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Abstract

The purpose of the article is to study the role of
the agricultural sector in the development of
regional economic systems. The article uses
general scientific and specific research methods,
including: abstraction, analysis and synthesis,
generalization, statistical and comparative
analysis, dialectical and graphic. Within the
framework of the study, it is proposed to
investigate the impact of the agricultural sector
on the regions’ development using the
correlation-regression analysis method. The use
of the specified methodology made it possible to
simulate the regularity of the influence of the
volume of agricultural products sold on the gross
regional product.

The authors investigated the challenges faced by
the agricultural sector since the full-scale
invasion of Russia on the territory of Ukraine,
among which the following are highlighted: the
danger of the farmers’ work, limited access to
land plots, equipment, fuel and fertilizers,
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Resumen

El proposito del articulo es estudiar el papel del
sector agricola en el desarrollo de los sistemas
economicos regionales. El articulo utiliza métodos
de investigacion cientificos generales 'y
especificos, que incluyen: abstraccién, analisis y
sintesis, generalizacion, analisis estadistico y
comparativo, dialéctico y grafico. En el marco del
estudio, se propone investigar el impacto del sector
agricola en el desarrollo de las regiones utilizando
el método de anélisis de correlacion-regresion. El
uso de esta metodologia permitié simular la
regularidad de la influencia del volumen de
productos agricolas vendidos sobre el producto
regional bruto.

Los autores investigaron los desafios que enfrenta
el sector agricola desde la invasién a gran escala de
Rusia en el territorio de Ucrania, entre los que se
destacan: el peligro del trabajo de los agricultores,
el acceso limitado a terrenos, equipos, combustible
y fertilizantes. , campos minados de tierras
agricolas, disminucion de las cosechas, pérdidas
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minefields of agricultural land, crop decline,
significant  economic  losses, insufficient
resources, destroyed or damaged agricultural
enterprises. The share of regions in agricultural
production was analyzed, the leader and the
outsider regions were distinguished. The study
analyzed the impact of the agricultural sector on
the development of the Carpathian Economic
Region of Ukraine, which includes the Lviv,
Chernivtsi, Transcarpathian and lvano-Frankivsk
regions. The results of the study demonstrate a
significant relationship between the parameters
of the volume of agricultural products sold and
the gross regional product in Lviv (0.8801),
Chernivtsi (0.8962), Transcarpathian (0.9674)
and lvano-Frankivsk (0.8985) regions. Also, the
results of the calculations prove that the defined
regression model is significant and corresponds
as closely as possible to the real functioning
model for all four regions.

Keywords: agricultural sector, agriculture,
agricultural business, region, regional economic
system, branding of agricultural regions.

Introduction

The agricultural sector plays a significant role in
the development of Ukraine’s economy and its
regions. There are regions in which the
agricultural sector is developing so rapidly and
successfully that it creates a regional brand.
Ukraine provides not only the domestic market
with food products, but also demonstrates
successful exports in this direction. It should be
noted that the agricultural sector is the main
source of employment for the rural population
and contributes to the development of rural areas.
The agricultural sector has a positive impact on
the health of the population due to the production
of environmentally friendly products. The
majority of modern agricultural enterprises
implement innovative technologies, which
contribute to increasing the efficiency of
management, reducing costs and increasing the
yield of crops. This increases the competitiveness
of the Ukrainian agricultural sector on the world
market. However, since the full-scale invasion of
Russia on the territory of Ukraine, the
agricultural  sector has faced numerous
challenges and extremely difficult operating
conditions. Among the main problems, it is
appropriate to single out: dangerous of farmers’
work, limited access to land plots, equipment,
fuel and fertilizers, minefields of agricultural
lands, reduced harvest, significant economic
losses, insufficient resources, destroyed or
damaged agricultural enterprises, etc. However,
despite the listed problems, agricultural
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econémicas importantes, recursos insuficientes,
empresas agricolas destruidas o dafadas. Se
analizd la participaciéon de las regiones en la
produccion agricola y se distinguieron las regiones
lideres y las marginadas. El estudio analizé el
impacto del sector agricola en el desarrollo de la
region econémica de los Cérpatos de Ucrania, que
incluye las regiones de Lviv, Chernivtsi,
Transcarpacia e Ivano-Frankivsk. Los resultados
del estudio demuestran una relacion significativa
entre los parametros del volumen de productos
agricolas vendidos y el producto regional bruto en
las regiones de Lviv (0,8801), Chernivtsi (0,8962),
Transcarpacia (0,9674) e  lvano-Frankivsk
(0,8985). Ademas, los resultados de los célculos
demuestran que el modelo de regresion definido es
significativo y se corresponde lo mas fielmente
posible al modelo de funcionamiento real para las
cuatro regiones

Palabras clave: sector agricola, agricultura,
empresas agricolas, region, sistema econdémico
regional, marca de regiones agricolas.

enterprises, due to the support of international
partners, are trying to function and provide the
population with high-quality and affordable
products. This once again proves the important
role of the agricultural sector in the economy of
the country and its regions.

The purpose of the article is to study the role of
the agricultural sector in the regional economic
systems’ development.

Literature review

Many domestic and foreign scientists’ study
various aspects of agriculture development. Let's
consider some of them. The potential of
agriculture in contributing to the integrated
development of the regional rural economy was
analyzed within the scope of the study
(Loizou Efstratios et al., 2019). Scientists prove
the importance of agriculture and its significant
role in the economic growth of the region. The
results of the authors' research in four mountain
regions of Switzerland (Flury et al., 2008)
demonstrate the importance of agriculture in the
regional economy. The article proves that the
role of agriculture is determined not only by
direct employment and created added value, but
also by its impact on the rest of the economy. In
support of study (Bansah et al., 2023), it is
pertinent to note that small-scale agriculture is
largely rain-fed, and erratic rainfall and rising
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temperatures significantly affect crop production
and farmers' incomes.

The authors' study (Pradeleix et al., 2023)
analyzed the potential impact of irrigated
farming systems on the environment. The authors
assessed the impact of the agricultural region
under current conditions, and considered two
perspective scenarios. According to the authors
(Wanghai et al., 2023), agricultural production
depends on a variety of natural conditions in the
arid areas of northwest China. The authors note
the lack of coordination between agricultural
production and the ecological environment as
one of the urgent problems. Scientists have
studied the peculiarities of the development of
modern agriculture with the aim of balancing
ecological constraints and efficient use of
resources. Scientific work (Cervelli et al., 2023)
is devoted to the study of the analysis of spatial
policy and purposeful processes of landscape
planning and land use in the context of the
development of the agricultural sector. The
authors of the article offer approaches to
landscape planning and modern solutions to
environmental problems. Within the framework
of article (Aidat et al., 2023), the system of
greenhouse  production, its  significant
advantages for production in terms of quality and
quantity, creating a very important socio-
economic dynamic in the respective regions, is
investigated. According to the authors (Sutradhar
et al., 2023), assessment of regional differences
and recognition of underdeveloped areas are an
important aspect of achieving sustainable
regional development in agriculture. Scientists
evaluate the spatial distribution of agricultural
development and investigate the factors
responsible for this variability.

Article (Verma et al., 2023) argues that
agriculture, forestry and other land use is one of
the most important sectors for food security. To
reduce greenhouse gas emissions in the
agricultural sector, the authors of the study
propose to develop cost-effective mitigation
strategies and adaptation measures through
investments for adequate land and environmental
management.

The result of the article (Zhang et al., 2023) is to
prove that the green development of agriculture
and rural areas and economic growth are the
main challenges that are common in developing

www.amazoniainvestiga.info

countries. According to the authors, in the future
it is vital to promote the transformation of the
agricultural sector, while reducing the risk of
deterioration of the coordinated relationship with
economic growth. The main goal of the article
(Zafeiriou et al., 2023) is to investigate the
relationship between the use of pesticides in
agriculture per hectare of arable land and GDP
per capita in rural areas for twenty-five EU
countries. The authors are convinced that it is
advisable to take measures related to the
education of farmers, which will contribute to
increasing their awareness of environmental
issues. Fully supporting the results of research
(Muhammedov et al., 2023; Butko et al., 2019),
we would like to note that the role of agriculture
in ensuring food security, as well as creating jobs
and generating income from exports makes the
analysis of the impact of this industry on the
socio-economic development of the country
particularly relevant. The authors are convinced
that effective management of resources,
productivity improvement, creation of new jobs,
product promotion and production expansion are
important areas of the future development of the
agricultural sector.

However, despite significant results in this
direction of research, the issue of economic and
mathematical modeling of the impact of
agriculture on the Ukraine’s regions
development requires further research and
analysis.

Methodology

The article uses general scientific and specific
research methods, including: abstraction,
analysis and synthesis, generalization, statistical
and comparative analysis, dialectical and
graphic. Within the framework of the study, it is
proposed to investigate the impact of the
agricultural sector on the regions’ development
using the method of correlation and regression
analysis. The use of the specified methodology
will allow modeling the regularity of the impact
of the volume of agricultural products sold on the
gross regional product. Based on the analysis of
the available statistical information, it should be
noted that the outlined influence at the regional
level can be described using the construction of
one-factor models, and for their accuracy we
consider it appropriate to use the cubic type. The
stages of calculations are presented in Fig. 1.
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Stage |

Cubic univariate regression model:

yoaptar Yo't ot g
where v the value of the dependent variable,
x value of the independent variable

0 Ay a2 (i PAramerers;
£ error
T
Stage 2

Estimated cubic one-factor model:

N A - , A
v=ar+a*x +a*x" +a*x,
where _)," estimated value of the dependent variable (determined within the estimated model);

an, s, o2 ;. caleulation parameters of the model

. A
Error calculation ¢ ; — y -y

We find the parameters aq, 1. az, a2 by the method of least squares, the main task is to find a calculation model of the dependence between indicators, within
which the error will be minimal, namely
£ — min

" " I
ak ace s stages 8 r 3 2
Taking into account the previous stages. the formula will be Z &= Z(yr —tot+ X artxt + a;*x),
i=1 i=1
n
where Z e the sum of the deviations of y from the trend value, which describes the approximate relationship between i and y.

i=1

2(y—au+ ar*x' +ax*x* +as* x)* = min

i=1

Slage 6

According to the results of using mathematical transformations, the system of equations for the cubic enc-factor model is calculated by the Kramer method
4,3 %, x tay x, tndy = 3,
a, 2 xt e,y ra Y x a,yx =9 Xy
A, X Hay X Y X fa,y . x = XY
a_,fo‘ +.ﬂ'zz,‘:r5 +a Zx," + unz,‘rf = foy,;

Slage 7

Assessing the adequacy of the obtained dependence model and its compliance with real economic processes. We determine the correlation coefficient (R), the
determination coefficient (R*) and the Fisher test (F)

where » number of observations;
v actual values of the dependent variable;
Yi

; estimated values of the independent variable;

‘._ the average indicator of the estimated values of the dependent vanable

Yi

['he determination coefficient (R?) is calculated as the square of the correlation coefficient and determines the effect of a change in the dependent variable on the
independent variable

R n—k.
1-R* k-1

=~

where & the number of parameters of the estimation model, & = m+1.
m  the number of factors in the regression equation
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Figure 1. Stages of implementation of economic and mathematical modeling of the impact of agriculture

on the regions development.
Source: systematized by the authors.
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So, the specified methods and the presented
phasing of the scientific research made it possible
to analyze the development of the agricultural
sector and investigate the impact on the regional
economic systems’ development.

Results and discussion

The agricultural sector has a great impact on the
regional economy, providing a significant share
of the country's gross domestic product and
export potential. The cultivation of various

agricultural products in Ukraine allows to
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Figure 2. Share of regions in the agricultural production.
Source: calculated on the basis (State Statistical Service of Ukraine).

Within the framework of the study, we analyze
the impact of the agricultural sector on the
development of the Carpathian Economic Region
of Ukraine, which includes the Lviv, Chernivtsi,
Transcarpathian and Ivano-Frankivsk regions.

Table 1.

provide the population with high-quality and
affordable food products and contributes to
ensuring the country's food security. If we
analyze the share of regions in agricultural
production, the leading regions include Vinnytsia
(8.3%), Dnipropetrovsk (6.2%), Poltava (5.9%),
Kyiv (5.7%), Khmelnytsky (5.6%), Kirovograd
and Kharkiv (5.2%) regions. The regions with the
smallest share in agricultural production are:
Transcarpathian (1.1%), Chernivtsi (1.6%),
Luhansk (1.9%) and Ivano-Frankivsk (2.0%)
regions (Fig. 2).

5,9 5, 56 °
4,7 43 438
4 39 '
2,5
i 1,6
C T D >N = > S > X' =
2 s SESE3¢ 8 2L
q":'_ngL“—\"-'E
8sxan £ 282 2% £ g
o F XX 3§ 2 <
€ o ©
<
X

The initial data for calculations, namely the
volume of the gross regional product (GRP) and
the volume of realized agricultural products (AP)
for the period 2012-2021 are given in the Table
1.

Dynamics of the gross regional product and the volume of agricultural products sold in the Carpathian

Economic Region.

Chernivtsi . . . . Lviv
Year region Transcarpathian region lvano-Frankivsk region region

GRP,min$ AP, min$ GRP,min$ AP, min$ GRP,min$ AP, min$ GRP,min$ AP, min$
2012 1633.5 169.6 2655.6 329.5 4005.7 250.9 7687.6 357.7
2013 1685.9 142.3 26225 3214 4068.1 266.5 7760.9 393.0
2014 1753.9 1915 2811.2 327.7 4387.3 399.7 8499.2 755.6
2015 1107.5 135.9 1732.6 103.7 2744.1 263.7 5666.7 447.0
2016  558.2 45.0 851.2 224 1350.9 100.7 3018.2 157.9
2017 820.1 61.7 1234.9 35.4 1830.9 159.5 4226.9 2411
2018  849.9 58.8 1314.7 329 1966.4 150.4 4443.0 284.5
2019 11355 59.4 1671.4 45.6 2362.5 1711 5843.6 316.9
2020 1369.4 104.5 1885.2 57.3 27477 222.7 7180.9 368.4
2021 1406.4 76.7 1948.6 50.2 3083.7 176.9 7641.6 417.3

Source: calculated on the basis (State Statistical Service of Ukraine (n/f)).
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The analysis of the impact of the volume of follows. The value of auxiliary values necessary
agricultural products sold on the gross regional for calculations is presented in the Table 2.

product for the Lviv region is carried out as

Table 2.
Results of calculations of auxiliary values (Lviv region)

. . s 2 3 4 5 [ - 20 34

X Vi X X X X % XY R R

1 358 TEEE 128164 43882712 16426010855 3830511900768 2105223260474544 2752304 GB3324R32 352746289336
2 393 7761 154449 60698457 23854493601 0374313985193 3684302682130849 3050073 1193678689 471080724777
3 736 5499 571336 432081216 316633399296 246949969367776 186694 177220038660 6415244 4837484464 3672258234784
4 447 5667 159809 39314623 539523636481 17845865507007 7977101881632129 2533149 1132317603 506145968541
5 150 3018 25600 4056000 633360000 104837600000 16777216000000 481880 77260800 12341723000
[ 241 4227 53081 135973521 3373402361 812950017201 193930394145441 1018707 2435083387 7

7 285 4443 81225 23145125 6397300623 1830287678125 535881988263625 1266235 360382673 102851362375
8 317 3844 100439 31833013 10093039121 3201078401357 1014741853230169.1 1332348 587237716 186160653572
9 368 7181 135424 49836032 18339639776 6748594797368 2483630085305024 2642608 G72479744 357872343792
é 417 7632 173889 72311713 30237384321 12603989261857 3257948522194369 3182544 1327120348 353409353616
E 3742 61980 1628666 823422412 476158836678 305408361016852 209965T15303667230 215106312 11744315758 $274054684080

Source: calculated by the authors

ain3 +b2xi2 XX +nd =2 y;;

ain4 +b2xi3 +chi2 +AX X =2 XY

ainS +bei4 +chi3 +d2xi2 = in?‘yi;

ain6 +b2xi5 +(:in4 + dei3 =in3yi.
8234224124 + 1628666b + 3742¢ + 10d = 61960,
476158886678a + 823422412b + 1628666¢ + 3742d =25206312,

< 305408361016852a + 4761588866785 + 823422412 ¢ + 1628666¢i =11744315758,
1209965715303667230a + 305408361016852b + 476158886678¢ + 8234224124 =6274054684980.

823422412 1628666 3742 10
476158886678 823422412 1628666 3742
A= =2,3059383239206676¢ + 30;
305408361016852 476158886678 823422412 1628666
209965715303667230 305408361016852 476158886678 823422412

Solving the system of linear equations by Kramer's method:

61960 1628666 3742 10
25206312 23422412 162 742
Aa = 52063 823 628666 3 =1,0533228241132923¢ + 26 =
11744315758 476158886678 823422412 1628666
6274054684980 305408361016852 476158886678 823422412

Aa  1,0533228241132923¢ +26 0

=a=—= ~0;
A 2,3059383239206676¢ +30
823422412 61960 3742 10
476158886678 25206312 1628666 3742
Ab = =-1,9293163646730278¢ + 29 =
305408361016852 11744315758 823422412 1628666
209965715303667230 6274054684980 476158886678 823422412

be Ab  -1,9293163646730278e + 29

= ~-0,0837;
A 2,3059383239206676e + 30
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823422412 1628666 61960 10
476158886678 823422412 25206312 3742
Ac= =1,2365180089518777¢ + 32 =
305408361016852 476158886678 11744315758 1628666
209965715303667230 305408361016852 6274054684980 823422412
Ac  1,2365180089518777¢ + 32
i ~53,6232;
A 2,3059383239206676¢ +30
823422412 1628666 3742 61960
476158886678 823422412 1628666 25206312
Ad = = -9,23408658055352¢ + 33 =
305408361016852 476158886678 823422412 11744315758
209965715303667230 305408361016852 476158886678 6274054684980
g0 _ -9,23408658055362¢ 433 _ 00 o)
A 2,3059383239206676e + 30
So, the cubic one-factor regression equation, AP - volume of agricultural products sold in Lviv
which describes the influence of the volume of region.
agricultural products sold on the gross regional
product (GRP) of the Lviv region, will be: Fig. 3 shows the dependence between two
indicators, namely the influence of the volume of
GRP=-0.0837AP2 + 53.6232AP — 4004.4812, agricultural products sold on the gross regional
GRP — gross regional product of Lviv region; product of the Lviv region.
8,000
6,000
4.000
2,000

0 200 400 600 800

Figure 3. Graphic representation of the influence of the volume of agricultural products sold on the gross
regional product of the Lviv region.
Source: developed by the authors.
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4

Table 3.
The value of auxiliary values for evaluating the significance of correlation parameters (Lviv region)

i i H i ¥ )2 2

T A § X, —x (x,—x) g, & A Ag,

1 358 7688 6563,3528 1492 2226064 11226472 1260336,7061 0,146 — —

2 393 7761 6919.754 1563 2449225 841,266 077184512 0.1084 -281,3812 79175.3829

3 736 8490 2432.6978 2303 5303809 46,3022 2143,8942 0,0054 -794,9638 631967,4046

4 447 5667 73273877 -529 279841 -1660,3877 2756887,3868 0,293 -1706,6899 2012790,5083

5 160 3018 26204485 -3178 10099684 3975515 158047.169 0.1317 20579392 4235113.7054

6 241 4227 46986191 -1969 3876961 -471,6191 222424392 0.1116 -869,1706 735457.5051

7 283 4443 3539.6773 -1753 3073009 -1096.6775 1202701563 0,2468 -625,0584 300697,9952

8 317 584 6041.5269 -352 123904 -197,5269 39016,8588 0.0338 8901507 B808471,9006

9 368 7181 6674,7428 985 970225 506,2572 236296.3596 0,0703 703,7841 495312,007

10 417 7632 71198128 1436 2062096 512,1872 2623356851 0,0671 303 33,1643

¥ — — — — 30464818 — 68679186658 1,2144 — 103090215735
Source: calculated by the authors
The correlation coefficient: F.. = F(a,k,k,)=F(0,05,3,6) ~ 4,7571.

2
2 WUIORT K 1-0,7746 3
E i—vi) 6867918,6658 1 '
R=\[1-&—=5 =,/1-
> (yi—Y) 30464818
whereki=m=3,kx=n-m-1=12-3-1=
. . 8, (a=0.05)

The determination coefficient: m — the number of parameters in the variables of

the regression equation.
R®=0,8801° ~ 0, 7746.
Next, for the analysis of the influence of the
Fisher's F-test: volume of agricultural products sold on the gross
regional product, we take the Chernivtsi region.
—  critical (tabular) -
The value of the auxiliary values necessary for
calculations is presented in Table 4.

Table 4.
Results of calculations of auxiliary values (Chernivtsi region)

] , 2 3 4 3 I3 N 2 3

i RO X X X X X 5 Y Y
1 169 1634 28361 4326809 813730721 137858491849  23298083122481 276146 46665674 7887003906
2 142 1686 20164 2863288 406386896 37733339232 8198418170944 235412 33096304 4827503568
3 101 1754 36481 6067871 1330863361 234104001931  48351226272641 335014 63087674 12221643734
4 136 1108 18496 2515456 342102016 46523874176 6327518887936 150628 20493368 2787125248
5 45 338 2025 91123 4100623 184528123 8303765623 25110 1120930 50847730
6 62 820 3844 238328 14776336 916132832 56800235384 50840 3152080 195428960
7 39 830 3481 205379 12117361 714624200 42180333641 50130 2058830 174572130
H 59 1136 3481 205379 12117361 714924299 42180533641 67024 3954416 233310544
9 105 1369 11025 1157625 121550625 12762815625 1340095640625 143745 15093225 1384788625
10 77 1406 5020 156333 35153041 2706784157 208422380089 108262 8336174 641285308
¥ 1045 12321 133487 19527793 3093098343 514314716345 88073231543207 1446391 199771115 30604113883

Source: calculated by the authors

ain?’+bei2+chi +nd=2yi;

aZXi4+bei3+chi2+dei =inyi;
ain‘r’+bei4+chi3+dei2=in2yi;
ainG+bei5+chi4+dei3=in3yi.

19527793a + 133487b+ 1045¢ + 104 = 12321;

- 30950983434 +19527793b +133487¢ + 1045d =1446391;
514314716545a + 3095098343b + 19527793¢ +1334874 =199771115;
88073231543207a + 514314716545b +3095098343¢ +19527793d =30604113883.

Solving the system of linear equations by Kramer's method:
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19527793 133487 1045
Ae 3095098343 19527793 133487
514314716545 3095098343 19527793

10
1045

=3,814277662511121e + 23;
133487

88073231543207 514314716545 3095098343 19527793

12321 133487 1045
| 1446391 19527793 133487
199771115 3095098343 19527793

10
1045
133487

=565339319481689240000 =

30604113883 514314716545 3095098343 19527793

. _Aa _ 565339319481689240000 ~0.0015:

A 3,814277662511121¢ + 23

19527793 12321 1045
Ab - 3095098343 1446391 133487
514314716545 199771115 19527793
88073231543207 30604113883 3095098343
_Ab —2,1736585449016174e + 23 ~0,5699;
A 3,814277662511121e + 23
19527793 133487 12321
oo 3095098343 19527793 1446391
514314716545 3095098343 199771115

10

1045
=2,1736585449016174¢ + 23 =
133487

19527793

10

1045
=2,78788459895433¢ + 25—
133487

88073231543207 514314716545 30604113883 19527793

Ac 2,78788459895433¢ + 25

=>c=—= ~ 73,0908;
A 3,814277662511121e + 23
19527793 133487 1045
Ad 3095098343 19527793 133487
514314716545 3095098343 19527793

12321
1446391

=—6,458135938364854¢ + 26 =
199771115

88073231543207 514314716545 3095098343 30604113883

_Ad —6,458135938364854¢ + 26 16931478,

A 3,814277662511121¢ + 23

The cubic one-factor regression equation, which
describes the impact of the amount of agricultural
products sold on the gross regional product
(GRP) of the Chernivtsi region, will be:

GRP= 0.0015AP3 — 0.5699AP2 + 73.0908AP —

1693.1478
GRP — gross regional product of the Chernivtsi

region;

www.amazoniainvestiga.info

AP — the volume of agricultural products sold in
Chernivtsi region.

Fig. 4 shows the dependence between two
indicators, namely the influence of the volume of
agricultural products sold on the gross regional
product of the Chernivtsi region.
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4

100
Figure 4. Graphic representation of the influence of the amount of agricultural products sold on the gross
regional product of the Chernivtsi region.
Source: developed by the authors.

200

The value of auxiliary values for evaluating the significance of correlation parameters (Chernivtsi region)

- - 2

P XY y X, —x (x,—x)* & g a4 Ag,

1 169 1634  1537,1459 4019 161523,61 96,8541 9380,7184 0,0593 — —

2 142 1686  1438,6649 4539 206025,21 247,3351 61174,6556 0,1467 150,481 22644,5311

3 191 1754  1805,1483  521,9 272379,61 -51,1483 2616,1534 0,0292  -298,4835  89092,3731

4 136 1108  1435,1257 -124,1 15400,81 -327,1257 107011,2395 0,2952  -2759774  76163,5126

5 45 558 577,0035 -674,1 454410,81 -19,0035 361,134 0,0341  308,1222 94939,2894

6 62 820 1001,1246  -412,1 169826,41 -181,1246 32806,1039 0,2209 -162,121 26283,2277

7 59 850 939,8807 -382,1 146000,41 -89,8807 8078,5441 0,1057 91,2438 8325,4369

8 59 1136 939,8807 -96,1 9235,21 196,1193 38462,7714 0,1726 286 81796

9 105 1369 1414,3114 136,9 18741,61 -45,3114 2053,1184 0,0331  -241,4306 58288,7484

10 77 1406  1232,7143 1739 30241,21 173,2857 30027,9431 0,1232  218,5971 47784,682

> — — — — 1483784,9 — 291972,382 1,22 — 505317,8012
Source: calculated by the authors

The correlation coefficient:

_v)2
Ro 12 TY)" [ 291972382 4 goq,
S -y 1483784,9

The determination coefficient:

R?=0,8962" ~0,8032.

Fisher's F-test:

—  critical

(tabular)

F.. = F(a,k,k,) = F(0,05,3,6) ~ 4,7571.

o R? k,_ 08032 6
fact — 2 -

_ factual 1-R® k 1-0,8032 3

whereki=m=3,ky=n-m-1=12-3-1=28,

(a=0.05)

m — the number of parameters in the variables of

the regression equation.

~8,1639.

The analysis of the impact of the volume of
agricultural products sold on the gross regional
product for the Transcarpathian region is carried
out as follows. The value of the auxiliary values
necessary for calculations is presented in Table
6.

http:// www.amazoniainvestiga.info
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Table 6.
Results of calculations of auxiliary values (Transcarpathian region)

iox X < by X b X IV o,
1 330 2656 108900 33957000 11850210000 3013530300000  1201467069000000 876480 289238400 05448672000
2 321 2623 103041 33076161 10617447681 3403200705601  1094032426407921 841983 270276543 86758770303
3 328 2811 107584 35287552 11574317056 3796375994368 1245211326152704 922008 302418624 99193308672
4104 1733 10816 1124864 116983856 12166329024 1265319018496 130232 18744128 1049389312
s 22 ssl 484 10648 234256 5153632 113379904 18722 411884 9061448
6 33 1255 1215 42873 1500625 52521873 1838263625 43225 1512875 52030623
7 33 1315 1089 35937 1185021 39135393 1261467969 43305 1432035 47257153
8 16 1671 2116 97336 4477456 205962076 9474206896 76866 3535836 162648436
s 5 1885 3240 185193 10556001 601692057 34206447249 107445 6124365 349088805
10 30 1949 2500 125000 6230000 312500000 15625000000 97450 4872500 243625000
T 1326 13729 341004 105922566 34152164852  11131499494026  3632039679526764 3207806 808367190 284214771776

Source: calculated by the authors

ain3 +b2xi2 XX +nd =2 y;;

ain4 +b2xi3 +chi2 +dXx =X XY

ain5 +bei4 +c2xi3 +d2xi2 :inzyi;

ainG +b2xi5 +chi4 +d2xi3 :in?’yi.
1059225664 + 341004b + 1326¢ + 104 = 18729,
34192164852a + 105922566h + 341004¢ + 1326d = 3207806,

< 11131499494926a + 34192164852b + 105922566¢ + 341004d =898567190,
13632039679526764a + 11131499494926b + 34192164852c¢ + 1059225664 = 284214771776

Solving the system of linear equations by Kramer's method:

105922566 341004 1326 10
4192164852 105922 41004 132
A= 3419216485 05922566 34100 326 =1,6997378314774298¢ + 26;
11131499494926 34192164852 105922566 341004

3632039679526764 11131499494926 34192164852 105922566

18729 341004 1326 10
3207806 105922566 341004 1326
Aa = =1,465169819909349¢ + 23 =
898567190 34192164852 105922566 341004

284214771776 11131499494926 34192164852 105922566
_Aa_ 1,465169819909349¢ + 23

=a = ~ 0,0009;
A 1,6997378314774298¢ + 26
105922566 18729 1326 10
34192164852 3207806 341004 1326
Ab = =-7,081523586277719¢ + 25 =
11131499494926 898567190 105922566 341004

3632039679526764 284214771776 34192164852 105922566
b Ab  -7,081523586277719¢ + 25

g ~ -0,4166;
A 1,6997378314774298¢ + 26
105922566 341004 18729 10
34192164852 105922566 3207806 1326
Ac = =8,90039704793933¢ + 27 =
11131499494926 34192164852 898567190 341004

3632039679526764  11131499494926 284214771776 105922566
o_Ac_ 8,00030704793933e + 27
A 1,6997378314774298¢ + 26

~ 52,3634,
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105922566 341004 1326 18729
34192164852 105922566 341004 3207806
Ad = =1,0336494102946565¢ + 27 =
11131499494926 34192164852 105922566 898567190
3632039679526764 11131499494926 34192164852 284214771776
Ad  1,0336494102946565¢ + 27
—d=0 = eTel < 6,0812.
A 1,6997378314774298¢ + 26
So, the cubic one-factor regression equation, GRP — gross regional product of yhe
which describes the impact of the amount of Transcarpathian region;
agricultural products sold on the gross regional AP — the volume of agricultural products sold in
product (GRP) of the Transcarpathian region, Transcarpathian region.
will be:
Fig. 5 shows the dependence between two
GRP= 0.0009AP3- 0.4166AP 2 + 52.3634AP + indicators, namely the impact of the volume of
6.0812. agricultural products sold on the gross regional
product of the Transcarpathian region.
3,000
2,500
2.000
1,500
1,000
500
_ -0 _ 100 200 300
Figure 5. Graphic representation of the influence of the amount of agricultural products sold on the gross
regional product of the Transcarpathian region.
Source: developed by the authors
Table 7 provides supporting data for evaluating the significance of the correlation parameters.
Table 7.
The value of auxiliary values for evaluating the significance of correlation parameters (Transcarpathian
region)
- - o 2
i Xy ¥ X, —X (x,—x)" ¢ & A Ag,
1 330 26856 2893189 7831 61324361 -237.189 562585991 0.0893 — —
2 321 2823 2396.8833 730.1 562650.01 226.1147 51127.84 0.0882 463.3036 2145302382
3 328 2811 2776.98175 938.1 880031.61 340825 1161.6192 0.0121 -192.0321 36876.3373
4 104 1733 19152897 -139.9 19572.01 -1822897 33220521 0.1052 -216.3722 468169279
5 22 851 965.6073 -1021.9 1044279 61 -114.6073 131348296 0.1347 67.6824 45809043
6 35 1235 13653017 -637.9 406916.41 -130.3917 17002.0031 0.1056 -15.7844 2401487
7 33 1315 1311.3454 -5379 311252.41 36546 13.356 0.0028 1340463 179684149
g 46 1671 16171215 -201.9 40763.61 538785 2002.8976 0.0322 30224 2522446
9 37 1885 1796.8153 121 146.41 881847 7776.336 0.0468 343061 11769102
10 50 1949 1690.4374 76.1 5791.21 238.3626 66854 6338 0.1327 170378 29023.6494
Y — — — — 38846489 — 249461.8334 0.7475 — 3538699769
Source: calculated by the authors
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The correlation coefficient: 2
Fo :LZQZWL 29,1442,
1-R® k, 1-0,9358 3

- — factual
Re ho2Wi=y)' [ 72494618354 oo, whereki=m=3 k;=n-m-1=12-3-1=
>y y)? 3884648,9 8, (a=0.05)
m — the number of parameters in the variables of
The determination coefficient: the regression equation.
The fourth region of the Carpathian Economic

Region is Ivano-Frankivsk. Let’s analyze the
impact of the volume of agricultural products

R*=0,9674° ~0,9358.

Fisher's F-test: sold on the gross regional product of the lvano-
. Frankivsk region. The value of the auxiliary
—  critical (tabl) values necessary for calculations is presented in
Fan = F(a,k;,k;,) = F(0,05,3,6) ~ 4,7571. Table 8.
Table 8.

Results of calculations of auxiliary values (Ivano-Frankivsk region)

L A X X % X x X Xy -‘_3,"}

1 251 4006 63001 15813251 3960126001 996250626251 250058007189001 1005506 252382006 63347883306
2 267 4068 71289 10034163 5082121521 1356926446107 362200361110560 1086156 200003652 77430975084
3400 4387 160000 64000000 25600000000  10240000000000 4096000000000000 1754800 701920000 280768000000
4 264 2744 69696 18399744 4857532416 1282388557824 338530379265336 724416 191243824 50488897336
5101 1351 10201 1030301 104060401 10310100501 1061520150601 136451 13781551 1391936651
6 160 1831 25600 4096000 653360000 104837600000 16777216000000 292960 46873600 7499776000
7150 1966 22500 3375000 506250000 75937500000 11300625000000 204900 44235000 6635250000

8 171 2363 29241 5000211 835036081 146211169831 25002110044521 404073 69096483 11813498593
o 23 2748 49720 11089367 2472073441 551473077343 122078406247489 612804 136655202 30474130115
10 180 3084 32400 3832000 1049760000 188936300000 34012224000000 355120 99921600 17983888000
¥ 2167 28548 333657 147670237 45152210861  14953511877876.098  52358131030007717 6867136 1846115008 547838233436

Source: calculated by the authors

aZx?erinz XX +nd =2y;;

aZXi4 +bei3 +chi2 +AdZ X =X XY

ain5+bei4 +chi3+dei2:in2yi;

aine +b2xi5 +chi4 +dei3 :in?’yi.
147670237a + 5336576+ 2167c¢ + 10d = 28548,
45152219861a + 147670237b + 533657¢ + 2167d = 6867186,

= 14953511877876,998a + 45152219861b + 147670237¢ + 5336574 =1846115008,
15258131039007717a + 14953511877876,998b + 45152219861c + 147670237d =547838235486.

Solving the system of linear equations by Kramer's method:

147670237 533657 2167 10
45152219861 147670237 533657 2167
= =1,3347003245641903¢ + 27,
14953511877876,998 45152219861 147670237 533657

5258131039007717 14953511877876,998 45152219861 147670237

28548 533657 2167 10
6867186 147670237 533657 2167
a = =-8,117299831574964¢ + 22 =
1846115008 45152219861 147670237 533657

547838235486 14953511877876,998 45152219861 147670237

Aa  —8,117299831574964¢ + 22
N ~ 0,000,
A 1,3347003245641903¢ + 27
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147670237 28548
| 5152210861 6867186
4953511877876,998 1846115008
5258131039007717 547838235486
Ab  2,535663738503598¢ + 25
P €S 0,019;
A 1,3347003245641903¢ + 27
147670237 533657
L_| 4152219861 147670237
~ 114953511877876,998 45152219861
5258131039007717  14953511877876,998
Ac  1,8171485540403015¢ + 2
e LBLTIABSSA0400156+28
A 1,3347003245641903¢ + 27
147670237 533657
_ 45152219861 147670237
~ | 14953511877876,998 45152219861
5058131039007717  14953511877876,998
LA _ -28104854361027008¢ 420

A 1,3347003245641903 + 27
The cubic one-factor regression equation, which
describes the influence of the volume of
agricultural products sold on the gross regional
product (GRP) of the lvano-Frankivsk region
will be:

GRP= -0.0001AP3+ 0.019AP 2 + 13.6147AP —
211.2456

4,000

3,000

2,000

1,000

0 200
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4

2167 10
533657 2167
= 2,535663738503598¢ + 25 =
147670237 533657

45152219861 147670237

2167 10
71 2167
6867186 6 =1,8171485540403015¢ + 28 =
1846115008 533657

547838235486 147670237

2167 28548
533657 6867186
=-2,8194954381027008¢ + 29 =
147670237 1846115008

45152219861 547838235486

GRP — gross regional product of the lvano-
Frankivsk region;

AP — the volume of agricultural products sold in
Ivano-Frankivsk region.

Fig. 6 shows the dependence between two
indicators, namely the influence of the volume of
agricultural products sold on the gross regional
product of the lvano-Frankivsk region.

400

Figure 6. Graphic representation of the impact of the volume of agricultural products sold on the gross

regional product of the lvano-Frankivsk region
Source: developed by the authors
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Table 9 provides supporting data for evaluating the significance of the correlation parameters.

Table 9.

The value of auxiliary values for evaluating the significance of correlation parameters (Ivano-Frankivsk

region)
I ¥ X, —X (x,—x) g, & 4 Ag,
1 251 4006 34412033 11512 1325261.44 564,7947 318993,0437 0.141 — —
2 267 4068 3620,6077 12152 147185424 4473023 200159,8268 0.11 -117.4024 137833329
3 400 4387 43819835 15322 2347636,84 50165 25,1656 0,0011 -442.3757 1956962805
4 264 2744 35880837 -110.8 12276,64 -244.0837 7124772551 0.3076 -249.1002 720971,1602
5 101 1331 1294973 -1303.8 226141444 36,027 31390206 00413 00,1106 310199.1662
[ 1600 1831 22043401 -1023.8 104816644 -373,3401 139382 8368 0,2039 -429.3671 1843560826
7 130 1966 2053.1491 -B88.8 789965 44 -87.1491 73949642 0,0443 286,191 819052082
8 171 2363 23682813 4018 24186724 -3,2813 27,892 0,0022 21,8678 6702.338
9 223 2748 30051336 -106.8 1140624 -347.1356 120503.1554 0.1263 -341.8544 116864 4036
10 180 3084 25002406 2202 52532,64 583,7504 340775,0036 0,1893 930,895 366565,5299
h) — — — — 95623816 — 1843078,1639 11673 — 2997043,592

Source: calculated by the authors

The correlation coefficient:

R [ 2=y e
D -Y)
The determination coefficient:

R? =0,8985” ~ 0,8073.

Fisher's F-test:

—  critical (tabular)
F. = F(a.k,k,)=F(0,05,3,6) ~ 4,7571.
2
RY ko _ 08073 6 oo

Foe "1 R % "1-08073 3
factual 1 '

Whereki=m=3,ky=n-m-1=12-3-1=
8, (a=0.05)

m — the number of parameters in the variables of
the regression equation.

The correlation coefficient should be in the range
from -1 to 1, and when it approaches 1, the
closeness of the interaction is stronger. With a
value of 1, the equation is generally functional
rather than correlational. So, it can be stated that
the dependence between the two parameters in
the Lviv (0.8801), Chernivtsi (0.8962),
Transcarpathian (0.9674) and Ivano-Frankivsk
(0.8985) regions is significant, according to the
model, the change in the volume of agricultural
products sold in the region leads to the change in
gross regional product. Taking into account the
rapid development of the agricultural sector
before the start of hostilities on the territory of
Ukraine, the above is quite real and justified.

Also, the results of calculations demonstrate a
situation when Fact > Franl, Which suggests that the
determined regression model is significant and

L 1843078,1639 ~0,8985.
9562381, 6

www.amazoniainvestiga.info

corresponds as closely as possible to the real
functioning model for all four regions.

Conclusions

The conducted analysis proved the significant
role of agriculture in the development of the
economy of Ukraine’s regions. Ukraine is an
agrarian country with a rich agricultural history,
but in today's extremely difficult conditions of
war, it faces extreme challenges, including:
worker safety, limited access to resources,
significant economic losses, destruction of
agricultural facilities, insufficient funding and
support, environmental risks and natural
resources, etc.

The following should be noted among the
promising directions that should be aimed at the
restoration of the agricultural sector and the
formation of branding of agricultural regions.
Implementation of the latest technologies, digital
solutions, modern methods of soil cultivation and
plant cultivation, will contribute to increasing the
productivity and quality of agricultural products.
Stimulating young farmers and agro-
entrepreneurs, providing financial and consulting
support, training and providing access to modern
technologies helps young specialists develop

their  agricultural  businesses.  Attracting
investments in the agricultural sector, which
optimizes the processes of introducing

innovative technologies, will contribute to the
development of infrastructure and the creation of
jobs. The development of organic production in
the agricultural sector aimed at protecting the
health of the population and the environment. It
is also extremely important to establish
cooperation with international partners, which
will facilitate the exchange of experience and
technologies, and financial support. Support is
effective through the creation of state programs
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aimed at financial assistance, consultations,
ensuring access to markets and exports,
encouraging start-ups in the field of agricultural

entrepreneurship development.

However, in the conditions of war, for the
recovery and further development of the
agricultural sector, it is necessary to create a
favorable investment  climate, ensure
transparency and stability in legislation, which is
currently a significant problem for Ukraine.
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