another one in order to adapt the model to the realities of agricultural
production in Ukraine as much as possible [8].

It should be noted, that the sale of agricultural raw materials and finished
products industry at stages (3) and (5) is carried out both on the national and
international markets. In general, the process of production and distribution of
agricultural products is depicted in Figure 1.
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Figure 1 - Processing, production and sale of agricultural products

The first two stages are the stages of primary agricultural production.
Distribution of the agricultural raw materials for their further processing is allocated
to the third stage. Secondary agricultural production is the fourth stage. The final
stage is the sale of finished products of the food industry.

The first stage "Goods processes in agriculture™ describes a completely
certain set of economic, organizational and technological measures in agricultural
production for obtaining and forming an intermediate product. This complex allows
to highlight the first production cycle. After that, the intermediate product is
directed and completely consumed in the primary production.

The separation of this stage happened due to the existing peculiarities of
agricultural production associated with the length of the production cycle. In order
to describe the gross output of goods processed in agriculture, the authors of the
model proposed a two-factor Cobb-Douglas production function.

XII — F(C”, L”) (1)

However, in 2014, the article authored by A. Skrypnyk and T. Yara was
published, where the economic indicators of the agrarian sector of Ukraine from
1998 to 2012 were analyzed [2]. The authors compared three variants of the
production function for the agricultural sector of the economy and found out which
one of the suggested variations could determine the relationship between the
production factors most accurately.

It should be noted that when using a standard model (input parameters: labor
and capital), the labor parameter has a negative coefficient of elasticity. This means
a 1% reduction in labor force leads to a similar increase in output. Moreover, it is
impossible to reject the hypothesis regarding the values of labor and capital
elasticity based on the assessment of the significance level.

The second model (input parameters: labor, capital, area) slightly increases
the determination coefficient, leaving insignificant coefficients of elasticity versus
capital and area.



Therefore the standard models with two (labor, capital) or three (labor,
capital, area) production factors can hardly be used to analyze and forecast the
contribution of certain factors to agrarian production.

However, the last model includes the time factor and has the most significant
indicators of adequacy (determination coefficient), where all the elasticity indicators
are positive and have a significance level that does not exceed 2.5%.

Thus, the last model describes the first stage of agricultural production the
most accurately:

X! = age™ /LS (2)

where:

X;' — intermediate product of goods processed by agricultural products

C, — capital in the form of fixed and floating assets

L — labor costs for the production of an intermediate product

a, — coefficient of neutral technical progress

a, — autonomous growth rate

a, — coefficient of intermediate product elasticity versus capital

a, — coefficient of intermediate product elasticity versus labor

as;— coefficient of intermediate product elasticity versus area

As can be noted, in addition to the traditional factors of production (capital —
C and labor — L), the area S and the autonomous growth factor — a, were added.
The last parameter takes into account the impact of scientific and technological
progress (increase in the efficiency of the use of capital) and reflects the growth rate
of production.

In the second stage "Primary production in agriculture™ an intermediate
product, created in the first stage, is consumed for the production of the final
agricultural product. The consumption and change of the intermediate product
affects a number of factors (or resources) such as labor, feed, fertilizers, irrigation
and equipment.

Thus, the following regression equation is used to describe the production
processes in "Primary production in agriculture":

Xi=ayg+a,(1—w)X{ + a,L; +azH; + a,0; + ast (3)

where:

X; — the final product of the agriculture

L; — labor costs for the production of finished products

H, — cost of fertilizers

0, — cost of equipment

w — part of the yield loss

t — time variable

a,, a, ... ag — parameters of the equation

The third stage "Sale of agricultural raw materials” describes the acquisition
by the processing enterprises of products obtained in the second stage. However, for
our country, the sale of agricultural raw materials is usually happening not only on



domestic but also on foreign markets. This means that part of the harvest will be
purchased by domestic processing enterprises at national currency prices, while the
rest of the final product will be exported and sold at prices in foreign currency.

For the mathematical description of the processes of the third stage you can
use the following equations:

Xnat = (1 - w)(1 - #)XL{ * Prge (4.1)
Xexp = (1 - )1 — w)(1 — p)X{ * Porpy (4.2)

where:

Xnat — revenue from sales of finished products on the national market;

Xexp — revenue from sales of finished products on the international market;

P,4+ — price of agricultural products on the national market;

P.., — price for agricultural products on the international market;

B — part of the final agricultural product used for national production.

w — part of the production losses associated with the spoilage;

u - part of the final product used as the atrial for the subsequent part of the
final product used to recover the liquidation and restoration of the industrial
property in the first stage "Processing of goods in agriculture", ie for the formation
of seeds, the formation of stocks etc.

Production processes of the fourth stage "Secondary production in
agriculture”, as in the first stage, are most accurately described by the production
function. The production depends on the size and combination of resources; hence,
there is a direct dependence betweenthe result of production and resource stocks.
Therefore, everything related to the production function in the first stage is true for
the production function used in the fourth stage. Under this assumption of the same
conditions and rules, the following function of production was chosen.

Y; = agC, L2 (X, + AX)%3 (5)

where:

Y, — final product of food industry;

C,- capital in the form of fixed and floating assets;

L.— labor costs for the production of food products;

AX — acquisition of additional raw materials and materials;

a, — coefficient of neutral technical progress;

a,, a,, as — coefficients of elasticity.

The production function (5), in comparison with the first stage of the function
(2) for the production of the processing industry (enterprise) uses three resources:
capital C, labor force L and raw material X. The final product of agriculture X
serves as a resource for the fourth stage of production.

The fifth stage is the final stage of production and technological processes of
agricultural production. It is characterized by the distribution of the finished product
between the internal and external markets and is described by the following
equations

Ynat =y *Y; * Py (6.1)



Yexp = (1 —v) * Y, * By (6.2)
where:
Y, — quantity of produced products;
Ynat — revenue from sales of finished products in the national market;
Yexp — revenue from sales of final products in the international market;
P,.+— price of agricultural products on the national market;
P,,.,— price for agricultural products in the international market.
y — part of final industrial output sold in the national market.
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Figure 2 - Mathematical description of processes in agricultural production

This mathematical model of the production and processing of agricultural
products as a single economic system will allow us to consider changes in the
economy of the agricultural and processing industry, to evaluate the possible
consequences of new activities in the state economic policy, to study the necessary
degree of freedom of their implementation and to monitor the long-term negative
and positive trends in production and processing of agricultural products.



Now this model should be specified for our task. All major agricultural
products cultivated in Ukraine can be divided into the following 8 groups:
. grains and legumes;

. sugar beet;
. sunflower;

. rapeseed;

. SOy,

. potato;

. vegetables;
. fruit.

Let us introduce the variable S® — the area of land in thousands of hectares,
which accordingly occupies each of the cultures in the first stage.

The goal of the task is to maximize profits from the export of both agricultural
raw materials and finished products of the food industry, taking into account all
stages of the production process. That is why the target function has the following
form:

coO~NO Ol WN B

Z = Xexp + Yexp —» max (7)
The task has the following restrictions
1. The area occupied by each culture must be inalienable
S® >0,i € (1..8) (8)
2. The amount of area occupied by crops should not be more than the total
area of arable land.

8
2 SO <294 (9)
i=1

3. Before selling agricultural raw materials, it is necessary to satisfy, first of
all, the domestic demand for each of the crops

B!« S = NPi e (1..8) (10)
Nt(l)— domestic demand for agricultural raw materials of the second grade
The practical implementation of the model showed the following quantitative

and qualitative structures of the areas occupied by agricultural crops and the volume
of production of agricultural raw materials and finished products
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Figure 3 - The calculated area occupied by each culture
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Figure 4 - Calculated production of raw agricultural products
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Figure 5 - Calculated production of finished agricultural products



Conclusions. The result of the work is theoretical generalization and a new
approach to the solution of the problem of modeling the Ukrainian agricultural
market.

As a result, the economic-mathematical model of Ukrainian agribusiness
enterprises at the macro level was built. This model shows the great practical
possibilities of modeling the production and processing of agricultural products as a
single economic system. Moreover, it makes it possible to assess the effects of new
activities in the state economic policy and improve the economic performance of
enterprises in the agroindustrial complex in general.

Literature:
1. Odimiitae inTepHeT-npencTaBHUNTBO [Ipesunenta Ykpainu [Enexrponnmii pecypc| — Pexxum
nocrymy: http://www.president.gov.ua/news/prezident-dav-start-roboti-nasinnyevogo-zavodu-tov-
pyatidni-41530.
2. Cxpunnuk A. B. BrumB BapiaTuBHOCTI OKpeMux (hakTopiB Ha arpapHe BUpoOHHUTBO / A. B.
Ckpunnuk, T. FO. fpa // [Ipo6nemu ekonomiku — 2014. — Ne 4. — ¢. 161-169.
3. Bonkos C.H. OnTummu3anus CTPYKTYpbl MOCEBHBIX Iuiomazei B xossiictee / C.H. Boakos,
B. B. byraesckas // M.: 'Y3.-1994. —Ne 1. —c. 6.
4. IlmaroB O.K. Teoperuueckue OCHOBBI  YIpPAaBJIECHUS  3E€MEIbHBIMU  pecypcamMu
cenbCKkoxo3siicTBeHnblx npeanpustuii / Ilmaros O.K., M.A. MaiiopoBa, M.1. Mapkuu //
Hayunsrit s)xypaan «Bectauk AITK BepxaeBomxbsi». — Ne 22(2). — 2013. —c. 15..
5. Cpobomun B.A. CucremHoe wuccienoBanue 3()pPEKTUBHOCTU CENbCKOXO3HCTBEHHOTO
npousBojgcTBa / B.A. CBoOoauH, M.B. CBoOommHa // DKOHOMHUKA CEIbCKOXO3SHWCTBEHHBIX U
nepepabareiBaromux npeanpusatuid. — 1997. — Ne 9. —c. 68.
6. FOaun /1.b. BerunciurenbHbie METOIbI TEOPHU NpUHATHS penienuii. // Mocksa: Hayka. —1989.
-319c.
7. MaitopoBa M.A. DKOHOMHKO-MAaT€MaTHYE€CKHE MOJEIU B YINPABICHUH IPOU3BOJCTBEHHO-
HSKOHOMUYECKON JesTeNbHOCThIO CEINbCKOXO3UCTBEHHBIX MpeaAnpustuii // HTepHeT-KypHanI
«HAYKOBEJIEHUE» — Ne 4, — 2014
8. Maria Parlinska. The agricultural production in mathematical models / Maria Parlinska, Galsan
Dareev // Problems of World Agriculture. — Ne 11. — Ne 26.— ¢ 73-77



