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Purpose. To substantiate scientific, methodological and practical developments aimed at transforming the na-
tional technological ecosystem and providing recommendations for the implementation of an adaptive digital busi-
ness model focused on the effective integration of enterprises into technological ecosystems.

Methodology. The study uses general scientific methods: comparison, analogy, analysis and synthesis, system
analysis, multi-criteria evaluation and matrix modeling methods. We use holistic, network, and cluster approaches to
obtain the results of the research.

Findings. The article identifies the priorities for the transformation of the national technological ecosystem and
offers recommendations for accelerating its development towards the formation of sustainable networks of intercon-
nected enterprises based on advanced digital manufacturing technologies. The authors propose a new understanding
of the “technological ecosystem” category’s essence. We identify the key features and components of the technologi-
cal ecosystem. The paper substantiates the principles of adapting digital business models to the technological profiles
of both enterprises and the ecosystems into which they integrate. In accordance with the level of technological matu-
rity and digital capabilities of enterprises and ecosystems, we offer digital frameworks adapted to changes in the tech-
nological space. We analyzed models and trajectories of integration taking into account the digital context and devel-
oped a toolkit for the effective functioning of an enterprise in a technological ecosystem. The study outlines the
prospects for promoting the management practices of technological ecosystems by developing an integrated model
that balances environmental, economic, and social sustainability. The model highlights the importance of digital and
technological maturity, collaboration, and innovation as drivers of ecosystem adaptability and resilience.

Originality. We developed an adaptive digital business model focused on the effective integration of enterprises
into technological ecosystems in the face of technological gaps and imbalances in industry potentials. The paper
proposes a matrix of management projects, which, based on the assessment of technological (including digital) levels,
determines the positions of enterprises and integration models that provide enterprises with flexibility in the context
of digital transformation. The implementation of the integrated model contributes to the development of the ecosys-
tem’s technological potential, intensification of regional innovations, and achievement of a synergistic effect on a
national scale.

Practical value. The recommendations can be used by technology companies, eco-industrial parks’ management,
and industrial symbiosis facilitators to develop program, project, and other long-term documents that formalize the
business model, strategy, and policy for building the national technology ecosystem.

Keywords: fechnological ecosystem, digital business model, innovation, logistics, communications, education, manage-
ment, technological maturity

Introduction. The prerequisites for the transition of
the Ukrainian economy to the latest technological basis
are a shift in emphasis towards a new center of econom-
ic growth and geopolitical influence, as well as the ur-
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gent need to ensure technological independence. The
situational nature of the processes, as opposed to the
evolutionary path of economic development, acceler-
ates the processes of economic technologization, the
processes of solving scientific problems, the transforma-
tion of the relevant management mechanisms and tools.
The priority of technological development in the na-
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tional security system and related processes is becoming
evident, as confirmed by the focus on creating techno-
logical conditions for socio-economic progress. Many
traditional scientific approaches to the study of socio-
economic systems are used in isolation from each other,
making it impossible to take into account the complex-
ity of systemic formations and interactions in the mod-
ern economy. Holistic, network, cluster, and other ap-
proaches to economic development can be applied in a
single complex within the framework of the ecosystem
approach methodology. It distinguishes innovative, en-
trepreneurial, industrial, digital (platform) ecosystems,
urban service ecosystems, and others, and considers the
possibility of further integration of ecosystems on the
scale of the regional economy. The unifying factor of
economic ecosystems is the ability to self-organize, self-
develop, self-regulate, and have a high level of adapta-
tion. Despite the inherent horizontal interactions of
economic ecosystems that exist outside a single center,
artificially constructed ecosystems based on horizontal
and vertical connections and hierarchical structures are
not rejected. The latter are suggested to include the
technological ecosystem based on advanced digital
manufacturing technologies.

As globalization and accelerated digital transforma-
tion intensify in Ukraine, the technology ecosystem can
play a key role in supporting businesses and regions, en-
abling them to form a sustainable basis for implementing
advanced technologies, ensuring a continuous massive
flow of innovations, and attracting investment. Thus,
enterprises are challenged not only to adapt to changes
but also to integrate into the technological ecosystem,
which will support their technological development and
provide access to advanced solutions and strategic re-
sources. In this sense, enterprises at different levels of
technological maturity face integration barriers and
need to transform their business models to successfully
adapt. A technology- and industry-specific integration
concept allows for consideration of both internal and
external technological constraints and the use of ade-
quate cooperation methods to develop more effective
integration strategies.

Literature review. Given the current trend of com-
bining different products into a single comprehensive
value proposition, from the functionality of a single
product to products integrated into an extensive network
of additional features, the ecosystem approach is com-
ing to the fore. In this context, as noted by the authors
[1], additional value (Surplus Value) for users of ecosys-
tem products can be provided through an expanded
package, accompanying services, and exclusive access to
products of other ecosystem participants. Thus, accord-
ing to researchers [2], the ecosystem approach allows
attracting new participants to the established business
model, which makes it possible to provide the market
with the necessary innovative component based on the
principle of emergence without radically abandoning
the company’s usual product.

Paper [3] emphasizes the fact that an ecosystem
unites different actors who use innovative synergy in a
single innovation space to achieve a common goal of
generating value. There is also a dominant thesis that by
creating an ecosystem, enterprises increase their own
innovation and production and technological potential,

since the innovation process involves the resources of
various participants [4]. At the same time, the impor-
tance of technological and digital gaps in innovation
chains is emphasized. Studying the evolution of indus-
try, the authors [5] confirmed that the transition to in-
dustrial technological ecosystems is driven not only by
economic benefits but also by the need for enterprises to
meet strict requirements for environmental friendliness
and safety.

Within the ecosystem, modern scholars [6] consider
the competitive advantage of open value creation and
the influential role of business model design focused on
novelty and efficiency as a unique logic for directing in-
teraction for the sake of accessing and using external re-
sources. At the same time, experts [7] recognize the key
role of digital technologies in building and developing
ecosystem business models. A number of works [8—9]
are dominated by the position that an ecosystem built on
a digital platform contributes to a better understanding
of customer needs, as well as the ability to develop spe-
cial offers for different customer segments. Experts [10]
provide evidence of the importance of platform ecosys-
tems for the digital transformation of high-tech compa-
nies, providing access to resources and enabling joint
ownership of assets. Research [11] focuses on methods
of systematic assessment of stakeholder needs in the
process of creating a smart/intelligent service ecosystem
(SISE) for complex production environments. More
services provided are able to be based on contextual data
and big data that are accumulated and processed by the
ecosystem using modern technologies.

Technological ecosystems play a key role in Industry
5.0’s desire to go beyond traditional technical processes
[12]. In this sense, the form of implementation of this
strategy is a multifaceted platform ecosystem, which is a
point of contact for numerous stakeholders [13]. Here,
the key success factors are the introduction of technologi-
cal diversity, the development of knowledge sharing
mechanisms, the use of open innovation strategies, and
overcoming resistance to change [14]. The authors of the
study [15] emphasize that enterprises that are part of tech-
nological ecosystems are more diverse and adaptable.

Analyzing the work [16], it is possible to outline the
prospects and priorities of domestic market structural
transformations. In particular, the innovative infra-
structure of industrial enterprises requires the use of
modern technologies, systems and methods aimed at
increasing efficiency, safety, environmental sustainabil-
ity and competitiveness. In this aspect, researchers [17]
proposed a methodological approach to assessing the
effectiveness of innovative technology park projects,
taking into account the specifics of Ukrainian legisla-
tion. According to the authors of [18], the development
of advanced digital manufacturing technologies, infra-
structure, and competencies is a key point of digital
transformation. In this context, researchers [19] study
models of digital transformation in which an enterprise
becomes a local leader in a limited ecosystem, improv-
ing its own technological level through strategic tech-
nology implementation.

At the same time [20] focuses on the costs of digital
entrepreneurship. The authors investigate the conflict of
roles, enterprise productivity in ecosystems based on
digital platforms, using factor analysis to test internal
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consistency and discriminant validity. A noteworthy
study is [21], where the authors focus on the adaptation
of business models to digital conditions. In particular,
the authors consider the development of a framework,
the content of digital business models and their features:
the modern business model transformation is based on
the megatrend of digitalization, which requires a bal-
ance between digital and physical assets. In this context,
researchers [22] emphasize that the digital business
model is the basic logic of a company that describes
what benefits are provided to customers and partners
through the use of digital data.

We agree with the study [23] that transition econo-
mies are characterized by weaker technological ecosys-
tems compared to Western ones, significant dependence
of enterprises on internal R&D, ability to learn new and
modernize technologies, and international cooperation.
In the authors’ view, empirical research on the relation-
ship between innovative business models and innovation
efficiency needs to be intensified.

Considering the interest of the academic community
in the problems of the formation of technological eco-
systems, which is an objective phenomenon caused by
fundamental changes, it is worth recognizing the insuf-
ficient research on the practical implementation of digi-
tal business models, the identification of key factors that
determine the complex interactions that form these
models.

Purpose. The purpose of the study is to substantiate
scientific, methodological and practical developments
aimed at transforming the national technological ecosys-
tem and to provide recommendations for the implemen-
tation of an adaptive digital business model focused on
the effective integration of enterprises into technological
ecosystems in the context of digital transformation.

Methodology. The research methodology is based on
the synthesis of economic and technological develop-
ment and innovation theories. The research methods
include general scientific methods of comparisons,
analogies, analysis and synthesis, system analysis, meth-
ods of multi-criteria evaluation and matrix modeling.
Holistic, network and cluster approaches are used in the
research process.

Results. We define the technological ecosystem as a
symbiosis of economic, scientific and educational enti-
ties that unite on a network basis to produce, promote
and sell innovative products and services that can change
existing markets or create new ones using a common set
of technologies, knowledge or skills, jointly and com-
petitively. This definition emphasizes the targeted nature
of the technological ecosystem: ensuring technological
achievements and innovation-driven economic growth.

The compliance of the technological ecosystem with
the characteristics of artificial ecosystems leads to the
definition of the system-forming element as a certain
center around which the entire ecosystem will be formed.
This center is the institutional system of technological
development management.

The aggregate of certain properties of technological
development and typical structures of known ecosys-
tems make it possible to determine the structural com-
ponents of the technological ecosystem. First of all, the
composition of the technological ecosystem compo-
nents is determined by the functional model of techno-

logical development management. The management
system should ensure the integration of management of
two meta-processes — research as well as production
and technological activities with the dominance of the
technological component based on ensuring the scien-
tific component’s role. One of the ways to overcome the
shortcomings of innovation ecosystems in terms of in-
novations commercialization is to develop small innova-
tive enterprises, whose work is to use (implement) the
results of intellectual activity in practice. Another dis-
tinctive feature of a technological ecosystem is the
breadth and orderliness of the actors system in the sci-
entific and research sphere, which includes an innova-
tive scientific and technological center, institutes of in-
novative development, an advanced engineering school,
competence centers, and technology transfer centers.
Special participants on the part of economic agents are
also envisaged — a leading company, a technology com-
pany, and a small technology company. In addition, the
mechanisms and tools used are involved and receive an
impetus for development.

The technological ecosystem is equally represented
by components of new products, technologies, and pro-
cesses (high-tech products, critical technologies, end-to-
end technologies, best available technology, localization
of production, in-house technology development line,
startup (technological); taxonomy of technological sov-
ereignty projects). At the same time, venture capital in-
vestments and technological innovations are developing.

In a broad sense, a technological ecosystem can in-
clude: an institutional management system; a system of
scientific and development institutions; a system of eco-
nomic agents; a system of legal regulation and method-
ological support; a system of principles; a system of goals
(and indicators), objectives, and mechanisms for tech-
nological development; a system of activities, programs,
and projects; a system of interaction tools. The structure
of the technological ecosystem corresponds to the char-
acteristics of a network complex of interacting and inter-
connected components. At the same time, the state
component of the ecosystem does not violate the logic of
the ecosystem approach, but rather accelerates the pro-
cesses of integration and mutually beneficial coopera-
tion, ensuring the synergistic effect of the balanced func-
tioning of the technological development ecosystem.

The transition of the innovation ecosystem to the
technology ecosystem in Ukraine is consistent and ob-
jective. This is due to a change in the concept: the prior-
ity of research-based technology development is being
replaced by the priority of its implementation and im-
provement in real production processes. The reason for
this is that in the country’s innovation ecosystem, the
processes of science development as a sphere of new sci-
entific knowledge circulation in the form of R&D results
and production as a sphere of technology creation and
renewal are separate and abstracted from each other. This
point leads to technological “gaps” in production chains.

Let us consider the key differences between the tech-
nological ecosystem and the innovation ecosystem,
which are as follows.

Priority of scientific thought development in the
technological innovations direction. In a technological
ecosystem, they are not an “additional” or “unintend-
ed” result of scientific research, but the main goal. This
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difference stems from the transition from the innovation
development paradigm to the technological develop-
ment paradigm based on technological sovereignty. The
technological sovereignty establishment in our country
depends on a number of factors that influence scientific
and technological (S&T) progress and economic devel-
opment. Some of them are: financing of science and
technology; development of the scientific and technical
base; human resources; infrastructure; regulatory envi-
ronment; international cooperation. The development
of technological sovereignty requires a comprehensive
approach and consideration of all the above factors. The
goal of such an approach is to create our own critical and
cross-cutting technologies “under national control”.
This means that the direction of scientific research
should be determined by the state, taking into account
the priorities of technological development.

Relative autonomy of technology, S&T and indus-
trial policies. This difference means that priorities for
technological development should not be determined in
the field of S&T, where the results of scientific research
lead to technical innovation, which can only lead to the
emergence of new technologies. And not in the field of
industrial production, where the profitability of compa-
nies depends on the quantity and quality of the tech-
nologies used, regardless of where these technologies
are produced (for example, abroad), but such interde-
pendence does not guarantee the technological devel-
opment of the national economy. Therefore, the tech-
nological progress of Ukraine’s economy based on na-
tional technological priorities should be a separate area
of state regulation and should give impetus to scientific,
technical and industrial development.

Qualitatively new participants in the technology eco-
system are: technology holdings, research consortia, small
technology companies, and professional technology in-
termediaries. This difference is reflected in the change of
goals and formats, and the scale of interaction between
ecosystem participants. Consequently, new types of orga-
nizations should emerge in the technological ecosystem
in the research and education sector, the production sec-
tor, and in the field of technological intermediation. At
the same time, these types of organizations should ini-
tially (at the stage of their formation) be distinguished by
multi-functionality (for example, conducting research;
launching startups and receiving a finished high-tech
product), large-scale (using cooperative ties between the
participants of associations and attracting external financ-
ing for high-tech projects), high sensitivity to market
needs and adaptation to them (small forms of business
organization), network format of interaction (which can
be built by a participant in a network of Network connec-
tions between the elements of the technological ecosys-
tem are transformed into processes of mutually beneficial
exchange of research results and technologies; commer-
cialization of ideas and technological startups.

New institutional framework, new forms and tools
for technological development. The fourth difference is
determined by the need for a new institutional super-
structure that will provide more extensive and volumi-
nous support from the state. At the same time, the role
of state regulation should increase in terms of funding
and change qualitatively towards greater transparency
and stability.

The modern technology ecosystem consists of sev-
eral key components that interact and create shared
value:

- digital platforms that are the foundation for orga-
nizing the value creation process, ensuring interaction
between participants;

- technological and cooperative chains that deter-
mine the sequence of actions and the relationship be-
tween participants in the production and supply of
goods and services;

- key participants, which include: owners of digital
platforms, associations (technology holdings, etc.), in-
cluding educational, research, design and production
facilities, pilot production; research and education
structures (research consortia); small technology firms
focused on both integration into production and tech-
nology chains of large businesses and independent de-
ployment of mass production; professional technology
intermediaries (brokers) that ensure the development of
engineering services, technology and intellectual prop-
erty transfer, and international cooperation;

- digitized business processes to increase the effi-
ciency and transparency of interaction between partici-
pants;

- eco-resource potential that provides material re-
sources for production and interaction between them,;

- socio-cultural component, which includes organi-
zational culture, social incentives, and a successful his-
tory of ecosystem development. The concept of a tech-
nology ecosystem offers several advantages for the par-
ticipants and various types of interaction between com-
panies: mining, manufacturing, processing, distribu-
tors, and retailers. First, these actors have diverse re-
sources, and interaction allows them to share and exploit
them together, which increases overall efficiency. Sec-
ondly, cooperation in ecosystems facilitates the ex-
change of technologies and best practices between par-
ticipants, accelerating innovation processes. Thirdly,
ecosystem participants combine competencies to solve
common problems. Fourthly, joint participation in
projects and developments allows for the distribution of
risks and costs among ecosystem participants. Finally,
effective cooperation with ecosystem partners helps par-
ticipants gain access to new markets.

The instruments of the technological ecosystem
should include industrial megaprojects, agreements be-
tween powerful technology companies and the govern-
ment, and large-scale research initiatives in the priority
areas of technological independence. It should be em-
phasized that these tools are aimed at creating a favor-
able environment that will ensure the “cultivation” of
technologies in the national ecosystem of technological
development.

The emergence of a technological ecosystem is ac-
companied by the formation of institutional conditions
that also ensure the ecosystem’s functioning at the re-
gional level. In most regions, innovation clusters, indus-
trial parks, small and medium-sized innovative enter-
prises, research and production holdings, and research
and education consortia have been operating relatively
steadily and for a long time, and engineering personnel
are being trained. It is important to understand that in
order to achieve the stated goals of the technological
ecosystem, it is necessary to change the essence of these
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forms. An analysis of successful practices in the forma-
tion of a technological ecosystem has shown that the
main ecosystem elements have already been formed and
are functioning in the regions.

Ukraine is building best practices for the functioning
of the innovation ecosystem, which ensures its transfor-
mation into a technological ecosystem. At the same
time, the technological infrastructure has been devel-
oped, which consists of scientific and technological
parts many institutions, and the processes of digital
transformation accelerate the formation of the techno-
logical ecosystem. Some of the technological ecosystem
elements in the regions include: innovation and indus-
trial parks and technology parks (eco-parks), including
the Institute of Electric Welding, the Institute of Single
Crystals, and Vuhlemash; the Institute of Technical
Thermophysics, Ukrinfotech, Semiconductors; Intelli-
gent Information Technologies, etc. Among educational
organizations, as an element of the technological eco-
system with its characteristic features (scale, multi-
component, multi-functionality), we can single out
Kyiv Polytechnic, which has a developed infrastructure
for the creation and development of end-to-end tech-
nologies, trains and retrains personnel in this area, and
facilitates the implementation of student technological
startups. There are 16 officially registered technology
parks in Ukraine. In continuation of this topic, we note
that in early 2025, an updated version of the standard
“Eco-industrial parks. Sustainability Criteria and As-
sessment Methods”. The event was held in a hybrid for-
mat within the framework of the Global Eco-Industrial
Parks Program in Ukraine (GEIPP), with the support
of UNIDO and funding from Switzerland through the
Swiss State Secretariat for Economic Affairs (SECO).

The years 2022/23 were extremely difficult for the
whole country. Startups were no exception. However,
despite all the conditions, many Ukrainian founders ma
naged to consistently attract fresh investment. The mid-
stage is usually the period when startups need large in-
vestments, in particular, thanks to a Series-A financing
round. These investments help companies increase pro-
duction, expand market geography, and implement
strategic initiatives. An example of a successful Ukrai-
nian startup is Carmoola, an Anglo-Ukrainian Fintech
startup that raised $125 million in Series-A funding.
Late-stage B/C startups, as potentially important mar-
ket players that contribute to economic growth, also
need permanent financial support. Late-stage startups
bring innovations, create new jobs, and accelerate tech-
nological progress. In particular, the Ukrainian EdTech
company Preply has raised $70 million in equity and
loans. This funding will allow it to increase its Series-C
to $120 million. The European Union actively supports
the development of Ukrainian startups. The Seeds of
Bravery initiative has allocated more than €20 million to
support Ukrainian tech firms by providing grants of up
to €60,000 to each startup company. As of March 2025,
more than 60 startups have received funding in excess of
€2 million.

Based on the annual review of the Dealbook of
Ukraine [24], the Ukrainian tech investment ecosystem
prepared by AVentures Capital, in 2024 the volume of
investments in the Ukrainian tech sector increased by
120 % compared to 2023. According to the review, after

a sharp drop in investment in the tech sector from
$832 million in 2021 to $236 million in 2022, in 2023 the
volume of investment amounted to $209 million. The
recovery up to $462 million in 2024 shows Ukrainian
technological industry is now halfway to returning to
pre-war levels. In contrast, in 2024, as in the previous
year, most of the funds — $223 million (48 %) of the
total investment volume — were received at the late stag-
es of financing. The overall picture may be changed by a
significant deal with Creatio, a developer of a no-code
platform for automating CRM and business processes.
In the first half of 2024, this company raised about
$200 million from a consortium of investors, including
Volition Capital, Sapphire Ventures, and StepStone
Group, which is a total of 90 % of Series C investments
(made at later stages). In 2024, early-stage investments
in projects totaling $147 million amounted to only 32 %.
For comparison, they accounted for 39 % of the total
investment in the tech sector in 2022 and 2023. In addi-
tion to the Creatio deal, the top five investment deals of
2024 included: a deal with the British fintech company
Carmoola, in which VentureFriends QED, InMotion
Ventures, and Investors contributed $19.2 million in
January 2024; and IN1, a financial management appli-
cation that integrates crypto-currencies and fiat money
on one platform. At the same time, in September 2024,
Brainstorm Ventures funded IN1 for $6 million. In ad-
dition, the Fintech Farm initiative, which creates neo-
banks in developing countries in cooperation with con-
ventional banks, received $5 million from Bank of
Georgia this year (2024).

In 2024, Bravel provided the largest number of
grants to MilTech companies — $40 million, which
plans to increase investments to $100 million in 2025.
MilTech companies Bavovna.Al, Osavul, and Swarmer
received significant funding ($2.8 million on average).
The largest M&A deal of 2024, according to Dealbook,
was the $1.5 billion acquisition of Datagroup-Vola and
lifecell, the third largest mobile operator, by NJJ Hold-
ing. At the same time, the largest minority stake acquisi-
tion deals included the $7.7 million deal with Work.ua.
KEUS, Grupa Pracuj, KUPR, and others are listed
among the buyers. The largest mobile operator Kyivstar
is among the likely M&A deals in 2025 with the pur-
chase of the online taxi service Uklon. The deal is esti-
mated at $80 million. In addition, Toptal acquired
YouTeam, an online platform that allows companies to
hire freelancers and software developers efficiently and
quickly. Another noteworthy acquisition is CourtAve-
nue’s purchase of BotsCrew, a developer of artificial in-
telligence chat-bots for business.

In 2025, the Ukrainian technological scene is sur-
prising with its rapid growth and innovative develop-
ments that attract the attention of international part-
ners. Among the most successful companies that have
excelled this year are Jome (ex-NewHomesMate), a real
estate platform that raised €9.3 million in January 2025;
Portal Al, a startup that develops a marketing complex
using artificial intelligence, received €4.75 million in in-
vestment in February 2025; and Esper Bionics, a startup
that develops new generation prostheses, raised €3 mil-
lion in March 2025.

Currently, there are 2118 active, proven technology
companies in Ukraine. Approximately half of them are
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focused on services, 47 % are in outsourcing, and 3 %
are in out-staffing. There are also 31 % of companies
that focus on product development, and the rest use a
mixed business model. Thus, technological develop-
ment will be more effective within the framework of an
ecosystem approach based on integration, interconnec-
tion, and focusing all activities on specific technological
priorities within both traditional and new technology
markets. In this context, it is advisable to use the “quick
steps” method, which is manifested in the comprehen-
sive coverage, clarification and use of possible support
measures relevant to the technology sector.

Industrial enterprises face the challenge of adapting
to change and integrating into developed ecosystems
that can support their technological growth and provide
access to advanced solutions and strategic resources.
However, companies of different technological maturity
levels face integration difficulties and need to transform
their business models to successfully adapt — to respond
quickly to changes in the technological environment
and use the capabilities of the technological ecosystem.
Therefore, it is important to develop an adaptive digital
business model in the context of technological gaps and
imbalances in industry potentials.

The concept of integration is the development of an
approach that ensures the effective inclusion of an en-
terprise in the ecosystem, taking into account its tech-
nological and industry specifics. This concept is aimed
at creating conditions under which an enterprise can
successfully interact with other ecosystem participants,
use available resources and infrastructure, and adapt its
processes and products to market requirements and
technological trends.

To successfully integrate into the technological de-
velopment ecosystem, taking into account the techno-
logical profile and industry specifics, an important link
is the positioning of the enterprise in the ecosystem. To
choose a strategy for the integration and adaptation of
enterprises to the tech ecosystem, we propose to use a
matrix of management projects based on an assessment
of the difference in technological capabilities of both the
enterprise and the ecosystem as a whole (Figure).

The projection matrix allows an ecosystem partici-
pant to determine its own position in terms of techno-
logical maturity levels, target position, trajectory to
achieve the goal, and choose integration strategies.

A technological profile is a comprehensive character-
istic of the level of technological maturity, innovation
potential, digitalization of an enterprise and the ecosys-
tem, which reflects the ability to develop, implement,
and adapt technologies, as well as the effective use of
digital tools to achieve strategic goals. The technological
profile may take into account a set of indicators, includ-
ing the degree of process automation, readiness to inte-
grate with external partners and ecosystems, and the
availability of technologies that allow for goal realization.

To build a matrix of management projects, it is pro-
posed to use an aggregate assessment of the level of
technological potential (profile) by levels: low, medium,
high. Consider the positional characteristics of the pro-
jection matrix (Table 1).

Cluster strategies are effective in positions where the
ecosystem and enterprises have a sufficiently high level
of technological maturity to support active interaction

Technologial  [puicshnslogicalcectileclihe sutocpriae
profilas lavals I Madium t Hizh
| Lowlavel - —
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Fig. Management projection matrix: integration strategies

and co-development of innovations. In the matrix, clus-
ter strategies strengthen positions in quadrants C5, C6,
C8, (9 and intensify cooperation, accelerate knowledge
and technology sharing, and reduce research and devel-
opment costs.

Regional, territorial, and global scaling is realized in
quadrant C9, where enterprises and the ecosystem have
a high level of technological maturity and management
readiness. It provides conditions for ecosystem expan-
sion, full technological and organizational compatibility
of enterprises and the ecosystem. At this position, inte-
gration with higher-level ecosystems is possible.

The matrix allows one, based on the assessment of
the target position of the enterprise, to build a trajectory
of progress to a higher level of maturity — to choose an
integration path that demonstrates the directions and
stages of the enterprise’s development, taking into ac-
count the level of technological profile and the level of
the ecosystem with which it is necessary to integrate
(Table 2).

Trajectories allow enterprises to build a strategy for
gradual or intensive technological development based
on the capabilities of the ecosystem and available re-
sources.

In the context of digital transformation, it is neces-
sary to find new digital opportunities for technological
development. A digital business model helps businesses
adapt to the new digital environment. The difference be-
tween digital and traditional business models is the
“digital” way of generating revenue and doing business.
The digital context has a significant impact on the tra-
jectories of enterprises’ integration into the ecosystem
[25]. The aspects of influence include:

1) accelerating the adaptation and implementation
of innovations through the use of digital technologies;
accelerating cooperation and integration through access
to digital platforms and the creation of a single digital
space that simplify the interaction of participants in
technological processes, accelerate the exchange of data
and knowledge, technological solutions, and enable the
formation of continuous integrated value chains;

2) ensuring flexibility and adaptability of strategies
and business models. Digital technologies simplify the
setup and scaling of business processes, reduce or elimi-
nate barriers to entry into the ecosystem, allowing for
the equalization of technological potentials and the
achievement of higher levels;

3) reduction of dependence on physical resources,
physical boundaries of enterprises, geographical and
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Table 1
Projection matrix positional characteristics

Technological projections

Features

Basic (incremental)
adaptation (S1)

Minimum viable integration, focus on local adaptation to reduce costs and increase operational
efficiency in order to maintain a competitive position or maintain a minimum viable level
(liquidation, downsizing, winding down). Companies often decide to liquidate, downsize or wind
down their operations at this point

Learning and adaptation
(52)

Integration into the innovation environment through cooperation and training, mentoring and
innovation consultancy, and gradual adaptation to the average level of technology. This is also the
minimum viable integration to ensure survival and accumulation of resources for development

Technological convergence
with infrastructure support
(S3)

Minimal integration strategy using ecosystem technologies: integration into promising innovation
chains of ecosystem suppliers, purchase of technologies from a donor. This is a systemic adaptation
of an enterprise in an advanced technological environment by using ecosystem resources

Localized technological
optimization (S4)

Development of internal competencies, use of their own resources and local ecosystem solutions to
improve the technological level through technology transfer to maintain a minimum competitive
level in the face of limited innovation and ecosystem resources

Synergistic adaptation
(S5)

Joint development of technologies with ecosystem participants, focus on synergistic interaction,
as well as integration into innovation (technological value) chains as a donor, recipient, partner,
and participation in cluster initiatives

Integration strengthening
(S6)

Strategic cooperation, merger of competencies, joint ownership and use of assets and resources,
interaction with key players to accelerate technological development and strengthen positions in
the ecosystem (cluster strategies)

Local innovation
leadership (S7)

The enterprise implements technologies on its own using internal resources and becomes a driver
of innovation in the ecosystem, initiating and developing technologies at the local level, becoming
a donor in the innovation transfer chain

Accelerated innovation
integration (S8)

Proactive integration, including active participation in joint projects, technology transfer, and the
creation and management of a value chain to grow strategic advantages (cluster strategies)

Co-leadership in
innovations (S9)

Higher level of integration to create joint products and advanced innovative solutions. Integration
occurs at the level of data, information exchange, processes, enhancing interaction, mutual
learning of participants. It also includes integration into open innovation platforms, embedding
in the innovation ecosystems of other territories, and the formation of strong networks and
alliances that support long-term technological leadership (cluster strategies). This position
determines the possibility of moving to a higher level - the level of ecosystem integration

Table 2
Possible projections of enterprise activity

Activity Options

Organic growth trajectory
Building competencies through systematic incremental improvements, focusing on training, borrowing core S51-855-57
technologies, and partnerships with local players. 51-55-58
In the long run, the enterprise can become a local technology leader that drives innovation in the ecosystem S1-82—55-58

Strategic cooperation trajectory
The enterprise strengthens its position through strategic partnerships, launches and participates in joint 55—56—59
projects and cluster initiatives, and integrates into advanced technology chains or global chains. 55—58—59
The enterprise becomes an active participant in innovations, a donor, and the owner of key ecosystem competencies | S5—59
Technological convergence trajectory
The enterprise acts as a recipient and actively borrows and adapts technologies, implementing them to improve | S3—S6
competencies. Subsequently, it builds its own technology chains, moving to cooperation and more active 53—855-56
participation in the ecosystem
Active innovation growth trajectory (accelerated innovation integration)
The enterprise actively implements innovations through resource integration with partners in the ecosystem. 56—359
It becomes an active participant in innovations, a donor, the owner of key ecosystem competencies, and a 53—-56
driver of ecosystem integration 56—58—59
Adaptation and local leadership trajectory
The enterprise actively develops internal competencies, stimulates technological changes, integrates into 54—S58
technological chains, and acquires technologies from a donor. 54—S7—-58
It becomes a local leader and is ready to move to a higher level of development 54—855—58
S4—55—56—S58
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territorial restrictions. Digital solutions, virtual borders,
and mobile technologies weaken the power of physical
borders and allow for global interaction, market expan-
sion and partnerships regardless of location, the use of
global resources and assets in addition to local resourc-
es, coordination of inter-organizational, cross-sectoral,
cross-industrial, and international interaction, and con-
trol of integrated global technology chains;

4) reduction of transaction coordination costs due
to low geographical barriers and high level of awareness;

5) reduced switching costs, the ability to quickly
change business at a relatively low cost due to low search
costs for accessible and comparable information;

6) increase in transparency of customer behavior
and transparency of business activities, when customers,
partners, and ecosystem participants receive more com-
plete and high-quality information as their activities are
monitored through digital channels;

7) increase in the availability of data for manage-
ment, forecasting, and effective management decision-
making.

The digital framework of the business model will
make it possible to adapt business processes to the cur-
rent technological profile, customize digital products
and services for the ecosystem, optimize interaction and
cooperation strategies, and set up monetization models
adapted to the technological profile.

Let us consider some of the digital frameworks rec-
ommended in this study. Enterprises with a low level of
technological maturity and digitalization can use the
digital licensing model. The company implements li-
censed ERP or CRM systems or other technologies in-
stead of developing its own system. Intermediate enter-
prises can use the digital platform sharing model, which
allows them to integrate into ecosystem platform solu-
tions and use resources and contacts.

Enterprises with advanced technological equipment
are recommended to adapt a hybrid business model of
monetization, which may include various sources of in-
come, such as subscriptions, Freemium, and platform
services [26]. For example, an IT company with high
digital skills in the ecosystem can offer a SaaS service
(Software as a Service) with a basic free version and ad-
vanced features for paid customers, as well as provide an
API (Application Programming Interface) for integra-
tion with partner services for which payment is taken,
which increases revenues and expands its presence in
the system.

Enterprises with a developed technological profile
are encouraged to adapt the model of cluster interaction.
Digital clusters make it possible to share research costs
and accelerate the introduction of new technologies.

Currently, smart manufacturing business models for
high-tech enterprises in Industry 5.0 ecosystems based
on the introduction of IoT, sensors and artificial intelli-
gence technologies to create smart production processes
have become very popular. The key features of the Indus-
try 5.0 concept are the green and digital economy, as well
as ensuring the stability and sustainability of the entire
technological ecosystem [27]. For modern Ukraine, the
formation of a smart nature of production is an important
and necessary direction of post-war economic recovery.

The model of sustainable development and green
technologies for enterprises with a high level of develop-

ment allows sustainability-oriented enterprises to im-
plement digital energy metering and management sys-
tems based on IoT and big data to reduce carbon dioxide
emissions and increase energy efficiency [28, 29].

To increase the technological level of the ecosystem,
different trajectories are permissible, which involve se-
quential or strategic progress through the matrix, where
the ecosystem develops along with the technological
growth of enterprises. Evolutionary development of the
ecosystem through partnership adaptation (low ecosys-
tem level and low/medium enterprise level) — the eco-
system level is increased by stimulating technology
growth through partnership projects and interaction
with enterprises with a high level of technological devel-
opment. Acceleration development through the integra-
tion of advanced enterprises (medium ecosystem level
and high enterprise level), where high-tech enterprises
integrate into the ecosystem, gradually increasing its
level through the introduction of advanced technolo-
gies, the exchange of best practices and the organization
of educational, infrastructure projects, as well as infra-
structure modernization. Leadership of high-tech en-
terprises to stimulate the ecosystem (high enterprise
level and low ecosystem level), in which enterprises ac-
tively invest in the development of the ecosystem, stim-
ulating its growth. Acceleration programs are supported,
investments are made in educational and infrastructure
projects, research and development centers are created,
and new initiatives are implemented. Thus, we can see
that digital business models can adapt enterprises of dif-
ferent technological levels and digital maturity to func-
tion effectively in the technological ecosystem and digi-
tal space.

Effective operation of an enterprise in the techno-
logical ecosystem requires the development of appropri-
ate tools (Table 3). Implementation of these tools will
contribute to the strengthening and development of an
environmentally friendly, socially responsible, and eco-
nomically successful technological ecosystem in
Ukraine.

Building a strong technology ecosystem requires a
balance between innovation and human resources.
Technology is a powerful lever, but people are at the
heart of every successful ecosystem. To enable industrial
enterprises to develop new technologies, the focus
should be on the effective use of professional qualifica-
tions and creative potential [30]. At the same time, the
government should facilitate the creation and strength-
ening of these potentials by opening training centers,
applying new approaches to technical and vocational
education to meet the new needs of enterprises. In addi-
tion, a key factor in the development of these advanced
digital production technologies is to increase the num-
ber of research institutes that deal with these technolo-
gies. Also, to build a strong technology ecosystem, en-
terprises should consider a number of talent develop-
ment initiatives. These programs are important for
bridging the gap between science and industry.

Conclusions. The results of the research allow us to
specify the essence, structural elements of the technologi-
cal ecosystem and their features, as well as to identify the
most representative features of regional technological eco-
systems that have already been formed or continue to
transform. In this sense, a comprehensive approach is pro-
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Table 3

A set of tools for effective functioning of the enterprise in the technological ecosystem

Implementation of digital technologies.
Digital transformation of business

Factors Management tools Possible effects
Environmental | Monitoring of environmental impact. Improving environmental protection policies and mechanisms.
sustainability Implementation of environmental Limiting direct and indirect waste, reducing the amount of
regulations, standards and certificates. waste through technological platforms.
Developing measures to preserve natural Rational use of water resources and improvement of natural
resources and protect ecosystems water quality.
Ensuring reasonable use of resources.
Highly efficient transmission of electricity with high capacity
over long distances with reduced infrastructure requirements.
Ensuring energy saving and energy recovery.
Environmentally sustainable production.
Growth of reputation, formation of an environmentally
responsible image, access to new markets and customers
Social Development of social responsibility Improving the quality of employees’ and local residents’
sustainability programs. lives.
Implementation of training programs and Reducing social tension.
professional development. Strengthening the image and reputation
Addressing social issues (combating poverty
and inequality, ensuring access to education
and healthcare, promoting the development
of small and medium-sized businesses, etc.)
Economic Developing long-term strategies (defining Increasing profitability (cost optimization, productivity
sustainability key performance indicators (KPIs) and improvement, and market expansion).
goals, creating financing and investment Creating new jobs (stimulating economic growth and
mechanisms, searching for new markets and | developing innovative potential)
partners). Increased resilience to external shocks
Improving efficiency and productivity
(optimization of production processes, better
resource management.
Development of new products and services.
Exploring new market niches
Innovation Strengthening research and development Meeting market demand for innovative products and services.
sustainability (R&D). Optimizing production processes, reducing costs, and

improving product quality.
Creating new jobs

Interaction Creation of cooperation platforms.

between Development of interaction between
ecosystem participants.
participants Development of joint projects and initiatives

Strengthening synchronization and coordination of actions.
Creating joint projects and innovations.
Strengthening ties between ecosystem participants

Use of programs and platforms to manage
production processes.

Development of digital platforms for
ecosystem participants.

Creating digital models and simulations to
optimize production

Digital maturity

Increased efficiency and productivity

Increased transparency of production process management.
New opportunities for generating innovations.

Creating a viable plan for the digital transformation of
enterprises and eliminating the digital divide at the micro
and macro levels

Marketing management procedures.
Multifunctional and integrated teams.
End-to-end information and analytical
support.

Measurable and standardized assessment of
business process performance.

Technological
maturity

of digital risks, consequences, and problems

Systematic multi-project planning and control

Continuous analysis, modeling and automation of business
processes to improve them.

Increased flexibility, increased efficiency, early detection of
potential risks (both fundamental and market, market and
operational) and more accurate adjustment to changing
customer needs, taking into account the consequences for
the system.

Implementation of advanced production technologies to
ensure sustainable development

posed for successful technological development that har-
monizes environmental, social, and economic goals, while
encouraging innovation and interaction between ecosys-
tem participants, and ensuring their digital maturity.

The practical results of the study are expressed in the
identification of best practices in technological develop-
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ment that can be replicated and adapted in all other
Ukrainian regions, taking into account their specifics.
This will require the interaction of national and regional
authorities aimed at intensifying the processes of creat-
ing and improving domestic technologies both in the
priority areas of technological sovereignty projects and
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structural transformation of the country’s economy,
and based on the local needs of regional economies.
The task of ensuring a continuous flow of massive in-
novations as a key condition for accelerating technologi-
cal development and strengthening the technological
leadership of the domestic economy in the context of
increased global competition and the negative impact of
the war is urgent. To achieve technological break-
throughs, businesses need new business models that al-
low them to successfully integrate into technological
ecosystems using digital technologies and develop
through enhanced synergies. Digital business models
are changing based on technological capabilities and in-
dustry specifics. The proposed methodological ap-
proaches to choosing ways to transform both enterprise
business models and ecosystem business models can
become an effective management tool in developing in-
novative strategies that lead to technological leadership.
The potential of technology ecosystems is tremen-
dous. By collaborating together, the private sector, pub-
lic sector, education, science, healthcare, and others
can create a future where technology is used to solve
society’s most pressing problems. The most important
thing in this is not to lose focus on achieving strategic
goals. And now they are clearer than ever: our economic
independence and stability, industrial strength, and ulti-
mately Ukraine’s victory in the war depend on the ad-
vanced development of technological ecosystems.
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Mera. OOrpyHTyBaHHSI HAyYKOBO-METOIMYHUX
i mMpakTMYHUX PO3POOOK, 110 CIIPSIMOBAHI Ha TpaHC-
¢opMallito HalliOHAJIBHOI TEXHOJIOTIYHOI €KOCUCTEMU
1 HagaHHI peKOMeHIalliil [JIs BIPOBAIKEHHS anar-
TUBHOI LM@PPOBOi Oi3HEC-Momeli, Opi€HTOBaHOI Ha
e(eKTUBHY iHTerpalliio MiInpUEMCTB A0 TEXHOJOTIU-
HUX €KOCUCTEM.

MeTtoauka. Y npoiieci 1OCTiIKeHHSI BAKOPUCTOBY-
BaJIMCsl 3arajlbHOHAyKOBi METOMIM: 3iCTaBJIEHHSI, aHa-
JIOTii, aHaJli3 i CMHTe3, CUCTeMHUI aHali3, MeToau 0a-
raToKpUTepiaJbHOI OLIHKUW  MaTpUYHOTO MOIEIIO-
BaHHs. [IJ1s1 oTprMaHHS pe3y/bTaTiB HAYKOBOTO 10CITi-
JIDKEHHST OyJIM BUKOPUCTAHI XOJIICTUMHUI, MepexXeBU
i KJTacTepHUM MiAXOaU.

Pesyapratn. BuszHaueHi npiopureTy TpaHchopMma-
1ii HaLliOHAILHOI TEXHOJIOTIYHOI €KOCUCTEMMU I 3a1po-
TMIOHOBAaHI pEeKOMEHALIil 00 MPUCKOPEHHS 11 PO3BU-
TKYy B HampsMmi GOpMyBaHHS CTauX Mepex
B3aEMOTIOB’I3aHUX ITIATIPUEMCTB Ha OCHOBI IIEPeIOBUX
TEXHOJIOTi! LIU(PPOBOro BUPOOHUIITBA. 3aPOINOHOBA-
He HOBE PO3YMiHHS CYTHOCTI KaTeropii «TeXHOJOTiyHa
ekocucteMa». OKpecyieHi KJI4YoBi OCOOJIMBOCTI Ta
CKJIaIOBI TEXHOJIOTiYHOI ekocucteMu. OOrpyHTOBaHi
NPUHUMIIM  afanTtauii  nudpoBux 0Oi3Hec-momaeneit

3 ypaxyBaHHSIM TEXHOJOTIYHUX MPOdiNiB K Mianpu-
€MCTB, TaK i EKOCUCTEM, IO SIKUX BOHU iHTETPYIOThCS.
BianoBinHo 10 piBHSI TEXHOJOIUHOI 3pij0CTi Ta LU-
POBUX MOXJIMBOCTEH MiIMPUEMCTB Ta €KOCUCTEM, 3a-
MPOMNOHOBaHI UMMPOBI (peiMBOPKU, aganToBaHi A0
3MiH y TeXHOJ0TiYHOMY IpocTopi. [IpoaHamnizoBaHi Mo-
IIeJTi i TpaeKTOpii iHTerpalrii 3 ypaxyBaHHSIM IIU(PPOBO-
ro KOHTEeKCTY. Po3pobiieHO iHCTpyMeHTapiii e(heKTUB-
HOTO (PYHKITIIOHYBAHHSI TIAMIPUEMCTB B YMOBAaX TEXHO-
JIOTiYHOI ekocucTeMu. O3HaYeHa MEPCIIEKTUBA IPOCY-
BaHHS MPAKTUK MEHEIKMEHTY TEXHOJIOTIUHIX €KOCHC-
TeM IIUISIXOM PO3pPOOKM iHTErPOBAHOI MOJIEJI, 1110 BPiB-
HOBAXY€E €KOJIOTIYHY, EKOHOMIUHY i collialbHy CTiii-
KicTb. Mopenb MiOKpecaioe BaXJIUBICTh LMOPOBOI
I TEXHOJOTIYHOI 3piNocTi, Kojlabopallii Ta iHHOBallii
SIK PYLIist aqaTUBHOCTI 1 CTIHKOCTI EKOCUCTEMU.

HaykoBa nHoBu3Ha. Po3po0eHa agantuBHa HUdpo-
Ba 0i3HeC-MOe/lb, OpiEHTOBAHA Ha e(PeKTUBHE iHTe-
TPyBaHHS ITAIIPUEMCTB 10 TEXHOJIOTIYHUX €KOCUCTEM
B YMOBAaX TEXHOJIOTIYHMX PO3PUBIB i ArcOaIaHCIB rajy-
3¢BUX MOTEHIIiaJIiB. 3aIIpOIIOHOBAaHA MATPUIIS YIIPaB-
JIIHCBKUX TIPOEKTIB, 3a IOMOMOIOIO SIKOi, Ha OCHOBI
OLIIHIOBAHHSI TEXHOJIOTIYHUX (30KpeMa, i LudpoBux)
PiBHiB, BU3HAYAIOThCSl MO3ULIi1 MiAMPUEMCTB i MOJEi
iHTerpauii, 110 3a0e3MeuyloTh MiANPUEMCTBAM THYY-
KicTh B ymMoBax LM@poBoi TpaHchopmallii. Yrnposa-
JKEHHS iHTerpoBaHO1 MOZEJIi CIIPUSIE PO3BUTKY TEXHO-
JIOTIYHOTO TMOTEHIliaTy EKOCUCTEMU, aKTUBi3allii perio-
HaJbHUX IHHOBALii i JOCSATHEHHIO CHUHEPTIYHOTO
edeKTy B MacilTadbax KpaiHu.

IlpakTyna 3HaummicTh. PexoMeHnpallii MOXYTb
OyTU BUKOPUCTAHI TEXHOJOTIYHUMU KOMIIAHISIMU, M-
HEIKMEHTOM €KO-iHAyCTpiaJbHUMX IapKiB, (acuiira-
TOpaMu MPOMHUCIOBOrO CUMOiO3y ISl PO3POOKHU MPO-
TpaMHUX, TIPOEKTHUX I iHIINX JOBrOCTPOKOBUX JOKY-
MEHTIB, 0 (hOopMai3yloTh Oi3HEeC-MOMeb, CTPATETIIO,
MOJIITUKY pPO30yIOBM HalliOHAJBHOI TEXHOJOTIYHOT
€KOCHCTEMM.

KmouoBi cioBa: mexuonoeciuna exocucmema, yugpo-
6a 0i3Hec-moOdenb, iHHOBAUIl, n02icmuKka, KOMYHIKauii,
oceima, ynpasaiHHa, MmexHoA02iMHaA 3Pinicmb
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