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DIGITALIZATION OF DEVELOPMENT PROJECT MANAGEMENT
SYSTEMS: POST-WAR TRIGGERS

The article analyzes the impact of digitalization on the development project management sys-
tem in the post-war recovery. It is determined that the digitalization of the construction industry is
a strategic direction of development, ensuring effective management of development projects and
contributing to the restoration of infrastructure. It is established that the introduction of digital
technologies allows optimizing the use of resources, reducing costs and increasing the accuracy of
management decisions during the implementation of development projects. It is found that global
trends indicate a rapid growth in investments in digital technologies in construction, while in
Ukraine there is a gradual introduction of BIM technologies and specialized software tools. It is
determined that the digital ecosystem of urban development contributes to increasing the trans-
parency of processes, improving coordination between participants in construction projects and the
effective use of analytical data. It is established that the volume of manufactured construction prod-
ucts has a high level of correlation with construction product indices, which indicates a significant
impact of these indicators on the dynamics of the construction sector. It was found that the index of
construction output of buildings is the main factor that positively affects the total volume of con-
struction, while the indices of construction output of residential and non-residential buildings have
a negative impact. It was determined that the developed regression model is characterized by a high
level of explanatory power (RI = 0.9878), which confirms its reliability for predicting trends in the
construction industry and substantiating management decisions. It was established that government
initiatives for the restoration of Ukraine are aimed at ensuring the viability of society and creating
the prerequisites for sustainable economic development. The priority areas are the modernization
of social infrastructure, thermal modernization of buildings, adaptation of urban areas to military
realities, and the development of digitalization, including the use of 3D scanning and laser analy-
sis technologies for the restoration of architectural heritage and infrastructure.
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HNOPOBI3AILIA CUCTEMMU YIIPABJITHHA
JEBEJIOITEPCBKUMMU ITPOEKTAMM: IIOBOE€HHI TPUTEPHN

Y cmammi anaaizyemoca enaue uughposizauyii na cucmemy ynpaeainHus 0eeeaonepcoKumMu
HPOEKMAamMu 8 ymMogax no80EHH020 8i0H06AeHHA. Buznaueno, wo uyughposizauia 6yodieeavnoi eaaysi
€ cmpameziuHUM HANPIMKOM DO3GUMKY, W0 3abe3neuye eghekmueHe ynpagiiHHs npoekmamu
PO36UmMKYy ma cnpuse 6i0HoeieHHI0 iHgpacmpykmypu. Bcmanoeaeno, wio enposadicenns
uyughposux mexuono0ziii 0036043€ ONMUMI3Y8aMU BUKOPUCMAHHSA PECYPCi8, CKOPOMUMU 6UMpPamu
ma nidsuwumu mouHicmMv YnpaseaiHCbKuX piuteHb niod uac peaaizauii npoexmie po36UMK).
3’acosano, wo 2a06aavHi mendenyii ceiduamo npo cmpimke 3pOCManHA ineecmuuii y uugposi
mexHoaoeii 6 Oydienuymei, modi ax 6 Ykpaini cnocmepieacmovcs nocmynoee 6npoeaod’ceHHs
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BIM-mexnoaociii ma cneuiaaizoganux npozpamuux 3acobie. Buznaueno, wio uugposa
eKocucmema po3eUmMKy MICHl CRPUAE NIOGUUEHHIO NPO30POCMI Npouecieé, NOKPAU,eHHIO
Koopounauii mixc yuacHuxamu 0yo0igeabHUX npoeKmie ma eQexmueéHomy GUKOPUCHIAHHIO
anasimuunux danux. Bemanoeaeno, wo o6cae eupobaenoi Gyoieeavnoi npodykuii mae eucoxuii
pisenv Kopeasuii 3 indexcamu 0yodiéeavHoi npodykuii, wio ceiouumo npo 3HA4HUI 6NAUE UUX
NOKa3HuKie Ha OuHamixy OydieeavHoz2o cexmopy. 3’acoeano, wio inoekc OyodieeavHoi npooyKuii
0yodieeab € OCHOGHUM (PaKmMOpom, AKUL NOUNMUGHO 6NAUGAE HA 3azaibHull o6cae Oydienuymea,
mooi sk indexcu GyodieeavHoi npoOyKuii Hcumaoeux i HeIcum.106ux Oyoiee.nb HuHAMb He2amueHull
enaue. Busnaueno, w0 pospobaena peepeciiina modeav XapakKmepuzyemocs GUCOKUM DiGHeM
nosicnrosaavhoi 30amuocmi (RI = 0,9878), wio niomeepoxcye it naditinicmo 045 npoeHo3yeants
mendenuiii y OyodigeavHill 2aay3i ma o6TpYHMYSaHHA YNPAGAIHCOKUX piiens. Bemanoeaeno, wo
ypa0oei  iniuyiamueu wo0do GiOHO6AeHHA YKpaiHu CHpAMOGAHI Ha  3a0e3neyeHHs
Hcumme30amuocmi CycniabCmea ma CmMeOopPeHHs Nepedymos 04s1 CMa.a020 eKOHOMIYHO20
pozeumky. Ilpiopumemnumu  Hanpamkamu  6usHa4eHo  MOOEpHi3auilo  couiaibHOT
ingppacmpyxmypu, mepmomooepuizauyiro 0yodieeav, adanmauyiro MicbKux mepumopii 0o
GIlICbKOGUX peanill, po36UMOK Wupposizauii, 6 momy 4ucii 3 GUKOPUCIAHHAM mexHoao2ii 3D-
CKAHYGAHHA MdA AA3€PHO20 aHAAi3y 045 pecmaspauii apximexmypHoi cnadwjunu ma
inghpacmpyxmypu.

Karwuosi caosa: yugposizayis, exonomika OyodieHuymea, meneodcmeHm & 0y0ieHUUmMaI,
desenonmenm, NOBOEHHI mpuzepu, YRPAeiHH NPOEKMAMU.

Problem statement and its connection with important scientific and practical
tasks. Digitalization of the development project management system is an important
component of the infrastructure restoration strategy after the war, as well as a key fac-
tor in increasing the competitiveness of the national economy. In this context, the rel-
evance of the introduction of new technologies, such as BIM, is undoubted. Due to
their capabilities, these technologies can significantly change approaches to project
management, increasing planning accuracy, resource efficiency, and reducing the
number of errors in the design and construction processes. The digitalization process
requires developers to adopt new approaches to management processes, including
new methods of communication and interaction with all project participants: from
investors and contractors to end consumers.

In the context of post-war infrastructure restoration and reconstruction of facil-
ities, digital technologies can significantly improve the management processes of
development projects, reducing costs, increasing transparency and efficiency, and
accelerating project implementation. However, despite the great potential of digital
technologies, in war-torn Ukraine, there are significant difficulties in their imple-
mentation in construction practice. Low technological readiness, a shortage of qual-
ified personnel, and the lack of uniform standards for the use of digital tools in con-
struction design and management remain significant barriers to digitalization. In this
regard, we see a need to analyze the impact of digitalization on the development proj-
ect management system in the context of Ukraine's post-war reconstruction .

Analysis of recent publications on the problem. Recent research in the field of
development project management emphasizes the importance of effective stakehold-
er engagement and the use of digital technologies to optimize management process-
es. An important place in the study of this topic is occupied by theoretical and
methodological aspects related to stakeholder management, identification of their
influence, and modeling effective interaction. Thus, Melnychenko O., Lebid I.,
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Tkachenko V., Luzhanska N. [1] focus on communication models of the relationship
between stakeholders in educational innovative scientific projects, identifying the
importance of clear communication and cooperation within complex systems. In his
study [2] Ivakhnenko I.S. examines the role of stakeholders in ensuring the imple-
mentation of development in construction, emphasizing the need for proper man-
agement of interaction with all stakeholders to achieve sustainable development of
projects. Myroshnychenko Y.O. and Bondar A.V. [3] propose a model of stakeholder
interaction in the real sector of the Ukrainian economy, emphasizing the importance
of corporate social responsibility. to ensure the sustainability of economic projects.
The study by Gerasimenko Y.V. [4] focuses on the theoretical aspects of identifying
enterprise stakeholders and assessing their impact on management processes, which
is important for the effective management of development projects. The study by
Levchenko N.M. [5] analyzes stakeholder analysis as a tool for effective project man-
agement in the context of Ukraine's integration into the European and global busi-
ness space, emphasizing the importance of adapting international standards in the
process of managing development projects. Korepanov G.S., Chernenko D.I., Chala
T.G. [6] investigate the theoretical and methodological prerequisites for developing a
conceptual model for managing stakeholder interactions, which allows for improved
coordination and integration of stakeholders in project management. Shpakov A.V.,
Zhaldak R.Yu., Kushnir I.I. Petrukha N.M., Nikolaev G.V., Rogovchenko V.S. [7]
consider the issue from the perspective of an innovative and applied basis for the
structural and functional regulation of the operational management system of the
leading stakeholders of a construction project and update the issue of introducing a
holistic methodology and economic and analytical tools for substantiating the strate-
gy, format and content of the operational activities of a developer enterprise in con-
struction, which in a single economic and operational and production space carries
out administrative and regulatory activities regarding the preparation and implemen-
tation of construction investment projects as part of a single investment program.

International studies (works by Bratterud H. et al. [8]), aimed at modernizing
classical approaches to project management using the latest technological tools.
Thus, modern publications consider the integration of digital technologies, in partic-
ular BIM, into the field of development project management as an important tool for
increasing the efficiency of management decisions, in particular in the context of the
post-war reconstruction of Ukraine's infrastructure.

Formulation of the article's objectives. The aim of the article is to study the
impact of digitalization on the development project management system in the con-
text of Ukraine's post-war reconstruction through an analysis of the phased manage-
ment structure, a classification of models for assessing the effectiveness of interaction
with stakeholders, a study of the application of BIM technologies and specialized
software tools, as well as a quantitative determination of the relationship between
construction product indices and the volume of products produced to forecast trends
and optimize management decisions.

Presentation of the main results and their justification. Development as an inte-
grated direction of business, real estate and construction management is a multi-
component process aimed at increasing the value of assets and optimizing financial
revenues by adapting to changing market conditions, assessing risks, implementing
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strategic development opportunities and effectively allocating investment resources
[1]. Given the multidimensionality and systemic complexity of development, it is
advisable to consider it as an independent management category in the real estate
sector, which requires a comprehensive analysis of the mechanisms of interaction
with key stakeholders.

The conceptual basis of development is presented by a clear step-by-step process
that covers the main stages of managing development projects. Each stage has specif-
ic tasks, starting with conducting market research and strategic planning, which lays
the foundation for further financial and organizational decisions. Developing a finan-
cial strategy and organizing design, taking into account legal aspects, create condi-
tions for effective construction management and further use of the finished object. An
important part is also a marketing strategy that ensures the positioning of the object
in the market. All these stages are interconnected and determine the success of the
project. In addition, the model includes three main stages of project implementation,
which are focused on analyzing the probability of successful implementation, devel-
oping a business plan and directly implementing the strategy (Fig. 1).

CONCEPTUAL FRAMEWORK OF DEVELOPMENT |

> Stages of managing a development project |

1. Conducting marketing research on the real estate market and forming a strategic
concept for the project

2. Development of a financial strategy with identification of funding sources and
investment attractiveness of the project

3. Design and organization of its support, taking into account regulatory
requirements

—’I 4. Control and coordination of construction processes

5. Management of the completed project, including operational administration and
brokerage

6. Implementation of a marketing strategy that includes advertising and PR
—» campaigns to position the facility on the market

Ll Main stages of development project implementation |

4’| 1. Analysis of prerequisites and assessment of the probability of successful project |

2. Development of a business plan with detailed financial, economic, legal and
management aspects

3. Direct implementation of the project based on the approved strategic model

Fig. 1. Phased structure of development project management and their
implementation, [2-9]

The formation of the essential characteristics of development occurs in the process
of interaction with a wide range of stakeholders, which necessitates the systematic analy-
sis of their interests and the development of strategies for harmonizing relationships. A
generalized analysis of scientific sources [2—9] shows that the effectiveness of develop-
ment projects directly depends on the level of integration of stakeholders' needs into man-
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agement processes. In this context, assessing the prospects for interaction with key stake-
holders is a priority task for development entities. Taking into account modern econom-
ic transformations, a generalized classification of models for assessing the effectiveness of
interaction with stakeholders in the management of development projects has been devel-
oped based on a study of scientific approaches to the above-mentioned issues (Table 1).
The proposed classification of stakeholder interaction models in development
projects reflects three strategically important areas of management. Communicative
models , which are focused on ensuring effective information interaction, which is
critical for harmonizing the interests of stakeholders and optimizing the decision-
making process. Change management models, which are aimed at adapting to
dynamic environmental conditions, which allows minimizing risks and increasing the
flexibility of management processes. Interaction adjustment models, which con-
tribute to the effective definition and analysis of the role of stakeholders, the devel-
opment of interaction strategies and the resolution of potential conflict situations.
The use of these models in combination provides a systematic approach to managing
development projects in the context of modern economic transformations.

Table 1. Classification of models for assessing the effectiveness of interaction with
stakeholders in the management of development projects, [4-11]

Model Model type Characteristic
group
Communal Performance and Determines the presence of disparities between the expected
models Evaluation Gap and actual characteristics of project elements (performance
Model gap), as well as between the predicted results and the level of
formation of the interaction process (assessment gap)
Intercultural Focuses on the influence of intercultural differences in
communication communication processes, taking into account the specifics of
model information perception, stereotypes, and experience of
project participants
Communication It involves choosing the optimal channels for transmitting
Channel information according to its volume, level of saturation, and
Efficiency Model target audience, which ensures effective information
exchange
Change Change Describes the processes of initiating, implementing, and
manageme implementation monitoring transformations aimed at ensuring the
nt models model sustainable development of a development project in the
medium and long term
Model of Describes mechanisms for flexible response to external and
adaptation to internal changes in order to minimize risks and ensure the
change continuity of the project process
Examples of Senge's system model, Bridges' model, Beckhard and Harris'
models model, Karnal's model, Duck's model, Kotter's model, etc.
Models of Stakeholder It is based on the classification of stakeholders according to
establishing | identification the criteria of influence, involvement, and legitimacy, which
interaction model allows determining the priorities of interaction within the
project
- conflict model It involves developing strategies for avoiding and resolving
conflict situations between stakeholders to improve project
management efficiency
Negotiation Outlines methodological approaches to the negotiation
model process between stakeholders, identifies conflict
management strategies, including compromise, consensus,
cooperation, or avoidance
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It is worth noting that the transition from traditional to digital models of devel-
opment project management has become an important stage in the development of
the modern construction industry. This process, which includes the integration of the
latest information technologies, covers all stages of the construction life cycle - from
the initial design to the final stage of operation of facilities. The use of digital tech-
nologies allows you to create integrated information environments that contribute to
increasing the efficiency, productivity and transparency of construction processes.

One of the important aspects of digital transformation is ensuring the trans-
parency of construction projects, which involves the openness and accessibility of
information to all participants in the process - customers, contractors, investors, reg-
ulatory authorities and the public. Transparency of processes is achieved through the
use of technologies such as Building Information Modeling (hereinafter referred to as
BIM), cloud platforms for project management and digital document management
systems, which allows monitoring of the budget, work schedules, material quality,
risks and compliance with standards, which, in turn, helps reduce corruption risks
and misuse of resources. BIM technology is the main tool that allows you to create
digital twins of buildings, integrating data at different stages of design and construc-
tion, which makes it possible to detect technical conflicts before the start of work,
which significantly reduces the cost of adjusting project documentation and reduces
financial losses. In addition, project management systems (hereinafter referred to as
CPMS) have become an important tool for optimizing data management processes,
resource planning and monitoring the progress of work.

The implementation of digital technologies, despite all its advantages, requires
significant financial investments, as well as improving the skills of personnel and
ensuring a high level of cybersecurity. In a global context, investments in digital tech-
nologies for the construction sector increased significantly in 2020—2022, reaching
11.5 billion USD, which exceeds the level of previous years by several times [12]. By
2030, the construction sector is expected to significantly expand its use of the Internet
of Things (IoT) and analytics, which will allow for increased project management
accuracy and reduced operational risks.

In Ukraine, although the pace of construction digitalization lags behind global
trends, there is a gradual increase in interest in BIM technologies and specialized
software tools for project management, which, in turn, creates the prerequisites for
increasing the competitiveness of the Ukrainian development sector in the future. In
particular, most companies are beginning to actively implement innovative technolo-
gies, which allows improving the quality of construction project management and
contributes to increasing the efficiency of business processes at all stages of project
implementation (Fig. 2).

Digitalization of the construction development environment in the context of
post-war reconstruction is becoming a necessary condition for the successful trans-
formation of the industry, which ensures sustainable development and contributes to
the restoration of infrastructure through the integration of the latest digital solutions
that optimize the use of resources and reduce the cost of construction.

It is worth noting that the digital transformation of the construction sector is
based on several theoretical approaches, including the concept of ecosystem interac-
tion and digital transformation of business processes. This paradigm involves the
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gradual replacement of traditional management methods and the implementation of
digital solutions that contribute to the optimization of information exchange,
automation of operational processes and increased productivity. Of particular impor-
tance in this context are the technologies of the Internet of Things (IoT) and big data
analytics (Big Data), which allow the collection, processing and use of data from
construction sites to make informed management decisions. In particular, IoT sen-
sors provide monitoring of the technical condition of equipment, control of the level
of material use and assessment of the quality of work performed, and analytical sys-
tems allow for the prediction of risks and the effective allocation of resources.

Laing O'Rourke (Great Britain) - Heathrow Expansion 1800
(2019-2026)
VINCI Construction (France) - Grand Paris Express (2018- 1500
2025)
Skanska (Sweden) - Ostermalmstorg Tunnelbanestation 150
(2019-2023)
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LLC "Budinvestcom" - Residential complex "Podil Grad 90
Vintage" (2021-2025)
LLC "BIM Group Ukraine" - Renovation of the Central 50
Stadium — (2022-2024)
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KAN Development LLC - Residential complex "Faina Town" 180
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PrJSC "Miskzhytlobud" - Residential complex "Osokorky" 150
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(2018-2023)
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2024)
LLC "Kyivmiskbud" - Residential complex "Novopecherskie 300
Lypky" (2019-2025)
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Fig. 2. Application of BIM technologies and specialized software tools
in construction project management in Ukraine and the world, [13]

In the construction industry, a digital ecosystem is a complex integrated system
that encompasses a set of technological solutions, business processes and interaction
entities united by single digital platforms. It is worth noting that the use of a digital
ecosystem contributes to increased coordination between architects, engineers, con-
tractors and customers, which ensures increased efficiency in construction project
management. One of the key elements of the industry's digital transformation is the
implementation of BIM, which has become the main tool for integrating design data,
storing and analyzing information about all stages of the life cycle of a construction
object in real time. The use of BIM technologies allows you to identify technical
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errors at the design stage, which helps minimize rework and reduce costs during the
project implementation process [13].

Therefore, it is worth emphasizing that the digitalization of the construction
industry contributes to the formation of a new approach to managing development
projects, based on the integration of innovative technologies, increasing the trans-
parency of processes, and using analytical data for strategic planning.

The process of digitalization and modernization of the construction and urban
development system in Ukraine is a strategically important direction of development,
contributing to increased transparency, efficiency and accessibility of data for all
stakeholders. On December 5, 2024, a professional event “Digitalization of urban
development activities in Ukraine. Current status and next steps for transparent
recovery” was held, which was attended by representatives of relevant ministries, state
bodies, international partners and industry experts. The main goal of the event was to
improve the construction industry, which is extremely important in the context of war
realities and the further recovery of the country. Among the key initiatives for the dig-
ital transformation of urban planning activities is the creation of the Urban Planning
Cadastre of Ukraine, which involves the integration of seven information systems and
registers, in particular:

- register of urban planning documentation;

- a single state electronic system in the field of construction;
- register of buildings and structures;

- address register;

- register of administrative-territorial units;

- electronic pricing system;

- building energy efficiency databases.

The introduction of modern mechanisms for processing, storing and analyzing
data allows for the introduction of conceptually new approaches to their use, ensur-
ing effective access, search and interaction between stakeholders. The comprehensive
integration of digital systems contributes not only to accelerating the country's recov-
ery processes, but also to increasing the level of data openness for citizens, develop-
ers and authorities, which is especially important for internally displaced persons.

At the same time, the implementation of digital initiatives in the field of urban
planning demonstrates the need to process significant amounts of information, which
requires a comprehensive approach to data management, their structuring, and regu-
lated access both within national information systems and at the international level.
An example of successful digital integration is the bilateral Memorandum of
Understanding (MoU) concluded between the State Customs Service of Ukraine and
the Customs Department under the Ministry of Finance of the Republic of Lithuania
within the framework of the EU4Digital program, where this pilot project aims to
eliminate geographical barriers, improve customs data exchange and improve the qual-
ity of communication. Its implementation is an important milestone in the process of
harmonizing Ukraine's customs procedures with the EU customs policy, which is of
key importance for the country's integration into the European Economic Area.

The development of digital technologies in the construction industry will be pro-
moted by a bill registered in the Verkhovna Rada, which provides for the creation of
a Unified State Digital System for the Recovery and Development of Ukraine [17].
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This system is focused on automating the processes of managing territorial planning,
development, implementation of construction projects, infrastructure development,
as well as regional and local government. In addition, it will provide processing, pub-
lication and monitoring of statistical data, which will contribute to increasing the
transparency and efficiency of management decisions.

At the same time, the implementation of digital initiatives in the construction
sector demonstrates the need for further improvement of data verification mecha-
nisms in the Unified State Address Register of Ukraine. Expanding the functionality
of the Urban Planning Cadastre, as well as introducing electronic tools for territorial
communities. A comprehensive approach to the digitalization of the industry will
contribute to increasing the level of control over urban planning processes, optimiz-
ing management decisions, and creating a transparent environment for developers,
government agencies, and the public [14].

According to the data in Figure 3, during 2024, there is a steady positive dynam-
ics of the volume of construction products produced in Ukraine, which indicates a
stable growth of the construction sector. In particular, the total volume of construc-
tion recorded a significant increase, reaching UAH 204,730.1 million in December.
The highest indicators of the volume of products produced are observed in August,
which is the month with the maximum values (UAH 131,356.1 million), which con-
firms the intensification of construction works in the middle of the year.

The buildings segment turned out to be the most powerful among the categories
of construction products. In the volume of buildings, products related to residential
buildings demonstrate gradual growth, although the growth rate significantly decreas-
es by the end of the year. In particular, the volume of products produced in the resi-
dential buildings sector at the end of the year is UAH 26,641.7 million, which indi-
cates high demand for housing, but with a decrease in the pace of development.

In contrast, the non-residential building category shows steady growth at all
stages of 2024, reaching UAH 57,717.7 million in December. This indicates growing
demand in the commercial real estate and infrastructure segment, which is a sign of
economic development and increased investment in the business environment.

The volume of products produced in engineering structures, including pipelines,
electronic communication network lines, as well as complex industrial facilities, also
shows steady growth. This emphasizes the importance of infrastructure projects and
the need to expand engineering infrastructure to support the national economy.

Therefore, the general conclusion of the analysis of the table indicates a stable and
gradual development of the construction industry in Ukraine, where the highest growth
rates are observed in the infrastructure and commercial sectors, while residential con-
struction also continues to grow, albeit with some slowdown by the end of the year.

Construction output indices by type in Ukraine in 2024 indicate a gradual
decrease in the growth rate of construction activity compared to the previous year.
The overall construction index in the first quarter shows stable growth, starting from
118.1% in January, reaching a maximum value of 143.8% in April, after which a
downward trend is observed, and by December the index decreases to 115.5%. This
indicates a slowdown in the growth rate of construction output in the second half of
the year, probably due to changes in economic conditions and fluctuations in demand
for construction services.
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Fig. 3. Volume of manufactured construction products by type in 2024 (million
UAH), [15] *

Notes: * - these figures are given without taking into account the territories temporarily occupied by the Russian
Federation and parts of the territories where hostilities are (were) being conducted .

As for the category "Buildings", the growth index in January is 122%, which indi-
cates a positive dynamics in the construction of this type of product. However, during
the year, this indicator has decreased, and in December it is 119.8%. This trend is
more pronounced in the subcategory of residential buildings, the index of which
gradually decreases from 112.1% in January to 107.6% in December, which may indi-
cate a gradual slowdown in the pace of housing construction. The category "Non-res-
idential buildings" has seen a high level of growth in the first half of the year, with a
maximum index of 141.4% in February, after which it gradually decreases, reaching
126.2% in December. It is worth noting that this dynamics indicates a temporary
increase in demand for the construction of non-residential facilities, with a subse-
quent adjustment in the growth rate. The construction output index in the category
"Engineering structures” also shows some seasonal fluctuations, starting at 114.5% in
January and reaching a maximum value of 151.4% in April. After that, there is a
decrease to 112.5% in December, which indicates an increase in activity in the con-
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struction of engineering structures in the first half of the year with a further slowdown
in the growth rate in the second (Figure 3).

Thus, the results of the construction product indices indicate an overall decrease
in the growth rates of the construction industry in Ukraine in 2024, with a particular
decrease in the residential construction category. However, the stability of growth
rates in the non-residential buildings and engineering structures segment may indi-
cate significant fluctuations in demand and supply for different types of construction
products depending on the economic situation.

Given the importance of accurate data for effective management of the con-
struction industry, the next stage of the analysis focuses on quantifying the relation-
ship between various construction product indices and the volume of construction
products produced. Table 2 presents the results of regression modeling, which allows
us to determine the relationship between the volume of construction products pro-
duced and construction product indices by main categories (residential buildings,
non-residential buildings, engineering structures) in 2024. This modeling provides
the opportunity to quantitatively assess the impact of individual indices on the total
volume of construction production, which is necessary for forecasting trends in the
construction sector and optimizing management decisions:

Volume of construction products produced= 473866,971 + 35506, 57317 * X1 +
+108904, 6618 * Xa — 50022,42122 * X3 — 77496,2519 * X4 — 20079,12245 * X5

The correlation coefficient (Multiple R) for the model is 0.9939, which indicates
a very strong positive correlation between the volume of construction and the indices
of construction output. This means that changes in the indices of construction out-
put largely determine the variation in the volume of construction output . The coef-
ficient of determination (R Square), equal to 0.9878, indicates that the model
explains 98.78% of the changes in the volume of construction output, which is a high
indicator for the regression model and indicates its high accuracy. The adjusted coef-
ficient of determination (Adjusted R Square), equal to 0.9777, confirms the reliabil-
ity of the model, since it takes into account the number of variables in the model and
their influence on the result.

The standard error of the model, equal to 9336.49, is quite low, indicating a small
difference between the observed and predicted values of the volume of construction
products produced, which in turn emphasizes the accuracy of the regression model.
The results of the analysis of variance (ANOVA) indicate the statistical significance of
the model, since the F-statistic is equal to 97.42, which is a significant value for test-
ing the adequacy of the model. The Significance F value (1.16609E-05) is very small,
indicating a high significance of the model in the context of the analysis of the vol-
ume of construction products produced .

The regression coefficients that determine the impact of each index on the vol-
ume of construction output demonstrate different levels of significance. The intercept
of the model is 473866.97, which indicates the expected volume of construction out-
put with zero values of all independent variables. The index of construction output of
buildings (X2) has the largest coefficient, equal to 108904.66, which indicates a sig-
nificant positive impact of this index on the volume of construction. The P-value for
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this coefficient (6.01792E-05) is very small, which confirms the statistical signifi-
cance of this parameter.

Table 2. Results of regression modeling, authors' own calculations

Regression Statistics
Multiple R 0.994
R Square 0.988
Adjusted R Square 0.978
Standard Error 9336,486
Observations 12
ANOVA
df SS MS F Significance F
Regression 5 4.25E+10 8.49E+09 9.74E+01 1.17E-05
Residual 6 5.23E+08 8.72E+07
Total 11 4.30E+10
- Standard Lower Upper Lower Upper
Coefficients Error tStat | P-value 95% 9p 5p % 95.0% 95% %
Intercept 473866.97 162475.71 2.92 0.03 76303.22 871430.72 | 76303.22 871430.72
X1 35506.57 29960.65 1.19 0.28 -37804.50 | 108817.64 | -37804.50 108817.64
Xa 108904.66 10963.82 9.93 0.00 82077.16 135732.16 | 82077.16 135732.16
X3 -50022.42 4157.49 -12.03 | 0.00 -60195.43 | -39849.41 | -60195.43 -39849.41
Xa -77496.25 6924.66 -11.19 | 0.00 -94440.29 | -60552.22 | -94440.29 -60552.22
Xs -20079.12 16559.17 -1.21 0.27 -60597.96 | 20439.71 -60597.96 20439.71

Notes: construction output index (X1); construction output index of buildings (X2); construction output index of resi-
dential buildings (X3); construction output index of non-residential buildings (X4); construction output index of engi-
neering structures (X5).

Residential construction output index (X3) and the non-residential construction
output index (X4) have a negative impact on the volume of construction, since their
coefficients are -50022.42 and -77496.25, respectively. This indicates that an increase
in the residential and non-residential construction output indices leads to a decrease
in the total volume of construction. The P-values for both coefficients are very small
(1.99978E-05 and 3.03832E-05), which indicates their statistical significance.

The index of construction output (Xi) has a coefficient of 35506.57, but its P-
value (0.2808) is large, indicating statistical insignificance of this parameter. This
means that the index does not have a significant impact on the volume of con-
struction output , unlike the indices of construction output of buildings. The index
of construction output of engineering structures (Xs) also has a negative coefficient
(-20079.12), but its P-value (0.2708) indicates statistical insignificance, confirming
the absence of a significant impact of engineering structures on the volume of con-
struction output. The value of the coefficient of determination indicates that the
model explains 98.78% of the relationship between the volume of construction prod-
ucts produced and construction product indices. This indicates that there are still a
small number of other influencing factors that were not included in the model, but
their influence is not critical to the overall result.

Thus, the results of the regression analysis indicate that the volume of construc-
tion output is most dependent on the index of construction output of buildings, in
particular the index of construction output of buildings as a whole, which has the
greatest positive impact. At the same time, the indices of construction output of res-
idential and non-residential buildings have a negative effect on the volume of con-
struction output.
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These results confirm the need to adapt investment policy and government ini-
tiatives to the real conditions of the construction services market, which will con-
tribute to the stability of the industry. In the context of infrastructure restoration It is
important to introduce new approaches in planning and implementing construction
projects, focusing on minimizing risks and maximizing economic efficiency.

Government initiatives to restore Ukraine are focused on ensuring the viability
of citizens, families, cities and the state as a whole. Uncertainty about a comprehen-
sive strategic recovery in the short term has become one of the main changes com-
pared to the end of 2022 - beginning of 2023. The 10-year Recovery Plan for Ukraine,
presented to foreign donors and investors, is currently being implemented with short-
term goals, focusing on the defense, housing and infrastructure sectors. The vision of
this recovery is to create a strong European state that will become an attractive cen-
ter for foreign investment. The main goal is to accelerate sustainable economic devel-
opment, with an emphasis on the implementation of National Programs aimed at
achieving key results. The Recovery Plan for Ukraine is based on five main principles:
1) immediate start of recovery with gradual development; 2) increasing fair welfare for
the population; 3) integration of Ukraine into the EU; 4) restoring the country to a
higher level on a national and regional scale; 5) stimulating the attraction of private
investment.

Projects included in the national program for the restoration and modernization
of social infrastructure include a number of initiatives, such as replacing gas boilers
with heat pumps in autonomous heating systems of insulated public buildings, con-
servation of damaged facilities that are not a priority for restoration, as well as large-
scale thermal modernization of public buildings. In addition, the installation of heat
pumps for heating and cooling of public buildings, the development of capable net-
works of public service facilities, as well as the development of industrial parks are
envisaged. Considerable attention is paid to the creation of public-private partnership
programs with advantages for private investors and the creation of space for youth
development. Particular importance is given to the thermal modernization of the
most energy-intensive buildings and the restoration of damaged public service facili-
ties. The projects of the national program for the restoration and modernization of
housing and infrastructure in the regions include more than 100 initiatives aimed at
significantly improving housing conditions and modernizing infrastructure facilities
in the entire regional context, which aims not only to restore, but also to improve
existing living conditions.

One of the important aspects of the reconstruction process in Ukraine is the
adaptation of urban areas to new war realities, in particular through the development
of underground infrastructure. Cities located near the front line, such as Kharkiv and
Zaporizhzhia, are responding to the challenges of war by creating underground
spaces that not only serve as shelters, but can also be used as social, educational, and
cultural centers. As the front stabilizes, temporary shelters are transformed into per-
manent places for living and holding public events. For example, in Kharkiv, school
classrooms have been moved to metro stations, and shelters are used as concert halls
and theater venues. Such use of underground facilities is important for maintaining
security and the functioning of social institutions in conditions of constant military
threat. Similar initiatives are reminiscent of the experience of Finland, where a large-
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scale system of bomb shelters was created, which were designed to ensure safety in
conditions of potential military threats.

Another important trend in Ukraine’s reconstruction is digitalization, in partic-
ular the use of 3D scanning technology to preserve and reconstruct the architectural
heritage damaged by military operations. This allows not only to record historical
buildings in digital format, but also to ensure accurate reconstruction of damaged
objects. Projects like “Skeiron” in Lviv focus on the preservation of UNESCO archi-
tectural monuments, and demonstrate how modern technologies can contribute to
cultural restoration. In addition to Lviv, similar initiatives are being implemented in
Chernivtsi and Kyiv, including projects aimed at collecting digital evidence of dam-
aged objects in Mariupol, using crowdfunding to create 3D models of destroyed
structures.

Of particular importance is the use of laser scanning technologies in the Institute
of Forensic Expertise to assess and record damage to buildings, which allows for
accurate monitoring and significantly speeds up the process of expert assessments. A
separate project is worth noting, which includes the development of a digital platform
for the reconstruction of deoccupied regions, which provides users with instructions
on the restoration of housing, taking into account local architectural features.

The use of innovative technologies in restoration also includes the recycling of
building materials, which has not only economic but also environmental significance.
One such innovation is 3D printing of cement, which allows for the rapid construc-
tion of buildings with high precision and at reduced costs. This technology has enor-
mous potential for the accelerated restoration of damaged objects, as well as for the
creation of complex architectural forms. In Lviv, for example, it is planned to use 3D
printing for the rapid construction of a new school building, which will save time and
resources, as well as reduce the amount of construction waste. This construction
method promotes the efficient use of recycled materials and can become the basis for
a more environmentally friendly approach to urban development in Ukraine.

Global experience also demonstrates the successful application of 3D printing in
construction. In the Netherlands, the Milestone Project in Eindhoven was imple-
mented, where residential buildings were built using 3D printers, and in the USA,
ICON built the world's first 3D-printed residential district for low-income families.
In Dubai, the Dubai Future Foundation office center was built, and in Italy, the
TECLA environmental project was implemented, where 3D printing from natural
materials was used to create environmentally friendly houses. In Ukraine, 3D print-
ing and digitalization technologies are opening up new horizons for the country's
recovery, creating opportunities for not only rapid reconstruction, but also long-term
sustainable development [17].

Conclusions and prospects for further research. Based on the study, it can be con-
cluded that development in the field of real estate and construction is a multifaceted
and complex process that includes effective management of financial flows, optimiza-
tion of asset value and minimization of risks in an unstable market environment. It was
established that within the framework of the conceptual model of development, the
key stages are marketing research, strategic planning, development of a financial strat-
egy, organization of design and implementation of construction, taking into account
legal aspects, which are interconnected and have a significant impact on the success of
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the project. It was found that the use of the latest digital technologies, such as BIM and
CPMS, is an important step in increasing the efficiency of development project man-
agement, allowing for improved control over costs and quality, as well as reducing
operational risks, however, the implementation of such technologies requires signifi-
cant investments in infrastructure and personnel qualifications, as well as ensuring an
adequate level of cybersecurity. The results of the analysis of the construction output
indices for 2024 indicate a decrease in the growth rate in residential construction,
which indicates negative economic trends, while the stability in the non-residential
building segment indicates the industry's adaptation to changes in demand and supply.
Regression modeling showed that the construction output index of buildings has the
greatest impact on the volume of output, while the negative impact of the growth of the
residential and non-residential building indices may be the result of economic factors,
such as unstable demand in war conditions. Therefore, to ensure sustainable develop-
ment of the construction industry in Ukraine, it is necessary to adapt investment pol-
icy to current economic conditions, take into account the needs of individual market
segments, and implement effective risk management strategies.

The practical significance of the research is that the conclusions and recom-
mendations formulated by the author can be effectively applied to adapt the con-
struction industry to new economic and market conditions, in particular, they can
contribute to the optimization of management processes, increasing the efficiency of
the implementation of development projects, and reducing risks arising from eco-
nomic uncertainty. Further scientific research in this area should be focused on devel-
oping new models of development project management that take into account
dynamic changes in the economic environment and the integration of innovative
technologies, such as digital management models, BIM technologies, and project
management systems (CPMS).
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