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Abstract. The article offers an in-depth analysis of the key directions in the
development of regional architecture in Kazakhstan in the 21st century. Modern
architecture evolves under various factors, including environmental conditions,
technological advancements, socio-economic realities, and cultural-historical
contexts. The late 20th and early 21st centuries have also brought global challenges
such as globalisation, environmental crises, technological and anthropogenic
disasters, and military conflicts. This research, with its comprehensive approach,
plays a crucial role in identifying the factors influencing contemporary architecture
in Kazakhstan and determining the future directions for its development. The
methodology included comparative analysis, systematisation of information from
literary sources, project modelling, and surveys, ensuring the robustness and
reliability of the findings. The primary data sources were the works of leading
architecture specialists, complemented by an analysis of governmental policy
documents, which provided insights into the main state policy directions in
architecture. The study identified several critical directions in the development of
architecture in Kazakhstan: sustainable development and “green” architecture, the
digitalisation of the architectural and construction sector, the adaptive reuse and
repurposing of existing buildings, participatory design, and the strengthening of
architectural identity, which is crucial in the context of growing globalism. The
findings of this research can serve as a foundation for developing new theoretical
concepts in regional architecture and can be integrated into architectural
educational programmes. These results will also benefit projects related to
preserving and restoring architectural monuments, conserving cultural heritage, and
adapting it to contemporary needs, enhancing both these objects’ functional appeal
and economic value.
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I'bIJIbIMHN MAKAJIA

KA3AKCTAHHBIH XXI FACBIPAAT'BI OHIPJIIK COYJETIH
JAMBITY IbIH BACBIM BAT'BITTAPDBI

I'.C. A6apacuaosal®, JI.M. AyxagueBal™

LXaneikapansix 6inim 6epy xopropanuscel, 050043, Anmatsl, Kasakcran

Annarna. Maxkanaoa XXI z2aceipoazel Kazaxcmaunviy 6HIpAiK cayiemin Od-
MbImy0agsl He2izel bazblmmapovly, mandaysl xicypeizinedi. 3amanayu cayiem, OYpulH-
evloatl, Kenmezen axmopaapovly, COHblY WIHOe MAOUU-KIUMAMMBIK HCA0AULAD-
OblH, MEXHONIO2UANIBIK HCEeMICMIKMeEPOIH, dneyMemmiK-IKOHOMUKANLIK UbIHObIKMAap-
OblY JHCIHE MIOEHU-MApuxu KOHMEKCmmiy acepiner y30ikciz damwvin kenedi. XX
eacvipoviy aszvl men XXI 2aceipoviy bacvinoa aoamszam dicaya ColH-Kamepiepee man
Oon0vL: dcahandany, 3K0N02UANLIK Macenenep, MexXHOSEeHOIK JHCoHe AHMPONO2eHOIK
anammap, ackepu Kaxmoievicmap. Maxanianvly MaKcamol — 3aManayu cayiemmi Cu-
nammaumoli haxmopaapovl awblKmay JHCoHe OHbIH apPi Kapauebl 0amy HCOLOAPbIH
benciney. byn maxcamxa dcemy yuliH caniblCmulpmMaisl mauoay, 20edu 0epekke3oepoi
Jcyiieney, Hobanapobl MOOeNbOey HCIHE CAYATHAMANLAD HCYP2i3yO0i KAMMUMbIH Ke-
wenoi macin Konoanwliovl. Heeizei depekkes peminoe cayiem canidcblHOARbl dce-
MeKwi Mamarnoapowvly uliblmu eyoekmepi naudanansiiovl. CoHviMen Kamap, mMemie-
Kemmik cayiem calacblH0agbl MeMIeKemmiK Ccascammuoly Hecizei 0agblmmapulH
AHBIKMAYea MYMKIHOIK Oepeen 0a20apaamanvi Kyjcammap manoanosl. 3epmmey
Homudxcenepi XXI 2acvipoazvl Kazaxcman cayneminiy 0amyvinwly OipHeule Helizel
bagvimmapsii aHbIKMayea MymMKiHOIK 6epoi. Onapovly iuwinoe mypaKmsi 0amy HcoHe
«IACACHLLY CcayNem, CaYIemmiK-KYpoliblc CAlaCblH YUPPIAHObIPY, KOJIOAHbICMARbL
eumapammapovl Oetiimoen Kauma nanudaiany JHcoHe Kauma oOeiinoey, napmucuna-
muemi ocodanay, coHoau-ax dcahanoany sscagoatiblHoa cayiemmik Oipecelnikmi
HbIRAUMY CLIHObI MAHBI30bI OALIMMAP epeKuie OPblH anaovl. AnbiHean Hamudyicenep
«Caynemy 0Oinim bepy 6azoapramacvl OOULIHWGA OKY NoHOEpiHe UHMeSPayUsIaHybl
mymkin. Homuoicenep caynemmik eckepmxiuimepoi Kopaay dHcoHe KAINblHA Kelmipy,
MAOeHU MYPanbl CAKMay JHcaHe OHbl KORAMHbIY Ka3ipael Kadcemminikmepine beuimoey
botibiHwa Hcodbanrapoa naudaivl 601a0bl, OYI HbICAHOAPObIY DYHKYUOHANObIK map-
MBLMOBLILIEL MEH IKOHOMUKANLIK, KYHOBLIbIZbIH apmMmblpyed blKNal emeoi.

Tyiiin ce3nep: mypaxkmuol oamy, cayriemmi yu@piranowvlpy, oetiimoenzen cay-
Jilem, Oiprecker OU3AlH, CIYIemmiK CouKecmix.

* ABTOP-KOPPECIOHICHT
Jlaypa AyxaaueBa, e-mail: laukhadiyeva@gmail.com

https://doi.org/10.51488/1680-080X/2024.3-01
Aneraast 10 mamerp 2024; Kaiita kapanaer 15 mringe 2024; Kadsuganasr 26 Tambeiz 2024



mailto:laukhadiyeva@gmail.com
https://doi.org/10.51488/1680-080X/2024.3-01
https://orcid.org/0000-0002-3828-9220
https://orcid.org/0000-0002-8834-3141

QazBSQA Xaoapmbicel. Coyaer. Ne3 (93), 2024

YK 72.036
MPHTH 67.07.03
HAVYYHAA CTATDBA

INPUOPUTETHDBIE HAITPABJIEHUSA PASBUTUSA
PETMOHAJIBHOM APXUTEKTYPBI KASAXCTAHA
B XXI BEKE

I'.C. A6apacuaosa’®, JI.M. Ayxaauepal™

"MexnynaponHas obpasoBaTenpHas Kopropamus, 050043, Anvarsl, Kazaxcran

AHHOTAIUSA. B cmamve npoeooumcs anaiu3 Kio4esblX HaAnpasieHutl pa3eumus
pecuonanvrou apxumexmypol Kazaxcmana ¢ XXI sexe. Coepemennas apxumexmypa,
KaK u npesicoe, Henpepul8HO I60JIOYUOHUPYEM NO0O GIUSHUEM MHONCECMEA (akmopos,
BKIIIOYASL NPUPOOHO-KIUMAMUYECKUE VCA08US, O0CMUICEHUST MEXHUYeCK020 npozpeccd,
COYUAILHO-IKOHOMUYECKUE Peduu U KyIbmypHo-ucmopuieckuii konmexcm. Koney XX
— nauano XXI sexa nocmasuiu uenogeuecmeo nepeo TUYoM HOBbIX 8bl30608: 2100aANU3A-
yusi, IKoI02UYecKue nPooIembl, MEeXHO2eHHbLE U AHMPONO2EHHbIE KAMacmpopwl, 60eH-
Hble KOH@aukmol. [lenv cmamvu — 6vb16ums (haxmopwvi, CONPOBOAHCOAIOUIUE COBPEMEH-
HYIO apXxumekmypy u 0003HAYUmMb mMpaekmopuu ee OdaivHelue2o pazeumus. /i 0o-
CMUdICeHUs NOCMABIIEHHOU YelUu UCHONb308ANCS KOMNIEKCHbIL NO00X00, BKIOYAIOUWUL
CPABHUMENbHBLI AHAIU3, CUCIIEMAMUZAYUIO UHGOPMAYUU U3 TUMEPAMYPHBIX UCMOYHU-
K08, MOOenUuposanue npoekmos u aHKkemuposauue. B kauecmee 0CHOBHO20 UCTMOYHUKA
OQHHBIX UCNONB308ANUCH HAYUHbIE MPYObl 8eOVWUX CHEeYUAIUCHO8 8 001acmu apxu-
mekmypwl. J[onosHumenbHo 0bliu NPOAHATUIUPOBAHbL 20CYOAPCMBEHHbIE NPOSPAMMHbBLE
OOKYMEHMbl, KOMOPble NO3GONUNU GbISIGUMb OCHOBHbIE HANPAGIEHUSL 20CYOAPCMBEHHOLL
noaumuKu 6 obnacmu apxumexmypwvl. Pezyiomamol ucciedo8anus no360aUNU BbIOETUNMb
HECKOIbKO KIIOYEeBbIX HanpasieHull 6 pazsumuu apxumexmypol Kazaxcmana ¢ XXI sexe.
Cpeou Hux MOIHCHO 8b10€NUMDb YCIMOUYUBOE PA3BUMUE U «3E/IEHYI0» aAPXUMEKMYPY, yugp-
POBU3AYUIO APXUMEKMYPHO-CMPOUMENbHOU Chepbl, a0anmusHoe NOGMOPHOE UCNONb30-
8anue U NepenpopuUIUPOBaHUe CYWEeCmBVIOWUX 30aHUll, NAPMUCUNAMUBHOE NPOEeKMU-
posanue, a makice yKpenjieHue apxumekmypHol UOeHMUYHOCMU, YmMo 0COOEHHO BANCHO
8 ycn08usx Hapacmarwe2o enobanuzma. Ilonyuennvle pezyiomamsi Mo2ym Oblms uHme-
2puposamnsl 8 yuedHvle OUCYUNIUHBL NO 0OPA308aMENbHOL Npocpamme «Apxumexmypay.
Pezynomamor 6y0ym nonesnvl 8 NpoeKmax, CEA3AHHbIX C OXPAHOU U PEKOHCMpPYKYuell
NAMSIMHUKOS APXUMEKMYPbl, COXPAHEHUEM KYIbMYPHO20 HACIeOUsl U e20 aoanmayuetl K
COBPEMEHHBIM NOMPEOHOCMAM 00Wecmeda, Ymo cnocoocmeyenm NnoGblUeHUI0 QHYHKYUO-
HAbHOU NPUBLEKAMETbHOCIU U IKOHOMUYECKOU YEHHOCMU 00beKMO8.

KiaroueBble cioBa: ycmouuugoe pazgumue, Yyu@dposuzayus apxumexmypol, aoan-
MUBHASL APXUMEKMYPd, COyYacmayioujee npoeKmuposanie, apXumeKmypHas uoeHmu-
HOCMIb.
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1 INTRODUCTION

The development trends of regional architecture in Kazakhstan during the second half of the
20th century and the early 21st century were shaped by significant changes brought about by
globalisation. Globalisation, encompassing economic, political, cultural, and religious aspects, has
led to worldwide integration and uniformity, posing a threat to the unique architectural identity of
Kazakhstan. In a multipolar world, it is crucial to identify the directions for developing
Kazakhstan’s architecture as part of Central Asia to preserve its national characteristics. The
“Strategic Development Plan of the Republic of Kazakhstan until 2025” forecasts that the country’s
spatial development will focus on increasing economic and demographic density and strengthening
internal connectivity by creating “economic corridors”. These measures are intended to ensure the
sustainable development of architecture while preserving its regional distinctiveness. (The
Strategic Development Plan until 2025, 2021). Table 1 demonstrates that Kazakhstan’s spatial
development policy until 2025 aims to create a resilient settlement framework based on strategically
essential directions.

Table 1
The Main Directions of Spatial Development Policy in Kazakhstan until 2025.
Key Directions Description

Emphasis on urban agglomerations, large cities (regional centres),
Focus on “Growth Points” ~ mono-towns with a population of over 50,000 people, small towns
near large cities and border areas, and key rural settlements.

Formation of “Economic Development of industrial potential in the country's northern,
Corridors” southern, and southeastern regions.
Unleashing the Industrial Development of industrial potential in the country's northern,
Potential of Regions southern, and southeastern regions.

The transition from resource-based to processing industries in the
Reformatting Industry western, central, and central-eastern regions for sustainable
economic development.

A strategically sound and systematic urban development policy will undoubtedly enhance
living environments and the material space of settlements in Kazakhstan. As a crucial component of
the material environment, architecture encompasses buildings, structures, infrastructural facilities,
and their complexes, which play a pivotal role in shaping the urban landscape. Throughout history,
architects have aspired to forecast the future, designing “ideal” cities and creating unique structures
incorporating the latest technologies. When analysing the trends in regional architecture in
Kazakhstan, it is impossible to overlook the connection with the concepts of region, regionalism,
and regionality, as well as their opposite phenomena, such as globalisation and the emergence of a
new global order. These processes, unfolding in the early 21st century, inevitably influence the
formation of global architecture, reflecting new forms of interaction between local and global
contexts (Beck, 1999).

In contemporary globalisation, many local cultures strive to revive and preserve their
traditions, emphasising their uniqueness and distinctiveness. This serves as a counter-reaction to
globalisation, which often leads to the levelling and unification of cultural characteristics. The
paradox of mass culture lies in the fact that, as standardisation processes intensify, interest in ethnic
specificity grows. Thus, ethnocultural elements become tools for preserving identity and valuable
resources in the global economy, illustrating society's desire to maintain uniqueness in an
increasingly globalised world (Malinovsky, 2013).
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2 LITERATURE REVIEW

The current state of global architecture is significantly shaped by the prognostic research of
leading scholars. This work draws on the contributions of contemporary authors who
comprehensively understand current architectural trends and concepts.

One critical source is Jakub Wuek’s “Myths and Utopias of 20th Century Architecture”
(1990). In it, the author analyses architectural concepts and trends in the 20th century, establishing
parallels with the sociocultural changes that influenced these practices.

N.A. Saprykina’s monograph “Foundations of Dynamic Form Formation in Architecture”
(2005) analyses contemporary trends in architecture related to the adaptability of architectural forms
to societal demands. The author examines both historical and modern examples of architectural
projects capable of adapting to environmental conditions through dynamic spatial adaptation. The
work also identifies key features of dynamic form creation and approaches to organising artificial
environments using the latest technological innovations.

The works examine the development pathways of residential architecture, considering
typology and socio-economic requirements (Generalov, 2009).

The document “Forecast for the Development of Fundamental Research in the Field of
Architecture, Urban Planning, and Construction Sciences until 2030”, was published by RAASN
and developed with the participation of leading specialists in architecture (lllichev et al., 2009;
Rappoport et al., 1990; Khan-Magomedov, 2009), outlines the main directions for fundamental
research in architecture and urban planning. The document also proposes solutions to global
ecological and energy problems through the application of architectural and urban planning
systems.

A significant contribution to understanding contemporary problems and trends in architecture
has been made in the works of Esaulov G.V., particularly in the article “Contemporary Problems
and Trends in Architecture” (Esaulov, 2013), the author addresses issues such as the development
of new typologies and the creation of humane environments, the construction of new types of
buildings for various population groups, the transition to rating systems for assessing building
quality, project management technologies, the formation of service systems for the population,
heritage conservation, the enhancement of energy efficiency and environmental sustainability of
buildings, as well as the impact of computers as a design tool on architectural creativity.

The article, which focuses on the image characteristics of architecture under innovative
technological solutions, provides a detailed analysis of contemporary architectural constructions,
including examples from both foreign and domestic authorial architecture (Issabayev, 2022). The
work emphasises the unique features and innovative approaches applied in architectural structures,
allowing for the identification of key trends and directions in the development of modern
architecture.

In the article “Challenges of Modernity and the Contours of Future Architecture” (Baitenov,
2023), predicts the emergence of a self-adjusting morphological framework capable of not only
responding to various challenges but also anticipating them through preventive measures. E.M.
Baitenov suggests that this concept may become a characteristic feature of post-architectural reality
and could, in the future, evolve into a global universal self-adjusting system encompassing all
aspects of life support.

E.M. Generalova’s dissertation “The Concept of Forming the Architecture of High-Rise
Buildings and Symbiotic Complexes” (Generalova, 2023) presents a comprehensive analysis of
modern trends and approaches to high-rise architecture. The research addresses the theoretical
foundations of compact city development, supported by statistical data showing significant urban
population growth. The author highlights the uneven distribution of these indicators across
countries and regions, emphasising the importance of an individualised approach to urban planning.
Special attention is given to the classification of high-rise buildings and complexes based on their
functional purpose, facilitating more precise architectural design and implementation. The
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satisfaction of material, spiritual, and social needs within high-rise structures is considered critical
in determining quality of life.

These works, along with many other publications, collectively provide a theoretical and
practical foundation for understanding the current challenges and prospects in the field of
architecture.

3 MATERIALS AND METHODS

The methodology of this study examines and theoretically substantiates contemporary
approaches in regional architecture, focusing on identifying trends in the socio-economic sphere
and their impact on the development of architecture in Kazakhstan. The foundation of the research
was an analysis of practical examples of regional architecture, taking into account current trends.
Methods such as comparative analysis, systematisation of data from literary sources, project
modelling, and surveys were employed to achieve the research objectives. These methods enabled a
deeper understanding of the factors shaping the development of modern architecture in Kazakhstan.
They facilitated forecasting its future trajectories, considering global and local influences.

4 RESULTS AND DISCUSSION

As both a science and a practice of shaping living environments, architecture is intricately
connected to the changes occurring within socio-economic, cultural, and political spheres. Despite
the systematic nature of design and construction processes, researchers continually strive to forecast
specific trends in architectural development. The comparison, systematisation, and synthesis of
various theories allow us to draw conclusions that help to chart the future trajectory of architecture
in Kazakhstan. Our research identified five factors that will exert the most significant influence on
the formation of modern regional architecture in Kazakhstan: sustainable development and “green”
architecture, the digitalisation of the architectural and construction sector, adaptive reuse and
repurposing of buildings, participatory design and the strengthening of architectural identity in
contemporary conditions.

4.1 SUSTAINABLE DEVELOPMENT AND “GREEN” ARCHITECTURE

Kazakhstan’s state programmes have declared that “the policy in the field of ‘green’ economy
and environmental protection is aimed at improving the quality of natural resources, developing
alternative energy sources, adapting to climate change, and decarbonisation and enhancing the
economy’s energy efficiency. The main outcome will be an improvement in the quality of life for the
population, environmental safety, reduced environmental risks and deficits, sustainable development,
and increased competitiveness” (Government of the Republic of Kazakhstan, 2019).

From 2015 to 2024, the UNDP, in collaboration with the Ministry of Industry and
Construction of Kazakhstan and with support from the Global Environment Facility, implemented a
project to improve energy efficiency in the housing and utilities sector, which consumes 34 per cent
of all energy in the country. The modernisation of multi-apartment residential buildings,
approximately 60,000 of which require enhanced energy efficiency, will necessitate investments of
$5-10 billion. Most of these buildings were constructed between 1960 and 1990, and their
restoration is crucial for the sustainable development of cities (United Nations Development
Programme, 2023).

Kazakhstan’s state policy on energy efficiency implementation, not only at the operational
stage of buildings but also during design and construction, is focused on improving the
sustainability of buildings and structures, the level of comfort in living environments, reducing
greenhouse gas emissions, improving the ecological situation, and, overall, enhancing the quality of
life for the country’s population. One widely recognised factor impacting the natural environment is
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the built environment of settlements. Globally, it is acknowledged that sustainable development can
be bolstered by the use of “green” technologies in architecture and construction.

Buildings constructed using green technologies enable owners to save up to 90% on utility
costs and increase business margins. However, in Kazakhstan, there are very few genuinely eco-
friendly buildings. Among these are the 6-story eco-office of the “Uchet” group of companies in
Almaty (Belyalov, 2019), and three “green” buildings managed by Global Development (Talan
Towers in Nur-Sultan, Park View Office Tower, and PRIME Business Park in Almaty) (Global
Development Center, 2024).

At the end of 2020, Knight Frank estimated that more than 120,000 buildings worldwide were
certified according to green standards. Leading cities include Abu Dhabi (22,400 buildings),
Chicago (4,400), and London (3,000). The British BREEAM and American LEED standards are the
leaders in “green” certification in Kazakhstan and globally. These construction assessment
methodologies, which emerged in the 1990s, primarily aim to reduce environmental impact.

The American WELL and FitWel certificates appeared in the 2010s, focusing on how
constructed buildings affect people’s well-being. For instance, these standards require developers to
ensure that each office zone has natural light at a specific angle and also dictate the types of food
that should be served in buildings (e.g., foods without trans fats and with minimal sugar)
(Kachalova, 2021).

Unfortunately, there are still under twenty projects with BREEAM or LEED certifications in
Kazakhstan. Typically, these business centres target foreign tenants whose corporate standards
require renting "green” offices.

Kazakhstan attempted to develop its own “green” certificate in the run-up to EXPO-2017:
market participants formed the non-profit organisation KazGBC, which became part of the global
World Green Building Council (WorldGBC). With the support of international experts, KazGBC
developed the domestic environmental assessment system “Owmip” (“Life”). By 2020, it was planned
to certify 200 buildings and train a thousand specialists in green construction. However, by 2021,
only four buildings had received the pilot domestic certificates—Park View Office Tower, Green
Tower, MEGA Silk Way, and Ergodom. The project was later suspended due to insufficient
funding.

In the European Union and the United States, the driving forces behind green progress are the
high cost of electricity and government policies. Governments in many countries require developers
to certify buildings to minimum standards and provide low-cost financing for green projects.

In Kazakhstan, the relatively low cost of energy and the absence of legislative requirements
allow investors and designers to overlook the construction of energy-efficient buildings.
Transitioning to eco-standards must become economically attractive for investors, and government
support is essential. Both new incentive programs and adjustments to existing legislation are needed
to ensure effective collaboration.

Experts believe that a programme requiring all municipal buildings to be energy-efficient, at
least to a minimal standard, could spur the development of green technologies in the country.
Currently, two-thirds of municipal projects are constructed as cheaply as possible, forcing
contractors to eliminate technological solutions from their designs. According to market
participants, if the Kazakh authorities begin actively promoting green projects now, the country will
see results in 10-15 years (Kachalova, 2021).

4.2 DIGITALIZATION OF THE ARCHITECTURAL AND CONSTRUCTION
INDUSTRY

The concept of the digital economy is increasingly gaining traction worldwide, influencing
the development of architecture. Based on an analysis of design practices, the use of digital
technologies in architecture can be categorised into two groups: software tools as design
instruments and digital technologies as elements of structural, technical, functional, and form-
shaping characteristics of buildings and structures (Abdrassilova et al., 2019).
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In 2018, Kazakhstan identified vital points in the comprehensive “Digital Kazakhstan”
programme to address urban planning and urban regulation challenges: “Modern technologies offer
effective solutions to the problems of rapidly growing megacities. It is essential to comprehensively
implement urban environment management based on the Smart City concept and develop
competencies for those moving to cities. Globally, there is an understanding that cities, rather than
countries, compete for investors. They choose not a country, but a city where it is comfortable to
live and work. Therefore, based on Astana’s experience, it is necessary to establish a ‘benchmark’
standard for Smart City and begin spreading best practices and sharing experiences among the cities
of Kazakhstan”.

The “Digital Kazakhstan” programme outlines what needs to be done for successful
navigation and adaptation in the new world—the world of the Fourth Industrial Revolution in the
context of the digital economy. Experts define the digital economy as one in which “a cyber-
physical system serves as the production complex, a production system that creates products and
services, ensuring human life and comfort” (Digital Economy — New Opportunities for Business,
2024).

Today, it is difficult to imagine design work without software products, which are widely
used not only in architectural design but also in all related technical fields (building and structure
calculation and design, engineering systems, etc.).

Widely used virtual tools for architectural design include AUTOCAD, a two—and three-
dimensional computer-aided design and drafting system developed by Autodesk; Rhinoceros, a
commercial software for three-dimensional NURBS modelling; and REVIT, a software package
implementing the principle of Building Information Modelling (BIM). All elements of virtual
design are integrated into modern systems, such as BIM (Autodesk, 2022).

Projects for modern buildings and complexes in the digital economy typically include
elements of innovative technologies, such as Smart House and Smart City.

The concept of a Smart House includes a well-organized internal space and a system for
managing life processes.

A high concentration of “smart buildings” allows for the creation of a Smart City—a planning
unit with a high level of architecture, construction, and a comfortable spatial environment.

In 2019, the “Benchmark Standard for Smart Cities of the Republic of Kazakhstan” was
developed and approved, which contains recommendations and establishes unified approaches to
building smart cities using information and communication technologies (Digital Kazakhstan,
2022).

The “National Development Plan of the Republic of Kazakhstan until 2025 specifies that
“Digital technologies will be integrated into urban life, including education, transportation, housing
and communal services, healthcare, security, social services, city management, construction,
business development, tourism, and environmental protection” (The Strategic Development Plan
until 2025, 2021).

Since 2023, Kazakhstan has enforced requirements for the mandatory use of BIM in the
design of technologically complex objects and the digitalisation of public construction services
(Digitalization of Construction in Kazakhstan 2023: Transitioning to BIM).

The transition of the construction industry to BIM was declared in Kazakhstan in 2015, and a
seven-year preparatory work was carried out, including the adaptation of legislation to the
introduction of Building Information Modelling (which in Kazakhstan is referred to as TIMSO—
Technology of Information Modelling of Construction Objects). In January 2023, requirements for
the mandatory use of BIM in designing technologically complex objects came into force: many
construction market participants have already restructured their business processes in anticipation of
the introduction of information technologies. Initially, this list included 24 types of objects, such as
high-rise multifunctional complexes and residential buildings requiring special design solutions,
clinics, schools, and kindergartens of specific parameters. It is expected that as a result of the
implementation of pilot projects, by 2025, the transition to TIMSO will become mandatory for
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technically complex objects. A “State Bank of Information Models” has been created to collect and
store data related to TIMSO objects.

According to a survey conducted in February 2024, 48% of companies use 3D modelling, and
12% plan to use it. However, 40% of companies are not yet ready to implement information
modelling. The main software used in Kazakhstan for creating 3D models includes AutoCAD,
modelling, and 12% plan to use it, but at the same time, 40% of companies are not yet ready to
implement information modelling readiness to transition to an information system, and 70% of
companies have the necessary equipment to work with 3D models (Digitalization of Construction
in Kazakhstan, 2024).

Kazakhstan's significant achievements include electronic services implemented in the
construction sector: “Unified Geoportal of Infrastructure Data of the State Urban Planning
Cadastre”, “E-PSD”—a system designed for interaction between customers and expert
organizations based on the “one-stop-shop” principle, “e-QURYLYS”—a tool for improving
quality control and transparency in construction in the country, “e-SHANYRAQ”—a system for
increasing the transparency and efficiency of the activities of housing and communal services, the
online platform for building materials “material.kz”, “Tokenization of the real estate market and
blockchain” and “Internet of Things (IoT)” (Digitalization of Construction in Kazakhstan, 2024).

By 2025, the government of Kazakhstan aims to be among the top 20 in the UN's e-
Government Development Index, the top 50 in the B2C (Business to Consumer) e-Commerce
Index, and the top 40 countries in the Information and Communication Technology Development
Index (Digital Kazakhstan, 2022).

One of the latest data management technologies is “the development and implementation of
machine learning (self-learning systems) and neural networks, which are the first step towards the
creation of artificial intelligence” (Government of the Republic of Kazakhstan, 2019). Currently,
just a few years after this declaration, we are all witnessing that ChatGPT is being used not only by
university students but also by schoolchildren to create architectural and graphic sketches with
artificial intelligence.

4.3 ADAPTIVE REUSE AND REPURPOSING OF BUILDINGS

A significant portion of the buildings constructed over the past decades constitute the material
fabric of settlements. Despite their physical durability, many of these structures have become
obsolete, failing to meet modern functional requirements and societal needs. In some cases, it may
be more economical to demolish a building and construct a new one. However, from an
environmental perspective, the demolition of all old buildings is not feasible; it is more sustainable
to adapt these structures to new conditions, integrate them into the modern urban context, and
repurpose them for new functions. This approach allows for the preservation of their historical
value while simultaneously meeting contemporary demands.

Efforts to adapt buildings to new functions contribute to the enhancement of the urban
environment, revitalizing peripheral areas and creating new compositional focal points. Adaptation
is carried out in close alignment with the existing urban context, ensuring coherence with the
development of the surrounding residential and public spaces. The adaptation process involves
extensive preliminary research and must comply with current regulatory standards concerning the
structural integrity of existing constructions, as well as fire safety, seismic resilience, environmental
sustainability, accessibility for all population groups, and other considerations.

The term “adaptive architecture” was first introduced in the late 1960s when spatial design
challenges began to be addressed using cybernetics (Negroponte, 2014). Adaptive architecture
entails the incorporation of interactive systems into the core structural elements and the close
integration of related fields, such as building energy efficiency theory and the dynamics of
architectural objects: “By embedding responsive technologies into the building’s structural
framework, architects can directly link the building’s form to environmental changes. This approach
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allows for a rethinking of traditional principles in the creation and subsequent operation of
architectural objects” (Interactive Architecture: Adaptive World, 2016).

The contemporary understanding of architectural adaptability extends beyond merely adapting
to new functions; it involves a deep recognition of the potential of such buildings, whose structure
is permeated with interactive technologies. An example of this concept is the “Hypercube” project,
a building constructed in the Skolkovo Innovation Centre in 2012, designed by architect Boris
Bernaskoni (Creator of the Hypercube, 2013).

Adaptive buildings challenge conventional principles of architectural creation and their future
use (The Goal Is to Create an Immortal Building: In Conversation with Boris Bernaskoni,
2019).

4.4 PARTICIPATORY DESIGN

One of the most effective tools in contemporary design is the active involvement of the public
in the discussion, modification, and development of new projects. Citizen participation is facilitated
through various means, such as sociological surveys, meetings between designers and residents, and
interactions between volunteer organizations and the community.

“...In Kazakhstan, there is still no system for analysing public opinion in the field of
architecture and urban planning. As a result, insufficient attention is given to the issue of public
involvement in urban planning decisions”, noted one of the authors of this article nearly a quarter of
a century ago (Abdrassilova, 2015).

Currently, methods for gathering public opinion, such as surveys and resident meetings, are
becoming increasingly common in Kazakhstan to better understand the preferences of the
population on pressing urban issues.

The participatory design methodology was employed by one of the authors of this article
during the development of a project for the reconstruction of the facade of the “Three Heroes”
residential complex, organized by the Almatygenplan Research Institute, in 2024. Students from
two universities—KazGASA and AlmaU—under the guidance of mentors conducted a pre-project
study of the site and developed a design proposal. This event stands out in contemporary
architectural practice in Almaty due to its uniqueness, as it not only provided an opportunity to
engage with research methods but also created a platform for active exchange of ideas and
experience in architectural design (Three Heroes, 2023; The Village Kazakhstan, 2019).

The opinions gathered during the survey became the foundation of the project and
significantly enhanced the understanding of the residents’ expectations and needs. In the first phase
of the study, conducted by the Q-Lab department of the Almatygenplan Research Institute using a
detailed questionnaire, it was revealed that almost all residents of the complex (95.5%) supported
the idea of reconstruction.

The most daring ideas for the reconstruction emerged within Q-Lab. Residents, delegates,
architects, urban planners, designers, and students from KazGASA and AlmaU expressed their
thoughts on the potential for creative concepts: glazing of the three towers, adding murals on certain
surfaces, creating public space on the roof, and more.

Overall, the results of the analysis and the development of the reconstruction project for the
“Three Heroes” residential complex in Almaty demonstrate the value of participatory design as a
key component of a comprehensive and balanced approach within the interconnected relationship
between designers and users.

4.5 FORMATION OF ARCHITECTURAL IDENTITY IN MODERN CONDITIONS
Architecture in the 21st century is enriched by new types of buildings and structures.

Unconventional solutions in modern architecture enhance the perception of forms and grant
architectural objects the special status of “new symbols” within the urban landscape.
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An analysis of projects that have gained recognition within the professional community
reveals that regional characteristics are becoming increasingly evident in modern Kazakhstani
architecture, reflecting the country’s natural and climatic features as well as its cultural traditions
(Abdrassilova, 2022). A striking example of how contemporary architecture embodies spiritual and
cultural values through artistic expression, forms, details, and metaphors can be seen in the works of
Bek Ibraev, Saken Narynov, and other modern Kazakhstan’s architects (Abdrassilova &
Aukhadiyeva, 2021).

The architecture of independent Kazakhstan is integrated into the global creative process
while striving to preserve its regional uniqueness. This requires a comprehensive approach to
environmental development, ensuring the unity of architectural solutions for buildings and elements
of the urban space that carry regional cultural significance.

In the work of G. S. Abdrassilova and E. T. Danibekova, a comparison was made between
large public buildings from the Soviet era, which significantly shaped the architectural appearance
of Kazakhstani cities, and post-Soviet structures with similar functional purposes. The comparison
between these two periods highlighted the distinctive features of the architectural language. During
the Soviet period, the politicization of all aspects of life, including architecture, influenced the
design of public buildings—traditionally grand, employing standardized construction techniques
and elements. Only a few unique structures received architectural treatment that incorporated
national motifs, such as domes, pylons, ornamental grids and stained glass, decorative elements, and
stylized stalactites, which were “replicas” of regional construction techniques (Abdrassilova &
Danibekova, 2021).

The study showed that “the stimuli for the transformation of Kazakhstani architecture at the
turn of the 20th and 21st centuries were socio-economic and cultural-historical changes. A
comparison of Kazakhstani architecture from the Soviet and post-Soviet periods demonstrates
significant changes in the field, driven by economic and technological innovations, leading to
typological and artistic transformations” (Abdrassilova & Danibekova, 2021).

G. S. Abdrassilova notes: “In the context of global trends, architectural responses stimulated
by self-identification processes may manifest in various forms:

- the first scenario involves the creation of artistic images in the form of historical tradition,
utilizing the attributive characteristics of local architecture;

- the second scenario entails the creation of architectural objects as new phenomena
previously uncharacteristic of a particular city or country” (Abdrassilova, 2022).

The migration of architectural ideas in the context of globalization facilitates the “adaptation”
of the local cultural context’s language to the “visualization methods” of innovative technologies. A
new trend involves the creation of unique structures in various parts of the world with architecture
that was previously uncharacteristic of the respective country: regional identity manifests in
architectural works whose artistic image is associated not with national elements, but with
symbols—whether visual (a new interpretation of decor) or spiritual (legends, myths, etc.).

In this case, architectural identity is declared at the highest technological level, serving as a
driver of innovative processes in the country’s economy. In architecture, the response to such
processes is evident in the emergence of a new “language” of form, representing the images of
buildings and structures:

- Artistic images in architecture manifest in the form of historical tradition, utilizing the
attributive characteristics of local architecture;

- Architectural objects are created as new phenomena, shaping the modern image of a city or
country through innovative forms (Abdrassilova & Aukhadiyeva, 2021).

The further advancement of architecture is based not only on external features but also on a
qualitative change in approaches to the design and construction of residential and public buildings,
taking into account modern technologies.

Architecture plays a crucial role in visual images that serve as “icons” of citizens’ self-
identification. Architectural identity is visualized through morphology—a system built on the
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patterns of form generation of structural elements and their combinations as a stable set of
relationships.

Architectural form generation is the process of creating an architectural object that takes into
account utilitarian, structural-technical, and aesthetic properties. The focus is on the challenges of
organizing the architectural object as a work of art (Rappoport & Somov, 1990). “...Form-
generating factors include both material and mental phenomena: in the organization of material
morphology—through technological and engineering principles—and in the formation of the
informational and emotional impact of the architectural object and its artistic image—through the
reflection of many mental phenomena and based on artistic semantics” (Abdrassilova, 2015).

Form generation does not emerge “out of nowhere”; it synthesizes “typical features inherent
in socially significant objects of its time”, while simultaneously seeking a new, individual image.
“The characteristic features of the environment, figurative, regional, and national traits of
architecture provide the basis for creating the typical, while many characteristic factors of material
morphology formation and specific site features contribute to achieving individuality. Both groups
of features historically transform into each other” (Rappoport & Somov, 1990).

Form necessarily exists within the contexts of environment and culture. Speaking about the
form of an architectural object, A. Ikonnikov noted that “form acts as both a material embodiment
of information essential for practical activities and spiritual life, and as a carrier of aesthetic value
and ideological-artistic content of architectural works” (Ikonnikov, 1986).

In the context of a specific region, the form of architectural structures transmits ideological
and artistic content from generation to generation. This cultural “memory” is as important as the
utilitarian functions of architecture, contributing to the practical orientation of people, shaping their
psychological attitudes, and fostering personal development.

Discussing the importance of the concept of “form generation™ for architectural activity, B.
Balykbaev emphasises that architecture, unlike other forms of art, is inherently linked to the
creation of real objects that provide conditions for human life. In form generation, various
properties of an architectural object are complexly correlated, “making it convenient, comfortable,
durable, long-lasting, technologically feasible for construction, economical, and, finally, turning it
into a work of art. The central theoretical problem of form generation is the relationship between its
utilitarian-practical and artistic-image components” (Balykbaev, 2004). The factors of place and
time serve as the “nourishing mechanism”, the organising principle for creating a harmonious living
environment, and the key to preserving nature. The search for a modern architectural form
“...presupposes a profound knowledge of the region’s cultural traditions” (Balykbaev, 2004).

The form generation process in Kazakhstan’s architecture has evolved from ancient times to
modern high-tech types of buildings and structures. “Even today, traditional concepts of the local
population are reflected in architectural forms, complemented by new combinations, developing
and changing following the current demands of culture and technology” (Abdrassilova, 2015).

In the 21st century, form generation will undoubtedly be one of the main trends in the
development of regional architecture in Kazakhstan. The architect plays one of the most important
roles in this complex process as the professional “source” of new ideas and concepts realised in
general development trends. Without delving into the issues of creativity within the confines of this
article, we pay tribute to the creative genius of all architects worldwide, particularly Kazakhstan’s
architects, who make a tremendous contribution to shaping the identity of our country through the
architecture of independent Kazakhstan (Figure 1).
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5 CONCLUSIONS

International architect communities and UN commissions predict trends that may shape
architecture in the near and distant future. By comparing and analysing factors such as the
implementation of Kazakhstan’s state policy in architecture and architectural activities; professional
efforts to create a comfortable living environment; the results of intellectual creativity expressed in
completed projects of buildings, structures, and complexes of social and cultural value; integration
into international sustainable development programs; and the commitment of the architectural
community to the principles of humanity and professional ethics, it becomes possible to identify the
future development trends of architecture in Kazakhstan.

In the first quarter of the 21st century, several directions have emerged on the global
architectural stage. It is evident that Kazakhstan’s architecture, which develops in synchrony with
global trends yet incorporates local features, has the potential to advance along these same lines.

These general directions can be further broken down into multiple components, reflecting the
complexity of the challenges associated with the prospective development of processes and
phenomena in contemporary Kazakhstan’s architecture.

In summary, the trends in the development of regional architecture in Kazakhstan may
continue to shape this field in the future along several vectors, which in turn branch out into several
constituent components:

- Design and construction of environmentally safe buildings that use resources efficiently
(sustainable architecture, “green” construction, energy efficiency, use of renewable energy sources,
recycling of construction waste, reduction of carbon footprint);

- Digitalization of design processes (computer programs as tools for design and sources of
creative concepts, computer-generated forms, implementation of BIM, “smart homes” and “smart
cities”, the Internet of Things, artificial intelligence, 3D modelling, 3D printing of buildings,
computer simulations — in silico);

- Adaptive reuse of buildings (preservation of material heritage — restoration, reconstruction,
radical restructuring, addition of new infrastructure; functional repurposing of buildings, creation of
exoskeletons, universal spaces; use of biomimicry — evolutionary methods of efficient adaptation of
living organisms to the environment);

- Participatory design (collaboration between professionals and the local community,
business, and administrative bodies; ensuring accessibility of the environment for all population
groups);

- Expression of regional identity through designing and constructing unique buildings that
reflect local specificity while incorporating global technological innovations (architect’s individual
signature, creative thinking, new morphology of architecture, geo-urbanism, and geo-landscape
design).

Architecture embodies the entire civilisational experience of humanity, the genius of the
creative architect, and a complex integration of related fields of knowledge—engineering, technical,
technological, socio-economic, cultural, and historical. Regardless of how architectural trends
evolve or how mechanised and digitised the design and construction processes become, at the core
of any architectural concept lies the Idea born from the genius of the Architect. This living thought
any software or artificial intelligence cannot replace process. It is only the boundless potential of
human intelligence that can create humane architecture and living environments for Homo sapiens
and the living world around them.
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ABOUT THE PROTOTYPOLOGICAL ASPECTS
OF THE EVOLUTION OF THE DWELLING

A.A. Kornilova! ® , A.M. Yessenbayev!* ®

1S, Seifullin Kazakh agrotechnical research university, 010011, Astana, Kazakhstan

Abstract. Throughout human history, housing has been crucial for human
existence, serving as shelter, a symbol of social status, economic prosperity, and
cultural identity. Studying archaeological data from different times and peoples has
enabled the analysis of the main stages of the development of one of the fundamental
values of human material culture - housing. Housing stands as concrete evidence
supporting hypotheses and scientific discoveries, offering insights into the life,
culture, and traditions of specific epochs. Its extensive evolutionary journey has
been shaped significantly by advancements aimed at optimizing living conditions,
influenced by societal norms, domestic practices, and scientific advancements. This
ongoing evolution has defined housing's architectural characteristics, including
differentiation of family, household, functional planning, work, and communal
spaces, alongside spatial and expressive architectural elements. It encompasses the
development of individual housing units within broader building and settlement
frameworks, encompassing diverse housing types and their typological classi-
fications, as well as applying construction and technical methods. This study
examines the distinctive typological groups of housing, characterized by their
structural underpinnings. These groups are delineated by key factors influencing the
inception of formative architectural techniques, such as the early development of
functional-planning solutions rooted in familial and regional contexts, and cultural
traditions. Additionally, the article explores the architectural evolution of housing,
analyzing how prototype components have shaped the phased development of
residential functional-planning structures over time. This research contributes to a
broader series of investigations into typological evolution of housing, aiming to
deepen our understanding of its transformative journey across different historical
periods.

Keywords: dwelling, evolution of dwelling, prototypology, formation of
dwelling, differentiation.
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TYPFBIH YH 3BOJIIOLIUSICBIHBIH
HPOTOTHUITOJOI'UAJBIK ACIIEKTIJIEPI

A.A. Kopaminosal @ | A.M. Ecendaesl* @

1C. Ceiidymmmn aTeiaars! Ka3ak arpoTeXHUKAIBIK 3epTTEY YHHBEPCHUTETI,
010011, Acrana, Kazakctan

AnaaTna. Aoamzam mapuxvlHOa MYpevlH YU A0AMHbIY eMip cypyi yuin eme
MaHvI30bl 00N0bI, O bacnawa, aneyMemmix MapmeOeHiy, SKOHOMUKANbIK OpPKeH-
0eyoiy dcone MaOeHU Oipe2elilikmiy CUMB0OIbL peminde Kvlzmem emmi. Op mypii
02yipniep MeH XANblKmapobll apxeonio2usiiblK 0epeKmepin 3epmme)y a0amMHbly Mame-
PUATObIK M2OeHUemIHIY ipeeli KYHObLIbIKMAPbIHLIY OIpi — MYPEbIH Vil KYPblIbICHIHbIH
0amybiHbly Hezizel Ke3eHOepin mandayea MymKiHOik oepoi. Typevin yi eunomesanap
MeH EbLIbIMU JHCAHATLIKMAPObl pacmatmvli, Oencini 0ip 02yipaepdiy emipi, male-
Huemi MeH Oacmypaepi mypanvbl MYCIHIK Oepemin Hakmwl Oanendep 00abIN ma-
OvL1aobl. OHblY  AYKLIMObL  I60JIOYUSILIK CASAXAMbL  d]IeyMemmiK HOPpMAaapObiy,
MYPMBICMBIK MIACIPUOENEPOIH JHCIHE bLIbIMU HCeMICMIKMEPOIH 2CEPIHeH OMIp CYpy
AHCAROAUNAPLIH OHMAUNAHOBIPY2A OALIMMANRAH JHCeMICMIKmepMeH aumapivlkmai
Kanvinmacmul. Byn owcaneacein scamyan 360710YUs MYPRblH YUOIY CIYIemmiK cu-
nammamanapuli, COHblY [WiHOe omOACuIIbIK, MYPMbICMbIK, QVHKYUOHATIObIK HCOC-
napaayowl, HCYMblCMbl HCIHE KOMMYHANOIK KeHICMIKMepOl KeHICMIKMIK HcoHe Kop-
KeM caynem 2leMenmmepiMen Kamap capanayovl anvlkmaosi. On apmypai mypevin
YU munmepin dcane o1apOobly MUNOJIOSUSIIK MHCIKMELYIH, COHOAU-AK KYPbLIbIC HCIHE
MEXHUKANbIK 20icmepoi KONOAHyObl KAMMUMbIH KeHIPeK KYPbLIblC MHCoHe eloi
MeKeHOep wenbepinoe2i Jceke MYPeblH Vil KYPbLIblCMAapblH 0aMblmyobl KAMMUOBL.
Byn 3epmmey mypzavin yiinepoiy KypouliblMObIK He2i30epiMeH CUnammaiamslt epekule
MUNONIO2UANBIK MONmMapblii 3epmmetioi. bByn monmap kKanvinmacmulpyuibl cayiem
MeXHUKAcvIHblY nauda 001yblHA 2cep ememiH Heeizei (QaKmopiapmeH, Mblcaibl,
OmMOACHLIBLIK JHCIHE AUMAKMBIK KOHmMeKcmmepze, MaOeHU O0acmypiepee He2i30en2en
QYHKYUOHANOBIK-)ICOCnAaPAay WewiMoepitiy epme oamyvimen epexuienenedi. Comnbi-
MeH Kamap, mMaKaiaoa mypevin yuoiy cay1emmik 36010YUusicsl 3epmmeiin, npomo-
MUNMiK KOMNOHEHMMmep YaKblm eme Kejle mYpevli YUuoiy yHKYUOHANObI-HCOCNApPIay
KYPDbLIIMOAPbIHGIY Ke3eH-Ke3eHIiMeH 0aMyblH Kalau KalblnmAacmvlpeaHblH manoai-
ovl. byn 3epmmey mypevin yioiy munoio2usiblK 280110 YUACHIH 3epmmeyOiH KeHipeKk
CepusCbIHa bIKNAn emeoi, OHbIH JPMYPi mapuxu Ke3eyoepoezi mpaHchopmayusnvly
casxamol mypaivl mycinieimizoi meperoemyze OALLIMMANIEAH.

Tyiiin ce3nep: mypevin yii, Mypevit Yii 3600YUACH, NPOMOMUNOI02US, MYPbIH
yuoiy Kareinmacywl, ouppepenyuayus.
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MPOTOTUNOJOTNYECKUE ACIIEKTBI
IBOJIIOLMU KUJIULIA

A.A. Kopnmiosa! @ | A.M. Ecencaesl ™ ®

'Kazaxckuii arpoTexHUUYeCKHil HccnenoBaTenbeknii yausepeutet nmenn C.Celidymmna,
010011, Acrana, Ka3zaxcrau

AHHOTamms. Ha npomsicenuu 6ceti uCmopuu 4enogedecmed JHCUlbe Uuepaio
BAJICHEUULYIO POIb 8 €20 CYWEeCMBOBAHUU, CLYICULO YOelCUueM, CUMBOIOM COYUATb-
HO020 cmamyca, 9KOHOMUYECKO20 NPOYEeMaHusi U KyibmypHou uoenmuyunocmu. Hzyue-
HUE apxeonocutecKux OaHHbIX PA3HLIX BPEMEH U HAPOO08 NO3BONUNLO NPOAHAIUUPO-
8amMb OCHOBHbIE IMANbL PA3GUMUL OOHOU U3 (PYHOAMEHMATbHBIX YeHHOCMel Mamepu-
AbHOU KYJIbMypbl enoseka — jcunuwa. Kunuwe svicmynaem 6 Kauecmee KOHKpen-
H020 00KA3aMenbCmed, noOmeepiHcoaoujec0 2Unome3vl U HayuHvlie OmKpolmus, 0aro-
we2o npedcmaeienue o Ovime, Kyivmype u mpaouyusix KOHKpemuwix dnox. Eeo 06-
WUPHBLTL 960TIOYUOHHBLI NYMb 6 3HAYUMENbHOU CIEeNneHU ONpedesics 00CMUNCEHUS-
MU, HANPABILEHHBIMU HA ONMUMUZAYUIO YCTIOBULL HCUZHU, NOO GIUSHUEM 0OUECMBEHHbIX
HOPM, ObIMOBLIX NPAKMUK U HAYYHLIX OOCMUNCEHUL. Dma HenpepvleHas 2601H0YUs
onpeoenuna apxumekmypHole XapaKmepucmuKku JCUbs, 6Kuouas oug@epenyuayuio
cemetinblx, OblmoGblX, (DYHKYUOHAIbHO-NIAHUPOBOUHBIX, PABOYUX U KOMMYHAIbHBIX
NPOCMPAnCcms, @ Makce NPOCMPAHCMBEEHHbIX U GbIPAUMENbHBIX APXUMEKMYPHbIX
anemenmos. Ona exatouaem 6 cebs pazeumue OMOeIbHbIX HCULLIX eOUHUY 6 boaee uiu-
POKUX PAMKAX CIMPOUMENbCMEd U PACCeNeHUsl, OX6AMbIEAem PA3IUYHbLE MUNbL JHCUTIbSL
U UX MURoNo2UHecKUe KIACCUDUKAYUU, A MAKI’Ce NPUMEHEHUe CIPOUMENbHbIX U MeX-
HUYECKUX Memooos. B 0aHHOM uUCCred08anuu paccmampuéaromes OmAUYUMeENbHbLe
MUnoio2udecKue pynnvl HCUIUW, XAPAKMEPUIVIOWUECS UX CMPYKMYPHOU OCHOBOIL.
Dmu epynnvl pazepanuduéaiomcst Kio4esblmMu Gakxmopamu, nOGIUAGUIUMY HA 3aPOdIC-
OeHue GopMUPYIOWUXCS APXUMEKMYPHbIX NPUEMO8, MAKUMU KAK DPAHHee pA36Uumue
(PYHKYUOHANbHO-NIAHUPOBOUHBIX PEULeHUU, OCHOBAHHBIX HA CEMEUHOM U PecUOHAb-
HOM KOHMEKCMmax, a makdice KyJivmypHolx mpaouyusx. Kpome mozco, 6 cmamoe pac-
CMaAmMpUBAemcst apXumeKmypHast 60I0YUsL HCUTbS, AHATUSUPYEMCSl, KaK NPOmomun-
Hble KOMNOHEHMbL (OPMUPOSATU NOIMANHOE PA3GUMUE HCUNBIX (DYHKYUOHATbHO-
NIAAHUPOBOYHBIX CMPYKMYpP C meuenuem epemenu. Jlannoe uccie0osanue GHOCUM
8KIA0 6 DoNlee WUPOKVIO CEPUro UCCIe008aHULL MUNOTOUYECKOU IBOTIOYUU HCUTLS,
HANpasieHHbIX Ha Yeryoienue Hauleeco NOHUMAHUSL €20 MPAHCHOPMAYUOHHO20 NYMU 8
Pasiudnble UCmopuiecKue nepuoobl.

KarwoueBble ciioBa: scunuuge, 3801104Ust HCUTUWA, NPOMOMUNONO2US, POPMO-
obpazosanue xcunuwa, oughghepenyuayusi.
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1 BBEAEHHWE

Hcropus apXuTeKTypbl KWINILA HAYMHACTCS C Pa3yMHOM OpraHU3alluM YeJIOBEYECTBOM Bpe-
MEHHOT'0 JKUJIOTO IPOCTPAHCTBA, HAYaJI0 KOTOPOro AaTupyercs 10-M ThicsyeneTreM 10 Hallei 3pbl.
[lepBoe moncTopryuecKoe KUIHIIE KAMEHHOTO BeKa ObLJI0O BPEMEHHBIM, BBIMOIHSIIO (DYHKIIUIO HOY-
JIETa U CIIYKUJIO YKPBITUEM OT MPUPOJHBIX BO3JICHCTBUIM, HANIaICHHUS 3BEpEN U BparoB. Mojens 1o-
JNOOHBIX KpPOBOB COOpYXajlach 0€3 TEXHUYECKMX CpEACTB IPOU3BOJCTBA, IMOHSATUN CeMeilHO-
OBITOBBIX YKIIan0B. Crofa OTHOCSTCS 3€MIISTHKH | IIAJIalld, TOCTPOCHHBIE U3 BETOK, KOCTEH U IIKYp
KPYIHBIX JKMBOTHBIX, U MPOUYUX HEJOJTOBEUHBIX JIETKMX MAaTE€pUaOB (

).

N3MeHeHHs KIMMATUYEeCKUX YCIOBHA W TIOHMMaHWE O0yCTpPOHCTBAa COOCTBEHHOTO JKUIIMINA
MpHUBEJIX K 00Jiee OCMBICICHHBIM IUIAHUPOBOYHBIM M KOHCTPYKTUBHBIM PEUICHHUSIM >XUJbs, €ro
(dhopMo0oOpa3oBaHHE CTAHOBIIIOCH 00JIEE BHIPA3UTEILHBIM, MOSBIsETCS AudPepeHuaus cCeMeiHo-
OBITOBBIX pa3/ieleHUil Ha (PyHKIHMOHAJIBbHBIE 30HBI. ( ). OcBOUB METOABI CTPOH-
TENbCTBA, YEJIOBEUYECTBO HAUUHAET COOPYKATh MPOUYHBIE U JOJTOBEYHBIC THUIIHI KUJIHUIIA, HA 00BEM-
HO-TIJIAHUPOBOUHYIO CTPYKTYPY KOTOPOTO BIUSIOT MPOCTPAHCTBEHHO-TeOrpaduiecKue, mpupoIHoO-
KIIMMaTHYECKHE, UCTOPUICCKHE, TPATUIIMOHHBIC, KYIBTYPHBIE, COITUAIBHBIC, SKOHOMHUYECKUE (aK-
TOpPBL. 3apOKAAKOTCS MTPOTOTUITHBIE KOMIIOHEHTBI TPOEKTUPOBAHUS U CTPOUTEIBCTBA KUJIMIIA, KO-
TOpBIE NIEPEAAIOTCS U3 MOKOJIEHUS B MOKOJEHUE, TOMOIHAACh U COBEPLICHCTBYSICh HOBBIMM peEIlIe-
HUSIMH, U TIPEACTaBIss cO00M cBoeoOpa3Hblil (PEHOMEH B OMPEICICHHBIN EPUO/I.

2 OB30P JIMTEPATYPbBI

Vcropun apXUTEKTYpbl KHUIUIIA MOCBSILIEHO OOJBIIOE KOJIWYECTBO HAYUYHBIX TPYJOB M HC-
CIICZIOBAaHUH, Y4eOHO-METOAMUYECKIX MAaTEpHUATIOB 3apyOeKHBIX M OTEYECTBEHHBIX aBTOPOB, KOTO-
pble B pa3HON CTENEHU PAaCKpBIBAIOT €r0 HAl[MOHAJIbHBIE, KYJIbTYPHbIE, HCTOPHUUYECKHUE, KOHCTPYK-
TUBHO-TEXHUYECKUE, aPXUTEKTYPHO-TUIAHUPOBOUYHBIE, IPaJOCTPOUTENbHbIE IPOIecChl (hOpMUpPOBa-
HUS U 9BOMIONMH. PaccMOTpeHHbIE B cTaThe HayYHbIE TPY/bl U UCCIIEA0BAaHUS OTOOpaHbI IO KPUTE-
pHSAM pa3HOACHEKTHOCTH, JOCTYITHOCTH K IIOJTHOMY TEKCTY, HCUEPIIBIBAIOLINM HCCIIET0BAHUSM.

B tpynax I'muz6epr JI.A. u Cnemunosoit E.C. ( ) omnuchIBaeTcs
UCTOPUS apXUTEKTYphl *KUIUINA ¢ nepBbiX BpemeH o XVI Beka. B pabore Koportkosoit M.B.
( ) PaCKpBITHI apXUBHBIE U UCTOPHUUECKHUE MAaTEPUAJIbl KHIIIbsI 10 BTOPOU MOJIOBUHBI
XIX Beka.

Bonpocel nepBOOBITHOTO KMIJIMILA OMPENETICHHBIX 30X U HapOAOB MOAPOOHO PaCKpHITHI B
pabote MpimkoBckoro .. ( ), TJle pacCCMOTpPEHbI OCHOBHBIE 3Tambl (OPMHUPO-
BaHUS KWINIIA B YCIOBUSIX COLIMATIbHO-OBITOBOTO YKJIa/1a U MPUPOJAHO-KIMMATUYECKUX YCIoBUi. B
pe3yibTaTax JIOKaJbHBIX apXeoJorndeckux uccienoBanuii Yyoypa A.A. ( ) OIUCaHbI
KWINIIA CTOSTHOK MaJICOJIMTUYECKOrO MEpHO/a.

OBOJIIOLIMOHHBIE TIPOIIECCH U MEePeX0l K NPSIMOYTOJIbHOM (hopMe JKMIIMIIA ONUCHIBAET apXU-
tektop ['un306ypr M.AL. ( ). B pabote npencraBieHbl cXeMaTUYHbIE IIAHUPOBOYHBIE
peleHust Hauboiee XapaKTePHBIX THUIIOB KUJIbsl pACCMAaTPUBAEMBIX IEPHOIOB.

Kunuiry koueBbIX HApOJOB MOCBAUIeHB! TpyAbl Baitnmreitna C.U. ( ), My-
kanoBa M.C. ( ), Xapy3zuna H.O. ( ). ABTOpaMH KOMIUIEKCHO pac-
CMOTpPEHBI KJIacCUYeCKue 00pa3bl JKUIIHNIA KOUeBHUKOB. O JKUIIMILE HAPOJOB, HACENIABILIUX TePPH-
topun CeBepHoil u LlenTpanbHoii A3un, KazaxcraHa u ceBepHYIO 4acTh, ONMCAHBI B UCCIEA0BAHNN
Ababikapumonoit L T. ( ), B Tpyaax bapunosoii E.b. ( ), Ku-
muHoi A.H. u Hepasuka E.E. ( ), Jamiieta MLA. ( ). [punIm-
bl 3acTpoiiku ropoauma OTpap U 0COOEHHOCTH KHIIIKIIA TOrO NepHUoa OMUCcaHbl B MOHOrpaduu
Axumesa K.A., baitnakoBa K.M., Ep3akosuua JL.b. ( ).

[TonpoOHO paccMOTPEHO JKUIHILE JOUHIYCTPHATIBHOTO U MHAYCTPUAIBHOTO MEPUOJIOB B TPY-
nax CamoitnoBa K.M. ( ). IlpencraBieH peTpOCHEKTUBHBIN aHAIN3 IO KUJIBIO B
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Hay49HOM HCCieI0BaHuM 3apyOexHbix aBTopoB IllupBanu P.K. u mp. ( ). B
HayyHOM uccienoBanuu Cunoposoit E.W. ( ) pacCMOTpPEHBI COBPEMEHHBIE MTO3ULIUN
Y MIPUHIIMIIB Pa3HOOOpa3usl apXUTEKTYPHO-TUIAHUPOBOYHBIX PELICHUH, U 3BOIOIUs (hopMooOpa3zo-
BaHUs MacCOBOI'0 XHWJINIIA B COBPEMEHHON apXUTEKTYpE.

B nayunom uccnenoBanuu KopamnoBorr A.A. u 1p. ( ) paccMmarpuBa-
IOTCSl KOMIUIEKCHBIE BOIIPOCHI PAaCCENICHHs, TPOLIECCHl 3aCETeHUs HACEJICHHBIX ITYHKTOB, ypOaHH3a-
s U paKkTopshl, BIUSAIOUINE HA (OPMHUPOBAHHE apPXUTEKTYPHBIX 00BEMOB.

B auHaMuU4HO pa3BUBAIOMIMXCS YCIOBHUAX JKU3HU TUIOJOTHS XKHIIbS TPeOyeT MOCTOSHHOTO
aHaJIM3a ¥ U3Y4eHHs C 1eNbI0 (POPMHUPOBAHUS COBPEMEHHON apXUTEKTYPhI KHJIbSI.

3 MATEPHUAJIBI U METO/IbI

KoMIuiekcHbll n0aX04 B U3y4YEHUH UCTOPUU Pa3BUTHUS JKUJIMILA ONMpAETCs Ha MOCTyNaTelb-
HOE€ Pa3BUTHUE KUJIMILA, KAK YaCTH UCKYCCTBEHHOT'O (PyKOTBOPHOIO) IIPOCTPAHCTBA, B KOTOPOM 3a-
BEPILAIOLIMM IIEPHUOIOM BBICTYIAET COBPEMEHHBIH dTall.

Hcnonp3ys HaydHYIO M aKaJeMHUYECKYHO JINTEPATYPY, M apXUBHBIE JOKYMEHTBHI IIPOBEIECH
CpaBHUTEIBHBIN aHATN3 HanOoJIee XapaKTEPHBIX KIIACCHYECKUX THUIIOB INIAHUPOBOYHOTO MPOCTPaH-
CTBA XWJIbsl. BpeMeHHbIe IpaHUIlbl MCCIIEeI0OBaHNs OXBAaTBHIBAIOT BCE 3Talbl (POPMUPOBAHUS JKUIIOM
SYEHKH, OT MEPBOOBITHOOOIMIMHHOTO CTPOSi [0 COBPEMEHHOro mepuoja. lIpocTpaHCTBEHHO-
reorpaguueckue rpaHullbl HE PacCMaTPUBAIOTCS B CBSI3U C INIOOAIBbHBIM BIUSHHUEM HPOTOTHIIOB
MIEPBUYHOIO KWIKIIA HAa BCE KOHTMHEHTAJbHO-pErMOHaNbHbIE TeppuTopuu. Mcmons3ys cpaBHU-
TEeJbHBIM aHamu3, 06001aTuCh BEIOOPOUHBIE TUIIOJOTHYECKUE TPYIIIbI KWK ¢ Hanbosee Xapak-
TEPHBIMHU, CAMOOBITHBIMU (DYHKIIMOHAJIbHO-TNIAHUPOBOUYHBIMH XapAKTEPUCTUKAMHU.

Taxkum o0pa3oM, MpUMEHsEMbIE METO/Ibl UCCIIEIOBAHUS TIO3BOJIMIM CTPYKTYPUPOBATh KUJIU-
II€ 110 OCHOBOIIOJIATAIOIIUM TpU3HaKaM. ABTOpaMH c(popMHUpOBaHa M IMpeICTaBlicHa JIMHEWKa HC-
XOHBIX IPOTOTUIIOB (PYHKIIMOHAIBHO-INIAHUPOBOYHBIX PEIICHUI OpraHU3aluy KUIbsL.

4 PE3YJIBTATBI U OBCYKAEHUA

[1epBOOBITHBIN OOIIMHHBIN CTPON MOPOJIMI MHOXKECTBO CEMEWCTB, KOTOpBIE MO3KE Hadaau
KHUTb OOJBIIMMH POACTBEHHBIMH Kpyramu. I[lepBuuHbIe NMpU3HAKH (YHKLIHMOHAIBHON 3HAYMMOCTH
OTIpEIENIEHHOTO MECTa B CTPYKTYpE JKWJIMILA ObLJIM 3aMEUYEHBI B IIOJTY3EMIIIHKE Ha CTOsIHKe bbiku 1
Ha peke Ceiim. TaM Hag o4arom BO3BBIIIAJICA YEPEN MaMOHTA, YTO CBUIETEIBCTBYET O BaXXKHOCTH
ATOr0 MECTa B COCTABE >KUIIbSA ( ). XapakTepHbIM BUJIOM JKUJIbSI ATOTO MEPHOJIA TAKXKE
MO>KHO OTHECTH XMKUHBI IuieMeH Makka u HyTka, r/ie B IEeHTpe yCTaHaBIMBAJICS O4ar, BOKPYT KO-
TOPOTO OBLIIM HU3KHUE CHJIEHB, JUIsl cOOpa CTapelIInX WIEHOB JoMallHell oOuuHbl U rocrei. Kax-
JbI B3POCIIBIN YJIEH CEMBU MMEII CIIAJIBHOE MECTO BJIOJIb CTEH, OTPaXkAaBIIECEC] IUHOBKOM, IIOKPHI-
BaBllIeecs] LIKypaMu U NokpbiBaniamMu. Ha 3Tom sTane nosiBisiercs nepoe QyHKIMOHAIBHOE pa3jie-
JICHHE JKWINIIA Ha 30HBI: PUTOTOBJICHUE MUIIH, TPHEMa MUIIH, OTAbIXa U CHa ( )-
Ha 37011 HauanbHON CTYNEHU pa3BUTHSI MOSBIISETCS MOHATHE HAKOIJIEHUS MUIIEBBIX 3a1acoB, Gop-
MUPYIOTCS OTAETbHBbIE MOMELICHUS, CBA3aHHBIE C COXpAaHEHHEM U IepepaboTKOW MPOIYKTOB, a
TaKXe C COAEPKAHNEM KHBOTHBIX.

Ha yKa3aHa TepBas 3ayaToyHas (opMa CTalIOHAPHOTO MHJIUBUAYAJIBLHOTO K-
JUIa I OJHOM CYINPY>KECKOM mapbl. DTO MAJTIEHBKUE XM)KMHBI MAJTAHCKUX OCEUIBIX IUIEMEH Ce-
MaHTH, JPKaKyH U CEHOHM, KOTOPBIE COOpYKalIuch U3 6amMOyKa M Meperopoaok 13 uuHoBoK. [1o100-
HBIE XWKUHBI MOKHO CUHTATh ITPOTOTUIIOM COBPEMEHHBIX XMKMH a3MATCKUX KpecThsH Jlaoca, ko-
TOpPBIE IPUBEICHBI HA U HEKOTOpbIX appukanckux miemeH Hyep B D¢puonuu u Cynane
[TOKa3aHHEIE Ha (
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Pucynok 1 — Maraiickast XuxuHa PucyHnok 2 — CoBpeMeHHasi KPECThSIHCKAs XUKIHA
( ). B Jlaoce ( ).

Pucynok 3 — CoBpemenHble XIKUHBI IieMeH: Hyep ( ).

B otnnuume ot oceanbix HApOJ0B KOUEBHUKH PabOTaIN HaJl COBEPILIEHCTBOBAaHHMEM MOOMIIBHO-
ro KHJIUING, KOTOPOE JIETKO OBl TpaHC(OPMHUPOBAIOCH M BBHIMOIHSIIO CBOM OCHOBHBIE (DYHKIIUU
( ). B cnencTBuM moOsSBUIMCH IIATPHhI, MalaTKU, KMOUTKH, OPTHl U T.1. Haubosee
Ba)XHBII ATAIl pa3BUTHUSI KOYEBOTO JKIIIMIIIA 3aKIFOYAICS B MEPEX0JIe K IOPTE-KHIITHUILY C pa3dopHO-
CKJIaJJHBIMHU pELIeTYaThIMH OCTOBAMHU CTEH ( ). M300pereHne 10pTel U €€ pacupo-
CTpaHEHHE OTHOCATCS K cepefnHe | ThICsueneTus H.3. U CBA3aHbI C IPEBHETIOPKCKOW Cpemoi. JTo
ObUIO OJTHUM U3 BECbMa CYIIECTBEHHBIX JOCTHXKEHUH KYyJIbTYpbl KOUEBHUKOB, 3HAMEHOBABIIMX I1€-
pexol OT PaHHEKOYEBHHYECKOTO K MO3/JHEKOYEBHHYEBCKOMY 3Tamy pa3BHTHS (

). MoOuIBHBIN XapakTep KOUE€BOTO >KUJIHMILA BBIHYKJaJl CO37aBaTh €MHOE MPOCTPAHCTBO KH-
Jbsi C pa3HBIMU (QYHKIUAMHU. KOYEBHUKHM HMCIIOIF30BaBIINE OPUEHTAIMIO 110 CTOPOHAM CBETa pac-
nojlaray TPaJUIMOHHYIO IOPTY BXOJOM Ha IOT, JUISL TOTO YTOOBI ONpENeNsTh BpeMs IO JiyyaMm
Comnma ( ). Ha MIPUBEJICH TTPUMEDP TPATUIIUOHHOTO BHYTPEHHETO 30HUPO-
BaHUS U MHTEphEp Ka3aXxCKOH IOpPTHL. 37ech uMeercs deTkas auddepeHnnaius mpocTpaHCTBa: je-
Basi CTOPOHA OT BXOJIa CUMTANIACh KEHCKOW YacThIO, Tl PAcIloNIarajich MECTa /Il XpaHEHHUs, T0-
cyda, €1a U T.[1., IpaBas CTOPOHA OT BX0/a ObUIa MYXKCKOW, TaM XpaHWINCh CEIUI0, OpYKUe, pas-
JMYHBIA UHBEHTAph WU MHCTPYMEHTHI. B IEeHTpe Bcerna pacrosaraiicsi oyar, Ha KOTOPOM yCTaHaB-
JIMBAJICS KOTEN JUIsl IPUTOTOBJICHUSI MUILM M o0orpesa 1opThl. [IpoTHBOIONOXKHAS BXOY CTOPOHA
cuMTarach CaMoil MOYETHOM, Ty/1a pa3MeIain rocte ( ).
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MonoTenna
IUIATEH

EDOBIIE

Pucynox 4 — [Tnan u uaTEpHEp Kazaxckoit ropThl (Korotkova, 2013)

[Mporecc X03HCTBEHHOTO PACCIOCHUSI POJOB — IMPEBPAIICHUE WX B OT/ACIbHBIC CEMbH HE-
CKOJIBKHX TIOKOJICHUH, cTabmin3anus oceuioro o0pasa )HU3HH, COBEPIICHCTBOBAHUE 3EMIICIICIUS U
JIOMECTHUKAIMS AUKUX KUBOTHBIX TPAHC(HOPMUPYET JKUIIHUILE, U HAYMHACT (POPMUPOBATHCS TPOTO-
THUITHAS! MOJIENIb COBPEMEHHOTO KWIbs. TOUHBII NMEPUO/I TEpexo/ia OT OBAILHBIX M KPYTJIBIX B IIAHE
JIOMOB K NPSIMOYTOJIbHBIM ITOKa HEU3BECTEH, OJHAKO 3TO ONPEAEIECHHO TOYHO CBSI3aHO C COLMO-
KyJbTYPHBIM M KOHCTPYKTUBHBIM (hakTopoM hopmupoanus xuuiia (Zhilina & Nerazik, 1982).

WHTepecHble CBECHUS O TIEPBBIX OCEMIIBIX KIIIHIAX CPEIHEA3HaTCKUX HAPOJIOB JIAeT Malieo-
STHOTpaduuecKue MaTepuaibl o XKuisM JoMaM apeBHero Otpapa XV-XVII Be. [Tnan Otpapckux
KUJIMII, BKJIFOYAIOIIMX JIBYyX-, TPEXUaCTHOE JIeJICHUE JoMa (pUXoKasi-aiBaH, *uible KoMHaThI (1-
2) ¥ KJ1a0Bast), TPAJAUIMOHEH JUII BCeX HapoJoB cpeaHeld Azuu. MHTepecHs! qoma Otpapa eme u
TEM, YTO B HUX HMCIOJB3YETCS JOBOJBHO CIOXKHAS Il TOTO BPEMEHHU CUCTEMa 000rpeBa BHYTPEH-
HETo MPOCTPAHCTBA, HAPsLy C MPUMEHEHHEM o4ara OTKPHITOTO THIIa, KOTOPBIN yKa3zaH Ha Pucynke
5. TToBCEeMECTHO HMCIOJIB30BAIICS TAaHABIP C IBIMOXOIHBIM KaHAJIOM, BCTPOCHHBIM B CTEHY, ITO3BO-
JSIFOIMHA aKKyMYJIMPOBATh TEIJIO BHYTPU TOMEUICHUI. A Takke B OoJjiee TIO3JHUIN MEpUOI, BCTpE-
YaJIHCh M TPAJAUIUOHHBIC 111 BOCTOKA CHCTEMBI OTOIJICHUS — TICYH-JICKAHKU «KaHbI». [IprmMeHe-
HHE TaKUX CHCTEM OTOIUICHHUS OKa3blBasla BIMSHHE HA IUIAHUPOBOUYHYIO CTPYKTYpY JIOMa, JIenasi ee
KOMITaKTHO#, orpaHrmdeHHou 1o miomaau (Akishev et al., 1981).

B oTKpbIThI Ouar
QO TaHablp
[ nonwxkerHbIA ypoeHs nona

Pucynok 5 — [lnans! u pa3pesst goMoB apeBrero Otpapa (Akishev et al., 1981).
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Pa3BuTHe IIIaHUPOBOYHON CTPYKTYPBI MHOI'OUMCIIEHHBIX KPECTBSIHCKUX AOMOB EBpoIBI IIpo-
UCXO/WJIa Ha OCHOBAaHHMM JAPEBHEHMIINX THUIIOB CAKCOHCKHMX, HM)KHETEPMAHCKHX M (PAHKOHCKHX
KPECTBbSIHCKUX JIOMOB.

[InannpoBOYHas CTPYKTypa TaKUX JOMOB, BbIpa)kajach B €IMHCTBE XO3SHCTBEHHBIX U JKUJIBIX
IIOMEILEHUH, 1€ B NPSAMOYIOJIBHOM BBITSHYTOM IUIAHE JI0Ma pa3MELaJINCh CPEIHUE U TJIaBHBIC
IIOMEILEHUS], YACTUYHO HUCII0JIb3yEeMbIE KaK XO3AHCTBEHHBIN CKJIaJ, YACTUYHO Kak oOlee rnomelie-
Hue. B rimyOuHe Takoro nmoMeunieHusl pacroJiarajcst odar, o 00eMM CTOPOHaM KOTOPOro ObuIM
cnansHu. Ha Pucynke 6 ykazaHa INIaHUPOBOYHAS CTPYKTYpa JOMa, B KOTOPYIO BKJIFOYEHBI OTIEIIb-
HbIE TIOMEIIEHUS: KOHIOUIHS, KOPOBHMK, am0ap, morpe0, »uias KoMHaTa U KyxHs. CoxpaHeHHe
KOMIIO3ULIMOHHOTO €JUHCTBA OOJBLIOrO MPOAOIBHOIO MOMEIIEHUS M CTPYHIMPOBAHHBIX BOKPYT
HEro Mo MepuMeTpy KOMHAT pa3IMYHOIO Ha3HAUYEHHUs BEJO C TEUYEHHEM BPEMEHM K JaJIbHEHIIeH
TpaHc(hopMalMi IPOCTPAHCTBA, KOI/la OOJBIIOE MOMEIIEHUE SBOJIIOLMOHUPYET W IpeBpalaeTcs
1100 BO BHYTPEHHHI JBOp — PUMCKOE M BOCTOYHOE JKUJIbE, JINOO BO BHYTpEeHHEE o0Iiee momerie-
HUE — XOJIL

@paHKOHCKUI JI0M pa3BUBAJICS 0 TAKOMY )K€ MpUHLUIY PucyHok 7, U AEMOHCTPUPYET, YTO
o0111ee IOMEIIEHUE C 04aroM MpOoXo/s MO MOMEPEeYHOH ocu JJoMa, 0ObEAUHIET BOKPYT ce0sl KUIIble
KOMHATBHI TI0 OHOH CTOpOHE, IO IPYTrUM XJieB B amOap. XO03sSHCTBEHHBIC MMOMEIICHHS, W KHUJIbIE
KOMHAaTBhI IOCTENIEHHO pa3BHUBAsCh B CTOPOHY YBEIMYMBAHMS IUIOLIAAU, IPUAEPKUBAIIUCH YETKOU
mrdQepeHranui ObITOBBIX MPOIECCOB.

VYkaszansuslii Ha Pucynke 8 mBapuBagbACKUN TOM OTIMYAETCA OT IPEABIIYIIUX TUIIOB ITaX-
HOCTBIO U PA3BUTUEM IJIAHUPOBKM BHYTPEHHUX IOMEILEHUMN MO BEPTUKAM, HA HUKHEM YpOBHE
pacroJsaraercs XJjaeB, Ha BEpHEM JKUJIbIE KOMHATBHI.

Kontomus Knnas komfiata | [Torpe6

JICB

Kopoeuuk Jlionckas|koMHara AmGap

Pucynok 6 — CakcoHCKHIA JOM (MaTepHaIbl aBTOPOB)

Kyxua

Kunag komuara

Pucynok 7 — ®paHkoHCKHN 10M (MaTepHaIbl aBTOPOB)
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Kyxnsn Knamopas

Komnara Kommnara

Knagoeas

Pucynok 8 — IlIBapuBanbackuii 1oM (MaTepHaIbl aBTOPOB)

Takum o6pazom B crpanax Bocroka, Mainoit u Cpenneit A3un KyibpTypa Kuidiia GopMupy-
eTcs Kak M30JMpPOBaHHAs OT BHEIIHEH cpelibl Jkuias sdeiika, co CBOMM XO3iHCTBEHHO-OBITOBBIM
YKJIaJJIOM, YOpPaHCTBOM M BCEM HEOOXOAWMBIM ISl KU3HEIEATEIbHOCTH CKOHIICHTPHPOBAHHOM B
OJTHOM IpocTpaHcTBe. Pa300I1€eHHOCTh OTJENBHBIX CTPOCHUM C Pa3HBIMH (DYHKIUSAMH BIIOJIHE OT-
BeYaja XWJINIIHBIM NOTPEOHOCTSIM W B T.4. YA0OCTBaM KOYEBOHW JKM3HHU. [IpOTHBOIOIOKHOCTHIO
BOCTOYHOMY SIBJISIETCSI €BPONEUCKOE JKUIIUILE, IEPBOCTEIIEHHBIE 3a7a4i KOTOPOT0 3aKIHYaIUCh BO
BHEUIHEM IPEACTaBUTEILCTBE, U (PYHKIMOHAIBHO-IJIAHUPOBOUHASL COCTABJISIONIAs MOMELICHUM
BBIXOMIIA Ha repBbiid mwian (Devlet, 2001).

B nounnycrpuanbHbI NEpUOA pa3BUTHE TOPTOBIM U PEMECICHHUYECTBA MOBIMSIM Ha
TpaHc(hOpMAIMIO KPECThIHCKOTO KMIIUILA B TOPOJACKOE, BCIEACTBUE KOTOPOro nuddepeHupoBa-
JIUCh TOMEIIEHHUS KUJIOT0, XO35IICTBEHHOI'O M MPOU3BOJICTBEHHOI0 Ha3HAYEHUS, @ UMEHHO BMECTO
XJIeBa PacHONIaraloTCsi MACTEPCKHE M TOProBbIe JIaBku (Samoilov, 2004).

Onupasch Ha UCXOTHBIE MPOTOTUIBI (YHKIIMOHATBHONW COCTaBISIONIEH >KUIIOTO MPOCTpPaH-
CTBa MOXXHO YBHJIETh, UTO JJIS APEBHETO kuiuma Azuu, Appuxu, CeBepHbIX perioHoB EBpornbl
AMepuKkH, T.e. MECT ¢ HEOIAronpusATHBIMU KIMMATUYECKUMHU YCIOBUSIMHU, CBOMCTBEHHA JIAKOHUY-
Hasl OpraHu3alus 30HUPOBAHMsI BHYTPEHHETO MTPOCTPAHCTBA, KOTOPAsl XapaKTEPU30BaAJIaCh HAJIUYH-
€M €IMHOT0 MOMEUIEHMs C Pa3iIMYHbIMH (PYHKIHMOHAIBHBIMU 30HAMU JHOO HATWYHE OTAEIbHBIX
CTPOEHUH MOoJ KAyl (QyHKIIMOHAIBHYIO 30HY (Hanpumep, Yaitubiil nomuk (Snonus), benas rop-
ta (Cp.A3us) u T.1.).

Jns npeBHero >xuwibsg crpad 3amaaHoil EBpomsl, HOxHON Amepuku, T.e. OnarompusTHBIX
KJIIMMaTHYECKUX PETMOHOB MPHUCYIIE HAMYME B CTPYKTYPE JKUJIbSI OTJEIbHBIX IMOMEIIEHUN C YeT-
KO (pyHKIIMOHAJILHOM NMPUHAAJIEKHOCTHIO, KOTOPBIE TPYNIHUPYIOTCS B CIOXKHYIO CTPYKTYpY, 00-
pacTasi JOMOJIHUTEIbHBIMU TPOCTPAHCTBAMU — KOPUIOPAMHU, XOJUIAMHU, BEPAHIaMU, IIITF03aMHU.

PaccBer MHOycTpHaNbHOTO IPOMBIIUIEHHOIO MPOU3BOJICTBA U TOPrOBOIO KamuTalla, KOrja
MIPOMCXOJUT BBITECHEHNE MEJIKUX TOPTOBBIX JaBOK U PEMECIIEHHBIX MACTEPCKUX, KUJIHUILE MpeTep-
MeBaeT CaMylo TJIaBHYIO CTAJUI0 TpaHC(HOpMAIMH, MPOUCXOAUT MPOLECC MOJHOTO pasfeNeHus U
OT/ICJICHUS] MECTa JKUIIbsl K MeCTa MPUJIOKEHHsI Tpyaa denoBexoM (Shirwani et al., 2019).

Pa3BuTue HOBBIX COLMANTBHO-3KOHOMHUYECKUX OTHOUICHUH, MHTEHCHUBHOE CO3JaHHe pabouux
MECT, MOsIBJIeHHE padoyero Kjiacca U MHTEIUTUTCHLUH, IPUBEJIO K MOSIBICHUIO JJOXOIHBIX JTOMOB —
MHOT'OKBAapTHPHBIE, ¢ OOIIEH BXOAHOM IpyIIoOi, MPEUMYIIECTBEHHO TOPOJCKOro Tumna. Takoi Tum
JIOMOB, OB HalleJIEH Ha MPEAOCTaBICHHE Kb BHAEM Ha ONpeAeNICeHHBIA Mepruol U UMeN pa3iu-
1S 10 KOM(POPTHOCTH U pa3HOOOpa3uIo INIAHUPOBOYHOM CTPYKTYpHI. [103e BO BTOPOil OJI0BHHE
XX Beka IUIAaHUPOBOYHAS U SKOHOMHMYECKAsi COCTABJIAIOIIAs JAHHOTO BUA JKUJIbS CTala CTUMYJIOM
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JUTSL €r0 Pa3BUTHS MOBCEMECTHO U TI0 ero o0pa3y Havaan GOpMUPOBATH HOBYIO MOJIEINb KHJIbs, KO-
TOpas MpruoOpea XxapakTep MacCOBOM 3aCTPOHKH Ha Bcex KoHTHHEHTax (Kornilova et al., 2022).

B XX Beke xuiunIIHas KyJbTypa BOCIPHHAMANA CEMbIO KaK WHIAMBUIYATbHYIO KWIYIO €U~
HUILY, JUTSI KOTOPOU JTOJIKHO OBITH CBOE 000COOICHHOE KHIIOE TPOCTPAHCTBO B CTPYKTYpPE 00IIIEI0-
MOBOTO MMYyIIleCTBa. Takoe MOHSATHE HE M3MEHUIIOCh M B IMOCICBOCHHOE BpEeMs, KOTJa KUJIMIIE,
6J1ar0ﬂap;1 CTPOUTCJIIBHBIM TCXHOJIOTHUAM, MHTCTpAlU KYJIbBTYP WU B LCJIOM Pa3BUTUIO O6IJ_IGCTB3.
npuoOpeTaeT HOBbIe (OPMBI U MOHATHs. Kax1ast ceMbsi IMEET CBOIO OTACIbHYIO JKHIIYIO IJIOIIAb,
M OHAa OOJIKHA OTBCYATHh, ITPU 3TOM BCEM HCOGXOI[I/IMLIM (&9 HOTpeﬁHOCTHM.

Ha coBpemeHHOM 3Tare pa3BuUTHs OOIIECTBA XKUIask cpela MPUoOpeTaeT camblie pa3sHOOOpas3-
Hble (OPMBI Oarogaps MEHSOIEMYycs ()YHKIIMOHATBHOMY MOIXO0AY K JKUJIHIILY COBPEMEHHOTO Ye-
noBeka (Pucynox 9).

* MNewepa;
» Wanaw;
*  XuxuHa;

* lWarép;
+ [anartka;
* Kubutka;
* Opra;

* [loma KOMMyHbI;
« PabGouue kasapmbl;

+ [oxoaHble goma;

*  MHOroKsapTUpHbIE XUNULWLA;
« EBponeiickoe )unuuie;

+  MHOroKBapTUpHbIE Xurble 4OMa;
+ CeKUMOHHbIE MHOrOKBapPTUPHbIE AOMA;

* CeKYMOHHbIE MHOTOKBapTUPHbIE AOMA;
*  MHOrogyHKUMOHANbHBIE XWUNbleé KOMNNEKChI;
* JKunble goma kny6Horo Tuna;

{tjj DyHKUMA CHa U OTAbIXa Bxoaxas rpynna DOyHKUMA 06LIECTBEHHOTO BPEMANPENPOBOKAEHNA

% DYHKUNA XpPaHEHUs 3anacos . BbiToBas (yHKUMS

Pucynok 9 — JInHelika HCXOHBIX MPOTOTHIIOB ()YHKITMOHAIEHO-TUTAHUPOBOYHBIX PEIICHUHN JKUITbS
(MaTepuanbl aBTOPOB)

['maBHBIM CTUMYIOM TpaHC()OpPMAIIMH COBPEMEHHOTO KUJIbsI KPOME Pa3BUTHUSL CTPOUTEIBHBIX
TEXHOJIOTUH, KIIMMAaTHYEeCKUX M KYJIbTYPHBIX aClEKTOB, MOXHO Ha3BaTh (DyHKIHOHAJIbHO-TJIAHU-
pOBOYHBIE TpeOOBaHUS, IPEIBABISEMBIC K KIIIBIO 32 CUET MEHSIOIErocs: 00pa3a KU3HU YeloBeKa.
PesynpTaTom uccnenoBaHus SBISETCS CTPYKTYPHUPOBAaHHAS JIMHEHKA MCXOJHBIX MIPOTOTUTIOB (PYHK-
LHOHAJIbHO-TJIAHWPOBOYHBIX PEUIEHUIN OpraHU3allMM JKUJIbs, IpeIcTaBleHHas Ha Pucynke 9.
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5 BBIBO/IbI

AHanm3 XpOHOJOTHYECKOTO M Teorpa(gpuuecKoro myTei 3BOIOIHMH JKMIHIIA TTOKAa3bIBACT, YTO
Ha OIpENEeJICHHOM HCTOPUYECKOM »JTane Ha (opMupoBaHue KOoM(GOPTHON (HYHKIIMOHAIBHO-
IUIAHUPOBOYHOW CTPYKTYPBI )KMJIUILIA BIUSAIOT: OBITOBOM YKJIaJ, COLMOKYIbTYPHbBIN, HCTOPUUECKHI,
HKOHOMHYECKHUH, MPUPOAHO-KIMMATUYECKUH 1 TPaloCTpOUTENbHBIE (DAKTOPBI, KOTOPBIE MIPENOIIpE-
JEJISUTN KUITUILA MPOLUIBIX 310X M OyAYyT NPOJOJDKATh BIUATH HA XKUIIUILE Oy IyLIero.

IIpoBeneHHBIN PETPOCIEKTUBHBIN aHAJIN3 IOKA3bIBAET, YTO MCTOPHUA JKUJIMINA B Pa3HBIC IIE-
PHOJIBI PA3BUTHUS HEIIOCPEACTBEHHO CBSI3aHa C COLUAIIBHBIMU YCIOBUSAMH, KOTOPBIE SIBIISIFOTCS MTPU-
YUHOI TpaHchopManuu *)wibsd B (PYHKIMOHAJIBHO-IUIAHUPOBOYHOM acnekre. CiexyeT OTMETUTh
HCTOPUYECKOE BIHMSIHUE MPOTOTHUIIOJIOTHYECKUX (PAKTOPOB HA COBPEMEHHYIO KHIYIO CTPYKTYpY, a
TaKXe MPEEeMCTBEHHOCTh METOI0B ((OPMUPOBAHMS KHIITUIIA €0 KOMIIOHEHTOB.

CreneHp COBEPLICHCTBOBAHUS JKUJIMILA B PAa3HbIE UCTOPUUECKHE IIEPUOJIbI BCETJ]a 3aBUCUT OT
TPaIUIMiA M KU3HEHHOTO OIBITa HAPOJa U €CTECTBEHHBIM 00pa30M OTpa)kaeTcsl Ha TeMIaxX TpaHC-
(dhopMaIuu KUIOH Cpe/Ibl.

Hcropuueckoe Hacyieie MpoIUIOro, OMBIT U KyJIbTypa (POPMUPOBAHMS JKUIMILA, HA KOTOPOE
B pa3HbIC NIEPUOJBI OKA3bIBACTCS I€ONOIMTUYECKOE TaBJICHUE CTPaH U KOHTUHEHTOB, JOKAa3bIBACT,
YTO IPOTOTHUIIONIOTHYECKHUE ITPUEMBI IPOEKTUPOBAHUS JKIUJIbsI UMEIOT BIUSHUE HAa (DYHKIIMOHAJIBHO-
IUIAHUPOBOYHYIO MOZEIIb KWIALIHOW CTPYKTYPBI.

OBOJIOIMOHHAsA MOJENb KUJINIIA BCErJa CTPEMUTCS K COBEPILIEHCTBY, JOMOIHSSICH HOBBIMU
(GYHKIUSAMU U KOMIIOHEHTaMH, KOTOpbIe (POPMUPYIOT KOM(POPTHBIE YCIOBUS KHU3HEIEATSILHOCTH
4eJI0BEKa.

Ha coBpemMeHHOM 3Tane XWINIIE TaKKEe HAXOJUTCS B MPOLIECCE SBONIOLUN U €€ (YHKIHO-
HAJIBHO-TUTAHUPOBOYHAS CTPYKTYpa TpeTepreBaeT TPAaHCPOPMALUIO IO/ BIHUSHUEM CIETYIOLIHX
aCIIEKTOB:

—neMorpaduyeckoe pa3BUTHE ceMbHM TpeOyeT I'MOKOCTM M JUHAMUYHOM TpaHchopMmaiuu
(GYHKIMOHATIBHO-TVIAHUPOBOYHOTO PEILICHMS;

—TOTPEeOHOCTH OOIIEHUS ¢ MPUPOJON 00yCIaBIMBAET IPUCYTCTBUE €€ HIIEMEHTOB B CTPYKTY-
pe JKUIIbS;

— UCIOJIb30BaHUE SHEProcOeperaroImux 3J1EMEHTOB U CPEJICTB;
— YBEJIMYMBAETCS] 3HAUUMOCTh JIUYHOTO IMTPOCTPAHCTBA;
— Pa3BUTHUE CTPYKTYPHI OBITOBBIX TIOMEIICHUIA U TEXHOJIOTHYECKOTO 000PY I0OBAHUSI.

Taxum 00pa3oM B OCHOBE KOMITIO3UITMOHHOTO MHOT000pa3Hsl IJIAHUPOBOYHBIX CTPYKTYP JKHU-

JIbs1, JISKUT KOMIAKTHBIN LIEHTPUYECKUN TpueM (CyOCTpyKTypa), KOTopasi U3 Mepuoja B MEepHoJ B
BUJIC JOMHUHAHTHOW JIMHUM Pa3BMBAETCS B CHJIy OOBEKTHBHBIX NMPHYMH, 00O0TraIasch MpHUBHECEH-
HBIMU IIPUEMAMM U CaMOPAa3BUTUEM, IPUBOJSA K BO3ZHUKHOBEHUIO HOBBIX IUIAHUPOBOYHBIX CTPYK-
TYyp, Y4aCTBYs B LIEJIOCTHOM MAaHOPAMHOM KapTHHE TPAHC(POPMALIUU JKUIIbS.

B mmpokom pa3sHooOpa3uu acreKkToB, BIMAIOMUX Ha (POPMHUPOBAHME JKWIIMIIA YEJIOBEKa, B
JAHHOM MaTepHaje BBICTYNAeT UCXOIHBIM MPOTOTUIIOM — (PYHKIIMOHAIBHO-TUIAHUPOBOYHAS CTPYK-
Typa XWibs. B mocnenyromeM aBTOpbl CTaBAT 3a7ady pacCMOTPETh B OTAEIBHOCTU BCHO JIMHEHKY

HCXOHBIX MPOTOTUIIOB OT POpPMOOOpa30BaHus A0 PA3BETBICHHON THITOJIOTHH KUJIBIX 3IaHUN.
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PROSPECTS FOR THE DEVELOPMENT OF AGRO-TOURISM
ON THE TERRITORY OF THE REPUBLIC OF KAZAKHSTAN

I.1. Ostapenko!™* @ A A. Bryantsev!

!International Educational Corporation, 050043, Almaty, Kazakhstan

Abstract. This article discusses the potential for the development of agro-tourism,
which is an industry of the national economy that requires significant investment.
Agro-ecotourism is one of the most popular forms of modern recreational activity.
Depending on their specific characteristics, natural and climatic conditions, and
management practices, various countries of the world organize this activity in
different ways. It has been determined in this work that recreational activities are
based on agro-landscapes and natural recreational resources. A systematic approach
was the basic methodological foundation for this research, specifically the method of
factor analysis, which enabled the identification of key questions for surveys that form
the basis for prospects for agro-ecotourism development. A sociological survey
conducted by KAZTOUR based on the author’s questionnaire revealed population
preferences in the field of agrotourism. Among the organisers of tourist trips, 30.9%
chose hiking, 24.4% chose enjoying nature, 15.5% wished to get acquainted with
agriculture and care for animals, and 13.6% expressed a desire to receive diverse
impressions from a business trip. The majority of people (70.4%) preferred a foothill
landscape, 26.1% preferred a river-steppe landscape, and only 3.4% preferred a
desert landscape. Most respondents, 47.6%, preferred two-day trips with overnight
stays, another third, 33%, chose one-day trips without overnight stay, and only 7% of
respondents chose a week-long vacation. A program has been proposed for the
successful development of agritourism in Kazakhstan at the city or even country level,
reflecting factors that will lead to a high demand for agritourism among the
population. These factors are listed in the results of the article. As part of the
development of the tourism cluster in the republic, priority areas for tourism have
been identified: business tourism, ecological tourism, cultural and educational
tourism, active and adventure tours. The main tasks have been identified and
necessary methods have been proposed to address the issues of popularization and
development of agritourism on the territory of the Republic of Kazakhstan.

Keywords: Agro-tourism, eco-tour, rural tourism, recreation, ethno-tourism,
urbanization.
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I'bIJIbIMHN MAKAJIA

KA3AKCTAH PECIIYBJINKACBIHBIH AYMAT'BIH/IA
ATPOTYPU3IMII JAMBITY HEPCIIEKTUBAJIAPDBI

WU.U. Ocranenxo** © | A.A. Bpsinues! ©

'Xaneikapansix 6inim 6epy xopropanuscel, 050043, Anmatsl, Kazakcran

Anparna. byn makanaoa Xanvik wapyaublibleblHblY CAIACbl OONbIN MAOLLIA-bIH
JHCOHe  YAKeH — UHEeCMUYUANapobl — Kadcem — ememin — azpomypusmoi  Oambimy
MYMKIHOIKmMepi  Kapacmulpwliadvl. A2poskomypusm-Kazipei 3aManbl  0emaiblChbl
YUbIMOACMbIPYObIH el MAHbIMAL 0agblmmapulHbly Oipi. ONleMHiy apmypi enoepi,
aymakmoly epexulenicine, maduu—KIUMammolk epeKulelikmepine JHcoHe wapyauibl-
JIbIK epeKuieslikmepine 0auIanblCmyl, Kbl3aMemmiy OYi mypin ap mypii YublMOacmbi-
paovl. JKymvicma demanvlcmsl YUbMOAcmvipy azpoiaHopagm dxicone madueu pexpe-
ayuAIbIK pecypcmap He2iziHoe Jicy3e2e AcCbipblIAmMbIHbL AHBIKMAN0bl. 3epmmeyoin
Hezi32l a0icmeMmenix He2i3l Jcyleni macil, aman aumKanod azpodKomypuzmoi 0ambi-
my nepcneKmusalapulHuly He2i3iH KYpaumslH CayalHaMAaHbly Mmipek Maceenepiu
aHbIKmMayea MYMKIHOIK Oepemin gakmopavi manoay a0ici 60106i. KAZTOUR
JHCYpeizeeH JicoHe asmopobly CAYATHAMACLIHA He2i30eN2eH 2NeyMemmiK cayaiHama
XanblKmvly azpomypusm CcalacblHoa2bl apmulKUbLILIKMAapulL Kepcemmi. Typucmik
casaxammol yuvimoacmuipyusiiapoviy 30.9%-vl orcasy cepyenoeyoi, 24.4%-vi ma-
ouzamman n233am anyowl, 15.5%-vl ayvin wapyauiblivlebiMeH MAHbICHIN, HCAHYAD-
Japea Kymim sfcacazvicwl Kenoi, an 13.6%-vl ickepnik canapoan apmypii acep alebiCol
Kendi; adamoapovly kenwiniei (70.4%) may emezinoezi nanowagpmmei, 26.1%— vl 63eH-
oana nanowlagmein oicone mexk 3.4% 03eH-UON0I MaHoaovl, CayaIHamaza
KamulcKanoapowvly kenwiiniei 47,6% exi KyHOIK myHei ca-napaapobl mayoaowvl, maevl
ywmen 0ipi 33% 6ip KyHOIK myH2l casxammvl mMaoaovl, Al CAayaiHamaga
KamulcKanoapovly mex 7% - vl 6ip anmanvik oemanvicmsl manyoaosl. Kazaxcmanoa
azpomypuzmoi mabvicmvl 0aAMblmMy YUWliH XATbIKMbIY a2pomypusmee 0e2eH YiKeH
CYPAHBICLIHA dKeNlemin hakmopaapobl Kepcememin Kaua Hemece minmi en 0eyeeliinoe
bagoapnama YColHbLIObI, OV hakmopiap MAaKaiauvly Homudxiceiepinoe KeamipiieeH.
Typucmix xnacmepoi Oameimy uieyOepinde pecnyoaukada mypusmuiy 0aceim
bazvimmapel  aHLIKMANObl: Ickepnik  mypusm, 3IKOJNO2USANBIK MYPU3M, MIOeHU—
MAHBLIMOBIK MYPU3M, 0elceHOl dHcaHe wblmvlpman oKueanvl mypaap. Hezizei minoem-
mep auikviHOanwin, Kasaxcman PecnyOnukacvinbly aymagvlnoa azpomypusmoi Hacu-
Xammay J#cane 0amvlmy Maceneiepin weuty yulin Kaxcemmi 20icmep YCbiHbliobl.

Tyiiin ce3nep: acpomypusm, s3Kkomyp, ayslioblk Mypusm, 0emaibic, IMHOMYPUIM,
ypbanuzayusi.
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HEPCIHHEKTUBBI PA3SBUTUSA ATPOTYPU3IMA
HA TEPPUTOPUU PECITYBJIUKHU KAZAXCTAH

WU.U. Ocranenxo’ @ | A.A. Bpanues! @

! MexayHapouas o6pa3oBarenbHas Koprioparus, Anmatsl, 050028, Kasaxcran

Annomayusn. B 0annoli cmambe paccmampugaromes 603MONCHOCIU PA3BUMUSL ae-
pomypusma, KOmopwlii A6IAemMcs OMPAcivblo HAPOOHO20 X03Alicmea u mpedyem 60.1b-
WuUX 81024ceHUtll. AepoaKomypuzm — 3mo 00HO U3 Haubojee NONYIAPHBIX HANPABTIeHUll
coeépemeHHol opeanuzayuu omovixa. Paznuunvie cmpanvl mupa, 6 3agucumocmu om
cneyuguxu, NPUPOOHO-KIUMAMUYECKUX 0COOEHHOCHell meppumopuu U 0cobenHocmell
X03AUCMBOBAHUSL NO-PA3HOMY OpP2AHU3YIOM 3MmMom 68uo oesamenvHocmu. B pabome
ONnpeoeseHo, Ymo OpeaHu3ayus omowvixa NPoUCXooum Ha OCHO8e azpoianoulagma u
NPUPOOHBIX peKpeayuonHblx pecypcos. bazoeoti memoouueckoll ocHogoll ucciedosa-
HUSL SI8UILCS CUCIEMHBIU NOOX00, a UMEHHO Memoo (aKmopHO20 AHANU3A, NO360JIU6-
wull onpeoerums ONOpHble BONPOCHL AHKEMUPOBAHUS, KOMOpble Nie2liu 8 OCHO8bl nep-
cnekmus pazsumusi azpodxomypuzma. Coyuonocuueckuti Onpoc, NnpoeeoeHHbll
KAZTOUR u ocnoganmwlli Ha ankeme agmopa, noKa3ai npeonoymenusl HaceieHus 8
obnacmu acpomypusma. Cpeou opeaHu3amopos mypucmudeckux nymeuecmeull
30.9% npeonounu newue npoeynxu, 24.4% — nacaasxcoenue npupoooi, 15.5% saxome-
JIU NOZHAKOMUMBCSL C CENbCKUM XO3AUCMEOM U YXANCUBAMb 3 HcusomHviMu, a 13.6%
8bIPA3UNU NONYUUMb PA3ZHOOOPA3Hble 6neuamieHus om 0en080U Nnoe30Ku, OOTbUIUH-
cmeo moodeu (70.4%) npeonounu npedzopnvii aanowagm, 26.1% omoanu npeono-
umeHue NpUpeuHo-CMmenHomy Janowagpmy u moawvko 3.4% umnonuposanu npupeuHo-
NYCMbIHHBLU, OOTLUWUHCMBO onpoulennbix 47,6% npeonoynu 08yxoHesHble Noe30KuU ¢
HouesKkou, ewje mpemv 33% 6vlOpanu 00HOOHe8Hble nymeuiecmsusi Oe3 HOYe6KuU, U
monvko 7% ONpoueHHbIX 8blOpAIU HeOelb bl 0mOobIX. /[l YCnewHo20 pa3zeumus ae-
pomypusma 6 Kazaxcmane npeonodxicena npocpamma HA YpoeHe 20po0a UlU 0axice
cmpaHvl, ompaxcarowas axmopsl, Komopbvie npueedym K O0IbUIOMY CNPOCY Hacele-
HUs K azpomypusmy, OaHuHvle (akmopwvl nepeuucieHvl 8 pe3yabmamax cmamvu. B
PAMKAX paA3eumus mypucmu4eckoz2o Kiacmepa 8 pecnyonuxe 0viiu onpeoeneHvl npuo-
pumemmuvle HaANpagieHus mypusma. 0el080t Mmypusm, IKOJI02UUeCKU mypusm, Kylb-
MYPHO—NO3HABAMENbHYIL MYPU3M, AKMUBHbLE U NPUKTIOYeHYecKue mypsl. OnpeodeneHul
OCHOBHbIE 3a0a4l U NPeON0AHCEHbL He0OX00UMble Memoobl OJis peueHUs 60NPOCco8 No-
RYAApU3AYUU U pa3sumus azpomypusma Ha meppumopuu Pecnyonuxu Kazaxcman.

KutoueBble ciaoBa:. azpomypusm, s3Komyp, cenvbCKuil mypusm, omobvlx, dMHOMY-
pu3zm, ypoaruzayusl.
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1 INTRODUCTION

Agrotourism is one of the demanded directions of modern tourism, within which different
countries vary their methods of recreation organization depending on the natural and climatic
features of their territories. The study showed that agro-landscape and natural recreational resources
are the basis for the organization of agritourism. The method of factor analysis was used to
determine the key questions of the questionnaire, which determine the prospects for the
development of this sphere of tourism.

This organization is a developed sphere of private entrepreneurship, the role of which, in
combination with expanded reproduction of agricultural products and environmental protection
measures, is emphasized in the “Message of the Head of State Kasym-Jomart Tokayev to the people
of Kazakhstan. September 1, 20207, where the list of priority tasks includes: “The leading role of
private entrepreneurship. “Greening of the economy, environmental protection (Message from the
Head of State Kassym-Jomart Tokayev to the people of Kazakhstan. September 1, 2020).

Kazakhstan is in great demand among foreign tourists. Every year the number of tourists
visiting our country only increases. Kazakhstan was able to achieve great performance thanks to the
International Exhibition EXPO-2017 in Astana.

In 2017, the Concept aimed at the development of the tourism industry in the Republic of
Kazakhstan until 2023 was adopted. The main task of this concept is to develop regional cultural
and tourist clusters, increase investment and create a unified national tourist brand.

The history of agritourism is an integral part of the tourism industry. Field trips to the
countryside have long been a popular way to diversify leisure and recreation. Programs of
excursions as part of the educational process increasingly include visits to rural farms and farms,
which is an important part of teaching various disciplines. The modern tourism industry is
increasingly focused on the development of agritourism, which is becoming popular among city
dwellers. Trips outside the city to suburban garden plots not only bring recreation, but also the
opportunity to participate in the production of agricultural products. Such trips become an integral
part of the urban lifestyle of the first half of the twentieth century.

2 LITERATURE REVIEW

Modern scientific literature defines tourism as a set of relations and phenomena arising in the
process of travel and stay of people outside their permanent place of residence, provided that it is
not related to work. Tourism opens wide opportunities for communicating with the natural, cultural-
historical and social values of their country and the world, including agritourism.

The first varieties of tourism appeared already in ancient Egypt. Egyptians participated, for
example, in religious festivals, many of them traveled to see the pyramids and works of art.
Residents of local regions (territories) hosted tourists for overnight stays, provided them with food
Services.

Theoretical aspects of tourism activities have been studied in the following directions:

- tourism was studied in the works of: Erdavletov S.R. (Erdavletov, 2011), Zorin L.V. (Zorin
et al, 2016), Mukhambetov T.I. (Mukhambetov et al, 2014), Kairova S.G. (Kairova et al, 2018),
Baizhanova S. (Baizhanova et al, 2007), Kairova S.G. (Kairova et al, 2018);

- V.A. Kvartalnov (Kvartalnov, 2014), A.A. Zholdasbekov (Zholdasbekov, 2012), M.D.
Mamadiyarov (Mamadiyarov et al, 2007) were engaged in the organization of tourism activities.

In the first half of the 20th century, Patrick Abercrombie, a universal theorist, practitioner and
world-class architect and urban planner, was engaged in the study of rural landscape and the
development of methods for assessing, above all, its aesthetic component. He was the first to put the
protection of rural nature on a scientific basis. Because with the development of tourism, not parks
but alternative large-scale rural areas became the choice of tourists for urban populations (Patrick
Abercrombie and the formulation of the problem of rural nature conservation in England,
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2015). But Patrick Abercrombie, unlike American scientists who realized his concept of protecting
pristine nature in the United States through established unpopulated nature reserves, also advocated
for the protection and improvement of rural areas.

Different countries and regions have their own most interesting places for tourists. The natural
richness, diversity of climatic conditions and landscape features contribute to the development of
tourism and agritourism in a wide variety of regions in all corners of the Earth (Qiu et al, 2016;
Mastronardi et al, 2015; Khanal et al, 2019; Scaglione et al, 2017; Wang, 2020; Cocks et al,
2017; Garcia—Martin et al, 2016; Hernandez—Morcillo et al, 2017; Amalu et al, 2018;
Anderson, 2018; Ferrari, 2017; Hampton, 2018; Horwath, 2018; Imbaya et al, 2019; Kuroda,
2019; Ruoso, 2020; Guay et al, 2019).

The main purpose of the work is to conduct a study of tourism and agrotourism in general,
and to develop practical recommendations for the popularization of agrotourism on the territory of
our republic.

As a branch of economy, tourism is a form of activity that requires significant areas of
territory with rich natural resources. In this sense, it is similar to other resource-oriented industries.
Tourists choose places of recreation and travel, taking into account the unique landscapes, climate
and diversity of nature. Agritourism plays an important role in this process, allowing travelers to
learn about agriculture and nature, and to enjoy a unique experience of interaction with the
environment.

Leading in recreational activities are recreational and sports activities. Recreational and sporting
type of recreation is route and thus is identified with tourism. Such types of tourism as water,
underwater, fishing, skiing, hunting, as well as agrotourism are gaining popularity (Figure 1).

TYPES OF TOURISM

TOURISM

RECREATIONAL I BUSINESS
for the purpose of rest, for physical or psychological recovery of
the body

AN

| Astronomical, business tourism,
congress tourism, shopping
. . . tourism, extreme, industrial,
Recreational Informative Informative archaeological, gastronomic,
3 J L ) J military tourism.

Figure 1 — Main types of tourism (authors' material)

The need to develop the prospective development of tourist activity, its territorial and func-
tional organization, architectural and planning organization of tourist complexes, tourist bases, de-
velopment of excursion routes, identification of tourist preferences and much more requires the
classification of modern tourism. Tourism is classified according to various features, but the leading
one is the dominant purpose of travel. Forms of tourist activity can be divided into three main
directions: therapeutic, health and sports and cognitive. The latter is recognized by many specialists
as the leading function in the industry.
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The concept of recreation includes such types as: health-improving recreation (or recreation),
sanatorium-resort treatment and tourism. Each of which in theoretical studies is subdivided into
different forms. In urban planning the most common term in the consideration of the social factor
“recreation of the population”. The term “recreation” is more accurate than the concept of rest. To
date, it is considered difficult to create an ideal classification of types and forms of recreational
activities because of the multifunctional dependence of recreational services (Novikova, 2013).

3 MATERIALS AND METHODS

The study utilized: a systematic approach and a number of analytical analyses.

All analytical conclusions were based:

- on the method of factor analysis;

- on the collection of departmental material (information from the Bureau of National
Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan);

- on sociological research (survey of residents in order to determine preferences on the subject
of agrotourism);

- study of archival data, statistical and demographic data, as well as the analysis of natural and
climatic factors of the study region.

4 RESULTS AND DISCUSSIONS

Agrotourism is an important branch of tourism that contributes to employment and requires
little investment. Kazakhstan's participation in the international tourism industry is gradually
increasing, which opens great prospects for further development of tourism in the country.

Today, when urbanization at a great pace shows unprecedented growth. Elementary questions
in children's environment are questions about where milk and cheese, bread and butter come from,
but they do not find a proper answer. An important task is to educate city dwellers about the simple,
but at the same time very important life of villagers and their role in modern society. Therefore,
agritourism plays an important role; it gives a unique opportunity to city dwellers to get closer to
the world around them and even merge with it, to feel the charm of closeness with nature and the
ecosystem as a whole.

The development of agro-tourism in Kazakhstan is fully consistent with the concept of
Kazakhstan's transition to a “green” economy. This is the industry that can give the greatest
multiplier effect on economic growth and employment of the population, with the proper use and
distribution of natural resources and human resources.

In 2019 in Kazakhstan, investment in tourism development reached a historical record and
amounted to 153.7 billion tenge, indicating significant attention to the development of the industry.
Agrotourism has also become one of the priority areas in tourism, which emphasizes the strategic
importance of this sector for Kazakhstan's economy.

In 2019, agritourism and tourism played a significant role in the economy of our republic,
increasing its share in GDP to 5.6%. According to the plan, for 2025, this figure is expected to grow
further to 8%. This means that investments in the tourism sector and expenditures of domestic and
foreign tourists should increase by 7-8% per year. (The profitability of the tourism sector may
increase to 200 billion tenge per year, 2019). The study shows that the agritourism and tourism
sector has achieved the stated target due to the current dynamic development of the industry as
shown in (Figure 2).

According to the press service of the Tourism Industry Committee, from 2020 to 2022, in-
vestments in tourism in Kazakhstan reached a record high of $ 4 billion. Of these, in 2022 alone,
their volume was equal to 513.3 billion tenge and more than 400 tourist facilities were put into
operation.
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NUMBER OF VISITORS BY TYPE OF TOURISM, MLN PEOPLE
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Figure 2 — Number of visitors served by type of tourism, according to Finreview calculations based
on data from the ISE RK COP data (Novikova, 2013)

Over the past five years, the average annual occupancy rate of accommodation facilities
amounted to 22-25%, with an average annual increase in tourist accommodation by 12.5%. Thus,
we can state the dynamics of tourism development in the country as a whole.

Interestingly, the occupancy rate of agritourism accommodations almost does not change for
the last five years and ranges from 22% to 25%. At the same time, the number of tourists lodging in
these places has been increasing annually at a rate of 12.5%. These data indicate the dynamic
development of the regional tourism industry in the country.

The basic methodological basis of the study is a systematic approach, namely the method of
factor analysis, which allows to identify the main questions of the survey, which can help in the
development of a conceptual framework of prospects for the development of agroecotourism in
Almaty region.

Through the travel agency KAZTOUR was launched a sociological survey to determine the
most frequent places of visit, attractive attractions and cities in Almaty region, conducted in the pe-
riod from 05.06.2021 to 20.04.2022.

TOURIST PREFERENCES ON AGRITOURISM TOPICS

35,00%

30,90%
30,00%
25,00% 24,40%
y 0
0,

20,00% 15,50%
15,00% 13,60%
10,00%

5,00%

0,00%

Walking tours Admiring nature Familiarization with Combining vacation and
agriculture combined with business travel
animal care

Figure 3 — Data of the sociological survey among the population of Almaty city residents to identify
tourist preferences on the subject of agrotourism (author's materials).
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The number of respondents who participated in the survey amounted to 1700 people. This so-
ciological survey allowed to identify tourist preferences on the topics of agritourism (Figure 3).

According to the sociological survey conducted among the residents of Almaty, the following
conclusions can be drawn:

— 30.9% chose any theme in the context of walking due to the health-improving and
strengthening effect on the body, emotional positivity, accessibility for all age groups and levels of
physical fitness;

— 24.4% chose admiring nature as an immunity booster and inflammation reliever;

— 15.5% would prefer an introduction to agriculture combined with animal care. In such trips,
tourists get acquainted with agriculture, study the animal world and have the opportunity to care for
pets;

— 13.6% of respondents are interested in the opportunity to enrich their business travel experi-
ence with a variety of themed experiences, including agritourism and other forms of tourism.

In exploring preferences for vacation landscape selection, data on preferences for agritourism
and tourism were obtained and are presented in (Figure 4).

TOURIST PREFERENCES BY LANDSCAPE
80,00%
70,00%
60,00%
50,00%

40,00%
30,00% 26,10%

70,40%

20,00%
10,00% 3,40%

0,00%
Foothill landscape type Riverside-steppe landscape type Riverside-desert landscape type

Figure 4 — Data of the sociological survey among the population of Almaty city residents to identify tourist
preferences for landscape (author's materials).

During detailed analysis of the obtained data on landscape, it was determined that the majority
of 70.4% of respondents defined for themselves the foothill type of landscape. At the same time, the
third part of respondents 26.1% favored the riverine-steppe type of landscape. And only 3.4% of
respondents favored the riverine-desert type.

One of the main questions during the sociological analysis was the question about the dura-
tion of the desired tourist trip, the obtained results are shown in (Figure 5).

The data obtained indicate a high interest of the population in various travel formats. Accord-
ing to the survey, the majority of respondents would prefer two-day trips with an overnight stay
(47.60%), while 33% preferred one-day tours without an overnight stay. 19.4% of respondents ex-
pressed a desire to go on a week-long trip. The development of agritourism in Almaty region will
expand opportunities for the tourism industry and reduce the share of outbound tourism.

For full-fledged development of agritourism in Kazakhstan it is necessary at the city or even
state level to develop a program, which should reflect the following proposals:

- at the legislative level to adopt the term “Agrotourism”, which can be interpreted as, “visit-
ing rural areas with the provision of services for temporary accommodation or stay, meals, organi-
zation of leisure activities, excursion services;

- state support for citizens or organizations, peasant farms involved in the development of
agro-tourism in the form of subsidies, preferential treatment, etc. is necessary;
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TOURIST PREFERENCES BY LENGTH OF TRIP
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0,00%
Two days with an overnight stay  One day without an overnight stay One week

Figure 5 — Data of sociological analysis among the population of Almaty city residents to identify tourist
preferences for the duration of the trip (author's materials).

- opening of consulting centers that would provide technical assistance in opening agricultural
farms or tourist bases;

- it is necessary to develop rural areas and create the required infrastructure;

- it is necessary to create a catalog of promising villages and hamlets, with a detailed
description of the cultural characteristics of each village and the possibility of creating agritourism
bases there,

- the development of agritourist bases should start with the involvement of modern
technologies and the development of modern infrastructure;

- design of fast-built and mobile homestead tourist lodges;

- utilize the advantages of a multi-ethnic and multi-confessional republic, where represen-
tatives of each nationality could become part of agro and ethno-tourism;

- to train specialists in the field of agro-tourism, as there is now an acute shortage of
professional tourism workers who know both the local history of the region and our rich cultural
and historical heritage;

- use the “Rukhani zhangiru” program as an important tool to involve school-age children in
its development;

- construction of specialized agro-tourist villages, which will additionally create jobs, increase
the intellectual knowledge of villagers in the field of business development and vision, use of new
technologies and rational use of human and natural resources;

- together with the development of agro-tourism, such directions as pilgrimage tourism,
adventure tourism and ethnographic tourism should be developed;

- use the time of national holidays to create agrotours, this will motivate the development of
rural tourism, increase self-education and cultural education of villagers, which in general can lead
to a decrease in the outflow of villagers to big cities in search of income and a better life;

- it is necessary to actively use areas of high-mountain pastures, for example, Assy Plateau,
for popularization of “Jailau” tourism;

- development of such types of tourism as hunting tourism, gastronomic tourism, medical
tourism, harvesting, ethnographic tourism, eco-community tourism, agricultural tourism, press tours
for mass media (Figure 6).
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SPECIFICS OF AGROECOTOURISM
PASTIME

RECREATIONAL AGROECOTOURISM
EDUCATIONAL AGROECOTOURISM
EDUCATIONAL AGROECOTOURISM
ENTREPRENEURIAL AGRITOURISM
HUNTING AND FISHING TOURISM

HEALTH AGRITOURISM

Figure 6 — Specificity of agroecotourism pastime (author's materials).

Thus, it can be noted that today agrotourism is a popular, rapidly developing type of tourism
in Kazakhstan. It allows rational and profitable use of sparsely populated areas of the country,
support and promote agriculture and the most effective use of natural riches and landscape features
of certain regions. It is a good opportunity for tourists to get a unique experience, to plunge into the
culture and life of the rural population, among picturesque nature, in an ecologically clean
environment, and for farmers — a new source of income to maintain and develop the farm. In
addition, agrotourism allows to preserve folk traditions and customs, revealing their essence and
history from the very roots.

In the context of the development of the tourism cluster in the republic, the key areas of
tourism have been identified: business, ecological, cultural and educational and active adventure
tours. Special attention is paid to the development of agrotourism as one of the promising sectors in
the tourism industry (Figure 7).

@ gy/ Economical
@ @ Social

@ E; Political

rﬁ‘h Cultural

g Environmental

Figure 7 — Prerequisites for the formation of agroecotourism (author's materials).
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This is due to Kazakhstan's competitive advantages related to its unique culture, rich and di-
verse natural potential, agro-tourism, increasing business activity and the possibility of developing
the tourism industry. Kazakhstan offers various types of active recreation and travel, which
contributes to attracting the attention of tourists from all over the world.

For less mobile groups, tourism, especially agro-ecotourism, plays an important role in social
rehabilitation. Participation in self-sufficiency while traveling contributes to social and domestic
rehabilitation. Acquisition of skills of adaptation to different environments provides social and
environmental rehabilitation. At the same time, learning new skills, abilities and knowledge
contributes to socio-educational rehabilitation. Participation in excursions contributes to socio-
cultural rehabilitation, and interaction with other tour participants provides socio-psychological
rehabilitation. Thus, agroecotourism is an important part of “inclusive tourism”, taking into account
the needs of all segments of the population

To see something new and beautiful is the desire of people at all times. In this respect, agro-
ecotourism will play a leading role among other types of tourism. Moreover, agroecotourism will
provide a combination of environmental and cultural safety, contribute to the preservation of the
cultural and natural environment, and help to create all the conditions for greater awareness of the
local population.

Agro-ecotourism should be developed sustainably, and for this it is necessary for tourists to
follow the rules and principles of agro-ecotourism. The categories related to this type of tourism
should be defined and classified, special routes and ecotours should be identified and protected
from mass tourism, and they should be based on the principles of sustainable and ecotourism.

5 CONCLUSIONS

1. In Almaty region there are many resources that are promising for the development of
agroecotourism. These resources are related to various activities such as agriculture, hunting,
fishing and collection of wild plants. The city of Almaty plays an important role in the formation of
tourist flow, but also the rural areas of the region can be a potential base for the establishment of
agro-tourism complexes.

2. One of the important aspects of agrotourism is the social component, which allows to cover
a wide range of socially cared for groups of the population, including immobile citizens. It is
especially important to take this into account when organizing cognitive children's recreation in the
field of tourism.

3. A sociological survey of potential tourists of different socio-demographic groups was
conducted, which determined what types of agritourism are the most popular among the population.
Thus, based on the author's questionnaire, revealed tourist preferences on the subject of agritourism,
tourist preferences by landscape and by duration of the trip.

4. The proposed prospective development of agritourism in Almaty region contributes to the
expansion of opportunities for tourists and reducing the flow of outbound tourists. The created
infrastructure contributes to the satisfaction of a variety of tourist preferences of the population.

5. The main tasks are defined and the necessary methods for solving the issues of
popularization and development of agrotourism in the territory of the Republic of Kazakhstan are
proposed.

6. Within the framework of development of tourist cluster in the republic the priority
directions of tourism were defined: business tourism, ecological tourism, cultural and cognitive
tourism, active and adventure tours.

7. To date, due to the current situation with the coronavirus, both in the world and in
Kazakhstan, a huge number of tourists will prefer rest and tourism within our country. Additional
interest may be the interest of foreign tourists, which will increase the flow of local tourists.
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STUDY ON THE IMPACT OF DEFORMATIONS
OF MULTI-STOREY BUILDINGS IN ALMATY

AN. Amangeldi**®  AN. Magzum?® ,
T.P. Pentayevd @ D.N. SUleymenOVa4

LAl-Farabi Kazakh National university, 050040, Almaty, Kazakhstan

Abstract. The article provides an assessment of the stability of buildings and
structures in the city of Almaty under the influence of frequent earthquakes. Studying
this process is not only interesting from a scientific point of view but also has great
practical significance for ensuring the safety and stability of buildings in the city. The
aim of the work is to investigate the condition of buildings in Almaty in terms of seis-
mic safety characteristics. The research tasks include studying the types of buildings
common in the city of Almaty and conducting stability calculations for buildings. This
article selects the main and most common type of buildings and structures in each
district of the city of Almaty as the research object. The calculations of the level of
buildings' stability to seismic vibrations in different areas of the city, information on
the estimated seismic resistance level of most buildings, and the calculation of their
possible stability indicators are provided. The results show that the stability of build-
ings and structures in the city depends on reducing seismic activity from bottom to
top based on their location (on the map). According to the calculation conclusions, it
is necessary to increase the number of design organizations responsible for construc-
tion quality and use different building structures and construction methods in differ-
ent parts of the city. Problems related to building deformation are relevant every-
where. Studying this process in Almaty will contribute to the global knowledge base
and help create new technical solutions for safe construction.

Keywords: Seismicity, safety, earthquake, deformations, building.
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O0X 711

FTAMP 67.07.11
HOJIY MAKAJIACBI

AJIMATDBI KAJTACBIHJIAT'BI KOIIKABATTbBI KYPBIJIBICTBIH

JEOOPMALUAJTIAHY YAEPICIH 3EPTTEY

9.H. Amanrennit*® | A H. Mar3zym? ®
T.I1. Menraes® @, JI.H. Cyneiimenosa* ®

1BJI-CI)apa6I/I aTeiHaarel Kazak ¥nr1eik yauBepeureti, 050040, Anmatsl, Kazakcran

Anaarna. by maxanaoa scui 6onvin mypamsin dxicep CilKinicmepi acepiner An-
Mamoel KauacblHOA2bl SUMAPAMmMap MeH KYpbliblCapobly CelucMUKaivly mepoe-
Jicmepee mypakmulivleblia baza bepineen. bByn npoyecmi 3epmmey eviivimu mypaol-
O0aH 2aHa Kbi3bIKMbl eMec, COHbIMEH Kamap Kanaoagvl UMapammapovly Kayincizoiei
MeH MYpaKmulibl2blH KAMMAMACHI3 emy YWiH YIKeH NpaKmuKaiblk MoHee ue.
Kymvicmoly makcamol — Anmamul KanacovlHoagsbl UMapammapobly Kyuin ceucmMuKa-
IIK Kayincizoiei cunammamanapuvl OotviHwa 3epmmey. 3epmmey0iy MiHOemmepi:
Anmamel KanacvlHOagbl Key mapazan KYpuliblCmap Mypin 3epmmey JHcoHe 2UuMd-
pammap mypaKmolivleblHa ecenmeyiep scypeizy. bepineen maxanaoa zepmmey Hoi-
camvl peminoe Anmamol KanacblHbly 2P aAYOAHbIHOARbL QUMAPAMmMap MeH KyYpblibl-
cmapowly Hezizel JicaHe KeH mapazan mypi mayoanovl. Kananviy ap mypai ayoaunoa-
PBIHOARbL UMApammapobly CeUCMUKANbIK mepoenicmepee mypaKmolivlK OeH2eliHiH
ecenmeynepi, KyYpblIblCMapobly Kon 00MiciHiY Ho0ANblK CelcMOmYpPaKmuoliblK
Oeneelli mypanvl Manimemmep Keamipinin, onapobly MYMKIH OOIAmMblH MYPAKMbLIbIK
Kepcemkiwmepi ecenmenzer. Homuoicenep kepcemkenoeli KalaHvly UMapammapbl
MeH KYpbliblCmapblHbly, MYPAKmuliblebl ONapObly OPHANACKAH Jcepine (kapma
OOUbIHWA) MOMEHHEH HCO2Aapbl DARLIMMA CEUCMUKANbIK OelCeHOLNIKmiy memeHOe-
yine batinanvicmel 601a0vl. Ecenmeynep KopblmulHObLIAPbIHA CIUKEC, KYPbLIbIC Ca-
nacel yulin srcayanmol s#codanay YublMOApblHblY CAHbIH KOOEUMiNy JHcoHe KalaHblH
mypai benikmepinde2i uMapammap cany Yuwin mypii KYpoliblMblH JHCIHE MACIN NAli-
oanavy xaxcem. Fumapammapoviy oeghopmayusiceiven 6aiinanvicmvl Macenenep
bapavik dHcepoe ozekmi. Aimamosioa o6y npoyecmi zepmmey Hcahanovix OiimM KOpbl-
Ha ynec Kocaovl JcoaHe KAYINci3 COHbLMEeH Kamap Mmypakmel umMapammapobl caiy
YUl dHcaya mexHuKaublK wewimoepoi ieacayaa KomMekmeceoi.

Tyiiin ce3nep: celicuukanvix Kayincizoik, scep cinkinici, oeghopmayus, Kypoi-
JIbIC.
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MPHTH 67.07.11
OB30PHA CTATDBA

U3YUYEHUE MNPOLIECCA JE®OPMAILIUHA MHOI'ODTAXKHBIX

3NAHUI B TOPOJIE AJIMATBI

9.H. Amanreani* ® | A H. Marsym? ®
T.I1. Menraes® @, JI.H. Cyaeiimenona* ®

'Kazaxcknii HanpoHanbsHbIH YHUBEpCUTET HMeHH anb-Dapabu,
050040, Anmatel, Kazaxcran

AHHOTaNUA. B 0anHOl cmamve 0aHa OyeHKa YCmouuu8oCcmu 30aHull U coopy-
arcenutl 2opooa Aamamul nod 8ozoelicmeuem wacmolx semiempscenuil. Mcciedosanue
9MO20 npoyecca He MOAbKO UHMEPECHO C HAVHHOU MOYKU 3PEeHUs, HO U umeem
bonvbuoe npakmuyeckoe 3HaveHue 0 obecneyenust 6e30NaACHOCMU U YCmou4ugocmu
30anuti 8 eopode. Llenv pabomel — ucciedosanue coCmosiHus 30anuil 2. Aimamol no
Xapakmepucmukam ceticmuyeckou 6ezonacHocmu. 3adauu Uccie008anus: uUsy4yums
munsl 30aHUll, PACNPOCMPAHEHHble 8 20pode Anmamsvi, U nposecmu pacuemol
yemouyusocmu 30anutl. B oannou cmamoee 6 Kavecmee 00beKma uccieo008aHust 6bl-
Opan 0CHOBHOU U PACNPOCMPAHEHHBLI MUN 30AHULL U COOPYICEHULL 8 KANCOOM PAlioHe
2opooa Anmamol. Ilpusedenvl pacuemvl ypo8Hs YCmMOUYUBOCIU 30AHUL K CelCMUYe-
CKUM KONEOAHUAM 6 PA3IUYHbIX PAUOHAX 20p00d, C8E0eHUs O PACUEMHOM YPOBHe
CelcMOCmOUKOCmMuY OONLUUHCIBA 30AHULL U PACCHUMAHbBL UX B03MOJICHbLE NOKA3ame-
au ycmouuugocmu. Pezynemamul nokaseiearom, umo ycmouuuocms 30aHull U co-
OPYIHCEHUTL 20PO0A 3A6UCUM OM CHUNCEHUSL CEUCMUYECKOU AKMUBHOCMU CHU3Y-86EPX
om ux pacnonodicenust (Ha kapme). Ilo évl600am pacuemos HeoOXo00UMO yE8eruuums
KOUYeCmE0 NPOEeKMHbIX OP2AHU3AYULL, OMEEMCMEEHHbIX 3d KAYeCmeo CMpOoumeib-
cmea, u UCNONIb306AMb PA3HbIE KOHCIMPYKYUU U CHOCOObL 8038€0eHUsL 30AHULL 8 PA3-
HbIX yacmsax 2copooa. Ilpobnemvl, ceazanuble ¢ dedpopmayueli 30aHull, aKmyaibHbl
noscemecmno. Hccnedosanue 3mozo npoyecca 6 Aimamvl necem 6K1A0 8 2100aAb-
HYI0 63y 3HAHULL U NOMOJCEm CO30amb HOBble MeXHUuecKue peuleHus OJisi Cmpou-
menbcmea 6e30NaACHbIX U YCMOUYUBLIX 30aAHULL.

KuroueBble cjioBa: celicmMuyHocms, 6e30nacHocms, 3emiempscenue, oeghopma-
Yuu, cmpoumenbCmeo.
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1 KIPICIIE

KypbuibicTapiblH KYpri3inyl >KOHE TYpPaKTbhl KEHEI >KarjaiblHIa FUMapaTrTapAblH Cei-
CMOTYPAKTBUIBIFBIH OpPKAIlaH J1a OMJIACTBIPBIN OTHIPY KaxeT, cebebi Kep CUIKiHICI Ke3iHae Xa-
JBIKTBIH ©MIpiHE KaTep TYBIHJAybl KYPbUIBICTHI MOHTQKIAYIbIH OacTamnKbl Ke3eHIHE OailaHBICTHI.
VYaKpITTBIH JKYKTEMECiHe, yJIaibl ©3repicKe YIIBIpaThiH KIMMATTBHIK >KarJaiiapra *oHe TaOuru
amnaTTap/blH cajjapblHa TeTen Oepe aaMalThlH FUMapaTTaH >kKaMaH emTeHe >KOK. COHIIBIKTaH Ja
AJMaThl KaJachlHIAFbl KONMKa0aTThl YiJIepAiH AedopMalisiiaHy MPOLECiH 3epTTey KEePrilikTi UH-
KEHEepJIep MEH KYPBUIBIC MaMaH/Iaphl YILiH ©3€KTi Macelere aifHaJbII OThIP.

Kanaga xeH TaparaH FuMaparTap MEH KYpBUIBICTap/Abl capanTay »oHE OJIap/blH CelCMUKa-
TBIK TepOenicTepre TYPaKThUIBIFBIH OJIIIeY dicTepl KOMAaHbUIFaH. bepiaren Makanaaa KajJlaHblH op
TYpPJl ayJaHAAapbIHIAFbl FUMapaTTapIblH CEUCMUKAIBIK TepOenicTepre TYpPaKTbUIBIK JEHIeHiHIH
ecenrTeyiepi, KypbUIBICTApJbIH KON O6JiriHiH XK00alblK CEHCMOTYPAKTBUIBIK JCHIEHl Typaibl
MOJIIMETTEp KENTIPLIiI, OJIapJbIH MYMKIH OOJIaTBIH TYPAKTBUIBIK KOPCETKIIITEpl ecenTeNnreH. AJ-
MaThl KaJachlHJa CEMCMUKAIBIK TepOelicTepre Typii OeiKTepiHIeri FUMapaTTap MEH KYpbUIbI-
CTapIblH TYPAaKTBUIBIK JIEHTEHiHE ecenTeynep Kypriziain Oarananran. HoTmxkenep kepceTkeHein
KaJIaHBIH FUMapaTTapbl MEH KYPBUIBICTAPBIHBIH TYPAKTBUIBIFBI OJIAPIBIH OpHAJIACKAH JKepiHe (Kapra
OOMBIHIIIA) TOMEHHEH YKOFapbl OaFbITTa CEMCMUKANBIK OCNCEHAUTIKTIH TOMeHIeyiHe OalIaHbICThI
6omansl. Ecenreynep KOPBITBIHABUIAPBIHA COWKEC, KYPBUIBIC camachl YIIIH jKayanTsl jko0anay
YUBIMIIAPBIHBIH CaHBIH KOOCHUTIYy jKOHE KalaHbIH TYpJl OeliKTepiHaeri FumaparTap caily YIIiH
TYPJTi KYPBUIBIMBIH KOHE TOCUT MalijaaHy KaxkeT.

Kazipri yakpITTa BIKTHMaJ KayinTi TaOWFU anmaTTapblH Kaymi epekie Oadkanaapl. Kiumar
NeH TaOWUFH MPOIeCTepIiH e3repyiHe OalIaHbICTHI alaMIap ©37epiHe TOHETIH BIKTUMAI KayinTep-
neH xabapnap 6omysl kepek. Erep mnanetanbiq Oacka OemikTepiHAe ajamiapra Aaybll, TOPHAIO,
I[yHaMH >oHE Oacka Ja TaOWFW amarrap Kayilm TeHce, AJMAaTblia €H ©3CKTI MOcelie JKHi Kep
cinkinici 60sasl sxoHe Gombin Kana 6epeni (Kozylbaev, 2003). Anmatsl Kaaachl KalllaHa HHHOBA-
[MUSIIBIK  TaMyJIBIH OPTAJBIFBl KOHE TYPAKThI HWH(PAKYPBUIBIMABI JIaMBITATBIH OPBIH OOJIIHI.
TypakTel KeHEHTY KoHE cally >KaFdalblHIa FUMapaTTapAblH CEHCMHKAIBIK TO3IMIIIITIH opKalllaH
€CKEpreH JKoH, OMTKEH1 JKep CUIKIHICI Ke31H]Ie XaJBIKThIH OMIpiHE Kayill TOHYl KYPBUIBICTAp/IbI ca-
ayasl Gactay KesiHJe Heri3 Oosbin TaObuiaabl. JKep CuIKiHICI Ke3iHJe FUMaparTap MEH KYpbUIbI-
CTapJbIH apachlHJa Kayirci3 0oJy YIIiH a3amMarTap CeHCMUKAIbIK alilMaKTaFbl KYpbUIbIC XKaFaiia-
PBI Typasbl ke0ipek Oinyi Kepek.

Makcatr — AnmaThl KajachIHIarbl KOMKAOATThl FUMapaTTap/blH KarFJalblH CEHCMHKAIBIK
Kayilci3aik TybIHAN KaJlFaH kKaraaiaa qegopmanusiany OOUbIHIIA 3epTTey.

3epTTey MakcaTTaphl:

- AnmMaThl KanachklHIa KeH TapaifaH KYPbUIbIC TYpJEpiH 3epTTeY;

- FumaparrapibIH OpHBIKTBUIBIK €CENTEPIH XKYPri3y;

- KananbiH fuMapaTtTapsl MEH KYPBUIBICTAPBIHBIH KEH TaparaH TYpJIEpiH Taljay, OJiapAblH
CEHUCMUKAIIBIK TepOeicTepre TO3IMIUTITIH OJIIIeY 91iC1 KOJIIaHbUIIbI.

2 9JIEBUMETKE HIOJNY

FumaparrapasiH Makcatbl OOWMBIHINIA a3aMaTTHIK (TYPFBIH, KOFAMJIBIK, OKIMIIIIIK), OHEPKS-
CINTIK, aybUIIIAPYAIIbUIBIK JIeN OeJIeTiH KOJIJaHbICTaFbl XKiKTenyiHe KapamacTtad, 1960—1980 xox.
KeIKal0aTThl YiIepiH KendyHKIHOHAIII TYpl KeH Tapajbl. «KemnkaOaTTel yilnep» ke (yHKIHO-
HaJIJbl KEIICHJep peTiHAe Kypblia OacTajbl, ojlapra TYPFbIH YiIepMEH KaTap ajaM KbI3METiHIH
OpTYpJIi cajlanapblHa KayanThl MEKeMesep, YUbIMAAap MEH KOcIMOopbIHAap: OUIIIK opraHaapsl, O6aHK
KYpBbUIBIMJApHI, cay/a, OMBbIH-CAybIK XKOHE CHOPT OPTaJbIKTaphbl, KOFAMIBIK TaMaKTaHy OPBIHAAPHI
KoHe T.0. Mekemenep Kipe anajapl. KyHHEH KyHre MbIHAaFaH ajamaap ocbl KeIEeHep/IiH ayMarblH-
na Typa 6acrtazabl, Oy oJapAblH ayKbIMbl MEH TYTac KajajapiblH MHPPaKYpbUIBIMBIHIAFbl MaHBbI-
3161 portiin ganeni 6onas (Valkov, 2015).
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AnyaH Typii KypbUIBICTAp >KOHE OJIapJblH TYPFBI3BUTYBIHBIH IIApTTapbl TYPJl QJICTEpre
HET13/Ie]ITeH T€0AC3USUTBIK OJIIIeMICP/IiH OPbIHAATYbIH KaXeT eTeai. Ka3ipri Tanna rumaparrap zie-
dbopmarusachiH OakplIay WHKEHEPIIK-TEOJAS3HUIBIK JKYMBICTAP TXKIpUOECiHAE TyOerensi OpbIH
ananpl. TaOuru HeMece TEXHOTEHII acepiiepieH OonFaH AeopManusuiapabl aufblH alxy Kar-
JaiapblH KaJbIITAaCThIpy ©Te MaHbI3Abl. OChl TajanTapabl KAMTaMachl3 €Ty YILIIH COHFbI FBUIBIM
MEH TEXHUKAHBIH JKETICTIKTepiHE HEri3/ieJreH apHaibl SAIiCTep MEH eJley Kypajlaapbl >KeTis-
nipinyne (Borantayeva et al., 2016).

Kazipri yakpITTa TOTEHIIE >XarJaiaapJblH TYBIHJAYBIHBIH aJJbIH AlTybl OOWBIHIIA WHXKE-
HEPIIK-TEeXHUKAJIBIK iC-IIapanap KeMIeHIH TaHAay bl HETi3/ley MaKCaThIHAa FUMapaTTap MeH KYphI-
JBICTApAbIH TEXHUKAIBIK JKaflaiiblH OaKpliay Moceleci epekiie MaHbI3ra ue. COHbIMEH KaTap, KYK
KOTEprill KYPhUIBIMAAPIbIH TEXHUKAIBIK KaFAalblH OaKkpLIay jKyiesi 00JIybl KEpeK KoHE CaHJIbIK
KpUTEpUIJIEp HETI31H/Ae aFbIMJIaFbl e3repicTepal OaraiiayrFa MYMKIHIIK Oepyi KepeK, sSIFHH HaKThI
OEpIKTIKTIH, KATTBUIBIKTBIH >KOHE HOPMATHBTIK TajamTapbl 0ap KYPBUIBIMABIK AJIEMEHTTEPIiH
TYPaKTBIIBIK COMKECTIrIH aHBIKTAY MpolieAypaiapsina Herizaeneai (Suleymenova et al., 2020).

3epTTey HbBICaHBI peTiHae AJIMaThl KaJTaCchIHBIH Op ayJdaHbIHIAFbl FUMapaTTap MEH KYPbUIbI-
CTap/IbIH HETi3r1 jKOHE KEeH TaparaH Typl TaHAaidabl. bysl KypbUibIMAapAblH THUIIOJOTHICH KYpPbl-
JTBIMABIK abIPMAIIBUTBIKTapAaH TYpasl. FumaparTap xo0albIK camachl, ©HJIEY carachl, MaTepra-
JapJIbIH carachl )koHe celcMUKaNbIK Te3iMAUTIKTIH (PLUS) 6omxanran (;ko0abIK) JESHICHiH ecKe-
pe OTBIPHIT, OJIAPABIH carma JIeHreiiHne coiikec KikTeneai. ['eone3ncTrep MeH KypbulbIcIIbIiap 3 ca-
na aeHreiin maigananaael: Ql: temen; Qm: oprama; Qh: skorapsl (Vilchik, 2008).

ByJ1 TOTIBIpaKTBIH THIFBI3ABIFBI, UTE€PY aliMaFbIHBIH CEHCMUKAJIBIK OCJICEH I, TOMBIPAKThIH
KAaCUETTepl MEH Kep acThl CyJapblHA JKAKbIH/IBIFbl, COHJIali-aK aliMaKThIH METEOPOJIOTHsUIBIK epeK-
IIETIKTEPl CUAKTHI (haKTopiiapra OalIaHBICTHI OONalIaK KypbUIBICTAp/bl jKoOaay Ke3iHJe >KiKTe-
yIiH eH KOJIaiibl TYpi.

Ql nmenreiti Kaszakcran PecryOnukaceiHBIH OackiM OedliriHae *oHE AJMaThl KajdachlHAA
HETi3r1 JieHreil 00Jbln TadbuIabl )KoHE KYPhUIBIMIApbIH 5KaChl MEH KYPbUIbIC KYPBUIBIMBIH €CKepe
OTBIPBIT, KYPBUIBICTAPIBIH KalMbl caHbIHBIH 60-65% Kypaiinel. [llkanana nmaiganany ceHIMAUIIT
nopexeci OOMBIHIIA «IaTYUK 0OBEKTINIEPI» JKOHE OacKa acTeKTiIep Kenec I Jopexere OoIiHei:

Bipiamn gopeke monenaeHreH/ceHiMIl ((KaKChl 3epTTENreH JKamma eHJIpUIreH FuMapaTTap
&KoHe 0acKa Jla CTaHJapTThl aCMEKTUIEp, COHBIH 1MIiHAE MAaKPOCEHCMUKAJIBIK IIKATAHBIH aJlJIbIHFbI
OyBIHAAPBIHAA KOJJaHBUTFAH AP ).

ExiHmn gopeke 3KCHEpHUMEHTTIK/CaTbICTBIPMabl TYpAE CEHIMII (CEHCOPIBIK OOBEKTLIEp
peTiHe KaObUIIaHa bl )KOHE CTAaHIAPTTHl OOTyFa YMTHIIAIbI).

YuriHmn gopexke KyMOH[I (CEHCOPIBIK OOBEKTUIEp PETiHAe i OEKITIIMEereH, TeKCepuIreH,
Oipak »xeTKiTiKTI Typae Tekcepinmeren) (1zenberg, 2007).

«CeHcopIbIK 00BEKTIEp» MIKAIachl — CeMCMUKAIBIK OelceHAlTiKKe OapbIHIIa Te31M/I1 KYpbl-
JBIMJAP/IbIH KJIaCCU(PUKAUACHL, 9/IeTTe, OIpiHIII KaTapFa KYPbUIbIC KYPBUIBIMBI HET131HEH aliMaKTa
KEH TapajfaH KypbuibIMaap katajsl. CoHbIMEH, 3-1opexe aepekrepi Oenrui 6ip ayMakTa KypbUlbl-
CTBIH OenTii Oip TYpiHIH OaChIMIBUIBIFBIHBIH KOPCETKIII OOJIBIT TaObLIa b,

Kazipri reonesusuiblK acnanTapaarsl jaedopManusuiapibl, ocipece KayilTi, TEXHUKaIBIK
Kypaem »oHe Oiperedl oOBEeKTUIepAl KOFaphl MOAIKIICH OakbuIayaa JIEKTPOHIBI JeHTeIeH Oa-
cTarl, THKJIMHOMETpJIepAl KoJJaHyFa JeiiH 3JIeKTPOHIbI KeJ0ey oJIIeriuTepIiH peili MEH MaKcaThl
yHeMmi ecin keneal. MamimMeTTepAl y3aK yakbIT OOHBI aBTOMATThl TYpAE >Ka3zy >KOHE OHBI alTap-
TBIKTAa KaIIBIKTHIKKA K10epy MYMKIHAITIHIH maiaa 60mybl HUGPIBIK HHKIMHOMETPUSHBIH JaMybl-
Ha BIKITAJI €TTI.

Xorapel AonAIKTEri MHKIMHOMETPIEPAIH >KYMBICHI KeJIeCi HEeri3ri MpUHIUNTEpre Heri3aen-
TeH:

- ONTHUKAJIBIK-3JCKTPOHIBIK (CyibIkThIK) mpuHImmi (Lucas Schaevitz - AccuStar 11, Leica
Geosystems - NIVEL200);

- masitHuk npuHnui (Taylor Hobson — TALYLEVEL 4);
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- anekrpouas! (kouaencarop) npunnumi (TESA - NIVELTRONIC, Wyler AG - Zerotronic,
Zeromatic);

- THPOCKOMHUSJIBIK MpUHIHUI (aysIpiblK yaeyin maiganany) (DMT GmbH — ROTLEVEL)
(Hiller & Bernd, 2017).

3 MATEPUAJIIAP MEH 9JICTEP

KypbuibiMaapasiy ceiicMUKaIbIK OSICEHAITIKKE TO3IMALTITIHIH CeHIMIUTITH KOpPCETeTiH KO-
s duirentT KR KapKbIHIBUIBIFBIHBIH MOHCPI (Oayuimapsl) keneci popmysa (1) OOMbIHIIIA aHBIKTA-
JIaIpbl:

KR =n*k1+m*k2+1*k3/0,8*N (1)

myHarbl N — KapKbIHIBLIBIKTEI TaFalbIHIAY KEe3iHIe KOJIIAHBLIATHIH dCepaepAiH/MYMKIHIIKTEPIiH
JKaJMbl canbl, N — 1-11i 1opeskeaeri acepiepAiH/MyMKIHIIKTep/IiH CaHbl, M — 2-11i Jopexeni acep-
nep/oenrinep cambl, | — 3-mopexeni ocepuep/6enrinep cams, k1=0,8, k2=0,5, k3=0,2 — |
TaFaiibIHIAY YIIIH KOJIJAHBLIATBIH OCEPJCP/iH CalIMarbl/MaHbI3IbLUIBIFBIHBIH ilIiHApa KOG PHUIIU-
errrepi (Nikolayev, 2019).

Ochbl ecenTeynepre CoWKec allbIHFAaH MOHJAEP KecTe TypiHAe XacanbiHabl. EcentiH ochl
TYPiHIH HOTIKeJepi OoibIHIIA Kaja aylaHIapbIHBIH OpKAKWCHICHIHAA TYpl O0ackiM OONAThIH KYpbI-
JTBIMIAP 3epTTey OOBEKTUIepi OOABI. byl albpMalIbUIBIKTAp Kalagarbl op OJOKTHIH KYpbI-
JIBICBIHAFBl aWBIPMAIIBUIBIKTAH J1a, AJIMAThl KaJTaChIHBIH aliMaKTapbIHBIH T'€OJIOTUSIIBIK KacHUeT-
TEpIiHEH JIe TYbIHIANIBI.

Ecenreynepaen (1-kecte) kepiHin TypraHaaii, KananblH TypkciO ayaaHbIHIa FUMapaTTapablH
HETi3ri 0eJIiri KipIilineH TOATHIPhUIFaH TeMipOeToH KaHkaidapaaHn typaasl (Building regulations
I, 2000), o1, oCchl aliMaKTHIH CEHCMUKAIBIK OCJICEHIIINH €CKEpe OTBIPHIN, MHHUMAIIAbI TYPAKThI-
JIBIK TICH MaKCHMAJIIBl OCAJIIBIKKA He.

1-kecre
Anmartsl Kaiacel Typkcib aynaHbl OOMBIHIIIA FUMApATTapAblH TYPAKTBUIBIFBIH €CENTeY HOTIDKEIepi
OcangpIK K1achl Typkci6 bIkTuman 3akpiMaany aopexeci -d
A b Cc D E ) aylatbl 1 2 3 4 5
° °
Kypsuisic Typi Kipnimmnen TonTeIpbuirad TeMipoeTon KaHKacs! (ASD7)

XKericy aynanbl OOWbIHINIA €ceNTey HITUXKENIEpIHE CYHEeHEe OTBIPHIN (2-KecTe) KIPMHIIINEeH TOJ-
THIPBUIFAH TEMIPOETOH bl KaHKAChl 6achiM KYphlIbIMAAp (ASD — Oy FuMaparThl kobasiay Ke3iHze
€CKEepUIETIH KYKTeMe JIeHTeii, erep Oap Oosica) MHAEKC OOJIBIN TaObLIAIbI, Oap KeJecire OesiHeIl:
MHUHYC JXYKTeMeci Oap MHIEKC — >XOFapfbl KabaTTaplarbl *KYKT€ME, MHUHYCChI3 HHJIEKCIEH —
TOMEHI1 KalaTTapJarbl >KOHE IpreTacTtarbl XYKTEMeE), MaKCHMalJbl 3aKbIMJAHY JI9PEXKECl KoHe
OCAJIJIBIKTBIH OpTalla Kiackl 6ap, OyJ1 o/1eTTe KaObU1iaHOal bl

2-Kecre
Anmartsl Kanacsl JKeTicy ayaHbpl OOMBIHIIA FUMAPATTAP/IBIH TYPAKTBUIBIFBIH €CENTEY HOTHKENIEepi
OcabIK KI1achl Kericy blkriman 3akeiMaany aapexeci -d
A b C D E D ayHaHel 1 2 3 4 5
Y o °
Kypsutsic Typi Kipnimmnen TonTeipburan TeMipoeToH KaHkacsl (ASD)

KamanpiH Oye30B aynaHbIHIA CEMCMHKAIBIK OCICEHAUTIKTIH MIaMaJaH ThIC XOFApPbhLIAYBI
Ke3iHe KYPBUIBIMIAPAbIH 3aKbIMJIAaHYBIHBIH BIKTUMAaJl KOJANCHI3 AeHreii (3-kecte), ocanablK MeH
3aKbIMIaHy OOMBIHIIIA OpTallagaH TOMEH.
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3-kecre
AJMaTHI Katackl Oye30B ayAaHbl OOHBIHIIA FUMapaTTapAbIH TYPAKTBUIBIFBIH €CENITEY HOTHKENepi
OcaaplK KIachl bIkTiMan 3akpMaany aapexeci -d
A 3 C D E ® | Ovyesos [T 2 3 4 5
ayJaHbl
[ ] O [ ]
Kypsuibic Typi Opramra geHreiini remipoeTon kankacsl (ASD)

AJMartbl KanachlHbIH AJIMaibl ayiaHbiHaa (4-KecTe) OCalbIKThIH OpTallla KiIackl OaiKaiassl,
Oipak TeMipOeTOHIbI KaHKAJBIK KYPbUIBIMIAPBIH HEri3T1 CaHbIHA 3aKbIM KEJreH Karaaiaa anTap-
JIBIKTAM )KOFaphI Adpexeeri 3akpiMaany Kytiteni (Building regulations 11, 2000).

4-kecte
AsmMaTbl Kajacel AJIMaJibl ayJaHbl OOMBIHIIIA FUMAPATTAP/IbIH TYPAKTBUIBIFBIH €CENTEY HOTHKENEPI
OcaabplK KI1achl bIktiMan 3akpMaany aapexeci -d
A b c D E ® | AmMam Ty 2 3 4 5
ayJaHbl
o ° °
Kypsuibic Typi KipmimineHs TonTeIpbUFaH TeMipOeTOH KaHKaChI

Ecenreynep OolibIHINA CeHCMUKAIBIK OCICEHIUTIK XKaFJaibIHa KaJTaHbIH €H Kayilci3 aitMarbl
OcaJIIbIK MEH 3aKbIMIaHy a3 OalikanaTeiH boctanabik aynansl Oonsl (5-kecte). 1-cyperte bocran-
JIBIK ayJaHBIHIA OpPHAJIACKaH 5 KaOaTThl TYPFBIH Y MBICAJIBI KOPCETIITECH.

5-kecre
Anmartsl Kaachl bocTanablk ayaHbl OOHBIHIIA FUMApATTAPbIH TYPAKTBUIBIFBIH €CeNTey HOTIKEIEPi
OcanabplK KIachl blkTiMan 3akpIMaany napexkeci -d
A 3 C D E ® i T 3 4 5
ayJaHbl
° o °
Kypsuibic Typi Oprama geHreiini remipoeTon kaHkacsl (ASD)

i

T W A T

1-cyper — Anmarsl K. CoTnaeB KelleciHeri TYPFbIH Vil (aBTOp MaTepHalibl).

Kamansiy Meney aynansl (6-kecTe), COHAal-aK KalaHBIH CAJBICTHIPMANIBI TYPAE TYPaKTHI
YCTIpTiHJIe OpHAJIaCKaH, Kayilci3 ocalbIK KJachblHa e, o1 0ipre Ko0albIK KyKTeMeJepiH opTalia
nerreriimer (JKKK) KypbUtbIMAap 6IH TYTACTBIFBIHA KSUIIIK Oepe arajbl.

57



QazBSQA Xaoapmbicsl. Kypbuibic. Ne3 (93), 2024

6-kecte
AnMaTtsl Kaacel Meney ayaupl OOWBIHINA FIMapaTTapIblH TYPAKTBUIBIFBIH €CENTEY HOTIDKENIEPi
OcangpIK KIacel blkrumar 3akeiMaaHy gopexeci -d
Meney
A b C D E D ayaHbl 1 2 3 4 5
° o) °
Kypsuibic Typi ASD nenretfii opraia TeMipOeTOH KaHKaChI

Anmatel KanacelHblH Haypei30aii aynansl (7-kecTe) OCaJIIBIKTBIH CATbICTBRIPMAIbl TYPIE
Kayimnci3 JeHreifine ue, 6ipak bIKTUMaN 3aKbIMAAHY JOPEXKeci >KOFapbl, OHbl OHBIH €TETiHJIe Kala
OOJIBICKI OpHAJIACKAH TayJbl aiMaKTapFa >KaKbIHIBIFBIMEH curaTTayra 0omnaabl. KopbIThIHIbLIAN
Kelle, KYPbUIBICTAPBbIH CEHCMUKAIIBIK OCJICEHIUTIKKE TO3IMIIITT CONTYCTIKTEH OHTYCTIKKE Kapai
SKBUDKBIFAH CalibIH TOMEHIEH I Iel aiiTa alaMbl3.

7-kecte
Anmartsl Kanacel Haypei30aii ayiansl OOMbIHIIIA FUMApATTAPAbIH TYPAKTBIIBIFBIH €CENTEY HOTHXKENEPI
OcanapIK KJ1achl . bIkTuMan 3akbpIMIany gapexeci - d
Haype136aii
A b C D E ) 1 2 3 4 5
ayaHbl
° °
Kypsuibic Typi Munumanasl ASD nenHreiii 6ap TeMipOeTOH KaHKaChl

KananbiH TeMeHri aymaHaapblHaa O€JCEHIUNK IMeH Kylay Kaymi >KOFapbl aynaHaapra
KaparaHza oJJieKaiiia >korapbl. MyHBI KajlaHbIH 2 cypeTTe CEeHCMHUKANBIK ay/laHlacTbIpy KapTachl-
MEH TYCIHIipyre 0oJiabl, OFaH ColKec KapKBIHABUIBIFBL 9, 8, 7, 6, 5 )kKoHE 0J1aH TOMEH Kep CUIKiHICI
aiiMaKTapbl aHBIKTAJIFaH.

BAC XOCHAF
ANTMATHI

TETAT 0

Ll

|
|

I
|

FLANCRE

2-cypeTt — AJMaThl KaJachIHBIH CEHCMUKAJIBIK ay/1aHaCThIPY KapTachl
(Celicmounorust HHCTHTYTBI KYPacThIPFaH).
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Kericy Anaraysl, Ine oiipicel, Kynreit Anaraysi, Ine AnaraysHbIH KeOIp aymaHIapbl KoHE
AnmaTtbl Kajackl 9 Oangblk aiiMakka >KaTKbI3bUIFaH. KemeHai celicMUKalbIK MUKpOaMaKTaHABIPY
cxeMachl OOMBIHINIA KaJaHBIH O31HIE celcMUKANBIK 9 koHe 10 OayuinplK ekl aiiMakK aHbIKTaIabl. 9
Oannpik aynanra PaiibiMOek OaTblp JMaHFBUIBIHBIH OHTYCTIriHAeri Kimi xone YikeH AJMathl ©3¢H-
nepiniH (Manaiis xoHe YJIKeH AJMarhl) aJTIOBHA KOHYCTapbIHBIH ayMarbl Kipeni. LIIbIFpIchIHIA KO-
HE OHTYCTITiHJIe OYT aymaK anaca KaiipaHaapMeH (TOMEHT1 Tay €Teri CaThIChl) MIEKTENTeH, OAThICHIH-
na 6y aymak Kapranisl skoHe AKcail ©3¢HIEPiHIH aJUTFOBUI KOHYCTaphIMeH OipikTipinesni. 10 6amabik
CEMCMUKAIBIK — ayJaH KaJIaHBIH OYKUT ayMaFblH PailbiIMOCK JaHFBUIBIHBIH COJITYCTITIHJIE KaJlaHBIH
OpTaJBIK Oeirine — e3eHHIH mbFbIChIHAA Kinni Anmarer (Manass ATMaTHHKA) aJlbIIn KaThIp.

4 HOTU/KEJIEP ) KOoHE TAJIKBIJIAY

Kui sxep CUIKiHICI KaFJadbIHAA FUMapaTTaplblH TYPAKTBUIBIFBIHBIH €CENTeY IEPEKTEpiH,
COHJal-aK OCHI cajaJarbl KYpbUIBICKA MHHOBAIMSIIBIK KO3KApPACThI 3€p/esIeH OTHIPHIIN, KeJeci YChI-
HBICTap >KacaJl/Ibl:

1. Anmathel KalachlHAAFbl FEMaparTap MEH KYpBUIBICTapAbl Cally MIapTTapblHA HAKTBIPAK
TOKTaJly YIIIH KYpPbUIBIC CallachlHJaFbl capantaMalblK YHbIMIApAblH (YHKIMOHAJABIFBIH KEHEUTY
kaxet (Building regulations 11, 2000).

2. AWMaKTbhIH CeHCMUKAIBIK OCJIICEHIUNIrH 3epTTeyre KYKbIFbl 0ap YHbIMIAPAbIH KapKbLIBIK
0asacel MeH caHblH KobOeiTy kepek (Wilson & Clough, 1999).

3. CoHBIMEH Katap, jKep CUIKIHICIHEe Te31M/lI KYPBUIBICTap bl CaTyMeH Y3aK YaKbIT aliHajbIca-
TBIH IIETENIIK YHBIMAApPMEH iC-KUMBLLIAp MEH TakipuOe ammacynsl xakcapty kKaxer (ASCE,
2000).

4. KypbulbIC carachlH JKaKcapTy YIIiH capanTaMaliblK YHBIMIAp MEH Kayilci3QiK TeXHUKACHI
OOMBIHILIA MHKEHEPJIEPAiH TeKCepyJIepiHiH canachl MEH JKUUIITIH apTThIPY.

5. Kana xapraceiaaarsl reorpadusiblK OpHbIHA 0AMIaHBICTBI OPTYPIIl KYPBUIBIC KYPBUIBIM/IA-
pbiH Konaany (St. Petersburg, 2008).

Kypbuibic MaTepuanaapelH AYpbIC TaHAAy — FUMapaTTapibl Kep CUIKIHICIHE TO3IMAl eTYyIlH
HeTi3r1 (hakTopIapbIHbIH Oipl. 3aMaHayH TEXHOJIOTHUAIap MEH MHHOBALMAJIBIK MaTepHaapabl Mai-
JlajlaHy FUMapatTapblH OEpIKTIriH alTapibIKTail apTThipaabl. MbIcalibl, CTEKIOMIACTHK, TEMIpOe-
TOH/IBI XKoHe Oacka Ja Oepik MaTepuanAapibl Maiganany FUMapaTTapAbl Kep CUIKIHICIHE Te3imi
eteni. OcblFaH KOca MaHbI3/Ibl aClIeKT PETIHJE FUMapaT 1preTachblHbIH kKoOanaHysl 00JbII TaObLIa-
abl. Ipretac xep cuikiHici ke3iHae maiiia 601aThlH KyIITEpre TeTen Oepe anaTbHAal Oepik jKoHe
TYpakThl Oosybl Kepek. JKaHa TeXHOJOTHsjaap MEH 9MICTepAl KOJIJaHy JKep CUIKIHICI KYIITEpiH
TUIMJII CiHIpe alaThlH ipreractap/bl skacayra MyYMKIHIIK Oepesi. Tarbl Oip MaHBI3/AbI aCIEKT — JKEp
CUIKIHICI KayIiH Oackapy »yieci. AIMaThl KaJlachblH/Ia BIKTUMAJ KEep CUIKIHICTEpIH OaKblIay KoHE
eCKepTYyIiH THIMII KyHeci Oomybl kKepek. MyHnail xyile TyprbIHAApAbl €CKepTyre >KOHE >Kep
CUIKiHICI O0NMail TYphIN Kayilci3 xkepiepre Kellipyre MyMKIHIIK Oepeni, OyJl KenTereH ajaMmaap-
JIBIH ©MipiH cakTarn Kajaael. CoHaii-aK XajblK apachlHa arapTy, TYCIHIIPY )KYMBICTapbIH KYPrizy
MaHbI3/1bl. AJIMaThl KaJJaChIHBIH TYPFBIHAAPHI KEp CLIKIHICI Ke31HJe 631H Kajlall ycTay KepeKTiriH,
JYpBIC IBaKyalUsIayabl )KoHE Kayirci3 xepiaepae 6omyabl Outyi kepek. byn nypbenenni azaiityra
KOHE PBaKyallUsHbIH TUIMIUIITH apTThIpyFa KOMEKTECE 1.

Conpaii-ak KypbUIbIC ITpOIeCTEpiHe KOMBUIATBHIH TaJanTap/sl KaKcapTy:

BapibIk KypBUTBIC MaTepuaiIapbl, KOHCTPYKIUSIIAPHI )KOHE jk00amay cxeMayaphbl eH a3 ceil-
CMHKAJIBIK JKYKTeMeNep/1i KaMTaMachl3 €Tyl Kepex.

XKobanay ke3iHae CHMMETPUSIIBIK KYPBUIBIMIBIK CXeMaapIbl KaObUIIay jKOHE KYPBUTBIMIBIK
KaTTBUIBIK TICH Maccajiap/IbiH OipKeJKi TapaiybiHa KoJ jkeTKi3y yebiabiianst (TC., 2005).

XKyx xertepriml KypbUIBIMIAP/IbIH AJIEMEHTTEPIHIH Oipjei OepikTiri TanaOblH cakTay Kepek,
COHBIMEH KaTap OHBIH XYK KOTEprilITiri TayChUIFaHFa JCHIH KYpBUIBIMHBIH OY3bUIybIHA OKeEIyi
MYMKIH 9JICi3 TYHiHEp MEH dJIEMEHTTEp/IeH ayakK 00,y kepek (Bozorgnia & Bertero, 2004).
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KypacTteipbuiran FuMapaTTapia apMarypajiaHfaH Kypama dJIEMEHTTEp/Il Maiganany apKbUIbl
KYPBUIBIMAAPIBIH OIPTEKTLIIrT MEH OEpIKTIriH KaMTaMmachl3 €Ty YIIIH MaKCHUMAaJJIbl KYIITEp ai-
MarbIHaH THIC TYHicIeaepai opHanacTeipy yebinblIansl (Reiterman, 2010).

FumapatrapapiH ceiicMUKaNbIK TO3IMIUTITIHE FAPBIIITHIK JKOCIAPIAy CXeMalapbiH, OJapablH
MIIIiHI MEH OJIIIeMICpPIH TaHJay YJIKeH oacep erei. KymTi kep CLIKIHICTepiHIH CaJIIapbhlH Tajlaay
KYpBUIBIMJAp YIIiH €H >KaKChl JKOCIap HBICAHIAPBI IIEHOEP, TIKTOPTOYPHIII, MIAPIIbI JKOHE YKCac
HinIiHAep eKkeHiHn kepeereai. MyHnaai FumapatTtapaa Oypany tepOenici ic )Ky3iHae xoubuiaasl. Erep
KYPBUIBIC )KOCHapbIHAa KYpAei HilIiHAepAl jkacay KaxeT 0oJica, OHJIa )Kep CUIKiHiCI Ke3iHae onap-
JIBIH OPKaHChICBIHBIH JIepOecC )KYMBICHIH KaMTaMachl3 €Ty YIIiH OHbI OYKiI OWiKTiri OOHbIHIIIA Kapa-
MalbIM MIIIHI XKeKe )KaObIK OeIlKTepre Kecy Kepek. byFaH TeMIieparypaliblK HeMece MeriHaiIep-
MeH OipikTipyre OOJaTbIH AHTHCEHCMHKAIBIK TITiCTEpIl OpHATY AapKbUIBI KOJ IKETKi3iiemi
(Vamvatsikos & Cornell, 2002).

KemnkabaTThl FuMapaTTap/ia eeHaep MEH >KaObIHAApIbIH OCPIKTITTIH KAMTaMachl3 €Ty KaKeT —
QIIBIH ana JalbIHAaTFaHgapia — IUIMTANAp apachlHIAFbl TYWICTIENEpi THIFbI3AAY apKBLIBL
KaObIpranbiK MmaHenpaep apachblHAaFbl TYHICIIENep COHBIMEH KaTtap OYHIpIiK KUEKTepIiH KUITTe-
reH OeTiH opHaTy apKbLIbI JKacanaasl (Wysession & Stein, 2002).

KypbUIBIMHBIH Maccachl CEWCMHUKAIBIK JKYKTEMENICp/IiH IIaMachblHa YJIKEH ocep eTel.
CoHIBIKTaH KYPBUTBIMJIAP/IBIH CAIMAFbIH, COMKECIHIIE CEHCMHUKAIIBIK KYIITEPIi OaphIHIIA a3aiTyra
YMTBUTY Ka)XeT. ByFaH KEHiJ KOHCTPYKUHMSIIApAbI KOJJAHY, ayblp TEXHHKAHbBI JKbLDKBITY KOHE
TOMEHT1 KabaTTap/ia MaTepralap/Ipl CaKTay apKbUIbI KOJI )KETKi31Ieal.

S KOPBITBIH/BIJIAP

NnxeHepaik-TeoNorusuiblK Ka3zoanap/ipl, YHFbIMANIap MEH HIYHKBIpIApAbl OyprbLIay, TepeH
Oenriyiepai opHATY KoHE 0acka Jia mapanap CUSKTBI JOCTYPIIi SICTeP i KOIIAHBII ITe0TEX HUKAIBIK
MOHHMTOPHHT JKYPTi3y THIFBI3 KAJIAJTBIK JKepJiep 1e KUbIHIal TYCTI.

KypbUiblc KYMBICTaphIH Kayillci3 JKYPrizy »oHE KYpPbUIBIC MPOLECIHAE YYacKeHIH HHXKe-
HEPJIIK-TEOJIOTUSIIBIK, JKaFIalbIHIaFbl BIKTHMAJT ©3TePICTEp KOHE JKaHA KYPBUIBICTBIH oCep €Ty ai-
MarblHa JKATaThIH FUMapaTTapAbIH KYPBUIBICTAPBIHBIH Kal-KYHl Typajibl akmapaT ajxy YIIiH FUMa-
paTThIH KYMBICHIH 0y30aii HeMece KYPBUIBIC KYMBICTAPhIH KYpPri30ecTeH KYMBIC iCTEil alaThiH
KOHE CeHIM/II aKmapart Oepe anaThlH OChIHAM 3epTTey 9ICTEPiH MaijalaHy oTe OPBIHIbL.

Kasipri yakpiTTa KenkabaTTsl HbICaHAapAbl OaKblUIayFa apHaJFaH >ka0AbIKTap MEH SIICTEpAIH
KeH ayKbIMbl 0ap. COHIIBIKTaH Xa0BIKTHIH HAKTHI TYpJIEPIH MEH CHUNAaTTaMajapblH TaHJaay FUMa-
PaTTBIH COyNETTIK-KYPBUIBIMABIK >K00aChIHa, (PU3UKAIBIK KOHE KOMITBIOTEPIIK MOAETBICY HOTHXKE-
JepiHe, COH/Iali-aK T€OTEXHHUKAIIBIK 13/IeCTipy MaTepHallAapbiH TAIJayFa KOHE KYPBUIBICTBIH T'€0JI0-
TUSUTBIK-T€0(DU3UKAIIBIK KaF1alibIHa HET13/1eTy1 KepeK.

AJMaThl KanachIHBIH OPTYPJi ayJaHAapbIHIAFbl KYPBUTBICTAPABIH TYPAKTHUIBIK JeHTeHIepiH
€CEeNnTey HOTIKENEpiHe CYHEeHCEK, aylaHIapAblH 1iHae eH ocayi Typkci0O ay/aHbl )KoHE FUMapart-
Tap/blH 3aKbIMIaHY Jopekeci *orapbl ekeHl aHbIK. Ce0Oebl Oy aymMakTa ecki FUMapaTTap MEH
KypbUibicTap 6acekiM. EH a3 ocannbik meH 3anan bocTaHnblk ayqaHbiHaa Oalikanaabl. ApHaiibl ceii-
CMHKaJIBIK KOPFAHBIC MIApallapbIHCHI3 JKacalFaH TeMipOeTOH KaHKAChIHAH jKacajFaH FuMmaparTap 7
OaJIIIIBIK MHTEHCHUBTI Kep CUIKIHICTEpl Ke31HJe KAaTThl 3aKbIMIAHAIbI, all KAPKBIHIABLUIBIFEI § Oaut
0osca, KenTereH KYpbUIBIMIAp KUPAIbl, KeKe KYPbUIBIMIAPIBIH OMBIPBUTYBI KMl OaiiKamamasl. 9
OaIIBIK JKep CUIKIHICI Ke31HAe Kupayiap MeH Kupayiap KeH tapairad. CeiicMukaibik 7, 8 xoHe 9
OaJUIIBIK Kep CUIKiHICI Kaymi Oap aliMakTapaa celCMUKAabIK OKIIaylay KYHWelepiH maijanany
apKbUIBI CEHCMUKANBIK KYKTeMeHi 1,5-4 ece azaiTanbl COHAA aJaHHBIH JKaFIaibl )KOHE KYPBUIBIC
KYPBUIBIMIAPHI, OYJ1 KOJIaHBICTaFbl FUMAapaTTapblH CEHCMUKAIBIK TO3IMILIITIH 1-2 Gamira apT-
TBIpyFa MYMKIHJIK Oepei.

KopsITeiHIbIIAN Kene, AIMaThl KajJachlHIaFbl KONKabaTThl yilliepaiH AegopManusiiany mpo-
IIECiH 3epTTey Ka3ipri KypbUIbIC POIECIHIH Kypamaac 6eiri 00bIn TadbuIaabl JeN CeHIMMEH aiTa
anambI3. byn TepeH OuniM MeH Oenriii Oip AaFAbplIapabl Talam eTeTiH MiHAeT, Oipak OHChI3 FUMa-
paTTapAblH Kayinci3iri MeH y3aK Mep3IMAUTIriHe KenuIIiK 0epy MYMKIH eMec.
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Abstract. The article is aimed at studying the operation of welded I-beams with
corrugated web and technological perforations under static loading. The relevance of
the study is due to the lack of specific instructions on the pitch, diameter and methods
of strengthening technological perforations in the Republic of Kazakhstan and other
countries. In this study the method of computer modeling with the help of the program
complex LIRA-SAPR-2022 was used. The study was carried out for the beam, taking
into account different sizes of perforations in the beam web, distances between the
perforations, with and without perforation. The beam deformability and the beam
stability with and without perforations under static concentrated load was analyzed.
Twenty-nine beam models were analyzed, three circular perforations with diameters
of 0,25h,,, 0,5h,,, 0,75h,, were formed in the webs of the beam models, where h,, is
the height of the corrugated web. The center of the perforations was located in the
middle of the web height. The distance between the centers of the perforations were
taken 2d, 3d and 4d, where d is the diameter of the perforation. Analysis of the per-
formance of beam models with perforations under load showed that the bearing ca-
pacity of the beam decreases with increasing perforation pitch and perforation diam-
eter. The most optimum perforation diameter for design may be perforation diameter
0,25h,, and 0,5h,, with perforation pitch 2d.
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3EPTTEY MAKAJIACBI

CTATUKAJIBIK )KYKTEME KE3IHJE TO®PJIEHTEH
KABBIPFAJIAPBI )KOHE TEXHOJIOT MSLIIBIK
CAHBLJIAYJIAPBI BAP KOC TABPJIBI
APKAJIBIKTBIH )KYMBICBIH TAJIJIAY

A.A. Bpsinues? 10) , I.. OcTranenko?” ©

! Frupivu-3eprrey uncturytsl «RAS Group Expert», 050062, Anmatel, Kasakcran
2 Xanbikapanblk 0imim Oepy kopriopauuscel, 050028, Anmarsl, Kazakcran

AnpaTna. byn sepmmey cmamukanvlk dcyKkmeme Ke3iHoe 2oghpienzer Kabvipaa-
Jlapvl MeH MeXHONO2UANLIK CAHbIIAYAApbl 0ap OdHeKeplieHeeH eKi maspivl apKa-
JILIKMAapObll HCYMbICLIH 3epmmeyze bavimmanean. 3epmmeyoiy ozexminiei Kazaxc-
maH PecnyOiukacvlHbly aymMazblHOa JHcane 6acka endepoe mexHoN02USNbIK CAHbLIAY-
JapObIH Ka0amul, OUaAMempi JHcaHe Hbl2alimy a0icmepi mypaivl HAKMbl HYCKAY1apOblH
boamayvina baiinanvicmol. 3epmmeyoe LIRA-SAPR-2022 6azoapramanvix naxemin
nanoanansin, KOMRbLIOMEPNIK Mooenvoey a0ici KONOAHuLIObL. 3epmmey apKaiblk
KaOblp2aculHOabl CanblIayiapoObly apMYpPii 61uemMOepin, Caybliayiap apacblHOavl
KAUbIKMbIKMbl ecKkepe OMmblpblh, CAHbLIAYObl KYUlelmy JHCoHe KYuletimyciz icypei-
3i10i. CmamuKkanwlk WORLIPAAHRAH JHCYKMeMe JCepiHeH Caubliaynapvl 6ap icone
CAHBLIAYIApbl HCOK APKATLIKMbIY Komepaiuimici MeH mYpaKmbvliblebl 3epmmenol.
Komnwviomepnix mooenvoey conyavl anemenmmep 20icin Konoany apxviivt LIRA-SAPR
bazoapramanvix KeuwleHiniy Komezimen ucypeizindi. Ocvl 6a20apramanvl KeueHHiy
KoMeziMeH apKanblkmapowly 29 mooeni 3epmmenoi. Apkanvik Mooenboepoiy Kabwip-
eacvinoa ouamempi 0,25hw, 0,5hw, 0,75hw 6oramein yw deneenex campiiay natida
0021061, MyHOQ hw - coghprencen Kabvipeanviy duikmiei. Tecikmepdiy opmacel Kabvip-
ea Ouixmiciniy opmacviHoa opHanackan. Canbliay opmanviKmapsvl apacblHOA&bl
Kawvikmoik 2d, 3d owcone 4d xabwvinoanaovl, mynoazvl d - caywliayovly ouamempi.
Llogvipnanzan scykmeme acmvlHOAbl CAHBLIAYIAPLL OAP APKANLIK MOOeNbOepIiHiy
HCYMBICHIH MAN0Ay CAHbLIAY KAOAMbl MEH CAHbLIAY OUaMempiHiy Ya2arobiMer apKa-
JILIKMbIY Komep2iuimici memeHOeuminin Kkepcemmi, dcobanay Kesinoe ey oymaiiivl
canvinay ouamempi 0,25hw srcane 0,5hw canpuiay xadamwl 2d Kabwvlioanaowl.

Tyiiin ce3aep: cogprencen Kabvipeacvi 6ap apkKanvlk, 0OH2eleK CAanbliay,
apKanvlKmuly 0eopmamuemiiik, HCyK kemepeiwmiel, apKaiblKmolly MYpaKmoliblebl,
ULORBIPIAH2AH HCYKIeMe
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NCCIIEJOBATEJIBCKAS CTATBA

AHAJIN3 PABOTHI JIBYTABPOBOM BAJIKA
C T'O®PUPOBAHHOU CTEHKOUN U TEXHOJIOIT'MYECKUMH
OTBEPCTUSIMU ITPU CTATUUYECKOM HATPY3KE

AA. Bpsinues! @ | L. Ocranenko?” @

! Hayuno-uccnenosarenbcknii nHCTHTYT «RAS Group Expert»
2 MexmynapoHas o6paszopatenbHas koproparus, Amvate, 050028, Kazaxcran

Aunomayusn. Cmamos Hanpasiena Ha usyyeHue pabomsl C8ApHuIX 08YMABPO-
8bIX OANOK C 20QIPUPOBAHHBIMU CINEHKAMU U MEXHOI02UYECKUMU OMBEPCMUIMU NPU
cmamuyeckou Hazpyske. AKmMyanbHOCMb UCCIed08anus 00YCI08IeHA OMCYMCmMaEuem
Ha meppumopuu Pecnyonuxu Kazaxcman u ma meppumopuu Opyeux cmpaH KoH-
KPEmHubIX YKA3aHUll 0 waze, ouamempe u Memooax yCUuieHust mexHoi02u4eckKux om-
gepcmuil. B ucciredosanuu ucnonv3o6an memoo KOMNbIOMEPHO2O MOOEIUPOBAHUS
npu nomowiu npocpammuo2o komniexca JIMPA-CAIIP-2022. Hccnedosanue nposo-
OunoCy 01 OAIKU, C Y4emoM pPA3IUYHbIX PA3MepOo8 Omeepcmull 8 cmeHKe OaiKu,
PACCMOSHULL MeNHCOY OMBEPCMUSIMU, C YCuleHuem u be3 ycunenus omeepcmus. Hc-
C1e006anacy Hecywdas cCnHOCOOHOCMb U YCMOUYUBOCMb OAIKU ¢ omeepcmuem u 6es
omeepcmuil n00 OelcmaeueM CMmamu4eckoll cocpedOmodenHol Hazpy3ku. bulio uc-
cnedosano 29 modeneti 6anox, 8 cmeHKax mooeneu 0aloK 00pa308bl8AIUCH MPU
Kpyenvix omeepcmusi ouamempom 0,25h,,, 0,5h,,, 0,75h,,, 20e h,, — amo evicoma
eogpuposannoll cmenku. Llenmp omeepcmuil pacnonazancs nocepeouHe GblCOmbl
cmenku. Paccmosnue meocoy yeumpamu omseepcmuii npunsmel 2d, 3d u 4d, 2oe d —
amo ouamemp omeepcmus. Ananuz pabomel mooenet OANOK ¢ OMBEPCMUIMU NOO
HAepy3Kol NOKA3AJ, YMO C YEeIUYeHUEM Waza Omeepcmuil u Ouamempa omeepcmuil
Hecywas cnocobHocmy 6anku nouwusxcaemcs. Haubonee onmumanvuvim ouamempom
omeepcmusi npu NPOEKMUPOSAHUU Modcem dvims omeepcmue ouamempom 0,25h,, u
0,5h,, ¢ wazom omsepcmuii 2d.

KuroueBble cioBa: oanxka ¢ 2oghpupoeanuoli cmeHKkou, Kpyailoe omeepcmue,
depopmamusHocmeb OANKU, HeCywas CNOCOOHOCMb, YCMOUYUBOCHb OANKU, COCPEOO-
MOYEHHASI HA2PY3Kd.
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1 INTRODUCTION

In accordance with Kazakhstani normative documents, it is recommended to use transverse
corrugated web in beams to increase their stability and reduce the mass of the structure. When mak-
ing calculations, it is necessary to check local and overall stability of rectangular compartments of
the corrugated web of the beam. In addition, tangential stresses and deflection of the beam are im-
portant parameters in the calculation of beams with corrugated web. When analyzing in detail the
European and Russian standards for design and calculation of beams with corrugated wall, it is pos-
sible to find similarities and differences in the designations of coefficients and other values.

Factors affecting the bearing capacity of a beam with corrugated web weakened by perfora-
tions:

1. Location of the perforation in the beam in relation to its most dangerous zones of stress
concentration (for example, in sections near the supported ones);

2. The perforations pitch in the web of the beam along its length;

3. Shape of the perforation (for example, a square, rectangular or the most common circular
perforation);

4. Flexibility of the web;

5. The perforation center in relation to the web height.

The need for perforations application in the corrugated webs is due to the fact that laying of
the piping system for various purposes: water supply, heating, ventilation, air conditioning, etc. is
necessary in accordance with Operational Requirements.

The basic forms of stability loss of beams corrugated webs:

- local loss of stability of the web under a concentrated load reflecting the nature of its opera-
tion under the girder, in the case of beams with corrugated webs instead of trusses;

- local loss of stability of a separate panel of corrugations between their peaks. This loss of lo-
cal stability of the corrugated web in appearance and in essence of its operation is similar to the loss
of local stability of a flat web between vertical stiffeners;

- general loss of stability of the corrugated web in the zones of action of the maximum shear-
ing stresses. This loss of general stability of the corrugated web in appearance and in essence of its
operation is similar to the loss of general stability of a flat web supported by vertical stiffeners with
insufficient bending stiffness.

Basically, beams with a cross-corrugated web and triangular-shaped corrugations are used for
construction in Kazakhstan (Figures 1);

Figure 1 — Beams with cross-corrugated web and triangular-shaped corrugations: L, — is the length
of the corrugation half-wave; f,— is the height of the corrugation half-wave (the authors' material).

— beams with a cross-corrugated web and corrugations of a trapezoidal shape are used in
Sweden and the USA (Figures 2 and Figures 3);

fr

Figure 2 — Beams with corrugations of a trapezoidal shape: L, — is the length of the corrugation half-wave;
f— is the height of the corrugation half-wave (the authors' material).

— beams with a cross-corrugated web and corrugations of a rectangular shape are used in
Finland, Japan and the Netherlands;
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fr

Lr

Figure 3 — Beams with corrugations of a rectangular shape: L, — is the length of the corrugation half-wave;
f— is the height of the corrugation half-wave (the authors' material).

— beams with a cross-corrugated web and wavy-shaped corrugations are used in Austria,
Ukraine, Poland and Russia (Figures 4).

- /\T:

] L

Figure 4 — Beams with cross-corrugated web and wavy-shaped corrugations: L, — is the length of the corrugation
half-wave; f,— is the height of the corrugation half-wave (the authors' material).

Corrugation is the process of folds (corrugations) formation by folding a sheet in sheet mate-
rials, in a certain distance necessary for enhancement of the material characteristics: strength and
stability.

2 LITERATURE REVIEW

The corrugated I-beam has the shape of the letter “H” and consists of two belts of arbitrary
metal profile and a corrugated web. The web can be made with different corrugations profiles: tri-
angular, wave-shaped, trapezoidal, rectangular and others. The girders of such a beam are usually
made of rolled metal, bent steel sections, welded pipes or reinforced concrete elements (Bryantsev
2017).

Corrugated structures have become widely used in the shipbuilding industry at the end of the
19th and early 20th centuries, in the 1930s in the aircraft industry.

According to the research of Poltoradnev (2013), the performance of a beam with a pep-
pered-corrugated wall can be divided into four stages:

1) Stage of subcritical operation;

2) Stage of supercritical operation,

3) Stage of elastoplastic behavior of the section in the load zone;

4) Bearing-capacity failure stage.

Field of use of corrugated structures is extensive: they are used as load-bearing structures for
floor beams and coverings in residential, public, administrative and industrial buildings.

In 1928, Tuzi (1928) made a comparative analysis of the stress distribution between the ex-
perimental data on the effect of a circular perforation centered on the neutral axis of a flat beam web
affected by bending moment and the results of stress distribution theory.

Cocker et al. (1936) in his work conduct a research on the distribution of stresses in a tension
plate with one or more perforation. He investigated the effect of unbalanced forces applied to the
contour of perforation in a flat plate.

The issues of the openings effect on the work of the beam web which are performed accord-
ing to the Vierendeel principle or the four-angular bend (Kudryavtsev 2011), are studied in various
works by Chung (2001, 2003), Darwin (1990), Hagen (2009), Shanmugan et al. (2002), Ibrahim
(1999), Ahmed, M.S. (2022).

Also, the problems of placing and stiffening of openings in the corrugated webs of trapezoi-
dal and wavy shape of corrugations were solved in different countries by many scientists. For ex-
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ample, Romeijn) et al. (2009), Kiymaz, et al. (2010), Chittaranjan et al (2019), Amr et al
(2021), Ahmed, et al (2022).

The scientific paper (Bryantsev, 2019) presents tests that was performed on large-scale mod-
els (scale 1:3) of welded I-beams of constant section (flange is 200x10mm, web is 840x1.9mm)
with span of 8,400 mm. The first beam without perforations B-1. Three circular perforations with a
diameter of 380 mm, which edges were reinforced with stiffness elements made of strip steel with a
cross section of 85x3mm, are formed in the web of the second beam B-2. The maximum allowable

deflection of the beam is assumed to be ﬁ or 38.2 mm.

The paper (Bryantsev, 2020) presents experimental studies of welded I-beams with corrugat-
ed web. The main purpose of the study was to conduct laboratory tests of welded I-beams with cor-
rugated webs weakened by two technological circular perforations with different ways of their stiff-
ening in, as well as to determine the most effective way of stiffening the circular perforations. It is
necessary to perform a comparative analysis of experimental and computer data of beam deflec-
tions, to study the peculiarity of limit states and the behavior of models under load, to determine the
maximum bearing capacity and ultimate deflection of the models under consideration. Within the
framework of the conducted research, five variants of corrugated beams were considered, having
the same length, height and web thickness, perforation diameters, as well as height and wavelength
of the corrugation, but differing in the absence and presence of perforations, as well as methods of
their stiffening.

3 MATERIALS AND METHODS

While performing this scientific research the theoretical method of studying the posed scien-
tific questions was used. To write the article, the results obtained were systematized and presented
in an accessible and understandable form.

The theoretical methods of scientific research are presented in the article in the form:

- analysis, used to study in detail the use of beams with cross-corrugated web and triangular-
shaped corrugations weakened by circular perforations;

- modeling, used in the form of numerical parametric study of 29 models of beams, including
beams with triangular corrugation and thin-walled ribbed beams, performed in the LIRA-SAPR
2022 software package.

A numerical parametric study was performed on a welded corrugated beam with the corruga-
tions of triangular shape; the model and testing of such beam is described in paragraph 2.1. Numeri-
cal simulation of the beams was performed using the LIRA-SAPR 2022, general-purpose program
for the finite element analysis, which includes the requirements for constructions in accordance with
Eurocode 3 Part 1.5-Plated Structural Elements. This program can be used to solve various tasks,
from simple linear analysis and on out to complex nonlinear analysis requiring consideration of var-
ious manufacturing deviations and material errors. The parametric study was performed for the
beam taking into account the various sizes of the perforations in the beam web, distances between
the perforations, existence and absents of the perforation stiffening, as well as for the corrugated
beam with no web perforations. The ability of the beam web with and without the perforation to
withstand the load was considered and an assessment of the effect of web flexibility in accordance
with Eurocode 3 Part 1.5-Plated Structural Elements was performed.

The tested beam has three perforations; the perforations’ centers are located in the middle of
the web height. The distance between the centers of the perforations is assumed to be 2d, 3d and 4d.
One of the perforations has a constant location in the center of the beam at a distance of 4.2 m from
the left and right support to the opening center. As for the geometric parameters of the perforation, a
circular shape of the perforation was used. The perforations of three different sizes were used dur-
ing the parametric study.

Also, for comparative analysis, a model of a thin-walled rib girder with similar dimensions
was developed. The web is stiffened only by transverse ribs, the width of their projecting part b, for
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a pair of symmetric ribs is not less than h,/30+40 mm. But, since in practice, more often used ribs,
completely filling the cross-section of the beam, it is assumed by, = b, and the thickness of the rib

ts not less than 2b,, \/122, we take 20mm. The distance between the main cross ribs shall not exceed

2hr when A4,,> 3,2 and 2,5 h, s when 4,, < 3,2. Since 4,, = 15,25 we take the distance between the
stiffening ribs 2h, i.e. 2x840 mm = 1680 mm.

The boundary conditions were applied to both ends of the beam model at the nodes of the
end plate surface by limiting the required degrees of freedom. For the adopted models, the re-
sistance to deformation values was assumed to be 245 MPa, the elastic modulus E = 206,000 MPa
and the Poisson ratio is 0.3, the design buckling resistance Ry=142.1 MPa. For a beam models with
the length of 8,400 mm, the maximum allowable deflection is 1/2201 or 38.2 mm. Loading (Q) of
models is from 50 kN to 350 kN. Loading step is 50 kN.

Numerical parametric study of the beams with cross-corrugated web and triangular-shaped
corrugations includes analysis of basically 29 finite element models. Of these 29 models, 2 beam
model with no web perforations and 27 models with perforations of different sizes in the design, as
indicated above; and they are located at different distances from each other. The thickness of corru-
gated web t,, is 1.9 mm.

When computer simulation the beam with a web height h,, of 840mm and a web thickness t,,
of 1.9mm was used. The wavelength of web corrugations of triangular shape is [, 350 mm and a
wave height f,- is 54 mm (fig.1). The material of the web and flanges is C245 steel (Figures 5).

The corrugation thickness ty is 1.9 mm
The corrugation wavelength L, is 350 mm;
The corrugation height f; is 54 mm.

Figure 5 — Values of length, height and thickness of the triangular-shaped corrugations adopted
in computer modeling (authors' material).

Finite element models adopted for beams with the corrugations of triangular shape with and
without perforations are given in Figures 6.

Figure 6 — Models adopted for the analysis of beams, where (a) flat web beam supported by stiffeners; (b) welded
I-beam with cross-corrugated web and triangular-shaped corrugations weakened by perforations; (c) welded
I-beam with cross-corrugated web and triangular-shaped corrugations without corrugations (authors' material).

Welded I-beam of constant section (flanges are 200x10 mm, webs are 840x1,9 mm) with
span of 8,400 mm. Three circular perforations with the diameter of 0.25h,,, 0.5h,,, 0.75h,, are
formed in the beam web. In the first case, perforations are made without edging with sheet steel. In
the second case, the perforations are stiffened with strip steel in the area equal to the perforations
area with a thickness t = 3 mm and a width of 50 mm for perforation of 0.25h,, in diameter, 110
mm in width for perforation of 0.5h,, in diameter, 180 mm in width for perforation with a diameter
of 0.75h,,. In the third case, the perforations are supported by stiffness elements of strip steel in the
area of the same perforation area, with a thickness t = 3 mm and width, as in the second case, as

69



QazBSQA Xao6apwmbicel. Kypeuibic. Ne3 (93), 2024

well as paired vertical stiffeners of bar steel with a section of 85x3 mm. Two end plates with a
thickness t = 20 mm at the ends of each model.

The load is applied through a rigid rectangular pipe of length | = 200mm, which is in direct
contact with the surface of the shelf. The load is transmitted at five points from the bottom to the
top. The load is applied in the beam center, as well as at a distance from the center in both direc-
tions of 1.2 m in accordance with the model loading diagrams (Figure 7).

p p p p p

1800 1200 1200 1200 1200 1800
8400

Figure 7 — Model loading diagram for parametric study (authors' material).

In general, all models show reduction in resistance of the elements to loss of stability with
increase of the perforation size. Therefore, to decrease the deflections and increase the stability and
strength of the beam weakened by the perforations it is necessary to stiffen the perforation. Analysis
of operation of the beam models with perforations under a concentrated load showed reduction of
the beam bearing capacity with an increase of the perforations pitch from 2d to 4d and the diameter
of the openings from 0.25h,, to 0.75h,, . The most optimal diameter of the perforation when de-
signing can be the diameter of the opening of 0.25h,, and 0.5h,, with 2d or 3d openings pitch.
Stiffening the perforation by edging with sheet steel, as well as the perforation stiffening with
paired vertical stiffeners is necessary to increase the load-bearing capacity of the corrugated I-beam
weakened by perforations. In the case of an acute need of the perforation with a diameter of 0.75h,,
it is recommended to use steel with higher strength characteristics in order to increase the bearing
capacity and reduce the laboriousness of its manufacture.

4 RESULTS AND DISCUSSIONS

Results of computer modeling of beam with cross-corrugated web and triangular-shaped
corrugations and with perforations in the web

Figure 8 shows the load-deflection dependence of the middle of the M-1 and M-2 beam mod-
els in the elastic stage.

Beams M-1 and M-2
30 without perforation

21 200 . [ 224 Thin-walled beam with
18 21,8 stiffeners M-1
12,0

5
12 O 9
9 Beam with corrugated web
g O ‘3 without perforations M-2
0

_

Applied total loaq, OKN 300 350

Mid - point displacement, mm
[E=Y

Figure 8 — The plot of displacement and applied total load value dependence for the M-1 and
M-2 beam models (authors' material).
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Analyzing the obtained data for the beam models we see that the maximum allowable de-
flection is not reached and for the beam model M-1 it is 25.4 mm, and for the beam model M-2 it
is 28 mm. The deflection of the corrugated girder is 9.3% higher than that of the girder with a flat
web.

The maximum experimental load is usually higher for the corrugated beam model than for the
thin-walled beam model of the same thickness, with their flexibility equal to or greater than 90,
which confirms the economic efficiency of their use in construction in general, and in earthquake-
resistant construction in particular, due to the increased reliability of their performance under load.
In our case, the applied maximum experimental load for the model of a beam with a corrugated wall
and for the model of a thin-walled beam supported by stiffeners of the same thickness have approx-
imately the same values, but the reliability of the model of a beam with a corrugated web and in this
case is much higher than that of the model of a thin-walled beam, which is another factor in justify-
ing their wide application in earthquake-resistant construction.

The Figure 9 shows the load-deflection dependence of the middle of the M-2, M-3 and M-4
beam models with 2d perforation pitch in the elastic stage.

Perforation without stiffening,

e 2d perforation pitch

S

E_ = Beam with perforation M-3

é 60 perforation diameter 0.25 hw

8

<

F 40 Beam with perforation M-4

o perforation diameter 0.5 hw

c

2 =

.'é ﬁ Beam with perforation M-5

= 0 ﬁ perforation diameter 0.75 hw
0 5

100
Appli 0 200 oy
Pplied totq) load, OKN 300

350

Figure 9 — The plot of displacement and applied total load value dependence for the M-3, M-4 and
M-5 with 2d perforation pitch without perforation stiffening (authors' material).

In order to determine the most efficient variant of the corrugated beam model with perfora-
tions, it was decided to start analyzing the corrugated beam models with 2d perforation pitch
without perforation stiffening. The obtained data allow us to conclude that the best result was
shown by the model M-3 with the perforation diameter 0.25h,,, the maximum displacements of
which do not exceed the permissible ones. All the models show decreasing values of resistance of
elements to loss of stability with increasing perforation size. Therefore, to reduce the deflections
and increase the stability and strength of the beam weakened by perforations, perforation stiffen-
ing is necessary.

The Figure 10 shows the load-deflection dependence of the middle of the M-6, M-7 and M-8
beam models with 2d perforation pitch in the elastic stage.
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Perforation with edging,

—— 2d perforation pitch

45,0 / e ) .
€ 400 = Beam with perforation M-6
- o perforation diameter 0,25 hw
2 200
Q 25’ 0 = Beam with perforation M-7
s 20’0 perforation diameter 0,5 hw
2] 1
2 150 . .
k= 100 = Beam with perforation M-8
2 5’0 perforation diameter 0,75 hw
5 2
s 00

100
150
200 250

Applied total Jgaq Q kN

Figure 10 — The plot of displacement and applied total load value dependence for the M-6, M-7 and M-8 with
2d perforation pitch with perforation border (authors' material).

Analysis of the obtained data of M-6, M-7 and M-8 beam models with 2d perforation pitch
and 3 mm thick strip steel perforation edging generally shows better results than without perforation
stiffening.

The Figure 11 shows the load-deflection dependence of the middle of the M-9, M-10 and M-
11 beam models with 2d perforation pitch in the elastic stage.

Perforation with edging and paired

/4\\ parallel stiffeners, 2d perforation pitch
e 40 -
E 35
E 30 = Beam with perforation M-9
5 25 perforation diameter 0,25 hw
3
o 20
2 15 = Beam with perforation M-10
€ 10 perforation diameter 0,5 hw
g 5
Tg 0 = Beam with perforation M-11

perforation diameter 0,75 hw

50
100 159

200
' 250
Applied total Joaq QkN

300 350

Figure 11 — The plot of displacement and applied total load value dependence for the M-9, M-10 and M-11 with
2d perforation pitch with perforation edging and paired parallel stiffeners (authors' material).

The final step in strengthening the beam models with 2d perforation pitch was the incorpora-
tion of paired parallel stiffeners in the work of the perforation web stiffened with edging. The stiff-
ener thickness was assumed to be 10 mm. For beam model M-9 with perforation diameter 0.25h,,,
strengthening with paired ribs had almost no effect on its bearing capacity, but for beam models M-
10 and M-11 with perforation diameters 0.5h,, and 0. 75h,, showed better results.

The Figure 12 shows the load-deflection dependence of the middle of the M-12, M-13 and
M-14 beam models with 3d perforation pitch in the elastic stage.
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Perforation without stiffening,
- 3d perforation pitch
65 /I )

60 58,7 | = Beam with perforation M-12
perforation diameter 0,25 hw

u Beam with perforation M-13
perforation diameter 0,5 hw

Beam with perforation M-14
perforation diameter 0,75 hw

Mid - point displacement, mm
N
(3]

100 150 200
Applied total Joaq QkN

Figure 12 — The plot of displacement and applied total load value dependence for the M-12, M-13 M-14 with
3d perforation pitch without perforation stiffening (authors' material).

Analyzing the obtained data of beam models M-12, M-13 and M-14 it can be concluded that
in general the deflections and deformations of beam models with 3d perforation pitch without perfo-
ration reinforcement are larger than those of similar beam models M-3, M-4, M-5 with the same
perforation diameter but different 2d perforation pitch. The deformations and displacements of
beam models M-12 and M-3 with 3d and 2d perforation pitch and perforation diameter 0.25h,,, are
identical.

The Figure 13 shows the load-deflection dependence of the middle of the M-15, M-16 and
M-17 beam models with 3d perforation pitch in the elastic stage.

o Perforation with edging,

P —— —_— 3d perforation pitch
g 40 306 = Beam with perforation M-15
o 35 32,3 perforation diameter 0,25 hw
S 30
E o5 27,0 . .
@ = Beam with perforation M-16
‘_g_ 20 perforation diameter 0,5 hw
% 15 54
e 10 Beam with perforation M-17
g 5 perforation diameter 0,75 hw
' 0 Ay
=
0
2 50 100
150
200 250
300

Applied total Joaq QkN

350

Figure 13 — The plot of displacement and applied total load value dependence for the M-15, M-16 and M-17 with
3d perforation pitch with perforation border (authors' material).

After the performance of beam models M-15, M-16 and M-17 with 3d c perforation pitch was
included with perforation stiffening by edging, the following results were obtained: as in the previ-
ous cases, the behavior of model M-15 with perforation diameter 0.25h,,and 3d perforation pitch
showed little change after the stiffening and also showed almost no change compared to the data
obtained for model M-6 with the same diameter but perforation pitch equal to 2d. But for the other
two models M-16 and M-17, the fringing reinforcement had a positive effect and reduced their de-
flection compared to the beam models M-13 and M-14.

The Figure 14 shows the load-deflection dependence of the middle of the M-18, M-19 and
M-20 beam models with 3d perforation pitch in the elastic stage.
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Perforation with edging and paired
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* \\\wj
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S ’s perforation diameter 0,25 hw
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Figure 14 — The plot of displacement and applied total load value dependence for the M-18, M-19 and M-20 with
3d perforation pitch with perforation border and paired parallel stiffeners (authors' material).

The final step in strengthening the beam models with 3d perforation pitch was the incorpora-
tion of paired parallel stiffeners in the work of the perforation web stiffened with edging. The stiff-
ener thickness was assumed to be 10 mm. For beam model M-18 with perforation diameter
0.25h,,, stiffening with paired parallel ribs had almost no effect on its bearing capacity, but for
beam models M-19 and M-20 with perforation diameters 0.5h,, and 0. 75h,, showed better results.

The Figure 15 shows the load-deflection dependence of the middle of the M-21, M-22 and
M-23 beam models with 4d perforation pitch in the elastic stage.

Perforation without stiffening,

T 4d perforation pitch
180 -

E 160 m Beam with perforation M-21
- 140 perforation diameter 0,25 hw
c

@ 120 . .

g 100 = Beam with perforation M-22
o perforation diameter 0,5 hw
2 80
5 60 Beam with perforation M-23
e 40 perforation diameter 0,75 hw
S 20

' 0
S
=

100 459

' 200
Applieq total Joaq QkN

Figure 15 — The plot of displacement and applied total load value dependence for the M-21, M-22 and M-23 with
4d perforation pitch without perforation stiffening [authors' material].

Analyzing the obtained data of beam models M-21, M-22 and M-23 it can be concluded that
in general the deflections and deformations of beam models with 4d perforation pitch without perfo-
ration stiffening are larger than those of similar beam models M-12, M-13, M-14 with the same per-
foration diameter but different perforation pitch equal to 3d and similar beam models M-3, M-4, M-
5 with the same perforation diameter but different perforation pitch equal to 2d. The deformations
and displacements of beam models M-21, M-12 and M-3 with perforation pitch of 4d, 3d and 2d
and perforation diameter 0.25h,, are identical.

The Figure 16 shows the load-deflection dependence of the middle of the M-24, M-25 and
M-26 beam models with 4d perforation pitch in the elastic stage.
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Figure 16 — The plot of displacement and applied total load value dependence for the M-24, M-25 and M-26
beam models with 4d perforation pitch with perforation edging [authors’ material].

After the performance of beam models M-24, M-25 and M-26 with 4d perforation pitch with
the inclusion of perforation stiffening by edging, the following results were obtained: as in the pre-
vious cases, the behavior of beam model M-24 with perforation diameter 0.25h,, and perforation
pitch of 4d did not change much after stiffening and also showed almost no change compared to the
data obtained for beam models M-6 and M-15 with the same diameter but perforation pitch of 2d
and 3d, respectively. But for the other two models M-25 and M-26, the reinforcement by the edging
had a positive effect and reduced their deflection compared to the beam models M-22 and M-23.

The Figure 17 shows the load-deflection dependence of the middle of the M-27, M-28 and
M-29 beam models with 4d perforation pitch in the elastic stage.

Perforation with edging and paired
parallel stiffeners, 4d perforation pitch

= Beam with perforation M-27
perforation diameter 0,25 hw

= Beam with perforation M-28
perforation diameter 0,5 hw

Mid - point displacement, mm

150 Beam with perforation M-29
Applieq total Joaq QKN perforation diameter 0,75 hw

Figure 17 — The plot of displacement and applied total load value dependence for the M-27, M-28, and M-29 with
4d perforation pitch with perforation edging and paired parallel stiffeners [authors' material].

The final step in stiffening the beam models with perforation pitch 4d, as well as for perfora-
tions with spacing 2d, 3d was the inclusion of paired parallel stiffeners in the work of the web with
perforations stiffened by edging. The stiffener thickness was assumed to be 10 mm. For beam mod-
el M-27 with a perforation diameter of 0.25h,,, the reinforcement with paired ribs had almost no
effect on its load carrying capacity. For beam models M-28 and M-29 with perforations of diameter
0.5h,, and 0.75h,,, strengthening gave better results.
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Table 1 shows the deformation shapes of beam models with different perforation diameters,
with different perforation pitch under load.

Table 1 — Deflection shape of beam models with different diameters of three perforations without stiffening and with
stiffening, with 2d, 3d, 4d perforation pitch.

Grade | Diameter Deformation shape of beam Grade | Diameter
of the of the models with and without per- | of the of the

Deformation shape of beam
models with perforation

Model | perforation forations Model | perforation
M-1 -
M-16 0.5h,,
M-2 -

M-17 | 0.75h,, m
M-18 | 0.25h, “

M-19 | 0.5h, “
M-20 | 0.75h,, -m

M21 | 0.25h, \
M-22 | 05h, %

M-23 | 0.75h, %

M-24 | 0.25h, “

M-26 | 0.75h, m
M-27 | 0.25h, “

M-28 |  05h, N
M-29 | 0.75h, %

M-3 0.25h,,

M-4 0.5h,,

M-5 0.75h,,

M-6 0.25h,,

M-7 0.5h,,

M-8 0.75h,,

M-9 0.25h,,

M-10 0.5h,,

M-11 | 0.75h,

M-12 | 0.25h,

M-13 0.5h,,

M-14 | 0.75h,

M-15 | 0.25h,

Hiitifl il il

According to the analysis of beam models with perforations of various diameters and pitches,
the following main conclusions can be drawn:

- the most effective beam model with perforation diameter 0.25h,, with 2d s perforation pitch
was beam model M-9, with 3d perforation pitch beam model M-18, with 4d perforation pitch beam
model M-27. All the beam models whose perforations were strengthened by sheet steel edging and
paired stiffening ribs located on both sides of the perforation showed the best results. For design
purposes, can recommend the beam model M-9 which has the best performance with perforation
diameter 0.25h,, and perforation pitch 2d,;

- the most effective beam model with perforation diameter 0.5h,, with 2d spacing was the M-
10 beam model, with 3d perforation pitch the M-19 beam model, and with 4d perforation pitch the
M-28 beam model. All the above models, whose perforations were strengthened by sheet steel edg-
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ing and paired stiffening ribs located on both sides of the perforation, showed the best results. For
design purposes, can recommend the M-10 beam model which has the best performance with perfo-
ration diameter 0.5h,, and perforation pitch 2d,;

- the most effective beam model with perforation diameter 0.75h,, with 2d perforation pitch
was beam model M-11, with 3d perforation pitch beam model M-18, with 4d perforation pitch
beam model M-27. All the above models, whose perforations were strengthened by sheet steel edg-
ing and paired stiffening ribs located on both sides of the perforation, showed the best results. For
design purposes, out of the above three beam models, we can recommend beam model M-11 which
has the best performance with perforation diameter 0.75h,, and perforation pitch 2dNe

5 CONCLUSIONS

1. In this paper, was investigated operation of a welded I-beam with cross-corrugated web
and triangular-shaped corrugations weakened by technological circular perforation.

2. A numerical parametric study of a beam wall with triangular corrugation outline and a
thin-walled rib beam was performed, which included the analysis of 29 finite element modeled
models. Out of these 29 models, 2 beam models were without perforations and 27 models had per-
forations in the wall structure with diameters 0.25h,,, 0.5h,, and 0.75h,, at 2d, 3d and 4d perfora-
tion pitch between perforation centers. The parametric study in the finite element analysis software
package was carried out for beam models, considering different sizes of perforations in the beam
web, perforation pitch, with and without perforation stiffening, as well as cross-corrugated web and
triangular-shaped corrugations without perforation and thin-walled beam with stiffeners. The data
obtained showed the effectiveness of placing perforations in the corrugated web with perforation 2d
perforation pitch and with perforation diameters 0.25h,, u 0.5h,, stiffened with ring plates and par-
allel stiffeners. Thus, for the models with perforation diameter 0.5h,,, stiffening with ring plates
and parallel stiffeners increased the load carrying capacity of the beam with corrugated web weak-
ened by technological circular perforations up to 20-25% and another 3-5% after stiffening with
plate bending elements on the ring stiffener.

3. The methods of stiffening the technological circular perforation with ring plates and paired
vertical stiffeners have been investigated, their influence on the operation of beam models with cor-
rugated wall with perforations has been evaluated, as well as the influence of bending the outer
edge of the ring plate on the load-bearing capacity of cross-corrugated web and triangular-shaped
corrugations with perforation. The proposed methods of stiffening of technological circular perfora-
tion weakening the corrugated web of a welded 1-beam have shown their effectiveness.

4. It should be noted the necessity and effectiveness of web stiffening in the areas between
the belts and the element of stiffening of the perforation with paired stiffeners, in order to eliminate
the loss of local stability under the concentrated load in the zone of the ring plate.
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THE IMPACT OF TUNNEL LINING
ON THE REACTION OF THE GROUND SURFACE
UNDER THE INFLUENCE OF TRANSPORT LOADS
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Abstract. When a tunnel is subjected to transport loads (loads from the moving
transportation within it), vibrations occur in the tunnel lining and the surrounding
massif. Traditional quasi-static methods do not account for the dynamic behavior of
tunnel structures. Therefore, this paper aims to develop a dynamic calculation method
using modern mechanics. The purpose of this paper is to develop such a method. The
relevance of the research in this article is due to the trend of increasing the speed of
vehicles in recent years. This paper considers an unsupported and lined circular
cylindrical shallow tunnel. The tunnel is modeled as an extended circular cylindrical
cavity or reinforcing shell located in an elastic half-space. The surface of the cavity or
the inner surface of the shell is subjected to a normal load (the effect of the pressure of
a moving object on the tunnel) and a tangential load parallel to this axis (the effect of
the friction forces of a moving object on the tunnel) moving uniformly along its axis.
The motion of the half-space and the shell are described by the dynamic equations of
elasticity theory and the equations of classical shell theory, respectively, in moving
coordinate systems. The integral Fourier transform method is used to solve the
problem. In the case of moving axisymmetric normal and axial tangential loads acting
on the tunnel, a numerical study of the influence of the tunnel lining on the stress-
strain state of the ground surface is carried out.

Keywords: tunnel, elastic half-space, cylindrical shell, transport load,
displacements, stresses.
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FbIJIbIMN MAKAJIACBI

TOHHEJIb KAIITAMACBIHBIH KOJIIK )KYKTEMEJIEPI
KE3IHJE KEP BETIHIH PEAKIIUACBIHA 9CEPI

C.P. Tupuuc * @ | B.H. Yxpaunen ¥, )K.0. Orap6aes? ¥, JI.B. lNopuikosa *

1TopaﬁfblpOB yauBepcuteTi, [TaBnonap, 140008, Kazakctan
2KP ¥ aTThIK MHXeHep ik akagemusicel, Anmarsl, 050010, Kazakcran

Annarna. Tounenvee KoK dcykmemenepi (MOHHeNbOe KO32ANAMbIH KOJIIKMIH
HeMece 032e 0e 00beKMIHIK HCyKmemenepi) acep emken Ke30e OHblH KAnmamdacblHblH
JiCOHe Kopuiazan maccusmiy Oipinoepi natioa 601advl. ToHHenb KYpuliblMOAPbIHbLY
KoK JHcykmemenepin ecenmey YuliH KOJNOAHbIAAMbIH WAMAMEH KEA3UCTAMUKATIbIK
a0ic  onapovly  OUHAMUKATLIK — KYlU-032epicmiy — epeKuleikmepin — eckepmelioi.
Conovikman,  Mexamuxawvly  3amMaHayu  KepiHicmepiH  KOIOAHA — OMbIPbIn,
MaAMemMamuKaivly mooenvoepee He2iz0en2eH 0Cbl KOHCMPYKYUIapovl OUHAMUKALBIK
ecenmeyOiy bapabap 20icmepi Kasxcem. ¥CbIHbLIZAH MAKALIAHBIY MAKCAmMbl - OCbl
a0icmi a3ipney 6onvin maowvliadvl. byn maxanada xkanmamamen Oeximiimeeen dHcaue
Oeximineen O6H2eNeK YUTUHOPIIK MOHHENb Kapacmulpbliadvl. TouHenb cepnimoi
JoHcapmoliail Keyicmikme OpHANACKAH Y3apmbuli2aH 00H2eNeK YUTUHOPIIK KyblC Hemece
OHbl Kyweumemin KaOvlk mypiHoe MmooenvoeHedi. Kyvicmuvly 6emine nemece
KabOvikmoly [WKI Oemine OHbIY OCI OOUbIMEH OIpKeNKi KO032aNambvlH Kalblnmbl
oHcykmeme (KO38anamulH 3amMman KblCblM MYHHENIHe acep emy) HCoHe OCbl OCbKe
napannenvoi JAcaHama Hcykmeme (KO32aiamvlH 3amman  YUkKenic KyumepiHiy
myHHenine acep emy) acep emeodi. JKapmuinail kenicmix nen KaOblKmbiy KO32a1bIChl,
catikecinule, CepniMoOiNiK MeoOPUsCbIHblY OUHAMUKAILIK MeHOeyl1epIMer  JiCoHe
HCHLIHCHIMATILL  KOOPOUHAM  JcylieNiepindedi KIacCUKAnblK KaOulK mMeopusiCblHblH
meHOoeynepimen cunammanaovl. Moaceneni wewy ywin unmezpanovl Dypve
mypaeHoipy 20ici Koi0ausliaovl. Kanvinmol dcane ocomix maneenc HcyKmemenepiniy
KO32aIMAJIbl OCbMIK CUMMEMPUSAIbI MOHHENb2e dcep emKeH Hagoauod, MOHHEelb
KanmamacwulHsly dicep Oeminiy KepHeyli 0ehopMayusiianzan KyuiHe acepi CAHObIK
3epmmey Jcypeizindi. Ecenmey namuoicenepin manidayoan moHHeib0i KanmamameH
HbleQUmMy  KOJNIK  JCyKmemelepiniy — dcep  Oemine  OUHAMUKANLIK — ICEPIHiY
aumapavikmai meomenoeyine aKelemini uvl2apuliovl.

Tyitin ce3mep: moHHeb, cepnimii Hcapmoliail KeHiCmiK, YUIUHOPIIK KAaOblK,
MacvIManoay HCyKmemeci, Ko3aivblcmap, Kepreyiep.
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BJUSIHUE OBJEJ KU TOHHEJS HA PEAKIIMIO 3BEMHOHN
IHOBEPXHOCTMU ITPU TPAHCIIOPTHBIX HAT'PY3KAX

C.P. Tupuuc *%® | B.H. Ykpaunnen ! ¥  7)K.0. Orapéaes? ¥ | JI.B. T'opmkosa !

Topaiirsipos yuusepcurer, [Tanonap, 140008, Kazaxcran
2 HanmonassHas nmwkeHepHas akagemusi PK, Anmvarsi, 050010, Kazaxcran

AnHoTaums. [lpu 6o030eticmeuu Ha MOHHENb MPAHCHOPMHLIX HACPY30K
(Hazpy30oKk om 08udNCYWe20cs 6 MmOHHeNe MPAHCHOPMA U UHO20 00beKkma)
B03HUKAIOM BUOpayuu e2o 000eiKu U OKpyJcanuwe2o maccusd. Mcnonvzyemovlii 0s
pacuemos Ha MPAHCNOPMHbIE HAZPY3KU KOHCMPYKYUL MOHHeNeU NPUOTUNCEHHbIN
K6A3UCMAMUYECKULl Memoo He Yuyumvléaem O0COOEHHOCMU UX OUHAMUYECKO20
nosedenus. 110amomy nHeobxooumvl adeksamHuvle Memoobl OUHAMUYECKUX PACUEMO8
OAHHBIX ~ KOHCMPYKYULl, — OCHOBAHHblE — HA  MAMEMAMU4ecKux  MOOeusixX ¢
UCNONb308AHUEM COBPEMEHHLIX Npedcmasienull mexanuxu. Llenvio npeocmasnennotl
cmamvu A615emcs pazpabomka 00HO20 U3 MAKUX Memooos. B oannou cmamve
paccmampusaemcst HenoOKpPenJieHHulll U  NOOKPenjieHHvlll  000enKol  Kpyeosol
YUTUHOPUYECKUTI MOHHENb MeIK020 3anodxcenus. TOHHenb modenupyemcs 8 6uoe
PACNONONCEHHOU 8  YNpYeOM  NONYNPOCMPAHCIEE  NPOMANCEHHOU  KPY2080ll
YUTUHOPUYECKOU NOoAOCmu ulu nookpenisioweti ee obonouku. Ha nosepxnocmo
NONOCMU UMY HA 6HYMPEHHIOI NOBEPXHOCMb 00O0JIO0UKU OelCm8yIom pAGHOMEPHO
osudicyuuecs 8001b ee 0CU HOPMANbHASL HASPY3Ka (Oelicmeue Ha MOHHELb 0A61eHUs.
om osudxcyujeeocsi 06veKkma) u napanlenvbHas Mol OCU KACamenbHas Hacpy3Kd
(Oeticmsue Ha MOHHENb CUL MPeHUs Om O8uICywe2ocs obvekma). [lsudicenue
NOLYRPOCMPAHCMEA U 0DOJOUKU ONUCBIBAIOMCS COOMBEMCMBEHHO OUHAMUYECKUMU
VDABHEHUAMU MeopUU YNPY2OCmu U YPAGHEHUAMU KIACCUYECKOl meopuu 000104YeK 8
NOOBUIICHLIX CcUCeMAX KoopouHam. [{ia pewieHus 3a0ayu UCHONb3Yemcs Memoo
unmezpanvbHo2o npeobpasosanus Dypve. B cayuae Oelicmeusi Ha MOHHENb
OBUINCYWYUXCS OCECUMMEMPUYHBIX HOPMAILHOU U O0CEBOU KACAMENbHOU HASPY30K
NPOBeOeHO YUCIEHHOEe UCCIe008aHue GusHUe 000elKU MOHHENS HA HANPAHCEHHO-
0ehopMupoBanHoe cocmosiHue 3eMHOU NOBEPXHOCTILL.

KiwueBble clI0Ba:. mouHenb, ynpyeoe NOAYRPOCMPAHCMEO, YUTUHOPUYECKAs
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1 INTRODUCTION

To date, many complex projects of transport tunnels have been created and implemented, and
various analytical and numerical methods have been developed to calculate their structures for
various types of loads and impacts (Hrapov et al., 1989). All this is based on the currently existing
design standards for underground structures, which practically do not take into account the speed of
transportation or other objects moving in the tunnel, and poorly consider the interaction of its lining
with the surrounding massif. Therefore, the calculation of tunnel structures on this basis is very
approximate. Since, as it is known from the practice of tunnel operation, at high speed of transport
load there is a significant increase of vibration of their structures, adequate methods of dynamic
calculation of these structures for transport load, based on mathematical models using modern
concepts of mechanics, are required. This paper is devoted to the development of such a method.

When a tunnel supported by a homogeneous cylindrical lining is dynamically designed for
transport loads, its design scheme is usually represented as an extended cylindrical shell in an
elastic medium. A load (transport load) moving along its axis acts on the inner surface of the shell.
The shell is considered in an unbounded medium (elastic space) if the tunnel is deep. However, if it
is shallow, it is considered in a medium bounded by a plane parallel to the axis of the shell (elastic
half-space).

The problem of the action of a moving normal load on a thin-walled cylindrical shell in elastic
space (a model problem for a deeply buried tunnel) was solved in (Pozhuev & Lvovskij, 1976). A
similar model problem for a shallow buried tunnel is considered in (Ukrainets, 2006). Here, a
comparative analysis of the stress-strain state (SSS) of the rock mass in the vicinity of an
unsupported and supported by a cylindrical lining shallow tunnel under the action of normal
transport load is carried out. Due to the fact that the vehicle (or other object) moving along the
tunnel, which transfers the normal compressive load to its surface, can have a significant influence
on it by friction in the axial direction, (for example, when the wheels of a rolling stock car jam), it is
necessary to perform a similar to (Ukrainets, 2006) study in the case of their joint action. The
results of such a study are presented in this paper.

2 LITERATURE REVIEW

Many works are devoted to the study of the dynamics of extended underground structures
under the action of various disturbances. A rather detailed bibliography on this subject can be found
in the monographs of Zh.S. Erzhanov, Sh.M. Ajtaliyev, (Yerzhanov & Ajtaliev, 1989), Sh.M.
Ajtaliyev, L.A. Alekseeva, Sh.M. Dildabayev, N.B. Zhanbyrbayev (Ajtaliev et al., 1992) and in the
review article of Sh.M. Ajtaliyev (Ajtaliev, 2004).

The spatial problems of radiation and reflection of elastic waves during the motion of
pulsating loads along a tunnel laid in the ground were considered by M.A. Dashevsky (Dashevskij,
1971a), (Dashevskij, 1971b). Here, a beam of annular non-deformable cross-section located in
elastic space was taken as the design scheme of the tunnel lining. The solution of the problems was
constructed in the form of series for scalar and vector potentials. Subsequent articles of
M.A. Dashevsky (Dashevskij, 1974), (Dashevskij, 1982) are devoted to the question of
determining the level of ground vibrations in the vicinity of the subway track. In (Dashevskij,
1974), a plane problem of elasticity theory was investigated for a half-plane with a hole. A more
precise approach is proposed in (Dashevskij, 1982). Here, the problem of the response of an elastic
half-space containing a cavity supported by a cylindrical shell to a pulsating load moving along the
shell axis was solved using the reflected source method. Since the method does not allow satisfying
the boundary conditions on the free surface of the half-space, the solution of the problem about the
normal load moving along the surface of the half-space is used to refine the solution. The paper
proposes an iterative process using these two solutions to obtain the exact solution.

An exact solution of the problem of elasticity theory about an axisymmetric normal load
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moving along the inner surface of a homogeneous shell located in a boundless elastic medium with
a constant subsonic velocity (lower than the shear wave propagation velocities in the shell and the
medium) was obtained by V.M. Lvovsky, V.l. Onishchenko and V.l. Pozhuyev (Lvovsky et al.,
1974). Here, the motions of the shell and the medium were described by the dynamic equations of
elasticity theory, and the Fourier integral transformation on the axial moving coordinate was used in
the solution. The contact between the shell and the medium was assumed to be sliding. The solution
is obtained when the load velocity is less than its critical velocity. In a simplified formulation, when
the shell motion is described by approximate equations of the shell theory (classical and
Timoshenko type), the solution of the problem (Lvovsky et al., 1974) was obtained by
V.I. Pozhuyev and V.M. Lvovsky (Pozhuev & Lvovskij, 1976). It was found that if the ratio of the
thickness of the shell to the radius of its median surface is less than 0.05, then in this case we can
use the classical shell theory as the simplest one. It was found that if the ratio of the thickness of the
shell to the radius of its median surface is less than 0.05, then in this case the classical shell theory
can be used as the simplest one. This position was reflected in further studies of V.l. Pozhuyev
(Pozhuev, 1978), (Pozhuev, 1980).

The action of a load arbitrarily dependent on axial and angular coordinates on the inner
surface of a thin-walled shell located in elastic space and moving along its axis at a constant
subsonic velocity (less than the velocity of shear wave propagation in elastic space) was considered
in (Ukrainets & Girnis, 2005), (Ukrainets & Girnis, 2006), (Girnis, 2009). Here, the motion of
the elastic space was described by the dynamic equations of elasticity theory in Lamé potentials,
and the shell vibrations were described by the classical equations of shell theory. The equations
were represented in a moving cylindrical coordinate system that moved with the load. Initially, an
arbitrary load moving in the circumferential direction was assumed to be sinusoidal along the shell
axis. The method of incomplete separation of variables was used to solve this problem. The Lamé
potentials were represented as the Fourier-Bessel series. The unknown coefficients were determined
from the boundary conditions. The obtained solution was then used to solve the problem of the
action of a moving load on the given shell, which has no periodicity but is represented as a Fourier
integral. As a result, a steady-state solution of the problem was obtained for precritical load
velocities. A similar solution of the model problem for a shallow transport tunnel is presented in
(Alekseeva & Ukrainets, 2009), where the effect of waves reflected from the ground surface,
resulting from the movement of the loads on the tunnel lining and the surrounding massif, is
additionally taken into account.

In this paper, in contrast to (Alekseeva & Ukrainets, 2009), the integral Fourier transform of
the axial moving coordinate is used to solve the problem, which allows us to consider the load
distributed along the axis of the cavity or the supporting shell according to an arbitrary law and to
obtain the final solution expressions without summation at once.

3 MATERIALS AND METHODS

The study uses the method of mathematical modeling with the involvement of models and
equations from the theory of elasticity. The design scheme of a shallow transport tunnel is
considered as an extended circular cylindrical cavity located in an elastic half-space (for an
unsupported tunnel) or a supporting shell (for a tunnel supported by a circular cylindrical lining).
The surface of the cavity or the inner surface of the shell is subjected to a normal load (the effect of
the pressure of a moving object on the tunnel) and a tangential load parallel to this axis (the effect
of the friction forces of a moving object on the tunnel) moving uniformly along its axis. It is
assumed that the load functions can be decomposed into a Fourier series in the angular coordinate
and a Fourier integral in the axial coordinate. The motion of the shell is described by the classical
equations of shell theory, and that of the elastic half-space by the dynamic equations of elasticity in
the Lamé potentials, for the solution of which the method of Fourier integral transformation in the
axial moving coordinate is used.
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4 RESULTS AND DISCUSSION

4.1 FORMULATION AND ANALYTICAL SOLUTION OF THE PROBLEM

Considering two design schemes for the tunnel (Figure 1).
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Figure 1 — Design schemes of tunnels: (a) unsupported and (b) supported by a thin-walled (authors’ materials).

In the first design scheme for the tunnel, a linear-elastic, homogeneous, and isotropic half-
space (massif) in a cylindrical 1,6,z and Cartesian x,y,z coordinate system that remains
unchanged in its position was considered. The half-space, with its horizontal boundary (ground
surface) free from loads, contains an extended circular cylindrical cavity with a radius of R. The
axis of the cavity coincides with the z-axis, which is parallel to the boundary of the half-space. The
x-axis is perpendicular to this boundary of the half-space: x<h (h > R) , Where h represents the
depth of the tunnel embedding (Figure 1 (a)). In the second design scheme of the tunnel, the cavity
is fortified with a thin-walled shell (lining) of a thickness, denoted as ho, and having a radius of the
middle surface R (Figure 1 (b)). Considering the thinness of the shell ho it is assumed that it
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contacts with the massif along its middle surface. The shell has hard contact with the massif. The
massif and the shell materials are characterized by the following constants, representing their
physical and mechanical properties. Poisson’s ratio: v (for the massif), vo (for the shell); shear
modulus: p (for the massif), o (for the shell); density: p (for the massif), po (for the shell).

At the surface of the cavity (Figure 1 (a)) or on the inner surface of the shell (Figure 1 (b)),
there are normal and tangential acting parallel to the z-axis loads that move in the direction of the z-
axis with a constant velocity ¢ (lower than the shear wave propagation velocity in the medium). The
next stage is to determine the SSS of the massif.

To solve the problem, moving cylindrical (r,8,n=z-ct) and Cartesian (x,y,n=2z-ct)
coordinate systems that move together with the load are to be introduced. The motion of the shell in
these coordinate systems is described by equation (1), while the motion of the massif — by equation
(2) (Ukrainets, 2006), (Alekseeva & Ukrainets, 2009):

1- (1—v, Jp,c? (32u0n +1—v0 82u0Tl Jr1+v0 0%U,, +v_08u0r 1l-v, (P B )
2u, m®>  2R? 90> 2R md® R on  2u,h, "V

o%u _ 2 2 2 _
1+vy OUy,  (L=vo)(; _poc’ |0 Uy +iza Uy +i25“0r _ lve M
2R onoo 2 KL, ) On R° 00 R° 00 2u,h,
ou 2 _ 2 A2 _
Vo oy izauoe +h—0V2V2UOr +(1 Vo)poc 0 u(2>r +UL£:—1 Vo (Pr _qr).
R on R° 00 12 21, on R 2u,h,

Here q; and u,, — respective the massif reaction and the displacements of points on the middle
surface of the shell (when r=R Q; =0, where o, — the stresses in the massif), J=n,0,r;
P.(6,n) and P, (6,1) — the intensity of the axial tangential and normal load.

(M2 =M _?)grad divu + M;?V?u = 6°u/on? , 2)

p

where M =c/c,, M, =c/c, — Mach numbers; c, = J(+2u)/p, c, =+/u/p - the speeds of
propagation of compression-expansion and shear waves in the massif, A =2uv/(1-2v); u - vector

displacement of the elastic medium, V? — Laplace operator.
Write u through Lamé potentials ¢, (j =1, 2,3) (Novackij, 1975)

u=grade, + rot((pzen )+ rot rot(cpaen )

transform (2) to the form of
Vi, =M? 8%, /on*, j=12,3. 3)

Here M; =M , M, =M; =M.

Let’s express the components of the medium's SSS in terms of Lameé potentials ¢ .
Components of the vector u in Cartesian (4) and cylindrical (5) coordinate systems:
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Applying the Fourier transform in n to equations (3), we get
Vie, —m2E’e; =0, j=1,2,3, (8)

where  ¢}(r,0.8)= [@,(r.0n)e™dn, m?=1-M2, m =m
dimensional Laplace operator.

Applying the Fourier transform to (4) — (7) in 1, we obtain expressions for the transforms of
displacements u” and stresses o in Cartesian (I,m=X,y,n) and cylindrical (I,m=r,0,n)
coordinate systems, represented in terms of . Applying the Fourier transform to equations (4) -
(7) in m, expressions for the transforms of displacements u, and stresses o, in Cartesian
(I,m=x,y,m) and cylindrical (I,m=r,0,1) coordinate systems are obtained, represented in terms
of ¢7.

If c<c,,then M, <1 (m, >0). Therefore, the solutions of equations (8) can be presented in
the form of:

9, =0 + P, )

where @Y = iaHan(kjr)e‘“‘*, P = Tgj(&,Q)exp(iyg+(x—h)1lg2 +kj2)d§, K, (kr) -

MacDonald functions, k;, =m,&; a
determined, j=1,2,3.
The solutions (9) yield the subsequent expressions for ¢

g,(¢,¢) — unknown functions and coefficients to be

nj ’

*

. in the Cartesian coordinate system:

®© —xf;
. e j © X—h)f : i
(pj = J;|:? Zanjq)nj +9 j (F;, C)e( v :le ygd(; J (10)

j N=—o0

i
Let’s express the functions g, (¢,5) using the coefficients a,, (j=1,2,3). Considering (10),
let’s use the boundary conditions when x = h:

C+f. ) .
where fj:1/§2+k.2,d>nj:[ ” L1j=123.

Extracting coefficients of €” and equating them to zero, due to the arbitrariness of y, a
system of three equations is derived from which one can deduce

9,60 =A™ Ya,0,. (1)
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Here A, :(2pf —BZ)Z —4p2\[p? —a?\[p? -

P S -l 5 TS JURP R AR
2\/pf—oc2 \/pf—ocz

2
A*21_ '\r:S AlZ' A*zz :_ZAZ—HBZ’ 23 = \/p*—OL \/p*_
s Px —
* A* * ' * A** 2 *x ?

a=MiE B=Mg pP=82+C7, A**=(2p*—B)—49**\/95—02\/&—82
2 g2+ (2/m? —1)2.

Note that A.(p.) — is Rayleigh's determinant, which equals zero when p2, =&*M 2, or at two

points +¢, = 2-1, where M, =c/c, — Mach number, c, - Rayleigh surface wave

velocity (Novackij, 1975). From the latter, it follows that A, (p.) does not equal zero on the real
axisif My <1,0r c<cy.
If ¢ <cy the relations (11), considering (10), will be rewritten as

. | =X . A*- i w |
¢ = J;{ezf Zamd) +e" ZAi'e " Zam@m}eycdq. (12)

3
j n=—» 1=1 n=—o0

Using relation (Yerzhanov & Ajtaliev, 1989)

explyc+ (-] )= 21 Gy i e

we obtain (9) in a cylindrical coordinate system (9)

IED) (a Kakin)+ 1k, r)jg €0, e‘““ch
where 1 (kr) — modified Bessel functions.
If ¢ <cy the last expression, taking into account (11), can be rewritten as

= (o Ko k1) 4 by 1 (k1) )e™. 13)

N=—o0

*
o0

A ot
Here b, _z zaml J A _IA]I q)mlq)nje_h(fI fJ)dC.

1=1 m=—w —0 *

Using (12) and (13), expressions for the displacement transformant u,~ and stress
transformant o; are obtained in Cartesian (I,m=X,y,n) and cylindrical (I,m=r,0,n) coordinate
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systems with unknown coefficients a; (=1 2,3), which are determined from the boundary

conditions on the surface of the cavity r=R
- for a nonreinforced cavity (Figure 1 (a))

o, =P (0,8, c,,=0, o, =P, (6,8), (14)

- for a cavity reinforced by a thin shell (Flgure 1 (b))
U =up, - (15)
Here

0

P/(0.2)= [P0k “an = p, (O)p] (2] p, (6)= Py, pi( jp<meﬁwn j=rm;

o0

Uy (6 Ium (6,m)e ™ "dn, I=m,6,r.

By performing the Fourier transform on (1) concerning n and decomposing the functions
P(6,&) and ug,(06,2) (J=n,r, I =m,6,r) in the Fourier series in 6, the following is obtained:

5 .
€1Ugn, + VaNEoUgng —2ivEolgy = Go(Pnn —Qny, ),
) .
ViNEqUg,, +€5Ugne — 2INUg,, = =G40, (16)

; ; 2
2|V0§0u0nn + 2InuOne +&3Ug, = GO(Pnr — Ay )’

2 2 2 2 2 2 2 2 2
where 7 =ag —g5, €5 =PBg —€5, €; =7Vo 85, & =ER,

=282 +v.an?, B2 =v. 1207, 12 = 2(E2 40’ f 42, €2 = vaEIMY,
h¢ v.R?
Ve =1-v,, v. =1+v,, M, =c/c,, C, ==, Gy =
0 0 00 Ys0 = (Ho/po) 6R2’ ° toh,
U, — the coefficients of decomposition p(,&), ug, (6,&) respectively, in the Fourier series by

the angular coordinate 6 (j=n,r, [=n,0,r). When r=R q, =(c},), (I=7,6,1).

P

nj’

Resolving (16) concerning u,,, (I =n,6,r), one can find:
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Here 5, =5, = (6:6,85) —(6:8:)" —(6,8,)" (8284 ) +28,E,8s,
8y =(e8: ) —E2, 8, =8, —Eael, O =ile2E, ~E,E5)
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& =2n, §,=2vo&,, & =Vv.&N, B, = P P.=Pe=0, Py=PR,, q,= Unnr iz =Une>
qn3 = an '

By substituting the appropriate expressions into (14) or (15) and equating the coefficients of
the Fourier-Bessel series at €™, obtain an infinite system (n=0,%+1,%2,...) linear algebraic
equations for determining coefficients a; (j=1,2,3). This system of equations has a unique
solution if the corresponding determinant A, (&,c) = 0 is nonzero for each value of n. Research on
determinants A_(&,c), has demonstrated that for an unsupported cavity (Figure 1 (a)) this
requirement can be fulfilled by satisfying the condition ¢ <c,. However, for a supported cavity
(Figure 1 (9)), the speed (¢ < ¢ ) of load movement must be lower than its critical speeds: ¢ < c,,.-
The values of the critical speeds ¢, are determined from the dispersion equations A (&,c) =0 and
may be less than the Rayleigh speed cr. As studies based on numerical calculations show, the lowest
critical speed of the load corresponds to the number n =0 (minc,,. =c . )-

We can compute the displacements u, and stresses o, (I,m=r,0,m) in the massif by
determining the coefficients a,; ( ] =1 2,3) and applying the inverse Fourier transform.

4.2 NUMERICAL EXPERIMENTS

Apply the obtained solution to calculate the SSS of the ground surface. For example, consider
an unsupported and supported circular cylindrical tunnel with a thin cast iron lining (ho = 0.05 m;
vo = 0.3, po = 5.77-10'° Pa, po = 7.2-10%kg/m?), with a radius of R = 1 m, passing through siltstone
(v=0.2, ©1=2532-10°Pa, p =2.5-10% kg/m?, cs=1006.4 m/s, cr =917 m/s) at a shallow depth
h=2R.

An axially symmetric normal load P (pressure of a moving body on the surface of the tunnel)
and an axially symmetric tangential load P;, (the result of the friction forces acting on the surface of
the tunnel from the moving object), uniformly applied in the interval |n| < lo = 0.2R, moving along
the tunnel at a constant speed ¢ = 100 m/s. In this case R, =1, P, =0, N=%1,+2,., j=m,r. Let

the intensity of the normal load be Q (Pa), and the intensity of the tangential load — 0.2Q. Then
p; (&)=—2Qsin(&l,)/E, p(&)=0,4Qsin(sl,)/& . If selected Q in such a way that the overall normal

load throughout the length 2lo of the load section is equal to an equivalent concentrated radial
normal load of intensity P (N/m), i.e. Q = P*/2l,, obtain

p, (&)=—P=sin(El,)/(El,), p;(g)=0,2Psin(&l,)/(El,)-

In Figure 2 the curves of axial displacements u; =u n/P° (M) and normal stresses

"y =0, /P (where P*=P™”/m, Pa) of the ground surface are shown in the xn coordinate plane.

The curves labeled 1 represent the unsupported tunnel, while the curves labeled 2 represent the
tunnel reinforced with a thin-walled cast iron lining.

(e3
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Figure 2 — Changes in axial displacements (a) and normal stresses (b) of the ground surface (authors’ materials).

From the analysis of the behaviour of the curves, it follows that in the case of a tunnel
reinforced with a cast iron lining extreme axial displacements u, and normal stresses oy, oOf the
ground surface are significantly smaller in absolute magnitude than in the case of an unsupported
tunnel. For any of the considered tunnels, when n ~ 0 displacement u,=0, while the stresses oy
have the maximum value. When |n| increases, |un| increase and reach the extreme values when
In| = 0.7R. Moreover, when |n| ~-0.7R u, <0, and when |n| = 0.7R uy, >0 and are almost 2 times
the value of |uy|, found when n ~ -0.7R. With a further increase in |n| there is a damping effect on
the displacement of the earth's surface, represented by |un|. As Figure 2 (b) shows in the interval
In| < 0.8R there is a decrease in tensile stress ony from its maximum value to zero. With increasing
in |n|, there is an increase in absolute value from zero to certain values of compressive stresses oy,
(smaller than the maximum stress oy Occurring when n = 0) and their further decay.

The graphs obtained from mentally visualizing the deformation of the ground surface under
the influence of these loads support this representation. As the numerical results of the study are
unprecedented in the existing literature, no comparison with similar results is made here. The
validity of these results is ensured by the correct formulation of the problem, the application of
accurate mathematical methods of elasticity theory in its analytical solution, the rigor of the
mathematical apparatus used, and the high degree of satisfaction of boundary conditions in the
numerical realization of the set problem.

5 CONCLUSIONS

The model problem for an unsupported or supported circular cylindrical tunnel with a thin
lining of shallow embedment under the action of transport loads, including normal and tangential
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loads parallel to the tunnel axis has been solved. This action occurs when taking into account the
frictional forces that arise when transport or other objects move through a tunnel.

In contrast to similar model problems for deep-buried transport tunnels, where the massif is
typically represented as an elastic space, this model takes into account the impact of waves reflected
by the ground surface and arising during the movement of loads on both the tunnel structure and the
surrounding massif.

Computer programs developed from the obtained solution were used to conduct a numerical
study on the influence of shallow tunnel lining on the SSS of the ground surface. The study
involved the application of axisymmetric normal and tangential loads, uniformly distributed within
a certain interval and moving at a constant speed. The analysis of the calculation results shows that
the reinforcement of the tunnel with the lining leads to a significant reduction of the dynamic
impact of the transport loads on the ground surface. The vibration of the ground surface, which can
negatively affect the seismic resistance of nearby buildings and structures, depends on the physical
and mechanical properties of the material and the thickness of the tunnel lining. Therefore, the
choice of material and its thickness can reduce this effect. The obtained solution allows us to study
the dynamics of a circular cylindrical tunnel at any depth of its embedment and various permissible
speeds of transport loads.
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Abstract. The article explores the use of GEOPUR, a two-component polyure-
thane resin, for strengthening sandy soils. It highlights the process of soil stabiliza-
tion through high-pressure grouting, which improves water resistance, stabilizes soil
structures, and enhances anchoring strength. The research investigates the applica-
tion of this resin in consolidating weak, loose soils and its effect on their physical and
mechanical properties. Laboratory experiments were conducted on sand samples to
simulate real-world conditions, testing the resin's effectiveness in improving soil den-
sity, compressive strength, and overall stability. The study analyzes how the resin's
expansion within the soil structure impacts soil behavior, concluding that the GEO-
PUR resin significantly enhances the soil's load-bearing capacity. Various parame-
ters, such as the volume of injected resin, consolidation efficiency, and the strength-
density relationship, are evaluated to provide practical recommendations for soil
stabilization using this innovative material. The findings demonstrate the resin's po-
tential in geotechnical applications, particularly in situations where traditional stabi-
lization methods are not feasible or efficient. The article concludes with suggestions
for optimizing the resin injection process to maximize its effectiveness in both labora-
tory and field conditions, making it a promising solution for future ground improve-
ment projects.
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Anparna. Maxanaoa kymowvl monvipakmel Hoizaumy yuin GEOPUR exi komno-
HeHmmi NOJUypemanovl WaublpblH Koaoawy 3epmmenedi. Byn makanaoa monoi-
pakmsl  MYpakmanowvlpy Npoyeci Hco2apvbl KblCbIMObl YEeMEeHMAYUALAY apKblibl
JHcy3eze acamolhvl, Cyea MO3IMOILIKMI HCAKCaApMAamulHbl, MONLIPAK KYpoliblMblH
MYPAKMAHObIPAMBIHLL JHCIHe OeKimy KYWiH apmmulpamvlHbl aman eminedi. 3epm-
mey 0Cbl Wablpowvl JICI3 JHcaHe HOC MONvIPaKmvl beKimyee KOJIOAHYObl HCIHE OHLIH
Qusuxanvix dcone MexaHukauvly Kacuemmepine acepin Kapacmulpaosl. Lllativipoviy
MONBIPAK, MbIbI3ObIRbIH, CHIELLTY OEPIKMISIH HCIHE IHCANNbL MYPAKMbBLIbIEbIH aApm-
mulpyoagvl MuiMOLliciH meKcepy YVuliH 3epmMXAHANbIK IKCHEPpUMEHmmep HAKMmbl
aHrcagoaunaposbl Mooenvoey apKblivl Kym yiaziiepinoe dcypeizinoi. 3epmmeyode wiativip-
OblH MONBIPAK KYPLIbIMbIHOA KeHelol MONbIpaK CUNAmmamacsblia acepi mandanaovl
agicone GEOPUR waiivipvr monvipakmuly ocyk komepeiut Kabiiemin atmapivlkmarti
apmmulpybl Mypansl KOPbLMbIHObL dHcacanaosl. Mnvekyusianean watiblpovly Keiemi,
KOHCOMUOAyusi MuiMoiniei dcaune Oepikmix neH mwvlabl30blK APACLIHOAbL KAMbIHAC
CUsKmMbl 2pmypai napamempiiep MONbIPAKMbl MYPAKMAHObIPYObIH NPAKMUKALbIK
Kepcemkiuumepin YCbiHY YVWiH 0a2ananaovl. 3epmmey Hamudcenrepi watblpovly
dacmypai mypakmanowlpy 20icmepi muimciz Hemece MYMKIH OOIMAUMbIH Hcagoati-
1apoazvl 2e0MexXHUKAIbIK Mmacenenepoiy aneyemin kepcemedi. Maxanaoa scozapol
MUIMOLTIKMI 3ePMXAHANBIK HCIHE OANANBIK HCAROAULAPOA WAL UHLEKYUSCHL NPO-
yecin OHMAUNAHOBIPY OOUBLIHUIA YCbIHLICMAP KeamipineeH. Amanean adic monbvi-
pPaKkmapowvl HaKcapmyoasbl OONAUaAK Hoobanap yYuwin nepcnekmuemi uwewim 6ouvin
maowvLIaowL.

Tyiiin ce3nep: waiiviprap, noauypeman, Unbekyus, Kym, waivlp Oeximy, Kymobvl
MONvIpax.
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WHBELUPOBAHUE JBYXKOMIIOHEHTHON CMOJIOM
GEOPUR IIPHU YKPEIIVIEHUHU IIECYHAHHBIX TPYHTOB

C.K. xymaauiosa ®
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050043, KazaxcraH

AHHOTaUMsA. B cmamve paccmampugaemcst UCHonb308aHUE O8YXKOMNOHEHMHOU
noauypemanogoi cmonvl GEOPUR 0Ons ykpennenus necuamvix epyHmos. Ocoboe
BHUMAHUE YOeNSencs NPOYeccy cmaduIu3ayuu SpYHma nocpeocmeom 6blCOKOHANOP-
HO20 YeMeHMAYUOHHO20 HACHEeMAHUs, KOMopoe Yayuuiaem 6000HeNnpOHUYAeMOCHb,
cmabuuzupyem cmpykmypy epyHma u nogvluiaem npoyHocms ankeposku. Mcciedo-
8aHue uzyuaem npuMeHeHue MOl CMOJbL 0N KOHCOAMUOAYUU CAAObIX U PbIXIbIX
2PYHMOB U ee GlusHUe HA UX husuueckue u mMexauueckue ceoticmea. Jlabopamop-
Hble IKCHePUMEHMbl NPOBOOUTUCH HA 00pa3yax neckda, ymoobvl cMOOeIUuposams pe-
AbHble YCI08USL, U NPOGEPSIACH IPDEeKMUBHOCb CMOIbL 8 NOGBIUEHUU NIOMHOCTU
2PYHMA, e20 NPOYHOCMU HA cocamue u obweli cmabuirbHocmu. B uccredosanuu ana-
JUBUPYEMCsl, KAK PACUUPEeHUe CMOJIbL 8 CIMPYKMype epYHmMA GIusien Ha e20 nogede-
Hue, u doenaemcs 6v1600, umo cmona GEOPUR 3nauumenvHo ygeauuusaem Hecyujyio
cnocobnocme epynma. OyeHUBaOmMcs pasiuyHvle napamempsl, makue Kaxk odvem
UHBEKMUPYEMOU CMOJIbL, IPDEKMUBHOCb KOHCONUOAYUU U 83AUMOCEA3L MEHCOY
NPOYHOCIBIO U NJIOMHOCMbIO, YMOObL 0amb NPAKMUYecKUe PeKoMeHOayuu no cma-
ounuzayuu epyHma ¢ UCNOIb30BAHUEM IMO020 UHHOBAYUOHHO20 Mmamepuana. Tlony-
YeHHble Pe3yIbmanvl OeMOHCMPUPYION NOMEHYUAL NPUMEHEHUsL CMOJIbL 8 2e0MEXHU-
Yyeckux 3a0ayax, 0COOeHHO 8 CIY4asx, Ko20a mpaouyuoHHble Memoobl CmaduIu3ayuu
2PYHmMA He AGNAOMCI IPhekmusHbiMU Ul yerecoobpasuvimu. B cmamve daromest
NPeoNodHCeHUs. N0 ONMUMUZAYUU NPOYECCAd UHBEKYUU CMOIbL Ol MAKCUMATbHOU I¢-
pexmusHocmu Kaxk 6 1aOOpPaAmMopHbIX, MAK U 8 NOAEBLIX YCA0GUSX, YMO Oelaem 3Mom
MemoO NepcneKmMueHbIM peuteHuem 0iist 6YOVuUx npoeKmos no YayuueHuIo SpyHmos.

KuroueBble cioBa: cymonvl, noauypeman, UnbeKyus, necox, 3aKpenjieHue cmMoau-
3ayuetl, nec4aHHvle 2PYHMuL.
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1 INTRODUCTION

The stabilization of sandy soils is a major problem in geotechnical engineering, especially in
construction projects where soil consolidation and strength are key to ensuring the stability of the
foundation. Traditional methods of soil stabilization, although effective, often face problems related
to cost, efficiency and environmental impact. In response to these challenges, the use of innovative
materials such as two-component polyurethane resins has become a promising solution to improve
the physical and mechanical properties of weak soils.

GEPUR Technologies offers a two-component polyurethane resin system designed for injec-
tion under high pressure into soils in order to increase their bearing capacity and water resistance.
This method has gained popularity due to its ability to penetrate loose soils and fill voids, which
leads to an improvement in the structure of the soil and an increase in its stability. When resin is
injected into sandy soils, voids and cracks are filled, thereby increasing the overall density and
strength of the soil, providing a reliable solution for stabilizing the foundation.

This article discusses the use of GEOPUR resin to stabilize sandy soils, with an emphasis on its
effectiveness in improving soil properties such as density, compressive strength and water resistance.
Laboratory tests conducted on sand samples demonstrate the resin's ability to improve soil perfor-
mance under difficult conditions. The study also provides practical recommendations for optimizing
the resin injection process, making it a valuable tool for future soil improvement projects.

2 LITERATURE REVIEW

The utilization of polyurethane expanding resins for foundation stabilization and soil im-
provement has gained significant attention in recent years due to its efficiency and non-
invasiveness. Apuani et al. (2015) introduced a method of strengthening settled foundations by in-
jecting polyurethane expanding resins. They combined traditional geotechnical tests with a nonin-
vasive geophysical technique, Electrical Resistivity Tomography (ERT), which provides accurate
3D images of the soil before, during, and after the injection process. This technique enables real-
time monitoring of soil consolidation and ensures the effectiveness of the injection process. Similar-
ly, Fischanger et al. (2015) investigated the potential of ERT in evaluating improvements in the me-
chanical properties of treated sands, specifically those prone to liquefaction. Their study demon-
strated the value of ERT in monitoring soil compaction and consolidation by analyzing resistivity
changes. (Apuani et al., 2015), (Fischanger et al., 2015).

The use of polyurethane resin has also been explored in the context of the pultrusion process
for injecting thermoset resin. Sandberg et al. (2021) analyzed non-isothermal flow during the pul-
trusion process and found that heating configurations and convective flows led to unique phase
transitions not previously described in literature. This suggests that the behavior of polyurethane
resin under different conditions can vary significantly, affecting its mechanical properties (Sand-
berg et al., 2021).

Sabri and Shashkin (2020) conducted laboratory experiments to examine the mechanical
properties of polyurethane resin, particularly how its density, influenced by expansion during the
injection process, affects stabilization efficiency. The study showed a direct relationship between
the resin’s density and its strength, highlighting the importance of understanding the resin’s behav-
ior during expansion (Sabri & Shashkin, 2020).

Recent studies have also investigated the long-term performance and practical applications of
polyurethane injections in foundation repair. Dominijanni et al. (2022) presented case studies
demonstrating the effectiveness of resin injections in improving soil stiffness and shear strength.
Their findings emphasized the importance of estimating horizontal stress and volumetric strain
changes near injection sites. Furthermore, the research by Miranda et al. (2023) on closed-cell ex-
pansive polyurethane resin in sand masses revealed that this material behaves like soft rock with
high shear strength, making it a promising tool for ground improvement (Dominijanni et al., 2022;
Miranda et al., 2023).
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Dirg¢liené and KorduSas (2024) reviewed the properties, applications, and limitations of pol-
yurethane resin injection for soil stabilization, noting its efficiency in preventing settlement and en-
hancing load-bearing capacity. However, they also highlighted challenges such as achieving uni-
form resin distribution and accurately estimating injection parameters. Despite these challenges, the
use of polyurethane resins continues to grow, offering a reliable solution for foundation stabilization
and structural reinforcement in geotechnical engineering (Dirgéliené & Kordusas, 2024).

3 MATERIALS AND METHODS

GEOPUR technologies products are based on the high-pressure grouting technique with the
two-component GEOPUR polyurethane material from GME.

The result of this technology is a triple effect: (1) improving water resistance and sealing -
stopping or reducing water inflow into underground structures; (2) stabilizing soil grouting - in-
creasing the stability of the foundations of buildings and underground structures; (3) soil, rocks and
structures are structured and strengthened.

Application of GEOPUR technology allows to fill voids and cracks in the rock by injection of
polyurethane resin, as well as to reduce the porosity of macroporous soils by filling the pores with
cementitious material (Golovanov, 2013).

The application possibilities of GEOPUR material tend to be used in various fields:
Underground construction and tunneling involve activities such as filling depressions and voids,
protecting structures when crossing fault zones, stabilizing loose material in open-pit mines, secur-
ing cavities during tunneling, improving the mechanical properties of rock masses, sealing and pre-
venting water inflow, anchoring ground and rock, and strengthening overburden rock. Self-tapping
micropiles and anchors are used for insertion into the soil.

Cementitious self-tapping micro-piles and anchors are made by drilling into threaded rein-
forced steel rods and then cemented with a polyurethane or cement mixture. Micro-piles are in-
stalled in the ground, on rock, and in building structures.

The main element of the anchor / micro-pile is an adjustable steel anchor (IBO type anchor
rod) with thread (4). The units include: hexagonal nuts (1), washer under the anchor rod with even
load distribution (2), couplings (3), cross drill head (5), clamping and adjustable couplings (6). Part
of the system is also an adapter for connection to the rod by drilling equipment (Sabri & Shashkin,
2020). The grouting system adapter is used for connection to the grouting equipment.

The anchor rods can be adjusted by means of couplings to the desired length up to a maxi-
mum of 15 m. The anchors are manufactured as temporary or stationary anchors (Sabri & Shash-
kin, 2020).

Figure 1 — Schematic diagram of the anchor (Ground anchors, 2023)

As shown in Figure 1, the IBO anchor rod has three functions: first, it functions as a drill pipe
to achieve the required depth; secondly, it acts as a channel for the injection of cement through its
hollow core; and thirdly, after the cement hardens, it acts as an anchor or micropile. Table 1 shows
the technical specifications of the anchor rods that are in use. The following types of anchor rods
are currently in use.
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Table 1

Technical characteristics of anchor rods

Type anchor / micropile R25 R32N R32S R38 R51 R76
g‘rﬁe” inner diameter, 25/14  32/185  32/15  38/12 51 /12 76 /12
Maximum load, kN 200 280 360 500 550 1600
Weight, kg/m 2,3 3,4 4.2 6,0 7,0 8,4
Dimensions of the cou-

pling sleeve, mm: 35/150 40/ 160 40/ 160 50/ 220 63 /200 95/220

width / length

Self-tapping anchors and micropiles offer several advantages, including suitability for use in
difficult geological conditions (e.g., shifting sands, water-bearing sands and gravel), as well as in
confined spaces (under technological installations, on ceilings, and in narrow areas), high mobility
of technology, and the ability to apply full load on the anchors or micropiles within 1 hour to 1 day
after the completion of cementing work when using cement mortar with polyurethane (Sabri et al.,
2021).

3.1 METHODOLOGY OF LABORATORY TESTS

Table 2
Program of laboratory tests
Component Defined parameters
Type of Cor]dition or the composition Physical Mechanical
Soil soil type to be A B Density, Prim Compressive Modulus of
consolidated t/m3 strength, deformati on
MPa pressure, MPa
Sand Medium coarse 1 1,7 + + +

Note: the number of tested samples is not less than 6 pcs.

For laboratory tests, samples of sandy type of soil were prepared according to the test pro-
gram Table 2. A cylinder made of high-strength plastic pipe with dimensions of height from 35cm
to 50cm and diameter of 20cm-40cm was used for sample preparation, below is a picture.

Figure 2 — Sandy sample in cylindrical shape (author's material).
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The method of laboratory research was as follows: the pipe was filled with a type of soil of
given moisture and density (Usmanov, 2014). The end walls of the pipe were grouted with rein-
forced mortar of M100 grade. A hole was drilled in the pipe wall and a "packer” R8 device was in-
stalled for injection of the mixture component according to the test program. By means of a special
plunger-type pump and equipment that allows dosing individual components in the volume ratio of
1:1.1 two-component polyurethane resin (Geopur brand 082/90) under pressure by means of the
pump was injected into the specimen until complete failure (Fischanger, 2015). Failure was de-
fined as the state when the mixture escaped through the gaps in the end faces of the cover or back
through the packer (Kondratov, 2005).

GEOPUR material can be applied in various geological and technical works, including the
stabilization of slopes, embankments, and surface mines, anchoring supporting walls, constructing
underground barriers with low permeability, stabilizing unconsolidated soil, sealing temperature
joints, designing micro-pile foundations, and stabilizing landslides.

GEOPUR, a cementitious material, offers a wide range of applications in civil engineering,
including strengthening foundation soil (even below the water table), ensuring the stability of struc-
tures threatened by mining or construction activities, reinforcing brick or stone masonry, restoring
thermal insulation, sealing utility inlet openings, caulking, stopping water inflow, constructing
building foundations, sealing and anchoring construction pit walls (including under the water table),
improving soil conditions before construction, and installing micro-piles in soils with low bearing
capacity

GEOPUR polyurethane material consists of components A and B: (1) Composition of com-
ponent A - the color of liquid honey; a mixture of simple polyether polyol, accelerating additives,
flammability-reducing admixtures, foam stabilizers and water; (2) Composition of component B is a
dark brown to yellow colored liquid (all species); polymethylene polyphenylene isocyanates, de-
fenylmethane-4, 4, 4-diisocyanate, diphensthetamine-4, 4-diisocyanate (MDI) and a mixture of pol-
ycyclic oligomers depending on function.

After mixing the two basic components in this ratio, the polyurethane resin is formed by an
exothermic reaction.

After injection, the specimens were allowed to stand for 24 hours, for foam formation and
consolidation with the soil. The next step was to remove the samples from the cylinders and sepa-
rate the consolidated mass from the unconfined mass (Figure 2, 3). Special measurements, mass
and volume calculations were carried out to determine the volumes of the consolidated soil (Apuani
et al., 2015).

Figure 3 — Example of sand consolidation with two-component resin in laboratory
conditions (author's material).
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Then from the hardened mass samples of rectangular or circular shape up to 10 cm high are
cut out, which were tested on a hydraulic test press C055 with a capacity of 2000 kN MATEST
company on the scheme of loading statically increasing load (Figure 4).

Designed for testing cylindrical specimens up to 160 mm in diameter and 320 mm in height,
as well as concrete cubes with sides of 150 and 100 mm.

""a
a) b)

Figure 4 — Tests of sand specimens: a) at the moment of testing and b) after testing them
in compression (author's material).

4 RESULTS AND DISCUSSION
Below there are two tables in which the samples were divided into 3 groups for further test-

ing. Table 3 shows parameters such as soil condition, density, initial volume, injection volume,
consolidated soil volume and flow rate.

Table 3
Results of hardening of arrays with GEOPUR resin (laboratory tests)
Ground dinsit Initial Injection  Volume of  Percentage of
Soil type Ne sample iy P Y volume, volume, hardened consumption
condition t/m?3 .
m? Kg soil, m? Kg/m?
L-P-1 compacted 1,798 0,06 1 0,01 100,00
Sand LP2  compacted 1,721 0,05 0,47 0,0042 111,90
L-P-3 loose 1,59 0,06 0,417 0,0052 80,19

Table 4 shows the geometric parameters, maximum compressive load on the press, tensile
strength, stability and flow rate.
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Table 4
Compression test results of sand samples
. . . . Tensile .
Sample Height, Width, Length, Weightk  Maximum Density,
designation cm cm cm g load, F (kN) strength, p (kg/m®) Note
' Rc, (MPa)
L-P-1,6 8,9 5 6 0,548 120,476 40,159 2052,43
L-P-1,3 8 6 8 0,76 152,818 31,837 1979,16
L-P-3,6 9,2 53 55 0,516 78,668 26,987 1924,08 group 1
L-P-1,4 8,5 7,2 7,2 0,934 133,698 25,791 2119,64
L-P-3,2 9 5 6,15 0,566 74,15 24,114 2045,16
L-P-3,1 9,6 5,3 5,8 0,548 60,547 19,696 1856,97
L-P-3,4 8,2 5 6,3 0,542 56,226 17,850 2098,33
L-P-1,1 9,2 6,1 7 0,874 75,675 17,722 2224,82 group 2
L-P-1,5 10 6,6 9 1,306 104,78 17,640 2198,65
L-P-3,7 10 6,3 7,1 0,766 72,105 16,120 1712,49
L-P-3,3 9,1 5,6 6 0,502 53,793 16,010 1641,81
L-P-2,2 10 6,7 9,3 1,024 49,275 7,908 1643,39
L-P-2,1 8,8 8,7 8,7 1,216 49,227 6,504 1825,62
L-P-3,5 9,7 6 7,6 0,614 26,825 5,883 1388,13 group 3
L-P-1,2 9,7 6 6 0,75 17,36 4,822 2147,76
L-P-2,4 10,1 5,3 5,5 0,45 13,42 4,604 1528,45
L-P-2,3 10 6 5,5 0,37 14,364 4,353 112121
Sample test L-P-1,6
140
120

= 100

<

= 80

=4

S 60

3

- 40

20
0
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Figure 5 — Results of strengthening arrays with GEOPUR resin

As can be seen in Figure 5, the load gradually increases from 0 to approximately 80 kN dur-
ing the first 10 seconds. This indicates that the material is undergoing a uniform loading phase,
which is likely indicative of elastic properties where the sample deforms along a line in response to
an applied load. From about 10 to 35 seconds, the load continues to increase, but more slowly. Be-
tween approximately 35 and 45 seconds the load peaks at around 135 kN. After the peak (about 45
seconds), the load decreases slightly, indicating potential failure or damage to the material. This

means that the sample has exceeded its tensile strength and is beginning to fail.
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5 CONCLUSIONS

1. The use of resin in weak loose soils significantly improves the dynamic properties of the
soil. Application of resin technology is effective for consolidation of weak loose soils.

2. The samples were divided into 3 groups; 1 compacted sand (p=1.798 t/m?), 2 compacted
sand (p=1.721 t/m®), 3 group loose sand (p=1.59 t/m3). Group 1 and 2 compacted sand, group 3
with loose sand. In 1 sample 1 kg of resin was injected, in 2 0.47 kg, in 3 0.417 kg. The volume of
hardened soil amounted to 0.01 m® in group 1, 0.0042 m? in group 2, 0.0052 in group 3.

3. During the test on the hydraulic press MATEST CO055 were obtained values of the tensile
strength of each sample. The average value of tensile strength in the compacted samples of group 1
29.78 MP4, in the second group 17.51 MPa, in group 3 with loose sand 5.68 MPa

4. Based on the test results, it can be concluded that the use of polyurethane resin in weak
loose soils will improve the bearing capacity of the soil.
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Abstract. This article describes the iterative process of solving the problem of
the stress-strain state of a long flexible cylindrical panel. Stress-strain state and the
study of the stability of flat shells taking into account the physical, mechanical prop-
erties of the material, the process of deformation change. It is based on sequential
approximation methods and the boundary element method (MGE). The results of
algorithmic weighting are presented in the form of a table showing what value each
band represents. The equations are determined by solving twelve unknown values of
functions at the ends of the segment. Linear problems of elasticity theory and plate
theory fundamental solutions have a simple form, so the method is widely used here.
For flat shells, the matrix of fundamental solutions is determined by complex volu-
metric expressions, and for flat shells - by special functions. Therefore, there is little
research on solving problems in the theory of flat shells by the boundary element
method. In this regard, an urgent topic of research is the development of methods of
boundary integral equations for solving linear and nonlinear problems in the theory
of flat shells based on the application of fundamental solutions defined by simple
analytical expressions. The scientific novelty of the work consists in the development
of a methodology for assessing the reliability of thin-walled spatial structures using
the boundary element method.
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HIEKAPAJBIK DJIEMEHTTEP DAICIMEH JIOF AJI
KABBIKIIAJIAPABI ECENITEY

b.K. Jlyiicen06exoB ® , B.T. Epim0eToB ® , bB.M. UaabaeB ® R
A.b. KynanoaeBa ® , (I).X.AyﬁalmpOBa®

M. Oye3oB ateiaaarsl OHTYCTIK Ka3akcTan yHuBepCcUTeTI,
160012, IIsimkent, Kazakcran

Angatna. byn maxanaoa y3ein uineiud yuruHOpPIIK NAHeNbOiH KepHeyii-oeqdhop-
MayusAnanean Kyuiniy ecebin weulyoiy umepayusivlk npoyeci baaunoanaovl. Kepueyni
oechopmamuemix Kyui dcoHe Mamepuanovly QOU3UKANbIK, MEXAHUKAIbIK Kacuem-
mepiH, 0ehopmMayusHbly 632epy NPoyecin eckepe omvipbin, 002al KaObIKUANAPOblY
OPHBIKMbBLILILIH 3epmme). []aueKkmi dHcybiKmay aoicmepi MeH WeKapaiblK dieMeHm-
mep a0dicine (IIIDO) necizoencen. Aneopummoix ecnmey namudiceaepi kecme mypinoe
Kepceminin, ap H#CONAKmMulY KAHOAU MaHOI OiLndipeminin xopcemineeH. Tenoeynep,
ceeMeHmmiy YumapelHoagvl QyHKYusiaposvly ox exi Oenciciz MaHOepiH ueury apKbl-
Jol aHvikmanaovi. CepniMOinik MeopusiColHblY JHCoHEe NIACMUHANLAD MEOPUSACHIHbIH
CbI3bIKMBIK ecenmep  (QyHOaMeHmanovlK wewimoep KapanauvimM gopmasa ue,
COHObIKMAH Oy dcepoe 20ic KeHiHeH KOA0anwliaowl. Jlo2an Kabvlkwaniap yuin QyH-
0aAMEeHMAaNOblK WeuiMoepoiy, Mampuyacol Kypoeii Koiemoi opHeKmepmMer aHbIKma-
J1a0vl, an 002an chepanvik KaObIK YWiH apHativl QYHKYUALAp apKblivl OpHeKmeneoi.
Conovikman 0oean KabbIKuanap meopusacelHoazel ecenmepoi WeKapanvlk d1eMeHm-
mep 20icimen weutyee apuanean zepmmeyiep az. Ocvlzan OQUIAHLICMbI KAPANAULIM
AHATUMUKATILIK, OPHEKMeEPMeH AHbIKMALAmblH (QYHOAMeHnmanovl weuminoepoi KoJ-
O0aHy HeziziHOe 008all KAObIKUANAp MeOoPUsCbIHOA&bl CHI3bIKMbIK HCIHE CbI3bIKMbIK
emec ecenmepoi wieuilyee apHAIAH WEeKApanblK UHMe2panovlK menoeynepoiy
a0icmepin xcacay zepmmeyoiy 63eKmi maxbipblovl 60abin maowiiadsl. Kymvicmoly
EBUIbIMU JHCAHANLIL — WEKAPAbIK dleMeHmmep 20IiCiH KOIOaHa OMbIpbin, HCYKA
KaOwbipuakmsl KeHiCmikmi KOHCMPYKYUALApObly CeHIMOINieiH baganay adicmemecin
azipaey.

Tyiiin ce3nep: yurunoprix namenv, KepHeyii-0eopmMayusian2an Ky, KadviKua,
KamayoblIblK, UHIMe2PAal, WeKapaivlK Wapmmap, ai20pumm.
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HAYYHAA CTATBA

PACYHET NOJIOI'UX OBOJIOYEK METOJOM
I'PAHUYHbBIX 2JIEMEHTOB

b.K. Jlyiicen6exoB ® , b.T. Epum0eTroB ® , b.M. YanabaeB ® R
S1.b. Kynan0aeBa ® , (I).X.AyﬁalmpOBa®

IOxno0-Kazaxcranckuii yauBepcuteT uMeHu M. Ay330Ba,
160012, IlIsmMrenT, Ka3zaxcran

AHHOTAUUA. B smoil cmambe onucvliéaemcs umepayuoHHbvlll Npoyecc peuleHus
3a0a4U HANPANCEHHO-0ePOPMUPOBAHHO20 COCMOAHUS OJUHHOU 2UOKOU YUTUHOpUYe-
ckotl nanenu. Hanpscenno-oegpopmuposannoe cocmosnue u ucciedosanue ycmoti-
YUBOCMU NONO2UX 0OONOUEK C YUemOM (DUUYECKUX, MEXAHUYECKUX CEOUCME Mmame-
puana, npoyecca usmenenus depopmayuu. OcHo8aH Ha MeMOOax Nocied08ameIbHO-
20 npubaudICeHUs U Memooe 2paHuyHulx snemenmos (MI3). Pezynomamol aneopum-
MUYECKO20 836€UUUBAHUSL NPeOCMABTeHbl 8 8ude Mmabauyvl, NOKazvlearoweu, KaKoe
3HaueHUue npeocmasisaem Kaxcodas nouoca. YpasHenus onpeoeistomcs nymem peuie-
HUsL 08eHAOYAMU HeU38ECMHbIX 3HAYeHUll YHKYUU Ha KoHyax ompeska. Jlunetinvie
3a0auu meopuu ynpy2ocmu u meopuu nAACMuH yHOAMEHMAbHbIE PeUleHUsl UMeOm
npocmyro (hopmy, noIMOMy Memoo 30ecb WUPOKO UCHOab3yemcs. [ nonoeux 060-
JIOYeK Mampuya QyHOAMEeHMAalIbHbIX PeuleHUtl ONPeoesiemcst CLONCHLIMU 0ObEeMHbI-
MU 8bIpadNCEHUAMU, a OJis NOJO2UX — CReyuanbHbiMu pyukyuamu. Illosmomy mano uc-
Ce00BAHUIl NO PeuleHUI0 3a0ay 8 Mmeopuu NoJ0cUX 000N0HeK MemoOOM SPAHUYHBIX
IemMenmos. B ceazu ¢ smum akxmyanbHOU memou UCCIe008aHUsl AGNAeMCsa paspa-
bomka Memooo8 2PaHUYHLIX UHMESPATbHbIX YPAGHEHUL Ol PeUleHUsl JTUHEUHbIX U
HeUHeUHbIX 3a0ay 6 meopuu NoI02ux 00010YeK HA OCHO8e NPUMEHEHUsT YYHOAMeH-
MATBHBIX peulenull, OnpeoersiemMblX NPOCMbIMU AHATUMUYECKUMU BbIPANCEHUSMU.
Hayunas nosusna pabomei 3axnouaemcs 8 pazpabomie MemoOuKy OYeHKU HAoexic-
HOCMU MOHKOCMEHHbIX NPOCMPAHCIMEEHHBIX KOHCMPYKYULL C UCNOIb308AHUEM Me-
mooa epanuiHbiX d1eMeHMO8.
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1 KIPICIIE

[IpakTUKaHBIH KaXXETTiiriHe OalIaHbICThI KaOBIKIIANAp MEH IUIACTHHAIAD TEOPHUSCHIHBIH
KapKbIHBI Jamybl Oaiikanmanel (Zhangabay & Tursunkululy, 2023, 2022). Xyka kaObipraiibl
KYPBUIBIMIAPIbI €CEeNTeyre OalIaHbICThI MOCEIIENep Ka3ipri 3aMaHFbl OHEPKACIIITIH KONTEreH caa-
JapbIH/Ia, COHBIH IMIIHJE aBHANMS/IA, PAKEeTaJIbIK FRUIBIM/A, KEME JKacay/a, XUMHUs TeXHUKACHIH/IA,
KYpBUIbICTA oHE T.0. KoJiaHbic Tadyaa. OckiFaH OalIaHBICThI )KYKa KaOBIPFaIbl KOHCTPYKIIHSLIIAP
TEOPHSICHIHBIH HET13r1 MIHIETTEPiHIH Oipi SpTYpIIl )KYKTEMeNep acep €Ty Ke3iHAeT! KaIbIHIbIFbIHbIH
e3repyi, TECIKTepAiH, KipMelepaiH, KaOaTTapAblH, apMaTypaHbIH KaOBIpFaJlapbIHBIH SpTYPIIi
3aHIBUIBIKTAPBl Oap Kypaesi MiIliH/Il TaKTaxap MEH KaObIKTapabl €CENTeyY JKOHE Kobaay oicTepiH
KETLIpy OO0 TaObLIAIbI.

Byt 5KYMBICTBIH MakcaTbl MaTepHalIbIH (DU3UKO-MEXaHHKAIBIK KACHETTEPiH €CKepe KOHE
CaHJIBIK ecenTey oJicTepiH KosmaHa oTeipbi, KJIK-1 HakThutay HeriziHzme oH ['aycc KUCBHIFBIHBIH
JOFaj TeMipOeTOH KaOBIKTaphIH €CENTEY/IIH KaHa 9/1iciH Oaranay OOJIbIT TaObLIaIbl.

Jloran KaOBIKIIAIApIel ecentey oaicTepine 3eprrey HoTmkenepin (Beglov & Maksimyuk,
2011, 2013) Tanmaii oThIpkII, Oenriii Oip GYHKIMOHAIAAPIBIH CTAIIMOHAPIIBIK KYIITEPIH KaJIbIITa-
CTBIpYFa HETI3/eNITeH BapUAIMUIBIK MPUHIAOTEPAl TiKelIed KOJNJaHy KaKeT €KeHi aHBIKTaJJIBL.
Caiipin kenrenje, TMicTi Bapuanusisik ecentep yuiiH Dinep-OcTporpaJckuil TeHaeyaepi peTiHae
KapacTeIpyFa 00aThiH qudPepeHInaNIbIK TEHICYIepal (KaparnaibiM HeMece KEKe TYBIHIbLIaPIbI)
IICUTYTe HEeTi3/Ie/reH.

ConbIMeH Kartap, Oenriii 6ip Bapuarusuieik Tanceipmanbiy (Mityakina, 2014) crarpoHapIibik
KaFIaiIapblH KaMTaMachl3 €TETiH MISIIMACPAl KYPY HASsAChIHA HETI3eNTeH Bapuanusuibik ecer-
Tep/Ii MEeNIyiH TiKeIen o1icTepi YCHIHBUIIBI.

Ocpl Makanajga y3blH WUUITII HUIUHAPIIK MaHedbAlH KepHeyli-aedhopManusianFan KyHiHig
eceOiH MICTIYAiH MTepalMsUIbIK Tporeci OasHmamanel. JloiekTi kybIkTay omicrepi MeH 1IDO-He
Herizaenred. 12O yiriH HETi3ri menIM peTiHae TYPaKThl KAIBIHIBIKTAFbl Y3bIH IJIACTHHA YIIIH
HIemiM KoJJaHbuiazsl. [1aHenbIiH Heri3ri menrMiHeH repi KapanaiblM KYPbUIbIMBI Oap 3J€MEHT-
Tep mnainamaneuianbl. Exi emmemai Tarckipmanap ymriH wureparnus mpoueci (Ledenev, 2016)
KYMBICBIHIIA KepceTureH. Mrepamusuiapia ChIBBIKTBHIK €CENTep i IIeNly YIIiH KOJJIaHBUIATBIH
[II20 KaThIHACHI OIIIIIEHTeH TeTe-TeHIIK 9iCIMEeH aJIbIHAIbI.

2 9JIEBUETKE IIOJIY

HerypipIM KeHIHEH KOJIAHBUIATHIH BapHALMSUIBIK 91iCTEpl KapacThIpailbIK.

Purti Onici.

Oxerre Putn onici GyHKIMOHAIABUIBIKTBIH KaJMbl NOTEHIMAIBIK YHEPTUSACHIH TOMEHE-
TETIH IIENIM acay YIIIH KOJJAaHbUIaJbl. PUTIl 9AICiH KOJ/1aHa OTBIPHIN HICHIM KYpy/la 6Te KUbIH
KaJamJap skacanajasl. AMTIAKIIb, Oy €CKepTy TOJNBIFBIMEH TOMEH/E KapacThIpbUIFaH Oacka Tike-
neil omicTepre KaTbICThl. benriieHreH eHOeK ChIBIMIBLIBIFEl KeJlecl JKaraalaapapl alTapibIKTai
KEHUIAETE].

Bby6noB-I"anepkun axici.

byOnoB-I"anepkun oxici, aram aiiTkanna, Ke3 KeJlreH BapualusiblKk TpUHIMUNTI KOJAaHYMEH
OallTaHBICTHI €MeC JKOHE OacTamKbiga JKeKe TYBIHIbUIApAaFbl KaparaibiM Hemece nuddepeHiman-
IBIK TEHACYJEpi KYbIKTay ofici peTiHzae ycbiHbuIFaH. Erep Oy tenneynepae Diinep-Octporpasic-
KMIJIIH Keii0ip BapHalMsUIbIK ecenTepiHiH TeHaeyepi 6oica, onaa byonos-I"anepkun smicin Bapu-
alMSIIBIK €T TYCIHAipyre Oosaibl.

Jloran KaOBIKTapAbl KOJUIOKAIHMSUTBIK 9/IICIMEH €CETTeY.

TypakTbl xoHE ©3repMenti KaJbIHABIKTAFbl J0Fal KaObIKTapblH MEXaHUKACBIH/IA ChI3BIKTHIK
’KOHE TEOMETPHSUTBI CHI3BIKTHI €MeC MeKapabIK €CeNTeP IiH KeH KJIACHIH IIENly YIIiH KOJUTOKAIH-
SUTBIK OIICTEPII TPAKTUKANIBIK KOJIaHy Kapacteipbutran (Lindgaard, 2011).

[IexTi aemMeHTTEp OMicCi.
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[exTi anemenT oxicinin (LIIDO) Herisri epexenepi 1943 xbinbl P.KypadT TyKbIppIMIaraH.
By eH TaHbIMai jKOHE JKOFapbl MPAKTHKAIBIK KYHIBUIBIKKA e 9icTepAiH Oipi OOJBIN caHajabl.
Ken wmaxkcartarpl OarmapiiaMaliblK >KOHE €CeNTey KemeHIepiHiH YJkeH canbl 1120 Herizinzae
KypbutiraH. 1lIexTi sneMeHTTep SICiHIH TaHBIMAJABUIBIFEI €Ki MaHbBI3Ibl KacHeTiHe OaillaHBICTHI:
ANTOPUTMIIK XKOHE oOMOCOANTHIIBIK.

[lnacTUHAHBIH WITY €CeNTepiH IICNIyle HETI3rl JKOHE TONBIKTHIPBUIATHIH MICIIMICPIIH
KOCBIHJIBICHI peTiHe KapacTeipsuiansl (Buksha, 2007).

3 MATEPUAJIIAP MEH 9AICTEP

bi3 keneci Oenrinepai KaObuigaiiMbI3: S — O6ackapy MaHeNIiHAETi JOFaHbIH KOOPAWHATHI; P —
OeTTiK KOJJCHEH >YKTEMEHIH KapKbIHAbLIBIFBI, |, K, h — maHenpmiH eHi, KUCBIKTBIFBI >KOHE
KaJbIHABIFRL, E, V — cepmiMainik mMoaymi skoHe [lyaccon koadduumenti; B = Eh/(1 - v3), D =
Eh3/[12(1-v?)] — co3blnyFa sxoHe Hinyre KaTaHABUIBIK; U, W — TAHT€HIHAIIBIK OPbIH aybICTHIPY JKOHE
uily; @ — HOpMaubai Oypeuly, w = dw/ds-ke TeH; €, K — y3apTyabiH aehopMaIusChl KOHE
KHCBIKTHIKTBIH 03repyi; 7, Q — TaHTeHIMABIK KOHE Kecy Kymrrepi; M — U0l MOMEHT.

¥3bIH TMaHeNbiH KepHeyli-aedopManusuianFal Kydi Keleci KaThlHACTapMEH CHUIATTalajIbl
(Agapov, 2013):

a) Tene-TeHIIK TeHAeynepi

dr

-0 X _ 71—
E;_-O'ds_-kT j28

S =Q-ol; (1)

0) «1ehopMalus-OpbIH ayBICTHIPY» TOYEIALTIKTEP1
du w? dw
e=—+kw+—, k=—; 2
ds + + 2’ ds’ (2)
B) TeMIIEpaTypaHbl ecenKe ay Ke31HJIer1 CepIiMALTIK 3aHbl
z

t =ty +
" h

tl;

T =Ble— (1+v)aty], M = D[k — (1 + v)at,/h]; (3)

JloiiexTi KybIKTay Ipolieci Kenecifiel yibIMaacThIpbuirad. (n + 1) skakpiHAayFa kemry ¢op-
MmyJanap OoibIHIIA *Ky3ere aceipbutaasl (Duissenbekov, 2020):

YD = ym 4 (Y - Y™);
TOHD = " 4 (T = T");n = 0,1,2, ... 4)

myHaarel Y = (W, w, M) T, T; - JOHEKTi KybIKTay MPOIECIHIH KHHAKTATYbIH KAMTaMachl3 €TETiH
napamerpnep. Homnix sxysikray ymin Y (=0, T(®) = 0 xa6eiinayra Gomane!. Y sxone T KOMIOHEHT-
Tepi CBI3BIKTBIK TEHCYIIEP KYHecCiHiH memiMineH anbikTanaas! (Krivoshein, 2014):

ar _ .~ dQ _ ,opn . dM npn.
s =0 g = kT =p, =0+ "7 (5)
_du n . (@2 _ _ 4w _ _aw,
s-ds+kw+ > , k= & ©= T (6)

T = Byle — (1 + v)c] + (B,/B)T"
M = Dylk — (1 + v)at,/h] + (D;/D)M" (7
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myHJarel B=Bo+B1, D=Do+D:. KaTanapsIKTeIH OyJ1 KepiHici ©3repMerti KalbIHAbIKTaFbl TaHEeb-
Jepai ecenTey KaraaibiHaa enrisineni, an Bo, Do mamanapsr ho, h = ho + h1, TypakThl KaJabIHIBIFbI
YIIiH €CenTeNreH KaTaHIbUIBIKTBIH MaFbIHackiHA He. JKyieci (5), (6), (7) OacTamnkel ecemnTi menryre
KOHE JKaKbIHIayFa OaiJIaHBICTBI JKAJIFAH J>KYKTEMeJNlep Ke3iHJe Y3bIH IUIACTUHAHBIH KEepHEYIIi-
nedopMaIusUIaHFaH KYWiH aHBIKTAaHThIH KaThIHACTAP ILIH MAaFbIHACKIH OepyTe OOaIbl.

(5), (6) Tenmeynepin memry yuria 1190 karbiHacel, (7) eJIIEHIeH KAIIBIK dIiCIHIH apaKaThbl-
HACBIH KoJj1aHa oThIpbin agambi3 (Korenev, 1980), onbl ObLitaii xa3yra 001aIbl:

f01[c;_:ﬁ+(c;_(sz_an+p)W_(dd_A:_Q+w”T”)€6]ds=0; (8)

MYHJIaFbI 1, W, @ - OipHENIe peT capalaHFaH caiMak QyHKIwsuiapbl. bemmekrtepi Oipiktipy (8)
YKoHE OeINTiepli eHTi3y

a7 AW a_ o oo s _dil
d_ k dS w = ds ) T —_ Bog, M —_ Dok, Q —_ ds ) (9)
013 Kesecl KaTbIHACTEL aJlaMbl3:
1[dT dd Al
N [Eu+EW—A”]dS +Jo = 0; (10)
MYH/JIaFbl
[ B; _[ D -
A=T—=Tn—(1+ v)ato] + M [—M” -1+ v)atl/h] + W(kT" —p) +
B,B DoD
~ - (w™)?
+ow"T" + T |—kw™ + 5 ;

Jo = (T —Tu+Qw — Qw + M@ — flw)| ;

(5), (6), (7) xyitenepin, (10) xKaThIHACHIH MICHTy YIIiH Ke3 KEJTeH i, W, @ Teric (QyHKIHs-
mapra KateicTel Oomamel. [0, I] kecimmiciHme j>kaHaMa KO3FAIBICBIH AHBIKTAWTBIH HWHTETPAIBIK
TeHaeyai mbirapy ymrid (10)

a‘l"ﬂz

=6(s—¢&); (11)

W=
MyHarbI O(s) - upakTeiy aenbTa QyHKuuschl. (11) TeHaeynepaeH anambi3:
T(s,9) = E(s—§), 1 =21 (12)

MYHOAaFbI

1 1
s < 0 kesinge, E(s) = — 5 S > 0 ke3inge, E(s) = 3

(11), (12) karpiHacTapsiH (10) ammacTbIpa OTBIPHII, 013 OPHEKKE KelleMi3:

u(®) = R - T 4 () (13)
M¥HI[aFBI
_ f [ n (@™?] |
Ju.(&) = | E(s—%) LT —(1+v)aty + kw™ + —— 5 ds;
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Con cusikrsl, (10)

u =

Q'Qx

=48(s=&); (14)

W U1y aybITKYBI YIIIIH HHTETPAJIJIBIK TeH eyl meminaeai. (14) kaTblHachIHAH aJaMbl3

- _ls—¢l (5= &) s —¢°
Q_E(S_ E); M = 2 , w = 2D0 E( _E) - 12D0 )
(15)
(10) karerHaceiHaH (14), (15) eckepreneri apakaTbIHACTAP IAH:
l 0 —&)?
wiey =20 vl - map
£2 (-5 %es _
=M(0) 5=+ QW) 75— - 0(0)12D0+1W(€>,
(16)

MYHOarbI

1
B LAs=é&P 5= 8° —5)2
M(f)—f(P—kT Tl)()+wT D E(s—¢&)

[—M" -1+ v)atl/h] ls — EI) ds;

Wurerpangapast ecentey yuit [, (§), . J,, (§) xoHe 1.0., cOHaii-aK MIeKapaiblK HHTETPAIBIK
TeHaeynep il merapy kesinae 7' imki xymri, w Oypeutysl xone M momenTi ymriH (13), (16) tunTi
epHekTep KaxkeT 6omaasl. (13), (16), (6), (7) xone (9) KaTbIHACKIH €CKEPE OTHIPHIMN, capajiay apKbi-
JIbl AJIBIHFAH OChI ©PHEKTEP/Ii JKa3aMbl3:

T(g):w;
o + w(0) ¢ 3 3% %
W) = =5~ MWD 55>+ MO 5=+ Q(D) 7, +QO0) 5=+ (©)
M) =10 o) =+ ) +1,(©) (17)
M¥HI[&FI>I
d Ls=¢® s ¢l
]‘“__d_f_f p— kT 2D, E(s =& +"T 2D,

b |
+ [ —(1+v)at1/h]E(s—f) ds;

1
— nlS_El npn _ .
]m——f p — kT T—w T"E(s f))ds,
0

Karsinacrapaan (13), (16), (17) & = 0 sxone ¢ — [ MbIHaIall MOHII aTyFa:

l
u(0) —u() + T(l)B—O = 2,(0)
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u(l) —u(o) — T(0) < = 2J,,(D) (18)
12 13
w(0) = wl) =+ MD 55~ 0 g5-= 21 (0)
12 13
W) =w(0) + ()1 + M) 55- = 00 5= 2 ()
l 12
w(0) = () + MWD 5=~ QW) 55~ = 2/ (0)
(D = @(0) +M(0) ;- — Q(0) 3= = 2y () (19)

Anter Terney (18), (19) cermeHTTiH ymTapblHAarsl QYHKIHUSIIAPIBIH OH €Ki Oenrici3 MoH-
nepin Kamtuasl [0, |]. Ilekapanbik mapTrapaal aithl OSNTiCi3/i aimblll TacTall OTHIPHII, 013 alThl
Oenriciz anTel TEHIEYJep KyheciH amambl3. OChl JKYHEHI mieme OTHIpHI, (GopMmyranap OoWbIHIIA
ecenTey YIIiH KaKeTTi PyHKIUIApIbIH IeKapalblK MoHAepiH anbikTaiimbi3 (13), (16), (17). [0, 1]
KECIHJIICIHIH 1IIKI HYKTeJepiHaeri GyHKIMsIapAbH MoHAEpiH ecenter, (4) dopmymnanapsl O0HBIH-
ma YD T+ vomnepin ta6ambiz. Materpannap [, (€), Jw(8) 4 Jo (©), Jm(E) ecentey Tpame-
USTHBIH (hOpMysIackl OOMBIHINA KOJIAHBLIAIbI, OHBl WHTETPAJJIBIK OPHEKTEPICT1 COHFBI y3lIicTep
YKarJanubIHJA KOJJAHYFa bIHFAIIBL.

TypakThl KaJIBIHIBIKTAFbI MTAHETBACPl €CEeNTEYIIH ChI3BIKTHIK MIHJISTTEpl. ONemMci3 mama-
JIap/Ibl CHT13eMi3:

rm) . ) )
" Ehy \hy/ ’ Q_Eho he/ ' Ehy?\hg

Keickaptynapasl kabbuigaiiMei3: cbi3bikThl ecentey (CE), coizbikthl emec ecnierey (CEE) - (1)
- (3) eckepyci3 ecenTi aHATUTHKAIBIK MIEIIyiH HOTHXKEJIEpl KOHE T€OMETPUSIIBIK ChI3BIKTHI €MeC
¢dbynkumsicel. Ecentey ke3inne katay OainanwicThiH (KB) sxone Tomcansl Gekitynin (Th) mekapa-
JBIK MIAPTTaphl Kapainabl. J{oWeKTi )KybIKTay MPOLECiHIH KaKeTT JANIITiHe KOJ KETKi3y KpUTepuidi
[IapT aJIBIH/IBL:

VA< &, (20)
Zi(wi-wi™)?
Ziwy)?

IIporecTiH KybIKTaYbIHBIH €H a3 CaHbIH KaMTaMachl3 €TeTiH T, T;, HapaMeTpJIepiH TaHIayFa

Oactel Ha3ap ayaapsuiasl (4). Ockl mapamMeTpiIep/IiH OHTaIbl MOHACPI YIIIH Ty, , T; MOHICPIH aia-

Mbi3. T, (k) , T; (k) Toyenninirin 3epTTey yIIiH CaHIBIK SKCHEPUMEHT TOMCABI GEKITY KOHE KOH-

TypABI KaTaH OeKiTy YIIiH skacaimsl. DKCIIEpUMEHT KepceTKeHueH, eTkimikti yiked k (k >20)
Ke31HJIe KOpPCETIIreH TOYeIAUTIKTEp apaKaThIHACIICH YCHIHBUTYBl MYMKIH:

MyHJaFbl A= , 1-[0, I] kecinminin keitbip Oony TYHiHIHIH HOMIpI; & -OepiIreH TAIIIK.

oK) =1, ©(k)=5 (21)

MYHJaFbl A - keiibip mapamerp. KaTThl THIFBI3/Iay YIIIH CaHIBIK SKCIEPUMEHTTIH HOTHXenepi 1-
cyperte kepcerinreH. ['paduk OofibiHma A=60 MoHI aHBIKTAIABL. EcenTi 1oi menry yurH TOMEHT1
(bopMynaHbl ecKepeMis
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PR
T=———-——
(1+ 1k™3?)

(22)
MyHJarbl R = % , A=60 mapter Kb ymrin, A=10 mapter Th ymin. ®@opmynansiH KypbUIBIMBI (22)
xoHe A MoHzepi (21) xone (22) dopmynanapeiHIarsl A mapaMeTpiepiHiy MoHaepi Oipaeit 6omys
THIC JIETEH KOPBITBIHABI YImiH Heri3 Oepemi. Tb karmallplHIarbl CaHJBIK SKCIEPUMEHT
TOYENAUTIKTIH 9IIIAIriH pactaast (21).

4 HOTU/KEJIEP ) KOHE TAJIKbBLJIAY

Karay OaiinaHBICTBIH IIEKapalblK IIapTTapbl yimiH 2-cyperte N(T;) ToyenauTikrepi
xepcerinren, mynaarsl N - € = 10° nommikke >KeTy YIIiH KaKeT KybIKTaynap cansl, k = 10 xone k
=100 (ty, = 1) ke3inze. T; HapaMeTpPIICPiHiH, T; MOHIHECH aybITKYbIMEH JKYBIKTAYJIap CAHBIHBIH aii-
TapJIBIKTall ©CETiHIH Kopyre Oonansl; T; = T; ke3inje aaerre N < 8.

Kb maprrapsr YI_HlH CaHJIbIK T9>K1pH6eH1H Keloip HoTIKeNepl 1-KkecTene KeNTIpUITeH, MYHIa
N(t;) monzepi T; = T; xoHe 7;(k), apKbUIbl aIbIHFAH K-HiH OpTYpIi MOHEpi yIIiH 6ep1nreH MOH-
nepi (21) cbopMleanapI[aH Tabbutran. Eki sxarmaiina nat,, = 1 anbiHansl. k eckeH caifblH T; xkoHe
7;(k) alfBIpMaLIBLIEIKTAPHI A3aATHIHBIH KOpyre 6OIaIb!.

v =100t
Ig (7) 7,7
/
-1.5 0.8 ///
<30 0.4 <>(
\\\\_—
0 T
-4.5
1-cypert — CaH/IbIK SKCIIEPUMEHTTIH HATHKeIepi 2-cyper — lllexapaJibIK mapTTaphl
(aBTOPIBIK MaTepuan) (aBTOpIBIK MaTepwa)
1-kecre
CanibIk TOXKIpUOSHIH HOTHKeIepi
k T N(t) (k) N(z)
5 0,7 5 2,4 LIBIFBIH
10 0,4 7 0,6 27
20 0,13 5 0,15 10
50 0,023 6 0,024 7

CoHBIMEH KaTap MHTErpaiabl ecentey yuiH Kaxerti [0, || uHTepBanbiHEIH M OeniMaepiHiH
caubiabiH ocepid [, (&), Ju (&) |, Jo (&), Jm (&) Tpamenms dopmynackl GOMBIHINA KOHE €CEINTIiH
IIeTIIMiHIH TN OoibIHIIA 3epTTeaiK. EcenTey HOTIXKeNepi 2-KecTeae KeNTipireH.

2-KecTeJleH Kopil OThIpFaHBIMbI3/Iai, Oesynep/iH OipJel caHbIMEH ecenTeyAiH KaTemiri K
napaMeTpiHiH eCyiMEH apTajbl KOHE KOHTYpPJBIH KaTaH asKTalyblHa KaparaHjaa TOIcalibl OeKiTy
KE31H]Ie YJIKEH OOJaIpl.

TypakTel KanbIHIBIKTaFbl UINTINI TaHENbICPl ecentey. Ecentepain Oy KIAachblH MIEHIYAIH
KETKUTIKTI CEHIMJI1 9/1ici 9pTYpIIl HbICaHAaphl Oap mapaMeTp/ii KalIFacThIpy 9J1ici OOJIbIN TaObLIA b
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(Kunanbayeva, 2022). By sKyMBICTBIH aschlHIa 0i3 OYJI 9iCKe TOKTAIMANMbI3, OPHBIKTHLUIBIKTHI
KOFAIITYIBIH P* KOFapFbl KPUTHKAIBIK KYKTEMEJIEPIHEH aCIIalThIH KYKTeMeJIepre apHalFaH Moce-
nenepai merryMen mextenemis. Mynnaii memimuaepai #(® = w(® = 0 Gacranksl xKybIKTay peTinge
QJTBITI, JKOFAPBIIAFhl OIICTICH alTyFa O0Ia Ibl.

Yiken aybiTKynap yuiid dopmynanap (21) Ty, , T; OHTaiIbl MOHICPIH AHBIKTAN KaHA KO-
Maii/ibl, COHBIMEH KaTap KeOiHece jKaKbIHIay/Ibl MYJIJIe KaMTaMachl3 €THEHTIH IemiMre KenTipei,
Keiie Tere-TeHIIKTIH TYpaKChl3 TYpiHE COMKeC IIemiMmre kakbiHaay Oosanbl. CaHIBIK dKCIEpH-
MEHT CBI3BIKTHI €MeC €CeNTepAeri >KMHAKTBUIBIKKA, MMapamMeTpil e3repTy apKbUIBl KON IKET-
Ki3UIeTiHiH Kepcereai. by xarnmaiina t; = 1 nmenm Kapacteipyra Oonanpl. tm mapameTpiH e3repry
KaKETTUIIr TUIACTUHAIAFbI UITIII AJIEMEHTTETiIeH, Oip )KYKTeMe Ke31H/Ie IMaHelbre KaparaHa ai-
TapibIKTail Korapbel OoyaThIHBIMEH TyciHAipyre Oomansl. Jlemek, T, = 1 ymin TinTi OipiHmm
KYBIKTAay TeTe-TeHIIKTIH 0acka (opmackiHa coliKec Imennmre Kanaai ga 0ip MarblHaIa «KaKbIHbI-
pak» 00JIybl MYMKIH; TTPOIECC OCHI MIEIIIMIe KaKbIH A TbI.

2-KecTe
CanapIK TOXKiprHOCHIH HOTHXKeETepi
Hycka m w(l/2) T
k=20 6 0.3712 -4.347
p =100 12 0.3709 4.348
Kb ChBI3BIKTHI €Cell 0.3709 4.348
k=20 6 0.3514 -4.987
p =100 12 0.3476 -4.905
Tb 24 0.3470 -4.885
CBI3BIKTEL €CEI 0.3468 -4.878
k =200 6 0.6495 -76.08
p = 152381 12 0.6491 -76.08
Kb 24 0.6490 -76.08
CBI3BIKTEL €CEIl 0.6490 -76.08
k =200 24 0.419 -76.28
p = 152381 48 0.511 -76.20
Tb 96 0.534 -76.18
CBI3BIKTEI €CEII 0.542 -76.17

3-KecTe/1e CHIPTKbI KbICHIM/IAFbI ITAHETbAEPIe apHaIFaH Keidlp ecenTep/i LIely HOTHXKeIepi
KepceTiureH. MyHail ecentep/iiy aHaTUTHKAIBIK mrenrimi (Amosov, 2009) 6epinren. lemrim g, =
10 yutin ansIHIbL.

Kb mekapansik maptsl 6ap k = 6 % HYCKACHI YIIIiH KOFapFbl KPUTHKAIBIK JXyKTeme p *=8,10,

on w(l/2)=0,48, T* = -1,60 MoHzmepiHe coiikec KeNeTiHiH eckepeMis; Hyckacel ymiH k = 20 -
p *=104, w(l/2)= 0,988, T* = -6,80; k = 10 nyckacs! ymin p *= 21,3, w(l/2)=0,606, T* = -3,18.
Ecenrtey mpakTHKachl KPUTHKAIBIK MOHTE JKAKBIH KYKTEMeIIep Ke3iHIe N KYbIKTay CaHbI Kem 0oJa-
TBIHBIH KOpPCETell, mapameTpliep Ty, , T; TaHJIay KHbIHFa COFaJbL; Ty, , T; OPTYPJI MOHJEPI opTYpIi
HIeMIiMepre dKelyi MyMKiH (3-KecTeHi KapaHbI3).

WNuTeHcuBTiniri p OipKenKi TapalfaH KbICBIMHBIH OCEPIHEH OONAaTBhIH TYPAKThI KATBIHIBIFBI
h+hy (B;#0, D; # 0) y3bIH, Tomcanbl, Keyj0Oey NHIMHIPIIK MaHEIb YIIIH ecenTeyiep
KYPrizimi.

3-kecre
CaHzbIK TOXKIpUOSHIH HOTIKeNepi
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Hycka Meminyi Ty, Tj N w(l/2) T
= z ChBI3BIKTBI €Cell - 0.7827 -3.058
3 CBI3BIKTEI €EMEC
p=4791 ecen ) 1.401 -0.2000
Kb Haxkrer sxkympicer 0.7, 1.0 13 1.401 -0.1997
7= 63 CBI3BIKTHI €Cell - 0.1982 -0.930
3 CBI3BIKTEI €EMEC - 0.3511 -1.300
p=7.591 ecern
Tb Haxre xymeicet 0.2, 1.0 65 0.3421 -1.302
ChBI3BIKTHI €cell - 0.3333 -3.907
k=20 CBI3BIKTBI eMeC -
p = 89.86 ecen 0.5221 -4.800
Kb Haxkrsr sxkympicer 0.12, 1.0 86 0.5233 -4.804
Haxkrer sxympicer~ 1.0,0.15 88 3.907 -2.654
ChBI3BIKTHI €cell - 0.2478 -1.742
k=10 CBI3BIKTHI eMeC - 0.4091 -2.381
p=19.17 ecen
Tb Haxkrer xymprcer 0.1, 1.0 78 0.4103 -2.385
Haxkrer sxympicer 1.0, 0.1 8 2.586 0.0962

h = hy ymin nanems mapamerpuepi V = 0,3, k = 20, p = 100. Ecenteynep Mmakcatsl h
TYPAaKThl KaJIBIHJBIFBI 0ap MmpouecTiH (4) )KUHAKTBUIBIFBIHA Ry MTApaMETPiHIH 9CEPiH 3epTTey OOJIBIM
Ta6binasl. HoTmkenep 3,4-cypeTTep/ie KeTipiares, MyHaars! TyTac ceisbikrap T; (h) xone n (h) ,
N - T; = 7; Ke3inzaeri npouecc (4) UTEpALUSIIAPBIHBIH CaHbl TOYEIIUIIKTEPiH KOpCeTe . T; MaKCH-
MaJIIsl MOHI MeH eH a3 N Mouine h = 1 (B1 = 0) ke3inze KOJ KETKI3UICTIHIH Kopyre 0osaasl, ajl T;
(21) dopmymacel GOMBIHINA ANBIHFAH MOHTE TeH. h OCKEH CaifbIH T; mapaMeTpi a3asipl, ajl N CaHbl
IIEKCi3 ece/l; a3aifraH caifblH T; mapaMeTpi Je asassl, 0ipak N KalTaaaHy caHbl MICKTEYJi OOJBII
KaJaJibl.

Ecenreynep vV = 0,3, k = 20, p = 100, € = 10° mnapamerpnepiHiH MoHepiH/Ie TONCAIBI KH-
exTepi 6ap alfHpIMaJIbl KAJBIHIBIKTAFbl KOI0ey HUIWHAPIIK MaHeb YIIiH jkacaiabl. KaablHIBIKTHIH
e3repy 3aHbI €Ki OYBIHBI 6ap GOIKTIK CHI3BIKTHIK (yHKIMsIMeH Oepinren: h (0)= 1,5, h (1/2)= 0,5, h
(D= 1,5. KanbIHABIKTBIH MYH/Iail ©3repy 3aHbIMEH J0Fa OOMBIHIAFbI OpTallla AifHBIMAIIBI KAJTBIHIBIK
h = 1. Ecenteynep HoTIXKeNepi 4-KecTee koHe 3,4-cypeTTep/e y3ik ChI3bIKTapMeH KOpCETiNTe .

N , 0

| /
200 | 0.02

100 AN 0.01 / /
N A
‘ / \ / 7
4+ —— -+ Eal
0 ___4-"” -] i) 0 \R ~
0 0.5 | 1.5 h 0 0.5 1 13 h
3-cypet — BOIIIBIK Kyl HOTHXeJepi 4-cyper — JKanama KepHey HaTIKenepi
4-kecte
Ecenteynep HoTIKETEPI
Ecenrey aici w(l/2) T M(/2) ®(0)
1150 0,4285 -4,950 -0,1245 1,070
OPpTOroHAaJb/IBI €CETI 0,4276 -4,950 -0,1246 1,068
1150 0,3469 -4,878 -0,3051 1,110
AHQJIUTHKAJIBIK €CENTeY 0,3468 -4,878 -0,3049 1,110
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5 KOPBITBIH/IbI

1. Kecrtenin OipiHIIi KOJBIH/A KOFApbla CUMATTAIFaH d/1ic OOMBIHINA abIHFAH HOTHXKEIED,
eKIHIIN >KOJIBIH/IA aJTOPUTM OOWBIHIIIA OPTOTOHAIBABI €CENTEY OMICIMEH COJI €CeNTi MISHIy/IiH
noTwkenepi kenripinren (Tokmuratov, 2020). Ywmixmi katapaa cansicTeipy yira 12O
KOMETiMeH albIHFAaH TYPAKThl KANBIHIBIFEI A = 1 MaHelmiHe apHAIFaH HOTIDKE OEpilreH, COHFBI
Katapya h = 1 yIIiH aHAIMTUKAIBIK €CeNTeyIiH HOTHKENePi KeTipiireH.

2. 3,/4-cyperTep/e 2-1Ii TapMaKTa CUNIATTAIIFAHFA YKCAC KaJIBIHIBIFBI ©3repMeli TTaHe b YIIiH
CaHJIBIK TOKIpHOe; (4) MPOLIECTIH KUHAKTHUIBIFBIHA fy MOHIH TaHIAY/IBIH dCEP1 3E€PTTEIIL.

3. A6cmmcca oci S Jorackl 6oiibIMeH h (GYHKIMACHIHBIH OpTama MIHiH kepcereni. CyperTeH
OyJ1 Karjaia MOHHIH Jie OOJIATBIHBIH Kepyre Ooaabl (hop/ho ~ 1,35, hOp - TaHENBJIH OopTalla
KaJIBIHJBIFBI S JOFachl OOMBIHINA), Oy Ke3/1€ €H KOFaphl KbUIIAM/BIK JI9HEKT] )KYBIKTAy MPOLECIHIH
bIKTUMaN XuHakTanybl (n = 8, 7, = 0,012). hop/hy < 0,5 xesinge 7; (hop/ho) Toyenainiri Typa mpo-
MOPIMOHAIIBI TOYSIIUTIKKE JKaKbIH CKCHIH aTal OTKeH JKOH. Byil (hakT TypaKThl KaJIbIHBIKTAaFbI
MaHeNb YIIIiH JIe OPbIH aJlaJlbl.

4. ACUMMETPUSUIIBIK JKYKTEMEJIEpIiH ocepiHe J0oFajl KaOBIKTapIbl €CENTey KEe3iHJIE YChI-
HBUIFaH €CENTey 9IICiHIH apTHIKIIBUIBIKTAPBIH KOPCETIIII.

5. XKykreme neHreiiine OailllaHBICTBI KaTaH MapaMeTpieplliH ©3TepyiH ecKepyre MYMKIHIIK
OepeTiH JKapBIKTHIH Taia OOMybIH €CKepe OTBIPHIN, KYKTEMEHIH KbICKa MEp3iMIi dpeKeTi YIIiH
TOTCallbl MEH KaTaH TIpeNreH JoFai TeMipOeTOH KaObIKTapblH ecenTey YIIiH, apanac (Gopmanars
[IeKapaJIbIK 3JIEMEHTTEp TEHAEYJIEep )KyHeci KYpbUIIbL.
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STUDIES OF THE EFFECT OF REINFORCEMENT WITH
GEOSYNTHETIC MATERIALS ON THE STRENGTH OF
SOILS UNDER CONDITIONS OF TRIAXIAL
COMPRESSION AND SINGLE-PLANE SECTION

Zh.K. Kanatova ® , S.Zh. Jumadilova*@, F.B. Temirbekova@, 1.0. Aliev®

International Educational Corporation, Almaty, 050043, Kazakhstan

Abstract. The study is a comprehensive analysis of the effect of geosynthetic ma-
terials on the strength characteristics of soils under triaxial compression and single
plane shear conditions. The triaxial compression method is used to investigate the
complex effects on soil specimens, which reflects real conditions and ensures the re-
liability of the results.The aim of the study is to evaluate the effectiveness of geosyn-
thetic materials as a means of soil reinforcement. Particular attention is paid to ana-
lysing changes in the mechanical properties of soils reinforced with different types of
geosynthetics compared to unreinforced samples. The study includes laboratory tests,
during which the parameters of strength, deformability and stability of soils under
different loads and variations of test conditions are evaluated.The results of the study
provide important information for specialists in geotechnical design and construc-
tion. They help to evaluate the effectiveness of geosynthetic materials in strengthen-
ing soil structures under high loads and complex conditions.Additionally, the study
includes an analysis of the effect of geogrid on the strength of weak soils, which al-
lows to identify optimal strengthening options and compare their effectiveness.Thus,
the study is a relevant contribution to the development of knowledge on the interac-
tion between geosynthetic materials and soil structures, contributes to the optimisa-
tion of design and increases the durability of soil structures

Keywords: geogrids, sandy soils, geosynthetic materials, triaxial compression
method.
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O0X 624.138.2
FTAMP 67.13.21
HOJIY MAKAJIACDBI

YII OCBTI KbICY ’KOHE BIP 7KA3BIKTBIKTbBI KECY
KAYJTAUBIHJIA TEOCHHTETHKAJIBIK MATEPHAJITIAPMEH
HBIT'AUTYAbIH TOIIBIPAK BEPIKTIT'THE OCEPIH 3EPTTEY

K.K. Kanatosa © , C.OK. JxxymaaunoBa® i , O.Bb. TeMI/IpﬁeKOBa‘E , 1.0. AnueB i

Xansikapaislk 0iniM Oepy kopropanuscel, Anmatsl, 050043, Kazakcran

AHaaTna. 3epmmey yuL 0cbmi KblCy dHcaHe OIp HCA3bIKMbIKMbL KEC) HCAROAlbIH-
0a 2e0CUHMEMUKANLIK, MAmepuanoapobly monvlpax oOepikmizi cunammamanapbina
acepin KeuleHOi mandayoan mypaowsl. Yui ocemi Kvicy 20ici HAKmMbl Hca20aunapovl
Kepcememin Jcone Hamuxicenepoiy OYpblCMbl2blH KAMMAMACHI3 ememin monvlpax
yreinepine keutenoi acepdi 3epmmey YliH KOJIOAHbLIA0bl. 3epmmeyoiy makcamsl —
MONBIPAKMbL  HbIAUMY KYPaabl peminoe 2e0CUHMEMUKANbIK MaAmepuanioapobly
muimoinicin 6azanay. beximinmezen yneiniepmeH canvblCmulp2aHoa 2e0CUHMeMuKaHbly
apmypani myprepimen Hul2AUMulLI2AH MONLIPAKMbIY MEXAHUKALIK Kacuemmepinoezi
eseepicmepdi mandayea epexuie Ha3ap ayoapulieat. 3epmmey 6apbicblHOA Jpmypii
JHCYKmemenep MeH CbIHAK JHCAROAUIAPbIHbIY 8aApUAYUALAPbL Ke3IHOe MONbIPaKmblH
bepikmici, Oeghopmayusacel dHcoHe MYPAKMbLILIZLL napamempiepi 6aanaHamvit
3epMXAHANBIK CLIHAKMAPObl HCYp2i3y0i Kammuobsl. 3epmmey Hamudicenepi 2eomex-
HUKAIbIK AHCO0ANAy JHCoHe KYPblIblc MAMAHOApbl YUliH MAHbI30bl AKNApammsl YCol-
Haovl. JKozapel JyHcykmemenep MeH KUblH Ha20auiapoa monvlpax KYpolibIMOApblH
HbI2AUMY0agbl 2e0CUHMEMUKANbIK MAmMepuanoapobly muiMoiniein oazanay2a Komex-
meceoi. ConviMen Kamap, 3epmmey Hbl2aumyoblly O4Maiiibl HYCKA1apbli aHbIKmMay2a
JHcoHe 0aapObly MUIMOINIZIH CanblCMblpy2a MYMKIHOIK Oepemin 2eomopobly 2/Ci3
monvlpakmuly bepikmicine acepin mandayosl Kammuowl. byn 3epmmey 2eocunmemu-
KablK Mamepuanioap men monvipax KypolLiblMOapbiHbly 63apa apeKemmecyi mypaisl
Oinimoi oamvimyaa e3zekmi ynec bepeodi, Hobanayobl OHMAUIAHObIPYEA HCIHE 2€0-
MEXHUKANLIK Maxcipubede UHIHCEHEPTIK KYPblIbIMOapOobly OepikmiciH apmmulpy2a
bIKnAL emeoi.

Tyiiin ce3nep: ceo mopaap, Kymowvl monvipakmap, 2eoCUHMEMUKAIbIK Mamepu-
anoap, yu ocomi Kvlcy 20ici.
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VK 624.138.2
MPHTH 67.13.21
OB30PHAA CTATbHA

NCCJIEJOBAHUA BJUAHUA APMUPOBAHUSA
I'EOCEHTETUYECKUMU MATEPUAJIAMU HA
HPOYHOCTDB I'PYHTOB B YCJIOBUAX TPEXOCHOI'O
C/XKATHUA U OJHOIIVIOCKOCTHOI'O CPE3A

7K.K. Kanarosa © , CJK. [IixxkymaaunioBa* ® o5 TeMI/IpﬁeKOBa‘D , 1.0. AnneB ®

MexnyHapoaHasi oopazoBaTenbHas kopropaius, Anmatsl, 050043, Kazaxcran

AnHTOTaUMs. Hccrnedosanue npedcmasgisiem cobol KOMNIEKCHbIU AHAIU3 GlUs-
HUSL 2e0CUHMEMUYECKUX MAMePUaIos Ha NPOYHOCHble XAPAKMePUCMUuKY SPYHmMo8 8
VCIOBUAX MPEXOCHO20 CIHCAmusi U OOHONIOCKOCMHO20 cpe3d. Memood mpexocHozo
colcamusi UCNONL3Yemcs 01 UCCAe008AHUSL KOMNIEKCHO20 B030€UCMBUsl HA 2PYHMO-
8ble 00pa3zybl, YMO OMPANCAen peaibHble YCI08Usl U 0becneyusaen 00CmMo8epPHOCb
pesynvmamos. Llenv ucciedo8anus 3aka0uaemcs 6 oyenke dQ@ekmusHoCmu 2e0CuH-
MemuyecKux Mamepuaniog Kak cpeocmea ykpenieuus epyHmos. Ocoboe eHumaHue
VOeneHo aHanusy usMeHeHull 8 Mexanuieckux c8OUCmMBEax epyHmos, YKpenieHHblX pas-
JIUYHBIMU MUNAMU 2e0CUHMEMUKU, N0 CPABHEHUIO C HeYKpenieHHbMu oopazyamu. Hc-
cnedosaHue GKOUaem 6 ceds nposederue 1adopamopHvIX UCNbIMAHUL, 8 X00e KOMO-
PbIX OYEHUBAIOMCSL NApamempbl NPOYHOCMU, O0eDOpMUPYeMOCmu U YCMOULUBOCmU
2PYHMO8 Npu OelcmeuU pasiudHblx HAspy30K U eapuayuil yciosuii ucnoimaus. Pe-
3YIbMAmMyvl UCCLEO08AHUSL NPEOCMABIAIOM COOOLL 8AXNCHYI0 UHDOpMayuto O cneyua-
JIUCMO8 8 00ACU 2e0MEeXHUYECK020 NPOeKmuposanus u cmpoumenvcmsed. Onu no-
Mo2arom oyeHums 3PHeKmueHoOCmb 2e0CUHMEMUYECKUX MAMepuaio8 8 YKpenieHuu
2PYHMOBLIX CMPYKMYP NPU BbICOKUX HASPY3KAX U CIONMCHBIX YCI08UAX. JJonoaHumenb-
HO, UCCNIe008aHUE GKIIOYACT AHANU3 GUSHUS 2e0CEMKU HA NPOYHOCb CADbIX SPYH-
MO8, 4mo No360.J1em 6bisA8UNMb ONMUMATbHbIE 8APUAHMbL YKPENJIeHUs U CPABHUMb UX
appexmusnocms. Jlannoe ucciedosanue A6IAEMCs AKMYATbHbIM GKIAOOM 6 PA36U-
mue 3HAHULL O 63AUMOOCUCMBUU 2e0CUHMEMUYEeCKUX MAmepuaios u 2pyHmMoBbIxX
CMPYKMyp, cnocoocmeayem onmumMu3ayuu NPOeKmupo8anusl U NOGbLULEHUIO 001208e4-
HOCMU UHICEHEPHBIX KOHCMPYKYULL 8 2e0MEXHUYECKOU NPaKmuKe.

KiroueBble c10Ba: ceopeuiemku, necuanvie epyHmol, 2e0CUHmemuyecKue mame-
pUabl, Memoo mpexoCHO20 CHCAMUSL.
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1 BBEJIEHHWE

[1noxue reonoruyeckue ycioBus, OCOOCHHO CBA3aHHBIE C HAJIMYUEM CIIA0bIX TPYHTOB, MOT'YT
MPEJCTABIATH CEPhE3HBIC BBI3OBBI JIUIsI CTPOUTENBHBIX MPOEKTOB. Ciaaldbie TPYHTHI, TAaKUE Kak TOpQ,
IJIMHBI WIN BBICOKOBJIQXKHBIE ITECKHU, YaCTO XAPaKTEPU3YIOTCA HU3KOI Hecyleil ciocCOOHOCTbIO, YTO
3aTPYAHSAET CTPOUTENILCTBO YCTOMUMBBIX (PYHAAMEHTOB, PELIEHUEM 3TUX MPOOJEM OOBIYHO BKIIIO-
yaeT B ce0s NMPOBENECHUE TIIATEIbHBIX T€OTEXHUYECKUX HMCCIEN0BAaHUM, Pa3padOTKy MHKEHEPHBIX
pEeLICHUH, TAKUX KaK YKPEIJICHUE I'PYHTa U UCIOJIb30BaHUE T€OCUHTETUYECKUX MATEPUAIIOB.

OnHMM U3 BaXXHBIX ACIIEKTOB AKTYaJIbHOCTH HCCIIEIOBAaHUI I'€OCMHTETHUYECKUX MATEPUAJIOB
aBIsieTca UX 3(PPEKTUBHOCTD B MOBBIIICHUU POYHOCTH M YCTOHYUBOCTH CTPOUTEIBHBIX KOHCTPYK-
IUNA. ['€OCMHTETHKH TIO3BOJISIOT 3HAYUTEIBHO CHU3UTh PUCKU PAa3PYLICHUS U IOBPEXKICHUS COOPY-
KEHUH, TAaKUX KakK J1aMOBbl, 3eMJIIHbI€ HACBIIIM, aBTOMOOMIIbHBIE U KEJIe3HOJOPOXKHbIE Joporu. Mc-
CJIEJOBAHMsI TIO3BOJIAIOT OIIPENEIUTh ONITUMAJIbHBIE CBOMCTBA U NTapaMETPbl T€OCUHTETUYECKUX Ma-
TEpUAIOB, YTOOBI 00ECTIEYNTh MAKCUMAIIbHYIO 3aUTY U JOJTOBEYHOCTh KOHCTPYKIIUH.

Jpyroil BaxHo# chepoil nccie0BaHUM ABISETCS UCIONIb30BaHUE T'€OCUHTETUKOB B 3KOJIOTH-
YECKH YyBCTBUTEIIBHBIX 30HAX, TAKUX KaK 30HBI 3allUTHI BOJHBIX PECYPCOB U 3allOBEAHUKH. | eomeMm-
OpaHbI ¥ T€OCETKH MOTYT UCIIONIB30BATHCS JJISI CO3/IaHMsI OapbepoB, KOTOPHIE MPENIOTBPALIAIOT TIPO-
HUKHOBEHHE 3arps3HEHHBIX BOJ WJIM TPYHTA B BOJOEMBI MM SKOJIOTMYECKH BaKHBIE TEPPUTOPHUN.

Taxkum 006pa3om, aKTyaabHOCTh UCCIIEOBAHUM T'€OCUHTETUUECKUX MATEPUATIOB B CTPOUTEIb-
CTBE OOYCJIOBJI€HA UX BAa)XKHBIMM (YHKLHUSAMHU B O0JACTHU YKPEIUICHMs M 3alllUThl KOHCTPYKLUH, a
TaK)X€ TOTEHIUAJIOM JIJISl CO3/IaHUSI HOBBIX MaTEPUAJIOB U TEXHOJIOTMHA. DTH MCCIEI0BaHUS TI03BO-
JAIOT yJIy4IIUTh KA4€CTBO U JOJITOBEYHOCTh CTPOUTENIBHBIX IPOEKTOB, a TAK)KE COKOHOMUTD PECYP-
Cbl U CHU3UTh HETaTUBHOE BO3JEHCTBUE HA OKPYXKAIOLIYIO CPENY.

2 OB30P JIMTEPATYPBI

['eoceTka — re€OCMHTETMYECKUN IUIOCKMM IIOJIMMEPHBIM PYJOHHBIM MaTepHal C CETYaTOU
CTPYKTYpO#, 00pa30BaHHBIM 3JaCTUUHBIMU PEOPAMU U3 BBICOKONPOUYHBIX MYyYKOB HUTEH, CKpETI-
JNEHHBIMU B y3J1aX MPOIIMBOYHOM HHUTBIO, MEPETIIETEHUEM, CKIIEUBAaHUEM, CIUIABJICHHUEM MM WHBIM
criocobom, ¢ 00pa3zoBaHUEM SUYEEK, pa3Mepbl KOTOPBIX OoJbIle 00pasyrolux ceTky pédep, oopabdo-
TaHHBIX CIEIHATFHBIMI COCTaBAMU JIJIS YYUIIEHHs] CBOMCTB M MOBBIIICHHS WX CTAOMIBLHOCTH. Jlitst
3alIUThl TPYHTA HA CKJIOHAX OT 3PO3UHU U OCBINAHUS MIPU 3eMJICYCTPONCTBE U CTPOUTEIHCTBE JOPOT
HEBO3MOXXHO OOOUTHCH 0€3 MPUMEHEHUs reoMaTepHrasoB. Yaiie Bcero st 3TOM e NCHOIb3YI0T-
Csl TEOCUHTETUKH, OHU TPOYHBI, XOPOIIO yJACPKUBAIOT YaCTHUIIBI TPYHTA, HO HE MOJBEPIKEHBI ONO-
Pa3IOKEHUIO W OCTAIOTCS B TPYHTE JCCATKH M COTHH JIET, CO37aBast 3Kojornyeckue mpooiaemsr (Li
et al., 2008). Matepuainsl U3 HaTYpaJbHOTO CHIPbsI OE30MACHBI TSI OKPYXKAIOLIEH CPebl 0 CPaB-
HEHHWIO C WX CHHTETHYECKUMH MPOTOTHIIAMH, TaK KaK 32 HECKOJIBKO JIET MOJBEPraeTcs MOJTHOMY
OMOPAa3NIOKEHNIO, & CAaMU BOJIOKHA SIBIISTIOTCS BO3OOHOBIsSIEMBIM pecypcoM. Ilpu mcmoip3oBaHuu
TEKCTHJIBHOW CeTYaToil CTPYKTYphl CYIIECTBEHHO YBEIMUYUBAETCS CIEMJICHHE TPYHTa, MOCKOJIBKY
YaCTHUIBl MEIKOOOJIOMOYHOTO TPYHTA YIUIOTHSAIOTCS M 3aKJIMHUBAIOTCS B siuelikax reocerok. IIpu
ATOM 00pa3yeTcsi yCTOM4YMBash CHCTeMa T'€0CETKa-TPYHT, T.e. TEOKOMITO3UT, B KOTOPOW BHEIIHSS
Harpyska paBHOMEPHO pacrpezessiercs mo Bcemy oowsemy. (Shukla, 2016)

I'eoceTka co3maercs U3 pa3IMYHBIX MaT€pPHAaJIOB M C Pa3HbIM pa3MepoM siueek. Bun matepua-
7a moAOMpaeTcsi B 3aBUCUMOCTH OT TOTO, KaKHe 337]adi He0OXOANMO BBHITIOJTHHUTH HA TOM WJIA HHOM
o0bekTe. B oTianune oT reopemerok — TPEXMEPHBIX KOHCTPYKIIMI — reoceTKH IUIOCKUe. JTO py-
JIOHHBIM MaTepual, yaoOHbIH B TpaHciopTHpoBKe 1 MoHTaxke (Cook, 2003).

Vcnonp30BaHne TEOTEKCTHIIS U TEOPEIIETOK 00J1a1atoT 00jiee BHICOKOW MPOYHOCTHI0, MEHbB-
el Maccol | JIyYIINM B3aUMOJCHCTBHEM C TEOCHUHTETHKOM, YTO TMO3BOJIIET COKPATHTH 00BbEM ap-
MHUPOBaHMS M MCIIOJIB30BaTh MEHBIIIE MaTepuaa JUlsl HaChllel ¢ KPYThIMU CKJIOHAMHU, TOBBIIIAs UX
YCTOMYMBOCTH K OOKOBOMY CKOJIbXKeHHIO U ocenanuto (Tatlisoz et al., 1998).

CBapHbIe U TKaHbIE TEOPEIIETKH, a TaKXKe OoJiee MPOYHBIE WHTETPATbHBIE TEOPEIIeTKH 0bec-
MEYMBAIOT JIYYIIyIO CTAaOUIIM3aIMIO, B TO BPeMsI KaK I'€OTEKCTUIIbHbIE MaTepHalibl U OoJiee ciadble
MHTETPaJbHBIC TeopeleTKH MeHee 3G deKTUBHBL. JledopMariun cBsi3aHbl C MPOYHOCTHIO MaTepHa-
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JIOB B TIONEpPEeYHOM HarpasieHHH. HeoOxomumo nanpHeiiee HCCleAOBaHUE YIS ONpPEACICHUs
KJIFOYEBBIX ITapaMETPOB F'€OCHHTETHKOB B Takux yciaoBusx (Cuelho et al., 2011).

I'eocetku 3¢ hexTuBHEE IS MTECYAHBIX TPYHTOB C HU3KUM COJIEPKAaHHEM MEJIKHX YacTHll, TO-
rjia Kak reoTeKCTUIIb MPEIIIOUYTUTEIbHEE Il TPYHTOB C BbICOKOH BiakHocThio(Razeghi & Ensani,
2023).

JlaBnieHre ¥ CBOMCTBA TPYHTA OKa3bIBAIOT CYIIECTBCHHOE BIMSHUE HAa 3PPEKTUBHOCTD apMHU-
pOBaHUsA reOpeIIETKON. ['paBUliHbIE TPYHTHI IOBBIIAIOT YCTOMYUBOCTD IIPOYHOCTH, YEM IIECUAHBIE,
a YBEJIMYCHHE JABIICHHS BIUSCT HA 3PPEKT apMUPOBAHUS, YTO MOTIEPKUBAET HEOOXOAMMOCTD yué-
Ta 3THX (pakTopoB npu npoekTupoBanuu. (Zakarka et al., 2023).

MasraBa u Ap. HCCIIEOBAIM HCIIOJIb30BAaHUE T€OPEHIETOK IS 3aIlUThl OT KaMHenaoB. Mc-
IBITAaHUS HAa HACBHITISX, YCUICHHBIMU T€OPEIIETKAMH U Te0sTYeiKaMu, MTOKA3bIBAIOT, YTO T€OPEIIETKH
3pGEKTUBHO CMATYAIOT YAAaphl BAIYHOB, OJHAKO MHEPIHS KaTAIIUXCS OOBEKTOB MOXKET oOecrie-
YUTh MEPCICKTUBY UX JABMWXeHUs BBepx. (Maegawa et al., 2011).

TaraBu u Mocainanexa peUIoKUIN HOBYIO CUCTEMY «aHKEPHBIX T€OPEIETOKY», B KOTOPOH
CTaJIbHBIE TOPU3OHTAJIBHBIC 3JIEMEHTHI YBEJIMYUBAIOT MOIIIHOCTD, BHIPBIBAIOIIYIOCS Ha 65%, 4TO OT-
KpbIBAeT HOBBIC MEPCIIEKTUBBI ISl PYKOBOACTBA 3emisiueckux cred. (Taghavi & Mosallanezhad,
2017).

Haxkonern, XaceH u AGOac OTMETHIIM, YTO TEOPEIIETKN CHIDKAIOT OCAJIKy (YHIaMEHTOB IpU
3eMJIETPSICEHUSAX, 0COOCHHO TPU HU3KMX YCKOPEHUSX, OAHAKO MX 3()()EKTUBHOCTH B HACBHIIICHHBIX
IPYHTax HUKE, YeM B yCJIOBHsX conpoTuBicHus (Hasen & Abbas, 2024).

3. MATEPUAJIBI U METO/bI

3.1 HICOBITAHHUE OBPA3IOB IIWJIMHJIPUYECKON ®OPMbI C HECBSI3HBIM
I'PYHTOM

[IpenMerom ucnibITaHU SBISIFOTCS 00pa3ibl ecka. OOpasel] HapyIIEHHOTO COCTOSHUSI UMEET
mnotHOcTh 1,89 r/cM® m ecTecTBeHHas BIakHOCTH W=6.719%. B cOOTBETCTBUM ¢ pe3ynbTaTaMH
WCIIBITAHUN Ha TPaHYJIOMETPUYECKUNM COCTaB, MECOK MPEICTaBISAIOT COO0OM KpymHBIE TeckH (1o
I'OCT 25100). [TanHbIe 10 rpaHYJIOMETPUYECKOMY COCTaBY MpUBEAEHHI B Tadauue 1.

Ta6anua 1

I'panynomeTprueckuii coctaB obpasma

Pasmep ywactuil d, Mm >2 >0,5 >0,25 >0,10 <0,10
Copeprxanue 4acTtuil, % 1o macce 8,62 49,64 28,14 7,37 6,23

B nmporpamme ncnbITaHMi IPeTyCMOTPEHO JIBa TUIAa HAOOpa 00pa31oB, KOTOPbIE OTINYAIOTCS
HaJIMYMEM Ie0CEeTOK HE TOJBKO MO BHICOTE, HO U IO ToplaMm obpasua. CuuraeM, YTo Mpu nepeaaye
BEPTUKAJIBHON HArpy3ku, 1o ToplaM obpasia MoryT (opMUpOBaThCs KacaTedbHbIE HalpsyKEeHUs,
KOTOpBIE MPUBOJAAT K U3MEHEHHIO HANpPSKEHHO-AEPOPMUPOBAHHOTO COCTOSIHUSI U MPHUBOJAT K U3-
MEHEHHIO pa3pylaroieil Harpys3ku. Llenbio uccnenoBanuii iBIseTCs U3y4eHue 3Toro (hakropa.

OOpa3upl HapyILIEHHON CTPYKTYpbl M3rOTaBIMBAIOTCSA B Jlabopartopuu. [[is sToro ciemyet
MIOATOTOBUTh MaTepHall IecKa €CTECTBEHHOM BiaxHOCTH. [lasiee cineayeT MOATOTOBUTH IECOK
OTIpe/IeNeHHON MAcChl Il TIOMydeHHs mioTHocTH p=1,89r/cM®. 3aTem MaTepman yImoTHSeTCs B
pa3beMHoil (hopme BbicoToi 20 cm, auamerpoM 10 cm. Ilocne roTroBHOCTH 00pasua, pazbeMHas
dbopma m3Bnekaercs. Brociencteum, oopaser; GUKCUPYETCsS W HEe3aMeUTUTEILHO MPUKIIaIbIBACTCS
Harpyska CTYIEHSIMHU, KOTOpasi yBEJIMUNUBAETCS C MOCIEAYIOIINM Harpy>KEHUEM.

JlJis OArOTOBKM YHPOYHEHHOI'O reoceTkamMu oOpasla MPUMEHSETCs BbIllIeyKa3aHHas METOo-
nuka. ['eoceTka UCIONB3yeTCsl BO BpEMsl YILIOTHEHUSI B COOTBETCTBUU € ITPOIPaMMOIl MCIIBITAHUH B
tabnuue. Tun reoceTku Nogo0paH ¢ UCHOJIB30BAaHUEM METO/I0B (PU3NYECKOTO MOJIEITMPOBAHUS MO
pa3mep oOpasna nuamerpoM d=10cM. CeTka yKiIaapIBaThCsl B TOPU30HTAIBHOM MOJIOKEHUH, HE Me-
Hsis CBOEH nmepBoHauanbHOU (OpMBI Kak Mmoka3zaHo Ha Pucynke 1.
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Taéauna 1

ITporpamMma UCIBITAHUI 00PA3I0B HMIMHAPUIECKONW OPMBI C HECBS3HBIM TPYHTOM

HazBanue obOpasma

be3 reoceTok 1o rpanunaM

C reoceTkaMu 110 TpaHUIIAM

bes reoceTox

C 1 reocerkoit

C 2 reoceTkaMu

i
=

C 3 reoceTkaMu

Pucynox 1 — [pouecc noaroroBku odpasua Juis HCIBITaHUH (MaTepuai aBTOpOB).
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3.2 HICNIBITAHUA OBPA3IOB WINHAPUUYECKOU ®OPMBbI CO CBS3HBIM
TPYHTOM

Taoauna 2
[Iporpamma ucHBITaHUI 00PA3IOB IMIHHAPHYCCKON (POPMBI C CBS3HBIM IPYHTOM

be3 reoceTok no rpanunam C reoceTkaMu Mo rpaHullaM

bes reocerok

C 1 reoceTkoit
v \%
N——

C 2 reoceTkaMu

hi2

h/3

Jlnist mpoBeieHUsT UCCIIeIOBaHUN HCIOIb30BAJICS MCEBIOCBA3HBIN MaTepuan, KOTOPBIX MOJTy-
YeH KaK KOMIIO3UT IbUIEBATOr0 IE€CKa, BEPETEHHOT0 Macjia M pe3MHOBOM Kpolku. Bce oOpasiibl
KOMIIO3UTHOTO MaTepuaia U3roTaBlIMuBaloOTCs B Jabopartopuu. s HOArOTOBKM MaTepualia UCTIONb-
30BaJIM MECOK MbIJIEBAThI €CTECTBEHHOM BIIAXXKHOCTHU, pe3MHOBas Kpoluka B Konnyectse 10-15% u
BepereHHoe Macio 8-10% ot o6béma urorooit cmecu. OOpasen] HapyIIEHHOTO COCTOSIHUS UMEET
m10THOCT 1,89 I/cM® M €CTECTBEHHYIO BIAKHOCTh W=6.8%. B COOTBETCTBHH ¢ pe3ynbTaTaMH HC-
NBITAaHUH Ha TPaHyJIOMETPUUYECKUN COCTaB, ECOK MPEJICTABIIAIOT COOOM MblUIEBATHII MECOK corac-
HO 'OCT 25100-2011. ITo rpany1oOMeTpUYECKOMY MOKHO MOHSTh, YTO B UCIIBITAHUU ObLIT UCIIOJb-
30BaH necok ¢ pazmepamu vactui d=0.10mMM. B xone noaroroBku oOpasia 100aBisieM B MECOK pe-
3MHOBYIO KpolKy o0bemMoM 10% ot o6bema necka. Taxxe nodasnsem 180mi1 BepeTeHHOTO Maciio B
IIOITOTOBJIEHHYIO CMeECh. [lanee cienyeT noAroTOBUTh MECOK ONPENEICHHON MacChl IS IOJyYEHUs
mnotHocTH p=1,89r/cM®. 3aTeM MaTepuan YIIOTHSETCA B Pa3heMHOM (opMe BbICOTOM 20 cM, aua-
metpoM 10 cm. Tlocne roroBHOCTH 00pa3ia, pazbeMHas popma u3Bjiekaercs. Brnocnencrsuu, oOpa-
3e1 GUKCUpYeTCs, U BEpTUKAJIbHAS Harpy3ka MPUKIIAAbIBAETCS CTYMEHIMH, A0 pa3pylieHus: oopasz-
na cornacuo 'OCT 12248.3-2020.

Jlj11 TOATOTOBKM 00pa3iia yIpOUYHEHHOTO T€0CeTKaMU MPUMEHSETCS] aHAIOTMYHAas METOAMKA.
I'eoceTka ucnosnb3yeTcs BO BpeMsl YIUIOTHEHHSI B COOTBETCTBUH C MPOTPaMMO UCTIBITAHUH B Tab-
JMLE.

I'eoceTka misl MCClIeOBAaHUI MCIONB30Balach B YINPOILIEHHOM BapuaHTe. M3roraBiuBanach
o guametp oopaszna d=10cMm. [lommkHa yKIagBIBaTHCS B TOPHU3OHTAIHHOM ITOJOKEHUH, HE TEPSS
cBoel (OpPMBI.
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3.3 UCHOBITAHUSA OBPA3IOB IIUWJIMHIPUYECKON ®OPMblI HA CJBHUIO-
BOM INIPUBOPE

Tabumua 3
[Iporpamma ucnbITaHUit 00pa3OB MIUTHHAPHYIECKON (POPMEI B CIBUTOBOM IIpHOOpE
BapuanT, Ne 1 2
Ornucanue UCTIbITaHUI be3s reocetku C 1 reoceTrkoit mocepeauHe
—
o
=
HNnmocTtpanus
o
E =

CnsuroBoii mpubop (cpesarmuii mpudop) UCIONB3YETCS IS ONPEISICHHUS TPOYHOCTHBIX
XapaKTepUCTUK BCEX BUIOB IPYHTOB, TAKUX KaK YroJl BHYTPEHHEIO TPEHHUS U CLEIUICHHE. DTOT Me-
TOJ1 SIBJISIETCS BaXKHBIM B T€0TEXHUYECKOW MHXKEHEPUH ISl OLICHKH YCTOMYMBOCTH I'PYHTOBBIX Mac-
CHUBOB U IIPOEKTUPOBAHMSI PA3JINYHBIX WHXKECHEPHBIX COOPYXEeHHM. OCHOBHBIE KOMIIOHEHTHI CIIBU-
roBOTO MprOOpa BKIIIOYAIOT CPE3AIOIIYI0 KOPOOKY, CUCTEMY 3arpy3Kd, MEXaHH3M CIBUTA U TaTYUKU
Harpysku u nepopmanuu. Cpesaromas KOpoOKka COCTOUT U3 JIBYX IOJOBHH, B KOTOPBIX pa3MellacT-
cs1 oOpasel] rpyHTa: BEpXHss MOJOBHHA MOJBUKHA OTHOCUTENIBHO HIKHEH. CucTema 3arpy3ku uc-
MOJIB3YETCS /ISl IPUIIOXKEHUS! BEPTUKAIBHOM Harpy3Kku K o0pasily, MeXaHu3M C/IBHra 00ecreurnBaeT
TOPU30HTAIILHOE NEpEMEILIEHUE BEpXHEN MOJI0OBUHBI Cpe3arolieil KOpOOKU OTHOCUTENBHO HUYKHEH, a
JTaTYUKU U3MEPSAIOT BEPTHKAIBbHYIO HArpy3Ky, TOPU3OHTAJIBHYIO CHIIY CABHMra u Jegopmanuu o0-
pasua (bomasipes, I'. 1.2014)

ITponentypa ucnbITanus coriaacHo nporpamMme ucneltanuii (Tadauua 3). HaunHaeTcs ¢ oT60-
pa npod mecyaHOro rpyHTa C MecTa MPOBEIEHHUS HCIBITAHUN M M3rOTOBJIEHUS 00pa3lioB IyTeM
TpaMOOBKH HJIM IIPECCOBAHUS B cpe3aroleil kopooke. OOpasell rpyHTa MOMELIAETCsl B CPE3aroILyI0
KOPOOKY M YIUIOTHSIETCS ISl JOCTUKEHHSI HEOOXOUMOM TUIOTHOCTHU. 3aTeM K 00pa3sily MpHKiIaibl-
BAeTCsl BEPTUKAJIbHAS HAarpy3Ka ¢ IIOMOIIBIO CUCTEMBI 3arpy3Kd, MOACIUPYIOLIas JaBICHUE BbIIIE-
JIeXKAIINX CI0EB IpyHTa. BepXHsis mogoBUHA cpe3arolieil KOpoOKH HaUMHAET MepeMeniaThCs Topu-
30HTQJIBHO OTHOCHUTEJIBHO HIJ)KHEH ITOJIOBUHBI C IIOCTOSHHOM CKOPOCTBIO, CO3/1aBas CABHTOBOE
HanpspkeHue B oOpasie. B nporecce ucnbITaHusl TOCTOSHHO U3MEPSIIOTCS BEPTHKaIbHAsl HAarpys3Ka,
rOpPU30HTANIbHAS CHJIa CIIBUTA U Jedopmanuu odpasia, a JaHHbIE (PUKCUPYIOTCS aBTOMAaTHYECKU
P MIOMOIIY TaTYUKOB U PETHCTPUPYIOLIETO ycTpolicTBa. cnbITaHus B KHHEMAaTHUYECKOM PEXHME
Harpy’KeHus MO3BOJISAIOT MOJIYUYUTh ITapaMETPhl, XapaKTEPU3YIOLUE MUKOBYIO U OCTaTOYHYIO MPOY-
HOCTh rpyHTa (MupHhsiii A. 10., 2021).

AHanmu3 JaHHBIX BKJIIOYAET MOCTPOEHHUE Irpa)MKOB 3aBUCHMOCTH KacaTeNbHOIO HaNpsKEHUs
OT TOPU3OHTAJIBHOU AeQopMali U ONpeAesieHHe MPeAeIbHOTO KacaTeJIbHOr0 HaIpsDKeHUs, Hpu
KOTOPOM NMPOUCXOANT pazpylieHne oopasua. M3 pe3ynbTaToB HCIIBITAHUIN ONPEAEIISIOTCS OCHOBHBIE
napaMeTpbl MPOYHOCTH IPyHTA, TaKHe KaK YroJl BHYTPEHHErO TPEHUs U CUEIUIEHHE, UCIOJb3Ys
ypaBHEHME TpelleNbHOro cocTossHus Mopa-Kynona. VcnbiTanue cABUIOBBIM IPUOOPOM SIBIISIETCS
BaXHBIM MHCTPYMEHTOM B I'€OTEXHMUYECKON MHKEHEPUU ISl ONPECIICHNs MPOYHOCTHBIX XapaKTe-
PHUCTUK TECYaHOTO TPYHTA. DTU JaHHbIE HEOOXOIUMBI JUIsl IPOSKTHUPOBAHUS U CTPOUTENILCTBA Pa3-
JIMYHBIX WHXEHEPHBIX COOPYKEHUH, TaKMX Kak (DyHIaMEHThI, HACHIIU, IOJIOPHBIE CTEHKU U JPY-
re KOHCTPYKIIMH, T/I€ BaXKHA OLIEHKA YCTOMUYNBOCTH IT'PYHTOBBIX MACCHUBOB.
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4 PE3YJIBTATBI U OBCYXJIEHUSA

4.1 PE3YJIbTATBI U OBCYXXAEHUS HCIIBITAHUA OBPA3LHOB C HECBA-
3AHHBIM MATEPHUAJIOM

B nepBom BapuaHTe ObLT HCTIBITAH 00pa3er] 6e3 HCIOIb30BaHMsI T€0CETOK. B pe3ynbrare BbI-
SICHUJIOCH, 4TO oOpasel 0e3 TeoceTok CrocoOeH BhlepkaTh rpy3 Becom m=1.85kr. Bo BTropom Ba-
pHaHTe pe3yabTaT Mmokas3al npees pa3pymaomneil Harpy3ku m=0,76kr.

Bo BTOpOoM BapmaHnTe OBLI HCHBITAaH 00pa3el] ¢ MCIOJIb30BAHUEM OJHON I'€OCETKH Iocepe-
nuHe. ['eoceTka pa3Merianack poOBHO MOcCepenuHe, TO ecTh Ha BbicoTe h=10cm. Paspymaromas
Harpy3ka oOpasma coctaBisier N=2.620kr. Bo BTopoM BapuaHTe pe3yibTaT MOKa3al Mmpeaes pas-
pymatoieit Harpy3ku N =1,93kr.

B tperpem BapuanTe ObLI HCIIBITAH 00pa3el] C UCTIOIB30BAHUEM JIBYX reoceTok. ['eoceTku ObI-
JU pa3MelneHsl Ha BeicoTe h=6,66 n h=13,4. O6pazer Boimepkan Harpy3ky Becom N =3.420kr. Bo
BTOPOM BapHaHTe Pe3yJIbTaT MoKa3all npezen pazpymaromiei Harpy3ku N =2,69xr (Taoauusl 4,5).

Tabumnuna 4
HcnpiTanne 6e3 reoceTok no rpanunaM (1 ucnsiTanus)
No  Omnucanue UCTIBITAHUS Bricora, JHuametp, cm  [lnoTHOCTH, T/CM® Paspymaiomas
cM Harpyska, Kr
1 be3 reopemeTok 20 10 1,89 1,85
2 C 1 reopenietkoit 20 10 1,89 2,62
3 C2reopenieTkamu 20 10 1,88 3,42
4 C 3 reopenieTkamu 20 10 1,88 4,62
Tabumuna S
HcnpiTanne 6e3 reoceTok 1Mo rpaHuiam (2 HCIbITaHus)
Ne  Ornucanue ucnpITaHUS Beicora, Juametp, cm  [lnotHOCTH, T/CM® Paspymiaiomas
cM Harpyska, Kr
1 be3s reopemeTox 20 10 1,72 0,76
2 C 1 reopemnierkoit 20 10 1,83 1,93
3 C2reopeuieTkamu 20 10 1,77 2,69
4  C 3 reopenieTkamu 20 10 1,84 3,69
Ta0auna 6
HcnpiTanue ¢ reoceTkamu o rpasuiam (1 ucrelTanus)
o S —— Bricota, [duamertp, HJIOTHOSCTL, Pazpymaromas
cM cM r/cMm Harpyska, Kr
1 CreopemeTkoi cBepXy U CHU3Y 20 10 1,89 1,85
2 C 1 reopenieTkoii, CBepXy U CHU3Y 20 10 1,88 2,62
3 C 2 reopeuieTkaMu, CBEpXy M CHH3Y 20 10 1,85 3,62
4  C 3 reopemnieTkaMu, CBepXy B CHU3Y 20 10 1,86 4,62
Tabamnna 7

HcnpiTanue ¢ reoceTkamu 1o rpaHuiaM (2 HCIIBLITaHuUS )
Bricora, [duamerp, IlnoTtHOCTS, Pazpymatomas

Ne  OmnmcaHue UCIIBITAaHUS

cM cM r/cm® Harpyska, Kr
1 C reopenieTkoii CBepXy U CHU3Y 20 10 1,70 0,83
2 C 1 reopenieTkoii, CBEpXy U CHHU3Y 20 10 1,67 2,31
3 C 2 reopeuietkaMu, CBEpXY M CHH3Y 20 10 1,73 3,31
4 C 3 reopelieTkaMu, CBEpXy M CHU3Y 20 10 1,89 6,70
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B geTrBepTOM BapmaHTe MCHIBITaHUN OBLT 0Opasel] ¢ TpeMs reoceTkaMu. ['eoceTkn pa3meria-
muck Ha BeIcoTe h=5cM, h=10cm, h=15cm. Pa3pymaromas Harpyska cocraBisier N =4.620kr. Bo
BTOPOM BapHaHTE PE3yJIbTaT MMOKa3al npees paspyiaromeit Harpy3ku N =3,69kr.

B nmarom BapuaHTe HMCIBITaHUIE ObUT 00pasel] ¢ reoceTkaMy MO TpaHuIlaM, TO €CTh Ie0CeTKa
pa3Menianach CHU3Yy M cBepXy. B pe3ynbTaTe BBIICHWIOCH, YTO 0Opaselr] 0e3 reoceTok CrnocodeH
BbIZIEpKaTh rpy3 Becom N=1.858kr. Bo BTOpoM BapuaHTe pe3yibTaT MoKa3all Mpeaell pa3pyliao-
e Harpy3ku N=0,83kr

B mectom BapuanTe ObLT MCHBITAH 00pasel] ¢ Te0CeTKaMu 0 TpaHuILaM | mocepenune. I'eo-
CeTKa pa3Melnanach CHU3y oOpasua, Ha BeicoTe h=10cMm, Takxke cBepxy. OOpasen OblT pa3pylieH
npu Harpy3ke BecoM N=2.620kr. Bo BTopoM BapuaHTe pe3yibTaT MoKa3al Mpeen pa3pyliarnen
Harpy3ku N=2,31kr.

B cenpMom BapuaHTe ObLT HCTIBITAH 00pa3el] C UCIOIb30BaHUEM JIBYX I'€0CETOK U F€0CETOK IO
rpanunam. ['eoceTku pa3memiaguch B TOM K€ MOPAJIKE, YTO MPH TPEThEM BapUAHTE HCIBITAHUM.
Pazpymaromas Harpyska cocrasisier N=3,620kr. Bo BTopoMm BapuaHTe pe3ysbTaT MOKa3al Mmpeaesn
paspymaronieit Harpy3ku N =3,31kr

B nocnenneM, BOCbMOM BapHaHTe HCHBITaHUI ObUT 0Opasel] ¢ 3 reoceTkaMu U Te0CeTKaMH o
rpanuiam. ['eoceTkr pa3Memaniuch B TOM K€ MOPSIIKE, YTO U B YETBEPTOM BapUAHTE UCIBITAHHI.
Ob6paszen BoiAepxkan Harpy3ky Becom N =4.620kr. Bo BTopoM BapuaHTe pe3ynbTaT MoKas3al Mpeaes
paspymarorniei Harpy3ku N =6,70kr (Tadauub 6,7).

B rpaduueckom Buzae pe3ynbTaThl UCIIBITAHUN yKka3aHbl Ha Pucynkax 2-9.

5 4,00

3,50
4

Bes reopemerku C 1 reopemerkoit
nocepeanHe reopemeTkaMu TreopeuICTKaMHu

w
o
o

2,50
2,00
1,50
0,76
0,50
0,00

bes reopermerku

w

[EEN
=
o
o

Pazpymaromias Harpyska, Kr
N
Paspyiuaromas Harpy3Ka, Kr

TEOPEUICTKOH  TeopemIeTKaMi  TeopeIIeTKaMu
MocepeIHe

Pucynok 2 — Pe3ynbTaThl HCIIBITAaHUH: pa3pylaromas
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Pucynok 4 — Pe3ynbTaThl HCIIBITAaHUH]:
paspyIaromas Harpy3ka 0e3 reoceToK 0 TpaHuIa
(1 memprTaHMs) (MaTepuan aBTOPOB)

PucyHok 3 — Pe3ynbTaThl HCTIBITAHUN: pa3pylIaroIas
Harpyska 0e3 reoceTok 1o rpanunam (2 UCIbITaHus)
(Matepuan aBTOpPOB)
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PucyHok 5 — Pe3ynbTaThl HCIIBITAHUMN:
paspymiaromiasl Harpyska 0e3 TeoceToK 10 rpaHuIaM
(2 mcripiTaHMs) (MaTepyan aBTOPOB)
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Pucynox 10 — CpaBHuTEbHBIN rpadrK
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PucyHok 9 — Pe3ynbTaThl HCTIBITAHUN: Pa3pyIIArOIIast
Harpy3ka ¢ Te0CceTKaMH 10 IpaHUIaM (2 HCIIBITaHHS)
(Marepuan aBTOpOB)
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Pucynok 12 — CpaBHUTENBHBIH rpaduK UCTIBITAHUN Pucynok 13 — CpaBHUTENBHBIH rpadUK NCTIHITAHUN
¢ reoceTkamu u 6e3 (1 ucmbITaHus) ¢ TeoceTKaMu u 0e3 (2 NCTIBITaHus)
(Matepuan aBTOpPOB) (Matepuan aBTOPOB)

HccnenoBanue cOCTaBIsIO 8 BApHAHTOB MCHBITAHUN COTIIACHO mporpamme. KpatHocts mpo-
BEJICHUS MCIBITAHUN COCTaBIIsjla HE MEHee JBa pas3a. B pesynpTaTe MCHBbITaHUI OBLIO BBISBIEHO,
YTO NMPHU OTCYTCTBUU T€OCETKU MO TpaHHIIaM 00pasiia IpOoYHOCTH MmoBkimaercs Ha 149,7% B nepBoM
Bapuanre, Ha 385% Bo BTOpoM BapuaHTe. McnbpITaHuS ¢ UCIIOJIB30BAHUEM IE€OCETOK IO TopIam 00-
paslia moka3ajiH CIeAyIOLIUe Pe3ybTaThl: B IEPBOM BapHUaHTE MPOIEHT MPOYHOCTH MOBBILIACTCS Ha
151%, Bo BTOpOM Bapuante — Ha 707%. V3 wero ciieayer cienarh BBIBOJ, YTO Ojaromapsi reocer-
KaM IO T'paHMIlaM IPOIEHT IPOYHOCTh NoBbImaeTcs. CpaBHUTENbHBIN aHAIN3 B Ipa)UuecKOM BHJIE
npencrasied Ha Pucynkax 10-13.

B xoze ucnbiTanuii ObIIO BBISBICHO, YTO N€OCETKU MIPAIOT BAXKHYIO POJib B (POPMUPOBAHUU
npovHOCTH oOpaszma. Kpome TOro, MCIonbp30BaHUE TEOCETOK COCOOCTBYET CHMXKEHHUIO Nedopma-
TUBHOCTU U Pa3pyLICHUIO TOJ| BO3JECHCTBHEM BEPTHKAJIbHBIX Harpy3ok. IlpucyrcTBue reocerku
CTIOCOOCTBYIOT O0Jiee paBHOMEPHOMY pacIpeIeiIeHNI0 Harpy3KH, IpeaoTBpaias o0pa3oBaHHe KO-
neit u tpetud (Pucynku 14,15).
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Pucynok 14 — CpaBauTenbHbIN rpaduK pe3ylbTaTOB HCIIBITAHUHN JIByX BAPUAHTOB
0e3 reoceTok 1o rpaHuiaM (MaTepuai aBTOpOB)
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Pucynoxk 15 — CpaBHuUTENBHEIH rpaduK pe3yabTaTOB UCHIBITAHUN IBYX BapUaHTOB
C TeOCETKOH 10 TpaHuIaM (MaTeprall aBTOPOB)

Pe3ynbTarhl HcbITAaHUI TTOKA3aJIH, YTO IPUMEHEHHE T€0CETOK MOBBIIIACT MPOYHOCTh TPYHTA.
B nepBom ucnelTaHuu 0€3 MCIOJNB30BAHMUSI T€OCETOK MAKCHUMAaJIbHOE 3HAYEHHE pa3pyllarolien
Harpy3Kkd yIpOYHEHHOTO TPYHTa 0Ka3ajoch OJIM3KUM K TeopeTHdyeckoMy. M3 uero MokHO 3aKIIio-
YUTh: MPUMEHEHHE T€OCETOK B JIOPOKHOM U TPaXJTaHCKOM CTPOUTENIbCTBE MOBBIMIAET MPOYHOCTD
TPYHTa U CHOCOOCTBYET MpHUMEHEHUIO Oosiee A((EKTUBHBIX PEHICHUN B MPOLECC YNPOUYHEHUS
TPYHTOB B CTPOUTEIILCTBE.

JlaHHBIN YIPOUHSAIOMIUNA MaTepuall TpedyeT NalbHEWIIUX HCCIeAOBaHUNW B NMPUMEHEHHUS B
IPaX/1aHCKOM CTPOUTENIbCTBE.

4.2 PE3YJIbTATHI U OBCYXXIEHUSI WCHOBITAHUN CO CBSA3HBIM MATE-
PUAJIOM

B nepBoM BapuaHTe Obl UCHIBITaH 0Opazer 6e3 NCIOIb30BAHUS Te0CeTOK. B pe3yibrare BbI-
SICHIJIOCK, 9TO 00pasel] 0e3 reoceTok crocoOeH BhiaepkaTh rpy3 Becom N=2,0kr (Tadoauua 10).

Bo BTOpom BapuaHTe ObLIT MCIIBITaH OOpa3el ¢ MCIHOJIb30BAHMEM OJHOM I'€OCETKH Iocepe-
nuHe. ['eoceTka pasmernianach poBHO TOcCepennHe, To ecTh Ha BbicoTe h=10cm. Pazpymaromias
Harpyska oopasua coctasiseT N =2.60kr (Tabauua 10).

B Tperbem BapmaHTe ObLI MCIBITAaH 00pa3ell C MCIOJIb30BAaHMEM JBYX I€OCETOK. I'eoceTku
Obuln pa3MelieHbl Ha BeicoTe h=6,66 n h=13,4. O6pazen Bbigepxkan Harpy3ky BecoM N =3.0kr
(Ta6auna 10).

B yerBepTOM BapuaHTe MCHBITAaHUM ObIT 0Opaser] ¢ reoceTKkamMM o IpaHUlaM, TO €CTh Teo-
CeTKa pa3Mellaigach CHU3y U CBEpXy. B pe3ynbTaTe BBISCHUIIOCH, YTO 00pasel 0e3 reoceTok Croco-
OeH BoIIepxkath rpy3 Becom N =2,0kr (Tabauma 11).

B nstom BapuanTte Obl1 ucHbITaH o0Opa3zel ¢ TeoceTkaMH M0 TpaHMIlaM U nocepeauHe. ['eo-
ceTKa pa3Melnanach CHU3y oOpasua, Ha BeicoTe h=10cM, Takxke cBepxy. OOpasen OblT pa3pylieH
npu Harpyske Becom N =2, 70kr (Ta6auma 11).

Taoauna 10

Hcnprranne 6€3 re0CeToK 110 TPaHUIaM

Ne OnucaHue UCILITaHMS BHCC;ZTa’ I[Hil\;eTp’ HH(;};? R PIZ‘ZIF) g}iizuiiﬁ
1 Besreopemierok 20 10 1,89 2,0

2  C 1 reopemeTko# mocepenuHe 20 10 1,89 2,6

3  C 2 reopemierkamu 20 10 1,88 3,0
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Ta6auna 11

HcnpiTanue ¢ reoceTkamu 1Mo rpaHuliaM

Ne OnucaHue UCIbITaHMS BH;(ZTa’ I[Hil\;ﬂp’ HHSZI;S e, P;Z?g;izuﬁﬂ
1 C reopelietkoii CBEpXy U CHH3Y 20 10 1,89 2,0
2  C 1 reopenierkoii, CBepxy U CHU3Y 20 10 1,88 2,7
3 C 2 reopemeTkaMu, CBEpXy U CHU3Y 20 10 1,85 3,2

B miectom BapuaHTe ObUI UCIIBITAH 00pa3ell ¢ UCIOIb30BAaHUEM JIBYX I'€0CETOK U I'€0CETOK 110
rpaHunaM. ['eoceTkn pa3Memanich B TOM e IOpPsJKE, YTO MPU TPETbEM BapUaHTE HCIBITAaHUM.
Paspymaromas Harpyska cocrapnser N =3,2kr (Ta6auua 11). Ha Pucynkax 16 u 17 yka3aHsl pe-
3yJIbTaThl UCIIBITAHUH B rpa)uyeckoM BHJIE.
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PucyHnok 16 - Pe3ynbTaTsl HCTIBITAHHMN: PucyHnok 17 — Pe3ynpTaTsl HCTIBITAHAN
paspylaromas Harpy3Ka 0e3 reoceToK 0 TpaHulaM  pa3pyLIaolias Harpy3Ka ¢ Fe0CeTKaMu 110 TPaHuLaM
(1 ucripiTanms) (MaTeprai; aBTOPOB) (2 ucripiTanust) (MaTepran aBTOPOB)

[IpoBeneHHBIE MCCIENOBAHUS MOKA3bIBAIOT, YTO HAJIMYUE T€OPEIIETOK MO KpasiM KOHCTPYK-
LIMH HE OKA3bIBAET 3HAYMTEIBHOTO BIMSAHMS HA €€ YIPOUYHEHUE NPHU OTCYTCTBUM I€OPELIETOK B Ce-
penune. [lpu UCTIONB30BAaHUU OJHOW TEOPEUISTKH, Pa3MENICHHONW B CepeirHE KOHCTPYKIUH, d¢-
(eKT ynmpouHeHHUsl 0OCTaeTCs MUHUMAIIbHBIM, HE3aBUCUMO OT HAJTU4Ms Te€opemieTok mno kpasm. Cy-
IIECTBEHHBIN POCT pa3pymaromieil Harpy3ku (Ha 15%) HaOromaeTcst TOJNBKO MPH UCTIOIB30BAHUU
JIBYX TEOPENIETOK, PACIOJIOKEHHBIX B CepeIiHe KOHCTPYKIMU. TakuM oOpa3oM, HeOOJbIIas pas-
HUIIA B YIIPOYHEHUH HAOIIOAACTCS JIUIIb PU HAIMYUU UM OTCYTCTBHH T€OPEIIETOK M0 KpasiM, TO-
r71a Kak KJIF0YeBbIM (haKTOPOM SIBIISICTCS HAJTMYKE JBYX reoperietok B cepenune (Pucynox 18)
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Pucynoxk 18 — Pe3ynbrarhl nucnpITanuii: cpaBHEHHE UCTIBITAHUH 0€3 TeopelIeTOK 0 TPaHuaM
U C TeOpeIIeTKaMHy 110 TpaHuiiaM (MaTepuaj aBTOPOB)
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4.3 PE3YJIBTATDBI U OBCYKAEHUSA UCIIBITAHUA OBPA3IIOB HA CABUI'O-
BOM INIPUBOPE

B ucnbiTaHuM KMCHONB3YETCS MCEBAOCBA3HBIA TPYHT, COCTaB KOTOPOIrO OMUCaH ObLI paHee.
Jlyis ynpo4YHEeHHsI JAaHHOTO 00pasiia MCMOJIb3yeTCs reoceTka ¢ sueiikaMu 5X5 MM U pa3MepaMu B
IU1aHe He 0oJiee quameTpa HCIbITyeMoro oopasua. MccnenoBanue cocTaBisiio 6 BaApUaHTOB UCIIbI-
TaHUM.

Tabauna 12
Pe3ynbTarhl MCIBITAHMY HA OTHOINIOCKOCTHOM cpe3
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Pucynok 19 — Pe3ynbTarhl HCTIBITAHUI HA OHOILIOCKOCTHOM cpe3 B oOpasiie
0e3 NCIO0Ib30BaHMsI T€0CETOK (MaTepran aBTOPOB)
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Pucynok 20 — Pe3ynbTarhl nCIBITAHUI HAa OAHOIIOCKOCTHOH cpe3 B oOpasiie
C MCTIOJIH30BAHUEM T€0CETKH (MaTepHall aBTOPOB)
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= = 15
q 2 = 8,33
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5
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Bes reopewerkn  C 1 reopeuierkoii Bes reoperierku C 1 reopemerkoii
TOCepeINHE nocepeauHe
Pucynok 21 — Yron BHyTpEHHETO TPEHUS TPyHTa Pucynok 22 — CrieruieHue rpyHTa
(Marepuain aBTOpPOB) (MaTepual aBTOpPOB)

[lo pe3ynpraTaM HCHBITAaHUI OTMEYEHO, YTO MCIOJIb30BAaHUE | N€OCETKH MOCEpEIUHE JAeT
pa3zuuny B 1,3 pa3za.

B pe3ynbrarte ucnbiTaHU ObLIO BBISBIEHO, UYTO 0€3 N'€0CETKH CLEIJIEHUE U YTOJl BHYTPEHHETO
tpenus paBubl C=38,23 klla, $=31,1°, mpu UCHOIB30BaHUH I'€OCETKU MOCEPEIUHE B TOPHUIOHTATIb-
HOM IIOJIO)KEHUHM 3HAYCHHE CLEIUICHUS U yria BHyTpeHHero TpeHus mensiercss Ha C=17,9 klla,
$=29,3°. Takoe CHU)KEHUE CONPOTUBIICHUS CIBUTY 3aKOHOMEPHO, TOCKOJIbKY B TUIOCKOCTH CIBHTa
MPUCYTCTBYET pa3AeIuTeNbHbIN coii B Bue cetku cornacHo [[OCT 12248.1-2020.

JlaHHBIN METOJ YIIPOYHEHUS! OCHOBaHMsI TpeOyeT AajJbHEHIINX UCCIIEI0BaHUM B YaCTH KOJIH-
4YecTBa CJI0EB FeOMaTepHaliOB, MPUMEHSIEMBIX AJISl IPU YIIPOUYHEHUH TPYHTA.

S BBIBO/IbI

Vcnonb30BaHne T€OCMHTETHUECKUX MATEpUaloB JUIS MOBBILIEHHUS HECYLIEH CIOCOOHOCTH
CJIa0bIX TPYHTOB SIBJISIETCS MEPCIEKTHUBHBIM METOJOM, OOECHEUMBAIOIIUM YIYULIEHHE MPOYHOCT-
HBIX XapaKTEePUCTHK U CHIKEHHE Ae(OpMUPYEMOCTH 3achINKH. McrbITaHus JUIsl pBIXJIOro Iecka u
NICEBJIOCBSI3HOTO TPYHTA MOKa3aJM, YTO J100ABJIEHHWE I'€OCETOK IO I'paHUIAM U HUX COYETaHUE C
BHYTPEHHUMH CJIOSIMH T€0CETOK MPUBOAUT K YIYUIIEHHIO IPOYHOCTH 00pa3ioB. Haubonbmmii 3¢-
(bexT nocTuraeTcs Mpu UCHOJIb30BAHUU JBYX WIIM TPEX I'€OCETOK, YTO MOATBEpKAAeT 3¢ (eKTuB-
HOCTb JAHHOTO MOJIX0/1a.

B mepBoM HCIBITAaHUM Ha PBHIXJIOM IeCKe J00aBJIEHHME T'€0CETOK MO TPaHMLAM IOKa3allo

orpaHuyYeHHBIA 3P PEKT, 0JHAKO MX KOMOMHAIUS C BHYTPEHHUMH I'€0CETKaMU 3HAUUTENIbHO YBEIIU-
YujIa pa3pyLIaloNnlylo Harpy3Ky, OCOOCHHO NMpHU NMPUMEHEHUHU TPEX reoceTok. Bo BTOpom ucmbITa-
HUU MIPOYHOCTH TAK)KE 3aMETHO BO3pOCia IMPH UCIOIb30BAaHUH TPEX T€OCETOK, UTO AEMOHCTPUPYET
yJIy4llIEHUE CBOWCTB I'PyHTA 3a CUET ApMUPOBAHUS.
WcnpiTanus Ha NCEBAOCBSI3HOM TPYHTE MOKa3alH, 4To J00aBleHHE OJHON I€OCEeTKHU MOoCepeinHe
HE3HAYUTENIBHO YIy4IIaeT MPOYHOCTh 00paslia, Torjaa Kak KOMOMHAIMS ¢ Te0CETKaMU 110 TPaHHuLaM
MPUBOJUT K YBEJIMYECHUIO pa3pyliatomiei Harpy3ku. [Ipu ucnonab30BaHUM ABYX F€OCETOK BHYTPHU U
I€0CETOK IO TPaHMLIaM Ha0JII0JaJIoCh JalbHeHIee yIydieHne IPOYHOCTHBIX XapaKTEPUCTHK.

TakuMm 06pa3oM, MPUMEHEHHE T€0CETOK MO0 IPaHMIlaM B COUETAaHUU C BHYTPEHHUMH CIOSMU
MO3BOJISIET JJOCTHYh 3HAYUTENILHOTO MOBBIIMIEHUS! MPOYHOCTH, OCOOEHHO B KOMOWHAIMU C JIBYMs
win Tpems reocerkamu. OJIHAKO, MCIOJIb30BAaHHE I€OCETOK TaKkKe COMPOBOXKAAETCS CHUKEHHEM
CLIETIJICHUS M yIJIa BHYTPEHHETO TPEHUs, YTO TpeOyeT NaibHEHIINX UCCIeT0BaHUN A ONTUMHU3a-
MU MX KOHCTPYKIMHU M PACMHOJIOXKEHHUS. DTO MO3BOJUT JOCTHYb ONTHMAIbHOIO COOTHOILIEHUS
MEX/y MOBBIIIEHHEM MPOYHOCTU U CHI)KEHUEM J1e(hOPMHUPYEMOCTH OCHOBAaHUM MpPH MCIIOIb30Ba-
HUU T€OCUHTETUYECKUX MaTEepPHAaIIOB.
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Abstract. The article explores the prospects of utilizing geotechnical seismic in-
sulation made from gruntosilicate to protect architectural monuments from seismic
influences. It highlights the advantages of this technology, including the preservation
of the integrity and authenticity of historical buildings, minimal interference with
their original construction, and the durability of the materials used. The article out-
lines the primary methods and technologies of seismic insulation, such as insulating
layers, dampers, and shock-absorbing materials. Additionally, it provides examples
of successful applications of seismic insulation in various historical buildings. The
importance of adopting modern technologies to safeguard cultural heritage in re-
gions with heightened seismic activity is emphasized throughout the discussion. The
primary aim of the article is to demonstrate the effectiveness of geotechnical seismic
insulation in preserving architectural heritage. Experimental studies have shown that
gruntosilicate, when used as a seismic insulation material, significantly reduces the
amplitude of seismic vibrations, thereby enhancing the safety and longevity of build-
ings. The article posits that geotechnical seismic insulation represents a promising
approach in earthquake-resistant construction, necessitating an integrated approach
that takes into account technical, economic, and geological factors. This research
underscores the potential of this technology to provide sustainable solutions for the
protection of cultural heritage in seismically active regions.

Keywords: geotechnical seismic insulation, ground silicate, protection of archi-
tectural monuments, laboratory experiments, standard sealing device, accelerometer,
oscillation amplitude.

*Corresponding author
Kuanyshbay Aidana, e-mail: a.kuanyshbay@mok.kz

https://doi.org/10.51488/1680-080X/2024.3-10
Received 23 May 2024; Revised 12 July 2024; Accepted 23 August 2024

139


mailto:a.kuanyshbay@mok.kz
https://doi.org/10.51488/1680-080X/2024.3-10
https://orcid.org/0000-0002-9748-6830
https://orcid.org/0000-0002-0869-3513
https://orcid.org/0000-0002-6487-2428
https://orcid.org/0009-0008-0816-6589

QazBSQA Xao6apwmbicel. Kypeuibic. Ne3 (93), 2024

O0XK 699.841
FTAMP 67.11.03
I'bIJIbIMHN MAKAJIA

COVJIET ECKEPTKIIITEPIH KOPFAY YIIIH TOIIBIPAK
CUJIMKATBIHAH 'EOTEXHHUKAJIBIK CEUCMHUKAJIBIK
OKIIAYJAYTBILITAPJIbBI KOJJAAHY IIEPCIIEKTUBACHI

C.E. Huer6aiit2 ® ,E.T. Becumbaen! © , T. ABBaa 23@ , A.M. KyaHBImﬁaﬁz‘*®

!Cornaes ynusepcurer, 050013, Anmatsl, Kazaxcran

ZXanbIKapasbIK 6i1imM Gepy Kopropamusicel, 050043, Anmatsl, Kazakcran

Smnepatop I Anekcanap atbinaarsl IleTepOypr MEMIIEKETTIK KaThIHAC 5KOJIaPhl YHUBEPCUTETI,
190031, Cankr-IletepOypr, Peceit

Angarna. Maxanaoa cayniem eckepmriutmepin CelicMUKanblk acepiepoeH Kopaay
YWlin, monvipax CUIUKAMbIHAH OPLIHOANIEAH 2€0MEXHUKANbIK CeUCMUKANbIK OKWAY-
J1ayosl KOJNOAHY NepCneKmueanapsbl Kapacmulpsbliadvl. byn mexnono2usHvly apmoik-
WILLILIKMAPBIHA, COHBIY TWIHOe MApuxu KYpbliblMOapOobly MYmacmulabl MeH myn-
HYCKANLIZbIH CAKmMayad, 01apobly OU3AUHbIHA MUHUMALObL apalacyea dHcane Koiod-
HBLIAMbIH MAmepuanioapovly bepikmicine epexkuie Hazap ayoapuliaosl. OKuaynazeiil
Kabammap MeH amMOpmMu3ayUsALbIK MAamepuanoap CusKkmsl CelucMUKaublK OKWay-
ayowly Hezizel adicmepi MeH MeXHONO02UANAPbl CUNAMMmManeas. Op mypii mapuxu
aumapammapoa CeuCMUKaIblK OKUAyiayovl Commi KONOAHy MbulCanoapvl Keamipii-
2eH. Maxanaoa ceticmukanvix OenceHOLIKMIY HCOAPLLIAYbIHA OALLIAHLICMbI, MIOEHU
MYpauvl KOp2ay YWiH 3aMAHAYU MEXHOIO02UANAPObl KOLOAHYObIY MAHbI30bLIbIEb]
kepceminedi. Makanauviy makcamsl - apxXumexkmypanivlk Mypansvl cakmay yuwin 2eo-
MEXHUKANILIK CEeUCMUKANbIK OKWAYIAyObly MUIMOLNiciH Kepcemy. IKCnepuMeHmmix
3epmmeynep CeUCMUKABIK OKUAYIARbIL MAMEPUAT peminoe KOIOAHbLIAMbIH MONbl-
PAaK  CUTUKAMMbIY CEUCMUKATLIK mepoenicmepoiy amMnaumyOodcblh aumapiblKmail
memeHOememiHin Kepcemmi, OY1 eumapammapovly Kayincizoiei meH Oepikmicin
apmmulpaovl. [ eomexHuKanvlK, celicMUKanblK OKWAaynay KeuleHoi macinoi Hane mex-
HUKAIbIK, SKOHOMUKAIBIK JHCIHE 2e0N02USLNIbIK, (PaKkmoprapovl eckepyoi manian ememin
JHcep CLIKIHICIHE MO3IMOI KYPbLIblCMAgbl NePCnekmueansvt 6azvlm 60.1bln maobwliaobl.

Tyiiin ce3nep: ceomexHuKanvlK ceucMUKaIblK OKWAYIay, Monvlpax CUIUKAM,
caynem eckepmkiuimepin Kopeay, 3epmXananvlk madicipubenep, cmaHoapmmaol mol-
2b130ay Kypanvl, akceiepomemp, mepoenic amniumyodacsi.
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MPHTMU 67.11.03
HAVYYHAA CTATDBA

IHEPCHHEKTUBA IIPUMEHEHWA TEOTEXHUYECKOH
CEUCMOM3O0JIAIINN U3 TPYHTOCHUJIIMKATA
JJIA SAIIUTBI HIAMATHUKOB APXUTEKTYPbBI

C.E. Huer6aii2® | E.T. Becumoaen! @
T. ABBax 2° © , A.M. Kyanbimoaii>* ®©

!Carnaes ynusepcurer, 050013, Anmatsl, Kasaxcran

Mesxaynapoanas obpaszosaTenbHas koprnopanus, 050043, Anmarer, Kazaxcran
$[TeTepOyprekuii rocy1apCTBEHHBIM YHUBEPCHTET yTell coobmenus Mimmneparopa Anekcannapa I,
190031, Cankr-IletepOypr, Poccus

AHHOTaUUsA. B cmamve paccmampueaiomcs nepcnekmugvbl NpuMeHeHUus 2eo-
MEXHU4eCcKOU CeucCMOU3ONAYUY U3 SPYHMOCUTUKAMA O 3auumsl NAMAMHUKOS ap-
Xumekmypvl om ceticmuyeckux e6o3oeticmauti. Ocoboe euumanue yoeusemcs npe-
umywecmeam OAHHOU MEXHONO2UU, BKIIOUAsS COXPAHEHUe Yel0CMHOCMU U dYymeH-
MUYHOCMU UCMOPUYECKUX COOPYICEHUU, MUHUMATbHOE 8MEeUamenbCmeo 6 ux KOH-
CMPYKYUIO U 001206€4HOCMb UCHONb3YeMbIX Mamepuanos. Onucansbl 0CHO8HbIE Me-
MOoObL U MEXHOI02UU CelCMOUZONAYUL, MAKUE KAK UOTAYUOHHbLE CTIoU U OeMngepbl,
amopmusupyrowue mamepuansl. Ilpusedensvt npumepuvl yCneuitHo2o NpUMeHeHus celi-
CMOU3ONAYUU 8 PA3TUYHBIX UCMOpudeckux 30anusax. Cmamuvs noduepKugaem 8aic-
HOCMb UCNONIb308AHUSL COBPEMEHHBIX MEXHON02Ul OIS 3auUmbyl KyJIbmypPHO20 HACTIe-
Ousl 8 YCl08UAX NOBGLIUEHHOU celcMuyeckou akmusHocmu. Llenbs cmamvu — npooe-
MOHCMPUPOBAMb IPPEKMUBHOCb 2e0MEXHUYECKOU CellCMOU3ONAYUU Ol COXpaHe-
HUSL apXUMeKmypHo20 HACAeous. IKCNepuUMeHmaibHble UCCIe008aAHUs NOKA3ANU, YO
2PYMOCUNUKAM, UCNOTb3YEMAS 8 Kauecmee CeuCMOU3O0AYUOHHO20 Mamepuand, 3Ha-
YUMENILHO CHUMCAem aMIIUMy0y CeucCMu4yeckux KoleOauuul, ymo nosviuiaem 06e3-
ONAcHOCMb U 001208€4HOCMb 30anull. 1 eomexnuyeckas celucmMousonAyus npeocmas-
Jisilem co6oll nepcneKmueHoe HanpasieHue 8 CeliCMOCmMoUKOM Cmpoumenbcmee, mpe-
Oyloujee KOMNJIEKCHO20 NOOX00a U yuema MexHU4ecKux, dIKOHOMU4eCKUx U 2eon02u-
yeckux ¢paxmopoa.

KuroueBrnle cii0Ba: ceomexnuueckas CeucMouzonAYus, cpyHMoCcUuIuKam, 3auu-
ma NaMAmMHUKO8 apXumekmypsl, 1aOOpamopHvie 3KChnepuMeHmsl, Npubop Cmau-
0apmHo20 yniomHeHus, aKkcerepomemp, AmMnIumyoa Koiebanui.
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1 KIPICIIE

Coyner eckepTKITepiH CEHCMHKAIIBIK dCEpIepIeH KOpFay, MOJCHH MYpaHbl KOpFay calia-
CBIH/IaFbl MaHBI3/Ibl MiHAETTEPAIH Oipi 00JBIN TaOBLIAIBL. OPTYPIL IoYipiiep/ie CalbIHFaH XKOHE KHI
Oipereit MaTepuangap MEH KypbUIBIMIAPIbl MMaliajlaHaThIH TAPUXU FUMapaTTap MEH KYPBUIbIMIAP
Kep CUIKIHICIHIH >KOUKBIH ocepiHe ocasl. JKbUT callblH OCBhl KYHJBI HBICAHAApAbl OoJamak yprak
YIIIiH caKTayFa MYMKIHJIK O€peTiH THIMII SICTEPIl 931pJiey KOHE €HT13y KaKETTUIIr apThIN Keel
(Tsang et al., 2021).

2 9JIEBMETKE IIOJY

['eoTexHUKANBIK CEHCMUKAJBIK OKIIayJiay opTypJii OKIIayjay koHe JeMidepiiik xyhenepal
naiiianany apKbUIbl FUMapaTTapIbl CEHCMUKANBIK TOJKBIHAAPIAH KOPFayIblH 3aMaHayu Tacii 60-
aein Ta0butanel (Calvi et al., 2018). By TexHonoOrusuIap FuMapat KYpbUIbIMBIHA OepilieTiH Tep-
OericTep/IiH aMIUTUTYIACchlH €0yip a3aiTyra MYMKIHZIK Oepeli, OchLIaiIa 3aKbIMIaHy KaymiH
azaiitanpl. byn TexHonorusiap FuMapaT KYpbUIbIMbIHA OepiiieTiH TepOemicTepAiH aMIUTUTYAAaChiH
enoyip azaiiTyra MyMKiHIIK Oepeni, ochbUTailia 3aKbIMIAaHy KaymiH a3adTtaael. KeOiHece Tapuxu
FaHa €MeC, COHBIMEH KaTap MOACHHM KYHABUIBIKKA M€ COYJIeT €CKepTKIIITEpl YIIiH Oy 91ic acipece
©3€KTi, OMTKEeHI Oy oap/IbIH OacTanKbl KYPBUIBIMBIH aiTapiIbIKTal e3repicci3 cakTayFa MyMKiH/IIK
oepeni (Dudchenko et al., 2021).

['eoTexXHHUKAIBIK CEHCMHKAIIBIK OKIIAYIAyIbIH dPTYp:i Typiaepi Oap. XKaxkplHaa FaasiMaap ochl
KYHeNepiH MaTepuaiapbl MEH MiHE3JIeMeCiH erkei-terkeii 3eprreni. Forcellini D. sxone
Chiaro G ranmeIMIapbIHBIH 3epTTeyIIepinae, kenemuik canmarel 10%, 25% xone 40% pe3eHke KoHe
KHUBIPIIBIK Tac KOCHATaphlH KOJIJaHA OTBIPBIN, T'€OTEXHUKAIBIK CEUCMHUKAIBIK OKLIayiay
KYHeNepiHiH KYMBICBHI MEH THIMILTIT KapacTeIpbuiabl. Opensees-Te 60a3aHbIH Yyl MEH KHUUTITiHIH
©3repyiMEH CHHYCOUJANIbI CeMCMUKAIIBIK dCepiiepre YIIbIpaFraH 3JeMEHTTEPAIH CaH IbIK MOJIEbAepl
xacanasl (Forcellini et al., 2024).

Conpaii-ak, kaHa a3 Ka0aTThl FUMaparTap YIIH SKOJIOTHSUIIBIK PE3ECHKE IeOTeXHUKAJBIK Ceil-
CMHKAJIBIK OKIIAyJay KyHenepi xacaiabl. bysl TeOTEeXHUKAIBIK CEHCMHUKAIBIK OKIIAYIay/IbIH KO-
JieHeH KaOaTblH OIpIKTIPETIH YHEM/II JKOHE TYPaKThl TEXHOJIOTUS OOJIbIN TaObuIazbl. KHUBIPIIBIK Tac
MeH PEe3eHKE KOCHalapblHAH jKacaliFaH >KOHE pe3eHKe kKaObIHbI 0ap MKeMJl OETOH IUIUTACHIHBIH,
CEMCMUKANBIK HEPTHsHBIH JAedopManusiaHaThIH IIANIbIpay CY3Tici 3epTTenreH. byn 3eprreynep
TEOTEXHUKAIBIK CEHCMHKAIIBIK OKIIayJay jKyWeJepiH KOoJJaHy apKbUIbl FUMapaTTapra celicMuKa-
TBIK JKYKTEMEH1 (SFHH FUMAapaTThIH >KOFapFbl KaOaThIHAAFBl €H >KOFaphl YOy, op KabaTTarsl
OYHIpJIIKMEILbICY KoHE 0a3aJarbIBUTBICY JKYKTEMEC1) alTapibIKTail TOMEHIETYre OOJaThIHbIFbIH
kepceteni (Chiaro et al., 2023).

Banovic I. makanaceiHia mManTta TacTapAaH TYpaTblH KaOaTbIHBIH OlpHeIle MmapaMeTpliepiHiy
oCepiH CEWCMOCTEHIITE 3epTTeMAl, MbICANbl KaOATThIH KaJbIHABIFBI, KHUBIPIIBIK TAC THIFBI3BIFHI,
KHMBIPILIBIK TaCTap/blH bUIFAIIbUIBIFbI, IpreTac acThIHJAFbI TIK OalilaHbIC KEpHEY1 KoHE KalTanaHa-
TBIH KO3FaJIBIC 9cepi. Op mapaMeTp YIIiH CeHCMUKAIBIK OKIIAylaFblll Ka0aTTarbl KaTThl FUMapar
MOJIEITi TOPT TYPJIi aKceneporpaMmara YIIbIpa Ibl, TOMBIPAKTHIH YACYiHiH YII JeHTeii KapacThIPbLI-
nel (PGA), Oy xarmaiiia kabaTTeiH OapiblK 0acka mapaMeTpliiepi TYPakKThl OOJNBIN KAkl Opoip
CBhIHAK YIIIIH CHUIIaTTaMaJIbIK OPBIH aybICTBIpYJIap MeH yaeyiep enmenai (Banovic et al., 2019).

Jing L. »xa3raH Makayiaja, KYPbUIBIC KYPBUIBIMIAPBIH KEp CUIKIHICIHIH OWKBIH 9CEPIHCH
KOpFay YIIiH IIBIHBI MIapiiap MEH KYM JKacTHIKTapblHA HETI3/IeTITeH T€OTEXHUKAIIBIK CEHCMHUKAIIBIK
OKIIaysay >KyheciH 3epTrefi. FuMaparTelH ipretachl MEH HETi3 apachlHJAFrbl OKIIaynay Kykeci,
IIBIHBI Mapiap MeH KyM KaOaThIHAaH TYPAThIH MaTePUANIBIH TONATBHIPYABI KaMTHIbl. OKIIaynay xyu-
eci Oap xoHe Oip KabaTThl TaC KYPBUIBIMBIHBIH MOJEINIH KOJJIaHATBIH CEHCMOCTEHITE ayKbIMJIbI
ChIHAK >Kyprizuial. bip kKaGaTThl Tac KyYpbUIBIMBIHBIH MoOAeNiHIH MacmTalObl 1/4 Gonasl. Kipic
TONKBIHBI peTiHae Onb-LlenTpo ToNKeHBIHEIH ConTycTiK-OHTYCTIK KOMITOHEHT! TaHAAJIBI, OJ
1940 xwutel TipkenreH, coiikecinmie 0.1 g, 0.2 g sxone 0.4 G-re peTTenreH KipiCTiH €H KOFaphl ye-
yiMeH Ko3fanaapl. ChIHAK HOTHIKEIIEP] MaFbIH JKep CUIKIHICTEPIH/IE KYHEHIH OKIIaysay ocepi *KeT-
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KUTIKCI3 eKeHIH KepceTTi, OipaK oKuIaynay ocepi »Kep CUIKIHICIHIH KapKbIHIBUIBIFBIHBIH KOFaphl-
naybiMeH kymeieni (Jing et al., 2020).

Zhang H. 3eprreynepinie iprerac KYpbUIBIMHBIH acTblHJa T€OTEXHUKAIBIK CEHCMUKAJIBIK
OKIIIAyJIaFbIll KabaT peTiHe KUBIPIIBIK Tac MEH pe3eHKe KOCTalapblH KOJJAaHy OOWBIHIIA 3epTXa-
HaJIBIK TOXIpHOenep Kypri3ai. 3epTTey KYMBICTApPbIH/IA, HET13 TOMBIPAFbl PETIH/E KOJIAaHBIIATHIH
KocrnaHblH xaumbl caamarbiHa (0%, 10% xone 30%) KaTbICThl PE3EHKEHIH opTYpiIl MpoHopIusiia-
PBIMEH T€OTEXHUKAIBIK CEHCMHUKANBIK OKIIAYJIayAblH YII TYPJi KYpaMblH KaMTBIIbL. 3€pTXaHAJIbIK
3epTTeysiep KOPCETKeHJIEH, pPe3eHKEe KYPaMBIHBIH JKOFapblaaybl cAbICY MOAyINiHIH TeMEHIeyiHe
x)oHe nemndepiik kodhGHUIMeHTTIH korapbeuiaybiHa akeneni (Zhang et al., 2023).

['eoTeXHHUKANBIK CEWCMHUKAIBIK OKIIAYTAYFbIIITHIH 0acThl apTHIKIIBUIBIFEI OHBIH Oarachl.
CelicMHKaNBIK OKIIAYJAyJblH ap3aH TEeXHOJOTHJIAphIH KOJJIAaHy FUMaparTap YIIiH Kep CuUIKi-
HICIHIH ocepiH a3alTyablH HETi3ri oici 060mbim TaObimaabsl. COHFBI JKBULIAPHI 1PTeTac KYPBhUIBIMBI
MEH HET13 TOIbIparbl apachlHa, CEPHIMAUIIK MOAYJI TOMEH MaTepHasiapibl, F€OTEXHUKAIBIK CeH-
CMHKAJIBIK OKIIAYJAFbII PETiHAE KOJAAHY KeH 3epTTey, KOIl FaJbIMAAPAbIH KbI3bIFyIIBUIBIFBIH TY-
AbIpbl. FanbivMaap reoTeXHUKabIK CeHCMUKAIIBIK OKIIAYJIay IbIH €Kl ap3aH KYHeciH YChIHabI, Oyl
OKILIAyJIaFBIITAp KYM KabaT HEri3iHAeri re0TeXHUKAJIbIK CeHCMUKABIK OKIIaynay >KyHeciH jKoHe
IIBIHBI IIapjap MEH KYMJbl KaOaTTaH HETi3/eNTeH TeOTEXHUKAIBIK CeHCMUKAIBIK OKIIAyIay JKYH-
ecia kamtuasl (Yin et al., 2022).

XKeprinikri kargainapisl €CKepe OTBIPbIN, CEeHCMOCTEHATE AayKbIMIbl ChIHAKTap >KYPri3zy
apKbLIbl OKIIayJay *Kyleci 0ap >koHE OKIIaynay xkykhecl ®KoK, O0ip KabaTThl TaC KOHCTPYKIUSChIHBIH
MOJIEINTIHE CAJIBICTRIPMAIIBI CHIHAKTAP KYPri3iai. CelicMOCTEH/T CHIHAKTAPBIHBIH HOTHIKENEP] YChI-
HBUIFAH €Ki ap3aH Kyile 1€ KypbUIbIMIApblH CEHCMMKAIbIK PEaKLHUSIChIH TOMEHAETIN, OKIIaynay
MaKcaTbIHa XeTyl MyMKiH ekeHiH kepcereni (Dhanya et al., 2023).

['eoTexHHUKANBIK CEHCMHKAIIBIK OKIIaylay TaKipuOeciHe Kipicre KOpFaHbBIC KYHelepiHiH
OepiKTiri MEH CCHIMJIUIITIH KAMTaMachl3 €TETiH HHHOBAIMSUIBIK MaTepHAIAAp MEH TEXHOJIOTHsIIap-
el madgananynael kamTtuabl. CoHmail ak Kep CUIKIHICIHE Te3IMAUNKTI Oaranay YIIH HaKThI
Tekcepicrep kyprizy kaxer. Kilic G. makanmacbiHIa Tapuxu KYpbUIBICTapbl KOPFay VIIIH OCHI
onicTepi KOJAaHy MepCIeKTUBAIaphl KAPacThIPBIIAIbI, OJAPIbIH aPTHIKIIBUIBIKTAPHl MEH KEMIIIi-
JIKTEpl TaJlZJaHaJbl, COHBIMEH KaTap QJeMHIH OpTYpJl elIepiHIe COTTI JKY3€ere achIpyAblH MbIcai-
napbl kentipinred. by oficTiH coTTi KonnaHy Mbicanaapbl — Mackeyaeri PoMmanoBTap manaraceia
HBIFAlTy *oO0anapel, FUMapaTThl KaJIbIHA KENTIpy Ke31HAE AIpUIIeH KOopray YILUIH aMOpTU3allU-
ANBIK MaTepuanjgap KojzausUiabel. Jluccabonmarsl benem MyHapachl, Tapuxu FUMapar Kep
CUIKIHICIHIH 9CepiH eAdyip a3aliTyFa MYMKIHJIK OepeTiH CelCMUKANbIK OKIIayjay >KyiieciMeH xao-
neikranran (Mikhail., 2011).

Coyner eckepTKIITEpIH KOpFay YIIH Me0OTEeXHHUKAIBIK CEHCMUKANIBIK OKIIayJayabl KOJAaHy
celicMUKabIK OeICeHAUTIK JKaFaiiblHaa Oipereil Tapuxu KypbhlIbIMAAPAbI CaKTayFa MYMKIHJIK Oe-
peTiH THIMII omic OoJbIn TaObUIAAbl. 3aMaHAyW TEXHOJIOTHSJIAp MEH MaTepHaliap MyHJan
KyHemnepl KOpFrayIbIH KOFapbl JOPEKECIH KOHE Y3aK MEp3IMIUIIIiH KaMTaMachl3 eTel, Oyl onap-
JIbl MOJICHH MYpaHbl KOPFay calachlHIaFbl MaHbI3IbI Kypasra aiHanaeipanst (Kilic, 2023).

MakasiaHblH MaKcaThl apXUTEKTYpaJIbIK MYpaHbl CaKTay YIIiH, TONbBIPAK MEH HAaTpUH CYHBIK
IIBIHBI (TONBIPAK CHUJIMKAThI) KOCHAChl TYPIHJErT T'€OTEXHHMKAJIBIK CEHCMUKAJIBIK OKIIAyJayablH
TUIMAUTITT MEH MaHBI3JBUIBIFBIH KOPCETY, COHAAN-aK COyJeT €CKepPTKIIITEpiH CaKTay YIIiH OCHI
TEXHOJIOTUSUIapbl €Hri3y OoWbIHIIA YChIHBICTap Oepy Oombim TaObutagsl (Hoseynzadeh &
Mortezaei, 2021, 2021).

3 MATEPUAJIIAP MEH 9JICTEP
Coyrner ecKepTKIIITepiH KOpFayFa apHaJIFaH T€0TeXHUKAJbIK CECMMKAIIBIK OKIIAaYJaFbIIITa-
pBI, JIpUI MEH OpPBIH ayBICTBIPYABIH TOMEHJIEYIMEH CHIMAaTTalajbl, OyJ FUMapaTTbIH OacTamksl

KYpbUIBIMBI MEH MaTepHaJIJJapblH caKTayFra MYMKIHIIK Oepeni, Oyi1 acipece TapuxH €CKepTKIIITep
yurid Madpi3ae! (Dmitry, 2020).
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Kypbuibicka MUHUMaJIIBI TYpAE apajiacy, OyJl OHBIH, CEHCMHKAIBIK OKIIayiay >KyHelepiH
FUMapaT KYphUIBIMBIHJIA alTapIIBIKTal ©3repicci3 OpHATy JKoHe OyJl OHBIH TapUXH HIBIHAMBUIBIFBIH
cakTayra MYMKIHJIK Oepeni. ¥3aK MEep3iMIIIK KOpPCETKIIITepl OOMbIHIIA, CEHCMUKAIIBIK OKIIayJay
JKYHenepiHae KOJIIaHbUIAThIH 3aMaHayd MaTepuajiap MEH TEXHOJIOTHsIAp OJNapblH OEpiKTiri MeH
CEHIMIIITIH OHJaFaH XbUIIap OOMBl KAMTaMachl3 eTefli. 1-cypeTTe re0OTeXHUKAIBIK CEHCMUKAIBIK
OKIIAyJIayAblH THIMAUIITIH aHbIKTAY YIIiH CYHBIK HATPHIA MEH TONBIPAKTHIH (CHIIMKATTHI TOIBIPAK)
KOCITachl 3epTTenai 1-cyper.

a) - 0)

1-cyper — CyiibIK mIbIHBI(0) MEH TONBIPAK KOCHACHI (CUIIMKATTHI TONbIPaK) (a)
(aBTOpPJIBIK MaTepua).

DKcrepuMeHTTe TonbIpakThl ThiFbI3Aay yiliH BXXEF30 (BykinonakThIK KON FBUIBIMU-3€pPTTEY
0J/1arbl) KOHCTPYKIMACBIHBIH cTaHaapTThl PSU ThIFbI3nay KypajblHA, TOMBIPAK CUIMKAT KOCHAChI
HBIFBI3JIAIBIN KYKTENI1. BykcriepuMeHT keneci ke3eHaep/ai KaMThIbI:

KaOpIKTHI OpHATY:

2-cyperrte kepceriared bXKF30 koncrpykuusiceiabiH [ICY cTannapTThl THIFBI3AAYILBI Kypa-
JIBIHA JKYKTEJTeH TONBIPaKKa KaparaHia, YIKeH TuaMeTpili TapaiaH 0aza JallbIHIaIb,

A

2-cypet — BXKF30 xonctpykiusiceiabsH [ICY crannapTThl THIFBI3AAY KYpaJIbl
(aBTOPIIBIK MaTepHal).

BC 111 akcenepomerpin keneciferifei, mapamerpiepmen opHaTTbl: ICP cTaHmapThIHBIH
KipiKTipinareH anekrporukacel, 10 MB/g cesimranasirsl, 0,5-15000 ' )KuiTIK THATA30HBL.
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JInHaMUKAaJIBIK dcepal Kypy:

WmnynbeTik Aipis jkacay YIIiH TONBIpaK MoJenbepiHiy O6erine 25 cm OuiktikreH 450 rpaMmm
caliMaK TacTaJIIbl.

BC 111 akcenepomerpi | cekyHATHIK TepoOemicTepai xa3bi, aepektepai 80 n1b nuHamMuKanbik
nuaria3onsl xkoHe 20 k1 skuimik auana3zonsl 6ap ZET 017-U8 cnexktp aHanm3aTopbiHa KiOepai.

JlepexTepai )KUHAY JKOHE Tanjaay:

ZET 017-U8 crnexTp aHaIM3aTOpbl HOYTOYKKE KOCBUIBIN, OHJA aKCEeJIePOMETPIEH JAepeKTepai
KMHAY JKoHe Tanjay yumiH Zetlab Oarmapmamanblk KemieHi opHaTbuiabl (3-cypet). MmmynbcTik
JUIPUIIIH IIaMachkl YACYAIH MaKCUMAIIIbl MOH1 OOHBIHIIIA OaFaIaH/Ibl.

3-cyper — Zetlab nmporpammacseiasiy 017-U8 ZET criekTp aHaTH3aTOPHI
(aBTOPJBIK MaTepUan).

4 HOTU/KEJIEP )KOHE TAJIKbBIJIAY

4-5-cypeTTe TONBIPAK CHIMKAT KOCMACHI OHE emIOip KOCMAachl JKOK TaOWUFH TOIBIPAKTHIH
Y€y aMIUTUTYIAChIHBIH OJIIICHIeH IIaMajiapbl KepceTureH. Kocmackl3 TOnbIpaK TONKBIHBIHBIH aM-
IUIMTYAAck 7,26 mamachlH Kepceredi: TonkbiHAap 0,5 CeKyHATHIK jka30a apalbIFbl iMIIHJE COH-
Oetini. CHIMKATTHI TOMBIPAK aMILTUTY/IAChIHBIH TOMEHICYIH KOPCETTI )KoHE 5,56 Kypabl.

Bpera 1 44A080 BE 111 0 260874 gBC 111 0280878 3

VA e e

4-cypet — Tabury TONBIPAKTHIH aKceIeporpaMMach! (aBTOPIIBIK MaTepHa).
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4

5-cyper — CHITHKATTHI TOTBIPHIK aKceIeporpaMMackl (aBTOPIIBIK MaTepHal).

6-cyperreri rpadukre TepOeic aMIUITUTYIaCBIHBIH TOMBIPAK MOAETIHIH TYpiHE TOYEIILIIriH
Kepceteni. Abcuucca ociHze (KeJAeHeH 0ChTe) TONBIPAKThIH dPTYPIl MOJEIbAEPl, ajl OpAUHATAIap
ociHJie (TIK OChTE) TepOeITic aMIUTUTYJachl KOHbIaabl. [ padk COHBIMEH KaTap op TYPJIi TOIBIPAK
MOJIeJIbJIepl YIIIH YJIKeH aMIUIMTYAafaH Killl aMIUIMTyJara JEHIHIT TPEHJl ChI3bIFbIH YCHIHAJIBI.
OpOip OaraH/a jKa3bUIFaH CHIHAK HOTHIKEJIEPIHEH aJIbIHFaH TepOeicTepIiH MaKCUMAIIbl aMILIATY-
JACBIHBIH MOHIH Ol1ipei.

7,98
7,26 7,34 1.67 7.43
6,85
6,03 5,92
I556 I I i I I | |
1 2 3 4 5 6

DKCIepUMEHT HOMEPI

AMIHTY1a KOPCETKIITepi
O L N W A U O N © ©

B Tabury TombIpaK B CHJIMKATTHI TOTIBIPAK

6-cyper — TaOuFu TOIBIPAK IIEH TPYHTOCHIIMKATTHIH JIPLJT aMIUTUTYAAChIHBIH [IaMaliapbl
(aBTOPJBIK MaTepuan).

bi3aig HoTIXKenepiMi3e OKIIaylarbllll MaTepual PETiH/e CHUIMKATTHI TOMBIPAK KOJIJaHFaH
Ke3/le TaOMFU TOMBIPAKIEH CaJIBICTHIPFAaHa TEpOeIic aMIUIUTYAACHIHBIH €0ylp TOMEHIEHTIHIH
KOPCETUITeH. byJ oKIaynarsiin Mateprangapsl KOJJaHFaH Ke3/ie aMIUTMTYIaHbIH TOMEH/ eyl Oac-
Ka J1a 3epTTeyJIepAiH HOTIKeIepiMeH calikec kemei. Meicansl, (WWoods, 1968) xyprisren 3eprre-
ylIe aMIUTUTYIaHbl a3aiTy KO3 PUIIUEHT] €HT131IreH, OJ1 OKIIAYIaFbIIl Ka0aTThlH TepOeric aMIuH-
TYAaChlH KaHIIAJIBIKTHI THIMII TOMEHJIETETIHIH KepceTeal. AMIUTUTYIaHbl a3alTy KO3 UIHECHTI
0,4-xe TeH Oonca, Oy TepOernic amMruIUTynackiHbIH 60%-Fa TeMeHereHin Ounaipeni. byn Gizaix
HOTWIKEJIEPIMI3le, CUJIMKATTHI TOIBIPAKTHIH TEpOETiC aMIUIUTYJAChIH alTapiIbIKTall TOMEH/ET-
KEHJIITIMEH KOPCETIMN OTHIP.
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Conbimen kartap, (Al-Hussaini men Ahmad, 1991), (Celebi, 2009), sxoHe Gackamap »KYMbI-
CTapbIHAA OPTYPJIi KULTIK TUana30HAapbl MEH TepOeic Ke3/aepl YIIiH aMIUTUTYAaHbl TOMEHICTY/I1
TalngayblH MAaHBI3ABUIBIFBI aTal eTuIe[l. bBi3miH aepekTepiMi3 e TOIBIPaK CHJIMKATTHIH Tep-
OemicTiK acepiepii, acipece apXUTEKTYpPaIbIK €CKePTKIIITEP/l KOpray KOHTEKCIHJE, a3aiiTy YIIiH
THIMJII 911ic 00J1a aJTaThIHBIH PacTaIbl.

6-cyperTe KopceTuUIreH rpaduKTiH KOPCETKIMTEPIH Tanaay OOMBIHIIA, TONBIPAK CHIUKATTHIH
TaOWUFU TOIBIPAKIICH CAIBICTHIPFAHIA TOJKBIHIBI THIMIIPEK COHIIPETIHIH KOpCeTTi. 6 JKCIepH-
MEHTTIH HOTIKeJepi OOWBIHINIA TOMBIPAK CHUJIMKATBIHBIH OpTallla aMIUTUTYAAckl 5,68 Kypaibl, ai
TaOUFU TOMBIPAKTHIH AIBIUIUTYAAchl 7,42 Kypaabl. AJBIHFAaH MOJIIMETTEp HETi3iHJe I'PyHTOCHIIH-
KaTThl FUMapaTTap/Ibl, dCIpece COyJIeT ECKEPTKIMTEPiH KOpFay YIIiH KOJIJaHyFa 00Ja bl Ien KOPbI-
TBIHJBI kKacayra Oomnaapl. bonamakra OChbl MONIIMETTEP HETI3IHIE CEHCMHKAIBIK OKIIAyIay/bIH
THIMJI1 9MIICTEPIH JKacayra 0oJiajbl.

5 KOPBITBIH/IbI

Coyner eckepTKIIUTEpiH TUIMAI KOpFay YULIIH TOMNbBIPAK CHJIMKAThIHAH I€OTEXHUKAIBIK Cei-
CMHKAJIBIK OKIIAyJiay KOJJIAHBUTYbl MYMKIH. ['€OTEXHHMKAJBIK CEHCMHKAIBIK OKIIAyJiay PeTiHIe
KOJIJaHbUIAThIH MaTepuajiap/blH apaMeTpiliK CUIaTTaMaJlapblH SKCHEPUMEHTTIK 3epTTey HOTH-
xKelepi Tamara 1eMn@epIiriK KaCUeTTep Al KOpPCETTi.

['eoTexHUKANBIK CEHCMHKAIIBIK OKIIayiay TYPIHAET! CUJIMKATThl TOIBIPAK KOCHAChIH, KOCHa-
CBI3 TONBIPAKIICH CAaJBICTHIPFAH/Ia TOJKBIHIAPIBIH TOMEHICYIH KepceTeni. CHIMKATTBl TOMBIPAK
TOJIKBIH aMIUIUTY1ackiH 23,46% TemeHaeTe .

Ocpuraiiiia, CEeHCMHKANBIK TEpOENICTepAiH aMIUTUTYAAChIHBIH TOMEHJCYl KayilCi3IiKTi,
OEpIKTIKTI ’KOHE OMIP/Il cCaKTayFa 9KeJse/i, Oy TEXHOJIOTUSHBI FUMapaTTap MeH HH(PaKYpPbUIBIM/IbI
CeMCMUKAJIBIK KayilTep/ieH KOpFay YIIIiH, ocipece CoyJeT eCKepPTKIIITEpiH KOpFay YIIiH MaHbBI3/IbI
KOHE TalJaJibl eTel.

I'eoTexHUKANIBIK CEHCMUKAIIBIK OKIIAayJay jKep CUIKIHICIHE TO3IMI1 KYPBUIBICTBIH MEPCHEKTH-
BaJIBIK OaFbITHIH OlAipesi, 6ipaKk OHbI €HI'13y TEXHUKAJBIK KOHE SKOHOMUKAJIBIK aCHeKTUIepal Je,
OPTYPJTi TEOJIOTHSIIBIK JKaFaaiiapaa KoJAaHy epeKIIeTIKTePIH /1€ €CKEPETIH KEIeH Il TOCUIII KaXKeT
ereqi. byn TexHonorusHel THIMAI NaiiianaHy >KyWeHiH (YHKIHMOHAJABIFBI MEH OEpiKTIriHe acep
eTeTiH OapibIK (haKTOpIapIbl MYKHUST KOCTapiay KOHE €CeIKe ally apKbLUIbl MYMKIH OOJIa IbI.
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Abstract. The article presents a comparative analysis of the characteristics of
the dump ash of the Kyzylorda CHP hydraulic removal. A huge amount of ash, slag
waste is collected in the dumps of the CHP, their accumulation in the dumps leads to
a violation of the ecology of the environment. The issue of ash, slag waste disposal is
an urgent problem. The use of ash and slag not only solves the issue of availability of
raw materials, but also allows to improve the quality of products while reducing their
cost. One of the valuable components of ash and slag waste is hydraulic removal ash.
Hydraulic removal ash as a raw material can be used for the manufacture of artificial
concrete aggregates (ash, agglomerate gravel, etc.). Studies were conducted to study
the physico-chemical composition, determine the specific effective activity of natural
radionuclides, loss during calcination of two types of hydraulic removal ash samples
from Kyzylorda CHP (black and gray), which differ in sampling sites from ash dump.
When studying the properties of the ash, X-Ray phase analysis was carried out, with
the help of which the phase composition of the ash was determined. Work was carried
out on the X-Ray phase analysis of ash, determination of the specific effective activity
of natural radionuclides, calcination losses, which showed the possibility of using ash
for the production of building materials. The conducted studies have confirmed the
expediency of using the ash of the Kyzylorda thermal power plant in the production of
fired ash gravel.

Keywords: fly ash of CHP, ash utilization, ash gravel, X-Ray phase analysis,
radiograph, radionuclides.

*Corresponding author
Aigerim Khamit, e-mail: khamit_ann@mail.ru

https://doi.org/10.51488/1680-080X/2024.3-11
Received 11 April 2024; Revised 30 May 2024; Accepted 12 July 2024

150


mailto:khamit_ann@mail.ru
https://doi.org/10.51488/1680-080X/2024.3-12
https://orcid.org/0000-0002-9553-2186
https://orcid.org/0000-0003-4492-8364
https://orcid.org/0000-0002-8818-3037
https://orcid.org/0000-0002-4778-5664
https://orcid.org/0000-0002-2409-1184
https://doi.org/10.51488/1680-080X/2024.3-11

QazBSQA Xao6apwmbicel. Kypeuibic. Ne3 (93), 2024

O0XK 624.012
FTAMP 67.15.37
FbIUILIM MAKAJIA

"K20 KYJIIH KYUJIIPUITEH KYJJI MAJITA TAC
OHAIPICIHAE KOJJAHY MYMKIHAII'ITH 3EPTTEY

AH. Xamnr*® C.C, Yz[epﬁaels1® , K.Baiitacos2® |
I'.b. U6paumbaena’ ® mwm. Kyaraesa® @

'KopkpIT ata atbinmars Ker3sutopaa yansepeureti, Kerssuiopaa, 120012, Kazakcran
?Kpi3butopaa «bonanraky» yausepeuteti, Kpissuiopaa, 120000, Kasakcran
8 XanblkapanbIK O0i1iM 6epy kopriopanusicel, Anmatsl, 050043, Kazakcran

Anparna. Maxanaoa Kvizvinopoa KOO cymen wativiiean yuinoi KyaiHiy cu-
nammamanapvlHa canblcmulpmaivl manoay sucypeizinoi. K30 yilindinepinde Kynoi
WaKmovl KaloblKmapowly Kon Meuepi HCUHauaosl, oaapobly YUuiHoiiepoe HCUHANYbl
KOpuiagan opma 39K0N02UACHIHbIY OY3blnybiHa aKenedi. COHObIKMAH KYa-KOJC Kaj-
ObIKMApuIH Kadeze dcapamy maceneci o3ekmi maceie Ooavin mabdwiiadvl. Kynodi
waAaKmsl Kai0blKkmapowvl KOJOAHY WUKI3AmMNeH KaMmAamacsls emy Macenecin uewin
KaHa Koumau, COHbIMeH Oipee OHblH KYHbIH MOMeHOeme Omblpbin, OHIMHIY CanacbiH
apmmulpyea MYMKiHOIK Oepedi. Kynoi wnakmul Kanoelkmapviusbly KYHObI KOMHO-
Henmmepiniy Oipi-cymen wavviizan Kya. Cymen wauvlizan Kyaoi wukizam peminoe
oHcacanovl GemoH MoOIMbIPLIUMAapbil (KYA0I, a2lonopummi KUblpulblk macmap
Jocone m.6.) occacay ywin nauoanamyza 60oaaovl. 3epmmeynep Kya0iy Quauxa-
XUMUATBIK KYPAMbIH 3epieney, mabueu paouoHykiuomepoiy yiecmix muimoi Oei-
CeHOINIcIH AHbIKMAY HCoHe KYJl YUIHOICIHEeH CbIHAMA aly OPbIHOAPbIMEH epeKuiene-
nemin Kuvizvinopoa KIO-nviy exi mypiniy (kapa dcone cyp) cymen waublieaw
KYRIHIY CbIHAMANAPbIH  Kbl30blpy Ke3iHOe2l WbIbIHObL  AHbIKMAY MAKCAmbIHOA
acypeizinoi. Kynoiy kacuemmepin 3epmmey Ke3iHOe penmeeHOIiK (azanvlk manoay
JAHCYP2I3iNoi, OHbIY KOMe2iMeH KYNoiY (hazanvik Kypamsl anbikmanovl. Kynoi penmee-
Hoghasanvlk manoay, mabueu paouoHyKiuomepoiy HaKmvl muimoi OenceHOiniciH
JHCoHe KYUOIpy Ke3iHOe2l ubleblHOapObl AHbIKMAY OOULIHULA HCYMbICIAD OPLIHOANObI,
onap Kynoi KYpoliblc Mamepuaioapbii 6HOIpy Yuin Koi0any MyMKIiHOICIH Kopcemmi.
Kypeizineen 3epmmeynep Kyuoipineen Kynoi Kublpuiblk mac oHoipicinoe Kvizvinopoa
JKDO-nviy cymen waiivinean Kynin Koa0anyoblty OpbiHObLIbIZbIH PACMAOb.

Tyiiin ce3nep: /KO0 inecne xyni, Kynoi kadeee xcapamy, Kyaoi maima mac,
PpeHmeeHoPazanvlK maniday, peHmaeHo2pamma, paouoHyKIuomep.
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HAVYYHAA CTATDBA

NCCIEAOBAHUE BO3ZMOXHOCTH UCITOJIB30OBAHUA
30J1bI TO1I B IPOU3BOACTBE OBKUI'OBOI'O
30JIBHOI'O I'PABUA

AH. Xamur*® C.C. Ynaepoaen! ® K. Baiiracon?®@
I'.b. U6panmobaena’ ®, mm. Kyaraesa® ©

! Kespimopaunckuii yausepeuret nmenn Kopksit ATa, Kbissiopaa, 120012, Kazaxcran
2KbI3pUTOpAMHCKHI yHEBEpcHTeT «bomamaky, Kerseimopaa, 120000, Kazaxcran
SMexmynapoaHas o6pazoBaTensHas Kopropanus, AnMarel, 050043, Kasaxcran

AHHOTANUS. B cmamve nposedeH cpasHUumenbHbulil AHAIU3 XAPAKMEPUCTIUK OM-
sanvbHoll 3061 euopoyoanenus Koizvinopouncrou TOL. B omeanax TOL] cobupaemcs
02POMHOE KOTUYECBO 30J0ULLAKOBLIX OMX0008, HAKONLEHUe UX 8 OMBAIAX NPUBo-
oum K HapyweHuio 3Koao2uu okpysxcaiouell cpeovl. [losmomy eonpoc ymunuzayuu
30I0ULIAKOBBIX OMX0008 SABIAEMC AKMYalbHOU npodaemoi. Ilpumenenue 30r0una-
KO8 He MOJbKO peuidem 8ONPOC 00eCneuenHOCMU CblpbeM, HO U NO0360Jem NOo6bi-
CUMb Kawecmeo npooyKyuu npu OOHOBPEMEHHOM CHUMICEHUU ee CceOecCmoumMocmu.
Oonum u3 YenHvlx KOMHNOHEHMO8 30JI0ULTAKOBLIX OMX0008 ABNAeMCs 3014 2U0poyoa-
JleHust. 30716l 2UOPOYOaIeHUsl 8 KAYeCmEe CblPbsi MONCHO UCNOIb308aMb OJisl U320MO8-
JIeHUsl UCKYCCMBEHHbIX 3anoiHumernetl 6emona (301bHbull, a2I0NOpUmMosblll epasuil u
op.). Hccnedosanust npoeoouucy ¢ yenvio uzyueHus: QuauKo-XxuMuieckozo cocmasa,
onpeodenieHus YOeabHOU 3PHeKmusHot akmusHOCMU eCmeCcmeeHHblX PAOUOHYKIUOO08
U nomepu npu NpoKaIuBaruu npod 30isl 2udpoyoanenus Kwvizvinopounckou TOL]
08YX 8UO08 (YepHas U cepas), Komopwvie OMAULAIOMC Mecmamu omoopa npob u3 30-
noomeana. Ilpu uccredosanuu ceouicme 301abl ObLIU NPOBEOEHbI PEHMEHODA306bIIL
AHAU3, NPU NOMOWU KOMOPo2o Obll onpedenieH Gaz08vlii cOCMA 30bl. BoinoaiHenvl
pabomwvl o penmaeHohaz080My aHaAIU3y 307bl, Onpedesienuio yoenvHou 3¢ gexmus-
HOU AKMUBHOCMU eCMEeCMBEHHbIX PAOUOHYKIUOO08 U NOMeEPU NPU NPOKATUBAHUU, NO-
Ka3asuiue Ha 803MONCHOCMb NPUMEHEHUs. 306l 05l NPOU3B00CMEA CMPOUMETbHBIX
mamepuanos. Ilposedennvle ucciedosanuss noomeepoulu YeiecooopasHocms npu-
MmeHeHus 30161 euopoyoanenus Kvizvinopounckoeo TOL] 6 npouzsodcmee 0bxcueo60-
20 307IbHO20 2PABUSI.

KuaroueBble ciioBa: 3o1a-ynoca TOL], ymunuzayus 301, 3016HbIU 2pasull, peHm-
2eH0Gha306b1ll AHAU3, PEHM2EHOCPAMMA, PAOUOHYKIUObL.
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1 KIPICIIE

Ennig sHepreTUkanplK oeyeTi ilriHapa KaTThl OTHIH/IBI, HET131HEH Tac KOMIp/Ii JKary apKbLIbI
KBLTY JKOHE 3JIEKTP SHEPTHUSICHIH OHIPETIH )KbUTY JJICKTP CTAHIMSUIAPHIH MMalJaTaHy apKbLUIbl KaM-
tamacel3 etiuteni. 2022 >xputbl KazakcTanga TYTBIHBUIFAH SHEprus kesiHiH 48,2% kemip O0OJIbI
(Pak, 2023).

KarTbl OTBIHABI JXKary TOCUIIMEH EPEKIICIICHETIH JKbUTYy 3JICKTP CTAHIMSUIAPBIHBIH OpPTYPJIi
typuiepi 6ap (Belikov & Kotler, 2008). Kazipri 3amanrsl JKOC KaTThl OTBIH/BI XKaFy KaMepalIbIK
OLIAKTapAa IIaH TOpi3Al KyWre NeiiH YHTaKTalFaH KYHiIHJE *Ky3ere achlpbuiafbl. bys mpouecTiy
akpIpamac 0eJIiri KyJl MEH KYJ-KOX KOCHAachl TYPiHAC KAIABIKTAp/IbIH IMai1a 00ybl OOJIBIN TaObI-
JIaJIbI.

Kaszipri yakpitta Kezsutopna XK20 yidigautepinae 2 MiaH.S50MbIH T. KYJIII KaIJIBIKTaphl KH-
Hanran (Imangaliyev, 2017). CoHabIKTaH KYJIJi KaJIIbIKTapAbl KOJEre jKapaTy MIcelieci ©3eKTi
OOJIBIN TaOBLIABI, OUTKEHI OJIAPABIH YHIHIUIEpJE >KUHAIYBI AKOJOTHUSIIBIK KayilCI3TiKKEe Kayir
renaipeni (Loshkareva & Gubonina, 2014).

Kynni xanabikrapael KaidTa eHjaey OarbITTapbIHBIH Oipi ojapasl OETOH MIMKi3aThl PETIHIE
naiganany, COHAai-aK kacaHpl OCTOH TONTBHIPFRIITAPHIH Kacay. Kymai Kamaplkrapabl O€TOH MEH
OHBIH TOJITBIPFBIIITAPBIH OHIIPY/IE aIMACTBIPYIIIBI MaTepHaIap PETiH/IE Naiianany KHUbIPIIBIK TacC
[IEH TPAHUTTI KUBIPIIBIK TACTaH TAOWFU TOJITHIPFBIIITAPABIH JKETIiCIIEYl )KOHE OJIAPJBIH KE€H OPBIH-
JapBIHBIH CapKbLIYbl ceOeOiHeH o3ekTi 0oibin Tabbuansl (Puzatova et al., 2020; Ibe et al., 2021,
Baitassov, 1989).

2 9JIEBUETKE IIOJY

Ochbl TakpIpeinl OOWBIHINA KapusutaHbIMaap canbl 2002 xpUigaH OacTam apThil Keneai, Oy
3epPTTEYNIUIePIiH OCHl TaKBIPBIIIKA JIeT€H KhI3BIFYIIBUIBIFBIHBIH apTybIH KopceTeni. JKapustaHbiM-
JapAblH €H KeIl caHblH TypKkus MeH YHAICTaHHBIH 3epTTeylIiiepi kacaasl. byn ocel enpepaix
SHEPreTUKAChIHa KOMIPAIH OeNceHAl KOJJIAHBUTYbIH OHE KYJJI KalJIbIKTaplbl K9Jere kapary
MOCEJIECIHIH TOJBIK MICUTIIMETeHIH KopceTe i

Scopus ManiMerTepi OOMbIHIIA OacbUIBIMAAPBI Ta1ay OChI TaKbIPbIN OONBIHIIA FHUIBIMU Oa-
CBUIBIMJIAPJIBIH caHbl, ocipece 2008 KpliaH KeiiH KypT ecill Keje KaTKaHbIH KepceTe/l, Oyl oChl
OarbITTaFbl 3ePTTEYNICPiH 03eKTUIIriH KopceTeni (Usanova, 2018).

Kynni kanaplkTapablH KYHIbI KOMIOHEHTTEPiHIH Oipi, ofeTTe ’kacaHAbl KYJJi MalTa Tac
(rpanyna, TyHipuIikTep) TYpiHAE KOJAAHbUIATHIH 1JIECTe KYJI.

beron enaipicinze inecne Kyjai nainananyasl eki Typre Oenyre 0omajsl: TYHIpLIIKTENreH
KYJ1 KYWIIpY apKbLIbl HEMece Kyiaipyci3 (KyJAl MajiTa Tac) aJbIHATBIH 1p1 TONTHIPFBILI PETIH/E
’KOHE YCaK AMCIIEPCTI TONTHIPFBILI PETiHAE KOJIaHY.

beronra maitma mucnepcTi KyJiai KojijaHy OipHelle MakcaTKa KbI3MET eTei: 1rHapa aybl-
CTBIPY HOTIIKECIHJIE LIEMEHTTI YHemjey, OeTOH KOCHAachIHBIH KacHeTTepi MEH cumaTTaMaliapblH
XKakcapTy (MbICAJIBI, OTHIPY KE€31HJI€ KaphIKTap maiiga 00Jiabl) )KoHEe OHAIPICTIK KAJIABIKTAp PETiH-
Jie KOKbICKa TacTaJIaThIH KYJIJII KSJIere JKapaTy.

Kynni manTta Tac xorapsl camaibl O€TOHJapJa, ©3/IrHEH ThIFbI3AaIaThlH OETOH Kocmaa-
pBIHAAa KOHE JKeHT Oeronmapnma koimanbiianel (ltskovich et al., 2001; Zhuginisov &
Rakhmetulla, 2022).

Xorapel camanbl 6eTOHIAp YIIIH KYJJII MajiTa TacTbl KOJIJAHY OHBIH HETI3rl KacHeTTepiH
cakTall OThIpPbIN, OETOHHBIH KYHBIH TOMEHIETYTe MYMKIHIIK Oepe/i.

O31irineH THIFbI3AATFAH OeTOHAAp/a KYJ/AI MalTa TacThIH JOHIeNeK MilliHi KOHE OHBIH Ca-
JBICTBIPMAIIBI TYPAE KilIl eJmeMepi OeTOHHBIH KO3FaIFBIIITHIFBIH KOHE dcipece KajblH apMarypa-
Jay Ke3iH/e OHBIH KaWFachIMIBUIBIFBIH apTThIpaabl. MyHaal Kocnanap 6ETOH COpFbLIapblHA OHA
oepinei.
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Kenin GeToHmapaa KyJiai MaiTa TacThl MaiIaliaHy OHBIH THIFBI3IBIFEIH TOMCHIETEl JKOHE
OHBIH JKBUTYTEXHHUKAJIBIK CHIaTTamanaapein sxakcapraabl (Hydiakova et al., 2019; Abdrahimov,
2018).

Inecrie KyneH ipi TONTHIPFBILI €Ki 9IICTIEH ajbiHa kL. bipiHii ofic — inecne Kyl TYHipIIiKTey
YKOHE OHBI TEIITEP/IE KOFaphl TeMIlepaTypaaa OalKbIThIN OipiKTIpy (KYHAIpLIreH KyJIi MaiTa Tac).
Exinmm omic - alfHaTMasibl CHBIMIIBUIBIKTApAA JIOMAJIATy apKbUIbI 11ecrie KYJIIH CalKblH KYHIe
Ty#ipmkTey (Kyhdaipinmered Ky manra tac) (Kumar & Rama Mohan Rao, 2017).

3epTTeyaiH MakcaThl KyJ )KHHAKTAJFaH YHIHIIACH ChIHAMa aJIbIHATBIH OPBIHIAPBIMEH €pPEK-
menenetiH Kpi3puiopaa XXOO-HbIH eki Typil (Kapa »oHe Cyp) ijecrne KyJiHiH (U3HKa-XUMHUSIIBIK
KYpaMmblH, TaOUFU PaJMOHYKIMITEP/IIH MEHIIIKTI THIMAI O€JCEHIUTIrIH KoHe KYHIIpy Ke3iHJeri
IIBIFBIHBIH AHBIKTAY OOJIBIN TAOBLIA B,

3 MATEPUAJIIAP MEH 9JICTEP

3eprreynepai opeiaaay kesinge MemCT 25818-2017 «beron amy ymia XXOC Kya-KOXKBI.
Texunukaneik Tanantapy, MemCT 30108-94 «Kypbuibic MaTepuanuapsl MeH OyiibiMaap. Taburu
PaIMOHYKJIMATEPAIH MEHINIKTI THIMII OCJICEHAUTITIH aHBIKTay» HOPMATHUBTIK KY)KaTTapbl MEH
(Gorshkov et al., 1981; Ukhanov, 2014; Eroshov et al., 2016, Rashchupkina, 2009) sxictepi
0aCIIBUTBIKKA aJIBIHIBI.

Inecnie xymuiH oKCUATIK XUMUSIIBIK KypaMbl MeMCT 5382-2019 «llemeHTTep X0HE IIEMEHT
OHJIIPICIHIH MaTepHuainapbl. XUMUSUIBIK Tajjay dictepi» OOMbIHIIA, peHTTeHAIK-(PIyOpeceHTTi
cnekTpiik Tanaayasl (POCA) naiiganansin aHbIKTanbl. by ofic a1eMeHTTIK Tangay OOoJbIn Ta0bl-
Jasbl, SFHU ChIHAMAJArbl OeNriii O0ip XUMUSUIBIK JIE€MEHTTEP aTOMIAPbIHBIH TEK MPOIEHTTIK MeJ-
HIepiH aHbIKTayFa MYMKIHIIK Oepefi, aHbIKTalaThlH 3JEMEHTTepliH auana3onsl Al- nen U-ra
JeiiiH. AJIBIHFaH HOTIDKENEPIIl JKapHsUIaHFaH MOJIMETTEPMEH CaJbICTBIPY YUIIH JKEKE XHUMUSIIBIK
AIIEMEHTTEP/IIH aJIbIHFaH KOHIIEHTPAIUSUIAPbIH KaiiTa ecenTey Ky pri3uii.

3epTTeNeTiH 1ecne KyJl KypaMbIHBIH PEeHTreHaIK (a3zanblk TangaybiH (P®) opsingay yuiiH
Oarmapiamanblk KaMTamachl3 eTryMmeH ka0neikramraH CuK, - coynmenenyneri jkaHapThUIFaH
JIPOH— 3M nudpaxktoMeTpi naiijaiaHbuIIbL.

Inecne Kyn cblHaMachIHBIH pEeHTTeHOrpaduschl MeH AU(paKIUsuIbIK cunarramachl 20 (6ypbl-
mTap) Tycipy uHTepBaibiHaa anbiHAbL 10 © Han 70° ke newiH, sFHU OacTankbl OyphIibl 10°, COHFBI
oypeiel — 70°, kamambr — 0,05; skcmosunuscel — 1,5; KbUIIaMIBIFBl 2T/MHUH, HUMITYIIb-
CUBTUTIKTIH MaKCUMaIIIbI caHbI-350.

Tycipyre apranran npenaparTap Kejeci peTneH JaibIHIa/bl:

- 3epTTeJIETIH 3aT (CblHama) arar YKKIIITe YHTaK KyWre eiiH Maiiianasabl;

- CO/IaH KeWiH ochlIail JalibIHAANFaH YHTAK aJbIH aja Ba3eIMHMEH MalJlaHFaH IUIEKCHUTJIac
KIOBETKE CAJIBIHBII, a3/Iall HbIFbI3/IAJI/IbI;

- TEKCTYPAHBI KO0 YIIiH KIOBETTET]1 apThIK YHTAK MbIIIAKIECH KECUTIIN aJIbIH/IbI.

Taburn paguMoOHYKIUATEpIiH HAKTBl THiMAI Oencenainirin anpikray MemCT 30108-94
«Kypbuibic MaTtepuaniapbl MeH OyiibiMaapbl. TaOuFu paguoOHYKIUATEPAIH MEHIIIKTI THIMIi Gen-
CEHJIUTITIH aHBIKTAY» KY)KaThIHBIH TEXHUKAJIBIK TaJalTapblHa COMKEC KY3eTre achIPhIIIbI.

Kynaiyg xacuerTepiH 3epTTey Ke3iHJe PEeHTreHMIK (a3anblk Tangay >Kypriziami. daszaibik
Kypamael Oaranay PDF-2 pentrenomerpusiibik kaproTekachl MeH Profile Show 6armapnamaceir
KOJIJaHY apKbUIbI ’KY3€re aChIPbUI/IBI.

4 HOTU/KEJIEP ) KOHE TAJIKBIJIAY
Cymen maiibutbin meiFapeiirad Kpizputopaa XKOO-HbIH inecnie Kyl Taburu Kyiae Kapa, cyp
TYCT1 CyChIMajbl MaTepuai TypiHAe Oojaabl KOHE Kellecl KacMeTTepiMeH CUIaTTalajbl: opTalla

ToIFBI3ABIFS 2,41 r/cm®; MeHmnikTi Geti 2775 eM/r; yiime ToiFb3AbIFbl 0,755 r/em; KOMIpTeri MeJ-
miepi 5,5 %.
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Inecrie kynmiH exi ceiHaMackl 3epTTenai: Nel — kapa Tycti s)koHe Ne2 — cyp TycTi.

Nel inmecne KyJ1 ChIHAaMaChIHBIH AJIEMEHTTIK JKOHE OKCHATIK Kypamzaapsl (1,2-kecte) KenTipis-
red. Kymnuin HerizineH kpemunit nuokcuai (Si02) meH amromuunic okcuaiaeH (Al2O3) TypaThIHBIH
Kepyre 0onaabl, Oy OKCUATEP KYJI KYpaMbIH/Ia KBapIl IIEH MYJUIUTTIH OOJTYBIH pacTai Ibl.

1-kecte
Nol celHaManarel 1ecre KYJAiH 2JIEMEHTTIK KypaMbl

OneMeHTTep aTaybl XKOHE MPOIEHTTIK Menmiepi, %
@) Si Fe Na Al S Ti Mg Ca K Cl P )y
48,39 28,6 2,55 084 1401 0,24 0,50 1,10 2,08 1,29 0,29 0,19 100

2-kecTe

Nel CbIHaAMaarbl 11ecre KYJ'II[iH TOTBIKTBIK KYpPaMBbI
SiOz A|203 CaO Fe,O3 MgO K,0 Na,O SOs3 Ti02 >
60,98 26,4 2,90 3,27 1,82 1,55 1,12 0,60 0,83 100

1-cyperte PeHTrenmik ¢asanbplK TalgaydblH KOMETiIMEH KYIIiH (a3aiblK Kypambl
aHbIKTaIbl. Nel chIHaMamarkl UIecre KyJIiH PeHTTeHOIpaMMachl KOPCETIITCH

M - Myt (3A1L03 - 28i02 Gactan 2A103 - Si02 aeiiin)
K — Keapn (8i02) !

KapKuIRIBLIBIK { NN / CeK )

u t
1m0 12 14 18 18 0 2 24 2 2B 30 32 34 36 38 40 42 44 46 48 S0 52 54 56 58 B0 62 B4 66 B8 o

1-cyper — Nel ceiHamazars! iyiecne KyJaiH peHTIeHOrpaMMachl (aBTOPIIBIK MaTepHall).

Nel imecrie Kyn ChIHAMACBIHBIH pPEHTreHOrpadusachl MeH AUGPAKIUSIBIK CHITaTTaMachblHAH
OHBIH ’Ka3bIKTBHIKApAJIbIK apaKallbIKThIKTapbiHa (d/n, A) coiikec keneci MUHepaiiap/iaH TYpaThIHbIH
kepyre Oosaznpl: kBapil (Si02) — 4,2705; 3,3544; 2,2863 xone O6ackanap; mMymwmuT (3A12032S102) —
5,4216; 3,3544; 2,7015 xone Oackamap. SiO2 — 71,5%; 3A12032Si02 — 28,5%. Nel imecme Kyn
KYpaMmbIH/a IIBIHBI (a3achIHBIH a3faraH Mediepi (mamameH 5% - 6%) 6ap, oHbIH Oap ekeHIiriH 16
*- 28’ apachIHIAFBI TATI0 KYIaHABIPAIbL.

No2 inecne KyJ ChIHAMACHIHBIH AJIEMEHTTIK KOHE OKCHUTIK Kypamsbl (3,4 — kecTe) KeNTiplIreH
KEJNTIpUITeH, OJapIbIH KypaMbIHIa kKpeMHud nuokcuai (Si02), amomuanii okcui (A1203), kamb-
it okcuai (CaO) 6ap. JKUBIHTBIKTa OYJ1 OKCUATEP KBapll, KAJIBIUT KOHE JOJOMUTTIH OOIYBIH pac-
Tali/Ibl, COHBIMEH KaTap KyJ KypaMmbiHaa SO3 00ybl €Ki CyJbl TUIICTIH OOJTYbIH KOPCETE 1.
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3-kecre
Ne2 cpiHamaarsl isecre KyJIAiH IEMEHTTIK KYpPaMbl

DneMeHTTep aTaybl XKoHE MPOLEHTTIK Memiepi, %

) Si Fe Na Al S Ti Mg Ca K Cl Mn )y
47,31 25,40 9,09 0,48 9,83 124 0,49 1,36 53 1,31 0,08 0,36 100
4-kecte

No2 cplHaMaarsbl i1ecre KYJIAiH TOTHIKTBIK KYpaMbl

SiO,

Al,O3

CaO

Fe,O3 MgO K>,0 Na,O SO3 Ti02 MnO >

55,4

18,9

7,58

9,09 2,29 1,62 0,66 3,16 0,83 0,08 0,36

2-cyperTe PenTrenmik (aszanblK TaigaylablH KeMEriMeH KYJIiH ¢a3aablK KypaMbl
aHbIKTAIABL. No2 iytecrie KyJi/ii 3epTTey HOTHIKENIepi KOPCETIITeH.

KapKpIHIBLIBIK ( mun | cex )
=1
2

N

12907 mi

1 e P

C-Kaasmur (CaCO3)

K-Ksapm (5i02) ! |
I'-Koceyip ranc (CaSOs- 2H20)
d-Toaomuar (CaMg (CO2)2)

1335 =

18

20

22

24

26

2B 30 32 34 36 38 40 42 44 4B 48 50 52 o4 56 98 60 62 B4 BB 68 70

2-cypet — No2 crIHAMAaJIaFHl iJIecTie KYJIAiH PeHTTeHOrpaMMackl (aBTOPJIBIK MaTepHa).

Ne 2 imecne Kyn cbIHAMACBIHBIH PEHTTEHOTPAMMACHIHAH JKOHE AM(PPAKIUSIIBIK CUIIATTaMachl-
HaH OHBIH >Ka3bIKTHIKAPAJBIK apaKallbIKThIKTapbiHa (d/n, A) colikec Keseci MUHepaiaapAaH Typa-
TBIHBIH Kepyre Oomansl: kBapil (SiO2) — 4,2707; 3,35; 1,8209 xone 6ackanap; kanbiut (CaCO3) —
3,0354; 2,285; exi cynbl rurc (CaSOs- 2H20) — 7,6328; 4,2707; monomut CaMg(CO3)2 — 2,90057.
Memepi: SiO2 — 54.2%); CaCO3 — 2,6%; CaMg(CO3)2— 13,0%; CaSO4-2H20 — 12,2%. Ne2 inmecne
KYJI ChIHaMachl KypaMbIHJa IIbIHBI (Da3achIHBIH Kell Meepi a3 (mamamed 3% - 4%), oHbIH Oap
exeHirin 16 - 28" apanbIFrbIHaFbI Tal0 KyoIaHIbIpaIbL.

Taburu paguOHYKIMIATEPAIH HAKTHI THIMJI OCJICEHIUTITIH aHBIKTay HOTHXeepi (3-kecrte)
KeNTipiireH. AJIbIHFaH JepekTepre coiikec ceiHamanapaarbl Nel skone Ne2 inecne kynaep MemCT
30108-94 «Kyppuibic Marepuannapbl MeH OyitbiMaap. TaOuru paguoOHYKIMATEPAIH MEHIIIKTI
TUIMI1 OENICeHAUNIrH aHbIKTay» TajanTapblHa colikec | KiaccThl KypbUIBIC MaTepualJapbIHBIH

KaTapblHa KaTaabl.

Ky#inipy xe3inaeri meiFpiHaap (I.10.11.) coiikecinme 3,46% xone 3,05% xypaiiibl.
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3-KkecTe
TaOuryu pagMOHYKIHITEP IIH MEHIIIKTI THIMJTI OSJICEHITIT]
Kepcertkinr ataysl,

Cpriaama Ne ommieM Gipiri CpIHAK omici Hopma HakTer MoHi
Nel Taburu paguoOHyKIUI- 55,1
TepIiH MEHIIIKTi THIMII MemCT 30108-94 370-ke neiin
No2 ... 22,7
Oencenaimri, Bk/kr
5 KOPBITBIH/bI

Pentrenmik-pmyopeceHTTi crekTpiik Ttannpay Herizinme Nel Kya chlHamMachl KypaMsl
HETi31HEH KBapIl MeH MYJUTMTTeH, Ne 2 KyJ1 cbIHaMachl KYPaMbIHBIH OackiM OeJtiri KBapil, KaJIbIHT,
JOJIOMUT >KSHE €Ki CyJIbl TUIICTEH TYpAaThIHBI aHBIKTaIbl. EKi CbIHAMAHBIH YITUIEpi TAOUFU paguo-
HYKJIUATEPIIH MEHIIKTI THiMai Oencenainiri 6oibiama MeMCT 30108-94 «Kypbuiblc Matepual-
napbl MeH OyibiMaap. TaOuru paTuoOHYKIUATEPAIH MCHIIIKTI THIMII OCJICEHIUTITH aHBIKTay» Ta-
JanTapblHa COWKEC KeNeTiH KyphUIBIC MaTepHaNIJapbIHBIH KJIAChIHA KATAThIHBI aHBIKTAJIBL. 3epTTEY
HOTIDKEIIEpl KYJI YATUIepiHae KYHIipy Ke3iHaeri mbIFbHaap coiikecinmie 3,46% xone 3,05% mama-
ChIH/a OOJIATHIHBIH KOPCETTI.

DIEMEHTTIK TaJIJay HOTHIKEJIEePl ChIHAFAH KYJAep KYpamMblHIa KPEMHUN OKCHJII MOJIIICPiHIH
YKOFaphl €KEHIH KOPCETTI, OYJI HOTHIKE OJIap bl KYHIIPUITeH Kyl MaiTa Tac (00KUTOBBIM 30JIbHBIN
TpaBHii) OHIIPY YIIIH KOJJAaHY MYMKIHITTH TOIEIACHII.
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TUNING THE THERMAL CONDUCTIVITY OF POROUS
SILICON CARBIDE CERAMICS: A REVIEW

S. Kultayeva*@ , E.B. Kurmanbekova ®

International Educational Corporation, Almaty, 050043, Kazakhstan

Abstract. Porous silicon carbide (SiC) ceramics possess unique thermal and
structural properties, making them highly valuable for applications requiring high-
temperature stability, corrosion resistance, and controlled thermal conductivity. Due
to their superior characteristics, porous SiC ceramics are widely used in industrial
and environmental applications, including thermal insulators, thermoelectric energy
converters, fusion reactors, water purifiers, molten metal and hot gas filters, diesel
particulate filters, heatable filters, heating elements, membrane supports, and
catalyst supports. This paper reviews the key factors influencing the thermal
conductivity of porous SiC ceramics, such as porosity, pore size, additive
composition, and necking area. Understanding how each of these factors affects
thermal conductivity can facilitate the design of SiC ceramics tailored to meet specific
thermal and mechanical requirements. As the porosity of porous SiC ceramics
increases, their thermal conductivity generally decreases. However, at a constant
porosity, the thermal conductivity tends to increase with larger pore sizes.
Additionally, the incorporation of conductive phases, thermally insulating secondary
phases, or excess carbon or silicon significantly impacts the thermal conductivity.
The development of the necking area between SiC grains also plays a critical role: a
well-developed necking area improves heat transfer across the ceramic, thereby
enhancing thermal conductivity. Based on these critical factors influencing thermal
properties, a novel strategy for tuning the thermal conductivity of porous SiC
ceramics is proposed.

Keywords: SiC ceramic, thermal conductivity, porosity, pore size, necking area,
additive composition.
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oJ1Y MAKAJIA

KEYEKTI KPEMHUH KAPBU /I KEPAMUKACBIHBIH
AKbLTY OTKIBI'THTIT'IH PETTEY

.M. KynTaeBa*@ , 3.b. K¥pMaH66KOBa®

Xaunbikapanbik 6i1iM 0epy kopropanusicel, Anmvatel, 050043, Kazakcran

Anparna. Keyexmi kpemuuii kapouoi (SiC) kepamuxacvl Oipezetl mepmMusivly
JHCoHe KYDLIbIMObIK Kacuemmepze ue, OYll 0napobl HcOapbl MeMnepamypanvlk
MYPAKMbLIbIKMblL,  KOPPO3UAA — MO3IMOLNIKMI  JHCoHe  OAKbIIAHAMBIH — JHCHLILY
emKizeiumikmi Kaxcem ememin Koidanobanap ywin eme KyHOwl emeodi. Koeapol
cunammamanapvina oatinanvicmol keyekmi SiC Kepamukacvl OHEPKICINMIK HCIHe
IKONO2UANBIK ~ KOAOAHOANapoa KeHiHeH KOJIOAHbLIAObl, COHbIH [UIHOE JHCBLILY
OKLUAYIARBIULMAPYL, MEPMOINEKMPIIIK dHepeUs mypaeHOipeiuimepi, mepmosopoblK
peakmopnap, cy mazapmyblumap, OANKbIMbLIZAH MEemAall JHCIHE bICMbIK 243
cyseinepi, ouzenvoix Oonuekmep cyseinepi, Kbi30blpbllamvlH Ccy32iiep, Kbl30blpy
anemeHmmepi, MeMOpAHAIbLIK Mipekmep JicoHe Kamanuszamop mipekmepi. byn
Maxanaoa Keyekminik, Keyex onuiemi, Kocna Kypambvl H#aHe MOUbIH auMAagbl CUSKMbl
keyekmi SiC KepamuKaCulHblY JHCOLIY OmKI32iuimicine acep ememin Hezci3el
Gaxmopnap Kapacmuipvinadvl. Ocbl  akmoprapovly IpKAUCHICLIHIY — JHCHLLY
emKizeiumikke Kauai acep ememinin myciny 0eneini 0ip HColiy HcoHe MeXaAHUKATbIK
mananmapea cati xcacanzan SiC KepamuKkacvii x#cooanayovl HeHiioemyi MyMKIH.
Keyexmi SiC kepamukxacviHbly KeyeKminiei HCOaApbllaeaH CAUbIH OAAPObIH HCHLILY
emkizeiwmici 20emme memenoeuoi. /lecenmen, mypaxkmol KeyeKminix Ke3iHoe JHCbliy
emkizeiumix KeyekmepOiy YyiakeH oauiemoepimer Yyazasovl. ConvbiMeH Kamap,
emkizeiu ¢hazanapoviy, JHCHLLY OKWAYIaAsblW Kaumaniama Gazanapovly Hemece
apmvly  KeMipmekmiy Hemece KPEeMHUUOIH KOCHLIYbl JHCOLLY OMKIZIUMIKKe
avumapavikmaii acep emeoi. SiC 0aHOepi apacvbiHOagbl MOUbIH AUMARLIHbIY 0AMYbl Od
wieutywi pest amxapaobvl: HAaKCol 0AMbl2AH MOUbIH AUMARbL KEPAMUKA APKBLIbL HCHLLY
bepyoi  dicakcapmaosl, OCbLIAUWA JHCHLLY 6mKizeiwmicin apmmulpadsl. HKoliy
Kacuemmepine acep ememin 0Cbl Maybi30bl YaKmopiapaa cytieHe Omulpuln, KeyeKmi
SiC  KepamuxacelHbly JHCHLIY OMKI32IUWMICIH pemmeyOiy HCaHa CMpameuscol
YCHIHBLIAODL.

Tyiin ce3nep: SiC xepamukacwi, Jicblly OMKI3IUIMIK, KeYeKmiliK, Keyex
onuemi, OauIaHblc atmazvl, KOCNA KYPambl.
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VJIK 666.3-16
MPHTH 67.09.05
OB30PHA CTATHA

PEI'YJIMPOBAHME TEIIJIOMMPOBOJHOCTH INOPUCTOM
KEPAMUKU U3 KAPBUJIA KPEMHUA

III.M. KyiaraeBa* ® , A.b. K¥pMaH6€KOBa®

MexayHapoanasi oopazoBaTenbHast koproparusi, Anmatsl, 050043, Kazaxcran

Annoraums. [lopucmas kepamuka uz xapouoa xpemuus (SiC) obraoaem
VHUKATbHLIMU MEeNI0DU3ULeCKUMU U CIMPYKIMYPHLIMU CEOUCMEAMU, YMO Oeldem ee
OoueHb  YeHHOU Ol  NPUMEHeHUll,  mpeOYIOWUX  BblCOKOMeMNepamypHoll
cmabunibHOCmU, KOPPO3UOHHOU cmoukocmu u KOHMPOIUPYeMotl
menionpogooHocmu.  Brnazodaps  ceoum  npe8OCXOOHBIM — XAPAKMEPUCUKAM
nopucmas xepamuka SiC wupoko ucnoivzyemcsi 6 npoMblULIEHHOCMU U OXPAHE
OKpYJicalouell  cpedvl,  BKIIOHASL  MENJIOUZ0NAMOPbL,  MEPMOINEKMPUYECKUE
npeobpasosamenu dHepeuu, MEPMOIOEpHble PeaKmopbl, OYUCuUmenu 600bl,
@urbmpul 0118 pACNIABIEHHO20 MEMALIA U 20pAde20 2a3d, caxcesvle Quibmpsl 05
OU3eIbHO20 MONIUBA, HAcpedamelbhble UIbMPLL, HacpesamebHble d1eMeHmbl,
MemOpaHuble NOONOJNCKU U Kamanuzamopwl. B dannoti cmamee paccmampusaromest
Kodesble (hakmopwl, eIusouue Ha MenionposooHocms nopucmou kepamuxu SiC,
maxue Kax NOpUCmocmov, pamep nop, cOCmas NPUcadok u Nioujadb CYHCEHUs.
THonumarnue mozo, Kak Kaxcowlii U3 SMuUX axKmopos euusem Ha Menionpo8oOHOCHIb,
Mmoxcem obnecuumsv  pazpabomky xepamuxu SiC, omeeuaiowel KOHKpemHuIM
menioevim u mexanuyeckum mpebosanusim. C ygeruuenuem nopucmocmu nOpUcmou
kepamuxu SIC ee mennonposoonocms, kak npasuio, cuuscaemcs. OOnaxko npu
NOCMOSIHHOU NOPUCIOCMU MENTONPOBOOHOCb UMeem MEeHOEHYUIO K YEEIUUeHUIO C
yeenuueHuem pazmepa nop. Kpome moeo, Ha menionposooOHOCHb CYUWeCnmE8eHHO
gnUsiem HaIUyue MOoKONPOBOOAWUX (a3, MEenioU0OIUPYIOUWUX 6MOPUYHBIX (a3 uiu
U30bIMOK yenepooa unu Kpemuus. Badicuylo ponb makoice uepaem Hanudue 30Hbl
cyocenusi medxncoy sepramu SiC: xopowio pazeumasi 30na CydceHusr yayuuiaem
menionepeoayy no Kepamuxe, memM CAMbIM HOBbIUAS MENIONPOBOOHOCHD.
OcHo8bI8aAACy HA SMUX KPUMUYECKUX haKmopax, GIUAIWUX HA Menjlogble CEoliCcmada,
NPeONodCeHA HOBAsL cmpameusi HACMPOUKU MENnIONPOBOOHOCHU  NOPUCTOU
xepamuxu SiC.

Kurouessble cnoBa: SiC kepamuka, menionposooOHOCMb, NOPUCTNIOCTb, pA3MeED
nop, obracmov coeOuHeHuUs, KOMRO3UYus 000ABOK.
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1 INTRODUCTION

Silicon carbide (SiC) based porous ceramics are among the most significant materials in
advanced ceramics. They gain significant attention and have an important role in various industrial
fields due to their low density, high-temperature stability, high thermal shock resistance, excellent
heat resistance, good corrosion resistance, low thermal expansion coefficient and excellent
mechanical strength. These unique combinations of properties make the porous SiC ceramic a
potentially useful material in various advanced applications such as energy, aerospace, and
environmental engineering, where thermal conductivity is a critical parameter. By controlling
porosity, pore size, and other structural factors, the thermal conductivity of porous SiC ceramics
can be finely tuned to optimize performance in applications such as high-temperature insulation,
filtration, and heat exchangers.

The thermal conductivity of SiC ceramics is influenced by their porosity, pore size, addition
of thermally insulating secondary phases, dopant content, necking area, and additive composition.
Generally, the thermal conductivity of porous SiC ceramics increases with decreasing porosity
(Rajpoot et al., 2020; Pappacena et al., 2017; Jana et al., 2017; Jang & Sakka, 2007; Wan et
al., 2017; Eom et al., 2008). For example, in one study, porous LPS-SiC with 3 vol% Y203-AIN
exhibited an increase in thermal conductivity from 4.5 to 37.9 W/(mK) with a decrease in the
porosity from 62.7% to 28.3% (Rajpoot et al., 2020). Similar trends have been observed for porous
SiC ceramics derived from wood precursors (Pappacena et al., 2017), SiC foams (Jana et al.,
2017), porous SiC ceramics without additives (Jang & Sakka, 2007), B-SiC nanoparticle-packed
beds (Wan et al., 2017), polysiloxane-derived porous SiC ceramics (Eom et al., 2008). The
thermal conductivities of the porous SiC ceramics were highly dependent on their pore sizes.
Specificially, The thermal conductivity of porous SiC ceramics is significantly increased from ~14
WI/(mK) to ~ 26 W/(mK) by increasing the pore size from ~ 7 um to ~ 98 um at an equivallent
porosity of ~54% (Das et al., 2024), owing to less phonon-pore scattering in porous SiC with larger
pores because of the smaller pore/strut interface areas at the same porosity. The thermal
conductivity of porous SiC ceramics is greatly decreased by introducing thermally insulating
secondary phases and incorporating excess carbon or silicon. These additions create heterophase
boundaries (SIC/C and SiC/Si), which enhance phonon scattering at the boundaries (Kim et al.,
2020, Kang et al., 2021).

Understanding the thermal conductivity of porous SiC ceramics is crucial due to their wide-
ranging applications in extreme environments and advanced technologies. The thermal
conductivity of porous SiC ceramics directly impacts their role in thermal management systems
like heat exchangers, gas turbines, and thermal barrier coatings, where efficient heat transfer or
insulation is essential. Tailoring thermal conductivity through control of porosity and
microstructure enables the design of materials optimized for energy systems, such as fuel cells and
thermoelectric devices, improving efficiency and sustainability. Accurate knowledge enhances
reliability by mitigating risks like thermal shock and ensuring long-term performance in safety-
critical applications. Additionally, understanding heat transport mechanisms in porous SiC
advances fundamental science and aids industries in meeting stringent performance standards while
maintaining cost efficiency. Together, these factors underscore the significance of thermal
conductivity in unlocking the full potential of porous SiC ceramics.
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A comprehensive understanding of the thermal conductivity of porous SiC ceramics is
essential for enhancing their performance, extending their applications, and addressing energy,
environmental, and safety challenges in modern technology. It serves both scientific progress and
practical advancements in critical industries.

The goal of this review is to summarize the effects of porosity, pore size, additive
composition, and necking area on the thermal conductivity of porous SiC ceramics.

2. FACTORS AFFECTING THERMAL CONDUCTIVITY OF POROUS SiC
CERAMICS

The thermal conductivity of ceramic materials is mainly dependent on the transfer of thermal
elastic waves known as phonons. Phonons collide with imperfections in materials such as grain
boundaries, pores, impurities, and defects, causing phonon scattering, which decreases the mean
free path. The relationship between thermal conductivity (x) and the mean free path (I) can be
estimated as follows (Watari et al., 2003)

1
K:§(1)|Cp), (1)

where v is the velocity of sound in the solid, and Cp is the heat capacity. This equation shows
that the conductivity of a material primarily depends on its mean free path. The higher the mean
free path, the higher the thermal conductivity of the material becomes (Jang et al., 206).

The intrinsic thermal conductivity values of single crystalline 6H (a-SiC), 4H (a-SiC), and
3C (B-SIC) are 490-500 W/(mK) (Bhatnagar et al., 1993; Shenai et al., 1989), 400 W/(mK)
(Trew, 1997), and 490 W/(mK) (Bhatnagar et al., 1993), respectively.

2.1 POROSITY

Porosity is one of the most significant factors affecting the thermal conductivity of porous
SiC ceramics. The introduction of porosity into SiC ceramics is an extremely versatile and powerful
strategy for greatly extending the range of engineering properties offered by SiC ceramic
components. It’s well known that the porosity is a nonconductive portion of the material which
contains a gaseous phase, that is, air. In addition, sintering temperature also affects the thermal
conductivity of porous SiC ceramics, for example, Kultayeva et al. investigated the effect of
porosity on the thermal properties of porous SiC ceramics. They found that the porous SiC ceramics
sintered at 2000°C and 1900°C exhibited the thermal conductivities of 14.1 and 9.4 W/(mK),
respectively, at the equivalent porosity of~ 52.3% (Kultayeva et al., 2020). The higher sintering
temperature exhibited the higher thermal conductivity because of the coarser microstructure.

Table 1 shows the reported literature data of the thermal conductivity of porous SiC ceramics.
Generally, the thermal conductivities of porous SiC ceramics decrease with increasing porosity
(Kultayeva et al., 2020; Eom et al., 2008, Kultayeva et al., 2023; Kim et al., 2020). Specifically,
the thermal conductivity of porous SiC ceramics sintered with 10 vol% Y:03-AIN additives
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decreased from 37.9 to 5.8 W/(mK) as the porosity increased from 30% to 63% (Kultayeva et al.,
2020). The thermal conductivity of SiC foams decreased from 14.0-4.0 W/(mK) with an increase
in porosity from 69% to 88% (Jana et al., 2017).

Table 1
The thermal conductivity data of porous SiC ceramics
Thermal
Porous SiC ceramics Porosity (%) Conductivity, References
(W/(mK))
Porous SiC ceramics with 1 vol% of BN ~62 — ~66 116-8.4 Kultayeva et al., 2021
Porous SiC-SiO, composites ~62 — ~64 0.21-0.15 Malik et al., 2020
Porous silica-bonded SiC ceramic 55.9-70.2 0.186 — 0.057 Kim et al., 2020
Polysiloxane-derived porous SiC ceramics ~43 —~74 ~21—~2 Eom et al., 2008
- — 5 -
porous SIC ceramics with 10 vol% Y203 30% — 63% 37.9-58 Kultayeva et al., 2020
SiC foams 69 — 88 14.0-4.0 Jana et al., 2017
Wood-derived porous SiC ceramics 43% — 67% 41.5-15.0 Papacenna et al., 2007
- - — 5
Eﬁ:f(;*es SiC ceramics containing 10 vol% 40.2-66.1 227-48 Rajpoot et al., 2020
Porous SiC ceramics without additives 30.4-40.5 83-60 Jang & Sakka, 2007

The thermal conductivity of porous SiC ceramics fabricated by adding boron carbide additive
and sintered in Ar and N2 atmospheres increased from 7.6 to 19.8 W/(mK) and 3.3 to 5.5 W/(mK)
with decreasing porosity from 68.2 to 58.3% and from 70.3 to 61.7%, respectively (Kultayeva et
al., 2023). Similar results were reported for porous SiC-SiO, composites (Malik et al., 2020),
porous silica-bonded SiC ceramic (Kim et al., 2020), polysiloxane-derived porous SiC ceramics
(Eom et al., 2008), wood-derived porous SiC ceramics (Papacenna et al., 2007), porous SiC
ceramics containing 10 vol% nitride (Rajpoot et al., 2020), porous SiC ceramics without additives
(Jang & Sakka, 2007). These results were attributed that the porosity interrupts the direct heat
conduction paths available in the bulk material, increasing the average path length for heat transport
and thus reducing thermal conductivity.

These results suggest that the thermal conductivity of porous SiC ceramics can be maximized
by adjusting porosity.

2.2 PORE SIZE

Pore size is another critical factor that influences thermal conductivity. Larger pores typically
lead to a decrease in thermal conductivity, as the effective path for heat transfer becomes longer
and more interrupted. In contrast, smaller, more uniform pores tend to support higher thermal
conductivity due to shorter heat transfer paths and reduced scattering. Additionally, when pore
sizes are in the nanometer range, phonon scattering increases, which can further reduce thermal
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conductivity. Generally, thermal conductivity of porous SiC ceramics increases with increasing
pore size (Lucio et al., 2022). Rajpoot et al. studied the influence of SiC powder particle size on
the pore structure of porous SiC ceramics. Their findings revealed that larger initial particle sizes
resulted in larger pore sizes within porous SIOC-bonded SiC ceramics. As the average pore size
increased from 218 nm to 778 nm, the thermal conductivity initially increased from 0.78 to 0.86
W/(mK), but further enlargement of the pore size to 1013 nm caused the thermal conductivity to
decline to 0.58 W/(mK). The study also demonstrated that changes in the starting particle size
influenced not only pore size but also the overall porosity of the porous SiC ceramics (Rajpoot et
al., 2021). Das et al. investigated the effect of pore size on the thermal conductivity of porous SiC
ceramics by varying pore sizes from ~7 um to ~98 um with the same porosities (~54% and ~63%).
They found that the thermal conductivity of porous SiC ceramics increased from ~14.3 to ~26.2
W/(mK) with an increase in average pore size from ~7 to ~98 um, respectively, at the porosity of
~54%. The increase in thermal conductivity with increasing pore size (larger pores) was attributed
to reduced phonon-pore scattering because of the smaller number of pores, that is, smaller
pore/strut interface areas at the same porosity, which leads to an increase in the mean free path of
the phonons (Das et al., 2023).

These results suggest that the thermal conductivities of porous SiC ceramics can be
successfully tuned for various applications by adjusting the pore size at a constant porosity.

2.3 ADDITIVE COMPOSITION

Additives are frequently introduced to improve densification or modify the microstructure of
SiC ceramics. Common additives like aluminum oxide (Al:Os), boron carbide (B4C), and yttrium
oxide (Y20s) can affect thermal conductivity by altering the sintering behavior, grain structure, and
phase composition of the ceramics. Additives can either increase or decrease thermal conductivity
depending on their influence on grain boundaries and secondary phase formation.

Additive composition influences the necking area and grain boundary structure of porous SiC
ceramics. Kultayeva et al. reported that the thermal conductivity of undoped porous SiC ceramic
(~11 WI/(mK)) at a constant porosity of ~61.3% increased by 48% (~17 W/(mK)) when 1 vol%
B4C was added and decreased by 31% (~8 W/(mK)) when 1 vol% Sc.0s was added (Kultayeva et
al., 2021a). Additionally, Taki et al. (2018) and Kim et al. (2020) found that adding excess carbon
or silicon to porous SiC ceramics deacreased their thermal conductivity. Similarly, Malik et al.
(2020) and Kang et al. (2021) observed that introducing a thermally insulating secondary phase
into porous SiC ceramics significantly increased interfacial thermal resistance, leading to a
decrease in thermal conductivity. Rajpoot et al. (2020) demonstrated that the electrical
conductivity of porous SiC ceramics can be adjusted independently of thermal conductivity by
incorporating metal nitrides such as AIN, BN, or TiN. Yeom et al. investigated the influence of
rare-earth oxide composition on the thermal conductivity of porous liquid-phase-sintered SiC
ceramics. They found that, at the same porosity of 54.2%, the thermal conductivity increased by
approximately 56%, increasing from ~9 W/(mK) for porous SiC ceramics sintered with 5 vol%
AIN-Lu203 to 14.4 W/(mK) for those sintered with 5 vol% AIN-Sc203. Dense SiC ceramics
sintered without Al-containing additives exhibited thermal conductivities as high as 167-262
W/(m-K) (Jang et al., 2016; Cho & Kim, 2017; Seo et al. 2017), while those with Al-containing

167



QazBSQA Xa6apmsicel. Kypsuiasic. Ne3 (93), 2024

additives showed much lower values, ranging from 32 to 80 W/(m-K) (Zhan et al., 2002; Eom et
al., 2016).

These results suggest, that the thermal conductivity of SiC ceramics is strongly affected by
porosity and potentially by the incorporation of dopant atoms into the SiC lattice. These findings
demonstrate that Al-containing additives are detrimental to improving the thermal properties of
porous SiC ceramics, whereas B-containing additives effectively enhance their thermal
conductivity.

2.4 NECKING AREA

The necking area, or the bonding area between SiC grains, directly impacts thermal
conductivity. A larger necking area increases thermal conductivity by allowing more direct solid-
to-solid contact between grains, improving heat transfer across the porous SiC ceramic. Conversely,
a smaller necking area restricts heat flow, decreasing thermal conductivity. The necking area can
be controlled through sintering parameters, such as temperature, additive compositions, and
atmosphere (Ar or N2). High-temperature sintering generally increases the necking area between
SiC grains by promoting grain growth, leading to higher thermal conductivity. Kultayeva et al.
(2021) studied influence of BN additives and sintering atmosphere on microstructure and properties
of porous SiC ceramics. Porous SiC ceramic with 1.5 vol% of BN sintered in Ar atmosphere
exhibited higher thermal conductivity (11.6 W/(mK)) than that of porous SiC ceramic with 1.5 vol%
of BN sintered in N2 atmosphere (4.6 W/(mK)) at 65.9% porosity. Another study by Kultayeva et
al. (2023) reported the similar trend for porous SiC ceramics with a boron carbide additive (B4C)
sintered in Ar and N2 atmospheres. They found that the thermal conductivity of porous SiC
ceramics increases as the necking area between SiC grains grows. A larger necking area facilitates
a broader conduction path for phonons, resulting in higher thermal conductivity. In porous SiC
ceramics sintered with B4C or BN additives, the necking area can be controlled by adjusting the
sintering atmosphere and the content of B4C or BN. Additionally, the thermal conductivity of
porous SiC ceramics sintered with 1 vol% B4C (16.6 W/(mK)) was approximately 48% higher than
that of a porous SiC ceramic without the addition of B4C (11.2 W/(mK)) at an equivalent porosity
of ~ 61.3%.

These findings indicate that boron doping within the SiC lattice plays a crucial role in forming
a broader necking area between SiC grains, which significantly enhances the thermal conductivity
of porous SiC ceramics. Additionally, the thermal conductivity of porous SiC ceramics can be
optimized by carefully adjusting the amount of B4C and BN additives and conducting the sintering
process in an argon (Ar) atmosphere to achieve the desired microstructural and thermal properties.

3 CONCLUSIONS

This review highlights that factors such as porosity, pore size, additive composition, and
necking area significantly impact the thermal conductivity of porous SiC ceramics. The following
are the main comclusions:
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(1) The thermal conductivity of porous SiC ceramics is influenced by its porosity, i.e. with
an increase in porosity the thermal conductivity decreases. This is because the porosity
interrupts the direct heat conduction paths available in the bulk material, increasing the
average path length for heat transport and thus reducing thermal conductivity.

(2) The thermal conductivity of porous SiC ceramics increase with increasing pore size at
constant porosity. The increase in thermal conductivity with increasing pore size (larger
pores) was attributed to reduced phonon-pore scattering because of the smaller number
of pores, that is, smaller pore/strut interface areas at the same porosity.

(3) The thermal conductivity of porous SiC ceramics is strongly affected by porosity and
potentially by the incorporation of dopant atoms into the SiC lattice. B-containing
additives are beneficial to improve the thermal conductivity porous SiC ceramics.

(4) B-doping into the SiC lattice plays a crucial role in forming a wider necking area between
SiC grains, which significantly enhances the thermal conductivity of porous SiC ceramics.
Additionally, the thermal conductivity of porous SiC ceramics can be optimized by
carefully adjusting the amount of B4C and BN additives and conducting the sintering
process in an argon (Ar) atmosphere to achieve the desired microstructural and thermal
properties.

4 FUTURE WORK

Developing innovative approaches to control the thermal properties of porous SiC ceramics

holds immense potential for enabling diverse applications in the near future. Despite their promise,
the influence of incorporating conductive phases like carbon nanotubes on the properties of porous
SiC ceramics has not yet been investigated. Studying how carbon nanotubes affect the electrical
and thermal characteristics of these ceramics offers an interesting area for future research. By
advancing processing methods and deepening our understanding of microstructural influences, it
will be possible to engineer porous SiC ceramics with precisely controlled thermal properties. This
progress could unlock a broad range of high-performance applications, significantly enhancing the
functionality and diversity of the advanced porous SiC ceramics
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