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The article examines the main problems of restructuring socio-economic systems as a component of the formation of the digital
economy. The concept of "system”, its elements, the relationship between them, as well as the functional environment of the system are
considered. The main characteristics of the parameters of the state of the system are analyzed. It is noted that systems are combined into
larger system formations, called supersystems. The concept of system structure is defined, its main parameters are given. Categories
such as hierarchy and function play an essential role in the study of the functioning of systems. The authors determined that in order
to fulfill the tasks of its existence, any system must perform a set of interrelated functions. The more efficiently each of these functions
is performed, the more efficiently the whole system works, and the higher the possibility for the system to accumulate free energy, and
any system reproduction process should be viewed as a whole, greater than the sum of the individual sub-processes of which it consists.
Time can be viewed as another horizontal axis of measurement in which the system is formed. This dimension can be figuratively called
the "timeline" or "lifeline" of the system, and the time parameters (sequence, duration, pace, speed, level of synchrony of processes,
switching time) reflect the quantitative and qualitative aspects of individual processes (subprocesses) of system reproduction. The
transition of society to a new formation is associated with changes in the state of socio-economic systems, an integral part of which
are processes of restructuring (changes in the parameters that form their structure). The authors proposed a conditional scheme of
system formation as a spatial object and process and characterized certain types of restructuring of socio-economic systems in modern
digital transformations. As an illustration of such processes the structural changes in the energy sector of Ukraine for the period
2010-2020 are analyzed. This proves that the structure of economic systems is the most important subject of management of socio-
economic development, and the analysis of restructuring processes is an effective tool to justify management decisions and regulation
of economic processes to ensure sustainable socio-economic development.
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Introduction. The development of any system involves
changes in the parameters of its state. One of the main
characteristics of systems is their structure. A change in the
structure is the basis of the content of the transformation
processes that accompany the phenomenon of development.
Indicators of system restructuring, i.e., changes in the main
parameters of its structure, are the key characteristics of its
development, in particular, determining the direction and
pace of this process.

Socio-economic systems are no exception to this rule,
which means that everything said about the structure and
restructuring of systems can be applied directly to them.
The beginning of the XXI century is associated with a
significant acceleration of socio-economic development.
Therefore, it is no coincidence that more and more
attention of researchers is drawn to the transformation
processes in society, among which restructuring is a
leading one.
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1. The concept of system and structure

The concept of development is inextricably linked to
the concept of a system. If something can develop, it must
be a system. Everything in the world, from the smallest
particles to megacosmic formations, is a system, which in
turn consists of systems.

System (from the Greek “system” — a whole composed
of elements) is one of the oldest scientific concepts, used
long before Aristotle and Plato. The ancient definition
is probably the most concise and accurately reflects the
essence of this category: “A system is more than the sum of
its parts, it is an indivisible whole.”

Nowadays, there are many approaches to explaining
the system (Acaroglu, 2017; Backlund, 2020; Bailey, 2006;
Gall, 1986). They allow us to formulate its definition.

System — any set of elements (subsystems), combined
into a single whole process of interaction (material and
information exchange) to implement a standard function
(achieving a common goal).

An element of a system can be considered its structural
component, which cannot be decomposed further without
changing its properties. (What, 2021).

The relationships between the elements are functional
dependencies between the components of the system in
relation to the functions they perform and the processes
of metabolism. Relationships are formed on the basis of
various principles: complementarity, mutual subordination,
equal interaction, mutual benefit and others.

The functional environment of the system — a set of laws,
algorithms, and parameters characteristic of the system,
according to which the interaction (exchange) between the
elements of the system and the functioning (development)
of the system as a whole (Ngyen, 2022).

The main characteristic of any system is its state.
The state of a system is a set of values of quantities inherent
in a given system: the parameters of the internal elements
of the system, the connections between them, as well as
the connections between the system and the environment;
these characteristics are called state parameters.

The state of the economic system is determined by the
volume of commodity and cash flows passing through
the system, the balance of its income-expenditure, etc.
The situation indicators are sales volume, cost of goods,
selling price, profit, etc.

The system development process is inextricably linked
with the change of its state. As a result, the parameters that
determine the state of the system change.

The functional activity of systems is realized in the
process of interaction between the elements of the system.
It is the result of not just mechanical contact of subsystems
with each other, but is reproduced through complex
processes of mutual exchange of substance, energy and
information.

The nature of the relationship between the elements
of the system plays a critical role. And they depend on
the specificity of the links between the elements in the
structural construction of the system and the levels of their
co-subordination in the hierarchy of the system. That is why
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the study of the prerequisites for the effective functioning
of the system and the phenomenon of synergy requires a
systemic understanding of the categories of "structure" and
"hierarchy".

The very notion of a system (recall its short definition:
a whole greater than the sum of its constituent elements)
implies that it is formed of separate elements (components,
objects, entities). These components are also systems, only
at a lower (subordinate) level. They are called subsystems.
The components that make up subsystems can be called
subsystems.

In turn, systems are combined into larger system
formations, called supersystems. Systems formed at a level
even higher than supersystems are called supersystems.
An example is the following system series: subsystems —
particles; subsystems — atoms; systems — molecules; super-
systems — cells; super-supersystems — organisms.

The interrelation of elements in the system is
characterized by structure, and the multi-level (resembling
a matryoshka doll) design of the system is a hierarchy of
its subsystems.

The structure is a category that characterizes the mutual
order and system of relations (connections) of elements
within a single whole (Structure, 2022; Mathiassen, 2022;
Urry et al., 2017).

The structure, which describes the relationships and
connections between the components of the system,
characterizes a certain degree of detail and accuracy
of the information content of the system. The structure
of the system can also provide insight into its external
relationships. However, it is possible to say otherwise: the
structure of a supersystem characterizes the information
picture of the interaction of its constituent systems.
After all, the supersystem is the external environment of
each system.

If one considers the system in space, its structure can be
characterized by the following main parameters:

— the number of elements in the system;

— the number of connections that characterize the
complexity of the system;

— intensity (frequency) of the interaction of elements,
i.e., the number of connections per element;

— the nature of internal relations (characterizes the
internal structure of the system);

— the number and character of external relations
(depicts the system's interaction with the environment).

As follows from the above material, the elements
(subsystems) in the system do not exist by themselves
but are interconnected. Connections are any relationships
between parts of a system.

Relationships characterize the interdependence and
mutual constraints between the elements of the system.
The exchange of matter, energy, and information between
elements depends on them. Connections play a vital
role in the system, determining its information content
(Mathiasen, 2022; Urry et al., 2017).

Categories such as hierarchy and function play a vital
role in studying the functioning of systems.
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Hierarchy is a functional subordination of the elements
of the whole (its subsystems) from lower to higher. Each
level of this hierarchy is called the rank of the system.
Accordingly, it is possible to talk about the rank of atoms,
the rank of molecules, the rank of cells, organisms and
others. Each hierarchical level (rank) of the system
performs its functions.

The function is a set of processes that are regularly
performed by the system and ensure the general existence
of the system. The higher-level system acquires new
properties and begins to perform functions, the performance
of which can provide its constituent elements (subsystems)
with their activities.

The functions of a productive enterprise are determined
by the activities that the market dictates to that enterprise.
When the products previously produced by an enterprise
are not in demand in the market, the enterprise is forced
to develop new products (if, of course, it has the necessary
resources: sufficient capital, necessary production
facilities, skills, etc.). A change in demand is not the only
reason that can force a company to change its function in
the market system. It can also be caused by changes in raw
material markets (e.g., price increases due to shortages),
the behavior of competitors, changes in natural conditions,
communication problems (in particular, blocking
transportation channels), etc.

To perform the tasks of its existence, any system
must perform a set of interrelated functions, the main of
which are:

— collection, storage, and analysis of information;

— maintaining the spatial relationship (i.e. structure) of
individual components (subsystems) of the system;

— maintaining in time the order of processes occurring
in the system, including the synchronization of the activities
of individual units;

— implementation of processes of transformation of
material-energy-information flows (from now on — flows)
to obtain free energy;

— transportation of these flows inside and inside the

system,;
— reproduction  (restoration,  reproduction)  of
functional subsystems that lose (deteriorate) their

properties as a result of “wear” or under the influence of
those harmful agents that enter the system with metabolic
flows (these are analogs of capital and current repairs of
system components);

— removal of substances, energy, and information from
the environment (negative entropy);

— reduction of system waste (positive entropy) into the
external environment;

— protection of the system from the negative impact on
the environment;

— adjustment (adaptation) of the activities of individual
subsystems depending on the parameters of the flows
entering the system and circulating in it; such transformation,
in particular, is necessary for the deviation of parameters of
flows from optimum values and also a change of properties
of the system (for example, its temporary adjustment).

The more efficiently each of these functions is
performed, the more efficiently the whole system works,
and the more likely the system is to accumulate free energy.
The efficiency of a particular function can be determined
by the ratio of the amount of useful energy directly spent
on that function to the total energy consumption. This is
one type of system efficiency. The efficiency of the whole
system and its subsystems will be the higher, the less is
the loss (dissipation) of energy. In a broad sense, the
generalized concept of "energy" includes all costs of the
system of material, energy and information resources.

Any open stationary system is not only a spatial object
(consisting of individual spatial components) but also a
process that continues continuously in time. In particular,
it is formed of individual subprocesses that run in parallel
and sequentially. In other words, the process of functioning
of the system can also be considered a system consisting of
parts of the general cycle of reproduction of the system or
phases. This means that the basic definition of the system
(more than the sum of its parts; it is an indivisible whole)
must fully take into account not only the spatial but also
temporal aspects of the reproduction of the system.

When it is said that a system is formed in the process
of interaction between its various elements (parts), it
is often implied that these elements represent different
parts of space, which perform coordinated actions in a
single temporal continuum. This means, in particular, that
at each moment of time of a certain period the elements
simultaneously carry out joint activity (each — their own).

However, this is only part of the truth, which is more
complex and complete than what has been said. After all, it
can be a system of different states of the same system or its
element, fixed at other moments of time.

Thus, any process of reproducing the system's state
should be considered as more than the sum of its parts; it
is an indivisible whole. This, in turn, means that any of the
subprocesses, torn from the rhythm of the general process
of system reproduction, completely or partially loses its
functional orientation and, therefore, the content of its
realization. The same applies to the results obtained in the
course of such a subprocess.

Time can be conventionally considered as another
horizontal axis of dimensions in which the system
is formed (if to consider three spatial dimensions as
conditional integral vertical axis characterizing its current
state) (Figure 1). This dimension can be figuratively called
"timeline" or "lifeline" of the system. Each system has its
past, present and future. In their unity and integrity, they
form a systemic whole — a system of transformational
transformations of a particular system.

Time parameters are economic indicators that are
directly or indirectly formed, taking into account time
indicators. Time parameters reflect the quantitative and
qualitative aspects of implementing individual processes
(subprocesses) of system reproduction. Among the main
ones are:

— sequence;

— duration;
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temp;

— speed;

the level of synchronicity of processes;
switching time.

All of these factors are equally important for some
reproductive processes. For others, only some of them are.

All the above parameters of space and time of the
system and the functions performed by the system and its
constituent elements are the basis for the formation of what
is called structure and which determines the mutual order
and relationships of elements in the system.

2. Restructuring of socio-economic systems in the
course of digital transformations

The transition of society to a new formation is associated
with changes in the state of socio-economic systems, an
integral part of which is restructuring. Restructuring of
systems is a phenomenon of changing the parameters
that form their structure. Schematically some types of
restructuring of socio-economic systems in modern digital
transformation are presented in Table 1.

It should be noted that the characteristics of
restructuring shown in Table 1 can demonstrate, relatively
speaking, the "telescope effect". In other words, with a
more detailed analysis, each of them can be divided into
separate components of restructuring.

In particular, when the structure of the macroeconomic
system is transformed by such an indicator as "the nature
of internal relations", there may be substructural changes
that depend on changes in several parameters:

— change in labour productivity in various parts (areas)
of the economic system;

— change in profitability (share of capital) for the year;

— change in bank interest rates (which may affect the
development of different sectors in different ways);

— change in the rent for the use of different types of
natural resources;

— change in the tax system;

— transforming the efficiency of various natural
resources;

— change in prices;

— different rates of scientific and technological
progress in other fields, etc.

Other indicators characterize the restructuring of
individual sectors of the national economy. In particular,
Table 2 shows indicators illustrating the impact of
renewable energy sources on the structure of the energy
sector of Ukraine.

Speaking of the structural changes associated with the
digital transformation of the global economy over the past
20 years, there are several specific indicators that influence

S A Conditional plane of folding of three spatial

Spatial dimension
(conditional)

measurements of the state of the system

System transformations in time

»
»

Time measurement (conditional) T

Figure 1 — Conditional scheme of system formation as a spatial object and process
(E — element of the system, C — connections between elements)
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Table 1 — Components of restructuring of economic systems

Types of changing

characteristics Changing characteristics

An example of modern restructuring
of economic systems

Number of elements.

Number of connections.

The intensity of interaction of elements.
The nature of internal connections.

The nature of external relations

Spatial
characteristics

The transition from the concentration of individual
enterprises in the space to the distributed horizontal
networks of a large number of production units, in
particular, the creation of EnerNet

Sequence.

Duration.

Tempo.

Speed.

The level of synchronicity of processes.
Switching time.

Time settings

Transition from time-concentrated sequential
production cycles to time-concentrated virtual
enterprises with synchronous activities

Collection and analysis of information.
Play links.
Providing time parameters.

Functions Reproduction of subsystems.

Extraction of energy from the environment.
Waste disposal in the environment.

System protection.

Adjustment of subsystems.

Transformation of material and information flows.
Transportation of materials and information.

The transition from dominant material production to
dominant information production.

Transition from anthropogenic to cybergenic
control of production and consumption processes.
Dematerialization of processes of transportation and
storage of products.

the nature of the processes of restructuring of economic
systems:

— intensification of information processing at the
individual level (the number of personal computers
increased from 140 million in 2000 to 7,500 million in
2020);

— intensification of mobile communication between the
population of the Earth (change from 100 to 7800 million
mobile phones);

— networking of the world's population (change: from
80 to 4200 million Internet users);

— change in the structure of energy supply (increase
in the share of “green” energy from 1% in 2000 to 25% in
2020);

— additivity of production processes (an increase of
3D printers by 2000 times);

— digitization of information (increasing the share of
digital data from 50% to 99%);

— cyberization of information processes (increasing
the percentage of data generated by machines from 10%
to 50%).

This is only a small part of the indicators that
characterize the processes of restructuring of economic
systems in the course of digital transformation. These

changes are occurring in all sectors and parts of socio-
economic systems.

Restructuring processes are the obvious result of
the digitalization of socio-economic systems. In turn,
restructuring itself acts as a source of new trends in the
development of social systems, setting new vectors for the
efforts of people and the orientation of commodity-money
flows.

These properties of the phenomenon of restructuring
allow the characteristics describing this phenomenon to
perform various functions of analytical tools. The main
ones include:

— analysis of quantitative and qualitative parameters
of processes occurring in economic systems;

— diagnostics of problems and risks of business
processes;

— forecasting trends in economic systems;

— definition of directions of priority investment and
reinvestment;

— creation of funds to prevent possible economic and
social problems;

— determination of directions of development of
necessary institutes and providing economic and social
spheres in regions, the countries, corporations;

Table 2 — Structural changes in the energy sector of Ukraine for the period 2010-2020

Indicator Year

2010 2020
Solar energy production (PV) in the world, GW 23 627
The multiplicity of growth, times — 27
The share of renewable energy (including hydro), % 5 30
The multiplicity of growth, times — 6
The specific cost of solar energy (PV), USD / kWh 0.37 0.06
Multiplicity of reduction, times - 6

N2 1-2 (95-96) 2022

11



MexaHi3M perynaoBaHHsI EKOHOMIKH

formation of motivational tools to increase the
competitiveness of socio-economic systems.

As can be seen, the characteristics of the structure
of economic systems are an important subject in the
management of socio-economic development. Any
processes in society inevitably cause the transformation of
the structure of economic systems as well. The analysis of
restructuring processes is an effective tool for substantiating
managerial decisions and regulating economic processes to

ensure sustainable socio-economic development.

Conclusions. Society's transition to a new socio-
economic formation in the course of three simultaneous
industrial revolutions (Industry 3.0, 4.0, 5.0) is
accompanied by an intensive restructuring of economic
systems. It changes the composition and qualitative
characteristics of economic subjects, production and
consumption processes. Indicators of restructuring are an
effective tool for substantiating decisions to determine the
adequate directions of human development to optimize
commodity and cash flows.
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PECTPYKTYPU3ALIA COUIAJIBHO-EKOHOMIYHUX CUCTEM
AK CKJIIAJJOBA ®OPMYBAHHA HIU®POBOI EKOHOMIKH B YKPAIHI

Jleonin I'puropoBuy Meabnuk', Osiekcanapa IBaniBna Kapinuena?,
Ounekcanap Bacuabosuu Ky6arko?, FOpiii Mukonaiiosuu JlepeB’itHKo?,
Ounexcanap MuxaiisioBua MaueHko’

Y cmammi 0ocniooiceno ocnosni npobnemu pecmpykmypuzayii coyianbHO-eKOHOMIUHUX CUCHEM AK CKAa0060i popMyeants yugp-
posoi exonomiku. Posznanymo nonamms «cucmemay, ii enemenmu, 63acmM036 A3Ku Midic HUMU, QYHKYIOHAbHE cepedosuufe cucmemu.
IIpoananizo6ano 0CHOBHI Xapakmepucmuky napamempie cmany cucmemu. 3asnaieno, wjo cucmemu 00'cOHylomocs y Oinvui cuc-
meMmHi YMeopenHs, Ki Ha3uBaomvbcs Haocucmemamu. Busnaueno nonamms cmpykmypu cucmemu ma nooao it 0chogni napamempu.
YV 0ocrioocenni npoyecie gynkyionysanna cucmem oyxHce 8axciusy pois idiepaioms maxi kameopii, Ax icpapxia ma ¢ynxyia. Aemo-
pamu usHaueHo, wo O UKOHAHHA 3A60AHb C6020 ICHYBAHHA OYOb-AKA cucmema Mae 30IUCHIO8amMYU KOMNIIEKC 83AEMON08 A3aAHUX
@yuryiii. Yum eghexmugniuie 6UKOHYEMbCA KOJCHA 3 3A3HAYEHUX QYHKYI, mum epekmugniuia Oisanbricmy ycici cucmemu, i mum suyd
MOJCIUBICTG HAKONUYEHHS CUCIEMOTO 8LNbHOI eHnep2ii, a 6y0b-AKull npoyec i0MBOPEHHs CIANY CUucmeMu C1io po32na0amu ax yine,
wo Oinvute cymu OKpemux nionpoyecie, 3 AKUX 60HO CKAA0AEMbCA. Y c6010 uepey, uac YMOGHO MOJICHA 66AJICAMU Uje OOHIEI0, 20pU-
30HMANBLHOIO GICCIO BUMIPIB, Y AKUX hopmyembes cucmema. et eumip modice Oymu Haz6anuti 0OPA3HO «IIHIEIO 4aAcy» abo «IiHi€I0
HCUMMAY CUCMEMU, a Napamempu 4acy (Nnociio08HICMb, MPUBALiCIb, MemMn, WEUOKICb, Pi6eHb CUHXPOHHOCMI Npoyecis, uac

' Menvrux Jleowio I pueoposuu, TOKTOp €KOHOMIYHUX HayK, podecop, npodecop kadenpyi ekoHOMIKU Ta Gi3Hec-aAMiHICTpyBaHHS
CyMCBKOTO JIep>KaBHOTO YHIBEpCHTETY, IUpeKkTop HaykoBo-mocmiaHoro iHCTUTYTY ekoHOMikK po3BUTKY MOH VYkpainu i HAH Ykpainu
(y ckiani CyMCBKOTO JIep>KaBHOTO YHIBEPCUTETY)

? Kapinyesa Onexcanopa lséaniena, TOKTOp €KOHOMIYHHX HaAyK, Ipodecop, 3aBijyBadka KaQeapu eKOHOMIKH, ITiIPHEMHHIITBA
Ta GizHec-aaMiHicTpyBaHHs CyMCBKOTO JIep)KaBHOTO YHIBEPCHTETY

3 Kybamko Onexcandp Bacunvoguu, TOKTOp E€KOHOMIYHHX Hayk, Hpodecop, MOUEeHT Kadeapu CKOHOMIKH, MiIIPUEMHHUIITBA
Ta 6i3Hec-aaMiHicTpyBaHHS CyMCBKOTO JIEPYKaBHOTO YHIBEPCHTETY

4 llepes’sinxo [Opiii Muxonaiioguy, KaHauIar €KOHOMIYHUX HAyK, IOLEHT, JOUECHT Kadeapu eKOHOMIKH, IiJNPUEMHHUIITBA
Ta Oi3Hec-aaMiHiCTpyBaHHS CyMCBHKOTO JIEPYKABHOTO YHIBEPCHTETY

5 Mayenxo Onexcandp Muxaiinouy, KaHIUIaT €KOHOMIYHUX HayK, JOLEHT, JOUEHT Kadeaph EKOHOMIKH, IiIIPUEMHHIITBA
Ta Gi3Hec-agMiHicTpyBaHHS CyMCBKOTO JIep>KaBHOTO YHIBEPCHTETY
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nepeMuKants) 8i006paicarome KilbKICHI ma SKICHI CMOPOHU peanizayii okpemux npoyecie (nionpoyecig) 6i0meopeHHs: Cucmemu.
Ilepexio cycninbcmea 00 HO60I (popmayii noe ’a3anuil i3 3MIHOI CMAHY COYIATLHO-EKOHOMIYHUX CUCIEM, HeI0 €EMHOIO0 CKAA0080H0
4020 € npoyecu pecmpykmypusayii (3minu napamempis, ki popmyloms ix cmpykmypy). Aemopu 3anponomnyeanu ymosHy cxemy Qopmy-
8AHHA CUCMEMU SK NPOCMOPOB020 00'€KMma ma npoyecy ma oxXapakmepuzoeano oKpemi 6uou pecmpykmypuayii coyianbHo-eKoHoMiy-
HUX cucmem 8 X00i Cy4acHux yughposux mpancgopmayii. Ak inlocmpayis maxux npoyecie npoananizosaHo CmpyKmypHi 3pyueHHs 6
enepeemuunomy cekmopi Yipainu 3a nepioo 2010-2020 poxie. Lle 00600ums moii paxm, wo Xapakxmepucmuku cmpyKnypu eKOHOMiu-
HUX CUCTEM € 8AXACIUBUM NPEOMEMOM YNPAGIIHHIL COYIANbHO-EKOHOMIYHUM PO36UMKOM, d AHAI3 NPOYeCi8 pecmpyKmypusayii € 0ieum
iHcmpymenmom oOIpyHmy6anHs ynpaguincoKux piuiens ma pe2yno8anHs eKOHOMIYHUX NPoYeci 3 Memoio 3abe3nedents cecmelHo8o2o
COYianbHO-eKOHOMIUHO20 PO3GUMKY.
Knrwuosi cnosa: exonomixa, inghopmayis, npoyec, pecmpyknypuzayis, cucmema, mpancgopmayis, yugposizayis.
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