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The article examines the main aspects of corrosion impact on
reinforced concrete structures of buildings, including the mechanisms
of corrosion damage, factors contributing to this process, and the
consequences for the strength and durability of construction objects.
Various types of corrosion are analyzed, such as uniform, localized,
and electrochemical corrosion, as well as methods for diagnosing and
assessing the condition of reinforced concrete structures. Particular
attention is given to modern corrosion protection technologies,
including anti-corrosion coatings and cathodic protection. In
conclusion, the importance of regular monitoring and preventive
measures is emphasized to ensure the safety and reliability of
buildings under the influence of aggressive environmental factors.
The article will be useful for engineers, architects, and construction
specialists, as well as for students of related fields.

Tyiinai cesaep: TYNIHAEME

KOPPO3UABIKTO3Y, Makasaga fumapaTTapAblH —TeMipOeTOH KOHCTpPYKUMsAAapblHa
KOppO3UAABIK IIpoLecTep, KOpPO3UAHBIH 9cep eTyiHiH HeTisri acrexTiaepi KapacTblpblaaAbl.
TeMipOeTOH KOHCTPYKIMsLAAp, Onga KOppo3MAABIK OY3BIAY MeXaHM3MAEepi, OCH  yaepicTi

KYPBLABIC KOHCTPYKUMAAaPbIH
3epTTey, KOpray, y3aK
Mep3iMAiaiK, DKOHOMMKAABIK,
LIBIFBIHAAD,
AHTUKOPPO3UAABIK IIapajap,
KYPbLABIC HOpMaaapsl,
KOHCTPYKISAAPABIH
Kayinci3Airi.

KyInernTeTiH ¢akropaap >KoHe KYPBIABIC HbICAHAAPBIHBIH OepikTiri
MeH y3akK KbI3MeT eTy Mep3iMiHe TUTi3eTiH caadaphl CHUIIaTTaAaAbl.
Kopposusnsiy Typai Typaepi — 0Oipkeaki, >Kepriaikri >xoHe
DAEKTPOXUMMAABIK, TypAepi TaajaHaAbl, COHAaif-aK TeMipOeToH
KOHCTPYKIUSAAAPABIH JKaFdaliblH AMarHOCTMKaJay MeH Oarazay
daicTepi KapacTeipplaadbl. Epexine Hasap KOppo3usajaH KOpFay/blH
3aMaHayU TeXHOAOIUsAapblHa, COHBIH IlIiHAE AHTUKOPPO3UAABIK
>KaObIHAapFa JKoHe KaTOATHIK KOprayra aygaphlaaabl.
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KopsiTeinasr 6e4iMae FiMapaTTapAbIH KayilcisAiri MeH ceHimMAiairin
KaMTaMachl3 €Ty YIIiH >Kylledi MOHMTOPMHI IIeH aAAblH aady
IIapadapblHBIH MaHBI3ABLABIFEL aTall eTidedi. Maxasa umHkeHep-
Aepre, coyJeTlidepre, KYPbLAbIC CalacChIHBIH MaMaHJapblHa >KoHe
OCBI OaFBITTaFH CTYAEHTTepre Iaijaasl 60AMaK,.

Karouessie caoBa:

AHHOTAL VST

KOPPO3VMOHHEI U3HOC,
KOPPO3MOHHBIE IIPOLIECCHI,
>KeAe300eTOHHBIe
KOHCTPYKIIH, o0caej0BaHUe
CTPOWUTEABHBIX KOHCTPYKIIUIA,
3aluTa, 40ATOBeYHOCTD,
DKOHOMIYECKIE [T0TEPH,
aHTUKOPPO3UITHEIE
MEepPOIPUSTIS, CTPOUTEABHBIE
HOPMBI, 0€30I1aCHOCTh

B craTpe paccMaTpMBaIOTCsI  OCHOBHBIE — aCII€KThI BO3AEVICTBUS
Koppo3un Ha >KeAe300eTOHHbIE KOHCTPYKLINIM 34aHUI, BKAIOYas
MeXaHI3Mbl KOPPO3MOHHOIO pa3pyIneHns, q)aKTOpI)I, CHOCOGCTByIO-
e 5TOMY IIponeccy, M ITOCACACTBUA AAsl IIPOYHOCTU M AOATO-
BEYHOCTM CTPOUTEABHBIX OOBEKTOB. AHa/H/ISI/IpyIOTC}I pa3angaHbIe
BUABI KOPppPO3MM, TaKMe KaK paBHOMEpHas, MeCTHasd 1 DAEKTpO-
XMm4deckas, a Takke MeTOoAbl AMAarHOCTUKNM 1 OLIEHKIM COCTOSHIIST
>Ke1e300eTOHHBIX KOHCprKL[I/IIZ. Ocoboe BHUMaHUE yaeasercs
COBpEMEHHBIM TEXHOAOIMAM 3alllIThl OT KOPpO3UM, BKAKOYAA
AHTUKOPPO3MOHHBIE IIOKPBITI I KaTOAHYIO 3aIINTY. B 3akaouenne

KOHCTPYKIIUIA. II0AYEPKMBAETC  BaXXHOCTh ~ PETyAsSpPHOIO  MOHMTOpPMHIA U
IpoPpuAaKTUIECKUX MEPOIIPUATUI 4151 oDecIiedeHs1 Oe30I1aCHOCTI
M HaJeXXHOCTM 3JaHUIT B YCAOBMAX BO3JAEVICTBMS arpecCuBHBIX
¢akTopoB.

apXuUTeKTopaM 1 crienmnaancram B obaactu CTpOUTEABCTBA, a TaKXKe

BHEIIIHNX Cratest OydeT IOJe3Ha UHXKeHepaM,

CTyAeHTaM IpoPpMUABHBIX HalpaBAeHMUIL.

INTRODUCTION

Reinforced concrete structures are key elements of modern building infrastructure, whose
durability and load-bearing capacity depend on maintaining the integrity of steel reinforcement.
One of the main factors leading to premature failure of such structures is corrosion of
reinforcement initiated by exposure to aggressive environments (chlorides, carbon dioxide,
moisture). This problem is global in scale, due to the widespread use of reinforced concrete, and
leads to significant economic losses associated with repairs and risks to the safety of structures.

Scientific literature has studied individual corrosion mechanisms (uniform,
electrochemical, pitting) in considerable detail and developed a wide range of protection
methods, from passive (coatings, inhibitors) to active (cathodic protection). However, existing
approaches are often fragmented. There is a shortage of integrated systems that would combine
predictive diagnostics based on monitoring key parameters, mathematical modelling of
corrosion rates, and adaptive planning of protective measures throughout the entire life cycle of
a structure. This integrative gap limits the possibilities for timely and cost-effective management
of corrosion risks.

The research hypothesis is that the development and implementation of a comprehensive
methodology for assessing and predicting the corrosion condition of reinforced concrete
structures, based on systematic monitoring of physicochemical, electrochemical and mechanical
parameters, will significantly improve the accuracy of diagnostics, optimise the timing and
methods of protective interventions and, as a result, increase the residual life and overall
reliability of structures.

The aim of this study is to systematise current knowledge about the mechanisms of
reinforcement corrosion in reinforced concrete structures, analyse existing diagnostic and
protection methods, and develop proposals for a comprehensive assessment of the corrosion
condition of structures based on the integration of non-destructive testing technologies,
mathematical modelling and monitoring of key parameters. The study aims to structure the
information necessary to move from local damage assessment to a comprehensive forecast of
residual life, which is a pressing issue in the field of ensuring the reliability and safety of
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construction projects. To achieve this goal, it is necessary to solve problems that will enable a
transition from reactive measures to eliminate the consequences of corrosion to a proactive
system for managing the corrosion safety of reinforced concrete structures at all stages of their
life cycle.

1. Conduct a systematic analysis of current knowledge about the mechanisms and factors
that initiate and intensify corrosion of steel reinforcement in concrete.

2. Classify and evaluate the effectiveness of existing methods for diagnosing corrosion
(visual, non-destructive testing, electrochemical) and protecting structures (passive and active).

3. Determine key parameters for a comprehensive corrosion index that reflects the degree
of reinforcement wear, the condition of the protective concrete layer, and the aggressiveness of
the environment.

4. Develop a conceptual model for predicting corrosion rates that integrates monitoring
data and takes into account the influence of variable operating conditions.

5. Formulate practical recommendations for the application of an integrative approach to
planning repair measures and justifying inter-repair intervals within the framework of
regulatory and technical regulation.

The relevance and formulation of the research problem are determined by the following
factors:

1. Technical and economic significance - reinforced concrete is the dominant material in
global construction. Corrosion of reinforcement is the main cause of a reduction in its load-
bearing capacity and durability, leading to enormous direct costs for repair and restoration, as
well as indirect losses from facility downtime and risks to human life. Improving the
effectiveness of corrosion control is of strategic importance for the sustainable development of
infrastructure.

2. Despite extensive research into individual aspects of corrosion (mechanisms, protective
materials), there is a lack of systematic solutions in practice, i.e. there is a gap between science
and practice. Existing methods are often applied in isolation, without linking diagnostic data to
predictive models to justify optimal timing and protection methods. This leads either to belated,
emergency interventions or to unjustified costs for premature repairs.

3. The increasing aggressiveness of the environment and the dynamic nature of external
factors (due to the use of de-icing agents, atmospheric pollution, extreme climatic phenomena)
and the increase in the design life of critical infrastructure (bridges, nuclear power plants, high-
rise buildings) require a transition from empirical approaches to scientifically based methods of
structural resource management.

The study aims to overcome the fragmentation of existing knowledge and practices by
synthesising diagnostics, forecasting and protection into a comprehensive system, which is a
necessary step towards smart infrastructure asset management. Key current trends in research:

- a shift from passive protection (barrier coatings) to active and preventive protection
(cathodic protection, inhibitors, self-compacting concrete);

- integration of non-destructive testing methods (ultrasound, thermography, radio wave
methods) and electrochemical diagnostics (potential measurement, impedance spectroscopy) to
assess the condition of reinforcement through concrete thickness;

- active development of digital modelling and the application of artificial intelligence to
predict corrosion rates based on big data on materials and operating conditions;

- development of new composite materials (based on carbon fibres, nanomodified
additives) both for strengthening structures and for performing protective functions;

The central problem addressed by this study is the lack of a unified methodological
platform that would allow for quantitative assessment of the current corrosion state of a
structure based on an agreed set of parameters (comprehensive corrosion index); reliably predict
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the remaining service life based on mathematical models verified by monitoring data; optimise
decision-making on the choice of protection method, timing and scope of repair work,
minimising the life cycle of the structure.

MAIN PART

The authors in the article examined the main aspects of the impact of corrosion on steel
structures, its causes, consequences, and protection methods. The durability characteristics of the
samples are verified through regular monitoring of the time of corrosion initiation, the ratio of
corrosion area, corrosion depth, and the amount of steel mass loss.

Corrosion is a natural process of material degradation that occurs as a result of chemical
or electrochemical reactions with the surrounding environment. Steel structures used in the
construction of buildings and facilities are subject to corrosion, which can lead to serious
consequences, including a decrease in the strength, stability, and durability of the structures.

Types of corrosion damage

to reinforced concrete

I
[ [ |

Physicochemical Microbiological Physicomechanical
corrosion corrosion corrosion

Reinforcement
corrosion

Effect of oils
and emulsions

Type I1I

Freezing and
thawing

Figure 1. Types of corrosion in reinforced concrete structures (author’s work)
Note — compiled by the authors

Corrosion of steel reinforcement in concrete is one of the key problems affecting the service
life and durability of reinforced concrete structures (fig. 1). The main cause of corrosion is
considered to be the penetration of chloride ions and carbon dioxide into the concrete. Chloride
ions can cause local destruction of the protective film on the steel reinforcement, leading to
localized corrosion. At the same time, carbon dioxide reduces the pH level of the concrete, which
in turn promotes the formation of corrosion areas on the reinforcement. Corrosion significantly
weakens concrete, especially when exposed to aggressive environments. Penetrating through the
concrete protection, chlorides and carbon dioxide destroy the steel surface, accelerating the
deterioration of structures (Qiu, Feng & Wu, 2025).

Corrosion of steel reinforcement in concrete structures raises increasing concern due to its
impact on economic costs, safety, and operational performance. Corrosion processes (Fig. 2) lead
to the formation of spalling, cracks, and a reduction in the diameter of the reinforcement, which
can negatively affect the structural integrity of the structures (Hameed et al., 2023).

In (Otieno et al., 2016), the author emphasizes that corrosion of steel components in
concrete leads to cracking, a decrease in bond strength, a reduction in the cross-sectional area of
the steel, and loss of serviceability. Reinforced concrete affected by corrosion not only loses its
quality but also its structural integrity. Although modern technologies make it possible to
successfully address corrosion issues (Wagqas et al., 2023), the problem of corrosion remains
relevant.The main mechanisms of corrosion in reinforced concrete are associated with the
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interaction between concrete, reinforcement, and the surrounding environment, i.e., the
thermodynamic instability of a system consisting of metal and environmental components
(ArG<0), which can be expressed by the following reactions:

Me® - Me™ + né metal; Ox + né - Ox "environment

Me® — Me,Oy; Me(OH),; Me,Anymetalcorrosion products (1)

Figure 2. Concrete degradation under the influence of atmospheric and chemical factors:
a) exposure to aggressive chemical components; b) reinforcement corrosion and concrete
destruction (catalogue “Germann Instruments”,2025)
Note — compiled by the authors

As is known, as a result of corrosion, the thickness of the metal (the diameter of the plate)
decreases, i.e., the metal loses mass. From this, we can determine the rate of mass loss:

_ Am g
TS’ [mz*day] @)
and the rate of corrosion penetration into the metal, the depth indicator:
h  [mm
= T [year] ®)

Let us consider this process in more detail.Penetration of the aggressive environment.

Corrosion of reinforcement in reinforced concrete begins with the penetration of aggressive
substances (water, acids, chlorides, carbon dioxide, etc.) into the concrete. This may occur
through microcracks in the concrete; pores and capillaries formed due to insufficient concrete
density; or surface damage caused by mechanical effects or environmental exposure.

Degradation of the protective layer.

Under normal conditions, concrete provides protection for reinforcement due to its
alkaline environment (pH around 12-13), which prevents corrosion. However, when aggressive
substances penetrate the concrete, carbonation and chloride-induced corrosion occur. In the first
case, carbon dioxide from the air dissolves in water and forms carbonic acid, which lowers the
pH of the concrete, leading to the loss of the protective layer. In the second case, chlorides — for
example, from seawater or de-icing agents — can cause corrosion of the reinforcement by
breaking down the protective layer.

Reinforcement corrosion.

When the protective layer is damaged, the reinforcement begins to corrode. The corrosion
process involves the oxidation of iron, resulting in the formation of iron oxides and hydroxides
that expand in volume and create internal stresses. The corrosion products can cause further
cracking in the concrete and deterioration of its strength properties.


https://germeticus.ru/images/3M/articles/1.jpg
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Concrete destruction.

The increase in the volume of corrosion products leads to:

- the destruction of concrete around the reinforcement;

- the formation of cracks and delaminations, which reduce the strength and stability of the
structure;

- increased permeability of the concrete, creating a self-sustaining cycle that promotes
further penetration of aggressive substances (fig. 3).

Concrete surface ‘g Concrete surface Y

a) 6)
Figure 3. Concrete degradation due to reinforcement corrosion:
a) penetration of chloride ions into concrete;b) concrete destruction caused by the reinforcement
corrosion process (catalogue “Germeticus”,2025)
Note — compiled by the authors

The corrosion mechanism occurs as a result of an electrochemical reaction caused by the
potential difference between the reinforcement and the surrounding concrete (fig. 4). As a result

of this reaction, anodic and cathodic zones are formed, leading to the complete loss of the
reinforcement’s designed properties (fig. 5).

HONOR 200,

Lob T b ]

ke 1ot

41

Figure 4. Reinforced concrete support of a road bridge on K. Satpayev Street (Astana)
affected by corrosion (author’s work)
Note — compiled by the authors
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CATHODE Y. =X (€254 ~ * CATHODE
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Figure 5. Formation of anode and cathode zones as a result of electrochemical corrosion

(catalogue “John P. Broomfield”,2020)
Note — compiled by the authors

Reinforced concrete supports located in moist soil or directly in water —such as bridge
piers or platform supports in marine environments—are subject to aggressive electrochemical
corrosion. For this type of support, the process occurs as galvanic corrosion (fig. 6).

The formulas representing galvanic corrosion of steel include the following reactions:

at the anode:Fe — Fe?* + 2e~
at the cathode: 2H* + 2~ - H,; 0, + 2H,0 + 4e~ —» 40H~ 4)

The authors of (Frangois et al., 2018) examined the relationship between the corrosion of
steel reinforcement and its effects on the mechanical behavior of reinforced concrete structures.
The researchers considered specific theoretical foundations of steel corrosion in concrete and its
interaction with structural elements, including service cracks and concrete placement defects.
Studies of the degradation mechanisms of the mechanical properties of steel bars and reinforced
concrete revealed a decrease in ductility, a reduction in load-bearing capacity, redistribution of
internal forces due to the formation of plastic hinges, and an increase in beam deflection during
operation.Research conducted in (Natino et al., 2021) shows that, as a result of corrosion processes
in steel elements within reinforced concrete structures, the cross-section of the reinforcement
decreases by 25% for a single bar and by 20% for all bars in the structure.

l
l—V % electron flow S{ 4—1
‘h

0, 0,

v

0
| __— waterline ——

C—> @ Al+++ OH- OH™
C—> @ Al+++ OH™
—> -—
dal oo
23 negatively charged ions
positively charged ions =
anodic reaction electrolyte (seawater) cathodic reaction

Figure 6. Diagram of the galvanic corrosion process (catalogue”Barque”,2025)
Note — compiled by the authors
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A number of authors in their studies examine the effect of anti-corrosion coatings on the
strength of reinforcement using polymer coatings based on cement, as well as the application of
epoxy coatings to reinforcement directly during construction before concreting (Kamde& Pillai,
2022; Vanama&Ramakrishnan, 2024; Zheng et al., 2025). In particular, the effectiveness of using
different types of coatings is studied depending on the operating conditions of the structures,
such as aggressive environments, high humidity, or exposure to mechanical loads. Special
attention is paid to the durability of protective layers and their ability to maintain their protective
properties over a long period.Research shows that the use of polymer and epoxy coatings can
significantly increase the service life of reinforced concrete structures by minimizing the risk of
reinforcement corrosion and providing additional protection for concrete against external
influences.

Al-Dulaijan (2023) describes the performance characteristics of two types of coatings for
steel: high-zinc epoxy and cement-based epoxy. Scientists evaluated these coatings through
laboratory and field experiments. In field tests, concrete samples were exposed to seawater for
more than five years. Salt spray and accelerated reinforcement corrosion tests showed that
cement-based epoxy coatings perform better than zinc coatings. However, no visible differences
in performance between the coatings were found on reinforced concrete slabs in field conditions.
Based on their data, the scientists recommend using cement-based epoxy coatings as primers for
steel.

Work (Tweeké&Abdulsada, 2023) aims to demonstrate and review the positive impact of
green inhibitors and organic inhibitors on chloride-induced corrosion.

Scientists studied the latest developments in the use of corrosion inhibitors in reinforced
concrete (Yuvaraj et al., 2022) and conducted research in laboratory and field conditions. They
once again proved that inhibitors are chemicals that are added to concrete in low
concentrations to stop or delay corrosion in reinforced concrete structures. In their review
study, the scientists examined various forms of inhibitors for concrete treatment and methods
of their application. They compared the effectiveness of mixed and migrating inhibitors based
on existing research.

The study (Wei et al., 2021) considers the possibility of using carbon fiber waste to reduce
steel corrosion in reinforced concrete structures. To the authors” knowledge, this research is the
first attempt to investigate the corrosion resistance of carbon fiber waste in reinforced concrete
under harsh conditions with constant loading. First, carbon fiber waste was treated with epoxy
resin to ensure uniform dispersion of soft carbon fiber in the cement mixture, as the
hydrophobic surface of carbon fiber and the galvanic connection between carbon fiber and steel
bars in concrete had to be prevented. Second, to accelerate the corrosion process, reinforced
concrete samples were subjected to an aggressive environment with high temperature (50 °C)
and a 6-hour “wet-dry” cycle in a 3.5 wt% NaCl solution, along with continuous loading. Third,
the corrosion properties of the RC specimens were monitored for 360 days using
electrochemical methods such as linear polarization resistance and electrochemical impedance
spectroscopy.

The work (Byrne et al., 2016) investigated electrochemical corrosion protection and
presented protection methods. The authors proposed cathodic protection using an impressed
current for protecting metal structures in concrete, and as a second method, the use of a more
active sacrificial anode to generate excitation current.

Anodic coating, in this case with zinc, protects the base metal by means of a more active
metal and demonstrates the following electrochemical corrosion process, Table 1:
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Table 1. Electrochemicalcorrosion

Electrochemical corrosion of zinc-coated iron

@ejper+ = —0,44B > @9njzn2+ = —0,76B

Oxidizingagent Reducingagent

Note — compiled by the authors

here: anodic process(—) Zn — Zn** + 2e
cathodic process (+)0,(g) + 4H* + 4e™ - 2H,0 (5)

In case of coating damage, a galvanic cell is formed, and zinc acts as the anode, as a result
of which it corrodes, while the steel reinforcement itself remains intact (fig. 7):

(=)A[Zn]: Zn® — 2e”~ - Zn?*; Zn?* + 20H~ - Zn(OH), (6)
(+)K[Fe]: 2H* + 2e~ - H,0 (pH < 7) or O, + 2H,0 + 4e~ —» 40H (pH = 7) 7)

Nt H,0
7,
4

Y4

i H 5
e 00 e
/;/\//T e’

g Fe K

Figure 7. Diagram of electrochemical corrosion (catalogue “Stephen Lower”,2022)
Note — compiled by the authors

MATERIALS AND METHODS

To prevent corrosion in reinforced concrete structures, the following methods are used:

- use of corrosion-resistant reinforcement (for example, coated steel);

- addition of admixtures to concrete that improve its impermeability and resistance to
aggressive environments;

- regular monitoring of the condition of structures and performing repair works at the first
signs of corrosion.

As noted in (Sohail et al., 2021), the traditional methods of protecting steel structures
include “passive” and “active” protection methods.In passive protection, metal products, parts,
and structures are placed above ground and protected with special primer layers and enamel
coatings, with possible use of bituminous mastic.In active protection, the difference in electrical
potential between the anode and cathode is used, where the “anode” part is intentionally
corroded to ensure the safety of the “cathode.”

Modern protection technologies increasingly rely on advanced approaches. Researchers
(Mihashi et al., 2011) presented the results of corrosion tests on fiber-reinforced cement
composites containing only polyethylene (PE) plus hybrid steel cords (S5C), and PE fibers. In this
study, the metal was subjected to accelerated corrosion by applying an external potential between
a steel rod anode and a cathode made of steel wire mesh placed outside the concrete. The results
showed that hybrid fiber-reinforced cement composites (HFRCC) containing hybrid SC and PE
fibers demonstrated superior performance compared to mortar and fiber-reinforced cement
composites (FRCC) containing only PE fibers.
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Scientists (Gharieb et al., 2024; Jiang et al., 2014; Khatri et al., 2025; Mihashi et al., 2011; Ming
et al., 2023; Wang et al., 2019) proposed adding polymer composite materials to concrete to densify
and strengthen it, thereby preventing aggressive environments from reaching the metallic parts of
reinforced concrete structures. Other researchers (Cheng et al., 2022; Kamde et al., 2021) suggested
protecting the metallic components directly by applying a protective layer in the form of an anode
— that is, a metal that corrodes more readily to protect the main reinforcement — and using inhibitors
(Asaad, 2021; Palanisamy et al., 2016; Valdez-Salas et al., 2021; Venkatesh et al., 2019).

Understanding corrosion processes and modeling the rate of corrosion are key aspects for
ensuring the durability and reliability of structures (Cheng & Maruyama, 2023; Ji & Ye, 2023;
Lollini&Redaelli, 2021). Modeling involves the use of various mathematical and numerical
methods. Simulating corrosion propagation rates in concrete reinforcement helps assess the
condition of a structure and predict when and where corrosion may occur, aiding in maintenance
and repair planning. Information about corrosion rates can also be used to select more durable
materials and technologies, increasing the lifespan of structures.Modeling assists in developing
effective corrosion protection methods such as the use of corrosion-resistant alloys or special
coatings. Modern technologies like machine learning and artificial intelligence open new
horizons for corrosion prediction (Chou et al., 2017). These methods make it possible to process
large datasets obtained from experiments and field studies, reveal hidden patterns, and improve
prediction accuracy. Reliable estimates of the degree of corrosion and the time to reach safety
limits (Yadeta, Siriwardane& Mohammed, 2023) are critical for analysing the reliability of
reinforced concrete structures. Engineers and decision-makers can use this data to plan
inspections and maintenance.

To form a comprehensive corrosion index, the authors suggest including key parameters
that reflect the level and dynamics of damage to reinforced concrete structures under the
influence of corrosion, which is important for predicting the remaining service life and planning
repair measures:

- Degree of reinforcement corrosion — residual metal thickness (% loss relative to the
original thickness) and presence of corrosion damage (rust thickness, mass loss);

- Reinforcement corrosion potential — measurement of the electrochemical potential of rein-
forcement relative to a standard electrode, identifying active corrosion zones and their intensity;

- Condition of protective concrete — thickness and integrity of the concrete cover, presence
of cracks and spalling, and indicators of water impermeability and permeability;

- Chemical parameters of concrete — pH value, degree of carbonation, and chloride
content, which increase environmental aggressiveness and accelerate reinforcement corrosion;

- Visual signs of damage — characteristic crack patterns, concrete spalling, and presence
of corrosion stains on the surface;

- Temperature and humidity conditions during operation — influence of climate and
microclimate, which can accelerate or slow down corrosion processes.

These parameters can be wused in the development of regulatory and
technicaldocumentation for determining maintenance intervals for reinforced concrete structures
affected by corrosion.

RESULTS AND DISCUSSION

In accordance with the stated objective, the following results were obtained:

1. A systematic analysis of current knowledge has established that the dominant factor
limiting the durability of reinforced concrete is electrochemical corrosion of reinforcement
induced by chlorides and carbonation of concrete. A critical gap has been identified between the
in-depth study of individual mechanisms and their fragmentary consideration in practical
diagnostic and predictive methods.
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2. Based on the results of the classification of diagnostic and protection methods, a
taxonomy has been developed that divides methods into reactive (inspection and repair after
damage detection) and predictive-proactive (monitoring + modeling). It has been proven that the
greatest potential for improving reliability and economic efficiency lies in the combination of non-
destructive electrochemical control (linear polarization, impedance spectroscopy) with active
long-term protection methods (cathodic, inhibitors).

3. As part of the development of a comprehensive approach to assessment, a structure for
a comprehensive corrosion index (CCI) has been proposed as an integral quantitative indicator
of the condition of a structure. The principle of hierarchical aggregation of data from direct
measurements to generalized indicators and an integral index has been defined, requiring the
assignment of weighting coefficients depending on the type of structure. The CCI aggregates
several key parameters:

- degree of corrosion wear of reinforcement (loss of cross-section, mass);

- electrochemical potential and corrosion rate;

- thickness and integrity of the protective concrete layer;

- depth of carbonation and chloride concentration near the reinforcement;

- nature and width of cracks;

- aggressiveness of the environment (temperature and humidity conditions).

4. In terms of forecasting, a concept for a hybrid forecasting model has been formulated,
which will enable a transition from conservative estimates to dynamic forecasting of residual
resources and will combine:

- a deterministic component (physico-chemical laws of agent diffusion, kinetics of
electrochemical reactions);

- a stochastic/adaptive component based on machine learning methods, which adjusts the
forecast as new monitoring data becomes available (CCM);

5. As a practical conclusion, a generalized scheme of a predictive corrosion safety
management system has been developed, representing a closed cycle (Fig. 8):

It is necessary to include the stages of predictive modeling and calculation of CCI in the
regulatory and technical framework to justify the intervals between repairs and select an
operation strategy.

It follows that overcoming the current problems in reinforced concrete protection lies not
in the creation of a new insulating material or method, but in the systematic integration of existing
diagnostic, modeling, and protection technologies based on quantitative integral criteria (QIC)
and adaptive predictive models.

Data collection :b Calculation :> Analysis in a

(monitoring) of KKI hybrid model

Validating decisions Optimization of Degradation
through monitoring protection/repair solutions scenario forecast

Figure 8. Diagram of a predictive corrosion safety management system (author’s work)
Note — compiled by the authors

CONCLUSIONS
Reinforcement corrosion in reinforced concrete structures is one of the main causes of their
deterioration. It reduces the strength and durability of structures, which can have serious
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implications for the safety of buildings and facilities. The primary factors contributing to
corrosion are aggressive chemical environments, high humidity, temperature fluctuations, and
insufficient reinforcement protection.

Various methods exist for diagnosing the condition of reinforced concrete structures,
including visual inspection, ultrasonic testing, and electrochemical techniques, which allow
timely detection of corrosion processes.

Effective corrosion protection methods include the use of corrosion-resistant materials,
application of protective coatings, cathodic protection, and various concrete additives that
modify its physical properties, directly influencing the condition of reinforcement in concrete,
along with regular maintenance.

To prevent corrosion in concrete reinforcement, regular inspections and monitoring of
reinforced concrete structures are necessary for early detection of corrosion processes. In the
design and construction of new structures, corrosion-resistant reinforcement materials and
additives that enhance concrete resistance to aggressive environments should be used, and
protective coatings should be applied to reinforced concrete surfaces to minimize the effects of
external factors promoting corrosion. Mathematical modeling of corrosion propagation rates
should be applied in the specific context of the construction process.

Depending on the protection mechanism, corrosion protection methods are divided into
passive and active. Passive methods include high-performance fiber-reinforced cement mortar
coatings, anti-corrosion coatings, and corrosion inhibitors. Active protection involves cathodic
protection and electrochemical chloride extraction.

Among these methods, fiber-reinforced cement mortar stands out for its effectiveness in
preventing corrosion due to its high strength, although it is mainly used for structural
strengthening because of its superior mechanical properties. Carbon fiber-reinforced polymer can
serve dual functions: as a strengthening material and as an anode in cathodic protection and
electrochemical chloride extraction. This unique material capability makes it highly promising
for protecting corrosion-damaged reinforced concrete structures.

Corrosion in reinforced concrete structures is a multi-stage process that requires attention
and preventive measures to ensure the durability and safety of buildings and facilities.

A systematic analysis has shown that, despite in-depth research into individual corrosion
mechanisms and the availability of a wide range of protective technologies, the key obstacle to
improving the durability of structures remains the gap between diagnosis, prediction, and
decision-making. Existing approaches are often reactive in nature, and the methods used are
studied in isolation, without taking into account their synergy or long-term behavior in real
operating conditions.

The central result of the work is the proposed concept of a Comprehensive Corrosion Index
(CCI), designed to become a universal quantitative tool for the integrated assessment of structural
condition. The CCI aggregates key physicochemical, electrochemical, and mechanical
parameters, enabling the transition from qualitative descriptions to controllable quantitative
criteria. To implement the predictive function, the need to develop hybrid mathematical models
combining deterministic corrosion laws with adaptive machine learning algorithms that correct
the forecast based on continuous monitoring data is justified.

Based on these elements, a generalized scheme of a predictive decision support system has
been developed, forming a closed cycle of “monitoring — assessment (KKI) — forecast — protective
intervention — validation.” The implementation of this approach will optimize the timing and
scope of repair work, minimize life cycle costs, and shift from a strategy of planned preventive
maintenance to management based on actual condition and predicted risk.

Prospects for further research are related to empirical validation and calibration of the
proposed methodology on real-world objects, development of standardized data collection
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protocols for model training, and in-depth study of the long-term effectiveness and compatibility
of combined protection methods. The implementation of these areas will contribute to the
formation of a new paradigm in the operation of construction facilities, based on data, forecasts,
and intelligent resource management, which is a necessary condition for ensuring the long-term
safety and sustainability of critical infrastructure.
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The relevance of this study lies in the fact that rapid urbanization along the
Yesil River has led to increased loading on riverbank retaining walls, posing
significant challenges to their structural stability. The objective of this study
is to apply advanced numerical modeling techniques using Plaxis 2D to
analyze the deformation behavior of retaining walls under complex loading
conditions and to evaluate their performance both with and without
anchoring systems. The novelty of this study lies in its consideration of real-
world loading scenarios, including hydrostatic pressure and urban-induced
surcharges, alongside a comparative analysis of retaining wall
configurations with and without anchoring systems. The simulation results
demonstrated that the horizontal displacement of the retaining wall was only
2 cm, indicating a high level of structural stability even in the absence of an
anchoring system. Under the given conditions, the implementation of a non-
anchored design proved to be both technically sound and economically
efficient. These findings underscore the importance of a comprehensive
approach to the design of coastal protection structures, taking into account
both natural factors and anthropogenic impacts.

TyniHai ce3aep:

TYUIHAEME

Plaxis 2D, Tipey
KaOBIpFaCHL,
IMAPOCTaTUKAABIK
KBICBIM, TEOTEXHIKAABIK,
MOAeAbA€eY, COHFBI
9AEeMeHTTep dAici,
KaAaAbIK KYKTeMe,
aHKep.

bya seprreyain e3exriairi Ecia e3eHi OobIHAAFH KblAJaM ypOaHM3aI s
©3eH >KaFaJaybIHAAFbl Tipey KaObIprasapblHa TYCeTiH >KYKTeMeHiH
apTyblHa aAbIll KeAill, 0AapAblH KYPBIABIMABIK TYPaKTBLABIFBIHA aliTap-
ABIKTall KMBIHABIKTAp TYFBI3YBIMEH OallAaHBICTB. 3epTTeyAiH MaKcaThl —
Plaxis 2D 6araapaaMaablK KeIlleHiH IalijadaHa OTBIPBIN, KypAeai
JKYKTeMe >KarAalllapbIHAAFbI Tipey KaObIpradapbIHbIH JedOpMaIiusiabIK
MiHe3-KyAKBIH Taa/ay KoHe aHKepAiK JKoHe aHKepci3 KaObIpra Ky pPBLABIM-
AApBIHBIH TUIMAiAITiH Oarasay. 3epTTeyAiH >KaHaABIFbI — IApPOCTaTUKa-
ABIK, KBICHIM MEH KaJa KYPBLABICHIHBIH 9CepiHeH TYBIHAATBIH aHTPOIIO-
reHAIK JKyKTeMelepai Koca aaFaHAa, HaKThI JKYKTeMe >KaralidapblH ecKe-
pyiMeH, coHgali-aK
KYPbLABIMAAPBIH CaABICTHIPMAaAbl TaldayMeH epekileseHesi. Mogeabaey
HOTIKeAepi Tipey KaOBIpFachIHBIH KOAJ€HEeH OpPBIH ayBICTHIPYBl HeOapi
2 cM eKeHiH KepceTTi, 0y KOHCTPYKIVMHBIH TiIITi aHKepAiK Xyite Koa4a-

aHKepAik >KeHe aHKepcis Tipey KaOppra

[cMon
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AaHBLAMAaFaH >KaFjalija Ja >KOFaphl TYPaKTBIABIKKA Me eKeHiH 6iagipeai.
KapacTsIpplablll OTBIpFaH >KaFdalidapda aHKepCi3 KYPBLABIM HYCKACHI
TuimMaiairimeH >xoHe yHeMJiairiMeH epekmieaeHai. bya gepexrep Taburn
>KoHe aHTPOIIOTeHAiK daKTopAapAbl ecKepe OTBIPHII, >KaFalayAbl KOpray
KYPBLABICTaphIH XK00alayaa KellleHAi ToCiAAiH MaHbI3ABLABIFBIH KOPCeTeAi.

Karouessre caoBa: AHHOTAII ST
Plaxis 2D, moamopHas AKTyaABHOCTh JAHHOTO JCCAeAOBaHMA OOycAOBAE€Ha TeM, 4TO OBICTpas

CTeHa, I'MAPOCTaTUIeCKOe ypbanusaius BA0Ab pekn Ecmap mpusesa K yBeAMIEHHUIO Harpy3oK Ha

AaBJeHVe, TeOTEXHINIECKOe TTOATIOpHEIE CTeHBI OeperoBoyl AMHNM, CO3JaBas Cephe3Hble IPO0AeMBI AAs

MOAeAUpPOBaHNe, METOZ, UX CTPYKTYpHOM ycroiumsoctu. lleabp AaHHOrO wmccaeqoBaHmst —

KOHEYHBIX DA€MEeHTOB, NpUMEHeHNe IIepeAOBBIX METOJOB YMCAEHHOTO MOJEAMPOBaHMA C

rOpOJ4CKas Harpy3Ka, aHKe] ncroap3osanmeM Plaxis 2D aas anaamsa AepopMaIlMOHHOTO TOBEAEHIST
MOAIIOPHBIX CTEH B YCAOBMSX CAOXKHOIO Harpy>KeHmsl U OLIeHKa MX
5P PEeKTUBHOCTY KOHCTPYKIIUI KaK C aHKEPHBIMM CHICTEMaMU, TaK 1 Oe3 HIX.
HoBusna mccaeaoBaHms 3akAIOUaeTcsl B ydeTe peaAbHBIX CIeHapues
Harpy>kKeHms, BKAIOYas IMAPOCTaTMYeCKOe JaBAeHNe U aHTPOIIOreHHbIe
HarpysKy, BbI3BaHHBIE TOPOACKOV 3aCTPOMKON, a TaKXKe B CPaBHUTEABHOM
aHaAu3e KOHCTPYKIIMII ITOATIOPHBIX CTeH C aHKepHLIMIU crcTeMamu 1 6e3
Hux. Pesyapratel MogeampoBaHus IIOKasaal, 4YTO TOPU3OHTaAbHOE
repeMelleHne IOAIIOPHONM CTeHbI COCTaBAseT BCEro 2 CM, UTO CBUAETEeAb-
CTByeT O BBICOKOM YCTOMUMBOCTM KOHCTPYKIIUU Jake Oe3 HpUMeHeHMs
aHKePHOI1 CUCTeMBL B paccmaTpuBaeMBbIX yCAOBMAX pelleHNe C HeaHKePHOI
KOHCTPYKIIMeN IIPOAEMOHCTPUPOBAA0 PallIOHaAbHOCTD 11 SKOHOMIYIECKYIO
5P PeKTUBHOCTb. DTN JaHHBIE NOAYEPKUBAIOT Ba>XHOCTh KOMILIEKCHOTO
1oJxoJa K IMPOeKTUPOBAHMIO OePero3aruTHRIX COOPYKeHMII C yIETOM Kak
IIPUPOAHBIX (PaKTOPOB, TaK U aHTPOIIOTEHHBIX HaIPY30K.

INTRODUCTION

The stability of riverbank retaining walls has represented a critical challenge in
geotechnical and hydraulic engineering, especially in the context of rapid urbanization. In recent
decades, cities such as Astana, Kazakhstan, have undergone significant expansion along
riverbanks, including the Yessil River. Urban development has included the construction of
parks, pedestrian areas, cycling paths, and public facilities in close proximity to the water. As a
result, surface usage has intensified, increasing the loads acting on retaining structures.

This increase in loading conditions has created complex stress environments that must be
properly understood to ensure the long-term performance and safety of riverbank protection systems.
The influence of surcharge loading on the mechanical behavior and strength improvement of soft soils
has been demonstrated in previous studies (Horpibulsuk et al., 2018), where it was shown that
external loads significantly affect soil stiffness, settlement behavior, and overall structural stability.

In past studies, researchers have calculated the effects of earth pressure and hydrostatic loads
on retaining walls under various boundary conditions. Additionally, several projects have
monitored wall deformations and failure mechanisms under urban loading scenarios. Advanced
finite element software, such as Plaxis 2D, has been widely used to simulate soil-structure interaction,
seepage, consolidation, and staged construction effects (Pereira, A.B & Porto, T.B., 2020).

Numerous authors have analyzed soil behavior using models like Mohr-Coulomb and
Hardening Soil to better understand the influence of hydraulic and structural parameters. These
contributions have improved the predictive capacity of numerical simulations in geotechnical
design (Imran, H et al., 2023).

However, while the individual effects of natural forces and anthropogenic loading have
been studied separately, there is still a lack of comprehensive analyses that integrate both within
real-world urban environments like the Yessil River in Astana.
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Although many models have been developed for idealized conditions, fewer studies have
considered site-specific data and infrastructure-related surcharges. There remains a critical need
to evaluate how combined loading conditions affect wall displacements, stress distribution, and
overall stability in urban riverbank systems.

This gap limits the ability of engineers to make fully informed design decisions for safe
and resilient waterfront infrastructure.

Previous studies have examined earth pressure and hydrostatic loading under simplified
conditions, using finite element methods to analyze soil-structure interaction and compare
constitutive models (Pereira, A. B & Porto, T. B., 2020; Imran, H et al., 2023). However, these studies
generally relied on idealized geometries and generalized soil parameters. In contrast, the present
research integrates site-specific geotechnical data, real river geometry, and urban surcharge
loading within a unified numerical framework.

The present study investigates the structural performance and deformation behavior of a
riverbank retaining wall along the Yessil River using Plaxis 2D. The numerical model
incorporates site-specific data, including borehole-derived soil profiles, groundwater conditions,
and external loading from adjacent infrastructure.

Earth pressure, hydrostatic river forces, and urban surcharges are modeled under staged
construction to simulate real behavior. Special attention is given to displacement patterns,
internal stress distributions, and overall wall stability under varying load scenarios.

This research aims to offer practical recommendations for engineers and planners engaged
in riverbank design, highlighting the importance of accounting for both natural and
anthropogenic influences in numerical modeling. By addressing current limitations, the study
contributes to the development of more reliable and cost-effective retaining wall solutions in
urban environments.

MATERIALS AND METHODS

The program enables modeling and analysis by building a profile and performing
calculations accordingly. A cross-section of the terrain in the area under investigation is created
within the software. This cross-section includes representations of the soil layers, retaining wall,
piles, and other essential elements. The section is constructed directly in the program, allowing
for a clear visual display of soil stratigraphy, retaining walls, piles, and groundwater levels.

Once the required elements are placed in the cross-section, their corresponding
geotechnical parameters must be input. The process begins with the characterization of soil
layers. Soil samples are collected from the construction site and classified based on their
mechanical and physical properties.

The next input parameter in the model is the pile. The use of a piled retaining wall is
dictated by structural requirements. The selected pile type is designated as C60-30-8, classified as
a suspended pile based on its working behavior. The characteristics of the pile are provided in
Table 1.

Table 1. Parameters of Pile Type C60-30-8

Parameter Value Unit of measurement
Length 6000 mm
Width 300 mm
Height 300 mm
Concrete grade 200 -
Concrete volume 0.55 m3
Weight 1350 kg
Note — compiled by the author
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The retaining wall is constructed at the project site. It is designed with a height of 2 m and
a thickness of 0.4 m, and modeled as a simple structural element. Its structural behavior can be
approximated to that of a basement wall.

Following the input of all geotechnical and structural parameters, external loads are
applied. The specific weight of water is assumed to be 10 kN/m?3.

The analysis is carried out in Plaxis 2D, where the profile is defined and analyzed with a
unit width of 1 meter. The software automatically processes all input parameters along this one-
meter section. Within the profile view, the cross-section and computational domain are both
clearly represented.

The user defines the extent of the computational domain, which can be larger than the
modeled profile if required. All work is performed within this profile window. The lateral
boundaries are fixed to prevent any influence from beyond the computational domain. All
deformation and flow changes occur strictly within the defined limits.

The geotechnical and hydraulic parameters used in this analysis are based on data from
the Yesil River, obtained from official environmental sources. The modeled half-width of the river
is approximately 40 meters, and the river depth is assumed to be 8 meters, within the reported
range of 8-10 meters.

The external load is applied at a horizontal distance of 5 meters from the wall. This
configuration represents a typical simplified case of a riverbank retaining wall. All parameters
described above have been implemented in Plaxis 2D.

Geotechnical parameters for soil layers are entered into the software as illustrated in
Figures 1, 2, and 3.

General properties Strength
Tonsat [0 oy’ Gt [6.000 jn’
Tot  [950 ki’ olh):  [26.000 ’

v(ps): (0,000 B

Figure 1. Input Parameters for Sandy Loam Soil in Plaxis 2D
Note — compiled by the authors

General properties Strength

Tosat [1760 K’ Gt [54000 iy
Tt [B60 iy’ olph):  [22000 0
vs):  [o.000 °

Figure 2. Input Parameters for Loam Soil in Plaxis 2D
Note — compiled by the authors

General properties Strength

T insat W kN/m3 Cref? W kN/m2

Teat  [19.690 K’ o(phi): W °
vs): Ppoo e

Figure 3. Deep-Layer Loam Soil Properties in the Model
Note — compiled by the authors



i ()
1-Tom, 2-nemip, MayceiM, 2026. EKTU JOURNAL OF
ARCHITECTURAL AND

Tom 1, Ne 2, nons 2026. -25- CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

The numerical analysis is conducted in two phases. In the first phase, the model simulates
deformations and changes resulting from external forces acting on the retaining wall. This phase
accounts for several key factors, including the protective function of the retaining structure, the
load imposed by the surrounding soil mass, and additional external loads applied to the system.

The outcomes of the analysis for this phase are visually presented in the figures below
(Figures 4 and 5).
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Figure 4. Displacement of the retaining wall in the iso zone:
(a) displacement represented by vectors; (b)displacement shown through color shading;
(c) iso-lines of displacement; (d) pressure distribution visualized with color gradients
Note — compiled by the authors
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Figure 5. Isolated Visualization of the Retaining Wall Displacement
Note — compiled by the authors
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The displacement vectors indicate the direction of movement of the retaining wall. The
color shading highlights the zones where displacement occurs. The iso-lines represent the
magnitude of settlement across different areas. According to the pressure distribution results, the
maximum pressure observed is 227.72 kN/m?2.

Based on the results of the first phase, a displacement of 1.703 cm was observed.

The second phase represents the final stage of the analysis. In this phase, all conditions and
parameters from the first stage are preserved, with the addition of the hydrostatic water load.
This enables a comprehensive evaluation of the final response of the structure. The results of this
phase are presented in Figures 6 and 7.
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Figure 6. Displacement of the retaining wall in the iso zone:
(a) displacement represented by vectors; (b)displacement shown through color shading;
(c) iso-lines of displacement; (d) pressure distribution visualized with color gradients
Note — compiled by the authors

In the second phase, the maximum pressure recorded was 235.62 kN/m?2.

According to the results of the analysis, the total displacement amounts to 6.306 cm.
However, this displacement occurs across the entire profile and is primarily concentrated in the
lower section, where water pressure dominates. With regard to the displacement of the retaining
(shoreline protection) wall itself, it is 2 cm.

The problem can also be considered from another perspective. To do this, certain
modifications must be made in the computational model. One such modification involves the
inclusion of an anchor, which provides additional stability. The anchor is installed at a height of
1 meter from the base of the wall, corresponding to its midpoint, and contributes to structural
reinforcement.
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Figure 7. Displacement profile of the retaining wall
Note — compiled by the authors

However, in this case, it is possible to evaluate whether the installation of the anchor is
necessary. This can be assessed by comparing two indicators. The characteristics of the anchors

are provided in Table 2.

Table 2. Anchor reinforcement applied to the retaining wall

Parameter Description Value Unit of measurement
Axial stiffness EA 2x10° kN
Anchor spacing Ls 2.5 m
Maximum compressive force Fmax, comp 1x101° kN
Maximum tensile force Fmax, tens 1x10%5 kN
Note — compiled by the author

In this case as well, the analysis can be conducted under two different scenarios within the

software. Two stages are introduced into the computational model. All conditions are modeled
according to the previously described example. The only modification involves the inclusion of
an anchor, and the calculation is repeated from the beginning (Figures 8 and 9).
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Figure 8. Displacement of the retaining wall in the iso zone:
(a) displacement represented by vectors; (b)displacement shown through color shading;
(c) iso-lines of displacement; (d) pressure distribution visualized with color gradients
Note — compiled by the authors

The maximum pressure force on the second type of retaining wall during the first stage is
-227.77 kKN/m2.
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Figure 9. Detailed displacement profile of the retaining wall
Note — compiled by the authors

According to the analysis results, the displacement value is 1.228 cm. This value is an
improvement compared to the result from the first stage of the analysis, which was 1.703 cm.
Naturally, the smaller displacement from the first scenario is preferable. However, when
considering the overall situation, it becomes apparent that this difference is not significant. The
discrepancy between the two results is only 0.5 cm, which is not substantial when compared to
practical realities.

Nevertheless, the analysis should be completed thoroughly to evaluate the final extent of
the change. The second stage is considered the final stage and is conducted as described above,
meaning the software simulates the entire loading conditions combined. The difference from the
first stage is that the wall is anchored in this final analysis (Figures 10 and 11).
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Figure 10. Displacement of the retaining wall in the iso zone:
(a) displacement represented by vectors; (b)displacement shown through color shading;
(c) iso-lines of displacement; (d) pressure distribution visualized with color gradients

Note — compiled by the authors

The maximum pressure force on the second type of retaining wall during the second stage

is -235.76 kN/m?2.
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Figure 11. Detailed displacement profile of the retaining wall

Note — compiled by the authors

Regarding the final analysis, the displacement value obtained was 1.795 cm.
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RESULTS AND DISCUSSION

According to the Plaxis analysis for the first type of retaining wall, the displacement was
1.795 cm. This result should be compared with the displacement value obtained for the first type
of shoreline protection wall, which was 2.0 cm. The difference between the two structural designs
is therefore only 0.205 cm, which is not significant. Moreover, the additional work required to
install the anchor is considerable. Despite this extra effort, the displacement improvement is
merely 0.205 cm.

The costs associated with the additional work are much higher than the small gain in
displacement. These costs include purchasing the anchors, installing them into the wall, the labor
intensity, and the time required for installation. Furthermore, the machinery needed to place the
anchors incurs separate expenses.

Therefore, considering all scenarios, the first structural design of the shoreline protection
wall is the more cost-effective and practical solution. Of course, the effectiveness depends on the
applied loads. Under the current loading conditions, the initially considered wall design proves
to be very efficient.

This section should present the main findings obtained in the course of the study. The data
should be clearly structured and, if necessary, supplemented with tables, graphs, or figures.
Excessive descriptions should be avoided — focus on interpreting key observations,
measurements, or calculations. If needed, the results can be divided into subsections or thematic
blocks. Table 3 presents a comparison between the two different types of retaining walls.

Table 3. Calculated displacement values of two types of retaining walls

Stage Retaining wall without Retaining wall with Difference
anchor anchor
First stage 1.703 cm 1.228 cm 0.475 cm
Second stage 2.000 cm 1.795 cm 0.205 cm
Note — compiled by the author

- Retaining Wall without Anchor:

In the first simulation phase, considering only earth pressure and urban surface loads, the
maximum horizontal displacement of the retaining wall reached 1.703 cm. In the second phase,
which included hydrostatic water pressure, the total deformation across the profile was 6.306 cm,
but the localized wall displacement was approximately 2.0 cm. The maximum recorded earth
pressure acting on the wall was 235.62 kN/m?.

- Retaining Wall with Anchor:

When the anchoring system was introduced at the wall’s midpoint (1 m above the base),
the maximum displacement in the first simulation phase was reduced to 1.228 cm. In the second
phase, the total wall displacement was 1.795 cm, showing an overall reduction of 0.205 cm
compared to the unanchored wall. The pressure distribution remained relatively similar, with a
slightly higher peak pressure of 235.76 kN/m?2.

Comparative Analysis:

The reduction in horizontal displacement due to the anchoring system ranged from 0.475
cm (Phase 1) to 0.205 cm (Phase 2). While this reduction is technically measurable, it is not
significant from a practical or structural perspective.

CONCLUSION

This study employed finite element modeling using Plaxis 2D to evaluate the structural
behavior of riverbank retaining walls along the Yesil River under combined natural and urban
loading conditions. Based on the simulations, the following conclusions are drawn:
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1. The introduction of an anchoring system led to only a 0.205 cm reduction in wall
displacement under full loading conditions, a marginal improvement compared to the cost and
effort involved.

2. The retaining wall structure without anchors, under the conditions of this project,
demonstrated adequate structural strength, satisfying safety and deformation criteria under
realistic urban and hydrostatic loading conditions.

3. The results underscore the importance of performing cost-benefit analyses during the
design phase, especially in urban environments where budget and construction logistics are
major constraints.

4. Future studies should investigate:

- Varying anchor configurations (spacing, depth, stiffness)

- Dynamic and extreme environmental conditions (floods, earthquakes)

- Long-term effects (consolidation, erosion, seasonal water level changes)

- Validation of numerical models against field data or physical tests

Overall, the findings support a cost-effective, rational design approach for urban riverbank
infrastructure, where non-anchored retaining walls may offer optimal performance without
unnecessary structural complexity.
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AHHOTAL VST

OCHOBaHIe 34aHNsl, aHaAU3
aBapUIIHOW CUTyaIuM,
IIpUYIMHA BOSHUKHOBEHIIS
AedpopManuy, IpaKTUIECKIT
peKoMeHAaLIVIL.

Ilean craTby 3akaioyaeTcs B orpedeideHnyt GpakTOPOB, BAMSIOIIMX Ha
BO3HUKHOBeHIe JedopMalMii OCHOBAaHMII 3JaHWUII, aHaAU3e PacIpoc-
TpaHEHHBIX OIIMOOK, paspabOTKe peKOMeHAaLUil A4S YAydIlIeHUs
KayecTBa CTPOUTEABHBIX PabOT M MOBBIIIEHNS YCTONIMBOCTY 34aHNII B
ycaosuax IOxnoro Kasaxcrana. Ilpm paspaOoTke TeMbl IpUMeHeHbI
II0/A€BOJ MEeTO/ MCCAeAOBaHMNs, a TaKXKe MeTOAbI DKCIIEPTHOM OLIEHKU U
CpaBHUTEABHOTO aHaAm3a. HabAI0AeHUs IPOBOAMANCE 3@ YCTPOVICTBOM
OCHOBaHMII U BO3BeJeHUeM (YHAAMEHTOB CTPOUTEABHBIX OOBEKTOB B
COBpeMeHHOI cTpouteapHol InipakTuke . IlIpiMkeHT. Pesyabrarn
AAHHOIO MCCA€AOBAHMS IIOMOIYT BBISBUTL IIPUYMHBI BO3HMKHOBEHIIS
depopManuii Ha paHHMUX CTagusAX ¥ CAyXKaT IPaKTUIECKIMU
pekoMeHAanMsAMM II0 MX IIPeAOTBpalleHNIO, 4YTO CIIOCOOCTBYeT
YAYYIIeHUIO DKCIIAyaTaluM 3JaHMII M YMEHBIIEHMIO 3aTpaT Ha MX
PeMOHT M BoOccTaHOBAeHMe. IIpakTuyeckass 3HaUMMOCTL IIOAYYEHHBIX
pe3yabTaTOB 3aKAIO4aeTcsl B BO3MOXKHOCTM IIPMMEHEHMSI BBIBOAOB U
peKOMeHJaLMIl A4S yAyYIIeHMs  KadecTBa  CTPOUTEABCTBA U
IPOeKTUPOBaHMSI B 10KHOM pernoHe Kasaxcrana.
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Taaaay aaicrepi KoaaaHbLaAbl. bakbraayap IIIBIMKeHT KaaChIHBIH Kasipri
3aMaHFbI KYPBLABIC ITpaKTHKaChIHAAFBI KYPBLABIC OOBeKTiAepiHiH HerisAepi
MeH ipreTacTapbIHbIH KYPbLABICBIHA XKYPIidiadi. Bya seprreyain nHotioke-
aepi  gedpopmanusaapably ceGellTepiH epTe Ke3eHAepAe aHBIKTayFa
KOMeKTeceal >KoHe 04apablH aAAblH ady OOIBIHINIA IIPaKTUKAABIK
YCBIHBICTap 00ABII TabbLAaABL. DBya FumapaTTapAblH —ITaiidalaHybIH
>KakcapTy¥a >KoHe 0JapAbl JXOHAEY MeH KaAIlblHa KeATipy ITBIFBIHAAPBIH
asaifTyra keMekTeceai. KazakcTaHHBIH OHTYCTIK ©HipiHAe KYPbLABIC IIeH
>ko0ajay callachlH >KaKCapTy YINiH KOPBITBIHABLAAP MeH YCBIHBIMAAPABI
KOAJaHy MYMKIiHAiri AABIHFAH HOTIDKeAepAin I PaKTUKAABIK,
MaHbBI3ABLABIFBI OOABII CaHAAAABL.

Keywords: ABSTRACT

the foundation of the The purpose of the article is to identify the factors influencing the
building, emergency occurrence of foundation deformations in buildings, analyze common
situation analysis, cause of construction errors, and develop recommendations for improving the
deformation, practical quality of construction works and increasing building stability under the
recommendations. conditions of Southern Kazakhstan. The study employed field research

methods, as well as expert evaluation and comparative analysis methods.
Observations were conducted during the construction of foundations
and substructures of building projects in the modern construction
practice of Shymkent. The results of this study will help identify the
causes of deformations at early stages and provide practical
recommendations for their prevention, thereby contributing to improved
building performance and reduced costs for repair and restoration. The
practical significance of the obtained results lies in the possibility of
applying the conclusions and recommendations to improve the quality
of construction and design in the southern region of Kazakhstan.

BBEAEHUE

Aedopmanun 1 aBapuu 34aHNI Bcerja MMeAV MeCTO B CTPOUTEABHOI IPaKTUKe, Ha9HasI
C IIep1o4a, KOTAa 4e10BeK Hauaa BO3BOANUTH CaMBIe IIPOCTHIE IIOCTPOVIKM, U IO HACTOSIIIIee BpeMs,
XapaKTepu3yloIieecs CTPOUTeAbCTBOM OUeHb CAO0KHBEIX 00bekToB (Tao et al., 2022; Zhijian et al.,
2024; Ahmed, 2021; Awadh, Mosleh & Muawia, 2024). Y4uTsIBasi, YTO CTPOUTEABHOE IIPOU3-
BOACTBO sIBAsI€TCS MHOIOCTYII€HYaThIM, aBapMUM MOTYT BO3HMKATh IIO BeCbMa pasHOOOpa3HbIM
OpUYMHAM Ha pPasHBIX CTajMsIX CTPOUTEABHOTO IIPOM3BOACTBA, B TOM dUNCAe ¥ Ha DTalle
MH>KeHepHO-TeoAormdecknx nsbickaanii (bposxko, 2023; Ceaesnes, 2023). MaciinTaGHOCTS aBapmit
TaKXe IIMPOKa, M MX MOXKHO KAaccupuIIMpoBaTh, HAYMHAas OT HE3HAUYUTEABHBIX A0 I100aAbHBIX
MIOBpeKAeHUI 34aHnii u coopy>keHui (Artkoxns, 2022; Manrymes, Ocokus & YcmaHoB, 2024).

Ob61menssecTHHI AepopMaliuy OCHOBaHMII TaKMX OOBEKTOB, KaK TpaHCKOHCKMII DA€BaTOP B
Kanage nan Ilnsanckas «mmagamomas» 6amusa s Vtaaum, KOTopble 9acTO IPUBOAATCS B KaueCTse
HIPUMEePOB B Pa3ANYHBIX AUTEPaTYPHBIX McTOUYHMKaX. OAHAKO B COBpeMEHHBIX peaasix A0CTYI K
napopMar Uy o NpUIMHAX aBapUIHBIX CUTYyalluil CTPOUTEABHBIX OOBEKTOB OTpaHUYEH B CUAY
KOPIIOPAaTUBHOM CeKPEeTHOCTU MAU IO APyIuM IpuumHaMm. Kak mpasuao, aBapuiiHbe caydan
3aMaA4MBaIOTCs, CKPBIBAIOTCs M He BBOAATCS B CcTaTUCTUYecKue cBoAKHU. C I1eAbI0 MOBBIITIeHNs
GesaBapUITHOCTI CTPOUTEABCTBA B JaAbHENIIIeM HeoOX0AUM IMPUHIIUIINAABHO APYTON ITOAXOA —
MX Hajo OcCBelllaTh B HAy4HOI IedaTy, 0OCy>KAaTb, BBIABASTL MCTMHHBIE NPUYMHBL, a TakKKe
YUUTHCA Ha HUX. BBUAY 5TOTO 1134araeMblii B AQHHOM cTaThe MaTepral He II0AHOCTHIO OXBAaThIBaeT
BCe IIPOM3OIIeAINNe IIpejaBapuUiiHble/aBapuUilHbIe CAydall B CTPOUTEABHON WHAYCTPUMU I.
ITsimkenT. Ho mpuBoauMele gaHHEIE YK€ 4OCTaTOYHBI 4451 0OOOIIeHIsI 1 aHaAM3a MPOsBASHNI
HepaBHOMEPHBIX JedopMalriuil OCHOBaHMII II04 BO3BOAVIMBIMU U  DKCILAyaTHPyeMBIMU
0o0OBbeKTaM!, a BBISIBAEHHBIE 3aKOHOMEPHOCTU 11 OCOOEHHOCTHU CIIOCOOCTBYIOT IIPeAOTBpaIlleHNIO
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He’KeAaTeAbHbIX CUTYalUIi U 10 Mepe HaKOILAeHI: 4aAbHENIIero OIbiTa MOTYT MCII0Ab30BaThCs
B TeOTEXHMYECKOI IMPaKTUKe He TOAbKO 10>KHOro Kasaxcrana, HO M APYIMX perMOHOB CTPaHbL.

MATEPUNAABI U METOABI NICCAEAOBAHMSI

Heobxoaumo OTMeTUTL, 4YTO paccMaTpMBaeMblil B CTaTbe MaTepuaad aBapuil u
dedpopmanuii OCHOBAaHMII 3JaHUII U COOPY>KEHUI He SIBASETCS aHaAU30M TOABKO apXUBHBIX
AAHHBIX. BOABIINMHCTBO IPpMMeEpPOB B3ATH U3 ITOBCeAHEBHOM IIPAaKTUKI YCTPOJMCTBa OCHOBAHMIA 1
Bo3BedeHMs1 ¢pyHaameHTOB Ha Iore Kasaxcrana. ITpm paspaOoTke TeMBI MCII0AB30BAaAUCh TPU
MeToAa MCCAeJ0BaHMs: I104eBOM, DKCIePTHON OLIeHKM U CpaBHUTeAbHOTo aHaamaa. Iloaesoit
MeTOJ, MICCAeA0BaHNs BKAIOYaa cOOp AaHHBIX O (PaKTMIeCKMX cAydasx gepopManiuii 34aHUI 1
OCYIIIeCTBASACS IIOCPEACTBOM BU3YyaAbHBIX OCMOTPOB, M3MEPEHMI OTKAOHEHMUI, TPelluH WU
APYIMX TIpHU3HaKOB Jedpopmanuil. MeTojoM CpaBHUTEABHOIO aHaAM3a COIMOCTaBASAVCH
OOBEKTHI, IIOCTpajasiiye oT AepopMariuii, ¢ TeMH, TAe Takue IpoOAeMbl He BOSHVKAMN C LIeAbIO
BBIABAEHMSI BO3MOJXKHBIX HNPUUIMH UM YCAOBMIL, CIIOCOOCTBYIOIIMX STUM OTKAOHeHMsAM. Takxke
MCIIOAB30BaACAd MeTO/J, DKCIEPTHON OIeHKM, T.K. IpMBAEKaAMCh CIeIMaAuCThl B 00JacTu
CTPOUTEABCTBA U VMHKEHepMM AAs OLIeHKM HpudmH JedopManuii m ommnbOK, a Takxke A4s
paspaboTK1 peKOMeHJalMil MO yCTpaHeHMIO TUX IpodaeM. Bce mcrioab3oBaHHBIE METOABI
IIO3BOAAIOT KOMITAEKCHO ITOAOMUTH K U3Yy4eHUIO MpOoOAeMBbl, BHIABUTh €€ OCHOBHBIE PUUIMHEI U
OpPeAAOKUTD pellleHlsl 4451 yAY4YIIeHs KayeCTBa CTPOUTeAbCTBA.

PE3YABTATHI 1 X OBCYXXAEHUE

OaHa 13 1IepBBIX U3BECTHBIX HaM paboT, B KOTOPOII JeAaeTcsl IIOIBITKA IIPOBECTU aHAAN3
asapuit B . llIpIMKeHT M IIOKa3aTb OQUIMAABHYIO PErMOHAABHYIO CTaTUCTUKY, Oblaa
onybaukosana B 1987 r. (I0rait u ap., 1987). B Hell ykasbplBaeTcs, 9TO B rOpOJe €KerojHO B
cpeaHeM 6-7 3AaHMII 110Ay4JaloT gepopManmu 1 olIIjee uX 91ca0 cocrasasdeT 6oaee 100. Yacrs
U3 HUX A€MOHTMPOBaHa 13-3a HEBO3MOKHOCTH JaAbHelIel sKkcrayaranym. Ilpesaanpyiomiee
KOAMYECTBO TaKMX CAy4aeB OTHOCUTCS K CTPOUTEABCTBY Ha IIPOCAAOUHBIX IPYHTaX, KOTOPHIE, KaK
U3BECTHO, SIBASIIOTCA CTPYKTYPHO HEYCTONYMBBIMIL: MEHSIIOIUMI CBOIO CTPYKTYPY IIPU BAVSIHUU
AOTIOAHUTEABHBIX PAaKTOPOB, B AQHHOM CAydae IIPH VX 3aMadMBaHNIN. B cTponTeapHOM IpaKTUKe
BO3HMKAIOT CUTyallly, KOTAa 3aMadlBaHNe IIPOMCXOAUT KaK CBepXy — BCAEACTBUE yTeUKN M3
KOMMYHUKaLIUI, TaK M CHU3Y — IPU IOAbEMe I'PYHTOBHIX BOA. I[Ipy ®TOM Ba’KHeNIIyIO poAb
UTIpaeT TOYHOCTh MHKEHEPHO-Te0A0TMYECKIX U3BICKAHMI, pe3yAbTaThl KOTOPBIX 00ecIeunBaoT
AOATOCPOYHYIO DKCIIAyaTallIOHHYIO HaJeXXHOCTh BO3BOAVIMBIX OOBEKTOB U IIPOTHO3 ITOBEAEHIIS
IIPOCajO4YHBIX OCHOBaHMII TIPM aBapMIHBIX 3aMadMBaHIIX, OCOOEHHO B cAyYasX UX
HEOAHOPOAHOTO (CAOVCTOT0) HaIl1aCTOBAHMS M HEPaBHOMEPHOTO YePeA0BaHIL C ITIOrpeOeHHBIMI
HelpocaAdouyHbIMM  TouyBamu. CaeayeT OTMeTUTb, YTO BaKHENIIMMM  ITOKa3aTeAsSMMU
IIPOCaAOIHOCTU TPYHTOB SIBAAIOTCA OTHOCUTEABHAs! IIPOCajOuYHOCTb, Hada/lbHOE IIPOCajOIHOe
AaBJ€eHNe, MOIITHOCTb IIPOCaA0YHOMN TOAIIN, TUII TPYHTa IO IIPOCaj0dHOCTI U Ap. XOTs CAydaes
Aedpopmuposanns ocHoBarmit Il Tmma mo mpocago9HOCTM, COTAacHO CTaTUCTHKE, TOpasjo
6oab11re, BBUAY 00/€e pe3Koro mpossAeHns dedpopMannii (4a’ke OT COOCTBEHHOIO Beca TPyHTA)
IIpOCajAOIHOCTh IPYHTOB | THIIa He caeayeT UTHOPUPOBATH, T.K. IPU OIpeseAeHHBIX YCAOBUIX
cyMMapHble gedpopmanun (ocagka MAIOC Ipocajka) MOIYT OBITh BeChbMa CYIIeCTBEHHBIMU I
BBIXOAUTH 3a pPaMKU JOIYCTUMBIX Jedpopmanmit. Bakrermyio muHdpopManuio o PpuaMuKo-
MeXaHI9eCKOM COCTOSIHMM ITIPOCaJOYHBIX IPYHTOB AAQIOT Pe3yAbTaThl IOAEBBIX (D0Aee TOUHbIE U
AOCTOBepHBIe) 1 1a00paTOPHBIX UCIIBITAHNI, KOTOPble OOBIYHO OTPaykaloTCsl B TADAUIHOM BUAe
U IIOCPEeACTBOM I'papUKOB, CpeAl KOTOPBIX HanOo.1ee BOCTpeOOBaHbl Ipadp UKy KOMITPECCHOHHBIX
MCIIBITAaHUI «€ - p» B CYXOM U BOAOHACHIIIIEHHOM cocTostHIUM. OJAHAKO 3TO CTal0 BO3MOXKHBIM
AUIIB OTHOCUTEABHO HeAaBHO C ITOSIBAEHIEM 9/1eKTPOHHBIX IIPMOOPOB O4HOOCHOTO U TPEXOCHOTO
CKaTIsl, a TakKe LM(QPOBBIX ITOAEBBIX IITaMIIOBBIX YCTaHOBOK. Ha 0oaee paHHHMX 3Tamax
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PpasBUTHUsA TeOTeXHUYECKOTO OCHAIlleHUs CTPOMTEABbHONM OTpacAl, K KOTOPOMY OTHOCSITCS
0OBeKTHI, TIOIABIINe Ha PaCCMOTPeHNe B AaHHYIO CTAThIO, TAKMX BO3MOXKHOCTeN He ObLA10, AN
OHI B psiAe cAy4aes OBLAY IIPOUTHOPVPOBaHBI IIPON3BOACTBEHHBIMI OpraHu3ansamMu. B 2anHorn
cTaTbe He 3a0CTPsIeTCs BOIPOC O KOAMYeCTBe HeOOXOAMMBIX ITOBTOPHBIX UCIIBITAHUI U MeTOAaX
UX IIPOBEAEHN:I, YTO ABASETCS HEIpeMEHHBIM TpeOOBaHMEM AEeCTBYIOIINMX HOPMAaTUBHBIX
AokyMmeHTOB. CAeayeT OTMETUTH, UTO B IIepedyeHb pacCMaTpUBaeMbIX OOBEKTOB IIOIAAU y>XKe
BO3BeJeHHble, IIoAyduslne JedopmManuy 34aHUS U COOPY>KEHWUs, paHee IIPOIIeAIe
COOTBETCTBYIONIYIO DKCIIEPTU3Y U BCe ApyTHe IIpolieccyaabHble 4OITyCKIU.

Hamnbo.2ee moansle AaHHBIE 10 aBapUITHBIM CUTYaIVIsIM 34aHNUIT B TOpoJe 11 001acTi B CBOe
BpeMs1 ObLAM COOpaHbl B apXMBaX M3BICKATEABCKMX OPTaHM3allMii Ha OCHOBAaHMM MHOTOAETHUX
HabAIOAeHNI, HO B HACTOs;Ilee BpeMsl MHOTME M3 HMX YTepsAHBL PaccMOTpMM HeKOTOpBIe
Hanbo.ee XapaKTepHBIe COXPaHUBIIECS JaHHBIE.

KpynHomnaneabHb1 5-9TakHbll AoM cepum 3299-YC. Tum TpyHTOBBIX YCAOBUI IIO
IpOCajOdHOCTU TIAOWIIaAKM CTPOUTEABbCTBA — BTOpoOil. OcCHOBaHME YIIAOTHEHO TSXKEeABIMU
TpaMOOBKaMI IIOCJe IpejBapUTeAbHOTO 3aMaduBaHUA. VI3-3a HeIpaBMABHONM 9DKCIAyaTaIlun
MH>KEHEePHBIX CeTeil M YTeYKU BOAbI ITPOMCXOAMAO AAUTEABHOE 3aMadMBaHMe OCHOBAHIASL
TOpPILIeBO} CTOPOHBI 3JaHMNs, B pe3yAbTaTe Yero IpOsABUANUCH MPoOcajsOdHble CBOMCTBa I'PYHTa,
pacIrioA0>XeHHOTO HIKe VILIOTHEHHOTO cA0s. B OamkHeM K TOpIieBON 4acTu IHoAbesje
PacKpbIAMCh TPeIUHEl 40 5 CM, Ha AeCTHUYHBIX I110IajKax BhIpBaHBI U3 OeTOHa 3aKAaJHble
AeTaal.

Boaee sHaumTeabHble paspylIeHMs NPOM3OIIAU B APYIOM JOMe DTOM Xe cepun. B
pesyabTaTe OAHOCTOPOHHETO 3aMadylMBaHMS OCHOBAHMS OKa3aAMCh CMEIIeHHBIMIU IIAUTHI
IIepeKphITHs, CTeHOBble I1aHeAM, AeCTHMYHBle Maply U Iaomaaku. I1auTel mepexpnITms
OKa3aAMCh CMeIIeHHBIMM Ha 5...6 CM M HOpakTM4ecKy He MMeAM OHMpaHM:. 3aMadlBaHUe
OCHOBaHU:I IPOU3O0IIA0 CO CTOPOHBI CYIIeCTBYIOIIeN PAAOM BCTaBKM C MarasHOM.

B 34aHMSIX, TOCTPOEHHBIX B CTaPOII IIEHTPAAbHOI YacTu ropoga (o61actHas Turorpadus,
AeTCKUI cad, AedeOHBINI KOpIyc oOaAacTHOV OoabpHuIBL, crapoe 3gaHme KHB m ap.), Ha
KaIllMTaAbHBIX CTEHaxX U IeperopojKax 13-3a HepaBHOMEPHHIX AedpopMarinii OBLAU BBLISIBAEHBI
MHOTOYJMCAEHHble BepTUKaAbHBIe U TOPU3OHTaAbHBle TpeluHbl. OCHOBHas HOpUYMHA MUX
BO3HUKHOBEHIS - TOAHATHE YPOBHS IIOA3EMHBIX BOJ I M3MeHeHMe (PU3VMKO-MeXaHIUJIeCKIX
CBOJICTB IPYHTOB OCHOBAHMIA.

M3 umcaa 3zaHMil, IOCTPOEHHBIX Ha CBallHBIX (PyHAaMeHTaX, MOXKHO OTMETUTh JBa
KPYITHOIIaHEeABHBIX 5-®Ta’KHBIX KMABIX AOMa B OAHOM M3 MMKpopaitoHoB. Ilaomiaaxa, Ha
KOTOPOJ OHM pa3MellaAlch, CA0XKeHa IPOCajOuYHBIMU A€CCOBUAHBIMM TPYHTaMM MOIIJHOCTBIO
24...26 M. B unrepsase rayoun 12...15 M 3aseraeT CyrAMHOK HU3KOIIOPUCTHIN, MaA0BAaXKHBIIL,
HeIIpocaJ04HbIN, KOMKOBATOM CTPYKTYPHI (ITorpeGeHHas 1TouBa). B kauecTse PpyHAaMEHTOB ObLAY
npuHATH OypoHabusHble cBau auaMerpoMm 600 MM u Aamuont 11...13 M ¢ xamygaeTHBIM
yHIMpeHNreM, OMparolinecs Ha IIPOCAOMKY HellpocaAo4dHoro rpyHTa. OmmnoKoli B 9TOM cAydae
OB110 TO, YTO 3aCTPONMIIIMKOM 9Ta IOrpeOeHHas IO4YBa HeOOABIION TOAIIMHEL, Ha KOTOPYIO
OIMpaANCh CBayl HVUDKHUMU KOHIIaMM, Oblaa IIPUHATA 38 KOPEeHHbIe ITOPOAbI IIPOYHOTO TPYHTA.
l'eoaormyeckne mccaeaoBaHMs HUPKe DTONM HIPOCAOMKM He IIPOBOAMANCH, T.K. M3HadaabHO
II1aHNPOBAA0Ch CTPOUTD 34aHMsI Ha (pyHAAMeHTaX MeAKOTO 3a10KeHNs U Pa3BejaHHON TAyOMHBI
65110 AocTtaTouHo. Ho 3aTeM B BKCIIepMMEHTaAbHOM ITOPsiAKe OBLAO IIPUHATO pellleHne: 34aHIs
IIOCTaBUTh Ha CBaiHBIX (PyHAAMEHTaX IIpYM MHK€HEPHBIX M3BICKAHVIIX, BBIITOAHEHHBIX A5
JynaameHnTOB Meakoro saaoxenus. Ilocae BO3BegeHNsI IIEPBOIO AoMa B TeUEHME ABYX A€T
POMCXOAMAO 3aMadlBaHlMe OCHOBaHMS B OCHOBHOM B pe3yAbTaTe YTe4KM BOABI U3 JOMOBBIX
KOMMYHMKaIMif. 3a BTO BpeMsl BeAMIMHBI OCAajOK OTAEABHBIX CBail JocTuram 55 cM.
Bosseaennslit goM moayuna dedpopManuy, HECOBMECTMMBIE C AaAbHENIIel DKCIAyaTaljueit.
CrpounreancTBo BTOPOTO A0Ma OBLAO OCTaHOBAEHO /0 HadaJa BO3BeAeHUs Haj3eMHON JacTu. B
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rocaeAyIomieM KOHCTPYKLIMU OBLAM AeMOHTMPOBAHBI M Ha X MeCTe BO3BeJeHBI JoMa IIOo
TypenikoMy rpoexty. CBay OblAM M3BA€YEHb], ¥ Ha MecTe CBalfHOTO I10As ObLA yCTPpOeH I 1yOoKuit
KOTJAOBaH MOJ ABa AOMa AAsl yCTPOMCTBa MCKYCCTBEHHOM TIpaBUIHO-IIECYaHOM TIOAYIIIKMA.
Boab11oit HaygHO-TIpaKTHU4YeCKNIi MHTepeC BhI3bIBaeT COCTOsIHIE M3BAedeHHbIX cBali (puc. 1, 2).

Pucynoxk 1. OroaenHsie (BepXHNII psIA) ¥ U3BA€YeHHBIE (HVDKHUIN Psi4) KOHCTPYKIIMI
OypOHaOMBHBIX CBall
Ipumeuarue — pomo asmopa (bposxo V1.C., 2022)

Pucynoxk 2. ®parmeHTHI cBaif, /€MOHTUPOBaHHbIE IIPY YCTPOIICTBE HOBOTO KOT/0BaHa
Ipumeuarue — pomo asmopa (bposko M1.C., 2022)
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Jeao B TOM, 9TO OrOA€eHNe CBall MAU X U3BAeUeHNe A5l HAYYHBIX Ileell IIPOU3BOAUTCS
KpaliHe peJKO B CBSI3U C OOABIIION TPYA0eMKOCTHIO. VIMEHHO OTKOIIKa ITOKa3bIBaeT PpaKTUIecKoe
cocTosiHMe cBall, a Ooaee rayboKue MX MCCAeAOBaHMS — B3aMMOAEVICTBUE MX C OKPY>KaloIuM
ITPpYHTOM. BCcKphbITHEe KOTA0OBaHOM CBali MOKa3aA0 MX I1eAbHOCTh, BePTUKAaAbHOCTD ITOAOXKEHU U
XOpolllee COCTOSIHME CTBOJAa (He OBLAO BLIIMIEpO/AE€HHOCTEN, KaBepH, IIyCTOT). DTO TOBOPUT O
AOCTaTOYHOM YTIAOTHEHNM OeTOHa IIpU 3aAMBKe B CKBaXKMHBI U XOpOIIleM ero Kadectse. Caeapl,
ocTaBJeHHBIe 3yObsIMI KOBIIIa DKCKaBaTOpa, He pa3pyInau OeTOH CBalf, 4YTO CBUAETEABCTBYET O
BBICOKOI1 €0 IMPOYHOCTU. ApMaTypa CBalfHOTO CTBOAa, OOHa’KeHHas IIpU U340Me, YCTaHOBAeHa
II0 MeCTy U MMeeT XOpolllee KadecTBO, HeCMOTps Ha JOCTaTOYHO JOATUI Ilepuos, ee
cymiectsoBanuda. llo ¢ororpadusam (puc. 2) MOXHO 3aMeTUTh B HEKOTOPBIX CAydasx
reoMeTpmUyecKne OTKAOHeHUs (POPMBI CBAlHOTO VIIMpPeHUs. DTO OOBSICHUMO TeM, 4UTO
YIINpeHNs I0Ay4JaAy IOCpeJCTBOM B3phIBa B HYDKHeI JacTu cBali, 1 nx popMa oOpa3oBbIBalach
caMorpon3BoAbHO. T.e. IpyHT B KaMy(AeTHOI 00AacTy IpU B3pbIBe OOABIINE YIIAOTHIACA B
CTOpPOHY, Ide OH 0oaee MOAaTAMB. B 11eA0M MOXKHO cKasaTh, YTO IIPU AOCTAaTOYHO BBHICOKOM
KaJyecTBe M3TOTOBJAEHMsI OypOHaOMBHBIX CBall aBapys Ha JAaHHOM OOBeKTe IIpOM3OIllJa M3-3a
OIMpaHMs TOAOIIBLI CBall B IIPOCAONKY, a He B KOpEHHBIE IIOPOAEL.

M3BecTHBI caydan, KOTAa aBapuUifHble CUTyalluM yAaAOCh IIpesOTBpaTUTh CBOEBpeMeH-
HBIMU JOIIO/HUTEABHBIMI UCIBITAaHIAMU (PYHAAMEHTOB 1 KOPPEKTHPOBKOI ITpoekTa. Tak, mpu
pacIIpeHnn XA0IM4aToOyMa>KHOTO KOMOMHATa AAs1 TpeX IPOM3BOACTBEHHBIX KOPIIYCOB OblAM
3aIlpOeKTUPOBAHHEl (PYHAAMEHTHI 13 OypOHAaOMBHEIX CBall AAMHON 8,7 M C VIIUPEHHON IIATOM
(IOrait u ap., 1989). OcHoBanmeMm Aas1 BbIOOpa CBaMHBIX (PYHAAMEHTOB ABMAVCH JaHHEBIE
MH>XXeHepHO-TeOAOTMYeCKMX  M3LICKaHMII, IIpOBeJeHHBIX Ha CTaduM IIPOeKTMPOBaHMA.
[TpaBuasHOCTD BEIOOpa THUIA PyHAAMEHTa AOAXKHBI OBLAM IIOATBEPAUTH CTaTIYECKIe HaTypHbIE
MCIIBITaHUsI TPOOHBIX cBall. Ho Mo HEKOTOPBIM IIpUYIMHAM DT UCHBITAHNUS OBLAM BBIIIOAHEHEI
rocae 3aBepiieHnsa paboOT IO yCTPOIICTBY OypOHAOMBHBIX CBall 4451 ABYX IIPOM3BOACTBEHHBIX
KOPIIyCOB, a ITOAyJeHHBIe pe3yAbTaThl He IIOATBepAMAM IIpaBUMABHOCTh BhIOOpa. Hecymras
CITOCOOHOCTH MCIIBITAHHBIX CBall IpM 3aMadylMBaHUM OCHOBaHMA OKadalach HeAOCTaTOYHOIN IO
CpaBHEHMIO C pacyeTHOIN HecCyIllell CIIOCOOHOCTBIO, ITOAYYeHHOM ITPOEKTHBIM MHCTUTYTOM: AAs
cBaii ¢ gsmameTtpoM ymupenus 1,5 m - 800 xH; a4 cBait ¢ auamerpom ymupenns 1,3 m - 700 xH.
AAas BBIABAEHNS NPUYMH CO3AABIIEICA CUTyalluy OBIAM COCTaBA€HBI UM IIPOAHAAM3UPOBAHEI
OTYeTHl MH>KeHepPHO-Te010TMYeCKIX M3BICKaHMIi, IPOBOAMBIINMECS paHee IIpU MUKpPOCecMo-
paiionnposaHun ropoga. CoraacHo oTdeTaM, IJomladka cTpourteapctBa Ao 20...22 M
IpeJcTaBAeHa AeCCOBUAHBIMU CyTAMHKaMH, 40 rayoussl 10...11 M — Maa0BAa>KHBIMM ITPOCaA0d-
HBIMM, HIKe — BOAOHACBIIIIEHHBIMI HerrpocagounbiMn. Iloaydaercs, urto 40 rayOnssl 8...9 M B
pe3yabTaTax M3bICKaHMIT pa3HBIX OpPTaHM3allNIl pacXoXKAeHnI HeT. A B mHTepBaJe rayous 10...15
M, Tde UMEeHHO pacIioA0>KeHa aKTMBHas 30Ha CXKaTMs OCHOBAaHMS CBalHBIX (PyHAAMEHTOB,
pe3yAbTaThl CYIIeCTBEHHO PacXoAATCs. DTO OOBICHIETCS TeM, UTO C TAYOMH, HaXOASAIIXCST HIDKe
YPOBHS ITOA3EMHBIX BOA, OOpa3Libl TPYHTa U3 CKBa*KMH M3BA€KaAMCh C IIOMOIIBIO TPYHTOHOCA.
IIpn »TOM M3-3a HEKBAAMQUIIMPOBAHHBIX AEVICTBUII COTPYAHMKOB ITPOEKTHO-M3BICKATeAbCKOI
OpTaHM3alM! IIPONCXOANAO IIepeyILIOTHEeHNe OTOMpaeMbIX OOpasIloB IPyHTa, M IIODTOMY
OoTOOpaHHBIe OOpa3Ibl MMeAM IIAOTHOCTh OOABIIYIO, YeM TPYHT HOPUPOAHON CTPYKTYPHL
PaccumraHHas IO ®TUM JaHHBIM HeCyIlas CIIOCOOHOCTh OypOHaOMBHBIX CBall OKa3aaach
COOTBETCTBEHHO 3aBBIIIIEHHON, YTO U ITOKa3aAM pe3yAbTaThl CTaTUYeCKMX MCIIBITAHNIA.

B cBsA31 ¢ BHIIIEN3A0KEHHBIM BO3HMKJAAa HEOOXOAMMOCTD yCHAeHMs PyHAAMEHTOB ABYX
IIPON3BOACTBEHHBIX KOPIIYCOB, YTO IIpMBEAO K 3HaUUTEeABHOMY YAOPO>KaHMIO CTPONUTeAbCTBa. B
OTHOIIIEHNI TPeThero KOpIlyca, CTPOUTEALCTBO KOTOPOTO ellle He OBL10 Ha4aTo, OBLA0 IPUHITO
pellleHre O 3aMeHe OypOHaOMBHBIX CBail HOBBIMHU IIPOTPECCHBHBIMHU (PyHAAMEHTaMU,
yCTpauBaeMbIMM C BbITeCHeHMeM rpyHTa. OcHOBaHMeM JAs HPUHATUS TaKOTO pelleHNs
IIOCAY>KUAW JaHHBIE HaTYPHBIX MCIIBITaHNMI (PYHAAMEHTOB B BBITPaMOOBaHHBIX KOTJOBaHaX B
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aHa/JO0TUYHBIX MH>KE€HePHO-Te0A0TNYeCKX ycAoBUAX (puc. 3, 4). MHoroaeTHss »KcIAyaTanys
IIPOM3BOACTBEHHBIX KOPIIyCOB AAHHOTO KOMOMHAaTa IIOATBepAuAa IPaBUABHOCT ITPMHATHIX
pemrennit. CaeAyeT OTMETUTS, YTO C DTOTO 0OBeKTa ObLA0 HavyaTo BHeApeHIe HOBBIX PYHAaMEHTOB
C MOBBLIIIEHHBIMY HKCIIAYaTallMOHHBIMU KauecTBaMM ITpU paboTe B MpOocas0YHBIX TPYHTaX.
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Pucynox 4. I'papuxu S=f(P) naTypHbix ucnipitanuii 0yponabusaeix csait C1 - C5
1 PpyHAAMEHTOB B BHITpaMOOBaHHBIX KOTA0BaHaxX O-1 — ®-5
IIpumeuariue — cocmasaeHo asmopamu

IIpeacTaBaeHHble TpadpMKM IOKA3bIBAIOT IPMHIMUIINMAABHO Pa3HBIN XapaKTep paOOTHI
BBIIIIeyKa3aHHBIX (PyHAaMeHTOB. Ecam aas cBail XapaKTepeH pe3Kuil CphIB IIPU AOCTUKEHUU
IIpeAeAbHON Harpy3KM, XapaKTepU3yIOIIuicsa agedopMalMsMM IPOBaABHOTO TUIA, TO AAd
JpyHAaMeHTOB B BHITpaMOOBaHHBIX KOTAOBaHaXx AgedpopMaluy IIPOTeKaloT I11aBHO, JAaKe IIPU
Goab111ert HarpysKe, ueM BolAep KuBaeT cast (UepHIok & Llasxosa, 2023).

Hacrosiiee BpeMsI XapaKTepMU3YeTCsl CTPOUTEABCTBOM BBICOTHBIX 34aHUI M KPYITHBIX
IIPON3BOACTBEHHBIX IIPeATPUATHI, TP BO3Be AeHN KOTOPBIX BePOSATHOCTH OINOOK BO3pacTaeT,
0CcOOeHHO TP CTPOUTEABCTBE B MeCTaX pacpocTpaHeHst caabbix rpyHTOB (Cyrnpos u ap., 2022;
Xanmu & Maxmues, 2023). DTo MOKHO OKa3aTh Ha caeayiomieM npumMepe. B 2004 r. 65110 HagaToO
CTPOUTEABCTBO 13-Ta>KHOTO JKIA10TO KOMILAEKca C II0A3€MHOI aBTOCTOSIHKOT OOIIel! I110111a4bI0
34 TeIC. KB. M. BBICOTa KOMIIA€KCa, cocTosAIIero us 3-x 610K0B, cocTaBAs4a 48 MeTpOB.
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dyngaMeHT 34aHuUs OBIA BBIIIOAHEH U3 MOHOAMTHOM >Kel1e300eTOHHON IIAUTHL B
KOMOMHAIINM C IepeKpécTHIMU Oaakamu. lloa ¢pyHAaMeHTHOI MAUTON ObL1a M3TOTOB/AEHA
IIOAyIIKa M3 TpaBMsl C IIeCYaHBIM 3allOAHEHNeM, II04 KOTOPON 3aJeraau CyTAMHKU
HeIIpocaJO4Hble, TeKydell M MATKOIAAaCTMYHON KOHCUCTEHIMM C MoayaeM aedopMaliniy,
pasHbpIM 2,5 MITa. ITocae Bo3seaeHms 3-4-x sTakeil y 34aHIs IOsIBMAach HEpaBHOMEpPHas ocajka.
Ilo ycTHBIM CBUAETeABCTBAM CTpOMTeAeli, pabOTaBIINX Ha DTOM OOBeKTe, OBLAYM BHIIIOAHEHBI
HECKOABKO 9Tamnos paboT 1o mnpegorspameHnio ocaaku. Cpean HHUX YIIOMMHaA0Ch
MHBEKTUPOBaHNE IIeMEHTHO-TIECYaHOTO pacTBOpa B OCHOBaHUE 3J4aHUA CO CTOPOHBI, TAe
Aedpopmanyu Opray ocobeHHO Ooapime. Ho HMKaKMX AOKYMeHTaABHBIX IOATBEP>KAEHUII 00
YCUAEHUM ITOAYINTD He yAaaoch. COXpaHMAUCH AUIIb Pe3yAbTaThl MOHMTOPVHIA 3aCTPOIIIIKa
3a passuTneM Jedpopmannii, mpusejeHHble B TabA. 1 1 Ha puc. 5.

Tab6amnma 1. danssle 110 ocaake 13-3Ta>kHOTO XX1MAOTO KOMIIAeKca (MM)

Toukn
Aara

1 2 3 4 5 6 7 8 9 10 11 12
19.01.2006 | 264 190 | 112 70 102 171 162 | 175 40 89 79 50
04.05.2006 | 378 | 276 | 150 86 151 252 | 238 | 279 65 116 | 106 61
30.06.2006 | 402 | 302 | 183 109 183 | 288 | 278 | 322 97 142 | 133 77
22.08.2006 | 418 | 333 | 212 | 145 | 211 316 | 307 | 338 142 | 180 | 169 | 108
ITpumeuarue — npedocmasaero 3acMpoilujuKom

T.12 T.11 1.10 1.9
T.5° L s

6 1.7 T.8
s v

T.3e o1.1

Pucynok 5. Cxema pacrio10>KeHNns MapoK Ha I14aHe JKI/0T0 KOMILAeKca
IIpumeuarue — npedocmagreHo 3acmpoiyuKom

ITo pesyabraram HabaogeHuii ¢ sHsaps 1o asryct 2006 r. MOXHO OTMETUTh, YTO B
HalIMEeHbIIell crerneHu AepOpMUPOBAaHBI OCHOBAHMS ABYX CEKIIWII, PacIIOAOXEHHBIX BAOAb
yanusl (Mapku No 9, 12). Takske mpocaesk1BaeTcs: 3aKOHOMEPHOCTb HanOOABIIIETO TlepeMeIreHNs
CO CTOPOHBI g4BOpa 3aanns: Mapku N 1, 2, 6, 7, 8 umean MakcuMaabHbIe IIepeMellleHlisl, KOTOpble
COOTBETCTBEHHO COCTaBIAM B KOHeuHOM utore 418, 333, 316, 307, 338 mm. Kak y>xe 65110 ckazaHo,
Ha JaHHOM OOBEKTe IIPOCAEKUBAETCS 3aKOHOMEPHOCTh OOABIIETrOo pas3BUTUA  0CalO0K
JpyHAAMEHTOB CO CTOPOHBI 4BOPa, YTO HaTaAKMBAET Ha MBICAb O BO3MOXKHOM HepaBHOMEPHOM
BBIXOJe PYHAAMEHTHOI IIAUTHI U3 YPOBHs. BO3MO>KHO, 11auTa 604blie BHICTYIIAeT Ha (pacasHyIO
CTOPOHY, I'4e PacIIOA0>KeHbI OJHODTaKHbIe IIPUCTPOIIKN 1104 Kade, Mara3uHbl 1 T.4. O4HaKO 9TO
IIPOBEPUTD He IIPeACTaB1A0Ch BO3MOXKHBIM. Ocajka Ipoa0o4skasach OKOAO To4a ¥ ¢ OKOHJaHUeM
CTPOUTEABCTBA CTAOMAN3MPOBAAACE.

AdedopManusM IIOABEP>KEHBI HE TOABKO 3AaHMSI, HO U Pa3HOIO poja COOPY>KEHU.
M3Becten mpumep, Korga IpUINHON Jedpopmanuii OIIOp MarucTpalbHOIO Ta3olIpoBoja yepes
pexky Cplpaappio cTaaM KAMMaTHYeCKMe M3MeHEeHMUs IIOrOAbl, B 4JaCTHOCTM BDKCTpeMaadbHOe
IIOHIKEeHIe TeMIlepaTypsl Bosayxa. HeobGXoauMMOCTp IIpoBeAeHMsI PeKOHCTPYKIIUM OIIOpP
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AAHHOTO COOpY>KeHUs CBs3aHa C paspylleHyeM OJHON OIOpPhI MeTaAAWdecKol SCTaKaabl I
KpeHOM ellle IIecTy OIIOp, BBI3BAaHHBIX ABVKeHUeM Abja B 2008 r. I'aaBHOI 3agadeil B 9TOM
cZly4ae sIBUAach HEOOXOAVIMOCTD YCTPOJICTBa BPEMEHHOM 4aMOBI 4451 BO3MOKHOCTU IIPOBEAEHILS
C Hee peKOHCTPYKIIMIOHHEIX paOoT. DTa 3agada Oblaa pellleHa 1104 pyKOBOACTBOM aBTOPOB CTaThI.
B pesyabrare BpeMeHHas gam0Oa Oblaa BO3BeJeHa, VM C Hee YCIIEIIHO BBIIIOAHEHHI pabOTHI 11O
3aMeHe OIIOp TpyOoIpoBoa B cTBope pekn CrpJapbit.

B xauecTBe Apyroro IpuMepa MOKHO IIpuBecTy AepopMaliuyi IPYHTOBBIX HaChIIIE 110/,
AOpOXHBIMI TTodoTHamu. Ha puc. 6 mokasansl dedpopMarium ABYX aBTOMOOWABHBIX AOpPOT,
SIBASIIOIIUXCS TTOABE3AHBIMU MYTSMM K IIPOU3BOACTBEHHBIM MPEAIIPYATIAM, YTO €CTECTBEHHO
IpejorpejeaseT ABUKeHe 110 HUM OOABIIerpy3HBIX aBTOMOOMAelt. B obonx cayyasx (puc. 6)
Aoporamu IepeKpBIBalOTCs IIOHVKeHHbIe MecTa IpUpPOAHOro peaveda. MOKHO OTMETUTDH ABe
COBIIaJaloIIyie XapaKTepHble JeTaAl, KOTOpble IpPeAlIecTBYIOT pa3pyIIeHNIO HacBIIN: 9TO
oOpa3oBaHIe XapaKTepHBIX TPeIuH, MMeIOIIMX HallpaB/AeHMe BAOAb AOPOTU, U IOHV>KeHIe
ydJacTKa HachlIM B CBSI3M C €T0 HadaAbHBIM IlepeMellleHreM BHU3.

Pucynoxk 6. Jdedopmaliium rpyHTOBBIX HACBIIIeN 1104 aBTO40POTHU
Ipumeuariue — pomo asmopa (bposxo V1.C., 2023)

Aedopmanuy AOPOXKHBIX HAaChIIel IPeACTaBASIOTCS He TaKMMU KPUTUIHBIMU, Kak
AepopMany OCHOBaHMIA 34aHMIT, IO IPUYMHE OYEBUAHOCTM MX BO3HUKHOBEHUs, XOpOIIel
AOCTYIIHOCTUM B CAy4dae peMOHTa M, KakK IPaBUAO, I1AaBHOTO MX pa3BuUTHUA. MakcumaabHbIE
HeyA00CTBa CBSI3aHBI C 3aKPBITHEeM A0poru Ha BpeMs pemonTa. Cayuan, KOraa 40po>KHas HachIIlb
00pyIInAach o4 ABVKYIIUMCS TPAHCIIOPTOM, He BBIABAEHBI. AHAAM3 IPUYMH AepopManimii
TPyHTa B OCHOBAaHMM JOPOT, IIPUBEAEHHBIX Ha PUC. 6, TOKa3aa UX pasanuue. B mepsom caydae
BMAHO, 4TO OT Kpas OTKOca A0 acaAbTHOI JaCTU AOPOTU AOCTaTOUYHO DOABIIIOe PacCTOSHME, U
34ech IpuynHa gepopManuy OOBACHAETCA HeAOCTaTOYHOCTLIO YIIAOTHEHMS IPYHTa IIPU ero
orchinke. Bo BTOpoM caydae OTKOC HauMHAeTCsl HEIIOCPeACTBEHHO Yy Kpas AOpOTH, UTO
CBUAETeALCTBYeT 00 DKOHOMUN Ha 0ObeMax 3eMASHBIX paboT 11 O BO3MOXKHOM HeIpaBUABHOM
Ha3HauYeHMM yraa OTKoca. XOTsS ¥ HPaBUABHOCTh YIIAOTHEHMS OCHOBAHMUs TOXKe OCTAaeTCs I0J
BormpocoM. B o0Oomx caydasx ®KcrepuMmeHTaAbHBI® WCCAAOBAaHNA He IIPOBOAWANCH, U
BOCCTAaHOBAEHIE JOPOr BHIIOAHEHO Ha TJ1a3 C y4eTOM pPeKOMeHJAIUil AOMOAHMUTeABHOTO
YILAOTHEHUsI TPYHTa I10 TUITy Teppac — CHI3Y BBepX.

3HauNTeABHOI MPODAEMOI HAaCTOAIETO BpeMeH! IPY IPOU3BOACTEE 3eMASHLIX paboT, a
VIMEeHHO IIPY yCTPOJICTBe KOTAOBaHOB C BePTUKAABHBIMM OTKOCaMM, SABASETCA BOIIPOC odecrie-
YeHMsl YCTOMIMBOCTY 3eMASHBIX MaccuBoB. CoppeMeHHast 00CTaHOBKa TaKOBa, YTO KOTA0BaHBI BO
MHOTMX CAydYasX OTPHIBAIOTCA cpeAM cyinecTsyiomieri sactpoiiku (Guo et al., 2025). Mnorga
KOTA0BaH OyKBaAbHO HauMHAETCs y Kpas CYIecTBYIOIIero 3AaHus, IpuMep IIpuBejeH Ha PIUC.
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7A. Ha sTom o6pekre pororpadus cieaaHa Iocae yCTpOICTBa IPYHTOBON IOAYIIKY TOAIMHOM
6 M. Ha HagaapHOM 9Tare, Korga KOTA0BaH ObLA OTPHIT Ha IOAHYIO TAyOMHY, KapTuHa Oblaa elrje
Hoaee ycrpamaromeit. Takast cuTyanys, Koraa Boo01ie He IIpeAycMaTpyUBaeTCs KOHCTPYKTUBHAS
3alIMTa BepTUKAaABHBIX OTKOCOB KOTJAOBAaHOB, OOBSICHSETCS IIpeXKAe BCEro BOIIPOCAMU DKOHO-
MIUYECKOI'0O XapaKTepa, KOTAa 3aKa34MKM He XOTT MATU Ha ANIIHIE, TI0 IX MHEHUIO, pacXOABL.

PucyHOK 7. A — nmpumep ycTpoiicTBa KOTA0BaHa BOAM3Y CYIIeCTBYIOIIETo 34aHus C

BepTMKaABHBIM yCTPOVICTBOM OTKOCOB; b — KOT/10BaH C BBIIIO1a’KeHHBIMI OTKOCAMM 104,
16-sTaxkHoe 3aaHMe; B, I' — KOTA0BaH ¢ BCKPHITBHIM CA0€M CyIlecu
[pumeuarue — pomo agmopa (bposxo V1.C., 2024)

ITo onBITY IPOIIABIX A€T A€TICTBUTEABHO Oe3 KPeI/eHMI CTeH KOTAOBaHOB MOJKHO OBL10
OOOMTNCh TIPU CTPOUTEABCTBE HEBLICOKMX 3J4aHUII M PaCIIOAOKEHHBIX Ha 3HA4UTeAbHOM
yAaZAeHUN OT COCeAHUX OOBEeKTOB. MecCTHHIN TPYHT, IpeMMYIecTBeHHO M3 AeCCOBBIX ITpoca-
AOYHBIX CyTAMHKOB, B CYXOM COCTOSIHUM IT03BOAAA BTO AeAaTh. Ho ¢ yueToM TOTO, YTO KOTA10BaHBI
104, BBICOKIIE 34aHIISI CTaAY OTPBIBAaTh 3HAYUTEABHO IA1y0>Ke, M YIUTHIBasA, YTO TECHOTA 3aCTPONKI
CIABHO TIOBBICMAACh, KpeIlleHUe BepTUKaAbHBIX OTKOCOB IIpMOOpeAo IIepBOCTEIIeHHOe
3HadeHne. ONBITHBIE ITPOM3BOACTBEHHUKM, HECMOTPsA Ha 3aTpaThl, CTapaloTcsa cobaA10aaTh
yCA0BUs 0€30ITaCHOCTU AAST PabDOUIMX U TEXHMKM, BBHITTOAHAIONIUX KOTAOBaHHbBIE PaOOTEHI.

OgHUM 13 HECAOXKHBIX MeTOAOB oODecriedyeHMs1 Oe30MacHBIX YCAOBUIN TpyJa sBASETCS
BBIIIOAaXKIMBaHMe OTKOCOB, IOKa3aHHOe Ha puc. 7b. B 1aHHOM caydae Hall10ch HEMHOTO MecTa
BOKPYI KOTJAOBaHa AAsl CKAaAMPOBaHUsA CpPe3aHHOIO C OTKOCOB TIPYyHTa, COXPaHEHHOIO AAs
00paTHOI 3aCBHIIIKN I1a3yX KOTA0BaHa.
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Emre o4HOIT OMacHOCTHIO IIPU BHIITOAHEHNHN 3€MASHBIX paboT sABAseTcs Haaumdnue caabbIx
IIpOCA0eK ITo TAyOuHe paspesa. Ha puc. 7B, I mpuBeaeHs! IpuMepH! YCTPOIICTB KOT/A0BaHa, TAe B
cpe4Hell 110 rAyOMHe 4acTU paspe3a MOXKHO BMAETHb IIPOCAOVKY cynecu. CBepXy M CHM3Y OT
IIPOCAOMKM PacIIOA0XKeHbl cA0U CcyrauHKa. OueBMAHO, UTO Cylech B AaHHOM CAy4yae sBAAeTCs
CAa0bIM 3BeHOM B 9TOM CTPYKTYype U MMeeT CBOVCTBO OChIIaThCs IIPY BepTUKAaAbHOM ITOAO0KEHUN
OTKOCA. DTO BUAHO Ha PUCYHKaX, TAe MO>XHO BBIAeAUTh HadaBIIIMecs: 001acTu BBITaldeHUsI TPYHTa
u3 mpocaoiiku cynecu. Caeayer MMeTh B BUAY, UYTO B JaHHOM C/Aydae Ha CyIech OKa3bIBaeT
AaBAeHye COOCTBEHHBIN BeC BBIIIEPAacIIOA0KeHHOTO 7-MeTPOBOIO IO TOAIIMHE CA0sI CyTAMHKA.
[IpmuBeaeHHas cuTyalMsl C YCTOMYMBOCTBIO BEPTMKAABHOIO OTKOCA CUABHO YCYTYOUTCS, ecaAm
IpyHT OyAeT YBAAKHITBCS, HAIIpUMep, aTMocdepHEIMU OcaadKaM1L. Van, elrfe Xy>ke, TPOU30MAYT
celicMIIecKre BO3AEVICTBIL, AayKe Maaoit cuabl. HecMoTpst Ha Tu 06CTOsATEABCTBA, 3aKa3UMKI
1, 94TO caMoe CTpaHHOe, ITPOEKTUPOBIIVKM MAYT Ha TaKue BapMaHThl, HalesCh Ha YyCIIeIIHOe
IpoBejeHNe paboT B KOTAOBaHe B AeTHee CyXoe BpeMs.

K nacrosimeMy BpeMeHM B ropode y>ke IMPOM3OIIA0 HECKOALKO OOPYIIIEeHUI OTKOCOB
KOT/0BaHOB pa3HOll MacIITabHOCTM, KOTOphIe cAelyeT paccMaTpUBaTh OTA€ALHO. DTOT BOIIPOC
OueHb aKTyaleH Ha COBpeMEHHOM 3Talle CTPOUTEAbCTBA B 4aHHOM PEeruoHe, T.K. OT €r0 pelleHNs
3aBUCAT XM3HU A10Aell. Ho, K coxkaaeHMIO, 404KHOe BHUMaHIe eMy yJAeAsdeTcsl KpaliHe pejKo,
AVIITb B OTAEABHBIX CAydasX IIPU BO3BeAeHUU 0CODO CAOXKHBIX OOBLEKTOB (BBLICOTHBIX 3AaHUIA,
aBTOMOOMABHBIX JOPOXKHBIX Pa3BIA30K).

3AKAIOYEHUE

PaccMmoTpenHsble caydam asapuii u AepopMannii OCHOBaHNI, cCOOpaHHbIe U3 JOCTYITHBIX
VICTOYHMKOB M JOTIOAHEHHbIe COOCTBEHHBIMM JaHHBIMY, II03BOASIOT CAeAaTh HEKOTOPLIE BBIBOADI
O mnpuymHax HeOAATrONPMATHBIX CUTyal[Mil Ha OODBEKTaX CTPOMUTEAbCTBA. DTU MPUIMHBI
pasHoOOpa3HBI ¥ ODyCAOBA€HBI OMINMOKaMM, JOMNYIIEHHBIMM Ha  Pa3HBIX  CTaAMsIX
M3BICKATeAbCKMX, ITPOEKTHBIX, CTPOMTEABHO-MOHTaXXHBIX padoT (bposko, 2023). Haszosem
Hanbo.ee 9acTo BCTpedaloIyecs] ONIMOKY TPV M3BICKaHIAX:

- He40CTaTOYHOe KOAMYEeCTBO U TIAyOMHa TeXHMYECKMX IIPOXOAO0K, IPpUBOAAIINE K
c21a00i1 M3Yy4EeHHOCTH WHKEHEePHO-TeO0AOTUYECKOTO CTPOeHNUs IA0IIajoK CTPOUTeAbCTBA
(MOIIHOCTM M pPacHpOCTpaHEHUs OTAEABHBIX CAO€B TPYHTa, pPaCIOAO0XEHMe YPOBH:
ITOA3€MHBIX BOJA M T.A.);

- HapyllleHle eCTeCTBeHHOTO COCTOSHMs TPYHTa IpU OTOOpe MOHOAMUTOB M3 CKBaXXKIH,
BCAeACTBI€ YeTo U3MEeHsIeTCsl MX IIAOTHOCTD TI0 CPaBHEHUIO C IPUPOAHOI, U 9TU JaHHbBIe BBOAAT
B 3a04y>K/eH1e ITPOeKTUPOBIIUKOB;

- HeIlpaBMAbHOE AabOpaTOpHOe oIpeseleHNe XapaKTePUCTUK IIPOCajOodHOCTH TPyHTa
OCHOBaHM:, CAEACTBUEM 4Yero SBAsSeTCs HeCOOTBETCTBME PacyeTHONM BeAUMUMHBI OXUAaeMOI
poca/ku, HabA104aeMoll Ha ITPaKTHKe.

Hawnboaee yacto BcTpeyaroniyecs ommuOKY IPU TPOeKTUPOBAHNII:

- He yYUTHIBAETCs BO3MOXKHOCTDh 3aMauMBaHM OCHOBAHUsA, CAOXKEHHOTO ITPOCajOdHBIMU
TpyHTaMl, BCAEACTBME Yero IIPOYHOCTHRIE U Ae(OpMallMOHHBIe XapaKTePUCTUKM He
COOTBETCTBYIOT PeaabHbIM;

- HeAOCTAaTOYHO YYMUTBHIBAETCS BO3JENCTBME CUA Harpy>KaloIlero TpeHMs Ha cBau U
3aKpeIrlAeHHbIe MaCCUBLI;

- He c00A104aI0TCsT TPeOOBaHMST HOPMATUBHBIX 4OKYMEHTOB O HeAOIyIeHNI CyMMapHBIX
Aedopmanmii ocHoBaHMII (OcajKa IAI0C ITpocajka) 00AbIlle IMpeAeAbHO AOIYCTUMBIX 3HauYeHMIT;

- K CpPaBHEHMIO IO TEeXHUKO-DKOHOMUYECKUM IIOKa3aTeAsM IIPUMHMMAIOTCS BapMaHThI
ITOATOTOBKM OCHOBaHMII 1 yCTPOICTBa PyHAaMEHTOB HepaBHOLIeHHbIe 110 Hage>XKHOCTH;

- He YYMUTHIBAIOTCA COBpeMEeHHble TeHAeHIIUU BO3BeAeHMs 3JaHnii Ha OAM3KMX
PacCTOAHMSIX, UTO TpedyeT MepOIPUATHUI IO KPeILAeHNIO BePTUKAABHBIX OTKOCOB KOTA0BaHOB.
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K xapakrteprbsiM ommbKaM HOpM HTPOU3BOACTBE CTPOUTEABHO-MOHTaXKHBIX paboT
OTHOCSITCSI:

- HecoOAIOJeHMe TpeOOBaHMA K KadecTBy BBIIIOAHEHMs pabOT IO II0ATOTOBKe
VICKYCCTBEHHBIX OCHOBaHMIA;

- HeBBITIOAHEHNe A UTHOPMpPOBaHMe yCAOBIIT CODAI0AeHN HajAeKalllero KadecTsa padoT
IIPM YCTPOICTBe M DKCIIAyaTaliiy BOAOHECYIIVIX KOMMYHHUKAIMI B IIPOCa4OYHBIX TPYHTaX I Ap.

Anaans npuanH AedpopMariuii 34aHNUI U COOPY>KEHNUI MTOKa3bIBaeT, YTO MOAaBAsIONIee
DOABIINHCTBO CAydaeB BCe-TaKM CBs3aHO CO CTPOMTEABCTBOM Ha IPOCaJOYHBIX I'PyHTax MOpu
yCAOBUM UX 3aMauMBaHuA. ITpumeHsieMble TpagMIIMOHHBIE METOABI IOATOTOBKM OCHOBaHMIt
XOpOIIIO aAalTHMpPOBaHbl K MECTHBIM I'PYHTOBBIM YCAOBUAM, HO He MOIYT B DKCTpeMaAbHBIX
cAydasX MOpeAOXpPaHNUTh 3AaHNSI U COOPYKeHMs OT JAedopMaruii B cAydae aBapUITHOTO
3amaumBaHus. Aad mpeoTspaleHns AedpopManuii M paspylleHni 34aHWUI, B TOM 4ucAe U
IIOBBIIIEHHOM OTBETCTBEHHOCTH, He0OOXOAMMO pacIIpeHle apceHala FeOTeXHUeCKUX CPeACTB U
MeToA0B. TpeOyeTcs mpumeHeHNe elle 60lee HageXKHBIX MeTOAOB IOATOTOBKM OCHOBaHMII U
IIPOTPecCUBHBIX (PYHAAMEHTHBIX KOHCTPYKIINIL, OOecIieuMBaiomnX AOATOAETHIOIO DKCILAyaTa-
LIMIO BO3BOAVIMBIX OOBEKTOB B CAOXKHBIX Ie010TMIecKnX ycaobusix ora Kasaxcrana.

KOH®AMKT MHTEPECOB: ABTOpPHI 3asBASAIOT 00 OTCYTCTBUM KOH(PAMKTA NHTEPECOB.

OVHAHCUPOBAHME: JanHoe 1ccaejoBaHNe He MIMeAO BHEITHero (pMHaHCHPOBaHIS.

YBEAOMAEHME OB VICIIOAb30OBAHMUM TEXHO/AOIMHN MCKYCCTBEHHOI'O
VMHTEAAEKTA: ABTOphl Hay4HOl CTaThy He MCIIOAB30BAAM MHCTPYMEHTHI MCKYCCTBEHHOTO
nHreasekta (MI1) Ha pasaMdyHBIX BTamnax IOATOTOBKM CBOell paOOTHI, BKAIOYas IIOMOIIbL B
HaIl/ICaHUM TeKCTa, PeJaKTUPOBaHNY, IIpoBepKe (paKTOB, a TAKKe aHaAM3€e JaHHBIX.
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ABSTRACT

steel-reinforced concrete,
thermal actions,
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thermal stresses, shear
connectors, composite
interaction, fire exposure.

This review-analytical study examines how the thermophysical
properties of concrete and steel influence the behavior of steel-reinforced
concrete structures under climatic and fire-induced temperature actions.
The aim is to systematize the main mechanisms of temperature-induced
stresses and deformations and assess their effect on composite action.
The methodology includes analysis, classification, comparison, and
synthesis of published analytical, experimental, and numerical studies,
supported by illustrative calculations of axial stresses, bending moments
from temperature gradients, and shear forces in connectors. The results
show that differences in thermal expansion, conductivity, and heat
capacity generate self-equilibrated stresses, redistribute internal forces,
reduce stiffness, and may decrease load-bearing capacity, especially in
statically indeterminate systems and under fire. The scientific novelty
lies in integrating these mechanisms within a unified interpretation and
highlighting the governing role of shear connectors. The findings can
support more reliable design models, while further research should
refine predictive methods and expand experimental validation.

Tyninai ce3aep:

TYWNIHAEME

6oaaT-TeMipOeTOH,
TeMIlepaTypaAablK, acepaep,
SKBIAY(PU3UKAABIK
Kacuerrep,
TeMIlepaTypaabIK
rpaAMeHTTeD,
TeMIlepaTypaabIK

Makasaga KAMMATTBIK >KOHE OPT >KarjalbIHAAFBl TeMIIepaTypasblk
acepaep Ke3iHae OETOH MeH 601aTTHIH KbLAYPU3UKAABIK KacueTTepiHiH
601aT-6€TOH KOMIIO3UTTi KOHCTPYKIMAAPABIH YKYMBIChIHA bIKIIa/bIHA
IoAy-TaddaMaZblK, —Tadday >KacaAfaH. OJepTTeyAiH MakKcaThl ——
TeMIlepaTypaaslk, JdedpopManmsaiap MeH KepHeyaAepaiH maiida 0oay
MeXaHM3MAEPIH Xylieaey JKoHe olapAbIH MaTepraaiapAblH OipaeckeH
SKYMEBICBIHA acepiH Oarasay. OJicTeme >KapusiAaHfaH aHaANTHUKAABIK,
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KepHeyAep, bIFbICY
KOCKBIIITaphl, KOMIIO3UTTIK
©3apa 9peKeT, OpTTiK acep.

OKCIIEPUMEHTTIK >KoHe CaHABIK 3epTreylepai Taajay, >KiKrey,
CaABICTBIPY >K9He >KMHaKTayAbl, COHAal-aK OCBTIK TeMIlepaTypaablk,
KepHeyJep4iH, TeMmIlepaTypaAblK IpajilleHTTepAeH TYbIHAAWTBIH HUiay
MOMEHTTepiHiH >XKoHe KOCKBIIITapAarbl KeAJeHeH BIFBICY KYIITepiHiH
UAAIOCTPalMSLABIK
k09 PpuITNenTi,

alibIpMallbIABIKTaphl  ©34iriHeH TeHrepileTiH KepHeyaepai, immki

ecenTepin KaMTHABI. CPBI3BIKTBIK, yAFao

SKBLAYOTKI3TIII-TiK SKoHe >KBLAY CBIVIBIMABLABIK
KYLITepAiH KaiiTa ©0eAiHyiH, KaTTBIABIKTBHIH TOMeHJAEYiH >KoHe
KOTeprilTiK KabiAeTTiH asalObIH TYBIHAATATBIHBI aHBIKTAaAABI, ocipece
CTaTMKaAbIK aHBIKTaAMaraH Xylieaepae KoHe opT Ke3iHge. 3epTreyain
FBLABIMM JKaHAABIFbI aTaAFaH MeXaHU3MAePAl KellleHAl XKyliedeyde JKoHe
BIFBICY KOCKBIIITapbIHBIH IIELIyIIl peain Heridgeyde. Hetmkeaep
€CenTiK MOAeabAepAl HaKTbliayFa >KoHe >K06a/1ay CeHIMAIAITiH
apTTHIpyFa KOAJAHBLAYBL MYMKIiH; KeJeIlleK 3epTreyaep OoaxKay
94iCcTepiH >KeTiaaipyre >XoHe DKCIEPUMMEHTTIK BaAUAalVisIHbI KeHelITyre
GaFbITTaAyHI THIC.

Karouessie caoBa:

AHHOTAIIMSA

crazexkeae300eToH,
TeMIlepaTypHbIe
BO3A€VICTBIASI,
Ter1A0(pU3MIECKIIe
CBOJICTBA, TeMIlepaTypHbIe
rpaJVeHTEl,
TeMIlepaTypHbIe
HaIps>KeHUs, CABUTOBbIe
COeAVHUTEAN,
KOMITIO3UTHOE
B3alIMOAEVICTBIE, OTHEBOE
BO3J€lCTBIE.

B cratbe mpejcraBieH OO30PHO-aHAAUTUIECKUII aHAAMU3 BAVITHUS
Ten10(pU3UIECKNX CBOVICTB OETOHA M CTaAl Ha ITOBeJeHUe cTalebeToH-
HBIX KOMIIO3UTHBIX KOHCTPYKI[MIT IIPY KAMMATUYECKUX U ITO>KapPHBIX
TeMIIepaTypHBIX BO3AeCTBIsAX. [leas vccaej0BaHNS COCTONT B CHCTEMa-
TU3alMM OCHOBHBIX MEXaHM3MOB BO3HMKHOBEHIS TeMIIEpPaTypPHBIX
AepopManuii M HaIIPsDKEHUI VM OLleHKe MX BAVSIHMA Ha COBMECTHYIO
paboty Martepmuaaos. MeToguKa BKAIOYaeT aHaAWU3, KAacCUUKAIIMIO,
COIlOCTaBAeHMe 1 00OOIIeHne OIyOAMKOBAaHHBIX aHAANTUYECKIX,
DKCIePVIMEHTaAbHBIX U UVC/AEHHBIX 1CCAeA0BaHMIL, a TaKXKe MAAIOCTpa-
TUBHBIe PAcYETHI OCEBBIX TeMIIepaTypPHBIX HAIIPsKEeHNUI, M3rMOaronux
MOMEHTOB OT TeMIIepaTyPHBIX I'PajVIeHTOB U ITOIIEPEYHBIX CABUTOBBIX
YCUAUI B COEAVHUTEASX. YCTaHOBAEHO, YTO pa3Amdust B KospPpu-
LIMeHTaX TeMIIePaTyPHOIO PaCIIVMpeHNs], TeILAOIPOBOAHOCTY U Tell-
AOEMKOCTH BBI3BIBAIOT CaMOYpaBHOBEIIIEHHBIe HaIlpsDKeHNs, Iepepac-
rpeAeAeHue BHYTPEHHIX YCUAUI, CHYDKEHIIe XECTKOCTI I yMeHbIIIeHIe
HecylIlleil CIIOCOOHOCTM, OCODeHHO B CTaTMJYecKy HeollpeaeArMBIX
crcTreMax M mpu  moxape. Hayunas HOBM3HA —3aKaAlOYaeTcs B
KOMIIZE€KCHOI CHCTeMAaTM3aluy yKa3aHHBIX MEeXaHU3MOB 1 OOOCHO-
BaHUY OIpeeAsIONell poAY CABUTOBBIX coegunuTeaelt. [Tpakrudeckas
3HAYMMOCTh Pe3yAbTaTOB CBsI3aHa C yTOYHEHMEM pacu€THBIX MOJeell U
MIOBBIIIIEHIEM HaAEXKHOCTU IIPOEKTUPOBaHIL; JaabHeIe
MCCAEAOBAHMSI AOAXHBI OBITh HaIlpaBA€HbI Ha COBEPIIEHCTBOBAHNE

ITPOTHO3HBIX METOA0B 1 DKCIIEPMMEHTAAbHYIO BepI/I(l)I/IKaLU/IIO.

INTRODUCTION

Steel-reinforced concrete structures are currently widely used in civil and industrial
construction due to the rational combination of the strength and deformation properties of steel
and concrete. The composite action of these materials makes it possible to efficiently resist both
permanent and variable loads, ensuring high load-bearing capacity, stiffness, and economic
efficiency of structural solutions. At the same time, the reliability and durability of steel-
reinforced concrete elements are largely governed by their service conditions, including the

effects of temperature actions.

Unlike conventional design loads, temperature actions are complex in nature and often
non-uniform. They manifest themselves in the form of daily and seasonal climatic fluctuations,
temperature gradients across the cross-section of elements, as well as extreme thermal effects
arising during fire exposure. Significant differences in the thermophysical properties of
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concrete and steel, such as the coefficients of linear thermal expansion, thermal conductivity,
and heat capacity, lead to dissimilar material responses to temperature changes. Under
composite action, this results in the development of self-equilibrated internal stresses,
additional axial forces, bending moments, and increased shear stresses in the steel-concrete
interface zone.

Temperature effects play a particularly important role in statically indeterminate systems
and in structures operating under continental climate conditions characterized by substantial
annual temperature variations. In such environments, temperature-induced forces may reach
magnitudes comparable to those caused by service loads and can significantly affect the stress—
strain state of elements, the performance of shear connectors, and the overall structural stability.
Under fire exposure, thermal effects are further intensified by the degradation of strength and
deformation properties of materials, which may lead to disruption of composite action and
redistribution of internal forces.

Despite the existence of design codes regulating the calculation of steel-reinforced concrete
structures with allowance for temperature actions, practical assessments are often limited to
simplified approaches. This highlights the need for a more detailed analysis of the
thermophysical properties of concrete and steel and their influence on the behavior of composite
elements under various thermal regimes.

This article examines the principal mechanisms governing the formation of temperature-
induced deformations and stresses in steel-reinforced concrete structures. The effects of tempe-
rature gradients across the cross-section, climatic and fire actions are analyzed, and the role of shear
connectors in ensuring composite action is assessed. The obtained results contribute to a deeper
understanding of the thermal behavior of steel-reinforced concrete elements and may be applied in
the analysis and design of structures operating under complex climatic and service conditions.

LITERATURE REVIEW

The development of steel-reinforced concrete (SRC) structures is associated with their high
load-bearing capacity, rational use of materials, and efficient composite interaction between steel
and concrete in buildings and structures of various functional purposes. Along with service
loads, temperature actions have a significant influence on the stress—strain state of such structures
and may be climatic, technological, or accidental in nature. Under continental climate conditions
characterized by large daily and seasonal temperature variations, the consideration of thermal
effects becomes particularly important (Bai et al., 2023; Zhang et al., 2024; Zhou et al., 2020; Huang
et al., 2023).

Recent studies indicate that a key feature of the behavior of steel-reinforced concrete
structures under temperature actions is the difference in the thermophysical properties of steel
and concrete, primarily the coefficients of linear thermal expansion, thermal conductivity, and
heat capacity. These differences lead to non-uniform temperature-induced deformations and the
formation of additional internal forces in composite elements even in the absence of external
loading (Zhang et al., 2020; Fan et al., 2022; Zhu et al., 2020; Zhou et al., 2020).

It has been established that the magnitude of temperature deformations in concrete
significantly depends on its moisture content, age, type of aggregates, and heat-transfer
conditions, which further complicates the composite interaction of materials within SRC cross-
sections. When a rigid connection exists between the steel and concrete components, free thermal
expansion is restrained, resulting in the development of self-equilibrated axial stresses that are
redistributed between the components of the composite element (Li et al., 2021; Zhang et al., 2022;
Mansour & Ebid, 2023).

A separate line of research focuses on the influence of temperature gradients across the
depth of steel-reinforced concrete elements. Under real service conditions, temperature
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distribution over the cross-section is non-uniform due to solar radiation, heat transfer through
enclosing structures, and the thermal inertia of concrete components. Studies conducted on steel-
reinforced concrete and related composite structures demonstrate that temperature gradients can
generate bending moments comparable in magnitude to those induced by service loads (Zhang
et al., 2023; Bai et al., 2023; Huang et al., 2023; Zhou et al., 2020).

Similar conclusions have been reported in a number of studies, which emphasize that
temperature-induced bending moments are of an inherent nature and may arise even in the
absence of external loads. In statically indeterminate systems, such deformations are partially or
fully restrained, which can lead to an increase in internal forces and additional loading of
connecting elements (Zhang et al., 2020; Zhang et al., 2022).

The scientific literature also highlights that climatic temperature variations cause cyclic loading
of steel-reinforced concrete structures. Daily and seasonal temperature changes result in repeated
cycles of tension and compression, which are particularly critical for the steel-concrete interface.
Recent studies show that repeated thermal cycles contribute to the accumulation of damage in
concrete, the development of microcracks, and the degradation of bond between concrete,
reinforcement, and shear connectors (Sheng et al., 2020; Zhu et al., 2020; Yang, B. et al., 2023).

It is noted that shear connectors, which transfer shear forces caused by relative longitudinal
slip between steel and concrete, are the most sensitive to temperature cycling. During long-term
service, this may lead to fatigue-related reduction in connector strength and a decrease in the stiffness
of the composite cross-section, which should be taken into account in the design and durability
assessment of SRC structures (Mansilla et al., 2024; Maliji & Yousefpour, 2023; Ding et al., 2025).

A substantial body of research is devoted to the analysis of steel-reinforced concrete
structures under fire exposure. It has been established that at temperatures of approximately 500—
600 °C, the strength and deformation properties of steel decrease sharply, whereas concrete, due
to its higher thermal inertia, retains its load-bearing capacity for a longer time (Bolina et al., 2021;
Ding et al., 2023; Peng & Zhou, 2023; Liu et al., 2022).

At temperatures exceeding 700-800 °C, dehydration and spalling processes occur in
concrete, leading to the loss of the protective cover and accelerated heating of steel elements.
Under such conditions, the load on shear connectors increases significantly, and degradation of
bond may result in the loss of composite action and the transition of the element to a non-
composite behavior mode (Drury & Quiel, 2023; Yang, W. et al., 2023; Martinez & Jeffers, 2021a;
Li et al., 2023; Zhang et al., 2025; Long et al., 2024; Wang et al., 2025).

Experimental and numerical studies reported in the literature indicate that exposure to high
temperatures leads to a complex degradation of the mechanical properties of steel and concrete,
accompanied by stiffness reduction, possible growth of internal forces, and deterioration of the
performance of the steel-concrete connection zone. The relevance of performance-based
approaches to fire analysis of composite systems is also emphasized in recent studies (Bolina et al.,
2021; Ding et al., 2023; Martinez & Jeffers, 2021a; Gernay & Elhami Khorasani, 2020).

The conducted review of scientific sources shows that temperature actions are considered
in contemporary research as one of the significant factors affecting the behavior of steel-
reinforced concrete structures. Differences in the thermophysical properties of steel and concrete,
the presence of temperature gradients, climatic fluctuations, and fire exposure generate
additional internal forces that, in some cases, can make a noticeable contribution to the overall
stress—strain state of elements (Zhang et al., 2020; Bai et al., 2023; Zhu et al., 2020).

The results of recent studies point to the necessity of a comprehensive consideration of
temperature effects in the design and analysis of SRC structures, especially for regions with
continental climates. This determines the relevance of further research aimed at refining
calculation models and developing effective structural solutions that ensure the reliability and
durability of steel-reinforced concrete systems.
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MATERIALS AND METHODS

The present study is conducted as an analytical and theoretical investigation aimed at the
systematization and generalization of contemporary scientific approaches to the assessment of
temperature actions on steel-reinforced concrete structures. The methodological framework of
the research is based on an integrated approach that includes the analysis of published scientific
studies, synthesis of experimental and numerical research results, and comparison of various
models used to describe temperature-induced stress-strain behavior of composite elements.

The research materials consist of peer-reviewed scientific publications by domestic and
international authors devoted to the analysis of temperature deformations, thermal stresses, and
the features of composite interaction between steel and concrete under climatic and fire exposure.
A significant portion of the reviewed sources addresses the modeling of non-uniform
temperature fields and temperature gradients in composite elements (Zhang et al., 2020; Zhu et
al.,, 2020; Fan et al., 2022; Bai et al., 2023; Zhou et al., 2020; Huang et al., 2023), as well as studies
devoted to heat-transfer processes in concrete components and related structural systems
(Mansour & Ebid, 2023).

The research methodology is based on the analysis and systematization of up-to-date
scientific data presented in publications focused on temperature effects on steel-reinforced concrete
structures. Within the scope of this study, investigations addressing both short-term and long-term
temperature actions were reviewed, including daily and seasonal climatic variations, as well as
extreme thermal regimes arising during fire exposure (Bolina et al., 2021; Martinez & Jeffers, 2021a;
Martinez & Jeffers, 2021b; Ding et al., 2023; Drury & Quiel, 2023; Peng & Zhou, 2023).

The methodology of the study is founded on the following methods:

1. Scientific publications were classified according to thematic criteria reflecting key
aspects of temperature effects on steel-reinforced concrete structures. Particular attention was
paid to studies devoted to the thermophysical properties of steel and concrete, the formation of
temperature gradients across element cross-sections, the influence of climatic temperature
variations, and the behavior of steel-reinforced concrete structures and shear connectors under
fire and elevated temperature exposure. This grouping enabled comparison of different scientific
approaches and identification of common patterns in the development of temperature-induced
deformations and internal forces in composite elements.

2. A comparative method was used to examine different approaches to the evaluation of
temperature-induced deformations and stresses in steel-reinforced concrete elements. This
analysis made it possible to identify both common trends and discrepancies in the interpretation
of thermal effects, as well as to determine areas where a unified methodological framework has
not yet been established.

3. The provisions of current design codes related to the consideration of temperature actions
in the analysis of steel-reinforced concrete structures were examined. Special attention was given to
comparing regulatory requirements with the conclusions of scientific studies, which allowed
potential limitations and assumptions inherent in normative calculation methods to be identified.

4. Based on published data, the results of experimental testing and numerical simulations
addressing the influence of temperature on the mechanical properties of steel, concrete, and
connecting elements were summarized. This made it possible to develop an integrated
understanding of the changes in the stress—strain state of steel-reinforced concrete structures
under various temperature regimes.

The study was carried out in several successive stages.

At the first stage, a collection and preliminary analysis of scientific and regulatory sources
addressing temperature actions on steel-reinforced concrete structures was performed. The
selected sources were evaluated in terms of scientific relevance, completeness of the presented
data, and applicability to contemporary design conditions.
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At the second stage, a critical assessment of the selected materials was conducted.
Particular attention was paid to the analysis of the adopted calculation models, experimental
assumptions and simplifications, as well as the extent to which real service conditions of
structures were taken into account.

At the third stage, the obtained data were systematized and the main patterns governing
the influence of temperature actions on the behavior of steel-reinforced concrete elements were
identified. Based on a comparative analysis, the key factors determining the development of
temperature-induced stresses and deformations were distinguished.

The final stage of the study was aimed at formulating generalized conclusions that may be
used as a theoretical basis for further analytical, experimental, and design-oriented research on
steel-reinforced concrete structures.

It should be noted that the study has a review and analytical character and is based on
published data. The absence of original experimental testing and numerical modeling limits the
possibility of quantitative assessment of certain parameters. Nevertheless, the performed analysis
makes it possible to develop an integrated understanding of the current state of research in this
field and to identify promising directions for further scientific investigations.

Steel and concrete are characterized by significantly different thermophysical properties,
which determine their dissimilar response to temperature variations and, consequently, have a
pronounced influence on the conditions of composite interaction within steel-reinforced concrete
structures. One of the key parameters governing the thermal sensitivity of a material is the
coefficient of linear thermal expansion. For steel, its value is approximately a, ~ 12-107°1/°C,
whereas for concrete it typically lies within the range a, ~ 8 — 11 -107°1/°C and depends on the
type of concrete, its density, moisture content, and age. This variability is confirmed by the results
of experimental and numerical studies (Zhang et al., 2020; Bai et al., 2023). A comparison of the
above values is presented in Figure 1.
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Figure 1. Thermal expansion of steel and concrete at different temperatures
Note — compiled by the authors

Thus, the difference between the coefficients of linear thermal expansion of steel and
concrete reaches 20-35%, which leads to the development of non-uniform temperature-induced
deformations within the composite cross-section (Zhang et al., 2020; Bai et al., 2023). With
increasing temperature, the steel component of an element tends to expand more intensively than
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the concrete component, as confirmed by numerical and experimental studies on the
temperature-induced stress state of steel-reinforced concrete elements (Fan et al., 2022; Zhu et al.,
2020). However, composite action within an SRC element restrains the free deformation of each
material, resulting in the generation of additional internal stresses in the cross-section.

These stresses are primarily manifested in the form of axial forces arising from the
difference in thermal elongation between steel and concrete and from the restraint provided by
the intermaterial connections. At the same time, the stress level in the zone of shear connectors
increases, as these elements ensure composite action by preventing relative longitudinal slip
between the steel and concrete components (Zhang et al., 2022; Fan et al., 2022). In the presence
of significant temperature gradients, the load acting on the connecting elements may reach
magnitudes comparable to those induced by service loads, as reported in studies devoted to the
analysis of temperature fields and internal forces in composite cross-sections (Bai et al., 2023).

In addition to axial forces, transverse shear stresses also develop within the composite
cross-section, being particularly pronounced in regions of connector concentration and in
transitional zones of the section. As demonstrated in a number of studies, the presence of such
stresses may lead to redistribution of internal forces within the slab structure, reduction in
connection stiffness, and increased sensitivity of steel-reinforced concrete structures to cyclic and
fatigue-related actions (Sheng et al., 2020; Zhu et al., 2020; Mansilla et al., 2024).

RESULTS AND DISCUSSION

Under real service conditions, steel-reinforced concrete structures almost never operate
under a uniform temperature field across the cross-section. As a rule, temperature varies along
the depth of the element, forming a temperature gradient, the presence of which leads to the
development of additional deformations and internal forces that are not directly associated with
external loading but have a significant influence on the stress—strain state of the structure (Zhang
et al., 2020; Bai et al., 2023). Typical examples of temperature gradient distributions across the
cross-section are shown in Figure 2.
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Figure 2. Temperature gradient distributions across the cross-section
Note — compiled by the authors

The nature of temperature distribution in steel-reinforced concrete elements is governed
by the type of thermal action and the adopted structural configuration. For composite floors on
profiled steel decking located directly beneath the roof, a typical situation arises in which solar
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radiation has a more pronounced effect on the lower steel component. Due to its lower heat
capacity and higher thermal conductivity, the profiled steel deck heats up more rapidly and
reaches higher temperatures than the upper concrete slab. As a result, the lower part of the cross-
section becomes warmer than the upper part, leading to curvature of the element and the
development of additional temperature-induced bending moments. In terms of deformation
pattern, these moments are equivalent to those caused by service loads producing downward
deflection.

During the winter period, the temperature field may exhibit the opposite character. Under
low ambient temperatures, the concrete part of the floor —especially in unheated or poorly
insulated areas—may cool more intensively, whereas steel elements located closer to the heated
interior volume of the building or protected by finishing layers can retain a higher temperature.
In this case, a temperature gradient is formed in which the upper zone of the cross-section is
colder than the lower zone. Such a temperature distribution also induces curvature of the
element, but with the opposite direction of curvature, resulting in bending moments that differ
in both sign and magnitude from those caused by service loads (Zhang et al., 2020; Bai et al.,
2023).

The most unfavorable conditions occur under fire exposure, for example when a fire
develops beneath the structure. The lower part of a steel beam or profiled deck is heated much
more rapidly and to significantly higher temperatures than the upper concrete slab. Under these
conditions, steel experiences a substantial reduction in elastic modulus and yield strength, while
the temperature gradient across the cross-section becomes extremely steep. As a consequence,
considerable temperature-induced bending moments and axial forces are generated, which in
some adverse scenarios may reach or even exceed the levels associated with service load effects.
At the same time, the composite action of the element is disrupted, and the connecting devices
operate in a state close to their ultimate capacity (Bolina et al., 2021; Ding et al., 2023).

It is important to emphasize that temperature gradients give rise to so-called self-
equilibrated (inherent) stresses. Even in the absence of external loading, a composite cross-section
tends to bend due to non-uniform thermal deformations. In statically indeterminate systems,
such curvature is partially or fully restrained by boundary and support conditions, resulting in
the development of additional internal forces. When combined with service loads, these forces
may lead to redistribution of bending moments, increased stress levels in specific zones of the
cross-section, and a reduction in the available load-bearing capacity.

For steel-reinforced concrete structures, particularly those operating under continental
climate conditions characterized by large daily and seasonal temperature variations, the
consideration of temperature gradients across the cross-section is an essential aspect of structural
analysis and reliability assessment. During design, it is necessary to account for possible types of
temperature fields and their interaction with service loads, which enables an accurate evaluation
of the stress—strain state of composite elements and ensures the required level of safety and
durability.

Climatic factors

Climatic temperature actions are among the most significant factors governing the
behavior of steel-reinforced concrete structures. Under continental climate conditions, daily
temperature fluctuations may reach 20-30 °C, while seasonal variations can amount to 50-65 °C,
resulting in regular cycles of heating and cooling of structural elements. The most intensive
heating is typically experienced by metallic components of floors and roofs exposed to solar
radiation; in some cases, the temperature of profiled steel decking or the bottom flanges of steel
beams may reach 70-85 °C, which is consistent with studies on solar-radiation-induced
temperature fields and non-uniform heating of structural members (Huang et al., 2023; Zhou et
al., 2020).
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Due to the differences in the thermophysical properties of materials, a pronounced
temperature gradient develops within the composite cross-section, as steel heats up more rapidly
and to higher temperatures than the concrete component. This behavior is confirmed by field
observations and analytical studies (Zhu et al., 2020; Huang et al., 2023). A typical temperature
distribution across the cross-section is shown in Figure 3.
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Figure 3. Daily temperature fluctuations and schematic deformation
of a steel-concrete composite member
Note — compiled by the authors

Due to the differences in the thermophysical properties of materials, a pronounced
temperature gradient develops within the composite cross-section, as steel heats up more rapidly
and to higher temperatures than the concrete component. This behavior is confirmed by field
observations and analytical studies (Zhu et al., 2020). A typical temperature distribution across
the cross-section is shown in Figure 3.

Differences in the temperature-induced deformations of steel and concrete lead to periodic
tensile and compressive actions in steel-reinforced concrete systems under cyclic climatic
temperature variations. The zones most sensitive to such effects are the material interface regions,
where shear connectors are subjected to repeated shear forces caused by relative longitudinal slip
between the steel and concrete components. These cyclic actions may accumulate over time,
promoting the development of fatigue damage, a reduction in the strength of connecting
elements, degradation of bond in the steel-concrete interface, and the formation of microcracks
in the concrete slab, as reported in recent studies on the thermal stress behavior of composite
structures (Zhu et al., 2020; Yang, B. et al., 2023).

In the long term, the progression of these processes may result in a reduction in the stiffness
of the composite cross-section and deterioration of its load-bearing capacity. Therefore, climatic
temperature variations should be regarded as an important design factor governing the
deformation behavior of steel-reinforced concrete structures, affecting the durability of shear
connectors, and requiring mandatory consideration in design and reliability assessment of SRC
systems.

Fire exposure

Fire exposure causes extremely intense and non-uniform heating of steel-reinforced
concrete structural elements, leading to significant changes in their mechanical properties and
disruption of the composite interaction between steel and concrete. Due to its high thermal
conductivity, steel heats up much faster than the concrete component, and already at
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temperatures of approximately 500-600 °C its strength and elastic modulus decrease by about
half. This is accompanied by an increase in thermal deformations, a reduction in the load-bearing
capacity of the element, and an elevated risk of local instability, as confirmed by experimental
and numerical studies on the fire performance of composite structures (Bolina et al., 2021; Ding
et al., 2023; Peng & Zhou, 2023; Liu et al., 2022).

Concrete is characterized by higher thermal inertia and, at the initial stage of a fire, retains
its load-bearing capacity for a longer period. However, at temperatures on the order of 700-900
°C, processes of dehydration, thermal expansion of aggregates, and accumulation of internal pore
pressures develop within the concrete matrix, resulting in intensive cracking and spalling
phenomena. The loss of the protective concrete cover significantly accelerates the heating of steel
elements and shear connectors, further aggravating the disruption of composite action and
contributing to a rapid reduction in the fire resistance of the structure (Martinez & Jeffers, 2021b;
Li et al.,, 2023; Zhang et al., 2025; Long et al., 2024; Wang et al., 2025). Typical forms of concrete
damage under high-temperature exposure are shown in Figure 4.
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Figure 4. Strength degradation of steel and concrete with increasing temperature
Note — compiled by the authors

A pronounced temperature gradient across the cross-section —resulting from rapid heating
of the lower steel component and slower heating of the concrete—leads to curvature of the
element and the development of additional bending moments, which often exceed those caused
by service loads. In statically indeterminate systems, this effect gives rise to significant self-
equilibrated thermal stresses and contributes to an accelerated reduction in load-bearing
capacity. Similar tendencies are also reported for localized and natural fire scenarios in restrained
composite systems (Drury & Quiel, 2023; Peng & Zhou, 2023).

At the same time, the results of recent experimental and numerical studies indicate that the
fundamental mechanisms of composite interaction between steel and concrete remain of decisive
importance when analyzing the behavior of steel-reinforced concrete structures under fire
conditions. Even under substantial degradation of the mechanical properties of materials,
temperature-induced deformations, interaction at the steel-concrete interface, and the
performance of shear connectors continue to play a governing role in determining the load-
bearing capacity and stability of composite elements (Bolina et al., 2021; Martinez & Jeffers, 2021a;
Ding et al., 2023; Yang, W. et al,, 2023). These findings are in agreement with contemporary
performance-based approaches to the fire design of composite structures (Gernay & Elhami
Khorasani, 2020).
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Temperature-induced stresses and their influence on SRC elements

Axial temperature-induced stresses arise in steel-reinforced concrete structures when free
thermal expansion or contraction of an element is restrained by supports, rigid connections, or
monolithic segments. Because steel has a higher coefficient of linear thermal expansion than
concrete, composite action under temperature changes leads to the development of internal
forces: the steel component tends to expand to a greater extent, while the concrete restrains this
deformation. As a result, axial temperature stresses of opposite sign are formed within the
components of the composite cross-section, as reported in studies on the thermal stress behavior
of steel-reinforced concrete elements (Zhang et al., 2020; Bai et al., 2023).

In statically indeterminate systems, such stresses may reach significant magnitudes, since
the structure has limited ability to accommodate thermal actions through changes in shape or
redistribution of deformations. Under these conditions, axial temperature-induced forces become
one of the governing factors in structural analysis, exerting a substantial influence on the
distribution of internal forces and potentially reducing the available load-bearing capacity. The
consideration of axial temperature stresses is particularly important under large temperature
variations and in cases of non-uniform heating along the length of an element, as confirmed by
numerical and analytical studies of composite systems (Fan et al., 2022).

The calculation of temperature-induced deformations and the corresponding axial stresses
in the present study was performed under the assumption of full composite action between steel
and concrete, with no slip at the interface, equality of longitudinal strains of the composite cross-
section components, and the absence of external axial force. The temperature field along the
length of the element was assumed to be uniform, and the material behavior was considered
within the elastic deformation range. These assumptions are consistent with those commonly
adopted in scientific studies addressing temperature-induced internal forces in steel-reinforced
concrete structures (Zhu et al., 2020).

For the calculation, the following data were adopted:

Coefficients of linear thermal expansion:

- steel —ag = 12-107°1/°C;

- concrete — a, = 10+ 107°1/°C.

Elastic moduli:

- steel - E; = 200000 MPa;

- concrete — E. = 30000 MPa.

Relative cross-sectional areas:

- steel - A = 0,1;

- concrete — A, = 0,9.

Temperature variation range:

-AT = —40 ...+ 60°C

The free thermal strains of steel and concrete are determined according to:

Efree = @ - AT 1)
Accordingly, the following expressions are obtained:
-for steel - &¢ye = ag - AT
-for concrete — &fe = . - AT
The difference in free thermal strains is defined as:

Agfree = &sfree — Ec,free ()

Due to full composite action, the actual longitudinal strain of the element is identical for
steel and concrete: g, = €, = ¢.
In the absence of an external axial force, the equilibrium condition is expressed as:
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where the axial forces in the materials are defined as:
Ny =05 Ag, N, = 0. - A, (4)

The stress—strain relationships are written as:

os = Eg(e — ss,free)' o, =E.(e— gc,free) (5)
Substitution into the equilibrium equation yields the expression for the common

longitudinal strain of the composite cross-section:

As'Eg-&g, +AcEcgc,
£ = s,free ¢ free (6)
As Es+AcEc

After determining ¢ the temperature-induced stresses in steel and concrete are calculated
using the above expressions.

The results of the calculation of free thermal strains and self-equilibrated temperature
stresses are presented in Table 1.

Table 1. Modeling of axial temperature-induced deformations and stresses

AT (°C) | Aégpree (X 107%) | Agpree (X 107°) | Agpree (X 107°) | a5 (MPa) o, (MPa)
-40 -48.0 -40.0 -8.0 9.19 -1.02
-20 -24.0 -20.0 -4.0 4.6 -0.51

0 0.0 0.0 0.0 0.0 0.0

+20 +24.0 +20.0 +4.0 -4.6 0.51

+40 +48.0 +40.0 +8.0 -9.19 1.02

+60 +72.0 +60.0 +12.0 -13.79 1.53
Note — compiled by the authors

The presented results indicate that, in the presence of a nonzero difference between the
coefficients of thermal expansion of steel and concrete, self-equilibrated temperature-induced
stresses develop under conditions of composite action. The magnitude of these stresses increases
proportionally with the temperature change. During heating, compressive stresses are generated
in the steel component, while tensile stresses develop in the concrete; during cooling, the stress
pattern is reversed.

The obtained values demonstrate that, within the adopted assumptions and calculation
framework, temperature-induced stresses may reach engineering-significant levels comparable
to those caused by service loads. This observation is consistent with the findings of numerous
analytical and numerical studies and indicates that such stresses should be explicitly considered
in the analysis and design of steel-reinforced concrete elements.

Bending moments induced by temperature gradients

Temperature gradients across the depth of a steel-reinforced concrete element lead to non-
uniform deformations of the steel and concrete components of the cross-section. When the lower
zone is heated more intensively than the upper zone (or under the reverse temperature
distribution), curvature of the element occurs, which in its mechanical nature is analogous to the
action of a distributed load. As a result of such a non-uniform temperature field, inherent bending
moments develop within the composite cross-section. These moments arise even in the absence
of external forces and govern an additional stress state of the structure, as confirmed by analytical
and numerical studies on temperature-induced bending of steel-reinforced concrete elements
(Zhang et al., 2020).

A steel-reinforced concrete element with full composite action between steel and concrete
(composite cross-section) is considered.
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The coefficients of linear thermal expansion are assumed as follows:

- steel - a, = 12-107%1/°C;

- concrete - a, = 10-107%1/°C

The difference between the coefficients is:

Aa=a;—a, =2-107°1/°C

The effective lever arm between the “characteristic” fibers of steel and concrete
(conventionally taken as the distance between the centroids of deformation) is assumed as:
hy = 0,3m

The effective bending stiffness of the composite element is taken as:

(EDeps = 1,35 10°N - m?

A temperature gradient across the depth of the cross-section, AT, induces different thermal
deformations in the steel and concrete components.

The cross-sectional temperature gradient scheme (gradient along the depth) is defined as
follows:

- upper zone temperature: Ty,

- lower zone temperature: T},

The temperature gradient is expressed as:

AT = Tyor — Ttop (7)

When the lower zone is warmer than the upper one, the element tends to bend downward
(Figure 5).

Concrete (top) Tiop

hy

"Tb()l

v

Steel (bottom)

Figure 5. Calculation scheme of the temperature gradient across
the depth of a steel-reinforced concrete cross-section
Note — compiled by the authors

Determination of the difference in thermal strains

Thermal strain of a material:
er=a-AT (8)

Difference between the thermal strains of steel and concrete:
Ae = (ag—a,) - AT = Aa - AT )

If steel and concrete are connected (i.e., the shear connectors are effective), forced

compatibility of deformations arises, which manifests itself in the form of curvature:
_ ﬁ — (as—ac)-AT

for = e (10)

A notional temperature-induced moment is introduced as a moment that produces the
same curvature in the composite element:

My = (EDesy - Kr (11)



1-Tom, 2-nemip, MayceiM, 2026. EKTU JOURNAL OF
ARCHITECTURAL AND

Tom 1, Ne 2, nrons 2026. -61 - CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

By substituting the expressions, the following relation is obtained:

Aa-AT
My = (ED)efy - o;lo

(12)
Final convenient formula:
My =0,9-AT(°C),As =2 X 107%- AT (13)

The calculation results are presented in Table 2.

Table 2. Example of temperature-induced bending moments for
a cross-sectional temperature gradient AT

AT across the Difference in thermal Notional bending Deformation pattern
cross-section (°C) strains (x10-5) moment (M) (kN - m)
10 2.0 9 lower zone warmer
20 4.0 18 pronounced curvature
30 6.0 o7 noticeable moments at
supports
40 8.0 36 moments 'comparable to
service loads
60 12.0 54 critical level
Note — compiled by the authors

The analysis of the calculation results presented in Table 2 shows that an increase in the
temperature gradient across the depth of a steel-reinforced concrete cross-section leads to an
almost linear growth of the difference in thermal strains and, as a consequence, to an increase in
the notional temperature-induced bending moments. Even at temperature gradient values of
about AT = 20 — 30 °C temperature-induced moments are formed whose magnitudes become
comparable to those caused by service loads, while at AT = 40 — 60 °C the calculated values
reach levels that may be considered potentially critical for the normal performance of the
composite element.

The obtained relationships confirm that, under non-uniform temperature fields across the
cross-section, temperature-induced curvature of an element may exert a governing influence on its
stress—strain state, especially under conditions of restrained deformability. The deformation
patterns presented in Table 2 indicate a transition from weakly expressed curvature at small
temperature gradients to significant temperature-induced bending moments in support zones and
joints under more intensive heating. This observation is consistent with the results of analytical and
numerical studies on temperature-induced bending of steel-reinforced concrete structures.

Comparison of the obtained calculation results with the data reported in previous studies
(Zhang et al., 2020; Bai et al., 2023; Zhu et al., 2020) demonstrates both qualitative and quantitative
agreement in the growth pattern of temperature-induced bending moments with increasing tem-
perature gradient across the cross-section. Similar levels of temperature-induced bending moments
and comparable patterns in the development of thermal curvature of elements have also been
reported in the literature, where it is shown that, in statically indeterminate systems, temperature-
induced bending moments may reach magnitudes comparable to those caused by service loads and,
in some cases, may exceed them (Fan et al., 2022; Zhou et al., 2020; Huang et al., 2023).

Thus, the performed analysis confirms the conclusions of recent studies regarding the
necessity of explicitly accounting for temperature gradients across the cross-section in the analysis
of steel-reinforced concrete elements. Such consideration is particularly critical for statically
indeterminate systems, in which thermal curvature is restrained by supports and fixities. This
restraint leads to redistribution of internal forces in supports, beams, and connection zones and may
be accompanied by a reduction in the available load-bearing capacity of the structure.
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Transverse shear stresses

Transverse shear stresses arising in the steel-concrete connector zone represent one of the
most vulnerable aspects of the structural behavior of steel-reinforced concrete structures under
temperature actions. They are particularly critical in the presence of a temperature difference
across the depth of the cross-section, which leads to relative displacement between the steel and
concrete components. Because the steel and concrete parts experience different temperature-
induced deformations, significant shear forces develop in the region of the studs, which are
transferred and resisted by the shear connectors.

The difference in temperature-induced deformations of steel and concrete is determined
according to Equation (8).

The evaluation of relative slip between steel and concrete is determined by the following
expression:

§=Ae-? (14)
where, p — spacing of shear studs (anchors);
0 — relative slip, mm.
The shear force in a single stud is determined as:
F=K-§ (15)
where, K — stiffness of the steel-concrete connection per single stud.
The utilization factor of the load-bearing capacity of a stud is defined as:
F
n=rx (16)
where, R — design load-bearing capacity of a single stud.
The resulting calculation chain (in compact form) can be written as:
K
n=—((as—a)AT %) (17)

For an illustrative assessment of temperature-induced shear in the steel-concrete interface
zone, conditionally representative parameters were adopted. These parameters are widely used
in studies on the behavior of shear connectors and are consistent with the values applied in a
number of experimental and numerical investigations. The spacing of shear studs was taken as
p = 100 mm, which is typical for steel-reinforced concrete beams and floor systems with full or
nearly full composite action. The stiffness of a single shear connector was assumed as K =
50 kN/mm, corresponding to the elastic stage of stud behavior. The design load-bearing capacity
of a single stud was taken as R = 81,7 kN under normal temperature conditions and Pf;, Rd =~
7,1 kN under fire exposure, in accordance with data reported in normative documents and
scientific literature. The adopted parameters make it possible to reproduce the results presented
in Table 3 and are used exclusively to demonstrate the influence of temperature actions on the
behavior of the steel-concrete connection zone.

Table 3. Calculation of temperature-induced shear

Scenario AT across 6 'Shp' Shear force in S.tud Utilization
steel-concrete | 4¢, (X 107°) | estimation one stud F. kN resistance factor 7
interface, °C 6, mm ’ R, kN
Summer heating

from below 40 80 0.008 0.40 81.7 0.005
(non-uniform)
Winter cooling

from above 30 60 0.006 0.30 81.7 0.004
(non-uniform)
Fire exposure 300 600 0.060 3.00 Ps,Rd=7.1 0.42

Note — compiled by the authors
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The calculation results presented in Table 3 indicate that an increase in the temperature
difference between the steel and concrete components of a steel-reinforced concrete element leads
to higher relative thermal deformations and the development of transverse shear displacements
in the steel-concrete interface zone. Under climatic scenarios (summer heating and winter
cooling), the calculated shear forces remain significantly below the load-bearing capacity of the
stud connectors, which corresponds to low utilization factors.

Under fire exposure, characterized by steep and localized temperature gradients, relative
slip and shear forces in the connectors increase by an order of magnitude, and the utilization
factor approaches its limiting values. This behavior indicates that the connectors operate in a
near-ultimate state and confirms their governing role in ensuring composite action of steel-
reinforced concrete structures under severe thermal actions. These findings are consistent with
the results of experimental and numerical studies reported in the literature (Zhu et al., 2020; Fan
et al., 2022; Bolina et al., 2021).

CONCLUSIONS

1. Within the framework of the conducted review and analytical study, a comprehensive
analysis of published scientific works devoted to the influence of temperature actions on the
behavior of steel-reinforced concrete structures was performed. Generalization of analytical,
experimental, and numerical research results shows that temperature effects are not limited to
the role of secondary service actions and, in a number of cases, should be regarded as a significant
factor affecting the stress—strain state, redistribution of internal forces, and overall reliability of
composite elements. Differences in the thermophysical properties of steel and concrete lead to
the development of additional temperature-induced deformations and self-equilibrated stresses,
which must be considered in the analysis and design of steel-reinforced concrete structures.

2. The analysis of contemporary studies demonstrates that axial temperature deformations,
when free thermal expansion is restrained, may result in the development of additional axial
forces in steel-reinforced concrete elements, especially in statically indeterminate systems. Under
such conditions, temperature-induced stresses can make a noticeable contribution to the overall
stress state of the structure, highlighting the necessity of their inclusion in calculation models
alongside conventional service loads.

3. Generalization of studies addressing the influence of temperature gradients across the
depth of the cross-section shows that non-uniform heating or cooling of steel-reinforced concrete
elements leads to the occurrence of inherent temperature-induced bending effects. These effects
may develop even in the absence of external loading and, in certain structural configurations,
exert a significant influence on stiffness, stability, and force distribution within the structure.
Under intensive climatic and fire actions, temperature-induced bending effects require
mandatory consideration in the analysis of statically indeterminate systems.

4. The review of published research indicates that shear connectors in the steel-concrete
interface are considered in many studies as one of the most vulnerable components of steel-
reinforced concrete structures under temperature actions. Temperature differences across the
cross-section may cause relative longitudinal and transverse displacements between the steel and
concrete components, leading to increased shear forces in the connecting elements. Under cyclic
temperature variations, such actions may, according to the literature, contribute to fatigue-related
strength degradation of studs and deterioration of bond in the interface zone.

5. Analysis of published experimental and numerical investigations shows that under fire
exposure temperature effects are generally intensified due to a sharp reduction in the strength
and deformation properties of steel and degradation of concrete performance. The development
of steep temperature gradients, cracking of the concrete component, and reduction in the load-
bearing capacity of connectors may, in certain adverse scenarios, lead to partial or complete loss
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of composite action and transition of the structure to a non-composite behavior mode,
accompanied by a substantial reduction in stiffness and load-bearing capacity.

The conducted review emphasizes the importance of performing the analysis of steel-
reinforced concrete structures with comprehensive consideration of temperature actions based
on modern scientific research addressing temperature-induced stress—strain behavior, the
influence of temperature gradients, and the performance of connecting elements under climatic
and fire exposure (Zhang et al., 2020; Bai et al., 2023; Fan et al., 2022; Bolina et al., 2021; Zhou et
al., 2020; Huang et al., 2023; Peng & Zhou, 2023; Liu et al., 2022). The design of such structures
requires temperature deformations, temperature gradients, the behavior of shear connectors, and
potential accidental thermal actions to be treated as essential components of the calculation
model. This statement is particularly relevant for performance-based fire assessment of
composite systems and for modern structural forms such as castellated beams, prefabricated
composite members, and composite walls (Gernay & Elhami Khorasani, 2020; Li et al., 2023;
Zhang et al., 2025; Long et al., 2024; Wang et al., 2025).

The scientific novelty of the study lies in the systematization of mechanisms governing the
formation of temperature-induced deformations, axial and transverse stresses in steel-reinforced
concrete elements, as well as in substantiating the significant role of connecting elements in
ensuring reliable composite action under temperature effects. The generalized conclusions
obtained may serve as a methodological basis for further theoretical, analytical, and experimental
research. Future research perspectives are associated with the development of refined calculation
models for temperature-induced internal forces, experimental investigation of the behavior of
shear connectors under cyclic thermal and fire exposure, and extension of the analysis to various
structural systems and climatic service conditions of steel-reinforced concrete structures.

Future research perspectives are associated with the development of refined calculation
models for temperature-induced internal forces, experimental investigation of the behavior of
shear connectors under cyclic thermal and fire exposure, and extension of the analysis to various
structural systems and climatic service conditions of steel-reinforced concrete structures.
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Karouesrnie caoBa: AHHOTALIUST

Tubxmi1 aTax, VccaepoBaHme IIOCBSIIEHO YMCAEHHON OLIEHKE BAMSHIS ILAaHOBOIL
IlepeKpecTHO-CTeHOBasl PacCTaHOBKM HeCyIIMX CTeH Ha CelICMUYEeCKMII OTKAMK MOHOAMTHOIO
cucTeMa, CeiCMIeCKUit Ke21e300eTOHHOIO 34aHMsl IIePeKpECTHO-CTeHOBOM CUCTeMBI C IMOKUM
pacuet, AVIPA-CAIIP, NEePBBIM DTa’KOM, XapaKTE€PHBIM AAsl KUABIX 3JaHNMI B CEMICMOOITACHBIX
CHeKTPaAbHBIN MeTOJ, paitonax Pecriy6anxu Kasaxcral. BrlmoaHeHO mpocTpaHCTBeHHOe MoJe-
PeryAspHOCTD B I1AaHe, auposanue 3zanusa B1+G+5 B mporpammuom komraekce AVIPA-CATIP
9Ta’KHble IlepeMeleHIs, 2024 ¢ mMcnoap3oBaHNEM CIIeKTPaAbHOIO MeToAa pacdéra AAsl YCAOBMIA
9STa>KHBIE YCUAVSL. cericMmaHocTH 7, 8 1 9 6aa408. PaccMOTpeHBI 9eThIpe pacyeéTHLIE MOJeAN,

pasamJaromuecs 404el Hapy>KHbIX IPOJOABHBIX CTEH B HaIllpaBACHUI OCU
X (0, 20, 40 1 60 %) rIpy HEM3BMEHHBIX TEOMETPIIECKIX, KOHCTPYKTUBHBIX 1
MaTepHaAbHBIX IIapaMeTpaX, BKAIO4asl Haandye TMOKOTo IIepBOTo TaxXa.
AHaan3 BBIIOAHEH IIO MaKCUMMaAbHBIM TOPM3OHTAABHBIM IlepeMellle-
HISIM, IIOKa3aTeAsM PeryAsSpHOCTM B IIAaHE, DTa’KHBIM CABUTAIOIIVIM
yCUAMSAM U PaclpeAeA€HUIO DTa’KHOM SKECTKOCTU. YCTaHOBAEHO, 4TO
yBeANdeHre J0AN IMPOAOABHBIX CTEH CIIOCOOCTBYET CHIKEHMIO TOPU30H-
TaAbHBIX II€PEMEIEHNIT ¥ KPYTIABHON COCTABASIOLIEl OTKAMKA, ITOBBIIIIe-
HUIO PEeTyAsSIpHOCTU 3JaHNs B ILAaHe U M3MEHEeHMIO XapaKTepa paclipeje-
AeHMs ycuAnii 1o BeicoTe. ITokasana onpegesionas poAb paliiOHaAbHOM
KOMIIOHOBKM HeCyIIUX CTeH B OOecredeHUM  CelfiCMOCTOMKOCTI
I1epeKpPECTHO-CTEHOBBIX 3JaHNI C IMOKMM IIePBLIM DTasKOM.
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CEeICMUKAABIK eCerll,
ANPA-CAIIP, criekTpaix
94ic, >KocrapAarsl
PeryAsipABIK, KabaTTHIK,
OPBIH ayBICTHIPY,
KabaTTBIK KYIIITEP.

TeMipOeTOHABI aliKac-KabBIpFaAbl KylieJeri FUMapaTThIH CeICMUKaAbIK,
dcepre >KayaOblHa KeTepyIll KaObIpralapAblH >KOCIIapAarbl OpHaJacybl-
HBIH BIKTIaABIH CaHABIK Oarasayra apHaaraH. B1+G+5 fmMapaThIHBIH
KeHicTikTik Mogeai AVIPA-CAIIP 2024 GaraapaaMaAablk KellleHiHae 7, 8
>KoHe 9 0aAAABIK CeIICMMKAABIABIK JKaFAalidaphl YIIiH CIIEKTPAIK ecerTey
9AiciH K0A4aHa OTHIPHINT OPBIHAAAALL VIKeMai Gipinmii KabaTThH O0AYBIH
KOCa aAfaHJa, TeOMEeTPUSABIK, KOHCTPYKTHUBTIK >KoHe MaTepuraaAblK
ITapaMeTpaepi e3repicci3 cakraaraH Karjaiiga, X oci GarbIThl OOMBIHIIIA
CBIPTKBI 0O0V1ABIK Kabbiprasapasy yaeciven (0, 20, 40 sxone 60 %)
epeKIlleJeHeTiH TOPT eCeNTik MoJeaAb KapacThIpblaabl. Taasay Makcu-
MaaAbl K©AA€HeH OPbIH aybICTHIPYAap, SKOCIIapAaFbl TYPaKTLLABIK KOpCceT-
KiIlTepi, KaOATTBIK, BIFBICTBIPYIIIBI KYIITEDP SKoHEe KaOATTHIK, KaTThLABIKTHIH
TapaAysl OOMBIHIIA XY Pri3iaai. Boabk KabLIprasapAbIH YAeCiH apTTHIPY
KO/AJeHeH OpBIH ayBICTBIPYJapAblH >KoHe >KayallThlH Oypaady KypamAa-
CBIHBIH a3alOblHa, FUMapaTThlH >KOCHapAarbl TYpPaKThLABIFRIHBIH apTybIHa
KoHe KyITepAiH OMiKTiK OOVIBIHIIA Tapaly CUIIaTHIHBIH ©3repyiHe bIKITal
eTeTiHi aHBIKTaAAbl. VIkemai OipiHmi kaOaTel Oap aliKac-KaOBIPFaAbI
FIMapaTTapAblH CelICMOTYpPaKThLABIFBIH KaMTaMachl3 eTyde KeTepylli
KaOBIpFaAapAbl YTHIMABI OpHAAACTHIPYABIH aliKbIHAAYIIEI pOAi KOPCeTiAAl.

keywords:

ABSTRACT

Soft storey, cross-wall
system, seismic analysis,
LIRA-SAPR, response
spectrum method, in-plan
regularity, storey

displacement, storey shear.

The study is devoted to a numerical assessment of the influence of the
plan layout of load-bearing walls on the seismic response of a monolithic
reinforced concrete cross-wall structural system building with a flexible
first story, which is typical of residential buildings in seismic regions of
the Republic of Kazakhstan. A three-dimensional model of a B1+G+5
building was developed in LIRA-SAPR 2024 using the response spectrum
method for seismic intensities of 7, 8, and 9 points. Four analytical models
were considered, differing in the share of exterior longitudinal walls
along the X-axis direction (0, 20, 40, and 60%), while keeping the
geometric, structural, and material parameters unchanged, including the
presence of a flexible first story. The analysis was carried out in terms of
maximum horizontal displacements, plan regularity indicators, story
shear forces, and the distribution of story stiffness. It was established that
an increase in the share of longitudinal walls contributes to a reduction in
horizontal displacements and the torsional component of the response,
improves the plan regularity of the building, and changes the pattern of
force distribution over the height. The decisive role of the rational
arrangement of load-bearing walls in ensuring the seismic resistance of
cross-wall buildings with a flexible first story is demonstrated.

BBEAEHIE

Obecnieuenne cericMIIecKoOl Oe30acCHOCTH 34aHNI Ha CTaAVI IIPOEKTHPOBaHNs TpeOyeT

00s13aTe ALHO IIpOBEPKN BepTMKaALHOﬁ peryasspHOCTI " BbISIBA€HN: IIOTE€HIIMaAbHBIX TMOKMX

9TaXkell, ITOCKOABKY AOKaAbHOe CHILKeHIe OOKOBOM >KeCTKOCTM MAM IIPOYHOCTU OAHOIO
ypoBH:A pOpMUpYeT KpMUTUYeCKHe 30HBI KOHIleHTpanuu gedopManuii Ipu AMHaAMUYECKOM
BoaJeiicTBym. CoOBpeMeHHBIe IIOCTCeICMIYecKue o0CAeA0BaHMA ¥ aHAAMTHYECKNE OTYeTHI

IOATBEP>KAAIOT, UTO TaKoe CHVKEHMEe KeCTKOCTU MPUBOAUT K PE3KOMY POCTY MeXKDTaKHbIX
IepeMeIleHi B 30He HeperyAsIpHOCTY U IIOBHIIIIaeT BepOsSTHOCTE (POPMUPOBAHNSA MeXaHU3Ma
paspyleHns Tuta soft storey u nporpeccupyioero oopyurenns (EERI, 2023; FEMA, 2015).
AKTyaABHOCTD TIPODAE€MBI TIOATBEP>KAAETCS OIBITOM Pa3pyIINTEABHBIX 3eMAeTPsICeHMI
rocaeAHNXx AeT. 3emaetpsicenns B Typriym u Cupnn s pespase 2023 roga mpoaeMOHCTPUPOBAAN

MacuiradOHble

IIOCAEACTBUSI

coyeTaHMsI  BBICOKOM  CEeMICMUYECKOM  MHTEeHCUBHOCTU U
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KOHCTPYKTUBHBIX YSI3BUMOCTEN 34aHUIL; CpeAV XapaKTePHBIX IPUINH OOPYILIEeHNII OTMeJaAlCh
HeAOCTaTOYHasI KECTKOCTh HIDKHUX HTakKell UM OTCTYILAEeHMS OT HMPUHIIUIIOB CeMICMOCTOMKOTO
npoektuposaHus u crpouteanctsa (USGS, 2023; University of Cambridge, 2024; Bogazici
University Kandilli Observatory, 2023). Onsir Typrium 2023 roga moarsepana BBIBOABI Ooaee
paHHUX MCCAeAOBaHMII O TOM, YTO HaAW4dMe TMOKOTO 9Ta’ka CYIIeCTBEHHO yBeANYMBaeT
CeICMIIECKYIO YSI3BMMOCTDb 3J4aHUI HE3aBUCUMO OT BTa’KHOCTU U MaTepuada KOHCTPYKIIUIAL.
UncaeHHsle 1 9KCIIepUMeHTaAbHBIe PabOTHI ITOKA3BIBAIOT, UYTO CHIKEHIE KeCTKOCTV OAHOTO
YPOBH;I BEI3BIBAeT Pe3KUIT POCT MEXKDTa>KHOIO IlepeMelIeHsI IMEHHO B DTOV 30He, pOpMUpys
I11aCTMYECKUIT MeXaHU3M ¥ YCKOpss paspylleHUe BepTUKAAbHBIX Hecymux saemeHTos (Tena-
Colunga et al, 2008). Takum oOpa3oMm, IpoBepKa BepPTUKAABHON PETyAAPHOCTU U
IlepepacirpeAeAeHNs JKeCTKOCTI IO BBICOTE 34aHII 4O0AKHA pacCMaTPUBATHCS KaK KAIOUEBOI
KPUTEPUIL CEFICMOCTOVIKOCTY COBPEMEHHBIX COOPYKEHMIA.

B xonTekcre Kasaxcrana rnmpobaema OIleHKM CeliCMIYEeCcKMX PUCKOB OCTaeTCsl OAHOM U3 Hal-
00/ee aKTyaabHBIX 3a4a4 MH>XXeHepHOII ITpakTuky. CoraacHO AOCTYITHBIM OLIeHKaM, CeliCMOOIIacHbIe
palioHBl OXBATLIBAIOT 3HAYMTEABHYIO JO0AI0 TEePPUTOPMM CTPaHBI;, MCTOpPMYECKUe CBeJeHILT
YKa3BIBAIOT Ha PEIVICTPAIMIO B IOTO-BOCTOYHBIX peTMIOHAX 3eMAeTPSICeHNI C MHTeHCUBHOCTBIO 40 8-10
0aaaos mo mikase MSK-64. ITporHosHble OIIEHKM TakKe yKa3blBalOT Ha BEPOATHOCTb CUABHBIX
CeICMIMIECKIIX COOBITUI B IOSKHBIX 1 I0TO-BOCTOYHBIX permoHax, BkAodas Aamarsl u HIsivkeHT, rae
COCpe0TOYEHbI 3HAYMTEAbHBIE OObeMBI JKUANIITHOTO cTpouTeancTsa (Sabekov S., 2023).

Ocoboe BHMMaHNe B ycA0BIsIX Kazaxcrana caeayeT yAeAsTh KIABIM 34aHIAM, BO3BOAVIMBIM
II0 TIepeKpPecTHO-CTeHOBOV KOHCTPYKTMBHOM cucteme. CelicMmMdecKasl YCTOMNYMBOCTL TaKMX
COOpPY>KEHUII B 3HAYMTEABHON CTeIleHM OOeclleduBaeTcsad >KeAe300€TOHHBIMM —CTeHaMN,
paboTaomuMu Kak IpoCTpaHCTBeHHbIe Anadparmsl. [1py ToM yMeHbIIIeHNe KOAYeCcTBa CTeH Ha
OJHOM YypOBHe (HampuMep, M3-3a IHAPKOBOK, BBICOKMX KOMMEpPUYECKMX IIOMEIeHNII uAu
apXUTEKTYPHBIX M3MEHEHMI) CIIOCOOHO BEI3BAaTh pe3Koe CHIKeHMe OOKOBOM >KeCTKOCTH U
¢opmmpoBaHe BEIpa>keHHOI BepTUKaAbHON HepeTyAspHOCTH. B oTAmdme OT paMHBIX CCTeM, Iae
nepepacmpegelenue gedpopManuii IPOUCXOAUT IIPEUMYIIIECTBEHHO 4epe3 paboTy KOJAOHH U
purezeii, B CTEHOBBIX M II€pEKPECTHO-CTEHOBBIX CXeMaX AOKaAbHOe ocaabJeHMe OAHOTO dTaka
MOKeT IPUBECTU K KOHIIEHTPpALNI MEeXXATaKHBIX AepopMalinii U pa3BUTUIO MeXaHU3Ma THOKOTro
9Taka Jake IIPU AOCTATOIHON ODIIIelt SKeCTKOCTH 34aHNs.

JONOAHUTEABHYIO CAOXHOCTb IIpeACTaBAsieT IldaHoBas HEOAHOPOJHOCTh  CTeH,
XapakTepHasl AAsl COBPEMEHHBIX MOHOAUTHBIX SKMABIX 34aHMII: CTEHBI MOTYT paclolaraThCs
HECHMMETPUYHO, MEeTh Pa3AUYHYIO IPOTSIKEHHOCTh U OOBEJUHATHCS B CBSI3aHHBIE CTEHOBBIE
CHCTeMBI. B ¢BsI3U ¢ 9TUM BBIOOpP palliOHAABHOV CXEMBI PACCTAaHOBKM CTEH B IL1aHe CTaHOBUTCS
KAIOYeBBIM (paKTOpOM OOecIiedeHIs CeICMIIecKoi 6e30I1acCHOCTH 11 OTPaHIYeHNsT TOPCHOHHOM
COCTaBASIONIEN OTKAMKA.

B pabote a5 yKkazaHIA 5Ta’KHOCTU UCIIOAB3YeTCs MeXKAyHapoaHoe o0o3HayeHne B1+G+5,
rae Bl (Basement 1) — oaun moasemusiit staK, G (Ground floor) — mepsrii Hag3eMHBIN DTaXK
(ypoBeHb 3emam), a +5 — IIITh IIOCAeAYIOIIUX HaA3eMHBIX 9Taxel. TakuMm oOpasom,
paccMaTrpuBaeMoe 34aHue MeeT 6 HaA3eMHBIX 9Taxkell 1 1 IT043eMHEII.

AHaau3 Hay4yHOI ANWTepaTyphl ITOKa3bIBaeT, YTO Ipob.eMa IMOKOTO 9Taka Hamboaee
IIOAHO MCCAeA0BaHa MPUMEHUTEABHO K >Ke1e300eTOHHBIM paMHBIM CHUCTeMaM, TOrda Kak Aas
ITepeKpeCTHO-CTEHOBBIX CMCTEM BOIIPOCH! BAVSHIISI BapMaHTOB I11aHOBOY pacCTaHOBKMU CTEH U UX
IIPOCTPaHCTBEHHOI! CBA3HOCTY Ha TOPCUOHHBIN OTKAMK ¥ PeryAsSpHOCTD B I11aHe IIpeACTaBAeHBI
CyIlleCTBeHHO MeHbIlle. HoBu3Ha HaCTOSIEro MccAeloBaHUs 3aKAIOYaeTCsd B PacCMOTpPeHNN
mpoOaeMbl TMOKOTO 3Taka IPUMEHNUTEAbHO K IIepeKpecTHO-CTEHOBBIM CHCTeMaM C
MapaMeTpMJYecKM  BapbMpOBaHMEM  II1aHOBOJ  KOMIIOHOBKM CT€H, YTO IIO3BOAsET
cpopMUpOBaTh IpaKTUIeCKIe BEIBOABI 4151 IIPOEKTUPOBAHIS XXUABIX 3AaHNUI B CEJICMOOITaCHBIX
paiionax Kasaxcrana.
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B nacrosmeit pabote B kauecTse 0ObeKTa MCCAeAOBAHI IPUHATO TUIIOBOE MOHOAMTHOE
>Ke21e300eTOHHOe >KI1A0€e 3JaHe-IIPOTOTUII IlepeKpPecTHO-CTeHOBO CHUCTeMBI C IIOKIM IIePBBIM
DTa>KOM.

Lleap mccaeaoBaHMS — YMCAEHHO OLIEHUTH BANSHIME IL1aHOBONM PacCTaHOBKU (A40AM)
HeCyIIVX CTeH Ha CeMICMIIeCKIII OTKAVK MOHOAUTHOTO >Ke1e300eTOHHOTO 3AaHILsI IIepeKPeCTHO-
CTEeHOBOJ CMICTeMBI IIPY HaANIMM I'MOKOTo IIepBOro dTaxka A4s yCAOBMII cericMuaHocTi 7, 8 u 9
6aa40B.

AA5 AOCTUKEHUs LIeAU TTOCTaBAeHbI CAeAyIOIIye 3alaqn:

1. CdopmuposaTh HIpPOCTpaHCTBEHHBIE pacyeTHbIE MOAEAU 3J4aHMS IIPY HEeU3MEHHBIX
reOMeTpMYecKMX ¥ MaTepMadbHBIX XapaKTepUCTMKaX ¥ Pa3AWdHON JoJe Hapy>KHBIX
MPOAOABHBIX CT€H B OAHOM 3 IAaBHBIX HaIlpaBAeHMNI];

2. BBINOAHUTL CIIEKTPaAbHBII pacdyeT CeiCMUYeCKUX BO3AENICTBUII B IIpOrpaMMHOM
koMmraexce AVIPA-CATIIP o aanusim CIT PK EN 1998-1:2004/2012 (2017);

3. ComocraBUTh BapMaHTHl II0 MaKCUMMaAbHBIM TOPU3OHTAABHBIM Il€peMeIeHVsIM,
IIOKa3aTeAl0 peryAsapHOCTU B IlAaHe, STa’KHBIM CABUTAIOIINM YCUAMAM M DTa’KHOM SKeCTKOCTH
(HTII PK-08-01.2-2021, 2024);

4. YcTaHOBUTH 3aKOHOMEPHOCTM BAMSHUSA KOMIIOHOBKM CTE€H Ha IIOCTYIIaTEABHYIO U
TOPCMOHHYIO COCTaBASAIOIIVIE OTKAVKA U Ha paclipejeAeHue YCUANI 10 BBICOTE.

uTepaTypHbIii 0030p

Onpedeaetiue 2u0K020 aMAXA U HOPMAMUGHDIE KPUTHEPUU

I'mbxmit srax (soft storey) — ypoBeHb 34aHNMS C CyIIeCTBEHHO IIOHVIKEHHOV OOKOBOI
SKECTKOCTBIO OTHOCUTEABHO BBIIIIEA€KAIIUX DTaXKell. DTO BhI3bIBaeT KOHIIEHTpanuio JepopMariuii
Ha OJHOM YPOBHE, POCT MEXDTaKHBIX IIepeMeIeHNl, I11acTUIecKue ITOBPEeXAeHNs
BepTUKAABHBIX 91€MEHTOB I MeXaHM3M Pa3pyIIeHIs TUIIa «DTa>KHOTO IITapHMpa», TIOBBIIIAs PYUCK
A0KaAbHOTO pa3pylieHus u mporpeccupyiomero obpymenns. ITo HTTI PK-08-01.2-2021 (2024)
IMOKMM CYUTAETCs DTaK, €CAM ero ODOKOBasl »KecTKOCTh <70 % >KeCTKOCTU BhIIIIeAe>KaIllero sTaxka
anbo <80 % cpeAHell >KeCTKOCTU Tpex dTaxkeil Boile. Kpurepuit y206eH Aas maeHTHdMUKaum
BEPTUKAABHOI HEPEeryAsSpHOCTM, OJAHAKO HeOAaronpysTHas peakLVsl BO3MOXKHa M IIpU
¢popmaasHOM CODAIOAEHUM TIOPOTOB M3-3a KpYYeHIs, IlepepaclpejeleHNs] YCUAWA U
IIPOCTPAHCTBEHHOM pabOTHI CTeH, 0COOEHHO TP CAOKHOI I11aHIPOBKe 1 KPYITHBIX IIpOoeMax.

Ipuvunovr popmuposarus 2udx020 ImMaxa u NPAKMu4ecKue nocAedCmasusl

Hanbozaee yacras nmpmymHa IMOKOrO ®Taka — apXMUTEKTYPHOE «pPacKpBITHE» YPOBH:
(0OBIYHO IIepBOIO) 110/ IapKOBKY/KOMMEPIIUIO/BXOAHBIE IPYIIIBL. Y1CA0 CTEH U 3aIl0AHEHUIT
YMEHbBIIIAeTCsl, TOTAa KaK BepXHUe DTa’kM OCTaloTCsa OoJee SKeCTKUMM, 4YTO ($opMupyeT
BBIPa’keHHYIO BepTUKAaAbHYIO HepeTyAsSpHOCT U KOHIIEHTpauuio JepopMaIiuii BHU3Y 34aHNs.

B o63opnoit pabore Abidi & Madhuri (2012) ormedeHO, uTO TMOKMIT DTA>K TUIINYEH AAS
BBICOTHBIX 3J4aHUII C OTKPBITHIM IIEPBLIM YPOBHEM; CHIDKeHNe >KeCTKOCTH BeJeT K PpOCTy
IepeMeleHniT 1 nospexxAaeMoctyt. Hanboaee pesyabTaTmBHOM Mepoli KOMITEHCAIIMM Ha3BaHEI
CTeHBI >KeCTKOCTY, TIOBBIIIAIOIINe IIPOCTPaHCTBEHHYIO KeCTKOCTh U yAy4JINaloIye pacrpeeleHue
YCUAUIA.

Yucaenmvie uccaedosanus 2u0K0z0 amaxa 6 KAPKACHHLIX CUCTEMAX

boapmmHcTBO  MccaejoBaHMIT  TIOCBAIEHO — >KeAe300eTOHHBIM — KapKacaM, — TIJe
HeperyAsSpHOCTb BO3HMKaeT 3-3a OTCYTCTBI:I 3allOAHEHMI, M3MEHEHNs BBICOTHI DTaKeil 1A
AOKaABHOTO 0OcaabAeHns DAeMeHTOB; OOBIYHO OIIeHMBAIOT IIepeMeIleHNs], DTa’KHEIe
CABUTAIOIIMEe YCUANS U JKeCTKOCTb.

Shabla et al. (2024) cpaBHMAM MepPBI CHVDKEHVS BAVSHMS TMOKOTO IIEPBOTO DTaXka: CTEHBI
JKeCTKOCTHM, CBSI3eBble CUCTeMBI, yCUAeHHble KOAOHHBI 1 Bs3KMe JeMIIpepbl; CIIeKTpaAbHBIN
pacdeT I10Ka3a/, YTO TMOKUII BTaK pe3Ko yBeAndnBaeT JepopMmanny, a Handoaee 9pPeKTUBHEI
CTEHBI >XeCTKOCTU IIpM palyoHaAbHOM pasMerneHnu. Sharma et al. (2016) nHa mogean G+10
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IIOKa3aaAy, 4To Haumboiee HeOAarompysATeH TMOKMII DTa’K Ha IIe€pBOM YpOBHE; IIpU IepeHoce
HeperyAsSpHOCTH BhIIIe HeraTusHbIN 3 PeKT ymeHsbIaercs (Sharma & Phuke, 2025).

Hecmpyxmypiivie komnorenmut u IKCHAYAmMayuoHHas npuzooHocmo

Pesaralanka et al. (2023) moxaszaau, 4To ruOKuit 9Ta>k yCUAMBaeT He TOAbKO IIepeMellleHIs
Ha YpOBHE HeperyAsSpHOCTH, HO U YCKOPEHNS ITePeKPLITU, ITOBBIIIAs CIIPOC Ha HECTPYKTYPHBIE
KOMIIOHEeHTHI. lloA4epKHyTO, dTO yIpOIlleHHble HOpPMAaTMBHBIE 3aBUCMMOCTM  MOTYT
HeAOOIIeHNBATh MMKU YCKOPEHMII 1 aMIANQUKaINIO B 30He TMOKOTO BTa’ka, II03TOMY OIleHKa
AO/’KHA YUINUTHIBATh U DKCILAyaTallMIOHHYIO IIPUTOAHOCTb.

Cmenvl xecmxocmu: aPPexmusHocmn u pasmeujerie 6 naaHe

OPPeKTUBHOCTL CTE€H >KeCTKOCTM OIpeAeAseTcs He TOABKO WX HaAWdueM, HO U
pasMellieHNeM, BAUSIONINM Ha KpydeHIe U IIPOCTPaHCTBeHHYIO paboTy. Vagestan et al. (2026)
IIOKa3aAy, 4TO pasMellleHMe CTeH IO yriaM yaAydIlaeT AMHaMMUJecKye XapaKTepUCTUKU I
Iepepaciipejel€eHne YCUANIT 110 CpaBHEHMIO C BapMaHTOM 0e3 CTeH, 0AHAKO MOXXeT MEeHATDh U
AOKaZbHO TIIOBBIINIATh YCUAMSA B DJAeMeHTax, 4To TpeOyeT KOMIIAEKCHOI MHTEepIIpeTaIiu.
Khudhair (2019) Taxoke ycTaHOBNA CyIIleCTBeHHOE CHYDKeHIe IlepeMellleHNi1 TPV BBeAeHNM CTeH;
Hanboaee >PPeKTUBHEI PeIleHILs] C IAPOM U YIAOBBIMU 30HaMIL.

ITpoemut u céasaritivie cmetot

Preetham et al. (2023) moka3zaamu, 4ToO yBeAndYeHUE AOAU IIPOEMOB B CT€HaX >KeCTKOCTU
MOXKET YMEHBIIIATh IIepeMeIlleHIs, HO OAHOBPEMEHHO IIOBBIIIATh DTAa’KHBI CABUT, KPYTSAIINIA
MOMEHT U 13TM0aIoIIie MOMEHTE, a TaK’Ke YCUANSA B IPUMBIKAIOITNX KOAOHHAX; 3HAYNUT, OIleHKa
AOZ>KHa OBITh MHOTOKPUTEPUAABHOM. /A CTEHOBBIX CUCTEM Ba)KHa paboTa CBSI3aHHBIX CTEH
(coupled shear walls): Bhunia et al. (2013) mpeaaoXxmam ImOAXOZA K IIPOEKTMPOBAHUIO C
obecrieyeHreM I11aCTMYHOCTU U DHepropaccessHus; Bepudukanusa Ha 20-5TaXKHO MoAeAu U
cornocrasaerne ¢ SAP/DRAIN-3DX gaam mpuemaemble pacXoXAeHmst mopsigka 5-10 %,
OTMe4eHO BAVAHINE YCAOBIUII 3aKpeTl1eHsI OCHOBaHIL.

[lybamKanmm COTrAacoBaHHO IIOKA3BIBAIOT: TMOKMII 9Ta’K BBI3bIBaeT KOHIIEHTpPaIMIO
HepeMeleHuit 1 gepopManuii Ha ypoBHe HeperyAspHOCTY; Haubolee KPUTUYEH TMOKMIT DTaxK
B HIDKHEN 4acTy; CTEHBI JKEeCTKOCTM IIPU palMIOHaAbHOM pa3MelneHuy »(pQeKTUBHee BCEro
CHIDKAIOT JedopMalumy U KpydeHMe; IpPM DTOM YyAydIleHNe IO IlepeMeIeHNMsIM MOXKeT
COIIPOBOXAaThcs pocToM ycmanii (Shabla et al., 2024; Sharma et al., 2025; Pesaralanka et al., 2023;
Vagestan et al., 2026; Khudhair & Mouli, 2017; Preetham et al., 2023).

OaHako OCHOBHasl Macca McCAeAOBaHNII OpMEHTHpOBaHa Ha KapKacHBIE CXEMBI, TOTAa Kak
AZSI CTEHOBBIX, B TOM UIIC/€ ITepeKPeCTHO-CTEHOBBIX, CUICTEM BAUSHIE I11aHOBON KOHpUIypanmum
CTeH M MX CBSI3HOCTM Ha TOPCUOHHYIO peaKINIO ¥ PeryAsSpHOCTb U3Y9IEeHO CYIeCTBEHHO MeHbIIIe.
D710 060CHOBBIBAET aKTyaAbHOCTD YNCAEHHOTO JCCAeAOBaHNS BAMSHIA BapMaHTOB PacCTaHOBKI
CTeH B I11aHe Ha OTKAUK CTEHOBOM CMCTEMBI C I'MOKUM IIepBBIM BTa’KOM IIO ITOKa3aTeas M
IepeMeIleHil, peryAsIpHOCTU B I1AaHe, BTaKHBIX YCUAUI U DTa>KHOM >KeCTKOCTU B YCAOBUAX
CelICMIYHOCTH 7-9 6aa410B, XapaKTepHBIX 4451 KazaxcraHna.

MATEPNAABI 1 METOABI NCCAEAOBAHIS

MccaeaoBanme  BbIOAHEHO B (GOpMe  UNMCJAEHHOIO  pacyeTHO-aHaAUTUYECKOTO
MOJAeAVPOBaHMS C UCIIOAb30BaHMeM IIpocTpaHcTBeHHON 3D-mogean B I1IK ANMPA-CAITIP 2024.
PacueT >xe1e300€ TOHHBIX 91€MEeHTOB IIPUHAT B cooTBeTcTBUM ¢ Tpebosanmamu CIT PK EN 1992-
1-1:2004/2011 (2025), a Harpyskmu m codetaHms B cooTseTcTBum c Tpebosanmamu CIT PK EN
1990:2002+A1:2005/2011 (2025). CeiicMmuyeckoe BO3A€IICTBIE 3a4aHO 110 HAIIMIOHAABHON BepCUN
Eurocode 8 (CIT PK EN 1998-1:2004/2012, 2017) u 6a3osomy cranaapty EN 1998-1 (CEN, 2004).
Kpurepun onienkn peryaspHoctu B riaade npuHaAts o HTTI PK-08-01.2-2021 (2024).

HoBusHa paOoThl 3aKA109aeTcsl B IapaMeTpUIecKOM COIIOCTaBAe€HU BapVIaHTOB CTEHOBOII
(IepexpecTHO-CTeHOBOI) CUCTeMBl IPM HaAMYMM TI'MOKOTO (OTKPBITOIO) HEPBOrO BTaxXka C
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KOAVMYIECTBEHHOJ OLIEHKOJ PeryAspHOCTM B IlAaHe U paclipeAeAeHMs yCHUANII/>KeCTKOCTH, ITO
I103B0AsIeT ODOCHOBaTh IHpaKTHYeCKue peKoMeHJalMy II0 palyOHaAbHOM — I1AaHOBOIM
KOMIIOHOBKe CTeH B celicMoonacHbIX parioHax KazaxcraHa.

3.1 Obvexm uccaedosarus u KOHCHPYKMUEHASL CXeMa

OOBEKTOM WMCCAEAOBAHUS SIBASETCS TUIIOBOE MOHOAUTHOE >XKe/A1€300€TOHHOE KIA0€
3AaH1e-IIPOTOTUII HePeKPeCcTHO-CTEeHOBOM KOHCTPYKTUBHONM cucTeMbl. llepBblit HaA3eMHBIN
9Ta)K IMPUHAT TMOKMM, TO €CTh C IIOHVIKEHHOJ OOKOBOJI >KECTKOCTBIO BCAEACTBME OTCYTCTBII
Hapy>KHBIX IIPOAOABHBIX CTeH. B mocaeayiomux BapuaHTaX B HeCYIIyIO CHUCTeMY ITO®TarHO
A00aBAAANCH Hapy>KHBbIe IIPOJOABHbBIE CTEHBI B HaIIpaBAeHUM OCU X, UTO IIO3BOAMAO OLIEHUTH
BAVSHIE CTEIIeHU MX [11aHOBOTO MIPUCYTCTBIUS Ha ITapaMeTpPhl CEIICMITIECKOTO OTKAMKA.

ITaan 3aaHMs TpAMOYroabHbIii 35 % 14,6 M. BeicoTa nnepsoro sTaka 4,5 M, BbICOTa TUIIOBOTO
sraxa 3,0 M. DtaxkHOCTh 3gaHus: B1+G+5 (6 Hag3eMHBbIX DTaxkeit U 1 110A3€MHBIIL).

3.2 Pacuemtivte apuarimot modereti (napamempuyeckoe cpasHeriue)

Karouesrle mcxogHble JaHHbIe, MHPUHATHIE AOIYIIEHUS U HOPMAaTUBHBIE OCHOBaHUS
pacueTa (0OOBeKT, BapuaHThl Mogeaelt A-D, MaTepmaabl, HarpysKky, mapaMeTphbl CeliICMIYeCcKOro
BO3AENCTBMST M KPUTEPUM OLIeHKHU) CBedeHbl B Tabamily 1, 4To oDecrieunBaeT O4HO3HAYHOCTD
MeTOAMKM U BOCIIPOU3BOAVMOCTD pacdyeToB.

Ta61u/1ua 1. MCXO,ZI,HI)IG AaHHBIE I MeTOAMKa YMCA€HHOTO 11CCAeA0BaHIsA

baok ITapamerp IIpunsATo B uccaesoBaHUN

Tubkmm 1-1 »rax;, Jgasee —

Tun 3aannsa (MonoautHoe Kb
N Io®TallHOe JAo00aBAeHNe Hapy>KHBIX

34aHVie CTEHOBOI CUCTEMBI)

O0OBeKT 1 cxeMa IPOAOABHBIX CTEH IO ocu X
I'TaaH, rabapuTsl 35x14,6 m
Bricots! aTaxkein 1-11 oTaxk: 4,5 Mm; Timosoit aTaxk: 3,0 M
Mogear A (0% Hapy>XHBIX Puc. 1
IPOAOABHBIX CTeH 1o ocu X)
Mogear B (20% Hapy>kHBIX Pric. 2
. IPOAOABHBIX CTeH 1o ocu X)
Bapuanrter Mogeaent
Mogear C (40% Hapy>KHBIX Puc. 3
IPOAOABHBIX CTeH 1o ocu X)
0
Mogear D (60% Hapy>xHBIX Puic. 4

IIPOAOABHBIX CTeH 110 ocu X)
Marepuaast Xb (6eron C25/30;
apmarypa A500) (CII PK EN

HpI/IH}ITO OAVIHAaKOBO A BCeXx

v 1992-1-1:2004/2011, 2025) Moagaen
arepraapti dyngaMeHTHas IAUTa t=600 MM
DAE€MEHTBI
Hecymiue crenst t=250 1 300 mm
ITauTer HePeKPLITUI u £ =200 M
ITOKPBITIL
Mcmoabs30BaHbl OAMHAKOBO A5 BCEX
Harpysku 1 couetaHms N
Harpyskm u couetanms MoAeaen
(CIT PK EN ITocrosinHas Harpyska Ha o4 | 0,15 1/m?2
1990:2002+A1:2005/2011, |BpemeHnnas Harpyaka KaT. A 0,20 1/m2
2025) BpemenHas Harpyska kar. B 0,20 T/Mm?2

Bpemennas narpyska kat. D 0,40 1/m2
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Oxkonuanne tada. 1
baok ITapametp IMpunsTo B uccaejoBaHUU

Metoa pacuera: CIIEKTPaABbHBII
(ciextp peaxuum) (CEN, 2004;
CII PK EN 1998-1:2004/2012, 2017)

Peaanzosan B I1IK AVMPA-CAIIP 2024

CelicMMKa 11 METO, PaccMoTpenHble OBHI
N P yp 7,8,9 6aaaos
pacuera CeVMICMMYHOCTI
76 - 0,20g;
PacueTtHsnie TOPM30HTa/bHBIE
86 —0,30g;
YCKOpEeHUs
96 - 0,65¢g
MakcumaabHbIe DTakHble | MakcMaabHbIe TOPV30HTaAbHEIe
repeMenieHnsI CMeIIeHVST Ha YPOBHSIX DTaXKell

TTokazaTteau orieHKU
(HTII
PK-08-01.2-2021, 2024)

PeryasprocTs B 111aHe
(KPVITePVIﬂ 6kmax n 6kav)

Iopor:
<10% — peryaspnasi;
10-25% — ymepeHHO HeperyAsipHast

DTa>KHbIe cABUTaOmye yCmAams

Storey shear Ha ypoBHsIx sTaXKei

DTaxKHas JKeCTKOCTh 1 IIPU3HAK
rMOKOro DTaxka
(HTII PK-08-01.2-2021, 2024)

Ourenka
SKEeCTKOCTSIM ypOBHsI (COIIOCTaBAeHME
C BBIIIIEAEKAII[UMU DTa>KaMU)

I10 OTHOCUTEAbBHBIM

ITpumevanne mo
poreaype
peryAsipHOCTI

/luHeNHbIN pacyeT Ha OCHOBE
pacyeTHOrO CIIeKTpa peaKLn
(HTII PK 08-01.1-2017, 2017)

HPUM@H&IHU@ — COCMABAeHOo asmopamu

PucyHok 1. a) pacyeTHast cxeMa — MOJeab A,
0) TepBBI 9TaX, B) TUIIOBOM DTaXK.
Ipumeuariue — cocmasaeno asmopamu

Pucynok 3. a) pacuetnas cxema — Moaeasn C,
©0) IIepBHIIT 9TaX, B) TUIIOBOM BTaXK.
IIpumeuariue — cocmasaeHo agmopamu

6)

a) 6) I ”
‘ B)

PucyHOK 2. a) pacyeTHast cxeMa — MoJeas B,
0) TIepBEIN 9TaX, B) TUIIOBOM BTaXK.
Ipumeuariue — cocmasaeno asmopamu

a) 6)
‘ n‘)

Pucynoxk 4. a) pacyeTHast cxeMa — Mogeas D,
0) TIepBBIN 9TaX, B) TUIIOBOM BTaXK.
ITpumeuarue — cocrmasaero asmopamu
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B pacuernHoii TOCTaHOBKE WPMHATHI CAeAylOIiue JOIYyIIeHMs W IapaMeTphl
MOJAeAMpPOBAaHMS: IpOCTpaHCTBeHHasd pabora 3J4aHMsA MoJeaAMpoBadach B  AMHEIHO-
CIIEKTPaAbHOI IIOCTaHOBKE; IIEPEKPHITVS U IOKPHITUE B IIpejelax dTaXka IPUHUMAANCh KaK
JKeCTKMe AVICKM B CBOEN IIAOCKOCTH, oOecIieduBalOIlyie COBMECTHYIO paboTy BepTMKaAbHBIX
HeCyIIMX DJAeMEHTOB; yCAOBUA 3aKpeILleHNs OCHOBaHNA 3aAaBaAliCh Ha YPOBHE IIOAOIIBBI
pyHAaMeHTHON IIAUTH B BHUAe YIPYIOTO OCHOBAaHM:A C COOTBETCTBYIOIIMMI pacdeTHLIMU
XapaKTepUCTMKaMIL; pacdeTHOe celicMMJIecKoe BO3JeliCTBIe 3a4aBaloch IO CIIeKTPY peakliun B
cootserctBun ¢ CII PK EN 1998-1:2004/2012 aas rpyntos III xaTeropmm; xosdduumeHt
AeMIIpUPOBAHII IPUHNMAACS PaBHBIM 5 %; KOMOMHAIIN MOAAABHBIX (POPM BBITIOAHAAACH IIO
npasuay CQC; umcao yuuteiBaeMbIx (popM KoAeOaHMII MPUHMUMAAOCh AOCTAaTOYHBIM AAs
KOPPeKTHOIO yJeTa MOJaAbHOIO BKAaJa B Ka’K40M 13 TAaBHBIX HaIlpaBAeHUIA.

Kpurepuii peryaspruocru no n. 3.2.1 HTIT PK-08-01.2-2021 (2024) npuHAT caeAyrOImuM
00pa3oM: KOHCTPYKTUBHAsI CXeMa CIMUTAeTCsl PETyASPHOI B I1aHe, eCAN Pa3ANIne MeXKAY Symax
U Syqp (110 HAIIpABAEHMSM IAaBHBIX TOPM30HTAABHBIX OCel), OIIpeAeeHHBIMU 110 pe3yAbTaTaM
AVIHEITHOTO pacyeTa Ha OCHOBE PacyeTHOTO CIIeKTpa peakuu B cootseTcTsun c 1. 4.2.5 HTTI PK
08-01.1-2017 (2024), ue mpessimmaet 10 %; mpu npesbrmernn 10 %, HO He 6oaee 25 %, cxeMa
OTHOCHTCS K yMEPEHHO HEPETYASPHBIM.

PE3YABTATHI 1 X OBCYXXAEHUE

B pasaeae mpuBeAeHBI pe3yAbTaThl YNMCAEHHOIO pacdeTa U BBIIIOAHEHO COIIOCTaBAEHIE
CeICMMUYECKOr0 OTKAMKa 3JaHus AAsl Mogeaeit A-D B ycaoBusx ceiicMmudeckmnx 30H 7, 8 m 9
6azs1108. MogeAn pa3AMJaloTcs A0Aell Hapy>KHBIX IIPOAOABHBIX cTeH B Harpasaernu ocu X (0 %,
20 %, 40 %, 60 %), 4TO MO3BOASIET OLIEHUTH BANSIHIE I1AaHOBOM KOH(PUIypanuu CTeH Ha

IepeMeneHmnsi, peryAspHOCTb B I11aHe, DTa’KHble YCUAVIST U1 JKeCTKOCTb.

4.1 Dmaxnvie nepemenerus

Ha pucyHnke 5 mokazaHbl TOpPM30OHTaAbHbIe IIepeMellleHNsI Ha ypOBHe IepBOro sTaxka 441
Mogeaeint A-D B sonax 7, 8 m 9 Gaaaos. HaGarogaercst ycroitamsast TeHAEHIIMA: MoJeab A
AEMOHCTpUpYeT HanboAbIlNe IlepeMeIenns, a Modeab D — HamMeHbIINe, 9TO COOTBETCTBYET

pocry OOKOBOJ K€CTKOCTI IIpu ypeanmdeHnmnm 4041 1IpoJ0AbHBIX CTEH.

4,00
3,22
3,00 ]
2,50
2,00
1,50 122

1,00 0,81

ITepememenne (MM)

0,50

0,00
Moznens A Mozens B Moznens C Mozens D

B CeiicyuriHocTh 7 6amnos B CeifeMirTHOCTE 8 Ganmos  H CelicMEIHOCTS 9 Gannos

Pucynok 5. CpasHeHIe TlepeMellleHNi1 Ha yPOBHe IIepBOIo 9TaXka AAs pa3AUIHBIX MOAeAei
ITpumeuanue — cocmasaero agmopamu
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Murepriperanusi pe3yAbTaToB OCHOBAaHA Ha CAEAYIOIEN IPUIMHHO-CAEACTBEHHOI
CBS3U: yBeAUYEHNe A0AY IIPOAOABHBIX CTEH IIOBBIIIAET IIPOCTPaHCTBEHHYIO OOKOBYIO JKECTKOCTD
UM YMEHBIIaeT KPYTUABHYIO COCTaBASIOIIYIO, UTO IPUBOAUT K CHIUKEHMIO T'OPM3OHTAABHBIX
IlepeMeleHniT 1 U3MEHsET paclpejeleHre DTaXKHBIX yCUAUII IO BbicoTe. [Ipu »TOoM poct
JKeCTKOCTM 3aKOHOMEPHO COIIPOBOXKAAETCS yBeAMYEHUEM BOCIPUHUMAEMBIX CHCTEMO
MHEPLIVIOHHBIX CUA (DTaXKHBIX CABUTIOB), OCOOEHHO B HUKHUX YPOBHSIX.

O06oO1IeHne BBISIBAEHHBIX 3aKOHOMEpPHOCTell 1O ModeasMm A-D (mepemerienus,
PEeTyAsSpHOCTD B ILAaHe, DTa’KHble YCUAMS M SKECTKOCTb) M MX MH)KEHepHas MHTepIIpeTallls
HIpUBeAEHbI B TabAuIe 2, Ha KOTOPYIO CAeAyeT OPMEHTUPOBAThCS TP GOPMYAUPOBKE UTOTOBBIX

BBIBOJAOB.

Tabamia 2. CBogHasi MHTepIIpeTalus nosedeHus Modeaeit A-D (1o puc. 5-11)

o Mogaean A Moaeas B Mogaeas C Moaean D
OKasareab
(0 %) (20 %) (40 %) (60 %)
HamnbGoaee nebaaronpu-
ITo oTaeapHBIM
SITHAsI TIO COBOKYITHOCTH
. YPOBHAM I1pu 9
ITOKa3aTeJell; Ha ypOBHe
Oazax BbILIIE,
IIepBOTO DTaXKa —
yem y Mogean A | Huoxe,
Ilepemenenns | MakcuMaAabHbIe (puc. 5), MunnmaabHbIE
J3(0) yem y A-B
IIPU DTOM II0 OTAEABHBIM .
IIOCTyIIaTe AbHOM
YPOBHAM IIpu 9 Gaaaax .
COCTaBASIIONIEN
HIDKe, 94eM y Moaean B
(puc. 6)
(puc. 6)
>25 % (HeperyasipHasi, <25 %
PeryaspHocTs (seperyasp <10 % <10 %
KpyTUABHO- (ymepeHHO
B I11aHe (peryaspHast) (peryaspHast)
rogarausas) (puc. 7) HeperyAsipHasi)
BDraxkHble MakcumaabpHble
MuHnmaasHbIE
CABUTAIOLI Ve ( 8-9) Boimre, uemy A |Borre, uemy A | (ocobenHO ipu
uc. 8-
yCUAVS p 9 6aaaax)
DraxHas MusnmasapHas
Brime, yem y A |Boimie, uemy B | Makcumaarsnas
JKeCTKOCTh (pmc. 10-11)
IMpusnax Ki = 64 % BBIpaskeHHOe
P P Ocaabaenne Ocaabaenne Ocaabaenne
IMOKOTO CHVDKEHIIE SKeCTKOCTY
CHVIKaeTcst KOMIIEHCUPYETCsl | KOMIIEHCUPYETCsI
TaKa (puc. 11)

Hpumeuaﬂue — COCMABAEHO asmopamu

Ha pucynke 6 (a—B) mpejcTaBaeHbl MaKCUMaAbHbIe TOPM3OHTAaAbHbBIE ITepeMeIleHNs 10
BBICOTe 34aHM:. MUHNMMAaAbHbIe 3HaUueHMsl YCTOIYMBO XapaKTepHHI 445 MoAeau D, Toraa Kak mpu
Bo3JeiicTByM 9 6aaa0oB Hamboablllee 3HaueHNUe IIepeMeIleHMII IO OTAE€ABHBIM YPOBHAM
Puxcupyerca y mogean B. Caeayer oTMETHUTB, 9TO B OTAEABHBIX CAYJasX IIepeMeIeHIsI MoAeAN
A OKa3pIBaIOTCS HIDKe, 4eM y MoJean B. JaHHBIiT pesyabTaT He cAelyeT MHTepIIpeTUpOBaTh KakK
Oosee OaarompuATHYIO paboTy Mogeam A, TIOCKOABKY OH MOXeT OBIThb CBA3aH C
IepepaciipejeJeHrieM OTKAMKa MeXKAY IOCTyIaTeABHONM M KPYTUABHO COCTaBASIIOMIMMI IIPU
BBIpa’keHHOJI II1aHOBOI HeperyAsapHOCTI. B pamkax HacTosIero mccaeAosaHns 5ToT dPp¢eKr
paccMarpuBaeTcsl  KaK ~ KOCBEHHOe — IposBAeHNe  HeOAarOmpUATHOM  TOPCHOHHON
9yBCTBUTEABHOCTI MOJAeAM A, TOrja KaK ero OKOHYaTeAbHOe KOANYECTBEHHOe ITOATBEP KAeHe
TpeOyeT aHaAM3a CIIeLIaAbHBIX ITOKa3aTeAell KpyJeHIs.
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PycyHOK 6. PesyabpTarsl MaKCMaAbHBIX IIepeMellleHN I 4451 pasHbIX Mogeaei A-D:
a) 7 baaa08; 0) 8 6aa408; B) 9 6aa10B.
ITpumeuanue — cocmasrero asmopamu

Brisoa o m. 4.1: yseandeHnne 4041 Hapy>KHBIX IIPOAOABHLIX CT€H NPUBOAUT K CHVYDKEHMIO
IepeMeIeHNnIit ¥ CTabuAN3anyy OTKANKA; IIPY Mal0li A04e CTeH BO3pacTaeT poAb KPydeHILs, ITO
yXyAILlIaeT IpeACKa3yeMOCTb ¥ paBHOMEPHOCTL paOOTHI CHICTEMBL.

4.2 Pezyasprocmo 6 naate

Ha pucynke 7 (a-B) mpuseeH IIOKazaTeAb OTHOCUTEABHOIO pa3AM4Ms IepeMeIleHNit

KpaifHMX TOYeK IIepeKPhITIS (KpUTePIUil peryAspHOCTH B ILAaHe).

a) 25000 6) 25000

20,000 20,000

15,000 15.000

10,000 10.000

5.000 5.000
l | - = - - I | = - - -

0,000 - 0000
[} 1 2 3 4 5 6 0 1 2 3 4 5 6
®MozemmA 8333 42356 41111 40294 40282 40838 42044 mMozensA 3,065 42372 41,009 40321 40288 40838 42037
EMozesB 10372 12.900 12952 12,753 12654 12564 12472 EMozers B 10,601 13121 13.052 12.803 12654 12564 12481
MozemC 0307 3,801 2041 1389 1064 0885 1272 MozemC 0408  3.906  2.045 1235 0946 0982 1273
=MozemsD 0321 3152 1838 1015 0977 0814 1124 "MozensD 0000 2893 1724 1017 0911 0976 1124

B) 25000
20.000
15.000
10.000
5,000
- I | ] - - |
1 2 3 4 5 6

0.000
0

®Mogzerm A 7.870 42428 41213 40404 40350 40924 42,153

®Mozens B 10410 13,057 13.087 12.864 12,731 12.654 12416
Moaens C = 0.362 3.846 2.045 1182 0,958 0.885 1.145
=Moxens D 0.189 3.137 1.762 1,140 0,878 0.971 1,261

PucyHoxk 7. ITokaszateasb peryAsipHOCTH B I1AaHe A4s1 Moaeaeit A-D:
a) 7 6baaa08; 0) 8 6aaa08; B) 9 Gaa10B.
IIpumeuarue — cocmasaeHo asmopami

Moaeas A AeMOHCTpHUpYeT IpeBbleHne 25 %, 4TO COOTBETCTBYeT BEIPa’kKeHHOI I11aHOBOI

HEePeryAsSpHOCTU U KPyTUALHO-TIOAaTAMBOMY XapaKTepy paboThL.
Mogean B ocraercs B mpeaeaax 40 25 %, TO eCTh OTHOCUTCS K YMEPEHHO HeperyAspHBIM

cxXemMam.
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Mogean C u D yaosaersopsior Kputepuio <10 %, 4To yKasblBaeT Ha IIlepexod, K
peryaspHoOi cxeme c 0OoJee paBHOMEPHEBIM paclipejeleHMeM >KeCTKOCTM MU CHIVDKeHVeM
TOPCUOHHOW peaKIUL.

BriBoa 1o 1. 4.2: g00aBAeHMe IPOAOABHBIX CTEH IO OcM X He TOABKO IIOBHIIIAeT OOIIYIO
JKeCTKOCTb, HO M BBIpaBHMBAeT >KEeCTKOCTHOe II0Ae B I1AaHe, yMeHbIas SKCLEeHTPUCUTET
SKeCTKOCTVI/MacChl U, KaK CAeACTBIE, CHVKas KPYTUAbHbIE 3P (EeKTHI.

4.3 Imaxcrvle cosuzaroujue Ycurus

Ha pucynke 8 mokasaHbl 9Ta’KHble CABMUTAIOIINe yCUANMA Ha ypOBHe IIepBOTrO ®TaXka, Ha
pucyHKe 9 (a-B) — MX paclpeieAeHre/MaKCMaAbHbIe 3HAUEHIIS 110 MOAeASIM AAs 7, 8 1 9 6aaa0B.

120.0

96.1

43,7
38.0 41,4
I I i I i I

Mogens C

100.0
80.0

60.0
47.0

40.0
21.4

14.2I

Mogens A

20

Casurarooupe ycuas (T)
[=]

0.0

Mogens B Moxnens D

B CeHCMHYHOCTE 7 6am1oB M CeHeMHIHOCTE 8 §aL10B CeHicMHIHOCTE 9 §aL1oB

Pucynok 8. IzMenenne 9Ta>kHbBIX CABUTAIONINX YCUAMI 445 Pa3AMIHBIX MOJeAeil Ha ypOBHe
IIepBOTO dTaxka
IIpumeuarue — cocmasaeHo agmopamu

PesyabTaThl 4€MOHCTPUPYIOT 3aKOHOMEPHOCTD: IPU YBeAUIeHUN A0AM ITPOAOABHBIX CTEH
(mepexog, ot A k D) Bo3pacTaloT BOCIpMHIMaeMble CIICTeMOI BTa’kKHble CABUTAIONINE YCUAUS,
ocobeHHO Ipu 9 6aaaax, rae Mogeans D nmokaspiBaeT MakcuMaabHble 3HaYeHMs1. [1py 9ToM Mogean
A xapakrepuayeTcss MUHUMAaAbHBIMU YCUAUSMIU.

a)s 0) s . - . B) s
7 7 - T 1 7
6 6 6
5 s 1+ i
g 4 E 41 2,
o 1)
3 3 3
2 2 1 2
1 1 1
0 0 0 T
0.0 100,0 200.0 300.0 400.0 0.0 100.0 200,0 300.0 400,0 0.0 100.0 200.0 300.0 400,0
Capuratomue yewmsa (1) Capuraromue yewma (1) Caguraronmue yenus (1)
—&—Mozes A —8—Mozaems B —&—Mozems A —8—Mozems B —&— Mozems A —8—Mozem B
~®—Monexs C —®—Moznem D ~—@—Monems C —®—Mozaets D ~®—Monems C —®—Monem D

Pucysok 9. Pe3yAbTaThl MaKCHMaABHbBIX YCUANIL A5 PA3HBIX Mogeaeit A-D:
a) 7 6aaaos; 6) 8 6aaa08; B) 9 6a110B
[Tpumeuarue — cocmasaeHo asmopamu
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Brisog mo 1. 4.3: Ooaee >xecTkas cuctema (Mogeau B-D) mpusaexaer 604b11yIo 40410
MHePUMOHHBIX (uA ¥ 9DPQeKTuBHee BOBAEKaeTCs B CONPOTHUBJAEHIE TOPU30HTaALHOMY
BO3AEICTBMIO, YTO IPUBOAUT K POCTY BHYTPEHHUX yCUAUI (OCODEHHO B HIIKHMX BDTakax).
CaeaoBaTeABbHO, IIOBBIIIEHNE XKECTKOCTY 3a CYET CT€H YMEHbLIIaeT IlepeMelleHns, HO TpebyeT
IIOBBIIIIEHHOTO BHUMAHMS K pacyeTHO HeCyIeil ClIOCOOHOCTY ¥ KOHCTPYMPOBaHUIO DA€MEHTOB
HIDKHUX DTaKen.

4.4 Imaxmas xecmkocmv u NPUSHAK 2ubK020 AMaAXa

Ha pucynke 10 mnpusegeHa 3TakHasi >KECTKOCTb Ha YpOBHe IIepBOTO 9HTaxXa.
MaxkcumaabHble 3Ha4eHMs XapaKTepHBl A4 Modeau D, MUHMMaAbHBIE — 445 Mojean A.
OrMmeueHHasl MHBaPMAHTHOCTb 3HAYEHMI A Pa3HBIX CeICMUYIECKMX 30H AOTMYHA: KeCTKOCTh
ompeJeAaseTca reoMeTpuerl M (PUIMKO-MeXaHMIeCKMMI XapaKTepMCTUMKaMM DJeMeHTOB, a He
YPOBHEM 3a4aHHOTIO BO3AeICTBISL.
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Pucynok 10. VzMmeHnenne >KecTKOCTH 4451 pa3AM4HbIX MOJeAell Ha ypOBHe IIepBOro TaKa
IIpumeuarnue — cocmasaeHo agmopamu

Ha pucyHke 11 (3—6) ITIOKa3aHbl OTHOCUTEAbHBIE ITOKa3aTeAl: OTHOIIIeHIEe >KeCTKOCTU
9Ta’ka K BpIIIieZe’XaleMy 1 K CpegHeEMY 3Ha9€HIMIO TpeX BhIIIeAe Kammx DTaXKe.
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Pucynok 11. OTHOocuTeAbHas STa’KHasI JKeCTKOCTb AAsI pacdeTHBIX Mogeaelt A—-D:
a) OTHOIIIeHMe KeCTKOCTH dTaxka K JKeCTKOCTH Bhllleleskalero staxa K;/K;.; 0) orHomleHue
JKECTKOCTH DTaXka K CPeAHETT SKECTKOCTY TPeX BbIIIeAeKaux sTaxent K; /K 1 iy3.
IIpumeuarue — cocmasaeHo asmopamu
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Aas Mogean A OTHOCKUTeAbHasI )KeCTKOCTh IIePBOIo dTaxka COCTaBAsIeT 64 %, 4TO yKa3blBaeT
Ha BBIpa’keHHOe CHIDKeHHe OOKOBOI >KeCTKOCTHM M IOATBep KAaeT IpU3HaKU (POpMIUPOBAHILL
I'MOKOTO BTaxka I10 IIPUHATOMY HOPMaTUBHOMY KPUTEPHUIO.

BriBoa 110 11. 4.4: IpM HeAOCTaTKe CTEH B HIDKHEM YpOBHe (MoZeab A) popMupyeTcs 30Ha
KOHIIeHTpanuu AepopMalinii ¥ IOBBIIIEHHOIO PUCKa IOBPeXAEHNII, TOrAa KakK yBeAndeHue
aoan creH (mogeau C-D) Brpictymaer »¢peKTUBHOI Mepoil «>KeCTKOCTHON KOMIIEHCALIVIN»,
OJHOBpPEMEeHHO yAy4lIllas peryAsapHOCTh B I1AaHe.

3AKAIOYEHUE

BrlmmoaHeHHOe YMCA€HHOE WCCA€AO0BaHME CEeICMUUYECKOTrO OTKAMKA MOHOAMTHOTO
>Ke/1e300€TOHHOTO 34aHMs IIePeKPEeCTHO-CTEHOBOV CUCTEMBI C TMOKUM IIEPBBIM HTa>KOM
I10Ka3a40, YTO 4051 HAPY>KHEIX ITPOJOABHEIX CTEH I10 OCU X OIIpeAeAsIOnI M 00pa3oM BANsET
Ha IlepeMellleHNs, TOPCUOHHYIO COCTaBASAIONIYIO, PeIryASIpHOCTD B I11aHe, DTa’KHble YCUANS U
JKeCTKOCTb IIpU BO3AeMCcTBUAX 7, 8 1 9 6aaa0B. TeM caMbIM Ileab pabOThHl — KOAMYECTBEHHO
OIIeHNTh BAUSHIE I11aHOBOJ KOMIIOHOBKM CTEH Ha KAIOUeBble ITapaMeTphl OTKAMKa — Oblaa
AOCTUTHYTA.

YcraHOBAEHO, UTO yBeAndeHne 404U MIPOAOALHBIX CTEH B 11€A0M IIPUBOAUT K CHV>KEHUIO
TOPU3OHTAABHBIX IlepeMeIlleHNiI U YMeHbIIeHUIO KPYTUABHOM peakuy; MMUHUMAa/AbHbIe
IepeMeleHNs yCTOMYMBO XapaKTepHEI 4451 Mogeau D (60%). [Ipu 9ToM 110 OTA€ABHBIM YPOBHAM
Ipu BO3JelicTsum 9 0aA410B MaKCUMa/bHBIE ITOCTyHaTeAbHbIe IlepeMelreHNns PUKCUPYIOTC Y
Mozean B, Toraa xak Mogeabr A ocraercsi Hamboadee He0AaronmpyATHON IO COBOKYITHOCTH
IIOKa3aTeJell peryAspHOCTH, JKeCTKOCTU M TOPCHOHHOM YyBCTBUTEABHOCTI.

ITo xpuTepuio peryAsipHOCTU B I1AaHe MOJeAb A sBAseTcsa Hanboaee HeDAarompUsATHOM
(mpespimenne 25%, KPYTUABHO-TIOAATAMBasl cxeMma), MOJeAb B coOTBeTCTByeT yMepeHHO
HeperyAsipHoIi (40 25%), Torda kak Mogeau C u D y20BAeTBOPSIOT KpUTepMIl pery AsIpHOCTH (40
10%). Ilpu ®TOM BBIsIBA€H Ba>KHBIN IIpaKkTideckmii dP¢eKT: pocT >XecTkoctu (Mogean B-D)
COIIPOBOKAAETCs yBeAdeHNeM STa’KHBIX CABUTAIONIUX YCUANI, 0COOeHHO Ipu 9 Gaaaax, 4To
TpeOyeT yCAeHHOTO KOHTPOAsI KOHCTPYKTMBHBIX pellleHMII HYDKHMX BTaxell. /JonoAHNTeABHO
IIOKa3aHO, UYTO A4S MOAeAN A OTHOCHUTeABHas SKeCTKOCTh IIEPBOTO DTaXkKa COCTaBAsAeT 64%, ITO
IIOATBEp K AaeT MpU3HaKU (pOPMUPOBAHIL TMOKOTO HTaxkKa II0 HOPMaTUBHBIM KPUTEPUSIM.

KOH®AMKT WHTEPECOB: ABTOpH 3agBAAIOT, YTO He UMeIOT (PMHAHCOBBIX,
aKageMMYeCKUX UAU AVYHBIX MUHTEPECOB, KOTOpPble MOTAM OBI ITOBAMTH Ha pe3yAbTaThl AaHHOTO
nccaeAoBaHs. Bee sTansr paboTHI BEITOAHEHB OOBeKTUBHO, 0€3 CTOPOHHETO BAVSHISL.

OVHAHCUPOBAHME: MccaejoBaHme BBIIIOAHEHO ©Oe3 IIpUBA€YEeHMs BHEIIHUX
ucrouyHukos ¢uHaHcuposanus. IIposejeHHEINI aHaams, cOOp MaTepraloB ¥ IIOATOTOBKA
PYKOIICHM OCYIIeCTBAEHBI aBTOpaMI B paMKaX X akageMIJIecKoll 1 HayYHO-1CcCAe A0BaTeAbCKON
AesITeABHOCTIL.

3ASBAEHUE Ob OAOBPEHMN MHCTUTYIIUMOHA/ABHBIM OSTUYECKUM
KOMMUTETOM (IRB): He npumennmo.

3ASJABAEHUE Ob MH®OPMINPOBAHHOM COI'1ACHUMN: He npuMeHNMoO.

3ASIBAEHUE O AOCTYITHOCTU AAHHBIX: JanHbie, moATBep KAaloliye pe3yAbTaThl
AAHHOTO McCAeAOBaHMs, IPeACTaBAeHbl B CTaThe.

BAATOAAPHOCTM: ABTOpHI BBIpaXkalOT IAyOOKYIO IIPpU3HaTeABHOCTh KOAJAeraM 3a
KOHCTPYKTMBHBIE ~3aMeYaHMsI, IIOMOIIb B YTOYHEHMM MeTOJOAOTMYECKMX TII0AXOA0B U
oOcy>KaeHMe pe3yAbTaToB MccaejoBaHMs. Taxke aBTOpH 0aarogapaT — COTPYAHUKOB
MexayHapoAHOlT 00pa3oBaTeAbHON KOPHIOpalyy M HayYHBIX KOHCY/AbTaHTOB 3a IOJAAEPKKY,
IIpeJoCTaBAeHNle MaTepyaloB I COAEVICTBME B OpraHM3alluy IIOAEBBIX MCCAeAOBaHUII Ha
Teppuropun ropoaa TypkecraHa.
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YBEAOMAEHUE OB MCIIOAb30BAHUM TEXHO/AOI'MIM MICKYCCTBEHHOI'O
VMHTEAAEKTA: B mnpoljecce NOATOTOBKM CTaTbU aBTOPBI MCIIOAb30BAAM MHCTPYMEHTHI
reHepaTUBHOIO MCKYCCTBEHHOTO MHTeAAeKTa MCKAIOUUTEABHO AAsl pelaKTMPOBaHMsS TeKCTa,
CTPYKTypHMpPOBaHMsI MaTepualoB ¥ IpoBepkKu (PpopMyAnpOBOK. Bce mMHTepIipeTariny, BBIBOAEL
Hay4Hble TTI0AO0XKeHIs U pe3yAbTaThl ccAeJ0BaHNs IOAHOCTBIO IIpUHaAeXXaT aBTopaM.
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keywords: ABSTRACT

clay, fly ash, silica fume, This study investigates the microstructural and elemental characteristics
waste glass powder, of raw mineral materials used as potential additives in ceramic
microstructure, sem—eds production. Clay, waste glass powder, silica fume, and fly ash were
analysis, ceramic materials. analyzed using scanning electron microscopy (SEM) coupled with

energy-dispersive X-ray spectroscopy (EDS). The materials were ground
and sieved to obtain particles smaller than 74 um prior to analysis. SEM
observations revealed distinct morphological features: clay particles
exhibited irregular plate-like structures, waste glass showed angular
fractured particles, silica fume consisted of extremely fine agglomerated
particles, and fly ash displayed both spherical and irregular particles
typical of combustion by-products. EDS analysis confirmed that silica
and oxygen are the dominant elements in all materials, while aluminum,
magnesium, potassium, and calcium were present in smaller amounts.
The results indicate that these materials contain significant silica and
aluminosilicate components, suggesting their potential use as mineral
additives in ceramic systems and sustainable construction materials.

Tyitinai cesgep: TYUIHAEME

GaAITbIK, YITIIIa KY4, bya xympicTa kepaMukaablK Marepuaajap ©HJAipiciHae KoadaHyra
MUKPOKpPEMHe3eM, IIBIHBI 0oaaThIH ~ MUHEPaAABIK, — KOCHaJapAblH  MMKPOKYPBIABIMBEL ~ MeH
YHTaFbl, MUKPOKY PBLABIM, DAEMEeHTTIK KypaMHl 3epTTeAAi. BaAIIbIK, IIBIHBI YHTaFBl, MUKpPO-
SEM-EDS Taaaaysr, KpeMHe3eM >KoHe YIIIa KyA CKaHepAeyIIi 91eKTPOHABIK, MUKPOCKOIIS
KepaMMKaABbIK (SEM) >xoHe sHepIruaANCIIepCUsABbIK peHTreHAIK Taasay (EDS) aaictepin
MaTtepuaajap KOAJaHy apKbIAbI 3epTTeadi. Taasayra aeifiH MaTepuaajap ycaKTaAbll,
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74 MKXM eaexTeH oTki3iaAi. SEM HoTirkeaepi GeamiexTepaiH oapTypAi
MOPQOAOTMACHIH KOPCETTi: OaAIIBIK I1AaCTUHKAABl KYPBLABIMMEH
cUraTTalaabl, IOBIHBL YHTAFbl OYPBIIITHL CHIHFAaH OeAIeKTepJeH
TypaAbl, MUKpPOKpeMHe3eM oTe ycakK arlioMepaulsilaHFaH OeAIllek-
TepJeH TypaAbl, aa YIIITla Ky )XaHy eHiMAepiHe ToH cdepaablK >KoHe
opTYyp4i mimiHai OGeamextepdeH Typaabl. EDS Taagaysl 3eprreareH
MaTepuaajapAblH Heri3Ii ®AeMeHTTepi KpeMHUIT MeH OTTeTl eKeHiH, aa
AAIOMMHMIL, MaTHUI, KaAUii >KoHe KaAblMil a3 MeAlllepae Ke3AeceTiHiH
KepceTTi. AABIHFaH HoTIDKelep Oya MaTepmuaajapAblH KypaMBIHAQ
KPeMHHII XoHe aAI0MOCUAMKAT KOMIIOHEHTTePiHiH JKOraphl MeAlllepae
Oap ekeHiH KepceTesi >XoHe 04apabl KepaMUKaABIK dPi DKOAOTUAABIK
TYpaKThl KYPBIABIC MaTepuaAjapblH ©HAipyde MUHepaaAAblK Kocla
peTiHde K0A4aHy MYMKIHAITIH g94ea4eiiAi.

Karouessnlie caoBa: AHHOTALIUSL

rAMHa, 304a YHOCa, B samnoit pabGoTte mccaejoBaHBI MUKPOCTPYKTYpPHBIE 11 DAeMeHTHLIe

MUKpOKpeMHe3eM, XapaKTepUCTUKIL MMHEpPaAbHBIX MaTepualoB, paccMaTpMBaeMbIX Kak
CTeKA00011, MOTeHIIMaAbHbIe A00aBKM AAs ITPOM3BOACTBA KePaMIMIECKUX U3AeAMIL.
MUKpPOCTpYKTypa, SEM- I'amHa, cTeka00071, MUKPOKpeMHe3eM I 301a YHOCa OBLAM 1CCAeA0BaHBI C
EDS anaans, UCIIOAB30BaHMEM CKaHUPYIOIIell 9AeKTPOHHONM Mukpockomvm (SEM) B
KepaMmJecKye MaTepuaibl COUeTaHN! C DHEPIOAVICIIEPCUOHHBIM PeHTTeHOBCKMM aHaausoM (EDS).
Ilepe anaan30M MaTepuaabl ObLAY M3MEABYEHDI U TTPOCESHBI Yepe3 CUTO
c pasMepoM saeek 74 MkM. SEM-HabaAI0AeHMS TIOKazaAll pa3ANdHYIO
MOpJOAOIMIO  YaCTMIL: TAMHA  XapaKTepuayeTcs  I1AaCTUHJATON
CTPYKTYpOI1, CTeKA0DOV ITpeacTaBAeH YIAOBaTHIMU (pparMeHTHpOBaH-
HBIMI YacTUIIaMM, MUKPOKpEeMHe3eM COCTOUT U3 yABTPaAMCIIePCHBIX
arZ0MepupOBaHHBIX YaCTUIl, a 301a YHOCA COAep>KUT ceprdecKue u
HenpasuAbHOV ¢popMel dacTuifsl. EDS-anaans mokasa, 4TO OCHOBHBIMM
94eMeHTaMU CCAeAyeMbIX MaTepHaloB SBASIOTC KPEMHIUI U KICAOPO,
TOrZa KakK aAlOMVHUI, MarHuii, KaAul M KaAbLUI TIPUCYTCTBYIOT B
MEHBIX KoAmdecTBaX. IloaydeHHBle pesyAbTaThl CBUAETEABCTBYIOT O
BBICOKOM  COAep>KaHUM  KpeMHe3eMHBIX U aAlOMOCHUAMKATHBIX
KOMIIOHEHTOB, YTO IIOATBEpP>KJaeT IIepPCIeKTUBHOCTh VCIIOAB30BaAHIAT
AAHHBIX ~MaTepualoB B KauecTBe MIHepaabHBIX J400aBOK IIpHU
ITPOM3BOACTBE KePaMITIeCKIX U YCTOMYMBBIX CTPOMUTEABHBIX MaTepraaoB.

INTRODUCTION

The increasing demand for sustainable construction materials has led to growing interest
in the utilization of industrial by-products and waste materials in ceramic production. The
recycling of industrial waste not only reduces environmental pollution but also promotes the
conservation of natural resources and the development of environmentally friendly building
materials (Ahmaruzzaman, 2010; Mohajerani et al., 2017). In recent years, the construction
industry has been actively seeking alternative raw materials capable of partially replacing natural
resources traditionally used in building materials production. The use of industrial by-products
in ceramic technology is considered an effective approach to achieving circular economy
principles by transforming waste streams into valuable secondary resources. It has been reported
that the global production of fly ash exceeds 750 million tons per year, while a significant portion
of this waste still remains unused or disposed of in landfills, creating environmental concerns
(Ahmaruzzaman, 2010).

Among various industrial by-products, fly ash has received considerable attention due to
its high content of silica and alumina, which typically account for 60-80% of its chemical
composition. These oxides are similar to the mineral components of clay materials and therefore
allow fly ash to be successfully incorporated into ceramic bodies. Previous studies have shown



. ')
1-toMm, 2-Hemip, maycbim, 2026. EKTU JOURNAL OF
ARCHITECTURAL AND

Tom 1, Ne 2, nrons 2026. -87- CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

that the incorporation of 10-30% fly ash into clay bricks can improve compressive strength and
durability while reducing firing energy consumption (Abbas et al., 2017; Sutcu et al., 2019; Yuan
et al., 2022). In addition, the presence of fine spherical particles in fly ash contributes to improved
packing density and microstructural development during sintering. This results in enhanced
densification and reduced porosity of fired ceramic products, which ultimately improves their
mechanical and durability properties.

Silica fume is another industrial by-product widely used in ceramic systems due to its
extremely fine particle size and high amorphous silica content, which usually exceeds 85-95%
Si0,. Because of its ultrafine particles and high pozzolanic reactivity, silica fume can significantly
influence the microstructure formation of ceramic materials during thermal processing. The
addition of silica fume can influence sintering behavior and improve the physico-mechanical
properties of fired clay materials depending on the firing conditions and additive content
(Baspinar et al., 2010; Elmaghraby & Ismail, 2016). Previous studies have reported that the
incorporation of 5-15% silica fume may enhance the densification of ceramic bodies, reduce pore
size distribution, and increase compressive strength (Kumar et al., 2021). Moreover, the presence
of highly reactive silica may promote the formation of additional silicate phases during firing,
which contributes to the improvement of the overall structural integrity of ceramic products.

Waste glass is also considered a promising secondary raw material for ceramic production.
Due to its amorphous structure and high silica content, which typically ranges from 65-75% SiO.,
crushed glass can act as a fluxing agent during firing and promote liquid phase formation at
temperatures of approximately 900-1050 °C (Demir, 2009). The formation of a liquid phase during
firing facilitates particle bonding and contributes to the densification of the ceramic matrix.
Several studies have demonstrated that the incorporation of 10-25% waste glass in clay bricks
contributes to waste recycling and improves the physical properties of ceramic products,
including strength and water resistance (Akinwumi et al., 2019; Mao et al., 2020; Lesovik et al.,
2024). Furthermore, the combined use of fly ash and waste glass in ceramic materials has been
investigated as a sustainable approach for recycling industrial wastes and improving the overall
performance of ceramic products (Karayannis et al., 2017; Yadav et al., 2024).

Despite numerous studies on the use of industrial by-products in ceramic brick production,
the microstructural characteristics and elemental composition of the raw materials play a crucial
role in determining their behavior during processing and firing. The morphology of particles,
distribution of chemical elements, and interaction between mineral components significantly
influence sintering mechanisms, phase formation, and the final properties of ceramic materials.

Therefore, the aim of this study is to investigate the microstructure and elemental
composition of clay, crushed waste glass, silica fume, and fly ash using scanning electron
microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) in order to evaluate their
potential application in clay-based ceramic materials.

MATERIALS AND METHODS

The clay used in this study was obtained from the Burunday brick plant located in Almaty,
Kazakhstan. Waste glass powder was sourced from recycled construction and demolition glass
waste collected in Almaty, Kazakhstan. Silica fume was provided by LLP “QAZAQ Innotec”
(Almaty, Kazakhstan), and its physical and chemical characteristics were determined based on
the technical documentation supplied by the manufacturer.

Fly ash was obtained from the Pavlodar CHP-1 (Pavlodar, Kazakhstan). Fly ash is a by-
product of coal combustion and is widely used as a pozzolanic material due to its high content of
reactive aluminosilicate phases. Its chemical composition is characterized by a significant amount
of silica (S5i0,), which allow it for use as an active mineral additive in cementitious and ceramic
systems (Kuldeyev et al., 2025).
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For the SEM and EDS investigations, the raw materials — clay, waste glass powder, silica
fume, and fly ash — were first finely ground and then sieved through a 200-mesh sieve to obtain
powder particles smaller than 74 pm (0.074 mm). The appearance of the raw materials used in
the study is shown in Figure 1.

(a) Wasé glass powder (b) Silica fume (c)Fly ash

Figure 1. Raw mineral additive materials used in the study
Note — compiled by the authors

The microstructural characteristics of the materials were examined using a JEOL JCM-7000
scanning electron microscope (Japan) at magnification 3000x and accelerating voltage 10kV with
a working distance of 14 mm in high-vacuum mode. Elemental composition was determined by
energy-dispersive X-ray spectroscopy (EDS) integrated with Scanning electron microscopy (SEM)
system.

RESULTS AND DISCUSSION

The microstructure and elemental composition of the investigated raw materials were
studied using scanning electron microscopy (SEM) coupled with energy-dispersive X-ray
spectroscopy (EDS). SEM images together with elemental mapping and EDS spectra are
presented in Figures 2-5.

3.1 Microstructure of clay, waste glass powder, silica fume and fly ash

The SEM micrograph of clay (Figure 2) reveals irregular plate-like particles forming dense
agglomerates. Such morphology is typical for natural aluminosilicate clay minerals, which
generally consist of layered crystalline structures. The particles exhibit a flaky structure and
rough surfaces, indicating the presence of fine clay platelets that tend to aggregate during drying
and grinding.

The EDS spectrum confirms that the main elements present in the clay are oxygen, silicon
and aluminum, which are characteristic components of aluminosilicate minerals. Minor amounts
of magnesium, potassium and calcium are also detected. The elemental mapping images
demonstrate a relatively uniform distribution of Al, Si, O and Mg throughout the analyzed
region, confirming the homogeneous composition of the clay material.

The observed morphology and elemental composition are consistent with typical natural
aluminosilicate clays used in ceramic production. Similar microstructural characteristics of clay
minerals and their aluminosilicate composition have been reported in previous studies
investigating raw materials for fired brick manufacturing (Ahmaruzzaman, 2010; Sutcu et al.,
2019).
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Figure 2. Clay: SEM micrograph with corresponding EDS elemental distribution maps
(Al Si, O, K) and the EDS spectrum showing the elemental composition
Note — compiled by the authors

The SEM image of waste glass powder (Figure 3) shows irregular and angular particles
with sharp edges. Such morphology is typical for mechanically crushed glass and reflects its
brittle fracture behavior. The particles appear relatively dense and smooth compared to clay
particles, which is consistent with the amorphous structure of glass.
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Figure 3. Waste glass: SEM micrograph with corresponding EDS elemental
distribution maps (O, Si) and the EDS spectrum showing the elemental composition
Note — compiled by the authors
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EDS analysis indicates that silicon and oxygen are the dominant elements in the waste glass
powder, confirming its silica-rich composition. Small amounts of sodium, calcium and
magnesium are also detected, which correspond to typical components of soda-lime glass. The
presence of these elements suggests that the material may exhibit fluxing properties during high-
temperature processing.

The irregular angular morphology and silica-rich composition of the waste glass powder
are consistent with the characteristics of mechanically crushed glass reported in previous studies.
Waste glass particles have been widely investigated as a fluxing additive in ceramic and brick
production due to their high silica content and ability to promote vitrification during firing
(Demir, 2009; Mohajerani et al., 2017; Mao et al., 2020).

The SEM micrograph of silica fume presented in Figure 4 demonstrates extremely fine
particles forming agglomerated clusters. The particles are significantly smaller than those
observed in clay and glass waste, which is characteristic of silica fume produced as a by-product
of silicon and ferrosilicon alloy production.

Intensity [Counts]

MgKa

[=]

IITIIITIITTI'IITIII

0.00 0.50 1.00 1.50 2.00
Energy [keV]

Figure 4. Silica fume: SEM micrograph with corresponding EDS elemental distribution maps
(O, Si) and the EDS spectrum showing the elemental composition
Note — compiled by the authors

EDS results demonstrate that silicon and oxygen are the predominant elements in the
material, confirming the high silica content of the silica fume. Elemental mapping shows a
uniform distribution of these elements across the analyzed area. The high specific surface area
and fine particle size indicate that silica fume may exhibit high reactivity and can potentially
enhance the microstructure of ceramic materials.

The extremely fine particle size and high silicon content observed in silica fume are typical
characteristics of this industrial by-product. Previous studies have reported that silica fume can
improve the microstructure and densification of ceramic materials due to its high reactivity and
ultrafine particle size (Baspinar et al., 2010; ElImaghraby & Ismail, 2016; Kumar et al., 2021).
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The SEM image of fly ash in Figure 5 reveals the presence of both spherical and irregularly
shaped particles. The spherical morphology is typical for fly ash particles formed during coal
combustion processes. Such particles are often hollow or solid microspheres that originate from
the melting and rapid cooling of mineral components in coal.

EDS analysis indicates that the main elements in fly ash are silicon, aluminum and oxygen,
which confirms its aluminosilicate nature. Minor quantities of magnesium, calcium and
potassium are also detected. Elemental mapping demonstrates that these elements are distributed
relatively uniformly across the particle surfaces.
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Figure 5. Fly ash: SEM micrograph with corresponding EDS elemental
distribution maps (O, Si, K, Al) and the EDS spectrum showing the elemental composition
Note — compiled by the authors

The spherical morphology and aluminosilicate composition observed in fly ash are
consistent with the typical characteristics of coal combustion by-products reported in the
literature. Fly ash has been widely used as a supplementary raw material in ceramic and brick
production due to its silica and alumina content and potential to improve the sintering process
(Abbas et al., 2017; Sutcu et al., 2019; Yuan et al., 2022).

The elemental composition of the investigated materials determined by EDS analysis is
presented in Table 1. The results confirm that the studied raw materials are mainly composed of
silicon and oxygen, which are characteristic elements for aluminosilicate and silica-based
materials.

Table 1. Elemental composition of the studied materials determined by EDS analysis, %

Material C ©) Mg Al Si K Ca Na | Total
Clay 10.18 49.53 1.97 707 | 2012 | 295 | 818 100
Glass 10.18 49.53 7.07 - 20.12 - 295 | 197 ] 100
Silica fume 6.73 44.85 0.18 - 47.83 | 041 - - 100
Fly 22.58 39.46 039 | 1210 | 2275 | 119 | 152 - 100
Note — compiled by the authors
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The obtained results are consistent with previous studies reporting the successful
utilization of industrial by-products such as fly ash, waste glass and silica-rich materials in
ceramic production. These materials contribute to improved sintering behavior, densification and
mechanical performance of fired clay products while simultaneously reducing the consumption
of natural raw materials (Karayannis et al., 2017; Yadav et al., 2024; Yoon & Yun, 2005).

Overall, the SEM observations and EDS analysis confirm that the investigated materials
are rich in silica and aluminosilicate phases. Clay and fly ash mainly contain aluminosilicate
components, whereas waste glass powder and silica fume are characterized by a high silica
content. These characteristics indicate that the studied materials can serve as promising raw
materials and mineral additives in ceramic compositions, potentially enhancing densification and
microstructural stability during firing and contributing to the development of sustainable
ceramic construction products (Karayannis et al., 2017; Yadav et al., 2024; Yuan et al., 2022).

3.2 Practical implementation

The SEM and EDS analyses reveal that the studied materials exhibit distinct microstruc-
tural and chemical characteristics. Clay and fly ash are dominated by aluminosilicate components
(5i, Al and O), while waste glass powder and silica fume contain a high proportion of silica.

Based on the obtained microstructural and elemental analysis, the investigated materials
can be considered promising components for ceramic production. Clay can serve as the primary
aluminosilicate matrix, while fly ash may act as an additional aluminosilicate source improving
sintering behavior. Silica fume and waste glass powder, due to their high silica content and fine
particle size, may function as mineral additives that enhance densification and microstructural
stability during firing. Therefore, the use of these materials can contribute to the development of
ceramic products based on industrial by-products and recycled materials, supporting sustainable
construction practices.

CONCLUSION

The microstructural and elemental characteristics of clay, waste glass powder, silica fume,
and fly ash were investigated using scanning electron microscopy (SEM) and energy-dispersive
X-ray spectroscopy (EDS). The SEM analysis revealed distinct morphological features of the
studied materials. Clay particles exhibited irregular plate-like structures typical of
aluminosilicate minerals, while waste glass powder showed angular fractured particles. Silica
fume consisted of extremely fine agglomerated particles, whereas fly ash contained both spherical
and irregular particles characteristic of coal combustion products.

The EDS results confirmed that silicon and oxygen are the dominant elements in all
investigated materials, while aluminum, magnesium, potassium, and calcium were detected in
smaller amounts. The obtained results indicate that the studied materials are rich in silica and
aluminosilicate components.

Overall, the investigated materials can be considered promising raw materials and mineral
additives for ceramic compositions. Their chemical composition and microstructural
characteristics may contribute to improved sintering behavior and the development of
sustainable ceramic construction materials.
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TRAINING BIM SPECIALISTS:
THE ROLE OF TRAINING AND PRODUCTION CENTERS

BIM MAMAHJAPBIH JAVBIHAAY:
OKY-OHAIPIC OPTAABIKTAPBHIHBIH POI

ITIOATOTOBKA CITELIMAAVICTOB 110 BIM:
POAb YYUEBHO-ITPON3BOACTBEHHBIX IIEHTPOB

B.E. Makhiyev'=1*, A.V. Khapin"='1, V.V, Talapov =" 2, M. Kulisz"= 1, L.V. Kamenskikh "= 1
D. Serikbayev EKTU, Ust-Kamenogorsk, Kazakhstan

2NGASU (Sibstrin), Novosibirsk, Russian Federation

*Corresponsing author: Maxues bex6oaaT Ecrry 10814, e-mail: bmahiev@ektu. kz

keywords: ABSTRACT

personnel training, BIM This article discusses a new technology for training personnel in BIM
design, integration, training design. It analyzes the engineering staff of design organizations, which
and production complexes, consists of experienced specialists who are older and have poor command
professional development of BIM programs, and young specialists who are proficient in computer

technology but have no real design experience. Universities are
encouraged to create BIM training and production complexes (BIM T&PC)
with a high degree of integration between educational and production
processes. Experienced employees of design organizations can teach
special subjects at these centers on a part-time basis and supervise diploma
projects or master's theses. The BIM T&PC is engaged in full-scale work on
projects, parts of which will be the final projects of students who will
become the personnel reserve of designers. This article describes the
experience of using such a complex at the NPJS D. Serikbayev EK.

Tyiinai cesaep: TYUIHAEME

Kagpaapasl gaspaay, BIM- Makasaga BIM-xobasayblHa apHaAfaH KaApAapAbl AaspAayAblH >KaHa
>xobaaay,MHTerpanus, oKy- TeXHOAOIMsCH Herisgeaai. BIM OaraapaamasaphiH Halap MeHTepreH,
OHAIPICTIK KeIlleH, Gipak, KYHABI TIPaKTHMKaABIK ToxKipnOeci Oap TeoxXipmOeai «Kachl KeATeH»
0iaiKTiAiKTi apTTBIPY MaMaHJapAaH >XKoHe KOMIIBIOTepAiK TeXHMKaHbI MeHTrepreH, Oipak, HaKThI

>xoDajay TexipmoOeci KOK >Kac MaMaHJapJAaH TypaThIH >KoDaJay yilbIM-
AAPBLIHBIH MHXKEHePAiK KypaMblHa TaaAay KYprisiaai. JKorapsl oKy OpbIH-
Aapbl >KaHbIHaH OKy >KoHe eHAipiCTiK mpolecTepai MHTerpalusalayAblH
>KOFapHl gapesxeci bap BIM oxy-enaipicrik xermengepin (BIM YIIK) xypy
ycuHbIAARL Ochl OpTaAbIKTapJaFbl KOCBIMINA >Ko0ajay YibIMAapbIHBIH
ToXXipnOeai KbI3MeTKepaepi apHaifbl T9HAEPAl OKBITa alajbl >KoHEe AWII-
AOMABIK >KoDaJayApl HeMece MAaIWCTPAiK AyccepTaiiusaiapasl 6ackapa
aaaapl. BIM YIIK-ze >xobaaap OOVBIHINIA TOABIKKAHABI JKYMBIC SKYPrisi-
ayJae, 0AapAbIH 0eaikTepi >kKobaayIIbIAap ALIH KaJpABIK pe3epsi 60AaThH
CTyAeHTTepAiH Oitipy >KyMpIcTapbl 604aabl. MyHAall KellleHHiH >KYMBIC
Toxxipubdeci «J. CepikOaes aTbiHaars! IIKTY» KEAK-4a keaTipiaren.
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Karouesrnre caoBa: AHHOTALIUSI

I10ATOTOBKa Kaapos, BIM- B crarbe 000cHOBEIBaeTCs HOBasl TEXHOAOIMS IIOAIOTOBKU KaAdpOB A4S
IIpOEeKTUPOBaHIE, BIM-npoextuposanus.  IlposeseH aHaAM3 MHXKEHEPHOIO COCTaBa
MHTerpanus, yaeOHo- IPOEKTHBIX OPraHM3aliii, COCTOSIIMX W3 OIIBITHBIX «BO3PaCTHBIX»
IIPOU3BOACTBEHHBII CIIeIIMaANCTOB, c1a00 Baageromux mporpamMmamu BIM, HO mmMerommx
KOMILA€KC, [TOBBIIIIEHIEe LIEHHBIA IIPaKTUMYeCKUI OIBIT, M MOAOABIX CIeI[MaAUCTOB, BAAACIOIIIX
KBaAMQPUKaIIII KOMITBIOTEPHOM TEeXHMKOJ, HO He MMeIOIIell OIbTa peaabHOro

npoektuposanus. IlpeaaoxeHo mpm Bysax co3jgaBaTbh y4eOHO-
npoussoacTseHHsle KoMmIiaekcsl BIM (YIIK BIM) ¢ BBICOKOI CTeIIeHbIO
MHTeTpalnuy y4eOHOIO U IPOU3BOACTBEHHOTO IIpolleccoB. OIIBITHEBIE
COTPYAHMKN ITPOEKTHBIX OpTaHU3alMii II0 COBMECTUTEABCTBY B DTUX
LIeHTpaX MOTYT IIpelloAaBaTh CIleliaAbHble AVICLIUIIANHEL ¥ PYKOBOAUTH
AUTLIOMHBIM IIPOEKTUPOBaHMEM MAU MaruCTepCKUMU AUCCePTALIVISIMIUL
B VIIK BIM Begercs moaHOIleHHas paboTa Haj IIPOeKTaMM, 4acTu
KOTOPBIX OyAyT BBIIIYCKHBIMM paboTaMM CTyA€HTOB, KOTOpBE OyayT
KagpOBBIM pe3epBOM IIPOEKTMPOBIIMKOB. IIpMBOAUTCSA OMIBIT pabOTHI
takoro komiriekca B HAO «BKTY umenn J. Cepukbaesa».

INTRODUCTION

One of the main factors hindering the widespread adoption of building information
modelling (BIM) technologies is the insufficient level of training of qualified specialists, as well
as the existence of organisational constraints arising at various stages of their implementation
and application. The results of recent studies confirm the relevance of this problem. According to
a survey conducted by the ERZ.RF portal in 2023 on the implementation of information modelling
technologies, one of the priority tasks in the transition of the construction industry to BIM is the
formation of an effective personnel training system (Itogi_oprosa_TIM, 2025).

According to the results of this study, 56.3% of respondents who do not use BIM in their
professional activities and 63.4% of specialists who already use these technologies noted the need
to improve the training system. The results indicate that, despite the growing interest in and need
for BIM technologies, the current level of training for specialists remains insufficient and requires
further development and improvement.

One of the main problems is the lack of specialists with the necessary competencies in BIM
technologies. There is a shortage of trained personnel at all stages of a construction project's life
cycle, including design, construction, and operation, which significantly limits the possibilities
for the effective application of information modelling (Mishra A., Hasan A.,. Jha K. N 2024),
(Ademci E., Gundes S., 2021).

An additional factor hindering the implementation of BIM is the resistance of specialists to
traditional working methods. Many participants in the construction process prefer to use familiar
design and construction technologies, viewing BIM as a complex and resource-intensive tool that
requires significant time and organisational costs (Lesniak A., Gérka M., Skrzypczak 1., 2021)

In some cases, the use of BIM is perceived as an additional burden that does not provide
immediate practical benefits, which reduces the motivation of specialists to master and use it (A.
Adepoju A. O., Akanbi T., Adebambo H., Lawal F. M., 2023).

Another significant problem is the insufficient effectiveness of the existing system for
training specialists. Educational programmes at higher education institutions and vocational
training systems do not always provide practical skills in working with BIM technologies, which
leads to a gap between the requirements of the construction industry and the level of training of
graduates (Gamil Y., Rahman I. A. R., 2019). Software is constantly evolving: some systems
strengthen their leading positions by expanding their functionality, while others eventually lose
ground to their competitors (Talapov V.V., 2015).
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Global practice shows that the effectiveness of BIM implementation is only 20%
determined by the choice of software, while the main role (80%) is played by organisational,
managerial and human resources factors, including the level of training of specialists (Talapov
V.V., 2011).

Training specialists in the field of computer-aided design, taking into account the specifics
of BIM, requires improvement and reorganisation of the structure of the educational process
(Makhiiev B.E., 2019). In this regard, it is important to define the current directions for the
development of the BIM technology training system.

MATERIALS AND METHODS OF RESEARCH

The first direction is the peculiarities of training of existing engineering personnel in the
transition to BIM.

The technology of information modeling implies joint and almost simultaneous work of all
team members to create a model of a construction facility (Talapov V.V., 2022). This assumes, in
addition to a good individual professional level of employees in their discipline, also:

1) a high level of understanding by each member of the design team of the goals and
objectives of the work being performed, as well as modeling methods and regulations;

2) a high level of mastery by each employee of the software used in the work;

3) well-developed interaction of all participants of the information modeling process.

If the organization, first of all design organization, has established the goal to transfer its
activities to work in BIM, then in the field of personnel it will have to raise all employees to the
level of the above requirements. To do this, the following must be done.

1). Let's assume that professionally, in terms of design disciplines, all existing organization
employees are sufficiently experienced and trained. However, they need help understanding the
goals and objectives of the work being performed in light of the use of information modeling
technology. This will require special training in the theoretical foundations of BIM.

It will be more difficult with methodologies and regulations, as they require BIM skills,
but a well-thought-out information modeling process across the entire organization can help
here. It is not easy, but without it, BIM will not be implemented in the organization.

2). With the mastery of the software at a high level is even more difficult. Practice shows
that to achieve from all employees the same high level of proficiency in software use, even after
repeated training, is not possible.

The situation is particularly challenging with older employees, who are the most
experienced and valuable members of the workforce. This is not solely due to age, although the
ability to quickly adapt to new technologies does diminish over time. The overall workload of
these employees also plays a role, as does their established conservatism, which is linked to the
increased responsibility for the work they perform, and their ability to work with “old”
technologies, which has been honed to perfection and will now have to be almost completely
dismantled.

So, problems arise with the most valuable employees, but these people cannot be lost in
order to avoid lowering the professional level and image of the entire organization.

3). Well-developed teamwork is only possible if each member has sufficient individual
mastery of information modeling technology, which is again problematic for experienced
employees for the reasons described in the previous paragraph.

In addition, collective and well-organized interaction is required during information
modeling, and this must be long-term, which is again problematic if the organization has not yet
switched to BIM.

Thus, there are problems, and the most serious of them is the danger of losing experienced
employees.
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The second direction is the peculiarities of training new, young specialists.

No design organization can do without constantly replenishing its staff with new young
employees. This becomes particularly important when transitioning to building information
modeling technology, which requires employees who are already familiar with BIM concepts.
Universities are responsible for training such specialists.

Let us consider university graduates according to the criteria outlined above. First of all, it
is well known that their individual professional level in the relevant field of design, even if it is
quite high, requires many years of training to reach the level required in the industry.

Now let's consider the requirements (Talapov V.V., 2016) for information modeling.

1. Even while still studying, young professionals can gain a thorough understanding of the
goals and objectives, as well as the methods and regulations of BIM and the relationships between
participants in the information modeling process, i.e., the theoretical foundations of BIM.

2. New specialists also tend to graduate from universities with a high level of proficiency
in information modeling programs and general training in information technology.

3. University graduates have no serious experience of interacting with other information
modeling process participants or of working on real projects.

Now let's compare “older employees” and young specialists in terms of their level of
compliance with basic personnel requirements.

A brief description of the situation with BIM personnel for the positions considered during
the transition of a design organization to building information modeling technology is
summarized in the table below.

Table 1. Compliance of existing employees and young specialists
with key staffing requirements

Key staffing requirements "Old" employees Young specialists
Mastery of their design discipline Yes No
Understanding of BIM tasks and techniques No Yes
Individual BIM software proficiency No Yes
Experience in collective use of BIM No No

Note — compiled by the authors

So, it is clear that neither existing nor new specialists fully meet the requirements for the
transition to BIM. But it is also clear that they can complement each other with their knowledge
and skills. However, for this to happen, the training of young specialists in higher education must
go hand in hand with the training of existing employees of design organizations through
advanced training courses and interaction with them, for example, by involving them as teachers
of specialized disciplines.

Building Information Modelling (BIM) technology only delivers its full benefits when
multiple project participants actively share models, data and decisions. Collaborative
participation eliminates fragmentation, provides control and traceability, and results in better
coordination, fewer conflicts and improved project outcomes (Chen H., Ying F., 2020).

However, today, the training of specialists in universities and the additional training of
existing employees are carried out in parallel, but not in a coordinated manner, with students
from different categories having no contact with each other.

This approach to training specialists, in which students are taught everything first and then
sent out to work, is entirely consistent with centuries-old traditions and can rightly be called
classic. Moreover, it used to be quite effective. However, modern industrial technologies,
especially information technologies, show that this view of training is outdated and no longer
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produces the desired results (Mahiev B.E.,2019, Talapov V.V.,2022). Therefore, if this approach is
not changed, the training of BIM specialists will continue to be ineffective and out of step with
the demands of the modern world.

Based on the above analysis, we will formulate proposals for adapting the process of
training BIM specialists in the modern technological conditions of the design and construction
industry.

1. Three-stage training.

Comprehensive training in information modeling technology should be carried out in
three stages:

1) theoretical training in the basics of BIM (including familiarization with the basic
concepts and principles of information modeling, as well as various ideas for implementation
in the process of studying international experience using BIM). The main task of theoretical
training is to teach students to think in terms of information modeling (Underwood J., Isikdag
U., 2010);

2) familiarization with the main information modeling software (developing skills in
selecting such software for specific tasks and acquiring individual expertise in its use);

3) practical mastery of BIM (participation in collective work on projects, improvement of
individual skills, and practice in methods of teamwork)

2. Training specialists in close cooperation between educational institutions and design and
construction organizations.

In fact, this involves creating BIM training and production complexes (BIM TPCs) with a
high degree of integration between educational and production processes.

The most expedient approach is to establish educational and industrial BIM complexes at
universities with the participation of one or more design and construction organisations
interested in implementing this technology. In this case, students are not limited to short-term
internships but are involved in real production processes over a long period of time. Along with
their main professional activities, specialists from design and construction organisations can
participate in the educational process by teaching specialised disciplines or providing scientific
guidance for graduation and master's theses, which contributes to joint learning and the exchange
of practical experience with students.

At the same time, the structure of the educational and production BIM complex requires
further development, since one university can interact with several organisations at the same
time. In addition, the creation of such a complex involves improving the organisation of the
educational process and attracting teachers with a new level of training who have competencies
in the field of information modelling technologies.

3. Joint theoretical training within the BIM TPC.

This approach will save time and resources and teach everyone to think in terms of
information modeling.

4. Initial training in software programs is best conducted separately.

Students will still outpace organization employees in mastering BIM software, but this is
actually a good thing. Later, while working together on projects, they will pass on their advanced
knowledge and skills in using computer software to organization employees, who will in turn
share their additional knowledge of design disciplines with the students.

5. The process of collective work on a project should bring students and employees
together.

To do this, small work cells (one employee + 3-5 students) should be created among
students and organization employees, and these cells should be treated as responsible production
units instead of individual employees being responsible for the work done. This is possible within
the BIM TPC.
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It is in these cells that the mutual exchange of experience between students and practicing
specialists should take place (lines 1-3 of the table).

6. Full-scale work on the project within the BIM EPC. It seems optimal for this work to be
carried out during the final year of students' studies at the university, with the part of the project
they complete being considered as their final qualification work.

At the same time, all project participants (who are also continuing their education) gain
real experience in the comprehensive use of BIM under the guidance of the customer (Talapov
V.V., Nesipbaev, A.S., Khapin, A.V., Mahiev, B.E., 2022), students find themselves in the real
working environment of a potential employer, and design and construction organizations, in
addition to improving the qualifications of their specialists, also have the opportunity to recruit
new personnel.

The implementation of this concept at our university began with the creation of scientific and
production centers, in particular, the «BIM Scientific and Production Center», as a precursor to the
BIM TPC. Initially, the main task of the center was to assist construction industry production and
design organizations in surveying and seismically reinforcing existing buildings and structures.
This task was related to the need to assess the seismic safety of existing buildings located in
earthquake-prone areas of the Republic of Kazakhstan after the seismic zoning map was changed.
As a rule, existing buildings were constructed before the new maps were introduced, and
mandatory requirements for the design of buildings and structures were not provided for.

With the emerge of new projects designed and built using BIM technologies, information
models started to be used to assess the seismic safety of such buildings. For example, during the
upgrade of an enrichment plant in the city of Aktogay in the East Kazakhstan region, collisions
were found when installing new equipment, which allowed the location of the main process
pipeline to be refined, and its routing was changed (Hapin A.V., Mahiev B.E., Kenetbaev B.S.,
2025). At the same time, work was carried out to assess the seismic safety of the building, as after
it was put into operation, the seismic zoning map was changed and the seismicity of the
construction site was increased from 6 to 7 points.

Methods based on the analysis of the dynamic characteristics of frames are used to assess
the technical condition of existing buildings. This task was solved at the center with the
participation of specialists from Kazzinc LLP. It was necessary to create a 3D model of the frame
and examine its behavior under impact dynamic loads. A modal diagram developed at the center
was used to assess the frame's vibration parameters. An experiment conducted by Kazzinc LLP
specialists confirmed the results of the frame inspection: based on the analysis of vibration
periods and logarithmic damping decrements, the degree of wear of the building was established
and the need for its replacement was confirmed.

Work on the inspection of buildings and structures can be carried out in collaboration with
companies engaged in similar research. For example, the results of the survey of steel structures
of the railway bridge across the Irtysh River, carried out by Ulbatechcenter LLP, were presented
at the BIMAC international conference in St. Petersburg (Hapin A.V., Mahiev B.E., Udarceva
AN, 2023).

The center uses various digital technologies, including video cameras, to inspect the
technical condition of buildings. Expanding the use of video cameras made it possible to reliably
determine the causes of roof damage during a gusty squall (Hapin A.V., Mahiev B.E., Udarceva
AN, 2023).

The center has carried out a series of works on the digitization of existing buildings in order
to create information models containing technical attributes necessary for the operational stage,
such as those characterizing the condition of utility networks. This work has been carried out for
the educational buildings of our university by master's degree students of the Construction
educational program under the guidance of the center's teachers.
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The ongoing reconstruction of existing buildings using BIM technologies creates a wide
range of tasks that are performed by master's degree students. In recent years, the topics of
master's theses have been developed in this direction (Eastman C., Teicholz P., Sacks R., Liston
K., 2011., Hardin B., 2009 ).

Thus, the center implements the integration of educational and production processes.
Employees from manufacturing companies who are proficient in digital methods of building
design using BIM technologies are invited to teach master's degree students. When solving
practical problems, the center has been able to combine the work of senior teachers with a good
knowledge of technical issues and master's degree students who are quickly mastering BIM
technologies while still at university. The BIM models creations are complete with technical
attributes as a result of a joint project between the older generation and young specialists, an
information model suitable for building operation is born.

RESULTS AND DISCUSSION

A little about global experience.

In 2012, one of the world's leading developers of BIM software, the American company
Bentley Systems, and the British company Crossrail Ltd (construction of the Crossrail high-speed
railway in London) created a special training and information academy. The academy began to
collect, develop, and disseminate best practices in the field of building information modeling not
only among Crossrail employees, but also among project contractors. The fact is that Crossrail is
a grandiose pilot project for the UK to test the application of BIM at all stages of the life cycle of
construction projects. At the same time, it is the largest and most complex infrastructure project
in Europe in recent decade.

The Bentley Crossrail BIM Academy can be described as Crossrail's training and consulting
division, which is continuously supported by Bentley Systems. In fact, it is a joint venture
between two companies that are equally interested in mutual success, as Bentley Systems' BIM
programs are the main tools for implementing information modeling technology in the project,
i.e., for executing the project itself. The emergence of such an academy is linked to a clear
understanding of the well-known fact that the success of BIM implementation depends 20% on
the right software and 80% on the right organization of its use.

During its first two years, the Bentley Crossrail BIM Academy, which had a team of 10
consultant instructors, trained (brought up to the required professional level in the use of BIM)
more than 1,800 specialists from the main Crossrail company and its subcontractors. The training
process itself was clearly divided into two stages: in the classroom and on the job. In the first
stage, students gained experience in using the software under the guidance of instructors. In the
second stage, instructors visited their students' workplaces and worked with them to find
solutions to specific production tasks.

Of course, Crossrail is a large company and deserves ongoing supervision from the vendor.
However, the successful experience of the Bentley Crossrail BIM Academy led to the creation of
similar departments in the H52 London-Birmingham high-speed rail project in the UK, as well as
in Shell's US division, albeit under different names. Bentley Systems then moved on to implement
a large program to open similar training centers in India, China, and a number of other countries
in partnership with public and private companies under the umbrella of the Bentley BIM
Advancement Academy.

It is easy to see that Bentley Systems' training and consulting programs are a type of
research and production complex, as discussed in this article, but they are aimed only at
retraining and upgrading the skills of existing personnel, while the BIM Scientific and Production
Center, created on the basis of a university, can primarily train new personnel for the construction
industry.
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CONCLUSION

The formation of BIM training and production complexes (BIM SPC) requires
comprehensive organisational and methodological support from higher education institutions,
as well as the participation of design, construction, and administrative organisations interested
in implementing information modelling technologies. The implementation of this concept
involves improving the existing structure of interaction and reorganising production and
educational processes based on modern innovative approaches. An important condition for the
effective functioning of such complexes is the involvement of highly qualified practitioners with
expertise in BIM technologies in the educational process.

This provides enormous benefits both in terms of training new personnel to use
information modeling technology and in terms of retaining “old” personnel by integrating them
organically into new technological relationships.

BIM Training and Production Complex

University Project organization

Professional development of L Retraining and advanced

teachers < training of employees

J Student education I J Employee training I

Project execution using BIM €= P{| Project execution using BIM
Training projects with BIM o Training projects with BIM
Training in necessary BIM programs L Training in necessary BIM programs
Theoretical training in the basics of BIM - =P | Theoretical training in the basics of BIM

Figure 1. The following scheme delineates the manner in which interaction
is to be conducted between the University and the project organization through the BIM
Training and Production Complex
Note — compiled by the authors
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OL EHKA BAUSIHUS IIOATOIIAEHNSI HA AE®@OPMALIN
OYHAAMEHTOB XKNAO0I'O 34AHMS B KAPATAHAE

KAPAFAHABI KAAACBIHAAFEI TYPFBIH YU FUMAPATEI
IPTETACBIHBIH, AEOOPMAILINSAAPBIHA CY AAY ABbIH, OCEPIH
BATAJAAY

ASSESSMENT OF THE IMPACT OF FLOODING ON FOUNDATION
DEFORMATIONS OF A RESIDENTIAL BUILDING IN KARAGANDA

E.E. Opasaapr =1, A.T. Tokanos "= 1*, A.T. MyxameaxaHosa = 1*
Kaparanguuckuit Texaumueckuit Yuusepcuter umenu Adsiakaca Carnnosa, r. Kaparanga, Kaszaxcran
*ApTOp-KOppecronJeHT: Tokanos Janusap Tokanosny, e-mail: tokanov-daniyar@mail.ru

Kaiouessie caoBa: AHHOTALIUST

AEHTOYHHIN PyHAaMeHT, B cratee mpeAcTaBA€HBI pPe3yABTaThl KOMILIEKCHOTO 00cCAel0BaHMs
ocaaxa, II0ATOIIAEHUE, TeXHUYECKOTO  COCTOSIHMS —~ KMAOTO  3JaHUS € AEHTOYHBIMI
TPYHTBI OCHOBaHIN, JyHIaMeHTaMI,  DKCIAYaTUPYeMOTO B  YCAOBMAX  ITOBBHIIIEHHOIN
ypOBEHb ITOA3eMHBIX BOJ, BAQXKHOCTM U IIOATOILIEHUS B MMUKpopalioHe «Boctok-2» ropoga
ApeHax. Kaparangst. VccaeaoBaHue BBIITOAHEHO C MPUMEHEHNEM BU3YaAbHBIX,

MHCTPYMEHTaAbHBIX U pacyeTHBIX MeTOAOB. YCTaHOBAEHO, UTO MOAYAb
dedpopManuu Cymecu IIpM €CTeCTBEHHOI BAa’KHOCTU COCTaBASIET
11,8 MIla, a mpu BogOHachIIeHnn cHKaercs 40 5,9 MIla. PacyetHas
ocaaka pyHAaMeHTa IIpY [T0AHOM BOJOHACHIIIEHNN JocTuraeT 12,25 cMm,
9TO MpeBbIIIaeT HOpMaTuBHOe 3HaueHme 10 cm. OmpegeaseHo, 4urto
OCHOBHasI yacTh gedopMariuii popMUpyeTCs B BepXHEM cA0e IpyHTa. B
pesyapTaTe  pacdeToB  yCTaHOBAEHBI ~ MMHMMAaJAbHasA  MOIIHOCTD
He3aMOYeHHOIo Hecymiero caos 1,11 M u MuHHUMAaapHas rayOuHa
BOZOIIOHVIKEHIISI 3,71 M, obecrieynBaoLyie HOPMAaTUBHYIO
YCTOMYMBOCTL OCHOBaHM:A. [loaydeHHBIe pe3yAbTaThl MOIYT OBITH
JCIIOAB30BaHBl  IPM  IIPOEKTUPOBAaHUU  APeHa’KHBIX CUCTeM U
DKCIIAyaTalfuy 34aHMI IPU TOATOILAEHMM X OCHOBaHILS.

Tyiinai cesaep: TYNIHAEME

TacIlaasbl ipreTac, Maxasaga Kaparanabl KaaaceiHbiH —«BocTok-2»  IarbiHaygaHbIHAQ
ipreTacTslH IIOrYyi, Xep OpPHaJAacKaH, >KOFaphl bLAFaAAbIABIK IT€H JKep acThl CyAapbIHbIH KeTepiayi
acThl CyAapbIHBIH acepi, JKarjaibiHAA TaliAaAaHbLABII )KaTKaH TacllaAbl ipreTactapbl Oap TYpPFbIH
HETi3 TOIbIPaKTaphl, JKep Yit FMapaThIHEIH TeXHUKAABIK JKali-KyIiH KellleH Al 3epTTey HaTuKeaepi
acThl CyBIHBIH A@HTelli, YCBIHBLAFaH. 3epTTey BU3yaAAbl, acHallThIK >KoHE ecelTiK adicrepai
ApeHaxx Xyiieci. KOAAaHy apKblABI XXYPTisiaai. Tabury plaraaablABIK JKaFAailbHAA CyIIech

TOTIBIPAFBIHEIH AedpopMariysa Moayai 11,8 MITa-Hel KypaiiTHIHEL aa CyFa
TOABIK, KaHbIKKaH ke3ge 59 Mlla-ra geniH ToMeHAENTIHI aHBIKTaAABI.
ToabIK cyra KaHBIFy >KargalibIHAAFbl ipreTacThly ecenTik meryi 12,25 cMm-
re >KeTin, HOpMaTUBTIK MaH — 10 cM-geH acplll TyceTiHi KepceTiaai.
JAedpopManusaiapabiy Heriari 6e4iri TObIPpaKTHIH JKOFapFhl KabaThIHAA
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KaAbIIITacaThIHBl ~ aHBIKTaAAbl. Ecemnreysep HoTuKeciHJe HeTi3AiH
HOPMAaTHUBTIK TYPaKTBLABIFBIH KaMTaMachl3 eTeTiH CyFa KaHBIKIIaFaH
TipeK KaOaThIHBIH €H a3 KaAbIHABIFHI 1,11 M JKoHe CyAbl TOMEHAETYAIH eH
a3 TepenAiri 3,71 M ekeHi OeariaeHAi. AAbIHFaH HOTIKeAep ipreTacrapsl
cy Oacy >karjalibiHJa ©OOJaTBIH FUMapaTTapAbl MalijajaHy >KoHe
ApeHaXKAbIK XKylieaepai skobaday Ke3iHge KOAAaHbLAYbl MYMKIiH.

keywords: ABSTRACT

strip foundation, The article presents the results of a comprehensive assessment of a
foundation settlement, residential building with strip foundations operating under high
groundwater flooding, moisture and groundwater flooding in the Vostok-2 microdistrict of
foundation soils, Karaganda. The study was conducted using visual, instrumental, and
groundwater level, analytical methods. It was found that the deformation modulus of
drainage system. sandy loam under natural moisture conditions is 11.8 MPa, while

under water-saturated conditions it decreases to 5.9 MPa. The
calculated foundation settlement under full water saturation reaches
12.25 cm, exceeding the normative value of 10 cm. It was determined
that most deformations are formed in the upper soil layer. Calculations
showed that the minimum thickness of the unsaturated bearing layer
is 1.11 m, and the minimum groundwater lowering depth is 3.71 m,
ensuring foundation stability. The obtained results can be used in the
design of drainage systems and building operation under flooding
conditions.

BBEAEHUE

B coBpeMeHHBIX yCAOBMSIX DKCIIAyaTalU 3AaHNUI M COOPY>KeHUIT 0COOYIO aKTyaAbHOCTb
npuooOperaer npobdaeMa obecriedeHNsT X KOHCTPYKTUBHON U DKCILAyaTallMIOHHON Ha eXXHOCTH
Ha IPOTSIKEHNMN BCero >XM3HeHHoro nuxaa (Vitorio Junior et al., 2025; Tazikova et al., 2023).
3HauMTeAbHas 4YacTb >KMAOTO (OHJAa KPYIHBIX IIPOMBIIIAEHHBIX Topogos KasaxcraHa
npeacraBAeHa 34aHUsIMU MaccoBot 3acTporiku 1970-1980-x roaoB, Bo3BeA€HHBIMM I10 TUIIOBBIM
IIpoeKTaM C IIpMMeHEHMEM KMPIIMYHBIX HECYIINX CT€H U A€HTOYHBIX (PyHAaMEHTOB, IIPOEKTHU-
poBaHMe KOTOPHIX BO MHOIMX CAydasdX BBIIIOAHSAAOCH Oe3 AOCTaTOYHOIO ydYeTa CAOXKHOCTHU
MH>KEHEePHO-TeOAOTMYeCKX YCAOBUIL WM BO3MOXHBIX UM3MEHEHMII TIMAPOTre0A0TMIecKot
00CTaHOBKU B ITpoIjecce Kcriayarannu (Sarzhanov & Schurch, 2023).

OaumMm u3 Hambolee HeOAArONpPMATHBIX (PaKTOPOB, BAVSIOMIMX Ha TEXHUIECKOe
COCTOSIHME TaKUX 3AaHMIL, SBAAETCS AOIOAHUTEABHOE YB/Aa’KHEHUE U IIOATOILAEHME I'PYHTOB
ocHoaHusa (Semko et al, 2025). B ycaoBmiax pacmpocTpaHeHMS II€CYaHO-TAMHMCTBIX
9JeTBePTUYHBIX OTJAOXKEHNI ¥ HaOyXalOIMX DAIOBMAABHBIX IAWH IIOBBIIIEHNE BAa’KHOCTHU
MIPUBOANUT K CHIKEHMIO IIPOYHOCTHBIX 1 Ae(pOpMaIIMOHHBIX XapaKTePUCTVK IPYHTOB, Pa3BUTUIO
HepaBHOMEPHBIX 0CajoK (PyHAaMeHTOB 1 (POPMUPOBAHUIO TPEIINH B HECYITUX KOHCTPYKILIMAX
(Wang et al., 2024; Alnmr & Ray, 2024).

JlaHHBIe IIPOLIecChl, KaK IIPaBIA0, HOCAT HaKOIIUTEABHEIN XapaKTep U AANTeAbHOe BpeMs
MOTYT pa3BUBaThCs Oe3 BhIpa>keHHBIX BHeImHnX npusHakos (Chou & Hung, 2021).

ITpakTyka TEeXHUYECKOTO o0caea0BaHUS IIOKa3bIBaeT, 4TO M3MeHeHue
TMAPOTre0A0TYeCKUX YCAOBUIL B TOPOACKOI 3acTpOiiKe HepeaKo 00yCAOBAE€HO COBOKYITHOCTBHIO
IPUPOAHBIX ¥ TEXHOI€HHBIX (HPAKTOPOB, BKAIOYAs YTEUYKU NHXKEHEPHBIX KOMMYHUKAIIUIL,
HapyIIeHUe CUCTeM BOAOOTBeAEHM:, paspylleHre OTMOCTOK I HeyJ0BAETBOPUTEAbHOe
COCTOsIHIE ITOABaABHBIX oMeIeHni1 (Semko et al., 2025; Wang et al., 2024; Alnmr & Ray, 2024;
Chou & Hung, 2021; Dastpak et al., 2023). B coueranum c orcyrcrBueM 3(PQPEKTUBHBIX
MepOoINpuATUII IO 3aminTe (PyHAAMEHTOB OT BO3AEVCTBMS TPYHTOBBIX BOJ BTO IPUBOAUT K
nHTeHcuuKanun AepopMaIlMOHHBIX IIPOLIECCOB I CHIDKEHHUIO HeCyIlell CIocoOHOCTU
crpouTeabHBIX KOHCTpYKumit (Li et al., 2025).



() .
EKTU JOURNAL OF 1-tom, 2-HeMmip, MayceiM, 2026.
ARCHITECTURAL AND

CONSTRUCTION SCIENCES -110 - Towm 1, Ne 2, utons 2026.
Vol.1, Issue 2, June 2026.

OcobeHHO ysA3BMMBIMM B ITOAOOHBIX YCAOBMSAX OKA3BIBAIOTCS 3AaHMSI, KOHCTPYKTMBHAsA
cXeMa KOTOPBIX He IIpedycMaTpmBaeT JepOpMaljMOHHBIE IIBBI ¥ CIeIlMalbHBle Mephl II0
KOMIIEHCAIl/ HePaBHOMEPHBIX OCaj0K (Patricio et al., 2024). BosHukaromie AecbopMauMM
MMeIOT BBIPa’KeHHBI IIPOCTPAHCTBEHHBII XapaKTep U IPOSBAAIOTCS B BUAE CKBO3HBIX TPEINH,
HapyLIEHNI CONPSI’KEHNII HeCyIIUX DAEMEHTOB ¥ CHVDKEHMs IIPOCTPaHCTBEHHON >KECTKOCTIU
saanmst (Florkowska et al., 2026; Wang et al., 2025).

B ®T01I CBA3M OCcOOOe 3HaueHMe IpuOOpeTaeT IpoBejeHNe KOMILIeKCHBIX BI3YaAbHBIX,
MHCTPYMEHTaABHBIX I pPacyeTHBIX 00CAeA0BaHMII, HalIpaBAE€HHBIX Ha YCTaHOBAEHNE IPUIUHHO-
CAeACTBEHHOM CBSI3MI MEXJY COCTOSHMEM KOHCTPYKLMII, WH>X€HePHO-Te0AOTMYeCKIMU
YCAOBUSMMI U PeXKMMOM BKCIAyatanun 3aanms (Zhang et al., 2025; Lollino et al., 2015).

CoBMellleHte pe3yAbTaTOB ITOAEBBIX HaOAIOAeHMII, AaOOpPaTOPHBIX VCIBITAHUI U
pacdeTHOTO aHaAM3a IIO3BOASET MHOAYIUTH KOAMYECTBEHHYIO OIIeHKY BAVSIHUA YBAa>KHEHILT
TPyHTOB Ha AedopMaliMOHHOe noBejeHne ocHosaHus (Saliba et al., 2025; Ge et al., 2024).

Hacrosmias crathsl ocHOBaHa Ha pe3yAbTaTax ®KCIEPTHOIO 00CAeA0BaHMS IIATUDTa’KHOTO
KMPIIMYHOTO >XIAOTO JOMa C IIOABAAOM ¥ AEHTOYHBIMM (PyHAAMeHTaMU, PaclOA0>KeHHOIO B
MuKpopaiioHe «Bocrok-2» ropoga Kaparanabl 1 BBeAeHHOTO B ®KcIAyaTauuio B 1983 roay.
[Tao1maaKa CTPOUTEABCTBA XapaKTEPU3YeTCsl CAOKHBIMY MHYXEHEPHO-T€0A0TYECKIMY YCAOBYIS-
M, BKAIOYAIOMIMI 0OBOAHEHHbIE YeTBepTUYHBIE OTA0KEHI 1 HabyXalolyie IAMHICTBIE TPYHTHL.

B xo4e MccaeaoBaHMS BBIIIOAHEHA OLIEHKA M3MeHeH s Ae(POPMaIIIOHHBIX XapaKTePUCTUK
TPYHTOB IIpM BOJOHACHIIIEHMM, pacdeT OCaJOK OCHOBaHNMSA I OOOCHOBaHNIE IIapaMeTpOB
BOJOTIOHVIXKEHILSI. Y CTAaHOBAEHO, YTO IPY yBAaXKHEHNI MOAyAb AepopManuy IpyHTa CHIDKAeTCs
Doaee ueM B ABa pasa, a pacueTHas ocagka yHAaMeHTa IIpeBbIIIaeT HOPMaTUBHBIE 3HAYEHIIS,
9TO TpedyeT IpUMeHEHNsI MH>XKEHEePHBIX MEPOIIPIATUI 110 cTabUAM3aLy OCHOBaHA.

Lleapro Hacrosmieit paboOTBl ABAseTCA OOOOIeHMe pe3yAbTaTOB KOMILAEKCHOTO
00cAea0BaHNsA CTPOUTEABHBIX KOHCTPYKIIMIA XKIAOTO 34aHNA, aHaAU3 BAVSH TIOATOIAEHS 1
HepaBHOMEPHBIX 0caJ0K (pyHAaMeHTOB Ha pPOpMUpPOBaHIIe ITpeAaBapUITHOTO COCTOSHIS, a TaKKe
00OCHOBaHME IIapaMeTPOB BOJOIIOHVDKEHMSI U HECYIIero CA0S  AAsl  IIOBBIIIEHMS
DKCIIAyaTal[MIOHHOM HaAe>KHOCTY 34aHNI aHaA0TMYHOTIO TUIIA.

MATEPUAABI 1 METOADBI NICCAEAOBAHMSI

Y4yacToK IpoeKTHpyeMOoro o0beKTa paclioA0>KeH B Ipejelax 3aCTpOeHHON TeppUTOPUN
ropoga Kaparanasl, B MukpopaiioHe «BocTok-2», 1 mpuypodeH K paBHUHHOM aKKyMYAATUBHOI!
IIOBEPXHOCT! C HE3HAUUTEABHBIM YKAOHOM peabeda (pucyHku 1 u 2). B abcoal0THBIX OTMeTKax
peabed IA0IIajKM XapaKTepu3yeTcs IIeperajoM BBICOT B IIpejedax HECKOABKIX METPOB, 9TO B
I1e10M COOTBETCTBYeT YCAOBMSAM IIAOTHOM TOPOACKONM 3acTpoliku. Teppuropus ydacTka
OaaroycrpoeHa, 4YacTMYHO 3aacaabTMpOBaHa I OKpY>KeHa CYyIIeCTBYIOIIMMM >KMABIMU
3AaHUSAMU  pa3AUYHOM  DTAXKHOCTM, YTO OrPAaHMYMBAET BO3MOXKHOCTh  €CTeCTBEHHOIO
IIOBEPXHOCTHOTO BOAOOTBEAEHILS.

CoraacHO AaHHBIM MH>KEHEPHO-TeOAOTMYECKMX M3BICKaHUI, Te0AO0TMYeckoe CTpOeHue
IA0IagKM IIPeACTaBAEHO I1€CUYaHO-TAMHUCTBIMU OTAOKEHMSAMU KapOOHOBOTO, HEOTEHOBOTO U
YeTBePTUYHOTO BO3pacTOB. UeTBepTUYHbIE OTAOXKEHNs, CAOXKEHHBIE IIeCKaMM U CyTAMHKaMIU,
3aleraloT 40 rayouHsl mopsgxa 3,0 M, OTAMYAIOTCS HEBBIAEP>KaHHOCTHIO IO MOIIHOCTU U
XapaKTepu3yIOTCsl ITOBBIIIIEHHON BAaXXHOCThIO. Hike pacmpocTpaHeHB! ®AI0BMaAbHbBIE TAMHBI
I1aBA0JAPCKOIL U apaAbCKOI CBUT, 00Aajalole HaOyXaoImMU CBOJICTBaMM 11 UyBCTBUTEABHEIE
K I3BMEHEHUIO BAa>KHOCTHOTO peXuma.

VccaepoBanme TeXHMIECKOTO COCTOSHMA 3JaHNs, (PYHAAMEHTOB ¥ TPYHTOB OCHOBaHILA
BBITIOAHSAOCh Ha OCHOBE KOMILAEKCHOTO IIODTAIHOTO Hoaxoda. JaAsd mposejeHns oOcAesOBaHMA
MPUMEHSAC CepTUPUIIPOBAHHBI KOMILIEKT VI3MEPUTEABHBIX CPeACTB, IIPOIIEAIINX TocyJap-
CTBEHHYIO ITOBePKY 11 00eCIIeunBaloniix TpebyeMyo TOUHOCTh u3MepeHmit. B cocras reogesnaeckoro
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000pyA0BaHIsI BXOAUAN DAeKTpoHHBIe TaxeoMeTphl Leica TC1201+ m TS06, a Taxke AasepHble
AdaapHoMepnl cepun Disto, mcroansyeMble A4l KOHTPOAsS IeOMETPMYECKMX IlapaMeTpOB
KOHCTPYKLIIA, OIIpeAeAeHIs OTKAOHEHNI OT BepTUKaAM I B3aMMHBIX CMEIIIeHIIT 51€MeHTOB 3AaHIs.

Pucynox 1. O61mmuit Bug TeppUTOPUM PacIIOA0XKeHNs O0beKTa
Ipumeuariue — cocmaseHo asmopamu

Pucynok 2. O0miuit BuA >KIA0TO A0Ma
ITpumeuanue — cocmagaero agmopamu

Hepaspymaroniuii KOHTpOAb IPOYHOCTY O@TOHHBIX KOHCTPYKIINI BBIIIOAHSACS C IIpUMe-
HeHUeM muaMepureas npouHoctu Oetona VMITC-MI'4.04, yasTpassykosoro npudopa YKC-MI4,
Moz0TKa yaapHoro Aevicrsust ITOC-50MI'4.0 n npubopa Profometer PM-6 aas1 onpeaeaeHus
TOAIIVHBI 3aIIMTHOIO CA0s OeTOHa M PacmoAO0KeHUs apMaTryphl /OMNOAHUTEABHO MCIOADL-
30BaAlCh YHMBEpCaAbHble M3MepPUTEAbHble MHCTPYMEHTHI, BKAIOYAIOLIMe IITaHIeHIIUPKYAH,
pyAeTKy, HaOOpHI IIYIOB M INaOAOHBI AAs M3MepeHMUs IIMPUHBL PacKpHITHUA TpemuH. Jas
¢puKcanym pe3yApTaToB 00CAeA0BaHNS IpUMeHAAUCh g posoii poroannapat Nikon, moaessie
>KypHaAbl HabOAI0AeHNI! U D1€KTPOHHbIE HOCUTEAN AAsl AOKYMEHTMPOBaHU U3MePEeHMIL.
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Kontpoas mpouHoctn 6eToHa B KOHCTPYKLIMAX OCYIIIECTBASAACS YAapPHO-MMIIYABCHBIM,
yABTPa3ByKOBBIM ¥ KOMOMHMPOBaHHBIM MeTOJaMM B COOTBETCTBMM C TpeOOBaHMAMMU
AEVICTBYIOIIMX TOCyAapCTBEHHBIX CTaHAApTOB. A KaXX40TO KOHCTPYKTMBHOTO BJeMeHTa
BBIIIOAHAAOCh He MeHee IIATU—CeMM U3MEPeHMI, MO0CAe 4Yero IPOBOAMAach CTaTUCTIYecKas
00paboTKa ITOAYYEeHHBIX AAQHHEIX C OIlpeAeleHNMEeM CpeJHUX 3HAYeHMII U OILeHKOi pa3bpoca
IoKa3areAeli, 4TO II03B0ASAA0 IOBBICUTD AOCTOBEPHOCTh Pe3yAbTaTOB.

Pacuer HecyIeii criocoOHOCTM M 0OCajOK OCHOBAHM: BBIITOAHSACA Ha OCHOBE JAAHHBIX
MH>XKeHepHO-TeOAOTMYeCKUX M3BICKaHMII, pe3yAbTaToOB AabOpaTOPHBIX WCIBITAaHUI TI'PYHTOB,
aHa/A13a KOMIIPECCHOHHBIX KPUBBIX, 3HAaYeHUII MoAy et gepopManiny 1 paKTUIECKIX HaTPY30K,
repejaBaeMbIX Ha OCHOBaHME OT CTPOUTEABHBIX KOHCTPYKIMIA.

Ha pucynxe 1 sadpukcupoBaHo pacrioa0>kKeHne YPOBH: I0A3eMHbIX BOJ BOAM3Y TIOAOIIIBEI
¢yHAaMeHTa, YTO CBMAETEALCTBYET O IIOCTOSIHHOM BO34€JICTBUM BAary Ha KOHCTPYKIIUM M TPYHT
ocHopaHIsA. Takoe moaoxeHme YI'B cozsaeT ycaoBust 4451 BOAOHACHIIIEHUA CyIecdaHBIX U
CYTAMHUCTBIX TPYHTOB, IIOBBIIIEHMS VX CKMMaeMOCTH M Pa3BUTUS HEpaBHOMEPHBIX OCaAOK.
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PI/IcyHOK 3. KOHCprKTI/IBHbe/I paspe3 4eHTOYHOTO (l)yHAaMeHTa C I1I04BaA0OM
HPMMEHCIHMB — COCIMasAeHo asmopamu

Ha pucynke 4 nipeacrasaeH ¢pparMeHT I11aHa II0ABaAbHOIO Taka 34aHI, OTPasKalOInil
KOHQUIYpalMIO IIOMEIIEeHMI, pacllOAOXKeHNe Hapy>KHBIX M BHYTPEHHMX HECYIIUX CTeH,
IIeperopoAoK, a Takke TOUYKM oOcaejoBaHM: PpyHAaMEHTOB U I'PYHTOB ocHOBaHM:. Ha cxeme
IIOKa3aHO pa3MelljeHne IIOMeIIeHMII  pa3AMdHOro  (PyHKIIMOHAABHOTO  Ha3HadeHNs,
KOHCTPYKTMBHBIX DA€MEHTOB 34aHMs U y4aCTKOB IIPOBEAEHIIS BU3YaAbHBIX M MHCTPYMEHTAaAbBHbIX
HabAI0AeHMI! C IPUBA3KON K IPUHATON KOOPAMHATHOM CETKe.

Kpome Toro, Ha naane o6o3HadeHEI MecTa ycTpoiicTsa mrypdos (mypdsr Ne 1...Ne 10),
BBIOpaHHEIE C y4eTOM pacIIOAOXKeHMs] Hambo/lee HarpPy>KeHHBIX 30H, YJIAaCTKOB COIIPSIKEHIII
IPOJOABHBIX 1 IOTIEPEYHBIX CTEH, a TaK>Ke 30H C OBBIIIIEHHO BAa>XKHOCTBIO. Takoe pasMmelieHne
Toyek 0bOcaeAoBaHUA ODecreunao IIOAydeHUe pelpe3eHTaTUBHBIX AaHHBIX O (aKTUIECKOM
coctossHMM PyHAAMEHTOB 11 TPYHTOB OCHOBAaHMA, a TakKXXe IT03BOANAO BBIABUTH B3alIMOCBS3b
MeXJy XapakTepoM JedopmManmii, KOHCTPYKTMBHBIMM  OCOOEHHOCTAMM  3J4aHUA U
IMAPOTEOAOTMYECKMMH YCAOBUSMU I1AOIIAAKI.

AOII0AHUTEABHO IIPOBOANAACD OLIEHKa BAa>XHOCTHOTO PeXXIMa I104BaAbHBIX IIOMEIeHNI
U TPYHTOB OCHOBaHMSI, BKAIOYasl M3MePeHe OTHOCUTEABHON BAaXKHOCTU BO3AyXa U BU3YaAbHYIO
JuKcanMio 30H yBAAKHEHNMs KOHCTPYKUMIL. AHaAM3 JAAHHBIX ITO3BOANA Y4YeCTh BAVSHUE
ITOATOIIA€HIS ¥ M3MEHEHNsI TUAPOTre010TMIeCcKIX yCAOBMI Ha paboTy PpyHAAMEHTOB I pa3BUTHE
HepaBHOMEPHBIX OCa40K.
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Pucynok 4. ITaan n1o4BaabHOTO Ta)ka 34aHNs C paclioA0KeHeM
11yp¢oB 1 30H 06cAeA0BaHMS
Ipumeuanue — cocrmasaeHo asmopamu

PE3YAbTATBI MU X OBCYKAEHME

AHaAn3 KOHCTPYKTUBHBIX pellleHNn, IpeAcTaBAeHHbIX Ha pUCYHKax 3 1 4, TTOKa3bIBaeT, YTO
AEHTOUHBII (PYHAAMEHT 3J4aHUA DKCIAYaTUPYETCA B YCAOBMAX OAM3KOIO 3ajeTaHMsl YPOBHS
ITOA3€MHBIX BOJ ¥ TIOBBIIIIEHHO BAa>KHOCTY TPYHTOB OCHOBaHIs, YTO OKa3hIBaeT CyIleCTBeHHOe
BAWSIHME Ha ero HampsKeHHO-AepOpMIpPOBaHHOe COCTOSHME M  DKCIIAyaTallVIOHHYIO
HaAe>XXHOCTb.

Ha pucynke 5 mnpeacTaBAeHa pacueTHasl CxeMa paclpejedeHUs] HaOpsKeHUil U
Aedopmanuii B IpPyHTOBOM MaccuBe 110/, IIOAOIIBOI A€HTOYHOTO (PyHAaMEeHTa, MCIIoAb3yeMast
Ipu onpejeAeHUN 0calOK MeTOAOM IOCAOMHOIO CYyMMMPOBaHMS.

Ha cxeme mokasaHsl rayOmHa 3aaokeHUsA pyHAaMeHTa, IIMPYMHA IOAOIIBLI, T'PaHMIIEI
pacyeTHLIX CA0€eB, IOAOXKeHNe YPOBH: II0A3eMHBIX BO/, a TakKe paclipejeleHle BepTHUKaAbHBIX
HaIlpsDKeHMiT oy 1o TayOmuHe ocHoBaHms. OOO3HauyeHbl AOINOJHMUTeAbHble HaIpsKeHUs OT
BHEIITHell Harpy3KM, MCXO/AHble HallpsKeHNs B TPYHTOBOM MacCHBe U X M3MeHeHMe B IIpoliecce
Harpy>KeHsI.

Pacuernas Toama ocHoBaHusA Hc pasjeseHa Ha oTgeapHble caou hi, B mpejeaax KOTOPBIX
HNPMHUMAIOTCS ITOCTOSHHBIE AeOpMalIOHHBIE XapaKTepPUCTUKM IpyHTa. a5 KaXKAOTO CAOs
ompeJeAaseTcs NpupallieHne Hallps>KeHUi M COOTBeTCTBYIOIas OTHOCUTeAbHas AdedpopMariiis,
MCIIOAb3yeMasl TP BRIYMCASHNI CyMMapHOI OcalKI.

/leHTOUHBINI PyHAAMEHT BO3BOAMMOIO 3AaHMSI MMeeT IAyOmHy 3aaoxeHms d = 2,6 M,
Harpysky, Aeiictyomyio 1o ero oopesy NOII = 600 kH/m; npegeasHas ocagka o SP RK 5.01-
102-2013 (2013) cocraBasier S, = 10 cm, 3agaHHas IIPOEKTOM BeAUYNMHA PaCYETHOTO
conpoTusAeHns Hecyiero caosa Rnp =350 kI]a.
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PucynoK 5. PacuerHast cxema pacripeseaeHns HallpsoKeHNII U gepopMarinii
B OCHOBAHMIU A€HTOYHOTO (PyHAAMeHTa

HPLLMEHE!HME — COCMABAEeHO asmopamiul

B npeaeaax nccaeayemori maomagKi ¢ IOBEPXHOCTH Vi Ha BCIO MOIITHOCTD 3a€TaeT CyITech.
Aas obpasmia rpyHTa, OTOOpaHHOIO C rAyOMHBI 2,6 M, ObLAM OIpejeAeHbl OCHOBHEBIE (PM3MKO-
MexaHMJecK/e XapaKTePMUCTUKM MU BBIIIOJHEHBl KOMIIPECCHMOHHBIE NCIBITaHUA. PesyabTaTh
2AabopaTOpHBIX UCCAeA0BAaHNII IIPeACTaBAEeHbI Ha PUCYHKe 6.

AHaAn3 KOMIIPEeCCHOHHBIX KPMBBIX IIOKa3ad, YTO MOAyab gdedopManmy Cynecu MIpu
eCTeCTBeHHOM BaakHOCTU cocraBaser Eecr.=11,8MIla Toraa kxak Iocae 3amMadyMBaHMsI OH
comkaercst 40 EBoa.=5,9 Mima, dro cBUAETEABCTBYeT O ABYKPaTHOM  YXyALIeHUM
AedOpPMaLIVIOHHBIX CBOVICTB I'PYHTa IIPY BOAOHACBIIIIEH .

Aas 06OCHOBaHMSI MEpPONPUATUII II0 OOeCIleYeHUIO HaAe’KHOI paboThl OCHOBAHM
BBIITOAHEH pacdyeT HeoOXOAMMOJ MOIITHOCTY HECYIIeIO CA0s, COXPaHAIOIIEero eCTeCTBeHHYIO
BAaXKHOCTB, a Tak>Ke oIlpeJeleHa MIHMMaAbHas TAyOMHa BOAOIIOHVKEHIA.

Ha pucynke 6 mnpeAcraBaeHbl KOMIIPECCHOHHBIE KpVBBIE TIPYHTa, IIOAydYeHHbIE IIO
pe3yAbTaTaM OAOMETPUYECKUX MCIIBITAaHUI IPY €CTEeCTBEHHON BAakHOCTU (KpuBas 1) m mpu
IIOAHOM BOJOHachmeHun (Kpusast 2). I'padpukm oTpakaioT 3aBUCKMOCTh Ko9(pPuIImeHTa
ITIOPUCTOCTH € OT BeANYMHEI BepTUKaABHOTO HalpsiKeHms ol.
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PI/ICyHOK 6. KOMHpeCCI/IOHHbIe KpHBbI€ I'PYHTa IIPpU €CTeCTBEHHOI BAa>KHOCTU
1 BOAOHACHBIIIIeHNTT

Hpume%aﬂue — COCmasAeHo asmopamu
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AHaaAn3 TpeACTaBAeHHBIX KPUBBIX IIOKa3blBaeT, YTO MPU YyBeANMYEHUM HaTPy3KU
MIPOMCXOAUT yMeHbllleHue Kod(pQPuijnmeHTa MOPUCTOCTH, COIPOBOXKAAIOIIeecs yILAOTHEHNeM
rpyHra. [Ipu »TOM B yca0BMAX BOAOHACHIIIEHNs HaOAI0AaeTca 0oJee MHTEHCMBHOE pa3BUTHE
AedopMannii, 4To BeIpakaeTcs B 00AbIIIeM CHIUKEHNY 3HAaYEeHILS € 10 CpaBHEHMIO C COCTOSIHIEM
€CTeCTBEHHOI! BAa>KHOCTH.

Paznoctu sHaueHmit KoddpPuirmeHTa MOPUCTOCTH Ae, COOTBETCTBYIOIINE OTAeABHBIM
MHTepBalaM Harpy3Ku, UCII0Ab30BaAVCh IIPY OIIpeJeAeHNI OTHOCUTEABHEIX AepOopMalinii C10eB
1 pacueTe 0calOK MeTOAOM IIOCAOMHOTO CyMMUpoBaHUs:A. I1oaydyeHHbIe 3aBUCHMMOCTM MOCAY-
KA OCHOBOM AA51 OLIeHK! BAMSHMS BOAOHACHIIIIeHUsI Ha CKIMaeMOCTh TPYHTOB OCHOBaHMA.

Ha mepsom o®rame, mnpuHuMasg pacyeTHOe COIPOTHUBJAEHIEe OCHOBaHMA pPaBHBIM
npoekTHOMY 3HaueHNIO R = Rop =350 kIla, 6bl1a ompeseseHa pacueTHas MVpPUHA TOAOIIBEI
AeHTOYHOTO (pyHJaMeHTa 110 popMy4e, C y4eTOM CpeHero yAeAbHOIO Beca IpyHTa U MaTepuada
Jynaamenra ycp;=20 xkH/M3.

N, _ 600
R—yepy-d 350-20-2,6

2,0m.

AAs  HauMXyAllleTo BapMaHTa paOOTBI OCHOBaHNA, COOTBETCTBYIOIIEIO IIOAHOMY
BOAOHACKHIIIEHIIO TPYHTOB, pacdeT BBIIIOAHACS 110 KOMIIPECCMOHHON KpUBOIA 2 (PUCYHOK 6), TIpK
3HAYEHVAX MOIIHOCTEN caoeB: h, =2,16m, h, =1,6 m, h,;; =0,72m:

CymMmapHas ocagxa coctaBuaa:

Se0 =85 + 8557 + 87 =8,9+2,96+0,39=1225 cum.

o
IToayyenHoe 3HaueHue IIPEBBIIIAET IPEAEABHO AOIYCTUMYIO OCAAKY: Sypep = 10 cm.
CaegosareanHo, ycaosue SN RK 5.01-02-2013 (2013) o orpaHM4YeHHMIO OCaJOK He BBIITOAHAETCS,
9TO CBUAETEABCTBYET O HEOOXOAVMOCTY IIPVMHATIS MEPOIPIUATHII 11O ITOBBIIIEHNIO HaAe>KHOCTHI
OCHOBaHMSI.
Aas o1leHKHU Xapakrepa A4e(pOpMUPOBaHNS OCHOBAaHMSI OBLAM OIIpeeAeHbl OTHOCUTEAbHBIE
AedopManun pacyeTHBIX CAOEB:

800 600 600
g =28 04124, =5 2200185 4, = S 030
no 216 h, 160 n, 72

=0,0054

Hanboasmas aepopmarius HabAIOZaeTCsI B BEpXHEM CA0€ IPYHTa, YTO yKa3bIBaeT Ha €ro
ompeJeAsoniee BAMHIE Ha OOIIYIO 0CagKy OCHOBaHIA.

Beanmunna mnpesblllleHNsI pacyeTHOM OcCagKM HaJj AOIYCTMMOI ompejeasaach IIO
BBIpasKeHUIO:

S — Seod _ S

3a6blUl. BbIY. npeo. = 1 2’25_ 1 0 = 2’2SCM‘
HO/Iy‘IeHHOQ HpeBI)IH_IeHI/Ie HO,Z],TBep)K,Zl,aeT HeO6XO,Z|,I/IMOCTI) OrpaHI/I‘IeHI/UI ,Zl,e(l)OpMaHI/Iﬁ
BerHerO CA0s rpyHTa.

AOHyCKaeMa}I OcaZKa IIepBOro cA10s1 coCTraBnla 1npmu DI:

S =S 8 =89-225=6,65cnm.

3a6bid

Toraa TpeOyemMas oTHOCUTeAbHas depOopMaliis IIepBoro cAos OyAeT paBHa:

&w = 6,65 =0.0308
h, 6

mpeb __
& =

HOAy‘IeHHOQ 3Ha4YeHMe MCII0Ab30BaA0Ch IIpU OIIpejelA€HNN IapaMeTpOB HeCyIero cAo:1.
‘Zl/l}l yCAOBI/II7[ €CTeCTBEeHHOW BAa>KHOCTU PpacyeT BhIITIOAHSACS I10 KOMHPECCI/IOHHOIZ KpI/IBOIZ

1 (pmcyHOK 6).
Soe =S/ +5" +5" =4,58+1,36+0,19 =6,13cm.

6blY.
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OrnocureapHas gepopManyisi IePBOTO CA0sI TPV eCTeCTBEeHHOM BAaXKHOCTI:

ecm_ﬁ_“asg
" 216

=0,021.

B sanHOM caydae ycaoBue 110 rpeAeAbHON OCagKe BBITTOAHAETC.
HeobOxoaumas MOIIHOCTh HeCYIIero CA0s, COXPaHSIOIIEro eCTeCTBeHHYIO BAaXKHOCTB,
ompegeasaacs 1o popmye:

(2 ~&™)  (0,0412-0,0308))
(62 —gem) ™' (0,0412-0,021)

he = 216 =111cm.

Takum O6pa3OM, MUHMaAbHasI MOITHOCTh HE3aMOYE€HHOTO HECYIIEro CAO0s COCTaBAsIET
1,11 m.

MunanmaapsHas r/ly6]/IHa BOAOIIOHVI>KEHM: OIlpejeasaach OT IIOBEPXHOCTM 3eMAN II0

Popmyae:
h™ =d+h%" =2,6+111=371m.

IToaydyeHHoOe B pe3yAbTaTe pacyeTOB 3HaueHe TAyOMHBI BOAOTIOHM>KEeHMs ITIPUHMMAaeTcs B
KayecTBe MCXOAHOTO IlapamMeTpa IIpM HPOeKTUPOBaHMUM JAPEHa’KHBIX CUCTEM C Y4YeTOM
axTuueckoro m3MeHeHUsA AePOPMAIVOHHBIX XapaKTePUCTUK TPYHTOB B  YCAOBULIX
IOATOIAeHNA. YCTaHOBAEHO, YTO IpU IOAHOM BOAOHACBHIIIIEHMN TPYHTOB pacyeTHasl ocajka
(JyHAaMeHTa IIpeBHIIIIaeT HOPMATUBHOE 3HaUYeHNe, ycTaHoBAeHHOe TpebosaHmsmu (SP RK 5.01-
102-2013, 2013; SN RK 5.01-02-2013, 2013) Toraa Kak IIpy eCTeCTBeHHOII BAa>KHOCTM OCHOBaHUe
paboraer B JomycTUMOM JepOPMaIIMOHHOM peXKMe. DTO CBUAETEABCTBYeT O TOM, UTO
TpagUIIMIOHHBIE HOPMAaTHUBHbBIE ITI0AX0ABI, OCHOBaHHbIE Ha MCII0Ab30BaHUU IIapaMeTpOB I'PYHTOB
B €CTeCTBeHHOM COCTOSIHMIU, He Bcerda o0ecrieurBalOT AOCTOBEPHYIO OLIEHKY YCAOBUII pabOTHI
ocHoBaHUs B mporecce skcnayartaruy (Utenov et al., 2017; Utenov, 2013).

Anaans pacnpegeaeHus gepopManuii IoKasad, YTO OCHOBHAsS MX 9acTh POPMUPYeETCs B
BepXHEM CJ0e I'PYHTa, HaXOAAIeMCs B 30He BAVMSHUA KOAeD0aHNil yPOBH: IOA3eMHBIX BOA, 9TO
00ycA0BAMBaeT ero onpeAeAsionyio poas B popmuposanun odmert ocagku (Chen et al., 2023;
Li et al., 2026). Ha ocHOBe BBIIIOAHEHHBIX PacyeTOB yCTaHOBAEHO, YTO MMHMMaAbHasI MOIITHOCTD
He3aMOYeHHOTO HeCyIIero cA0s 40AXHa COCTaBAATh He MeHee 1,11 M, a MMHIMAaAbHas TAyOMHa
BOAOIIOHIKeHV:s He MeHee 3,71 M, 4TO IT03B0AsIeT UCKAIOUYNTDh BOAOHACHIIIeHIe pacdeTHOTO CA0s
1 o0ecI1ednTh HOPMaTUBHYIO yCTONYMBOCTh OCHOBAHIIS.

3AKAIOYEHUE

B pesyabTare BEHIIIOAHEHHOIO KOMIIA€KCHOIO BU3YaAbHOIO, MHCTPYMEHTAAbHOIO W
pacdeTHOro 00CAeAOBaHM: YCTAaHOBAEHO, YTO TeXHIYECKOe COCTOSHIE JICCAeAYeMOTO >KIAOTO
34aHnA POPMUPYETCs M0J 3HAYUTEABHBIM BAVSHVEM CAOXKHBIX MHXKEHEePHO-Te010TMIeCKUX U
IMAPOTe0A0TMYeCKMX YCAOBUI, XapaKTepU3YIOMIMXCSl OAMBKUM 3aleTaHueM YPOBHsI ITOA3eMHBIX
BOZ, 1 TIOBBIIIEHHO BAaXKHOCTBIO TPYHTOB OCHOBAHISL.

AHaAn3 MHXXeHepPHO-Te0AOTMYECKNX JaHHBIX M pPe3yAbTaTOB Aa00paTOPHBIX MCITHITAHMIT
IIOKa3al, 4YTO CylecdyaHble U CYTAMHUCTBIE TPYHTBlL OCHOBaHMSA 004a4aloT  BBICOKOI
YyBCTBUTEABHOCTBIO K M3MEHEHMIO BAaXXHOCTHOTO pexkmuma. IIpm BogoHachIleHMM MoAyAab
AedopManuy IpyHTa CHIDKaeTcsl ©oJee 4eM B ABa pasa, UTO IPMBOAUT K CYIIeCTBEHHOMY
yBeAUYEHNIO CKMMaeMOCTH! ¥ Pa3BUTUIO HEPaBHOMEPHBIX 0Cad0K (PyHAaMEeHTOB.

YcraHOBAEHO, YTO PU ITOAHOM BOAOHACHIIIIEHI TPYHTOB pacyeTHas Oocalka Ae€HTOYHOTO
JpyHAaMeHTa TIpeBBIIIaeT IpeAeAbHO  AOIYCTUMBIE HOpPMaTMBHBIE  3HA4eHMs, 4TO
CBIAETeAbCTBYeT O HeyJOBAETBOPUTEABHBIX YCAOBUAX pabOTHI OCHOBaHMA M HEOOXOAMMOCTH
NpUMeHeHs MHKeHEePHBIX MepPOIPUATHI IO ero cTabuAM3alui.
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PacueTHas oneHka HaIps>KeHHO-Je(pOPMMPOBAHHOTO COCTOAHMS OCHOBaHNSA ITOKa3aaa,
9TO OCHOBHas JacTh JepopManuii GpOpMUPYeTCs B BepXHEM CJA0e IPYHTa, PaclIoJ0KeHHOM B
30He Ce30HHBIX K0AeDaHMUil YPOBHs IIOA3eMHBIX BOJ, UTO OIlpejeseT ero pellaiolyio poab B
dopmuposanun ob1eit ocagku GpyHAaMeHTa.

Aas  obecriedeHuss HOPMaTUBHON  AedOpMAIlMOHHONM  yCTOMYMBOCTM — OCHOBaHIS
ompeJeleHa MHHMMaAbHas MOIIHOCTb HECYIIero CA0s, COXPaHSIOIIETO eCTeCTBeHHYIO
BAaXXHOCTb, pasHast 1,11 M. JaHHbIN caoit obecriednBaeT JOIMYCTUMBIN YPOBEHb OCAAOK P
DKCILAyaTalUM 3JaHMsL.

Ha ocHOBe BHIIIOAHEHHBIX pacyeTOB YCTAHOBAEHO, 4YTO MUHHMMAaAbHasi TIayOuHa
BOJOIIOHVIXKEeHIS 40AKHa COCTaBAATh He MeHee 3,71 M OT MOBEPXHOCTM 3€MAM, YTO IT03BOAsIeT
MCKAIOUYMUTD BOAOHACKHIIIIeHNe PacyeTHOTO HeCYIIero cA0s U CTabuAN3UpoBaTh 4e(pOpMalIOHHbIe
XapaKTepUCTVKI TPYHTOB OCHOBaHIL.

Brrasaennble aedpekThl M TIOBpeXAeHMs CTPOUTEABHBIX KOHCTPYKIIMII HaXoAsITCA B
HNPUYUHHO-CAACTBEHHO CBSI3U C IIOATOILAeHMeM TPYHTOB OCHOBaHU:A, HapyIlleHNeM YCAOBUI
DKCIIAyaTallUM 3JaHUA UM OTCYTCTBMEM S(QQPEeKTUBHBIX MepPOIPMATUII IO BOAOOTBEAEHMIO I
TMAPOU3OASIINIL.

IIpumenennass B paboTe KOMILAeKCHas MeTO4UKa o0OcCAeAOBaHNs, OCHOBaHHas Ha
COUeTaHMM BU3YaAbHBIX, MHCTPYMEHTAAbHBIX M PaCYeTHBIX MeTOJOB, IIOKa3ala BBICOKYIO
1HQPOPMATUBHOCTD 1 MOXKeT OBITh peKOMeHA0BaHa A5 OL[eHKV TeXHIYEeCKOTO COCTOSHMS 3AaHNIt
aHa/A0TMYHOTO KOHCTPYKTVMBHOTO THIIA, DKCILAYyaTUPYeMBbIX B YCAOBIUSX CAOKHBIX TPYHTOB.

IloayuenHsle pe3yAbTaThl MOTYT OBITH MCIIOAB30BAHEI IIPY pasdpaboTKe IPOEKTHBIX perlre-
HII TI0 YCTPOJICTBY APeHa>KHBIX CUCTeM, YCUAeHUIO GyHAaMeHTOB, BOCCTaHOBAEHUIO TN APOU30-
AAIMU Y OpraHM3al My MOHUTOPMHTA IMAPOTe0A0TMYeCKOro pekKMa B 30He 3aCTPOMKIML.

Peaamsanusr pekoMeHAOBaHHBIX MePOIIPYVIITUI ITO3BOANUT IOBLICUTD DKCIIAyaTallIOHHYIO
HAAEKHOCTb 3JaHUVI, CHU3UTH PUCK Pa3BUTUs HpeJaBapUHBIX U aBapUIHBIX COCTOSHUI U
obecrieunTh GE30ITaCHYIO 40ATOBPEMEHHYIO DKCILAyaTal[iio XKIA0ro (pOHAA.

/lOTI0AHNTEABHO YCTaHOBAEHO, UTO passuTue JedopManuii OCHOBaHISA HOCUT MHXXeHep-
HO-TeOTeXHMUYEeCKUII XapaKTep 1 OlpejeaseTcsl He CTOABKO BeANYMHON IepejaBaeMbIX Harpy3o0K,
CKOABKO M3MeHeHNeM HallpsKEHHO-Ae(POPMMPOBaHHOIO COCTOSHI TPYHTOB IIpM HapyIIeHNN!
MX eCTeCTBEHHOIO BAa>KHOCTHOro pexkuma. Iloaromaenme mpmBOAWT K IepexoAy TPYHTOB
OCHOBaHM: M3 PacdeTHOTO COCTOSHIIS, IPMUHATOTO IPY IIPOeKTUPOBaHUM, B Apyroe (pusudeckoe
COCTOSIHMIE, COIIPOBOXKAalOIIieecs CHYDKEHIEM MX XKeCTKOCTU M pocToM JedpopMaliuii.

ITokasaHO, YTO TpaAMIIMOHHOE CIIOAb3OBaHMEe JAedOPMAaIlMOHHBIX XapaKTepUCTHK
TPYHTOB IIPM €CTeCTBEHHON BAa’KHOCTM He oOecriednBaeT JOCTOBEPHON OIEHKM OCaloK
(pyHAaMEHTOB B yCAOBMAX DKCIIAyaTalluM IIPY ITOBBIIIIEHHOM YpPOBHE IT0OA3eMHBIX BOA. B cBs3m ¢
9TUM IIpU 00CAeJ0BaHMI U pacyeTHOIl OlLleHKe CYIIeCTBYIONIMX 3AaHMI B 30HaX IOATOILAEHNA
IledecooOpa3HO  y4mMTHIBaTh  (pakTUdecKue 3HAYeHMs MoAyadelt  Jedopmalum  IIpH
BOAOHACEHIIIIEHNH, OIlpejeAsieMble 4a00paTOPHBIMU U TIOAEBLIMU METOAAMI.

YcTaHOBAEHO, UTO BEPXHSAS YacTh IPYHTOBOIO MacCKBa B IIpedelax TAyOuHBI Ce30HHOTO U
TeXHOTEHHOTO K0AeDaHIs YPOBHS IIOA3EMHBIX BO/, SIBASETCA ONpeAeAsonum depopMaIiiOHHO-
aKTUBHBIM c10eM, GOPMUPYIOIIM OCHOBHYIO 40110 OCaAK/ AeHTOUHBIX PyHAaMeHTOB. JaHHOe
00OCTOATeABCTBO yKa3blBaeT Ha HeOOXOAMMOCTL MPUOPUTETHON CTabMAM3aIuy MMEHHO DTOTO
€203 IIpU pa3paboOTKe MHXKEHePHBIX MEPOIIPUATHIL.

Pacuéramu mOATBep>KA4eHO, 4YTO oOOecIledeHue HOPMAaTUBHOI paboOThl OCHOBaHMA
BO3MOXKHO He TOABKO 3a CYéT ycuaeHMs (PyHAaMeHTOB, HO M 3a CYET peryaupoBaHILL
IMAPOTe0A0TMYeCKOTO peskiMa, HallpaBJAeHHOIO Ha COXpaHeHIe HeCyIlero CA0s B COCTOSHMI
eCTeCTBeHHOM BAa’KHOCTU. B 9TOM KoHTeKcTe MepoHmpuATHs IO BOAOIOHVIKEHUIO U APeHaxXy
caeayeT paccMaTpuBaTh KaK paBHO3HAYHYIO aAbTePHATUBY KOHCTPYKTUBHOMY YCUAEHMIO, a B
psiae caydaes — Kak 601ee P PeKTUBHOe U DKOHOMIUIECKI OOOCHOBaHHOE pellleHne.
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IloayueHHsle pe3yAbTaThl CBIAETEABCTBYIOT O HEOOXOAMMOCTH Ilepexoja OT CTaTU4YecKOii
OLIEHKM OCHOBaHMA K BKCIAYyaTallMOHHO-OPMEHTUPOBAaHHOMY TIe€OTeXHUYeCKOMY aHaAu3y,
YUUTBIBAIONIEMY BO3MOKHYIO TpaHC(POPMALMIO CBOVICTB TPYHTOB BO BpeMeHH. TaKoil I10AXOA
II03BO/sIeT IOBBICUTH AOCTOBEPHOCTH IPOTrHO3a AedpopManuii ¥ 0OOCHOBAHHOCTh ITPOEKTHBIX
pellleHMiI IIpu 00CA€AOBaHMM U PEKOHCTPYKIIUM 3AaHUI, DKCIAyaTUPYEMBIX B YCAOBUAX
IOATOILAEHMA.

KOH®AMKT MHTEPECOB: ABTOpPHI 3asBASAIOT 00 OTCYTCTBMM KOH(PAMKTA NHTEPECOB.

OVHAHCUPOBAHME: VccaeaoBaHne He I0Ay4aA0 BHEITHero prHaHCHPOBaHNs.

3ASBAEHUE OB OAOBPEHNN MHCTUTYOIVMOHAABHBIM OSTUYECKUM
KOMMUTETOM (IRB): He npumennmo.

3ASIBAEHUE Ob MH®OPMUVWPOBAHHOM COI'1ACHUMN: He mpumeHuUMoO.

3ASIBAEHUE O AOCTYITHOCTU AAHHBIX: JanHbie, ToATBep KAalOLINe pe3yAbTaThl
AAHHOTO TEXHUYECKOTO MCCAeA0BaHMsI, MOTYT OBITh IIpeA0CTaB/AeHbl COOTBETCTBYIOIINM aBTOPOM
110 0OOCHOBaHHOMY 3aIIpOCy.

BAATOAAPHOCTM:  Apropnl  BhIpaxkailOT  04arogapHocTb  Koaderam  3a
MeTOJ010TNYECKYIO IIOAAEPKKY U IT0Ae3HbIe 0OCY>KAEHIs, a TaK)Ke aHOHVMHBIM pelleH3eHTaM
3a LIeHHBIe 3aMeYaHIs], CIIOCOOCTBOBABINYIE YAYIIIIEHNIO KadyecTBa CTaThI.

VBEAOM/EHME OB MCIIOAb30BAHUM TEXHOJAOTUMM MCKYCCTBEHHOTO
VHTEAAEKTA: TIlpu mnoaroroske pykomucu wucrnoasdoBasach mnaatrdopma ChatGPT,
paspaborannas OpenAl, 445 S3BIKOBOM U CTUAMCTIIECKON peJaKIy TeKCTa.
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MNEPAPXMUYECKAS CTPYKTYPA OPTAHU3ALIVN TYPUCTCKO-
PEKPEALIMOHHBIX HEHTPOB KAK ITPOCTPAHCTBEHHBIX CUMCTEM
(HA ITPMMEPE CEBEPHOI'O KA3AXCTAHA)

TYPUCTIK-PEKPEAIIVSIABIK OPTAABIKTAPABIH KEHICTIK
SKYVIEAEP PETIHAETT ¥MIBIM AA CTBIPY ABIH, IEPAPXMSIABIK
K¥PBIABIMBI (COATYCTIK KASAKCTAH MBICABIHAA)

HIERARCHICAL STRUCTURE OF THE ORGANIZATION OF TOURIST
AND RECREATIONAL CENTERS AS SPATIAL SYSTEMS
(CASE STUDY OF NORTHERN KAZAKHSTAN)

K.M. CagBakac
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Karouessie caoBa:

AHHOTALIUST

TYPUCTCKO-
peKpealyiOHHbIN
KOMIIZAEKC,
apXmUTeKTypHas
opraHu3anus,
HIPOCTpaHCTBEHHAs
CTPYKTypa, uepapxusi,
CUCTEMHBIN ITOAXO0A,
¢$ynaKITIOHAABHOE
3oHMpoBaHMe, CeBepHBIII
Kaszaxcras,
AaHAmMadTHAS
OpraHM3aIs.

B ycaosusax axtmsHOrO passutusa Typusma B Pecnybamke Kasaxcran
BO3pacTaeT HeOOXOAMMOCTb Hay4yHOTO OOOCHOBaHMS apXUTEKTyPHO-
MIPOCTPaHCTBEHHONM OpraHM3aIuy TYPUCTCKO-peKpealiOHHBIX KOM-
I1.1eKcoB, ocobeHHO B pernoHax CesepHoro Kasaxcrana ¢ BrIpaKeHHBIMU
NIPpUPOAHO-AaHAIIaPTHEIMU OcoOeHHOCTAMU. [leapio mccaesoBaHMA
ABAAETCA paspaboTka MoJeAu MepapXmdeckoll ITpOCTpaHCTBEHHO

CTPYKTYPbI

IIpUMeHeHBI CUCTeMHBIN M CTPYKTYPHO-(PYHKIIMOHAABHEIN TOAXOABI, a

TYPUCTCKO-peKpeallMOHHBIX ~ KOMILAeKcOB. B pabore
TaK’XXe MeTOABl CpPaBHUTEABHOTO M rpado-aHaAUTHIECKOTO aHaAU3a.
YCTaHOBAEHO, 4YTO TYPMCTCKO-peKpealliOHHble KOMIIAeKCH (HopMu-
PYIOTCSI KaK MHOTOYPOBHEBBIE CHCTEMBI, BKAIOYAIOIINEe MaKpO-, Me30- I
MUKPOYpPOBHM, OOBbeAVHEHHbIE IIPOCTPAaHCTBEHHBIMM M  (PYHKIIVO-
HaABHEIMU cBA3AMu. HaydHas HOBM3Ha 3aKaAl09aeTcsl B OOOCHOBaHUM
MepapXM4ecKoil CUCTeMbI ITPOCTPAaHCTBEHHOM OpTaHU3aLUM TYPUCTCKO-
PeKpealMOHHbIX ~ KOMIIAEKCOB C Y4Y€TOM HPUPOAHOrO  Kapkaca
Tepputopun. IlpakTmueckas 3HaUMMOCTb COCTOUT B BO3MOXKHOCTHU
IIPUMEHEHNsI ~ Pe3yAbTaTOB  IIPU  HPOEKTUPOBAHUM  TYPUCTCKUX
Tepputopuii. IlepcrnekTuBbl AaAbHEMINMX MCCA€AOBAHUII CBSA3aHBI C
pasBuUTMEM U yTOUHEHMEM IPeAA0KEeHHOM MOAeAN C YIETOM Ce30HHOIA
AVIHAMMKY,  KAMMAaTUYEeCKUX

daxTopoB M TpaHcpopMaIuUn

Cl)yHKL[MOHaAbHOf/I CTPYKTYPBI TYPUCTCKO-PEKpealMOHHBIX KOMIIJEKCOB.
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Tyninai cesaep:

TYUIHAEME

TYPUCTIK-peKpealmsiablK
KellleH, apXUTeKTypaAbIK
YMBIMAACTBIPY,
KeHiCTIiKTiK KYPBLABIM,
nepapxms, XXyieaix
TaCia, PYHKIIMOHAAABIK,
aiiMakray, CoaTycTik
Kasaxcran, 2aHAIapTHIK
YUBIMAACTBIPY.

Kasakcran PecriybankacsiHga TypU3MHiH KapKBIHABI 4aMYbI >KaFJailbIHAA
TYPUCTIK-peKpealsaAbK, KellleHAepAiH CoyAeTTiK-KeHICTIKTIK yIibMaac-
TBIPBIAYBIH FBLABIMY TYPFBIAAH HeTi3aey Ka>KeTTiAiri apThIIl OTEHIp, acipece
Taburn-aaHamaTelK — epekinedikrepi aikpiH Coarycrik  Kasaxcran
oHipaepiHge. 3epTTeyAiH MaKcaThl — TyPUCTIK-PeKpealisAbIK, KellleHAep-
AlH MepapXUsAABIK KeHiCTIKTiK Ky PBLABIMBIHBIH MOJeAiH a3ipaey. Kymricra
KYJeaAik >KoHe KYPBIABIMABIK-QYHKIIMOHAAABIK Tociadep, coHAail-aK
CaABICTRIPMaAbl >KoHe TIpaUKalblK-aHAAUTUKAABIK Taajay oJicTepi,
rpadpuKaablK-aHaAUTUKAABIK Taaday oAicTepi KOA4aHBLAABL TypuUCTik-
peKpealusaAbIK KellleHAePAiH MaKpo-, Me30- KoHe MUKPO JeHTelliepaeH
TYpaTblH, KeHICTIKTIK >KoHe (QYHKIIMOHAAABIK OaillaHBICTap apKbLABI
OipikTipiareHn xemaeHrenai Kyiie peTiHAe KaAbIIITaCATBIHBI aHBIKTAAABL.
Typucrik-pekpealiuaablK, KellleHAePAIH MaKpo-, Me30- >KoHe MMUKPO
AeHTell1epA€eH TypaThIH, KeHiCTIKTiK >XKoHe (PYHKIIMOHAAABIK OaliaaHbICTap
apKpIABl OipikTipiareH KemAeHTeliai >Kyile peTiHJAe KaAbIITacaTBIHBI
aHbIKTaaabl. boaaltak sepTreyaep TypUCTiK-peKpealisAbIK KellleHAePAiH
(QYHKUMOHAAABIK, KYPBLABIMBIHBIH TpPaHC(POPMALVIACHIH, MayChIMABIK,
AVHAMUKaHBl >KoHe KAUMATTHIK (aKTopAapAbl ecKepe OTHIPBHIII,
VCBIHBLAFAaH MOA€AbAl AaMBITY JKoHe HaKThLAayMeH Oail1aHbICTEL

keywords:

ABSTRACT

tourist-recreational
complex, architectural
organization, spatial
structure, hierarchy,
systems approach,
functional zoning,
Northern Kazakhstan,
landscape organization.

In the context of the active development of tourism in the Republic of
Kazakhstan, there is an increasing need for a scientific justification of the
architectural and spatial organization of tourist and recreational
complexes, particularly in the regions of Northern Kazakhstan
characterized by distinct natural and landscape conditions. The aim of the
study is to develop a model of the hierarchical spatial structure of tourist
and recreational complexes. The research applies system-based and
structural-functional approaches, as well as comparative and graphic-
analytical methods. It has been established that tourist and recreational
complexes are formed as multi-level systems, including macro-, meso-, and
micro-levels interconnected by spatial and functional relationships. The
scientific novelty lies in substantiating a hierarchical system of spatial
organization of tourist and recreational complexes, taking into account the
natural framework of the territory. The practical significance lies in the
applicability of the results in the design of tourist areas. Future research
directions are associated with the further development and refinement of
the proposed model, taking into account seasonal dynamics, climatic
factors, and transformations in the functional structure of tourist and
recreational complexes.

BBEAEHUE

B nocaeanue gecatuaetus TypucTckas oTpacab 4eMOHCTPUPYeT YCTOMYMBYIO AMHAMUKY

pocTa M TIOCTEIIEHHO CTaHOBUTCS OJAHMM U3 3HaYMMBIX HaIlpaBA€HMI COLMaAbHO-
DKOHOMMYECKoro passutusa Pecriybamkm Kazaxcran. PasBurme BHYyTpeHHETO 1 BBe3JHOTO
Typu3Ma COIPOBOXKJAETCsS pacHIMpeHneM TYPUCTCKON MHQPPACTPYKTYPHl, yBeAdeHUeM
00BEMOB MHBeCTUIINI 1 (POPMUpPOBaHIEM HOBBIX peKpeallliOHHBIX TeppuTtopuit (V1sanos, 2019;
Kyzaenosa, 2021). ITo gaHHBIM OQUIIMAaABHO CTAaTUCTUKY, 3a IOCAEAHNE AECATHh AeT OOl
TYPUCTCKMII TIOTOK B CTpaHe yBeamdmaca Ooaee dem Ha 40-60 %, 4TO CBUAETEeABCTBYeT O
BO3pacTalollleM 3HayeH!UM Typu3Ma B CTPYKType HallMOHAaAbHOM BSKOHOMUKHU. B aaHHBIX
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YCAOBMAX TYyPUCTCKO-peKpealjliOHHbIe KOMIIAEKCHI BBICTYIIAIOT KAIOYEBBIMI IIPOCTPAHCT-
BeHHBIMI DAeMeHTaMI OpTaHM3alM TYPIUCTCKOM AesITeAbHOCTY, obecIieurBas KOHIIeHTpalio
JyHKUNIT pasMmelenns1, 06CcAy>KUBaHUs, 40CYTa U peKpearn.

ITposeaéHHOe MCCcaeAOBaHME ITO3BOAMAO YCTAaHOBUTH, UTO TYPUCTCKO-peKpealiOHHbIe
KoMmILaeKchl B ycaoBusix CepepHoro Kazaxcrana ¢popMmpyIOTcsa Kak CAOKHBIE MepapXUUecKu
OpTaHM30BaHHLIE IIPOCTPAHCTBEHHbIE CHCTeMBI, XapaKTepuU3yIOIuecs MHOIOYpPOBHEBOI
CTPYKTYpOIi, YCTOMYMBBIMM BHYTPEHHUMM CBA3SIMM I B3alIMO3aBMICMMOCTBIO ITPMPOAHEIX,
(pyHKUMOHAABHBIX U apXUTEKTYPHBIX KOMIIOHeHTOB (Alexander, 1977; Salingaros, 2000). B nx
cocTaBe II0CAe]0BaTeAbHO BBIAEASIOTCS MaKpoO-, Me30- U MUKPOYPOBHU IIPOCTPaHCTBEHHOM
OpTaHM3alNy, KaXkXABINl 13 KOTOPBIX BBLIIIOAHSET CHenu(UUecKyl0 poab B (POPMUPOBAHNUI
11e0CTHOM apXUTeKTyPHO-IIPOCTPaHCTBEHHOM Cpeabl. BsammogelicTBue JaHHBIX YpOBHeN
obecrieunBaeT He TOABKO PYHKIIMOHAABHYIO 9 PeKTUBHOCTL TEPPUTOPIH, HO 1 POPMMpPOBaHIIe
YCTOMYMBOTO  KOMITO3MIIMOHHO-TIPOCTPAaHCTBEHHOTO ~ KapKaca TYpPUCTCKO-peKpearyilOHHOTO
komrrzekca (Kyaenosa, 2021; Bakulov, 2018).

AKTyaapHOCTD paccMaTpMBaeMoOli Mpo0AeMaTKy 00yCcA0BAeHa TeM, YTO B COBPEMEeHHBIX
yCAOBMAX HabAI0ZaeTcsl aKTMBHOE pas3BUTHE TYPUCTCKOM MHQPPACTPYKTYPBl M POCT peKpea-
LIVIOHHOJI Harpy3Ky Ha IIpUPOAHBIE TEPPUTOPUM, OCOOEHHO B IIpejelax IIeHHBIX AaHAIadToB
Cesepnoro Kazaxcrana. YcuaeHne aHTPOIIOI€HHOTO BO3A€NICTBIS, pparMeHTaIus IIPUPOAHOIL
Cpeabl M CTUXMIIHOe pasMelleHne OOBEKTOB TYPUCTCKOV MHQPACTPYKTYPhl HPUBOAAT K
HapyIIeHNIO I1eA0CTHOCTY IIPOCTPAHCTBEHHON CTPYKTYpPHl peKpealOHHBIX Teppuropuii. B
CBA3M C DTUM BO3pacTaeT HeOOXOAMMOCTH ITlepexoja OT TOYeYHOTO 1 pparMeHTapHOTO OCBOEHNS
TepPUTOPUN K CUCTEeMHOMY, HaydHO OOOCHOBaHHOMY IIO/AXOAY, OCHOBAaHHOMY Ha HpPMHITUIIAX
IIPOCTPaHCTBEHHO MepapXUi U CTPYKTYPHOI COI1aCOBaHHOCTY 5/1€MeHTOB.

YcraHOBAEHO, YTO KAIOYEBYIO POAb B (POPMMPOBAHUU CTPYKTYPBI TYPUCTCKO-peKpea-
LIMIOHHBIX KOMILA€KCOB UTpaeT IpUPOAHO-AaHAIIAPTHEIN KapKac, KOTOPEIN BEICTyHaeT 6a3oBoli
OCHOBOJI IPOCTPAHCTBEHHOTO Pa3BUTILI M OIpeseasieT OOIIyI0 KOHPUIYpaIIUIO TePPUTOPUIL
VMeHHO npupoOJHBIE KOMIIOHEHTH — peabed, IuAporpaduyeckasl ceTb, JAeCHblE MAaCCHUBBI,
OTKPBITHIE IIPOCTPAHCTBA U BU3ya/lbHble AOMMHAHTLI — 3a4al0T HarpaBAeHus GpOpMUPOBaHUS
(YHKIIMOHAABHEIX 30H, OIPeAeAdIoT CTPYKTYpPYy peKpealjMOHHBIX IIOTOKOB M XapakKTep
IIPOCTPaHCTBEHHOI KOMIIO3MIIMM. B ®TOM KOHTeKcTe NMpMpogHasl cpeda pacCMaTpUBAeTCs He
TOABKO Kak (OH AAsd pa3MelleHUs OOBbEeKTOB, HO U KaK aKTUBHBIN CTPYKTYpOOOpasyIOIImit
daxTop, onpeaeasiomnit A0rMKy MpOCTPAHCTBEHHON OpTaHM3aLy BCEro KOMILAEeKca.

PyHKIMOHAAbHO-30HaAbHAsI OpTaHM3AlIMs U apXUTEKTypHas cpeja Py STOM BBICTYIIAIOT
KaK B3alIMOCBsI3aHHbIe yPOBHH, OOecIieunBaloIye pacipejeleHne peKpealjioHHO aKTMBHOCT,
AnddepeHITManmIo MPOCTPAHCTB 10 CTETIeHN MHTEHCUBHOCTY MCIIOAB30BaH U POPMIPOBaHIIe
Pa3AMYHBIX CIIeHapueB B3aIMOJeVICTBIUs deaoBeKa ¢ Tepputopuelt (Beaennn, 1982; Ksapraas-
HOB, 2002). BrrsiBAeHO, uTO ®(PpPeKTUBHOCTh PYHKIIMOHMPOBAHUS TYPUCTCKO-PEKPEaVIOHHOTO
KOMIL1€eKca BO MHOTOM OIIpeJeAsieTCsl CTEIIeHBIO COTAacoBaHHOCTY MeXAY (PYHKIMOHAABHBIMU
30HaMl, AOTMKOM MX IIPOCTPAHCTBEHHOTO pa3MeIleHMsI M KadyeCTBOM apXUTeKTypPHO-
II1aHMPOBOYHEIX perleHnil. Takmm obpasoM, apXuUTeKTypHasl cpeda IpMoOpeTaeT He TOABKO
yTUAUTapHOe, HO U CTPYKTypooOpasyiollee 3HaueHe B oO1elt cucreme TPK.

B pabore mnpesaoxxkeHa Mogeab MepapXmMyeckoil IIPOCTPaHCTBEHHON OpraHM3al[Uu
TYPUCTCKO-peKpeallIOHHOTO KOMIIAeKca, OTpaXkalollasi CMCTEeMHYIO B3aMMOCBsI3b IIPUPOAHBIX,
(PYHKIMOHAABHBIX U apXUTEKTypPHO-ILAaHMPOBOYHBIX (aKTOpoB. JaHHas MOJeAb ITO3BOASET
paccMaTrpuBaTh TYPUCTCKO-peKpeallMIOHHBIN KOMIIAeKC KaK I1eAO0CTHYIO IIPOCTPaHCTBEHHYIO
cucTeMy, B KOTOPOJ Ka’KABIil ypOBeHb CBsA3aH C APYTMMMU 4depe3 CUCTeMY MepapXUYecKux U
(pyHKIIMOHAABHBIX 3aBMCUMOCTeI1. B oTAmdne oT cyIiecTByIOnnx n1oAxoA0B, OpUeHTHPOBAHHBIX
IIPeMMYIIeCTBeHHO Ha (PYHKIMOHAJABHOE 3OHMPOBaHUE, CTaTUCTUIECKOe OIMCaHNe WA
YKOHOMMYECKYIO OIIeHKY TYPUCTCKMX TePpPUTOpMIL, NpeAAOXKeHHas MOoJeAb akKIeHTUupyeT
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BHUMaHMe Ha IIPOCTPAaHCTBEHHON CTPYKType, XapaKTepe B3aMMOCBI3el M IIPMHLMIIAX
¢popMupoBaHIsI 11€A0CTHOM CPeAbl.

Ocoboe 3HaueHMe B paMKaX MCCAeAOBaHM: IIpUOOpEeTaeT pPacCMOTpPEHME TYPUCTCKO-
peKpealMOHHOTO KOMILAeKca KaK AMHaMMYeCKOM CHUCTeMBI, CIIOCOOHOM M3MEHAThCS 104
BO3JEIICTBMEM BHEIIHMX (PaKTOpOB, BKAIOYasl CE30HHOCTb, KAMMAaTH4eCcKNe YCAOBIL,
MHTEHCUBHOCTD TYPUCTUIECKMX IIOTOKOB I yPOBEHb aHTPOIIOTEHHON HarpysKu. DTO IIO3BOAsSeT
paccMaTrpuBaTh IIPOCTPAHCTBEHHYIO CTPYKTYPY He Kak CTaTMdHOoe oOpa3oBaHMe, a KaK I'MOKYIO
CHICTEMY, a4allTUPYIOIIYIOCS K M3MEHIOMMMCS YCAOBUAM (PYHKIIMOHMPOBAHV.

ITpaxTuyeckas 3HaYMMOCTD IOAYYEHHBIX Pe3yAbTaTOB 3aKAIOYaeTCsl B BO3MOXKHOCTHU MX
MCIIOAB30BaHMsA IPM  IPOEKTUPOBAHUM, PEeKOHCTPYKIMM WM  PasBUTUU  TYPUCTCKO-
peKpealyiOHHLIX TEepPUTOpPMIl, BKAIOYasl pa3paOOTKy TeHepaAbHBIX IIAaHOB, CTpaTerui
IIPOCTPAHCTBEHHOTO  Pa3BUTMA ¥ KOHIIEIITYaAbHBIX apXUTEKTYPHO-TPasOCTPOUTEABHBIX
pemennii. [Ipeaao>keHHBIN 1T0AX0A MOXKeT OBITh IIPUMEHEH IIpU POPMUPOBAHNUY YCTOMIMBBIX
peKpealMOHHLIX CHCTeM, OPMEeHTUPOBaHHBIX Ha COXpaHeHe IIPUPOAHOTO KapKaca TeppUTOPUN
U TIoBBIIIeHre 9P PeKTUBHOCTH UCIIOAB30BaHI peKpeallIOHHOTO IIOTeHIala.

Bmecre ¢ TeM caesyeT OTMETHUTB, YTO IOAYyYeHHBIE BHIBOABI B 3HAUMTEALHOV CTEIIeHU
o0ycaoBaeHbl pernoHaabHbIMU ocobeHHOCTsIMM CepepHoro Kasaxcrana, Bkarouas criennpuxy
HPUPOAHO-AaHAIIAPTHON  CTPYKTYpPBl, KAMMATUYeCKUe YCAOBMs, XapaKTep OCBOEHMS
TEPPUTOPUII ¥ YPOBEHb PasBUTUSA TYPUCTCKON MHQPPaACTPyKTypsl. 2TO IIpejlioJaraer
HeoOXOAMMOCTD ajalTalluy IPeAA0KeHHOV MOAeAN P e€ IPUMeHeHUN B MHBIX IPUPOAHO-
KAUMAaTN4YeCcKnX M TIPajoCTPOMTEABHBIX YCAOBMAX C Y4ETOM AOKaAbHBIX (PaKTOPOB
¢popMuUpOBaHMS TYPUCTCKO-PEKPEaLIIOHHBIX CICTEM.

JazpHeille HalpaBA€HUsS WCCA€JO0BaHUII MOIYT OBITh CBSI3aHBI C YIAyOAEHHBIM
aHaAM30M CEe30HHON AMHaMUKM (QYHKIIMOHMPOBaHNA TyPUCTCKO-PeKpealiiOHHbIX KOMILAEKCOB,
M3yJdeHreM TpaHcpOpManuy UX MPOCTPaHCTBEHHON CTPYKTYPHI 1104, BAVHIEM KAMMaTUIeCKIX
JaxTOpoB, a TaxKe pa3pabOTKOI HIM(PPOBBIX U MapaMeTPMIeCKNX MoJeaAell, MO3BOASIOIIIX
MOJeANpOBaTh Pa3BUTHE peKpeallMOHHBIX TePPUTOPUIl B Pa3AMUHBIX CIIeHapUAX HATrpy3Ku U
MCIIOAB30BaHMSL.

B paborax K. Azaekcangepa (Alexander, 1977; 2002) n H. Caamnrapoca (Alexander &
Salingaros, 2013; Salingaros, 2000) mpocTpaHCTBO paccMaTpMBaeTCA KaK MepapxmdecKas «KIBas
CTPYKTypa», YTO COOTHOCUTCSI C MpeAAOXKeHHOIl B cTaThe MOJAeAbI0 MaKpo-, Me3o- U
mukpoyposHeit TPK. OgHako gaHHBIE IOAXOABI HOCIT IIPEUMYIIeCTBEHHO TeOopeTUdecKuii
XapakTep 1 TpeOyIOT aganTaluy K KOHKPeTHBIM TPUPOAHO-KAMMATIIECKIM YCAOBUAM.

b. Xuaanep u Ax. Xsucon (Hillier & Hanson, 1984) akuenTupyior conmaabHyio oOy-
C/A0BAEHHOCTD IIPOCTPAaHCTBEHHBIX CTPYKTYP, HO HEAO0CTAaTOUYHO YUYMTEHIBAIOT IIPMPOAHBIN KapKac
tepputopun. Padots! b. Llzsana (Jiang, 2015) npeaaaraior ¢popmaansoBaHHbIE METOABI BBIB.e-
HIA MepapXuii, 04HaKO OPMEeHTUPOBaHbI IIperMyIleCTBeHHO Ha TOpojckue cucTeMsl. Vccaeao-
Baams1 Poy 1 Kérrepa (Rowe & Koetter, 1978) u TpsnTtuka (Trancik, 1986) mokassisaror mpo6aemy
¢parmenTanmM cpeapl, YTO aKTyaAbHO 451 CTUXUITHO pa3BUBAIOMIVIXCS TYPUCTCKIIX TEPPUTOPUIL.

OreuectBennnle aBTOphl (bakyaos, 2018; Vsanos, 2019; Kyaenosa, 2021; Ceprees, 2020)
PasBMBAIOT CUCTEMHO-(PYHKIIMOHAABHBI II0AXOJ, OJ4HAKO IIPOCTPaHCTBEHHAs uepapxus U
pernoHaapHble ocobenHocTy TPK ocTaioTcs HeA40CTaTOYHO PacKPHITHIMI.

Taxum o6pa3om, B AUTepaType COXpaHsAeTCs Ipobea B MHTerpalyy IPUPOAHOTO KapKaca,
(PYHKIIMOHAABHOI CTPYKTYPBl M apXUTEKTyPHOI CpeAbl B eAMHYIO MepapXMIecKyl0 MOAeAab,
ocobenno B ycaosusax Cesepnoro Kasaxcrana. DTo omnpegeaseT HeoOXOAMMOCTh pa3paOOTKU
aJanTUPOBAHHOI POCTPAHCTBEHHON MOJAeAN TyPUCTCKO-peKpealjIOHHEIX KOMILAeKCOB.

Hecmotpsa Ha 3HaunTeAbHOE KOAMYECTBO MCCAeAOBaHUI, ITOCBAIIEHHBIX BOIIPOCAM
PpasBUTUA TYPUCTCKO-PEKpealiMOHHBIX TepPpUTOPUIL, OOABIIMHCTBO CYIIeCTBYIOIIMX paboT
OPUMEHTHMPOBAaHO IIPEMMYIIECTBEHHO Ha (PYHKIIMOHAABHOE 30HMpPOBaHME, BDKOHOMMYECKIE
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acmekThl TypM3Ma WUAM TeppUTOpMaAbHOE IldaHupoBaHue. IIpu ®TOM mHIpOoCTpaHCTBeHHAasd
Mepapxus TyPUCTCKO-peKpealyiOHHBIX KOMII1eKCOB, B3alIMOCB:I3b MacIITaOHBIX YPOBHEI U POAb
IIPOCTPAHCTBEHHBIX CBs3€il B (POPMMPOBAaHMU LI€AOCTHOV apXUTEKTYPHOM CpeAbl OCTalOTCS
He/0CTaTOYHO M3ydeHHbIMI. OCOOEHHO aKTyaAbHOI JaHHas IIpo0/eMa CTaHOBUTCS B YCAOBIIIX
Cesepnoro Kaszaxcrana, rage nprupogHo-KAMMaTiIecKue 0COOEHHOCTY OKa3hIBaIOT CyIIleCTBEeHHOe
BAVSAHME Ha XapaKTep IMPOCTPaHCTBEHHON OpraHu3aluyl peKpealiOHHbIX TePPUTOPUIL.

Taxum oOpasoM, IIeAbI0 MCCAeJ0BaHNs ABASETC pa3paboTKa MOAeAM MepapXmUdecKoi
CUCTEeMBI ITIPOCTPAHCTBEHHO CTPYKTYPBI TYPUCTCKO-peKpealIOHHbIX KOMIIA€KCOB B PerMoHaAb-
Hpix ycaoBusix CesepHoro Kasaxcrana. JocTmkeHme IIOCTaBAeHHON IieAM IIpeAlloAaraer
paccMOTpeHNe TyPUCTCKO-PEKpeallMOHHOTO KOMILAeKCa KaK MHOTOYPOBHEBOM IIPOCTPaHCT-
BeHHOII cmcTeMbl, (pOPMUPYIOLIeICs 04 BO3JAeNCTBMEeM IIPUPOAHEIX, (PYHKIIMOHAABHBIX I
apXUTEKTypPHO-TLAaHMPOBOYHBIX (PAKTOPOB.

AAsl  AOCTVDKEHMsI IIOCTaBA€HHOU Iean cOpMyAMpPOBaHB CAeAYIOIIVEe 3ajadu
uccaeAOBaHM:

— IIpOaHAAM3UPOBATh CYIIECTBYIOIINe IIOAXOAB K (POPMMPOBAHUIO TYPUCTCKO-
peKpealIOHHBIX KOMILAeKCOB KaK CHICTEMHBIX OOpa3oBaHMIi;

— BBISIBUTH OCOOeHHOCTU YHKIMOHAABHOM cTpyKTypsl TPK 1 xapaxrep B3auMocss3u eé
DAEMEeHTOB;

— omnpeAeAnUTb 3aKOHOMEPHOCTM IIpocTpaHcTBeHHON opraHusauun TPK ¢ yuérom
HMPUPOAHO-AaHAITAPTHEIX ¥ KAMMaTHUIeCKuX (paKTOPOB perroHa;

— cpopMupoBaTL MOJeAb MepapXMIecKONW CTPYKTYPBl TYpPUCTCKO-peKpealyiOHHOTO
KOMIILJ€eKca.

HayyHast HOBM3HA mMcCAe€4OBaHMSA 3aKAIO4aeTcsi B PacCMOTPeHUM  TYypPUCTCKO-
pekpeanuoHHpIXx  koMmnaekcos CepepHoro Kasaxcrana ¢ mosunmumii  mepapXmdecKoit
IIPOCTPAaHCTBEHHOI OpTraHM3allMy M pa3pabOTKe MOJAeAM, VIMUTBLIBAIOIIeN B3aMOCBA3D
MacIITaOHBIX YPOBHEN, PYHKIIMOHAALHON CTPYKTYPHI U1 IPUPOAHO-AaHAIIadpTHEIX (pakTopos. B
OoTAMYMe OT CYyLIeCcTBYIOIIMX II0AXOA0B, OPMEHTUPOBAHHBIX IIPEUMYVIIeCTBeHHO Ha
¢yHKUMOHAaABHOE MAM THUHOAOrMueckoe omnucanue TPK, B ganHOI paboTe akileHT cAelaH Ha
BBIABAEHNMI 3aKOHOMEPHOCTell IIpOCTPaHCTBEHHON MepapXuM KaK OCHOBH (POPMIPOBaHN
LIEAOCTHOM M YCTOMYMBONM apXUTEKTYPHON CPeAbl.

[Tpeaaaraemsiii moaxos GopMUpyeT HayIHBIN BEKTOP MCCAeAOBaHNs, HallpaBAeHHBIN Ha
MHTerpaluio CHCTEMHOTO I IIPOCTPAHCTBEHHOTO aHa/AmM3a B IIPOEKTUPOBAaHUU TYPUCTCKO-
peKpealniMOHHBIX KOMILAeKcoB. IlpakTmyeckast 3HaUMMOCTb MCCA€JOBaHMUs 3aKAIO4aeTcs B
BO3MOXKHOCTM JICIIOAB30BAaHVI IIOAYyYEHHBIX pe3yAbTaTOB IIPU pa3dpabOTKe apXUTeKTYPHO-
[11aHMPOBOYHEIX peIlIeHN ], HallpaBAeHHbIX Ha ITOBhIIIeHNe 9P PeKTUBHOCTY IIPOCTPpaHCTBEHHO
OpraHM3alyU TYPUCTCKO-pEeKpealIOHHBIX TEPPUTOPUI B yCAOBIAX CEBEPHBIX PETMOHOB.

B xauectse oOBexTa mccael0BaHMs pacCMaTPUBAIOTCSI TYPUCTCKO-peKpealliOHHble 30HEI,
¢popmupyemrre B ycaosmax Cesepnoro Kasaxcrama, B wactHocty, Teppuropun Hlyumncko-
BopoBckoil KypOpTHOI 30HBI, IIpeACTaBAAIONIeil coboii HamboJAee IOKa3aTeAbHBIN IIpUMeEp
B3aMIMOJENICTBUA MPUPOJHO-AaHAMAPTHEIX, (PYHKUMOHAABHBIX ¥ apXUTEKTYPHO-ILAaHUPO-
BOYHBIX (PakTOpoB. BpiOOp AaHHONM TeppuTOpMUM OOyCAOBAEH BBICOKOV KOHIJeHTparuei
PeKpealIOHHBIX PeCypCcoB, aKTUBHBIM PasBUTIEM TyPUCTCKON MHQPPACTPYKTYpHl U HaAUd9MeM
BBIpa>KEHHBIX PUPOAHBIX AOMMHAHT, OKa3bIBAIOIIUX OIpeJeasdioliee BAUSIHNE Ha IIPOCTpaH-
CTBeHHYIO OpraHmM3anuio Komriiekcos. IlpesgMeTroM mccaejoBaHUsA ABASIETCS apXUTEKTYpPHO-
HPOCTPAHCTBEHHAsl CTPYKTypa TyPUCTCKO-PeKpeallMOHHBIX KOMIIAEKCOB, paccMaTpuBaeMas C
MO3MIIMI CHCTEMHOTIO IT0AX04a U MepapXMdeckoli opranuaanum, Kak orMedaer Agexkcangep C.
(1977). C mosuumit COBpeMEeHHON apXUTEKTYPHO-TPajOCTPOUTEABHON TEeOpUU TYPUCTCKO-
PpeKpearMOHHLIN KOMILAEKC MOKeT OBITh MHTepIpeTUpOBaH KaK CA0KHasl, MHOTOYpOBHeBas U
OTKpBITasl CHCTeMa, BKAIOYalOIas COBOKYIIHOCTL B3aIMOCBS3aHHBIX D1e€MeHTOB, PYHKUMII U
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nporieccos. [10oA400HBIN MOAXOA K OpraHM3allMy apXMTEKTYPHOM Cpejbl paccMaTpHUBAaeTCs B
pabotax Kpucrodepa Aaexcangepa (Alexander, 1977), Hukoca Caannrapoca (Salingaros, 2005)
n Kesmna /Amnua (Lynch, 1960), mOCBAIIEHHBIX BOIIpOCaM IIPOCTPAaHCTBEHHON CTPYKTYPEL
Mepapxum U CHUCTeMHOI opraHmsanuu cpedpl. CyllecTBeHHOe 3HaueHMe B IIOHMMaHUU
OpTaHM3aLV apXUTEKTYpPHOI CpeAbl MMeeT KOHIEIINS MepapXUIHOCTH, paccMaTpuBaeMasl B
paborax Auaekcangepa (Alexander, 1977) u Caamnrapoca (Salingaros, 2005) kak
JpyHAaMeHTaAbHOE CBOJICTBO IIPOCTPaHCTBEHHBIX CTPyKTyp. CoraacHo AaHHON KOHLIEIIIU,
YIIOPSA09€HHOCTh CpeAbl AOCTUTAeTCs Yepe3 HaAudye B3aIMOCBSA3aHHBIX YPOBHEN pa3AMYHOTO
MaciTaba, HaXOASAIIVXCS B OTHOIIEHVIX IIOAYMHEHHOCTY ¥ KOOPAVMHALIIA.

Ocoboe BHMMaHMe yaeAseTcsl BLIABAEHUIO B3aMOCBs3el MeXAy (PYHKIIMOHAAbHBIMU
DJAeMeHTaMl, IIPOCTPaHCTBEeHHBIMM YPOBHAMM U IHPUPOAHO-AaHAIIAPTHON  OCHOBOIM
TEPPUTOPUY, OIPeAeATIONIMMI OCOOeHHOCTM (QOpMUpPOBaHMA U  (PYHKIMOHMPOBAHI
TYPUCTCKO-peKpeanioHHbIX KoMI11eKcos Cepeproro KasaxcraHa.

MATEPUAABI 1 METOAbI NCCAEAOBAHMSI

MarepuaabHyI0O OCHOBY MCCAeAOBaHMA COCTABASIOT Hay4dHble IIyOAMKanuu B obaacTu
apXUTEKTYPBL, IPalOCTPOUTEALCTBA, pEKPearIOHHON reorpadpyy 1 TEppUTOPUAABHOIO ILA1aHU PO-
BaHVsI, IIOCBAIIEHHbIE BOIIPOCAM CHUCTEMHOIO M CTPYKTYPHO-(PYHKIIMOHAABHOTO aHaAu3a
TYPUCTCKO-peKpeallIoOHHbIX Tepputopuit. Ocoboe BHUMaHMe yAeAeHO UCCAe]0BaHIAM, paccMaT-
PpMBAIOIIMM  HPOCTPAHCTBEHHYIO  OPTaHM3allMI0  PEeKPeallMOHHBIX  CUCTeM,  HPUHIIMAIIBI
¢opmmpoBaHMs TypUCTITIeCKON MHPPaCTPYKTyPBl 1 OCOOEHHOCTM B3aIMOAEVICTBIS IIPUPOAHBIX
1 apXUTEeKTYPHBIX KOMITOHEHTOB Cpeabl. B KauecTse sMmumpmyeckoi 0a3bl MCII0Ab30BaHbI AaHHbIE
O II1aHVMPOBOYHON CTPYKType U (PYHKIIMOHAABHOM 3OHUPOBAHUU TYPUCTCKO-PeKpealyiOHHBIX
teppurtopuit Ceseproro Kasaxcrana, Bkaiodast Mmatepuaasl o Hlyunncko-boposckoit KypopTHOI
30HEe I APYTUM TePPUTOPIAM, 001a4aI0MINM BBICOKMM pPeKpeallyiOHHbIM ITOTeHIIaA0M.

/OTNIOAHNUTEABHO B MICCA€A0BaHUM MCII0AB30BaHbl KapTorpadpuieckue, aHaAUTIIeCKue 1
BU3yaAbHO-TpadyecKue MaTepraabl, OTpakaloIlliie OCOOeHHOCTH NPUPOAHO-AaHAIIAPTHOTO
Kapkaca, pasMelleHus OOBEKTOB TYypPUCTUUYECKON WHQPPACTPYKTYphl, TPAaHCIOPTHBIX U
ITeIIeXOAHBIX CBs3€l, a TakKKe IIPOCTPAaHCTBEHHYIO OpPTaHM3alMIO (PYHKIMOHAABHBIX 30H.
CymrecTseHHYIO 4YacThb MCCAeAO0BaTeAbCKOV ©Oa3bl COCTaBMAM  pe3yAbTaTsl  HaTYPHOTO
00cae0BaHNs 1 aBTOPCKOTO aHaAM3a CYIIeCTBYIOMINX TYPUCTCKO-peKpealiiOHHBIX TepPUTOPUIA,
MIO3BOAMBININE  BBIABUTh OCODEHHOCTM MX IIPOCTPAHCTBEHHON CTPYKTYpBI, XapaKTep
B3aMIMOAEVICTBUs (PYHKIIMOHAABHBIX DAE€MEHTOB M CIelu(UKy OpraHM3alNyl peKpealliOHHON
cpeanl B ycaosusax CesepHoro Kasaxcrana.

B xoge wmccaegoBaHmMs UMCIOAB30BaH KOMILAEKC B3aMMOJOIIOAHSIOIIMX MeETOAOB,
oOecrieunBalOIIMX BCECTOPOHHMII aHaAM3 OOBeKTa MccaejoBaHus. TeopeTmdyeckmii aHaAu3 U
00001IeHe HayYHBIX MCTOYHMKOB ObLAM HallpaBAeHbl Ha BblABAeHNe CYIIeCTBYIOMNX 10AX0A0B
K M3YYEHMIO TYPUCTCKO-PeKpeallMOHHBIX CUCTeM U OIpejeleHNe OCHOBHBIX ITPMHIIUIIOB MX
IIPOCTPaHCTBeHHON opraHmsanuy. CpaBHUTEABHBINI aHAAM3 OTEYECTBEHHEIX U 3apyOesKHBIX
IpuMepoB GpOPMIUPOBaHI Ty PYUCTCKO-PeKpeariOHHbIX KOMIIAEKCOB IT03B0AMA BELIBUTH OOIIIe
3aKOHOMEPHOCTU 1 perMoHaAbHble OCOOEHHOCTH OpraHM3al[ M peKpealllIOHHBIX TePPUTOPUIL.

I'pado-anaauTmdecknit MeTOA IPUMEHSAACA AAsS  BBIABAEHNMS IIPOCTPaHCTBEHHON
CTPYKTYPBI TYyPUCTCKO-PeKpeallMIOHHBIX KOMILAEKCOB, OIpejeleHMs] MepapXull ®A€MeHTOB U
aHaAM3a XapakTepa HPOCTPaHCTBEHHBIX CBsA3ell MexAy HuMu. C IOMOIIBIO cxeM, KapTorpa-
¢Pmueckoro aHaaM3a 1 rpadpuUECcKNX Moaeaell ObLAY OIpeseleHbl OCHOBHBIE KOMIIO3UITIOHHBIE
y34Bl, HAlIpaBASHIS Pa3BUTIUS TEPPUTOPUM 1 OCOOEHHOCTM B3aMOAMCTBIs (PYHKIIMOHAABHBIX
30H. MeTog mpOCTPaHCTBEHHOIO MOAEAMPOBAHMS MCIIOAB30BAACT AAs  (POPMUPOBAHI
0000IIEHHON MOJEAN VepapXMIecKoil OpTaHM3aluM TYPUCTCKO-PeKpealIOHHOTO KOMILIeKCa,
OTpa’kaloIllell  B3alIMOCBSI3b IIPUPOAHOTO KapKaca, (PYHKIMOHAABHOV CTPYKTYpBl U
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apXUTEKTypHOI cpeAbl. /OMOAHUTEALHO HPUMEHAANCh 9AEMEHTHl CHCTEMHOTO aHaAm3a,
MO3BOASIONINe paccMaTpUBaTh OOBEKT McCAeJOBaHMSA KaK COBOKYITHOCTh B3aMMOCBI3aHHBIX
roacucreM, GYHKIIMOHMPYIOIIUX B paMKaX eAVHOI IIPOCTPaHCTBEHHO CTPYKTYPBL

Metoguka mccaeaoBaHMsI OCHOBaHa Ha IIOSTallHOM PacCMOTPEHMUM TYPUCTCKO-
peKpealMOHHLIX TEPPUTOPUII KaK CAOXKHONM ITpOCTpaHCTBeHHOM cucteMbl. Ha mepsom srarre
OCYIIIeCTBASIAOCH BbISIBA€HME KAIOYEBLIX CTPYKTYPHBIX 9A€MEHTOB KOMILIeKCa, BKAIOJas
LIEHTpaAbHOe AP0, TIOALIEHTPHI, epudepniiHbe 30HBI ¥ OCHOBHEBIE peKpealioHHEBIe y3abl. Ha
BTOPOM BTalle IIPOBOAMACS aHaAu3 (PYHKIIMOHAABHOIO COJep>KaHNUs TePPUTOPUMN, XapaKTepa
MCIIOAb30BaHUs Pa3sAMIHBIX 30H U paclpejeleHns: peKpealloHHON akTuBHOCTU. Caeayiommi
9Tall ObLA CBsA3aH C OIlpeAeleHNeM TUIIOB IIPOCTPaHCTBeHHBIX CBs3eli, BKAIOYas TPaHCIIOPTHEIE,
IerexojHple ¥ BU3yalbHble KOMMYHMKAIIMM, a TaKXKe C aHAaAM30M X poAu B oDecliedeHMI
1€ A0CTHOCTY ITPOCTPaHCTBEHHOM CTPYKTYPHI.

3aKAIOUYUTEeABHBIM 9TAallOM MCCA€J0BaHMSA CTal0 YCTaHOBAEHNE MepapXUUecKMX
OTHOIIEHMUII MeXAy 3DJAeMeHTaMM pasAMdHOTO MaciiTtaba U 00OOIeHne I0AyYeHHBIX
pe3yAbTaToB B BIAe MOJeAM IIPOCTPAHCTBEHHOM CTPYKTYPBI TYpPUCTCKO-peKpealyIOHHOTO
KoMI1AeKca. I Ipeaaaraemast Mogeas OTpa’kaeT OCHOBHEIE 3aKOHOMepHOCTH ¢popMuposarus TPK
B pernoHaabHbIX ycaoBusax CesepHoro KasaxcraHa 1 mo3BoAsieT paccMaTpuBaTh TYPUCTCKO-
peKpealiOHHble TEPPUTOPUN KaK MHOTOYpPOBHEBbIE CHCTEMBI, (PYHKIIMOHMPOBaHME KOTOPBIX
oIIpe/eAsieTCs B3aIMOAETICTBIEM IIPUPOAHBIX, PYHKITMOHAABHBIX Y apXUTEKTYPHBIX (PaKTOPOB.

PE3YAbTATLI 1 X OBCYXAEHUE

B pesyabrate mccaejoBaHmUsA YCTaHOBAEHO, YTO TyPUCTCKO-pPeKpealiiOHHble KOMIIAeKCH
gopMupyoTcst  Kak =~ MepapXMuYecKu ~— OpraHM3OBaHHBIE  IIPOCTPAHCTBEHHBIE  CHCTEMEL,
BKAIOYAIOIye MaKpo-, Me30- I MUKPOYPOBHI MPOCTPAHCTBeHHOM opraHmsanum. Kaxaeni us
YPOBHe BBIIIOAHSET OIpeAeA€HHYIO (PYHKIMIO ¥ OKa3bIBaeT BAVMSIHME Ha OOIIYIO CTPYKTYpPY
TYPMCTCKO-peKpeariIOHHOTO KOMILAeKca.

MakpoyposeHs IIpeAcTaBAeH HPUPOAHO-AAaHAIIAPTHEIM  KapKacoM TeppUTOPUN,
OIlpeje SO UM ITPOCTPAHCTBEHHYIO OCHOBY KOMILAeKca M HampaBAeHMs ero pasputusa. Ha
AAHHOM YpOBHe KAIOueBOe 3HaueHle MMeIOT IIPUpPOAHbIe YCAOBMS PETMOHa, BKAIOYas peabed,
BOJHBIE OOBEKTHI, AeCHble MacCUBBl M TPaHCIOPTHYIO AOCTYIIHOCTh Tepputopum. VIMeHHO
HIPUPOAHBII KapKac POPMUPYET IPEAIIOChIAKY pa3MeIleHNs OCHOBHBIX peKpeallVIOHHBIX 30H U
O0OBEKTOB TYPUCTUIECKON MHPPACTPYKTYPHI.

MesoypoBeHb OTpakaeT (YHKINMOHAABHO-30HAABHYIO OpPTaHM3allMI0 TeppUTOPUU WU
pacrpejeseHne peKpealMOHHONM akTusHOocTH. Ha gamHoM  ypoBHe  QopmMupylorcs
oOIIecTBeHHbIe ITPOCTPaHCTBa, 30HBI pa3MeleHNs1, OObeKTEl 00CAy>KIBaHNsA, TPaHCIOPTHBIE 1
IeIexoAHsle  CBA3U. BrraBaeHo, 4rto 5¢QeKTUBHOCTh (PYHKIMOHMPOBAHMUS TYPUCTCKO-
peKpealiOHHOTO KOMILAeKCa 3aBIUCHUT OT COrAacOBaHHOCTY (PYHKIIMOHAABHBIX 30H M AOTMKM MX
POCTPaHCTBEHHOTO B3aIMOAEVICTBIAS.

MukpoyposeHb (QOpMUpPYeT apXUTEeKTYPHYIO cpeay KOMILAeKca U obecredmBaeT
peaamsanmio ClleHapueB MCIOAb30BaHUsA Tepputopun. JaHHBI ypOBEHb BKAIOYaeT
apXUTEKTypHO-ILAaHMPOBOYHEIe pellleHNs, ©0AaroycTpoiicTBo, OpraHM3alMIoO IIeIlexoAHOM
cpeapl M BM3yaapHBIX cBsasell. B ycaosmax Cesepnoro Kasaxcrana ocoOoe 3sHaueHue
MIpNOOpPeTaIoT BOIPOCH KAMMATMYECKOi ajanTallM apXUTEKTYPHOI Cpeabl M BO3MOXKHOCTH
KPYTAOTOAMYIHOTO (PYHKIVOHMPOBaHN OOBEKTOB.

YcraHOBAEHO, 9TO BaskKHYIO POAb B 0DecIiedeHIM 11eA0CTHOCTY Ty PUCTCKO-peKpealiIOHHOM
CHUCTeMBI UTPAIOT IPOCTPaHCTBEHHBIE CBA3M, 00be MHIONIe DAeMeHThl Pa3AMYHbIX YPOBHel B
eAMHYIO  CTpyKTypy. Hapymenue  B3amMocBsszeil  MeXJy — PYHKIIMOHAABHBIMM U
IIPOCTPaHCTBEHHBIMI DAeMeHTaMM IPUBOANUT K CHIDKEHMIO 9(PQPeKTUBHOCTU VCIIOAB30BAHILL
TeppuTOpUN U PparMeHTaIUN peKpealjliOHHON CpeaBl.
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Ha ocHoBe moOAyYeHHBIX Ppe3yAbTaTOB IIpeAJOKeHa MOJeAb UepapXU4ecKou
IPOCTPAHCTBEHHOM  CTPYKTYPBl  TyPUCTCKO-PEKPealliOHHOTO  KOMIIAEKCa,  OTpakalomast
B3aMIMOCBSI3b IIPUPOAHBIX, (PYHKIIMOHAABHBIX M apXWUTEKTYpHEIX (axTopos. IIpessaraemas
MOJeAb TIO3BOAsIeT paccMaTpUBaTh TYPUCTCKO-PeKpeallMOHHBIN KOMIIAeKC KaK eAUHYIO
IPOCTPaHCTBEHHYIO CCTEMY, Pa3BUTIe KOTOPOII OIIpeeAsieTcs COrAacoOBaHHOCTBIO pellleHNIT Ha
BCEX YPOBHSIX OpTaHM3aL M.

Brrisaeno, urto TypucTcKo-pexpeanuoHHble komiiaekchl CepepHoro Kasaxcrana
OTAMYAIOTCsA 0O0/Jee KOMITaKTHOM M IIeHTPaAM30BaHHOM ITPOCTPaHCTBEHHON CTPYKTYpOil IO
CpaBHEHMIO C KOMIIAeKCaMM IOXKHBIX  PErMOHOB, XapaKTepU3YIOIIMMUCSA  OoAbliei
IPOTSDKEHHOCTRIO CBsA3ell U 0oaee paspeskeHHON opraHmusaiuert Teppuropun. Ilogo6xas
OCODEHHOCTh O0yCAOBJA€Ha IPUPOJHO-KAUMATNYECKMMM YCAOBUMSAMU M HEOOXOAMMOCTBIO
KOHIIeHTPpaLMM OCHOBHBIX (PYHKIINIL B ITpejeAax OTpaHIYeHHBIX IPOCTPaHCTB.

CymecTBeHHOE BAMAHME Ha (POPMUPOBAHME IIPOCTPAHCTBEHHON CTPYKTYPhI OKa3bIBaeT
CE30HHOCTh (PYHKLVIOHMPOBAHUSA TYPUCTCKO-PEKPeallIOHHBIX KOMIIIE€KCOB. DTO BBIpA’KaeTcs B
M3MeHeHNN MHTeHCHBHOCTH MCII0Ab30BaHNs OTAeABHBIX 30H, TpaHCPOpMaIIUM peKpealyIOHHOM
aKTMBHOCTY ¥ pa3AMIHON poAy HepudepuIitHBIX TEPPUTOPUIL B 3aBIICUMOCTI OT BpeMeHM roja.
B cBsA3M ¢ 9TMM Ce30HHBIN (PaKTOP CTAHOBUTCA OAHUM U3 KAIOYEBBIX YCAOBUI (POPMUPOBAHNS
IIPOCTPaHCTBEHHON  OpTaHM3allMM  TYPUCTCKO-peKpeallOHHbIX KoMmIllekcos CepepHOro
Kazaxcrana.

Caeayer OTMETUTB, UTO IIPOCTPAHCTBEHHAs! CTPYKTypa TypPUCTCKO-peKpeallyiOHHBIX
KOMIIA€KCOB IIpejcTaBAsieT cO0Oli MHOTOYPOBHEBYIO CHUCTeMY, BKAIOYAIOIIyIO HECKOABKO
B3alIMOCBSI3aHHBIX YPOBHel OpTaHM3allMM: KPYITHOMAaCIITaOHBINM (TeppUTOpUAaAbHBIN KapKac),
cpeaHeMaciTabHbI (PYHKIMOHAABHO-30HaAbHAsI OPTaHM3alI), A0KAABHBIN (apXUTEKTYPHO-
IIPOCTpaHCTBeHHas cpeja), a TakKe CHUCTeMy IIPOCTPaHCTBeHHEIX CBs3ell, 00eCIednBaonlyIo ux
MHTETpanuio B eAuHylo CcTpykTypy. IlogobHas wmepapxmdyeckast OpraHm3anys IIO3BOAsSET
paccMaTpuBaTh TYPUCTCKO-PeKpeallMOHHBIN KOMIIAEKC KaK I[@AO0CTHYIO ITPOCTPaHCTBEHHYIO
ClUCTEMY, B KOTOPOJ KaXKABI/I ypOBEHb OKa3blBaeT BANMSAHME Ha QopMupoBaHue oO1Iert
KOMITO3UIINY TEPPUTOPUN U OCOOEHHOCTH €€ (PYHKIIMOHMPOBAHLL.

Ha kpynmHomacmtaGHOM  ypoBHe  (MakpoypoBeHb) (POpMUPYeTCsl  MPUPOJHO-
AaHAIIaTHEIN KapKac TePPUTOPUM, BKAIOYAIOIINI OCHOBHEBIE IIPUPOAHEBIE DAeMEeHTHI: BOAHEIE
OOBEKTHI, peabed, AecHble MacCUBBI, OTKPBITbIE IPOCTPaHCTBA UM IIaHOPAMHBIE AOMMHAHTHL.
YcraHOBAEHO, YTO IMEHHO JaHHBIN YPOBEHD OIlpeAeaseT 0a30ByI0 KOHPUIypaluio TyPUCTCKO-
peKpealiMOHHOTO KOMILJAeKCca, 3ajdaBas HalpaBAeHUs ero IIPOCTPaHCTBEHHOIO pa3BUTHS,
pasMelrieHe KAI04eBbIX PYHKIIMOHAABHBIX Y340B I XapaKTep KOMITO3UIIMOHHON OpTraHM3alli
Tepputopun. AHaau3 II0Ka3aad, YTO HPUPOAHbIE KOMIIOHEHTHI BBICTYIIalOT He TOALKO KakK
peKpealMIOHHBII pecypc, HO M KaK CTPYKTypooOpasyomuii (pakTop HpOCTpaHCTBEHHOI]
opranmsauuy kommnaekca. Tak, Ha npumepe IyunHcko-BopoBckoit KypOpTHOI 30HBI BBISBAEHO,
9TO O3€pHasd crcTeMa, peabedHble 00pa3oBaHMs ¥ CKaAbHBIE MacCUBBl GOPMUPYIOT OCHOBHEIE
IPOCTpaHCTBEHHBIe A0MMHAaHTHI Tepputropun. Osepo bypabaii, BO3BBIIIEHHOCTN U IIPUPOAHBIE
IMaHOpaMHble TOYKU ONpeAesOT AOKaAM3allMIO pPeKpeallMOHHBIX IIeHTPOB, HallpaBJAeHMe
TYPUCTUYECKUX MapIIPYTOB U XapaKTep pa3MelleHus 3acTPOVKI.

CpeaHeMacIITabHEIN YPOBEHb (Me30ypOBeHb) IIpejcTaBAeH CUCTeMOT (PYHKIIMIOHAABHBIX
30H I ITIOALIEHTPOB, 00eCIIeunBaloINX paclIpejeeHIe peKpeaioHHON aKTMBHOCTH B IIpejedax
komIrzekca. Ha gaHHOM ypoBHe popMmpyeTcst CTPyKTypa OOIeCTBEHHBIX IIPOCTPaHCTB, OObeK-
TOB pasMellleHNs], CePBUCHOI MHQPPACTPYKTYphl, TPaHCIIOPTHEIX U ITeIIeXOAHBIX CBiA3ell. B xoae
MccAe O0BaHMsl BBIIBAEHO, YTO OpraHusanysa (PyHKIMOHAABHBIX 30H ITOAUMHAETCA MPUHIIUITY
IpasMeHTHOTO paclipejeleHns aKTUBHOCTM — OT HamboJdee MHTeHCUBHO MCIIOAb3YeMBIX
OOI1leCTBEeHHBIX ITPOCTPAHCTB K TEPPUTOPUAM C IOHM>KEHHOM peKpealjyIOHHOI HarpysKoii.
YcraHOBAEHO, 4TO ITOAOOHAs MOJEAb IO3BOASET CHUBUTbh KOH(PAMKTHOCTb Pa3AMYHEIX BUAOB
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peKpearnMoOHHOTO JCIO/Ab30BaHMSA 1 oO0ecHednTsh ©OO0Aee ycTouMBoe (PYHKIIMOHUPOBAHIE
KOMILAeKca. B mpeseaax KypopTHOI 30HEI bopoBoro gaHHas 3aKOHOMEPHOCTB IIPOSIBASETCA B
KOHIIEHTpauy OOIeCTBeHHBIX (PYHKIUII U OOBEKTOB OOCAY>XMBAHMS BAOAL IIPUOPEKHBIX
TepPUTOPUI, ABASIONIMXCA HamboJee IIOCEIIaeMBIMM YdYacTKaMM, IIPM OAHOBPEMEHHOM
pa3MeIlleHMy TOCTMHUMYHBIX ~ KOMILAEKCOB, 30H CIIOKOMHOTO OT4bIXa U  IPUPOAHO-
PeKpealVIOHHBIX TeppUTOPUIL Ha ITepudepuyt OCHOBHBIX IIOTOKOB ITOCETHUTEAEI.

/lOKaAbHBII YpPOBEHb (MUKPOYPOBEHB) BKAIOYAeT apXUTEKTypHBbIe OOBEKTBI, DA€MEHTHI
6aaroycTpoiicTBa U IIpeaMeTHO-IIPOCTPaHCTBeHHON CpeAbl, (POpMUPYIONIUe HeIIoCpeaCTBeHHOe
IIPOCTPaHCTBO ITpeObIBaHIL Ye10BeKa. Y CTAHOBAEHO, YTO MIMEHHO Ha AaHHOM YPOBHE Peaan3yloTcst
OCHOBHBIE CIIeHapMM JICIIOAB30BaHVS TEPPUTOPHY, CBA3aHHBIE C OTABIXOM, IIPOTY/AOYHOIN
aKTMBHOCTBIO, BU3YaAbHBIM BOCHPVIATIIEM CPeAbl U B3aIMOAEVICTBMEM 4eAoBeKa C IIPUPOAHBIM
okpyxeHyeM. [IpocTpaHCTBeHHas OpraHu3alusd MUKPOYPOBHS IIOAYMHSETCS IPUHIIIAM
AOCTYITHOCTY, BU3yaAbHOI OpuMeHTauyy, KOM(QOPTHOCTY ¥ COXpaHEHNS CBSA3M C IPUPOAHBIM
aa"amadroM. B uwactHOCTH, B KypopTHONM 30He bBOpOBOro apXmrTeKTypHbIE OOBEKTHI
OpMEHTMPOBaHbI Ha OCHOBHBIE BIAOBbIE HAIIPaBAEHsI Y IIPUPOAHBIE AOMVHAHTEL, a cricTeMa Habe-
PEXHBIX, MPOTyAOYHBIX MapIIPyTOB UM CMOTPOBBIX IIAOLIAJ0K OOecrednBaeT HepephIBHYIO
BU3yaAbHYIO M (PYHKIIMOHAALHYIO CBA3b C O3EPHBIMU U AeCHBIMM AaHAIadpramu. BrrasaeHo, yTo
110400Has1 OpraHM3ans MPOCTPaHCTBa CrIocoOCTByeT popMUPOBaHMIO DOAee 11eA0CTHOM peKpea-
LIMIOHHOJI CpeAbl U TIOBBIIIIaeT KadeCTBO BOCIPVATIAA Ty PUCTCKO-PeKpeariioHHOTO KOMILAEKCa.

Ocoboe 3HaueHNe B CTPYKTYpe TYPUCTCKO-PEeKpPeallIOHHOIO KOMILAEKCa MMeeT cucreMa
IIPOCTPAHCTBEHHEBIX CBsA3el, 00beAMHSIOMas DAeMEHThl Pa3ANJIHbIX YPOBHEl OpraHM3aluu B
eAMHYIO IIeJOCTHYIO cmucTeMy. B xoge mpoBeA€HHOTO aHaaAm3a YCTaHOBAEHO, YTO CBA3K
BBIIIOAHSAIOT He TOABKO KOMMYHMKAIIMIOHHYIO, HO U CTPYKTypooOpasymoomyio (QyHKIINIO,
obecrieunBasl COI1aCOBaHHOCTb B3aMMOAEVICTBISI MeXKAY IPUPOAHBIMY, PYHKIIMOHAABHBIMU U
apXUTEeKTYPHBIMU KOMIIOHeHTaMu KoMriaekca. [IpocTpancrsenHbie B3y GOPMUPYIOT OCHOBY
BHYTpeHHell OpraHM3aly TepPUTOPUN, OIIPeeIoT XapaKTep IepeMel|eHns ToceTUTeAeil I
BAMAIOT Ha 5PPeKTMBHOCTH PYHKIIMOHNPOBaHM: peKpearyiOHHOI CpeJbl.

B pesyabraTe mccaesoBaHMs BbIgeAeHBI OCHOBHBIE TUITHI CBs3eli, POPMUPYIOHIUX IIPOC-
TPaHCTBEHHBIII KapKac TypYUCTCKO-PeKpealllilOHHOTO KOMILAEKCa: IeIeX0AHbIe, TPAHCIIOPTHBIE U
Bu3yaabHrle. [lermexoanele cBs3M 0DeCIeuMBaiOT JOCTYITHOCTL OOIIECTBEHHBIX ITPOCTPAHCTB I
peKxpeanOHHBIX 30H, GOpMUPYsI OCHOBHbIE HaIlpaBAeHIsI IlepeMeleHNs IToceTUTeAell BHyTpI
KOMILAeKca. TpaHCIIOpTHBIe CBA3M 0DeCIIeuMBalOT MHTErpaljuio OTAeABHBIX (PYHKIIMOHAABHBIX
Y3408 M CBA3h TEPPUTOPUM C BHeIIHel MHPpacTpyKTypoii. BusyaabHble cBs3H, B CBOIO OU4epesb,
OIpeaeAsioT OCODEHHOCTM BOCHPUATHUSA IPOCTPAHCTBA, aKUEHTUPYIOT IPUPOJHBIE U
apXUTeKTypHbIe JOMUHAHTEI, a TakXXe (POPMUPYIOT KOMIIO3UI[MOHHYIO I[e10CTHOCTD CPeABL.

Ha npumepe xypoptrOI 30HB boposoro mpocaexxmpaeTcst pOpMMUpOBaHMEe CUCTEMBI
TTeIIeX0AHBIX MapIIPYTOB, CBA3BIBAIONINX II€HTpaAbHble ODIIIeCTBEeHHbIe IPOCTPAHCTBa C OOBEK-
TaMU pa3MeleHNs], TPUOPeKHEIMU TePPUTOPUAMU U IPUPOAHBIMU 30HAMM. ¥ CTAHOBAEHO, YTO
KOHQUTIypaI/s MapIIPyTOB OIlpeJeAsIeTcs He TOABKO (PYHKIMOHAABHOM AOTUKOM OpraHM3al i
KOMIL€KCa, HO I OCOOEHHOCTSIMI IMIPUPOAHOTO AaHAIIAaTa, BKAIOYast peabed, Oeperosnble AMHUN
U pacIioAoXKeHMe IPUPOAHBIX AOMUHAHT. [10400HBI NPUHINII OpraHU3allUMy CIIOCOOCTBYeT
COXpaHEHUIO BU3YaAbHON CBA3M C IIPUPOAHOI Cpeloli M obecmednsaeT 0oJee OpraHMYHOEe
BKAIOUEHIEe peKpPeallMOHHON NHPPACTPYKTYPEI B CYIeCTBYIONIMUIA AaHATIIA]T.

B pesyaprare mpoBea@HHBIX Mccaea0BaHMII CPOPMUPOBAHA MOAEAb MepapXUIecKom
IIPOCTPAHCTBEHHOM  CTPYKTYPHl  TYPUCTCKO-PeKpeallMOHHOTO KOMILAeKca, BKAIOJYaloIast
B3alIMOCBSI3aHHBIE YPOBHM M DA€MEHTHl IIPOCTPaHCTBEHHON OpTaHM3aIlMM, HaxoAsIuecs B
ITOCTOSIHHOM (PYHKIIMOHaAbHOM ¥ KOMIIO3MIIMOHHOM B3amMoaeiictsun. [lpeaaaraemas Mogeasn
OTpa’kaeT OCHOBHbIE 3aKOHOMEePHOCTU (pOPMUPOBAHNS TYPUCTCKO-PeKpeariiOHHBIX KOMILAEKCOB
U II03BOAsIeT pacCMaTpUBaTh MX KaK €AMHYIO MHOTOYPOBHEBYIO CHCTeMY, B KOTOPOU KaXK/BIi
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YPOBEHb BBIIIOAHAET CIelPpUIecKyio pOAb, HO IIPY 9TOM He CYII[eCTByeT aBTOHOMHO, a BKAIOUEH
B OOIIYIO CTPYKTYPY IIPOCTPaHCTBEHHBIX CBS3€M 1 3aBMCUMOCTeIA.

B pamkax gaHHONM MoAeaM KpPYHHOMACIITAOHBII YpOBeHb (QOPMUPYET HIPUPOAHO-
IIPOCTPAHCTBEHHBII KapKac TEeppUTOPUM, OIpPeAeASIOINII MCXOAHBIE YCAOBVMSI Pa3BUTI
TYPUCTCKO-peKpealIOHHOTO KoMIlAekca. Ha 9ToM ypoBHe PpUKCHPYIOTCS KAIOUeBBIe IPUPOAHEIE
AOMMHAaHTEHI, peabepHbIe OCOOEHHOCTH, BOAHBIE CMCTEMBI 1 AaHAIIaTHEIE CTPYKTYPBI, KOTOpbIe
3a4al0T OOIIYI0 KOMIIO3UIIVIOHHYIO OCh Pa3BUTI: TEPPUTOPUM U ONPeseAsIOT IOTeHIMaAbHbIe
HallpaBA€HMs pa3MeIleHNs] (PYHKUMOHAABHBIX ®aeMeHTOB. CpeaHeMacInTaOHBII YpOBEHb
obecrieunBaeT (PyHKINMOHAABHO-30HAABHYIO OpraHM3allMI0 KOMILAEKCa, BKAIOYasl paclipeje-
AeHye peKpealrioHHOI aKTUBHOCTH, pOpMIpPOBaHIe O0IIIeCTBeHHBIX IIPOCTPaHCTB, pa3MellleHe
00BeKTOB 00CAY>KMBaHU M OPTaHM3aIIMIO TPaHCIIOPTHO-IIEIIIeXOAHBIX CBs3ell. VIMeHHO Ha 5ToOM
YPOBHe IIPOMCXOAUT CTPYKTypUpOBaHue IIOTOKOB IToceTuTeAell 1 pOpMIUpPOBaHNe YCTONIMBOI
crcTeMBbl (PYHKIIMOHAABHBIX CBA3ET MEXAY pa3ANMIHBIMIU YacTsIMM KOMILAEKCa.

/loKaAbHBI YPOBEHB, B CBOIO O4yepeAb, POPMUPYET apXUTEKTYpHOe M IIpeAMEeTHO-IIPOC-
TpaHCTBEHHOe HAIlOAHEeHMe Cpejpl, BKAIO4Yas KOHKpeTHble OODLEeKTHI 3acTPONKM, DAeMEeHTHI
6.aroycTpoiicTBa, Maable apXUTeKTypHbIe GPOPMBI I AeTaAV IIPOCTPaHCTBeHHO opraHm3aum. Ha
JAAHHOM YypOBHE peaAmn3yIOTCs HEIIOCPeACTBEHHbIe CLIEHApUIU B3aIMOAEVICTBMSI YeAoBeKa C
OKpYy>KaloIlell cpegoli, popMUpyeTcs BU3yalbHOE BOCHPIVIITIE TEPPUTOPUU U 0OeCIIednBaeTcs
KOM(]OPTHOCT IIpeOBIBaHII IT01b30BaTeAell B IIpeAeAax TYPUCTCKO-peKpearjiOHHOTO KOMILAEKCa.

YcraHoBaeHo, 49TO ®(PPeKTUBHOCTh (PYHKIIMOHMPOBAHUA TYPUCTCKO-peKpearjlioHHOIO
KOMIL1eKCa BO MHOIOM OIIpeJeAsIeTCs CTeIeHBIO COTAacOBAaHHOCTY PpeIeHNIT MeXAy BCeMU
YPOBHSIMIU IIPOCTPAHCTBEHHOI opraHmsanun. Hapymenne B3zanMocssseil MeXXAy TPUPOJHBIM
KapkacoM, (YHKUVMOHAABHOV CTPYKTYPOII U apXUTEKTYPHON CpeAOil HPUBOAUT K
¢parMeHTanIMM TeppUTOPMM, CHIVDKEHMIO YCTOVMYMBOCTM peKpeallMOHHON CHCTeMBl U
YXYAILIEHMIO KauecTBa IIPOCTPaHCTBEeHHOI cpeAbl. B To ke BpeMs rapMOHIIHOE B3anMOAeNICTBIe
BCeX YpoBHell obecrieurmBaeT (POpPMMpPOBaHME II€AOCTHOTO, YCTOIYMBOTO M aAallTUBHOTO
TYPUCTCKO-PEKPEallIOHHOTO KOMILA€eKca, CIIOCOOHOro 9(P¢PeKTUBHO (PYHKUMOHMPOBATh B
Pa3ANYHBIX IPUPOAHO-KAUMATUIECKNX U DKCIIAyaTal]IOHHBIX YCAOBUSIX.

WEPAPXWYECKASA NPOCTPAHCTBEHHAA CTPYKTYPA TYPUCTCKO-PEKPEALIMOHHOI0 KOMMNEKCA
B YCI0BUAX CEBEPHOI'0 KA3AXCTAHA
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Pucynox 1. VMepapxudeckas MoAeAb IPOCTPaHCTBeHHOM cTpyKTypsl TPK
ITpumeuarue — cocrmasreHo asmopom
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B pesyapraTe mposea€HHOTO Mccael0BaHM: IIpeAlosKeHa MOJeAb MepapXIdecKoil Ipo-
CTpaHCTBeHHOJ OpTaHM3ally TyPUCTCKO-PeKpeariioHHOIO KOMILAeKca, OCHOBaHHAasI Ha B3alIMO-
CBA3U MacIUTaOHBIX YpPOBHEN, (PYHKIIMOHAABHOM CTPYKTYpPBI M CHCTEMBI IIPOCTPaHCTBEHHBIX
cesaseit. Ilpeaasaraemas MoJAeab paccMaTpUBaeT TYpPUCTCKO-peKpealjMiOHHBIN KOMILAEKC Kak
LIe10CTHYIO ITIPOCTPaHCTBEHHYIO CHCTeMY, PYHKIIMOHUPOBaHNe KOTOPOII OIIpeAeAseTCs COTAaco-
BaHHOCTBIO IPUPOAHBIX, PYHKIIMOHAALHBIX M apXUTEKTYyPHO-TIAaHMPOBOYHEIX KOMIIOHEHTOB.
IToao0OHBIN TTOAXOA TI03BOAsIET paccMaTpuBaTh TPK He Kak COBOKYITHOCTH OTAEABHBIX OOBEKTOB,
a KaK B3aMMOCBSI3aHHYIO CTPYKTYPY, pOpMUPYIOLIYIO e AMHYIO peKpeallIOHHYIO Cpeay.

B crpykrype MoJAeAM BBIAEAAIOTCS HECKOABKO B3aMIMOCBSI3aHHBIX DJE€MEHTOB: KPYITHO-
MacTabHBIN ypoBeHs, pOPMUPYIOIINI IPUPOAHO-AaHAIIIA(THEIN KapKac TEPPUTOPUN; CpeHe-
MacITabHBIN ypOBeHb, ITpe/CTaBAeHHbIN CHCTeMOI PYHKINMOHAABHBIX 30H I ITOALIEHTPOB; A0KaAb-
HBIIl ypOBEHb, BKAIOYAIOIINII apXUTeKTypHble OOBEKTH, DAeMeHTHI 0AaroyCTpOJICTBa U IIpeJMeT-
HO-IIPOCTPaHCTBEHHOJ CpeAbl; a TaK>Ke CICTeMa CBsI3ell, oDecriednBaoIas 1ieA0CTHOCTb 1 Hellpe-
PBIBHOCTB IIPOCTPaHCTBEHHON CTPYKTYPHL. Y CTaHOBAEHO, YTO Ka>KABIV U3 ITIepeyuliCAeHHbBIX yPOBHE
BBIIIOAHSET COOCTBEeHHYIO (PYHKIMIO B (pOPMUPOBAHNN TYPUCTCKO-PeKpealjioHHOTO KOMILAeKca I
OJHOBPEeMeHHO HaxXOAUTCA BO B3aMMOAEVICTBUM C OCTaABHLIMY DAeMeHTaMI CHCTEMBIL.

KpynHoMmacrtabHbI ypOBeHb OIlpejeasieT OOIIYIO IMPOCTPaHCTBEHHYIO OpraHU3alluIo
KOMIL1eKca 1 ¢popMuUpyeT Oa3oBble HallpaBAeHMs ero passutud. Ha gaHHOM ypoBHe KAIOYeBOe
3HaYeHle VMMeIOT IIPUPOAHbIE KOMIIOHEHTH TEPPUTOPUN — peabed, BOAHbIE OOBEKTHI, AeCHbIe
MaccyBBI ¥ ITaHOPaMHBIE AOMMHAHTBI, BBICTYIIAIOIIVie OCHOBOJV ITPOCTPaHCTBEHHOIO KapKaca
TPK. CpegnemacmitaOGHBINI ypoBeHb oOecriedmBaeT pacrpejedeHrie (PYHKIIMOHAABHBIX 30H,
OpTaHM3aLNIO peKpealIOHHO aKTMBHOCTI ¥ Pa3MellleHI e OCHOBHBIX OObeKTOB 00CAY>KMBaHILL.
VmenHO Ha 9TOM ypOBHE (POPMUPYETCS CTPYKTYpa OOIIeCTBEHHBIX IIPOCTPAHCTB, TPAaHCIIOPTHBIX
U TIeIIeXOJHBIX KOMMYHMKAIIMI, a TakkKe B3alMOCBI3b MEeXXAY PasAMIHBIMIU (PYHKIIMOHAAb-
HBIMI DJAeMeHTaMM KOMILdeKca. /lOKaAbHBINI YypoBeHb (POPMUPYET HeIloCpeACTBEHHYIO
apXUTEKTYPHYIO cpeAy MpeObIBaHNs YeAOoBeKa, BKAIOUas OOBEKTHl pa3MelleHNs, IPOryA0uHbIe
IIPOCTPAHCTBA, DA€MEHTHI 51aroyCTpoiCcTBa U BU3yaAbHO-KOMIIO3UIIVIOHHbIE PEIIeHVLs.

BsanMogericTBue yKasaHHBIX YPOBHEII HOCUT MepapXUUecKuil XapakTep, IpU KOTOPOM
DJAeMEHTHl HIDKeCTOSIIMX YPOBHEl IOJAYMHEHBI CTPYKType 00Jee BBICOKOTO IOpAJKa.
YcTaHOBAEHO, 9TO MPOCTPaHCTBEHHBIE peIeHNsI A0KaAbHOTO YPOBH: BO MHOTOM OIIpeAeAsIOTCs
ocobeHHOCTsIMM (PYHKIIMOHAABHON OpraHM3aliuy TEPPUTOPUM, TOTda KakK (PYHKIIMOHaAbHAs
CTPYKTypa, B CBOIO OYepeab, 3aBUCUT OT IPUPOAHO-AAHANIAPTHOIO KapKaca TeppUTOPUN.
[lopobHass cucreMa NOAUYMHEHHOCTM oOOecIIednBaeT COrAacOBAaHHOCTh IIPOCTPaHCTBEHHOI
OopTraHM3alyy KOMIIAeKca 11 (pOpMMpOBaHNe eAMHOV KOMIIO3UIIVIOHHOM CTPYKTYPBI.

TaGamia 1. Tabaua uepapxudeckoii crpykrypst TPK

ITpocTtpaHcTBEHHBIE ITpume
Yposenn pocTp Oynkumn pyMep Ipynimne:
D/€MEeHTHI (boposoe)
Kpynnsni | o3épa, peaved, aec, | popmuposanme | osepo bypabaii, |aoMmHaHTa, IpUpOAHas
(Makpo) ITaHOPaMBI KapKaca OxokeTItec 00yCA0BA€HHOCTD
Cpeannii 30HBI, IOALIEHTPEl, | paclipeje/eHiie Habepe>xHasI, TpajyeHT,
(Me30) y34Bl AKTUBHOCTHU KYpOPTHBIE 30HBI 30HMpOBaHUE
y oTean,
/10KaABHBII| 34aHMs], IIPOCTPAHCTBA, | MOBCeAHEBHOE koMopT,
IIPOTyAOYHBIE
(MuKpO) DAEMEHTHI CpeAbl JCIIO/b30BaHNe pory AOCTYITHOCTb
30HBI
C MapIIpPYTHI, OCH, MHTeTpauys IIeIexoAHble CBSI3HOCTB,
BSI3U
KOMMYHMKaIuu CUCTEMBI MapHIPyTHI HeIIPePBIBHOCTD
Ipumeuariue — cocmasreHo agmopom
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OcoOy10 poab B MOJAeAM WIpaeT cCHUCTeMa IIPOCTPaHCTBEHHBIX CBsA3el, BLICTyHalOIas
MHTETPUPYIOIINM DAeMEHTOM Bcell CTPYKTyphl. CBs31u oOecrieumBaloT B3aMMOAENICTBIE MeXAY
(pyHKIIMOHAABPHBEIMI 30HaMM, APXUTEKTYPHBIMM OOBEKTaMU M IPUPOAHBIMU TePPUTOPUAMI,
¢opMupys HenpepBIBHOCTh IPOCTPAHCTBEHHON CpeAbl. BbLiBAeHO, 4TO 3¢PeKTUBHOCTh (PYHK-
LIMOHMPOBaHM: TYPUCTCKO-peKPealiiOHHOIO KOMILAeKca HaIIpsIMYIO 3aBUICUT OT CTeTIeH!U B3aMO-
CBSI3aHHOCTM BCeX YPOBHel IIPOCTPAHCTBeHHO OpTaHM3alMU ¥ COI1acOBaHHOCTH X Pa3BUTIL.

B xoae obcy>kaeHns MOoAy4eHHBIX pe3yAbTaTOB yCTaHOBAEHO, YTO IIpeaA0KeHHas MOAeab
IIPOCTPAHCTBEHHOM OpraHM3alNy TypPUCTCKO-peKpeariOHHOIO KOMILAeKCa B IIOAHON Mepe
CorJacyeTcsl C IOJAOXKEHMAMM CUCTEMHOIO I104XOJ4a U TeOPUM apXUTEKTYpHOI MepapXmuy, B
paMKax  KOTOPBIX  IIPOCTPaHCTBO  pacCMaTpMBaeTCsl  KaK  CAOXHas  COBOKYIIHOCTb
B3aMMOCBSI3aHHBIX M B3aMMMO3aBMCUMBIX DA€MEHTOB, OpPraHM3OBAaHHBIX IO IMPUHIIUILY
CTPYKTYpHOIM, (PYHKIMOHaALHOVM M MacIITaOHOI COIOAYMHEHHOCTU. B JaHHOM KOHTexcTe
TYPUCTCKO-pEKPEaLVIOHHBINI KOMILAEKC MOKeT OBITb WMHTepIIpeTUpPOBaH KaK OTKpBITas
AVHaMM4ecKasl CHCTeMa, pa3BUTHe KOTOpOIl OIpeAeAseTcs He TOAbKO BHYTPEHHEN A0TMKON
opraHmM3anyy, HO U  BO3JEVICTBMEM  HPUPOAHEIX, COLMAABHO-DKOHOMMYECKNX U
IPOCTPaHCTBeHHO-TIIaHNPOBOYHEIX (pakTOpoB. Ilog00HOE MOHMMaHNE apXUTEKTYPHON Cpeabl
KaK MHOTOYpOBHEBOI CHCTeMBI COTJacyercs ¢ IIOAOXKEHUAMM CHUCTEMHOIO II0AXOAa,
oTpakéHHBIMU B paboTax Alexander (1977), Lynch (1960) u Salingaros (2005).

[IpoBeaéHHBII aHaAM3 IIOKa3ad, 4YTO TYPUCTCKO-pEKpPEalliOHHBINI KOMIIAEKC He
IpeacraBAseT coOOli HaOOp aBTOHOMHBIX (PYHKIMIOHAABHBIX 30H MAV OTAEABHBIX OOBEKTOB
MHQPPaCTPYKTyphl, a POpMUpPYeT 11eA0CTHYIO, BHYTPeHHE CBA3aHHYIO CHCTEeMY, B KOTOPOI Bce
9A€MEHTHI HaXOASTCS B IIOCTOSIHHOM B3auMoZeiicTsyim. I1pu 9ToM n3MeHeHNs1 Ha O4HOM ypOBHe
IIPOCTPAHCTBEHHON OpraHM3anuy Hems3Oe>XKHO OTpa’kaloTcsl Ha (PYHKIVIOHMPOBAHMU APYIUX
YPOBHEI1, 4TO IIOATBEP>KAaeT HaAndue CHUCTeMHBIX CBA3eN ¥ B3aMIMHOM 3aBUICHMOCTH MEXAY
Makpo-, Me30- I MUKPOYPOBHAMI. B oTAm4nme ot TpaaUIIMOHHBIX IOAX040B, OPMEeHTHPOBAHHBIX
IIpeNMYyIIeCTBeHHO Ha (PYHKINMOHAaAbHOE 30HMpPOBaHIE I AOKaJAbHOe pasMeleHne OOBeKTOB
TYPUCTCKOI MHPPaCTPYKTYPHl, IIpeAA0>KeHHas MOJeAb YUUThIBaeT MHOTOYPOBHEBBIIT XapaKTep
IIPOCTPAHCTBEHHON OpTaHM3aljiM, B3alMHOEe BAUAHME YPOBHel U KAIOYEBYIO poOab
IIPOCTPaHCTBEHHEIX CBA3ell B GOPMMPOBaHUN 11€A0CTHOM CTPYKTYPBI KOMILAeKca. AHAa10TMIHEIe
BOIIPOCH (PYHKIIMOHAABHON OpraHM3aluy peKpeallViOHHBIX TePPUTOPUII pacCMaTpMBaANCh B
nccaegopannsax Ksapraasnosa (2002) u Beaenuna (1982), ognako mpocTpaHCTBeHHas MepapXus
TYPUCTCKO-peKpeariiOHHBIX KOMIIAeKCOB pacKphiTa He40CTaTOUYHO ITO0AHO.

CpaBHeHMe ITOAyYeHHBIX Pe3yAbTaTOB C CYIIeCTBYIONIMMM HayJHBIMM MCCAeAOBaHMAMU
ITI0Ka3a0, 9TO B O0ABIINHCTBE paboT Ty PUCTCKO-peKpearyioHHbIe KOMILAEKCH pacCMaTpUBaIOTCs
AM0O TpPeuMYyIecTBeHHO € Imo3unuy (PyHKIIMOHAABHONM OpTaHM3alyy, AMOO0 KaK DJeMeHTHI
TePPUTOPMAABHOTO IAaHMPOBAHMUA M Pa3BUTUA TYPUCTCKON MHPpacTpyKTyphl. Ilpm sToMm
BOIIPOCHI MPOCTPAHCTBEHHOM MepapXMM, CUCTeMHOM B3alMMOCBS3M MacIITaOHBIX YpPOBHeN, a
Takke (POPMUPOBAHNS II€AOCTHOV apXUTEKTypPHO-IIPOCTPAHCTBEHHON CTPYKTYpPBI OCTaIOTCS
HeAOCTaTOYHO pa3dpabOTaHHBIMU. B paMKax HacTOSIIETo MccAe 0BaHI:I IIpeAIIPUHATA IIOIIBITKA
mMHTerpanuy  QyHKIIMOHAABHOIO, TePPUTOPMAABHOTO M apXUTEKTypPHO-IIPOCTPAHCTBEHHOTO
II0AXOAOB, YTO IO3BOAsSET IepPeiT K pacCMOTPEHMIO TypPUCTCKO-peKpealjlilOHHOTO KOMILAeKca
KaK eAMHO} MHOTOYpPOBHEBO} ITPOCTPaHCTBEHHOI CMCTeMbl, (PYHKIIMOHUPYIOIell Ha OCHOBe
B3aMIMOJENICTBUA IPUPOAHEIX, (PYHKUMOHAABHBIX ¥ apXMUTEKTYPHBIX KOMIIOHEHTOB. Takoii
moaxoa obecrieunsaeT OoJlee KOMILAEKCHOe IIOHUMaHIUE 3aKOHOMEpPHOCTeil (pOopMMUpOBaHN
peKpealIOHHOM Cpeapl 1 €€ IIPOCTPaHCTBEHHO OpraHM3aliIL.

/lOTI0AHUTeABHO yCTaHOBAEHO, 4To B ycaosusax Cesepnoro Kasaxcrana mepapxiueckas
CTPYKTypa TYPMUCTCKO-peKpealIOHHBIX KOMIIAeKCOB IHpuoOpeTaeT psj — XapaKTepHBIX
permoHaApHBIX ~ ocoOeHHOcTeit. K~ HMM  OTHOCATCA  HOBBIINIEHHass — KOMITAKTHOCTD
IIPOCTPAHCTBEHHOI OpTaHM3alulM, BbIpakeHHas IleHTpaAu3anns (QyHKINOHAABHBIX 30H,
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yCUAeHMe poAM sIApa KOMILAEKCa, a TakKe COKpallleHue IIPOTSKEHHOCTU M YCAOXKHEHMe
CTPYKTYPBI IIPOCTPAaHCTBEHHBIX CBs3ell. BIABAEeHO, UTO ITOA0OHBIE OCODEHHOCTU 00YCAOBAEHEI
COBOKYITHBIM BO3JEIICTBMEM IPUPOJHO-KAMMATUIECKNX (PAKTOPOB, BKAIOYAs IIPOAOAXKMU-
TEABHBII 3MMHMII IIepUOJ, 3HAuMTeAbHBIE BETPOBbIE HArpPy3KlM, pe3Kyl0 Ce30HHYIO
KOHTPACTHOCTD, a TakKXKe CITenV(UKY UCIIOAb30BaHIS peKpeallIOHHBIX TEPPUTOPUIL B TeUueHNe
roga. B cBs13m ¢ 5TuM BodpacraeT HEOOXOAMMOCTH (POPMUPOBaHUs 001ee ITAOTHOM U CTPYKTYPHO
YCTOMIMBOI IIPOCTPAHCTBEHHOV OpraHM3aluy, obOecreumBamoiert sPpQPeKTuBHOe (PYHKLINO-
HUpOBaHMe KOMILAeKca IpM MUHMMU3anuyu WHQPPACTPYKTYPHBIX 3arpaT ¥ IIOBBIIIEHNUN
YCTOMYMBOCTY K BHEIITHUM BO3JETICTBIM.

Kpome TOrO, ycTaHOBAEHO, YTO CE30HHOCTH (PYHKIIMOHMPOBAHMS OKa3bIBAE€T HEIIOCpeA-
CTBEHHOE I CHMCTEMHOe BAVISIHUE Ha XapaKTep IIPOCTPAaHCTBEHHOJ OpraHM3aliUy TYPUCTCKO-
peKpeaLIOHHBIX KOMIIAEKCOB. B pasaumuHble IIepuOABl Ioga IPOUCXOAUT CyIecTBeHHAs
TpaHcpopMalMsl MHTEHCUBHOCTM MCIIOAB30BaHMsA (PYHKIIMOHAABHBIX 30H, W3MEHIEeTCs
3HAYMMOCTD ODOIIIeCTBEHHBIX IIPOCTPAHCTB, IlepepacIIpeeAsIIOTCs IIOTOKM IIOCETUTEAET, a TaKXKe
TpaHCPOPMUPYIOTCS ClIeHapUM peKpealyIOHHON aKTMBHOCTH. DTO IPUBOANUT K HEOOX0AMMOCTH
¢opmMuposanMsI TMOKOI 1 a4alITUBHOM IIPOCTPaHCTBEHHOM CTPYKTYPHI, CIIOCOOHOI! pearnpoBaTh
Ha M3MEeHeHIs BHEIITHUX yCAOBUII ¥ 0OecIIednBaTh YCTOIUBOe (PYHKIIMOHMPOBaHIe KOMILAeKca
B TeueHNe Bcero roda. Takumm oOpa3oM, CE30HHOCTb BBICTYIIaeT He TOABKO KaK BHeEIITHee
OorpaHMYeHMe, HO U KaK OAMH M3 KAIOUeBBIX (PaKTOpoB, ¢OPMUPYIOIIUX AOTUKY
IIPOCTPAHCTBEHHOI OPraHU3aLNY TYPUCTCKO-PEeKpPealiiOHHBIX CHCTEM.

Taxum oOpa3oM, pe3yabTaThl MPOBeAEHHOIO MCCAAOBaHNS TOATBEPIKAAIOT BBIABUHYTYIO
TUIIOTE3Y O TOM, YTO TYPUCTCKO-peKpealVIOHHbIe KOMILAeKChl (POPMUPYIOTCA KaK MepapXUIecKu
OpTaHM30BaHHbIE IIPOCTPaHCTBEHHbIE CHMCTEMBI, CTPYKTypa KOTOPBIX OIpeAeAseTCs] KOMILAEK-
CHBIM B3aMIMOJEJVICTBMEM IIPUPOAHBIX, (PYHKIMOHAABHBIX M apXUTEKTYpPHO-IIAaHMPOBOYHBIX
¢axTopos. IIpn 5TOM IpeaaoxeHHas MOAeAb epapXUIecKOol IIPOCTPaHCTBEHHO OpTaHM3all i
IT03BO/sIeT He TOABKO OIMNCHIBATh CYIIeCTBYIOIINe TyPUCTCKO-peKpeariiOHHbIe TepPUTOPIUN, HO
U CAY>KUT MHCTPYMEHTOM UX IIPOTHO3UPOBAHISI U IIPOEKTUPOBAHII.

[IpeaaoxeHHas: MOJeAb MOXET pacCMaTpUBaTbhCs KaK TeOpeTudecKash OCHOBa A5
AAAPHENINMX  MCCAeJOBaHUII B 004acTM  apXWUTEKTypbl,  I'pasOCTPOMUTEABCTBA U
TEPPUTOPUAABPHOIO IIAAQHMPOBAHUS TYPUCICKO-PEKPeaLVIOHHBIX CHUCTEM, a TaKXe Kak
MPaKTUYECKUII MHCTPYMEHT IpU pa3paboTKe IPOEKTOB U CTpaTeIMil pasBUTUSA TYPUCTCKO-
peKpealOHHBIX KOMILAeKcoB B ycaosusax CesepHoro KasaxcraHa mu Apyrux permoHoOB €O
CXOXMMU IPUPOAHO-KAUMATUYECKUMM XapaKTePUCTUKaMU.

3AKAOYEHUNE

IIpoBeaénHoe mccaeaoBaHye IMO3BOAMAO YCTAaHOBUTH, YTO TYPUCTCKO-peKpealliOHHbIe
KkoMILAeKchl B ycaosusix CesepHoro Kasaxcrana GpopMmpyroTcst Kak CAOXKHBIE MepapXIecKyu
OpTaHM30BaHHBIE IIPOCTPAHCTBEHHbIE CHCTEMBI, XapaKTepU3YIOIIuecs MHOTOYpPOBHEBOI
CTPYKTYPOIL I yCTOMYMBLIMU B3aMIMOCBS3SIMU MeKAY €€ D1eMeHTaM!. B 1x cocrase BBIAEASIOTCS
B3al/IMOCBSI3aHHBIE MaKpoO-, Me30- U MUKPOYPOBHM, Ka’KABIiI M3 KOTOPBIX BBIIOAHSIET
cnenuuyeckyio PyHKUMIO B GOPMIUPOBAHMY 1[€A0CTHOM apXUTeKTypPHO-IIPOCTPaHCTBeHHON
cpeanl. BsamMmogeiicTBie AaHHBIX YpOBHell oOecIlednBaeT COIAacOBaHHOCTb ITPUPOAHEIX,
(pYHKIIMOHAABHBIX U apXWTEKTYpPHBIX KOMIIOHEHTOB, a TaKXKe OIlpejeAseT OOIIyIO AOTMKY
IIPOCTPaHCTBEHHON OpraHM3alliy TEPPUTOPUIL.

YCTaHOBAEHO, YTO KAIOUEBYIO pOAb B (POPMMPOBaHMM CTPYKTYPBI TYPUCTCKO-peKpea-
LIMOHHBIX KOMILA€KCOB UTpaeT IpUpOAHO-AaHAIIapTHEIN KapKac, BRICTYIIAIOIIIIT 0a30BOM OCHO-
BOI MPOCTPAHCTBEHHOIO PasBUTHS U 3aAalOIINil OCHOBHBIE HalpaBAeHNs pa3MeIleHns QPyHK-
LIMIOHAABHBIX 91€MeHTOB. I Ip1poAHbIe KOMIIOHEHTHI TEPPUTOPUN — peabed, BOJHBIE OOBEKTEI,
AecCHbIe MacCHBEI ¥ ITaHOpaMHbIe JOMUHAHTB — (POPMMPYIOT YCTOMUMBYIO IIPOCTPAaHCTBEHHYIO
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OCHOBY, OIIPeJeAsIONIyI0 KOHPUIYpaIMIO peKpeallVIOHHBIX 30H M XapaKTep UX B3alIMHOIO
pacrioaoxensl. [Ipy 3ToM PyHKIIMOHAABHO-30HaAbHAsI OpTaHM3AL M apXUTEKTypHas cpeja
paccMaTpMBalOTCSl  KaK  ypOBHHU, —oDecleumBaioIiye —paclpejedeHle — peKpearOHHOI
aKTUBHOCTY, AudPepeHINannIo IPOCTPAHCTB 10 CTEeIIeHM MHTEHCHBHOCTU MCIIOAB30BaHNs, a
TaKXe peaan3allio pa3ANIHBIX ClIeHapUeB B3alIMOAEICTBI Ye10BeKa C OKPY>KaIOIIlel Cpeoii.

BrrsiBaeHo, uTo permonaapHble ocobeHHoct CepepHoro Kasaxcrana okasbIBaloOT
HeIIOCPeACTBEHHOe BAUSAHME Ha MepapXMUYecKyl0 CTPYKTYPy TYPUCTCKO-peKpeariiOHHBIX
KOMIIIEKCOB, OIIpejesisi XapaKTep IIPOCTPAaHCTBEHHBIX CBA3€l, CTeleHb KOMIIaKTHOCTU
II1aHUPOBOYHOI OpraHM3aluMy ¥ IPUHOUIIB pa3MelleHMs (QYHKIIMOHAABHBIX 30H. OTO
II03BOASIET paccMaTpVBaTh IIPeAA0XKEHHYIO MOJeAb He KaK YHIBEPCaABbHYIO aOCTPaKTHYIO CXeMY,
a KaK a4alTHpPOBaHHYIO IIPOCTPAHCTBEHHYIO CUCTEMY, YIUTHIBAIOIIYIO CIEIM(UKY CeBEPHBIX
HPUPOAHO-KAVMATUIECKUX YCAOBUIL.

B xoze mnpoBes€HHOrO UCCA€AOBaHUS YCTAaHOBAEHO, YTO TYPUCTCKO-PeKpealVIOHHbIE
koMILaeKkcH B ycaosusax CesepHoro KasaxcraHa IpeAcTaBAsSIOT cOOO CAOKHBIE MiepapXUIecKy
OpraHU30BaHHBIE IIPOCTPAHCTBEHHBIE CHCTEMBI, (PYHKIIVIOHMPOBAHUE KOTOPHIX OIpeAeAseTCsI
B3alIMOAEVICTBIEM INPUPOAHBIX, (PYHKIVIOHAABHBIX UM apXUTEKTYPHO-ILAaHUPOBOYHBIX KOMIIO-
HEHTOB. BBIsIBA€HO, UTO MX CTPYKTypa POpMUPYETCsI Ha OCHOBE B3aIMOCBA3aHHBIX MaKpo, Me30-
U MUKPOYPOBHEN, Ka’KABINI 13 KOTOPBIX BBIIIOAHSIET CaMOCTOSTEABHYIO, HO B3alIMOJOIIO-
HAIOIILYIO POAb B OOeCIIeYeHN N 11e10CTHOCTU IIPOCT PAaHCTBEHHO OpraHM3auy TePPUTOPUNL.

IloayuenHsle pe3yaAbTaThl IIO3BOASIOT CAedaTh BLIBOA O TOM, YTO YCTOIYMBOCTD I
9 PeKTUBHOCTh TYPUCTCKO-PeKpealIOHHbIX KOMILAEKCOB HaIpsIMyIO 3aBMUCAT OT CTeleHN
COr1aCOBaHHOCTYU VX IIPOCTPaHCTBEHHON CTPYKTYpPHI, a TaKXKe OT XapaKTepa B3aIMOJAEVICTBIIA
MeXAy IPUPOAHBIM KapKacOM TEPPUTOPUN U UCKYCCTBEHHO popMupyeMori cpeAoit. [Ipu sTom
pUpOoAHO-AaHAITapTHEIE (PaKTOPHI BEICTYNAIOT He TOABKO KaK MICXOAHOE YCAOBYE pa3MeIlle s
OOBEKTOB, HO I KaK aKTUBHBIN CTPYKTypOOOpa3yIOIINii DAeMeHT, ONpeAeAsSIomnil KoHNUrypa-
M0 PYHKIMOHAABHBIX 30H M HAaIIPaBAEHHOCTD Pa3BUTHS PeKpeariiOHHBIX TePPUTOPMUIA.

YcraHOBA€HO, 4TO IIpeAAOXKeHHas B paboTe MOAeAb MepapXUIeCcKO IIPOCTPaHCTBEHHON
OpTraHM3allN! II03BOASAET 0O/ee IMOAHO U CUCTEMHO MHTEPIIPETUPOBATh CTPYKTYPY TYPUCTCKO-
peKpearIOHHBIX KOMILAEKCOB 10 CpaBHEHMIO C TPaAUIIMOHHBIMU IT0AX0AaMy, OTpaHMYeHHBIMI
HpeUMYIIeCTBEHHO (YHKIIMOHAABHBIM 30HMpOBaHNMEM. B paMKax pa3paboTaHHON MOJeAN
KOMILIEKC paccMaTpuUBaeTcsl KaK eAVHas IIPOCTPAaHCTBEHHasl ClCTeMa, B KOTOPOI KaXKABIN
YpOBEHb OpTraHM3allMU CBsI3aH C APYTMMMU 4Yepe3 CUCTEMY YCTOWMYUBBIX MepapXUYecKuX MU
pyHKIMOHAABHBIX CBsA3ell. DTO obecriedrBaeT BO3MOXKHOCTh KOMIIAEKCHOTO aHaAM3a Kak
CYIIeCTBYIOIINX, TaK M IIPOeKTUPYEeMBIX peKpeallIOHHEIX TepPUTOPUIL.

Ocoboe 3HaueHMe B XOJde UCCAeJOBaHM:A IIpMOOpeTaeT  BHIABAEHME  POAU
IIPOCTPaHCTBEHHBIX CBs3ell, 0DecriednBaoONI X MHTErpaliMio BeeX yposHeit cuctemsl. ITokasaHo,
9TO MIMEHHO CHUCTeMa CBsi3eil pOpPMUPYeET 11eA0CTHOCTD TYPUCTCKO-peKpeariioHHOTO KOMILAeKca,
ompeJeAseT XapakTep IepeMeIleHNs II0Ab30BaTelell, CTPYKTYpPy PeKpealliOHHBIX ITOTOKOB U
BII3ya/bHO-KOMITO3UIIVIOHHBIE XapaKTepUCTUKN cpeabl. TakumM o6pasoM, IpOCTpaHCTBEHHBIE
CBS3U BBICTYIIAIOT KAIOUEBBIM DJE€MEHTOM, oOecredMBalomuM PpyHKIVOHMPOBaHMEe KOMILAeKca
KaK eAVHOI CVCTEeMBL.

/lOTI0AHNTEABHO YCTaHOBAEHO, YTO TYPMCTCKO-peKpealioHHble KoMIiaeKchl CeBepHOro
Kasaxcrana obaagaor psaom crenndnyecknx ocoOeHHOCTel, 00yCAOBAEHHBIX HPUPOAHO-
KAMMAaTHYeCKNMM YCAOBVMAMM pernoHa. K HMM OTHOCATCA KOMIIAKTHOCTH ITPOCTPaHCTBEHHOI
CTPYKTYpBI, BBIpa’keHHas IleHTpaam3anus QYHKIMOHAABHBIX 30H, a TakKe IIOBBIIIeHHas
3aBMCYIMOCTb OpTaHM3aIMI TEPPUTOPUN OT CE30HHBIX (PAKTOPOB. DTU OCOOEHHOCTM TPeOyIoT
0coDOro To4Xxo4a K IIPOEKTUPOBAaHUIO I Pa3BUTUIO peKpeallViOHHBIX TeppUTOPUI,
OPUMEHTMPOBAaHHOTO Ha TIMOKOCTh IPOCTPAaHCTBEHHOIN CTPYKTYPHI U €€ ajalTUBHOCTh K
M3MEHSIOMINMCS YCAOBIUAM DKCILAyaTaln.
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C TeopeTnyeckoy TOYKM 3peHMs MOAydeHHbIe Pe3yAbTaThl 4OTOAHSIOT CYIIeCTBYIOIIe
IpeAcTaBAeHIsA O TYPMUCTCKO-peKpeallMOHHBIX CUCTeMaX, PacIIMpss MX 3a CYET BBeAeHI
IIPOCTpaHCTBEHHO-MepapXnudyeckoro  mnogxoda. IlpejaoxkeHHas  KOHILEMNIMS — IIO3BOASET
paccMaTpuBaTh TYPUCTCKO-peKpealiiOHHble KOMILAEKCH KaK AMHaMMYHble MHOTOYPOBHEBbIe
CUCTEMBI, HaxX0AsI1ecs B IIOCTOSIHHOM B3aMMOAEVCTBUM C IPUPOAHOIN U COIIMaAbHOM Cpeoit.

IIpakTmyeckas 3HAYMMOCTb MCCAEAOBAHM: 3aKAIOY9aeTCsl B BO3MOXKHOCTM IPMMeHEeHI:
pa3pabOTaHHON MOJeAM IpU IPOEKTMPOBaHUM, PEKOHCTPYKIUM M Pa3BUTUM TyPUCTCKO-
peKpealoHHBIX Teppuropuit. OHa MOXXeT OBITh UCII0Ab30BaHa IIpY (pOPMUPOBAHNUY TeHEpalb-
HBIX I11aHOB, pa3paboTKe KOHLIENIINI TepPUTOPUAAbHOIO Pa3BUTI, a TaKXKe TPV 0OOCHOBaHUI
apXUTEKTYpPHO-ILAaHMPOBOYHBIX PeIleHN I B yCAOBMAX CAOKHOTO IIPUPOAHOIO AaHAmadrTa.

Bmecte c TeM caeayeT oTMETHUTH, YTO IOAYy4eHHBIE pe3yAbTaThl OTPa’kKaloT CHelUPUKY
Cesepnoro Kazaxcrana m TpeOyIoT aganTanuy IpM UX HPUMEHEHNUM B APYTUX HPUPOAHO-
KAMMAaTUIECKUX U TIPajOCTPOUTEABHBIX YCAOBUAX. DTO OTKpPbIBAaeT IIe€PCIeKTUBBI A4
AaAbHEMINNX MCCAel0BaHNl, HallpaBAE€HHBIX Ha IPOBEPKY YHMBEpPCAaAbHOCTU ITPeAA0KeHHOI
MoJAeAu 1 eé KOPPEeKTHPOBKY C YIETOM perroHaAbHBIX OCOOEHHOCTEI.

IlepcrieKTMBBI AaABHEMIINX WCCA€A0BAHMII CBA3AHBI C YIAyOA€HHBIM M3yd4eHMeM
MexaHI3MOB TpaHcOpMalMU TYPUCTCKO-PeKpearlMOHHBIX KOMILAEKCOB II0J, BO3AEVCTBUEM
Ce30HHOCTM, KAMMATUYeCKMX M3MeHEeHUil M pocTa TypUCTHdecKoy Harpysku. OTgeabHOro
BHUMaHMs  3acAy>XuBaeT pazpaboTKa IUQPOBLIX M  [apaMeTpUYecKux Mojedent
HIpocTpaHCTBeHHOM opranmsauuy 1TPK, 103BoAfIOImIMX HOPOTHO3MpPOBATh MX pasBUTHE U
ONTUMMI3MPOBATh aPXUTEKTyPHO-TLAaHMPOBOYHEIE PeIlleHNs B 40ATOCPOYHOI IepCIIeKTBe.

KOH®AMKT MHTEPECOB: ApTOpS®I 3a4BASIOT 00 OTCYTCTBUM KOH(PAMKTA UHTEPECOB.

DOUMHAHCUPOBAHME: VccaeaosaHue He II0Ay4aA0 11€1€BOTO (PUHAHCHPOBaHII.

3ASIBAEHUE OB OAJAOBPEHUMN MHCTUTYIIMOHA/ZBHBIM 3STUYECKVM
KOMUTETOM (IRB): JaHHOe mccAes0BaHME BBIIIOAHEHO B COOTBETCTBMU C IIPUMEHUMBIMU
aKaJdeMMJeCcKMMM, MHCTUTYLIMOHAABHBIMM ¥ HAIlMOHAaAbBHBIMU STUYECKUMU CTaHJapTaMIU.
Pabota HOCUT TeOpeTMKO-aHAAUTUYECKUII U IIPOeKTHO-MeTOAOAOTUYEeCKUil XapaKTep U
OCHOBaHa Ha M3y4eHMM Hay4YHBIX MCTOYHMKOB, KapTorpapuuecKux MaTepualoB, a TakXKe
pesyabTaTax — apXUTEKTypPHO-TPadOCTPOUTEABHOTO  aHaaAM3a  TYPUCTCKO-PeKpealiVIOHHBIX
teppurtopuit Cesepnoro Kazaxcrana.

NccaesoBaHne He BKAIOYaAA0 ydacTue A104eil, He IIpeAycMaTpUBalo IMpoBeeH1e OIPOCOB,
MHTEpPBbIO, DKCIIEPUMEHTOB C yJacTieM 4YelOBeKa MAM >KMBOTHBIX, a TaK’Ke He 3aTparusalo
IIepCOHaAbHBIE AU KOHPVAEeHIINAaAbHbIE JaHHBIE. B CBSI3M C D TUM paccMOTpeHUe U 0400peHne
MuactutyninmoHaabHeiM  9THMYecKMM  KoMuTeTroM (IRB) mam ®KBMBaAE€HTHRIM OpTaHOM He
TpeboBaAOCh.

3ASIBAEHUE Ob WH®OPMVWPOBAHHOM COI'JACUN: NccaeaoBaHme He
BKAIOUaJA0 ydacTue AI0Jell, NpoBejeHNe aHKeTMPOBaHMA, MHTEPBBIO MAM AI00BIX ¢$opM
B3alIMOJENICTBMSI C pecliOHJeHTaMM. Bce mcroandyemble MaTepuadbl OCHOBaHBI Ha aHaAu3e
OTKPBITBIX HaYYHBIX MCTOYHMKOB, CTAaTUCTUYECKUX JaHHBIX ¥ KapTorpaddecKkoi MHPOpMaIiiIL.

B cBsA3M ¢ 5TMM noaydeHne MHPOPMUPOBAHHOIO COTAacusl OT YIaCTHUKOB MCCAeA0BaHI
He TpeOOBa10Ch.

3ASIBAEHUVE O AOCTYIIHOCTU AAHHBIX: /JanHOe mccaeaoBaHMEe OCHOBaHO Ha
TEOpeTMYEeCKOM aHaAuse, CUCTeMaTM3allMy HaydHBIX MCTOYHMKOB, a TakKe Ha 0DOpaboTke
OTKPBITBIX KapTorpadpuueckux ¥ aHAAUTUYIECKUX MaTepualoB, OTHOCAIIUXCA K TYPUCTCKO-
pekpeaninoHHbIM TeppuTopusiM CepepHoro KasaxcraHa.

CrernaapHbIe DKCIIepYIMeHTaAbHBIE VAN SMIIMPpUIecKIe JaHHbIe B XOAe 1CCAeAOBaHIsI He
cosgaBaanchk. Bce 1crioap3oBaHHbIEe MaTepyaAbl ABAAIOTCS OOIEAOCTYITHBIMU ANOO ITOAyYeHBI
13 OTKPBITHIX MCTOYHMKOB HAayYHOTO M CTaTUCTUYECKOTO XapaKTepa.
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IIpn HeoOXOAMMOCTM MCXOAHBIE aHAAUTHUYECK)e MaTepMadbl, CXeMBl U OOOOIIEHHEIe
AaHHEbIe, ICTI01b30BaHHbIe B paboTe, MOTYT OBITE IIPej0CTaBAeHbI COOTBETCTBYIOIIVIM aBTOPOM I10
00O0CHOBaHHOMY 3aIIpoCy.

BAATOAAPHOCTW: AsTOpsl BBIpaxkaloT 0aarogapHocts KoaderaM Kasaxckoro
arpoTeXHMYeCcKOro  mccaejosareabckoro  yHusepcurera wuMm. C. CeitdpyaamnHa  3a
MEeTOJ0/A0TNYeCKYI0 TIOAAEpKKY M ydacTue B OOCy>KA€HMM MaTepualoB JCCAeOBaH.
baarogapum aHOHMMHBIX pelleH3eHTOB 3a IJeHHbIe 3aMedaHsl, CIIOCOOCTBOBaBIIINE ITOBBIIIIEHIIO
KaJyecTBa CTaTbI.

VBEAOM/EHME OB MCIO/AB30BAHUN TEXHOAOTUN MCKYCCTBEHHOI'O

VMHTEAAEKTA: IIpu moArotoBke cTaTby MCI0Ab30BAAMICh MHCTPYMEHThI TeHepaTUBHOIO
MCKYCCTBEHHOTO MHTeAAeKTa AAsl peAaKTMpPOBaHMUsA TeKCTa, yTOYHeHUs (QOPMYyAUPOBOK U
CTPYKTypUpOBaHM: MaTepmasda. Bce HaydHble IIOAOXKeHN:I, WHTepIIpeTalMM W BBIBOABI
HIpMHaJJeXXaT aBTopaM U ITOAHOCTBIO MU ITpoBepeHsl. Vcnoabzyemas mogeas VI opopmaena
B CIINICKe AuTepaTyphl caeAyomum oopasom: ChatGPT. (2026, April). Editing and structuring an
academic article on the hierarchical spatial organization of tourist and recreational complexes
[Large language model].
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AEI'KVE BETOHBI HA OCHOBE AMATOMUNUTA
AVMATOMUT HEI'T3IHAETT ) KEHI1/1 BETOHAAP

LIGHTWEIGHT CONCRETE BASED ON DIATOMITE

A.T. Tackaames"™ *, K.A. Hapukos “=/, b.T. Illakemes "=, b./1. Uapucos =/,
K.M. AxymabaeBa

3amnaaHo-KazaxcraHCKuiT MIHHOBAIIVIOHHO-TEXHOAOTMYECKIUIT VHUBEPCUTET, T. ¥Ypaabck, Kasaxcran
*ABTOp-KOppecronAeHT: Tackaanes Asamart Tioaenxkaanesny, Taskalievazamat@mail.ru

Karouessbrie caoBa: AHHOTAILIUSL

AuaToMuT, OETOH, JaHHas mccaeioBaTeAbcKas paboTa 3aKAIOYaeTCsl B MCIIOAB30BaHUN
TeXHOAOTHS, TePMU3, AmaTomMuTa AKTIOOMHCKOM 004acTy 4451 COBPeMEHHOTO IPOM3BOACTBa
TETIAOIIOPUT, ra300eToH, CTPOUTEABHBIX MaTep1aA0B, HEOOXOAVMBIX B peIIeHII DKOHOMUYIECKOI
TepMOAUTOOETOH, 3ajdaun, CHIYDKEHIS SHepronoTpeOAeHIs B JKI3HeoOeCIIedeHNI 34aHNit
BBICOKOTEMIIEPaTypPHBIN U COOpPYKEHNIl, KAIOYEeBBIM ITapaMeTpOM KOTOPOTO  sIBASETCS
00>KUT, PU3NKO- K05} PUIMEHT TeILA0IPOBOJHOCTY CTPOUTEABHBIX MaTePUAA0B C TOUKU
MeXaHUJeCcKye CBOVICTBA. 3peHmus TenAoOM30AAMM 3AaHuil 1 coopyKeHmit. lleapio HaydHo-

1CCAeA0BaTeAbCKON  pabOTEI  ABASeTCs  pa3pabOTKa  TEXHOAOTUMN
NIPOM3BOACTBA OETOHHBIX M34€AMII U KOHCTPYKIMII Ha OCHOBE
AuaTOMHUTa AASl COBPEMEHHOIO TPa’KAaHCKOTO ¥ IPOMBIILIEHHOTO
CTpouTeAbCTBA. AMAaTOMNUT UCCA€40BaAUl KaK CaMOCTOSTEABHBIN
Marepuaa M Kak ChIpbe AASl M3TOTOBAEHMSI TEPMOAUTA, IOAYyIEHHOTO
ITyTeM BBICOKOTEMIIEpaTypPHOTro OOXKNUra AMaTOMUTA IIPU TeMIlepaType
1150°C, mcrioap3yeMBIX B KayecTBe 3allOAHUTeAs] AAs IPOU3BOACTBA
OGETOHHBIX WU3JEAMIl, TaKMX KaK TePMU3, TEILAOIOPUT, ra30b0eTOH U
TepMOANTOOETOH. BplAM OIlpejeaeHBl CpeAHsIsl IIAOTHOCTh, IPOYHOCTD
Ha CXaTue, BOJOIIOIAOIIEHNEe, WCTUPaeMOCTh ¥ Kod(pPUImeHT
TEeIZ0IIPOBOJHOCTM AabOpaTOPHBIX OETOHHBIX OOpas3lloB Ha OCHOBE
AmMaToMuTa M TepMOAmUTa IO  MeTOAuKe, COOTBeTCTBYIOIIeN
HOPMAaTUBHBIM CTPOUTEABHBIM AOKyMeHTaM. s yaydmenus Gpusnko-
MeXaHIMJeCKUX CBOJICTB TEIAOIOPHUTa UCIOAb30BaAM MOAUPUIIN-
pytomyio g4o6asky MasterCast 727 B xoandecrse 2,0% (7 Kr) OT Macchl
neMmenra 350 Kr cocTaBa TeIAOINIOpMTa, B pe3yaAbTaTe CHMU3UAOCH
Bogororaomienne c 34,8 20 27,4% (1a 21,3%), MoBBICHAaCh ITPOYHOCTD C
Mapku M25 (B1,5) a0 mapxu M35 (B2,5) u mapka ucrupaemocru ¢ G3 40
G2. B craThe mpeAcCTaBA€HBI pe3yAbTaThl ITPOBEAEHHBIX HAyJHBIX
MCCAEAOBAHMII OCHOBHBIX (PU3MKO-MEXaHMIECKUX CBOVICTB TepMU3a,
TeILA0IIOPUTa, Ta300eTOHA I TepMOANTOOETOHA. B AaabHeimx HayYHO-
1CcAeA0BaTeAbCKMX paboTax OyAyT WCIIOAB3OBAaHBI — Pe3yAbTaTHI,
OTpa’keHHble B CTaTbe AAsd Pa3paOOTKM TeXHOAOTUM IIPOU3BOACTBA
OeTOHHBIX M3AeaAuii ¢ umcrnoap3osaHueM MasterCast 727 u agpyrmx
A00aBOK.
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AVaTOMUT, OETOH,
TeXHOAOTWSI, TEPMU3, XKBLAY
ITOpUTi, Ta3jaAfaH OeTOH,
TepMOAUT OETOH, SKOFapbI
TeMIlepaTypaabl Kyiaipy,
¢pusnka-mMexaHNKaABIK
KacueTTepi.

bya seprrey sxymbichl AKTOOe 0DABICHIHBIH AMATOMUTIH SKOHOMMKAABIK,
MiHAeTTepAi IIellyje KaXkeTTi KYPBbLABIC MaTepualjapblH 3aMaHayu
OHAipy, FUMapaTTap MeH KYpPBLABICTapAbl TipLIiAiKIIeH KaMTaMachl3
eTyae DHeprus TYTBIHYABl a3ailTy YIIiH IalijadaHyJaH Typadbl, OHBIH
HeTi3Il mapameTpi FumapaTTrap MeH KypPBLABICTapAbl SKbIAy OKILIayaay
TYPFBICEIHAH KYPBIABIC MaTepHUaAAapBIHbIH JKbLAY OTKI3TIMTIK Koddpdu-
LMeHTi Oo0AbIl TaOblaaAbl. T'BLABIMI-3€pTTEY >KYMBICBIHBIH MaKCaThl
3aMaHayM a3aMaTThIK >KoHe OHEePKSCINTIK KYPBLABIC YINiH AMaTOMUT
HeTi3iHaeri 6eTOH OYIBIMAapbl MeH KOHCTPYKUMLAAPbIH OHAIPY TEXHOA0-
TUSACHIH 93ipAey 00BN TabblAaAbL. AraToMuT aepbec MaTepuaa peTiHAe
JKOHe TepMM3, KbIAy OKIIIayJarbllll OeTOH, razjadraH OeTOH >KoHe
TepMOAUT O€TOH CHUSAKTBI OeTOH OyiibIMAApPBIH OHAIPY YIIiH arperar
peTinge naiijaaaneiaaTeig 1150 °C temniepatypasa AMaTOMUTTI SKOFaphl
TeMIlepaTypajda KYHAipy apKblabl aAblHFaH TepMOAUT >Kacay VIIiH
muKizat petige 3eprreadi. HopmaTuBTIK KyphlABIC Ky>KaTTapblHa
coiiKeC ogicTeMe OOJBIHINA AMATOMUT >KOHE TEPMOANT HeridiHAeri
3epTXaHaAblK OeTOH YAriAepiHiH OpTallla TBIFBI3ABIFBI, KBICY OepiKTiri,
CyAabI CiHipy, TO3y >KoHe KBy OTKIisTiINTiK KOd(UIINEHTi aHBIKTaAAbL.
Kelay oxiayaarpinr OGeTOHHBIH —(PU3MKa-MeXaHMKaAbIK, KacueTTepiH
>KaKcapTy YILiH mastercast 727 Moau¢uKaIlmsaaayIs KOCIacsl Iaijala-
HBIAABL, IleMeHT MaccachiHbIH 2,0 % (7 kr) meamepinge 350 Kr >kblay
TIOPUTIHIH KypaMBl, HOTVDKeCiHAe CcyAbl ciHipy 34,8-Ten 27,4 %-fa AeliiH
(21,3 %-ra) TemeHnaeai, Gepiktiri M25 (B1,5) mapkaceiHan M35 (B2,5)
MapKachlHa JeliiH ecTi >koHe G3-TeH G2-re JefiiH TO3y MapKachl. Maka-
Aaja TepMU3AiH, TEpPMOIIOPUTTIH, ra3sairaH OeTOHHBIH >KoHe TePMOAUT
OeTOHHBIH HeTi3ri (pU3MKa-MexaHUKaAblK KacueTTepiHe >Kyprisiaren
FBLABIMU 3epTTeyAepAiH HOTI KeAepi KeATipiareH. Opi KapaliFbl FHLABIMU-
3epTTey >KyMBbICTaphlHAa mastercast 727 >koHe Oacka Ja KocmaaapAabl
TnaiigajdaHa OTLIPBII, OETOH OYIBEIMAAPLIH OHAIPY TeXHOAOTVIACKHIH d3ip-
Jey YIIiH MaKa/aJa KepceTiATeH HaTIrKeAep TalijaaHbLAaThIH 00Aa4bl.

keywords:

ABSTRACT

diatomite, concrete,
technology, thermite, heat-
resistant, aerated concrete,
thermolite concrete, high-
temperature firing,
physical and mechanical
properties.

This research work involves the use of diatomite from the Aktobe region
for the modern production of building materials necessary for solving
the economic problem of reducing energy consumption in the life
support of buildings and structures, the key parameter of which is the
thermal conductivity coefficient of building materials in terms of thermal
insulation of buildings and structures. The aim of the research work is to
develop a technology for the production of concrete products and
structures based on diatomite for modern civil and industrial
construction. Diatomite was studied as an independent material and as
a raw material for the production of thermolite, obtained by high-
temperature calcination of diatomite at a temperature of 1150°C, used as
a filler for the production of concrete products such as thermite, teplo-
porite, aerated concrete, and thermolite concrete. The average density,
compressive strength, water absorption, abrasion resistance, and
thermal conductivity coefficient of laboratory concrete samples based on
diatomite and thermolite were determined using methods compliant
with relevant construction standards. To improve the physical and
mechanical properties of the heat-resistant material, a modifying
additive MasterCast 727 was used in an amount of 2.0% (7 kg) of the 350
kg mass of cement in the heat-resistant concrete composition. As a result,
water absorption decreased from 34.8 to 27.4% (by 21.3%), strength
increased from grade M25 (B1,5) to grade M35 (B2.5), and abrasion
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resistance increased from G3 to G2. The article presents the results of
scientific research on the main physical and mechanical properties of
thermite, heat-resistant concrete, aerated concrete, and thermolite-
concrete. The results presented in the article will be used in further
scientific research to develop a technology for the production of concrete
products using MasterCast 727 and other additives.

BBEAEHUE

AKTyaZBHOCTBIO HAYIHOTO MCCA€A0BaHUA AMaTOMUTAa AKTIOOMHCKON 001acTU SIBASETCS
aHaA3 BO3MOXKHOCTM IIPMMEHEHMs] JAaHHOTO IIPUPOJHOIO CBHIPhSA A4Sl  ODecIIedeHIsI
crpouteabHOro pbiHKa Pecriybamkm KasaxcraH coBpeMeHHBIMM —®DHeprocOeperarouMmn
CTPOUTEAbBHBIMU MaTepHalaMIA.

BakHOCTh HayuyHOTO mMCCA€J0BaHM: 3aKAIOYaeTCs B pa3dpabOTKe HOBBIX COBPEMEHHBIX
TE€XHOAOTMII IIPOMBIIIIEHHOTO IIPOM3BOACTBA Ha OCHOBE HENCIIO/Ab30BAaHHBIX 3aIlacoB
MeCTOPOXKAeHUI AraToMuTa AKTIOOMHCKON 004acTy B HacToOs1Ilee BpeMs.

[IpoMBIIIA€HHOE WCIIOAB30BaHUE AMATOMMTAa OCHOBAaHO Ha psde ero (QU3aNIecKux U
xuvugeckux csorcts  (Gupta, 2023), mcmoapsdyeTcsi KaK TIuApaBanmdeckas JoOaBKa AA4s
IIPOM3BOACTBa MOpTAaHAlleMeHTa (Sharma m ap., 2021), aerkmx OeTOHOB, KepaMMUIECKUX U
teriaouzoasinoHHbIX u3geauit (V.A. Cagaxos, 2015).

OcHoBHBIM (pakTOpOM HOBBIIIEHNST DPPEKTUBHOCTU CTPOUTEABCTBA SBASIETCS CHVDKEHE
MaTep1nal0eMKOCTH, YMeHbIIIeHle Macchl U TeIAO0MPOBOAHOCTY CTPOUTEABHBIX KOHCTPYKIIUIA
0e3 moTepu MX HeCyIIlel ClIoCOOHOCTH U APYTIMX DKCIIAyaTaIlIOHHBIX CBOVICTB. A4 AOCTVKEHIS
9TOI LleAV HeoOXoAMMa pa3pabOTKa TEXHOAOTUN U IIpUMeHeHNe AeTKIX U IIPOYHBIX OETOHOB C
TTOHV>KEHHO TeI0IIPOBOAHOCTHIO U BOAOIIPOHMUIIaeMOCTBIO.

B 3aBmcumocTM OT BHMAa IPUMEHsSEMOTO ITOPUCTOTO 3allOAHUTeAsd Aerkue OeTOHBI
pasAeaAdioT  Ha KepaM3UTOOETOH, ara0mopuUTOOeTOoH, I11aK00EeTOoH, 1eM300eTOH,
TepMOANTOOeTOH M T.4. beroH ¢ agobaBaeHmeM OOOXCKEHHOIO AMaTOMMTa MCIOAB3YeTCS B
KaJyecTBe TeILAOM30AATOpa, TaK KaK COCTOUT M3 MEAKMUX 9aCTHI], KOTOPBIe 3alIOAHSIOT ITyCTOTHI,
yILA0THs: OeToHHYIO MaTpuily (Barreto & Bautista, 2024).

B aerxom GeToHe B KauecTBe 3allOAHUTEAEN VICIIOAB3YIOT IeOenb 13 remMssl (Parhizkar u
ap., 2012), xepamant (M & Abbas, 2022), ByAKaHMIeCKNII TOPUCTLIN M3BECTHIK U AO0AOMUT,
IIepANT, ByAKaHI4IecKuit TyQ , BepMmukyaut (Kumar u ap., 2022; Vijayan n ap., 2020), n3pecTHSIK-
PaKyILeYHIK, U3BECTKOBBII Ty, OIIOKY, Tpernea, guaromut (Vijayan u ap., 2020; Caceres u 4p.,
2019), TonauBHBIE I1AaKM, HOPUCTbIE MeTalAypruyeckue IIIAaKM, BCIydeHHBIe IIpM OOXKure
KepaM3uTa, TepMO3UTa, IlepANUTa, BEpMUKYAUTa, TEPMOANUTA U AP.

Ilo cBoeMy ITPOMCXOKAEHNIO AMaTOMUT OTHOCUTCS K OMOXMMITIECKIIM TOPHBIM ITI0pPOJaM,
OTHOCSIIIMMC K TpyIIIe KpeMHMCThIX Topoa (M. H. bapanosa u ap., 2011). Auatomur — 370 Oca-
AO4YHasI TIOPOAa, COCTOSIIIIasl B OCHOBHOM 13 aMOP(HOIO 1AM aKTUBHOTO KpeMHe3éMa (Sharma u
ap., 2021).

AVIaTOMUT IIpeAcTaBAseT cOOOI PBHIXAYIO AU CIIeMEeHTHPOBAHHYIO KPEeMHUCTYIO TTIOPOAY
6e10T0 1AM CBETA0-CepOro 1LBeTa, cocTosyio 60aee 50 % 13 maHIUpeN AuaTOMel, COAEPKNUT
70-98 % pacTBOpMMOIO B IIlel04YaX KpeMHe3eMa, 004ajaeT BHICOKOM IOPUCTOCTHIO A0 75 % u
Maaor oopemHoI Maccoit ot 420 a0 1250 kr/m3 (K3 CCCP, 1984).

PesyabpTaThl MccAelOBaHUII BaKHBI A4Sl TIPUMEHEHUs AUAaTOMUTA — YHUKaAbHOTO
HNPUPOAHOIO MaTepuada 445l COBpPEMEHHOTO I'Pa’kAaHCKOTO M IIPOMBIIILAEHHOTO CTPOUTEAbCTBA
Pecry6amxu Kazaxcran.

ITpu pemennn 3agad uccaeA0BaHU MPeAII0Aaraaoch UCIOAb30BaHNe AMaTOMUTa B ABYX
BUAAX.

Bo-miepBBIX, IpUMeHeHNEe AMaTOMMTa KaK CaMOCTOATEABHOTO Marepuasda B KadecTse
3aII0AHUTEAS A4S IPOU3BOACTBA OETOHHBIX M3AEAMUIA.
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Bo-BTOpEIX, IpUMeHeHNe TPOAYKTa IlepepaboOTKU guatoMuTa — Tepmoauta (Barreto &
Bautista, 2024), moAy4eHHOTO BBICOKOTEMIIEPATYPHBIM OOXXWIOM, B COCTaBe A€TKMX OeTOHHBIX
U3AeANii M KOHCTPYKOMit. AMaToMUT B KadecTBe 400aBKU I10CAe OOXKNTa Y U3MEeABUEHNST MOXKET
3HAYUTEALHO ITOBBICUTD IIPOYHOCTD, TEKYIECTh, Y4000yKAaAbIBA€MOCTD 1 40ATOBEYHOCTL OeTOHa
(Du, 2019).

Aas peleHUs TakMX 3ajad HEOOXOAVMO CIIPOEKTHPOBaTh COCTaBBl OETOHHBIX M3AeAMii
DKCIePUMEHTaAbHbIM ITyTeM, ITOAYYMUTL ONTUMAaAbHBIE COCTaBBl CTPOMTEABHBIX MaTepualos,
COOTBETCTBYIOIINIe HOPMaTUBHBIM CTPOUTEAbHBIM J0KyMeHTaM Pecriybanku Kaszaxcran.

Baxknoit 3agaueil sBAseTCs OIpejeleHMe OCHOBHBIX (PU3MKO-MEXaHMIECKNMX CBOMCTB
M3TOTOBAEHHBIX 10 pa3pabOTaHHOI TeXHOAOTUMU MCCAeJ0BaTeAs MU B Aa00PaTOPHBIX YCAOBMIX
MOAUQUITUPOBAHHEIX OETOHHBIX O0OpasloB. B mccaegoBaHMAX A4S yAydIIeHMsT (PU3UKO-
MeXaHI4eCKUX CBOVICTB OeTOHHBIX W3AeAMil IPUMEHSIAN MOAUPUUIUPYIOMYIO J00aBKy
MasterCast 727 (MasterCast ® 727, 6. a.).

B coBpeMeHHOM IIpOM3BOACTBE CTPOUTEABHBIX MaTepualoB OAHONM U3 BaKHEMIIMX
DKOHOMMYECKMX 3ajad sBAseTC] CHIDKeHMe DSHepIoIoTpeOJeHMsT AAs >KM3HeoOecredeHu:
34aHuit 1 coopy>keHnit. KaouespIM nnapaMeTpoM sABAsSeTCs KOOPPUIINEHT TeILA0IPOBOAHOCTI
CTPOUTEABHBIX MaTep1aA0B C TOUYKM 3peHNsI TeTA0U30AS NN 34aHNUI U COOPY>KEeHMIA.

ITeapo TakMx pacyeToB SBASI€TCS MPOU3BOACTBO CTPOUTEABHBIX MaTepualoB, IpesHas-
HauyeHHBIX A4S MMHUMU3ALMU TellA000MeHa MeXAy OKpy>KaloIlell cpeJoil UM BHYTpPeHHUM
IIPOCTPaHCTBOM 3JaHMII ¥ COOPY>KEeHUI depe3 OorpakJaloliye KOHCTPYKINY, oOecriednBalonie
MaKCHUMaAbHBI KOMQOPT A4 AI0A€, C HU3KVIMMU 3aTpaTaMy Ha OTOILAeHNe U BeHTUASALINIO.

IToaoxxuTteabHble pe3yAbTaThl IIPOBeAEHHOTO MCCAeAOBaHM 110 pa3pabOTKe TEXHOAOTUMN
IIPOU3BOACTBA A€TKUX MOAUDUIIMPOBAaHHBIX OE TOHHBIX M3A€ANII Ha OCHOBE AVIaTOMUTA IT03BOASAT
B OyAyImeM paclIMpuTh PBIHOK CTPOMUTEABHBIX MaTepmaaos Pecnybamku Kaszaxcran
BBICOKOKAYE€CTBEHHON CTPOUTEABHON IIPOAYKIIVIEIL.

MATEPUAABI U METOAbBI UCCAEAOBAHMS

B mccaeaoBaHMSX MCIIOAB30BAAM AMATOMUT AKTIOOMHCKOI oOaactM M MOAUDUIIN-
pymomyio 400aBKy MasterCast 727.

AAs pellleHUs] IIOCTaBAEHHON 3aJadM HeOOXOAUMO MCCAeAOBATh CBOICTBA OETOHHBIX
MU3AeANI C UCII0Ab30BaHIEM AMaTOMMUTa 3anadHoro pernoHa KasaxcraHa, skcriepuMeHTaAbHBIM
IIyTeM IIOAY4YUTh AabopaTopHble 00paslbl IO pa3dpabOTaHHONM TeXHOAOTUM IIPOMU3BOACTBA
AeTKUX OETOHOB M OIpejeAUTh MX OCHOBHBIE (PU3MKO-MeXaHMYEeCKNMe CBOJICTBA COTAacHO
COOTBETCTBYIOIIVIM HOPMAaTMBHEIM CTPOUTEABHBIM J0KyMeHTaM Pecniy6ankn Kaszaxcras.

IIpy wmsroroBaeHunM AabOPATOPHBIX OETOHHBIX OOpPa3IOB MPUMEHSAAU CAeAyoIiee
obopyAoBaHUe:

- U3Me/Ab4yeHle AMaTOMUTa U KadeCTBeHHOe CMeIlMBaHle KOMIIOHEHTOB IIpejJaraeMoro
cocTaBa OETOHHBIX U3AeANI IPOU3BOANAOCH B 1ab0paTopHOII maposoii MeapHune MII/1-1;

- BEICOKOTEMITepaTypPHBIN 0OXKUT AMaToMuTa mpu Temnepatype 1150°C ocyIectsasacs B
saektporeun conporusaenus CHOZ 50/1300;

- B IPUTOTOB/E€HNY PacTBOPHOI CMeCH MCII0Ab30BaAl Yallly U AOIaTKy 3aTBOPeHILs;

- M3TOTOBJEHNE 1abOpaTOPHBIX 00Pas3IjoB — KyOOB IIPOU3BOAMAOCH C IOMOIILI0 POpM
KyOa 2 ®K-100;

- M3roTOBAeHNe OeTOHHBIX O0Opas3loB OCYIECTBASAAOCh C IOMOIIBIO BMOPOIIAOIIAAKINA
CMIK-539-220;

- AASl YCKOpeHUs TBepAeHNUs AabopaTOpHBIX OeTOHHBIX OOpas3lloB MCIIO0Ab30BAAU
nponapounyio kamepy KYII-1;

- IpeABapuUTeAbHBIN Nporpes MaTepuada 40 60°C ocymectsasacsa B 9aexTponeun CHO/1
67/350;
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- AAs U3MepeHMsl AVHENHBIX pa3MepoB M Macchl 0OpaslioB MCIIOAB30BAaAM IIITaHIEH-
nupkyas HII1-200 u saexTpornsle Becst ACS;

- IIPOYHOCTH Ha CXKaTue 0OpaslioB OIIpeAeAsA Ha UCHIbITaTeAbHOM mpecce IITM-MI'4;

- TEILAOIIPOBOAHOCTb OOPa3LIOB OIipeaeasaan ¢ moMmomisio npudopa UTII-MI-4 «30HA»;

- AAf olIpejeeHNsI MapKI UCTUPaeMOCTH MPUMEHSAN KPYT UCTUpaHUs 1a00paTOPHBIII
AKVI-4;

- AAs IPpOCeMBaHMs MaTepuala MCI0Ab30BaAV CUTO C pa3MepaMI sTdeeK 2 MM.

B pesyabTrare mpoBeAeHHBIX Hay4YHBIX MCCAEAOBAHMII OBIAM 3aIIpOEKTUPOBAHLI COCTaBBI
TeIA0NOpUTa, TepMU3a, TEPMOAUTOOETOHA B cooTBeTcTBUM ¢ TpeboBaHmsAaMy 'OCTa 25820-2000
«bertons! aerkme. TexHUdeckne ycaoBUs» U ra3zo0eTOHa (SI9eMCTHII OETOH) B COOTBETCTBUMU C
Tpebosanmsamu I'OCTa 25485-2019 «betons suencrsie. ObmIMe TEXHIYECKIE YCAOBIL».

A5 M3TOTOBAEHNS 1a00paTOPHEIX OETOHHBIX OOPa3IloB, TAKMX KaK TeIAOIIOPUT, TEPMI3
” ra300eTOH, MCIIOAB30BAACS AMATOMUT (IIECOK AMAaTOMUTOBBI pakuuy MeHee 2 MM), AAs
TEPMOAUTOOETOHa — IIECOK TEPMOAMUTOBBIN (ODOX KEHHBII AMAaTOMUTOBBIN IIECOK IIpU
temmeparype 1150°C). B xauectse BsKyImero npmmensian emenT M500 (ITopmaanduemenm co
waaxom LIEM 1I/A-III 42,5H, ©. A.). a4 3aTBOpeHMs cMeceil MICII0Ab30BaAN BOAY ITOAXOASIIIErO
Kauectsa 1 oovema ('OCT 23732 - 2011 «Boda dAs bemoros u cmpoumerbHulx pacmeopos», 2012).

/A8 U3TOTOBAEHMsI Ta300eTOHa, OTHOCSIIErocsl K IpyIlle HeaBTOKAaBHBIX ra3o0eTOHOB
(NAAC) (C.A. Creabmax u ap., 2017), ucrioar3osaaach aaromuHuesas nyapa ITAIT 1 (I1ydpa
arxtomunuesas nuemenmmuas ITAII-1, 6. A.) B KadecTBe TazooOpasoBaTeas, KayCTHMJecKas coJa
(ITpomssoantear AO «Kayctuk», 1. IlaBaoaap, Pecriybanka Kaszaxcran) 4451 ycnaenns peakumn
razoobpaszoBaHIs B Ta300eTOHHOM Maccuse U cyabdat Hatpust (Hampuii ceprokucavtii (Cyrvdpam
nampus), 0. 4.) A4 yCKOpeHUsI ITpoliecca TBepAeHIs ra300eTOHHO CMecH.

Omnpegeaenne PpuaNKoO-MeXaHMIECKIX CBOVICTB OETOHHBIX M3AEAUI OCYIIeCTBASIAN depe3
28 cytok c MmomeHTa yKaaaku cmecu B Gpopmer (ITOCT 18105 - 2018 «berons!. I1pasnaa KoHTpOAs
¥ OLIeHKM Ipo4HoCcTM», 2019).

B pesyabTarte npoBeAeHsI Hay9HBIX 1CCAeA0BaHUI COTAaCHO HOPMaTUBHBIM AOKYMeHTaM
Ob1AM OTTIpeeeHBbI:

- cpeansis naotHocts (I'OCT 12730.1 - 2020 «betonst. Metoast Onpegeaennst [1aotHOCTI,
2021)

- Bogomnoraomenne (I'OCT 127303 - 2020 «beroner. Metoa OmnpeaeaeHns
Boaomnoraomenusi», 2021);

- TIOT/OIIIeHNe XXUAKOCTY OETOHOM CBsI3aHO C MeXaHM3MaMM pa3pyIIeHUs], BAUSIOIIIMHA
Ha J0/ATOBEYHOCTE;

- mpounocts (I'OCT 10180-2012 «bertonsl. MeToabl ompeaeAeHNsI MPOYHOCTHU IIO
KOHTPOABHBIM OOpasiiam», 2012), MpOYHOCTh Ha CXKaTMe Ta300eTOHOB OIlpeAeAsieTCsl ABYM:
MeTO/AaMI VICIIBITaHWIA: BBICYIINB Ipu TeMmIlepatype He Bbite 50 °C mpu BaaskHOCTH 6 % + 2 %
mau BeICymyB IIpu Temrreparype 70 °C 1 yMHOXUB pe3yabTaT Ha Koo duiinent 0,8;

- TtenaonposogHocts ('OCT 7076-99 «Metoa onpeseaeHmns TeNAOIPOBOAHOCTU U
TePMUYIECKOTO COIIPOTUBACHNS IPU CTAallIOHAPHOM TeILA0BOM pekume», 1999);

- uctupaemocts (TOCT 13087 - 2018 «betonsl. MeToAbI OIIpeseaeHNs UCTUpaeMocT», 2018).

Aas mpoBejeHNs] HaydHBIX MCCAeAOBAHMII MCIIOAB30BAAMChH IIPMOOPHI U OOOpyAOBaHUe
Aaboparopun «CTponTteabHbIe MaTepHalbl M CTPOUTEAbHAs TeILA0(U3NKa» KaPeapsl «ApPXIUTeK-
Typa I CTPOUTEABCTBO» 3artaaHo-KasaxcTaHCKOro MHHOBAIIMIOHHO-TEXHOAOTITIeCKOTO YHUBEPCHUTETA.

PE3YABTATBI 1 UX OBCY XKAEHUE

AAas Hay4YHOTO 1CCAeJ0BaHMs IO MCIIOAb30BaHMIO AMAaTOMMUTA B IPOMU3BOACTBE AETKMX
GeToHOB OBlaa TpOBeAeHa paboTa 10 M3MeAbUYeHNIO KYCKOB AMaTOMMUTa Y IOAYIeHNIO ppaKLmm
C pasMepaMu 3epeH MeHee 2 MM (puc. 1).
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MameapueHne mpom3BOANAOCH C MCIIOAB30BaHMEM 1a0OpaTOPHO IIapOBOl MeAbHUITHI
MIIA 1 (ApobuapHO-M3MeAbuYNTeABHOE 000pya0BaHue, 6. 4.).

B tabaune 1 nmpeacraBaeHsI pe3yabTaThl 2Aa00paTOPHBIX CCAEA0BAaHUI IO OIIpeAeAeHNIO
PusnKo-MexaHMIECKUX CBOJICTB AMaToMuTa ppakuuy C pasMepaMu 3epeH MeHee 2 MM (IIeCOK
AVIaTOMUTOBBIN).

Pucynox 1. Ilecok A1aTOMUTOBBI
[pumenanue — cpomozpaguposatio asmopom Ha ocrose dannvix (Tackarues, 2025)

Ta61mua 1. dusuKO-MexaHUYeCKye CBOIICTBA: ITeCOK AVATOMUTOBBIN

Hacpimmaas Teriaompo- Kosdpdunnuenr
Haumenosanue p Kos¢pprmment | Anmxocts, b

IIAOTHOCTbD, BOAHOCTb, YyBCTBUTEABHOCTHU

MarepuaJa [IAACTUYHOCTU r/cm?
Kr/m3 Br/Mmx K K CyTITKe
ITecox
. 410 0,098 5,88 8,8 0,173

AMaTOMMTOBBIN

[Tpumeuarue — cocmasaero agmopom na ocroge dannvix (Tackarues, 2025)

BricokoTeMmniepaTypHBII OOXUI IlecKa AMAaTOMUTOBOro mpu Temieparype 1150 °C
ocyiecTsasiacs B aaekrporteun conporusaenyst CHOZA 50/1300 (puc. 2). [lecok AMaTOMUTOBBIN
rmocae o6>kura HOCUT Ha3BaHle TIeCOK TePMOANTOBBIL.

Pucynox 2. O6xur guatomura s 9aexrpornedn DKIIC 50/1300
[pumenanue — cpomozpaguposario asmopom Ha ocrose dannvix (Tackarues, 2025)

B pesyabrare mpoBeAeHHBIX Hay4dHBIX MCCAEAOBAHMII OBIAV 3aIIpOEKTMPOBAHBI COCTaBBI
TEINA0IIOpUTa, TepMm3a (TadA. 2), TepMoanTOoOeTOHa (TabA. 3) 1 razobeToHa (Taba. 4):




. ()
1-Tom, 2-Hemip, maycsiM, 2026. EXTU JOURNAL OF
ARCHITECTURAL AND

Tom 1, Ne 2, urons 2026. - 145 - CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026

Tabamiza 2. CocTaB TenA0IIopuTa 1 TepMuU3a

Haumenosanme 0eTOHHOTO 13A€AMs TTecok A1aTOMUTOBBIN, KT Llement, kr Boaa, 2
Tenmaonopur 900 350 90
Tepmus 795 358 110
Ipumeuanue — cocmasaeno agmopom Ha ocrose dannvix (Tackarues, 2025)

Tabamza 3. Cocras TepMoAnTOOEeTOHA

Haumenosanme 0eToOHHOTO 13A€AMs ITecok TepMOAMTOBBIN, KI Llemenr, kr Boaa, 2
TepmoanToberon 900 350 80
Ipumeuarue — cocmagaero asmopom Ha ocHose darnolx (Tackarues, 2025)

Tab6amnria 4. Cocras razo0eToHa

Haumenosanue ITecok ewmenT, | Aatomunnesas | Kaycrnueckas | Cyandar | Boaa,
GETOHHOTO | AVIATOMUTOBBIVL, KT yapa, Kr coaa, KT HaTpus, a
u3AeAus KT KT
T'azoberon 460 520 1,0 6,0 10 40
Ipumeuariue — cocmasrero asmopom Ha ocnoee darrolx (Tackarues, 2025)

AAsl coXpaHeHMs BBICOKON ITOPMCTOCTM I IIOBBIIIEHNMS MeXaHMYecKOi ITPOYHOCTH
HeaBTOK/AaBHBIX Ta300eTOHOB HeoOxoguMa ontuMmmsanms cocrtasa (H.J. Makpuaun &
M.H. Makcumosna, 2013). KayecTBeHHOe cMellnBaHMe KOMIIOHEHTOB IIpejJaraeMoro cocTabsa
OeTOHHBIX U3AeANIl TPOU3BOANAOCEH B Aa00paTOPHOIL 1apoBoil MeabHMIle MIII/-1.

/A TIoAy4eHMsl pacTBOPHOI CMeCH B KaueCTBe 3aTBOPHUTeAsl MCIIO0Ab30Balach BoJda C
TeMmnepatypoit 18-22 °C, IOAOXUTeABHO BAMAIOIIAs Ha CKOPOCTh CXBaThbiBaHUA. B
IIPUTOTOBAEHNH PacTBOPHOI CMeCH JCII0Ab30BaAN JaIlly I AOIaTKy 3aTsopeHus. Vsrorosaenne
2AabopaTopHBIX 00pa3IoB KyOOB IIPOU3BOANAOCE € IToMoIIbIo popM Kyda 2 PK-100.

AAasa ycKopeHUs TBepAeHUs AabOpaTOPHBIX OETOHHBIX OOpaslloB (TeIAOMNOPUT, TEPMU3,
TepMOAUTOOETOH) UCIIOAb30BaAM Ipomapounyio kxamepy KVII-1. B xamepe ob6pasiint
IT0ABEPraAych BO3AeJICTBIIO Topsdero napa ¢ temmepatypoii 40 100 °C u aaxxHocTbI0 40 100 %.

TexHoaormsa moAydeHMsI Ta300eTOHAa OTAMYAETCA OT TEXHOAOTUM IIPOM3BOACTBA
TeI0NOpUTa, TepMHU3a ¥ TEPMOAUTOOETOHa TeM, YTO A0 CMeIlNMBaHMUs BOAY, IIeMEeHT, IecoK
AVIaTOMUTOBBIN M XMMIYECKue A00aBKu (KaycTudyeckas coda M CyAbdar HaTpuUs) HarpeBaioT 40
45-60 °C B saexrporean CHO/ 67/350 n 3acemaior B nuaAnmHApMdecknii 6apabaH IIapoBoOil
meapHus MII/ 1 6e3 Meatonux Tea. Bpems nepemeninsanmst KOMIIOHEHTOB PaBHO 5 MITHYTaM.
3aTeM ao0aBaAsdeTCs aAlOMUHMeBas IMyApa C AONOAHMTEABHBLIM BpeMeHeM IlepeMeIlMBaHNs B
TeyeHue 1 MMHYTHIL.

I'otoBas cMech 3aamuBaetcs B popmel KyOa 2 PK-100 (puc. 3) 1 moMeriaeTcs B 91eKTpOIedb
CHO/1 67/350 aAaa mipeaBapWUTeABHOTO IIpOTpeBa B TedeHNMe 1 daca, cMech 3aTBepJeBaeT IIpuU
Temmeparype 35 °C.

Ilocae aocTyKeHMs KOHCTPYKLIMOHHOM IIAOTHOCTM Ta300eTOHHOTO MaccyBa Cpe3aloT
BEpPXHIOIO YacTh M U3BAEKAIOT U3 GOpM.

IToaydyennsie aabopaTopHBle 0OpasIpl raso0eToHa B BlAe KyDa c pasmepaMmu pebpa
100 MM momemaor B »aekrponedr CHO/ 67/350 441 OKOHY4AaTeABHOTO TBEpAEHUs, TAe OHU
HabMpaloT IPOYHOCTE B Te4eHNe 6 yacos Ipu Temireparype 60 °C.

Uepes 28 cyToK, mocae OKOHYaTeABHOIO HaOOpa IPOYHOCTM AaDOpaTOPHBIX OOpasIioB,
BBITTOAHEHHBIX B Buge KyOa ¢ pasMepamu peOpa pasubiMu 100 MM, nccaegosaTeabcKast Tpymmna
HNPUCTyIAa K OIpeAeAeHNIO OCHOBHBIX (PU3NMKO-MeXaHIMJeCK!X CBOJICTB TeIL1O0IIOPUTa,
TepMM3a, TEpMOAUTOOETOHA U ra3o0eTOHa.
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Pucynok 3. PopmosaHne razoberoHa B popme Kyoda 2 K — 100
Ipumenarue — cpomozpaguposatio asmopom Ha octose darnvix (Tackarues, 2025)

B mpomspoacre aerkux OeTOHOB, TaKMX KakK TePMU3, IIECOK AMATOMMUTOBBIN COCTaBASET
OPMEHTUPOBOYHO 55 %, AAs MPOU3BOACTBA Teriomopura — okoao 70 % oT Maccel cocTasa
GeToHHOIT cMecH.

TepmoanToOeTOH U3roTaBAMBAACA II0 TEXHOAOTMM, AaHAaAOTUYHONM TpaAULIIOHHON
TeXHOAOTUM ITPOU3BOACTBAa DETOHHOI CMeCcH, IAe BMEeCTO CTPOUTeABHOTIO I1ecKa MCII0Ab30BaACs
IIeCOK TePMOAUTOBBII.

Ha nauaapHOM BTarie TpoeKTHMPOBAHNS COCTaBa M Pa3pabOTKM TEXHOAOTUM U3TOTOBAEHIIS
2ab0paTOPHEIX OOpPasIoB razo0eToHa C MCII0Ab30BaHMEM 4abopaTOPHOro ODOpyAOBaHUSA B
pesyabTaTe TBepAeHUs HabAI04aA0Ch IOSABAEHMe TPeIIUH Ha ITOBEPXHOCTM 0Opasios. UToObI
YCTPaHUTh HNPUYMHY BO3HMKHOBEHUs TPeIIUH, OblAM U3y4YeHbl Hay4dHbIe TPYAbl YYEHBIX
(Margarita Vladislavna, 2020), 3aHMMamOmuXCcs JaHHON IPOOAE€MOIl IIPU M3TOTOBAEHNI
razo0eToHa.

YuuthiBasg pe3yAbTaThl MCCAEJOBAHNS YUEHBIX B yCTpaHeHuu oOpa3OoBaHUs TPeIlnH B
razobeToHe, Obla padpaboTaH TeXHOAOTMYECKMI PeXWUM TBepAeHMs Tra3o0eToHa II0Z
BO3JeNCTBMEM TeIlA0BOM 0OpabOTKM C yKa3aHHBIM BbIII€ TeMIIePaTypHBIM PEXUMOM WU
BpeMeHeM TeIL10BOTO BO3AeCTBIAS.

B sazpmerimmx mccaeloBaHMAX B Aa0OpaTOPHBIX OOpasijax ra3zoOeToHa TPeIIuH He
Haba104a40¢h (puc. 4).

Pucynox 4. /laboparopHslit o6paser; ra3o0eToHa
[pumenarniue — cpomozpaguposatio asmopom Ha octose dannvix (Tackarues, 2025)
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Takxe caeayeT OTMETUTB, YTO MCIIOAb3yeMBII B HAay4YHBIX MCCAEAOBAHVX IIepedeHb
AabopaTopHOTO 0OOPyAOBaHMs, IPUMEHIEMBIN AAs WM3TOTOBAEHUS TEILAONOpUTa, TePMU3a,
TepMoauTOoOeTOHa M Taszo0eToHa OyJeT COOTBETCTBOBAThL HAMMEHOBAHMIO OCHOBHOTO
IIPOMBIIIIEHHOTO  ODOpPYJOBaHMs — TEXHOAOTMYECKON  AMHUU  3aBOAOB-IIPOM3BOAUTEAEN
CTPOUTEABHBIX MaTepPMal0B AaHHOTO BUja CTPOUTEABHON IPOAYKIIUN (CTPOUTEABHBIX U3AEANN
¥ KOHCTPYKUUI U3 TEIAO0IOpUTa, TepMU3a, TEPMOAUTOOETOHA U ra3obeTOHa), YTO ODAETIUT
BBIOOP IIPOMBIIILIEHHOTO O0OPYAOBaHMs B II€PCIIEKTUBE AA51 3aBOAOB, KOTOPBIE 3aIHTePeCyIOTCs
pe3y/AbTaTaM! HaIllVX MCCAeAOBaHMI.

B Tabaune 5 mpeacraBaeHsl pe3yAbTaThl MCCA€A0BaHUI PU3MKO-MEXaHUIECKIX CBOICTB
1abopaTOPHBIX 0OPa3I0B TEIIAONIOPNUTA, TEPMU3a, TEPMOANTOOETOHA U Ta300eTOHa.

Tabanna 5. Pusnko-MexaHNYeCKe CBOICTBA TeILA0IIOPUTa, TEpMI3a,
TepMOAUTOOETOHA U Ta300eToHa

a oy
g OS) T = = 3 =
= g | 55 | £5 | ¢ ;
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S c S N @ I 2 X =
BGEeTOHHOTO E £ S o © Z o 2 &g
® 2 S g VY g & ST s o
U3 AE AV E 5 - e = < B g aa] E
3 ¥ | S8 | 228 | & :

@) - =
Tenaonopur 920 34,8 M25 B1,5 0,12 G3
Tepmus 1045 28,4 M35 B2,5 0,18 G2
TepmoanToOeToH 1370 16,4 M75 B5 0,192 Gl
Tazoberon 770 14,7 M25 B1,5 0,07 G3

Ipumeuarue — cocmasaero asmopom na ocrose darnvix (Tackarues, 2025)

ITo pesyapraTam IpoBeJeHHBIX MCCAeA0BaHMIL (TabAa. 5) PpU3NKO-MeXxaHIMYeCKMX CBOVICTB
TeILAOIIOpUTa, TepMIU3a, TEPMOAUTODOETOHA I ra3o0eToHa HanboAbIel mpoyHocTeio M75 (B5),
cpeaHert naorHocteio 1370 xr/m® u wmcrupaemocteio Gl obaazaer TepMOAUTOOETOH,
HanboapmuM BogonoraomenueM 34,8 % - TenAOmopuT, HaMMeHbINUM KO3)PUINIEHTOM
teraonposoasoctu 0,07 Br/mxK — razobeton.

Aas omnpejeAeHMs HTPOYHOCTM AabOpPaTOPHBIX OOpasloB TeIAOIIOpHUTa, TepMU3a,
TepMOANTOOEeTOHA U Tazo0eToHa NpuMeHsau npecc IITM-MI'4 (puc. 5)

B AaapHeNMINMX WMCCAEAOBAaHMSIX AAS yAydIIeHUs (PUINKO-MeXaHUMIECKUX CBOMCTB
OeTOHHBIX M3AeANiI MPUMEHAAN MOoAMPUIMPYIOIYIO A00aBKy MasterCast 277. Takoit Bug,
A00aBKI NIPUMEHSIOT MPY M3TOTOBAEHUM OETOHHBIX M3AEAMUI AASl TOBBIIIEHNSA IIPOYHOCTH,
yA000yKAaAbIBa€MOCTH, BOAOIIOTAOIIEHUs, MOPO3OCTOVMKOCTM U CHIVDKEHUsI BbICOA1000pa-
30BaHISI Ha IIOBEPXHOCTY U3AEAMIA.

CocraB paboueit cMecu A4Sl M3TOTOBAEHMUs TeNAOIOPHUTAa COCTOUT M3 IIecka
AVaTOMUTOBOTO B KoAmudectse 67 Mac. %, IIOpTAaHAIleMeHTa B KoaAmdecTse 26 Mac. %,
rmaactndukaropa MasterCast 277 B koandgectse 0,005 mac. %, ocTraapHOE — Boda.

MoauduinposaHHyIO 400aBKy B COCTaBe TEIIAOIIOPUTA CIIOAb30BaAN B KoandecTse 2,0 %
(7 xr) or Mmaccer iemenTa 350 kr. Bogoriementroe otHotenne (B/11) cocraBasiao 0,26.

Aas onpeaesenHns PpU3MKO-MeXaHNIECKUX CBOVICTB MOAVM(UIIMPOBAaHHOTO TEILAOIIOPUTa
ObLAM M3roTOBAEHEI Aa00paTOpHEIe GeTOHHBIe 0Opa3Ibl — KyOsI ¢ pasmepom pebep 100 mm B
KoAmdecTse 24 IITyK.
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Pucynok 5. Ilpecc IITM-MI'4 a451 onipeseAeHnst IpOYHOCTU 1a0DOPaTOPHBIX
0eTOHHBIX 0OPa3IIoB
Ipumeuariue — chomozpaduposario asmopom Ha ocrose darnvix (Tackarues, 2025)

B Tabamme 6 mpeacTaBaeHBI pe3yAbTaTHl MCCAeJOBaHMII AabOpaTOPHBIX OOpPa3lioB
TEIIAOIOpNUTa IIO OIpeAeAeHMIO CpejHel IIAOTHOCTM, BOAOIIOTAOIIEHMs, IIPOYHOCTH,

TEIIA0IIPOBOAHOCTU 11 MCTMIPAEMOCTN.

Taﬁzmua 6. Du3UKO-MexaHUYeCKye CBOICTBA TEIIA0IIOpIUTa
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Tenaonopur 920 34,8 M25 B1,5 0,12 G3
Teraonopur (MoANGUITPOBaHHBII) 920 27,4 M35 B2,5 0,118 G2
Ipumeuanue — cocmasaero asmopom na ocrose darrolx (Tackarues, 2025)

B pesyapraTe mpoBeseHHBIX MCCAeAOBAaTeABCKMX pabOT MOAMPUIIMPOBAHHOIO TEIA0-
nopura (Tada. 6) 6p1AM OIIpeAeleHbl CAeAyIOolue U3MeHeHUs (PU3NKO-MeXaHNIeCKUX CBOVICTB:
CHIDKeHMe Boornoraomienus ¢ 34,8 40 27,4% (ua 21,3%), moBbIIIeHNe IIPOYHOCTY C Mapku M25
(B1,5) ao mapxu M35 (B2,5) n mapxu uctupaemoctu ¢ G3 g0 G2. VMccaegosanHble CBOVICTBa
TEINAOIIOPNUTa MOATBEPIKAAIOT, 4TO MoAudunyuposaHHas jobOabka MasterCast 277 yaydrraer
CBOJICTBa TEIIAOIIOPUTA U IIPUTOAHA AAS IIPOMBEIIILIEHHOTO IIPON3BOACTBA TEILA0IIOPHUTa.

I[lo mpouyHoctm Ha cXaTume AJabopaTopHble OOpaslbl TeNAOIOpPUTa, TepMMU3a,
TepMoanToOeToHa U rasodetoHa coraacHo I'OCTy 57345 - 2016 «bertons! stuemcroie. Ob1ine
Texunyeckue ycaosus» u I'OCTy 25485 - 2019 «betonsr staemcroie. OOIme TeXHUYECKUe
YCAOBYMSI» OTHOCSTCA K KOHCTPYKIVIOHHO-TEILA0MU30ASIIVIOHHBIM OeTOHaM.
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3AKAIOYEHUE

B mposesenHoit HayuHO-MCCAeJ0BaTeAbCKON paboTe ObLAO THOATBEPKAEHO, 4TO
YHUKaAbHBIE (PU3MKO-MeXaHUJeCKne CBOCTBa AmMaroMuTa AKTIOOMHCKOTO MeCTOpPOXKAeHIs
IPUTOAHBI, COT1aCHO HOPMaTUBHBIM JOKYMEHTaM, A4S0 MCIOAb30BaHNsS AMAaTOMMUTA B KadecTBe
CHIPHEBOTO MaTepuada B IPOU3BOACTBE COBPEMEHHBIX DHeprocOeperammmx CTPOMUTEeABHBIX
Marepnaaos, 004ajalOmIMX XOPOIIMMM TeIlA0M30ASLMOHHBIMI CBOMCTBAMM U AOCTaTOYHON
IIPOYHOCTBIO, COOTBETCTBYIOIIMX KAacCy KOHCTPYKLIMIOHHO-TEIIAOM3OASAIMOHHEIX OETOHOB 45
CTPOUTEAbCTBA IPaKAaHCKIUX U IIPOU3BOACTBEHHBIX 34aHMIL.

PesyabTaThl IpOBe A€HHEBIX DKCIIEPMMEHTAaALHBIX HayYHBIX MCCAeA0BaHMIL:

- CHpPOeKTMpPOBaHBI OITHMaAbHble COCTaBBl TeIAOINIOpHMTa, TepMM3a, ra3zobeToHa W
TePMOANTOOETOHA;

- omnpeJeaeHbl PU3NKO-MeXaHIYeCKye CBOJCTBA TelAONOpUTa, TepMI3a, Ta3o0eToHa U
TepMOAUTODETOHA;

- ompegeaeHbl (U3NKO-MeXaHUYeCKNe CBOMCTBa TeIAOIOpWUTa, MOAUPUIIPOBAHHOTO
aobaskoit MasterCast 277.

Aas omnpejeseHNs IOKasaTeaell (PU3MKO-MeXaHIIECKIX CBOMCTB GETOHHBIX M3AEANN C
MCTI0AB30BaHNEeM MoAnduuupyomeil 400aBKu OblA BRIOpaH CcOCTaB TeIIAOIOpUTa ¢ Hauboaee
HU3KMMMU pe3yabTaTaMM IO CpaBHEHMIO CO CBOMICTBAMI TepMU3a M TepMOAUTOOeTOHa (Tab4. 5).
B pesyabraTe npoBeAeHHBIX MCCAe40BaTeAbCKUX pabOT ¢ MOAUQPUIIMPOBAHHEIM TEILAOTIOPUTOM
OblAM TIOAY4YeHBI CAeAyIOIye YyAydIlleHHble M3MeHeHMs (PU3MKO-MeXaHNYeCcKuX CBOVICTB
TEeI0MOpNUTa: CHUKEHIEe BOAOIIOIAOIIeHIsI Ha 22,6 %, MOBHIIIIeHNe IIPOYHOCTU ¢ MapKyu M25
(B2) a0 mapku M35 (B2,5) n mapkn ncrupaemoctu ¢ G3 40 G2 (taba. 6).

Mcnoarsosanme B cocTaBe Teraonopura Moaudunupyiommeir jo0asku MasterCast 277
ITO3BOAMAO YAYIIINTH PU3UKO-MeXaHITdecKyie CBOVICTBa TEILAOIIOPNTA, IT0AydeHHEBIe pe3yAbTaThl
ITOATBEP>KAAIOT ITPUTOAHOCTH 400aBKM B IIPOMBIIILAEHHOM IIPOM3BOACTBE TeIl10nopuTa. Dpdex-
TUBHOCTB A00aBKI MOATBEPIKAAeT 11e1eco0OpasHOCTh IIPOBEAEHIIT MICCAeA0BaHNMIl C COCTaBaMI
TepMM3a, TepMoauTOOeTOHa M TazoOeToHa. IlaaHupyerca mpoBesdeHMe UCCAeJOBaHMII CO
caegyomumMu gobaskamu Kpome MasterCast 277: 1. Ilaactudukatop @ 1; 2. CynepnaacTu-
¢uxarop C-3; 3. Peaammukc; 4. Cynepraactudukarop «llraitnGepr»; 5. Kapbokena ITK-2.
MccaepoBanmst OyayT TIpOBOAUTBCA C OTAEABHBIMUM U C HECKOABKMMMU JA00aBKaMM B
DKCIIePUMEeHTaAbHOM COCTaBe.

eapio OyAymux MccAeAOBaHMUIL SIBASIOTCA pa3pabOTKa TeXHOAOTMM IIPOM3BOACTBA
CTPOUTEAbHO IIPOAYKIIMY Ha OCHOBe AMaTOMMUTA C ICII0Ab30BaHNeM Pe3yAbTaToOB IIPOBeAeHHBIX
MCCAeAOBAaHMII, OTpa’keHHBIX B CTaTbe, OTAMYAIOMIENCS OT CYMIeCTBYIOIINMX M3BECTHBIX
TEXHOAOTMII IIPOM3BOACTBA, M ajalTanus pa3pabOTaHHON TEXHOAOIMM K IIPOMBIIIIEHHO,
MOAYIIPOMBIIILA€HHOe NCIBITaHMe pa3paOOTaHHOM TeXHOAOTMM B 3aBOACKMX YCAOBMAX C
aHaAM30M U II0AOOPOM OIITHMMAaALHOTO TeXHOAOTMYeCKOro oOOpyAOBaHMUs AAs MPOM3BOACTBA
CTPOUTEABHEIX MaTepuaA0B U U3AeANI, Ha OCHOBe AaTOMMUTA.

Takum 06pa3om, OoAyd9eHHbIe Pe3yAbTaThl HAYYHBIX MCCA€AOBAHMI, Ipe/CTaBAeHHbIe B
DTOI CTaThe, a UMEHHO pa3pabOoTaHHBIE COBpEMeHHEIe BDHeprocOeperaiomiye TeXHOAOTUU
IpOM3BOACTBA TEIIAOIOpHUTa, TEPMI3a, Ta300eTOHA ¥ TePMOAUTOOETOHA, IT03BOAAT B OyAylieM
pacIIMpuUTh PHIHOK IIPOM3BOACTBA CTPOUTEABHBIX MaTepuaaos Pecrrybanky Kasaxcran HOBRIMU
COBpeMEHHBIMU TeTLA0M30ASIMOHHO-KOHCTPYKITMOHHEIMM, BHeprocOeperaliuMmu MaTepua-
AamMu B BUJe OTOHHBIX M3A@AMII M KOHCTPYKUMII AAf COBPEMEHHOIO TPakKAaHCKOTO U
IIPOMBIIILA€HHOTO CTPOUTEALCTBA.

KOH®AMKT MHTEPECOB: ABTOpPSHI 3a5BASIOT 00 OTCYTCTBUU KOH(PAMKTA MHTEPECOB.

OUHAHCUPOBAHME: HayuHo-uccaejoBaTeabckie pabOTHl  MPOQPUHAHCUPOBAHBI
Komuretrom Haykm MuHMCTepcTBa HayKmu M BhICIIero oOpasosaHms Pecriybamku Kasaxcran
(rpant Ne AP 32726337).
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3ASIBAEHVME OB OAOBPEHUM MHCTUTYUMOHA/ABHBIM JSTUYECKUM
KOMMUTETOM (IRB): He npumennmo.

3ASBAEHUNE Ob MH®OPMUWPOBAHHOM COI'Z1IACHUN: He npumeHNUMO.

3ASBAEHUNE O AOCTYIITHOCTU AAHHDBIX: JaHHbIe, TOATBEPIKAAIOIIVIE pe3yAbTaThl
AAHHOTO TEXHUYECKOTO 1CCAe40BaHMsl, MOTYT OBITh IIPeAOCTaBAE€HbI COOTBETCTBYIOIIIMM aBTOPOM
110 0OOCHOBAaHHOMY 3aIlpoCy.

BAATOAAPHOCTU:  Apropnl  BhIpakalOT  04arogapHocTb  KoAJeram  3a
MeTOJ010TNYECKYIO IOAAEP>KKY U IOAe3HbIe 0OCY>KAEHI, a Tak)Ke aHOHMMHBIM pelleH3eHTaM
3a IIeHHbIe 3aMedaHIs], ClIOCOOCTBOBAaBIIINE YAyUIIIeHNIO KayecTBa CTaThbl.

YBEAOMAEHME OB VICIIOAB30OBAHMM TEXHOAOI'MM MCKYCCTBEHHOI'O
MHTEAAEKTA: ABTOpbhl Hay4HBIX CTaTeil He MCIOAb30BaAll MHCTPYMEHTHI MCKYCCTBEHHOIO
nHreaaexta (V).
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KA3AKCTAHHBIH COYAETTIK MYPACBIH KEIINIEHAI CAKTAY
KIHE OAAPAbIH KOAEMAIK KOMITIO3UILINICBIHBIH,
TYPAKTBI/BIFBIH KAMTAMACHBI3 ETY

KOMITAEKCHOE COXPAHEHUE APXUTEKTYPHOI'O HACAEAVSI
KA3AXCTAHA V1 OBECITEYEHUE YCTOVUNBOCTY X OB bEMHO
KOMITIO3ULINN

COMPREHENSIVE PRESERVATION OF KAZAKHSTAN'S
ARCHITECTURAL HERITAGE AND ENSURING THE SUSTAINABILITY
OF ITS SPATIAL COMPOSITION

A.K. TokmaeBa *, I'A.Kapabaes -1, A M. Ecenbaes "='1, A.I'. JroceHoBa =2,

A.C. CariGyaaToBa "= 2

1C.Ceridyaann aTeiHAaFe Kazak arpoTexHmkaaslk, 3epTrey yHusepcnreTi, Actana k., Kasakcran
2Xaavikapaanlk, 6iaim 6epy kopmoparusace (XBBK KasbCKA), Aamars! k., Kasaxcran
*)ayarrer aprop: Toxnaesa Aiiryar Kypmanraseiesna, E-mail: tokpaeva_a@mail.ru

Tyiinai cesaep: TYNIHAEME

TypaKThLABIK, MaAEHU bya wMaxasaga 3aMaHayu ®SKOAOIMSABIK, TEXHOAOTUSABIK >KoHE
Mypa, coyaeT 91eyMeTTiK-MdAeHU ChIH-KaTepaep >KarjalblHAa CoyAeT eCKepTKilll-
eCKepTKillTepi, TepiHiH KeHIiCTIKTiK KOMIO3UIIVCHIHBIH TYPaKTbLABIFBI OAapAbl Y3ak
KaAIlbIHa KeATipy, Mep3iMAl caKTayAblH HeTi3ri IIapThl peTiHAe KapacThIpblaalbl. ABTOP
TapUXM KYHABLABIK, MHXeHepAiK, Te0AOTUAABIK, KAMMATTHIK >KoHe IUPPABIK AMarHOCTH-
eCKepTKIillITepAi Xyiteai KaaAbBIK dAicTepal maiijasaHa OTBIPBI, OOBeKTiAepal >Kyiteai Typae
3eprrey. 3epTTeyAi KOca aaraHAa, KaszaKCTaHABIK MOJEHU MYpaHBl cakTayra

KellleHAl Ke3KapacTblH Ka’kKeTTiAiriH Herizgeiiai. JKyMBICTBIH FBLABIMU
JKaHAABIFBI — eCKePTKIIITepAi cakKTayAblH a’kblpaMac KOpCeTKimmi
peTiHAeri CoyAeTTIK-KeHICTIKTiK TypaKThIABIKTBIH POAiH HaKTbLiayAa,
COHBIMEH KaTap KYPBIABIMABIK TYPaKTBIABIK, OeiliMaeay QyHKIMO-
HaAABIK TaligadaHy >KoHe TapUXM TYIIHYCKAABIKTBI CaKTay apachlHAAFbI
0allaaHBICTEI aHBIKTayAa. 3epTTey CoyAeT HblCaHAAPBIH THUiMAl cakTay
ASCTYPAi KaAIlblHa KeATipy ToKipnOeciH 3aMaHayX MOHUTOPUHI >KoHe
IMQPPABIK MOJAeAbAey TeXHOAOTMAAapBIMeH YIAeCTipy apKBLabl,
COHJal-aK ~ ecKepTKITepAi MoJeHM KYHABIABIFBIH  >KOFaATIali,
3aMaHayM KaJaAblK opTara OipikTipyai KaMTaMachl3 — eTeTiH
OeltiMaeareH malijasaHy cTpaTerMsAapblH >Ky3ere acklpy apKbLAbI
MYMKiH O0AaTBIHBIH KepceTTi. YCBIHBIAFAH Tociadep aliMaKThIH
COYAeTTIK MYPachIH CaKTayAblH TYPaKThI CTpaTerusidapblH a3ipAey yIIiH
?aicreMeaik Heriz 604a aaaapl.
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AHHOTAL VST

YcToiumBoCTh, KyAbTypHOE
Hacae/ye, apXUTeKTypHbIe
aMATHUKY, pecTaBparyis,
ycTopmdeckast 1leHHOCTD,
CcrcTeMHOe 00cle/0BaHye
MMaMSITHUKOB.

Hacaeaust Kasaxcrana, BKAIOYAIOIIErO CUCTEMHOE 00CAea0BaHIe
OOBeKTOB C IIpMMeHeHNeM MHXXeHEepPHEIX, Ie0AOTMYeCcKNX, KAUMaTu-
9eCKUX U IUPPOBBIX METOAOB AMAarHOCTHKI.

Hayunass HoOBuM3Ha pabOTBHl 3aKAIO4aeTcsd B YTOYHEHUM pPOAU
apXUTEKTYPHO-IIPOCTPAHCTBEHHOM YCTOMYMBOCTM KaK MHTErpaAbHOTO
oKasaTeAs COXPAaHHOCTM MaMATHUKOB, a TakKXXe B BBLIBACHUN
B3alIMOCBSI3YM MeKAYy KOHCTPYKTMBHOM CTaOMABHOCTBIO, aAalITMBHBIM
PyHKIIMOHAABHEIM MCIIOAB30BaHMEM W COXPaHEHUEeM MCTOPUIeCKON
ayTeHTUYHOCTI.

B pesyabTaTe mccaeA0oBaHUA ITOKa3aHO, 9TO 9 PeKTUBHOe COXpaHeHIe
ApXUTEKTYPHBIX OOBEKTOB BO3MOXKHO IIPM COYeTaHUU TpaAUIIMOHHBIX
pecTaBpallOHHBIX ~IIPaKTUMK C  COBPEMEHHBIMU  TeXHOAOIVISIMU
MOHUTOPUHTIa U IU(PPOBOTO MOAEAUPOBAHMS, a TaKXKe TPV BHeAPEHIN
aAaIrITUBHBIX cTpaTerui VICIIOAb30BaHIUSI, obecIieunBaroIIX
MHTErpalio TIaMATHUKOB B COBPEMEHHYIO TOPOACKYIO cpedy ©Oe3
yTpaThl X KyAbTYPHOI LIeHHOCTM.

IIpeaao>xeHHbIE TOAXOABI MOTYT CAY>KUTb METOAMYECKOI OCHOBOM A5
Ppa3pabOTKM YCTOMYMBBIX CTpaTernii COXpaHEHUs apXUTeKTypPHOTO
HacaeAMs perroHa.

keywords:

ABSTRACT

Sustainability, cultural
heritage, architectural
monuments, restoration,
historical value,
comprehensive assessment
of monuments.

The article examines the stability of the volumetric composition of
architectural monuments as a key condition for their long-term
preservation in the context of contemporary environmental,
technological, and socio-cultural challenges. The author substantiates the
need for a comprehensive approach to the preservation of Kazakhstan's
cultural heritage, including a systematic survey of objects using
engineering, geological, climatic and digital diagnostic methods.

The scientific novelty of the work lies in clarifying the role of architectural
and spatial sustainability as an integral indicator of the preservation of
monuments, as well as in identifying the relationship between structural
stability, adaptive functional use and the preservation of historical
authenticity.

The study shows that effective preservation of architectural objects is
possible when traditional restoration practices are combined with
modern monitoring and digital modelling technologies, as well as when
adaptive use strategies are implemented to ensure the integration of
monuments into the modern urban environment without losing their
cultural value.

The proposed approaches can serve as a methodological basis for the
development of sustainable strategies for the preservation of the region's
architectural heritage.

KIPICIIE

Kasipri saem Tapuxm >kagbl MeH MajeHU cabaKTacCTBIKTBIH TacbIMaAAayIIbIChl peTiHAe

coyAeT OHepiHiH peaiH apTThIpaThIH ©3TepicTepAiH >XKedea KapKbIHBIMEH cunarradasbl. bya

TYPp¥biga MH)KeHep/liK TYPp¥bIgaH FfaHa eMeC, COHbIMEH KaTap TaOUFU >KoHe >KacaHAbI apaCbhIHAAQFbI

KaTbIHacC apKbIAbl MOA€HN >KoHEe Cl)I/I/lOCOCI)I/Iﬂ/lI)IK TYP¥bldaH KapacCThIPbIAaTbhIH apPXUTEKTYPaAAbIK

TYPaKTBIABIK Maceleci epekie o3eKTi Goawinn Tabnlaagsl. bya sepTreyaiH MaKcaThl — CoyaeT

HbICaHAAPBIHBIH >KacaHABI popMaaap caHaThIHAH MdAEeHM AaHAIMa(TTHIH «TaOUFM» DAeMeHTTepi

MapTebeciHe ©Ty 3aHABLABIKTaPLIH aHBIKTAY SKoHe 04apAbIH YaKbIT OOBIHIIA TYpPaKThl 60AybIHA

BIKITaA eTeTiH (akTopaapabl aHbIKTay. OcCkl MaKcaTKa >KeTy VIIIiH 6i3 TaOufy >KoHe >KacaHABI
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mpo0JeMara TeOpUIABIK, Ke3KapacTapAbl TaAAalIMbI3, COyAeT TYPaKThLABIFEI OOMBIHINA Kasipri
3aMaHFbl XaAbIKapaAblK >KoHe Ka3aKCTaHABIK 3epTTeyAepal KOPBITbIHABLAAIMBI3 JKoHe CoyAeTTiK
OpTaHBl ©3repTyre TYPTKi 00AaTBIH 94€yMeTTiK-DKOHOMMKAABIK, >KoHe MAeOAOTMABIK,
JaxTOpaapAbl aHBIKTAIMBI3. 3epTTEy COyAeT OHEpPiHIH TYPaKTBLABIFBI OHBIH KYPBLABIMABIK,
KyIlliMeH FaHa eMeC, COHBIMeH KaTap FMapaTThlH MaJAeHM MaHbI3ABLABIFBIMEH, OHbIH KOFaMABbIK
’KaAKa eHyiMeH >KoHe MypaHbl caKTay4blH MHCTUTYLIMOHAAABIK IIapTTapbIMeH aHbIKTalaAbl
JAereH Turoresara HerisgeareH. COHFBI >KBLAAapBl FBIABIMU MiKipTazac TYpPakTH JaMmy,
MOJAEPHUCTIK MYPaHBI caKTay >KoHe HapbIKTHIK SKOHOMMKaHBIH CoyJeT TaXKipubeciHe BIKITaAbl
JKeHIHJeri >KYMBICTapAbl KaMTyMeH KeHeWTiadi. MageHuerreri TaOuMFmM >KoHe >KacaHABI
npobaemansl coHay 1970 >xsragapst O.J1. I'eaucapercknii, B.M. Posun, A.I. Panmanopr >koHe
I'TIl. IlleapoBuuKMII, aa TYPMBICTBIK >Kafdaliga TapUXU-MdAeHU OpbIHAAPALI KOpPFayAblH
FpLABIMI-94icTeMeik Herisgepi A.T.TiaeyraOyaostoiy (Taeyrabyaosa,2008), A.P. MyxameT3sHOB
IIeH TapuXU-MdAEeHU capallTaMa >KoHe eCKepTKiIlTepAiH >KOMBIAYBIHBIH Kylleai aaAblH aay
Maceaeaepin KapactoipaTelH Tizekimes (Taexwmiesa,2024), KasakcTaHHBIH coyAeT MYpachiH
>KaH->KaKThl caKTay MaceAeciH Ienryre 30p yaec KocTel. Kazaablk cayaeT MypachklH 3epTTey yIIiH
E.MaannosckasHbH 20-FackIpAarbl AaMaTBIAAFbl COyAeT HBICAHAAPBIH aHBIKTay, Oaraaay >KoHe
cakTay oJicTepiHe apHaAfaH eHOekTepi MeH ©O.OHfrapyabIHBIH Oipirin eHJereH «Kasakcran
PecrryOaMKachbIHBIH TapMX >KoHe MJeHMeT eCKepTKillITepiHiH >KMHAaFb» MaHbI3Abl MaHBI3Fa le
(Onrapyan1,2019). Congaii-ax, KasipTi FBLABIMU AMICKYPCTa CaHABIK TEXHOAOTMAAap MeH MYpPaHBbI
>KaH->KaKThl KOpFay KpuTepuiiaepin TaaganteiH P.MyxaMageeBTiH 3epTTeyaepi epekie OpbIH
aszaapl. MaceaeHiH ToXipnOeaik-Oardapasl acrekrici ypbanmer A. Oxues meH A. Moajax-
MEeTOBTHIH eHOeKTepiHJAe aIllblAFaH, OJap Kasipri Kada KYpPbIABICHI KOHTEKCTiHAe CoyAeTTiK
Oipereiiaikti caxTayabl KapacTeipaabl (Akmes, Moagaxmerosa,2021). OpTaablK A3USIHBIH
MdJeH!U Mypa HbICAHAAPBIHBIH IINPPABIK Ky>KaTTaMaChIH JKoHe MeHeA>KMEeHTIiH 3epTTeiTiH Tum
Yuapamc xaablkapaablK akadeMUsABIK cadaja MaHbI3Abl pea atkapaabl. OaapAblH 3epTreyaepi
Oipirin, KazaKCTaHABIK COyAeT MYPachlH caKTayFa KeIlleHAl KO3KapacThIH IToHapaAblK HeTi3iH
Kypaias! (Ynabsamc,2017). Bya >KyMBICTBIH FBIABIMU YKaHAABIFBI OHBIH COYAETTiK TYPaKTHLABIKTHI
>KacaHApl (popMaHBIH MJJAEHU «HaTypaljaHybl» IIpolleci peTiHAe KapacThIpybIHAAQ >KoHe
COYAeTTIK IIemiMAeri MAe0A0TUAABK, YKOHOMMKAABIK >KoHe KociOm ¢akropaap apachHAAFbI
GaliaaHBICTH aHBIKTAayAa SKaTHIP. 3epTTeyAiH MPaKTHMKaABIK, aceKTici coyaeT eCKepTKIIITepiHiH
KeHICTIKTiK TYPaKTBIABIFBIH KaAIblHA KeATipy >KoHe KYPBIABIMABIK KYIIENTy MHXKeHepAik
9icTepi apKblAbI caKTay Ka’KeTTidiriHe KaThICTHI.

3EPTTEY MATEPUAAAAPBI MEH O AICTEPI

bya seprreyae coyaeT eHepiHAeTi TYPaKTHIABIK COYAETTiK Mypa 0ObeKTidepiHiH KoaeMAiK-
KeHICTIKTIK ~ KOMIIO3MIMSAA, CoHAIK DaeMeHTTepde JKoHe IelliMJepde KepceTiareH
Ppuaocopusabk, AiHNU XKoHE KOPKEMAIK UAesAAapABl KOPCETETIH TOH CTUAbAIK Oearizepai cakray
>KoHe Oo/allaK yprakka >KeTKisy KabileTi peTiHAe KapacTHIpbLAaAbl.

3epTTeyAe CaAbICTBIPMAaAbI-TAapUXM, TUIOAOTMAABIK >K9HE BU3yaAAbl-aHAAUTUKAABIK,
daictep KoadaHblAAbl. CaabICTRIpMaAbI-TApUXU d4iC SPTYypAl Tapuxu KeseHJAepderi cayaer
HbICAaHAAPBIHBIH CTUAbAIK CUIAaTTaMadapbIHbIH ©3TepicTepiH aHBIKTay YIIiH KOAAaHBLAABI.
TunoaorusaaslK Taajay coyAeT DAeMeHTTepiH oAapAblH IIillliHiHe, KYPBIABICBIHA, COHAIK
GesengipiayiHe Kapaii >Xyitedeyre MyMKiHAIK Oepai. TmmapaTTapablH KeaeMAiK, KeHiCTiKTiK
JKoHe KOpPKeMJIK cuIaTTaMalapblHbIH CaKTaAyblH Oarajay YIIiH BU3yaaAbl-aHaAUTUKAABIK dAic
KOAJAHBIAABL. OJicTep Ad9MeKTi Typde KOAAAHBIAABL: aAAbIMEH AepeKKe3jep >KMHAKTaABIIL,
JKylieaeHJl, cogaH KelliH caabICThIpMaAbl Taaaay KYPrisiaai, COHbIHAA HOTUKeAep TYCiHAIpiaAi.

3epTTey OoOBEKTiAepi MogeHU MypaHBI OiAgdipeTiH Tapuxu coyaAeT KYpPhLABIMAAphl MeH
aHcaMOAbJepi, COHBIMEH KaTap TapMUXMU OpTa KOHTEeKCTiHAe >KacadfaH 3aMaHayM CoyJeT
HbICaHAapBl 06044p1. Ilaiigasanbiaran GacTalKbl JgepeKkTepre MyparaT MaTepuadjapsl, CoyaeT
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Tapuxsl OOMBIHINA FRIABIMU OachLABIMAAp, >koDaslay >KoHe pecTaBpallVsABIK Ky’KaTTamaadap,
FUMapaTTap4bl >Kep->Kepae BU3yaaAbl TeKcepy HaTibKeadepi Kipai. Jepexkkesdepai Tanaay
KpuTepuiiaepi oaAapablH  FBLABIMM ~ CEHIMAiAiri, C9yAeTTIK cuIIaTTaMaAapAblH — TOABIK,
cuIiaTTaMachl, KYpblAbIC, KailTa KYpPy >KoHe KaaAIlblHa KeATipy Ke3eHaepi Typaabl TeKcepiareH
akIaparThlH 00AyBI 50AADI.

Kasipri samaHFbI MoJeHMeTTe TabUEN OpTa MEH TapMXU COyAeT TYpPaKThl AaMYABIH e3apa
DaliaaHBICTBI DAeMeHTTepi peTiHAe KapacThIPBIAATBIHBI aHBIKTaAAbl. BYpBIH coyaeT MypachiH
KOpray Heri3iHeH >XKeKeJereH ecCKepTKiIITepai Hemece aHCaM6Ab,ZI,ep,ZI,i cakTayra Herisgeace,
MHAYCTPUAABIK KYPBIABIC IIeH CTaHAApTTay >KaFJaliblHAa TapuXU JAaMyAbIH 9pTypAidiri mMeH
AapaAbIFBl  epekille MoHre me 00a4pl. CoyaeTTiK TYpakKTBIABIK, Oip >KaFblHaH, TapuUXu
epekileaikTepAi cakTay >KoHe FBIABIMM Heri3geAreH KaAIlblHa KeATipy, eKiHIiZeH, OcCh
cuIaTTamMadapAbl Kasipri saMaHFbI coyeT TaxKipubeciHe GipikTipy apKbLABI KOpiHeA].

3epTTeyAe COYAETTIiK >KoHe TapUXU TaaAayAblH AdCTYpAi aaicTepiH KYPBIABIMABIK >KoHe
MaTepuaaAbIK >Kafganapl Oaraday ®AeMeHTTepiMeH OipiKTipeTiH KellleHAi, MoHapaABIK Tacia
KoAAaHbIAABL. JKaHaablK KOPKeMAiK, KYPBIABIMABIK >KoHe TEeXHOAOIVAABIK IlapaMeTpaepai
CaABICTBIPYABI KOCa aAfaH4a, COyAeTTiK cuIlaTTaMadapAblH TYPaKTLIABIFBIH XKyeAiK TaajayAbl
KoAJaHyJa 004ABI.

Matepnaagap MeH TeXHOAOTUAAAPABI TaHAAy KaAIlblHa KeATipy IIpoliecTepiHiH
TYPaKTBLABIFBIHBIH Herisri (pakTophl peTiHAe KapacThpbladbl. Taagay ke3iHge MaTepuaadapAblH
TapyXU Ke3eHTe KaTBICTBIABIFBI, 0AapABIH (PU3NKAABIK-TEXHUKAABIK KaclueTrTepi, oOObeKTiaepAiH
caKTaayblHa ocepi eckepiagi. Kasipri 3amanrpl pecTaBpalUsAAbIK, TeXHOAOTMsAAApP CIyAeT
DAEMEeHTTepiH TapuUXM KYHABIABIFBIH >KOFaATIIall HBIFaliTyFa >KoHe KaAIlblHa KeATipyre
MYMKiHAiK OepeTiHi aHBIKTaaAbl, Oya MaJeHM Mypa HbBICAaHAAPbIH cakKTay VIIiH epekiie
MaHBI3AbL.

HOTUMXEAEP )KOHE OAAPAbI TAAKBIAAY

Kasipri 3amaHFbI coyAeT IleH MajeH! Mypa KeIlTereH KUbIHABIKTapFa Tar 001aapl. CoyaeT
eCKepTKiIllTepi KAMMATTBIH e3repyiHe, TeMmIepaTypa MeH BIAFaAABIABIKTBIH ayBITKYBIHA,
KOpIlaraH OpTaHBIH JdacTaHyblHa, COHJAAl-aK TaOufM amarTapfa yiieipaiapr. Oaapasl TMiMAL
KOpray YIIH ocbkl (akTopaapabl yHeMi OaKblaall OTHIPY, apTHIK bLAFaljaH KOpFay >KoHe
JKeAAeTyAl >KakcapTy CUAKTBI aAAbIH aAy IlapadapblH eHridy KaxeT, Oya Tapuxu
Marepuaajapabiy Oy3bLAybIH OaceHAeTyre MyYMKIHAIK Oepeai.

AapbepTto T. DcreBecTiH aTall ©TKeHAel, ©TKeH 3aMaHJAaFbl KeJelldikke KapamacTaH,
I1aHeTa Kasiprire kaparaHja Kayincis 60a4p1. ByriHri coyaeTTik Tocia TYpaKTBIABIKTEI TOABIK
KaMTaMachI3 eTe aaMariabl. Oa KoraM o4i KaObLagayFa AaliblH eMec TyOereiiai e3repicrepi Taaan
eteai. CoyaeT, MoHTiAiKKe YMTBIAATBIH «TacTaH >KacaAfaH 3aTTapAbl» >KacalTHIH ©Hep peTiHJe,
JKammam TYTBIHY AdyipiHae OipTiHAen MaHBI3ABIABIFBIH JKOFaATaAbl. 3aMaHayM AU3aiiH
HbICaHAAPHI KbICKA Mep3iMAi, OHall aybICTBIpbLAaAbl JKoHe cabaKTaCTBIFbIH KOFaATTHI.

Coayaertreri kociOM mapaaurMaHslH e3repyi OyKapaablK caHaHBIH dcepiMeH >KoHe MdAeHNU
CYPaHEBICTHIH TOMEHAITiMeH KypAeaeHeai. bya Tek >kaHa rumMaparTapAbl )koOajayJa FaHa eMec,
TapuX1 MYpaHHI Kelige KYHABLABIK eMec, ayBIpTIIaAbIK peTiHAe KaObladayJa Aa KepiHic Tabaabl.

BERLOGOS-ThIH KaaaAblK TYPaKTBLABIK MacelelepiHe apHaAfaH AeHTeJeK ycTeAiHAe
KaTBICYIIbLAap MBIHajall KOPBITBIHABIFA KeAAil: TYPaKTEIABIK — Oya TpeHJ eMec, 01 Dap CoyAeTTi
KaAITbIHa KeATipy Kypaasl O0oabi Tabblaaasl. Kasipri a1emMae FachIpABIK TapuXbl Oap KoITereH
FUMaparTap 4epAiK Kupall KeTKeH, odap KaAllblHa KeATipiayiH KyTyge. Fumapatrap aaemai
e34iriHeH KyTKapa aaMaca 4a, odapAbl IelliMHiH Oip Oeairi peTiHAe KapacTeIpy KaKeT, acipece
KaJaJlapra KaTBICTHL.

Karpicymslaap coyaerreri TYpaKTBIABIKTHI TE€K «XKacChlA COyA€T», «DKOAOIVABIK COyAeT»
HEMecCe «DHePIUSHBl YHEeMAENUTIH coyaeT» JAell Kapay AypbIC eMeC €eKeHiH aTall oOTTi.
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TypaKTHIABIKTHIH MoHI coyAeTTeri ypriakTap cabaKTacTBIFBI MeH ecTe caKTay (paKTOpAapbIH Ja
ecKepe OTBIPHIII, CAyAeT eHepiHiH OapAbIK aceKTidepiH KaMTyAa.

JeHredek ycTea KATBICYLIBLAaphl TYPaKTBIABIK — Oya cayaeT oHepiHiH KopKeMJik
KYHABIABIFBI Oap FUMapaTTap MeH KYpPBLABICTapAbl caKTay >KoHe KOpFay Ka’KeTTidiri dereH
KOPBITBIHABIFA KeAai. Bya Ty>XbIpbIM OypbIHHAH OeAriai keHe OfaH eIKiM Kapchl O0AMaiAbL.
JerenmeH, Kasipri >Kbla4aM ©3repill >XaTKaH d41eMAe TY PaKThIABIKTB KaMTaMachl3 eTy YIIIiH HeHi
cakTay Kepek, HeHi caKTall a1aThIHBIMBI3AbI >KoHe OHBI KaJall cakTay KepeKTiriH HaKTbhl aHbIKTay
MaHbI3AbI Maceae 00AbII oThIp (Boonstra, 2000).

Herisri MiHaeT — KaHAall HbICaHAAPABI CaKTay KepPeKTiriH, OHBI >KblaAaM ©3Tepill >KaTKaH
24eM >KarAaliblHAa Kadail >Kysere achbIpyAbl >KeHe MyYHJall IlapadapAblH TYpaKTbl JdaMy¥ra
KaHIIaABIKTHI y.A€C KOCATBIHBIH allKbIHAAY OOABITI TaOBL1aABL. Macee TeK cayeT eCKepTKiITepin
KOpFayJa FaHa eMec, COHbBIMEH KaTap 3aMaHayy TeXHOAOTUAAapAbL, MaAeH MaHAePAi KoHe y3aK
Mep3iMAl Ke3KapacThl YIITacTHIpaThIH >KaHa, KellleHAi cTpaTrerusaapAbl asipaeyde. Mbicaabl,
IIaMaJaH ThIC bIAFaljaH KOpFay >KoHe >KeaAdeTyAl >KaKcapTy TapuXU MaTepuaalapAblH
Oy3b1AyBIH 00AAbIpMayFa KOMeKTecei.

Kasipri saemae coyaer eckepTKilITepiH caKTay ASCTYpPAi KaAllblHa KeATipy aaicTtepi MeH
O3BIK TEXHOAOTUAAApAbl YINTAaCTBIPFaH KellleHAl Toaciaal KaxkeT ereal. /asepaik ckanepaey
CUAKTBl MHHOBALIMAIABIK Kypaadgap FuUMapaTTapAblH 494 YIIeAllleMAi YATiAepiH >Kacayfa
MYMKiHZik Oepeai, Oy HbIcCaHAAPABIH >KaFAalibIH 3epTTey MeH JKOFalFaH OeAallleKTepai KaAIlbIHa
KeATipy YAepiciH aiiTapAbIKTali KeTiaaipeai. MyHaAall Tacia KaAllblHa KeATipyAiH HaKTBLABIFBIH
apTTBIPBIII KaHa KOJMali, ecKepTKiluTepJi HBIFAalTy MeH KailTa Kypy Ke3iHde Tapuxu
IIBIHAMBLABIKTHI CAaKTay¥a 4a MyMKiHAik 6epeai (Breheny, 1992).

bya Gapablk D1eMeHTTep coyAeT eCKepTKIllITepiH caKTayAblH KellleHAi TociAiHiH HerisiH
Kypanapr. Oa Aa9cTypAi >KoHe MHHOBAIMIAABIK, dicTepai OipikTipe OTHIPEHIN, MajeHN MYypaHBIH
y3aK Mep3iMaiairi MeH TyTacTBIFBIH KaMTaMachl3 eTyre OaFbITTaAfaH.

MyHgait TexHOAOTUsAAap M3AEHU MYPaHbIH Y3aK CaKTaAybl MEH TYTacThIFBIH KaMTaMachl3
eTyre OaFpITTaAFaH TyTac CTpaTeTMsAHBIH Oip Oeairine aitHaayda. Aaaliga Kasipri coyaeT
ToXXipubOeci Tafpl Oip MaHBI3ABI MiHJeTIleH OeTme-OeT Keayde — TapuUXmU FUMapaTTapabl
KOFaMHBIH ©3eKTi KaskeTTidikTepiHe OelliMaey MaceaecimMeH.

3amaHaymM QYHKOUAAAPABl TapUXU COYAETTIK OpTaMeH YIiJecTipy Ho3iK opi OIiAaHBIIT
icteseTin Tociaai Tasan ereai. Tapuxm HpICaHJap €HAl TeK cakTay HbICaHAapAbl FaHa eMec,
COHBIMEH KaTap ©3eKTi 91eyMeTTiK MiHJAeTTepAi IIemyAiH Kypa/blHa aiiHalyJa — KOFaMABIK
KeHiCTiKTep KypyJaH Oacrar, 0iaiM Oepy, MaAeHN HeMece KOMMEepPIABIK OpTaAbIKTap peTiHAe
KBI3MET eTyTe AelfiH.

Kasipri aaemae MageHn mypaHbl KOpFay icCiHiH gamybiHa OalldaHBICTHI eCKepTKiIITepai
KabOblA4ayAbIH KaHa Taciagepi KaablnTaca OacTaabl. EHAl 04ap Tek cakTay HbICaHAApHI peTiHAe
FaHa eMec, KOFaMHBIH ©3eKTi Macee/epiH IIellyre MalijalaHyra 00AaTeIH DAeMeHTTep peTiHAe
Ae KapacTelpblaaabl. MyHaali Ke3KapacThlH ©3Tepyi 3aMaHay! KaKeTTiAiKTep MeH TapuUXu
DAeMeHTTepAi yilaeciMai Typde Oipikripyre MyMKiHAiK OepeTiH MaHBI3ABI KadaM OOABII
tabsiaaast (Jenks, Burton & Williams, 1996).

AwMepukaablK ToXipubeai coyaermi Ricardo Machado rtapuxu rumaparrapAbl Kaiita
SKaHFBIPTYABIH €Ki ToCiAiH yCbIHFaH: (POpMaAAbl KoHe PYHKIIMOHAAABL.

Hewmkypaiiasl Kapay FUMapaTTBhIH KOpIHICIH >KoHe CoyAeTTiK OelfHeciH caKTayabl, TeK
asJaraH earepicrep eHTri3yai ke3aeligi. bya Tacia HblcaHHBIH Oipereliairin cakTayfa MyMKiHAiK
Oepeai >KoHe COHBIMEH KaTap OHBI Kasipri 3aMaH TaJlalTapblHa ColiKecTeHAipeai.

QyHKIIMOHAAABI TOCiA FMMapaTTBIH OacTallKpl KBI3METIH KaliTa mHaibIMJayMeH
OaitaaHbICTBL. By Tocia KyphIABIM MeH iITIKi KeHicTikKe aiiTapABIKTall e3TepicTep eHrisyai Taaar
€Tyl MYMKiH, OCbLAalIIa eCKePTKIIITI JKaHa >Karjaliaapra 6eI7IiMAeyre MYMKiHAIK 6epe4i, Oipak
OHBIH OacTalKbl MaKCaThIH MiHAETTI TypAe caKTaMaliAbL.



. ()
1-Tom, 2-Hemip, maycsiM, 2026. EXTU JOURNAL OF
ARCHITECTURAL AND

Tom 1, Ne 2, ntonn 2026. -159 - CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

Kasipri samaHFBI coyaeTmiidep Tapuxu KYHABIABIKTHI caKTay MeH FuMapaTTap4bl >KaHa
JyHKUIAapAa TalidalaHy MYMKIHAITI apacbiHaH Teme-TeHAiK TabOyfa yMTsLAaAbl. Ocblaaiiiia
oJap TapuXu MYpaHbIH 3aMaHayU KOHTEeKCTe aJaTblH OPHBIH alKbIHAAMABL. bya MaaeHn xoHe
COyAeTTiK TYPFblgaH TepeH Ce3iMTaAAbIKTbl, COHAAii-aK HBICAHHBIH TYIHYCKaABIFbIHA HYKCaH
KeATipMell 3aMaHay! TeXHOAOIVsIAapAbl Oipikripe aay kabiaetiH Taaamn eteai. Herisri minger —
3aMaHayM TexHoAorusadap MeH (YHKIIMOHAAABIK TajallTapAbl FUMapaTThIH — TapyXu
KYPBLABIMBIHA OHBIH Oipereiiliri MeH KYHABIABIFBIH Oy30aii yiiaecimai enrisy (bonaaps, 2006).

AyKBIMABI, TapMUXM OpTaFa allKbIH apaJacyAbl Ke3JeilTiH >XoDalapra Oaaama peTiHAe
«oMbebam» Jen  aradaTBIH TocCid KaAbINTAcTHl. bya Tocia MuHMMaaawl e3repicrepre,
KOAAQHBICTaFbl KOHTEKCIIeH yiileciMTIe >KoHe YCTaMAbl COYAeTTiK KOopKeMJikKe OarbITTaAFaH.
Omnply asgcpiHAa 3aMaHayy QYHKIMAAApABl OPBIHAAN OTHIPHII, FIMapaTThIH Oipereifairin >koHe
MoJeHM MaHBI3BIH caKTay¥a OacbIMALIK Oepizeai.

FumMapaTThIH KYPBIABIMEI MeH MillliHAepiHe apaaacy OapbIHIIIa Ke3re TycIeliai, esrepicrep
— eH a3 geHrelije, a4 KaAllblHa KeATipy — aca Ha3iK cunaTTa XXyprisiaeai. MyHnaait Tacia >Korapbl
KociOM 1m1e0epAaikTi, erkeii-Terskeiire MYKMAT Hasap ayJapy4bl >KoHe HBICAaHHBIH TapuXI
KYPBLABIMBIH TEPeH TYCiHyAl TaJall eTeai.

@OyHKIIMOHAAABIK OaFblT — OyA FUMapaTTBIH KBI3METIH e3repTy IHpolieci, 04 OHBIH
KYPBIABIMBEI MeH iIIKi KeHiCTiriHe eaeyai apadacyAbl Tadall eTyi MyMKiH. MyHgai Xargaiiga
eCKepTKilll >XaHa MarblHara Me OO0ABIN, OHBIH Ma3MYHBI 3aMaHayl KOHTEKCTKe call KaliTa
nameIMAaaAaaAabl.

Kasipri samanFs! TyCiHAIpY OapbICBIHAA TapUXM KYHABLABIKTEI CaKTayAbl YMBITIIAY KasKeT.
«OMbebar» Tocia asgcpiHAa OacThl Haszap TapuXU FUMapaTThlH OipereiiairiH cakTayblMeH KaTap,
OHBIH 3aMaHayM (QYHKUMsAAapAbl THIMAI OpbIHAAybIHa OarbITTazasbl. bya esrepicrepain
OapbiHITa a3 0OAyBl >KoHe FUMAapaTTHIH KYPBLABIMBL MeH IIiIIiHiHe apaJacyAblH Kesre
TYCHeNTiHAell AeHrelige >Ky3ere achIpbIAyBl THic ekeHiH Oiagipesi. MyHgai Tocia Tapuxu
TYTacCTHIKTEI Oy30ail, coHBIMeH Oipre 3aMaHayM MalijadaHyfa Ka>KeTTi >KailABIABIK ITeH
(pYHKIIMOHAAABIABIKTEL KaMTaMachl3 €Ty YIIiH >KOFapbl ce3iMTaaAbIK IIeH erKeli-TerKeiire
MYKMST KOHia 0eayai Tasam eTeai.

Kazipri samaHFBI KaAIbIHa KeATipy ToXKipmOeciHiH MaHBI3ABI acrHeKkTidepiHig Oipi —
coyaeTKe >KacaAfaH apaJacyAblH Kesre KepinOeyi 60apm TaObaaabl. 3amaHaymn popmaaap
MeH b»/]eMeHTTep — KipeOepic TomTap, Tepese amIBIKTaphl, MaTepuaajap — FUMapaTThIH
TYIIHYCKa KYPBIABIMBIMEH BU3YyaAAbl OipTYTacTBIFBIH CaKTalThIHAAM eTill >KaHapTblAajbl.
Tapuxu saeMeHTTepMeH yilldeceTiH KaHa MaTepualjapabl Ko4JaHy «KOpiHOelTin» apaaacy
dcepiH TyFBI3adbl, MYHJa >KaHa HBICAaH ecKire OoceKealecTik >KacaMall, OHBI KoaAJaIl,
TOABIKTEIpaAbl. bya epekmie coyaerTik mieOepaikTi >KoHe FMMapaTTBIH TYIHYCKa TidiH
KYpMeTTeyAi Tasam eTeai.

JKaHa TexHOAOTMAABIK >KeTicTiKrepAi, MbIcaabl 3D-ckaHepaey >KoHe IUQPABIK KaAIlbIHa
KeATipyaiH Dacka 94iCTepiH MHTerpanmsiiay Kaxer, 6¥A KeIiHIl 3epTTeylep MeH KaAIlblHa
KeATipyAep YIIH Ad4 KelllipMelep HeMece MOJeabJep >Kacayfa MYMKiHAiK Oepeai. Maenu
MypaHBI caKTayda KeIl Hopce XaAbIKapaAblK VIBIMJapMeH BIHTBIMaKTAaCTBIKKa, ToKipnOe
aaMacy¥a >KoHe 3aMaHayy TeXHOAOTUsAAapAbl KoAjdaHyFa OaiiaanbicTsl (Karmknuna, 2011).

TFumaparrapasl ¢pusmKaabIK dAicTepMeH OeiliMAeyMeH KaTap, SCTETMKAABIK JKoHe Mejua-
TEeXHOAOTMSAAp — MYKMAT >KapbIKTaHABIPY, KEHENUTiATeH IIBIHABIK >KoHe MYAbTUMEAMSABIK
DKCKypCcHsidap CUAKTHI Taciagep Kui KoagaHblaaabl. bya agictep Tapmxu HbicaHAapABI OAapAbIH
MaTepuaAAbIK MoHiHe 31sH KeATipMell >KaHa KbIpbIHAH TaHBIII-0iayre MyMKiHAiK Oepeai. Oaap
Ma/€eHM MYpaHBbl, cipece >Kac ypHak YIIIiH, KOAXKeTiMAi )KoHe TYCIiHIKTi eTill KepceTeai, COHbIMEH
KaTap OHBIH (U3MKaABIK KoHe TapVXV TYTaCTBIFBIH Oy306ail cakTaiabl.

Tapuxmu KypblABICTapMeH >XYMBEIC icTeyAiH adanTmBTi Tociagepi 1931 >xvlarsl Aduna
XapTUSACBIHBIH KarujadapbIMeH yiideceai, OHAa eCKepTKIITepAiH KypbhlLAbIMbIHA MUHMMAaAABI
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apaszacy KaxeTTiriHe Oaca Haszap aydapslaaabl. bya Karmaa Kasipri KaaAmdblHAa KeATipy
ToxXipubeciHae KepiHic Tabaabl: >KaHa CoyJAeTTiK DAeMeHTTep alKblH KepiHyi Tuic, Gipaxy
HaceIMABIKKa 1e 6oaMaysl KepeK. Ecki MeH >xaHaHBIH yiideciMi MaAeH!) MYPaHbI TYPaKTHI CaKTay
HeTi3i 00ABIII TaObLAAALL.

IMekreyai >xarjaitaapda MpakKTHUKaABIK KOAdaHy. MyHJaail Tacia acipece FuMapaTThiH
CBIPTKBI KOpiHiciH TyOereiiai e3repTyre THIMBIM caJaThIH KOpFalaTblH MiHAeTTeMe/lep MeH
HOpMaTuBTep OoAfaH Kesge TuiMai. OceIHAAN >Kafgaiiaapda «oMOeDarl» OarblT TapuUXMU
FUMapaTTapabl MMUHMMaAAbl apaJacyJapMeH >KaHFBIPTYFa MYMKiHAIK Oepegi, oaapAbIH
(pyHKIIMOHAAABIFBIH CaKTall OTBIPHIII, OY3bIAyJaH KOpFaiiabl. by Tocia Kasipri 3aMaHFbI CoyAeTTe
cypaHBICKa e 604451, cebebi 04 MdAeHN MYPaHBI CaKkTay Ka’KeTTiAiriH 3aMaHayM TalalTapMeH
yiiaecTipyre MyMKiHAIK Oepeai, Tapuxm Oipereiiaikri Oy30aii >KoHe FUMapaTKa THIM arpecCcUBTi
esrepicrep enrizoeri xysere acassl (beitcenosa, 2010).

Ocplaaiiina, Kasipri saMaHFBI CoyJeTINidep TeK TapMXM eCKepTKilllTepai cakray MeH
KaAIlblHa KeATipyMeH IIIeKTeAMel, 0Jap4bl KYHAEAIKTi eMipre eHridyre ymrblaaabl. bya
eCKepTKIIITepAiH KOFaMHBIH 3aMaHayM Ka’keTTidiKTepiHe KbI3MeT eTe aAyblH KaMTaMachl3 eTy
YIIiH BU3yaAAbl KoHe (PYHKIMOHAAABl KypaMAapAbl ecKepy Ka’KeTTiAiriH Tyablpabl, COHBIMEH
KaTap 0AapAblH TapUX/ MaHbI3AbLABIFBIH JKOFaATIIayFa MYMKiHAIK Oepeai.

CayeT MmypacbIMeH >XYMBIC Kacay apKalllaH ecKi MeH >KaHaHbIH apachIHAAFbI KaKTHIFBICKA
OaiiaaHbIcTBl  Xypeai. JKana oagicTep o4eyMeTTiK >KoHe BHKOHOMMKAABIK IIeKTeyaepAai
JKeHiaAeTyre MYMKIHAIK OGepce ze, ITaMagaH TBIC COYAETTIK DKCIIpeccust («OKYAABIBABI COYAET»)
MeH >KeKellidiK MaJeHU pecypcka KalTBIMCHI3 3MIH KeATipyi MyMmkiH. CoHbIMeH KaTap,
MHHOBaNVsdap TeK (U3MKAABIK KaliTa KaAIlblHAa KeATipyMeH IeKTeAMel, TapuX! HbICaHFa
KaTBIHACBIMBI3ABI Aa e3TepTedi — OHBI MdJeHIM KOHTEKCTTiH Tipi Oeairi peTiHae KapacThIpy
TypreichiHaH. JKaHa Tociagep e34epiH Tek >KaHa 9JAe€MEHTTepdi caayja faHa emec, Mypa
HbICaHbIHA 3aMaHay! KO3KapacThl KaAbIIITaCThIpya Aa kepceteai (Mecenesa, 2017).

Kasipri samaHFbI cayeTIIiAep 6TKeHHIH eCKepTKIIITePiH CUMBOAABIK JKaHe MdJEeHM MaHiH
JKOFaATIIal, OeaceHAl Kada OpTachIHBIH Oe/iriHe alfHaAAbIpYFa YMTBLAaAbl. bya scTeTmMKaAbIK
JKoHe (PYHKIMOHAAABl TalalTapAbl ecKepe OTBIPHII >Ky3ere acaabl. CoTTi MHTerparms
FUMapaTTLIH TapMXM TYIHYCKAABIFBIH CaKTall OTBIPBI, >KaHa QYHKIUAAapAbl Oap
KYPBLABIMAapFa YKBIIITEI €HTIi3y apKbIAbl KOA JKeTKiziaeai. (cypet 1).

1-cypet. XVI-XVIII rr. Mmypa HbICaHAApbIMEH >KYMBIC icTeyaiH TaXipubeaik Mblcasjaphl: a —

AVoKAeTaH TepMaJaphIHBIH KMpaHAblAdapbiHAa opHadackaH CaHTa-Mapuia-aeasn-AHAXKeAN-
Aeapn-Maprtupn 6asnankacel, Mukeaanaxeao, Axx. aeas Jyka sxoHe backaaap, (1561 xx. — XVIII
f. opTachl); @ — Ax. bepHIHM aBTOpABIFEIHAAFBI KOHBIpay MyHapaaapsl 6ap Ilanteon, (1640-111e1
KblAAapBl TYpEbI3blAFaH, 1883 k. aabiHraH). «IlanTeon Pumage», Awutda cyperi, ¥V.b. Kyx
rpasopacsl, mamamen 1840 x.; 6 — Koauseiige mipkey sxobacsr. K. ®onrana, (1725 x.)

Ecxepmy — a) pomo (NikonZ7II, Wikipedia, 2022); 6) pomo (Roberta Dragan, 2007); 6) cypem Gianluca
Riccio xymoicvinarn arvirear (2020).

Tapuxm TypFbIdaH aAfaHAa, TapuXM HBICaHAApFa apasdacyAblH Keaeci cebemnrepi
epeKIIeaeHeai:
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1. JKana xypmlabic KbpIMOaT Hemece (U3MKAABIK TYPFBIAQH MYMKIH eMmec OoaraH
>Kargainaap;

2. Fumapar Oeari, KOpHEKTi OpBIH HeMece KOpFraJdaTBHIH €CKepPTKill OOABII TaObLAaTBIH-
ABIKTaH, OHBI OY3y MYMKiH eMec, Oipak KOpFay HBICAHBIH CaKTail OTBIPBIII OHBIH B/1e€MeHTTepiH
esrepTyre 60aaAbl;

3. XKepai maitgasaHy MyMKiHAIKTepiHiH TayChIAyBI, HoTIKeCiHge Oap FuMapaT KypBbI-
ABIMBIH ©3repTy Ka>KeTTirl TybIHAAADL.

Bya cebenrrep kariTa Kypy Taxipubecine Tikeaei acep eTTi.

KaarsiHa keATipy Teopuschl Haitga OoAraHFa AeiiiH Oap FMMaparTapAbl OeriMAaeyain exi
TaCial KOAJ4aHBLAFaH, 0Aap YTUAUTapABIK cebenITepMeH TyciHAipiaeai. Bipinrrici — «xocy» Taciai.
Oa exeari gayipaen ©Oactalml KOAJAQHBIABII — Kedeai SKoHe TaligadaHyIIbLAapPABIH
KaKeTTidiKTepiHiH e3repyi HemMece MeciHiH aybICybl CUAKTHI XKardaiidapra OailaaHBICTE 6OAABL.
bya xaraaiigza KocwIMIIasap coA ©3repicTep eHri3iAreH Ke3eHHiH CTUAiHAe TYPFBHI3BLAFAH.
Exinmmici — «kaliTa Kypy» Tocidi, opTa Fachpaapaa KeH Tapaaabl. OHBIH mHaiiga 0o0Aybl
DKOHOMUKAABIK KyaAbIpayMeH OailaaHBICTHI 0044bl. MogepHmMsanms FuMapaTThH KbI3MeTiH
esrepTyre, MaTepuasjap MeH Oeallekrepai KaiiTa HalijadaHyra HerizgeareH. Herisinen
azaMaTThHIK FUMapaTrTap MeH Dasmaukalap KalTa Kypblagsl, cebebi oaap OYpBIHFEI KyAbTTepre
KATBICHI KOK, >KoHe KalaHbIH eH KOPHeKTi OpelHAapbIHAa OpHaJdacKaH. (2-cyper).

KANNbIHA KENTIPYAIH KNACCUKATbIK TEOPUACDI

* Myparsin waTepuanan
« TaGuraTii

*Kaspn aamanaa
*MypaHL Opr "

XVl racsip XIX racep XX racep XXI racep
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b oee ! LA Ol | ! ! ! 1 [ (O ) [ !
| P + I d3d & I 4 LI ! d v 4 1 1] Lé& N
g E B g8 38 § 8 8 835 8 8 8 g2 =
B 282 8 - g $j@ %8B R85 R
g i g 32 F 3 g £5 83 5,..,.12 B:i 1
& s 8 g ¥y & g2 s T 8 F% eiyEE i 5§84, 3
£ Eoed i 58 ¢ ed 2 2 s 1 GhRNE © S
: i g 1iLi B Z il HEH I S E L8
3 af g £38 ¢ ] z e E= 2 8 cXExy
& A | | BE T i i g ¢ iz ,eagv SLEE
g i E Byss B b g el flagd B GEsiif’
: N I 8L | SRR
s BitY & ARl Thils
s &ff < pi1dggd
ag §§2x8;

2-cypeT. MaseHn Mypa HbICaHAAPBIHBIH KYHABIABIKTaPBIHBIH XPOHOAOTMABIK ©CYi
Ecxepmy — axnapam xunazoina nezisderzer. bya kainvina Keamipy meopuscol MeH NpaKmuKacbiHbiH
damyvindazol mapuxu Kesendep MeH Mamovi3dvl KyHOepoi KAMMumolt XPOHOAOZUAAvIK uikard. Kep
CIAKIHICI, kana maciadepdity nailda 00AYbl, KOpHeKMI umapammap CcusKmol HAKMbL 0KUAAAD
xeamipiazen. Kesendep 4-zacvipdan 6acmaradot (382-xvir), XVII, XIX, XX zacoipaap xare XXI Oeiiin
aacoiprapdan emedi (2017-xvir)

Kerm xargaiiga >xaHa FUMapaTTap MeH KYPbLAbICTap TapyUXM COyAeTIIeH YiideciMaiiKTeH
repi acepi KepiHic peTiHAe KapacThpblaaabl. MyH/all HpIcaHAPABIH HeTi3ri MaKcaThl — acepai
¢opma apkblABl Haszap ayJapTy, al OHBIH IalijadaHy Mep3imi Kasipri samaHga KbIcKapa
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OepeTiHAiKTeH, KOMMEePIMAABIK TaOBICTHI apTTHIPY, Oip TYpPFBIJaH «TUIMAL TPIOKTap» >Kacay
OoapIn TaObl1aAbl. Aaalida, MYHAAl HBICAHAAP TapUXM KaABINITAaCKaH COYAETTiK OpTaFa 3USAH
KeATipin, oHbl TabuFu peTiHe KaObla4ayra KeAepri Kacaiiasl. Oaap TeHrepiMcisAik TYFBI3BIIL, 9pi
Kapalirsl earepicrepre ceberr OOABII, KalTBIMCBI3 IIBIFBIHAAPFA JKOHE «yaKBITTap apachbIHAAFBI
OaliaaHbBICTBIH Y3idyiHe» aKeaeai. A coyAeTTeri TYPaKThLABIK — 491 OCBI «yaKbITTap apachIHAAFbI
OallaaHbIC».

KOPBITBIH bl

3epTTey OapbICBIHAA COYAETTIK MYpaHbl caKTay TapUXMU-COYAETTiK TaldayAbl, 3aMaHayU
pecTaBpaMsIABIK, TEXHOAOTMSIAapABl SKoHe KYKBIKTBIK peTTey TeTikTepiH OipikripeTiH Xyiieai
KOe3KapacThel Talall eTeTiH KypdeAai FBRIABIMU-TOXipuOeaik MiHAeT ekeHi aHBIKTaaAbl. Herisri
FBIABIMM  KOPBITBIHABI: C9YA€T eCKePTKIIITepiHiH TYpPaKTBIABIFBI TeK KYPBLABIMAApAbIH
(usnKkaabIK TyTacTBIFBIMEH FaHa eMeC, COHBIMEH Karap OJAapAblH MOJAEHU >KoHe TapuXu
0OAMBICBIH Kasipri 3aMaHFBl KaJaAblK oOpTaFa OipikTipe OTBIpHIII cakTail OiayiMeH ge
aHBIKTaAaABbl.

CayaeT MypacheIH THiMAl KOPFayABIH Herisri (pakTopAapbIiHa MBIHaJap >KaTaAbl: KaAITbIHA
KeATipyAiH FBIABIMM HeTi3jeAreH KpuTepuiildepiHiy 004ybl, FUMapaTTapAblH >KaFjaiibIH
AVarHOCTUKaJAayAblH 3aMaHayM oJicTepiH KoOAJ4aHy, TaOufM ararTtapabl, aHTPOIIOTeHAiK
acepaepai >KeHe Oakblaaychl3 ypOaHM3aIIMsAHBI KOCa aAfaHJa, Kayill-KaTepaepre >Xyiteai
MOHUTOPVHT XY prizy. CaHABIK TeXHOAOTMAAAPABL, aTall aliTkaHAa 3D ckanepaey MeH IuQpAbIK
MOJeAbAeYy Al eHTi3y eCKepTKIIITepAiH XKali-KyJiiH >Ka3yAbIH A9AAITiH aliTapAbIKTall >KaKCcapThIII,
04ap4pbl FEIABIMH 3ePTTEY MeH pecTaBpalnisiiay MyMKIHAIKTepiH KeHelTeTiHl 49aeaeHAl

MaMaHaap MeH 3epTTeylllidepre apHaAfaH IMpaKTUKaABIK YCBIHBICTap TOPT TapMakTh
KaMTHUABL OipiHINiZeH, ecKepTKilTepaiH >KaFjaibIH Y3AiKcis OakbplaayAblH — KeIleHAl
OaraapaamMadapblH >Ky3ere acblpy KadKeTTidiri; ekiHIIigeH, >Ka3y MeH pecTaBpaliVisTHBI
>KobaaayAblH IMQPPABIK TEXHOAOTMAAAPBIH KOAAAHYALI KeHeNTy; YIIiHIIiAeH, coyJAeTIiiaep,
pecraBparopJap, WHXXeHepJep >KoHe UMQPPABIK TEXHOAOIMsI MaMaHAaphl apachbIHAAFbI
IIoHapaAbIK BIHTBIMAKTACTBIKTEI AaMBITy; TOPTiHIINigeH, MdJeHU Mypa oOBbeKTidepiHiH
CaKTaAyblH OaKblAayAbIH HOPMAaTUBTIK-KYKBIKTBIK ©asachl MeH TeTiKTepiH >KeTiadipy.
XaabIKapaablK, BIHTBIMAKTaCTHIKTHL AaMBITy, FBIABIMM ToXXipmbOe aamacy, aAABIHFEI KaTapAbl
pectaBparus Toxxipuodecin KasakcraH >kaFaalibiHa OelliMJey epekillie MaHbI3Fa 1e.

Kertinri sepTreyaepaiH mepcreKkTuBaAbl OafbITTapblHa MBIHAaJdap >KaTajbl: KAMMATTHIH
e3repyi >KafgailblHAa C9yAeT eCKepTKiIlTepiHiH TypaKTBIABIFBIH OaFajay oJicTepiH oa3ipaey,
Tapuxy TYIHYCKAABIFBIH >KOFaATHall pecTaspalusja >KaHa MaTepuaalapAbl IalijadaHy
dJeyeTiH 3epTTey, MdJAeHM Mypa OOLeKTiAepiH HUPPABIK Mypararray >KoHe BHUPTyaaAbl
PEKOHCTpYKIMsAay TEXHOAOIMAapbIH KeTiaAipy.

Ocplaaiiia, coyaeT JKoHe Kada KYPBLABICH eCKepTKIIITepiH caKTay MaeH!U MYPaHbIH Y3aK
Mep3iMAi TYpPaKTBIABIFBIH ~KaMTaMachl3 €TeTiH FBIABIMM HETi3AeATeH, TeXHOAOTUAABIK
>KaOABIKTaAFaH >KoHe MHCTUTYIIMOHAAAB KaMTaMachl3 eTiATeH IapaJap JKyieciH KaKeT eTeai.

MYAAEAEP KAI;I]_HBIABIFLI: ABTOpAap MyAdedep KaWIIBIABIFBI JKOK eKeHiH
MoAIMAeIAL.

KAPXBIAAHADBIPY: Kap>xplaaHABIPY KO3i JKOK.

MHCTUTYLIMOHAAABIK S9TUKA KOMMUTETIHIH, KOPBITbIH AbIChI:
Koaaanbramanapr.

EPIKTI KEAICIM TYPAABI MOAIMAEME: Koagaabramarnapbr.

AEPEKTEPAIH, KOAXKXETIMAIAITT TYPAABI MOAIMAEME: Ocbl TeXHUKAABIK,
3epTTeyAiH HOTVDKeAepiH pacTaliThIH AepeKTepai TUiCTi cypaHbIC OOMBIHIIA XKayaIllThl aBTOpJaH
aayra 001a4bl.
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AAYBIC BIAAIPY: Apropaap ajicTeMeaik KoaAJay MeH Iaifgaabl IIiKipAepi YIIiH
opinTecTepiHe, coOHJali-aK MaKaAaHBIH callachlH apTThIpyFa CeNTiriH TUTi3TeH aHOHMUMAL
pelieH3eHTTepre aarbic Oiagipeai.

JKACAHABI WMHTEAAEKT TEXHOAOIMSIAAPHIH TIIAVIAAAAHY TYPAABI
XABAP/AAMA: bepiaren MakaAaHbI Ka3y Ke3iHJe >KacaHABl MHTeAAEKT Kypaajapbl >KoHe OFaH
OallaaHBICTBI TEXHOAOTUSAAP KOAJAHBLAFAH JKOK.
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CONTINUITY OF MILYUTIN'S PRINCIPLES IN MODERN
URBAN PLANNING STANDARDS OF KAZAKHSTAN:
ANALYSIS, ISSUES, AND REFORM PERSPECTIVES

KA3AKCTAHHBIH 3AMAHAYWU KA/A KYPBI/ABICHI
HOPMAAAPBIHAATBI MUATIOTUH KATMMAATTAPBIHBIH,
CABAKTACTDBIYBIL: TAAAAY, MOCEAEAEP JKOHE PEOOPMAAY
ITEPCIIEKTIBA /1APBI

INTPEEMCTBEHHOCTD ITPMHIIUITIOB MUAIOTTHA B COBPEMEHHBIX
IPAAOCTPOUTEABHBIX HOPMAX KA3AXCTAHA: AHAANU3,
ITPOBAEMATHUKA U ITEPCIIEKTUBBI PE@OPM
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Keywords: ABSTRACT

Urbanism, hybrid urban This article investigates the phenomenon of the persistence of N.A.
models, sustainable Milyutin’s urban planning principles, formulated in the "Sotsgorod"
development, concept, within the modern regulatory framework of Kazakhstan. The
retrospective adaptation, relevance of the work is due to the critical contradiction between Astana's
and technological need for sustainable development and the preservation of outdated Soviet-
expansion. era regulations. Based on a detailed comparative analysis of Soviet (SNiP

2.07.01-89) and current (SNiP RK 3.01-01As-2021) standards, the authors
prove that the fundamental city structure the microdistrict, rigid functional
zoning, and fixed service radii remains unchanged. It is established that
modern adjustments are limited to tightening quantitative indicators,
ignoring the qualitative transformation of the environment. This preserves
problems of commuting, fragmentation of green spaces, and high car
dependency. The conclusion justifies the need for a fundamental reform of
the planning system: a transition from directive rationing to flexible
parametric models that encourage mixed-use development and social

diversity.
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bya makaaaga «Conropoa» Ty>XKeIpbIMAaMachlHaa TYKbIphiMaaarad H.A.
MuaoTuHHIH Kada KYPBLABICH KaruJarTapbiHblH KasakcTraHHbIH Kasipri
3aMaHFBI HOPMAaTUBTIK Oa3ackIiHAA caKTaay ¢peHoMeHi sepTTeaesi. Kymeorc-
TBIH ©3€KTidiri AcTaHaHBIH TYpaKThl AaMy Ka’KeTTidiri MeH KeHecTik
Adyipaeri eckipreH periaMeHTTepAiH caKTaAybl apacbhlHAAFbl ChHIHM Kali-
mbLAbIKKa Haiiaansictel. Kenecrik (CHull 2.07.01-89) skoHe K0A4aHBICTAFbI
KP KH 3.01-01Ac-2021) HOpMajapra erKei-Terskeidi caAbICTBHIpMaAbl
Taajay Herisinde aBTOpAap KadaHBIH ipreai KYpPBLABIMBI — IIaFbIH
ayJaH,KaTaH (QYHKIIMOHAaAABIK aliMakTapfa ©0eay >KoHe KbI3MeT
KepceTyAiH OekiTiareH paamycTapsl e3repicci3 KaAfaHBIH JAdaeadei.
Kasipri 3amaHFBl Ty3eTylep OPTaHBIH callaAbl TpaHCPOPMAalVACHH
e/eMell, TeK CaHABIK KOpCeTKillTepai KaTaHAaTyra 9KeAeTiHi aHbIKTaAAbl.
by MaATHMKTIK Kellli-KOH, KeraaaaHAbIPyAblH Y3iHAiAiri >KoHe >KOFaphl
KOJikKe ToyeaAiliK MaceaeAepiH cakTaiiabl. KOphITEIHABIAQ SKOCIIapaay
XylteciH TyOereiiai pedopmasay KaXKeTTiairi HerizaeareH: AMPeKTUBTI
HOpMaJdayjaH ayMaKTapabl apadac mHaiijadaHyAbl >KoHe 9AeyMeTTiK
9paAyaHABIABIKTBI bBIHTaAdaHABIPATBIH UKEMAI ITapaMeTpAiK MoJeabjepre

KOIIY.

Karouessie caoBa:

AHHOTALVSI

yp6aHn3M, rubpruAHsIe
TOPOACKIE MOJEAY,
YCTOIYMBOE pa3BUTHE,
peTpoCIeKTUBHas
aJarTanys,
TEXHOAOTMYecKast

DKCITaHCIIA.

B aanHOI1 cTaThe nccaeayeTcst peHOMEH YCTOMIMBOCTU IPajOCTPOUTEAD-
HeIx nmpuHIuIos H.A. Muaotuna, cpopMyAnpoBaHHBIX B KOHITETIIINI
«Couropoga», BHyTpU COBpeMeHHOi HOopMaTusHON 6a3bl Kasaxcrana.
AKTyaABHOCTb pabOTHl O0yCAOBA€Ha KPUTUYECKUM HPOTUBOpedreM
MeXXAy IOTpeOHOCTHIO ACTaHBI B YCTOMYNMBOM Pa3BUTUM U COXPaHEHVEM
yCTapeBIINX peraaMeHTOB COBeTCKOM »rmoxm. Ha ocHOBe geTaabHOrO
cpaBHUTeABHOTO aHaAm3a coseTcknx (CHwuII 2.07.01-89) u gericTByIOmmx
(CHulIT PK 3.01-01Ac-2021) HOpM aBTOpaMM AOKa3aHO, 4TO PpyHAaMeH-
TaAbHas CTPYKTypa ropoja — MUKpPOpPaiioH, KecTKoe (YHKIIMOHAaAbHOE
30HMpOBaHMe U (PUKCUPOBAHHEIE PaAMyChl OOCAYKMBAaHMA — OCTalach
HeN3MEHHOI. Y CTaHOBAEHO, YTO COBpeMEeHHbIe KOPPEKTUPOBKIU CBOAITCS
AUIIL K YXKEeCTOYeHMIO KOAMJIEeCTBeHHBIX ITOKas3aTeael, WTHOPUPYs
Ka4eCTBeHHYIO TpaHCcPOpManmio cpeAbl. DTO KOHCEPBUPYET IPODAeMEI
MasTHMKOBOV MUTpanuy, pparMeHTapHOCTYM O3€JA€HEHUsS U BBICOKOII
aBTOMOOMAE3aBUCUMOCTU. B 3akaioueHny obocHOBaHa HEOOXOAVMOCTH
JyHAaMeHTaabHOI pedOPMBI CUCTEMBI IIAaHUPOBAHIA: IIepexo] OT
AVIPEKTUBHOTO HOPMMPOBAHMS K TMOKUM IapaMeTPUIecKuM MOJAeAsIM,
MOOUIPAIOIINM CMeIIaHHOE UCII0Ab30BaHIe TePPUTOPUIL U COLIMAaAbHOR
pas3HoobOpasne.

INTRODUCTION

The modern era is characterized by rapid changes in the urban environment: globalization,
climate challenges, digital innovations, and social polarization are shaping new planning
requirements (Gentile, 2018). Cities are becoming epicenters of economic and cultural processes,
and sustainable development depends on the quality of their planning (Tuvikene et al., 2019).
However, many post-Soviet cities, including the capital of Kazakhstan, Astana, are characterized
by a surprising stability of regulatory approaches. Despite ambitious projects and modern
architecture, the regulatory and legal framework is based on principles formulated in the mid-

20th century (Nurlanova, 2022). This discrepancy creates a critical barrier to sustainable urban
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development in post-Soviet nations, making the revision of these standards an urgent priority.
This phenomenon requires serious reflection, as it reveals the mechanisms of historical continuity
and its impact on modern practice (Stanilov, 2007).

The fundamental approaches of Soviet urban planning were laid down in the concept of
the "Sotsgorod" (Socialist City), developed by architect and theorist N. A. Milyutin in the 1920s.
He described the city as a single organism with a rigid functional structure: work, residential, and
recreational zones are separated; infrastructure is subordinate to production processes; social
services are evenly distributed; and green belts serve sanitary and recreational functions
(Miliutin, 1974). These ideas had a profound influence on planning standards and were
subsequently enshrined in Soviet building norms and rules (SN 41-58, SNiP 2.07.01-89).
Subsequently, after the collapse of the USSR, the updated SNiPs of Kazakhstan inherited many
of these provisions, leading to the preservation of a planning paradigm that emerged almost a
century ago (Meuser & Zadorin, 2016; Zarecor, 2018).

The relevance of the study is due to the fact that planning approaches based on rigid
regulations do not always meet the needs of modern cities. Changing social practices, new
requirements for environmental sustainability, and the diversity of urban space pose tasks for the
regulatory system that go beyond functional separation (Neugebauer & Rekhviashvili, 2015). In
particular, the concept of the "15-minute city" (Moreno et al., 2021), Transit-Oriented
Development (TOD), and green and blue infrastructure require a rethinking of regulatory
guidelines, which, if based on Milyutin's principles, may hinder innovation.

While existing literature acknowledges the Soviet legacy in Central Asian urbanism,
there is a lack of systematic comparative analysis linking specific planning principles of the
1930s 'Sotsgorod' directly to the quantitative indicators of the 2021 Building Codes of
Kazakhstan.

This article aims to fill this gap by conducting a systematic comparative analysis of these
regulatory documents. To achieve this, the study addresses the following research questions:

(1) Which specific spatial and functional principles of N.A. Milyutin’s 'Sotsgorod' have
been retained in the modern SNiPs of Kazakhstan?

(2) How do these preserved regulatory parameters affect the current urban morphology
and sustainability of Astana?

(3) What specific regulatory changes are required to align Kazakhstan's planning standards
with modern international practices?

The scientific novelty of this research lies in demonstrating the quantitative continuity of
the 1930s standards in 2l1st-century regulations and developing evidence-based

recommendations for the transition from normative regulation to parametric planning.

LITERATURE REVIEW

N.A. Milyutin's book Sotsgorod, published in 1930, was an attempt to rethink the
bourgeois city from the perspective of socialist ideology. Milyutin saw the city as a tool for
educating the new man: a system organized according to the production principle ensures the
efficient allocation of labor and daily life (Miliutin, 1974). His concept was based on several key
provisions:

1. Functional Zoning and the Linear Principle. Unlike traditional European cities with a

historical center, the "Sotsgorod" developed along transport lines. Industrial zones, residential
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quarters, agricultural plots, and green belts were arranged in parallel strips. Such a structure
implied equal access to different functions and simplified control over labor collectives.

2. The Microdistrict as a Structural Unit. Milyutin proposed organizing housing into
blocks (microdistricts), each serviced by schools, kindergartens, shops, and cultural facilities
located within walking distance (about 500 m). Microdistricts were to be connected by green
avenues and pedestrian routes, while cars and transit transport were diverted to the periphery
(Kravchunas, 2019).

3. Sanitary and Recreational Zones. The author emphasized the need for landscaping and
creating sanitary gaps between industry and housing. He viewed green belts as an integral part
of the urban structure, improving the microclimate and serving as a place for rest.

4. Social Equality. Planning should ensure equality in access to education, culture, and
healthcare. To this end, Milyutin proposed distributing services evenly and prohibiting the high
concentration of privileged functions in the center.

These ideas were born in the context of rapid industrial transformations and the
collectivization of agriculture. Soviet ideology shaped the vision of the city as a space subordinate
to the planned economy; therefore, planning decisions had to serve production tasks and the
socialization of the population (Zarecor, 2018).

After the publication of Sotsgorod, Milyutin's ideas became the subject of debate. Although
many were initially perceived as utopian, in subsequent decades, individual provisions received
regulatory consolidation. SN 41-58 "Norms for Planning and Construction of Cities, Settlements,
and Rural Populated Areas" introduced the official definition of a microdistrict, establishing that
its population should not exceed 10-12 thousand people, and everyday service facilities should
be located within 0.5 km of housing. The norms also prescribed a distance between arterial streets
of 600-1000 m to ensure walking accessibility to transport stops.

SNiP 2.07.01-89 "Planning and Development of Urban and Rural Settlements" detailed
these requirements. It defined a microdistrict as a territory of 10-60 hectares (up to 80 hectares in
special cases), not divided by arterial streets, with a service radius of 500 m. The document also
introduced requirements for the placement of entrances to microdistricts and intra-quarter
driveways: the distance between them should not exceed 300 m, and 180 m during the
reconstruction of historical areas. Additionally, the regulations included instructions on
driveway widths, the placement of cul-de-sacs, parking standards, and population density,
which continued the idea of rational distribution of functions.

Collectively, Soviet norms institutionalized Milyutin's principles: the microdistrict became
a mandatory planning unit, distances to facilities became rigid indicators, and green zones
became a normative quantity. These provisions were oriented toward creating a hierarchical city
structure ensuring the management of transport, infrastructure, and life activity (Alexander,
2007).

After the collapse of the USSR, Kazakhstan formed its own regulatory framework, but it
was built on the foundation of the Soviet legacy. SNiP RK 3.01-02-2016, dedicated to landscaping,
established rules similar to Soviet ones: building height in parks should not exceed 8 m, built-up
area 7% of the park area, distance between entrances no more than 500 m, and visitor parking
located outside the park territory at a distance of no more than 400 m. These indicators practically
repeat the norms of SN 41-58, supplementing them only with requirements for accessibility for
people with limited mobility and aesthetics.
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SNiP RK 3.01-01As-2021, the key document for the planning and development of Astana,
establishes the microdistrict as a territory of 10-100 hectares. It requires that microdistricts be
formed within the red lines of streets, and the share of non-residential objects should not exceed
25%. Walking accessibility to transport stops, shops, schools, and parks has been reduced to 200-
400 m, but the logic of radii remains unchanged. The document also establishes a mandatory
share of green spaces — 19 m? per resident — and a share of open spaces of at least 40%, which
increases requirements for environmental sustainability.

These modern norms demonstrate a combination of quantitative tightening (reduction of
distances, increase in green areas) with the preservation of the qualitative structure: the city is
still viewed as a set of microdistricts connected by highways; functional zoning remains a basic
principle; density and driveway dimensions are regulated in a form created in the mid-20th

century.

METHODOLOGY

Selection of Sources. The study is based on the analysis of four regulatory documents: SN
41-58, SNiP 2.07.01-89, SNiP RK 3.01-02-2016, and SNiP RK 3.01-01As-2021. These documents
cover a period of over 60 years, allowing for the tracing of the evolution of regulatory
requirements. The texts of the regulations were considered in their original edition, taking into
account current amendments and additions. Additionally, materials from N. A. Milyutin's book
were used to compare theoretical provisions with regulatory ones (Miliutin, 1974). For a deeper
analysis, scientific studies dedicated to post-Soviet and contemporary urban development were
used: the work of Alexander (2007) on rational planning and its implementation; research by
Bissenova (2017) on the socio-cultural aspects of mobility and class; the study by Tleuken et al.
(2021) on Astana's building sustainability; the work of Pakina and Batkalova (2017) on green
zones in the post-socialist city; the historical analysis of the master plan by Vasiliev (2020); the
recent analysis of Astana's infrastructure programs and urban sustainability by Tleuken et al.
(2025); and the systematic review of post-Soviet planning paradigms in Central Asia by
Junussova et al. (2024).

Comparative Analysis Method. The comparative analysis was structured into four
sequential stages to ensure transparency and reproducibility of findings. Stage 1 — Identification
of foundational principles. Drawing on Milyutin (1974), eight foundational principles of the
«Sotsgorod» concept were extracted, organized into eight comparison parameter groups (Table 1
below): structural unit, functional zoning, service radii, street network, sanitary norms, green
provision, development density, and parking standards. Stage 2 — Extraction of normative
parameters. Through content analysis of each of the four documents (SN 41-58, SNiP 2.07.01-89,
SNiP RK 3.01-02-2016, SNiP RK 3.01-01As-2021), specific clauses, tables, and numerical values
corresponding to the eight parameter groups were systematically retrieved. Stage 3 -
Classification of change type. For each parameter, one of three categories was recorded: (a) full
continuity — the formulation and numerical value remain identical or differ within +10%; (b)
quantitative adjustment — the underlying concept is preserved, but the numerical value differs by
more than 10%; (c) qualitative transformation — the very logic of regulation has changed (e.g., a
shift from population density to floor area ratio). Stage 4 — Interpretation. The results were
juxtaposed with empirical research on post-Soviet urban morphology (Alexander, 2007;
Bissenova, 2017; Tleuken et al., 2021) and with contemporary international planning paradigms
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— the 15-minute city (Pozoukidou & Chatziyiannaki, 2024; Khavarian-Garmsir et al., 2024),
Barcelona's superblocks (Frago, 2024; Amati et al., 2024), and Transit-Oriented Development
(Dominguez-Gonzalez et al., 2024) — to assess the actual influence of inherited norms on the
spatial morphology of Astana.

The classification thresholds (+10% for continuity vs. quantitative adjustment) were chosen
to exclude minor editorial variations and capture only those changes reflecting deliberate revision
of standards. Additionally, the interpretation of norms in the literature was analyzed: what actual
effects these requirements have, how they are perceived by the professional community and the
population (Fauve, 2015; Koch, 2010), and how they compare with recent reform debates in post-
Soviet contexts (Junussova et al., 2024) and global discussions of building code reform (Zhang,
2022). The analytical framework also draws on critical perspectives on the 15-minute city
concerning physical determinism and the limits of one-size-fits-all approaches (Khavarian-
Garmsir et al., 2024).

Study Limitations. It is important to note that the results of the study are based on textual
analysis of documents and do not account for the practical implementation of norms.
Implementation may vary depending on economic capabilities, political decisions, cultural
traditions, and social dynamics, as well as the institutional capacity of municipal governance
(Zhumabekova & Mukanov, 2025). Furthermore, the focus on Astana does not cover the entire
geography of Kazakhstan, although basic principles are applied in other cities as well, including
Almaty and Qonayev (Aktymbayeva et al., 2025). Nevertheless, the conclusions have general
significance for all post-Soviet cities experiencing the influence of the Soviet legacy (Stanilov,
2007), particularly in the Central Asian context where similar regulatory inheritance is observed
(Junussova et al., 2024).

Table 1. Operational framework for the comparative analysis
of regulatory documents

Specific indicators

Units of measurement
compared

Ne Parameter group

1 | Structural unit of planning | Microdistrict area, population density ha; persons/ha

Share of non-residential objects, types of

2 | Functional zoning ]
permitted use

%; categorical list

. .. Walking distance to public transit, schools,
3 | Service radii . m
kindergartens, shops

Cul-de-sac length, carriageway width,
4 | Street network . . m
distance between entries

Sanitary gaps between buildings,

5 | Sanitary norms . ; . . . m; hours
insolation, distance to waste container sites

6 | Green provision Greenery per capita, share of open spaces m?/capita; %

. Floor area ratio (FAR), number of storeys, dimensionless;

7 | Development density o

plot coverage storeys; %
. Distance to parking, share of garaged
8 | Parking standards P 5 arag m; %

storage, parking spaces per dwelling

Note — developed by the authors based on Milyutin (1974) and the four requlatory documents under
analysis
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MICRODISTRICT
area 10-60 ha (up 10 80 ha)

€

Legend: [l KG — kindergarten [ 5 — school. Sh — shop, PT — public transit stop W P — parking microdistrict park residencial bulldings @ microdistrict entry

n SN 41.58 and SNIP 2.07.01-89.

Figure 1. Normative microdistrict model under SNiP 2.07.01-89
Note — developed by the authors based on SN 41-58 and SNiP 2.07.01-89

red lines (ortertal street)
-

MICRODISTRICT (QUARTER) GREEN AND OPEN SPACES
area 10-100 ha 19 m¥capita greenery
non-residentiol share < 25% 2 40% open spaces

NODAL CENTERS
autonomous microdistrict
within 1.5 km radius
from modol censer

»

school

DEVELOPMENT DENSITY SANITARY SETBACKS

FAR = 0.3-2.5 (total floor area / ‘waste container sites:

site area) 20-100 m from windows
avg. storeys <3 how) /% 5 (mid) cul-desoc: 5 150m grem sirip > Im
width 6 m, sidewolks 2 1.5 m
od lines

Legend: [} KG — kindergarten, Sh — shop [ 5 — school, PT — public ransit stop W P — parking park residential buldings

Note: developed by the authors based on SNIP RK 3.01-014s-2021.

Figure 2. Normative microdistrict model under SNiP RK 3.01-01As-2021
for the city of Astana
Note — developed by the authors based on SNiP RK 3.01-01As-2021
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Soviet model: SNIP 2.07.01-89 ‘ | Contemparary model: SNiP RK 3.01-01As-2021

Figure 3. Comparison of normative models: continuity of spatial logic between SNiP 2.07.01-89
(1989) and SNiP RK 3.01-01As-2021 (2021)

Note — developed by the authors based on comparative analysis of SNiP 2.07.01-89 and SNiP RK 3.01-

01As-2021

RESULTS

Analysis of the regulations shows that the concept of the microdistrict remains the
unchanging core of the planning structure. Initially, according to SN 41-58, a microdistrict was
defined as a territory between arterial streets, free from public driveways. It provided for
medium-rise residential buildings, a regular grid of intra-quarter driveways, and the mandatory
placement of schools, childcare institutions, shops, and medical points. The service radius was
0.5 km — this value is repeatedly repeated in the regulations. The document also indicated that
the microdistrict should have its own microdistrict park and sports grounds, and its boundaries
are fixed by red lines and natural or planning constraints.

In SNiP 2.07.01-89, the microdistrict was consolidated as a structural element with an area
of 10-60 hectares (up to 80 hectares under special conditions) with the same service logic. At the
same time, the norm was supplemented by the concept of a "quarter," which allowed for the
allocation of smaller units within the microdistrict. The text of the document emphasized that the
microdistrict should not be intersected by arterial streets; its internal streets should ensure access
to every house, and main entrances should be located at intervals of 300 m. Such an approach
allowed for the preservation of a uniform structure and manageability (Kravchunas, 2019).

The modern SNiP RK 3.01-01As-2021 preserves the concept of the microdistrict, expanding
the area range to 10-100 hectares. An important difference lies in the limit on the share of non-
residential objects (25%) and the possibility of forming autonomous microdistricts within a radius
of 1.5 km from nodal centers. However, there are no radical changes: as in Soviet regulations, the
microdistrict remains the basic "brick" of the city. This indicates the deep rootedness of Milyutin's
approach and the difficulty of moving away from it.

Soviet regulations paid special attention to the distance to public transport stops. SN 41-58
provided that the distance between thoroughfares with mass transport should be 600-1000 m so
that residents could walk to a stop in 5-7 minutes. The provision took into account that for most
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citizens, the main mode of travel was the tram or bus. The document also indicated that stopping
points should be located near shops, pharmacies, clinics, and other important institutions,
emphasizing an integrated approach to planning.

SNiP 2.07.01-89 detailed the requirements: maximum pedestrian accessibility to a stop -
500 m; in northern climatic zones - 300 m, in southern - 400 m; for central urban areas - 250 m.
The document officially established intervals between stops for various types of transport (e.g.,
400-600 m for buses) for the first time, allowing for more precise route planning. Additional
norms concerned the distance from residential buildings to parking lots: no more than 800 m
(1500 m in reconstructed areas) for permanent vehicle storage.

SNiP RK 3.01-01As-2021 significantly reduces distances: to public transport stops — 200-
400 m; to shops and social facilities - 200-300 m; to parking lots - 200 m for individual
development and 500 m for multi-story areas. These values reflect a modern understanding of
comfort and improved quality of life. However, the system of radii itself, set as a mandatory rule,
is preserved. This demonstrates that Milyutin's approach - the standardization of distances -
remains the basis of planning logic.

The street network plays a key role in ensuring transport accessibility and organizing the
internal space of the microdistrict. SN 41-58 prescribed that the length of cul-de-sacs (dead-end
driveways) should not exceed 100 m, and the width - 8-10 m; at the end of the cul-de-sac, it is
necessary to arrange a circular turning device with a radius of 10 m or a rectangular platform
12x12 m. This allowed fire equipment and maintenance services to turn around and also
prevented excessive lengthening of driveways, which worsened access.

SCHOOL = SOVIET NORM (SNiP 1989)
—— MODERN ASTANA NORM (SNiPNiP 2021)

1 300m

600m

STORES \ KINDERGARTEN

Figure 4. Morphological Comparison of Soviet Microdistrict Horizontal Space
and Modern Astana Quarter Vertical Densification
Note — compiled by the authors based on SNiP 2.07.01-89 and SNiP RK 3.01-01As-2021 data.
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SNiP 2.07.01-89 increased the maximum length of a cul-de-sac to 150 m and specified that
in 5-9 story buildings, driveways with a width of 5.5 m are allowed with periodic widening to 6
m at a distance of 75 m for passing traffic. For single-row development, a carriageway width of
3.5 m was permitted. The document also prescribed locating entrances to the microdistrict at a
distance of 300 m and ensuring exits to streets at no fewer than two points.

In the modern SNiP RK 3.01-01As-2021, these requirements are preserved: cul-de-sacs —
no more than 150 m; carriageway width along facades — 6 m; sidewalks — at least 1.5 m; at the
end of the cul-de-sac — a turning area for fire equipment. Thus, the standard continues the
tradition of regulating the street network through rigid numerical restrictions.

SANITARY GAPS AND INSOLATION

One of the important aspects of Milyutin's model was concern for insolation and sanitary
gaps between buildings. SN 41-58 indicated that the distance between the long facades of
buildings should be at least the height of two buildings, and during reconstruction — at least one
height, but in any case, not less than 12 m. The norms also fixed minimum distances from
windows to outbuildings and plot boundaries. This ensured natural lighting and ventilation, as
well as prevented the accumulation of pollution (Tleuken et al., 2021).

SNiP 2.07.01-89 in clause 2.12 preserved these requirements, establishing that distances
between facades of 2-3 story residential buildings at least 15 m, and 4-story — at least 20 m;
reduction is allowed while maintaining normative insolation. In addition, the document
regulated the placement of waste container sites: at least 20 m from buildings of children's and
educational institutions, no more than 100 m from entrances to residential buildings.

Modern norms of Kazakhstan refer to a separate document on insolation and lighting
(SNiP RK 3.02-05-2002) and sanitary rules, but essentially preserve similar gaps. SNiP RK 3.01-
01As-2021 establishes that container sites should be placed at a distance of 20-100 m from the
windows of residential buildings and fenced with a green strip; the volume of the site should be
0.03 m? per person. The document also requires that green strips of at least 3 m separate utility
areas from recreation zones. Thus, the foundations of sanitary gaps and insolation formulated by
Milyutin continue to determine the requirements for the urban environment.

Green belts and parks occupied a special place in the "Sotsgorod". Milyutin viewed them
as an element of population health improvement and part of the production process (workers
rest after a shift in specially organized gardens). SN 41-58 consolidated the mandatory presence
of green spaces in microdistricts: micro-yards, public gardens, and parks were to provide 8-12
m? of greenery per resident. In addition, the document required that parks and squares be located
evenly throughout the city and connected by green corridors.

SNiP 2.07.01-89 reinforced this norm: green zones of common use must constitute at least
6 m? per person, and intra-quarter plantings — another 2 m2 The document classified green
spaces into city, district, and microdistrict ones, defining the area of each and the radius of
availability. For example, for a microdistrict garden — no more than 500 m, for a district park —
1 km. This preserved Milyutin's idea but refined the functional distribution.

The modern SNiP RK 3.01-01As-2021 introduces even higher standards: the total area of
open spaces must be at least 40% of the territory; provision of green spaces — 19 m?/person;
separate indicators are provided for park, district, and local green zones. Additionally, park
infrastructure is regulated: building height no more than 8 m, built-up area — 7%, number of
parking spaces — 7-10 per 100 visitors, distance to parking — no more than 400 m. These
requirements reflect a desire to increase environmental sustainability but are based on the same
regulatory paradigm — precise numerical norms (Pakina & Batkalova, 2017).
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A Soviet Microdistrict (Model 1989): B A Modern Astana Quarter (Model 2021):
Horizontal Space Vertical Densification
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Figure 5. Comparative Spatial Analysis Soviet Microdistrict Model 1989
and Modern Astana Quarter Model 2021
Note — developed by the authors

Residential building density in Soviet norms was a tool for ensuring sanitation and safety.
In SN 41-58, Table 32 established the maximum percentage of plot development and the
minimum living space per hectare, depending on the number of stories. For example, for 2-story
development, the percentage of development should not exceed 28%, and the minimum
provision of living space — 2000 m?/ha; for 5-story — 24% and 4400 m?/ha; for 8-story — 20% and
5500 m?/ha. These indicators limited height and encouraged moderate density, providing spaces
for green spaces and intra-quarter roads.

SNiP 2.07.01-89 shifted to regulating population numbers: a density of 450 people/ha for
multi-story areas. At the same time, the norms preserved requirements for the area of green
zones, recreation and sports grounds, and also took into account insolation and aerodynamics.

SNiP RK 3.01-01As-2021 regulates density through the building intensity coefficient: the
ratio of the total area of the building to the plot area must be in the range of 0.3-2.5, depending
on height. Additionally, the document establishes the average number of stories (volumetric-
spatial index), which should not exceed 3 for low-rise development and 5 for medium-rise.
Despite the transition to new metrics, the ideology remains the same: the standard dictates
permissible density and height based on sanitary, climatic, and transport considerations. This
continues Milyutin's tendency to regulate the city by setting clear quantitative limits.

Soviet norms paid attention to the placement of vehicles. SN 41-58 prescribed that parking
areas should be located near institutions and shopping centers, and the distance from the parking
lot to entrances should not exceed 200-300 m. The document also noted the need to isolate
parking lots from residential buildings and playgrounds with green strips.

SNiP 2.07.01-89 introduced more detailed requirements for vehicle storage: at least 90% of
the fleet must be located in garages and open parking lots within a radius of 800 m from homes
(1500 m in reconstructed areas), and temporary parking lots must provide for at least 70% of cars
with distribution by city zones. The norms determined the share of garages and open parking
lots, taking into account the size of the city and population density.

The modern SNiP RK 3.01-01As-2021 reduces distances to parking: permanent storage —
200 m for individual development and 500 m for multi-story areas; guest parking lots must be
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located 400 m from park entrances, with 7-10 cars parking per 100 visitors. These norms reflect
the growth of motorization among the population and the desire to keep cars near the home,
which simultaneously contradicts concepts of reducing the use of private cars.

Soviet regulatory documents detailed the parameters of service facilities: schools,
kindergartens, shops, clinics, and houses of culture. For example, SN 41-58 and SNiP 2.07.01-89
contained tables defining the necessary areas and capacity of institutions, as well as their service
radii. Schools, as a rule, were located at a distance of no more than 500 m; kindergartens — 300
m; shops — 400 m. For sanitary and household enterprises, sanitary gaps and landscaping
requirements were indicated. Modern norms of the RK reproduce these indicators, sometimes
shortening distances (to 200-300 m) but preserving the model of "basic" and "periodic" services.

It is noteworthy that in modern SNiPs, as in Soviet ones, there are no requirements for the
diversity of services, cultural spaces, or community centers; the main emphasis is on functional
provision. This reflects Milyutin's interpretation of the city as a production machine where leisure
and culture play a secondary role.

Table 2. Comparative Analysis of Urban Planning Parameters Soviet Norms SNiP 2.07.01 89
and Modern Kazakhstan Standards SNiP RK 3.01 01As 2021

Modern Kazakhstan
Soviet Norms Norms
Parameter . . Trend
(SNIiP 2.07.01-89) (SNiP RK 3.01-01As-
2021)
1 2 3 4
. o 10-60 ha Expans.io'n of scale,
Microdistrict Area 10-100 ha retaining the
(up to 80 ha) . _
microdistrict structure
500 D); Slight tighteni f
Walking Distance to m (general) et s . e.r%mg ©
. 300-400 m 200-400 m accessibility
Public Transport . .
(climate-dependent) requirements
Service Radius . ..
Preservation of rigid
(Schools 500 m /300 m 300-500 m . .
. service radii
/Kindergartens)

uantitative increase
6 m? (residential Q

Green Space per . 19 m? (general without requirements
Capit district) + 2 m? vwide t H ; fial
apita citywide targe or spatia
P (microdistrict) Y 8 P ..
connectivity
200 m (individual Significant reduction
800 m (storage garages); . .
. . ’ parking); 500 m of distance,
Parking Distance 1500 m (reconstruction ; .
) (multi-storey strengthening pro-car
areas
parking) orientation
No th hfares; P ti f th
Street Network No thoroughfares o fhoroughiares resetvation o ¢

o . _ . Lo entrances every 300 | enclosed microdistrict
within Microdistricts | through microdistricts

m concept
Note — compiled by the authors based on comparative analysis of SNiP 2.07.01-89 and SNiP RK 3.01-
01As-2021.
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DISCUSSION

Comparative analysis shows that most of Milyutin's key principles have not only survived
but continue to define planning practice in Kazakhstan. The reasons for this phenomenon can be
divided into institutional, cultural, and practical.

Institutional factors are related to the procedure for developing norms. Legislative bodies
and design institutes often rely on existing documents as a basis for updates. Developing new
norms requires significant resources and expertise; using proven standards seems safe and
acceptable. In post-Soviet states, institutional memory includes not only documents but also
professional personnel: many experts are graduates of Soviet universities accustomed to a certain
methodology. This creates a persistent tradition that is difficult to change (Alexander, 2007;
Vasiliev, 2020).

Cultural reasons include the perception of the city as an ordered, "rational” space. Soviet
ideology taught that a correct city is a city with a clear layout, free from chaotic development.
Zoning is perceived as a guarantor of order and sanitary safety. Even ordinary citizens often
consider the microdistrict a convenient form because it ensures proximity to schools and shops.
Therefore, proposals for mixed and high density are viewed with caution or rejection (Bissenova,
2017).

Practical factors lie in the fact that rigid norms provide clear guidelines for designers. When
a standard prescribes the exact width of a street or the number of places in a kindergarten per
1000 residents, it is easier for an architect to draw up a project and get approval. Flexible criteria
characteristic of modern international approaches requires more complex calculations, deep
context analysis, and public participation. In conditions of limited resources and a desire for rapid
construction, "old" norms turn out to be more convenient (Nurlanova, 2022).

The preservation of Milyutin's norms creates a number of environmental and social
problems. Firstly, functional zoning promotes the separation of residential, working, and
recreational functions, which increases the need for daily commuting. Even with a reduced radius
to stops, citizens are forced to travel to visit work, shopping centers, and other facilities, as
services are concentrated in separate zones. This increases car dependence and greenhouse gas
emissions (Tleuken et al., 2021).

Secondly, landscaping standards are oriented primarily toward quantitative indicators
rather than quality. As a result, large but unconnected green areas may appear, which func-
tion poorly as an ecological network. Research by Pakina and Batkalova (2017) showed that
the green zones of Almaty are fragmented, and their function is limited to recreation; there
is no unified system capable of improving biodiversity and ensuring climate adaptation.

Thirdly, density norms and sanitary gaps lead to relatively low building density, especially
in areas of individual and low-rise buildings. This hinders the development of public transport
and increases infrastructure costs. On the other hand, attempts to maximize land use often run
counter to regulatory requirements, which gives rise to illegal infill development or chaotic
"inserts."

In international practice, there is a trend toward a transition from rigid planning
regulations to flexible approaches based on principles of sustainability and comfort. The "15-
minute city" concept implies that all basic functions (work, education, shopping, recreation)
should be accessible within a 15-minute walk or bike ride (Moreno et al., 2021). This is not a fixed
value but a guideline that adapts to the context. The approach emphasizes the importance of
mixed use, diversity of development, street quality, and resident participation in design. In such
a model, there are no rigid microdistrict boundaries; the city is viewed as a network of local
centers connected to each other.



. ')
1-toMm, 2-Hemip, maycbim, 2026. EKTU JOURNAL OF
ARCHITECTURAL AND

Tom 1, Ne 2, uions 2026. -179 - CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

Transit-Oriented Development (TOD) also offers an alternative: dense development near
transport hubs allows for reduced dependence on private cars, increased efficiency of public
transport, and the creation of lively, diverse districts. TOD involves a combination of commercial,
residential, and public functions in a relatively small area, which contrasts with Milyutin's
functional separation.

Examples of reforms from foreign cities demonstrate how it is possible to change
regulatory approaches. Paris is actively implementing the 15-minute concept, reducing car traffic
zones and encouraging the emergence of micro-districts with rich functions. Barcelona is
developing "superblocks" where the carriageway is limited, and the internal space is given to
pedestrians. Melbourne and Vancouver are introducing norms for minimum green space area
depending on density but allow for flexible regulation of density and use.

The findings of the analysis allow us to suggest several directions for reforming
Kazakhstan's urban planning norms to make them more relevant to modern challenges:

Review of Zoning and Incentivizing Mixed-Use Development. It is necessary to abandon
the rigid separation of functions and encourage the creation of districts where housing, work, and
services coexist. This will reduce the need for daily trips and increase the liveliness of streets.

Flexible Service Radii. Instead of a single distance to objects, ranges should be introduced
that take into account density, type of development, and climate. For example, in dense areas, the
radius to stops may be smaller, and in low-rise areas — larger.

Qualitative Criteria Instead of Quantitative. Instead of fixed meters and squares, offer
descriptive standards: accessibility for all population groups, aesthetic quality of public spaces,
street safety, opportunities for social interaction.

Integration of Natural and Cultural Landscapes. Green infrastructure should become a
coherent framework of the city: parks, squares, boulevards, embankments, and water bodies
should form a network. Norms should prescribe the connectivity of green zones, not just their
area (Pakina & Batkalova, 2017).

Flexibility in Density Regulation. A transition is required from rigid percentage norms to
indicators that take into account the context: the ability to increase density near transport hubs
and reduce it in sensitive zones, with the mandatory provision of green and public spaces.

Involvement of the Public and Experts. Procedures for approving planning decisions
should include public hearings, expert discussions, and pilot projects. This will allow adapting
norms to the needs of residents and taking into account professional innovations.

Implementation of these recommendations will bring Kazakhstan's urban planning closer
to modern international standards and make it more flexible, sustainable, and human-oriented.

Comparative Analysis Based on Examples of Central Asian Cities

Understanding regulatory inertia and ways to overcome it requires considering the
experience of other cities in the region. Research on the transformation of urban morphology in
Almaty and Tashkent has shown that both cities have large areas of sparsely built-up districts,
low medium-rise density, and fragmented green zones (Alexander, 2007; Bissenova, 2017). These
features are a legacy of the Soviet planning scheme of microdistricts and sanitary zones; they lead
to increased transport demand and the formation of "sleeping" districts. Unlike Astana, where
construction is proceeding much faster, Almaty and Tashkent demonstrate how the combination
of regulations and natural conditions (relief, climate) forms unique constraints on development.
Comparative analysis shows that changes in the regulatory framework must take into account
local characteristics: historical development, topography, and climatic context.

Another example is the cities of Fergana and Osh, which have been implementing projects
to densify and modernize housing development in recent years. The emphasis is on mixed use
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and the development of pedestrian corridors, which goes against previous norms but is
supported by local authorities due to economic and social benefits. These practices demonstrate
that a gradual transition from Soviet zoning to more flexible formulas is possible with political
will and local community initiatives.

THE ROLE OF RECREATIONAL ZONES: KAZAKHSTAN'S EXPERIENCE

In the continental climate of Kazakhstan, recreational zones play a key role in creating a
comfortable environment. Astana, as a capital city, possesses unique objects such as the
Presidential Park, Nurzhol Boulevard, and the "Astana — Green Belt." Nevertheless, the
distribution of green spaces remains uneven: central districts have a more developed park
system, while peripheral dormitory microdistricts experience a shortage of recreational areas.
Studies indicate that large-scale infrastructure programs often lead to intensive land
development, reducing the area of green territories and creating a burden on ecosystems (Tleuken
et al., 2021).

The experience of Kazakhstan's national parks (for example, Burabay Park) demonstrates
the potential of regional recreation programs that can be integrated into urban infrastructure.
Creating green corridors connecting the city with suburban natural zones can improve access to
recreation and stimulate ecotourism. The development of a comprehensive program for the
development of recreational territories, taking into account both urban norms and regional
characteristics, should become a priority for state planning.

Political and Institutional Aspects of Reform

Reconfiguring urban planning norms requires strong political will and coordination
between government bodies, business, and civil society. In Kazakhstan, regulatory documents
are developed by ministries and approved at the government level, which ensures unity but
hinders rapid updates (Fauve, 2015).

Involving local communities and public organizations in the planning process can increase
the legitimacy of decisions and ensure they meet the needs of the population. Global experience
shows that participatory planning promotes the emergence of innovative solutions and increases
project sustainability (Al-Hhagla, 2010). For Kazakhstan, it is important to create feedback and
monitoring mechanisms that will allow norms to be adapted as experience is gained and public
preferences change.

CONCLUSION

Summarizing the analysis conducted, it can be stated that modern urban planning
standards in Kazakhstan largely inherit the principles formulated by N. A. Milyutin. The
microdistrict as a structural unit, functional zoning, rigid pedestrian accessibility radii, norms for
sanitary gaps and landscaping — all this constitutes the "foundation” of the planning approach.
Modern SNiPs only clarify quantitative indicators, introduce additional environmental
requirements, and adapt norms to new conditions, but do not change the basic logic.

Such continuity has both pluses and minuses. On the one hand, it ensures continuity of
management, predictability for designers, and stability of planning practice. On the other hand,
it hinders the introduction of innovations, prevents the formation of mixed and compact districts,
and insufficiently takes into account social and environmental aspects of quality of life (Gentile,
2018). In conditions of modern challenges — climatic, economic, social — the city needs flexible,
adaptive, and human-oriented norms.

The development of a new regulatory framework requires rethinking historical principles
and their functions. It is necessary to view the city as a complex system where space, ecology,
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economy, and community are interconnected (Sykora & Bouzarovski, 2012). Instead of rigid
regulations, guidelines should be used that stimulate a creative approach and orient toward
quality. Only in this way can Astana and other Kazakhstani cities become laboratories for new
urban solutions corresponding to the 21st century.

CONFLICT OF INTEREST: The authors declare no conflict of interest.

FUNDING: This research received no external funding.

INSTITUTIONAL REVIEW BOARD STATEMENT: Not applicable.

INFORMED CONSENT STATEMENT: Not applicable.

DATA AVAILABILITY STATEMENT: The data supporting the findings of this technical
study are available from the corresponding author upon reasonable request.

ACKNOWLEDGEMENTS: The authors express their gratitude to colleagues for
methodological support and helpful discussions, as well as to anonymous reviewers for valuable
comments that helped improve the quality of the article.

STATEMENT ON THE USE OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES:
The Authors declare that in preparing this manuscript, a tool of generative artificial intelligence
"Grammarly" was used to smooth out the wording, increase the stylistic coherence of the text and
check the grammatical correctness of the article. Responsibility for the accuracy, completeness
and compliance with the scientific standards of all the material presented lies entirely with the
authors.

REFERENCES

Aktymbayeva, A., Tleubayeva, A., & Mukatova, R. (2025). An evaluation for sustainable urban
planning of Qonayev City in Kazakhstan through residents' perception. Discover
Sustainability, 6, Article 02148. https://doi.org/10.1007/s43621-025-02148-y

Alexander, C. (2007). Soviet and post-Soviet planning in Almaty, Kazakhstan. Planning
Perspectives, 22(2), 183-214. https://doi.org/10.1080/02665430701213498

Al-Hhagla, K. (2010). Sustainable urban development in historical areas using the tourist trail
approach: A case study of the Cultural Heritage and Urban Development (CHUD) project
in Lebanon. Cities, 27(6), 450-462. https://doi.org/10.1016/j.cities.2010.02.001

Amati, M., Stevens, Q., & Rueda, S. (2024). Taking play seriously in urban design: The evolution
of Barcelona's superblocks. Space and Culture, 27(2), 159229.
https://doi.org/10.1177/12063312231159229

Bissenova, A. (2017). The Fortress and the Frontier: Mobility, Culture, and Class in Almaty and
Astana. Europe-Asia Studies, 69(4), 642-667.
https://doi.org/10.1080/09668136.2017.1325492

Dominguez-Gonzalez, K., He, H., & Bona, N. (2024). Planning for transit-oriented development
in emerging cities. World Bank Group.
https://documentsl.worldbank.org/curated/en/099092724143020433

Fauve, A. (2015). Global Astana: Nation building as a modernization project. Central Asian
Survey, 34(1), 110-128. https://doi.org/10.1080/02634937.2015.1010376

Frago, L. (2024). Urban planning paradoxes and sociospatial fragmentation: The Superblock
Barcelona case (2016-2023). International Journal of Urban and Regional Research, 48(5),
13273. https://doi.org/10.1111/1468-2427.13273

Gentile, M. (2018). Three metals and the "post-socialist” city: Reclaiming the periphery.
International Journal of Urban and Regional Research, 42(6), 1140-1151.
https://doi.org/10.1111/1468-2427.12658



() .
BKTU JOURNAL OF 1-Tom, 2-Hemip, MayceiM, 2026.
ARCHITECTURAL AND

CONSTRUCTION SCIENCES -182 - Tom 1, Ne 2, nions 2026.
Vol.1, Issue 2, June 2026.

Junussova, M., Soltybayeva, S., & Khan, R. (2024). Central Asian cities: Challenges in balancing
global, national, and local development needs. Cities, 145,  104669.
https://doi.org/10.1016/j.cities.2023.104669

Khavarian-Garmsir, A. R., Sharifi, A., & Hajian Hossein Abadi, M. (2024). Time to challenge the
15-minute city: Seven pitfalls for sustainability, equity, livability, and spatial analysis.
Cities, 153, 105234. https://doi.org/10.1016/j.cities.2024.105234

Koch, N. (2010). The monumental and the miniature: Imagining ‘modernity” in Astana. Social &
Cultural Geography, 11(8), 769-787. https://doi.org/10.1080/14649365.2010.523839

Kravchunas, V. (2019). The Microdistrict as a Place of Residential Satisfaction in Post-Soviet
Cities. IOP Conference Series: Materials Science and Engineering, 471, 112048.
https://doi.org/10.1088/1757-899X/471/11/112048

Kurokawa, K. (2001). Astana: The New Capital of Kazakhstan. Kisho Kurokawa Architect &
Associates.

Laszczkowski, M. (2016). ‘City of the Future’: Built Space, Modernity and Urban Change in
Astana. Berghahn Books. https://doi.org/10.2307/j.ctt14jxttj

Meuser, P., & Zadorin, D. (2016). Towards a Typology of Soviet Mass Housing: Prefabrication in
the USSR 1955-1991. DOM publishers.

Miliutin, N. A. (1974). Sotsgorod: The Problem of Building Socialist Cities. MIT Press.

Moreno, C., Allam, Z., Chabaud, D., Gall, C., & Pratlong, F. (2021). Introducing the “15-Minute
City”: Sustainability, resilience and place identity in future post-pandemic cities. Smart
Cities, 4(1), 93-111. https://doi.org/10.3390/smartcities4010006

Neugebauer, C. S., & Rekhviashvili, L. (2015). Loss and (re-)construction of public space in post-
Soviet cities. International Planning Studies, 20(3), 269-290.
https://doi.org/10.1080/13563475.2015.1051566

Nurlanova, N. K. (2022). The Main Factors and Trends of Urbanization in Kazakhstan: Analysis
and Recommendations. Economy: Strategy and Practice, 17(1), 35-48.
https://doi.org/10.51176/1997-9967-2022-1-35-48

Pakina, A., & Batkalova, A. (2017). The green space as a driver of sustainability in Post-Socialist
urban areas: the case of Almaty City. Belgeo, (2-3). https://doi.org/10.4000/belge0.19972

Pozoukidou, G., & Chatziyiannaki, Z. (2024). Critical debates on the 15-minute city: A systematic
content analysis of the literature. Cities, 154, 105435.
https://doi.org/10.1016/j.cities.2024.105435

Stanilov, K. (Ed.). (2007). The Post-Socialist City: Urban Form and Space Transformations in
Central and Eastern Europe. Springer. https://doi.org/10.1007/978-1-4020-6053-3

Sykora, L., & Bouzarovski, S. (2012). Multiple transformations: Conceptualising the post-
communist urban transition. Urban Studies, 49(1), 43-60.
https://doi.org/10.1177/0042098011401954

Tleuken, A., Tokbolat, S., Guney, M., Turkyilmaz, A., & Karaca, F. (2021). Assessment of the
Indoor Environmental Quality in Sustainable Buildings of Astana. Sustainability, 13(4),
1762. https://doi.org/10.3390/sul13041762

Tleuken, A., Tokazhanov, G., Jemal, K. M., Shaimakhanov, R., Sovetbek, M., & Karaca, F. (2025).
Kazakhstan's infrastructure programs and urban sustainability analysis of Astana. Urban
Science, 9(4), 100. https://doi.org/10.3390/urbansci9040100

Tuvikene, T., Sgibnev, W., & Neugebauer, C. S. (Eds.). (2019). Post-Socialist Urban
Infrastructures. Routledge. https://doi.org/10.4324/9781351190350

Vasiliev, A. (2020). Whose master plan? Kisho Kurokawa and 'capital planning' in post-Soviet
Astana, 1995-2000. Planning Perspectives, 35(3), 505-523.
https://doi.org/10.1080/02665433.2019.1633948



. ')
1-toMm, 2-Hemip, maycbim, 2026. EKTU JOURNAL OF
ARCHITECTURAL AND

Tom 1, Ne 2, mions 2026. -183 - CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

Zarecor, K. E. (2018). What was so socialist about the socialist city? Second world urbanity in
Europe. Journal of Urban History, 44(1), 95-117. https://doi.org/10.1177/0096144217710229

Zhumabekova, M., & Mukanov, B. (2025). Smart governance and investment in green
infrastructure: Analysis of financial mechanisms for sustainable urban development.
Journal of Applied Economic Sciences, 20(3), 561-572.
https://doi.org/10.57017 /jaes.v20.3(89).12

ABTOpaap Typaabl MaaiMeTTep
Mnadopmainis 06 aBTopax
Information about authors

®eoxTncrosa Eaena AaekcaHApOBHa — CoyAeT ©HepiHiH KaHAUAATHI,
A. Cepikbaes arpingars! L brrpic KazakcraH TeXHIKaABIK YHUBEPCUTETI,
OckemeH k., Kazakcran

®eokTucroBa Eaena AzaekcaHgpoBHa — KaHAUAAT apXWUTEKTYpPBI,
Bocrouno-KaszaxcraHckmii ~ TeXHMYECKMII ~ YHUBEPCUTET  UMeHH
A. Cepukbaesa, 1. Ycrb-Kamenoropcek, Kazaxcran

Feoktistova Yelena Alexandrovna - candidate of Architecture,
D.Serikbaev East Kazakhstan Technical University, Ust-Kamenogorsk,
Kazakhstan

e-mail: EFeoktistova@ektu.kz

ORCID: https://orcid.org/0000-0003-2226-6515

I'ypckas Oxcana EprenbeBHa — eHep Marucrtpi, «Coyaer» 6iaim Oepy
OargapaamaceiHel  Ketekmrici, /. CepikOaes ateiHgarer  IIerFsic
Kasakcran TexHukaablk, yHusepcureri, Ockemen K., Kasakcran
I'ypckas Oxcana EsrenbeBHa — MarucTp MCKyCCTBOBEAYECKMX HayK,
pyKoBOoguUTeAb  OOpa3oBaTeAbHOIN  IIPOTPaMMBbl  «ApXUTeKTypa»,
Bocrouno-KaszaxcraHckmii ~ TeXHMYECKMII ~ YHUBEPCUTET  UMEHHU
A.Cepuxbaesa, 1. ¥Ycrp-Kamenoropck, Kasaxcran

Gurskaya Oxana Evgenyevna —Master of Arts, Head of the educational
program "Architecture”, D.Serikbaev East Kazakhstan Technical

University, Ust-Kamenogorsk, Kazakhstan.
e-mail: ogurskaya@edu.ektu.kz
ORCID: https://orcid.org/0000-0002-7037-8979

Kpuyabnko Huna Cepreesna — oxpitymibl, /. CepikOaes aTbIHAAFLI
IMeirpic Kasakcran TexHMKaAblK, yHUBepcuTeTi, OckemeH K., Kasakcran
Kpuyabko Huna CepreesHa - mnpemnogasaTeab, Bocrouno-Kaszax-
CTaHCKMI TexHmdeckuii yausepcuter umenn /. Cepukbaesa, I. YcTb-
Kamenoropck, Kazaxcran

Kriulko Nina Sergeevna — Lecturer, D.Serikbaev East Kazakhstan
Technical University, Ust-Kamenogorsk, Kazakhstan

e-mail: nina kriulko@edu.ektu.kz

ORCID: https://orcid.org/0000-0001-7285-9947



https://doi.org/10.1177/0096144217710229
https://orcid.org/0000-0002-7037-8979
mailto:nina.kriulko@edu.ektu.kz
https://orcid.org/0000-0001-7285-9947

()

EKTU JOURNAL OF 1-Tom, 2-Hemip, MayceiM, 2026.
ARCHITECTURAL AND
CONSTRUCTION SCIENCES -184 - Tom 1, No 2, mons 2026.

Vol.1, Issue 2, June 2026.

AoGgpikapumosa Illoanman TyaemeBHa — apXuTeKTypa FhLABIMAa-
poiHbl  KaHauAatsl, /L.H. T'ymmaes arbingarel Eypasusa  yATTBIK
yHuBepcureTi, AcraHa Kaaacsl, Kaszakcras.

AOGgpikapumosa Illoanan TyaemeBHa — KaHAMAAQT apXUTEKTYPHI,
Eppasuiickuit Hammonaapusiit yuusepcuter nmenu /A.H. IT'ymnaesa,
r. Acrana, Kazaxcran nepeseau Ha Ka3aXCKUI M Ha aHTAMIICKUI DTy
nHpOPMAIINIO TI0 aBTOpaM

Abdykarimova Sholpan Tuleshevna - Candidate of Architecture,
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
ORCID: https://orcid.org/0000-0001-9299-1523

e-mail: sh.abdykarimova@kazatu.edu.kz

bapaxOaes Apcaan HypaaHyabl — Kaaa KypbLABICH JKoHe ayMaKThIK
>xocriapaay Marucrpi, C. Ceitdyaann arsigarsl Kazak arporexHu-
KaAbIK 3epTTey YHMBEPCUTETIHIH 40KTOpaHThl, AcTaHa K., KazaxcraH.
Bapak6aes Apcaan HypaaHoBMY — MarucTp rpagocTpouTeAbCTBa I
TEPPUTOPUAABHOTO  IIAaHMpOBaHUA,  JoKropaHT  Kasaxckoro
arpoOTeXHNYECKOTO  JCCAeAO0BaTeAbCKOIO  YHUBEPCUTETa  UMEHH
C. Ceitdyaanna, r. Acrana, Kaszaxcran.

Barakbayev Arslan Nurlanovich — Master’s degree in Urban and
Territorial Planning, PhD doctoral candidate at S. Seifullin Kazakh
Agrotechnical Research University, Astana, Kazakhstan.

ORCID: https://orcid.org/0009-0003-1229-0332

e-mail: Arslan_barakbaev@mail.ru



https://orcid.org/0000-0001-9299-1523
https://orcid.org/0009-0003-1229-0332

1-tom, 2-Hemip, MmayceiM, 2026. 5] EXTU JOURNAL oF
Tom 1, No 2, uioub 2026. -185 - ARCHITECTURAL AND

CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

MA3MYHDBI

Ab60dpacuros A., Kyoaiibepzeros H.b., Taeyaenosa I.T., @asviroe K.P., Illaxmos 2K.A.
TemipOeToHAaFbI apMaTypaHbIH KOPPO3UAABIK Aerpajaliischl: Oarasay, 0oaxKay, Talaay
>KoHe KOpFay 5

o6y 0.3., becumbaes E.T. >Kambaxuna 3.M. Plaxis 2D OGaraapaamacslH K0AAaHa
OTBIPHIII XKaralay Tipey KYpbhLAbIMAApPbIHbIH TYPaKTHIABIFBIH TalAay 21

Bposxo MW.C., Ayb6axuposa @.X. Ayiicendexoé b.K., Adocarues K.C. OHrycCTiK
KasakcraHHBIH aliIMaKTHIK JKafgaridapbIHAAFb FUMapart Heridgepi AepopMarnsaiapbIHbIH
TUIITIK JKafAalidapbH OaKblaay HOTIDKeAepi JKoHe KibepiareH kaTeaikrepai Taajay 34

Bpanuyes A.A., Toaebaii C.M., Ocmanenxo U.WU., Byxanyeea A.E. beToH MeH 00AaTTHIH
>KbIAyPUBUKAABIK KacueTTepiHiH 60AaTTeMipOeTOH KOHCTPYKUVAAaPBIHBIH >KYMBICBIHA
acepi 48

Bpanues A.A., boaam 4., Ocmanenxo U.N., Arocenosa A.I., byxanyesa A.E. Vikemai
Oipinmii KabaTsl Oap MOHOAMTTI aliKac KaOBIpFaAbl FMMapaTTapjarbl KeTeprimn
KaOBIprasapAbIH JKOCIIapAaFbl OpHaAaCyblH IapaMeTpPAiK 3epTTey 68

XKymadirosea 3., Opwvinbexos E., 2Ky:zinicoe M. Tearezernosa A. >Kawmudpapos A.,
Hypavibaes P. Kepamukaaslk Matepuasjapda IOTeHIMaAAbl KOAAAHyFa apHaAfaH cas
>KoHe MIHepaAAbl KOCITaAapAblH MUKPOKYPBLABIMABIK SKOHE 91€MEeHTTIK CUIIaTTaMalapsl 85

Maxues B.E., Xanun A.B., Taranog B.B., Kulisz M., Kamenckux /1.B. BIM mamaHgapsi=

AalpIHAQY: OKY-OHAIpiC OpTaAbIKTapbIHbIH poAi 96
Opasaavt E.E., Toxanos A.T., Myxamedxanoea A.T. KaparaHabl KaaacblHAAFbl TYPFBIH

Y171 FIMapaThl ipreTaCbIHbIH Ae(l)OpMaLU/I}I/laprHa Cy aayAbIH acepiH 6ara/1ay 108
Caodeaxac JK.M., Kopnuroea A.A., Ecenbaes A.M. Arocenoeéa A.I. I'ypckas O.E.

Typucrik-pexpeannsaabk OpTaABIKTapAbIH KEHiCTiK Xyieaep peTiHgeri

YIBIMAACTBIPYABIH MepapXusabIK KypbrabiMbl (CoaTycrik Kasakcran MbicaabiHAA) 121
Tackaruee A.T., Hapuxos K.A., Hlaxewes b.T. Wopucos b.A., Axymabaesa K.M.

JAuaToMuT HerisiHAeri >KeHia OeToHAAp 139

Toxnaesa A.K., Kapabaes I''A., Ecenbaes A.M., Arocenosa A.I., Caiibyramosa A.C.
KasakcraHHBIH COyAeTTIK MYpachlH KellleHAi caKray »>KoHe OJapAblH KeJAeMAiK
KOMITIO3MIINMSIChIHBIH TypaKTBIALIFLIH KaMTaMachbl3 eTy 154

®eoxmucmosa E.A., I'ypckaa O.E., Kpuyavko H.C., A60vikapumoea LI1.T., Bapax6aes
A.H. KaszakcraHHBIH 3aMaHayM Kada KYPBIABICEI HOpMaJapblHAarbl MMAIOTUH
KaryAaTTapbiHBIH ~ caOaKTacCTBIFB:  Taajdy,  Macelelep  >KoHe  pedopMasay
HepCIeKTUBaAaPhI 166



N3 EKTU JoURNAL OF 1-toM, 2-Hemip, mayceiM, 2026.
comsTRUGTION scitcES - 186 - Jolwi 1I, Ne 2,2 I/I]IOHI) 2822.
ol.1, Issue 2, June 2026.

COAEPXAHUE

Ab60dpacuros A., Kyoaiibepzenos H.b., Taeyaenosa I.T., Dasviros K.P., Illaxmos 2K.A.
Kopposnonnas aerpaganmst apMarypsl B >Ke1e300eTOHe: OIleHKa, IIPOrHO3MpOBaHIe,
aHaAM3 U 3amuTa 5

06y 0.3, becumbaes E.T., JKambaxuna 3.M. AHaans ycTOMIMBOCTM OeperoBbIX
ITOATIOPHBIX KOHCTPYKLMIA € crioab3oBanneM Plaxis 2D 21

Bbposxo N.C., Aybaxuposa @.X., Ayiicenbexos b.K. Aocarues K.C. PesyabraTs

HabAI04eHNI 3a XapaKTepHBIMU CAydasMu AepopMaliii OCHOBaHUII 34aHNMI U aHAAU3
AOTIYIIIEHHBIX OIMMOOK B peTMOHaABHBIX yCA0BYIX I0ora Kasaxcrana 34
bpanuyes A.A., Toaebai C.M., Ocmanenxo W.WN. byxanyeea A.E. Bamsaname
Ter10(pU3NIECKIX CBOMCTB OeTOHa I CTaAll Ha IIOBeJeHNe CTaleXKele300eTOHHBIX
KOHCTPYKLII 48

Bpanues A.A., Boaam J., Ocmanenxo W.NU. Aiocenosa A.I., byxanyesa A.E.
ITapameTpudeckoe 1mccAejoBaHMe I11aHOBOM  pPacCTaHOBKM —HeCyIIMX CTeH B
MOHO/AUTHBIX ITepeKPECTHO-CTEHOBBIX 34aHNUSX C TMOKIUM IEPBBIM BTa>KOM 68

Kymaouroea 3., Opwvuibexoe E. Kyzunucoe M., Toaezenoea A. 2Kamudapos A.,
Hypavibaes P. MUKpOCTpYKTYpHBIE U 9J€MEHTHBle OCOOEHHOCTM TAUHBI U

MI/IHepaAI:HI)IX ,Z|,O6aBOK AL IIOTEHIMIAaAbHOTO VICIIOAB30BaHISI KepaMI/I‘IeCKI/IX 85
Marepuasax

Maxuee B.E., Xanun A.B., Taranos B.B., Kulisz M., Kamenckux /A.B. Tloaroroska
creraaucTos 1o BIM: poab y‘le@HO-HpOI/ISBOACTBEHHLIX LIEHTPOB 96

Opasaavt E.E., Toxanos 4.T., Myxamedxarosa A.T. O1ieHKa BAUSHUS TOATOIIAEHU
Ha gepopManuu PyHAaMEHTOB K1aoro 3aanus B Kaparange 108
Caodeaxac 2K.M., Kopnurosa A.A., Ecenbaes A.M., Arocenosa A.I., I'ypckaa O.E.
Nepapxmyeckast CcTpykTypa OpraHu3alyy TYPUCTCKO-peKpeallVIOHHBIX IIeHTPOB Kak
MpOCTpaHCTBeHHBIX cucTeM (Ha npuMepe CesepHoro KasaxcraHa) 121
Tackaaues A.T., Hapuxoe K.A., lllaxewes b.T. Uopucoe b.A., Axymabaeéa K.M.
/lerkme 6ETOHBI Ha OCHOBEe AMaTOMMUTa 139
Toxnaesa A.K., Kapa6aes I.A., Ecenbaes A.M., Arocenosa A.I., Caiibyramosa A.C.
KommzexcHoe coxpaHeHMe apxuTeKTypHOro Hacleaus KasaxcraHa m obecrieueHue
YCTOMYMUBOCTIL X 00 BbEMHO KOMITO3VILIVN 154
®eoxmucmosa E.A., I'ypckaa O.E., Kpuyavko H.C., Abdvikapumosa 111.T., bapax6aes
A.H. IlpeeMCTBEeHHOCTh MPUHINUIIOB MIAIOTMHA B COBPEMEHHBIX I'PajOCTPOUTEAbHBIX
HopMax Kasaxcrana: anHaaus, mpo61eMaTiKa 1 IepcreKTUBE pedpopm 166



1-tom, 2-Hemip, MmayceiM, 2026. 5] EXTU JOURNAL oF
Tom 1, No 2, uioub 2026. -187 - ARCHITECTURAL AND

CONSTRUCTION SCIENCES
Vol.1, Issue 2, June 2026.

CONTENT

Abdrasilov L., Kudaibergenov N.B., Tleulenova G.T., Fazylov K.R., Shakhmov Zh.A.
Corrosion-induced degradation of reinforcing bars in reinforced concrete: assessment,

prediction, analysis, and protection 5
Abu A.Z., Bessimbayev Y.T., Zhambakina Z.M. Stability analysis of riverbank retaining
structures using Plaxis 2D 21

Brovko 1., Aubakirova F., Duissenbekov B., Dossaliev K. The results of observations of
typical cases of deformations of the foundations of buildings and the analysis of the
mistakes made in the regional conditions of the South of Kazakhstan 34

Bryantsev A.A., Tolebay S.M., Ostapenko 1.1, Bukhantseva A.E. Properties on the

behaviour of steel-reinforced concrete structures influence of concrete and steel
thermophysical 48

Bryantsev A.A., Bolat D., Ostapenko 1.1, Dyussenova D.G., Bukhantseva A.E.
Parametric study of the plan layout of load-bearing walls in monolithic cross-wall
buildings with a flexible first storey 68

Zhumadilova Z., Orynbekov Y., Zhuginissov M., Tolegenova A., Zhagifarov A.,
Nurlybayev R. Microstructural and elemental characteristics of clay and mineral additives

for potential use in ceramic materials 85
Makhiyev B.E., Khapin A.V., Talapov V.V., Kulisz M., Kamenskikh L.V. Training BIM
specialists: the role of training and production centers 96

Orazaly Ye.Ye.,, Tokanov D.T., Mukhamejanova A.T. Assessment of the impact of
flooding on foundation deformations of a residential building in Karaganda 108

Sadvakas Zh.M., Kornilova A.A., Yesenbaev A.M., Dyussenova D.G., Gurskaya O.E.
Hierarchical structure of the organization of tourist and recreational centers as spatial

systems (case study of Northern Kazakhstan) 121
Tasskaliev A.T., Narikov K.A., Shakeshev B.T. Idirisov B.L., Zhumabaeva K.M.
Lightweight concrete based on diatomite 139

Tokpayeva A., Karabayev G., Yessenbayev A., Dyussenova D., Saibulatova A.
Comprehensive preservation of Kazakhstan's architectural heritage and ensuring the
sustainability of its spatial composition 154

Feoktistova Y.A., Gurskaya O.E., Kriulko N.S., Abdykarimova S.T., Barakbayev A.N.
Continuity of Milutin’s principles in modern urban planning standards of Kazakhstan:
analysis, issues, and reform perspectives 166



EKTU Journal
of Architectural and Construction Sciences

Frrapimum xypHaa
2026 >xplasaH IIbIFa OacTaabl.
Kasaxcran Pecrrybamkacs MogeHMeT JKoHe aKITapaT MUHIICTpAiTiHAe TipKeairr,
2025 k. 16 kpIpkyiteringe Ne KZ93VPY00129402 kyoairi OepiareH.
A 4
EKTU Journal
of Architectural and Construction Sciences

Hayunniit >xypHaa
WMzaaercs ¢ 2026 T.
3aperucrpuposad MUHICTEPCTBOM KyABTYpHL 1 MHGOPMaLIIU
Pecrry6auxu Kaszaxcran. Ceugereanctso No KZ93VPY00129402 ot 16 centadps 2025 r.
A 4
EKTU Journal
of Architectural and Construction Sciences

Scientific journal
Published since 2026
Registered with the Ministry of Culture and Information of the Republic of Kazakhstan. Certificate No.
KZ93VPY00129402 dated September 16, 2025.

Pegakropaap — Pegaxropnt
O.H. Huxoaaenko, C.C. MaMbIpa3abIKoBa
Koppexropaap — Koppexropst
O.H. Huxoaaenko, C.C. MaMbIpa3abIKoBa
PykoBoaureas peaaknnoHHO-u3saTeabckoro nentpa O.H. Hukoaaenko
Editors O. Nikolaenko, S. Mamyrazdykova
Copy editors O. Nikolaenko, S. Mamyrazdykova
Head of the editorial and publishing center O. Nikolaenko

Martepnaagapasl KoMmmsioTepae TepreH skoHe Gerreren C.C. MambIpas bIKoBa
Ha6op, sepcrka, usroropaennue opurnHaa-makera C.C. MaMpIpa3abikoBa
Text Layout, lead out production of the original layout S. Mamyrazdykova

bacyra 30 maycpim 2026 K. KOA KOMBLAABL.
Dopmarsr 84x108/16. Odcet Kara3bI.

Keaewmi: maptrn! 6acnia tabarnr 19,74, ecentik Oacria Tabarnr 19,78 .
bacna nyckacer. Tapaasiver 30 gana. Ne 143-2026 Tanceipbic.
baracer keaicim GoitbiHIIA.
¢
TToamnucano B rrteaats 30 miomst 2026 r.
®opwmar 84x108/16. Bymara odcerHasi.
Obrpem: yca. red. 4. 19,74 , yu.-usa. 4. 19,78.
TlevaTnas sepcus. Tupask 30 9x3. 3akas No 143-2026.
Ilena gorosopHasi.

A4
Signed to print on June 30, 2026.

Format 84'108/16. Offset paper.

Volume: conventional printing plate 19.74, estimated printing plate 19.78.
Printed version. Circulation 30 copies. Order No. 143-2026.

The price is negotiable.

IIsrreic Kaszakcran Texunkaasik, yausepcnteti. 070004, Ockemen kaaacsr, [Iporosanos kemreci, 69.
Bocrouno-Kasaxcranckmii texunaeckuit yunsepcuret. 070004, r. ¥Ycrp-Kamenoropek, ya. [Iporosanosa, 69.
D. Serikbayev East Kazakhstan Technical University. 070004, Ust-Kamenogorsk, 69 Protozanov Street.


https://www.multitran.com/m.exe?s=text+layout&l1=1&l2=2
https://www.multitran.com/m.exe?s=lead+out&l1=1&l2=2

	Обложки
	02 Титул. АиС
	Журнал
	02 Абдрасилов англ
	02 Абу англ
	02 Бровко рус. - отредактир.
	02 Брянцев англ
	02 Брянцев рус. - отредактир. - АВТОР
	02 Жумадилова англ
	02 Махиев англ
	02 Оразалы рус. - отредактир. - 9 СТРАНИЦА
	02 Садвакас рус - отредактир.
	02 Таскалиев рус. - отредактир.
	02 Токпаева каз
	02 Феоктистова англ

	02 Содержание АиС
	02 Выпускные данные АиС

