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MATHEMATICAL MODEL OF VALUE CHAIN OPTIMIZATION FOR NUCLEAR SAFETY
PROJECTS

Nuclear safety projects are critical for ensuring the secure and sustainable operation of the global nuclear energy sector, yet they are frequently challenged
by escalating costs, prolonged schedules, and complex supply chains. Traditional project management methods often fail to capture the interdependencies
and high-stakes trade-offs inherent in these projects' multi-stage value chains. This paper addresses this gap by proposing a novel, integrated mathematical
model for optimizing the value chain of nuclear safety projects—from design and procurement through construction and commissioning. We develop a
mixed-integer linear programming (MILP) formulation that holistically integrates key decision variables, including supplier selection, logistics routing,
inventory management, and activity scheduling. The model's primary objective is to minimize total lifecycle cost and project duration while treating
safety, quality, and regulatory compliance as inviolable constraints. A case study based on a representative safety upgrade project is presented to validate
the model. The results demonstrate the model's capability to generate optimized project plans, identify critical cost and schedule drivers, and perform
robust sensitivity analysis on parameters such as resource availability and regulatory review timelines. The proposed framework provides project
managers and decision-makers with a powerful, quantitative tool for strategic planning and resource allocation. By enabling a systems-level view of the
project value chain, this work contributes to enhancing the economic efficiency and execution predictability of nuclear safety initiatives without
compromising their fundamental safety imperative.

Keywords: Value Chain Optimization, Nuclear Safety, Project Management, Mathematical Modeling, Mixed-Integer Linear Programming
(MILP), Supply Chain Management, Risk-Informed Decision Making.
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MATEMATHYHA MOJIEJIb OIITUMI3AIIIL IAHI[IOTA CTBOPEHHS BAPTOCTI JIJISI IPOEKTIB
SIAEPHOI BE3IIEKH

IpoexTH simepHOi 6e3MeKH € KPUTHIHO BAXKIMBUMH sl 3a0e3MeueH s HaJiiHOT Ta CTaIol eKCIUTyaTawil CBITOBOTO CEKTOPY SIIEPHOI eHEPTeTHKH, IPOTEe
BOHH YaCTO CTHKAIOTHCS 3 BUKIMKAMH y BHIJIAAI 3pOCTaHHS BHTpAT, IIOJOBKEHHS TEPMIHIB Ta CKJIaJHUX JIAHIIOTIB OcTadaHHs. TpaauiiliHi MeToau
YTpaBJTiHHS MPOEKTaMH 4acTO HE 37aTHi BPAaxyBaTH B3a€MO3AIEKHOCTI Ta KPUTHYHI KOMIIPOMICH, BIIACTHBI 6araTOETalTHMM JIAHIFOTaM CTBOPEHHS
BapTOCTi IMX mpoekTiB. Jlana poGorta BHpillye 110 MpoOieMy, OPOMOHYIOUM HOBY iHTEPOBaHY MAaTeMAaTHYHY MOZENb AJIS ONTHMI3aLii JaHIIora
CTBOPEHHS BAPTOCTI IPOEKTIB sAepHOI Oe3MeKH — BiJ] IPOEKTyBaHHS Ta 3aKyIiBelb 10 OyAiBHUITBA Ta BBEJCHHS B eKCIUTyaTalilo. Mu po3pobisiemo
opMymoBaHHS 3a1adi 3MilTaHO-IIIOYNCENIBHOTO JiHiHHOrO nporpamyBaHHs (MILP), ske minticHO iHTerpye KIIIOYOBI 3MiHHI NPUHHSATTS pillleHb,
BKJIIOYAIOYH BHOIp MOCTaYaabHHKIB, JOTICTHYHI MAapUIPyTH, YIPABIiHHS 3alacaMy Ta IUIAHYBaHHsA poOiT. OCHOBHOIO METOK MOJENi € MiHiMi3allis
3araJbHOi BAPTOCTI JKUTTEBOTO IIMKITY Ta TPUBAJIOCTI IPOEKTY, IIPH 1{bOMY Oe3rieKa, SKiCTh Ta Bi/IIOBiIHICTh HOPMaTHBHUM BUMOTAM PO3TJISIAI0ThCS SIK
HenopyIHi oOMexeHHs. s Bamigamii MOzeNi MpeacTaBlIeHO MPakTHYHE NOCHipKeHHs (case study) Ha HpHKIaLi Perpe3eHTAaTUBHOTO NPOCKTY 3
MoepHi3alii 6e3nexu. Pe3ynpTaTu AeMOHCTPYIOTh 3aTHICTH MOJIENI FeHEPyBATH ONTUMI30BaHI IUTAHH [IPOEKTIB, BU3HAYATH KPUTHYHI (HaKTOPH BUTPAT
i rpadikiB, a TakoX NMPOBOJWTH HAAIMHWIT aHaNi3 YyTIMBOCTI TAKMX MapaMeTpiB, SK HASBHICTH PECYpPCIiB Ta TEPMIHM PETYISTOPHOTO PO3TISIY.
3anpornoHoBaHa CTPYKTypa HaJlae MeHeDKepaM MPOEKTIiB Ta 0c00aM, 10 NPHHMAIOTh PIllIeHHS, IIOTYKHHI KUTbKICHHI IHCTPYMEHT JUISl CTPATEriIHOTO
IUTaHYBaHHS Ta PO3MOALTY pecypciB. 3a0e3nedyrour CHCTEMHHMI TOIIISA Ha JAHIIOT CTBOPEHHS BapTOCTI MPOEKTY, Il poOoTa CHpUsie IMiJBUILIECHHIO
€KOHOMi4YHOI e(eKTHBHOCTI Ta mnepenbadyBaHOCTI BHKOHAHHS iHIIaTHB y cdepi suepHoi Oe3mekn O6e3 MIKOAM JUIS iXHBOTO (hyHIAMEHTaIbHOTO
iMmepaTHBy Oe3IeKn.

KuarouoBi ciioBa: onTuMizaliist JTaHIIOra CTBOPEHHS BapTOCTi, sJepHa Oe3reka, yrpaBliHHI IPOSKTaAMH, MaTeMaTH4YHE MOJICTIOBAHHS, 3MillIaHO-
IiouncenbHe JiHilHe nporpamysanHs (MILP), ynpaBiiHHS JaHIFOraMn NOCTa4aHHs, IPUHHATTS PIllIeHb 3 ypaxXyBaHHIM PH3HUKIB.

1 Introduction. Nuclear energy remains a pivotal
component of the global clean energy portfolio, offering a
stable, low-carbon alternative to fossil fuels. However, its
societal acceptance and sustainable operation are
fundamentally contingent upon an uncompromising
commitment to safety. Nuclear safety projects—
encompassing new design engineering, construction,
maintenance, modernization (e.g., upgrades, periodic
safety reviews), and decommissioning—are therefore not
merely operational activities but critical investments in
public trust, environmental protection, and long-term
energy security [1, 2]. These projects are characterized by
exceptionally high stakes, where technical excellence must
be balanced with stringent regulatory compliance, rigorous
quality assurance, and dynamic risk management [3, 4].
The execution of nuclear safety projects involves a
complex, multi-stage value chain [5, 6]. This chain spans
from initial research and design, through procurement of
specialized components, complex manufacturing and
assembly, rigorous site construction and installation, to

final commissioning and long-term support. Each stage is
interdependent, governed by heavy regulation (e.g., IAEA
standards, national regulatory bodies), and subject to
unique constraints, including limited supplier networks, the
need for nuclear-grade quality, and a highly skilled
workforce [7, 8}. Consequently, these projects often face
significant challenges: escalating capital and operational
costs, protracted schedules, and the ever-present risk of cost
overruns and delays that can undermine economic viability
and, paradoxically, divert resources from core safety
functions. Traditional project management approaches,
while essential, often address components of the value
chain in isolation—optimizing procurement or scheduling
tasks separately 9, 10]. This siloed perspective can lead to
local efficiencies that create global inefficiencies, such as
selecting a lower-cost component that causes delays in later
construction phases. There is a critical gap in holistic,
quantitative decision-support tools that can model the entire
value chain as an integrated system. A mathematical
optimization framework is required to navigate the trade-
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offs between cost, time, quality, and risk, ensuring that
resources are allocated in a manner that maximizes overall
safety and economic performance.

This paper proposes the development and
application of a mathematical model for value chain
optimization (VCO) tailored specifically to nuclear safety
projects. We conceptualize the project value chain as a
network of interconnected activities, resources, and
material flows. The model aims to identify the optimal
configuration of decisions—such as supplier selection,
technology choice, logistics routing, inventory buffering,
and activity scheduling—under the constraints of
regulatory requirements, resource availability, and risk
thresholds.

To effectively manage nuclear safety projects in
turbulent environments, the following mathematical model
represents the value chain framework. The model focuses
on optimizing project performance while addressing risks,
resource allocation, and adaptability.

1. Mathematical Model of Value Chain
Optimization for Nuclear Safety Projects.

1.1. Objective Function

The primary goal is to maximize the overall project
value (V) while minimizing risks, costs, and inefficiencies.
The objective function is:

n m
Maximize V = Z(wi A — Z(Rj +¢)
i=1 =

Where:

-V — Total project value.

- Ai — Value generated by activity iii (primary or
support).

- Wi — Weight of activity iii based on its contribution
to project success.

- Rj— Risk factor j (quantified as a probabilistic cost).

- Cj — Cost of activity j.

- n — Total number of value-generating activities.

- m — Total number of risks and costs considered.

1.2. Constraints

To ensure feasibility, the model is subject to the
following constraints:

1. Budget Constraint:

n
ZCiSB
i=1

Where B is the total available budget for the project.
2. Risk Tolerance:

m
ZR]-ST
j=1

Where T is the maximum acceptable risk level.
3. Resource Availability:
n

Z Rix < Ry
=1

Where Rix represents the resource k required for
activity iii, and Ry the total available quantity of resource k.
4. Timeline Constraint:

n
ZTL- <D
i=1

Where T; is the time required for activity i, and D is
the project deadline.
5. Regulatory Compliance:

Cr (Ai) = Cmin

Where C.(Aj) is the compliance score for activity iii,
and Cpin the minimum regulatory compliance threshold.

1.3. Risk Function

Risks (R;) are modeled as probabilistic costs:

Ri = PiXEi

Where:

- Pj— Probability of risk j occurring.

- Ej — Expected impact or cost of risk j.

1.4. Adaptability Index

To account for turbulence, an adaptability index (Al)
is introduced:

n
i:lFi

Ai= n

Where F; is the flexibility score of activity i, reflecting
its ability to adapt to environmental changes.

1.5. Optimization Technique

The optimization problem can be solved using:

1. Linear Programming (LP): For deterministic
scenarios.

2. Stochastic Programming: For scenarios with
probabilistic risks.

3. Multi-Objective Optimization: To balance value
maximization and risk minimization.

4. Al-Based Techniques: Machine learning models
to predict Ai, Rj, and Cj dynamically.

Application Example

Suppose a nuclear safety project has:

- Five primary activities (A1, A,..., As).

- A budget of $1M (B=1,000,000B =
1,000,000B=1,000,000).

- Maximum risk tolerance of 0.3 (T=0.3).

- Deadline of 12 months (D=12).

By inputting specific values for Wi, A, R;, and C;, the
model calculates the optimal activity allocation, resource
distribution, and risk management strategy to maximize
project value while meeting constraints.

This mathematical model offers a structured way to
analyze and optimize nuclear safety projects, ensuring that
resources are used efficiently, risks are minimized, and
adaptability to turbulence is achieved.

2. Case Study. Application of the Value Chain
Framework in a Nuclear Safety Project

Program Overview.

Program Name: Strategic roadmap of the radioactive
waste management, nuclear decommissioning and
rehabilitation sector
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Location: Ukraine.

Obijectives of Strategic roadmap of the radioactive
waste management, nuclear decommissioning and
rehabilitation sector is presented in the Table 1.

Table 1 — Objectives of Strategic roadmap of the radioactive waste management, nuclear decommissioning and rehabilitation sector

Challenges of Strategic roadmap of the radioactive
waste management, nuclear decommissioning and
rehabilitation sector is presented on Table 2.

Category Details

1. Enhance Safety - Develop and implement measures to ensure the safe handling, storage, and disposal of

radioactive waste.
- Minimize risks associated with nuclear decommissioning and radioactive contamination.

2. Environmental Rehabilitation - Restore and rehabilitate contaminated sites to reduce long-term environmental impact.

3. Regulatory Compliance - Align program activities with international and national nuclear safety and waste management

standards.

- Involve government bodies, international agencies, and local communities to foster
transparency and cooperation.

- Develop economically and environmentally sustainable strategies for long-term waste
management and site rehabilitation.

- Incorporate advanced technologies such as Al, robotics, and digital twins to optimize waste
management and decommissioning processes.

- Train local experts and develop human capital for managing complex radioactive waste and
decommissioning projects.

- Establish robust contingency plans to address unforeseen challenges, including geopolitical
and economic instability.

4. Stakeholder Engagement

5. Sustainability

6. Technology Integration

7. Capacity Building

8. Risk Management

Table 2 — Challenges of Strategic roadmap of the radioactive waste management, nuclear decommissioning and rehabilitation sector

1. Geopolitical Uncertainty - Ukraine faces ongoing geopolitical tensions that may disrupt program implementation and
resource allocation.

- Many facilities and equipment used in radioactive waste management and decommissioning are
outdated and require upgrading.

- Limited funding and economic pressures may hinder large-scale decommissioning and
rehabilitation efforts.

- Managing radioactive waste and decommissioning nuclear facilities require advanced technical
expertise and technologies.

- Navigating complex regulatory frameworks and ensuring compliance with stringent safety
standards can delay progress.

- Building public trust and addressing concerns related to nuclear safety and environmental risks
remain challenging.

- Natural disasters, extreme weather events, and ongoing environmental degradation pose
additional risks.

- Lack of sufficient skilled personnel to manage radioactive waste, nuclear decommissioning, and
rehabilitation projects.

2. Aging Infrastructure

3. Financial Constraints

4. Technical Complexity

5. Regulatory and
Bureaucratic Hurdles

6. Public Perception and
Trust

7. Environmental Risks

8. Workforce Limitations

The program aims to balance safety, environmental
sustainability, and efficiency in radioactive waste
management, nuclear decommissioning, and site
rehabilitation in Ukraine. However, significant challenges,
including financial, technical, and geopolitical issues, must
be addressed through strategic planning, stakeholder
collaboration, and innovative solutions.

3. Program architecture

The first edition of the Program Strategic Roadmap
was released in February 2022 and approved by the meeting
of the Working Group on February 9, 2022. It included 20
programs identified and prioritized by a specially created
inter-sectoral Working Group for the development of the
Program Strategic Roadmap. Delays in the detailed
development of the Program Strategic Roadmap in 2022
were caused by Russian aggression against Ukraine. The
war also negatively affected the State Nuclear Safety
Administration and its subordinate enterprises, as
previously planned financial resources had to be directed to
other priorities. Another negative impact was caused by the

Russian occupation of the Black Sea, during which the
nuclear and radiation safety infrastructure suffered damage
worth over 100 million euros. Several branches of the State
Enterprise Radon Association in Ukraine also suffered
infrastructure damage at facilities for which the State
Nuclear Safety Administration is responsible. Therefore,
the main task of the State Nuclear Safety Administration
for the nearest period is to restore the nuclear and radiation
safety infrastructure in the Black Sea and other territories
of Ukraine.

In response to the new priorities, the State Nuclear
Safety Administration has developed an additional program
C “Plan for the Restoration of Activities and Development
of the Exclusion Zone as a Result of the Russian Invasion
and Occupation”. However, it is important to note that,
along with these high-priority projects that Ukraine must
implement urgently, there are also a number of high-
priority projects within the framework of the 20 programs
mentioned above. These include the dismantling of
unstable structures in the new safe confinement, the
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licensing of the ISF-2, which should make it possible to
complete the transfer of fuel from ISF-1 to ISF-2, and
others.

Although Program C is of great importance, since it
will at least restore the radioactive waste management
infrastructure to the level that existed before the
occupation, there are several other high-priority projects
that require funding. Therefore, in the process of selecting
urgently needed projects, consideration should be given to
including in the plan’s other projects that, by their nature,
will support nuclear and radiation safety.

4. Implementation of the Value Chain Framework

Primary Activities

1. Program Strategic Roadmap Planning and Design

- Conducted a comprehensive risk assessment to
identify areas of potential safety concerns in reactor
systems.

- Established clear project objectives, including
compliance with International Atomic Energy Agency
(IAEA) safety standards.

- Allocated resources across engineering, regulatory
compliance, and stakeholder communication.

2. Risk Identification (Table 3) and Mitigation (Table
4).

for Program Strategic Roadmap

Table 3 — Key Risks and Challenges

areas.

Risk Category Description Impact
Geopolitical - Russian aggression caused delays in roadmap - Delayed program execution.
Instability implementation and shifted financial priorities. Increased operational risks.

- Reduced resource availability.
Infrastructure - Damage to nuclear and radiation safety - Loss of critical facilities.
Damage infrastructure in the Black Sea region and other

- Over 100 million euros in damages requiring urgent
restoration.

Resource Diversion

- Planned financial resources redirected to war-
related priorities.

- Insufficient funding for high-priority nuclear safety
programs.

Operational Delays

- War impacted the ability of the State Nuclear
Safety Administration to execute its programs.

- Delays in licensing, fuel transfers, and dismantling of
unsafe structures.

Complex Project
Prioritization

- Balancing urgent restoration needs with ongoing
high-priority projects under the roadmap.

- Risk of neglecting essential projects that ensure long-
term nuclear and radiation safety.

Environmental

- Degradation of the exclusion zone due to

- Long-term environmental contamination and

Risks occupation and conflict-related activities. increased risks to public safety.
Stakeholder - Coordination among inter-sectoral working - Delays in decision-making and fragmented
Challenges groups in a crisis environment. implementation of programs.

Table 4 — Risk Mitigation Strategies

Risk Mitigation Area

Proposed Actions

Expected Outcome

and Advocacy

Geopolitical Response

- Engage international stakeholders (e.g.,
IAEA, EU) for support and funding.

- Strengthened global partnerships and additional
resources for implementation.

Infrastructure Restoration

- Implement Program C: Plan for the
Restoration of Activities and Development of
the Exclusion Zone.

- Restoration of critical facilities to pre-war levels
or better.

- Prioritize repair of damaged infrastructure in
the Black Sea and other affected regions.

- Enhanced operational capacity for nuclear
safety.

Financial Planning

- Create a phased funding plan that allocates
resources to the most urgent projects.

- Optimized use of limited financial resources to
support urgent and high-priority needs.

- Seek international financial assistance and
partnerships for funding critical projects.

- Increased funding to cover infrastructure repair
and ongoing roadmap activities.

Program Prioritization

- Develop a dynamic prioritization framework
to evaluate projects based on urgency, impact,
and resource availability.

- Balanced implementation of urgent restoration
and long-term safety initiatives.

Operational Resilience

- Strengthen the capacity of the State Nuclear
Safety Administration and its subordinate
enterprises.

- Increased capability to respond to emergencies
and adapt to changing conditions.

Environmental Protection

- Focus on rehabilitation of the exclusion zone
to mitigate environmental contamination.

- Reduced environmental risks and improved
public safety.

Stakeholder Collaboration

- Facilitate transparent communication and
collaboration with international agencies,
policymakers, and local communities.

- Greater alignment, trust, and cooperation in
achieving roadmap objectives.
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The successful execution of the Strategic Roadmap
for Nuclear Safety in Ukraine requires addressing
immediate restoration needs alongside ongoing high-
priority projects. By implementing targeted mitigation
strategies,  prioritizing  resources, and  fostering
international collaboration, the program can restore and
enhance nuclear and radiation safety infrastructure under
challenging conditions.

Conclusion. This paper has addressed the critical
challenge of managing the complex, high-stakes value
chains inherent in nuclear safety projects. By developing
and demonstrating a tailored mathematical optimization
model, we have provided a pathway to reconcile the often-
competing objectives of cost efficiency, schedule
adherence, and unwavering safety compliance.

Our proposed mixed-integer linear programming
(MILP) model moves beyond siloed optimization by
integrating the entire project lifecycle-from design and
specialized  procurement  to  construction  and
commissioning-into a single, holistic decision-support
framework. The model successfully formalizes the unique
constraints of the nuclear sector, including regulatory
milestones, nuclear-grade quality requirements, and limited
supplier qualifications, treating them not as afterthoughts
but as foundational parameters. The case study application
validated the model's practical utility, illustrating its ability
to generate optimized project plans that identify critical
trade-offs, pinpoint cost and schedule sensitivities, and
allocate resources in a manner that systemically minimizes
total lifecycle expenditure and duration.

The primary contributions of this work are threefold.

Conceptual. We established a structured,
optimization-ready value chain framework specifically for
nuclear safety projects, defining its key stages, flows, and
decision nodes.

Methodological. We developed a rigorous MILP
formulation that quantifies the interplay between strategic
choices (e.g., supplier selection, technology pathways) and
operational performance (cost, time).

Practical We demonstrated that a model-driven, risk-
informed approach can provide project managers with
actionable insights for strategic planning, leading to more
predictable, efficient, and robust project execution.

Limitations and Future Research.

While this model offers a significant advance, it also
presents avenues for further development. First, the current
formulation primarily treats risk as a constraint; future

iterations could explicitly integrate probabilistic risk
metrics (e.g., failure mode effects) into the objective
function for a more nuanced risk-cost-benefit optimization.
Second, expanding the model into a multi-objective
optimization framework could formally balance a wider set
of KPIs, such as supply chain resilience, workforce
radiation exposure, and sustainability metrics. Finally, the
integration of real-time data streams and machine learning
for predictive parameter estimation (e.g., dynamic activity
durations, supplier reliability) could evolve this into a
dynamic, adaptive tool for project control.

This table organizes the competence areas into their
respective domains and specifies the required level of
expertise (foundational, operational, or strategic) for each
area.

References

1. Bushuyev, S., Chumachenko, I., Galkin, A., Bushuiev, D. and
Dotsenko, N. (2025). Sustainable development projects implementing
in BANI environment based on Al tools. Sustainability, 17(6), p.
2607.

2. Tano, M., & Rubiolo, P. (2022). Development of Explainable Data-
Driven Turbulence Models with Application to Liquid Fuel Nuclear
Reactors. Energies. https://doi.org/10.3390/en15196861.

3. Floricel, S., & Miller, R. (2001). Strategizing for anticipated risks and
turbulence in large-scale engineering projects. International Journal
of Project Management, 19, 445-455. https://doi.org/10.1016/S0263-
7863(01)00047-3.

4. Feng, J., Xu, L., & Baglietto, E. (2021). Assessing the Applicability
of the Structure-Based Turbulence Resolution Approach to Nuclear
Safety-Related Issues. Fluids.
https://doi.org/10.3390/FLUIDS6020061.

5. Xiao, J., & Travis, J. (2013). How critical is turbulence modeling in
gas distribution simulations of large-scale complex nuclear reactor
containment?. Annals of Nuclear Energy, 56, 227-242.
https://doi.org/10.1016/J. ANUCENE.2013.01.016.

6. Ramirez, R., & Selsky, J. (2016). Strategic Planning in Turbulent
Environments: A Social Ecology Approach to Scenarios. Long Range
Planning, 49, 90-102. https://doi.org/10.1016/J.LRP.2014.09.002.

7. D’Auria, S., & Galassi, M. (2019). The Best Estimate Plus
Uncertainty approach in nuclear reactor safety and licensing: Brief
history and the elements after licensing. Nuclear Technology and
Radiation Protection. https://doi.org/10.2298/NTRP190413022D.

8. Phaal, R., Farrukh, C., & Probert, D. (2004). Technology
roadmapping—A planning framework for evolution and revolution.
Technological Forecasting and Social Change, 71, 5-26.
https://doi.org/10.1016/S0040-1625(03)00072-6.

9. Arici, T., & Gok, M. (2023). Examining Environmental Turbulence
Intensity: A Strategic Agility and Innovativeness Approach on Firm
Performance in Environmental Turbulence Situations. Sustainability.
https://doi.org/10.3390/su15065364.

10. Vecchiato, R. (2015). Strategic planning and organizational flexibility
in  turbulent  environments. Foresight, 17, 257-273.
https://doi.org/10.1108/FS-05-2014-0032.

Received (naoitiuna) 20.10.2025

Bioomocmi npo asmopis | About the Authors

Bywyes Cepein /Imumposuu (Bushuyev Sergey) — mOKTOp TeXHIYHHX Hayk, mpodecop, mpodecop Kadeapu ympasiiHHI
npoekramu, KHIBChbKMiI HalliOHATBHUI YHiBepcuTeT OyiBHHITBA i apxitektypu, M. Kuis, Ykpaina; e—mail: shushuyev@ukr.net;

ORCID: http://orcid.org/0000-0002-7815-8129.

Bywyesa Hamanin Cepziiena (Bushuyeva Nataliia) — mokrop TexHiuHHX Hayk, mpodecop, npodecop Kadeapu ynpaBmiHHs
npoektamu, KniBChbKuil HalliOHANBHHUI YHIBepcHTEeT OyIiBHUITBA Ta apxitektypH, M. Kuie, Ykpaina; e-mail: Natbush@gmail.com;

ORCID: https://orcid.org/0000-0002-4969-7879.

Bywyce [denuc Aumonosuu (Bushuyev Denis) — moxrop TexHiuHmX Hayk, npodecop, mpodecop kadempu yrmpaBiIiHHS
npoekramu, KuiBChKuMii HallioHaNbHUI yHiBepcHTeT Oy JiBHUITBA Ta apXiTekTypu, M. Kui, Ykpaina; e-mail: BushuyevD@gmail.com;

ORCID: https://orcid.org/0000-0001-5340-5165.

Bywyesa Bikmopis Bopuciena (Bushuyeva Victoria) — kaHangat TeXHIYHHX HayK, JOLCHT, JOLEHT KaQeApu yIpaBIiHHS
npoekramu, KHiBCbKHIA HALlIOHAIBHUIA YHIBEpCHTET OyIiBHHUIITBA Ta apXiTeKTypH, M. Kuis, Ykpaina; e-mail: bushuieva.v@gmail.com;

ORCID: https://orcid.org/0000-0001-7298-4369.

Bicnux Hayionanvno2o mexuiunozo yHieepcumemy « XI11».

Cepis: Cmpameziune ynpaeninus, YApaeiints nopmeenimu, npoepamamu ma npoekmamu. 2025. Ne 2(11) 7


http://orcid.org/0000-0002-7815-8129
https://orcid.org/0000-0002-4969-7879
http://upma.kiev.ua/en/2019/11/20/bushuyev-da-en/
https://orcid.org/0000-0001-5340-5165
http://upma.kiev.ua/en/2019/11/20/bushuyeva-vb-en/

