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GREEN STANDARDS IN UKRAINE: CURRENT STATE OF THE PROBLEM

Holius V.A., postgraduate,

ottobisma@gmail.com, ORCID: 0000-0001-9116-4665

O.M. Beketov National University of Urban Economy in Kharkiv
17, Chornoglazivska Street, Kharkiv, 61002, Ukraine

Abstract. This article provides a comprehensive analysis of the current state of green standards
implementation within Ukraine's construction industry. The study's relevance is underscored by global
challenges, including climate change, natural resource depletion, and urbanization, which necessitate a
transformative shift in the construction sector to achieve the Sustainable Development Goals (SDGS).
Global practice consistently demonstrates the effectiveness of international certification systems such as
LEED, BREEAM, and DGNB in reducing emissions, optimizing energy consumption, improving
environmental quality, and fostering sustainable urban environments. However, despite isolated positive
examples, the widespread adoption of these standards in Ukraine remains limited. This is primarily due
to the absence of a comprehensive national "green" standard, one that is fully adapted to local conditions
and effectively integrated into the state regulatory framework. While Ukraine's existing regulatory and
legal framework contains fragmented provisions concerning energy efficiency and ecological design, it
currently lacks a cohesive, systemic approach to green architectural practices. Particular attention is
drawn to the imperative of adapting international best practices to Ukraine's specific socio-economic
conditions and regional characteristics.

The research employed a comprehensive methodological approach. This encompassed a
systematic analysis of Ukraine's regulatory framework pertaining to ecological construction, a
comparative analysis of leading international green standards (LEED, BREEAM, DGNB) and their
correlation with the United Nations Sustainable Development Goals, and an empirical analysis of
the market for ecologically certified buildings in Ukraine as of April 2025.

The findings indicate that Ukraine has established a foundational regulatory framework that
addresses certain aspects of ecological building certification, particularly in areas like thermal insulation,
energy efficiency, and resource metering. A review of relevant laws, state building norms (DBNs), and
ministerial orders confirms the government's aspiration to integrate sustainable development principles.
Furthermore, international green standards (LEED, BREEAM, DGNB) demonstrate a high degree of
alignment with the SDGs, encompassing their environmental, social, and economic dimensions. The
analysis of the market for certified properties revealed a limited number of completed projects (only a
few dozen), predominantly concentrated within the public and office building segments in major cities,
while the residential sector remains largely untouched by "green” certification.

The study confirms the existence of significant challenges, yet simultaneously highlights
substantial potential for the advancement of green building in Ukraine. There is a clear need for the
development of a holistic national green standard specifically tailored to Ukrainian peculiarities.
Additionally, the establishment of a unified national register for certified buildings is crucial for
data systematization and promoting ecological standards among developers and the general public.
The systemic implementation of green standards in Ukraine must be grounded in a robust legislative
framework, the integration of international experience, adherence to SDGs, and scientifically
substantiated adaptation to the national context.

Future research will focus on developing a template for a national green standard that accounts for
regional specificities and incorporates the visual and aesthetic qualities of architecture into its criteria.

Keywords: green standards, LEED, BREEAM, DGNB, ecological certification, sustainable
development, Sustainable Development Goals.

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 9-19



10

ARCHITECTURE

Introduction. In the context of global challenges related to climate change, rapid urbanization,
and depletion of natural resources, the construction industry stands out as one of the key sectors capable
of significantly contributing to the achievement of sustainable development goals. International
experience has shown that the implementation of green standards — certification systems that address
environmental, economic, and social aspects of construction — is an effective tool for reducing carbon
emissions, optimizing energy consumption, improving quality of life, and promoting the ecological
transformation of urban environments. Among the most widely recognized global certification systems
are LEED (USA), BREEAM (United Kingdom), and DGNB (Germany), which are gradually gaining
traction in Ukraine as well. However, despite successful case studies, the scale of green certification
adoption at the national level remains limited.

One of the key problems is the absence of a comprehensive national green standard in Ukraine —
one that would be adapted to local conditions and possibly integrated into the regulatory framework
governing construction activities. Although a number of legal and regulatory documents addressing
energy efficiency, environmental design, and the Sustainable Development Goals (SDGs) have emerged
in recent years, these instruments often remain fragmented and are not yet consolidated into a unified
certification tool. This complicates the development of a systemic approach to the ecological
transformation of architecture.

Moreover, there is a pressing need to adapt existing international green standards to the Ukrainian
market, taking into account local socio-economic conditions, housing needs, and regional specifics. The
integration of ecological criteria into urban planning, architectural design, and engineering solutions
requires both scientific and regulatory substantiation.

In this context, it is essential not only to assess the current state of green certification
implementation in Ukraine, but also to identify regulatory gaps, explore the potential of a national
approach, and justify the feasibility of developing a context-sensitive national green standard aligned
with the Sustainable Development Goals.

Review of Recent Studies and Publications. Within the growing interest in green
construction in Ukraine, a number of studies have addressed various aspects of this field.
T.l. Kryvomaz, A.P. Kulykov, and O.V. Petrochenko emphasized the importance of sustainable
construction for preserving water resources, noting that the construction industry accounts for about
14% of drinking water use. They argue that implementing green technologies could substantially
reduce this figure [1].

0O.V. Hlushakova, O.H. Zhukova, and N.V. Nehoda examined ecological management and
planning in green construction. Their work includes methodological recommendations for students
specializing in environmental protection technologies, thereby contributing to the training of
professionals in the field [2].

H. Kovalska and O. Homon focused on the integration of green architecture into the
educational process, particularly through the use of green roofs and vertical farms. These practices
help foster ecological thinking among future architects [3].

A series of regular international conferences, such as "Green Construction,” hosted by Kyiv
National University of Construction and Architecture, facilitates knowledge exchange between
researchers, business representatives, and policymakers regarding the implementation of sustainable
technologies [4].

A study published in the journal Ecological Safety and Environmental Management analyzed
trends in green construction in Ukraine and Poland, emphasizing the need for government support
and a favorable investment climate to further develop this sector [5].

Collectively, these works highlight increasing interest in sustainable construction in Ukraine,
confirming its importance for sustainable development and the need for further research and
practical implementation. Moreover, the integration of green building topics into academic curricula
underscores their long-term significance for the professional training of architects and planners.

Purpose and Objectives. The aim of this study is to analyze the existing legal and regulatory
framework in Ukraine and to justify the development of a conceptual model for a national green
building standard. To achieve this aim, the following objectives were defined:

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 9-19
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— to analyze Ukraine’s legal and regulatory documents related to sustainable construction;

— to examine the relationship between green certification criteria and the United Nations
Sustainable Development Goals (SDGSs);

— to assess the current market for green-certified buildings in Ukraine, including their
typological characteristics.

Materials and Methods. This research employs an interdisciplinary methodology that
integrates theoretical analysis and empirical data collection to address the objectives outlined above.

The study draws on the following materials:

— Ukrainian legal and regulatory documents, including laws, state building codes (DBNS),
ministerial orders, and Cabinet of Ministers resolutions related to energy efficiency, environmental
design, and the UN Sustainable Development Goals. A full list of analyzed documents is provided
in the bibliography;

— official data from international green certification systems, particularly from the databases
and reports of LEED (U.S. Green Building Council), BREEAM (Building Research Establishment),
and DGNB (German Sustainable Building Council) concerning certified buildings in Ukraine.

The methodology consists of the following components. Systematic analysis of legal
regulations. A comprehensive review was conducted of existing Ukrainian legislation and
regulatory frameworks to assess their compliance with environmental design principles and the
SDGs. Logical and comparative methods were applied to evaluate the scope and consistency of
various legal documents.

Comparative analysis of international green standards. The study juxtaposed key criteria of
the LEED, BREEAM, and DGNB systems with the UN SDGs. Content analysis was used to
identify correlations between certification standards and specific SDG targets. Generalization
techniques were employed to derive conclusions about their interconnection.

Market analysis of green-certified buildings in Ukraine. The current state of Ukraine’s green
certification market as of April 2025 was assessed using official data from the certification systems.
Typological analysis was conducted to identify the dominant building types undergoing
certification (e.qg., office, retail, residential). Statistical analysis was applied to quantify and evaluate
trends in the number of certified projects.

Synthesis and generalization. Based on the collected data and analysis, conclusions were
formulated regarding the current state of green certification in Ukraine, gaps in the legal framework
were identified, and a rationale for developing a national green standard was presented.

These methodological approaches ensured a comprehensive examination of the subject and
enhanced the validity of the study’s findings.

Research Findings. Legal Framework for Environmentally Responsible Building Design in
Ukraine. Ukraine has already established a foundational legal and regulatory framework that
partially governs the environmental assessment and certification of buildings. This legislative base
can serve as a platform for the development of a national green building certification system — a
Ukrainian green standard.

Key documents currently forming the legal basis for integrating environmental principles into
construction practices include:

— DBN B.2.6-31:2021 "Thermal insulation and energy efficiency of buildings"”, which defines
performance requirements for building insulation in accordance with modern energy-saving
standards [6].

— DBN B.1.2-11:2021 “Energy saving and energy efficiency”, a document that sets out
general principles to ensure energy efficiency at all stages of a building’s lifecycle [7].

— The Law of Ukraine "On Energy Efficiency of Buildings" (2017, updated 2024), which
provides criteria for energy certification and the assessment of buildings energy performance [8].

— The Law "On the Energy Efficiency Fund" (2017, revised 2024), which defines mechanisms
for financing energy modernization initiatives [9].

— The Law "On Commercial Accounting of Heat and Water Supply™ (2017, updated 2025),
which establishes mandatory metering of utility consumption in buildings [10].

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 9-19
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— Order of the Ministry for Regional Development, Construction, and Housing and
Communal Services of Ukraine (2018, amended in 2021) "On Approval of the Procedure for
Independent Monitoring of Energy Certificates”. This order outlines the procedures for conducting
independent control over energy certificates [11].

— Order of the Ministry for Regional Development, Construction, and Housing and
Communal Services of Ukraine (2018, updated in 2025) "On Approval of the Procedure for
Conducting Energy Efficiency Certification and the Form of the Energy Certificate”. This document
establishes the practical framework for implementing energy efficiency assessments [12].

— Law of Ukraine (2019) "On the Basic Principles (Strategy) of the State Environmental
Policy until 2030". This law outlines the fundamental directions of the country’s environmental
transformation [13].

— Presidential Decree No. 722 (2019) "On the Sustainable Development Goals of Ukraine
until 2030". This decree adapts the UN Sustainable Development Goals to the national context [14].

— Order of the Ministry for Communities and Territories Development (2020) "On Approval
of Minimum Energy Efficiency Requirements for Buildings”. This order establishes the minimum
energy efficiency criteria for construction projects [15].

— Cabinet of Ministers Decree (2020, updated in 2023) "On Approval of the Concept for
Implementing State Policy in the Field of Ensuring Energy Efficiency of Buildings in the Part of
Increasing the Number of Nearly Zero-Energy Buildings and the National Plan for Increasing the
Number of Such Buildings". This decree approves both the concept and the National Plan for the
widespread implementation of nearly zero-energy buildings [16].

— Law of Ukraine (2022, updated in 2024) "On Energy Efficiency”. This law unifies
approaches to energy consumption management [17].

— Law of Ukraine (2023, updated in 2024) "On Amendments to Certain Laws of Ukraine to
Create Conditions for Comprehensive Thermal Modernization of Buildings”. This legislative act
promotes large-scale energy-saving renovations [18].

— Cabinet of Ministers Decree (2024) "Certain Issues Concerning the Achievement of the
Sustainable Development Goals in Ukraine". This document coordinates state policy in the context
of implementing the Sustainable Development Goals [19].

This set of regulatory and legal documents reflects the state’s intention to integrate the principles
of sustainable development into the urban planning and architectural spheres, thereby forming a
foundation for the further advancement of environmentally responsible practices in construction.

Consideration of Sustainable Development Goals in the Context of Legal Regulation of
Environmental Certification. The effectiveness of implementing green standards largely depends on
the systematic integration of regulatory requirements with national strategic guidelines in the field of
sustainable development. Such an approach ensures not only compliance of architectural projects with
current norms, but also their long-term resilience in accordance with the global development agenda.

It is important to emphasize that the Sustainable Development Goals (SDGs), adopted by the
United Nations resolution "Transforming our world: the 2030 Agenda for Sustainable
Development” (2015), have been reflected in Ukrainian legislation. In particular:

— According to the Presidential Decree of Ukraine No. 722 of 2019 "On the Sustainable
Development Goals of Ukraine until 2030" [14], the state has undertaken official obligations to
integrate the principles of sustainable development into policies and strategies at the national,
regional, and sectoral levels.

— The Law of Ukraine "On the Basic Principles (Strategy) of the State Environmental Policy
of Ukraine until 2030" [13] outlines the directions of environmental governance that align with the
Global SDGs, particularly in the areas of energy efficiency, rational resource use, and adaptation to
climate change.

One of the key features of green building standards is their ability to encompass all three core
pillars of sustainable development: environmental, social, and economic.

Environmental dimension. Green standards include design and operational measures aimed at
minimizing the negative environmental impact of buildings. This is achieved through improved
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energy efficiency, reduced CO: emissions, optimized water usage, use of environmentally friendly
materials, and waste reduction. These approaches not only align with national environmental
policies but also contribute to achieving the goals of sustainable natural resource management. For
example, SDG 6 "Clean Water and Sanitation™ aims to ensure equal access to safe and affordable
water, improve water quality, increase water-use efficiency, and protect and restore water
ecosystems [20]. Green standards support efficient water use through conservation technologies,
water quality control, irrigation solutions, and wastewater treatment.

Social dimension. Green standards assess the quality of the architectural environment in terms of
comfort, safety, accessibility, and health impacts on users (residents). This includes aspects such as
natural lighting, ventilation, acoustic comfort, ergonomics, and inclusivity. As a result, environmental
certification fosters favorable living and working conditions, enhancing well-being and aligning with
the principle of social equity in sustainable development. For instance, SDG 3 "Good Health and Well-
being™" seeks to reduce maternal mortality, combat epidemics such as tuberculosis and malaria, and
lower child and neonatal mortality rates [21]. Green standards evaluate indoor air quality, acoustic and
visual comfort, as well as the use of non-toxic materials and finishes.

Economic dimension. Although implementing green standards often involves higher initial
investments, the long-term economic return is achieved through reduced operational costs, energy
savings, increased real estate value, and greater investment attractiveness. For example, SDG 9
"Industry, Innovation and Infrastructure” focuses on developing quality, reliable, and sustainable
infrastructure for economic growth, promoting inclusive industrialization, supporting domestic
technologies, and expanding access to ICTs [22]. Green standards actively integrate IT solutions not
only at the design stage but also throughout building operation. Additionally, some certification
systems award points specifically for innovative solutions.

Thus, green standards are not merely technical regulations, but a comprehensive tool
integrating architectural practice into the broader paradigm of sustainable development. Their
implementation allows buildings to not only respond to contemporary challenges but also generate
long-term environmental, social, and economic benefits.

Moreover, modern certification systems clearly trace the correlation between specific SDGs
and the corresponding credits and criteria of green standards.

For instance, the LEED system demonstrates a direct alignment between assessment criteria
and the SDGs, particularly SDGs 3, 6-13, 15, and 17 [23]. For example, SDG 3 "Good Health and
Well-being" is reflected in the Indoor Environmental Quality criteria, while SDG 13 "Climate
Action"” is covered by requirements that account for 35 out of 100 possible points in the overall
building rating (see Fig. 1).

— ﬁb LEED PERFORM Credentials Advocacy Membership Resources FAQs Subscribe Sigl

Goal 13: Climate action @

Climate action calls for governments, nonprofits, private sector actors and the public to take urgent action to combat climate change

and its impacts.

The effects of climate change are wide-ranging and will affect lives and economies around the globe. The climate change crisis

represents a full-scale tragedy of the commons, as greenhouse gas emissions emitted anywhere in the world contribute to the

accumulated atmospheric gases that are trapping heat and warming the planet.

Fig. 1. Alignment of SDGs in the LEED System
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The BREEAM system also aligns with global Sustainable Development Goals, covering
SDGs 1-4, 7-9, and 11-16 [24]. For example, SDG 1 "No Poverty" is addressed by ensuring equal
access to economic, natural, and financial resources, and strengthening resilience to social,
economic, and environmental shocks (see Fig. 2).

BREEAM' a =

About BREEAM The BREEAM Awards 2025 BREEAMUSA BREEAMInfrastructure BREEAMUKNCR News&insights CaseStudies Tools Coan

Goal 1: End poverty in allits forms everywhere &)
BREEAM schemes ensure the provision of basic senices.
irgal
Il men and wamen, in partica'ar the poor and tha vulnerabla have equal rights ta ecanamic
as access 1o 25, OWNE § CONtrol « and other forms of property, Inheritance
irces, appropriale new technology, dmd finsneial services, including microflinaneca
BREEAM and BREEAM Infrastructure help 1o Improve reslience o natural disssters and extrems weather.
R 1ce target: Target 1.5
B 0. build Ine resiliencs of [ha poor and [hose in velnarabla siluations and reduce teair exposurs @nd volnarability
1o climate-related exireme events and cther economic, sccial and environmental shocks and disasters
Goal 2: End hunger, achieve food security and improved nutrition and promote ¥
sustainable agriculture
Goal 3: Ensure healthy lives and promote well-being for all at all ages ¥
Goal 4: Ensure inclusive and quality education for all and promote lifelong learning v
Goal 5: Achieve gender equality and empower all women and girls ¥

Fig. 2. Alignment of SDGs in the BREEAM System

The DGNB system conducted an internal analytical study to identify intersections between its
certification criteria and the SDGs [25]. Results confirmed that DGNB addresses 15 out of the 17
Sustainable Development Goals, underlining its comprehensive scope (see Fig. 3).

REPORT DECEMBER 2020

Building for a better world

How buildings contribute ~
to the UN Sustainable Development Goals (SDGs)

W
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i
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Fig. 3. Alignment of SDGs in the DGNB System

Other certification systems such as WELL, Green Globes, and HQE also explicitly emphasize
the correlation between their credits and the SDGs.

Assessment of the Current State of Green Building Certification Systems Implementation in
Ukraine. To identify the key characteristics, trends, and typological features of certified projects, an
analysis of the green certification market for architectural projects in Ukraine was conducted as of
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April 2025. The study revealed that the number of implemented or certified projects remains at a
few dozen, with several others in the process of certification or having submitted applications.

Currently, three major international certification systems are represented in the Ukrainian
market: the American LEED (Leadership in Energy and Environmental Design), the British
BREEAM (Building Research Establishment Environmental Assessment Method), and the German
DGNB (Deutsche Gesellschaft fiir Nachhaltiges Bauen). To provide a detailed overview of the
market structure and to monitor current trends, let us examine the list of certified buildings.

According to LEED [26], eight projects are officially registered in Ukraine:

— The Shell office located in the Toronto-Kyiv multifunctional complex (Kyiv) — the first
project in Ukraine to receive the LEED ID+C: Commercial Interiors certificate (2013).

— The U.S. Embassy in Ukraine "NOX Kyiv" (Kyiv), certified under LEED BD+C: New
Construction (2014).

— Business campus B12 of the UNIT.City innovation park (Kyiv), certified under LEED
BD+C: Core and Shell (2019).

— Business campuses B9-B10 at UNIT.City (Kyiv), also certified under LEED BD+C: Core
and Shell (2020).

— Business campus B11 at UNIT.City (Kyiv), certified under LEED BD+C: Core and Shell
(2021).

— Chanel boutique at Mandarin Plaza (Kyiv), certified under LEED ID+C: Retail (2021).

— Building BO1 of the LvivTech.City innovation park (Lviv), certified under LEED BD+C:
Core and Shell (2023).

— The Takeda company office (Kyiv), certified under LEED ID+C: Commercial Interiors
(2023).

— Additionally, reports mention the recent certification of Mag.nett Business Center and
K/MOST Business Center in Kyiv [27].

According to BREEAM [28], five certified projects are officially registered in Ukraine:

— Astarta Business Center (Kyiv), certified under BREEAM 2013 New Construction: Offices.
Interim (2016) and BREEAM 2013 New Construction: Offices. Final (2018).

— Forum Lviv Shopping Mall (Lviv), certified under BREEAM 2009 Europe Commercial:
Retail (2018).

— Diadans Residential Development (Kyiv), certified under BREEAM 2016 New
Construction: Residential (2020).

— Winner Renault car dealership (Kyiv), certified under BREEAM 2016 New Construction:
Commercial (2021).

— Silpo Re Cycling supermarket (Kyiv), certified under BREEAM 2016 New Construction:
Commercial (2022).

Additional BREEAM-certified projects include:

— Optima Plaza Business Park (Lviv), certified under BREEAM In-Use International [29]
(2017).

— Eurasia Business Center (Kyiv), certified under BREEAM In-Use [30] (2020).

— Prime Business Center (Kyiv), certified under BREEAM In-Use [31] (2020).

— Grand Business Center (Kyiv), also certified under BREEAM In-Use [32] (2020).

— Horizon Park Business Center (Kyiv), certified under BREEAM In-Use International [33]
(2020).

According to the DGNB system [34], only one certified project is officially registered in
Ukraine — a Billa supermarket operated by an Austrian retail chain (2014).

The analysis of these data indicates that the number of certified buildings in Ukraine remains
limited. However, there is a growing interest in green standards. It is also noteworthy that most
certified projects are public or commercial buildings, while the residential sector remains largely
unaffected by green certification initiatives.

In light of these circumstances, the author suggests the initiation of a unified national register
of buildings certified under green standards. This would support information systematization,
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monitoring of certification processes, and promotion of environmental standards among developers
and the wider public.

Conclusions. The conducted study confirms the existence of both challenges and prospects
for the development of green building in Ukraine. The analysis of the regulatory and legal
framework indicates that there are individual legislative initiatives at the national level related to
energy efficiency, emission reduction, and climate change adaptation. However, Ukraine still lacks
a comprehensive national green standard that would take into account the specifics of the local
market, construction sector, and climatic conditions.

The assessment of certified green buildings shows that the number of projects recognized by
international certification systems (LEED, BREEAM, DGNB) remains limited and is concentrated
mainly in large cities and within commercial or office real estate. Residential buildings, in contrast,
are almost entirely absent from the green certification landscape.

The comparative analysis of green standard criteria and the UN Sustainable Development
Goals demonstrates that these systems promote the achievement of environmental, economic, and
social targets. Given that the SDGs have been officially incorporated into Ukrainian legislation, it
would be reasonable for a future national green standard to explicitly reflect these goals.

Furthermore, the study supports the initiative to establish a national certification system
tailored to local needs, as well as a public register of certified buildings. Such measures would not
only enhance transparency but also increase awareness of and demand for environmentally
responsible construction among professionals and the general public.

In summary, the systematic implementation of green standards in Ukraine should rely on a
comprehensive legislative base, integration of international experience, alignment with the SDGs,
and context-specific scientific adaptation.

Future research will focus on developing a conceptual framework for a national green
standard adapted to the regional context. According to global trends, this should also incorporate
aesthetic and visual qualities of architecture as evaluation criteria.
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cextopy s nocsrHeHHs Lineit cranoro pozsutky (LICP). CeiToBa mpakTHKa T0BOIUTH €PEKTHBHICTH
MibkHapogaux cuctem ceprudikanii (LEED, BREEAM, DGNB Ta iHIINX) A7 3HUKEHHS BUKUJIIB,
ONTHMI3allli €HePTOCTIOKUBAHHSI, TTOKPAIICHHS SIKOCTI CEPEIOBHINA, KOHAMIIIN JII0uHN To1o. OHaK,
TIOTIPY OKPEMi MO3UTHBHI MPHUKIIA/IU, IXHE BOPOBAKEHHS B YKpaiHi 3JIUIIAETHCS OOMEXEHUM, B TOMY
YHUCIIl Yepe3 BIJACYTHICTh IMOBHOIIIHHOTO HAIlIOHAJLHOTO 3€JIEHOTO CTaHAapTy, aJalnTOBAaHOTO [0
MicueBuX yMoB. IcHyIoua ykpaiHCbka HOpMaTHBHO-TIpaBOBa 0a3a, X04 1 MICTUTh PSJI MOJIOKEHb 11010
€Heproe(peKTUBHOCTI Ta EKOJIOTIYHOTO MPOEKTYBaHHS, HE 3a0e3meuye IMpH ILBOMY CHUCTEMHOIO
migxomy. OcobnuBa yBara MNpUAUISETbCS HEOOXITHOCTI afanTamii MIDKHAPOAHOTO JOCBILY 10
COILIIaJTbHO-CKOHOMIYHHUX YMOB Ta PEriOHaIBHUX 0COOIMBOCTEN YKpaiHu.

Meto010Tisl TOCTIPKEHHST BKIIIOYa€ CUCTEMHHI aHalli3 HOPMAaTHBHO-TIPAaBOBOi 0a3u YkpaiHwu,
MOB’SI3aHOTO 3 TUTAHHSAMH EKOJIOTIYHOTO OYIIBHUIITBA, aHAJI3 KOPEJSAIlli MDKHApOJHUX 3EJICHHX
cragnaptie (LEED, BREEAM, DGNB) 3 Llinsmu cranoro po3sutky OOH, a Takox eMmipuuHHnA
aHaJIi3 PUHKY €KOJIOT1YHO cepTr(diKoBaHUX OyiBesh B YKpaiHi (cTaHOM Ha KBiTeHb 2025 poKy).

PesynbraTi mokasanu, mo B YKpaiHi cOPMOBAaHO NMEBHE HOPMATHUBHO-TIPABOBE HiATPYHTS,
SIKE€ PETYJIIOE OKPEMi acleKTH €KOJIOTiYHOi cepTudikallii OyaiBenb, MATBEPKYIOYH MParHeHHS
JepKaBH 10 1HTErpamii NPUHIMIIB CTAJOr0 PO3BHTKY. MiKHApOJAHI 3€JeHI CTaHAApTH, B CBOIO
4yepry, AeMOHCTPYIOTh BUCOKY BiAnoBiaHICTh [o0OansHuM LM cTamoro po3BUTKY, OXOILTIOIOYH
€KOJIOT14HY, COLlialbHy Ta €KOHOMIYHY CKJIaZIOBi. AHaJi3 pUHKY CEpTHU(IKOBAHUX 00'€KTIB BUSIBUB
iX OOMEXEHy KIIbKICTh (B MeEXKax KUIBKOX JECATKIB MPOEKTIB), 30CEPEIHKCHUX IEPEBAXKHO Y
IrpOMaJChKOMYy Ta O()iICHOMY CErMEHTaX y BEJIHMKHX MICTax, TOJI SIK >KUTIOBUH (poHI Maibke He
OXOIUICHUH PEeUTUHTOBUMH CUCTEMaMH €KOJIOTTYHOI cepTudikartii.

JlocmikeHHsT TIATBEPXKY€E HASBHICTH MPOOJIEM 1 3HAYHMHA MOTEHLIaN JUIS PO3BUTKY
3esieHoro OyaiBHMITBA B YKpaiHi. HeoOximHa po3poOka IUTICHOTO HAIIOHAIBHOTO 3€JIEHOTO
CTaH/IAPTY, aIalITOBAHOTO JI0 YKPATHCHKOI CrIEIU(iKH, a TAKOX CTBOPECHHS €JMHOTO HAIlIOHAIEHOTO
peectpy ceptudikoBaHuX 00'€KTIB I cucTeMaru3alii iHhopmarliii Ta momyJasapu3anii eKoJIOTTYHUX
ctannapTiB. CUCTeMHE BIIPOBA/DKEHHS 3€JICHUX CTaHIApTIB Mae 0a3yBaTHUCS Ha KOMILIEKCHIN
3aKOHOJIaBYIi OCHOBI, IHTErparmii MiKHApOAHOTO mJocBimy, BigmoBigHoctTi I[[CP Ta HaykoBO
OOI'pyHTOBaHIH afanTarii 10 HaI[iOHAIBHOTO KOHTEKCTY.

[Topanpmn  AOCHIKEHHSI IUIAHYETbCS CHPSAMYBaTH Ha (OpMyBaHHS KOHUENTY MIA0JIOHY
HAIIOHAJILHOTO 3€JIEHOTO CTaHIApTy 3 YpaxyBaHHSM iHTerpallii Bi3yadbHUX W €CTETUYHUX SIKOCTEH
apXiTEeKTypH.

Kurouosi cioBa: 3eneni crannaptu, LEED, BREEAM, DGNB, exomnoriuna ceptudikaris,
CTaJIU{ PO3BUTOK, I[1JI1 CTAJIOI0 PO3BUTKY.
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Abstract. This article presents a historical and spatial analysis of the formation of residential
districts in the city of Kharkiv, with a focus on the earliest stages of urban development. The study
explores two key periods in the city’s evolution: its founding as a Cossack fortress and its
transformation into a Sloboda town. Rather than providing a full historical overview of Kharkiv’s
urban history, the research concentrates on the foundational phases of its residential spatial structure.

The introduction outlines the unique context of Kharkiv’s growth, characterized by the
combination of spontaneous settlement, adaptation to natural terrain, and shifts in city-forming
functions. A significant proportion of the city’s area remains occupied by low-rise private housing—
tracing its origins to the Sloboda settlements of the 17th—18th centuries — which now faces challenges
related to integration into the contemporary urban fabric. The research emphasizes the spatial
conflicts that emerge at the interface between these historically formed districts and modern high-
density development, which underscores the need for nuanced urban planning strategies.

The study aims to identify the core principles behind the formation of Kharkiv’s residential
areas and understand how natural conditions, military and administrative logics, and social
stratification influenced spatial patterns. It employs an interdisciplinary methodology, combining
architectural history, urban planning, cartographic analysis, and socio-geographic approaches.
Historical maps, general plans, archival records, and previous academic research are used to trace the
transformations of Kharkiv’s urban form.

Key results include the identification of two primary spatial models: the fortified city of the
mid-17th century and the Sloboda-type settlements that emerged in the late 17th and early 18th
centuries. The fortress acted as a defensive-administrative nucleus, while Slobodas developed into
semi-autonomous residential units with social, functional, and professional differentiation. Over time,
the regular planning grid of the growing imperial city overlapped with the organic morphology of the
Sloboda settlements, forming a complex, layered spatial structure. Particular attention is given to how
landscape factors and social organization influenced settlement location, spatial hierarchy, and the
internal logic of neighborhood planning.

The conclusion emphasizes that Kharkiv's development was not a linear progression from
primitive to modern, but rather a process of accumulation and adaptation. The resulting urban
morphology, shaped by multiple layers of socio-functional and territorial evolution, forms a valuable
heritage and resource for future planning. The findings of the study can inform contemporary urban
renewal policies by offering models for the integration of historic low-rise residential zones into the
evolving structure of large cities, balancing spatial identity with the demands of modernization.

Keywords: residential districts, historic city, historical and spatial analysis, urban structure,
social stratification, urban morphology, organic planning, Slobozhanshchyna, Sloboda settlement.

Introduction. The formation of residential districts within the structure of large historic cities
is a multidimensional process shaped by a combination of environmental-geographic, social,
economic, and cultural factors. Kharkiv, one of the largest urban centers in Ukraine, has undergone
spatial development following a unique model that combines the spontaneity of initial settlement,
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adaptation to natural topography, and the gradual transformation of functional zones. A distinctive
feature of Kharkiv is the significant share of private low-rise residential (estate-type) development,
which occupies more than half of the city’s territory and originates from the earliest sloboda
settlements.

At the present stage, under conditions of urban pressure, functional reorientation of city
territories, and changes in the social structure, the traditional framework of residential districts is
undergoing transformation. Challenges emerge in the integration of established low-rise
neighborhoods into the structure of a contemporary metropolis. Many of these areas are now
surrounded by highly urbanized zones — high-rise housing estates, commercial and business
complexes, and transportation hubs. At the boundaries of these districts, conflicts often arise between
existing residential typologies and new development functions, leading to unequal land use intensity
and imbalances in transportation, social, and recreational infrastructure. As a result, there is an
increasing risk of fragmentation of the urban fabric and deterioration of the living environment, both
within these neighborhoods and in adjacent urbanized areas. Although estate-type housing remains a
relevant and in-demand residential format, its current development is often not supported by sufficient
analytical justification or professional planning.

In academic discourse, knowledge about the origins of residential district formation in Kharkiv
remains insufficiently systematized — particularly in relation to the influence of shifting city-forming
functions over time, as well as the roles of natural landscape conditions and socio-estate stratification.
The absence of a generalized explanatory model for the patterns of such development prevents the
creation of a coherent concept for integrating historical forms into contemporary urban planning. This
underlines the relevance of the present study, which aims to identify the key principles that guided
the formation of Kharkiv’s residential districts as a foundation for the city’s further sustainable
development.

Review of Previous Research and Publications. The study of the spatial development of
Kharkiv as a city begins with an analysis of historical sources, primarily cartographic materials from
the 17th—18th centuries. The study of old city plans (Central State Historical Archives of Ukraine in
Kharkiv) [1] allows us to trace the transition from the fortification structure of the Sloboda fortress
to the beginnings of regular planning, which took shape during the period of imperial reforms.

A key source for studying this period is the monograph by D. I. Bahalii "Istoriia mista Kharkova"
(1912), which provides a detailed account of the fortress’s functions, the social structure of its residents,
and the development of the slobodas around the fortified center [2]. An important supplement is the
"Opys Kharkivskoho namisnytstva (late 18th century)”, which contains information on administrative
divisions, the nature of the development, population size, and economic activities [3, 4].

A. F. Paramonov, in a series of local history publications, investigates the historical topography
and microgeography of Kharkiv, describing the location of ancient slobodas, trade squares, roads,
and fortifications, thus providing valuable data on the physical structure of the city [5].

The dissertation by L. V. Kachemtseva "Stanovlennia arkhitekturno-proiektnoi spravy v
mistakh Slobidskoi Ukrainy (second half of the 18th — early 20th century)” and works by
A. L. Antonov and V. L. Masliichuk examine the history of Kharkiv’s municipal governance and
outline the stages of architectural project development in the cities of Slobozhanshchyna. They
explore the impact of organizational forms on architectural development and urban environment
formation [6].

V. V. Vecherskyi made a significant contribution to the study of architectural and urban
development in Left-Bank Ukraine, including Kharkiv. In his monograph "Arkhitekturna ta
mistobudivna spadshchyna doby Hetmanshchyny" [7], he examines the spatial organization of
sloboda towns, the role of the landscape, the regimental-sotnia structure, and estate-based
differentiation as factors in shaping the urban environment. In "Vtracheni obiekty kulturnoi
spadshchyny Ukrainy™ [8], Vecherskyi reconstructs lost developments, allowing for a deeper
understanding of Kharkiv’s historical environment. His approach combines historical-urban and
environmental analysis, which is valuable for comprehensively studying the city’s structure in the
18th century.
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To gain a broader understanding of Kharkiv’s processes, it is important to turn to European
analogues. Foreign approaches to the study of residential district formation have also been analyzed.

An early conceptual foundation for urban spatial development was laid by Lewis Mumford in
"The City in History™ (1961) [9]. He viewed the city as a reflection of social order, where technology,
politics, and culture shape architectural form and residential zoning. Particularly valuable is his
analysis of the industrial city as a space of stratification.

Marcel Roncayolo, in his book "La Ville et ses territoires” (1990) [10], studied the city as a
"symbolic fabric" in which political power, the church, and social classes determined the division
into residential, administrative, and religious zones. His view of the city as a cultural landscape is
relevant to Kharkiv as well.

Karl Schlégel in "In Space We Read Time™ (2016) [11] interprets Eastern European cities as
historical "maps of memory". He examines symbolic landscapes, focusing on ideological changes
that influence the formation of specific districts.

In the article "Landscape change and the urbanization process in Europe”, Marc Antrop [12]
analyzes the transformation of cultural landscapes under urbanization, which is particularly important
for understanding Kharkiv’s evolution from a fortress into an urban settlement.

L. Jacques, in "La ville industrielle et ses quartiers™ (2003) [13], explores the French city of
Lyon as an example of a city with functionally divided quarters based on professional criteria,
highlighting the role of rivers and industrial guilds.

Overall, the academic tradition of studying the residential development of Kharkiv in the 18th—
19th centuries is relatively recent. However, an interdisciplinary foundation has already formed,
combining urbanism, history, cartography, and social geography. The main focus is on planning
features, the impact of state policy, demographic dynamics, social structure, and parallels with
European cities.

Purpose and Objectives. The purpose of this study is to identify the key principles behind the
formation of residential districts in Kharkiv by analyzing the factors that influenced their spatial
organization throughout various historical periods. Special attention is devoted to the genesis of
changes in Kharkiv’s city-forming functions across different historical stages, and to the role of
natural landscape and social structure as fundamental drivers that shaped the unique character of the
city’s private housing.

Materials and Research Methods. The study is based on an interdisciplinary approach that
combines methods of historical-architectural, urban planning, cartographic, and socio-geographic
analysis. Its aim was to identify the key factors behind the formation of residential districts in Kharkiv
during its early stages of development, particularly during the transformation from a Cossack fortress
to a Sloboda regional center. Research materials include historical maps, master plans, archival
documents, statistical data, memoirs, as well as scholarly works by Ukrainian and international
researchers. Particular attention is given to Kharkiv’s plans from the 17th—18th centuries, which allow
tracing changes in planning structure [1, 2, 5, 14, 15].

The methodology included historical-genetic, morphological, spatial, and socio-demographic
analyses, which enabled an exploration of the preconditions for the formation of the urban
environment, development structure, functional hierarchy of districts, and the role of social
stratification. The study traces the impact of natural conditions, defensive logic, social structure,
transport routes, and administrative regulation on the spatial organization of the city.

The results of the analysis made it possible to describe the main principles of spatial
development, determine the influence of social, economic, and environmental factors, assess the
adaptation potential of historical districts in the contemporary city, and lay the groundwork for
developing strategies for the modernization and integration of Kharkiv’s low-rise residential areas
within the framework of modern urbanization.

Main Content. The historical development of Kharkiv unfolded as a sequence of stages, each
characterized by a shift in the city-forming function and, consequently, a transformation in the spatial
organization of its residential districts. An important methodological basis for the analysis is the
identification of two initial periods: Kharkiv as a fortress and Kharkiv as a Sloboda (settlement) town.
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This approach enables not only the tracing of urban planning evolution, but also the examination of
the role of natural, social, administrative, and economic factors that influenced the formation of urban
space.

In the first stage, in the mid-17th century, the city primarily fulfilled defensive, administrative,
and colonization functions, which shaped the character of its development and spatial organization.
Later, during the Sloboda development period, Kharkiv gradually transformed into an administrative,
craft, and commercial center, and the socio-estate factor became decisive in shaping the residential
environment. This analytical lens helps to reveal how the city’s spatial models changed, which social
groups contributed to its development, and how external factors — military, economic, and
administrative — were reflected in planning structures and building typologies.

Kharkiv as a Fortress (1654-1690s). The founding of Kharkiv in the mid-17th century marks
the first stage in the development of the city’s residential fabric. Its establishment should be viewed
in the context of the complex political, military, and social processes affecting Ukraine and the
Muscovite State at that time. The conventional founding date — 1654 — symbolizes the beginning of
the settlement of the southern frontier of the Muscovite State, which required enhanced protection
due to the constant threat of raids by Crimean Tatars and Nogais. Kharkiv emerged as a fortified
settlement inhabited by migrants from the Right-Bank Ukraine — primarily Cossacks and peasants
seeking security and opportunities to cultivate new lands.

At this stage, Kharkiv primarily fulfilled military-defensive and colonization functions, and its
spatial development was determined less by urban planning regulations and more by the needs for
survival, protection, and self-sufficiency. The city's main formative function was defensive: a fortress
on the high right bank of the Kharkiv and Lopan rivers became a key military-administrative center
for controlling and defending the borderlands. Its strategic importance was reinforced by the
advantageous terrain and a system of fortifications — ramparts, moats, wooden walls, and towers.

In addition to defense, the fortress also served as a center of craftsmanship, trade, and
administration. Within its walls, sluzhili liudy (service-class people performing military or
administrative duties) — cossacks, striltsi (armed guards or gunners with firearms), posadski
(townspeople), and clergy — were concentrated, laying the foundations of the city’s initial urban
structure. The analysis of this stage makes it possible to distinguish the key factors influencing the
formation of spatial organization and residential development — particularly natural-geographical,
fortification-related, and social factors.

Fortification Factor. The fortification factor played a decisive role in the initial stage of
Kharkiv’s formation. Already in the first years after its foundation, around 1655, defensive
fortifications were erected on the high right bank of the Kharkiv and Lopan rivers "according to the
Cossack custom™ — using earth ramparts, ditches, palisades, and wooden towers. Initially, Kharkiv
functioned as a fortified settlement, where the main population resided predominantly during the
winter. In warmer seasons, residents moved to farmsteads, mills, apiaries, or went to work,
particularly to the Torske salt lakes, the road to which was laid in the very first year of the city’s
founding.

According to the book by A. F. Paramonov “Istoriia Kharkivskoho horodskoho
samoupravlennia 1654-1917 rr.", which refers to the research of D. I. Bahalii, it was the presence of
fortifications that defined the status of a "city"” within the conditions of Slobidska Ukraine, whereas
the lifestyle remained traditionally rural. As surrounding areas became settled, fortified points
acquired administrative, trade, and craft significance. The logic of defensive planning is clearly
visible in the reconstructed layout of the original Kharkiv fortress (Fig. 1), where it is already possible
to distinguish the main directions of the city’s development — corresponding to the locations of the
main gates, which determined the vectors of further spatial expansion beyond the fortified zone.

Earthen fortresses with internal planning at that time were typical for most newly founded
settlements of Slobozhanshchyna. In Kharkiv, the fortress was located in the center of a natural
fortification created by the terrain. The main roads radiated from its gates, forming the future transport
structure of the city. These roads became rays that connected the fortress with surrounding slobodas,
mills, crossings, and later — with suburbs and marketplaces.
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Fig. 1. Plan of the Kharkiv Fortress in the second half of the 17th century.
Reconstruction by V.M. Nedielin based on the Rozpysnyi spysok of 1668.

I. Old town. Towers: 1 — Moskovski Vorota (Moscow Gate); 2 — Nakutna Vestova (corner guard
tower facing the Kharkiv River); 3 — middle corner tower; 4 — corner tower from the Kharkiv River;
5 — Chuhuivska Brama (Chuhuiv Gate); 6 — corner tower from the Lopan River; 7 — Taynytska;

8 — glukha from the Lopan River (blind tower); 9 — gate to the Lopan River; 10 — nakutna Verkhna
Lopanska (Upper Lopan Corner Tower). Other buildings and structures: 11 — fortress moat,
chastynok and nadolby (palisade sections and obstacles); 12 — wooden Uspenskyi Cathedral; II.
Water Outpost: 13 — Mykilski Gate (unfinished); 14 — nakutnyi zrub (corner timber block);

15 — Troitski Gate (unbuilt); 16 — section of timber wall above the washout; 17 — diversion channel;
18 — Rizdvyana Gate (without roof or covering, and no gate constructed); 19 — unbuilt wall section;
20 — timber wall; 21 — sections and defensive logs. Distances between towers are marked in sazhens
(old Russian fathom units)

Ramparts and moats served not only a defensive function. They marked the boundaries of
residential territory and created a clear perimeter for development. In Cossack-type towns, earthen
ramparts were significant not only as barriers but also as spatial compositional lines that defined the
placement of public buildings — churches, squares, and gates. In the case of Kharkiv, as shown in Fig. 2,
the first sacred and administrative structures were located precisely on the fortified high grounds.

Graphic reconstruction by V.E. Novhorodov

In the 18th century, most fortifications gradually lost their military function, although their form
remained inscribed into the urban structure. As evidenced by later historical sources [17-21], old
ramparts and moats often became the basis for new streets or block boundaries. Thus, even after
losing their defensive purpose, they continued to define the spatial logic of the city.
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Therefore, the fortification factor in Kharkiv influenced not only its security but also its
functional organization, compositional planning, and structural identity. It set the framework upon
which subsequent urban planning decisions were layered.

Environmental and geographical factor. Natural and geographical conditions played a key role
in the choice of location for the first settlement on the territory of future Kharkiv. According to
contemporary researchers, particularly [5, 22], it was the natural landscape — rivers, ravines, water
springs, floodplains, forested areas — that determined not only protection but also the functional
parameters of the future urban space. The geographical position of Kharkiv between the Lopan and
Kharkiv rivers created a natural fortification advantage. The confluence of the rivers formed a
swampy floodplain, difficult to cross for cavalry, which significantly limited the possibility of a
surprise attack from three directions. The fourth side — the elevation where the present-day cathedral
is located — was covered with dense forest and also served as a natural shield.

This terrain provided not only defensive advantages but also directly influenced the layout of
streets and blocks. In terms of urban planning, the first streets were formed according to the logic of
bypassing natural obstacles, following the rivers and watersheds, which later became the basis of the
radial-ray structure of Kharkiv’s central part. The irregular, "organic™ network of roads and buildings
in Kharkiv did not arise randomly, but as a direct adaptation to the complex geography of the area.

In addition to general topography, the presence of fresh water sources played a crucial role. The
availability of a spring — the so-called Bilhorodska krynytsia — is considered the initial settlement
point of the area [2]. Constant access to water was vital for survival and determined the location of
the first houses and homesteads. At the same time, the presence of natural surroundings contributed
to the development of household activities: grazing livestock, gardening, farming, and constructing
mills on the rivers.

Besides its utilitarian and defensive functions, the landscape also held symbolic significance.
The highest point — the ridge between the rivers — later became a spatial dominant not only for defense
but also for sacred architecture. According to tradition, churches were built on elevations,
emphasizing the importance of interaction with the natural vertical of space — the line of the sky,
horizon, and ridge. Thus, the natural and geographical factor acted not merely as a condition for
settlement, but as a complex precondition for shaping the city's structure. It simultaneously defined
its safety, functionality, planning logic, and archetypal imagery.

Social stratification factor. The city did not emerge as the result of centralized planning, but
rather as a community of settlers who arrived from various parts of Left-Bank Ukraine, Kyiv region,
Poltavshchyna, and the Polish-Lithuanian Commonwealth. According to contemporary researchers
[22—-24], these settlers typically formed not isolated khutors (homesteads), but slobodas — fortified
communities with a high degree of self-governance, shared defense, and internal order.

At this early stage, the socio-estate factor had not yet become dominant, as the urban
community was still in formation. Its structure was primarily composed of sluzhili liudy (service-
class people performing military or administrative duties) — cossacks, striltsi (armed guards or
gunners with firearms), posadski (townspeople), and, later, clergy. They occupied the territory within
the fortress based on military-administrative principles rather than professional or estate-based
specialization. Nonetheless, social ties were already beginning to play a role: a core urban community
began to form, laying the groundwork for self-governance, mutual assistance, and collective
management. The area surrounding the fortress began to be settled by small villages, which had not
yet developed clear social stratification but were already setting the direction for further colonization
of the territory. Thus, during this stage, the socio-estate factor played an auxiliary role, gradually
reinforcing the importance of community alongside the dominant defensive function.

Accordingly, the first stage of residential district formation in Kharkiv can be characterized as
a period of organic, naturally defensive development. These features laid the foundation for the city’s
future evolution in subsequent periods and remained embedded in the planning structure of Kharkiv’s
older districts — even after the radical urban transformations of the 19th—20th centuries.

Kharkiv as a Sloboda Town (1690s-1765). The late 17th to 18th centuries marked a new stage
in the development of Kharkiv, as the city transitioned from its military-defensive role to that of an
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administrative, economic, and social center of Slobozhanshchyna. This process is particularly evident
in Fig. 3, which shows the transformation of the city panorama: public, administrative, and social
buildings gradually began to replace dominant defensive structures, indicating a shift in the functional
profile of the city. Over time, the city became the administrative center of the Kharkiv Sloboda
Cossack Regiment and, later, the capital of the Slobidsko-Ukrainska Governorate, established in
1765. This contributed to the expansion of its influence over the surrounding territories and to the
transformation of its overall urban structure.

During this period, Kharkiv’s primary city-forming function became administrative-economic
and trade-craft oriented. A network of slobodas — settlements — actively developed around the city
and acquired specific professional or social specializations. The formation of suburbs supported the
growth of craftsmanship, fair trade, interregional economic connections, as well as a steady increase
in population.

Graphic reconstruction by V.E. Novhorodov

During the period of Kharkiv’s development as a sloboda town (1690s-1765), the landscape
played a significant role in shaping its spatial structure. As shown in Fig. 4, slobodas were typically
established along the banks of rivers — Kharkiv, Lopan, and Udy — since access to water was critically
important not only for everyday needs but also for crafts, milling, gardening, and agriculture. The
hydrography and orography of the area determined both the choice of settlement locations and the
nature of development: settlements were clustered along waterways, taking advantage of the natural
protective features of river floodplains, elevated terrain, and forested areas.

Gradually, there emerged a need to "tame" water resources — by regulating riverbeds,
constructing dams, bridges, and mills. These interventions not only served economic purposes but
also influenced the planning of streets and urban blocks. As slobodas expanded, their built
environment adapted to the terrain: community centers — churches, squares, schools — were placed on
elevated ground, while residential development occupied lower areas to maintain access to water.

Landscape features also played a role in defining the boundaries between settlements, shaping
the direction of transport networks and guiding the expansion of inhabited areas. Through the
combination of natural factors (rivers, ravines, hills) and socio-estate structure, a mosaic spatial-
functional pattern emerged in Kharkiv, in which each sloboda retained its own identity while
gradually integrating into the broader urban system.

Thus, the interaction between built form and landscape during the sloboda period laid the
foundation for the morphological diversity of Kharkiv, which persisted even after the introduction of
regular planning in the 18th—19th centuries. As population increased and community needs evolved,
the spatial-functional organization of the city became more complex, which in turn led to a more
intricate planning structure. Whereas landscape factors were decisive in the early stages of settlement
development, over time, socio-estate factors came to the fore, shaping not only functional zoning but
also the spatial hierarchy of the urban environment. The socio-estate factor gained particular
significance, directly influencing the development of residential districts. Depending on the social
status of residents, specific slobodas were formed — Cossack, artisan, clerical, or commercial. This
resulted in both functional and spatial differentiation of the urban environment: from street layout to
building typologies, from construction materials to the organization of household plots.
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Fig. 4. Scheme of Kharkiv. Late 17th century, based on the 1742 map
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Slobodas were characterized by strong social homogeneity. Often, they were formed based on
occupational or estate criteria: Cossack, service-class, clerical, or artisan. This determined the
functional structure of space — each community sought to establish its own church, square, well,
school, and cemetery. Residents of slobodas jointly organized their living environment, made
collective decisions regarding the placement of buildings, street orientation, and locations for
economic activity. Such a level of autonomy was typical of Ukrainian slobodas, which operated on
the basis of traditional customary norms and military discipline.

Social structure was also evident in everyday life. A typical sloboda-era homestead was not
merely an individual dwelling, but a space of collective interaction: shared boundaries between yards,
common gardens, service paths, and pastures. Neighborly ties were as significant as kinship relations
[23, 24]. For this reason, residential areas within slobodas were not formed as isolated units, but as
cohesive settlements with strong social interaction and functional interdependence.

Furthermore, social mobility during the early period was limited: most residents remained
within the same sloboda for generations. This contributed to the stability of spatial structure and the
continuity of building traditions. Some slobodas in Kharkiv — such as Lysogirska and lvanivska —
retained their identity in spatial layout even into the 19th century, despite administrative reforms and
the city’s growth.

The social factor played a crucial role not only in shaping human capital but also in forming the
spatial structure of the city. During this period, the trade factor also became increasingly important:
the development of fairs and commerce stimulated the emergence of new routes, which in turn
influenced the formation of the street network and areas of active spatial growth.

As a result of the early stages of development, a new spatial model of Kharkiv had already
taken shape by this period: the city was no longer confined to the fortified area (ostroh) but came to
include the posad and surrounding slobodas, where the majority of the urban population resided. From
the earliest years of Kharkiv’s existence, its inhabitants began to establish khutors and pasiky
(beekeeping farms) around the fortress, engaging in agricultural and household activities. These plots
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of land — gardens, apiaries, and homestead allotments — surrounded the city, forming the first
suburban structures of spatial settlement.

Part of the population lived permanently in slobodas and khutors located outside the fortified
zone, which over time transformed into new urban districts. This gave rise to a territorial structure in
which the fortified core functioned as the nucleus, around which the districts of Podil, Zalopanska,
and Zakharkivska evolved. These areas would later receive official status as city districts, although
in the early stages they functioned as posad-type suburbs (Fig. 5). The diagram also shows the main
directions of the city’s development, which corresponded to the key transportation rays extending
from the central fortress. Settlement expansion occurred without strict regularization, guided instead
by the practical needs of the population, natural conditions, and economic feasibility.

By the second half of the 17th century, Kharkiv’s territorial structure had already begun to form
as polycentric — comprising multiple local centers of habitation and economic activity, which were
gradually integrated into the city’s urban fabric.

S\ 100080 Novho R oo

\Tod 2

Zalopan

Fig. 5. Diagram of the formed districts of Kharkiv based on the 1768 city plan

Conclusions. The study found that the formation of residential districts in Kharkiv throughout
the 17th—18th centuries was a multi-layered process influenced by a combination of natural landscape
conditions, socio-estate structure, changes in the administrative status of the city, and the
development of infrastructure networks. The spatial organization of Kharkiv did not emerge
instantaneously but was formed through the gradual layering of functional structures onto the original
sloboda environment, creating morphological complexity and diversity.

The first stage, associated with the city’s foundation as a fortress, laid down the spatial
framework and key development vectors aligned with the natural topography and defensive needs.
The second stage — the formation of Kharkiv as a sloboda-type settlement — reinforced a polycentric
settlement model, where the fortified core coexisted with peripheral suburbs (slobodas) that had
professional or estate-based specialization. It was during this period that the crystallization of the
urban structure took place, with defined directions of expansion and the emergence of transport-
functional axes that remained embedded in the city’s layout.

Landscape features and social stratification factors determined the structure of the slobodas as
spatially and socially distinct, yet interconnected, entities that were gradually integrated into the
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overall urban fabric. The organic combination of regular and irregular planning, characteristic of
Kharkiv, is the result of this transformation: the regular grid of imperial-era quarters coexists with
historical fragments of the earlier sloboda development.

Thus, Kharkiv presents a unique example of phased urban structure formation, where the
historical residential districts of the sloboda type are not archaic remnants but a structural resource
for contemporary development. Understanding these processes makes it possible to address the
integration of established residential areas into modernization strategies, ensuring the continuity of
spatial heritage, environmental cohesion, and the social resilience of the city amid ongoing urban
transformations.
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AHoOTaliAg. Y cTaTTi MpOBEACHO 1CTOPUKO-IIPOCTOPOBUIl aHami3 (opMyBaHHS KHUTIOBUX
paiioHiB XapKoBa, 30Cepe/IKCHUI Ha MEPIINX eTanax CTAaHOBJIECHHS MicTa. Po3risiHyTo 1Ba nepiofu:
3acHyBaHHs XapKoBa K KO3aIlbKoi (hopTelli Ta PO3BUTOK SIK CJI0O01ACHKOro micta. JlocmiKeHHs He
MPEeTeH/Iy€ Ha BHCBITICHHS BCiX KIIOYOBUX €TamiB ICTOpii XapkoBa, a came akKLEHTye yBary Ha
MOYaTKOBUX (pa3ax (GOopMyBaHHS MICHKOI'O CEpEIOBHILA.

[TpoanamnizoBaHO BILTUB MPUPOIHO-TEOTrpadiuHuX YMOB, (hOpTU(IKAIiITHOT JIOTIKH, COIIaTbHOT
CTPYKTYpPH HaceJIeHHsI, PO3BUTKY a/JIMIHICTPATUBHOI'O PErilaMeHTyBaHHS Ta MIXKMICBKUX 3B’SI3KIB Ha
MPOCTOPOBY opranizamito XapkoBa. (OcobnuBa yBara NpUIUICHA TpoIecaM MPOCTOPOBOI
crparudikarii, MO MPOSIBISUIMCS Yy po3IIapyBaHHI MICBKOTO CEPEIOBHINA 3a COIIAIBHOIO,
¢dyHKIIIOHATEHOIO Ta MopdonoriyHoo o3HakamMu. B ymoBax Tpancdopmarii crmobom Bif
HaIiBaBTOHOMHUX IIOCEJIeHb J0 IHTErpOBAaHMX YacTWH MicTa (opMyBajacs CKJIaJHAa MO3aidHa
Mopdororisi XapkoBa: peryJisipHa CiTKa KBapTaliB MicTa HalllapOByBajacs Ha OpPraHiuHy CTPYKTYpY
€001/, CTBOPIOIOYM KOHTPACTHY KapTHHY INpPOCTOpoBoi opraxizauii. B apyriii monosuni XVIII
CTOJIITTS Li€ MPU3BEIIO 70 POpMyBaHHS iepapxii MiCBKUX MIPOCTOPIB, /1€ LIEHTPH 3 PEIIPE3CHTATUBHOIO
3a0yJI0OBOIO CHIBICHYBaJIM 3 TiepudepiiHuMU palloHaMH, 1m0 30epirayii pUCH TPaJAMIIITHOT
ciobincekoi 3a0ynoBu. Take HamapyBaHHS CTPYKTyp 3a0esneumsio crneuudpidny MopgosoriyHy
KOMITO3HITII0 MICTa, SIKa CTajia OCHOBOIO HOTO TTOIATTBIIIOTO PO3BUTKY.

PesynbraT 1OCHIPKEHHS MOXKYTh CTaTH MIATPYHTAM Ui po3pOoOKH KOHIENIIH MOAepHi3alii
Ta iHTerpauii copMOBaHUX ICTOPUYHO KUTJIOBUX MAaJONOBEPXOBUX pailoHIB XapKoBa B yMOBax
cydacHoi ypOaHnizauii. BoHu MOXyTh OyTM KOPHUCHMMH [UIS apXiTeKTOpiB, ypOaHICTIB 1
TUTAHYBAJIBHUKIB, 10 3aliMAlOThCSI TUTAHHAMH PO3BUTKY MICBKHX TEPUTOPi, OHOBJICHHS
1HpacTPyKTYpH, GOpMyBaHHSI KOMGPOPTHOTO KUTIOBOTO CEPEIOBHIIA Ta MOIIYKY 30aJaHCOBAaHUX
pilIeHb MK 30€peKEeHHSIM IPOCTOPOBOI CTPYKTYpH 1 HOTpedaMu Cy4yacHOTO MicCTa.

Kaw4oBi ciaoBa: XUTIIOBI paliOHM, ICTOPHUYHE MICTO, iCTOPHUKO-TIPOCTOPOBMIA aHai3,
MicTOOyAIBHA CTPYKTypa, colliajibHa cTpaTudikaiis, MOpQoJoris MicTa, OpraHidHe IJIaHyBaHHS,
Cno0oskaHIIMHa, c1000/1a.
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Abstract. The subject of multifunctional public buildings has been extensively explored
within the field of domestic science. A wide range of works have been dedicated to this subject,
including abstracts presented at scientific conferences, research conducted for dissertations, and
monographs. The material that has been accumulated thus far makes it possible to speak of the
existence of a certain school of thought on the multifunctionality of public structures. Its primary
characteristics are a combination of communicative and functional aspects that dialectically connect
this issue with the tradition of modernism, and on the other hand, with the peculiarities of the
information age. This specificity should be considered a strong point of the national discourse on
multifunctionality, and its further practical continuation may lead to positive results.

The distinction between communicative and functional aspects is not exclusive for the
purposes of this article, as they often exist not only in close interaction with each other, but also in
the context of a more complex system of design situations and solutions that are associated with
different scales of coverage (the level of the individual, building or urban fabric), as well as with
certain priorities of providing space with symbolic and supra-functional qualities. The latter are
related to the concepts of lifestyle and positioning oneself in a positive life situation by those who
are direct participants in the space — involved in it both intentionally and accidentally.

These three areas are equally integrated into both the communicative and functional concepts of
multifunctionality of public buildings and together create a complex structure of the subject area of
theoretical coverage of this topic. The proposed system of knowledge distribution, however, is not only
an intellectual reflection, but also the basis for creating a set of practical recommendations for further
improving design practices, as well as creating our own identity of multifunctionality in architecture.

The novelty of the material presented in the article is related to the fact that the future
development of design thinking in the field of multifunctionality of buildings and spaces is predictably
associated with the search and development of various formats for combining and interacting with
communicativeness and functionality, as well as expanding their semantic and technological content.

Keywords: architecture, multifunctionality, design, communication, functionality,
harmonization, digitalization, optimization, public spaces.

Introduction. The formation of multifunctional public buildings and places of stay is a design
field that is constantly evolving due to the great variability of the initial conditions, as well as the
significant progress of various technologies that are designed to expand the possibilities of
interpersonal interaction. In addition, during the late XX and early XXI centuries, the functionalist
design paradigm, which was based on a clear separation of processes and purposes, was changing [1].
In this regard, the very meaning of "multifunctionality” has undergone a semantic transformation.
In modernist architecture, it could be understood as a set of different functional spaces that exist
together or close to each other. In post-industrial architecture, it is rather a single space in which
different functions are performed. Because of this, attention is shifting from interconnection to
synthesis and from designing optimal interplacement to synergy.

The analysis of the domestic theoretical material available in scientific works of various
volumes makes it possible to speak about the existence of a certain model of perception of
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multifunctionality, which, however, is not outlined as such and exists in the form of scattered
studies that focus on certain aspects of the problem. Nevertheless, the structure of knowledge
presented in them makes it possible to speak about the existence of a certain regularity of contents
related to the solution of two meta-tasks, one of which is communicative in nature and the other is
functional. The imposition of these meta-tasks on practical project tasks (harmonisation,
optimisation, media and digitalisation) makes it possible to talk about a comprehensive system of
knowledge that has been formed in the national scientific discourse on spatial multifunctionality.

Analysis of sources and publications. Given the relative prevalence of the topic of
multifunctionality, this paper considers only a part of the research, which, nevertheless, gives an
idea of the nature of the coverage of the topic in the national theory of architecture. In addition,
many important works consider the multifunctionality of public buildings in the context of related
issues, but still contain a lot of valuable data related to interaction in mixed-use environments. For
example, the monograph by M. Votinov and O. Smirnov "Innovative methods of forming
interactive buildings and structures in the urban environment” [2] considers the categories of
variability and transformativity, which are associated with the ambiguity of functional purpose or
the acquisition of such through their introduction. Studies by E. Chaban and N. Kryvoruchko [3], R.
Halyshych and S. Linda [4], and R. Frankiv [5] are also of a similar nature. In these and other
similar works, we can note the authors' attempts to trace the changes in the multifunctional nature in
accordance with the development of modern interaction technologies. This category of works has a
conditionally "progressive" character and is aimed at a project-based interpretation of innovations
as the main tool for creating an environment.

The other group includes studies that focus on the adaptation of rich functionality into an
existing historical or other valuable context. Here we can mention the works of N. Netuzhylova [6],
A. Matskoha [7], D. Popovych [8], N. Dmytryk and E. Bogomolov [9], V. Urenov [10]. Although
not all of these works are directly related to subject multifunctionality, they give an idea of the
nature of the challenges and opportunities associated with integration into the existing environment
or its reinterpretation.

One of the most popular areas for understanding the multifunctionality of public and other
buildings is the spaces of residential complexes. This issue is addressed in the articles by V.
Yakubovsky and |. Parakuda [11], A. Teplova and S. Buravchenko [12], R. Kovalev, D.
Ovcharenko and A. Glushchenko [13]. Many works are devoted to the field of functionality within
a certain typological group, for example, sports [14], sports and recreation [15], educational [16],
commercial [17], recreational [18], transport [19, 20], and spaces of complex interaction [21]. In
addition to these typologically limited areas, it is also worth noting the articles in which the problem
of multifunctional public spaces is considered at the level of a broader generalisation [22-24].

The purpose of the article is to structure the experience of scientific study of the topic of
multifunctional public spaces and buildings in domestic sources, to outline the identity of the
existing experience and to formulate the main positive features that should be further developed
both at the theoretical and practical levels.

Research objectives. The objectives of the study can be divided into the following parts: a) to
systematise and summarise the material accumulated in the national science concerning
multifunctional spatiality, primarily in living environments; b) to outline the dialectic of
communicativeness and functionality as a key feature of the national discourse on this topic; c) to
identify promising areas for further development of the synthesis of these two components based on
the instrumentalisation mechanisms identified, namely harmonisation, optimisation, media and
digitalisation; d) to analyse the Identify possible ways to develop a comprehensive model of
designing multifunctional public space in the context of a post-industrial social model of
interaction, as well as a system of evaluation techniques that would allow to determine the
effectiveness of the implementation of multifunctional environments. To form the basis for a
possible interdisciplinary approach to the design of such spaces.

The materials and methodology of the study focus on a multi-stage consideration of textual
and, to a lesser extent, empirical materials that accompany them within the framework of traditional
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methods of comparative and discourse analysis. In addition, in view of the specifics of this topic,
the author has developed a method of functional and communicative selection, which allows to
distinguish two fundamental aspects in the body of theoretical knowledge related to practical
physical presence and activity, as well as the conditionally metaphysical side of being in the space
of diverse choices and interaction. To obtain the results, the method of dialectical synthesis was also
used, which allows to provide a reasonable answer to the tasks set and to formulate further
promising areas of research.

Summary of the main material. The subject of multifunctionality, having a significant
scientific literature, is, however, in constant search of new conceptualisations due to the dynamic
development of various types of interaction. The main ones are: a) implementation of the principles
of universal design, which addresses the problems of equal accessibility and inclusiveness [25]; b)
integration of media and digital technologies; c) expansion of the repertoire of spatial content and
choice. These three programme needs form the demand for specific design solutions and are, to
some extent, universal, most likely due to the departure from the functionalist design paradigm
inherent in the modernist design culture of the industrial era [26]. It is being replaced by a post-
industrial design culture based on greater pluralism, the absence of mandatory canons of form-
making, and individual subjectivity. In this sense, it can be said that most of the works that consider
the concept of "multifunctionality” do so, though often not consciously, in a different manner than
that contained in the immediate etymological meaning of the concept. This is due to the fact that the
very concept of "functionality” is undergoing universalisation and changes in its meaning. In many
cases, it is a jointly operated space that allows for many processes — functions — rather than many
separate functional areas placed around each other and gathered in one place.

The analysed sources also clearly demonstrate the understanding that such spaces do not have
the communicative qualities that are of primary importance for multifunctionality in the post-
industrial sense of the word. Rather, they are spatial containers in which the possibility of
permanent adaptation and diversification of interaction practices is constructed.

At first glance, such a theoretical construction describing the nature of multifunctionality
transformation may seem simple, but it leads to a large number of completely new tasks that require
theoretical and experimental study. Combining the principles of inclusiveness, media and diversity
is a constructively creative task that requires new tools, especially in conditions where a certain part
of the functions of creating the environment can be performed by users themselves [27].

In the works of domestic authors, the intuition of communicativeness is associated with
various ways of semantic and visual-affective interaction aimed at informing about the content and
nature of the environment, taking into account the spatial experiences that they can currently
provide. For example, multifunctionality associated with living environments implies not only a
purely pragmatic distribution of zones intended to meet domestic needs and life support processes,
but is aimed at creating environments of a wide range of choices, which include, for example, such
practices as sports, leisure, cognition, neighbourly communication, inspiration, etc. To a certain
extent, it can be said that multifunctionality within public buildings related to housing is moving
towards a constant universalisation of choice so that the public function becomes a state of
permanent presence with a simultaneous increase in activity opportunities.

In this context, it is worth focusing on the question of what communicability in
multifunctional space actually is and what are the criteria that determine its effectiveness.
According to the results of some studies, for example, by D. Popovych [8], it is closely related to
the design methodology of multidimensional parametric design, the formative basis of which is
often bionicity and the study of natural morphogenesis. This formal language is a kind of
manifestation that separates the architectural environment from modernist-functionalist stereotypes
and binds it to the vision of a kind of spatial alternative that is associated with multifunctionality in
the post-industrial sense of the word (as discussed above). For example, the architectural and design
interpretation of a garden or oasis itself creates a functionally non-deterministic space within which
various behavioural scenarios can unfold [22].

The resulting spatial framework can be further filled with all three programme needs without
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the need for a radical change in the concept of experience, which is focused on certain archetypes of
perception. It is on this basis that the new division of the design worldview related to
multifunctionality into harmonisation, optimisation and media and digitalisation is taking place.
Each of these areas is part of a comprehensive programme to create a universal multifunctional
space that requires a new theoretical definition.

As mentioned above, the content of the concept of "multifunctionality” has changed in the
post-industrial era due to the departure from the division into functions and missions inherent in the
industrial era, which often had the character of static or monotonous repetition. Criticism of
modernism, in its time, also included a break with existential immobility, which was to be replaced
by complexity and contradiction, on the basis of which numerous postmodern experiments and
criticism of postmodernism itself took place [28].

If we further consider the example of creating a multifunctional space based on nature-
morphic analogues (man-made groves, oases, etc.), we can argue that such a formative model
operates with archetypal harmonising tools - allusions to some ideal nature or paradise metaphor
that is inherent in different historical periods of architectural development [29]. In terms of
optimisation and mediation, various techniques can be used, depending on the state of technological
development and the nature of the variability of the processes being carried out. Because of this, the
question of a new definition of the theoretical interpretation of "diversity" may take the form of
determinism by an infinite number of choices. Although, in the sense of practical architecture, such
an ideal theoretical construct is impossible, it does provide an understanding of the difference that
the concept has undergone since the transition to the post-industrial era.

With this theoretical framework in mind, we can say that the national scientific discourse has
formed an understanding that multifunctionality and the public, to a certain extent, have become
relatively related concepts that, although different in their etymological content, often become
interchangeable at the level of architectural practice.

The notion of "public" (in the spatial sense) implies communicative interaction, which is
determined by a certain function, but, as shown above, the existence of such a function is gradually
supplemented by others, thus the environment is moving towards the theoretical ideal, which is a
space of unlimited choice. The latter refers not only to activities or processes, but also to the
exchange of information and impressions. This gradually blurs the line not only between the
concepts of "multifunctionality” and "public”, but also "function” and "perception”.

In the context of the above analysis of the national scientific achievements in the field of
multifunctional public buildings and spaces, it is worth talking about a situation in which a system
of dialectics of communicativeness and functionality has developed, which are determined by
different theoretical ideals of multifunctionality in the architecture of the post-industrial era, as an
environment of unlimited choice. In this conditional, hypothetical point, public activity can take on
a variety of forms, and the conceptual content of the environment itself is universal. Therefore, it is
no longer possible to talk about a specific purpose of this kind of object, since any processes and
functions can take place in it.

If we take the theoretical construct of ideality described above with conditional 100 units of
measurement, and its opposite - the absence of any choice with conditional 0 units of measurement,
we will get a scale of multifunctionality efficiency, which in the future can be used to assess the
quality of certain architectural solutions. It is likely that the increase in choice will be due to the
introduction of augmented reality technologies, as well as the expansion of cognitive perception,
including through the introduction of artificial intelligence and neurotechnologies [30]. The nature
and parameters of such multifunctionality are currently difficult to predict, but it is likely that it will
not involve the elimination of all previous spatial experiences, as they underlie the current identity
and effectively link spatial elements with the necessary semantic associations.

Nevertheless, the nature of the design algorithm formed by the dialectic of
communicativeness and functionality will be preserved, and its implementation based on three
directions — harmonisation, optimisation, media and digitalisation — will probably remain as the
basic operational structure of design activities in the field of multifunctional spaces. Instead, the
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three programme needs (inclusiveness, media and diversity) will be fully realised in the sense they
are currently understood.

An important feature of the national discourse that is worth noting is its practical focus on
solving applied problems that are related to the existence of an existing reality created by
historically formed architectural objects that cannot be eliminated both from the point of view of
monument protection legislation and for economic and legal reasons. Therefore, the question arises
of a new interpretation of this structure in terms of making it multifunctional in the post-industrial
sense. This task, which requires a separate study, cannot, however, be considered to be in
significant conflict with the trends described above. Numerous examples of the adaptation of
valuable cultural heritage sites as spatial frameworks for complex public functions show that
existing material structures can be used to achieve the desired result, which are given a broader
semantic and associative load. The creation of coworking spaces, creative spaces, service centres,
etc. in historic buildings or established landscape areas expands the potential of individual spatial
experiences, giving them the features of exclusivity and uniqueness.

At the same time, in the national discourse and practice, there is a certain tendency to
exclusivise and "elitise™ multifunctionality, which becomes an element of limited accessibility only
for a small privileged group. This is mainly due to the high cost of services or spatial segregation,
including the emergence of spatially separated spaces of limited accessibility [31].

The solution to this problem should be considered one of the promising areas for further study
of the multifunctionality of public buildings and understanding them as a place of dialogue and
solidarity for different groups of people, regardless of their property, age or other status. In addition,
public spaces may also be redefined by the growth of the individual delivery sector, services
provided at home through online platforms, and various forms of activities that can be carried out
using immersive presence technologies. Therefore, the motivation and subject-spatial component of
the public environment is likely to change and new functional demands will emerge that will
determine the multifunctionality of this kind of environment. For example, libraries as a place of
active presence will be transformed into centres where existing and new collections will be
digitised, and readers will be able to access them online at home. On the other hand, active leisure
centres, such as swimming pools, will experience a diversification of choices, which will further
increase their attendance.

In this regard, new challenges and tasks are likely to arise for designers and developers, who
will have to understand the multifunctionality of public spaces as a phenomenon that takes place not
only in physically separate areas, but also partially outside them in environments created by
multimedia intermediaries and immersive structures.

Given the above analysis, we can also briefly outline a potential theoretical model for the
formation of multifunctional public buildings and spaces, which, presumably, consists in the
construction of a communicative-functional synthesis based on the study of the nature of the main
request (sports, transport, entertainment, etc.), which is complemented by the expansion of choice.
Thus, a conceptual framework is formed, which is implemented through the simultaneous
combination of three directions: a) harmonisation (related to the problem of combining different
stylistic, chronological, semiotic elements into a single aesthetic whole); b) optimisation (related to
the search for ways to find the best balance of costs and benefits at different stages of the
implementation of multifunctional objects) and c) media and digitalisation (related to the
introduction of changing visual elements with an information load - entertainment, advertising,
informational, etc.) In modern conditions, but not in general, the totality of these mechanisms of
constructing multifunctionality receives its positive social reception through: a) the introduction of
universal design principles, which addresses the problems of equal accessibility and inclusiveness;
b) the integration of media and digital technologies; c) the expansion of the repertoire of spatial
content and choice.

Conclusions:

1. The article outlines three programmatic needs that can be traced in the national discourse
around the multifunctionality of public buildings, namely: a) implementation of the principles of
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universal design, which addresses the problems of equal accessibility and inclusiveness; b)
integration of media and digital technologies; c) expansion of the repertoire of spatial content and
choice. The successful or unsuccessful meeting of these needs affects social reception.

2. Itis determined that the conceptual basis for the formation of multifunctional buildings and
spaces is the synthesis of communicativeness and functionality, which are carried out in the context of
rethinking the concepts of "multifunctionality” and "public”, which tend to a conditional theoretical
ideal - a space of universal choice. This conceptual framework is implemented through a combination
of three areas: a) harmonisation (related to the problem of combining different stylistic, chronological,
semiotic elements into a single aesthetic whole); b) optimisation (related to the search for ways to find
the best balance of costs and benefits at different stages of the implementation of multifunctional
objects) and ¢) media and digitalisation (related to the introduction of changing visual elements with an
information load — entertainment, advertising, informational, etc.)
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AHorania. Tematnka OaraToQyHKUIOHAIbHUX TI'POMAACHKUX Oy[IiBENIb JIOCUTh ILIMPOKO
BUCBIT/JIEHA Yy BiTYM3HAHIM Haymi. [ii mpUCBAYeHO POOOTH PIi3HOrO PiBHSA Bi Te3 HAa HAYKOBUX
KOH(epeHiAX A0 IUCepTalifHUX AOCTDKeHb Ta MoHorpadiil. HakonudeHuil, Takum dYHUHOM,
Marepiay, Ja€ MOXIIMBICTb TOBOPUTH TIPO HASBHICTh NEBHOI BJIACHOI IIKOJIM TpPAaKTyBaHHS
npobaeMaTiky 6araTo(yHKIIOHATLHOCTI TPOMAJICBKUX CTPYKTYP. [i OCHOBHUMHM pUCaMH € IIO€IHAHHS
KOMYHIKaTUBHUX Ta (DYHKLIOHAJILHUX aCIIEKTiB, KOTP1 AIJIEKTHYHO MOB’SI3YI0OTh JIaHy MPoOIeMaTuKy
OJTHOYACHO 3 TPAJUIIIEI0 MOJIEPHI3MY, a 3 1HIIOro 00Ky 3 ocoOnmBocTsIMU iH(opMariitHoi no6u. Lo
cneungiky BapTO BBaXKaTW CUJIBHOKO CTOPOHOIO BITYM3HSHOTO JUCKYPCY JOBKOJIA MPOOJEMAaTUKU
0araTo()yHKIIOHAJIbHOCTI, TOJAAIbIIE IPAKTUYHE TMPOAOBXKEHHA SKOIO MOXE IPHUBECTH [0
MO3UTHBHUX PE3YJIbTaTIB.

Po3mexyBaHHS Ha KOMYHIKAaTHBHI Ta (DyHKIIOHAJIbHI acCleKTH, OJHAK, HE € BUKIIOUHUMHU Y
pamMKax JaHOi CTaTTi, OCKUIbKM BOHM YacTO ICHYIOTh HE JIMIIE Yy TICHIA B3a€MOJil MK COOOI0, aye
TaKO)XK B KOHTEKCTI OUIBII CKJIaJHOI CUCTEMU IPOEKTHMX CUTYyalidl Ta pillleHb, KOTpl MOB’s3aHi 3
pi3HEME MaciTabamMy OXOIICHHS (piBeHb JIIOAWHHM, OyiBii 200 MiCbKOT TKaHWHHM), @ TAKOXK — TUMU YU
IHILMMHU [IPIOPUTETAMU HAJITaHHS TIPOCTOPY CUMBOJIIUHHUX Ta MOHAI-PYyHKIIOHATBHUX AKOcTel. OcTaHHI
TIOB’s13aHi1 3 MOHATTSAMU CTHIIIO JKUTTS Ta MO3UIIIOHYBaHHIO ce0e B O3UTUBHIM )KUTTEBIN CUTYyaLlli TUMU
XTO € 6e31ocepeJHIMI yYaCHUKaMH IPOCTOPY — 3aIISTHUMH B HhOMY SIK HABMHCHO TaK 1 BUIIAKOBO.

B 3B’sa3ky 13 MM ompanboBaHa CYKYINHICTh MaTepiajliB, KOTPl CTOCYIOTbCSI TPOMaJChKOT
MPOCTOPOBOi  OaraToPyHKITIOHAIBHOCTI, TOJAUIEHI HA TakKi HANpSIMKHA: a) TapMOHI3aIIHHUI
(moB’s13aHM 3 MPOOIEMATHKOI0 TO€AHAHHS PI3HUX CTUIBOBUX, XPOHOJOTIYHHX, CEMIOTHYHHX
€JIEMEHTIB y €UHY €CTeTUYHY WLUIICTh); 0) OonTUMI3allifHUM (IOIIYyKM NIJISXiB 3HAXOKEHHS
HaWKpamoro 0ajgaHCy BUTpAT Ta MPUOYTKIB HA PI3HUX CTAAIsIX 3iHCHEHHS O0araToQyHKIIOHATBHUX
00’€KTiB); B) MeAIHHO-IM(POBI3aLIfHIIA (1TOB’A3aHUH 3 BIPOBAPKEHHAM Y IPOCTOPU CIUIBHUX 1N
Ta CHOUIBHOI TMPHCYTHOCTI MIHJIMBUX BI3yaJlbHUX €JIEMEHTIB, IO MaloTh iH(popMaIliiine
HaBaHTaXXEHHsI — pO3BaXKaJIbHE, PEKJIIaMHE, TIOB1IOMIISIFOYE TOIIO).

L{i Tpy HanpsSMKHU B OJHAKOBIM Mipi IHTErpOBaHi SIK Y KOMYHIKaTUBHY TaK 1 (YHKLIOHAJIbHY
KOHIIeTIii 0araTo(yHKIIOHATFHOCTI TPOMAACHKUX OyniBedb 1 pa3oM CTBOPIOIOTh CKIIAIHY
CTPYKTYpYy MpEeaMEeTHOI 00acTi TEOPETUIHOTO OXOIUICHHS JaHOI TEMH. 3alpOTOHOBAaHA CHCTEMa
pO3MOALTY 3HaHb, OJHAK, € HE JIMIIE 1HTEIEKTyalbHOIO pedeKciero, ajle TakoXK MIATPYHTAM JUis
CTBOPEHHSI KOJIa TPAKTUUYHUX PEKOMEHJALid Ui MOJANbLIOr0 BIOCKOHAJNEHHS MPOSKTHHUX
MIPAKTHK, @ TAKOXK TBOPEHHSI BIIACHOT 1IEHTHYHOCTI 0araroQyHKIIOHAIBHOCTI B apXITEKTYi.

HoBu3Ha BHKIaJeHOro y CTAaTTi MaTepialy MOB’sA3aHa 3 TUM, IO MaiOyTHIH PO3BUTOK
MIPOEKTHOT'O MHUCJIEHHS B rajly3i 6araroyHKI10HaJIBLHOCTI OyAiBeNb Ta MPOCTOPIB, NepedadyBaHoO,
OB’ I3aHUH 3 TOIIYKOM Ta PO3BUTKOM Pi3HUX (DOpMaTiB MOEAHAHHS 1 B3a€EMO/Iii KOMYHIKAaTUBHOCTI
Ta QYHKIIOHAJIBHOCTI, @ TAKOXK PO3LUIUPEHHS iX CEMAaHTUYHOIO Ta TEXHOJOTIYHOT'O HAITOBHEHHS.

KarouoBi cjoBa: apxiTekrypa, Oarato(pyHKIIIOHQJIBHICTb, IPOCKTYBaHHS, KOMYHIKaIIis,
(GYyHKIIOHABHICTH, TAPMOHIi3allisl, TH(POBi3alis, ONTUMI3aIlis, TPOMAJICHKI TIPOCTOPH.
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Abstract. The Ukrainian experience of architectural heritage losses caused by war raises a
fundamental question for the professional community: what exactly should be preserved when
reconstructing destroyed heritage — the material, the image, the function, or the meaning? In this
context, the concept of authenticity becomes critical, going beyond a purely theoretical category
and turning into an essential decision-making tool in restoration, reconstruction, and reproduction.

The aim of the study is to determine whether the Nara Document represented a paradigmatic
shift in attitudes toward heritage or merely formalized an already existing plurality of
interpretations. Methodologically, the research relies on contextual, discursive, and comparative
analysis, as well as a meta-analysis of Michael S. Falser’s text, which reconstructs the main vectors
of debate at the Nara Conference.

The focus is on current challenges, analysed through materials from the 2024 conferences in
Thessaloniki and Tokyo, where the tension between flexibility and the need for methodological
clarity was highlighted, against the backdrop of the continued absence of a single internationally
recognised methodology for assessing authenticity.

The article explores how authenticity operates not only in normative documents but also in
decision-making practices, the formation of local policies, and institutional procedures that directly
affect the fate of heritage sites. It is concluded that the Nara Document did not provide a fixed
definition of authenticity but changed its philosophical framework: authenticity is now understood
as the result of dialogue between cultures, practices, and communities — a dialogue that requires not
only remembering but also rethinking in the face of contemporary challenges, ethical responsibility,
and the transformative potential of heritage.

Keywords: authenticity, Nara Document, cultural heritage, reconstruction, re-creation,
cultural relativism.

Introduction. In 2024, thirty years have passed since the adoption of the Nara Document on
Authenticity (1994) — an event that significantly reshaped approaches to understanding, assessing, and
preserving cultural heritage in global practice [1]. This anniversary represents a milestone and an
occasion for critical reflection on how the notion of «authenticity» has transformed in international
conservation theory, and to what extent the Nara Document truly became a turning point.

The document emerged in response to growing doubts about the universality of materially oriented
heritage assessment criteria embedded in the Venice Charter (1964) and UNESCO’s Operational
Guidelines (1977) [2, 3]. For the first time at the international level, the need for cultural diversity, respect
for intangible factors, and recognition of multiple interpretations was acknowledged. However, both the
text of the document and the course of the conference revealed not so much the consolidation of a new
consensus as the emergence of diverse—and at times conflicting—approaches to authenticity.

These divergences were never overcome; on the contrary, they became the foundation of a long-
lasting intellectual debate that continues today. This is evidenced, in particular, by two major events
held on the occasion of the thirtieth anniversary of the Nara Document: the international conference
«Authenticity from a European Perspective: 30 Years of the Nara Document on Authenticity»
(Thessaloniki, 2024), which brought together leading scholars, practitioners, and institutional
representatives for a critical reflection on European approaches to authenticity, and the «35th Seminar,
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30 Years of the Nara Document in the Global Context of Heritage Conservationy» (Tokyo, 2024).

Despite the global significance of authenticity, the term still lacks a stable definition in
heritage theory and practice. After Nara, it ceased to function as a fixed criterion and instead
became a field of multiple—sometimes incompatible—interpretations, complicating the development
of unified methodological approaches. This has generated a persistent tension between the need for
flexibility and the demands of normativity, especially under the pressures of today’s challenges:
war, loss, hybrid reconstructions, and the growing role of local communities.

For Ukraine, this issue carries particular weight. The large-scale destruction caused by war
intersects with long-standing decline and institutional weakness in the heritage sector. In these
circumstances, the question of authenticity acquires not only theoretical but also practical urgency—
as a key reference point for decisions about restoration, reconstruction, and re-creation. Without a
clear understanding of what is considered authentic—whether material substance, form, function, or
collective memory—further actions risk being fragmented, contradictory, or even manipulative.

This study examines how the understanding of authenticity has evolved in the three decades since
the adoption of the Nara Document—from a material criterion to a broader field of cultural, functional,
and contextual interpretations. At its core lies the question of whether Nara truly inaugurated a new
paradigm, or merely captured the fractures and tensions that remain unresolved to this day.

Review of recent studies and publications. Despite its recognised international role, the Nara
Document has not yet become the subject of comprehensive research in the Ukrainian academic and
professional field. In most cases, references to it appear only sporadically—in lists of international
documents alongside the Venice Charter (1964), the Riga Charter (2000), or the Burra Charter (1979—
2013) —without a dedicated analysis of its content, historical context, or conceptual impact [4, 5].

In Ukrainian professional discourse, isolated attempts to engage with the notion of authenticity
can be traced back to the 1990s, particularly in the pages of the journal «Pam’iatky Ukrainy: istoriia ta
kul'tura» [6]. One of the first scholars in Ukrainian academic discourse to systematically address the
issue of authenticity in architectural restoration was Olha Plamenytska. She emphasised the difficulty
of determining the authentic state of a monument in cases of loss and stratification, stressing that
authenticity is not limited to material substance but constitutes a broader category that also
encompasses form, historical context, and the multi-layered nature of cultural values [7].

In recent years, the issue of authenticity in the Ukrainian context has been addressed by Oleh
Rishniak, who highlights the gap between objectivist approaches to documenting the state of a
monument and the need to ensure the «transmission of meaningy» across generations. In his writings,
authenticity appears not only as a matter of documentary identification, but also as a process of
cultural presence of the past within contemporary society [8]. This line of thought has been further
developed in more recent studies, particularly in theses devoted to the role of authenticity in
adaptive forms of heritage recovery under the conditions of present-day destruction. The emphasis
is placed on the idea that authenticity acquires special importance in processes of re-creation, where
it delineates the boundary between the preservation of meaning and material loss [9].

At the same time, these individual contributions remain fragmented and have not yet formed a
coherent theoretical school or a systematic rethinking of authenticity in the Ukrainian context. In
recent publications, the concept is often interpreted primarily as a characteristic of the preserved
material state of a monument at a given historical moment [10].

Such a narrowing of focus significantly limits the potential of authenticity as a conceptual tool.
As a result, contemporary Ukrainian debate often remains at the level of intuitive awareness of change
rather than a comprehensive understanding framed within a renewed methodological paradigm.

By contrast, in international scholarship authenticity has become the subject of
interdisciplinary analysis — undertaken by restoration theorists, cultural historians, heritage
professionals, and critics of the postcolonial order [11-13]. The Nara Document is regarded as a
turning point that opened the way to a plurality of approaches, acknowledged the cultural relativity
of authenticity criteria, and laid the foundation for dialogue among diverse regional traditions [14].
A number of studies explore the tension between universalism and relativism: on the one hand, the
aspiration toward flexible approaches; on the other, the need to maintain consistent principles so as
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to prevent authenticity from being instrumentalized for political or commercial purposes [15, 16].

A special place belongs to the work of Michael Falser, who carefully reconstructs the course
of discussions at the Nara conference and analyses five key vectors associated with the notion of
«authenticity» [17].

The aim of this study is to analyse how the understanding of authenticity in the field of
cultural heritage conservation has transformed since the adoption of the Nara Document on
Authenticity (1994), and to determine whether this document constituted a genuine paradigm shift
or rather recorded the plurality and tensions within approaches to heritage assessment.

Research tasks. To identify the historical and conceptual preconditions for the emergence of the
Nara Document — particularly through an analysis of the content of charters, official international
instruments, and UNESCO’s Operational Guidelines; to examine how the concept of authenticity has
evolved from a normative criterion to a dynamic and contextual approach; and to carry out a meta-
analysis of Michael Falser’s work «From Venice 1964 to Nara 1994 — Changing Concepts of
Authenticity?» in order to reconstruct the key themes and discursive tensions of the 1994 Nara
conference.

Materials and methodology. The study is based on a qualitative analysis of sources, including
official international documents (1964-1994), academic publications (1990s-2020s), and materials
from two events held in 2024 to mark the thirtieth anniversary of the Nara Document — the JCIC
international seminar in Tokyo and the ICOMOS conference in Thessaloniki. The research combines
several interrelated methods: contextual analysis, aimed at identifying the historical, institutional, and
cultural preconditions for the formation of the authenticity discourse; discourse analysis, applied to
trace the use of concepts across different professional domains; comparative analysis, which enabled
the examination of the evolution of «authenticity» across intercultural and temporal dimensions; and a
meta-analysis of Michael Falser’s work, designed to uncover internal tensions between universalist and
relativist approaches as well as the sociocultural factors that shaped the document.

Research results. The term «authenticity», which today stands at the centre of heritage
conservation, was absent from the earliest international documents and lacked a stable meaning in
the first normative texts. Its emergence and subsequent institutionalisation were the outcome of a
complex process of gradual conceptual elaboration, in which international charters of the 1930s—
1970s played a decisive role.

In the Athens Charter for the Restoration of Historic Monuments (1931), adopted at the
International Congress of Architects and Technicians of Historic Monuments, the concept of
«authenticity» does not appear at all [18]. The document is formulated primarily within a technical
framework, focusing on the preservation of material, structures, and stylistic integrity. Particular
attention is given to the principles of restoration, especially the admissibility of analytical
reconstruction and the rejection of stylistic imitation.

Of far greater significance was the Venice Charter (1964), which for a long time served as the
normative foundation for international heritage policy. It was in the Venice Charter that the word
«authenticity» was used for the first time, notably in the Preamble, which speaks of passing on
monuments in «the full richness of their authenticity» («...in the full richness of their authenticity...»).
Article 9 also stresses respect for «original material and authentic documents» («...respect for original
material and authentic documents»). Yet despite this appearance, the term received no theoretical
elaboration in the text — no definition, no criteria, and no tools for assessment [17].

The actual transformation of authenticity into an instrument of international evaluation took
place in 1977 with the adoption of the Operational Guidelines [3]. At that point, the so-called «Test
of Authenticity» was introduced — a formalised set of criteria to be applied to cultural properties
nominated for World Heritage status. The approach was materially oriented, and the four criteria
included design, materials, workmanship, and setting.

The criteria were formulated within the European restoration tradition and focused primarily
on material, style, and construction, leaving aside functional, ritual, spiritual, and intangible
dimensions that are central to the perception of heritage in many non-European cultures [14]. This
materialist bias provoked strong criticism and called into question the universality of existing
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approaches. In response, during the 1980s-1990s the very foundations of evaluation were gradually
reconsidered — a need emerged to broaden the concept of authenticity so that it would encompass
the full range of values that communities attribute to their heritage [15].

This shift unfolded against the background of a wider typological expansion of the very
notion of cultural heritage. To the classical objects — historic buildings, ensembles, and architectural
monuments — new categories were added: cultural landscapes, industrial and vernacular
architecture, everyday heritage, and later intangible heritage. At the same time, criticism emerged of
Eurocentric standards by which heritage from other regions had been measured.

As Michael Falser notes, the Venice Charter and the early UNESCO documents were the
product of predominantly European specialists, oriented toward stone, monumental, and stylistically
refined architecture. In 1964, of the 23 participants at the Venice conference, 20 were from Europe;
the only representative from Asia was Hiroshi Daifuku, the UNESCO delegate [17].

Practices characteristic of Asia, the Pacific region, Africa, Latin America, and the Islamic world
— had no voice in the global regulations. This imbalance later provoked debates on the need to
«decolonise the criteria of authenticity» [11], as well as on the idea that the concept should be sensitive
to context, function, ritual, and technique, and not limited solely to «original materials» [12].

In contrast to the Venice conference, whose participants were almost exclusively Europeans,
the Nara conference was deliberately organised as a global forum intended to ensure broader
geographical, cultural, and professional representation. Among the 45 participants, 24 represented
Europe and North America, 17 came from the Asia—Pacific region (including 8 from Japan), 2 from
Africa, and 2 from Latin America and the Caribbean. At the same time, there was no representation
from the Arab countries, which left the structure of participation uneven.

Despite its declared novelty, the Nara Document did not reject the provisions of the Venice
Charter but positioned itself as their development and complement. The Preamble explicitly states
that the principles of the Charter remain fundamental, yet under the conditions of globalisation,
cultural homogenization, nationalism, and the suppression of minorities, there is a need to broaden
the understanding of authenticity [1, § 3].

Particular attention at the Nara conference was devoted to Japanese practices of preserving
wooden architecture, which challenged the European tradition’s dominant understanding of
authenticity as the conservation of original material. Japan served not only as the organiser but also as a
symbolic stage for a conceptual confrontation — between material fixation and ritual continuity. The
example of the Ise Jingt shrine complex, which is entirely rebuilt every 20 years as part of a sacred
ritual, illustrated this tension [19]. Despite the loss of the primary material, the form, technique,
location, and ritual are preserved — that is, what sustains function, meaning, and intergenerational
connection (Fig. 1). This approach demonstrates that authenticity may reside not in substance but in
action, continuity, and significance — and it has no direct counterpart in European restoration models.

s,
%

The Nara Document consists of 13 paragraphs that can be provisionally divided into three parts.
Preamble (§1-4). It proclaims respect for cultural diversity and calls for the application of the criterion
of authenticity with reference to local values. The Document is presented as a continuation of the
Venice Charter, responding to the challenges of globalisation, ideologies, and shifts in collective
memory. Cultural diversity (§5-8). Authenticity is considered in relation to different forms of heritage
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expression — both tangible and intangible. Responsibility for safeguarding this diversity is emphasised
as lying with local communities as well as with the international community. Values and authenticity
(§9-13). Authenticity is recognised as a key criterion for assessing the value of heritage. For the first
time, a broader spectrum of its aspects is listed — ranging from material to «spirit and feeling». The
contextual and interpretative nature of authenticity is underlined.

Based on an analysis of the Nara conference materials, Michael Falser identifies five central
themes around which the presentations and debates were organised. Taken together, they mark a
transition from material to sociocultural authenticity.

1. Pluralism, respect, public access. This theme concerns the recognition of the plurality of
heritage forms and the typological expansion from monumental to vernacular, industrial, commercial,
and intangible heritage. Conference participants emphasised the need for respect toward diverse
materials (not only stone, but also wood, earth, straw), the inclusion of traditional knowledge, rituals,
languages, techniques, and the guarantee of access to heritage not only for experts but also for citizens.

2. Process, dynamics, living heritage. Authenticity in this theme is approached not as a
property of the object but as an ongoing process of community interaction with memory, function,
and use. The notion of «living heritage» was introduced, highlighting the dynamic character of
meaning, its continuous transformation, and heritage as a «living structure» that responds to change.

3. Postcolonialism and indigenous identities. The focus here is on the critique of Eurocentric
transmission of conservation standards to the postcolonial world. Participants from Latin America,
Africa, and Oceania pointed to the mismatch between «universal» norms and local values, the need to
recognise indigenous practices and rituals, and the critique of colonial narratives as forms of «historical
falsification». Japanese experience was especially discussed as an alternative system — reconstruction
that is documented yet ritualised, preserving not the material but the function and tradition.

4. Cultural relativism and strategic risks. This theme highlights the tension between the
aspiration to inclusivity and the threat of disorder. On the one hand, it was acknowledged that
authenticity cannot be unified; on the other — concerns were expressed that the boundaries of
authenticity risk becoming blurred and that the very possibility of expert evaluation could disappear.

5. Essence, message, reconstruction in the postmodern era. This theme focuses on the most
contentious issue of the conference — the admissibility of reconstructions and their authenticity. The
debate revealed two opposing positions: on the one hand, reconstruction is considered acceptable if it
can preserve and transmit the cultural or symbolic meaning of a site; on the other — it is seen as a threat
to authenticity, since it creates the illusion of historical credibility and blurs the line between fact and
interpretation.

These themes, first articulated in Nara, have not lost their relevance thirty years later — on the
contrary, they have become the foundation for new debates. The international conference
«Authenticity from a European Perspective: 30 Years of the Nara Document on Authenticity» was
held on 28-29 November 2024 in Thessaloniki (Greece), in the multicultural venue «Islahanex» [20].
The event was organised by the ICOMOS International Scientific Committee on Theory and
Philosophy of Conservation and Restoration (TheoPhilos ISC), in cooperation with the Ministry of
Culture of Greece and with the support of the Hellenic National Committee of ICOMOS. The
conference brought together participants from more than ten countries — including Poland, Greece,
Slovenia, China, Italy, France, Belgium, Ukraine, Germany, Austria, Norway, and the United
Kingdom — representing a wide spectrum of research and practical approaches to heritage.

The themes of the conference ranged from a historical analysis of the impact of the Nara
Document to the new challenges facing heritage conservation — particularly in the context of loss,
reconstruction, climate change, political transformations, and digital technologies. The event
represented the first large-scale attempt to critically reassess the legacy of the Nara Declaration
thirty years after its adoption.

The conference materials showed that the key contradictions revealed by the Document have
not only remained unresolved but in some respects have become even more acute. In his opening
address, Bogustaw Szmygin — president of the Theophilos office — observed: «we still do not have a
methodology for assessing authenticity» [21]. Despite numerous declarations and conceptual
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frameworks, tools for balanced analysis are still lacking — what exactly is authentic, to what extent,
by which parameters, and how these assessments relate to one another. What we are left with are
formal «statements of authenticity», but without a verifiable procedure of analysis.

Against this background, the presentation by Lukasz Sadowski on the Polish experience of castle
reconstructions serves as an illustration of how the absence of clear ethical and methodological criteria
allows historical fictions to be masked as heritage preservation. He remarked: «if you have money and
political connections — you can build whatever you want», while at the same time acknowledging the
growing critical resistance from professionals and the public [22]. He pointed to the Royal Castle in
Poznan as a case in point — a fantasy construction stylised as a sixteenth-century castle (Fig. 2).

Fig. 2. The Royal Castle in Poznan. Before and after reconstruction

The presentations at the conference also demonstrated that the departure from universalist
approaches initiated in Nara, while necessary, did not provide a new stable foundation. Authenticity
is increasingly perceived not as a fixed property of an object, but as a contextual agreement — the
outcome of negotiations among experts, communities, policymakers, and institutions. In this regard,
the paper by Jolka Pirkovi¢ is illustrative: she proposes not to search for a single definition of
authenticity but to recognise its plural nature, manifested in different dimensions — documentary,
social, artistic, and others [23].

Liu Siyuan suggested distinguishing between several forms of «truth» — expressive, historical,
and structural — and emphasised honesty as the principal professional value in reconstruction. In this
context, he outlined the notion of viable interpretation — one that acknowledges changeability while
avoiding falsification [24].

loannis Poulios, in his presentation, drew on the logic of strategic thinking, criticizing the
divide between material and intangible approaches. In his view, overcoming this separation is a
prerequisite for a new paradigm of heritage — one that is more holistic, flexible, and responsive to
real challenges [25]. Within this new field, authenticity is no longer sought in the past — it is
constructed in the present as a form of critical responsibility.

Despite the diversity of positions and attempts to overcome methodological vagueness, the
conference in Thessaloniki demonstrated that authenticity remains a complex concept.

These very questions — but viewed from a different, non-European perspective — were raised
at the seminar «Authenticity Revisited: The Nara Document Thirty Years After», held in Tokyo on
28 November 2024 [26]. Organised by the Japan Consortium for International Cooperation in
Cultural Heritage (JCIC-Heritage) in cooperation with the Agency for Cultural Affairs of Japan, the
event brought together experts from Asia, Africa, and Europe to critically reassess the legacy of the
Nara Document in a global perspective (Fig. 3).

The central issue was the relevance of the Nara Document under conditions of political
transformations, technological change, and intercultural tensions. Among the leading themes were
the tension between the universality of standards and local sensitivity, the impact of digital
technologies on understandings of authenticity, the growing role of communities in shaping heritage
policies, and the critique of professional approaches that reduce authenticity to an object-based
characteristic. A distinctive feature of the seminar was the strong presence of Asian voices: they
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emphasised that the Nara Document not only opened the way to intangible and contextual thinking
about heritage, but also itself requires reconsideration — whether it still retains transformative power
or has already become part of a new orthodoxy.

et T - s e o B

Fig. 3. Participants of the seminar
«Authenticity Revisited: The Nara Document Thirty Years After». Toxio, 2024

In the three decades since the adoption of the Nara Document, the global community has not
achieved either a stable understanding of authenticity or an agreed methodology for its assessment.
Despite the declarative recognition of multiple approaches, the equilibrium points between context
and criterion, between flexibility and responsibility, have not yet been found. Authenticity remains
an unresolved concept, an open field of tension — between professional standards and political
demands, between collective memory and institutional norm, between reconstruction and
simulation. What in 1994 was named a challenge reappears in 2024 as an unresolved question, one
that calls not only for reflection but also for new conceptual frameworks.

Conclusions. Thirty years after its adoption, the Nara Document on Authenticity demonstrates
that it did not close the debate — it opened it. Nara did not provide a final definition of authenticity, but
redefined the very logic by which authenticity should be assessed. For the first time at the international
level, it was formally recognised that authenticity is culturally contextual; those multiple interpretations
are legitimate; and that no single universal criterion can be equally valid across all cultures.

The Document legitimised a shift from the material object to the social process — from
authenticity as a «state of things» to authenticity as an effect of interpretation, memory, ritual, use,
and function. Since its adoption, a new type of heritage discourse has emerged: pluralist, flexible,
and dialogic. Intangible dimensions have received institutional recognition; local communities have
gained greater influence in processes of interpretation and conservation; and the universality of the
previously «neutral» European norm of preservation has been called into question.

Yet Nara did not resolve internal contradictions. As recent conferences have shown, the ideals
of plurality and flexibility often collide with the need for methodological and practical criteria.
Paradoxically, the very document intended to free heritage from normative pressure has itself
become a new framework — one to which subsequent international declarations and institutional
practices must now relate.
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AHoTauisg. YKpaiHCBKMH JOCBiJ BTpaT apXiTEKTYpHOI CHAJIIMHM, CIPUYMHEHUX BIHHOIO,
BUCYBae Imepel (haXxOoBOIO CHUIBHOTOIO MPUHIMIIOBE MMTAHHS: IO caMeé MU MaeMmo 30epirarty,
BIZITBOPIOIOYN 3pYHHOBAaHY CHAJIIMHY — Marepiaj, oopas, QyHKII0 4u ceHC? Y IbOMY KOHTEKCTI
TIOHATTS aBTEHTUYHOCTI HA0yBa€ KPUTHYHOTO 3HAUCHHS, BUXOISMYM 32 MEXKI CyTO TEOPETHYHOL
Kateropii ¥ NepeTBOPIOIOYNCH Ha HEOOX1IHUI 1HCTPYMEHT yXBaJeHHS pillleHb y cdepl pecTaBpallii,
PEKOHCTPYKIIIi Ta BIITBOPEHHS.

Crarts aHanizye TpaHc(hopMalilo ysBI€Hb NPO ABTEHTUYHICTh Y MIDKHAPOAHINA OXOpPOHHIM
NPaKTHUL MICJis yXBajleHHA MikHapoaHoro Jlokymenra Hapa (1994) mpo aBTEHTHYHICTh, IO
3all04aTKyBaB IepexiJ BiJ MaTeplajibHOIO KPUTEPI0 10 IIUPIIOro, KyJIbTYPHO YYTJIMBOIO, MIX
Cy0’€KTUBHOI'O PO3YMiHHSL.

Mertoro nociipkeHHS € 3°sicyBaTH, uu chpasai Jlokyment Hapa craB mapaaurmaibHUM
3CYBOM Yy CTaBJICHHI A0 CHAIIMHH, YU PAJIIe 3aKPIKUB BXKE HAsBHY MHOXXHHHICTh TPAaKTyBaHb.
MeToa0I0TIYHO TOCHIIPKEHHSI CIUPAEThCS HA KOHTEKCTYaJbHUH, TUCKYPCUBHHUH 1 MOPIBHAIBHUN
aHayi3, a TakoX MeTaaHami3 Tekcty Mixaenst danb3epa, 1o peKOHCTPYIOE OCHOBHI BEKTOPH J1e0aTiB
koH(pepenii B Hapi.

V¥ (oxkyci — cyuyacHi BUKJIMKH, IIPOAHaII30BaH1 yepe3 marepiaau koHdepeHuid y CanoHikax i
Toxio (2024), ne okpecieHO KOH(MIIKT MiX THYUYKICTIO 1 HOTPEOOI0 y METOJI0JIOTIUHIi BU3HAYEHOCTI,
Ha TJIi TPUBAJIOI BiICYTHOCTI €IMHOT MIKHAPOHO BU3HAHOT METOMKH OLIHKH aBTEHTUYHOCTI.

Po3rnsiHyTO, SIK QBTEHTHYHICTb (YHKIIOHY€E HE JMIIEe Y HOPMAaTHBHHX IOKYMEHTaxX, a U y
NPAaKTUKaX TPUAHATTS pillieHb, (JOpPMyBaHHI JIOKAIBHUX TMONITHK Ta THCTUTYIIIMHUX MPOIEIYp, IO
BIUTUBAIOTH HA PEANTbHY JIOJII0 00’ €KTIB CIIAAIINHU.

VY migcymKy nokasaso, mo Hapa He nana crabinbHOTO BU3HAYEHHsI aBTEHTHYHOCTI, ajie 3MiHUIa
ii (himocodcbky pamKy: BiATenep aBTEHTHYHICTD TPAKTYETHCS SIK Pe3yJIbTaT JiaJory MiX KyJIbTypaMHu,
MPAaKTUKaMH Ta CIUIBHOTAMH, 110 BUMAarae He JIMIIE 1aM’ATaTd, a i IepeoCMUCITIOBATH 3 OIJISTy Ha
Cy4YacHi BUKJIMKH, €THYHY BiJIOBIIATBHICTD 1 TpaHC(HOPMATHUBHHUH ITOTEHITIAT CTIQAIIAHU.

Karouosi ciaoBa: aBTeHTHuHIcTh, JlokymMeHT Hapa, KynabTypHa crnajiiuHa, peKOHCTPYKIIis,
BIJITBOPEHHS, KyJIbTYPHUN PENSATUBI3M.
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Abstract. The issues of organizing recreation areas at the district level for large and largest
cities were studied. These recreation areas are one of the primary tasks in the current conditions of
physical and psychological stress on the population of cities. At present, the population of most
Ukrainian cities has grown sufficiently, and the number of recreation areas, especially local
(district-type) ones, has remained virtually unchanged.

Based on the analysis of architectural and architectural-planning solutions of modern urban
development, it is proposed to use the roofs of high-rise buildings for such areas, for which purpose
they should be landscaped.

Recreational areas on exploited roofs as an element of nature-integrated architecture are
considered. The issue of exploitation of flat roofs, their use as recreational areas, gardens with
shrubs or even trees, gazebos, recreation areas, greenhouses or winter gardens is investigated.

To create high-quality conditions for plant growth on roofs and create green areas (winter
gardens, greenhouses, greenhouses, etc.), it was proposed to use the low-potential heat of
ventilation emissions. For this purpose, the use of both the heat of ventilation emissions directly (for
heating the soil) and the use of systems with an intermediate heat carrier, for example, with heat
pipes for heating, for example, water for plant irrigation, was considered.

Some problems of utilization of low-potential heat in systems with natural exhaust air
movement are considered. Ways to solve urgent problems in this direction are identified.

To increase the temperature potential of ventilation emissions, the possibility of using
emissions from the kitchen area and the area of sanitary facilities, the use of heat pumps is
proposed, which can increase the thermal potential of ventilation emissions. An installation scheme
for increasing the temperature potential of ventilation emissions is proposed. Its advantages and
disadvantages are considered.

Keywords: nature-integrated architecture, recreational area, flat roof, green roof, use of low-
potential heat.

Introduction. Recreation (latin - recreatio — rest) — is a system of events and functions related
to the use of people's time outside of their working hours for recreational, cultural or sports
activities in areas prepared for such activities that are located outside their permanent residence.

According to the Law of Ukraine, [1] «recreational areas are areas of land and water space
intended for organised mass recreation and tourismy». At present, the population of most Ukrainian
cities has grown significantly despite martial law, and the number of recreational facilities,
especially local (district) ones, has remained virtually unchanged.

Review of recent research and publications. In modern cities, especially large and largest
ones, according to the results of studies conducted by Stolberg F.V., Tkachenko T.N., Tkachenko
A.A., Rybak O.M., [2-8], the issues of reducing the area for green spaces, organising recreation
areas at the district level are quite acute.
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The organisation of «green roofs» can help to solve the issue of creating short-term recreation
areas for citizens near their place of residence, so the topic of this article is relevant [5, 6].

Based on the analysis of architectural and architectural-planning solutions of modern urban
development conducted by Kraynikovets O.V., Shvets V.V., and Shushlyakova O.S. [5-8], it is
necessary to point out the tendency of flat roofs in most multi-storey buildings, especially in the so-
called "sleeping areas". If earlier a flat roof was considered a fairly "cheap and easy option" for
covering a modern building, nowadays a flat roof has completely changed its role — now that its
operation has become possible thanks to the latest technologies, a flat roof adds not only additional
space but also originality to the design of any building: a flat roof can become a new garden, with
shrubs or even trees, a gazebo, a recreation area, a greenhouse or a winter garden, that is, it can be
used as a recreational area. With such a seemingly attractive engineering solution, a number of
problems arise, which have been considered in some works, for example, by Hetun G.V.,,
Shushlyakov D.O., Serdyuk V.R. [9-11], related to the additional load on building structures, the
complexity of organising the installation of these facilities, as well as issues related to the energy
and heat supply of such facilities.

The issues of reinforcing building structures, installing objects on roofs and power supply are
not covered in this article.

Let's consider the issue of heat supply to such an object as an exploited roof.

At the present stage, the issue of saving energy, especially thermal resources, is quite acute all
over the world. In Ukraine, according to studies by Karpalyuk I.T., Shushlyakov D.O., Shulga
M.O., Usyk G.A. and others [12-16], about 40% of fuel and energy resources are spent on heating
and ventilation of buildings, which is several times higher than in advanced countries. In buildings
currently in operation, the share of heat used to heat ventilation air ranges from 30-55%, and in
some cases reaches 80%.

In order to save heat energy, modern ventilation systems are equipped with various additional
units that allow utilising the heat of the exhaust air, for example, recuperators, heat exchangers of
various designs [15, 16]. If at least 10% of the heat of the exhaust air is used to heat the supply air
for one 100 m2 apartment, the savings will be more than 400 W per hour. On the scale of cities with
hundreds of thousands or millions of people, this will amount to several tens of megawatts.

However, according to the research of scientists (Bozhenko M.F., Khairnasov S.M.,
Shushlyakov D.O., Molsky S.M. [16-20]), for ventilation systems with natural air movement, which
are mainly used to supply existing residential and public buildings with fresh air, such equipment is
very difficult to use — the air supply to the premises is not organised, the air enters the premises
through infiltration or aeration. In addition, in residential and many public buildings, the use of
conventional recuperators is prohibited, as the exhaust air flows into the supply air (during the
operation of plate and rotary recuperators).

Purpose and objectives of the study. The purpose of the study is to substantiate the need to
create «green roofs» and to identify some of the main ways of providing heat for local (local)
recreation areas on the roofs of multi-storey buildings for residents of these buildings, which are
associated with the use of low-potential heat from secondary energy resources.

In order to achieve the aim of this study, the following tasks need to be performed:

—to analyse the need for recreation areas at the district level;

— to analyse the main ways of using low-potential heat sources of secondary energy resources
for heating «green roof» equipment.

Materials and methods of the study. The study of the organisation of recreational areas on
roofs using the recuperative heat of ventilation systems is based on the analysis of scientific sources
published in the first decades of the twenty-first century.

The main material of the study was based on the works that reveal the problems of this issue
and its main aspects.

Research results. The current growth of the urban population has led to problems in the
social, economic and environmental spheres. Urban development has a very high density, which
leads to a catastrophic decline in the area of green spaces in the central part of cities, the
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disappearance of parks and squares. Recreational areas are disappearing and shrinking not only in
city centres, but also in «sleeping areas», as well as suburban green spaces that serve as «green
lungs of cities». In other words, such green areas are a source of oxygen for the city and support
biodiversity. In addition, they maintain more comfortable thermal and humidity conditions in cities
- due to the lack of large areas of green space in central areas, there is a «heat island» effect, when
the temperature difference between central urban and suburban areas is about 4...7°C [4]. The
factors that negatively affect the population of large cities also include environmental factors, such
as air pollution with gaseous and particulate matter from enterprises and transport. This includes not
only harmful substances (dust, NOx, SOx, COg, etc.), but also toxic and carcinogenic emissions
(CO, lead, mercury, benzo-a-pyrene, etc.). While the amount of harmful substances is growing and
requires a significant increase in the area of ‘absorbers’, such as plants, there is a significant
reduction in green spaces, which leads to a significant deterioration in the environmental condition
of cities [7, 14].

Scientists have found that in recent decades there has been a disturbance in the ecological
balance caused, to a large extent, by human construction activities, which absorb a significant
quantity of resources in the form of building materials and during the operation of buildings and
structures. Scientists recognise the reduction of natural space, especially in highly urbanised
environments, as one of the irreparable losses caused by human construction expansion. The rapid
pace of urbanisation and the construction of new residential areas are leading to an increasing
reduction in the landscape component of cities, and natural areas are being built up in the largest
and most populous cities in the world, including in Ukrainian cities [8]. This trend is especially true
for settlements with high land values.

The development of large and largest cities disrupts and changes the relationship between
humans (city residents) and the environment. This connection is being replaced by regulatory
documents that establish a standardised area of greenery per person. The emotional and spiritual
component of nature is removed, and only plantings grass, bushes and trees remain.

A one-sided, consumerist understanding of green spaces in the city completely drowns out the
«human-nature» connection. This process leads to the fact that, even if there is sufficient green
space, people do not feel comfortable in the city.

As a result, the problem of finding such natural forms that would preserve the connection
between nature and people living in the urban environment, would satisfy their need for green
spaces, their aesthetic needs and, at the same time, would not contradict the development of the
urban environment, is becoming more acute.

Currently, there is a need to introduce «wildlife» into the urban environment. Elements of
nature-integrated architecture and their inclusion in the structure of residential and public buildings
in large cities will help to solve this problem. The most popular method of integrating the natural
component into architectural objects is the installation of green roofs and equipment on the roofs of
recreational areas. This is a way to solve the lack of greenery in the urban environment, it provides
an opportunity to incorporate the natural component into buildings, to saturate the modern city with
greenery without trying to find additional territorial resources. In modern cities with a high
population density, greenery is increasingly developing in three dimensions, with rooftop recreation
centres being used more and more often every year and occupying a significant place in shaping the
architectural environment of cities and urban landscapes, and becoming a means of humanising the
urban environment. At the same time, as a form of three-dimensional landscaping, they are called
the «fifth facade of the city».

The «fifth facade of the city» is a relevant concept that involves another significant part of the
urban environment — the roof of the building — in the development of the architectural urban
environment. Such elements of nature-integrated architecture do not take up land, effectively
increase the area of urban greenery and improve the environmental situation of the city.

Therefore, the creation of recreational areas on exploited green roofs can be an answer to the
problems of modern cities — the lack of a natural component in the urban environment, the
deterioration of the ecological state of cities, the deterioration of the mental and physical health of
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residents, the loss of architectural expressiveness and the originality of urban development.

Also, rooftop recreational areas have the ability to be fully incorporated into the green
infrastructure of urban areas, to serve as one of the structural elements in the green urban
framework — a strategically planned network of natural areas in the city.

There are many examples in the world of a harmonious combination of architecture and the
natural component of environment (Fig. 1), and the creation of such objects in buildings of various
functional purposes.

Educational and scientific
institutions

Multifunctional

Residential buildings buildings

The project of the residential CapitaSpring Building Schlumberger research
complex "Multilayer City", by (Architectural studios laboratory buildings, USA
arch. Jacques Ferrier Architecture, BIG and Carlo Ratti
Chartier Dalix and SLA Associati), Singapore

Architects, Paris, France

Transport infrastructure Administrative Administrative facilities
facilities facilities

.‘ 0\

The project of the Limmattal Complex of Park on the roof of a shopping
marshalling yard, arch. P. Vetsch, administrative buildings centre,
Switzerland — Sejong City Hall (Wuhan, China)

(Seoul, South Korea)

Fig. 1. Formation of recreational areas on roofs in architectural objects

A number of problems characterise the condition, location and functioning of the recreational
facilities of Ukrainian cities:

— insufficiently high level of organisation and architectural and planning solutions of the
existing system of recreational areas of cities;

— lack of green areas of mass accessibility in the central districts of the city;

— lack of recreational facilities in residential areas, in areas of historical buildings, near
transport hubs;

— lack of recreational facilities in areas of dense residential development;

— disorganisation of pedestrian and transport links between the territories of parks of district
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significance and the green framework of cities;

— lack of recreational facilities at the level of residential units (apartments).

And these problems should be solved at all hierarchical levels of the green urban framework:
at the city-wide level, at the level of the residential district, at the level of the central city district, at
the level of the residential unit.

The system of green urban framework and green infrastructure connectivity in urban areas is
formed gradually by creating continuous strips of natural habitats. And in this sense, rooftop
recreational areas should be considered as an element of the urban level, which includes parks and
urban forestry, as well as green roofs, walls and other techniques to reduce energy consumption and
stormwater runoff [3].

Creating a «green roof», placing recreational areas, gardens and parks on the roof is a fairly new
trend in Ukraine. At the same time, the use of such solutions has already become the norm in many
European countries and the United States. Some countries, such as the USA, the UK, and Germany,
support the development and implementation of recreational areas on roofs at the state level.

The arrangement of operated «greeny» roofs is usually divided into three main types depending
on the method of greening used:

— with intensive landscaping;

— with semi-intensive landscaping;

— with extensive landscaping.

Each has its own characteristics and application possibilities, depending on the urban
planning conditions and the structural and volumetric-spatial features of the building. Intensive
landscaping is used to create full-fledged recreational areas on the roofs. It should include the
planting of trees and shrubs, perennial herbaceous plants, and the creation of various types of lawns.
The plantings can be placed both on the same level and on different levels of the roof area using
geoplastic relief techniques.

An example of one of the first residential buildings in Ukraine with a rooftop park is the
Royal Tower residential building in Kyiv (Fig. 2). This decision was made due to the lack of a
landscaped adjacent territory. In this case, it was decided to equip it on the roof. The project is
based on the idea of creating a park with spreading crowns of mature trees and various varieties of
shrubs, with playgrounds and walking paths where residents can relax and at the same time look at
the breathtaking panoramas of the capital's centre. In this way, the architects compensated for the
lack of land and natural elements in the area.

s oA

Fig. 2. Recreational space on a residential building. Park on the 31st floor of the Royal Tower
building in Kyiv (Ukraine)

Different energy sources can be used to supply green roofs with energy. However, from the
point of view of reducing carbon fuel consumption, it is more efficient to use «secondary energy»,
for example, the heat of ventilation air removed from buildings.

One of the most promising areas in the technique of low-potential heat recovery in ventilation
systems, which has not been developed to date, is the use of heat exchangers on heat pipes [18-20].
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A heat pipe (Fig. 3) is a circuit with a heat carrier in which phase transitions of the heat carrier
from liquid to gaseous state and back are carried out in a cyclical manner [20].

The heat exchanger will consist of several rows of heat pipes installed in a staggered or
corridor pattern. One end of the heat pipes will be installed in the exhaust air duct (evaporation
zone), the other end will be installed in the supply air duct (condensation area).

The advantage of such a heat exchanger is the high efficiency of heat exchange even with a
slight temperature difference between the supply and exhaust air, the absence of air flow from one
air duct to another, and the ability to move the supply and exhaust air ducts 2-3 m apart.

Wick Condensation
R /area
Supply / Supply
heated | = | = cold air
==
V 7. .A. ‘\
=| I= | Heat
. insulation
‘_7— ? —
Warm air  / Extracted
extracted cooled air
\
\Evaporation

zZone
Fig. 3. Scheme of a heat exchanger on heat pipes for ventilation systems

At the same time, it is quite possible to use the heat of the exhaust air if water is used on the
"cold side™ instead of air. With a recovery of 10-15°C from the exhaust air, it is virtually impossible
to heat the water by more than 3-6°C without using additional equipment. Such water with a
temperature (in the cold period of 8-10°C) can be used to irrigate the plant carpet on the roof

(Fig. 4).

Extract air
duct N

Irrigation
water

e
Heat exchanger/ \ Water

container
Fig. 4. Utilization of exhaust air heat to heat water for irrigation
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The simplest method of heating the soil is to use channels laid under the soil. The air
exhausted from the apartments will pass through these channels, maintaining a positive ground
temperature. This system cannot be used as a heating system for greenhouses or winter gardens, as
the temperature potential of the air in ventilation systems is, as mentioned above, quite low.
However, such a system (provided that the horizontal ducts are short and have a minimum number
of turns) will allow the soil temperature to be kept positive during the cold season.

A significant disadvantage of this system is that the heat of the air removed from the sanitary
facilities [17] cannot be used (according to the regulations [22]) to avoid unpleasant odours entering
the recreational area.

It is possible to include a heat pump instead of a heat exchanger on heat pipes in the
utilization scheme [21]. This will significantly increase the capital cost of the roof, but such a
system (Fig. 5) will allow the heat extracted from the exhaust air to be used for heating (by
increasing the temperature potential) of a winter garden or closed gazebos on the roof.

Extract air

duct —
i)
S)
ﬁ 'Il
Heat exchanger / — \ Air/liquid Heating ,
of the heat pump heat pump  system
Fig. 5. Utilizations of exhaust air heat for the heating needs of a winter garden

or gazebos

Conclusions. The arrangement of exploited roofs will make it possible to organise
recreational areas in the «sleeping areas» of large cities, and the utilisation of ventilation air heat
will partially solve the issue of heat supply to these facilities.

In our country, in the post-war period, the development of such a trend in nature-integrated
architecture as the creation of recreational areas on the exploited roofs of architectural objects of
various functional purposes will also become more relevant. This will have great potential in
creating a comfortable urban environment and replenishing the natural component of urban areas.
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EJIJEMEHTHU IIPUPOJOIHTETPOBAHOI APXITEKTYPHU — PEKPEAIIVHI 30HA
HA MOKPIBJISIX 13 BUKOPUCTAHHAM PEKYIIEPATUBHOI TEILUIOTH
CHUCTEM BEHTWJIALIL
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TOB «Hayxoso-eupobnuua gipma « Enepeemura, Komynaivbhe 20cnooapcmeo i npoMuciogicniby
By ['iMHa3iiiHa HabepexkHa, 16, M. Xapkis, 61000, Ykpaina

IMlymasikosa O.C., K. apx.,
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2Xapkiscokuil HayionansHuil yrieepcumem micbkozo 2ocnodapcemea imeni O. M. Bexemosa

ByJ. YopHornasiBceka 17, M. Xapkis, 61002, Ykpaina

AHortania. JlocnipkyBanuch MUTaHHS OpraHizamii 30H pekpeanii paloHHOTO pPIiBHSA s
BEIIUKHUX M HaWOLIbIMX MicT. Lli 30HM BiIMMOYMHKY € OJHUM 13 EPIIOPSAHUX 3aBIaHb y CYYacCHHUX
yMoOBax (pi3MUHOrO Ta MCHXOJOTIYHOTO HaBaHTA)KEHHS Ha HaceseHHs MicT. Ha meil yac KiinbKicTh
HaceJieHHs OLIBIIOCTI MICT YKpaiHM JTOCTAaTHBO 3pOCiia, a KIJIBKICTh MICIb BiAMOYUHKY, OCOOIMBO
MICIEBOTO (pailOHHOTO THITY) 3aJUIIMIACH PAKTHYHO HE 3MIHHOIO.

Ha migcraBi aHamizy apxiTEKTypHHX Ta apXiTEKTYpHO-IUIAaHYBaJbHUX PIIIEHb CY4YacHOI
MICBKOT 3a0yZI0BU 3alpONOHOBAHO JJISi TAKUX 30H BUKOPHUCTOBYBATH IOKPIBIII 0araTornoBepxiBoOK,
JUI 4OT'O MPOBECTH 1X 03€JICHEHHS.

PosrnsiHyTi  pekpearliiiHi 30HM Ha  eKCIUIyaTOBaHMUX  IOKPIBIAX, SIK  EJIEMEHT
IPUPOJOIHTErPOBAHOI apXITEKTypu. JlochikeHO NHTaHHS eKCIulyaTalli IUIACKUX IIOKpIBElb,
BUKOPUCTaHHA iX Yy SKOCTI peKpeauliiHuX 30H, cady i3 YarapHUKaMd YH HaBiTh JepeBaMH,
aJIbTaHKaMM, MailaHYNKaMu [ BIAMIOYMHKY, TEIUIMLSAMU Y1 3MMOBUMU CaJlaMH.

JUis CTBOpEHHs SIKICHUX YMOB POCTY DPOCIMH Ha TOKpIBIAX, CTBOPEHHS 3€JCHUX 30H
(3UMOBHX  cajiB, TEIUIMIb, OpaHXeped Tomo) OyJio 3anpONOHOBAHO BHUKOPHCTOBYBAaTH
HU3bKOMOTEHIIHHY TEIJIOTY BEHTWISALIMHUX BUKHIB. [l Iboro OyJi0 pO3IIIsSHYTO BUKOPHCTAHHS,
K Oe3rnocepeIHbO TEIUIOTH BEHTUISLINHUX BUKHUIB (U1 MPOTPIBY IPYHTY), TaK i BUKOPUCTAHHS
CHCTEM 3 POMIKHUM TEIJIOHOCIEM, HANPHUKIAJ, 3 TEIUIOBUMH TpyOaMu AJs MiAIrpiBy, HApUKIIAL,
BOJIY JIJISI TIOJIMBY POCITHH.

PosrnsHyTO gAeski mpoOieMu yTuii3alii HU3BKOMOTEHIMHOT TEIUIOTH Yy CHCcTeMax 3
MPUPOJHAM CIIOHYKAHHSIM PYXY BHUTSDKHOTO TTOBITPSI Ta BUSBJICHO IIISIXU JUIS PIIICHHS HAarallbHUX
pobJIeM y IbOMY HANpPSIMKY.

Jlnsg 30UIbLIEHHS TEeMIEepaTypHOro TOTEHIIaly BEHTWISAILINHUX BHUKUAIB, MOXJIMBOCTI
BUKOPHUCTaHHA BUKHJIB 3 KyXOHHOI 30HHM Ta 30HM CaHITAPHUX BY3JiB, 3alpOIIOHOBAHO
BUKOPHUCTAHHSI TEIJIOBUX HACOCIB, K1 MOXYTb 301JbIIyBaTH TEIIOBUIN MOTEHIIa]l BEHTUJISALIHHIX
BUKH[IB. 3ampoNOHOBAHO CXEMY YCTAaHOBKM JJIs MiABHMIIEHHA TEMIEpaTypHOro MOTEHIaly
BEHTHJIAIIITHUX BUKUIB. PO3rsiHyTO i1 MO3UTHBHI CTOPOHU, Ta HEJIOIKH.

Karo4oBi cioBa: npupojoiHTerpoBaHa apxiTeKTypa, pekpealiiiHa 30Ha, MJIOCKa MOKPIiBII,
3eJIeHa TIOKPIBJIsl, BHKOPUCTAHHS HU3bKOTIOTCHIIIHHOT TETUIOTH.
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AHoTauis. Po3risiHyTO MOXIIMBICTB 3acTOCYBaHHA nporpamHoro komiuiekcy LIRA-FEM mns
HETHIMHOTO MOJIEIOBaHHS JIIHCHOI pPO3PaxyHKOBOI cxeMH Ta (haKTUIHOi poOOTH JIBOTaBPOBOI
HEepOo3pi3HOi niephopoBaHOi OANKK y Micili OOMUpaHHs ii Ha TOPU30HTAIIBHY IUIUTY OTOJIOBKA KOJIOHHU.
bibmioTeka CKIHYCHHHMX €JIEMEHTIB JI03BOJIIE MOJICNIOBATH POOOTY PISHUX THINIB KOHCTPYKIIIH
eJIEMEHTaMHU Pi3HOI KOH(ITrypallii, a TAKOK BUKOPHCTOBYBATH CICIIATBbHI €IEMEHTH I MOACTIOBAHHS
B’s3ell y BY3JIOBHX MO€IHAHHAX. HenmiHIMHMI pO3paxyHOK JO3BOJISIE BUKOHATH MOJICITIOBAHHS
(baxTaHOi POOOTH KOHCTPYKIIIi, y SIKiif BpaxOBaHO JiiicHe OOMMpaHHs OaJKH Ha KOJOHY; KpPIIUICHHS
OaJIKH 10 OTOJIOBKA KOJIOHHM OOJITaMU; 3a3/1JIETiIb MPHUKJIIAICHE 3yCHILISI HATATY OOJITIB, @ TAKOXK 33aHO
Jiarpamy poOOTH cTaji 3a Jii CTaTUYHOrO HaBaHTaXKeHHS. PO3pOOJIEHO METOMMKY HENiHIHOTO
PO3paxyHKY CHUCTEMH «0ajKa-KOJIOHa» Ta MPEACTABICHO €TalHd MOJICIIOBAHHS, IMOYMHAIOYN 3i
CTBOPEHHS HOBOi 3agaui 1 3aKiHUyIOYM pO3IIMPEHUM AaHAII30M OTPHUMAaHHUX pe3yJbTaTiB y
PO3paxyHKOBUX Iepepizax 1 TOYKax KOHCTPYKIiW. JleTabHO PO3IJISIHYTO MOJCTFOBAHHS CHUTHHOL
POOOTH OATTKH 3 KOJIOHOKO 3 YPaXyBaHHIM peaibHOT poOOTH OONTIB Y 3’ € THAHHIX3AIEKHO BiJl 3yCHIIb iX
noniepenHboro Hatary. CdopMysiboBaHO 3aBHaHHsS Uil BHKOHAHHS HENHIMHOTO PO3PaxyHKY
MeTaneBuX MepPOpoOBaHMUX BOMPOIBOTHUX HEPO3PI3HUX OalOK 3 ypaxyBaHHAM IUIACTUYHOI
nedopmariii MaTepiaiy, 0 Ma€ Ha METi BU3HAYCHHS TPAaHMYHOTO HABAaHTAXXCHHSI Ta XapaKTepy BTPaTH
criikocTi. Y 3amadax (i3MYHOI Ta TEOMETPUYHOI HENMiHIMHOCTI PO3PaXyHKH BHUKOHYIOTBCS 3
BUKOPHUCTAHHSIM ITEpAIlifHOrO Ta KpPOKOBOTO METO/iB. BWKOHAHO MOJEIOBaHHS HENiHIMHUX
HABaHTaXXCHb, IO TMPEJCTABISE COOOK PO3IIUPEHUN PIBCHb aHANI3y KOHCTPYKIIHA, KU JIO3BOJISE
BpaxyBaTH (i3U4Hy a00 reOMETpUYHY HETIHIHHICTh MOBEIIHKHM MaTepiary abo (hopMu KOHCTPYKIIIi 3a
Jii 3HaYHUX HABaHTAXXEHb. Y JIHIHHOMY HaBaHTaKEHHI MPHUITYCKAETHCS, IO BOHO TMPHKIIAIAETHCS
MTOCTYIIOBO 1 MaTepiaj pearye mporopIiifHO. a y HeJITHIHHOMY aHali31 MaTepiajl MOKe 3MiHIOBaTH CBOIO
KOPCTKICTh 3a Jii HABaHTAXEHHS, Y HHOMY BiIOYBarOThCS IUIACTHYHI Jedopmarii, a TaKoX MOXKe
BPaxXxOBYBAaTUCh PYHHYBaHHS MaTepiay.

KawuoBi cioBa: HepospizHa mepdopoBaHa Oanka, MpOMiXKHA OMOpa, IUIMTA, OTOJIOBOK
KOJIOHH, TIepepi3, HaNpyKeHHsI, Jeopmallis, Hecyda 31aTHICTh, IPOTPAMHUAN KOMITJICKC.

Beryn. SIk BiZoMO, po3paxyHOK OyaiBEIbHMX KOHCTPYKLIH 3 BHUKOPUCTAHHSAM METOJY
ckiHueHHUX enemeHTiB (MCE) rpyHTyeThCsl Ha IpEICTaBICHHI PYKHUX CUCTEM Y BUIJISA1 Habopy
€JIEMEHTIB 3 KiHIIEBUM YHCJIOM CTYTEHIB CBOOO/H, SIK1 3'€ IHYIOTHCS MK COOO0IO y BY3JI0BUX TOUKAX
(By3nax). ToOTo MeTOJ CKIHUEHHMX €JIEMEHTIB 3aCHOBaHHUM Ha MPEACTABIIEHHI CYLUIBHOTO TUIA y
BUTJIAI CYKyMHOCTI OKPEMHX CKIHYEHHHUX EJIEMEHTIB, L0 B3a€MOJIIIOTh MK CO0OI0 B KIHIICBOMY
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gucii Touok, siki B MCE npuiinsaTo HasuBatu By3namu [1, 2]. Take npeacraBiacHHs 3a1aHOT CHCTEMHU
MPU3BOJUTH /0 TMOBHOI (opmaiizailii BCiX €TamiB po3paxyHKY, MPUUOMY 3arajbHUN MigXiJ 10
BUDIIIECHHS] KOHKPETHUX 3aBlIaHb € €IMHUM SIK JUISI CTEP)KHEBUX CUCTEM, TaK 1 JUIs TUIACTHH,
000J10HOK, 00'eMHUX Ti1 TOIIIO [1, 2].

MeTo CKiHUEHHHX €JIEMEHTIB ITOKJIaJICHO B OCHOBY ITPOrPaMHOTO KOMIUIEKCY ISl CTATHYHOTO
Ta KOHCTPYKTHUBHOTO po3paxyHkiB LIRA-FEM, y skoMy BiH peanizoBaHHil y (OpMi NEpeMilleHb,
TOOTO BiH 3aCTOCOBYETBCS ISl BUTIAJIKIB, KOJIM BUPIIIAILHOIO MTyKAHOK (DYHKITIEIO € TIEPEMIIICHHS.
Ile oGymoBIeHO THM, 1110 BUOIp po3paxyHKoBoi cxemu isi MCE B nepeMillieHHsIX JIETKO ITiITa€ThCS
anropuTMizanii, a npakrnyHe BukopuctaHHs MCE HemoxumBe 0€3 3aCTOCYBaHHS CydYacHHX
komi'totepis [1, 2].

biomioreka ckinueHHux enemeHTiB (BCE) MicTUTh eleMeHTH, 110 MOJEIIOITh POOOTY Pi3HUX
TUMIB KOHCTPYKIIH: €EMEHTH CTEPXHIB, YOTUPUKYTHI Ta TPUKYTHI E€JIEMEHTH IUIOCKOI 3ajadi,
TUTMTH; OOOJIOHKH; €JIEMEHTH IPOCTOPOBOI 3a/1a4il — TETpaeap, mapaiesiernine1, TPUrpaHHa Mpu3Ma.
Kpim toro, y BCE € pi3Hi criemiaibHi e1€eMEHTH, 110 MOJIEITIOIOTh B'S3b MIEBHOT JKOPCTKOCTI, MPYKHY
MOJIATIIMBICTh MIXK BY3JIaMH, €JIEMEHTH, III0 3a1al0THCS YUCEIHHOI0 MaTPHUIICIO KOpCcTKOCTi [1, 2].

AHAJII3 OCTaHHIX J0C/TizKeHb Ta MyOuikauiii. Panime 31e611b110r0 BUKOHYBABCS aHAII3 JIUILE
THIAHUX 3a71a4, TOOTO 3agay, B SKHX3aJIEKHOCTI MDK 3OBHIIIHIMH CHIaMd  (BHYTPILIHIMH
HAIpPYXXEHHSAMHM), [0 MPUKIAJICHII0 KOHCTPYKIi (110 BUHUKAIOTH Y TONEPEYHUX Iepepizax Binm il
30BHIIIHBOIO HABAHTaKCHH), Ta Ae(OpMAIlisIMU 1T TOUOK MPUAHATO JTIHIHHUMH, @ B OCHOBY (hi3HUHHX
PIBHSIHb TOKJIAJICHO y3arajbHeHHH 3akoH ['yka (Ta0i. 1). Ane HacmpaBii Lie JAJIEKO HE 3aBXKIU
BI/INIOBITa€ pealibHiil poO0TI KOHKPETHOI KOHCTPYKIIii B IiJIOMY a00 ii OKpeMHX eleMeHTiB (Talir. 2).

Tabmums 1 — XapakTepucTruka Ta Kiaacugikallis OCHOBHUX THITIB 3a]1a4

Tunu 3amay
Heniniitai
Jliniiini, B SKUX . reOMETPUYHO, | KOHCTPYKTHBHO,
($hi3u9dHO, B SIKUX B AKIX B AKIX

— 3aKko0H ['yka 30epiraeTbcss Ha  |— 3aKoH ['yka He — i gac — BiJIOYBAETHCS
BCil JUISIHIN poOOTH 30epiraeTbcs Ha BCii pPO3paxyHKy |3MiHa
KOHCTPYKIIIi; JSHI poOOTH KOHCTPYKIIH | KOHCTPYKTHUBHOI
— CIIOCTEPITratoThCs Mai KOHCTPYKIIi; BUHUKAIOTh CXEMHU B IpoLeci
nedopmartii; — HEeO0OXI1THO BPaxOBYBaTH | BEJIUKI HaBaHTAKCHHSI.
— B OCHOBY TNOKJIAJICHO MIPUHIIMIT | IJIACTUYHICTh Ta nedopmarii.
He3aJIeKHOCTI Jii Chl. MOB3y4iCTh MaTepiany.

Ta6muis 2 — 3aranpHi TOPIBHSAHHS JTIHIHHOTO Ta HEMIHIHHOTO PO3paxyHKIB

IToxa3uuk JliHiitHi 3agayi Heminiiui 3amgaui
BrnactuBocri JIiHiiHI IPYy>KHI BIaCTUBOCTI, K1 HeniniitHi BIacTUBOCTI, K1 4acTO
Marepiany BU3HAYAIOTHCA 32 (OPMYyJIaMHu OTIOPY HEB1JIOMi Ta TOTPeOYyIOTh

Mmarepiais. MIPOBE/ICHHS J10/1aTKOBHX
EKCTIEPUMEHTAIBHUX JIOCIIKCHb.
I'pannuni ITix gyac po3paxyHKy 3aIMIIAIOThCS MoXyTb 3MiHIOBAaTHCS
YMOBH MOCTIHHUMU. (HampuKiaa, 3MIHIOETbCA TII0MIA
KOHTAKTy O0nupaHHs OAJIKN).
[TocninoBHicTs | He cyTTeBui, He BIuinBae Ha po3paxyHok | CTaH JAOCHIKyBaHOIO 3pa3ka
NPUKIIaIaHHs KOHCTPYKIIIi 3aJIS)KUTh BiJl CXeMHU
HaBaHTaXEHHs HaBaHTAXKCHHSL.
Benuuunna 3miHM reoMeTpii uepes3 aedopmarii [TepeBipka piBHOBaru BpaxoBye
NEPEMIIIEHHS] | BBAXKAIOThCS MAJIIMMU 1 TOMY X He nepopMoBaHMii CTaH KOHCTPYKILII.
BPaXOBYIOTb ITiJ] 4ac MEPeBipKH PiBHOBATH.
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®di3u4Ha HENMHIMHICTh TPOSBISAETHCS Y pa3i BAHUKHEHHSI TUIACTUYHUX JedopMaliiii, TOOTo y
pa3i ypaxyBaHHS B pOOOTI KPUBOJIIHIHHOI AUISHKU JllarpaMH «HAIpyKeHHs-AedopMarii», iHIUMH
CJIOBaMH — ypaxyBaHHsI CTaJlii CaMO3MIITHEHHS CTaJl.

VY ¢i3uyHEX HeNiHIHHUX 3aJadax BIACYTHS JIiHIMHA 3al€XHICTh MDK HaIlpyXCHHSAMH Ta
nedopmartisiMu. MaTtepiany KOHCTPYKIIIT MAMOPSAIKOBYIOTCS HEJIIHIHHOMY 3aKOHY JeOpMyBaHHS.
[Tpuyomy 3akoH AepopMyBaHHS KOHCTPYKIIT MOXKe OyTH SIK CUMETPHYHHUM, TaK 1 HECEMEPUUHUM 3
PI3HUMHU T'PaHUISIMU MIITHOCTI 32 PO3TATY Ta CTUCKY.

VY pasi po3B’si3aHHS 33/4a4, IO MOJETIOIOTH MPY’KHO-TUIACTHYHY MOBEIIHKY MaTepiaiy,
onucany naiarpamoro [Tpanatiisi, BUKOPUCTOBYETHCS KPOKOBO-1TepaIliiHII METO/.

Heniniitauii mporiecop pearisye Kilbka METOIB JJIsl BUPIIICHHS HETIHIMHIX 3a]]a4 Pi3HUX THIIIB:

e KpoKOBH# MeTo (puc. 1, a), IK MpaBUII0, 3aCTOCOBYETHCS JUIsl BUPIIICHHS 3a7a4 Pi3udHOT Ta
reOMeTpUYHOI HelliHiiHOoCTI [2];

e MeTOJ CiyHMX abo metox biprepa (puc. 1, 0), K IpaBUIIO, 3aCTOCOBYETHCS I BUPIIICHHS
(bi3UYHO HENMHIMHUX 3a/1a4 Yy PeXKHUMI «IH)KEHEpHA HENHIMHICTEY [2];

e iTepallifinuii Merox abo cropomeHuii meronx HeroToHa (puc. 1, B) 3aCTOCOBYETHCS IS
BUPILICHHS 33]]a4 KOHCTPYKTUBHOT HENIHIHHOCTI (0OIHOCTOPOHHI B'si31) [2].

D
P -yzaramenene 1 -ysaramsHexe
b napamTaKeHHR HABAHTAKEHHA

P -sanane P -sanane ; 7 . SO C—

Pm

noxs6xa

| | U -zomme

| e

. >

Ly
Um U -sabmoxese,
BignoBimHE
OCTAHHEOMY KPOKY

.
U -ysaramssese U -sabmxere,

repeMileHHA BianosigHe
OCTaHHBOMY KPOKY

U -y3aranbHeHe
nepeMimeHH

P ~yiaranbHEHE
‘ HABAHTAXECHHA

Puc. 1. Metoau st BHpIIICHHS HETiHIHHUX
3a/1a4 Pi3HUX THUIIIB:

a) KPOKOBUH METOI;

6) meton ciuHux (merox biprepa);

B) iTepalriiiHuii MeTo 1 (CIIPOIIEHUH METO/T
HrroTona)

moxHoKa

/' U -TOuHE
. . >

U -HabmoxeHe,
BINIIOBIIHE
OCTAHHEOMY EDOKY

U ~y3aralpHeHe
TepeMimeH R

KpoxkoBuii mporecop 103Bojsie KOMOIHYBaTH JIiHIWHI Ta HEJIHIAHI CKIHUCHHI €JIEMEHTH.
Po3paxyHOK 3a CyNepereMEeHTHOI0 CXEMOIO JOIyCKA€ThCs, SIKIIO HENiHIAHI eleMEeHTH MPUCYTHI
JuIle B OCHOBHIN cxemi. Ha KOXHOMY KpoOIll BUKOHYETHCS OLlIHKA HaIpy>KeHO-1e(hOpMOBaHOTO
crany. Y nporpamHomy komiuiekci LIRA-FEM MoskHa Ai3HaTuCs pe3ysbTaT pO3paxyHKy y po3fiii
«BimomocTi mpo cTaH MarepiamiB», € HaBeACHO IH(OpMAII0 TMPO PO3BUTOK a00 JOCATHEHHS
I'PAaHUYHUX CTaHIB, YTBOPEHHS IJIACTUYHUX LIAPHIPIB UM HACTaHHS PyHHYBaHHS.

Meta Ta 3aBaaHHs. BukoHaTH MOJIEIOBaHHS, CTATUYHUN Ta KOHCTPYKTHUBHUM PO3PAXyHKH
3alpONOHOBAHUX ABTOPAMHM THITIB MPOMIDKHUX OMOP HEPO3pPi3HUX NepdopoBaHUX OaloK 3 pi3HUMHU
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TEOMETPUYHHUMH MTapaMeTpaMu 3 ypaxyBaHHSM JIIHIHHOTO Ta HEJHIHHOTO (pOpMYITFOBaHHS 3aad.

MeTtoau pociigkeHb. AHami3 JITEPaTypHUX JOKEpeN, M0 HPUCBAYCHI TEOPETUYHUM Ta
EKCTIEPUMEHTAIBHUM JOCIIDKCHHAM MepPOPOBAHMX KOHCTPYKIIiH, a TAKOX BUKOPUCTAHHS METOIY
CKIHYEHHHUX €JIEMEHTIB, peaji30BaHoro y nporpamHomy komuiekci LIRA-FEM.

Pe3yabTaTH HociaigkeHb.Po3paxyHKy Ta eKCHEPUMEHTAIbHO-TEOPETHYHUM JTOCIIKCHHIM
nepopoBaHUX eJNEeMEHTIB NpucBiYeHO pobdotn [3-9], y SAKHX PpO3IISHYTO HAINpPYKEHO-
nedhopMoBaHUH CTaH KOHCTPYKIIIH 3a Jii 30cepeHKEHOr0 Ta PIBHOMIPHO PO3IOIiJICHOTO TOTOHHOTO
HaBaHTAXEHb. TaK0X PO3TISTHYTO BIUIUB KOPCTKOCTI BY3JIOBUX €JIEMEHTIB Ha MEPEPO3MOALT B HUX
3yCHIIb 30KpeMa Ta Ha HeCy4y 3JaTHICTh KOHCTPYKILi# y mimomy [10-15].

Hemninilinuii po3paxyHoOK /J103B0OJIsSI€ BUKOHATH MOJIENIOBAHHS (DAKTUYHOT POOOTH KOHCTPYKIIi,
y sIKii BpaxoBaHO AilicHE oOmupaHHs OallkM Ha KOJOHY; KPIIJICHHS OaJIKH JI0 OTOJIOBKA KOJIOHH
Oontamu; 3a37aJeTib MPUKIaeHe 3yCHILIS HaTATY OOJNTIB, @ TAKOXK 3a/1aHO JiarpaMy poOoTH cTaji
3a i1 CTaTHYHOTO HAaBaHTAKCHHSI.

MopnentoBaHHS PO3PaXyHKOBOI CXeMHU Hepo3pi3HOi mepdhopoBaHOi OalKu TBOTaBPOBOTO
niepepisy (puc. 2) y miclii o0nMpaHHs Ha OTOJIOBOK KOJIOHH BUKOHYETHCS Y KiJIbKa €TalliB.

”‘éi 6000 j 6000 =

12000

Puc. 2. Mogens Hepo3spizHoi nepdoporanoi 6anku B [IK LIRA-FEM

1-11 eman — «CTBOpEHHS HOBOI 3aJ1a4i».

1. Inst cTBopeHHs HOBO 3a1adi HEOoOXiqHO BiakpuTH MeHio nporpamu LIRA-FEM i obparu
nmyHKT HoBwuii (CTBOPUTH HOBHUI JTOKYMEHT).

2. YV nianoroBoMy BikHI oOpatu o3Haku cxemu S5 — IllicTe cTymeHiB cBOOOAM y BY3II:
X, Y, Z,U,, U, U,. 3 mi€ero 03HAKOI CXeMH MOXHA BHKOHYBAaTH PO3PAaXyHOK MPOCTOPOBHX

KapKaciB, 000JIOHOK, JIOIYCKa€ThCs BKIIOUEHHS 00'€EMHUX TU1, ypaXyBaHHS NPY>KHOI OCHOBH TOILO.
2-1i eman — «CTBOpEHHSI TEOMETPUIHOT CXEMM».

MoientoBaHHs CITKU CKIHYEHHUX €JIEMEHTIB JIBOTaBPiB BUKOHAHO MO0 OCHOBMX JIIHIAX MOJIHIII
Ta CTIHKHM 3a JOMOMOIOI0 IJacTUH (puc. 3), MPpUUOMY CKIHYEHHI €JIE€MEHTH OUIf IIECTUKYTHHUX
OTBOpiB C(OPMOBAHO TPH Ta YOTUPHUBY3JIOBUMHU IuTacTMHamMu. [lpuiiHaTi po3mipu Ta (opmu
CKIHYEHHHUX €JIEMEHTIB J03BOJIIOTh OTPUMATH BUCOKY TOYHICTh po3paxyHKy. Ilicist cTBopeHHS
reOMETPUYHOI CXeMH 000B’ I3KOBO HEOOX1/1HO BUKOHATH « YTTAKOBKY cXxeMn». HacTymHIM Ba>KIIMBUM
MOMEHTOM € CIIBIPSMYBaHHS BIACHUX MICIIEBUX OCEH IJIACTHH 3 INI00ATbHUMU OCSIMU MOJIEI.

3-11 eman — «POPMYITIOBaHHSA TPAHUYHUX YMOBY.

KpimienHss kiHIiB neppopoBaHOi IBOMPOIBOTHOI Oaiku 3 OAHAKOBHUMH 32 BEIMYHMHOIO
MpoasoTaMu | =6 M NPUIHATO TaKUM: KpaliHs OIopa 3J1iBa — MAPHIPHO HEpyXoMa; KpalHs ormopa
CIpaBa — MIAPHIPHO PyXOMa; MPOMIKHA ONOpa — IIAPHIPHO PyXOMa Yy BUIJISAI NPUMUKAIOYOT0
mapHipa. [l kpinjeHHs Oaiku 3 TUIOMMHHY J1ii HABAaHTAXKEHHSI BUKOPHCTAHO IOTIEPEUH] €JIeMEeHTH,
K1 pO3MIILIEHO MO0 BEPXHIX MOsCax ABOTAaBPOBUX MPOQLIiB 3 KPOKOM 1 M.

4-11 eman — «MoJIeNIOBaHHS CIUIBHOI POOOTH OaJIKU 3 KOJIOHOIO».

MopnentoBaHHsS OrOJIOBKAa KOJOHHM BHKOHYETHCS 3a JONOMOIOI0 IUIACTUH. 3 OISy Ha
KOHCTPYKTHBHI BHMMOTU TPOEKTYBaHHS TOPU3OHTAIBHUX IUIUT OTrOJOBKIB KOJIOH i1 TOBILUHY
npuiinaTo 20 MM. Po3MipH CKiHUEHHHX €JIeMEHTIB Or0JI0BKa 3aJIeXKaTh BiJl PO3MIPiB MOLTY TOIHIL
neppopoBaHOi ABOTABPOBOI OANIKM HAa CKIHUEHH] €IEMEHTH.

Jist MO/IeTFOBaHHS CIIUTFHOT pOOOTH OalIKK Ta KOJIOHHU 3aCTOCOBYETHCS KIHIICBHIA JIBOBY3JIOBHIA
€JIEMEHT OJJHOCTOPOHHBOI MPYKHOI B’5131 3 ypaxyBaHHAM TepTs Mixk By3namu. Lleit KE npusnauenuit
JUTSL MOJICTTIOBAHHSI KOB3aHHS B OJHOCTOPOHHIH B'si31. HanmpsiMOK B'si31 BCTAHOBITIOETHCS BiIMTOBITHO
710 KOOpJUHAT BY3iB, 110 onucytoTh Aanuit KE, 1 30iraeTscs 3 mo3moBxkHBOIO Biccto X1.
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Puc. 3. Cxema nmoOynoBu ckinuennux enemeHTiB B [IK LIRA-FEM

3’enqnaHHg OalKW 3 KOJIOHOK pPeali3yeThCA 3a JOIMOMOIOK CTEPKHEBUX CJIIEMEHTIB,
MO/ICTIOBAHHS SIKUX BUKOHY€ETHCS 3a JoroMororo ¢pyHkuii «llepeminieHHs TBIpHOI».

Bu3HadyeHHs1 0ChOBOI JKOPCTKOCTI HA CTUCK 3/IHICHIOETHCS 32 TAKOKO METOIUKOIO:

1) Bu3HauaeTHCs nepemimeHns 3a aii F =1r:

ne F =11 — oguHMYHEe HaBaHTAKCHHS,

s=(FN/(EA),

1)

| — po3paxyHKOBa IOB)KHHA KiHIIEBOTO €JIEMEHTA, SIKa JOPIBHIOE CYyMi TOBIIMHH IJTATH OTOJIOBKA i
BiJICTaHI JI0 CEpeIMHN TOBIIMHU TOJIMIII TBOTAaBpa OAJIKH,
E — Moy npyskHOCTI CTai;

A —poboua mtomnta KE, mm*.

2

2) BU3HAYAETHCS JKOPCTKICTh HA CTUCK:

Cc=1/s. 2)
PesynbraTn po3paxyHKiB HaBeJIeHO B Ta0II. 3.
Tabmuus 3 — PesynbraT po3paxyHKiB
. Po3mipu
Po3mip .
S CKIHYCHHHX Po3paxyHkoBa| 3HadeHHS
NeNe  |oronoska CIICMCHTIB 30HH A, AORIHER [TepemimeHHs OCROBOL [Koedirienr
. KOHTAaKTY TUTUTH » | KIHIIEBOTO KOPCTKOCTI
MpOGiniBKoNOHH B OT0JIOBKA Ta MM enemenra | 0, M nacruck, | P oo K
IUIaHI, . ' C. 1/ ’
vy | TIOTHIL TBOTABD, MM , T/M
MM
20 {200x200| 25 25 625 24,2 1,88 x 10° | 532024 0,25
30 [200x200| 25 33,75 (843,75 25,1 1,444 x 10° | 692 480 0,25
40 |200x200| 25 26 650 26,5 1,979x 10° | 505 283 0,25
50 [250x200| 50 42,5 | 2125 27,6 0,63 x 10° | 1586 020 0,25
50 2500 0,548 x 10 | 1 826 241
00 [20x200] 50 | 45 gm0 22 | 0608x10°|1643617| O3

[TpumiTka. 3HaueHHS KOSQIIIEHTIB TEPTs 00MPAETHCS 3AJIEKHO BiJ] CIOCO0Y 0OpOOKHU MOBEPXHI
MeTany (6e3 00pooku metany 0,25).

5-11 eman — «MoJientoBaHHs OOJITIB Ta 3aBIAHHS 3yCHILIS MTONEPEHBOTO HATSTY».
Bointi y By3nax MozienoroThes 3a fomomoroto KE « YHiBepcanbHII IPOCTOPOBHI CTEPKHEBHIA
KE». Ix posmilenns HaBeieHOy 2-My CTOBITYHMKY TaOll. 4, a IOBKHUHA BU3HAYAETHCS BiJICTAHHIO Bif
cepeaHbOl oci mmorI OAIKU 10 HUYKHBOITUIONMHY TUTHTH OTOJIOBKA KOJIOHH.
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3ajgatu 3yCWIUIA TOIEPEAHBOTO HaTATy y mporpamHoMy komruiekci LIRA-FEM moxna 3a
JIOTIOMOTOI0 TEMIIEpaTypHOTO HaBaHTaXeHHA. [ oOumcieHHs TemnepaTypH BUKOPHUCTAHOTAKHUNA
aJITOPUTM PO3PAXYHKY:
1) Hecy4a 31aTHICTH OTHOTO OONTa:
Ny = A Ry 3)
ne Ry, — po3paxyHkoBuii omip Gonita po3Tsry, BeIMYHHA SKOTO 3aJ€XKUTh BiJl Kilacy MIIIHOCTI 0ojTa
(st GouTiB Kacy mMimHOCTI 5.6 3riguo 3 Tadm. J[.4 [3]R,, =225 MIla ),

2) koedimient TeMneparyproro posmupenns craai o =0,0000133 1/ C’;

3) BuoBkeHHs Oota mpuitasaToro miamerpy d (Mm) Ta obuncienoi gomxuau | (Mm) 3a il
MOTIEPETHHOTO HATATY MO3M0BXKHBOI cHitoro N (T):

Al=(ND)/(E A,); (4)
4) TeMmrnepaTypHe HaBaHTaKEHHS Ha OONT:
T =-Al/(l ). (5)

PesynbraTi po3paxyHkKiB HaBeJeHO y Tab. 4.

Tabnuus 4 — PesynbraT po3paxyHKiB

NoNe
N 2 2 o
mpodiia e, Mm| Ao, MM [ Ay, mm | |,omm| Ny, 1| N1 | A,mm? | A, v | Al v | t
1 2 3 4 5 6 7 8 9 10 11
20 55 17 16 | 284 580 | 3 201 157 |0,0206 | -54.48
16 589 | 3 201 157 | 0,0219 | -54.48
30 70 23 20 |3%2] 919 | 5 314 245 10,0365 | -90,79
16 589 | 3 201 157 |0.0239 | -54.48
40 80 23 20 330 919 | 5 314 245 10,0398 | -90,79
16 589 | 3 201 157 |0.0255| -54.48
50 | 100 \ 23 20 | 32| 919 | 5 | 314 | 245 |00425| -90.79
20 919 | 5 314 245 |0.0292 | -58.12
60 | 110 25 24 | 378 | 1320 | 7 452 352 |0,0409 | -81,37

e — Bigcranp; 0., —MaKCUMaJILHO MOXKJIMBHI JiaMETP OTBOPY B MOJIMIL;
d, — miametp Gonra; | — po3paxyHkoBa J0BKHMHA 00JITA,;
N,, — po3paxyHKOBe 3yCHIIIsl Ha po3TAr ogHoro 6onra; N — cuia HaTsry

Oonta; A, — po3paxyHKOBa ILIOIIA TOMEPEYHOTO Mepepi3y CTEPXHs OoITa;

A, — IIOIIIa OIIEPEYHOTO Mepepi3y CTEPXkKHs 00ITa HETTO Y MiCIli Hapi3Ky;

Al — BuytoBxeHHst 601Ta; t° — TeMmepaTrypHe HaBaHTaXXEHHST Ha OOJIT.

6-1 eman — «ITocTaHOBKA 3a7a4i HENMHIHHOTO PO3PAXYHKY CTAJIEBUX €JIEMEHTIBY.

BukoHaHHS HENIHIHHOTO pO3paXxyHKy MeTaleBUX Iep(pOpOBaHUX  JBOIPOIHOTHUX
HEpO3pI3HUX OAJOK 3 ypaxyBaHHSIM IUTACTUYHOI jaedopmariii MaTepialy Mae Ha MeTi BU3HAYCHHS
T'PaHUYHOTO HABAHTAKEHHS Ta XapaKTepy BTPATH CTIHKOCTI.

[pyxHi nedopmarii:

¢,, =R, /E=230/206000=0,00116505 (6)

. . —0.20
BinHocHi nedopmarii po3puBy 3paska y cepeiHbOMY CTaHOBIATH & ,,, = 0,2%.

LIRA-FEM niarpumMye 3acToCcyBaHHS Pi3HUX 3aKOHIB HEJIIHIHHOTO Je)OpMyBaHHs MaTepiais,
MPU3HAYCHUX N7 3aJaHHS XapaKTepUCTHK (13MUHOI HENMiHIHHOCTI MaTepiaiiB KOHCTpykuii. Jlns
PO3paxyHKy METaJICBUX €IIEMEHTIB BUKOPUCTOBYEThCA «KyCKOBO-TiHIIHM 3aK0H Ae(QOpMyBaHHS.
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B taGauiii 3akoHy, 3a3Ha4ar0Th Taki MapaMeTpu:

— nedopmariis B 1-Tiii IPOMIDKHIN TOYII &; ;

— HaINpy»XeHHs B i-Till IPOMIXHIH ToULl O.

KinpkicTh TOUOK HE 0OMEXKYEThCS. XapaKTEPUCTHKU TITKH CTUCKY € BIJ'€EMHUMHU UYHCIIAMHU.
SIxmo 3HaueHHs Aedopmallii, OTpUMaHOI 3a pe3yJbTaTh PO3PAXyHKY, BUXOAUTh 32 MEXKi 3a/1aHOTO
3aKOHY, TO MOJEIIIOEThCS BHMKHEHHS Marepiany (To0to mpmiimaetscsi E; =1) enemenrapHoi

IUIOIMHU 3 poOoTu mepepidy. HeoOximHo 3ayBakuTH, IO TOPU3OHTAJbHI JUISHKHA 3a7aBaTh
HemoxkHa [2]. YV mporpamMHOMY KOMIUIEKCI BHKOPHCTaHO mdiarpamy aehopMyBaHHS, BiIOMy SK
niarpama [panntis (puc. 4).

Buxopucrano Taki KiHIEBI eneMeHTH: «YHiBepcanbHuil TpukyTHUH KE o6omoHkm»,
«YuiBepcanbuuii 4oTupukyTHU KE 0005M0HKIMY, SIKI pH3HAYEH] U1 PO3PaXyHKY MILHOCTI TOHKHX
TTOJIOKUCTUX 00O0JIOHOK (TUTUT, OaJIOK-CTIHOK); «DI3MYHO HENHIHHUYN yHIBepcaabHU TpUKyTHUH KE
0000HKWY, «Di3n4HO HeMiHiHKH yHiBepcanbHuil yoTupuKyTHHI KE 00070HKIY, SIKI pU3HAYeH] 1
BU3HAYCHHSI HAIPYy)KEHO-1e(hOPMOBAHOTO CTaHY TOHKUX IOJIOKUCTUX 000JI0HOK. [Tpudomy oGostoHka
PO3IIISIAETHCS SIK OiMaTepialibHa CUCTEMA 3 130TPONHUMH (hi3UUHO-HENIHIHHUMH MaTepiajlaMu.

M
= 4
L

Puc. 4. KyckoBo-niHiiHHI 3aKOH JedhopMyBaHHS

Y 3agayax (i3MYHOI Ta TEOMETPUYHOI HENIHIMHOCTI pPO3PaxyHKH BHUKOHYIOTBCS 3
BUKOPUCTAHHSM ITEpaIiifHOTO Ta KPOKOBOT'O METO/IB.

KpokoBuii MeTo1 oJsirae y mocTyImoBOMY MPHKJIAJaHHI HAaBAaHTaXCHHsI a00 3MiHU 30BHIIITHIX
YMOB HIISXOM IOJUTY HOTo Ha OKpeMi HaBaHTa)XyBaJIbHI KpokH (etamnu). Lle 103BoIIsie BpaxoByBaTH
3MiHY JKOPCTKICHUX XapaKTEPUCTHUK €IEMEHTIB KOHCTPYKIIIH Ha KOXXHOMY €TalTi.

Irepariiiauii MeTOJT BHKOPUCTOBYETHCS Ha KOKHOMY KPOIli HABAHTAXXCHHS 3 METOI0 YTOYHECHHS
pIIIGHHS NUISIXOM 0araTOKPaTHOTO TIOBTOPEHHS OOYHMCIEHb 10 JOCSATHEHHS 30DKHOCTI (3a1aHoi
To4HOCTi). [lanmii Metos 3a0e3mnedye TouHe ypaxyBaHHs (i3UUHOT HENIHIMHOCTI MaTepialiiB KOHCTPYKIIIi.

[TopiBHSHHS METO/IIB HaBeICHO y TabII. 5.

Ta6mums 5 — [TopiBHSHHS METOIB

[TopiBHsIIbHA TAOIHIISI METO/TIB

Kpurepiit Kpoxkosuit ITepauiiinuit
[Tpuxnan AHari3 nporecy BusnauenHs HanpyxeHo-1ehOpMOBaHOTO
3aCTOCYBaHHS HABaHTAXKEHHS KOHCTPYKILIi | CTaHy y pasi 3MiHU BIACTUBOCTEH

['eomeTpruuHa HEMIHIHHICTS,

Bukopucranss . . @i3uyHa HENMiHIHHICTh, 3MiHHA JKOPCTKICTh
pyWHYBaHHS, IJIACTUYHICTh
[MoctymnoBe npukiagaHHs , .
[Ipusnauenus YTOYHEHHS pO3B’A3KY Ha KO)KHOMY KPOIIl
HABaHTAKCHHS
Haanrtaxenns ninutbest Ha | [IoBTOpHI 00YMCIIEHHS BCepeInHI OTHOTO
[Tpunnun podotu
KPOKH KPOKY

7-11 eman — «MoienroBaHHS JTIHIMHUX Ta HEJTIHIHHIX HAaBAaHTaXKEHb KOHCTPYKIIID».
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HaBaHTa)keHHS TPHUKIAJACHO 0 BEPXHBHOTO TOSCY JIBOTABPOBOI MEpPopoBaHOT HEPO3PI3HOT
6anku y kH/M?, siKi OGUMCIIIOIOTH HA OCHOBi PIBHOMIPHO PO3MOJiIEHMX MOTOHHHMX HABAHTAXKEHb.
[Tepenik HaBaHTa)KEHb, SIK1 3aCTOCOBYIOTHCS B MOJIEIIi, HABEJICHO y Ta0I. 6, a TaKOXK 3aCTOCOBYIOTHCS
HaBaHTaXeHHs 3 Koedimienramu 1,5 Ta 2,0.

Tabnuus 6 — Po3paxyHKOBI HOTOHHI HABaHTa)KEHHS

Po3paxyHKOBI TOTOHHI HABAaHTAXKECHHS

3a TPaHUYHUMHU

NeNe 3a rPaHUYHUMU CTAHAMHU TIEPILO] IPYIIH CTaHaMM JIPYTOi
HpO(i)iJIiB rpynu

(Qmax, JMmax, ar, qis,

KkH/m kH/m xkH/m KkH/m
20 15,5 9,73 9,73 12,53
30 28,9 24,91 24,91 48,23
40 48,92 51,22 48,92 129,85
50 72,84 86,17 72,84 270,63
60 102,81 138,83 102,81 516,41

MojientoBaHHS HENIHINHUX 3aBaHTaKE€Hb — LI€ PO3IIUPEHHUH piBEHb aHaJI13y KOHCTPYKLIH, SIKUM
JI03BOJIsIE BpaxyBaTu (i3MuHy abo reoMeTpuYHy HENiHIWHICTH MOBEIIHKU Martepiany ado (opmu
KOHCTPYKIIIi 3a /i1 3HAYHUX HABAaHTAKCHb.

VY kiacuuHOMYy (JIiIHIHHOMY) 3aBaHTaXXEHHI PUITYCKAETHCS, 1110 HABAHTAXKEHHS MTPUKIIATA€THCS
MOCTYTOBO 1 MaTepiall pearye MpONOpIIiHO. Y HEIIHIKHOMY aHalli3l Marepiall MOKe 3MIHIOBATH
CBOIO Y)KOPCTKICTb M1l HABAHTA)XEHHSM; B110YBaIOThCs IUIACTHYHI ieopmallii; MOXKe BpaxOBYBaTUCS
pyHHyBaHHS MaTepiaiy.

8-11 eman — «P03paxyHOK cXeMm».

3amaya 3allyCKaeThCsl HA PO3paxyHOK «BHKOHAaTH MOBHHUI pO3paxyHOK» Ta MepEeBIPAETHCS
IIPOTOKOJI PO3PaxXyHKY.

JIns BUKOHAaHHS PO3paxyHKIB KOHCTPYKIi Ha pyHHYBaHHS HEOOXiTHO po3paxyBatu «Cxemy
MIPOIIECOPOM TOTEPEIHIX POKIBY 1 TAKOXK MEPEBIPUTH MPOTOKOJI PO3PAXYHKY .

9-11 eman — « AHaIi3 Ta pO3MMPEHUI aHATI3.

VY po3mupeHoMy aHalli3i MOXKHa A13HATUCH XapakTep pyiHyBaHHsS KOHCTpYyKLii. [{ns o6panoro
1iapy IIacTUHU (BEpXHiH, cepeHi, HIKHIN) Oy TyeThcs KapTHHA PYyHHYBaHHS, TOOTO 300paKy€eThCs
HampsM TpIMH y BUTISAL BiApi3kiB. BinoOpakeHHs BiAOyBaeThCs JHIIE 3a pe3ysbTaTaMu
PO3paxyHKy (pi3UYHOI HENMHIHHOCTI KOHCTPYKIIH. J{J1s BinoOpakeHHs KapTH pyHHYBaHHS HEOOX1/1HO
BUKOHATH PO3PAXYHOK CXEMH MTPOLIECOPOM IMOMEPEIHIX BEPCiil.

BucHoBKH:

1. Po3po6iieHO METOIUKY pO3paxyHKy Ta BU3HAUEHHS HAIPYKEHO-I1e(OPMOBAHOTO CTaHy
JIBOTIPOJILOTHOI HEPO3pi3HOI NepdopoBaHoi Oanku y wmicli ii oOmUpaHHS HA MPOMDKHY OINOpPY Y
nporpamHomMy komiuiekci LIRA-FEM i HeniHIHHOTO MOJAETIOBAaHHS MAIHCHOI po3paxyHKOBOI
cxemHu Oasiku Ta ii (PaKTUYHOI pOOOTH.

2. Po3paxyHOK 3ajauy y JiHIHHIM iHTepmperalii, TOOTO 3a4ay, B SKUX 3aJEKHOCTI MIX
BHYTPIIIHIMU HaIpY>KEHHSIMH, 110 BUHUKAIOTh y MOMEPEYHUX Iepepizax Oanku Bijx 1ii MEBHUX
3ycuiib, Ta JedopMalisiMi ii po3paxyHKOBHX TOYOK MPUHHATO JIHIMHMMH, TAJeKO HE 3aBXKIU
BIJIMOBIAA€ peanbHI poOOTI KOHKPETHOT KOHCTPYKIII B IIIJIOMY a00 i OKpeMHUX €JeMEHTIB.

3. HeniniiiHuii po3paxyHOK [103BOJIsIE BUKOHAaTH MOJETIOBaHHA (AKTUYHOI poOOTH
KOHCTPYKIIii, y SIKii BpaxoBaHO: JAilicHE oONMMpaHHs OalKH Ha KOJOHY 3 ypaxXyBaHHSM KOHKpPETHOI
KOHCTPYKTHUBHOI CXEMHM; KpIIUIEHHS OajJKu A0 IUIMTH OrOJIOBKAa KOJIOHM OOJTaMu; 3a3Jaleriib
MPUKIIAJCHE 3YCWIUIS HATATY OOJNTIB MEBHOI BENWYMHM; OOpaHy Aiarpamy poOOTH cTaii 3a mii
CTaTUYHOTO HaBAaHTAKEHHS.
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4. JleranpHO pO3pOOJECHO METOIUKY HENIHIHHOTO PO3paxyHKY CHCTEMH «Oajka-KOJOHa» Ta
MPECTABICHO €TalmM MOJICNIOBAHHS, MOYMHAIOYM 31 CTBOPEHHS HOBOI 3a/Ja4i 1 3aKiHUyIOYH
PO3LIUPEHUM aHAII30M OTPUMAHUX PE3YJIbTATIB 3 BAKOPUCTAHHSIM, 3QJIEKHO BiJl KOHKPETHUX YMOB 1
3a7a4 po3paxyHKy, MO3aiku a0o 130M0JIiB Y pO3paxyHKOBUX Nepepizax i TOUKax KOHCTPYKIIH.

5. list po3B’si3aHHs 337124 (hi3MUHOT Ta TEOMETPUYHOT HEMHIMHOCTI PO3IISTHYTO MOKJIUBICTD
BUKOPUCTAHHA 1TEPaliifHOr0 Ta KPOKOBOTO METO/IIB PO3PAaXyHKIB, KOXKHHH 3 SKHX BPaXOBY€ HU3KY
KpUTEPIiB 1 Ma€ CBOIO pallioHAIbHYy 001aCTh BUKOPUCTAHHSI.
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NONLINEAR MODELING OF SUPPORTING
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Abstract. The possibility of using the LIRA-FEM software package for nonlinear modeling of
the actual design scheme and actual operation of an 1-beam continuous perforated beam at the point
of its support on the horizontal column head plate is considered. The finite element library allows
modelling the operation of various types of structures with elements of various configurations, as
well as use special elements for modeling joints in nodal connections. Nonlinear calculation allows
modeling the actual operation of the structure, which takes into account the actual support of the beam
on the column; fastening the beam to the column head with bolts; a pre-applied bolt tension force,
and a given diagram of the steel operation under static loading. A method for nonlinear calculation
of the beam-column system has been developed and the modeling stages are presented, starting with
the creation of a new problem and ending with an extended analysis of the results obtained in the
design sections and points of the structures. The modeling of the joint operation of a beam with a
column is considered in detail, taking into account the real operation of bolts in the connections,
depending on their pre-tensioning forces. A task has been formulated for performing nonlinear
calculation of perforated metal double-span continuous beams taking into account plastic deformation
of the material, which aims to determine the ultimate load and the nature of the loss of stability. In
problems of physical and geometric nonlinearity, calculations are performed using iterative and
stepwise methods. Nonlinear load modeling was performed, which is an advanced level of structural
analysis that allows taking into account the physical or geometric nonlinearity of the behavior of the
material or shape of the structure under the action of significant loads. In linear loading, it is assumed
that the load is applied gradually and the material responds proportionally. In nonlinear analysis, the
material can change its stiffness under the action of the load, plastic deformation occurs in it, and
material failure can also be taken into account.

Keywords: continuous perforated beam, intermediate support, slab, column head, cross-
section, stress, deformation, bearing capacity, software package.
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YXapriscoruii nayionanvnuii ynisepcumem micokozo 2ocnodapcmea imeni O.M. Bexemosa
17, Byn. UepHornasiBcbka, Xapki, 61002, Ykpaina

Anoranis. CydacHuil cran Oy1iBeJIbHOI raity3l B YKpaiHi 3 KO)KHUM POKOM 301JIbIIIY€E BIICOTOK
OyaiBenb, 10 peanizyloThCsl 3 BUKOPUCTAHHSAM JE€PEBUHU B HOBOMY OyIIBHUITBI, HiAXOILUTIOIOYU
TEH/ICHII1I0 €EBPONEHCHKUX KpaiH, J€ IepeBUHA CTAE OCHOBHUM MaTep1ajioM MpH peai3allii KUTI0BUX
Ta TpoMaACchkux OyziBens. [loBepxoBiCTh TakuX AepeB'sSHUX KapkaciB Bxke csrae 20-30 moBepxiB 3
HECYYMMH KapKaCHHUMH KOHCTPYKIisiMu 3 kKieeHoro Opyca ta CLT-maneneit. OctaHHI € HOBHUM
IHHOBAIlIMHAM TaHEJIBHUM MaTepiaJioM, IO J03BOJISIE JIETKO Ta MIBHJAKO 30Mpatu OymiBii pi3HOL
TOBIIMHM, aJie X €(PEeKTHBHICTh 3HAYHO 3HMXKYETHCA I MPOJBOTIB MOHAA 6 M. 3ampoINOHOBaHI
(anepHi jerki naneni abo naneni PRX e pimeHHs M npo6ieMu mpoCcToro MOKPUTTS 1715 301TbIIEHUX
MIPOJIbOTIB MOKPHUTTIB Ta MEPEKPUTTIB 3aBASKH IHHOBALIHHOMY IMiJXOAY 3 BUKOPUCTAHHSAM THYTHX
MO3JIOBXHIX pedep maHeseH, s CTIMKOCTI SIKUX He MOTpiOHE po3TallyBaHHS MOMEPEUYHHUX pedep.
[TpoGema 1sOT0 THITY MMAaHEJEH MoJIATaE y BU3HAYCHHI BiIMOBITHOCTI X-1oAi0HUX (paHepHUX pedep
Ha OCHOBI JIOCIIIJDKEHB 3 PO3POOKOIO CIIPOIICHOTO0 METOY PO3PaxXyHKY SIK CHCTeMH (hakTopiB abo
KOC(QIIIEHTIB, IO KOPUTYIOTh TPAAMILIHHI AITOPUTMU PO3PAXyHKY MOMIOHMX TOHKOCTIHHUX
KOHCTPYKIIii, 1110 MPAIIOIOTh Ha 3TUH. Y 3alpONOHOBaHii po3pooOIli JETKUX Ta OJJHOYACHO KOPCTKUX
TaHeNe OCHOBHUH aKIEHT OyJi0 3p00JICHO Ha MPOCTOTI Ta TEXHOJIOTIYHOCTI BUPOOHUIITBA TTAHEIIEH,
CIMPAIOYMCh HA CydacHE aBTOMaTH30BaHe BUpoOHH4Ye oOnamHaHHs. [lanemt PRX moxyTs OyTu
BUKOPHCTAHI SIK €IEMEHTH CAMOHECYYHUX CTiH.

MeToro po3poOKM 1HHOBAIIMHUX JIETKUX (aHEpHUX TaHejael OyjIo CTBOPEHHS HOBOTO
TEXHOJIOTIYHOTO PIilICHHS JJIsl IEPEKPUTTIB Ta JaxiB OyAiBeNb I MpoiboTiB 7-20 M. [nest nerkux ta
JKOPCTKUX TaHened 3 X-ToMiOHMMHM KPUBOMIHIWHUMHU CTiHKaMH ab0 pedpamMu € MpOJTOBKCHHIM
JOCIIJKeHb OalloK 3 TaKUMHU CTiHaMH, A€ e()eKTUBHICTh KpHUBONiHIHHOI Gopmu (aHEepHUX CTiH
MoKa3aja TEBHI MepeBaru MOPIBHIHO 3 KIACMYHUMHU JBOTABPOBUMHU OaikamMu 3 (haHepHUMH
CTIHKaMU. 3arpoIIOHOBAHE PIICHHS OOIMBKHY IMAHEJICH T03BOJISIE MIBUIKO 30MpaTH OYAiBIII Pi3HOTO
MPU3HAYCHHS Ta PO3MIIIYBATH 130110 Ta JESIKI KOMYHiKallii BcepeauHi naneneit. i yrouHeHHs
napaMeTpiB MIIHOCTI, e(OpPMATUBHOCTI Ta BU3HAYCHHS XapakTepy pyHHYBaHb MaHeNeH Oynu
MPOBEACHI HATypHI CTAaTHYHI BUNPOOYBaHHS HATYpPHOTO 3pa3Ka, a TaKOX BHKOHAHI YHCIIOBI
JOCTIPKeHHST B aHAJITHYHUX MPOTPAMHUX TaKeTaX 3 aKIEHTOM Ha TOBEIIHKY Ta TMOJATIHBICTH
KpUBOJIIHIMHKX (DaHEpHUX CTiH Ha PI3HHUX eTanax HaBaHTa)XEHHs IMaHeneld. Ha ocHOBI oTpuMaHmMX
EKCIIEpUMEHTAIBHAX Ta YHCJIOBUX JaHUX 3alPOIIOHOBAHO METOAMKY, SKa BpPAaXOBY€ HE JIMIIE
TEOMETPII0 MOTIEPEYHOTO Mepepizy, ane i Horo BUMOTIHHA (JaHEPHUMHU CTIHKAMHU a00 TMO310BXKHIMHU
pebpamu naneneit PRX.

KurouoBi ciioBa: kneedaHepHi maHemi, miAIaTIUBICTh, 3ITHYTI pedpa ®KOPCTKOCTI, X-1MoAi0H1
pebpa, BTpaTta CTIMKOCTI, TaHEeJ1 TTOKPUTTSL.

Beryn. CyyacHuii ctaH OyZiBenbHOI Tainy3l B YKpaiHi ¢ KOXKHUM POKOM 30UIbIIYE BIACOTOK
OyniBesnb peai3oBaHUX 3 BUKOPUCTAHHSM JCPEBUHU Y HOBOMY OY/IBHHUIITBI, MiAXOILTIOIOUN TPEH/
€BpomneiicbkuX KpaiH, J€ JepeBHHA CTAa€ OCHOBHHMM MaTepiajJoM MpHU peasizauii XKUTIOBUX 1
rpomMajacbkux OyaiBenb. [loBepXoBiCTh TakuX AepeB’sHUX KapkaciB Bxke carae 20-30 moBepXiB 3
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HECYYMMH KOHCTPYKIISIMH Kapkacy 13 kiieeHoi nepeBunu ta [1IK]] un CJIT maneneii. OcTaHHI € HOBUM
IHHOBAIITHAM MaTepiajoM MaHEeTBLHOTO THUITY SIKUHM JTO3BOJISE MPOCTO Ta MIBUAKO CKJIaNaTH OyiBIi
pI3HUX TUIaHYBaHb, alleé 1X €(EKTUBHICTh CYTTEBO CKOPOUYETHCS TPH IMPOJbOTAX OlIbIIe OM.
3anpornoHoBaHi kieedanepHi jerki nanesni ado [IPX maneni € pileHHsM 3a1a4i IPOCTOTO NOKPUTTSA
JUIsT 30UTBIIEHUX TPOJHOTIB TOKPUTTIB 1 TEPEKPUTTIB 3aBASKHA 1HHOBAIIHHOMY IMIJIXOIy 3
BUKOPUCTAaHHAM 3ITHYTHX TIOB3JIOBXKHIX pebep maHenedl ans CTIMKOCTI SKUX HE MOTpiOHO
BIIAIITYBaHHS nonepedyHux pedep. [Ipobiemarnka Takoro THIY MaHelel CKIAJaeTbes y BUSHAYCHHI
MiIaTIuBOCTI X-moMi0HNX (haHepHUX pedep Ha OCHOBI JOCTIIKEHb 3 PO3POOKOI0 CIPOIIEHOL
METOJUKH PO3PAXYHKY SIK CUCTEMHU (hAKTOPIB UM KOEQIIIEHTIB KOPUTYIOUYH TPAIUIIIAHI alrOPUTMH
00YHCIICHb aHAJIOTIYHUX TOHKOCTIHHUX KOHCTPYKIIIH MPALIOI0YNX IPHU 3THHI.

VY 3arnpornoHoBaHii po3po0Oii JErk1X Ta OJJHOYACHO KOPCTKUX MaHEIsIX OCHOBHUMN aKLIEHT OyB
3po0JIeHHII Ha TMPOCTOTY 1 TEXHOJOTIYHICTH BUPOOHHUITBA MaHeNeH, CHMpAIYUCh Ha CydYacHi
aBTOMATHU30BaHI BUpOOHMU1 ycTaTKyBaHHs. [IPX maHen MOXyTbh BUKOPUCTOBYBATHCH SIK €JIEMEHTH
CaMOHECYYHX CTiH.

AHaJi3 ocTaHHIX JocjimxkeHb Ta myOJikamii. [Tonmynspuzariiss Ta akTHBHI JOCIHIIKEHHS
MaHeTbHUX JePeB’THIUX KOHCTPYKIIH Y BITYU3HAHIN MPaKTUIIl BITHOCUTHCSA 110 Tiepiony 60-90x poki
MHHYJIOTO CTOMTTS. [laHenpHI pillleHHsS SK KOHCTPYKTHBHI €JIEMEHTH IOKPHUTTIB 1 MEPEKPUTTIB
BiJIOMI Y 1HIyCTpiaJIbHUX Ta TUIIOBHUX PIIICHHS KUTJIOBUX KapKacHUX Oy/1iBesb. 3arajbHa THIIOIOT s
MaHEJbHUX KOHCTPYKIIA TMOJUISETHCS HA BapiaHTH B 3aJIC)KHOCT1 BiJl MOMEPEUYHOTO IEPETHHY:
KopoOdJacTi maHeni i peOpucTi maHem B sSKUX peOpa € MacuBHI 1 3’€IHAHI BIJIHOCHO TOHKHMH
obmuBkamMu. Takok iCHye€ pillleHHS BUKOPUCTAaHHS (paHEpH y TOHKOCTIHHUX KOHCTPYKITISX SIK OQJIKK
BIJITIOBITHO JIBOTaBPOBOT'O TUITYy Ta KopoOuactoro tumy. Cucrtema 6anok 3 TOHKUMHU CTIHKaMH IMpH
0JIOKOBOMY KOMIIOHYBaHHI MOJIMBO pO3IgaTH sK maHenb. Came Taka aHAJIOris J03BOJIWIIA
nepeuTu Bif ifei 6J10k 3 X-1oi0HOI CTIHKOIO /10 TaHenel 3 X-ToJi0HUMY CTIHKaMu 4u pedpamu.
JetanpHuil po3risii poOOTH CTIHOK PI3HOTO pajiiyCy KpUBHHU OYyJIO JOCHIIKEHO Y paMKax
muceptauiiiHoi podotu [1] me y mepion 2011-2014 poky. Konctpykuis 6anok 3 X-moaiOHUMH
CTIHKaMH 3aXHWIICHa MaTeHToM Ha BuHaxiny 2014 poi [2], a korcTpykuis [IPX maneni i3 3irHy THMA
(anepHUMH cTiHKaMu 3anateHToBaHa y 2023 poui [3]. bauspkum aHamorom 10 3ampornoHOBAaHUX
naHenen € aBcTpiiickki KinbluTer maHeni B OCHOBI SIKMX € KulenonaiOHa 0ajka TakoX 13 31THyTUMH
CTIHKaMH ajie Jeno iHmoro xapakrepy (puc. 1), i sika TakoX y LeH e Mmepioj 3aXHIIeHa TaTeHTOM
[2] v 2013 pomi. JlocmimkeHHs I0g0 MIIIHOCTI 1 ocobimBocTel poborn Kimpmrer manenei
npezacTaBiieHi y podorax npod. lIryarapreekoro yniBepcurety S. Aicher [2].

——l

[

NSl | ?/
Puc.1. 3aranpuauii Bua Kinsirer naneni [4-5]

PexomenioBanuii niana3on BukopuctanHs Kwibmirer naneneit csrae nposit 30M mpu BUCOTI
nonepedyHoro mepepizy 800mMM, e mosica TaHedl BUKOHAHI 3 KJIEEHOI ab0 IUIBHOI JepeBUHHU
TOBIIMHOIO 43-85MM 3i ctinkamu 3 OCB abo ¢anepu ToBumHaMu 4-12MM, 3TiJHO A0 TEXHIYHOTO
3aKmioueHHs [6] 1 TEXHIYHHUX KaTajloriB BHpoOHWKA [4-5]. BopoBa/keHHS Takux IaHenen
peaiizoBaHoO y JAecsATKax OyIiBelb, 0 MiATBEPAXKY€E €PEeKTUBHICTh 1 00’ €KTHBHI MEpeBark JETKUX
IHHOBaIIMHKUX PIIICHB I TOKPUTTIB Oy TiBEb.

[onepenni oninouni BucHOBKH o0 [TPX naneneit Big po3poouukis Kinbmrer naneneit Oynu
MMO3UTUBHUMH Y OCOOMCTOMY CIIJIKYBaHHI, BA3HAIOYH 1110 poOOTa 3IrHYTUX pedep K MUITHAPUIHOT
00OJIOHKH € OUTBII BUTIAHUM HIK BapiaHT MJIACTUHU Y BUNIAJIKY MPSMHX pedep.
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Meta Ta 3aBaaHHsi. HoBi KOHCTPYKTHMBHI pIlIEHHS OyMIiBEIbHUX KOHCTPYKIIH ISt
BIIPOBAKEHHs y OyJliBEIbHY MPAaKTHKY NOTPEOYIOTh HAsIBHICTh €KCIIEPUMEHTAIBHUX 1 YHCEIbHUX
JIOCJTIJDKEHB, a TAKOXK X KpUTUYHUHN aHaITI3 JIJIs1 CTBOPEHHS 1 ONITUMI3allii mapaMeTpiB IPOMHUCIOBOTO
3pa3ka, KU BKIIOYAa€ PO3POOKY COPTaMEHTY KOHCTPYKTHUBY 3 T€OMETPHUUHUMH IapameTpamu
ckianoBux. [lepexia BiJ mpoOMHUCIOBOTO 3pa3Ka 10 CEPIHOro MOTpeOy€e KOMIUIEKCHOTO PO3TIISIAY SIK
COPTaMEHTY, METOJIB CHPOILEHHS TEXHOJIOTIYHOTO MPOLECYy BUPOOHMIITBA, SIKI HABITh MOXYTb
UIKOJUTU $IKOCTI y TEBHUX [iama3oHaX Hecydoi 3[JaTHOCTI, aje MpU I[bOMY MaTH 3HUKEHY
co0iBapTicTh. Taki KPOKM MOXKIIMBI JIMIIE TICIIs BU3SHAYEHHS CIAOKUX MICIlb, YNHHUKIB BILUTUBY Ha
MEXaHIYHI XapakTepucTuku maHem. JlocmimkenHs nerkux kineedpanepaux [IPX manenei i3
3iIrHyTUMH ()aHEepHUMH CTIHKAMHM BHUKOHAHO SK AQHAJTITHUYHO, TaK 1 YHMCEIBbHO Yepe3 po3risia iX
TEOMETPUYHHUX Bapialliid, a TAKOX po3poOKa iHKeHepHOTO MeToAy po3paxyHky 1K/ manenei, mo i
CTOSUIO Ha METi BUKOHAHUX JIOCIIKEHb Ta KpUTUYHOTO aHAJTI3y OTPUMAaHUX JaHUX. [CHyro4l aHanoru
s [TPX maneneit 1 MeToau po3paxyHKy JUIsl TOHKOCTIHHUX CUCTEM BUKOPUCTAaHI Y MOPIBHIBHOMY
aHaJi3i nmpu aHami3i akTopa 3MEHIICHHS MIITHOCTI (paHepu mpu 3CyBi.

Marepiagu Ta MeTOAMKA JOCJTiIKeHHsl. Bucoka MIIHICTh ¢daHepu SK JTUCTOBOTO MaTepiany
Oyna Bu3HaHa 1mie 100 pokiB TOMy 1 BOHa 3HAHIIUIA CBOE BUKOPHCTAHHS HE JIMIIE y OyiBenbHil cdepi,
a TaKoX y aBia OyaiBHUIITBI repioay 40-X pokiB y KOHCTPYKIIi JiTakiB [JI-2 y sskocTi 0OIIMBOK KpuJI Ta
kopmycy. Po6ota hanepu Oyma y KpuBoJiHiKHIM reoMeTpii Ta B yMOBaX CKJIaTHOTO HAIIPY>KEHOT'O CTaHy
Ta JUHaMIYHUX HaBaHTaxeHb. MacuBHicTh [IKJ[ a6o CLT mnaneneil chOrOAHI OKpECHIIOE iX
e(eKTHBHICTh IIPU ICBHUX YMOBAX MPOJILOTIB 1 HABAHTAXKEHb, 1110 CIIOHYKAE JI0 PO3POOKH HOBHX JIETKUX
KOHCTPYKTHBIB 3 BEJIMKOO JKOPCTKICTIO Ta MOYKJIMBICTIO CTBOPIOBATH Oy 1IBEIBHHM ITiHOM a00 BUTHH,
10 BKpail BOXKJIMBO JJIsi KOHCTPYKIIii iposkoToM Bin 12m. Texnomoris Burotosienns [IPX maneneit
0a3yeThCs HA MIPOCTOMY BUTOTOBJICHHIO CKJIAJIOBUX y BUTJISAI (hparMeHTIB MaHEl, K CKJIaIal0ThCS 3
JIBOX OOIIMBOK Ta 3irHyTHX pedep (puc. 2). B noganbsioMy BUTOTOBIICHI pparMEHTH MaHei JOBKUHOO
10 2,4M 3’€HYIOTbCSA y TaHeNb 3aJaHOl JIOBKWHH TEBHOTO Iepepi3y, Je BUTUH (HOPMYEThCS IMPU
CTUKYBaHHI TaKMX ()parMEHTIB Ha CIIEIiaIbHUX CTEHaxX Ul YKPYIHIOYO01 301ipKH Ha BUPOOHHIITBI.

@danHepHl OOIMMBKHU MaHeNl (pe3epyroTbcs Y TMOB3JA0BXKHBOMY HAMPSAMKY JUISl MOJATbIIOTO
BKJICIOBaHHS Yy (hpe3epoBaHi Ma3u 3ITHYTHX CTIHOK. X-MOAIOHM pedpa BUTOTOBISIOTHCS IUIIXOM
CKpIIUIEHHS 1BOX (paHEpHUX YACTHH Y CEpPeMHI BIIHOCHO X MIMPUHU Yy MOB3I0BKHHOMY HaIpsMi 3
BUKOPUCTAHHSAM CTEIJIEPHUX CKOO Ta (haHepHUX peHoK, 11100 YHUKHYTH IPOOUBaHHS (aHEepH CTIHOK
y MICISIX BCTAHOBJIEHHSI CKOO. BUIMH CKpIMJIEHUX CTIHOK BUKOHYETHCS MEXAHIYHO 1 (IKCyeTbCA
MOTIEPETHHO BUTOTOBJIIEHUMH TUIACTHHKAMH Y MICISIX Ma3iB MO Kpasx pedep TakuM YHMHOM, 11100 He
3aBakaJiM BKJICIOBaHHIO y ¢aHepHi oomuBky. [llupuna Beix maneneit 1200mMm Buxosuu 3 popmaty
JUCTIB (haHepH, a BIJIIOBIIHI TOBIIMHH CTIHOK Ta OOIITMBOK 3MiHHI B 3aJIKHOCTI B BUCOTHU MEPEPi3y
(tabn. 1). Kneesi cuctemu s cTUKyBaHHS X-MOAIOHUX CTIHOK Ta OOIIMBOK BHKOHYETHCS 13
3aCTOCYBaHHAM OJHOKOMIIOHEHTHHMX KjeiB ©Oe3 mpuruckaHHs. ToprpoBi pebpa Takox
BJIAIIITOBYIOTHCS Ha KJIEAX HA OCTaHHIN (a3l BUPOOHHUIITBA.

Tabmus 1 — 'eomerpuuni napamerpu PRX naneneit

BHco?a ToBmmua | TosiuHa Paiyc CniBBiﬂHomeHHﬂ Makec.
nepepidy | HUXKHBOI BepxHbO1 | ToBmmHa BUCOTH CTIHKH, | PEKOMEHI.
Mma”en, OOIIIMBKH, | OOIIMBKH, | CTIHOK, MM KPHBHHHU 10 il TOBIIMHHU TPOJIIT

CTIHOK, MM )
MM MM MM ’ (hw/bw) naHeJsi
300 10 10 6 300 23,33 5-8
400 12 12 6 400 31,33 8-12
500 15 15 8 500 29,38 12-15
600 15 15 8 600 35,63 15-18
800 20 20 10 800 38 18-22

Marepian ¢anepu F25/E10 srigno mo crammapry EN12369-2:2004 [7] Ta cranmapry
EN636:2012 [8].
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00022000

— | DAY
08230

SINE0
- - -

v

s-12m

L= 12-18 m

a) 3arajJbHUI BUJI Iepepi3iB maneneil  0) po3rauryBaHHs peGep y OOIIMBIIL AHENl epea
BKJICIOBaHHSIM

B) pO3MipKU MiX pedpaMu T) 3arajbHUI BHUJI TAHEIN 3 TOPIILOBUMU peOpamMu
nepea BUpoOyBaHHSIM

" mumﬁu;q A

b A senc PO

Puc. 2. 3aranpuaumii Bug PRX nmaneni ta etanu BUpoOHUIITBA

CrporieHi MeToIu 1HXXEHEPHOTO PO3paxyHKy Ul 3pydHOCTI 3actocyBaHHS PRX-naneneit
0a3yl0ThCs Ha HAOJIMKECHHI TTaHeNi K CyKyIHICTh 0anok 3 X-1oli0HUMH 3iTHY THMU CTIHKaMH, 1110, B
CBOIO Yepry, MPUPIBHIOETHCS 10 OANKH 3 TOHKUMH CTiHKaMHM, puc. 3. MeToa po3paxyHKy MILHOCTI
BEPXHBOI Ta HIKHBOI MMOJIUIH OAJKU 3aJUINAETHCS TUIIOBUM JUISL I[LOTO THUIY KOHCTPYKIiH, a X-
NOAI0OHI CTIHKH MOTPEOYIOTh 0COOIMBOI yBar Ta BpaxyBaHHs CBO€T 3HIKEHOI MIITHOCTI Ha 3¢yB fv,0d
npu po3paxyHKy Bim cwimm Fvwed, Ska, SK MpaBHIO, € MaKCHUMAaJbHOIO B 30HI OMOPH IS
OJTHOIIPOJIITHUX LIAPHIPHO CHEPTUX OAJIOK.
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2

a) 6)
Puc. 3. Cnpomenns 6anok 3 X-1moiiOHUMH BUTHYTUMH CTIHKaMU (@) sIK TOHKOCTIHHOT JIBOTaBPOBOi
Oanku (0)

Hirounii €8pokoa-5 [9] Ta HoBa Horo mpoekTHa penakitis prEN 1995-1-1:2023 [10] BusHauae,
10 PO3PAXyHOK MOMEPEYHOT CHUJIU CJI1J] BUKOHYBATH 3aJI€KHO BiJl CIIIBBIIHOIIEHHS BUCOTH CTIHKU hw
1o ii ToBmuHN bw (piBHsHHA 1 Ta 3). BucoTa cTUCHYTHX Ta pO3TATHYTHUX MOJIHLE OalKU MO3HAYEHA
BiamoBigHO K hft Ta hyc.
O’S(hf,t + hf,C)

] fv 0d
h 1Yy
W It hw < 35bw. 1)

VY Bumaaky, xomu hft Ta hic onHakoBi, 3amicTh piBHSAHHSA (1) MOYXHa BHMKOPHUCTOBYBATH

Foue < bwhw(1+

Mou(iKoBaHE PIBHAHHS:

I:v,w,Ed < bw(hw + hf )fv,O,d ! (2)

O’S(hf,t + hf,c)

\

Fywed 335bfv[1+ " j vod
w g 35bw < hw< 70bw. (3)
Crpormieni Metoau npoekTyBaHHS mnanernei Kielsteg, siki € momioaumu 1o PRX manenei,
3amnpoIOHYBaIM HACTYITHI AJITOPUTMH MTPOEKTYBaHHS, HaBeAeH1 B podoTax [6, 11, 12], me VwkTa Rwk
— XapaKTepecTUYH1 3HAYeHHsI JI1I0U0i CHJIM 3CYBY Ta Hecyua 3JIaTHICTh /10 3CyBY CTIHKH IMaHEN, a
e(eKTUBHUI NONEePEYHH Mepepi3 CTIHKU MMO3HAYECHO SIK Aw,eff:

Vw,k = Rw,k = A\N,eff ) fv,eff,k’
4)

h h
A\N,eff = bwhw|:1+ O'S(fr;—"—fc):|, AN,eff = bW |_hw + hf J' (5)

w
EdexTrBHa MIIHICTh Ha 3CYB Yy IUIOMIMHI (PaHEPHUX CTIHOK — 1€ JOOYTOK XapaKTepUCTUUHOI
MIITHOCT] Ha 3CyB y IUIOLIMHI MaTepiany CTiHKH fvokTa peaykuiiiHoro koedimienty & KoedimieHT &
€ HamiBEeMIIPUYHUM IapaMeTpoM, 10 0a3yeTbcs Ha pe3ysibTaTaX BUIPOOYBaHb, 1 3aJE€XKUTh BiJl
CIIiBBiTHOIIEHHS BUCOTH Ta TOBUIMHU CTIHOK hw/bw.

fv,eff,k = fv,o,k S, (6)

(7)
BigmoBimHo 1o ETA-18/1014 “KielstegVorgefertigte tragende Tafeln aus Holz und

Holzwerkstoffen” [6] edexTuBHY MilHICTP Ha 3CyB y (aHEpHUX MOJOTHAX fvweffk MOTPIOHO
OOYHCITFOBATH 3aJIC)KHO BiJ] ISKOTO 1HIIOTO criBBigHOmIEHHS hw/bw mopiBHsHO 3 EN1995-1-1 [9]:

_ 2
f f, o =7.5N/mm s h, /b, <30, ®)

2
£=01124+ 772(%] .

i

v,w,eff k =
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f

v,w,eff k

2
=75 01124 + 772(%“} 30<h, /b, <66.

w

©)
JUIS

Jlemio iHIIMIA anTOPUTM PO3paxyHKy MIITHOCTI MPOMOHYETHCSA Ui OOYMCICHHS MIITHOCTI
3irHytux criHok [IPX manene#t mpu nii 3cyBy. [IOTHYHI Hampy»XeHHS MarOTh OyTH MEHIIUMH 32
MIIHICTb (haHEepH Ha 3CYB:
7= % = lywd >

Dy Py (10)
ae.
Q — cuna 3cyBy;
Sf — cTaTHYHUI MOMEHT MOJIMLI BIAHOCHO HEUTPAJIBHOI OCI PO3IIISTHYTOI OalIKH;
J — MomeHT 1Hepii 6anku;
tw — TOBIIMHA (paHEPHUX CTIHOK;
(@x — Koe(ilieHT CTiMKOCTI (paHepHUX CTIHOK, 110 BU3HAYAETHCS HACTYITHUM YUHOM:

Px :1_T_u-
z-CI’ (11)
['paHnuHe Hampy’>XeHHs 3CyBY s (aHepHOI CTIHM NMpUHAMaeThbcs piBHUM Tu = 7,5 MIla.
Kputnune HampyxeHHsS 3CyBy (piBHSHHS 12) HaJIeXUTh 0 PO3PaXyHKOBOI MPAKTUKH BUTHYTHX

(haHepHUX MWITHAPUYHUX OOLIMBOK KPHJI Ta KOPIYCIB JIITAKIB:

L S ="

Ter 2
H,
Ie.

Ew — Moaysb nipyskHOCTI (panepu;

R — pazxiyc xpuBu3HM TOJ0THA (hanepu;

ki — xoedimieHT, IO 3aJEKUTh BiJi YMOB KpIIUICHHS CTOPIH MaHeNi OOIIMBKH: JJISI BUIBHO
OTIEPTHUX CTOpPIH MaHeni ki1=5; ta ms 3amemieHux cropin ki=7,5.

PesyabTaTn gocaigenb. IIOpiBHSHHS BeIMYUH PpEAyKUIHHMX KOE(]IIIEHTIB 3a BHIIE
HaBeJICHMMH MeTofukamu HaBeneHi s [IPX manenmedt Buxomsuu 3 iX reoMeTpii MomepeyHoro
niepepi3y (Tabum. 1), 1 3 BEIMYKMHU CIIBBIIHOIIEHHSI BUCOTH CTIHKH hw 10 i mmmpunu bw (puc. 4). J{ns
[1PX naneneii Bucotoro nepepizy 600 MM 1 BHIIE CIIOCTEPIra€ThCS 3HMXKEHHS MILIHOCTI Ha 3CYB.

bFfv | (12)

1,1

1/ A

0,9 \

0,8 \~.\. ¢ (kielsteq)

== ox (PRX)

0.7
— ¢ (EN1995)

0,6

KoediuienTn & Ta @x

0,5

300 400 500 600 700 800
PRX 3a corpamenTom

Puc. 4. 3nauenHs peayKIinHUX KOedimieHTIB 11 (PaHEPHUX CTIHOK MPH 3CYyBI
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BaxxnuBoro TEpeBIpKOIO MIITHOCTI JJIS JIETKHMX TOHKO-PEOCPHHUX KOHCTPYKIIM € Hecyda
3/IaTHICTh Ha CTUCK B 30HI CITUPAHHS MMaHeNl Ha KIHI[IX MaHesi TaK 1 Ha MPOMDKHUX oropax abo nmpu
YMOBI KOHCOJIbHO-0a51049HO0i cxemu Bukopuctanus [1PX maneneit. Po3paxynok mirtaocTi [TPX maneni
MIPU CTHCKY Ha OTOpPi BUKOHYETHCS HACTYTHUM YHHOM, @ CaMe JUIsl MOJIOK:

I:f,Ed < 1,
I 'bf 'kc,go ’ fc,go,f,d (13)
E ‘b
Ff’Ed _ FEd . E mt,)QO,f,mean f ,
m,90, f,mean " O T 2 Ec,90,w,mean ’ bw (14)

ae:

FfEd — po3paxyHKOBE 3HaU€HHS YaCTKH ONOPHOI CHUJIM Ha CYLUIbHIN AepeB’ iH1N MOII;

Fed — po3paxyHKoBe 3HaYEHHS 3arajibHOI OMOPHOI CHJIM Ha 17eali30BaHUi ONepeyHUit epepis;

Em,90,fmean — MOJIyJIb MPYKHOCTI MPH 3TUHI MOJIOK OAJIKK y MONEPEYHOMY HaIpsiMi BIJHOCHO
HanpsMy BOJIOKOH;

Ec90w,mean — MOAYJIb MPY>KHOCTI MPU CTUCKY B IUIOLIMHI CTIHKU IONEPEK BOJIOKOH BIJHOCHO
30BHIIIHIX 1IaPiB HINOHY;

Kc9o — KOe(illieHT yMOB HaBaHTa)XKECHHS MOMEPEK BOJOKOH, KUK JOpiBHIOE 1,25 3rijHO 110
EN1995-1-1,

Fc.90,f,d — po3paxyHKOBe 3HaYCHHS MIITHOCTI P CTUCKY MOIMEPEK BOJIOKOH IMOJIOK;

| — moBxHHa omopH, siKa cripuiiMae HaBaHTAKEHHSI.

JU1st CTIHOK CITiJT BAKOPHCTOBYIOTHCS aHAJIOT1UH1 BHpa3u:

FW,Ed < 1,
2-1- bw ) fc,90,w,d (15)
2-E ‘b
Fw,Ed — FEd . c,90,w,mean “w 1
Em,90,f,mean ’ bf +2- Ec,90,w,mean ’ bw (16)

ae:
Fw,Ed — po3paxyHKOBE 3HAUYECHHSI YaCTKH OMOPHOI CHJIM Ha CTIHIII TOBIIUHOIO 2-bw;
fc,90,w,mean — pO3paxyHKOBE 3HAUEHHS MIIHOCT] Ha CTUCK CTiHKH B IIOIIWHI, IEPIICHIUKYIISPHIH

HaIpsIMKy BOJIOKOH 30BHILIHIX LIapiB.

Bepudikaiiist TOUHOCTI 1H)KEHEPHOT'O METOAY PO3PaXyHKY €KCHEpHUMEHTalbHI BUTPOOYBAHHS
€ Kpail BaXXJIMBOIO Ui MOJAJIBIIMX KOPUTYBaHb KOHCTPYKIII MaHeNl 3 ypaxyBaHHSIM XapakTepu
py¥HyBaHHs 1 BUSIBJIEHHs HeJoiikiB. Ha puc. 5 moka3zaHo 3araibHHUIl BHI Hepe] NPUKIATaHHIM
HaBaHTaxeHHs (puc. 6, a) [IPX maneni noBxuHot0 3000MM (TIpoabOTOM 2,8MM), MUPHHOKO 750MM
Ta BHCOTOIO mepepisy 208mm. CxemMa HaBaHTaXeHb — 4-TOYKOBHM 3TMH 3 TPHUKIAJAHHIM
30CepeKEHNX CUIT Y TPETSIX MaHelll uepe3 HaKIa Ky, K1 epe1aloTh HABaHTaKEHHs 1O BCiH MMPHHI
maneni. Jns Qikcamii BepTHKaIbHUX TEPEMINICHh Y MICISIX TPHUKIAJAHHA HaBaHTaXCHBb
BIAIITOBYBaIKCh mporuHoMipu (D-2 Ta D-4), a B cepeauni npoiboTy mporuHomip D-3. [lns
BH3HAYCHHSI KyTa IOBOPOTY TOPIIOBHX peOep IMaHeli BCTAHOBIIOBAJIWCH IHIWKATOPH JIIHIMHHX
NepeMilieHb N0 CepeAMHI BIJHOCHO 1i IIMPHUHU Ta y BEPXHIM TOUL BIJHOCHO BUCOTH IEpepisy.
HapanTa)keHHs maHesi BUKOHYBAJIOCh 3 PIBHOMIPHUM 3POCTaHHSM HaBaHTa)KEHHS Y 1HTEpBaJIl dyacy
300+/-120¢ no pyitayBanss (puc. 6, 6) 3rigHo Bumor cranmapry JCTY EN408 [13].
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>
a) 0)

Puc. 5. 3aranpHuii BUJ TaHEeN1 iepe]] BANIPOOYyBaHHSM (@) Ta miciisa pylHyBaHHS (0)

AmnamTuyHui po3paxyHoK Bcix TumiB [1PX maneneil BUKOHyBaBcsl y MPOrpaMHOMY KOMILIEKCY
ANSYS nuisixoM BHKOPHCTaHHS 00’€MHHX CKIHUCHHX €JIEMEHTIB (puc. 6) Ta BBEIEHHS IPY>KHHX

XapaKTepPUCTHK SIK JUIS OPTOTPOIHOIO Marepialy 3 TphbOMa OCSIMU MPY>KHOI CHUMETpli Marepiaiy:

Ex=5500N/mm?, Ey=370N/mm?, Ex=1000N/mm?, Gxy=700N/mm?, Gx.=700N/mm?, Gy;=200N/mm?,
ny:0,042, vxy=0,015, ny:0,35.

6) PRX300 B) PRX400

MM 5 i Lo e

r) PRX500 1) PRX600

Puc. 6. O6’emi ckiHueHo-eneMeHTHI Mojeni nanesnei PRX pisHux turmis

OTtpumani pe3yibTaTH NPOTHUHIB KYTOBHX IMEPEMIIeHb, TOTUYHUX (pUC. 7) Ta HOPMAJIbHUX
(puc. 8) HampyeHb BITHOCHO PI3HUX OCEH MMOKa3aJin CMIBMAiHHS MAaKCUMAJIBHO HaNpy>KEHUX 30H 3

MICIIIMH PYHHYBaHHS Ta Bi3yallbHUX Ae(opMalliii i yTBOPEHUX TPILIUH ITiJ] 4aC BUIIPOOYBaHb.

8: N600
Shear Stress 6
Type: Shear Stress(XZ Component) - Middle
Unit: MPa

Global Coordinate System
Time: 15

17,9722 Max
l 05
040909

031818
022727
0,13636
0045455
-0,045455
-0,13636
-022727
-031818
-0,40909

-4,6101 Min

-7,3473 Min

¥

© 0
x X
000 150000 300000 (mem)
— —

Y 150000 300,00 (mm)
—
75000 225000 75000 225000

Puc. 7. Poznoain notnunux Hanpysxens y [1PX nanemni
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Ha puc. 8 mokazano xapaktep po3nojily HOpMadbHUX HanpykeHb B [IPX manensx BucoToro
nepepizy 200, 300, 400 Ta 500 mm.

B:N200 B: N500

Mormal Stress 6 Normal Stress

Type: Normal Stress(Z Axis) - Middle Type: Normal Stress{Y Axis) - Middle
Unit: MPa Unit: MPa

Global Coordinate System Global Coordinate System

Time: 15 Time: 15

32,446 Max 1,6385 Max
I 26553 I !
2066 072727

14767 045455

88737 18182 : .
-0,080809 T T — _
-0,36364

063636

-0,90909

11818

-26485 :;;Z

32378 o

8211 -3,5707 Min

85,107 Min

¥

A -

000 50000 1000,00 {mm) [ 2e+03 4g+03 (mm)
—-— -

— —
25000 750,00 Te+03 3e+03

B: N200
Normal Stress 5
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YMmoBu ekcrutyatariii [IPX manenei y BiAMOBIZHOCTI O HOPM BOTHECTIMKOCTI BUKIHUKAIOThH
HEOOXiTHICTh po3pOOKH pillIeHb Mepepi3iB MmaHenel 3 O0IMBKaMU 13 KJIEE€HOI I€PEBUHU TOBIIUHOIO
50-90MM B 3aleKHOCTI BiJl KJIaCy BOTHECTIMKOCTI 1 BIAMOBIAHO dYacy SIKHA Ma€ BUTPUMATH
KOHCTPYKIIii g0 mouatky pyhnyBanHs (REI45 uu REI60), nus. JIBH B.1.1-7:2016 [14]. Takum
yuHoM [IPX manens Oyne maTu nepepizu 61au3bki 70 Kinbmrer nanesnei 1 HarpairoBaHHs 10 OaKam
3 X-noaiOHUMHU CTiHKaMu OynyTh Oinbin potuyHuMu 10 [IPX maneneit 3 oOmmMBKamMu 3 KII€E€HOT
JIEPEBUHHU, OCKUIbKH Yy Oalikax Mpu BUMIPOOYBAHHSIX PO3IIIsIaBCs Mepepi3 3 TOBCTUMU MOSICAMHU.

BucnoBku. [Tanens PRX — 11e iHHOBaIlifiHE pillICHHS ISl IEPEKPUTTIB Ta AaxiB OyiBemnb 3i
3HAYHUMH TIapaMeTpaMH >KOPCTKOCTI 3aBASKH poOoTi X-moaiOoHuX daHepHUX CTiHOK. JIerkicTh Ta
BHCOKAa MIIHICTh TaKUX NaHEJeH, BPaxOBYIOUM IX aBTOMATH3allil0 BUPOOHMIITBA, POOJIATH iX
KOHKYPEHTOCITPOMOXXHUM pimeHHsaM s CLT-nanene#, oco0JMBO mpu mpoiboTax 7 M 1 OuIbIIe.
3anponoHOBaHM 1H)KEHEPHUI METOJ PO3paxyHKy Takux mnaHenedl 3 X-momiOHumu (aHepHUMH
pebpamu B PRX manensx 6a3yeTbcst Ha MeTOI1, 3anmponoHoBaHoMy B EC-5 y1st TOHKOCTIHHHUX 0aJloK
KOpOOYacTOro Ta ABOTABPOBOTO MEPeEpi3y, aje 3 ypaxyBaHHIM 0COOIUBOCTEH pOOOTH KPUBOJIIHIHHUX
CTIHOK, IIJISIXOM BUKOPHCTAHHS JOAATKOBOTO KOEQIIi€HTa (@x IS PO3PaxXyHKY MIIHOCTI Ha 3CYB
CTiHOK. Pi3HUIA peqyKuiiHUX MapaMeTpiB 3a pI3HUMHU METOAMKAMHU ckianae 9-12%, ne koedimieHt
st [IPX mameneét € Ounpmmmm. [lpoBenmeHi craTwyHi BUNPOOYBaHHS IMaHENl IMOKa3aimd il
neGOpMaTUBHICTH Ta MicLis pyHHYBaHHS MaHE 1 caM XapakTep pyHHyBaHHS.

JlJ1s TOYHOT OLIHKY BIUIMBY KPWUBU3HM CTIHKHM Ha 3HAUEHHS KOPCTKOCTI MaHeNl Ta XapakTep
Mepepo3MnoIiy 3yCcuib B OOIIMBKAax OylI0 MPOBEICHO aHai3 METOJOM CKIHYCHHHX EJIICMCHTIB
o0'eMHnX Mojenei pizHux TumiB PRX maneneit. Anami3z 3amporoHOBAHOTO METOIY PO3PaxyHKY
MetozoM Eurocode-5 mmsixom ampokcumarniii X-1moaiOHOi Oaku JBOTAaBPOBOIO OAJKOIO MOKA3aB
He3nauHi BiaMinHocTi [15]. TTopiBHsUIbHUI aHAalli3 eKCIIEpUMEHTAIBHUX BUIIpoOyBanb PRX manerni
Ta pe3yJIbTATiB YUCEIHLHOIO PO3PaXyHKy MOKa3y€e MaKCUMAIIbHY PI3HULIIO Y TPOrHHAX 2,4-3,1MM mpu
MeX1 HaBaHTa)KEHH1 ONM3bKOi 1O TOJIOBUHM HECY4Yoi 3/JaTHOCTI JUIsl SIKOI XapakTepHa 3MiHa
iHTeHcuBHOCTI Jedopmaniii Ilpu 1npoMy ekcnepuMEHTalbHI BETUYMHU MPOTMHY Yy CepeauHi
MPOJIEOTY MEHIIIA HiXk 32 pe3yJbTaTaMHi 00YNCIICHb.

HasBHi pe3ynbTaTil NPOBEAEHHUX JOCIIKEHB JJAI0Th BIIEBHEHICTh Y IPAKTUYHOMY BUKOPHCTaHH1
3anponioHoBanux IIPX maneneil y OyIiBHHMIITBI MOKPHUTTIB Ta MOTpeOye NOJATKOBUX MOJANBIINX
JOCITI/IKEHB BCi€l TUIONOTIT aHesnei 3a COpTaMEeHTOM 1 JIOCIIKEeHb By3/I0BUX 3’ €1HaHb [1PX nanenei.
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LIGHTWEIGHT PLYWOOD PANELS WITH CURVED X-SHAPED LONGITUDINAL
RIBS OF RIGIDITY
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Abstract. The current state of the construction industry in Ukraine increases every year the

percentage of buildings implemented using wood in new construction, picking up the trend of
European countries, where wood is becoming the main material in the implementation of residential
and public buildings. The number of floors of such timber frames already reaches 20-30 floors with
load-bearing frame structures made of glued-laminated timber and CLT panels. The latter are a new
innovative panel-type material that allows assembling buildings of various thicknesses easily and
quickly, but their efficiency is significantly reduced for spans of more than 6 m. The proposed
plywood lightweight panels or PRX panels are a solution to the problem of simple covering for
increased spans of coverings and floors due to an innovative approach using bent longitudinal ribs of
panels for stability of which the arrangement of transverse ribs is not required. The problem of this
type of panels consists in determining the compliance of X-shaped plywood ribs based on research
with the development of a simplified calculation method as a system of factors or coefficients
correcting traditional algorithms for calculating similar thin-webbed structures operating in bending.
In the proposed development of lightweight and simultaneously rigid panels, the main emphasis was
placed on the simplicity and manufacturability of panel production, relying on modern automated
production equipment. PRX panels can be used as elements of self-supporting walls.
The purpose of developing innovative lightweight plywood panels was to create a new technological
solution for ceilings and roofs of buildings for spans of 7-20 m. The idea of lightweight and rigid
panels with X-shaped curved webs or ribs is a continuation of research on beams with such walls,
where the efficiency of the curved shape of plywood walls showed certain advantages compared to
classic I-beams with plywood webs. The proposed solution of the covering panels allows assembling
buildings for various purposes and place insulation and some communications inside the panels
quickly. To clarify the parameters of strength, deformability and determine the nature of panel
failures, full-scale static tests of a full-scale sample were conducted, as well as numerical studies were
performed in analytical software packages with a focus on the behavior and compliance of curved
plywood walls at different stages of panel loading. Based on the experimental and numerical data
obtained, a methodology was proposed that takes into account not only the geometry of the cross-
section, but also its sweating of plywood walls or longitudinal ribs of PRX panels.

Keywords: plywood panels, PRX, slip, bent stiffeners, X-shaped ribs, loss of stability, roof
panels.
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SEISMIC RESISTANCE OF LARGE-PANEL BUILDINGS IN SEISMIC REGIONS.
RETROSPECTIVE ANALYSIS OF REGULATORY FRAMEWORK
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Abstract. The article presents an extensive retrospective analysis of the regulatory framework
governing seismic-resistant design of large-panel buildings in seismic regions of Ukraine, spanning
from early Soviet documents (PSP-101-51, SN 8-57) and subsequent SNiP regulations (11-A.12-62,
[1-12-69, 11-7-81) to contemporary DBN V.1.1-12:2006 and DBN V.1.1-12:2014. The study's
relevance stems from increased design seismic intensity in numerous regions following the
implementation of ZSR-2004 maps, which necessitated reassessment of seismic resistance in
buildings previously constructed without appropriate anti-seismic measures. The authors
systematized key regulatory criteria (maximum building height and length, minimum requirements
for joints and reinforcement, calculation methods) in a comparative table to demonstrate the trends
of increasing requirements and transition from general recommendations to precise numerical
limitations. A comprehensive, structured approach was applied, including documentary research,
thematic analysis, and systematic grouping of regulatory requirements, which enabled establishing
the relationship between the construction period of a large-panel building and its degree of
compliance with current standards. The study demonstrates that the development of requirements has
occurred in response to accumulated experience, technological advances, and international
influences, resulting in modern calculation methods (spectral, nonlinear), detailed specifications for
joints and reinforcement, and possibilities for seismic isolation implementation. The obtained results
provide opportunities for direct integration into the methodology of visual assessment and
certification of existing residential buildings, significantly optimizing the process of identifying
potentially problematic structural elements and facilitating the development of scientifically
substantiated solutions for strengthening load-bearing structures by engineers. Thus, the retrospective
approach serves as a valuable tool for improving the efficiency of seismic resistance assessment,
optimizing resources for building reinforcement, and enhancing regulatory documents in the field of
seismic-resistant construction.

Keywords: seismic resistance, large-panel buildings, retrospective analysis, regulatory
framework, seismic regions.

Introduction. Ensuring the seismic resistance of buildings has become increasingly critical in
Ukraine's earthquake-prone regions, where recent seismic hazard reassessments have highlighted the
vulnerability of existing housing stock [1-3]. During the Soviet era, particularly in the latter half of
the 20th century, large-panel buildings were constructed en masse across what is now Ukraine, often
without adequate consideration of seismic requirements. This oversight occurred because
contemporary building codes, specifically SNiP I1-A.12-62, mandated anti-seismic measures only for
areas with design seismicity of 7 points or higher (clause 1.1 SNiP). Regions with lower seismicity
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ratings (such as 6 points) were generally deemed not to require special seismic provisions, though
subsequent code revisions (SNiP [1-7-81*) did introduce exceptions for critical structures built on
weak soils, even in 6-point zones. The situation changed dramatically with the adoption of the ZSR-
2004 general seismic zoning maps, which upgraded the seismic intensity by one point or more for
numerous regions of Ukraine [4, 5]. Consequently, a substantial portion of existing large-panel
building stock now falls within zones of elevated seismic hazard (6-9 points), necessitating
compliance with earthquake-resistant construction standards.

Visual assessment methods for evaluating the seismic resistance of existing structures,
especially large-panel buildings, is gaining considerable attention [2-3, 6]. Comprehensive
assessment criteria have been explored in detail [7]. A particularly valuable tool in this assessment
process would be a retrospective analysis of building codes, which reveals what standards were
applicable during construction, highlights discrepancies with current requirements, and identifies
potential structural vulnerabilities.

This paper presents a thorough retrospective examination of regulatory requirements specific
to large-panel buildings in Ukraine's seismic zones, tracing their evolution from early Soviet-era
documents (PSP-101-51, SN 8-57) through subsequent SNiP codes (11-A.12-62, 11-12-69, 11-7-81) to
contemporary state building standards (DBN V.1.1-12:2006 [4], DBN V.1.1-12:2014 [5]).

The scientific novelty of this work lies in its systematic compilation of regulatory criteria and
requirements that have evolved over several decades, along with the identification of both constant
and evolving elements within the seismic resistance regulatory framework for large-panel buildings.
This approach facilitates the integration of retrospective analysis into contemporary visual assessment
and certification methodologies for Soviet-era buildings that were constructed without consideration
of current seismic standards. As a result, engineers can develop more accurate and well-substantiated
reinforcement recommendations. Through detailed comparative analysis of documents from different
periods, we demonstrate how a large-panel building's construction date can serve as a reliable
indicator of potential non-compliance with modern standards.

Analysis of research and publications. Retrospective regulatory analysis has proven valuable
both internationally (FEMA 154 [8-13]) and domestically [1-3, 6]. Within the former USSR and modern
Ukraine, building code evolution spans from the 1950s to today. The progression from PSP-101-51 and
SN 8-57 through SNIP 11-A.12-62, 11-12-69, and 11-7-81 to current standards DBN V.1.1-12:2006 [4]
and DBN V.1.1-12:2014 [5] reveals a clear shift from broad guidelines to precise computational
requirements. This evolution includes the introduction of seismic zoning maps and increasingly
sophisticated analytical methods, including nonlinear static (pushover) and direct dynamic analyses.
Similar retrospective studies have already been conducted for masonry structures [14-15].

Purpose of the study. This research aims to provide a comprehensive retrospective analysis of
regulatory requirements for large-panel buildings in seismic zones, identify trends in requirement
intensification, document changes in regional seismic classifications, and establish a methodological
foundation for preliminary seismic resistance assessments of existing buildings.

Materials and research methodology. We identified and analyzed key regulatory documents
(PSP-101-51, SN 8-57, SNiP 11-A.12-62, SNiP 11-12-69, SNiP 11-7-81, DBN V.1.1-12:2006 [4], DBN
V.1.1-12:2014 [5]) that governed large-panel building design in seismic regions. Using content
analysis techniques, we extracted critical provisions from each document regarding large-panel
buildings, including requirements for maximum height (story limits), building length, joint design
and reinforcement, and calculation methods. We conducted targeted searches using relevant
keywords and their parts ("large-panel”, "panel walls", "prefabricated elements”, "panel joints", etc.)
to ensure comprehensive coverage. The findings were organized into a comparative table (Table 1).
Subsequently, we analyzed evolutionary trends in regulatory requirements, examining which
provisions became more detailed, which remained unchanged, and how these changes corresponded
with the introduction of new analytical methods and updated seismic zoning maps.

Historical development of the regulatory framework. The evolution of seismic resistance
requirements throughout the 20th and into the 21st century represents a continuous refinement
process. Ukraine's regulatory framework developed within the Soviet system, drawing on
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construction experience from various seismically active USSR regions including the Caucasus,
Central Asia, and the Far East. Initial anti-seismic construction rules emerged in the 1930s, prompted
by earthquakes of 7-9 point intensity that drove the search for protective building solutions [3]. These
early documents prioritized symmetrical floor plans and rigid horizontal and vertical connections,
though computational methods remained rudimentary due to technological limitations.

The 1950s marked the introduction of systematic seismic design standards (PSP-101-51, SN 8-
57). These underwent progressive refinement in subsequent SNiP codes, particularly 11-A 12-62, I1-
A 12-69, and 11-7-81, which increasingly incorporated international best practices and research
institute findings. Following independence in 1991, Ukraine began adapting Soviet standards to
national conditions, accounting for local geological characteristics. Current standards DBN V.1.1-
12:2006 and V.1.1-12:2014 [4-5] incorporate the ZSR-2004 maps, which significantly increased
seismic intensity ratings across large areas. This change has necessitated widespread reassessment of
existing buildings, particularly large-panel structures.

Our analysis focused on key requirements including:

— Maximum height (story limits) for various seismic intensities.

— Maximum building length restrictions.

— Embedded element spacing in joints and minimum reinforcement cross-sections.

— Structural requirements for joints, anti-seismic belts, and reinforcement.

— Calculation methodologies.

It should be noted that this analysis specifically addresses codes applicable to Ukrainian
territory (including the Soviet period) to develop a national methodology for visual seismic
assessment. International standards are not explicitly addressed.

Research Results.

Maximum building height (large-panel walls):

ePSP-101-51 (~1951). This document established no specific height restrictions for large-panel
buildings, as seismic design practices for panel construction remained undeveloped. The code
emphasized general structural solutions and plan symmetry but stopped short of specifying formal
story limits.

oSN 8-57 (1957). For 7-8 point seismicity zones, the code permitted large-panel buildings to
reach heights comparable to those in non-seismic regions, imposing no direct restrictions. However,
buildings in these zones still required reinforced joint grouting and adequate embedded hardware. In
contrast, 9-point zones faced a recommended height limit of approximately 30 m (roughly 9-10
stories), with mandatory emphasis on joint reinforcement and increased building rigidity per clause
66 of SN 8-57.

o SNIP 11-A.12-62 (1962). These standards maintained the permissive approach, imposing no
additional height restrictions for large-panel buildings in 7, 8, or 9-point zones, effectively treating
them like non-seismic areas in terms of height. Nevertheless, the code mandated enhanced monolithic
joint behavior and vibration resistance, prioritizing calculation-based justification and verified
connection strength over prescriptive height limits.

o SNIP 11-12-69 (1969). This document marked a turning point by introducing explicit height
limits: 39 m for 7-point zones, 30 m for 8-point zones, and 24 m for 9-point zones for large-panel
buildings.

oSNIP 11-7-81 (1981). The code further refined these restrictions, establishing height limits of
45 m (~14 stories) for 7-point zones, 39 m (~12 stories) for 8-point zones, and 30 m (~9 stories) for
9-point zones. These specifications not only provided greater clarity than previous standards but also
coupled height restrictions with enhanced requirements for structural rigidity and joint monolithic
behavior.

eDBN V.1.1-12:2006 (2006). Reflecting advances in construction technology and analysis
methods, this code substantially increased allowable heights: 20 stories for 7-point zones, 16 stories
for 8-point zones, and 10 stories for 9-point zones. Significantly, it also introduced provisions for
exceeding these limits, provided projects included additional justification, experimental research, and
scientific oversight.
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eDBN V.1.1-12:2014 (2014). This revision retained the 2006 height restrictions unchanged:
20 stories for 7-point zones, 16 stories for 8-point zones, and 10 stories for 9-point zones, while
maintaining flexibility for exceeding these limits under experimental construction programs.

Maximum building length:

ePSP-101-51 (~1951). The code imposed no specific length restrictions for large-panel
buildings, treating this parameter as unregulated.

oSN 8-57 (1957) - SNIP 11-A.12-62 (1962). Both codes maintained this permissive stance,
allowing large-panel buildings to extend to lengths comparable to those in non-seismic regions
without direct limitations. Instead of prescriptive length limits, these codes relied on ensuring
adequate spatial structural behavior through proper spacing of embedded elements and
comprehensive joint grouting.

o SNIP 11-12-69 (1969). While continuing to allow lengths similar to non-seismic buildings,
this code introduced the first absolute limit: structures could not exceed 150 m without being divided
into separate sections, marking the beginning of length-based seismic design considerations.

oSNIP 11-7-81 (1981), DBN V.1.1-12:2006 (2006), DBN V.1.1-12:2014 (2014). These later
codes converged on more restrictive requirements, establishing maximum recommended lengths of
80 m for 7-8 point zones and 60 m for 9-point zones. This significant reduction from the earlier 150
m limit may reflect growing understanding that longer buildings experienced excessive horizontal
deformations during earthquakes.

Frequency/minimum cross-section of joint connections:

ePSP-101-51 (~1951). The code remained silent on specific requirements for minimum cross-
sections or embedded element frequency in large-panel building joints, providing only general anti-
seismic guidance without addressing panel joint details.

oSN 8-57 (1957). This code introduced the first quantitative requirements: embedded elements
in vertical and horizontal joints had to be spaced no more than 2 m apart for 7-8 point zones, with this
spacing tightening to 1 m maximum for 9-point zones (clause 66, SN 8-57).

o SNIP 11-A.12-62 (1962). Rather than specifying numerical requirements for embedded element
frequency or connection cross-sections, this code took a performance-based approach, emphasizing joint
monolithic behavior and minimization of weak joints to enhance overall seismic resistance.

oSNIP 11-12-69 (1969). A critical advancement came with the introduction of minimum
connection cross-section requirements: all seismic regions now required at least 1 cm?m of
reinforcement area.

oSNIP [1-7-81 (1981). The code introduced differentiated requirements based on building
height and seismic intensity: buildings up to 5 stories in 7-8 point zones could use a reduced minimum
of 0.5 cm*m, while all other configurations required the full 1 cm?/m standard.

eDBN V.1.1-12:2006 (2006) — DBN V.1.1-12:2014 (2014). Both modern codes standardized
requirements across all high-seismic zones, mandating a uniform minimum of 1 cm?*m for 7, 8, and
9-point seismicity areas. This universal approach simplified design procedures while ensuring
adequate reinforcement levels regardless of specific seismic intensity.

Structural requirements (panels, joints, diaphragms):

ePSP-101-51 (~1951). With panel construction in seismic regions still in its infancy, this code
lacked specific requirements for large-panel systems and their joints. Design guidance focused solely
on general anti-seismic principles: structural symmetry, rigidity, and spatial behavior.

oSN 8-57 (1957). The code began recommending specific construction practices: use of large
panels combined with thoroughly grouted joints and embedded elements to achieve rigid connections
between structural elements.

oSNIP 11-A.12-62 (1962). This iteration prioritized achieving maximum joint monolithic
behavior by minimizing the number of joints and increasing individual panel dimensions. This
strategy effectively reduced stress concentrations at connections and improved structural reliability
during seismic vibrations.

o SNIP 11-12-69 (1969). The code introduced differentiated reinforcement requirements based
on risk level: buildings up to 5 stories in 7-point zones could employ single reinforcement, while all
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other configurations, whether due to height or higher seismicity, required double reinforcement to
ensure adequate spatial rigidity.

o SNIP 11-7-81 (1981). Technical specifications became more detailed, recommending room-
sized panels paired with ribbed joint surfaces, welded embedded elements, and monolithic seams,
designed to maximize inter-element bonding strength.

e DBN V.1.1-12:2006 (2006) — DBN V.1.1-12:2014 (2014). Modern codes mandate
comprehensive reinforcement strategies: double-sided wall panel reinforcement at minimum 0.025%,
ribbed joint surfaces for improved bonding, grouting with reinforcement outlets, and strategic vertical
reinforcement at corners and opening edges. This last requirement ensures optimal force distribution
while preventing crack formation at stress concentration points.

Joint and panel connection reinforcement. Throughout the entire evolution of Soviet and
Ukrainian building codes, detailed additional requirements specifically for corner reinforcement in
seismic large-panel buildings never emerged. Consequently, general large-panel building design
requirements governed these details across all periods. Early documents like SN 8-57 addressed
corner reinforcement primarily in the context of masonry construction, offering only general joint
grouting recommendations for large-panel structures. All subsequent codes — SNiP 11-A.12-62, SNiP
[1-12-69, SNiP 11-7-81, DBN V.1.1-12:2006, and DBN V.1.1-12:2014 — continued this pattern,
treating corner reinforcement not as a distinct design element but as part of the broader goal of
ensuring overall joint monolithic behavior and rigidity.

Calculation methods. The sophistication of analytical approaches evolved dramatically over the
decades. Early regulatory documents (PSP-101-51, SN 8-57, SNiP 11-12-69, SNiP 11-7-81) relied
exclusively on simplified static assessments, lacking the computational tools for complex dynamic
modeling. As technology advanced, later codes progressively incorporated dynamic methods.
Today's DBN standards (2006, 2014) represent the culmination of this evolution, mandating spectral,
direct dynamic, and nonlinear static (pushover) calculation methods while requiring consideration of
multiple earthquake intensity scenarios. These key developments are summarized in Table 1.

Analysis of obtained results. The evolutionary trajectory of the regulatory framework reveals a
consistent pattern of progressive refinement and increasing specificity in seismic construction
requirements. Early regulatory documents offered broad guidelines that granted engineers
considerable interpretive flexibility, a necessity given limited computational capabilities and
earthquake engineering knowledge.

The subsequent shift toward detailed, prescriptive requirements arose from three converging
factors: accumulated field experience from actual earthquakes, implementation of sophisticated
seismic zoning maps (particularly ZSR-2004), and dramatic advances in computational technology.
This evolution fundamentally transformed how engineers approach seismic design.

The transformation of building height requirements exemplifies this progression perfectly. The
1950s documents offered only general recommendations without quantitative limits. By the 1980s,
the codes established precise, numerically defined height restrictions directly tied to site-specific
seismicity levels. This same evolutionary pattern characterizes structural requirements: vague
recommendations for joint arrangements and connections gradually crystallized into exact technical
specifications, including precise minimum reinforcement cross-sections and maximum embedded
element spacing.

These regulatory changes directly reflected lessons learned from devastating earthquakes
worldwide and the integration of international best practices in seismic construction. The adoption of
spectral and nonlinear calculation methods demonstrates the profession's commitment to achieving more
accurate predictions of structural behavior during seismic events. For large-panel buildings specifically,
these advanced methods finally enabled engineers to conduct detailed analyses of joint behavior, panel
interactions, and complex vibration modes accounting for three-dimensional structural response —
capabilities that were simply unavailable to earlier generations of engineers. This historical perspective
on regulatory evolution provides the essential context for evaluating the technical condition and
certifying the seismic resistance of Ukraine's existing large-panel building inventory.
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Table 1 — Comparative table of large-panel building design requirements.

Frequency/min. Structural
cross-section of requirements
joint connections|  (panels, joints)

Regulatory
document

Max. building

Max. height/stories length

PSP-101-51 Not specified for LP* Not specified | Not mentioned Not mentioned

7-8 points 9 pts 7-8 pts: Use of | |
SN 8-57 ns embedded <2 | ~>¢ roou taer(??oﬁ’ﬁ[‘: S
ns 30m m; 9 pts: <l m 9 J
l\:(;t S;;?g(tjly Emphasis on
SNiP II-A 12- gutated, monolithic behavior,
ns ns emphasis on . .
62 . minimum joints,
monolithic . .
. increased panel size
behavior
SNiP 1I-A 7 pts 8 pts 9pts | upto150m Introduced Double panel
12-69 (for 7-8 points) min. reinforcement
39m 30m 24 m connection (certain conditions
cross-section > for 7 points)
1 cm?/m

SNIP I1-7-81 | 7 pts 8 pts 9 pts | Recommended | At <5 stories | Room-sized panels,
<80 m at 7-8 (7-8 points): |ribbed joint surfaces,
45 m 39m 30m pts <60mat9 >0.5 cm?/m; welded embedded

pts other cases >1 |elements, monolithic
cm?/m seams
DBNV.1.1- |6pts |[7pts|8pts| 9pts | 7-8 pts: <80 m; | Minimum 1 Double-sided
12:2006 9 pts: <60 m | cm*m for 7,8,9 reinforcement
points (>0.025%), ribbed

ns |20 st.|16 st.[10 st. joints, vertical

reinforcement at
corners and
opening edges

DBN V.1.1- | 6pts |7 pts|8pts| 9 pts | Same as DBN No change Similar
12:2014 2006: 7-8 pts from 2006 requirements plus
<80 m, 9 pts emphasis on
ns 120 st16st. 10 st <60 m structural ductility,
possibility of

seismic isolation
and nonlinear
calculations

Note: ns — not specified for LP; st. — stories.

Conclusions.

1. This comprehensive retrospective analysis has systematically examined the evolution of
regulatory requirements governing seismic resistance of large-panel buildings across Ukrainian
territory, revealing a clear progression from general principles to specific, quantitative standards.

2. The research identifies consistent strengthening trends in regulatory requirements over seven
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decades, with the most pronounced changes occurring in height and length restrictions, joint detailing
specifications, and reinforcement requirements — each responding to accumulated earthquake damage
observations and advances in structural engineering knowledge.

3. The analysis demonstrates that a building's construction year serves as a reliable proxy for
its likely compliance with current seismic standards: structures built under early codes predictably
exhibit specific deficiencies when evaluated against modern requirements, enabling targeted
assessment and retrofit strategies.

4. These findings offer immediate practical value for structural engineers conducting seismic
assessments and certifications of existing housing stock, while simultaneously establishing a
methodological framework for developing more sophisticated seismic resistance evaluation protocols
for Soviet-era large-panel buildings.
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AHoTauifA. Y cTaTTi NpeICTaBICHO PO3LIIMPEHHA PETPOCIEKTUBHUI aHaIIi3 HOPMATUBHOI 06a3u, 110
CTOCY€ThCS1 OOMEXEHb JI0 BETMKOIAHENbHIX OYAMHKIB y CEHCMIYHUX pailoHax Y KpaiHu, TOUYNHAIOYH Bl
nepimx paasaebkux gokyMeHTiB (IICT1-101-51, CH 8-57) ta mopaneimx CHIll (I1-A.12-62, 11-12-69,
I1-7-81), mo cywacamx JIbH B.1.1-12:2006 1 JIbH B.1.1-12:2014. AxTyanbHICTh IOCIiKESHHS
3yMOBJICHA MIJBULICHHSIM pPO3PaxyHKOBOI CEMCMIYHOCTI 3HAYHOi KIIBKOCTI PETiOHIB BHACHIJIOK
BIipoBakeHHs KapT 3CP-2004, 110 npu3Beno 10 HeoOX1JHOCTI OLIHIOBaHHSI CEHCMOCTIHKOCTI Oy IMHKIB,
3BeICHHUX 0€3 ypaxyBaHHs BiIMOBIIHMX aHTUCEHCMIYHUX 3aX0/1iB. CHCTEMaTH30BaHO KIIIOYOB1 KpUTEPIi
HOpPM (MakcUMallbHa BHCOTa Ta JIOBKMHA OYyAMHKY, MIHIMaJbHI BHUMOTH JI0 CTHMKIB 1 apMyBaHHS,
PO3paxyHKOBI METOJM), 110 PO3MIILIEH] Yy MOPIBHAUIBHINA TaOnuil, abu NMpoJeMOHCTPYBAaTH TEHICHILT
3MIHM BUMOT Ta [I€PEXO0/1y Bl 3araJiskHUX PEeKOMEHallli 0 TOYHUX KUTbKICHUX 00MEKeHb. 3aCTOCOBAHO
MIJIXiJ, 0 BKJIIOYAE JOKYMEHTAJbHUM MOIIYK, aHali3 Ta rPYIyBaHHS HOPMAaTHBHUX BHUMOT, IO JIAJI0
3MOT'y BCTAHOBUTH 3aJICKHICTh MK IaTOO OYAIBHUIITBA BEJIMKOIIAHEILHOTO Oy IMHKY Ta CTYTIEHEM HOTO
BIJMOBIZTHOCTI YMHHUM HOpMaM. [Ipo/ieMOHCTpOBaHO, 1110 TEHAEHIIiS PO3BUTKY BHMOT € PEaKII€l0 Ha
HAKOMUYEHUH JTOCBIJ], TEXHOJOTTYHUI MPOrpec Ta MIKHAPOIHHUMA JTOCBIJ, Y PE3YJIbTAaTl YOTO 3’ SIBIITUCS
Cy4acHi METO/IM PO3PaxyHKy (HETiHIHHUI CTaTHYHUH, TPSAMUN JUHAMIYHUIT), IeTali30BaHi OOMEeXEHHs
JI0 CTHKIB Ta apMyBaHHS, a TaKOX MOXJIMBOCTI 3aCTOCYBaHHsA ceiicMoizousiii. OTpruMaHi pe3ysbTaTu
HaJIal0Th MOXKJIMBICTD IHTErpaLlii y METOI0JIOTIIO Bi3yaJIbHOTO OLIIHIOBAHHS Ta MACMOPTH3ALIi] ICHYI0YOT0
KUTIOBOTO (POHAY, IO CYTTEBO CHPOIIyE TPOIeC 1AeHTU(IKAINT MOTEHINHHOTO eIty
CEMCMOCTIMKOCTI, SIK OKPEMUX KOHCTPYKTHBHHUX €JIEMEHTIB, Tak 1 Oy/1iBelb B LIJIOMY, a TAKOXK CHpHSIE
po3po0I1l  pilIeHsb MO0 IXHBOTO MIACHICHHS. TakuM YMHOM, BUKOHAHWN PETPOCTICKTMBHUN aHAJII3
CIlyTy€e KOPUCHUM 1HCTPYMEHTOM JJIsl MiJBHUILIEHHS €()eKTHUBHOCTI OIIHFOBAHHS CEMCMOCTIMKOCTI Ta €
HACTYIHUM KPOKOM y PO3BUTKY HOPMaTHBHUX JIOKYMEHTIB Y HANIPSIMKY CEHCMOCTINKOTrO Oy 1IBHUIITBA.
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Abstract. The study aims to determine the stability of KMD VF ventilated facades, featuring
RONSON 250x65%22 Busum facade tiles, when subjected to vibrational and dynamic influences. A
key objective is to assess their applicability in seismically active regions of Ukraine. To achieve
this, both computational analyses of the stress-strain state of the facade system elements and
experimental laboratory tests on a fragment of the system were conducted.

The research methodology involved a comprehensive literature review and analysis of
existing technical documentation. An experimental procedure was developed for testing on a
vibration stand, utilizing a Vibran-2.0 vibro-analyzer and a universal strain gauge station. A facade
system fragment measuring 1000x900 mm was subjected to controlled vibrational loads.
Concurrently, a numerical model of the fragment was developed and analyzed using the Lira-SAPR
software. The computational results were then rigorously compared with the experimental data,
confirming the adequacy of the calculation scheme with an error not exceeding 7%.

Furthermore, a detailed calculation of the facade system's response to seismic loads was
performed for a hypothetical 36-meter high-rise building situated in a 9-point seismic zone, in
accordance with DBN B.1.1-12:2014. The spectral method was employed, and the computational
model utilized volumetric finite elements for the building and clinker, shell elements for brackets
and purlins, and special finite elements for modeling connections between clinker-purlins, purlins-
brackets, and brackets-building.

The experimental tests demonstrated the facade system's resilience and integrity. No
individual tiles detached, and the connection nodes remained reliable, even under load levels
corresponding to approximately 60% of a 9-point seismic event. The seismic load calculations
further corroborated these findings, indicating that the overall bearing capacity utilization of the
system did not exceed 65%, thereby maintaining a substantial 35% safety margin. Crucially, the
protection against the fall of individual tiles was ensured with a significant 57% margin.

Based on the comprehensive results obtained from both experimental and computational
investigations, it is concluded that the use of KMD VF ventilated facades, adorned with RONSON
250%65x%22 Busum facade tiles, is feasible and recommended for construction projects located in
seismically hazardous regions of Ukraine.

Keywords: ventilated facades, seismic resistance, dynamic influences, vibrational influences,
facade tiles, experimental testing, stress-strain state.

Introduction. Ventilated facade systems (VFS) are an integral part of the modern
construction industry, playing a key role in ensuring the energy efficiency, aesthetic appeal, and
durability of buildings. These multi-layered structures include a load-bearing frame, an insulation
layer, and an external cladding layer with a ventilated air gap. They are widely used in both new
construction and in the reconstruction and major renovation of existing structures. Their purpose is
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to improve the thermal performance of external enclosures and effectively protect buildings from
aggressive atmospheric influences.

The increasing height of buildings and their location in seismic zones of Ukraine demand
heightened attention to the dynamic and seismic stability of all structural elements, including "non-
structural components” such as facade systems. Traditionally, facades were considered secondary
elements that do not affect the overall load-bearing capacity of a building. However, modern
research convincingly demonstrates that damage to non-structural elements during earthquakes is a
primary cause of significant economic losses, directly threatens the lives of occupants and passers-
by, and can lead to the disruption of building functionality [1, 2]. Insufficient attention to the
seismic stability of facades can lead to a cascading effect, where the failure of one element causes
further destruction and creates danger. Therefore, the relevance of this study lies not only in
increasing the reliability of an individual element but also in ensuring the overall seismic stability
and functionality of buildings, which has direct socio-economic consequences and is critically
important for the safety of settlements in seismic regions.

Analysis of Recent Research and Publications. Recent years have seen a significant
increase in scientific interest in studying the dynamic and seismic behavior of facade systems.
Research in this field covers both large-scale experimental testing and complex numerical
modeling, aimed at increasing the stability and safety of these elements. The importance of these
studies is underscored by constantly growing safety requirements and compliance with modern
building codes in seismic regions.

Shake-table tests are one of the most effective and reliable methods for assessing the seismic
behavior of non-structural elements, including facade systems. Research conducted by Samali and
Abtahi (2016) [3] showed that facade systems have the potential to act as dampers, dissipating
earthquake energy, thereby reducing vibrations of the main structure. Their work demonstrated that
by optimally selecting materials for the stiffness and damping of brackets connecting the two facade
shells, a significant portion of earthquake-induced energy can be dissipated [3].

Further works, such as Di Sarno's (2018) [4] research on the seismic behavior of hospital
cabinets (an example of non-structural elements), also used shake-table tests. This study
investigated dynamic properties and performance criteria, such as rocking and overturning,
confirming the versatility of shake-table testing methodology for evaluating various non-structural
components and their damage mechanisms [4]. In the context of ventilated facades, other studies
have also included shake-table tests to assess seismic behavior, specifically for gypsum board
partitions, demonstrating their positive in-plane and out-of-plane behavior [5]. This indicates a
general trend towards experimental confirmation of the reliability of non-structural elements under
seismic loads. The application of experimental methods, particularly shake-table tests, for
evaluating the seismic behavior of non-structural elements is a clear trend in modern science. The
complexity of the dynamic interaction of facade systems with the main structure requires physical
tests to validate theoretical models. The availability of experimental data is critically important for
confirming the adequacy of calculation models, which is a central aspect of the current study, where
the calculation error does not exceed 7%. This emphasizes the high level of reliability and validity
of the results achieved in this work.

Parallel to experimental studies, numerical modeling, particularly the finite element method
(FEM), is widely used to analyze the stress-strain state of facade systems. For example, Samali and
Abtahi (2016) [3] used three-dimensional models to study the dynamic response of facades acting
as dampers. Their studies showed that imperfections in connection details can lead to significant
stresses and facade damage under seismic loads, emphasizing the critical importance of designing
fastening nodes [3].

Research on assessing the seismic behavior of pre-stressed glass facade systems (PFGFS) also
actively uses FEM, both at the local connection level (3D FEM in ABAQUS) and at the global
system level (simplified models in SAP2000) [6]. This work highlights the vulnerability of non-
structural components and proposes innovative low-damage connections to increase the load-
bearing capacity of facades [6]. Other works have also used finite element analysis to study the
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seismic behavior of composite walls with embedded steel elements [7]. In general, the application
of FEM allows for detailed analysis of stress, deformation, and force distribution in complex facade
systems, including fastening elements and cladding. An important aspect is the validation of
numerical models using experimental data, as was done in the study of the energy efficiency of
ventilated facades, where modeling results (TRNSYS) were compared with experimental data [8].
Numerical modeling allows for detailed investigation of facade behavior under loads [9-11].
However, its reliability is significantly enhanced when validated with experimental data. This
creates a synergistic effect where each method compensates for the limitations of the other. The
current study directly uses this approach, comparing calculations in Lira-CAD software with
experimental data with an error of up to 7%. The combined approach (experiment + numerical
modeling) is the most reliable for evaluating complex systems such as ventilated facades and allows
for obtaining highly reliable results, which is critically important for responsible construction
decisions.

Recent years' research consistently emphasizes the high vulnerability of non-structural
elements, including facade systems, during earthquakes [1, 2]. Damage to these elements is a major
cause of economic losses and can pose a threat to human safety [1, 2]. Samali and Abtahi (2016) [3]
note that the facade, as a non-structural component with significant weight, can significantly affect
the behavior of the main structure [3]. Projects such as ISCREANE (2023-2024) [2] aim to develop
innovative methods and computational tools for the seismic assessment of non-structural elements,
particularly for critical facilities (schools, hospitals) [2]. This includes the development of
displacement-based methodologies and component fragility functions, allowing for more accurate
prediction of their behavior and potential damage. The awareness of significant economic losses
and life risks associated with damage to non-structural elements extends beyond purely engineering
tasks, having direct social and economic consequences. This requires the development of new, more
precise assessment methods. This need for innovation directly justifies the relevance of this study,
which proposes precisely such a comprehensive approach to a specific type of facade system. Thus,
research into the seismic stability of facades is not just a technical task, but part of a broader
strategy to ensure the seismic stability of buildings and reduce risks to society.

Despite significant progress in research on the dynamic and seismic behavior of facade
systems, unresolved issues remain regarding specific types of ventilated facade systems, their
specific components, and their application under Ukrainian building codes. Existing studies often
focus on general principles, certain types of cladding (e.g., glass panels [6], gypsum board partitions
[5]), or specific regions (e.g., Kazakhstan [5]). However, a comprehensive assessment of the
stability of the "KMD VF" system with RONSON 250x65%22 Busum facade tiles under vibrational
and dynamic influences, as well as its applicability in seismic regions of Ukraine in accordance with
DBN V.1.1-12:2006, remains insufficiently studied.

Although the general principles of seismic assessment of non-structural elements [1, 2] and
methods of experimental and numerical studies [3-6, 8] are well developed, the specific
characteristics of concrete facade systems, such as KMD VF with RONSON tiles, can differ
significantly. Materials, structural solutions for fasteners (e.g., AD31T1 aluminum alloy, rivets,
dowels), and their interaction under dynamic loads require individual assessment. Furthermore, the
application of Ukrainian norms DBN V.1.1-12:2014 adds a unique regional context. This study fills
an important gap by providing specific, validated data for a specific facade system under conditions
compliant with Ukrainian building standards, which is critically important for practical application
and construction safety in Ukraine.

Research Goal. To determine the stability of "KMD VF" ventilated facade systems with
RONSON 250x65%22 Busum facade tiles under vibrational and dynamic influences. To determine
the possibility of using this system in seismic regions of Ukraine, perform computational studies of
the stress-strain state of the facade system elements and experimental laboratory tests of its
fragment.

Research Objectives:

« Conduct an analysis of literature, initial data, and available technical documentation.
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« Develop a methodology for the experiment, preparation of the test bench, and dynamic
studies.

e Calculate a fragment of the facade system in the Lira-CAD software environment and
compare the results with experimental data, draw conclusions regarding the adequacy of the
calculation scheme and calculation methodology.

« Adopt the research and load-bearing capacity assessment methodology under seismic loads
in accordance with [12-17].

Materials and Research Methodology. Ventilated facade systems are designed for thermal
insulation and cladding of external enclosing structures, for new construction, reconstruction, and
major repairs of existing buildings and structures.

KMD VF systems are multi-layered structures that include a load-bearing metal (aluminum
alloy) frame (fastening system) attached to the base (load-bearing structures of the outer wall), an
insulation layer, and a facade cladding layer attached to the elements of the load-bearing frame.

The KMD VF fastening system consists of parts and assembled units. By functional purpose,
they can be divided into main parts (brackets, load-bearing posts), cladding elements (rivets,
profiles), secondary parts (thermal breaks, auxiliary profiles), products for fastening brackets,
insulation (anchors, facade dowels), parts for fastening the subsystem (bolts, nuts, washers, screws,
pull rivets, self-tapping screws).

Basic parts and load-bearing elements of the fastening system are made of AD31T1 aluminum
alloy DSTU B.V.2.6-30:2018 (6063).

During research and assessment of load-bearing capacity under seismic loads for KMD VF
systems, numerical modeling using the finite element method is applied. Additionally, full-scale
testing of key fastening nodes and system elements of a facade system fragment, secured on a
vibration platform, is carried out to verify calculation models and refine material strength
parameters under dynamic loads.

Research Results. Experimental tests of the facade system on a vibration stand were
performed on a sample fragment with dimensions of 1000x900 mm (Fig. 1).

Vibration parameters — vibration displacements of the load-bearing vertical and horizontal
elements of the facade system from an artificial vibration exciter were determined using the Vibran-
2.0 vibro-analyzer.

Technical characteristics of the Vibran-2.0 vibro-analyzer:

« Vibration displacement measurement range — 0.01-10 mm;

« Operating frequency range — 0.5-1000 Hz.

To determine relative deformations and stresses in conjunction with the vibro-analyzer, a
universal strain gauge station was used. Relative deformations were recorded in dangerous sections
of the brackets and in steel profiles (at fastening points and in the middle of spans).

“ lig. 1. Fragment of the facade sste
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The test results are presented in Table 1.

Table 1 — Test results of the facade system sample fragment

Ne Sensor Placement Unit of Value
measurement
1 | Vertically, at the middle of the sample mm 2.136
2 | Vertically, at the middle of the sample mm 0.085
4 | Vertically, at the middle of the sample mm 0.48
4 | Horizontally, at the middle of the sample mm 1.974
5 Horizontally, at the middle of the span mm 0.098
6 Horizontally, at the middle of the span mm 4.175
7 | Stresses in brackets MPa 28.5
8 Stresses in profile MPa 83.1

To compare the results obtained from the response spectra, a dynamic analysis of the
fragment was performed, and an analysis of the stress-strain state was conducted, including a check
for potential clinker detachment.

A fragment of the calculation model for one facade system package is shown in Fig. 2. The
calculation results are presented as stress fields for the most loaded section of the facade system.
Stresses were determined using the Huber-Hencky-Mises criterion (Fig. 3).
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Fig. 3. Stress in fastening elements, MPa
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It has been established that during the experimental tests, the facade system maintained its
integrity, no individual tiles fell off, and the connection nodes of the elements remained reliable.
The obtained stresses coincide with the calculation results, with an error not exceeding 7%.

Calculation of the Facade System for Seismic Load under Real-World Conditions

The research involves calculating the "KMD VF" ventilated facade system with RONSON
250%65x%22 Busum facade tiles for conditions of combined operation with a multi-apartment
residential building with a total height of 36 m.

Input Data for Seismic Load Calculation of the Facade System:

— Consequence Class (Building Responsibility Class) — CC-3.

—Wind Load — 370 Pa.

— Seismic Zoning Map — OSR-2004-S (1%).

— Soil Category by Seismic Properties — I1I.

— Seismicity of the Construction Site — 8.

— Design Seismicity according to Table 1.1 [17] - 9.

— Seismic Load Direction — X, Y, or Z.

Description of the Calculation Methodology. The calculation of the facade system,
considering seismic effects, was performed in the Lira-CAD software environment using the
spectral method in accordance with clause 2.3 [17] and [18-23].

To determine the design values of horizontal seismic loads on the facade system, a design
scheme in the form of a spatial multi-mass elastically-deformable cantilever rod was adopted. This
rod is rigidly fixed at its base, carries concentrated masses of weight Qk, and undergoes oscillatory
motion in one of the x, y, or z directions (Fig. 4, a).

The calculation model (Fig. 4, b) was constructed using volume finite elements (FE) to model
the conditional building and clinker elements, shell FEs for brackets and spans, and also special FEs
for modeling the connections between clinker and spans, spans and brackets, and brackets and the
building. Separately, a fragment of the calculation model for one facade system package is shown in
Fig. 5.

The design value of the horizontal seismic load Ski, applied to point k according to the i-th
natural vibration mode of the system, is determined by the formula:

Ski = K1+ k2- K3+ Soki , 1)
where: ki — coefficient accounting for inelastic deformations and local damage to building
elements (Table 2.3 [17]) — 1.0 (damage or inelastic deformations are not allowed);

k2 — structure responsibility coefficient (Table 2.4 [17]) — 1.0 (residential, public, and
industrial buildings);

ks — floor coefficient — 1.3 (10 floors).

Soki — horizontal seismic load for the i-th natural vibration mode of the structure.

a) ¥
Fig. 4. Calculation scheme of the spectral method
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Fig. 5. General view of a model of one facade system package

Horizontal seismic load Soki according to the i-th form of natural oscillations of the structure,

which is determined by the elastically deformed system by the formula:
Soki = Qk-a0-Krp-Bi-nki , (2)

where: Qk — load corresponding to the mass determined by the program as concentrated at
point k, taking into account the coefficients according to Table 2;

ao — relative acceleration of the soil (taken to be equal to 0.4);

krp — coefficient taking into account nonlinear soil deformation — 0.7 (for soil category Il and
seismicity 9);

Bi — spectral coefficient of dynamicity corresponding to the i-th form of natural oscillations of
the structure (determined by the program);

nki — coefficient that depends on the form of the natural oscillations of the system or structure
and on the location of the load (determined by the program).

Table 2 — Design load combinations

Coefficients of coupling
Ne O\_/vn Wind load Sei_smic_ in the Sei_smi(_: in the Sei_smic_ in the
weight direction Y direction X direction Z

1 1.0 0 0 0 0

2 1.0 1.0 0 0 0

3 1.0 0 1.0 0 0

4 1.0 0 0 1.0 0

5 1.0 0 0 0 1.0

6 0.9 0.5 1.0 0 0

7 0.9 0.5 0 1.0 0

8 0.9 0.5 0 0 1.0

The calculation results are presented as stress fields for the most heavily loaded section of the
facade system. Strength assessment was performed using equivalent stresses, determined with the
Huber-Hencky-Mises energy theory (Fig. 6). Forces at the contacts between clinker and spans, spans
and brackets, and brackets and the building are taken according to the corresponding special finite
element of the model.
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The summarized results are presented in Table 3. The load-bearing capacity indicators are
presented as a coefficient, which indicates the degree of strength exhaustion. An allowable
coefficient value of no more than 1.0 (or 100% exhaustion) is considered acceptable.

Table 3 — Summary of calculation results

2 2 |8 @
| & 5 |5 s
S = 'S 2 S
Ne Load-bearing capacity indicator S g S o % b
£ 8 S = =
£ & 3 @ =
= o D L
ki 4 |0
1 | Pull-out force of a dowel with a screw 44 - 150...500 - 0.30...0.10
2 | Rivet pull-out force 3.2x8 4.2 - 25...45 - 0.17...0.10
3 | Clinker separation force from the run | 2.4 - 5.6 - 0.43
profile
4 | Stress in brackets - 49 - 120 0.41
5 | Stress in the profile - 150 - 230 0.65

150

13

755

56.9

— 383

— 19.7

a) by —
Fig. 6. Pull-out force of dowels with a screw (a), kg, stress in the fastening elements (b), MPa

Conclusions. Based on the comprehensive studies of the facade system, which included both
experimental laboratory tests of its fragment and numerical modeling for seismic effects, the
following key conclusions can be drawn:

1. Resistance to Vibrational and Dynamic Impacts. Experimental tests demonstrated the high
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survivability of the facade system at a load level corresponding to approximately 60% of a 9-point
seismic event. The system maintained its integrity, no individual tiles fell off, and the connection
nodes of the elements remained reliable. The stresses obtained during the experiments coincide with
the results of numerical calculations, with an error not exceeding 7%. This confirms the adequacy
of the developed calculation scheme and methodology, which is the basis for the reliability of
further predictions.

2. Seismic Resistance and Strength Margins. The spectral calculation of the facade system,
operating jointly with a 36m high multi-story building, for seismic effects established that the
exhaustion of the system's overall load-bearing capacity from a 9-point seismic event does not
exceed 65%. This means that a significant strength margin of 35% is maintained. Furthermore,
protection against the falling of individual tiles is ensured with a margin of 57%. These quantitative
indicators demonstrate the high level of reliability of the system under seismic loads.

3. Feasibility of Application in Seismic Zones of Ukraine. Based on the obtained results,
which confirm both experimental survivability and sufficient strength margins in seismic load
calculations, it is concluded that the use of "KMD VF" ventilated facade systems with RONSON
250x65x%22 Busum facade tiles is possible and advisable for construction in seismic zones of
Ukraine. This solution is justified in terms of safety and compliance with building codes.
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YVipaincokuii depacasnuil ynisepcumem 3anisHU4HO20 MPAHCROPNLY
Mmaiinan @eiiepbaxa, 7, Xapkis, 61050, Ykpaina

AHoTamisi. MeToro JOCTIIKEHHSI € BU3HAYECHHS CTIMKOCTI HaBICHUX BEHTHJIHOBAHUX (acaiB
iy «KMD VF» 3 o3g00nenHsaM dacansoro mmtkoro RONSON 250%65%22 Busum min ni€ro
BIOpaliiHMX Ta JWHAMIYHUX BIUIMBIB, a TaKOX OIlIHKa MOXIMBOCTI 1X 3aCTOCYBaHHS B
CeCMOAKTUBHUX perioHax VYkpaiHu. g 1mporo Oyno NpPOBEIEHO PO3PaxXyHKOBI JOCIIKEHHS
Harpy>keHo-7e()OPMOBAHOTO CTaHy €JIEMEHTIB (hacaJHOI CUCTEMH Ta EKCIIePUMEHTAIbHI JabopaTopHi
BUNIPOOYBaHHS ii parMeHTy.

B pamkax pgocnmimkeHHSs BHKOHAHO aHaMI3 JHTEpaTypd Ta TEXHIYHOI JOKYMEHTAaIlli,
pO3pO0IEHO  METOAWKY  eKCIIEpUMEHTY Ha  BiOpaliiHOMY CTEHOI 3  BUKOPHCTAHHAM
BiOpoaHamizaTopa Ta TeH3oMeTpuyHOi craHilii. ®parment dacagHoi cuctemu pozmipom 1000x900
MM MijaBaBcsi BiOpaiiiHUM BIUTMBaM Ha BiOpocTteHai. I[IpoBemeHo dHCENbHI MOCTIIKEHHS
¢parmenty dacagnoi cucremu B [1K Jlipa-CAIIP Ha airo BiOpauiifHuX BIUIUBIB, CTBOPEHHUX IIiJI Yac
eKCIepUMEHTYy. BcTaHOBIIEHO, IO PO301KHICTH PE3yIbTATIiB PO3PAXyHKIB 1 €KCIIEPUMEHTATbHUX
JTaHUX HE nepeBuinye 7%.

Jlo1aTkoBO BUKOHAHO PO3PAXYHOK (hacaHOI CUCTEMH Ha CEHCMOHABAHTAXEHHS Ui 36-MeTpOBOL
OyniBini B ymoBax 9-0ambHOi cedicmiyHocTi 3rizHo 3 JIBH B.1.1-12:2014. Tlpu crTBOpeHHI
PO3paxyHKOBOI cxeMu Oyia MpUHHATA CIPOIICHA CXeMa JJIsi MOJCIIOBAHHS OYIIBII 13 3aTy4YCHHSAM
00'eMHHMX CKIHYCHHHX C€JIEMEHTIB 1 TECOMETPUYHO TOJIIOHA 10 peabHOI KOHCTPYKIIi (acagHa cucTeMa,
moOy/J0BaHa CKIHYEHHUMH elleMeHTaMu 000JoHKH. CXeMa HaBaHTa)XEeHHS Tepeadavana BUKOPUCTAHHS
CIIEKTPAJILHOTO METOJY.

ExcniepuMenTanbHi BUNIPOOYyBaHHS TOKa3aid, 10 QacagHa cucrteMa 30epirae IUTCHICTB,
NaJiHHSA TUIMTOK HE BiAOYBa€ThCS, a BY3IU CIOJNYUYEHHS EJIEMEHTIB 3alUIIAIOThCS HAAIMHUMHU
HaBiTh TIPH HABAaHTAXCHHSX, IO BIAMOBITa0Th ~ 60% Bixg 9-0ampHOI celicmiku. Po3paxyHku Ha
CeICMOHABaHTA)KEHHS MIATBEPAWIIN, 1[0 BUYEPITAHHS HECYYOi 3aTHOCTI CHCTEMH HE TIEPEBHIIYE
65%, 3a0e3neuyroun 35% 3amacy MIITHOCTI. 3aXMCT BiJ] MaJiHHSI OKPEMUX IUIUTOK 3a0€3MeYy€eThCs
13 3amacom 57%.

Ha mincraBi oTpuMaHHX pe3yibTaTiB 3p0OJIEHO BUCHOBOK PO MOXKIIMBICTH BUKOPHCTAHHS
HaBiCHUX BeHTHWIbOBaHUX (acasniB Tumy «KMD VF» 3 mmutkoro RONSON 250%65%22 Busum y
ceiicMoHeOe3neuHuX paiioHax YKpaiHH.

KuarouoBi cjioBa: HaBicHI BEHTHIHOBaHI (acaiau, CEMCMOCTINKICTh, JWHAMIYHI BIUIUBH,
BiOpamiifHi  BIUIMBH, (acajHa IUIMTKA, EKCIIEPUMEHTaJIbHI BHMIPOOYBaHHS, HaIpPYKEHO-
nedopMOBaHHIL CTaH.
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This work by © 2025 by Panchenko S.V., Redko I.0., Lobiak O.V., Dudin O.A. is licensed
under CCBY 4.0

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 88-98


mailto:panchenko074@ukr.net
http://visnyk-odaba.org.ua/2025-13/13-9.pdf
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/

BUILDING STRUCTURES

YK 539.3 DOI: 10.31650/2786-6696-2025-13-99-108

AHAJITUYHUA METO/ PO3PAXYHKY ®YHKI[IOHAJIbHO-TPAIEHTHUX
BAJIOK, IO OIIMPAIOTHCA HA ITPYKHY OCHOBY BIHKJIEPA
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Y0o0ecovra depacasna axademis 6ydisnuymea ma apximexmypu
Byq. Jlinpixcona, 4, m. Opneca, 65029, Ykpaina

AHoTanis. B naHii myOmikamii po3rnsiIaroThCs Tak 3BaHi (PYHKI[IOHAIBHO I'PaJIIEHTHI OalKu
(®I'b) 3 BIacTHBOCTIMHU Martepiaiy, IO 3MIHIOIOTHCS Y3I0BXK JOBXKHHH 3 TICBHUM TPAIIEHTOM.
PobGora mpucesiueHa po3poOIli aHATITHYHOTO METOAY PO3PaxXyHKY Ha 3TMH BKa3aHUX Oajiok, II0
OMMPAIOTHCS Ha OAHOPIAHY CYLUIbHY IPYKHY OCHOBY BiHkiepa. Moaynb npy>KHOCTI MaTepiaiy Ta
HABaHTAXCHHS BBAXAIOTHCA JOBUIBHUMHU 3MIHHUMH HETIEPEPBHUMH (PYHKIISMH, L0 3aJ1€kKaTh BiJl
KOOPJMHATH CEPEIMHHOI oci Oanku. B 0CHOBI po3po0sieHOro aBTOPChKOTO MeToay (AM) NeXuTh
TOYHHHA PO3B’A30K BiJIIMOBIHOTO 3BHUAHHOIO HEOJHOPIIHOTO AU(EpPEHIIaTbHOTO PIBHSAHHS 3THHY
YETBEPTOTO MOPSIIKY 31 3MIHHUMU KoeditieHTaMu. HeBijoMi KOHCTaHTH IHTETpyBaHHS TYT BUPaKEeH1
gyepe3 IOYaTKOBI MapaMeTpH, SKI 3HAXOAATHCS IMICHS peami3amii 3aJaHuX TPaHUYHHX YMOB.
dyHmaMeHTaIbHI (PYHKINT Ta YaCTUHHUN O3B’ 130K TU(EPEHITIaTBLHOTO PIBHAHHS MTPEACTABISIIOTHCS
y BHUIJIIII PAIIB MO CTEMEHAM Oe3pOo3MipHOTO MapaMmerpy 31 3MIHHUMH KoedilieHTamu, sKi
BU3HAYAIOTHCSA 32 JIONOMOIOI0 PEKYPEHTHHX I1HTETrpajibHUX CIIBBIAHOIIECHb. [l 3py4HOCTI
MPAaKTUYHOTO 3aCTOCYBaHHSA (yHIAMEHTaldbHI (YHKIT Ta YAaCTHHHUN pO3B’S30K DPIBHIHHSA
TpaHcPopMyIOThcst 10 QopmaTy cTenmeHeBUX psiaiB. Tum camum, po3paxyHok PI'b Ha 3run
3BOAMTHCS 10 TPOIETYypH UYWCENbHOI peamizalii SBHUX aHAIITUYHUX (DOpMyIs JUis mapaMeTpiB
HampyXeHo-Ae(pOPMOBAHOTO CTaHy.

Ha npuknaai npoJeMOHCTPOBAaHO MpaKTHYHE 3acTocyBaHH AM. PO3risiHyTO mpuU3MaTH4Hy
®I'b, Moy Tb IPYKHOCTI SIKOT 3MIHIOETHCS 3a MapaboIiuHUM 3aKOHOM. Pe3ynbraTu po3paxyHky AM
MPEJCTaBIICHI B YHCENBbHOMY Ta TpadiuHoMy (opMmaTax uis BHUIAIKY, KOJIW JIBUI KiHEIb Oamku
IIApHIPHO OMEpTHi, a mpaBuil 3aTHCHYTUI. OTpUMaHi YKCeNbHI 3HAUEHHS TPAKTYIOThCS K TOYHI,
OCKUTBKH PO3PaxXyHOK TIPYHTYETHCS HAa TOYHOMY PO3B’SI3KYy BIAMOBIAHOTO JudepeHIiaTbHOTO
piBHAHHA. HasgBHICTH TaKOTO METOY J03BOJSTHME OLIIHIOBATH TOYHICTH PO3B’A3KIB, OTPUMAHUX 32
JIOTIOMOTOI0 PI3HOTO pOJy HAOJIMKEHUX METOMIB. 3 MeToro BepHikalii po3paxyHkiB AM, HaxaHi
TaKOX BIATOBITHI PO3B’A3KH, 5IKI OTpuMaHi MeTosioM ckiHueHHux eneMeHTiB (MCE) B I1K JIIPA-
CAIIP. ITopiBHSHHS CBIIYUTH PO BaMiAHICTE AM.

KurouoBi cioBa: QyHKIiIOHaNbHO-TpaJi€eHTHA Oanka, IMpyXHa OCHOBA, TOUHUN PO3B’SI30K,
aHaJIITUYHUIN METO/I.

Beryn. B Ham yac mmmpoke 3acTOCYBaHHS Y PI3HHX Tally3sX HAyKH 1 TEXHIKH 3HAXOJSATh
KOHCTPYKIi 3 (YHKIIOHAIBHO-Tpami€eHTHUX MatepiaiiB [1-6]. Tak Ha3uBarOTh KOMITO3HIIMHI
MaTepiaii, siKi CTBOPIOIOTHCS IIJITXOM 3MIHHM MIKPOCTPYKTYPH BiJl OJJHOTO MaTepiaily J0 1HIIOTO 3
3a1aHuM rpajgieHToM. [1oai0H1 MaTepiany po3poOISIOTECS TAKUM YHHOM, IIIOOH iM OYyJTM MpUTaMaHHI
NeBHI Hamepen 3aJaHi BiacTUBOCTI. Hampukiiag, MoBa Moke HTH mpo TepMiuHy a0 KOpO3iiHY
CTIHKICTB, INTACTHYHICTD, B A3KICTh Ta 1HIII.

Cepell BEIMKOTO PI3HOMAHITTS KOHCTPYKIH, BaxiuBuM kinacoM € ®OI'b 3 BiactuBoCTIMH
MaTepiany, M0 3MIHIOIOTHCS Y3[OBX JOBXKHUHHU. Taki KOMIIO3UTH XapakKTEpU3YIOThCS 3MIHHHUMH
rnapamMeTpamu, TaKUMHU, K MPY>KHICTh, HIUTHHICTh, TEIJIONMPOBIIHICTh Ta 1HIII. 30KpeMa, 3ruHaIbHa
KOPCTKICTh TAKUX OAJIOK TaK0k Oy1e 3MIHHOIO Y3/10BXK JOBKHWHU. BHACTIIOK 11IHOTO, SIK 3a3HAYAETHCS
B [7/], mpu po3paxyHKax TakuxX OajJoK Ha KOJIMBAHHA Ba)XKO OTPUMATH TOYHI PO3B’SI3KH 13-3a
3MIHHOCTI KO€(ILIEHTIB y BIAMOBIIHOMY AU(EpEHLIaIbHOMY PIBHSHHI. 3 TaKOl K MPUYUHHU BaXKKO
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OTPUMATH TOYHI PO3B’S3KM 1 MPHU PO3B’SI3aHHI IHIIMX 3aBAaHb, HAMPHUKIAA, TPU PO3paxyHKax
BKa3zaHuUX OaloK Ha CTIHKICTh YW Ha 3rWH. HameBHO came TOMY y CydYacHUX JOCHIDKEHHSX,
MPUCBSYCHUX Pi3HOTO poay po3paxyHkam PI'b, 3acTtocoByroThcsi HaOmmwkeHi Meroau. OmHaK
3pO3yMLIO0, IO TUTBKH TOYHI PO3B’SI3KU JO3BOJIIOTH OTPUMATH 1H(POPMALIiIO SKICHOTO XapakTepy Ta
chopmyBaTH HaMOLIBII JOCTOBIPHY KapTHHY HAINpPY>KEHO-Ie(POPMOBAHOTO CTaHy Oayiku. Tomy
npobiemMa aHaITHIHOTO po3paxyHKy @I'b, sikuil IpyHTY€TbCS HAa TOYHOMY PO3B’SI3KY BiJIIOBITHOTO
nudepeHIiabHOTO PIBHAHHS 3THHY, € aKTyaJIbHOIO.

Jana po6oTa npucBsSYEeHA aHAIITUIHOMY MeToAy po3paxyHky ®PI'b Ha 3ruH y BUMaaKy, KOJIH
MOJIYJIb TIPY>KHOCTI Ta HAaBaHTAXEHHS 3a/1aH1 Oy/Ib-sIKUMH HETICPEPBHUMH (PYHKITISIMH.

AHaJi3 ocTaHHIX JocaiKeHb Ta myoJikanii. Cepen YrcIeHHUX MyOITiKAIiA, MPUCBIICHIX
piznoro poay po3paxynkam ®I'b Ha npyskHiii OCHOBI c1ijx BuaLIUTH podboTH [8-12].

B crarti [8] MCE nocmimkyerscsi peakuis KOHIYHMX KoHconbHux @OI'b Ha Benuki
nepeMinieHHs. BBaxkaeTbcs, 1o Martepiajq Oajgkyd Mae TPAAI€EHT Y MO3JA0BXKHHBOMY HANpSIMKY 3a
CTETIEHEBUM 3aKOHOM. UHCIIOBI pe3ysIbTaTH MOKa3yI0Th, 10 peaKilisi OaNKu Ha BEJIMKI MEPEMIIICHHS
BU3HAYAETHCS 3aKOHOM PO3MOJLITY Marepiainy Ta KoedimieHToM KOHycHOCTi. OChOBE MEepeMileHHS
Ha BUIBHOMY KiHII Oanky HaWOUIbII dYyTIUBE A0 KoedillieHTa KOHYCHOCTI, a TIONepevHe
NepeMillleHHs] HaWMeHIe 3aJeKUTh BiJ LbOT0 Mapamerpa. TakoX TOCHIKYETbCS BIUIMB
BIJIHOILICHHSI JJOBXXHHU 10 BUCOTH Oasiku. ABTOpH [9] npeicTaBuiIn KOMIUIEKCHY TEOPETHYHY MOJICIb
JUTSL TOCJTIPKEHHSI 3TMHY, CTIMKOCTI Ta BIIACHUX KOJHMBaHb (DYHKI[IOHAJIBHO-TPAJIIEHTHUX HAHOOAJIOK,
110 ONMPAIOTHCS Ha MPYIKHY OCHOBY, 3aCTOCYBAaBIIN HEJIOKAILHY TEOpito rpaaienTa aedopmartii. s
o6aok Tumomenka ta Elinepa-bepHyni y 3aMkHeHid ¢opmi OTpUMaHI aHATITHYHI BUPA3H IS
MIPOTHHIB, YaCTOT Ta KPUTHYHUX CUJI HaHOOajoOK. [IOpiBHAHHS OTPUMAHMUX PE3YJIbTATIB 3 paHille
BIIOMHUMH JaHUMH HiATBEPIKYIOTh KOPEKTHICTh Ta BHCOKY TOYHICTH 3alpONOHOBaHOi Mojeni. B
nyOmikamii [10] po3poOiieHO yHIBepCaabHHIA YHCEIbHUM METOA IS aHali3y CTaTUYHHX |
nuHaMivyHux peakuii ®I'b 3 noBUTbHUMHM 3MIHHMMH IOTIEPEUYHUMH TIEpepizamMu, Marepiajiamu,
(yHIaMeHTaMu, HABAHTAXXCHHSIMU Ta 3araJlbHUIMU TPAaHUYHUMHU YMOBaMU. Bci mepepaxoBaHi 3MiHHI
nmapaMeTpy 3a/1avi JUCKPETH3YIThCsl MeTosioM [ayca-JIo6aTTo, a MOTIiM alpOKCUMYIOTHCS PSAaMU
1o nosrinomam YebureBa BUCOKOTO MOPSAKY. JIMCKpeTHe piBHAHHS CIIEKTPAIbHUX €JIEMEHTIB Oaku
BHBEJICHO 3a JIONIOMOTO010 piBHAHHSA Jlarpanxa Ta Teopii Oanok Eitnepa-bepnyimni. s BU3HaueHHS
CHEKTpalbHUX eleMeHTIB YebuieBa Ta 0OpOOKU TpaHUYHUX YMOB 1 CYMICHOCTI MiXK €JIeMEHTaMu
BBEJICHO MpOEKIiiHI MaTpuui. [ mepeBipky 3amporOHOBAHOTO METOAY MPOBEACHO YHUCIOBI
EKCIIEPUMEHTH 3 ypaxXyBaHHSAM PI3HUX HEOJHOPITHUX MaTepiaiB, PAHUYHUX YMOB, (YHIAMEHTIB,
MOTIEpEeYHHX Mepepi3iB Ta HaBaHTaXKeHb. 301KHICTh Ta TOYHICTH 3aIPONIOHOBAHOTO METOoAy Oynu
MepEeBipEeHi IIJITXOM IMOPIBHSAHHS PE3yJIbTATIB pO3paxXyHKIB 3 pO3B’sI3KaMU, 3HAWJICHIUMH B JIITEPATypi
Ta oTpuManiMu 3a gornomororo MCE. V crarti [11] npezacrarieHo HOBuit miaxin g0 anamizy ®I'b 3
MOPHUCTICTIO, IO ONMUPAIOTHCSA Ha MPYKHI OCHOBHU. 3alpOIOHOBAHO HOBUH 3MilIaHUi OamoYHMN
CKIHUCHHHH €JIEMEHT IO BKIIOUAE y3araJbHEHY MONMEPEUHY KOPCTKICTh Ta MapaOOoiuHuNA PO3MOILT
Hanpy’keHb. 3alporOHOBAaHUM OallouHUil eneMeHT 3abe3neuye IBUAKY 30DKHICTB, ajke JUis
OTPUMaHHS TOUYHUX PE3YyJIbTATIB Y MOPIBHSAHHI 3 ICHYIOUMMHU MOJEINSMU JIOCTaTHBO 3a/15ITH BChOTO
1-2 enemenTa. ToMy BiH € Ha{IHUM YHUCIIOBUM iHCTpyMeHTOM st aHanizy DI'B. Jlocmimkenns [12]
npucBsiueHo aHanizy noseninku ®I'b Ha npyxHiil ocHOBI. banka Moaen0€eThCs 3 BUKOPUCTAHHAM
3MIIIAHOTO MIiAXOJY, /1€ MOEJHYIOThCS MapaMeTpu 3CyBY Ta KOMIIOHEHTH Hampy’kKeHb SK OCHOBHI
3MiHHI, 10 3a0e31euye BUCOKY TOUHICTh Ta BUKY 301kHICTE MCE. IIpy»HY OCHOBY MpecTaBIeHO
3a jomomoror Mojeni Binkiepa Ta aBo-mapamerpuunoi mozeni Ilactepnaka. IIpoBoasitbes
JOCTI/DKeHHS JJII BUBUCHHS BIUTMBY CITIBBIIHOIICHHS JOBXXWHHU JIO TOBIIWHH, TPAHUIHUX YMOB,
Koe(illi€HTY )KOPCTKOCTI (GYHAAMEHTY Ta TEOMETPUYHHX MTapaMeTpiB Ha MPOruHu O6anku. Pesynpratu
JEMOHCTPYIOTh €()EKTUBHICTh 1 TOYHICTH 3MIMIAHOTO CKIHYEHO-EJIEMEHTHOTO TIIXO0My JUIs
JOCTIPKEHHST CKIIQJHOI B3a€MOIl MK OanKor Ta MpYyXHUM (yHIaMeHTOM. JlaHe MocmimKeHHs
HaJla€ HaIIWHUN THCTPYMEHT JIJIsl POCKTYBAHHA Ta aHaAMI3y (DYHKIIIOHAIBHO-TPAIIEHTHUX OaJIOK Ha
NpY>KHIl OCHOBI.
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Otxe, nis pizHOTO pony pospaxyHkiB ®OI'b Ha mpykHIM OCHOBI 3aCTOCOBYIOTH BHKIIOYHO
HaOIIKeH1 METOIU. AHATITHYHUM METO/ ISl CTATUYHOTO po3paxyHKy PI'B, B OCHOBI SIKOTO JIEKHUTH
TOYHHI PO3B’SI30K BIAMOBIIHOTO MU(EpPEHIIaIbHOTO PIBHIHHS, B HAYKOBIH JIITEpaTypi BIACYTHIMH.

MeTta Ta 3aBaaHHs. MeTa JI0CIiPKEHHS — PO3BUTOK aHAJIITHYHUX METOIB po3paxyHKy PI'b,
110 OMHUPAIOTHCS HA MPY>KHY OCHOBY.

3aBaHHS JOCTIKEHHS:

— pO3pOOUTH aHATITUYHUN METOAY AJsl cTaTuyHOro po3paxyHky ®I'b cranoro nepepisy, 1o
ONHUPAIOTBCA HAa OJHOPIAHY CYLUIbHY TpY>KHY OCHOBY BiHknepa, 1 BHUNAAKy JOBUIBHHX
HETIepEPBHO-3MIHHAX MOJTYJISI IPY>KHOCTI Ta HAaBaHTaXCHHS,

— MepEeBIPUTH BaNliIHICTh AM HUIIXOM MOPIBHSHHS PO3PAaXYHKIB U1 KOHKPETHOTO MPUKIIATY
3 BiAmoBigHUME po3B’siskamu MCE.

Marepiaaun Ta MeToauka aociaikeHHs. [Ipu po3pobui AM BUKOPHUCTOBYBAIHCH TEOPIis
(GYHKIIOHABHUX PSAAIB Ta TEOpis 3BHYANHMX OUQepeHIiaTbHuX piBHAHb. B ocHOBI AM nexuth
TOYHHI PO3B’s30K audepeHIiaapHoro piBHAHHS 3ruHy PI'b, skuil 3HalEHO METOIOM MIPSIMOTO
interpyBanns [13]. Takox 3actocoByBaBcss MCE, sikuii peanizoano B TTK JIIPA-CAIIP.

Pesyabratn pocaigxenb. Posrnsnaerbcs 3amada npo 3ruH OI'b, mo onmpaerscs Ha
OJTHOPIIHY CYILJIbHY NPYXHY OCHOBY Binkiiepa. BimnmoBigHa po3paxyHKoBa cxema 300pa)keHa Ha
puc. 1, ne q(X) — 3amaHe po3noaijieHe 3MiHHE MONEpeYHe HaBaHTaKeHHs, Y(X) — MporuH (mpocaaka

ocHOBH), @(X) — KyT IIOBOPOTY.

N JAMAAAR AR AL L
TITvvvYyY

W

Puc. 1. PozpaxyHkoBa cxema Oajku

Jnst Mmonyaist ipyskHocTi 6anku E(X) Ta HaBanTaxkenHs ((X) npuitmaemo gopmy 3ammucy:
E() =B, AX); () =q,C(x), (1)
ne E,, 0, — Moaysb Mpy>KHOCTI Ta HABAaHTAXXECHHs y ME€BHIN XapaKTepHIi Toulll OanKy (HallpUKIIaj,
B mepepizi Xx=0), a A(X), C(X) — 6e3po3mipHi QyHKIIii, 110 BUPAKAIOTh BiMOBIIHO 3aKOHH 3MiHU

MOJYJISI IPY>KHOCTI Ta HAaBaHTa)KEHHS YJIOBXK OC1 OAJIKH.
JudepenuianbHe piBHSIHHS 3THHY OalTKH Ma€ BUTIISL

Eo1 (A(X)y"(x))" +ky(x) = 4,C (%), )

BU3HAYCHHS 3 [[OT0 pIBHSIHHS (YHKIII mnporuHiB Y(X), IiHIN MapaMeTpud HampyKeHO-

nedopmosanoro crany (HIC) 6anku, Taki sk KyT moBopoty @(X), 3ruHaabHuii MoMeHT M (X) Ta
nonepeydHa cwia Q(X) BH3HAYAIOTHCS 32 BIIOMUMHU 3 TEOPii 3THHY 0alok (opMyiaMHu:

P(X) = Y'(X); M(x) ==EIA(X)Y"(x); Q(x) ==E,I(A(X)y"(x))". 3)

Tounuit po3B’s30k AudepeHIliaIbHOro piBHIHHS (2) MOXHA 3HAWTH 3a JOMOMOTOK METOJY

MPSIMOTO 1HTETpyBaHHS, SIKUH po3BUHYTO B [13]. 3acTocyBaHHS LIbOTO METOMY MPOLTIOCTPOBAHO Y
HU3I MyOJTiKaliii, cepes askux BigzHauumo [14-16]. 3okpema, B [16] moOy10BaHO TOUHUIT PO3B’I30K
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nudepeHIIiaaTbHOro PiBHIHHS, T0Ai0HOTO (2). BiAMiHHICTB MOJIATae B TOMY, [0 TaM PO3TJITHYTO 3THH
0aJIKu CTanoi )KOPCTKOCTI HAa HEOTHOP1IHIN NPy kHiil ocHOBI Binkiepa. [Ipu nboMy HEOAHOPIIHICT
OCHOBHM XapaKTEPHU3YETHhCS TOBIILHUM HEMEPEePBHO-3MIHHUM KoedimienTom mocteni. [1[o6 He
MOBTOPIOBATH OJHOTHUITHY MPOLEAYPY METOIY MPSIMOTO IHTErpyBaHHS, 3alHMIIEMO TUIBKU KiHIIEBI
dhopmyu, SKUMH BU3HAYAETHCS TOYHUI pozB’;BoK piBusiHHS (2):

y(x) = y(0) X, (x) + p(0)l X,(x) - M(O)—IX (x) - Q(O)I—IX (X) + EII Xs(X); (4)
Xn(x):ﬂn,o(x)_Kﬂn,l(X)+K ﬂn,z(x)_K ﬂn,S(X)+"' (n:1’2’3!415); (5)
K :E;
E,|
~ 5 n-1 ~ . _lxxL 5 n-3 ~ .
pro0=(%] (n-12) ﬂn,o(x>—|2££A(X)(|) dxx (n=3,4); ©)
1 X X 1 X X l
foo() =1z ! ! A l ! C (x)dxdxdxdx ; )
B (%) —%ﬁ%jjﬁnk L, (x)dxdxdxdx (n=1,2,3,4,5)(k =1,2,3,...) . (8)

BaxmuBo 3ayBaxkutu, mo ¢ynkuii (5) 6e3po3mipni [13]. Koncrantu interpyBanHsi B (4)
BUpaKeHi uepe3 Tak 3BaHi noyarkosi nmapamerpu Y(0), ¢(0), M (0), Q(0), sixi BU3HAYaTUMYThCS B
KO)KHOMY KOHKPETHOMY BHIIQJIKY i3 3aJ[aHUX IPAHUYHUX YMOB.

3natoun (yHKII0 mporuHiB (4) Ta KopucTyrouuch (3), MOKeMO 3ammcaTdH (HOpMyJIH IS

BU3HAYCHHS 1HIINX HapaMeTpiB HJC Ganku:
I 2

P =Y(O)1 %,(0-+9(0)X,() - M<0)—IX(x) QO =%, (x)+E'I X4 ; 9)
M (x) = —y(0>,% X,(x) —¢(0)T° X, (X)+M (0) X5 (X) + QO)IX , (X) — gl *X (%) ; (10)
Q) ==Y(0) 3 X, (0 9(0) =21 X, () M0) X4+ QUOX, (9 -l Xs(9). (11)

me X, (x)=IX!(x); X (x)=1PAX)X"(X); X, (x)=1I*(AX)X"(X))’ (n=1,2,3,4,5)—6e3posmipHi

bynxkii [13].
[Ticns anpokcumanii pynxuiin f(X) =1/ A(X) Ta C(x) psaamu MakinopeHa:

f(x):A)+Al(|]+A2( ) +...+AJ[I—)J+..., (12)

C(x)=C,+C (I)+C (Ijz+...+Cj(|§Jj+..., (13)

dopmyu (5)-(8) TpaHC(bopMyIOTbcsI 710 BHJLY, OUTBII 3pYYHOTO ISl IPAKTUYHOTO 3aCTOCYBaHHS:

X (X)= ( ) EZ( K)*c, ( )MH (n1=1,2,3,4,5): (14)

k=0 j=0
Cooo =L Cro; =0 (N=12)(j=123..); (15)
A

Cooj = (n+1—2)én+1 D (n=34)(j=012,..); (16)

S E= (=) Z(. +1l)('|+'2) (1=012..); (17)
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1 ] A .C

_ J—i n,k-1,i
Cnics = (n+4k+ j—-2)(n+4k+ j-1) & (n+4k +i—4)(n+4k +i-3) (18)
(n=12,34,5)(k=123.)(j=0,12,.).

Taxum ynrOM, hopmyaamu (4), (9)-(18) dbaxTuuHO BU3HAYEHO HOBHIA aHATITHUYHUN METO JUIs
cTaTUYHOT0 po3paxyHKy ®I'b Ha ogHOpIaHIN cylinbHIN npyXHii ocHOBI BiHkiepa.

s peanmizariii po3po0aeHOTO METOAY CTBOPEHO BIAMOBITHUN MporpaMHUi kox Ha Visual
Basic B nporpamuomy cepenosuiii Excel. Tum camum, 3a06e3neueHo MOKIHUBICTh po3paxyHky @I'b
y MPOrPaMHOMY PEKUMI.

Ipuxnao. PosrnstHemo npusmatnyny @I'b, niBuii KiHENb KO MAPHIPHO ONEPTUH, a TIPaBHiA
3aTUCHYTHH (puc. 2). Jliroue Ha OajaKy 3MiHHE HaBAaHTAXEHHS 3aJIaHO 3aKOHOM CHHYCA.

q(x) = q(%)sin”TX. (19)

q(1/2)

Puc. 2. PozpaxyHkoBa cxema Oayku

Banka BurorosneHa 3 1BOX KOMIIOHEHTIB, a came, 3 IupKoHito ZrO, Ta amoMinito Al . Moayib
MPY>KHOCTI OAJIKK 3MIHIOETHCS 32 TApaOOIIYHIM 3aKOHOM:

E(X)=E,, —(E, —EA,)(IEJ

ne E, , E, — BiOZNOBIZHO MOyYJi MPY>KHOCTI IIMPKOHIIO Ta amtoMiHito. [1oaiOHI Oamku 3HAXOAATH
3aCTOCYBaHHS Y Pi3HUX Taly3sX IH)KEHepil, B TOMY YKCIIi B aepokocMiuHOMY OyaiBHUITBI [10].

['panuuni yMOoBH y ganoMy Bumajiky 3amuiryTbes Tak: Y(0)=0; M(0)=0; y(I)=0; ¢(I)=0.
Omxe, nBa mouarkoBi mapamerpu Y(0), M(0) yxe Bimomi. Iami msa ¢(0), Q(0) s3maiizemo i3
CHCTEMH PIBHSIHb, Ky OTPUMAEMO IICNIsA peaizalii TpaHUYHUX YMOB Ha MpaBoMy KiHmi X =1,
ckopuctaBmuck (4), (9). B migcymKy ai1st MOYaTKOBHX MapaMeTpiB MaTHMEMO:

s - - - -
100 0~ 2 XDRDXOXO, ) g, ) g XDRD KX,
0 2(|)X4(|)_X2(|)X4(|) X2(|)X4(|)—X2(|)X4(|)
Buxomsuu 3 (1), (19), (20), mis 1aHOTo BHMAAKY 3HAXOAMMO:

E(x) =E,A(X); Ey=E,; A(x):l—(l—a)(lﬁj C =4,

2
l

(20)

I, Cain X
qoquj, C(x)=sin -
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Jlami, ckopucTaBImIKUCh psigaMu MakiiopeHa:

f(x) =1+ (1-5) (TXT +(1-5) (TX)A +(1-06)° (Il)e +o,

C(X):sinﬂ_x:fr_x_i(ﬂ_X)3+i(ﬂ_XT_i(ﬂ_X)7+
| I 31U 510 1 710 1

Bu3HauaeMo koedimientu psaiB (12), (13). Tyt A, =1, C, =0, a inmi 3HaYeHHS BU3HAYAIOTHCS B
3aJICKHOCTI Bijl MAPHOCTI YM HEMAPHOCTI IHAEKCY | :
i+3 7
Aj =0; C= (-1 ? =y — /WISl HeTIAPHHUX 3HAYCH j=135,...;
J:
AJ. = (1—5)j/2; Cj =0 — w1 napHux 3Ha4yeHs | =2,4,6,....
3ayBaXKMMO, IO JUIs HPOTPAMHOTO OGumcieHHs KoedinienTis psamxy (13) mpu HemapHux |

3py4HIIIe KOPUCTYBATUCh PIBHOCUILHUMU PEKYPEHTHUMHU (DOPMYITaMHU:
2

C=rC  =——2% C (j=135,.).
=7 e =T G O Y )

Buxioni oani onst pospaxyuky: noxuna 6anku | =4m; mupuna nigomsu 6anku b=0,2.u;
Bucota 6anku h=0,3m; q,=100xH / m; E,, = 2-10%«I1a : = =7-10"xl1a: k =1000xH | Mm?.

B mporpamMHOMy pexuMi BHKOHAaHO pPO3paxyHOK, a came, Ui ABAIIATh OJHOTO Iepepily
obumcieni 3HaueHHs napamerpis HIAC Oanku: nporuny Y(X), KyTa moBopoty ¢(X), 3rHHAJIBHOTO
momeHTty M (X) Tta mnomepeunoi cuwiu Q(X). Pesympratu pospaxynky AM mpezacraBiieHi B

yuceapbHOMY Ta rpadiunomy ¢gopmari (auB. Tabn. 1, 2 ta puc. 3, 4). [ns nopiBasHHS B Tabm. 1, 2
TaKoX HajaHi pe3ynpTatu po3paxyHky MCE y I1IK JIIPA-CAIIP.

Tabmuus 1 — 3HaueHHS KIHEMAaTHYHUX TTapaMeTpiB

y(X), [2m] BigHocHa o(X), [pao] BimHocHa
X AM MCE nox(1;061<a, AM MCE HOX(;I?K&,
0 0,000000 0,000000 0,00 0,001493 0,001509 1,03
0,2 0,297262 0,300332 1,03 0,001472 0,001487 1,03
0,4 0,586132 0,592172 1,03 0,001410 0,001424 1,03
0,6 0,858411 0,867220 1,03 0,001307 0,001320 1,02
0,8 1,106279 1,117568 1,02 0,001166 0,001178 1,00
1 1,322493 1,335880 1,01 0,000991 0,001000 0,98
1,2 1,500569 1,515597 1,00 0,000785 0,000793 0,93
14 1,634976 1,651136 0,99 0,000555 0,000560 0,87
1,6 1,721323 1,738064 0,97 0,000306 0,000308 0,68
1,8 1,756556 1,773292 0,95 0,000045 0,000044 1,67
2 1,739150 1,755301 0,93 -0,000219 -0,000223 1,58
2,2 1,669326 1,684330 0,90 -0,000477 -0,000484 1,29
2,4 1,549282 1,562612 0,86 -0,000719 -0,000728 1,19
2,6 1,383459 1,394667 0,81 -0,000933 -0,000944 1,13
2,8 1,178859 1,187621 0,74 -0,001105 -0,001117 1,08
3 0,945460 0,951599 0,65 -0,001218 -0,001231 1,05
3,2 0,696763 0,700295 0,51 -0,001254 -0,001267 1,01
3,4 0,450576 0,451777 0,27 -0,001189 -0,001200 0,97
3,6 0,230190 0,229678 0,22 -0,000990 -0,000999 0,93
3,8 0,066258 0,065116 1,72 -0,000615 -0,000621 0,87
4 0,000000 0,000000 0,00 0,000000 0,000000 0,00
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Tabnuus 2 — 3HaYeHHS CUJIOBHX MapaMeTpiB

M (X), [xHm] BinaocHa Q(x), [xkH] BimHocHa
X AM MCE HOX(I)/I/OGKa, AM MCE nox(1;/106l<a,
0 0,000000 0,000000 0,00 94,946557 96,035896 1,15
0,2 18,886709 19,103294 1,15 93,408780 94,477623 1,14
0,4 37,160826 37,585827 1,14 88,833209 89,841003 1,13
0,6 54,224802 54,842083 1,14 81,332187 82,240166 1,12
0,8 69,510798 70,296745 1,13 71,089873 71,862152 1,09
1 82,494625 83,418823 1,12 58,357698 58,962337 1,04
1,2 92,708602 93,734726 1,11 43,448174 43,858196 0,94
1.4 99,753031 100,839928 1,09 26,727194 26,921391 0,73
1,6 103,305991 104,408890 1,07 8,605034 8,568649 0,42
1,8 103,131219 104,203102 1,04 -10,473734 -10,748409 2,62
2 99,083895 100,076920 1,00 -30,041142 -30,554564 1,71
2,2 91,114179 91,981148 0,95 -49,617282 -50,362499 1,50
2,4 79,268435 79,964287 0,88 -68,722005 -69,684860 1,40
2,6 63,688105 64,171272 0,76 -86,886582 -88,046265 1,33
2.8 44,606287 44,839977 0,52 -103,665003 | -104,994797 1,28
3 22,342120 22,295361 0,21 -118,644611 | -120,113243 1,24
3,2 -2,706881 -3,058488 12,99 -131,455793 | -133,029190 1,20
3,4 -30,074295 -30,748241 2,24 -141,780404 | -143,423981 1,16
3,6 -59,235811 -60,242874 1,70 -149,358670 | -151,040604 1,13
3,8 -89,621436 -90,966637 1,50 -153,994247 | -155,689453 1,10
4 -120,628513 -122,312965 1,40 -155,557094 | -157,252869 1,09
V(x), [mm] @(x), [pao)
0 1 2 3 4 -0,0015
0 -0.001
05 -0.0005
0
1 00005
s 0.001
0,0015
2 0,002
Puc. 3. Enropu KiHeMaTHIHHUX MapaMeTpiB
M(x), [kHMm] O(x), [xH]
-150 200
-100 =150
50 -100
-50
0
0
50 50
100 100
150 150
Puc. 4. Enropu cuioBHX mapaMeTpiB
BucHoBku:

1. 3anponoHoBanuii AM € e(peKTHUBHHM y 00YHCIIOBAILHOMY BiJHOIIICHHI Ta Ja€ MOYKJIUBICTh
OTPUMYBATH TOYHI Pe3yJIbTaTH I CTaTHIHUX po3paxyHkiB PI'B. Bin He motpedye auckpeTusaiii
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KOHCTPYKIIIi Ta € peaJIbHOIO AJIbTEPHATHBOIO 3aCTOCYBaHHIO HAOIMKEHUX METOJIIB IIPH PO3B’ I3aHHS
JAHOTO KJIacy 3ajad.

2. [pyHTYI04HCh HAa TOYHOMY PO3B 513Ky, AM 103B0JIsI€ OTPUMATH OilIBII JOCTOBIPHY KapTHHY
H/IC 6anku mopiBHSHO 3 HAOIMKCHUMHU MeToAaMHu. BpoBa/pKeHHST TaKOTO METONy B IH)KEHEPHY
MPAKTUKY 3a0€3MeUnTh OUIbITY TOUHICTh PO3PAXYHKIB.

3. ITopiBHSIHHSA OTPUMaHUX PO3PaxyHKIB 3 BIAMOBITHUMHU po3B’si3kamu, 3HaiaeHuMu MCE y
ITK JITPA-CAIIP 3acBimuye BaigHicTh AM.

4. IlepcrieKTUBY TOJAJIBIINX JOCIIHPKCHb aBTOPH IIOB’S3YIOTh 13 3acTocyBaHHS AM uist
CTaTHYHHMX po3paxyHKiB peanbHuX ®I'b 3 pi3HMMH 3aKoHAMM 3MiHU KoedillieHTa IIPY>KHOCTI Ta
HaBaHTKCHHS: JTIHIHHUMH, TTOJIIHOMIaJIbHUMH, CTCTICHEBUMH, €KCIIOHEHIIIAIbHUMH Ta 1HIIAMH.
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AN ANALYTICAL METHOD FOR THE ANALYSIS OF FUNCTIONALLY GRADED
BEAMS RESTING ON A WINKLER ELASTIC FOUNDATION
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Abstract. This publication addresses the analysis of so-called functionally graded beams
(FGBs), whose material properties vary along their length according to a specified gradient. The study
is devoted to the development of an analytical method (AM) for bending analysis of such beams
resting on a homogeneous, continuous Winkler elastic foundation. The material's modulus of
elasticity and the external load are assumed to be arbitrary, continuously varying functions dependent
on the coordinate of the beam’s neutral axis. The proposed method is based on an exact solution to
the corresponding fourth-order ordinary differential equation of bending with variable coefficients.
The unknown integration constants are expressed in terms of initial parameters, which are determined
by applying the prescribed boundary conditions. The fundamental functions and the particular
solution of the differential equation are represented as power series in a dimensionless parameter,
with variable coefficients obtained through recursive integral relations. For practical convenience, the
fundamental functions and the particular solution are transformed into power series format. This
reduces the bending analysis of FGBs to a numerical implementation of explicit analytical
expressions for stress-strain state parameters.

A numerical example demonstrates the practical application of the AM. A prismatic FGB with a
parabolically varying modulus of elasticity is considered. The AM results are presented in both numerical
and graphical formats for the case where the left end of the beam is simply supported and the right end
is fixed. The obtained numerical values are treated as exact, since the analysis is based on an exact
solution of the governing differential equation. The availability of such a method enables the assessment
of the accuracy of solutions obtained using various approximate methods. For verification purposes,
corresponding solutions obtained by the Finite Element Method (FEM) using the LIRA-SAPR software
are also provided. The comparison confirms the validity of the proposed analytical method.

Keywords: functionally graded beam, elastic foundation, exact solution, analytical method.
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Abstract. This article experimentally investigates the possibilities of technological regulation of
cement stone and concrete microstructure parameters through the introduction of chemical admixtures
of various natures. Based on studies concerning the influence of chemical admixtures on cement
hydration processes and cement stone microstructure, a comparative evaluation of the hardening and
pore formation of cement stone with accelerating, plasticizing, and complex admixtures was performed.

Specifically, the study focused on the impact of complex chemical admixtures, including a
superplasticizer like C-3 (likely a naphthalene sulfonate-based type) and LST (lignosulfonate)
combined with accelerators such as NaCl or KCIl, NaxCO3, K2CO3, Na2SO4, K2SO4 on the pore
formation characteristics during the hardening of two types of cement: Portland cement PC CEM I
42.5R and slag Portland cement SPC CEM II B-S 32.5 R. These cements differ in their mineral
composition, slag content, and consequently, their hydration rate and structure formation.

It was established that cement stone, whose porosity is characterized by a minimal pore radius
and an optimal ratio between the volumes of gel pores and capillary pores, can be achieved through
the complex application of an accelerator and a plasticizer. The synergistic effect of the
superplasticizer reducing the water-cement ratio and improving particle dispersion, alongside the
chloride accelerator speeding up early hydration, contributes to this refined pore structure.

Furthermore, a novel approach for evaluating the effectiveness of modifying the cement stone
structure is proposed using the coefficient Ker, defined as the ratio between the volumes of gel pores and
capillary pores (ratio of dynamic microstructural indices). This quantitative information regarding the
cement stone's microstructure and the limits of its regulation under the influence of internal and external
factors allowed for the formulation of a concept regarding the possibilities of achieving specified
concrete properties by modifying the corresponding parameters of the cement stone's microporosity.

Keywords: cement stone, microstructure, microporosity, chemical admixtures, structure
formation, pore radius, pore size distribution.

Introduction. The pore formation process in cementitious materials is quite complex due to the
presence of two developing, interacting structures: hydrosulfoaluminate and hydrosilicate.
Hydrosilicates and calcium hydroxide play the main structure-forming role, constituting the bulk of
the cementitious new formations. Despite the vast morphological diversity of other hydrated new
formations within the cementitious material, their influence on certain physical and mechanical
properties is deterministic and can be predicted in advance.

The primary properties of cementitious material — strength, permeability, frost resistance, etc. — are
determined by the ensemble of micropores with a corresponding size distribution. Changes in pore sizes
within the range of 2 to 100 nm can drastically affect the properties of the cementitious material, thus
allowing for control over the nature of structure formation during the hardening phase. One of the levers
for controlling the structure formation of cementitious material is the application of chemical and mineral
admixtures, which in a specific way influence the course of hydration and hardening.

Analysis of Recent Research and Publications. The developmental trends in modern concrete
technology are rooted in the increasing scientific intensity of concrete science. This field, in turn, is
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progressively integrating the principles and methodologies of physical and colloid chemistry, physics,
and advanced simulation and statistical modeling techniques [1-2]. High indicators of strength,
density, and durability in concrete are achieved at the microstructure level by incorporating highly
effective chemical, mineral, and complex admixtures as crucial components. This approach enables
the regulation of concrete properties by altering the ratio of capillary and gel microporosity within
the cement paste structure and at the aggregate-cement paste interface [3-4].

The presence of pores in cement paste, ranging from 1 to 1000 nm in size and partially or
completely filled with a liquid phase or vapor-air mixture, complicates their investigation. This is
further compounded by the heterogeneous interaction of solid, liquid, and gaseous components, the
diversity of their forms, the anisotropy of pore characteristics, and potential energetic changes at
phase boundaries. Consequently, various methods are required for studying pore structure across
different pore size distribution intervals (e.g., mercury porosimetry, nitrogen adsorption,
thermoporosimetry). This also limits the methodological capabilities for quantitatively assessing the
parameters of the evolving microstructure, the dispersity and strength of the solid phase of cement
paste, the characteristics of bond forms, and changes in the indicators of pore liquid phase transitions
under temperature or humidity influences, chemical, and other types of aggression [5-6].

One of the key factors for designing and producing concrete with desired properties, enhanced
durability, and resistance to aggressive environments is the microstructure of the cement paste [7].
Currently, the primary method for regulating the properties of concrete mixtures and hardened concrete
is the use of chemical and mineral admixtures. Chemical admixtures enable the targeted modification of
the cement paste microstructure, which directly impacts the mechanical properties of concrete, including
compressive strength, flexural tensile strength, elastic modulus, and deformation resistance [8-11].

Modifying the fundamental characteristics of the cement paste pore structure through chemical
admixtures significantly influences concrete durability. Its parameters (pore size, pore volume, and
size distribution) determine critical properties such as gas and water permeability, frost resistance,
corrosion resistance, and more. Therefore, understanding the impact of chemical admixtures on the
cement paste microstructure is fundamental for modern concrete engineering. This is not merely
"important"; it forms the basis for innovation and solving complex challenges in construction. For
these reasons, research into the influence of chemical admixtures on concrete properties and the
nature of its structure formation remains highly prevalent in contemporary concrete science.

Aim and Objectives. The aim of this work is to regulate the structure formation processes of
cement paste in concrete, based on thermodynamic analysis data of pore liquid phase transitions
within confined pore volumes.

The objectives of this research are:

— To substantiate the application of differential scanning microcalorimetry for analyzing
microporosity and phase transformations in hardening cementitious systems.

— To quantitatively assess the parameters of microporosity and their changes over time during
the hardening of cementitious systems.

Materials and Methodology. This study investigated the influence of chemical admixtures on
the pore formation characteristics of two types of cement: Portland cement PC CEM 1 42.5R and slag
Portland cement SPC CEM II B-S 32.5R. These cements differ in their mineral composition, slag
content, and consequently, in their hydration rate and structure formation characteristics (Table 1).

The impact of several types of chemical admixtures was examined, including hardening
accelerators with sodium and potassium cations, and plasticizers (Table 2). All admixtures conformed
to the requirements of DSTU B V.2.7-65-97.

Quantitative assessment of pore structure parameters (pore size, pore volume, pore size
distribution, pore shape) is performed based on scanning calorimetry data [12]. This assessment
employs the principles of equilibrium thermodynamics and considers phenomena at phase
boundaries. This approach addresses a complex set of tasks, including determining the parameters of
liquid phase transitions during the freezing of porous dispersed materials, evaluating the energetic
state of the liquid phase, assessing the degree of transformation during solid-liquid interactions, and
evaluating the influence of technological factors and the effectiveness of concrete property
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modification with chemical admixtures.

Differential Scanning Calorimetry (DSC) belongs to the group of physicochemical thermal
analysis methods used to determine energetic (enthalpy) changes in the substance under investigation.
These methods are based on measuring temperature (Differential Thermal Analysis — DTA),
spontaneous (Calvet calorimetry), or compensatory (DSC) heat flows [13].

Table 1 — Characteristics of Cements

Indicators CEM142.5R | CEM III/B-S 32.5R
Actual Activity, MPa 52.0 (28 days) 23.7 (7 days)
Activity after Steaming, MPa 32.0 25.2
Fineness of Cement Grinding (passed through 008 sieve), % 91.0 91.0
Setting Time, hours-min: Start-End 3-20 1-50
4-20 7-00
For tests with river sand: Normal Consistency 28.0 28.1
Mineral Composition, % CsS 57.48 50.0
C2S 21.36 30.0
GA 7.57 3.8
C4AF 12.35 16.2

Table 2 — Chemical Admixtures

Name (Iitcl)iﬁlllclzl Regulatory Document
Potash (Potassium Carbonate) K2COs DSTU B V.2.7-65-97
Sodium Carbonate Na2COs3 DSTU B V.2.7-65-97
Sodium Chloride NaCl DSTU B V.2.7-65-97, TY 6-13-14-77
Potassium Chloride KClI DSTU B V.2.7-65-97, TY 6-13-14-77
Potassium Sulfate K2SO4 DSTU B V.2.7-65-97, TY 38-10742-84
Sodium Sulfate Na2S04 DSTU B V.2.7-65-97, TY 38-10742-84
Technical Lignosulfonate (LST) | {CisHis0sSNa} TU 13-0281036-05
C-3 {C1iH703SNa}n TU 6-36-020429-625

The DSC method is based on heating (or cooling) a sample and a reference at a set rate while
maintaining their identical temperatures. It measures the compensatory heat flow required to keep the
sample's temperature within the programmed range. Experimental curves represent the dependency
of heat flow (mlJ/s) or specific heat capacity Cp (J/(g-K)) on temperature. The compensatory heat flow
is directly proportional to the change in the sample's internal energy (enthalpy).

The thermoporosimetry method [14] is based on the thermodynamic dependence of the pore

water crystallization temperature (T, K) on the pore radius (Rn):
63.46

Rn = 0.58 + OOOS(TO - T) - m,
where To=273.15 K. This allows for the determination of pore sizes in which a first-order phase
transition (crystallization of pore liquid) is observed. The peak area, in turn, allows for the
determination of the volume of liquid that underwent the phase transition.

Results. The pore formation process in cement paste is significantly more complex than in
monomineral binders due to the presence of two developing and interacting structures:
hydrosulfoaluminate and hydrosilicate. Hydrosilicates and calcium hydroxide play the primary
structure-forming role, constituting the bulk of the cement paste's new formations. Despite the vast
morphological diversity of other hydrated new formations in hardened cement paste, their influence
on certain physical and mechanical properties is deterministic and can be predicted in advance. The
main properties of cement paste — strength, permeability, frost resistance, etc. — are determined by the
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ensemble of micropores with a corresponding size distribution. Changes in pore sizes within the 2 to
100 nm range can drastically alter the properties of the cement paste, thus enabling control over the
nature of structure formation during the hardening stage. One of the levers for managing cement paste
structure formation is the application of chemical and mineral admixtures.

Hardening of the investigated cements within 1 day is accompanied by the formation of a pore
structure with two micropore size distribution regions, characteristic of gel and capillary micropores.
For Portland cement, these are in the range of 2.2-22 nm, with distribution maxima at 2.36, 2.45, and
14.6 nm. For slag Portland cement, the micropore distribution range narrows to 3.1-6.6 nm, with
maxima at 3.4, 3.7, and 6.3 nm (Fig. 1, a). Simultaneously, the volume of micropores increases by
1.3 times compared to Portland cement (Fig. 1, b), reaching 0.46 cm?/g. This is attributed to the slower
binding of mixing water during slag Portland cement hydration, the formation of hydrogelenite and
hydrogarnets, as well as calcium hydrosilicates of lower basicity than those formed during Portland
cement hardening. The consequence is a reduction in capillary micropore sizes and the formation of
low-density (LD) C-S-H with porosity in the 3.1-4.2 nm range (Fig. 1, a).
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Fig. 1. Influence of cement type on the microporosity of cement stone:
a — pore size distribution; b — total pore volume

Gel microporosity in slag Portland cement (SPC) accounts for only 7.6% of the total porosity,
whereas the analogous figure for Portland cement (PC) is 47%. Consequently, the amount of calcium
hydrosilicates formed in the cement paste is 40% higher in PC than in SPC for the same hardening time.

In complex admixtures, each component complements the others and differs in its influence on
the formation of the cement stone structure. For instance, the action of hardening accelerators is linked
to increasing the solubility of the main cement minerals by altering the ionic strength of the solution
and accelerating the crystallization of new phases. Sodium salt cations promote an increase in the
alkalinity of the medium and exert a catalytic effect on the hydration of calcium silicates. The
adsorption mechanism of Lignosulfonate (LST) and C-3 determines the reduction of surface tension
at the phase interface, the release of immobilized water, etc., ultimately leading to the plasticization
of mixtures. The effect of complex admixtures is more intricate due to the superposition of different
component action mechanisms.

To enhance the efficiency of cement stone modification, further research is needed to identify
the quantitative relationship between the composition of complex admixtures and concrete properties.
The multi-component nature of admixtures and the associated complication of structure formation
processes objectively lead to increased complexity of admixtures as objects of analysis and
optimization. The influence of such chemical admixtures on the formation of cement stone
microporosity was examined using sulfates, carbonates, chlorides of sodium and potassium as
hardening accelerators, and plasticizing admixtures LST and C-3. Establishing patterns for the
directed regulation of cementitious system parameters at the micro-level is a fundamental prerequisite
for obtaining concretes with specified technical properties.

During the hardening of Portland cement over 1 day in the presence of C-3 (Fig. 2), two
micropore size distribution regions are formed within the 4.6-9 nm interval. The ratio of gel and
capillary micropores in the cement stone at this age is 12% and 88%, respectively, of the total volume.
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Fig. 2. Influence of complex admixtures based on C-3 on microporosity (Portland cement, 1 day):
a — pore size distribution; b — total pore volume

During the hardening of Portland cement with complex admixtures based on Lignosulfonate
(LST), a characteristic reduction in the total volume of micropores is observed when accelerators are
introduced (Fig. 3). In this case, the percentage content of capillary micropores ranges from 70%
(sodium and potassium sulfates, sodium chloride) to 85% (potassium carbonate). In combination with
potash, LST is the most effective retarder at early hardening stages.

The ratio of gel to capillary micropores in the control sample is 69% and 31%, respectively. In
the sample with KCIl, the capillary micropore content is only 5%, and in the presence of sodium
carbonate, they are entirely absent.

14

1.2

—CEM 52,5 +LST a)

e Na T

——

09

m—(EM | 52,5 15T

N\

08

=—NaCl

0.7

[ == e Y
EE 08 :E;m / A = 0‘5 e 1 1T T |
‘Ex_ —K2C03 VE. 0‘4 —K2C03
I AN
: NIy ImAW
. AENW
AL

\ )

1 gR,nm 10 1

Fig. 3. Influence of complex admixtures based on LST on microporosity (Portland cement, 1 day):
a — pore size distribution; b — total pore volume
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During the hardening of slag Portland cement with complex admixtures based on C-3, the role
of the anionic component of accelerators is clearly visible (Fig. 4). Potassium salt admixtures exhibit
the best synergistic effect, contributing to the formation of microporosity with a minimal volume. In
this case, the micropores of all samples are distributed within a narrow range of 3 to 5.2 nm.
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(Slag Portland Cement, 1 day): a — pore size distribution; b — total pore volume
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For slag Portland cement with complex admixtures based on Lignosulfonate (LST), no clear
patterns of structure formation are observed (Fig. 5).
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Fig. 4. Influence of complex admixtures based on LST on microporosity
(Slag Portland Cement, 1 day): a — pore size distribution; b — total pore volume

The distribution range expands from 2 to 55 nm. Admixtures of NaCl, K2SOs, and Na2COs3
contribute to the formation of high-density calcium hydrosilicates with characteristic gel micropore sizes.

The ratio of gel to capillary pores allowed for the determination of the efficiency coefficient
Kesr as the ratio of dynamic microstructural indices:

Keff — lg <|Vcap1—Vge11| . Viotalo >' (1)

Viotal1 |Vcap0 _Vgelo|

where Vel is the volume of gel pores; Veap is the volume of capillary pores, Viotal is the total pore
volume, index 1 corresponds to cement with admixtures, and 0 — without admixture.

The effectiveness of complex admixtures is determined by the combination of plasticizer and
accelerator. As our studies have shown, for complex admixtures based on LST, potassium chloride is
most effective for Portland cement, and sodium chloride for slag Portland cement (Fig. 6).
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Fig. 6. Effectiveness of complex admixtures based on:
a—LST;b-C-3

For complex admixtures based on C-3, sodium chloride is also the most effective for slag
Portland cement in terms of cement paste structure formation. For Portland cement, the combination
of C-3 with potassium carbonate represents the most effective complex admixture option.

Chlorides are effective accelerators of cement hydration. They increase the ion concentration in
the pore solution, promoting the rapid dissolution of C3S and CsA, which leads to faster formation of C-
S-H gel and ettringite. Research [15] indicates that accelerators can initially form a more "open" or
irregular structure due to rapid hydrate formation. However, the simultaneous use of a plasticizer (which
reduces the water-to-cement ratio and improves dispersion) can compensate for this effect, leading to the
formation of a more refined and denser porosity, which correlates with our obtained data.

Conclusions. The conducted research represents an important step in understanding the
influence of complex chemical admixtures on the microstructure of cement paste. Specifically, the
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conclusion regarding the achievement of minimal pore radius and an optimal ratio of gel to capillary
pores through the combination of plasticizer and accelerator, as well as the proposal of the Kes
coefficient as a microstructural index, open broad prospects for further research.

It is worth further investigating the specific mechanisms of their interaction with various cement
minerals (alite, belite, C3A, C4AF) in the presence of plasticizers. A more detailed study is needed on
precisely how these complex admixtures influence the formation, density, and internal structure of
C- S-H gel — the main component determining concrete strength.
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AHoTanig. Y CTarTi €KCHEePUMEHTAIBHO JIOCTIDKYIOTBCS MOXJIMBOCTI  TE€XHOJIOTIYHOIO
PETYIIOBaHHST TIAPaMETPiB MIKPOCTPYKTYPH IIEMEHTHOTO KaMEHI0O Ta OCTOHY IUISXOM BBEICHHS
XIMIYHUX A00aBOK Pi3HOI mpuponyd. Ha ocHOBI JOCHIKEHb BIUIMBY XIMIYHHX J00aBOK Ha MPOICCH
rigparaii IeMEeHTy Ta MIKPOCTPYKTYpy LIEMEHTHOTO KaMEHIO OyJi0 MPOBEAECHO MOPIBHSUIBHY OLIHKY
TBEPIIHHA Ta MOPOYTBOPEHHS LIEMEHTHOIO KaMEHIO 3 HPUCKOPIOBAJIBHUMM, IUIACTU(DIKYIOUUMH Ta
KOMITJIEKCHIMH JJOOABKaMH.

30kpema, JOCTIDKEHHS 30CEPEKEHO Ha BIUIMBI KOMIUIGKCHHX XIMIYHHUX J00aBOK, SIKi
BKJTIOUaroTh cynepruiactudikarop C-3 (Ha ocHoBi HadTanmiHcyabdoHary) Ta LST (sirHocynsgonar), y
noegHaHHl 3 mpuckoproBayamu, Takumu sk NaCl a6o KCl, NaxCOs, K2COs, NaxSOs, K2SOs4 Ha
XapaKTepUCTUKH IOPOYyTBOPEHHS 111 4ac TBEPAIHHS ABOX THUIIB IleMeHTy: nopTianauementy PC CEM
I 42.5R Tta mmakonopmiananementy SPC CEM II B-S 32.5 R. i nemMeHTH Bipi3HAIOTHCS CBOIM
MiHEpaJbHUM CKJIaJI0M, BMICTOM IIUIAKY, a OT>KE, IIBUAKICTIO TJIpaTalii Ta CTPyKTYPOYTBOPEHHSIM.

Byno BcTaHOBJIEHO, III0 IEMEHTHUIN KaMiHb, IOPUCTICTD SIKOTO XapaKTEePHU3Y€ETHCS MiHIMAJIbHUM
paziiycoM Mop Ta ONTUMAJIBHUM CITiBBITHOIICHHAM MIX 00'€éMaMH reJieBUX Ta KalJIIpHUX MOP, MOXe
OyTH JOCSTHYTHH IUISIXOM KOMIUIEKCHOTO 3aCTOCYBaHHs MpPHCKOpIOBada Ta IUiacTh(ikaTopa.
CunepretnuHuil eekT cymnepruiacTugikaropa, 10 3MEHIIY€e BOJOLEMEHTHE CIiBBIJHOIICHHS Ta
MOKpAIIy€ TUCTIEPCHICTh YaCTHHOK, a TaKOXK MPUCKOPIOBAY, IO MPHUCKOPIOE PAHHIO TiApararlito,
CHPUSIOTh YTBOPEHHIO MOKPAIIEHOI CTPYKTYPH TOP.

KpiMm TOro, 3anponoHoBaHO HOBUM MiAXIJ J0 OLIHKH €(PEeKTUBHOCTI MOAMDIKALIl CTPYKTYpPH
LIEMEHTHOTO KaMEHIO 3 BUKOPUCTAaHHAM KoedilieHTa Kef, IKMi BU3HAYAETHCS SK CITIBBITHOLICHHS
MDK o0'eMaMH TeJeBUX Ta KaNUIIpHUX MOp (CHIBBIIHOIIEHHS IUHAMIYHUX MIKPOCTPYKTYPHHX
innekciB). Llg kinmpkicHa iH(popMalis IIOI0 MIKPOCTPYKTYpPH IIEMEHTHOTO KaMEHIO Ta Mex Il
peryioBaHHA I BIUTMBOM BHYTPILNIHIX Ta 30BHIIIHIX ()aKTOpiB J03BOJMIA CGHOPMYIIOBATH
KOHIETIIIIO 1010 MOXJIMBOCTEN JTOCSTHEHHS 33JaHUX BIACTHUBOCTEH OETOHY HUIAXOM MOAM(IKaIi
BIJIMOBIAHUX MapaMeTPiB MIKPOIIOPUCTOCTI LIEMEHTHOTO KAMEHIO.
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Abstract. Effective provision of a comfortable indoor climate is a key requirement for modern
central air ventilation systems. These systems play an important role in creating a healthy and
comfortable environment for living, working or relaxing. Taking into account modern architectural
trends and design solutions, linear louver diffusers are becoming increasingly popular as air
distribution devices. Their aesthetic appeal allows them to be harmoniously integrated into interior
design, often making them central elements that emphasize the style of the room.

The design feature of linear louver diffusers lies in their specific structure: they have a small
width with a significant length, which distinguishes them from traditional compact diffusers of round
or square shape. This feature significantly affects the characteristics of the air jet formed by such
diffusers. During the operation of ventilation systems in air conditioning or air heating modes, linear
diffusers create unique air flows that differ from compact jets in their behavior, velocity and
temperature distribution. These differences must be taken into account at the stages of design,
adjustment and operation of ventilation systems in order to ensure their effective operation and
achieve an optimal microclimate.

Data obtained from computer modeling and experimental studies play a key role in the
development and optimization of ventilation systems with linear louver diffusers. Modeling allows
you to predict the behavior of air flows in different conditions, taking into account the geometry of
the room, the location of the diffusers and air parameters (temperature, humidity, flow rate).
Experimental studies, in turn, confirm theoretical calculations and allow you to refine the parameters
of the system. Thanks to an integrated approach that combines modeling and experiments, it is
possible to achieve high efficiency of ventilation systems, minimize energy consumption and ensure
a comfortable microclimate in the premises.

The use of linear louver diffusers also contributes to reducing noise exposure and uniform air
distribution, which is especially important for residential and public spaces. Proper selection and
adjustment of such diffusers allows you to avoid areas of air stagnation or excessive turbulence, which
can negatively affect the comfort of users. Thus, taking into account the features of linear diffusers at
all stages — from design to operation — is the key to creating effective and aesthetically attractive
ventilation systems that meet modern requirements for comfort and energy efficiency.

Keywords: microclimate, thermal comfort, flat jet, air distribution; air flow turbulence.

Introduction. The requirements of current standards for the microclimate in rooms where
people are located are strict and require ensuring a high level of ventilation and air distribution quality,
the necessary temperature distribution and a comfortable microclimate [1, 2].

To ensure comfortable conditions in the room, air distribution devices operate in a non-
isothermal mode for a significant part of the time, i.e. the temperature of the air supplied from the
diffusers is different from the air temperature in the room [3, 4]. It is important in public and
residential premises with constant operation of ventilation systems to correctly calculate and adjust
the air distribution in such a way as to reduce the possibility of drafts in the rooms [5], to avoid the

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 117-124

117



UTILITY NETWORKS AND FACILITIES

formation of stagnant zones and large differences in air temperature in the room [6].

One of the most effective and optimal solutions for small-sized rooms is the use of linear louver
diffusers [7][9]. Such diffusers ensure uniform distribution of heated or cooled supply air, supply of
a large amount of air [8, 9] with rapid attenuation of the axial velocity of the air in the jet [10, 11].
The use of linear slot diffusers allows for comfort in rooms [12], improve working conditions and
efficiency, reduce [13] the cost of operating ventilation systems [14] and energy consumption [15].

Studies of air distribution devices confirm that it is the use of linear slot diffusers that allows
for the best quality of air distribution in rooms and microclimate.

Analysis of the recent publications and research works on the problem. Many studies and
scientific articles in the past and present concern the operating characteristics of ventilation systems
and air distribution devices [16][26], which is very important for ensuring microclimate parameters
in premises for various purposes [6], 17, 18]. Studies are carried out using numerical simulations and
experimentally [19-21]. However, today a significant number of these studies concern vortex
diffusers [3, 22]. The operating parameters of linear slot diffusers are insufficiently studied, but
important because such diffusers are quite popular today [23, 24]. The studies described the
characteristics of air flows under isothermal conditions.

Due to the lack of generalized calculation methods for linear louver slot diffusers available on
the market, despite their similarity in appearance, they often have quite significant differences in
technical characteristics [5].

Known studies conducted using mathematical modeling consider flat and vortex air jets, but do
not describe rectangular ones, which are characterized by a small slot width and a relatively large
length. These studies were conducted based on the analysis of several modeling approaches, in
particular the k-& model, since they allow for fairly high-quality numerical modeling [6].

Therefore, the study of the parameters and characteristics of linear slot diffusers and the
formation of methods and determination of dependencies for their calculations, especially when
operating in non-isothermal conditions, which are an approximation to the actual operating
conditions, is important for energy-efficient and high-quality provision of the required microclimate
parameters in rooms and safe operation of such equipment [12, 25].

For linear slot diffusers, calculation and modeling of the temperature distribution and
attenuation in the jet is necessary, since these diffusers are used mainly in rooms of small volume and
at short distances from the area where people are staying [26].

The purpose of the article is to analyze the effectiveness of using linear slot diffusers in
ventilation systems operating in non-isothermal conditions and to investigate their aerodynamic
characteristics.

Research methodology. Using the methods of physical and mathematical modeling of air flow
motion based on jet flow equations, theoretical research methods were applied, thanks to which
calculated dependencies were obtained for determining the parameters of the air flow and geometric
parameters of the linear louver diffuser.

Using assumptions and simplifications, the results of experimental studies were also processed.
Based on the theory of similarity and modeling of scales for the conversion of physical quantities and
for visualization of the air flow structure and the structure of microjets, the results of these
experimental measurements were processed. A planning matrix was constructed for planning a
multifactorial experiment.

Presentation of research results. In ventilation systems of premises air distribution devices of
various designs are used. These devices, depending on their structure and purpose, have common as
well as significantly different operating characteristics.

Flat jets formed during the operation of louvered slotted linear diffusers are [3]:

— free, if such jets have no obstacles in their development;

— not free, if the development of the jet is affected by obstacles and surfaces of the premises;

— isothermal, the air temperature in the jet and in the room is the same;

—non-isothermal (heated or cooled), when the air temperature in the jet is different from the air
temperature in the room.
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Slotted linear diffusers have several flat slots and during their operation, the effect of interaction
of several parallel flat jets occurs at the outlet of the device, which leads to turbulization of the entire

air flow and a drop in temperature in the jet.

In non-isothermal flat jets, when heated air is supplied horizontally, there is a deviation of the
jet upwards, when cooled air is supplied, there is a deviation downwards due to the influence of

gravitational forces [24].

As a result of such a deviation of each flat microjet formed by each slot of the linear slot
diffuser, rapid mixing of the flows occurs, as shown in Fig.1. This leads to a sharper decrease in the

speed of the total jet formed by a diffuser of this type.

//
A TGB
C '
Slot 1 W S . -
{ Y >
Slot 2 » — >
~ T
Slot N -
x1 ,/,
X 2
/

Fig. 1. Thermal limits of microjets of a linear louvered slot diffuser:

TGB - thermal jet boundary; x — current longitudinal coordinate; X1 — coordinate of the start of
mixing of microjets; y — the amount of deviation from the jet axis to the slit axis; Slot 1...Slot N —

linear diffuser slots

The relationship between gravitational and inertial forces in non-isothermal jets and microjets

at the moment of air leakage is characterized by the Archimedes criterion Ar,:
g\/F—o'Ato
Ary = —="—"—

Voz'Tin ,
where g = 9.81 m/s?;
F,— nozzle area, m?;
At,— excessive initial temperature, Aty = ty — tin , K;
T;,, — absolute indoor air temperature, K, t;,, —indoor air temperature, °C;

V, — initial speed, m/s.

1)

In non-isothermal jets discharged horizontally, the excess temperature At, = t, —t;, iS

determined by the formula:
N
At, = —,

x
where x — current longitudinal coordinate;
N — thermal parameter:

054 [1, 1 _
N =l T Aty - [,

()

©)
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where a — is the jet opening angle, @ = 12°25' , and tga = 0.22;
& — local resistance coefficient, & =1;
T, — absolute temperature at the nozzle outlet, K.
In calculations, to simplify them, the temperature damping coefficient during jet development

is used n:
054 [T, 1
T tgaNT, JE (4)
then the axial excess temperature At,:
At, =n-At, % ©)

X
n_n

Therefore, excess temperature At, = t, — t;, in any cross section "x" at a distance "y" from

the axis is determined by the formula:
At, = At - exp(—0.704y"), (6)

where or— turbulent Prandtl number, oy = 0.65 — 0.70;

y — current transverse coordinate, y = y /Cx — experimental constant, ¢ = 0.28.

The calculations use the relative values of excess temperatures, axial At, = At,/At, tand in
any cross-section At,, = At /At,.

Practical calculations of jets are performed using the formulas [24]:

ML =n- o L %
where, k,,- the coefficient of non-isothermality, for plane jets, is 1.13 (for heated) and 0.82 (for
chilled).

The research was conducted on the following experimental setup, which is schematically shown
in Fig. 2.

1

% %

Fig. 2. Experimental setup (schematically):
1 —fan; 2 — electric motor; 3 — air duct; 4 — control valve; 5 — flexible insert; 6 — air heater/cooler;
7 — linear slot diffuser; 8 — testo-405i thermoelectroanemometer

The experimental setup consists of a fan, a regulating throttle to set the required flow rate, an
air cooler and air heater, an air duct system that provides air supply and a linear louver diffuser, as
well as instruments for measuring air velocity and temperature.

The studies were conducted for different numbers of slots of the linear louver diffuser and
different slot lengths. The height of all slots was constant. The research process is shown in Fig. 3.
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a

Fig. 3. Field studies:
a — linear diffuser louvers; b — general view of the experimental setup; ¢ — measurement of
isothermal jet parameters; d — visualization of the jet with smoke

After processing the experimental data, the following dependence of the drop in the relative jet
temperature was obtained depending on the relative current coordinate Fig. 4.

Aty 1

08 +
0.6
04 +
0.2

! - - | - . . + + ; i
0 2 4 6 8 10 12 14 16 18 20 = _
X

Fig. 4. Dependence of relative temperature on longitudinal coordinate At, = f () for linear slot
diffuser (° — experimental data)

According to the obtained results, which are shown in Fig. 3, it can be concluded that the heated
or cooled air flow leaving the louvered linear diffuser is turbulized faster than the air distribution
grilles. As a result, the velocity and temperature decay in the jet occurs faster and more actively. The
value of the temperature decay coefficient for the linear louvered slot diffuser is equal to n = 1.5 —
2.0, which is significantly smaller compared to such a coefficient for a conventional air distribution
grille, for whichn = 3.2.
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Conclusion. The obtained dependences of the velocity decay as a result of the conducted
studies of non-isothermal flat jets formed in linear louvered slot diffusers allow to improve and
expand the existing methods of calculating air distribution devices.

It has been confirmed that with the joint interaction of several flat jets formed in linear louvered
slot diffusers, a 10 - 20 % sharper decrease in the air temperature in the jet is observed due to greater
turbulence of the air flow.

The temperature attenuation coefficient for the linear slot diffuser n = 1.5 — 2.0 allows it to be
used in ventilation systems with high air distribution conditions, without the occurrence of drafts in

the premises.

122

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

References

ASHRAE/ANSI Standard 55-2010 Thermal environmental conditions for human
occupancy. Atlanta, USA, 2010.

A. Li, C. Yang, T. Ren, X. Bao, E. Qin, R. Gao, 2017, "PIV experiment and evaluation of
air flow performance of swirl diffuser mounted on the floor", Energy and Buildings, vol.
156, pp. 58-69, 2017. doi.org/10.1016/j.enbuild.2017.09.045.

M. Borowski, K. Zwolinska, J. Halibart, "Air distribution assessment-ventilation systems
with different types of linear diffusers”. [Online]. Available:
https://www.aivc.org/sites/default/files/1_C28.pdf. 2023.

O.T. Vozniak, l.Ye. Sukholova, Kh.V. Myroniuk, "Doslidzhennia prystroiu dlia
povitrorozpodilu zakruchenymy i nastylnymy strumynamy u zminnomu rezhymi",
Eastern-European Journal of Enterprise Technologies, vol. 6, no. 7(78), pp. 15, 2015,
doi.org/10.15587/1729-4061.2015.56235.

M. Borowski, M. Karch, R. Luczak, P. Zyczkowski, M. Jaszczur, "Numerical and
experimental analysis of the velocity field of air flowing through swirl diffusers”, E3S Web
Conference, vol. 128, pp.1-6, 2019. doi.org/10.1051/e3sconf/201912805003.

Y.H. Yau, K.S. Poh, A. Badarudin, "A numerical airflow pattern study of a floor swirl
diffuser for UFAD system", Energy and Buildings, vol. 158, pp. 525-535, 2018.
doi.org/10.1016/j.enbuild.2017.10.037.

G. Cao, M. Ruponen, K. Hagstrom, J. Kurnitski, "Experimental studies on air distribution
using ceiling slot diffusers in a room", International Journal of Ventilation, vol 9 (4), pp.
385-392, 2016. doi.org/10.1080/14733315.2011.11683896.

O. Voznyak, N. Spodyniuk, Yu. Yurkevych, I. Sukholova, O. Dovbush, "Enhancing
efficiency of air distribution by swirled-compact air jets in the mine using the heat
utilizators™, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, vol. 5 (179), pp. 89
— 94, 2020. doi:10.33271/nvngu/2020-5/089. doi.org/10.33271/nvngu/20205/089.

B. Both, Z. Szantho, R. Goda, "Evaluation of air diffuser flow modelling methods
experiments and computational fluid dynamics simulations”, Energy Procedia, vol. 112,
pp. 352-359, 2017. doi.org/10.1016/j.buildenv.2004.06.021.

[10]H. Yu, C-M. Liao, H-M. Liang, "Scale model study of airflow performance in a ceiling

slot-ventilated enclosure: isothermal condition™, Building and Environment, vol. 38, pp.
1271-1279, 2003. dx.doi.org/10.1016/S0360-1323(03)00131-8.

[11]M.M. Keshtkar, M. Nafteh, "Investigation of influence of linear diffuser in the ventilation

of operating rooms”, Advances in Energy Research, vol. 4, pp. 239-253, 2016.
dx.doi.org/10.12989/eri.2016.4.3.239.

[12] D. Law, A. Valdez, "Computational modeling and simulations of isothermal plane (linear) air

jet velocity profile for slot diffusers™, ASME International Mechanical Engineering Congress
and Exposition, Proceedings (IMECE) 7, 2014. doi.org/10.1115/IMECE2014-37317.

[13] M. Borowski, R. Luczak, J. Halibart, K. Zwolinska-Gladys, M. Karch, "Airflow fluctuation

from linear diffusers in an office building: the thermal comfort analysis™, Energies, vol. 14,
pp. 4808, 2021. doi.org/10.3390/en14164808.

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 117-124


https://www.aivc.org/sites/default/files/1_C28.pdf
http://dx.doi.org/10.15587/1729-4061.2015.56235
https://doi.org/10.1115/IMECE2014-37317
https://doi.org/10.3390/en14164808

UTILITY NETWORKS AND FACILITIES

[14]S. Sheng, T. Yamanaka, T. Kobayashi, "Heating and ventilation performance investigation
of a novel linear slot diffuser with adaptive outlet area for near window applications”,
Building and Environment, vol. 244, 2023, doi.org/10.1016/j.buildenv.2023.110813.

[15]D.Y. Park, S. Chang, "Numerical analysis on the thermal and air exchange performance of
linear slot diffuser length variations in an office space”, Indoor Air 2014 - 13th
International Conference on Indoor Air Quality and Climate, pp. 334-341, 2014.

[16] Y. Chemerynskyi, O. Voznyak, "Some characteristics of air distribution at application of
linear crevice diffuser”, Energy Engineering and Control Systems, vol. 11, pp. 21 — 26,
2025. doi.org/10.23939/jeecs2025.01.021.

[17]J. Zhang, H. Kwok, J. Cheng, "Heritage Building Air Diffusion Performance Index: HVAC
Diffuser Layout Evaluation for Heritage Building Preservation™, Proceedings of the 20th
International Conference on Computing in Civil and Building Engineering (ICCCBE), vol.
628, Montréal, Québec, Canada, 2024.

[18] M. Madaliev, M. Usmonov, F. Tillaboyeva, A. Mamatov, B. Otakulov, S. Ro’zaliyev, Z.
Mamatova, "Comparison of numerical results of RSM turbulence models for the problem
of asymmetrical plane diffuser”, BIO Web of Conferences, vol. 145, 2024.
doi.org/10.1051/bioconf/202414503036.

[19]T. Eraslan, C. Keskin, M. Mengiig, "Airflow Characteristics and Thermal Comfort of Air
Diffusers”, ~ ASME 2023 Heat Transfer =~ Summer  Conference, 2023.
doi.org/10.1115/ES2023-107024.

[20]W.K. Chow, L.T. Wong, "Experimental studies on air diffusion of a linear diffuser and
associated thermal comfort indices in an air-conditioned space”, Building and
Environment, vol. 29, pp. 523-530, 1994. doi.org/10.1016/0360-1323(94)90011-6.

[21] M. Alkhalaf, A. llinca, M. Hayyani, F. Martini, "Impact of Diffuser Location on Thermal
Comfort Inside a Hospital Isolation Room", Designs, vol. 8, 2024.
doi.org/10.3390/designs8020019.

[22] O. Voznyak, V. Bokhan, I. Sukholova, M. Kasynets, H. Klymenko, “Improvement of air
distribution in a room with swirled air jets", Theory and Building Practice, vol. 7, pp. 112—
116, 2025. doi.org/10.23939/jtbp2025.01.112.

[23]A. Erdogan, I. Aksoy, S. Canbazoglu, "Effects of geometric parameters of perforated
diffuser on sound pressure level sourced by airflow", Black Sea Journal of Engineering
and Science, vol. 7, 2024. doi.org/10.34248/bsengineering.1421571.

[24]H. Schlichting, Boundary Layer Theory (6th Ed.), McGraw-Hill, New York, 1968.

[25]0. Voznyak, Y. Chemerynskyi, I. Sukholova, M. Kasynets, O. Savchenko, "Improving the
efficiency of air distribution in a room with a linear slot diffuser”, Theory and Building
Practice, vol. 7, pp. 106-111, 2025. doi.org/10.23939/jtbp2025.01.106.

[26]O. Voznyak, I. Sukholova, N. Spodyniuk, M. Kasynets, O. Savchenko, O. Dovbush, O.
Datsko, "Enhancing of ventilation efficiency of premise due to linear diffuser”, Pollack
Periodica, vol. 18, pp. 107-112, 2023. doi.org/10.1556/606.2023.00750.

E®EKTUBHICTH NOBITPOPO3NOALTY JIHIMHUM IIJIMHHUM JTA®Y30POM
B HEI3OTEPMIHUX YMOBAX

1‘IeMeanc1>Kni/i S.P., acmipaHT,
yaroslav.r.chemerynskyi@Ipnu.ua, ORCID: 0009-0001-8939-4135
'Bosnsk O.T., 1.1.1, npodecop,

orest.t.vozniak@Ipnu.ua, ORCID:0000-0002-6431-088X
YHayionanvnuii ynisepcumem «J/Tvsiscoka nonimexuixay

Byn. C. bannepu, 12, JIsBiB, 79013, Ykpaina

Anortauis. EdexktuBHe 3abe3neueHHs KOMGOPTHOTO MIKPOKIIMATy B MPHUMIIICHHAX €
KIIIOYOBOIO BHMMOTOIO [0 CYYaCHHX UEHTPAJIbHUX CHCTEM BeHTWALii mositps. Lli cuctemu

ISSN 2786-6696 Modern construction and architecture, 2025, no. 13, page 117-124 123



https://doi.org/10.1016/j.buildenv.2023.110813
https://doi.org/10.1051/bioconf/202414503036
https://doi.org/10.1115/ES2023-107024
https://doi.org/10.1016/0360-1323(94)90011-6
https://doi.org/10.3390/designs8020019
https://doi.org/10.34248/bsengineering.1421571
https://doi.org/10.23939/jtbp2025.01.106
https://doi.org/10.1556/606.2023.00750

UTILITY NETWORKS AND FACILITIES

BIIIrparoTh BaXKJIUBY POJIb Y CTBOPEHHI 3/I0POBOT0 Ta KOM(OPTHOTO CEPEAOBHINA JIJIsl TPOKUBAHHS,
poOOTH YM BIIMOYMHKY. 3 ypaxyBaHHSIM CYYaCHUX apXiTEKTYpHHX TEHICHIINW 1 TU3aliHEpCHKUX
pillieHb, JNHIAHI OKamo3iiHl  audy3opu  HaOyBarOTh Jenaii  OUIBIIOT  TOMYJSPHOCTI  SIK
TIOBITPOPO3NOIBHI MPUCTPOL. [XHA ecTeTHuHA MPUBAGIUBICTH JO3BOIAE TAPMOHIHO iHTErpyBaTH
iX y nu3aiiH iHTep’€py, 4acTo poOISiuM iX HEHTPaIbHUMH €leMEHTaMH, 10 MiJAKPECIIOI0Th CTUIIb
MPUMIIICHHS.

KoHcTpykTHBHA OCOOIUBICTD JIHIMHUX KATIO31MHUX AU(Y30piB MoJsATae B iXHiM crienudianiin
OyZOBi: BOHM MalOThb Mally MIMPUHY MpPU 3HAYHIN JOBXKHHI, IO BIAPI3HSAE iX BiA TpajauLIAHUX
KOMIIAaKTHUX Tu(Yy30piB Kpyriaoi uu kBajapaTHoi ¢opmu. g ocoOnuBiCTh CYTTEBO BILIMBAE Ha
XapaKTePUCTHKH TMOBITPSHOI CTPYMUHH, siKa GopMyeTbes Takumu audyzopamu. Ilix yac pobotu
BEHTWIALIMHUX CHCTEM Y PeKHMaX KOHJIUIIOHYBaHHS 200 IMOBITPSHOTO OTaJICHHS JIIHIMHI AU Yy30pH
CTBOPIOIOTHh YHIKaJIbHI MOBITPSHI MOTOKH, IO BiAPI3HSAIOTHCS BiJl KOMIAKTHUX CTPYMHUH 32 CBOEIO
MOBE/IIHKOO, PO3MOJILJIOM IIBUIKOCTI Ta Temneparypu. Lli BigMiHHOCTI HEOOX1JHO BpaxoByBaTH Ha
eTarnax MpOEKTYBAaHHS, HAJAIITYBAaHHS Ta EKCIUTyaTallii CHCTeM BeHTWISAMLIT, 11100 3a0e3neunTH IXHI0
e(eKTUBHY pOOOTY Ta JOCATTH ONITUMAIBHOTO MIKPOKJIIMATY.

Jani, oTpumaHi B pe3yibTaTi KOMII FOTEPHOTO MOJICTIOBAHHS Ta EKCIEPUMEHTATBHHUX
JIOCJTIJDKEHb, BITITPAIOTh KJIOYOBY POJIb y PO3poOIl Ta ONTHUMI3alii BEHTHIAIMHUX CHCTEM 13
THIMHUMHE KaMO31MHUMHU  Tudy30opaMu. MoJenoBaHHsL JI03BOJISIE MIPOTHO3YBATH TTOBEAIHKY
MOBITPSIHUX IOTOKIB y PI3HUX YMOBaX, BPaXxOBYIOUM TI'€OMETPII0 MPHUMIIICHHS, pPO3TallyBaHHS
1Qy30piB 1 mapamMeTpH MOBITPs (TEMIIEpaTypy, BOJIOTICTh, HIBUIKICTh MOTOKY). ExciepuMenTanbHi
JOCTIPKEHHS, Y CBOIO 4epry, MiATBEPIKYIOTh TEOPETUYHI PO3PAXYHKH Ta JIO3BOJISIIOTH YTOUHHUTHU
napaMeTpu poOOTH CHUCTEMHU. 3aBISKH KOMIUIEKCHOMY IiJIXOAy, IO TMOEIHYE MOJCIIOBAHHS Ta
EKCIIEPUMEHTH, MOXXHAa JOCSITTH BHCOKOi €()EKTUBHOCTI BEHTWIAIIMHUX CHCTEM, MIiHIMI3yBaTH
€HEepProCIOKUBAHHS Ta 320€31eUnTH KOM(POPTHUNA MIKPOKIIIMAT y MPUMILIICHHSX.

BuxopuctanHs JTHIAHUX SKAIO31MHUX TU(Y30piB TAKOXK CIPHUSE 3HIKCHHIO ITyMOBOTO
BIUIMBY Ta PIBHOMIPHOMY PO3IOALTY HOBITPSL, 110 OCOOIUBO BAXKIIUBO JJIS JKUTJIOBHUX 1 IPOMAJICBKUX
npuMmiiieHb. [IpaBunpHuil miabip 1 HaNMAITYBaHHS TakUX AU(Y30piB JT03BOJISIIOTH YHUKHYTH 30H
3aCTOI0 TOBITPS YM HAAMIpHOI TypOYJEHTHOCTI, 110 MOXXE€ HEraTUBHO BIUIMBATH Ha KoMopT
KopucTyBayiB. TakiM YMHOM, BpaXyBaHHSI 0COOJIMBOCTEH JTIHINHUX AU(Y30piB HA BCIX €Tanax — Bij
MIPOEKTYBAHHS 10 €KCIUTyaTallii — € 3alopyKor0 CTBOPEHHS €()eKTUBHUX 1 €CTETHYHO MPUBAOIMBHX
BEHTWIAIIIMHUX  CUCTEM, 5Kl  BIANOBIIAIOTH Cy4YacHMM BHMoOraM 10 KoMdopTy Ta
eHeproeeKTUBHOCTI.

KurouoBi cioBa: Mikpokiimar, TEIUIOBUA KOMQOPT, MIOCKUI CTpyMiHb, Iojada MOBITPS,
TypOyJ1i3ailis HOBITPSIHOTO MOTOKY.
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Abstract. The article is of a review nature and is devoted to the analysis of modern trends in
technologies for the restoration of secondary education institutions after destruction as a result of
the armed conflict in Ukraine. It substantiates the urgent need to develop a new, forward-looking
model for restoring educational infrastructure, grounded in the principles of energy efficiency,
technological innovation, resilience, and elevated safety standards. In the context of post-war
recovery, education is recognized as a critical pillar for societal stability and sustainable
development, making the reconstruction of schools a strategic priority for the country.

The study includes a thorough analysis of the existing regulatory and legal framework that
governs reconstruction efforts. Key stages of the construction and design cycle are outlined, such as
structural assessment of damaged buildings, development of project and technical documentation,
coordination of civil protection strategies, and implementation of construction and installation
activities. Special focus is placed on the engineering and architectural aspects of building safe and
resilient educational spaces capable of withstanding future threats.

Furthermore, the article explores the integration of protective infrastructure, such as reinforced
shelters, early warning systems, and optimized evacuation paths, into school design. Beyond physical
protection, the study emphasizes the psychological and emotional well-being of students and
educators. This includes the adoption of human-centered architectural approaches, inclusive spatial
planning, and flexible, adaptive design that meets the diverse needs of school communities.

A comprehensive reconstruction model is proposed, incorporating innovative building
technologies, resource-efficient and sustainable materials, and a strategic methodology tailored to post-
conflict conditions. This integrated approach aims to create durable, functionally advanced, and
socially safe educational environments that respond to both current challenges and future demands.

Keywords: reconstruction, educational facilities, rebuilding, educational environment safety,
energy efficiency, innovative technologies, civil protection shelters, infrastructure resilience.

Introduction. The armed conflict on the territory of Ukraine, which began in 2014 and
escalated into a full-scale war in February 2022, has caused significant destruction to civilian
infrastructure, particularly general secondary education institutions (Fig. 1). The restoration of
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educational infrastructure has become one of the top priorities for the state, local communities, and
international partners.

The process of rebuilding general secondary education facilities requires a comprehensive
approach that combines modern technologies, innovative materials, and advanced design methods
while taking into account new safety requirements. The reconstruction of damaged schools,
kindergartens, colleges, and universities must not only restore their physical structures but also
ensure the creation of a safe, comfortable, and modern educational environment that meets the
needs of a post-conflict society.

o>

" Fig. 1. Damaged educational facility

Analysis of Recent Research and Publications. The process of restoring damaged general
secondary education institutions is regulated by a number of legal acts, standards, and
methodological guidelines. The foundational documents in this field include the Law of Ukraine
"On Regulation of Urban Development Activities”, the State Building Codes (DBN), and
specialized methodological recommendations developed by the Ministry for Communities and
Territories Development of Ukraine and other relevant authorities.

In 20222023, special methodological guidelines were developed and approved for drafting
design assignments for the reconstruction of damaged school buildings, which define the key
requirements for the educational infrastructure restoration process [1, p. 5]. These guidelines cover
issues such as technical condition assessments, design documentation development, scope of work
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determination, and cost estimation for reconstruction.

An important aspect of regulatory support is the design standards approved by the National
Council for the Recovery of Ukraine, which establish baseline parameters for rebuilding general
secondary education institutions, taking into account modern safety, energy efficiency, and
functionality requirements [2, p. 12]. These standards mandate the inclusion of civil protection shelters,
early warning systems, backup power sources, and water supply systems in reconstruction projects.

Purpose and Objectives. The purpose of this study is to develop a comprehensive,
scientifically grounded approach to the restoration of general secondary education institutions
damaged or destroyed due to armed aggression against Ukraine, in compliance with regulatory
requirements, safety standards, and innovative approaches to educational space organization. This
approach involves integrating modern construction technologies, energy efficiency principles,
safety measures, and psychological comfort for participants in the educational process.

To achieve this goal, the following research objectives were defined:

— to investigate modern approaches to restoring educational infrastructure, considering the
complexity and multifaceted nature of this process;

— to examine the effectiveness of contemporary diagnostic methods in comprehensive
technical assessments of damaged buildings;

— to assess the feasibility of implementing innovative materials and technologies for
structural reinforcement and civil protection shelters;

— to identify prospective directions for further research aimed at enhancing the resilience,
energy autonomy, and comfort of educational institutions.

Materials and Research Methodology.To achieve the research objectives, a comprehensive
interdisciplinary approach was employed, integrating methods of technical expertise, architectural
design, analysis of regulatory and legal acts, systems modeling, and socio-psychological analysis.

The material basis of the study included:

— actual data on the condition of damaged or destroyed general secondary education
institutions;

— regulatory and legal acts governing design, reconstruction, and civil protection;

— results of public reports, engineering assessments, and expert conclusions obtained in
collaboration with design organizations.

The research methodology comprised the following key stages:

— analysis of modern approaches to reconstruction, conducted through content analysis of
scientific sources, technical documentation, and international experience in the restoration of
educational infrastructure;

— assessment of the condition of damaged objects, performed using methods of visual,
instrumental, and thermal imaging inspection of structures.

Main Findings and Results. Technological Aspects of Damage Assessment and Inspection.

The first stage in the restoration of general secondary education institutions is a comprehensive
assessment of the buildings' technical condition and the extent of damage. According to the
methodological guidelines developed by the Department of Economy and Investments of the Kyiv City
State Administration, inspections should include: visual and instrumental diagnostics of structures,
evaluation of utility networks and systems, analysis of foundation soils [3, p. 8].

Modern technologies used for high-quality inspections include:

— laser 3D scanning of buildings, which creates a precise digital model of the structure,
capturing all deformations and damages. This technology ensures high measurement accuracy (up
to 2 mm) and helps detect hidden defects;

— thermographic surveys using thermal imaging cameras are employed to detect hidden
structural defects, heat losses, moisture anomalies, and other issues not visible during visual
inspections;

— ultrasonic testing is used to assess the strength of concrete structures, identifying cracks,
voids, and other material integrity issues;

— ground-penetrating Radar (GPR) is applied to analyze the condition of foundation soils,
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detect underground utilities, cavities, and areas prone to flooding.

Based on the results of a comprehensive survey, a detailed report is compiled, containing
information on the technical condition of structures, the nature and extent of damage, and
recommendations for restoration methods. This report serves as the basis for developing design
documentation and determining the scope of necessary work [4, p. 14].

Design of Restoration for Educational Institutions. The design phase of restoring damaged
general secondary education institutions is a critical stage that defines all subsequent work.
According to methodological guidelines developed by the Department of Urban Planning and
Architecture, the design process must be based on principles of safety, energy efficiency,
inclusivity, and functionality [4, p. 20].

A key aspect of design is the development of a detailed design brief, which should include:

— technical parameters of the restoration object (total area, number of floors, structural
scheme, etc.);

— characteristics and parameters of elements subject to restoration;

— safety requirements (including civil protection shelters);

— energy efficiency parameters;

— requirements for engineering equipment and systems;

— requirements for the organization of educational spaces;

— features of inclusivity and accessibility.

In the design process for restoring general secondary education institutions, Building
Information Modeling (BIM) technologies are widely used. This technology enables the creation of
a detailed digital model of the object, incorporating information about all structural elements,
engineering systems, and materials. BIM modeling ensures efficient coordination between different
project sections, enables simulations and analyses (energy, acoustic, insolation, etc.), and optimizes
project costs and timelines [5, p. 32].

Innovative Materials and Restoration Technologies. Modern approaches to restoring general
secondary education institutions involve the use of innovative materials and technologies that
ensure high quality, reliability, and speed of work. According to methodological guidelines
developed by the Confederation of Builders of Ukraine, preference should be given to materials and
technologies with high durability, environmental friendliness, and energy efficiency [5, p. 78].

Among the innovative materials used in restoration are:

— composite reinforcement based on basalt or fiberglass, offering high strength, corrosion
resistance, and low thermal conductivity;

— self-healing concretes containing special additives that activate upon the appearance of
cracks, "healing” them and ensuring long-term operation without repairs;

— next-generation thermal insulation materials, such as aerogels, vacuum panels,
nanocellulose, perlite, vermiculite, and gypsum mixtures, which have extremely low thermal
conductivity [6-12];

— photocatalytic coatings capable of purifying air from harmful substances and pollutants
under sunlight exposure.

Among the innovative construction technologies applied in restoration are:

— 3D printing of building structures, enabling the rapid creation of complex geometric
shapes with minimal waste;

— modular construction technologies, involving the production of individual modules in
factories followed by on-site assembly, significantly reducing construction timelines;

— dry construction technologies using lightweight steel thin-walled structures (ISSTS),
which provide high installation speed, lightweight structures, and flexibility for wvarious
architectural solutions [3, p. 92].

The restoration and strengthening of damaged structures are among the most critical aspects
of restoring general secondary education institutions. Depending on the nature and extent of
damage, various technologies are applied:

— for the restoration of reinforced concrete structures, composite materials based on carbon
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or fiberglass fabrics are widely used, significantly increasing the load-bearing capacity of elements
without substantially increasing their dimensions. These materials offer high strength, corrosion
resistance, and durability [3, p. 25];

— for strengthening brick walls, reinforcement technologies using basalt fiber or stainless
steel meshes followed by the application of high-strength mortars are employed. This technology
significantly enhances the strength and seismic resistance of structures;

— for foundation restoration, injection technologies involving the filling of cracks and voids
with special solutions, as well as the installation of additional reinforcement elements (e.g., bored
piles, benches), are effective.

Special attention is given to the use of modern concretes with enhanced strength, frost resistance,
and water impermeability. Specifically, self-compacting concretes, fiber-reinforced concretes, and
concretes with nanoparticles are used to ensure the high quality of restored structures [2, 6-10].

Creation of Protective Structures and Safety Elements. One of the key aspects of restoring
general secondary education institutions during an armed conflict is the establishment of civil
protection shelters and the implementation of comprehensive safety systems. According to
approved design standards, every educational institution must be equipped with a shelter compliant
with the requirements of DBN V.2.2-5:2022 "Civil Protection Structures” [1, p. 30].

Technological solutions for creating shelters include:

— reinforcing existing basement premises by strengthening load-bearing structures,
installing protective sealed doors and window systems, and equipping ventilation systems with
filters and autonomous power sources;

— constructing separate protective structures using monolithic reinforced concrete with
enhanced strength characteristics or prefabricated reinforced concrete structures designed for
special purposes;

— equipping shelters with engineering systems, including air filtration systems, autonomous
power sources, water reserves, and sewage systems.

In addition to shelters, critical safety elements include early warning and monitoring systems
that enable timely responses to threats and organized evacuations. These systems incorporate
acoustic alarms, light indicators, automated door-locking systems, and other components [5, p. 56].

Energy-Efficient Technologies in Restoration. The restoration of damaged general secondary
education institutions provides a unique opportunity to implement modern energy-efficient
technologies, significantly reducing energy consumption and enhancing building sustainability.
According to the requirements outlined in methodological guidelines, restoration projects must
ensure an energy efficiency class of at least "B" [4, p. 38].

Key energy-efficient technologies applied during restoration include:

— comprehensive thermal modernization of building envelopes using modern insulation
materials (mineral wool, graphite-enhanced polystyrene, PIR and PUR panels) to achieve high
thermal resistance;

— installation of energy-efficient windows and doors with triple glazing and low-emissivity
coatings to minimize heat loss;

— implementation of heat recovery ventilation systems that retain up to 80% of thermal energy;

— use of various types of heat pumps (air-to-water, ground-to-water) for heating and
cooling, significantly reducing the consumption of conventional energy resources;

— integration of solar collectors and photovoltaic panels to provide hot water and generate
electricity;

— implementation of automated building management systems (BMS) to optimize energy
consumption based on building usage patterns [6, p. 63].

Organization of Educational Space During Restoration. The restoration of general secondary
education institutions offers not only the opportunity to restore the physical parameters of buildings
but also to implement modern approaches to organizing educational spaces. According to
methodological guidelines developed by the Ministry of Communities and Territories Development,
restoration projects should provide for flexible, adaptable spaces that align with modern
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pedagogical practices [5, p. 105, 13].

Key principles for organizing educational spaces include:

— creating multifunctional rooms that can be adapted based on educational tasks and
students’ needs;

— designing open learning spaces (open space) to foster collaboration and project-based work;

— zoning spaces to include areas for individual work, group activities, rest, and creativity;

— integrating digital technologies into physical spaces, creating "smart classrooms™ with
interactive surfaces and virtual or augmented reality systems.

Special attention is given to creating an inclusive environment that ensures accessibility and
comfort for all participants in the educational process, regardless of their physical abilities [4, p.
118, 14, 15].

Conclusions. The restoration of general secondary education institutions after destruction
caused by armed conflict is a complex and multifaceted process requiring a comprehensive
approach. An analysis of modern approaches to restoring educational infrastructure highlights the
need to combine innovative technologies, modern materials, and advanced design methods to
ensure the safety, energy efficiency, and functionality of restored facilities.

Key technological solutions for effective restoration include comprehensive surveys using modern
diagnostic methods, the application of Building Information Modeling (BIM) during the design phase,
the use of innovative materials and technologies for strengthening and restoring structures, the creation
of civil protection shelters, and the implementation of energy-efficient solutions.

Particular attention should be paid to approaches for organizing educational spaces, which
involve creating flexible, adaptable environments that align with modern pedagogical practices and
support the development of innovative educational forms.

Future research in this area should focus on developing new technological solutions to enhance
the resilience of general secondary education institutions to potential threats, ensure their energy
autonomy, and create a comfortable environment for all participants in the educational process.
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AnoTtanisi. CTaTTa Mae OTISIOBUNA XapaKTep 1 MPUCBSIYCHA aHAMI3y CyYacHUX TEHACHINHN y
TEXHOJIOTISIX BIJHOBJICHHS 3aKJIAJiB 3arajbHOI CEpeAHbOI OCBITH MIiCis pyHHYBaHb BHACIIIOK
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TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

30poitHOro KOH(UIKTY Ha Teputopii Ykpainu. OOIpyHTOBAHO aKTyalbHICTh (POPMyBaHHS HOBOI
MOJIeNi  BITHOBJICHHA  OCBITHBOI  iHQpacTpykTypu, 1m0 Oa3zyerbcsi Ha  NPHHLUIAX
eHeproe(EKTUBHOCTI, TEXHOJIOTIYHOI 1HHOBAIIHHOCTI, aJaNTHBHOCTI JO HOBHX 3arpo3 1
MIBUIIICHUX BUMOT JI0 O€3MeKH. Y KOHTEKCTI MICISIBOEHHOTO BiJHOBIICHHS KpaiHU OCBiTa BUCTYyTIA€
KJIFOYOBOIO Cc(eporo, Mo 3ade3neuye CTaliCTh PO3BUTKY, TOMY MHUTaHHS CTBOPEHHS OE3IMEYHOTO,
(GYHKIIOHATBHOTO Ta KOM(OPTHOTO OCBITHHOT'O CEpeI0BUINA HAOYBA€ MPIOPUTETHOTO 3HAYCHHSI.

3MiHCHEHO CHCTEMHHI aHalli3 YUHHOT HOPMATUBHO-IPABOBOI 0a3u, 1110 PEriJaMeHTy€e MpoIech
BiJIHOBJICHHSI, 3 BHOKPEMIICHHSM KIIFOUOBUX €TaIliB MPOEKTHO-OYIIBETLHOTO IMKITY, TaKUX SK:
0OCTEe)KEHHS TEXHIYHOrO CTaHy 00’€KTa, po3poOKa IPOEKTHOI Ta TEXHIYHOI JOKYMEHTAIlii,
y3rO/UKCHHSI pillieHb y cdepi HUBUILHOTO 3aXUCTY, BUKOHAHHS OyHiBEIbHO-MOHTXHHX POOIT i
KOHTPOJIb SKOCTI BUKOHaHHs. Oco0IMBa yBara npuaiJieHa aganTallli apXiTeKTypHHUX Ta IHKEHEPHUX
pillieHb 0 YMOB MiJBHUINEHOI 3arpo3u. PO3risHyTO iHTErpaliro eJIeMEeHTIB YKPIIUIEHOTO 3aXHUCTY:
oOJamTyBaHHS! YKPHUTTIB, BIPOBAHKEHHSI CUCTEM PaHHBOI'O OIMOBIIICHHS, OpraHi3allis 0e3nmeyHux
MapIIpyTiB €BaKyallii, 8 TAKOXK BUKOPUCTAHHS «PO3yMHHUX» TEXHOJIOT1 MOHITOPUHTY PH3UKIB.

Kpim 3abe3neuenHs (izudHOoi O€3MeKkHd, OKPECICHO pOJb apXITeKTypHOI TyMaHi3allli,
IHKJIIFO3MBHOTO Ta aJaNTUBHOTO JAM3aiHYy JJIsI CTBOPEHHS IICHXOJIOTIYHO KOM(OPTHOTO cepepoBHIIa,
CHPUATIMBOTO JUI HABYaHHS W coIliatizalii JITe pi3HOro BiKy. 3ampOnoOHOBAaHO KOMIUIEKCHY MO/IEIb
BIJIHOBJICHHSI OCBITHIX YCTaHOB, SIKa CHHTE3y€ CydacHi OyiBelbHI TEXHOJOTii, pecypco30epirarodi
MaTepiagl Ta CHUCTEMHHMM CTpaTeriyHWi MiAXiJa 0 BiTHOBIEHHS. Taka MOJENb OpiEHTOBaHa Ha
CTBOPEHHS JOBTOTPUBAIIO CTIMKHX, COLIAILHO O€3MeUHNX 1 (YHKIIOHATBHO e(EKTUBHUX HABYATbHUX
CEepeIOBUIIl HOBOTO MTOKOJIIHHS, IO BiIMOBIIal0Th BUKIIMKAM CyYacHOCTI Ta MAOYTHHOT'O PO3BUTKY.

KirouoBi cioBa: pPEeKOHCTPYKIIiS, 3akiIaAW OCBITH, BIJHOBJICHHS, O€3MeKa OCBITHBOTO
CEpe/IOBHINA, CHEproeeKTUBHICTh, I1HHOBAIIWHI TEXHOJOTIi, YKPHUTTS IMBUIBHOTO 3axHUCTY,
CTIMKICTB 1HQPACTPYKTYPH.
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BHUMOTI'HA JIO O®OPMJIEHHSA CTATEN
y 301pHUKY HAyKOBHUX Ipalb
“CyyacHe OyAiBHHITBO Ta apXxiTeKkrypa”

Ho omnyOmikyBaHHs y ¢axoBiid 30ipili HayKOBHX TIpallb  NPUHMAIOTHCS paHile He
oIy 0JIiKOBaHI HAyKOBI CTaTTI, 13 3a3HAUYEHOIO HID)KUE TeMATHKOIO MyOJTiKamiii:

. ApxiTekTypa.
. ByniBenbHI KOHCTpYKITii.
. ByniBenbHI MaTepiany Ta TEXHOJIOTI.

. [mkeHepHi Mepexi Ta o0a HaAHHS.

1
2
3
4. T'igpoTexHiYHE Ta TPAHCIIOPTHE Oy MIBHUIITBO.
5
6. OcHOBHU Ta (hyHIAMEHTH.

5

. Texnooris Ta oprasizaiis OyAiBeJIbHOTO BUPOOHUIITBA.

CrarTs NOBHHHA BiNIOBIIATH TeMaTHLi 30ipHUKA, My0JiKyBaTHCS BIeplle i BKJIKYATH TaKi
eJleMeHTH:

* aKTYaJbHICTh Ta IOCTAHOBKY IPOOJEMH Y 3arajibHOMY BMIJIAJI, ii 3B'I30K 13 BaXKJIMBUMHU
HAYKOBHUMHU YU MPAKTHUYHUMH 3aBJIaHHIMU;

* aHaNI3 OCTAHHIX MOCIKEHb 1 MyOJikamii, y SKWAX TNPEICTaBICHO BHUPIIICHHS IaHOI
npobieMu 1 Ha sIKi CHUPAETbCS aBTOP, BUIUICHHS HEBUPILICHUX paHillleé YacTUH 3arajbHOoi
POOJIEMH, SIKAM TPUCBSIIYETHCS JIaHa CTATTS,

* (hopMyIIFOBaHHS METHU CTATTi (MOCTAaHOBKA 3aBJIAHHS);

* BUKJIQJ] OCHOBHOI'O MaTepialdy JOCHIUKEHHS 3 MOBHUM OOIPYHTYBaHHSIM OTPHUMaHUX
HAYKOBHUX Pe3YJIbTaTIB;

* BUCHOBKH 3 JIAHOTO JIOCITI/KEHHSI 1 TIEPCIIEKTUBY MOJAJIBIIIOT0 PO3BUTKY Y TAHOMY HATIPSIMKY;

* CITUCOK JIiITepaTypHu.

3arajbHi BUMOIH 10 0(DOPMJICHHSI TEKCTY

CratTi mojaroThCs B eNeKTpoHHOMY BUrIsial ¢ainom Word 97 — 2003 B ¢opmari .doc. Ha3pa
(ailmy Mae MICTUTM HOMEp TeMaTHKH ITyOiikaiii Ta Mpi3BUIIE MEpUIOro aBTopa (Hampukiaa, S5
IBanoB.doc).

CraTTi IoAar0Thesl YKPaiHCHKOIO Y aHTJIIMCHKOI0 MOBOIO 1 IPYKYIOTHCSI MOBOIO OpPUTIHATY.

TexcToBa 4acTMHa CTaTTi HaOMpaeThcs Ha apkymax ¢opmary A4 mpudrom Times New
Roman 12 nT uepe3 oguHapHUi 1HTEpBa, BUPIBHIOETHCS 110 MIUPHHI CTOPIHKH, TOJS IO 2 CM 3 YCIX
60kiB, ab3auHuii Biactym — 1,0 cm. O0csr cratTi 7-16 MOBHMX CTOPiHOK pa3oM 3 aHOTALIAMHU.

CrpykTypa cTaTTi:

— indexc Y/IK (BUpIBHAHO IO JiBOMY Kpaio ©Oe3 a03alHOro BiJACTYIY, HpPOMHUCHU,
HaMBXUPHUN);

— Ha3zeéa cmammi (BIALCHTPOBaHA, yCi JITEpHd NPOMHCHI, HAMIBXUPHI, NEPEHOCH He
JIOTTY CKaIOThCS);

— npi3zeuue, iHiyianu 6cix agmopis, HAyKOGUUl CHMYyNiHb, 64eHe 36aHHs (BUPIBHSHO IO
[IPaBOMY Kparo, MPi3BHUILE — HAMMBKUPHUN; CTYIIHb 1 3BaHHS — PSIIKOBH);

— HO6HA HA364 6UULO20 HABYATILHOZ0 3aKAAdy uu opeauizauii (KypcuB, BHUPIBHSHO IO
MPaBOMY Kparo; SIKIIO aBTOPH 3 PI3HUX HABYAIBHUX 3aKJIAiB, TO KOXKEH aBTOP 3 OKPEMOTO PS/IKA);
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— enexkmpona nowma (BUPiBHSIHO 10 IPaBOMY Kparo Ta mops yHikaneauit Homep ORCID);

— anomayii 0o cmammi (a03alHUI BiJCTYII, Ha3Ba HAIIBXUPHA, aHOTAIlll THITYThCS JABOMA
MOBaMH: YKPaiHCHKOIO 1 aHTJTIHCHKOIO.

Texct mepiioi aHOTaIlil MUIIETHCS MOBOIO OCHOBHOT'O TEKCTY CTaTTi Ta NMOBMHEH OyTH He
MeH sk 1800 3HaKiB.

TekcT npyroi aHoTallii, SIKIO BUIAAHHS HE € IMOBHICTIO aHIJIOMOBHHM, KOXKHA ITyOJIiKallis HE
AHTJIIHCHKOI0 MOBOIO CYIIPOBOIKYETHCSI aHOTAIIEI0 aHMTIMCHKOK MOBOIO 00csrom He MeHII sik 1800
3HAKIB. SIKII0 BUIaHHS HE € MOBHICTIO YKPaiHOMOBHUM, KOXKHA ITyOJIiKallis He YKPaiHCHKOI0 MOBOIO
CYNPOBOKYETHCS AHOTAIIEI0 YKPATHCHKOI MOBOIO 00Ocsrom He meHm sik 1800 3makiB. [lpyra
AHOTAILisl PO3MILIYETHCS B KiHIII CTATTI MICHIS CIIUCKY JIITEPAaTypH Ha aHTJIICHKIN MOBI.

JIBi aHOTa1ii NOBHHHI KOPOTKO MOBTOPIOBATH CTPYKTYpYy CTATTi, IO BKJIKOYA€E BCTYII, METY,
METOIUKY, pe3YyJIbTaTH, BUCHOBOK. MalllMHHUN ITEpeKIIa]l He J03BOJIAE€THCH.

— Kuouoei cnoéa (MDKDAAKOBHMI iHTEpBal HE pPOOMTHCH, ab3amHMl BiACTYI, Ha3Ba
HaMIBXHUPHA, TEKCT KJIFOYOBUX CITiB HE OlbIle 6—8 CIIiB).

Ha3pa crari, npi3Buiie i iHimiagam, HAyKOBUH CTYyIMiHb, BU€HE 3BaHHS, MiCIIe POOOTH, aHOTAIIis
1 KJTFOUOBI CJI0BA — MOBTOPIOIOTHCS YKPATHCHKOIO TA aHTIIIHCHKOI0 MOBaMH.

Mix psakamu 3 iHAekcoM Y /JIK, Ha3Bor cTaTi, Mpi3BUIIEM aBTOPiB, aHOTAIli€l0, OCHOBHUM
TEKCTOM 1 TEpeNiKOM JIiTepaTypH, JITepaTypol0 Ha AaHIMIIKWCHKIH MOBI Ta JAPYrol0 aHOTAII€I0
OJIMHAPHUI 1HTEPBAJL.

— OcHO6HUIL meKcm cmammi.

CtpyKTypa OCHOBHOTO TEKCTY CTaTTi 3rimHO 3 moctaHoBoro BAK Vkpainu Ne 7-05/1 Bin
15.01.2003 p. (bronerenr BAK Vkpaiau Nel, 2003 p.) moBuHHA MaTu Taki HEOOXiAHI €IEeMEHTH
(nazeu cmpykmyphux enemenmie 6 mexcmi cmammi ROMPIOGHO 6UOLIUMU HANIEIHCUPHO):

— BCTyl (IIOCTaHOBKA MPOOJIEeMH Yy 3arajlLHOMY BUTIISAAI Ta 1 3B’S30K 3 BaKIWBUMU
HAyKOBUMH YU MPAKTUYHUMU 3aBJaHHIMH);

— aHaii3 OCTaHHIX JpKepen AOCTKEHb 1 MmyOiKaiii, y SKHX 3al04aTKOBAHO PO3B’sI3aHHS
npobinemu (GakaHo, mo0 1e OyB aHalli3 OCTaHHIX NyOmikamii y (axoBHX >XypHanax) 1 Ha sKi
OMHPAETHCSI aBTOP, BUJAUICHHS HE PO3B'SI3aHUX paHINIe YaCTHH 3arajbHOi MPOOJIeMHU, SIKHM
MPUCBSIYETHCS CTATTS,

— TIOCTaHOBKA METH Ta 3aBJaHHs ((opMyITIOBaHHS METHU Ta 3aBIaHb JIOCII)KECHb);

— MarepiaiM Ta METOIM JOCHIDKeHHs (ONMHC BUKOPHCTAHUX MaTepiajiiB Ta METOJIB
JOCTIKEHHS TPOOJIEMH, 1110 PO3TIISIAETHCS Y CTATTI);

— OCHOBHHUU MaTepiasl 1 pe3yabTaTH (BUKJAJ OCHOBHOTO Martepiany JOCTIHKEHHS 3 TMTOBHUM
OOTPYHTYBaHHSIM OTPUMAaHUX HAYKOBUX PE3yIbTATIB);

— BHUCHOBKHM (HayKOBa HOBW3HA, HAYKOBE Ta MPAKTHYHE 3HAYCHHS Pe3yJIbTATIB JOCIiIKEHHS,
MEPCIEKTUBH MMOATBIINX HAYKOBUX PO3POOJIEHB);

— Jimepamypa (BIIUEHTPOBAaHA, HAMMIBXKUPHA; MOCUJIAHHA B TEKCTI MOJAIOTh Y KBaJpPaTHUX
AykKax [2]; crucok iTepaTypy HaBOAWUTHCS BiAMOBIAHO MOPSIKY MOCHIAHb y TeKCTi 3rimHo 3 JICTY
8302:2015 Ta 3anmcyeThCs B CTOBITYMK; HanmcaHHs «Jxepena indopmarii», «[lepemik miteparypm» He
JAomycKaeTbesi). biOmiorpadiuHuii CIMCOK HABOJWTHCSA MOBOKO OpHTIHATY Ta TPAHCIITEPYEThCS.
KinbKicTh IOCHIIaHB HA JIITEpATypHI PKEpesia y CTaTTi MOBUHHO OyTH He MeHIe 15 mkepen. OcobmmBa
yBara npuAUTS€THCS CY4aCHUM aHTJIIOMOBHHM CTaTTSM, 30KpeMa iHaekcoBanux WS abo Scopus.

— oioniozpaghiunuii cnucox (References). Jlins BiATBOpPeHHs YKpaiHCHKMX BJIACHUX Ha3B
3ac00aMHU aHIMINHCHKOI MOBM TpH MeEpeKsajai MyOsikalii aHTIHCHKOI0 MOBOIO 3aCTOCOBYETHCS
TpaHchiTeparis. HalimeHyBaHHs opraHizaiiid Ta yCTaHOB, II0 HE TEPEKIAJaOThCS Ha aHTIIHCHKY
MOBY, TaKOX TPaHCIITEPYyIOThCs. TpaHcmiTepallis Npi3BUILl aBTOPIB BUKOHYETHCS 3aJISKHO BiJl MOBU
OpHTiHATY JpKepena BianosinHo 10 BuMor [loctanoBu Kabinery MinictpiB Ykpainu Bix 27.01.2010 p.
Ne 55 «IIpo BnopsiaKyBaHHS TpaHCIiTepallii ykpaiHCbKoro angasiTy JaTuHULeo». bidmiorpadiuamii
CIIUCOK TIOBMHEH Oytu odopmieHnid 3 BukopuctanHsm ctwisi |EEE STYLE 3rigo 3
«MiXHapOJHUM CTHJIEM LIMTYBAHHS Ta MOCUJIAHHS B HAYKOBUX poboTax», Kuis, 2016.

Taénuyi cnin BUKOHyBaTH B pemaktopax Word 6e3 3anuBanns. Koxxna Tabmuisg mae OyTu
Ha/IpyKOBaHa 3 BIJNOBIJHUM 3arojlOBKOM Ta HyMEpAIli€lo IiCIs MEepIIOro MOCHJIaHHS Ha Hei.
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[Iupyna Tabnuier HE TMOBWHHA IepeBUIyBaTH Mois cTopiHku. [pudTt B Tabmuill MOBUHEH
BIJNOBiJATH MIPUQTY CTATTI.

@opmynu maioTh OyTH BHKOHaHI B pemaktopi ¢dopmyn Equation 3.0 un MathType 3
BUKOPHCTaHHAM TUIbKH 3aranbHonpuiiHaTux wmpudriB (Times New Roman; Symbol). Koxna
(dhopMyia HAOUPAETHCS K ONUH 00’ €KT, HyMmepallis Gopmys apabCbkuMH IU¢paMu CripaBa B TyKKax
BUPIBHSHA 110 UIMPHHI CTOPIHKU.

Pucynku (miarpamu, (oTo), MOAAIOTHCA y YOPHO-OUTOMY, KOJHLOPOBOMY BapiaHTi abo y
rpajamisx ciporo KOJIbOpPY Iiciis MEepPIIOro MOCUIaHH Ha HHUX; MAlOTh OyTH 3TPYIOBaHi Ta SIBISITH
coboro ouH TpadiuHuii 00’ €KT; MaTH HyMepallito Ta MiJM1uc MOo3HAYeHHS OCh KoopAuHaT. Posmipu
MiANKCIB HA PUCYHKY MOBHHHI Bignosigatu mpudty Times New Roman 12 nr.

Pa3om 3i crarTero moaaThHCA:

— BIJIOMOCTI Mpo aBTopa (aBTOpPChKa MOBIAKA): MpI3BHINE, iM’s, MO OATHKOBI (IIOBHICTIO);
BUCHE 3BaHHS, BUCHUI CTYIiHB; MOCaja, MicIle poOOTH; KOHTAKTHI aJpecH il TenedOHH; MOIITOBa
ajZipeca, Ha Ky HaJICUJIaTH MPUMIPHHK 301pHUKA

— peleH3is Ha CTaTTIO, SIKIIO aBTOPOM € acmipaHT Oe3 CIBaBTOPIB 3 BUCHUM CTYIEHEM Ta
BYCHHM 3BaHHSIM.

Cratri, IKi He BiANOBiIAI0TH HABEeJEHUM BUMOIaM, 10 PO3IVIsAy He IPUIHMAIOThCS.

[Togani MaTepiany miUsITalOTh JOIATKOBOMY PEIEH3YBaHHIO YWiICHAMHU peAKoJIerii abo MpoBiAHUMU
¢axiBUgMH 3a HAYKOBUMH HalpsMaMd, TOMY MOXYTh OYyTH TIOBEpHEHI aBTOpaM Ha
JOOIPALFOBaHHS.

OcrarouHe pileHHs o0 myOmikauii cTaTTi NpuiiMae peJakiiiina Kouerist BUJaHHs.
BinxwuieHuii opuriHai He MOBEPTAETHCA.
OmnuaTa 3MIHCHIOETBCS TUTBKU TICIIS MATBEPKCHHS IPUHHSTTS CTATTI 10 IPYKY.

Bapricte myOmikamii crarti 1100 rpn. 30ipHUK BHXOAWTH 4 pa3d Ha PIK IIOKBAPTAIBHO, B KiHII
KOJKHOTO KBapTaiy. CtaTTi HEOOXiJHO HajcuiaTH 10 | Yucia OCTaHHBOTO KBapTaly (HANpUKIA,
SKIIO 30IpHUK BUXOJIUTH B KIHILIl YEpBHS, TO CTATTI MpUiMaroThes 10 | dyepBHA). Ale mpuiloMm craTteit
MOXe€ 3aKIHUUTUCH PaHillle BKa3aHOTO TEPMiHy, SKIIO Oy1e HabpaHO HEOOXiJHY KUJIbKICTh CTOPIHOK.

Marepiam HaaCHJIATH 32 apPecoro:

Penakuist «CyuacHe OyZiBHUIITBO Ta apXiTEKTypa»
Opnecbka eprkaBHa akazeMis OyIIBHULITBA Ta apXITEKTYpH,
Byn. linpuxcoHa, 4

M. Oneca, 65029, Ykpaina

KonTakTHa ocoba: AHTtoHrok Hazist PomaniBHa

ten. po6. (048) 70-00-608

e-mail: visnuk_odaba@ogasa.org.ua

Caiit 30ipauka: http://visnyk-odaba.org.ua/

InaTixkHi pekBi3uTH:
Hentp HTTM no Ab, xonx 21028281,
M®O 320478, P/p UA 103204780000026009924861812 B ITAT Ab «Ykprazoank»,

Ipu3nayenns miaarexy: «CyyacHe OyAiBHULTBO Ta apXiTekTypa, [1Ib nepmroro aBropa

[Ipocumo micnst BiAmpaBieHHS MarepiaigiB 00OB’s3KOBO 3areiedoHyBatu abo 3B’s3aTHCA
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