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Abstract

The relevance of the article is related to the phenomenon of quasi-viral technologies, which are the drivers of the phase
transition to sustainable development. The study is aimed at defining the category “quasi-viral emerging technology”, as
well as the disclosure of their content and form, and the analysis of the features in the conditions of digital transformations.
The research method is based on the analysis of transformational changes in the components of the trialectic mechanism
of the reproduction of socio-economic systems, which occur under the influence of quasi-viral sustainable technologies.
The article defines the quasi-viral process of spreading emerging technologies as a transformational process of the
informational component replacement within the technological base by methods imitating the course of viral infection.
The signs of quasi-viral processes are formulated on several levels: “infection” due to a change in the information
algorithm; substantial user preferences; lack of sufficient barriers; significant potential to increase users; and disruptive
efficiency. Signs of quasi-viral technologies have the following types of innovations: renewable energy, 3D printing,
electric transport, energy storage, IT technologies, digital recording of information, cloud technologies, etc. The authors
hypothesize the possibility of using entropy estimates as the only measure of approximating the results of the
implementation of quasi-viral technologies to the state of sustainability in society and nature. The expected results of the
spread of quasi-viral technologies can be significant dematerialization of industrial metabolism, provision of functions of
self-organization and self-improvement of social systems, preservation of biodiversity and ecosystems of the planet, and
formation of the foundations of sustainable development.
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1. Introduction

The new wave of technical rivalry and the global industrial revolution give green technological innovation more
importance because of the environment's degradation. Green technology innovation encompasses the development of
new products, services, and management approaches [1]. It is a key component in achieving sustainable development
and is a sign of productivity, sustainability, and a decrease in negative effects on the manufacturing process [2, 3]. There
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are not legally mandated outdoor (ambient) air quality regulations in one-third of the world's countries. When such
regulations are in place, the requirements are frequently out of step with the recommendations of the World Health
Organization (WHO). Furthermore, among the nations that do have the authority to enact ambient air quality guidelines,
at least 31% have not done so yet. These are some of the main conclusions of the UN Environment Programme's (UNEP)
first-ever evaluation of air quality laws and regulations. There is an increasing emphasis on how environmental
regulation may meet the ecological concerns, since manufacturing and industrial processes account for one-quarter of
Greenhouse gases (GHGSs) emissions [4]. In addition to academic research, regional and international organizations like
the UN, G7, and BRICS have worked to reach an environmental agreement to support the preservation of ecological
sustainability [5].

People are more concerned about local events that affect the short-term future and pay less attention to events on a
larger scale. Local events can be considered separately from events at a larger spatial time scale. One of the most striking
illustrations of the above is climate change, the consequences of which already started to affect the lives of millions of
people globally. The climate change processes around the world resemble the entropy dissemination processes in
physics, which were opened more than one century ago. Entropy characterizes the probability that the macroscopic state
of the system will be realized and pointed to the fact that in nature, the processes of irreversible dissipation of energy are
more probable than the opposite processes of energy concentration. This is very close to another concept of entropy as
a measure of chaos or disorder. For that reason, the entropic concept could be used in environmental economics to
estimate the efficiency of economic processes with respect to physical and biological laws [6]. The paper provides the
environmental analysis of socio-natural processes and estimates the "entropic value" of economic activity. On this
scientific basis, one of the most important principles of sustainable development can be implemented: “Think globally—
act locally”. Digital local finances have the potential to expedite loan applications, reduce credit assessment costs, and
create new funding streams for business innovation [7]. It reduces the financial services threshold, broadens the scope
of financial services, and aids in fostering corporate technological innovation [8]. Conversely, green technology
innovation can help companies achieve their sustainability development goals, increase their competitiveness, and open
new markets.

According to Brawn and Wield, green technology innovation refers to production and manufacturing techniques that
can reduce the use of resources like energy and raw materials as well as pollution of the environment [9]. The transfer
of corporate green knowledge into environmental performance is facilitated by the application of green technological
innovation [10]. It increases productivity and lessens the degradation of the environment [11]. Most of the literature now
in publication on green technology innovation also discusses environmental regulation. Zhu et al. came to the conclusion
that sensible environmental laws would support the development of green technologies [12]. On the basis of Porter's
thesis, several researchers have verified that environmental regulations can stimulate the development of green
technology [13-16]. However, Lin et al. [17] came to the conclusion that environmental legislation impeded the
advancement of green technologies. They said that companies that pollute a lot have to pay more to comply with
restrictions. Environmental policy and green technology innovation are shifting in a U-shaped way, according to Behera
et al. [13]. Numerous academics also investigate green technology innovation from various angles. Green finance has
the potential to boost corporate green technology innovation, according to Na et al. [18]. Furthermore, the advancement
of green innovation depends on economic growth [19]. Furthermore, government subsidies significantly increase
industrial firms' incentives to explore green innovation [20]. Pedro et al. provided evidence that businesses could increase
the intensity of their R&D investment to foster green innovation activities [21]. Zhao et al. investigated the relationship
between green innovation and board size. The results show that increasing the number of board members can facilitate
the adoption of a green innovation strategy and increase the scope and transparency of innovation [22]. Furthermore, the
expanded producer responsibility program has greatly aided in the advancement of green technology innovation [23].
Moreover, carbon dioxide emissions can be reduced with the use of green technology innovation [24—26].

Currently, humanity is undergoing a transformative phase towards a new socio-economic formation, which should
provide the prerequisites for the sustainable development of civilization. This transition co-occurs in the conditions of
three interconnected industrial revolutions: Industries 3.0, 4.0, and 5.0. Each revolution possesses distinct contextual
conditions for the occurrence and development of events. Together, they form the systemic essence of the mechanisms
and factors of a profound change in the principles of human civilization's existence on Earth and its relationships with
the planet's biosphere. Primarily, this entails achieving a sustainable equilibrium between nature and society.

The critical task that solves the implementation of Industry 3.0 is solving the problems of the global environmental
crisis and achieving such development through the transition from subtractive to additive principles of the functioning
of socio-economic systems. Additive technologies are characterized by their ability to extract only the necessary
resources from nature while minimizing waste generation. The primary objective of Industry 4.0 is to ensure the
functioning of additive manufacturing with extremely high information complexity. To achieve this, a widespread
adoption of cyber-physical systems within the production process is necessary. On the other hand, Industry 5.0 focuses
on advancing societal development through a synergetic combination of the unique personal characteristics and cognitive
potential of cyber-physical systems and artificial intelligence.
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A characteristic feature of the phase transition process is the quasi-viral nature of new disruptive technologies spread,
unprecedented in terms of content and form. It requires fundamentally new approaches to the management in space and
time of the corresponding processes of implementing the mentioned industrial revolutions. This determines the relevance
to study the fundamentally new content and form of the essence of socio-economic phenomena.

However, the extant scientific literature lacks a comprehensive study of fundamentally new economic systems that
resemble the quasi-viral nature of the spread of sustainable innovations during the current phase transition to a new
socio-economic formation. Addressing this gap is precisely the objective set by the authors of the article. This research
is relevant as it addresses the imperative of establishing fundamentally new mechanisms to effectively manage the
processes of creating prerequisites for innovation emergence, facilitating their widespread adoption, and adapting social
institutions accordingly.

2. Theoretical Background

Disruptive technological innovations are the key driving force of socio-economic transition and could be viewed as
an intensification of anti-entropic activity. Disruptive technologies fundamentally change the character of the productive
forces, which naturally causes the transformation of social institutions. The anti-entropic potential of the Earth functions
in a similar way as any multistage reactor. Its efficiency depends on the efficiency of each of the stages and the
functioning of the inter-stage transitions (transmissions, transactions).

According to one definition, entropy is a measure of disorder in a system. It can also be interpreted as a measure of
the lack of information to bring it to the maximum possible order [27]. In other words, the higher the entropy, the greater
the disorder. Another definition relates entropy to the decrease in the ability of a system's energy to do work [28]. The
research by Melnyk [6] considered these concepts in more detail. Thus, entropy brings us closer to interpreting system-
formation processes through the trialectic mechanism of its reproduction in the interaction processes of three groups of
system-forming factors: material, informational, and synergetic. A decrease in entropy in the system increases the
creative potential of the specified trialectic mechanism and vice versa: an increase in entropy leads to a deterioration in
the functional activity of the identified factors and the entire system. The above is true for any type of system, including
environmental and economic ones. Entropy is one of the fundamental concepts that characterize natural processes. It
was first introduced in the framework of thermodynamics to describe the state of a thermodynamic system and to quantify
the irreversible energy dissipation [29-31]. This is, in particular, formalized by a Clausius statement: “heat cannot
spontaneously pass from a less heated body to a warmer one”. In a closed system, entropy tends to evolve to a maximum,
and the system itself tends to move towards its equilibrium. After all, the closer the system is to the thermodynamic
equilibrium, the smaller the difference in energy potentials between the parts of the system, and the less it is able to cause
any type of motion and perform work, which ultimately is the criterion for the ordering of the system. One of the
prerequisites for the order of the system is a potential difference between parts of the system or between the system and
the external environment. The connection between entropy and information is not accidental. Entropy is a measure of
the disorder in a system. This can be interpreted as a measure of the lack of information on ordering the system. The
further the system is from its equilibrium state, the less likely it would become itself again. The presence of all three
types of ordering (material-energy, informational, and synergetic) is necessary as an anti-entropic activity of open
stationary systems. The increasing order mechanism in open stationary systems acts at different organizational levels
(microphysical, geochemical, biosphere, and social), increasing the anti-entropic potential [6]. Open stationary systems
only exist and develop when they show a decrease in entropy by imports of "order" (energy, resources, information)
from the external environment to the system. According to Schrédinger’s apt expression: “it [a living organism] can
remain alive only by constantly extracting negative entropy from its environment ...” [32]. Consequently, the biosphere
acts as a reactor that processes waste and restores the quality of the environment for socio-economic systems; biological
organisms exist under the conditions of the geochemical environment.

The lower the efficiency of the systems of the upper level, the more entropy they drop for the lower level, and the
more investment is needed in anti-entropy activity. The risk that this load exceeds the carrying capacity of the systems
receiving it. The consequences may be: first, a decrease in the rate of anti-entropic activity, and second, the degradation
and/or destruction of systems at both levels. Numerous examples illustrate the degradation of the biosphere's assimilation
potential. If the adjustments of the biosphere systems lead to replacing biological species, the improvement of the public
sphere is assured through socio-economic changes during social revolutions, after which a transition to a new social
structure occurs. Humanity entered the era of the next transition to a new socio-economic status. This transition phase is
implemented during three industrial revolutions at the same time—Industries 3.0, 4.0, and 5.0. The transition stages in
combination with the change in the anti-entropic potential are the pace of the transformation processes. Disruptive
technologies serve as catalysts for transformative phase transition, bringing innovative changes in production and
product consumption methods, design practices, communication channels, knowledge sharing, and the skills of
employees. Thus, the transition to machine production, the electrification of production systems and people’s lives, the
introduction of flow lines, the computerization of society, and other innovations fundamentally changed the conditions
of people's lives and activities. Disruptive technologies lie at the root of all essential innovations.
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The development of economic systems is linked to the emergence and spread of innovations. At the same time,
revolutionary, qualitative changes are determined precisely by disruptive technologies. Thanks to them, the efficiency
of the system's functioning is increased by leaps and bounds (times or even tens of times). Such is the transition of
photography and filmmaking to digital technologies, which made it possible to reduce the cost of the relevant processes
tenfold. In addition, new functional possibilities have opened up—for example, instant image transmission over long
distances. The dynamic characteristics of the spread of innovations play a vital role. They determine the peculiarities of
changes in economic systems over time and patterns of transformation of system components (algorithm, program of
actions, characteristic recurring periods).

As a rule, the trend concept is primarily associated with information characteristics. Such factors are direction,
orientation, and vector. However, the system's state, which is summarized by the trend of its development, inevitably
affects two more components of the trialectic mechanism of system formation, namely, its material and synergetic ones.
Starting first determines the energy potential of the system and its ability to perform power functions. The second defines
the connections that integrate the system's individual components into a single system whole, as well as connect the
system itself with the external environment.

The diagram in Figure 1 illustrates three technological factors that are essential for the development of an additive
economy during the transition to a new socio-economic phase. These factors are grouped based on their roles in driving
this transformation. It's important to note that these groups are interdependent, as each factor's influence arises from the
interaction of multiple underlying principles. The technological factors are influenced by three natural principles:
material, informational, and synergetic.

=
-
_—

Figure 1. Basic technological factors that create prerequisites for the formation of sustainable economy

The material principle represents the physical and tangible aspects of technological advancements, such as resources
and production capacities. The informational principle pertains to data, knowledge, and digitization processes that
enhance technological efficiency and innovation. Finally, the synergetic principle refers to the combined effects and
collaborative interactions between technologies, leading to emergent properties that drive economic growth and
transformation. Although these technological factors are categorized into specific groups for analytical clarity, their full
potential can only be realized through the interaction and integration of all three principles. The combined influence of
material, informational, and synergetic factors forms the foundation for the emerging additive economy, enabling
economies to evolve toward more sustainable, efficient, and innovation-driven structures.

3. Results

The modern transition to a new socio-economic state is accompanied by a surge of anti-entropic activity due to a
significant increase in the efficiency of production and consumption. Intensification of anti-entropic activity results in a
significant reduction of the anthropogenic impact on the natural environment due to a decrease in the energy intensity
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and dematerialization of the production. As a consequence, socio-economic systems export less entropy to ecosystems.
When the negative consequences on the environment are reduced and the efficiency of the production process increases,
the total entropic activity is reduced, and this contributes to negative entropy.

The estimation of anti-entropic activity could be performed from the two viewpoints. The first one relates to the
direct impact of industrial activities on the natural environment and humans. The second one relates to the environmental
consequences associated with the previous stages of production, i.e., materialized in the resources and energy used for
this process. This research showed that the processes of the spread of modern disruptive technological innovations
(intensification of anti-entropic activity) have specific properties that make them similar to the methods of epidemic
phenomena of viral diseases spread. Therefore, the phenomenon can be called a quasi-viral spread of technological
innovations. Figure 2 presents a comparative analysis of the spread of the COVID-19 disease by month in Ukraine and
changes in various indicators related to the spread of modern sustainable technologies. Experiencing the COVID-19
virus in quarantine, little attention was provided to the universality of its properties. The basis of any formation relates
to productive forces, of which the information core is technology. From the entropy point of view, two technological
principles are important for socio-economic systems: the principle of obtaining energy and the principle of material
processing. The lower the specific production of entropy (per unit of production) in each process, the lower the stress on
the natural systems supporting the process, and the higher the efficiency of the functioning of an anti-entropic socio-
natural potential. The transformation processes reveal signs of a quasi-viral phenomenon. The main of these features is
that information determines the edges of the system and becomes the subject of influence. The critical factor in a
biological organism is the cell nucleus containing the genetic code. In the economic system, this function is performed
by the production, which ensures the implementation of the information code of the existing formation. For the economic
system, the virus "infecting" the economic systems is innovation. Currently, the system (as in the case of a biological
organism) has insufficient time to develop an "antidote” (effective mechanisms of negative feedback) to neutralize the
virus. Disruptive technologies provide a basis to compare the spread of technological innovations with the processes of
virus spread during pandemics.
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Figure 2. A comparative analysis of the COVID-19 virus spread dynamics and the adoption of sustainable technologies in Ukraine

The data in Table 1 illustrates the significant growth and adoption of various critical and innovative technologies
from 2010 to 2020. These indicators provide insights into the expansion of digital connectivity, energy transition, electric
mobility, and automation, reflecting transformative technological progress in multiple sectors. This data underscores the
rapid diffusion of innovative technologies driven by digitalization, sustainability efforts, and advances in automation,

collectively shaping modern industries and societal functions.

Table 1. Dynamics of several indicators that show the critical, innovative technologies spreading (the table is
based on references [34-50]

No. Indicator Year ] value
2010 2020
1 Unique mobile phone users (millions) 3250 5170
2 PC users (millions) 1300 5200
3 Internet users (millions) 2023 4930
4 Social media users (millions) 970 4000
5 Renewable energy share, (without hydro, %) 5 15
6 World energy storage capacity (GW/GWh) 2/4 12/21
7 Number of electric cars (globally, thousands) 17 10500
8 3D printers (thousands) 3 700
9 Industrial robots (thousands) 1200 3000
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The conducted research allowed us to formulate the regularities of the technological innovations spread in general and
the peculiarities of the quasi-viral nature of the current process. Any qualitative changes, like the functioning of the
technological complex, leading to technical revolutions, begin with introducing a new technological principle from the
outside into the existing production system, which changes the information algorithm of the transformation of materials,
energy, and information during the production process. This bear resembles the process of infecting the body with a
virus, which, penetrating the body, changes the informational algorithm of metabolism, including the exchange of
substances, energy, and information within the body. When creating startups, this innovation can originate from
individual inventors, the scientific realm, specialized engineering organizations, or associations comprising experts from
different fields. A change in the information algorithm which serves as a guiding principle in production technology
necessitates the restructuring of other components within the trialectic mechanism involved in the formation of a
technological complex. These components include the material basis, synergetic factors (connections, communications),
and the general reproductive phenomenon of the technological complex, as shown in Figure 3.

Synergetic
component

Introduction of technological innovation

Information (technological quasi-infection)

Material
component

component

Reproduction phenomenon

Figure 3. Scheme of technological innovation impact on the trialectic mechanism of forming a technological complex

The application and adoption of modern sustainable innovations have reached unprecedented levels, exhibiting
similarities to the rapid spread of viral diseases. The comparative analysis of these phenomena made it possible to
formulate a definition of the quasi-viral nature of the reach of technological innovations and systematize the critical
features of this process.

The quasi-viral nature of the technological innovations spread should be recognized as the development of
transformational processes due to the anticipatory change of the informational component of the technological complex
(the fundamental principle of its functioning) using methods that simulate the course of viral infection.

The key features or signs of the quasi-viral spread of innovative technologies as formulated by the authors are
depicted in Figure 4.

The main features of the quasi-viral spread of technological innovations are:

(i) The leading component of technology change is the informational factor, not the material one. New technology
wins not because it is more powerful or productive but because it is much more efficient (sometimes many times) than
the existing one.

This happened with the implementation of technologies for the performance of solar power plants (particularly those
built on PV effects). After the introduction of information about new technological principles into the system of
electricity production, designs for their material embodiment began to be developed, based on which capacities for mass
production of fundamentally new types of equipment for electricity generation were created. New technologies have
brought about a significant transformation in the foundational elements of synergy, encompassing organizational ties,
communications, and industrial relations.
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One notable shift is the transition from traditionally centralized large-scale electricity production enterprises to a
more decentralized model comprising small-scale production units, such as solar panels, which are seamlessly integrated
into unified information and energy networks. This ongoing process means a shift from spatial concentration, enabling
a distributed and interconnected energy system.

-

Lack of sufficient barriers Significant user benefits Disruptive efficiency

Figure 4. Key features of the quasi-viral spread of disruptive sustainable innovations

(i) Quasiviral sustainable technology demonstrates its economic, social, and environmental advantages, making it
extremely attractive to a wide range of potential users.

(iii) Traditional technology that is currently widely used is not able to compete with the new one due to the mentioned
advantages of the latter. Similarly, the body usually cannot initially defend itself against the virus.

In a series of examples that illustrate the specified feature, one of the first places belongs to digital photography,
which became the result of two technologies: chemical analog photography and the instant Polaroid photo.

At Kodak, a well-known company in the field of photo production, the sales of the film reached a peak in 2001, after
which it began to decline. From 2000 to 2010, the need for cinema decreased ten times. In the early 2010s, the reduction
became an avalanche. In 2012, the company filed for bankruptcy.

Another well-known company, Polaroid, shared the fate of Kodak. The company specialized in fast photography. In
1970-1980, it gained tremendous popularity. Thanks to patent protection, the company felt almost no pressure from
competitors for practically three decades. In the early 2000s, the Polaroid company also went bankrupt, unable to
withstand competition from digital photography, the spread of which was quasi-viral. The decisive role was played by
the colossal advantages of digital technologies, which did not require either film or reagents at all whiles having several
fundamentally new functional capabilities compared to traditional competitors (instant image acquisition,
dematerialization of the processes of transfer and storage of prints, preservation of high image quality, minimization
expenses).

(iv) Viral sustainable technology is able to spread among a much more comprehensive range of users than its
alternative counterparts (traditional technologies).

In particular, solar and wind power plants, as well as 3D printers, can be used by ordinary private users. While
traditional energy and traditional machine-building technologies are suitable only for use in large-scale industrial
production.

(v) Quasiviral sustainable technology has significant economic advantages: relatively cheap implementation,
affordable implementation costs to many users, and quick payback of invested costs.

(vi) Informational signals regarding the profitability of the implementation and use of quasi-viral sustainable
technologies can be transmitted directly from the user to the user.

(vii) The progressive (avalanche-like) nature of the processes of the spread of quasi-viral technologies is observed
when in short periods, there is a significant increase in the intensity of the use of quasi-viral technologies (in particular,
the number of users increases significantly).

(viii) With the quasi-viral sustainable spread of technologies, positive feedback mechanisms regarding changes in
the state of the economic system prevail. The system does not have time to react to the changes taking place and balance
its shape due to the use of harmful feedback mechanisms. We can name several modern productions that have signs of
viral technologies:
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o Renewable energy (solar, wind, bio);
e 3D printing;

o Electric transport;

e Accumulation of energy;

o |IT technologies;

o Digital technologies in photo and film production;
o Internet of things;

e Smart management system;

o Artificial Intelligence;

¢ Virtual and augmented reality;

¢ Cloud technologies.

Vol. 6, No. 1, March, 2025

Here are the Top 5 Emerging technologies that showed themselves to the maximum in 2023, and which, thanks to

their functional properties, promise to turn into viral breakthrough technologies (see Table 2).

Table 2. Top 5 Sustainable technologies of 2023, which, thanks to their functional properties, promise to turn into viral

breakthrough technologies (based on [51-53])

The name of the

Characteristics
technology

o Key advantages: flexibility, can be easily twisted, bent, stretched, ability to recharge.

o Fields of application: health monitoring (in wearable medical devices and biometric sensors), flexible displays, “smart”

clothing, flexible watches, environmental monitoring.

Flexible batteries
(ecosystems).

e Beneficiary sectors (potential beneficiaries): people, industry, economy, social sphere (social sphere), ecosystems

e Market Outlook: The global flexible battery market is projected to grow by 23% annually through 2027, at approximately
$50 million per year. The main drivers of growth are the proliferation of wearable devices and trends in the miniaturization

and flexibility of electronics.

o Fields of application: scientific activity, the space industry (in particular, the time of creating flight instruments can be
reduced by 10 times with the improvement of product quality), architecture, design of premises and household appliances,

Generative Al engineering, food industry, journalism, health care, ecology.

e Market prospects: the development of Al has enormous market prospects; if in 2023 the global Al market was estimated

at $57 billion, then by 2025 it is forecast at the level of $190 billion.

e Key advantages: allow continuous individual monitoring of plant parameters (temperature, humidity, content of
substances); in combination with Al, opportunities are created for optimizing irrigation, fertilizers, herbicides and
pesticides, as well as detecting early signs of diseases; significant minimization of dimensions and low energy

Wearable plant sensors consumption; allow to reduce costs in agricultural production while increasing productivity and improving product quality.

o Fields of application: agricultural production, forestry, control of ecosystems.

o Projected result of implementation: 70% increase in global food production.

o Key advantages: makes it possible to detect deviations in the work of organs at the molecular level; advanced visualization
methods are combined with high-resolution DNA sequencing; extracting from a certain organ its particles the size of only
one cell (cell) makes it possible to observe cell architecture and biological processes in unprecedented detail.

Space omics

o Fields of application: health care, scientific activity, veterinary medicine, agricultural production, ecosystem control.

e Market prospects: the possibility of receiving revenues from the implementation of the technology in 2030 is predicted to

be $587 million.

o Key advantages : allow you to fight against harmful viruses and bacteria with the help of useful programmed viruses -
phages ; when an organism is infected with bacteria or viruses, a bioengineered virus - a phage , which is able to carry out
a bioengineered set of genetic instructions and change the functions of harmful bacteria and viruses, is found in them; as a
result, a therapeutic molecule is created or harmful bacteria or viruses become sensitive to the drug.

Designer phages

ecosystem control.

e Fields of application: scientific activity, health care, agricultural production, plant breeding, veterinary medicine,

o Market Outlook: Phage therapy is attracting significant venture capital as it has the potential to revolutionize human, animal

and plant health monitoring.

The spread of these technologies demonstrates synergetic effects. When these technologies are implemented in the
same temporal field, they exhibit the properties of mutual reinforcement of actions. As a result, their distribution
processes are accelerated compared to their autonomous distribution. Together, the indicated cluster of innovations is a

191



HighTech and Innovation Journal Vol. 6, No. 1, March, 2025

decisive driving force for implementing a phase transition through the processes of modern industrial revolutions:
Industries 3.0, 4.0, and 5.0 towards ensuring sustainable development.

4. Discussion

The conducted studies need to provide an opportunity to give an unequivocal answer to several questions. One of
them is “To what extent phenomena with signs of quasi-viral spread, which have a different nature of their formation,
but occur next to each other in space and time, are related to each other”? Three different types of phenomena can be
named: first, the epidemic of COVID-19; second, the processes of diffusion of technological innovations are
interconnected; third, various social phenomena. The latter include, for example, the mass spread of freelancing with
the activation of intellectual and creative components of human capital.

The COVID-19 pandemic also led to the transformation of economic relations in the direction of digitalization,
automation, real-time tracking of technological and economic processes, reduction of specific costs, and improvement
of system functioning efficiency.

On the other hand, the specified technological innovations contribute to solving complex economic, social, and
environmental problems. They also bring the achievement of the Sustainable Development Goals closer.

The study of mutual relations between the results of the digitalization of production systems and the transformation
of the social status of human capital deserves special attention. First, we are talking about a significant increase in
intellectualization, creativity, and personalization.

A separate manifestation of this is the extremely rapid rate of spread and development of freelancing. In this, it is
possible to trace, on the one hand, the influence of quasi-viral processes of the reach of modern technological innovations
on the conditions of human activity. Thanks to this, highly favorable opportunities for human self-organization in the
global space of economic activity are created. On the other hand, the change in the social status of human capital and a
person's working conditions are beginning to play the role of catalyzing and accelerating the processes of creating and
spreading technological innovations. A new intellectualized person begins to request a higher information level of
production systems.

Another subject of research should be the cause-and-effect relationships of these issues with sustainable development
goals. Prerequisites are created for achieving the key objective of sustainable development, namely the priority social
development of a person. This is also a direct goal of the implementation of Industry 5.0.

Determining the degree of mutual connection between individual components of various cluster processes of the
spread of technological innovations is also debatable. The analysis showed an abnormally close timing of the start of
the reach of technological innovations, primarily for the creation of the Internet of Things (Table 3). Its formation is the
core of Industry 4.0.

The decisive events that marked the beginning of the spread of twelve critical technologies necessary for the
formation of the Internet of Things (for example, the appearance on sale of the prototype of a vital device for this
technology) took place almost simultaneously with a difference of 1-3 years. Seven of these 12 events happened in
1973.

Such close timing of the start of the spreading processes of these technological innovations necessitates the need to
conduct more in-depth research into the cause-and-effect relationships of the occurrence of such a weird phenomenon,
given that the cycles of their creation took place at different times, in other countries, by various authors. In particular,
the first computer was created in Great Britain, the Internet and GPS in the USA, Wi-Fi in New Zealand, and the 3D
printer in Japan. These mentioned cycles represent highly complex and long-lasting phenomena, which include the
invention of the basic principle, bringing it to materialization in a concrete product, the development of industrial design,
adaptation to the conditions of mass consumption and sale, etc.

Attention should be paid to the complex nature of the dynamics of the processes of spreading technological
innovations and developing relevant trends. At the same time, once a trend is established, its flow begins to influence
the configuration of other interrelated trends, which are necessary for the dissemination of technological inno vations.
The reason is that the primary trend begins to impose its demands on its underlying subtends, which ensure its
formation.
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Table 3. Dates and events related to technological innovations for the 10T creation

Year / event

No. Technology
Critical start of technology The build starts for the 10T

1 Personal computer [54] release oflti?esprototype 15 bilzl(i);r? users

2 Internet [54-56] interna’igﬁzl status 2 bilﬁgrl]()users

3 Mobile phone [54, 57] release oflti?prototype about 3 bilﬁgrﬁosubscribers

4 Wi-Fi [58, 59] The first realilziilon of the idea adopting of g?f??ial standards

5 Renewable energy [60, 61] The first cases oflrzzuiwable energy use world SES sziil(iity is 1GW

6 3D printer [62, 63] release ofliilprototype a kidnezyoilsoprinted

7 Digital technology [64, 65] industrial digital relcizzing of information 98% of dig?t(é)j(i)nformation

8 Artificial intelligence [66, 67] Prologligs7c2:reated artificial brains,ze(::t(i)bodies, neurons
9 RFID tags [68, 69] the first dlegnzgnstration wide distribution (Iié?alr(i)es, shops, passports)
10 GPS [70,71] initiatingl?h7e3program civ?losigtus

1 Robot [72] production ofl ?najustrial design wide ;Stlf?bmio”

12 Drone 73] production of irllgﬁgtrial prototypes widely usedzi(;lglany sectors

13 “Cloud” [74, 75] thel\?iifual standarzc(i)sl;dopted

Internet of things 2012 Start of the cycle

The results of the spread of specified clusters of technological innovations in the processes of the current phase
transition cause qualitative changes in economic systems, the most significant manifestations of which are:

e Transition to renewable material and energy resources.

e Formation of a circular economy.

o Dematerialization of industrial metabolism (production processes and communication links);
o Mass use of efficient energy storage technologies.

o Formation of functions of self-optimization and self-improvement of technical systems based on artificial
intelligence.

o Achieving the goals of biodiversity conservation and ecosystem preservation.
o Control over processes in society and nature through the “Cloud”.
e Transition to the goals of priority social development on a person's basis.

As we can see, various indicators, which can be called entropy prices, create a criterion basis for a generalized
assessment of the results of the spread of technological innovations and approaching the achievement of sustainable
development goals.

The similar quasi-viral character of development could be seen for other recent technologies (including, PC users,
Internet users, social media users, global storage capacity, etc.) (see Figure 5).

The assumption of such a general goal of realizing a significant number of divers in terms of content and form of
manifestation of technological innovations determines the existence of a universal concrete criterion for achieving such
a goal. One of the most appropriate categories for this is the entropy index

The specified changes will contribute to the activation of human anti-entropy activity, which, in particular, will be
accompanied by a sharp increase in human information production and a reduction in the impact on the material
components of the planet's biosphere. The latter will bring the formation of prerequisites for sustainable development
closer. We will give only a few examples. Since 2010, the amount of global data produced by humans has increased 60
times, from 2 zettabytes to 120 zettabytes in 2023 [76] (a similar increase can be considered as another quasi-viral
process). According to our consolidated estimates, the specific economic losses from violating biosphere components
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over the entire cycle of production and consumption of 1 kWh of electricity in fuel energy are 13-22 times higher than
in renewable energy. This indicator is a first approximation as the entropy price of production and consumption of a unit
of such a product as electricity. With a more detailed consideration of all the components of the formation of the specified
indicator, this difference can increase to dozens of times.

The total estimate of specific environmental and economic losses per unit of material products manufactured by the
3D printing method is 5-7 times lower than in traditional production processes.
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Figure 5. Quasi-viral character of recent technological development

5. Future Research
Two key directions for further research are:

The first direction is related to answering an important question: is there a common goal (a kind of attractor) towards
which civilization is heading in implementing the specified cluster of technological innovations? The second direction
depends on the answer to the first. If the set goal exists, what is the general nature of measuring its achievement?

As a working hypothesis, the authors express the opinion that such a goal (conditionally — a common attractor) to
which the implementation of the specified phase transition to a new socio-economic formation approach exists. At the
abstract level, it can be formulated as achieving sustainable development.

The desire to reduce reliance on fossil fuels and combat climate change has made the shift to renewable energy a
central focus of global energy strategies during the past few decades. This study highlights important shifts and patterns
in the consumption of renewable energy from 1965 to 2023 in several different nations and areas.
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Globally, the proportion of primary energy consumption derived from renewable sources has increased to 14.56%
in 2023 from 6.45% in 1965, a shift of 126%. Significant gains have been seen in some regions, such as South America
and Central America. South America's share increased by 250% to 38.35%, while the combined share of Central and
South America increased by 268% to 35.39%. This suggests that these areas have a strong dedication to renewable
energy, which is probably encouraged by the abundance of natural resources like hydroelectric power. A comparative
analysis of renewable and non-renewable sources across regions is depicted in Figure 6. The figure offers a
comprehensive overview of the global energy landscape, illustrating the consumption and production patterns of both
renewable and non-renewable energy sources across different regions in 2024.

¢ Notable National Performances: The country with the largest relative rise in the share of renewable energy was
Belgium, where it went from almost zero (0.19%) to 12.53%, an astounding 6331% increase. Hungary too
experienced an incredible rise, going from 0.12% to 10.98%—a 9057% relative growth that is among the biggest
ever observed. The share of renewable energy in the UK went from 0.59% to 20.52%, a 3385% relative rise that
indicates a huge shift in policy in favor of renewables.

e Major Changes: Both Canada and Brazil, who are resource-rich nations, have raised their investments in renewable
energy dramatically; Brazil's has gone from 25.14% to 29.26%, while Canada's has increased from 27.55% to
50.33%. Due to its ambitious energy transition policy, Germany saw one of the largest absolute gains in the use of
renewable energy, going from 1.61% to 24.39%, a change of 22.78 percentage points.

¢ Reductions and Fears: There have been drops in the use of renewable energy in a few nations. Iran saw a decline
from 5.23% to 1.82%, mostly because of its excessive reliance on fossil fuels. Taiwan had a decline from 10.87%
to 5.26%, suggesting possible difficulties in increasing investments in renewable energy.

e Geographical Evaluation: The European Union has increased its share of renewable energy from 6.71% to 21.98%,
demonstrating its leadership in this area. This emphasizes the EU's strong ambitions for renewable energy and its
dedication to environmental sustainability. Africa saw a slight increase, rising from 5.74% to 9.83%, however there
were significant regional differences. For example, a minor decline was observed in Middle Africa, suggesting
regional differences in energy investment and access.

The world is clearly moving toward renewable energy; however, some nations and regions have made more progress
than others. The information emphasizes how important natural resources, economic conditions, and political will are
in influencing the use of renewable energy. To meet the goals of global sustainability, the adoption of renewable energy
must be accelerated globally, and this will require sustained investment and supportive legislation.

Russia
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Figure 6. Global Energy Consumption and Production Trends (2024): A Comparative Analysis of Renewable and Non-
renewable Sources Across Regions

By significantly increasing the efficiency of the functioning of economic systems and, at the same time, considerably
reducing the impact on the planet's ecosystems, modern technological innovations, in one way or another, bring
humanity closer to achieving all 17 strategic goals of sustainable development (Sustainable Development Goals), also
known as “Global Goals”. In abbreviated form, they sound like this: 1) overcoming poverty; 2) elimination of hunger;
3) provision of health and well-being; 4) provision of quality education; 5) gender equality; 6) clean water and sanitation;
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7) inexpensive and clean energy; 8) ensuring sustainable economic growth and decent work; 9) creation of the necessary
infrastructure; 10) reduction of inequality in countries; 11) creation of sustainable settlements; 12) provision of
sustainable consumption and production models; 13) prevention of climate change; 14) preservation of marine
ecosystems; 15) ensuring the integrity of terrestrial ecosystems; 16) ensuring peace, justice, and effective public
institutions; 17) strengthening partnership in the interests of sustainable development (World, 2015).

The advancement of scientific research in specific areas will contribute to establishing an objective assessment
system for justifying strategic planning decisions and implementing a purposeful policy to manage society's resource
potential.

6. Conclusions

The current stage of social development is marked by a phase transition to a new socio-economic formation, which
takes place during three industrial revolutions: Industries 3.0, 4.0, and 5.0. Technological innovations are the driving
force of transformational processes. Their essential feature is the quasi-viral nature of introduction and distribution.

The quasi-viral nature of the spread refers to the development of transformational processes through the anticipatory
change of the informational component of the technological complex (the fundamental principle of its functioning) using
methods that simulate the course of viral infection.

The study of the nature of quasi-viral processes allowed formulation the critical features of quasi-viral technological
innovations, which can be briefly defined as follows: 1) “infection” due to a change in the information algorithm; 2)
essential advantages of users; 3) lack of sufficient barriers; 4) significant potential for increasing the number of users;
5) direct distribution between users; 6) disruptive efficiency; 7) avalanche-like nature of distribution; 8) the predominant
effect of positive feedback.

The results obtained leave several debatable issues. One of them is: to what extent the emergence and spread of the
mentioned technological innovations are related to the development of other socio-economic phenomena, in particular,
the epidemic of COVID-19 and the processes of intellectualization and creativity of human capital, manifested through
the activation of freelance forms of work.

A debatable issue is determining the degree of mutual connection between individual processes within clusters of
the spread of unique technological innovations. An important issue is a deeper study of the connections between the
processes of quasi-viral diffusion of technological innovations and the achievement of sustainable development goals.

The article hypothesizes that implementing various clusters of quasi-viral technological innovations has a common
goal (conditionally common attractor), which can be formulated as the formation of sustainable development by
gradually achieving its key objectives. At the theoretical level, the amount of entropy reduction in the functioning of the
planet's social and natural anti-entropy potential can be a general measure of achieving the specified goal.

The result of the spread of these quasi-viral innovations should be a significant dematerialization of industrial
metabolism, provision of functions of self-organization and self-improvement of social systems, preservation of
biodiversity and ecosystems of the planet, and transition to priority social development of man. All together brings
civilization closer to the formation of the foundations of sustainability.
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