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In the article the author gives an analytical review of the application of information
systems and technologies in the modern economy. The author determined that
the activities of modern economic facilities require new approaches and the
construction of a new concept in the era of digital economy — Industry 4.0.
The author proposes a structure of interaction of economic entity management
models, which combines a set of systemic, resource approaches to human resource
management (Kobe Douglas function) and marketing analytics, which allows to
form a strategy for economic entity (enterprise) to take into account market needs.
The economic entity in the digital economy in the form of a multi-agent system,
for which the correction factor for the value of the usefulness of the product. There
is also a model for assessing consumer efficiency as part of a digital marketing
system in the management of economic facilities. Thus, the concept of building
intelligent economic systems in the era of Industry 4.0 is proposed, which aims
to solve problems and problems of building intelligent economic systems and
their effective use in the era of Industry 4.0 in marketing management, personnel,
predictive management. For the developed conceptual model of intelligent
economic systems in Industry 4.0, the axiomatics of processes is formulated,
which consists of four points: components of the model level are equivalent in
terms of general approach, formation of multidimensional forecasting solution,
construction of intelligent economic system from functionally independent
subsystems intellectual economic system as a means of analysis and forecasting of
individual processes of the subject of economic activity.

KOHUHENIIA IHTEJEKTYAJIBHUX EKOHOMIYHUX CUCTEM B EITIOXY IHAYCTPIA 4.0
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VY crarTi aBTOp HABOAWTH AHATITHYHHNA OIVIAN 3aCTOCYBaHHS iH(OpMAIiiHUX
CHCTEM 1 TEXHOJIOTIH B Cy4acHIN CKOHOMIIll. ABTOPOM BH3HAYEHO, 1110 JisIbHICT
CY4YaCHHUX CKOHOMIYHHUX 00’€KTIB BUMAra€ HOBHX MiJIXOIB Ta MOOYJIOBH HOBOI
KOHIIETIIIIT B 110Xy umprBo’i €KOHOMIKH — IHI[y'CTpiH4 0. ABTOpOM 3arpornoHoBaHa
CTPYKTypa B3aeMOJIiT Mozieneit ynpaBmHHa EKOHOMIYHUM Cy0’€KTOM, sIKa TOEAHYE
CYKYITHICTh CHCTEMHOT'0, PECYPCHOTO MiAXO/IB ynpaBJnHH;I JFOACHEKUMH pECypcaMu
(pynxmii Koba yrmaca) Ta MapKeTHHIOBOI aHATITHKH, sIKa TO3BOJIAE (POPMyBaTh
CTparerito po3BUTKY Cy0’€KTa TOCHOAAPCHKOT AisUIBHOCTI (MiAPHEMCTBA), IO
JIO3BOJISIE BPaxoBYBaTu IOTPeOM pPHHKY. Po3misiHyTO ekoHOMiuHHMH CyO’ekT
y nupoBiii CKOHOMIII y BHIVISITI OaraToareHTHOI CHCTEMH, IS SIKOTO HABCICHUI
MOMPABOYHUH KOe(ilieHT BapTOCTI KOPHCHOCTI ToBapy. Takoxk NpencTaBieHa
MOJIETTb OINIHKH CIOXHMBYOI €(PEeKTHBHOCTI SK CKIAOBOI YaCTHHH IUPPOBOI
MapKETHHTOBO{ CHCTEMH B yIIPaBIIiHHI eKOHOMIYHIMH 00’ €KTaMH. 3alporIOHOBaHA
KOHIICTIIIisI TTOOY/I0BU IHTEJIEKTYaIbHUX €KOHOMIYHUX CHCTEM B eroxy IHaycrTpis
4.0, sika cripsiIMOBaHa Ha BUPIILICHHS 3314 Ta IPoOJIeM M00YI0BH IHTEIECKTYaIbHIX
EeKOHOMIYHHUX CHCTEM Ta iX e(EeKTHBHOIO BUKOPHCTAHHS B EIOXY IHz[yCTpm
4.0 B ympaBiiHHI MapKETHHIOM, TEPCOHAIOM, IPEAWKATUBHOTO YHPABIIHHSA.
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Jis  po3po0ICHOT KOHIIENTYalbHOI MOJENI IHTEICKTYaIbHUX CKOHOMIYHUX
cucreM B ymoBax [umyctpis 4.0, chopMmyapoBaHa aKciOMaTHKa IIPOIECIB, sKa
CKJIAJIA€THCS 3 YOTUPHOX ITYHKTIB: CKJIIAJOBI MOIEIBHOTO PIiBHS € PIBHOIIHHUMUA
3 MOTIAAY 3arajbHOTO MiAXoAy (YHKIIIOHYBaHHS, (OPMYBaHHS 0OaraTOMipHOTO
pilleHHS TPOTHO3YBaHHSA, MOOYIOBa IHTENEKTYyaJbHOI EKOHOMIYHOi CHCTEMH
3 (YHKIIOHAIBHO-HE3aJeKHHUX ITIJICHCTEM, Ta BHKOPHCTAHHS IHTEJICKTYyallbHOT
EKOHOMIYHOI CHUCTEMH SIK 3ac0o0y aHallizy Ta NMPOTHO3YBAaHHS OKPEMHUX IPOILECIB
Cy0’€KTY €KOHOMIYHOT JisTBHOCTI.

Statement of the problem

The digital economy (Industry 4.0) opens up new
directions, which opens up new opportunities for economic
actors. In modern conditions, when the dynamics of
economic processes are high enough, where operational data
are needed, and the strategy of production and promotion,
as well as pricing depend not only on producers but also on
consumers becomes a very important factor. Therefore, an
increasingly important task is to build a concept for modeling
intelligent economic systems in the era of Industry 4.0.

All activities of modern economic entities are aimed
at forming an effective strategy for the development
of enterprises to meet the needs of consumers. These
requirements directly affect the construction of the concept
of intelligent economic systems in the era of Industry 4.0.
Therefore, the concept has direct links with the consumer,
where real-time information comes from consumers and
allows you to respond quickly to rapidly changing demand.

Analysis of recent studies and publications

In his work, Academician of the National Academy
of Sciences of Ukraine, Doctor of Economics, Professor
A.A. Chukhno [1] explored the problem of determining the
laws of society, which determined the essence of formational
and civilizational approaches [1, p. 52-55]. The author also
noted that the industrial revolution of the XVIII and early
XIX centuries carried out a technical revolution and gave
development to industrial enterprises. This led to the creation
of new technologies that gave rise to the post-industrial era
(post-industrial society) [1, p. 56—67]. For post-industrial
society, the characteristic features are the deepening of the
international division of labor and specialization of labor.
The paper also notes that the post-industrial society is the
basis for the introduction of information and intellectual
technologies [1, p. 144], which achieves a high level of
development of productive forces. This development is to
increase creativity (intellectual activity), which is aimed at
forming new knowledge [1, p. 181-182].

A study of the current state, problems and prospects for
the development of information systems in the economy
was given in the work of Ustenko S.V. [2; 3]. The works
also consider the role and place of information systems in
the emergence of a new economic system, which makes
new demands on the organization of enterprises, production
systems and knowledge orientation, innovative nature
of production, virtualization of production, dynamism,
globalization and others.

In the works of Chornous G.O. [4; 5] the problem
of building proactive management of economic entities
is studied, as well as the agent model of information
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management system in the economy is proposed. It is
established that the proposed models have a high level of
flexibility, efficiency, productivity; adaptability to changes
in economic conditions.

In the works of Bashnyanin G.I. [6] and Kono-
nova K.Yu. [7] systematized approaches and analyzed
economic systems. The problems of formation and
development of economics as a special theory of economic
systems and applied economics are studied. These studies
have taken into account changes in relevant sectors of the
economy, informatization and growth of scientific knowledge
and its value to ensure the development of society.

In his works Gritsenko A.A. [8; 9] it was proved
that economic and information changes require a new
statistical paradigm, where the modern statistical system
is formed on the basis of a market economy. The general
methodological basis of the paradigm is the understanding
of the time of life of systems and man as a fundamental
dimension of individual and social wealth. Factors that
cause an unstable socio-economic environment were also
studied. The contradictions of digital and socio-economic
development, as well as possible forms of their solution
have been identified. The effects of digital transformations
on economic relations and production efficiency are shown.

In the works of Lysenko Yu.G. [10], Bizyanova E.E. [11],
Levitsky S.I. [12] and Vovchak I.S. [13] studied the areas of
information systems design, features of various information
technologies, trends in their development and examples of
application in different sectors of the economy. The research
of economic systems is continued and the problems of
formation and development of the theory of economic
systems as applied economy are analyzed.

In the work of Voynarenko M.P. and Yemchuk L.V. [14]
the essence and definition of control technology in information
systems are considered. The relevance of the introduction of
management technology on the basis of modern information
systems for the purposes of improving the efficiency of the
management system of the enterprise is substantiated.

But the issue of creating a holistic concept of intelligent
information systems in the economy is not given enough
attention.

Objectives of the article

The purpose of the work is to build the concept of
intelligent economic systems in the era of Industry 4.0.

The main material of the research

From the analytical point of view it is determined
that a great contribution to theoretical and practical
developments, as well as to the formation of scientific
directions of economic development, business process



Financial Strategies of Innovative Economic Development. Ne 1 (53), 2022

management, information systems models, models of price
optimization and sales in consumer markets, functions
and approaches management in marketing, problem-
based management of business processes, modeling
of cooperative relations in the digital economy have
contributed to the work of many domestic scientists.

Let’s present the economic entity in the digital
economy in the form of a multi-agent system. The subjects
of economic activity act as agents. The total number of
agents is not limited to the Internet market. Agents have
access to information about resource opportunities (human
resources), product market, range, competitors and other
commercial information.

The developed concept proposes a model of images,
which is the basis for building the structure of interaction of
models. The structure of interaction of models corresponds
to the decisions in the knowledge base as a set. In fig. 1
presents the structure of model interaction.

In the structure of interaction of models of management
of the economic subject the model of fuzzy modeling of
HR in the conditions of the fourth industrial revolution can
be presented in the form of set:

P={p,=(opl.op2.epl,ep2,ep3)},i=1,N, (1)
where opl — it is a generalized indicator of job compliance,
which characterizes the degree of compliance of
qualifications and experience in the position, the level of
responsibility, as well as the quality of current work and
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responsibilities; op2 — generalized indicator of diligence,
which characterizes the effectiveness of tasks (complexity,
quality, timeliness); ep1 —ambition, indicator of personality
characteristics; ep2 — the quality of the leader, an indicator
of personality characteristics; ep3 — the level of attitude to
the team, indicator of personality characteristics.

Then the model of digital marketing system in the
management of economic objects can be in the form of
a model for assessing consumer efficiency, defined by
plural P:{R,i =LLN } as an expert assessment of the
usefulness of the product.

Then the correction factor for the usefulness of the
product can be written:

K ={K, = (k1,k2,k3)€[0,1]},i =L N, ©)
where k1, k2, k3 — signs of a consumer willing to pay for
utility in addition, interest and the consumer will not pay
for utility.

So the set of system M can be written in the form of
a tuple:

(K. P> R, Z), (3)
where (K,,p,). — the image of the subject of economic
activity; Ry — related to solution models; Z — action on
management decisions.

The search for typical configurations is not limited
to solving problems of information analysis with further

management of the economic entity. The decisions obtained

the fourth industrial revolution

The model of fuzzy HR modeling in the conditions of

Model of digital marketing system
in management of economic objects
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Fig. 1 — The structure of the interaction of management models of the economic entity
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for them can not always be positively assessed by the next
management action, so the decision-making system should
include monitoring the effectiveness of decisions and the
corresponding update of the knowledge base.

The task of updating the images of models with the
subsequent formation on the basis of their analysis of the
set of precedents can be realized by mapping Y of the set X
to the set R:

Y:X >R, 4)
where X = {Xl 1), X, (@), X3(t)} — the set of images of
the process of forecasting the environment, respectively,
which are analyzed separately over time ¢ = [0, 7],

R, ={R,R,,R;} — the set of decisions given through
the decisions of models, processes and environments.

Y —type display allows you to use to provide automated
management of the economic entity.

As a result of interaction of models the concept which
is presented in fig.2 is constructed.

Interaction of intelligent economic systems with the
external environment is carried out at the level of models:
synchronization of works, invariant control system, data
exchange models in HR management, fuzzy HR modeling
in Industry 4.0, marketing analytics, multidimensional
forecasting based on neural networks, order distribution
data. and sales, evaluation of marketing activities of the
enterprise and economic management system (controller in
the management of economic object.

The conceptual model of intelligent economic systems
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on fig. 2 allowed to formulate the following axiomatics of
processes:

1. In intelligent economic systems (IES) all components
of the model level are equivalent in terms of the general
approach to operation and do not have a «core». That is, if
the functional model (set) M(n) has properties A(p), then
there is a model for which nM(n) is true:

M(n): AB) o M(n) —> InM (n). %)

On the basis of the analyzed works [2,3,5] IES is built,
which is a model-analytical system with functional models
that are practically inseparable from the whole information
system (IS). The system is set up by selecting the input
values of the economic entity. The number of factors used
in the process of modeling economic indicators can be quite
large, which increases the efficiency and, consequently, the
effectiveness of IS.

Formation of a multidimensional IES forecasting
solution. In IES for the economic entity is the key direction
that determines the decision R, . Thatis, all intersections of
many solutions of models in the IEC system (marketing (R ),
human resources (R,,,) and other Rn, where n=1,...,N .)is
not an empty set then there is a real solution Ry

2. (R, > Ry "Ry R, #@)V{(Ry "Ry "R, [R;) %2} (6)

3. Ability to build IES from functionally independent
subsystems (models). So in the set R, the advantage of S,
an be determined:

in the conditions of Industry 4.0 is developed, presented x:8n— Rn.,nen=1,..., N. (7)
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Fig. 2 — The concept of building intelligent economic systems in the era of Industry 4.0.
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4. Possibility to use IES as a means of analysis and
forecasting of individual processes of the subject of
economic activity in marketing S (m), human resources
management S (HR) and other S (T) for sustainable
development of the subject of economic activity:

Sz :{SM’SHR7SN}' (8)

Conclusions

Thus, in the process of analytical review, the changes
taking place in the economy of Ukraine make significant
changes in the management of economic entities in the
digital economy.

It is established that in the digital economy, IECs must
respond quickly to changes in the economic environment
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based on the modeling of Big Data (financial and product
flows, marketing and others) with the ability to forecast,
evaluate and manage. This will increase the efficiency of
economic management.

Thus, the application of new approaches and the
use of new economic and mathematical models and
methods is a necessary condition in the strategy of IEC
development in the activities of economic entities in the
era of Industry 4.0.

Based on the proposed conceptual, methodological,
model and instrumental levels and the developed
axiomatics, a fundamentally new conceptual model
of building intelligent economic systems in the era of
Industry 4.0 was built.
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