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FORMALIZATION OF THE INFLUENCE OF
EXOGENOUS AND ENDOGENOUS PROCESSES
ON THE FINANCIAL ACTIVITIES OF
AGRIBUSINESS ENTERPRISES

ABSTRACT

The functioning of business structures in the agricultural sector has recently become
significantly more complicated. In today's conditions, it is becoming more and more
difficult to develop security strategies for agribusiness enterprises, because factors that
have arisen relatively recently, especially of an external nature, have a significant neg-
ative impact on the financial activities of enterprises. In order to make optimal financial
decisions, the entire toolkit, developed and tested by many years of business experience
in the agricultural sector both abroad and in the middle of our country, should be used.
One of these methods is economic descriptive cognitive modeling, which allows to an-
alyze external and internal factors influencing the activities of enterprises, evaluate the
strength of their interaction, and graphically display cause-and-effect relationships in a
dynamic system. The method of cognitive modeling was studied in order to formalize
the influence of exogenous and endogenous processes on the financial activity of agri-
business enterprises. As a result of the research, the components of the development
of enterprises in the agricultural sector were analyzed from the standpoint of ensuring
the efficiency of their financial activities using cognitive modeling. A matrix of causality
and a cognitive map of the influence of a number of factors on the target component
"financial activity of the agribusiness enterprises" were built. Impulse modeling of the
influence of given concepts was carried out. The results of the conducted cognitive
modeling of the influence of factors can be used to develop a safe strategy for the
sustainable development of enterprises of other industries in the conditions of dynamic
changes. The application of the cognitive approach made it possible to foresee various
processes of development of situations in this system that may arise in it under the
expected influence of various factors, as well as the influence of regulatory and control
systems.

Keywords: financial activity, agribusiness, complex system, cognitive modeling,
components, data verification, management decision

JEL Classification: G32, D81, C53

INTRODUCTION

Doing business in modern conditions has become much more complicated, which leads
to the deterioration of the financial performance of the vast majority of enterprises and
a decrease in their competitiveness. The effectiveness of the activity of any enterprise
is determined by a number of external and internal factors, the possibilities of business
structures to take into account their influence, and make reasonable management de-
cisions. This requires high-quality information and analytical support. The activities of
domestic companies are characterized by significant inconsistencies between economic
development and socio-ecological requirements, which determines their significant so-
cial and man-made burden on employees and the surrounding natural environment.
Currently, the business environment is weakly structured, where the parameters and
patterns of enterprise development are mostly described by qualitative characteristics,
and the dynamics of changes in the conditions of the situation are difficult to predict in
terms of the parameters of its internal structure.
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Managerial decisions in the absence of reliable quantitative information are made by analysts thanks to experience and
intuition. As a model of a dynamic situation for decision-making, a subjective model is used, which is based on expert
assessments, that is, on knowledge and practical competencies. The inconsistency of the modern operating conditions of
agribusiness enterprises requires the use of methods that allow identifying strategic directions of financial activity, reducing
the level of uncertainty in the development of events, conducting scenario forecasting of the development of a problematic
situation with an appropriate set of interdependent factors, and adequately formulating target guidelines Combining the-
oretical and scientific knowledge with the experience of qualified experts in the field of financial activity, as well as the
creative potential of decision-making managers, allows a cognitive approach, which is at the heart of the construction of
such research methods.

LITERATURE REVIEW

The system-situational approach is actively used by scientists and analysts in the study of the financial activity of agribusi-
ness enterprises, the influence of factors on production and economic processes, economic and environmental phenomena,
and management problems at the level of independent economic entities. According to the system approach, there are
opportunities to carry out a comprehensive study of the business structure as a complex object, considering it as a single
integrated system. The cognitive approach is a sequential multi-stage algorithm in which three main stages are distin-
guished. The first of them is the development and display of the system structure in the form of a cognitive model of the
appropriate complexity. As an example, we can cite the mathematically simplest model — a cognitive map in the form of a
sign-oriented graph. The second stage consists of the analysis of connectivity, complexity, and stability, that is, the prop-
erties of the cognitive model. In the third stage, a scientific prediction of the possible future of the system takes place.
This includes the modeling of possible scenarios of the development of processes in the system based on a cognitive
model.

Therefore, the use of cognitive simulation modeling of complex systems provides an opportunity to use a set of methods
for activating the processes of thinking, cognition, perception, explanation, and understanding when solving management
tasks.

Axelrod, R. (1976) proposed the methodology of using a cognitive approach in the management of weakly structured
systems, scenario modeling, and decision-making in difficult-to-predict situations. In his opinion, fuzzy cognitive maps, in
contrast to ordinary cognitive maps, integrate the power of fuzzy logic into their structure. FCMs have proven to be a good
tool for modeling complex systems due to their addressability uncertainty and increase the accuracy of the data set.

The connection between the definition of the standard differential equation dynamic system and multifaceted dynamic
installation is studied in detail in the works of scientists (Atkin, R. & Casti, JL. 1977). They demonstrate that the complex
associated with the linear system provides a very vivid paradigm within which new interpretations are opened and closed
control laws are possible.

The process of systems thinking, that is, consciously organized thinking using system ideas, is very relevant to the problems
of work in the MIS field. Some problems encountered and solved during the development of systems thinking itself (Check-
land, P. 1981). He formalized separate definitions of hard and soft systems to develop systems thinking about complex
processes, naming his scientific approach and his own concept as "Soft Systems Methodology" (SSM).

Systems thinking as a set of relevant knowledge first arose in biological research. Later, it spread to other fields, such as
physics, cybernetics, information technologies, psychology, community development, and management. Currently, some
scientists consider cognitive modelling as a form of "soft operational research" (soft OR). Often this approach is better
known as the "problem structuring method" or PSM. Both approaches used to deal with complex (e.g., messy) situations
(Eden, C. 1988).

Richmond (1997) states that there are seven critical skills that are essential for a systems thinker. He refers to them as
dynamic thinking, closed-loop thinking, generic thinking, structural thinking, operational thinking, continuum thinking, and
scientific thinking.

Kosko, B. (1986) proposed an approach that was based on the use of fuzzy cognitive maps and a soft computing technique
based on human reasoning. Fuzzy cognitive maps (FCMs) can structure virtual worlds that change with time. FCM relates
causal events, values, goals, and trends in a dynamic system with fuzzy feedback. In such models, knowledge of common
sense is connected with the geometry of the state space. FCM connects fuzzy rules or causal flow paths that link events.
Complex FCMs can create virtual worlds with "novel" or chaotic equilibrium behavior. Simple FCMs create virtual worlds
with periodic behavior (Dickerson, J. & Kosko, B., 1998).
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There are different ways of thinking about systems (Checkland, P. 2000). He argues that "Soft" systems tend to contain
defined and identifiable elements, such as processes, strategies, outcomes, or other characteristics, about which there is
a non-agreed position of stakeholders. "Hard" systems should be considered organized systems with a set of elements
and goals, regarding which the position of interested parties is agreed upon.

Therefore, the features and unique characteristics of systems thinking have been studied in various settings for a long
time (Davidz, H.L., & Nightingale, D.]., 2008; Frank, M., 2010).

In Ukraine, scientific studies of complex systems using systems thinking and cognitive approaches to their analysis are
based mainly on foreign developments and widely available FCM software packages, and are related to the development
of the theory and practice of evaluating complex decision-making systems (Kyzym M.O., Pylypenko A.A. & Zinchenko V.A.,
2007; Yaldin, I., 2011; Tkachenko, O., 2019) and software packages (Rumyk, 1., 2021), in particular, in long-term fore-
casting of the situation by modeling methods in the digital economy (Tkalenko, S., Sukurova, N. & Honcharova, A., 2020;
Mihus, I., Denysenko, M., Rumyk, I., Pletenetska, S., Laptiev, M. & Kupriichuk, V., 2021; Pylypenko, O., Matviienko, H.,
Putintsev, A., Vlasenko, I. & Onyshchuk, N., 2022); in the agricultural sector (Patyka, N., Khodakivska, O., Pronko, L.,
Kolesnyk, T., Klymchuk, O., Kamenschuk, B. & Zayed, N.M., 2021; Seheda, S., 2020). At the same time, it should be noted
that there are practically no Ukrainian software complexes available in the public domain, they are in demo versions or are
available only for special institutions. This means the impossibility of their wide application, because paid access signifi-
cantly rejects interesting scientific research in various fields. Despite such a significant drawback in the presence of a
significant number of specialized IT specialists, cognitive situational modeling is a good tool open to specialists and experts
in various fields of science, which allows for building models, the research results of which are quite simply interpreted in
practice. With the help of systems thinking approaches, it is possible to create structural-systemic and simulation modeling.

Therefore, the use of cognitive approaches allows for identifying and reconciling contradictions that objectively exist be-
tween the perspectives of a complex system. The basis of this process is the cognitive-target structuring of knowledge,
which includes information about the system, its external and internal environment, architecture, and interaction parame-
ters of incoming participants. System thinking and structuring of knowledge make it possible to ensure a balance between
conflicting goals and target values of indicators, to bring scenario measures to specific performers.

AIMS AND OBIJECTIVES

The purpose of the article is to study the methodology of cognitive modeling of weakly structured complex economic
systems to formalize the influence of exogenous and endogenous processes on the financial activities of agribusiness
enterprises in order to choose optimal management solutions.

METHODS

The methodological basis of the study was a cognitive modeling method based on the Fuzzy-logic Cognitive Mapping (FCM)
software package, which allowed for determining the factors affecting the system, the connections between them, and
building a predictive model in the form of a cognitive map.

The methodology for constructing clear models of cognitive maps implies a weighted directed graph Q = (V, G), where
={1, 2, ..j., v}is the set of vertices that is a set of concepts (factors) that describe the state of the simulated situation
or the system under study. In the process of taking on various management tasks, impulse influences when analyzing
cognitive maps can be divided into simple and complex. Simple influences - the initial impulse is set for only one concept,
complex influences - the initial impulses are set for several concepts. Changes in controlled concepts most often serve as
impulses for the cognitive model (Roberts, F. 1976).

The methodology for constructing fuzzy models of cognitive maps also implies a weighted oriented graph Q@ = (K, G),
where K = {1, 2, ..., k} is a set of vertices, which is a set of concepts (factors) describing the state of the simulated
situation or system under study. The values of concepts K], / =1, ..., kand concepts K, j =1, ..., k, are represented by
fuzzy sets ~Kiand ~K;as collections of ordered pairs. The set of arcs G < K x K'reflects the cause-and-effect relationships
between concepts (factors) and their influence on each other. The set of influence relations between all concepts of fuzzy
cognitive maps is given by a matrix of fuzzy binary relations (Roberts, F. 1976).

In our work, the research design (methodology) involves the following four main stages:
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1. First: development and display of the structure of the system (formulation of research goals and objectives; study of
financial support of agro-industrial complex enterprises as a socio-economic system; formation of an information
base, analysis, and systematization of collected data).

2.  Second: construction and analysis of the correspondence matrix (analysis of external and internal components of
influence on the target indicator and their mutual influence on each other).

3. Third: analysis of cognitive model properties and implementation of the computer model (selection of an instrumental
modeling environment, creating a model in a computer environment, data entry, conducting a computer experiment,
and checking the adequacy of the model).

4.  Fourth: modeling of possible scenarios of the development of processes in the system based on a cognitive model
(scientific prediction of a possible future system).

RESULTS

Structuring of knowledge about the object of research and the external environment

When structuring is carried out, identification of the most essential (basic) factors - concepts that characterize the inter-
action of the object and the external environment, and the identification of qualitative cause-and-effect relationships
between them, namely, what interactions take place between concepts in the process of their change. Factors that mean-
ingfully fill the complex system and describe the investigated situation, financial support of enterprise activities, are entered
into the research algorithm using a set of factors - F={fi}.

The algorithm for carrying out the cognitive-target structuring of knowledge about the object and the external environment
is detailed in works Rumyk, I. (2020) and Pylypenko, O. & Rumyk, I. (2022).

In the first stage of research, we will provide a system of concepts selected by us based on the application of the method
of expert evaluations of enterprise development concepts from the standpoint of ensuring its financial activity. Twelve
elements of the model base, which have a multidirectional impact on the general state of the system and on each other,
have been selected from a multitude of factors to ensure the effective development and profitability of agribusiness en-
terprises (Table 1).

Table 1. The system of components of enterprise development from the standpoint of ensuring its financial activity.

é‘;?v::tt;g:ﬂf Component name The value of the component in ensuring the financial
9 P activity of the agribusiness enterprise
the component
External factors
. - Stable development and the availability of prerequisites for in-
X1 The presence of a brand (local, regional, global) and a positive creasing the production of goods and providing services for
image . : ;
updating the assortment and increasing sales volumes
X2 Availability of infrastructure and a developed institutional envi- | Ensuring rapid development, modernization of production, and
ronment improvement of activity efficiency
X3 Development of the labor market Creation of new jobs
X4 Development of the transport and logistics network Opportunities to reduce sales costs and increase profitability
X5 ;eersfntage of budget expenditures for infrastructure develop- Ability to maintain and develop infrastructure at a given level
X6 The level of bureaucracy and corruption The presence of obstacles to the implementation of manage-
ment tasks
X7 Favorable investment climate and innovation Attracting significant financial resources using modern high-
performance and low-cost technologies
Internal factors
X8 Availability of diversified sources of financing !’rowsmn of ﬁnanual resources in suff!u'e'nt volumes for the
implementation of entrepreneurial activities
X9 The price of goods and the cost of services for consumers Availability of quality goods and services to the vast majority
of consumers
X10 Competitiveness Financial stability and profitability
X1 Availability of developed sales channels Ensuring the quick sale of goods and services and satisfaction
of consumer needs
X12 Risks of doing business Financial stability and security of business activity
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The analyzed components of external and internal influence on the financial activity of the agribusiness enterprise and
their influence on the general state of the system and on each other are predictive. Exogenous and endogenous processes
are not stable; they are constantly in dynamics (Bondarenko, V., Martynova, L., Chorna, N., Sukhorebra, T. & Seheda, S.
2019; Tkalenko, S., Melnyk, T. & Kudyrko, L., 2021). Therefore, it should be concluded that the choice of concepts-factors
and their interpretation regarding the influence on the financial activity of agribusiness enterprises may differ depending
on the position of the expert who chooses them, evaluates them, and conducts a study of the effect of cause-and-effect
relationships on the selected weakly structured complex system.

Based on the creation of models of the subject area and the corresponding structuring of existing knowledge, as well as
his own understanding of the model basis, the expert forms a preliminary idea of the investigated situation about the
object of research or its interaction with the environment. When making decisions in unstructured situations, the analyst
can determine the most influential factors and establish cause-and-effect relationships between them, ensure balance
between all conflicting goals and target values of relevant indicators.

Building the adjacency matrix and establishing relationships between the selected components

Checking the structural properties of the cognitive model and the properties of its stability showed that the model is
consistent with the real system. An experimental plan for constructing an adjacency matrix was developed and a study
was conducted to model the influence of twelve different external and internal components on the development of the
situation in this model (process propagation of the disturbance along the graph with known initial values X(0) at all verti-
ces). Rumyk, I. (2020) recommended to compensate the subjectivity of the approach to the selection of components of
impact on the system and its overall assessment through a repeated verification procedure based on the principle of
multiple generation of cases.

The cases were modeled using the given model of impulse processes when disturbances were introduced - positive w; =
+1 or negative w; = -1 impulses into one, two or more vertices; the set of disturbance impulses (disturbance vector) in
each scenario is defined as W = {w;, w, wy}. The number of modeling steps n in a computational experiment is not
limited; Pulse modeling can continue until the nature of the change trends (constant value, increase, decrease, oscillation)
appears at all vertices.

Table 2 shows the results of research on the influence of the selected twelve components on the financial activity of
agribusiness enterprises, as well as the cause-and-effect relationships between them. When composing the elements of
the matrix, the reversibility of the influence of factors was taken into account, the positive value of which can have a
positive effect in some situations, and a negative effect in others. In any case, the target indicator of the system should
be to increase the financial activity of agribusiness enterprises.

Table 2. Matrix of causality and directions of influence of the components of the model on the financial activity of the agribusiness en-
terprise.

Vertex- Exposed components
ele- Components that affect External factors Internal factors
ments xt [ x2 | x3 | xa | xs | x6 | x7 | x8 | xo | x10 [ x11 | x12
External factors
X1 The presence of a brand (local, re- X #1 | +1 | #1 | -1 -1 +1 0 T I T R T
gional, global) and a positive image
X2 Ava|lab|l|ty_of |_nfra_15tructure_ and a 0 X 41 41 0 0 +1 0 1 +1 +1 1
developed institutional environment
X3 Development of the labor market 0 0 X 0 0 0 -1 0 +1 0 0 +1
X4 De\_/el_opment of the transport and 0 +1 0 X 0 1 41 0 1 1 1 1
logistics network
X5 Per(;entage of budget expenditures 0 41 0 41 X 0 41 0 1 1 1 1
for infrastructure development
X6 The _Ievel of bureaucracy and cor- 4 0 0 0 0 X 1 0 0 1 1 0
ruption
X7 Favoraple investment climate and 0 0 0 0 0 0 X +1 1 +1 +1 1
innovation

(continued on next page)
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Table 2. Continued

Exposed components
Vertex-
ele- Components that affect External factors Internal factors
ments xt | x2 | x3 | xa | xs | x6 | x7 | x8 | xo | xa0 | xu1 | xe2
Internal factors

Availability of diversified sources of ~ R R
X8 financing 0 0 0 0 0 1 +1 X 1 +1 +1 1
X9 The price of goods and the cost of 0 0 0 0 0 0 0 " X 1 1 1

services for consumers
X10 Competitiveness 0 0 0 0 0 0 +1 +1 -1 X +1 -1
Xi1 /:Z?Silability of developed sales chan- 0 0 0 0 0 0 0 " 1 1 X 1
X12 Risks of doing business 0 0 0 0 0 +1 -1 -1 +1 -1 0 X

Table 2 proves that the elements of the model base determine the peculiarities of the structuring of a complex system.
However, any integrated structure must have life goals (formalized mission and vision), coordinated with its architectural
structure. First of all, by characterizing the elements of the system, note that since the main driving force of development
is the presence of contradictions, it is necessary to have a toolkit for identifying and solving such contradictions. Defined
in Table 2, components of the proposed model base are focused specifically on defining approaches to the reconciliation

of contradictions, with the search for the most optimal scenario from the point of view of achieving goals.

The matrix of interrelationships of the model parameters is represented by the adjacency matrix of the system of financial
activity of the enterprise, where +1 is an increase (decrease) in the value of factor Xi, which causes an increase (decrease)
in the value of factor Xj; -1 — an increase (decrease) in the value of factor Xi leads to a decrease (increase) in the value

of factor Xj; 0 — the connection between factors Xi and Xj is absent or weak.

Construction of a hypothetical cognitive map

The creation of a visual mapping with the establishment of maximum and minimum boundaries between external and
internal concepts was performed on the basis of data obtained from the adjacency matrix. The constructed hypothetical
graphical cognitive map of the influence of components on the target component "financial activity of enterprises" within
the framework of the methodology of "soft" system analysis was performed using a mixed approach and is able to most

likely explain the dynamics of its development (Figure 1).

Brand and a positive
gl R g o
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Figure 1. Cognitive map of modeling the financial activity of the enterprises. (Source: authors’ development based on FCM software)
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The essence of the mixed approach to building a cognitive map is that the expert exercises partial control over the process,
there is the possibility of changing and supplementing the data manually. However, it provides the possibility of processing
a large amount of data, the mathematical validity of the map elements is present, constant updating of information, and
availability of various data sources.

Factors that actively affect the system can be represented by the role of their influence. The most significant external
factors affecting the “financial activity of the enterprises" system of the cognitive map are X1 — the presence of a brand
(local, regional, global) and a positive image, X2 — the presence of infrastructure and a developed institutional environment,
X5 — the percentage of budget expenditures for infrastructure development (See Table 2). Among the internal factors
affecting the "financial activity of the enterprise" system of the cognitive map are X8 — the presence of diversified sources
of financing, X10 — competitiveness (See Table 2).

After the hypothetical cognitive map is built, you can proceed to the next stage - to solving scenario analysis problems.
Scenarios make it possible to analyze and plan non-standard situations, make it possible to understand under what condi-
tions a favorable or unfavorable situation may arise, and help to evaluate how it is necessary to influence the processes.
Scenario modeling helps to characterize the data situation in the present time, show the behavior of processes. Defining
trends and changes in the state of financial activity of agribusiness enterprises will allow to study the processes of devel-
opment as the system as a whole, as well as by its individual components.

Carrying out scenario modeling

Yatsukh, O. (2018) noted that the magnitude of the momentum at the top of Xi at time t is described by the function:
U (t+1) = Ui (1) + 2 £ (V, Vi) ps (b) (1)

where pi(t) depends on the sign of the arc connecting x;and x; and is equal to 1; Ui(t+1) and Uj(t) — the value of the i-th
factor at the moment of time t+1 and t, respectively, pj(t) — the change in the vertex x; at the moment of time t (increment),
the numerical value of the vertex is equal to 1;

n = 1+12, f(V, V;)— weight of influence of factor x; on x;;
Jj € 1 T;is the number of factors that directly affect factor x;.

We will obtain the results of the simulation of the impulse process of the corresponding scenario of introducing disturbances
to the received levers.

Active vertices mean factors — potential levers of influence on the system: external — X1 (the presence of a brand (local,
regional, global) and a positive image), X2 (the presence of infrastructure and a developed institutional environment) and
X5 (the percentage of budget costs for infrastructure development); internal — X8 (the presence of diversified sources of
financing) and X10 (competitiveness) (see Figure 1).

We will conduct a step-by-step scenario analysis of the growth of five selected external and internal components that have
the greatest impact on the model under study, under the condition of their maximum growth to # e +1.

The results of the influence of the external component X1 — "the presence of a brand (local, regional, global) and a positive
image" on the target element "financial activity of the enterprises" are shown in Figure 2.
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and innovation
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Component +/- | ferred Actual
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tional environment
m | Labor market Increase
Transport and logis-
® | tics network Increase
m | Budget expenditures Decrease
Bureaucracy and cor-
n ruption Decrease
Investment climate
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Diversified sources of
financing
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and the cost of ser-
vices
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Figure 2. Study of the influence of the X1 component on the behavior of the model. (Source: authors’ development based on FCM software)

To component X1, we add external component X2 — "the presence of infrastructure and a developed institutional environ-

ment" and the results of the impact on the target element "financial activity of the enterprises" are shown in Figure 3.
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Figure 3. Study of the influence of components X1 and X2 on the behavior of the model. (Source: authors’ development based on FCM soft-

ware)
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To the components X1 and X2, we add the external component X5 — "the percentage of budget costs for infrastructure
development" and the results of the impact on the target element "financial activity of the enterprises" are shown in
Figure 4.
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o | developed institu- 1 0,08
tional environment
m | Labor market Increase
m | Transport and logis- 0,06
N Increase
tics network
o | Budget expenditures 1
m | Bureaucracy and cor- Decrease 0,04
ruption
Investment clim
- estment climate Increase
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vices network corrup-tion innovation
m | Competitiveness -0,02
m | Sales channels
m | Risks of doing busi- -0,04
ness 0,04

Figure 4. Study of the influence of components X1, X2, and X5 on the behavior of the model. (Source: authors’ development based on FCM
software)

To the external components X1, X2, and X5, we add the internal component X8 — "the presence of diversified sources of
financing" and the results of the impact on the target element "financial activity of the enterprises" are shown in Figure 5.
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Figure 5. Study of the influence of external components X1, X2 and X5 and internal X8 on the behavior of the model. (Source: authors’
development based on FCM software)
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To the components X1, X2, X5, and X8, we add the internal component X10 — "competitiveness" and the results of the
impact on the target element "financial activity of the enterprises" are shown in Figure 6.
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Figure 6. Study of the influence of external components X1, X2, and X5 and internal X8 and X10 on the behavior of the model. (Source:
authors’ development based on FCM software)

Graphs of the impulse processes of all five scenarios, which were generated using an incremental approach, revealed a
tendency for the constant growth of the largest components X3 - "Development of the labor market"; X4 — "Development
of the transport and logistics network"; X7 - "Favorable investment climate and innovation"; and the reduction of compo-
nent X6 - "The level of bureaucracy and corruption".

Thus, even based on the results of the above scenarios, simulating possible processes in the system under study, a number
of conclusions can be drawn at a qualitative level that does not contradict theoretical assumptions about the behavior of
the complex "financial activity of enterprises" system.

Based on the analysis of the received scenarios, it is possible to adjust the strategy of the financial activity of agribusiness
enterprises, which will help increase the activation of financial and economic processes and simplify the task of making
management decisions.

Cognitive analysis of information and implementation of modeling of the development of agribusiness enterprises makes
it possible to build scenarios of its development for the near future under the conditions of activation of the manifestation
of certain concepts. At the same time, the scenario can be modeled in the following main directions:

1.  The scenario of unmanaged development, i.e. decentralized self-development as such — activation of the development
of the analyzed object without any influence of factors on the processes taking place.

2. The scenario of managed development based on the implementation of measures to improve the efficiency of the
enterprise's financial activities and on the basis of setting goals for its development (desired level).

Construction of the enterprise development scenario is possible after carrying out all procedures related to the cognitive
analysis of information and cognitive modeling. The enterprise development scenario is compiled according to the specified
algorithm, starting with the introduction of positive impulses and ending with the analysis of the received data and the
introduction of appropriate changes to the initially accumulated cognitive structured knowledge.
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DISCUSSION

Interpretation of the essence and implementation algorithms of cognitive modeling in practice has quite different ap-
proaches. In Ukraine, software products for cognitive modeling are distributed free of charge mainly in demo versions,
which have significant functional limitations. In addition, the interface of some programs is quite complex, which signifi-
cantly narrows the circle of users. Problem areas of existing systems of cognitive modeling of situations are too painstaking
process of developing models; opinions of experts may differ from data that could be obtained in more real conditions;
created models within the framework of the industry, cannot be standardized. Quantitative evaluation of the mutual influ-
ence or influence of factors (detection of the weights of the arcs of the graph) is the most important and most difficult
task because cognitive modeling is used in the study of a weakly structured environment with its variability, multifactori-
ality, weak formalization. The adequacy of the hypothetical model is determined by the completeness of the set of initial
knowledge; the model can be clarified in the process of research and application, being in itself a source of structured
knowledge. Cognitive (cognitive-target) structuring of knowledge about the object and the external environment depends
significantly on experts and the arsenal of methods that will be used.

CONCLUSIONS

The application of the cognitive approach and the tools of simulation cognitive modeling of complex systems to the study
and modeling of scenarios for the development of a system called in this study "financial activity of agribusiness enter-
prises", made it possible to foresee various processes of development of situations in this system that may arise in it under
the expected influence of various economic factors, as well as the influence of regulatory and control systems. The influ-
ence of various external and internal factors on the financial activities of enterprises and the choice of modeling methods
is widely discussed in the scientific literature. Many foreign and domestic scientists analyze various factors, choosing a
different number of components. In any case, there are quite close relationships between endogenous and exogenous
processes and their impact on the financial activity of the enterprise, which is confirmed by our research.

Using the FCM methodology, twelve components of the impact on the financial activity of agribusiness enterprises were
selected and investigated. The constructed adjacency matrix made it possible to identify three external and two internal
components that have the most significant impact on the target component. As a result of the conducted scenario analysis,
the impact on the prognostic model was investigated, and it was found that the key concepts are the availability of
infrastructure and a developed institutional environment and the percentage of budget expenditures for infrastructure
development. We can come to the conclusion that in our case it is infrastructure factors that have the greatest impact on
the financial activity of agribusiness enterprises. When adding other components to the predictive model, the system under
study practically does not undergo changes.

Further research will be related to the analysis of the impact of various external and internal factors on the target compo-
nent, including other factors that were not taken into account in cognitive modeling. We believe that this technique is a
powerful tool for making effective management decisions regarding the financial activities of the enterprise.

ADDITIONAL INFORMATION

AUTHOR CONTRIBUTIONS

Conceptualization: 7etiana Galetska, Svitlana Tkalenko

Data curation: Svitlana Tkalenko, Serhii Seheda

Formal Analysis: /hor Rumyk, Oleksandr Klymchuk

Methodology: 7hor Rumyk, Zhanna Derii

Software: Jhor Rumyk, Svitlana Tkalenko

Resources: Tetiana Galetska, Oleksandr Klymchuk, Serhii Seheda

Supervision: /hor Rumyk

Validation: Oleksandr Klymchuk

Investigation: /hor Rumyk, Tetiana Galetska, Oleksandr Klymchuk, Zhanna Derii
Visualization: Zhanna Derii, Serhii Seheda

Project administration: /hor Rumyk, Svitlana Tkalenko

Funding acquisition: /hor Rumyk, Tetiana Galetska, Oleksandr Klymchuk, Svitlana Tkalenko, Zhanna Derij, Serhii Seheda
Writing — review & editing: Svitlana Tkalenko

292 DOI: 10.55643/fcaptp.1.54.2024.4227


https://fkd.net.ua/
https://www.fta.org.ua/

FINANCIAL AND CREDIT ACTIVITY: PROBLEMS OF THEORY AND PRACTICE
Volume 1 (54), 2024

Writing — original draft: /hor Rumyk

FUNDING

The Authors received no funding for this research.

CONFLICT OF INTEREST

The Authors declare that there is no conflict of interest.

10.

REFERENCES

Atkin, R. & Casti, J.L. (1977). Polyhedral Dynamics and the
Geometry of Systems. ITIASA Research Report. IIASA,
Laxenburg, Austria: RR-77-006.

Axelrod, R. (1976). The Structure of Decision: Cognitive
Maps of Political Elites. Princeton. University Press.

Bondarenko, V., Martynova, L., Chorna, N., Sukhorebra, T.,
& Seheda, S. (2019). Evaluation system formation of
development of enterprise's innovative potential. Academy
of Strategic Management Journal, 1&1).

Checkland, P. (1981). Systems Thinking, Systems Practice.
New York: J. Wiley.

Checkland, P. (2000). Soft systems methodology: A thirty
year retrospective. Systems Research and Behavioral

Davidz, H.L., & Nightingale, D.]J. (2008). Enabling systems
thinking to accelerate the development of senior systems
engineers. Systems Engineering, 11(1), 1-14.

Dickerson, J., & Kosko, B. (1998). Virtual Worlds as Fuzzy
Dynamic Systems. Technology for Multimedia. New York,
IEEE Press.

Eden, C. (1988). Cognitive mapping. European Journal of
Operational Research, 36, 1-13.

Frank, M. (2010). Assessing the interest for systems
engineering positions and other engineering positions’
required capacity for engineering systems thinking (CEST).
Systems Engineering, 132), 161-174.

Kosko, B. (1986). Fuzzy cognitive Maps. International
Journal of Man-Machine Studies, 24(1), 65-75.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kyzym, M.O., Pylypenko, A.A., & Zinchenko, V.A. (2007).
Balanced scorecard: monograph. Kharkiv: VD «Inzhek».

Mihus, I., Denysenko, M., Rumyk, I., Pletenetska, S.,
Laptiev, M., & Kupriichuk, V. (2021). Methodology of
corporate financial diagnostics in the period of a crisis. AD
ALTA: journal of interdisciplinary research, 11(1), Spesial
Issue XV, 52-55.

pdf

Patyka, N., Khodakivska, O., Pronko, L., Kolesnyk, T.,
Klymchuk, O., Kamenschuk, B., & Zayed, N.M. (2021).
Approaches to Evaluation of the Agriculture
Competitiveness Level: Empirical Evidence in Ukraine.
Academy of Strategic Management Journal, 2(1).

Pylypenko, O., Matviienko, H., Putintsev, A., Vlasenko, I., &
Onyshchuk, N. (2022). Government tax policy in the digital
economy. Cuestiones Polliticas.

Pylypenko, O., & Rumyk, I. (2022). Financial support of
enterprises: possibilities of using cognitive modeling.
Scientific notes of KROK University, 2(66), 44-52.

Richmond, B. (1997). The "thinking” in systems thinking:
how can we make it easier to master?".

Roberts, F. (1976). Discrete mathematical models with
applications to social, biological and environmental
problems. Prentice-Hall, Englewood Cliffs. N.J.

e/2up

Rumyk, I. (2020). Application of cognitive tools in
researches of economic models of food providing. Market
Relations Development in Ukraine, 2(225), 70-80.

Rumyk, I. (2020). Food security of the state: questions of
theory, methodology and practice. Monograph. Kyiv:
University of Economics and Law "KROK".

DOI: 10.55643/fcaptp.1.54.2024.4227

293


https://fkd.net.ua/
https://www.fta.org.ua/
https://pure.iiasa.ac.at/id/eprint/709/1/RR-77-006.pdf
https://press.princeton.edu/books/hardcover/9780691644165/structure-of-decision
https://press.princeton.edu/books/hardcover/9780691644165/structure-of-decision
https://www.abacademies.org/journals/month-february-year-2019-vol-18-issue-1-journal-asmj-past-issue.html
https://www.abacademies.org/journals/month-february-year-2019-vol-18-issue-1-journal-asmj-past-issue.html
https://scholar.google.com/scholar_lookup?title=Systems+Thinking,+Systems+Practice&author=Checkland,+P.&publication_year=1981
https://scholar.google.com/scholar_lookup?title=Systems+Thinking,+Systems+Practice&author=Checkland,+P.&publication_year=1981
https://scholar.google.com/scholar_lookup?title=Systems+Thinking,+Systems+Practice&author=Checkland,+P.&publication_year=1981
https://doi.org/10.1002/1099-1743(200011)17:1+%3C::AID-SRES374%3E3.0.CO;2-O
https://doi.org/10.1002/1099-1743(200011)17:1+%3C::AID-SRES374%3E3.0.CO;2-O
https://dspace.mit.edu/bitstream/handle/1721.1/84536/cp_050710_davidznihtingalerhodes_incose.pdf?sequence=1
https://dspace.mit.edu/bitstream/handle/1721.1/84536/cp_050710_davidznihtingalerhodes_incose.pdf?sequence=1
https://www.researchgate.net/publication/2729086_Virtual_Worlds_as_Fuzzy_Dynamical_Systems
https://www.researchgate.net/publication/2729086_Virtual_Worlds_as_Fuzzy_Dynamical_Systems
https://doi.org/10.1016/0377-2217(88)90002-1
https://doi.org/10.1002/sys.20140
https://doi.org/10.1016/S0020-7373(86)80040-2
http://aapil.ho.ua/index.php/ua/teksti-prats/teksti-monografij/20-zbalansovana-sistema-pokaznikiv
http://aapil.ho.ua/index.php/ua/teksti-prats/teksti-monografij/20-zbalansovana-sistema-pokaznikiv
http://www.magnanimitas.cz/ADALTA/110115/PDF/110115.pdf
http://www.magnanimitas.cz/ADALTA/110115/PDF/110115.pdf
https://www.abacademies.org/articles/Approaches-to-evaluation-of-the-agriculture-competitiveness-level-empirical-evidence-in-Ukraine-1939-6104-20-1-703.pdf
https://www.abacademies.org/articles/Approaches-to-evaluation-of-the-agriculture-competitiveness-level-empirical-evidence-in-Ukraine-1939-6104-20-1-703.pdf
https://www.abacademies.org/articles/Approaches-to-evaluation-of-the-agriculture-competitiveness-level-empirical-evidence-in-Ukraine-1939-6104-20-1-703.pdf
https://doi.org/10.46398/cuestpol.4072.15
https://doi.org/10.31732/2663-2209-2022-66-44-52
https://thesystemsthinker.com/the-thinking-in-systems-thinking-how-can-we-make-it-easier-to-master/
https://thesystemsthinker.com/the-thinking-in-systems-thinking-how-can-we-make-it-easier-to-master/
https://archive.org/details/discretemathemat0000robe/mode/2up
https://archive.org/details/discretemathemat0000robe/mode/2up
https://library.krok.edu.ua/media/library/category/statti/rumyk_0004.pdf
https://library.krok.edu.ua/media/library/category/statti/rumyk_0004.pdf
https://doi.org/10.31732/FS

®IHAHCOBO-KPEAUTHA AIAMbHICTb: MPOBSIEMW TEOPIT TA MPAKTUKM
Tom 1 (54), 2024

20. Rumyk, I. (2021). Modeling the impact of economic 24. Tkalenko, S., Sukurova, N., & Honcharova, A. (2020).
indicators on food security. Economics, Finance and Determinants of the Foreign Direct Investments in Terms of
Management Review, 2(6), 4-13. Digital Transformation of the Ukrainian Economy. Digital
https://doi.org/10.36690/2674-5208-2021-2-4 Science. Advances in Intelligent Systems and Computing,

1114, 148-164. https://doi.org/10.1007/978-3-030-37737-

21. Seheda, S. (2020). The Agricultural production of Ukraine. 314 T
Monograph. Vinnytsia: Publisher Balyuk Ihor. T
https://r.donnu.edu.ua/handle/123456789/2755 25. Yaldin, I.V. (2011). Cognitive modeling in the forecast of
strategy scenarios of steady development of business
integrated structure. The Problems of Economy, 4, 142-

22. Tkachenko, O. (2019). Cognitive Modeling of Composite
Systems. Digital Platform: Information Technologies in

26. Yatsukh, O. (2018). Cognitive modeling of factors of
influence on the processes of formation and reproduction of
fixed assets of agricultural enterprises. Development

23. Tkalenko, S., Melnyk, T., & Kudyrko, L. (2021). Empirical
analysis of exports of organic agricultural food products of
Ukraine. Baltic Journal of Economic Studies, 7, 177-186.

Pymuk 1., Faneyeska T., Kmmdyk O., Tkanerko C., Aepivi XK., Cerega C.

®OPMANI3ALIA BNJINBY EK3ONEHHUX TA EHAONEHHUX NPOLIECIB HA ®IHAHCOBY
AIANbHICTb NIAMPUEMCTB ArPOBI3HECY

®YHKLiOHYBaHHS NiANPUEMHULIBKMUX CTPYKTYP B arpapHiit ccepi OCTaHHIM YacoM CYTTEBO YCKMAAHMIIOCS. Y CyYacHUX YMo-
BaX yCe CK/IafHille CTa€E po3pobnsaT 6e3neKoBi cTpaTerii Ans NignpueEMCTB arpobisHecy, agke 3HaYHWIN HeraTUBHUIN BNJIMB
Ha iXHI0 PiIHAHCOBY AISNbHICTb MalOTb YNHHUKM, SIKi BUHWKITM NOPIBHSHO HEAABHO, 0CO6/IMBO 30BHILLHI. 3 METOIO yXBaNEHHS
ONTUMasnbHUX (DiIHAHCOBUX PillieHb CMi BUKOPUCTOBYBATM BECh iIHCTPYMEHTAPIW, HanpauboBaHWi i anpobosaHuit 6araTopi-
YHMM AOCBIAOM BEAEHHS NiANPUEMHULIbKOI AiSNbHOCTI B arpapHiii cdepi i 3a KOpAOHOM, i B HawWii KpaiHi. OaHMM i3 Takux
METO/iB € EKOHOMIYHE OMUCOBE KOrHITUBHE MOAENIOBAHHS, sIKe A03BOJISIE MPOaHanisyBaTK 30BHiLLHI Ta BHYTPILLHI hakTopu
BM/IMBY Ha AiSNbHICTb NiANPUEMCTB, OUIHUTK cuNy iX B3aeMopii, rpacivyHo Bigobpa3nTM NPMUYNHOBO-HAC/IAKOBI 3B'A3KMN B
JMHaMIiYHii CNabkoCTPYKTYPOBaHIl CUCTEMI.

Y poboTi AocnigXeHo MeToAMKY KOFHITMBHOrO MOAENOBaHHS 3 METOK (opManidauii BN/IMBY €K30reHHUX Ta eHAO0reHHUX
npoueciB Ha (iHaHCOBY AisNbHICTb NiANPUEMCTB arpobisHecy. Y pe3ynbTaTi NpoBeAeHOro AOCNIAKEHHS MpoaHanizoBaHO
KOMTMOHEHTMW PO3BUTKY NiANPUEMCTB B arpapHilt cdepi 3 nosuuii 3ab6esneyeHHst epeKTUBHOCTI IXHbOT hiHaHCOBOI AisNIbHOCTI
3 BUKOPUCTAHHSIM KOMHITUBHOrO MoZentoBaHHs. MobyaoBaHO MaTpuLO NMPUYMHOBOCTI Ta KOTHITUBHY KapTy BMVMBY MHO-
XVHW (haKTOpiB Ha LiNIbOBUIA KOMMNOHEHT «iHaHCOBa AiANbHICTb NiANPUEMCTB arpobisHecy». MpoBeaeHo iMNyIbCHE Moae-
JIIOBaHHA BMN/IMBY 33/1aHNX KOHLIENTIB i BU3HAY€HO piBeHb IXHbOMO BNIMBY Ha iHAHCOBY AisNbHICTb B iHTErpanbHii Moaeni
iX PyHKUIOHYBaHHS. Pe3ynbTaTv NpOBEAEHOr0 KOMHITUBHOrO MOAENOBAHHS BrnvBYy (hakTOpiB Ha (DiHAHCOBY AiSNbHICTb
nianNpuveMCTB arpobisHecy MOXyTb BYTV BUKOPUCTaHI Asisl po3pobku 6e3neyHoi cTpaTerii CTiKoro po3BUTKY MiANPUEMCTB
iHWMX ranysen B yMOBax AMHAMIYHMX €KOHOMIYHMX 3MiH. KOrHiTMBHA METOAOsOris Ta NporpaMHa cuctema Fuzzy-Logic
Cognitive Mapping € NOTY>XHWUM iHCTPYMEHTOM, SIKUIA Q€ MOX/IMBICTb CUCTEMHO Ta BCEGIYHO MPOBOAWUTU SIKICHUIA aHani3
CTaTUYHMX MOZEsNelN 3a AOMOMOrO «M'SIKOro» CUCTEMHOMO MiAXOAY A0 MporpaMyBaHHsl, BepudiKyBaTV 3HAHHSI, BUKOHY-
BaTMW CLEHapHe iMMy/bCHE AOCTIAKEHHS KOMMOHEHTIB Ha (DiHAHCOBY AisNbHICTb NIANPUEMCTB, WO AAE MOX/IMBICTb 06MpaTH
ONTUMasbHWIA BapiaHT PO3BUTKY MOAiK Ta yXBaloBaTK PILLEHHS 3 MOr0 NMPaKTUYHOI peanisauii.

KnrouoBi cnoBa: @iHaHCOBa AisnbHICTb, arpobi3Hec, KOMMIeKCHa CUCTeMa, KOrHITMBHE MOAENOBAHHS, CKIagoBi,
Bepudikauis AaHuX, yNnpaBAiHCbKe pilIEHHS
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