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Abstract. Modernization of residential buildings is a significant contribution to achieving
sustainable development goals and solving its tasks. The housing stock of Ukraine is predominantly
composed of panel housing projects and construction of the years of the Soviet Union. According to
statistics, old panel residential buildings makes up more than 85% of the entire housing stock of
Ukraine. Such buildings do not meet modern requirements and standards. A similar situation exists
with the social housing stock in other countries, especially in countries with a heritage of Soviet
panel buildings. Renovation of the old housing stock and bringing it to modern needs, requirements
and standards will significantly affect the reduction of primary energy consumption and carbon
emissions. Its solving sustainable development tasks in terms of inclusiveness and creating
attractive living conditions in accordance with modern standards. The issue of modernization of
panel residential buildings heritage of Soviet times — is considered. Gaps in this issue are identified
and analyzed. The arguments for the necessity and importance of sustainable comprehensive
modernization are presented using a desc riptive-explanatory method. Theoretical solutions and
opportunities for the implementation of complex modernization projects are presented. The
importance and advantages of such a principle are noted. At the same time, a positive contribution
to urban development is noted. However, obstacles and the need to overcome them are noted.

The topic of a complex approach to the modernization of the residential buildings should be
given more attention. After all, partial solutions do not solve all the problems of the house and the
surround space. Also its don't allow to fully achieve the goals of sustainable development, which
can be provided by the complex modernization of residential buildings.

A complex approach to the modernization of residential buildings allows to create competitive
conditions for new construction, prevents the degradation of old residential neighborhoods. As a
result — economic and social well-being of residents; economic growth of the city. Solving a number
of tasks of sustainable urban development and achieving other Goals of Sustainable Development.

Keywords: sustainable comprehensive modernization, residential neighborhoods, housing
stock, mass panel residential buildings, Sustainable development, Sustainable urban development,
renovation.

Introduction. Panel residential buildings designed during the Soviet period, which make up
the mane part of Ukraine's housing stock, were built in blocks and neighborhoods. The situation
with social housing is similar in other countries, especially in countries with a heritage of Soviet
housing development. These include not only post-Soviet countries, but also some of the countries
that are currently part of the European Union. Therefore, the renovation of the old housing stock is
a relevant topic not only for Ukraine, but also for many other countries. Discussions of the
renovation and regeneration of the housing stock in Ukraine and other countries of the world are
predominantly viewed in terms of energy efficiency, in order to reduce carbon emissions into the
atmosphere, and the repair of worn-out engineering parts of the building, in order to increase the
value of square meters and prevent the degradation of old residential areas. The topic of sustainable
comprehensive modernization is almost never considered in practice.

Modern construction and architecture, 2025, no. 12, page 7-13
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Analysis of Recent Research and Publications. With the adoption of the sustainable
development agenda [1], views on the tasks and ways of implementing urban development have
changed somewhat. In accordance with sustainable urban development, certain tasks have been set.
One of them is decarbonization.

There are energy efficiency funds at the state level, the task of which is aimed at saving primary
energy and reducing carbon emissions in Ukraine and some other countries [2-4]. The funds provide
financial support to households, but part of the costs still fall on the co-owners of the housing.

In relation to residential buildings, this is modernization aimed at energy efficiency.
According to many studies, this issue is controversial. Researchers determine not only economic
disadvantage, but also raises many controversial issues regarding the reluctance of co-owners to co-
finance programs, despite the significant contribution of funds, which is mostly 70% of the total
cost. At the same time, the inexpediency of the programs from the point of view of investment and
savings is noted. Using the example of Ukraine, this issue was considered in research, which noted
the inexpediency of modernization only for energy efficiency in the presence of other technical
problems, such as ingeneiring and tecnical parts and components of the building [5]. Despite certain
privileges for co-owners of energy-renovated buildings in Germany, researchers also note the
reluctance of co-owners to co-finance energy efficiency projects. For example, this issue is
considered in the work of scientists who note that the marginal costs significantly exceed the
marginal benefits [6]. However, it is still necessary to accelerate the pace of regeneration of
buildings with low energy efficiency in order to achieve the European Union (EU) climate change
policy by 2050 [7].

A case in point is the study by Lithuanian researchers Dalia Streimikiene and Tomas
Balezentis, as Lithuania, so as Ukraine, has a significant heritage of old panel houses. The study
notes that although policies and measures exist to promote large-scale energy renovation, many
obstacles still exist and the pace of energy renovation is still very slow, especially in new EU
member states and former Soviet Union members [8].

In the USA, the approach to the renovation of residential buildings was reviewed using the
example of New York City. According to the project, the need to pay attention not only to parts that
require immediate or current repairs, but to comprehensive renovation when modernizing
residential buildings is noted [9]. The need for the renovation of social housing is noted in a study
commissioned by the European Union. The study was conducted on the example of several
agglomerations in different countries, taking into account retrospective analysis. The analysis
showed the need to involve residents in order to take into account the individual needs of housing
being considered for modernization. Also, Aernouts. N. and colleagues note a great need for the
renovation of old social housing on the example of several European countries [10].

The renovation of residential buildings should be considered on the basis of sustainable
development, according all goals and the implementation of their tasks. As noted by researchers, the
construction industry plays a significant role in achieving almost all sustainable development goals
[11]. Therefore, sustainable modernization should solve not only the task of energy efficiency, but
also bring the building to an appropriate technical condition, taking into account the tasks of
sustainable development in terms of inclusiveness and sustainable urban development. Therefore, as
noted in the study, the involvement of all stakeholders in the process is necessary [12].

The importance of the condition of the surround area is noted. Studies note the positive
impact of landscaping when choosing a place to live and the importance of close access to green
spaces [13, 14]. Environmental factors affect psychological well-being. It is necessary to design
spaces that support mental and physical health. Sustainable and attractive urban environment should
to meets the needs of the community [15].

Objective and Tasks. Ilumination of the problems of modernization panel residential
buildings in terms of achieving the goals of sustainable development. Identification of theoretical
solutions and possibilities for the implementation of the tasks of sustainable urban development and
the achievement of other Goals of the Sustainable development by the way of modernization of the
old mass panel residential buildings.

Modern construction and architecture, 2025, no. 12, page 7-13
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Materials and Research Methodology. There were analyses of the current research and
implemented projects that may be relevant to the modernization of the housing stock. Identified the
main trends and gaps in this issue. Through a qualitative analysis of modern trends, the role of
complex modernization of the mass panel residential buildings in the final goal of sustainable
development is determined. Using a descriptive method, theoretical solutions and possible ways of
implementing the modernization of residential buildings are presented to achieve the Sustainable
urban development.

Results. Energy-efficient modernization of the housing stock is widely discussed in almost
all countries of the world. A common problem exists in countries with a heritage of mass panel
residential buildings from the Soviet era.

Despite significant progress in terms of creating funds to finance energy efficient
modernization, obstacles remain on the way to the pace of such modernization. The main obstacle is
co-financing. And this problem is not only in Ukraine with its low income and high annual credit
rates, but also in other European countries.

The larger the modernization project, the greater the costs, but also the greater the benefits in
the future.

Sustainable modernization should be a comprehensive project that will cover the issues of
energy efficiency, renovation work, inclusive architectural and planning solutions for the house and
the surrounding area. No less important in planning is the landscaping of the territory and
accessibility. Today, the issue of landscaping, green construction and the "15-minute city" concept is
widely considered. The "15-minute city™ concept, according the existing planning of residential
neighborhoods and areas, can be easily implemented. During the Soviet Union, residential
neighborhoods were planned with developed social infrastructure, such as a school, kindergarten,
medical facility and areas for sports and recreation. Therefore, the modernization of residential
buildings together with the surrounding area will be able to cover the tasks of sustainable
development in decarbonization through close accessibility on foot, or by bicycle, to daily
necessary facilities. Residential buildings in Ukraine have mostly already reached the end of their
operational life or will do so in the near future. Therefore, the issue of the appropriate condition of
the building is no less important than achieving sustainable development goals in terms of
sustainable urban planning. Unfortunately, comprehensive modernization in Ukraine, and in many
other countries, is not considered at the legislative level. Sustainable modernization that will be
able, thanks to architectural and engineering solutions, to ensure the implementation of sustainable
development tasks and achieve sustainable development goals, which are covered by architecture,
construction and urban planning. These are not only attractive buildings and preventing the
degradation of old residential areas, but also the economic growth of cities and the country as a
whole. Projects of sustainable modernization of panel housing projects of the 70-90s, which still
have an unfinished service life, are most appropriate to consider. But without appropriate
encouragement from the government, unfortunately, such projects cannot be implemented. The
interest of the construction industry in such projects should be no less than the building of new
houses. Therefore, the economic benefit for the developers and the development companies should
be no less than when building a new house.

Panel residential buildings were built in the same way and have a relatively similar
architectural planing solutions. Therefore, an architectural and engineering project can be used for a
certain group of houses and modified for another similar development. And this applies not only to
the cities of Ukraine, but can also be used in other post-Soviet countries, including some countries
of the European Union.

Unfortunately, today there are no financial mechanisms for the implementation of projects
that would cover the complete renovation of the building to modern requirements and needs, as well
as ensuring the solution of all sustainable development tasks in terms of sustainable urban
development and related goals. There is global experience in the renovation of residential buildings.
The example of Israel, Singapore and the USA highlights practical promising mechanisms for
encouraging the construction sector, co-owners and management companies, such as the

Modern construction and architecture, 2025, no. 12, page 7-13
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condominiums. Depending on the country, the state has introduced various mechanisms for
encouraging developers to modernization.

The main principles are to create economically advantageous conditions for modernization
compared to new construction, where not only the developer (investor, developer) but also the co-
owners (residents) and the State are in a favorable position. Among such mechanisms are the
transfer of modernized housing into partial ownership of the developer; transfer of land into
ownership; maintenance of residential development. The construction industry is responsible for the
issue of resettlement, provision of temporary or permanent housing at its own expense, or other
mechanisms for ensuring the implementation of the project. At the same time, co-owners receive
housing that meets modern requirements and needs; the construction industry receives income from
the sale of completed residential or commercial space; the State - improvement of the surround area
and attractive and nice city. In general, this is an increase in the price of square meters, which has a
positive effect on the economic condition of the city and the state as a whole; development and
improvement of cities; income from additional square meters; improvement of neighborhoods and
prevention of its degradation; improving conditions for residents; achieving the goals of sustainable
urban development.

A comprehensive approach should be based on the basic principles depicted in Figure 1.

Surrounding space

Engineering §
systems

Fig. 1. Principles of sustainable comprehensive modernization of residential buildings
(Principles of SCM)

This is a simultaneous comprehensive approach and the creation of a project that ensures the
modernization of the engineering structures of the building, the architectural and planning solution
of the house and the surround area to improve the quality of living conditions and operational
characteristics of the house and the environment.

With a comprehensive approach, using the existing housing stock base: houses built in blocks
with wide open surrounding space, it is possible to renovate existing panel housing to a competitive
regarding new construction. This does not require the use of new plots and densification of
residential space. This approach allows solving a range of tasks of sustainable urban development,
which is schematically depicted in Figure 2.
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sustainable comprehensive modernization

I I I

energy efficiency social well-being economic well-being

Fig 2. Advantages of the Sustainable comprehensive modernization of the housing stock

This approach prevails in the current situation:

— new, modern, comfortable buildings;

— attractive surrounding area.

It's prevents the degradation of old residential areas; extends the operational life of buildings
and creates competition for the new construction.

Comprehensive approach to modernization — modernization of engineering structures, modern
architectural and planning solutions without violating the integrity of the building and spatial
solutions for the surround area. These allow to obtain a modern residential neighborhoods that
ensures environmental friendliness, accessibility, energy efficiency and inclusiveness. As a result —
a socio-economically attractive residential space; a renewed attractive city, improving the social and
economic well-being of residents.

Conclusions. Sustainable comprehensive modernization can solve a range of important tasks
of sustainable urban development and contribute to the achievement of other Goals. An important
aspect today is the search for ways to overcome the financial burden on households and ways to
create conditions for stakeholders.

Further research and initiatives in this direction are needed. Detailed attention should be paid
to a sustainable integrated approach to the modernization of residential development. The
implementation of such projects is of great importance for achieving the Sustainable Development
Goals and economic growth of countries. It is the appropriate decisions in this direction that will
contribute to the possibility and implementation of such important projects.

The project must be competitive with new construction and interesting from a commercial
point of view of the developer. Therefore, it is necessary to use all available tools and create new
ones to achieve the goal.

Studies confirm a partial approach. But the scientific community supports the need and
importance of modernization and notes the positive impact.

Unfortunately, there are almost no comprehensive approaches and projects. We are only at the
beginning of such movements.

At the global level, there are not enough existing large-scale studies. At the same time,
scientists from different countries highlight the need and importance of modernization, but also note
obstacles.

Ukraine, which has suffered damage to buildings as a result of aggression, should be more
interested than others not in repair them to their original condition, but in full, comprehensive
modernization.

Sustainable modernization of residential buildings, namely the renovation of panel housing
stock, according to solution of necessary tasks, will help achieve sustainable development goals and
improve the economic well-being of cities and the country.

Modern construction and architecture, 2025, no. 12, page 7-13
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POJIb MOJIEPHIBALII )KUTJIOBUX BYIUHKIB Y JOCSATHEHHI HIJIEN CTAJIOTO
PO3BUTKY: TEOPETUYHI PILIEHHS TA PEAJII3ALIS

Hepkau C.L., aciipanr,

derkach.sergii@gmail.com, ORCID: 0009-0006-4380-4924
Hayionanvua akademisn obpazomeopuoco mucmeymaea i apximexkmypu
ByJ1. Bo3HeceHchkuii y3Bi3, 20, Kuis, 04053, Ykpaina

AHoTtauisi. MojepHizalis XUTI0BOT 3a0yJOBM € 3HAYUHMM BHECKOM Y JOCSITHEHHI IiIeH
CTaJIOTO PO3BUTKY Ta BHpilIeHi #Horo 3amad. KutnoBuil ¢ona VYkpaiHM NepeBaXHUM UYHHOM
CKJIQJIA€EThCS 3 MAHEJbHOI KUTIOBOT 3a0y/10BU MPOEKTIB 1 OymiBHUIITBA POKiB PansHchkoro Corosy.
3a CTaTUCTUYHMMHU JAaHMUMH CTapa XHTJIOBa 3a0yJ0Ba 3arajioM CTaHOBUTH Ouiblie 85% BChbOro
XKUTIoBOro (ouay Ykpainu. Taki OyIWHKH HE BIANMOBIJAIOTH Cy4aCHHMM BHUMOTAaM 1 CTaHIapTaM.
[Tonibna cuTyarist 3 COIiaJIbHUM KXUTIOBUM (OHIOM 1 B IHIIMX KpaiHax, 0COOJIMBO B KpaiHax 3i
CHA/IIMHOI0 PAJSHCHKOI MaHENbHOI 3a0yqoBH. BiIHOBIEHHS CTaporo >XHUTIOBOrO (GOHIY Ta
NPUBEACHHS HOrO J0 Cy4YacHHUX MOTped, BUMOI Ta CTaHAAPTIB 3HAYHUM YHHOM BIUIMHE Ha
3MEHIIEHHS CIIOKMBAHHS MEPBUHHOI €Heprii Ta 3MEHIIeHHs] BUKHJIIB BYIJIEII0, BUPILICHHS 3aj]ia4
CTaJIOTO PO3BUTKY B YAaCTHHI IHKIIO3MBHOCTI Ta CTBOPEHHS MNPHUBAOIMBUX KHUTIOBUX YMOB
BIJIMOBIJTHO /10 CyYaCHHUX CTaHIapTiB.

PosrsimaeTsest mpoOeMaTika MOJEpHi3allii MaHembHOI KUTIOBOI 3a0ylIOBH — CIAIIIHHHA
Pansucpkux yaciB. BUSBISIOTBCS Ta aHaANI3yIOThCS MPOTAJIMHU B JaHOMY nIUTaHHI. OMUCOBO
MOSICHIOBAIBHUM ~ METOJIOM HABOJATHCS apryMEHTH HEOOXITHOCTI Ta BaXJIMBOCTI CTalOl
KOMIUTIEKCHOI MojepHizaiii. [IpuBofsSThCA TEOpPETHYHI PIICHHS Ta MOMJIMBOCTI I peamizarii
MIPOEKTIB KOMIUIEKCHOI MO/IepHi3amii. 3a3Ha4aeThCsl BXKIIMBICTD 1 TIepeBaru Takoro npunumy. [pu
bOMY BIAMIYA€ThCS TMO3UTUBHUN BKJIaA Yy pPO30yIOBY MiICT. AJie 3a3HA4YalOThCS MEPEIIKOAM 1
HEOOX1THICTh 1X MOJONaHHS.

TeMi KOMIUIEKCHOTO MigXOAy A0 MOAEpHi3alii >KMTIOBOTO (OHAY HEOOXIAHO NPUAUIUTH
OinpIIe yBard. AJpKe 4acTKOBI PIlIEHHS HE BUPIIIYIOTH BCIX MpoOieM OyIMHKY 1 HaBKOJIMIIHBOTO
cepenoBuia. TakoxX HE O3BOJISIIOTH Y TIOBHOMY OOCSI31 JOCSTTH IIUJIEH CTAJIOTO PO3BHUTKY, SIKI MOXKE
3a0e3MeYnTH KOMITJIEKCHA MOJIEpHi3allis ®KHUTI0BOI 3a0y/10BH.

KommuiekcHuil miaxix 70 MOAEpHi3alli )KUTIOBOT 3a0y/I0BH JT0O3BOJISIE CTBOPUTH KOHKYPEHTHI
YMOBH HOBOMY OY/IiBHHIITBY, TIEPEIIKO/KAE AETPaallli cTapux KUTIOBUX KBapTaliB. SIK pe3ynbTar
— €KOHOMIYHHUHU 1 coljianbHUi ToOpOOyT MENIKaHI[IB; €KOHOMIYHE 3pOCTaHHS MicTa. BupimeHHs
HU3KU 3aBJaHb CTAJIOTO MICHKOTO PO3BHUTKY Ta JOCATHEHHS 1HIIUX Iiiel CTaloro po3BUTKY.

Kuro4oBi ciioBa: criiika KOMIUIEKCHAa MOJIEPHI3allis, )KUTIOBI MIKpOPaOHU, )KUTIIOBUHN (OH]I,
MacoBa MaHelbHa )KUTIIOBA 3a0y/10Ba, CTAJINH PO3BUTOK, CTAJIMH PO3BUTOK MICT, pEHOBALlis.

Crarra Hagiiinwia go pegakuii 25.03.2025
This work © 2025 by Derkach S.1. is licensed under CC BY 4.0
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AHoTauis. PerymioBaHHS pPO3BUTKY YpOAHICTUYHOTO MPOCTOPY 3 METOIO IMiJBUIIECHHS
KOM(DOpPTY, €KOJOTIYHMX CTaHJApTIB 1 OE3MEeKH KUTTS B IMOCTIHHO 3pOCTAIOYUX METramoiicax €
OJIHIEI0 3 HAWOUIBIN aKTyaJIbHUX, aJie HEJOCTATHHO BHBUCHUX 1 CKJIAJHHUX TI00ATBHUX MPOOJIEM.
Konmeniiss cranoro po3BUTKY MICBKOTO CEpeJOBUINA MPUALISE 3HAUYHY YyBary 37aTHOCTI
MIJ3€MHOT0 TPOCTOpPY B3ATH Ha cebe (GYHKIIT HAWOUIbII KPUTHMYHUX 1 BPA3IMBUX HA3EMHHX
00’€KTiB 1 KOMYHIKalii, 3a0e3reuylour MiHIMI3allll0 TPAaHCHOPTHUX, OE3MEKOBHUX 1 €KOJOTTYHHX
npoOJieM, 1O 3HAYHOI Miporo (Uit ymMoB micta Onmecu) Moxe OyTH IOCATHYTE OY/IiBHHUIITBOM
ocboBO1 (TMiBHIY — mMiBJIeHB) JdiHIT Onechkoro MerpomoiniteHy. [loBoenne BimHoBneHHs Opecu
CIIPUSATUME HOBUM MOJKJIMBOCTSIM JIJISI peasizaiii BeMKUX 1HQPACTPYKTYPHUX MIPOEKTIB HA 3acajax
MDKHApOJHOTO MAPTHEPCTBA, 30KpeMa — OyAIBHULITBA METPOIOJITEHY .

MeTor nocCHiKeHb € CHCTEMHa TMOpIBHSAJbHA OIIHKA aJbTEPHATHUBHUX MPOEKTHUX
KOHirypaitliii ocboBoi JiHiT Onechkoro MeTpononiteny (11 MiBIEHHOT YaCTHHH).

OCHOBHMM METOJIOM JOCIIDKEHHSI 00paHO MeTo MOAu(IKOBAaHOTO MOPQOJIOTIYHOTO aHAII3Y,
KU € e()eKTUBHUM IHCTPYMEHTOM CUCTEMHOT METO/I0JIOT1 AJIs1 yMOB OaraTOKpUTEpiaIbHUX BIUIMBIB 1
BHCOKOI HeBH3HaueHOoCTi. Po3poOieHa cucreMHa METOAOJNOTNis Ta I1HCTPyMEHTapid NPUHHATTS
TUIAaHYBaJIbHUX PillIeHb Y cdepi Mia3eMHO] ypOaHICTHKH, @ TAKOXK JI0CBiJ] 3aCTOCYBaHHS IJIaHyBaJTbHUX
METOAMK, IO BHUKOPHUCTOBYIOTH HayKoBe IepeAdaueHHs MailOyTHbOrO PO3BUTKY MICT Oynu
BUKOPHCTaH1 15 OOy 10BU MOP(hOIOTIYHOT MoJiei JUITHOK O1eChbKOT0 METPOTIOTITECHY.

Po3pobnena Mopdororiuna Moens  J103BoNWIA  OUiHUTH BB 10 CTpyKTypHO-
¢dyukmionanbHux (hakTopiB 1 00poouTn moHaa 349 000 xoHdiryparliii 3Ha4eHb AJIT OTPUMAHHS
KUTPKICHUX OIIIHOK 1 TOPIBHSHHS aJbTEPHATHMBHOTO PO3TAIlyBaHHSA KiHIEBHX CTaHLid OaechbKOro
MeTpornoiiTeHy. Po3risnanuck BIUIMBU: Ha BUPILIEHHS TPAaHCHOPTHOI NpoOJIeMH, CIPHUSHHSA
MICTOOY/IBEIbHOMY DPO3BUTKY, CIPHSHHS TYPHUCTUYHO-PEKpEaliiHOMY pO3BUTKY, MiHIMI3aIlil0
€KOJIOTIYHUX NpoOjeM, LMBUIBHMM 3axucT HaceleHHs. lle mae MicbKOMy CaMOBpSIyBaHHIO,
JIEp’)KaBHUM OpraHaMm BjaJd, 3alllKaBIEHUM TIPOMAJCbKUM OpraHizalisM Ta 1HBECTOpaM
e(EKTUBHUNA IHCTPYMEHT [T NPUHHATTS IUIaHYBaJIbHUX PILLICHb, BUXOASAYH 13 CHCTEMHHUX MO3UIIH.
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KirouoBi cjoBa: mim3emHe OyAiBHUIITBO, TPAHCIOPTHA 1H(PPACTPYKTypa, METPOIIOIITEH,
CHCTEMHHI aHaii3, MOP(OJIOTiuHa MOJETb.

Beryn. «Opneca 3 MOBHMM IPaBOM MOJKE MPETEHIYBaTH Ha OJHE 3 YUIBHUX MiCIb cepen
BEIIMKUX MICT CBITY» — Tak mnoduHae cBow «Ilcropiro Opecw» nocmimnuns ["apBapacbkoro
yniBepcutery [latpumis [epmiri [1] (3 YMM TOBHICTIO MOTOPKYIOTHCS aBTOPH JAHOI CTaTTi).
3maeTbesi, MO BXKE «0aThbKU-3aCHOBHUKHM» MicTa (3acHoBaHe B 1794 p.), karajoHempb 3a
noxo/pKeHHsM anmipan Xoce ae Pibac, Hizepnanacekuii imxenep @pann ne Bomnan, ¢panity3bki
apuctokpatu Apman Emmanroens aro [Tnecci (m’stuii repror ne Pimense) ta rpad Jlyi Onexcanmap
Anznpo ne Jlamxkepon (ywacHuk Biiinun 3a Hesanexnicte CIIIA), siki mepeOyBaim Ha ciyxOi
Pociiichkili iMIepii, 3aKialid TPEeHJ €BPONEHChKUX ycTpemiliHb Opecu («IiBIEHHE BIKHO B
€Bpoly») Ta HENpPUTaMaHHY KOJUINHINA iMmepil i€l «BIIKPUTOTO MiCTay, CIPHUSATIUBOTO IS
(hopMyBaHHS MYJIBTHKYJIBTYPHOTO PO3BUTKY [2].

[Tnan 3a0ynoBu Onecu po3poOHB iHkeHep-1oaKoBHUK Ppanil ge Bomnan, skuii copmyBaBcs
SIK 1H)KEHEp-OY/IIBEIbHUK Y TOJUTAHICHKUX TMoceneHHsX [liBHIYHOI Amepuku, yBiOpaBIIM Kpamiuid
JIOCBIJT TOrOYacHOTO MiCTOOY/yBaHHS (3aKjaJeHa HUM IUIaHYBaJIbHA CTPYKTypa LIEHTPAIBHOTO SiApa
Micta 30epernacs n0 Hammx aHiB). [Iucemennuk Mapk Ten, skuii BigsimaB Opecy B 1867 p.,
3a3HauaB: «fl... BiquyBaB ceOe 30BCiM sik yaoma. Ha Burisan Oneca TOUHICIHBKO aMepUKaHChKE MICTO:
KpacuBi IIMPOKI BYJHII, JO TOTO X NpsMi; HEBHCOKI OyIMHKHA (B JIBa-TpU IOBEPXH) — IMPOCTOPI,
oxaiHi, 6e3 KOIHUX XMMEPHUX MNPHUKpAC; B3JOBXK TPOTyapiB Hama Oijla akallis; AiJIoBa METYIIHS Ha
BYJIMLIAX Ta B JIABKAX; KBAIUIMBI MIIIOXOAH; OyIMHKU i yce JOBKOJIa HOBEHBKE SIK 3 FOJIOUKH, 10 TaK
3BUYHO HAIIOMY OKY; 1 HaBiTh T'yCTa XMapa My OrOpHYJia HaC HiOW MPUBIT 3 MUJIOI HAILIOMY CEPIIO
OaTbKiBIIMHU. .. Ky He nmoauBucs, mpaBopyy, JiBOpYY, CKpi3b nepea Hamu Amepukal» («IIpocraku
3a KOpPIOHOM, a00 IUIAX HOBUX MasioMHUKIB») [3]. LlleneBpu BU3HAHUX €BPONEHCHKUX apXiTEKTOPIB
XIX — movatky XX CT. y CTHISAX KJIACHIM3MY, aMITipy Ta MOJIEPHY 1 ChOTOJIHI IIEAPO MPUKPAIAIOTH
ByJmili icropuyanoro cepeamictst Onecu (06’ext CeitoBoi cniaamumuan FOHECKO) [4].

Ha nouatky XX ct. Oneca Oyna HaitOu1bIIuM MicTOM YKpaiHu 3 HaceneHHsM noHaa 400 tuc.
MEIIKaHLIB 1 BUHIIIA Ha 4yeTBepTe Micie B Pociiichbkiil immepii 3a po3mipaMu Ta €KOHOMIYHHUM
noteHuiagoM. Lleil puHOK 1 mopT 3a0e3neyyBaB (3 Pi3HOIO IHTEHCUBHICTIO) YKPAiHCBKUM 3€pHOM
Kpainu €Bponu Ta 3axinHoi A3ii nporsarom Beboro XIX cr. [5]. AkTyanbHa npoOieMa «3epHOBOTO
KOpHUIOpY» JUIsl TpoJ1oBoJibYOi Oe3neku ['nmodansHoro [1iBHS, ik 6aunMO, Ma€ MOBa)KHY 1CTOPIIO.

Croronni Ozeca € MiCTOM BOEHHOTO 4acy, 3pyHHOBAaHO ab0 YIIKOJKEHO JECSTKH IaM’SITOK
apxiTekTypu cepeamicts (ske BXxoauTh 10 crucky CsitoBoi cmammuaun FIOHECKO). 3maerses
Terep He Kpalui 4Yac JUis MPOTHO3YBaHHS MaiOyTHHOTO PO3BUTKY MicTa (OCOOIMBO BEIMKUX
1H(PaCcCTPYKTYpHUX IPOEKTIB), aje, Ha AYMKY aBTOpIB CTaTTl, caMe 3apa3 CliJ IUIaHyBaTH HOBE
MaiibyTHe ykpaiHcbkoi Opecu, 30kpema mam’siTaroud Hamucane Mapkom Teenom: «Opeca,
MOXJIMBO, IIE 3PIBHSIETHCS 3 HaWBeMWUHIITUMHU MicTamu Ctaporo CBITy».

Ha 2022 p. nacenenns Opecu nepeOinpinyBano | MITH. MEIIKaHIIIB, TUTOMIA CKIIaJaia MOHaT
162 kM2, a MPOTSKHICTH 3 MIBHOYI HA MIBAEHb — OJU3bKO 35 KM. Y MICTI 3HaXOAUTHCS HAWOIBITHI
MOpPCBHKHUH NOPT YKpaiHu, po3BUHYTI HadTonepepoOHa, MeTanooopoOHa, MalIMHOOY 1iBHA, XIMIYHAa,
Jerka W xapdoBa mpoMmucioBicte. JloBoemna Opeca  IHTEHCHBHO  pO3BHBANAacs  SIK
6araTo(yHKI10HAIbHUI €KOHOMIYHUMN, KYpOPTHO-PEKpEALiHUMA 1 TYPUCTUYHUHN LIEHTP.

Cepen HaMOLIBIIUX TPOOJIEM cTanoro po3BUTKY OjecH MpOTIroM OCTAaHHIX AECATUPIY CIIiJ
3a3HaYUTH (QYHKIIIOHYBAaHHS MICBKOT'O TPAHCIOPTY, IKa OTpUMaia ocoOnuBy roctpoty B 2015-2018
pokax (no emigemii COVID-19), konu mjopiyHa KijIbKiCTh TYPHUCTIB Ta BIANOYMBAIOYUX HA IUISKAX
Opiecy cKiiajana moHazx 3 MiH. oci6 [6, 7]. Oneca — noproBe Mmicto. HMoro crermdikoro € Te, 1mo B
IIEHTPl MICTa 3HAXOAUTHCS BAaHTAKHUW TMOPT Ta 3alI3HUYHUN BOK3al, 10 (QopMye 3HAYHE
30CepeIDKEHHS] TPaHCMOPTYy. 3adyJoBa MiCTa B OCHOBHOMY BIAMOBITAE TPSIMOKYTHIH cxemi
TPAHCIIOPTY, TAKOX BiJ IEHTPAJTbHOI YACTHHU B PaJiaJIbHUX HAMPSIMKax MPOXOISITh MaricTpaii
3araJlkHOMICHKOTO 3HAYEHHS, SIKI BUXOIATh HA MEPEXY 30BHILIHIX Hopir. HegomikoM npsmMokyTHOT
CXEMHU € BeJHMKa KUIbKICTh 3aBaHTAXEHUX MEPEXPECTh, IO YCKIAAHIOIOTH OPraHi3aliio pyxy 1
30UIBIIYIOTh TPAHCIIOPTHI BUTPATH, (POPMYIOTH BENHUKI mepernpodiru aBroMo0iniB. Cimil 3a3HaYUTH,
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110 TUIAHYBaHHA W PO3BUTOK OCHOBHOI YAaCTHHM MiCTa BiJIOYyBaJUCh y TEpiOJ BUKOPHCTAHHS IIIE
I'Y’KOBOTO TPAaHCIIOPTY, TOMY ICHYIOYa MariCTpajibHO-BYJIMYHA Mepexka He Moxe 0e3 mpoliem
3a0e3mevyBaTH CydyacHY IHTEHCHUBHICTh PYXy aBTOMOOLIBHOTO TPaHCHOPTY (KOPKH W TPaHCHOPTHI
npoctoi € TunoBuM siuieM). [lepenbauene B ['enepansHomy miani M. Oxecu [8] OyniBHHIITBO Ta
PEKOHCTPYKIliSI aBTOMOOIIBHOT TPAHCIOPTHOI MEPEXi 3AaTHE JENM0 TOKPAIUTH ICHYIOUY
NpoOJeMHY CHUTyalilo, NpoTe 30UIBLICHHS MPOIYCKHOI CHPOMOXHOCTI MICBKHX BYJIHLb Y
OLTBIIOCTI BUMNAAKIB BXKE BHYEpIIaHI, a TIOBOEHHI TEMIM 3pOCTaHHS pIBHSA aBTOMOOLT3aIlli Ta
aBTOTYpHU3MY OyIyTh HIBEIIOBATH OOMEXEHI MO3UTHUBHI €(PEKTH HAMIYEHUX 3aXO/IiB.

Buxoasuu 3 mporo, ciig (Ha AyMKy aBTOPiB) HA HOBOMY HAayKOBO-METOJOJIOTIYHOMY PiBHI
MOBEPHYTHUCS 10 aHANI3y IUIaHiB OyaiBHUITBA OJECHKOTO METPOIONITCHY, SIKHI 3/1aTeH HAWO1IBII
e(eKTUBHUM YMHOM BHPIIIMTH KOMIUIEKC TmpobieM po3BUTKy Opnecu: TepuTopiaibHy,
TPAaHCIOPTHY, pEeKpealliiiHy, eKOJOriuHy, a 3 ypaXyBaHHSIM BOEHHUX 1 TEPOPUCTHYHHUX 3arpo3 —
3HAYHOKO Miporo 1 Oe3mekoBy. IMOBipHa MDKHApoJHA MIATPUMKA BEIUKHX 1HQPACTPYKTYPHUX
MPOEKTIB Ha eTami MOBOEHHOTO BigHOBiIEHHS Onecu BIAKpPUBAa€E BUHATKOBI MOXKIUBOCTI IS
BTUJICHHS JJaBHBOI Mpii ogecuTiB — OyAiBHUIITBA O1€CHKOTO METPOIIOIITEHY.

AHaJi3 0CTaHHIX J0CTiTKeHb Ta MyOJaikaniii. OHUM 13 BOKIMBUX HAIIPSIMKIB IMOKPAIICHHS
TpaHcnopTHOi cutyanii B Opgeci € po3BUTOK €(GEKTUBHOTO TI'POMAJCHKOTO TPAHCHOPTY SK
JIbTEPHATHBA 1HIWBIyalbHUM aBTOMOOUTFHUM nepeBe3eHHAM. [Ipo 3Ha4Hi epeKTH i MOKIMBOCTI
[[LOTO HAIPSIMKY CBiI4aTh YMCICHHI Mi’KHAPOIHI J0CiKeHHS, mpuMipoM [9]. Bonu cBimyars, 1mio
IUIOIIA TIOBEpXHi, HeoOXigHa [uig (YHKIIOHYBAaHHS I1HIMBIAYaldbHOTO (aBTOMOOITBHOTO)
TpaHcnopty norpedye B 30-90 pasziB Oulbllie MPOCTOPY, HIK TPOMAJCHKHN TPaHCIOPT (MPU THUX
caMHuX o0csrax IepeBe3eHb MACaKUPIB), MPU I[HOMY T'POMAJCHKUN TPAHCIOPT HPU3BOAMUTH IO
CKOpPOYEHHS Yacy [OJOPOXKi, HIDKYOrO CHOKMBAaHHS €HEprii Ta 3MEHIIEHHS I[IyMOBOI'O
3abpyanends [9]. TpancmopTHi Mojeni MICT CBi4aTh Ha KOPUCTh PO3BUTKY CHUCTEMHU
rpomazickkoro Tparcropty [10, 11]. Tak gocmimkenns [11] Bkasye Ha cuctemy mMerpo Hpio-Mopka
K Ha B3ipLeBHUil TpaHCTIOPTHMIA apxeTuiL. Moro 232 Muiti Komlil CIpOeKTOBAaHi 3 pe3epByBaHHAM Ha
MEPCIEKTUBY (TPU-YOTUPH KOJIIi Ha KOXKHY JIHIIO METPO) Ta 3 BUCOKOIO TPAHCIIOPTHOIO HIUIBHICTIO:
Maibxe 150 moizaiB mpoxoasth yepe3 Hikniii MaHrerTeH moroquau. MeTponosiTeH 0auuThes sK
HaWOUIbI e(pEeKTUBHUN CcHoci0 BUPIMIEHHS MICBKMX TPAaHCIOPTHUX MpoOJeM, SKUl OJHOYACHO
MO3UTUBHO BIUTMBAE HA KIIMATUYHY HEHTPATBHICTh, 3MEHIIIYE €KOJIOTI4HI Ta O€3MEKOB1 PU3HKH.

Brnepmie ines OyaiBHunTBa Onechbkoro MerponoiiteHy chopmyBanaca B 1960-x pokax, y
1979-x, xonu yucenbHicTh HaceneHHs Onecu gocsarna 1 MuH. 0ocib, Oyn0 po3po0JIeHO KOHIENT
OyIIIBHUIITBA METPOTOJITEHY SIK OAHIET MPOTSHKHOI «OCHOBOI» JIHIT 3 TMIBHOYI Ha MiBAEHb. Y
cepeauni 1980-x mpoexTHH 1HCTUTYT «JleHmerporumnpotpancy (temep M. Cankr-IlerepOypr)
po3MovaB MpOEKTHI poOoTH. TyHem IMaaHyBaldu MPOKJIACTH HIDKYE TIOKJIAJIIB BAIHSKIB, SKI OyH
NPOHM3aHI CHCTEeMaMH KaTakoMmO, [0 yTBOPWJIMCS BiJl JOBIOTPUBAIOrO BHIO0OYBaHHS
OyniBenpHOTO KameHto. [Ipore  renepanphuii cexkperap LK KIIPC Koctsatun Yepnenko
BUKpECIUB YKpaiHchbki Micta Onecy Ta JloHenpk 3 miiaHy OyAiBHUILITBA METPOIOJITEHIB, 3aMiHUBIIN
ix pociiicekumu mictamu. Hampukinmi 1990-x ogechki iHXEHEpH MoYaiu po3poOJIATH HOBI IIAHU
Ta KOHCTPYKTHBHI pimieHHs OJecbKOro METpOIOJiTeHy, $Ki, Haxalb, HE OyJIM MiATpUMaHi
BIJIMOBIAHUMH JIEp>)KaBHUMU IIporpaMaMu Y KpaiHu.

VY npoekr I'enepanbHoro miuany M. Onecu 3akiajieHi JB1 JIiHIi METPOIOJIITEHY 3arajbHO0
nporspkHicTIO 37 kM (puc. 1) [8]. Sk anmbTepHaTUBHUN BapiaHT pPO3MISAAETHCS JICTKHI
MeTpomnoniteH. Ha po3paxynkoBuii eran n1o 2031 p. Oyna 3amnaHoBaHa Juist OyIiBHUITBA JUISHKA
nepmoi JiHIT («MiBHIY-MIBAEHBY) B JKUTJIOBOrO MacuBy Ha miBHoYl [lepecurncbkoro paiioHy
(xonumiHs Ha3Ba iMeHi KOTOBCHKOro) [0 3ali3HUYHOrO BOK3ady. Il MpoTskHicTh 6aU3bKO 18 KM.
s minsHKa 9iTKO BU3HAYEHA 1 3aTBEp/KeHa B ['eHepanpbHOMY TUIaHl MicTa. Yci iHm Tpacu (JTiHii)
METPOTIONITEHY € MEePCHeKTUBHUMHU W MOXYTh yTo4HIOBatucs. [lepenbayanocs, 1mo nepuia JiHig
Mpoiiie 10 MiBAECHHO-3aX1THOTO KUTIOBOTO MacuBy B Hampsamky Jlroctoopdcerkoi goporu (puc. 1,
KiHIIeBa cTaHMis 1), a 3arajbHa NPOTSDKHICTS JiHIT cknazae 26,2 kM. [pyra minis npotspkHicTio 10,2 kM
MOXxe TpoiTH Bify POHTAHCHKOI Joporu (puc. 1, KiHIIEBa CTaHIlS 2) 10 3ali3HUYHOTO BOK3AITY
(Micis mepexody 3 OJIHI€T Ha 1HIINY JIIHIIO) 1 Aalli A0 3aXiAHOI MPOMHUCIIOBOIT 30HH MiCTa.
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Puc. 1. AnprepHaTHBHI LUISIXHU 1 KiHLIEB1 cTaHIli O€ChbKOro METPOIIOITEHY
ninsiaka 1 — kinneBa cranuia «lIpocnekT akagemika ['myiika» meproi TiHii;
TiasiHKa 2 — KiHeBa craniis «DontanHa» Apyroi JiHii

OcHoBHa npo6iieMa npoekty OJ1eCbKOro METPOIONITEHY — BIJICYTHICTh 1HBECTHIIIH, pillIEHHS
SKOi MOXK€ CIIMPATUCS HA MApTHEPCTBO MPUBATHOIO 1 JepxkaBHOro cekropis [12]. Icropis Onecu
Ma€ yCHIIIHI NPUKJIAaTU MOAIOHUX 1H(PACTPYKTYpHUX MPOEKTIB — OyMIBHMIITBO MICHKOI KIHHOi
3amiznuni (1880 p.) Ta enekrpuunoro tpamBatro (1910 p.), ski 3aificHMIM OenbriChKI aKIiiHI
ToBapucTBa. Ha moBoeHHOMY eTani HalpeaTiCTUYHIIINUM € TIPOEKT METPO 3 OJHIEIO JITHIECIO «ITIBHIY-
niBaeHby». [Ipu nboMy «miBHIYHA» AUISHKA nepuioi jdiHii (Big miBHo4l [lepecuncekoro paiioHy 10
3aJII3HUYHOTO BOK3aJly) BH3HaueHa B [ eHepaapHOMY TUTaHi OJJHO3HAYHO.

[liBneHHa dYacTWHAa TMOKM € TIEPCIEKTHUBHOI I Moke Tmpojsratu abo B HaMpsIMKy
JIroctmopdcrkoi moporu, abo apyroi JiHIT B HanpsMmky mnpocrekty IlleBuenka i DOHTAHCHKOI
JIOpPOTH.

MeTo10 1aHMX JOCTIIZKeHb € CUCTEMHA TIOPIBHSUIbHA OIIHKA MepeBar Ta pU3HKiB 3a3HAYEHUX
aNbTepHATUBHUX MapUIPYyTiB OChOBOI JiHIT (X MiBAEHHMX KIHIIEBUX CTaHINM) /i 3abe3meueHHs
1HBECTOpIB, MICBHKOI aJMIHICTpaIlii, T'POMAJACHKUX OpraHizaliii CHUCTEMHHM I1HCTpyMEHTapieM
MPUUHSTTA pillIeHb MI0J0 HAWOIBII MEPCHEKTUBHOTO PO3BUTKY O/1€CHKOT0 METPOIIONITEHY 1 MicTa
B IIJIOMY.

Marepiaan Ta MeToAMKA J0CTiIKeHHsI. MeTponomniTeH 3aBkaAu (HOpMye OCHOBY, «KICTIK»
MacaKUPChKUX TEepeBe3eHb MicTa, 3a0e3neuye HOBUI pO3BUTOK 3eMJICKOPUCTYBaHHS, OyAiBETbHOTO
OCBO€HHSI TEPUTOpPiN, BapTOCTI HEPYXOMOCTI, 3HAYHOIO MIipOI0 BIUTMBAE HAa EKOJOTIYHICTH Ta
KIIIMaTUYHY HEHTPabHICTh MICT, MOXE CIyTyBaTH HAAIWHUM YKPUTTSM LWBIIHLHOTO HAaCEJCHHS
Mpy BOEHHHMX 3arpo3ax [12]. BaxnuBo TakoX BpaxOBYBaTH BIUIMBH Ha COLIaJbHY IHTErpaIiio
JFOJIUHU y BETUKOMY MICTi, COIIOKYJIBTYpHI Ta €K3UCTeHIiaNIbHI BUKIMKHU 11t Homo urbanus [13].
Po6Gorta [14] noB’s13y€e pO3BUTOK TPAHCIIOPTY 3 Pi3HOOIYHUMHU ACTIEKTAMH JKHUTTS MICBKUX IpOMA i,
30KpeMa, 3a3Hayae€: «BIJCYTHICTh KOMIUIEKCHOTO IUIAHYBaHHS TPAHCIOPTHUX CHUCTeM, 0e3
HAJEKHOTO BpaxyBaHHS COILIANbHUX, EKOHOMIYHMX 1 KYJIbTYpHUX €JIEMEHTIB MICTa, MOXKe
npu3BecTd 10 (I3UYHUX PO3PUBIB Y TKAHWHI TPOMAaJ 1 TOCHIUTH COINAIBHY 130JISIION.
[TepcriekTMBHUMHU OavaThCs TUTAHYBAJIBbHI 171€1, IKi CIUPAIOTHCS HE TUTBKH Ha ICHYIOUYHMH CTaH pedeH,
a ¥ BPaxOBYIOTh HAYKOBI Tepen0adeHHs PO3BUTKY MICTa, a 9acOM IIUIECIIPSIMOBAHO CIIPHSIIOTh
peamizauii nmx nepenbauens [14, 15]. Vce me morpeOye mpu aHami3i BapiaHTIB MOXJIMBUX
MapmpyTiB (Tpac) METPOIOJITEHY BHKOPHUCTOBYBATH CHUCTEMHHUH TMIAXiJ, CHOPSIMOBAHHWA Ha
BUPIIICHHS HE TUTBKM ICHYIOYOI TPAHCHOPTHOI MNpOOJIeMH, sSKa CTa€ MEPBICHOI MNPUYUHOIO
CTBOPEHHS JIiHI1 IBUIKICHOTO Mi3€MHOTO TPAHCIIOPTY, ajie i iHIIWX acIMeKTiB PO3BHTKY MICTa 3
ypaxyBaHHSIM iX CKJIaHUX B3a€MO3aJICKHOCTEH.
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B HaBuansHo-HaykoBoMy IHCcTHTYTI mpukiamHoro cucremHoro anamizy KIII im. Irops
Cikopcekoro Oyma pospobneHa Qopmamizamiss psay METOMIB SKICHOTO aHalidy, 30KpeMa
MOPGOJIOTTYHOTO aHaITi3y, 110 € YACTHHOK OCHOBU KOMIUIEKCY 1HCTPYMEHTIB TOOY0OBH CIIEHAPHUX
QJIbTEPHATHB HA OCHOBI I1HTEPAKTHBHOI JIIOAMHO-KOMII'IOTEpHOI mpoueaypu (iHdopmariiiiHoi
miaropmu crieHapHoro aHamizy) [16, 17]. Jlana MeToauka Ta iHCTpyMeHTapii OyiM agantoBaHi
JUISL TUTAaHYBaHHSI MICBKUX MiJ36MHHUX 00’ €KTiB, ampoOOBaHi MpH BHOOpI AUISHOK AJIs MiA3EMHHUX
ABTOCTOSIHOK, aBTOMOOIUILHHMX TYHEIIB, MiABoAHUX 00 ekTiB [13, 18, 19].

Jns mocTaBineHOi METH 3aCTOCOBYBABCS MOH(iKoBaHMIT MeTOI MOP(OJIOTIYHOTO aHaNi3y SK
0araToliIbOBUN TOTY)KHUK 1HCTPYMEHT CUCTEMHOTO JOCHIKCHHS Ta MITPUMKH IPUHHATTS PIIIICHb
CTOCOBHO 00’€KTIB, SIKMM TpHTaManHa HeBu3HaveHicTh [20]. Monudikaris meroay [17, 21] nonsrae B
KUTbKICHOMY OITIHFOBaHH1 aJIbTEPHATUB MTApaMETPIB 1 3B’SI3KIB MK HUMH, 10 JIA€ 3MOT'Y OOIPYHTOBAHO
MPAIFOBATH 3 BEJIMKOIO KUTBKICTIO KOH(ITrypatiii 06’ €KTa, SIKi HEMOXKIIMBO 00pOOUTH BpyUHY.

Y poboti [22] mochimkyBaBCs NMPIOPUTETHUN PEUTHUHT albTEpHATUBHHMX JiHIA OIeChKOro
METpPOIOJIITEHy 3 BUKOPHCTAHHSM  OJHOETAIHOI MPOLEAYPH MOAM(PIKOBAHOTO  METOIY
MOpPGOJIOTIYHOTO aHamizy. Y TMPEACTaBICHOMY HOBOMY JIOCHII)KCHHI BHKOPHUCTOBYBAIAaCh
MOBHOIIIHHA JBOETamHa mporenypa wmeroxy [17], B skidi Ha mepmomy etami ycebidHo
JIOCJTIJDKYBaIach CUTYaIlisl B paiiOH1 MOTEHIIMHUX KIHIIEBUX CTaHIIIM METPOIIOIITEHY, a Ha IPyrOMy
eTarli OLIHIOBABCS OYIKyBaHMI BIUIMB Ha Pi3HI KPUTUYHI (DaKTOPH PYHKIIOHYBAHHS MICTa.

Jlis iMIuteMeHTaltii JaHoi Mporeypy 3aCTOCOBYBAIMCH IIPOTrpaMHi 3aco0u Ha ocHOBI SAS Studio
3 aBTOpchkuMH Moy isimu Microsoft Visual Studio, mo Binnosinatore ocHoBHuM eraniam MMMA. V
BUIT4/IKY 3aCTOCOBAHOI IBOSTAITHOT IPOIIETYPH B3aEMOIisl MK MOJTYJISIMU ITOKa3aHa Ha puc. 2.

i B=== B == R B==1 S @b
W -— AN wm— TRl R
MTConstru... 0ODESA_MET MTEvaL ODES&_MET!. MTCalcula... 0ODESA_MET... MTQutput SAS Report
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it e ooy |/ ===
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ana 2 06'6!(115K A ‘x i} C:hodesa_...
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Puc. 2. B3aemonis Moays1iB mporpaMHoro 3abe3neueHHs Ui po3B’i3aHHs 3a/1a4l

O06’€eKTOM TEPIIOro eTamy JOCTiKeHHs 0yj0 0OpaHO 30HY B pajiyci | KM BiJ MOTEHIIIHOT
KIHIIEBOI CTaHIIi METPOMNOJITEHY — OpPIEHTOBHY TepUTOpIilO0 1i BIUIUBY. Uepe3 pI3HOPIIHICTH 1
HEBU3HAYEHICTh XapaKTePUCTUK Mi€i IUISHKM JIOLUIBHO BHKOpHucTaTH Meron MMMA. Byno
Bu3HaueHO 10 KJIIOYOBMX MapaMeTpiB, IO HAWCYTTEBIINIE BIUIMBAIOTH HA OIIHKY BIUIMBY CTaHIIii
MeTporoniTeHy. Bei BOHH, pa3oM 3 OIMCOM albTEepHATHB, MPEACTaBICHI B MOP(OIOriuHiil Tabnuii
(tabm. 1).
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Ta6muist 1 — Mopdonoriyaa Tabautis CTpyKTYpHO-GYHKIIOHATEHUX (GaKTOPIiB
TEpUTOPIi BILTUBY KiHILIEBOI CTaHIIii METPOIIOIITEHY

ITapamerp AJIbTEpHATHBH NIapaMeTpa
1. Tunm 1.1. «/limoBwuii ueHTp» (0(icHi Ta aAMiHICTPATHBHI CIOPYIH,
ypOaHiCTUYHOTO JIJTOBI ¥ KyJIBTYpHIi IIEHTPH)
CepeoBHILA 1.2. «Crape micTo» (iCTOPUYHI Ta apXiTEKTYpHI aM’SITKH)

1.3. «CnanpHuii paiion» (THUIOBA XUTIIOBA 320y/10Ba)
1.4. «Pekpeaniiina 30Ha» (KypOpTHi 00'€KTH, MAPKH, TIIIKI)
1.5. «TopriBenbHa 30Ha» (MeramapKeTH, ONTOBI 0a3H, BEJIUKI
PUHKH)

1.6. «IIpomucnoBa 30Ha» (BUpOOHUYI 00'€KTH, TPAHCTIOPTHI
CHOPYH, CKJIa/IN)

2. IlinpHICTD 2.1. Jlo 150 ocib/ra

HaCEJICHHS 2.2. 150-250 ocib/ra

2.3. 250-450 ocib/ra

2.4. 450-540 ocib/ra

2.5. TlozanopmarusHa (6inbiie 540 ocib/ra)

3. IlinpHICTH 3.1. 0,5-1 km/kM?
MaricTpaabHOI Mepexi 3.2. 1-1,5 xm/km?
3.3. 1,5-2 km/xm?
3.4. 2-2,5 km/kM?

4. MoOIBHICTh 4.1. Hwusbka (g0 1 tuc. oci6 Ha 100y)
TYypHCTIB 4.2. Cepenns (1-10 Tuc. ocib Ha 100Y)
(BiAMOYMBAIOYHX) 4.3. Bucoka (10-20 tuc. Ha 100Yy)
4.4, Benpmu Bucoka (monana 20 tuc. Ha 100Y)
5. MasaTHUKOBUH Pyx 5.1. Husbkuii
MpaliBHUKIB 5.2. Cepenniit
(Ha poboty — 3 poboTH) 5.3. Bucoxkwii
6. JoctymHicTh 6.1. Hwusbka
TPOMaJCHKOTO 6.2. 3anoBisibHA, KPIM YaCIB «ITIK»
TPAHCIIOPTY 6.3. 3anoBiibHA
7. AnbTepHaTUBHI 7.1. BincytHi
THUIIA TPOMAJICEKOTO 7.2. CyTTeBO OOMEKEHI
TPAHCIIOPTY 7.3. JocratHi
8. CepemHs MBUIKICTD 8.1. Jlo 20 km/rox
PYXy aBTOMOOLTBHOTO 8.2. 20-30 xkm/ron
TPaHCIIOPTY 8.3. 30-50 xm/rox
9. MicToOyniBenbHMIA 9.1. Husbkuii
MOTEHI[iall TEPUTOPIi 9.2. Cepenniit
9.3. Bucokwuit
10. HasiBHICTH 3aXHCHUX 10.1. 3HavHa HEBIAMOBIIHICTH TOTPeOaM
CHOpYy N LIMBLIBHOTO 10.2. YacTkoBa HEBIAMOBIAHICTh TOTPEOAM
3axXUCTy (MA3EMHUX
06’ €KTiB) 10.3. BigmoBigHicTh MOTpedaM

Tun ypOanicTuuHOrO cepenoBumia (mapamerp 1) Oyae BU3HAYaTH MEPEBAXHY (PYHKIIIO
TepUTOpii HABKOJO KiHIEBOI cTaHmii. bBynp sAkuii 3 HHX BOYEBHUIb IMOKPAIIUTh CBOE
(YHKIIIOHYBaHHS 3 MOSIBOIO CTaHILi METPOIOJITEHY, MIPOTE Pi3HOIO MIpOIO 1 3 PI3HUM BIUIMBOM Ha
PO3BHUTOK HABKOJIHUIITHHOI TEPUTOPII.
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[[lonenHa KUTHKICTh MACAXHUPIB, SKI KOPUCTYBATUMYTHCS CTAHIIIEI0 METPO, 3HAYHOIO MipOIO
3aJISKUTh BiJ IIIIBHOCTI HACEJeHHA B il 30HI (mapamerp 2), ajpke BOHA BU3HAYA€ IHTEHCHUBHICTD
TepeMileHb MEITKAHIIIB y MOBCIKIESHHUX CIIpaBax.

Cran TpaHcnoptHOi iH(ppacTpykTypu BigoOpa)xka€ UIUIBHICTh MAariCTpaJIbHOI Mepexi
(mapametp 3). UM BOHA MEHIIIA, TUM MEHIIIE aJIbTEPHATHBHUX MApPIIPYTiB, OUTBIIE 3aTOPIB 1 HUKYIA
HIBUJIKICTH PYXY, IO MiACUIIOE TIOTpeOy B OyaiBHUITBI MeTpo. CepeHs MiIbHICTh MaricTpaabHOi
Mepexi Ha 3a0y/I0BaHii YacTHHI MicTa Ha ChOTOJIHI ckianae 1,29 KM/KM?.

MoOuTbHICTh TYPHUCTIB 1 BiAmounBaounx (mapameTrp 4) Mae sK NpSAMHUM, Tak 1 HENPSMHIA
BIUIMB. [lpsMuil — 1e 10JaTKOB1 MAcakUpH, IO KOPUCTYBAaTUMYThCA METPO Ui IOI3JI0K Y
pekpeartiitii 30au. HenpsMuii — 3pocTaHHsI HABaHTAKEHHSI HA TPAHCIIOPT YepPe3 PO3BUTOK TYPU3MY
i pekpeauiiiHoro OyniBHuITBa. He mnpsMuil BIIMB He 3aBXKIU YITKO IPOCTEXKYEThCA B
IUTAaHYBAJIbHUX pimeHHsX. J{o moBHOMacmITaOHOTO pociiicbkkoro BroprueHHs Oneca npuiimana 10 3
MJTH TYPHUCTIB Ha PIK, III0 BUKJIMKAJIO JIOKAJIbHI TPAHCIIOPTHI KoJarcy. be3 BupimeHHs nux npooiem
MIOBOEHHE 3pPOCTaHHA Typu3My Oyzne oOmexenuMm. lle dopmye cucremy B3aeMo3alieKHOCTEH:
MOOLIBbHICTh TYPUCTIB — PO3BUTOK pEKpealiiii — METPO K K04 J0 TPAHCIIOPTHOI'O PO3BAHTAKEHHS.

«MasiTHUKOBHH pyX» IMpaliBHUKIB (MapaMeTp 5) CyTTEBO BIUIMBAE HA TPAHCIOPTHY CHCTEMY,
0COOJIMBO B TOJAWHU TIiK, CIIPUYMHSIIOUN 3aTOPH Ta 3aTPUMKU. BiH TICHO MOB'S3aHUM 13 MIIJIBHICTIO
HACEJICHHS ¥ 3alHATICTIO: 10 TOBHOMACIITa0OHOTO POCIHCHKOTO BTOprHEHHS 34,6% mpamoBand y
BUpOOHUUI chepi, 65,4% — y HeBupoOHUYiN. OCHOBHUIN MOTIK PyXa€Tbcs 3 MIBIHS Ha MIiBHIY 1
HaBIAK{, IO POOWUTH OCHOBY JIHIIO METPO CTPATEriyHO BaXJIMBOIO. Bci iHII HampsMKd
OXOIUTIOIOTH Jinme A0 20% nacaXuponoToKy.

JlOCTYIHICTh HasIBHOTO TPOMAJICHKOT'O TPAHCHOPTY (mapameTp 6) i ioro anbTepHATUBHI THUIH
(mapameTp 7) BH3HA4YalOTh 3PYYHICTh TPAHCHOPTHOI JIOTICTUKU JUIsl MEIIKAHIIIB Ta CBiAYaTh IPO
piBeHb TPOOJIeM i3 MacaXMPCHKUMH TEPEBE3CHHSMU Yy TIeBHOMY paifoHi. [lapamerp 8, a came
cepeiHs MIBUIKICTh PYXYy aBTOTPAHCIOPTY, € OJIM3BKUM 3a 3MICTOM J0 IapaMmeTpiB 6 1 7, ane Mae
e M eKOoJOriyHe 3HA4YeHHS: YMM HMIXKYa IIBUJIKICTH 1 OlIbIIe 3aTOpiB, TUM BHIIMHA piBEHb
IIKIITMBUX BUKHJIIB Ta €KOJIOTIYHMX pHU3HKiB. lleli mapamerp TakoX JEMOHCTpPYE TepeBaru
HIBUJIKOCTI PyXy METPOIOJITEHOM SIK €KOJIOTTYHO YUCTHUM BUJOM TPAHCIIOPTY.

[Tapametp 9 (MicTOOYIiBEIBHUI NOTEHLIAT TEPUTOPIT) BIAIrpae KIOUYOBY POJIb y BUSHAYEHHI
MO>KJIMBOCTEH PO3BUTKY pailoHy MiCis BIAKPUTTS CTaHIii MeTpo. BiH MoB's3aHuil sk 3 HAasABHICTIO
BUIBHUX JAUISHOK, NMPUPOAHMX YMOB (HampuKiaz, penbedy), Tak 1 3 MOXKIUBICTIO OHOBJICHHS
3actapinoi 3a0ynoBu. BoaHodac BaxJIMBUMH € 1HBECTHIliiiHa mNpuBaOIMBICTE TepUTOpPii, IX
MPIOPUTETHICTh JJIs1 OYJIIBETbHOTO OCBOEHHS 3 BpaxXyBaHHSIM OUYIKYBAaHOT'O 3POCTaHHS PHHKOBOI
BapToCcTi HepyxomocTi. lleil mapamerp TiCHO MOB’sI3aHMI 13 3arajJbHOIO CTPATETI€I0 PO3BUTKY
paiiony Ta Ozecu B LUIOMY, aJKe YSBJIEHHS NMpo MailOyTHe micta Oe3mocepeqHbO BIUIMBAE Ha
OLIIHKY IIbOTO MapaMeTpy.

[Tapametp 9 ((hakTOp 3aXMCHUX CHOPYJ LMBUIBHOTO 3aXMUCTy) HAOyB aKTyaJlbHOCTI JIMILE
OCTaHHIM 4yacoM, rpote Oyne ii 30epiratu. /lonegaBHa noBHOMacTaOHa BiifHa B €BpoIli 31aBaacs
MaJIOMMOBIPHOIO, aJie Termep ii peanpHICTh B YKpaiHi 3MIHUJIA TIX0aU 10 O€3MeKH IS BCiX CYCiiB
Pocii [23]. Ilim3eMHi yKpHUTTS, 30KpeMa CTaHLii METpO, CTAlIM Ba)KJIMBOIO CKIJIAJJOBOI 3aXHUCTY
HaceneHHd. Hampuknan, y Kuesi 46 mizeMHUX CTaHIIM 111101000BO (DYHKIIOHYIOTH SIK YKPHUTTS,
JIe TiJ] Yac TPUBOT MEPEXOBYIOTHCA BiJ] pAKETHHUX Ta APOHOBHUX aTak 10 60 THCAY MEIIKaHIIIB.

Ha npyromy erami mocnijpkeHb OyJO0 BH3HAY€HO ITSITh OCHOBHUX THIB BIUIMBY Ha
(GYHKIIOHYBaHHS MicTa BiJ MOOYIOBM METPOIOJITEHY: BHPIIIEHHS TPAHCIOPTHUX MpobiieMm;
CHOPUSHHA MICTOOYIIBEIbHOMY PpO3BUTKY; CIPHUSHHS TYypUCTUYHO-PEKpEaLiiHOMY PpPO3BUTKY;
MiHIMi3aIlisl eKOJIOTIYHUX MPOOJIeM; IMBUTLHUN 3aXHCT HACEICHHS.

Mopdosoriuna TabnHIs APYTOro eTamy JA0CTiHKeHb HaBeeHa B Ta0I. 2.
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Tabmuus 2 — Mopdosnoriuaa Tabautis (pakTopiB BIUIMBY KiHIIEBOI CTaHIIII METPOTIOITEHY
Ha QYHKLIOHYBaHHS MiCTa

ITapamerp AJIbTEpHATHBH NIapaMeTpa

A. Bupimenns A.1. He3HauHuii BIUIUB
TPAHCIIOPTHOT A.2. IloMipHHH BIUIUB
npoOieMu A.3. CyTreBuii BILIMB

A.4. IlepeBakarounii BIIUB
B. Copusinast B.1. He3naunuii BruiuB
MiCTOOY/1IBEIIBHOMY B.2. ITomipaMii BrumB
PO3BUTKY B.3. CyTreBuii BIuuB

B.4. IlepeBaxarouunii BILIUB
C. CopustHas C.1. He3naunuii BIUTUB
TYypUCTUYHO- C.2. IlomipHu# BIUIUB
peKpeaniftHoMy C.3. CyTTeBuii BIUIMB
PO3BUTKY C.4. llepeBaxxarounii BIJIUB
D. Miunimi3zarist D.1. He3naunwuii BILTUB
€KOJIOTTYHUX MPo0sIeM D.2. [lomipHuii BILIMB

D.3. CyTTeBuil BIUIB
E. LluBinpHUl 3aXUCT E.1. [TomipHuii BuB
HAaCEeJICHHS E.2. CyTreBuii BIIMB

E.3. IlepeBaxkarounii BIUIMB

Jns 3abe3neueHHs Oulbll 00’€KTHBHOI OLIHKM KaTeropii BIUIMBY pi3HUX (hakTopiB Oyinu
olnucaHi y BepOasibHil (hopmi.

A. Bupiwenns mpancnopmmuoi npobaemu (MoOinbHOCMI) Ol HACENeHHs ma Mypucmis
(6i0nouusarouux) Ha 8iOnNoGIOHIl OiNsAHYI 3 padiycom 1 kKm 8i0 cmaHyii.

A.1l. He3HauyHuii BIUTMB — CTaHIlis HE CYTTEBO 3MiHIO€ KOHQITYypalilo TPAaHCTIOPTHUX MOTOKIB
TEpUTOPii; HasIBHI TPAHCTIOPTHI MPOOIEMH BUPIIIYIOTHCS HEIOCTATHBO.

A.2. IloMipHUI BIUIUB — CTaHIlIS YaCTKOBO PO3BAHTAXKYE MMACAKUPOTIOTOKHM Ha BiIMOBITHIN
JUISHII, TPOTE€ HE TEPETBOPIOETHCS HAa CYTTEBHHA (aKTOp B TPAHCHOPTHIA Mepexi; HasBHI
TPAHCIIOPTHI MPOOJIEMHU AETI0 3MEHIITYIOThCS.

A.3. CyTTeBuil BIUIMB — CTaHIliA CYTTEBO PO3BAHTAXKYE MACAKUPOIOTOKHM HA JUISHIN 1 CTa€
Ba)UIMBUM BY3JIOM TPAHCIIOPTHOI MEPEKi; HAsBHI TPAHCIIOPTHI MPOOJIEMHU ICTOTHO 3MEHIIIYIOTHCS.

A 4. TlepeBaxarounii BIUTUB — CTaHI[isl IEPEOPIEHTOBYE HA ce0e OCHOBHI MACAXUPOTIOTOKU Ha
JUISIHIN, 3HAYHO PO3BAHTAXYIOUM TPAHCIIOPTHY MEPEeXy; TPAHCIOPTHI MPOOJIEeMH MEIUIKAHIIIB Ta
TYPHCTIB yCIIITHO BUPIITYIOTHCS.

B. Cnpusinusa micmo6ydisenvhomy po3sumky 8i0nogioHoi mepumopii.

B.1. He3naunuii BIUIMB — CTaHIlis Mai’ke HE CTBOPIOE HOBHX MOXKIIMBOCTEH Ui PO3BUTKY
teputopii. Ile Moke OyTH 3yMOBIIGHO SK NIUTBHOIO ICHYIOUOIO 3a0yJI0OBOIO, TaK 1 HH3BKOIO
IHBECTULIITHOIO TPUBAOJIUBICTIO TIJISTHKH.

B.2. TlomipHHMiI BIJIMB — CTaHIlA YaCTKOBO INiJIBHINYE TPHUBAOIUBICTH TEPHUTOPIi, CHPHSIE
3pOCTaHHIO BapTOCTiI HEPYXOMOCTI, MIPOTE HE MPU3BOAMTH JI0 CYTTEBHX SKICHUX 3MiH 3 TOYKH 30py
PO3BHUTKY JTaHOI TEPUTOPIi.

B.3. CyTTeBmii BIIMB — CTaHIlS BIAKPUBA€E HOBI MEPCIEKTUBU PO3BHUTKY IaHOI TEPUTOPIii
MiCTa, 3HAYHO 301JBITYIOYH BapTICTh HEPYXOMOCTI Ta IPUBAOIMBICTD AUISTHKY JUTsl IHBECTYBaHHS.

B.4. TlepeBakaroumii BIUIMB — CTaHIlsl BUCTYIA€ BHPIMNATHHUM YHHHUKOM PO3BUTKY
TEPUTOPii, CTUMYJIOIOYU MacmTabHe OyAIBHUITBO iHGPACTPYKTYpH, @ TAKOXK BUCOKOKIACHUX
00’ €KTIB peKpeaIiftHOT0, TOTEILHOTO, JUIOBOTO  KUTJIIOBOTO MPU3HAYCHHS.

C. Cnpusnus mypucmudHo-peKpeayiinomy po3eumKy 0aHoi mepumopii:

C.1. He3HauHuii BIUIMB — CTaHIIisI Ta MPHUJIETIIAa TEPUTOPIst HE MAIOTh BUPAKEHOI TypUCTHYHOT
MpUBaOIUBOCTI i MEPEBAXKHO OOCIYTrOBYBAaTUMYTh MOTPEOU MiCIIEBUX MEIIKAHIIIB.
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C.2. TlomipHHMI BIUIMB — CTaHI[S YaCTKOBO BHUKOPHUCTOBYBATUMETHCS IMPH TEPEMIIICHHIX
TYPHCTIB, aJie HE Biirpae 3HaYHOI poJii Y TYPHUCTUUHO-PEKPEALliiHOMY PO3BUTKY TEPHUTOPIi.

C.3. CyTTeBuii BIUIUB — CTaHIIisl BiJIrpaBaTUME BaXKJIUBY POJb y 3a0e3reueHHi MOOTHLHOCTI
TYPHUCTIB 1 BIANOYMBAIBHUKIB, 3HAYHO MIJBHUILYIOUYN TYPUCTHYHO-pPEKpealliiiHy npuBalOiIuBiCTh
TEePUTOPIi.

C.4. TlepeBaxkatounii BIUIUB — CTaHIi CTBOPIOE HOBI CYTTEBI MOKJIMBOCTI JJISi PO3BHUTKY
TYPUCTHYHO-PEKPEAIIHHOTO TOTECHITIATY TEPUTOPIi.

D. 3axucm npupoonozco cepedoguwa (MiHiMi3ayis eKoI02TYHUX NPoOem):

D.1. He3naunuid BIUIMB — CTaHIS a TaKOX TIOB’s3aHl 3 1i OyJIBHUIITBOM 3MiHU B
TPAaHCHOPTHINA MepeXi CyTTEBOTO BIUIMBY HAa HABKOJUIIIHE €KOJIOT1UHE CEPEIOBHIIE HE MATUMYTh.

D.2. IlomipHuii BIUIMB — CTaHIIisl Ta BIAMOBIJHE 3HIKCHHSI HABAaHTAKCHHSI HA TPAHCIOPTHY
MEpPEXKY 4aCTKOBO CIPUSATHMYTh IMOKPALICHHIO €KOJIOTIYHOT CUTYallii Ha BiIMOBIIHIN TepHUTOPIi.

D.3. CyTTeBuii BIUIMB — CTaHIIiS Ta CIPUYMHEHE HEIO PO3BAHTAXKEHHSI TPAHCIIOPTHOT Mepexi
CYTTEBO MOKpAIATh EKOJIOTIYHHUIA CTaH TEPUTOPIi.

E. [ueinoruii 3axucm HacenenHs (Ha 8UNA0OK GOEHHUX YU MEPOPUCMUYHUX AMAK):

E.1. IloMipHuii BIJIUB — CTaHIis Ma€ JACSKUNA MOTEHLIAN A BUKOPUCTaHHS SIK YKPHUTTS
LUMBUIBHOTO 3aXUCTY ISl )KUTEIIB MPUIIETIIMX BYJIUIb,

E.2. CyTTeBuii BIIIMB — CTaHIlisl Ma€ BHCOKHI MOTEHIIAN A BUKOPUCTAHHS SIK YKPHUTTS
IUBUIBPHOTO 3aXKMCTY JUIsl MEIIKAHIIIB 1 TYPHUCTIB, SIK1 Mepe0yBaroTh Ha BIAMOBIAHIN TepUTOPIi.

E.3. IlepeBakatoumii BIUIUB — CTAHIisl CTAaHE OCHOBHOIO CIOPYAOI0 LIUBLIBHOTO 3aXHCTy Ha
BIJIMOBITHIA TEPUTOPIi.

Hactymaum eranom y mooynoBi mogem 3a MMMA cTano BU3HAYCHHSI B3a€MO3B’SI3KiB MiXK
rnapamMerpamMu mepiioi MopdosioriyHoi TaOauIll, a TaKoX 3B’S3KiB MK MapaMeTpaMy Iepiioi Ta
apyroi Tabmuue. Llg mporenypa 3aificHIOBamacs HUISXOM €KCHEPTHOTO ONMMUTyBaHHA. Y Tabm. 3
HaBeJICHI HasBHI 3B’ s13ku Mix napamerpamu 1-10, A—E 3 tabn. 1-2.

Tabnunsg 3 — HasBHicTh a00 BiICYTHICTD 3B’ SI3KIB MK IapaMeTpaMu MOPGOJIOTIYHUX TaOIUIb
(mo3Hauka «+» 03Hayae, 110 3B'I30K MK TapaMeTpaMM MPUCYTHIN, MOPOKHS KIITUHKA — BIJICYTHii)

1 2 3 4 5 6 7 8 9 10 A B C D E
1 + |+ | + | + + |+ |+ |+ + ]+ ] + |+
2 + + |+ |+ |+ + |+ | + +
3] + | + + |+ |+ ]+ + ]+ + | + +
4| + + + |+ |+ [+ ]+ 1+ + 1+ +
5 + [ + | + + |+ | + + +
6l + | + | + | + | + + |+ | + + |+ | +
7 + |+ |+ |+ ]+ + |+ + +
sl + | + | + | + | + | + ] + + + +
o + + |+ + |+ | + + |+ ] + | +
10] + + + + + +

PesyabTaT gocaigkeHb. Y  pe3ynbTaTi  JBoeTamHoi npouenypu MMMA - Gyno
npoanaizoBano 349 920 kondirypaiiiif, 3reHEpOBaHUX Ha TEPIIOMY eTami 3a MOPQOJIOTIHHOIO
tabnuueto. Pesynprat 11poro ertamy HapeleHi B Tabmuii 4. YV Tabmuni BigoOpakeHi MOYaTKOBI
3HAYeHHS, OTPUMaHI EKCIIEPTHUM ULUIIXOM, 1 OOYHCIEeHl 3a JomoMororw mnpoueaypu MMMA
3HA4YeHHs, 10 BPaXOBYIOTh B3a€EMO3B’SI3KM MK mapamerpamu (Tadi. 3). TyT i gaii 3a TEKCTOM i
«JlimsgaKor0 1» po3yMieThes KiHIIEBa CTaHIls B paiioHi Jltoctnopdcrkoi noporu; mia «liIsHaKoro 2y
PO3yMi€ThCA KiHIIEBA CTAHIIisl METPO B pailoHi ®OHTaHCHKOT TOPOTH.
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Tabmuist 4 — BxiaHi 1 yTOUHEH1 3 ypaxyBaHHSM B3a€MO3B’SI3KiB OI[IHKH ITapaMeTpiB
MOp(OIOTiYHOT TabIUIl CTPYKTYpHO-(YHKIIIOHAIBHUX (PAaKTOPIiB

HopwmoBani BxiaHi

YTouHeHi 3a

[TapameTp AJbTEpHATUBH MMapaMeTpa ACLY MMMA nami
Hinauka | Jingaka | Jingaka | Jliisaka
1 2 1 2
1. Tun 1.1. «JlioBU# IEHTP 0,087 0,114 0,129 0,100
ypOaHICTUYHOTO 1.2. «Crape MicTo» 0 0 0,000 0,000
cepenoBuIla 1.3. «CnaybHHNA paiony 0,348 0,200 0,518 0,222
1.4. «PexpeariifHa 30Ha» 0 0,457 0,000 0,388
1.5. «TopriBenbHa 30Ha» 0,283 0,114 0,315 0,276
1.6. «IIpomuciioBa 30Ha» 0,283 0,114 0,038 0,014
2. I1inbHICTH 2.1. 1o 150 ocib/ra 0,091 0,432 0,020 0,339
HaCeJICHHS 2.2. 150-250 ocib/ra 0,295 0,351 0,118 0,367
2.3. 250-450 ocib/ra 0,364 0,108 0,577 0,206
2.4. 450-540 ocib/ra 0,159 0,108 0,219 0,087
2.5. Biaesmie 540 ocib/ra 0,091 0 0,066 0,000
3. lllinpHICTD 3.1. 0,5-1 km/km? 0,175 0,259 0,018 0,083
MaricTpajbHO1 3.2. 1-1,5 km/kM? 0,400 0,593 0,334 0,797
Mepexi 3.3.1,5-2 km/km? 0,325 0,148 0,596 0,120
3.4.2-2,5 km/km? 0,100 0 0,053 0,000
4. MoOUIBHICTE 4.1. Husska 0,593 0 0,108 0,000
TYpPHUCTIB 4.2. Cepenns 0,259 0,194 0,764 0,693
(BinmouuBarouux) | 4.3. Bucoka 0,148 0,361 0,128 0,224
4.4, BenbMH BUCOKA 0 0,444 0,000 0,083
5. MasSTHUKOBHH 5.1. Hu3pknit 0,111 0,552 0,004 0,207
pyX MpaIiBHHUKIB 5.2. Cepenniii 0,444 0,448 0,647 0,793
5.3. Bucoxkwuii 0,444 0 0,349 0,000
6. JlocTymHicTh 6.1. Hu3pka 0,148 0,481 0,020 0,098
TPOMaJICHKOTO 6.2. 3ai0BiIbHA, KPIM YaciB 0,593 0,259 0,950 0,855
TPaHCIIOPTY «IK»
6.3. 3agoBUIBLHA 0,259 0,259 0,030 0,047
7. AnprepHatuBHi | 7.1. BimcyTHi 0 0,148 0,000 0,026
TUIIH TPOMAJCHKOro | 7.2. CyTTeBO OOMEXKEHI 0,350 0,593 0,284 0,761
TPAHCIIOPTY 7.3. JloctaTHi 0,650 0,259 0,716 0,213
8. Cepenns 8.1. Jlo 20 xm/rox 0,194 0,361 0,061 0,216
HIBUJKICTB PyXy 8.2. 20-30 xm/ront 0,444 0,444 0,835 0,742
aBTOMOOLILHOTO 8.3. 30-50 xkm/rox 0,361 0,194 0,104 0,042
TPAHCIIOPTY
9. Micro- 9.1. Husbkuii 0,696 0,233 0,127 0,090
OyIiBeNbHHUIA 9.2. Cepenniii 0,304 0,533 0,873 0,874
HOTEHIIaI 9.3. Bucoxkwuit 0 0,233 0,000 0,036
TepUTOPii
10. HasBHicTh 10.1. 3gauna 0,361 0,552 0,182 0,202
3aXMCHUX CIOPYJA | HEBIANOBIAHICTh NOTpeOaM
LUBUILHOTO 10.2. YacTkoBa 0,444 0,448 0,794 0,798
3aXUCTY HEBIJIMOBIIHICTh MOTpeOam
10.3. BiamoBigHiCTb 0,194 0 0,024 0,000
noTpedam
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Ha npyromy erami MMMA Oynu oO4YHCIIEHI OIIHKH BIUIMBY CTPYKTYPHO-(YHKIIOHATEHUX
¢dakTopiB Ha pi3HI acnekTu (yHKIIOHYBaHHS Opecu. Pesynprat naHMX po3paxyHKIiB HaBeleHI B
Tab. 5.

Tabmuus 5 — OniHkK BIUIMBY MOOYIOBY KiHIIEBOT CTaHIli METPOTIOIITEHY
3a OJTHUM 13 JIBOX BapiaHTIB

IlapameTtp AabTepHaTuBu napamerpa | Jinauka 1 | Jliisinka 2
A. BupimieHHs: TpaHCIOPTHOL A.l. He3nauHwii BIUIMB 0,050 0,076
npo6iemMu A.2. TlomipHuii BIUIKB 0,451 0,481
A.3. CyTTeBuil BIUTUB 0,449 0,409
A.4. IlepeBarkarounii BIUTHB 0,050 0,035
B. Cnpusinas microOynisensaomy | B.1. Hesnaunwmii BIuius 0,069 0,042
PO3BUTKY B.2. [TomipHuii BILIUB 0,527 0,371
B.3. CyTreBuii BiuuB 0,368 0,483
B.4. TlepeBaxarouwnii BILTUB 0,035 0,105
C. CripustHHS TYpUCTUYHO- C.1. He3HauHuil BIUIUB 0,243 0,151
pEKpealiiHoMy PO3BUTKY C.2. llomipHu#i BIUIUB 0,484 0,426
C.3. CyTTeBuii BIIUB 0,211 0,305
C.4. IlepeBakaroumii BIUTUB 0,062 0,118
D. Minimi3zanis eKoJI0ri4HuX D.1. He3nauuwuii BIutus 0,108 0,044
npobiem D.2. IlomipHuii BILIKMB 0,447 0,431
D.3. CyTTeBuii BIUMB 0,445 0,526
E. [luBiapHMM 3aXHCT HACCICHHS E.1. [TomipHuii BIUMB 0,440 0,427
E.2. CyTTeBuii BB 0,449 0,433
E.3. [lepeBakarounii BIUIMB 0,111 0,140

Kosxuuit 3 pakTopiB BIUTUBY PO3IIIAaTUME OKPEMO.

3a mapametrpoMm «A. BupimeHHs TpaHCHOpPTHOI mpoOiIeMm» [iasHKa | TepeBa)kae B
Jiara3oHax «CYTTEBHI» 1 «mepeBakarouui» BB (puc. 3). Lle moB’s3aHO 3 BHIOIO IIIIBHICTIO
HaceJeHHs B 30HI MaWOyTHBOI KiHIeEBOi craHilii. TyT mepeBakae OaraTomoBepxoBa 3a0y/o0Ba,
BKJIFOYHO 3 BUCOTKAMH, TOJI SIK Ha AUISHIN 2 po3TalloBaHa MepeBaXHO caaubHa 3a0yaoBa. Takox
JUISL UISSHKY 1 OUIBII 3HAYHUM € «MAasSTHUKOBUH pyX» MpalOI0UuMX MEMIKaHI(B. Pemnira mapamerpis
abo MaroTh ONM3bKI 3HAYEHHS, a00 HE3HAUYHO MepeBakaloTb Ha KOPHUCTh JAUIHKH 2. [lns
JNOCTIPKEHHST JUISTHKKA 2 po3risaanacs TepuTopis pajaiycoM 1 KM BiJ NOTEHUIHHOTO MicLs
po3TallyBaHHS KIiHIIEBOI CTaHIIl, BIAMOBIIHO CIOAM HE TMOTPANWIM TPOXHM BIIAaleHi 1 IMIUTBHO
HACeJIeHHI JKUTJIOBI BHCOTHI KOMIUJIEKCH KypopTHOro paiony Apkanis. Ilpore mpu peamizamii
NpOEKTY JiHIi 2 MemkaHui Apkanaii OyAyTh aKTMBHO KOPHCTYBAaTHUCS METPOIIOJIITEHOM, IO 3a
napamMeTpom «BupinieHHs TpaHCTIOPTHOI TPoOIeMm» 30IM3UTh MOTEHITIaT 000X BapiaHTIB.

3a mapamerpamu «B. ChopusiHHs MicToOyaiBeabHOMY po3BUTKY» Ta «C. CrpusHHA
TYPUCTUYHO-PEKPEAlliiHOMY  PO3BUTKY» IIepeBary B Jiala3oHax «CYTT€BUH BIUIHB» 1
«TepeBaKarvMii BIUIUB» Mae AinsHka 2 (puc. 4, 5). Xoua ['enepanbuuii mnan Oxecu 1o 2031 poky
He Tiepeadavyae 3HaYHOTO MPUPOCTY 3a0yI0BU B X pallOHAX depe3 BUCOKY IIUIbHICTh HACETICHHS,
0OMEXEHICTh BUTBHUX TEPUTOPIN, TPUPOIHI OOMEXEHHS (30KpemMa OeperoBi CXuin) Ta TPaHCIOPTHI
npobiemu, HanpsMoK DOOHTAHCHKOI JOPOTH 3alUIIAETHCA MNPUBAOIUBUM JJii 1HBECTOPIB.
bruspkicTe 10 MOpsi poOUTH Liel palloH MEpCIEeKTUBHUM JJIsl PO3BUTKY TYypU3My, pekpearii Ta
00’€eKTiB cepr 00CITyrOBYBaHHS, KI BXKE CbOTOJIHI € MPIOPUTCTHUMH HAMPSIMKAMU 1HBECTHUIIIHHOT
nmisuieHOCTI B Ofteci.
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A. BupimieHHs1 TpaHCTIOPTHOI po0OieMu
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Puc. 3. Pe3ynbTaTh OllIHIOBaHHS BapiaHTIB 3a MapaMeTpoM «A. BupiieHHs TpaHCIOPTHOT
poOIeMu»

B. CipusiHHs MiCTOOY1IBEIbHOMY PO3BUTKY
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Puc. 4. Pe3ynbTatu oliHIOBaHHS AUISHOK 3a mapaMeTpoM «B. CnpusHHs
MiCTOOYTIBEIILHOMY PO3BUTKY»

ByniBHUAIITBO JIiHIT METPO B3J0BXK MiBAEHHOTO y30epesxoks Onecu MoxkKe 3HaYHO aKTUBI3yBaTH
iHBecTHUIlii B OYyJIBHMIITBO, OCOOIMBO B pEKpealiifiHy Ta TypUCTHUYHY iHQpacTpykTypy. Okpim
PO3BHUTKY HasBHUX IUBDKHHUX 30H (IUIOIIEIO 10 56 ra), MOXIJIMBE CTBOPEHHS HOBHX PEKpeariifHuX
TEPUTOPIH y MiBICHHOMY HAINPSIMKY, 30KpeMa IPHU MOJANBIIIOMY TPOIOBKEHHI JIiHIT METPO B3JIOBXK
®oHTaHChKOT Moporu. YacTkoBe BHIMICHHS MPOOJIEMH HECTayi BUTBHUX 3€MENb MOXKJIMBE Yepe3
3aMiHy 3aCTapiiuX «XpYyIIOBOK» Ta caiuOHOI 3a0y10BH, X04a [ eHepalbHUIA TUTaH CYTTEBO OOMEKYE
BUOYTTS camuOHoi 3a0ymoBu (Ha piBHI 2,2%). TakoX TMEPCIEKTHBHUM € OHOBJICHHS 3aCTapijiX
caHaTopiiB, roTeniB i1 0a3 BIAMOYMHKY, SKIi HE BIAMOBIAAIOTH CYYacHHM CTaHIapTaM 1 He
BUTPUMYIOTh KOHKYPEHIIii 3 KypopTaMu cyciiHboi TypedqunHu.
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C. CipusiHHS TYpUCTUYHO-PEKpEalliiHOMY PO3BUTKY
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Puc. 5. PesynbraTi omiHIOBaHHS AUSHOK 3a napaMeTpoM «C. CIpusiHHS TypUCTHYHO-
peKpeaiiiHoMy pO3BUTKY»

[Tapamerp «D. MiHiMizaIls €KOJOTIYHUX TPOOIEM» € KIFOYOBHUM Uil JOCATHEHHS ITUIeH
«3EeJICHOT0 MEePEXOIy» Ta KIIMAaTUYHOI HEHUTPAIbHOCTI, 10 sKUX mparHe 1 Ykpaina. Ockiieku 10 80%
MICHKMX BHUKH[IB CIIPUYMHEHI aBTOTPAHCIIOPTOM, 3aIlyCK METPOIOJITEHY 3[aT€H 3HAYHO CKOPOTUTH
ixHill 00CAT 32 paXyHOK BIOCKOHAJICHHS CUCTEMH MAacaXMPCHKUX TepeBe3eHb. BiAUyTHE eKOIoriyHe
MTOKPAIIICHHS TIPOTHO3YETHCS Ha 000X MapmipyTax (puc. 6). [Ipore Ouibin CyTTeBiMNA €hEKT OHIKYEThCS
Ha JAUTAHII 2 3aBASKY il OJIM3BKOCTI A0 MOPSL, IPUPOAHUX 1 KYpOPTHHX 30H, 30KpeMa ApKa/ii.

3a mapamerpoMm «E. [luBibHUH 3aXHUCT HACEICHHS» OIIHKU I 000X MUISHOK € MOAIOHNMU, 3
HE3HAYHOIO TepeBarolo IusiHKH 2 (puc. 7). B 000X Bumagkax NepeBaXaloTh AIbTEPHATHBU
napaMeTpiB «3Ha4Ha ab0 YaCTKOBA HEBIAMOBIAHICTh MOTpeOaM MUBUILHOTO 3aXuCcTy». [IpoTe crantii
METPO a MepexiJHi TyHelN, MOXXYTh CTaTH €(PEeKTUBHUMH YKPUTTSIMH JUIS LUBUILHOTO HACEICHHS i
TypucTiB. HeBenuka nepeBara MiISHKH 2 MOSICHIOETHCS OUTBIIO0 KUIBKICTIO caanOHOI 3a0ymoBu 03
YKPHUTTIB Ta HAsIBHICTIO PEKpealliiiHoi 30HH, Je ToTpeda B 3aXUCTi € OCOOJIMBO aKTYaIbHOIO.

D. Misnimi3ariisi eKoJIOTIYHUX MPoOIeM
0,6
05
0,4
0,3
0,2
0,1
Hesnaunuii BB [omipHwMii BrunB CyTTeBuii BITUB

=@=insHKa | ==@== J[iisgHKa 2

Puc. 6. Pe3ynbraTH OLliHIOBaHHA AUISHOK 3a napaMmerpoM «D. MiHimizaris
€KOJIOTTUHUX MPOoOIeM»
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E. I{uBinbHMIA 3aXKCT HACEIICHHS
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Puc. 7. Pe3ynbraTH OIiHIOBaHHA AUISHOK 3a napaMeTpoM «E. LIuBibHUI 3aXUCT HAcCEIeHH»

Jns xpamroi Bisyamizamii Ta MOPIBHAHHS BIUIMBY BHOOpY IUISHKM Ha pi3Hi (akTopu Oyio

BBE/ICHO Yy3arajJbHIOIOYMN KoedirieHT W, = (W, +W,)/(W, +W,). Bin BigoOpaxae BimHOMICHHS

CyMH Bar ajabT€pPHATHB CYTTE€BOro W, 1 IepeBakarodyoro W, BIUIMBY BHOOpPY MAISIHKH Ha
BIZMOBIAHUH (aKTOp, 0 CyMH Bar aJIbTEPHATUB MOMIPHOTO W, 1 HE3HAYHOrO W,, BIUIMBY BHOOpY

TUISTHKA Ha aHaJOTiyHUK ¢akTtop. YuM BUIUN KOE]III€HT, TUM CHJIBHIIIMA MOTCHI[IHHUN BIUIMB

BUOOpY IUISHKM Ha BiAnoBinHUM ¢aktop. Po3paxoBani koediuieHTH W, I 000X JUISHOK

MIPEJCTABIICHI y BUIJIAI liarpaMu Ha puc. 8.

VY3aranpHeHUH KOoe(iLi€HT BIUIUBY

1,8
1,6
14
1,2

0,8
0,6
0,4
0,2

0 — — — — —
A. BupimeHHns B. Copusinns C. Cupusinus D. Minimizaruis E. HuBinpHuii
TPaHCIIOPTHOI ~ MiCTOOYAIBEIBHOMY  TYPHUCTHYHO- €KOJIOTTYHHX 3aXHCT HACEIEeHHS
npobiaeMu PO3BHUTKY pekpeauiiiHoMy npoOiemMm
PO3BHUTKY

B linguka 1 M [[ingaka 2

Puc. 8. KoedinieHTt BrmuBy W

atic 000X UISIHOK JJIs1 pi3HUX (DaKTOpiB
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Pesynbrati MojentoBaHHs CBim4aTh, IO aJbTEPHATHBHA JIiHIA MeTpo (JIoKarlis 2) Kparie
Y3TOKY€ETHCS 3 HIMPIIUMHU HIXK CyTO TPAHCIIOPTHUMHU IIUIIMU CTIHKOTO MICBKOTO IUIaHyBaHHS. A
came 3 OUTBIIMMH IHBECTHI[IHHUMHU TIEPCIIEKTUBAMH OY/IBHHIITBA, IO 3yMOBJICHO OJM3BKICTIO 10
Mopsi, (OPMYBAaHHSIM CHUCTEMH TEPUTOpIH peKpealiiiHoro, O310pOBUOTrO0 Ta TYPUCTHYHOTO
MpU3HAYCHHS, (OPMYBaHHSIM HOBHUX Xa0iB JUIsl PO3MIIIEHHS A1IOBOI aKTUBHOCTI, IICHTP SKOi MOXKE
MEPEMICTUTUCS 3 ICTOPUYHOI B OUIBII cydacHy mMiBIEHHO-cXigHy dYactuHy Opecu. Takox
NnpuOepe’)kHa TYpUCTHYHA W 0370pOoBYa 30HA NOTpeOye BHUPINIEHHS EKOJOTIYHUX IPoOIIeMm,
MOB’S3aHUX 3 MIHIMI3alLli€l0 BUKHU[IB BHUXJIOMHUX Ta3iB Ha NEPEBAHTAKEHHX aBTOMAricTpajsx.
3py4Ha, HaOIMKEHa 10 MOPCHKUX peKpealiiHuX 00’ €KTiB JIHIS METPOIOJITEHY 3/1aTHA CYTTEBO
CKOPOTHUTH KUIBKICTh MIPUBATHOTO aBTOTPAHCIIOPTY HA MIBJCHHUX MaricTpayisix, y MepIry 4epry Ha
npocnekTi llleBuenka ta PoHTaHCHKINM M0po3i. e mpusBene a0 JikBigallii aBTOAOPOXKHIX KOPOK,
3MEHIICHHS POCTOIB 1 aBapiii, 301IBIINUTH CEPEIHIO MIBUIKICTh aBTOMOOIIBHOTO PyXy H CKOPOTHTH
BUKUAM Ta3iB, IO CHPHUATAME IOKPAICHHIO EKOJOTIYHOI CcHuTyarlii B MicTi. TakumM YHHOM
BKJIIOYCHHS JIiHII METPO B ICHYIOUYy CHUCTEMY AaBTOMOOUIRHOTO TPAHCIOPTY Ta TpaMBalHUX
[IEpEeBE3eHb CYTTEBO IOKPAIIUTh YMOBHM iX (YHKIIOHYBaHHS 3a PpaxyHOK pO3BaHTaXEHHs
KPUTHYHHX HAINPSIMKIB, a TAKOXK 3pOOHUTH MPUOEPEKHUI pailoH O1IbII CTIMKUM JI0 BOEHHUX 3arpo3.

['oBOpsiuM TPO OIIIHKY €KOHOMIYHOTO Ta COIJIbBHOTO BIUIMBY Ha BHOIp JIPYroro BapiaHTy
pO3MilIeHHS JIiHIT MeTpo (Jokamis 2), Ciif 3yNUHUTHCS Ha IEPCIEKTUBAX IiBIEHHO-3aXiIHOI
YaCTUHM MicTa. BupilieHHs TpaHCHIOPTHOI npo0sieMu paiioHy Moxe OyTH IOB’si3aHe 13 CTBOPEHHAM
HU3KH YOBHUKOBHMX MapHIPYTiB MICBKOTO TPAHCHOPTY B HAINPSIMKY 3aXiJI-CXiJ| 10 CTaHIii OCbOBOL
JiHI{ METPOMNOJIITEHY 3 YTBOPEHHSAM TYT TPAHCHOPTHUX By31iB. lle 3MEHIINTh HaBaHTa)KEHHsS Ha
OCHOBHI aBTOMAriCTpaii B HampsAMKy HiBAeHb-TiBHIY (JIfocToopdcbka mopora Ta BYJIHLS
Axkanemika KopoaboBa), OCKIJIbKH 3HaYHA YaCTHHA MEIIKAHIIIB IMiBJACHHO-3aX1IHOTO pailOHY 3MOXKE
KOPHCTYBATUCSI METPOMOJITEHOM, a TaKOX MOKPAIIUTh CBOI MOMJIMBOCTI IMOI30K Ha MPAIl0 YU
BIJIMOYMHOK Y TiBJIEHHO-CXIIHY (MPUMOPCHKY) YacCTHHY MicTa. Y pa3i MOJaibIIOro PO3BUTKY
OnecbKkoro MeTporoiliTeHy Moke OyTu 30ynoBaHa 1 JiHiA MeTpo y Hampsamky Jlrooctaopdebkoi
noporu (okarist 1), ane eKOHOMIYHUMN BIUIMB KOMIUIEKCHOTO PO3BUTKY MPHOEPEKHOT 30HU pOOUTH
ORI IPIOPUTETHOIO HA CHOTO/IHI aJIbTEPHATUBHY JIiHIIO (JOKaIis 2).

BucnoBok. IloBoennuit Buxin Onecu Ha SIKICHO HOBHMM pIBEHb JWHAMIYHOTO PO3BUTKY,
BUpIIIEHHST 0araThbOX TPAHCHOPTHUX, TEPUTOPIaIbHUX, E€KOJOTIYHHMX, O€3MEKOBHX 1 COI[ialbHUX
npoOyieM 3HA4YHOI0 MIPOI0 MOXKe 3abe3nedyBaTuch OyAIBHUUTBOM OEChbKOTO METPOIOJIITEHY.
OuikyBaHl MO 3aKiHYEHHIO BIHHU MIDKHApOJHI 1HBECTUIIi Y BeNMKI 1HQPACTPYKTypHI MPOEKTU B
VYkpaiHi MOXyTh JaTH IIaHC peaii3alii 1bOMY JOBrooviKyBaHOMY OyaiBHUUTBY. Ilpu mpomy B
CepeIHbOCTPOKOBIN MEPCIEKTUBI MOKHA PO3paxOBYBaTH JIMIIE Ha OyAiBHULTBO OJHi€i OCHOBOT
JiHIT METPONOJITEHY 1 BaXXJIUBO MPUUHATH HAWOUIbII e(EeKTUBHE ISl PO3BUTKY MiCTa PIIICHHS
1010 11 MiBJIEHHOTO MapIIPYTY.

Cepenl TEpCHEKTHBHUX HAMpPSMKIB CTPYKTypyBaHHS CKJIagHUX TpoOieM 1 BpaxyBaHHS
6araTboX KpHUTEpiiB BIUIMBY CIiJ 3a3HAYUTH MOJIU(IKOBAHUNA aBTOpaMH METOJ MOP(OIOTriyHOro
aHaJi3zy, KW 3HAWIIOB 3aCTOCYBAaHHS B CKJIAQJHUX 3aJladyax IUIAaHYBaHHS MICT 1 PO3TIISIAETHCS SIK
BaXJIMBUI TpOLIEC MEPETBOPEHHSI HAYKOBUX METOMIB B yNpaBIiHCHKI Jii. Po3poGiiena cucremna
METOJIOJIOTISI Ta 1HCTpYMEHTapii NPUMHATTA IUJIaHYBaJbHUX pillleHb y cdepi MiA3eMHOi
ypOaHIiCTUKM Ta JOCBIJ 3aCTOCYBaHHS IUIAHYBAJbHMX METOJMK, II0 BUKOPUCTOBYIOTH HAyKOBE
nepenbadyeHHs MaiOyTHHOIO PO3BUTKY MicTa OyJM BHUKOpHCTaHI Jjs 1MoOya0BH MOPQOIOTIUHOI
Mojieni AisHOK OJIeChKOro METpONOJIiTeHy. AHai3 pe3yIbTaTiB JIa€ MiJICTaBU BBaXKaTH HANPSIMOK
niHil MetpononiteHny B HanpsaMKy Ilpocnekty T. IleBuenka i donTanchkoi noporu (AuisiHKa 2)
OB MEPCIEKTUBHUM 1 IPIOPUTETHUM, HIXK 0a30BHil BapiaHT y HanpsAMKyY Jlroctaopdcebkoi noporu
(minsaka 1). Ilpm mpoMy BHpINIEHHS TPAHCHIOPTHOI MPOOJIEMH MMBIACHHUX padoOHIB MicTa
yB’S3Y€ThCS 3 1HBECTUIIIMHUMU MEPCIIEKTUBAMH OYIiBEILHOIO PO3BUTKY, (POpPMYBaHHAM IiJIiCHOT
CHUCTEMHU TEPUTOPIA peKpeariifHo-03J0POBYOr0 Ta TYPUCTHYHOIO MPHU3HAYCHHs (fAKa Morja O
KOHKYpYBaTu 3 CyCiOTHIMH KpaiHamu), (OpMyBaHHS HOBHX [IUIOBUX IIEHTPIB U YaCTKOBOT'O
MEepPEMIIEHHsT J1IOBOI aKTHMBHOCTI, KOMYHIKAI[IMHUX 1 TOCHOJApPChKO-YIPABTIHCHKUX (YHKIHA 3
ICTOPUYHOTO LIEHTPY MicTa B HOro MiBACHHY YacTUHY, CTBOPEHHS HEMOPYLIHOI €JMHOI TKAaHWHU
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MICBHKO1 CIIIJTBHOTH Ta ii COIlaabHOT iHTETpallii, a TaKoX OUTBIIIOT CTIHKOCTI B yMOBaXx BIHHHU.

PosrnsHyTa MOpdonoriuHa Moes MOKe OyTH JOMTOBHEHA CUCTEMOIO 1HXKEHEPHO-TEOIOTIUHUX
(bakTOpiB BIUIMBY, PO3IJISIHYTI B HIM MapaMeTpW Ta iX albTepHATHBH, a TaKOX BHXIIAHI (hakToph
CHCTEMHOT'0 aHaJli3y MOXYTb JIOTIOBHIOBATHCH 1 yTOUHIOBATUCH. Lle 1ae MiCbKOMY caMOBpSTyBaHHIO,
JICp)KaBHUM OpraHaM BIIaJM, 3aIliKaBJICHUM T'POMAJICBKHM OpTraHi3allisiM Ta iHBeCTOpaMm e(peKTUBHUI
IHCTPYMEHT JJIsl IPUHHATTSA NPOEKTHUX PIIEHb, BUXOSYH 13 CHCTEMHHX MTO3MLIIH.
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Abstract. One of the most topical, yet insufficiently researched complex global problems is
the regulation of urban space development, with the purpose of increasing comfort, ecological
standards, life safety in constantly growing metropolises. The sustainable development concept for
urban space highlights the capacity of the underground space to take on the functions of the most
critical underground objects and communications, ensuring the minimization of the logistical, safety
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and ecological problems, that in case of Odesa can be largely achieved by the construction of an
axial (north to south) line of the Odesa subway. The post-war restoration of Odesa will provide the
new opportunities for implementation of large infrastructural projects on the base of international
partnership, including the construction of the subway.

The goal of the research is the systemic comparative evaluation of the alternative project
configurations for the axial Odesa subway line, particularly its southern part.

The modified morphological analysis method was chosen to be the core method for the
research, as it is an efficient system methodology tool under conditions of multi-criteria impacts and
high uncertainty. The developed system methodology, and the planning decision-making tool set for
underground urban development, as well as the experience of using planning methodologies that
employ scientific foresight of the future city development, were involved in the construction of the
morphological model for the Odesa subway locations.

The constructed morphological model allowed to assess the impact of 10 structural and
functional factors, and process over 349 000 configurations of values to obtain the numerical
estimates, and compare the alternative locations for the end stations of the Odesa subway. The
impact on solving the transport problem, the promotion of the city development, the promotion of
the recreational tourism development, the minimization of ecological problems, civil defense of
society were considered. This provides the city government, the state authorities, the interested
public organizations and investors with an efficient tool to make planning decisions based on
systemic positions.

Keywords: underground construction, transport infrastructure, subway, system analysis,
morphological model.
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Abstract. The article is dedicated to the history of the development of street lighting in the city
of Odesa, an essential element of urban infrastructure and cultural-historical heritage. It explores the
main stages of the establishment and modernization of lighting systems, starting from the late 18th
century, when Odesa was just beginning to develop as a city, and continuing to the modern era,
characterized by the introduction of energy-efficient technologies.

The paper provides a detailed analysis of the initial efforts to create traditional sources of street
lighting, which began with the use of oil lamps. These provided a minimal level of illumination but laid
the groundwork for further technical innovations and the development of the city's engineering
infrastructure.

Special attention is given to the role of street lighting in shaping the urban environment, as well as
to the impact of innovative technologies on the quality of urban life and public safety.

Based on the analysis of archival sources, historical documents, and modern research, the article
outlines the stages of modernization of the city's street lighting. It describes how these changes reflect
Odesa's socio-economic development and its integration into broader European urban processes.

In the mid-19th century, the city began using gas lamps, which significantly improved the
quality of lighting and contributed to the more active development of central districts. Later, in 1897,
Odesa made a leap into the future by introducing electric lighting, which resulted in significant
resource savings and improved street safety.

In the 20th century, after severe destruction during World War Il, the city's lighting
infrastructure underwent large-scale reconstruction. In the second half of the century, new
technologies were actively implemented, increasing the efficiency of the lighting system.

The modern stage of development is characterized by the transition to energy-efficient LED
technologies, meeting the demands of ecology and the modern urban environment. Additionally, the
article examines the use of "smart" lighting management systems that automatically adjust light intensity
depending on conditions and are gradually becoming an integral part of Odesa's urban space.

The article contributes to a deeper understanding of the historical and cultural significance of
urban lighting, its evolution, and its influence on the aesthetic appearance of Odesa.

Keywords: Odesa, street lighting, history, modernization, LED, gas lamps, electrification.

Introduction. Lighting is one of the key components of urban infrastructure, shaping the quality
of life, driving economic development, and contributing to the cultural landscape. Odesa, founded in
1794 as a port city on the Black Sea coast, was originally designed with the most advanced urban
planning principles of its time and prioritized the modernization of its infrastructure from the very
beginning. However, the implementation of street lighting began only in 1798. One of the primary goals
for the city’s planners was to ensure safe and comfortable movement through the streets during nighttime
hours. The history of street lighting in Odesa not only reflects the evolution of technical solutions but
also illustrates the transformation of the urban environment under the influence of social and economic
change.

Review of recent research and publications. The history of Odesa’s urban lighting, as an integral
part of its urban development, has attracted the attention of researchers from various fields, including
history, architecture, technology, and sociology. In recent years, urban lighting has increasingly been
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examined within a broader context, encompassing ecological, economic, and cultural dimensions. This
section reviews the key contemporary studies and publications on the topic.

Writer Yakiv Mykhailovych Maistrovyi, though not a professional historian, is a passionate
admirer of Odesa. He authored the book "The history of Odesa in street names", which explores the
city’s history through the lens of its street names, offering insights into the development of urban
infrastructure, including street lighting [1].

Among the most notable works dedicated to the history of lighting in Odesa is a study by Ivanov
I. V. [2], which examines the formation of the city’s infrastructure, including its lighting systems.
The author emphasizes the role of lighting within the social structure of 19th-century Odesa,
particularly in relation to the development of urban transport and public safety.

The work of Petrova O. M. [3] also addresses the topic of lighting. The author analyzes how
the modernization of lighting systems influenced the development of public spaces, particularly
squares and central streets.

Modern researchers have also paid considerable attention to the technological aspects of lighting.
In an article by Kryvokulska N.V. [4], the energy efficiency of outdoor lighting installations is assessed.
In another publication, Koshyk O.I. [5] examines modern energy-saving technologies applied in street
lighting systems. The primary focus is on the efficiency of LED lighting and other innovative solutions
that reduce electricity consumption while improving the quality of urban lighting. The author also
discusses the prospects for implementing these technologies in the urban environment and their impact
on the overall energy efficiency of external lighting systems.

Chinese researchers have analyzed the global increase in artificial light at night (ALAN) and
its ecological impact. Their systematic review of existing studies highlights the importance of
understanding the environmental role of artificial lighting in urbanized settings. They also explore
strategies for addressing light pollution, its effects on living organisms, and potential management
approaches to mitigate negative outcomes [6].

Numerous researchers have investigated the level of light pollution in the United States and
Europe using night sky brightness data. These studies examine both the positive and negative effects
of artificial lighting on the environment and human health. They also discuss how light pollution
affects biodiversity and suggest measures to mitigate its consequences, including the adoption of
more efficient lighting technologies [7].

Although these studies are not specifically focused on Odesa, they provide valuable
recommendations for the modernization of lighting networks that are already being adopted in the city.

Volokin Ye.O. and Paliariev O.A., in their book, explore various aspects of Odesa’s history,
including the development of its infrastructure and street lighting [8]. Journalist Iryna Valentynova,
in her article, also discusses the history of street lighting in Odesa [9].

Journalist Mariia Kotova explores the era of gas lanterns in Odesa, analyzing how many of
them have survived to the present day and where they can still be found [10].

In recent years, the environmental aspect of lighting has taken a prominent place in academic
discourse. The use of energy-saving technologies in urban lighting systems is examined in the works of
both Ukrainian and European scholars. For instance, Pulka Ch.V. and Dziadykevych Yu.V. study the
process of energy conservation and its components within the industrial sector, with a focus on
international practices. The authors point out that national energy-saving policy involves increasing the
extraction of fuel and energy resources, expanding the use of alternative and renewable energy sources,
maximizing energy-saving potential, and aligning domestic legislation with EU standards. They argue
for amendments to Ukraine’s Energy Strategy up to 2030, emphasizing the need to prioritize the
management of energy efficiency and conservation across various types of resources [11].

A 2022 report by the Odesa City Council highlights that the implementation of energy-efficient
technologies has led to a 40% reduction in electricity costs for street lighting over the past five years.

An important dimension of urban lighting research concerns its impact on the cultural life of
the city. Havyliuk O. P. examines the lighting of Odesa’s historical landmarks and its role in the
development of tourism [12]. The author notes that artistic illumination of architectural monuments,
such as the Potemkin Stairs, has become a significant factor in enhancing the city’s tourist appeal.
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Recent studies confirm that the evolution of urban lighting in Odesa is a multifaceted subject
encompassing historical, technological, ecological, and social aspects. Contemporary publications
demonstrate that lighting modernization is not only a matter of comfort but also a crucial instrument
for the sustainable development of the city. Future research in this area may focus on the integration
of smart technologies and an assessment of their long-term impact on the urban environment.

Purpose and objectives of the study. The aim of this article is to explore the historical
development of urban lighting systems in Odesa — from the earliest sources of artificial light in the
19th century to modern energy-efficient technologies — and to analyze their impact on the urban
environment, economy, and culture.

The objectives of the study are as follows:

1. To analyze the historical stages of urban lighting development in Odesa, from oil lanterns to
electric and modern LED systems.

2. To identify the main technological advancements implemented in Odesa and assess their
impact on urban infrastructure development.

3. To examine the ecological and economic aspects of modern lighting systems, particularly the
benefits of energy-efficient technologies.

4. To study the social and cultural impact of lighting on the lives of Odesa residents, the city’s
tourism appeal, and the formation of the urban environment.

5. To familiarize readers with the latest research and publications on urban lighting in the
context of Odesa.

6. To formulate conclusions and recommendations for the further modernization of urban
lighting systems, incorporating global best practices.

Materials and methods. This article is based on the following scholarly sources and materials:

—archival documents on the establishment of lighting systems in Odesa during the 19th century,
including records related to the construction of gasworks and power stations;

—monographs and academic works detailing the stages of urban infrastructure development and
analyzing social changes associated with the introduction of lighting;

— contemporary research, including publications on energy-efficient technologies and their
implementation in Ukraine, as well as reports from the Odesa City Council that contain up-to-date
data on the economic and ecological benefits of new lighting systems;

—ecological and technical sources: scientific articles on the impact of LED lighting on reducing
energy consumption and CO: emissions; comparative reports on the efficiency of different lighting
systems, which offer insights into the prospects for integrating smart technologies;

— cultural studies sources: materials addressing the impact of lighting on the city’s tourism
appeal and cultural identity.

Research methods. The following methods were applied in the preparation of this article:

1. Historical-analytical method: historical documents and academic research were analyzed to
trace the stages of lighting system development in Odesa. This method made it possible to establish
the chronology of changes and technical innovations.

2. Comparative analysis: various lighting technologies (gas lamps, incandescent bulbs,
fluorescent lamps, and LED systems) were compared in terms of efficiency, cost-effectiveness, and
their impact on the urban environment.

3. System analysis: the interconnection between lighting development and other aspects of the
urban environment — such as transportation, architecture, and economy — was studied.

These methods provided a comprehensive approach to the topic, enabling a thorough analysis
and the formation of well-founded conclusions.

Research findings. Historical background of street lighting in Odesa. In the 18th and 19th
centuries, European cities were actively implementing street lighting as part of the broader
modernization of urban infrastructure. Odesa was included in this general wave of development. From
the outset, urban lighting was viewed as a key component of public safety, especially in port cities
where nighttime activity in warehouses, docks, and workshops was common. As early as this period,
Odesa’s municipal budget included a designated expenditure line for "lighting of public buildings".
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Moreover, Odesa’s growth as a cultural and economic hub further encouraged the introduction
of lighting systems. The first areas to be illuminated were places with high foot traffic — markets,
administrative buildings, and major city thoroughfares.

Early lighting systems: oil lanterns. As previously mentioned, in the city’s early years, street
lighting was virtually nonexistent, making nighttime navigation difficult and unsafe. By the early
19th century, the need for urban lighting became evident due to Odesa’s growing population and
increasing economic activity. The first organized lighting appeared in the 1820s, primarily in the form
of oil lanterns installed in the city center [13, p. 112]. A significant turning point in the development
of Odesa’s lighting came during the administration of Duke de Richelieu, who ordered the installation
of the first 200 oil lanterns on central streets. This initiative was funded by the municipal government,
with partial contributions from wealthy residents of Odesa. The lanterns used oil — typically vegetable
oil or whale fat at first, later replaced by kerosene — as the source of light. Structurally, they were
metal frames with protective glass to shield the flame from wind and precipitation. However, these
lanterns had low luminous efficiency and required frequent maintenance, making their operation
challenging.

The quantity of lanterns remained insufficient, and they were placed far apart, leaving large
areas in darkness. By 1818, the number had increased to 400, but they operated under limited
conditions — only until 2 a.m. and only during moonlit nights. Nevertheless, the city’s rapid growth
as a trade and administrative center demanded more robust lighting infrastructure. The lack of
adequate lighting created discomfort for residents and visitors and contributed to rising crime rates.
A significant milestone in Odesa’s history occurred in that same year, 1818, with the creation of the
city’s first official street lighting organization. It was established by a wealthy merchant and
entrepreneur, Yefym Kolosovsky, who was granted a concession by the city authorities to manage
Odesa’s urban lighting system. Kolosovsky assumed full responsibility for financing, installing, and
maintaining the street lanterns. His organization’s staff were tasked with refueling, lighting, and
servicing the lamps on a regular basis.

As can be seen, the city’s lighting operated on a commercial basis. Residents and business
owners paid a fee to illuminate their properties, which helped cover the costs of installing and
maintaining the lanterns.

Lighting contributed to a reduction in crime — a crucial factor for a port city — making Odesa
more modern and comfortable for its time. This, in turn, enhanced the city’s reputation as a
progressive urban center. Nighttime lighting also stimulated economic activity, as trade and port
operations could continue after dark.

Lanterns were installed primarily in the central parts of the city. For example, in the 1820s, oil
lanterns illuminated Deribasivska Street, the Primorsky Boulevard, and the square in front of the City
Hall. Despite their importance, oil-based lighting systems were labor-intensive. The lanterns had to
be manually lit and extinguished each day and frequently refueled due to the fast-burning nature of
oil. Additionally, the smoke and odor produced by burning oil caused considerable discomfort for
local residents.

The number of lanterns remained limited, and large portions of the city continued to be
shrouded in darkness, posing a threat to public safety.

The renowned historian, archivist, ethnographer, and cultural figure Apollon Skalkovsky, in his
work Notes on the Commercial and Industrial Forces of Odesa (1865), described the situation as
follows: "...unfortunately, Odesa is still illuminated very poorly — by simple lanterns, half of which
are filled with wood oil, and the others with alcohol. However, steps are already being taken to
improve this vital area of municipal infrastructure”.

In the 19th century, various types of fuel became available, including alcohol. Alcohol-based
lighting, though short-lived, represented an interesting and valuable chapter in the city’s urban
development. Between 1854 and 1859, alcohol lanterns were used experimentally, and by 1866, they
had completely replaced oil lanterns. Alcohol burned longer than oil, produced a brighter flame, and
was easier to transport and store. However, alcohol was highly flammable, increasing the risk of fires.
It also presented a temptation to lamplighters and workers in the lighting industry. Numerous cases
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of theft and misuse of alcohol were reported, prompting the municipal authorities to search for
alternative lighting solutions.

The transition to gas lighting. In the mid-19th century, Odesa became a pioneer in the
implementation of gas lighting [3, p. 145]. This was made possible by the construction of a municipal
gasworks in 1864 on Polish Descent (Polskyi Uzviz). According to the research of O. Petrova, the
establishment of the gas plant not only improved lighting quality but also contributed to the
modernization of the city’s infrastructure [3, p. 145]. The project was developed under the supervision
of foreign engineers who specialized in gas technology and was equipped with state-of-the-art
production equipment for the time. This marked a significant milestone in the history of the city. Gas
lanterns proved to be significantly more efficient, convenient, and cost-effective than oil lamps. The
Polish Descent was selected for the plant’s location due to its strategic position: proximity to the port
ensured access to necessary resources, while its distance from residential areas minimized
environmental impact on residents. At the plant, coal was heated in special retorts without access to
air, producing gas that was then purified and distributed through pipelines to street lanterns
throughout the city.

Gas lanterns provided longer and brighter illumination, which was particularly important for a
bustling port city. They became a symbol of urban modernization. By the 1870s, major streets such
as European (formerly Katerynynska), Deribasivska, and Rishelievska, as well as the squares near
City Hall and the Opera Theater, were lit by gas lanterns. Eventually, these lanterns spread to other
districts. By the end of the 19th century, a large portion of Odesa was equipped with a full-fledged
gas lighting system.

Gas lighting on city streets was considered a true achievement and a source of pride, frequently
highlighted in various travel guides. For example, a description of Odesa from the 1870s in the Guide
to the Balneological Institutions of Odesa reads: "Throughout the city, the roadsides are lined with
trees and gas lanterns, so that in summer, Odesa’s streets resemble beautiful boulevards™.

According to preserved documents, the construction of the gasworks and the production and
installation of lamp posts were financed by the Odesa Gas Lighting Joint-Stock Company — one of
the first enterprises of its kind, which played a key role in the modernization of urban infrastructure.
The founding of the company was the result of collaboration between local authorities, entrepreneurs,
and European engineers. To finance the gasworks project, the company issued shares and raised
capital from wealthy residents of Odesa as well as foreign investors. The company not only oversaw
the production of gas but also handled the installation, maintenance, and repair of the lighting
network. It became a symbol of technological advancement. Its operations contributed to the
development of infrastructure, the creation of jobs, and the attraction of further investment into the
city. Lighting costs were covered by both the municipal budget and private individuals who installed
gas lanterns in their homes and buildings. Gas lighting significantly improved the quality of life for
Odesa’s residents: the streets became safer, and the aesthetic appeal of the city increased.

By 1877, the city’s lighting expenditures amounted to 44.160 rubles. In 1881, each resident
paid an average of 22 kopecks per year for public lighting.

However, gas lighting also had its limitations. The networks required regular technical
maintenance, and gas leaks occasionally caused fires. Despite its development, the city was still not
adequately illuminated overall. In poorer neighborhoods, particularly those far from the city center,
and in suburban areas, gas lighting had not been introduced even by the end of the 19th century. These
areas remained in darkness, lit only by kerosene lamps — 1.560 of which were recorded in use by
1894. Kerosene lighting was common in Moldavanka, Bugaivka, Sakhalinchyk, Melnitsi, Peresyp,
parts of Slobidka, and along the roads to Small and Great Fontan. In suburban areas, lighting was
provided at the expense of local property owners.

Some street gas lanterns — now over 150 years old — can still be seen today on a number of
Odesa’s streets, including European (formerly Katerynynska), Deribasivska, Pastera, and
Langeronivska.

The experience of the Odesa Gas Lighting Joint-Stock Company in managing urban lighting
laid the groundwork for the transition to electrification.
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Electrification: a revolution in Odesa’s street lighting. At the end of the 19th century, Odesa
began transitioning to electric lighting. The first electric street lamps were installed in 1897 on
Primorsky Boulevard, one of the city’s most central and symbolic boulevards. These first lamps were
known as Yablochkov candles, named after the scientist who invented them. The Yablochkov candle
was one of the earliest types of electric arc lamps, developed in 1876 by engineer Pavel Yablochkov.
Electric lighting quickly gained popularity due to its brightness, reliability, and durability. It
significantly improved street safety and became a symbol of progress.

A landmark event in the city’s development was the construction of the new Opera Theater
(1884-1887), which became one of the first buildings in Odesa to be illuminated by electric light.

The introduction of electric lighting in Odesa marked another milestone in its technological
evolution. The city was among the first in the southern region to implement electric streetlights at the turn
of the 20th century. This was made possible thanks to the construction of a power station [2, p. 78].

In 1887, the city authorities constructed a remarkable facility on Staroportofrankivska Street —
Ukraine’s first power station designed specifically to supply electricity for urban street lighting. It
was also built to illuminate the new Opera Theater, the Odesa Port, and to provide power for 600
electric lamps used by private subscribers. The plant was equipped with steam-driven generators that
produced electricity. The first electric lamps appeared on Odesa’s main streets: Deribasivska, Italian
Street (formerly Pushkinska), European Street (formerly Katerynynska), Langeronivska, and in the
Odesa Port.

By 1910, electric lamps had gradually replaced gas ones, expanding not only across central
streets but also into residential neighborhoods. Odesa was also a pioneer in using electricity to light
public buildings and landmarks, such as the monument to the Duke de Richelieu. Early 20th-century
publications include comments like: "The streets are lit by gas, and some by electricity. Almost all
government and private institutions, as well as many shops, use electric lighting” (1911). Yet, just ten
years earlier, a guidebook titled The Odessite still stated: "At night, the streets are lit by gas lanterns".
By 1911, electric lights illuminated Primorsky Boulevard and the main alley of Taras Shevchenko
Park.

Electric lamps were installed at gates and street corners to highlight house numbers, street names,
and the number of the police district the building belonged to — an old and practical tradition.

In the early 20th century, the Odesa Railway Station was also lit by electric lamps.
Unfortunately, the original station building did not survive — it was destroyed during World War 1.
A 1899 city guide described it as follows: "The station facade is in Renaissance style. The interior
halls are distinguished by comfort and luxury, with the first-class lounge being particularly splendid.
There are three access roads to the station, with the main entrance facing the park. The station is lit
by electricity".

As early as 1887, the port area had separate electric lighting. By 1911, 60 lamps were installed
there, each with a power output equivalent to 2.000 candles. This significantly improved nighttime
navigation and safety in the port. As noted in the publication Odesa Cicérone: "The cable supplying
power to the piers and embankments is laid underground, while the lighting for the outer piers is
supplied through underwater cables".

Electrification coincided with the rapid development of Odesa’s urban transport system, which
further contributed to the expansion of street lighting across the city.

The Soviet period: standardization and new technologies. After the 1917 Revolution, the
establishment of Soviet power, and the introduction of a new economic system, active efforts were
launched to electrify major infrastructure and street lighting in large cities such as Odesa. In the 1920s,
plans were developed for the full electrification of the city as part of the nationwide GOELRO plan
(State Commission for Electrification), an ambitious initiative aimed at electrifying all sectors of the
economy, including industry, agriculture, transport, and residential areas.

Under this program, Odesa undertook modernization of its electrical networks and expansion of
energy supply for the lighting of streets, buildings, and key urban infrastructure. As part of the effort, the
city received new power stations and saw expansions of existing ones, allowing a greater number of
neighborhoods to be connected to electric lighting. Improvements to the grid enabled broader
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illumination of streets and key public spaces. Increased power plant capacity aimed to enhance residents’
access to electricity and support the connection of new industrial enterprises. This contributed to the
development of both industry and municipal services. Thanks to the program, Odesa’s citizens received
what was then considered modern lighting for parks, squares, theaters, and cultural institutions. This
significantly improved the city’s nighttime appearance and public perception.

In the 1930s, incandescent lamps were introduced and became the primary source of street lighting
in Odesa up until the Second World War. Their main drawback was high energy consumption, which
led to additional expenditures from the municipal budget. After the war, fluorescent lamps began to be
used. These were far more energy-efficient and capable of providing bright illumination while
consuming significantly less power — an especially important factor in the postwar years, when
rebuilding the economy and meeting energy demands for urban infrastructure were pressing concerns.
Fluorescent lamps delivered more uniform and brighter lighting compared to incandescent bulbs,
improving both comfort and safety on the streets. Their broad light spectrum made the urban
environment more pleasant for residents and also enhanced visibility for vehicles, as roads and
intersections became better lit. In addition to energy savings, fluorescent lamps had a much longer
service life than incandescent ones, which helped reduce maintenance and replacement costs. This
contributed to lowering the financial burden on the city for maintaining the street lighting system.

In the 1960s and 1970s, high-pressure mercury and sodium vapor lamps were actively
implemented. Mercury lamps gained popularity due to their energy efficiency and ability to emit
bright light. They were used for lighting large areas, streets, bridges, and other infrastructure,
particularly in the city center. Mercury lamps emitted a cool-toned light, which, while effective for
visibility, was often uncomfortable for the eyes. As a result, they were primarily used for street
lighting rather than in residential buildings or public interiors. Sodium lamps, by contrast, were
significantly more energy-efficient than mercury lamps and produced a bright yellow glow. Thanks
to their high luminous efficacy, they became the main type of street lighting in Odesa during the
1970s. These lamps reduced electricity costs and improved the efficiency of the city’s lighting
network. Streets and public squares were more evenly and brightly illuminated, which increased
safety and enhanced Odesa’s nighttime appearance. Municipal services began actively replacing
outdated gas and early electric lamps with new mercury and sodium fixtures, improving both the
ecological and energy performance of the city’s lighting infrastructure.

During this same period, the lighting of Odesa’s more remote districts also began, although the
development was gradual and dependent on energy resources and funding. Until then, the focus had
been on central areas, where the main traffic arteries, major squares, and public venues were located.
However, as the city’s boundaries expanded and the population grew, lighting needs in outlying
neighborhoods became more pressing. Priority was given to major streets and roads connecting the
city center to peripheral areas. This applied to both residential and industrial zones, with significant
emphasis on creating safe conditions for vehicular and pedestrian traffic. In the late 1960s and 1970s,
new residential neighborhoods such as Cheryomushki, Tairovo, and Kotovskyi were actively
developed. Street lighting was gradually extended to these areas as well. These new districts were
typically equipped with more modern lighting systems, including sodium and mercury lamps, which
provided high-quality light with reduced energy costs.

Lighting also became increasingly important in the city’s industrial zones. This ensured safe
conditions for workers and operations that continued into nighttime hours. These sites were often
equipped with higher-powered lamps — usually mercury or sodium vapor — to provide sufficient
illumination for industrial processes and overall safety.

During the Soviet period, the scale of nighttime lighting expanded significantly, encompassing
public buildings, residential districts, industrial zones, and recreational areas.

The modern stage: LEDs and smart technologies. Since the beginning of the 21st century,
Odesa has embraced modern lighting technologies, including the widespread use of LED (light-
emitting diode) street lamps, which now illuminate not only the city center but also its more remote
neighborhoods. LED lighting offers not only brightness and durability but also high energy efficiency,
which is vital for the city’s environmental sustainability.
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Odesa has been actively installing LED lamps along central streets and at key historical sites
such as Yevropeiska Street (formerly Katerynynska), Derybasivska Street, the Potemkin Stairs, and
Prymorsky Boulevard. These upgrades have enhanced visibility for both pedestrians and vehicles
while reducing electricity costs. Compared to traditional lamps, LED fixtures provide high-quality
lighting with lower energy consumption. In Odesa’s parks — such as Shevchenko Park, Victory Park,
and Mark Twain Park — as well as along the Health Route, LED lamps have been installed to ensure
energy-efficient lighting during evening hours. This has not only improved safety for park-goers but
also enhanced the aesthetic appeal of recreational and coastal areas. Outlying neighborhoods and new
developments — such as Tairovo, Cheryomushky, and Kotovskyi — are also seeing increasing
deployment of LED streetlights. These fixtures are being installed along main roads, at intersections,
and throughout modern residential complexes, helping to reduce energy consumption while providing
comfortable lighting for residents.

In today’s context, greater attention is being given to the ecological impact of urban lighting.
As highlighted in a study by V. Zhurilo, the use of energy-efficient LED systems can reduce energy
consumption by up to 40% and significantly lower CO: emissions [14, p. 34].

Modernization efforts now include the integration of smart technologies that automate the
management of street lighting. These innovations improve resource efficiency and contribute to a
more sustainable urban environment [12, p. 45]. Light pollution, after all, disrupts the natural cycles
of light and darkness that all human biological systems depend on, potentially causing behavioral,
physiological, and ecological disturbances [15].

In recent years, lighting systems have been introduced that automatically adjust brightness
based on the time of day, weather conditions, and traffic levels. These smart systems are especially
common on major roadways, in pedestrian zones, and throughout the historic city center.

In addition to practical improvements, Odesa has introduced artistic lighting installations that
adorn main streets, historic buildings, and tourist attractions. These installations create a festive
atmosphere and serve as part of broader cultural and artistic initiatives. They are typically displayed
during major holidays, festivals, and citywide events, playing a role in both urban development and
tourism promotion. Each year, Odesa is decorated with large-scale light installations to celebrate the
New Year and Christmas. Streets, squares, parks, and key landmarks — such as Derybasivska Street —
are lit with thousands of lanterns and colorful lighting elements. Bright arches, holiday trees, and
decorative figures like snowmen, stars, and reindeer are placed throughout the city. These festive
elements have become a beloved part of the holiday atmosphere and are popular photo spots for both
tourists and locals. They not only foster a welcoming ambiance but also attract visitors, supporting the
growth of the local economy.

The Potemkin Stairs, one of Odesa’s most iconic architectural landmarks, have repeatedly served
as a canvas for light shows and artistic installations. During cultural events such as the Odesa
International Film Festival, the staircase is often adorned with interactive light projections that shift in
color and create striking visual effects, highlighting the monument’s grandeur. These displays not only
enhance the city’s cultural image but also serve as a powerful attraction for tourists and a means of
promoting local events.

Odesa also maintains its historical heritage by restoring antique street lamps and adapting them to
modern standards. On Prymorsky Boulevard, for instance, stylized 19th-century lanterns are still in use,
preserving the historic atmosphere of the area while integrating contemporary lighting technologies.

Conclusions. The history of Odesa’s urban lighting is a vivid illustration of technological
advancement, urban planning, and social transformation spanning more than two centuries. From the
earliest attempts at lighting the streets with oil lamps to the implementation of cutting-edge LED
technologies, the city has consistently served as a platform for innovation and forward-thinking
solutions. Each phase of this evolution has contributed to the improvement of residents’ quality of life.

The development of Odesa’s lighting system is deeply intertwined with broader trends in
technological progress, economic conditions, and public needs, making its story unique and
exemplary. Urban lighting in Odesa reflects not only technical innovation but also the complex
relationship between technology, culture, and everyday urban life. Studying this process offers
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valuable insight into how societal priorities shift over time, how cities adapt to emerging technologies,
and how global trends influence local urban development. Odesa’s experience is particularly
instructive for understanding how cities can integrate modern technologies while preserving their
historical heritage and cultural identity. Today, the city continues to embrace innovation, skillfully
balancing respect for its past with the adoption of advanced technologies.

To fully document and understand this evolution, it is essential to study historical archives,
municipal records, planning projects, and technical documentation from different periods. This would
allow the construction of an accurate chronology of Odesa’s lighting systems, identification of the
key figures involved in technological transitions, and a deeper understanding of how urban
infrastructure has changed over time.

Modern technologies should be leveraged to create interactive maps that trace the
transformation of Odesa’s lighting infrastructure across different historical eras. These maps could
include reconstructions of old lighting systems and show how they correspond to the city’s
architectural and spatial development.

Another important area of study is the impact of lighting on social life, culture, and the local
economy. For instance, research could explore how new lighting systems encouraged nightlife, supported
commercial activity, enhanced public safety, and shaped the aesthetic perception of the cityscape.

Further research is also needed into the role of Odesa’s factories in manufacturing lighting
equipment, as well as the import and adaptation of foreign technologies. This line of inquiry could
help assess Odesa’s contribution to the development of the electrical engineering sector.
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ICTOPUYHMIA OTJISI] PO3BUTKY IITYYHOI'O MICBKOI'O OCBITJIEHHS
B M. OJIECA
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Anotauis. CtarTs npucBsueHa icTopii pO3BUTKY BYJIMYHOTO OCBITICHHS B MicTi Oneca, ke €
Ba)XJIMBUM €JIEMEHTOM MIChKOi 1H(QPACTPYKTYpH Ta KyJIbTYypHO-ICTOPUYHOI craJmuHu. JlocikeHo
OCHOBHI €Tamy CTaHOBJICHHS Ta MOJEPHi3allii OCBITIIOBATBHUX cHcTeM, mounHaroun 3 Kinisg XVIII
cTomiTTA, Ko Oneca TibKH opMyBaiacs SIK MICTO, 1 0 Cy4aCHOTO TEpioJTy, IO XapaKTePU3yEThCS
BIIPOBA/PKEHHSAM €HEProe(eKTUBHUX TEXHOJIOTIH. Y poOOTi IeTanbHO MPOaHANIi30BaH] MepIi 3yCHILIs
y CTBOPEHHI TPaJULIIHHUX JKEPEs BYJIMUHOIO OCBITJIEHHS, SIKI pO3IIOYAIIMCS 3 BAKOPUCTAHHS OJIIIHNX
JaMmI, sIKi 3a0e3nevyBaiyd MiHIMAIBHUNA PiBEHb OCBITJIICHHS, IPOTE 3aKJIald OCHOBY JJIS TTOJAIBIINX
TEXHIYHUX 1HHOBAIIIH Ta PO3BUTKY IHKEHEPHOI 1HOPACTPYKTYPH MicCTa.

YBara npuaiIS€ThCS TAKOXK POJIi BYJIUYHOTO OCBITICHHA y (popMyBaHHI ypOaHICTHUHOTO
CEpEIOBHINA, BIUTUBY 1HHOBAIIMHUX TEXHOJIOTIH Ha SKICTh MICBKOTO JKHTTS Ta O€3TEKY.

Ha ocHoBi aHamizy apXiBHUX JDKEpEN, ICTOPUYHUX JOKYMEHTIB Ta CyYacCHUX JOCII/DKEHb
OKPECJICHO €Taly MOJIEPHi3allil BYJUYHOTO OCBITICHHA MicTa. OmucaHo, sK 11l 3MiHH BiJI0OpakaroTh
COLIaJIbHO-€KOHOMIUHMM po3BUTOK Onecu Ta 1i IHTErpalilo B 3arajJbHOEBPONEHCHKI YpOaHICTUYHI
TIPOIIECH.

VY cepenuni XIX cTOMTTS B MICTI MOYalnu BUKOPUCTOBYBATH Ta30Bi JIAMIH, IIO 3HAYHO
MOKPAIIMJIO SIKICTh OCBITJIEHHS 1 CIIPHUSIIO aKTUBHIILIOMY PO3BUTKY LEHTPaIbHUX paliOHIB. 3rofoM, Y
1897 pomi, Opmeca 3poOmia KpokK y MailOyTHE, BIPOBAJAMBINK EIEKTPHUYHE OCBITJICHHS, SKE
3a0€3MeYmIo 3HauHy €KOHOMIIO PECYPCIB 1 MOKPATUIO OE3MeKy Ha BYJIHUIISX.

VY XX cromitTi, micas 3HaYHUX pyHHYBaHb Mmix yac J[pyroi cBiTOBOI BiffHH, OCBITJIIOBaJbHA
iH(ppacTpyKTypa MicTa 3a3Hajla MAaCIITAOHOI PEKOHCTPYKINii. Y NPYTii MOJIOBUHI CTOJITTS aKTHBHO
BITPOBAKYBAJIUCS] HOBI TEXHOJIOT ], 1110 MiABUIIMIN €()EKTUBHICTh CUCTEMHU OCBITJICHHS.

CyuacHuid eTam pO3BUTKY XapaKTepU3YeTbCs MepexonoM a0 eHeproedextuBHux LED-
TEXHOJIOT1H, SKi BIANOBIAal0Th MOTpedaM eKoJIOorii Ta Cy4yacHOTo Michkoro cepeaosuia. Kpim toro,
y CTaTTi PO3TIITHYTO BUKOPUCTAHHS «PO3YMHHX) CHCTEM YIPABIiHHS OCBITICHHSM, SIKi JO3BOJISIOTH
aBTOMATHYHO PEryJIOBaTH IHTEHCHBHICTh CBITJIAa 3aJIe)KHO BiJJ YMOB Ta TOCTYIIOBO CTalOTh
HEB1JI’€EMHOIO YaCTHHOIO MICHKOTO TIpocTopy OnecH.

Cratta crpuse TIMOMIOMY pPO3YMIHHIO 1CTOPUMKO-KYJBTYPHOTO 3HAU€HHS MICHKOTO
OCBITJICHHSI, IOTO €BOJIIOIIIT Ta BIUIMBY Ha eCTeTHUHUM BUTIsAL Omec.

Kuarouosi cioBa: Opeca, ByianuHe OCBITJICHHS, icTopis, MmoaepHizamis, LED, ra3oBi namiu,
enexkTpudikaris.

Cratta Haaiiinuia 1o pepakuii 28.03.2025
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AHoTanig. CTaTTs NpUCBAYEHA ONTUMI3ALil MapaMeTpiB MOJIErEeHOro 30ipHO-MOHOIITHOTO
MEPEKPUTTS 3 TOJICTHPOIPHIMH BCTaBKaMH, IO € OAHUM 3 MEPCHEKTUBHUX KOHCTPYKTHBHUX
pilieHs y OyAiBHULTBI. BUKOpUCTaHHS MOMICTUPOIBHUX BCTABOK JIO3BOJISIE 3HAYHO 3MEHILIUTH Macy
KOHCTPYKLIi MEepeKpUTTs] Ta 3HU3UTH BHUTpPATH Ha MaTepiaid, L0 POOUTH TaKy TEXHOJOTII0
aKTyaJbHOIO B yMOBaXxX Cy4acHOro OyaiBHULTBA. OHAK AT TOCSITHEHHS ONTUMAIbHUX TEXHIYHHX 1
€KOHOMIYHUX ITOKa3HUKIB HEOOXIJHO NpPaBUIBHO BUOpaTH MapaMeTpu KOHCTPYKII, 30Kpema
napaMeTpu BCTaBOK, THUIl apMyBaHHS Ta TE€OMETPUYHI XapaKTEPUCTUKU MEPEeKpUTTI. MeToro
JOCTIPKEHHS € ONTUMI3allli TAKUX HapaMeTpiB, 1O JO03BOJIUThH AOCATTH MaKCUMAaJIbHOTO MO€AHAHHS
€KOHOMI4HOi e()eKTUBHOCTI, HECYUOi 31aTHOCTI Ta 1e()OPMATUBHOCTI KOHCTPYKIIIi.

VY pamkax gocniikeHHs Oyu pO3IISIHYTI KiJIbKa BapiaHTIB KOHCTPYKIIH 3 MOJIICTUPOILHUMU
BCTaBKaMHU pI3HUX TOBIIMH Ta THIMIB apMyBaHHA. Jlns 1poro OyluM BHUKOPUCTaHI METOAU
MaTeMaTUYHOTO MOJIEIIOBAaHHS 3a JonoMororo nporpamuoro 3adesneuenns [1K Jlipa. ¥ pesynbrarti
MIPOBEICHUX PO3pPaxyHKIB BCTAHOBJIEHO, 110 BapiaHTU KOHCTPYKIIN 3 TOBIIMHOIO MOJIICTUPOIBHUX
BcTaBok Bif 150 mo 180 MM maroTh HalKpaille CHiBBIAHOMIEHHS MK €KOHOMIYHOIO BHUTOJIOI0 Ta
TEXHIYHUMHU XapaKTEPUCTHUKAMH, OCKIJIBKM BOHH J03BOJIAIOTH 3HAYHO 3MEHIIUTH CIOXHBAHHS
MarepiaiiB (0eToHy Ta apMatypu) 0e3 3HMKEHHS HeCy4oi 31aTHOCTI 1 HAIHHOCTI IEPEKPUTTS.

OfHUM 13 BaXJIMBUX pE3yJbTAaTiB € BUSBJICHHS ONTHUMAaJbHUX BapiaHTIB apMyBaHHS JUIs
KOXKHOTO 3 PO3TIITHYTHUX BapiaHTIB MEPEKPUTTIB, IO TO3BOJISE 3HU3UTH BUTPATH HA apMyBaHHS Ta
30epertd MIIHICTh KOHCTPYKIii. JlOCTi/PKEHHS TaKOoX TMOKa3alid, IO 30UTBIICHHS TOBIIMHU
MOJIICTUPOJIBHUX BCTABOK MICJIsI HIEBHOTO MOPOTY MPU3BOAUTH JI0 3pOCTAHHS BapTOCTI KOHCTPYKIIIi,
110 HE BUIIPABJIOBYETHCS 3 TOUKHU 30pYy €KOHOMII.

BpaxoBytoun oTpuMaHi pe3ysibTaTd, MOKHa 3pOOMTH BHCHOBOK, IO TMOJIETHIEHI 301pHO-
MOHOJITHI HEPEeKPUTTS 3 TMOJICTUPOIBLHUMH BCTaBKaMHM € €()EeKTMBHUM 1 €KOHOMIYHO BHI1THMM
PIILIEHHSIM [T Cy4acHOTo Oy 1IBHUIITBA, IPY YMOBI IPaBHIILHOTO BUOOPY KOHCTPYKTHBHUX MApaMETPIB.
OnHak Ui JIOCATHEHHS MAaKCHMAaJbHOTO e(eKTy HEOOXiJIHO BpaxoByBaTH HE JIMIIE MeXaHidHi
XapaKTepUCTUKH, a i EKOHOMIUHI Ta TEXHOJIOT1YHI ()aKTOPH, K1 BIUIMBAIOTh Ha POLIECHU ITPOEKTYBAHHS
Ta OyniBHUITBA. [lepcriekTHBY MOJANMBIINX JOCITIKEHb TOJIATAl0Th Y BUBYEHHI JIOBIOBIYHOCTI TaKUX
KOHCTPYKIIIH 3a PI3HUX YMOB €KCIUTyaTaIlii, a TAKOX B ONTUMI3aIlil MPOIIECY MOHTAXKY JIJIsl 3HUKEHHS
TPYJIOBUX BUTPAT Ta IiABUIIEHHS MIBUAKOCTI BAKOHAHHS OYAIBEIBbHUX POOIT.

Kiro4uoBi cjioBa: 30ipHO-MOHOJIITHE TEPEKPUTTS, TOJIETIICHE 3ai300€TOHHE MEPEKPUTTS,
MOJIICTUPOJIbHI BCTAaBKU, ONTHMI3allisi KOHCTPYKIIIi IEPEKPUTTS.

Beryn. V cyyacHoMy OyIIBHMITBI NUTAHHS 3HWKEHHS BUTpAT HA Mareplayd, MiABUIIEHHS
TETIOI30MISAIIIMHMX XapaKTEePUCTUK KOHCTPYKINH Ta 3a0€3MeYeHHs iX BHCOKOI MIITHOCTI € HaI3BHYAIHO
akTya’abHUMHU. OJJHUM 3 MIEPCHIEKTUBHUX HANPSAMKIB € BUKOPUCTAHHS MOJIETIEHUX 301pHO-MOHOJIITHUX
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MIEPEKPUTTIB, IO TOEAHYIOTH TepeBaru SK 30IpHHUX, TaK 1 MOHOJITHHX KOHCTPYKIIHA. 30Kpema,
BUKOPHUCTAHHS TMOJICTHPOJILHUX BCTABOK Y TMEPEKPUTTAX JO3BOJISAE 3HAYHO 3MEHIIUTH Macy
KOHCTPYKITIH, ITIBUIIUTH iX TETUTO130JIAI1iHI BIIACTUBOCTI, @ TAKOXK 3HU3UTH BUTPATH HA MaTepialiu, 10
POOUTH X €EKOHOMIYHO BUT1THIMH 1 TEXHIYHO €(DeKTUBHUMH PILICHHSIMH U1l Cy4acHOTO Oy 1iBHUIITBA.

3acToCcyBaHHS MOJICTUPOIBHUX BCTAaBOK [O3BOJIAE OTPUMATH KOHCTPYKLII 3 BUCOKHUMH
TETUIO130JSIIIMHUMU  BIACTUBOCTSAMU TPU MEHINIH Ba3l MEPEKPUTTIB, IO CHPUSE 3HUKECHHIO
3arajibHO1 Macu OyiBEJIPHUX E€JIEMEHTIB 1, BIJIMOBIIHO, BUTPAT HA TPAHCIOPTYBaHHS Ta MOHTAaX.
Kpim Toro, Taka TexHooris 3abe3nedye 3HauHy €eKOHOMiIO Ha OE€TOHI Ta apMaTypi, 110, B CBOIO Yepry,
JI03BOJISIE 3MEHIIIUTH COOIBAPTICTh OY/IIBHHUIITBA.

AHaJi3 ocTaHHiX JocailKeHb Ta myoJikamiii. OcTaHHi AecATUIITTS y OyniBeNbHIN ramys3i
CIOCTEpIraeThCsl AaKTHUBHUM TMOLIYK pIlIeHb, 10 JIO3BOJIAIOTH OJHOYACHO 3MEHILIUTH
MaTepiallOMICTKICTh ~ 3aMi300€TOHHMX  KOHCTPYKI[I Ta MOKpalmMTH iX  TEIUIOTeXHIYHi
XapakTepucTuku. OHUM 13 TEpPCHeKTHUBHUX HAMNpsMIB € BHUKOPUCTAHHS  IOJETIIEHUX
3aJ11300€TOHHUX TEPEKPUTTIB 3 MIHOMOIICTUPOIBHUMHU BCTaBKaMU 200 MOPOKHUHOYTBOPIOBAYAMH.

JleTanpHi eKCliepUMEHTANbHI JOCTIIPKEHHSI BIACTHUBOCTEH TaKUX MEPEKPUTTIB IPOBOAMIU
Menbnuk 1.B., Copoxteit B.M. Tomo. [1, 2]. Humu noBeneHo, 10 BBEACHHS MiHOMOIICTUPOJIbHUX
BCTaBOK Y MOHOJITHE 3aJ1i300€TOHHE NEPEKPUTTS JO3BOJISE€ 3HAUHO 3HU3UTH Macy KOHCTPYKIII (10
20-25%) 6e3 icTOTHOTO 3MEHIIIEHHS Hecy4oi 31aTtHocTi. Y npansx JlutBunska O.5. [3] po3rasHyTo
BIUTUB JIETKUX OETOHIB (30KpeMa MHOOETOHY) Ha HECydy 3JaTHICTh 1 TPIIIMHOCTIMKICTH 30ipHO-
MOHOJIITHUX TUIMT. B 1HIMINX yKpaiHCBKUX HOCHIUKEHHSAX [4—6] mMiIKpecIeHO TEeXHOIOTIYHY
e(DEeKTUBHICTh BIPOBAHKCHHS MOMIOHUX PIIICHB i1 YaC PEKOHCTPYKIIINA Ta B MPOEKTYBAaHHI HOBUX
00’€KTiB, 30KpeMa B TPOMaICHKOMY OY/[IBHHUIITBI.

AHTTIOMOBHa JIiTepaTypa marBepaKye i BucHoBku. Tak, Al-Ahmed et al. [7] 1 Kim et al. [8]
BHBYAIIM TMOBEJIHKY TaKMX IUIMT 3a il 3THHY Ta 3CyBY, 3a(iKCyBaBIIHM 30€pEKEHHS CTPYKTYPHOI
CTablIBHOCTI IIpY 3MEHIICHHI MUTOMOI Baru mintd. Poborn Smith et al. [9] Ta Nguyen et al. [10]
30CepeKYIOTbCs Ha onrtumizanii (opMH 1 po3TalllyBaHHS BCTaBOK 3 METOK IOKPAIICHHS
PECYPCOEKOHOMIYHHUX XapaKTEPUCTUK KOHCTPYKIIIH.

V3aranpHeHHs I1MX  JOCHDKEHb CBIAYUTH MPO  IMEPCIEKTUBHICTh  BUKOPUCTAHHS
MIHOTOMICTHPOJBHUX BCTABOK Y 3alli300eTOHHMX IuMTax mnepekputts [11]. Tlpore monmankrii
JOCIIJDKeHHsT MOTpeOyIoTh YTOYHEHHS BIUIMBY T€OMETPHUYHUX IapaMeTpiB BCTABOK, THIIIB
apMyBaHH$, CIIOCO0IB MOHTaXy, a TAKOXK BUBUYEHHSI JJOBrOTPUBAINX AePopMalliil 1 MOBEAIHKH MPU
MOBTOPHUX HaBaHTAXECHHSX.

MeTo1o aociaigxeHHsi € po3poOka METOANKH ONTHMI3allii MapaMeTpiB MOJIETIIEHOro 30ipHO-
MOHOJIITHOTO TEPEKPUTTS 3 MOJICTUPOJIBHUMHU BCTaBKaMH [UIS JOCATHEHHS MAaKCHUMaJbHOI
€KOHOMIYHOI Ta TEXHIYHOI €()EeKTHUBHOCTI. 3aBIaHHAMH OCHIDKEHHS €. OIHKA BIUIMBY PI3HHUX
KOHCTPYKTHBHUX BapiaHTIB Ha MEXaHIYHI XapaKTepUCTHKH MEPEKPUTTS; aHalli3 CHOXHBAHHS
MaTepiajliB y pi3HUX BapilaHTaxX KOHCTPYKIi; MOPIBHSAHHS €KOHOMIYHOI €(EeKTHBHOCTI BHOpaHUX
BapiaHTiB; pO3poOKa PEKOMEHAIIIH 10/J0 ONTUMAIEHOTO KOHCTPYKTUBHOTO PillIEHHS MEPEKPUTTS 3
BUKOPUCTAHHSM TOJICTUPOIBHUX BCTABOK.

Marepianu Ta MeToaMKa JocailxeHHs. [ gocmikeHHs OyJ0 BUKOPUCTAHO METOAMKY
YHCEJIbHOTO MOJIEIIOBAaHHS KOHCTPYKLINA y mporpamHoMy 3a0esnedyeHHi [IK Jlipa, mo no3Boinse
BU3HAYMTHU PO3IOJIIT MOMEHTIB, 3yCHIIb Ta AedopMalliil y pi3HUX KOHCTPYKIISIX NEPEeKpHUTTiB. bynu
PO3IJISIHYTI YOTHPU BapiaHTH KOHCTPYKIIN 3 PI3HUMHU T€OMETPUYHHUMHU IapamMeTpaMu, THIaMH
apMyBaHHA Ta TOBIIMHAMH IOJICTUPOJIBHUX BCTAaBOK. JlJI1 KOXHOrO BapiaHTy OyiM NHpoBeleHi
pPO3paxyHKH Hampy>KeHO-Ie(QOPMOBAHOTO CTaHy, a TaKOX OIIIHEHO CIOXKMBAaHHS MaTepiamiB Ta
BUTpPATH Ha BUTOTOBJICHHS KOKHOT'O BapiaHTy KOHCTPYKTUBHOTO PillIEHHS MEPEKPUTTSL.

Pe3yabTaTH A0CHiIKeHb. Y paMKax JOCIIHKEHHS OyJI0 pO3TIISTHYTO YOTHPH BapiaHTH 301pHO-
MOHOJIITHOTO TIEPEKPUTTSI 3 TOJIICTUPOJIFHUMH BCTaBKaMHM, SKi BiJPi3HAJIUCh BUCOTOIO IUIUTH,
TOBIIMHOIO BEPXHBOTO IIapy OETOHY (TaK 3BaHOI «IOJMYKH») Ta KiacoM Oetony. st KOHOT
KoH(iryparrii 6y0 BUKOHAHO MOJISITIOBAHHS 32 IOTOMOTOI0 Tiporpamuoro komiiekcy LIRA-SAPR,
i3 OJANTBIIIMM PO3paxyHKOM JaedopMariii, apMmyBaHHs Ta 00csATiB Marepiaiis [12-13].

VYci BapiaHTH MICTHIIU TIOPOKHUHH, C(OPMOBaHI 32 JTOTIOMOTOIO MIHOMOJIICTUPOIBLHUX OJIOKIB,
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PO3MIIIEHUX y MEHTPaJIbHIM YacTWHI TEpPETHHY NepeKpuTTs (puc. 1). 3MIHIOBAIUCH HACTYIIHI
napametp (Tadum. 1): 3aranbHa BucoTa mt: 150 MM, 180 Mm; ToBIIMHA O6€TOHHOT CTUTBHUTIL: 50 MM,
65 mMm; kiac 6erony: C16/20 Ta C20/25 [14].

Tabmums 1 — V3aranpHIO0UI MOKa3HUKH T€OMETPUYHIX XapaKTEPUCTHK JOCIIKEHUX BapiaHTIB

NEPEeKPHUTTIB
Howmep ToBIIMHA TUIUTH Bucora nonnuku
. Knac 6erony
Bapianty | mepekpurta H (mm) | mwmrtu h (mm)
Bapianr 1 180 65 C20/25
Bapianr 2 180 65 C16/20
Bapianr 3 1500 50 C20/25
Bapiant 4 150 50 C16/20
13
T < B
T
B
100 500 15

Puc. 1. [lonepeunuii nepepi3 NepeKpUTTs 3 MOJICTUPOILHUMH OJI0KaAMU
(H — 3araipHa TOBIIMHA MEPEKPHUTTS, h — BUCOTA NOTMYKH TUIUTH)

Konctpykuii Oynu 3Mo0JenboBaHi SIK TPUBUMIPHE TEPEKPUTTS, 3 ypaxyBaHHSIM IKOPCTKOTO
3'€THAHHS 13 KOHTYpHUMH Oanikamu (puc. 2). Y po3paxyHKax BpaXxOBaHO BJIACHY Bary, eKCIUTyaTalliiiHi
HAaBaHTA)KCHHsI Ta HOpMaTHBHI BUMorH 3rifHo 3 JIBH HaBanTaxkenHs Ta Brutisy [15].

NN IS

079

7 N N N N N N N N N N N N N

Puc. 2. Po3paxyHkoBa cxema KOHCTPYKIIii MEPEKPUTTS 3 MIHOMOIICTUPOIHHUMHU BCTABKAMH
3aBaHTa)XCHA BJIACHOIO Baroro

Amnani3 gedopmariiitHiux XxapakTepUCTHK [TOKa3aB, 10 BC1 BapiaHTHU MEPEKPUTTS 3a0€3MEUyI0Th
HOpPMAaTHBHI 0OMEXEHHS MTPOTHHIB Ta TPIIIMHOCTIHKOCTI. MakCUMalbHI BEPTUKAIBHI ITEPEMIIICHHS
HE MEPEBUINMIN JOIMYCTUMUX 3HAYCHb 3TIHO 3 HOPMATUBHUMH JOKyMeHTamu [16], HaBiTh mist
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HaiiroHmoro Bapianty (Bapiant 2, ToBiuna nonuuku — 50 MM, 6eton C16/20).

Crin 3a3HaunTH, 10 HaiMeHI nedopmarii Oynu 3adikcoBani y Bapianti 1 (Bucota 180 MM,
6eron C20/25) — me mOB’sA3aHO 3 MIJABMIICHOIO JKOPCTKICTIO KOHCTPYKI(i. HaTtomicTe BapiaHT 3,
HE3BAXKAIOUM Ha OUIBIIY TOBHIMHY MOJWYKK (65 MM), IMOKa3aB MiABHINEHI MPOTHHU Yepes3
3aCTOCYBaHHSI MEHIII )KOPCTKOTO OETOHY 1 3MEHIIIEHY 3arajibHy BHCOTY (Ta0. 2).

Tabnuus 2 — Y3aranbHIOI04i MOKa3HUKU T€OMETPUYHHUX XapaKTEPUCTHUK JOCIIPKEHUX BapiaHTIB

MIEPEKPUTTIB
B 3unauenns aedopmariii s Bapianrta 3 (mMm)
Bics X Bics Y Bics Z
HAaBaHTAXECHHS - - -
min max min max min max
Bnacua Bara | 0,000754 | 0,0754 0,0964 0,0968 0 2,53
ITocrTitine 0,0042 0,142 0,00182 0,0182 0 4,75
Tumuacose 0,000398 0,0398 | 0,00851 0,0511 0 1,33
IToBHe 0,0053 0,2572 | 0,10673 0,1661 0 8,61

Po3paxyHkoB1 3HaU€HHS KIJIbKOCT1 apMaTypu OyJiM 3rpyloBaHl B OKpeMi KaTeropii: apMyBaHHs
0anok, apMyBaHHS OETOHHOI OJUYKH, a TAKOXK 3arajibHi BUTPATH apMaTypH.

Haiibinpma maca apmarypu Oyia 3adikcoBana y Bapianti 3 — 3353 kr (puc. 3). Ile
MOSICHIOETHCSI O1TBIIIOI0 TOBIIMHOKO TOJMYKH Ta HEOOX1IHICTIO KOMIIEHCYBATH 3HIKEHY JKOPCTKICTh
3a paxyHOK apMyBaHHs. JlJi1 NOpIBHAHHSA, HailMeHIle 3HaueHHs OyJyio y BapianTi 2 — 204,9 kr, 1o
JIEMOHCTPY€ HalMEHIIly MaTepialoOMICTKICTh cepe]] apMyBaHHS IOJIUYOK.

[likaBo, 110 y BapiaHTi 2, SIKUH MaB HaillMeHIlEe apMyBaHHs OaJIOK-CTIHOK, CIIOCTEPIraeThCs
30ibIIeHa Maca apMaTypu noiuuku — 198,7 kr. Ile 3ymoBieHo 3HmkeHnM Kiacom oetony (C16/20)
Ta HEOOX1IHICTIO 3a0€3MeYNTH TPIIIMHOCTIHKICTh BEPXHBOTO APy MPH 3HUKEHIH TOBIIUHI.

HarowmicTe BapiaHT 3, 3 HalOLIBIIT apMOBAaHUMHU OaJIKaMHU-CTIHKaMH, OTpeOyBaB HaWMEHIITY
KUTBKICTh cTanmi y monmukax — jume 114,6 kr. Ile meMoHCTpye CBO€piIHY KOMIICHCAIIIO MiX
€JIeMEHTaMHU KOHCTPYKIIii, KOJIM HaBaHTaKEHHS NEPEePO3NOIUIIETHCS B MeXKaX CeKIIii.

O0’enHanmii aHami3 MIATBEPIUB, IO HAWOUIBINE 3arajbHE apMyBaHHS CIIOCTEPIrasiocs y
BapianTi 3 — 450 xr, a HaliMeHIIe — y BapiaHTi 1, 1e BoHO cTaHoBmWiIo 381,15 kr. BaxnuBo, 1110 HaBITH
3a MEHIIOI BUTPATH CTaNi, BapiaHT | 3anMimaBcs HAWOLIBII KOPCTKUM Yy TUTaHI Aedopmariiid, mo
CBITYUTH TIPO €(DEKTUBHICTh T€OMETPUIHOI (HOPMHU.

Ha rpadixy Bapiarii 06’eMiB O€TOHY YiTKO BHHO, IO BapiaHTH 3 MEHIIIOO 3araJbHOI0 BUCOTOIO
MEPEKPUTTS OTPeOYIOTh MeHIle 6eToHy. Bapiantu 3 1 4 (Bucota 150 MM) 1eMOHCTpPYBaJIM HAMMEHIIIE
criokuBaHHs — Om3bko 1,7 M® Ha 100 M? Ty, y mopiBHSHHI 3 2,1-2,2 M® y BapianTax | Ta 2.

Lle#t dakTop, y moenHaHHI 3 MOJICTUPOJIBHUMHU MOPONKHUHAMH, CYTTEBO 3MEHIIYE 3arajibHy
Bary KOHCTPYKIIil, 1[I0 € MEPEeBarot0 Mpu PEeKOHCTPYKIIisix a00 OyIiBHUITBI HA CTAOKHUX IPYHTaX.

a) 0)
335,268
111
242,568 262,848
| 204,209 I 5.45
BapiaHT BaplaHT BapiaHT BapiaHT
g 2 & o sapiaHT 1,2 sapiaHT 3.4

Puc. 3. Burpatu MatepialiiB Ha ynamTyBaHHS pPi3HUX BapiaHTIB MEPEKPUTTS
MiHOIOJICTUPOILHIMY BCTaBKaAMH:
a — BUTPATH apMaTypH, KT; 6 — BUTPaTH OETOHY, M°
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®diHaHCOBI PO3paxXyHKH BUKOHYBAJIMCh Ha OCHOBI IIiH, HAaBEJACHUX Yy JPyromMy po3iaimi
nocmipkeHHs (Tadma. 3). byno BU3HaYueHO BUTpATH Ha apMaTypy Ta OETOH JJsl KOXKHOTO BapiaHTy, 3
MOJTAJTBIITM PO3PaxXyHKOM TIOBHOI BaPTOCTI MEPEKPUTTS Ha 1 M.

HaiiBuia Bapticts apmatypu Oynu y Bapianti 2 (6m3bko 409,2 rpH), a HaltHMK4Y1 — Y BapiaHTi
1 (346,7 rpu). BogHovac BapiaHT 2 KOMIIEHCYBAB 1€ MEHIIIOIO BUTPATOIO0 OETOHY.

HaiinemmeBmmM Bapiantom BusiBuBcsi BapianT 4 (1078,46 rpr/M?), ToAi SIK HAWAOPOXKIMM —
BapianT 1 (1293,0 rpu/m?). Bapiantu 2 ta 3 mamu npomikHi 3HaueHHS — 1129,6 Ta 1249,8 rpH
BiIMOBiAHO. TakuM YWHOM, BapTiCHA PI3HUI MiX HANICHICBIIOI 1 HAMIOPOKIOK KOHCTPYKIIIEO
ckiaia 16,6 %.

Ta6muus 3 — TexHiko-eKOHOMiuHe MOPiBHAHHS BapiaHTiB IePeKpUTTS Ha 1M?

XapaKTepUCTUKH BapianT 1 Bapianr 2 Bapianr 3 Bapiant 4
Knac 6erony C20/25 C16/20
Bucora nojgo4ku IIMTH, MM 65 50 65 50
Butparu apmatypw, Kr/m? 10,84 12,79 11,45 11,21
Butparu 6etony, m3/m? 0,315 0,24 0,315 0,24
Bapricts apmaTypy (TpH) 346,7 409,2 366,6 358,06
BapricTts 6eTony (TpH) 946,3 720,4 883,2 720,4
3aranbHa BapTICTh (TUC. TPH) 1293,0 1129.,6 1249,8 1078,46

Ha ocHOBI 00’€1HaHOrO0 TEXHIKO-€KOHOMIYHOTO aHajli3y BCTAHOBJEHO, 110 BapiaHT 4 €
HallOinbIl onTuManbHUM. BiH 1eMoOHCTpye 3ano0BUIbHY JedopMaliiiHy MOBEAIHKY, IOMipHE
CIIO’KMBaHHS MaTepiaiiB Ta HaliMeHIy BapTICTh. Lle cBIAUNTE Mpo JOLIIBHICT 3aCTOCYBaHHS TaKUX
pillieHb Y IPaKTUYHOMY Oy AiBHULITBI.

BapianT 1, xoua i1 XapakTepu3yeThCsi BACOKOIO )KOPCTKICTIO, HE MOKE BBaXKATHCSI EKOHOMIYHO
JOLTBHUM, 3Ba)Kal0UYM Ha 3HAYHY BUTPATy MaTepialliB Ta 3arajbHy BapTicTb. Bapiantu 2 1 3 MOXyTh
3aCTOCOBYBATUCH 3a CHENU(IYHUX YMOB — HAMPUKIIAJ, KOJIA BAXJIMBA MiHIMaJIbHA Maca ad0 KOJIH
MOTpiOHA MiIBUIIIEHA TPIIIMHOCTINKICTh BEPXHBOTO IIApY.

BucHoBku. Yci pO3IIsIHYTI BapiaHTH 3a/0BOJIBHAIOTH HOPMAaTHMBHI BHUMOTH 3a HECY4YOlO
3JIATHICTIO Ta JAe(QOpMaTUBHICTIO. BUKOpUCTaHHS MIHOMOJIICTUPOIBHUX BCTABOK JIO3BOJISIE CYTTEBO
3HU3UTHA BUTpATH MaTepiamiB. ONTUMaIbHUM 3 TEXHIKO-€KOHOMIYHOI TOYKM 30py € BapiaHT i3
3arajibHOI0 BHCOTOIO MEpeKpUTTa 150 MM, TOBIIMHOIO OETOHHOI MOJOYKH 65 MM Ta GETOHOM KJacy
C20/25. Otpumani pe3ynbTaTH MiITBEPDKYIOTh E€(PEKTHBHICT ITOETHAHHS KOMIT FOTEPHOTO
MOJICJIIOBAHHS Ta MOPIBHAJIBHOIO aHaJi3y JUIsl BUOOPY KOHCTPYKTHBHUX pilleHb. [ momanbumx
JOCTIPKeHb BapTO 30CEPEIUTHCH HAa JETAILHOMY aHalli3i JOBrOBIYHOCTI TaKUX KOHCTPYKIIIH, a
TaKO)X BUBYMTH BIUIMB Pi3HUX THITIB apMYyBaHHS Ha MIIHICTh 1 3HOCOCTIMKICTh TIEPEKPHUTTIB.
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Abstract. This article is dedicated to the optimization of parameters of lightweight precast-
monolitic slabs incorporating polystyrene void formers, which represent one of the promising
structural solutions in modern construction. The use of polystyrene inserts allows for a significant
reduction in the self-weight of the slab and a decrease in material consumption, making this
technology especially relevant under current construction conditions. However, in order to achieve
optimal technical and economic performance, it is necessary to properly select the design parameters,
particularly the characteristics of the inserts, the type of reinforcement, and the geometric properties
of the slab. The purpose of the study is to optimize these parameters to achieve the best possible
combination of cost-effectiveness, structural strength, and deformation performance.
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As part of the research, several design alternatives incorporating polystyrene inserts of various
thicknesses and reinforcement types were analyzed. Mathematical modeling methods were applied
using the LIRA software package. Based on the performed calculations, it was determined that slab
configurations with polystyrene inserts ranging from 150 mm to 180 mm in thickness demonstrate
the most favorable balance between economic efficiency and structural performance. These options
significantly reduce the consumption of materials (concrete and reinforcement) without
compromising the strength and reliability of the floor system.

One of the key findings is the identification of optimal reinforcement layouts for each of the
analyzed slab configurations, which allows reducing of reinforcement costs while maintaining
structural strength. The study also revealed that increasing the thickness of polystyrene inserts beyond
a certain threshold leads to a rise in overall construction cost, which is not justified from an economic
efficiency standpoint.

Based on the obtained results, it can be concluded that lightweight precast-monolithic slabs
with polystyrene inserts represent an efficient and economically advantageous solution for modern
construction, provided that the structural parameters are properly selected.However, to achieve
maximum effectiveness, it is necessary to take into account not only the mechanical properties but
also the economic and technological factors that influence the design and construction processes.
Future research should focus on investigating the durability of such structures under various operating
conditions, as well as on optimizing the installation process to reduce labor costs and increase
construction speed.

Keywords: precast-monolithic slab, lightweight reinforced concrete slab, polystyrene inserts,
slab structure optimization.
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Anortaumis. [lana mnyOmikaiiss TPUCBSYCHA TMOAAIBIIIOMY PO3BHUTKY aHATITHYHHX METO/IIB
PO3paxyHKy Ha BUIbHI KOJMBAaHHSA KPYTJIMX IUIACTHH, IO OMHUPAIOTHCS HA HEOTHOPIAHY CYIIbHY
Npy>kHy ocHOBY Binkiepa. HeogHOpPiHICTE TPYKHOI OCHOBH 3aJIa€ThCS 3MIHHUM KOC(IIIEHTOM
nocTeni. Po3risgaeTses BUaok, KoM KoedilieHT MOCTeN € CTeneHeBoto (yHKuiew. B sBHiii hopmi
BumMCcaHi (QyHIaMeHTanbHI (PYHKIII BiIMOBIIHOTO PIBHSAHHS KOJMBaHb I KPYIVIMX CYIUIBHUX
wiactuH. Jlani ¢yHKIii € 6e3pO3MIpHUMU Ta MPEIACTABISIOTECS aOCOMIOTHO 1 PIBHOMIPHO 301KHUMH
MOJIBIMHUMY CTETICHEBUMH psiiaMu. B cBOIO uepry, yepes Bka3aHi (pyHKIIii BUPaKAOTHCS (POPMYJITH JIIS
JMHAMIYHUAX TapaMeTpiB CTaHy IUIACTUHUM — TPOTHMHY, KyTa HMOBOPOTY, PaaialIbHOTO 1 OKPYKHOTO
3THHAIBHUX MOMEHTIB Ta monepe4Hoi cwii. OTpruMaHO aHaTITUYHE TOJAHHS Ul YaCTOTH BUIBHUX
KOJIMBAHb TUIACTUHH, 1110 BCTAHOBIIIOE i1 3aJIGKHICTH Bil O€3pO3MIpHOI YaCTOTH Ta 1HIIMX MEXaHIYHUX
napameTpiB cucteMd. B cBoro uepry 6e3po3mipHa 4acToTa BU3HAYAETHCS 3 YACTOTHHX PiBHSHB, 10 SIKUX
MPUXOIUMO ITICIIS peatizalii 3a1aHuX TPAaHUYHUX YMOB.

Ha npukiazi mpoieMOHCTPOBaHO MPAKTHYHE 3aCTOCYBAaHHS OTPHMAaHHUX PO3B’si3KiB. Po3risiHyTO
OCTOHHY IUTUTY 3 MKOPCTKO 3aKPIiIUIEHMM KOHTYpPOM, IIIO ONHMPAETHCS HA CTEMEHEBO-3MIHHY MpPYKHY
OCHOBY. ABTOPCHKUM MeToioM (AM) oOuYHMCIIeHI Tepili I’STh YacTOT OCECUMETPUYHHMX KOJIMBAHb.
Takox B rpadiuHOMY (opMaTi mpeACTaBIeH] BiINOBIAHI nepii 1’4tk Gopm konuBanb. Otpumani AM
YHCEINTbHI 3HAYCHHSI TPAKTYIOTHCS SIK TOYHI, OCKITBKH 3aCTOCOBAaHUN METOJT PO3PaXyHKY IPYHTYETBCS Ha
TOYHOMY PO3B’SI3Ky BiIMOBIIHOTO JHhepeHIianbHOTro piBHAHHS. HassBHICTH TaKUX pO3B’S3KiB JO3BOJISIE
NUISIXOM TIOPIiBHSTHHSL OLIIHFOBATH TOYHICTh PO3PaxyHKiB, OTPHMAaHHX 32 JOMOMOTOI Pi3HOTO POy
HAOMMDKEHUX METO/IB. 3 METOK TAKOTO TOPIBHSHHS, B pOOOTI HAIAHO PE3yNIbTATH PO3PAXYHKY, IO
orpuMmani MeTtogoM ckiHdeHHuX eneMeHTiB (MCE). Busnadueno BimHocHy moxuOky MCE mpu
PO3paxyHKy JTaHOi KOHCTPYKITii.

KawuoBi ciaoBa: kpyria IulacTHHA, HEOTHOpIJHA OCHOBA, Tinmore3a BiHkiepa, 3MiHHHI
KOEQIIIEHT MOCTENi, 0CECUMETPUYHI KOJIMBAaHHS, aHAIITHYHUI PO3B’SI30K.

Beryn. Kpyrmi nimacTMHHM Ha CyHiTbHIM TOpyKHIH OCHOBI CTaHOBJSATH OKPEMHHA THIT
KOHCTPYKIIiii, 1[0 MHPOKO BUKOPUCTOBYIOTHCS B iHKEHEPHiil MPAaKTHUILI. IX 3aCTOCYBaHHS OXOIIIOE
HU3KY Tally3ei, cepe] IKUX — IPOMHUCIIOBE Ta UBIIbHE Oy IIBHUIITBO, TPAHCIIOPTHA iHPPACTPYKTYpa,
TIAPOTEXHIYHE Ta aepPOKOCMIYHE MaIIMHOOYIyBaHHsS, KOpabieOyayBaHHS TOIIO. Y OyXiBHHUIITBI
0CcOOJMBO TOWIMpEHi 1HXKEHEPHI CIOpPYIU 3 KPyroBoko (opMoro B IUIaHI: TeNeBi3iiiHI Bexi,
BEHTWIALIMHI W JUMOBI TpyOH, ONMOPHM BITPOCHEPTETUYHUX YCTAHOBOK, OAIITH DPaaioOpEICHHOTrO
3B’A3Ky Ta iHmN. JIJs TakuX KOHCTPYKILIM XapaKTepHe BUKOPUCTaHHS (YHIAMEHTIB Yy BUIJIII
KIUTBLIEBUX TIACTHH, L0 MPAIIOIOTh Y KOHTAKTI 3 OCHOBOIO.

OaHuM 3 HAaUTOMIMPEHIIIUX MIIXO0/IIB 0 MOJEITIOBAHHS B3a€MO/Ii1 KOHCTPYKIIIi 3 TPYHTOBOIO
OCHOBOIO € MOJenb BiHKIepa, sika po3riiJae OCHOBY K CYKYMHICTh HE3aJeKHUX BEPTHKAIbHHUX
MPYXKUH, 10 YHUHATH ONIp TMEpPEeMILUICHHSIM KOHCTPYKIii. VY paMKkax Li€i MOJAeNi OCHOBa
XapaKTepU3yEThCsl KOEPIIIEHTOM TOCTENl — €JUHUM TapaMeTpoM, IO OMUCYE Ii )KOPCTKICTh. Y
HAaWTPOCTIIIOMY BUMAAKY TepeadadacTbes, M0 OCHOBA € OJHOPITHOI, a KOSQIIIEHT MOCTeNm —
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CTaJIUM, 1110 CYTTEBO CIPOIIY€E MATEMAaTUYHHUM OMKC 1 Ja€ 3MOTY OTPUMYBATH aHATITHYHI PO3B’SI3KU.
[IpoTe Ha mpakTHIl Taka igeamizaimis piAKo BiAmoBimae ailicHocTi. [[nsg OTpUMAaHHS TOYHILIMX
pe3yabTaTiB JOUUIBHO BpPaxOBYBaTH HEOIHOPITHICTh OCHOBH, TPH SKIH KOe]IIieHT mMocTeni €
¢dyHkuieo koopauHaT [1].

Jlana cTaTTs mpUCBSYEHA PO3PAXyHKY Ha BUIbHI KOJMBAHHS KPYTJIMX CYLUIbHUX IJIACTUH, KOJIH
KOe(IIiEHT MOCTei, SIKMI XapaKTepu3ye HEOTHOPIHICTh OCHOBH, € CTEIICHEBOIO (DYHKITI€IO.

AHai3 ocTaHHIX AociailukeHb Ta myoOJikaniii. Teopis po3paxyHKy KpyIVIMX IUIACTHH
JOKJIQJIHO PO3TISINAEThCA B mpausx [2-4] ta Oararpbox iHmumX. [{o10 aHamiTHYHHUX PO3paxyHKIB
KpYIUIMX TIACTHH, 110 JISKATh HAa MPYKHIM OCHOBI BiHKiepa 31 3MIHHUM KOe(DIIIEHTOM TOCTEI, TO
BOHM 3yCTpIYarOThCS B HAyKOBii mepiomumi Bkpait piako [1, 5-6]. ¥V mnyOnikamisx [5-6]
3aMpoNOHOBAHO AHATITUYHUI METOJ] pO3paxyHKy OCECUMETPUYHOIrO 3THHY KPYIJIMX Ta KUIbLIEBHX
TUTACTHH, 10 CIMPAETHCSA HAa MOAETbs BiHnkiepa 31 3MiHHUM KoedilieHToM nocTesni. MeTo 1 BKIIto4ae
PO3B’s3aHHS BIIMOBITHOTO AUGEPEHITIaTbHOTO PIBHAHHS 31 3SMIHHUMH Koe(]illieHTaMu, 110 J103BOJIsE
OTPUMATH TOYHI aHAJIITUYHI BUPA3H JUIS IPOTUHIB Ta BHYTPIIIHIX 3yCHIIb IIPH JIOBUIBHUX TPAaHUYHHUX
yMOBax 1 HaBaHTakeHHsX. Lle mae 3Mory 3actocoByBaTH MeETOJ Ui PI3HUX THIIIB IUIACTUH Ta
HABaHTAXEHb, 110 POOUTH HOTO KOPUCHUM JUISL TPAKTUYHHUX PO3PAXYHKIB.

JetanpHult orisg poOiT, MPUCBSIYEHUX JOCIIDKEHHIO KOJIMBaHb KPYTIUX IUIACTUH HA 3MIHHIN
npyXHiii ocHOBi, HagaHo B [1]. Ilicna perenpHOrO anamizy aBTopu [1] KOHCTAaTyIOTh, IO TMOMIYK
AQHAIITUYHUX PO3B’SI3KIB € aKTyaJIbHUM.

VY myOmikarmii [7] 3a momomororo JiHiHOTO aHamimizy Tta meroxy Pemes-llImiara poss’si3aHo
OCHOBHY 3ajJlauy Ta HaBEJCHO YaCTOTHI KOEQIIIEHTH, 110 BiANOBIIAIOTh HIKYMM CHMETPUYHUM Ta
HECUMETPUYHUM (hOpMaM IOTMEPEUHNX KOJIMBAaHb, 32 YMOBH, 1[0 TOHKA 130TPOITHA IIACTHHA MPY>KHO
YTPUMYETHCS BT TIEpeMIllieHHs Ta oOepTaHHs. Y cTaTTi [8] mpeacTaBiaeHo y3aralbHeHUH YUCEeIIbHUN
METO/I, 1110 TPYHTYEThCS Ha BiToMoMy MeTo1i Mopa. 30Kkpema, MeTo 1 aAalTOBaHO /sl BUIAIKY 3MiHHOL
OJTHO TapaMETPUYHOi MPYKHOI OCHOBU. BakIMBO 3ayBakuTH, IO BiH OyB peani3oBaHHM s
KOMIT'FOTEPHOTO 3aCTOCyBaHHsA. Y po0Ooti [9] i BH3HAUCHHS HAWMEHIIOI BJIACHOI YacTOTH
TIOTIEPEYHNX KOJIMBAHb JKOPCTKO 3aKpIIUICHWX Ta TIINEPTUX KPYIIIMX TUIACTHH 3aCTOCOBAHO
Bapiamiitauii meron Penes-Pitua. [Ipu npomy koopauHaTHI QyHKINT € KOMOIHAIIEIO MOIIHOMIB, SIKi
3a/I0BOJIbHSIOTH TPAaHUYHI YMOBH Ha 30BHIIIIHII TPaHHUIIl, T TPUTOHOMETPHYHUX BHpa3iB. ABTopu [10]
3a JIOMOMOT'0I0 aHAJIITUYHOTO METOJLy OTPUMAJIM YAaCTOTHE PIBHAHHS KPYTOBOi IUIACTUHU 3 MPYKHUMHU
KpalilOBUMH OIOpaMH, YacTHHA SIKOi OIMMPAEThCS Ha HECYHUIbHY TPY)XHY OCHOBY, IPOBEIH
napaMeTpUyHi JOCIIKEHHs TOBEIIHKH KPyTrOBUX IUTACTHH 3 IPYKHOIO KPaiHOBOIO OMOPOIO MPH Pi3HUX
3HAUEHHSX TapaMeTpa TMOMEepeyHOl YKOPCTKOCTI, TTapaMeTpa OCHOBH JUISl PI3HUX T'PAaHWYHUX YMOB.
VYV [11] npencraBieHO 4YHMCENBHY TMPOLEAYPY METOMY CKIHYEHHHX €JEMEHTIB IS HEeNiHIHHOTO
JUHAMIYHOTO aHaJI3y KPYTJIMX 3aJ11300€TOHHUX TUIMTHUX KOHCTPYKINH, IO MiIaI0ThCS 3MIHHOMY
JMHAMIYHOMY HaBaHTaKeHHIO. IIpu 1IbOMYy BHKOpPHCTOBYIOTHCS BUPOJDKEHI €JIEMEHTH 3 BiCbMOMa
By3maMu. Y craTti [12] mocmipkeHO BUTbHI KOJWBAHHS Ta MPOBEICHO MOJAIBHUIN aHAi3 TOHKHX
KPYIJIMX IUTACTUH 3 JOBUIBHUMM KpaHOBUMM YMOBaMH, IO J€XaTh HA MpPYXHIA OCHOBI. Jlis
MOJICTIFOBaHHS TIPYKHOI OCHOBH BUKOPHCTOBYIOThCS mapamerpu [lactepHaka ta Binknepa. Otpumano
3HAUEHHS BJIACHUX YaCTOT Ta JOPM KOJIMBAHb KPYTJIUX IUIACTUH 3 BAKOPUCTAHHIM YHCEIBHOTO METO.LY
Po3B’s3aHHs A epeHiaTbHUX piBHAHB. [IpH 11bOMY BpaxoBaHO BILUIMB TApAMETPIB KOPCTKOCTI OCHOBH
Ta KpaiilOBUX YMOB Ha BJIaCHI 4aCTOTH Ta popMHu KosmBaHb. Po6oTu [13, 14] mpucBsS4eHO AOCHTIPKESHHIO
KOJIMBaHb KPYIJIMX IUIACTHH TIPH HECTaHAAPTHUX I'PaHUYHHUX ymoBax. Y poOorti [13] mpencraBieHo
JOCITI/KEHHS KOJTMBAJIBHUX XapaKTePUCTUK TOHKUX KPYTJIMX IUIACTUH Ha OJJHOPiIHII ocHOBI Binkiepa
31 CHeUlaIbHUM MPY>KHUM 3aTUCHEHHSM Ha KpPOMIl. AHAJTITUYHUM METOJOM OTPHUMAaHO YacCTOTHE
piBHsaHHs. IlpoBereHo mapamMeTpuyHi JOCTIDKEHHS KOJIMBAHb KPYIJIMX IUIACTHH, TNPH Pi3HUX
rmapaMeTpax >XOPCTKOCTI MPY’KHOTO 3aTHCHCHHS Ha KOHTypi. Y [14] po3misHyTo cHUTyario, KOJIH
TpaHWYHI YMOBH IUIACTUHH BIIXWJISIOTHCS BiJl KIACUYHMX BHUMAIKIB. JOCHiKEHO MOIepeyHi
KOJIMBaHHS TOHKUX KPYTJIMX IUIACTHH HA OTHOPITHIM OCHOBI BiHKIIEpa 3 IPy>KHOIO OTIOPOIO IO KOHTYPY.
VY crarri [15] mpencraBieHO AOCTIHKEHHS NWHAMIKM TOHKHX KPYIJIMX IUIACTHH, 3aKPIIUICHUX IO
KOHTYPY Ta IMPOBEJICHO CKIHYEHHO-CJICMEHTHUH aHasi3. AHATI3yIOUH JUHAMIYHY TIOBEIIHKY IIJIACTHUHH,
BU3HAYCHO (POPMH KOJIMBaHb, SIKI MOKYTh OyTH BHKOPUCTaHI JUIs BUSBICHHS 3aKOHOMIPHOCTEH, IO
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XapaKTepU3yloTh Micie Mmomkomkenus. Y [16] ta [17] Ha ocHOBI KiacH4HOi TeOpii IUIACTHH
NMoOyZ0BaHO TOYHI PO3B’A3KM JJISI XapaKTEPUCTHK BUIBHUX KOJIMBAaHb TOHKUX KPYIJIMX IUIACTHH,
MIPY>KHO OOMEKEHHUX BiJl IEPEMIIIEHb, K1 CIUPAIOTHCS Ha TIPYKHY OCHOBY TUITy Binkiepa. [IpoBeneno
napaMeTpUyHi JOCTIHKEHHS Ul OIHKU BIUIMBY KpPaiOBOTO MiIKPIIUIEHHS Ta MOPCTKOCTI MPY>KHOI
OCHOBH Ha BJIACHI YaCTOTH KPYIJIMX IIACTUH. Po3paxyHKH MMPOBEIEHO JUIA BIACHUX YacTOT KOJIMBAHb
IUIsl pi3HHX 3HA4eHb IapameTrpa >KOPCTKOCTI ocHoBW THiy Binkimepa. Jlocmimkenus [18] ta [19]
30CepEePKEeH] Ha 3aCTOCYBaHHI METOy IBOBUMIPHOTO M (epeHIialbHOrO IEPETBOPEHHS [UIsl BUBUEHHS
JMHAMIYHOI peakiii (pyHKIIOHAIFHO HEOAHOPITHUX KPYIIIMX IUIACTHH, IO CIIUPAIOTHCS HA MPYKHY
OCHOBY, IIO XapaKTEpHU3Y€EThCs NBOMa mapamerpamu. Y poOoti [20] po3misiHyTO aHali3 BUIBHUX
KOJIMBaHb KPYIJIMX IUIACTWH, IO CHUpAlOThcss Ha ocHoBU Binkiepa 1 Ilacrepnaka. OcHoBHE
nudepeHLianbHe PiIBHAHHS B YACTUHHUX MOX1THUX PO3B’S3Y€ETHCS 3a JJOIIOMOI'0K0 MeToAy [ anmbopkiHa.
BusnaueHo mTOBepXHEBI pajiajbHI Ta OKpPYXKHI HampykeHHs. OTpHMaHI aHATITHYHI PO3B’SI3KH
BUKOPUCTAHO AJIS1 JOCJIIPKEHHS BIUIMBY IPY>KHUX OCHOB Ha IMHAMIUHY HOBEIHKY KPYIJIOi IUIACTUHH,
BIUTMBY PaJliaJIbHUX Ta OKPYXKHUX HAIpy>KeHb Ha (GOPMU KOJIMBaHb KPYTJIOl IiacTHHU. Y crarTi [21]
JOCJTI/DKEHO TUHAMIYHY MTOBEAIHKY HETIHIMHUX BUIBHUX KOJMBAaHb KPYIJIOl TUIACTHHM, IO CITUPAETHCS
Ha JIBOTIApaMETPUYHy OCHOBY. P03B’S30K audepeHIiaTbHOr0 piBHSAHHS OTPUMAHO AHAIITHYHO 3
BUKOPUCTAHHSM IlepeTBopeHHs Jlaruiaca. AHamiTUYHI po3B’ 13K BUKOPUCTAHO JUIs BU3HAYCHHS BIUIUBY
MPY>KHOT OCHOBH, paJliaJIbHUX Ta OKPY>KHHX HAIlpy>KeHb Ha BJIACHY YAaCTOTY IUIACTUHH, Ta BU3HAYECHO
paaiagbHi Ta KOJIOBI HAIPY>KEHHS.

Omxe, K TOKa3ye aHami3 MmyOuiKalliid, aBTOpu 34eOLTBIION0 BUKOPUCTOBYIOTH PI3HOTO POAY
HaOMMKeHI MeTonu. B HaykoBid mepionuili BiACYTHI TOCIIPKEHHS KOJIMBaHb KPYIVIMX IUIACTHH Ha
HEOIHOPIIHIHM MPYXKHIl OCHOBI, SIKi 6a3yIOTHCSI HA TOYHOMY PO3B’S3KY IU(PEPEHIIaTbHOTO PIBHIAHHSL.
Tomy po3poOka came TakMX aHAJIITUYHUX METOIB PO3PaXyHKyY KPYIVIMX IUIACTHH € aKTyasbHOW. [laHa
CTaTTs MPUCBAYCHA BUMAJIKY, KOJIM HEOAHOPIIHICTE OCHOBH 33/Ia€THCSI CTENICHEBOIO (DYHKIII€IO.

Merta Ta 3aBaanHs. MeTta poOOTH — [TOJJAJIbIINHA PO3BUTOK aHAIITUYHUX METOIB PO3paXyHKY
Ha BUIbHI KOJMBaHHS KPYTJIMX IJIACTUH HAa HEOAHOPIIHIHM MPYKHil OCHOBI.

3aBaaHHs poOOTH:

— OTpPUMAaTH aHANITUYHUN PO3B’S30K 3a/4adi MPO OCECUMETPUUYHI KOJUBAHHS KPYTJIHMX
CYLUIbHUX TUIACTHH, 1[0 OMHUPAIOTHCA Ha CYIUIbHY MPYKHY OCHOBY BiHKIEpa 31 CTeNeHeBO-3MIHHUM
Koe(hillieHTOM MOCTeII;

— MPOUTIOCTPYBATH HAa TMPHKJIALI 3aCTOCYBaHHS OTPUMAaHHX pO3B’SI3KiB, BUKOHABIIHU
aHATHYHUHN po3paxyHoOK 6eToHHOT it AM ta MCE;

— Bu3HaunTH noxudky MCE npu po3paxyHKy 1aHOT KOHCTPYKIIIi.

Marepiaimm Ta MeToAMKA A0CTiIKeHHs. MeToauka JOCHIKeHb IPYHTYEThCS Ha TOUYHOMY
pO3B’s13Ky  TUGEPEHITIATBPHOTO PIBHSHHSA KOJIMBAaHb IUIACTUHH Ta PO3POOJICHUM CIIOCOOOM HOTO
yucenbHol peanizanii. J{ns moOy1oBu TOYHOro po3B’s3Ky B IIii IMyOiKallii BUKOPUCTOBYETHCS METO/
OpSMOTO  IHTETrpyBaHHs, pO3BHHEHHIT y pobOoti [22]. Tlpu po3poOili aBTOPCHKOI METOIUKH
BUKOPHCTOBYBAINCH TEOPis (PYHKIIOHAIBHUX PSIIB Ta Teopis qudepeHIialbHIX PIBHAHb B YACTUHHUX
MOX1THHUX.

PesyabTaTHn pocaigkenb. OO0 €KTOM JOCTIDKEHHS € KpyIyla CyLijbHA IIaCTUHA CTaJoi
HMTIHAPUYHOT )KOpCTKOCTI D , 1110 onupaeThcsi Ha HEOAHOPIAHY CYLIUIbHY MPYKHY OCHOBY BiHkiepa
Ta 3HAXOJUTHCS MiJl BIUIMBOM 3MIHHOT'O HENEpPEPBHO-PO3MOAIIEHOrO MOMEPEYHOr0 HaBaHTAXEHHS
(puc. 1). Tyt @ — pagiyc miactuay, I' — pamiansHa koopaunara (0<r<a).

BinbHI ocecuMeTpruYH1 KOJIMBaHHS TUTACTUHH BUHUKAIOTH, KOJIM CHJIA PEaKIlii Mpy>KHOi OCHOBH
R(r,t) i ymoBu 3akpinnenns kpais He 3amexath Bij HONApHOro KyTa @ . I1ig yac TaKuX KOTHBAHb Yy
IUTACTUHI JIIOTh TIIBKM TPU JUHAMIYHI BHYTPIIIHI 3yCHJUIL, a caMe, pajialbHUN 1 OKPYXHHUH

srunanbhi Mmomentu M. (r,t), M,(r,t), a rakox pamianbra momepeuna cuma Q,(r,t) (puc. 2).

Kpytunbuuii moment M, (r,1) i okpyxna nonepeuna cuna Q,(r,t) mopiBHIOIOTE HYIIO 3aBISKH

OCBOBIiHl cUMETpii KOTMBaHb.
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L 2a L
L 2a HI,
Puc. 1. Kpyrna mnactuHa Ha 3MiHHIN Puc. 2. 3runanpHi MOMEHTH Ta MOIIEpeYHa CHIIa
NpY>KHI OCHOBI B IUTACTHHI

3rigHo 3 rinmore3or0 Binkiepa peakiiis ocHoBu R(r,t) Ha miacTHHy i AMHAMIYHHN MPOTHH
wractuar W (r,t) moB’si3aHi Mixk cO0010 PIBHICTIO:

R(r,t) =—k(nw(r.t),
ne K(r) — sminnuit koedimient nocreni. Binnocuo K(I) mpuitmaemo dpopmy sammcy K(r) =k B(r), ne
K, — 3Hauenns koedilienTa mocreni B AesAKil XxapakTepHil Touui wiactuau; B(r) — Ge3posmipHa

6e3nepepBHa (PyHKIIIS, 10 BUPAKA€ 3aKOH 3MIHU Koe(ilieHTa MOCTeN BiI pallaibHOT KOOPAUHATH.
Jlana poOoTa npucBsiueHa BUIIAIKY, KOJIM KOe(ILIEHT MOCTEN 3a1a€ThCs CTENEHEBOIO (DYHKIIIETO:

k(r) = k(a)(g 520,

TOOTO TYT

k, =k(a), B(r) = (gj .

JudepeHiianpHe piBHIHHS KOJIMBaHb Y HAIIIOMY BHIAJIKy Ma€ BUTIS [2-4]:

o2 2[ 210 ML [ on Y o, 0
ror| or|{ror or a ot

e p — MUIBHICTh Marepiaiy, h— TOBIIWHA TUIACTUHU. 3HAXOKEHHS TOYHOTO PO3B’S3KYy JAHOTO

PIBHSHHS € IIEHTPAIBHOIO IPOOIEMOIO0 TOCIiKEHHS.
3acrocoByroun metox Dyp’e, po3s’sa30k (1) mrykaemMo y BHTIISII:

W (r,t) =w(r)T(t), )
e W(r) — aMILIiTy1Ha (QYHKIIis TIPOTUHIB, 10 3aJ1€KUTh TUIBLKK Bij KoopauHaTu I, T (t) - byHKITIs

yacy. [lizcraBuBmmm (2) y piBHsHHs (1) Ta pO3NOJITUBINK 3MiHHI, OTPUMAEMO JIBAa 3BUYAMHI
nudepeHIianbHi PiBHSIHHS:

T(0)+ T (t) =0 3)

Dzi{ri{ﬂ[rd_wm{ko(zj_pha,z]WZO, @
ror| or|ror\_ or a

e @’ — KoHCcTaHTa MeTony Dyp’e.
Po3B’s130Kk piBHSHHS (3) OYEBUIHUIA:

T(t) =T (0)cos wt +msin ot ,
w
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[
ne T(0), T(0) — mapameTpu moYaTKOBHX YMOB PyXy. 3 IbOTO PO3B’ 3Ky BILIHBAE, 1[0 BBEICHA CTANA

BEJIMYMHA @ € YACTOTOIO BIIbHUX KOJMBAHb IUIACTHHH.
[onoBHa (hopma KONHMBaHb BU3HAYAETHCS SIK PO3B 30K PIBHSHHS (4), sSIKE MEPETHIIIEMO Y BUIJISL

AAW+%{K(£)S—QZJW=0, (5)

a a

ne A=d?/dr’ +1/rd/dr — oneparop Jlannaca; K =a'k,/D — Bizomuii Ge3po3mipHuii napamerp;
() — 6e3po3MipHa YacTOTa, sIKa MOB’s3aHa 3 YaCTOTOK () PIBHICTIO!

a‘ phew’
= ) 6
5 (6)

[Mosuauumo gepe3 X, (r), Y,(r) (n=12) wmykani pynmamenransui poss’s3ku pisusuus (5),

QZ

npuyomy s Y, () npuiimemo noganus:
Y,(N=X,(NInL+2,(r) (1=12), )
a

ne Z,(r) — nomomixui HeBimomi dynkuii. Ilizcrasnsroun (7) y piBusans (5), micis mepeTBOPEHb

{AA Xn(r)+i4[K(£)s —Qzlxn(r)Jln£+
a a a

+AAZn(r)+i4(K(LJS—Qz]Zn(rHE&"S(r):O. ®)
a a r dr

Ockinbku 3a ymosoro X, () (N=1,2) — po3s’s3ku piBusuus (5), To Bupa3 npu jgorapudmi B (8)

OTPHUMAEMO.

MMOBMHEH TOTOXHO JIOPiBHIOBATH HYI0. OTKe, 3aMicTh piBHOCTI (8) MOKeMO 3anucaTi:
r

AAXn(r)+i4(K(—T—szxn(r)=0 (n=12); €)]
a a

AAzn(r)+i4(K[ijs—szzn(r)z—fm (n=12). (10)
a a r dr

[licna BusHadenns 3 piensab (9), (10) dynmamentamermx X, (r) (N=1,2) Ta nonomixaux
Z.(r) (n=1,2) ¢ynkuiii, 3aransuuii inTerpan qudepeHiaabHoro piBHAHHS (5) 3aNMIIEThCS Y BUTIISII
w(r) =C,X,(r)+C,X,(r) + C,Y,(r) + C,Y,(r), (11)

ne C,,C,,C,,C, — noBinbHI KOHCTaHTH, 10 MAIOTh PO3MIPHICTH IPOTHHY.

3aramom ¢opmyia (11) Oyae npumaTHa TS TOCTIKEHHS KOJUBaHb CYIUIBHUX Ta KiJTbIIEBUX
wractuH. OJHAK J1aHe JOCHIDKCHHS MPHUCBSIYEHO CaMe CYIUIBHUM IUTACTHHAM, TOMY 13 YMOBH

CKIHYEHHOCTI pOruHy B 1eHTpi wiactuau I =0, snaxogumo C, = C, =0. B Takomy pasi 3amicTb
dopmynu (11) maTumemo:
w(r) = C, X, (r)+C,X,(r). (12)
Omxke, y JaHOMY BUIIAJKY CJIiJl BA3HAYMTH TUIbKK 181 pyHnamentanbai pyukuii X, (r) (01=12), a
smaxomutu Z, (1) (n=1,2) nemae nmorpedu.
Po3B’s13ku piBHsAHB (9) IIyKaTUMEMO Y BUTJISIL

X,(0=33 (K)}Q™a, (1), (13)

m=0 k=0
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ne a, . (r) (n=12) —HeBinomi GpyHKIIT, SKi BBa)Ka€EMO HEEPEPBHUMH PAa30M 31 CBOTMU MOXiTHUMHU
BiJI TIEPILIOTO JIO YETBEPTOro Mmopsaky. [loku 1o npumyckaemo, mo psiau (13), a Takoxk aHaJIoriyHi
psIaM, CKIIaCHI 3 MepIINX Y0THPbOX Moxinuux ynkuii «, . (r) (N =12), piBHOMipHO 36iraroThcs.

VY takomy pasi OyJie MOXKIIMBA oneparlis 1upepeHIilOBaHHs PSAAIB.
[Mincrapnsroun (13) y piBusHHS (9), MaTUMEMO:

S'S (-K)*QAAg, () - [rj S S (K)Q™, (1) -

m=0 k=0 m=0 k=0

—%ii(—K)szm*Zaw(r) -0,

m=0 k=0
VY npyriit cymi 3cyHeMo iHAekc K Ha oguHuUIO, To0TO 3aminuMo Kk Ha k —1. Taky x camy
oreparlito BUKOHAEMO B TPETii cymi 3 iHAekcoM M. VY miACyMKy OTpUMAEMO:

ii(_K)kgzmAAan,m,k(r)_ L ( ) ZZ( K) sz Qy mk 1(r)—

m=0 k=0 m=0 k=1

—%22( K) O™, 1, (1) =0,

m=1 k=0
Haumi, miciist mepeTBOpeHb MPUXOAMMO /10 HEOOX1AHOCTI BAKOHAHHS TOTOXKHOCTI:

AAan,o,o<r)+i(—K)k[AAan,o,k«)—%[gjs nm(r)}zﬂzm(AA o)) |+

=1

+ii( sz (AAan,m,k (r) - %(gj an,m,k—l(r) _éan,ml,k (r)J =0

k=1
[I{oOu 3a10BOJIBHUTHU JaHY TOTOXKHICTb, IPUPIBHAEMO /10 HYJISL BCl 3MIHHI KOE(IL[IEHTU MTPU
cremensx (—K)“Q* (m=0,1,2,..)(k=0,1,2,...). [Ipx ibOMy B OTPHMAHHUX PIBHSHHSX MepeiieMo
BiJl OTIEpaTOPHOI J0 SIBHOI opMU 3amucy. Y MiACYMKY JUIsl BUSHAYEHHS MOYATKOBUX Ta TBIPHHX
GdbyHKIIH MaTUMEMO TUQEpeHITiaNbHI PIBHIHHS.

1d { d {1 d [r—d“""""(r)ﬂ}o (n=12); (14)
rdr| dr|rdr dr
1d | d|1d( da. )| 1 B .
rdr{r§[F§(rTﬂ}_?an'm1‘°(r) (n=12.3-); )
1d ] df1d( da, () 2L ) k1232, (16)
rdr| dr|rdr dr “a'la) Mo ST
1d] d|{1d( da. ()| _ 1(rY 1
d{d__d_(d—ﬂ}_(_j i g s D

(m=123,..)(k=123..).
B sxocTi « ,(r) (n=1,2) Bubepemo Taki GyHKii:
2n-2
r
a0~ L] (0-12). 9

OueBuIIHO, IO KOXKHA 3 HHUX 3370BOJIbHsE piBHAHHIO (14). [ani, interpytoun piBusuaus (15)-(17) i
BBKAIOYH TIPH [[bOMY CTaJi IHTErpyBaHHs PiIBHUMH HYJIIO, OTPHMAEMO:

y mo(r) = i4 | 1 [r] 1 [rat, nso(r)drdrdrdr (m=1,23,..); (19)
a 0 r 0 0 r 0
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anvoyk(r):i %J'r % r(é} A, o (r)drdrdrdr (k=1,2,3,...); (20)

r LG) AN (s F T (r)jdrdrdrdr (1)

(m=123,..)(k=123..).
Sk Bugno, dopmyau (19)-(21) € pekypeHTHHMH. 3a JOMOMOro0 HUX (OPMYJ IO BiIOMii

noyaTkoBil QyHkiii «, ,,(r) nocmnoBHo Bu3HawaoThes (yHkuil o, . (1), &, o, (F), &, (1), AKi

HasuBaTUMeMO TBipHUMH [22]. JIns Takux QyHkiii piBasHasA (9) 3a70BOMBHAETHCS TOTOXKHO 3a
1100y I0BOIO.

3anumemMo TBIpHI QYHKIIT y SBHOMY aHaJITUYHOMY BHIVISJI, PO3B’A3aBIIM PEKYpPEHTHI
crniBBigHomeHHs (19)-(21). [TocnigoBHo iHTerpyrouun o gopmyam (19), (20) 3 ypaxysauusm (18),
3HAXOMMO:

1 r 2n+4m-2
a r)= — m=123,..); 22
n,m,O( ) (22m(n+2m_1)!)2(aj ( ) ( )
1 r 2n+k (s+4)-2
a, o ()= (—j (k=123,..), (23)
o (pn,O,l,s pn,0,2,s"' pn,O,k,s)2 a
ae
Proxs =(2N+k(s+4)-4)(2n+k(s+4)-2) (k=123,...).
Po3B’s130k (21) mIykatuMeMo y BUTJISII:
r 2n+4(m+k)+ks—2
anmk(r)=cnmks(—j (m=12,3,...)(k=123,..) (24)
o N |
€ Cy s — 0€3pO3MIpHI KOe(illieHTH, IO MIArarTh BU3HAYeHHIO. [Ipu 11boMy, B TPHOX OKPEMHUX

Bunaakax M=0,k=0; k=0, m=2123,...; m=0, k=12,3,... piBuicts (24) moBuHHA CIiBIaIaTH
BigmosigHo 3 (18), (22), (23). I3 nux yMOB 3HaXOAMMO:

Cooos =4 C = 1 c = 1 ) (25)

n,m,0,s 2m 2 ; n,0,k,s 2
(2 (n+2m _1)') (pn,o,l,s pn,O,Z,S“' pn,O,k,s)
VY 3arajpbHOMY BUTIAJIKY MmijacTaBuMo (24) B 00uaBi yacTiu (21) Ta BUKOHAEMO IHTETPYBaHHSI.
VY niacyMKy MaTUMEMO:

_ Cn,m,k—l,s +Cn,m—1,k,s _ _
cC .= (m=1,2,3..)(k=123,..), (26)

n,mKk,s 2
pn,m,k,s

e
Pomis = (2n+4(m+K)+ks—4)(2n+4(m+K) +ks—2).

OTtxe, pekypeHTHUMEU Qopmysiamu (25), (26) moBHICTIO BU3HAYCHI IIyKaHI KOe(Dilli€HTH.
JloBeneMo Temep piBHOMIpHY 30DKHicTH psiaiB (13). BpaxoByrouwn, mo maxB(r)=1 Ta

0<r<a

BUXOJISYH 3 BIACTHBOCTEH BU3HAYEHUX iHTErpaiB, 3 (20), (21) orpuMaeMo OIiHKH:

a0 (1) < (22"(n+12k—1)!)2 (gj C(k=123.); @7)

r

rj.%fr(an'mykl(r)+anymlyk(r))drdrdrdr (m=123,..)(k=123,.). (28)

0

1 r
an,m,k(r) < ?J.

Jlami, BUKOHYIOYM TIOCIIZOBHO Orepalii 3a peKypeHTHOw ¢opmyon (28) mis BkaszaHuX
3HAYeHb iHACKCIB M, K 3 ypaxyBauHsM (22), (27), mpuxoanuMo 0 HACTYIHOT 3arajbHoi GopMyIu:
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Cm r 2n+4(m+k)-2
r) < L = m=123,..)(k=123..), 29
)= i (] ) ) @)
ne C., — ducio cronydenb 3 m+k mo M.
Ckopwucrasiuch (22), (27), (29), ans psiais (13) 6yaemo mMaTw:
o o o (m+k)' r 2n+4(m+k)-2
X, ()< K*Q™" : - <
%) mzzog(; mik!1(2X™ (n+2(m+k)-D!)? (a)

<iiKszm —exp(K +©Q?) (n=12)
i mik! T

SIK BHITHO, Y POJIi MKOPAHTH TYT BUCTYIA€ KOHCTaHTa. TuM camum jgoBeneHo, mo psau (13)
abCOJIIOTHO i pIBHOMIPHO 301ratoThCsl. AHAJIOT1YHO TOBOJUTHCS a0COIIOTHA i piIBHOMIpHA 301KHICTh
HOAIOHHX PAAIB 13 HepIINX YOTUPHOX MOXiMHuX PyHKIiH ¢, ., (X) (N=12).

Josenemo Tenep, mo Gynkmii X, (r)(n=12) niniiino He3anexni. Jomyckaro4n 3BOpPOTHE,

BB@YKaTHUMEMO, 1110 BUKOHYETHCS TOTOXKHICTh:
CX,(r)+C,X,(r) = Z‘); (-K)'Q™" [ Gty (1) + Coty 1 (1) | =0, (30)
npudomy C,,C, He 10piBHIOIOTH HYJ110. BUKOHAHHS 1i€] TOTOXKHOCTI MOKIIMBE TUJIHKHU 32 YMOB:
Cot i (N+Ce, 1 ()=0(m=0,1,2,..)(k=012,...).

Bokpema, komu M=0, k=0, mae 6ytu Buxonano: C,+C,(r/a)*>=0. 3sizcu C, =C, =0. Omxe,
poss’sizku X, (r)(N=12) ninilino nesanexwni. KpiM 1poro, rpyaryrouncs Ha aHanizi gpopmyn (13),
(18), (22)-(24), pobumo BucHOBOK, mo ¢Gynkuii X, (r) (n=12) e 6e3po3mipaumu.

Taxnm unnoM, ¢pyskuis nporuay W (I, t) Busnauena. Iicis 1poro guHaMivHMil KYT HOBOPOTY
o(r,t) i quramiuni sycunns B mmactumi M, (r,t), M,(r,t), Q,(r,t) BusHauaroThCs 3a BimoMEME

dopmynamu [2]:
oW

p(r,t)=—;, (31)
or
oW OW
M (r,t)=-D +=— 1 32
AN ( or’ r or J (32)
o'W 10w
M,(r,t)=-D — 33
H( ) [/U arg r ar j ( )
oW 10W 16w

r,ty=-D += -= . 34
Q(rt) (6r3 ror’ r? Grj (34)
3 MeTOo BUIUIATH B MpaBiil yactuHi ¢popmynu (12) 6e3po3mipHUil MHOKHHK, BBRXKaTHMEMO
C,=ad, (n=12), ne A, — noBinbHi Oe3po3MmipHi KkoHcTanTu. Ilicis mporo Qopmyry s

aMILTITY JHUX mporuHiB (12) MokeMo 3amucaTy y BUTIISAII:
w(r) =aw,(r); (35)
Wo(r) :lel(r)"'ﬂ*zxz(r)’ (36)

ne W, (r) — 6e3posmipaa dyHkiis. Y noaibHoMy GpopMaTi 3anumIeMo TaKok (pOPMYIIH s IIEPLINX

TPHOX MOXIMHUX Bia PyHKIIT W(I‘) :

(), @)
dr
VW, (r) :llil(r)—i_ﬂ?)zz(r); (38)
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‘ZVZV=1 iy (1), (39)

r a
VA\’o(r) = /1121(’-) + Az)zz(r) : (40)
dw_1 . (41)

dr a
Wo(r) = 2*1)21(") + iz)zz(r) ) (42)

e

%,(n=a20" ¢ r-a d;ﬂ“) X,(r)=a df;r(” (1=12). (43)

Ha Bigminy Bin moximamx ¢ymkuin X, (r), dymxuii (43) Oyayts Oesposmipuumu [22]. Hani
Ha3UBaTUMEMO iX 0€3pO3MIpHUMHU MOXITHUMH.

Tum camuM, amIUTITYJHY (YHKIIIO MPOrWHIB i Tpu ii mepmii MOXigHI BUPaXKEHO dYepes
6e3posmipni  pynkmii W, (r), W,(r), W,(r), W,(r). Tlpu npomy ¢opMymu s JHHAMIYHUX
nepemimiens (2), (31) i s aunamiunux 3ycuiab (32)-(34) 3 ypaxysanusam (35), (37), (39), (41)
MIOCTaHYyTh Y BUIJISAI:

W(r,t)=aw,(r)T(t); (44)

o(r,t) =W, (r)T(t); (45)

M. (r.t) =—g(wo(r)+ﬂ%wo(r)jm) : (46)
Mg(r,t):—g(ywo(r)+%wo(r)jT(t); (47)
Q(rt)=—— (W (r)+?w (r)- (%) Wo(r)]T(t). (48)

V pe3ynbTarti MOXKEMO KOHCTAaTyBaTH, o quHamiuni nepemimenns W (r,t), o(r,t) i BryTpimmi
sycumias - M (r,t), M,(r,t), Q,(r,t) Bupakeni depe3 Oe3po3mipHi (yHIAMEHTATBHI QYHKII
X,(r) (n=1,2) Ta ixni 6e3po3mipui moxini. Lle 1ae MOKIMBICTB ITijl YaC PO3PAXyHKIB IUIACTHUH Ha
KOJIUBAaHHS ONEPYBAaTH TUIBKH O€3p0O3MipHUMHU BETUUYNHAMH.

besnocepennno 3 piBHoCTI (6) 3HAXOAMMO:

=212 (49)
a“\ ph

dopmyna (49) BCTAHOBIIOE aHATITHYHY 3aJCKHICTH YaCTOTH KOJHMBAHb () BiJ 1HIIHX
napaMeTpiB MEXaHIYHOI CHCTEMHM, IO PO3MIIANAETbes. DaKTHYHO BH3HAYEHHS () 3BOJHUTHCS [0
Biguykanus 6Ge3po3mipnoi wactotu Q. Ockinbkn dynmamentanshi dynxmii X, (r) (1=12), a
TaKOX iXHI O€3p03MipHI MOX1/IHI, 3aJIe’KaTh caMme Bijl 0€3p03MipHOT YaCTOTH, TO TS 11 3HAXOKCHHS
CJIyTyBaTUMYTb YaCTOTHI PIBHSAHHS, SIKi OTPUMAEMO MiCHs pearizalii 3aJaHuX I'PaHUYHUX YMOB.

IMpukaan. [IpuBenemo TyT pe3ynbTaTH pO3paxyHKY IS CYIIbHOI OETOHHOT TTUTH 3 )KOPCTKO
3aKpITUIEHUM KOHTYPOM, III0 OTIMPAETHCS Ha MIPYKHY OCHOBY 3 KBaJIPATUYHOIO HEOTHOPIIHICTIO!

2
k(r) :k(a)(ij .
a
BuxinHi gaHi ans po3paxyHKy:
E=310"«lla; u=1/6; p=2500ke/m>; a=6m; h=0,3m; k(a)=4-10°kN /m®.
3 meroro Bepudikarii aBTopchkoro AM, BiAmoBigHI po3paxyHKu Takox nposeaeHo MCE B

nporpamaomy komruiekci JIIPA. Pesynpratu oOuuciieHb B 4MCIOBOMY (OpMATi MPEACTABICHO B
tabn. 1, a B rpadiuHOMy — Ha puc. 3.
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Tabaunsg 1 — 3HaueHHs 4YacTOT BUIBHUX OCECHUMETPUYHUX KOJIMBaHb

Ne popmu ziZTOTH konmbath @, p&ﬂé% Binnocna nmoxu6ka, %
1 27,574622 27,669075 0,34
2 107,350531 102,780000 4,26
3 240,510460 228,970000 4,80
4 426,971819 405,900000 4,93
5 666,721322 633,400000 4,00

r) yeTBepTa hopma n) m’sta popma

Puc. 3. [lepuri m’sTh ocecuMeTpuaHUX POPM KOJIIMBAaHb

BucHoBku:

1. 3anponoHOBaHO aHATITMYHUA METOJ PO3paxyHKy Ha BUIbHI OCECUMETPUYHI KOJIMBAHHSI
KPYIJIMX CYLIJIBHHUX IUIACTUH HAa CTETNIEHEBO-3MiHHIN MPYXKHIM ocHOBI. JlaHuii MeTO] HE BHMarae
JMCKpeTH3allii KOHCTPYKIIT 1 € pealbHOI0 aJbTEPHATUBOIO 3aCTOCYBAHHIO HAOIMKEHUX METO/IIB IPU
PO3B’s3aHHI JAHOTO KJIacy 3ajad.

2. By tyuu 3aCHOBaHUM Ha TOUHOMY PO3B’s3KY AM(EPEHIiaIbHOTO PIBHAHHS, METO Aa€ 3MOT'Y
OJIepXKaTH JIOCTOBIPHILTY KapTUHY KOJHMBaHb MOPIBHAHO 3 HAOMIKEHUMH METOAaMU. AJDKe came
TOYHHUHN PO3B’S30K Hece B coOl1 1H(POPMAIIIIO SAKICHOTO XapakTepy 1 ¢GopMye HAWIOBHINIY KapTUHY
(13UYHOTO SIBUINA, 0 BUBYAETHCA.

3. UncenpHO BH3HAYECHO MOXUOKY po3paxyHkiB MCE y nporpamuomy komruiekci JIIPA st
KOHCTPYKIII{ 10 po3riisaanacs.

4. TlepcrieKTUBH TOAQIBIINAX JOCIIKEHb aBTOPH IIOB’S3YIOTh 3 JOCHIDKEHHSM 1HIIHAX
BUIMAJIKIB, KOJM HEOJHOPIAHICTh NPYKHOI OCHOBH OIHUCYEThCA 3aKOHAMH 3MIiHM KoedilieHTa
MOCTE, BIACYTHIMH B HAYKOBIH JTiTEpaTypi.
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CALCULATION OF FREE AXISYMMETRIC VIBRATIONS OF CIRCULAR PLATES
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Abstract. This publication is about further development of analytical methods for calculating
free vibrations of circular plates resting on an inhomogeneous continuous elastic Winkler foundation.
The inhomogeneity of the elastic foundation is described by a variable subgrade modulus. The case
of subgrade modulus represented by a power function is considered. The fundamental functions of
the corresponding vibration equation for circular solid plates are written down in an explicit closed
form. These functions are dimensionless and are represented by absolutely and uniformly convergent
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double power series. In turn, these functions are used to express the formulas for the dynamic
parameters of the plate state, such as deflection, angle of rotation, radial and circular bending
moments, and shear force. An analytical representation for the frequency of free vibrations of the
plate is obtained, which establishes its dependence on the dimensionless frequency and other
mechanical parameters of the system. The dimensionless frequency, in turn, is determined from the
frequency equations, which are obtained after the implementation of the specified boundary
conditions.

The practical application of the obtained solutions is demonstrated by an example. A concrete
slab with a rigidly fixed contour resting on a power-variable elastic foundation is examined. The first
five frequencies of axisymmetric vibrations are calculated by the authors' method (AM). The
corresponding first five modes are also presented in graphical format. The numerical values obtained
by AM are treated as accurate, since the used calculation method is based on the exact solution of the
corresponding differential equation. The availability of such solutions makes it possible to evaluate
the accuracy of calculations obtained using various approximate methods by comparison. For the
purpose of such a comparison, the paper presents the results of the calculation obtained by the finite
element method (FEM). The relative error of the FEM in the calculation of this structure is
determined.

Keywords: circular plate, inhomogeneous base, Winkler's hypothesis, variable bedding
coefficient, axisymmetric vibrations, analytical solution.
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Abstract. The article investigates the stress-strain state of building structures damaged due to an
emergency situation resulting from a missile strike on a building in Odesa. The study aimed to
comprehensively analyze the technical condition of the damaged structure, evaluate the impact of the
missile strike on bearing capacity and deformation behavior, and provide recommendations for
restoration. The authors conducted detailed instrumental inspections utilizing non-destructive testing
techniques, performed topographic and geodetic surveys to determine structural verticality, and carried
out verification analyses using the "LIRA-SAPR" software. Significant damages to columns, floor slabs,
and external walls were identified, creating a risk of progressive structural collapse. The structures were
classified as being in an emergency state, with damage levels reaching up to 80%. The proposed
restoration measures involve dismantling and reconstruction of damaged elements, reinforcement of load-
bearing structures using metallic components, installation of temporary support systems, and ongoing
structural health monitoring. Particular attention was paid to determining the actual concrete strength,
corresponding to the concrete class C20/25 (B25). Reinforcement parameters, such as the diameter and
concrete cover thickness of the working reinforcement in columns and floor slabs, were also investigated.
It was found that the actual concrete cover thickness significantly deviated from standard values, which
must be considered when planning restoration and reinforcement measures. The research underscores the
importance of adopting a comprehensive approach to analyzing damaged buildings, incorporating modern
techniques such as 3D scanning for accurate spatial modeling and minimizing design and restoration
errors. The obtained results can improve the effectiveness of design solutions for the reconstruction of
buildings damaged by emergency situations and contribute to developing advanced methodologies for
assessing structural integrity and operational reliability in comparable scenarios.

Keywords: examination, defects, destruction, restoration, non-destructive methods.

Introduction. In many fields, such as biology, technology, or management, it is crucial to
understand how an object ages over time. Forecasting the degradation process throughout the life cycle
of an object allows for efficient planning of repair works. Maintaining residential buildings in good
technical condition requires optimal planning of repair activities. For this, it is necessary to accurately
determine the scope and program of reconstruction, which involves diagnosing the technical condition.

Accurately determining the state of the building, identifying the causes of damage, and
forecasting adverse changes enable proper planning of repair works. Diagnosis is the foundation for
organizing repair works of any technical object correctly. It encompasses the assessment of the
technical condition, the causes of its deterioration, and the prediction of the degradation process.

Analysis of recent research and publications. The diagnosis of the technical condition of
buildings can be carried out by two methods. The first method includes the assessment of adverse
changes in objects based on on-site inspections, non-destructive testing, measurements, and
calculations. The second method is a predictive approach, which relies on forecasting the building's
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degradation process in the program complex.

We know that under normal operation, using ISO 7162:1992 [1], we can evaluate the
performance characteristics of a building. Additionally, by using the predicted service life distribution
curve (PSLDC), it becomes possible to consider changes in these characteristics. The ISO standards
[2, 3] provide general guidelines on the issues related to the prediction of building service life.

Several normative documents and standards are used in the US and Europe to guide building
condition assessments so that structures are made safe, durable and functional.

European nations have their national standards for building condition assessments which are
underpinned by EU-wide rules. To ensure that structures are safe and serviceable, the European
Standard EN 1990 (Eurocode: Basis of Structural Design) gives general principles. Besides this,
different countries have their own codes; for example, the UK uses RICS Building Surveys and
Technical Due Diligence of Commercial Property standard.

In the US, ASTM International and the American Society of Civil Engineers (ASCE) are some of
the organizations that came up with standards for building condition assessments. ASTM E2018-15,
"Standard Guide for Property Condition Assessments: Baseline Property Condition Assessment Process”
is commonly used. It explains how to do visual inspections and prepare reports on the state of the property.

Both areas also stress on the need for carrying out frequent evaluations so as to discover risks
brought about by weaknesses in construction. Life cycle analysis together with detailed engineering
appraisal form part of methods used to carry out comprehensive building inspection [4, 5]. Such
appraisals touch on various parts like structural soundness, mechanical plant installations, electrical
wiring systems as well as conformity with safety regulations.

In Ukraine, there were documents regulating the assessment of the technical condition of
buildings, but in this case, the article focuses on new recommendations resulting from military
actions. Additionally, several laws have been enacted [6-9] regarding the procedures for interacting
with objects damaged due to military actions.

The study of the stress-strain state of structures damaged by missile attacks is highly relevant. After
conducting field experiments, it is necessary to perform simulations in specialized software using the
finite element method. Simulations of damaged reinforced concrete structures have been carried out, for
example, beams [10-16], columns [17], floor slabs [18], including combined work of slabs and columns
[19], masonry walls [20], and the combined work of walls and slabs [21]. Researchers are also interested
in simulating entire buildings for reconstruction or other impacts, such as an industrial building [22], a
church under seismic impact, and a multi-story residential building subjected to vibrations. These
examples show significant interest in modeling both individual structures and entire buildings. However,
in our opinion, simulations conducted due to military attacks are still insufficient.

Research Aim and Objectives. The study aimed to comprehensively analyze the technical
condition of the damaged structure, evaluate the impact of the missile strike on bearing capacity and
deformation behavior, and provide recommendations for restoration.

Research objectives:

1. Assess the general technical state of the building and the condition of its primary load-bearing
and enclosing structures.

2. ldentify defects and damages affecting the load-bearing capacity of the main structures and
provide recommendations for their remediation.

3. Determine the main actual operational loads and impacts on the structures.

4. Investigate the causes of defects and damages that altered the primary design and calculated
geometric parameters and physical characteristics of the building structures due to non-design
impacts (fires, military actions, and terrorist acts), as well as during the building's operational period.

5. Verify the verticality of the building through topographic and geodetic surveys.

6. Examine the strength of the concrete and the actual reinforcement of columns and floor slabs
by conducting instrumental tests using non-destructive testing methods.

7. Perform verification calculations of the building's load-bearing structures using the software
complex PC "LIRA-SAPR".

8. Determine the feasibility and provide recommendations for the building's continued safe
operation and major repairs.
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Research materials and methodology. The object of study is a non-residential building of a
shopping center with integrated and attached office premises (Fig. 1). Year of construction — 2007.
Building classification — 1220 "Office Buildings", according to NK 018:2023 "Classifier of Buildings
and Structures". Consequence (responsibility) class of the building — CC3, in accordance with Article
32 of the Law of Ukraine No. 1817-VIII dated January 17, 2017 "On Amendments to Certain
Legislative Acts of Ukraine Concerning the Improvement of Urban Development Activities”, DSTU
8855:2019 "Determination of the Consequence (Responsibility)".

Class of Buildings and Structures. "Fire resistance class of the building — I1, according to DBN
V.1.1.7-2016 "Fire Safety of Construction Sites".

The building is 11 stories high in axes "A-H, 1-9" and 3 stories high with a basement floor and
a complex plan shape, standing independently. The entire building has a basement floor used as a
parking area. There is a deformation joint in axes "B-G, 9-10" that separates the 11-story and 3-story
sections into distinct parts. Another deformation joint divides the 3-story section into two separate
parts. The total height of the building is 38.1 m. The conditional height of the building is 35.1 m.
Floor heights: basement (parking) — 2.75 m; 1st floor — 3.75 m; 2nd to 11th floors — 3.0 m.

The building is equipped with two passenger elevators of the OTIS type with a load capacity of
400 kg and one freight elevator. The three-story part of the building contains two escalators.

Fig. 1. General appearance of the facade of the building

Structural solutions of the building. Structural scheme: frame, frameless with load-bearing
reinforced concrete monolithic columns, slabs, diaphragms, and stiffness cores. Foundations: pile
foundations with monolithic reinforced concrete grillage. Columns: monolithic, reinforced concrete
with a constant square cross-section of 400400 mm, 500x500 mm, and 500700 mm. Stiffness
diaphragms: monolithic reinforced concrete, 250 mm thick. Stiffness cores: monolithic reinforced
concrete, 150 mm and 200 mm thick. Internal stairs: prefabricated reinforced concrete flights and
landings made of large-sized elements of industrial production. Floor slabs: monolithic reinforced
concrete, beamless, 200 mm thick. Roof structure: flat combined, with a brick parapet around the
perimeter. Roof covering: flexible roll roofing, roofing felt.

The results of the research. The epicenter of the explosion was located at the level of the 8th-9th
floors of the building in axes "A-B, 6-7", which led to various types of damage. The explosion
significantly damaged and partially destroyed the load-bearing and enclosing structural elements of the
building. There are emergency damages to the building's structures in the form of holes, shrapnel
damage, deformations, ruptures, fire damage, geometry violations, and connection damages to structures
and systems. The nature of the damage to the object under investigation is associated with the impact of
explosive elements, the fall of rocket fragments, and the significant force of the explosive wave inertia.

During the investigation of the stress-strain state of the building, it was established:

1. Significant defects and damages in the load-bearing structures of columns, floor slabs, and
enclosing walls of the building, disrupting and limiting normal operation.
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2. Spatial rigidity and geometric invariability of the load-bearing and enclosing structures in axes
"A-B, 5-9" are not ensured. Significant damages present may lead to further brittle failure of structures.

3. The external self-supporting walls in axes "A-B, 5-7" at the level of the 8th and 9th floors
are destroyed (Fig. 2-5), the degree and nature of existing damages in the adjacent walls indicate the
danger of emergency collapse.

4. Conservation of the load-bearing and enclosing structures at the time of inspection is absent.
Temporary reinforcement structures of floor slabs above the 9th-10th floors are present.

5. The foundations, blind area, porches, stairs are in satisfactory "2" technical condition.

6. The floor structures, roof, and engineering networks are in unfit for normal operation "3"
technical condition.

7. Damaged structures of columns, external walls, parapet walls, lintels, floor slabs, partitions,
drainage, window and door blocks, internal and external finishes are in emergency technical condition "4".

8. According to the presented inspection results and considering the requirements of DSTU-N B
V.1.2-18:2016 "Guidelines for the inspection of buildings and structures to determine and assess their
technical condition”, the overall technical condition of the object under investigation is assessed as — "4"
emergency.

9. The general category of damage to the object under investigation is Il. The overall degree of
damage to the object under investigation is 57%, and the coefficient of functional suitability for
operation is 43%.

10. Individual structures of the building, namely columns, floor slabs, walls, partitions, and
filling of openings have a significant degree of damage from 55% to 80%.

11. According to the results of topographic and geodetic works on the verification of the
verticality of the building's structures, it was established that the external walls partially have a tilt
from 2 mm to 48 mm in the direction away from the building. Monolithic reinforced concrete columns
have deviations from the vertical from 8 mm to 33 mm.

12. As a result of the verification calculations, it was established that the building has a
practically uniform distributed settlement under all the foundations, which has formed over a long
period of building operation.

13. According to the calculation results, it is recommended to frame the damaged columns with
metal corners — 100x7 and metal plates — 6x50x100 mm and reinforce the floor slabs at the places of
cracks, damages, and deformations.

14. A comprehensive analysis of the structural solutions of the object under investigation, the
assessment of its stress-strain state, the analysis of identified defects and damages, the overall technical
condition, categories, and degree of damage indicate the possibility and necessity of major repairs of the
object, with partial dismantling, reinforcement, and restoration of load-bearing and enclosing structures.

Conventional designations of defects and damages:

1. Significant damage to columns. Perform dismantling and restoration.

2. Damage to columns. Perform reinforcement.

3. Significant damage to floor structures. Perform partial dismantling and restoration.

4. Technological damages (equipment passage holes, exposure, and damage of working
reinforcement), cracks.

5. Perform reinforcement of columns, diaphragms, and floor slabs at locations of holes and
reinforcement damage.

6. Significant damage to external walls. Perform dismantling and restoration.

7. Significant damage to partitions. Perform dismantling and restoration.

8. Significant damage to ceiling finishes. Perform dismantling and restoration.

9. Significant damage to openings infill (windows, doors). Perform dismantling and restoration.

10. Damage to brick parapet structures and ventilation channels. Perform partial dismantling
and restoration.

11. Roof damage. Perform dismantling and restoration.

12. Roof damage. Perform restoration.

13. Damage to external finishes (brickwork, insulation of floor slabs). Perform dismantling and
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restoration.

14. Damage to internal finishes. Perform dismantling and restoration.
15. Damage to floor structures. Perform dismantling and restoration.
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1. Significant damage to engineering systems and equipment. Perform dismantling and restoration.
2. Traces of atmospheric precipitation leakage.

3. Emergency area.

4. Corrosion of metal structures.

5. Damage to paving and porches.

6. Traces of fire.

Determination of the concrete strength of reinforced concrete columns and floor slabs was
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carried out as a result of instrumental studies of building structures using non-destructive testing
methods. The study of the strength characteristics of the concrete of monolithic reinforced concrete
structures of columns and slabs (fc, kg/cm?) was conducted based on the methodology presented in
DSTU B V.2.7-220:2009 "Concretes. Determination of strength by mechanical non-destructive
testing methods”. The concrete strength was determined using a sclerometer MS-225 (Schmidt
hammer) with factory number No. 19856422, manufactured by Firma Morek MULTISERW. The
sclerometer is based on the rebound method. The instrument underwent state metrological
certification No. 430/MX-VDM on 16.05.2023. Testing was carried out at a positive concrete
temperature. The characteristics of the concrete of monolithic reinforced concrete structures of
columns and slabs were determined in places where the surface areas of the structure had been
previously cleaned. Testing was conducted on a structure area ranging from 100 cm? to 600 cm?,

The following minimum distances were adopted during testing:

— between impact points not less than 30 mm;

— from the edge of the structure to the test point not less than 50 mm;

— from the test points to the reinforcement not less than 50 mm.

Concrete testing was carried out in the following sequence:

— determining the location of the reinforcement in the test area according to DSTU B V.2.6-4;

— the sclerometer (Schmidt hammer) was positioned so that the force was applied perpendicular
to the tested surface in accordance with the operational documents of the device;

— the position of the sclerometer during the testing of the structure relative to the horizontal was
taken to be the same as during the testing of samples to establish the relationship, with corrections made
to the readings if the position was different, according to the operational documents of the sclerometer;

—recording the value of the indirect characteristic in accordance with the operational documents
of the device;

— calculating the average values of the indirect characteristics in the structure area.

The value of the concrete strength of the columns at each point was obtained as an average of
the results of 10 measurements. The obtained strength values are presented in Table 1.

Table 1 — Determination of concrete strength of reinforced concrete columns

[T
. o
. Value of concrete strength according to E &g < 5 o S .
)
RE: measurements S8 |28 5sS| 5
B < D L = © > - O
o '3 %46 8‘) 5 ggE q_)g S £
2 25| 1 2 3 4 | 5 | S=|129 ¢ 882
ol <5 P QS S‘D g E; EE
z gw =5 a>)§u— 3 ot
£ 25|52 |<g/°3
fi (kg/cm?) F& | <S8

Date of concrete tests — 23.09.2023

1 +90° | 418.1 | 428.3 | 448.7 | 397.7 | 305.9 | 399.7 39.2 [ 556 | 14
2 +90° | 387.5 | 428.3 | 428.3 | 428.3 | 387.5| 412 404 | 223 5
3 +90° | 448.7 | 397.7 | 397.7 | 428.3 | 397.7 | 414 40.6 | 235 6
4 +00° | 428.3 | 428.3 | 448.7 | 489.5 | 438.5 | 446.7 438 | 254 6
5 +90° | 387.5 | 418.1 | 428.3 | 448.7 | 397.7 | 416.1 | 40,8 | 24.4 6
6 +90° | 448.7 | 428.3 | 418.1 | 397.7 | 499.7 | 438.5 43 38.8 9
7 +90° | 387.5 | 407.9 | 407.9 | 428.3 | 397.7 | 405.9 39,8 15.1 4
8 +90° | 428.3 | 407.9 | 387.5 | 418.1 |407.9 | 409.9 | 40.2 15.1 4
9 +90° | 418.1 | 387.5 | 428.3 | 418.1 | 4385 | 418.1 41 19.1 5
10 | +90° | 407.9 | 407.9 | 4385 | 397.7 | 387.5 | 407.9 40 19.1 5

The actual strength of concrete columns, according to the conducted instrumental tests, ranges
from 39.2 MPa to 43.8 MPa. According to the results of processing the obtained data, the average
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value of the group coefficient of variation of concrete strength Vem is 6.4%, and the average value of
concrete strength is f, — 40.9 MPa.
The strength of concrete fc, MPa when normalizing strength by classes is:

k, 84
= 095X f, X —— = 0.95 X 40.9 X —— = 32.64 MP
Je LR 100 2

where is fn — average concrete strength, MPa;

ki = 84 — coefficient of required strength in percentage for all types of concrete, which is taken
according to Table B.1 (DSTU B V.2.7-224:2009) depending on the average value of the group
coefficient of variation of concrete strength Vem.

According to the conducted instrumental tests and the processing of the obtained data, it has
been established that the strength of concrete columns is fc = 32.64 MPa, which corresponds to the
concrete class C20/25 (B25).

The strength values of concrete floor slabs at each point were obtained as the average of the
results of 10 measurements. The obtained strength values are presented in Table 2.

The strength values of reinforced concrete monolithic floor slabs at each point were obtained as the
average of the results of 10 measurements. The obtained strength values are presented in Table 2.

Table 2 — Determination of concrete strength of reinforced concrete monolithic floor slabs

® | s |8 |& |5

© Value of concrete strength according to oE |8 ® =

~| E measurements 22128 |3 =
gl 2 o - |B2S|2L |« 8
S o = o 5 o 6 =| 8= o =

e ° sc |Sao §a s |0

= (=) 1 2 3 4 5 = L § | o ©
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N e o S = [«

2 =2 €8 |2 |8

= fi (kg/cm?) = <
Date of concrete tests — 23.09.2023

1 +90° | 397.7 | 428.3 | 443.6 | 397.7 | 3936 | 4122 | 404 | 224 5

2 +90° | 407.9 | 428.3 | 434.4 | 4232 | 3936 | 4175 | 40.9 16.6 4

3 +90° | 428.3 | 424.2 | 443.6 | 431.3 | 397.7 | 425 41.7 16.9 4

4 +90° | 423.2 | 372.2 | 395.6 | 433.4 | 413 | 4075 40 24.2 6

5 +90° | 390.6 | 387.5 413 428.3 | 397.7 | 403.4 | 39.6 17 4

6 +90° | 443.6 | 427.3 | 438.5 | 397.7 | 499.7 | 441.4 | 433 | 37.2 8

7 +90° | 403.8 | 380.4 | 376.3 | 448.7 | 397.7 | 401.4 | 394 | 28.8 7

8 +90° | 428.3 | 387.5 | 431.3 | 4283 | 4109 | 417.3 | 40.9 18.5 4

9 +90° | 424.2 | 433.4 | 428.3 413 | 4385 | 4275 | 41.9 9.7 2

10 +90° | 397.7 | 428.3 | 4385 | 382.4 | 3875 | 4069 | 399 | 25.1 6

The actual strength of the concrete floor slabs, according to the conducted instrumental tests, is
in the range from 39.4 MPa to 43.3 MPa. According to the results of processing the obtained data,
the average value of the group coefficient of variation of concrete strength Vem is 5.0%, and the
average strength value of the concrete is fn — 40.8 MPa.

The concrete strength fc, MPa for strength classification by classes is:

k, 83
= 0.95 X f, X —— = 0.95 X 40.8 X —— = 32.17 MP
Je n % 100 100 “

where: fn is the average strength value of concrete, MPa;

ki = 83 — the coefficient of required strength in percentage for all types of concrete, accepted
according to Table B.1 (DSTU B V.2.7-224:2009) depending on the average value of the group
coefficient of variation of concrete strength Vem.
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According to the conducted instrumental tests and the processing of the obtained data, it has
been established that the strength of the concrete floor slabs is fc = 32.17 MPa, which corresponds to
the class of concrete C20/25 (B25).

The determination of the diameter of reinforcement, concrete cover thickness, and spacing of
working bars of the reinforcement cages of reinforced concrete columns and floor slabs was carried
out using non-destructive methods. The research was conducted in accordance with: DSTU B V.2.6-
4-95 (GOST 22904-93) "Buildings and structures. Reinforced concrete structures. Magnetic method
for determining the thickness of the concrete cover and the location of the reinforcement.

During the research, a non-destructive testing device "Concrete Cover Thickness Measuring
Instrument NOVOTEST Armature Scope", factory number Ne0162120720, calibration certificate
Ne10-0/11484/1 dated 05.10.2022 was used.

The main results of the instrumental testing of the reinforcement of reinforced concrete columns
and floor slabs are presented in Table 3.

Table 3 — Main results of instrumental testing of reinforcement

: .| The actual | Deviation of
The Design protective .
. . protective | the actual
name of | Determined diameter of the rod of | layer of concrete/
Ne : layer of |value from the
the the working armature, mm regulatory layer, .
concrete, design/
structure mm :
mm  |normative, mm
Longitudinal ~ working  fittings
4016 mm, at the corners of the
columns. from 20 .
1 |COlMNS | nsverse reinforcement (clamps) 130 till 40 il 10
@8 mm with a step from 200 mm
to 250 mm
Upper and lower reinforcing mesh
12 mm, with a step of 200 mm.
9 Floor |There are sections of floor slabs with /20 from 10 -/ from 10
slabs |additional upper (over the supports till 40 till 20
@l4mm, OQlémm) and lower
reinforcement (in spans @14mm)

According to the research results and determination of the actual strength of concrete and
reinforcement of columns, floor slabs, calculations of the main load-bearing structures of the building
were carried out to establish their residual load-bearing capacity and suitability for normal operation
— taking into account the defects and damages, wear and tear identified during the inspection, the
requirements of the regulatory documents in force at the time of the inspection, as well as the loads.

The calculation of the load-bearing structures was performed using the calculation complex PC
"LIRA-SAPR". Verification calculations of the structures were carried out for two groups of limit
states: | — for load-bearing capacity; Il — for suitability for normal operation. Calculation for the first
group was carried out to prevent failure (strength calculation), loss of stability (calculation for
longitudinal bending, overturning). Calculation for the second group of limit states was carried out to
prevent excessive deformations (deflections, angular rotations), the appearance of cracks, limitation
of crack width in concrete, etc. Verification calculations were performed in a linear setting. The
following conditions were taken into account in the calculations of the structures:

« actual stress-strain state of the structures;

«the need and possibility of partial dismantling, strengthening of damaged load-bearing
structures of columns, floor slabs.

« establishment of the possibility of safe operation of the building.

Quantitative characteristics of the calculation scheme.

The calculation scheme (model of existing structures) is characterized by the following
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parameters:
— number of nodes — 49647,
— number of finite elements — 53080;
— number of unknowns — 234736;
— number of loads — 8;
— number of load combinations — 21;
— number of modes of eigen oscillations (KF) — 8.
— step of triangulation of finite elements is — 0.1 m.
The general view of the calculation scheme is presented in Fig. 6 and Fig. 7.

Fig. 6. General view of the settlement scheme  Fig. 7. General view of the settlement scheme

The main results of the calculation of the specified structural elements are presented for the
most unfavorable load combinations (ULC) and maximum internal forces (MIF) for three variants of
the building's calculation scheme, namely:

Variant Nel. Calculation scheme of the building's load-bearing structures without damage.

Variant Ne2. Calculation scheme of the building's load-bearing structures with identified and
modeled main damages of load-bearing structures.

Variant Ne3. Calculation scheme of the building's load-bearing structures with reinforcement of
the main load-bearing structures.

Figures 8-13 show the main results of the verification calculations of a building fragment at the
location of the largest deformations and damages.

According to the research results, to ensure the reliable and safe operation of the surveyed
object, it is necessary to provide for and implement the following measures through design decisions:

1. Dismantling and restoration of roof structures.

2. Dismantling of damaged and destroyed roof ventilation ducts.

3. Demolition and restoration of columns in axes "A, 7" at levels 8 and 9, in axes "B, 7".

4. Demolition and restoration of damaged structures of external walls and lintels.

5. Complete dismantling of damaged partition structures.

6. Demolition and restoration of damaged finishes of internal staircases in axes "C-D, 7-9".

7. Demolition and restoration of damaged infill structures (windows and doors).
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Fig. 8. Mosaic of movements (deflections) of nodes along the Z axis. Option Nel.
A fragment of the design scheme of the load-bearing structures of the building without damage.
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A fragment of the calculation diagram of the building's load-bearing structures with identified
and simulated main damage of the load-bearing structures
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A fragment of the design scheme of the load-bearing structures of the building without damage
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A fragment of the calculation diagram of the building's load-bearing structures with identified
and simulated main damage of the load-bearing structures.
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A fragment of the design scheme of the load-bearing structures of the building with
reinforcement of the main load-bearing structures

8. Demolition and replacement of damaged floor structures.

9. Demolition and restoration of damaged interior finishes.

10. Demolition and restoration of damaged engineering networks and systems of water supply,
sewage, water disposal, heating, ventilation, power supply, fire safety systems, video surveillance,
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and low-current systems. Checking the tightness and integrity of systems.

11. Partial dismantling of column and slab structures must be accompanied by simultaneous
restoration and reinforcement of adjacent load-bearing structures to redistribute loads and prevent
progressive collapse.

12. Partial dismantling of external walls and infill must be accompanied by simultaneous
restoration or conservation of structures to prevent the influence of atmospheric precipitation on the
existing building structures.

13. Dismantling of load-bearing structures of columns, slabs, and walls without subsequent
reinforcement and restoration of structures according to design decisions is prohibited.

14. It is recommended to consider the conservation of damaged and destroyed load-bearing and
enclosing structures in accordance with the "Regulation on the Procedure for Conservation and
Decommissioning of Construction Objects No. 246 (z1278-16)" dated 02.09.2016.

15. Strengthening of columns at levels 7, 8, 9, and 10 must be carried out.

16. Reinforcement of slab structures above the 7th, 8th, and 9th floors must be carried out.

17. Strengthening of floor sections with cracks wider than 0.5 mm.

18. Installation of monitoring for cracks in slab structures above the 4th, 5th, and 6th floors. In
case of cracks wider than 0.3-0.4mm, reinforcement must be carried out.

19. Fastening of AAC external walls to load-bearing structures of the building and fastening of
facing ceramic bricks.

20. When restoring wall and partition structures, use lightweight materials for load-bearing and
enclosing structures.

21. Exclude additional non-standard loads on existing structures.

22. Do not increase loads on existing load-bearing structures of the building without their prior
reinforcement.

23. It is recommended to install monthly geodetic monitoring for the condition of load-bearing
brick walls and the dynamics of deformation joint opening according to DBN V.1.3-2-2010 "Geodetic
Works in Construction™.

24. 1t is recommended to establish long-term monitoring for the dynamics of existing vertical,
inclined, and horizontal cracks in load-bearing structures of columns and slabs.

25. In damaged structures with deformations, installation of mechanical or electronic "beacons™
on cracks with mandatory regular monitoring of their condition is necessary. The recommended
measurement accuracy is up to 0.1 mm.

26. Until the completion of measures to restore the condition of structures to the level preceding
the damage, the operation of the object is not recommended due to the possible collapse of emergency
structures. It is recommended to carry out preliminary work to prevent dangerous structural collapse.
Install temporary fastening systems to prevent spontaneous collapse, unload load-bearing structures,
and reduce existing loads. Perform a complex of anti-accident works.

Conclusions. Research and recording of the actual stress-strain state of damaged structures are
the first and crucial stage in determining the building restoration algorithm. For a complete and high-
quality study, it is necessary to perform a complex of works to identify and fix damages, determine
the strength of materials, reinforcement parameters, and conduct spatial verification calculations of
the building as a whole. The absence of a complex of works or improper investigation of damaged
buildings usually leads to poor execution of design and estimate documentation for the restoration of
structures or even to building collapse. A promising direction in researching the actual state of
damaged buildings is 3-D scanning, which allows for building an actual spatial model of the building
and reducing the risks of errors in research, design, and building restoration. Considering the analysis
conducted, further reconstruction plans include the use of fiberglass mesh.
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AHoTtanisg. CTarTs nOpUCBAYEHA JOCHIDKEHHIO  Halpy’KeHO-Ae(OpMOBAaHOIO  CTaHy
OyaiBeNbHUX KOHCTPYKLIHN, MOMIKO/PKEHUX y pe3yJIbTaTi HaA3BUYaiHOI CUTYyaIlil, [0 cTaiacs yepe3
pakeTHH# yaap mo Oynieii B M. Onmeci. Mera poOoTH moJjisirana y BceOiYHOMY aHaji3l TeXHIYHOTO
CTaHy TMOIIKO/KEHOI CHOPYAM, OLIHII BIUIMBY yJapy Ha Hecydy 3HaTHICTh 1 JedopmauiiiHi
XapaKTePUCTUKU KOHCTPYKIIiH, a TAKOK po3poOIll peKOMEH I} 3 iX BITHOBIIEHHS. ABTOPU MPOBEIH
JeTajdbHe 1HCTpYMEHTallbHe OOCTE)KEHHS 3 BHUKOPHUCTAaHHSIM HEPYHHIBHUX METOJIB KOHTPOJIIO,
Tonorpado-reoie3nuH1 BUMIPH Ui BUSHAYEHHS BEPTUKAJIBLHOCTI KOHCTPYKIIN, a TAKOK BUKOHAIN
Bepu(ikalliifHi po3paxyHKH 3 BHUKOpPHCTaHHSAM mporpamHoro komiuiekcy «JIIPA-CAIIP». Byno
BCTAHOBJICHO 3HAYHI MOIIKOKEHHSI KOJIOH, TUTUT MEPEKPUTTS Ta 30BHIIIHIX CTiH, III0 HECYTh 3arpo3y
mporpecyrodoro pyiHnyBanHs OyniBii. KoHCTpyKii orliHeHO K aBapiiiHi, 31 CTyleHeM MOIIKOIKEHb
10 80%. 3anporoHoBaH1 3aX01 BKJIIOYAOTh JEMOHTAX Ta BIIHOBIICHHS MOITKOKEHUX €JIEMEHTIB,
MOCWJICHHS HECYyYuMX KOHCTPYKLIH METaleBUMHU €JIEeMEHTaMH, BCTAHOBJIEHHS THUMYaCOBHX
M1 ICWITIOIYMX KOHCTPYKIIH Ta MOCTIMHUNM MOHITOPUHT TEXHIYHOTO CTaHy criopyau. OkpeMy yBary
NPUIUIEHO BU3HAUYEHHIO (PAKTUYHOT MilHOCTI OeToHy, 110 BiAmoBigae kinacy C20/25 (B25). Takox
OyJ10 TOCIIIKEHO MapaMeTpy apMyBaHHs, TaKl K JAlaMeTp 1 3aXUCHUH 11ap pobovoi apMaTypH KOJIOH
Ta IUIUT TEPEeKpUTTA. BcTaHOBIEHO, IO peaibHI 3HAYEHHS 3aXMCHOrO Iapy OETOHy Maiu
BIIXWJIEHHS BiJ] HOPMAaTHBHUX 3HA4€Hb, 110 MOTpeOye BpaxyBaHHS NpU IUIAHYBaHHI 3aXOiB 3
BIJTHOBJICHHS Ta MOCHJICHHS] KOHCTPYKIiH. JlocikeHHs MiATBEPANIO HEOOXITHICTh KOMIUIEKCHOTO
MIIXOMy IO aHaji3y MONIKO/PKEHUX Oy/IiBelb, 10 BKJIIOYAE B ceOe CydacHl MeToaw, Taki sk 3D-
CKaHYBaHHS, 1151 CTBOPEHHS TOUHUX ITPOCTOPOBUX MOJIENEH Ta MiHIMi3allii TOMHJIOK Y IPO€EKTYBaHH1
1 BiiHOBJIeHHI. OTpUMaHi pe3yIbTaTH 103BOJISIFOTh MIABUIIUTH €()EKTUBHICTh IPOEKTHUX PILICHB JJIS
PEKOHCTPYKIiT Oy 1iBeNb, MOCTPaXKJAIUX BHACIIIOK HAJ3BUYAHUX CUTYAIlii, a TAKOXK MOXYTb OyTH
BUKOPHUCTaH1 NIl po3poOKH Ouiblll €()EeKTHMBHHUX MIAXOAIB J0 OLIHKK CTaHy Ta eKCIUTyaTaliifHOi
HaJIHOCTI OyIiBEIHHUX KOHCTPYKIIIH B aHAIOTIYHUX BHUITAKAX.

KurouoBi ciioBa: excrieptusa, neekTH, pyiHyBaHHs, pecTaBparlisi, HEpyHHIBHI METOJIH.
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AnoTtanisi. Ha mincrasi anamizy myOuikamii Ta AOCTIHKEHb IIOA0 BUKOPHUCTAHHS B SKOCTI
MEPEKPUTTS METAJIEBUX MPOCTOPOBUX IPATYACTUX CTPYKTYPHUX MOKPUTTIB BCTAHOBIICHO, IO LIEH
TUINl KOHCTPYKIIH € HaWOUIbII paIliOHAIBHHM Ta XapaKTePU3YIOThCA €(EKTHUBHOK CTATHYHOIO
MOBEIIHKOIO Ta CBOEIO Ipamne3naTHicTio. [Ipore, Ha HampyKeHO-1e(OPMOBAaHUH CTaH CTPYKTYPHOT
KOHCTPYKIIi MOXYTh BIUIMBATH IEBHI (pakTopu: Bil POpMHU CTPYKTYpPHOI IpaTKU, yMOBU CITUPAHHS
Ta KUIBKICTH ONOpP /0 BHUCOTH CTPYKTYPHOI IUIUTH Ta XapakTepy MNpHKIagaHHs 3ycuib. Lli Bci
(hakTOpH BIUITMBAIOTHh Ha KIHIICBUH pe3yJIbTaT MiAOOPY Mepepi3iB HECYUHX €JIEMEHTIB Ta OCTaTOYHE
KOHCTPYKTHBHE DIIIEHHS KOHCTPYKINi. SIK MiZCYMOK MOXHa CTBEp/UKYBATH, IO JOCIIJKCHHS
OJHOTO 3 MHUX (aKTOpiB (PEryiaTopiB 3yCWib), SIKWA BIUIMBAE Ha MiAOOp TMepepi3iB HeCydnx
€JIEMEHTIB 1 SIK HACNIJIOK Ha 3arajJibHy MaTepiaJlOMIiCTKICTh KOHCTPYKIIii, € aKTyaJIbHUM. 32 OCHOBY
perynsTopa 3yCHWIb B CXEMax CKIHUEHO-CIIEMEHTHHUX MOJIEICH CTPYKTYPHHX TIOKPHTITIB B
I[IK JIIPA-CAIIP Oyno mpuiiHATO crocid Ta KUIBKICTh pO3TallyBaHHS €JIEMEHTIB CIHMPAaHHS
KOHCTPYKIIii, a came KOJIOH. Po3ranryBaHHsS KOJIOH MPUHMAETHCS 32 TPhOMa CXEMaMH: KOJIOHU
pO3TaloBaHi MO YOTHPHOM KyTOBHM OIOpaM HIKHBOTO TIOSICY; KOJOHH PO3TAIIOBaHI B3JIOBXK
B3JIOBXK HIDKHBOTO TOSICY 3 KPOKOM 3 M Ta 6 M IO JIBOM TapaJieIbHUM CTOPOHAM KOHCTPYKIIIT,
YOTHPH OTIOPH, 1110 3MIIIEHI BCepeAnHy TUINTH Ha 4,5 M 3 000X O0KiB. BapianTu po3ranryBaHHS OIIOp
OyJIM BUKOPHCTAaHI 1)1 BU3HAYCHHSI HAHO1IBIIT €peKTUBHOI CXEMH 3 TOUKH 30py CTATUYHOI OBEAIHKH
KOHCTPYKIII 1, sIK HACHIJIOK, HaliMeHIT MaTepianoeMHol. E(QeKkTHBHICTh BU3HAYAIacsS 32 KPUTEPieEM
palioHaJIBLHOTO HAMpyXeHo- aedopMoBaHOro ctaHy. IIpoBomuBcs miadip mepepiziB €IEMEHTIB 3a
MEPUIOI0 Ta JPYTrO0 TpylnamMH TPaHWYHHUX CTaHiB. BH3Havanmach Bara KOHCTPYKIIH 3a cxemamu 3
ypaxyBaHHSM IiJI00OpY TMepepi3iB 3 MaKCUMaJbHUM BHUKOPHUCTAHHSM 32 yMOBaMH MIITHOCTI Ta
cTiikocTi. Bu3HaueHO, IO 3a KpUTEpiEM MaTepialoeMHOCTI epeKTHBHOIO € cxema Ne3, 1o
CTIIMPAEThCS Ha 4 KOJIOHU, 3MIIIICHI BCEPEeTUHY TUTUTH Ha 4,5 M.

KurouoBi ciioBa: cratmuHa poOOTa, CKIHYEHO-EJIEMEHTHA MOJelNb, PO3TAIIyBaHHS KOJIOH,
MIIHICTh Ta CTIMKICTh, HANPYKEHO-AeOPMOBAHHI CTaH, KPUTEPi MaTepiaJOEMHOCTI.

Beryn. CTpyKTypHI KOHCTPYKITIT — 1€ MPOCTOPOBI KOHCTPYKIIIi, 110 JO3BOJISIOTH TIEPEKPUBATH
BEJIMKI MPOJIBOTH Ta BiOBIIHO IO 6€3 MPOMDKHUX OIOp, 3 IEBHUMHU BUMOTaMH Ta JIOMYIICHHAMU
710 3'€JTHAHHSA 1X KOHCTPYKTUBHUX €JIEMEHTIB Ta CIIOCO0Y NMPUKIIAIaHHSI HaBaHTaKEHb [1].

XapaKTepHOIO 03HAKOIO LIUX KOHCTPYKIIN € Te, 110 BOHM MOXYTh MaTH SK JBOLIAPOBY TaK 1
OararomapoBy pENIiTKy 3 MEBHOIO PETYJISPHICTIO Ta MiHIMAIBHOO Bapialli€ro po3MipiB MOTIEPEUHOTO
nepepizy Hecydux eJIEeMEHTIB, SiKi (OPMYIOTh KPUCTAIIYHY MipaMily CTPYKTYpH — TaK 3BaHUU
0a30BUN €JIEMEHT CTPYKTYpHOI KOHCTpyKIi. Kpucramiyna mipamiga (QopMyeTbCS CHCTEMOIO
MOXUJINX, BEPTUKATHHUX 1 TOPU3OHTAIBLHUX CTEPXKHIB MOPSIIOK SIKUX HATay€e KPUCTAIU MIPUPOTHOTO
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MOXOJUKEHHS, Taki sk rpadiT 1 anma3. DakTUYHO, 00 €IHYIOUM TIPOCTOPOBI CTEP)KHI IS
3a0e3neueHHs X reOMEeTPUYHOI HEe3MIHHOCTI B MipaMiJu, 10 MalTh KBaApaTHY, TPUKYTHY abo
IIECTUKYTHY OCHOBY MOKHA 3MO/ICJTIOBATH 0a30BUil €JIEMEHT CTPYKTYPH 3 mempaeopy, neHmaeopy,
eenmaedpy (puc. 1) [2].

Puc. 1. CtpykrypHi nipamian Ha OCHOBI:
a, 0 — meHTaeApiB; B — TETpaeApiB; I — TeNTaeIpiB

CBiTOBUI JOCBiA BTUIEHHSI CTPYKTYpPHUX KOHCTPYKIH Ma€ MPUKIAAM YHIKaJIbHUX CIOPYA
IPOMaJICHKOTO Ta MPOMHUCIIOBOTO Tpu3HaveHHs. [lepira mpocTopoBa cTpykTypa Oyna po3pobieHa y
1907 poui Omekcangpom ['pem bemnmom 3 6a30Boi oauHI dYoTHpurpaHHoi ¢opmu. Ilepiie
KOMepIliifHe BUKOPHUCTaHHS CTPYKTYPHHX KOHCTPYKIIiM 3amodaTtkyBaB Makc MeHrepiHrxayseH —
HIMEUbKHI BUHaXiTHUK cucteMu Mero y 1943 poky. A konu Bigomuii QyTtypuct bakmincTep
Oymnep y 1954 porii BUHAMIIOB reo/1e3udHI KyHOJIM Ta OTPHMAB CBild MEPIINA MaTEeHT Ha PO3POOKY
ix xoH(irypariii, CTBOPHBIIM TaKUM YUHOM MOIITOBX JI0 PO3POOKM KPUBOJIHIMHUX CTPYKTYPHHUX
MOKPUTTIB.

Dpanity3pkuii guzaitnep Ctedan mro [lato y 1959 porii po3pobus moaynsHy cuctemy Unibat,
IO CKJIafajacs 3 MipaMiJaJbHUX €JIEMEHTIB 13 KBaJIpaTHOIO, TPUKYTHOIO a0 MIECTUKYTHOIO
ocHoBOI0. Moro cucremu Tridirectionelle SDC (1957), Pyramitec (1960) ta Tridimatec (1965)
BIJIPI3HSUTUCH B MEPIIY YEPTy CUCTEMOIO 3’ €JHYBAJIBHHUX €JIEMEHTIB Ta (HOPMOIO HeCYyUuX IMpOodiiB.

Po3BuTOK Ta yIOOCKOHAjeHHs 3’€HaHb EJNEMEHTIB CTPYKTYpHUX IMipamiJ CIpHsIIO
BUHUKHEHHIO YHIKaJbHUX OyJiBeNb Ta cropyx cBitoBoro piBHsA. [lopsa 3 TpamumiitHuMu
reOMETPUYHUMHU (opMamMH TPOCTOPOBUX TMOKPUTTIB, Hapa3l ICHye BelHKa KUIBKICTh iX
byTypucTHuHEX (hopM, 110 MOKHA MOOAYNUTH B TAKUX OYHIBIISAX sik aeporopT CraHcre 1 Bexxa banky
KuTato, mpoctopoBa ctpykrypa Kynbryproro nentpy I'eiizapa Amiea B baky [3].

CkJaiHICTh METaJeBUX MPOCTOPOBHUX CTPYKTYPHUX KOHCTPYKIIH Ta iX 3’€HaHb, MUTAHHSA
T€OMETPUYHOT HE3MIHHOCTI Ta pOOOTH CTalli B TUIACTUYHOMY TPAaHUYHOMY CTaHi OyJI0 MUTaHHSIM
I'PYHTOBHUX aHAIITUYHUX Ta E€KCIIEPUMEHTAIBHUX IOCITI[UKEHb TaKUMHU (axiBUAMHU sK: XelMaH
(1952, 1953), Crienc (1961, 1968), Xonrnagapamn Ta iH. (1968), I'puropsa (1971, 1972, 1973),
Cak 1 Xekki (1971), Carum 1 Komminz (1981), TMapk i Bokep (1984), HImiar (2000), KaBexom i
Tanaraxapi (2009), I'oiizaze Tomro. (2012).

AHaJi3 ocTaHHIX Aoc]ifKeHb Ta myOJikaniii. Te, 1m0 NpU MPOEKTYBaHHI CTPYKTYypPHHUX
KOHCTPYKII BWHUKAE HU3Ka IWTaHb, IO IOB'SA3aHI 3 KOHCTPYKTUBHHUM DIIICHHSM, SKI B
MOJAJIBIIIOMY BIUTMBAIOTh Ha HAmpyKEeHO-Ae(pOpMOBaHMI CTaH €JIEMEHTIB 3BEPTAIN YBary psj
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JocIiTHUKIB. KOHCTPYKTHBHI PIIIEHHST TAKUX KOHCTPYKIIIHA TOTPEOYIOTh 0COOIMBOI YBaru miaxomy
Ta TeXHIYHHX pilieHs [4]. TpuBanuii TepMiH IPOEKTYBAaHHS CTPYKTYPHHUX KOHCTPYKIIH MOKa3aB, 110
OJIHE 3 TOJIOBHUX NUTaHb MPHU BUOOPY IX KOHCTPYKTHBHOI ()OpMU NOB'A3aHE B MEPILy 4Yepry 3 ix
E€KOHOMIUHOIO e(eKTUBHICTIO. SIK moka3zaHo y [5] BHOIp KOHCTPYKTHBHOTO PIillIEHHS METalIeBOl
CTPYKTYpPH € ONTHUMI3allifHUM 3aBIaHHSAM, OCKUIBKA MaTePiaIOEMHICTh KOHCTPYKIII € OJHUM 3
HaBa)KJIMBIIINX MOKA3HUKIB 11 €EeKTUBHOCTI.

ABTOpH [6] TpOBENM MOCHIPKEHHS EKCILTyaTallliHUX XapaKTePUCTHUK JOBTOIMPOTOHOBHUX
CTaJICBUX MPOCTOPOBUX KOHCTPYKIIH y MOPIBHSAHHI 3 TNIOCKMMU CHCTEMaMH 1 TOKa3aliy, 10 Bara
KOHCTPYKII{ € BU3HAYAIBHUM (AaKTOPOM IPU OCTATOUHOMY BHOOp1 KOHCTPYKTUBHOI'O PILLICHHS.

B po6ori [7] aBTOp H0CHIANMB 3MiHY HAINpyKEeHO-1e(OPMOBAHOTO CTaHy y JIBOIIAPOBiH rpatii
CTPYKTYPHOI KOHCTpPYKIIii. ABTOp 3pOOMB BHCHOBOK, IO ¢dopMa MipaMmiau, KUIBKICTb OMOPHHUX
CHCTEM Ta iX pO3TalllyBaHHS 3HaYHO BIUIMBAIOTH HA PO3MOALI 3yCHIIb B €JIEMEHTaX 1 BIAMOBIAHO Ha
BUOIp iX Mpodi1r0. ABTOp IMOKa3aB, 10 PETYITIOBAHHAM IIMX MOKa3HUKIB MOYKHA 3MIHUTH €KOHOMIYHY
CKJIQJIOBY CaMOi KOHCTPYKIIi.

3aIeKHICTh CTATHYHOI MOBEMIHKH Bif (OpPMH CTPYKTypHOI Imipamigu HaBeacHo B [8].
@OpMOYTBOPEHHsSI Ta ONTUMI3AIlis JUISI CTPYKTYPHHX KOHCTPYKUIH JOBUIBHOI (QopMH, IO
MiITPUMYIOTBCS KOJIOHAMH, Ha OCHOB1 OHOBJIEHOTO METOJy T'YCTHHH CHJI HaBeseHi B [9]. B pobori
[10, 11] noka3ano, 1110 CrOCIO pO3TallyBaHHS OMOPHUX CHCTEM (KOJIOH), CTBOPEHHS MOMEPEIHBOTO
Halpy>KEHHs B €JIEMEHTaX HIDKHBOIO Moscy, (hopMa MipaMi CYTTEBO BILJIMBA€ HAa HAIPY>KEHO-
ne(GOpMOBaHMIA CTaH CTEPIKHIB CTPYKTYPHOI KOHCTPYKIII.

[IpoBeneni mociimkeHHi aBTopiB [12-14] akneHTyrOTh Ha Te, II0 OCHOBHOK BHMOTOK €
BIJIMIOBIHICTh KOHCTPYKIIl KPUTEPisM MIIHOCTI Ta KOPCTKOCTI 3 OJHOYACHHUM IOKa3HUKOM
MiHIMaJIBHOI MaTEPiaIOEMHOCTI MMPYU BUKOHAHHI BUIIE3a3HAYCHUX YMOB.

ABTOpoM B poOoTi [15] mokazana MeToaWKa BHUOOPY ONTHUMAIBHOTO KOHCTPYKTHBHOTO
pilIEHHS CTaJeBUX MPOCTOPOBUX (epM IpU BapiaHTHOMY TMPOEKTYBaHHI 3 YypaxXyBaHHAM
KOHCTPYKTHUBHUX, TEXHOJIOTIYHUX, EKOHOMIYHHX 1 €KCIUTyaTalliiHUX BUMOT. ABTOpamMu B po6oTi [16]
JIOBEJIEHO IUIMB TakuX (aKTOpiB SK: MiCIIE pPO3TalIyBaHHS OINOpP, HAsABHICTh MIATPUMYIOYOI
3aJ11300€TOHHOI INTUTH BEPXHBOT'O MOSICY CTPYKTYPH Ha 3T'HH JIBOIIAPOBOI CTPYKTYPHOT KOHCTPYKIII.
Ha ocHOBI ekcrnepuMeHTaIbHUX JOCHIDKeHh OyJo 3po0JeHO BHCHOBOK, IO HAsBHICTH
3aJ11300€TOHHOI TUIUTH Ha BEPXHBOMY TOSCI CTPYKTYPH CIIPHSI€ MiABUILICHHIO MIITHOCTI 1 dKOPCTKICTh
HE TITBKH CaMOT0 BEPXHBOTO MOSCY ajie i 3amobirae pyiiHyBaHHIO BCi€i KOHCTpyKInii. BapiaTuBhe
JOCIIJKEHHS 13 3aCTOCYBAaHHIM YUCENBHUX METOIB J1a€ 3MOTY IIUIAXOM MOCIIIOBHOTO mepedbopy
BapiaHTIB 00paTH KOHCTPYKIIIO 3 ONTUMAJIbHUMH MapaMeTpaMu. BuzHaueHHs HalieeKTUBHIIIOTO
pillIeHHs 3a KpUTEpieM MiHIMaJIbHOI Baru (TOOTO 3a MaTEepialOMICTKICTIO) € OJHHM i3 TOJIOBHHX
3aB/JlaHb Ha IIOYAaTKOBHMX CTaJAisiX MpoekTyBaHHA. [Ipm onrtumizamii CTPyKTypHOI KOHCTPYKIIi
noTpiOHO BpaxOBYBaTH HE JIMIIE MOKAa3HUKH il MaTepiaJloOMICTKOCTi, a ¥ BHUTpaTH mpaii Ha ii
BUTOTOBJICHHS, TPAHCIIOPTYBAaHHS Ta MOHTAX, OCKUIBKH CYKYIHICTh ITUX YWHHHKIB BIUTMBAa€E Ha
KiHLIEBY 11 BapTiCTh. Ba)xIMBOIO NepeBaroo CTpyKTypHUX KOHCTPYKIIIHM € MOJKIIMBICTb TPOEKTYBAHHS
nepepisiB e1eMEHTIB TAKUM YMHOM, 11100 MaKCUMaJlbHO BUKOPUCTOBYBATH iX HECy4y 3AaTHICTh, 10
HanpsMy CIpHUsie€ €eKOHOMIT cTalli i 3HI)KEHHIO 3arajibHOi BAPTOCTI KOHCTPYKIIII.

Mera Ta 3aBaanns. [lutanas onTrMizaLii KOHCTPYKTUBHOTO PIIIEHHS] METaJIeBUX KOHCTPYKIIIH,
0COOJIMBO MPOCTOPOBHUX MOKPUTTIB, 0€3 MPOMDKHUX ONOp € aKTyalbHUM, BPAaXOBYIOUI TEHICHIIIIO
BHUKOPUCTAHHS BEJIMKOMPOJITHUX TOJIETTIEHUX KOHCTPYKIIH B LMBUIBHOMY OyAiBHUUTBI. MeToro
JOCI/DKEHb € PO3YMIHHS ONTHMI3AIlIfHOrO HUIAXYy Ta HAMNpsMKy, [0 JO3BOJUTH OTPUMATH
KOHCTPYKTUBHY CXEMY MPaLe3AaTHOr0 IPOCTOPOBOTO CTPYKTYPHOIO MOKPUTTS. JIJ1sl BUPIIIEHHS LIbOTO
MUTAaHHA TPOBEIEMO BapiaTUBHI JIOCTIPKEHHS KOHCTPYKTHUBHUX DILIEHb CTPYKTYPHOTO MOKPUTTS
HatiedekTusHime yncaoBuM MetonoM B [TK JIIPA-CAIIP, mo pearnizye MeTo1 CKIHYCHUX €JIEMEHTIB.

Marepiaim Ta MeToauka JAocHigKeHHsl. [IpoBexeHHS BapiaTMBHOTO  JIOCHIKEHHS
KOHCTPYKTUBHOIO pIIIEHHS CTPYKTYPHOIO HOKPUTTS HaileeKTHBHIIIE IPOBOAUTH YHCIOBUM
METOJIOM.

YucnioBuii MeTO aHaJi3y OyIIBEIbBHUX KOHCTPYKIIiH (METO/I CKIHUEHUX €JIEMEHTIB) € OJTHUM 3
MeTO/iB OyaiBeIbHOI MEXaHiKH, 110 peanizoBaHuii B nporpamMHomMy komruiekci JIIPA-CAIIP. Llei
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METOJ] TIOJIITa€ B JUCKPETH3AIlil PO3PaXyHKOBOI CXEMH KOHCTPYKIli CKIHYEHO-EIIEMEHTHOIO
MOJICIUTIO 3 TIEBHUMU JIOMYIIEHHSIMH MPH MOJICTIOBAHHI YMOBHU CIIMPAHHS Ta BY3JIOBOTO 3’ €THAHHS
enmemenTiB Mk coboro [17]. B IIK JIIPA-CAIIP 3akiaaeHO METOAMKY MPOEKTYBAHHS TPyl
KOHCTPYKTHUBHUX €JI€MEHTIB B Moy i “CTasieBi KOHCTPYKIIi~ B OCHOBI SIKOTO peali30BaHO OCHOBHI
TOJIOXKEHHS Oy aiBeTbHUX HOPM [18].

B nmanomy Moy po3paxyHKOBi mosoxeHHs [18] m03BONSIOTH TpoBecTH Migbip mpodimti
MOTNIEPEYHMX MEPEPi3iB IS BCIX TPy €JIEMEHTIB KOHCTPYKIIii BiamoBiaHO 10 chopmoBanux PCH a6o
PC3 3a pe3ynpraTamMu CTATUYHOTO aHAII3Y €JIEMEHTIB CKIHUEHO-EJIEMEHTHOI CXEMH BIAIMOBIIHO 10
BUMOT TepmIoi Ta APYroi TPyl TPaHUYHUX CTaHiB. TakoX MaHWUN MOIYINb ITO3BOJSIE OTPHUMATH
MOKa3HUKM HECy4yoi 3MaTHOCTI MmiaiOpaHux abo 3aJaHUX MPOEKTYBAJIHLHUKOM Yy TEPIIOMY
PO3paxyHKOBOMY HaOIMKEHHI MIepepi3iB.

Pe3yabTaTH gociaigxedb. [lOCHiDKEHHIO HiAsArae JBOIIApPOBA CTPYKTypa 3 pO3MipaMu
30,0x30,0 m y murani BepxHbOro mosicy ta 27,0x27,0 M y I1uraHi HWKHBOro mosicy (puc.2) 3
OpPTOTOHAIILHOO TPATKOI0, 10 Mae po3mip 3,0%x3,0 m, puc. 2. Bucora KOHCTPYKIIii (TOBIIIMHA TUTHTH)
-3,0Mm.

a) 0)
N \ NN
PN e =
: Rl
| -
| /| g
d \\ ; \ '\ ,-"‘\ / \\‘ !
. // it} 1 7]
N4 ] -
N g ANV -

5 15 15 15 15 1§ '..‘. 15 15 15 15 15 15 15 15 15 15 15 15
Puc. 2. CxiHueHo-€eJIeMEHTHA MOJIEND:
a—Bun y wiomuHi XOY; 6 — Moaens 3D; B — pparmentruii Bup y miomuni XOZ

Po3srisiHeMO TpH YMOBH CIIMPaHHS CTPYKTYpPHOTO TOKPUTTS (puc. 3):

— st cxemu Ne | BifIcTaHb MK KOJIOHAMU TPUAHATO 27 M;

— s cxeMu Ne 2 BiIcTaHb MK KOJIOHAMU TIPUIHATO 6 M Ta 3 M;

— st cxemu Ne 3 BiJICTaHb MK KOJIOHAMH TPUAHATO 18 M.

BuxigHumMu 1aHUMM JUIE MOJEINIOBAHHS cXeM OyJIo MPUHHATO, IO CTEPXKHI CTPYKTYpHOIO
MOKPUTTSI IPUKAHATI 3 TPOPUIBHUX eEKTPO3BAPHUX MPSIMOIIOBHUX TPYO Il BEPXHBOTO 1 HIKHBOTO
nosiciB 245%30 MM, 11t cTepkHIB Tpatku 168x30 MM, I CTEpKHIB, IO MOJCIIOIOTH KOJOHH
npuiHATO niepepisz 273 x40 M.

JlitounMy HaBaHTaKEHHSMHU OyJIO MPHUUHATO MOCTIMHI Ta TUMYacoBi, a caMme: BJacHa Bara
€JIeMEHTIB CTPYKTypH, mo BuszHadaetbcs B [IK JIIPA-CAIIP aBroMaTW4HO; Bara MOKpPHUTTS,
NpUKHATA Y BUIVISIII 30CEPEIXKEHOI CHJIM, L0 NPUKJIAJEHa 10 BY3JiB BEPXHBOTO IMOSCY; 3MIHHE
CHIrOBe HABAHTAXEHHS JUI JPYToro KIiMaTUYHOro paiiony Ykpaimum — 1,87 kH/m? [19]. 3minne
BITPOBE HABAaHTAXXEHHS HE OYJI0 3MOJIeThbOBaHE, BPAXOBYIOUi T, IO JTisl HOTO BIUIMBY HA BHHUKHEHHS
BHYTPIIIHIX 3yCHJIb MPUOIU3HO CTAaHOBUTH | %, 1110 MOXKHA BBA)KATH HECYTTEBUM.
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Jns aHanmizy 3MiHH Hampy»KeHO-Ie(OpPMOBAHOTO CTaHy €JIEMEHTIB CTPYKTYPHOTO MOKPHUTTS
NpUHMAEMO YMOBH, IIO MOYATKOBA F€OMETPis CXeM KOHCTPYKLIH, CHOCi0 MpUKIajaHHS Ta Airoui
HaBaHTKCHHS € MOCTIMHUMHU HE3MIHHUMH TapaMeTpaMH B yCiX cXeMax. 3MIHHUM IapaMeTpOM €
YMOBH CIIMPaHHS 10 NPUHHATI Y CXeMax, a caMe: KUIbKICTb OIop Ta iX po3TalryBaHHS.

Puc. 3. YM0oBU cipaHHS CTPYKTYPHOT'O MOKPUTTS: a — cxema Ne 1 (4OTHpu KyTOBHX OIOPH
HIDKHBOTO M0sICY); 0 — cxema Ne 2 (cripaHHs B370BX HIDKHBOTO MOSCY 3 KPOKOM 3 M Ta 6 M);
B — cxeMa Ne 3 (4oTHpH OMOpH, 1110 3MilllEH] BCcepeIuHy IUINTH Ha 4,5 M)

OTpumaHi BETUYMHHU 3yCWJIb B €JIEMEHTaX CTPYKTypU OOMEXKEHI YMOBOIO MILHOCTI: JISt
CTEpPKHIB [0 MPALIOIOTh HA PO3TAT 1 YMOBOIO MILHOCTI Ta CTIMKOCTI AJIsi CTEPKHIB, 110 MPaLIOI0Th
Ha CTHUCK.

[Toka3HMKN MakCUMaJIbHUX MPOTHHIB 0OMEKEH1 MOKa3HUKaMU I'paHU4YHOro nporuny [20].

[IpenmeToM pocniPKeHHS € 3MiHa pOOOTH CTPYKTYPHOTO NOKPHUTTS B 3ale)KHOCTI BiJ
po3TairyBaHHS omnop. Xapakrtep poOOTH OMOPH CTPYKTYpH BH3HAUYa€ IMOBEIIHKY KOHCTPYKIIII.
Hanpuknan, npu cniupaHHi KOHCTPYKLII Ha YOTUPH KOJIOHH, 110 PO3TAILIOBAHI 110 OTMIOPHUM KyTaM,
KOHCTPYKIIist Oy/e mpamtoBatu B 000X HanpsMkax ( mromuan XOZ i YOZ).

PiBHiCTh mapaMeTpiB Hampy>kKeHO-1e(h)OPMOBAHOTO CTaHy TaKOXX OOYMOBIIE€HAa KBaJpaTHOIO
(hopMoI0 MPOCTOPOBOT CITKH KOHCTPYKLIi B 1i1aHi. YuM Oibiie hopMa MIIMTH B TUTaH1 HAOJIMKeHa 10
NPSIMOKYTHUKA, TOOTO YUM OLIIbIIA PI3HUI y CHIBBIAHOIIEHH] CTOPIH, TUM OLTBII HEPIBHOMIPHUM
OyJzle epepo3noIiil OCbOBUX 3yCHJIb B CTEPXKHAX 11 MOSICIB y JIBOX B3a€EMHO TMEPIEHINKYJSIPHUX
HanpsMKax.

Pe3yabTaTi gocaizkeHHs. 3MiHa YMOB CIIMPaHHS CTPYKTYPHOI KOHCTPYKIIT BIJOOpa)kaeThCs
B pi3HUX J1e(hOPMOBAHHX CXeMaX KOHCTPYKLIH (puc. 4).

[IpocTexyeThes He JUIIIE 3MiHA BEIMYMHNA MAaKCUMAIILHOTO MPOTHHY a i XapakTep MPOTHHIB,
a caMe: HasBHICTh BY3JIIB 110 OTPUMAJIM TaK 3BaHE MMO3UTHUBHE MepeMileHHs — cxema Ne 1 1ie By3iy,
110 HaJeXaTh ONOPHUM KYTOBMM By3JaMm, cxema Ne 2 1ie By3JH, IO HaJeXaTh OIMOPHUM IOscaM
B3JIOBXX KOJIOH, cxeMa Ne 3 Mae TiIbKH BiJ’€MHE 3HaUCHHsI TPOTHHIB.

BpaxoByiour CHMETPHYHICTH OTPHMAHHX IE€PEMIIICHb, MPHUBEAEMO TricTorpamy (puc. 5)
MIPOTHHIB BY3JiB [yl MOJOBUHU MEPILOTO MPUOIOPHOTO OJIOKY.
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Puc. 4. Buxiasi Ta neopMOBaHi CXeMH CTPYKTYPHOT'O IIOKPHUTTS:
a—cxema Ne 1; 6 — cxema Ne 2; B — cxema Ne 3

Ha puc. 5 HaBemeHO ricTorpamMy BEepPTHKAIBHHX MEPEMIIIEHb BY3JIiB y CEpeAHIN YacTHHI
HIDKHBOTO 10sICY, Je fZ — 11e BepTHKanbHe mepeMilieH st By3JIiB BIOBX oci Z .

Homep cxemu

Cxema Nel Cxema No2

Cxema Ne3

1,77

182I
-5,71
-8,57

-10, 8
Puc. 5. FiCTorpaMa HepeMillieHb By3JIiB (IIOJIOBHHA OJIOKY)

0,188

|
-1,73
-2,96

-2,49

3'14.3 51! l
-4 16

-3,12 -3,29

-4,2

-11

OTpumaHi MakCHMallbHI 3HAUEHHS IEPEeMIlleHb, IO HaJeXaTh LEHTPAJIbHIA YacTHHI
KOHCTpYKii /utst cxeM Nel ta No2 mopiBHIOEMO 3 MAaKCUMAaIIbHO JOIYCTHMHUM POTHHOM BiTIOBITHO
1o [20] 3a ¢popmynoro:

27000
= 108MmMm.
250

1 _ 18000

1)
250 250 (2)

Ha pwuc. 6 mokaszani 3Ha4eHHS MaKCHMAaJbHOTO TIEPEMINICHHS BY3MIIB I TPhOX CXEM
CTPYKTYpPHOTO TIOKPHUTTSL.

f_zso

s cxemu Ne3 3a popmyroro: f =

= 72MM.
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fz, mm
A

Pisauns B nedopMoBaHMX cxemMaX CTPYKTYPHHX IOKPUTTIB OOYMOBIIOE — PI3HUIIIO

Homep cxemu

cxema Nel

-12,36

HaNpy>KEHOI'0 CTaHy X €JIEMEHTIB.

VY Tabn. 1 nmokazaHi MakcuMMajibHI MOB3A0BXHI 3ycwuist N B yciX Ipymax KOHCTPYKIIH

CTEp>KHIB.

cxema No2

-3,12

cxema Ne3

-3,37

Puc. 6. MakcumasbHi 3HaueHHs poruHiB fz B cxemax

Tabmuus 1 — MakcumaneHi 3ycuiuis N B eleMeHTax KOHCTPYKLIT 32 cXxeMaMu

Hasga
KOHCTPYKTHUBHOT Cxema Nel Cxema Ne2 Cxema Ne3
IPYIIH CTEP)KHIB
BepxHiii mosic -57,9 -19,36 18,7
1,33 1,93 13,6
HwuxHil nosic 0 119 -6,23
74,9 23,7 13,9
Poskoc -38,6 -9,13 -20,2
34 6,7 11,12

J171st OIIHKY Pi3HUII MI>K BU3HAYEHUMH BEIMYMHAMHU 3YCHIIb 32 CXEMaMU MPUBEIEMO B TabI. 2
PI3HUIIIO iX BENMYMH y BIZCOTKAaX, 1€ JO3BOJHUTH HAOYHO 3PO3YMITH TEHICHIIIO 301IBIIEHHS 200
3MEHIICHHS. 3HAK «+» TIOKa3ye 301IbIICHHS BETMYMHN 3ycHiuis y % Bix 3ycuiuis B cxemu Ne 1, 3HaK
«-» TIOKa3y€e 3MEHIICHHSI BETMIHHA 3yCHILIs y %0.

Tabmuus 2 — [opiBHAHHS pi3HULI y BenmnunHax 3ycuiuisi N B eleMeHTax KOHCTPYKIIIT 3a cXeMaMu

KOHC]I“_[I;’?;?;IBHOT Pizauns y % mix Pizauns y % mix Pizanns y % mix
. cxemoro Nel ta Ne2 cxemoro Nel ta Ne3 cxeMoro Ne2 ta Ne3
TPYIH CTEPIKHIB
BepxHiit mosic 66,5 76 29,2
-31,08 +90 +85
HuxHiit mosic 1,19 +6,23 +80.9
-68,3 -81,4 -41,3
PoskocH -76 -47,6 +54,8
-80,3 -67,3 +39,7

B T1abn. 3 npuBeeHO MakcHMajbHI BEIUYMHHU 3yCHUJIb B KOJIOHAX Ta BIAMIHHOCTI y % 3a

CXEMaMu.
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Tabmuist 3 — MakcuManbHI 3yCHIUIS B €IEeMEHTaX KOJIOHAX 3a CXeMaMH

3ycuiuist Cxema Nel Cxema Ne2 Cxema Ne3
N, T -96,1 -22,02 -139
My, ™™ +1,84 +1,25 +0,09
Mz, ™ +1,84 +0,02 +0,09
N, T, pisHuUA y % 3yCHJUIA 3MeHIIIrcs Ha 77%

3yCUJIb MIX CXeMaMH

‘ sycuyuist 3pociu 84,15 %

Y T1abn. 4 HaBeAeHO % BUKOPUCTaHHSA HECydol 3/JaTHOCTI Iepepidy pI3HUMH IpylnaMu
CTEpP)KHEBUX EJIEMEHTIB JJIi TPHOX CXEM CTPYKTYpHOI KOHCTPYKILIi MicCIs MEpIIOro iTepamiifHoro

CTaTU4YHOI'O aHani3y.

Amnauti3z Tabi. 4 TOBOAMTS, IO BCI €JIEMEHTH CTPYKTYPHOI IPaTKU 3HAYHO HEOHATPYKEHI.

Tabnuus 4 — Bukopucranus (%) Hecydoi 34aTHICTb Eepepi3y AJs TPYH CTEP>KHIB IUIUT MICHS
MEPIIOTO iTepaliifHOro aHamizy

Hasga enementy % BUKOPHCTAHOTO Tepepi3y
Cxema Nel Cxema Ne2 Cxema Ne3
BepxHiii mosic 12,5 3,9 2,8
Hwoxuili mosic 16,1 4.8 2,9
Po3kocu 15 3,5 5,7
Komona 26 10 22

HesHayHuii BiICOTOK BUKOPHUCTAHHS HECYYOl 3/aTHOCTI MOMNEPEIHbO MPUHHATHX Mepepi3iB
CBIAYUTH MPO 3HAYHMIA 3amac 3a MIMHICTIO Ta CTIHKICTIO B ycix cxemax. DakTHYHHI piBEHb
Hampy»XeHb 0OOyMOBHMB BHHUKHEHHS JIMIIE MPYXHUX AepopMaliiii, TOMy Mojail pO3TIsIa€ThCs
poboTa eNeMeHTIB B TIPY>KHIi TTOCTAHOBIII.

BukopucToByt0UM MiIMOIYJIb TMPOEKTYBaHHA MeTaloKOHCTpykiiin B JIIPA-CAIIP Oymo
MPOBEACHO MiAOip Tepepi3iB CTEP)KHIB IS yCiX PO3PaxXyHKOBHUX TPYIl BiIMOBIIHO 10 BHUMOT
MIITHOCTI, CTIHKOCTI Ta )OPCTKOCTI. Pe3ynbratn po3paxyHKy NpuBe/eHi B Ta0. 5.

Tabmuus 5 — [igiOpani nepepi3u eIeMEHTIB CXeM

[Tonepeunwii nmepepis [Monepeunwuii mepepis, miaiOpaHuii 3a JOMOMOTOO
Howmep cxemu (mpodinsHa TpyOa), 3a nianporpamu JIIPA-CAIIP Ha oc;HOBi pe3yNbTaTiB
cxemoro Ne 1 CTaTUYHOTO aHAI3Y
Cramp C 235 Howmep Tuny nepepizy [Tpodins Tpyou, Mm
Bepxuiii mosic

1 245%30 46 76x%5,5

2 245%30 52 60x3

3 245%30 24 45x%3

HwkHiii mosic

1 245%30 24 76x5,5

2 245%30 24 73x4

3 245%30 12 50x3

Poskocn

1 168x30 69 68x5,5

2 168x30 89 63,5% 3,5

3 168x30 39 57%3,5

Kononu

1 273%40 47 273%8

2 273%40 55 146x4,5

3 273x40 13 146x16
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VY tabn. 6 HaBeIeHO HOBI IIEPEPi3U EIEMEHTIB Ta PO3PAXyHKOBI BarW BEPXHIX, HUKHIX MOSCIB,
PO3KOCIB 1 KOJIOH ISl BCIX CXE€M I'PaTKH CTPYKTYpPH.

Tabnuis 6 — [Toka3HUKY Baru €1EMEHTIB JIsl BEpXHBOTO TMOSCY

Howmep cxemu Howmep [Tpodins Bara .1 ML I[OB)KI/.IHa Bara, T
€JIeMEHTY npodino, T CTEPXKHIB, M
BepxHiii mosic
1 46 76x5,5 0,00955 660 6,303
2 52 60x3 0,004575 660 3,019
3 24 45%3 0,003106 660 2,049
Hwuxwniit mosic
1 24 76x5,5 0,00955 594,00 5,67
2 24 73x4 0,006804 594,00 4,04
3 12 50x3 0,003476 594,00 2,06
Poskocu
1 69 68x5,5 0,008474 1468 12,44
2 89 63,5%3,5 0,005177 1468 7,60
3 39 57%x3,5 0,004616 1468 6,78

B Tabs. 7 okpeMo npuBeeMo BEIMUMHY Baru nepepisis, 1110 MOAEIIOITh KOJIOHU CTPYKTYpHU
3 ypaxyBaHHSM iX KUIBKOCTI y CXEMI.

Ta6J’II/II_ISI 7 — IToka3HUKH Baru CHCMCHTiB, 10 MOACIOKTh KOJIOHH

Kinbkicthb
Howmep cxemu Howmep Tpodit Bara .1 m.a. | BaraomHOro | novennin y 3arajibHa
€JIEeMEHTY npodinto, T CNEMEHTY, T | (cyoni T Bara, T
1 47 273x8 0,05542 0,41 4 1,64
2 55 146%4,5 0,0157 0,12 12 1,40
3 13 146%16 0,05124 0,23 4 0,91

3aranbHa Bara CTPYKTyp 3a CXeMaMH 3 ypaxyBaHHSIM Bard KOJIOH, Ha SIKi BOHU CIIUPAIOTHCS

po3paxoBaHa B

TaodJ. 8.

Tabmuus 8 — [okazHUKY 3arainbHOT Baru KOHCTPYKIIT

Bara . Pi3HuIs y Baszi Mixk CXeMOIO
Howmep .| Bara eneMeHTIB
KOHCTPYKTHUBHO1 3aranbHa Bara, T | Nel Ta Ne2, cxemoro Ne2 ta
CXeMH KOJIOH, T
IJIATH, T ’ Ne3, %
1 24,41 1,64 26,05
1 1 1 0
2 14,66 1,40 16,06 62,23% 36.1%
3 10,89 0,91 11,80 -7

Ha puc. 7 nokaszaHo ricrorpamy 3arajibHoi Baru MoJieJiei, BKJII04atouH Bary KoJjoH. 3 puc. 7 Ta

TabJ. 8§ BUIHO, IO Bara KOHCTPYKIIIi 3a MEPIIO0 CXeMOIO (CIIMPaHHS CTPYKTYPH Ha YOTHPH KYTOBI
KOJOHM) Ha 62,23 % Oiiblia mpu NOpiBHIHHI 31 cxemMoro Ne 2 (ciupaHHsI CTPYKTYpH Ha psii KOJIOH
o noBriit croposi). Ilpu womy, nopiBastHEA cxemu Ne 1 ta cxemu Ne 3 mokasye, 0 3MilIEHHS 3
KOHTYPHOI 30HH B C€peHIO Ha 4,5 M Ta BCTAHOBJIEHHS PO3KOCIB MI’K CTEPKHEM KOJIOHH 1 IIOLTUHOIO
HUKHBOTO MOSICY, 3MEHIIY€ Bary CTpyKTypHOi KOHCTpYyKIii Ha 120,8 %.
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30

26,05

25

20

16,06

15

11,80

Bara,t

10

Cxema Nel Cxema Ne2 Cxema Ne3
Homep cxemn
Puc. 7. 3aranbHa Bara KOHCTPYKIIiH 3a cXxeMaMu

TouHICTh Ta TOCTOBIPHICTH PE3YJIbTATIB MOJEIIOBAHHS CTPYKTYypHHUX KOHCTpyKLii B 1K JIIPA-
CAIIP 00yMOBIIOETbCS KOPEKTHOIO MOOYIOBOIO CKIHYEHO-EIEMEHTHOI CXEMH, aHalli30M CTaTHUYHOI
po0OTH YHI(pIKOBAHUX TPy CTEPKHIB (BEPXHIN MOAC, HUKHIH MOSIC, €IEMEHTH PELIITKN) Ta YUTAHHIM
pe3ynbTatiB 3ycwib. BiqmoBinHo 10 pe3ynbTatiB gociimkens [11, 15, 16] B cxemax cTpyKTyp, 1110 Oyiu
3MOJICNTbOBAaHI €JIEMEHTH BEPXHBOTO MOSCY IMPALIOIOTh HAa CTUCK, ENIEMEHTH HIKHBOTO IOsICy — Ha
PO3TAT, €IEMEHTH PELIITKU 3HAXOAAThCA MiJI JI€I0 3MIHHOI OCbOBOI CHIIM. 3a XapaKTepoM pO3IOJLTY
MOB3/IOBXKHBOTO 3yCHJIJIS B CTEPKHSIX BEPXHBOTO 1 HIPKHBOT'O TIOSICIB TPATKH CTPYKTYPH HOTO BETUUUHU
MaroTh OJIM3bKI 3a BEIMYMHOKO 3HAYEHHS, IO BIJIOBIJA€ TpaBUIaM ITOBEAIHKH IPOCTOPOBOL
PELITYACTOl CUCTEMH TIiJT JII€I0 PIBHOMIPHO PO3IIOILIEHOTO HAaBAHTAXKEHHSI.

3a pe3ynbTaTaMy CTaTUYHOTO PO3PaXyHKY, 1110 IPOBOIUBCA B IPY KHIN cTajii poOOTH Martepiaiy,
aHaJi3yBaBCs HAIpPYXEHO-Ie(OPMOBAHUI CTaH EIEMEHTIB CXeM 3a MPUHHATHMH Iepepi3aMy,
MPOBOJMIIACH TEpeBipKa MPUUHATHX Ta MiaAOlp HoBuX mepepiziB. [ligbip mepepi3iB BpaxoByBaB
TPaHWYHY THYYKICTh €JIEMEHTIB Ta BEPTHKAJbHI IMEPEMIIICHHS BCi€l KOHCTPYKIii. AJIEKBaTHICTh
PO3paxyHKOBOTO BHOOPY Mepepi3iB IPyII el1eMeHTIB 00yMOBIIOBAIACh BUMOT'aMHU Ta OOMeKeHHSIMH [ 19,
20], mo moBUHHI OyTH BpaxOBaHi MPH 3aJIaHHI )KOPCTKOCTI Ta apaMmeTpiB MarepiaiB. OOMexeHHIMU
€ BUKOHAHHS YMOBH MIIIHOCTI JJIsl PO3TATHYTHX CTEPXKHIB Ta CTIMKOCTI Uil CTUCHYTHX CTEP)KHIB,
00OMEXEHHSIM 3a TPaHMYHUM TPOTMHOM KOHCTPYKIIii, € HOro MakCMMalIbHO IOy CTUMa BenmuuHa. [is
BEPXHBOT'0 Ta HIPKHBOTO MOSICIB, PO3KOCIB OyJIM MPU3HAYECHI TUITM KOHCTPYKTUBHOI IPYTIH — SIK €JIEMEHT
(epMOBOi peIIiTKH; A1 KOJIOH — SIK €JIEMEHT KOJIOHH.

Koedimient nHamiitHocTi 3a BiamoBigampHicTIO OynaiBens npuitastuil sk 1,0. Koedimient
PO3paxyHKOBOI JOBKUHM ISl KOJIOH Yy JBOX IUIOIIMHAX OyB Takuii, mo nopiBHioe 0,6; 3Ha4eHHs
IPaHUYHOI THYYKOCTI MPHIHATO B Mexkax 180-60a [18].

BucHoBku:

1. CrpykTypHa KOHCTPYKIIis — 11€ KOHCTPYKTUBHA CUCTEMA, SIKa CYTTEBO Pearye Ha 3MiHy EBHUX
napameTpiB, SKi BIUIMBAIOTh HAa HaIpyXeHO-Ae(opMOBaHMN CTaH eleMeHTIiB 11 rpatku. Lli BmivBu
Ha3MBAIOTh CWJIOBUMH peryjsiTopaMu. B maHOMy MOCHIIKEHHI B SIKOCTI PEryJisiTOpiB 3ycHib OyIio
BUKOPHCTOBYBAHO CTIOCIO PO3TAITyBaHHS KOJIOH, Ha SIKI CTUpaiach CTPYKTypHA KOHCTPYKIIiSL.

2. 3MiHa YMOB CITUpaHHs KOHCTPYKIIi{ BIUIMHYJIA HA IOKA3HUKHU KOPCTKOCTI. 32 BUHHUKAIOUUMHU
MMPOTHHAMH HalMeHTII )KOPCTKOIO0 € cxema Ne 1. Cxema Ne 2 nedopmyeThbes SIK TUIMTA, IO ONEpTa Mo
JIBOM CTOpPOHaM (CIUpPaHHS MO AOBXKHHI Ha MIICTh OMOP 3 KOXHOT0 O0KY) 3 MpOruHoMm 3,12 mMm, 110
MeH1ie Ha 74,75 % y nopiBHsAHHI 31 cxemoro Nel. Cxema Ne 3 Mae MakCUMalIbHY BEJIMYMHY MIPOTHHY
3,37 MM 1m0 Ha 7,4 % Ouiblie y HOpIBHSAHHI 31 cxeMoro Ne 2. Ane B ycix cxeMax MaKCHUMalbHi
BEJIMYUHHM MTPOTHHIB HE MEPEBHIYIOTh MAKCUMAJIBHO JOMYCTUMOTO 3HaueHHs — 108 Mmm.
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3. 3miHa yMOB CHHMpaHHs BIUIMHYJa Ha TOKA3HUKH MIITHOCTI Ta CTIMKOCTI €JIEMEHTIB
crpyktypu. [Ipu nopiBHsaHHI cxeM Nel ta Ne2 MmakcumainbHa 3MiHa TOPKHYJIACh PO3KOCIB KOHCTPYKIIT
— 3ycusuig Brianu Ha 76 % Ta 80 % BignosinHo. [Ipu mopiBusiHHI cxem Ne 2 Ta Ne 3 makcumanbHa
3MiHa TOPKHYJIaCh HUYKHBOT'O Ta BEPXHBOTO MOSICIB — PI3HUL MIXK 3ycHIUIIMH cKianae 85% ta 80,9 %
BIAMOBIAHO. BianoBiAHO, pe3yibTaTH MEPEBIPKU MILHOCTI IMONEPEIHBO MNPUHHATHX Mepepi3iB
CTep)KHIB TIOKa3ajM, M0 CTEepP)KHI CTPYKTypd B YCIX CXeMax MpaliolTh 31 3HAYHUM
HEJIOHATIPYXKCHHM (Ta0uI. 4).

4.3MmiHa yMOB CIIUPaHHS CTPYKTYpPH 00yMOBMJIA 3MiHY BEJTMUMHH 3yCUIIb Ta XapakTepy poOoTu
€JIEMEHTIB, Ha SIKi CHUPAETBHCA CTPYKTypa. Tak MpPOCTEKYEThCS 3MEHIICHHS 3yCHIb B OMOPHHUX
eneMeHTax mpu nopiBHsHHI cxeM Ne 1 ta Ne 2 — xa 77 % (KOJIOHU MPAIIOIOTh HA CTUCK 3 BUTHHOM),
ta 301mbmenHs Ha 30 % y mopiBHsHHI cxeM Ne 1 ta No 3 (KOJIOHH MPaIforoTh Ha IIEHTPATbHUN CTHCK).

5. IliniOpaHi mepepi3u CTEPXKHIB CTPYKTYpH 3a YMOBOIO MIIHOCTI, CTIHKOCTI Ta >KOPCTKOCTI,
JI03BOJIMJIH OLIIHMTH Bary KOXKHOI CTPYKTYPHOT CXEMH IIPOCTOPOBOT KOHCTPYKIIT (puc. 7). 3a Kkputepiem
MaTepialoeMHOCTI HallOUIbII €PEKTHUBHUM KOHCTPYKTHBHUM PILLIEHHSM € CTPYKTYypa 3a cxemoro Ne3,
110 CIIUPAETHCS Ha 4 KOJIOHU, 3MIIIEHI BCEPEUHY IUINTH Ha 4,5 M.

IlepcriekTHBH MOAAJIBIIMX J0CTiZKeHb. BpaxoByiodi oTpuMaHi pe3ysibTaTi 3a cxemoro Ne3
JOLJIBHO TMPOBECTH JOCIIHKEHHS 3MIHM HampykeHo-nedpopmoBanoro crany (HIC) enementis
CTPYKTYPHOTO TOKPHUTTS B 3aJ€KHOCTI BiJJ YMOBH 3aKpillJICHHA 3MILIEHUX OINOp Ta BUCOTH
MiATPUMYIOYHX CTOMOK BiJl KOJIOH /IO CAMOTO MOKPUTTSI JJIsi OTPUMaHHS 3aKOHOMIPHOCTEH X BIIHBY
Ha H/IC Bciei cucremu.

3 1i€10 METOO I OUIBII AETAaJIbHOIO Ta ONTUMAIBHOIO MPOEKTYBAHHS HEOOXITHO TIPOBECTH
JIeKiIbKa ITepallifiHiX po3paxyHKIB /sl BA3HAUYEHHS Ta Mi100pY €IEMEHTIB 3 MAKCUMAaJIbHO TOBHUM
BUKOPHUCTAHHSIM IUJIOLII MONEPEYHOro Mepepidy 3 ypaxyBaHHSIM YMOB MIIIHOCTI Ta CTIHKOCTI, 110
MOXKE€ JIO3BOJIUTU CYTTEBO 3MEHLIMTH Bary IUIMTH, IPU HE3HAYHOMY 30UIbIIEHHI KIJIBKOCTI
TUIIOPO3MIpPiB MPOGLIIB CTEPKHIB Y CTPYKTYPHHUX IpyIax CTEPKHIB.

Taxox nouinsHO nipoectu B [1K JIIPA-CATIP po3paxyHOK CXeMHU CTPYKTYpH 3 YpaxyBaHHSAM
il reoMeTpUYHOT 3MIHHOCTI.
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Abstract. Based on the analysis of publications and studies on the use of metal spatial lattice
structural coatings as a slab, it has been established that this type of structure is the most rational and is
characterised by effective static behaviour and its performance. However, the stress-strain state of a
structural structure can be influenced by certain factors: from the shape of the structural grid, the bearing
conditions and the number of supports to the height of the structural slab and the nature of the forces
applied. All these factors influence the final result of the selection of load-bearing element cross-sections
and the final structural design. As a result, it can be argued that the study of one of these factors (force
regulators), which affects the selection of cross-sections of load-bearing elements and, as a result, the
overall material consumption of the structure, is relevant. The basis of the force regulator in the schemes
of finite element models of structural coatings in LIRA-SAPR software was based on the method and
number of arrangement of structural support elements, namely columns. The arrangement of the columns
is accepted according to three options: columns located along the four corner supports of the lower belt;
columns located along the lower belt with a step of 3 m and 6 m on two parallel sides of the structure;
four supports shifted inside the structure by 4.5 m on both sides. The options for the location of the
supports were used to determine the most efficient arrangement in terms of the static behaviour of the
structure and, as a result, the least material-intensive. The efficiency was determined by the criterion of
the rational stress-strain state. The cross-sections of the elements were selected according to the first and
second groups of limit states. The weight of the structures was determined according to the schemes,
taking into account the selection of cross-sections with maximum use according to the conditions of
strength and stability. It was determined that, according to the material consumption criterion, model No.
3, based on 4 columns shifted inside the slab by 4.5 m, is effective.

Keywords: static behaviour of the structure, finite element model, column arrangement,
strength and stability, stress-strain state, material consumption criterion.
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Abstract. A few words about the history and importance of composite materials, dispersed
systems with multicomponent dispersion medium and dispersed phase, in the progress of civilization are
in the beginning of the paper. This and the methodology of the fields of material properties in the
coordinates of composition and process factors, described by experimental-statistical (ES) models,
underlie the research presented in this paper. One of the main tools of the methodology is random
scanning of "composition-process™ fields of material properties. The aim of the work is to show how
this tool allows to evaluate the change in properties if one of them should be unchanged, using the
examples of solving two tasks in the study of lightweight gypsum concrete, with cenospheres and perlite
as fine aggregates. Microsphere size distribution with average about 0.1 mm and average size of perlite
grains about 0.3-0.5 mm could suggest rather compact piling and forming relatively steady skeleton.

ES-models of the dependences of density and compressive and flexural strength on the
content of aggregates and dosages of two chemical additives have been used, built on the results of
the designed natural experiment, in which property levels were determined for 18 compositions.

In computational experiments the compositions (of filler at fixed average values of admixtures
dosages) are generated, and the estimates of their properties by the models allow isoparametric analysis
to be performed. In the first example, compositions in which the concrete density level goes beyond the
specified boundaries of the isoparametric corridor are excluded from the analysis. Changes in strength
are estimated under condition of an approximately constant required density. The strongest
compositions under this condition can be assessed. In the second case, the compressive strength must
be the required constant. Changes in density and flexural strength under this condition are evaluated
based on their levels in compositions remaining in the isoparametric corridor of compressive strength.
In this case, the lightest compositions of a given strength can be determined. Isoparametric analysis has
proven to be quite useful in materials science.

Keywords: experimental-statistical model, isoparametric analysis, lightweight gypsum
concrete, cenospheres, perlite, strength, density.

Introduction. Composite materials with natural matrices and reinforcements of local origin
have been used since ancient times. The authors of [1] compare the importance of this fact with the
discovery of fire and the invention of the wheel. Nowadays, the composites, with a variety of
dispersion media and dispersed phases, present the special class of High-Performance Materials
(HPM), those that best serve exactly what they are designed for [2-4]. HPM is called one of top
achievements of modern civilization.

Building composite materials are complex multicomponent dispersed systems. Nested
multicomponentity is characteristic (complex chemical additives, a mixture of three mineral fillers
with three grain sizes each). When studying and developing building composites the methodology
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of composition-process fields has proved to be effective [5, 6]. It allows the fields of material
properties Y (structural, technological, and performance characteristics, criteria of utilization and
ecology, any other criteria, including cost) in the coordinates of composition and process factors
(CP-factors), vector X = (X1, X2, ..., Xi, ..., Xk), to be described. Experimental-Statistical models [5],
built on the results of designed natural experiment [7, 8], are used as the functions Y(x). They make
it possible to extract directly inaccessible information hidden in the data with the help of
computational experiments, carrying out the random scanning of the property fields [5, 9, 10]. The
individual and combined influence of the factors on Y can be evaluated, the acceptable, optimal and
compromise CP-solutions can be estimated. Among the problems that could be solved is the one
indicated in this paper title. It is necessary to estimate the changes in Y(x) when the level of one Y
must be kept constant. The way to solve the problem is shown below on the base of building
material science specific study.

So, the aim of the study presented in this paper has been, firstly, to promote the way to solve
the problems of keeping one property of material unchanged and of evaluating the variations of
others under this condition.

Secondly, to see the changes in the properties of lightweight gypsum concrete, when specified
level of one of the properties must be maintained constant.

To solve the problems of this kind V.A. Voznesensky put forward and developed [11]
isoparametric analysis (IPA). The procedure was quite complicated. Nowadays, IPA is carried out
using computational materials science methods [5, 12]. Many problems have already been solved
with the help of IPA. This paper presents another one.

When developing the lightened
gypsum concrete on the base of B-
hemihydrate [13] it was suggested that
alumina-silica microspheres
(cenospheres, Fig. 1) formed as a part of
fly ash [14, 15] could replace (totally or
partially) water absorbing aggregates,
perlite in particular, and reduce the
quantity of mixing water and the decrease
in strength. The cenospheres have low
density and heat conductivity, spherical
form, chemical inertness, high hardness
and melting temperature [15, 16].

Fig.1 Cenospheres The methods. Two groups of

composition factors varied in the

designed experiment are shown in Table 1, corresponding to their values being the levels of
normalised factors, | xil <1 (1).

Table 1 —Values of composition factors in the experiment

[ Factor Xi Levels
' xi=—1|xi=0 [xi=+1
|1 | Aggregate factors — quantities | cenospheres (CS) 30 | 50 | 70
2 (gypsum volume %) of: perlite (P) 0 15 30
13| Matrix factors — dosages | Superplasticiser (SP) 03 | 05| 07
4| (%of gypsum mass) of: | ajr-entraining admixture (AE)| 0.2 | 0.5 | 0.8
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=% X; = x;- AX; + Xo; L
where xi — is normalised value of the i factor, Xi — natural value, Xoi — center of variation range,
AX — half range (variation interval).

Microsphere size distribution with average about 0.1 mm and average size of perlite grains
about 0.3-0.5 mm could suggest rather compact piling and forming relatively steady skeleton.

The factor ranges have been chosen basing on preceding trials. In particular, the lower limit of
CS is conditioned by revealed growth of strength when introducing up to 20-30% of cenospheres.
The required amount of water for each B-hemihydrate based composition provided mix spread of
18 cm (at glass table).

Material property levels measured according to Ukrainian standards were determined for 18
compositions, corresponding to the points of the synthesized 4-factor D-optimal design of the 2"
order [7, 17, 18]. Density p (kg/m®), compression and bending strength fem and fer (MPa), and heat
conductivity A (W/m/K) were among the properties.

The data obtained have made it possible the fields of material properties in four composition
coordinates (of vector x) to be described by non-linier 4-factor experimental-statistical models like
(2) and (3) written in structured form. Block (a) contains effects of the aggregates, block (b)
includes effects of the admixtures, block (c) presents synergetic effects of the aggregates and
admixtures. The models are adequate to experimental data at the errors of 1% for p and 6% for fcm,
with significant coefficients at 10% risk.

Xi

p = 9452 | —39.5x1 = 0 x1% + 6.5x1x2 + 0 xwx3
—73.3x2+ 0 x2? @ £ 0 xixa 2
— 5.5x3 + 10.9x3% + 7.5x3x4 + 5.6x2x3
— 9.8x4 + 11.8x4° (b)|| — 8.7x2x4 (c)

fom = 5.46 | —0.75x1+ 0 x12+ 0 x1x2 +0.19x1x3
—1.14x2 + 0 x2? @@ || £ 0 xixa 3)
—0.36x3 + 0.40x2% + 0 xaxs || + 0.22x2x3
— 0.55x4 + 11.8x4? || £ 0 x2x4 (c)

The uniformly distributed aggregate compositions were generated, 1000 points (x1, x2), for
which the levels of the properties were determined by ES-models at constant values of admixtures
contents (centers of their ranges). The reasonable number of points is conditioned by the size of
factor domain under consideration (2%, [5]). The vertices of k-dimensional factor cube, 4 vertices
(1) of the square {xi, x2} in our case, are added to generated random points to take part in
computational experiment (since they could not theoretically be generated [5]).

The random compositions have been got with the help of Excel analysis package. All
calculations are carried out in Excel.

After sorting these data by the level of the property Yis, which should remain specified
constant Cis, those of compositions (the points xis) are left for participation in the analysis, the
values of Yis at which, according to the model Yis(x), fall within the isoparametric corridor Cis +
AYis(Xis). The width of the corridor AYis can be assigned based on the technical conditions of a
specific task and, obviously, should cover the confidence interval [18] for Yis estimates (by the ES-
model).

The levels of other Y under consideration are calculated by corresponding model at each Xis,
showing their changes in isoparametric corridor, that is, at approximately the same level of Yis. The
best, for this or that Y, values of Xis can be estimated.
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The results of the research. The following results have been obtained when solving two
tasks of IPA.

In the first case approximately constant level of p should be provided. This could be
conditioned by specification for the material to be used in certain constructions, wall partitions or
even floor coverings, for example. In the second case fem should be "almost constant™ for similar
reasons.

The level assigned for p as Yis was pis = 950 + 10 kg/m3. The results of scanning the field of
pis in acceptable region is shown in Fig. 2.

Shown in Fig. 3 are the results of scanning the fields of fem and fcxr at p = 950 kg/m?. The
following maximal levels of these properties and the contents of the aggregates providing them
under this condition are femmax = 6.1 at x1 = -0.86, x2 = 0.25 (CS = 32.8, P = 18.8) and fc.tt max= 2.2 at
X1=-0.93, x2=0.34 (CS=31.4,P=20.1).
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Fig. 2. Approximately constant density of about 9.5 (kg/m?)
provided by variation of content of aggregates CS and P (x1, X2)

In the second case the level assigned for fcm as Yis was femis= 5.0 + 0.2 MPa.

Shown in Fig. 4 are the results of scanning the fields of p and fci at fom ~ 5.0 kg/m®. The
following minimal level of p and maximal fct with the contents of the aggregates providing them
under this condition are: pmin = 854.7 kg/m?® at x1 = 0.63, x2 = 0.34 (CS = 31.4, P = 20.1) and fcif max =
2.2atx1=0.76,x2= -0.95 (CS=65.2, P =0.0).

The estimates of properties levels in Figs. 2-4 are the results of one realization of statistical
trials. However, the estimates obtained after numerous realizations of compositions imitation
converge to estimates quite close to presented results (practically coinciding).

The existence of significate positive correlation between density and strength is considered
evident and is known from various studies of materials. It was shown [11] for lightened gypsum
concrete under study, in particular. But here we see that the same density can correspond to greater
or less strength (Fig. 3). And rather low density could be accompanied by rather high strength (Fig. 4).
This fact could not be directly observed from experimental data. This was revealed in
computational experiment for isoparametric analysis.

Conclusions. It was managed in the presented study to demonstrate the new capabilities, the
special facet of computer isoparametric analysis. It could be especially useful in multicriteria
multifactor studies of any high-performance materials.

This conclusion is based on the results of solving two specific tasks in the study of
lightweight gypsum concrete filled with cenospheres and perlite particles. In the first one material
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density was to be kept approximately constant and variation of compression and bending strength
under this condition should be considered. In the second task the compression strength had to be
about the specified constant and changes in the density and bending strength under this condition
were shown. It had turned out that the materials of the same density could be of significantly
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Fig. 3. Changes of strength with "constant” density about 9.5 kg/m?,
provided by varying the content of aggregates CS and P (X1, X2)
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Fig. 4. Changes of density and bending strength under condition
of fem ~ 5.0 kg/m?3, provided by varied content of aggregates
P and CS (xz, x1)
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different strength, and relatively low density could be accompanied by rather high strength.
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AHoTanig. CraTTiO BIAKPUBAIOTH KUIbKA CIIIB MPO ICTOPII0 Ta BAXKJIUBICTh Y PO3BUTKY
[UBLUTI3ANI]  KOMIIO3HMIIMHUX MaTepiaiiB, JUCIEPCHUX CHCTeM 3 0araTOKOMIIOHEHTHHMH
JMCIIEPCIMHUM CEepelioBUIEM Ta JucrepcHoro ¢azoro. Lle Ta meromosoris MmosiB BIACTHUBOCTEH
MaTepialiB B  KOOpAMHATaX  PELEeNTypHO-TEXHOJOTIYHUX  (DaKkTopiB, SAKI  ONUCYIOTHCA
excriepuMeHTaibHo-cTatucTuyiumu ~ (EC)  mogmenssMu  —  mepeayMOBH  JOCIIIKEHHS,
MPEACTABICHOrO y il cTarTi. OJHUM 13 OCHOBHHUX 3aC00iB METOJIOJIOTI] € BUITAJKOBE CKAaHYBaHHS
pelenTypHO-TEXHOIOT1YHUX moiB. [[is1i poOoTH — MmoKas3arw, K el IHCTPYMEHT JI03BOJISIE OI[IHUTH
3MiHY BJIACTUBOCTEH, SKIIO OJHA 3 HUX Mae OyTHM HE3MIHHOI, Ha MPUKJIaAl BUPIMICHHS IBOX
3aBaHb Yy JOCII/DKEHHI IOJIETHIEHOTO TincoOeToHy, 3 ILeHocdepamMu Ta TEpIiTOM SK
3amoBHIOBauYaMu. Po3monin posmipy mikpocdep i3 cepennim 6mau3pko 0.1 MM Ta cepemHiii po3mip
gacTuHOK nepiity 0.3-0.5 MM MOXyTh NPUIYCTUTH JOCUTh KOMIIAKTHE IXHE MaKyBaHHsS Ta
(¢opMyBaHHS BITHOCHO CTa0IbHOTO Kapkacy. BuxopucroByrorecsi EC-mopmeni 3anexHocTel
IIUTBHOCTI Ta MIIIHOCTEH Ha CTUCK Ta BUTHHI B/l BMICTY 3aIlOBHIOBAadiB Ta J03yBaHb JIBOX XIMIYHUX
N00aBOK, MOOY/JIOBaH1 3a J@aHUMM CIUIAHOBAHOT'O HAaTYPHOI'O €KCIEpUMEHTY. B obuuciroBambHUX
eKCIIepUMEHTaX TEHEepYIOThCS CKIAAM (3aloBHIOBaYa MpH (PIKCOBAHUX CEpENHIX 3HAUYCHHSX
J03yBaHHS 100aBOK), OIIHKHM ISl HHUX BJIACTHBOCTEH 110 MOJEINSM JO3BOJISIIOTH BHUKOHATH
130MapaMeTpuuHUi aHami3. Y mHeprioMy NPHUKIAAl 3 aHali3y BHUKIIOYAIOTHCA CKIAAW, MPU SKHX
piBEeHb HIUTBHOCTI O€TOHY BHXOJUTH 32 3aJlaHi MEXI1 130mapaMeTpuyHOro Kopuaopy. OIiHIOIThCS
3MIHHM MIITHOCTEH 32 yMOBH NMPUOJIN3HO MOCTIMHOT HE0OX1AHOT HIUIBHOCTI. MOXyTh OyTH BU3HAuUEH1
HallOiIbIl MilHI 3a wLi€l yMOBU. Y JpyromMy MNpHUKIaal HEOOXiIHOIO NOCTiiiHOIO Mae OyTu
3a0e3neuenHa MilHICTE HAa CTHCK. OIHIOIOTHECSA 3MIHM IIUIBHOCTI Ta MIIHOCTI HAa BUTMH 3a I€l
YMOBH, 3a iX PIBHAMH y CKJIaJax, 0 3JIMIIMINCS B 130MapaMeTPUYHOMY KOPHJOp1 JUIsl MILHOCTI
Ha CTUCK. Y LbOMY BHIAJKy MOXYTh OyTHM BH3HAu€HI HaWJIErIll KOMIIO3HUIIT 334aHOI MIIHOCTI.
Enextponna mikpockoriis Moke OyTH peKOMEHJ0BaHa JUIsl Bi3yali3allii Ta po3yMiHHS MEXaHi3MiB
SIBUI y MDK(a3HUX MIapax «MaTpUIS-IHEPTHI 3allOBHIOBAY1». [30mapamMeTpuyHuii aHali3 BUSBHBCS
Ty’e KOPHCHUM Yy MaTepialo3HaBCTBI.

KiiouoBi cjioBa: eKkCrepuMEHTATbHO-CTATUCTHYHA MOJIENb, 130TapaMeTpUYHUN  aHali3,
MOJIETHIEHUH Tico0eToH, eHocepa, MepIiT, MilHICTh, IIUTBHICTb.

Crarrts Hangiima g0 pemakiii 5.06.2025
This work © 2025 by Lyashenko T.V., Kersh V.Ya., Antoniuk N.R., Khlytsov N.V. is licensed
under CC BY 4.0

Modern construction and architecture, 2025, no. 12, page 95-101

101


http://visnyk-odaba.org.ua/2025-12/12-8.pdf
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/

BUILDING MATERIALS AND TECHNIQUES

UDC 691.32 DOI: 10.31650/2786-6696-2025-12-102-113

THE EFFECT OF DIFFERENT TYPES OF MODIFIERS ON THE PROPERTIES
OF BITUMENS AND ASPHALT CONCRETE BASED ON THEM

Tkach S.V.,

tkach.serhii@ukr.net, ORCID: 0009-0005-5626-785X
'Kroviakov S.O., Doctor of Engineering, Professor,
skrovyakov@ukr.net, ORCID: 0000-0002-0800-0123
'0desa State Academy of Civil Engineering and Architecture
4 Didrikhson Str. Odesa, 65029, Ukraine

Abstract. Highways are extremely important for the development of the national economy and
the renovation of infrastructure under wartime conditions. The main material for road pavement
construction is asphalt concrete, which includes petroleum bitumen. In Ukraine, the only producer of
this material is the Kremenchuk Oil Refinery (PJSC "Ukrtatnafta™), which necessitates the import of
bitumen.

The research paper investigates the effect of various modifiers (polymeric, energy-saving,
adhesive and wax additives), as well as their complex modification, on the bitumen performance of
Kremenchuk Oil Refinery. The experimental evaluation of bitumen physical and mechanical
properties after its modification was carried out, namely: needle penetration depth (penetration) at
25°C, ring and ball softening temperature, and tensile strength. For polymer additives, their effect on
bitumen elasticity was also determined. In addition, the effect of modifiers on the quality of the
asphalt mixture was investigated: average density, water saturation, tensile strength at 20° C and 50°
C, and water resistance coefficient using the rapid method.

The research results demonstrated that the modifiers have a similar effect on bitumen
performance, namely, they reduce the penetration and increase the softening point, but with a different
degree. All the modifiers, except for the energy-saving Veleton additive, also had a positive effect on
the quality of asphalt concrete. This effect of the Veleton additive is probably due to the unusual
temperature regime for bitumen modification and asphalt mix preparation, which requires additional
research. Polymer additives (in particular, Elvaloy) demonstrated the greatest efficiency, significantly
improving the performance of asphalt concrete.

The findings can be used to optimize asphalt mixtures, which will help to increase the durability
of the road surface and effectively restore Ukraine’s transport infrastructure.

Keywords: petroleum road bitumen, polymer, synthetic wax, compressive strength, water
saturation, asphalt mix.

Introduction. The great stretch and fork of highways is the key to the development of the
national economy. Unfortunately, the road sector of Ukraine is in a long-term crisis situation,
characterized by the insufficient transport and operational condition of a significant part of the road
stretch and critical deterioration of the road infrastructure. However, wartime road construction is an
integral part of both defensive and humanitarian strategies.

The most common road surface is asphalt concrete. The main binder for the production of
asphalt concrete mixtures is petroleum road bitumen. The content of this binder in the mixture is
usually 4.5-7.0 % weight. Today, there is only one manufacturer of petroleum road bitumen in
Ukraine — the Kremenchuk Oil Refinery (PJSC Ukrtatnafta). It is not able to meet all the country’s
demand for this component, so most road construction companies import bitumen. The use of
domestic bitumen is a priority for Ukrainian manufacturers, both in terms of cost and delivery time.
In order to improve the bitumen characteristics and, as a result, asphalt mixtures, there are
modification techniques with various additives. Improving the asphalt quality results in better work
performance and pavement durability. Complex additives are widely used, which can significantly
improve the heat-resistant, rheological properties of modified bitumen and their adhesion to the
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surface of mineral materials [1]. Therefore, the task of improving the bitumen properties of
Kremenchuk Oil Refinery due to the use of modern modifiers available on the domestic market is
relevant.

Analysis of researches and publications. Today, about 80 % of paved roads in the world have
a top layer of bitumen-based materials, mainly asphalt concrete, which provides maximum comfort
and efficiency of vehicle and passenger traffic [2].

The use of road bitumen and the operation of pavements based on it causes a number of
problems, the most urgent of which are insufficiently high heat resistance and adhesion characteristics
of bitumen (even if they meet the requirements of regulatory documents) [3]. Since the bitumen used
in Ukraine is produced from light, highly paraffinic oil, such bitumen should be considered as
modified [4].

Asphalt pavements must provide maximum standardized strength and shear resistance, resist
fatigue failure, and be resistant to daily and seasonal temperature cycles throughout their service life.
Today, one of the most effective technological methods to improve the quality of asphalt mixtures
during their production and to provide for the preservation of the physical and mechanical
characteristics of asphalt concrete unchanged during its service life is the use of polymer-modified
bitumen [5].

According to the research of many scientists, polymer additives, adhesive, synthetic and natural
waxes are used to modify bitumen [5-10].

Modification with polymers can achieve a positive effect on the high and low temperature
characteristics and viscoelastic qualities of asphalt concrete [6]. Polymers also improve mechanical
properties, increase resistance to permanent deformation, and resistance to low-temperature cracking.
The most commonly used additives are copolymers, such as styrene-butadiene-styrene (SBS),
ethylene vinyl acetate (EVA), styrene-ethylene-butylene-styrene (SEBS), and others. The widespread
use of these types of polymers for modification is due to their thermoplastic behavior at higher
temperatures and the ability to form a polymer network during cooling [7].

To obtain polymer-modified bitumen (PMB), a number of imported additives are used, such as
"Elvaloy 4170" manufactured by "DuPont™ Chemical Corporation, which is a copolymer of ethylene
with butyl acrylate and glycidyl methacrylate, thermoplastic elastomers such as styrene-butadiene-
styrene SBS "Kraton D" by "Kraton Polimers"”, synthetic latexes of the "Butonal NS" series by
"BASF", etc.

Bitumen has insufficient cohesion (adhesion) with most stone materials used in road
construction. This causes a sharp drop in the water resistance of asphalt concrete and the formation
of damage on the pavement. Therefore, to improve the bitumen adhesion to stone materials and
increase the water resistance of asphalt concrete, adhesive additives are added to the binder [9].

Waxes are used to modify bitumen. For example, Asphaltan A and Asphaltan B (Romonta),
Licomont® (Clariant) and Sasobit® (Sasol), as well as various Biomer waxes produced by Deurex®
AG (Elsteraue, Germany). Biomer waxes consist of various proportions of natural paraffin waxes,
sugar cane wax and their fatty acids. Waxes are usually used as additives that change the viscosity
and increase the softening point of bitumen [10].

Most often in Ukraine, adhesive and polymer additives are used separately or in combination
[3, 5, 6]. The main disadvantage that slows down the increase in the production of bitumen modified
with thermoplastic elastomers is their high cost (1.5-2.5 times higher than the cost of non-modified
bitumen). Therefore, it is important to search for inexpensive substances that would improve the
performance characteristics of bitumen, primarily adhesion [3]. In addition, an option to reduce the
cost of modified bitumen is a combined modification by reducing the amount of polymer and adding
either wax or adhesive additives, which cost less than the polymer.

The literature review made it possible to conclude that today there is a wide range of modifiers
of petroleum road bitumen designed to improve its characteristics, and, accordingly, the
characteristics of the finished asphalt mix and asphalt concrete. Determining the optimal combination
of additives to provide advanced asphalt concrete performance is an urgent task that is important for
the post-war reconstruction of the country, considering the destruction of the roads throughout
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Ukraine.

The purpose of the study is to determine the effect of various modifiers and their complex on
the bitumen and asphalt mixtures quality indicators.

Materials and methods of research. The basis was bitumen of BND 70/100 grade, supplied

to the contractor in Odesa region from the Kremenchuk Oil Refinery. Its main characteristics are
shown in Table 1.

Table 1 — Key indicators of BND 70/100 bitumen from Kremenchuk Refinery

Indicator Value
Penetration depth of the needle (penetration) at 25° C, 0.1 mm 73
Softening point, °C 46.7
Tensile strength (ductility) at temperature 25°C, cm 77

The following modifiers were used:

— AVE 18 complex additive is a special additive based on a polymer mixture [11]. It is added
to bitumen and requires thorough mixing at the temperature 165-175° C for 2—4 hours;

— Veleton energy-saving additive [11] has high adhesive properties, is very quickly mixed in
bitumen;

— synthetic wax with the energy-saving effect [11] — a mixture of granules with a size 3 to 5
mm, mass fraction of the dust fraction up to 1 %, with a fusion point of 110° C;

— polymer ELVALOY [12] — a copolymer of ethylene-butyl acrylate-glycidyl methacrylate,
with a fusion point 72° C.

Despite the manufacturers’ recommendations, the same modifier amount was added to the
bitumen, namely 1.5 % of the bitumen weight, to observe how the same modifier amount changes the
characteristics of the original bitumen.

Each modified bitumen was used to produce a fine-grained dense asphalt mix, type A, grade I,
in accordance with State Standard of Ukraine BB.2.7-319:2016 [13].

Research results. After the modification with 4 different additives in the same amount (1.5 %),
the tests were carried out (according to [14-17]) and the results are given in Table 2.

Table 2 — Characteristics of the original non-modified bitumen
and bitumen when modified with the additives in the quantity of 1.5 %

BND 70/100 + modifying additive, % wt Requirements
olymeric | """ | complex | synthetic| . St
2 IOEly saving P y Standard | SOE 42.1 -
£ o | EValoy | oqgiive | VEleton | WaX 0169001 37641018
Name of the indicators | g & Vv AVE 18 | Veleton ' ;
g5 eleton forthe | 068:2017
<5 BMW  |for the BMW
> 1.5% brand brand 40/60
50/70-60
Homogeneity No clots or additive particles No clots or additive
particles
Needle penetration
depth (penetration), 73 64 57 48 53 51-70 40-60
m-10* (0.1 mm) at 25°C
The softening point of not less | not less than
the ring and ball, °c 46.7 54.9 49.6 51.6 53.5 than 60 62
Tensile strength not less | not less than
(ductility) m-10 at 25°C " >4 >4 45 80 than 6 20
s i i i not less i
Elasticity, % 40 20 than 55
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The test results show that for the modified bitumen, the penetration and tensile strength
decreased (Fig. 1), and the softening point increased (Fig. 2). In the studies of Juraj Sramek, Matus
Kozel, Lubo§ Remek, and Jan Mikolaj, the same trend was observed when adding the SBS polymer
[18]. The researchers L. Talakh, O. Koreva, O. Shymchuk, O. Andriychuk, O. Uzhegova, S.
Drobyshynets, when considering the Kraton D and Calpren polymers, as well as the synthetic wax
Sasobit, also found that the penetration decreased [19], and the softening temperature behind the ring
and ball increased [20].

80
75 o
70
65 _—
I 1
60 N NN
55 Y L = RN
] ! I : \ 1 ! 1 Y -
20 NN NN § AN N == Q NN N
AN N N N N \
40 AN \ L \ NN A \ A \
35 I ! ) \ 1 1 \ ! !
OO NN N AN AN AN NN
BND 70/100 Elvaloy, 1.5 % energy-saving Veleton AVE 18, synthetic wax
additive Veleton, 1.5% Veleton, 1.5%
1.5%

TiNeedle penetration depth (penetration), m-104-4 (0.1 mm) at 25 °C

% The softening point of the ring and ball, °C
Fig. 1. Effect of the modifiers on the needle penetration depth (penetration) and softening

temperature
90
80 -
N \“
70 \ \
60 :\ \
\ \ \ \
40 \ \
o N A\ N N
BND 70/100 Elvaloy, 1.5 % energy-saving Veleton AVE 18, synthetic wax
additive Veleton, 1.5% Veleton, 1.5%

15%

D Tensile strength (ductility) m-10-2 at 25 °C
Fig. 2. Effect of modifiers on the tensile strength (ductility) at 25° C

After conducting the modification with all four additives separately, the effect of the complex
modification [21] on the bitumen properties was determined. Thus, synthetic wax in the amount of
0.5 % and polymer in the amount of 1.5 % from the bitumen weight were added to the bitumen. The
modification with the polymer lasted 80 minutes at the temperature 170-180° C, and with the wax 30
minutes at the temperature 150-160° C. The effect of the order of modifiers addition was also
considered (Table 3).
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Table 3 — Test results of the original bitumen and its modification with the combination of additives

BND 70/100 + modifying additive, % wt Requirements
S | polymeric | complex complexes N § K
e & g o ©
3 [ R - S
£ . s | wg | 3| 2% |824
Name of the indicators E B :>EJ %% > s | £ :'>(J % g |5 g ;
5 E < £> | S5 [ S| 22 |ewg
L 2 o ox 22 2 S=2 |89
S o L ‘;5 o X ho |S5v
5 S % | 53| g2 |73
Z N = o0
15 1.5 1.5+0.5 | 1.5+0.5 [0.5+1.5 2
Homogeneity No clots or additive particles
Needle penetration
depth (penetration), 73 64 48 54 46 52 51-70 | 51-70
m-10* (0.1 mm) at 25°C
The softening point of not less | Not less
the ring and ball, °C 46.7 54.9 51.6 55.4 54.2 547 | tan 6o | than 60
Tensile strength not less | not less
(ductility) m-1072 77 54 45 31 48 34
0 than6 | than 6
at25°C
o ] not less i
Elasticity, % 40 20 31 20 16 than 55

Analyzing the test results, we can say that the addition of synthetic wax increases the softening
point of bitumen, while reducing the penetration and tensile strength. Changing the order of adding
modifying additives showed that it also has a certain effect on the penetration rate, while the softening
point remains almost unchanged. As for the elasticity, it can be concluded that none of the conducted
studies showed the compliance with the regulatory documentation, but this is explained by the
percentage of polymer addition, since the polymer was added less than the manufacturer’s
recommendations. The results are summarized in Table 3 and illustrated in Figs. 3-4.

80
70 B3
[} 1 ==
60 LN N
1 1 o = | 1 - ""q
50 I N ﬁ i N AN RN
o N AN O NN N
N N ’ N
1 . I
30 k RN LR : RN -
BND 70/100  Veleton AVE 18, Veleton AVE 18, synthetic wax Elvaloy, 1.5 %  Elvaloy 1.5% +
1.5% 1.5%tsynthetic  Veleton, 0.5% + synthetic wax
wax Veleton Veleton AVE 18, Veleton, 0.5%
0.5% 1.5%

T1Needle penetration depth (penetration), m-10*-4 (0.1 mm) at 25 °C
S The softening point of the ring and ball, °C

Fig. 3. Effect of modifiers on the needle penetration depth (penetration) and softening temperature
by ring and ball
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BND 70/100  Veleton AVE 18, Veleton AVE 18, synthetic wax Elvaloy, 1.5%  Elvaloy 1.5% +
1.5% 1.5%tsynthetic  Veleton, 0.5% + synthetic wax
wax Veleton Veleton AVE 18, Veleton, 0.5%
0.5% 1.5%

SiTensile strength (ductility) m-107-2 at 25 °C ™ Ductility , %
Fig. 4. Effect of modifiers on elasticity and ductility at 25°C
Hot dense fine-grained asphalt mix type A grade I, the composition of which is shown in Table
4, was made from modified bitumen samples, and the following indicators were determined: average

density, water saturation, compressive strength at 20° C and 50° C; short-term water resistance
coefficient [22, 23].

Table 4 — Composition of the asphalt mixture for the research

Asphalt concrete component Mgterlal content in the
mixture at 100%, % w

Crushed stone fraction 10-20 mm 22.8

Crushed stone fraction 5-10 mm 20.9

Screening fraction 0-5 mm 41.9

Aggregates made of secondary rock 9.5

BND 70/100 bitumen (without additives or modified) 4.9

The temperature conditions for the production and compaction of asphalt mixtures without and
with various modifiers are shown in Table 5.

Table 5 — Main temperature conditions of manufacturing and compaction of ASG.DR.SH.A.NP.I

Temperature, °C
Components of
Binder Modifier ASG.DR.SH.A.N.I ASG.DSANPI
bitumen |crushed stone - .
binder material mixing compaction
- 155 170 165 155
BND 70/100, Elvaloy 180 180 175 165
PJSC Veleton. AVE 18 180 180 175 165
“Ukrtatnafta” | Energy-saving Veleton 160 180 170 160
Wax Veleton 155 170 165 155
Wax + Veleton. AVE 18 165 180 170 160
Wax + Elvaloy 165 180 170 160
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The testing results of the physical and mechanical characteristics of asphalt concrete are shown
in Table 6 and Figures 5-9.

Table 6 — Testing results of the physical and mechanical characteristics of asphalt concrete made
from the original bitumen and its modification with additives in the amount of 1.5 %.

BND 70/100 + modifying additive, % wt

Requirements

3 . energy-
= polymeric saving complex wax STATE STATE
Name of indicators 3 Veleton STANDA |STANDAR

€| Elvaloy | Veleton AVE 18. Veleton |RD B.2.7- D

< . .

S 15 % 119:201 | 8959:2019
Average density, t/m® 2.40 2.42 241 241 2.40 not standardized

i 0

Water saturation, % by | 5 ¢ 23 2.7 1.9 2.7 not more than 4.0
volume
Compressive strength, not more | not more
MPa, at 20° C 51 5.9 5.0 5.3 55 than 2.8 than 3.7
Compressive strength, not less not less
MPa, at temperature 50° C 16 26 13 18 1.9 than 1.3 | than 1.8
Water resistance coefficient) g5 | ¢ o4 0.93 098 | 092 not standardized
by the express method

2,43
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Fig. 5. Effect of modifiers on the average density of asphalt concrete
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According to the test results, it can be concluded that, except for the energy-saving additive
VELETON, all the additives have a positive effect on the characteristics of asphalt concrete, namely,
decreasing of the water saturation percentage in terms of volume, increasing of the compressive
strength at the temperature 20° C and at the temperature 50° C. V. Zhdaniuk, O. Volovyk, O.
Makarchev in their study of the effect of synthetic waxes Licomont BS 100 and CCBit 113 AD [24],
as well as S. Chuguenko in his study of the polymer Kraton D1101, synthetic wax Licomont BS 100,
and cationic surfactant Wetfix BE [25] on the properties of road asphalt concrete, obtained a similar
effect on both the properties of bitumen and the characteristics of the asphalt mixture. Such an effect
of bitumen with the energy-saving additive VELETON is probably explained by the suboptimal
temperature conditions for the preparation and compaction of the asphalt mixture. In fact, the
temperature of the mixture was 160-180° C, and the compaction was 150-160° C. Moreover, the
bitumen was heated to the temperature 155-165° C, and the stone material 170-180° C. The results
of the studies of characteristics changes of asphalt concrete on bitumen with a combined modification
are shown in Table 7.

Thus, there was the effect that in most cases, synthetic wax in the combination with a polymer
showed worse results than the modification with a polymer additive only: decreasing of the
compressive strength, increasing of the water saturation. This may also be due to the temperature of
the asphalt mixture components, which is higher than usual for polymer-modified bitumen, namely
modified bitumen 170-180° C, stone material 180-190° C, mixture temperature 160-170° C, and
when compacted 150-160° C.

Table 7 — Test results of asphalt mixtures on bitumen with the complex modification

BND 70/100 + modifying additive, % wt Requirement
o polymeric | complex cornplex g A
= g 5| =g | £
= ) et 1 < —
2 £l |23 | sf| a8 23
Name of indicator 2 Elvaloy Elvaloy+ BW|>wWw| 8o Z o <&
= BICK s> | 4+ = S 4 < g = &
Q . w
e o) < w N = *®
< = > <
3 0.5%+ = 5
15% |1.5%+0.5%| 1.5% 1 506 1.5% n »
Average density, t/m* | 2.40 2.42 241 241 | 2.40 2.39 not standardized
i 0,
Water sauration, %by| 34 | 534 2.4 19 | 38 | 32 | notmorethan 4.0
volume
Compressive strength, not less not less
MPa, at 20 ° 51 59 5.2 53 4.4 51 than 2.8 | than 3.7
Compressive strength, not less not less
MPa, at 50 °C 1.6 2.6 2.4 18 2.3 16 than 1.3 | than 1.8
Water resistance
coefficient by the 0.95 0.94 0.98 098 | 0.95 0.97 not standardized
express method

Conclusions and prospects for further research.

1. The use of the analyzed modifying additives for bitumen (complex additive AVE 18 [11],
energy-saving additive Veleton [11], synthetic wax with energy-saving effect [11], polymer
ELVALOY [12]) has the same type of the effects, but in varied ways, namely, decreasing of the
penetration and tensile strength and increasing of the softening point.

2. The most effective among the analyzed additives, both in terms of simplifying of the
modification process (72° C fusion temperature) and in terms of the modified bitumen, was the
ELVALOY polymer. Also, the use of this additive increases the compressive strength of asphalt
concrete at the temperature 20° C by 15 % and at the temperature 50° C by 58 %. However, the
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market cost of the additives varies, which should be considered when making technical decisions in
real practice.

3. The use of only the energy-saving additive VELETON leads to the reduction of the
compressive strength at both 50° C and 20° C, so further research is needed to determine the cause of
such results.

4. In the future, it is planned to continue investigating the effect of modifying additives on the
properties of bitumen and asphalt concrete, both not considered in this work and considered under
other conditions, both proportional and temperature.
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BIIJIMB PI3HUX TUIIIB MOJIU®IKATOPIB HA BJIACTUBOCTI BITYMIB
TA AC®AJBTOBETOHIB HA IX OCHOBI
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AHoOTalifg. ABTOMOOUIBHI JOPOI'M MarOTh KPUTUYHO BaXJIMBE 3HAYEHHS OIS PO3BUTKY
HAI[IOHAIBHOI €KOHOMIKHM Ta BiJHOBJIEHHS 1H(PPACTPYKTYpPH B yMOBaX BOEHHOTO 4acy. OCHOBHMM
MaTepiasiom AJs OyJIBHHUILITBA JIOPOKHBOI'O MOKPUTTS € achalbTOOETOH, 10 CKJIaay SIKOr0 BXOAUTH
6itym HadTOBUI NOpokHINA. B Ykpaini eauHuM BHPOOHMKOM IIbOT0 Martepiaiy € KpemeHuynbkuii
HII3 (ITAT «YxkptatHadTay), 1110 3yMOBIIIOE HEOOX1THICTh IMIIOPTY OITYMY.

Y pobOTi JOCHi/HKEHO BIUIMB Pi3HUX MOAUGIKaTOpiB (MOMIMEPHHUX, E€HEpPro30epirarouux,
aAre3iiHUX Ta BOCKOBUX J00ABOK), a TAKOXK 1X KOMIUIEKCHA MOAU(DIKAIlsI HA XapaKTEPUCTUKU OITyMy
Kpemenuynpkoro HII3. TlpoBeseHO eKCliepUMEHTalbHY OLIHKY 3MiH  (Pi3MKO-MEXaHIYHHX
BJIACTUBOCTEH OiTyMy Ticiis Horo Moaudikaliii, a came: TMONHU POHUKHEHHS TOJIKH (TIEHETpaIlii) 3a
temnepatypu 25 °C, TemnepaTypy po3m’ SKIIEHHS 3a KiJIbLIEM Ta KyJIEl0, PO3TSHKHOCTI. J{1 monmiMepHux
N00aBOK TaKOX BH3HAYaBCH iX BIUIMB Ha €JACTHYHICTh OiTymMy. KpiM TOro mOCHiPKEHO BILIMB
Mo (iKaTOpiB Ha SKICTh ac(arbTOOETOHHOI CyMillli: CEPEeHIO TYCTHHY, BOJOHACUYEHHS, TPAHUILIIO
mingocTi ipu Temmepatypi 20 °C ta 50 °C, xoedimieHT BOTOCTIHKOCTI 3a €KCIIPEC-METOIOM.

PegynpraTi MOCHIDKEHHS TOKa3ai, IO MOMU(IKATOPH MAlOTh CXOKHH BIUIUB Ha
XapaKTEepUCTUKU OITyMy, a caMme JI03BOJIAIOTH JIOCATHYTH 3HIDKEHHS IEHEeTpaulii Ta MiJABUILEHHS
TeMIlepaTypy PO3M SIKIIEHHs, MpoTe B pi3HiM Mipi. Bei MogudikaTtopu okpim eHepro3depirarodoi
nob6aBku Veleton Takok MO3UTUBHO BILIMBAIN Ha MOKA3HUKY SKOCTI acanbTo0eToHy. Takuii eexT Bif
3acTocyBaHHS 00aBkM Veleton BiporiiHO MOB'S3aHM 3 HENPUTAMaHHUM IS HEl TeMIepaTypHUM
pexxumoM Moauikariii 61TyMy Ta MPUTOTyBaHHs ac(haaTbTOOETOHHOI CyMillIi, IO IOTPEOY€ TOJATKOBUX
nociipkens. Haloibiny eekTHBHICTh MPOAEMOHCTPYBAIH MoJIiMepHi Jo0aBkamu (30kpeMa Elvaloy),
K1 3HAYHO MOKPAIIyIOTh €KCIUTyaTalliiiHi TOKa3HUKU ac(haabTOOETOHY.

Otpumani  pe3yibTaTH  MOXYTh OyTH  BHKOpPUCTaHI JUIsl  ONTUMI3allii  CKJajiB
ac(hambTOOETOHHUX CyMIIIEH, IO CIPHUATHUME ITiIBUIICHHIO JOBTOBIYHOCTI IOPOYKHBOTO TIOKPHUTTS Ta
e(eKTUBHOMY BiJTHOBJICHHIO TPAHCIIOPTHOI IHYPACTPYKTypH YKpaiHH.

KurouoBi cioBa: 0iTym HapTOBMII TOpPOXKHIM, MOJIMEP, CUHTETUYHUN BICK, MIIHICTh MpHU
CTHCKY, BOJIOHACUUYEHHS, ac(PaTbTOOETOHHA CYMIIIL.
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Abstract. The article provides a detailed analysis of the impact of climatic conditions on the
physical and mechanical properties of building materials, particularly concrete, which is a key
material for construction structures. The study examines the complex effects of temperature and
humidity fluctuations, freeze-thaw cycles, and wetting-drying processes, which cause irreversible
structural changes in the material. These factors are identified as the main reasons for the reduction
in durability and stability of composite building materials under operating conditions.

The analysis revealed that the climatic conditions of southern Ukraine, characterized by
significant daily and seasonal temperature variations, high precipitation levels during the autumn-
winter period, and elevated summer temperatures, exert a complex impact on concrete. These climatic
factors contribute to the development of internal defects, such as microcracks, degradation of the
porous structure, and a decrease in adhesion between the material's components. The role of not only
freeze-thaw cycles, which cause stress in the structure of concrete, but also wetting-drying processes
and the overall complex influence of climatic factors, is emphasized.

The article substantiates the importance of considering climatic impacts during the design stage
of concrete composition. Based on experimental research, it has been established that cyclical climatic
influences cause changes in characteristics such as compressive strength, flexural strength, ultrasonic
wave velocity, water absorption, and carbonation depth.

The findings highlight the necessity of developing compositional and technological solutions
to enhance the resistance of building materials to climatic factors. The article proposes
recommendations for the development of concretes with improved operational characteristics, which
will extend the service life of structures and ensure their safety.

Keywords: climatic influences, durability, stability of structures, freezing-thawing, moistening-
drying, structural changes, physical and mechanical characteristics, adaptation of concrete.

Introduction. The safe operation of structural elements, buildings, and facilities must be ensured
throughout their entire lifecycle. Experts distinguish between external and internal safety for any objects
considered as systems of a certain type [1]. External safety refers to the system's ability, during
interaction with the environment, to prevent alterations in its primary parameters. The main purpose of
a structure as a subsystem is to interact harmoniously with similar subsystems, which collectively ensure
the integrity and fulfillment of the functional purpose of the building volume as a complexly organized
open system. External safety is critical because, if stability is compromised, the system could pose a
threat to neighboring structural elements, potentially lowering the system's overall safety level.

Internal safety characterizes the system's capacity to retain its integrity and essential functional
properties under internal and external impacts. Here, it is emphasized that internal safety is defined
by the system’s homeostasis indicator [2].
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Comprehensive safety is understood as a system state in which a certain balance of external and
internal safety is maintained through spontaneous structural parameter adjustments within limits that
ensure necessary property manifestations (adaptation).

Adaptation properties are particularly characteristic of concrete as a complexly organized material,
which determines the entire range of properties in construction structures. The operation of structural
elements, buildings, and facilities a priori implies the permanent impact of the surrounding environment.
Concrete responds to changes in temperature, humidity, as well as static and dynamic loads, leading to
irreversible structural changes that may alter its properties and thereby affect safe operational conditions.
When assessing the durability and stability of concrete, the number of freeze-thaw cycles is typically
standardized. Certain studies highlight the impact of alternating temperature and humidity changes on the
durability of construction materials [1]. However, there is a lack of information on the behavior of building
materials, including all types of concrete, under all types of climate impacts (integrated climatic effects).

In Ukraine, the average July temperature varies from +18°C in the northern regions to +21°C in
the south. Daytime temperatures in July usually reach +22 to +26°C, while nighttime temperatures range
from +11 to +15°C. The average January temperature ranges from -7°C in the northeast, -5°C in the
central regions, to -2°C in the south. Nighttime temperatures vary from -11 to -9°C in the northeast and
from -5 to -3°C in the south, with daytime temperatures from -6 to -3°C to 0 to +2°C, respectively.

The frost-free period in southern Ukraine lasts 260—270 days per year, while in the north, it is
around 170-180 days. The highest annual precipitation occurs in the Carpathians, typically reaching
1400-1600 mm. The lowest precipitation is in the southern regions, with 250-350 mm annually in
southeastern Ukraine, and 150-200 mm along the Black and Azov Sea coasts. Elsewhere in Ukraine,
annual precipitation ranges from 600 to 800 mm. Thus, construction structures, buildings, and
facilities in southern Ukraine are exposed to the integrated climate effects of the environment.

Analysis of Climate Conditions in Southern Ukraine. Table 1 presents average data on climatic
conditions, with analysis of autumn-winter and spring-summer periods for construction sites in
southern Ukraine during the 2014-2015 period.

Table 1 — Climatic conditions during the autumn-winter period

Phenomenon Autumn-winter period

Clear 38 days

Fog 60 days

Rain (rain with snow) 52 days

Snow 24 days

Tmax of air +10...+18°C
Tmin of air -15°C
Humidification-freezing thawing 46 cycles

In this case, the focus should not be on temperature gradients but rather on the fact of
temperature transitions from negative to positive values. In the Odessa region, during the autumn-
winter period, the temperature crossed the 0°C mark 46 times (cycles). Emphasis on temperature
transitions across 0°C is related to the change in the aggregate state of water. When water transforms
into ice, its volume increases by up to 9%, which, according to experts, is one of the key reasons for
the adverse physical impact on the capillary-porous structure of building materials.

An analysis of climate conditions during the autumn-winter period revealed that precipitation
during this time takes the form of rain, sleet, and snow [3]. Fog, sometimes dense, also occurs
periodically, which leads to the wetting of building structures. Additionally, during the daytime, when
temperatures rise above zero, structures can become damp due to the melting of ice and snow. At
night, when temperatures fall below zero, water that has penetrated the porous spaces of building
materials and structures freezes. Thus, within a single year, a series of wetting and drying, freezing
and thawing cycles can occur in various types of construction structures.
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The variety of factors that contribute to reduced durability prevents a unified criterion from
being established for external influences that cause irreversible internal structural changes. Studies
have highlighted [4, 5] the adaptability of concrete, as a complex system, to operational conditions.
Special attention is given to the alternating cycles of heating-cooling and wetting-drying, which can
lead to premature reductions in the safety and functionality of structures.

Table 2 provides data on the climatic conditions in southern Ukraine during the spring-summer
period.

Table 2 — Climatic conditions during the spring-summer period

Spring-summer phenomenon Spring-summer phenomenon

Clear (clear-cloudy) 90 days
Cloudy 49 days
Rain 37 days
Tmax of air +34.7°C
Tmin of air +14°C

Surface temperature 62 °C

Wetting-drying 26 cycles

The data on the operational conditions for construction structures of various types show that
the moisture levels of most structures are influenced by fluctuating water levels and moisture resulting
from changes in humidity due to irrigation (fog, rain). Drying of these wet structures generally occurs
when the temperature rises and humidity decreases. Temperature changes are associated with shifts
in weather conditions and daily fluctuations. When materials dry at elevated temperatures,
temperature-related deformations occur in addition to moisture-induced deformations. The combined
impact of moisture and temperature deformations is expected to lead to significant structural changes
in the material, potentially affecting its resistance to repeated wetting and drying cycles.

Typically, temperature and moisture do not act in isolation but are inherently interconnected.
Even in dry periods, temperature gradients on the surface and in peripheral zones of an object cause
the migration of pore liquid within the concrete, a capillary-porous material. Additionally,
temperature and moisture effects are unevenly distributed throughout the object, creating gradients in
moisture and thermal deformations across the structure’s cross-section. Because temperature and
moisture fluctuations follow certain cycles (daily, seasonal), deformation "waves™ are assumed to
continually pass through the structures (Fig. 1.)

The material in construction structures responds to the cumulative effects of external climatic
impacts by repeatedly changing volume, which leads to structural changes that may result in a decline
in properties below standard levels. Repetitive external impacts associated with temperature and
humidity fluctuations are classified as low-cycle impacts that contribute to material fatigue.

The main climatic impacts on construction structures are recurring (daily, seasonal) thermal,
moisture, and combined thermal-moisture effects, along with gradients of moisture and temperature
across the object's cross-section. These impacts may lead to structural changes in the material that
can cause premature failure. Therefore, during the concrete mix design phase, measures should be
taken to ensure that required properties are maintained for the intended lifespan of the structure,
considering technological deformations and stresses that could either strengthen or weaken the
structure’s resistance to external influences [6].

Analysis of recent research. The analysis of the weather conditions in southern Ukraine
showed that most concrete and reinforced concrete products and structures are operated under
conditions of periodic changes in humidity and temperature. Such fluctuations lead to reversible and
irreversible deformations that gradually alter the structure of concrete and contribute to the premature
deterioration of their functional state.

According to established practice, the primary parameter determining the durability of building
materials is their frost resistance — the ability to maintain strength and operational characteristics
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under cyclic freezing and thawing in a water-saturated state. Frost resistance is directly related to the
porosity of the material, and it can be improved by controlling the distribution of pores and capillaries.
Particular attention is paid to the formation of reserve porosity, which creates conditions for the
accumulation of free water during freezing, as noted by Powers [7].

Climatic conditions during the autumn-winter period
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Fig. 1. Climatic conditions during: a — the autumn-winter period b — the spring-summer period

To enhance the frost resistance of building materials, air-entraining surfactants (SAS) are
currently used. Studies by L. Y. Dvorkin, M. A. Sanitsky, V. R. Serdyuk, A. E. Sheikin, and other
researchers have shown that modern surfactants contribute to optimizing the porous structure of
concrete, positively affecting its frost resistance [8, 9]. Additionally, as noted by K.K. Pushkarova,
E.O. Shinkevich, V.M. Derevyanko, the use of mineral nanoparticles allows adjusting the composite
structure, changing porosity, and reducing deformation [10, 11].

The type of mineral binders significantly affects the frost resistance and water resistance of concrete,
as confirmed by studies by M.Sh. Fominera, M.A. Sanitsky, S.M. Tolmachov, and other researchers
[12, 13]. In particular, A.V. Mishutin, S.O. Krovjakov, A.A. Khomenko emphasize that local moisture
or heating changes thermal deformations, impacting the weather resistance of materials [14, 15].

It has also been established that the crack resistance of concrete directly affects its durability,
as highlighted in the works of I.M. Hrushko, S.Y. Solodky, Y.Y. Luchko, and other researchers.

Most scientific studies focus on the resistance of materials to individual weather impacts, such
as heating-cooling or freezing-thawing. However, this approach may lead to an incomplete
understanding of the actual operating conditions of structures. To more objectively assess the
durability of materials, it is necessary to consider the complex impact of weather factors, including
their cyclicity and changes in material characteristics under real conditions.

Taking into account the complex impact will allow for a more accurate assessment of the
effectiveness of solutions to ensure the standard service life of construction objects. In particular, attention
should be paid to rhythmic temperature, humidity, and temperature-humidity changes, which can cause

Modern construction and architecture, 2025, no. 12, page 114-121

117



BUILDING MATERIALS AND TECHNIQUES

structural changes in the material and, consequently, its premature wear. Thus, at the stage of designing
concrete compositions, measures should be provided to maintain the necessary properties throughout the
entire operational period of the structure, considering possible deformations and stresses [16].

Research Aim and Objectives. The objective of the study is to analyze and consider adverse
operating conditions related to individual and combined weather effects on the physical and
mechanical properties and stability of concretes based on dense and porous aggregates.

To achieve the research goal, a series of tasks have been identified, including experimental
studies to determine the impact of both individual environmental factors (related to humidity and
temperature changes) and the integrated interrelated impact characterized by a model of periodic
changes in weather loads (e.g., heating — cooling — moistening — freezing — thawing — drying).

The analysis of the obtained results will provide a more objective assessment of the entire
spectrum of weather impacts on the properties and stability of concretes with various aggregates. This
will allow for the proposal of adequate formulation and technological solutions to ensure the safe
functioning of construction products, structures, buildings, and facilities.

Methodology. Experimental studies were conducted on prismatic samples measuring
10x10%40 cm and 10x10%10 cm, made of heavy concrete and expanded clay concrete.

After curing under normal conditions, identical samples were subjected to individual and
combined climatic effects, including:

e Heating for 6 hours at T = +105°C +5°C until moisture content W = 20%, followed by cooling

for 4 hours to T =+30°C (+t, t) (Fig. 2, a).

e Water saturation for 3 hours to W = 80%, followed by drying for 12 hours to W = 20% (W, +t)

(Fig. 2, b).

e Water saturation for 3 hours to W = 80%, followed by freezing for 3 hours at T =-18°C +2°C,

then thawing for 3 hours at T = +20°C +2°C (F, +W) (Fig. 2, c).

Mode of Heating and Cooling Mode of Moisturization and Drying Mode of Freezing and Thawing
Heain
T=+105 +5°C T=+30 5) Wie=80 £ 5% Wain =20 + 5% T=1822°C T=2022°C
5 hours 4 hours 4 hours 12 hours 3 hours 3 hours
Coolmg

o LN Thavice
C

Complex Impact

- I
|_| T=+105 +£5°C

T=20 £2°C T=+30 £5°C
Freezing
0 T=182°C Wane=80 = 5%
ﬂ 1 Moisturization <

Fig. 2. Experimental Procedure:
a — Heating and cooling; b — Water saturation and drying; ¢ — Freezing and thawing; d — Combined
exposure
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e Drying for 12 hours at T =+105°C +5°C until W = 20%, then cooling for 4 hours to T =+30°C,
followed by water saturation for 3 hours to W = 80%, freezing for 3 hours at T = -18°C +2°C,

and thawing for 3 hours at T = +20°C +2°C (Fig. 2, d).

The results of the research. After 15 cycles of heating and cooling, the ultrasonic wave
velocity decreased by 11.6%, which may indicate the development of internal inhomogeneities,
leading to reduced ultrasonic speed.

Flexural strength decreased by 33.3% compared to control samples (from f.x = 13.8 MPa to
fe = 9.2 MPa), and compressive strength dropped by 10.3% (from f&=55.1 MPa, o fck = 49.4 MPa).
The stability coefficient was Ks=0.9.

After 15 cycles of wetting and drying, the ultrasonic wave velocity decreased by 2.5%. Flexural
strength declined by 37.7% compared to control samples (from fex = 13.8 MPa o fek = 8.6 MPa),
and compressive strength fell by 14.5% (from f&=55.1 MPa, no f«k = 47.1 MPa). The stability
coefficient was Ks=0.85. Over 15 full wetting and drying cycles, compressive strength was reduced
by 15%.

After 15 cycles of freezing and thawing, the ultrasonic wave velocity dropped by 17.1%.

Flexural strength decreased by 50% (from fcx = 13.8 MPa o fek = 6.9 MPa), while compressive
strength reduced by 20.7% (from f=55.1 MPa, no f«k = 43.7 MPa). The stability coefficient was
Ks=0.8.

After 15 cycles of combined impacts, ultrasonic wave velocity decreased by 16.8%. Flexural
strength declined by 44.9% (from fcx = 13.8 MPa o fux = 7.6 MPa), and compressive strength fell
by 14.0% (from fea = 13.8 MPa o fux = 7.6 MPa). The stability coefficient was Ks=0.86.

Conclusions. The analysis of climate conditions in Ukraine and the Odessa region showed that
within a single year, repeated temperature and humidity fluctuations occur, affecting all types of
construction. Under these integral climate impacts, building materials may experience a reduction in
key property indicators, potentially compromising the safe operation of structures.

The analysis of experimental results demonstrated that with an increasing number of thermal
and moisture cycles on concrete samples, structural changes occur depending on the conditions of
heating, cooling, water saturation, freezing, and thawing. The study provided valuable insights into
the effect of climatic conditions on changes in the physical and mechanical characteristics of
construction materials.

The analysis revealed that freezing and thawing have the most detrimental effect on concrete
strength compared to combined loading. These experimental results indicate that exposure to sub-
zero temperatures plays a significant role in the resistance of materials and structures to
environmental conditions. Further research programs have been developed to investigate the causes
of this observed phenomenon.
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AHoTanisi. Y cTarTi 3MIHCHEHO AETANbHUNM aHali3 BIUIMBY IOTOJHUX YMOB Ha (i3uKO-

MEXaHIYHI XapaKTEPUCTHKW OYyIBEIIbHUX MaTepiamiB, 30KpeMa OCTOHy, SKUH € OCHOBHHM
MatepiaioM il OyAiBeNbHUX KOHCTPYKIH. PO3risHYyTO KOMIUIEKCHHUN BIUIMB TeMIEpaTypHUX 1
BOJIOTICHHX KOJIMBaHb, IHUKIIB 3aMOPOKYyBaHHS-BIATaBaHHS Ta 3BOJOKEHHS-BUCUXAHHA, SKi
CIPUYMHSIOT HE3BOPOTHI CTPYKTYpHI 3MiHM B Martepiami. Came mi (aktopu € KIIOYOBHMH
MPUYMHAMU 3HM)KEHHS JOBIOBIYHOCTI 1 CTIMKOCTI OyJiBENbHMX KOMIIO3MILIMHHUX MarepiajliB B
yMOBax €KCILTyaTarlii.
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AHaii3 mokasas, 0 KJIIMaTUYHI YMOBH MiBIHA YKpaiHH, SKI XapaKTepHU3yIOThCS 3HAYHUMU
N00OBHMH Ta CE30HHUMH IepenajaMu TeMIlepaTyp, BUCOKMM pPiBHEM OMaJiB B OCIHHbO-3UMOBMH
nepio 1 MiABUIIEHUMHU TeMIepaTypaMu BIITKY, CTBOPIOIOTh KOMIUIEKCHUN BIIMB Ha OeroH. Lli
KIIIMaTU4HI (PaKTOPH CHPUSIIOTh PO3BUTKY Ae(EKTIB, TAKUX SIK MIKPOTPIIIMHH, JIerpajiallisi mopoBoi
CTPYKTYpPH Ta 3HIDKEHHS aAre3ii Mi>k KOMIIOHEHTaMH MaTepiany. BaxiuBy poib y IIbOMY BiIrparoTh
HE TIUTBKW [UKIW 3aMOPOXKYBaHHS-BIATaBaHHS, SIKi MPU3BOASATH JI0 3MiH Y CTPYKTYpH O€TOHY, a i
3BOJIOKEHHA-BUCYIIYBaHHs Ta €PloJUHa 3MiHA TEMIIEpaTypH.

VY crarTti OOIpyHTOBaHI BaXJIUBICTh MOTOJHMX HABAaHTa)KE€Hb IPH IPOEKTYBAaHHI CKJIaLy
O0eroHy. Ha OCHOBI eKcepUMEHTAILHUX JOCHTI/PKEHh BCTAHOBJICHO, IO KOMILICKCHI IHKIIIYHI
BIUTMBH BUKJIMKAIOTh 3MiHY TaKUX XapaKTEPUCTHK, SK MIIHICTh MPU CTUCKAHHI, MII[HICTh HA 3THH,
HIBUAKICTh MPOXO/XKEHHS YJIBTPa3ByKOBUX XBWJIb, BOJOIOIIMHAHHSA Ta IIIMOUHA KapOoHizallii.

OTpumaHi pe3yJbTaTH IiJIKPECIIOTh BAXKIUBICTH BPaXxOBYBAaTH KOMIUICKCHI TOTOJIHI
HaBaHTKCHHS MPU MPUUHATI TEXHOJOTIYHUX PIllleHb JUIS IiJIBHMINCHHS CTIMKOCTI OyIiBEIbHUX
MaTepiaiiB, BUpOOiB Ta KOHCTPYKIIH. Y cTaTTi 3alIpONOHOBAHO PEKOMEH AT /U1 po3p0oOKH OETOHIB
13 TIBUIICHUMHU EKCIUTyaTallifHUMHU XapaKTEPUCTHKAMH, IO JO3BOJHMTH MPOJOBXKUTH TEPMiH
CITy0U KOHCTPYKIIiK Ta 3a0€3MeUnTH IXHIO OE3IeKy.

KiiouoBi cJjioBa: morojHi BIUIMBH, OCETOH, JOBTOBIYHICTH, CTIHKICTh, 3aMOPOKYBaHHS-
BiJITaBaHHS, 3BOJIOYKEHHS-BUCYIITyBaHHSA, CTPYKTYPHI 3MiHH, aAanTarlisi OCTOHY.
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Abstract. This article is devoted to improving heat utilization systems for industrial and
municipal heat supply. It outlines methods for enhancing the cooling systems of kilns used in the
firing of construction materials, identifies ways to stabilize the thermal regime, and establishes the
conditions for developing functional layouts for furnace units. Rotary kilns, operating under varying
environmental influences such as air temperature, wind speed, solar radiation, and atmospheric
precipitation, lose up to 30% of their heat through the lateral surface into the surrounding
environment. These external factors negatively affect the thermal condition of the furnace unit,
leading to overheating during warm periods and overcooling in cold seasons, which in turn decreases
the durability of the lining and the quality of the produced materials.

Typically, natural cooling of the kiln side surface is assumed in order to maintain the necessary
internal surface temperature and extend the lining’s lifespan. However, this is an uncontrolled process
with the aforementioned disadvantages.

One approach to increasing the efficiency of fuel combustion heat utilization is the
implementation of a regulated cooling system for rotary kilns. One possible solution is a recirculating
channel design, which relies on the repeated use of the heat carrier flow. The share of recirculated
flow increases as outdoor temperature decreases. Under summer design conditions, the system
operates as a direct-flow type, delivering the entire stream to end users. In winter conditions, air is
supplied from the bypass line.

Based on these considerations, formulas are derived for determining the main parameters of the
stabilizing cooling system for rotary kilns, intended for residential and municipal heat supply applications.

Keywords: rotary kiln, heat recovery, industrial heat supply, air cooling, thermal regime
stabilization.

Introduction. In the construction materials industry, improving the efficiency of fuel and
energy resource use is a critical issue, especially for the production of energy-intensive products such
as expanded clay, cement, lime, reinforced concrete structures and ceramic wall materials. These
product types account for more than 50% of all fuel and energy resources consumed annually by the
construction sector [1, 2].

Rotary kilns, operating under variable external conditions — including fluctuations in air
temperature, wind speed, solar radiation, and precipitation — lose up to 30% of the utilized heat
through their side surfaces into the environment. These impacts result in overheating of the kiln
during warm seasons and excessive cooling during cold periods, ultimately reducing the durability of
the lining and the quality of the final product.

To maintain the required temperature on the inner surface of the kiln and extend the service life
of the lining, natural cooling of the unit’s lateral surface is used. However, this is an uncontrolled
process with certain drawbacks.
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A radical solution for meeting thermal process requirements and improving the efficiency of
fuel combustion energy recovery is the implementation of controlled cooling of the rotary kiln.

Review of Recent Research and Publications. In addition to the main publications [3-10],
there are also studies [11-16] that propose new technical concepts aimed at improving the efficiency
of heat utilization from the primary fuel during the processes of extraction, transformation, and
utilization of waste heat from kiln surfaces. An analysis of existing technical solutions for applying
recovered heat in industrial heat supply systems indicates the need for improving functional schemes
that ensure a specified cooling level for furnace units.

Problem Statement. Meeting technological requirements and increasing the efficiency of heat
utilization from fuel combustion can be achieved by organizing regulated cooling of rotary kilns. The
development of heat supply systems based on the energy obtained from controlled kiln cooling
highlights the need to refine the functional schemes that provide the required level of kiln unit cooling,
while also enabling the use of recovered heat for industrial heat supply.

Materials and Methods. Rotary kilns are complex units where all thermal processes are
implemented — from controlling the amount raw materials of input to obtaining the final product of the
desired quality.

The general methodology for achieving the set objectives involves developing approaches and
solutions from the perspective of treating the kiln as a powerful source of secondary heat. Based on this,
conditions should be established for the rational extraction and utilization of heat from the outer surface
of the unit.

The methodology is based on the energy balance between the justified volume of technological heat
consumption and heat losses due to various non-productive expenditures. It also incorporates analysis of
known methods for reducing heat consumption, the capabilities of consumer heat consumption systems,
the impact of harmful environmental factors, and the recent significant increase in the cost of fuel.

The solution involves the use of mathematical and experimental modeling of thermal and
aerodynamic processes. Experimental research is also required in laboratory settings with validation
of the obtained results under industrial conditions.

Research Results. Stabilizing the thermal regime of a kiln using the proposed enclosure is
based on extracting a specific amount of heat during the operational period, regardless of changes in
the outdoor temperature. This ensures a relatively consistent thermal state of the kiln unit throughout
its operation [8-10].

One of the simplest possible schematic solutions for implementing the proposed Kkiln
arrangement is the use of direct-flow heat extraction systems from the surface of the rotary kiln (see
Fig. 1, options a and b).

G G
X<

G L

b)

Gui; ' tin=tex
Gui;  tini=tex
Fig. 1. Direct-flow heat extraction schemes from the rotary kiln surface:
a—option 1; b — option 2, with a bypass line; tint = text — temperature of the heat carrier at the inlet to
the heat recovery device, °C; tout — temperature of the heat carrier at the outlet, °C; G',; — mass flow
rate of the heat carrier at the inlet, kg/h; G".; — mixed portion of the heat carrier, kg/h;
Ginc — flow rate of the heat carrier incoming to the consumer, kg/h; tinc — temperature of the heat
carrier incoming to the consumer, °C; CC — consumption controller; T — temperature regulator
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In these schemes, the steady heat flow is withdrawn from the kiln surface at a temperature
midway between the inlet and outlet coolant temperatures, which is considered optimal for
maintaining a stable external heat exchange throughout the operational period.

The bypass channel scheme (Fig. 1, b) allows for maintaining a constant coolant temperature at
the outlet of the heat extraction device by using a temperature controller, while keeping the flow rate of
the coolant nearly constant. This is achieved due to the structural design of the device, which enables
qualitative modification of the effect of the variable part of the airflow in the outer enclosure channel on
the amount of heat loss from the kiln shell surface as the flow velocity changes.

In this scheme, the stable thermal regime of the kiln can be maintained throughout the operating
period using the same principle, but with improved quantitative and qualitative regulation of heat
exchange on the outer surface of the kiln shell and reduced overall heat losses to the environment.

This configuration ensures a consistent flow rate of the recovered heat carrier to the consumer
with minimal deviations during the entire period of operation, since the aerodynamic resistance of
the overall duct system in the heat recovery unit remains unchanged — except for the resistance within
the short internal channels of the device.

These internal resistances vary depending on whether the entire flow passes through the gap
around the kiln or partially through the bypass line, corresponding to warm and cold periods of the
year, respectively. Therefore, the mass flow rate of the coolant at the inlet and outlet of the device
remains practically constant.

The inefficiency of using such schemes for the enclosed section of the rotary kiln lies in the
following:

— any change in the heat carrier flow rate, depending on the outdoor air temperature, causes a
change in the coolant velocity in the gap around the kiln. This affects the quality of heat transfer, i.e.,
the effectiveness of heat exchange on the kiln surface;

— the operation of the fan with variable air flow based on outdoor temperature must be
automated with feedback on the coolant temperature after the enclosure. Moreover, as the outdoor
temperature decreases, the electric motor will operate less efficiently;

— the direct-flow cooling system is not optimal for consumers of recovered heat, since the
variable flow and variable temperature of the coolant rarely match the consumer's conditions and heat
demand regime. As a result, it would require a large reserve capacity from a backup heat generator
or would lead to excess heat being dumped into the environment — for instance, when combined with
an air heating system.

Thus, although direct-flow air cooling systems for kiln enclosures are simple in design, they
cannot ensure sufficient uniformity of cooling and stabilization of the thermal regime during heat
recovery. Additionally, effectively using the recovered heat in rational consumer systems (such as
heating or industrial processes) is quite difficult. These disadvantages can be overcome by applying
a heat recovery system with a recirculation channel (Fig. 2).

This system can ensure continuous heat extraction from the kiln and is based on the reuse of
the heat carrier flow, with the recirculated portion Gr increasing as the outdoor temperature text
decreases. The core principle is that, during operation, a stable temperature differential and air flow
through the heat recovery device can be maintained, regardless of external air temperature
fluctuations.

In the recirculation scheme, outdoor air in a volume of G',,; is drawn in by fan 1, passes through
the heat recovery unit 2, where it is heated, and is then supplied to the consumer 3 (e.g., for
combustion air, material drying, or space heating).

Full stabilization of the heat extraction process can be achieved by maintaining a constant flow
rate and temperature of the air passing through the heat recovery unit. To accomplish this, the scheme
(Fig. 2) includes an automatic flow rate controller 4 and a three-way valve 5 that adjusts the proportion
between the volume of outdoor air G",,; and the recirculated air Gs,; from the bypass line 7, ensuring
that the air entering the heat utilization unit 2 remains at a constant temperature.
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Fig. 2. Heat recovery system with a recirculation channel:
1 —fan; 2 — heat recovery unit; 3 — heat consumers; 4 — automatic flow rate controller;
5 — three-way valve; 6 — flow stabilizer; 7 — bypass line; G'.,; — flow rate of incoming heat carrier,
ka/h; tex,; — temperature of incoming heat carrier; Gs,; — recirculated portion of heat carrier, kg/s;
".i — secondary intake of outdoor air, kg/s; Gc — flow rate of the heat carrier delivered to the
consumer, kg/h; tc — temperature of the heat carrier delivered to the consumer, °C

As the outdoor temperature tex: changes, the amount of air flowing through the bypass Gs,: also
changes. To maintain a stable total airflow to the consumer Gc, a secondary intake of outdoor air G".:
is introduced in a quantity Gs.: equal to the bypassed volume. This secondary stream is controlled by
an automatic flow stabilizer 6 to keep the supply flow constant.

The use of this heat recovery design significantly reduces material usage (e.g., less metal) and
eliminates the need for thermal insulation. The system operates as follows at different times of the
year.

In the summer design mode, when the outdoor temperature text = tini, the System operates as a
direct-flow scheme. In this case, the recirculated flow Gs; and the secondary outdoor air intake G,
are both zero (the valves of controllers 5 and 6 on the bypass line are closed). The entire airflow G'..;
is supplied to the consumer, i.e., Gec = G's,..

In the winter design mode, characterized by ¢,,, = £, the system maintains an equal flow rate
of recirculated air and outdoor air intake G;,=G..

In transitional seasons, when t2..< t..:< ti.:, variable components of the total outdoor airflow
always meet the condition G'»; + G".; = Gc and the ratio of Gs: to G'x: is adjusted such that the
temperature at the inlet to the heat recovery unit remains constant and equal to tini = const.

Based on the above conditions and using heat and mass balance equations, the following
expressions can be derived to determine the key operating parameters of the system under
consideration:

_a Tsurf = Loxt
Gc c F foxt = toxt (l)
r :’2 Loxt = toxtr (2)
Gui _ lui~lext
Gc féxt - tgct' (3)
Gyi _ £-4,
Gﬂ tltlt - rzl, (4)
Gr=2G.,. (5)
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Where:

a — heat transfer coefficient from the kiln surface to the outdoor air without a heat recovery
device, W/(m?-K);

F — heat-emitting surface area, m?;

¢ — specific heat capacity of air, J/(kg-K);

Tours — temperature of the heat-emitting surface, °C;

tinl — air temperature at the inlet to the heat recovery device, °C;

text — outdoor air temperature, °C;

Gc — air flow rate delivered to the consumer, kg/s.

Taking the average value a ~ 30 W/(m?-K) and dividing both parts of equation (1) by F, we
obtain the specific air consumption Qgspec, kg/s, for the heat recovery unit:

g,,=108 = (6)

W
loxt - text

Fig. 3 shows a graph created using equations (2), (3), (4), (5) depending on the parameter ¢,
which characterizes the relative position of the current external air temperature on the entire scale of
its calculated temperatures.
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Fig. 3. Dependence of the main operating parameters of the waste disposal plant on the state of the
outside temperature:
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From the graph, it is evident that with the same temperature on the Kiln surface, the specific air
flow rate increases in regions with milder climates, where the difference £, - £.;, between summer
and winter outdoor temperatures is smaller.

Conclusions. The principles of rational cooling of rotary kilns with heat recovery for industrial
heat supply were formulated. Methods for stabilizing the thermal regime and the design conditions
for functional layouts of kiln units were identified.

As a result of computational and analytical research, new dependencies and relationships were
established to determine the key parameters of heat recovery systems for industrial heat supply, based
on the stabilizing cooling of rotary kilns.
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Axortamisi. CTaTTIO TNPHUCBIYCHO TMPOOJIEMi TiABHINEHHS €(QEKTHBHOCTI BHKOPUCTAHHS
OTAITIOBAIFHUX YCTAHOBOK JUISi IPOMHUCIIOBOTO 1 KOMYHAIIBHOTO Teruionoctadanus. ChopmynboBaHO
MIPUHIIAITYA PAIliOHAJILHOTO OXOJIO/UKCHHS Tiedeld 1 OyIiBeNbHHUX MaTepiajiiB, BU3HAYEHO CIIOCOOH
cTabii3aLii TerIoBOro peXXUMy 1 yMOBH pO3pOOKH (DYHKIIOHAIBHUX CXEM JJIS ITIYHUX arperaris.

OO0epToOBi BHUMAIOBAIBHI €Ul B yMOBAX 3MIHHOTO BIUIMBY TEMIIEPATYPH MOBITPS, MIBHIKOCTI
BITPY, COHSYHOTIO BMIIPOMIHIOBAaHHS 1 arMoc()epHHMX OMaJiB BTpayalOTh 3 OIYHOI MOBEpXHI B
HaBKOJMIIHE cepenouiie 10 30% Ttemnoru. HecnpustnuBuil BIIMB 3a3HaueHUX (PaKTOpiB
HETraTUBHO BiJOMBA€THCSI HA TEIUIOBOMY CTaHI MIYHOTO arperaty 3 MEperpiBoM B TEIUIMH 1
MEPEOXOJIOKEHHSIM B XOJIOJHUH MEpioJih POKY, a TAKOXK 3HUXKYE CTIMKICTh QyTepyBaHHSA 1 SIKICTh
npoAyKLii. XapakTepHO, 110 JUIsl MiATPUMKH He0OX11HOT TeMIIepaTypH Ha BHY TPILLIHIHM MOBEpXHI neui
1 IPOJIOBKEHHS TEPMiHYy CIIyKOU QyTepyBaHHs, rependadyaeTbcsi MPUPOAHE OXOJIOKEHHS O14HOT
NoBepXxHi arperaty. Lle HekepoBaHMii poliec 3 BUIlIe3a3HAYCHUMHU HE10JIIKaMu.

PanukanpHUM pIMICHHSIM MO0 3a0€3MeYeHHs] TEIMJIOTEXHOJIOTTYHMUX BHMOT 1 TIABUIIECHHS
e(pEeKTUBHOCTI yTHJi3allii eHeprii mnajuBa, IO CHAIIOETHCS, € OpraHi3alis peryJiboBaHOIO
OXOJIOJKEHHST 00epToBOi Teul. OHie0 31 ¢XeM, 1Mo 3a0e3neuyoTh HeOOXiJHUHN BiIOIp TEIUIOTH 3
MOBEPXHI I€4i, € CXeMa 3 pPEeUUpPKYJAMiMHUM KaHaioM. BoHa 3acHOBaHa Ha TOBTOPHOMY
BUKOPHUCTAHHI MOTOKY TEIUIOHOCIS, PEUUpPKYJAliiHa YacTUHA SIKOTO 3pOCTa€ 31 3HMKEHHSIM
TEMIIepaTypy 30BHIIIHBOIO TOBITPs. Y JITHHOMY PO3PaXyHKOBOMY PEXHMI CHCTEMa IPALIOE SIK
MPSIMOTOYHA 1 BECh MOTIK HAJAXOAUTH JO0 a0OHEHTCHKHX CHCTEM. Y 3MMOBOMY PO3PaxXyHKOBOMY
MepioJIi MOCTyMae MOBITPs 3 OalimacHOi JiHii.

3 ypaxyBaHHSIM BHIIE3TaJaHIX YMOB BCTAHOBJICHO 3aJIS)KHOCTI JIJISl 3HAXO/KEHHSI OCHOBHHX
napaMeTpiB CHUCTEMH CTali1i3yl0uoro OXOJOKEeHHS 00epTOBOi Meui, sIKa BUKOPUCTOBYETHCS IS
KOMYHAJIBHO-TTO0YTOBOTO TETIONOCTAYaHHSI.

KawuoBi cioBa: o0eproBa BuNAMOBajbHA IMMiY, YTHIi3allis TEIUIOTH, MPOMMCIOBE
TEIJIONOCTaYaHHs, TTOBITPSHE OXOJIO/HKEHHS, CTa01TI3a1lis TeTJIOBOTO PEKUMY.
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Abstract. As a result of the research, it was found that in the construction industry, when insulating
external enclosing structures, in most cases, their effective operation over time takes a special place. In
modern conditions, the issue of obtaining an economic effect from the operation of insulated buildings
is of great importance. Insulation of building facades is carried out mainly by external thermal insulation
systems with plaster finishing, and to a lesser extent, systems are used in which cladding is carried out
by industrial elements with a ventilated air layer. For thermal insulation systems, it is important that the
level of operational efficiency is not lower than the calculated one or is maintained within acceptable
limits throughout the entire service life. It was established that when assessing economic efficiency
according to the first option for short-lived technical systems, the condition must be met under which the
cost of the new system would not exceed the cost of the outdated one. Since thermal insulation systems
are structures of long-term operation, such a condition is difficult to fulfill due to the fact that the
replacement of the layers of the system, as a rule, occurs after a certain specified time, which can reach
up to 30 years. In this case, it is necessary to fulfill the requirement that the ratio of the cost of a new
structure with the costs of performing the replacement to the designated service life would be less than
the ratio of the cost of an outdated structure with the costs of its operation to the actual service life. It has
been established that in order to make a rational decision on the further operation of the thermal insulation
system, along with traditional methods of assessing the technical condition and developing
recommendations for its further operation, it is necessary to perform an assessment of the economic
effect when adopting a particular method of repair or restoration.

Keywords: enclosing structures, transparent facade systems, installation cost, selection criteria,
expert evaluation method.

Relevance and statement of the problem. Thermal insulation of building facades is one of the
main tasks of our time. The urgent need for mass insulation of building facades contributes to the creation
of a separate direction in the construction industry of our country [1]. This is due to the complete non-
compliance with regulatory requirements and world standards regarding the heat transfer resistance of
the external structures of the majority of both public and residential buildings built since the middle of
the last century and at the beginning of the current one [2-3]. Therefore, more and more attention should
be paid to the problems of thermal insulation of modern buildings. Since in the conditions of an unstable
economic situation there is an urgent need to promptly adjust the cost of both the insulation works
themselves and the entire project as a whole [4-5]. Over the past decade, the park of enclosing structures
used in new construction and thermal modernization has changed significantly. In addition, the
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restoration of the external protective and decorative layer is part of the process of repairing insulated
facades in order to ensure an attractive appearance of the building and protect the thermal insulation layer
from the influence of external climatic factors. It should be especially noted that the repair of insulated
facades maintains the effectiveness of the thermal insulation coating, ensures durability and improves
the appearance of the building [6, 7].

Thermal modernization and repair of walls of residential buildings in operation is the most urgent
problem of today and, probably, will be relevant for more than one year. Solving this problem requires
a systematic approach with the involvement of state programs, for example, especially for buildings built
from the middle of the last and at the beginning of the new century.

For insulation and thermal modernization of external walls of buildings in operation, the following
technological solutions should be used: external insulation, insulation from the inside of the premises
and insulation in the thickness of the enclosing structure, Fig. 1. However, each of these solutions
requires certain operating conditions and subsequent costs for their repair. Therefore, before using a
particular insulation system, it is necessary to clearly understand the operational cycle of each of them.
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Fig. 1. Scheme of selection of thermal insulation systems for insulation and thermal
modernization of facades

In modern conditions, the issue of obtaining an economic effect from the operation of insulated
buildings is of great importance. However, it should be noted that houses that are in operation do not
bring profit directly in monetary terms. Therefore, determining the profit that results from the operation
of houses with effective thermal insulation that meets regulatory requirements is a difficult task. The
approach to determining the efficiency of the operation of houses with facade thermal insulation systems
should be based on the interpretation of the reduction in costs from the thermal insulation system that is
in a state of "failure™ as a conditional profit for the thermal insulation system that is in operation
(excluding capital investments in its arrangement). Hence, when assessing the economic effect, the losses
for bringing the thermal insulation system to a working condition should not exceed the reduction in
profit losses from when the system is in a state of failure (Fig. 2), or the heat transfer resistance of the
external enclosing structure has significantly decreased during operation.
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Fig. 2. Thermograms of the external wall of the house: a) the thermal insulation system of the
house in a state of "failure™ (light color indicates insufficient thermal insulation or its failure);
b) the thermal insulation system of the house, which meets the requirements of regulatory
documents (blue gradients show low surface temperature, which indicates good thermal
insulation)

Analysis of recent research and publications. Recently, pre-project modeling of
organizational and technological solutions has been considered interesting and necessary in order to
reduce the cost of performing repair work on thermal insulation systems [5]. These and other
problems in building insulation are the subject of the works of domestic scientists Farenyuk G.,
Meneylyuk O., Sokha V., Savyovsky V., Savytsky M., Shalenny V., Serdyuk V., Dudar 1., Babii I.,
etc. Studies are being conducted on the dependence of technical and economic indicators of projects
on the insulation of building facades [6, 9]. Various projects aimed at thermal modernization of
existing buildings are being created and financed by state programs within the framework of
supporting a sufficient level of energy efficiency. In our country, the insulation of building facades is
carried out mainly by external thermal insulation systems with plaster finishing, for which the name
of the bonded thermal insulation system (SSTI) is most often used. To a lesser extent, facade
insulation, due to its higher cost, is carried out by cladding with industrial elements with a ventilated
air layer, the so-called hinged ventilated facades (HVF) [10, 11]. However, these projects are not
always effective, because not all optimization possibilities have been fully explored, both in the
organization of projects and in the selection of technological solutions. This gives rise to scientific
interest in researching these systems and their comparative analysis in determining the total cost of
facade insulation, their operation and repair over time. In Ukraine, more than 256 million square
meters of facade insulation have been completed since the beginning of the 21st century. However,
as is known, the operational efficiency of facade systems is 20-25 years, depending on the type of
insulation system [12]. Therefore, many facade systems currently require repair work. Moreover, this
must be done both due to the end of the period of repair-free operation, and the need to repair the
facade due to the loss of integrity and, as a result, the failure of the facade thermal insulation.

It is known that the reasons that determine the thermal modernization and repair of facade
systems are various factors. Thus, based on the analysis of the results of the research, the following
four types of failures in the thermal regime of building envelopes and the reasons for their occurrence
have been established [13]:

1 — design (structural) failures, which are caused by imperfection or violation of design
standards, which led to an unjustified choice of the level of thermal insulation of the elements of the
thermal insulation shell, failure to analyze the structural features of the enclosures and, as a result,
condensation on their inner surface or the accumulation of moisture in their thickness during the cold
season, insufficient consideration of factors that affect the operational properties of structures or
incorrect selection of design parameters of enclosure materials;
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2 — technological (production) failures, which are caused by imperfection in the manufacture
and installation of structures and, as a result, the influence of random factors (deviations from the
design density of the thermal insulation layer, non-compliance with design solutions for sealing the
butt joints of panels, elements, etc.) on the operational properties of the thermal insulation shell as a
whole;

3 — operational (failures due to improper handling), which are caused by a decrease in the power
of heating and ventilation systems, accidental soaking of structures, etc.;

4 — conceptual (system) failures, which are clearly associated with the imperfection of the
regulatory framework, which establishes inadequate regulatory calculations of thermal indicators for
modern structures and does not clearly regulate the rules and parameters of their assessment, design
without establishing thermal reliability requirements for the main elements that form the thermal and
humidity regime, and which can be eliminated only after reforming the regulatory framework for the
design of thermal insulation structures of buildings [10].

Purpose and tasks. The purpose of the work is to determine the efficiency of operation of
external thermal insulation systems from the standpoint of the feasibility of repair work. The main
tasks are determined:

— to determine the criterion for the feasibility of repair or partial replacement of the main
structural elements;

— to establish the costs associated with the replacement of the structure and its further operation.

— to determine the annual economic effect of the costs of complete replacement of the thermal
insulation system or its repair.

Materials and methods of research. The research was carried out with the extensive use of
systems analysis methods and statistical research, as well as field observations. The proposed methods
made it possible to identify and build empirical dependencies.

Research results. It can be noted that most facade thermal insulation systems are those that
can be repaired and restored. For such systems, the economic effect, according to [14, 15], is
determined by two options:

— the economic effect of continuing the efficiency of the operation of the facade system;

— the economic effect of improving the quality of the facade system installation.

In the first option, the economic effect is associated with the replacement of the layers of the
facade system and structures that are in a state of "failure” [8] with new ones. In the second option,
high-quality modern materials and repair technologies are used. In order to assess which of the two
options for repairing facade thermal insulation systems of operated structures is more effective and
which one to take into action, it is necessary to determine the costs for both options, compare them
and make a decision on the further operation of the system.

The criterion for the feasibility of replacing the system, according to [2], is the following
expression:

T

Cyr.
£) =0,
Tesi

AE = (Iy — Xitq

where AE — specific efficiency index;

Ly —specific (per accepted unit of time) possible losses due to «failure» of the thermal insulation
system;

n —number of elements/layers of the structure to be replaced,;

Cy, — cost of replacing the i-th structural element, including the cost of performing the work and
the cost of the element;

T,s; — effective service life of the i-th structural element.

In the case of replacing a structure in a state of failure with a new one, the specific efficiency
index must be higher than zero. This means that the new thermal insulation system must meet
increased requirements for the quality of performance and the duration of its service life, i.e.
contribute to the extension of the durability of the entire structure.
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An indicator of the quality of the external thermal insulation system can be the ratio of the
intended effective service life of the new thermal insulation system to the actual service life of the

structure being operated.
Ty

Q= T’

where T, — is the intended service life of the new thermal insulation system;

T, — is the actual service life of the outdated thermal insulation system.

When assessing the economic efficiency according to the first option for short-lived technical
systems, the condition must be met under which the cost of the new system would not exceed the cost
of the outdated one. Since thermal insulation systems are structures of long-term operation, such a
condition is difficult to fulfill due to the fact that the replacement of the layers of the system, as a
rule, occurs after a certain specified time, which can reach up to 28 years. In this case, it is necessary
to fulfill the requirement under which the ratio of the cost of the new structure with the costs of
performing the replacement to the intended service life would be less than the ratio of the cost of the
outdated structure with the costs of its operation to the actual service life.

GG
T1 To

The costs associated with replacing the structure and its subsequent operation are determined
by the following formula:

[KO + ¥

where K- one-time costs for replacing system layers;
t — period in years since the production of the replacement structure;

(1+Cst e total depreciation deductions for the new design taking into account the deferral of
dt

costs at t = 28 years;

k... — number of system repairs made.

As is known, reliability is characterized by reliability, maintainability and preservation. For
thermal insulation systems, it is important that throughout the entire service life the level of
operational efficiency is not lower than the calculated one or is maintained within acceptable limits.
And here the failure-free operation of the structure is of great importance. There are two ways to
maintain the required level of reliability. First, during operation, the appearance of defects and
damage should be minimal, which is associated with the quality of the design. Secondly, it is
necessary to timely eliminate defects and damage by carrying out repairs, and also strive to increase
the repair intervals. The criterion for the feasibility of repair or partial replacement of the main
structural elements is the following expression:

Cr,
AC=C,—Cp— ?=1T—‘_20,

b

o]ka,

(1+Sd )L

ne AC — specific costs for restoring the working condition of all elements of the thermal
insulation system.

The costs associated with the repair and restoration of facade thermal insulation systems and
their further operation are determined by the formula:

Cr= [Kﬁ + X1
where K — one-time costs for the repair of the thermal insulation system;
t — period in years from the moment of the repair, which limits the summation of costs;
C; — annual operating costs, including depreciation and standard costs for the current repair of
the thermal insulation system;

S4: — Standard for reducing costs at different times, which is taken at 0.08 [15];
— percentage of the total area of repaired thermal insulation of facades.

st = O] X Sry
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After considering the options for operating the building, a comparison of the costs for the
complete replacement of the thermal insulation system or its repair is performed. The option with
lower costs is selected, and the annual economic effect is determined as the difference in costs.

ECef = Cr — Cf

The above are the main provisions for determining the economic effect of the operation of
facade thermal insulation systems. When performing such a calculation in detail, multiple factors are
taken into account that affect the process of both complete replacement and repair of the system.

Conclusions. Based on the above, we can conclude that in order to make a rational decision on
the further operation of the thermal insulation system, along with traditional methods of assessing the
technical condition and developing recommendations for its further operation, it is necessary to also
assess the economic effect when adopting a particular method of repair or restoration. This approach
will significantly increase operational efficiency and extend the period of repair-free operation of
facade thermal insulation systems, and will also allow for the targeted use of funds that are annually
allocated to maintain them in working condition.
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2Binnuybkutl HaYioHATbHULL MeXHIYHUL YHIGepcumem
XMenpHUIBKE mIoce 95, M. Binnauns, 21021, Ykpaina

AHoTauisA. Y pe3ysbpTaTi A0CHIPKEHb BCTAHOBJICHO, 110 B OyAiBeNbHIN raimy3i NMpu yTeIUIeHH1
30BHILIHIX OTOPO/IKYBAIBHUX KOHCTPYKIIN y OUIBIIOCTI BUTIAIKIB 0COOJIMBE MiclIE 3aiiMae TX eeKTuBHA
eKCILTyaTalis B 4aci. Y Cy4acHMX yMOBaX BEJIMKE 3HAUCHHS MA€ MHUTaHHS OTPHUMAaHHS €KOHOMIYHOTO
edeKTy Bij eKCIUTyaTallii yTerieHnx Oy 1iBeb. Y TeruieHHs (acaiB OyaiBelhb 3MIHCHIOETHCS TIEPEBAKHO
30BHIIIHIMH TEIUIOI3OJSILIHHUME CHCTEMaMH 3 OOpOOKOI0 IITYKaTypKamMH, Ta B MEHIIOMY 00’€Mi
BHUKOPHUCTOBYIOTHCSI CUCTEMH, B SIKMX 31HCHIOETHCSI OOUIIOBAHHAM 1HIYCTpIaIbHUMU €IEMEHTaMHU 3
MOBITPSIHUM IIApOM, 110 BEHTHIIOEThCs. [|1st cucTeM Teroizomsiiii BayKJIMBO 1100 MPOTSIIrOM YChOTO
TEpMiHy CIykOM piBeHb eKCIUTyaTaliiiHOi e(eKTHMBHOCTI He OyB HIXKYMM 3a pPO3paxyHKOBHH a0o
30epiraBcs B JOIMyCTUMHX MeXkax. BcTaHOBIIEHO, 1110 TP OLIHIN €KOHOMIYHOT €()eKTUBHOCTI 32 MEPILIUM
BapiaHTOM JIJIsl HEZIOBIOYACHUX TEXHIYHUX CHCTEM Ma€ JOTPHMYBATHCS YMOBA, 3a SIKO1 BapTICTh HOBOT
CHCTEMH HE TepeBulIllyBana 6 BapTocTi 3acTtapiinoi. OCKUIbKY CHCTEMH TEIUIOI30JISI1IT € KOHCTPYKLISIMU
TPUBAJIOI EKCILTyarTallii, TAaKy YMOBY BUKOHATH Ba)KKO 4epe3 Te, [0 3aMiHa IIapiB CHCTEMH, SIK TIPaBHIIO,
BiZI0yBa€eThCs Yepes MeBHUIM BU3HAYEHHH Yac, sSIKMI MOXe csAraTh 710 28 poKiB. Y TakoMy pasi, HeoOXiiHe
BUKOHAHHS BUMOTH TIPU SIKOMY BIJHOIIEHHS BApTOCTI HOBOI KOHCTPYKIIii 3 BUTpaTaMH Ha BHKOHAHHS
3aMiHM J0 TPHU3HAUEHOro TEPMiHy CIy:KOM Oysio O MEHIIMM BiJl BiJHOIIEHHS BapTOCTI 3acTapiioi
KOHCTPYKIIi 3 BUTpaTaMHU Ha ii eKCIuTyaTaio 10 (aKTUYHOTO TepMIHY CITy>KOU. BcTaHoBieHO, 1110 U1
NPUIHATTS paliOHAIBHOTO PIIIEHHS 100 MOJAIBIIOI eKCIUTyaTalii CUCTEMHU TEeIIOI30MIALIT, oS 3
TpaAULIITHUMU METOJIaMU OI[IHKH TEXHIYHOTO CTaHy Ta pO3pOoOKO0 peKOMEHAalli mo/10 ii moJanbIol
eKCILTyarTallii, HeOOX1THO BUKOHYBATH 1 OIIIHKY €KOHOMIYHOTO e€(eKTy MMpU NPUHHATTI TOTO YM 1HIIOTO
cnoco0y PeMOHTY UM BiTHOBJICHHSI.

KirouoBi cioBa: oropo/pKyBanbHI  KOHCTPYKIi, Teruioi3omswist ¢acaiiB, €KOHOMIYHA
e(heKTUBHICTb, PEMOHT (pacaiiB, BAPTICTh BIAIITYBAHHS.

Crarrts magiimna go pemakiii 02.05.2025
This work © 2025 by Meneylyuk O., Babii I., Kucherenko L., Bichev |. is licensed under
CCBY 4.0
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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
€JICKTPOHHOIO TIOIITOIO, III00 YIEBHUTHCS B OTPMMAaHHI MaTepialliB Ta PIICHH] peJaKIiitHOT Koyerii
1010 My OJiKaIii cTaTTi.
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