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FISCAL AND INVESTMENT FACTORS OF
UKRAINE'S INNOVATIVE DEVELOPMENT UNDER
MARTIAL LAW: A MULTIPLICATIVE MODEL

ABSTRACT

The relevance of this study is driven by the need to rethink the financing mechanisms
for the innovative development of Ukraine's economy under prolonged martial law, as
traditional fiscal and investment instruments undergo significant transformations. Ana-
lyzing the interaction among budget policy, investment flows, and the institutional en-
vironment is crucial to ensuring the resilience of the state's innovation system. The
study aims to assess the impact of fiscal and investment factors on innovative develop-
ment using a multiplicative model of indicators that reflect the correlation between tax
burden, investment activity, stock market conditions, and the funding level of research
and development (R&D).

In this paper, multiplicative models of the factors influencing the financing of scientific
activities in Ukraine were developed, incorporating coefficients for the tax capacity of
GDP, investment support of the fiscal system, stock market capitalization of the econ-
omy, fiscal mobilization of market capital, and the research and innovation priority of
budget funding. R&D expenditure dynamics were investigated across three macroeco-
nomic periods within 2018-2025. For each period, a separate multiplicative model was
designed, capturing the pre-crisis state, crisis shock, and wartime economic adaptation
phase.

The findings are conceptualized within an integrated model of institutional and resource
support for innovative development, illustrating the interaction of institutional, financial,
and managerial components of the innovation system. The results confirm a substantial
dependence of innovative development on public finance structure, investment activity,
and stock market maturity. While wartime conditions reallocate resources to defense,
limiting civilian innovation funding, they simultaneously stimulate dual-use technology
development. Sustainable innovative development requires combining fiscal incentives,
investment activity, and institutional support within the innovation ecosystem. The pro-
posed model enables a comprehensive evaluation of macroeconomic factor impacts on
innovation dynamics during periods of high economic turbulence.

Keywords: innovative economic development, fiscal and investment factors
stimulating innovation, innovation processes, R&D expenditures, stock market, stock
market capitalization of the economy, R&D intensity of GDP, foreign direct investment,
state budget expenditures

JEL Classification: E62, C10, 038

INTRODUCTION

In the context of global technological transformations, a national economy's capacity to
generate and practically implement innovations becomes a key criterion for its interna-
tional competitiveness and economic security. In this regard, the innovativeness of an
economy indicates its level of advancement, demonstrating a shift away from a com-
modity-based development model toward a post-industrial society, where intellectual
capital serves as the primary driver of value-added creation. It reflects the quality of
the domestic institutional environment capable of ensuring a seamless cycle from fun-
damental scientific discovery to the commercialization of a finished innovative product,
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which ultimately determines long-term rates of welfare growth and the state's resilience to external crises and threats.

A systemic assessment of the macroeconomic conditions for financing this sphere is particularly important, as innovation
processes are inherently characterized by high uncertainty, capital intensity, and long investment payback periods. Without
an objective analysis of financial flows, it is impossible to identify structural imbalances that restrict the flow of capital into
knowledge-intensive sectors. Within this analytical framework, investigating fiscal and investment factors that sustain the
R&D intensity and innovative focus of the economy takes on special significance. Fiscal instruments (tax burden, the
structure of public expenditures, the level of tax revenues) determine the state's direct capacity to finance knowledge-
intensive economic sectors and act as a guarantor for the development of basic science. At the same time, investment
factors, such as the inflow of foreign direct investment and stock market capitalization, reflect the readiness of private and
international capital to assume the risks of financing applied research. Analyzing the synergy between these two forces
helps determine whether public policy creates the right incentives to attract market resources into the innovation system
or, conversely, drains them through inefficient reallocation.

LITERATURE REVIEW

The issues of financial support for innovative activity, and particularly its fiscal and investment stimulation, have been the
subject of numerous studies by both Ukrainian and foreign scholars. Today, wartime challenges and the need to develop
a post-war reconstruction strategy have intensified research into the economic security of enterprises and the state, es-
pecially within the context of their innovative development.

For instance, Horbachenko et al. (2021) examine international approaches to evaluating economic innovativeness through
global indices and compare Ukraine's position with other countries. Their findings demonstrate that Ukraine lags behind
global leaders in terms of innovative development and requires stronger state support for innovation, an improved regu-
latory framework, and additional mechanisms to stimulate the growth of innovative businesses.

In their article, Naichuk-Khrushch and Shchur (2023) reveal the significance of financing for the innovative development
of enterprises, using the construction industry as an example. They identify the primary sources and success factors of
such financing and offer practical recommendations for the effective funding of innovative projects.

Yankovoi (2024) analyzes innovation financing models in Ukraine, their advantages and disadvantages, with particular
attention to the role of internal funds, lending, venture capital, government support, and crowdfunding. The author sub-
stantiates the need for combining these financing instruments and improving public policy to stimulate innovative devel-
opment.

Katsydym (2025) emphasizes the need to improve the legal framework for financing innovative development in Ukraine
based on international experience, focusing on strengthening credit and tax incentives. The author also justifies the im-
portance of applying innovative approaches to strategic sectors of the domestic economy, particularly within the military-
industrial complex.

Gechbaia et al. (2018) take a comprehensive approach to this issue by exploring the theoretical foundations of innovation
financing, analyzing European practices in funding innovation, and examining the regulatory framework of this sphere in
Ukraine. Based on an analysis of global experience in innovation management within developed countries and leading
global corporations, the authors demonstrate the feasibility of using alternative funding sources for innovative activities,
tailored to specific stages of the innovation cycle. Additionally, drawing on examples from developed countries, the study
outlines directions for state support aimed at innovatively active firms.

A study by Santos et al. (2024) evaluates the impact of different funding sources on innovation at the micro-level. It
establishes that different external financing sources yield varying effects: equity capital contributes more to revenue
growth, whereas financing linked to fixed asset expansion or liquidity enhancement drives employment growth. The au-
thors argue that a combination of several financial instruments is crucial, pointing to their complementary nature.

Mazzucato and Semieniuk (2017) demonstrate in their study that innovation policy driven by direct public funding can
foster radical innovations far more successfully than market-based regulators.

In their article, Bronzini and Piselli (2016) evaluate the impact of an R&D subsidy program in northern Italy on firm
innovation. They find that grants significantly increased both the number and probability of patent applications, particularly
among small enterprises. To generate one additional application, €206,000-310,000 in funding was required. The causes
of and solutions to the innovation funding gap are addressed in a study by Hall and Lerner (2010).
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Contemporary research in the field of innovation is frequently linked to the development of the FinTech ecosystem and
digitalization (Jiang et al., 2022; Martinez-Blasco et al., 2025).

Another prominent trend is the study of financing challenges faced by so-called “green” startups (Mukherjee et al., 2024).

In a study by Barman et al. (2022), 23 drivers of financial innovation are identified and classified by the strength and
nature of their impact. Technological advancement, competition, firm size, and regulation are identified as the primary
factors here.

An OECD study (Berger et al., 2026) analyzes the financing of academic startups (examining 81,318 companies, 8,065 of
which were founded by PhDs). The study finds that while these startups are more likely to receive grants, they do not
overall attract more funding than other startups. Initial funding sources determine the subsequent trajectory, and transi-
tioning from grants to venture capital proves difficult. The study also highlights the limited role of public venture capital
and underscores the need for incubators and accelerators to improve access to investment and enhance the commercial-
ization of innovations.

Contemporary scholars also pay special attention to investigating the factors that influence innovation development. For
instance, Atsu and Adams (2023) demonstrate a correlation between a country's financial development and innovation,
while also factoring in human capital and institutional quality. At the same time, they find that foreign investment does
not contribute to the development of innovative activity. Their study was conducted using the example of 29 OECD coun-
tries, with analysis metrics spanning a 40-year period (1980-2019).

A study of 68 developed and developing countries from 1995 to 2018 revealed an ambiguous and non-linear impact of
financial development on innovation. While market institutions strengthen this link, the positive effect of credit and stock
markets persists only up to a certain level (Trinugroho et al., 2021).

The authors of the next paper (Aslam et al., 2023) took a slightly different approach to analyzing innovation activity by
examining the impact of business innovation on firm performance. Their study of 696 manufacturing firms showed that
R&D positively affects product, process, marketing, and organizational innovations. It was established that innovation does
not depend on firm size, and that older companies carry out R&D more efficiently and deliberately. The significant impact
of product and organizational innovations on firm performance was also confirmed.

Authors focusing on bibliometric analysis (Padilla—Ospina et al., 2018) emphasize that the main research areas in the field
of innovation include financial constraints, funding sources (both internal and external), venture capital, capital structure,
and the financing of technology companies.

A review of literary sources indicates that different funding channels affect small and medium-sized enterprise (SME)
innovation in various ways. Traditional sources, particularly bank loans, remain important, while newer instruments—such
as crowdfunding and technology bonds—possess significant potential. The research also revealed geographical and sectoral
differences in innovation financing, highlighting the need to design tailored financial mechanisms to support SMEs (Alvarez
et al., 2025).

An analysis of the development of the innovation sphere in Europe demonstrates the following. The activities of European
financial institutions positively influence innovation, increasing the patenting activity of companies through equity financing
participation (2007-2019). This effect is enhanced when co-investing with other investors, which confirms their innovation-
oriented role in supporting long-term financing, innovation, and economic growth in the EU (CI0 et al., 2022).

A study of innovation drivers at the firm level in the EU (2009-2021) (Mitra et al., 2023) proves that larger and more
profitable firms innovate more actively, whereas company age reduces innovative activity. It is also shown that the effec-
tiveness of financial instruments depends on the type of innovation (product, process, organizational, or marketing), and
that the main challenges for innovative firms are access to finance and regulatory constraints. In this article, we will
investigate the factors that determine R&D expenditures in Ukraine during the full-scale invasion, using data from 2021-
2024. We will construct a multiplicative model of the impact on this indicator to identify the macroeconomic factors that
can help increase spending on the innovative development of the economy.

AIMS AND OBIJECTIVES

The purpose of this study is to substantiate a comprehensive structural approach to assessing and stimulating the innova-
tive development of Ukraine's economy under martial law. At the empirical level, the study aims to develop and quantita-
tively verify a multiplicative model to measure the numerical impact of fiscal and investment factors on R&D expenditure
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dynamics during both pre-war and wartime periods (using the chain substitution method). At the conceptual level, the
study aims to elaborate an integrated model of institutional and resource support, which outlines the qualitative relation-
ships between the budgetary, investment, and institutional parameters that shape the economy's innovative potential.

METHODS

For a comprehensive study, systematization, and generalization of the trends, determinants, and barriers to financial
support for the R&D sphere in Ukraine, we applied a set of general scientific methods, including scientific abstraction,
theoretical generalization, induction, and deduction. The visualization of the identified macroeconomic trends and the

dynamics of the economy's R&D intensity was carried out using tabular and graphical methods, as well as methods of
comparison and statistical grouping.

The assessment of the net contribution of individual fiscal and investment levers to the changes in funding volumes for
science and innovation was conducted based on a factor analysis of absolute expenditures on research and development
(R&D). The chain substitution method, which belongs to the classical elimination methods, was chosen as the mathematical
tool for implementing the multi-factor multiplicative model we developed. This approach allows for isolating the effect of
each individual factor within a system of interconnected variables by sequentially replacing its baseline value with the
reporting value, provided that the values of the remaining variables remain unchanged (fixed). Comparing the results of
each subsequent substitution with the previous one enables an accurate quantitative measurement of the vector and scale
of the studied factor's impact on the resulting indicator. The core of our mathematical modeling is based on the assumption
that the investigated integral indicator (RDE,) is a function of 1 specific macroeconomic variables linked by a multiplicative
relationship:

RDEy, = f(Iy, Iy, I3, I, 5. . Ip) = Iy X I X I3 X Iy X I ... X L.

According to the chain substitution methodology, the total variance of the resulting indicator in the reporting period (RDE1)
compared to the baseline period (RDEy) is determined as:

ARDE = RDE; —RDEy =} X B X Z X I} X I} X . X IE =19 X I9 X I9 X I X I X ... x I3.

The calculation of the impact of the first factor (/;) through the change in its baseline value is carried out as follows:
ARDE(I)) = I} X I9 X 19 x I9 X IQ .. X I9 — 19 X 19 X I9 x I9 X IQ .. X IS = I} X I9 x I9 x I? X I? ... x IS — RDE,.
Calculation of the impact of the second factor I

ARDE(IL) =} x I3 X I X I9 X IQ .. X I} — I} X I9 x I9 X I9 x 12 ... x IS.

Calculation of the impact of the third factor 5

ARDE(I)) = X B X BXxIdx1Q .. XIS —IF x I3 <19 x1IxI2..xI3

Calculation of the impact of the fourth factor Zz

ARDE(L) =B XBXB XD xIQ..xIQ—I}xBExBxIdxI2..xI3.

Calculation of the impact of the fifth factor /s

ARDE(Ig) =} x I} X I3 X I} X I} .. XIQ — I} x I} X I3 x I} x I2 ... x IS.

Calculation of the impact of any given n-th factor I,

ARDE(I)) =D X B XXX XIE—DXEXBEXIEXE . xIS=0L —XIE -1} x13x1}xI}xI}. xIS.

To verify the accuracy of the performed calculations, we will conduct a mandatory balance check of the factors, according
to which the sum of all partial effects must equal the total change in the resulting indicator:
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ARDE = RDE, — RDE, = ARDE(I,) + ARDE(l,) + ARDE(I3) + ARDE(1,) + ARDE(Is) ...+ ARDE (Is).

RESULTS

Analyzing the share of R&D expenditures in GDP is a common practice in scientific research. This indicator determines the
degree of national economic orientation toward an innovative development model and is recognized as a baseline metric
in international practice (specifically under OECD and Eurostat standards) for comparing the R&D intensity of GDP, as it
integrates the financial efforts of all macroeconomic system residents (the state budget, business, foreign investors, and
the higher education sector) aimed at generating new knowledge. The level of R&D intensity of GDP directly correlates
with a country's long-term competitiveness, serving as a measure of its capacity to substitute raw material exports with
the production of high-tech goods and services with a high share of value added. Global technological leaders demonstrate
a stable increase or maintenance of high R&D intensity levels in their GDP, as shown in Figure 1. China exhibits the most
dynamic positive trend, where R&D intensity grew from 1.68% (in 2010) to 2.58% (in 2023), confirming a strategic course
toward transitioning to a knowledge-intensive economic model. Unlike global leaders, Ukraine's dynamics reflect a critical
trend toward a reduction in the funding of scientific potential. Starting from an unsatisfactory level of 0.8% in 2010, the
domestic R&D intensity indicator underwent a consistent decline, reaching an all-time low of 0.32% in 2023 (Figure 1).

4
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05 M
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
—#&— Ukraine 0,8 0,71 0,72 0,73 0,65 0,61 0,48 0,45 0,47 0,43 0,4 0,38 0,33 0,32
USA 2,71 2,74 2,67 2,7 2,71 2,77 2,84 2,88 2,99 3,14 3,42 3,47 3,49 3,45
Germany 2,68 2,75 2,82 2,78 2,82 2,88 2,88 2,99 3,05 3,11 3,09 3,08 3,07 3,15
—%— China 1,68 1,75 1,88 1,96 1,98 2,02 2,06 2,08 2,1 2,2 2,36 2,38 2,49 2,58

Figure 1. Research and development expenditure (% of GDP). (Source: Eurostat, 2026; World Bank, 2026)

Such a value is well below the threshold level of economic security and indicates a critical deficit of capital investments in
R&D from both the state and the private sector, especially today during Russia's military aggression against Ukraine. At
the same time, in this study, we will use the absolute volume of R&D expenditures as the resulting indicator rather than
the R&D intensity coefficient, since the absolute indicator more fully reflects the real scale of financial support for research
and innovation activities in Ukraine under current conditions.

The R&D intensity coefficient largely depends on the dynamics of GDP itself. Under conditions of economic crises, infla-
tionary fluctuations, or production contractions, as is currently the case for Ukraine, the value of the indicator can change
even without a real increase in science funding, which creates a risk of distorting analysis results and complicates the
assessment of the actual level of support for the R&D sphere. Furthermore, since most of the indicators applied in the
proposed model are relative, it is the absolute resulting indicator that allows for a correct assessment of the quantitative
impact of individual factors on changes in research and innovation funding. In addition, because the R&D intensity of the
Ukrainian economy is insignificant compared to other countries and consistently remains at a critically low level, this relative
coefficient often downplays real structural shifts in the science funding system.
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Simultaneously, the growth of R&D expenditures indicates a real expansion of the financial base for building an innovative
economy, whereas their reduction signifies critical underfunding of scientific potential, which threatens the degradation of
the research sphere and the loss of the state's technological independence in the long term.

To deeply understand the nature of the shifts in the volume of domestic science funding, we will further conduct a factor
analysis of research and development (R&D) expenditures using elimination methods, as described above.

Within this study, we will first calculate the total factor impact, followed by a detailed analysis of each specific indicator
included in the multiplicative model. The evaluation of individual coefficients will allow us to reveal the internal cause-and-
effect relationships between the state's fiscal policy, investment processes, gross product dynamics, and the actual level
of financial support for Ukraine's research and innovation sphere.

The period from 2018 to 2025 was selected for the study. This timeframe will allow for a detailed tracking of changes in
science funding through the prism of fundamental institutional and security shocks under martial law. For constructing the
model of the impact of fiscal and investment factors on the innovative development and innovation processes of Ukraine's
economy, it is essential to consider not only the wartime but also the pre-war period. Analyzing the years of full-scale war
exclusively does not allow for a full assessment of the nature of the transformations that occurred under the influence of
wartime shocks due to the lack of a baseline for comparison. It is precisely the comparison of innovation indicators before
and after the start of the full-scale war that makes it possible to identify the scale of structural changes and determine
which trends are a consequence of martial law and which were formed earlier. Moreover, this approach also allows for
evaluating the resilience of the national innovation system to external shocks.

Within the comprehensive analysis of the dynamics of public expenditures on research and development (R&D) in Ukraine
over the 2018-2025 period, three specific years of comparison hold particular analytical value. The selection of these
timeframes is driven by their representative significance in assessing the funding resilience of the innovation sector under
varying macroeconomic conditions:

2019 relative to 2018 — selected as a baseline period of stable macroeconomic development. This interval characterizes
the logic behind the formation and allocation of budget allocations for innovation and the scientific sphere under the steady
functioning of the national economy-prior to the global shocks of the COVID-19 pandemic and the onset of full-scale
military aggression.

2022 relative to 2021 — reflects a period of unprecedented security and structural shock caused by the start of the full-
scale invasion. Studying this cross-section allows for assessing the immediate, primary reaction of the public finance system
to military threats, as well as the extent of forced sequestering or reallocation of civilian expenditures in favor of the
defense sector, and consequently, the likely reduction in research funding.

2025 relative to 2024 — investigated to evaluate the phase of adaptation and transformation of fiscal policy. Comparing
these years makes it possible to determine how well science funding has adjusted to the prolonged conditions of martial
law, while also identifying potential trends toward the restoration of knowledge-intensive priorities within the state's long-
term resilience strategy.

The omitted periods (2020-2021 and 2023-2024) are merely intermediate adaptation stages, so including them would
only obscure the comparison of major structural shifts.

The 2020-2021 period was heavily distorted by quarantine restrictions, declining business activity, and emergency budget
reallocations due to the pandemic, which temporarily disrupted standard macroeconomic ratios. Meanwhile, 2023-2024
represents a period of gradual adjustment to the war, when the economy was still searching for new balances and receiving
its first large inflows of international aid and grants.

Therefore, selecting these three specific comparison intervals (2019/2018, 2022/2021, and 2025/2024) is entirely sufficient
for our study. This allows us to strip away temporary fluctuations and clearly compare three key stages: normal economic
performance (2018-2019), the direct shock of the full-scale invasion (2021-2022), and economic performance under
martial law (2024-2025).

The proposed multiplicative model is a nine-factor model; the raw data for the calculations are presented in Table 1
(Table 1).
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Table 1. Macro-financial indicators of Ukraine for 2018—2025. (Source.: compiled by the authors based on data from. National Securities and Stock
Market Commission of Ukraine, 2026; Portal "Minfin” (n.d.). Statistical data, 2026)

State budget
Tax revenues Revenues of expenditures Stock market Research and
Nominal GDP Foreign direct on economic capitalization
to the State . ) the State S e development
. (at current investment in activity + so- (securities
Indicators rices), UAH Budget of Ukraine, UAH Budget of cial protec- market trad- (R&D) ex-
P miIIi’on Ukraine, UAH miIIi:)n Ukraine, UAH tion Ia:nd so- ing volume) penditures,
million million " N P UAH million
cial security, UAH million
UAH million
2018 3,558,706 753,815.6 123,358.95 928,108.3 227,466.3 260,870.78 16,773.72
2019 3,974,564 799,776 151,455.216 998,278.9 290,993.7 304,965.7 17,254.63
2020 4,194,102 851,115.6 -23,401.28 1,076,017 491,609.3 335,410.4 17,022.42
2021 5,459,574 1,107,090.9 182,488.23 1,296,853 520,268.8 451,960.6 20,973.78
2022 5,191,028 949,764.4 37,258.3296 1,787,396 521,355.4 160,636 17,117.84
2023 6,537,825 1,203,544.1 155,328.929 2,671,998 603,558.8 436,432.1 21,348.06
2024 7,658,659 1,647,189.6 133,666.341 3,122,713 627,868.2 656,685.3 28,328.17
2025 8,931,194 2,015,818.9 108,475.038 3,834,210 622,159.5 1,076,576 34,653.55

The list of indicators selected as factors driving changes in R&D expenditures and their values for the 2018-2025 period
is presented in Table 2.

Table 2. Procedure and calculation results of factor indicators. Note: *At the official NBU exchange rate at the end of the year. (Source: Calcu-
lated by the authors based on data from the State Statistics Service of Ukraine (2026))

Coefficient Coefficient Formula 2018 2019 2021 2022 2024 2025
I;=TRB/GDP
L TRB - Tax revenues of the state budget.
Coefficient of the UAH million 0.211823 0.201224 0.20278 0.182963 0.215075 0.225705
tax capacity of GDP GDP - Nominal GDP (at current prices).
UAH million
I
Coefficient of the PN llé;iD( F/FDI )
- - Nomina at current prices).
relative autonomy | Ly ilion 28.84838 26.2425 29.9174 139.3253 57.20684 | 8233409
(independence) of X . . .
GDP from foreign FDI - Foreign direct investment in
i Ukraine. UAH million*
investment
L L=FDI/TRB
Coefficient of in- FDI -Foreign direct investment in
Vet o p‘;(;:[ o | Ukraine. UAH million* 0.163646 | 0.189372 | 0.164836 | 0039220 | 0081148 | 0.053812
the fiscal system TRB - Tax revenues of the state budget.
4 UAH million
1,=SMC/GDP
Is SMC - Stock market capitalization (secu-
Coefficient of stock | rities market trading volume). UAH mil- 0073305 | 0076720 | 0082783 | 0030945 | 0085744 | 0.120541
market capitaliza- lion
tion of the economy GDP - Nominal GDP (at current prices).
UAH million
L IL;=BR/SMC
- . BR - State budget revenues. UAH million
ffi f fiscal
Coefficient of fiscal | ) 7o\ ek market capitalization (secu- 3557732 | 3273413 | 2869394 | 1112699 | 4755267 | 3.561485
mobilization of mar- " ) Y
. rities market trading volume). UAH mil-
ket capital lion
I I;=BEES/BR
Coefficient of budg- | BEES - State budget expenditures on
etary support for economic activity and the social sphere. 0.24508595 0.291495 0.40117796 0.29168439 0.20106495 0.162265
socio-economic de- UAH million
velopment BR - State budget revenues. UAH million
I I=R&De/BEES
Coefficient of re- R&De - R&D expenditures. UAH million
search and innova- BEES - State budget expenditures on 0.073741561 0.059296 0.040313353 | 0.032833342 | 0.04511802 0.055699
tion priority in economic activity and the social sphere.
budget funding UAH million
Iy I=GDP
An indicator of the GDP - Nominal GDP (at current prices). 3,558,706 3,974,564 5,459,574 5,191,028 7,658,659 8,931,194
size of the economy UAH million
RDE R&De - R&D expenditures. UAH million 16,773.72 17,254.63 20,973.78 17,117.84 28,328.17 34,653.55
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We have defined the coefficient of the tax capacity of GDP (I;=TRB/GDP)as the first indicator in our multiplicative model.
It reflects the level of fiscal extraction of the domestic gross product into the state budget. Through this indicator, we
evaluate the intensity of reallocation processes and the actual capacity of the fiscal system to accumulate tax resources
relative to the overall scale of national production, in order to finance innovative development from the state budget. This
is particularly relevant since public funding serves as the primary driver for innovation abroad (Becker, Roper, Vanin,
2023). The direct link between this coefficient and science expenditures lies in the fact that it determines the state's
financial potential. Tax revenues are the main source of funding for the general fund of the state budget, which traditionally
finances most domestic research institutions, academic programs, and R&D grants. Consequently, this indicator allows us
to trace a fundamental macroeconomic dependence: if the state's ability to collect taxes relative to the scale of the economy
grows (due to de-shadowing or optimized administration), the baseline capacity of the budget to finance strategic innova-
tive sectors automatically expands. Conversely, a drop in the tax capacity of GDP narrows the state's options, which, given
the fierce competition for budget resources, directly threatens to reduce the absolute volume of expenditures on research
and development.

The coefficient of the relative autonomy of GDP from foreign investment (I;=GDF/FDI)was included in the model to assess
the relationship between the overall scale of domestic production and the volume of attracted external capital. The inter-
pretation of this indicator requires consideration of the specific characteristics of the analyzed period, which encompasses
consecutive crisis episodes: the onset of the COVID-19 pandemic, the shock of the full-scale war, and the subsequent
adaptation of the economy to wartime conditions. During this period, foreign direct investment naturally declined substan-
tially due to exceptionally high geopolitical and military risks. Under these conditions of a severe investment shock, the
Ukrainian economy largely lost its external investment support, making domestic production the principal compensating
factor. By comparing FDI with GDP, we evaluate the extent to which the growth and resilience of domestic production
compensated for the loss of external investment resources.

From a mathematical perspective, a reduction in the denominator (FDI) increases the value of the GDP / FDI coefficient,
which, within the factor decomposition, generates a positive contribution to the change in R&D expenditures. In the context
of the extraordinary period under investigation, this result is interpreted as a positive stabilizing effect, reflecting the
increased resilience of the domestic economy and the ability of the macroeconomic system to generate financial resources
for science even under conditions of minimal external investment support.

At the same time, this indicator is deliberately retained in the model because foreign direct investment represents not only
a source of financial capital but also a major channel for technology transfer, the diffusion of innovation, and the modern-
ization of production. The logical connection between this coefficient and science expenditures is based on the prospective
expansion of state tax revenues. Consequently, the inclusion of this coefficient makes it possible to account for the role of
technological spillovers and their long-term contribution to the expansion of the tax base through corporate income taxes
and personal income taxes (Malynovska Y. et al., 2025), while simultaneously capturing the balance between the country's
internal economic resilience and its remaining attractiveness to global technology-oriented investors.

The third indicator in the model is the coefficient of investment support of the fiscal system (Z3=FDI/TRB), which measures
the ratio of foreign direct investment to the tax revenues of the state budget. This metric helps assess the level of external
investment support relative to the state's internal fiscal capacity, as well as the potential to combine public and private
investment resources to fund innovative development. The coefficient allows us to assess the extent to which external
investment resources potentially strengthen the state's financial capabilities to finance R&D.

The coefficient of stock market capitalization of the economy (7,=SMC/GDP) and the coefficient of fiscal mobilization of
market capital (5=BR/SMC) allow the model to account for the development level of the national financial sector (I4) and
the nature of the interaction between the state budget system and the securities market (Is). Both metrics make it possible
to evaluate the state of the country's financial market and the government's ability to interact with free entrepreneurial
capital in the stock market. The connection of these financial instruments with R&D expenditures is realized through two
complementary mechanisms: first, the level of stock market development relative to GDP reflects the maturity of the
investment environment. A developed securities market serves as a powerful alternative source of long-term investment
for high-tech and knowledge-intensive companies (via the issuance of shares or corporate bonds). The higher the market
capitalization, the easier it is for the private sector to attract long-term financing for their own innovative projects, which
significantly eases the burden on the state budget. From the perspective of resource mobilization, the coefficient (Is) helps
evaluate the state's capacity to accumulate and reallocate capital circulating in the financial market. Efficient interaction
between the budget and the stock market (for instance, through domestic government bonds) allows the state to flexibly
maneuver financial resources. Under a balanced policy, this expands the overall liquidity of the budget system, creating
additional financial potential for the stable funding of state scientific programs and the support of research infrastructure.
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It should also be noted that the model uses the total volume of securities trading instead of the nominal stock market
capitalization. Under current Ukrainian conditions, the conventional capitalization indicator has largely lost its economic
relevance due to the severe structural distortion of the stock market. This distortion is manifested in the limited number
of operating stock exchanges (only the PFTS Stock Exchange and Perspektyva Stock Exchange remained active in 2025-
2026), the overwhelming dominance of government securities (domestic government bonds accounted for approximately
81% of exchange trading, while the share of corporate equities declined to only 0.16% in 2026), and the persistently low
market liquidity (National Securities and Stock Market Commission of Ukraine, 2026). Under such circumstances, nominal
market capitalization becomes largely a "virtual" measure that does not adequately reflect the actual value of illiquid
corporate assets.

By contrast, the volume of securities trading captures only executed transactions and the actual movement of financial
resources. Therefore, it provides a more reliable measure of real market activity, avoids methodological distortions asso-
ciated with nominal capitalization, and ensures greater robustness and reliability of the factor decomposition model.

The coefficient of budgetary support for socio-economic development (Zs=BEES/BR) reflects the internal structure and
actual direction of public budget policy, showing exactly what share of all accumulated revenues is directed toward invest-
ments in human capital and support for the real sector of the economy. Within this fiscal space, the coefficient of research
and innovation priority in budget funding (Z,=R&De/BEES) measures the internal competitiveness of science by capturing
the share of resources that the state purposefully invests in R&D relative to total expenditures on socio-economic devel-
opment. Nominal GDP (7s=GDP) acts as the closing element. In the structure of the multiplicative model, it serves as a
measure of the economic system's scale and reflects its overall financial and monetary capacity. The link between Nominal
GDP and R&D expenditures is foundational: the scale of the economy determines the ultimate boundaries of the fiscal
space, investment flows, and the overall purchasing power of the state. Furthermore, this indicator integrates the impact
of all previous relative coefficients into the final absolute value.

The proposed model reproduces a comprehensive mechanism through which macroeconomic resources are transformed
into public financing of innovation activities. The sequence of the coefficients reflects the successive stages of this mech-
anism. The first group of indicators (I11-13) characterizes the formation of the fiscal and investment base by combining tax
capacity, domestic economic potential, and the role of foreign direct investment. The second group (I4-I5) reflects the
level of financial market development and the interaction between the budget system and the capital market, thereby
characterizing the availability of alternative sources of innovation financing. The third group (16-17) represents the gov-
ernment's budgetary priorities, and the extent to which accumulated financial resources are allocated to socio-economic
development and, more specifically, to research and development. The final element of the model is nominal GDP (I8),
which serves as a scaling factor that transforms the system of relative coefficients into the resulting absolute value of R&D
expenditures.

As a result, the model represents the complete institutional and financial chain underlying public financing of science:
financial resource generation — resource mobilization — financial intermediation — budget allocation — research and
development financing. The model makes it possible to trace how changes in the fiscal, investment, financial, and budg-
etary spheres jointly influence the country's innovative development through the mechanism of R&D financing.

Using the chain substitution method, we will calculate the impact of the identified coefficients on R&D expenditures for
the 2018-2025 period.

Below are the calculations for the selected years, beginning with 2019 relative to 2018.

ARDE(11(2019)) =0,201224 x 28,84838 x 0,163646 x 0,073305 x 3,557732 x 0,24508595 x 0,073741561 x 3558706
—16773,72 = —839,304

ARDE(, 2019y ) = 0,201224 X 26,2425 X 0,163646 X 0,073305 X 3,557732 x 0,24508595 x 0,073741561 x 3558706
—0,201224 x 28,84838 x 0,163646 x 0,073305 x 3,557732 X 0,24508595 x 0,073741561 x 3558706
= —1439,36

ARDE(I3 (2019)) =0,201224 x 26,2425 x 0,189372 x 0,073305 x 3,557732 x 0,24508595 x 0,073741561 x 3558706
—0,201224 x 26,2425 x 0,163646 x 0,073305 x 3,557732 X 0,24508595 x 0,073741561 x 3558706
= 2278,692

ARDE(I4 (2019)) =0,201224 x 26,2425 x 0,189372 x 0,076729 x 3,557732 x 0,24508595 x 0,073741561 x 3558706

—0,201224 x 26,2425 x 0,189372 x 0,073305 x 3,557732 x 0,24508595 x 0,073741561 x 3558706
= 783,4953
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ARDE(IS (2019)) = 0,201224 x 26,2425 x 0,189372 x 0,076729 x 3,273413 x 0,24508595 x 0,073741561 x 3558706
—0,201224 x 26,2425 x 0,189372 x 0,076729 x 3,557732 X 0,24508595 x 0,073741561 x 3558706
= —1403,1

ARDE(16 (2019)) = 0,201224 x 26,2425 x 0,189372 x 0,076729 x 3,273413 x 0,291495 x 0,073741561 x 3558706
—0,201224 x 26,2425 x 0,189372 x 0,076729 x 3,273413 X 0,24508595 x 0,073741561 x 3558706
= 3058,921

ARDE(I7 (2019)) =0,201224 x 26,2425 x 0,189372 x 0,076729 x 3,273413 x 0,291495 x 0,059296 x 3558706

—0,201224 x 26,2425 x 0,189372 x 0,076729 x 3,273413 x 0,291495 x 0,073741561 x 3558706
= —3763,73

ARDE(Ig (2019)) = 17254,63 — 0,201224 x 26,2425 x 0,189372 x 0,076729 X 3,273413 x 0,291495 x 0,059296 x 3558706
= 1805,298

ARDE = 17254,63 — 16773,72 = —839,304 — 1439,36 + 2278,692 + 783,4953 — 1403,1 + 3058,921 — 3763,73 + 1805,298
= 480,91

As can be seen from the model, in 2018-2019, the total volume of R&D expenditures increased by 2.87% (from UAH
16,773.72 to 17,254.63 million), occurring against the backdrop of an 11.69% growth in nominal GDP. The primary positive
driver was nominal macroeconomic growth. This was also supported by a slight strengthening of investment support for
the financial system through the inflow of foreign direct investment and a minor improvement in stock market performance,
which demonstrated a higher level of capitalization relative to GDP. At the same time, the fiscal system exerted a restraining
effect on expenditure dynamics: the share of tax revenues in GDP (I;) decreased slightly, and the coefficient of fiscal
mobilization of market resources (Is) declined due to a reallocation of capital. However, the key destructive factor was a
shift in internal budgetary priorities. Despite the fact that the state increased the overall share of funding for socio-eco-
nomic development (Is), the coefficient of research and innovation priority (I7) dropped significantly—from 7.37% to 5.93%.
This neutralized the positive effect of GDP growth and locked in a lag in modernization rates relative to the general
economic dynamics.

Next, we provide the calculations of the impact of the identified factors on R&D expenditures for the 2021-2022 period.

ARDE(Il(ZOZZ)) = 0,182963 x 29,9174 x 0,164836 x 0,082783 x 2,869394 x 0,40117796 x 0,040313353 x 5459574
—20973,8 = —2049,84

ARDE(1, 2022y ) = 0,182963 x 139,3253 x 0,164836 x 0,082783 x 2,869394 x 0,40117796 x 0,040313353 x 5459574
—0,182963 x 29,9174 x 0,164836 x 0,082783 x 2,869394 x 0,40117796 x 0,040313353 x 5459574
= 69204,82

ARDE(15 2022y ) = 0,182963 x 139,3253 x 0,039229 x 0,082783 x 2,869394 x 0,40117796 x 0,040313353 x 5459574

—0,182963 x 139,3253 x 0,164836 x 0,082783 x 2,869394 x 0,40117796 x 0,040313353 x 5459574
= —67155,2

ARDE(I4(2022)) = 0,182963 x 139,3253 x 0,039229 x 0,030945 x 2,869394 x 0,40117796 x 0,040313353 X 5459574

—0,182963 x 139,3253 x 0,039229 x 0,082783 x 2,869394 x 0,40117796 x 0,040313353 x 5459574
= —13133,5

ARDE(IS (2022)) = 0,182963 x 139,3253 x 0,039229 x 0,030945 x 11,12699 x 0,40117796 x 0,040313353 X 5459574

—0,182963 x 139,3253 x 0,039229 x 0,030945 x 2,869394 x 0,40117796 x 0,040313353 x 5459574
= 22562,42

ARDE(I6 (2022)) = 0,182963 x 139,3253 x 0,039229 x 0,030945 x 11,12699 x 0,29168439 x 0,040313353 x 5459574
—0,182963 x 139,3253 x 0,039229 x 0,030945 x 11,12699 x 0,40117796 x 0,040313353 X 5459574
= —8297,8

ARDE(I7(2022)) = 0,182963 x 139,3253 x 0,039229 x 0,030945 x 11,12699 X 0,29168439 x 0,032833342 x 5459574
—0,182963 x 139,3253 x 0,039229 x 0,030945 x 11,12699 x 0,29168439 x 0,040313353 x 5459574
=—4101,49

ARDE(Ig 2022y ) = 17 117,84

—0,182963 x 139,3253 x 0,039229 x 0,030945 x 11,12699 X 0,29168439 x 0,032833342 x 5459574
= —885,398
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ARDE =17 117,84 — 20973,78 = —2049,84 + 69204,82 — 67155,2 — 13133,5 + 22562,42 — 8297,8 — 4101,49 — 885,398
= —3855,94

In 2022, compared to 2021, as shown by the calculations, the combined impact of the factors led to a reduction in the
resulting indicator by UAH 3,855.94 million. The most destructive impact came from the coefficient of investment support
of the fiscal system (I3), whose negative effect amounted to UAH 67,155.2 million. This indicates a significant weakening
of the link between investment processes and fiscal mechanisms for economic support. A decline in the level of stock
market capitalization of the economy (14) also acted as a major restraining factor, reflecting worsening conditions in the
capital market and a decrease in investment activity. These destructive processes are linked to the onset of the full-scale
invasion along with macroeconomic and security shocks.

Finally, we present the calculations of the changes in 2025 relative to 2024.

ARDE(Il(zozs)) = 0,225705 x 57,29684 x 0,081148 x 0,085744 x 4,755267 x 0,20106495 x 0,04511802 X 7 658 659
—28328,17 = 1400

ARDE(IZ (2025)) = 0,225705 x 82,33409 x 0,081148 x 0,085744 x 4,755267 x 0,20106495 x 0,04511802 x 7 658 659
—0,225705 x 57,29684 x 0,081148 x 0,085744 X 4,755267 x 0,20106495 x 0,04511802 x 7 658 659
= 12990,45

ARDE(1I;3 (2025) ) = 0,225705 x 82,33409 X 0,053812 x 0,085744 x 4,755267 X 0,20106495 x 0,04511802 x 7 658 659
—0,225705 X 82,33409 x 0,081148 x 0,085744 X 4,755267 X 0,20106495 x 0,04511802 X 7 658 659
= —14390,5

ARDE(14 (2025) ) = 0,225705 x 82,33409 X 0,053812 x 0,120541 x 4,755267 X 0,20106495 x 0,04511802 x 7 658 659
—0,225705 X 82,33409 x 0,053812 x 0,085744 X 4,755267 X 0,20106495 x 0,04511802 X 7 658 659
= 11496,28

ARDE(I5 (2025) ) = 0,225705 x 82,33409 X 0,053812 x 0,120541 x 3,561485 X 0,20106495 x 0,04511802 x 7 658 659
—0,225705 X 82,33409 x 0,053812 x 0,120541 X 4,755267 X 0,20106495 x 0,04511802 X 7 658 659
= —9997,68

ARDE(IG(ZOZS)) = 0,225705 x 82,33409 x 0,053812 x 0,120541 x 3,561485 x 0,162265 x 0,04511802 x 7 658 659
—0,225705 x 82,33409 x 0,053812 x 0,120541 x 3,561485 x 0,20106495 x 0,04511802 x 7 658 659
= —5755,68

ARDE(I7(2025)) = 0,225705 x 82,33409 x 0,053812 x 0,120541 x 3,561485 x 0,162265 x 0,055699 X 7 658 659

—0,225705 x 82,33409 x 0,053812 x 0,120541 x 3,561485 x 0,162265 x 0,04511802 x 7 658 659
= 5645,004

ARDE(Ig (2025) ) = 8931194
—0,225705 x 82,33409 x 0,053812 x 0,120541 x 3,561485 x 0,162265 X 0,055699 x 7 658 659
= 4937,51

ARDE = 34653,55 — 28 328,17 = 1400 + 12990,45 — 14390,5 + 11496,28 — 9997,68 — 5755,68 + 5645,004 + 4937,51
= 6325,38

The comparison between 2024 and 2025 captures a rather indicative shift: under conditions of limited resources, the state
and the economy began to purposefully scale up scientific research. The R&D expenditure (RDE) indicator grew from UAH
28.3 billion to UAH 34.7 billion, and this is not merely an inflationary effect — structural changes are clearly visible here.

The key driver in this case is the growth of the coefficient of research and innovation priority (I7, from 0.045 to 0.056).
This demonstrates that a conscious reallocation occurred within budget policy: science funding is becoming more promi-
nent against the backdrop of general expenditures. Simultaneously, we observe an increase in the stock market capitali-
zation coefficient (I4, from 0.085 to 0.121). This indicates that innovation began to receive a real “infusion” of capital that
was previously less involved in innovative projects — although domestic government bonds (OVDP) certainly predominate
here, meaning this indicator is largely tied to the budget and public debt through stock market mechanisms. Conversely,
the flip side of this process is a drop in the coefficient of budgetary support for socio-economic development (Is, from
0.201 to 0.162). This is the logical cost of adaptation: under wartime conditions, budget priorities are rigidly switched from
broad social funding to targeted investments in technology and defense capabilities. In other words, the state is forced to
sacrifice a portion of social expenditures to fund the knowledge-intensive solutions critical for survival in wartime realities.
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In effect, we are witnessing a transition to a model where innovations cease to be an “add-on” to the budget and instead
become a tool for survival, which explains the shift in the values of these coefficients.

All results of the factor analysis of R&D expenditures for the 2018-2025 period are presented below (Table 3).

Table 3. Matrix of the factor analysis results of R&D expenditures for the 2021-2024 period.

2019-2018 2022-2021 2025-2024
Il -839.304 -2,049.84 1,400.00
12 -1,439.360 69,204.82 12,990.45
I3 2,278.692 -67,155.20 -14,390.50
14 783.4953 -13,133.50 11,496.28
15 -1,403.100 22,562.42 -9,997.68
16 3,058.921 -8,297.80 -5,755.68
17 -3,763.730 -4,101.49 5,645.004
8 1,805.298 -885.398 4,937.51
SUM 480.91 -3,855.94 6,325.38
DELTA 480.91 -3,855.94 6,325.38

The matrix of the factor analysis results of R&D expenditures for 2021-2024 reflects the dynamic nature of R&D spending.
Ukraine's financial system has transitioned from inertial stability to conditions of rigorous military adaptation. In the rela-
tively stable period of 2018-2019, the total growth of R&D expenditures by UAH 480.91 million was purely extensive. The
primary driver at that time was the natural, nominal growth in the scale of the economy and increased spending on general
development, while the internal structure of the budget worked against science—the innovation priority coefficient was
falling sharply, demonstrating that the sector was funded on a residual basis.

The onset of the full-scale invasion in 2021-2022 completely broke this trajectory, causing an overall drop in R&D funding
by UAH 3,855.94 million. This stage is characterized by a colossal structural shock: internal investment support of the fiscal
system practically dropped to zero, and capital critically lost its autonomy, shifting toward external borrowing and financial
assistance.

The state was forced to adjust civilian expenditures, which led to a significant reduction in science funding, market activity,
and related macro-financial indicators in favor of defense priorities.

In contrast, the 2024-2025 period reflects a phase of fiscal adaptation under martial law, accompanied by an increase in
state R&D expenditures of UAH 6,325.38 million. While aggregate macro-financial data do not allow for a precise break-
down of R&D funding by defense, dual-use, or civilian directions, this growth indicates a general expansion of the state's
capacity to maintain research activities under prolonged security challenges. Despite martial law, the recovery occurred
not only due to the macroeconomic growth of GDP but also as a result of a deliberate shift in state priorities. The key
transformation lies in the fact that the research and innovation priority factor entered a confident positive dynamic along-
side a substantial increase in stock market capitalization. The budget shifted to a model where funds are withdrawn from
general expenses and purposefully concentrated in knowledge-intensive developments, turning innovations from second-
ary expenditure items into a foundational tool for ensuring the resilience of the state. At the same time, in our view, the
innovative development of the economy and innovation processes is determined not only by the financial component but
also by other resource provisions and the institutional capacity of the state. To preserve and enhance the innovative focus
of the economy, a combination of all components ensuring innovative development is essential. Such a combination can
be achieved using the integrated model of institutional and resource support for innovative development proposed in the
figure (Figure 2).
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= state innovation policy; = public funding;
= legal regulation; = private investment;
—> = tax incentives; = foreign investment; €
= protection of intellectual property rights; = grants and international assistance;
= innovation support institutions; = human resources potential;
| = international cooperation and grant programs. ) | = digital, scientific, and technological infrastructure.
S / - /
“/ Innovation Management Block ‘\\
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= commercialization of innovations;
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Output (Result) Block
= growth of innovative activity;
= competitiveness enhancement;
= increase in high-tech product exports;
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= monitoring of innovativeness indicators;
= factor analysis of financial support;
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= adaptation of state policy;
\\ = improvement of financing mechanisms. //»‘

Figure 2. An integrated model of institutional and resource support for innovative development.

The integrated model of institutional and resource support for innovative development is based on the interaction of
institutional, financial, and managerial elements that sustain innovative activity. The foundation of the model is formed by
the resource block, which reflects the directions of financial, human resource, and technological support for innovation.
Its components include public funding, private investment, foreign investment, venture capital, human capital, and digital,
scientific, and technological infrastructure.

In contrast, the institutional block—which includes state innovation policy, regulatory framework, tax incentives, mecha-
nisms for protecting intellectual property rights, the activities of innovation support institutions, as well as international
cooperation and grant programs—creates a favorable regulatory and organizational environment for developing innovations
and attracting investments.

An important role in the model is also played by the innovation management block, which reflects the process of practical
innovation implementation through conducting R&D, technology transfer, commercialization of innovations, and coopera-
tion among the state, business, and research institutions. The commercialization of developments is particularly important
(Kotvytska & Mazur, 2026). This block ensures the transformation of resources into concrete innovative results.

The output (result) block characterizes the effects of implementing innovative activity, which manifest as increased eco-
nomic competitiveness, enhanced innovative activity of businesses, development of high-tech production, increased in-
vestment attractiveness, and overall economic development.

The final element of this model is the feedback block, which involves monitoring indicators of innovativeness, the efficiency
of innovation funding, conducting factor analysis of financial support, assessing risks, and adjusting state policies for
innovation support.
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It should be noted that the implementation of the integrated model of institutional and resource support for innovative
development in Ukraine is accompanied by a number of challenges. One of the key issues is the insufficient level of funding
for innovative activity, particularly under the pressure of wartime challenges and limited budgetary resources. Low invest-
ment activity in the private sector, the weak development of venture financing, and the limited access of enterprises to
long-term lending also remain significant problems.

DISCUSSION

Overall, the obtained results of multiplicative modeling confirm the key thesis of modern innovation development theory
regarding the comprehensive nature of the impact of fiscal and financial-investment factors on the innovative activity of
an economy. The highlighted factors demonstrate that the availability of financial resources for innovation is largely de-
termined by the quality of institutional support, the efficiency of state regulation, and the level of financial infrastructure
development, which is particularly evident during wartime.

The research results align with the findings of domestic scholars regarding the decisive role of financial support for inno-
vative development. In particular, Davydenko, Kliuchka & Kruchko (2024) emphasize that the efficiency of innovative
activity heavily depends on the consistency of budget funding and the state's capacity to form long-term incentives for
business innovation activity. At the same time, the authors underscore the need to strengthen the role of budget policy in
conditions of financial resource constraints, which correlates with the obtained results regarding the importance of public
R&D expenditures.

The conducted modeling also confirms the importance of using tax incentives as a tool to revitalize innovative activity. Our
conclusions partially align with the research results of Samoilikova (2021), who stresses the need to combine direct and
indirect mechanisms of state support for innovation, demonstrating that tax incentives exhibit the highest efficiency when
used simultaneously with direct budget funding for research and innovative projects.

Of particular interest are the results regarding the impact of investment factors, specifically the development of the financial
market. They correspond with studies on the investment support of innovative development under wartime conditions,
which indicate that even under high military risks, investments remain one of the key sources for restoring a country's
technological potential. In this context, it is not only the volume of investment resources that becomes crucial, but also
their allocation to high-tech and knowledge-intensive sectors of the economy. While a number of authors, such as Bilyk
(2018), Khanin (2023), and Maslak & Smirnova (2024), emphasize key factors in shaping the innovative competitiveness
of the national economy and the innovative activity of enterprises — such as the investment climate, human capital devel-
opment, state support for science, international integration, direct financial support for innovation, and the institutional
environment — we, in our model, have factored in indicators that reflect stock market development and the degree of
autonomy of the macroeconomic system relative to foreign investment, and have proven their significance.

Ayousha Fayyaz & Zoltan Bartha (2025) also identify financial market development and access to capital among the deci-
sive factors for innovative economic development alongside others, which aligns with our research findings.

This study has several limitations that should be considered when interpreting the results.

First, it covers the 2018-2025 period, which was marked by major structural economic changes driven by the COVID-19
pandemic and the full-scale war. Consequently, the findings may be highly specific to a wartime economy, where budget
priorities, the structure of public spending, and investment decisions differ fundamentally from peacetime operations.

Second, the model relies on nominal financial indicators during a timeframe characterized by significant inflation and
macroeconomic volatility. While nominal values reflect actual fiscal flows, they do not account for purchasing power ad-
justments or real-term fluctuations in research funding.

Third, the aggregated nature of public budget data imposes constraints on the analysis. Specifically, standard macroeco-
nomic reporting does not allow for a clear separation of R&D expenditures into civilian, defense, or dual-use domains,
limiting the ability to draw definitive conclusions regarding sector-specific technology allocations.

Fourth, statistics for the year 2025 remain subject to potential revisions and operational adjustments by official state
bodies, which may introduce minor statistical instabilities.

Finally, the selected indicators focus primarily on macro-fiscal and investment factors of innovative development, while
other critical determinants—such as human capital dynamics, digital transformation intensity, international technology
transfer, and off-budget grant funding—remain outside the structural scope of this factor model. Overall, the research
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results confirm the need to implement a comprehensive state policy to support innovative development, combining budget
funding for science, tax incentives for innovative businesses, the attraction of domestic and foreign investments, and the
development of the financial sector. In the context of Ukraine's post-war recovery, precisely such a combination of instru-
ments can ensure the formation of a resilient model of innovation-oriented economic growth.

CONCLUSIONS

Integrating the results of the factor analysis of R&D expenditures for 2018-2025 with the concept of institutional and
resource support for innovative development allows for clarifying the nature of interaction among financial, institutional,
and managerial factors within Ukraine's wartime economy. The obtained results confirm that the dynamics of research and
development funding are directly dependent on the state of the budget system, investment flows, the stock market, and
the innovative orientation of state policy. During the wartime period, this interaction acquires specific characteristics, as a
significant portion of resources is reallocated for defense needs, which simultaneously creates both constraints and new
incentives for the development of defense and technological innovations.

The evolution of the factor matrix across the three historical cross-sections illustrates a radical shift in the philosophy of
capital reallocation in Ukraine. The transformation of the factor matrix structure across the three defined chronological
intervals demonstrates a fundamental change in the nature of the fiscal reallocation of financial resources under the
influence of exogenous security shocks.

An analysis of the 2018-2019 interval indicates the presence of an extensive development model in the innovation sector.
During this period, the growth of R&D expenditures was ensured in an inertial manner due to positive macroeconomic
dynamics and the nominal expansion of the scale of the gross domestic product. At the same time, structural factors within
the budget system exerted a destructive impact, as the coefficient of research and innovation priority in public allocations
decreased significantly, locking in the funding of science on a residual basis.

The 2021-2022 period is characterized by deep structural disruption and a decline in the resulting indicator under the
influence of an unprecedented military shock. The factor matrix captures a critical drop in the autonomy of national capital
and its direct dependence on external funding sources, accompanied by an actual shutdown of internal investment support.
The prioritization of the defense sector led to a rigid sequestration of civilian programs, resulting in a substantial reduction
in public expenditures on general socio-economic development, market capitalization, and scientific infrastructure.

In contrast, the 2024-2025 timeframe reflects a qualitatively new stage—a transition to a model of intensive military-
technological adaptation. The obtained results confirm the provisions of institutional-resource theory regarding the domi-
nant role of the state in managing innovation processes during crises. The positive growth in R&D funding in 2025 was
secured not only by the macroeconomic stabilization of GDP but also by a purposeful restructuring of the expenditure side
of the budget. A pragmatic contraction of general expenditures on socio-economic development took place to accumulate
capital in knowledge-intensive defense developments, which led to a rapid increase in the coefficients of innovation priority
and stock market capitalization of the economy.

In view of this, ensuring the long-term resilience of the national innovation system requires the further implementation of
a comprehensive state strategy based on the harmonization of institutional incentives, the development of the financial
environment, and deeper integration into the global scientific and technological space.

The ongoing war substantially transforms the core of innovation policy, shifting its focus toward defense technologies. In
this context, the institutional block of the model gains particular importance, as it is state policy, fiscal incentives, and
international financial support that determine the possibilities for funding R&D. At the same time, the results of the factor
analysis confirm that without developing the investment and market environment (specifically the stock market), sustain-
able growth in innovative activity remains limited. Implementing the proposed directions of state support — ranging from
R&D funding to the development of innovation infrastructure and international integration — is critically important for
shaping a resilient innovative development model and enhancing the economic and technological resilience of the state in
the face of prolonged security challenges.

Future research should look to expand the proposed model by incorporating these institutional, technological, and socio-
economic factors that shape a country’s innovation capacity. Promising directions include integrating indicators for human
capital development, public governance efficiency, business innovation activity, venture capital, international technical
assistance, and Ukraine’s integration into the European economic space. Additionally, comparative studies between Ukraine
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and other countries, particularly in Central and Eastern Europe that share similar institutional features or post-crisis recov-
ery experience, would be of significant academic value. This would help evaluate the universality of our approach and
identify how fiscal and investment mechanisms for innovation support function across different economic environments.
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HAemunwiax H., Kyvibiga C., InbkiB H., Py6axa M., Tepergivi A., Yib3yTyesa C.
®ICKAJIbHI TA IHBECTULIAHI YAHHUKU IHHOBALIIMHOIO PO3BUTKY YKPATHM B YMOBAX

BOEHHOIO CTAHY: MYJIbTUNNIKATUBHA MOAEJTb

AKTYanbHiCTb AOCNIIKEHHS 3yMOBNEeHa HEOBXiAHICTIO NepPeoCMUCTIEHHSI MeXaHi3MiB chiHaHCYBaHHS iIHHOBALLIMHOrO pO3BUTKY
€KOHOMikW YKpaiHu B yMOBax TpMUBasioro BOEHHOIO CTaHy, KoM TpaamUiiHi dickanbHi Ta iHBECTUUINHI iHCTpYMeHTY 3a3Ha-
I0Tb CYTTEBUX TpaHccopMaLiin. OcobnnBoi 3HauyLOCTi HabyBaE aHani3 B3aEMOA(l BHOMKETHOI MOAITUKK, IHBECTULIMHMX
MOTOKIB Ta IHCTUTYLMHOro cepefoBuLLa B 3abe3neyeHHi CTIMKOCTI iHHOBaUIMHOI cucTeMu AepxkaBu. MeTOK AOCTIAKEHHS €
OLiHKa BMMBY iCkanbHO-IHBECTULINHUX YMHHWKIB Ha iHHOBALIMHWNI PO3BUTOK €KOHOMIKM YKpaiHW Ha OCHOBI MynbTUNI-
KaTVUBHOI Moaeni iHAMKATOPIB, WO Bifo6paXaloTb B3AEMO3B'A30K MidK NMOAATKOBUM HAaBAHTAXKEHHSM, iHBECTULIMHOIO aKTu-
BHICTIO, CT@HOM (POHAOBOMO PUHKY Ta piBHEM (hiHAHCYBaHHS HAyKOBO-A0CNIAHUX i AOCNIAHO-KOHCTPYKTOPCbKUX PObIT.

DOI: 10.55643/fcaptp.4.69.2026.5267

169


https://fkd.net.ua/
https://www.fta.org.ua/
https://doi.org/10.31891/dsim-2024-5(11)
https://doi.org/10.1108/EJIM-02-2022-0094
https://doi.org/10.1108/EJIM-02-2022-0094
https://doi.org/10.31891/mdes/2025-17-17
https://www.google.com/search?q=https://doi.org/10.32782/ecovis/2023-2-17
https://academy-vision.org/index.php/av/article/view/2787
https://doi.org/10.32750/2025-0356
https://link.springer.com/article/10.1186/s40854-025-00867-9
https://link.springer.com/article/10.1186/s40854-025-00867-9
https://doi.org/10.30838/EP.196.61-66
https://doi.org/10.1093/oxrep/grw036
https://research-and-innovation.ec.europa.eu/knowledge-publications-tools-and-data/publications/all-publications/financing-instruments-and-challenges-innovation-eu_en
https://research-and-innovation.ec.europa.eu/knowledge-publications-tools-and-data/publications/all-publications/financing-instruments-and-challenges-innovation-eu_en
https://research-and-innovation.ec.europa.eu/knowledge-publications-tools-and-data/publications/all-publications/financing-instruments-and-challenges-innovation-eu_en
https://research-and-innovation.ec.europa.eu/knowledge-publications-tools-and-data/publications/all-publications/financing-instruments-and-challenges-innovation-eu_en
https://doi.org/10.1080/13691066.2024.2410730
https://doi.org/10.32782/2524-0072/2023-58-88
https://www.nssmc.gov.ua/
https://doi.org/10.1080/08963568.2018.1448678
https://index.minfin.com.ua/
https://index.minfin.com.ua/
https://doi.org/10.25140/2410-9576-2020-2-1(20)-85-91
https://doi.org/10.1016/j.ecosys.2023.101177
https://stat.gov.ua/uk/explorer
https://doi.org/10.1016/j.econmod.2021.105599
https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?locations=UA
https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?locations=UA

®IHAHCOBO-KPEAUTHA AISNbHICTb: NMPOBJIEMU TEOPIT TA NMPAKTUKM
ISSN: 2306-4994 | eISSN: 2310-8770 | Tom 4 (69), 2026

Y po6oTi nobynoBaHO MynbTUNIKATUBHI MOAENi BNMBY Ha (iHaHCyBaHHS HayKOBOI Ais/bHOCTI B YKpaiHi, ki BK/IIOYaloTb
koedilieHTV noaaTkoBoi MicTKocTi BBIM, iHBeCTULIiIMHOT NiATPMMKK dickanbHOI cucTeMn, oHAOBOI KaniTasi3awii eKOHOMIKM,
6roxeTHOT Mobinisauii pUHKOBOrO KaniTasny Ta HayKOBO-iHHOBALLIMHOT NPIOpUTETHOCTI BlogXeTHOro ciHaHCcyBaHHS. Jocni-
[XeHo avHaMmiky BugaTtkis Ha HOAKP y po3pisi TpbOX MakpoekoHOMiYHMX nepiogis ynpoaosx 2018-2025 pokis, Ans Kox-
HOro 3 sIKMX NoByA0BaHO OKPeMy MyMbTUMNIKAaTMBHY MOAEsb, WO BifobpaXkae AOKPU30BUI CTaH, KPU30BWI LIOK Ta eTan
afanTaLii eKOHOMikM B yMoBax BiliHW. OTpUMaHi pe3ynbTaTv AOCIMKEHHS KOHLENTYani3oBaHO B MeXax iHTerpoBaHoi Mo-
Zeni iHCTUTYLIHO-pecypcHoro 3abe3neyeHHst iHHOBaLLIIHOrO PO3BUTKY, sika Binobparkae B3aEMOAI0 IHCTUTYLiNHKX, diHaH-
COBMX Ta YNPaBRiHCbKUX CKagoBUX iHHOBALMHOT cucTeMM.

Pe3ynbTaTh AOCNIMKEHHS NiATBEPANMN ICTOTHY 3aNeXHICTb IHHOBALIMHOMO PO3BUTKY BiA CTPYKTYPU AepXXaBHMX (iHaHCIB,
iHBECTULLIMHOT aKTMBHOCTI 1 piBHA po3BUTKY (hOHAOBOIO PUHKY. BUSIBNEHO, WO BOEHHI YMOBM CMPUYMHAIOTL NEPEPO3MNOAIN
pecypciB Ha KOPUCTb 06OPOHHOMO CEKTOPa, WO 06Mexye (iHaHCYBaHHS LUMBINIbHUX iHHOBALN, ane BOAHOYAC CTUMYIIIOE
PO3BUTOK IHHOBALIIMHUX TEXHONOT i NOABIMHOMO NpU3HayYeHHs. CTanuii iHHOBaLiIMHWI pO3BMTOK MOX/IMBUIA NULLIE 3@ YMOBU
NOEAHaHHA dicKkanbHUX CTUMYNIB, IHBECTULIMHOI aKTUBHOCTI 1 iHCTUTYUIMHOT NiATPUMKM iIHHOBALIMHOT ekocucTeMu. 3anpo-
NnoHoBaHa MOAENb A03BOJISIE KOMMIEKCHO OL{IHIOBATW BMN/IMB MaKPOEKOHOMIYHKX (hakTopiB Ha iHHOBALiMHY AMHAMIKY B yMO-
BaX BMCOKOI TYpOyNeHTHOCTi eKOHOMIKM.

KnwouoBi cnoBa: iHHOBAUiiHUIA PO3BUTOK EKOHOMIKW, (iCKaNbHO-IHBECTULLIHI UYMHHWUKM CTUMY/IOBaHHS iHHOBaUIW,
iHHOBaUiMHI npoueck, BuaatTkn Ha HAOAKP, doHaoBuiA puHOK, boHaoBa KaniTanisauis ekoHOMikM, HaykoMicTKicTb BBI,
NpsiMi iIHO3eMHI iHBECTWL, BUAATKN AepXXaBHOro 6romxeTy
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