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DIGITAL ECONOMY AND DIGITAL TWINS.
MAIN RESEARCH AREA

The connections between the digital economy and its components such as digital twins of an enterprise, product, and enterprise
suppliers are investigated. A method is proposed for constructing a digital twin on the basis of formalized knowledge about it and
the subject area in which this twin exists. The digital twin of an enterprise allows not only analyzing the process of creating and
releasing a product, but also improving the production itself, saturating it at the digital level with the latest technological, manage-
rial and intellectual means.
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Introduction the world around us. This is especially evident in

those sciences, which by their nature are associated
with social relations in society. First of all, this re-

The penetration of digitalization processes into all
spheres and processes of our existence has deter-

mined the changes that are observed today in our
world and which permeate all areas related to the
processes of management and representation of

fers to such an important area called economics,
which includes the processes that lie on the border
between society and technical objects.
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Digitalization not only identified new opportu-
nities for performing economic processes, but also
opened a new world of researching these processes,
set new tasks for the transition to the description of
economic processes.

This article is devoted to the consideration and
study of methods for transforming economic struc-
tures that underlie the transition to the dominant
digital task of economic processes and their rela-
tionship with digital forms of representing eco-
nomic relations. First of all, this refers to new ways
of digital representation of production systems
and production products, which are called digital
twins.

The Sequence of Economic
Transformations

Over the past few hundred years, the economic de-
velopment of mankind is mainly determined by its
industrial position. In turn, industrial change is an
evolutionary process distributed over time of the
gradual accumulation and transformation of con-
ditions and means that contribute to the continu-
ous development of social and technical concepts,
which, in turn, determine the gradual transforma-
tion of the entire economy, industry, social condi-
tions and the very form of society's existence.
Ultimately, the process of change leads to a
qualitative leap, to a radical transformation of the
used technological solutions that determine indus-
trial production. At the same time, the living con-
ditions of people, science, culture, social relations
in society are changing significantly. This leap is
generally regarded as an industrial revolution.
This revolution manifests itself in the form of
scientific and technical discoveries, which are
gradually used in the form of new means of pro-
duction, improving technological processes, cre-
ating new products and at the same time changing
the living conditions of people. The periods deter-
mined by the life cycle of these revolutions over-
lap, since new means and technologies arise within
the widespread use of previous achievements, and
the transition to the next stage is associated with
the spread of new means, with the creation of new
production processes, with a possible increase in

the standard of living, development new social re-
lations that were impossible at the previous stage.

The life cycle of the first industrial revolution
can be estimated at about 200 years, starting at the
end of the 17th century, from the work of Denis
Papin, who created a diagram of a steam engine in
1690 (not counting a number of other inventions),
and the end of the 19th century, when steam was
replaced by electricity. At the same time, if we
connect the beginning of the cycle with the first
legislative acts, which were adopted in England
for the first time in the middle of the 17th century,
providing the opportunity for the development of
industry, then the life cycle can be increased by 50
years.

During the first revolution, innovation swept
through major industries. Steam engines and a
steam engine have raised the energy level of en-
terprises. In the textile industry, machines were
created (Arkwright, Hargreaves, Cartwright),
which significantly increased the productivity of
weavers. Metal-cutting machines appeared, rail-
ways were built using steam locomotives (from
Trevithick to Stephenson), the first steamer was
built (Fulton). Transatlantic telegraph communi-
cations have been established, and paper-making
machines have been created.

Suffice it to recall the names of Euler, Gauss,
Riemann, Faraday, Ampere, Maxwell, Edison,
Hertz, Marconi, Popov, Mendeleev, Kirchhoff,
and a number of other prominent physicians,
economists, mathematicians, philosophers, engi-
neers.

Numerous discoveries of the 18th—19th centu-
ries at the same time served as the basis for the
beginning of new fundamental changes that de-
termine the life cycle of the subsequent second
industrial revolution.

This life cycle is generally estimated to begin
somewhere in 1870 and ends 100 years later in
1970. It should be noted that its duration can be
increased by 20—30 years if we associate it with
the main discoveries that led to new decisive in-
dustrial transformations. This is the age of elec-
tricity, mechanical engineering, the use of atomic
energy, the age of cars, airplanes, the latest chem-
istry and physics, and biology. Large international
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corporations arose, monopolizing the production
of entire industries in different countries, from
metallurgy to chemistry and pharmaceuticals, oil
refining, rail transport and communications.

New branches of science arose — genetics,
chemistry of artificial fibers, atomic physics, phar-
maceuticals of antibiotics, etc. The production of
rocket technology was rapidly developing, which
showed its capabilities by launching satellites into
Earth orbit, and man into space.

The social structure of society, living condi-
tions and provision of people have changed. Third
world countries with large human and material
resources were involved in social transformations,
in conditions when production from the main
capitalist countries began to move to their terri-
tories (China, India, the countries of Southeast
Asia, Brazil).

And, naturally, elements of the future civiliza-
tional structure began to emerge, which already
refers to the third industrial revolution — a vari-
ety of computers. Therefore, this revolution is
sometimes referred to as the Digital Revolution.
Its life cycle covers the period from 1960 to 2020,
a period during which computing technology and
related areas of means of production captured all
the main industries, science, construction, and
transport. The appearance in society of elements
associated with this revolution was noted back in
1973 by D. Bell. [1]

The main innovations during this period are
associated with the creation of various types of
personal computers, the creation of the Internet,
the development of microelectronics, mobile de-
vices, computer networks, smartphones, nume-
rous software systems, the development of new
technologies using computer technology and arti-
ficial intelligence, the widespread use of robotics
in industrial production.

The era of the digital revolution is based on the
major scientific and technical achievements of
mankind, which have changed the methods and
technologies for processing information that ac-
companies all processes, all human activities in
the modern world. The transition to digital data
and the universal use of computers, to new infor-
mation technologies necessary for working with

digital data, has determined a qualitative leap in
human interaction with the outside world. In-
formation technologies have become not only
a means of processing information, but, at the
same time, a powerful factor in the transforma-
tion, presentation and management of processes
taking place in the world, including in society.
Moreover, these technologies change not only the
interaction of a person with the environment, but
also the inner world of a person, his capabilities
and consciousness, his education and culture.

As in all previous cases, in the depths of a soci-
ety engulfed in a digital revolution, new elements
have arisen, which are currently characterized as
the fourth industrial revolution (Industry 4.0) [2,
3]. Analysis of the past three industrial revolutions
shows that the life cycle of each subsequent revo-
lution is shorter than the revolution preceding it.
Estimating this ratio, we can make the following
conclusion:

"The life cycle of each new industrial revolution is
half the life cycle of the previous one."

This statement is indirectly confirmed by the
words of K. Schwab [2] that the expected fourth
revolution is developing at an exponential rate.
And the fourth revolution itself is at the intersec-
tion of the latest technical and information tech-
nologies, and artificial intelligence, penetrating
into all areas of information processing and use.

Digital Space and Digital Economy

The economy can be characterized as a set of eco-
nomic objects together with a set of relations and
processes connecting these objects in the frame-
work of the economic activity of society, including
the production, distribution, exchange and con-
sumption of the results of this activity. Therefore,
it is natural to consider the representation of the
economy, its modeling and study within the frame-
work of a certain economic space, just as it is done
today for other natural processes: physical, chemi-
cal, biological, social.

In recent decades, a new approach has deve-
loped in the knowledge of the world, based on the
widespread use of computer technology and net-
works connecting technical devices to solve prob-
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lems arising in the course of human activity. What
previously could only be done by a person who
relied on his intellect can now be done by a pro-
grammed computer. And the approach itself, based
on digital information processing, was called "digi-
talization".

Accordingly, in relation to the economy, the con-
cept of “digital economy” (DEC) arose. There are
different definitions of DEC [4, 5]. In a narrower
sense, the DEC can be considered as “activities for
the creation, dissemination and use of digital tech-
nologies and related products and services; digital
technologies - technologies for collecting, storing,
processing, searching, transferring and presenting
data in electronic form ”[4]. In this form, the DEC
is seen as part of the overall economy, using digi-
tal products and technologies, and extending eco-
nomic relations to them.

At the same time, it is more natural to use a
general approach associated with the concept of
intelligence, as the ability to simulate the environ-
ment and solve problems in it using the constructed
model. Then it is possible to give an extended defi-
nition of the DEC, introducing the digital space
as a model of the economic space, and the digi-
tal economy as the functioning of economic objects,
processes and technologies represented in this digital
space. It is this definition that is most adequate to
modern approaches to DEC.

It should be remembered that in the digital
space, in reality, various information structures
and forms are given, including graphics, ontology,
images and other descriptions that can be extracted
from this representation, where they are given in
digital form.

In the context of DEC, it seems natural to rely
on the digital assignment of all the constituent ele-
ments associated with this economy. And if we are
talking about a production component — a plant, a
factory, an enterprise, then about the virtual repre-
sentation of the constituent elements included in
the production process, both element wise and in
combination with the parts that form the product
of this component itself. At the same time, this in-
cludes the use of the constructed digital representa-
tion for the analysis and management of real eco-
nomic processes in their digital form.

The global process of increasing production effi-
ciency presupposes detailing and high productivity
of all components that determine the performance
of technological operations and the accompa-
nying and supporting processes. The tasks of en-
suring the production and supply of appropriate
materials, parts, equipment in modern conditions
of high complexity of manufactured products re-
quires the trouble-free operation of all production
components, both at the level of production of the
product as a whole, and at the level of individual
components of this product. This also includes the
digitally provided organization and management of
the product creation process.

The ability to simulate the execution of the en-
tire process of creating and coordinating the inter-
action of its individual operations, ensuring and
matching all engineering solutions plays an impor-
tant role. Especially in the context of the unique-
ness and complexity of the product being cre-
ated, not to mention the cost characteristics. For
example, a new missile being created can cost mil-
lions, and its death during testing inflicts a serious
financial and sometimes technological blow on the
manufacturer, even if the product is insured.

Digitalization and the associated intellectua-
lization of production allow a new approach to the
implementation of production processes, while si-
multaneously monitoring and checking those cha-
racteristics of the processes that have remained as-
sociated with the person performing these proces-
ses, with his biological and physiological capabili-
ties. "Digitalization of industrial production implies
the integration of a number of breakthrough tech-
nologies: virtual modeling, the Internet of Things,
robotics, artificial intelligence, big data, cloud and
edge computing technologies, predictive analy-
tics, and new communication standards” [4]. The
Comprehensive Internet and drone technologies
are now starting to embrace digital manufacturing.

At the same time, breakthrough technologies are
superimposed and coupled with digital modeling of
those real objects that take part in the implementa-
tion of the production process: production centers,
machine tools, infrastructure, means of supply and
delivery, means of process automation. For these
objects, digital twins are created, which are digi-
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tal models of objects, and can be used for digital
modeling and virtual representation of production
processes.

A digital twin (DT) is a digital representation of
an object together with the necessary information
and software that reflects the external and internal
characteristics of the object and sets the methods and
Jformats for the internal and external interaction of the
components of this object in the process of its func-
tioning.

The development of digital twins seems to be
a rather difficult task, although the result should
be a product that virtually combines engineering
and technological solutions used at all stages of
the product life cycle. Most importantly, product
development at the virtual level is integrated into
a coherent whole with its actual creation, testing,
validation and management of all processes carried
out in the manufacture and sale of the product.

The construction of a virtual copy of any eco-
nomic object or process for its subsequent analysis
and research can be considered as a new economic
method that allows you to find out and check how
this product fits into the economic environment.
This method has already been effectively applied
in construction, from the development of archi-
tectural solutions to the analysis of the reliability of
buildings and structures, in the design of automo-
biles, in the space field, in the construction of smart
cities, in transport, in healthcare and medicine.

In this paper, we will only consider the direction
of creating a DT for enterprises and their products
(products).

The Digital Twin of the Enterprise.
Build Levels

Each of the above definitions reflects the idea of its
authors on the understanding of DT, based on their
ideas about DEC and ways of transition to digita-
lization of production systems. Therefore, the an-
swer to the question of how to build a DT depends
on how to represent the digitalization process and
how to move from a conventional enterprise to a
digital one?

Different approaches and different methods are
possible here. This paper proposes a method for

constructing a DT based on the use of knowledge
about the enterprise and formalization of the en-
terprise as an economic object based on this know-
ledge. It is assumed that knowledge for the subject
area, which in our case is the enterprise in question,
can be specified in the extended form proposed in
[12]. In this case, the enterprise is described as a set
of its constituent objects W.

For each object X e W, knowledge ¢, about it
is specified by aset ¢, =[A,L,T,Q](X), where A is
the description of the object in the form of its attri-
butes, is the description of the object L in the form
of a logical formula, is the set of connections 7T of
the object with other objects of the subject area,
and Q is the description of the object at the level of
ontology associated with the given subject area.

The structure of an enterprise is specified as a
pair (W,R,), where R is a relation connecting ob-
jects from a set W. This relationship is built on the
basis of a set of relationships U T(X) defined by

Xew
knowledge about the enterprise.
The structure of an enterprise is the basis for

digitalization, in which for each object its digital
representation is built, and for each link — a pro-
gram representing it. The constructed digital repre-
sentation is viewed as a digital twin defined by the
original structure. In this twin, sets of objects can
be distinguished along with their transformations-
links, which form various processes of production
of a product — design, technological, production
and logistics — in their digital representation.

Additionally, in the DT, the individual charac-
teristics of the objects under consideration can be
set in the form of data. These features are included
in the form of additional features specific to this
particular object. They can relate to both the exter-
nal and internal environment, and be considered as
knowledge related to a specific enterprise.

Let's move on to the implementation of the DT.
It is possible to consider various levels of construc-
tion of enterprise structures, from the most gene-
ral, reflecting only the basic characteristic proper-
ties of this area, to more detailed ones, which can
determine a complete description of the object's
activities, recorded in digital form and presented,
most often in visual form (for example, in 3D for-
mat) for its perception and interaction with a per-
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son. The DT can be presented in software form if
it is assumed that it is oriented towards a certain
software environment (for example, a control sys-
tem). Therefore, considering the DT, it is always
necessary to indicate the form of presentation of
the enterprise, based on the perception of the en-
vironment, taking into account which the twin is
created.

In the future, the concept of DT will be used
both for the enterprise and for its product without
further clarifying what the double refers to, if this is
clear from the context.

As an economic object, each enterprise exists in
a certain environment, which we will call the exter-
nal environment of the enterprise. The external en-
vironment includes economic factors, communi-
cation external conditions, scientific and technical
factors, and structures associated with the external
business environment: consumers, suppliers, com-
petitors, financial infrastructure and investors. At
the same time, the enterprise itself, which carries
out production activities, includes a set of produc-
tion and service units in the form of main, auxi-
liary and auxiliary workshops, storage facilities,
services, various design and technological bureaus,
accounting and financial departments [15]. This is
the internal environment of the enterprise, within
which we will consider the problem of building a
DT. Since the internal environment can be repre-
sented at different levels of the task, then the DT
for it is set at different levels of aggregation.

The most aggregated first level of the enterprise's
DT is set by general knowledge about its external
and internal environment. This level defines the
problems that arise or may arise before the enter-
prise. And also the main task is formulated — buil-
ding a strategy of the enterprise's behavior: it is
necessary to determine what and how the enter-
prise should do for its further development.

At the second level of DT creation, the con-
stituent components of the structure of the inter-
nal environment of the first level are divided into
their structural components: workshops — into
sections, lines, storage facilities — into separate
warehouses and storerooms. Both at the first and at
the second levels, their data, knowledge, programs
are set, from which digital representations of indi-

vidual structural elements are formed. Each such
representation is considered as a complete digital
characteristic of the considered structural element.
At the level of these indicators, the structural ele-
ment is considered as a whole, and the indicators
should show its compliance with the main tasks
solved by the enterprise.

Finally, at the third level of building a DT, in-
dividual lines and machine tools, means of pro-
duction support, and logistics components are
considered as structural elements (an example for
the workshop of a machine-building enterprise).
All components are equipped with cyber-physical
sensors and are organized into a system consisting
of interconnected sensors and computing devices.
The network of sensors, controllers, calculators
and other devices of the cyber-physical system are
the basis for receiving and transmitting to the com-
mon database the necessary information about the
state in the digital representation of each structural
element of the third level.

This digital domain is seen as the implementa-
tion of the "Industrial Internet of Things", inclu-
ding associated hardware and software. The Inter-
net of Things (and now the Comprehensive Inter-
net) is the main link between the physical and digi-
tal world, providing interaction between all kinds of
products, things, services, both among themselves
and with people who are part of the real world.

In the Internet of Things, every thing that cor-
responds to the real world enters the network with
its own digital representation and identifier, which
allows it to be included in the network as an integral
part of this network. Since each such thing — a ma-
chine tool, equipment, a robot, a 3D printer, logis-
tic means, a control computer — during its creation
is focused on performing specified functions and,
at the same time, for a warranty period in its life
cycle, then to monitor its condition in it sensors are
switched on, firstly, signaling both the performance
of specified functions, and secondly, about the real
state of the object and its components.

The first group of sensors collects data charac-
terizing the ability of the object to perform its tech-
nological functions. In other words, these sensors
show how and what the object is equipped with so
that it can perform a given operation of machining
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a part or workpiece. The second group of sensors
reports data on the state of the object, on its ser-
viceability and on the absence of signs of violation
of the state of the object necessary for operation.

This data is collected and fed over the network
to computing devices, forming huge amounts of
information that characterize technological equip-
ment in detail. The collected data in the frame-
work of the Industrial Internet of Things (11oT)
serves as the basis for the digital representation of
production processes in the enterprise. A digital
image is created, which presents the technical and
technological data of production processes, from
logistics to quality management. This image can
also include those components of the product sales
management system that are applied during the
production process.

Simultaneously with IIoT, information tech-
nologies are developing, which ensure the storage
and processing of gigantic amounts of information
coming from all structural elements (Big Data) that
form the third level of the enterprise's DT. These
are decentralized and parallel data processing tech-
nologies, united within the digital image of the en-
terprise structure.

Digital Twin of Product

A separate level of DT consideration is associated
with those products or articles that are produced at
the enterprise. In this sense, the twin of a product is
its digital representation, which includes a collec-
tion of data, knowledge, programs, a representation
that allows you to explore and model the behavior
of the product, to ensure the implementation of its
functionality, reliability and lifetime in good condi-
tion without breakdowns and violations.

These properties are an integral part of the over-
all product quality assurance.

Product digital twin includes:

* Geometric and structural model of the
object.

* A set of design data for parts, assemblies
and the product as a whole.

* Mathematical models describing all physi-
cal processes occurring in the product.

* Information on technological processes of
manufacturing and assembly of individual elements
and the product as a whole.

* Product lifecycle management system.

The digital twin is used at all stages of the pro-
duct life cycle, including design, production, op-
eration and disposal ”[8].

In our opinion, the control system given in this
definition does not apply to the DT of the product.
This is a higher level of digital representation as-
sociated with the organization of production, and
not with the virtualization of the product. The rest
of the elements in this definition are the necessary
components of the DT, which, however, need to
be replenished by indicating in what form the pre-
sentation of the product will be considered.

Just like in a production DT, a product DT is
determined by knowledge about that product, and
can be viewed at various levels of possible repre-
sentations. Various options are discussed here. The
most popular is the three-level representation of
the DT in the form of prototypes, instances and
aggregators, which was defined in the work of M.
Grieves, presented in 2002 and devoted to "mir-
ror views", which later became known as DT. Note
that other directions in the construction of DTs are
also possible, noted in [13].

DT prototype (DTP) is a presentation of a
product in the form in which it is imagined by de-
signers and technologists in the development pro-
cess. DTP reflects the constructive essence of the
product, its type, main constructive systems, their
interaction. At the technology level, technological
solutions, physical attributes and properties are de-
scribed, what tasks are solved by individual struc-
tural elements, materials and construction features
are indicated. Moreover, work at the level of DTP
can be demonstrated in the virtual space. Therefore,
its developers can see in the virtual space whether
the product performs the functions for which the
pro-duct was created?

The use of a prototype allows, on a virtual level,
to make both constructive and design changes that
are necessary to optimize the selected solutions.

The next level is a DT exemplar (DTE), which
presents specific solutions related to the production
of a product: selected materials, equipment and
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features of individual parts, the implementation of
individual stages of production and the resulting
problems. Manufacturers of components may be
indicated, even specific batches of subsystems used.
In contrast to DTP, the considered level of the in-
stance is concretized; everything that distinguishes
the general project from a specific implementa-
tion is included in it. DTE accompanies the pro-
duct throughout its life cycle. It can be adjusted if,
during the repair or modernization of the product,
replacements or restoration of some components
were made in it. In this sense, DTE is individual as
much as they differ from each other, for example,
cars of the same model, but produced even by the
same plant, but at different times. This is especially
important because during the life cycle for indi-
vidual parts and elements of a product, manufac-
turing technologies can change and improve. And
the product may contain new components that are
significantly different from those with which it was
completed during production.

In the digital economy and the use of DT, the
amount of information that comes from various
elements that characterize production increases
significantly. Thus, new indicators are defined that
can be used to improve the quality of products re-
lated to the operation of enterprises. As a result, a
new section of the enterprise economics arises, as-
sociated with the processing and analysis of struc-
tures that form in real production, and supported
in the digital space by direct measurements. An
example is the concept of a DT aggregator (DTA).

DTA is a DT of a group of products created and
operating under relatively similar conditions. This
is a one or several batch of products that were made
from the same parts under the same conditions.
DTA allows you to analyze the work of individual
products in relation to their group presentation.
This term was previously absent due to the impos-
sibility of conducting such a comparative analysis
as a standard operation aimed at making the pro-
duct itself and improving its quality.

But now the situation has changed. In the con-
ditions of the DE and the existence of the DTE,
one can actually check on a virtual level how the
created product meets the goals set, compare its
quality for the work performed, conduct statistical

assessments of the conformity of the product made
to its DTP. At the same time, the tasks of assessing
the reliability of the created product and assessing
possible deviations and violations of the aggregator
from the given prototype can be set.

The very concept of DTA in the DE forms a new
economic indicator, which determines the real
value of the created product or its modification,
embedded in the DTA, within the framework of
those economic decisions that are used in the DE.
For example, how successful was a batch of cars
equipped with the appropriate engines, chassis and
electronics, in terms of their operation in a certain
region of the country. DTA can be used to bench-
mark different batches of the original product.

At the same time, the comments and require-
ments of consumers for the created and operated
product can be analyzed. And since the working
conditions of each individual exemplar may dif-
fer from each other, then the comments can cover
different sides, although the product itself remains
basically the same.

How the Digital Twin of the Enter-
prise Environment is Created?

The complexity of building and operating the en-
terprise's DT was the main factor that delayed its
widespread use in modern industry for a decade.
But now this direction of digital representation is
developing successfully. Especially considering the
possibility of creating and replenishing libraries
containing individual modules, which can then be
used to build a specific representation of the DT.
Here it should be borne in mind that the enterprise's
data center is not only the task of production pro-
cesses in a multimedia environment, but also the
simultaneous display of flows and transformations
of information accompanying the operation of the
enterprise, along with a demonstration of how this
information is related to production and suppor-
ting processes. In addition, when creating a DT, an
essential factor is the problem for the solution of
which this twin will be used [11].

DT development technology depends on the
object itself for which the twin is being developed.
As an example, consider an example of building a
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DT for such a component of the external environ-
ment of an enterprise as a supplier. In the general
view of the external environment, the following
types of products are associated with suppliers
that may be required during the operation of an
enterprise. These are raw materials, semi-finished
products, auxiliary materials (for example, wire,
fasteners, welding components, bolts, etc.), pro-
duction materials (fuels and lubricants, coolant,
electricity), components [15]. These types of pro-
ducts are part of the knowledge of the object in
question. In knowledge, they are specified in the
form of features of an object.

For each of these types of products, a system of
indicators is introduced that allows the supplied
product to be included in the production process
implemented at the enterprise. At the same time,
these indicators are used as the “digital skeleton”
of the DT.

The scorecard includes the following elements:

= What is supplied (nomenclature);

= The number or volume of supplies;

= Quality characteristics of the supplied pro-
ducts;

= Contractual terms and their observance;

= Financial indicators related to supplies (prices,
terms, performance);

= Possible deviations and irregularities related to
supplies.

Note that each of the elements under consi-
deration can be characterized by a separate set of
values that detail this indicator and link it with the
production technology used at the enterprise. This
is the body of data that goes into the definition of
supplier knowledge.

Now it is necessary to define the form in which
this twin will be set for interaction with the suppli-
er. This form is determined by the following three
tasks that arise when using the supplier's products
in the enterprise:

= Qualitative compliance of the products sup-
plied by the supplier with the technological condi-
tions of its use.

= Acceptable benchmarking with other suppliers
of similar products (market analysis).

= Analysis of the possibility and necessity of the
enterprise's transition to another supplier of similar

products, supplemented by a market analysis for
the selected indicators.

Accordingly, the supplier's DT for the main
enterprise is knowledge about its products, which
allows to effectively solve the assigned tasks. The
formation of this view is based on an analytical
platform that is used to analyze data about a spe-
cific supplier and other possible manufacturers of
similar products, based on data obtained from the
Internet. The analyzed data are also considered in
the context of their possible use for solving these
problems.

The analytical platform defines a method for
setting up a domain based on knowledge about ob-
jects obtained from the external environment. This
environment contains information about various
objects. But only one object is needed to develop a
digital model and use it. This choice is based on the
preliminary analysis of the information performed
by the analytical platform.

The construction of such a platform is already
related to the method of solving problems in the
subject area, which is an integral part of the general
understanding of intelligence.

The basis for presenting the DT under consid-
eration from the external environment of the en-
terprise is a graphical interface that allows you to
set and compare indicators in diagrammatic form
that are an integral part of the supplied product. To
solve the first problem, the constituent elements
of the diagram can be opened in additional win-
dows, showing the values of individual indicators
and comparing them with each other. At the same
time, the analytical platform shows how these in-
dicators correspond to the expected values (first
task). And if the indicators change, how significant
are these deviations for the products manufactured
by the enterprise.

In addition, possible deviations of individual
indicators from the expected design and techno-
logical requirements are analyzed. It shows how
the deviations of the product received from the
supplier affect the products manufactured by the
enterprise, at the level of quality, price and market
characteristics.

Data obtained from external sources about other
manufacturers of similar products is collected in
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a separate file. A list of possible suppliers is dis-
played.

In this list, you can select several possible sup-
pliers, which are then compared according to a
given set of indicators and the selected comparison
function (utility function). A suitable type of dia-
gram is selected for the user, which allows using the
utility function to visually arrange potential suppli-
ers (second task).

The third task is connected not only with general
data about the supplier's products, but also about
contacts between the potential supplier and the
enterprise. It is possible that the manufacturer of
a particular product does not have the capacity or
resources to place its products on the free market.

Either there are economic or legal obstacles that
prevent the conclusion of an agreement between
enterprises on the supply of products.

Or the terms of possible deliveries must be agreed
upon, which would satisfy both parties. The current
state of these problems is displayed in a diagram-
matic form (graphical interface) for the informa-
tion of interested parties.

The file system, graphical interface and analyti-
cal platform, using the Internet and cloud storage,
form the basis for building data centers and enter-
prises, and products from the angle of their tasks.
However, the challenge remains to develop intel-
ligent tools that would provide the analytical plat-
form with the necessary information.

This is complicated by the current state of the
presentation of information on the Internet, the
heterogeneity of the platforms and systems used, ap-
proaches to the presentation of information in net-
works, and new technologies for creating products.

The approach to building a DT for suppliers can
be applied to other components of the external en-
vironment: customers, partners, investors, com-
petitors. These components differ from each other
in the indicators that characterize them. But the

principles of building their DT are the same as the
supplier's DT scheme discussed above.

Conclusions

Currently, the digital transformation of production
is the main resource that allows you to transfer pro-
duction to a new level of development and improve-
ment. Digital representation is associated with the
possibility of not only transforming the produc-
tion itself, but also accelerating the time to market
a product, releasing the most advanced products
today, operational modeling and technological im-
provement of products at the digital level.

The basis for building a DT is the use of an ana-
Iytical platform that works with information com-
ing from the Internet. The very interaction with the
DT is based on the use of a graphical interface that
allows you to reveal individual details of the com-
ponents of the external environment.

The enterprise's data center allows not only
analyzing the process of creating and releasing
a product, but also improving the production it-
self, saturating it on a digital level with the latest
technological, managerial and intellectual means.
A virtual production world is created for the en-
terprise, in which it is possible to imagine, study,
accelerate and optimize all production processes
on a digital level. Digital modeling is changing the
overall approach to manufacturing.

The creation of a digital model of manufactu-
ring and supporting processes serves as the basis for
optimizing the entire production by replacing or
eliminating costly and unproductive operations as-
sociated with the preparation and debugging of the
entire process of creating a modern product. Digi-
tal virtualization of production is becoming a new
stage in the production cycle along with design and
technological development.
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MUO®POBA EKOHOMIKA 1 ITU®POBI ABIMHUKM.
OCHOBHMU HATTPAMOK JOCJIIXEHD

Beryn. PoGoTy mpuCBSAYEHO MOCHIMIKEHHIO METOMIB MEPETBOPEHHSI EKOHOMIYHUX CTPYKTYp, SIKi MOKJaAeHi B OCHOBY
Mepexomy A0 MOMIHYIOYOro IM(pOBOTO MOAAHHS €KOHOMIYHMX MPOILECIB Ta iX 3B'S3KiB 3 HUGPOBUMM (hopMaMu
€KOHOMIYHUX BiTHOCHH.

Merta po0OTH — 3aTpPOTIOHYBATH OCHOBHI €Tamy, SKi BU3HAYATh MEPEXid Bil 3BUYAWHUX IiAIPUEMCTB I0 iXHBOTO
¢ poBoro noxaHHs (b POBOTo ABIHHNKA) B yMOBaxX TpaHcHopMaltii 10 TudpPoBoi eKOHOMIKH.

Merton fpociipkennsa. Metoax noOyaoBu LMGPOBOTO [BiliHMKAa 3aCHOBaHWI Ha TMOCHIZOBHOMY TMEPETBOPEHHI
MPeAMETHOT rajy3i — MiAMPUEMCTBO Ta TOB'SI3aHE 3 HUM 30BHIllIHE CEPENOBUILE, B IKOMY PO3B'SI3YIOThCS 3aBIAHHS, 1110
CTOSITh Mepen MianpueMcTBOM. LISt mpenMeTHa rajiysb 3a1a€ThCsl SIK 3HAHHST NP0 OKpeMi ii cKi1amoBi. A cami 3HaHHS B
npolieci NepeTBOPEHHs MOXYTh OyTH NnojaHi B uudposiil hopmi.

Pesynsrar. BusHaueHO OCHOBHI €Tary MOXJIMBOTO I(MPOBOTO TOAAHHS MiAMPUEMCTBA Ta PiBHI TOOYIOBY IIU(PPOBUX
nBiliHWKIB. Ha mpukiazni 06'exra, SIKWii BITHOCUTHCS 10 30BHIITHBOI rajTy3i MiAMPUEMCTBA — TTOCTAYAIbHMKA CKIIaTOBUX
KOMITOHEHT MPOAYKTY — MOKa3aHo, sIKk MOXe OyTH 3aiiicHeHO nepexin 40 undpoBoi popmu 1bOTO 00'€KTa.

BucnoBok. L[ndpoBurii OBiTHMK MiAIPUEMCTBA JO3BOJISIE HE TiJIbKM PO3POOJISITU TPOLEC CTBOPEHHS i BUITYCKY
MPOMYKTY, a i yI0CKOHAIOBAaT cCaMeé BUPOOHUIITBO, HACUUYIOUM HOro Ha MG POBOMY PiBHi HOBITHiIMM TEXHOJOT{YHMMH,
yNpaBiiHCbKUMHU Ta iHTEJeKTYaJlbHUMU 3acobamu. [1ist MifNpueMCTBA CTBOPIOETHCS BipTyaibHEe BUPOOHMYE CEPEAOBHUILE,
B IKOMY Ha L(bpOBOMY PiBHiI MOXXHA YSIBUTHU, BUBUUTH, IIPUCKOPUTH Ta ONITUMI3yBaT Bci BupoOHMYi iporiecu. Llndbpose
MOJIETIOBAHHS 3MIHIOE 3aTaTbHUH Minxin mo BupoOHUITBa. CTBOPeHHS HU(PPOBOI MONENTi BUPOOHUIMX i 320€3MeTyI0unX
MPOLIECiB CAY>XWTb OCHOBOK OMNTiMi3allii BCbOro BMPOOHMLTBA Ta KiHLUEBOro mnpoaykty. lludposa Bipryanizaiiis
BUPOOHMIITBA CTA€ HOBUM €TaIlOM BUPOOHUYOTO LIMKITY TIOPSIZL 3 KOHCTPYKTOPCHKMMMU 1 TEXHOJIOTIUHUMHU PO3POOKaAMU.

Karouosi caoea: yugpposa exonomixa, yugpose nionpucmcemeo, uugposuil 0SIUHUK, IHOOPMAUILIHA MOOenb, 3HAHHA, DI6HI
Yupposozo nepemeaopenHs.
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U PPOBAS BKOHOMUKA 1 LINDPOBBIE IBOMHUKH.
OCHOBHOE HAIPABJIEHWE MCCJIIEAOBAHWA

Berymienue. PaGoTa ocBsiiieHa MCciieJOBaHUIO METOIOB ITPpe00pa3oBaHMsI SKOHOMUYECKUX CTPYKTYP, JIEXKallMX B OCHOBE
rnepexojia K JOMUHUPYIOLIEMY HM(POBOMY MPENCTaBICHUIO IKOHOMUYECKUX TPOLIECCOB U WX CBS3e ¢ 1IM(POBBIMU
bopmMaMu SKOHOMUIECKIX OTHOIIEHMUIA.

Iess paGboOThI — TIPEIIOKNTH OCHOBHBIE ITAITHI, OTIPEIEIISIONINE TEPEXO OT OOBIYHBIX IPEATPUSTUN K UX LTU(POBOMY
TpeacTaBlieHnio (IMMPOBOMY TBOMHKKY) B YCIOBUSX TpaHCHOpMAIUK K IMDPOBOIT SIKOHOMHUKE.

Mertoa uccaenoBanusi. MeTo mocTpoeHus LUGbpPOBOTro ABOMHKKA OCHOBAH Ha MOC/en0BaTeIbHOM Mpeodpa3oBaHUU
MPEIMETHOM 00JIACTH — IIPENTIPUSATHE U CBSI3aHHASI C HUM BHEIITHSISI Cpejia, B KOTOPO pelaroTcs 3a1a4uu, CTOSIIIME TTepe
TIpEANPUSITAEM. DTa TTpeIMeTHasT 00JIacTh 3aMaeTCs B BUIE 3HAHWI 00 OTIETbHBIX €€ COCTABNISIONINX. A cCaMU 3HAHUS B
Tpoiiecce mpeodpa3oBaHUsI MOTYT OBITh ITPENCTABIEHBI B TM(MPOBOIT hopme.

Pesyabrar. OmpenesieHbl OCHOBHBIE 3Tallbl BO3MOXHOTO IM(MPOBOTO MPEACTABICHUS] MPEANPUATUAS U yPOBHEH
MOCTPOeHUS LMGbPOBBIX ABOMHKKOB. Ha mpumepe 00beKTa, KOTOPBIM OTHOCUTCST K BHEIIHEH 001acTH MPEeANpUSTHS —
MTOCTABIIMKA COCTABJISTIOIIMX KOMITOHEHTOB ITPOAYKTAa — MOKa3aHO, KaK MOXET OBITh OCYILIECTBIIEH TepeXxo K b pOBOii
dbopme 3TOro 0GbeKTa.

3akmouenne. L{ndpoBolt ABOWHUK MPEANpPUSTUS TO3BOISIET HE TOJBKO pa3padaThiBaTh TMPOLIECC CO3MaHUS U
BBITTYCKA MPOMYKIIMU, HO U COBEPIIEHCTBOBATh CAMO TPOU3BOACTBO, HACKIIIAS €0 Ha HU(GPOBOM yPOBHE HOBEUIITUMU
TEXHOJIOTUYCCKUMU, YIIPABICHYCCKUMU U NHTCJJICKTYAaJIbHBIMU CPEACTBAMMU. I[JIH OpeaAnpusITd CO30aCTCA BUPTYyaJabHAasA
TTPOM3BOJICTBEHHAS CPE/ia, BKOTOPOU MOXKHO MPECTAaBUTh, U3YUNUTh, YCKOPUTH M OMTUMHU3UPOBATH BCE TPON3BOACTBEHHBIE
Tpoliecchl Ha rbpoBoM ypoBHe. LlnbpoBoe MogeIupoBaHKe MeHsIeT 001Ul TOaX0 K Tpou3BoacTByY. Co3maHue -
DPOBOM MOJIEJIM TPOU3BOJCTBEHHBIX M 00€CTIEUMBAIOLIUX ITPOIIECCOB CIIYXKUT OCHOBOM ONTUMM3aLIMK BCETO ITPOU3BOICTRA
u ero npoaykuuu. Ludposas BUpTyanusays npou3BOJACTBA CTAHOBUTCS HOBBIM 3TAloM MPOM3BOICTBEHHOTO MK
Hapsioy C KOHCTPYKTOPCKUMMU U TEXHOJIOTUUECKUMU pa3paboTKaMu.

Karouesnie caoea: yugposas skoHomuka, yugposoe npednpusmue, yugpoeoii 080UHUK, UHDOPMAYUOHHAS MOOeAb, 3HAHUS,
YPOBHU UUpP0o8020 NPeodpa30eaHus.
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