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Anomauyis. CyyacHull emar po3gumkKy HayKu i mexHosoaill xapakmepu3yembCsi 3pocmaroHor nompeboro y nowyky
HOBUX piwieHb, Wo 3abesnedyyoms Mi08UUWEHHST egheKmu8HOCMIi NPOMUC/I08020 8UPObHUUMEa, U020 eKOMo2idyHIiCMb,
eHepzoowadHicmb, pauyioHasibHe 8UKOPUCMaHHS Pecypcie MiHeparbHOI CUPOBUHU ma KOHKYPEeHMOCPOMOXHICMb. Y
UbOMY KOHMeKCcmi ocobnugozo 3Ha4YeHHs1 Habysae 8UHaXIOHULMEO SiK NPOsi8 iHMeneKkmyanbHO-ghaxo8oeo rnomeHujarny
HayKkosuig, 30amHo20 mpaHcghopmysamu gpyHOameHmarlbHi 3HaHHS1 y npuKnaoHi iHHosauji, o 6e3rnocepedHbo enusa-
tomb Ha 800CKOHaIIEHHSI Cy4acHUX MPOMUCITIO8UX mexHosoeil. BuHaxiOHUUYmMeo He € i30/1b08aHUM MPOYECOM — BOHO ¢ho-
pmyembcs 8 cucmemi 83aeMo0ii HayKo80-0C8iMHbLO20, 8UPOBHUYO-MEXHOM02IYHO020 ma coujaribHO-eKOHOMIYHO20 cepe-
dosuwy. Moz2o po38umok 3yMoerneHuLll HUSKOI0 YMO8 - 8i0 HaseHOCMI CripusiMmuEol HOpMamuU8HO-IPasosol ma iHcmumy-
yitiHoi 6a3u 0o cmuMy8aHHS MPOUECy Ha 8Cix emarnax lio2o Xummesgoeo Yukiy. Hapodxysamucs, sik gpopma meop4oi
disinbHOCMI, 8BUHaxiOHUUMEOo Moxe mam, Oe ui ckriadosi e3aeMolitomp y cepedosull, SKWO 80HO cmae ¢hakmopom cmu-
MYIt08aHHS 1020 BUHUKHEHHSI, CIPUSIHHS pO38UMKY ma nodasnbwoi peanizauii — 8 0C8imHb0-HayKo8oMYy rpocmopi, 8u-
POB6HUYO-MeXHO02iYHOMY cepedosuwi ma iHHogauiliHO-rpueabriueomy ekoHomidHoMy mosi. ObrpyHmoeaHo Oouyirb-
Hicmb 8u3Ha4YeHHs1 ¢haxo80o-rpoheciliHoi cknadosoi momeHyjiany ocobucmocmi sk nocepedHUKa MK 3HaHHSIMU ma
MPaKmMuKor, 8UKOPUCMaHHSI KOPUCHUX ernacmueocmeli IKOi Crpusie nepemeopro8aHHIO iHmMesiekmy ma KpeamugHocmi
Ha KOHKpemHi pe3yrbmamu rpogecitiHo - mgopyoi dignbHocmi ocobucmocmi. 5K crocib6 camosupaxeHHs, 30amHicmb
moduHu 0o 8uHaxidHUYymea 8 ceoiti OigrnbHOCMI He 3’a8515iembCs cama 1o cobi, i MoXxHa yinecrnpsamosaHo po3guHymu 3
B8UKOPUCMaHHSIM HacmyrHux 3acobie: oceimHix, mMpakmu4yHUX, MCUXO0J102iYHUX ma couyianbHo-npogeciliHux. [1oka-
3aHo, Wo npoghecitiHa cknadosa 3alivae pigHorpasHe Mmicye rnopsid i3 PO3yMOBOK ma eMOUiltiHO cKknadosumu, adxe
came 8oHa 3abesrneyye rnpakmuyHe 3acmocysaHHs 080X iHWUX y cghepi mpydoesoi disibHOCMIi ma camopearnizauii 8 Ha-
yKoeili disinbHocmi. B docnidxeHi sukopucmaHo aHanimuko-oe1s008i Memodu OOCiOKEHHST yMO8 PO38UMKY 8UHaXIOHU-
umea 8 HarnpsiMKy yOOCKOHaneHHs MemarypeailiHux npouecis, 3 akuyeHmyeaHHsIM ix Qi3uKo-XiMiYHOI cymHocmi ma crpsi-
mosaHocmi. [Toka3aHo, Wo HisentosaHHs poni ocobnusocmel mpaHcgopmauii enacmusocmel ¢hisuko-ximivyHo20 nome-
Huiany o6’ekmy/npouecy O0COKEHHSI 3HUXYE SIK HayKo8Y UiHHICMb, makK i He CrpuUsie 8U3HAYEHHIO CrIEKmMpy peasbHUX
pyHKUioHanbHUX Moxnueocmed ix nepemeopeHHsi. Memoto docnidxeHHs € 0brpyHmyeaHHs1 hakmopie eriugy, 308Hill-
HiX ma 8HympiWHix 3a MOXOOXEHHsIM, ma yMO8, W0 CrpUsIoMb PO38UMKY 8UHaXIOHUYMea sik meop4oi ghopmu disnbHocmi
HayKo8Usl 3 BU3HAYEHHSIM KIT0HO8UX CKI1ado8uX nomeHuiasy ocobucmocmi, Wo, 8 C80H Yepay, € yMOBOK PO3PObKU iHHO-
8aUiliHUX, KOHKYPEHMOCIPOMOXHUX pitueHb. OcmaHHi cripOMOXHI binbw pauioHanbHO supiwysamu rpobriemMu eHepeo-
echekmusHocmi, 36epexeHHs pecypcie MiHepabHOI CUPOBUHU, eHepaii ma cymmeso20 3MEeHWEHHS 8mpam KOPUCHUX
erracmusocmeli nomeHujany HasKkoMuUWHL020 cepedosuwya. Brnepwe, meopemuyHo 0brpyHmosaHo, wo ¢haxoeo-npo-
¢peciliHa cknadosa (DP1C) e mpemboro ma K/o4080K0 CK1ados8or nomeHuiaay ocobucmocmi, nopsid i3 po3yMosor ma
emoujiliHow. IcHyromb npauj, pe3yrnbmamu sIKUX, 8U3Ha4YeHi ix asmopamu, 611U3bKO OKPECITHOMb POrb MPOgECiliHo2o Yu
¢haxos020 rmomeHujiany 8 cmpyKkmypi 0cob6UCMICHO20 PO38UMKY. IX MiOX00U, WO 8UKOPUCMAHO MPU 8U3HAYeHHI cknady
ma pori ghakmopig ernusy, orocepedkosaHo, nidmeepdxyoms 8a2oMiCMb ¢haxo8020 KOMIOHEHMa came 5K CKI1adoeoi,
wo 3abesneuyye npoghecitiHy, meopyy camopearnisaujto ocobucmocmi i y suHaxiOHUUbKil OisinibHocmi. Ane npsiMoi 3eadku
rpo moderb-mpiady «po3ymosa — eMouitiHa — ¢haxogo-ripoghecitiHa» cknadosi iHmenekmy ocobucmocmi docnioHUKamu
He 3HalideHo. BuHaxiOHuuymeo, 3aliMaioyu ueHmparbHO-iHmeepamusHe Micye ceped ¢hakmopie eriugy rnoedHye ix y
€0UHy cucmeMy, cmeopIoe echeKm CUHeP2iYHO20 MPUCKOPEHHSI pO38UMKY HayKu U mexHosoeill, nepegodsiyu iHmersnek-
myarbHO - ghaxosull momeHujan Cycrifibcmea y KOHKpemHi iHHogauiliHi pe3yrnbmamu Ha npakmuui.

Knro4doei cnosa: suHaxioHuymeo, ghaxosuti momenuiarn, iHHosauitHUl pe3yrnbmam, ghaxogo-npogpecitiHa cknadosa, ro-
meHuian ocobucmocmi.

Abstract. The current stage of development of science and technology is characterized by a growing need to find new
solutions that ensure increased efficiency of industrial production, its environmental friendliness, energy saving, rational
use of mineral resources and competitiveness. In this context, invention is of particular importance as a manifestation of
the intellectual and professional potential of scientists, capable of transforming fundamental knowledge into applied
innovations that directly affect the improvement of modern industrial technologies. Invention is not an isolated process - it
is formed in the system of interaction of scientific and educational, production and technological and socio-economic
environments. Its development is conditioned by a number of conditions - from the presence of a favorable regulatory and
institutional framework to stimulating the process at all stages of its life cycle. Invention, as a form of creative activity, can
be born where these components interact in the environment, if it becomes a factor stimulating its emergence, promoting
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development and further implementation - in the educational and scientific space, the production and technological
environment, and the innovative and attractive economic field. The expediency of defining the professional component of
the potential of the individual as a mediator between knowledge and practice Vanyukov A.A., Kamkina L.V., Myanovskaya
Y.V., Kovalyov M.D., Tsibulya E.V., Chumak D.D., the use of useful properties of which contributes to the transformation
of intelligence and creativity into specific results of the professional and creative activity of the individual, is substantiated.
As a way of self-expression, a person's ability to invent in his activity does not appear by itself, it can be purposefully
developed using the following means: educational, practical, psychological and socio-professional. It is shown that the
professional component occupies an equal place alongside the mental and emotional components, because it is it that
ensures the practical application of the other two in the field of labor activity and self-realization in scientific activity. The
study used analytical and survey methods to study the conditions for the development of invention in the direction of
improving metallurgical processes, with an emphasis on their physical and chemical nature and orientation. It is shown
that leveling the role of the features of the transformation of the properties of the physicochemical potential of the
object/process of research reduces both the scientific value and does not contribute to determining the spectrum of real
functional possibilities of their transformation. The purpose of the study is to substantiate the factors of influence, external
and internal in origin, and the conditions that contribute to the development of invention as a creative form of activity of a
scientist with the definition of key components of the potential of the individual, which, in turn, is a condition for the
development of innovative, competitive solutions. The latter are able to more rationally solve the problems of energy
efficiency, conservation of mineral resources, energy and a significant reduction in the loss of useful properties of the
environmental potential. For the first time, it is theoretically substantiated that the professional component is the third and
key component of the potential of the individual, along with the mental and emotional. There are works, the results of
which, determined by their authors, closely outline the role of professional or professional potential in the structure of
personal development. Their approaches, used in determining the composition and role of factors of influence, indirectly
confirm the importance of the professional component precisely as a component that ensures professional, creative self-
realization of the individual and in inventive activity. But researchers have not found a direct mention of the model-triad
"mental - emotional - professional-professional" components of the intelligence of the individual. Invention, occupying a
central-integrative place among the factors of influence, combines them into a single system, creates the effect of
synergistic acceleration of the development of science and technology, translating the intellectual - professional potential

of society into specific innovative results in practice.

Keywords: ingenuity, professional potential, innovative result, professional component, personal potential.

Introduction.

The modern development of industrial technologies
increasingly depends on the level of intellectual and
professional potential of scientists, among the key
components of which invention occupies a special
place. It acts not only as a tool for generating new
ideas, but also as a catalyst for creating innovative
technological solutions that can ensure the
competitiveness of production in the conditions of the
global economy. Inventive activity reflects the
synthesis of knowledge, professional competencies
and creativity, transforming scientific and technological
progress into practical results that contribute to the
improvement of industrial processes, increasing the
level of rational use of their resource base and
reducing the negative impact on the environment.

The process of forming inventive activity occurs
within the framework of the complex interaction of the
system of the scientific and educational environment,
production and technological complexes and socio-
economic factors. Education and science provide
training of qualified personnel and generation of new
knowledge, industry forms a demand for innovative
solutions, and socio-economic conditions determine
real opportunities for the commercialization of
inventions. In this context, the relationship with
business is important: it is the business environment
that becomes the leading platform for testing,
implementing and scaling new technologies, acting as
a partner in technology transfer, an investor in
innovation and the ultimate beneficiary of the results of
inventive activity. At the same time, cooperation
between science and business provides a two-way
effect: scientists gain access to resources, and
enterprises gain access to original solutions, which
creates a synergy of intellectual capital development
and economic growth.
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Thus, the study of the place, role and conditions for
the development of invention as a component of the
intellectual and professional potential of scientists is an
urgent task of modern science and practice. Its results
will allow us to determine the optimal mechanisms for
integrating scientific and technical creativity into
production processes, strengthen the partnership
between science and business, and lay the foundation
for creating an innovation-oriented model of industrial
development.

Analysis of the results of the influence of
factors of internal and external origin on the state
and role of invention as a factor contributing to the
enrichment of scientific knowledge, the
development and improvement of metallurgical
technologies. The result of using the potential of
scientific research, both fundamental and applied, is
the development of innovative technologies. An
important condition for the effective implementation of
their results is inventive activity - a component of the
intellectual and professional potential of scientists,
which is the basis for the development of effective
technological solutions. Invention is also one of the
important factors influencing the development of
scientific areas and the state of modern industrial
technologies. Its place is expedient to define as a
transformative link between scientific knowledge and
its practical implementation in the form of new
technologies, materials, processes or their products. If
fundamental science creates knowledge, mainly of a
theoretical nature, and the technological factor
provides a technical basis, then it is invention that
allows this knowledge to take an applied form and
launch the mechanism of technological transformation,
which is the logical conclusion of the process of
integrating science and technology.



Regarding the importance of invention, its role
among the factors of development of science and
technology, it should be noted that its implementation
as a creative process:

- ensures the transformation of intellectual potential
into real technological and economic achievements;

- acts as a catalyst for the emergence of a source
of synergy between various factors (science «
economy « technology < ecology « information), the
effects of which contribute to the implementation of
processes in a given direction with the expected
results;

- creates the basis for the competitiveness of
technologies, products of their implementation and
sustainable development of society, economic
security, sustainable development of production in
general.

The primary source of the emergence of invention,
with high probability, is the combination of three
components of human potential: intellectual (scientific
knowledge, creative thinking); professional and
technical (mastery of tools, technologies, methods);
socio-economic (market needs, challenges of society,
limitations of mineral raw materials and energy
resources). As a form of creative activity, invention can
be born where these components interact in the
environment, if it becomes a factor stimulating its
emergence, promoting development and
implementation - in the educational and scientific
space, the production and technological environment
and the innovative and economic field.

This creative process, obviously, does not operate
in isolation, invention is a node in the system of
interaction of influencing factors. Synergy, the source
of which is the mutual influence of factors, arises when
the action of each factor is enhanced by interaction
with others. As a result, positive effects arise that bring
the process closer to the expected result. To increase
the level of informativeness regarding their
relationships, it is advisable to present this process in
the form of a chain of positive effects of synergy:

- scientific and educational factor - generates
knowledge, forms personnel, creates a theoretical
basis for the emergence of invention and becomes the
primary source of accumulation of practical skills;

- technological - research factor - provides technical
opportunities for the implementation of ideas in the
experiment and their implementation in practice;

- economic factor - creates incentives, investments,
market demand for innovative technological solutions;

- information factor - accelerates the spread of
knowledge, ensures communication and their digital
transformation;

- environmental factor - sets criteria for sustainable
development, forms new restrictions and priorities for
inventions;

- inventive factor - integrates all previous synergy
effects, transforming knowledge and needs of the
economy into new solutions. The latter, through a
reverse impulse, launch another reverse cycle of
development - scientific and technological
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breakthrough. As a result, new science, technologies,
and economics are created.

Schematically, the sequence of effects of invention
as a creative process can be depicted by the following
simplified scheme: “scientific and educational —
technological — economic — informational —
environmental — inventive”, the implementation of
which creates a reverse impulse for the development
of all previous ones. Thus, invention occupies a central
and integrative place among the factors of influence: it
not only combines them into a single system, but also
creates the effect of synergistic acceleration of the
development of science and technology, translating
the intellectual and professional potential of society
into specific innovative results. And the main task of
the state and the Ukrainian National Office of
Intellectual Property and Innovations (UKRNOIVI) in
solving this problem is to create institutional tools that
will help citizens realize their innovative potential [1]. It
also includes the protection of rights to intellectual
property objects and promoting the introduction of new
technologies into business.

The main directions of scientific and technical
development (S&T) of the main branches of industry
were formed under the influence of economic,
technological, environmental, social and other factors
of both internal and external origin. Obviously, they
became the source of the formation of their scientific
and technical potential. The feedback scheme in the
system "influence factors < directions of scientific and
technical progress (STP)" in the form of a structural
diagram is given in Fig. 1.

Let us analyze in more detail the factors of
influence, formed into groups according to the main,
specific for them, features, on the current state and
prospects for further development of STP using
examples in Table 1.

The main feature of the relationship of influencing
factors (Table 1) is to determine their mutual influence
and integration, which becomes the source of the
emergence of innovative technologies - the basis of the
economic security of an enterprise, industry, state.

For a more complete understanding of the
spectrum of functional purpose of intelligence,
determining its capabilities in solving problems of
improving technological processes, we will determine
the features of its components regarding their rational
application.

The mental component, which is manifested in the
ability to think, analyze, create, learn, forms the
intellectual basis on which a person builds knowledge
and makes decisions [4].

The emotional component determines the level of
emotional intelligence: the ability to manage one’s own
emotions, empathize with others, and build
relationships with them [5]. Therefore, it is the basis of
social interaction and stress resistance, determining
the level of socialization of the individual in society. The
professional (professional) component is
characterized by the level of integration of acquired
knowledge, skills, and experience that a person
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receives in the process of learning and professional
activity. It plays the role of a practical tool that allows
mental and emotional resources to be implemented in
a specific area — from science and technology to art
and enterprise personnel management. Thus, we
determine that the professional component (FPS) is

Socio-political-legal

Scientific and educational

the third and key pillar of the individual's potential,
along with the mental and emotional — a factor that
determines the influence on the formation and its
development. A conclusion similar in essence and
meaning was indirectly made by the author of study [6].

Informational

Directions

of scientific and
/ technological progress

Technological

Fig. 1. The main factors influencing the directions of scientific and technological progress

Table 1. Main groups of factors of influence on the development of STP directions

Group of factors Examples of influence

Economical

Competitive struggle, the need to reduce costs and increase productivity,
globalization of markets.

Technological

Breakthroughs in fundamental sciences (physics, chemistry, physical
chemistry, computer science), the emergence of new innovative
technologies.

Environmental

Strengthening environmental legislation, climate challenges, the need to
reduce the carbon footprint.

Social

Growing demands for quality of life, urbanization, demographic changes,
labor shortage in high-tech sectors of the economy.

Political and legal

State innovation support programs, international standards, patent law,
compliance, trade restrictions, sanctions.

Scientific and educational

Development of STEM education, international scientific cooperation, startup
incubators and technology parks [2, 3].

Informational

Rapid exchange of knowledge thanks to the Internet, open access to
scientific data, development of collective research platforms.

Human (personal)

Formation of the components of intelligence: mental (IQ), emotional (EQ)
and professional (PC - professional component).

In open scientific sources, we were unable to find
an exact formulation of such a conclusion, therefore,
the definition of the professional component (PCC) as
the third, which is probably a key component of the
personality potential, along with the mental and
emotional, is the result of the authors' analytical
research. However, there are works, the results of
which closely outline the role of professional or
professional potential in the structure of personal
development. These approaches used in [6] confirm
the importance of the professional component
precisely as a component that ensures professional
self-realization of the individual, in our opinion, also in
inventive activity. But no direct mention of the model-
triad "mental - emotional - professional-professional”
components of the personality's intelligence was found
in this study.

The generalization, integration or synthesis of
several theoretical concepts, namely emotional
intelligence (El) as an important component of
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personal potential, cognitive (mental) resources and
professional competence, allows the implementation
of these resources in inventive activity. Such concepts
are obviously often found in the psychology of
professional development, but the issue of determining
the independence of the components of the integral
potential or their equivalent trinity requires finding
compromise solutions through further research.

The place and role of the FPS should be defined as
a mediator between knowledge and practice, which
transforms intelligence and creativity into specific
results of the professional and creative activity of the
individual. It is through professional activity that a
person contributes to the results of joint work,
therefore, the level of qualitative development of the
FPS is an indicator of its value for society and an
integrator that can combine mental abilities and
emotional competence in the ability of a person (team)
to act responsibly and effectively.



As a generalized conclusion based on the research
results, it should be noted that the mental and
emotional components create potential, and the
professional component is a path (channel) for the
rational and effective realization of the intellectual
potential of the individual, and together they make
human potential socially and economically significant.
Obviously, without this component, a person's
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professional and emotional remain
unrealized.

Based on the analysis of the essence and role of
the main components of the potential of the individual,
the place of the professional component along with the
mental and emotional components has been

determined, which is given in Table 2.

maturity  will

Table 2. The triad of components of the potential of the individual, their essence, role, and relationships

Component  of

human potential Essence

Main role

Provides the ability to think, learn, solve problems, make

experience

Mental Knowledge, logic, analytical skills -
decisions
. N Determines the ability to interact with others, manage
Emotional Empathy, self-control, motivation one's own emotions
Professional Competencies, practical skills, | Implements knowledge and emotional abilities in specific

activities, shapes its effectiveness

Thus, based on the data given in the compact
scheme - the triad (Table 2), it is necessary to
determine that the professional component occupies
an equal place along with the mental and emotional
components, because it is it that ensures the practical

application of the other two in the field of labor activity
and self-realization in scientific activity. A visual
representation of the triad in the form of a triangle with
equal components is given in Fig. 2.

Figure 2 - The triad of components of individual potential as a condition for the success of its implementation

Thus, mental - provides analysis, logic, knowledge,
intellectual base; emotional - is responsible for
motivation, resistance to stress, interpersonal
relationships; professional - practical application of
knowledge and emotions in the field of work, self-
realization, creating a result. Each component, like the
vertex of the triangle, is equally important, therefore,
the true power of human intelligence is revealed in the
interaction of these three components, which form the
components of the intellectual potential of every
conscious Ukrainian.

Regarding the importance of emotional intelligence
in overcoming the path to "SUCCESS", according to
[7], it should be noted that mental development
together with emotional (IQ + EQ) is a useful tool for
increasing the level of creativity and efficiency of
activity as the ability to solve problems in business and
generate valuable ideas. Thus, the level of mental
intelligence is useful for scientists conducting research,
analyzing large arrays of experimental data. Emotional
intelligence is responsible for intuition, creativity and
empathy. According to the authors, it is more

subjective, helps in teamwork when performing
interconnected operations, for example, the main
stages of metallurgical production.

Analysis of the means that contribute to the
formation of a person's intelligence, in the field of his
professional activity, the ability to invent, made it
possible to determine that it does not appear by itself -
it can be purposefully developed using educational,
practical, psychological, socio-professional means,
through systematic training in logic, critical thinking,
methods of scientific knowledge; acquaintance with
the history of inventions and their impact on scientific
and technological progress. At the same time, the
condition for its formation is the analysis of mistakes,
successes of inventors with the determination of the
sources of their occurrence by developing creativity
through modeling, business games, experiments,
thinking outside the box. An important means should
also be recognized as working in a team with
specialists from different fields, scientific directions;
participation in competitions, startups, engineering
projects, where there is space for practical testing of
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ideas with the determination of the level of their value
and prospects for implementation.

Considering the need for every person in scientific,
production and everyday life to rationally use raw
materials, fuel, energy, equipment and other
resources, let's analyze the reality and feasibility of the
slogan we have defined: "You may not become an
inventor, but you must become a rationalizer."

The use of certain means in the system "inventor
< rationalizer" can be effective for the formation of the
ability to invent in the human intellect. At the same
time, the slogan "You may not become an inventor, but
you must become a rationalizer" has a deep meaning,
because invention is the creation of something
fundamentally new, which requires a high level of
creativity, scientific training, time and appropriate
resources. This is the path of units. Rationalization is a
creative search for ways to more effectively use
existing resources: raw materials, energy, equipment,
working time. This is a task that every employee can
do, even in everyday life. It is also necessary to note

that rationalization is a basic competence of a modern
person. It fosters an economical attitude to resources,
environmental responsibility and at the same time
promotes the development of inventive skills. The one
who has learned to rationalize creates the basis for
further inventions and discoveries. Therefore, in our
opinion, this motto is very apt and timely, because it
makes invention a matter of choice, and rationalization
a necessity. In a world where resources are limited, the
ability to use them rationally should become a habit of
every person, regardless of their profession. Invention
is a matter of personal choice, and rationalization is a
necessity, therefore, in a world where resources are
limited, the ability to use them rationally should
become a habit of every person, regardless of their
profession or field of activity.

In order to determine the differences in the levels of
creative activity in the system "inventor — rationalizer
— household user", the data of Table 3 were formed,
which gives their characteristics with a definition of the
role in professional activity.

Table 3. Comparison of the levels of creative activity in the system "inventor — rationalizer — household user"

Level Characteristic Role in the activity
Creates new fundamentally original | Provides scientific and
Inventor ideas, technologies, methods, | technological breakthrough, forms
devices the basis of future industries
. . Improves existing tools, processes, | Increases efficiency, resource
Rationalizer .
and methods savings, ease of use
. o Realizes practical benefits,
Uses ready-made solutions in his life | . . . ;
Household user introduces innovations into
and work :
everyday life

The influence of the factors identified as the main
ones is manifested:

- economic - through stimulating the development
and implementation of automation, increasing energy
efficiency and resource conservation in the
implementation of production processes and their
digitalization to reduce resource costs for the
production of relevant products;

- technological - through innovative breakthroughs
opening up new areas, such as additive manufacturing
or the use of artificial intelligence;

- environmental - through relevant requirements
accelerating the development and application of
“clean" technologies and renewable energy.

In modern conditions, the directions of
development of STP are becoming more and more
dependent on the interests, laws of business
development, which as factors of influence, are
becoming more and more decisive for its activities.
Therefore, one of the effective instruments of influence
of state institutions is the creation of conditions that will
allow balancing relations in the system "business «
STP « state" as conditions for sustainable
development of industry, economic security of its
industries, enterprises. As a result, business, in the
absence of any influence and control from the state
institutions of its side, will always defend, regardless of
the conditions of development, the position of the state,
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first of all, its own interests, guided by the laws of
business development in a market environment. The
motto "your business - your problems" should also
have no place in the interaction of the state and
business. And fruitful interaction of the state and
business in the interests of both parties is an important
condition for their economic security and sustainable
development in changing environmental conditions.

The results of the systematic analysis of the main
directions of scientific and technological progress as a
criterion for determining the features and directions of
improvement of industrial technologies are given
below in Table 4.

In fact, the industrial Internet of Things [7] is the
“nervous system” of modern production, which allows
obtaining information about the state of machines,
energy consumption, product quality and other
parameters of processes and mechanisms in real time.
To the main areas given in Table 4, it is advisable to
add transport and logistics innovations; cybersecurity,
the use of functional components of compliance,
protection of “know-how” data, etc.

An effective technology is the use of atrtificial
intelligence, created by the efforts of the integrated
potential of the individual, to improve the efficiency of
existing enterprises. The study [11] identifies areas for
the effective implementation of artificial intelligence in
various areas: in business, in the financial, banking



sectors, industry, marketing, and others. The authors
studied examples of the implementation of artificial
intelligence technologies by leading world companies
in various sectors of the world economy, its various
methods and technologies. The high relevance of this
area of research was found, especially in times of rapid
development of new technologies, when the
experience of leading world companies shows that the
development of artificial inteligence and its
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implementation contributes to improving the efficiency
of enterprises, accelerating development and
increasing profits. It is noted that today Al technologies
create new opportunities for enterprises and give them
broad powers in various industries, because each
process in which Al is implemented optimizes costs,
which ultimately has a positive effect on overall
financial indicators.

Table 4. Results of the systematic analysis of the main directions of scientific and technological progress

Direction

Essence and examples

Automation and robotization of production

Introduction of industrial robots, automatic lines, CNC systems; use
of the Industrial Internet of Things lloT in production environments [8].
This is a network of industrial sensors and systems that provides data
collection, processing and analysis for optimizing industrial processes.
The role of lloT is to create a “smart production” that is based on data
and is able to increase energy efficiency, reduce costs, improve quality
and safety, and ensure the adaptability of the enterprise to changing
conditions. A feasible function of lloT platforms can be to use data on the
physical and chemical characteristics of the relevant technologies as a

basis for analytics and rational decision-making.

Digitalization and artificial intelligence

Using large arrays of source data (scientific forecast, experiment,
practice), neural networks for process optimization, forecasting and
management [9].

Innovative materials, technologies
potential.

Development of
materials [10].
Development of technologies using useful components of hydrogen

Import substitution of resource base materials.

nanomaterials, composites, biomass-based

Energy and

conservation

efficiency resource

Renewable energy: solar and wind installations, regeneration of the
useful properties of hydrogen potential, utilization of secondary energy
from processes.

Environmentally friendly technologies

Emission reduction CO2/CO/NOx/SOx; recycling of technogenic
waste using secondary energy and raw materials - components of their
resource potential; closed water circulation systems and low-waste
technologies.

Let's move on to the next stage of the study -
determining the main components of modern business
intelligence, their detailed consideration and
establishing their impact on its development. It, as a
potential of useful properties, is obviously formed by
integrating the following components, which it is
advisable to consider in the following, interrelated
planes:

- human intelligence (personal) is formed from
knowledge, experience, creativity, professional
competence of personnel and is determined by the
ability to make rational decisions, generate innovative
ideas, form corporate ethics, culture;

- organizational intelligence forms management
systems, business processes, corporate standards,
patents, knowledge bases, brands, which are
characterized by stability, even when changing the
personnel of the company/enterprise.

- information and technological intelligence forms
analytical systems, information resources, databases,
creates innovative technologies, and also determines
the most effective methods to support decision-
making;

- analytical intelligence allows businesses to
convert input data into knowledge and make strategic

decisions.

As for any type of human activity, it is advisable to
consider human intelligence as the most important in
business. It is people who create innovative
technologies through inventive activity, form business
models, determine strategies and tactics for further
activity. The most modern information systems remain
tools, and their value is manifested only through a
person's ability to effectively apply them.

Human intelligence or personal intelligence in the
business environment ensures the rational use of its
useful properties in solving the following tasks:

- strategic management, which includes setting
goals, determining ways to achieve them using
competitive advantages, developing appropriate
business models;

- innovative development through the creation of
new products, services, technologies, searching for
non-standard solutions to current business problems;

- adaptation to changes through rapid response to
crises that differ in their causes, scale and
consequences of their implementation, as well as
crises related to production, sales of products, finances
and management;

- knowledge management to transform experience
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into corporate capital;

- communication and leadership, which includes
team building, motivation, and interaction with the
external environment.

Thus, the above-defined triad of components of the
potential of the individual is the basis, and the
components of the intelligence of modern business,
when examined in detail, are its derived components
of the business, the role and key tasks of which are
likely to be determined by the conditions of
development, the needs and goals of the business in a
competitive economic environment.

Analytical capabilities are identified as an important
component of business intelligence, they integrate all
the others, transforming information into knowledge,
which, in the future, are used in justifying and making
strategic decisions regarding the directions of business
development:  strategic  planning, forecasting,
assessment of conditions and consequences of the
implementation of risks [12].

Main areas of activity, tasks, methods of
achieving goals in the metallurgical business.
Business relations with state institutions, society,
attitude to the resource base of raw materials and
energy in wartime are important issues that, by
determining the main directions of scientific and
technological progress, contribute to the economic
security of the enterprise, industry, and state.
Generalized data on the main directions of activity of
the metallurgical business in wartime, including tasks,
methods, and interaction with the external
environment, are given below.

The main types of production activities of a
business of metallurgical origin should include:
production - smelting of pig iron, steel, ferroalloys,
rolled products, pipe products; innovation - search for
alternative fuels (hydrogen, biocarbon), development
of electrometallurgy, digitalization of processes; export
- ensuring supplies to foreign markets despite
restrictions and changes in logistics conditions; energy
- reducing consumption of gas, coal (carbon footprint),
electricity; use of energy generated by own generation
(hydrogen, wind, sun, water, nuclear energy); social -
support for personnel, participation in the
reconstruction of the country, preservation of jobs;
defense - production of special products for the needs
of the Armed Forces of Ukraine (armored steel,
elements of fortifications and other structures).

The main tasks of business as factors of its further
development, in modern conditions, are:

- stabilization of production in conditions of
destruction and supply disruptions;

- diversification of the raw material base (alternative
suppliers, use of scrap);

- minimization of energy consumption and increase
of energy efficiency;

- preservation of competitiveness of products in
European and world markets;

- protection of ecology and fulfillment of
requirements of the EU "green deal" (CBAM - Carbon
Border Adjustment Mechanism);
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- integration into European and global supply
chains.

The results of Ukraine's interaction with the
European Bank for Reconstruction and Development
(EBRD), presented in [13], indicate the gradual and
continuous development and deepening of these
relations, which are important for the Ukrainian
economy.

The most effective in terms of results are the
following methods and methods of achieving them in
modern conditions: technological (transition to electric
steelmaking and induction furnaces; increasing the
share of scrap metal in the charge; use of pulverized
coal fuel (PCF), biochar, hydrogen); organizational
(creation of reserve routes for the supply of mineral raw
materials, fuel and electricity), transition to
technologically flexible production (short batches,
adaptation to the customer); economic (attraction of
investments from the EBRD; public-private partnership
programs; insurance of wartime risks, etc., which
require further justification); social (safety programs for
personnel; relocation of enterprises or parts of
production; humanitarian and defense assistance).

The development of a network of small
metallurgical plants that will operate with minimal
material, energy and environmental costs as a solution
to restore the economy of Ukraine, as indicated by the
authors [14], is debatable in our opinion. The potential
and certain advantages of metallurgical plants have
not yet been exhausted. The path to their restoration is
the improvement of existing ones, the creation of
innovative technologies and equipment. By the way,
the PRC, as a successful economy that has gone from
the expansion of "micro-iron production” to the current
state of the main industries as a component of the
economy, ignore the irrational, study, improve and use
to our conditions - yes.

Let us proceed to consider the process of
evolutionary development of metallurgical
technologies with the definition of the role of invention
in it. Each step of the path of continuous improvement
of technologies was based on the use of new solutions
for the use of oxygen and stabilization of hydro-gas-
dynamic processes in the converter bath; regulation of
blast and slag melting modes, the use of innovative
refractories; vacuum steel processing, continuous
casting of billets and, currently, the use of hydrogen as
a reducing agent and fuel in DR-shaft and electric arc
steelmaking furnaces. Solving these problems has
determined the main directions of development of
ferrous metallurgy, and their consistent
implementation will allow to reduce the energy intensity
of the process and determine the directions of reducing
the consequences of the carbon footprint in the
environment [15,16].

Protection and commercialization of innovations at
enterprises of relevant industries, including
metallurgical, can be effectively carried out by:
introducing new procedures for combating violations of
intellectual property rights; promoting licensing and
technology transfer to industry; developing tools for



international patenting of Ukrainian developments.
Thus, the state, through UKRNOIVI and other
institutions, builds a chain of interconnected elements,
promoting its development: education — patenting —
protection — commercialization — integration into the
EU and world markets. This is a systemic toolkit for
realizing the innovative potential of Ukrainians.

As an important conclusion, it is necessary to
determine that all technological solutions that
contributed to the development and improvement of
steel production methods have a physicochemical
nature and orientation, which allowed, for
approximately 175 vyears, through the use of
components of scientific and technical potential, to be
able to produce about 1 billion tons per year of high-
quality steel of a wide range of functional purposes in
the world.

The optimal direction for the development of ferrous
metallurgy processes for most manufacturers in the
next 10-15 years in modern conditions may be a
hybrid model, based on the maximum modernization
of "ferrous" metallurgy (energy saving, dust and gas
purification, partial replacement of coke with
hydrogen/gas), with the gradual introduction of "green”
technologies in individual processes (electrolysis — H2
— DRI — EDP), with a gradual increase in the share
of hydrogen as the energy for its production becomes
cheaper. Thus, in the study [16], which was supported
by MIT CS3 and ExxonMobil through its membership
in MITEI, the author argues that without the
introduction of advanced "greening" technologies, the
steel sector could significantly reduce the intensity of
CO2 emissions (per unit of production) using existing
steel production technologies - by replacing coal with
gas and electricity (especially if it is produced from
renewable energy sources), using more steel scrap,
and implementing measures to improve energy
efficiency.

The main results that are directly aimed at reducing
the harmful impact of steel production on the
environment include:

- reduction of greenhouse gas emissions -
transition from coke blast furnaces to electric
steelmaking furnaces (ESF) operating on iron ore
product of direct iron reduction (DRI) plants;

- reduction of dust emissions and
carbon/nitrogen/sulfur oxides by improving gas
cleaning systems, developing coke-free processes;

- increasing the level of energy efficiency through
heat recovery (use of physical and chemical energy) of
waste gases is the introduction of closed water
exchange systems.

When justifying real production schemes for the
production of ferrous metals, it is necessary, along with
the advantages of "green" metallurgy (reduction of CO2
emissions and other environmental pollutants,
compliance with global environmental standards; long-
term reduction of dependence on fossil fuels; image
and investment  attractiveness; technological
modernization of production), to take into account its
temporary, but real in time, disadvantages and
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challenges (high cost of switching to hydrogen;
technical limitations associated with limited scale of
DRI-H2 production; energy dependence of hydrogen
production, which requires huge amounts of "green”
electricity (=3,5—-4 MWh per ton of Hz); the risk of
technological dependence on imports (equipment for
"green” metallurgy and electrolyzers are mostly
produced abroad), it is necessary to take into account
the real fact of incomplete use of the potential of
ferrous metallurgy (modern blast furnace and
converter technologies can already reduce emissions
by 20-30% due to modern equipment for dust gas
purification; partial replacement of coke with natural
gas or hydrogen; transition to pulverized coal fuel with
a smaller carbon footprint; optimization of the
component composition and granulometry of the
charge; stabilization of the properties of the
agglomerate and pellets; recovery of thermal and
chemical energy of gases, etc.).

In a state of war with Russian aggression,
metallurgy in Ukraine in 2022-2023, according to [17],
lost more than half of the metallurgical enterprises that
were destroyed. Others significantly reduced
production, lost their place in the world market and
access to the export and domestic markets. The
authors determine that in such conditions,
metallurgical enterprises of Ukraine need to solve the
problems of physical recovery, optimization of raw
material and energy costs. The authors, relying on the
fact that ~ 90% of steel is produced in the world using
the technological scheme "blast furnace - oxygen
converter”, and the blast furnace produces a product,
the use of which in the production of steel in the
converter allows minimizing energy costs due to the
rational use of the components of the potential of cast
iron (its physical heat, and the carbon contained in cast
iron), recognize that modern environmental
requirements require a reduction in the "carbon
footprint" in the production of metallurgical products,
including by reducing the production of cast iron in
blast furnaces.

The authors [18] propose to change the
environmental situation and reduce CO:2 emissions
from metallurgical production by expanding the use of
direct iron reduction (DRI) technology using hydrogen
and subsequent steel production in an electric arc
furnace. Therefore, the relationship between business
and state institutions should be built on the principles
of partnership, mutual responsibility and strategic
coordination. In their relationship, we are sure, the
motto "your business - your problems" should not take
place. Such a slogan has a more advertising or political
connotation than a business one, which encourages
interaction. In our opinion, the following factors can
serve as the basis for their formation, the features of
the impact and their main specific features should be
analyzed separately.

Indirectness of business influence on scientific
and technological progress. Thus, the metallurgical
business does not create scientific and technological
progress by itself, but only adapts the results of
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research, technological solutions and innovations that
are formed in the scientific and educational
environment and in state development programs.
Accordingly, its profits are derived from the general
level of development of science and technology.

To determine the external factors of influence that
contribute to the development of the inventive abilities
of an individual in the field of developing innovative
metallurgical technologies, it is advisable to
systematize them into several blocks according to the
main features of their origin;

1. Scientific and educational environment:

- access to modern knowledge and research
platforms (universities, scientific and research
institutes, specialized laboratories);

- international academic mobility and exchange of
experience;

- state and corporate support
(scholarships, grants, incubators of ideas).

2. Production and technological environment:

- the presence of modern research and industrial
sites for testing new technologies (pilot plants,
experimental and industrial units);

- access to digital modeling (CFD, DEM, CAD/CAE)
and industrial platforms for "smart manufacturing”
(lloT, big data in metallurgy) [19, 8], which allows,
through the systematic use of CAD/CAE, to increase
the effectiveness of training and the level of creativity
of skills, reduce the time/cost of R&D and improve the
quality of results;

- partnership with enterprises for the
implementation of the results of inventive activity.

The use of industrial platforms (lloT/Big Data):
allows, according to [20], to provide predictive
maintenance, stability of smelters, increase their
energy efficiency and safety through inventive activity
by pinching the cycle of "observation - abstract ideation
- verification. In the context of innovation and problem
solving, ideation - allows you to create new, non-
standard ideas by breaking free from traditional
thinking patterns. Successful ideation also involves not
only generation, but also effective management,
systematization and improvement of generated ideas
to identify and implement the most valuable ones.

3. Socio-economic factors:

- state policy to support innovation (tax breaks,
accelerated patenting procedure, venture financing);

- demand for innovation from the steel, alloys and
non-ferrous metallurgy market (need for "green"
technologies, energy-efficient, resource-saving and
environmentally friendly processes);

- competitive economic environment that motivates
to seek more effective solutions to maintain
competitiveness.

4. Information and communication environment:

- open access to patent databases, international
publications, scientific and technical literature;

- digital tools for collective development of ideas
(online platforms, innovation clusters, hubs);

- developed communication channels between
scientists, engineers and business (industry

programs

joint
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conferences, international exhibitions).

5. Cultural and psychological environment:

- public support and prestige of inventive activity;

- tolerance for risk and errors in the research
process;

- formation of a culture of "open innovation" - a two-
way mutual exchange of knowledge between different
institutions and companies.

State institutions, we are sure, should perform the
function of a key coordinator and investor in the field of
fundamental and applied research. It should create a
legislative framework, mechanisms for stimulating and
protecting the interests of the national manufacturer.

Thus, the success of a scientist-inventor in the field
of innovative metallurgy development depends not
only on his own mental, emotional and professional
potential (internal triad of "success" - Fig. 2), but also
on external conditions - the availability of access to
resources, a favorable innovation policy of the state,
industrial-scientific partnership, as well as socio-
cultural support for innovative activity, which make up
the external pentad of factors of external origin.

In the study, for the first time, the triad of conditions
as factors of internal origin and the influence of a
complex of external conditions, including access to
resources, a favorable innovation policy of the state,
industrial-scientific partnership, as well as socio-
cultural support for innovative activity, were
substantiated and defined. Together they constitute a
pentad of factors of external origin that ensure the
development of innovative technologies  of
metallurgical production, determining the role and
place of invention in it.

The authors of [21] consider the problems of the
development of inventive activity in scientific
institutions in Ukraine and the main barriers to this
activity. The indicators of the development of inventive
activity in scientific institutions of Ukraine, the issues of
methodological support of inventive activity;
management of this activity, the experience of
organizing inventive activity in scientific institutions are
studied. Proposals for improving and managing
inventive activity at the level of state authorities and
scientific institutions are substantiated.

Thus, the generalization of the factors of influence
and the definition of the conditions for the development
of inventiveness, consistent with the capabilities of the
components of the potential of the individual (mental,
emotional and professional) allowed us to highlight the
following sources as the main ones, contributing to
their rational implementation by substantiating
effective innovative solutions.

The need for a partnership model. Relations
between business and state institutions should be
based on:

- agreed goals: development of strategic industries,
industrial modernization, reduction of energy
consumption, greening of production;

- on a system of mutual obligations: business
invests in production modernization and efficiency
improvement, the state invests in scientific



developments, personnel training, infrastructure;

- on social responsibility: taking into account the
interests of society (ecology, employment, regional
development).

Thus, the profits of the metallurgical business
directly depend on the use of the results of scientific
and technological progress, therefore relations with
state institutions should be based on partnership, joint
responsibility and coordination of the interests of
science, business and society. And the development
of scientific knowledge about the physicochemical
essence of processes, as objects of research, with the
aim of their improvement is a continuous, objective in
terms of sources of origin and logical in terms of the
consequences of implementation, process. The main
requirement for the practical implementation of the
acquired scientific and practical knowledge in the form
of a formed life cycle of a process/production method
or one of its stages is their compliance with the main
features of the invention, with the achievement of
significant positive effects, which become sources of
increasing levels of energy efficiency, resource
conservation, environmental friendliness, productivity,
product quality, etc., indicators important for the
competitiveness of the process.

The superficial level of knowledge about the
physicochemical essence of modern processes of
production of cast iron and steel, other materials, which
form the corresponding potential of useful properties of
raw materials, fuel and energy resources, does not
allow to achieve rational in terms of costs and effective
in terms of results of their implementation.
Physicochemical properties of the initial potential of
external factors are an obligatory part of the process,
the parameters of which play the role of activator of
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physicochemical transformations in a given direction,
their dynamic development with completion when
obtaining the expected result. Of particular importance
for the inventor is also practical experience, which is
formed during experiments with conducting research
on high-temperature models in conditions close to real
metallurgical processes.

When improving existing technological schemes for
the production of ferrous metals and alloys, it is
necessary to realize that between the levels of optimal,
i.e. theoretically possible level of perfection, and the
actual, which is formed from modern technological
solutions, there is a certain gap - a vacuum. Its use is
possible provided that the researcher has the
components of the individual's potential, which,
determining the IQ level, allow applying its components
to reduce the gap between theory and practice. This is
possible only if there is knowledge about the
physicochemical nature of the processes that are the
object of improvement, as well as practical skills for
their application in existing production conditions.

Conclusions.

The choice of the optimal technology depends on
economic, technical and environmental factors, as well
as on the scale of production and the availability of
resources. An important role in the restoration of the
economy of Ukraine by improving metallurgical
processes is played by the use of innovative
technological solutions, the source of which is
invention. The implementation of solutions that meet
modern requirements for energy efficiency, resource
conservation and environmental safety will allow
overcoming the technical lag and bringing the industry
to the forefront.
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