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INNOVATION-DRIVEN DEVELOPMENT OF UKRAINE'S
AGRICULTURE UNDER COMPLEX THREATS

Introduction. As a result of Russia’s full-scale war against Ukraine, food security at the global level is under
threat. Ukraine’s agricultural sector suffered losses of USD 2.1 billion because of the destruction or partial dam-
age of agricultural lands and failure to harvest crops. Agricultural land has been damaged by landmine contami-
nation, unexploded ammunition, which poses a mortal threat to farmers, and by direct physical bombardment of
agricultural land.

Problem Statement. Production and productivity sustainability of agricultural production is one of the most
important issues today. A system of knowledge and innovation in the agricultural sector is necessary and impor-
tant. It includes organizations and cooperatives of farmers, foresters, advisers, researchers, business representa-
tives, and public organizations.

Purpose. The purpose is to conduct a correlation-regression analysis of the innovation-driven development of
agriculture in Ukraine under conditions of complex threats.

Material and Methods. While doing this study we have used methods of multivariate statistical analysis and
taxonomy methods to assess the level of individual threats. The center of gravity method is used to select represen-
tative indicators of threats to innovation-driven development.

Results. In the study, the complex threats to the innovation-driven development of agriculture have been ana-
lyzed. The matrix of distances has been calculated for the initial set of indicators characterizing a separate threat.
The threat of a decrease in research and development expenditure in the forecast period has the highest impact on
the level of innovation-driven development of agriculture. This is evidenced by low pairwise correlation coefi-
cients and the overall level of innovation-driven development.

Conclusions. The correlation-regression analysis of innovation-driven development of agriculture has made
it possible to determine the highest threat affecting the level of innovation-driven development of agriculture.
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The agriculture of Ukraine have incurred colossal
losses, including the direct losses of USD 4.3 bil-
lion and the indirect ones of USD 23.3 billion
dollars [1]. Agricultural machinery and equipment
are damaged by shelling, airstrikes, and hostili-
ties. The estimated cost of replacing and repair-
ing equipment is USD 926.1 million. In addition,
losses due to damage or destruction of granaries
are estimated at USD 272 million. As a result of
Russia's aggression, the estimated value of the dead
livestockhas exceeded USD 136 million. Accord-
ing to approximate data, more than 42,000 sheep
and goats, 92,000 cows, 258,000 pigs, and more
than 5,700,000 poultry have died.

In November 2022, the launch of the Grain from
Ukraine humanitarian food program was announ-
ced. This initiative aimed to provide grain to at
least 5 million people by the end of spring 2023.
In general, as part of the Grain from Ukraine hu-
manitarian initiative, Ukraine plans to send more
than 60 ships to Ethiopia, Sudan, South Sudan,
Somalia, Congo, Kenya, Yemen, etc. Many Euro-
pean countries and international organizations have
supported the Ukrainian grain program by mak-
ing financial, technical or logistical contributions.
In general, more than USD 190 million have been
raised for the implementation of this program from
various sources.

Only efficient innovation in agriculture will be
able to bring the agrarian sector to a new level,
through the development of the field of agricul-
ture and deep processing of agricultural products,
the expansion of knowledge in agrarian manage-
ment and marketing, advanced technologies in
agriculture, consultations on profitable farming,
the formation of a new model of agriculture de-
velopment consultancy, givenUkraine’s and Euro-
pean experience.

Among modern innovation solutions, crucial im-
portance is given to once related to agricultural
land, value-added chains, environment, climate,
biodiversity, society, consumers, etc. (Fig. 1).

Examples of innovation are the system of GPS
supervision and monitoring of fuel consumption.
Thanks to the developed system, a household sa-
ved USD 15 million for 4 years, which is more than
the annual investments in innovation of the seven
largest agricultural holdings of the country. An-
other example: differential introduction of com-
pensatory rates of nitrogen fertilizers allows ra-
tionally spreading fertilizers over the field and
returning nutrient residues with basic nutrients
to the soil. The use of this technology provides
savings from USD 120 to 300 per 1 ha, depending
on the harvested crop [2]. Soil cultivation with
simultaneous differentiated local application of

Table 1. Number of Specialists Involved in R&D Works in Agriculture [3]

Year Researchers DScand CSc | Technicians Support staff E‘?fl‘;{jﬁ driezegz}l‘)e“

2016 128 4 58 107 7283

2017 136 6 65 113 7451
Growth rate, % 106.25 150.0 112.07 105.61 102.31

2018 156 9 61 115 3910

2019 35 9 8 63 3512
Growth rate, % 22.44 100.0 13.11 54.78 89.82

2020 124 45 43 65 3562

2021 94 46 37 68 3558
Growth rate, % 75.81 102.22 86.05 104.62 99.89
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Robots and drones

accelerate farm automation by replacing manual
farm works such as fruit picking, harvesting, planting,
transplanting, spraying, sowing, and weeding or irrigating

Sensor-based devices

collect field data in real time, allowing farmers
to make decisions based on specific data

Al and machine learning

automate the recognition of anomalies and diseases
in plants and livestock and, if necessary, take corrective actions

Precision farming based
on could technology

uses precise quantities of resources such as water, pesticides,
and fertilizers to improve crop quality and productivity

improve the quality of cultivated crops and livestock

5 JAF SF JdF JF JF 45

and aeroponics

Biotechnologies in terms of desirable properties such as resistance to diseases,
drought, pests, and high yields
. used to collect data on weather phenomena, agricultural
Analytics . . :
equipment, water cycle, quality and quantity of harvest
Hydroponics for growing plants without soil in a liquid nutrient

medium or in steam

Sensors with Internet f‘>

connection

support battery powered devices used to measure pressure,
flow, level, water quality, and temperature

Fig. 1. Innovation in agriculture

Source: prepared by the authors.

4 types of fertilizers provides a reduction in the
consumption of basic fertilizers by up to 50% as
compared with spreading them. Simultaneous cul-
tivation of the soil, application of fertilizers and
sowing saves about 40% of fuel and lubricants as
compared with conventional methods.

The most important condition for innovation-
driven development is the formation and effec-
tive use of R&D as an integral structural element
of the innovation ecosystem. Therefore, it is extreme-
ly important to increase the number of people
employed in the field of R&D. They generate new
ideas that are embodied in R&D products: pat-
ents, prototypes that are a source of innovation.

Table shows that the number of specialists em-
ployed in the field of R&D in agriculture has been
steadily decreasing, which is connected both with

ISSN 2409-9066. Sci. innov. 2023. 19 (6)

the loss of scientific potential in connection with
the occupation of part of the territory of Ukraine
and with a permanent reduction in the number of
researchers and low funding of R&D. Such con-
ditions do not ensure the possibility of conduct-
ing high-quality research and motivation of em-
ployees in this field.

During the war, the field of science and innova-
tion suffered losses that significantly affected its
subjects, infrastructure, and mechanism of func-
tioning. The number of organizations involved in
R&D in agriculture fluctuated over the years:
16 organizations, in 2016; 14, in 2017; 15,in 2018; 7,
in 2019; and 12, in 2020. In 2022, about 15% of the
research infrastructure, including higher educa-
tion establishments and R&D institutions, in pa-
ticular unique scientific equipment, research lab-
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oratories, centers for collective use of scientific
equipment,was damaged by military actions [4].
In recent years, agricultural enterprises spent
75% of funds from the state budget and 25% of
their own funds on innovation (Table 2). The lar-
gest general fund expenditure in 2021 accounted
for promising technologies of the agro-industrial
complex and processing industryas the priority
direction. The share of expenditure on the prior-
ity field made up 40.8% of the total funding; the
share of Technology in the R&D products in the
priority field came to 73.3% of the total number
of products, that of Materials accounted for 55.6%,
that of Varieties of plants and animal breeds made

up 33.3%, that of Methods, theorieswas 27.4%, and
that of Types of productswas 20.9% [5].
Important conditions for ensuring the effective
development of agricultural enterprises are the
strengthening of their innovation and investment
potential, which contributes to the production of
high-quality and competitive products; technical
and technological upgrade of the industry; the en-
hancement of the effectiveness of innovation and
investment management in the agricultural sector,
and the ensuring of the country’s food security.
Table 3 shows that the capital investments in
agriculture were decreasing from 2016 to 2020.
The main reason for this was the expectation of

Table 2. In-House Expenditure on R&D in Agriculture, UAH thousand [3]

Year Fundamental | pplied research R&D works ot By
2016 321458.2 402589 148643 13457 859234
2017 276084.9 388187 157679 11274 810676
Growth rate, % 85.89 96.42 106.08 83.78 94.35
2018 3270459 460565 188341 9547 966405
2019 262636 489090 211543 425 7652.3
Growth rate, % 80.31 106.19 112.32 4.45 0.79
2020 12074.4 19933.4 2183.5 25477 8714.3
2021 15562 36521 1874.2 32856 9547
Growth rate, % 128.88 183.22 85.83 128.96 109.56
Table 3. Investment Support of Innovation Processes in Agriculture, UAH thousand [3]
Capital Including Including Investments Investments
Year investments investments investments in trademarks and title in software
by assets, total in tangible assets in intangible assets | to industrial property and databases
2016 55323733 54521368 802365 7523 32568
2017 52939146 52146582 792564 7945 34258
Growth rate, % 95.69 95.64 98.78 105.61 105.19
2018 44018119 43256874 761245 8725 32548
2019 40458233 39745687 712546 9526 35698
Growth rate, % 91.91 91.88 93.60 109.18 109.68
2020 36442059 35756668 685391 9955 33886
2021 49127383 48198605 928778 - 85208
Growth rate, % 134.81 134.80 135.51 0.00 251.45
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the opening of the land market and the correspond-
ing accumulation of financial resources by farmers
in order to preserve the current land bank in the
event of significant trade activity, high land value or
other unforeseen circumstances. Even the poor har-
vests of most agricultural crops in 2020 did not have
a positive effect on capital investments.

In recent years. the total capital investments
per 1 ha of land have been varying from USD 70
to USD 100. However, only with capital invest-
ments over USD 150/ 1 ha we may consider that
the country is developing in the direction of in-
novation-driven modernization. As the war con-
tinues, many households and family farms, indivi-
dual agricultural producers, small businesses, tra-
ders, and processors of agricultural products have
been experiencing difficulties with accessing pro-
duction resources, financing, and investment to
sustain and expand production.

From 2021 till now, Ukraine has been receiv-
ing significant assistance from the Food and Agri-
culture Organization of the United Nations (FAO),
which actively supports farmers. So far, they have
received winter wheat seeds to ensure production
needs for the 2023 harvest; grain sleeves (over
30,000 plus 105 sets of special equipment for loa-
ding/unloading) to ensure storage and protection
of the crop this season; animal feed; multi-purpose
cash assistance and vouchers for the purchase of
other means of production. In particular, in 2022,
FAO allocated USD 2.4 million for the purchase
of vegetable seeds, grain seeds, and potatoes for
Ukrainian farmers. In addition, more than USD
3 million have been assigned to the moderniza-
tion of phytosanitary and veterinary laboratories
in Izmail [6].

In terms of investments, the agrarian sector falls
behind the IT sector, construction, real estate, and
metallurgy, while in terms of the number of transac-
tions, the agricultural sector takes the second place.

It is appropriate in this research to conduct a
correlation-regression analysis of the integral as-
sessment of complex threats that create danger
for innovation-driven development of agriculture
and form the uncertainty of outcomes.

ISSN 2409-9066. Sci. innov. 2023. 19 (6)

The assessment starts with choosing represen-
tative indicators for each threat studied. It is fol-
lowed by an integrated assessment of the level of
innovation-driven development of the industry
based on the representative indicators and an in-
tegrated assessment of the level of threats based
on the initial indicators, excluding the represent-
ative indicators, which are made in parallel. Then,
based on a retrospective series of observations, a
model of the relationship of an individual risk can
be built. This makes it possible to track the dyna-
mics of changes in the system of threats and the
dynamics of changes in the degree of influence of
each individual threat on the overall level of in-
novation-driven development of the industry.

Let us consider the algorithm for choosing the
risk representative indicators based on the center
of gravity method. When evaluating and analyz-
ing complex threats to the innovation-driven de-
velopment of agriculture, there is a problem of
reducing the initial number of indicators that de-
scribe each of them. One of the options for solv-
ing the given problem can be choosingthe repre-
sentative indicators for each analyzed threats,
based on the use of the center of gravity method.

In this case, for each s-th threat to innovation-
driven development of the industry out of the to-
tality of the indicators that describe it, X %, X, ...,
X, where g is the number of the indicators de-
scribing the s-th threat is chosen as representa-
tive indicator U, = X,**. In this case, the indicator
of initial totality is considered as point T'in space,
whereTis the number of steps. Distances between
points X%, X5, ..., qu are analyzed as criteria for
choosing optimal point X **.

The block diagram of the center of gravity
method algorithm that is used to choose the in-
dicators representing the threats to the innova-
tion-driven development of agriculture is pre-
sented in Fig. 2. Below, there is a description of
each block.

Block 1. Based on the preliminary analysis, a
list of threats to the innovation-driven develop-
ment of agriculture and a list of the indicators de-
scribing each threat is determined.
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Block 1.
Determination of a set of initial indicators
that describe the threat
T
Block 2.
Formation of a matrix of initial data
T
Block 3.
Determination of distances between the threat indicators
|
Block 4.
Determination of the sum of the distances
[
Block 5.

Choose of the representative indicators

Fig. 2. Block diagram of the algorithm of the center of gra-
vity method

Source: prepared by the authors.

Block 2. For each threat, a matrix of the initial
data is formed X" = {x?},. ., where x’ is the value
of j-th indicatorin ¢- tB period of cfevelopment
which describes threat s; s = [1, p], where p is the
number of threats considered, N, is the total
number of the indicators that describe s-th threat,
T'is the number of steps.

Block 3. The matrix of distances is written as

follows:

CA{Cye Gy =N 2 @)% (D)

Block 4. The type of formula for calculating
the sum of distances is determined depending on
the number of initial indicators that describe the
threat.

If the number of the initial indicators charac-
terizing the threat is more than two, then for each
indicator, the sum of the distances d, to other in-
dicators that describe given threat is calculated
by the formula:

N,
d,=2C, ©)
Jj#i
where C;is the distance between the i-th indica-
tor to j-th indicator of s-th threat;

N_is the number of the indicators that describe
s-th threat
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If the number of the initial indicators charac-
terizing the threat is equal to two, then the sums
of the distances of each of these two indicators
from the representative indicators chosen for
other threats in the previous step are calculated:

d,=%C, 3)

where p is the number of the representative indi-
cators previously chosen for threats in which the
number of initial indicators is greater than two or
equal to one.

Block 5. The representative indicator of the
threat is chosen depending on the number of the
initial indicators characterizing the threat. If the
number of the initial indicators characterizing
the threat is more than two, then we choose as
representative indicator the indicator for which:

d,,=mind,,i=[1,N] (4)

where N is the number of the indicators that de-
scribe s-th threat.

If the number of the initial indicators charac-
terizing the threat is equal to two, then the indi-
cator for which:

d

mp — TAX dy i

=[1,2]. ()
is chosen as representative indicator.

Thus, the use of the algorithm of the center of
gravity method to determine the representative in-
dicators of threats to innovation-driven develop-
ment of agriculture allows significantly reducing
the dimension of the information space of indica-
tors of threats, as well as determining a set of the
most significant indicators characterizing threats.

The set of representative indicators of threats,
which is obtained with the help of this algorithm,
serves as initial information for calculating the
integral index of the level of innovation-driven
development of agriculture.

Let us consider the algorithm for building mo-
dels of the relationship of an individual threat ba-
sed on the method of the level of development. For
this purpose, it is proposed to use the methods of
multivariate statistical analysis, namely, the taxo-

ISSN 2409-9066. Sci. innov. 2023.19 (6)
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nomy methods. These methods are used to identi-
fy regularities in statistical populations, the units
of which are characterized by a relatively large set
of the indicators. Therefore, their use expands the
possibilities of performing various comparisons on
multidimensional objects. This algorithm is also
used to assess the level of individual threats.

Each level of innovation-driven development
of the industry is considered a point in the multi-
dimensional space of threats:

= (X Xy o X)), (6)

where x is the Value of J- th indicator that de-
scribes £-th state, t =1, T],j = [1, m].

Division ofthe indicators into stimulators and
destimulators in the considered set. These types of
indicators are introduced in order to take into ac-
count their economic content: the stimulators raise
the level of innovation-driven development, while
the destimulators, accordingly, cause a slump in it.
In general, the indicator type is defined as follows:

the stimulators: (x> x,) = (v, - ©,) (7
the destimulators: (x; 2 x,) = (w,<w©,) (8)

Condition (7) means that object w_ dominates
over object @, which formally is described as w0 -w,

where x/, — is t-th realization of j-th destimulator
1ndlcator

Determination of the index of innovation-dri-
ven development M = (M, M,, ..., M.,).

d
Mt=c—t,t=[1,T], (10)
0
co=c?+a*5d, j% ;dt,
1< — 1
S,~ 172 - dyt, (11)

where a is a certain positive number chosen in
such away that M, ranges from 0 to 1.

At the last stage, the obtained results are inter-
preted from economic point of view. For M to ta-
ke high values at large values of stimulators and
low values at small values of stimulators, it is con-
verted to the form:

M*=1-M. (12)

Thus, the result of the considered algorithm is
a number of values of the integral index of the
level of innovation-driven development of agri-

Table 4. Indicators That Describe the Treat
of Reducing the R&D Efficiency

ifa; 2, Condition (8) characterizes the sign of .
the' opp051te operation. For this type of signs, the Indicator Code Type
object w_dominates over object w,, if x> x, . All Researchers R stimulator
the signs used in the study should be reduced to ! 4
DSc and CSc X, stimulator
one type, for example, turned into stimulators. - 2 _
Thus, the destimulators are replaced by the stim- Technicians 3 St?mulator
ulators through the following transformations: Support staff % stimulator
1 , 9 Employees involved in R&D x, stimulator
x,=1-x), )
Table 5. Matrix of Distances for the Risk of Reducing the R&D Efficiency
T2016 T2017 T2018 T2019 T?OZ(] T2021 dik
X, 0.0125 0.0139 0.1256 0.0036 0.0101 0.0098 3.3756
X, 0.0047 0.0058 0.0094 0.0094 0.0587 0.0561 1.2540
X, 0.0164 0.0198 0.0185 0.0095 0.0136 0.0107 2.8492
X, 0.0112 0.0110 0.0128 0.0098 0.0092 0.0145 3.3258
X, 1.1458 1.1421 1.0987 1.0925 1.0754 1.0687 4.2587

Source: prepared by the authors.
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culture, which allows us to organize the studied
set of its levels.

The task is solved within the framework of cor-
relation-regression analysis by developing a model
of the dependence of the level of innovation-driven
development of agriculture on the level of threats:

M=f(U, U,..U) (12)

where M is the level of innovation-driven devel-
opment, U, U, ..., U[ _are threat levels.

The accuracy of the regression analysis is as-
sessed with the use of coefficients of multiple cor-
relation, multiple determination, pairwise corre-
lation and partial correlation. The coefficient of
multiple correlation R characterizes the degree of
joint influence of threats on the aggregate level of
innovation-driven development:

n

Z(Mi _Mi)2
R= |1-2 : (13)

> (M, - My

Table 6. Indicators That Describe the Risk
of Reducing Expenditure on the R&D

Indicator Code Type
Fundamental research x, stimulator
Applied research x, stimulator
R&D x, stimulator
Budget expenditure x, stimulator
In-house expenditure x, stimulator

So, from the above research, to determine the
level of innovation-driven development of agri-
culture, we consider the main three threats:

+ the risk of reducing the R&D efficiency;

« the risk of reducing expenditure on the R&D;

o the risk of decreasing investment support for
innovation processes in the industry.

We have made out an integral retrospective as-
sessment of the level of threats based on the con-
struction of the index of the level of development.
Preliminary, the representative indicator chosen
by the center of gravity method was excluded from
the set of indicators describing each threat.

The results of the implementation of the speci-
fied algorithms for each threat are presented below.
When assessing the threats to the innovation-dri-
ven development of agriculture, we propose the
following interpretation of the types of initial in-
dicators: an increase in the stimulator indicator
leads to a decrease in the level of the correspond-
ing threat, a low indicator means an increase in
the level of the threat. The level of threats has
beenforecasted with the use of the Kalman-Busy
adaptive filtering method.

1. Let us consider the risk of a slump in the R&D.
Table 4 shows the initial indicators, their conven-
tional designations, and the type of indicators.

For the initial set of the indicators characteriz-
ing the threat of reducing the R&D efficiency, the
obtained matrix of distances is presented in Table 5.
It shows minimum sum of distances d, that cor-
responds to indicator X,. Therefore, it is this indi-
cator that acts as a representative indicator for
the specified threat.

Table 7. Matrix of Distances for the Risk of Reducing Expenditure on the R&D

T2016 T2017 T2018 TZ(H‘J T2(i2(] TZ('Zi dik
X, 0.8796 0.7554 0.8948 0.7186 0.0330 0.0426 1.6858
X, 1.1015 1.0621 1.2602 1.3382 0.0545 0.0999 1.4982
X, 0.4067 0.4314 0.5153 0.5788 0.0060 0.0051 1.1402
X, 0.0368 0.0308 0.0261 0.0012 0.0697 0.0899 6.3954
X 2.3510 22181 2.6442 0.0209 0.0238 0.0261 1.4735

Source: prepared by the authors.
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X, is the lowest index of the number of DSc and
CSc in the research field. It is this indicator that
is further considered as representative indicator
of the risk of reducing the R&D efficiency. One of
the reasons that causes this threat is remote work
of researchers, which, according to many organ-
izers of science, negatively affects the efficiency of
research activity and does not contribute to main-
taining a positive creative and psychological climate
in teams. A significant part of the R&D potential of
Ukraine is located in the temporarily occupied ter-
ritory. As a result of the hostilities, the infrastruc-
ture of many institutes has been damaged, some in-
stitutions and design bureaus in the front-line re-
gions have been seriously destroyed. Many re-
searchers had to evacuate from the zones affected
by the war to the western regions of Ukraine or go
abroad. Despite the efforts of top officials of R&D
institutions on establishing effective communica-
tion with their employees who are abroad or forced
to work remotely, the institutions still have not fully
regained their once-achieved efficiency [7].

A significant reduction in budget funding for
science, as well as an increase in the costs of main-

For the initial set of the indicators characteri-
zing the risk of reducing expenditure on the R&D,
the matrix of distances has been determined and
is presented Table 7, according to which the min-
imum sum of distances d, corresponds to X, that
is the index of R&D.

Thisindicatoris further considered the represen-
tative indicator of the risk of reducing expendi-
ture on the R&D.

The growing risk of low funding of the R&D
restrains the growth of economic efficiency in the
agricultural sector, the introduction of resource-
saving solutions and the optimization of technol-
ogy levels (choice of optimal technology, require-
ments for innovativeness of agricultural techno-
logy and saving of material and other costs). The-
refore, it is extremely necessary to enhance the
efficiency of budget and in-house expenditure for
the timely application of agricultural innovation,
which allows agricultural producers to optimize
up to 35% of their in-house expenditure and to

Table 8. Indicators that Describe the Risk of Decreasing
Investment Support for Innovation in the Industry

taining and restoring its infrastructure have a ne-
gative impact on the R&D. Under such conditi- Indicator Code Type
ons, R&D institutions are often forced to introdu- - .
ce part-time employment of researchers, to put part Capital investments by type of assets | x, | stimulator
of the staff in the forced downtime, or even to re- | |[nvestments into tangible assets , | stimulator
nvestments into intangible assets X. stimulator
duce the staff. I into intangibl 3 imul
Let us consider the risk of reducing expendi- | |Investments into trademarks and .
ture onthe R&D. Table 6 lists the initial indica- | |titles toindustrial property %, | stimulator
tors describing the threat, their designations, and Investments into software and .
. T databases x, stimulator
the type of indicators. *
Table 9. Matrix of Distances for the Risk of Decreasing Investment Support of Innovation in the Industry
T2016 T2017 T2018 T2019 TZOQO T2021 dik
X, 7.0078 6.7058 5.5758 5.1248 4.6161 6.2229 1.6858
X, 6.9062 6.6054 5.4793 5.0346 4.5293 6.1053 1.4982
X, 0.1016 0.1004 0.0964 0.0903 0.0868 0.1176 1.1402
X, 0.0010 0.0010 0.0011 0.0012 0.0013 0.0000 1.0255
X, 0.0041 0.0043 0.0041 0.0045 0.0043 0.0108 1.4735

Source: authors’ calculations.
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increase income by USD 150—250 per 1 ha (due
to increasing yield and gross collection).

Let us consider the risk of a decrease in invest-
ment support for innovation in the industry
(Table 8).

For the initial set of the indicators characteri-
zing the threat, the obtained distance matrix is pre-
sented in Table 9, according to which the minimum
sum of distances d,_corresponds to X,, i.e. coeffi-
cient of investments into trademarks and titles to
industrial property, which is further considered
the representative indicator for the risk of dec-
reasing the investment support of innovation.

During the period under review, the threat lev-
el has decreased, as indicated by growing invest-
ment activity in the industry due to the active
involvement of foreign investments in the recov-
ery of the Ukrainian economy in recent years.

Table 10 summarizes the forecast trends in all
the above-mentioned threats to the innovation-
driven development of agriculture, according to
which, when making management decisions, the
decision makers shall pay special attention to the
threats of reducing the efficiency of the use of the
R&D and reducing expenditure on the R&D in
agriculture, because for the forecast period they
show upward trends.

The annual change in the index of the level of
innovation-driven development of agriculture for
the retrospective period from 2016 to 2021 and
for the forecast period of 2023, as obtained by the
Kalman-Busy method, is 0.587. The obtained fo-
recast indicates a decrease in the level of innova-
tion-driven development of agriculture by 0.037
points, as compared with 2021.

Table 10. Forecast Trends in the Risks
to Innovation-Driven Development of Agriculture

Risk Trend
Efficiency of the R&D Upward
Expenditure on the R&D Upward
Investment support of innovation
in the industry Downward
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Let us build a model of the relationship be-
tween threats and the level of innovation-driven
development of the industry:

M=/U,\ .., aya,..a), (14)

where M is the level of innovation-driven devel-
opment; U*is the level of k-th threat, k= [1, p]; a,,
a, .., a are the model coefficients.

The model analysis has shown that within the pe-
riod of forecast, the risk that forms the main compo-
nent, namely, the risk of reducing expenditure on
the R&D (U?) has the highest influence on the level
of innovation-driven development of agriculture.
This has been confirmed by the low pairwise corre-
lation coefficient for the mentioned risk and the
general level of innovation-driven development:
cor(M, U,) = 0.1. The factors that cause this are low
funding of the R&D in agriculture and the exchange
rate that affects the profits and innovation in agro-
industry, since all operations are made in foreign
currency. Prices, for example, for maize fertilizer,
fuel, and logistics have more than doubled, which
has led to an increase in the cost of crops.

Although the budget for 2023 is focused on defen-
se, with 43% of all funds assigned to the army, the
budget includes expenditure on grants for the creati-
on and development of businesses (UAH 1.37 bil-
lion) and for the Fund for the Elimination of the
Consequences of Armed Aggression (UAH 19.3 bil-
lion). This expenditure also applies to agriculture.
The government plans to expand the financing of
soft loans through the Entrepreneurship Develop-
ment Fund. In 2023, the expenditure on it amounts
to UAH 16 billion. Raising additional funds to
support the industry is planned only at the expen-
se of international aid programs.

Within this research we have made a correla-
tion-regression analysis of the integrated assess-
ment of complex threats to the innovation-driven
development of agriculture in Ukraine. The main
three risks that affectinnovation in the industry
have been identified: the risk of reducing the ef-
ficiency of the R&D); the risk of reducing expend-
iture on the R&D, and the risk of decreasing in-
vestment support of innovation. From the set of
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the indicators describing each threat, representa-
tive indicators have been chosen by the center of
gravity method. For each threat, matrixes of initial
data X = {x;},, | have been formed. From the fo-
recast trends, the threat that forms the main com-
ponent, namely the threat of reducing expendi-
ture on R&D, has been identified. In the forecast
period, it has the highest influence on the level of
innovation-driven development of agriculture. This
has been evidenced by the low pairwise correla-
tion coefficient and the overall level of innova-
tion-driven development.

Therefore, innovation-driven transformations
in the agricultural sectorare urgently necessary and
shall be accompanied by financial support from the
state, significant investments, preferential lending,
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THHOBAIIIMHW PO3BUTOK CLJIbCHKOTO TOCTIOJJAPCTBA
YKPATHU B YMOBAX KOMIIJIEKCHUX 3ATPO3

Beryn. Yuacoigok nosnomaciitabuoi siitinu Pocii potu Yipainu npogoBoJibua 6e3rexa OnnHuIac Imij] 3arpo30Io Ha CBiTo-
BOMY piBHi. Yepes 3HNUIIEHHsT 200 YaCTKOBE TOIIKOKEHHSI CI/IbCHKOTOCTIOAPCHKMX YTijlb Ta BTPATy Bposkaio 6yJio 3adikco-
BaHO 30UTKK y po3Mipi 2,1 Mup gosapis. 3eMili CilIbChbKOrOCHOAAPCHKOrO IPU3HAYEHHS TTOMIKOKEHO MIHHUM 30Dy IHEeH-
HSM Yepes HeposipBaHi OoenpuIiacu, 1o CTBOPIOIOTH CMEPTEJIbHY 3arpo3y [Jist arpariis, Ta 3arajoM 3adikcoBaHo mpsme di-
3uuHe 6OMOAP/yBaHHS HA CLIIbCHKOTOCIOAAPCHKUX YTi/IISAX.

IIpo6aemaTuka. BupoOHUYO-TIPOAYKTUBHA CTIHKICTD CIILCHKOTOCIIONAPCHKOTO BUPOOHUIITBA — OZHE 3 HANTOIOBHIIMX
nuTaHb chorozierHst. HeoOXiAHOI0 Ta BasKIMBOIO BUCTYTIAE CHUCTEMa 3HAHD Ta IHHOBAIIIN Y ClIbCHKOTOCIIOAAPCHKIiii Tanysi, 1e
OXOIJIEHO OpraHizaiiii Ta KoonepaTusy hepMepiB, JTiCiBHUKIB, I0PAIHNUKIB, OCTIAHUKIB, TPEACTABHUKIB 6i3HECY, IPOMaIChKi
oprasisartii.

Merta. [IpoBesieHnsT KOpeAIiHO-pErpeciitHOr0 aHATI3y iIHHOBAIIITHOTO PO3BUTKY CiTbCHKOTO TOCIIOIAPCTBA YKPAiHU B
YMOBaxX KOMILJIEKCHHUX 3arpo3.

Marepiamm i Meroau. Bukopucrano Mmetoan 6araToBUMIPHOTO CTATUCTUYHOTO aHAJi3y, METOM TAKCOHOMII /IS OIIHKK
PiBHSI OKPEMUX 3arpo3, METO/I IIeHTpa Baru — JJist BUGOPY MOKa3HUKiB-PENPE3EHTAHTIB 3arpo3 iHHOBAIIITHOTO PO3BUTKY.

PegyabraTtu. [IpoBesieno anasis KOMIIEKCHUX 3arPO3 iIHHOBAIITHOTO PO3BUTKY CiJIbCHKOTO rocniofapceTsa. st BuxiaHoi
CYKYITHOCT] NOKa3HUKIB, 1110 XapaKTePU3YIOTh OKPEMY 3arpo3y, PO3paxoBaHo MaTPHIO BijfcTaneil. 3arpos3a sHIKECHHS BU-
TpaT Ha HAYKOBO-ZIOCJIiIHI POOOTH Y IIPOTHO3HOMY 1epio/ii 3AilCHI0E HAWBUIIMI BIUIMB HA PiBEHb IHHOBAIIIITHOIO PO3BUTKY
cizbebkoro rocrnozapersa. 1Ipo 1ie cBifyath HU3bKI 3HAUeHHS KOedillieHTiB MapHOi KOpessIlii Ta CyKymTHOTrO PiBHS iHHOBa-
1IITHOTO PO3BUTKY.

BucnoBku. Kopesitiiino-perpeciiinuii anasiiz iHHOBaIiITHOTO PO3BUTKY CiJTbCHKOTO TOCIOIAPCTBA JIAE€ MOKJIUBICTh BU-
3HAYUTU HAWBUIILY 3arPO3Y, IO 3/[iHICHIOE BIINB HAa PiBeHb iIHHOBAIITHOTO PO3BUTKY CLIBCHKOTO TOCMOIAPCTBA.

Kniouosi cnosa: inHoBalitHMii pO3BUTOK, CiIbChKE TOCTIOAAPCTBO, 3aTPO3H, iIHHOBAIIIHHI PO3POOKM, arpapHuii CEKTOP.
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