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Abstract

This study is devoted to an in-depth exploration of the concept of "smart econ-
omy" in the context of post-war remediation and revitalization of Ukraine, with
a focus on the application of digital tools in these processes through the lens of re-
gional development. The relevance and significance of digital transformation for the
prompt and effective recovery of the country after the military aggression are indis-
putable, as the future format of a revived Ukraine directly depends on it. The authors
have developed and proposed a theoretical and methodological justification as well
as empirical testing of an architecturally hybrid and context-sensitive model of smart
economy for digital recovery, based on the integration of digital solutions with re-
gional conditions, behavioral perception of the population, and institutional support.
The methodology of the research is based on an interdisciplinary synthesis of sys-
temic, adaptive, behavioral, and bio-inspired approaches. In the framework of the
simulation, modern tools were used (Python, Jupyter Notebook, QGIS, SPSS), along
with real data on internet coverage, usage of the Diia and eRecovery platforms, as
well as indicators of recovery (RI) and population engagement. The proposed model
allows not only to diagnose the current level of digital receptiveness of a region, but
also to forecast the "activation point" of digital growth, identifying priorities for digi-
tal remediation and reconstruction. The practical significance of the work lies in its
applicability for the development of regional digitalization strategies in the context
of post-war recovery, as well as an analytical tool for public authorities and interna-
tional partners.
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7.1 Introduction

As a result of the full-scale military aggression that began in February 2022,
Ukraine has suffered colossal destruction of infrastructure, industry, and housing. Ac-
cording to estimates by the World Bank and the government, the direct damage to
infrastructure amounts to tens of billions of dollars, while full economic recovery will
require hundreds of billions. However, the post-war reconstruction presents a unique
opportunity not merely to restore what was lost, but to "reboot" the economy based on
new principles. President Volodymyr Zelenskyi, even before the war, declared a course
toward digitalization, aiming to build a "state in a smartphone", and by the beginning
of 2022 Ukraine had achieved substantial progress: more than 10 million citizens (ap-
proximately one-third of the adult population) had installed the Diia application for
access to electronic public services [1]. It can be confidently stated that this project laid
the foundation for the future development of the smart economy. Paradoxically, the
full-scale war further stimulated the accelerated scaling of digital transformation. The
necessity for the state and businesses to function under conditions of hostilities and
mass population displacement served as an impetus for the accelerated implementa-
tion of digital solutions. Mass use of electronic documents and services during the war
became routine: Ukrainians increasingly use digital passports when necessary, receive
payments and humanitarian aid via online platforms, etc. [2]. According to studies, over
the years of the war, the level of Internet penetration increased from 62% in 2019 to
78% in 2023, and the number of users of online government services reached record
values [3]. All the facts listed above indicate that digitalization has become an inte-
gral part of the state's resilience and adaptation in emergency conditions such as war.

It is logical that, after the cessation of hostilities, Ukraine will face a simultaneous
triple task, namely: restoring the destroyed potential by eliminating the consequences
of military activities (through a set of remediation measures), ensuring rapid recov-
ery of the socio-economic system, and conducting informational and technological
modernization according to the best global standards [4].

Ukraine's post-war recovery requires a transition from traditional centralized
management to a smart, flexible, and inclusive model of regional development,
in which digitalization plays not an auxiliary but a system-forming role. Under condi-
tions of destroyed infrastructure, demographic instability, institutional failures, and
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limited access to basic services, the key issue becomes not merely the availability of
digital solutions, but their real acceptance and ability to become a platform for inclu-
sive growth [5]. Modern research shows that successful digital transformation is im-
possible without digital convergence - that is, without integrating digital platforms,
data, and solutions at all levels: from local united territorial communities (UTCs) to
a unified territorial system. Only such integration will allow the formation of a uni-
fied digital space capable of serving as a catalyst for the smart economy and reducing
territorial and social gaps [6].

However, according to the authors' vision, digital convergence is not only an in-
frastructure issue. Socio-psychological aspects and the behavioral readiness of the
population to accept digital solutions become key barriers or, conversely, conditions
for success. Precisely the aspects mentioned above determine the necessity of con-
ducting empirical analysis.

Thus, the focus of this research is an inclusive smart economy, in which digitaliza-
tion is considered not as an end in itself, but as a mechanism for sustainable, equitable,
and adaptive post-war recovery of regional growth [6]. Within the framework of digital
remediation, the authors of the monograph will deeply study the integration of digi-
tal convergence, behavioral receptivity, and territorial adaptation, which can become
a strategic key to solving the complex of problems related to Ukraine's post-war revival.

The aim of the study is the theoretical substantiation, development, and empirical
testing of an architecturally hybrid and context-sensitive model of Ukraine's digital
recovery based on the principles of the smart economy, taking into account regional
characteristics and differences in digital perception, institutional activity, and the de-
gree of destruction. In accordance with this aim, the following objectives were iden-
tified: to systematize scientific approaches to understanding the smart economy in
the context of crisis and post-crisis recovery; to develop the causal architecture of the
digital recovery model; to conduct regional stratification of the territories of Ukraine
based on simulation analysis and to justify strategic scenarios of digital intervention;
to test the model using the example of three regions (Kherson, Chernihiv, and Terno-
pil area's), differing in the level of destruction, digital involvement, and institutional
activity; to validate the model and formulate conclusions on its applicability for the
development of strategies for regional recovery and digital transformation.

7.2 Theoretical and methodological basis of the research

Digital remediation in the context of regional development means the integra-
tion of digital technologies and intelligent solutions into remediation processes and
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the subsequent socio-economic recovery of territories affected by military operations,
emergencies, or technological accidents. In this aspect, digitalization acts as a cata-
lyst for remediation, significantly increasing the efficiency of damage assessment,
planning of restoration works, as well as forecasting possible risks and subsequent
adaptive management. Geographic Information Systems (GIS), unmanned aerial vehi-
cles (drones), Internet of Things (IoT), Digital Twins (DT) and Artificial Intelligence (Al)
technologies become key instruments of digital remediation, allowing rapid and accu-
rate inventory of damage, identification of the most vulnerable territories, and priori-
tization of restoration activities [7, 8]. According to the authors' conviction, digitaliza-
tion of remediation serves not merely as a mechanism for eliminating consequences,
but rather as a strategic driver of a new quality of regional development based on data,
intelligent platforms, and active citizen participation. The close correlation between
the digitalization of remediation and the socio-economic recovery of regions is due to
the fact that smart digital management of remediation can serve as a systemic mech-
anism for the revitalization of affected territories, ensuring sustainable growth based
on the principles of adaptive management, digital inclusion, and civic participation.

To comprehensively study the above-defined problem area, the authors em-
ployed a synthesis of interdisciplinary approaches, modern scientific concepts, and
original methodological solutions, including phenotypic adaptation, emergent strat-
egy, a behavioral approach to remediation perception, and principles of inclusive
digitalization [9].

Digital convergence as a connecting factor between elements of the model. It is pro-
posed to begin the decomposition of the theoretical and methodological foundation
with digital convergence. It is convinced that it is located at the core of the architec-
ture of the smart economy and the effective remediation of war-affected territories
in Ukraine. It is precisely digital convergence that ensures the coherence, compati-
bility, and scalability of digital solutions implemented in regions with varying degrees
of destruction, recovery, and social receptiveness.

Digital convergence refers to the interpenetration and merging of various tech-
nologies, platforms, and industries in the digital age. It combines diverse digital
technologies, such as GIS, artificial intelligence, and smart devices, with business
models and processes to stimulate innovation as well as digital transformation.
In the present study, digital convergence is understood as the process of technologi-
cal, organizational, and institutional integration of digital platforms, data, services,
and standards between:

- different levels of the structural hierarchical territorial system;

- sectors of the economy (industrial sector, transport and logistics, housing and
communal services, healthcare, agriculture);
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- elements of digital infrastructure (GIS, Al platforms, ML, blockchain, 10T, etc.);
- national digital initiatives (including such as Diia, Prozorro, DREAM, EcoCity,
etc.) (Fig. 7.1) [10].

Achieving Coherent Digital Remediation

Combine Integrate digital Harmonize digital
diverse digital platforms and standards
technologies services nationally
——p - - P ——————— ———_——— - - -
Varied Digital Technological\ /Organizationa Institutional
Needs Integration Integration Integration

- ———————- D> - >
Uneven digitalization
across Ukrainian
regions

Fig. 7.1 Key results of coherent digital remediation

Digital convergence is based on the approaches of digital cohesion (EU), the con-
cept of "smart connectivity" as well as the logic of constructing architecturally re-
silient digital systems, where modular components interact through standardized
interfaces and form a unified digital space of remediation.

According to the authors, it is digital convergence that serves as the unifying lay-
er that will ultimately enable:

- the scaling of successful digital practices from isolated pilot projects to the na-
tional level;

- the synchronization of remediation, reconstruction, and recovery processes
between individual territorial units and regional centers;

- the provision of equal access to digital services, regardless of geographical loca-
tion and the level of destruction of territories affected by military actions.

This is especially relevant for Ukraine, where the disparity between the level of
digitalization and institutional capacity, the extent of destruction in regions as a re-
sult of military actions, and the digital need of territories is significantly varied.

The author's interpretation of the concept of "digital convergence" is that it is
a multi-component and multi-level process of systemic and purposeful integration
of digital technologies, platforms, data, standards, and services into a unified, archi-
tecturally sustainable digital ecosystem that ensures compatibility, interconnection,
and scalability of digital solutions at all levels of governance and in all sectors of the
economy. This reflects not only technological compatibility, but also methodological,
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institutional, and territorial coherence, without which sustainable and inclusive digi-
tal recovery of Ukraine is impossible. This element performs an architectural linking
function, ensuring the coherence and compatibility of digital solutions. Digital conver-
gence serves as the infrastructural framework for the entire methodological model.

Digitalization as an inclusive mechanism of remediation and recovery of Ukraine's
territory. This mechanism serves as the goal-forming foundation of the entire model.
It defines the normative framework: the use of specific digital technologies for the
purpose of post-war recovery of the country should not merely be applied as techni-
cal solutions, but should function as a tool of spatial and social justice, allowing equal
opportunities for their use in all regions, regardless of the degree of destruction and
institutional capacity.

This is especially important in the context of imbalance between severely af-
fected territories and relatively preserved ones.

According to the authors, it is precisely this element of the methodological model
that is capable of ensuring equal access to the opportunities of digitalization, their
transparency, and scalability.

Thus, digitalization plays the role of an inclusive, and therefore fair, mechanism
for engaging the population and municipal authorities first in the processes of reme-
diation, and then in the revitalization of war-affected territories (Fig. 7.2).

Digitalization as a Catalyst for Equitable Recovery

Goal-Forming
Foundation

Normative

Digitalization
Framework

Inclusive
mechanism for
Ukraine's
remediation and
recovery.

Fig. 7.2 Essence of the inclusive approach for the purposes of digital regional development
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Behavioral perception of digitalization as a behavioral modifier of effectiveness.
The authors of the monograph, in the course of an in-depth study of the issues of
successful digitalization, came to the conclusion that the population must be ready
to perceive digital tools - otherwise, they simply will not work. It was established
that in the context of instability caused by varying degrees of destruction, digital
initiatives are perceived by the population ambiguously and depend primarily on the
satisfaction of basic needs and public trust.

Ignoring behavioral aspects can lead to an overestimation of the expected ef-
fects of digital initiatives, without taking into account that the population of regions
with a high degree of destruction and a low level of recovery may not perceive dig-
ital technologies as a priority or important. Behavioral perception of digitalization
in the methodological model plays the role of a behavioral filter. Without taking this
approach into account, digitalization will be ineffective even in the presence of infra-
structure; it allows formalizing the differences between regions with the same level
of digital saturation but with different effectiveness.

Thus, digital transformation of regions in post-war Ukraine cannot be imple-
mented without integrating the behavioral aspect of the population's perception of
digital technologies. It is precisely the use of this approach that can ensure the sus-
tainability and adaptability of digital strategies for regional development under con-
ditions of uncertainty, as well as form the basis for further practical recommenda-
tions on the implementation of regional digital transformation in Ukraine (Fig. 7.3).

Behavioral Perception in Digital Transformation

Long-term
Sustainable Adaptabiy effe%tiveness in
uncertainty

Tailored approach for
regional development

Digital Strategy

Enhances acceptance
of digital initiatives

Basic Needs Foundation
Satisfaction for digital
readiness
Behavioral | Core factor
Perception | influencing digital
adoption

Fig. 7.3 Characteristic of behavioral perception of digital transformation
of regional development
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Phenotypic adaptation as a flexible adaptive architecture of regional development.
This is a methodological principle borrowed from biology, in which digital solutions
are not defined centrally, but evolve and adapt to the conditions of a specific region:
destruction, resources, perception, infrastructure. In the commonly accepted sense,
phenotypic adaptation represents the ability of an organism to change its pheno-
type (referring to external characteristics and behavior) in response to environmen-
tal changes, despite having the same genotype. The expediency of borrowing bio-in-
spired approaches has already been deeply studied, including in the scientific works
of the authors of this monograph [7, 11, 12].

Further developing this scientific approach, the authors of the monograph con-
cluded that under post-war remediation and recovery conditions, it is necessary to
differentiate regions, since they have different levels of destruction, resource poten-
tial, digital maturity, and social capital.

In this regard, the strategy of identical digital solutions for all regions will
not work.

Why not a centralized Smart Nation, but rather a dispersed Smart Regions strategy
should be prioritized?

Phenotypic adaptation (PA) will allow to:

- ensure institutional and behavioral flexibility of digitalization;

- dynamically adapt services, architecture, and digital development strategies to
local conditions;

- minimize the risk of digital rejection and inefficiency, especially in zones of de-
struction and social instability;

- create a foundation for building digital development trajectories oriented to-
ward the real level of regional recovery after a complex of remediation measures.

Thus, in the authors' view, PA is capable of optimizing the implementation strate-
gy of Smart Regions to the maximum extent possible, because it allows for the forma-
tion of localized phenotypes of digital solutions based on the contextual criteria of
each region. Instead of a "one-size-fits-all" Smart Nation strategy template, it will be
much more effective to implement a network of regional digital ecosystems capable
of maximum adaptation, but not unification (Fig. 7.4).

Digitalization as a factor of sustainable regional development. In this study, the au-
thors consider digital transformation as a long-term driver of socio-economic and
spatial development at the level of territorial communities and within the regions of
the country as a whole. It refers primarily to the idea that digitalization is not only
and not so much a key factor in effective remediation and post-war recovery, but also
astrategicdriver of anew quality of regional development, based on the principles of
sustainable development and environmental safety [13].
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Unveiling Phenotypic Adaptation in Regional
Development
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Fig. 7.4 Essence of phenotypic adaptation in the context of digital regional development

Digitalization is capable of integrating actual and potential resources into eco-
nomic, social, and spatial development strategies, transforming the step-by-step
post-war recovery into sustainable growth. This structural element of the method-
ological model reflects the success of digital transformation not in isolation, but as a
result of a complex influence - the level of digital need, the quality of technological
integration, and the population's readiness for progressive digital practices. Thus,
digitalization is considered not as a goal, but as a tool of regional development, pro-

ductivity enhancement, and institutional resilience of regions (Fig. 7.5).

Digitalization for Sustainable Regional Growth
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Fig. 7.5 Essence of digitalization for the purposes of sustainable regional development
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All the above-mentioned structural components are interdependent and method-
ologically complementary, and therefore must be fully included in the theoretical and
methodological model. They ensure the architectural, behavioral, institutional, and re-
gionalintegrity ofthesmarteconomymodelinthecontextof Ukraine's post-warrecovery.

The research is based on the following scientific concepts (Table 7.1).

For building the model, a synthesis of classical and modern scientific approaches

was used (Table 7.2).

Table 7.1 Theoretical foundations of the study

Theoretical basis

Significance for the study

Smart Economy
Concept

Theory of Sustainable
Regional Development

Theory of Digital
Inclusion

Concept of Phenotypic
Adaptation

Emergent Strategy
(Mintzberg)

Smart Connectivity

Unified Digital
Space

Foundation of digital transformation based on data, innovation,
GIS, Al, 10T, ML, and platform solutions

Justification of the need for balanced development
of all territories

Guarantee of equal participation of all regions and social groups
in digital platforms and services

A digitalization model that adapts to local conditions:
destruction, resources, level of trust

Strategies and digital solutions are formed from local practices,
not imposed top-down [14]

Ensures structural connectivity of regions, services, and solutions

Operationalization of digital convergence in the architecture
of the remediation model

Table 7.2 Methodological approaches used in the study

Methodological .
approach Function
System Approach Study of digitalization as a system of interacting elements:
subsystems, technologies, people, processes
Comprehensive Consideration of multifactorality: social, infrastructural, behavioral,
Approach and digital factors
Cybernetic Approach  Ensuring feedback, self-regulation, and controllability of the digital
remediation system in a dynamically changing environment
Regional Governance Adaptation of digital strategies to regional specificities,
Approach coordination of actors, and decentralization of decision-making
Adaptive Approach The model's ability to adapt to changing conditions of remediation

Situational Approach
Synergetic Approach

Bio-Inspired Approach

and post-war recovery
Decision-making based on the specific conditions of a region

Mutual reinforcement of digital and institutional
mechanisms in remediation

Phenotypic adaptation and emergence as a catalyst for digital

regional development
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The developed and presented theoretical and methodological foundation of the
research integrates systemic, behavioral, technological, and institutional aspects of
Ukraine's recovery. Digital remediation is considered as a tool not only for develop-
ment but also for inclusion, resilience, and social justice. According to the authors of
the monograph, it is precisely this approach that contributes to the formation of the
basis for a smart, sensitive, and differentiated strategy of remediation and post-war
recovery of Ukraine, which is necessary for long-term success.

7.3 Architecture of the methodological framework and the smart
economy model of Ukraine's digital recovery

It is possible to assess how digital technologies actually influence remediation
and subsequently the further development of Ukraine's regions, depending on
the behavioral perception of the population, the adaptiveness of solutions, digital
connectivity, and institutional support, through an architecturally hybrid and con-
text-sensitive model of Ukraine's digital recovery.

The entire model is built on causal logic:

DRem — modified through y/(t) — forms EffectiveDRem — influences RDI(t).

The structural context of the model is presented in Fig. 7.6.

DRem (basic digital solutions)

GDM (creates a favourable w, PA (modify behavioural
environment for digitalization) adaptation)

EffectiveDRem (the actual
effect of digitalization)

RDI (the result — regional digital development)

Fig. 7.6 Structural context of the architecturally-hybrid and context-sensitive model
of Ukraine's digital recovery
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Decomposition of the model architecture can be presented as follows:

Block 0. Regional analysis and diagnostics.

One of the key preliminary elements of the proposed model is the indicator
DNI (Digital Needs Index) - the index of a region's digital need.

According to the authors' vision, the DNI should be included in Block Zero, as
it forms:

- the starting point of regional analysis;

- the basis for predictive modeling;

- afilter for the feasibility of implementing digital solutions.

It depends on two parameters:

-y (behavioral perception of digitalization) - the readiness of the population and
local communities to participate in digital initiatives;

- RI (Recovery Index) - the level of restoration of infrastructure, basic safety,
housing, and utility systems.

Thus, the formalization of this indicator is as follows

DNI,(t)=(1-y,(t))-(1-RI,(t)), (7.1)

where u/,(t) e [0.3; 1.0] - the coefficient of digital perception of the population
in region r at time t (scientific justification of value limits is provided in Block 2);
RI,(t) e [0; 1.0] - the recovery index of the region; DNI,(t) e [0; 0.7] - the higher the
value, the greater the digital need.

A high DNI value indicates a digital deficit - that is, a situation in which:

- the population is not ready, but the region objectively requires digitalization
due to a low level of recovery;

- or digital initiatives have not yet been deployed, and behavioral inertia re-
mains high.

If DNI is low — the need for digitalization is low, and even effective implemen-
tation will bring low societal significance. In the authors' opinion, this will help
avoid planning errors where digital solutions are implemented and then scaled in
conditions where they are either not urgently needed or will not be accepted by
the population.

Thus, DNI is not a result of digitalization but a function for assessing necessity,
applicable at the planning stage.

Block 1. Basic digital technologies (DRem).

These are the basic digital solutions implemented in the region, including the
functioning of the Diia platform, the digital cadaster, loT sensors, etc.
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Notation

DRem, (t),

where r - region; t - point in time.

Block 2. Modification through perception and condition coefficients.

The y (psi) indicator (coefficient of digitalization perception) is a behavioral-con-
textual variable introduced by us that reflects the population's readiness to use digital
solutions. It is not measured directly but can be diagnosed through a set of indicators.

According to the authors, two approaches can be used to diagnose this indicator:

- survey-based or expert assessments (for example, a questionnaire on trust
in digital services through the Diia digital platform, or expert assessment of digital
literacy based on statistical sampling of user activity data from the Ministry of Digital
Transformation of Ukraine);

a) use of proxy indicators, namely:

b) of Diia users - reflects actual use of digital platforms;

c) number of registered users in eRecovery - reflects readiness to participate in
digital processes;

d) number of requests for online services - reflects activity and digital need;

e) level of internet coverage and speed - reflects accessibility and inclusiveness
of digitalization.

For the purpose of formalizing secondary indicators, the authors introduced the
Recovery Index (RI) as a reflection of correlation with the population's basic needs,
which directly influences the v indicator.

RI(t) (Recovery Index) - a normalized indicator of the degree of recovery of region r
at time t, calculated within the range from O (complete destruction) to 1 (full recovery).

The mathematical formula for its calculation is as follows

Oy g + 0y e + O3 higysing + @4 |

RI(t)= Sy (7.2)

0, +0,+0,+0,

Structural components of the index:

- l,se — restoration of critical infrastructure objects (railway stations, bridges,
roads, etc.);

-1 - availability of access to electricity, water, gas;

= lousing — Share of restored residential housing for the population;

- |, — level of population life safety (including absence of shelling, environmen-
tal safety after remediation and demining, etc.).

utilities
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During the simulation, expert assessments and rating scores on a 0-1 scale were
used, as well as open data from the relevant ministries and agencies.
The overall mathematical formalization is represented by the following formula

yr(t)=max(0.3, min(RIr(t), Dilr(t)))(1+4-SC(t)). (7.3)

The interpretation of the indicator is as follows:

- RI(t) - defines the physical and social readiness for digitalization;

- DIl (t) - Digital Inclusion Index defines technological and behavioral inclusiveness;

- C (Social Capital) a modifier of y reflects the level of trust and participation,
where A is the weight of trust;

-y - represents the final behavioral coefficient of digital perception with a lower
limit of 0.3 (apathy, rejection), above which digitalization begins to be "perceived".

Itis possible to model y € [0.3; 1.0], where:

- 1.0 - full readiness (maximum perception);

- 0.3 - threshold of apathy or social rejection, below which digitalization loses
its meaning.

The authors of the monograph rely on the interpretation of the five-point Likert
scale, which is widely used in empirical social and behavioral studies (Table 7.3) [15].

Table 7.3 Application of the Likert scale in behavioral research

Evaluation Behavioral interpretation
1.0 Fully agree/active acceptance
0.75 Rather agree/positive receptiveness
0.5 Neutral/cognitive inertia
0.3 Rather disagree/apathy, rejection
<0.3 Complete refusal to participate/destructive perception

Thus, the practical significance of the obtained results will be interpreted as follows:

- if |y < 0.3] — then digitalization is not perceived, and behavioral interventions
must be implemented;

- if [y =0.3| - then social inertia is observed, and there is a minimal digital basis;

- if |y > 0.5| — then digitalization begins to produce an effect in the Effective
DRem model;

- if |y — 1.0] — then full digital maturity is observed, which indicates ideal con-
ditions [16-18].
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Block 3. GDM (Governmental Digital Mobilization) - index of governmental digital
mobilization.

GDM s an aggregated indicator of the level of institutional activity, political will, and
systemic support for digital transformation by government authorities at the national,
regional, and local levels. It reflects the intensity and quality of the state's participation
in creating conditions for the digitalization of regional development, especially in the
context of post-war remediation, housing and infrastructure recovery, social and medi-
cal services, as well as transport provision and communication with the population [4, 7].

It should be noted that, according to the scientific views of Douglass North and
other representatives of the new institutional school, the quality of institutions and
the effectiveness of their actions directly determine the success of any transforma-
tional processes, including technological and digital ones. The aggregated GDM in-
dicator can reflect: the density of digital institutions (including Diia, Prozorro, etc.);
the volume of funding for digital development; the level of decentralization and digital
autonomy of regions [18].

According to the authors' conviction, even with a high level of digital solu-
tions (DRem) and population perception (y), the absence of institutional support
leads to: lack of coordination in digital processes; data fragmentation; slowdown
of the RDI (Regional Development Index). GDM can be included in the formula for
calculating the optimal level of digitalization

EffectiveDRem, (t)=DRem, (t)-y, (t)-PA, (t)-(1+u-GDM,(t)), (7.4)

where u - the weighting coefficient of amplification from institutional mobilization.

Block 4. PA - Phenotypic adaptation, which means the extent to which digital
solutions are adapted to local conditions (actual destruction, staffing, internet avail-
ability, living conditions of the population, etc.).

As described earlier, phenotypic adaptation represents a bio-inspired method-
ological principle borrowed from biology, in which the behavior, functions, and prop-
erties of a system (in this case - a digital platform or architecture) are modified de-
pending on environmental conditions, while preserving its general "genotype", that
is, the basic architecture of digitalization.

Within the studied model, the key elements of PA are:

- the "genotype" is the core of the digital platform (including, for example, Diia,
eRecovery, etc.);

- the "phenotype" is the specific way it is implemented, including the interface,
digital accessibility, methods and channels of scaling, as well as the adaptation of the
platform taking into account regional differences and needs.
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As described in the previous block, PA is included in the calculation of effective
digital remediation as a modifying adaptive coefficient.

PA,(t) € [0.5; 1.0] is capable of reflecting the degree of adaptability of a digital solu-
tion to the conditions of a specific region. Values below 0.5, according to the authors
of the study, will be destructive - when a centralized solution "breaks" against local
reality (technically, legally, behaviorally).

Why is this critically important in the context of Ukraine? The fact is that since the
beginning of active military actions in February 2022, Ukraine has become a country
with extreme regional asymmetry, namely:

- some regions are radically destroyed and continue to suffer the consequences
of military activities (Mariupol, Kharkiv, Kherson, etc.);

- others are partially affected and have partial consequences from military ac-
tions (Kyiv, Chernihiv, Zhytomyr, Vinnytsia, etc.);

- a third group of regions is comparatively stable (Lviv, Ternopil, Ivano-
Frankivsk, etc.).

According to the authors' conviction, implementing the same approach to smart
economy development across all regions (following the logic of "Smart Nation") may
lead to misunderstanding, cognitive rejection, and overall technical infeasibility of use.

In contrast to this, PA proposes the model of "Smart Regions" - dispersed adapta-
tion of digital solutions taking into account phenotypic differences.

7.4 Current assessment and prospects for the implementation of smart
economy principles at the regional level: model testing and validation

The model developed within the framework of this monographic study represents
an architecturally hybrid digital system, built on causal relationships between the im-
plementation of digital solutions (DRem), behavioral perception of the population (y),
solution adaptability (PA), digital need (DNI), institutional support (GDM), and the final
result in the form of the Regional Digital Development Index (RDI).

In order to confirm the realism, applicability, and predictive accuracy of the pro-
posed model under Ukrainian conditions, it is necessary to carry out two stages:

Stage |. Model testing (approbation).

Stage Il. Model validation.

Thus, approbation is the process of experimental application of the model on
a limited set of empirical data or regional cases, in order to:

- test the adequacy of the proposed hypotheses and the logic of interrelations
between the indicators described above;
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- identify behavioral, institutional, and technical features of regional development;

- detect bottlenecks and risks related to the transition of the model from theo-
retical to applied use;

- assess the sensitivity of the developed model to changes in key parameters.

As part of the approbation process, it was decided to test the model on three
typologically different regions of Ukraine, reflecting the full spectrum of regional
asymmetry characteristics. In turn, validation is the scientific verification of the
model's correctness, which focuses on:

- comparing the obtained modeling results with actual or close-to-reality scenarios;

- assessing the consistency of the model's internal relationships with the logic of
real post-war regional recovery and development processes;

- measuring the accuracy, sensitivity, and resilience of the model to various in-
put data;

- identifying discrepancies and refining the model's parameters (including indi-
cators such as v, GDM, PA, SC, DNI).

Validation will be based on statistical, expert, and scenario analysis methods (in-
cluding correlation analysis, scenario modeling with fluctuations, as well as compar-
ative analysis of logistic growth charts).

As part of the testing and validation of the digital recovery model of Ukraine
based on smart economy principles, an integration of several types of tools, soft-
ware, and computational resources, scientifically grounded, was used.

Table 7.4 presents a detailed description and structured explanation.

Table 7.4 Tools and software used for model testing and validation

Tool/Environment Purpose Characteristic
Python (v3.11) Algorithmic implementation of Open scientific environment,
the model supports large-scale simulations
NumPy, Pandas  Data formalization and storage, Processing of time series and
statistics matrix structures
Matplotlib, Visualization of growth dynam- Graphs of RDI(t), w(t),
Seaborn ics and region comparison EffectiveDRem(t)
Jupyter Notebook  Documentation of simulation Enhances transparency and
and scenarios reproducibility
QGIS Spatial validation and mapping Visualization of v, RI, DNI levels
of regional differences across regions
SPSS/Excel Post-processing and statistical ~ Calculation of averages, deviations,
verification correlations
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The next step of the study is the cluster selection of regions - based on the cri-
terion of the degree of destruction and the impact of the war (Table 7.5). According
to the authors of the study, this creates ideal conditions for comparative verification
simulation. All of this will allow for testing the validity of the selection of key indica-
tors in the mathematical model, validating the model as a whole, and most impor-
tantly, confirming the applicability of the theoretical and methodological approaches
of the regional digital development strategy.

Table 7.5 Proposed regions for cluster modeling: characteristics and justification

Cluster Region Characteristic Reasons for Selection
1. Catastrophic  Kherson  Massive destruction, daily military Maximum load on the
level of destruc- actions, destruction of Kakhovka digital remediation
tion HPP, environmental catastrophe, system

mass migration

2.Medium level Chernihiv Significant destructionin 2022, but ~ Medium level of adap-

of destruction partially restored, presence of civil tation, cases of local
administration digitalization
3. Almost no Ternopil No hostilities, calm situation, Reference region -
destruction internal migration, high digital condition of a "normal"
engagement smart economy

As previously noted, Ukraine is currently facing high asymmetry, namely:

- in the nature and scale of destruction (different Rls);

- inthe level of digital maturity;

- in the population structure (internally displaced persons, socially vulnerable
groups, working-age population);

- in access to basic services.

At the same time, the same digital platform may be in demand in Ternopil re-
gion (high digital need), yet ignored in Kherson region (where the population has
not yet restored its basic life functions). This means that the implementation of digi-
tal policy must rely not only on y and DRem, but also on the digital need parameter.

According to the authors, this forms the fundamental core of the digital trans-
formation model in the context of post-war recovery - the interconnection between
digital need, digital remediation, and the smart economy of the regions.

The next step was to carry out simulation modeling of y and DNI across the se-
lected sample of regions (Table 7.6).

To obtain the results of the simulation modeling, a parametric model was used,
implemented in the MS Excel environment with the use of built-in logical-arithmetic
formulas and customizable simulation tables, as well as software tools Statistica and
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Python (NumPy and Pandas libraries) for the verification of calculations and scenario
construction. The modeling was carried out using the method of deterministic sim-
ulation, based on predefined input coefficients (v, RI, GDM, PA) and multiplicative
relationships between them.

Table 7.6 Digital perception and needs diagnostics table
Digital Digital

Internet Infra-

Region Bisgaitil Cover- structure ﬁ‘%c& V(%,); Percep- Need GDM PA
g age Access tion (y) Index (DNI)
Kherson 021 0.31 0.28 0.23 0.32 0.52 042 0.50
Region
Chernihiv  0.49 0.76 0.62 0.72 0.62 0.106 0.61 0.65
Region
Ternopil  0.86 0.92 0.89 0.93 0.91 0.006 0.87 0.93
Region

The obtained results confirm the identification of clearly expressed regional
differentiation and the logical choice of the Kherson, Chernihiv, and Ternopil re-
gions as representative polar case studies in the context of post-war digital re-
covery. Thus, the Ternopil region demonstrates a mature digital environment with
a high degree of perception and adaptation (y=0.91; PA=0.93) and minimal digital
need (DNI = 0.006), which indicates a high institutional and social readiness for the
implementation of comprehensive digital solutions.

At the same time, the Kherson region stands out as the region with the highest
digital need (DNI = 0.52) among all regions in the sample, against the background
of the lowest level of digital perception (y = 0.32), which indicates weak adapta-
tion and a low level of institutional support. This makes the region a clear example
of inertial digital development, requiring prioritization of efforts in the direction of
technological and managerial impact in the context of remediation and post-war
socio-economic recovery. The Chernihiv region occupies an intermediate position,
characterized by a moderate level of perception (y=0.62) and a relatively low digital
need (DNI = 0.106), reflecting the transition phase toward a smart regional model,
where the factors of adaptability, trust in digital services, and the ability of govern-
ment structures to ensure the inclusiveness of digital solutions play a special role.
This allows to conclude that Ternopil Region is a region where digitalization works, and the
population is actively engaged in the smart economy.

The next step was the construction of scenario development graphs showing the
S-shaped growth of RDI depending on . (Fig. 7.7).
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Fig. 7.7 Logistic growth: RDI and digital perception (y) in the context of Kherson, Chernihiv,
and Ternopil regions

The presented graph reflects the following:

- InKherson region, the growth of RDI begins only after surpassing the threshold
of y~0.4-0.5. Before this, almost zero sensitivity is observed,;

- Chernihiv region enters the "active phase" of digital growth more quickly, but
also requires time to accelerate;

- Ternopil region, unlike the other two regions in the sample, is initially at a high
level, so growth begins earlier and reaches saturation already at v/~ 0.7-0.8.

Next, a simulation of digital dynamics over the time period 2025-2032 was con-
ducted for the three regions. The authors of the study set the following objectives:

- to forecast when each region will enter the "active phase" of digital growth;

- to identify the transition point (y,) after which digitalization begins to signifi-
cantly influence regional development;

- to assess the pace, barriers, and potential of the growth scenarios for v, DNI,
PA, and their contribution to the formation of RDI (regional growth) over
time (Fig. 7.8).

The simulation results allow the interpretation as follows:

- in Kherson region, slow growth of RDI is observed until 2028-2029, followed
by a noticeable acceleration. This corresponds to the "entry into the active phase of
digital growth" after surpassing the critical s ~ 0.54;

- in Chernihiv region, the beginning of the active phase of digitalization is
forecasted around 2026. At the same time, a moderate growth trajectory is
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observed, without saturation - by 2032, the potential for digitalization develop-
ment still remains;

- in Ternopil region, digital active development is currently taking place, but sat-
uration is forecasted closer to 2029. This is one of the examples of regional develop-
ment where early digitalization quickly transitions into a stage of maturity.
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Fig. 7.8 Forecasted effective digital remediation of key parameters across Kherson, Chernihiv,
and Ternopil regions for the years 2025-2032

The next logical step will be the study of complex dynamics across five key para-
meters for each region for the period 2025-2032 (Fig. 7.9).

At the conclusion of the analytical part of the study, a correlation analysis was
conducted and the sensitivity of the model was evaluated (Table 7.7).

Based on the calculated data, the following conclusions and generalizations can be
made. The conducted study confirmed the necessity of a differentiated approach to
implementing digital strategies depending on the specific conditions of each region:

- inregions with a high degree of destruction (such as Kherson region, etc.), digi-
tal initiatives have a limited effect unless accompanied by the restoration of basic
infrastructure and growth in public trust;

- in regions with medium destruction (such as Chernihiv region, etc.), digital ini-
tiatives are positively perceived and ensure stable growth;

- in regions without significant destruction (such as Ternopil region, etc.), a satu-
ration effect of digitalization is observed, requiring a focus on innovative approaches
rather than on the quantitative expansion of digital initiatives.
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Fig. 7.9 Comprehensive dynamics of key parameters across Kherson, Chernihiv, and Ternopil
regions for the years 2025-2032
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Table 7.7 Results of correlation and sensitivity analysis of the model

Region C(_)rrela- ARDI/ADRem  R? Description of results
tion (r)
Kherson  0.851 0.723 2.401 Strong correlation; digitalization "works" only
Region with the growth of y
Chernihiv  0.947 0.896 1.036  Almost linear dependence, even considering
Region behavior; well perceived
Ternopil 0.651 0.424 0.482  Saturation effect appears - digitalization is
Region perceived steadily, but RDI growth slows down

The correlation analysis demonstrates the fact that the hypothesis about the
non-universality of the digitalization effect under different recovery conditions is
confirmed. Moreover, under the same digitalization principles, the regions produced
different digital development trajectories. All of this confirms the idea of an adaptive
model sensitive to local conditions. In the context of state governance of regional
development, this means that a unified template for digital remediation and recovery
cannot be applied to all regions. According to the authors' view, the most reasonable
course of action would be:

- to assess the region's sensitivity to digitalization;

- to forecast the saturation effect;

- to launch pilot projects based on the principle of emergent ecosystems, rather
than directive reforms.

Within the constructed model, dynamic simulation of key components of digital
recovery was carried out for three regions with different levels of destruction and
institutional capacity: Kherson, Chernihiv, and Ternopil regions.

Kherson region - "Delayed Start" scenario. The model demonstrates extremely slow
development of the Regional Development Index (RDI) in the first years of simulation
forecasting. Despite the growth of the formal level of digital remediation (DRem), the
key parameters - the digital perception coefficient (), the Digital Needs Index (DNI),
and the phenotypic adaptation coefficient (PA) - remain at a low level up to 2028.
This confirms a high level of behavioral inertia, distrust, and the prioritization of
basic needs over digital initiatives under conditions of prolonged military threats
and destruction. The activation point of digital growth (in terms of RDI) is forecasted
for 2028. The management conclusion drawn by the authors is that the most ap-
propriate actions would be the implementation of soft forms of public engagement,
building trust in digital platforms, their scaling, and simultaneous deployment of lo-
cally adaptive services.
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Chernihiv region - "Balanced Growth" scenario. The model shows steady growth of
y and EffectiveDRem from the current period, i.e., from 2025, which is reflected in
the progressive growth of RDI starting in 2026. According to the forecast, the region
enters the active phase of digital recovery under conditions of a moderate level of
destruction (as recorded during the simulation), already formed experience of digital
interaction, and institutional flexibility. The activation point of digital growth is fore-
casted for 2026. The management conclusion of the monograph's authors is that the
regionis ready for the scaling of digital practices, including through the integration of
local and national platforms, and the optimization of interaction between authorities
and the population via digital services.

Ternopil region - "Early Saturation” scenario. The simulation results show that the
region possesses high initial digital receptiveness. Already in 2026, an entry into the
active growth phase of RDI is observed, however by 2029, a slowdown in growth
rates is expected due to reaching the upper limits of EffectiveDRem and institutional
base saturation. This is a typical case of the digital plateau effect, when formal dig-
italization growth ceases to significantly influence socio-economic indicators. The
activation point of digital growth is forecasted for 2026. The management conclu-
sion to be drawn is that in regions like Ternopil, it is advisable to transition from im-
plementing digital solutions to qualitative modernization, ensuring cyber-resilience,
and digitally scaling into adjacent territories.

7.5 Regional stratification as a tool for context-sensitive
management of digital transformation in the conditions of
Ukraine's post-war recovery

By regional stratification, let's mean the process of systematic classification
of regions based on their degree of digital receptiveness and actual readiness for
digital transformation, using the key indicators of the model proposed in the study,
namely: y (coefficient of digital perception of the population); RDI (integral index of
regional digital development). Stratification in this context is based on the results
of simulation modeling, where each region was assessed by the growth trajecto-
ries of EffectiveDRem and the logistic function RDI(t).

According to the authors' conviction, regional stratification is a critically im-
portant tool for transformational governance under post-war recovery conditions.
It allows the architectural flexibility of the model to be combined with institutional
realism and socio-behavioral sensitivity, thereby providing a foundation for a fair and
effective digitalization of Ukraine [19].
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In our view, regional stratification can ensure built-in adaptability of the entire
architecture of the proposed digital recovery model. It reinforces the principles
and reveals the theoretical-methodological foundation on which it is built, namely:

- phenotypic adaptation - each region receives its own digital phenotype;

- inclusiveness of digitalization - stratification reduces the risk of digital inequality;

- digital cohesion, which means that regions with different levels of maturity
are connected to a shared digital infrastructure, but with different depth and speed;

- emergent strategy - decisions are formed based on the analysis of regional cas-
es and are not imposed from above [20].

Regional stratification allows for the implementation of four interrelated functions:

- differentiated governance - the ability to form strategies not on the principle of
"one format for all regions" but on demand;

- resource optimization - a rational approach to providing resources for digital
transformation, meaning resources are directed where the effect will be maximal;

- justification of the prioritization of digital remediation in the context of identi-
fying territories with the greatest need and impact potential;

- creation of a digitalization roadmap - stratification can form the foundation for
the phased digital activation of regions by identifying growth points [21].

The simulation showed that: in Ternopil region, the RDI(t) growth curve has
a steep logistic character, confirming readiness for digitalization scaling; Chernihiv
region demonstrated moderate dynamics and correlation with targeted digital inter-
ventions; Kherson region showed y = 0.32, which, according to the model, indicates
a lack of behavioral readiness for digital remediation. This result highlights the need
to implement basic infrastructural and trust-building measures, as well as significant
state support in this regard.

Thus, the developed model and regional stratification have practical significance
and can be used by government authorities to form region-oriented strategies for
digital transformation. It enables forecasting and evaluating the effectiveness of
digital solutions in the context of post-war remediation, as well as determining the
priority of regional investments and digital interventions.

7.6 Conclusion

In the presented study, theoretical notions of digital remediation as an instrument
of regional recovery policy are expanded. Aninterdisciplinary foundation is created for
assessing the digital receptiveness of regions based on models that combine behavioral
economics, the theory of sustainable development, and information technologies [22].
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Overall, the conclusions and generalizations made by the authors indicate that
digital technologies and solutions can and must become the core of Ukraine's post-
war development strategy. The principles of the smart economy - innovation, data
orientation, openness, and flexibility - have already proven effective in local situa-
tions during the war. The current task is to scale them up across the entire country
during the post-war recovery period. Of course, this implementation will require
coordinated efforts from all stakeholders: the government, business, the scientific
community, international partners, and the citizens themselves. But the potential
benefits are immense - from accelerating GDP growth to transforming Ukraine
into a competitive player in the global digital economy [22, 23].

The architecturally hybrid and context-sensitive model of digital remediation of
Ukraine, developed and presented in the monograph, offers a scientifically grounded
basis for the implementation of differentiated regional development strategies,
based on adaptability, inclusiveness, and scalability of digital transformation. Re-
gional stratification, as a key mechanism of this model, will enable decision-making
that aligns digital policy with local needs, capabilities, and the population's behavioral
readiness. The implementation of the model proposed by the authors will contribute
to strengthening strategic coherence between national objectives and regional
development trajectories, transforming digitalization from a fragmented process
into a catalyst for progressive and sustainable post-war revival of Ukraine [24, 25].
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