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Abstract— The article highlights the current aspects and conflict zones in the field of digitalization of the innovation process. With the increasing role of digital technologies in organizational functioning, they become a crucial factor for the success of business projects and open up new prospects for international cooperation. The article also analyzes the state of innovation activity in Ukraine in times of war and evaluates the innovativeness of national business on the international arena. The main focus is on regional policy, cluster functioning mechanisms, and the creation of an innovative construction cluster, including the processes of production, supply, and consumption in this field
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I. Review of the state of innovation activity in Ukraine during wartime: main issues and potential solutions
The existence of a full-scale war in Ukraine is one of the existential challenges for its national industry. After all, industrial business was often forced to quite actively reduce costs and invest in various innovations, and shifted the focus from ensuring its development to the mechanism of ensuring activity in the context of "survival". However, in spite of all this, the national business still sees opportunities for a significant recovery of its own innovative activity, mainly through the use of effective industry support programs, various types of fiscal incentives, as well as other important measures that will be implemented at the state level. This conclusion was formed based on the main results obtained from a monthly survey of entrepreneurs conducted in April 2023 in Ukraine, which was carried out by specialists of the Institute of Economic Research and Political Consultations (IER).

It is worth noting that the presence of the so-called "economic front" significantly affects the rather high level of expectations set for the implementation of the "modernization" of the country, however, for some industries, such innovative implementations are currently simply unrealistic directions of development, after all, it all requires, first of all, a significant part of capital investments, as well as specialists of a special level of expertise, etc. In addition, on the one hand, part of the business, which is mainly export-oriented, continues to work towards the introduction and effective application of the necessary innovations. And on the other hand, a large share of the country's enterprises experienced a fairly significant reduction in the level of their own production, sales, and exports, as a result of which, all this forces them to concentrate and take all necessary measures to ensure the survival of business in such difficult crisis conditions of its functioning.

However, it is and remains an obvious fact that without the introduction of significant intensification of innovation-oriented activities of enterprises, it will simply be impossible to plan and implement the necessary recovery of national business at the macro level.

The results of the conducted surveys only confirm the existing changes in national business priorities. Thus, during April 2023, among all the existing obstacles (threats) to ensure the growth of the production level, only three, 3.0% of all interviewed heads of enterprises, noted the use of outdated technologies (Fig. 1) [5; 6].
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	Figure 1. The dynamics of the use of outdated technologies by national business, as one of the significant obstacles to ensuring the growth of the production level during 2013-2023, % [6].


It is worth noting once again that the beginning of a full-scale war in the country forced industrial enterprises and businesses to significantly and quite significantly reduce the costs of carrying out innovative activities. The general situation regarding this situation can be presented on the basis of the obtained results of the indicator "index of changes in innovation costs" by the size of enterprises: yes, this indicator for micro-enterprises was -0.35; for small enterprises, the value of this indicator was at the level of -0.36; medium-sized enterprises received the result of the indicator in the amount of -0.30; for large enterprises, this index was equal to 0.05 points. That is, it can be noted that only large enterprises of the national business were characterized by a relatively positive result of the "index of changes in innovation costs" indicator for the first half of 2023 [5,6].

So, among the entire number of domestic enterprises that are on the export course during the war period in the country, most often it is innovations that are the main priority in their activities.
іі. Analysis of the innovation level of national enterprises on the international stage: key indicators and potential threats
Key indicators
Conducting a review of the data specified in the "European Innovation Scoreboard" during 2014-2022 [4; 7], reflects the fact that the results of the indicator reflecting the level of "innovative development in the country" have significantly decreased in Ukraine, the following dynamics of its results testify to this state of affairs: 2014 - 39th place; 2015 – 38th place (-1 position relative to the result of the indicator of the previous period); 2016 – 39th place (+1 position compared to the result of the indicator for 2015); 2017 – 36th place (-3 positions relative to the result of the indicator for 2016); 2018 – 33rd place (-3 positions compared to the value of the indicator in 2017); 2019 – 32nd place (-1 position relative to the result of the indicator for 2018); 2020 – 33rd place (+1 position compared to the result of the indicator for 2019); 2021 – 34th place (+1 position relative to the result of the 2020 indicator); 2022 – 31st place (-3 positions compared to the value of the indicator for 2021). 

According to the data specified in the "Global Innovation Index-2022" [1; 2; 3], Ukraine took 57th place among 132 possible positions of countries and their economies. In the table 1 provides information on the location of Ukraine according to the result of the general GII-2022 indicator, as well as the results of its sub-indicators - innovative components [2]. So, we can state the fact that in 2022, the location of Ukraine according to the result of the GII indicator (57th place) worsened by -8 positions, compared to the result of 2021 (49th place). The main cause of such a situation can be considered the existence of a full-scale war in the country, which significantly restrains all processes of its development and activity.
TABLE 1. THE OVERALL RATING OF UKRAINE ACCORDING TO THE GII INDICATOR AND INNOVATIVE COMPONENTS DURING 2021-2022
	Indicator
	Ukraine

	
	2021
	2022
	Change+,-

	GII
	49
	57
	+8

	Human capital and research
	44
	49
	+5

	Infrastructure
	94
	82
	-12

	Marketability
	88
	102
	+14

	Conducting business
	53
	48
	-5

	Knowledge and technological inventions
	33
	36
	+3

	Creative inventions
	48
	63
	+15


From the results of the sub-indicators – the main innovative components of the general GII-2022 indicator, which Ukraine occupied, more than half of them have negative growth dynamics for 2022 compared to their results obtained in 2021, especially this applies to the “marketability” indicators (+14 steps)) and "creative inventions" (+15 steps). However, there are also positive shifts in the results of sub-indicators in the GII rating: "infrastructure" (-12 positions) and "business management" (-5 positions), etc. Also, it should be noted that the mark of the result of the GII indicator of Ukraine is located at the level of 57th place for the year 2022 (fig. 2) [2].
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	Figure.2. The overall rating of the results of the GII indicator and its innovative components in Ukraine for 2022, position Note: formed on the basis of data from the source [2]


This, in turn, means that the results of such sub-indicators in the rating as "knowledge and technological inventions" (36th place), "business management" (48th place) and "human capital and research" (49th place) should be considered positive, after all, they are placed below the result of this mark.

It is appropriate to note that although in 2022 Ukraine received somewhat negative results in its rating according to the values of innovative indicators, the main reason for such an existing situation is the war in the country, and, as a consequence of this, the presence and deepening of the crisis and crisis phenomena , nevertheless, it was ranked 4th among the 36 existing countries with an income lower than the average, and took 57th place among the economies of other countries (Table 2) [3].
	TABLE 2. THE LOCATION OF UKRAINE IN THE TOP 10 AMONG 36 COUNTRIES THAT HAVE INCOME BELOW THE AVERAGE LEVEL, DURING 2022, POSITION [4]
Рlace in the rating
	Name of country
	Оverall rating

	1
	India
	40

	2
	Vietnam
	48

	3
	Iran
	53

	4
	Ukraine
	57

	5
	Philippines
	59

	6
	Morocco
	67

	7
	Mongolia
	71

	8
	Tunisia
	73

	9
	Indonesia
	75

	10
	Uzbekistan
	82


Despite the somewhat "negative" innovative state of Ukraine, it is worth focusing on those existing positive moments, which are primarily reflected in its future opportunities. After all, not taking into account the state of war that has been present in the country for two years, its population still managed to continue to maintain the "viability" of their country at a fairly high level, including all the negative factors that exist at the moment.

It should also be noted that during the last several years in a row, the field of innovative activity, in particular, innovative development, which was mainly represented by various startups, received quite a lot of attention [7], and in most cases such support was manifested precisely from state structures. Another of the powerful measures initiated by the state was the creation and initiation of active activities of the Ukrainian Startup Fund, which immediately took an important place in the country's business environment. Also, the state provided significant support for the implementation and launch of individual business incubators and accelerators (more than ten); Lviv School of Startups.
The "EU4Business: Competitiveness and Internationalization (Small and Medium-sized Enterprises) SME" program continues its activities in Ukraine to support small and medium-sized entrepreneurs during martial law in the country. The territory of cooperation will temporarily be focused on the western regions of Ukraine [16].

Among the initiatives, the program plans to provide support to small and medium-sized enterprises through business associations - clusters, chambers of commerce, public organizations in territorial communities (fig.3). Among the main tasks of emergency support of the Program:

· save jobs and support the economy of Ukraine;

· integrate internally displaced persons and women into local value chains and business networks;

· help MSMEs (micro, small and medium-sized enterprises) diversify their business models and consider the possibility of digital delivery of products and services;

· to attract the Ukrainian diaspora to help Ukrainian business;

· other
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	Figure 3. A brief description of the conditions for obtaining financing (*Grant funds are provided in national currency at the official rate of the NBU) [9].


Potential threats.
The main reasons [7] for the lag in ensuring the required level of innovative activity in Ukraine are the following.

The presence of a weak focus on "Deep-Tech", industrial startups, as well as innovative SMEs. So, another good reason for orientation

of pure software startups, the presence of a weak level of funding for complex and knowledge-intensive developments (the "Deep-Tech" category of startups) stands out, which arises as a result of the generally weak focus of all stakeholders in this area. After all, it is clear that everything is expensive and complicated, and requires a much higher level of investment for its development and implementation. Therefore, it has already become traditional that all startups, as well as industrial SMEs, point to the presence of this factor - the lack of a sufficient level of financing - among their existing main obstacles to their own innovative development. However, for the realization of such a goal, there are special innovation support funds, and they are quite significant in their kind. The essence of the existing problem lies in something else: national companies do not use them as necessary, that is, both insufficiently and ineffectively.

Another of these reasons is the lack of the necessary level of investment to ensure and support the innovation infrastructure as a whole. After all, if there are investment resources to ensure the implementation of developments, then they are either absent or practically absent for the support of infrastructure, laboratories, as well as equipment. As for Ukraine, it does not have any real "Testbed", that is, certain special stands, which are quite famous in Industry 4.0, with the help of which testing and experimentation with complex hardware and software developments, including artificial intelligence (AI), and other important modern technology [12].

The cost of these so-called stands is more than 1 million dollars. USA, so it is not surprising that private investors are not interested in their financing, because it is a very expensive business. As the international practice of developed countries shows, such stands, as well as entire complexes of necessary laboratories, etc., are formed and created with the help and assistance of the state and government. This is explained by the fact that they are important and key elements of the infrastructure of special centers for the implementation of applied expertise, focused on certain applied sectors, etc. A separate category of such a center is "Digital Innovation Hubs" (DIHs), of which there are only three in Ukraine, however, only two of them are active, in contrast to the fact that there are more than 600 of them in the EU. Therefore, it becomes clear that there is no question of any investment in ensuring the support of their infrastructure at all, because at the moment there is no one interested in the development of this innovative component in the country.
ІІІ. The main principles of successful strategies for innovation cluster development
In general, all the problems that existed in the field of innovative activity even before the start of a full-scale war only increased many times with its onset. After all, this war brought with it the complete destruction of those business centers that had just begun their development, forced to rebuild existing types of activities in the direction of ensuring the country's defense capability, although this moment should be interpreted as one of the significant positive aspects regarding the state of business innovation, in mainly, understanding the need to manufacture new technologies, etc. That is, the transformation of the entire business system in a radically new direction, including innovations, has taken place and continues.

However, this process is extremely difficult, but very necessary for the state. Also, the presence of war in the country provided it with huge and significant attention, as well as provided strong support from the EU, the USA and a number of international communities. Therefore, even under such significant crisis conditions, in which Ukraine is now, it has opened up a lot of diverse and, at the same time, relevant opportunities for its development.

Innovations for a country that is in a state of war act as an opportunity for development, after all, times of crisis require "survival", which is possible only thanks to the introduction of something radically new. Therefore, under such conditions, the concepts of "crisis" and "development" are extremely interconnected and need to complement each other. However, the presence of war in the country reflects "its" specific innovative approaches, which will mainly be reflected in those technologies that will be directed to the country's defense capability. And, therefore, changes in the system of introduction and implementation of innovations and innovative activities in the country will definitely be and will be characterized by significant changes in the approaches to their application in times of crisis as opposed to peaceful ones. After all, here the main aspect will already be emphasized on the mechanism of ensuring and maintaining security at the state level, etc.
Cluster policies are mainly at the intersection of regional and industrial (or more broadly sectoral - i.e., not only industrial production) policies (Fig. 4)
	[image: image4.png]motivation to influence the economy's
sectoral structure

S

g

§

28

28 >
23 °
s & 2
§ o
3 ]
3 2
£ G

—==,

motivation to promote the same or related industries
(value-chain perspective)





	Figure 4. Cluster policy as a synthesis of regional structural policy

	and industrial policy


In other words, in a broad sense, as a mechanism of implementation, and taking into account that national strategies of export, digital transformation, innovation, which are developed by individual institutions and independently of industrial policy and strategy, clusters can also be parts of their policies and plans measures.
The main thing from the point of view of defining the goals and objectives of the clusters, the dynamics of their development, the impact on individual policies of the clusters themselves is regional policy, that is, the policy of economic and industrial development of a separate, specific region. This is where the synthesis of all national-level policies should take place, with appropriate decisions regarding the creation and implementation of dynamic regional development and growth, among which cluster development should be a top priority [13]. Accordingly, the main stakeholders of cluster policies, after the heads of the cluster, immediately follow the heads of the departments of industry and economy of the oblasts state administrations.
A. Cluster governance structures & staffing 

The structure and organisational procedures of the cluster should be described, along with the structure of its personnel and management principles. An organisation chart helps to provide a good overview of all relevant bodies, their main tasks and roles as well as interrelations (fig. 5).
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	Figure 5. Visualizing cluster governance and management structures
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A well-balanced mixture of public and private financing was at the core right from the very beginning and one of the main reasons for successful cluster development, besides professional cluster management (fig.6).

Figure 6. Insight in financing mix of Cluster & Cooperation. Benefit for cluster and network partners
B. Financing patterns around the world
Different financing structures also result in different degrees of financial security of cluster organisations. This has significant influence on cluster development since the development of a strategy and the establishment of need-based services and projects strongly depend on financial sustainability. 

The financial sources and their composition vary significantly from region to region. The European Secretariat for Cluster Analyses (ESCA) continuously benchmarks and measures indicators relevant for cluster development.

To achieve joint goals and common competitive advantages for the cluster actors, cluster development needs solid and sustainable financing. As a result, securing suitable sources of finance is a matter of crucial importance for cluster management. We can distinguish between three main sources of financing: baseline funding, private financing sources and project-related financing.

Starting in the initiation phase, it is necessary to consider what kind of financing mix is the most suitable to assure sustainable cluster development and to meet the objectives and demands identified in the analytical phase. Governmental promotion programmes might be an option, but they are not always the perfect solution. Cluster development which is only financed by private sources presents its own set of challenges. Such networks tend to turn into commercially driven interest groups and compete with other private businesses for financing. In the end, the mixture matters. If cluster development is considered as a tool to develop competitiveness of the region, public interest will continue to promote public co-investments [14].
In this study, it is appropriate to consider an example of a possible mathematical model that can be used to study the impact of globalization challenges on the process of innovative and informational development of cluster structures in the construction industry of Ukraine. The mathematical model may include a system of equations and parameters that describe the aforementioned aspects. For example, regression models can be used to assess the influence of various factors on innovative development in the cluster structure of the construction industry in Ukraine. Additionally, optimization models can be used for planning development strategies for clusters taking into account globalization challenges.

The proposed model can help understand which specific aspects of globalization affect cluster structures in the construction industry of Ukraine and how to better adapt to these challenges to ensure sustainable development.

Let's assume the impact of globalization challenges G on cluster structures C in formula (1):
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where dС/dt represents the change in cluster structures over time t, and f is the function that determines the impact of globalization challenges on changes in cluster structures over time t.
It is also worthwhile to consider efficiency indicators of clusters in the context of global trends using the formula (2).
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where,Cost- represents the cost of production,

Quality- denotes the level of quality,

Time- refers to the production time,

Resources - signify resource consumption.
The question of scenario planning can be addressed in two aspects:

Developing different scenarios for cluster development considering global factors G and their impact on cluster structures C.

Analyzing scenarios using scenario planning methods such as scenario analysis or scenario process.

These expressions will help formalize the model and understand the relationships between globalization challenges and cluster structures in the construction industry of Ukraine.

It is advisable to formulate a differential equation for the model of the impact of globalization challenges on cluster structures in the construction industry of Ukraine, considering the notation and assumptions:

1.The level of innovation I(t) depends on the level of competitiveness C(t) and the impact of globalization challenges G(t).

2.The level of development of information technologies R(t) also depends on the impact of globalization challenges G(t).

We can express these dependencies in the form of differential equations as follows (3),(4):
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Where f and g are functions that determine the impact of C(t) and G(t) on the level of innovation I(t) and the development of information technologies R(t).

These equations take into account the mentioned assumptions about the dependency of innovation levels and the development of information technologies on competitiveness factors and globalization challenges.
IV. Scientific and methodical approach to creating a mechanism for interaction among the main participants of the innovation-driven construction cluster  
The development and deepening of favorable integration links among participants of the innovative construction cluster also require the creation of new channels for supplying construction products, which can be controlled by existing suppliers for the production of construction materials or facilitate the emergence of new enterprises for manufacturing new products or conducting new construction works. The effectiveness assessment of such clusters will be carried out by research institutes involved in this process.
After defining the system of relationships among the main elements of the innovation-driven construction cluster, it is necessary to determine the type of the innovation-driven construction cluster being created. To choose the type of construction clusters being established, it is crucial to calculate the concentration factor of construction firms' production activities within a certain geographical area. Based on this, the cluster can have a regional or sectoral orientation.

Thus, two options for creating an innovation-driven construction cluster can be proposed in Ukraine. In both options, the innovation cluster will include three groups of enterprises:

· Construction industry enterprises;

· Enterprises from other sectors of the economy with direct relations to the construction industry;

· Other enterprises with direct relations to sectors closely related to the construction industry.

The first option of the proposed innovation-driven construction cluster is presented in Figure 7. 

Here, the construction cluster brings together enterprises from 13 sectors of the economy, including five sub-sectors of construction, which are the main sectors of this cluster. Other sectors of the economy are related to related and supporting sectors of the construction complex.

In this structure, the construction cluster takes on two value-added chains.
Adjacent and supporting sectors encompass a network of enterprises providing business services, rental companies, intermediary enterprises, and housing and utilities enterprises.

*-an economic-mathematical model of unification of individual elements into clusters based on selection based on primarily determined features has been developed [8]
Figure 7. Mechanism of interaction of the main participants of the innovative construction cluster (developed by the author)

When considering issues related to the development of the mechanism of cluster functioning, it is necessary to take into account the principles of cluster functioning, determine the structural elements of the cluster, identify the relationships between individual cluster participants and determine their functional orientation, highlight the resource component of the cluster functioning mechanism and methods of localization of resources in the cluster.

After defining the basic infrastructure, in order to create an innovative construction cluster, it is necessary to illustrate the process of functioning of the system of relationships of the main elements of the cluster, which includes the process of production, supply and consumption.

The main elements of the production process in the construction industry are the production of building materials and their processing by manufacturers. The supply process covers the totality of construction work and services, supply of the necessary equipment and technology, design and organization of construction object promotion and sales.

The last stage covers measures to fulfill consumer requests and provide after-sales services. Such a system of relationships between the main elements of the innovative construction cluster is presented in Fig. 8.

Although the system of relations between the above participants of the innovative construction cluster forms the basis of cooperative relations between the enterprises of the industry, it is not limited only to the enterprises of the industry.

It will also include a system of additional relations between industry enterprises and the government, and related industries

It is worth noting that efficiency, competitiveness and creation of new values are the basis of modern digital trends. Transformations in industry are taking place according to the concept of "Industry 4.0" and with the emergence of cyber productions, cyber systems and cyber machines [15].
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Figure 8. The system of relationships between the main participants of the innovative construction cluster (developed by the author)
Barriers to the development of the trend in Ukraine:

1. Lack of national (state) programs, infrastructures to support and encourage business to use digital tools and solutions, as well as the development of innovative entrepreneurship.

2. The country lacks a vision, strategy and initiatives for digitalization of the economy and spheres of life of society and the country as a whole.

3. Absence of a sustainable system of cultivation of digital skills and skills of innovative entrepreneurship at the level of secondary and higher education, in sectors of the economy and in society in general.

Opportunities created by the trend for Ukraine:

• Increasing the competitiveness of economic sectors.

• Development of digital economy, labor market, etc.

• Emergence of new industries (cross-platform with digital industry).

• Development of innovative entrepreneurship.
Digital economy in GDP (fig.9).
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	                   Figure.9. Digital GDP [10]

	               Assessment of the overall impact of digitization on key  participants of the construction market in Ukraine.


Digitization dramatically transforms traditional industries and sectors by altering classical business models, shifting analog processes and operations to the realm of the Internet, and enabling the creation of personalized offerings for each individual client. Automation and robotics significantly reduce the need for human resources while sharply increasing efficiency and productivity. These changes also occur in key sectors of the Ukrainian industry, such as metallurgy, oil and gas extraction, energy, and others.

Digitization creates new sectors and segments, as well as new professions. According to the Ukrainian Institute for the Future, up to 60% of added value in Ukraine by 2030 will be generated in new high-tech sectors of the economy, such as artificial intelligence, robotics, bioengineering, 3D printing, nanomedicine, and others.

The digital economy is not a separate GDP sector, such as the ICT industry or manufacturing. It is a platform that permeates all sectors of the economy, fundamentally altering them and creating new segments and even industries.

The impact of digitization is assessed by the added value it generates for each economic sector or sphere of life at the macroeconomic level or for a specific product or service at the micro level.

One of the main effects of digitization is the alteration of value creation chains. Technologies and digitization will replace humans in their accustomed processes, such as production, service provision, entertainment, trade, education, and even medicine.

Business expects a radical increase in return on investment (ROI). According to Digital Spillover estimates [11], ROI for digital technologies is 6,7 times higher than for traditional ones.
What key stakeholders will get from digitization? Effects of digitization on the economy of Ukraine and the budget:

· Investments in digital infrastructure.
· Investments in digitization of production, business, and industry.
· Increase in labor productivity due to digitization.
· Number of created jobs (excluding the export-oriented IT industry).
V.
CONCLUSION 
Insufficient support for experts in the field of innovation systems and lack of unity among them are serious issues that negatively impact the country's innovation potential and its sectors. It is worth noting that all components of Ukraine's innovation system—government, public institutions, and business associations—are highly developed, indicating their quality and creativity. However, the presence of strengths in some cases is offset by weaknesses, such as fragmented efforts or lack of coordination and strategic planning. Additionally, a global shortcoming is the absence of an effective national innovation strategy to support overall development across all sectors and industries.

Furthermore, it is important to meet the basic needs of the population living in conditions of wartime, which requires significant efforts. Therefore, in light of the current situation, innovation becomes one of the main sources of support for the functioning and development of Ukraine as a whole.

In summary, it should be noted that state support, along with international programs and experience, is extremely important for ensuring the development and effective operation of national enterprises through innovation activities.
Digitization will significantly increase labor productivity in Ukraine and become a powerful multiplier capable of launching the Ukrainian economy in the shortest possible time and ensuring its real growth.
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